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IlepeamoBa

CydacHuil eram pO3BUTKY CUIBCHKOI'O TOCIOJApCTBAa XapaKTEPU3Y€ETHCS
IIMPOKUM YIPOBA/PKEHHSM CHUCTEM aBTOMATUYHOTO KEPYBAHHS, SIKI HA MOYATKY
XXI-ro CTOMITTA CYTTEBO YCKIQJAHWINCH, OCKIIBKHA BiIOYBCS TEpEXim Bif
aBTOMAaTH3allli OKpeMHUX O0’€KTIB /10 KOMIUIEKCHOI aBTOMaTH3aLli BUPOOHUYUX
IPOLIECIB Ta OJTHOYACHOI'O KEPYBAHHS BEJIMKOK KIJIBKICTIO B3a€EMOIIOB’3aHUX
00’€KTIB, SIKI 3yCTPIYalOThCSl Y TBAPUHHUUTBI, MTAXIBHUITBI 1 POCIMHHMIITBI.
Tak, HanpukiIaA: y NTaxiBHULTBI — KEPYyBaHHS MIKPOKJIIMAaTOM Y NTAIIHHUKAX,
1HKyOaTopax, BUBIIHUX IIadax; y POCIMHHUUTBI — MIATPUMAaHHS B CIOpYJax
3aKpPUTOrO I'PYHTY HE TUIBKH MapaMeTpiB MIKpOKJIIMaTy, aje i TeMiepaTypu Ta
BOJIOT'OCTI 3€MJIi, TEMIIEpaTypHu W KOHIIEHTPAIlii >KUBUIHLHOTO PO3UYUHY MOJUBHOI
BOJM TOMIO.

CinbCcbke  TroCHOJApPCTBO €  cHelu(IYHOK  rajay33l0  HapOJHOIO
rOCTOJIapCTBa, /1€ MOEAHYIOTHCS TEXHIUHI MPUCTPOI 3 O10JIOTTUHUMH 00’ EKTaMH,
0 YCKJAJHIOE NUTAHHS aBTOMATHYHOTO KEPyBaHHS 1 BHMAarae po3poOKu
HOBHMX TEXHIYHHUX 3aco0lB aBTOMATHKH, SKI BIANOBigaJluM © BHUMOraMm
BUPOOHUIITBA CLIILCHKOTOCIIOAAPCHKOI MPOAYKIIIi.

s oOcnyroByBaHHS TaKMX ABTOMATHYHUX CHCTEM HEOOXITHO MaTH
BUCOKOKBAII(PIKOBAHUI 1H)KEHEPHO-TEXHIYHUN nNepcoHan. ToMmy AUCHUIUIIHA
«TeopeTuHi OCHOBM aBTOMATUKH» € 0a30BOI0 y HABYAJIbHUX IUIAHAX PSAY
OakalaBpChbKUX MPOTrpaM 3 TEXHIYHMX CHEIIaJbHOCTEH Yy BHUIUX IIKOJaX
Vkpainu. JlaHuii mociOHMK HamMCaHUWW BIAMNOBIAHO O MPOrpamu MiJrOTOBKHU
¢axiBuiB 3a HanpsMkamu: 6.100101 «Enepreruka ta eneKTpOTEXHIYHI CUCTEMHU
B arponmpoMHCIOBOMYy  KoMmiwiekci», 6.050701  «EnektporexHika Ta
enexkTpoTexHosoriin, 6.050202 «ABTomaTu3allis Ta KOMIT IOTEPHO-1HTETPOBaHI
TEXHOJIOT1i», a TaKOXX CTAaHOBUTb TEOPETHYHY 0a3zy Oararbox CIeliabHUX
JTUCLMIUTIH: «ABTOMaTH30BaHMM  elekTponpuBoa», «lludposi cucremwu
KepyBaHH», «Enexrporexnonorii B AIIK» Ta ixmmi.

Knaura MicTuTh J1eB’SITh PO3IUIIB, B IKUX Big0Opa)K€HO OCHOBHI IMUTAHHS
Teopii aBTOMaTUYHOTO KEPYyBaHHS Ta TEXHIYHUX 3aCO0IB aBTOMATHKH, HEOOX1TH1
creqiajgictaM 3 aBTOMAaTH3alli BHPOOHMYMX IIPOLECIB, SIK B CUIBCHBKOMY
rocroAapcTBl, TAK 1 B IHIIMX raxy3sX HAPOJAHOIO rOCHOJapCTBa.

Y nepuiomy po3AuUll BUCBITJICHO 3arajibHi TOHSATTS, BU3HAYCHHS 1
3aBJaHHS Teopii aBTOMAaTUYHOIO KepyBaHHS, HaBeJleHa Kiacudikaiis
aBTOMaTUYHHUX CUCTEM Ta OCHOBHI 3aKOHU PETyJIIOBaHHS.

Y apyromy pos3nuli HaBeACHI CTAaTHYHI Ta JWMHAMIUYHI XapaKTEPUCTHKU
CJIEMEHTIB 1 CHUCTEM aBTOMAaTUYHOTO KepyBaHHs. KpiM I11bOro, po3risiHyTO
TUTIOBl JUHAMIYHI JIAHKW, PIBHSHHSA JUHAMIKM CHCTEM 1 METOIU IXHBOTO
pO3B’sA3aHHS, a TAKOX MOHATTS MPO MepeAaToyHi (yHKIII, 4acoBl 1 YaCTOTHI
XapaKTEPUCTHKHU.
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Y TperboMy po3/iii MOJAHO OCHOBHI CXEMH, 110 BHUKOPUCTOBYIOTHCS B
aBTOMATHI[l, MpaBuia MEPETBOPEHHS CTPYKTYPHHUX CXEM JIHIMHHUX CUCTEM Ta
OCHOBHI BJIACTHBOCT1 00’ €KTIB KEPYBaHHS.

VY yeTBepTOMYy pO3AUTI HaBEIEHI METOJM BU3HAUCHHS CTIMKOCTI CHUCTEM
aBTOMATUYHOI'O KEPYBaHHS.

Y m’aroMy po3aini pO3TJSHYTI NMUTAHHS OIIIHKH SIKOCTI KEpYyBaHHS Ta
METOY TTOOYI0BH KPUBUX MIEPEX1THOTO MPOIIECY.

[ocTuit po3ain NpUCBIYCHUN BU3HAYEHHIO TOYHOCTI pOOOTH CHCTEM Ta
CHUHTE3y KOPEKTYIOIYHX TMPUCTPOIB 3a JOMOMOTOK JIOTapuPMIYHUX Ta
aMILTITY10-(a30-4aCTOTHUX XapaKTEPUCTHK.

Y chbOMOMY pO311Il MOJAHI XAPAaKTEPUCTUKH BHUMAJKOBUX IPOILECIB,
METOM PO3PaxXyHKYy TOYHOCTI Ta CHHTE3y CHCTEM aBTOMATHYHOTO KEPYyBaHHS
IPY BUTIAJKOBUX BX1THHX 1 30yPIOBATBLHUX JTisIX.

Y BOCbMOMY pO3/iJIl HaBEJCHI THUIOBI CYTTEBI HEMHIMHOCTI 1 iXHI
XapaKTEPUCTUKHU Ta METOJIU JOCIIKEHHS HETIHIHHUX CUCTEM.

Y nep’daroMy poO3auUll  pO3MNISIHYTO OYyJIOBY, HOPHHIMI pPoOOTH 1
XapaKTePUCTUKU EJIEKTPUYHUX JATUMKIB pI3HUX (I3UYHUX BEJIMYUH Ta
BUKOHABYMX  MEXaHI3MIB, 110  HaWyacTille  BUKOPUCTOBYIOTbCS IS
aBTOMAaTH3allli TEXHOJOTTYHHUX MPOIIECIB.

ABTOpPM HaMarajuch MoAaTH MaTepian B HAWMOUIbII 3py4HiN IS yuTadya
dbopmi. 3aranbHi KOHIEMIII Teopii HABOAATHCSA O3 MOoBeeHb. MareMaTHYHUN
amapaT BHUCBITJIICHO Y BIATIOBITHUX PO3iiax 1 B IoJaTKaxX MOCIOHMKA.

Benuky yBary aBTOpM NpuAiIsSIOTh METOAAM PO3PaxyHKY Ta JOCIIIKECHb
CUCTEM aBTOMAaTUYHOrO KepyBaHHs. Tak, U1 pO3B’sI3aHHS OJHIET 1 TIET K 3a7a4i
BKa3aHO, SIK MPaBUJIO, JCKUIbKAa METO/IB, 30KpEMa, 3 BUKOPUCTAHHSIM IaKETIB
npukiagHux mporpam Matlab 1 Mathcad.

Jlanuii ~ 1OCIOHMK  MpU3HAYEHMM  JJId  CTYJEHTIB,  ACHIpaHTIB
€JIEKTPOTEXHIYHUX CleliaIbHOCTEN 1 Oy/Je KOPUCHUM 1HXEHEPHO-TEXHIYHUM
npaiiBHUKAM, SIKI 3aiiMalOThCA MHUTAHHSAMHM aBTOMATHKM Ta aBTOMAaTH3allii
TEeXHOJIOTTYHUX mponeciB. [lomanuii B MOCiOHMKY MaTepial € TEOPETUYHOIO
0a3010 JJI MPAKTUYHOTO BUBUEHHS PEATbHUX aBTOMATUYHUX CHCTEM.

