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BCTVII

HapuasipbHi 1OCIOHMKM Ha BIAMIHY BiJ TIAPYYHHKIB, SK TIPaBUIIO,
BUJIAIOTHCS 3T1THO MPOTpaM HaBYAIBHUX AWCIMIUIIH 1 MICTUTh Marepiaji, B
OCHOBHOMY, sIKi 0a3ylOThCsl Ha MaTepiaJIbHO-TEXHIYHOI 0a3i M1 J1abopaTopHUX
poOIT y TOMY HaBUaJBLHOMY 3aKJIafi, y SKOMY Ipaiftoe aBTop. Lle miarBepmkye i
HaB4YasibHI ToCiOHMKK [1,2,3], sKi BKJIIOYAIOTh OpHUTIHANBHI MaTrepiaiu 1
MaTepiaiu MIKBY31BCHbKUX CTYJIEHTCHKUX OJIMITIa]] 3 OJHOMMEHHUX HaBYAIbHUX
JUCLIUIUTIH 1 HAYKOBO-TIPAaKTUYHUX KOH(MEPEHIIi# 32 TEeMaTUKOIO 3 MEXaTPOHIKH.
Benyuoro kadenporo 3 MexaTpoHHWIll Ha YKpaiHi € Kadeapa HNpHUKIATHOT
rijpoaepoMexaHiKu 1 MEXaHOTPOHIKM HallloHaIbHOTO TEXHIYHOTO YHIBEPCUTETY
VYxpainn «KuiBcbkuil momiTexHidHMA 1HCTUTYT iMeH1 Iropss CikopchKoro», Ha
SAKOi ~ HIOPIYHO  TMPOBOJATHCS  MDKBY3IBChKAa  CTYIACHTCbKA  OJiMIIiajaa
«MexaTpoHika rajy3eBOoro MamMHOOYIyBaHHS 1]l HAYKOBHUM KEPIBHHUIITBOM
npodecopa ['ybapeBa Onekcanapa IlaBmoBuya.

B naBuanbHOMY NOCIOHHMKY PpO3TJISSHYTH TUTAHHS aHANI3y 1 CHUHTE3Y
MEXaTPOHHUX CHCTEM B 3aCTOCYBAaHHI JI0 MEXaHI3MIB TE€XHOJOTTYHUX MAIIHH 1
MEXaHIKO-TEXHOJOTIYHUX CUCTEM JIETKOT IPOMHUCIOBOCTI.

HapuanbpHuii mociOHUK «MexaTpoHika B raly3¢BOMY MAIIMHOOYTyBaHHI»
MICTUTh MNPOrPaMHHUNA MaTepiall, SKUW IependadyeHuid HaBYaJIbHOI 1 poOoUlid
nporpaMamMu JUCHUILIIHM «MexXaTpoHiKa B Trajay3eBOMY MallMHOOYAyBaHHI»
JUTSL CTYJICHTIB JICHHOI, 3404HOI Ta JUCTAHIIIITHOT ()OpM HaBYAHHS 3 raidy3l 3HaHb
«MexaHiuyHa 1HXKEHepis», cremiaibHoCcTl «['amy3eBe MammHOOYyBaHHSY,
«IIpukiamHa MexaHika», CTyNEHs BHUINOI OCBITH — OakamaBp. Marepianu
HABYAJBLHOTO TOCIOHMKA TaKOX MOXYTh OyTH BUKOPUCTAHWUW IMPU BHUBYCHHI
HaB4aJibHOI  JucHMIUTIHE ~ «CAM-TEXHOJOTIT  KOMIT FOTE€PHO-IHTETPOBAHOTO
oOJlalHaHH NI CTYAEHTIB CeliaibHOCTI «I amy3eBe ManmHOOYyTyBaHHS» 3a
OCBITHBOIO Tporpamoro «OOnajHaHHA JIETKOT MPOMHUCIOBOCTI Ta MOOYTOBOTO
00CITyrOBYyBaHHS» CTYIIEHS BHIIOi OCBITH — MaricTp.

B HaBuanbHOMY NOCIOHUKY PO3TJISHYTH TPUHIMON  00'€KTHO-
OpPIEHTOBAHOTO IMIJAXOAY JIO0 IMOOYJOBH MEXaHIKO-TEXHOJOTTYHUX CHCTEM Ha
OCHOBI THMOBHX MeXaTpoHHMX MOAymiB. PosrmsnyTi CAIIP-moOynoBa 1 anami3
poOOTH CXeM IUKIIOBUX MEXAaTPOHHHX CHUCTEM B TPOTPAMHOMY CEpPEIOBHIIL.
HageneHi npaBuia aHaiizy TEXHOJIOTTYHUX TpadiB AJisi MEXaTPOHHUX CUCTEM C
blcrabinprum 1 MOHOcTa0iabHUM — KEpyBaHHSIM  JUIsl  HACTYMHOIO  iX
3aCTOCYBAHHS TPHU MEPexojl BiJ PIBHSIHb NMPUYMHHO-CHAIKOBHX 3B'SI3KIB [0
CKJIaJaHHS CXEeM KepyBaHHS 0Oe3 KOHTposepa i1 3 KoHTposepoMm.  Hareneni
NpUKIaAN 1MOO0YyM0BYM (YHKIIOHATBRHUX TpadiB, CUCTEM piBHSIHb NPUYUHHO-
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CTHaJIKOBHX 3B'SI3KiB 1 porpam ix peasizailii 3 BAKOPUCTaHHIM MPOrPaMOBAHOTO
JIOTIYHOTO KOHTpOJIepa MPHU CTBOPEHHI MPOEKTIB B MPOTPaAMHOMY CEPEIOBHUIIT
JUTSI KOMIT FOTEPHO-THTETPOBAHUX TEXHOJOTIYHUX MAIUH JIETKOT 1 TeKCTUIBHOI
MIPOMUCIIOBOCTI 3 BaXKUIBHUMU 1 KyJIaYKOBUMHU MEXaHI13MaMH.

ABTOp BHCIIOBJIIOE€ BISYHICTH pereH3eHTam mnpodecopy M.€. Ckudi,
npodecopy O.II. TI'ybapery i1 mpodecopy M.B. Sxumuyky 3a 3poOieHi
3ayBa)KCHHSI 1 JIOMOBHEHHSI Ta 32 KOHCTPYKTHUBHY CIIBIIPAIIO TI0 BIPOBAHKEHHIO
B KuiBCchbkOoMy HaIllOHAJIBPHOMY YHIBEPCHUTETI TEXHOJOTIM Ta JAW3alHYy
OpraHizalifHuX 1 METOAMYHUX IIOJIO)KEHb 3 MEXAaTPOHIKM B TalTy3eBOMY
MalIMHOOYAyBaHHI JIETKOI TPOMHUCIOBOCTI Ha Kadeapi MalldH JIETKO1
MIPOMHMCIIOBOCTI 3apa3 Kadeapa MPUKIATHOT MEXaHIKH Ta MAIIHH.

1. CTPYKTYPA I EJIEMEHTU MEXATPOHIKIA

1.1. KommnereHTHOCTi 3 tucumiuiinu «MexaTpoHika B rajry3eBoMy
MAaIIMHOOYYBAHHD)

CydacHe HayKO€MHE Tally3eB€ MAaIIMHOOYAyBaHHA Oa3yeTbcs Ha
TEOPETUYHUX OCHOBAX MEXaHIKHU, €JIEKTPOHIKH, MPHUKJIAJHOMY IMpOrpaMyBaHHI
Ta MareMaTuku. /g 1H)XXeHepa-MeXaHlKa MPaKTUYHE 3aCTOCYBAHHA IMX HAyK
3aCHOBAaHE Ha 3aJMIIKYy 1H(pOpMAaIli y BIAMOBIIHOCTI 31 CXEMOIO Ha puc.l, ne
HaBeJCHI BIJICOTOK 3aCBOIOBAHMX 3HaHb 1 OTPUMAHUX KOMIICTEHIINA 3
HAaBUYAJbHUX TEXHIYHMX JMCUUIUIIH TPU 3aCTOCYBAHHS CY4YacCHUX METOIIB
HaBuaHHA TUy «STEM-ocBiTay.

Jlianor - mpe3eHTAanid

=1

TTpsani 3BA3KH 5 Puc. 1. Cxema mnpsMux 1
i 3BOpPOTHIX 3B’s13KiB 1pu STEM-ocBiTi,
A K OCHOBM HaBUaHHS 3 JIUCIUIUIIHU
g «MexarpoHika B rajgy3eBoMy
(=) .
& MalIMHOOY/1yBaHHI»
4]
o
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3pofni cani,
10%4

saifiymoz

STEM-ocBiTa — abpeBiaTypa aHriiiicbkux ciiB «Science, Technology,
Engineering, Mathematics («Hayka, Texuomoris, Imkenepis, MaremaTuka),

sIKa 3aCHOBaHa Ha Mojiepallii. Modepayis - 11e METOJT ONTHUMI3allii HaBYaHHS
4



3 TOYKHM 30py MIHIMI3aIlli 3aTpaT yacy 1 3yCHJib, IKUH COpHsE ONTUMI3AIIT 1/1eH,
JyMOK, TIOTJISIB 1 OadyeHHs IS OTPUMaHHS KOMIIETEHIIA (3HaHb, HABUKIB 1
BMiHb) CTYACHTaMHU. 3a JIOMOMOIOI0 MOJIEpallii iekmop-mpeHep sIK Ou «IiCTae»
3 YYaCHHKIB iX TOIJISIAM 1 3 MEBHOTO MUTaHHSI. BaknuBuMU 1HCTpyMEHTaMu
MoJiepallii € gi3yanizayis HA6UanHs 1 HAGUAHHA 3acobamu momopuku («3podou
cam, ceoimu pykamuy), K 1e 300paxxeHo Ha puc. 1.

Mema BUBYEHHS HaBYaJIbHOI NUCHUIUIIHU «MexaTpoHika B raiay3eBOMY
MaIlMHOOY/yBaHH1» € OTPUMaHHS KOMIIETCHIIIH, B TOMY YHCJI1 BMiHb 1 HABUYOK
(skills) BupimryBaTu 3aBaaHHs, SKi IOB’SA3aHI 3 OCOOJMBOCTSAMH IOOYIOBH,
eKCIUTyaTallli, MPOEeKTyBaHHI (aHaMI3y 1 CHHTE3y) MEXaTPOHHUX IIUKJIOBHUX
CHUCTEM pI3HHX PIBHIB CKIaAHOCTI [2] Ta iX 300pKM 1 HaNaJIKH y CKJIai
TEXHOJIOTIYHOTO  OoOJagHaHHSA. B  HaBYaibHOMY  TOCIOHHMKY  BHepIie
pPO3TIIAIAIOTHCS  TPUKIAIA 3aCTOCYBAaHHS MEXATPOHIKM JO aBTOMAaTH3arlil
MeXaH13MiB MaIINH JIETKOi TPOMHCIIOBOCTI.

['onoBHUM  3a60anHam  AUCUMIUTIHK  «MexaTpoHika B  Taly3eBOMY
MamuHOOyAyBaHHI» € (OpMyBaHHS Cy4dacHUX I1HXKEHEPIB-MEXaHIKIB, SKi
BOJIOJIIOTh MUKAMCIHUIUTIHADHUMM 3B ’S3KaMM  3HaHb 3 PI3HUX Taily3eu
TEXHIYHUX HayK, SKI  [OB’A3aHI 3 KOMII'IOTEPHUMHU TEXHOJIOTISIMU Ha
BUPOOHMUUTBI. Mexamponika 00’€AHYe MEXaHIKy, €JIEKTPOHIKY, IMHEMO- Ta
TIAPOAaBTOMATUKY 1 NPOrpaMyBaHHS KOHTPOJIEPIB, BOYJIOBAHMX B MEXaHIKO-
TEXHOJIOTIYHI CUCTEMH 1 TEXHOJIOT1YH1 MalllMHA Tajy3i.

Jucnururina 6a3yeTbCsi Ha paHillle BUBUYCHHUX 3araJilbHOTEOPETUYHUX Ta
3arajbHO-1H)KEHEPHUX TUCIUILUIIHAX 1 € 0a30BOI0 MPU BUBYEHHI CTYyJIEHTAMU
HACTYITHUX MPOdeciitHO-OpIEHTOBAHUX JMCIUILIIH CIIeIiaabHOCTI: «MexaHiuHa
TEXHOJIOT1Sl 1 O0JaJHaHHS JIETKOI MPOMMCIOBOCTI», «IIpoekTyBaHHS HIBEHHUX
MaIuH, «IIpoexTyBaHHs B’ SI3QJTbHAX (TPUKOTAXKHUX) MaIuH,
«IIpoekTyBaHHS B3yTTEBUX MAIIIUH.

VY pe3ynbTari BABYEHHS HABYAIBHOI IUCIUILIIIHUA CTY/ICHT ITOBUHEH:

3HamMu: MOYJUBOCTI 1 OCOOJMBOCTI 3aCTOCYBaHHS IMKJIOBUX CHUCTEM JIJIs
aBTOMAaTH3allli TEXHOJOTIYHUX MAIllUH Tajdy3edl JIerKoi MPOMHUCIOBOCTI
(mBeMHMX, B’S3JIbHUX 1 B3yTTEBHX) Ta arapaTiB MOOYTOBOTO 0OCIyTOBYBAaHHS;

émimu. CKJajaTH 1 HAJIAro/pKyBaTH CXEMHU ITHEBMOABTOMATHKHU 1 ITHEMO-
€JICKTPOABTOMATHUKH JIJIsl aBTOMATH3aIl11 TEXHOJIOTTYHUX MAIlIUH Tay3i.



1.2. CTpykrypa i Micuie MeXaTpPOHIKH Y PO3BUTKY KOMITI’FOTEPHUX
004HCITIOBAJIBLHUX CUCTEM

ChopmynpoBaHa  MeTa  HAaBYAIBHOI  JAWCIUILUTIIHA  JIOCSATAETHCS
BHUPINTYBaHHSM HACTYITHUX TPHOX OCHOBHUX 3a7a4:

1 3a0aua - 3a0aua mexawixu HampaBlieHAa Ha CIPOIICHHS KiHEMaTHKU
IIPOCTOPOBUX 1 0araTto Ba)KIJIbHUX MEXaH13MIB MaIliH JIETKOT MPOMHUCIIOBOCTI 3a
paxyHOK  BHKOPHCTAaHHS TEXHIYHMX 3ac00iB MEXaTpOHIKM TP CTBOPEHHI
BUKOHABYMX MEXAHI3MIB 1 MAILIMH 3 €JIEKTPOHHOIO MaM’SITTIO 1 «IHTEJIIEKTOM»;

2 3a0aua - 3a0aua eleKmpoHiKU HaIpaBlIeHa Ha BHUBYEHHS Ha 3acajiax
00’ €KTHO-OpPIEHTOBAHOTO MPOEKTYBaHHS MeTona rpadiB 1 TEXHIYHUX 3aCO01B
A peamizamii NpsSAMUAX 1 3BOPOTHUX 3B’SI3KIB B CHEPreTUYHHX 1 B
iH(oOpMaILlIITHUX KaHallax [epeaayl CUTHAIB KOMaHJ KepyBaHHS, CUTHAJIIB
aZpeciB 1 MMTHAJIIB JIaHUX B KOMOIHOBAaHUX CXEMax 3 KOHTPOJIEPOM;

3 3a0aua - 3a0a4a ingpopmamuky HarpaBiIeHa HA BUKOPUCTOBYBAHHS 3HAHb
1H(MOpPMAaIIITHUX TEXHOJIOTIN ISl PO3KPUTTS BHYTPIIIHIX 1 30BHIMIHIX 3B'SI3KIB Y
TpiaJll «MEXHON02IYHA MAawluHa — 2pagh i pPIBHAHHA  NPUYUHO-HACTIOKOBUX
38 'A3Ki6 YUKI0BOI cuCmemMu KepyB8aHHs - NPOSPAMOBAHUL KOHMPOTLEDY.

Jo 50% puHKOBOiI BapTOCTI Cy4YaCHUX TEXHOJIOTIYHUX MAIIWH JIETKOi
IIPOMUCIIOBOCTI MPHU iX BUTOTOBJIEHHI CKJIAJa€ «3alli30» MalllMH 13 KOPCTKOIO
CUCTEMOIO K€PYBAaHHA TUILY «po3noodinvruti éany. llle 50% BapTocTi y BapTOCTI
MaIllMH 1 MEXaHIKO-TeXHOJIOTIYHHUX CHCTEM CKjlaJae BOYIOBaHI B «3ai30»
€JICKTPOHHI, €JIEKTPOMEXaHIuHI Ta MPOrpamMHi TEXHIYHI 3aCO0U THYYKOI CUCTEMHU
KepyBaHHS BHUKOHAaBUMMM MEXaHI3MaMH, $IKI KIHEMaTWyHe He 3'€qHaHl 3
TOJIOBHUM BajoM MamuMHU. Takuil cTaH OOyMOBIIIOE 1 3MIHY BUMOI' Ha PUHKY
mpaili 0 BUIYCKHUKIB 3a CHEIalbHICTIO «l ally3eBe MalIMHOOYAyBaHHS» Ta
cremianpHicTIO «lIpuKkiagHa mexaHika», SKI TMOBHHHI MaTH KOMIIETEHINI 3
MEXaHIKM TEXHOJIOTIYHMX MAIllUH, eJEKTPOMEXaHIKH, EJIeKTPOHIKH Ta
CHEIiaJIbHOTO MPHUKIIAIHOTO MPOrpaMyBaHHs JUIsl aBTOMATH3allii TEXHOJIOTIYHUX
MAITUH 1 MEXaHIKO-TEXHOJIOTTYHUX CUCTEM.

Micue MexaTpoHIKH y CTPYKTYpl JMHAMIKA PO3BUTKY MPOAYKTHBHOCTI
KOMIT FOTEpPHUX OOUYMCIIOBAJIbHUX CHUCTEM HaBefeHo Ha puc.l.l, nme mpuiinsri
HACTYIHI CKOPOYEHHS:

PC — nepconaibhi koM totepu (Personal Computer);
WS — po6oui cranmii (Work Station);
SC - cynepkomm’torepu (Super Computer);
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CS —xnacrepni cucremu (Cluster Systems).

PC. WS- SC

41 MexaTpoHika

Puc. 1.1. CrpykrypHa cxemMa pPO3BUTKY KOMII IOTEPHHX OOYHMCIIIOBATBHUX

CUCTEM 1 1X 3B’SI30K 3 MEXaTPOHUKOIO

llepconanvui komn tomepu — yCHAJAKOBYIOTh, 3 TOUKH 30py 00’ €KTHO-
OpPIEHTOBAHOTO TPOEKTYBAaHHS, KOHTpoJepu ab0 KOHTPOJEpU € HAIAJIKOM
nepcoHanbaux koM 'rotepiB (PC — Personal Computer). ITpu 1iboMy MaeThcst
Ha yBa3l OJHOMPOLIECOPHA apXITEKTypa KOHTpojepa (ipmu BupoOHHMKA abo
onnonpouecopri cucremu PC Ha mmargopmi Intel, AMD Tta iHmumx, o
MPAIOI0Th MiJl KePYBaHHSM OJIHOIO KOPHUCTyBaua oOIepaiiiHoi cuctemMu MS
Windows Ta 1H.

Poboui cmanyii —  ycmagkoByHOTh, 3 TOYKH  30py OO0 €KTHO-
OpPIEHTOBAHOTO MPOEKTYBaHHS, MEPCOHAIbHI KOMII'IOTEpH ab0 MEepPCOHAJIbHI
KOMIT'I0TepH € Ham@aakoM pobounx craniii (WS — Work Station). TTpu upomy
PC moxyTte maTu nekinbka mnporecopiB 3 RISC-apxitektyporo s 6arato
notouHoi omepamniiitHoi cuctemu UNIX. Konrtponepu poOoumx craHiiii
MIATPUMYIOTh BIJJQJICHUH JOCTYN JIO JAaTYMKIB 1 BHKOHABYMX MEXaHI3MIB
MEXaHIKO-TEXHOJOTIYHUX 1 TEXHIYHHX CHUCTEM MIAMPUEMCTB ramy3i. MoxXyTb
00CIyroByBaTH OOYHUCITIOBATILHI TOTPEOH HEBETUKOI TPYITU KOPUCTYBAYiB.

Cynepkomn’romepu  —  YCHAJKOBYIOTb, 3 TOYKU  30py OO €KTHO-
OpPIEHTOBAHOTO MPOEKTYBaHHS, Po0O0Yi CcTaHIlli a00 poOOUl CTAHIIIT € HAIIAIKOM
cynepkomm 'torepiB (SC — Super Computer). CynepkomMn’loTepyd MOKA MarOTh
CK30THUYHUHN XapakTep 1 pa3oBi MPUKIIAIN 3aCTOCYBAHHS TOMY, 110 HAaI3BUYANHO
JOpOTi 1 OYAyIOThCS Ha BEKTOPHO-KOHBEEPHOI apXITEKTypl mpoiiecopiB. Taka
apxIiTeKTypa TMPOIIECOPIB JIO3BOJISIE peali3yBaTH KOHBEEPHY OpTraHi3aIliio
KOMaH/[ IPOrpaMu 3 BEKTOPHUMHU OTI€paIlisIMHU HaJl MACUBAMH JIaHUX.

Knacmepni cucmemu — 1e nemieBa albTepHATHBA CYHEPKOMIT IOTEPAM,
a TOMY yCMaJIKOBYIOTh, 3 TOUKH 30pYy 00’€KTHO-OPIEHTOBAHOTO MPOEKTYBaHHS,
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1 IEpCOHAJIBHI KOMIT IOTEPH, 1 poO0Ui cTaHIlli ab0 MEpPCOHANIbHI KOMIT IOTEPH 1
po6oui craHii € HaraakoM kinactepaux cucrteM (CS — Cluster Systems).

[Tomuproroun 1ymMKy aBTOpIB [1] «mepcoHambHbIe KOMIBIOTEPHI CMOTJIIH
CTaTh NMEPCOHAIBHBIMHU HE TOJBKO JUISI JIOACH, HO U JUIA MAaIllMH» 3 HaBEIEHOI
CTpYKTYypHOI cxemu Ha puc. 1.1 BurtumBae takox te, mo pododi cranmii (WS)
CTaIOTh «POOOUMMI» MIANPHUEMCTB Ta CUCTEM, a TaKi MiANPUEMCTBA T4 CUCTEMH
YTBOPIOKOTH KiacTepHi cuctemu (CS).

CtpykTypa MeEXaTpOHIKM 1 1i 3B’S30K 3 1HXKCHEPHUMM TOHATTIMHU 1
JTUCLUIUTIHAMY HaBezeH1 Ha puc. 1.2.

Bubip eneMeHTiB

C6opxka Enexll?[?{mexani_xa
Hanmanka HeBMATIKa
I'igpasmika
Ipagu — < — 1 ABTOMaTHKa
PiBHAHHA
Jarauky
Ingpopmamura, PLC |Enexmponira Cencopu
Perynmaropu
Software BukoHaryi

MeXaHI3MH

MoBH
IIporpaMyBaHHA

Puc. 1.2. CtpykTrypa MeXaTpOHIKM 1 3B’SI30K JUCHMIUIIHA 3 1HXCHEPHUMH
MOHATTSIMU

Ha mneperuni mHoxun «Mexanika» Tta «EnekmpoHika» yTBOPIOETHCS
MHOkMHa CAM-TexHONOr  (CKOpOUYEHHSI 6i0 awnen. Computer-Aided
Manufacturing - «ABTOMaTH30BaHE BUPOOHUIITBO») — II€ MPOTPaMHi 1
KOMIT'FOTE€pHI amapaTtHi 3acobu i aBToMatu3ailii BUpoOHUITB. CAM-
porpaMu peaizytoTh reoMetpiuni 3D-mozeni aeraned 3 pi3HUX maTepiaiiB i
aki ctBopeHi B CAD-mporpamax s iX HacTymHOTO BUTOTOBJICHHS Ha
CNC-mammnax, CNC-Bepcrari abo Ha 3D-npunTepax.

Ha neperuni Muoxun «Enekmponika» ta «Inghopmamuka) yTBOPIOETHCS
MHOJKHMHA TporpamMoBanux Joridaux koHrposepie PLC (Programmable Logic
Controller).



Ha neperuni mMuoxuH «Inghopmamura» ta «Mexanika» YTBOPIOETHCS
muoxkuHa CAD (Computer-Aided Design - «IIpoekTyBaHHS 3a JOIOMOTOO
EOM») - 1e CKOpOYeHHs /Uil TO3HAYCHHS aBTOMATU30BAaHHX CUCTEM
IPOEKTYBAaHHS 3 BHUKOPUCTAHHSIM KOMI'IOTEPHHMX TEXHOJIOTIH. Sk mpasuio,
CAD-cuctemu 3aCTOCOBYIOTH JUIsl TPUBUMIPHOTO T€OMETPUYHOTO MOJCITIOBAHHS
Ta JU3ailHy 1HKEHEpHUX BHpPOOIB, a TakoX OQOPMIEHHS MPOEKTHOI
(KOHCTPYKTOPCHKOT) TOKYMEHTAII1.

BuBuennsi, BukopuctanHs i orpuMmanHs CAD-kommeTreHIliii OB’ s13aHe 3
HACTYIMHUMHU AucnuiuTinamu: «lHdopmatukay, «EIEKTpoTexHiKa, SIeKTPOHIKa
Ta MIKpONpOIleCOpHa TeXHikay, «OCHOBM aBTOMATHKH 1 aBTOMAaTH3allil
TEXHOJIOTIYHMUX TiporeciB Ta Mamuu», «OcHoBu CAIIP B ramy3eBomy
MaIlIMHOOYIyBaHHI», «ABTOMAaTH30BaHE MPOCKTYBaHHS OOJaJHAHHS JIETKOI
MIPOMUCIIOBOCTI» Ta 1HIIUMHU.

Ha nepetuni MHOXUH «Enekmponika» 1 «Inghopmamura» yTBOPIOETHCS
MHOXKHHA TporpaMoBaHuX Jiorivaux koHTposiepiB PLC (Programmable Logic
Controller).

PLC, mommpena na3Ba IIJIK — 1ie eneKTpoHHMI TPHUCTPiH, SIKUH
BUKOPUCTOBYETHCS IS aBTOMATH3allli TEXHOJIOTIYHMX MAIIWH TaKuX Sk,
IIBEMHI, B’s3aJbHI, B3YTTEBI Ta I1HII MAIIMHK JETrKOi 1 TEKCTUIbHOL
npomucioBocTi. IIJIK, me cmemiangizoBaHui KOMITHOTEP peaJbHOIro 4Yacy, IO
pO3po0IIeHNIT HA OCHOBI MIKpOKOHTpoJiepa. OCHOBHOIO MOr0 BIIMIHHICTIO BiJl
NIEPCOHAJIBHOTO KOMIT'I0TEpa € HasBHICTH MOPTiB BBoAy (INput) mis gaTyukis i
noptiB BuBoxy (Output) misi BUKOHABYMX MEXaHI3MIB, & TaKOXX MOXKIIUBICTh
HaJ1iHOI poOOTHM y BHUPOOHMYMX YMOBAaX 1 MpPU PIZHUX YMOBaX: HIMPOKHIA
Jllana3oH TeMIeparyp, BUCOKA BOJIOTICTb, CHJIbHI €JIEKTPOMArHiTHI 3aBaju,
BiOpamii1 T. m.

BuBuenns apxitexkrypu IIJIK nns OakamaBpa-mMexaHika TIIOB’s3aHE 3
BUBYCHHSIM HACTYyMHUX JHWCHMIUIIH HaBYalIbHOTO TuIaHy: «lHbOpmaTKay,
«EnexTpoTexHika, €JEKTPOHIKa Ta MIKpPOIpoIllecCOpHa TexHika»y, «OCHOBU
aBTOMATHKH 1 aBTOMATHU3AIlli TEXHOJIOTTYHUX TIPOIIECIB Ta MAIIIMHY Ta 1HIIMX.

O6’enHanHs  TphOX MHOXHH «Mexanika», «Enekmpouika» Ta
«Ingpopmamuxa» («Ilpocpamne 3ab6e3neuennsn») YTBOPIOE IHTETPOBAHE
NOHATTS 1 3MICT «Mexamponika», sKe TO03Ha4€HO CKopoueHHsIM «MT»
Ha puc. 1.2.



[Ipy  mpoexTyBaHHI  aBTOMATU30BAHMX  TEXHOJIOTIYHMX  MAalluH
NEePCOHAIBHUNA KOMIT'IOTEp “NepeHOCUTHCS” 3 odicy y BUPOOHUYHUH B IIEX, JI€
BUKOPDHCTOBYETBCA SIK MpOrpaMarop JMJisg KOHTposiepa BOYJOBaHOTO B
TEXHOJIOTIYHY MAITuHy 1 KW 3a JOTIOMOTOI0 CBOIX MOPTIB BBOIY/BHBOJY Ma€
opsiMi 1 3BOPOTHI 3B’A3KM 3 JaTYMKaMM 1 BHUKOHAaBUYMMHU MeEXaHI3MaMU
TEXHOJIOT1YHOT MAITUHHU.

Peamizanii CAM-TexHOJOTIH Ha BHUPOOHUIITBI BiAOYBAETHCA IUISIXOM
3aCTOCYBaHHS KOMIT IOTEPHE-IHTETPOBAHOTO OOJIaTHAHHS, y3arajdbHEHa OJIOK-
cxema sikoro HaBeneHa Ha puc.l.3. Ha cxemi HaBegeHo mosHaueHHs CNC
(ci-en-ci) «Computer Numerical Control» — e aHriI0MOBHE CKOpOYCHa Ha3Ba
BEpCTaTIB MAIIMHOOYTYBaHHS Ta TEXHOJOTIYHUX MAIIUH JETKOI IPOMHUCIOBOCTI
3 UIIK (YucnoBum Iporpamunm Kepysanusm). [lommpena ckopodeHa Ha3Ba
YITY (poc. - Yucnosoe IlporpamHoe YnpasiceHue).

—
| CNC-mamena / CNC-gepcrar
Aarna ‘“I\ Mamana

Cepo- | | Texmomoriaa/ =
Tpmoa : BepcraT ]

l;ﬂ“i/r MeTaxoobpodbami

heexambanm

[Buszomamgi
AATEH | [ | exanisno ]
JIO - monHHa-cleparop 2
PC - nepcoHATEHEI KOMIT'IOTEp
- Cepra-
Soft - mporpanme BEi?ESI[E‘iﬁHI-LH oo E )
HardWare-"anapaTei sacobi”

Applications - nonaTen

CPU (Central Processing Unit) -
LeHTPANEHHHA MpoUecop KOHIpOoNepa

CNC ( ComputerNumerical Control } -
Uncnoee nporpamee yripaegnaesg (JIV)

rajbHeHa OJIOK-CXEM MIT FOTEPHE-1HT BAHOT JIATHAHHS
Puc. 1.3. Y3arajgpHeHa 0J10K-cXeMa KOMIT FOTEPHE-IHTErPOBAHOr0 00I1a1HA

MexaHi4Ha, TEXHOJIOT14YHA, €JIEKTPOMEXaHIuHa, EJIEKTPOHHA 1 MporpamMHa
CKJIQZIOBI MEXATPOHIKM y CYYaCHUX TEXHOJOTIYHUX MalIMHAX Traixy3eu JIerkoi
MIPOMKCIIOBOCTI HaBeleHI Ha puc. 1.4, ne NpuUHHATA HACTYIHI YMOBHI
CKOPOYEHHS:

TM — TexHOoJIOrIYHa MaIlIiHAa;
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CYVY — cucrema kepyBaHHS ;

[1P — mpomucnoBuii podoT;

EJ1 — enekTpoABUTYH;
UIIK — yucnoBe nporpaMHe KEpyBaHHS ;
[TJIK — mporpaMoBaHUil JTOTIYHHUI KOHTPOJLIED;
I'AM — rHy4YkHui1 aBTOMaTH30BaHU MOJYJIb;
I'AJI — ruy4ka aBTOMaTH30BaHa JIiHIs;
['AB — rHy4Ke aBTOMaTU30BaHE BUPOOHUIITBO;

KIT MJIII — Kom’rorepHo-Interpoani Texnosoriuni Mammmau Jlerkoi
IIpomucioBocTi.

