1 OCHOBHBIE ITOHATHUA U 3AJAYU ABTOMATHU3AIINU

B coBpeMeHHON TEXHHMKE HCIOJIB3YETCS OTPOMHOE YMCIO aBTOMAaTHYECKHUX YCTPOMCTB U
CUCTEM, IIPEIHA3HAUEHHBIX, OJHAKO, JUIsl pEHIEHHUs JUIIb HECKOJIbKUX OCHOBHBIX 3aJau
aBTOMATU3AIMK. CUTHAJIN3aLUU, KOHTPOJIsI, OJIOKMPOBKH M 3aLIUTHI, TyCKa U OCTAHOBA, YIPABIICHUS.
B cootBercTBHY € 3TUMHU 33Ja4aMU [TOAPA3AEISAIOTCS U CUCTEMBI aBTOMATHUKH.

Cucrembl _aBromaruyeckoi curHammzanmu (CAC) mnpemaHasHayeHbI IS M3BEIICHUS
00CITy’)KMBAIOIIETO IEPCOHANIa O COCTOSHUU TEXHOJOTHYECKOW YCTAHOBKU WIJIM NMPOTEKAIOUIETO B HEH
TEXHOJIOTHYECKOI0 MpoLecca.

Cucrembl aBTomatrueckoro kouTpoiisi (CAK) ocymiecTBiasioT 6€3 y4acTus 4eioBeKa KOHTPOJIb
(T.e. u3MepeHHE U CpaBHEHHE C HOPMATHUBHBIMH IIOKA3aTEISIMH) pA3IMYHBIX BCIUYHH,
XapaKTepU3YIOIUX paboTy TEXHOJIOIMYECKOTO arperaTa WiH MPOTEKAIOMIUK B HEM TEXHOJIOTHYECKUI
npouecc. B mpOMBINIZIEHHOM NPOU3BOACTBE YacTO HCIOJB3YIOT CHCTEMBI LIEHTPAIM30BAHHOTO
koHTpousi (CLIK), B KOTOpBIX Besl TeXHOJOrHYeckas nHpopMaims cooupaercss 1 o0padaTsiBacTCsi Ha
LEHTPaJIbHOM MyJbTE YIPABICHHUS.

CucTeMbl aBTOMATHYECKOW OJOKUPOBKHM W 3alllUTBl CIOYKaT s TPeJOTBPAIICHHUS
BO3HMKHOBEHMS aBAPUIHBIX CUTYalIMil B arperarax U yCTpoucTBax.

CucTeMbl aBTOMaTHYECKOTO MYCKa U OCTaHOBa 00ECNEUMBAIOT BKIIIOYCHUE, NEPEKIIOUECHUE U
OTKJIIOUEHHE Pa3IMYHbIX IMPUBOJOB U MEXAHU3MOB arperara Wil TEXHOJOTHYEeCKON YCTaHOBKH IO
3apaHee 3aJaHHOM NporpamMme.

Cucrembl _aBromaTtuueckoro ympasiacaus (CAY) npenHasHaueHbl Ui yOpaBieHHs pabOTOi
T€X WIA UHBIX TEXHUYECKUX YCTPOMCTB U arperaToB WIN MPOTEKAIOIIMMH B HUX TEXHOJIOTMUECKUMU
MPOLIECCAMH.

Baxuelimumu u Haunboiee CIOKHBIMH M3 TEPEYHCICHHBIX CHCTEM SIBIISIOTCS CHCTEMBI
ABTOMATUYECKOTO YIPABJICHHUS.

YupaiaeHueM B IIMPOKOM CMBICIIE CIIOBAa HA3bIBAETCS OpraHM3alus KaKoro-aubo Iporecca,
o0ecrevynBaroero JOCTUKEHUE MTOCTAaBICHHOM 1IeMH.

OcHoBHOI 3a7aueil M000ro mpolecca ynpaBiIeHUs SBISIETCS BBIPA0OTKA M pealn3anus TaKUX
pelieHui, KOTOphle MPHU AaHHBIX YCJIOBHSIX oOecrneunBaroT HamOojee 3(PGHEeKTUBHOE TOCTHKEHHUE
LIEJIN YIIPABJICHUS.

[ensimu ynpaBieHus: TEXHOJIOTMYECKUMU IIPOLECCAMU U arperaraMu MOTYT OBbITh:

*  mojaJepKaHWE MOCTOSHHOTO 3HAYCHHMS HEKOTOPOH (PM3UYECKOM BETUYMHBI C 3aaHHOM
TOYHOCTHIO;

*  HU3MEHEHHUE BEJIMYMHBI IO OMPEICIIEHHOM, 3apaHee 3aJaHHON porpamMme;

* T[OJy4YeHHE OINTHUMAJIbHOIO 3HAYEHHUs BEIWYMHBI WM HEKOTOPOro 0000Iarolero
KOMIUIEKCA BeJMYMH (MakCUMajibHas MPOM3BOAMUTEIBHOCTh arperara, MHHUMAaJbHas
CTOMMOCTh MPOAYKTa, MUHUMAJIbHOE BpeMsl Iepexoia 00BbeKTa U3 OJHOTO COCTOSHUS B
Jpyroe) u T.1.

Ecin ynpasineHue OCYIIECTBISETCS HENOCPEACTBEHHO YEJIOBEKOM, TO TaKOE€ YIPABICHUE
HA3bIBAIOT PYYHBIM. Eciu e ympaBieHHe OCYIIECTBIsSETCS 0e3 HEMOCPEeICTBEHHOTO Y4YacTHs
YeJI0BEKa, TO TaKOe YIPABIECHUE HA3bIBAIOT ABTOMATUYECKUM. ABTOMAaTHYECKOE YIPaBICHUE
MPOU3BOJUTCS C IMOMOUIbI0 aBTOMAaTHYECKH JEHCTBYIOIIMX YHPABISAIOMUX YCTPOUCTB. OOBEKT
YIOPaBICHUS M YIPABISAIOIIEE YCTPOWCTBO COCTABJISIIOT CHCTEMY AaBTOMAaTHYECKOTO YIPaBJICHUS
(CAY).

[Tpu Hanboee MPOCTHIX LeNsaX yrnpasieHus (MoaepKaHue MOCTOSTHHOTO 3HAUCHHS BEIMYHHBI,
U3MCHEHHE BEJIMYUHBI MO 3aJaHHOW TporpaMMe U [Jp.) MPOILECC YIPaBJICHUS Ha3bIBAIOT
perynupoBanueM. OOBEKTHI ynpaBieHHss — oObekTamu perymupoBanus (OP), ympasisromue
yCTpOMCTBA - aBTOMAaTHMYECKHMMM pETyJIsTopaM, a CHCTeMbl aBTOMAaTHYECKOTO YIpaBICHUS -
cucrteMamu aBTomarndeckoro perynupoBanusi (CAP).

ABTOMAaTHYECKOE PETYIMPOBAHUE — 3TO OJHA W3 BAXHEHUIMX (YHKIUA aBTOMATHYECKOTO
yIpaBiieHUs], 03 OCYIIECTBICHUS KOTOPOil HEBO3MOXKHA pabdoTa OOJIBIIMHCTBA CHCTEM YIPABJICHHUS.
B cioxHBIX cucTeMax ympaBlieHHsl, OCOOCHHO C HCIOJb30BaHKeM DBM, ympaBlieHHEM Ha3bIBaIOT
npoliecc BRIpaOOTKH HEOOXOAMMOTO PEIICHHs], a PEryJIMPOBAaHUEM - €T0 PEeaTH3alMI0 Ha 00BEKTE.
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2. CTPYKTYPHAS CXEMA CUCTEMbI
ABTOMATHYECKOTI'O PEI'YJIMPOBAHUSA OJHOM BEJIMYUHBI.

B3aumoneiicTBue 31€MEHTOB CUCTEMBI IPUHATO U300paKaTh C MOMOIIBIO CTPYKTYPHBIX CXEM,
Ha KOTOPBIX DJIEMEHTHI MOKAa3bIBAIOTCS MPOCTHIMH T€OMETPUUYECKHUMH (UTYpPAMH, a CBS3H MEXKIY
HUMHU - COEAMHMUTEIbHBIMU JIMHUAMU CO CTpEJIKaMH, MOKAa3bIBAIOUIMMH HaIpaBlieHUE Iepeaavu
CUTHAJIA.

XBX XBLIX

EEEEE—

b J

Puc. 1.3nemeHT cucTeMbl aBTOMaTUYECKOTO
pETyJIMPOBaHUsA C OJHOM BXOJHOM U OJHOM BBIXOJHOW BEITUYMHAMH.

B moGom 31eMEHTE CHCTEMBI (PHC.  2) MOXKHO BBIICTIHTB in t[ms[mccmr:-: Be/THYHH
(MepeMEHHBIX). BOICHCTBYIOMIHX HA 3TOT IEMEHT H HA3BIBASMBIX BXOIHBIMH

BETHUHHAMH Xpx1.Xgx- - - .- Xgxm (TPYIINA BXOIHBIX BETHUHH Xpy ).

'13_1- ={j' aw.'l"“":"sn'm}
Ha BHIXOZe 37eMEHTa MMEeTCA N BEeTHUHH  Nguyp.  Xpsode---- ) e~
XAPaKTePH3VIOMIHX Pe3yIbTaThl MNPOTECKAIOMINX B HEM IPOLECCOB H HA3BIBACMBIX

BEIXOIHBIMH BETHYHHAMH (Ha PHC 2 T'PYIIIAa BEIXOIHEIX BETHUYHH Xgerv ).
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Puc. 2. DIeMEHT CHCTEMBI ABTOMATHYECKOIO PEIYVIHPOBAHHA € HCCROIBRHMH
BXOIHBIMH H BBIXOIHEIMEH BCTHUHHAMH.

Kaxxnas BxoaHast BeMu4MHA BO3JCHCTBYET HA OJIHY WM HECKOJBKO BBIXOJHBIX BEJIUYUH; B
olmiem ciydae korga M # N . B npoctedmmx ciayyasx 3J€MEHT UMEET OAHY BXOJIHYIO U OJIHY
BBIXOJIHYIO BeJTMUYHUHBI (pUc 1) 1 3HAYCHUE Xabix TOJTHOCTHIO OMPECISCTCS 3HAUCHHEM Xbx.

OOBIYHO Yepe3 AaHHBIN 3JIEMEHT CYIIECTBYET OJHOHANPABICHHOCTh BO3ICHCTBUS (3JIEMEHT
o0JiaflaeT JETEeKTHPYIOUIMMHU CBOWCTBAMM), T.e. Xsx OKa3bIBACT BIUSHHE HA Xseix, HO HE
Hao0o0poT. B Oosiee CIOXKHBIX CiIydasx BBIXOJHAs BEIUYMHA 3JEMEHTAa Xshix MOXKET OKa3bIBaTh
oOpatHOe BO3/eiicTBHE Ha ero BXoA. [Ipu 3ToM roBopsT o HaIM4uKu 0OpaTHOM CBsI3U, KOTOpas Ha
CTpYKTYpHO# cxeme (puc. 3) mpeacrasieHa 3jaeMeHToM odparHoi cBsi3u (OC).
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Puc 3. D1eMeHTH CHCTEMEI ABTOMATHUYECKOI O PETrVIIHPOBAHHA C GﬁpaTHOﬁ CBA3LBLD

OOparHasi cBs3b Ha3bIBAETCS IOJIOKUTEIBHOM, €CIIM €€ BBEJICHHE YBEIMYMBACT 3HAUYEHUE
BBIXOJHOW BEJWYUHBI XBBIX (II0 CpPaBHEHHIO CO 3HAueHHEM XBBIX 0Oe3 0OpaTHOW CBs3U) H
OTPHUIIATEIILHOM, €CJTM YMEHbIIIaeT 3HaueHHe XBbIX. [Ipy MOI0XKUTEHHOM 00pAaTHON CBSI3U BBIXOIHAS
BEJIMYMHA DJIEMEHTa OOpaTHON cBs3M Xo0.C. CyMMHUpPYETCS C BXOJHOM BETMYMHOW XBX, IpH
OTpPHULIATEIBHOM — BblUMTaeTcs. Takum o0pa3oM, BXOAHAs BEIMYMHA OCHOBHOTO JJIEMEHTA IpH
BBEJICHUU O0paTHOM CBSI3U:

X =x_*x

exl 8x o.c

Ha pucynkax 4-6 moka3aHbl CTPYKTYPHbIE CXEMbI MPOCTEHIEro 00bEKTa PEeryIupOBaHUS U

perynaropa.

/

Puc. 4. CtpykTypHas cxema 00beKTa PeryJIupoBaHus C HECKOJIbKUMHU BXOAHBIMU BEIMUYNHAMU

Ha Bxoj 00beKTa perynupoBanus (puc 4) MOCTyNaroT ABa THIA BETUYUH XX
e BHEIIHHE BO3MYIIAOMIKE BO3ACHCTBUS (BO3MYIIICHNU) Z;
* u perynupymomme (ynpasisioime) Bo3aeHcTBrs Y.

Bo3myImaronmMyn  Ha3pIBAlOTCS BO3JCHCTBHUS, KOTOPBIE BBIBOAAT OOBEKT M3 COCTOSIHHS
paBHOBECHS, T.€. HAPYIIAIOT €r0 MaTePHAaTbHbINA WK SHEPTeTUYECKUI OataHc.

Perymupyrome  (ympaBisiioniyue) BO3ACHCTBHSA MPEJACTABIAIOT CO0OW  BO3ICHCTBHS,
BOCCTAaHABJIMBAIOIINE MPEKHEE PABHOBECHE 00BEKTA MJIH MEPEBOIAIINE €r0 B HOBOE COCTOSHUE
paBHOBECHSI.

B TexHuuecknx 00OBEKTaxX M BO3MYIIAIOIINE, U PETYIUPYIONIHE BO3JACHCTBUS CBOAATCSA K
U3MEHCHMIO IMOa4yk (0TBOJA) BEIIECCTBA MM DHEPIHH, TOJIBKO IMEPBBIC BO3HHUKAIOT CTHXHIHO,
BTOPBIE OCYINECTBIIAIOTCS Iie/ieHanpaBieHHo. COBEPIICHHO OYEBHIHO, YTO JJIS OCYIICCTBICHUS
PETYIUPYIOIINX BO3ACHCTBUI TPEOYIOTCS COOTBETCTBYIOIIUE PECYPCHI BEIIECTBA MM DHEPIHUH,
0€e3 KOTOPBIX YIpaBIEHHUE HEBO3MOKHO.

BbixogHass BennuMHa OOBEKTAa X XapakTEPU3yeT COCTOSIHHE OOBEKTa M Ha3bIBaCTCS
perynupyemoii (ympaBisieMoi) BeTHUHUHON (B 0O0mIeM ciiydae OOBEKT pPEryJupOBaHUS HMEET
MHOT'O BXOJIHBIX M BBIXOHBIX BEJIMYUH — MHOTOMEPHBIH 00BEKT, KaK Ha pUC 2).

Takum o00pa3oM, Ha BXOJ OOBEKTa IOCTYIAIOT JBa THIA BXOJHBIX BEIWYMH Z H Y,
JNCHCTBYIOIIMX 110 PAa3HBIM KaHaJIaM.