[Ipy HamucaHHi TOCIOHWKA BUKOPHUCTOBYBABCSA JOCBIJI BUKJIaJaHHS
JTUCITUTUTIHU B HarmionansHomy YHIBEPCUTETI 6iopecypciB Ta
NPUPOJAOKOPUCTYBaHHA YKpaiHm Ta B bepexaHChKOMY arpoTeXHIYHOMY
THCTUTYTI.
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PO311JI 1. 3AT'AJIBHI BIZOMOCTI ITPO CUCTEMH
TA EJJEMEHTH ABTOMATHUKH

1.1. Koporkuii icTOpHYHUI HAPUC PO3BUTKY TeOPii ABTOMATHYHOI'0
KepyBaHHS

Teopis aBTromatuunoro kepyBanHs (TAK) € TeopetnuHoro 0cHOBOIO, Ha 0a3i
K01 po3p0o0JIEHO OUIBIIICT aBTOMATUYHUX NpUCTpoiB. [IpeqmeTomM BUBYEHHS
TAK € npunnunu noOynoBU, METOAM aHANI3y 1 CHHTE3Y JAOCUTH MOIIUPEHUX
CUCTEM aBTOMATHUYHOI'O KEpPyBaHHSA 1 pEryJoBaHHA. 3ajaadl KepyBaHHS 1
BIJIMOBIJHI METOAM W 3acOo0M IXHBOTO BHPIIIEHHS 3 SIBUWIKCh pa3oM 3
BUHUKHEHHSM IuBUII3amii. TpuBanuil yac Teopis 1 MpakTUKa KepyBaHHS
pPO3BUBAJIIMCH TiJ BIUIUBOM HEOOXIJHOCTI BHUpPILIIEHHS 3aJady KepyBaHHS
TexHIYHUMH 00’ ekTamu. i 3a7aui cTamu 0coOJMBO aKTyaJdbHUMHM MICHS TOSBH
nepmux npoMucioBux perynstopiB y XVIII c¢r., xoua okpemi aBTOMaTH4HI
pEeryisiTopu CTBOPIOBAINUCH 1 paHillie, aje BIUIMBY Ha (OPMyBaHHS TEXHIKH 1
Teopli aBTOMAaTHUYHOTO KEpPyBaHHSI HE Maju. Tak, MepUIMMH HPOMHUCIOBUMHU
peryJisaTopaMu LbOro Iepioxy OynM: aBTOMAaTUYHHUM IOIUIABKOBHUI PETYJISATOP
JKUBJICHHSI KOTJIa TIapoBOi MaiuHu, nmodynoBanuii y 1765 p. 1. [lon3yHoBuM B
Bapuayini; BIZUEHTPOBHI pEryJssATOp MIBHJIKOCTI MMApOBOI MAIIMHH, HA SKUU Yy
1784 p. onepxaB nareHT aHriiiicekuil Mmexanik /[x. BaTT; nepmmii nporpamMHuii
OpUCTPiil KepyBaHHS TKAlbKUM BEPCTATOM BiJ mepQokapTu, moOymaoBaHUN y
1808 p. XK. XKakkapom. Iloganbinii pO3BUTOK TEXHIKH MPU3BIB 10 BUHUKHEHHS
OJIHOTO 3 HAamNpsSMKIB TeOopili KepyBaHHS — TEOpli aBTOMATHUYHOI'O KEpyBaHHS
(peryntoBaHHs1). Bce 11e cmoHykano /10 NPOBEIECHHS TEOPETUYHUX JOCIIKEHb.
VY npyriii nonoBuHi XIX cT. 3’sBunKcs QpyHIaMeHTaabHI HAYKOB1 poOOTH, SK1
3aKjad METOoJoJIoTiuHy 0a3y: pobotu Jx. Makceemna «IIpo perymstopu»
(1866) 1 npodecopa IletepOyp3bkoro TEXHOJIOTIYHOTO THCTUTYTY
I. Bummnerpaacekoro «IIpo 3arameHy Teopiro perynsropiBy (1876) 1 «Ilpo
peryimsropu mnpsmoi  mii»  (1877). YV  mocmimkennsx Jx. MakcBemna Ta
[. BumiHerpaacbkoro 06’ €KT KepyBaHHS — MalIMHA 1 PETYIISITOP — PO3IIISIAETHCS
K €IMHA JTUHAMIgHA cUcTeMa. Y MUX poOO0Tax YCTAHOBJICHO CHCTEMHHUU ITIIXi
y mnpoOiiemMi JOCHIIKEHHST HAWPI3HOMAHITHIIIMX 3a MNPUHOUOOM Jii 1
KOHCTPYKLIi CUCTEM, 3aKJIaJ€HO OCHOBH TEOPIii CTIMKOCTI CUCTEM PEryJIFOBaHHS
Ta OOIPYHTOBAaHO DS BaXJIUBUX 3aKOHOMIPHOCTEH pEryJlOBaHHS 3a
IIPUHLUATIOM 3BOPOTHOTO 3B’ SI3KY.

VY kinmi XIX cr. — B mepmiii mojioBuHI XX CT. 3 PO3BUTKOM 0Oaratbox
rajxy3ed mpOMHUCIOBOCTI, TPAHCIIOPTY, CUCTEM 3B’SI3KY, 3 SBJISIFOTHCS BCE O1IBII
CKJIQJIHI CUCTEMHU aBTOMATHUKH, IO MOTPeOyBaIO MOAAJIBUIOTO PO3BUTKY TEOPii
aBTOMaTUYHOTO KepyBaHHs. llel mepion BimMiueHuit pobOotamu mpodecopa
XapkiBcbkoro  yHiBepcutrery — O. JlanmynoBa (1857 -1918), saxuii €
OCHOBOTIOJIO)KHUKOM TEOpii CTIHKOCTI AMHAMIYHMX CHUCTeM. BiH 3amporoHyBaB
OI[IHIOBATH CTIWKICTh CHCTEMH Ha OCHOBI aHaNi3y pPIBHSIHHS JWHAMIKH, IO
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onucye cucremy. E.Paycom y 1874p. 1 A.TypBiuem y 1895p. Oynu
po3pobiieHi anrebpaiuHi KputTepli cTiMkocTl. OmnyONiKOBYIOTBCS  pOOOTH:
pobora X. Haiikicra (1932), B skiil po3riisnaeTbcs KpUTEpId CTIAKOCTI
paIlOTEXHIYHUX MIACUIIOBAYiB 13 3BOPOTHHMM 3B’S3KOM, I0OYyJOBaHUN Ha
BJIACTUBOCTSIX YAaCTOTHOI XapaKTEPUCTUKH PO3IMKHYTOI CHCTEMH, 1 poOOoTa
A. MuxaiinoBa «I'apMoHiuHUN MeTOa B Teopli perymoBaHHs» (1938), B skiii
JOBEICHA  JOIUIBHICTh ~BUKOPHUCTAHHS YacCTOTHHX METOMIB B  Teopii
peryaroBaHHS 1 3aPOTIOHOBAHO HOBUM KpuTepiil (Kputepii Muxaiiosa), sKuit
HE BUMaraB MOTIEPEIHHOT0 PO3MUKAHHS KOJIa PEryTIOBaHHS.

Y 1946p. TI'.bome 1 JI. Mak-Kon BBenmu norapudmivydi YacTOTHI
XapakTepucTuku. P. @uoig  amd  JOCHIIKEHHS  SIKOCTI  3alpOIOHYBAaB
anpOKCHUMYBAaTH BaroBy 4acTOTHY XapaKTEPUCTHKY CyMoro Tpaneuii. I'. bpays,
A. Xomn, . Kemn6emn, I'. Uectnar, B. CoI0JOBHUKOB 3aBEpIIMIIM PO3POOKY
YaCTOTHHUX METOIB CHHTE3Y 1 MPOCKTYBAHHS CUCTEM, 3pYUHUX IS 1HKCHEPHUX
pPO3paxyHKIiB.

B 30-50-1 poku XX CT. po3p0o0sitOTHCS OCHOBU TEOP1l HEMIHIMHUX CHUCTEM.
3aBAaHHs CyTTEBO YCKJIQHIOBAJIOCH 13-3a BIJICYTHOCTI 3arajbHOr0 MaTeMaThy-
HOTO amapary sl HeNHIMHUX 3a7a4. 3pYIICHHsS B IbOMY HANpsSMKY BiIOYyJIHCS
TOAl, KOJU 31 BCi€El MHOXHWHHU OKPEMHUX BHJIIB HEJIHIMHUX cuCTeM OyJio
B11I0OpaHO JIOCTaTHHO HIMPOKO PO3MOBCIOKEHI B IMPAKTHIIl CHUCTEMH, B SKHX
MOXHA BHJUIATH JIBI YaCTUHU: JIHIAHY JIWHAMIYHY 1 HEJIHIWHY CTaTHYHY.
Haiibinmpmr  gerambHO OyJIO  JOCIHIDKEHO KYCKOBO-JIIHIHHI — ampoKcHUMalii
HETIHIMHUX CTaTUYHUX XapakTepuctuk. Y 1959 p. pyMyHCHKHI ydYeHHIA
B. ITonoB po3poOuB TOUHMIT METOJ aHANI3y CTIMKOCTI OJHOIO KJIACY HEIIHIMHUX
CUCTEM B YaCTOTHIN 00JIaCTI.

