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acnipaHTiB eNeKTPOTEXHIYHUX cnewianibHOCTEN Ta iHXXEHEePHO— TEXHIYHUX
npau,iBHUKIB, AKi 3aiMalOTbCA MMTAaHHAMM aBTOMaTUKX Ta aBToOMaTU3a- Lil
TEeXHOJIOTiYHMX NMpoLLeciB, 30KpPeMa, B CiIbCbKOMY rocnogapcTBi.



M.O. Kopuemunii, I1.b. Knenniiz, M.B. Iloranmeuxo

TEOPETVYHHI
OCHOBWU
ABTOMATUKW

Pexomerngosaro Minicmepcmsom ocsimu i nayxu Yxpainu
AK HABUANBHULL NOCIOHUK
AASL CMYJCHMIB BULUUX HABYANLHUX 3AKAAAIE

TEPHONINb
HABYAJIbHA KHUTA — BOFAAH



VIK 62-52
BBK 32.965
K70

Peyensenmu:
E.I. Komos, npogecop, a-p mexn. nayx, Hayionarvnuii ynisepcumem
6iopecypcis i npupogokopucmysarna Yrpainu, m. Kuis;
I1.C. €smyx, npogecop, g-p mexn. nayk, Tepronirvcokuil HayionarbHuil mexHiuHUll
ynisepcumem in. Isama ITyaos

Pexomengosaro Minicmepcmsom ocsimu i nayku Yxpairnu (aucm Ne 1/11—7631 siq 11.08.2010 p.)

Kopuemnuii M.O., Knenniii I1.b., Iloranenxko M.B.
K70 Teopernuni ocHOBH aBTOMaTHKH: HaB4y. moci6H. — TepHomins: HaBuans-
Ha kaura — borman, 2021. — 304 c.

ISBN 978-966-10-7530-5

Tlomarmo BU3HAYEHHS 1 TEPMIHOJIOTI0, KIacuQIKAIHiHI Ta PYyHKITIOHATBHI 03HA-
KH CXeM Ta CHCTEeM aBTOMATHKH; POSTJISTHYTO BJIACTHUBOCTI 1 XapPaKTEePUCTUKNA OCHOB-
HUX €JIEMEHTIB aBTOMATUYHUX CHCTEM, 3arajibHl IPUHITAIHN TO0YI0BH, aHATI3Y Ta
CHUHTE3y JIHINHUX CHCTEeM aBTOMATHYHOTO KEePYBAHHS 3 JETEPMIHOBAHUMU Ta CTO-
XACTHYHUMHU BXIJHUMHU Ta 30yPIOBAJIBHUMU JTISIMHU, 4 TAKOK METOIU JOCIIPKEHD
HEJIHIMHUX cucTeM. ¥ 3aKJIIIOYHOMY PO3JILJIl POSTIITHYTO OYIO0BY, IIPUHITUIT POOOTH
Ta OCHOBHI XapaKTEPUCTHKHU JATYNKIB Ta BUKOHABUUX MEXAHI3MIB aBTOMATHUKU.
Haseneno mpuriagm Ta pekoMeHIaIlil 10 pPO3B'si3aHHS TUIIOBUX 3aJ1a4, 30KpeMa
3 BUKOPUCTAHHIM MMaKeTiB mpukiaaaaux mporpam Mathcad 1 Matlab.

Jl71s1 cTyeHTiB, acmipaHTIB eJIeKTPOTEXHIYHUX CIIEITIaIbHOCTeH Ta 1HKeHePHO—
TeXHIYHUX TPAIIBHUKIB, TKi 3aMAI0OTHCA MTUTAHHSIMA ABTOMATUKY Ta aBTOMAaTH3a-
1111 TEXHOJIOTTYHUX TIPOIIECIB, 30KPeMa, B CLIIBCHKOMY TOCIIOTAPCTBI.

BBK 32.965

OXOpOHAEMbCSL 3AKOHOM NPO ABMOPCHKE NPAGO.
JKoona vacmuna ybo2o 6udanHs He Modce 6ymu 8i0meopena
8 OYOb-51KOMY U0 6e3 003601y ABMOPA YU UOAGHUYMEA

ISBN 978-966-10-7530-5 © HapuanpHa KkHHTA — BormaH,
MalfHOBI 1pasa, 2021



3MICT
MNEPEJMOBA
PO3ALJI 1. 3AT'AJIBHI BITOMOCTI MTPO CUCTEMHA
TA EJIEMEHTU ABTOMATHUKHA
1.1. KopoTkuii iCTOpUYHHMI HApUC PO3BUTKY TeOpli aBTOMAaTUYHOTO
KEepyBaHHS
1.2. OCHOBHI NOHSATTS Ta BU3HAYEHHS
1.3. Knacudikariiisi cucteM aBTOMaTUYHOTO PETyJIFOBaHHS
1.4. IlpuHnunm kepyBaHHS (pEryIIOBaHH)
1.5. 3akoHu perynroBaHHS
PO3A1JT 2. XAPAKTEPUCTUKU 1 BJIACTUBOCTI EJIEMEHTIB
TA CUCTEM ABTOMATHUYHOI'O PEI'YJIFOBAHHSA
2.1. CraTtnyH1 XapaKTEepUCTUKH €JIEMEHTIB 1 CUCTEM
2.2. JluHaM14H1 XapaKTepUCTUKH €JIEMEHTIB 1 CHCTEM
2.3. TunoBi AMHAMIYHI JJAHKH Ta iXH1 XapaKTePUCTUKHU
PO31J 3. JIHIMHI CHACTEMU ABTOMATHYHOI'O KEPYBAHHSI
3.1. Cxemu cucTteM aBTOMaTUYHOTO KEPYyBaHHS
3.2. 3’enHaHHS JTIHIHTHUX JTAHOK
3.3. IlepeTBOpEHHSI CTPYKTYPHHX CXEM
3.4. BracTuBOCT1 00’ €KTIB PETrYyIIOBAHHS
PO3/L1 4. CTIMKICTb CACTEM ABTOMATUYHOT' O
KEPYBAHHA
4.1. 3arayipHi BiJIOMOCTI Ta yMOBH cTiiikocTi JiHiHNX CAK
4.2. AnreOpaiuni KpuTepii CTIHKOCTI
4.2.1. Kpurepiii Butnerpaacbkoro
4.2.2. Kpurepiit Payca
4.2.3. Kpurepiii ['ypBina
4.2.4. Kpurepii ctiiikocti JIbenapa — Hlinapa
4.3. YacToTH1 KpUTEPii CTIMKOCTI
4.3.1.Kpurepiit MuxaitnoBa
4.3.2. Kpurepiii HaiikBicta
4.3.3. Jlorapu(MiuHHUI YACTOTHUI KPUTEPIM CTIMKOCTI
4.4. Buninenns obnacteit ctiiikocti. [lonsTTs npo meton D - po30utts
PO3a1JI 5. AKICTb POBOTH CHUCTEM ABTOMATHYHOI'O
KEPYBAHHA
5.1. Tounicts CAK B ycTrameHomy pexumi
5.2. Ominka sixocti CAK 3a mepexigHor0 XapaKTepHUCTUKOIO
5.3. KopeHeBi MeTOIN OIIHKH SIKOCTI
5.4. InTerpanbpHi MOKa3HUKH SIKOCTI
5.5. YacTtotHi Metoau ouiHku sikocti CAK
5.6. Metoan moOyI0BM TMEpPEXiTHUX TPOIIECIB JIHIMHUX aBTOMAaTHUYHHUX
CUCTEM

14
23
28

31
31
37
48
74
74
80
85
89

101
101
105
105
107
108
111
111
111
113
117
119
128

128
131
133
137
140

142



5.7. Yytnusicts CAK
PO3/1J1 6. CAHTE3 JIHIMHUX ABTOMATUYHUX CUCTEM
6.1. Tounicte CAP B ycTaieHUX TUHAMIYHHUX PEXKUMAX
6.2.CuHTE3 KOPEKTYIOUHX MPUCTPOIB MeTotoM JIUX
6.3. CuHTEe3 KOPEKTYIOUUX MPUCTPOIB 3a JOMOMOTOI0 aMILTITYAHO-()a30BUX
XapaKTEPUCTHK
PO31J1 7. BUTAZAKOBI ITPOHECH B CUCTEMAX
ABTOMATHUYHOI'O KEPYBAHHASA
7.1. 3aranpHi BiJOMOCTI PO BUMAAKOBI IPOIIECH Ta 1XHI XapaKTEPUCTUKH
7.2. XapakTepUCTUKU CTAIl[lOHAPHUX BUIAJKOBHX IPOLIECIB
7.3. CnekTpanbHa r'yCTHHA CTAIllOHAPHUX BUIIAJKOBUX MPOIIECIB
7.4. TIpoxo/uKeHHSI CTAI[lOHAPHOTO BHUIIAJKOBOIO MpPOLIECY uepe3 JIHIHHY
CUCTEMY
7.5. Cunres niniiianx CAK 3a MiHIMyMOM cepeIHbOKBAIPATUYHOI TOXHUOKHU
PO3/1J1 8. HEJITHIMHI ABTOMATHYHI CUCTEMHA
8.1.3aranbHi BIIOMOCTI IPO HEJIHINHI cucTeMUu. TUOBI HENMHINHOCTI
8.2. Meton (azoBoro moprpera
8.3. MeTon npumnacyBaHHs
8.4. MeTo TOYKOBOTO IEPETBOPEHHS
8.5. MeToa rapMOHIYHOT JTiHeapu3arii
8.6. Teopemu npsmoro meroxny Jlsmynosa
8.7. IlonsaTTs npo abconoTHY cTikKIcTh. YacToTHMit kpuTepiid B.M. [lonosa
PO3A1J1 9. TEXHIYHI 3ACOBU ABTOMATUKH
9.1 Jlep>kaBHa cucTeMa MPOMMCIOBUX TPUIaAIB 1 3ac001B aBTOMAaTHU3AIlll
(ACTI)
9.2 JlaTunku — mxepesna nepBUHHOI iHpopMaIIii
9.3. BukoHaB4i ME€XaHI13MHU aBTOMAaTHKU
9.3.1. 3aranpHi BiTOMOCTI PO BUKOHABYI MEXaHI3MH
9.3.2. EnekTpuuHi BUKOHaBY1 MEXaHI3MU
9.3.3. IIneBMaTHuHI Ta T1IpaBiIiyHI BUKOHABYl MEXaHI3MU
NPEIMETHUM MOKAXYUK
BIBJIIOT'PA®ISA
JOIOATKH

146
150
150
157

169

174
174
178
183

186
191
196
196
202
208
213
215
224
228
234

234
239
258
258
261
268
275
283
285



IlepeanmoBa

CydJacHHWI eTall pO3BUTKY CUIBCHKOTO TOCIIOJIAPCTBA XapaKTEPU3YETHCS
IIMPOKHUM YIPOBADKEHHSM CUCTEM aBTOMATHYHOTO KEPYBaHHS, SKi Ha MOYATKY
XXI-ro CTOMITTS CYTTEBO YCKIAIHUINCHh, OCKUIBKM BIiAOYBCS Tepexia Bif
aBTOMaTH3allli OKpeMHUX 00’€KTIB IO KOMIUIEKCHOI aBTOMAaTH3aIlli BUPOOHUIMX
MPOILIECIB Ta OJTHOYACHOTO KEPYBAHHS BEIUKOIO KIJIBKICTIO B3a€EMOIIOB’SA3aHUX
00’€KTIB, SIKI 3yCTPIiUalOThCS y TBAPUHHUIITBI, NMTAXIBHUIITBI 1 POCIMHHHIITBI.
Tax, HampuKIaA: y NTaxXiBHULTBI — KepyBaHHS MIKPOKJIIMAaTOM y MTAIlIHUKAX,
1HKyOaTopax, BUBIMHUX MMadax; y POCIWHHUIITBI — MIATPUMAHHS B CIOPyJax
3aKpPUTOTO TPYHTY HE TUTLKH MapaMeTpiB MIKpOKJIiMaTy, aje i TeMIiepaTypy Ta
BOJIOI'OCTI 3€MJI1, TEMIIEPATypH W KOHIIEHTPALlli )KUBUJIBHOTO PO3UYHUHY MOJIMBHOI
BOJIM TOIIIO.