- \Ae. 3x-damut BT
ecfini manmsi |Textn{.|n.l |Bﬂﬁm—dﬂ1| (F K2 pomopol
Poarpifini mauminm) I
ﬂﬁ?ﬁ:, :tpl:m :a I T I lerH | BT nocm.crmpysy
| , l '{ Cunxponni BT I
Pol ol npoecs I Crponinia
Elln .
Fortnnennz{ poswpit, -' [m.:;m[n_ e R
H n - :
PUIAALHNS, EUpYOaHNT) . ) | T, Benmtineni B
H
_I SedneHn }_ M B et CepBONPHEOI
a) | TIinpo-
l ﬁp}.ﬂm }- - TIPEB O
cy
—i B'mansm uamumll JKﬂpch Tryas
| Bayrresi wawnun| [Tany b3 | [Tmorost |(HE_] [Qwaosl] [TOE
CObnanragks BTO Eﬂpﬂ:‘pﬂlm m
MarmisH ANA3aTAXKH HOCKa)] FAB
M'ATKH, FENEHKA E3¥TTA r_,qM

Puc. 1.4. CrpykrypHa cxema Kom’rorepHo-InTerpoBanux TexHOIOTTUHHX
Marun Jlerkoi [Tpomuciosocti (KIT MJII)

Kom romepno-Inmeeposani Texnonoeiuni Mawiunu Jleckoi
Ilpomucnosocmi MaroTh B CTPYKTYypl  CKJIaJoBi («3ai30» Ta TEKCTUIIbHI
MaTepiaiay — HUTKU 1 TKAHUHU a00 TPUKOTAX), K1 JTIOJUHA 0a4UTh CBOIM 30pOM
1 CKJIaJIOBI MIiKpOCXeM (HampUKJIal, PEriCTpH, TPAaH3UCTOPH, PE3UCTOPH Ta 1HIIII),

Kl peaJbHO ICHYIOTh B MAIIMHI Y BHUIIAAl €JIEKTPOHHUX MOJAYNIB Ha
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JIPYKOBaHMX IUIaTax, aje JoJuHa He OayuTh iX CKJIaJ0BI cBoiM 30poMm. He
0auuTh CBOIM 30pOM JIIOJIMHA TakoX 1 MAallUHHI KOJIM MPOrpaMHO-
iHbOpMaIIHHOTO 3a0e3MeYeHHs] Cy4yaCHUX TEXHOJOTIYHHX  MAIIMH MpU iX
poboti. Bce yoro He 6aunTh JIOAMHA CBOIM 30pOM IPH PoOOTI 3 MAITUHAMH €
y3arajJbHEHOI0 CKJIAJHICTIO KOM IOTEPHO-IHTETPOBAHUX MAIMH 1 TEXHIYHUX
CHUCTEM TMpH IiX MPOEKTyBaHHI, BUTOTOBJIEHHI, CEPBICHOMY OOCIyroBYBaHHI 1
PEMOHTI.
JificHo, moauHa 0adyuTh 30pOoM 0€3 3aCTOCYBaHHS JOJATKOBUX 3ac001B
JUIS 30py JIAaHKKM MEXaHI3MiB, MEXaHI3MU 1 MPUCTPOi MAIIMHH, TOOTO BCE, IO
3po0JIcCHO B MaIlIMHI 3a TPATUIIMHOI TEXHOJIOTIEI MAIIMHOOYAYBaHHS 1
npuiago0yIyBaHHs 3 MaTepialiB 3a NPUHIUIOM "Oemanb - CKIAOAIbHA
oounuys". 1le BIZHOCUTBCS IO JETalIel, SKI BUTOTOBJISIOTHCS 13 3arOTIBOK 3
BUKOPUCTAHHAM TpPAJULIMHUX  omepauiii MamMHOOYAyBaHHS TaKHX, IIO
notpeOyoTh  omepauniii  po3mijieHHss  (Hampukiaa, omnepamii  pizanHs),
3’€IHYBAJILHUX omepaniil (Hapukiajg, 36aprosanHs, 300pKa PyXOMOTo
3'eJIHaHHA Ta iHIII) 1 onepauiii popmo yrBoproBaHHs (orneparlii hopmysans).
AHanmoraMu TaKuUX TEXHOJOTIYHUX OMepaliii y BUPOOHHUIITBAX JIETKOT
IIPOMHUCIIOBOCTI, HANpHKJIaJ Yy IIBEHHOMY BHUPOOHHMITBI 1€  OIeEpawli:
PO3KPOIOBAaHHS TEKCTWIBHUX a00 IMIKIPOMOAIOHMX MaTepiajiiB 1 OTPUMAaHHS
neTaned Kporwo, 3’€qHAHHS JeTalied KPO HUTKOBHM CIIOCOOOM Ha IIBEHHUX
MalliHaX HUTKOBUM CIIOCOOOM a00 OE3HUTKOBUM CHOCOOOM, (pOpMyBaHHSA
BUPOOY CITOCOOOM BOJIOTO-TEIIOBOI 00pOOKHM Ha Mpecax abo mapo-MaHEeKeHaX.
Te, mo BinOYyBa€ThCA B EIEKTPOHHUX €JIEMEHTaX 1 MPOrPaMHUX
KOMITOHEHTaX MAalllMHU JII0JIMHAa HE 0auuTh O€3MocepeHbO CBOIM 30pPOM, a
po3ymie Tpo ix PpoOOTy MO KIHIEBOMY pe3yibTaTy - HaIpUKIAJ,
MEepPEeMIIICHHSIMU TEXHIYHUX OO0'€KTIB BiJi BHKOHABYMX MPOrPAMHO-KEPOBAHUX
MexaHi3MmiB. [Ipu 1poMy «aeTamsiMm» € atoMH, «P-N» 1 «N-p» Tmepexoan B
KpHUCTaJl HaIIBIPOBITHUKOBUX MaTepiaiiB 1 6imu («1» 1 «0») adpecis, komano i
CUcHAi8 KepysarHs TIPOTPaMHOro 3a0e3eueHHs] MeXaTpoHiku. Taki mexnonoz2ii
3HU3Y-66epX BUTOTOBJICHHS BUPOOIB 3 «JIeTalieil» 0a3yloThCsl HE Ha TEXHOJIOTIAX
BU/JILJICHHS IEBHUX 00'€MIB MaTepialiiB, sIKI CTAHOBIISATH MPUITYCK JIJI CTBOPEHHS
¢13u4HOi popMu BUPOOY, a HA TEXHOJOTISAX MOIIAPOBOT0 HAPOIYBAaHHI 00'€EKTIB
710 IOCATHEHHSI HEOOX1IHUX iX XapaKTepUCTUK Ha HAHO-, MUKPO- 1 MAKpOPIBHAX
MIpY KOHCTPYIOBaHH1 1 OTpMMaHHI (Pi3UYHOT MOBEPXHI MOTPIOHOT hOpMH J1eTali.
TakuMmu € Takox peanizailis 1HQOpMALITHUX mexXHOI02Il 3HU3Y-668epX 1
K1 BIIOYBAIOTBCS 810 HENPO30pUX OJisl IOOCLKO20 OKA MAITUHHUX KOJIIB KOMaH]]
MIPOTPAMHOT0 3a0€3MEeUEHHSI 00 MNpOo30pux ONisi  AHOCbKO20 OKA MEXaHIYHHUX
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IpPOrpaMoOBaHUX PyXiB (TpaekTopiii) poOOOYMX IHCTPYMEHTIB MEXaHI3MiB
TEXHOJIOTIYHUX MAIlIMH 1 pOOOYUX THCTPYMEHTIB BEPCTATIB MAIIMHOOY/ TyBaHHS.

1.3. CTpYKTYpHO-JIOTi4Hi 3B’A3KH MeXaTPOHIKH 3 PyHIaMEeHTATbHUMH
i iIH’KeHepHUMM TUCHUILTIHAMH

3 puc. 1.2 BUIIMBAIOTH HACTYMHI 3B’SI3KM HABYAJIBHOI JAUCIUILIIHU
«MexaTpoHika B TajJdy3eBOMY MAIIMHOOYAYBaHHI» 3  1HXXCHEPHUMU
TUCIHUILIIHAMHU.

3 CAM-TexHOJNOTISIMM TOB’Si3aHE HAYKOBO 1 BUPOOHUYE TOHSTTS
«ABTOMaTHKa», a caM€ aBTOMATH3aIlisl TEXHOJOTIYHUX MAIUH TaTy3eH JeTKoi
IIPOMHUCIIOBOCTI 1 BEpCTaTiB MAaIIMHOOYAYyBaHHS Ui BHUTOTOBJIEHHS TaKHUX
MallMH Ta aBTOMAaTHU3allisl TEXHOJIOTIYHMX MPOLECIB Ha 3acajax MalluH 1
BepcTaTiB. ABTOMaTH3allisl TEXHOJOTIYHUX MAaIIMH 0a3yeTbcsi Ha mpodeciiiHe
OpPIEHTOBAaHUX JUCHUIUIIHAX, Hampukiaaa, Takux, sK «OcHoBu PKTMy,
«MexaHiyHa TeXHOJOTIsE Ta oOmagHaHHS», «OCHOBM aBTOMATUKH 1
aBTOMAaTH3allli TEXHOJIOTIYHMX TPOLECIB Ta MamuH», «CXeMOTeXHIYHe
MPOCKTYBAHHS MalllMH» Ta IHIIMX. ABTOMAaTH3aIllsl TEXHOJIOTYHUX MPOIECIB,
o BIAOYBalOThCA B amaparax abo 3 JOMOMOrO amapariB 0a3yeTbCs Ha
npodeciitHe opieHToBaHMX auciuiuiiHax «lIpouecu 1 amapaTu» Ta i1HIIUX.
OyHIaMEHTATPHUMU ~ JUCIUIUTIHAMU  JIJI1  aBTOMATHU3allli MalluH W A
aBTOMAaTH3allli TEXHOJOTIYHMX IIPOIECIB € MaremaTuka, (Qi3uka, Ximid,
TEOpEeTUYHA MEXaHika, OMip MaTrepiaiiB, Teopis MEXaHI3MIB 1 MallluH,
riipaBiika, Ti[po- Ta ITHEBMOMPUBOJ, EJEKTPOTEXHIKA, EJIEKTPOHIKA Ta
MIKpPOIPOLIECOPHA TEXHIKA Ta 1HII TEXHIYHI AUCIUIUIIHM, SIKI BUBYAIOTHCS 3a
HAaBYAJbHUMHU IUIAaHaMHM Taily3l 3HaHb «MexaHiuHa 1HXEHepis» 3a
cnetiaybHIicTIO «["anmy3eBe MamrHOOyIyBaHHS» Ta creniainbHicTio «[Ipuknanna
MeXaHiKa» OaKalaBpPChKOTO CTyNEHS BHIIOI OCBITH Ta BIANMOBIIHUMHU
«OCBITHUMH TIpOTpamMamMm.

Mexatpomnika TicHo nioB’si3ana 3 CALS-mexnonoziamu.

CALS-texnoaorii (Continuous Acquisition and Life cycle Support) —
OesnepepBHa 1H(poOpMaliiHa (KOMIT'IOTEpHA) MIATPUMKA KUTTEBOTO IUKITY
BUpOOIB  1uboBoro mnpuszHaueHHs. CALS-mexuonoeii  ckinapmaiotbes 3
CAD/CAM/CAE niacuctemMu 6€31epepBHOT0 KOMII FOTEPHOTO LIMKITY PO3POOKH,
CTBOPEHHSI 1 BUTOTOBJICHHSI HOBUX BHUPOOIB y PI3HUX Tally3X MPOMHUCIOBOCTI.
[Tomupena ckopoueHa Ha3Ba ykpaiHoMoBHoro mnonsaTtss CALS —  IHII
(Indopmartiiina IMiarpumka IporieciB )KUTTEBOTO LUKy BUPOOIB).

13



Possutok CALS-mexnonociti mom’s3aHuii 3 TMOSBOIO, TaK 3BaHUX,
BIPTyaJIbHUX BHUPOOHHUIITB, B SKUX TIPOIIEC CTBOpPEHHs crerudikamii 3
1H(pOpMaIIi€I0 IS TPOTPAMHO KEPOBAHOTO TEXHOJIOTTUHOTO YCTATKyBaHHS MOXKE
OyTH po3moAiieHHH B 4Yaci 1 MpocTOpi MK OaratbMa oOpraHizauiiHO
aBTOHOMHUMH po3poOHukamu. JlocaraenHsimu CALS-TexHONOTIH € NerKicTh
PO3MOBCIO/IKEHHS MEPEIOBUX MPOEKTHUX PIllIEHb, MOKJIMBICTh OaraToOKpaTHOTO
BIITBOPEHHS YaCTUH IIPOCKTY B HOBUX PO3pOOKax Ta 1HIII.

CyyacHi TEXHOJIOT1YHI MAaIIlMHU JIETKOI TPOMMCIIOBOCTI € MEXaHIKO-
TEXHOJIOTIYHUMH CHUCTEMaMH IJIbOBOTO (DYHKI[IOHAJIBHOTO MPU3HAYEHHS, SKi
CKJIQZIAI0ThCA 3 MEXAHIYHOT'O MOJYJISI, €JE€KTPO-MEXaHIYHOTO MOy (MPUBOJIA),
MOy KEpyBaHHS 1 MOMAYJIsS JKUBJICHHA. MeXaTpOHHUI MOAYJIb MOXKe
3aCTOCOBYBATHUCSl K OKpEeMHUH O00’€KT 3 1HAMBIAyalbHUM pPOOOYHM OPTaHOM
(HOKeM, Ba)kesiem, MOB3YHOM) Ta IHAUBIAYyaJIbHHM €JIEKTPO-, ITHEBMO-, a0o0
TAPONPHUBOJIOM 1 THYYKOIO CUCTEMOIO KEPYBAaHHS. B TEXHOJOrYHMX MalllMHAX
MEXaTPOHHUUA MOAYJIh KiHEMaTH4YHE HE 3 €JHAHUW 3 TOJIOBHUM BaJioM, a
3’€JTHAaHUN 3 HUM 3a JOTIOMOTOI0 JIATYUKY KyTa MOBOPOTY 1 JaT4HWKa YaCTOTH
o0OepTaHHs Baly. BUKOHaBUMIl €J1EMEHT MEXaTPOHHOTO MOJIYJsl (CEpBOJBUIYH,
KPOKOBUI JIBUTYH, THEBMOLMIIHAP, TIAPOUMIIHAP) ABTOMATUYHO NEPEMIIIYE 3a
MIPOrPpaMHUM LHMKJIOM BEJCHI JAaHKM MEXaHI3MIB IJIbOBOIO MpPU3HAYEHHS.
Hanpuxman, B aBTOMaTH30BaHMX IIBEWHHUX MAIIMHAX TaKAMHU MPOTPAMHO
KEpOBAaHUMHU ITUKJIOBUMHU MEXaHI3MaMU € MEXaH13M 3YITMHEHHS TOJIOBHOTO Baly
3 TOJIKOIO Y 3aJJaHOMY IIOJIO)KEHHI, MEXaHI3M IPUTHUCKHOI JIalK{, MEXaHi3M
peBepcy  3yOdacToi  peWKH, MeXaHI3M  OOpI3KM  HHUTOK, MeEXaHi3M
JBOKOOPJIMHATHUX TIEPEMIIIeHb OOPIOpHOi pamu (I1’sUielib) 3 MaTepiaioMm abo
(GypHITYpOTpMMaya, MEXaHI3M 3aTUCKaHHS KIHIS OO0pi3aHOi HUTKMA Ta 1HIII
MEXaHI3MHM, SIKI paHillle BKJIIOYATUCS/BUMUKAIUCSA ONEPaTOpOM BPYy4YHY abo
BUKOHYBAJINCA 3 BHUKOPHUCTAHHAM JKOPCTKMX 0araToKpOKOBUX KyJadKiB-
MPOTPaMOHOCIiB. Y aBTOMAaTHU30BAHMX B S3IbHUX MAalIMHAX JO MPOTPaAMHO
KEPOBaHUX ITMKJIOBUX MEXaHI3MIB BIJIHECEHI MEXaHI3MH B’S3aHHS, MEXaHI3MHU
3CYBY VIIKOBHX TpPEOIHOK OCHOB’S3JIbHMX MAaIllMH, MEXaHI3MU 3CYBY
TOJIOYHUIIb (pouTyDp) MJIOCKO B’A3aJIbHUX MalIlIVH, MEXaHI3MH
B1100pY/I0/1aBaHHS TOJIOK, MEXaHI3MHU 3MIHA HUTKOBO/IB, MEXAHI3MHU KYJIIPHUX
KJIMHIB I 3MIHU JIOBXKWHU TETENbh, MEXaHI3MHU BIATITYBAaHHS TPUKOTAKHOTO
MOJIOTHA a00 JieTaneil BEepXHbOTO TPUKOTAXKY MPH B S3aHHI Ta 1HIII.

Takox Mpu MIATOTOBKM 1HXKEHEPIB-MEXaHIKIB (0akajiaBpiB 1 MaricTpiB) 3a
cnemiaabHOCTSIMU  «[amy3eBe MamuHOOynyBaHHS», «lIpukimamHa MexaHika
(6akamaBpChKU PIBEHb BUIIOI OCBITH) Ta CTYACHTIB cremialbHOCTI «I amy3eBe
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MaIIMHOOYyBaHHS», SKI HABYAKOTHCS 32 OCBITHBOIO MPOrPaMOI0
«O06mamHaHHs JIETKOI MPOMHUCIIOBOCTI Ta MOOYTOBOTO OOCIYyrOBYBaHHS» IPH
BUBUYEHHI MPOTPaMHOrO  MaTepiaay AUCHUILIIIHH «CAM-texHOmOrI1
KOMIT IOTEPHO-IHTETPOBAHOTO OO0JIaTHAHH» (MariCTepChKHi PiBEHb BHUIIOL
OCBITM)  JIOIIJIBHO  BHUBYEHHS  THUIIOBHUX  3aKOHOMIPDHOCTEH  MOOYJOBH
MEXaTPOHHUX 1 pOOOTEXHIYHMX CHCTEM Ha 3acafgax OO/DKETHUX 1
MaJIONIOTYKHHUX ApaiBepiB AJIA JBUTYHIB Majoi MOTYKHOCTI Ta MOIIMPEHUX Ha
npakTuili koHTposiepiB Arduino i moBu mnporpamyBanHs Arduino-C s
DIY-ramxetis. DIY (BumoBnsieTrbes «Jli-Al-Baiiy) 1ie mommumpeHa aHriidcbka
aOpeBiarypa, sika € ckopoueHHsM Bix «Do It Yourselfy, To6To «3pobu e camy.

1.4, YMOBHI mnoO3Ha4YeHHS i KOHCTPYKTHBHI 0CO0JIMBOCTI THIIOBUX
€JICMEHTIB CXeM MeXaTPOHIKH

3HaHHS YMOBHHUX TpadiuHUX MIDKHAPOJAHUX IO3HAYECHb EJIEMEHTIB CXeM
MEXaTPOHIKH TOB’si3aHE 3 O0OB’SI3KOBUM 3aCBOEHHSM YMOBHUX MIKHAPOJHUX
MO3HAYCHb CJICMEHTIB KIHEMAaTHYHHUX MPHHIUNOBHX cxeM (cxemu tumy K3),
CJIEMEHTIB CXEM EJIeKTPUYHUX MPUHIUNOBUX (cxemu tumy E3), enemMeHTiB cxem
MTHEBMATUYHUX TPHUHIUIIOBUX (cxemu THITy I13), elleMeHTIB cXeM TiapaBIiqHUX
MIPUHIUITOBUX (cxemu Tuny ['3) Ta eneMeHTIB cxeM KOMOIHOBAaHHX
npuHIUnoBux  (cxemu tumy C3). 3amam'siTOBYyBaHHS YMOBHHX TIpadiqHuX
MO3HAYEHb EJIEMEHTIB TAaKUX CXEM € YaCTKOBOI aJIbTEPHATUBOIO BHUBUYCHHS
1HO3eMHHMX MOB. Ha MOBI YMOBHHX IO3HAY€Hb €JIEMEHTIB TEXHIYHHX CHCTEM
MOKHA CIUIKYBaTHCS 3 JOOMM (paxiBIleM HE BOJIOIIOYM JOCKOHAJIO MOTO
MoOBOI0. Ll gymka aBTOpa Mae MIATBEPIKEHHS MpPU BUBYEHHI TpadiuyHUX
MO3HAYEHb OMIIil NPUMITHBIB OO0 €KTIB-€JIEMEHTIB 1 00’ €KTIB-IIPOLIECIB
cyyacHUXx cucteM 3D-mMolentoBaHHs, 3aCHOBAaHMX HAa CYy4YacHOI Mapagurmi
(6i0 namumncexoi moeu paradigma — Moaenb) 00 €KTHO-OPIEHOBAHOTO
nporpamyBands (OOP — Object-Oriented Programming) i 11 Hamanka
(cmagkoemiist) - MojenbHE-opieHoBaHOTO npoekTyBanHs (MBD - Model-Based
Design).

YMOBHI  MO3HAYEHHS €JIEMEHTIB  MEXaTpOHIKM Ha  CXeMax

periiaMeHToBaHO HacTynHuMU JlepxkaBuumu crangaptamu (I'OCTamu):

1. TOCT 2.701-84. Cxembl. Buast u Tumnel. OOmue TpeOOBaHUS K
BBITIOJTHEHHIO.
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2. TOCT 2.781-96 ECK]I. OO6o3HaueHusi yCJIOBHBIE TIpaduuecKue.
Anmapathl THIpaBIMYECKHE W IMTHEBMATUYECKHE, yCTPOWCTBA YIPaBJICHHUS U
nprOOpPbI KOHTPOJIBLHO-U3MEPUTENBHEIE.

3. T'OCT 2.702-75 ECK/. [IpaBuiia BBIMOIHEHHS SJICKTPUUECKUX CXEM.

Ha puc. 1.5...1.26 1 B Tabnumi 1.1 HaBeneHi Aesiki YMOBHI MO3HAYEHHS 3a
JlepKaBHUMH  CTaHJApTaMU NOIIMPEHUX  THUIIOBUX  EJIEMEHTIB 1
(YHKITIOHATLHUX MOIYJIIB MEXaTPOHHUX CHCTEM.

a_<i>_.6 B
SaVe

HE b— .—I—-| |---L- I
=

Puc. 1.5. YMOBHI MO3HAa4Y€HHS €JIEMEHTIB IMIJITOTOBKU MOBITPs: a — (QUIBTP;
0 — QUIBTp 3 PyYHUM CKUJAHHSIM KOHJEHCATy; B — (DUIBTp 3 aBTOMATUYHUM
CKUJaHHSIM KOHJEHCATy; T — PEryJsaTop THUCKY 31 CKHUJAHHSIM HaJUIMIIKOBOTO
TUCKY; JT — MAacTWJIO PO3MUIIOBAY; € —MAacTHJIO PO3MIIIIOBAY; K — KJamaH
M’sIKOro IycKy 3 50% THCKYy NpHU BKJIFOUYEHHI MMHEBMO MAaricTpail 3 HaCTyIHUM
30UTbIIEHHS! TUCKY cTpuOKOoM 10 100% THCKY; 3 — MOAYJb MIATOTOBKU HOBITPS
(pinbTp, perynsarop TUCKY, MAHOMETP, MACTHJIO PO3MUIIOBAY)

Puc. 1.6. [lHeBMaTWMUHWII HEMarHiTHUM MWIHHAP JIBOCTOPOHHBLOI mii  0e3
neMIipyBaHHsI TIOPIIHS Y KiHIl XOJy: @ — YMOBHE MMO3HAYEHHS Ha CXeMaxX THUITY
[13; 6 — KOHCTPYKTHBHA CXeMa JUIsl TOJO0KEHHS MOPIIHIO TTPU 1014l TUCKY B
IITOKOBY KaMmepy; B — KOHCTPYKTHMBHA cXeMa JJIsl TOJIOKEHHS MOPIIHIO MPHU
nojiayl TUCKY y 0€3 HITOKOBY KaMepy LMIHIIPY
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Puc. 1.7. YMOBHE MO3Ha4Y€HHsS 1 KOHCTPYKTUBHA CXeMa JJIi MHEBMATUYHOTO
HEMAarHiTHOTO IWIIHPY TBOCTOPOHHBOT /i1 3 PETyJIbOBAHUM TaJbMyBaHHAM

Puc. 1.8. YMOBHI mo3Ha4YCHHS MHEBMATUYHHX IFUTIHJIPIB JBOCTOPOHHBOI ii 3
MarHiTHUM JUCKOM IOPIIHIO: a — 31 3BOPOTHOIO NPYKUHOIO; O — JBOCTOPOHHBOL

Iii 3 HEPEryJIbOBAHUM TajJbMyBaHHSAM y KIHII XOAY; B — JIBOCTOPOHHBOI Aii 3
pEerylbOBaHMM TaJbMyBaHHSM IpU BHUCYBaHHI; I — JBOCTOPOHHBOI Mii 3
PEryibOBaHUM raJIbMyBaHHSIM B 000X HampsMax

% %

Puc. 1.9. /Ipocens 31 3BOPOTHIM KJIAITAHOM: @ — YMOBHE TTO3HAYCHHS Ha CXeMax

tuny [13; 6 — KOHCTpPYKTHBHA CX€Ma /I CTaHy NpPHU PETyJIIOBaHHS BUTpaTH
NOBITPS y NPSIMOMY HampsIMKy; B — KOHCTPYKTHMBHAa CXe€Ma JJisi CTaHy IpH
BUTLHOMY MPONYCKAHHI MOBITPS Y 3BOPOTHOMY HANPAMKY
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1
51 3

Puc. 1.10. YMmoBHe mo3HaueHHS Ha cxeMax Tuiy I13 mHeBMooO3moaibHUKA
II’SITH JITHIKHOTO ABOMO3UIINHUN (TUT 5/2) 3 enexkTpoMarHiTHUM blcTaGiapHum
KepyBaHHSIM

ghilr:

< oMl

0

Puc. 1.11. YmoBHI

wshag 142

r
3 g2

(=l 1 I

uts «§ tr{z 3: 2

B

MO3HAYEHHSI TMMHEBMOPO3MOAUIHHUKIB TI'SITH JIHIAHUAX

TPUNO3UIIIAHUX (THUN 5/2) 3 MHEBMAaTUYHUM KepyBaHHsSM: a — blcraGinpHOTO;

6 — MOHOcTa0inpHOr0; B — KOHCTPYKTHBHI CXEMHU [JIi JBOX TIOJIOKECHb

30JI0THHMKA TIpU MHEeBMAaTUYHOMY blcTabinpHOMY KepyBaHH1

/

A

LA

Puc. 1.12. YMoBHE MMO3HAYCHHS
ITHEBMOPO3MNOAUIBHUKA  II'SITH  JIIHIHHOTO
JIBOITO3HUIIITHOTO (Tun 5/2) 3
€JIEKTPOMAarHITHUM MOHOcTa0iuibHIM
KepyBaHHSIM

Puc. 1.13. YMoBHe MoO3Ha4YeHHsI KOTYILKH
€JIEKTPOMArHITHOTO peJie Ha eJNEeKTPUYHUX
cxemax Tumy E3 1 xoMOiHOBaHUX cxemax
tuny C3
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Puc. 1.14. YMoBHE NO3HAUYE€HHS HOPMAJIBHO
PO3IMKHEHOTO KOHTaKTy pelie 1 TEepKOHY
(repMETHYHOTO KOHTAKTy) Ha CXEMaX THUITY
[13, Tuny E3 i Tuny C3

Puc. 1.15. YMOBHE N03Ha4YE€HHS HOPMAJIBHO
3aMKHEHOTO KOHTAaKTy €JIEKTPOMAarHiTHOTO
pene

Puc. 1.16. YMoBHe 1MO3HaUCHHS pelie vacy i3
3aTPUMKOIO  CIPAIfOBaHHS KOHTAaKTy Ha
3aMHUKaHHs (13 3aTPUMKOIO MO TMEPEAHBOMY
(pOHTY) — KOHTaKkTH pele CIpalolTh
TUIBKK MICJS TOTO SIK Ha pelie vacy Oyne
MO/IABATUCS CTPYM IMPOTATOM 33JaHOTO 4Yacy
1 PO3IMKHYTbCS OJipa3y IiCIs MPUITUHEHHS
Mo/iaul CTpPyMy Ha KOTYIIKY pelie

Puc. 1.17. YMoBHe n03HAaUCHHS pejie Jacy i3
3aTPUMKOIO  CIpAIfOBaHHS KOHTaKTy Ha
po3MuKaHHS (13 3aTPUMKOIO IO 33JHHOMY
GpOHTY) — KOHTaKTU pene 3aMKHYTbCS
ollpa3zy IMicii MoJayl CTpyMy Ha pene, a
MicJs TPUNKMHEHHS TMOJadl CTpyMy pelie
KOHTaKTH  peie  OyayTb  3aMKHCHUMH
MPOTATOM  33JIaHOTO  Yacy, IICIsS Y0To

PO3IMKHYTBHCS
Puc. 1.18. YMoBHE MO3HAYCHHS
CJIEKTPOMATHITY (costeHoiny) TUIS

MepeMillieHHsT  30JIOTHUKA  (MIHI-TIOPIITHS)
MMHEBMATHYHOTO PO3MOIIbHUAKA

Puc. 1.19. YmoBHe 1O3HA4YeHHS IaTYMKa
MOJIOKEHHST  (KIHIIEBOTO  BUMHKada) 3
pPOJIMKOM YW IITOBXa4e€M 3 HOPMAaJIbHO
PO3IMKHEHUM KOHTaKTOM
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Puc. 1.20. YMOBHE TO3HAUEHHS KHOIKHU 3

E EV HOPMAJIbHO PO3IMKHEHHM KOHTAakTOM  0e3
¢ikcauii mooXeHHs MiCIs HaTUCKaHHS (a) 1
3 ¢ikcaniero (0) NMOJOKEHHS Y HATHCHOMY
a 0 cTaHi
Puc. 1.21. YMOBHE MNO3HAYCHHS KHONKH 3
E EV HOPMQJIBHO 3aMKHEHHUM KOHTAakTOM 0e3
¢dikcanii monmoxeHus (a) 1 3 ¢ikcaniero
noJiokeHHs (0
a 5 (0)
A Puc. 1.22. VMOBHE  IIO3HAYEHHS
ITHEBMATHYHOT MarucTpaji BUCOKOTO THCKY
+24V
o Puc. 1.23. YMOBHe mNO3HAa4YeHHS [pKepena
KUB-JICHHSI TIOCTIMHUM CTPYMOM Ha CXeMax
oV tuny E3
o—
X1 X2
X1.X2 ¢' X1+X2 §7
- -
I | T n.
Xl-':' —X2 X253 +—X1.X2 X1 > X1 w— X1+X2
| 1 ] / -0 >—1—X2 -[>__‘
a 0 B r

Puc. 1.24. YMOBHI 1M03HaY€HHS JIOTIYHUX €JIEMEHTIB MHEBMATHYHUX CXEM (THUII
[13) mexatpoHiku: a — kimanad aus Jjoriunoi omeparii "I" (AND — noriuna
omepaiis MHOXEHHS a00 KOH'IOHKIIsA); O — HOPMaJIbHO 3aKPUTHUH
MOHOcTa0uibHuid Ki1anaH AJis BUKOHAHHA JioriyHoi oneparii "I"; B — kinanan
s soriunoi omepainii "ABO" (OR - oriuHa omeparis CKiIagaHHS a0o
TU3’IOHKINA); T — HopMmanbHO Biaputuii MOHOcTalinpHui  KiamaH Jyis
BHKOHaHHS JIOT14HO1 onepaiii "ABO".
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Puc. 1.25. YMOBHI NO3HA4YE€HHS €JIEMEHTIB KEPYBaHHS 1 €JIEMEHTIB KOHTPOJIIO B

cxemax Tumy I13: a — TymOnep 6e3 dikcamii monoxenus; 6 — TymoOuep 3

dikcarliero TOJIOKEHHS; B — TeJaidb; T — KHOMKA; J — KHOMKa ¢ (hikcariero;
e

ITHEBMATHU4YHC KCPYBaHHA, X eJ'IeKTpOMaFHiTHe KCpyBaHHA,

3 — CIICKTPOIIHCBMATUYHC KCPYBAHHA 3 PYYHHM IIY6J'II-OBaHHHM BKJIFOUCHHA,
1 — MEeXaHIYHe KE€pyBaHHs 3 POJHMKOBHUM IITOBXAa4YE€M, K — MeXaHIYHE KCPYBaHHA

3 PpOJIMKOBUM IITOBXaue€M-BaXKeJIeM; J — I[IOBEPHEHHS 3a JIONOMOTOIO
MHEBMATHUYHO! MPYKXUHU; M — TIOBEPHEHHS 3a JOMOMOTOI0 MEXaHIYHOI
IPYKHHH.
:0Db- v Si
Kl(\.%) K1(2) SIKOpb-IITOBXad +24v 8l . 5,
Kouraxma O—r" T
C
K1\ Kl
KICOLI® L2
oV
o——
|\
a 6 312 B
Puc. 1.26. KOHCTpYKTHBHI CXEMH 1 €JIEKTpUYHA CXeMa BKIIIOUCHHS

€JIEKTPOMArHiTHOTO peJie: a — CTaH pejie, KOJIM KHOMKa Myck S1 He HaTHCHEHa,
npu upomy iHaukaropu L1 Ta L2 BinkirodeHi BiJ JKepena cTpymu; O — cTaH
pene, KOJu HaTUCHYTa KHOMKa nmyck S1, nmpu upomy iHaukaTop L1 BkitoueHui,
iHaukaTop L2 — BUMKHEHUH.