Benuke 3HaueHHS I SAKICHOI'O HOCHIHPKEHHS HEIIHIMHUX CHCTEM MAaroTh
METOIM, SKI TPYHTYIOTbCS Ha IMPEACTABJICHHI MEPEXIJHUX MPOLECIB
TpaekTopisiMU y (ha30BUX IUIOHIMHAX 1 mpocTopi. lJis BU3HAUEHHS NapaMeTpiB
aBTOKOJIMBAaHb 1 YMOB iXHBOI'O BHUHUKHCHHS HAONMKCHHUMH METOJIaMH
M. KpuiioBum 1 M. boromo6osum  (1934) Oyno  po3poOiieHO  MeTox
rapMmoHiuHoro Oanancy. JI. lompagapd mnomaB rpadoaHadiTUUHUM METON
3HaXO/DKEHHS B IEpIIOMY HAOJMIKEHHI 4YacTOTH 1 aMIUNTYJId OCHOBHOI
TapMOHIKH aBTOKOJIMBaHb 3a JJOTIOMOTOI0 YaCTOTHUX XapaKTEPUCTHK.

S. Hunkin 1 b. Xamens po3poOuiin 0CHOBH TeOpii pelIeHHUX CHCTEM.

JI. llonTpsrin, P. bemnman, A. JleroB, M. KpacoBcbkuii Ta 1H. €
OCHOBOIIOJIO)KHUKAMH TE€OPil ONTUMAIBLHOTO KepyBaHHs. Y 1956 p. po3pobieHo
1 chopMyITLOBAHO METOJl JUHAMIYHOTO TPOTrpaMyBaHHs bemMana 1 mpuHIHI
MakcumyMmy lloHTpsriHa, sIKl IMIMPOKO 3aCTOCOBYIOTHCS B TE€OPIi ONTHUMATbHUX
IPOLIECIB.

Po3po6ieno yHiBepcaabHUM METOJA MOCIHIKEHHSI CUCTEM aBTOMATUYHOIO
KEepYBaHHS — METOJ MPOCTOPY CTaHiB. Y JaHW dYac BeIeThCs poOoTa Haj
TEOpIEI0 CUCTEM 13 0OararbmMa peryJbOBaHUMH MapaMeTpamH, CHUCTEM
eKCTPEMAIBHOTO PEryJIFOBaHHS Ta IXHHOI ONTUMI3AILII.
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JInst nociiKeHHsT CKIaAHUX CUCTEM pPO3pOOJISIOTHCS 1 BUKOPUCTOBYIOTHCS
NAKETH MPUKIAJHUX MPOTrpaM ISl IMITAI[IHHOTO MOJIETIOBaHHS IPOLIECIB.

1.2. OCHOBHI NOHATTHA TA BU3HAYCHHHA

Y HapogHOMY TOCTIOAApCTBI BUKOPUCTOBYETHCS BEJIMKA KITBKICTh MAIIIHH,
YCTaHOBOK, MPU3HAYEHUX JUIsI BUKOHAHHS PI3HOMAaHITHUX (YHKIIHA. BiibimicTs
BUPOOHMYMX TMPOIECIB YACTKOBO YHM TMIOBHICTIO aBToMaru3oBaHl. KopiHb
HaBEJICHUX TEPMIHIB «aBTO» ITOXOJHUTHh 3 JABHBOTPEILKOTO 1 O3HAYAE «Cam,
«CaMOCMIUHULY.

Aemomamu3zayisi — BHUIIMA €Talml PO3BUTKY BHUPOOHUYOI TEXHIKH, SKUN
XapaKTEPHU3y€EThCS 3BUTLHEHHSM JIFOAWMHU Bia (I3UYHOI TpaIli 1 BiJ BUKOHAHHS
GyHKUIA yOpaBiIiHHS 1 KOHTPOIIO 32 MAIIMHAMHU.

BunuisroTs Taki piBHI aBTOMAaTU3ALI1:

1. YactkoBa aBTOMaTrH3auisi. ABTOMAaTU3allisl TIIBKH OKPEMUX BHPOOHHYUX

oneparliiii. He 3BibHSIE MIIKOM JIFOJIMHY BiJ y4acTi y BUPOOHUIITBI.

2. KommiekcHa atomatuzainisi. CTOCYe€TbCS TEXHOJOTIYHOTO TMPOIECy 1
O3HA4Ya€ AaBTOMATUYHE BUKOHAHHA BChOTO KOMIUJIEKCY ONEpalliii,
00’€HAHNX 3araJibHOI0 CHUCTEMOIO KepyBaHHA. DyHKIS JIOAUHA —
CIIOCTEPEKEHHS, aHAMI3 1 3MiHA PEKUMIB MPOIIECY.

3. IloBHa aBTOmaTHu3aiis. Bubip 1 y3rokeHHsI peKUMIB POOOTH 3I1MCHIOE
cnemianbHuid  aBromMar. DyHKIS TIOAUHM — OIJSLA, NpodiUIaKTHKA,
PEMOHT, niepedy10Ba BCI€T CUCTEMU.

OcCHOBHI IepeBaru aBTOMaTH3allil MOJATaI0Th Y 3a0€3MEeYCHHI:

— 3pOCTAHHS NPOAYKTUBHOCTI Ta MOJINIIEHHS YMOB Ipalll;

— BUKOHAHHS POOIT y BaXKKOJOCTYITHUX YW B3arajli HEIOCTYIHHX JUIS JIFOAUHHU
ninsHKax (pajloakTUBHI 30HH, KOCMOC, OKpeMI BHJM METaTypriiHOro Ta
TIPHUYOT0 BUPOOHHUIITB);

— MJABUIIEHHS TOYHOCTI, SKOCTI TEXHOJIOTIYHUX TIPOIECIB 1 BIAMOBITHUX
BUPOOIB;

— 3POCTaHHS HAMIMHOCTI Ta TEXHIKO-€KOHOMIYHMX ITOKA3HHWKIB 1 3arajabHOl
KyJIbTYypY BUPOOHHUIITBA Ta KBaTi(iKaIlii 00CIyroBy0UOro nepcoHaty.

[lin asmomamukorw PO3YMIIOTh Tally3b HAyKH 1 TEXHIKH, SKa BHBYAE 1
3aCTOCOBYE TEOPI0 aBTOMATHYHOTO KEPYBAaHHSI, MPUHIIMIK TOOYJAOBH CHCTEM
aBTOMAaTUYHOI'O KEPYBAaHHS Ta TEXHIYHI 3aCO0M JUIs peastizalii [IUX CUCTEM.

ABTOMAaTH30BaHU (aBTOMAaTWYHUM) MpOLEC MOXKE OyTH JOCHTh IPOCTUM
(Hampukian, 3a0e3MedeHHs CTaJOr0 PIBHS PIAMHU B JACSIKUX MOCYIAHHAX) i
JOCUTh CKJIAAHUM (3a0e3neueHHs MNOTpIOHOro pexxkuMy poOOTH JiTaka 3a
JIOITIOMOT'0I0 aBTOIILIIOTA).

ABTOMAaTH3aIlil BUPOOHUIITBA 3/IIMCHIOETHCS 3a JIOMOMOIOK) aBTOMATHUYHHX
NPUCTPOIB (aBTOMATIB). A6momam — yCTaHOBKA (MaIlIMHA, arperar), sika Mpaitoe
3a 4ITKO 33/IaHUM aJITOPUTMOM 0e3 Ge3nocepeiHboi yvacTi moauHu. [Ipuctpoi
aBTOMAaTHUYHOTO KEpyBaHHsA 3a0e3leuyloTh HEOOXigHI 3MIHM B XO/l
TEXHOJIOTTYHUX MPOIECIB.
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CydacHi CUCTeMH KepyBaHHS TEXHOJOTIYHUMH MPOIIECAMU XapaKTEPUIYIOThCS
BEJIMKOI0 KUIBKICTIO 1 PI3HOMAHITHICTIO TEXHOJIOTIYHUX MapaMeTpiB, CHUCTEM
KepyBaHHs (peryyioBaHHs1) 1 00’€KkTiB KepyBaHHA. Tak, miag cucmemoro
asmomamuunozo kepyearts (CAK) po3yMitoTh CyKyIHICTh 00’ €KTIB K€pyBaHHsI
(pobo4oi MaimMHM, MEXaHi3My) Ta 3’€JIHAaHMX II€BHUM YHHOM €JIEMCHTIB
aBTOMATHKH, B3a€EMOJisl SKUX 3a0€3MeUyeThCsl PO3B’A3aHHSAM TOCTABICHOTO
3aBIaHHS KepyBaHHS 00’ €KTOM.

[TapameTp TEXHOJOTIYHOTO Mporecy — (i3uyHa BEIUYMHA TEXHOJIOTTYHOTO
IpolLecy, HaNpUKIaa, TeMIepaTypa, TUCK, piBeHb, 00’ €M, Maca, Halpyra TOIIO.
[TapameTp TEXHOJIOTIYHOTO  TIpollecy, SKUM  HEOOXIMHO  MIATPUMYBATH
NOCTIHHUM a00 3MIHIOBATH 3a 33/JaHOI0 MPOTPAMOI0 YU 32 MEBHUM 3aKOHOM,
HA3UBAETHCS pe2yIbO8aHUM napamempom. 3HAUCHHS PEryJIbOBaHOI BEJIMYMHHU,
oJlep’KaHe B MEBHUII MOMEHT 4acy Ha OCHOBI JIaHUX MEBHOTO BUMipPIOBAJILHOTO
NpUIay HaA3UBAETbCA BUMIPSHUM 3HAUEHHSIM.