CiibCcbKE  TrOCHOJAPCTBO €  CHEHU(pIYHOK  raiay33l0  HapOJHOIO
rOCIOJIapCTBA, JIe MOEIHYIOTHCS TEXHIUHI MPUCTPOI 3 O10JIOTTYHUMU 00’ EKTaMH,
0 YCKJIQJHIOE THUTAaHHS aBTOMAaTHUYHOTO KEpPyBaHHS 1 BUMAarae€ po3poOKH
HOBHMX TEXHIYHHX 3aco0lB aBTOMATHKH, $KI BIONOBIgaJM O BUMOraMm
BUPOOHUIITBA CLIILCHKOTOCIIOAAPCHKOT MPOAYKITIi.

Jlnst oOcayroByBaHHSI TaKMX aBTOMATHMYHUX CHUCTEM HEOOXITHO MaTH
BHUCOKOKBaATI(pIKOBAHUI 1HKEHEPHO-TEXHIYHUN TiepcoHan. ToMmy AMCIUIUTIHA
«TeopeTnuHi OCHOBH aBTOMATHKW» € 0a30BOI0 y HaBUAJbHUX IUTAHAX PATY
OaKanmaBpChKUX TPOTpPaM 3 TEXHIYHUX CIEMIAIbHOCTEH y BHUIUX IIKOJaX
VYkpainu. /laHmii 1mOCIOHMK HamMCaHWK BIAMOBIIHO JO MPOTPAMH ITATOTOBKH
daxismiB 3a Hanpsimkamu: 6.100101 «Eneprerrka ta eneKTpOTEXHIYHI CHCTEMHU
B arponmpoMHcCiIOBOMYy  KoMmiwiekci», 6.050701  «EnextporexHika Ta
eJIeKTpOoTeXHOJOr1», 6.050202 «ABTOMaTH3alllsl Ta KOMIT FOTEPHO-IHTErPOBaHI
TEXHOJIOT1i», @ TaKOX CTaHOBUThb TEOPETHMYHY 0a3zy Oararbox CIHELIaJbHUX
JTUCIUIUTIH:  «ABTOMATH30BaHUN  enekTporpuBoa», «lludpoBi cucremu
KepyBaHH», «EnekTporexnosorii B AITK» Ta iHmi.

Knaura MicTuTh 1eB’SITh PO3/ILIIB, B IKMX B1A0OpaX€HO OCHOBHI MUTAHHS
Teopii aBTOMATHYHOTO KEPYBaHHS Ta TEXHIYHUX 3aC001B aBTOMATHUKH, HEOOX1IHi
criemiajicTaM 3 aBTOMarH3allli BUPOOHWUYMX TIPOIIECIB, SK B CLIBCHKOMY
rOCTOJAPCTBI, TaK 1 B IHIIUX TaTy3sX HAPOJIHOTO FOCTIOaPCTBRA.

Y mepmoMy po3miiai BUCBITIEHO 3arajibHi TOHSTTS, BU3HAYCHHS 1
3aBHaHHS TEOpli aBTOMATHYHOTO KEpyBaHHS, HaBelleHa Kiacudikais
ABTOMATUYHHUX CHCTEM Ta OCHOBHI 3aKOHU PETYJTIOBAHH.

Y apyromy pos3nuii HaBeJCHI CTaTUYHI Ta JAMHAMIYHI XapaKTEPUCTUKU
CJIEMEHTIB 1 CHUCTEM aBTOMATHYHOTO KepyBaHHs. KpiM IbOT0, pO3TISHYTO
TUTIOBI JWHAMIYHI JIAaHKW, PIBHSHHSA JIUHAMIKM CHCTEM 1 METOIU IXHBOTO
pO3B’s3aHHS, a TAKOX TOHATTA MPO TEepeaaTodHi (yHKII1, YacoBi 1 4acTOTHI
XapaKTePUCTUKH.



Y TperboMy po3idi MOJAHO OCHOBHI CXEMH, IO BHKOPHUCTOBYIOTHCS B
aBTOMATHIl, TpaBWja MEPETBOPCHHS CTPYKTYPHHUX CXEM JHIWHUX CHUCTEM Ta
OCHOBHI BJIaCTUBOCTI 00’ €KTIB KEPyBaHHS.

VY yeTBepTOMY pPO3/1II HaBEJEHI METOJIM BHU3HAYCHHS CTIMKOCTI CHUCTEM
aBTOMATUYHOT'O KEPYBaHHSI.

VY m’sToMy po3aull PO3TJSHYTI MUTAHHS OLIHKU SIKOCTI KE€pyBaHHS Ta
METOY TTOOYI0BU KPUBUX TIEPEX1THOTO MPOIIECY.

[locTuii po3ain MPUCBIYCHUN BU3HAYCHHIO TOYHOCTI pOOOTH CHCTEM Ta
CUHTE3y KOPEKTYIOIYHX TPHUCTPOIB 3a JOMOMOTOK JIOTapH(PMIYHUX Ta
aMILTITY10-(a30-9aCTOTHUX XapaKTePUCTHK.

Y choMOMYy pO3iIl MOJaHI XapaKTEPUCTUKH BHUMAJKOBUX IMPOIIECIB,
METO/IM PO3PaxXyHKYy TOUYHOCTI Ta CHHTE3y CHUCTEM aBTOMATHYHOTO KEPYyBaHHSI
IIPU BUITAJIKOBUX BXIJTHUX 1 30ypIOBaIbLHUX JISX.

Y BOCBMOMY pO3AUTI HaBEIEHI THUIIOBI CYTTEBI HENIHIMHOCTI 1 iXHI
XapaKTEPUCTHKHU Ta METOIN JOCIIKECHHS HETHIHHUX CHCTEM.

Y ner’saToMy pO3AUTI  PO3MNISIHYTO OyIOBY, NPHHIMI pPoOOTH 1
XapaKTEPUCTUKU EINEeKTPUYHUX JAaTYMKIB pI3HUX (I3UYHUX BEJIMYHUH Ta
BUKOHABUMX  MEXAaHI3MIB, 1[0 HaWyacTillle BUKOPUCTOBYIOTHCS IS
aBTOMAaTH3allli TEXHOJOTTYHUX MPOIECIB.

ABTOpM HaMmarajauch MojaTH Marepian B HAMOUIbLI 3py4HIiN JJIs yuTaya
dbopmi. 3aranbHi KOHIEIIII Teopli HABOASTHCSA O3 MOoBeleHb. MaremMaTHYHUN
amapaT BHUCBITJICHO Y BIAMOBITHUX PO3iiax 1 B 10JaTKaxX MOCIOHMKA.

Benuky yBary aBTOpH NpUILISIOTH METOAAM PO3PaxyHKY Ta JOCTiIKCHb
CHUCTEM aBTOMAaTHYHOT'O KepyBaHHS. Tak, I po3B’si3aHHS OJHIET 1 Ti€T K 3aa4i
BKa3aHO, SK MPaBHJIO, JCKUJIbKA METOIB, 30KpeMa, 3 BUKOPHUCTAHHSIM ITaKEeTiB
npuKIaaHuX mporpam Matlab 1 Mathcad.

Jlanuii  MOCIOHWMK  TPU3HAYEHWH IS CTYJEHTIB,  aCIMipaHTIB
CIIEKTPOTEXHIYHUX CIEIMAIbHOCTEH 1 Oy/Je KOPUCHHM I1HXEHEPHO-TEXHIYHUM
mpariBHUKaM, SKi 3alMalOThCA NHTAaHHIMH aBTOMATHKH Ta aBTOMAaTH3allii
TeXHOJOr1yHUX mpoueciB. [lomanuii B mMociOHMKY MaTepian € TEOPETUYHOIO
0a3010 I MPAKTUYHOTO BUBUCHHS PEATbHUX aBTOMATUYHUX CHCTEM.

[Ipn HamucanHi MNOCIOHMKA BUKOPUCTOBYBABCS JOCBIJ BHUKJIQJaHHS
JTUCHIUTUTIHU B HamionanpHOMYy YHIBEPCHUTETI 6iopecypciB Ta
PUPOJAOKOPUCTYBaHHA YKpaiHM Ta B bepekaHChKOMY arpoTeXHIYHOMY
THCTUTYTI.



