leaHuwun T. B., Ma3ena C. C.

OCHOBU ABTOMATUKH
TA ABTOMATU3ALIA BUPOBHUYNX
MPOLECIB NICOBUX
| AEPEBOOBPOBHUX NIANMPUEMCTB

HaBuajanbHuii NOCIOHUK

Bunpasuuntso “Marnoiis 2006”
JIbBiB — 2025



YK 674+658.011.54/56 Biomeopenns uiei knuzu ado 0yov-akoi it uacmunu 3a60-
BBK 32.965+37.13 poneno 06e3 nucemosoi 3200u euoasnuymea. byov-saki
M 13 Cnpobu nopyuwieHHa agémopcvKux npag O0yoymv nepe-

M 13

caioyeamucsay cy0o8omy nopaoKy.

Tpugh naoano Minicmepcmeom oceimu ma wayxku Yxpainu

PenenzenrTn:

Maxcumie B. M. — IOKTOp TEXHIYHHMX HAyK, podecop Kadeapu TEXHOJOTIT je-
peBOOOPOOKH Ta 3aXHCTy JAepeBMHHM HalioHaJIbHOTO JICOTEXHIYHOTO yHiBep-
cutery YkKpaiHu.

Mapywax A. ). — 00KTOp TEXHIYHHUX HayK, mpodecop Kadeapu eIeKTponpH-
BOAY 1 aBTOMaTH3alii MIPOMHUCIOBUX YCTaHOBOK HamioHanbHOTO yHiBepcH-
tery “JIpBiBChbKa MOJiTEXHIKA”.

IBanumun T. B., Mazena C. C.
OCHOBU ABTOMATHKH TA ABTOMATH3AILISI BAPOBHUYHX ITPOLIECIB JIICOBUX
I JEPEBOOBPOBHUX NIINMPHEMCTB : HaBu. oci0. — JIbBiB: “Marnouis 20067,

2025.-35%4c.
ISBN 978-966-2025-69-9 “Marnomisa 2006

VY HaBYaJFHOMY IMOCIOHHMKY TOaHO TEOpito MOOYJAOBH Ta TEXHIYHI XapaKTepHUCTHUKH
CHUCTEM aBTOMATHKH M €JIEMEHTIB CHUCTEM aBTOMATHYHOIO KepyBaHHS BHUPOOHUYMMU
MPOIECaMH JIICOBOTO KOMIUIEKCY. BUCBITIIEHO 3arainbHi OCHOBM aBTOMAaTHYHOTO pery-
JIIOBaHHS HENEPEPBHUMH TEXHOJIOTIYHHMH TPOLECAMH Ta TEOPETHYHI OCHOBHU JIOT14HO-
ro KepyBaHHs JHUCKPETHHMH TpOIlecaMH Ha JIICOBUX 1 JepeBOOOPOOHUX MiIPHEMCTBAX.
Po3rnsitHyTo aBTOMaTH3aIliI0 THUIIOBUX TEXHOJOTIYHHX MPOIECIB JIICOCKIAACHKUX POOIT.
BukinaneHo enemeHTH Teopii Ta 3acTOCYBaHHS aBTOMATH30BAaHOTO EJIEKTPOINPHUBOIY JIS
nepeBooOpoOHoro obnagHanHs. ONMUCaHO HANPSMKHA aBTOMATH3allil TEXHOJOTIYHHUX
MIPOLIECIB TiAPOTEPMIYHOr0 OOpOOJICHHS JEPEBUHN Ta JIEPEBHUX MaTepiaiiB Ha JepeBo-
00pobHuX mianpuemcTBax. HaBeneHo 3arajibHy XapaKTEpPHCTHUKY aBTOMATHYHUX JIiHIN
JIICOBOTO KOMIUIEKCY Ta CIOCOOM X KOMIIOHYBaHHS.

JIist CTyJeHTIB BUIIMX HAaBYAJIBHHMX 3aKJajiB, 1H)KEHEPIB.

YK 674+658.011.54/56
BBK 32.965+37.13

© IannmmH T. B., Maszena C. C., 2025

ISBN 978-966-2025-69-9 © “Marnomist 2006, 2025.



IHEPEJIK CKOPOYEHD

AJl —acUHXpPOHHUHN JBUTYH
AJI —aBTroMaTH4HA JiHIA
AMC —anpeca Mics CKHIYBaHHS COPTHMEHTIB
AIl — anpecHuil mpucTpiit
AIIK — aBTOMaTHYHMI IPUCTPii KepyBaHHS
ACKTII —aBTOMaTH30BaHa CHCTEMa KePyBaHHS TEXHOJIOTIIHUM IIPOIIECOM
ALl — anajoro-1uQpoBHii MepeBoproBay
b3I1 — OydepHnii 3amam’ ATOBYBaJbHUI NPUCTPIit
bI14 — Ge3nocepeHili IEPEeTBOPIOBAY YaCTOTH
BKM —BukoHaBuMii MeXaHi3M
BIl — BUKOHABYMH MPUCTPIi
I'AJI —rHy4ka aBTOMaTHYHA JIiHis
I-J] —peryiaboBaHHI ENEKTPONPHUBO/, 38 CUCTEMOIO “IeHepaTop — ABUT'YH’
I'TI —reHepaTop TaKTOBUX IMITYJIBCIB
/I — naBad4 perynpoBaHOTO MapaMerpa
JIBIl — nepeBHOBOJIOKHUCTA ILIUTA
J[H — naBay HaJXOJIXKEHHSI COPTUMEHTY
I — mudepeHnianbHAN TiACHITIOBAY
JIIT — naBau mepeMmilieHHs TpaHCTIOpTepa
JICI] — nepeBHOCTPYKKOBA IIJINTA
EMII — enexTpOMaIIMHHAN T ICUITIOBAY
EOM — enexTpoHHO-004HCITIOBAIbHA MaIlIMHA
EPC — enexTpopyluiiiHa cuia
35 —cxema TpaH3UCTOPHOTO MiJICHIIIOBAYa 13 3araibHOI0 0a3010
3F —cxema TpaH3UCTOPHOI'O MiJICUJIFOBAYA i3 3araJIbHUM eMITepOM
3K —cxema TpaH3UCTOPHOT'O MiJCHIIIOBAYa i3 3aralbHUM KOJIEKTOPOM
311 —3anarounii mpucTpin
IH —iHBEpTOp HATIPYTH
IC —iHBepTop cTpymMy
K/ —xpoxoBuii ABUTYH
KII —KOopeKTyBaIbHHUN TPUCTPIM.
KII-]] —perynpOBaHUN €IEKTPOIIPHBO/T 32 CHCTEMOIO “ KEpOBaHHN MEPETBOPIOBAY —
JIBUTYH"
JIY — MiYUIBHUK IMITYTTBCIB
MK — MiKpOKOHTpPOJIED
MII —MardiTHA#A MOCUIIOBAY
HAJI —uenepeHanaromKyBaibHa aBTOMAaTUIHA JTiHIS
HC —mnarsryBanpHa cTaHIlis TpaHCTIOPTEpa
O —omeparop
OA - 00’ ekT aBTOMaTH3ALI]
OI' —reHepaTopHa 0OMOTKA
03 — obMoTKa 30yIKEeHHS
O3M —o6moTKa 30yKeHHS eJICKTPOIBUTYHA