BumipstHuil 1 perynboBaHUil MapaMeTpu TEXHOJOTTYHOIO MPOLECY MOXKYThb
Ipy HEOOXIJTHOCTI MEPETBOPIOBATUCS MEPBUHHUM BHMIPIOBAJBLHUM MNPUIIAIOM
(matuukom) y Oynb-sKi yHi(iIKOBaHI cHTHamu. SIKIO0 JaTyuK (HampUKIad,
TepMoIiapa, TEPMOIEPETBOPIOBAY OMOPY, TEH30MEPETBOPIOBAY Ta 1H.) BUJAE HE
yHI(IKOBaHUN CUTHAJ, TO JUIsl MPUBEJIEHHS KWOTO J0 CTAaHJAPTHOIO Jiara3oHy
MOBUHEH OyTH BCTAaHOBJICHWM BIIMOBITHUN TMEPETBOPIOBAY CUTHAINIB. Takox
MO>KHA BUKOPHCTOBYBATH BUMIPIOBaUl — PETYJSITOPU 3 YHIBEPCATIHLHUM BXOJIOM,
K1 TATPUMYIOTh MIAKIIOYEHHS OUIBIIOCTI HAWOUIBII TMOIIUPEHUX THIIIB
JATYMKIB 0€3 BUKOPUCTAHHS MEPETBOPIOBAYA CUTHAIIB.

06 ’exm kepysanns (OK) uu 06’exkm pezyntosanus — npucmpii (yCTaHOBKA,
9 OyIb-sIKUK 1HIINH 00’€KT), HEOOXITHUN pPEXKUM pOOOTH SKOTO MOBHHEH
NIATPUMYBATHCh 30BHI CHELaIbHO OPraHI30BaHUMH KEPYHOUMMH OisiMU. Tak,
OyIp-sKMil 00’€KT KepyBaHHA MOXKHA MOJATH y BUIJISAL CTPYKTYPHOI CXEMHU

(puc.1.1)

Kanan 30ypenns

J ,
K3

x(t) Kanan y(t)
kepyBaHHsa KK

Puc. 1.1. CtpykTypHa cxema 00’ €KTa KepyBaHHS

Kanan, uepe3 sikuit 30yproBajbHa Jisi f(¢) BIUIMBAE Ha BUXIJHY BEIMUUHY
y(t) 06’€xTa, Ha3UBAIOTHL Kananom 36ypenns K3.

Kanan BrumBy BXigHoi aii x(r) Ha BuXigHy BenmuuHy y(f) 006’€KTa
HazuBaeTbes kananom kepysants (KK) o0’exra.
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BuxigHi BenMYMHM KaHANIB J0JAOTHCSA (BIAHIMAIOTHCSI) 3 JOMOMOIOIO
cymaropa.

O0’ekTamMu  KEpyBaHHS MOXYTb OyTH, Hampukiaa, Imi4, peakTop,
TEIUIOOOMIHHUK, a TaKOX Tpylma TEXHOJIOTIYHUX alapariB  4d  1HIIE
TexHoyoriyne oOnaaHaHHsA. Kracudikaiiss 00’€KTiB KepyBaHHS HaBelcHA B
tabmum 1.1.

Tabmuusg 1.1. Knacudikariis 06’ €kTiB KepyBaHHS

Knacudikanis
00’€KTIiB Koporka xapaktepucTuka 00’€KTa KepyBaHHS
KepYBaHHS
1. 3a xapakrtepoM |e IlukiiuHi, HEPIOANYHI
MIPOXOKCHHS e HenepepBHO-IIMKIIYHI
TEXHOJIOTTYHOTO e HenepepsHi
poIeCy
2. 3a xapakrtepoM | e OG6’ekTH 3 CaMOBHPIBHIOBaHHSIM.
YCTAJIEHOTO CaMOBHpIBHIOBAaHHSIM nporecy perymroBaHHs
3HAYECHHS  BHXIJHOI | HA3MBAETHCS BJIACTHBICTH PEryJILOBAHOIO 00 €KTa ImicIis
BEITUYMHU 00’ €KTa MOPYIIICHHSI CTaHy PIBHOBArv MOBEPHYTHCS B IEH CTaH
caMOCTiitHO, ©0€3 ydwacTi JIIOAWHH YU PeryJsTopa.
CamoBUpIBHIOBaHHS CIIpHUsi€ OUIBIII HIBUIKINA

cTaburizallii peryjboBaHOI BEJIWYMHU 1, BIJMOBIAHO,
MOJIETTITY€ 3arajioM poOOTY JIIOJUHU YU PETYIATOpA.
e (O06’extH 06€3 CaMOBUPIBHIOBAHHSI

3. 3a cTpykryporo | e bBe3 3ami3HEHHA

00’exTa e [3 3ami3HeHHsAM. HasiBHICTB 3ami3HEHHS — XapakTepHa
O0COOIUBICTh OUIBIIOCTI TEXHOJOTIYHHX OO0’ €KTIB, SKa
MOSICHIOETBCS ~ KIHIEBOKO  IIBHJKICTIO  MOUIWPEHHS
NOTOKIB  1H(MoOpMamii B TEXHOJOTIYHUX 00’ €KTax
(TpaHCTIOPTHE 3aIi3HECHHS)

4. 3a KUIBKICTIO | ¢ OQuHOMipHi (OaMH BXix i OAMH BUXix)
BXIIHUX 1 BHUXIJHHUX | ¢ bararoMipHi 0arato3p'si3aHi — HasBHICTb B3a€MHOIO
BCIMYMH 1  IXHIM | BIUIMBY T€XHOJIOTIYHUX MapaMeTPIB OJUH Ha 1HIIOrO

B33a€MO3B’ I3KOM e bararoMipHi HEe3B’s13aH1 — HE3HAYHUN B3a€EMO3B’ 30K
MK TEXHOJIOTIYHUMU TTapaMeTPaMHM

5. 3a BUJIOM | o J[iHiiiHi

CTAaTUYHOI e Hemuiiini

XapaKTEPUCTUKU 1

XapaKTepoM

MaTEMaTUYHUX

CITIBBIHOIIECHD

11
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3akinyends tadmaum 1.1

6. 3a  IOBEHIHKOIO
00’e€kTa KepyBaHHS B
CTAaTUYHOMY PEXKHUMI

e Crarnydil. OmHO3HAYHA 3aJIEKHICTH MIXK BX1JIHOIO
1 BUXIIHOIO JissMH (cTaTWyHUU cTaH). [Ipukinamom €
OyIb-SIKWH TETUIOBHH 00’ €KT.

e AcrarnuHi. 3anexHicTb BIACYTHS. Hanpukian,
3aJIEKHICTh KyTa TTOBOPOTY POTOpPA €IEKTPOIABUTYHA
B1Jl IPUKJIAJICHOI Hanpyru (IpH Mojaadl Hampyrd KyT

MOBOPOTY OyJne TMOCTIMHO 30UIbIIYBATUCh, TOMY
OJIHO3HAYHA 3AJIEKHICTh Y HOT'O BIJACYTHS).

7. 3a po3nofineHicTO | o JlokanbHi 00 €KTH KEpyBaHHS

00’€KTa KepyBaHHsI e Posmogineni 00’ €KTH KEpyBaHHs

8. 3a Tunom e (CrauioHapHi

CTAIllOHAapHOCTI 00°€KTa | o  HecramioHapHi. IlapaMeTpun  HeCTalliOHAPHOTO

00’€KTa Ha MPOTATOM Yacy 3MIiHIOIOThCs. Hampukmnan,
XIMIYHUH PEaKTOp 3 KaTaiai3aToOpoM, aKTUBHICTh SKOTO
3HIDKYETHCS] IPOTATOM MEBHOTO 4Yacy.

9. 3a 3aJeXHICTIO BIJ
IHTE€HCUBHOCTI
BUIIAJIKOBUX  30ypEHb,
IO JIIIOTH HA 00’ €KT

e (CroxacTuuHi
e JlerepmiHOBaHi

10. 3a nanpsiMkom aii | e OG’eKTH MPAMOT (HOPMAIBHOT) il
e (O0’ekTH 3BOPOTHOI (pEeBEPCUBHOI) il
11.  3a  s3parmictio | ¢  HeemuicHi 06’ ekt
HaKOIUYYyBaTH poOOYE | o €muicHi 00°ektn. OO6’€KTM  pEryIrOBaHH:A
CepelloBHIIE (E€MHICHI 1 | BoIOMifOTh  3MATHICTIO aKkyMmyJitoBaTU  poboue

OaratoemMHiCHI 00’ €KTH)

cepelloBHUIe. 3amac HaKOIMMYEHOI 00’€KTOM CHeprii
(peuoBHHM) HA3MBAETHCS €MHICTIO 00’e€kTa. DI3MYHO
BOHA TIPOSIBIIAETBCS Y  BUIJISIAI  TEIUIOEMHOCTI,
Tr€OMETPUYHOI €MHOCTI pe3epByapa, 1HEPUIMHOCTI |
iH. Hanpuknaza, emMHicTh 0aka 3 BOJIOIO 3aJICKUTH BiJl
fioro posmipiB. Uum Oinmpmnii 6aK, THM TOBIIBHIIIEC

Oyze  3MIHIOBaTHUCA  piBEHb NOpU  MOPYIICHHI
BIAIIOBIIHOCTI MDK HAIXO/KEHHAM Boaud 1 11
BUTpPATAMU.

Oco0nuBicTIO OUIBIIOCTI 00 €KTIB YNPABIIHHA € iXHS
O0aratoeMHICTh (HAsBHICTb KackaJiB YW JIAHOK
TEXHOJIOTIYHUX 00’€KTIB). baraToeMHICTh TPU3BOIUTH
0  TIJBUINCHHS  TOPSAKY  JaudepeHIliaabHOro
pIBHSHHA 00’€kTa, TOOTO 10 TOSBU OaraThbox
JIOCTaTHBO MaJIUX MOCTIMHUX Yacy 00’ €KTa.
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Kepysanns — ue ¢dopmyBaHHS Kepyrodoi Jii 3a MEBHUM 3aKOHOM, SKUH
3abe3neuye HeoOximHuit pexum pobotu OK. Aemomamuune repysanms —
KepyBaHHS, sIKe 3A1HMCHIOEThCA 0e3 0e3nocepeHbO1 yUacTl JIFOAUHH.