B Ttabmumi 1.1 HaBemeHi Aesiki yMOBHI TMO3HAYEHHS JCSKHX CJIEMEHTIB
CICKTPUYHUX CXEM MEXaTPOHIKH.
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Ta6muig 1.1. YMOBHI MO3HAYEHHS €JIEMEHTIB €JICKTPUYHUX CXEM MEXaTPOHIKH

I'padiune Ha3sga TexkcToBE MO3HAYEHHA
NMO3HAYEHHS
DAL
1| oo vee -8 : >

— ¢ TIM Amnanorosa Mikpocxema | DAl- nopsiakoBuit Homep

2 | i istigaats taimmepa NES55 Ta Ha3Ba KOHTAKTIB;
1...8 — HOMepH KOHTAaKTIB

— ] out rHREs—6 8 0] .ep OHTAa
(BUBOJIN) MIKPOCXEMU

4_RESET JICONT 5

NES555
Ceitnogion(LED) HL1 — nopsakoBuii HOMEp

HL1

y
A(::());@i(a'mn

YepBoHyii

CBITJIO-BUIIPO-
MIHIOIOYHH 101
(Light Emmiting Diode)

Ta HaIKC KOJIPY CBITIA,
KWW BUIIPOMIHIOE
CBITJIOJIIO]I,
HaIPUKJIIA], YSPBOHUIM

R1 R1- nmopsiakoBuii HOMED;
N\ LDRO7 —
DOTOTPaH3UCTOP
TUI (POTOTPAH3UCTOPA
LDRO7
VDI Bunpsimauit niof VD1- nopsinkoBuii HOMep

(+) r—f;»f— (-)
AHONI Karon

Ta MMO3HAYEHHS Ha CXEMI

VT1- nopsaxoBuii HOMep;

K
B VTI binonspuuit 2N2222 — monens
IN2222
E K Tpan3uctop tuny NPN TpaH3uCTOpa
E (Esivep) B (Konextop)
(baza)
(erii) ITonboBwii VT1- nopsinkoBuii HOMep;

VTI
BS170

C B

(BHTIK) 3

(3aTBOpP)

N-kanaIpHUN
TPaAH3UCTOP

BS170 — monenn
TpaH3ucTOpa; Jitepa N
MO3HAYaE, MO TPAH3UCTOP
N-kaHaIbHUI
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(v

Motop (nBUTYH)
[TocTiitHOTO CTpYyMY

M1, M- no3HaueHHs Ha

cxemi

[Iee30quHaMIK

BA1- nopsakoBuii HOMep
Ta ITO3HAYECHHS:

«+» MMO3UTHUBHHUII BUBIJI,

«-» HEMO3HAYECHUI BUBI

C1

]

—d

Konpnencarop
EICKTPOTITUIHUN

C1 - no3HaueHHS Ha
CXEeMI;
1 Mx® =1-10"°D
€EMKICTh KOHJICHCATOPA

i

10w

Konpaencatop
KepaMiuyHuMN

C1 — no3HayeHHA Ha
cxXemi;
1 Mx® =1-10"°D
€MKICTh KOHJIEHCATOpa

R1 100 kOMm

—

Pesuctop

R1 — nopsiakoBuii HOMep;
100 xOm = 110° Om —
HOMiHAJTBHUMN omip

pesucropa

RI1 |50 kxOm

3MIHHUHN PE3UCTOP

R1 — nopsiakoBuii HOMep;
50 kOm =5-10* Om —
MaKCHMAaJIbHUH OTIip

pesucropa
SAl Knonka 3 HopmansHO | SAl- mopsakoBuii HOMeEp
— = BIJIKDUTUM KOHTAKTOM B CXEMI
i . Jlxepeno xxuBnenas | G1- mopsakoBuii HOMEp B
T 98 cxeMmi 11 Hanpyri 9B;
«+» - OJISIPHICTh
+5B KonTtakTu enekTtpuyHux | Micre miakIio9eHHs Ta
O— a60 CXEM MO3HAYEHHS JpKepera
. CTpyMy
—2
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1.5. TumnoBi pyHkUioHANBHI i TEXHOJIOTIYHI MOAYJIi MeXaTPOHIiKH

[To3naueHHs TUIIOBUX (PYHKITIOHATHLHUX MOAYJIIB MEXaTPOHIKM Ha CXeMax
turty I13 nHaBemeni Ha puc. 1.27...puc.1.30. Skmo B cxemi 3acTOCOBaHUI
blcrabinpHuii  po3NMOAUTEHUN MMHEBMOKIANaH (TTHEBMOPO3MOIIIBLHUK), TO
noTpiOHO BMuKaTu Y1 (mpsiMa koMaHa) 1 BuMuKkaTu Y N1(3BOpoTHA KOMaH/a)
a6o BMukatd YNI 1 Bumumkaru Y1, TOOTO mOTpiIOHO KepyBaTH JBOMa
enekrpomarsitamu (puc. 1.27), a skmo 3actocoBannii MOHOcTaOinbHMIA
pPO3NOAUIbHUN TMHEBMOKJANaH, TO BMHUKAaTU 1 BUMHUKATH MOTPIOHO OJUH
enekrpomartit Y2 (puc. 1.28).

[lomupena ckopodeHa Ha3Ba THUMOBHX (YHKIIOHAIBHUX MOJIYIIB —
€JIEKTPOIIPUBO, IHEBMOIIPUBOA a00 TIAPONPHUBOJ NOTPEOye HACTYIHOIO
YTOUHEHHS, $KE pO3IJSHEMO Ha NPUKIAAl BU3HAYEHHS ITHEBMOIIPUBOJA.
Ilnesmonpusod0 1€  CyKyHNHICTb  TPbOX  CKJIQJOBUX:  KOMIIpecopa 3
€JIEKTPONPUBOIOM, THUIIOBOTO PYHKYIOHANbHO2O0 TTHEBMATUYHOIO MO0V,
3ac001B KOMYTaIIli 1 3aXHUCTY €JIEKTPOJBUTYHA KOMIIPECopa.

TunoBuil ¢yrxyionanvHuy THEBMATUYHUN MOOY1b 11€ CYKYMHICTh TaKOX
TPHOX CKJIaJOBHUX: MTHEBMOLIWJIIHPY (BUKOHABUYMI MEXaHI3M);
ITHEBMOPO3MOAIJIbHUKA  (IIEpeJaTOYHUI ~ MEXaHi3M); IUKJIOBOi  CHCTEMHU
KepyBaHHs (peyieiiHOi abo 3a JOMOMOrol MPOrpaMOBAHOIO  JIOTIYHOI'O
KoHTposiepa). Ilpu 1npoMy cucTeMH KepyBaHHS BHUKOHAaBUYUM MEXaHI3MOM
(THEBMOIIMITIHAPOM) (PYHKITIOHAIIBHOTO MOIYJIS MOXKYTh OyTH:

CUCTEeMa KepyBaHHS 10 NOJIOM#CeHHIO0 TITOKA a00 TOPIITHS;
cCUCTEMa KepyBaHHS 1o Mmucky B pob040i MOPOKHUHI MUTIHAPY;

CUCTEMa KEepyBaHHS 10 uacy BHUCTOK TOpIHSA (IITOKa) B KpalHIX
MTOJIOKECHHSIX.
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Puc. 1.27. VYmoBHe moO3HaYEHHS
TUIIOBOTO (byHKITIOHATEHOTO
Monynss Ha cxemax tumy 113
MEXaTpoOHHOI cucTeMu Ha 0asi
nHeBMonwIiHApa Ta blcTabinpHoro
MHEeBMOKIamana  tuny 4/2 3
CJICKTPOMArHITHUM KEPYBaHHSIM

Puc. 1.28. VYmoBHe mO3HAYEHHS
THUIIOBOTO (YHKITIOHaTBHOTO
Monyiasi Ha cxemax Ttuny C3
MEXaTpOHHOI cHCTeMH Ha 0asi
MTHEBMOLIUJIHpPA Ta MOHO-
CTaOUIBHOIO MHEBMOKJIANIaHA THITY
4/2 3
KepyBaHHSIM

€JICKTPOMArHITHUM

Puc. 1.29. VYmoBHe mO3HAYEHHS
TUIIOBOTO (byHKI1I0HATBHOTO
Monyns Ha cxemax tuny C3
MEXaTpoOHHOI cHucTeMH Ha 0asi
MTHEBMOLIUJIIHpPA Ta MOHO-
CTa01JILHOTO M1JIOTHOTO
posnoauibHuka Ty < 4/2 3

CJIICKTPOIMHCBMATHUYHHUM KCPYBaHHAM

Puc. 1.30. VYMOBHe mO3HAYCHHS
THUIIOBOT'O (GYHKIIIOHATBEHOTO
Monyirs Ha cxemax tumy C3
MEXaTpOHHOT CHCTeMH Ha 0a3i
rigpoumniapa ta bl-crabineHOTO
rigpo posnoiiibHuka Tuny 4/3 3
CJICKTPO MarHiTHUM KE€PyBaHHIM



BNOKW NiATOTOBKMA
nosiTpA

'

BaKyymHa TexHiKa

MNHeBMOUUNIHAPH

!

T

MarHiTHi aIUTKarii eIeMeHTiB
MEXaHOTPOHIKH JIIS TPEHIHTY
Ta KOHCANTIHTY

HaeganbHe 0OnaTHAHHS
ISt naGopaTopHUX pobiT

BaraTokoopauHaTHHI MaHITIyIATOD

Puc. 1.31. 3aranbHuil BUIISIA JACSKAX THUIIOBUX TEXHIYHMX 1 MpOrpamMHUX
3ac001B MEXaTPOHIKH
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Ha pwuc. 1.32 HaBeneHWil 3aradbHUN BUTISAI J1Ta0OPaTOPHOTO CTEHAY 3
TUMOBUMHU  (DYHKI[IOHAJTLHUMHM €JIEMEHTAMU MEXaTPOHIKKW Uil  TOOYI0BHU
MEXaTpoHHUX 1  poOorexHiunux  cucrem  tunmy  CNC-BepcraTiB
MamMHOOYayBaHHA Ta TeXHONOT1TuHUX CNC-MaImH Jerkoi IpOOMHCIOBOCTI.

I'BHHTOBI Ilepeadi

— Kontpozep Arduino 1714 3X ocelt CNC-BepeTara

ZAKHBICHHA

Puc. 1.32. Ha3Ba i 3araJibHMA BUTJISA TUIIOBUX €JIEMEHTAMH MEXATPOHIKHU JIS
noOyZI0BU MEXAaTPOHHUX 1 POOOTEXHIYHUX CUCTEM

Ilepconanvnuit kKomn’romep B MEXaTPOHHOT CUCTEMI IPU3HAYCHUIA:

st ctBopennst 3D ab6o 2D CAM-moneneit 06’ ekTiB-BUp0OiB, HAIPUKIA,
B nporpamHux cepepoBumax ArtCAM, SolidCAM, CreoParametkuic
(CAD/CAM) Ta iHIIUX JJjIsi HACTYMHOIO iX MEPETBOPEHHS MOCTIPOIIECOPOM
CNC-Bepcrata a6o CNC-mammnu Texnonoriunoi. [loctmporniecop BpaxyBye B
ctBopeHHoi CAM-mopeni KiHEMAaTHKy MAaIIMH 1 BEpPCTATIB 3 YHCIOBUM
porpaMHUM KepyBaHHsIM 1 niepetBoptoe CAM-monens y G-koau, M-koau ta 'y
IHIIT  KOAM 3alporpaMOBAaHUX TPACGKTOPIA 1 peXUMIB pPyxy poOoUnx
IHCTPYMEHTIB 1HCTPYMEHTIB, HaNpUKIIaJ, ¢hpe3, 3aroTOBOK MaTepiainy, KapeTKH,
noprany CNC-BepcrariB, m’sjenp abo OOpIIOpHOT pamMH BUIIMBAIbHUX
CNC-mammH Ta IHIIMX TEXHOJOTIYHUX MAaIlWH, SKI peani3yloTh UUu(poBi
TEXHOJIOTI;

IUIs TpOTrpaMyBaHHA LMKIIB POOOTH MEXaTPOHHMX MPHUCTPOIB Ta
TEXHIYHUX CUCTEM,
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JUISL TIPOTpaMyBaHHS PEXHUMIB Ta [U3ailHy BHUTOTOBJIEHHS 00’ €KTIB 3
pI3HUX MaTepiaiB.

Konmponep B MexaTpOHHOI CUCTEMI BUKOHYETHCSI Ha MIKPOKOHTPOJIEPI 1
TOMY WOrO MOIIMpEHa Ha3Ba «MikpokoHmpoaep». KoHTposaep Mae crpoliieHy
cTpyktypy MiHi-EOM 1 npusHadeHuii 1jis poOOTH 3 KOMaHJaMi, OMEepaHIMH i
orepaTopaMu Iporpam, Ma€ MOPTH BXOMIB/BUXOIIB JIUIS TiAKITFOYCHHS JAaTIHKIB,
BUKOHABUMX MEXaHI3MIB Ta IHIIIX 30BHIIIHIX mpucTpoiB. KonTponep (muiara
KOHTpOJIEpa) 3a JIONOMOTOI0 nikie 1 kiem (UPpOoBUX, aHATOTOBUX, KUBJICHH)
CTHKYEThCS 3 JipaiiBepoM/apaliBepaMu i OJOKOM >KUBJICHHs, 3a gonoMoro USB-
Kalemnsi — 3 KOMIT'IOTEPOM, a 3 JOTMOMOIOI0 IIMJIJa — 3 1HIIMM €JIeKTPOHHUM
MOJIyJIEM IJILOBOTO MpU3HAUEHHS. B mMHeBMaTMUHUX 1 KOMOMHOBAaHUX CXeMax
MEXAaTPOHIKM OKpIM JAPOTIB BUKOPHCTOBYIOTh IUIACTUKOBI HHEEMOmMpPYOKU,
3’€JHEHHS SKUX 3 TUMOBUMH (PYHKIIOHATBHUMHU MOJYJISIMU Ha puc. 1.27...puc.
1.29 BUKOHYIOTBCSI 3a JOTIOMOTO (himineié pi3HUX KOHCTPYKIi, a Ha puc. 1.30
— 32 IOTIOMOTOI0 2i0pouLianzie 1 wmyyepis.

BukonaB4i MexaH13MH 00€pTOBOI Jii y BUIIISNL KPOKOBO20 npusody abo
cep8onpusody B MEXATPOHHOI CHUCTEMI NpPHU3HAYEHI IS JIIHIMHUX, 3BOPOTHO-
MOCTYMOBUX, 00EPTOBUX a00 KOJMBHUX MEPEMIIICHb BEJICHOI JAHKU BaX1JIbHUX
MEXaHI3MIB B TEXHOJIOTIYHMX MalllMHAX 1 BepcTarax. BUKOHaBYl MeEXaHI3MHU
3BOPOTHO-TIOCTYMOBOT Jii Yy BUIVISIAL TIAPO- 1 ITHEBMOPO3NOJIUIBHUKIB
IpHU3HAYEHI /I BMHKAHHSI/BUMHUKAHHS TiIpO- IMHEBMOLMIIHAPIB I[LIHOBOIO
npu3HaueHHs. BuKoOHaBUl MeXaHI3MH 3BOPOTHO-TIOCTYINOBOI [1i Yy BHIJISIL
CJIICKTPOMArHUTIB 1 pesie NMpHu3HAuYeHl s BMHUKaHHSA/BUMHUKAaHHS HarpiBadis,
HACOCIB, KJIalaHiB Ta IHIIMX MPUCTPOIB NPH aBTOMATUYHOMY pETYJIOBaHHI
TeMIrepaTypu, piBHS PiAUHU, KOHIIEHTpAIlli, B’SI3KOCTI Ta 1HIINX HEEIEKTPUUHUX
(GI31YHUX TapaMeTPiB Y mMexXHOI02iYHUX anapamax U1I50BOro NpU3HAYCHHS.

/lpaiieep. Knacuune BU3HAUYEHHS JIpaiBepy — 1€ Nporpama, o yrnpasJisie
poboToro kKoHTpoJiepa. [lomupena Ha3Ba «dpatigep» B MEXaTPOHHOI CHCTEMI 1€
TaKOX EJIEKTPOHHUUN MPUCTPIN JUIsl CHOJYYCHHS KOHTpOJIEpa 3 BUKOHABUYMMHU
MexaHi3Mami, JaTyukami, HUPPOBUMH MICIUICIMH TIyJbTIB KEPYBaHHS Ta
THITIMU €JIEKTPOMEXaHIYHUMI Ta E€JIEKTPOHHUMHU MPUCTPOSIMHU MEXATPOHIKU Ta
POOOTOTEXHIYHUX CUCTEM.

bnoxku orcuenenmss B MEXaTpOHHOI  CUCTeMi  IpU3HAYeHl IS
CJIEKTPOKUBIIEHHS  pI3HUX  CIOXHMBaudiB  eHeprii. Jkepena  KUBJIECHHS
MOAUIAIOTBCA HA TNEpBUHHI 1 BTOpUHHI. Jlo mepumioi rpynu BiAHOCATHCS
nepeTBOproBayi. B MexaTpoHIKY I KUBJICHHS JIpaiiBEpiB 3aCTOCOBYIOThH OJIOKH
KUBJICHHS TOCTIHHOTO CTpyMy Ha MOTyXkHIcTb 10 600 Barr 1 Ounpmie B
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3QJIKHOCTI BiJ] IIJILOBOT'O MPHU3HAYCHHsS] BUKOHABUMX MexXaHi3MiB. J[Jjist poboTu
JIOTIKM JpaiiBepa Ha puc.l1.32 motpibna Hampyra +5 V abo +3,3 V Big 650Ky
CJIEKTPOKMBIICHHS KOMIT'IOTepa Ta OKpemuil Onok >xuBineHHs +48V, 12A
JUIs KPOKOBUX JIBUTYHIB, HANPUKIAJ, TMOMMWPEHUX KPOKOBUX IBUTYHIB THITY
NEMA 17, NEMA 23 ta isH.

B  rtabmumi 1.2  HaBemeHi  yMOBHI  TO3HA4YeHHS  (CHIMBOJIN)
aBTOMATH30BaHMX  OIepalliii BUPOOHMYMX TIPOIECiB Ha (DYHKI[IOHATBHUX
cxemax MmexaTpoHiku 3a Bumoramu ctanmapty VDI 2860 (Himeuuuna), a B
Tabmuill 1.3 — yMOBHI ITO3HAYEHHS 1 CTaH CUTHATIB JIOTIYHUX €JIEMEHTIB OJIOK-
CXEM MEXaTPOHIKH.

VDI 2860 — ne crammaprt (Verband Deutscher Ingenieure — Acoriaris
HIMEIPKUX 1HXKEHEpIB), SKWW BKJIIOYA€ YMOBHI TIO3HAUEHHS  HACTYIHUX
OCHOBHUX 1 JIONMOMDKHHUX TEXHOJOTIYHHMX OIEpalliil MUKy poOouoro mpouecy y
(GyHKIIOHATBHUX CXEMaxX MEXaTPOHIKHU:

OCHOBHI CHUMBOJIM JJIi TIO3HAYECHHS OOpPOOKH, BHUIOTOBJIEHHSl Ta
nepeBipKu,;

CUMBOJIIB eJIeMeHTapHUX (DYHKIIIM IPpY BUKOHAHHI OTepalliii po3aijieHHs,
KOMOIHYBaHHsI, TOBOPOTY, IlepeMillleHHsl, YTPUMAaHHS, BHIIYCKY,
TeCTyBaHHs;

CUMBOJIM JOJATKOBUX (YHKIIN /i1 MO3HA4YEeHHS PI3HUX 30epiraHHs
(Mara3un, OyHKep, mTadejep) Ta oIepaiid BHYTPBIPOIECHOT MOCIiIOBHOT
a00 MmapasenpHOI Iepeadl 3aroToBKH, JieTalll adbo QypHITYpH.

Tabmuus 1.2. YMOBHI MO3HAYEHHS TEXHOJIOTTYHUX MOJIYJIIB MEXaTPOHIKH

VYMOBHI NO3HAYEHHS OyHKIiT 200 [Tpuxman

MPU3HAYEHHS ONepaliii B

— 3aCTOCYBAHHS

BUPOOHUYMI TTPOILIEC
(OCHOBHUIA CHMBOI)

00poOKa (OCHOBHMI
CUMBO)

[lepeBipka, KOHTPOJIb

(OCHOBHHUIA CHMBOI)

29




BITOPSTKOBaHE
30epiraHHsi (Mara3vH)

JaCTKOBO
BIIOPSAKOBAHE
30epiranHs
4,\ Oe3nanHe
e .
— 30epiranus (OyHKep)

pO3’€IHaHHS OTOKY
Jeranen

00’€THaHHS TTOTOKY
neTanen

MIEPErOpOKyBaHHS
CHUIy4Or0 Martepiairy

JI0JTaBaHHs
CHUITy4Oro MaTtepiany

PO3MOILI IO
N-neraneu

PO3MOILI IO
N-geTajeu 1
nepeMillyBaTi Ha
HACTYTHY MO3UIIII0

COPTUPYBATH JE€TaEH
0 poO3MIpy
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30epiranus / 30epiraHHs
0e3 mii cuun

MIOBOPOT JIeTall

MepEeHECEeHHSs JeTal 3 ii
IOBOPOTOM

l

pyX, IEpEMIIIECHHS,

I

MO3UIIOHYBaHHS

COPTYBaHHS JETaJIeH,
KOHTPOJIb OP1EHTYBaHHS
aeTani

VW

MEPECUIIAHHS TOMY 11100
MOJATH Jall

TIEPECUITaHHS 3
OJHOYACHOIO
MIITPUMKOIO Opi€HTAITIT
Ha 3aroTiBJIIO
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orepallisi TECTyBaHHSI

omepariii 3MiHu hopmu
(bopmyBaHHsI, pi3aHHS)

ODOK

orieparlisi mpyueTHAHHS
(CkIamaHHs)

KpeaTHUBHE (OPMYBAHHS
(3D-mpyx)

AN
Q

orneparii MOKpUTTA,
MoAH(IKALIiS
BJIACTUBOCTEHN Martepiany

Tabmums 1.3.
0JIOK-CXEM MEXaTPOHIKH

VYMOBHI MO3HAYEHHS 1 CTAH CUTHAJIB JIOTIYHHUX €JIEMEHTIB

AND
A
B )—AB

OR
yD-a
NOR

NAND EXOR
A e A — | A
sl a8 3T) -8 | 7] )-a0s
Input Output
Input  Output ™2™ TAND |NAND | OR | NOR | EXOR
NOT 0 o | o | 1o 1] o
A A 0 | 1 0 1 1 0 1
0 1 |1]0] 0| 1| 1] 0] 1
1 0 |1]1] 1] 0 1|0/ o
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Konmponwvri numanmns 0o po3oiny 1

1.51xi 38’3k Mexatponiku 3 Computer-Aided Design ?




2. SIki 3B’s13km Mexatponiku 3 Computer-Aided Management ?

3. SIki 38’s13km MexaTtponiku 3 Computer Numerical Control ?

4. dxi 38’s13ku Mixk CAD 1 CAM cucremamu ?

5. UYuM BiApI3HAEThCA TEXHOJIOTIYHA MaIllMHA BiJ  MeXaHIKo-
TEXHOJIOTIYHOT CUCTEMH 3 MIKPOITPOIIECOPHUM KEepyBaHHS ?

6. [l{o o3nauae «Programmable Logic Controller» ?

7. SIki TexHI4HI 3aCO0M BUKOPUCTOBYIOTH B MEXaTPOHHIII?

8. SIki mporpamHi 3acO0M BUKOPHUCTOBYIOTH B MEXaTPOHHIII?

9. 3 sKHMX CIB YyTBOpPEHA Ha3Ba «TE€PKOH» 1 UMM BIH BIJIPI3HSETHCS BIJ
KiHIIEBUX BUMUKadiB Ha puc.1.27...1.30 ?

10.5lke  mpu3HAYEHHS TEPCOHAIBLHOTO KOMIT'IOTE€pa, KOHTPOJIEpa,
KPOKOBHMX JIBUT'YHIB, MEXaHIYHUX Iepeaay, ApaiiBepa Ta OJIOKIB >KMBJICHHS B
MEXaTPOHHUX 1 POOOTOTEXHIYHMX cucreMax, npuctposix CNC-mammHax i
CNC-Bepcratax ?

11.11lo mo3HayalOTh HACTYMHI YMOBHI TIO3HAYEHHS  €JIEMEHTIB
MEXATPOHIKH 1 y SIKAX BHJIAX 1 TUMIAX CXEM BUKOPUCTYIOTHCS TaKi MO3HAYEHHS ?
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2. CUCTEMU KEPYBAHHA TEXHOJIOTTHHUMHU MAIIMHAMU
JIETKOI TIPOMMCJIOBOCTI 1 BEPCTATAMU MAIIMHOBY JYBAHHS

2.1 Knacudikanisi cucreM KepyBaHHSI T€XHOJOTiYHUMH MAIIMHAMMU i
BepcTaTaMHU

Po3pi3HsAIOTh KOPCTKI 1 THYYKI CHUCTEMHM KEpyBaHHS TEXHOJIOTTYHUMHU
MalIMHaMU 1 BepcTaTaMu.
1. ZKopcmki cucmemu Kepyeannsa MautuHamu.

1.1. Cucrema KepyBaHHS TUITY «PO3MOAUIBHUI Ba»;
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1.2. Cuctema kepyBaHHS 3 IPOTPAMOHOCIEM THITY «0araTOKpOKOBHI
KyJIa40K» MAIIHH JIETKOi MPOMHUCIIOBOCTI.

2. I'nyuki cucmemu Kepysanna mawiunamu - 1€ CUCTEMHU KEpPYBaHHA 3
KOHTPOJIEPOM Ta  MOXJIHUBOCTSIMH  KOMI'IOTEPHOTO  MpOTrpaMyBaHHSA 1
nepenporpaMyBaHas  IUKIy  pobotu.  HaiiOinmpmie  3acTocyBaHHS B
aBTOMATHU30BAHUX MAIIMHAX JIETKOT TPOMHUCIOBOCTI OTpPUMANX HACTYMHI [ HyuKi
CUCTEMH KepyBaHHS;

2.1.9ucnose npoczpamune kepyeannsn. llomupeHna Ha3Ba - cHCTeMa
kepyBauHs tuny CNC (Computer Numerical Control), a mammnau i BepcTatu 3
TaKUMH CHUCTEMaMH KEpyBaHHS MaloTh momupeHy Ha3By CNC-mamuHH i
CNC-Bepcraty;

2.2.I[uxnoee npocpamne xkepysannsn (LIIK).

Jlis cucteM aBTOMAaTH30BAHOTO KEPyBaHHS TEXHOJOTIYHHMU MalldHAMU
rajy3ei JIerkoi MPOMMCIOBOCTI 1 BepcTaTaMu Taily3l MallMHOOYIyBaHHS
3aCTOCOBYETHCS] HACTYITHA KJIacu(ikaiisl.

IPAMHIT

3B'A30K
Puc. 2.1. Cxema nmo xiacu@ikailii OCHOBHUX
MOHATUM B3aEMOAIN y CHUCTEMI.  «IHOOUHA
onepamop (J10) - mexnonociuna mawuna (TM)»

3BOPOTHHIA

3B 30K

Ko aBTOMATU30BAaHWM TPSIMUN 3B’SI30K TO 1€ @A6MOMAMU308AHE
Kepy8aHHs a00 cucTeMa  aBTOMATHM30BAaHOTO  KEepyBaHHI. Ko
aBTOMATHU30BaHUI 3BOPOTHIN 3B’S30K TO 1€ A6MOMAMU30BAHUI KOHMPOb 300
aBTOMATH30BaHAa CHUTHaJi3amis. SKIIo aBTOMATH30BaHI 1 NPSMHA 3B’S30K 1
3BOPOTHIN 3B'SI30K TO 1€ @6MOMAMuU308ane pe2yaloeanHs ado CcHUcTeMa
aBTOMATH30BAHOTO PETYJIFOBAHHS.

JlaMo HacTymHi JONMOBHEHHA [JI0 HABEJEHUX OCHOBHMX BHU3HAYEHb.
Aemomamuuni cucmemu cmaodinizayii - 3a0e3Me4yOTh NIATPUMAaHHS
peryiaboBaHoi (i3MYHOI BETMYMHM Ha 3aJIaHOMY PIBHI 3 MOTPIOHOIO TOYHICTIO.
Jlo Takux CHCTEM BIJIHOCSATHCSA, HAINPUKIAJ, CHUCTEMa PEryJIIOBaHHS
temriepatypu B mipecax BTO miBeliHUX BHPOOIB 1 CYIIMIBHUX YCTAaHOBKAX JIJIS
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B3YTTs, CUCTEMa PEryJIIOBaHHS IIBUIKOCTI IBUTYHA Ta OaraTo iHmmX. Cucremu
crabumizanii HoAUISIOThECA Ha CTATUYHI Ta aCTaTUYHI.

Cmamuunumu cucmemamu Ha3UBAIOTHCA TaKi, B SKUX PEryJIbOBAHUN
napaMeTp (i3MUHOI BEIMYMHU B CTAJIOMY PEXKHMI 3MIHIOETHCS MIPHU 3MIHEHHSX
30ypro104oi ii.

Acmamuuni  cucmemu 3a0€3MEUyIOTh  MATPUMKY  PETyJIbOBAHOTO
napaMeTpy (i3UdHOi BEJIMYUHU B CTAJIOMY PEXHMI 3aJUIIAETHCS HE3MiHHUM
npu 3MiHEeHHSX 30yprorouoi mii. ToOTo, acmamuuni cucmemu 3a0€3MEUYIOTH
peryJitoBaHHs 3MIHHUX B CTAJIOMY peXumi 0e3 moxuOku, a came MiATPUMYIOTh
Horo Ha 3aJaHOMy PiBHI, a cmamuyHi cucmemu — 3 JEIKUM BIIXUJICHHAM
(moxuoOKo10).

Cniokywui cucmemu - 3IIACHIOIOTH  BIANPAIIOBAHHS  3aBJIaHHS
peryJiboBaHO1 BEJIMYMHM B Yaci 3a 3aKOHOM, SIKIM 3a3jajerigb abo HEeB1JOMUH,
a00 BIJOMHH TUIBKA B MUTTEBHI 4yac. BXigHHN BIUIMB BHU3HAYAETHCS TUILKU B
nporiect (PyHKIIOHYBaHHS cucTeMu. lIpukiagamMu TakKoi CUCTEMH MOXYTh
CIIY’)KUTH TEXHOJIOTIYHI MaIlluHU IS 3'€THaHHS JeTallel 10 KOHTYPY, V SKHX
KOHTYp 3pi3y Jerajed 3 TEeKCTWIO abo IMIKIpU  BIJICTEKYETHCA
(GOTOENEKTPUYHUMHU CEHCOPAMH TOCIIIOBHO B 4acl TUIBKU MPU TEpPEMIICHHI
JeTajeu 1miJi MPUTUCKHOIO JIAITKOI0 MAITUHHU.

Cucmemu npozpammozo Kepy8amHs - 3J1HMCHIOIOTh 3MIHY PEryJIbOBaHUX
BEJIMYMH B 4Yacl 3a 3aKOHaMHM, SIKI 3a3Jajieriip 3amporpamoBaHi. Jlo Takux
CUCTEM BIAHOCATHCS, 30Kkpema, cucteMu CNC abo CNC-Bepcratu (BepcraTtu
3 CNO).

Aoanmueni cucmemu - 3OIACHIOIOT, ONTHUMAJIbHE, 3a 3aJaHuM
MOKa3HUKOM SIKOCTi, KEpyBaHHS MOTOYHHM CTAaHOM 00’ €KTa TPH 3MIHEHHSX
yMOB #oro pob6otu. Jlo kiacy amanTUBHHUX BITHOCSITHCA CHUCTEMHU, IO CaMO
HACTPOIOIOTHCS,  CAMOOPTaHI3yIOThCS, CAaMOHABUYAKOTHCH, HAMPHUKIAL Yy
pPOOOTOTEXHIYHUX CUCTEMaX.