B mpocreitmux cayyasx, Korja ¥ BO3MYIIAMOIIEe Z=yB, U PEryIupyoinee Y BO3ACHCTBUSA
OCYIIECTBIIIETCS 110 OJHOMY KaHaly, OOBEKT PEryJHpPOBaHUS MOXHO CBECTH K DJIEMEHTY C
omHoit BxomHOM (Y1= Y+yB) W OJHOH BBIXOAHOH BemuunHoi (puc. 5.), Ha3sIBaeMOMY
OJTHOMEPHBIM 00BEKTOM.
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1 | OGpekT
PeryIHPOBaHUS

Puc. 5. CtpykTypHas cxeMma OJHOMEPHOI'O 00BEKTa PeryIHpOBaHIIS:
X —pervimpyemMas BeIImimnHa
7Z=Yg — BOSMVIIAKOIIIEE BD'S,Z[Ef‘ICTBIIE".
y — peryampyloliee Bo3elicTBHE.
OOBEKT peryaIupoBaHKs MOXKET OBITh pa3jielieH Ha 00Jiee MPOCTHIC IIEMEHTHI, OTIHMYAIOIIHECS
10 BBIMOJIHsAEMBIM GyHKIHM (puc 6.):

*  perylupyeMblil y4acToK (COOCTBEHHO TEXHOJIOTHUESCKHIA TIPOLIECC UITK arperar);

* YyBCTBUTEIBHBIM DSJIEMEHT, MJArONUi WHQOOPMAIMI0O O 3HAYCHUU PETYIUPYEMOM
BEJIMYMHBI,

* mpeoOpa3yloumuil 3JIeMEHT, TNpeAHa3HAYeHHBId JUIs1 T1peoOpa3oBaHUS  CUTHAjA
YyBCTBUTEILHOTO dJIeMEHTa B Oojiee ynoOHy0 (GopMy Mo Beau4YuHE WM (HU3UISCKOM
PUPOJIE;

* peryjaupyloUIMil opraH, NpeJHAa3HAYEHHBIH [UIS peald3allid  PETyIUPYIOLIEro
BO3JICUCTBUS Y HA OOBEKTE.
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Puc. 6. Pa3BepHyTad CTPYKTYPHAd CXeMa 00BEKTa PEryIHPOBAHHA:
PO — peryIHpVIONIHH opra;
PV — peryaupyeMslil y4acToK:
U3 — UyBCTBHTEILHEIH 37I€MEHT.
[ID — npeoGpa3yIOIIHIl 3TeMEHT.

YyBCTBUTEbHBIN 1 NPeobpasyowmii snemeHTbl 06pasytoT AAaTYNKN CUCTEM aBTOMATUKM.
O6beKTbl peryiMpoBaHma, KOTOPble BO3MOXKHO XapaKTepu3oBaTb 3HAYEHWEM pPeryanpyemon
BEe/IMYMHbI X B OOHOM TOYKE NPOCTPAHCTBA, HAa3bIBAlOTCA OOBLEKTAMM PEryanmpoBaHMA C
COCpPelOTOYEHHbIMM NapaMeTpaMm.

HekoTopble apyrne o6beKTbl HEOBXOAMMO XapaKTepM30BaTb 3HAYEHMEM PEryANpPyemoin
BE/IMUYMHbI X B HECKO/NIbKMX TOYKax MNPOCTPAHCTBA (TemnepaTypa MeTanna no AJ/IMHE 30Hbl
BTOPMYHOrO oOxnaKaeHus B MH/I3, aaBneHwe rasoB NO BbICOTE OOMEHHON Meyn) Wau
pacnpegeneHHbIMWU B MPOCTPAHCTBE PEryAMpYOWMMN  BO3AENCTBUAMU. TakMe O6bEKTbI
Ha3blBalOTCA 06bEKTAMM C pacnpeaeeHHbIMM NapameTpamMm.
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Puc. 7. CTpyKTypHAad cXeMa pPeryiIaTopa:
Vv — PETYIHpYIOIIee BO3IeCTBHE:
X - peryIHpyeMas BeTHUHHA:
Xp — 3aJaHHOE 3HAUEHHE PETVIHPYEMOH BeTHUHHEL:
¢ — OTKJIOHEHHE PeTYIHPYEMOil BETHYHHEI X OT 3aJaHHOTO 3HAYEHHA X
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Ha puc. 7 npeacraBiena cTpyKTypHas cXeMa peryssiTopa, KOTOPbId UMEET OJJHY BBIXOAHYIO
BeNMYMHY Y (peryjupyroiee BO3JCHCTBHE) U JBE BXOIHBIC - PETYJIHPYEMYIO BEIMYMHY X U
3aJ]JaHHOE 3HAYCHHE PEryJIMPyeMOW BEIUYMHBI Xo (3amaromiee Bo3aeicTBre). Bemuunusl X U Xo
CpaBHI/IBaIOTCH Me>1<z[y CO6OI>'I, nu BBIpa6aTBIBaeTC$I OJIHa BXOJHAaA BCJIMYHMHA
€ = Xo— X, Ha3bIBacMasl OTKJIOHCHHUCM perynnpyeMoﬁ BCJIIMYUHBI OT 3a1aHHOT'O 3HAYCHMUA.

Benuunna €(t) HaspIBaeTCS TakXKe OIIMOKOW pEryJIMpPOBaHHS M HMEET Pa3MEPHOCTH
pEeryJIMpyeMon BEJIUYUHBI.
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Puc 8. PasBepHyTad CTPYKTYPHAL CXeMa Peryigropa:
3D — 3aTaromIHi IeMEHT:
(3 — cpaBHHBAKOIIHI Y TEMEHT:,
II5 — mpeo0pa3yomHH 3TeMeHT.
M — HCIIOTTHHTEBHBIT MEXAHH3M.

Perymnsitop (puic 8.) COCTOMT M3 HECKOABKUX (PYHKIIMOHAIBHBIX 3JCMEHTOB M BKJIIOYAET B
ceOs:
* 30U 3aeMeHT (3a7aT4YMK), MO3BOJSIONIMA BPYYHYIO YCTAHOBHTH 3aJaHHOE
3HAYCHHUE PEryJIUPYyEeMOI BEITUUYHUHBI X0,
*  CPaBHUBAIOIIMIA JIEMEHT, BEIPAOATHIBAOIININ BEJIMYMHY OTKIOHEHHS € = X0 —X;
*  IpeoOpa3yIIMK  3JAEMEHT, MpeoOpa3yroniuii BEJIMYMHY OTKJIOHEHUS € B
COOTBETCTBUH C 3aKOHOM PETYJIUPOBAHUS, PCATU3yEMOM PETYJIITOPOM;
*  HCIOJHUTEIBHBIA MEXaHWU3M MPEIHA3HAUYCHHBIA I OKa3aHWs PeryJUpyIOIIero
BO3JICHCTBHUS Y HA OOBEKT.
Yacro 3a1ar0lIuii 1 CPAaBHUBAIOLIUI 3JIEMEHTBI HE BKJIIOYAIOT B CTPYKTYpPY peryjsTopa, u
OH COCTOHUT TOJIbKO U3 MPEoOPa3yroIIero 3JIeMEHTa U UCIIOJIHUTEIBHOIO0 MexaHu3Ma. [1pu sTom
BXOJIHOM BEJUMYMHOM PEryJsTOpa CTAHOBUTCS OTKJIOHCHHE € = X0 — X PEryJIMpyeMOW BEITMYMHBI
OT 3aJaHHOr0 3HAYEHWS, a BBIXOJHOW BEIMYMHOM OCTAeTCS IOJIOKEHHE BBIXOJHOIO Baja
UCTIOJTHUTEIBHOTO MEXaHu3Ma Y, 0OBIYHO BBIPAKaeMOE B IIPOIICHTAX €ro MOJHOTO XO/1a.
BbIX0HOM Bajl MCHOJHUTEIBHOTO MEXaHHW3Ma COWICHEH C PETrYyJIHPYIONIMM OPraHoM H
MEPEMEIIECHUIO BBIXOJHOTO Bajia MCIOJHUTEIBHOIO MEXaHHM3Ma COOTBETCTBYET INEpEMEICHHUEC
perynupyiomiero oprada. Ilpu 3ToM BBIXOJHAS BEJIMYWHA PETYJSATOpa, BBIPAKCHHAs B
OTHOCHUTENBbHBIX eauHunax (% MoJHOro Xo/Ja BBIXOAHOTO Bajia MCIOIHUTEILHOTO MEXaHHM3Ma),
paBHAa BXOJHOW BEJIIMYMHE OOBEKTA PETYJUPOBAHMS, BBIPAKCHHOHW TAKKE B OTHOCHTEIBHBIX
enunuiax (% MoHOro Xo0/1a PEryIUPYIONIETo Oprata) u Imo3ToMy 0003HaYarOTCS OAMHAKOBO — Y.
Ecnu coeauHUTh OOBEKT M PEryJiaTOp Ha CTPYKTYPHOH CXeMe B COOTBETCTBHU C
NPUHATBIMA ~ O0O3HAYCHHUSIMU BCIIMYHMH, TO TMOJYYUTCS CTPYKTYpPHAas CXeMa CHCTEMBbI
ABTOMATHYECKOTO PETYJIMPOBAHUS OJHOU BeM4YuHbI (puc. 9).
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Puc 9. CtpykrypHas cxema CAP 01HOH BETHUYNHEI B YKPYITHEHHOM BHJIC.
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B cpaBHMBalOWMI 31€MEHT 2 NOCTyNaeT peryanpyemasn BeamynHa X - BbIXOgHAA BeIMYMHA
BCEI CUCTEMbI PEryINpPoBaHMA N 06beKTa peryanpoBaHms 1. TakkKe B CPAaBHMBAKOLLNI dNEMEHT
2 nocTynaeT 3aZ,aHHOE 3HAYEeHMEM PeryInpyemMon BesINYnHbI

Xo, KOTOpOe BPYYHYIO YyCTaHaBAMBaeTCA 3agaTtyMkom 4. B cpaBHMBawWem s1emeHTe
NPOUCXOANT CPAaBHEHWE 3TUX CUTHANOB U BbipabaTbiBaeTcA BeNMYMHA OTKNOHeHUa € =X0 — X.
Perynatop 3, nonyyaa curHan oTKAOHeHMA € = X0 — X, B COOTBETCTBMM C 33aKOHOM
peryanpoBaHua (anropuTMom ynpasneHua) BbipabaTbiBaeT peryauvpytouiee BO3AeNCTBUE Y,
KOTOopoe nocTynaeT Ha Bxog obbekTa perynvMpoBaHua 1. ITo peryavpyrowiee BO3aencTBUE
COOTBETCTBYeT nepemelLeHU0 BbIXOAHOrO Basia WCMO/IHUTE/IbHOIO MexaHW3mMa W pPaBHO
nepemelleHuo peryanpyrowero opraHa. OHO HanpaBAE€HO Ha yMeHblleHWe W, B KOHEYHOM
uTOre, Ha YCTpPaAHEHMe OTKJAOHEeHUA €, BO3HUKaKLWero B pe3ynbTaTe BO3MYLLAOLWMX
BO34ENCTBUIN z. B paccmaTtpmBaemoln cucteme aBTOMATMYECKOTO PeryaMpoBaHUA CyliecTByeT
3aMKHYTbIA KOHTYpP PerympoBaHMA, B KOTOPOM perynatop 3 OCyw,ecTBAseT OTpuUaTeNbHYIO
obpaTHyto cBa3b. Takne CAP Ha3bIBAalOT 3aMKHYTbIMM CUCTEMAMWU _ WUAM _ CUCTEMAMM  C
peryampoBaHMeM Mo OTKAOHEHUIO.

Ponb yenoseKa B TaKOW CUCTEME CBOAMUTCA TONIbKO K YCTAHOBKE 3a4aHWA pPerynsatopy; B
OCTa/IbHOM, CTabuansauma perynmpyeMon BeNnUnHbl (NnogaepuBaHue 3aaHHOTO 3HaYeHus
Xo) ocyuwectBnseTca 6e3 yyacTMa 4YenoBeKa, T.e. aBTomaTuyecku. Ha puc 10. nokasaHa
CTPYKTYPHaA cxema TOM e CUCTEeMbl aBTOMATUUYECKOTO pPeryiiMpoBaHUA B pa3BepHYTOM BUAe C
yKazaHMemM  PYyHKUMOHANbHbIX 31eMeHTOB O00beKkTa peryMpoBaHuMA W perynatopa
(cpaBHMBalOWMI M 334a0WMIA 31EMEHTbI HE BK/IOYEHDbI B COCTaB PeryiaTopa).
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Puc 10. CtpykTypHag cxema CAP 0IHOI BeTHUHHEI B pa3BepHYTOM BHIE

3. KJIACCHOUKALNUA DJIEMEHTOB ABTOMATHUKHU

DneMeHTbl aBTOMATHKH YPE3BBIYAHHO Pa3HOOOpPA3HBI IO BBIMOIHAEMBIM (YHKIUSIM,
KOHCTPYKIIMHU, PUHIIUITY JACHCTBHS, XapaKTePUCTUKAM, (PU3HMUECKON MPUPOE MPeodpa3yeMbIx
CHTHAJIOB U T.JI.

1) B 3aBUCHMOCTH OT TOTO, KaK ODJICMEHTBI TMOJYYAlOT JHEPrHI0, HEOOXOAUMYIO IS
peoOpa3oBaHus BXOJHBIX CUTHATIOB, OHU JICTSITCS HA TACCUBHBIC M AKTHBHBIC.

[MaccHBHBIC JICMEHTHI aBTOMATHKH — 3TO 3JEMEHTBI, Y KOTOPHIX BXOJHOE BO3CHCTBHUEC
(curHai xBX) mpeodpa3yeTcs B BHIXOAHOE BO3/ICHCTBHE (CUTHAI Xg,,,) 38 CUET SHEPTHUH BXOJAHOTO
cUrHaia (Harmpumep, peayKTop).

AXTHBHBIC DJIEMCHTBI aBTOMATUKHU JUIS PeoOpa30BaHUsI BXOJHOTO CHUTHAJA UCIOJB3YIOT
SHEPTHUI0 OT BCIIOMOTATEIBHOTO UCTOUYHUKA (HATIPUMED, JIBUTATENb, YCUIUTEIb).

2) B 3aBucMMOCTH OT OJHEPrMHM Ha BXOJE€ M BBIXOJE OJJIEMEHTHI aBTOMATHUKHU
HOJIpa3AessIFOTCS Ha:
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* DIIEKTPUYECKUE,

* THIAPABINYCCKHUC,

* [IHEBMATHYECKHE,

®* MECXAaHHUYECKUE,

* KOMOMHHpPOBaHHBIE.

3) IMo BeImMONHSIEMBIM (YHKIHMSIM B CHCTEMaX PEryJUPOBAHUS W YIPABJICHUS DJICMEHTHI
aBTOMATHKH IIOAPA3ACIIAIOTCS Ha.

* JaTYHUKH,

*  YCUIIUTEIHU,

* HCHOJIHUTEIbHBIE YCTPOMCTBA,

* pele;

®*  BBIYUCJIUTECIBHBIC 3JIEMEHTHI,

*  COTJIACYIOIIHE 3JIEMCHTHI,

* BCIIOMOTATEJIbHBIEC JIEMEHTHI U T.]I.

JIaT4vKy BOCIIPMHUMAIOT TOCTYIAIONIYI0 HAa WX BXOJ HH(OpPMAIMIO 00 yIpaBisieMOi
BEJIMYMHE OOBEKTa YyMpaBleHUs W TpeodpasyroT e€ B (opmy, yAoOHYIO IS JadbHEHIIEro
WCIIOJb30BaHUSI B YCTPOMCTBE AaBTOMATHUYECKOTO YNPABJIEHUS. DOJBIIMHCTBO JTaTYMKOB
npeoOpazyeT BXOAHOW HEAIEKTPUUECKUI CUTHA Xex B BBIXOJHOHN 3JIEKTPUYCCKUI CUTHAI XBbiX.

B 3aBucuMoCTH OT BHJ1a BXOJTHOT'O HEANEKTPUUECKOIO CUTHAA XBX BBIACISIOT!
* JIaTYMKM MEXAHWYCCKMX BEJIMYMH (JaTYMKH IEPEMEIICHUS, JAaTYMKH CKOPOCTH,
JATYUKHA YCKOPEHHUS U T.]11.);
*  JIaTYMKM TEIUIOBBIX BEIUYHMH (aTYNKH TEMIIEPATyPhI);
*  JIATYMKH ONTHYCCKUX BEIMYUH (TATUYMKH M3ITYUCHUS) H T.]I.