YacTKOBUM BHMAJKOM BXXUBAHHS TIOHSATTS «KEpY8AHHA» € TIOHSATTS
«pe2ynoeantsay. 3alaya peryJioBaHHs MOJISATa€ B IOBEAEHHT BUX1THOT BEJIUYUHU
00’€KTa peryyroBaHHs 0 3a3JaJerilb BU3HAYEHOr0 3HAYEHHS 1 MATPUMAHHS ii
Ha 33J]aHOMY 3HAY€HHI 3 ypaxyBaHHSIM 30ypIOBAIbHUX JTii.

Jlist 3a0e3neueHHs miATPUMaHHS 3a/IaHOT0 3HAYCHHSI PEryJIbOBAHOT BEJTUYHHU
Yyl aBTOMATHYHOI 3MIHM 1ii 3a 3aJlaHUM 3aKOHOM BHKOPHCTOBYIOTBHCS
pe2ysmopu.

[Ipu po3rmsami aBTOMATHYHHUX CHUCTEM BAXKIMBUMHU € TIOHSATTS: «BXi0»,
«8uxioy, «0isy (3amaBasibHa, 30yproBalibHA, BUXITHA), «360POMHULL 36 A30K).

Bxio — e yacTuHa aBTOMATUYHOI CUCTEMH abo i1 MpUCTPOro, OJI0KA, JIAHKH,
Ha sIKy 0e3MmocepeHbO MOIAE€THCS 30BHIITHS 1Sl

Buxio — yacTiHa aBTOMaTU4YHOI cUcTeMU a0 ii mpUCTporo, OJI0Ka, JTaHKH, sIKa
Jie 6e3mocepeIHbO Ha30BHI.

3aodasanvha O0is — i Ha CUCTEMY, sSKa BHU3HA4Yae HEOOXIJHWM 3aKOH 3MIHH
peryab0BaHO1 BEJIMYUHHU.

36yprosanvua Ois — nis, SKa HAMAraeTbCs MOPYIIUTH (YHKIIOHATBHUN
3B'I30K MK 331aBAILHOIO JII€I0 1 pEeryJIbOBAaHOIO BEIMYUHOIO.

Buxiona 0ia — pis, sKa BHWAAETbCS HA BUXOJl CHCTEMH KEPYyBaHHS 4YH
MPUCTPOIO PETYITIOBAHHS.

JlonatkoBwuii 3B's130K B cTpykTypHiil cxemi CAK y HanpsiMKy BiJl BUXOIy IO
BXOJY HA3UBAETHCS 380POMHUM 38 53KOM. PO3PI3HSAIOTH 3BOPOTHI 3B SI3KU:
JOJIaTHI 1 BIJI’€MHI, TOJIOBHI 1 MICLEBI, OPCTKI 1 THYYKi. SIKII0 3BOPOTHUI
3B’SI30K BU3HAYAETHCS alIreOpaidyHO0 CyMOIO 3aJaBajbHOTO CUTHATY 1 CHTHAIY
3BOPOTHOIO 3B’SI3KY, TO TAKUM 3B'A30K HA3UBAETHCA 000AMHUM, & PI3HULECIO —
810 EMHUM .

3BOPOTHUM 3B'SI30K, SIKM YTBOPIOETHCS PETYISTOPOM CTOCOBHO 00’€KTa
KEepyBaHHs, HA3UBAETHCS 20J108HUM.

3BOPOTHI 3B’SI3KH, SIKI MOXYTh OyTH B CaMOMY PETYJISTOPi, HA3MBAIOThCS
MicyesuMuU.

Jlns crabimizaniii cucteM 4M JUIsi CTBOPCHHS B HUX OLIBIN JISTKHX PEKHMIB
MEPEXIIHUX MPOIIECIB B KOPEKTYIOUHUX MPUCTPOSIX BUKOPUCTOBYIOTHCS 3BOPOTHI
3B’SI3KH, SIKI B [IbOMY BHUIIAJKY MOAUIAIOTH Ha JKOPCTKI 1 THYUKI.

CyTb eHyuxko20 3BOPOTHOTO 3B’A3KY IOJISATa€ B TOMY, I1I0 BIH JI€ JUIIE 1]
yac NEPEeXIJTHOI0 MPOLECY 1 MOBHICTIO YCYBA€ThCS B YCTAJICHOMY PEXHUMI.
Ao 3BOPOTHUM 3B'I30K JlI€ HE JIMIIE B MEPEXIAHOMY pEXHMMI, a U B
YCTaJ€HOMY, TO TaKWWA 3BOPOTHUM 3B'SA30K HA3UBAEThCA orcopcmrum. Crif
BiJI3HAYUTH, IO TOHATTS THYYKOTO YH JKOPCTKOTO 3BOPOTHOTO 3B’SI3KY
OB’ SI3aHO 3 TI€I0 BEIMYMHOIO, KA MPUMUMAEThCS SK BUXiMHA. Tak, HalIpUKIIa,
3BOPOTHHH 3B'I30K MOXE OyTHM THYYKHM JI0 KyTa MOBOPOTY Baja JIBHTYHa i
KOPCTKHM II0J0 HIBUIKOCTI HOTO 0OepTaHHS.
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Jlns Bu3HAUCGHHA JUHAMIYHUX BJIACTUBOCTEH aBTOMATHYHOI CHCTEMH
HEOOX1IHO MaTH ii MaTEeMAaTUYHUI OMUC, TOOTO MAaTEMAaTUYHY MOJIENIb CUCTEMHU.
B Teopii aBTOMAaTUYHOTO KEpyBaHHS €JIEMEHTH aBTOMATHUYHHMX CHUCTEM IS
BUBYCHHS 1XHIX JTUHAMIYHUX BJIACTUBOCTEH MOJAIOTh Yy BUIJIS/I €IEeMEHTapPHUX
TUHaMIYHUX JIaHOK. Ilin enemenmaprnoro Ounmamiunor nankow PO3YMIIOTH
MaTeMaTU4Hy MOJIeJib YaCTUHM CHCTEMHU YW (YHKI[IOHAJIBHOTO eJeMEHTa
aBTOMATHKH, SKa XapaKTCPU3YEThCSI MAaTEMAaTHUYHUM Yd TpadiyHUM OIHUCOM
npouiecy. OJHIEI0 €IEeMEHTApHOI JIAHKOK MOXYTh OyTH TpeCTaBICHO
JEKUIbKa €JIEMEHTIB CHUCTEMH YHM HAaBIIAKU — OJWH CJIIEMEHT MOXE OyTH
MIPEACTaBICHUM Y BUTIISAII ISKIIbKOX JIAHOK.

3afadi KepyBaHHS CKJIAJIHUMU CUCTEMaMU CYTT€BO YCKIIAIHIOIOTHCS BIUTUBOM
0araTbOX BHIAJKOBUX (pakTOpiB. B Takux BuUIAgKax KepyBaHHS MOBHHHO
3IACHIOBAaTUCh B yYMOBaxX HEMNOBHOI iH(popmamii mpo 00’ekT kepyBaHHA. Lli
3a/ladl BUPINIYIOTHCS METOJaMU MaTeMaTUYHOTO MojentoBaHHa Ha EOM 3
BUKOPUCTAHHSM ITaKETiB MPUKIATHUX IIPOTPaM.

1.3. Kunacudikauisa cucrteMm aBTOMAaTHYHOTO PeryJIl0BaHHSA
3arasbHa kJjacudikailis cucreM aBroMatuuHoro perynoBaHHs (CAP)
HaBeneHa B Tabiumm 1.2.
Ta6muis 1.2. Kiacudikaiiis cicteM aBTOMAaTHYHOTO PEryItOBaHHS

Knacudikania CAP Kopotka xapakrepuctuka CAP

1.3a anropurmom Crabimizyroua [TinTpumye peryJibOBaHy

(byHKIIIOHYBaHHS BEJIMYMHY Ha IOCTIHHOMY PiBHI
[Iporpamna 3MiHIOE pEryibOBaHy

BEJIMYUHY  BIANOBIAHO [0
3a3galieriap  3aJaHoi  QyHKLIl

yacy
CrninkyBajabHa 3MiHIOE peryJiboBaHy
BEJIUUHUHY 3aJIEKHO BiJl
3HAYEHHS 3MIHHOI BEJIMYUHU Ha
BUXO/l1
2.3a HasBHICTIO Cratnuni PerynboBana BenuuuHa MIpU
ITIOMHUJIKH 3MiHI 30BHIIIHIX 30ypeHb Ha

00’€KT1  miciasa  3aKIHYCHHS
NEPEXITHOTO IpoLecy npuiiMae
pI3HI 3HAYEHHS, SIKI 3aJeXKaTh
BiJl BEIMYMHU BIUTUBY
AcrarnyHi PerynmboBana BenmuuuHa TIPH
3MiHI 30BHIIIHIX 30ypeHb MIiCIsA
3aKIHYCHHS TIePeXiTHOTO
npolecy HaOyBa€ yCTaJIeHOTO
3HAYCHHS MPHU PI3HUX
BEJIMYMHAX 30BHINTHIX 30ypeHb
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[TponosxxenHs tadaui 1.2

3.3a cBoim
(G yHKITIOHATEHUM
pU3HAYCHHSIM

CoeranizoBani

CAP Temnieparypu, TUCKY,
00’eMy, pPiBHS 1 iH.