Mepenik ckopoyeHb

O3] — onepaTUBHO-3alIaM’ ATOBYBaILHUI TPUCTPii
03G — 00MOTKa 30yIPKEHHS TeHepaTopa
OK — 00’ eXT KepyBaHHA
OIl — oniepaniiHu# MiACUITIOBAY
OP — 00’ €KT peryoBaHHs
1l —TipuCTpiii MiACHICHHS, i ICHITIOBAY
114 —migcwirroBad aMIUTITyIH CUTHATY
1I4JI — nepeHanaroxyBajibHa aBTOMaTHYHA JiHis
[IBY — migcwiroBad BUCOKOI YaCTOTH
113C — TpaH3UCTOPHUIA MiACUIIIOBAY 3MiHHOT'O CTPYMY
Il — npunaja iHIUKAaIl
I[IK —npucTpii, MyabT KEpyBaHHS
IIJI —notouHa miHist
IIH —nigcumioBay Hanpyru
[IHY — nigcwiroBad HU3BKOI YaCTOTH
III1 —npuctpiit mopiBHIHHS
HIIC — TpaH3UCTOPHUI MiZCUITIOBAY MMOCTIHHOTO CTPYMY
[IC —npuBOAHA CTaHIIisS TPAHCIIOPTEPA
119 —nepeTBOproBad 4aCTOTH
II49[H —mnepeTBOpIOBaY YacTOTH 3 IHBEPTOPOM HANpPYTH
IT4IC —nepeTBOpIOBaY YacTOTH 3 iIHBEPTOPOM CTPYMY
P3 —perictp 3cyBy iMmynbciB
PH —perynsarop Hanpyru
PII —perymoBanbHuil IpUCTpii
PC —perynarop ctpymy
CAK —cucrtemMa aBTOMaTU4YHOTO KEPYBaHHS
CAP —cucrema aBTOMaTHYHOTO PETYJIIOBaHHS
CAJIK — cuctemMa aBTOMAaTHYHOTO JIOTIYHOTO KEPYBaHHS
C/] — cenbcuH-aBay
(3 — KaHal CHHXPOHHOTO 3B’ SI3KY
CIDK — cucrema iMIyabCHO-(ha30BOTO KEPyBaHHS
Cx — cKkuayBad COPTUMEHTIB
CII — cenbCcHH-TIpHIIMAY
CT — copTyBaJIbHHM TPaHCIIOPTED
CC3Il — cuHXpPOHHO-CIIIIKYBaJIbHUH 3ammaM’ ITOBYBaIbHUH MPUCTPil
TCM —TexHOJIOTI4HA CUCTEMA MalIUH
TIl — THpPUCTOPHUI NIEPETBOPIOBAY
TII-]] — perynpoBaHHUH €IEKTPOIPHUBO]T 32 CHCTEMOIO “ THPUCTOPHHM ITEPETBOPIOBAY
— IBUTYH TIOCTIHOTO CTPyMY”
TII4-AJ] —peryiboBaHUH €IEKTPOIPUBO/L 33 CHCTEMOIO “ THPUCTOPHUI IEPEeTBOPIOBaY
YaCTOTH — ACHHXPOHHHUN JBUTYH"
LAl —undpo-aHanoroBuii IepeTBOPIOBaY
YIIK —4ucnoBe NIporpaMHe KEpyBaHHS
[H-IIIIM — inBepTOp HANPYTH 3 ITUPOTHO-IMITYJIECHOK MOIYJISIIERO