YacTo MpUMEHSIOTCS JATYMKH C TBOWHBIM ITpeoOpa30BaHUEeM CUTHAJIA, HAlpUMEp, BXOTHON
HEIJICKTPUYECKUM CUTHAJI XBx CHauaja mpeoOpasyercs B MepeMelieHre, a 3aTeM MepeMeIleHHe
npeoOpa3yeTcs B BBIXOIHOM SJIEKTPUUECKUN CUTHAI Xgy,y-

Tak, HanpuMep, B CUCTEME aBTOMATUYECKOI'O PEryJIMPOBAHUS BBICOTHI MOJIETA CAMOJIETA,
W3MEHEHHE O0apOMETPHYECKOTO JaBJICHHS, BO3HUKAOIIEE IMPH W3MEHEHWW BBICOTHI TOJETA,
npeoOpaszyercs cHavyajla B MEXaHMYECKOe TepeMeIleHre IIEHTpa aHePOUTHOM KOPOOKH, a 3aTeM B
HaIpsHKEHUE, U3MEPSEMOE C TOMOIIBIO IOTEHIMOMETPA.

Yeunurenu - 3TO 3JIEMEHThl aBTOMATHKH, KOTOPBIE OCYUIECTBIISIIOT KOJIMYECTBEHHOE
npeoOpa3oBaHue, YCWJICHHE MOIIHOCTH BXOJHOTO CHUTHaJia Xsx. B HEKOTOPBIX Ciydasx
OJTHOBPEMEHHO C KOJMYECTBEHHBIM MPEOOpPa30BaHUEM, YCHIHTEIH OCYIIECTBISIIOT M
KayeCTBEHHOE MpeoOpa3zoBanue (HarmpuMep, Mpeodpa3oBaHKe MOCTOSHHOIO TOKA B TEPEMEHHBIH,
B THEBMATHYECKUX U THUIPABIMYECCKUX YCHWIHTEISIX OCYIIECTBISICTCS TMpeoOpa3oBaHMe
HepeMEIIEHUs B M3MCHEHHE JTaBICHMS).

B 3aBucuMocTH OT BUJa SHEPTUH, MOTYIAEMON YCUIUTENEM, IMOCIETHUE JACIISITCS Ha:

* DJICKTPHUYECKHUC,

*  THUJAPABIUYECKHUE;

* [IHEBMAaTUYECKUE,

*  DJJIEKTPOTUAPABINYECKUE,;
*  DJIEKTPONTHEBMATUUYECKHUE.

HauGonpiee pacnpocTpaHeHHWE TOMYYWIH JJICKTPUUYECKUE YCUIIUTENH, HWMEIOIIHE
BBICOKYIO YyBCTBUTEIIBHOCTH, OOJIBIION KO (PHUIIMEHT ycuiieHUsI U YIOOHBIE B KCIUTyaTaIlHH.

HcnonHuTenbHBIE YCTPOWCTBA OTHOCATCA K  DJEMEHTaM aBTOMATHKH, CO3JIal0IIUM
YIPABISIIONINE BO3JCUCTBUSI Ha O0BEKT ympamieHUs. OHM M3MEHSIOT COCTOSIHHE HIIM TIOJIOKCHHE
PETYIHPYIONIETO OpTaHa 00bEKTa TAKUM 00pa3oM, 4TOOBI PETyIUPYEMBIi TapaMeTp COOTBETCTBOBAI
3aIaHHOMY 3Ha4ueHHU10. K MCTIOIHUTETFHBIM yCTPOMCTBAM, CO3AI0ONIMM YIIPABIISIONIEE BO3ICHCTBHE
B BHJIE CUJIbI MJIA BPALIAIOIIEr0 MOMEHTA, OTHOCSITCSI CUJIOBBIE JIEKTPOMATHUTHI, 3JIEKTPOMArHUTHBIC
My ThI, TBUTATEIH.

/[BUTaTEeNN B 3aBUCHMOCTH OT BHJIa IPUMEHSEMOM 7151 pabOThI SHEPTUU MOTYT OBITH!
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*  DIEKTPUYECKUMH;
* TUJPABINYECKUMH,
* [HEeBMAaTHYECKUMH.

B kadecTBe MCHOIHUTENBHBIX YCTPOMCTB, U3MEHSIOIINX COCTOSHHE PETYIUPYIOLIEro OpraHa,
MOTYT UCIOJIb30BaThCS YCUJIUTEININ UITU PeJie.

Pene — 3T0 3yeMEHTHI aBTOMATHUKH, Y KOTOPBIX HM3MEHCHHE BBIXOJHOTO CHTHaMa (Xpyx)
NPOUCXOTUT JUCKPETHO (T.€. CKauyKOOOpa3HO) MpPH JOCTHKCHHU BXOJHBIM CHTHAIOM  (Xgx)
oTnpeeIEHHOr0 3HAYECHMS, BBI3BIBAIOLIETO CpabdaThIBaHHE pesie. JTO 3HAYEHHE BXOAHOIO CUTHAalIa
HA3BIBACTCSI YPOBHEM CpabaThIBaHUS pelie.

MOIHOCT BXOAHOTO CUrHaja (Xex), BBI3BIBAIONIETO CpabaThIBAHHE peEJe, 3HAUMTENBHO
MEHBIIE MOIIHOCTH, KOTOPOM pEJe MOXKET ymnpasiAThb. [loaTOMy pene ucnonb3yercs U Kak
YCUJIUTENIbHBIM, M KaK WCHOJHUTEIbHBIA J3JEMEHT. Perme 4acto HCHoNb3ylOTCSd M Kak
ABTOMATHUYECKH YIIPaBJIsiEMble KOMMYTATOPbl CHUTHAJIOB B MHOTOKAHAJIBHBIX CHCTEMax cOopa |
nepeayn JaHHbIX, B KOTOPBIX 00padaThiBaeTcs MHGOPMAITUS OT JECATKOB, COTEH M JaKe THICSY
naTtyrukoB. OHM TPUMEHSIOTCS Tak)K€ B CHUCTEMax KOHTPOJIS, CUTHAIU3AIMH, OJOKUPOBKH H
3aLIUTHI.

BolunciauTenbHble AJIEMEHThI B YCTPOMCTBAX aBTOMATHYECKOTO YIPABICHUS OCYIIECTBISIOT
MaTeMaTHU4ecKue MpeoO0pa3oBaHMsl C IOCTYMAIOIMMU Ha HMX BXOJ CHUTHAJaMU. OTH ONepanuu
OCYILECTBIISIIOTCS C LENbI0 00ecTeueH s 3alaHHOTO allrOpUTMa paboThl CUCTEMBI.

B npocrteiiiiem ciydae BRIYUCIUTENbHBIEC 3JIEMEHTHI BBIIIOJIHSAIOT OTJEIbHbIE MaTeMaTHUYECKHe
olepalry, Takue Kak aiaredpanueckoe CyMMHUpoBaHHe, IupdepeHIupoBaHUEe, WHTETPHUPOBAHUE,
JIOTHYECKOE CII0KEHUE, JIOTHUYEeCKOe YMHOXKEHUE U T.[I.

B 3amkHyTEIX CAY HE00X0AMMO OCYNIECTBISITH CYMMUPOBAHHE CUTHAJA NaTYMKA ¥ CUTHAJIA
oOpaTHON CBsi3M. B KOpPEKTUPYIONIMX YCTPOWCTBaX HCIONb3yeTcsl auddepeHIupoBaHUE H
WHTETPUPOBAHUE CUTHAIOB. [[JIsi BHIOTHEHUWS STUX OIMEpaIil TIaBHBIM 00pa3oM HCIOIB3YIOTCS
BBIUMCIIUTENbHBIE AJIEMEHThI AaHAJIOTOBOTO TUIIA.

B 0onee crnoxHBIX clydasx B Ka4eCTBE BBIYMCIUTEIHHOIO JIEMEHTA MOXKET HCIOIb30BAThHCS
MHUKPOITPOIIECCOpP, CIENHMATM3UPOBaHHbIe U yHUHUIHpoBaHHBIE OBM 1ndpoBoro m anamoroBoro
TUIOB WJIM KOMIUIEKC 3TUX MallliH. Takue 3aJlayd aBTOMaTUYECKOT0 YIIPaBiICHUs, KaK ONTUMHU3ALIMS,
co3aHue afanTHBHbBIX (mpucrnocadmuBarommxcs) CAY, ucnoiap30BaHHE aJrOPUTMOB YIPABICHUS,
OCHOBaHHBIX Ha BEPOSTHOCTHBIX M CTAaTHCTUYECKUX METOJaX OOpabOTKH CHUTHAIIOB, HEBO3MOXKHO
OCYIIECTBUTH 0e3 mpuMeHeHus: DOBM.

Cornacyoomye ¥ BCIOMOIaTeabHbIE 3JEMEHTHI BKIKOYAIOTCS B YCTPONCTBO aBTOMAaTHYECKOTO
yIOpaBiaeHUS Ui YIYYIIEHUsS €ro IMapaMeTpoB, pPacUIMpeHUs (PYHKIHMOHAIBHBIX BO3MOXKHOCTEN
OCHOBHBIX 3JIEMEHTOB H T.]I.

B kauecTBe cornacyrommx 3JIEMEHTOB YacTO HCHOJB3YIOT TpaHC(HOPMATOPhI, PEILYKTOPHI,
MO3BOJIAIONINE COTJIACOBATh MapaMeTphl HCIIOTHUTEIHLHOTO JJIEMEHTAa C MapamMeTpaMu OOBEKTa
yIpaBICHHUS.

B cucremax aBTOMaTH4EeCKOTO YIpaBieHUs, B KOTOPHIX KaYECTBE BHIUUCIUTEILHOTO 3JIEMEHTA
HCITONIB3YETCsl MUKpoIIporieccop uin 9BM, yacto Bo3HHMKaeT HEOOXOIUMOCTh coryiacoBanus OBM ¢
naTdukamMu  WHQOpPMAIMM W WCIOJTHUTEIBHBIMUA DJIEMEHTAMHU AHAJIOTOBOTO THUIA, IIUPOKO
MpUMEHSIEMbIMH B aBTOMaTuke. [l »Toil menmu Ha Bxoae OBM ycTaHaBIMBAIOTCS aHAJIOIo-
nudpoBeie npeodpazoBarenu (ALIl). Amnanoro-nmdpoBbie mpeoOpa3oBaTeind MPeoOpasyroT
MEXaHUYECKUH CUTHAI (IepeMeIleH s, CKOPOCTH U T.J.) WIN 3JEKTPUYCCKUN CUTHAI (HAMpPsDKEHHUS,
CHJIBI TOKA, COMIPOTUBJICHUS U T.]I.), IOJYy4aeMblil OT aHAJIOTOBBIX JaTYUKOB, B JUCKPETHBIN KOOBBIH
CUTHaJI, CITOCOOHBIN BocTIpuHUMAThCs DBM.

VYnpasisioliee BO3ICHCTBHE B TAKUX CUCTEMaXx IOJIYYalOT B IUCKPETHOM (popme Kak pe3ysabTar
00pabotku B DBM mnocTynuBiiei nHGOpMaIui.

Ecnu B yCcTpoiicTBE aBTOMAaTUYECKOTO YIIPABICHUS B KAUYECTBE UCIIOJIHUTEIBHOTO AJIEMEHTA
WCIIOJIb3YIOTCSl AJIEKTPOJABUIATENIM TOCTOSIHHOIO WM IEPEMEHHOIO TOKA, AJIEKTPOMATHUTHBIE
My(TBI, YCHJIUTEIH MOIIHOCTH IOCTOSHHOTO WM TEPEeMEHHOTO TOKa W T.., TO BO3HUKAET
NOTPEOHOCTh 00PAaTHOTO TMpeoOpa3oBaHUs JUCKPETHOTO curHaia DBM B aHajIoroBbId CHTHAI,
BOCIIPUHUMAEMBIN UCIIOJTHUTEIBHBIM 3JIEMEHTOM.
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Ora 3aj7a4a pelraercs ¢ MOoMOoIIbio IH(po-aHaIoroBeix mnpeodpaszosareneid (LIAIT). Ouu
npeoOpa3yroT KOJOBBIM CHUTHAJ, MOJydeHHbIH oT DBM, B mepemerieHue, HampspkeHHE, TOK,
YacTOTy U T.A.

BcenomoraTtenbHble 3JIEMEHTBI aBTOMAaTHUKHA — 3TO CTA0WIM3aTOPBl HANPSDHKEHUS WU TOKA,
KOMMYTATOpbl W PACIpPEICIUTEIH, T€HepaTophl HANPSDKCHUs CHeHHaabHOW (opmbl («aruia»),
dbopMupoBaTeny UMMNYIbCOB, HWHAWKATOPHBIE W PETUCTPUPYIOIIUE TMPUOOPHI, CUTHAIBHBIC W
3allUTHBIE YCTPOUCTBA.

OTU DSJEMEHTHl aBTOMATHKH, HE SBISSACH NPUHIUIMUATHHO HEOOXOAUMBIMH MJisi PaOOTHI
yCTpOMCTBa aBTOMATHYECKOTO YIpPAaBJIEHUS, B TO K€ BpeMsl MO3BOJIAIOT YBEIMYUTh TOYHOCTH U
CTa0MIIBHOCTb €ro paboThl, OOJErvyarT HANAaJKy M OSKCIUTyaTalllio, PACHIMPSIOT BO3MOXHOCTH
MCIIOJIb30BaHMS ATOTO YCTpoicTBa npu co3aanun CAY.

4. CXEMBbI ABTOMATU3AIIUU TEXHOJIOI'MYECKUX MTPOHECCOB

CxeMbl aBTOMAaTH3aLUH SIBISIOTCS OCHOBHBIMH YepTEXKaMH, ONPEACISIONMMU ITOCTPOCHHUE
CHCTEMBl aBTOMAaTHYECKOTO YIPABICHHUS TEXHOJOTHUECKOW yCTaHOBKOH. CHCTEeMbl aBTOMAaTH3aINH
Ha JTHX CXEMax MpPEACTaBISAIOT B BHJEC OJIOKOB aBTOMAaTHYECKOTO KOHTPOJIS YIPAaBICHHUA |
perynupoBaHMs, MJAONMX TOJHOE TMpe/ACTaBlIeHHe 00 OCHAIIeHWH oObekTa mnpudopamMu u
Cpe/CTBaMU aBTOMAaTH3allMH, BKIIIOUAs CPEJICTBA TEIEMEXaHUKH M BEIYUCIUTEIbHON TEXHUKH.

Ha cxeme aBromMatu3aiuy ynpoueHHO H300paKaroT TEXHOJIOTUYECKUI arperaT U pacroaraioT
puOOPHI M CPEJICTBA ABTOMATH3ALMH B YCIOBHBIX H300paKEHHUAX C YKa3aHHEM CBS3eH MEXy HUMH.

OCHOBHBIE yCIIOBHBIE H300paxKeHus mprOopoB u cpeacTB apromaTuzauuu ([OCT 21.404.— 85),
npuBeneHsl B Tabmume 1. Jlng oOo3HadeHHsT W3MEpSEMBIX U PEryJIUPYEMBIX BEIUYUH |
(YHKIMOHATIBHBIX MPU3HAKOB MPUOOPOB MPUHATHI MPOMUCHBIE OYKBBI JATUHCKOro andaButa —
Tabiumna 2.

Tabmuma 1

HanMeHoBaHmue O003HaueHHE
ITepBHYHEIN H3MEPHTETBHEBIH NTPe0dpa3oBaTens (JaTUHK). IPHOOP
(KOHTPOTHPVIOIIHI, PeryIHPYIOMIHH):
baszoBoe oGo3HaueHHE:

Y

Z[onyc&aenoe SHaUYCHHE.