PO31JI 1. 3AT'AJIBHI BIZOMOCTI ITPO CUCTEMH
TA EJJEMEHTH ABTOMATHKH

1.1. Koporkuii icTOpuYHUii HAPUC PO3BUTKY TeOPii ABTOMATHYHOIO
KepYBaHHA

Teopis aBTomarnunoro kepyBanss (TAK) € TeopeTnyHor0 OCHOBOMO, Ha 0a3i
KO pO3pO0JIEHO OUIBIIICTh ABTOMATUYHUX MPUCTPOiB. [IpeamMeToM BHUBUEHHS
TAK € npuniunu noOya0BU, METOJIM aHAI3y 1 CHHTE3Y JOCHUTHh MOIIUPEHUX
CHUCTEM aBTOMATHUYHOTO KEpPyBaHHA 1 pErylioBaHHA. 3ajladl KepyBaHHS 1
BIJIMOBITHI METOAM W 3acO0M IXHBOTO BUPINMICHHS 3 SBWINCH pPa3oM 3
BUHUKHEHHSM TUBLmi3amii. TpuBanmii 4yac Teopis 1 TpakTUKa KepyBaHHS
pPO3BUBAIMCH TijJ BIUIMBOM HEOOXIAHOCTI BUPIMICHHS 3a4ad KEPyBaHHS
TeXHIYHUMH 00’exTamu. LI 3a7adi ctanu ocoONMMBO AKTYyaJIbHUMHM MICIIS MOSIBU
nepmux npomucioBux perynstopiB y XVIII c¢r., xoua okpemi aBTOMAaTH4HI
PEryJIATOPU CTBOPIOBAJIUCH 1 paHille, aje BIUIMBY Ha (POpMyBaHHS TEXHIKHU 1
TEOpii aBTOMATUYHOTO KEpPyBaHHS HE Malid. Tak, MEPIIMMU IMPOMHUCIOBHMHU
pETyJISATOpaMH IHOTO Tepioxy OyiHu: aBTOMAaTUYHHWHA TMOIUIABKOBUI PETYISTOP
JKUBJICHHSI KOTJIa MAapoBOi MaluHu, nodynoBanuii y 1765 p. 1. [lon3yHoBuM B
bapnayini; BIAIIEHTPOBUI PEryJsiTOp MIBUIKOCTI MAapOBOi MAIIMHU, HA SKUU Y
1784 p. onepkaB maTeHT aHrMchbkui Mexanik [[x. BaTT; nepmmii mporpaMHuii
IPUCTPIA KepyBaHHS TKAIbKUM BEpPCTATOM Bia mepokapTH, MOOYyAOBaHHUHN Yy
1808 p. K. XKakkapom. [lomanbimmii po3BUTOK TEXHIKU MPU3BIB 10 BAHUKHCHHSI
OJTHOTO 3 HANpSMKIB Teopii KepyBaHHS — TEOpii aBTOMATHYHOTO KEPYyBaHHS
(perymnroBanHs). Bce 11e cioHykano 0 MpoBeNEHHS TEOPETUYHUX AOCITIIKEHb.
VY npyriii momoBuHi XIX cT. 3’sBunmcsa QyHIaMeHTaIbHI HAYKOBI poOOTH, sKi
3aKJaid METOAOJOriuHy 0a3y: poboru J[lx. MakcBemna «IIpo perymstopu»
(1866) 1 npodecopa IletepOyp3bkoro TEXHOJIOTIYHOTO IHCTUTYTY
I. Buminerpaacoekoro «IIpo 3aranbHy Teopito perynsaropiB» (1876) 1 «Ilpo
perynstopu mnpsmoi mii»  (1877). YV  mocmimkennsx [x. MakcBemna Ta
[. BumHerpaacbkoro 00’ €KT KepyBaHHS — MAIIMHA 1 PETYJIATOP — PO3TIIAIAETHCS
SK €IMHA JUHAMiYHA cucTeMa. Y IHUX poOOTax YCTAaHOBIECHO CUCTEMHMMA TTiAXiJT
y TmpoOyiemMi JOCTDKCHHS HAWPI3HOMAHITHINIKMX 3a TPUHOMIOM [ii 1
KOHCTPYKIIii CUCTEM, 3aKJIaJI€HO OCHOBH TEOPii CTIMKOCTI CHUCTEM PETYJIFOBAHHS
Ta OOIPYHTOBAHO P BaXJIMBUX 3aKOHOMIPHOCTEH pEryJlOBaHHS 3a
MPUHIIAIIOM 3BOPOTHOTO 3B’SI3KY.

VY xiami XIX cr. — B mepmii monoBuHI XX CT. 3 PO3BUTKOM 0araThox
rayry3ei MPOMHCIIOBOCTI, TPAHCIIOPTY, CUCTEM 3B’ S3KY, 3’ SIBJISIOTHCS] BCE OLTBII
CKJIQJ{HI CUCTEMHU aBTOMATHKH, IO MOTPEOYyBa0 MOMAIBIIIOTO PO3BUTKY TEOPii
aBTOMaTUYHOTO KepyBaHHs. llelt mepion BimmiueHuit pobOotamu mnpodecopa
XapkiBcpkoro  yHiBepcurery — O.JlsnynoBa (1857 -1918), saxkuii €
OCHOBOITOJIO)KHUKOM TEOpii CTIMKOCTI AMHAMIYHUX CUCTeM. BiH 3ampomnoHyBaB
OIIIHIOBATU CTIMKICTh CHCTEMH Ha OCHOB1 aHali3y pPIBHSHHS JHWHAMIKH, M0



omucye cucremy. E.Paycom y 1874p. 1 A.Typinem y 1895p. Oymm
po3pobiieni anreOpaiuni KpuTepii crilikocTi. OmyONMiKOBYIOTBCS — poOOTH:
pob6ota X. HaiikBicra (1932), B sKili pPO3TIATAETHCS KPUTEPIH CTIMKOCTI
PaIOTEXHIYHUX [MIJCUJIIOBAYIB 13 3BOPOTHUM 3B’A3KOM, MOOYIOBaHMI Ha
BJJACTUBOCTSX YAaCTOTHOI XapaKTEPUCTUKH PO3IMKHYTOI CHCTEMH, 1 pPoOOTa
A. MuxaitnoBa «['apmoHiyHMI MeTon B Teopii perymtoBaHHs» (1938), B skiil
JOBEJICHa  JOIJIBHICTh BUKOPHUCTAHHS  YaCTOTHUX METOMIB B  Teopil
pEryJoBaHHs 1 3alpONOHOBAHO HOBUM KpuTepiil (kputepit Muxaiiosa), aKkui
HE BUMaras MOTNEePeIHHOT0 PO3MHUKAHHS KOJIa PETYIFOBAHHS.

Y 1946p. TI.bome 1 JI. Mak-Kon BBenu norapudmivydi 4YacTOTHI
xapaktepuctuku. P. ®moin a8 JOCHIDKEHHS — SKOCTI  3alpOITOHYBaB
arpOKCUMYBATH BaroBy YacTOTHY XapaKTEPUCTHUKY CyMmoro Tpamerii. I'. bpays,
A. Xomn, [. Kemnbemn, I'. Yectnar, B. Coi0/10BHUKOB 3aBEpIIMIN PO3POOKY
YaCTOTHHUX METOIB CHHTE3Y 1 MPOCKTYBAHHS CUCTEM, 3pYUHUX IS 1HKCHEPHUX
PO3paxyHKIB.

B 30-50-1 poku XX CT. po3po0IsSIOTECS OCHOBH TEOPil HEMHIMHUX CHCTEM.
3aBIaHHs CyTTEBO YCKJIQJHIOBAJIOCH 13-3a BIJICYTHOCTI 3arajilbHOT0 MateMaTh4-
HOTO anapary JUlsl HeJHIMHKUX 3a7a4. 3pyIIeHHsS B IbOMY HANpsMKY B1IOYyJIHCS
TOAl, KOJMU 31 BCi€l MHOXWHHU OKPEMHUX BHJIIB HEIIHIMHUX cucTteM OyJo
BiiOpaHO JOCTAaTHHO IIMPOKO PO3MOBCIO/PKCHI B MPAKTHUIIl CHCTEMH, B SKHUX
MOXHA BHJUIMTU JIBI YAaCTUHHU: JIHIAHY JMHAMIYHY 1 HEJIHIHHY CTaTH4HY.
HaiiOinpmr  gertanbHO  OyJI0  JOCIHIDKEHO KYCKOBO-JIIHIMHI — anmpoKcUMalii
HEeMIHIMHUX CTaTUYHUX XxapakTepuctuk. Y 1959 p. pyMyHCbKHI ydeHMid
B. [TonoB po3poOuB TOUHUI METOJ] aHaITI3y CTIMKOCTI OJTHOTO KJIACcy HENHINHUX
CUCTEM B YaCTOTHIN 00JIaCTI.

Benuke 3HaueHHSA I AKICHOIO HOCIIDKEHHS HETIHIHHUX CUCTEM MAalOTh
METOMM, SKI TPYHTYIOThCS Ha TMPEACTABICHHI TEPEXiTHUX TPOIECIB
TpaeKTOpisIMH y (ha30BUX TUIOMIMHAX 1 TpocTopi. JJis BU3HAUCHHS TapaMeTpiB
aBTOKOJIMBAaHbL 1 YMOB IXHBOTO BUHUKHCHHS HAONMKCHUMH METOJIaMH
M. KpunioBum 1 M. boromo6osum  (1934) Oyno  po3poOsieHO  MeTox
rapmoHiyHoro Oamancy. JI. ['onpadapd mnogaB rpadoaHaliTHYHUNA —METOA
3HAXO/PKEHHS B TMEpUIOMY HaOJMKEHHI 4YacTOTH 1 aMIUNTYAd OCHOBHOI
TapMOHIKU aBTOKOJMBAHb 3a JJOMTOMOTOI0 YaCTOTHUX XapaKTEPUCTHK.

A. Hunkin 1 b. Xamenb po3poOuin 0CHOBU TEOPii peleitHuX CUCTEM.

JI. llonTpsrin, P. beniman, A. JletroB, M. KpacoBcbkuii Ta 1H. €
OCHOBOIIOJIO)KHUKAMH TE€OPil ONTUMAIBLHOTO KepyBaHHs. Y 1956 p. po3pobieHo
1 chopMyITBOBAHO METOJI JUHAMIYHOTO MpOrpaMyBaHHs beiuiMana 1 MpUHIMI
MakcumMyMmy [loHTpsriHa, SIKI MIMPOKO 3aCTOCOBYIOTHCS B TEOPii ONTUMATbHUX
MIPOIIECIB.

Po3po6neno yHiBepcanbHMI METON JOCTIIKEHHS CHUCTEM aBTOMATHYHOIO
KEpYBaHHS — METOJ MPOCTOPY CTaHiB. Y JaHHWI 4Yac BeIeThCs poOoTa Haj
TEOPI€I0 CHUCTEM 13 OararbmMa pETyJbOBAHMUMH TMapamMeTpaMH, CHCTEM
EKCTPEMAIBHOTO PEryJIFOBaHHS Ta IXHbOI ONTUMI3AIIII.



JIst mOCIiKEHHST CKIAAHUX CUCTEM PO3POOIISIOTHCS 1 BUKOPUCTOBYIOTHCS
MAKeTH MPUKIATHUX MPOTPaM ISl IMITAI[iHHOTO MOJICTTIOBAaHHS TIPOIIECIB.

1.2. OcCHOBHI NOHATTA TA BUZHAYCHHHA

Y HapomHOMY TOCIOAApPCTBI BUKOPHUCTOBYETHCS BEJIHMKA KiTBKICTH MAIIWH,
YCTaHOBOK, MPU3HAYEHUX JUIsi BUKOHAHHS PI3HOMAHITHUX (YHKIIN. BiibimicTsh
BUPOOHMYMX TMPOIECIB YACTKOBO YM TMOBHICTIO aBTOoMaru3oBaHl. KopiHb
HaBEJCHUX TEPMIHIB «aBTO» TOXOJUThH 3 JAaBHBOTPEILKOTO 1 O3HAYAE «camy,
«CAMOCMITIHUL.