IIEPEIMOBA ... e 10

3MICTOBUI MOAYJIb I
EJIEMEHTU TA CUCTEMU ABTOMATUKU

PO31JI 1. BUSHAYEHHS TA CTPYKTYPA CUCTEMU ABTOMATHUKMU ...13

1.1. OCHOBHI TOHSTTS ITPO aBTOMATUKY Ta ABTOMATH3AIIIIO ....eeeeeeeeeeeeeeeeeeeeeennns 13
1.2. CTpykTypa Ta KIACUDIKALIS CHCTEM ABTOMATHKH ...vveenerreeesinerreeesannneeeesnnnns 15
PO31J1 2. EIEMEHTU CUCTEM ABTOMATHUYHOI'O KEPYBAHHA ....... 21
2.1. CTpyKTYpHA CXeMa 00 EKTA KEPYBAHHS ..eeeeeeeeeeeeeeeeeeeereeeeeesseeasaseeseassessesananens 21
2.2. Knacudixariis elIeMEHTIB CUCTEM ABTOMATHKH ...ceevuvrrreesnnrrressnnneeessnnnneeenns 22
PO31J1 3. IIEPBUHHI EJIEMEHTHU ABTOMATUKMU .......covvviiiiiiiiiiieees 26
3.1. Knacudikalris maBadiB Ta iX OCHOBHI XaPAKTEPHUCTHKH .oeevveeeeereeereeeeeneeneannns 26
3.2. laBayi JTIHIHHUX PO3MIPIB TA MEPEMILLIEHD w...evvveeesrurrrreesannreraesannreeessnnnneeesns 29
3.2.1. ITpuHIn poOOTH Ta KOHCTPYKINS IHAYKTUBHUX JABAUIB ....vvvveernieeeeennns 29
3.2.2. KoHCTpyKIIis Ta MPUHIUT POOOTH IMTOTCHIIOMETPUIHUX 1aBAYIB ........... 34
3.2.3. IlpuHiun poboTH, Oya0Ba Ta MPU3HAYECHHS EMHICHUX JABAYIB .............. 37
3.3. J1aBaUi KYTOBUX MEPEMIIIICHD ...eeeeuvvrrresunnrresasnnreeessassneeesasnesesssnneeessnsneeesans 39
3.3.1. KoHCTpyK11ig Ta MPUHIUI POOOTHU CEITBCHHIB ...vvveeeurrrreesiireeeeanrneeesnnnes 39
3.3.2. IIpuHIUI poOOTH GEPOIUHAMIYHUX JABAUIB .vvvvvrreeessseirrrrreeeeaeesssannnnnns 41
3.4. J1aBaUi YACTOTU OOCPTAHHI .. .uuvvvvreereeeessiurinreeseaeessssasnsnsnsesaesssssansnsnseseaeeenanns 42
3.4.1. [TpuHIMI pOOOTH Ta OY10BA TAXOTEHEPATOPIB +rvveeevrreeeriirereeannreeeennnnes 42
3.4.2. MarHiTOIHAYKIHHI JaBa4l YACTOTH OOCPTAHHS «.ecevvvveeeeireeeeeireeeee e 47
3.4.3. YacTOTHI AaBAYl KyTOBOI IBHIKOCTI weveeeeeiisrurrrrrreesesssssnnnrnneeesasesssnnnenns 48
3.5, JIABATE BYCHITD ..uvvveeeeiuiteieeesstteeessitsee e s et e e e asbee e e s anstne e e e anbneeeeannneeeessnneneeeanns 50
3.5.1. [Tpunuunu po60oTH Ta Oy10BA BYTUIBHUX JABAYIB 3YCHIID ..vvveenerreeeennene 50
3.5.2. KOHCTPYK1IiS TEH3OMETPHUUHUX JABAUIB ..evvveenerreeeesnrrreessnnreeesannneessnnnes 51
3.5.3. [IpuHIunu po6oTH Ta 6yI0Ba ' €30CIEKTPUYHUX JABAYIB ..evveeeerrreenreee. 55
3.5.4. [TpunHIM poO6OTH Ta OyI0BA MATHITONIPYKHUX AABAUIB ...vvvveenirveeeenenes 56
3.6. JLABAUL THICKY +eeeeturrereeiureeeesannneeesassseeesassnneeesanssneeesassnneeeasnnneeesannneeenannnneeaans 58
3.6.1. KoHcTpyK1is Ta IPUHIUI POOOTHU 11aPPAarMOBUX AABAYIB ....cocvvveeennse. 58
3.6.2. [TpuHIHIT pOOOTH CHITBGOHHUX TABAUIB ...vvveeeuvrreeesurreeessninneeesanreeeesnnnes 59
3.6.3. [TpuHIHIT pOOOTH MPYKUHHUX JABATIB ...vvveeeeserrreeesnrrreessnnnreeesannneeessnnes 60
3.6.4. KoHCTpyKIIisl Ta MPUHIIUT POOOTH MArHITOCTPUKIIIHHUX JaBAUiB .......... 61
3.7. J1ABAUL TEMITCPATYPH «.vveeeeeeeseiaurtreeeeaaaeeaaaannseseeeeaesssaannsnseeeeaaeeesaaannnsneeeaaeessans 62
3.7.1. KoHCTpyKIIisl Ta MPUHIUT POOOTH PTYTHO-KOHTAKTHHX JABAUIB .......... 62
3.7.2. Tlpunaiun po6oTu, Oy10Ba Ta OCHOBHI XapaKTEPUCTUKHU

MPOBIAHUKOBUX TEPMOMETPIB OTTOPY -rvrernvrrrresinrrrresannreeeasnrneessanneeesae 63

3.7.3. [TpuHuI poOOTH Ta KOHCTPYKIIis HAIBITPOBITHUKOBHUX
TEPMOMETPIB OTIOPY +renuvrrreesurrreesanseeeesassseessassneeesaasnseeesssreeesssnsneeesanes 65

3.7.4. TTpuHIn poOOTH, KOHCTPYKIIIS Ta XaPAKTEPUCTHKU TEPMOTIAD ............ 68



6 3mict

PO3ILJ1 4. TIPOMDKHI EJIEMEHTU CUCTEM ABTOMATHUKMU .................. 71
4.1. 3aranpHi BIIOMOCTI PO Pefie Ta 1X KITACHPIKALIIS +veevvvrveeerirreeeeeiieeeeeainnees 71
4.2. KoHCTpYKIIisl Ta IPUHIUI POOOTH EEKTPOMATHITHUX PEIIC .vvvernvrrvreernennnne 72
4.3. OCHOBHI XaPAKTEPUCTUKHU PEJIIC vvvvvrrrrrrrrrrrrrererrrererrrerererererereseremeemrmemmmmmemmmmme 77
4.4. OcobnuBOCTI Ta Ki1acudikallis maCHIIOBAYIB Y CHCTEMAaX aBTOMATHKM ....... 80
4.5. ITpuHIMI poOOTH Ta KOHCTPYKIISI MATHITHUX MIACUITIOBAYIB ... 82
4.6. KoHCTpYKIIisl €IEKTPOHHUX JTAMITOBHX ITIICHITIOBAUIB ..vvveerserreeessnrreeensnnnees 85
4.7. TIpuHIUI POOOTH HAITIBIPOBIAHUKOBUX IMIACUIIOBAUIB ...vvvvrreeeeesieerrvenneenns 87
4.8. CTpykTypa Ta IPUHIUIT POOOTH ONEPALIMHHX MIICUITIOBAYIB .......evvvvveeennn. 93

PO31J1 5. BUKOHABYI MEXAHI3MU CUCTEM ABTOMATUKMU ............. 97
5.1. 3araibHi BIIOMOCTI PO BUKOHABYI MEXAHIZMHU ..cccvvvvreeeinirreeessnrneeessnnneeeenns 97
5.2. KoHCTpyK1Iig Ta XapaAKTEPUCTHUKU ETIEKTPOMATHITIB -.vvvveenirieeesinrreeesaineeass 98
5.3. KoHcTpyK1ig Ta TPUHIUI pOOOTH €IeKTPOMATHITHUX MYDT ... 100
5.4. BukoHaBYl MEXaHi3MH 3 €JICKTPOABUTYHHUM TTIPUBOIIOM ....vvvveenirreeeeinnnnenss 103