CucremMa KepyBaHHS NpPOMUCTIOSUM PpoHOmoM € OaratopiBHEBO. li
HUKHBOMY PIBHIO Y BHTJISIJII KOOPJIWHATHUX TPUBOJIIB BIABOJUTHCS OCOOJIMBA
pOJIb, OCKUIBKM CaM€ Ha LbOMY pIiBHI BHPILIYIOTbCS 3adaul 3a0e3neueHHs
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noTpiOHOI  SKOCTI  BiAIpaIfoBaHHA pyXiB, M0 3anarThea. Ll 3amauqi
YCKJIQHSIOTHCS TUM, IO TpoliecH (PYHKIIIOHYBaHHS MPUBOJIB POOOTIB MalOTh
HACTYIIHI CEU(IYHI 0OCOOIUBOCTI:

no-nepute, CTaTUYHA 1 JUHAMIYHA CKJIaJOBI HaBAaHTa)KECHHS JBUTYHA
MOXXYTh CHUJIBHO 3MIHIOBAaTHCh Yy 3B’SI3KY 31 3MIHOIO TOJOXEHb JIAHOK
PO3IMKHYTOI KIHEMaTUYHOI CXEeMH POOOTa;

no-opyze, MOJIMBI PEKUMH POOOTH JBUTYHA B 3araJilbMOBAaHOMY CTaHI IPHU
po0OOTI «HA yIIOp», 110 MPUBOJAUTH A0 HArpiBy KIHEMaTHYHHX I1ap;

no-mpeme, 10 €IEKTPONPUBOJIIB POOOTIB Mpe sIBISIOTHCS, SK IMPABUIIO,
HAHOUIBII BHCOKI BHMOTH, a caMe: HEOOXIJHICTb 3a0e3leueHHs acTaTUYHOIO
pexumy (0e3 mepe peryroBaHHS) BIAMPAIIOBAaHHS 3a/IaHUX MEPEMIIIEHb CXBATy
JUIA BUKJIIOYEHHSI yJapiB Mo oOJaJHaHHIO, 10 OOCIYrOBYETHCS; 3a0e3MeUeHHs
LIMPOKOIO JI1alla30Hy PETyJIIOBAHHSA [0 MIBUAKOCTI Ta MO3UI[IOHYBAaHHIO.

Sk 6y.]'IO IIO3HAYCHO, ITPOIrpaMHC KCPYBAHHA TEXHOJIOTTYHUMH MalluHAMM
JICTKO1 HpOMI/ICJIOBOCTl 1 BCpCTaTaMH MaHII/IHO6YIIYBaHH$I HO,I[IHHIOTB Ha

yuxnoee npozpamne kepysanus (LK) i uucnose npozpamme kepyeanns
(CNOC).

O0'extn 3 LIIK notpedyroTh BUKOPUCTaHHS MpOrpaM 1 KOHTpoJepa, Kl
MICTATh 1H(OpMAIlII0 TIPO UK 1 PeKUMHU OOPOOKH 00'€KTY 3 perysibOBaHUMHU
MPUBOJAMH TOJIOBHOTO PYXy 1 MOJayl BiJl IUIAXOBUX IMEPEMHUKAUiB. Ha
puc. 2.2 HaBeneHa OJok-cxema iHTepdelcy MNporpaMyrodoro KOHTpoJiepa
KOMIT FOT€PHO-THTETPOBAHO] IIBEHHOI MAIIIVHI.

Haitnpoctimum mipuctpoem I[IIK € kynaukoBi KomaHo-amapatH, SKi
BUJIAIOTh KOMAaHJM Ha MNUIAXOBl (KIHIEB1) MepeMuKaui, 1m0 3a0e3MeuyroTh
MOYATOK pPyXy abo MPUNUHEHHS pPyXYy BIAMNOBIIHUX poOOYMX OpraHiB
TEXHOJIOTIYHO1 MalmMHu abo BepcTary. [IpeameToM TIPOEKTYBaHHS B
TUCIUIUTIHI «MexaTpoHika B Tajy3eBOMY MalIMHOOYAYBaHHI» € €JIeKTPUYHI,
MMHEBMATHYHI, riApaBiivHi abo KOMOIHOBaHI1 —
eNleKTporTHeBMaTHyHi/enektporigpasmiudi  cucremu  LIIK  TexHOMOriyHMX
MaIlYH JIETKOI MPOMKCIIOBOCTI 1 BEPCTATIB MalIMHOOYAyBaHHS.

OO'extu 3  yucnoeum npoepamuum  kepyeannsim (CNC-mammHmn)
NOTPeOyIOTh BUKOPUCTAHHS MPOTpaM, 10 MICTATH 1HPOPMALIIIO PO KPECICHHS
neTangi, Mpo IUKI 1 PEeKUMH OOpOOKH, MPO TMEpEeMillleHHS 3aroTOBKU Ta
iHpopMallito Tpo I1HCTPYMEHT, 3alKcaHy y BUIVISIAI TEBHOI TMOCIIIOBHOCTI
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qucen, U0 MPeACTaBisie co000 MOBY mporpamyBanHs. Y cuctemax CNC Ha
BCHOMY HUISIXY MiATOTOBKU NMPOrpaMU KepyBaHHS ax Jo ii mepenadi pobounm
OpraHaM BepcTaTa MaeMO CIpPaBy TUIBKH 3 1HPOpMAITEIO B IIUPPOBiK (HopMi.

IT
Yo Lucnnet
HEPVERAHHA
£
5 : P I -
l | ¥ ; {X X
Buwonasit |a Y ' Hepemeoprosay 1yl .. Y
MEXAHIIAML \ : Hpazpanye
LM 2'; 7 KOMHMPOIeD
Hamuxu = Hepemeoprosay Ziz) —
I
1

Jumepdetic | nopmy BB '

Puc. 2.2. Intepdeiic mporpamyrodoro KOHTposiepa B OJI0K-CXeMi KOMIT IOTEpHO-
IHTErpOBaHO1 MIBEHHOI MallIMHI 3 HU(POBUM KEPYBaAHHAM

CNC-MammHu 3a 03HaKaMHU MEPEMIIIEHHS! pOOOYHX OpraHiB MOXKHA
KiacudikyBaTu Ha:

MO3UIIIAHI CHCTEMU KepyBaHHS,

KOHTYPHI CUCTEMH KEPYBaHHS;

KOMOIHOBaHI CHCTEMHU KepyBaHHS,

yHIBEpCalbHI CUCTEMH KEPYBaHHS;
Cucremu CNC 3a 03HaKaMH HasiIBHOCTI 3BOPOTHOTO MOKHA KJI1acU(IKyBaTH

Ha!

- PO3IMKHYTI CUCTEMH KE€PYBAaHHS;

- 3AMKHYTI CUCTEMU KEPYyBaHHS.

B nosuyiitnux CNC-cucmemax o00poOka 3miMCHIOETBCS B TIpoleci
MOYEeproBoro abo OHOYACHOTO TEPEMIIIeHHs poOOYMX OpraHiB BepcTara 3a
ocsimu koopauHat OX, OY, OZ.

B xonmypnux CNC-cucmemax o6po0Oka 3a0e31meuy€eTbes epeMilieHHIM
poOouMXx oOpraHiB BepcTaTa MO TpaekTopii (3a3BUuYail KPUBOJIHIWHOI) 1 3
KOHTYpHIM INBHUJIKICTIO, 3aJaHUMU Tporpamoro. KoHTypHa MIBHIKICTH €
pe3yNbTyloua MBUAKICTh TMOJa4l POOOYMX OpraHiB BepcTara, HAMPSIMOK SKOI
30Ira€ThCs 3 JOTHYHOIO B KOXKHIM TOYIII 337]aHOTO KOHTYPY OOpOOKH.
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Jlo CNC-mammH BIZHOCSATBCS BHIIMBAJIbHI aBTOMAaTH 1 IIIBEHHO-
BUIIIMBAJIbHI MAaIMHU, PO3KPIiHI arperatd, MNPUHTEpU, TpadornoOyTOBHUKH,
Airutan3epu, KOOpAWHATHI BEpCTATH METaI000pOOKH Ta 1HIII.

MMPOTPAMOHOCII
I
Aoperen Iayukn
- ]_-
Llnemopi e fini MET L E

HANIBABTOMATH

TR0 H IS e VS H AN

Baratokpokosi
EVEE-aporpasonock

BLbHO nporpasyesm
KOMAHTH KepyBAHRA

I

TTIM 3 MTICY EIIM 3 11111]

HamigaeTomatn
A1 NPHIIAEAHEA - - - -
fAPHITYPH T3 BECOTORTEHHA Kpyraoparaaesi MMaockon'saanmi
MEPnoK i meTe M va 03500 MAMENE-ABTOMATH MAMHAHEA-ABTOMATH

Puc. 2.3. Knacudikaiiiss mporpaMoHOCIiB MEXaHIKO-TE€XHOJOTIUHUX CHUCTEM Ha
MPUKJIAA]l TEXHOJIOTTYHUX MAIIUH JIETKOI IPOMHCIIOBOCTI

Jlo HeaBroMatuzoBaHux MamuH 3 [I[IK BigHOCATBCS TEXHOJIOTIYHI
MAaIlIMHU 13 KOPCTKOI0 CUCTEMOIO KEpYBaHHS TUITY «PO3noodiibHuill éany. Bonu
MalTh MEXaHI3MH, 110 KIHEMAaTHYHE HE 3'€/IHaHI 3 TOJOBHUM BaJIOM 1 poOOTYy
TaKMX MEXaHi3MIB NOTPIOHO aBToMaTu3zyBath. Hamnpuknan, B MIBEHHUX
MallyHaxX 1€ MEXaHI3M NPUTHUCKHOI JamlKW, KU KiHEMaTU4HE 3'€JHAaHUU 3
PETYIATOPOM HATATY TOJKOBOI HUTKH, a HE 3 TOJOBHHUM BaJloM MAallWHH,
MEXaHi3M peBepcy (3BOPOTHOrO MEPEMIIICHHS Marepiajly IPH BUTOTOBJICHHI
3aKpINOK IO KIHISM IIBa Ha MallMHaX YOBHUKOBOTO CTIOKa), MEXaHi3M 3CYyBY
TOJIOYHUINl  TUIOCKOB’S3AIbBHMX  MAaIllMH, MEXaHi3M  3CyBy  I'peOiHOK
OCHOBOB’SI3AIbHMX MAIllMH, MEXaHI3M [epeMIIeHHs] KJIWHIB 1 TUIaTUH
B'S3aJbHUX MAaIllMH, (YHKIIOHaJbHA Tpyna BIAOOPY TPUKOTAXKHUX TOJIOK
MEXaH13My B’s3aHHS TOLLO.

Texnonoriyai CNC-MalluHM MarOTh TOMIMPEHY HA3BY «MAWIUHU 3
e1eKMPOHHUM KePYBAHHAM)» 2a00 «MAWIUHU 3 UUPPOGUM KeEPYBAHHAM.
TexHonOTiYHI MamMHU 13 JKOPCTKOIO CHUCTEMOIO KEpyBaHHS 1 3 THYYKOIO
CHUCTEMOIO0 KEpyBaHHS MarOTh, BIJAMOBIAHO, OPCTKI 1 THYYKI MPOTrpamMOHOCIT
(puc. 2.3).
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B mexarponnux cuctemax 3 I{I[IK motpiOHo pospizusitu blctabinbHe
kepyBaHHsi 1 MOHOcTa0i1bHe KepyBaHHSI.

bIcmaobinbne kepysamna - 1€ JBOCTOPOHHE MPOrpaMHE KEpPyBaHHS 3
BUKOPUCTaHHSAM BblcrabinbHux PO3MOTBHUKIB MTHEBMOLIMITIHAPOM/
rigpormninapom. B amroputmi blcrabinbHOro kepyBaHHS y SBHOMY BHII
MOBUHHA OYyTH 06 KoMaHOu: TIepIa KOMaHJa Ie npsama Komanoa 1 Apyra
KOMaHaa 1e  380pomua  komanoa. Enexktpomarditu  blcrabinbHOro
MTHEBMOPO3MOIUIbHUKA 3aMaM’ITal0Th OCTAHHIO KOMaH/Y 1 3aJIUIIAETHCS B TOMY
K€ CTaHi, B SKMM HoOro mepeBeia mpsiMa Komanpaa, Hampukiang SET=1 1
RESET=0 no Toro uacy, moku Hi 3'dBUTbCs 3BOpoTHa komanja RESET=I i
SET=0. Jlo BigmoBigHUX noptiB  BuxoiB  «Output» KOHTpoOJepa
1 IKITI0Yal0ThCs enekTpoMarHiTd Y11 YN1 mHeBMOpo3moaiibHAKA, a 10 TIOPTiB
BXoAiB «Inputy koHTposnepa migkiodaroThesi natuukd X1 1 XNI1 kiHLeBux
MOJIOKEHB IMITOKY MOPIIHS MHEBMOIMIIHPY Ta KHONKU S; CTaHy UKy Ta 1HII
TATIAKH.

MOHOcmabinvne KepyeanHs: - 1€ OTHOCTOPOHHE MTPOTPAMHE KEPYBAHHSA 3
BukopuctanHIM MOHOcCTa01nbHUX PO3NOAUTEHUKIB BUKOHABYIM MEXAHI3MOM,
[P SIKOMY B SIBHOMY BUTJISA/II TTIOBUHHA OYTHU OJIHA OCHOBHA KOMaHJIa, a HE JIBi
KOMaH[u (TpsiMa 1 3BOpoTHA), sik npu blcraGinbHOoMy KepyBaHHI. Tomy mpu
Jr000My 3HUKHEHH] OCHOBHO1 KOMaHIU B1/10yBa€ThCS
MOBEPHEHHSI BHKOHABYOTO MEXaHI3MYy y MOYATKOBHUH cTaH. CHTHA KOHTPOJIIO
MOJIOKEHHS BHKOHABYOTO MEXaHI3My IABOAUTBCA JO OJHOTO TIOPTY
KoHTpoJsiepa. ToMy, sikiio B mporpami curHain X1=1 Toji BUKOHABUMI MeXaH13M
BKJIIOUEHUM, Ko X1=0 — BUMKHEHUM 1 Ha BIJTMIOBIIHOMY BHXOJl KOHTpOJEpa
CJICKTPUYHUN CUTHAN BIJICYTHIN.

IIpoekTyBaHHS Cy4aCHHUX MAaIIWH JIETKOI IPOMHUCIOBOCTI, 5K CKJIQJHUX
MEXaHIKO-TEXHOJOTTYHUX CUCTEM 3 MIKPOIPOLECOPHUM KEPYBAaHHSM HAMpPABIIECHO
Ha ix aBroMarm3aiiero. [lIBeitHi, B’s3a7bHI Ta B3yTTEBI MAIlMH € TUIIOBUMH
MpEeJICTABHUKAMHM MAIIUH JIETKOT MPOMUCIOBOCTI. AJie SKIO MIBEHHI MAIIUHU 1
IIMKJIOBI HAIiBaBTOMATH MAlOTh TMEPEBAXHO >KOPCTKY CHCTEMY KEepyBaHHS THUITY
«po3nodinvrHuil ean» (tumy «PB»), TO B3yTTEBI OOTSIKHO-3aTSKHI MAIIUHU 1
BUPYOanbHI MPECU 3 TIAPONPUBOJAOM — YUKIO8Y CUCmeMy KepyeanHs. B’s3anbHi
MaIlliHU MarOTh 1 KOPCTKY cucteMmy KepyBaHHs Tuiy «PB» (0cHOBOB’s3anbHI
MAalIHM), 1 THYYKY HUKIOBY CUCTEMY KepyBaHHs, HAIPUKJIa] KPYTJIOB A3alIbHI 1
IJIOCKOB’ SI3aJIbH1 MAIIIMHM, @ TAKOXK TMaHYIIIHI MallIMHA-aBTOMATH.

39



B mammHax Jierkoi mpoMHCIIOBOCTI 3aCTOCOBYIOTHCS I[1JIbOBI MEXaHI3MHU 3
OPTOTOHAJBHOIO 1 TapaJIeTbHOK KIHEMATHKOIO Ta 3 JIEKUIbKOMA 1HANBI Yy aIbHUMH
NpUBOJAMH Ha 3acajgaX KpPOKOBUX ab0 BEHTWIBHHX EJCKTPONPHUBO/IIB,
CJIEKTPOMArHiTHUX TMPUBOAIB  Ta/abo  mHEMO-/TiApomnpuBOAiB. B miBeiiHo-
BUIIIMBAJILHUX MAalllMHAX 1 y BUIIMBAIBLHUX aBTOMAaTaxX MaIlMHAX 3 YUCI08UM
NPOCPAMHUM — KEePYBAHHAM BUKOPHUCTOBYIOTBCS  BaXUIbHI MEXaHI3MH 3
OPTOTOHANLHOIO ~ KIHEMATHKOI, [0  SKUX BiTHOCATBCS  2D-mexaHizmMu
MEepEeMIIICHHST Marepialy, a 0 MeXaHI3MIB 3 Tapaje/ibHOK KiHEMaTHKOIO
BIIHOCATBCS 1HIINI MEXaHI3MH IIUX MAallluH 3 1HAWBIIyaIbHUMH NPUBOAAMHU 1
[UKIOBUM IPOTpaMHUM KEPYBaHHSIM Ha 3acajaX MEXaTpPOHIKU. 3aCTOCYBaHHS
MEXAaTPOHIKM B Taly3eBOMY MAalIMHOOYIyBaHHI JIETKOI MPOMUCIOBOCTI
nepeadavyae MepeBeICHHS TEXHOJOTIYHUX MAIWH 3 KJacy HeaBTOMAaTH30BaHUX B
KJIAC aBTOMATH30BAHMX TEXHOJOTIYHUX MAIIIHH.

HeaBroMaru3oBaHa wgeliHa MawluHa  YOBHUKOBO2O0  cmiOKa 1€
eeKMPOMEXAHIUHA MEXAHIKO-MEXHON02IUHA cucmema 3 PyYHUM KEPYBaHHSM,
MPU3HAYEHHSAM SKOI € Y3TO/DKeHE 3a IHUKIOrpaMor0 poOOTH TMEpEIUIeTeHHS
BEPXHbBOI (TOJIKOBOI) 1 HUKHBOT (UYOBHMKOBOI) HUTOK B MaKETI MaTepiayliB MpH
YTBOPEHHI CTIOKIB, sIKa Ma€ KOpIyc (TOJIOBKY MAlllMHK) Ta eneKkTponpuBo. [1pu
bOMY KOPIYC MAIllMHU CKJAQJ€HUAd 3 pykKaBa 1 miIargopmu, B pyKasi
3MOHTOBAaHUN TOJOBHHMI Bajl, MEXaHI3M TOJKH, MEXaHI3M HUTKONPUTATYBaYa,
MPUTUCKHA JIAlIKa 1 PEryJjsTOp HATATy TOJKOBOI HUTKU, Ha I1iaTdopmi
3aKpilUIeHa TOJIKOBA IJIACTHHA, a M1 TIaTGOpMOI0 3MOHTOBAaHUN MeEXaHI3M
YOBHHMKA 1 MEXaH13M 3y04aToi peKH 3 PEryJIsITOPOM JOBXKHHH CTIOKa 1 peBepcy
Marepianny. J[o Takux MEXaHIKO-TEXHOJOTTYHUX CUCTEM IILJIbOBOTO MPU3HAYCHHS
BiJIHECEHA OUIBIIICTh HEABTOMATHU30BAHUX EJICKTPOMEXAHIYHUX  WBELHUX
MawiyH, TIOMIMPEHA Ha3Ba SKUX «WBEUHI MAUWUHU YOBHUKOBO20 CMIOKA»
ma «weelHi MawuHu aanyr2oeoco cmidbkay. Ha 0a3l Takux MaliuH
OyInyrOThCS AaBTOMATH30BaHI MaIlMHK 1 HaMiBaBTOMAaTH 3 EJIEKTPOHHUM
(KOMIT FOTEPHUM) KEPYBAHHSIM.

HeaBroMatu3oBaHa wigetina MawuHa  JAHYI02086020 CMIOKa 1€
eeKMPOMEXAHIUHA MEXAHIKO-MEXHON02IUHA cucmema 3 PYYHUM KEPYBAHHSM,
NPU3HAYCHHSAM $IKOi € Y3TO/DKEHE 3a IUKIOTPaMoOI0 POOOTH TMeperuieTeHHS
CUCTEMH TOJKOBUX (BEPXHIX) HUTOK 13 CUCTEMOIO HUTOK IMETEIbHUKIB (HIKHIX
HUTOK) IIiJT MarepiajJoM, HajJ MaTepiaJioM Ta 300Ky 3pidy MmaTepialy MpHu
YTBOPEHHI CTIOKIB, sIka Ma€ KOpIyc (TOJIOBKY MAaIlIMHU) Ta efaeKkTpornpuBo. [Ipu
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IIbOMY KOPIYC MAaIUIMHHM CKJIaJeHUH 3 pykaBa 1 miuatr@opMmu, B pyKasi
3MOHTOBaHMI TOJIKOBUM BaJl 1 Me€XaHi3M TOJIKM, HUTKONOJATYUK, MPUTHCKHA
JanKa i peryisaTop HaTATY HUTOK, Ha Tu1aT(opmi 3aKpiIuieHa roJKoBa MIacTHHa,
a miag mwiatrGopMor0  3MOHTOBAaHWW  TOJOBHUM  Baj,  MeXaHI3M(M)
neTeNbHUKa(KiB), HUTKOMOAATYMK 1 MeXaHi3M 3y0uaToi peiiku. Ha 6a3i mamuH
JIAHITIOTOBOTO CTiOKa OyAyIOThCS aBTOMATH30BaHI MAIlMHM 1 HAIliBaBTOMATH 3
eJIEKTPOHHUM (KOMIT IOTEPHUM) KEPYBaHHSIM.

JAKIO Takl  eneKmpomMexaniuHi - MeXaHiKO-mexXHONO2IUHI  cucmemu
OCHAIlCHI ~ MEXaTPOHHUMHU  (YHKIIOHATBHUMH  MOJYJSIMH  I[IJILOBOTO
MPU3HAYEHHS 1 CHCTEMaMH KEpyBaHHS 3 TaM SITTIO HAa MPHUHIUIN JKOPCTKOI
apXITEKTYpH 1 JIOTIKHA, TOOTO onepamop He Modxce 8MPYUAmucs 6 nam smo
Mawiuny (OTIepaTop HE MOXKE 3MIHIOBATH IMporpamy poOOTH MAaIIUHH), TO
HEaBTOMATH30BaH1 E€JICKTPOMEXaHIUHI IIBEHHI MAIIMHHU TEePEeXOIiTh B KJldcC
agmomamu308anux weeunux mawun. Hanpukiaa, aBTOMaTH30BaHi1 IIBEHHI
MAaIllMHA 3arajbHOro0 1 CIEMiaIbHOTO MPU3HAYEHHS 31 CTON-MOTOPOM, B TOMY
YUCJIl IIBEWHI HaIBaBTOMATHU JIJIi BHUTOTOBJICHHS  IE€TENb, I OOpOOKH
00TayHUX KHUIIEHb B PAMKY, NMPUIIMBAaHHA (PYpHITYpH, 3IIMBAHHS JAETANEH 1O
KOHTYpY Ta 1HUI L€ €JIEKTPOHHI WIGEHHI MAWUHU i3 HCOPCMKOIO J102IK0I0
cucmemu KepyeaHHs.

ko enrekmpomexaumiuni Mexamiko-mexHoI02iuHl cucmemu OCHAIICHI
BOY/IOBAHUM JIOTIYHUM KOHTPOJIEPOM, III0 MAa€ apXiTEKTypy KOMII OTepa IS
KEpyBaHHSI €JIEKTPONPUBOAOM TOJOBHOTO Bally Ta 1HUBI Ty IbHUMHU
MPUBOJIaMU Ha €JIEKTPOMArHiTHUX, KPOKOBUX a00 BEHTHJIBHUX CEPBOMPHUBOAAX
M0 CUTHajaM JIaTYMKiB IIJIbOBUX MEXaHI13MIB MAIIIMHU 1 TIPU LILOMY Onepamop
MOdice BMpPYYamucs 8 nam’sime MAwiuHy s TPOTPAMyBaHHS 1 THYYKO1 3MIHU
mporpam i anropuTMy poOOTH MAIIMHH, TO €JICKTPOMEXaHIYHI IIBEHHI MAIlIMHU
NEPEXOAATh B KAAC  KOMN IOMEPHO-IHMEe2PO8AHUX WEEUHUX MAULUH.
Hampuknaz, BUIIMBalIbHI MAIlIMHUA-aBTOMATH, IIBEHHO-BUIIIMBAJIbHI MAIlTUHU Ta
IHIIT MalIMHU 3 YUCJIOBUM NPOTPAaMHHM KEpyBaHHSM — TIOIIMpEHA Ha3Ba
CNC-mMamuHy, K1 € Komn 1omepHo-iHmezposanumMu WeetHUMU MAUUHAMU.

B’azanvui mawunu € makosic Mexamiko-mexHoI02IUHUMU CUCHeMaMu,
K1 MPU3HAYEHI JJI1 BUPOOHHUIITBA TPUKOTAKHOIO MOJIOTHA, IeTaliel Ta BUPOOIB
B’S3AIbBHAUM a00 KyJIpHUM CIIOCOOOM 3 TEPEIUICTEHUX TETEeNbh 3 TeKCTHJIBHOI
npspKi 32 TIEBHOIO TOCTIZOBHICTIO OTepailiif, sKi 0OyMOBJIEHI MeXaHIYHOi
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TEXHOJIOTIEI0 TeTJie YTBOPEHHS Ta KOHCTPYKTHBHUMHU OCOOIMBOCTSIMU
MEXaHI3MIB  HHUTKOIIOJAYuM 1 3MIHM  HUTOK, MEXaHI3MIB  B’Si3aHHSA
MPUKOMANCHUMY ~ 20KAMYU Ha TUIOCKOI a00 UWIIHAPUYHOI TOJIOUHHMIL 1
MeXaHi3My BIATSKKU BUPOOy abo HamiBdabpukary.

SxI1o Taka MEXaHIKO-TEXHOJIOTIYHA CUCTEMa Ma€ €IEKTPOIIPUBOJI TO BOHA
TICPETBOPIOETHCS B €1eKMPOMEXAHIUHY MEXAHIKO-MEXHONI02IUHY cucmemy, a
caMe B eleKMPOMeXaHiuHy NI0CKO8 A3albHY MAauluHy-Hanieasmomam adbo B
CIeKMPOMEXAHIUHY  KPY2l08 SA3ANbHY MAWUHY-a8momam Kiacy TaHdilIHoO-
IIKapIIeTKOBU aBTOMAT.

SIKmo  enexmpomexamiuna naOCKa 8’A3ANbHA  MAWUHA ~ OCHAICHA
CICKTPOHHUMH  €JIeMEHTaMH  BOYJOBAHOTO  TPUCTPOI0  KEPYBAHHIM
MIPOrpaMoOBaHUM BiI0OPOM TOJIOK (1711 BCTAHOBJIGHUX PAaNoOpTIB MEPEIUIeTEHb 1
3MIHM KOJIbOPY MpsDKI B MAJIOHKAX), Ma€ MaMm’siTh HAa TPHUHIMII >KOPCTKOI
apXiTeKTypu 1 JIOTIKH, TOOTO onepamop He Modxce 3MIiHIO8amMU
nam’amos MauwuHu TOKA HE 3aMiHITh Ha HOBHH MNPOrpaMOHOCIH-
nepokapTy MallOHKY, TO TaKd MAallMHH TEePEXOSITh B KIAC eleKmpOHHUX
niaockos’szaneuux  mawwun. Hanpuknan, aBToMaTu3o0BaHI —nep(oKapTOUHi
ninockos azanoui mawunu monem Veritas KM-245P, mopem K-747 ¢ipmu
Toitora (Snonist) 3 nepdokapramu 3 panopToM Ha 12 ook, nepdokapToUHi
ninockos’azanvui mawunu moaeni moxaens Silver Reed SK-280 (Smonis/Kutait)
Ta 1HOH 3 meppokapTamMu 3 parnopToM Ha 24 TONKU € eleKMmpOHHUMU
NIIOCKO8 "A3ANbHUMU MAWUHAMU.

ko enexmpomexamiuna NAOCKA 8 A3ANbHA  MAWlUHA — OCHAIIEHa
BOYJJOBAaHUM  BUIBHO  MPOTPAMYIOUMM  KOHTPOJIEPOM  JJii  KEepyBaHHS
€JICKTPOMArHITHUMU TPUBOJAMHU Ha COJICHOIaX IJsi BiIOOpY TOJOK abo Ha
KPOKOBUX CEpPBOIMPHUBOAX, ISl MPOTPAMOBAHOTO MOBOPOTY KJIMHIB MEXaHI3MY
B’SI3aHHSL 3a TIPOTPAMOIO IO 33JIA€THCS 3 KJIABIITHOTO MYyJIbTA Ta UCIIICEM a0
MporpamMyBaHHsI 4epe3 MIAKIIOYEHHS J0 MEePCOHATBHOTO KOMII I0Tepa, TOOTO
onepamop ModJce 68mpyuamucs 8 eleKMpPOHHY Nnam’ sAmb
MawuHu JJs TPOrpaMyBaHHS 1 THYYKO1 3MIHHM MPOTrpaMu (aIropuTmy) poOoTH
MaIllMHY, TO TaKW B’S3aJIbHI MAIIMHU TEPEXOJATh B KJIAC KOMN TOMEPHUX
NJI0CKO8 "A3aA/IbHUX MAWUH. Hanpukinan, aBTOMAaTHU30BaHI1 noOyTOBI
IUTOCKOB si3aibHI Marmaud Mozeni Brother KH-7651 (Slnowis), momem Silver
Reed SK-860, momeni Passap Electronic 6000 (IlIseiimapis), mozxeni Veritas
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KM-245C Tta mnpommuciioBi ILIOCKOB’s3aibHI MamuHd (ipmu  Shima  Seiki
(Anonis) 1 ¢pipmu Stoll (Himeuurna) Ta iHIII € xKomn 1omepHo-inmezposanumu
NIOCKO8 A3AIbHUMU MAUUHAMU.

Bei B’s3anpHI MammHM, B TOMY YHCII  KyJipHI, OJHO(POHTYpHI 1
OBOQOHTYpHI, IJIOCKI 1 KpYyril, OKpIM OCHOBOB’SI3QIbHMX MAalIMH MAalOTh
MEXaHI3MU B’S3aHHSA, SKI 3a TmpuiHiITor0 B TMM  TepmiHOJIOTIEID €
KyJIauKOBUMH MeEXaHI3MaMu 31 3BOPOTHO-TIOCTYNIOBUM pPYyXOM IIITOBXaya.
Kynaukamu € KJIMHU 3aMKOBOi CHUCTEMH, a IITOBXayaMH — TPUKOTAXHI1 TOJIKH.
KimHu 3aMKOBOi cuCTeMH B’SI3aJIbHOI KapeTKH, a HI KapeTKa, K MOMHUIKOBO
HABECHO B JICIKUX BUJAAHHAX, 3a0€3MEUyI0Th MEPEMIIIEHHS TOJIO0K 110 3aKOHaM,
K1 pealizytoTh OCHOBHI 9...11 TexHOMOTIYHUX omepalliii metie yrBopeHHs. Ha
3acazlax MEXaHIYHOI TEXHOJOrli BIIOYBA€TbCS MEPIOJUYHUI  3BOPOTHO-
HNOCTYIOBHUM PyX TPUKOTAKHUX T'OJIOK 3 YACTOTOIO PYXy KAapeTKU BIIPaBO-BIIIBO
BITHOCHO ToJI0YHUIll. OCHOBHUMHU €JIEMEHTaMH CTPYKTYpPHU TPUKOTAXKY € nem.ii,
HAKuOu 1 NPOMANCKU, KUTHKICHE CIOJIyYCHHS MDK SIKUMH YTBOPIOE pI3HI
CTPYKTYPH TPUKOTAXY (p13HI TPUKOTAXKHI NMEPETUICTEHHS) MPU B3aEMOJIII MIX
co00I0 CHCTEMHM HUTKOMNOJAa4yd, MEXaHI3My B’S3aHHSA 1 CUCTEMHU BIITATYBaHHS
TPUKOTAXKHOTO MOJIOTHA 200 JIeTalll TPUKOTAXXKHOTO BUPOOY.

Kowmm’torepra B’si3anbHa mamuHa mozem  KH-9651 Brother (Smonis) €
MUno6o10 060QYOHMYPHOI0 NIOCKO8'A3ANBHOI0 MAUWIUHOI0, Y AKUI 3AK1A0€HI
OCHOGHI NpUHUUNU OYO0BU CYYACHUX MEXAMPOHHUX NIOCKO8 A3ANbHUX
mawun. DyHKIIOHATBFHA CXE€Ma KOMIT IOTEPHOI TIJIOCKOB’SI3aJbHOT MAIlIMHU
moneai KH 9651 Brother (Snonis) HaBeneHa Ha puc.2.4. Mammuau Brother
MarOTh TOJOYHULIO 1 B’S3aJIbHY KapeTKy, Kl KIHEMaTU4YHE 3’ €qHaH1 MK COOO0I0
SI3UYKOBUMU TOJIKAMHU.

3anporpaMoBaHuii Bii0ip TOJOK BUKOHYETHCS 3a JOMOMOrow 16 pene
MOCTIHHOTO CTpyMy (MiHI COJICHOIIIB) IO KOMaHJaX BiJg BOYIOBAHOTO MiHi-
KOMIT'foTepa (BUIBHO MPOTPAMOBAHOTO MIKPOIPOIIECOPHOTO KOHTPOJIEpa).
3BOPOTHO-TIOCTYMAILBHUM ~ PyX  B’SI3aJbHOT  KapeTKH  BUKOHYETHCS  BiJ
€JIEKTPOJBUTYHA 3 PEAYKTOPOM.