Aemomamu3zayis — BUIIMA €Tam PO3BUTKY BHUPOOHUYOI TEXHIKH, SKUN
XapaKTEPU3y€EThCs 3BIILHEHHSM JIIOAUMHU Bia (I3MYHOI Mpaili 1 BiJ BUKOHAHHS
GyHKITIH yIpaBIiHAS 1 KOHTPOJIIO 32 MAITHHAMM.

Bupginsiors Taki piBHI aBTOMaTH3aIIii:

1. YacTtkoBa aBTOMATH3allis. ABTOMATH3AIlS TiIILKH OKPEMHX BHPOOHHYHX

onepauiii. He 3BUIbHSE IIUIKOM JIFOAMHY BiJl y4acTi y BUPOOHHUIITBI.

2. KommuiekcHa aBTomatu3anis. CTOCYe€TbCS TEXHOJOTIYHOTO MpOIECy 1
O3Hauae AaBTOMATUYHE BHUKOHAHHS BCHOTO KOMIUJIEKCY OMEpaIii,
00’€THaHUX 3arajJbHOI CHCTeMOIO0 KepyBaHHS. DyHKISA TOIUHE —
CIIOCTEPEKEHHS, aHaJII3 1 3MiHA PEKUMIB MPOLIECY.

3. IloBHa aBTOMaTHu3aiis. Bubip 1 y3rokeHHs1 peKuMiB poOOTH 31MCHIOE
criemiayibHUK  aBTomaT. DOYHKINSA JIOAUHA — OIISAA, TpodiIaKkTHKa,
PEMOHT, nepedy/10Ba BCi€l CUCTEMH.

OcHOBHI TIepeBarv aBTOMaTH3aIlli MOJISITal0Th Y 3a0€3NeUYeHH:

— 3pOCTaHHS MPOAYKTUBHOCTI Ta MOJIMIICHHS YMOB Tpalli;

— BUKOHAHHS POOIT Y BaXKKOJOCTYITHUX YW B3arajl HEIOCTYIMHHUX JIS JTFOAUHU
ninstHKax  (pamioaKTHBHI 30HHM, KOCMOC, OKpeMi BHUAM METATYPTiHOTO Ta
TIPHUYOTO BUPOOHHUIITB);

— MIJABUIIEHHS TOYHOCTI, SKOCTI TEXHOJIOTIYHUX TPOIECIB 1 BIAMOBITHUX
BUpPOOIB;

— 3POCTaHHS HAMIMHOCTI Ta TEXHIKO-€KOHOMIYHMX TOKA3HUKIB 1 3arajabHOl
KyJBTYpH BUPOOHHUIITBA Ta KBaMiikallii 00CIyroByrouoro mepcoHany.

[lin asmomamuxoro PO3yMIIOTh Taly3b HAayKd 1 TEXHIKH, sSKa BHBYAE i
3aCTOCOBYE TEOpPil0 aBTOMATHYHOTO KEPYBaHHS, MPHHIMIN MOOYIOBH CHCTEM
aBTOMaTHYHOT'O K€PYBaHHS Ta TEXHIYHI 3aCO0M JJIsI peati3allii [uX CHCTEM.

ABTOMAaTH30BaHUN (aBTOMAaTUYHUIN) TMPOIEC MOXKE OyTH TOCUTH MPOCTHM
(Hampukian, 3a0e3MeueHHs CTajoro piBHSA PIIMHA B JEAKUX MOCYJIWHAX) 1
JOCUTh CKJIAAHUM (3a0e3MeueHHs MOTpPIOHOTO pekuMy poOOTH JTiTaka 3a
JIOTIOMOT'O0 aBTOITJIOTA).

ABTOMaTH3aIliss BUPOOHMIITBA 3IIHCHIOETHCS 3a JIOMOMOTOI) ABTOMATHYHUX
MPUCTPOIB (aBTOMATIB). A6momam — yCTaHOBKA (MaIlHa, arperar), siKa Mparroe
3a YITKO 3a/IaHUM aJICOPUTMOM 0Oe3 Oe3nocepeHboi ydacTi goaunu. [Ipuctpoi
aBTOMAaTHUYHOTO KEpyBaHHs 3a0e3MeuyloTh HEOOXIJHI 3MIHM B XOJII
TEXHOJIOTIYHUX MPOILIECIB.



CydJacHi cHCTeMH KepyBaHHS TEXHOJIOTIYHUMU MIPOILIECAMH XaPAKTEPU3YIOThCS
BEJIUKOI0 KITBKICTIO 1 PI3HOMAHITHICTIO TEXHOJIOTIYHUX IMMapaMeTpiB, CHCTEM
KepyBaHHS (perystoBaHHs) 1 O00’€KTIB KepyBaHHA. Tak, mig cucmemoro
aemomamuunozo kepysants (CAK) po3yMitOTh CyKyIHICTh 00’ €KTIB KEpyBaHHS
(pobo4oi MalMHM, MEXaHi3My) Ta 3’€JlHAHUX TIEBHUM YHHOM €JIEMEHTIB
aBTOMATUKH, B3a€EMOJiA SKUX 3a0€3MeuyeThcs PO3B’S3aHHSIM MOCTABICHOTO
3aBJIaHHS KEpyBaHHs 00’ €KTOM.

[TapameTp TEXHONOTIYHOTO Mpoliecy — (i3MYHA BEIWYMHA TEXHOJIOTIYHOTO
IpoIieCy, HAMPUKIIAA, TeMIepaTypa, TUCK, piBeHb, 00’ €M, Maca, Harpyra TOIIIO.
[TapameTp TEXHOJIOTIYHOTO  Mpolecy, SKUM  HEOOXIAHO  MIATPUMYBATH
MOCTIHMM a00 3MIHIOBAaTH 3a 3aJaHOI0 MPOTPAMOI0 YU 3a TMEBHUM 3aKOHOM,
HA3UBAETHCS pPe2yib08aHUM napamempom. 3HAUCHHS PeryJibOBaHOI BETUYHHH,
oJiepKaHe B MEBHUU MOMEHT 4acy Ha OCHOBI JaHUX MEBHOT'O BUMIPIOBAIHHOTO
pUIaay Ha3UBAETHCS GUMIPSHUM 3HAYEHHSM.

BumipstHuii 1 perynpoBaHMil MapaMeTpy TEXHOJOTIYHOTO TMPOIECY MOXKYTh
py HEOOXITHOCTI MEPETBOPIOBATUCS TIEPBUHHUM BHMIPIOBATLHUM MPUIIATIOM
(matuukoMm) y Oynb-sKki YyHi(iIKOBaHI cUTrHamu. SKI0 JaTyuK (Hampukiaj,
TEepMoIMapa, TEPMONEPETBOPIOBAY OIMOPY, TEH30MEPETBOPIOBAY Ta iH.) BUAA€E HE
yHI()IKOBaHUH CUTHAJ, TO JUIsl MIPUBEJIEHHS WOro JO0 CTaHJAPTHOIO Jiana3oHy
NOBUHEH OyTH BCTAHOBJICHHWH BIAMOBITHUN TIEPETBOPIOBAY CHUTHANIB. Takox
MO>KHA BUKOPHCTOBYBATH BUMIPIOBAYl — PETYIATOPU 3 YHIBEPCATLHUM BXOJOM,
K1 TATPUMYIOTh MIAKIIOYEHHS OUIBIIOCTI HAWOLIBbII TMOUIMPEHUX THIIIB
JaTunKiB 0€3 BUKOPUCTAHHSI IEPETBOPIOBaYA CUTHAIIB.

06 ’exm kepysanns (OK) uu 06’exkm pezyntosanus — npucmpii (yCTaHOBKA,
9 Oynb-IKUW 1HIIANA O00’€KT), HEOOXITHUU PEKUM POOOTHU SIKOTO MOBHHEH
MiATPUMYBATHCh 30BHI CHEIiaIbHO OPraHi30BaHUMH KEPYHOUHMH JisiMU. Tak,
Oynbp-skuii 00’ €KT KepyBaHHS MOXKHA TOJATH y BHUIJISAI CTPYKTYPHOI CXEMHU

(puc.1.1)

Kanai 30ypenns

J ,
K3

x(t) Kanan y(t)
kepyBaHHA KK

Puc. 1.1. CtpykTypHa cxema 00’€KTa KepyBaHHS

Kanan, uepe3 sxuii 30yproBanbHa i f(f) BIUIMBAE Ha BUXiJHY BEIMYUHY
y(t) 00’exTa, HA3UBAIOTH Kanarom 30ypenns K3.

Kanan BmiumBy BximHoi nii x(r) ma BuxigHy BemuuuHy y(f) 00’ekra
HazuBaeTbes kananom kepysanns (KK) o0’exra.
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BuxigHi BeIWYMHM KaHATMIB JOJAIOTHCS (BIIHIMAIOTHCSA) 3 JOIMOMOTOIO
cymaropa.

O0’ekTaMu  KepyBaHHS MOXYTh OyTH, HANpUWKIaA, T4, pPeaKTop,
TEIUIOOOMIHHUK, a TakoX TIpyla TEXHOJOTIYHUX amnapariB  4u  1HIIE
TexHoJoriyHe oOsagHaHHsA. Kiacudikaiist o0’€KTIB KepyBaHHS HaBEJICHA B
Tabmumi 1.1.

Tabmuusg 1.1. Knacudikariist 00’ €kTiB KepyBaHHS

Kuaacudikauin
00’€KTIB Koporka xapakrepucTiuka 00’€KTa KepyBaHHA
KepYBaHHS

1. 3a xapakrtepoM |e IlukiiuHi, HEPIOAUYHI

MIPOXOIKCHHS e HenepepBHO-IIMKIIYHI

TEXHOJIOTTYHOT O e HemepepsHi

IPOLECY

2. 3a xapakTepoM | e (OO6’ekTH 3 CaMOBHPiBHIOBaHHSIM.