5.4.1. EnexTpu4Hi ABUTYHU TIOCTIHHOTO CTPYMY BUKOHABUUX MEXaHI3MiB .... 106

5.4.2. EnexTpu4Hi ABUTYHU 3MIHHOTO CTPYMY BUKOHABYUX MEXAHI3MIB......... 111

5.4.3. KpoKoBi ABUTYHU BUKOHABUMX MEXAHIZMIB .....uvvveeerirrreeesinrneeaninnneenns 117
3MICTOBUI MOJYJIb II

EJIEMEHTU CUCTEM JIOTTYHOI'O KEPYBAHHA
TA ABTOMATHUYHOI'O PET'YJIFOBAHHA

PO3/I1J1 6. OCHOBU TEOPII ABTOMATUYHOTI'O PETYJIIOBAHHA ........ 124

6.1. 3arayibHi MOJIOKEHHS PO CUCTEMY aBTOMATHYHOTO PETYJTIOBAHHS ............ 124
6.2. Knacudikarrist CHCTEM aBTOMATHIHOTO PETYITIOBAHHS «.c.vvvvveeernivreeesaninnenss 126
6.3. [TOHATTS PO AMHAMIYHY JIAHKY Ta 11 MepeaaBaTbHY QYHKITIO ...everruvveeenns 129
6.4. TunoBi JIaHKU CUCTEM aBTOMATUYHOTO PETyJIIOBAaHHA Ta iX

MEPEAABATBHT (DYHKLIIT +vvveeiuvrreeesiiieieesstreeeeaineeeesssree e e s s e e e ssnneeesesnnneeenns 134
6.5. CrtocoOu 3’eAHAHHS TUHAMIYHUX JJAHOK Y CTPYKTYPHHUX CXeMax

CHUCTEMHU ABTOMATUUYHOTO PETYITEOBAHHST ..cvivuuerirreeeeaeessaaintneeeeeeaesssanannennes 138

PO3LJI 7. TEOPETUYHI OCHOBH JIOTTYHOT'O KEPYBAHHA ............... 143

7.1. MaTeMaTU4HI OCHOBH ITOOYTOBH JIOTTUHUX MTPUCTPOTB ..vvvveeesirieeeesrivaeeeenns 143
7.2. Cioco6u popMmaitizariii cucteM aBTOMaTUIHOTO

JIOTTUHOTO KEPYBAHHST «..eeeiuurreeeesitreeesasnseseasssteeesssstneessanssseeesanseeessssnseessns 144
7.3. OCHOBHI 3aKOHH MEPETBOPEHHS JIOTTUHUX PIBHIHD ..vveerrerreresiireeeennnneeeans 147
7.4. CxnagHl QYHKIIT MATEMATHYTHOL JTOTIKH «..vveeuerrreessuineeessinreeessnneeeessnneeeenns 148
7.5. Meroanka nooyaoBu 0€3KOHTAKTHUX JIOTIYHHUX CXEM 32 peJieitHO-

KOHTAKTHHMH CXEMAMI ..evvvviiiieeessisinnsssssssssssssssssnssssssesssssnsssssssssssessssnnssssnes 150

PO3/1J1 8. CXEMU KEPYBAHHA EJIEKTPOIBUTYHHUMU
BUKOHABUMMU MEXAHIBMAMMU ......ooooiiiiiiiieeeeeee 154
8.1. KepyBaHHSI aCHHXPOHHUM €JIEKTPOJABUTYHOM 3 KOPOTKO3aMKHYTUM
POTOPOM ctttueeeeeteettttaas s e e eeeeeetbbaa s e e e eaeeeetbbaa s e e aeeeeesbba s eeeaeaeeesbbsanaeeaeaeennns 154



3micT 7

8.2. PeBepcyBaHHs aCHHXPOHHOTI'O €J1€KTPOJBUIYHA 3 KOPOTKO3AMKHYTUM

POTOPOM e e 156
8.3. KepyBaHHSI JBOIIBUAKICHIM aCUHXPOHHUM €JIEKTPOABUTYHOM .....ccrnevee. 157
8.4. KepyBaHHs raJbMyBaHHSM AaCHHXPOHHUX €JIEKTPOIBUTYHIB BUKOHABUUX
Y (1 116300 S PO PUPPPRPRPRRP 158
3MICTOBUI MOJYJIb III

ABTOMATU3ALIA BUPOBHUYUX ITPOLIECIB
JIICOBUX I AEPEBOOBPOBHUX IIATIPUEMCTB

PO31J1 9. ABTOMATU3ALIA TEXHOJIOITYHOI'O [TPOLIECY
PO3BAHTAXEHHS CTOBBYPIB TA PO3BMPAHHA 1X

TTAYOK HA JIICOBOMY CKJTAI ... 165
9.1. BupoOHUYIi MpoI1iecH JIICOBUX 1 IepeBOOOPOOHUX ITiIMTPUEMCTB

K OO0’ €KTH QBTOMATHBAIIIT evvuniiiiriieeietiieeistiseessstaseessssasessssassesssrasesessnansns 165
9.2. ABTOMaTH3aIlisl pOOOTH PO3BAHTAKYBATBHUX YCTAHOBOK ..eeeerivvveeernneness 167
9.2.1. Cucrema kepyBaHHSI KAHATHO-OJTOYHOK) YCTAHOBKOKO «.eevvvevirieereeeeeeannn 169
9.2.2. CucreMa KepyBaHHS TAYKOBHUM TIIPOPO3BAHTAKYBAUEM .....eeerruvrrreannns 171
9.2.3. IToOynoBa cucteMu KepyBaHHS KaOeIb-KpaHOBOIO YCTAHOBKOIO .......... 173
9.3. ABTOMAaTH3allis IIPOIIECY PO3OUPAHHS ITAYOK CTOBOYPIB ..oovvvvveveeeeeeeeeeeennn, 175
9.3.1. O6nagHaHHS IJI1 TPYIIOBOTO PO330CEPEIKEHHS CTOBOYPIB ...cevvvvveeeee. 176

9.3.2. Cucrema KepyBaHHS KPaH-MaHIYJISITOPOM JIJIsl TOIITYYHOTO
PO30OUPAHHS HAYKU CTOBOYPIB .oevieieeeieeieseiieeiesieeseeesesesesesennneeeeeanneneaeens 179