OyHKI[IOHATIbHA CXeMa KOMII IOTEPHOI IJIOCKOB’SI3aJIbHOI  MAlllMHU
HaBeJIeHa Ha puc. 2.4, e NPUIHATI HACTYITHI TO3HAYCHHS:

CPU — MikpokoHTpoJIep;

EJ[ — enexTpoIBUTYH IPUBOJLY;

K3 — xapetka 3aHs1 (KapeTKa NepeIHs 10 BiTHOIICHHIO JI0 KOMIT I0Tepa);
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KII — xaperka mepeaHs (KapeTka 3aiHS 1O BIJHOIICHHIO [0
KOMIT F0Tepa);

PEM — pene enexkTpoOMarHiTHI MOCTIHHOTO CTpyMy (MiHI-COJCHOIIN);
IIK — nepenaya KOHIYHa;

«B»— poboua no3wuttis (PIT) romoxk;

«Dy» — nepenus poboya nmo3uisg («ITPII») ronok

T T aine —» eNeKTPHUHi Ta iHdopMaLiFHi 3B'A3KH
—> MeXaHiuHi 3B'A3KH
Ihyaom
CPU | =—eeady/eneooy
oantx Bepxniii |
mpaHcnopmer)
Koo 2°  [—18PEM|
srimoyvernna PEM Tlosopomui——" x3 Tonoyrtiya
o014 ¢idbopy 200K KALHL ST 3014 (1°3)
! X Kapemi _ i
N é;;ga_;f; 00) |] 6 crob-xopomicen = Tonoumus
S £ nepedns(ITl)
2,
Lt
g Koo 2* | —[5PEAd] Husenitl
b axrodenns PEM mpancropmer
| 014 eidbopy 200K
(pyx Rapemiu 16 cenexmpie 2010k -
IHPAB-HANIGO ) -cmanesi niacuny | 16 mopresrix KyAaUKOE -
2 2OYKOM -3ANCHMOM || pryusie cenexmopia 2040K [
XGOCIOGUKA 207U

lIpoepamoeannil ocinanoe (6id0bip) 2onox € noziyii "B"/" D", noeopom xmnie K3 6 Hoee nonoxcenns
0114 RPOXOONCEHHA NATNOK 200K 10 3AHOCO VIGOPEHOMY KAHATY ab0 Kananam

Puc. 2.4. OyHkiioHanbHa CXeMa KOMIT IOTEPHOI TIOCKO B’SI3a7bHOI MAIllMHU
mozen KH 9651 Brother (SlnoHist) 3 enekTpoMarHiTHUM BiAOOPOM TOJIOK

KomM0iHOBaHa cxeMa KOMIT'IOTEPHOI IIJIOCKOB’SI3aJIbHOI ~ MaIllMHU
HaBeJleHa Ha pHC. 2.5, ¢ MPUIHATI HACTYMHI YMOBHI IO3HAYEHHS €JIEMEHTIB
CXEMH:

EJI - enextponBuryH 1 peanykrop P — ayis CTBOpEHHs 3BOPOTHO-
MOCTYIAJILHOTO PYXY B’ S3aIbHOI KapETKH;

S/S — BMUKa4 eneKTpOnpuBOIa B’ I3IIbHOT KAPETKH,

BT 1 HT — BepxHiil TpaHCTIOPTEP 1 HIXKHIN TpaHCIIOPTED;

K3 1KII, I'3 1 I'Tl — xapeta 3a7Hs1 1 KapeTKa Mepe/IHs, TOJIOYHULIS 3aHS 1
TOJIOUHUIIS TIePETHS;

PEM 1...PEM 16 — mictHanusaTh (nBa O6aiita) Pere EnexmpoMacnimmux
(MiHI-COJICHOIIB, HAAaJIl MPUIHITO YMOBHE CKOPOUCHHSI « &IeKMPOMASHIMUY) |

KI...K16 — micTHagusATh TOPLEBUX KYyJAyKiB MO OJHOMY Ha KOXHY

MJIACTHUHY-CCIICKTOP T'0JIOK;
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CPU — (Central Processing Unit) mikpokoHTpoJIep;

bIK — O110K €1eKTpUYHOIO KUBJICHHS;

1,2,7,8— MIKiBY 3 KIJIKaMHU;

3 - Beayuya TpyXHaA 3allilika TOJIOBHOI KapeTku (3aKkpiluieHa Ha
BEpPXHbOMY TpaHcnoptepi BT,

4 — BejieHA 3allliNIKa, KA 3aKpilieHa Ha KapeTIl;

5 — TpuMay-3aTucKau JJis 3’ €IHAHHS KapeTKH 3a/HbOi (1oAaTKoBO1) K3
1 KapeTku rojioBHOT K11,

9 — KOHIYHI Iepeiayul BEpXHbOTO 1 HIYKHBOTO TPAHCIIOPTEPIB,;

10 — Ban 3 kynaukamu K1...K16;

11 — xkopomMuciaO Mg 3BOPOTHO-NIOCTYNAJIBHOTO pyXy IUIACTUHU-
CEJIEKTOPAa rOJIOK 3 aBTOMATUYHUM TaIbMyBaHHSM BiJl peJie eIeKTPOMAarHiTHOTO;

12 — 3BOpOTHA MIpYKUHA.

[Ticas 3ampaBieHHS MallMHU MPsDKEIO 1 BBEJIEHHS J@aHUX IpOrpaMu
B’SI3aHHA PHUCYHKa HaTHCKaHHSIM KJaBill S/S  BKIIIOYAETHCS €IEKTPOABUTYH
EJ[, sxuii 3a 1OMOMOIOI0 peaykropa P 1 CUCTEMHU KepyBaHHsS TPHUBOJAOM (Ha
puc. 6.10 He 300pa’keHa) MEpPETBOPIOE OOepTalbHUN pyx potopa EJ/[ B
3BOPOTHO-TIOCTYNAJIBHUNA PYX BEPXHbOrO TpaHcnoprepa BT, a nmami 1ned pyx
NePEeNAETHCS M0 KIHEMAaTUYHOMY JIAHLIOTY 3T1HO 3 HACTYITHUM BHPA30M:

Er=izd Kl KT

2.0
LHT:}Q::alﬂl:::Kl...Klﬁe«maﬂmuﬁu—cmemwuajnm: 20)

Crpiuku TpancnoptepiB BT 1 HT  BHUKOHaHI 31 CTaJeBOi CTPIUKU
niepdopoBaHoi OTBOpaMH 3 IMOCTIMHUM KPOKOM IO BCiM J0BXuHI. B 111 oTBOpH
BXOJATH KUTKK MIKIiBIB 1,2,7,8. CTtaneBa cTpiuka HE pO3TATYETHCS TPU eKCIUTyaTallii
MAIlIMHY 1 HE TIPOKOB3YeE Ha ImKiBax. CTasuii 3BOPOTHO-TIOCTYAIBHUNA PYX CTPIUOK
000X TpaHCIOPTEPIB 1 B’A3aIbHOI KAPETKU BIJHOCHO HEPYXOMHUX TOJIOUHMIB /3 i
[Tl 3a 1OMIOMOror0 KOHIYHOI 3yOuarol mepenadi 9 mepeTBOpIOETHCS CIIOYAaTKy B
3BOPOTHO-00epTasibHuM pyX Bay 10 1 ToprieBux kynaukiB K/...K16, a moTiM 3HOBY
B 3BOPOTHO-TIOCTYMAJIBHUN PyX, ajie BXKE OCTaHHBhOTO eneMeHTa y Bupasi (2.0), a
caMe ITIACTUH — CEJICKTOPIB TOJIOK 3 KpIOYKaMH-3aXBaTaMH TOJIOK (puc. 2.5) s
MPOTPaMOBAHOTO 3YMHHEHHS TOJIOK Y BIAMOBITHOMY TOJIKOBOMY Ta3y TOJIOBHOT
(mepeanboi) rosounutli (houtypu) I 71.
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KinpKicTh €1eKTpOMarHiTiB B MallliHU JIOPIBHIOE IIICTHAALATI, 3 SKUX 8
€JICKTPOMArHiTIB CIY>KaTh JJI BiAOOPY TOJIOK MPHU PYCl KapeTKH 3J1iBa HAIPaBo 1
8 ciyxarb I BIAOOpPY TOJOK NIpU pyCl KapeTku crpaBa HailiBo. ToOTo
KUTBKICTh €JIEKTPOMAarHiTiB oOpaHa Takoro, 10 AOPiBHIOE ABoM Oaiitam (8x2=16
PO3pAIiB), IO OTHOMY €JIEKTPOMATHITY Y BIAMOBIIHOMY PO3psii OJHOTO OailTy.
EnexktpomarHité  CrpaibOBYIOTh BiJl 8-pO3psSIHOTO KOy MpH PYCl KapeTKu
BIpaBo 1 BiiBO. Koxxuuit enekrpomarnit (PEM) moxe OyTH 3HECTPYMIICHUM 1
BuKkitoueHUM (ctan «0») abo BkmroueHUM (ctaH «1»). Tomy mpu BOCbMH
CJIGKTPOMArHiTaX MOXHa TEPETBOPUTH 8-pO3PSIHUN MPOTPAaMHUN KO, IIIO
ckiamaetbesi 3 «0» 1 «l» I BKITFOYCHHS/BUKIIOYCHHS TOJOK B KOXKHOMY
MeTEeIPHOMY  psiIl  TIpH B’SI3aHHSA  3aIPOrpaMOBAHOTO PUCYHKY Ta
3aMporpaMOBaHOTO THIY TEPEIUICTeHHS. Bcbhoro 8-po3psaHuX KOIIB Y
JBIMKOBIM cHCTEMH BiIiKy Moxe OyTu 28 =256, mio Oimpmie umciaa 200 —
KUIBKOCT1 TPUKOTAXKHUX TOJIOK B KOXKH1M (DOHTYPI1 (TOJIOYHUII) MAIIIHH.

[Ipu 7 enekTpomartiTax KiJIbKOCTI JBIHKOBHX KOIIB Oyjia O HeIOCTaTHS
A BKJIIOYeHHs/BuKmodeHHs 200 ronok MamuHH, ockiabku 27 = 127< 200
T'OJIOK B T'OJIOYHHUIIIL.

3riiHo 3 BUpa3oM (2.0) BIAMOBIIHI MPOTPAMHOMY KOAY KPIOUYKH-3aXBaTH
IUTACTUH — CEJEKTOPIB TOJOK (puc. 2.5) 3yNUHSIOTH BIANOBIAHI TPUKOTAXHI
TOJIKM 32 PaxyHOK iX IPUTHUCKAHHS O BIANOBIJHOIO TOJKOBOTO Ma3a T'OJIOBHOI
(mepenaboi) ronounuii I 71.

46



Blasancna
KapemKa

CPU

PEMS...PEMI6 )

V fan " amu=>)
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LY
PEMI..PEMS )

\\//

Iyaem

6 €600V €UEODY)
DUHUX

CEeAEKMOP eQVIOK

Puc. 2.5. KomOiHOBaHa cxeMa KOMIT IOTEPHOI IIJIOCKO B’SI3aJbHOT MAallMHU
mozaenmi KH-9651 Brother (Snonis): @ — 3’egHaHHS B’A3albHOI KapeTKd 3
MEXaHi3MOM CeJEKIil TOJOK; O — PO3TOPHYTa CX€Ma OJHOTO 3 IIiCTHAILATH

MEXaHI3MIB CEJIEKIIIT TOJIOK

2.2. Kopcrka cucremn kepyBaHHsi muksiom (1—N1)°n 3 mporpamonociem
TUIY «0araTOKPOKOBHMH KYyJa40K» MALIMH JIEr'KOI IPOMHMCJIOBOCTI

Kopcmra cucmema «xepysanms mawwHamy — 1€ CHCTEMa KepyBaHHs
tuny «Po3nodinvnuii Bany (tuny PB) TeXHONOTTYHUMH MalllMHAMM, Y SIKAW 3aKOH
pyxy poOoUuX OpraHiB MEXaHI3MIB 33[a€TbCA MPOrPaMoO HOCISIMH, K1 € BeyUYUMHU
JIAHKaMU y BUTJISIII KPUBOIIHUITY a00 EKCIICHTPUKY, SIKI 3aKpIIUieHI Ha TOJIOBHOMY
BTl 1 SIKI 3aJal0Th Mporpamy poooTu ((YHKINIO TOJOKEHHS) 3a IHMKI 110
JIOPIBHIOETHCS 1| 000pOTY TOIOBHOTO BaTy. barato 1UKIIOBI dKOPCTKI IPOTPaMOHOCH]
y BUIVISAI  OaraTOKpOKOBUX KyJIauKiB (KOMIPHUX JUCKIB) 3MOHTOBaHI Ha
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JOJATKOBOMY BaJli, SIKAM KIHEMaTWyHe 3'€JHAHUN 3 TOJIOBHUM  BajoM
nepeaTouHuM  BiHOMIEHHSAM. JIJis 3MiHM TporpaMu poOOTH KpPUBOIIMIIA 1
eKCLIEHTpUKa MOTPiOHA BIAKPYTKA IS MOCTA0ICHHS KPIMJICHHS 1 HACTYITHOTO HOTro
MOBOPOTY Ha MEBHUI KyT BITHOCHO TOJIOBHOTO Bay B HOBE IOJIOKEHHI. J1J1s1 3MIHU
nporpaMyd  MOTPIOHO ab0 TMEpPeKTIOYWTH MEXaHI3M Ha PoO0Ty ¢  I1HIIUM
KyJIa4KOM, a00 3aMIHHUTH ITPOTPAMOHOCIH Ha TTPOTPAMOHOCIH 3 1HIIIOIO TIPOTPAMOIO.
B nmiteparypi, sika mOpUCBAYEHA TNPOEKTYBAHHIO IIBEHHUX MAaIlMH-
HaIllaBTOMATIB  KYJIAUKOBI MPOrpaMOHOCIT  («KOMIpW») IUKIOBUX IIBEHHHUX
MaIIMH-HaMiBaBTOMATIB MO CYTi CIIpaBU He po3risganucs. Hamaranus nesaxkux
aBTOpPIB TMOJATH METOJUKY IX IPOEKTYBaHHS 3 BUKOPUCTAHHSM BIJIOMUX
«3arajbHO-1HKEHEPHUX» METOJIIB € BKpail MOMHJIKOBUMHU. Y 3arajibHO-
TEXHIUHINA JIITepaTypi 3 MPOEKTYBaHHS KyJIauKOBHX MEXaHI3MIB Il YHIKaJbHI
KyJa4kH, I1X CTPYKTypa, OCOOJMBOCTI CMOCOOYy iX MPOCKTYBaHHS TEX HE
3HaMnUM BimoOpaxkeHHs. B poGori [10] aBTOpm 3ampoBagmiid TEPMIHU:
«0araToKpoKOBI» Ta «KPOKOBI-CTYIIHYACTI» KyJauyku, MO0 BIJOKPEMHUTH IIi
0CO0JIMBI KyJTauKU-TPOrPaMOHOCIT BiJ] 3BUYAaHUX - OJJHO KPOKOBHX.
bararokpokoBi Ta  KpPOKOBI-CTYIIHYACTI KyJIauKOBl MPOrpaMOHOCIT
IIBEMHUX MalIMH-HAIIBaBTOMATIB MICTATh JEKUJIbKa JECATKIB ()a30BUX KYTiB-
KPOKIB KOXEH 3 fAKHX, SK OKPeMHH KyJIadok, 3abe3medye KOPOMHUCIOBOMY
HITOBXayy pyX THUIY  «BHUCTIM-NIEPEMIIICHHA-BUCTII»  a00  «BUCTIN-
MEPEMIIIICHHSD - B 3aJIC)KHOCTI BiJl MPUIHITOTO BiIIIKY (ha3-kpokiB (puc. 2.6).

Y  Oumbmocti  BuUmaakiB  (a3oBi  mepemimieHHs 8§ = R, — R;
PO3TaIIOBYIOTHCS BITHOCHO LIeHTpa O o0epTaHHs MPOrpamMoiHOCIs CTYIIEHYaTO —
MarOTh pI3HI 3HAYEHHS PAJlyCiB iX OCHOBHOrO Kojila R; Ta pi3HY BEJIUYUHY
bazoBux mepemimieHs §, Mo 00yMOBIEHO PaloOpPTOM CTPOYKH i1 KOHQITYpaIli€ro,
CITIBBIJTHOIIICHHSIM JIOBKMHH CTIOKIB, III0 YTBOPIOIOTH CTPOUKY.

B ocHOBY po3paxyHKkiB Ta moOynoBu Mpo@uTo 0araTOKPOKOBUX Ta KPOKOBUX-
CTYMIHYAaTUX KYyJAQUKOBUX MPOrPaMOHOCIIB MOKJIaZeHa 30BCIM IHIIA HIK 3a3BUYail
KOHILIETIIISI, BIAMOBIIHO, BUKOPHCTOBYETHCS OCOOJMBHM, YHIKaIbHUI crocid Ta
aNITOPUTM iX CTPYKTYPHOTO Ta METPHUYHOro cuHTe3y. OCOOIMBOCTI MPOSKTYBAHHS
KYJIaYKOBUX MPOTPAMOHOCIIB MOYMHAIOTHCSA 3 HEOOXI1HOCTI BU3HAYEHHS (BUOOPY)
B3a€EMOIIOB’SI3aHUX ~ BUXITHUX JAHUX SKI CKJIQNAlOTh Tplaay MapaMeTpiB
d = 2r = p, M0 BU3HAYAE, CITIBBIIHOIICHHS: diamempa poauxka d KOPOMHUCIOBOTO
HITOBXaya; paociycie v — IyT OKPYKHOCTEN IIEHTPOBOIO NPOPLIIO; padiycie p — 1yt
OKPYKHOCTEW E€KBIMCTAHT, IO OKPECIIOITh poO0oUrii mpodiib KOXKHOI OKpEeMOi
(dazu pyxy mporpamoiHOCis. YCBIIOMJICHHM BUOIp 3HAUEHHS Tpiaay IapamMeTpiB
nependavae 3HAHHS BIUIMBY 11 BEJIMUMHM HAa ra0apuTH KOIMIPHOTO JUCKA, SK
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cnenudiyHoro BHOOpY MeXaHI3My Ta Ha (QYHKIIOHAIbHI W JUHAMIYHI
XapaKTePUCTUKH TPOTPaMo- HOCISI, SIK BeIyJOl JJAHKH MEXaHi3My KOJIMBAHHS TOJIKU
a00 TiepeMiIeHAs MaTepiay.

3 po3paxyHKOBOI cxeMu (puc. 2.6,a) BUIIMBAIOTH 3aJI€KHOCTI:

§=R,—R, ~d(1—cosd"); d=~ ﬁ (2.1)
ta  OA=R =R, +r~ 258 2.2)

singy

ne ' " npwiiHsiTa BEIMYMHA HOMIHAIBHOTO KyTa THCKY 6, II0 XapakTepu3ye
KpPYTU3HY IIEHTPOBOTO Mpodiyito Ta BU3HAYae mpupoieHas 6 = R, — R, paxiyca
R; ocHoBHOTrO Kona. OCKUIbKM KYT THCKY 6 3BHYaiiHO HE OepyThb OUIbIIMM 3a
45° 10 6,0 = d(1 — cosB’) < 0,3d. Tlpu 3menmienHi 3HaueHh d Ta Kyra 6’
CYTTEBO 3MEHUIYETHCSI TOJOBHA (DyHKIIOHAIbHA XapaKTEpPUCTHKA KyJjauka o.
Hanpuxnan, mpu 6 = 30" § =~ 0,12d, anpuf = 20" § = 0,06 d.

DK' ) R . !
pa——— :
T I
0 & : '
: o E:'%ia‘ _ C d
sy 4 & ,,J -
= 5 -
. R - . B
R, <)
| O
a
0C, _
oc _1.52
OB | BC |'
C
\ 14 P o0C,
Iz W
%, B
: o
P
B
Puc. 2.6. Cxema (a) TumoBoro (a3oBOoro Kyra — KpOKY KyJIauKOBOI'O
IPOTPAMOHOCISI Ta €KBIBAJICHTHI 3aMIHSAIOYM MEXaHI3MH: O - MeXaHi3Mm

€KBIBaJICHTHUI YBIrHYTOi yacTuHi «aC» mnpodimo «aCby» mporpamoHocis;
B - ME€XaHI3M €KBIBAJICHTHUH OMyKJI01 yacThHU npodino «Cb» npodinto «aCby»
POrpamMoHOCis
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3anexnicte 6, Ta R Bin d, 6 Ta 3HaueHHs @,(@, 4', @, = 6") npu
¢, ~ 8’ HaBeneni Ha puc. 2.7.

[Ilo nmo mapamerpiB R, skuil 00yMOBIIOE TabapuT  KOMIPY
(Dy = 2R + r) fioro BenuuMHA 3pocTae 31 30UIbLICHHSIM 3HaYeHb d 1 6 Ta
3MEHIUCHHAM BEJIMYMHH (Gasu pyXy ¢, OCOONMBOCTI BHM3HAYEHHS AKOi
PO3TISTHYTO HIXKYE.

3anexHocti (2.1), (2.2) ski BimoOpakeHi B aiarpami (puc. 2.7) CBi4arth,

mo 3HadueHHs O = 2,0...3,5 MM., HeoOXImHI i [IBEHHUX MaIlH-
HAIiBaBTOMATIB, MPH MOPIBHIHO HEBEIMKHUX rabapurax KOMIipY,
(R =75..80mMM, D, = 175) MOXHa  OJICp)KaTH  MNPU  BEIWYHUHI
d=~11..13 MM., Ta KyTi THCKY O’ OIM3BKOMY 1O TPAHUYHO JOMYCTHMOTO
0q = 45'. Jlume npu Takux 3HaueHHsIX d 1 6, Ta, 10JATKOBO, BUKOPUCTAHHI

) .6 ) ) .
EePENIaTKOBOr0  BITHOIMIEHHA 1= — &~ 0,7..04, BIAMOBIJHUX MEXaHI13MIB

(nepemilieHHsT Matepiaily, a00 NONEPEeIHbOTO KOJUBAaHHA TOJIKM, MOKHA
oJiep>KaTu CTIOKK JAOBXKHUHOIO t = 4...8 MM, HEOOXIiJHI [Jii BUTOTOBJICHHS
3aKpINOK, MPUITMBAHHS (PYPHITYpPHU 1 TaKe 1HIIIE.

BoueBuap npuitHATe y IpakTHIl MIBEHHOTO MAIIMHOOYAYBaHHS 3HAUYEHHS
Tpiaiu d = 2r = p =12MM € UUIKOM OOTPYHTOBAaHUM 1 paliOHAIBHUM.
3Ba)karouu Ha Te, 10 TEXHOJIOTiS BUTOTOBJIEHHS KYyJAuKOBHX MPOTPAMOHOCIIB,
fKa B YCIX 11 acleKkTax yAOCKOHaIIoBanacs Ha MpOTA31 Oararbox JAeCATUPIUb,
30piEHTOBaHa caM€ Ha II0 BEJIMYMHY, 3MIHIOBAaTH ii, 0€3 Ba}XJIMBUX Ha Te
MPUYHUH HEJOLIBHO.

Bubip BenmuuumHM Tpiaad mapaMeTpiB B 1l OpraHidyHOMYy 3B 43Ky 31
3HAYCHHSAM KyTa THCKY 6 1 BennunHOW0 § 3a0e3Ieuye MOKIHUBICTh PO3PAXyHKY
yCciX  mapameTpiB  MEpHIoi  BU3HAYaIbHOI  (PA3U-KpOKYy  KYJAYKOBOI'O

MPOTrPaMOIHOCIS.

Hanpuknan, pu NPUHUHATHX 3HAYEHHSX:
d=2r=p=12mMMm; 8§ =3MM; @, =6°17'; 3 TeopemMH KOCHUHYCIB
BU3HAYAIOTh JOBXUHY panilycy R; = R,,j;, OCHOBHOIO KoOJjia IIEHTPOBOTO
npodiio.

D? = (Ry +6)*+ (R, —3)* = (R, + 6)(Ry — 3) - 2cos @, (2.3)

[Ticnst mepeTBOpeHb Bupas (2.3) HaOyBa€ BUTIIAY KBAaJIpaTHOTO PIBHSIHHS
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R 3 aR? + bR, — C =0,

| it 4
110 e a ~0,01202;
s R
100 4
> b ~ 0,03606; c =~ 63,216
QG' / .r"‘r p,f"
Bt .
801 3 ot Puc. 2.7. 3anexuicts O ta R
// I‘ﬁl’;’.ﬂ'" o ..g-"": . .
701 - <A e Bl 3HadyeHHd d mOpHU PI3HOI
;/ fﬁf:"" !‘J'—f 1 ; .
601 217 T e BEJIMYMHI KyTa THUCKY 6 @ 1, 2,
504 1 ﬁ’;f—'{f = 3, 4 — 5(d), BigmosimHo, mpu
i _ 0.
401 f-%’_;"’ 0 =230, 35, 40, 45°; 5,6, 7,8 —
300 =T 3aJIeKHICTh R(d) BIiJIMOBIAHO,

204 4 _ 0
6 7 & 9 10 11 12 13 14 15 dswe 1PU 0=30, 35, 40, 45

BuxopucroBytouu, hopmyiy pillieHHS 3arajibHOTO BUIY

_ —btVbPaac

R4 o OJICPIKYEMO:
_ —0,03606 ++/0,0013 + 4 -0,0120 - 63,216 71036 = 71
1= 0,02404 = ALES6 R AL MM

[ToTiMm Bu3HAYalOTh 1HINI mapameTpu Tmpodimo: R, = Ry +8§ =
74; R= R, +r=77mMM; AB=d=12MM, p=d = 12 MMm.

Koxny (da3y-kpok 0araTokpokoBoro ado KpPOKOBOIO-CTYIIHYACTOTO
IIPOrPaMOHOCI MOKHA PO3IJIA/IaTH, IK OKPEMHUN MexaHi13M 13 BULIow [V kiacy)
KIHEMaTUYHOIO MapoI0, SKY YTBOPIOE poiMK d KopoMuciaoBoro mrosxada 0;C 3
na3oM. Ockuibku (puc. 2.6) 1eHTpoBUM Npodias Maza OKPECICHO JIBOMaA
OJTHAKOBUMHU IyramMH pajiycar OKpYXHOCTI d 3 meHtpiB A ta B To Takuit
KyJa4yKOBUH  MeXaHi3M, TMpH JOCHIDKCHHI, MOXKHA 3aMIHMTH JIBOMa
EKBIBAJICHTHUMH BaXUIBbHUMH MexaHi3MaMu. KoOXHHMH 3 [IBOX YacTHH
1eHTpoBoro npodinro (puc.2.6) yBirayroi aC, Ta omykiaoi Cb, Mo okpecieHi
JyTaMu OKPY>KHOCTI 7 = 6 MM. 3 TouoK A Ta B, BiAMOBia€e CBi €KBIBAJICHTHUI
3aMIHIOIOYMNA MeXaH13M. [ yacTuHu npoutto aC eKBIBAJIEHTHUM 3aM1I0I0YUM
MEXaHI3MOM € IIEHTPAJIbHUA KOPOMHUCIOBUN yoThpuiaHKoBUK OACO,
(puc.2.6,a) 3 mapamerpamu: OA =1, =77MM; AC =% =6wmMM; CO, =
50...70 MM. Jnsa yactuaum Cb 1eHTpoBOro mpoQio, eKBiBaJCHTHUM
3aMIHIOIOYMM MEXaHI3MOM € ILIEHTPAJIbHUN KOPOMHCIOBUI YOTHPHIAHKOBUK
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OBCO, (puc.2.6,0) 3 napamerpamu: OB = 1, = 68 MM, BC = £ =
6 MM; CO = 50...70 MmMm.

OCKiNTbKH 32 alIrOPUTMOM PO3PaxyHKIB mepeadadaeTbcs BUOIp BETUYMHU
nepeMimeHHss § MM, MO € XOPAOK AYTH, Ky OKPECIIO€ IEHTP pPOJUKa Ta
GyHKIIIO MOI0KeHHS 6; = f (@) MOIIILHO BUpaXkaTH caMe XOPA00, Maloun Ha
yBasi, M0 TMpPH 3BUYAHHUX 3HAYCHHSIX JOBKHHH KOPOMFCIIOBOTO INITOBXada
L~=50..70 MM Ta xopgax & = 2...3 MM JOBXHHA BIAMOBITHUX AYT, MPH
pO3paxyHKax HaBiTh MpU BUKOpPHUCTaHHI T = 3,14159, BUABISIE€THCS MEHBIIIOLO,
a00 0JTHAKOBOIO 3 JIOBXKHUHOIO 1X XOP/I.

Tomy oneprkaHi, 3aMIHIOIOYH MEXaHi3M JIOLUJIBHO BBKATH IIEHTPATbHUMHU
KOPOMHMCIIOBO-TIOB3YHHUMHU MEXaHI3MaMH.

B crpykTypHOMYy CceHCi MexaHi3M 2.6,a € aHaJoroM LEHTPaJbHOTrO
KPUBOLIMITHO-TIOB3YHOI'0 MEXaHI3My 3 IIaTyYHOM CIpPSMOBAaHMM BHHU3. BiH
XapaKTEPHU3y€EThCS

A—r1—77 12.833
I

1 € EKBIBAJICHTHUM B MEXax 00epTaHHs KpuBoIMIy Ha KyT 0° < ¢ < ¢, .
3amiHOOUM MexaHi3M 2.6,0 € aHaJIoroM «0OEpHEHOT0» KPHUBOIIUITHO-
MOB3YHOTO Me€XaHi3My [15] 3 1IaTyHOM CHOpPSMOBAaHMM BBepx. BiH
XapaKTepU3y€eThCs
)

A= _ %% 11.333
T 6 T

1 € EKBIBAJICHT B MeXkax 00epTaHHs KpuBOIIMITy Ha KyT 0° < ¢ < @y, .

3 YMOBU BHKJIIOYEHHS >KOPCTKMX YJapiB Ha IMOYATKy Ta B KIHII PyXy
KOPOMHUCJIOBOTO IITOBXaua HEHTP A Iyr'¥ T OKPY>KHOCTI po3TaiioBaHe (puc. 2.6)
Ha TPsAMIN, 10 MPOXOJUTh yepe3 Touku O Taa, BIANMOBIIHO, HEHTp B apyroi
IOYTH T OKPYXKHOCTI pO3TalllOBAHO Ha MPSMIM, 1110 MPOXOauTh yepe3 ueHtp O Ta
Touky b. YMOBI, 110 3a0e3nedye BiICYTHICTh KOPCTKOTO yAapy HpU MEpexoi
BiJI MPUCKOPEHOTO PYyXy Ha YBIrHYTOI 4acTHHU al IEHTPOBOTO MPOQIII0 110
VIOBUTBHEHOTO PyXy Ha omykioi Ch #oro 4acTWHI BIANOBIZAE PO3TAITyBaHHS
Touku CcrpsbKeHHs AyT BcepeanHi Biapizka AB = d.

IIpu 1bOMy KyTu OO€pTaHHs Kyjlauka ¢p Ta (P,, HEOOXIAHI, 30KpeMa,
Ui OOY/OBU W JOCHIPKCHHS CKBIBAJICHTHHX 3aMIHIOIOUHMX MEXaHI3MiB,
BUSIBJISIIOTBCS pi3HUMU. Paniyc-Bektop OC, 110 BU3HAYa€ MOJOKEHHS TOYKH C
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IEPETHHY LEHTPOBOIO NMpOodimo Ta moautie (Gasy pyxy ¢, Ha JBa HEPIBHUX

KYTH - ¢, @p, BASHAYAIOTH 3 TEOPEMH KOCHHYCIB:

0C = \J0A2 + Ac2 — 20A - AC - cosa ~ 72,39

2_An2_
ne cosa =22 "2 _ 07841 i «=arccos0,7841 = 38°22’
2:0A"AB

0A2+0C2-AC? o7

KYT Pp1 = Arecos — ————~ arccos0,99867 = 2°57

KyT Op2 = Pp — Pp1 = 6°17" —2°57 =~ 3°20 abo
2 2_pr2

(Ppy = arccos % ~ arccos0,9983 = 3°20’,

10 MIITBEPIKYE KOPEKTHICTh PO3PAXYHKIB.

TakpuM YMHOM, 3aMIHIOIOYMM MeXaHi3M 2.6,6 € eKBIBaJICHTHUM
KyJa4YKOBOMY B ME)KaX MOBOPOTY Kopomucia 13 = 77 MM, Ha KyT O < ¢ <
2°57'mo  Bimmomigae TMoOBOpoTy Kymadka Ha KyT 0 <@y, < 2°57.
3amiHIOIOUM MeXaHi3M 2.6,B € €KBIBAJCHTHUM KYJIauKOBOMY B MexKax
IOBOPOTY Kopomucia 1, = 68 MM Ha kyT 0 < ¢ < 3°20’, mo BiAmoBizae
TMIOBOPOTY KyJ4Ka Bill ¢, = 2°57" 0o @ = ¢, + ¢, = 6°17".