Jo

HIE SO ¢

[IpuGop ycTaHABIHBAESMEII HA MIHTE:

IcIIomHHUTEIBHEIH MEeXaHH3M:

Peryupyrommii opras:
JIHOHA CBA3M:
IlepeceueHne THHHIT CBA3H:

- 0€3 COCTHHEHHA IPYT ¢ IPYTOM:
- C COeTHHEHHEM MEKIV CO00H.
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Tabmuna 2

Uzmepsemas BenmruuHa OyHKIMOHATBHBIHN TPU3HAK PpUOOpa

O6o3Ha- JlommonHUTEIEHOE

OcHoBHOE
YCHHE 00o3HaueHueE,
0003HaYCHHE Orobpaxenmne JlonomauTENBEHOE
YTOYHSIFOIIICES BBIXOJ/IHOTO
nHpopMaIu 3HAYCHHE

u3MepseMon
U3MEPAEMYIO CHUrHasa
BEIMYHMHBI
BEJIMIMHY

dopmMupoBaHue

+ - Curaanuzanus - -

+ - - - -

SILIES

+ - - ABTOMaTHUYECKOE -
peryiaupoBaHue,
yIpaBJlieHHe

D IInoTHOCTE Paznocts, nepenay - - -

E DnexTpuydeckas - + - -
BenuynHa (1. 2.13)

F Pacxon CooTHOIIEHHE, T0I4, - - -
Jpo0b

G Pasmep, nonoxenue, - + - -
TepeMeIIeHUE

H Pyunoe Bo3eiicTBre - - - Bepxnuii npenen
n3MepsieMon
BEJTMYMHBI

| + - IToxa3zanne - -

J + ABTOMAaTHYECKOE - - -
MEPEKITIOYCHUE,
oberanue

K Bpewms, BpemeHHast - - + -
nporpamma

L YpoBeHb - - - Hwxuuit npenen
n3MepseMoit
BEJTMYUHBI

Brnaxxnocts - - - -

+ - - - -

+ - - - -

JlaBnenue, Bakyym - - - -

O|T|0oIZ2|Z

Benuunna, Hurerpuposanue, - + -
XapaKkTepusyrouas CYMMHpOBAHHE 110
KauecTBO: COCTaB, BpEMEHU

KOHILEHTpALUs U T.II.
(cMm. 1. 2.13)

R PaanoakTHBHOCTH (CM. - Peructpanus - -
m. 2.13)

S CKOpOCTb, 4acToTa - - Brirouenue, -
OTKITIOYEHHE,
MIEPEKITIOYCHNUE,
OJIOKHPOBKA

Temneparypa - - + -

cl4

Hecxkonbko - - - -
Pa3HOPOIHBIX
U3MePSEMbIX BETUUHNH

Bsskocth - + - -

Macca - - - -

~<s|<

Hepexomennyemast - - - R
pe3epBHas OykBa

+ - - + -

N| <

+ - - + -
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B BepxHeil wacTu OKpyXHOCTH, OOO3Ha4aromiel MpudOp, MPOCTABISAIOT OYKBEHHOE
0003HaUYCHHE HW3MEPSIEMOM BEIWYMHBI M (DYHKIIMOHAIBLHOTO TpPH3HAaKa MpuOopa, B HUXKHEH —
MO3UIMOHHOE 0003HAUCHHUE, CITy)KaIlee Uit HyMEepalluu.

[Topsimok pacrionoxeHuss OyKBEHHBIX 0003HAYEHUHN CIICTYIONINN:

1) 0003HaUEHUE OCHOBHOW U3MEPSIEMOI BEITMYUHBI,

2) 0603HaYeHNE, YTOUHSOMIEE (€CITH 3TO HE0OXOAMMO), OCHOBHYIO H3MEPSAEMYIO BEINUYHHY;,

3) oOo3HaueHMe (YHKIMOHATBHOTO TIpU3HAKa NOPUOOpA: €CIM HMX HECKOJbKO, TO MOPSIOK
ob6o3naueHuit cneayrommuii: IRCSA.

4) B HIDKHEH 9acTH OKPY>KHOCTH MOKA3bIBAIOT MO3UIIMOHHOE 0003HAUCHHUE, COCTOsIIee U3 apabCKoit
U(PBI U PYCCKOM OYKBBI.

1 23 45 6
b

P DI RC S

Ir

7

1. OcHoBHOE 00O3HAaYeHHE H3MeEpseMON BeNUUMHBL P — maBnenue. 2. YTouHsionee 0003HaYeHHE
n3mepsiemort BenmuuHbl. D — mepenan. 3, 4, 5, 6 -®OyHKuuoOHANBbHBIE TpH3HAKK mpudopa: | —
nokazanue, R—peructpanus, C —perynupoBanue, S —nepexitouenue. 7. [lo3unnonnoe o6o3naueHne
npubopa, BKIoUaromeecs B crnerudukanuio — Ir. CrempoBarenbHO, NMpUOOp, MOKa3aHHBIA Ha
npuMepe, MpeJHa3Ha4yeH s IMOKa3aHUsl, PETUCTpAIMM, PErYJIMpPOBAaHUS M MEPEKIIOUYCHUs NpHU
OIIpeIeTICHHOM 3HaYCHUH Tiepenasa qasieHus. [Ipubop ycranaBiuBaeTcs Ha MIUTE.

Tabmuma 3
[Tpumepsl mocTpoeHus yCIOBHBIX 0003HAYCHHIMA
Ne /it O0o3HaueHne Hanmenosanue
1 IMepBuuHbIil U3MEPHUTENBHBIN MPpeoOpa3oBaTeb (4yBCTBUTENBHBINA JJIEMEHT)

JUIs1 UI3MEPEHUS TEMIIEPATypPhl, YCTAHOBJICHHBIH 110 MECTY.

Hanpumep: mpeodpa3oBaTenb TEPMODJICKTPUIECCKHUN (Tepmormapa),
TepMOIpeoOpa3oBaTelb  CONMPOTHBICHHS,  TEPMOOAITIOH  MaHOMETPHUYECKOTO
TEPMOMETpa, JaTYHK THPOMETPa U T.II.

[Tpubop st U3MEepeHus: TeMIepaTyphl MOKA3BIBAIONINH, YCTAHOBIEHHBINH IO MECTY .
Hanpumep: TepmomMeTp pTyTHBIN, TEPMOMETP MAHOMETPUUECKHUH U T.II.

[Tpubop m1st 3MEepeHuUs TeMIIepaTyphl MOKA3hIBAIONINH, YCTAHOBIECHHBIN Ha IIIUTE.
Hanpumep: MIJITHBOIBTMETP, JTOTOMETP, TOTEHIIMOMETP, MOCT aBTOMaTHICCKUIA U
T.II.

[pubop i n3MepeHus TeMIepaTyphl OCCITKAIBHBIN ¢ TUCTAHIIMOHHOW Mepeaaycii
[OKa3aHUMN, YCTAaHOBIICHHBIH 110 MECTY.

Hampumep: TepMOMeTp MaHOMETPHYECKHH (HJIH JIFOOOH IPYyroi AaTIHK
TEMIIEPATyphl) OECHIKATBHBIN C THEBMO- HJIH 3JIEKTpOIepefaueii

[pubop i u3MEpeHUs: TEMIEPaTyPhl OAHOTOUYCYHBIH, PETUCTPUPYFOLIHIA,
YCTaHOBJIEHHBIN Ha ILIUTE.

Hampumep: camonumynuii MUIIITMBOJIBTMETP, JIOTOMETP, MOTEHLUOMETP, MOCT
AaBTOMATHUYECKUHN U T.II.

[Tpubop 1t n3MepeHus TeMIepaTyphl ¢ aBTOMaTHIECKIM 00T afoIIiM
YCTPOMCTBOM, PETUCTPHUPYIOIINM, YCTAHOBICHHBIN HA IIUTE.

Hanpumep: MHOTOTOUEYHBINH CAMONUINYIIHI TOTEHIIMOMETP, MOCT aBTOMaTHYECKUN
U T.II

[Tpubop 11 H3MEepeHus: TeMIEPaTyphl PETHCTPUPYIOIIHH, PETYINPYIONINH,
YCTaHOBIICHHBIH Ha IITUTE.

Hanpumep: m0060ii caMONUINYIHMi pETyIsSTOp TEMIIEPATYPHI (TEPMOMETP
MaHOMETPHUYECKUH, MIJUTUBOIBTMETP, JIOTOMETD, HOTEHIIHOMETP, MOCT
ABTOMATHUYCCKHU M T.I1.)
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Perynsatop TemmnepaTypsl OECIIKAILHBIN, YCTAHOBICHHBIN 110 MECTY.
Hanpumep: nunaTomeTpuuecKkuil peryisiTop TeMIepaTypbl

KomrutekT 1t u3MepeHust TeMITepaTyphl PErnCTPUPYIOIINH, PeryIupyOmuni,
CHA0>KEHHBIN CTAaHLIMEH yIPaBJICHHs, YCTAHOBJICHHBIH Ha IIUTE.
Hanpumep: BropuuHslii mpudop u perynupyromuii 6ok cucrems! "Crapt”

10

[Tpubop st ©3MEpEHUs TEMIEPaTyphbl OSCIIKATBHBIN ¢ KOHTAKTHBIM YCTPOHUCTBOM,
YCTaHOBJIEHHBIN IO MECTY.
Hampumep: pene TemnepaTypHoe

11

Batimacuas maHenb IUCTAaHIIHOHHOTO YipaBJI€CHUA, YCTAHOBJICHHAA HaA IUTC

12

IMepekrouaTeb 3JIEKTPHUECKUX [eTeit n3MepeHust (YIpaBIeHus), TIepeKI0UaTeb
JUTS Ta30BBIX (BO3MYIIHBIX) JIMHUMN, YCTAHOBICHHBIH Ha IITATE

13

[Mpubop uis U3MepeHust TaBIeHUS (pa3pexKeHHst) MTOKa3bIBAIOIIHIA, YCTAHOBICHHBIN
0 MECTY.

Hampumep: mr0060# OKa3bIBAIOIIHA MaHOMETP, TH(HMAHOMETP, TATOMED,
HAMopoMep, BAKYYMMETP H T.II.

14

[Tpubop mist m3MepeHus nepenaga NaBIeHUs MTOKa3bIBAIOIINN, YCTAHOBICHHBIH 11O
MECTY.
Hampumep: aqudmaHoMeTp MOKa3bIBAIOIINN

15

clelelcicick (€

[pubop i u3MepeHus AaBieHus (pa3pexenus) OECIIKAIbHBIN ¢ JUCTAHIIHOHHOM
repeaveil mokazaHuii, yCTaHOBJIEHHBIN O MECTY.

Hamnpumep: marnometp (mudmanoMerp) GeCIIKaabHBIN ¢ THEBMO- HITH
3JIeKTpornepeayei

16

PR

IMpuGop mist u3MepeHust AaBIeHHUS (Pa3pesKeHHs) PErUCTPUPYFOIIHIA,
YCTaHOBIICHHBIH Ha IITUTE.

Hampumep: camonumnynuit MaHOMETp HITH JIF000# BTOPUYHBIN IPUOOP TSt
perucTpaiuu JaBieHus

17

[Ipubop i U3MEpeHUs TaBJICHUS C KOHTAKTHBIM YCTPOHCTBOM, YCTaHOBJICHHBIH O
MecCTy.
Hanpuwmep: pesne napnenus

18

[Mpubop mist u3MepeHust AaBIeHUs (Pa3peKeHHs) MOKA3bIBAIOLINIT ¢ KOHTAKTHBIM
YCTPOUCTBOM, YCTAHOBJICHHBIH 110 MECTY.
Hanpuwmep: 371€KTpOKOHTAKTHBII MAaHOMETD, BAKYYMMETD H T.II.

19

Perynsitop naBneHus, paboraromuii 0e3 UCIOIb30BaHUS IOCTOPOHHETO HCTOUHHKA
sHepruu (PeryisTop JaBiaeHUs MpsIMoro aeiicteus) "no ceds'.

20

[MepBUYHbIIT H3MEPUTENBHBIN MPe0oOpa3oBaTesb (UYBCTBUTEIBHBIN AIEMEHT) AJIs
HU3MEPEHNUS PacXo/a, yCTAaHOBJICHHBIN 110 MECTY.

Hanpuwmep: muadparma, como, Tpyda BenTypu, atunk HHIYKIIHOHHOTO
pacxozomMepa H T.I.

21

[Tpubop s n3mMepeHus pacxoa OecIIKaabHBINA C TUCTAHITMOHHOH mepexaueit
MOKa3aHUM, yCTAaHOBJIICHHBIN 110 MECTY.

Hanpumep: mudmanomerp (poramerp), O€CIIKAIBHEIN ¢ ITHEBMO- UIIA
3JIeKTponepenaye

22

[Tpubop M1t U3MEPEHUsT COOTHOLIECHUS PACXO0B PETUCTPHUPYIOIIHIA,
YCTaHOBIICHHBIH Ha ITUTE.
Hanpumep: o060 BTOpHYHBIH MPUOOP A pETUCTPAIIMH COOTHOIICHHS PacX00B

23

ellciefelselet

[Tpubop 1 M3MepeHust pacxo1a MOKa3bIBAIONINH, YCTAHOBJICHHBIN 110 MECTY.
Hampumep: nudmanomerp (porameTp), MOKa3bIBAKOLINIT
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24 [Tpubop st 3MepeHus pacxona HHTETPUPYIOIHHA, YCTAHOBICHHBIHN 110 MECTY.

Hampumep: nro60# 6ecnikaabHBIH CYETINK-PACXOJOMEP C HHTETPATOPOM

25 [Tpubop mist m3MepeHus pacxoia MOKa3bIBAIOIIHA, HHTETPUPYIOIIHA,
YCTaHOBIICHHEIH 110 MECTY

Hampumep: moka3sbpIBaroniuii 1nhMaHOMETp C HHTETPATOPOM

26 [Ipubop i U3MEpEHUs pacxoia HHTETPUPYIOLIHH, C YCTPOWCTBOM IS BBIIAYU
CUTHAJIa TI0CJIe IPOXOXKIACHNUS 3aJaHHOT'0 KOJIMYECTBA BEIIECTBA, YCTAHOBIICHHBIH 110
MECTY.

Hanpumep: cuetumk-n03aTop

[epBUYHBII U3MEPHUTENBHBIN IPe0Opa3zoBaTesb (4yBCTBUTENBHBIN DIIEMEHT) ISt
HM3MEPEHUs YPOBHS, YCTAHOBIICHHEIIH IO MECTY.

Hanpumep: maT4uk 3JIeKTpHYECKOTO MIIM eMKOCTHOTO YpOBHEMEpa

27

28 [Tpubop 1 M3MepeHus ypoBHS MMOKa3bIBAIONINH, YCTAHOBJICHHBIN 110 MECTY.

Hampumep: ManoMeTp (mudMaHOMETp), UCTIONB3YEMBIiA I K3MEPEHHS YPOBHS

29 [Tpubop it ©3MEpEHUsT yPOBHS C KOHTAKTHBIM YCTPOHCTBOM, YCTAHOBJICHHBIHN TIO
MECTY.

Hanpumep: perxe ypoBHS, HCIIONIB3yeMOE I OTOKHMPOBKH W CUTHATHU3AIIH
BEPXHETO YPOBHSA

[Tpubop mist u3MepeHust ypoBHs OecIIKaIbHBIN, C TUCTAaHIIMOHHOW Iepeaadeit
MOKa3aHUM, YCTAaHOBJIICHHBIN 110 MECTY.

Hanpumep: ypoBHeMep GeclIKaIbHBINA C THEBMO- HIIH 3JIEKTpoNepeade

30

31 [Tpubop st u3MEepeHust ypoBHS OecIIKaIbHBIN, PETyTUPYIONTHi, ¢ KOHTAKTHBIM
YCTPOMCTBOM, YCTaHOBIIEHHBIN IO MECTY.
Hanpumep: snexTpudeckuil perynsarop-curuaan3atop ypoBHsa. byksa H B TaHHOM

IpuMepe 03Ha4daeT OJIOKUPOBKY IO BEPXHEMY YPOBHIO.

32 [pubop i n3MepeHus YpOBHS MOKA3bIBAIOIIUHA, C KOHTAKTHBIM YCTPOUCTBOM,
YCTaHOBIICHHBIH Ha IITUTE.
Hampumep: BTOpUYIHBIN TOKA3bIBAIOIIHA MTPUOOP ¢ CUTHATIHLHBIM YCTPOMCTBOM.