PO3ALI 10. ABTOMATU3ALIA MTPOLUECY OUUIIIEHHA JEPEB
BI T'VIOK HA JIICOBOMY CKITAIL ...coviiiiiiiiiiieeeeeiee e 183
10.1. Cucrema KepyBaHHS CTAIlIOHAPHOIO TIKO3Pi3yBAIbHOIO YCTAHOBKOIO ... 183
10.2. ABTOMaTH30BaHa CcTallloOHApHA TUIKO3pidyBaibHa ycTraHoBka [TCJI-2A .. 186

PO3LJI 11. ABTOMATU3ALIA [TPOLECY KPAXKYBAHHA

CTOBBYPIB HA COPTUMEHTMU .......oovvvviiieiiiiiieeeee e, 195
11.1. Knacudikaiis KPSKYBATBHUX YCTAHOBOK ..vvvvvvvrurrerensnnssnmnmnnnmnnnsnsnsnsnnnnnnns 195
11.2. dopmamizallis ONTUMAaILHOIO KPsHKYBaHHS CTOBOYPIB Ha COPTUMEHTH .... 197
11.3. Cucrema KepyBaHHS OJHOIIMIIKOBOIO KPSKYBAILHOIO YCTAHOBKOIO ........ 198
11.4. ABTomaTH3oBaHa KpsbKyBasrbHa JTiHisA JIO-15C 3 110310BKHBOIO
TTOJTAYCHO CTOBOYPIB tvvvvvrrrvruurunnnnnnrnnnnnnnnnnnnnsnnnnssssssnsnsnsssnsnnnnnsnsnsnsnsnsnsnnnnnnns 201
11.5. EnekTpuuHa cxeMa KepyBaHHS aBTOMAaTHU30BAHOIO KPSKYBaJIbHOIO
THHIEIO JIO-15C ..ot e e e e e e e e s 204
11.6. CrucreMu aBTOMATUYHOTO BiIMIPIOBAHHS JIOBXUH COPTUMEHTIB
Ha KPsDKYBATBHIN JHIT JTO-15C ....ooiiiiiiiiiiiiiciiicc e 211

11.7. Cioco6u mporpaMyBaHHS IIPOIIECY KPsDKyBaHHS CTOBOYPIB
1 0] U7 0 (S § U ST 215



8 3mict

PO3ILJI 12. ABTOMATHU3ALIA COPTYBAHHA KPYTJINX
JIICOMATEPIAJIIB ..o
12.1. Knacudikamist CUCTEM aBTOMAaTHYHOT'O KEPYBAHHS COPTYBAHHSM ............
12.2. ABTOHOMHI CHCTEMH aBTOMAaTHYHOT'O KEPYBAaHHS COPTYBAHHSIM
KPYTITAX JTICOMATEPIAIIIB 1vvvvvvvvvvrrrsrsssnnnnsssnnnnnnsssssssssssssssssnsssssnsnsssssnsnsnnnnnnns
12.3. CHUHXpOHHO-CITIIKYBaJIbHI CHCTEMH HETIEPEPBHOI il 1711 aBTOMATUYHOTO
KEpYBaHHS COPTYBAHHSIM KPYTTIAX JTICOMATEPIATIIB ..eevuvvvereenireeeesiireeeennns
12.4. IMIyIbCHI CHHXPOHHO-CITIIKYBaJIbHI CHCTEMU KEPYBaHHS COPTYBAHHSIM ....
12.5. JIoriuHi cucTeMy aBTOMATHYHOTO KEPYBAHHS COPTYBAHHSIM COPTUMEHTISB ...
12.6. Y3araibHeHa CTPYKTypa CUCTEMU aBTOMATUYHOTO KEPYBaHHS
COPTYBAHHSIM COPTHUMEHTIB 32 1O0MOMOT0I0 EOM ......cccccciiiiiiiiiiiieee,

PO3LJI 13. ABTOMATHU3ALIA OBJIIKY KPYTJINX JIICOMATEPIAJIIB ...
13.1. Knacudikaliisi aBTOMaTUUHUX IIPUCTPOIB BUMIPIOBAaHHS 00’ €My
KPYTIIAX JTICOMATEPIATIIB . ..vvvteeuereieesauneeeeesansseeaesssnsnaessasnnneesannnneeessnnnneesns
13.2. [nTerpyBasbHi aBTOMATHYHI TPUCTPOI BUMIPIOBAHHS (DAKTUYHOTO 00’ €My ...
13.3. IMmynibCHI aBTOMATHYHI TIPUCTPOT BUMIPIOBAHHS (PAKTUYHOTO 00’ €MY ...
13.4. O6’emHI Ta BaroBi aBTOMAaTUYHI IPUCTPOI BUMIPIOBAHHS 00’ EMY ............
13.5. ABTOMaTHYHI IPHUCTPOI BU3HAYCHHS 00’ €EMY PO3PaXyHKOBUM METOJIOM ...
13.6. ABTOMaTUYHI IPUCTPOI BUBHAUCHHS 00’ €MIB HA OCHOBI
L0702 0207 D) £z e (515 0 3
13.7. ABTOMAaTHYHI TPUCTPOI BUSHAUECHHS 00’ €MY ITAUYKU COPTUMEHTIB ............
13.8. IndopmaniitHO-BUMIPIOBAIBHI TPUCTPOI A1 BUSHAYECHHS PO3MIpiB
900200107 0:q0) §T670) V15 US) o £ ha 1 35
13.8.1. BumiproBaHHs JOBXHHU KPYIJIUX JIicOMaTepialiB Ha
MOJABATTEHUX TPAHCTIOPTEPAX - .uuvvrrvrrereeesesaaunreneeeaaesssaannrrsneeeeaessaans
13.8.2. 3acobu BU3HAUCHHS JiaMeTpa KPYIiIuX JlicoMaTepiajiiB Ha
MOAABATBHUX TPAHCTIOPTEPAX - uvvvvverrrreessessannnnnnnreeeesssmmsnsnnseeeeeaessanns