Oynkuito  nonoxenns §; = f(¢@p, ) MexaHisMy 34 BU3HAYaAlOTh 3

TEOMETPUYHUX CIIBBIHOIIEHb HOTO JTAHOK:

6, =C,C=0C—-0C,,
ne 0C = 0A— AC = rycosp, — fcosp;

0C, =1 — 4, 3BIAKA
61 =€(1 —cospy) — r (1 —cos @, —tcosp, );

T T
BUKOPUCTOBYIOUH A, = ?1 (¢ = 71 ), OTPUMAEMO:

5, =1 [/1—11 (1—cospy) — (1 - cos<pp1)] (2.4)

BpaxoByrouu 3ajexHicTh (2.4) Ta TPUTOHOMETPHUYHY TOTOXHICTh

cosPy =+/1 —sin?p, OJICPIKYIOTh
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1
8, = /1—1 1- \/1 - (/1151'”90;:1)2 - (1 - COS‘Ppl)

Hudepentitoroun QyHKIIIO TOJOXKEHHS (2.4) OIEpKYIOTh BUpa3d IS
BU3HAUYCHHS IBUIKOCTI Ta MPUCKOPEHHS:

Vi = —rw(cos@yitgPy — singy,) (2.5)
a; = —1,w?2 (singo tgp; + 1505 Pm cosQ ) (2.6)
1 1 pl 1 cos3pB, p1l
VY Bupazax (2.4)...(2.6), B = arcsin(A,5ingy;),
e M==""~1283/

3 puc. 2.6, 6 BU3HAYAOTH (PYHKITIIO TTOJOKEHHS 3aMIHIOI0YOTO0 MEXaHI3My
npyu obepTaHHi KopoMucna 1, = 68 MM B Mexax kyra 0° < ¢, < 3°20".
3 reoMeTpHUHUX cHiBBiAHOIIECHD §, = C,C = 0Cy — OC,
ne OCh =1, + ¢
OC = OB + BC = rcos@y, + fcosp,
02 = (1 — cosBy) + 11 (1 — cos@y,).

BukopucroByrouu CriBBiAHOIICHHS = %2 (¢ = ;—2
2
1
6, =1, [/1—2 (1 —cosp,) + (1 — cosgopz)] (2.7)

VYpaxoByroun 3ajexHICTh (2.7) Ta BHKOPHUCTOBYIOYHM TPUTOHOMETPUUYHY

TOTOXHICTb COSf, = /1 —sin?fB, 1 nudepeHiiowIr GYHKINIIO MOJIOKCHHS
(2.7) onmepxyroTh HACTyHHI BHpa3d JUIsl BH3HAYCHHS IIBHIKOCTI Ta
MPUCKOPEHHS:

Vo = —1w(cos@patg B — singy,) (2.8)

cos?@p;

a, = —r,w? (simppztgﬁz + A o coscppz) (2.9)

cos3p,
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Puc. 2.8. KinematnuHi XapakTepUCTUKH pyXy IITOBXadya KYyJIadyKOBOTO
porpamMoHoOCis: 1 — nmepeMileHHs; 2 — IBUKICTh; 3 — MPUCKOPEHHS

68
6
ITo Bupazam (2.4)...(2.6) onmepxaHi 3HAYCHHS TEPEMIIICHHS, MIBHIKOCTI,

Y Bupasax (2.7)...(2.9) xyr B = arcsin(d;sing,;) nmeA=—= 11,33,

MPUCKOPEHHS BEJIEHOT JTAaHKU MeXaHi3My (puc.2.6,0) mpu MOBOPOTI BEAy4Oi
NaHKKM Ha KyT, @,; = 0°30',1°00',1°30',2°00',2°30",2°57" ona nobyoosu
xapaxmepucmuku yeienymoi uacmunu aC npoghinto aCb npoepamonocisa. Ilo
BupazaM (2.7)...(2.9) onepxkaHi 3Ha4YeHHs MepeMilleHHs (3 KpalHbOro
BEPXHBOIO TOJIO)KEHHSI) BEACHOI JIAHKM MeXaHi3My (puc.2.6,B) IpU MOBOPOTI
Bellyuoi JAHKM Ha KyT ¢, = 0°30°,1°60',1°30',2°00',2°30",3°00,3°20’
01151 nobyoosu xapakmepucmuku onykioi yacmunu npoghinio Cb npoginto aCb
NPOCPAMOHOCIA.

[Ipu pospaxyHkax MPUNHATO: YacTOTa OOEpPTaHHS TOJOBHOTO Bally
n = 200xB"1; nepeaTKoOBe  BIAHOIICHHSM MDK TOJIOBHMM  BaJoM 1
IPOrPaMOHOCIEM i=42; d=2r=p=12mm; @, = 6'17; @, =
2'57; @p, = 3'20. Ilo onepxanuM JaHMM 100YA0BaHAa KiHEMAaTHYHA Jliarpama

TUTOBOT (a3u-KPOKY KyJIAYKOBOTO TIPOTrPaMOHOCIs IBEHHOI MalmHu (puc. 2.8).
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[IpoBeaeHi AOCHIKEHHSI JO3BOJSIOTh BUPIIMIMTH TEPIIOPSIHE BAXKIUBE
NUTAHHS TPOEKTYBaHHS KyJIauKOBUX MPOrPAMOHOCIIB, IO 1O BU3HAYEHHS
JIOUIIBHOTO CIIBBIIHOIIEHHS a3y pyXy ¢, Ta (asu BUCTOIO @y, IPU BIJIOMOMY,
3HAYEHHI BIIOMOTO KyTa ¢, . Bimomo, 1m0 y mBeHHUX MalIMHax KyT MOBOPOTY
TOJIOBHOTO Bally y IMEpIOJ PYXy BICTps TOJKU «HAJ MaTepialom» Ta KyT Horo
MOBOPOTY TpPH pPyCl TOJKH «B Marepiaii» MNpUOIU3HO OJHAKOBi. 3 IHOTO
BUILTMBA€E (popMaIbHO HEOOX1THE CITIBBITHOMICHHS (a3u pyxy Ta a3 BUCTOIO -
¢p & @y. PynKuii nonoxenns (2.4) i (2.7) ta mgiarpama (puc.2.8) cBimuarh, mo
Ha MOoYaTKy 1 B KiHI (a3u pyxy, MpU MOBOPOTI BEIyUUX JAHOK 77 Ta T, Ha KyT
Ap =~ 1° BinOyBaeTbcs TMOPIBHSIHO Mayie TEPEeMINICHHS Beaydoi JaHKH -
A6 = 0,10...0,14 mMm.

YpaxoByroun TepedaTKOBl  BIJHOIICHHS  BUAMOBIIHUX  MEXaHI3MIB
i = 0,7..0,4 ue BiANoBigae mepeMilieHHIO MaTepiany (a0 roJIKi) Ha BETHYUHY
At = A§/i = 0,25...0,5 MM. Taki nepemileHHs y TIepio]] BUCTOI BBAXKAOTHCS
JOMyCTUMHUMHM, TOMY IIi Bl 9acTUHU (a3u pyxy (2 A¢@) yMOBHO BITHOCATH 0O
¢$a3u BUCTOIO, 30UIBIITYIOYH, BIJIMOBIIHO, PO3PaXyHKOBY BEJIMUYUHY (pa3zu pyxy
710 BEJIMYUHU:

0p 0,504+ 240 ~ 4°17" + 2° ~ 6°17'

Leli mpuiiom 103BOJIE€ CYTTEBO MOJINIIMTH KOHCTPYKTUBHI Ta TMHAMIYHI
XapaKTEPUCTUKHU KOMIPY Ta MEXaHI3MIB, B IKUX BIH CIYXXUTbh BEIY4YOIO JIAHKOIO.
VY pa3l HEe BUKOPUCTAaHHS IBOTO MpPHUHOMY - 3acToCyBaHHI (HhOpMalIbHO-
HEOOXi/IHOT BETMYMHU @), HANPUKIAL, @, =~ 4°17' mapametpu Ry, Rygyx, Dy
CYTTEBO 30LIBIIYIOTHCS 1 JOCSATHYTh, BIJNOBIAHO, 3HadYeHb: R; = 104, R =
110, D, = 240. UIBuakictb V4, 3riAHO 3 BuUpazoM (2.5) 30iMBLHIMTBCS 110
0,26 M/cek., mnpuckopeHHs 3rigHO 3 (2.6) crae BaBIYI  OUTBIIUM
(a =~ 40 M/cek?).

BoueBunp npuiiom, 1o nepeadavac 30UIbIICHHS PO3PAXyHKOBOT BETUYNHI
(dha3u pyxy 10 3HAUYCHB, MO CTAaHOBUTH 65...70% Bix BennuuHM (PazoBOro Kyrta
— abo B 2,5..2,7 pasu OubmiumMu 3a ¢azy BHUCTOIO, € IIe OAHIEID 3
ocoOMBOCTEM  cmoco0y  MPOEKTyBaHHS  0araTOKpOKOBUX  KYyJIQuKiB-
MPOTPAMOHOCITB IMIBEHHUX MAIIIVH.

Takum ymHOM, Ha TIACTAaBl aHATI3y OJEPXKAHOI KIHEMAaTWYHOI IiarpaMu
MOXHA CKJIACTH OO’ €KTHBHE VSBJIEHHS TMPO KIHEMAaTHYHI ¥ JUHAMIYHI
XapaKTEpPUCTUKU 0araTOKPOKOBUX KyJIauKOBUX MporpamMoHociiB. [liarpama
MEPEMIIIEHHS, IO CKIanaeThes 3 6; = f(@p1), 6, = f(¢@p), Ha mo4aTky i B

KIHIIl TUJIABHO CIIOJIydY€Ha 3 JyraMu OKpykHocTel R {, R,, mo 3abe3neuye
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HYJIbOB1 3HAYEHHS IBUIKOCTI, aji€ B TOYIl Neperuny rpadika nepemimieHHs, 1o
301iraeThCcsl 3 TOYKOK (CIPSDKEHHS AYr IEHTPOBOro Mpodiuito, Ha aiarpami )
V() yTBOPIOIOTBCSI XapaKTepHE 3arOCTPEHHS, IO BIiMOOpaxye MUTTEBY 3MiHY
BEIMYMHU  INBHJKOCTI.  BimmoBigHo, miarpama  mpuckopeHHs  a()
XapaKTepU3yeTbCs PO3pUBaMU (CTpUOKAMH) y TOUYKAX CHPSOKEHHS PI3HUX 10
XapakTepy abo BETWYHHI IYyr OKPYKHOCTEH, IO YTBOPIOIOTH IIEHTPOBHIMA
npodinb. TakuM  4YMHOM, JWMHaAMIYHA  XapaKTEPUCTHUKA  PO3TISHYTOTrO
KyJIauKOBOTO IMPOTPaMOHOCIsI HE € 0e3/I0raHHO0, aje 3Ba)Kalouu Ha peaibHi
Oy’)K€ Maji 3HaYeHHsS IIBHUAKOCTI Ta CTpuOKiB mpuckopeHHS (V4 =
0,19 M/ceK, dyg, ~ 20 M/cex?), mo € BKpail HE3HAYHUMH, IO CBiIYUTH MPO
BUCOKUU PIBEHb HAIIMHOCTI 1 POOOTO 3AaTHOCTI  KPOKOBHX KYJAYKOBHUX-
IPOrPaMOHOCIiB MTPH BUKOPUCTAHHI 1X B IMIBEHHUX MallllHAX.

BiibIIicTh BUKOHABYMX MEXaHI3MIB IIBEHHUX MAIIWH MPaIIOI0Th B YMOBaX
3HAYHO OUIBIIMX MIBUAKOCTEH Ta MPUCKOPEHb. Tak MEXaHi3M TOJIKH Ti€l X
MamuHu 220k O3IIM Bukonye cBoi GyHKIIT TIpH Vp ® 4 M/C 1 gy =
645 M/cek? , o B JBaAIATH Ta B TPUALATH pa3iB Oinbli Hik 3HaueHHs V Ta a,
10 XapaKTEePU3yIOTh MEXaHI3M 3 KPOKOBUM IPOTPaMOIHOCIEM.

JI0O TEXHOJOTIYHHMX MAaIlMH 13 JKOPCTKOI CHCTEMOI0 KEpPYBaHHS 3
MIPOTrPAMOHOCIEM THUITY «0araTOKPOKOBHM KyJIauOK» BITHOCSITHCS, HANPUKIIA]
BCl UMKIOBI UIBEHHI HANiBaBTOMATH JUIsl TPUIIUMBaHHA (QYpHITYpU 1
BUTOTOBJICHHI TETENb 1 3aKpINOK Ha 031, IUIOCKOB’s3aJbHI HaIl1BABTOMATH
tuny [1BK 3 ¢pyHKII0HATBHOT TpylIOI0 MEXaHI3MY JAO0JaBAHHS T'OJIOK 1 MEXaHI13M
aBTOMATUYHOI 30aBKH TETENb, a TaKOX KyJAYKOBUN MeXaHi3M 3CYBY 3aTHBOI
TOJIOYHUIII Ta 1HIII.

2.3. 'nyuki cucTeMu KepyBaHHS B 00JIaJHAHHI rajay3i i MalmuHoOyyBaHHI

2.3.1. TexHOJIOTiYHi MAILIMHH JIETKOI IPOMHUCJIOBOCTI 3 MeXaTPOHHUM
KepyBaHHAM

Ha puc. 2.9 y Burism DPUHIUIIOBHX CXEM HaBEACHI MPHUKIIAIU

3aCTOCYBaHHA B INBEWHHMX (MEXaTPOHHMX) MAalIMHAX MIKPOIPOILIECOPHOTO
(€JIEKTPOHHOT0) KEPYBAHHSIM.
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Puc. 2.9. [lpuknaan 3acTocyBaHHS MEXATPOHIKM B IIBEHMHUX MalllMHAX: a — 13
3arajpHOI0 MIMHOK0 ajapeciB (A) 1 ganux (/) Ta OKpeMOrO WIMHOKO CUTHAJIIB
kepyBanHs (Y); 0 — 3 okpemumu muHaMU A, J] 1 Y curHamiB kepyBaHHS ; B — i3
3aranpHOI0 MKMHOK A, [] 1 CK curnainiB kepyBaHHs

B Tabnumi 2.1 HaBeneHi MpuKIaAd NPOTpaMHO KEPOBAHHUX MEXaHI3MIB
(ITKM) obnagnanss serkoi npomucioBocTi 3 LITK 1 UITK.
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Taomung 2.1 [IKM aBTOMaTH30BaHUX HMIBEMHUX MaIINH

IIpocpamro kepoeari mexanizmu (ITKM) Kim- Kim-
L. KICTB KICTh
Weeln [TrioM | K | KM | TIKM | TIKM | IIKM | TKM | ooe oo
MATHHHH KPOKOEHX |00piskH | perymaTopalkpokoeo|enfopy | 3aTHCKaH-|  mm omHoT
3 2D- | EMTOK | maTary |TO rONKoEQ{ HA KHINE | romoBoK | IEeii-
THYSEHM nepenie ronKoeol |mepemi- [Iv obpisamx| g Hol
KepYEaH- HE HHTEH  |IIEHHA HHTOK OOHOMY | TOJIOE-
HAM 06'exTy KapeTKH agToMaTi | I
obpobrm 3 TOJIEO-
EOIEMH
LIKII + + + + - - - 1 1
UrIK + - + + + + + + 1..20 | 1..15

Ha pwuc.2.10 HaBegeHa MPUHIMIIOBA CXE€Ma MIBEHHO-BUIIMBAILHOI
CNC-mamuay, 1e TpuiHATH HACTYITHI YMOBHI TO3HAUCHHS:

MCU — MiKpOKOHTpOJIED;

JIZK — mxepeno KUBJICHHS,
YBB — ycTpiii BBOAY/BUBOLY;

EK — eneKTpOHHUM KOMYTATop;

JII — nemmdpaTop KOMaHI;

BIIII — 6ydepHuii mijcuiIroBay NOTYKHOCTI;

BE® — 6510k eneKTpoHHOTO (hOpCYBaHHS,

K/Ix, K/ly — KpOKOBI €JIEKTPOJIBUTYHH.

Mikpoumponep - 1€ €INEeKTPOHHHI MNPUCTPIA 3a apXITEKTYypOIO
KoMIT'torepa. Ha BiaMiHy Bij MiKpompoliecopa MiKpOKOHTPOJIEp OPi€HTOBAHHMIA
Ha BHUKOHAHHS KOHKPETHUX 3aBJlaHb, a CaM€ — THYYKOro IpPOrpaMHOIO
KepyBaHHs 3aco0aMHM aBTOMAaTH3allli TEXHOJOTIYHMX MAaIldH 1 araparis,
BEPCTATIB Ta IHIINX TEXHIYHUX CHCTEM.

MikpornpoliecopHi (eJIeKTPOHH1) CUCTEMU KEPYBaHHS 1€ KOHTPOJEpH, K1
BOYZIOBaHI y TEXHOJOTIUHI MAIIMHU JJI1 MEXaHI3MIB, 110 KiHEMaTU4HE HE
3’€HaH1 3 TOJIOBHUM BajiOM 1 SIKI 32 CTPYKTYPOIO € MiHI KOMII FOTEPOM, SIKHIA
OpIEHTOBAaHWW Ha BHUKOHAHHS KOHKPETHUX TEXHIYHUX 3aBlaHb. KoM torepu
OpIEHTOBaHI Ha BUKOHAHHS 3arajJilbHUX 3a1ad (MOJENIOBaHHS, PO3PAXYHKIB,
omnTUMi3ailii, CTaTUCTUKH Ta  I1HIIHX). I nmommpena Ha3Ba Takux
aBTOMATHU30BaHUX TEXHOJIOTIYHUX MAIMHU — KOMIT IOTEpHI IIBEWHI MAaIIWHH,
KOMIT FOTE€pHI B‘si3aJIbH1 MAIIMHUA TOUIO BUIUIMBAE 3 MPUHLMUILY y3arajibHEHOCTI

CTPYKTYp NoOyJI0BH KOHTpOJIEpa 1 KOMIT I0Tepa. Ajie B TAKMX aBTOMaTU30BaHUX
59



TEXHOJOTYHUX MaIllMHaX 3aJUIIAEThCd UId JOEIKUX MeXaHI3MIB abo 1X
(YHKIIOHATBLHUX TPYIT )KOPCTKA CUCTEMA KePYBaHHS THITY «PO3N00LIbHULL AT,
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Puc. 2.10. IIpuanunosa cxeMa mBeiHo-BuIuBaIbHOT CNC-Mamamn

2.3.2. Ilpukjag UUKJIOBOI CHCTEMH KepyBaHHsI BepCcTaTaMHu
MalIMHOOYIYBAHHS

Ha puc. 2.11 naBeneHi HacCTyIHI YMOBHI MO3HAYEHHS €JIEMEHTIB MEXAaTPOHIKHU:
1A1, 2Al i 3Al — BUKOHABYI ITHEBMOIWITIH/IPH;
1B111B2,2B112B2,3B1 13B2 — naruuku KpaifHiX MOJ0XEHb;

B4 | B5 — nmaryuku TpaBWIIBHOTO TIOJIOKCHHS JeTaJeld Ha IO3HIIii

CBEPUICHHS 1 Ha MO3HUIIIT 3eHKYBaHHsI/

TIlouamxosi ymoeu aunanizy yukio8oeo npocpamuoco Kepyeéawus: Jleram
JOCTABIISIIOTECA  CTPIYKOIO KOHBEEpa Ha CTaHIID 3 JIBOMAa IOCTaMH ISt
MexaHIgYHO1 00poOKHM aeTanei. Sk TUIBKK JeTaji JOCSATaroTh PoOOYOro MICIs,
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BKJIIOYAIOTHCS OMepallii CBEepAJeHHS 1 3€HKyBaHHS. [l KepyBaHHS UMMU
MeXaHI3MaMu BUKOPHCTOBYIOThCA JiBa mHemo mwiiHapu 1Al 1 2A1. Koneep
MO3HAYAETHCSA OJHIEID POOOYOI0 TMo3uIi€ero sk Tperid wwmuap 3Al. dusa
BU3HAYCHHS MPABWJIBHOTO TOJIOKEHHS JeTaled MpH CBEpUICHHI 1 3€HKYBaHHI
BCTaHOBJICHO /1Ba Aatunku B4 1 BS. ['mubuna cBepaneHHs (QIKCyeTbCs JaTYMKaAMH
KiHmeBoro nojoxkeHHs: 1B2 1 2B2. TlouaTkoBi monoXeHHs MUIIHApPa KOHBEEpa,
CBEp/IJIa 1 pO3TOPTKH BCTAHOBIIOIOTHCA AaTunkamu 1B1, 2B113B1.

Meodyas Modyae
C6epOIeHHA 1A1 2A1_ /3eHKOBAHHA

Eé

1B1 ‘oo ¥ os 2B1

v

TR TR

1B2 “cua ) = as/ 282

Puc. 2.11. Tlpukian 3actocyBaHHs HUKIOBOTO IiporpamHoro kepyBanus (LIITK)
B CBEP/UTHIILHO-(pe3epyBalibHI BEpPCTATI

Bucynenns mroka muniHapa kouseepa ikcye garunk 3B2. Cucrema He
MO>K€ TapaHTyBAaTH, IO MICJIS KOKHOTO PYXY M1 CBEPJJIOM 1 pO3TOPTKOIO 3aB¥KIU
3HAaXOJIMTUMYThCA AeTali. ToMy 3a BIICYTHOCTI HACTYITHOI JIeTalll BIAMOBIAHOI
npuiIaj MoBMHEH OyTu 3ynuHeHuil. Koin oqHoOYacHo BiACYTHI OOMIBI A€Tall,
YOJIEH 3 IPUJIAJIB HE MOBUHEH BKIIOUUTHCS.

2.3.3. YUncJioBe-nporpaMHe KepyBaHHsI BepcTaTaMi MAIIMHOOY/IyBaHHS
(CNC-BepcTaTamn)

Bepcratu 3 npoepamuum KepyéawHsAM 10 BUAY CHUCTEMHU
KEepyBaHHsS MOJUISIOTh HA BEPCTATH 3 CHUCTEMaMHU LMKIOBOTO MPOrPaMHOTO
kepyBanHa (LIIIK) u Bepcratu 3 cucTreMamMu YHUCIOBOTO MPOTPaMHOIrO
kepyBaHHs (UK — nommpena vazea CNC). B cucremax IITK nporpamyerscs
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UKJI pOOOTH BEPCTATY, a BEJIMUUHU POOOUMX MEPEMIIIEHD, 4 CAME T€OMETPUYHA
iH(hOopMaIllis, 3a1a€TbCsl CIPOLIEHO, HAMPUKIIA/, 32 JOTIOMOTOI0 TEXHOJOTTYHUX
ynopoB (kiHueBux nepemukadiB). Y CNC-Bepcrarax mporpamyerbest 1
reOMEeTPUYHA, 1 TEXHOJIOT14Ha 1H(OpMAILTisL.

CNC-cucmema - 11e CyKymnHICTh CHEIiali30BaHUX MPHUCTPOIB, METOMIB 1
3ac00iB, HeoOximHux g peanizanii CNC-BepcTtaToM cBOiX (yHKIIH, sKa
npu3HayYeHa Uil BUJadl Kepyrouyux KOMaHJl BUKOHABYMM MEXaH13MaM BEepCTaTiB
y BIAMOBIIHOCTI 3 MPOrpaMoI0 KEepyBaHHS 1 Hacamrmepell KOMaH] KepyBaHHS
KPOKOBUM JIBUTYHAM, BEHTHJIbHUM JIBUTYHAM a00 CEpBOIPHUBOLY.

Yucnose npocpamne kepysanna (CNC) — KepyBaHHS TEXHIYHUM
00’€KTOM, TpU SKOMY TMpOrpaMmy 3aJal0Th Yy BHUIJIAAl MacHBY YHCIIOBOI
(muckpetHoi) iH(popMarlii. KepyBaHHsS TEXHOJOTIYHUMHU HUKIAMHU BiAOYBAETHCS
3a IOMOMOTOK0 IPOIPAMOBAHUX MIKPOKOHTPOJIEPIB 200 MPOCTO KOHTPOJIEPIB.

CrpyktypHa cxema cucteMu CNC-BepcraToM HaBejeHa Ha puc. 2.12.
[Hdopmariist mpo KpecieHuK AeTal, aka mijpisirae MexanigHoi oopooii Ha CNC-
BEpCTaTi, OJIHOYACHO HAJXOJUTh B MOIYJb MHiArOTOBKU mporpamu (MIII]) i
MOAYJb TeXHONOTiuyHOT miaroroBku (MTII). Ocranniii 3a6e3neuye MIIIT
JAHUMU TIPO pO3pOOJEHUN TEXHOJOTIYHUI MPOLEC, pEeXUM pizaHHsA Ta iH. Ha
3acajax JaHUX PO3pOOISETHCS Mporpama KepyBaHHs. Hamamumk BCTaHOBIIOE
Ha BepcTaT  MPHUCTOCYBAaHHS, poOOYl I1HCTPYMEHTH Yy BIANOBIJHOCTI 3
nokymeHnrariero MTII. BcranoBieHHs 3arOTOBKY Ta 3HATTSA 00poOsIeHOT AeTau
BUKOHYIOTBCSI BpPYYHY OIEparopoM a00 BHUKOHYIOTBCS aBTOMAaTHUYHUM
MaHIITyJISITOPOM.

Oyuxii MIIIT 1 MTII B cywdacuux CNC-Bepcrarax BUKOHYE
MEPCOHANBHUI KOMIT'IOTEp Ha SKOMY CKJIAJA€ThCsl Mporpama KepyBaHHSI, sSKa
MOTIM IEPEHOCUTHCA B 1aM’aTh MikpokoHTposiepa CNC-Bepcrata.  L{1b0BI1
MEXaHI3MH 3 I1HAUBIAyaJIbHHUM MpPUBOAOM Ha KpokoBux nBuryHax (KJ)
peani3yloTh OCHOBHI 1 JOMOMIXKHI PyXu LUKIY 0O0poOku nertami. Jlaruuku
3BOpOTHOTO 3B’s3KY (/I33) Ha ocHOBI iH(popMallii Tpo (PakTUIHE TOJIOKESHHS,
MEepEeMIIEHHS, IBUAKICTh BHUKOHABYMX MEXaHI3MIB, pO3Mip 0OpoOIeHO1
MOBEPXHi, TEMIIEpaTypHI Ta CHJOBI MapaMeTpu TEXHOJOTIYHOI CHCTEMH
KOHTPONIOIOTh  (DaKTUYHY BEIWYMHY KOOPAWHATHUX MEPEeMIllleHb CTOIy
BEpCTaTy, CymopTy, WIMUHACII0 TPHU BUKOHAHHI 3aMporpamMOBaHOTO IIHKITY
pobotu CNC-Bepcrary.

[Ipoliec TEXHOMOTIYHOI MIATOTOBKUA KEPYIOUMX MPOrpam Jjisi BEPCTaTIB 3
YIIK 3a gonmomororo iHTerpoBanux CAD/CAM-cucteM noJjsrae 3 IBOX €TalliB:

- reometrpuune 3D-MonemtoBanus aerani B CAD-cucremi;

62



- BUOIp poO3MIpiB 1 MaTepiady 3aroTOBKU, BUOIP PIKY4Oro 1HCTPYMEHTY 1
pekuMiB 0OpOOKH, aBTOMATH30BAaHE TMPOCKTYBAHHS KEPYHOUOi MpOrpaMu B
G-xonmax y CAM-cucteMi 3 MOJANBIIOI TPAHCISIIEID YEPe3 HOCMAPOYECop
BIJITOBITHOTO BepCTaTa.

CNC-cuctema  MOXe  BHUIO3MIHIOBATHCS  3aJI&)KHO  Big  BUIY
nporpaMoHocis, crnoco0y KoayBaHHS iHQopmalii Ta Meromy ii mepenayi B
cucrtemy CNC. Ilpuctpiii CNC po3MilIytoTh Opy4 3 BepcTaToM (B 0JHOMY a00
nBox mmadax) abo Oe3mocepeHO Ha BepcTarti (B MiABICHUX ab0 CTallloHApHUX
nynpTax KepyBaHHs). JBurynm mpuBoniB momad CNC-BepcrariB, IO MaroTh
CHemiaibHy KOHCTPYKIIIIO 1 € ckafoBoio yactuHoto CNC-cucremu.
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Puc. 2.12. Ctpykrypna cxema CNC-Bepcrara, ne MIIII - Mmoaysb miArOTOBKH
G-xoniB, MTII - Mmoxyms miaroToBKM M-KO/IiB

Bci nani, HeoOXiqHUX 1J11 OOpOOKM 3arOTOBKHM Ha BEPCTaTl MICTUTH JIBa
BUM 1HOpMallli — eeomempuuny 1 mexronoziuny. I'eomerpudna iHbopmaris -
KOOpPJIMHATH OTOPHUX TOYOK TPAEKTOPII pyXy IHCTPYMEHTY, a TEXHOJIOTi4Ha
1H(dopmarris - JaHi Mpo MBUAKICTh, OJIa41, THI 1 HOMEP PIKYYOTr0 IHCTPYMEHTY.

HaiiBaxxnuBimoro TexHiYHOIO XapakTtepuctukoro CNC-cucrem € ii
pPO3IIUIbHA 3/IaTHICTh a00 AUCKPETHICTh, & CaMe MIHIMaJIbHO MOXJIMBA BEIUYMHA
JHIMHOTO 1 KyTOBOT'O TIEPEMIIIIEHHS] pOO0YOro OpraHy BepCcTary, sika BiJIIOBIIA€
OJTHOMY KEpPYIOUOMY IMITyJbCy, SKHUN MOCTIHHO KOHTPOJIOETHCA B IIpOILieci
po6otu CNC-mammu 1 CNC-epcrartiB. binbmicts cydacHux CNC-cucrem
MarTh auckpetHictb 0,01 mm/immynbee 1 € mpukimamu 0,001 mMm/iMmysbe.
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IIpoepamosani Konmponepu - e MIPUCTPOI KEPYBAHHS
€JIEKTPOAaBTOMATHKOIO BepCTaTy ab0 MallMHU 1 MoOyJOBaHI 3a MOJYJIHHOIO
apxXiTEeKTypoOl0, IO CKIAJa€Tbcs 3 MIKPOKOHTpOJepa, mam’sTi, TMOpTIB
BBOY/BHBOTY (INput/Output) Ta mKeperna >KUBICHHS.

Ilpunyun pobomu xowmpoaepa - CPU onutye MOPTH BBOY/BUBOIY
yepe3 3araiabHy muHy. OTpuMaHi JaHi Mpo cTaH BUKOHAaBYMX MexaHi3miB (0/1) i
JATYMKIB aHAJII3YIOThCS 1 TOPIBHIOIOTHCS HA BIANOBITHICTH 3alPOrPaMOBAHOMY
CTaHy IIMX MEXaHi3MiIB 1 JaTtuukiB. [Ipu oMy mpoliecop BUKOHY€E apupMETUUHI
1 JIOTiyH1 omepaliii Ha JaHUMH 1 pe3yjibTaT pPO3pPaxyHKIB BHUIAETHCA Ha
BIIMOBIAHUN TOPT, MO SKOro (i3MYHO TMIJKIIOYEHO 30BHINIHI BHUKOHABYI
MEXaHI3MH 1 JaTYUKH METaI000pOOHOT0 BepcTary (TOKapHOTO, (hpe3epHOTO,
nuTipyBaIbHOTO, Ta 1H.) a00 TEXHOJOTIYHOI MAaIMHI TEBHOI Taly3l JIETKOi
MIPOMMCIIOBOCTI (HApPUKIIA/l, IIBEHHOI, TPUKOTAXHO1, B3yTTEBOI Ta 1H.).

B mporpamoBaHuX KOHTpOJiIepaX BUKOPUCTOBYIOTH PI3HU MUNU NAM Smi
Jutst 30epiraHHs mporpamu i 3 apuMETUYHUMU 1 JIOTIYHUMH OTepalisiMu 3
JTAHUMU TIPO CTaH BUKOHABUMX MexaHi3miB (0/1) 1 maTyukiB MeTarooO0poOHOTO
BepcTaTy ad0 TEXHOJIOTTYHOI MAIlIUHU:

® CICKTPUYHY EHEePrOHE3AICIKHY TIEPEIPOTPaMOBaHY ITaM’sITh;
e onepatuBHy nam’sTh (O3Y) 3 BUIBHUM JIOCTYTIOM;
® CJIEKTPUYHO MEPENPOrpaMOBaHy TUITY «dIIeI-iamM’ iTh.

[IporpamoBaHuii KOHTpPOJEP MA€E cucmemy OiaeHOCMUKYU TIOMHUIIOK IMPU
pOOOTI TEXHOJIOTIYHOI MAIIIUHH:
® T[IOpPTiB BBOJY/BUBOMY;
® [IpoleCcOpa;
® IIaM’ATi;
® JDKEpesia KUBJICHHS;
® [IIMH BHYTPIIIHIX 1 30BHIIIHIX 3B’ S3KiB.