Byksel H 1 L 03Ha4atoT CUrHAJIM3aIUI0 BEPXHETO U HIDKHETO YPOBHEH

33 [Tpubop st U3MEPEHNUs TUIOTHOCTH PacTBOpa OECIIKAIBHBIH, ¢ AUCTAHIMOHHON
repeaveil mokazaHuii, yCTaHOBJIEHHBIN MO0 MECTY.

Hanpumep: maT4uk mioTHOMepa ¢ MHEBMO- WM AJIEKTpoIepeaadei

34 [Tpubop s m3MepeHus: pa3mMepoB MOKA3bIBAIOIIHMA, YCTAHOBICHHBIN 110 MECTY.

Hampumep: moka3pIBaIONIHi MpruOOp ISl K3MEPEHUS TOJIIHMHBI CTATLHOM JICHTHI

35 [Tpubop mist 3MepeHus JTFOO0H EKTPUISCKON BEITMYUHBI TOKA3BIBAIOIITHH,
YCTaHOBIICHHEIH 110 MECTY.

Hanpumep:
Hamnpspxenne *

Cuna Toka *

MomwmHocTs *

000000 ®0/0C0 0 g0

UyBCTBUTEIBHBIN 31eMeHT 0003HauaeTcs OykBoit E - ycTpoiicTBa, BHINONHSIONUE TEPBUYHOE
npeoOpa3oBaHue. MpeodpazoBaTean TEPMOIIIEKTPUIECKUE, TEPMONPEOOpa30BaTeNN CONPOTUBIIECHNU,
JNATYMKU IUPOMETPOB, CYKAIOIIUE YCTPOUCTBA pACXOAOMEPOB U T.II.

JuctannmonHass Tmiepegada obOo3Havaercss OykBoit T - mpubopsl  OeciikambHBIE C
IUCTAaHIIMOHHOM  Tepedayeil  curHajma:  MaHOMETPBl,  JU(PMAHOMETPHl, MaHOMETPHUYECKUE
TEPMOMETPHI.

Cranuus ynpasineHusi o0o3Hauaercs OykBoi K - mpubOopbl, uMeronye nepekaodareib JUIs
BBIOOpPA BU/IA YIIPABICHHUS U YCTPOICTBO ISl TUCTAHIIMOHHOTO YIPABICHUS.
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[IpeoOpazoBanme, BEIYMCIUTENBHBIC (YHKIIUA 0003HAYAIOTCsA OYKBOW Y W MpeIHa3HAYCHBI TS
noctpoeHus 0003HaueHH peoOpa3oBaTeseil CUTHAIOB U BEIYUCIUTEIbHBIX YCTPOHCTB.

Oxono 0003HaueHUsT MpeoOpa3zoBaTeacii W BBIYMCIUTEIBHBIX YCTPOHCTB (CIpaBa BBEpXY)
YKa3bIBAIOTCS IOTIOJTHUTENIbHBIC 0003HAYCHNUS, XapaKTePHU3YIOIUe onepanuio (tadi. 4).

Tabmuua 4

JlononHuTeNbHBIC 0003HAYCHHS TPe0Opa3oBaTeyieil M BRIYUCIUTEIBHBIX YCTPOWCTB

HaumenoBanue O0o03HaueHue
1. Pox sHeprum curxHana:
AJIEKTPUUCCKUN E
IMTHEBMATHYCCKUM P
TUAPABIMYCCKUI G
2. Bunsl popm curnana:
aHaJIOTOBLII A
JACKPETHBIN D
3. Onepanu, BHIMOJIHICMBIC BEIYUCITHTEIBLHBIM YCTPOWUCTBOM:
CYMMHPOBaHHE >
YMHOKEHUE CUTHAJIA HA TOCTOSHHBIN K03 duiueHt K k
NIEPEMHO)KCHHE JIBYX M 00JIee CUTHAJIOB JIPYT HA JpyTa b
JICJICHUE CUTHAJIOB JIPYT Ha JIpyra :
BO3BEJECHUE BeJIMUMHBI curHaia f B crenens N !
U3BJICUCHHE U3 BEJIMYMHBI CUTHAJIA KOPHS CTEIIEHH N Q/_
JorapupMUpPOBaAHUE Ig
QG hepeHImpoBaHne dx/dt
WUHTETPUPOBAHHE [
W3MEHCHHE 3HAKa CHTHAJIa X(-1)
OTpaHWYCHUE BEPXHETO 3HAYCHHSI CHTHAJIA max
OrpaHUYCHUE HIDKHETO 3HAYCHUS CHTHAJIA min
4., CBs13b C BEIYUCIUTEILHBIM KOMIIJIEKCOM:
nepeaaya curHaina Ha 9BM B;
BBIBOJ HHGopMarnu ¢ O9BM By

PaccmoTtpum cxemy pynkimonanbHon cTpykTypbl CAP pacxona TorumBa B arperare.

NpupogHe raa 13

=l Cnernudukarus
O6o3HaveHNe Haumenosanue KomunuectBo | [Ipumeuanue
Huadparma
la kamepHas JJKC 1
() Ix 16 ManomeTtp 1
Candup 22111
, 18 Brox u3BneueHus 1
xopHst BUK -1
\,II'_ 1r ll;g‘IHOI/I 3aJaTYUK 1
J1-22
@ @ Tloka3bIBaroIIMit
In npudop  Jluck- 1
250u
m Perymsrop
le TaBIICHUS 1
w Pemmuxont P-130
ﬂ 1k HcnoHATE b HBIH 1
w Mexannsm MDO
13 TloBopoTHas 1

3aCJIOHKa
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5. MATEMATHYECKOE OIIMCAHHUE CUCTEM YIIPABJIEHUSA
CUCTEMBI OIITUMAJIBHOT'O YIIPABJIEHUA

B nacrosimee Bpems npu paspaborke ACY TII u ACVYII Gosblioe BHUMaHUE YIEISIETCS
CHCTeMaM ONTHMAJIBHOTO yIPaBIeHUs. B 3THX cucTeMax meipio yrnpaBieHHs SBISIETCS oOecredeHue
HaWIy4qnero (MakCMMaabHOTO MM MUHHMAJIBHOTO) 3HAYCHUS! KPUTEPHUS ONTUMAIIBHOTO YIIPABICHUS
(kpuTepHs ONTUMAIBHOCTH). B KadecTBe KpHTEpUsl ONTHMAIBHOTO YIPABICHUS MOTYT OBITH
BBIOpaHbI Pa3IMYHbIC TEXHUYECKUE MM SKOHOMHYECKHE MOKA3aTeNN, HaIpUMep BpeMsl Iiepexo/ia U3
OJTHOTO COCTOSIHMSL B JPyroe, CpelHee OTKIOHEHHE KaKOW-THM00 perynupyeMoil BEIWYMHBI OT
3aJJaHHOTO 3HAYCHHMS B ONPEACICHHBI IPOMEXYTOK BPEMEHH, HPOM3BOAUTEIHHOCTH OOBEKTA,
NIOKa3aTeNM KayecTBa MPOAYKIIMH, 3aTPAThI ChIPhS HIIH SHEPTHH, CE0ECTOMMOCTD MPOIYKIINH.

B o0mem ciydgae KpuTepuii ONTHMAIBHOTO YIIPaBICHUS | 3aBUCHT OT yNpaBisieMO BETHYHHBI
X, Bo3aMmymeHuit (momex) Z, yrpapistomniero Bo3aeiicteus (ynpasienus) U, a Takke OT BpeMeHH T,
re. | = F(X, z, u, 1).

IMockonbky X = X(T), z = z(T), u = u(T) sBustOTCS (GYHKIUIMH BPEMEHH, TO KPHUTEPHUI
ONITUMAIBHOCTH siBiIsieTcss (pyHKumMOHanoMm (roBopst ycioBHO "dyHkumeit ¢ynknmii”). 3agaua
ONTHMAJILHOTO YIPABICHUS COCTOUT B OTHICKAHWU TaKOrO YIPABISIONIET0 BO3ACHUCTBUS U(T),
KOTOpO€ O00eCIeYrBaeT HKCTpeMaibHOe 3HaueHue (yHkumoHamy Imin wmm Imax. Kpurepwuii
ONITUMAJIBHOCTH YaCTO MMEET HHTErpalbHyIo (hopmy:

2
I = If(x,z,u,’[)df
4
Hampumep, MOXKHO CO3/1aTh ONTHMAIBHYIO CHUCTEMY YIpaBlIeHUs, OTpeOOBaB oOecreueHus
MUHHMYMa (DyHKITMOHAJIA:

I=| j82(T)dT
0

T.e. CHCTeMyY, KoTopas oOecrmeunBajsia Obl MHHMMaJIbHOE 3HAYCHHWE MHTErpaja KBaJpara
OTKJIOHEHHS PErylupyeMoil BETMYMHBI OT 3aJaHHOTO 3HAYEHMs U, CJIEJOBATEIbHO, HAHOONbBIIYIO
TOYHOCTb MOJIEP>KAHNS 3aJaHHOTO 3HAUYEHUS B IPOLIECCE PETYIUPOBAHUS.

Kpurepuii onTuMansHOro yrpasiieHus BeIOUpaeTcs (pa3pabaThiBacTcs) 1OCTATOYHO YCIOBHO B
3aBHCHUMOCTH OT TPpeOOBaHUIl MPOU3BOACTBA, CTPEMIICHHUH pa3pabOTYMKa CUCTEMBI H T.II. TIOATOMY HE
CyIIECTBYEeT ONTHUMAJIBHOTO yIpaBieHUs "BooOmIe", a eCTh ONTHUMAJbHOE YIpaBJICHUE B
ornpeneéHHOM (3a[aHHOM) CMBICTIC.

B mo0oii cucreme ympaBlieHUS €CTh OrPaHUYEHHS Ha perylupyeMble BEIUYUHBI U
YIpaBJIAIONINE BO3JCHCTBUS, OOYCIIOBIEHHBIE pa3HBIMM NPUYMHAMHU. CTOMKOCTBIO arperara,
(mampuMep, MaKCHMaabHO JAOMYCTHMON TeMIlepaTypoii ()yTepOBKH), TEXHOJOTHEH MPOMU3BOJCTBA
(MakcHMMaJIbHO JIOIyCTUMas TeMIlepaTypa MeTajula B [I€4r), pecypcaMH yIpaBieHUs (MaKCHMaJIbHO
BO3MOJXKHAsI TEIJIOBash MOIIHOCTh B MAapTEHOBCKOW TI€YM, pacxojl KHCIOpPOAa B KOHBEPTEpPE),
CKOPOCTBIO MU3MEHEHHUs YIPaBJIAIOIINX BO3JACUCTBUHI U T.II. YUYUTBIBAs CKA3aHHOE MOXKHO JaTh €ILE
OJTHO OMpEC/ICHUE ONTUMAIbHOTO YIPABJICHHS: ONTHMAIBHBIM, B ONpEAcIEHHOM (3aJaHHOM)
CMBICJIC YIpaBJIECHUEM HA3bIBACTCS JAWHAMHYECKHH TpOLECC, LEeNecoo0pa3HO HCHOIb3YIOLIHA
pecypchl CHCTEMBI JUIsl JOCTHIXKEHHUS TpPH JaHHBIX OrPAHUYEHUAX OKCTpEMyMa KpHUTepus
ONTUMAJILHOTO YIPaBJIECHUS.

B crokHOM MeTayulypru4eckoM MpOIecCe YacTO IMOJ ONTUMHU3ALMENH MPUXOJUTCS MOHUMATh
IOUCK  KOMIIDOMHCCHOTO  pEIIeHUsT TMpH BbeIOOpe Haubojiee TPUEMIIEMBIX MapaMEeTpPOB
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TEXHOJIOTHYECKOTO Mpolecca JIsi KOHKPETHBIX YCIIOBHI pabOTHl arperatra (BIUSIHUE COCEIHUX
arperatoB, HAJIMYHE PECYPCOB YNpaBJICHUs, OrpaHudeHus u np.). Takue 3agaun B pamkax ACY TII
BO MHOIMX CIIy4asgX MOJKHO pEIIaTh JHIIb C YYaCTHEM OIBITHBIX OIIEPaTOPOB-TEXHOJIOIOB B
JIMAJIOTOBOM pEXHUME HX paboTsl ¢ DBM.

MATEMATHUYECKHWE MOJEJIN

MaremaTrueckue MOJENTH OOBEKTOB YIPABICHHUS TEXHOJOTHYECKUX IMPOLIECCOB SIBIISIFOTCS
yacTeio MatemaTudeckoro odecrneuenuss ACY TII u mpencraBistoT co0oit omucanue oObeKTa Ha
dbopMaTbHOM MaTeMaTH4eCcKoM si3bike  (anreOpamueckue, auddepeHinanbuble, HWHTETPaIbHbBIC
yYpaBHEHHsI C COOTBETCTBYIOIIMMH OTPAHUYCHUSMHU - HAYaJbHBIMU M TPAHUYHBIMH YCIOBHUSIMH),
MO3BOJIAIONINE BHIHOCUTh KOJIMYECTBEHHOE CYXKJIEHUE O MapaMmeTpax mporecca. [Ipu apromaTuzanuu
TEXHOJIOTHYECKHX TMPOIECCOB MAaTeMaTHYECKUE MOJAENTU [Al0T BO3MOXKHOCTh PAaCCUUTHIBATH
M3MEHEHHE BBIXOJHBIX BEIMYMH OOBEKTa NpPU PA3NIUYHBIX BXOJHBIX BO3JEUCTBUAX, a TaKKe
COOTBETCTBYIOIINE YIPABISIONINE BO3ICHCTBHUS.

Marematuueckass MOJENb CJIOXHOTO TEXHOJOTHYECKOro Ipolecca JaéT YHpPOIIEHHOE,
npuOIMKEHHOE OMMCAaHUE B3TOro IMpolecca, OJHAKO, MPU HCIOJIb30BaHUM COBpEeMEHHBIX DBM
MaTeMaTHYECKYI0 MOJENb MOXKHO YCIOXKHUTh MPAKTUUECKH J0 JI000r0 YpOBHS TOUYHOCTU. Bmecte ¢
TeM, MOTpeOHasi TOYHOCTh U, CIEIOBATEIBHO, CJIOKHOCTh MOJICIH 3aBHUCST OT €€ Ha3HAUCHUSs, U TPU
pa3paboTke MOJIEH CleAyeT UCXOAUTh U3 MOCTaBICHHBIX 3a/1a4 C TeM, YTOObI HE YCIOXKHITh MOJENN
TOTJIa, KOT/Ia 9TO HE TpeOyeTcs.

[IpumepHas kiaccupuKanus MareMaTudeckux mojenei (puc.1ll) mo3BossieT BBISICHUTH WX
OCHOBHBIE OCOOECHHOCTH.

MMareMaruyeckne MOTEIH

[
[ | I |

Ilo sasHadeHHIO Ilo BHNONHAEMEIM TIo ceoficTEaM IIo cnocoby
v HKITHAM MOCTPOEHHA
A
- HAna — Koutponupyiomue — CraTudeckKre || Herepmunn-
HCCNENOBaHHA pPOBAHHLIE
Hna L IIporsosupyioume — JuHamudeckue OKCHEpHMEH-
| — TamEHO-CTa-
YIpaEleHHA
THCTHYECKHE
|| Kombuuupo-
BaHHEIE

Puc. 11.Knaccudukarys MaTeMaTH4eCKUX MOZeIeH

Tak, m©O Ha3HAYCHUIO MATEMAaTUYECKHUE MOJEIM MOTYT  pa3pabarbiBaThCs  IJIA
TeXHOJIOTHYECKUX MCCJIeI0BaHUIl M 1Js1 ynpasieHusi. [lepBbie OJDKHBI JaBaTh BO3MOXHOCTH
WCCJIEIOBATh TEXHOJIOTHUYECKUN Tporiecc 6€3 IKCIIEPUMEHTOB C IETbI0 €0 COBEPIICHCTBOBAHUS, a B
HEKOTOPBIX CIIydasix pa3padbaTbiBaTh HOBBIE TEXHOJOTUYECKUE MPOIIECCHI.