PO3/ILI 14. ABTOMATU30BAHUI EJEKTPOITPUBO/]
JEPEBOOBPOBHOI'O OBJTAJTHAHHSA ...
14.1. BUMOTH JTO CUCTEM PETYIHOBAHUX TIPHUBOIB ..eeeenvrveeesinirreeesanreeeesssnneeenns
14.2. PerynnoBaHMI €JIEKTPONIPUBO/L 3 €JIEKTPOMATHITHOIO MY(TOIO KOB3aHHS .....
14.3. PeryapboBaHU €NEKTPONPUBO/I 32 CUCTEMOIO TUPUCTOPHUIM
MIEPETBOPIOBAY — EIIEKTPOABUTYH MOCTIHHOTO CTPYMY .vvvvvvereessssnnrrreneeenss
14.3.1. CxemMu THPUCTOPHUX NIEPETBOPIOBAYIB ISl PEBEPCUBHOTO
EIICKTPOITPUBOJIA TIOCTIHHOTO CTPYMY trvvvvrrreeessssannrererereeesssssssssnneneees
14.3.2. Cucrema crabimi3arlii IBUIKOCTI €JIEKTPOJIBUTYHA ITOCTIHHOTO
CTPYMY 31 3BOPOTHUM 3B’ I3KOM 32 YACTOTOIO OOEPTAHHS ........eeeeee...
14.3.3. CTpyKTypHO-MaTeMaTHYHA MOJIEIIb aBTOMAaTU30BaHOTO
TUPUCTOPHOTO EIEKTPOTIPUBO/IA TIOCTIHHOTO CTPYMY ....eeevvvveeeaaannnn.
14.4. Peryap0oBaHUM €IEKTPONPUBOJ, 32 CHCTEMOIO THPUCTOPHUI
MEPETBOPIOBAY YACTOTU — ACUHXPOHHUN EIIEKTPOABUTYH .vvvvreeersrninrrennnes
14.4.1. TN HEPETBOPIOBAUIB UACTOTH +vvvvrvrrrererererennsnsnnsnennnssnnssnnsnsnsnsnsnsnnnes

231
233

233
234
235
236
237



3micT 9

14.4.2. InauBiAyaTbHAN 4YaCTOTHOKEPOBAHUI SICKTPOIIPHUBO.

3 KOPOTKOZAMKHYTUM AL ..vvvvviviviiiiiiiiiiiniiiiieniininnnnnnnnnnenenennnnnnn. 281
14.4.3. CTpyKTypHO-MaTeMaTUIHA MOJIE]Tb ACHHXPOHHOTO EJICKTPOTIPUBOIA
3 THPUCTOPHUM TIEPETBOPIOBAYCM YACTOTH errvvvreeernrrreeesnnnreeessnnnens 284

14.5. CucreMu aBTOMaTUYHOTO KEPYBaHHS ASPEBOOOPOOHNMH BEpCTaTaMH .... 287

PO3A1J 15. ABTOMATHU3ALIA ITPOLUECIB I'TJIPOTEPMIYHOI'O
OBPOBJIEHHA JEPEBUHU TA JEPEBHUX MATEPIAIJIIB .... 290
15.1. CucreMa aBTOMAaTUYHOT'O KEPYBAHHS MPOIIECOM CYITIHHS

JIEPEBHUX JINCTOBUX MATEPiajliB Y KOHBEEPHHUX CYIMIAPKAX vovvvvrerrrrrrrereennns 290
15.1.1. OcHOBHI ITapaMeTpH, SKiI BU3HAYAIOTh SIKICTh CYIIIHHS IIIIOHY ......... 290
15.1.2. CTpyKkTypHa Ta MaTeMaTHYHA MOJIEIb KOHBEEPHOI CyIIIapKU

SIK 00’ €KTA ABTOMATHBALIL +vvvevieeeeiieiitiieieeeaeesssainbbeeeeeeeessasanenneneeeeeeess 292
15.2. CucteMa aBTOMATUYHOT'O KEPYBAHHS MPOIIECOM CYITIHHS

JIEPEBHOT CTPYKKHU B 0aPAOAHHUX CYIITAPKAX «.uvvrerarerassssssssssaasasssessssssnnens 295
15.2.1. bapabanHa cymapka sk 00’€KT aBTOMAaTHIHOT'O KEPYBAHHS ............ 295
15.2.2. ®ynkuionansHa cxeMa CAK 0apabaHHOIO CYIIAPKOIO ...vvvvvvvvvrrrerenns 300

15.3. ABTOMaTHUYHE KepYyBaHHS ITPOIleCaMy CYIIIHHS JlicOMaTepialiB
N 200070309317 0:0 81 (<3 o2 . 301
15.3.1. CTpyKTypHa MOJIENb JICOCYIIUIBHOI KaMepH K 00’ eKTa
ABTOMATHIHOTO KEPYBAHHS .eeeeeeeeeieeeeeeeaeaeaeaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaanens 302
15.3.2. CratuyHi Ta IUHAMIYHI XapaKTEPUCTUKU JTICOCYIIAPKH ...cvvvvrerreeen.. 303
15.3.3. CrpykrypHa moaenb CAK HCOCYIMIUIBHOIO KAMEPOIO ...ccvvvvvvereenene. 307
15.3.4. ®yHKII0OHAIBHA CXeMa aBTOMATH3AlIll ITPOLIECY CYIIHHS AepeBUHH ... 309
15.3.5. ABTOMATHKA JTICOCYIIMITBHUX KAMED +vvvvvvrererererererereresenenmnsnsnensnnnennnes 311

PO31J1 16. ABTOMATHUYHE KEPYBAHHA PEXXUMAMU 'APAYOIO

IMTPECYBAHHA JEPEBHUX MATEPIAJIIB .......cccceviieiieee 317
16.1. OcoOMMBOCTI aBTOMAaTHYHOTI'O KEPYBaHHS TapsUnM IIPECYBAaHHSIM
JIEPEBHOCTPYHKKOBHX TIITHT +uuueeeeererrrununnseeessreesssnnnnsseessseesmssnnseeeesseesnsnnns 317
16.2. OcHOBHI (paKTOpHM aBTOMAaTUYHOT'O KEPYBAHHS IIPECyBaHHSIM
Di (0 e):)E (03:T00) (0) 8307 (67 0.0 1 111 & W 321
16.3. OCHOBHI MMOKA3HUKH SKOCTI CKIICFOBAHHS IITIOHY ...uvuveressssesesasssasasassnanas 323
16.4. ®ynkmioHapHa cxeMa CAK TrapsuiM HPECOM ..uvvviveiiiiiiiiiiiiiiininininneenens 326
16.5. ABTOMaTHYHE KepyBaHHS MPOIleCaMH IIPOITaPIOBAHHS JIEPEBUHM ............ 328