VYHiBepcaibHI

3 HOPMOBAHUMU BXIJIHUMH 1
BUXIIHUMH CUTHAJIAMH, SIKI
MPUIATHI JIJIS PETYTIOBAHHS
PI3HHX MapaMeTpiB

4. 3a 3aKOHOM
pETyIIOBaHHS
YH JIOT1KH
poOOTH KOHTYpa
pETyIIOBaHHS

JBomo3umiiHmit

Kepytouuii npuctpiii mpuitmae
JIBa CTIMKI CTaHU, KEPYIOUl
BIUIMBH OJHAKOBI 3a
BEJIMYMHOIO, aJIe MPOTUJICHKHI 3a
3HAKOM

Tpuno3uiiitnui

Kepyrouwnit mpuctpiit 3aiimae Tpu
CTIMKI IOJ0KEHHS, OJIHE 3
SIKUX — HEUTpPaJIbHE

Bararono3uriiinmii

Moxe kepyBaTu 0OJHOYACHO
JEK1IbKOMa HaBAHTAXKECHHIMH,
Hanpukian, rpyna TEHiB,
BEHTUJISITOPH U 1H.

II-, I-, III-,
III/] - perysstopu

KepyBanus 3a1iicHIOETBCS
BIJIMOBIAHO /10 3aKOHY
peryJIroBaHHS

AnantuBHI1

3aJIe’)KHO BiJ YMOB poOOTH
3MIHIOIOTh CBOE HaJlalITYBaHHS,
3a0e3reuyoun s Oy Ib-sIKUX
YMOB ONTUMAJIBHUAN PEXKUM
pobotu. BuaiinsatoTs
CaMOHAJIaro/KyBajbHI, 1
ABTOHAJIArO/IKYBaJIbHI CUCTEMU

OnruManpHi1

BukopucroByeTbcs
ONTUMAJILHUHN 3aKOH
pEryJIFOBaHHS

5. 3a npuHUIUIOM
il

[Tpsimoi mii

BuKOpHUCTOBYIOTH €HEPTitO
caMoro 00’ekTa KepyBaHHs 0e3
BUKOPHUCTaHHS 30BHIITHBOT
eHeprii

Hemnpsmoi mii

Jlst poGoTH HEOOX1THE
30BHIIIIHE JHKEPEJIO eHeprii

6. 3a xapakTepom
MaTeMaTUYHUX
CHIBBIJTHOIIIECHD

JIin1iiH1 JI1s1 IKMX BUKOHYETHCSI IPUHIUIT
CYNepIIo3uLii
Heminiiiai J{nst AKUX NPUHIUTL

Cyneprno3ullii He BUKOHY€EThCS
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[TponosxxenHs Tadaui 1.2

7. 3a BUAOM €Heprii,
BUKOPHUCTAHOT J1J151
pEryJIIOBaHHS

Enextpuuni

Y ToMy 4mCIi €EeKTPOHHI

ITaeBMaTnuHi

MembpaHnHi, MOpITHEB,
JIOTIaCTEBI

I'igpaBmivni

Taki x K MHEBMaTUYHI

MexaHiuni

3MIHIOIOTh PETYJIbOBAHY
BEJIMYMHY [TPU MEXAHIYHIN J1i

KomOinoBani

EnextponHeBmMaTHyHi,
ITHCBMOMEXaHIYHI,
CJICKTPOMEXaH1uH1

8. 3a xapakTepom
KEepYIOUHX Ik

HemnepepsHi

AHQJIOTOB1 CUTHAJH (CTPYM,
Harpyra)

JuckpeTHi

Peneiini, immynbscHi, TU¢POBI.
BuxinHi npuctpoi — MmexaHiuHe
pelie, eIEeKTPOHHE pelle,
CUMICTOP, TUPUCTOP,
TPAH3UCTOPHUM KITIOY,
iHTepdeiic

9. 3a KUIBKICTIO
pPETyIhOBaHUX
TEXHOJIOTTYHHUX
napameTpiB

OIHOKOMIOHEHTH1

CucreMu 3 OJHIEIO
PETYIHOBAHOIO BETUIHHOIO

BararokoMmnoneHTHi
HE3B’ s13aHl1

Cucremu 3 IEKUIBKOMA
peryJIb0BaHUMHU BEJTMIMHAMMU.
Perynsropu 6e3nocepeiabo He
3B’s13aH1 1 MOXKYTh B3aEMOJIISTH
JIMIIIE Yepe3 3arajbHUM I HUX
00’ €KT PEeryIIOBaHHS

bararoxomMmoHeHTHI
3B’ sA3aH1

Cucremu 3 JIeKiIbKOMa
peTyIbOBAaHUMU BETUIMHAMU.
Perynsaropu pi3HUX apaMeTpiB
OJTHOTO YH JEKUILKOX 00’ €KTIB
3B’s13aH1 MK COOOIO:

— PETYJSATOPH 31 CTATUYHOIO YU
JTUHAMIYHOIO KOPEKIIIEI0
napamMeTpa 4u 3aJ1aHOi TOUYKH;
— PETYJISATOPH CIIBBITHOIICHHS
JEKUTBKOX TTapaMeTpiB 13
MOCTIHUM Y1 KEPOBAHUM
Koe(]iIlieHTOM CITIBB1THOIIICHHS;
— KacKa/iH1 peryJisiTopH;

— peryasTopu OOMeKeHHs (3
MaKCUMaJIbHUM YU
MIHIMaJIbHUM OOMEKEHHSIM)
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3akinyenHs tadaum 1.2

10. 3a npuHUIMIIOM 3a BiaxuneHHsM | Kepytoua nist Ha 00’ €KT
pEryJIoBaHHs (bopMyeTBHCS 3aJIEKHO Bl
BIIXWJICHHS J1ICHOTO 3HAYEHHS
KEpOBaHOT KOOPJUHATH BI/]
3aJIaHOTO 3HAYEHHS

3a 30ypeHHsIM Kepytoua ngist Ha 00’ €KT
(hOpPMYETBHCS 3aJIEIKHO BiJT
BEJIMYMHHU 3aJaBajIbHOT mii 1
OJIHIET UM JIEKIJIbKOX 30BHIIIHIX
mn Ha OK

Kom6iHoBaH1 CyMicHE BUKOPHUCTAHHS
MPUHIUIIB PETYIIOBAHHS 32
30ypeHHSIM 1 BIIXWICHHSIM

11. 3a KiJIBKICTIO OnHokOHTYpHI | MIiCTATh OAWH KOHTYD
KOHTYPIB peryJIIOBaHHS pEryJIOBaHHS
bararokonTypHi | MicTATh JeKiibKa KOHTYPIB
PETYTIOBaHHS

Posrnsaemo Oulbin JeTaqbHO OCHOBHI OCOOJIMBOCTI 1 MPHUKIAIU OKPEMHX
CAP.

3a anroputmoMm (QyHkuionyBanHs CAP mnoauisioTe Ha cTaOuTi3yroul,
IPOrpaMHi 1 CITiIKyBaJIbHI.

Cmabinizyroui cucmemu 3a0€3MEUyIOTh MIATPUMAHHS KEPOBAHO! BEIUYUHU
Ha 3a/1aHOMY DiBHI a00 B 3aJjaHUX MeXaX. Y TaKUX CHCTEMax KOHTPOIIOETHCS
cTaH 00’€KTa, SIKUH XapaKTePU3YEThCS KEPOBAHOIO BEIUYMHOIO, 1 MPHU MOTPedi
Kepyroda Jisi 3MIHIOEThCS Tak, MO0 peryjihroBaHa BEIWYWHA 3ajvIIanacs Ha
3aJlaHOMY PpiBHI. 3a/JaBajbHa [isi CHCTEMU — TIIOCTIHA BEJIWYUHA, TOOTO
X0 (t) =const .

[IpukimagoM cTabUTI3YyIOUUX CHUCTEM MOXYTh OYTH aBTOMATU4YHI CHCTEMU
peryJIfoBaHHS PIBHSA BOAM B 0akaxX BOJOKAYOK, CUCTEMH IIJITPUMAHHS 3aJaHO1
TEeMIIepaTypH TMOBITPS 1 TPYHTY B MapHUKAX 1 TETUIULSX, CHCTEMH PETYIIOBAHHS
4acTOTU 0O0epTaHHS JBUTYHIB 1 1H.

Ilpoepamui cucmemu TpU3HAYEHI HJs1 3MIHM KEPOBAHOI BEIWYUHU 3
HEOOXITHOK TOYHICTIO BIANOBIOHO [0 3a3maneriip  3a;aHol  (QyHKII.
3agaBajibHa 19 CUCTEMHU X, (f)Z S (f), ne f, (t ) — mporpama, 3a3Jiajerip Bijoma
byHKIis Hacy.

[IporpamHy cucTeMy MOKHA PO3IJISAATH SIK CTAOUI3yHO4Yy CHUCTEMY, B SIKIA
3aBJIaHHs CTaOUII3alli YCKIAQAHIOETHCS 3a/1a4€t0 3MIHM KEPOBAHOI BEJIMYMHU 3a
3aJIaHOI0 TIporpamoro. [IpukiagaMu MporpaMHUX CHCTEM € CHCTEMH KEpyBaHHSI
PI3HMMH TEXHOJOTIYHUMH TIPOIIECAMH, BEPCTATAMH ITPOTPaAMHOTO KEPYBaHHS Ta
1H.
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CniokysanvHi cucmemuy TPU3HAYEH1 JUIsI 3MIHM KEPOBAHOI BEJIWYMHU 3
HEOOX1THOI TOYHICTIO 3QJIEKHO BiJl 3HAYEHHS (YU BIJMOBIAHO JO 3HAYCHHS)
HEBIAOMOI 3a3Jajieriib 3MIHHOI BEJIMYMHUA HA BXOJl aBTOMATHYHOI CUCTEMHU.
BamaBanbHa [ist cucremu X.,(t)= f(t), ne f(t) — 3a3maneriap HeBimoma byHKITIA
yacy. TakuM YMHOM, CIIJIKyBaJlbHa CHCTEMa, SIK 1 MporpamMHa CHCTeMa,
BIITBOPIOE 3aJIaBAIBHY JIIFO.