OTH MOJAENTU MOTYT OBITh BECbMa CIOKHBIMH, MOCKOJIBKY OHH, C OAHOW CTOPOHBI, JOJDKHBI
JlaBaTh HanOoJiee TOYHOE OMHMCAHKE MPOIIECCa, MO3BOJISIONIEE NCCIEA0BATh "TOHKOCTH' TEXHOJIOTHH,
a ¢ JAPYroil CTOPOHBI, OHH HE OrpaHUYEHBI BpeMeHeM pacuyéra Ha DBM (orpaHuueHHs MOTYT OBITH
TOJBKO O TOYKH 3PCHUS CTOMMOCTH M pacu€roB). Bropble MOKHBI daBaTh WH(OPMAIMIO IS
YIpaBICHUS WM PACCUMTHIBATH YIPABIISIONINE BO3JACHCTBHS M BO MHOTHX CIIydasx MOTYT OBITh
npoluie Mojesel Juisi uccienoBaHus, TeM 0oJiee CI0KHOCTh MOJENU JAJisl YIpPaBJICHHS OTpaHUYeHa
BPEMEHEM pacuéra M0 HHUM, MOCKOJIEKY OHH JIOJDKHBI PAaCCUMTHIBATH YIpaBlieHHWE OBICTpee WIH B
Temrie ¢ mporeccoM ("onaiH").

MaremaTrueckre MOJETH MOTYT OBITh MPEIHA3HAYEHBI IS pacuéra TeX BBIXOJHBIX BEIMYUH
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mporiecca, KOTOpPhIe HEBO3MOXKHO ONPENCTUTh HEMOCPEACTBEHHBIMH H3MEPEHHUSIMHU Ha OOBEKTE
(OTCYTCTBYIOT JaTYWKH), WM UL  pacu€Ta HEKOTOPbIX KOMIUICKCHBIX BEJIUYMH, JIyYlle
XapaKTEPU3YIOIMX TPOLECC, YEM U3MEpsieMble BEIWYMHBL. Takue MOJEIM Ha3bIBAIOTCA
KOHTPOJIMPYHOIIHUMH.

IIporno3upyronme MoJI€Id MO3BOJSIOT PACCUUTHIBATh M3MEHEHUE BBIXOJIHBIX BEJIWYUH WIIU
WX 3HAYEHUS B KAKOW-TO OyMyIIMi MOMEHT BpPEMEHH, T.€. MPOTHO3UPOBATH XOJ TMpolecca. ITU
MOJEIN MPEUMYIIECTBEHHO HCHOJIb3YIOTCSI TMPH  ONTUMAJIBHOM  YIPABICHUH, MOCKOIBKY
IIPEABAPUTEIILHBIA PACUET U IOCIEAYIOIIAs pealu3aus ONTUMAJIBHBIX YIIPABJISAIOIIUX BO3AECHCTBUN
BO3MOKHBI TOJIBKO TOTJ]a, KOTJIa Mbl MOKEM MPOTHO3UPOBATH XOJ MPOIECCa MPU ITUX BO3ICUCTBUAX
enie J0 MOJy4eHUs OKOHYATEIbHOTO pe3yJbTara.

[To cBoiicTBaM BO BpEeMEHU MOJEIU MOJPA3JCISAIOTCA Ha CTATUYECKHME U JUHAMHYECKUE.
CraTruyeckne MOJCIHN TO3BOJIIOT PAaCCUMTHIBATH MapaMETphl Mporecca 06e3 yuéra BpeMEeHH. DTO
MOTYT OBITh MOJENH ISl pacyéTa HEKOTOPHIX KOMILIEKCHBIX MMapaMEeTPOB HAa, OCHOBE W3MEpPEHUS
pAna BeJIWMYMH B JaHHBIA MOMEHT BpeMmeHu. Hampumep, pacyér TEnmiI0yCBOCHUS BaHHBI
MapTEHOBCKOH MeUH MO TaK HAa3bIBAEMBbIM MIHOBEHHBIM OOPATHBIM TEIIJIOBBIM OajaHcaM.

K crarnyeckuM OTHOCATCS TakKe MOETH Uit pacuera (MPOTHO3MPOBAHUS) KOHEUHBIX
3HAYCHUU YIPAaBSIEMbIX BeMWYMH (HAampuMep, KOHEYHOTO COJCpXaHUs YIiepona B MeTauie B
KOHBepTepe) 0e3 MPHUBA3KM WX 10 BPEMEHH M pacyéra MHTErpalbHbIX (HE pacHpeaecHHBIX BO
BPEMCHH) YIPABIISAIONINX BO3JCHCTBHM (HAampuMep, pacdeT OOINEero KOJMYECTBa KUCIOpOAa Ha
IU1aBKy B KOHBepTepe). CTaTuuecKkre MOJIEIH COCTOAT UB aireOpandecKuX ypaBHEHUH,; OUY€Hb 4acTo
TaKOBBIMHU SIBJISTFOTCS] YpaBHEHHsI 0aTaHCOB YHEPTHH MITU BEIIECTBA.

JAnHamu4yeckre MOJIENM TAlOT BO3MOXKHOCTh PACCUUTHIBATH 3HAYCHUE BBIXOAHBIX BEJIUYUH U
YIPaBISIONUX BO3JCHCTBHI BO BPEMEHU M OTPOSATCS Ha OCHOBE AU(QEpeHIINaTbHBIX YpaBHEHUH,
XOTSI OOBIYHO B HUX MPHUCYTCTBYIOT U alreOpandecKue COOTHOIICHUS.

Mopenu, NOCTpPOCHHBIE HAa OCHOBE TEOPETUUYECKUX TMPEACTaBICHUN O Tmpolecce U
UCITONTB3YIONTHE (PU3MUECKUE U XMMUYECKHE 3aKOHOMEPHOCTH, Ha3bIBAIOT JeTePMUHUPOBAHHBIMU
(teopernyeckumu). CTpOro AETEPMUHUPOBAHHBIC MOJCTH MOXHO CO3/aTh TOJBKO JJISi JOBOJIBHO
npocThiX  mpormeccoB. OOBMHO B TaKUX  MOJEISIX  HPHUCYTCTBYET  HEKOTOPOE  YHUCIO
HKCIIEPUMEHTAJIbHBIX COOTHOLIEHUHM, HO 32 MOJIEISIMUA COXPaHSAIOT Ha3BaHUE JETEPMUHHUPOBAHHBIX,
€CJIM POJIb SKCIIEPUMEHTATIbHBIX COOTHOIICHUN HEBEIIMKA.

IKCNEePUMEHTAIBLHO-CTATHCTHYECKHE MOJIENIU CTPOATCS B TOM Cllydae, KOrja HeT Y€TKOro
MPEACTAaBICHHUS O (PU3UKE TMpoIecca WM KOTJIa OMUCHIBAIOTCS OYEHB CJIOXKHBIE MpoIecchl. [ ux
MOCTPOEHUS  HMCHOJIBb3YIOTCS  SKCHEPUMEHTAIbHBIC JIaHHBIE WU  PE3YNbTaThl  JJTUTEIbHOU
9KCIUTyaTalldd arperara, MOJBEpraeMble 3aTeM CTaTUCTHYECKOH 00paboTKe (perpecCMBHBIA U
KOPPCISIMOHHBIA ~ aHANMM3bl). B pe3yiabTare MOJydarOTCSl BEPOSTHOCTHBIE  COOTHOIICHUS,
Ha3bIBAEMBIC CIMOXACMUYCCKUMU MOJICIISIMU.

Haubonee yacto mpuMeHSIOTCS KOMOMHUPOBAHHBIE MO/EJH, B KOTOPBIX HCIOJNB3yeTCS H
JNIETEPMUHUPOBAHHBIM, U CTATUCTUYECKWI TPUHLMIBI COCTaBICHUS Mojeneil. B Takux mopensx
OCHOBHBIC YpaBHEHUS MOJIyYEHbl HA OCHOBE TEOPETUUECKHUX MPEACTABICHUMN, HO BXOJAIIUE B HUX
KO3 PUITUEHTHI OTIPEACIIAIOTCS CTATUCTUICCKUM ITYTEM.
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6. PABHOBHUJHOCTU CUCTEM ABTOMATHUYECKOI'O PEI'YJIUPOBAHMUS (CAP)
N CUCTEM ABTOMATHUYECKOI'O YIIPABJIEHUSI (CAY).

1. Ilo memooy ynpaenenuss CAP u CAY oenamcs na:.
a. CUCTEMBI, HE MPHUCIIOCAOINBAIONINECS K M3MEHSIOUIMMCS peXuMaM paboThl 0ObeKTa
peryIUpOBaHMS;
b. nmpucnocabnuBaronUecs CUCTEMBI, T.€. alalTHBHBIC.
2. Ilo xapaxmepy ucnonvzosanus ungopmayuu CAP u CAY denamcs ua.
a. 3aMKHYTBIC CUCTEMBI,
b. pazoMKHYTBIE CHCTEMBI;
C. KOMOMHHPOBAHHBIC CHCTEMBI.
3. Ilo pe3ynbmamam pabomsi 8 yCMaHOBUBUEMCS COCMOAHUU CUCTEMbL OETAMCA HA.
a. acTaTHYECKUE CUCTEMBI;
b. craTrueckue CUCTEMBI.
4.  [lo yucny pecynupyemuix 6eIudun cucmemul Ob18aION:
d. OJTHOMECPHBIC,
b. MHOTOMEpHBIE.
5.  Ilo xapaxmepy uzmeHnenus pe2yiupyrouux 6030elUcmeuli 60 8peMeHI.
a. HEMPEPBHIBHBIC CUCTEMBI;
b. muckperHbIe CHCTEMBI.
i. Penelinbie cUCTEMEL;
i, NMITyIbCHBIE CUCTEMBI;
iii. [{udpoBsie CHCTEMBI.
6.  [lo 6udy snepeuu npumeHsemou 0 pabomol.
a. MpsIMOTO JEHCTBUA;
b. KocBeHHOTO ACHCTBUS.

PaccmoTpum 3Ty kitaccudukamnmio 6osee moapooHo.

Ilo meTony ynpasienuss CAP u CAY pensrcs Ha!

a) CHCTEMbI, HE MPHCIIOCAOIMBAIONINECS K H3MCHSIOIIUMCS pEKHMaM paboThl 0ObeKTa
peryIupoBaHMUS,

0) mpuCIOCcabINBAIOIIUECS CUCTEMBI, T.€. aJallTHBHBIC.

He npucnocabnusarowueca cucmemvl - 3T0 Hanbojee NPOCTbIE CHCTEMBI, KOTOpBIE HE
U3MEHSIOT CBOCH CTPYKTYpHI M MapaMeTpoB B Mpollecce yrmpaBiieHUs. [ 3THX CHCTEM Ha OCHOBE
uH(pOpMAIMK CYNIECTBYIOLICH 0 Hayajda MX paboThl (T.e. ampUOPHOIT) BBIOMPAIOT CTPYKTYpPY H
pacCUMTHIBAIOT IMapaMeTphl, OOECNEUMBAIONINE 3aJaHHBIC CBOMCTBa CHUCTEME /ISl THIIOBBIX W
Han0oJiee BEPOATHBIX YCIIOBHI €€ paboThl. DTOT KJIACC CUCTEM BKIIIOYAET B ce0s TPH TUIIA!

1). CTaOuIM3HUPYIOIIUE CUCTEMbI — 00CCIICUUBAIOT MOCPIKAHUE PETYIMPYEMOM BETMYMHbI Ha
MOCTOSSHHOM  3aJlaHHOM 3HaueHWW. Hampumep: cucTeMa aBTOMATHUYECKOTO peryIupoBaHUS,
NOJIePKUBAIONIast 3aJaHHOE 3HAUCHHE PacXo/ia BO3yXa Ha IyThe JOMEHHOH IEeYH.

2). IlporpaMMHBIC CHCTEMbI — OOCCIICYMBAIOT H3MCHEHHE PEryJIUPYEeMOW BEIUYHHBI BO
BpPEMEHHU 10 3apaHee 3aJaHHOl mporpamMe. Hanpumep: crucremMa aBTOMaTHYECKOTO PEryJInpOBaHUs,
o0ecrnevynBaroIIas U3MEHEHHE Pacxo/1a BO3yXa 10 X0y IPOAYBKU B KOHBEPTEPE.

3). Criesistie CUCTEMbI — 00ECTIEYHUBAIOIINE H3MEHEHHE PETyTUPYyEMON BEIMYMHBI B 33 JAHHOM
COOTHOIIIEHUH C YIPABIISIONINM BO3JIECHCTBHEM, KOTOPOE M3MEHSIETCS MPOU3BOIBHBIM 00pa3oM, He
3aBUCSIIMM OT JAHHOM CHUCTeMbl. Hampumep: cuCTeMa aBTOMATHYECKOTO PEryIUPOBAHHS
COOTHOIIIEHUS TOIUTMBO — BO3/AYX MPH YIPABIECHUU C)KUTAHUEM TOIUTHBA B MAPTECHOBCKOW TEYH.

BonmbImMHCTBO ~ cHUCTEM, JCHCTBYIONIMX B  HACTOSIEe BpeMs, OTHOCHUTCI K  HE
npucrnocabmuBaromuMcsi  cuctemMaMm. VX  cTpykTypa ¥ HACTpOiiKa  Ompenensercs Ipu
NPOCKTHPOBAHNY W HAJAJKE U B TAJbHEHIIIEM aBTOMAaTHYECKH HE n3MeHseTcs. [Ipu HeoOXomumMocTH
MEPEHACTPONHKA CUCTEMBI MOKET OCYIIECTBISITHCS BPYUHYIO.

IIpucnocaéauBawimecsi CHUCTEMbI — JTO TaKHe CHCTEMBbI, B KOTOPBIX IapaMeTphI
VIPAaBISIONUX YCTPOWCTB WM AITOPUTMBI YIPABJICHUS AaBTOMATHYECKH U IEJICHANPABICHHO
U3MEHSIOTCS JIUIsl OCYIIECTBIICHHS YIPABICHUS OOBEKTOM, MPUYEM XapaKTEPUCTHUKU OOBEKTA HIIH
BHEIITHEE BO3/ICHCTBUE HA HETO MOTYT U3MEHSThLCS HEMPEABUACHHBIM 00pa3oM. AJanTUBHAS CHCTEMA

@I'OY BIIO «MI'TY um. I' 1. Hocoea», kagp. OM]], Jlesanoosckuii C.A., 2013 ©



CIIOCOOHA HW3MEHHMTb CBOIO CTPYKTYpy, MapaMmeTpbl WM MporpaMMmy JAEWCTBUH B Ipolecce
yrpaBneHus. OCOOSHHBIN CITydail aJaiTUBHON CHUCTEMBI 3TO — DKCTPEMAaIbHBIC CHCTEMBI, KOTOPBIC
ABTOMAaTHUYECKH UIIYT SKCTPEMYM PETYJIUPYEMOUN BEIIMUMHBI, a TaK KAK €r0 MOJI0XKEHUE U3MEHSAETCS
B mpolecce paboThl 00BEKTa, CUCTEMa aBTOMATHYECKU M3MEHSET HAINpaBlIEHUE MOWCKA, CKOPOCTh
noucka u T. A. [lpumepom skctpemanbHON cuctemsl sBisiercs CAP Temmeparypbl B I€uH,
OTaIlJIMBAEMOM Ta30M.

Tpebyercs obecrneynTh MAaKCUMAIbHYIO TEMIIEPATYPY B IMEYH, T.€. SKCTPEMYM PEryIUpyeMOii
BEJIMYMHBI TIPH JIFOOBIX pacxojiaxX TOIUIMBA U U3MCHEHUH JIPYTHUX TTapaMeTpoB padboThl neun (puc. 12).
3HaueHue TeMIEepaTypbl MeYH — BBIXOJHON BETMYMHBI O0BEKTA YIpPaBIICHUS MPU JTaHHOM TOILJIMBE
OyIyT 3aBHCETh OT pacxoja BO3/lyXa — BXOJIHOI BeINYMHBI O0BEKTA.