YCTaJIEHOTO CaMOBHpIBHIOBAHHSIM nporecy peryaoBaHHs

3HAYCHHS  BHXIJHOI | HA3WBAETHCS BIACTHBICTH PETYJIHOBAHOTO 00’ €KTA IiCIs

BEJIMYMHU 00’ €KTa NOPYILIEHHSI CTaHy pPIBHOBaru MOBEPHYTHCS B el cTaH
camMoCTiiiHO, ©0e3 ydwacTi JIOJAMHH YU PeryisTopa.
CaMOBHpIBHIOBAHHSI cripusie OLTBII IIBUJIKIT

cTabumzaiii peryjapoBaHOI BEIWYWHH 1, BIATOBIIHO,
MOJIETTIIY€ 3arajioM poOOTY JIIOJUHU YU PETYIATOpA.
e (O0’exkTH 0€3 cCaMOBUPIBHIOBaHHS

3. 3a cCTpykTyporw | ¢ be3 3amizHeHHs

00’€xTa e [3 3ami3HeHHsAM. HasiBHICTB 3ami3HEHHS — XapaKTepHa
0COOIMBICTL OUIBIIOCTI TEXHOJOTIYHHUX OO0 €KTIB, SKa
MOSICHIOETBCS ~ KIHIIEBOIO  IMBHJKICTIO  ITOIIAPEHHS
MOTOKIB  iH(MoOpMaIi B TEXHOJOTIYHUX 00’ €KTax
(TpaHCHIOpPTHE 3ali3HEHHS)

4. 3a  KUIBKICTIO | ¢  OQuHOMIpHI (OAMH BXij i OAMH BHXi)
BXITHUX 1 BUXIAHHUX | ¢ bararomipHi 0arato3p'sizaHi — HasBHICTh B3a€EMHOTO
BEJIMYMH 1  IXHIM | BIJTUBY TEXHOJOTIYHUX MMApaMETPiB OJWH HA 1HIIIOTO

B33a€MO3B’A3KOM e bararoMipHi He3B’s13aH1 — HE3HAYHUN B3a€EMO3B’ 30K
MDK TEXHOJIOTTYHUMM NapameTpamMu

5. 3a BUIOM | o JIiHiNHI

CTaTUYHO]1 e Heniniliai

XapaKTEPUCTUKU 1

XapakTepoM

MaTEeMaTUYHHUX

CIIBBITHOIIEHD
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3akinuenHs tadmumi 1.1

6. 3a  TMOBEIIHKOIO
00’eKkTa KepyBaHHS B
CTaTUYHOMY PEKUMI

e (Craruuni. OmHO3HAYHA 3aJICKHICTh MK BX1JTHOIO
1 BUX{IHOIO JiAMH (cTaTuuHuU cTaH). [Ipukinagom €
OyJIb-SIKUM TETJIOBHM 00’ €KT.

e AcrarnuHi. 3aJeXKHICTh BiJCYTHA. Hampukian,
3QJIEKHICTh KyTa IMOBOPOTY POTOpa €JIEKTPOJIBUTYHA
BiJI TIPUKJIAJICHOT Hampyr# (IpH Mojaadl HaAmpyrd KyT

MOBOpPOTY OyJe TMOCTIMHO 301bLIYyBaTUCh, TOMY
OJTHO3HAYHA 3JICKHICTh Y HHOTO BIJICYTHS).

7. 3a po3nofineHicTo | o JlokanbHi 00 €KTH KEpyBaHHS

00’€KTa KepyBaHHsI e Po3nojisieHi 00’ €KTH KEPYBaHHS

8. 3a Tumom e (CramionapHi

CTAIllOHAPHOCTI 00°€KTa | o  HecTamionapHi. IlapaMeTpu HeCTalliOHAPHOTO

00’€eKTa Ha MPOTATOM yacy 3MiHIOOThCA. Hanpuknan,
XIMIYHUH peakTop 3 KaTanai3aTopoM, aKTUBHICTh SIKOTO
3HMKYETHCS] IPOTATOM MEBHOTO Yacy.

9. 3a 3aJIe)KHICTIO BIJ
1IHTEHCUBHOCTI
BUIAJIKOBUX  30ypeHb,
1[0 IIOTH Ha 00’ €KT

e (CroxacTuuni
e JlerepmiHOBaHi

10. 3a HanpssMKOM il

e (O0’exkTH NpAMOi (HOPMaNBbHOT1) 11l
e (O0’eKTH 3BOPOTHOI (pEeBEPCUBHOI) i1

11. 3a 3JIaTHICTIO
HAKOMUYyBaTH poOoue
cepenoBuIle (EMHICHI 1
O6aratoemMHiCHI 00’ €KTH)

e HeewmHicHi 00’ eKkTH

e CMmHICHI 00’ektH. OO0’€KTHM  peryJaroBaHHS
BOJIOJIIOTH  3/JATHICTIO  aKyMYyJIOBaTH  poOoue
cepelloBUIlEe. 3amac HAaKOMMYEHOI 00’€KTOM €Heprii
(pe4oBHHM) HA3UBAETHCS €MHICTIO 00’ €kTa. D13MYHO
BOHA TMPOSIBISETBCA Yy BUINISAAI  TEIUIOEMHOCTI,
reOMETPUYHOI €MHOCTI pe3epByapa, 1HEPUIMHOCTI ¢
iH. Hanpuxknaza, emMHicTh 0aka 3 BOJIOIO 3aJICKUTh BiJl
roro posmipiB. Yum Oinpiuii 6aK, TUM TOBIIBHIIIE

Oyne  3MIHIOBaTHCS ~ PIBEHb  MPU  MOPYUICHH]
BIAMOBIAHOCTI MDK HAIXOHKEHHAM Bogu 1 1i
BHUTpaTaMH.

Oco6nuBicTIO OUTBIIOCTI 00’ €KTIB YNPABIIHHS € iXHS
OaratoeMHICTh (HAsBHICTh KacKaJiB YW JIAHOK
TEXHOJIOT1YHUX 00’ €KTiB). baraToeMHICTh PU3BOAUTH
0  MIJABUIICHHS  TOPSAKY  JudepeHIlaabHOro
piBHSHHS 00’€kTa, TOOTO J0 TOSIBU 0Oaratbox
JOCTaTHbO MAJIMX MOCTIMHUX Yacy 00’ eKTa.
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Kepysanns — 1ne dopmyBaHHS Kepyrodoi nii 3a TEBHUM 3aKOHOM, SKUH
3abe3neuye HeoOxigHMi pexum podotu OK. Asmomamuune repysamns —
KepyBaHHS, SIKE 3A1HCHIOEThCS 0e3 0e3mocepeIHbO1 yIacTl JIFOANHH.

YacTKOBUM BWMAJKOM BXUBAHHS TIOHATTS «KEPYBAHHS» € TIOHITTS
«pezcyntoeantsy. 3aaada peryarOBaHHs MOJSATaEe B JOBECHHI BUX1THOT BEIMUYUHU
00’€KTa peryyroBaHHs J0 3a3/1ajierib BU3HAYECHOTO 3HAUYCHHS 1 MIATPUMAHHS il
Ha 33J]aHOMY 3HAY€HHI 3 ypaxyBaHHSAM 30yprOBaIbHUX iil.

Jlist 3a0e3meueHHs MiITPUMaHHS 33/IaHOT0 3HAYCHHS PEryJIbOBAaHOT BETUYHHU
Yyl aBTOMATHYHOI 3MIHM 1i 3a 3aJlaHMM 3aKOHOM BHUKOPHUCTOBYIOTHCS
pe2ynsmopu.

[Ipu po3rnsaal aBTOMATHYHUX CHUCTEM BAXKJIUBUMHU € TIOHATTS: «BXiO»,
«8uxioy, «0isy (3a1aBalibHa, 30yproBalibHA, BUXITHA), «360POMHULL 36 A30K).

Bxio — 11e yacTuHa aBTOMATUYHOI CHCTeMH abo i1 mpuCTporo, OJI0Ka, JTaHKH,
Ha SIKy 0€3MOoCepeIHBO MOAAETHCS 30BHILITHS T

Buxio — yactTuHa aBTOMaTHYHOI CUCTEMHU a00 ii MPUCTPOI0, OJIOKA, JTAHKH, sIKa
Jie Oe3mocepeTHbO Ha30BHI.

3aoasanvna Ois — i Ha CUCTEMY, sIKa BHU3HA4Ya€ HEOOXIJIHUM 3aKOH 3MIHU
pPEeryJbOBaHO1 BEJIMYMHH.

36yprosanvua Oisi — qis, sIKa HAMara€TbCsi MNOPYLIUTH (PYHKIIOHAIbHUIMA
3B'A30K MIXK 3aJ]aBaJIbHOIO JIIE€I0 1 PETYJIbOBAHOKO BEJIMYHHOIO.

Buxiona 0ia — nis, ska BUJAETHCS HAa BHUXOJl CHUCTEMHU KEpyBaHHS YH
IIPUCTPOIO PETYITFOBAHHSI.

JonatkoBuii 3B'130k B cTpykTypHiil cxemi CAK y HanpsiMKy BiJl BUXOZY IO
BXOJIy HA3WBAETHCS 380pOMHUM 36 °s3KoM. PO3PI3HSAIOTH 3BOPOTHI 3B’SI3KH:
JI0JIaTHI 1 BIJ’€MHI, TOJIOBHI 1 MICIEBI, KOPCTKI 1 THYYKi. SIKIIO 3BOPOTHHIA
3B’SI30K BU3HAYAETHCS aNreOpaivHOI0 CyMOIO 33/1aBaJIbHOTO CUTHATY 1 CUTHAIY
3BOPOTHOTO 3B’SI3KYy, TO TaKWMW 3B'S30K HA3UBAETHCS 000AMHUM, & PI3HUICIO —
8i0 EMHUM .

3BOpOTHUH 3B'SI30K, SIKHA YTBOPIOETHCS PETYISTOPOM CTOCOBHO 00’€KTa
KEePYBaHHS, HA3UBAETHCS 20JI06HUM.

3BOpPOTHI 3B’SI3KH, Kl MOXYTh OyTH B CaMOMY PEryJsSITOpl, HAa3UBaIOTHCS
Micyesumu.

Jnst crabimizanii cucteM 4M JJis CTBOPEHHSI B HUX OLIBII JIETKMX PEKUMIB
MEPEXiTHUX MPOIIECIB B KOPEKTYIOUHX MPUCTPOSIX BUKOPUCTOBYIOTHCS 3BOPOTHI
3B’SI3KH, SIKI B IbOMY BHUIIAJKY NOAUISAIOTH Ha JKOPCTKI 1 THYUKI.

CyTb eHyuxo2o 3BOPOTHOTO 3B’SI3KYy TOJISATAE B TOMY, IO BiH JII€ JIUIIE i
Yac TEPEeXiJTHOTO MPOIECY 1 MOBHICTIO YCYBA€ThCS B YCTAJICHOMY PEXKHUMI.
Sxio 3BOPOTHUN 3B'SI30K Jli€ HE JIMIIE B TMEPEXIIHOMY pEXuMi, a ¥ B
YCTAJICHOMY, TO TaKWil 3BOPOTHHI 3B'I30K HA3MBAEThCS orcopcmrum. Crif
BII3HAYUTH, IO TMOHATTS THYYKOTO YH >KOPCTKOTO 3BOPOTHOTO 3B SI3KY
OB’ SI3aHO 3 TI€I0 BEIMYMUHOIO, KA MPUMUMAETHCS K BUXiMHA. Tak, HAIPUKIIA],
3BOPOTHUH 3B'A30K MOXKE OyTH THYYKHM JO KyTa MOBOPOTY Bajia JBUTYHA i
YKOPCTKHM IIIO0 MIBUIKOCTI HOTO 0OepTaHHS.
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JIist  BU3HAuUEHHS JUHAMIYHUX BIJIACTUBOCTEH aBTOMATUYHOI CHCTEMH
HEOOX1THO MaTH 11 MATEMAaTHYHUN OIMHC, TOOTO MaTEMaTUYHy MOJIENb CUCTEMHU.
B Teopii aBTOMaTMYHOTO KEpyBaHHS €JIEMEHTH ABTOMATUYHUX CHCTEM IS
BUBUYCHHS 1XHIX JUHAMIYHUX BJIACTUBOCTEH IMOAAIOTH y BUTIISI €JIEMEHTAPHUX
OUHaMIYHUX JIaHok. [lin enemenmapmnoro Oumamiunorw nankow PO3YyMIIOTH
MaTeMaTUYHy MOJENb YacTUHU CHUCTEMH Yd (YHKIIIOHATLHOTO EJIeMEHTA
aBTOMATHKH, SKa XapaKTEPH3YEThCS MATEMAaTHYHUM YU TpadiyHUM OIHCOM
nporecy. OJHIEIO €IEMEHTApHOI JIAHKOK MOXKYTh OyTH TIPEICTaBICHO
JEKUJIbKa CJIIEMCHTIB CHUCTEMH YW HaBIIAKU — OJUH €JIEMEHT MOXKe OyTH
NPEJICTABIICHUNA Yy BUTIISIII IEKUTBKOX JIaHOK.