PO3/1J1 17. ABTOMATHWYHI JIIHIT JJICOITPOMUCJIOBOT'O

KOMITJIEKCY ..ottt 330

17.1. Knacugikamiss aBTOMATHIHUX JTTHIH «.uuuueeeessessssssssssssnssssssssssssasssssssssseneas 330
17.2. CTpyKTypa aBTOMATHIHIX JITHIH «..uuuueesssssesssssssssssssssssasssssssssssssanssnnenas 336
17.3. IIpoayKTUBHICTD ABTOMATHIHUX JTTHIH «..uveeeseessssesses s ss s s s s s s s s s e s ansee e 340
SATIMTAHHA 1O SMICTOBUX MOIYJIB.........coooiiiiiiiiiiiiieee e 344

PEKOMEHIOBAHA JIITEPATYPA ... 353



INEPEIMOBA

IToOynoBa cydacHoro e(heKTUBHOTO BUPOOHUIITBA 3MIMCHIOETHCS HA OCHOBI aBTO-
MaTH3allli Horo TeXHOJOTIYHHMX OIepaliii, yIOCKOHaJICHHSI 00’'€KTa aBTOMAaTH3allil,
BUOOPY TEXHIUHMX 3aCOOIB IS peajtizallii CIIPOeKTOBAHOI CUCTEMH aBTOMATUYHOTO
kepyBanHHs (CAK).

Cxiagaicth mo0ynoBu CA K TEXHOJIOTIYHUMHU ITPOIIECAMH JIICOBOT'O KOMITIEKCY T10-
SICHIOETBCSI BEIIMKOIO KIJIBKICTIO 30ypEeHb, SIKI ITOCTIMHO Ii0Th Ha 00’€KT aBTOMAaTH-
3allii, Ta CTOXaCTUYHUM XapaKTepOM TPUBAJIOCTEN TEXHOJOTIYHUX OMepaliii Jicore-
pepoOHOTO i AepeBO00OPOOHOTO BUPpOOHUIITB. Taki aKTOpH BU3HAYIIIN HEOOXITHICTh
BCTAHOBJICHHS CIeIiaTbHUX aBTOMATUYHUX MMPUCTPOIB, SIK1 CKIIAIM OCHOBY 715 TTOOY-
JIOBU CHCTEM CTaOumizarlii, CIAKyBaHHS W IMPOTrpaMHOTI0 KEpyBaHHS, 1 SK HACIIIOK,
JTIO3BOJIMIIM YCYHYTH OIlepaTopa BiJl y4acTi y BAPOOHUYHMX MPOIIecax JiCOMPOMUCIOBO-
0 KOMITJIEKCY. 3aCTOCYBaHHS B TAKUX CUCTEMaX KOMIT FOTEPHOI TEXHIKH, siKa 3a0e31e-
yye 30MpaHHs, IepeaaBaHHs, oOpoOeHHs i 30epiraHHs iHGOopMaIi 3 HETOCSHKHOIO
JUISL JTFOAVMHY IIBUIKOIEI0, TPU3BEIIO /10 BIPOBAKEHHS Y JepeBOOOPOOHUI mpoIiec
nockoHanux agantuBHUX CAK. Tomy 11s paxoBoro po3B’ss3aHHS OaraTbox MpoOJIeM-
HEX 3a7a4 y JIICOBIH Ta AepeBOOOPOOHIii rairy3i 1 ;s mpodeciiHOTo 00CITyroByBaHHS
PI3HOTHITHUX 3aCO0IB aBTOMAaTH3allli Ta CUCTEM aBTOMATUKHU MOTPiOHI 100pe Imiaro-
TOBJICHI CTICIIATICTH, SKi BOJIOJIIIOTH HEOOXITHUMU 3HAHHSIMHU 3 AaBTOMATUYHOTO Kepy-
BaHHS TEXHOJIOTIYHUMU MPOIIECAMU.

HapuanpHuii MOCIOHMK HAITMCAHO BIATIOBIIHO 10 p0oOOYOI MpoTrpaMu 3 HaBUATLHOL
IUCHUIITIHE “ OCHO8U A8MOMAMUKU Ma asmoMamu3ayis upooHuyux npoyecis”, sKa
YUTAETHC Ha Kadeapl aBTOMATH3aIlil BAPOOHUYHNX ITPOLIECIB, €IEKTPOTEXHIKH 1 TEILIO-
TexHikn HalliloHaIbHOTO JIICOTEXHIYHOT'O YHIBEPCUTETY Y KpaiHH, 1 BITHOCUTHCS 10 I'PY-
1 TpodeciiHO-OPIEHTOBAHMX HaBYAIBLHUX IUCLHIUIIH 3 MATOTOBKH (haxiBIliB 3a Ha-
npsmamu “ Jlicozazomisns” ta " Insicenepna mexawnixa” 3a CielialIbHOCTIMH “ JIicoinoice-
HepHa cnpasa” Ta * O01a0HaHHS TIC08020 KOMNAEKC) .

V nepwiii wacmuni HABYATLHOTO NMOCIOHMKA TTOIAHO y3arajdbHEHY CTPYKTYPY Ta Kiia-
cu@ikalliio TUMIOBUX CUCTEM aBTOMATHKU 1 €JIEeMEHTIB CUCTEM aBTOMATHYHOTO Kepy-
BAaHHS; IETAIILHO PO3TISTHYTO MPU3HAYEHHS 1 3ACTOCYBAHHSI IEPBUHHUX 1 MPOMIDKHHUX
€JIEMEHTIB aBTOMATUKH T4 BUKOHABYMX MeXaHi3MiB Y CA K TEXHOJOTTYHUMHU IIpolieca-
MH JIICO3aroTiBJjIi Ta IePeBOOOPOOKH; OITUCAHO OCHOBHI (hi3MYHI 3aKOHOMIPHOCTI eITe-
MeHTiB CAK mpoliecamu, X CTaTUYHI Ta TUHAMIYHI XapaKTEPUCTUKH; IMOJTAHO ACSIKI
BIJIOMOCTI, HEOOXiTHI J1s iX BUOOPY Ta pO3paXyHKY.