&

[ 1

n

r M

Ve v
[ -
Puc 12.Cratnueckad XapakTepHCTHKA dKcTpeMaTbHoi CAP.

Ecnu BO3ayxa Majo, TO TOIUIMBO CrOpacT HE MOJHOCTHIO W TEMIIepaTypa B MEYH MEHbIIE
3ajgaHHOi. Ecnu Bo3ayxa B me4w MHOTO, TO TOIUIMBO CTOpAeT IMOJIHOCTBHIO, HO TPeOyeTcsl TeIio Ha
HAarpeB M30BITOYHOTO BO3/yXa, HEHY)KHOIO Ha CXKMTaHHE TOIUIMBA, M TEMIIEpaTypa B MEYH TaKKe
MeHbIlle HeoOxomumoil. Ecnmm pacxon Bosmyxa OJIM30K K TEOPETUYECKH HEOOXOAUMOMY IS
cokuranns TormBa (%), mocturaercss MakcuManbHas Temreparypa B meud t,**. Kpusbie 1 u 2
OTHOCSTCS K pa3HBIM PEKUMaM paOOTHI MEYH.

AJIaTUBHBIC CHCTEMbI pEATU3yIOTCS C HUCHojib3oBaHueM OBM wu, cienoBaTenbHO, IO
cymectBy ux cienyer otHectd Kk ACYTII paboraromum B CynepBU30PHOM PEKHUME WU PEKUME
HETOCPECTBEHHOTO IU(POBOTO yIpaBieHUs. VICKIIIOUCHHE COCTABIISIFOT HEKOTOPBIC SKCTPEMaIbHbIC
CHCTEMBI.

Hns paborel DBM HE0OXO0IUMO HaIMYME AaHAIMTHYECKOTO OMHUCAaHUs OOBEKTa, T.e. €ro
MaTeMaTHYECKOW MOJICIIN U aJlTOPUTMOB a/IallTAIlMN U YIIPABJICHUS.

Ilo xapakTepy ucnoJsb3oBanus nHpopmaunu CAP u CAY pgensdrcs Ha!

a) 3aMKHYTBIC CHCTEMBI,

0) pa3OMKHYTBIC CHCTEMBI,

B) KOMOMHHPOBAHHBIC CHCTEMBI.

3aMKHYTbIe CHCTEMBI [ CBOCH pa0OTHI HCIONB3YIOT TEKYIIYI0 pabouyro MHGOPMAIUIO O
BBIXOJTHBIX BEJIMYMHAX, OMPEICISIOT OTKIOHCHUE PETyIUPYEeMOil BETMYMHBI OT 33/IaHHOTO 3HAYCHHUSI
U MPUHUMAIOT MEPBI JJIs1 YCTPAHCHUS ATOTO OTKJIOHCHHS.
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Prc 13.Cxema dyHKIMOHATBEHOI CTPYKTYPHI 3aMKHYTOIT CAP TemmepaTyps! B mmedrl.

Ha puc. 13 npencraBnena crpykrypa CAP temmepatypsl t, B meun 1. UyBCTBUTEIBHBIM
JJIEMEHTaM — JaTYMKOM TEMIepaTrypbl CIyKUT Tepmorapa 2 (mo3. o6o3H. la) Wudopmanms o
3HAUCHHH TEMIIEPATYPhI B TIEUYH TMOCTYMACT Ha TOKA3bIBAIONINN U PETUCTpUpPYIOIIUil ipudop 3 (o3.
0003H. 10), a ¢ Hero B perynsarop 5 (o3. o6o3u. 1Ir). B perymstop ¢ 3agarumka 4 (1o3. 0003H. 1B)
MOCTYMaeT CHTHAJI O 3aJaHHOM 3HA4YCHWUU TeMIeparypel th,, B COCTaB KOTOPOTO BXOJIUT
CpaBHUBAIOIIMK 37ieMeHT. CpaBHUBAIOIIMN 3JICMEHT BbIpa0OAaThIBACT OTKJIOHEHUE € = tmo - tm, u B
COOTBETCTBUH C aJITOPUTMOM YIIPABIICHHS, PETYIATOP POPMHUPYET YIPABIISIONIEE BO3ACHCTBUE. ITO
BO3JICHICTBUE B BHJIC YIPABJIAIOUICTO CUTHANIA MEpeaaéTcs Ha MCIOJHUTEIbHBIN MexaHu3M 6 (o3.
0003H. 11), obOecreunBarONINil TEepeMEIIeHnEe peryiIupyromero oprada 7 (mo3. o6o3H. le). B
Ka4yeCTBE PErYIHMPYIOIIEro OpraHa HCIOJB3yeTCsl MOBOPOTHAs 3aclioOHKa B TpyOompoBoze. Eciu
TEMIIepaTypa B TIEYH MEHbIIE 33JaHHOM, TO PAcXOJ TOIUIMBA YBEIUYHMBACTCS, a €CIM OOJBIIE - TO
YMEHBIIIACTCS.

B paccMOTpeHHOM mpUMepe HMeEeTCS 3aMKHYTBI KOHTYp PperyJHpOBaHHUS, B KOTOPOM
uHopMaIus 0 pe3yibTataXx paboThl 00BEKTA, T.€. O 3HAUCHHSIX PETYJIUPYEMON BBIXOTHOW BEIUYHHBI
MOCTYIMAaeT Ha €ro BXOJA B MpeoOpa3oBaHHOM BHe. Takas rmojadya CUTHaja Ha3bIBaeTCs OOpaTHOM
CBSI3bI0. A 3JEMEHTOM OOpaTHOW CBSI3U SIBISCTCS PETYJSATOP, 00CCHCUUBAIONINI OTPUIIATEIHHYIO
o0paTHYI0 CBsI3b T.K. €ro JICHCTBHE HANpABICHO Ha YMEHBIICHWE W YCTPAHEHUE OTKIOHCHHS
peryIupyeMoi BETUUHHBI OT 33J]AHHOTO 3HAYCHHSI.

3aMKHYTBIE CUCTEMbI Pa0OTAIOT MPH BO3MYIICHUSAX ICHCTBYIONUX MO JIIOOBIM KaHajaM, T.K.
pEryasaTOphl B TaKUX CHCTEMaX BCTYHAIOT B JICHCTBHE MPU HAJIMYUKM ONMIMOKH PETYJTHPOBAHUS €
HE3aBUCHMO OT TOTO, YEM BBI3BAHO IOSBICHUE ITOTO OTKIOHEHHS. 3aMKHYThIE CUCTEMbI HE MOTYT
00ecIeunTh COOTBETCTBHE 33aaHHOTO M PEabHOTO 3HAYCHUI PEryIHpyeMOi BETUYUHBI BO BCEM
nuamna3one yrnpasieHus (X=Xo). DTo paBeHCTBO MOXET YCTaHOBUTHCS JIUIIb B KOHIIE MEPEXOTHOTO
npolrecca B MOJIOKCHUU PAaBHOBECHSI.

Pa3oMKHYTBIE CHCTEMBI HE HCTIOIB3YIOT Pa00Uyt0 HH(POPMAIIHIO O PETYIUPYEMbIX BETHYMHAX
T.K. OTCYTCTBYeT oOpaTHas cBA3b. PaboTa Takux CHCTEM OCHOBaHAa Ha MH(OPMAIMM O BXOIHBIX
BEJIMYMHAX.

Pa3oMKHYyTBIE CHCTEMBI JIeTSATCS Ha:

1) cucTeMslI ¢ )KEeCTKOM MPOrpaMMOii.

2) cUCTEMBI C PEryJIMPOBAaHUEM WM YIPABICHHEM 10 BOZMYIICHUIO.

[IpruMepoM CHCTEMBI C KECTKOM MpOrpaMMON CIY>KUT CHUCTEMa aBTOMAaTHYECKOro IMycKa U
OCTaHOBa KOMIUIEKCA MEXaHU3MOB, B KOTOPOM JIOJDKHA BBIJICPKHBAaThCS — OIpEICICHHAs
10CJIEI0BATEILHOCTD PA0OThI OTEIBHBIX MeXaHH3MOB (puc.14).
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Puc. 14 . CtpykTypHas cxeMa pa3zoMkHYTOIl CAP ¢ KEcTKOIl mporpaMMoil.

Ha BXxom perymsropa MOCTymaeT ompeaeieHHas mporpamma naeictBuii Xo(T). Perymsrop,
SIBIISIIOIIUICS yCTPONUCTBOM, PeallM3YIONIMM 3aJaHHYI0 IPOrpaMMy, BBIPAaOaThIBACT peryIHpyromee
Bo3neiictBue Y(T) obecrneunBatoniee HeoOxonumoe maMenenue X(T). B meramnyprum npumepamu
Pa30MKHYTBIX CHUCTEM SIBISIFOTCS: CHCTEMa aBTOMATHYECKOTO YIPABICHHS 3arpy3KOo TOMEHHOIT
IIeYH, CHCTEMa aBTOMAaTHUECKOH MEPEKUIKH KIanaHOB MAPTEHOBCKOW TIEYH.

Pa30oMKHYyTBIE CHCTEMBI C PETYIMPOBAHHEM IO BO3MYILICHHIO HCIOJB3YIOT MH(POPMALHUIO O
BXO/IHBIX BEJIIMYMHAX — BO3MYILCHHSX W TMPUHUMAIOT MEpbI, YTOObI yKa3aHHBIC BO3MYIICHHS HE
OKa3blBAIM BJIMSHHE HA BBIXOAHYIO BEIMYMHY, T.e. KaKk Obl KOMIICHCHUPYIOT uX. [loaTomy wux
Ha3bIBAIOTCS HMHBAapUAHTHBIMU WJIM CHUCTEMaMH C KOMIIGHCAlMel Bo3MymieHuil. Paccmorpum
CTPYKTYPY Pa30MKHYTOH CHCTEMBI aBTOMaTHYECKOTO PEryIMPOBaHIs TeMIlepaTypsl B eun (puc 15),
1I0 CBOMM 3aj[a4aM aHaloTrn4Hyt 3amMmkHyTol CAP, paccMorpenHoii Boime (puc 13).

Puc 15 . Cxema (pyHKITHOHATEHOH CTPYKTYPH pasoMmkHyTOH CAP Temmeparypel B
[IeYH ¢ pervIHpoBaHHeM II0 BO3MYILEHHIO.

Perynupyemoii BenmuunHO#M siBisieTcs Temriepatypa t, B meun 1. OCHOBHBIM BO3MYIIICHHEM
SBIISICTCST M3MEHEHHWE JaBJICHUS Tra3a B Ta30MpPOBOJIE, KOTOPOE BBI3BIBAET H3MEHEHHE pacxoja
TOIJIMBA W WM3MCHCHHE TEMIICpaTypbl B IMEUd, T.€. U3MCHCHHE PEryJIHpPyeMOW BeNWYHMHBI. Jlist
KOMIICHCAIIMH BJIMSHUS BO3MYIICHHUS HAa 3HAYCHUE BHIXOJIHOW BEIUYMHBI MPUMEHSIOT PErynstop 6
(mo3. 0003H. 2B), Ha3bIBaEMBII KOMIICHCATOPOM BO3MYIIIEHUi. Perynsatop mony4aer nHGopManuio o
3HAUCHHWHU JTABJICHHS Ta3a OT JaTyuka JaBicHus 4 (mo3. 0003H. 22) ¥ 33aHHOM 3HAYCHUH JIaBJICHUSI
OT Py4YHOro 3agaryuka 5 (03. 0003H. 20). 3aTeM MO 3apaHee 3aJaHHOW MPOTrpaMMe C MOMOIIBIO
UCIIOJHUTEILHOTO MeXaHu3Ma 7 (103. 0003H. 2r) peryasTop U3MEHSET MOJIOKEHHUE PETYIIUPYIOIIETO
oprana 8 (mo3. 0003H. 21). JlaBjeHue mepen ropeKoi MpHU MPaBUIBHO BBIOPAHHON CTPYKTypE W
3aKOHE JICHCTBUSI KOMIIEHCAaTOpa He OYyJeT 3aBUCETh OT JABJICHHUS B Ta30MpPOBOJIC U, CIEIOBATEIBHO,
He Oy/IeT CKa3bIBaThCs HA pacxo/ie TOIUIMBA M 3HAYCHUH TEMIIEPATyphl B re4r. B 3ToM 3akirodaeTcs
MPUHIAI KOMIICHCAIIUU BO3MYIIICHHH.

B paccMoTpeHHOM MpuMepe peryaupyeMas BeIWYHMHA — TEMIIeparypa B IMEYH HU3MEpSeTCs
TepMomapoii 2 (mo3. 00603H. 1a) u peructpupyercs npudopom 3 (1o3. 0603H. l1a). Ho ata Tekymas
uH(pOpMaIlMsg HE MCIOIB3YEeTCS CHUCTEMOW PEryIHpPOBAaHHS, T.. OTCYTCTBYET OOpaTHas CBS3b IO
pe3yabTaraM paboThl CHCTEMBI.

KoHTyp KOMIIEHCAllMW BO3MYIICHHS PAa30MKHYT, T.C. BBIXOJHAs BEIMYMHA KOHTypa HE
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OKa3bIBACT BIIMSHUS HA BXOJHYIO BEIMYNHY — M3MEHEHHUE JIABJICHHS B Ta30IPOBO/IC.

HpHBeZ[eHHBIfI npumep, IIOKa3bIBACT, qTo BO3MOXHa KOMIICHCAIusAa OMpCACIICHHOT'O
KOHTPOJIMPYEMOTO BO3MYILNECHHS. ECIM Takux BO3MYIIECHHH HECKOJBKO, TO JUISi KOMIIEHCAI[MU
Ka)KJI0T0 M3 HUX HEOOXOIUM CBOM KOHTYP.

Ho B cucreme Bceria HMEIOTCS BO3MYIIEHHS, B TOM YHCIIE CIyYaiiHbIe U He KOHTPOJIHPYEMBIC,
KOTOPBIC MOT'YT BbI3BATb OTKJIOHCHHUC perHpreMOﬁ BCJIMYHHBI OT 3aJaHHOI'O0 3HAYCHUSA, ITO3TOMY
Ha TpPaKTHKE YacTO  HCIOJB3YIOT KOMOMHHPOBAHHBIE CHCTEMbl  ABTOMATHYECKOIO
peryiaupoBanusi. OHu codyeTaloT B cebe 00a MPUHIHUIA PEryJHPOBAHUS. MO OTKIOHEHHIO M IO
BO3MYIIECHHIO. B cHCTEMe MCHONB3yeTCs OJWH PEryJsTOp IS PEryJIMpPOBaHUS MO OTKJIOHECHUIO, a
JUISL. KOMIICHCAIIMM BO3MYIICHUI HCIONB3YETCS Pa3OMKHYThIE KOHTYPHI C YCTPOMCTBAMH BBOJIA
Bo3mymeHuss (YBB), koTopble HM3MEHSIOT 3aJaHue pEryJsITopy B 3aBUCHMOCTH OT BEIHYHHEI
Bo3mytenuii Z (puc 16).

L J

L J
A A
.
A A

OP

Puc. 16 CtpykTrypHas cxema KomOuHHHpoBaHHOIT CAP:
X=X -(X+Z2)

Ilo pe3yjabTaTaM padoThl B YCTAHOBUBIIEMCH COCTOSIHHU CHCTEMBI JIEJISITCS HA:
a) aCTaTUYECKHE CHCTEMBI,
0) cTaTHYECKHE CUCTEMBI.
B acraTHYecKMX CHCTeMAaX peryiupyemas BeIMYMHA TIOCIEe OKOHYAHHUS MEPEeXOIHOTO
mpolecca TOYHO paBHA 33alaHHOMY 3Ha4eHHUI0. [IpakTHuecKku OHa MOXKET OTINYAThCS HA HEKOTOPYIO
MaJTyi0 BEJIMYHHY, 00YCIOBICHHYIO HEUYBCTBUTEILHOCTRIO cHCcTeMBI (puc.17).