3anaui KepyBaHHS CKJIQJHUMH CUCTEMaMU CYTTEBO YCKIIQHIOIOTHCS BIIMBOM
O0araTh0X BHIMAIKOBUX (hakTopiB. B Takux BuMagKax KepyBaHHS TMOBHHHO
3M1MCHIOBAaTHCh B yMOBaxX HeMoBHOI iHGopmarii mpo o0’ekT kepyBanHs. Lli
3a/aul BUPINIYIOTBCS METOJAMH MaTeMaTHYHOTO MojemoBaHHs Ha EOM 3
BUKOPUCTAHHSM ITaKETIB MPUKIATHUX IIPOTPaM.

1.3. Kuaacudikauis cucteM aBTOMaTHYHOT O PeryJIl0BaHHS
3aranpHa kiacudikaiis cucteM aBromatuyHoro perymoBaHHs (CAP)
HaBeJleHa B Tabmuii 1.2.
Tabauusg 1.2. Knacudikaiis cucteM aBTOMaTUYHOTO PETYJIIOBaHHS

Kaacugikauis CAP Koporka xapakrepucruka CAP

1.3a anropurmMom Crabunizyroua [MinTpumye pEryiaboBaHy

(GyHKIIIOHYBaHHS BEJMYHMHY Ha MOCTIHHOMY PiBHI
[Iporpamna 3MiHI0€ peryJibOBaHy

BEIMYMHY  BIJMOBITHO [0
3a37aNeriap  3amanoi  QyHKIil

qacy
CrnigkyBaibHa 3MiHI0€ peryJiboBaHy
BEJIIMUUHY 3aJI€KHO BIJ
3HAYEHHA 3MIHHOI BEJIMYMHU HA
BUXO/1
2.3a HasBHICTIO Cratuyni PerynboBana BemnuuHa IIpU
MTOMUJIKH 3MiHI 30BHINIHIX 30ypeHb Ha

00’€kTi  micAs  3aKIHYCHHS
MEPEXiTHOTO TPOoLiecy MpuiiMae
pi3HI 3HAYEHHs, SKi 3aJeXaTh
BiJl BEJIMYMHU BILUIUBY
AcTatnuHi PerynpoBana BenuuuHa IIpU
3MiH1 30BHILIHIX 30ypeHb MiCII
3aKIHYEHHS EPEXITHOTO
npouecy HaOyBa€ yCTaJI€HOTro
3HAYEHHS TPU PI3HUX
BEJIMYMHAX 30BHINTHIX 30ypeHb
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ITponopxenus Tadaui 1.2

3.3a cBoiM
(yHKIL10HATBHUM
MPU3HAYEHHSAM

CrnemnianizoBasi

CAP temneparypu, TUCKY,
00’eMy, piBHS # 1H.

VYHiBepcaibHi

3 HOPMOBaHUMH BX1JTHUMHU 1
BHUXIJJHUMH CUTHAJIaMH, SIK1
IpUAaTHI JUIsl peTyTFOBaHHS
PI3HHX MapaMeTpiB

4. 3a 3aKOHOM
peryJIroBaHHS
YU JIOTIKU
po0OOTH KOHTYpa
pETyIIOBaHHS

JIBOTIO3UITI THMIMA

Kepytouuii npuctpiii npuitmae
7IBa CTINKI CTaHU, KEPYIOUl
BIUIMBM OJHAKOBI 3a
BEITMYMHOIO, aJie TPOTUIICKHI 3a
3HAKOM

Tpuno3uminnui

Kepytouuii npuctpiii 3aiimae Tpu
CTIMKI OJIOKEHHS, OJIHE 3
SIKUX — HEUTpPaJIbHE

bararono3uriiinuit

Moxe kepyBaTu 0OJHOYaCHO
JCKiTbKOMa HaBaHTAXCHHIMH,
Hanpuknaa, rpyna TEHiB,
BEHTUJISITOPH U 1H.

I1-, I-, I1I-,
[II/] - peryssitopu

KepyBaHHS 311iICHIOETBCS
BIJIMIOBIIHO /10 3aKOHY
peryIOBaHHS

AnanTuBHI

3aJie’KHO B1J] YMOB poOOTH
3MIHIOIOTh CBOE HaJIAlITYBaHHS,
3a0e3neuyroun 1uist OyAb-sIKUX
YMOB ONITUMATLHUIN PEXKUM
pobotu. BuainstoTh
caMOHAaJIaro/IKyBajbHl, 1
aBTOHAJIATO’KYBaJIbHI CUCTEMHU

OnrumanbHi

BukopucrtoByeTbcs
ONTUMAJILHUH 3aKOH
pETyJIIOBaHHS

5. 3a npuHUIUIIOM
i

[psimoi mii

BHKOpPHUCTOBYIOTH €HEPTiIO
caMoro 00’ekTa KepyBaHHs 0e3
BUKOPHUCTAHHS 30BHIITHBO1
eHeprii

Henpsimoi nii

Jl1st poGoTH HEOOXiIHE
30BHIIIIHE JHKEPEJIO eHeprii

6. 3a xapakTepom
MaTeMaTUIHUX
CITIBBIHOIIEHD

Jliniiini JI71s1 IKMX BUKOHYETHCS IPUHITUTT
CYTepIO3uIIii
Hemiuiiiai JI1st IKMX TPUHITATT

CYIIEPIO3HIII] HE BUKOHYETHCS
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ITponopxenus Tadaui 1.2

7. 3a BUAOM €Heprii,
BUKOPHUCTAHOI JUJIA
pEeryJIrOBaHHs

Enextpuuni

Y ToMy Y4mCITi €EeKTPOHHI

ITaeBMaTnuni

MeMOpaHHi, NOPIIHEBI,
JIONACTEB1

['ippaBniyHi

Taxi K MTHEBMATUYHI

MexaHi4Hi1

3MIHIOIOTh PETYJIbOBAHY
BEJTMYHMHY MTPU MEXaHIYHIN 1i

KomMmOinoBani

EnexrponneBMaTH4Hi,
ITHEBMOMEXaHIYHI,
CICKTPOMEXaHIuHI

8. 3a xapakTepom
KepyIOUnX Jii

HenepepsHi

AHanoroBi cUrHajiu (CTpyM,
Harpyra)

JuckpeTHi

Peneitni, immynbcHi, TUQPOBI.
BuxinHi npuctpoi — MmexaHiuHe
perne, eIeKTPOHHE pedie,
CUMICTOP, TUPUCTOP,
TPaH3UCTOPHUH KIIIOY,
iHTepdeic

9. 3a KIIBKICTIO
PETyIHOBaHUX
TEXHOJOTTYHUX
napameTpiB

OIHOKOMIIOHEHTHI

CucremMu 3 OIHIEIO
PEryIbOBaHOIO BEJIUYHHOIO

bararokoMmoHeHTHI
HE3B’ A3aH1

Cucremu 3 IeKiIbKOMA
peryb0BaHUMU BETUUMHAMMU.
Perynaropu 6e3nocepeiHbo He
3B’s13aH1 1 MOXKYTb B3a€MOJIISITH
JIMIIIE Yyepe3 3aralbHuM A1 HUX
00’ €KT peryiarOBaHHS

bararokoMmnoHeHTHI
3B’ s13aH1

Cucremu 3 IeKiIbKOMA
peryabL0BaHUMU BETUUMHAMU.
Perynsaropu pizHuX mapameTpinB
OJTHOTO YM JICKITbKOX 00’ €KTIB
3B’s13aH1 MK CO00IO:

— PETYISATOPH 31 CTATUYHOIO YU
JTUHAMIYHOIO KOPEKIIIEIO
rapaMeTpa 4 3aJaH01 TOYKH;

— PETYJISATOPH CIIBBITHOIICHHS
JEKUIBKOX TapameTpiB 13
MOCTIHUM YH KEPOBAHHM
KOe(]iIiEHTOM CITiBB1THOIIICHHS;
— KacKaJIHI peryJIsiTOpu;

— peryasaTopu oOMexXeHHS (3
MaKCHUMaJIbHUM YU
MIHIMAJIbHUM OOMEKECHHSIM)
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3akinueHHs taoymmi 1.2

10. 3a npuHIIUIIOM 3a BigxunenusM | Kepytoua mist Ha 00’ €KT
pEryJIFOBaHHS (bopMyeThCS 3aJIEKHO B
BIAXWIECHHS A1HCHOIO 3HAYECHHS
KEpOBaHO1 KOOPJIMHATH BiJ]
3aJJaHOTO 3HAYEHHS

3a 30ypeHHsIM Kepytoua aist Ha 00’ €KT
(bOopMye€eTBHCS 3aJIEKHO B1JT
BEJIMYMHHU 3a/1aBaJIbHOT il 1
OJIHI€T Y NEKUILKOX 30BHIMIHIX
iy Ha OK

Komb6inoBani CymicHe BUKOPUCTaHHS
MPUHITUIIIB PETYITIOBAHHS 32
30ypeHHSM 1 BIIXWICHHSIM

11. 3a KIbKICTIO OnHoKOHTYpH1 | MICTATh OIMH KOHTYD
KOHTYPIB pEryJItOBaHHS pEryJIoBaHHs
bararokonTypHi | MicTATh JeKiJibKa KOHTYPIB
pEryJIOBaHHs

PosrisitHemo OuiblI €TaNbHO OCHOBHI OCOOJMBOCTI 1 MPHUKIAAH OKPEMHUX
CAP.

3a anroputmoMm (QyHkuionyBaHHs CAP mnonauisioTe Ha cTabuLTI3yROul,
IPOrpamHi 1 CJIiJIKYBaJIbHI.