IIpoepamonocii Moxxe MaTH $SK T€OMETPUYHY, TaK 1 TEXHOJIOTIYHY
iHpopmartito. TexHosnoriuna iHdopMalis 3abe3neuye TEXHOJOTIYHUNA ITUKII
poOoTH BepcTaTy, a TreoMeTpuyHa IH(opmanis  ToB’s3aHa 3 (popmoro,
po3MipamMu  00poOJIsIEMOI  3arOTOBKM 1 1HCTpyMEHTa Ta iX B3a€EMHUM
MIOJIOKEHHSIM TI0 TPhOM KOOPIMHATAM.

Knacugikauis CNC-cucmem. Cucremu CNC
KJIaCU(IKYIOTh 32 HACTYITHUMH O3HAKaMHU:
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- N0 PIBHI0 MEXHIYHUX MONCIUBOCTENU,

1O MEXHOI02IYHOMY NPUSHAYUEHHIO,

- 10 YUCy nomoxkie inghopmayii . HE3aMKHEH1, 3aMKHEH1, aIanTHBHI (1110
cami MPHUCTOCYIOThCH);

- N0 NPUHYUNY 3a80arHs npocpamu (B 1€KOJTOBAHOMY BUTJIAI, TOOTO B
abCONIOTHUX KOOpAMHATaX ado0 B MPUPOIICHHAX KoopauHat oT EOM);

- no muny npugoda (CTYMHYACTUH, PETyIbOBAHUM, CIIIJIKYIOUHH,
KPOKOBHH);

- 10 YUCTY 0OHOYACHO KePOBAHUX KOOPOUHAM,

- 0 cnocoby ni020mMosKuU i 6600y NPOSPAMU KePYBAHHS 8ePCMAMOM.

Ilo pisnio mexnono2iunux moxcaugocmeti 3a Mi>KHapOJHUM CTaHAAPTOM
cuctemu CNC 1 CNC-BepcTaTi NOAUISIOTHCS HAa HACTYIHI PIBHI:

NC* — cuctemMu 3 10 KaJI[pOBUM YUTAHHIM NEPPOJICHTH HA TIPOTA31 IIUKITY
00pOOKH KOXHI 3arOTOBKH (* — IMomepe/iHi MOKOTIHHS BEPCTaTIB);

SNC* — cucreMu 3 OJHOKpPAaTHHUM YHUTaHHSIM MepdoJeHTH Tmepea
00poOKOIO MapTii OJIHAKOBUX 3arOTOBOK;

CNC (Computer Numerical Conrol) — UIIK (cuctremu 3 UYucioBum
IIporpamunm KepyBanusm);

DNC - cucremu UIIK rpymamu BepcTaTiB BiJ OJHOIO KOHTpoJiepa
(miHI-EOM));

HNC — oneparuBHi cuctemu 3 pydHuM Habopom mporpaMm B G-kojax i B
M-koax Ha MyJbTEe KEPYBAHHS.

3a mexnonoeciunum npuznavenuam CNC-cucmemu nooinaiomscs Ha
HACMYNHI YOMUpU UOU:
CNC-cucremu no3uriitai (IIMKIIOBI);
CNC-cucremu, siki 3a0€3ne4ytoTh MPAMOKYTHE (HOPMOYTBOPECHHS;
CNC-cucremu, siki 3a0€3ne4y0Th MPAMOJIiHIAHE (HOPMOYTBOPECHHS;
CNC-cucremu, siki 3a0€31e4y0Th KpUBOTIHIHE (POPMOYTBOPEHHS.

losuyitini CNC-cucmemu 3a0e3nedyloTb BHCOKOTOYHE KOOpPJMHATHE
nepeMimnieHHst podoyoro oprany (PO) Bepcrary 3a Mporpamoro IMO3HINI0 3a
MiHIMaJIbHUM dYac. [lo KOXXKHOT KOOPAMHATHOI OCI MPOrpamMyeTbesl TIIbKU
BEITMYMHA TEPEMIIICHHS, a TPAEKTOPis MEPEMIIeHHsT MOXXe OyTH TOBLIBHOI.
[Tepemimennss PO Mixx MO3UINISIMU BUKOHYETHCSI 3 MAKCUMAIILHOIO TIBUKICTIO,
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a MmAXig A0 3aJaHoi TIO3WIlT BUKOHYIOTBCS MPOTPAMHO 3 MiHIMaJIbHOT
(«1OB3y40i») MBUAKICTIO. TOYHICTh MO3UIIIFOBAHHS MIABUIIYETHCS B PE3YJIbTaTI
nigxoxy PO mo 3amanoi mo3uilii 3aBkaud 3 OAHOI CTOPOHU (HANpPHKIAd, 3J11Ba
HanpaBo). [losumilinumu cucremamu CNC ocHamamTh CBEpPAJWIbHI Ta
KOOPJMHATO-PO3TOUYBaIbHI BEPCTaTH.

CNC-cucremu, wo 3abesneuyiomv NpaMoKymHe GopmMoymeopeHHs, HA
BIJIMIHY BIJ MO3UIIIHHUX CUCTEM, JO3BOJISIOTH YIPABIATH NepeminieHHsMu PO
BepcTaTy B mporeci podotu. PO BepcTtaTy mporpamMHO MEpEMIIYEThCS IO
KOOPJIMHATHUM  OCSIM  TIOYEProBO, TOMY TPAEKTOPisl I1HCTPYMEHTY Mae
CTYyMIHYaTUHA BUIJISA, a KOXEH eJIEMEHT IIi€l TpaeKkTopii po3TalloBaHMIMA
napanenbHo KoopAuHAaTHUM ocsX. 11lo6 ckopotutn uac mepemimienas PO 3
OJIHI€T TIO3MIII1 B 1HIY, B PSAl BUMAAKIB BUKOPUCTOBYIOTh OJJHOYACHHUH pyX MO
nBox koopauHarax. IIpu rpyOomy mnosumionyBanHi miaxin PO mo 3agaHoi
MO3UIlli 3/IACHIOETHCS 3 PI3HUX CTOPIH, a MPU TOYHOMY IIO3MI[IOHYBAaHHI -
3aBX/IM 3 OJJHOTO OOKY. UHCIIO KEPYIOUUX KOOPJMHAT B TAKUX CUCTEMAX JIOCSTAE
5, a 4KCII0 OJHOYACHO KEpPOBAaHUX KOOpIUHAT - 4. 3a3HAYCHHUMHU CHUCTEMaMHU
OCHAIIYIOTh TOKapHi, hpe3epHi, pO3TOUYBaJIbHI BEPCTATH.

CNC-cucremu, wo 3abesneuyromov npsamoiiniiine gopmoymeopenus (Tin
JO0MM  KyTOM JI0 KOOPAMHATHUX OCEW BEPCTATIB), YNPABISAIOTH PYXOM
IHCTPYMEHTY IpHU pPi3aHHI OJHOYACHO 3a ABoMa koopauHaTHUMHU ocamu (0X 1
0Y). B Takux cucTeMax BHKOPHCTOBYIOTH JBOKOOPIMHATHHUH I1HTEPIIOISITOP
KepyloUYuX IMIYJbCIB BiJipady Ha JBa MNPHUBOAA IMOAay. 3arajibHE YHCIIO
KepYIOUUX KOOPJMHAT B TAKUX CUCTeMax 2...5. 3a3HaueHa cucTeMa Mae€ MUPOKi
TEXHOJIOT14YHI MOXKJIMBOCTI (TIOPIBHSHO 3 MPSIMOKYTHUMH ) 1 3CTOCOBYIOTHCS JIJISI
OCHAILIEHHS TOKApHUX, Ppe3epHUX, PO3TOUYBAIBHUX 1 IHILIUX BEPCTATIB.

CNC-cucremu, wo 3abesneuyroms KpugodiHiline GopmMoymeopeHns,
JTIO3BOJISIIOTh YNPABJISATH OOPOOKOIO TJIOCKUX 1 00'€MHMX JeTajiel, 10 MICTITh
JUISTHKY 31 CKJIATHUX KPUBOJIIHIMHUX KOHTYPaMH.

Koumypni CNC-cuctemu 3a0e3medyloTh NpPSIMOKYTHE 1 KPUBOJIHINHE
(bopMOYTBOPEHHS.

JUist  po3MIMpeHHST  TEXHOJIOTIYHUX  MOXJIMBOCTEM  0araToIiIbOBi
CBEPTHIIEHO-(PPE3epHO-PO3TOUYBaIIbHI ~ BEPCTaTH  OCHAIIYIOTH  KOHMYpPHe-
nozuyitinumu CNC-cuctemamu 1 BoHU niepexoasth B ki1ac CNC-BepcTaris.

Ilo uwucny nomoxie ingopmayii CNC-cuctemMu TNOAUIIOTBCS Ha
PO3IMKHEHI1, 3aMKHYTI 1 aJJalTUBHI.

Posimxneni CNC-cuctemMu XxapakTepHu3ylOThCsl HAsIBHICTIO OJTHOTO IOTOKY
iH(dopMarlli Bi MPUCTPOIO, IO 3YUTYE N0 POOOYOro opraHy Bepcrtary. B
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PO3IMKHEHOI CHCTEeMI HeMa JlaT4yhKa 3BOPOTHOIO 3B’A3KY 1 TOMY BIACYTHS
iH(opMalis Ipo J1MCHE MOJIOKEHHS BUKOHABYMX OPTraHiB BEpCTarTy.

3amxnymi  CNC-cuctemMu  XapakTepU3yIOThCS  JBOMA  IMOTOKAMH
iHbopMaIlii - BiJl MPUCTPOIO, IO 3YUTYE 1 BiJ JATUYMKA 3BOPOTHOTO 3B’SI3KY. Y
IIUX CHUCTEMax HEY3rO/DKEHICTh MK 3aJlaHUM 1 JIACHUM BEJIUYHMHAMHU
nepeMilleHHs] BAKOHABYMX OPraHiB yCYBA€ThCS 3aBISKUA HasBHOCTI 3BOPOTHOTO
3B'A3KY.

Aoanmueni CNC-cucteMu - 103BOJISIIOTH KOPUTYBATH TIporpaMy 0OpoOKu
3 ypaxyBaHHSM pEaJIbHUX YMOB pIi3aHHS 1 XapaKTepU3YIOThCS HACTYIHUMH
CUTHAJIAMU:

BiJl TPUCTPOIO, ITI0 3UUTYE 1HPOPMAITITO;

BiJl JATYHUKIB 3BOPOTHOTO 3B'SI3KY;

BiJI JaTYMKIB, BCTAHOBJIICHUX HA BEpPCTaTl, sIKI KOHTPOJIOIOTH MPOIEC
00pOOKHM 3a maKumu napamempamu’

3HOC PIKY4YOTO IHCTPYMEHTY;

3MiHa CWJI Pi3aHHS 1 CUJI TEPTS;

3MiHa TBEPAOCTI MaTepiaily 3aroTOBKH, sika 00pOOJIIE€ThCS;

KOJIMBaHHA 1 B1Opalli CTaHIHU 13-32 HEAOCTATHBOI KOPCTKOCTI CUCTEMU

«BEpCTAT-3arOTOBKAY.

2.3.4. InTerpyBaHHsi CHCTeM HHMKJIOBOI0 MeXaTPOHHOI0 KePYBaHHSA Y
cepe0BHIIE CHCTEM KePYBaHHS THIY «PO3NOALIbHUIA BaI»

OO6’eHaHHS JKOPCTKOT CUCTEMU KEPYBaHHS THUIY «PO3NOOLTIbHUIL 8a41» 1
THYYKOT CHUCTEMa LMKJIOBOTO KEPyBaHHS TEXHOJOTIYHUX MAIIUH JIETKOL
MIPOMUCIIOBOCTI  JI03BOJIsIE  30€perTH TEpeBaru «MexaHiku» 1 OJHOYACHO
PO3IIMPUTH IHTEIICKTYIbHI MOXKIUBOCTI «3aA1i3a».

Ha nepmomy etamni mpoeKTyBaHHS KOMIT IOTEPHUX TEXHOJOTIYHUX MaIIUH
(TEXHOJIOTTYHUX MAaIIUH 3 MIKPOIPOIICCOPHUM KEPYBaHHSAM) KOHCTPYKTOPY-
po3pobuuky (designer-developer) moTpiOHO oOuMpaTH 1 CKIagaTH, SK a3
y3araJIbHeHy CTPYKTYPY TEXHOJIOTIYHOI MAallMHU 3 HACTYMHHUX CKJIAQJOBUX:
mexnonoziunoi (T) ckaamoBoi, sika MoB’sg3aHa 3 GYHKIIOHATEHIUM TPU3HAYCHHSIM
MamuHu;, Mmexauiynoi (M) CKJIamoBOI, sKa TIOB’sA3aHAa 3 KIHEMAaTUYHORO
CTPYKTYpOIO MEXaHI3MIB MAaIllMHU Ta TEXHOJOTIE MAalIMHOOY yBaHHS;
enekmpomexaniunoi (EM) ckiamoBoi, ska TOB’s3aHa 3 THIIOM IPHBOIY
TOJIOBHOTO BaJIy MAIlIMHU 1 3 TUTIOM MIPUBOAY BUKOHABUMX MEXaHI3MIB I[LIILOBOTO
npusHaueHHs; exexkmponnoi (E) ckinamoBoi, sika MoB’s3aHa 3 THUIIOM KOHTPOJIEPa;
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inghopmayiinoi (npoepamnoi) (I) ckiamoBoi, ska MOB’sA3aHa 3 MPOTrPAMHUM
3a0€3MEeUeHHSIM 1 MOBOIO TMPOrpamMyBaHHsS KoHTpoJjepa. llepurn nBi CkiaagoBi €
MEXaHIKO-TEXHOJIOTIYHOI CKJIaIOBOT MAIIMH 3 MIKPOTPOIIECOPHUM KEPYBaHHSAM a
OCTaHHI TPHU CKJIAQJ0BI MOXYTh OyTH 00’€mHaHI B eHepeo — iHGopmayiiiny
ckianoBy (Enl). TexHnonoriyna 1 MexaHiuyHa CKJIaJIOB1 € 00OB’S3KOBI1 JJi1 Oy10BH
Oyab $KOI MPOMHUCIOBOI ab0 MOOYTOBOI TEXHOJOTIYHOI MAaIMHM Taiay3l 1
MPOCKTYBaHHS TaKMX MAaIUH 0a3ylOThCsS Ha (PYHIAMECHTAIBHUX 1HKEHEPHUX
mucruioiinax - TMM, omip marepiaiiB, aeTani MalluH, MaTEpiaJIO3HABCTBO Ta
nporpamanx npoayktie CAE/CAD/CAM s aBTOMaTH30BaHUX PO3PAXyHKIB,
MOJICJIIOBAHHSI ~Ta  BHUIOTOBJIGHHS  IO3HAQYEHMX  CKJIAQJOBUX  MEXaHIKO-
TEXHOJIOTTYHOT CUCTEMHU. AJie TEXHOJIOTIYHA MalllMHA MPU [[bOMY YTBOPIOETHCS 3
PYUHUM KEPYBaHHSIM, JIKEPEJIOM €HEprii /il SIKOI € MYCKyJbHa CHJIa JIOJUHHU,
KepyBaHHA (npsAmi 36 ’a3Ku) 1 KOHTPOJIb (360pomHi 36°a3Ku) 3a pOOOTOI0 TaKUX
TEXHOJOTIYHUX  MAallMH 3aJUIIAI0TBCS TaKOX 3a JIIOJIMHOIO-OMEPaTOPOM.
Hanpuknaa, noOyToBI IIBEMHI MAIIMHA 3 PYYHUM/HOKHHM IPUBOAOM,
IUIOCKOB‘sI3aJIbHI MAlIMHU 3 TEPEMIIIEHHSIM KapeTOK BpPYYHY MAalOTh TUIbKU
TEXHOJIOTIYHY 1 MEXaHIYHY CKJIaJ0Bl y cBO€i cTpykTypl. Ilpu nomaBanni EM-
CKJIQJIOBOI Y BHIJISIAI EJEKTPOINPHUBOAY, TIAPONPUBOIY abO MHEBMOIPUBOLY
TEXHOJIOTIYHAa MalllMHa MEpPETBOPIOETHCA B MAIMHY 3 YKOPCTKOIO CHUCTEMOIO
kepyBaHHsa Tuny «PBy». JlomaBanHi eneKTpOHHOI 1 1H(OPMAIIHHOI CKIaJ0BUX
NEPETBOPIOE  TEXHOJOTIYHY MAIIMHY B MAallMHY 3 MIKPOIPOIIECOPHUM
KEpyBaHHAM, Y SIKiil 00’ €IHaHI )KOPCTKA CUCTEMA KEPYBAHHSA TUILY «PO3NOOLIbHULL
6a/1» 1 THy4YKa [TUKIIOBa (MEXaTPOHHA) CUCTEMa KepyBaHHS.

3 ypaxyBaHHSM HaBEJEHUX CKJIAJOBUX JOLUIBHO HAJaTW HACTYIHI HOBI
dhopMyIIFOBaHHS Ha3B Cy4acHUX MAIITUH JIETKO1 ITPOMHUCIOBOCTI.

B cydacHoi miBeiHOi MaluHi 3arajJibHOTO MPU3HAYCHHS MEXAHI3M 20JIKU,
MEXAHI3M YOBHUKA 1 MeXaHizM HUMKONpUmsA2yeaya 3aJlMIIalOThCs 13 KOPCTKOIO
CUCTeMOI0 KepyBaHHs Tury «PB» Tomy, mo moBuHHa OyTH BHCOKOIIBHAKICHA
CHUHXpOHI3a1lisi poO0YMX OpraHiB poOOYMX OPraHiB HABEJACHUX MEXaHI3MIB MIXK
c00010, HUTKaMU 1 MaTepiajioM, AeTall 3 AKOTO 3’ €IHYIOThCSI HUTKOBUM IIIBOM.

Hanpuknan, ydac B3aemoJli HOCMKAa 4YoBHa a00 TMETENbHHKA 3 METIEH0-
HAITyCKOM ToJikoBOi HUTKHM Tipu 6000 oGepTax roJoBHOTO Bally CKiiajgae MeHie 1
Mc. Tomy TibKH 32 JOMIOMOTOI0 MEXAHIYHOI CKJIaJI0BOT MAaIllMHU MOX€e OyTH Taka
BUCOKOIIIBUJKICHA YiTKa B3a€MOJIs B (YHKIII KyTa MOBOPOTY T'OJOBHOIO Bajy
METaJeBUX TIETJIC YTBOPIOIYHUX POOOYHMX IHCTPYMEHTIB (TOJKH, YOBHHUKA a0o0
NeTeIbHUKA Ta HUTKOIIPUTATYBada a00 HUTKOTIOAATYNKA) 3 IIBEHHUMH HUTKAMH
Opy TeTJe YTBOPIOBAHHI HUTKOBHUX CTIOKIB. Taka >KOpPCTKa CHHXPOHI3alis
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B3a€EMO/II1 TIETJIe YTBOPIOIOYMX POOOYUX OpraHiB IMIBEHHOT MAlllMHU MIX CO0OI0,
HUTKAMH 1 MarepiajoM 3 TEKCTUJII0, TPUKOTaXy ab0 HIKIpY 3aKJIaJa€TbCsl Ha
cTamii MpoeKTyBaHHS MUKIOTpamMu podotn MamwmHu [15]. 3 mieto mpoekTHOI
BUMOTH BHIUIMBAIOTH >KOPCTKI BHUMOTH JO TOYHOCTI, JOIyCKaM Ha pO3Mipu
AeTaneil 1 mocajakam JUisl pyXOMHX JeTajeil, ki yTBOPIOIOTh KIHEMaTH4HI MapH.

T EM EM E |— ''''''' —
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Puc. 2.13. biok-cxeMu eTaniB IHTErpyBaHHS CHCTEM LUKIOBOTO MEXAaTPOHHOIO
KEpYBaHHS y CEpPEOBUIIE CHCTEM KEPYBAHHS THUILY «PO3MOAIIBHUN Ba»

Ha puc. 2.13 HaBeneHi ICHYIOYM 1 TNOTEHLIAJIBHE MOKJIUBI CTPYKTYpHI
KOMIIOHOBKHM TEXHOJIOTTYHUX MAIIMH JIETKOI 1 TEKCTUJIBHOI MPOMHCIOBOCTI 3
ypaxyBaHHS TEXHOJIOTIYHOI, MeXaHiuHOoi 1  eHepro-iHdopmamiitHii  (EHI)
CKJIa/IOBUX MEXAHIKO-TEXHOJOTTYHUX CUCTEM JIETKOi IPOMHUCIOBOCTI.

HaBenennm Ha puc.2.13 eramam 1HTErpyBaHHS CKJIaJ0BHX TEXHOJIOTTUHUX
MaIllMH BIAMOBIJAIOTh HACTYMHI AUCKPETHO-JIOTIUHI PIBHSHHS OOpaHOTo Kiacy
00’€KTIB 32 TEOPIEIO MHOMKHUH:

TM::X:TnM:{Xi:XiETn XiE M} (210)
T™=X=TNMNEM ={x;:x5,€TN x;€ MN x;€ EM} (2.11)

T™=X=TNMNEM ={x:5,€TN x;€ MN x;€ EM N x;€ E}
(2.12)

T™M=X=TNMNEM={x:x€TN x€MN x; EEMN x; € EN x; €}
(2.14)

ABTOMaTH30BaHa TEXHOJIOTIYHA MaIlIMHA PO3TIIAETBCA SK MHOXXHHA
(TM := X), sika Tipu 1HTErpyBaHHS CKJIAJIAIOThCS 3 IMIJIMHOXHH — BIIMOBITHUX
cknagoBux Enementamu X; MHOXUHM TM = X € (QyHKIIOHaNBHI MOy
BIANOBIAHUX CKJIQOOBUX TEXHOJIOTIYHOI MAIIMHHU: TEXHOJIOTTYHOI (T,
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MexaHiuHoi (M), enektpomexaniunoi (EM), enektponnoi (E) Tta indopmariiitHoi
(I). IlepermHM 1WX TNIAMHOXXMH Ha JjJlarpami  yTBOPIOIOTh B  IUIONIWHI
yHIBEpCaTbHOI MHOXHHHM, BIIMOBIJIHO, JBOJIMCTHUK, TPUIUCHUK, YOTUPHUIUCTHK
Ta T ATUJIUCHUK 3 PI3HUMH KUIBKICHUMH TIOKa3HHKaMH  PI3HOT BapTOCTI
NPOEKTYBaHHI 1 BUTOTOBJICHHS MOAYJIB CKJIaJI0BUX TEXHOJOTTYHOT MAallIMHU abo
YMOBHOIO Pi3HOIO Baro0 3HAYyMIOCTI MOAYJIIB CKJIaJI0BUX TEXHOJOTIUHUX MaITUH
ramysi.

[Ipy MmpOEKTYBaHHI CHCTEM IIUKIOBOIO MPOTPAMHOTO KEpPYyBaHHSI
aBTOMATH30BaHUMHU TEXHOJOTIYHUMH MAaIlHHAMHU JOLIJFHO BUKOPHUCTOBYBATH
HACTYITHI KPOKH aJITOPUTMY TIPOEKTYyBaHHS:

1. BukoHaTH JEKOMITO3WINIO MEXaHIKO-TEXHOJOTIYHOT CHCTEMH Ha
CKJIQJIOBI.

2. OOparun HeOoOXiJIHI BHKOHAaBYl MeXaHi3MU (EJIEKTPOMarHiTHI,
€JICKTPOMAIIIMHHI, THEBMATHYHO1 a00 TiApaBiiuHoi aii), natunku 1 [1JIK).

3. CxyacTtv y BIJTIOBIIHOCTI 3 TEXHIYHUM 3aBJaHHSM Ha MPOEKTYBaHHS
TEXHOJIOTTUHUM 1 QYHKIIIOHATLHUN Tpadu.

4. CkrnactTd cuUCTEMY PIBHSHb HNPUYMHHO-HACIIJKOBUX 3B’SI3KIB 3
ypaxyBaHHS 1HTEpBaJIIB qacy 3aTPUMKH BKJIFOUEHHSI/BUMKHEHHS
IHAUBIyaIbHUX TPHUBOJIB BUKOHAaBUMX MEXAHI3MIB, a CaMe€ IpOorpamMHuX
YCTaHOBOK MapaMeTpiB TailiMepy/TaiiMepiB 1 paXiBHUKA/PaxiBHUKIB.

5. Cknactu mporpaMy KEpyBaHHS Ha OJHIM 3 5 MOB MIXHApOJIHOTO
cranaapty IEC 61131-3 Ha nepcoHanbHOMY KOMIT FOTEPI.

6. I[TigKTI0YNTH BUKOHABYI MEXaHI3MH 1 JaTYMKU 10 mopTiB Input/Output
(mopTu BBOY/BHBO/IY) POTPaMyrouoro Jiorivnoro koutpoiiepa (PLC).

7. Ilporpamy 1o 1.5 koMmmuIroBaTH 1 nepeHecty B mam’ st PLC.

8.BukoHaTn TecTyBaHHS pOOOTH 1 HANATOKCHHS TApH «MEXHOA02IUHA
mawuna (TM) - npoepamosanuti nociunutl koumponep (PLC)»

Koumponwvni numanns 0o po3oiny 2

1. o Bu3nauae komangu SET Y1, RESET YNI1, RESET
Y1 1xomanga SET YN1?
2. Uum Bigpi3HseTbcsl LUKIOBEe blcTabinbHe KepyBaHHs

npuBogoM Bix mmkiaoBoro MOHOcTabinpHOTO KepyBaHHS
MIPUBOJIOM ?
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3. Uum Biapizusaerbes NC-mammuna Big CNC-Bepcrara ?

4. 1o o3nauae nmommupeHi ckopoueHHst NC, SNC, CNC, DNC, HNC ?

5. SIki YeproBiCTh €TamiB MPOEKTYBaHHS IMKJIOBOTO MPOrPaMHOTO
KepyBaHHS TEXHOJIOTIYHUMH MaIllTiHAMHA ?

6. SIki 3B’SI3KM MK eTamaMH MPOEKTYBaHHS IUKIOBOIO MPOTPaAMHOIO
KepyBaHHS TEXHOJOTIYHUMH MallTiHAMU ?

7. Slxi pI3HUIA MDXK €JIEKTPOMEXaHIYHOK MAIMHOK 1 MAIIMHOK 3
CJIEKTPOHHUM KEPYBaHHSM ?

8. Ilo Take eHeprernmyHa 1 iH(OpMaIliiiHA CKJIQJIOBI TEXHOJOTTYHOL
MaIlWHA ?

3. OB’EKTHO-OPIEHTOBAHUI AHAJII3 I CUHTE3
MEXATPOHHUX CUCTEM

3.1. Beryn B 00’€KTHO-OPi€HTOBAHE NMPOEKTYBAHHSI TEXHOJIOTIYHHX
MAIIIMH i BepCTaTiB MAIIMHOOYAYBAaHHA HA 3aCa1aX MEXATPOHIKHU

3 MOsBOIO HOBOI 1Aeosorii (mapaaurMu) MOporpaMyBaHHS, 3’ SBHIIKACS
00’€KTHO-OpPIEHTOBAaHI ~ MOBHM  IpOTrpaMyBaHHA 1  OO'€KTHO-OpPIEHTOBAHI
onepauiiiHi cuctemu. Ha ix 6a3i cTBopeHi cyyacH1 00'ekTHO-opieHTOBaH1 CAIIP
Uit TBepAoTUibHOTO  mpoekTyBaHHs (CAD-cuctemu) 1 BI3yaJbHOTO
npoektyBaHHs (Visual - cuctemn). [lepeHoc ieom0rii 06'€eKTHO-OPIEHTOBAHOTO
nporpamyBaHHs [22]...[24] 1 ocHOB moOyn0BU 00'ekTHO-OpieHTOBaHUX CAIIP
Ha TpaguIliiHI 00JacTi NMPOCKTYBaHHS CKIQJHHX MEXaHIKO-TEXHOJOTTYHUX
CHUCTEM 3 KOMIT'IOTEPHHM KEpPyBaHHSM € HE MPOCTHM iX JOMOBHEHHSM, a
BUMarae TEPEOCMHCIICHHS 3a7ad MPOCKTYBaHHS, SK Ha CTaAil TOCTAaHOBH
npo0JieMH TPOCKTYBAHHSI CUCTEMHU, TaK 1 Ha BCIX HACTYMHUX CTaIsX PEaIbHOIO
MPOCKTYBaHHS, B TOMY UHCIl 1 Ha 3aBeplIAJibHIA cTajii npu BHOOPI
onTUMalIbHOTO Bapianty pimeHHs. O0'ektHo-OpientoBane IlpoexTyBaHHS
(OOII) abo OO0'ektHO-OpiearoBane MogemoBanus (OOM) - 1e
aBTOMAaTU30BaHE (KOMII'IOTEpHE) MPOEKTyBaHHA (TpOrpaMyBaHHs) Ha 3acajax
HACTYITHUX OCHOBHMX MPUHIUIIB: 0eKOMNO3UYLl, IHKANCyasayii, nonimopgizmy,
CNAOKY8aHHs 1 IPUHLINI Oejle2y8aHHSL.

Ob6'ekm — 1e caMOCTIMHMI eneMeHT (NMPUMIPHUK) JI€KOMII030BaHOi
MEXaHIKO-TE€XHOJIOT1YHOT CHCTEMHU, MOJIETIh SIKOTO OMUCYETHCS HoJ1eM 1 Me
mooom abo 06’ ek m 1€ CYKyIHICTh IHKAIICYyJIbOBAHUX HOJIi6 1 Menoois.
Koxuuii 00’€KT BIANMOBIZAE 3a KOHKPETHI 3amadi, CGOpMYIhOBAaHUMHU B
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TepMiHaX 1 TOHATTAX IS TMOOYJOBH MPOrPAaMHOTO KOAY 1 MOCHIAYHUYOTro
aBTOMATH30BAHOT'O MPOEKTYBaHHS HAa OCHOBI 1H(QOpMAIIITHUX TEXHOJIOT1H.
Komanmu mis  mpoekTyBaHHS cucteMu (y  NPOTPaMHUX — KOJaX)
BiI0YBAIOTHCS 32 JIOMTOMOTOIO B3a€EMOJII1 00°€Kkmig 1 110 CyTi 1€ € MOJICTIOBaHHS
CUCTEeMH. 3MICT OCHOBHHUX €TaIliB 00 €KMHO-OPIEHMOBAHO20 NPOEKMYBAHHS]
(OOII), a came 00 '€kmHO-OPIEHMOBAHO20 AHANI3ZY 1 00 EKMHO-OPIEHMOBAHO20
cunme3y 0a3ye€TbCcsl Ha BHXIJHI TOHSATTAX, IO 3alMO3UWYEHlI 3 00 €KmHO-
OPIEHMOBAHO20 NPOCPAMYBAHHS, B OCHOBY SIKOT'O TIOKJIJ€HI HACTYIHI OCHOBHI
NPUHIUIHN PO3POOKHU MPOEKTIB Cy4YaCHUX KOMIT I0TEPHUX TEXHOJIOT1i:

HPUHYUR 0eKOMNO3uyii CUICTEMU Ha KJIacu 1 00 €KTH;

NPUHYUN IHKANCYAYIT,

HPUHUUN YCNAOKYEAHHAA,

npuHYUn NOAIMoOpQhizmy;

npuHyun denezysanna 00’ €KTy 000B’SI3KIB IHIIIOTO 00’ €KTa CUCTEMHU.

Ilpunyun inkancynayii 1e o0’eqHAHHA B MaTEeMaTUYHUX MOJIEIIAX
00'eKTIB pI3HMX 0a30BHX KJIACIB, SKI MaloTh PI3HY (I3UUHY MPUPOAY 1 pi3HI
He3aNieXH1 y3arajibHeHi koopauHatu. [liarpama o00’€KTIB — ye epagiune
300paxcenns inkancynrayii 06 ’ckmie. Ilpunyun ycnaokyeanns 00’ €KTIB
J03BOJISIE PI3HUM OO0’€KTaM CHIJIBHO BUKOPUCTOBYBATH OJHI 1 TI X Memoou
(aropuT™Mu), a npuHyun noaimopgizmy — wmMoauQiKyBaTH METOIAU IS
KOHKPETHUX THUIIB JaHUX (IIOJIB).

[Ipu mnpoekTyBaHHI 00’€KTHO-OPIEHTOBAHMX MEXaHIKO-TEXHOJOTTYHUX
CUCTEM «MexaHikay (puc. 1.2) ycnaakoBye HEOOX1IHICTh CTBOPEHHS 0a30BOTO
KJIacy 00 'ekm-mexanizm Ta 0a30BOr0 KiIacy o0 ’exm-pobouuti iHCMpymeHm
(puc. 3.2 1 puc. 3.4), «eqeKTPOHiIKA» YCIAIKOBYE HEOOXIAHICTH CTBOPEHHS
0a3zoBoro kmacy o6 ’exkm-mexamponika (puc. 3.6). bazoBi knacu 06 ‘ekm-
MexaHmism Ta 00 ’€Kkm-pobouuti  IHCmMpyMeHm HAa MpPOrpaMHOMY pIiBHI
B32€EMO/IIIOTH MK c000I0 Ta 3 0A30BHM KJIACOM 00 ‘e€Km-cuposuna Ta 3 6a30BUM
KJIACOM 00 ‘ekm-poboue cepedosuuye.