A
X

Xo1 .

X0

1C. . \ X O] C ac T9€CKOI] .
Puc. 17. I'padukn nepexomaHBIX MPOIECCOB B aCTaTIIECKOI CIICTEMe

I'padux 1 (puc. 17) xapakTepusyeT IEPEXOAHBIA IMPOLECC B CHUCTEME MPH H3MCHEHUH
3aJaHHOTO 3HAYEHUS PETYIMPYEeMOM BeMU4UHBI ¢ Xo 0 Xo1. [ paduk 2 —mpu npoynx BO3MYILICHUAX
Y COXPAaHEHUU 3aJaHHOTO 3HaueHUs Xo
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B craruyeckoil cucTeMe IOCIE OKOHYAaHMs IEPEXOJHOTO IPOLECCa BO3HUKAECT Pa3HOCTb
MEXIy 3aJaHHBIM M YCTaHOBHBIIMMCS 3Ha4eHUsIMHU peryaupyemor BemuuuHbl (puc. 18). Dra
Pa3HOCTh Ha3bIBAETCSI CTATHUECKON OmMOKoN. OHA 3aBUCUT OT BEIMYMHBI BO3MYILEHUS, B TOM YUCIIE
3aJaHMsl U OT MApaMEeTPOB HACTPOUKH PETYIISATOPOB, HO MPUHIUIIHNAIBHO HEN30€KHA B CTATUYECKUX
CUCTEMAX.

4N

cin

T .C

Puc. 18. I'paduku mepeXoIHBIX IPOIECCOB B CTATHUECKOI CHCTEME:

| - mepeXoOHBIl  IpoIlecC B CTAaTHYECKOH CHCTEME IPH H3MEHEHHH 3aIaHHOIO
3HAUSHHT PEryIHPYeMOil BETHUHHEI ¢ X 10 Xo;:
2 — IIpH IPOUHX BOIMYIIEHHIX H COXPAHEHHH 3aJaHHOIO 3HAUCHHA X,

I1o uKcay peryiupyeMbIX BeJIUYHH CHCTEMbI ObIBAIOT:

a) OJTHOMEPHBIC;

0) MHOTOMEPHBIE.

K onHomepHbiM cucTeMaM OTHOCSTCS MPOCTEMIINE CHUCTEMbl C OJHOW pEryiaupyeMoit
BEJIMYUHOM, HAMPUMEP B DJIEKTPUUYECKOM HArpeBaTeJbHON MEYUM C HEKOHTPOJIMPYEMOW CHUCTEMOM
UMEETCsl OJIHa peryiaupyemas BelUYHMHA — TemIeparypa. BONbIIMHCTBO CHUCTEM OTHOCHUTCS K
MHOTOMEPHBIM, T.K. OHU UMEIOT MHOKECTBO PETYINPYEMbIX BETUYMH. B HEKOTOPBIX MHOTOMEPHBIX
CUCTEMaX MOXHO BBIJEIUTHh HECKOJIBKO KAaHAIIOB PETYIMPOBAHUS, B KOTOPBIX Kax/as peryiupyemas
BEJIMUMHA ONPEAEISAETCS CBOUM PETYIUPYIOIIUM BO3IEHCTBUEM U KaHAJI UMEET CBOM PEryaupyoLuit
oprad. [TonoxxeHne ero MpakTUYeCKH He OKAa3bIBACT BIUSHUS HA JAPYTUE PEryIUPyeMbie BETUIHHBI, B
9TOM ciiydae OOBEKT Kak Obl pacranaercs Ha HECKOJBKO OJHOMEPHBIX OOBEKTOB CO CBOMMH
OJTHOMEPHBIMH CUCTEMaMHU PETYTHPOBAHUS, TAKUE CUCTEMBI SBJISIOTCSI aBTOHOMHBIMH 110 331aI0IUM
U PETYIUPYIOLUINM BO3AEHCTBUSIM.

Bmecre ¢ TeM MHOTOMEpHBIE CHCTEMBI XapakTEpU3YIOTCS HAIMYUEM CBSI3CH MEXKIy
perylnupyeMbpIMU BEMYMHAMM, TAaKHE CHUCTEMbl HAa3bIBAIOTCSI MHOTOCBSI3HBIMHU. CBSI3U MEXAY
PETYIHPYEMBIMU BETMYUHAMHU MOTYT OBITh ABYX POJIOB:

1) Buyrpennue - 00yciiOBIeHHbIE (U3NIECKUMHU CBOMCTBaMU OOBEKTOB (CCIIH, HAmpumep, B
MIEYH PETYIHUPYETCs TEMIIEpaTypa CBOJIA, COJEPKaHUS KUCIOPOIa B IPOAYKTAX CTOPAHUS U JIaBIICHUE
B paboyeM NpPOCTPaHCTBE, TO M3MEHEHHUE pacxojla TOIUIMBA, MPEIHAa3HAYEHHOTO AJISl YIpaBICHUS
TEMIEpaTypoil cBoja, OyAeT OKas3plBaTh BIMSHUE M Ha COJAEPKAHHWE KHCIOpOJa B MPOTYKTax
CTOpaHuUs M Ha JaBJICHUE B pab0YeM MPOCTPAHCTBE).

2) BHerniHue cBs3M - T.€. HAKJIAJbIBAEMbIE HA CHCTEMY IO YCIOBHSM €€ (DYHKIIMOHHUPOBAHHUSI
WIM HAa OCHOBE TpPeOOBAHMN TEXHOJOTHYECKOro IIpoliecca, HampuMep, MpPU aBTOMATHUYECKOM
COCTaBIICHUH IIHUXTHI arlIOMEPallMOHHOIO IMPOoIecca, 3aJaHie PETYISITOPOM KOJTUYECTBA OTACTHHBIX
KOMIIOHEHTOB yYCTaHABJIMBAETCS B 3aBUCMMOCTHU OT MOTPEOHOI0 CyMMapHOTO KOJUYECTBA IIMXTHI.

IIo xapakTepy U3MEHEHHS PeryJIMpPYIOIIMX BO3/1eiiCTBHl BO BPEMEHU:

a) HEMIPEPHIBHBIC CHCTEMBI,

0) AMCKPETHBIC CUCTEMBI.

B HenpepbIBHBIX cucTeMax uH(popManus o0 wX paboTe W PETYIUPYIOIIHE BO3ICHCTBHS
SIBJITFOTCSI HEMIPEPBIBHBIMU (DYHKIIUSMH BPEMEHH, T.€. B KaXKJIOM JIJIEMEHTE CUCTEMBI MPU HATUYUU
HENPEPBIBHOTO HM3MEHEHUS BXOJHON BEIUYHMHBI TAK)KE HEMPEPHIBHBIMU SIBJISIOTCS M BBIXOIHBIE
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BEJIMYMHBI.

B n1uckpeTHBIX cucTeMax HHOOPMALIHS U PETYIHUPYIONINE BO3CHCTBUS MOSBISIOTCS TOJBKO B
orpezieieHHbIe MOMEHTHI BpeMeHU. J[UCKpeTHbIe CUCTEMBI JAEIATCS Ha TPH Kiacca:

1) Peneiinbie CUCTEMBL,

2) ImnyibCHBIC CUCTEMBI,

3) Ludpobie cucTeMBbl.

B peneiiHpIx cucTeMax OMWUH W3 3JIEMEHTOB (OOBIYHO PETyIATOpP) HMMEET PpeIeHHYI0
xapaktepucTuky (puc. 19).

y XBBIX

A Xex

>

Puc. 19 . CtaTnueckasg XxapakTepHCTIKa PeIelHOTO PEeryaaTopa

B peneiiHoli cucTteMe BhIXOHAS BETUYMHA XBBIX U3MEHICTCS CKAYKOOOpa3HO Ha BEIMYUHY A
IIPH ONPEIEICHHOM 3HAYCHMM BXOJHOM BENIWYMHBI XBX. B peneiHbBIX cucTeMax IPOUCXOIUT
KBAHTOBAaHUE BBIXOJHOM BEIMYMHBI XBbIX 110 YPOBHIO.

B  UMImynbCcHBIX cUCTeMax CyHIECTBYeT XOTS OBl OAMH DJIEMEHT C HMILYJIbCHOU
XapaKTEpUCTUKOM: IIPU HENPEPBIBHOM HW3MECHEHHHM BXOJHOW BEJIMYMHBI, BBIXOJHAs BEIMYMHA
HOSIBJISIETCA TOJBKO B OIPEICIICHHBIE, IHUCKPETHbIE MOMEHTBHI BpeMEHM. MMIyIbCHBIE CHCTEMBI
OCYILLECTBIISIIOT KBAaHTOBAaHHE BBIXOJHOW BEJIMYMHBI XBBIX 1O BpeMeHU. OOBIYHO HMIIYJIbCHBIM
3NIEMEHTOM siBJsieTcs perynsrop (puc. 20).

S(T) 15e) XBLIX(T! UM Y (Ti

Puc 2C . CTpykTypHas cxeMa HMIYIBCHOIO PETYJISATOPA.

Perynsrop cocrout u3z umiyibcHOro sneMenTa (M) u ucnonautensHoro mexanusma (M),
bopmMupyoIIero yrnpasisiomue Bo3aeicTeus Y(t), B onpeaeaéHHbIe MOMEHTHI BpeMeHu. Ha Bbixo/e
UMITYJIbCHOTO 3JIeMEHTa (OPMHUPYIOTCS HMIYJIbChl XBBIX(T), MapaMeTpbl KOTOPBIX 3aBUCIT OT
BXOJIHOW BENUYMHBI €(T), IPUYEM HMIYJIbCHBIC 3JIEMEHThI MOTYT OCYIIECTBISATh AMILTUTYIHYIO H
HIUPOTHYIO MOYJISIIHIO.
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Puc 21.T'paduxu:
a) W3MCHEHHsI BO BDEMEHH OTKJIOHCHHUS PETyJIHPYEMON BETHYMHBI OT
3a[JaHHOrO 3HAYCHUs £(T);
0) dhopMupoBaHH BO BpEMEHH UMITYIbCOB XBBIX.H (T);
B) pPa0OTHI HCIIOJHUTEIHLHOTO MEXaHH3Ma UMITYJILCHOTO PEryJIsITOPa, OCYIIECTBISIOIIETO
aMILTUTYIHYIO MOAYIsnio Y(T).

PaccmoTpum paboTy UMIYNbCHOTO 3JieMeHTa TmepBoro Buaa (puc. 21). Hmmnysbcbr
bopMHpYIOTCST Yepe3 OJMHAKOBBIC MPOMEXYTKH BpEeMEHU Ty, Ha3blBaeMbIC MEPHOAOM UMITYJIbCa H
HUMEIOT OJTMHAKOBYIO MPOOKUTEIILHOCTD Ty - BpEMsl UMITyJIbCa. BhICOTA MM aMILTUTY/a UMITYJIbCa
MPOMOPIOHATIbHA BXOIHON BEJTMYMHE — OIIMOKE perynupoBanus &(t).

DJIeMEHTBI TAKOTO BUJIa 00SCIICYMBAIOT aMILTUTYTHYIO MOY/ISIIUEO UMITYJIbCOB:

goixal Ku £,

rae Ku — umnynbcHbIN K03GGUIMEHT YCUICHUS:

I'paduk padorsr UM (puc.21) moka3piBaeT, 4TO MEXaHH3M BKJIFOUACTCS MPH MOCTYIUICHHH Ha
HEro WMMyjibca W paboTaeT B TEUYCHHUE BPEMEHH HUMITYJIbCA Ty, TOCJIE YEro OCTaHABIMBACTCH.

@I'BOY BIIO «MI'TY um. I'.H. Hocosa», kagh. OM], Jlesanoosckuii C.A., 2013 ©



CKOpOCTh BBIXOHOTO Bajia UCIIOJHUTEIBHOTO MEXaHU3Ma MPOMOPIMOHAIBHA BBICOTE UMITYJIbCA T.C.
BXOJHOM BenuunHe &(T) B MOMEHT Hadyasla HMITyJIbCa.
PaccMoTpuM paboTy UMITYJIBCHOTO 3JIEMEHTa BTOporo Buaa (puc 22).
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Puc 22.Tpaduknu:
a) M3MEHEHHS BO BPEMEHH OTKJIOHCHHUS PEryJIMPYEMON BEIMYMHBI OT 3aIaHHOTO 3HAUYCHUS
&(1);
0) dbopMupoBaHUs BO BpeMEHH UMITYIbCOB Xppx iy (T);
B) pabOTHI HCITOJHUTEIHLHOIO MEXaHH3Ma UMITYJILCHOTO PETYIIATOPA, OCYINECTBIISIONIETO
mUpoTHYIO Moysnuio Y (T).
DTOT UMITYJIbCHBIN 3JIEMEHT 00CCIIEYMBAET IIUPOTHYIO MOIY/ISIIMIO HMITYJIbCOB:

T =K ¢€
U U

rae Ku — ummynbcHbIN K03GGUIMEHT YCUICHUS.

Bricota ummynbca Xgyxuy OAMHAKOBA, a BPEMsS MMITYJbCA T, MPOMOPLIUOHAIBHO OTKIOHEHUIO
peryupyeMoil BeIMYMHBI OT 3aJaHHOrO 3HaueHus €(tT). B perynstope ckopocTh BBIXOJHOTO Bayia
MCTIOJHUTEIBHOTO MEXaHU3Ma TIOCTOSIHHA, @ BPeMs BKJIIOUEHUS! paBHO BPEMEHU HMITYJIbCA Ty;.

K nuckpeTHbIM cUCTEeMaM OTHOCSTCS M IU(PPOBBIE CUCTEMBI, HCIIONB3YIOIIHNE B CBOEM COCTaBE
paznuuHble nudpoBbie yerpoicTBa: DBM, mudpoBsie H3MepUTEIbHbIE TPUOOPHI,
MUKPOMPOLIECCOPHBIE PETYIISTOPHI.

B 1udpoBbIx cuctemMax OCyIIECTBISAETCS KBAaHTOBAHHE BEIMYMH U 10 YPOBHIO U 110 BPEMEHH,
T.. OHHM SABIAIOTCA peIeHHO-UMIYIbCHBIMU. LludpoBbie cuctemMbl 00JIaJalOT  BBICOKUM

@I'BOY BIIO «MI'TY um. I'.H. Hocosa», kagh. OM], Jlesanoosckuii C.A., 2013 ©



OBICTPO/ICCTBHEM, UMECIOT MaJIbli MHTEpPBAJl KBAHTOBAaHWS IO BPEMEHH M MO pe3yjbTaTaM CBOCH
paboThI OJIM3KH K HEMTPEPHIBHBIM CHCTEMaM.
Ilo BMAY DHepruy NpUMeEeHsIeMOM JJIsI PA00ThI:

a) IPSIMOTO JICHCTBUS,

0) KOCBEHHOTO JICHCTBHSI.

B cucTreMax mpsiMOro JEHCTBHS I TEPEMEIICHHUS PETYIMPYIOIIEro OpraHa MPUMEHSETCS
BHYTPEHHSIS DHEPTUS CUCTEMBI, HAIPUMEP, YHEPTUsI TYBCTBUTEIHHOTO 3JICMEHTA.

B cucTemMax KOCBEHHOI0 JICHCTBUS ISl PaOOTHI MCIIOIB3YETCS BHEIIHSIST SHEPTHSL.

B 3aBucMMOCTH OT BHJa WCIOJb3yeMOU BHEIIHEH SHEPIUH, CUCTEMbl KOCBEHHOTO IEHCTBUS
JIEATCS Ha.

1) sanexTpuyeckue;

2) MHEBMATHYECKUE;

3) ruapaBIMYECKUE;

4) KOMOUHHPOBAHHBIE.
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