3amaBanpHI Jii 1 KEpOBaHI BEJIUMYMHH CJIIIKYBUIBHUX CHCTEM MOXYTh MaTh
pi3HHMI XapakTep 3a CBOIM (I3UYHHM TMOXO/KeHHsM. [Ipudomy kepoBaHa
BEJIMYMHA 32 CBOEK (DI3UYHOIO MPUPOJIOI0 MOXKE BIAPI3HATUCS Bl 3a7aBajibHOL
nii. Hanpuknan, 3a7aBajibHOIO J11€10 MOXkeE OYTH 3MIHHA HANpyra, a KEPOBaHOIO
BEJIMYMHOIO — HaIlpyra, KyTOBE YM JIHIMHE MEepEMIIIEHHs, 4acToTa 00epTaHHA
TOLLIO.

JlocTaTHbO MOLIMPEH] CHIAKYBajdbHI CHCTEMH IPOCTOPOBOIO CTEXKEHHS,
TOOTO CHUCTEMHM, SIKI CTBOPIOIOTH 3aJaBajibHy /IO Yy BHIJISAI MEXaHIYHOIO
nepeminieHHss. Jlo HHUX HajeXaTb CHUHXPOHHO CIIJKYBaJIbHI ~CHCTEMH
(CHHXpPOHHO CIIJKYBaJbHI TPUBOJU, CHUJIOBI CIIIJIKyBajdbHI TMPHUBOJH), SIKI
3a0€3Meuy0Th CHHXpOHHE 1 cuH(pa3He o0epTaHHS MEXaHIYHO HE 3B’A3aHUX MIXK
c00010 BalliB.

I'padiune npencraBnenns anroputmiB QynkiionyBanHs CAP mokaszano Ha
puc. 1.2.

i Xsaa(t) A Xsan(t) A Xsan(t)

£ £ £
a) 6) B)
Puc. 1.2. Anropurmu QyHKIIOHYBaHHS: cTadLM3y0unii (a), mporpamuuii (0),
CAKYBaJIbHUI (B)

Cmamuyni i acmamuuni CAP. OCHOBHOIO 3 O3HAK JaHUX CHUCTEM € BUIJIS
pPEryibOBaHOT XapaKTEpUCTUKH, IO IOKa3ye 3aJeXKHICTh PEryJbOBaHOI
BEJIMYMHH B CTATUYHOMY TIOJIOKEHHI BiJ] BUTPAT poO0OYOro cCepeIoBHIIIA.

Cmamuunoro CAP Ha3uBalOTh CUCTEMY, B SIKIM pEryjbOBaHa BEIMYMUHA MPU
3MiHI 30BHINIHIX 30ypeHh Ha 00’€KTi, 3MIHIOIOUHUCH B JACIKHUX JIOMYyCTUMHUX
MeXax, MICJS 3aKIHYEHHS MEPEeX1JHOr0 MPOLECY 3aJ€XKHO BIJ 30BHIIIHBOTO
30ypeHHs Ma€ pi3H1 3HAYCHHS.

XapakTepHi 0COOJIMBOCTI CTATUYHOI CUCTEMU PETYJIFOBAHHS:

1) piBHOBara CUCTEMH MOKJIMBAa MPU PI3HUX 3HAYECHHSX PEryJIbOBAHOI
BEJIUYHMHH;
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2) KOXXHOMY 3HAQUEHHIO PEryJibOBaHOi BEJIMYMHMU BIJIMOBIJAE BHU3HAUYCHE
TIOJIO’KEHHS PETYIIOI0UOT0 OpraHy.

PerynboBana xapakTepHCTHKA B 3arajJbHOMY BUIAJIKy MA€ BUTIIS:

y=C+Alx), (1.1)

ne C — 3amaHe 3HAYCHHS PEryjboBaHOi BenuuyuHu Xx; A(x) — QyHKIA

30ypeHHs, 110 BU3HAYA€ BIAXWICHHS PETyJIhOBAHOI BEJIMUMHM BiJ 1i 3aJ1aHOTO
3HAYEHHS B MEXXaX 30HU PETyJIIOBaHHS.

Heo06xigHa ymoBa sikicHOTO peryitoBanas: C>> A(x).

Sk npuxnan po3risHemMo ctatuuny (puc.l.3, a) 1 actatuuny (puc. 1.4, a)
CAY piBas H neskoro pobGodoro cepenoBuia (piauau) (. 3aBOaHHSIM 1
CTaTUYHOI, 1 aCTATUYHOI CUCTEM € MIATPUMAHHS CTanoro piBHsA H (ctadimizaiis)
B pe3epByapi npu 3MiHi Benuaunu Q.

)
i .9
(r

_ _ HA
U
N = T — ] i i ey
x| == === § i ! !
o TIT| | | |
o] v I I >
jj‘l“ O Qeep Q... @Q
@
a) 0)

Puc. 1.3. Craruuna CAP (a) Taii perymtoBaibHa XxapakTepucTuka (0)

Y cratnunii CAP npu 30uiebmienni  Butpar (Q;>(Q0,) piBenb H
3MEHIIIYBaTUMEThCS 1 MoriaBok [1 mepemilryBaTuMeTbesi BHU3. 3aBISKU LIbOMY
perymorounii opran PO 3abes3neunth 301IbIISHHS HAIXOKEHHS pPo0O0YOro
cepenonuina Q..

HoBoro crany piBHoBaru Oyjae pocaruyto npu 0= O,= Q Iis HOBOTO PiBHS
H, MeH1110r0 332 IOYaTKOBUH.

Takum uyuHOM, ctatuuHi CAP He MOXyTh 3a0e3nedyBaTd HIATPUMKY
peryap0BaHOl BEJIMYMHU HA CTPOTO CTajgoMy piBHI. OTxe, MOXKIINMBI BIIXUJICHHS
peryjap0BaHOl BEJIMYHMHHM BlJ 334aHOTO pIBHS [, 3aJ€KHO BIJl BUTPAT poOOYOTo
cepenoBua. PerymoBasibHa  xapakrtepuctuka cratnyHoi CAP  micnd
3aBEpIICHHSA TEpeXiHOTO Tmpolecy ( CTaTMYHa XapaKTepUCTHKA CTaTHYHOI
CAP) e noxuroro npsmoro (puc.1.3, 0).

TouHicTh miATpUMaHHS 33JaHOTO 3HAYEHHS pETyJbOBAaHOI BEIMYMHU B
CTaTUYHUX CHCTEMaX BHU3HAYAETHCSA KOE(QILIEHTOM HEPIBHOMIPHOCTI, abo
BEJIMYMHOIO CTaTU3MY O.

Benuuuny craTu3My BU3HAYAIOTh SK BIJHOLIEHHS BIJXWJICHHS PETyJIbOBaHOI
BEJIMYMHU J0 11 MAKCUMaJIbHOI'O 3HAUYCHHS:
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H —-H
5= max min . 1.2
Hon =, (1.2)

max

Y BizHocHO HerouHux CAP BennuumHa CTaTU3My MOXKE CTaHOBUTHU
10%...20%.

Acmamuunoro CAP Ha3uBaIOTh CUCTEMY, B SIKI pEryJibOBaHa BEJIMUYMHA MPU
3MiHI 30BHINIHIX 30ypeHb MICIs 3aKiHYEHHS MEPeXiJAHOro mpolecy HalOyBae
YCTaJICHOT'O 3HAUYEHHS MPU PI3HUX BEJIMYMHAX 30BHIIIHIX 30ypEHb.

XapakTepHi 0COOJIMBOCTI aCTATUYHOT CUCTEMU PETYIIOBAHHS:

1) piBHOBara cMCTEMHU MOXJIMBA JIMILIE NPU €JUHOMY 3HAYEHH1 PETyJIbOBAHOI
BEJIMYMHM (HAMPUKIIAJ, PIBHS), MPUYOMY 1€ 3HAUYECHHS PIBHE 33/1aHOMY;

2) peryimworudid opraH (HampuKIa, KjanaH, 3aclliHKa) MOBHHEH MaTu
MOXJIMBICTh ~ 3aliMaTH PI3HI TOJIOKEHHS TPU HE3MIHHOMY 3HAYCHHI
PEryJIbOBaHOT BEJIMYUHHU.

B acraruunux perynaropax BiJICYTHS CTaTHYHA MOXUOKa, 1 peryibOBaHa
BEJIMYMHA 3aJMILAETHCA PIBHOK 3aJaHId 3 TOYHICTIO, fKa BIANOBIAAE
HEYYTJIMBOCTI PETyJIATOpa JJIsl BCIX CTaHIB PIBHOBAard CUCTEMH.