Cmabinizyroui cucmemu 3a0€3MeUyIOTh MIATPUMAHHS KEPOBAHOI BEJIMYUHU
Ha 3aJaHOMY piBHI a00 B 3aJaHMX MeXaX. Y TaKUX CHUCTeMaX KOHTPOJIIOETHCS
CTaH 00’€KTa, SIKHH XapaKTepU3yEThCS KEPOBAHOIO BEIWYHHOIO, 1 TPU MOTpeOi
Kepyroya Jisi 3MIHIOEThCS Tak, 100 peryjibOBaHa BeJIMYMHA 3ajvIIanacs Ha
3aJlaHOMY DpiBHI. 3ajaBajgbHa i CHUCTEMH — TIOCTiHHAa BEIWYWHA, TOOTO
X0 (t) =const .

[IpuknagoM cTalLII3yIOUUX CUCTEM MOXYTh OyTH aBTOMATH4YHI CHUCTEMHU
peryJIIOBaHHS PiBHS BOJAM B 0akax BOJOKA4YOK, CHCTEMHU MIiATPUMAHHS 3aJIaHO1
TEMITepaTypH TOBITPS 1 IPYHTY B MapHHUKaX 1 TCTUIUISX, CHCTEMH PETYIFOBAHHS
4acTOTU 00EepTaHHS JBUTYHIB 1 1H.

Ilpoepamui cucmemu TpU3HAYEHI /I 3MIHM KEPOBAaHOI BEIWYMHH 3
HEOOX1JHOIO TOYHICTIO BIAIIOBIAHO IO 3a37aneriap  3a1aHoi  (QyHKITI.
3agaBaabHa i CUCTEMH X, ()= f, (¢ ), ne f,(t) — mporpama, 3a3jJaJIeriib BiJjoMa
GbyHKIIS gacy.

[IporpamHy cucrteMy MOKHa PO3TIISIATH SIK CTAOLTI3yIOYy CHUCTEMY, B SIKIH
3aBAaHHS CTaOUTI3aIlli YCKIAQIHIOETHCS 3a/1a9€i0 3MIHM KEPOBAHOI BEJIMUMHU 32
3amanoro mporpamoro. [IpukiagamMu mporpaMHUX CUCTEM € CUCTEMHU KEPYyBaHHS
PI3HUMH TEXHOJOTIYHUMH TPOIECaMH, BEPCTaTaMH TPOTPAMHOTO KEpyBaHHS Ta
iH.
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CniokysanvHi cucmemu TPU3HAYEHI IS 3MIHM KEPOBAaHO! BEIUYHHH 3
HEOOX1THOIO TOYHICTIO 3QJICKHO BiJl 3HAYCHHS (UM BIJAMOBIAHO JO 3HAYCHHS)
HEBIIOMOI 3a3majeriap 3MIHHOI BEJIMYMHHU Ha BXOJl aBTOMAaTHYHOI CHUCTEMH.
3amaBanbHa i cuctemu x,,(t)=f(t), ne f(t) — 3a3manerine HeBimoma dyHKIIis
gacy. TakuM 4YHMHOM, CHiJIKyBaJbHa CHUCTEMa, SK 1 MpOrpaMHa CHCTEMA,
BiJITBOPIOE 3a1aBaIbHY ilO0.

3anaBasibHi i1 1 KEpOBaHI BEJIMYMHH CHIAKYBAJIbHUX CHUCTEM MOXKYTh MAaTH
pi3HMI XapakTep 3a CBOIM (I3UYHMM TOXO/DKEHHsAM. [IpudoMy kepoBaHa
BEJIMYHMHA 32 CBOEIO (DI3UYHOIO MPUPOJIOI0 MOXKE BIAPI3HATUCS BiJ 3aaBaibHOL
nii. Hanpuknan, 3aaBajibHOIO JII€I0 MOKe OyTH 3MIHHA HaIpyra, a KEPOBaHOIO
BEJIMYMHOIO — HAIpyTa, KyTOBE YM JIiHIWHE MEPEeMIIICHHS, 4YacTOTa 00EpTaHHS
TOIIIO.

JlocTaTHBO TMOMIUPEH] CHIAKYBajdbHI CHCTEMH IPOCTOPOBOTO CTEKCHHS,
TOOTO CHCTEMH, SIKi CTBOPIOIOTH 3aJaBalbHY 0 Y BHIJISAI MEXaHIYHOTO
nepemimedds. Jlo HUX HajdeXarh CHHXPOHHO CIIJIKYBaJbHI CHCTEMH
(CMHXpPOHHO CHIAKYyBajdbHI NPUBOAM, CUJIOBI CIIJKYBalbHI NPHUBOIHU), SKi
3a0€3MeuyoTh CHHXPOHHE 1 CUH(a3He 00epTaHHS MEXaHIYHO HE 3B’S3aHUX MIXK
c00010 BaJIiB.

['padiune npencrapnenns anroputmiB QyHkiioHyBaHHs CAP mokaszano Ha
puc. 1.2.

i Xsan(t) " Xsax(t) " Xsax(t)

i i £
a) 0) B)
Puc. 1.2. Anroputmu QyHKITIOHYBaHHS: cTaOLTI3y0unii (a), mporpamawuii (0),
CJTIIKyBaJIbHUH (B)

Cmamuuni i acmamuyni CAP. OCHOBHOIO 3 O3HaK JAHUX CUCTEM € BUTJISI]
pPEryab0BaHOT XapaKTePUCTUKH, IO TIOKa3ye 3ajJCKHICTh PEryJbOBaHOI
BEJIMYMHM B CTATHYHOMY TIOJIO’KECHHI BijJl BUTPAT poO0OYOro CepeIOBHIIIA.

Cmamuynoro CAP Ha3uBaloTh CUCTEMY, B sIKI PETyJIbOBaHA BEIMYUHA MPU
3MiHI 30BHINIHIX 30ypeHb Ha 00’€KTi, 3MIHIOIYHCH B JEAKHX JOIMYCTUMHUX
MeXKax, ICJIS 3aKIHYCHHS IEePEeXiTHOT0 IPOIeCy 3aJIeKHO BiJl 30BHINIHBOTO
30ypeHHs Ma€ pi3Hi 3HAYCHHS.

XapakTepHi 0COOJTMBOCTI CTATHYHOI CUCTEMH PETYTFOBAHHS

1) piBHOBara CHCTEMH MOXJIMBAa TPU PI3HUX 3HAYCHHSIX PETYJIHOBAHOI
BCJTUYHHY;
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2) KOXXHOMY 3HAQYEHHIO PETyJIhOBAaHOI BEIWYHMHH BIiJMIOBITA€ BHU3HAYCHE
MOJIOKEHHS PETYIIOIYOr0 OpraHy.

PerynboBana xapakTepHUCTHKA B 3arajJJbHOMY BHUMAAKy MA€ BUTIIS:

y=C+A(x), (1.1)

ne C — 3amaHe 3HAYCHHS PETYJIhOBaHOI BeMWUMHUA X; A(X) — GyHKIIS

30ypeHHs, 10 BU3HAYAE BIAXWUIIEHHS PETYJIHOBAHOI BEIMYMHU BiJ i1 3a7aHOTO
3HAYCHHS B MEKaX 30HU PETYTIOBAHHS.

HeoOxinHa ymoBa sikicHOTO peryitoBanHs: C>> A(x).

Sk npuxnan posrisHemMo ctaTtuyny (puc.l.3, a) 1 actatuuny (puc. 1.4, a)
CAY piBas H pnesxkoro poboudoro cepefoBuina (piguHu) Q. 3aBOaHHAM 1
CTAaTUYHOI, 1 aCTATUYHOI1 CUCTEM € MIATPUMAaHHS cTaioro piBHs H (ctabimizaris)
B pe3epByapi Npu 3MiH1 BeTUUYUHU Q).

o

PO
!I—-)_.,O_

_ _ HA
U]
= J T[ ="
|- - Elwo| | < | |
] il | |
= ' 1 1 >
il— O OCED Omax O
@
a) 0)

Puc. 1.3. Cratuuna CAP (a) Taii peryitoBaibHa XxapakTepucTuka (0)

Y  cratuunit CAP npu 30ubmienHi Butpatr (Q;>(Q;) piBenb H
3MEHIITYBaTUMEThCS 1 oTu1aBokK I1 mepeminryBaTUMEThCsl BHU3. 3aBASKHU [IbOMY
perymotounid opran PO 3a0e3neunTh 30UIbIIEHHS HAAXOKEHHS POOOYOro
cepenouiia Q..

Hogoro crany piBHOBaru Oyzae gocsrayto npu Q1= O,= Q 115l HOBOTO PiBHS
H, MeHIII0ro 3a MOYaTKOBUH.

Takum uywmHOM, ctatmuni CAP He MOXyTh 3a0e3medyBaTd MiATPUMKY
pEeryiap0BaHOl BEIMYMHU HA CTPOTO cTajioMy piBHI. OTKE, MOMKIMBI BIAXUICHHS
peryap0BaHOl BEJIMYMHHM BiJ 3aJaHOTO PiBHS H, 3aJI€KHO BiJl BUTPAT poOOUYOTO
cepenoBuia. PerymioBanbHa  xapaktepuctuka cratuuyHoi CAP  micns
3aBEPIICHHS TEPEXiTHOTO mporecy ( CTaTUYHA XapaKTEPHUCTHKA CTAaTUIHOI
CAP) e noxumoro npsimoro (puc.1.3, 6).

TouHicTh MIATPUMAaHHS 33JaHOTO 3HAYCHHS PETryJbOBAHOI BEIWMYUHHU B
CTaTUYHUX CHUCTEMaxX BHU3HAYAETHCS KOE(PILIEHTOM HEPIBHOMIPHOCTI, a0o
BEJIMYMHOIO CTaTU3MY O.

Bennunny cratv3mMy BU3HAYAIOTh SIK BIAHOIICHHS BIIXWJICHHS PEryIbhOBaHOI
BEJIMYMHM JI0 i1 MAKCUMAJIBHOT'O 3HAYCHHS:
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5 — max min . (12)

VY BigHocHO HetouHuXx CAP BenuumHa CTaTU3My MOXE CTAaHOBUTH
10%...20%.

Acmamuynorw CAP Ha3uBalOTh CUCTEMY, B SKii perysibOBaHa BETUYHMHA MIPU
3MiHI 30BHIMIHIX 30ypeHb MICHsI 3aKiHYEHHS IMEpPEeXigHOTO Tpolecy Hal0yBae
YCTAJICHOT'O 3HAYCHHS MPY PI3HUX BEJIMYMHAX 30BHIINIHIX 30yPEHbD.

XapakTepHi 0COOJIMBOCTI ACTATUYHOI CUCTEMU PETYIFOBAHHS:

1) piBHOBara CMCTEMHU MOXJIMBA JIMILE NPU €JUHOMY 3HAUEHH1 PEryJIbOBAHOI
BEJIMYMHM (HAMPUKIIAJ, PIBHS), IPUYOMY LI€ 3HAUYEHHS PIBHE 3a/1aHOMY;

2) peryioruyuil opraH (HampuKiIal, KiamaH, 3aclliHKa) MOBUHEH MaTH
MOXJIMBICTh ~ 3aliMaTH PI3HI  TOJIOKEHHS TpU HE3MIHHOMY 3HAY€HHI
pEryJIbOBAHO1 BEJIUYHUHMU.