Ha nocratHboMy piBHI BUCBITIIEHO 3arajibHi OCHOBH aBTOMATHYHOTO PETryIIOBAH-
HSI HEMIEPEPBHUMU MTPOLIECAMU; TIOTAHO TEOPETUYHI OCHOBH CHUCTEM JIOTIYHOTO Kepy-
BAaHHS JUCKPETHUMHU MPOIIECAMH JIICOBOTO KOMILIEKCY.

V nepiiii moJIOBUHI Opyeoi uacmuku TOCIOHUKA PO3TIITHYTO aBTOMATHU3AIIII0 THITO-
BHUX TEXHOJIOTIYHUX MPOIIECIB JTICOCKIAACHKUX pOOIT; MOJAHO METOJIUKY CUHTE3Y JIO-
FYHUX MAaTEeMaTUYHUX MOJIEJIel cuCcTeM KepyBaHHS, 1 Ha iX OCHOBI — MPUHITUIN TTO0Y-
JIOBU PENIEHHO-KOHTAKTHUX CXEM KEepyBaHHS MeXaHI3MaMM i yCTaHOBKAMHM JTICOBHX
CKJIAJIiB.
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Oxpemuii po3ain APYroi YaCTUHM ITOCIOHMKA IMPUCBSIYCHO TEOPIi CydacHOTO aBTO-
MaTH30BaHOTO €JICKTPOIPUBO/IA 33 CUCTEMaMH ““THPUCTOPHUH MepEeTBOPIOBAY — JIBU-
T'YH ITOCTIMHOTO CTPyMy™~ Ta “TUPUCTOPHUI MEPETBOPIOBAY YACTOTH — AaCHHXPOHHMI
JIIBUTYH”, K1 IITUPOKO BUKOPHUCTOBYIOTHCS Y I€pEBOOOPOOHMX BepcTaTax.

VY nepenocTaHHbOMY PO3/ILTI OMTUCAHO HATIPSIMU aBTOMATU3AIlIT HENEPEePBHO-TUCK-
PETHUX TEXHOJIOTIUHHMX IPOILIECIB TIAPOTEPMIYHOTO OOPOOJICHHS ACPEBUHM Ta ACPEB-
HHUX MaTepialB, SKI Yepe3 CBOIO CIlelM(iKy Ta 3HAUHI CHepro3aTpaTy € OCHOBHUMHU B
JIepeBo0OPOOII.

V 3aKIIFOYHOMY PO3LJTi MOCIOHMKA TTO/TaHO 3arajibHy XapaKTePUCTHKY aBTOMATHY-
HUX MAIIMHHUX CHCTEM JIICOBOT'O KOMILJICKCY, OYJOBY Ta CIIOCOOM iX KOMITOHYBAHHS.
BukiameHo aHamITHYHI 3a7I€)KHOCTI /TSl BU3HAYEHHSI OCHOBHHUX JICTEPMIHOBAHUX T10-
Ka3HHKIB €(PpeKTUBHOCTI (PYHKIIIOHYBaHHS aBTOMaTUYHHUX JIHIH.

Ha mymKy aBTODIB, TEOpeTHUHUI MaTepiall, aHATHYHI 1 rpadidHi 3a7eKHOCTI Ta
CTPYKTYpPHI, QYHKIIIOHAJIbHI ¥ €IIEKTPUYHI CXeMH B ITOCIOHHUKY TIOaHO B TAKOMY 00 €M,
SIKAW € HEOOXITHUM 1 TOCTATHIM JIJIs TOTJIMOJIEHHS 3HAHD T4 BUPOOJICHHSI CTYIeHTaMU
YMIiHHSI aHAJTI3yBaTH TEXHOJIOTIUHI MIepeTyMOBH OO0 BIIPOBA/KEHHS aBTOMAaTHYHUX
CHCTEM Y JTICO3aTO0TIBIIIO Ta IEPEBOOOPOOKY, pO3yMIHHS (DI3UYHOI CYTI IX MaTeMaTHU-
HUX MOJIEJIeH Ta MPUHIMIY pOOOTH, a TAKOXK JUISl BAKOPUCTAHHSI OTPUMAHUX 3HAHD
TiJ] YaC CAaMOCTIHHOTO PO3B’SI3yBaHHS TPAKTHYHUX 3a/1a4.

BpaxoByrouu Te, 110 3HaHHS MPO CIIOCOOM aBTOMATHU30BAHOTO KEPYBaHHS Cydac-
HHM JePEBOOOPOOHNM BUPOOHUIITBOM 3 PI3HOMAaHITHUMH TEXHOJIOTTYHUMH OIepaIlis-
MM 1 00JaJHaHHSIM, ITOBUHHI TaKOXX MaTH (axiBI 3 mexHo02ii 0epeeoobpodKu, TO
MaTepiaj MepuIoi i YaCTKOBO APYToi YaCTMHU MOCIOHMKA 3 aBTOMATH3Allil IeIKHX Jie-
PpeBOOOPOOHNX TEXHOIOTIYHUX ITPOIIECIB MOYKE OYTH BUKOPUCTAHUH 1y deHmamu-mex-
HoJloeamu JUISI BABYCHHS KyPCy 3 OCHOB aBTOMATHKH Ta aBTOMATHU3aIlli BUPOOHUYMX
MIPOIICCIB.

ABTOpH MOCIOHMKA HAMATAJIUCS CTUCIIO Ta JOXIIJIMBO BUKIIACTH 3MICT PO3/ILTIB Ha-
BYAJILHOI TPOTPAMU y JIBOX YACTUHAX, 3 BUCBITJIICHHSIM TeOpii MOOYI0BU CUCTEM aBTO-
MaTHKU Ta iX elNeMeHTIB (vacmuna I) 1 aBTOMAaTH3aMil JICOBUX 1 AEPEBOOOPOOHUX
MITPUEMCTB HAa OCHOBI pe3yJIbTaTiB HayKOBO-CKCIIEPUMEHTAJIBHUX TOCIIIKECHD (Ya-
cmurna I1), oryOIiKOBaHUX y TEXHIYHIN JTiTepaTypi. Y KHU31 PO3TIIIHYTO HAaOUTBII Xa-
pakTepHI THIIOBI 3aJa4l aBTOMAaTH3allli TEXHOJOTIYHUX MPOIIECIB JUCKPETHUX 1 HEITe-
PEPBHUX BUPOOHUIITB JIICOBOI Ta IepeBOOOPOOHOI ramy3i.
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