Axmo npu acraruuHii CAP (puc.1.4, a) Burpatu (J; 301LIBIIATHCS, TO Y
3B’S3KYy 3 MOYATKOBUM 3MEHIICHHSIM piBHS H morutaBok Il mepemicTutbes BHU3,
[0 MpUBEAEC A0 BIAMOBIIHOTO TMEpeMIllIeHHs] MOB3yHKa moTeHmiomeTpa IIT
BIJIHOCHO #oro mouyatkoBoro mnojoxkeHHs 0. Ilpu npomy Ha siKipHiA 0OMOTILI
neuryHa /| BuHukHe Hampyra U BIANOBIAHOI MOJSPHOCTI. 3aBASKU LIOMY
JIBUTYH TepeMilllyBaTUME perymorouuil opran cucremu PO, 3a0esneuyrouu
3pOCTaHHS HAJXO/KEHHS KiIbKOCTI piguHu (), 1 piBHS H. Perymorouunii opran
NEePEeMIIIyBaTUMEThCS JOTH, IOKA HAMpyTa Ha SKIpHIA OOMOTII JOCATHE HYJIS,
10 MOXJIMBO TUTBKH TPU 3HAYEHHI PIBHS, SIKUW TOPIBHIOE 3ajaHomy H=H,, 3a
YMOBH PIBHOCTI BUTPAT 1 HAAX0KeHHS pinuan Q1= Or= Q.

-
Qy

a) 0)
Puc. 1.4. Acratuuna CAP (a) Ta 1l perysroBaibHa XapakTepucTuka (0)
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OTxe, B acTaTUYHIA CHCTEMI MOKJIMBE JIMILE OJHE MOJOKEHHSI PIBHOBAaru
IIpY 3HAYEHHI PEryJbOBAHOI BEeIMUYMHU H=H,, sika JOCATraeThCsi B CTATUYHOMY
CTaH1 IpH PI3HUX 3HAUYECHHSIX BUTpPAT pobouoro cepenopuiia Q.

PerymoBanbHa xapakrepuctuka H= f(Q) (puc. 1.4, 6) acTaTUYHOI CUCTEMU €
TOPU30HTAIBHOIO MPSIMOIO.

Ko 3HEXTyBaTH HEUYTJIMBICTIO €JIEMEHTIB cucteMu, To acraruuHa CAP
HIATPUMYE PETYJIbOBAHY BETUYMHY MICIs 3aKIHYEHHS TEPEXITHOTO MPOIeCy Ha
3a1aHOMY piBHI 0€3 Oyab-SKHX BiAXHUIICHbD.

OckibKM B aCTaTUYHHUX CHCTEMaxX, 3ajJeKHO BIJ BHTpPAT poOOUYOro
CEpeloBHUIlA, MICIS 3aKIHUYEHHS TMEPEeXiTHOTO IMPOIeCy PEryounii opra
TAaKOXK MOXX€ 3aliMaTH pi3HE TMOJOXKEHHS, aje MNP OAHOMY W TOMY CamMOMy
3HAQUYEHHI PEryJibOBaHOI BEJIWYMHM, TO IS TEXHIYHOI peamizaiii i€l
0CcO0IMBOCTI MOBHHHI OyTH Tak 3BaHi aCTaTUYHI JIAHKHU, PYXOMHI €IEMEHT SIKUX
Opy BIACYTHOCTI 30ypeHHsST MOXE 3aiiMaTh JIOBUIbHE IMOJOXKEHHA. TaKoro
JIAHKOIO CUCTEMH B PO3IVISIHYTOMY NPUKIA/l € ABUTYH MOCTIHHOTO CTPYMY, AKIp
SKOTO MOXE€ 3aliMaTh JOBUIbHE IMOJOKEHHA MpPHU BIJACYTHOCTI HAmNpyru Ha
SAKIpHIA OOMOTIIl BUTYHA.

3a xapakTepoMm MareMaTH4HuX criBBiaHOmEeHbs CAP noaisoTh Ha:

JUHIUHI cucmemu, SIKI OTIUCYIOThCS JHIMHUMU TU(epeHIliaIbHUMHU PIBHIHHIMU
IPY 3HAYHUX BIAXUJICHHSX PEryJbOBAHO! BEJIUYMHHM BiJ 3aaHOTO 3HAYCHHS;
HeNiHiuHI  cucmemu, SK1 OINHCYIOThCS HENHIMHUMH  JTudepeHIiaIbHIMH
PIBHSIHHSIMU, ajie X MOKHA JIIHEApU3YBaTH 1 MPOBOAUTH aHAII3 IIUX CUCTEM 3a
JIOTIOMOTOI0 JIIHEapU30BaHMUX AU epEeHITiaTbHUX PIBHIHb.

3a xapaktepoM kepyrounx Aiil CAP noauisitoTh Ha HenepepsHi 1 OUCKpemHi.
B nenepepenux cucmemax MiX BXITHAMHM 1 BUXIJHUMH BEJIIMYMHAMHU BCIX
CJIEMEHTIB ICHY€ HemepepBHUHN (yHKIIOHAIBHUN 3B'S30K. BUXigHI BEIWYUHH
BCIX €JEMEHTIB y LHUX CUCTeMaxX y OylIb-IKMH MOMEHT 4Yacy BH3HAYalOThCA
3HAYCHHSIMH BXIJIHUX BeIHUYWH. B Ouckpemmnux cucmemax BHUXigHA BeIMYUHA
OyIIb-IKOTO €JIeMEHTa Ma€ JTUCKPETHUN XapakTep, TOOTO MpeAcCTaBisie cO00I0
MOCTIAOBHICTD IMIYJIbCIB. IlepeTBOpeHHsI HeMepepBHUX CUTHAIIB B JUCKPETHI
31MCHIOETHCS AUCKPETHUM E€JIEMEHTOM.

3anexxHo BIJ KUIBKOCTI KOHTYpiB perymoBanHs CAP mnoxauisioTe Ha
00HOKOHMYPHI 1 bacamokoHmypHi. OOHOKOHMYPHOK HA3UBAETHCS CHCTEMA, SIKa
Ma€ JIMIIE OJUH TOJIOBHHUM 3BOPOTHUH 3B'A30K. MicCIIeBl 3BOPOTHI 3B’SI3KHU B IIiid
cucteMi BiACYyTHI. bBacamokonmypuoro HAa3UBAETHCA CHCTEMAa, fAKa MAa€ SK
TOJIOBHUH, TaK 1 MICII€B1 3BOPOTHI 3B’ SI3KHU.

3a npunuunoMm nii CAP nmoguisitoTe Ha cucTeMH npsamoi Oii i cucmemu
Henpsamoi 0ii. B cucmemax npsimoi 0ii BAMIPIOBAILHUAN €JIEMEHT 0e3MocepeIHbO
nie Ha peryirorounii oprad. Tak, Ha puc. 1.5 mokazaHo cucTeMy HOpsMOi il
peryaoBaHHs IIBHUIKOCTI. BumiproBanbuuii enemeHT BE, mo koHTpostoe
HIBUAKICTh 00epTaHHs Aeskoro o6’ekta O, caMOCTIMHO i€ Ha pEryJorYHii
opran PO, sikuii 3MiHIO€ KUTBKICTh €HeproHocisa Q, sikuil HaAXOAUTh Ha 00’ €KT
peryiroBaHHs. SIKIIO0 MBUIKICT 00epTaHHs © 30uUIbIIyeThes, TOo Kym K1 1 K2
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MiJl JI€0 BIJLUEHTPOBOI CHJIM MEPEMINIYIOTbCS Bropy, L0 NPUBOIUTH [0
nepeMimeHHss mygptd M Ta perymtorodoro oprany PO. 3aBasku  1mpomy
3MEHIIYEThCSl HAJIXOKEHHS eHeproHocist Q 1 MBUAKICTh 00epTaHHS ® 00’ €KTA.

BE

A K2

00000

M | %

o_l!]-«i

Puc. 1.5. CAP npsamoi aii peryinroBaHHS MIBUIKOCTI 00’ €KTa

OCHOBHOIO TIE€peBarold CUCTEMH MPAMOi Jii € MPOCTOTa 1 HAIIHHICTh, a
HEJIOJIIKOM — HAasBHICTh IMOTYXHOTO 1, BHACIIJIOK IIbOTO, Majo4yTJUBOIO,
JIOCUTh THEPIIIHHOTO BHMIPIOBAIBHOTO €JIEMEHTA, SIKUM MOXe O0e3mocepeaHbo
NepeMIIlyBaTH PETyoUni oprad 00’ekra. [Ipu 11bOMy HU3BKIN YYyTIMBOCTI
BUMIPIOBJILHOTO €JIEMEHTAa BiJIOBIJIa€ MaJjia TOYHICTh PEryJIFOBaHHS, a 3HAYHA
IHEepIIMHICTh HETaTUBHO BIUIMBAE HA IMHAMIYHI BJIACTUBOCTI CUCTEMH.

Y cucmemax nenpsamoi Oii BUXIIHUA CUTHAJI BUMIPIOBAIBHOTO €JIEMEHTA
MIJCHITIOETBCS 32 JIONIOMOTor0  mmifgcuimoBada. Cucrema Henpsmoi il
pEryIoBaHHS MIBUAKOCTI 00’ €KTa MOKa3aHa Ha puc.l.6.

Puc.1.6. CAP nenpsiMoi 11ii peryJiroBaHHs IIBUJKOCTI 00’ €KTa

VY miit cucremi mydra M BumiptoBasibHOTO eneMenta BE e Ha 30m0THHK
3 rigpomiacwitoadya ['Tl. 30510THUK, BUXOJSAYU 3 HEUTPATBHOI'O MOJIOXKEHHS,
3a0e3medye HAAXOMKEHHS wMacima Q, y BEpXHIO TOPOXHUHY IHIIHIpA
TIAPONIACUIIIOBAaYa, IO BEAE JO0 BIANOBIAHOIO MepeMilieHHd nopmHs [l
perymorouoro oprany PO 1 3minu mBuakocti ®. IlepeBaror Takux CUCTEM €
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KiHeub 6e3KOWTOBHOIO YPUBKY.
LLlo6bu yntaTtn gani, npuabanTe,
6ygb nacka, NOBHY BEPCito
KHUT .
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