B acratmuHuX perymsTopax BiACYTHs CTaTHYHA TOXHMOKa, 1 peryiboBaHa
BEJIMUYMHA 3aJMIIAETHCA PIBHOKW 3aJaHiii 3 TOYHICTIO, fKa BIJIMOBIJAE
HEYYTIUBOCTI PETYJIATOpA JIJIsl BCIX CTaHIB PIBHOBAaru CUCTEMH.

Axmo npu acraruuHii CAP (puc.1.4, a) Burpatu () 30U1bIIATHCS, TO Y
3B’SI3Ky 3 IOYATKOBUM 3MEHIIEHHSIM piBHS H morutaBok I1 mepemicTutbes BHU3,
0 TPHUBEJEC N0 BIAMOBIJHOTO TMEPEMIMIEHHS IMOB3YHKa moTeHmiomerpa [IT
BiTHOCHO #oro mouatkoBoro mojoxkeHHs 0. [Ipu mpomy Ha siKipHi 0OMOTII
neuryHa /I BuHukHe Hampyra U BIANOBIAHOI MOJSIPHOCTI. 3aBASIKA LbOMY
JBUTYH TI€peMIILyBaTUME peryirorouuil opran cucremu PO, 3abe3neuyroun
3pOCTaHHS HAJIXOJDKEHHS KUIbKOCTI piauHu (> 1 piBHA H. Perymiorounii opran
NepeMIllyBaTUMEThCSl JOTH, JIOKA HANpyTa Ha SKIpHIA OOMOTII AOCATHE HYJIS,
10 MOKJIMBO TUIBKW MPHU 3HAYEHHI PIBHS, KUU JOpIBHIOE 3anaHoMy H=H,, 3a
YMOBH PIBHOCTI BUTPAT 1 HAJAXOKeHHS piauau Q1= Or= Q.

-
Qy

a) 0)
Puc. 1.4. Acratuuna CAP (a) Taii peryitoBaibHa XapakTepuctuka (0)
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OTxe, B aCTaTUYHIA CHCTEMI MOXKJIMBE JIMIIE OJHE TOJOKCHHSI PIBHOBArd
pU 3HAYEHHI PEryJbOBaHOI BeMUYUHU H=H,, sika MOCATa€ThCSl B CTATUYHOMY
CTaHi IpH PI3HUX 3HAYCHHSIX BUTPAT pobouoro cepemonuia Q.

PerymoBanbsHa xapakrepuctuka H= f(Q) (puc. 1.4, 6) acTaTUYHOI CUCTEMH €
TOPU30HTAIBHOIO MPSMOIO.

SIKIO 3HEXTYyBaTH HEYYTJIMBICTIO €MEeMEHTIB cucteMu, To actatuuHa CAP
HIATPUMYE PEryJIbOBAHY BEIMUYUHY MICIs 3aKIHYEHHS MEPEXITHOTO MpoLecy Ha
3a1aHOMY piBH1 0€3 OyAb-SKUX BlAXUJICHb.

OCKinbKM B AacTaTUYHUX CHCTEMax, 3alleHO BiJ BHUTpaT pobOOYOro
CepelIoBHINa, TMICHIs 3aKiHUYEHHS MEPEeXiJHOro MPOIeCy pEeryJIounil opraH
TAaKO)XK MOXXE 3aliMaTH pI3HE IOJIOKEHHS, aje MpPU OAHOMY W TOMY CamMOMy
3HAQYCHHI PpEryJbOBAaHOI BEJIMYMHH, TO JUISI TEXHIYHOI peamizamii 1miel
0COOIMBOCTI TOBUHHI OyTH Tak 3BaH1 aCTaTUYHI JJAHKHU, PyXOMUN €IEMEHT SIKUX
OpU BIACYTHOCTI 30ypeHHS MOK€ 3aliMaTé JOBUIbHE TOJOXKEHHS. Takoro
JIAHKOIO CHCTEMH B PO3MVITHYTOMY NPHKIA/l € IBUTYH IMOCTIHHOTO CTPYMY, SKIip
SKOTO MOXE 3aiiMaTH JOBUIbHE IOJIOKEHHS MpH BIJCYTHOCTI HAmNpyrd Ha
SKIpHI OOMOTII1 ABUTYHA.

3a xapakTepoM MaTeMaTU4HUX criBBiAHOWEHbs CAP noaiuisoTh Ha:

JUHIUHI cucmemu, K1 OMUCYIOThCS JIIHIMHUMU AU(PEpEeHIIaIbHUMH PIBHIHHSAMU
NIPY 3HAYHUX BIIXWICHHSX PEryJIhOBaHOI BEJIMUMHU BiJ] 33JaHOTO 3HAYCHHSI,
HeniHiUKI  cucmemy, $K1 ONUCYIOTbCA HENIHIMHUMU JUQEpeHIIaIbHUMU
PIBHSIHHSIMH, ajie X MO)KHA JIIHEApU3yBaTH 1 MPOBOAUTH aHAII3 IIUX CUCTEM 3a
JOTIOMOTO10 JIIHEAPU30BAHUX AU EepeHIlIaTbHUX PIBHIHb.

3a xapakTepoM kepyrounx aiii CAP noainstoTe Ha HenepepsHi 1 OUCKpemHi.
B menepepénux cucmemax M BXITHAMH 1 BUXITHUMHM BEJIIMYMHAMH BCiX
CJIEMEHTIB ICHY€ HemepepBHUN (PYHKIIOHATHHUI 3B'A30K. BUXiAHI BeIMUWHU
BCIX €JIEMEHTIB y IHMX CHUCTeMax y OyAb-KH MOMEHT 4Yacy BH3HAYarOThCS
3HaYEHHSIMHU BXIHMX BEIWYMUH. B Ouckpemmuux cucmemax BUXiTHA BeIUMYMHA
OyAb-SIKOTO €NeMEHTa Ma€ JUCKPETHHH XapakTep, TOOTO MpeacTaBisie cOOOI0
MOCJIIJIOBHICTh IMITyJbCIB. [lepeTBOpEHHs HenepepBHUX CUTHANIB B JUCKPETHI
3IACHIOETHCS TUCKPETHUM €IIEMEHTOM.

3alie)KHO BIJ KUIBKOCTI KOHTYpiB perymoBanHs CAP mnonuisiioth Ha
00HOKOHMYPHI 1 bacamoxonmypti. OOHOKOHMYPHOIO HA3UBAETHCS CUCTEMA, SKa
Mae€ JIMIIEe OJWH TOJIOBHUM 3BOPOTHHH 3B's130K. MiCIIEBI 3BOPOTHI 3B S3KH B 111
cUCTeMi BiACYTHI. bacamokonmypHol Ha3UBAEThCS CHUCTEMA, SKA Ma€ SK
TOJIOBHHM, TaK 1 MICIIEBI 3BOPOTHI 3B’ SI3KH.

3a mpunnunoMm aii CAP mominstoTeh Ha CHCTEMU npsamoi Oii i cucmemu
Henpsamoi 0ii. B cucmemax npsamoi 0ii BUMIpIOBAJIbHUIN €JIEMEHT 0e3MocepeHbO
nie Ha perymorounii opraH. Tak, Ha puc. 1.5 mokazaHo cucTeMy MOpSIMOi il
peryiioBaHHS MBUAKOCTI. BumipioBanbamii enemenT BE, mo koHTpomroe
IMIBUJKICT, 0OepTaHHS Jeskoro 00’ekra O, caMOCTIMHO Ji€ Ha PETyJIIOIOYHMA
opran PO, skuii 3MiHIOE KIJTIBKICTh €HEproHocis Q, sSIKMi HaAXOIUTh Ha 00’ €KT
peryiaoBaHHs. SKIIO MBUAKICTh 00epTaHHS ® 30uIbLIyeThCs, TO Kyal K1 1 K2
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M7 €0 BIAIEHTPOBOI CHIM TEPEMINIYIOThCS Bropy, IO TPUBOAHUTH [0
nepemimiendass mypta M Ta perymorodoro oprany PO. 3aBaskm 1ipomy
3MEHIIYETHCS HATXOKEHHS eHeproHocis Q 1 mBHAKICTH 00epTaHHS ® 00’ €KTa.

BE

A K2

00000

M | %

PO

< o 5.2
W
Puc. 1.5. CAP npsamoi aii peryiroBaHHs IIBUJIKOCTI 00’ €KTa

OCHOBHOIO TIEpEBarol CHCTEMH MPSMOi Jii € MpOCTOTa 1 HAMINWHICTH, a
HEJIOJIKOM — HAsBHICTh MOTY>KHOTO 1, BHACHIOK IIhOTO, MaJOYyTJIMBOTO,
JIOCUTh THEPIIMHOTO BUMIPIOBAIBHOTO €JIEMEHTA, SIKUM MOXke Oe3mocepeaHbo
NepeMIIlyBaTH PETyNounil opral 00’ekta. [Ipu 11bOMy HU3BKIN YYyTIMBOCTI
BUMIPIOBJILHOTO €JIEMEHTA BIJMOBIJIa€ MaJia TOYHICTh PEryJIFOBaHHS, a 3HAYHA
1HEepLIMHICTh HETATUBHO BIUIMBAE HA IMHAMIYHI BIACTUBOCTI CUCTEMH.

Y cucmemax nenpsimoi Oii BUXiTHUW CHUTHAJ BUMIPIOBAJIBHOTO €JIEMEHTa
MIJICUITIOETBCS 32 JIONIOMOTor0  mifacuimtoBada. Cucrema Henpsmoi il
peryJroBaHHs IBUAKOCTI 00’ €KTa MoKa3aHa Ha puc.1.6.

Puc.1.6. CAP Henpsimoi nii peryatoBaHHs IMIBUAKOCTI 00’ €KTa

VY wmiit cucremi myra M BuMiproBanbHoro enementa BE nie Ha 3010THUK
3 rigpomiacwioBada I'TI. 300THUK, BUXOIAYM 3 HEUTPAIBLHOTO IOJIOKEHHS,
3a0e3nedye HAAXO/KeHHS Macia Q, Yy BEpXHIO TOPOXKHUHY IMMIIHIpA
TIAPOMICHIIIOBaYa, IO BEA€ JO BIAMOBIAHOTO mepeMimieHHs mopiiHs [,
perymorodoro oprany PO 1 3miam mBuakocTi ®. [lepeBaroro Takux cucrteMm €
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KiHeub 6€3KOLWTOBHOIO YPUBKY.
LLo6bu yntaTtn gani, npugbanTe,
6yab nacka, MOBHY BEPCito
KHUTN.
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