[ToTpiOHO pO3pI3HATH HACTYMHI JBI  TOMOJOTI] MIPOECKTYBaHHS
TEXHOJIOTITYHHUX MAaIIWH JIETKOi MPOMHCIOBOCTI ab00 MEXaHIKO-TEXHOJOTTYHUX
CHUCTEM JIETKOI MPOMHUCIIOBOCTI:

1 — mononozcito mpaouyitinoco KOHCMPYKMUBHO20 NPOEKMYBAHHS;

2 — monono2ito 06’ €EKMHO-0PIEHMOBAHO20 KOHCMPYKMUBHE-
MEeXHON02IUH020 NPOEKMYBAHHA HA 3ACA0AX MEXAMPOHIKU [ KOMN TOMepHUX
MexHOI02IU.
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[Ipu TpaguiIiHOMYy KOHCTPYKTMBHOMY IPOEKTYBaHHI MAaIlWH JIETKOi
MPOMUCIIOBOCTI TICHS PO3POOKM MPOEKTHOI IUKJIOrpaMu pPoOOTH MAallIMHU
BUKOHYETHCS TPOCKTYBAHHS IJIOBUX MEXaHI3MIB 3a KJIIACHYHUMH 3aKOHAMH
Teopli MeXaHI3MIB 1 MaIllMH Ta 3aKOHIB TEOPETHYHOI MexaHiku. [Ipu npomy B
TEXHIUHY XapaKTepUCTHKy Ha MAalIMHY 3aBOJA-BUPOOHUK 3akiagae (Hi3HKo-
MEXaHIYHI BJIACTMBOCTI TEKCTWJIBHHUX  MaTepialliB, fAKi  0OpOOISIOTHCS
TEXHOJIOTIYHOI0 MAIIMHOIO aJie sIK1 He 3aKjajieHl MpU MPOEKTYyBaHHI «3ajizay i
Kl € 3O0BHIIIHIM CEPEJOBHUINEM i poOOYMX OpraHiB MEXaHI3MIB Ta He
BIJIHOCSITHCS /IO MAIIMHOOY TyBaHHS.

3MICT mpaouyitino20 KOHCMPYKMUBHO20 NPOEKMY8aHHs TEXHOJOTTYHHX
MaIIMH JIETKOT 1 TEKCTUJIBHOI TMPOMHCIOBOCTI TOJATaE B TOMY, IIIOOH
CIPOEKTYBATH IIHOBI MEXaHI3MH MAIIIWHHU, IO PO3TISAAIOTHCS SIK CAMOCTIHHI
CJIEMCHTH TPOSKTYBaHHS. JlJIT MBOTO TpH TPATUIIHHOMY KOHCTPYKTHBHOMY
MIPOEKTYBaHHI CHOYaTKy BUKOHYETHCS CTPYKTYPHHH aHalli3 Ta METPUYHHIA
(reoMeTpUYHUI) CHHTE3 MEXaHI3My IIJILOBOTO NMPU3HAYEHHS, IO TOB’S3aHl 3
BU3HAYCHHSIM Mpale3/[aTHOCTI MEeXaH13My (BUJ 1 TUN KiHEMAaTUYHHUX Tap) Ta 3
KOHCTPYIOBAHHSIM JIaHOK 1 MEXaHI3MIB MalllWH (BU3HAYEHHS JOBXHUH JAHOK,
KOOpJaMHAT CTOsiKIB).  [loTIM mNpu KiHEMaTUYHOMY aHali3l BH3HAYAIOTHCA
(GyHKLIT T0JI0KEHb, MIBUAKOCTEN 1 MPUCKOPEHb pOOOYMX THCTpYMEHTIB. | maimi
Ipy JWHAMIYHOMY aHali3l 1 CHHTE31 BUKOHYETHCS ONTHMI3alis pPO3MIpIB 1
dbopMH JaHOK, HaBaHTAXKEHHs (peakilii) B KIHEMaTUYHUX Mapax 1 NMpUBEICHUN
0 TOJOBHOIO BaJly MOMEHT IHEpIii MexXaHi3MiB, IO TMOB’sA3aHl 3
KOHCTPYIOBAaHHSM MEXaHI3MIB 1 MAIlIWHHU. Hampuknazn, mo6 crnpoekTyBatu
TPUKOTAXKHY MAIIIMHY JOCTaTHBO CIIPOEKTYBATH i1 I[IIIbOBI MEXaHI3MHU: MEXaH13M
HUTKOTO/IauM, MEXaHI3M B’si3aHHA (MEXaHI3M TEeTJe YyTBOPIOBaHHS), MEXaHI3M
B1JI00pY T'OJIOK, MEXaH13M TOBapoO BIABOAY Ta iHIII. LI MexaHi3MH MOXYTh MaTH
pi3Hy  di3uuHy  OpUPOAY —  MEXaHIuHy (I8 TEeTJICYTBOPEHHS),
CJICKTPOMEXaHIYHY (J1s1 MPUBOJTY 1 3aCO0IB PEryJIIOBaHHS IIIJILHOCTI B’ sSI3aHHS),
CJIEKTPOMArHiTHYy (11 BiIOOpY TOJOK TMPOrPAMOBAHUM  CEJIEKTOPOM),
CJIEKTPOHHY (IUIsl MpOTpaMyBaHHS pParopTy, KOJbOPY (PparMeHTIiB MatOHKY
KaKapJy, 1HTapcii Ta 1HIIUX MEePEIUIETeHb), MTHEBMATUYHY (IJI1 TOBApO BiBOIY
MOJIOTHA), ONTUYHY (JUIs1 KOHTPOJIIO 1 CUTHaMi3allii OOpUBY HUTOK, MpPsiki) Ta
iHmr.  ITpaBuiibHI  KOMaHIu IS [ITBOBUX MEXaHI3MIB 3a0€3IeuyIoTh
HOPMaJIbHY pOOOTy TEXHOJOTIYHOT MallWHU-aBTOMaTry. JIJIS 1IbOTO TOBHHHA
OyTH 4iTKEe Y3rOJUKEHHS pOOOTH MeEXaHI3MIB SK MDK cO000r0, Tak 1 3
napameTpamu 00’€kTa OOpOOKM Ha BCii Tpaci HUTOK (MPsikKi) O TOTOBOTO
MPOAYKTY (TPUKOTKHOTO TOJIOTHA a00 TPHUKOTAXKHOTO BUPOOY). Tomy
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KOHCTPYKTUBHE TMPOCKTYBaHHS TMOYMHAETHCS 3 MPOEKTYBAHHS IHUKIOIpaMU
poOotu MamuHu. [Ipy KOHCTPYKTMBHOMY MPOEKTYBaHHI B’SI3aJIbHUX MAIIUH
(mBEMHMX MAaIMH, TKAIlbKAX BEPCTATIB) BJIACTUBOCTI 00’ €KTa 0OOPOOKH (HUTKU
ab0 HHUTOK) BpaxOBYIOTBCS, SK 30BHIMIHI (DAKTOPH MO BIAHOUICHHIO [0
TEXHOJIOTIYHOT MAamUHU 1 I (aKTOpH 3ajJMINAIOTbCS HE3MIHHMMHU Ha Yac
OPOEKTYBaHHS  MamIUHU.  TOMONOTisT  TPagUIIAHOTO  KOHCTPYKTHUBHOTO
IPOEKTYBAaHHS MIBEHHUX MaIIMH HaBeJleHa Ha puc. 3.1, B’A3a1bHUX MalIMH — HA
puc. 3.3 1 MEXaTPOHHUX CHCTEM TEXHOJIOTTYHMX MAIlIMH — Ha pHc. 3.5.

3MICT 00 €KmMHO-0PIEHMOBAHO20 ~ KOHCMPYKMUBHE-MEXHOI02IYHO20
NnpPOeKmy6aHHs TEXHOJOTIUHUX MAIIMH JIETKOI 1 TEKCTUIBLHOI MPOMHUCIOBOCTI
MoJIATaE B TOMY, IOO CHPOEKTYBATH MEXAHIKO-MEXHONO02IUHY cucmemy 3
MexampouHow cucmemoro Kepysauus. llpu TakoMy TpPOEKTYBaHHI, IO
0a3yeTrbcsi Ha OO’ €KTHO-OPIEHTOBAHOMY IMIJAXOJA1 3 BHUKOPUCTAHHSA CYy4YacHUX
1H(MOpMAIIIHHUX TEXHOJOTIA MPOEKTYBAaHHA TEXHOJIOTIYHMX MAIlMH Taly3eu
HIBEITHOr0, TPUKOTAKHOTO 1 B3YyTTEBOI'O BUPOOHUILTB MOTPIOHO PO3IIISAATH, K
IIPOEKTYBaHHS poO0OYOro Mpoliecy, a came BpaxyBaHHsI 0a30BOT0 Kjiacy 00’ €KT-
CHUPOBHHA 3 MiJKJIacaMH 00’ €KT-HUTKH, 00’ €KT-TKaHUHA, 00’ €EKT-TPUKOTAXK, 5K €
CKJIaJIOBHMH TIPOSKTYBAHHS MIBEWHUX 1 B’ s3albHUX MamuH (puc. 3.2 i puc. 3.4).
[Ipu 3acTocyBaHHS WIKIpU 1 IMKIPONOAIOHMX MaTepiauiB i OTPUMAHHS
3D-bopmu 3aroToBOK B3YTTS Ha OOTATYBaJIbHO-3aTATYBAJbHUX MAIIMHAX
0a30Bui KJ1ac 00’ €KT-CUPOBUHA MICTHTD MiAKIAC 00’ eKT-1Kipa (puc. 3.2).

Llinbosoro  ¢ynkyicto 00 €KMHO-OPIEHMOBAH020 ~ KOHCMPYKMUGHE-
MEXHON02IUHO20 NpOoeKmyeanHss € He (DYHKIIS TOJIOKEHHS, HaIlpHUKiIal,
poOoYoro opraHy MallMHH, SIK TPH KOHCTPYKTHBHOMY IIPOCKTYBaHHI, a
LUJIbOBOKO (DYHKINEW € (DYHKYIOHAIbHE NPUSHAYEHHS KIHYeB8020 NpOOYKmY —
pe3yJsbTaTy pobouoro Tmporecy, a caM€ HHUTKOBOIO IIIBa Yy BHUPOOi
BUTOTOBJICHOMY Ha IIBEHHOI MaIlMHI, TUN TMeperieTeHHs: Ta/abo (opma
TEKCTWJIBHUX BHUPOOIB, BUPOOJICHUX HA B’S3AIbHUX (TPUKOTAKHUX) MAIIUHAX,
dbopma neraneit, CKIaIambHUX OJUHUIb IPU BUTOTOBIICHH] B3YTTH.

SAxoMy Ke MeTOAy TMpOEKTyBaHHsS BiImaTu riepeBary ? Meroau
MPAouYiiHo20 KOHCMPYKmMueHo2o npoekmysanus (puc. 3.1, puc. 3.3 Ta puc.
3.5), miyuTIO SIKUX € ITbOBE MPOSKTYBAHHS MEXaHIYHUX CHCTEM TEXHOJIOTIYHHX
MallluH PO3pO0JIeH]I Kpalle 1 4YacTo 3aJMIIAIOThCS TpPaguUIMHUMH. Ale 3
MOSIBOK0 00 ’€KTHO-OPIEHTOBAHOMY TIJIXOAY JO TMPOSKTYBaHHS CKJIAIHUX
MEXaHIKO-TEXHOJOTIYHUX CUCTEM MOXHA OYIKyBaTH IMPOJIOBXKEHHS PO3pPOOOK i
HIMPOKOTO 3aCTOCYBAHHS METO[IB 00 '€KMHO-OPIEHMOBAHO20 KOHCMPYKMUBHE-
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MEeXHONI02TYHO20 NPOeKMy8anHsi 3 BUKOPUCTAHHSAM CYYaCHUX KOMIT FOTEPHUX
3D-TexHoJOT1# MOICIIIOBAHHS TA MEXAMPOHIKU.

Ha puc. 3.1 naBegena cxema TOMOJIOTIi TPAAMIIMHOTO KOHCTPYKTHBHOTO
MPOCKTYBaHHS HEABTOMATU30BAHMX IIBEHHUX MAIIIHH.

Humun zoaxu, Tranuna
UOSHUKA ;.
(nemesseua) MIPUROMANG, WiRipa
4
Ipoexmysanns Hipoexmysanns Ilpoermysannn
. - MEXTHIZHY HURADZPIMI - -—
MEXARIZMY 207K . 5
sybuacmoi pelixu pobomu wauruny
-
Epaﬂfng;smm ITpoexmysanns
- EVIRIZTMY HOSHURAG usody ||
(nemevsnura) creRmpony
Ilpoexmysannn Hpoexmysanns
MECAHIZHY HPLMBCKHOL TanK
-~ | np - i
HUMIKORPUMNRZY §IHA RESVIRAMODRLE HAWIRZY
(numronodasaua) HEuMmOK
r r 1
YHosHuKosa (iseiHa MainHa

3 Hcopemrum Kepysanuas muny PB

Puc. 3.1. Tomomorias TpaauLiHHOTO KOHCTPYKTUBHOTO TMPOEKTYyBaHHS
HEAaBTOMATU30BAHUX IIBEHHUX MAIIUH

Icayroui CAIIP-omsry, CAIIP-tpukotaxy, CAIIP-B3yTTss HE MICTATH
0a30BUX KJACiB 00’ €KT-MEXaHI3M, 00’€ekT-po00YMii 1HCTPYMEHT, 00’ €KT-
MeXaTpOHIKa.

Jist  00’€KTHO-OPIEHTOBAHOTO  MPOEKTYBAHHS  POOOYMX  MPOILECIB
CNC-mammn (mamma 3 YIIK - gucnmoBuM mporpaMHUM KEpyBaHHSM) HIUPOKO
BUKOPHUCTOBYIOThCSI CAM-TexXHOIOTIi y BUIIISII TPOTPAaMHUX MPOAYKTIB THUITY
ArtCAM, DelCAM, SolidCAM Tta inmmux cucreM 3D-mopenroBaHHs, AKI 3a
JIOTIOMOTOI0 ~ TIOCTIIPOIIECOPIB  ILUJIBOBOTO  MPHU3HAYEHHS  BPaxOBYIOThH
KiHeMaTH4H1 ocobmuBocTi KoHKpetHoro CNC-Bepcraty (ipM BUPOOHUKIB
CBITOBOro MamuHoOyayBaHHs. Cami BepcTaTH TakKOX TMPOCKTYIOThCS 3
BUKOPUCTAHHSAM CY4acCHUX TE€XHOJIOT1H 3D-MoaentoBaHHS.

I[le crocyeTbcss 1 Cy4acCHOTO CBITOBOI'O MAIIMHOOYTyBaHHS JIETKO1

MIPOMUCJIOBOCTI TIPU MPOEKTYyBaHHI 0araTorojIKOBUX BHUIIMBAJIBHUX aBTOMATIB,
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ABTOMATH30BaHMX IBEHHUX 1 B’SI3JIbHUX MalllMH, po3kpiitHux arperari 3 UIIK
Ta 1H.

Ha puc. 3.2 nHaBemeHa cxema TOMOJOTI 00’€KTHO-OPIEHTOBAHOTO
KOHCTPYKTHUBHE-TEXHOJIOTIYHOTO TPOEKTYBAaHHSIM IMBEWHWX  MAIlWH, 5K
MEXaHIKO-TEXHOJOTIYHOT CUCTEMH 3 3aCTOCYBaHHSIM 3aC001B MEXaTPOHIKH.

o CTOCYETBCS 00’ €KTHO-OP1€EHTOBAHOTO KOHCTPYKTHBHE-
TEXHOJIOTTYHOTO MPOEKTYBaHHS MEXAaTPOHHHX MOJYJiB (puc. 3.6), To eranu
TPAIUIIMHOTO KOHCTPYKTUBHOTO TIIpOEKTyBaHHS (puc. 3.5) 30epirarothCs 1
NEepeXoAsITh B CTaAil0 00’ €kTHO-OpieHTOBaHOrO aHamiizy (OOA) - nepwa cmadis
NPOeKmy68aHHs 06 €EKMHO-OPIEHMOBAHO20  KOHCMPYKMUBHE-MEXHON02IUHO20
NpOeKmy8anHs mexampouHux cucmem.. Po3poOka 1 HamaroIKeHHs MpOrpaMu
KepyBaHHS Ha 3acajax piBHIHb MPUINHO-HACIIIKOBHX 3B S3KIB II€ CTadisd
00’ekTHO-OpieHTOBaHOTO cuHTedy (OOC) - opyea cmadia 06 ekmuo-
OPIEHMOBAHO20 KOHCMPYKMUBHE-MEXHON02IUH020 NPOEKMYBAHHI MeXaAmMpPOHHUX
cucmem. Ilpu 1mpomy Ha cranii OOC BHUKOHYETHCS ONTHUMI3AIIS PEKUMIB
TEXHOJIOTIYHOTO TMpoliecy 1/abo onTuMizamis KiHEMaTUKH 1 JUHAMIKH
TEXHOJIOTTYHOI MaITUHHU.

OOA nepenbauvae MaT€MaTUYHUH 1  QJITOPUTMIYHUKA  OIHUC
3aKOHOMIPHOCTEH POOOYOro MpOIECYy MEXaHIKO-TEXHOJIOTIYHOI CHCTEMH, a
OO0OC - peanizalio aropuTMy 00’ €KTY MPOEKTYBaHHS Y TPOTPaMHOMY KO/II.

B kmacuyHOMy BH3HA4€HHI 1 B 3aCTOCYBaHHI JO poOOYMX MPOIIECIB Ha
OCHOBI MEXaHIYHOI TEXHOJIOT1i BIAMOBIAHUX TEXHOJOTIYHUX MAIIWH JIETKOI 1
TEKCTHJIBHOI MPOMUCIOBOCTI ocHOBHI npuHiumu OOIT MaroTh HACTyHUI 3MICT
1 3aCTOCYBaHHS.

B po6oti [25] Ha OCHOBI 00'€KTHO-OPIEHTOBAHOTO MiAXOAY PO3pOOJIEH1
HayKOBl OCHOB MPOEKTYBAHHS CKJIAJHUX MEXaHIKO-TEXHOJOTTYHUX CHUCTEM B
TEKCTHJIbHIM TIPOMUCIOBOCTI Ha MPHUKIIAAl aBTOMAaTH30BAHOTO MPOEKTYBaHHS
poOOYHX TMPOIIECIB TPUKOTAKHUX MaIuH. J[JI1 reoMeTpUYHUX MOJIEIeH pi3HUX
CTPYKTYp TPHKOTaXy, aBTOPOM 3allpollaHOBaHa Yy3arajlbHeHa He3aJeKHa
KoOpIuHaTa (AUISTHKA HUTKH 3 TOCTIMHUMH BJIACTMBOCTAMH) [JIsi 0a30BOTO
00 ‘ekmy—numxu. s 06 ekmy—numxu po3po0sieHa opuriHajibHe D-koayBaHHS,
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Object=numra | Object=20xa Object=nanxa |Obiect= doucepeto
Object=NOSHUK HCULTEHHR
Object= mxannna | Object=nemeTsHux | Opject= uirvosuil Object—suxonasuui
o bje(ﬂ‘:ﬂ J—— MEXOGAHIZMH MEXAHILLM
Object= it ki Cbjecr=camuur
mpuxomanc | Object=3v0uacma
£20 Object=Mexanian |Object= )
Object=npumucrna Hpucody PorHeILIBHUR
. . JAANKE
Object=tuxipt -
Object= zonxosa Object=xonmporep
RAACHIGH
Bazosu xaac | Bazosuil krac Bazosuli x1ac Eazosuii 2ac
Object=cuposuna) Object=poboxui | Opjecr=mexanizn |Object= ]
IHcpyMERM MEXAMPOHIRT
Hgeftna Mauinna, RK MEXAHIKO-MEXHOT0ZINHA

CHCMEMA 3 SHYHRUM QUKTOSHM REPYEAHHAM

Puc. 3.2. Tonosorist 00’€KTHO-OPIEHTOBAHOTO KOHCTPYKTHUBHE-TEXHOJIOTTYHOTO

IMPOCKTYBAHHAM ABTOMATHU30BaHHUX MIBEHHUX SAK MEXaHIKO-

TEXHOJIOTTYHOT CUCTEMHU 13 3aCTOCYBAHHSM 3aC001B MEXATPOHIKU

MaIllKH,

SK€ IIHPOKO IMPOUIIOCTPOBAHE 1 Yy3araJbHEHE Ha KOHKPETHUX MPUKIaAax
MEXaHIYHOI ~TEXHOJIOT1i
NEPEIUIETeHh HUTOK OCHOBH 1 YTKAa IPU YTBOPEHHI TKaHWH 1 MEPEIUIETeHb
TOJIKOBOiI 1 YOBHMKOBOT HUTOK MPHU YTBOPEHHI MAIIMHHMX 3uUr3ar cTiokiB. Ilpu

YTBOPEHHSI PI3HUX TPUKOTAXKHUX IEPEIJICTEHb,

bOMY TIOKa3aHo Micle D-koayBaHHSI cepell T€OMETPUYHUX MoJeNed B
cuctemax koayBaHHs TpukoTaxxy B CAIIP tpukoraxy. Cxema Tomosorii
TPaIULIHHOTO KOHCTPYKTUBHOI'O NMPOEKTYBaHHS B’S3aJbHUX MAIIMH HaBeJeHa

Ha puc. 3.3.
Cxema TOMOJIOT1i 00’ €KTHO-OPIEHTOBAHOTO KOHCTPYKTHBHE-
TEXHOJIOTIYHOTO  NPOEKTYBAHHSIM  B’SI3aJIbHUX  MAIlMH, SK  MEXaHIKO-

TEXHOJIOTIYHO1 CUCTEMH HaBeJIeHa Ha puc. 3.4.

Ha puc. 3.5 HaBenena cxema TOMOJOTIT TPAIUIIIMHOTO KOHCTPYKTHBHOTO
MPOCKTYBAHHSIM MEXaTPOHHUX CHUCTEM TEXHOJIOTTYHMX MaIlTUH.
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Humxa (riumxi)

s

ITpoexmysanna yurapzpavu

pobomu Matiilaiu
] 1 [
Y Y Y
fIpoekmyesanns Hpoexmyeanus Ipoexmyeariun
Mexariamy MexanisMy 8 azanna MeXanizmy
Humgonooayi (nemneymeopenns) mosaposidaody
lipockmyeanns IIpoexmyesanns
- Mexanisyy MEXQAHEINY |
sidbopy 200K npueody
¥
B'azansna maniuna

3 ACOPCMKILM Kepyeaninam muny PB

Puc. 3.3. Tonosorig TpaAULiiHOr0 KOHCTPYKTUBHOT'O MPOEKTYBAaHHS

B’ A3aJIbHUX MAIIUH

Object = 2oara Object=nanxa Object=0xcepeno
Object=ntmxa
HCUETEHNS
Object=ymnosuna
0bj mf:fihmf ohgfﬁmmmsl{uﬁ
Object=nramuna . 4 AMEVARIZMN
Object=0amuux
Object= . /e
mpuxomaxe |  Object=npec
. . Object=
Object=wexanizu 7 posnoditsrux
npusody
Object=xntt Object=
KOHMIpOIED
Dbaroaiili xnac Dazoauii knac. BLazoeuii xaae Bazosuii xrac
Object=cuposuna|  Object=poboyui Object=nexanizn | Object= ]
fuempyarenm MEXAMIPOHIKG

B'aianena mauinna, ax smexaniso-inexnonoiena
CIHCINEN 3 ZHYYKIAE HEKTORUN KEPYSANTLRM

Puc. 3.4. Tononoris 00’€KTHO-OPIEHTOBAHOTO KOHCTPYKTHUBHE-TEXHOJIOTTYHOTO
MPOSKTYBAaHHSIM B’SI3aJIbHUX MAIIIHH, K MEXaHIKO-TEXHOJOTIYHOI CUCTEMH
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| Ananiz mexniunozo 3060anns I

|
Texnonoziunuii Texnonoziuna
npouyec MEWEHA
Ipoexmyeanns Cunmes yurrosoi Hpoexmysanns
W ByHKYLOHATOHOZO cucmemu Kepysanns nepedamounozo [~
zpa'@, MEXARIZIHY
. |
Bubip cucmewu ) .B{'lﬁp -
—f- xepysanns GyRRUlORATORUX
Mo
C1a0aHHA PLEHARY 360opxa cxenn
1 P L LR O-RACTLOK 06 LEX ' 2 e
36'A3Ki6 Ry
Yy r ¥y
KoncmpykmusHe npoexntysanna

MeEXAMPOHUX MOOYI1i8
MEXAHIKO-MEXHOLNOZIYHUX CUCHEM

Puc. 3.5. Tononoris TpaauLiitHOT0O KOHCTPYKTUBHOTO MPOEKTYBAHHSAM
MEXATPOHHUX CHCTEM TEXHOJIOTTYHUX MalluH

JI71st HeTeOMEeTpUYHUX MOJIENEH, a caMe POOOUYUX MPOIIECIB TPUKOTAKHUX
MaliuH B SKOCTI Yy3arajJlbHEHOi KOOPJMHATH 3alpONOHOBaHA I1HITY THIIOBY
y3arajibHeHa KOOpJMHATa — peakiio abo BIJKIUK THUIOBOTO pPOOOYOTO
IHCTpYMEHTa —  TPHUKOT&KHOI TOJKH 32 BHU3HAUYEHOK  CTPYKTYpOIO
MIPOCKTOBAHOTO TPUKOTAXY, MOCTITOBHICTh HACTYITHUX €JIEMEHTAPHUX KOMaH]]
TUTSl TPUKOTAXKHUX 00 ’ekm-2onka. II-AnuTKa (KOMaHa TMPOKIAaHHsd HUTKA Ha
TOJIKH), C—nutka (komMaHJa CKUJIaHHs HUTKH), O—HUTKA (KOMaHaa 0OpuB
HUTKH). [li kxoMaHam Ta iHII KOMaHIU 00’cKkmig¢ y aHTJIOMOBHOMY 3aIluCy
CTalOTh Memoodamu CBOIX 00’€KTIB, a TOTIM 1 ifeHTU(IKATOpaMU METOJIIB B
OJIoKax MporpaMu, 3alKUCaHUi B BIANOBIIHOMY Koji. Ha ocHOBiI 00'ekTHO-
OpPIEHTOBAHOTO  aHaNI3y BUKOHAHE AHAIITUYHE YSIBICHHS EMIIIPUYHUX
3aJIEKHOCTEH, J€ Ha BIAMIHY BIJl 3araJbHONPUNHATOTO YSBIICHHS BUXITHUX
JTaHux, GOpMYIT 1 EMIIIPUYHUX 3aJICKHOCTEH, BOHH MPEJICTABJICHI, IK CYKYITHICTh
«00’ckmig-npumimugiey (Kpanku, EKCIEPUMEHTAIbHUX JIaHUX, CKAJISPHOI
dyHK111i, moiHOMa) He(I3UIHOT MPUPOIU 31 CBOIMU HOAMU 1 MEMOOAMU.
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Ha puc. 3.6 HaBenena  cxema Tomoiorii 00’ €KTHO-OPIEHTOBAHOTO
KOHCTPYKTHUBHE-TEXHOJIOTTYHOTO TPOECKTYBAHHS MEXaTPOHHUX CHCTEM.

i Object=xkporosuii | Object= .
Object= ] POIHOOLTOHUK 05 Ejf; S——
MEXAHLKT

Object=nopunesuii

Object= maiivep

Object= Object=
nuesmamura|Objeci=Ccepsonpusod Deznonmanmmnuii

Object=rivtrsnur

Object= Object= j
g e o - Object=
2L0pasaing erexmpomaznimnuii| Object= ] dickpemnuii
ereMenm nav' s

Object=

ETERMPORIKG . - - Obiect=

mp PLC) Object=enepzonociii | Object= P Ject ooosuil
Enzosuii EBazoauti niosnac | Bazosuii niorkiac |Bazosuid nioxnac

niornac " . " _
Object=modyb Object= npusoeo Object, amponep Object= damuux

bazoseuil kK1ac (Object=mexamponixa)

MexampoHHAA cucrema, as mexaniro-mexioaoisna
CHCIMEMT 3 ZHPYRILE HNKAOSILN KEPYEQITIRM

g

OcHosHi NPURLUNK 00'€ERMHO-0PIEHIOEAH020 NPOEKIMYEAHNHA

Heromnoziyin Aderezyeanna nosidoiLiens

Yenadrysauna Turancyaayia IToaivopiz

Puc. 3.6. Tonosorist 00’€KTHO-OPIEHTOBAHOTO KOHCTPYKTHBHE-TEXHOJIOTIYHOTO
MIPOEKTYBaHHS MEXaTPOHHUX CUCTEM

OCHOBHI OHATTHA 00’ €KTHO-OPIEHTOBAHOI0 NIPOCKTYBAHHA MEXAHIKO-
TEXHOJIOTITYHUX CHUCTEM Ha 3aCaJaxX MeXaTPOHIKH

Knac — ne 0e3niu 06’ckmie¢ 1ITHLOBOTO TMPU3HAYCHHS 3 3arajibHOIO
CTPYKTYPOIO 1 TOBEIIHKOIO, SIKI MatOTh a00 HE MAIOTh 3aTAJIbHOTO MPEKY.

B 6a3oBomy Kitaci TEXHOJOTIYHUX MAIIMH JIETKOI MPOMUCIIOBOCTI, SIKi
peani3yloTh MEXaHIuYHy TEXHOJOTiI0 0OpOOKHM MaTepialliB JIETKOI 1 TEKCTUIHHOL
MIPOMHMCIIOBOCTI, HAIIaJKaMH 3arajlbHOTO TPEIKYy U IMBEHHHMX, B3YTTEBUX 1
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TeKCTUJILHUX MAIllUH € 00’€Km-Mexamizm, 00’cKkm-1anka 1 00’ckm-pooouuii
incmpymenm. ] 3arajibHOro Tpeaky B 0a3oBOMy Kiaci HamiB(aOpuKkaTiB
(cupoBUHM) HaaAKaMU-00’€KTaMH 3 OOJIKOM TMPHUHIIUITY CHAJAKOBOCTI €
00’ ekm—Humka, 06’ckm-mrkanuna (TPUKOTAXK, CTIOKU, CTPIYKHU, LIIBU), 00 €Km-
wikipa (mkipononiOHI Marepianu abo xaerani 13 Hux). B 06azoBmii kiac
amapaTHUX 1 MPOTPaMHUX 3ac00IB yIIpaBIiHHSI aBTOMATH30BaHO! TEXHOJIOTTYHOT
MallMHU Y MEXaHIKO-TEXHOJOTIYHY CHUCTEMY BXOJSATh 00’€Km—0amuux,
00°€EKM-8UKOHYIOUUII MEXAHI3M, 00°€KM—KOHmMpPOoaep Ta 1HII TEXHIYHI 3aCO0U
MexarpoHiku. HaBeneHi 6a30Bi kiacu 00’€KTiB pi3HOI (Pi3WUHOI NPUPOIH,
pi3HOTO TOpUHIUNOY Aii 1 3 piI3HUMU (PYHKIIOHATLHUMH OOOB’SI3KaMH HE
MalOTh 3arajlbHOTO MpeaKa JJIs IITbOBUX POOOUYUX MPOIECIB, SIK HAIKIACy 3
touku 30py OOIL.

00’ekm — 1€ CaMOCTIMHHMI €JIEMEHT IPOEKTOBAHOI CHCTEMH, SKIU
OTPUMaHUN TIPU OeKoMno3uyii CKIAJHUX MEXaHIKO-TEXHOJOTIYHUX CHUCTEM, B
TOMY YHUCJII MEXaTPOHHUX CHCTEM Taly3eBOT0 MAIIMHOOYTyBaHHS IIJIbOBOTO
MPU3HAYEHHS, TIPU [IbOMY 00 '€km Ma€ TMeBH1 (QYHKIIOHATIbHI 0006 ’°a3Ku, SKi
B/l Oenezye 1HIIOMY OO0’€KTy, SIKiH 3 HHUM TOB’SI3aHMM KiHEMaTHYHHMH,
TE€XHOJIOTTYHUMH, CTPYKTYPHUMHU 200 1HPOPMaLIMHUMHU 3B’ I3KAMHU.

CydacHl TEXHOJIOTIYHI MAalIMHU JIErKO1 MPOMMCIOBOCTI II€ MEXaTpOHHI
MEXaHIKO-TE€XHOJIOT1YHI CHUCTEMH, SIKI MalOTh YOTHUPU OCHOBHUX CKJIAJIOBi:
MEXAHIUHY, eHepzemuyHy, inghopmauiiiny 1 mexnonoziuny. Ilpy npoekTyBaHHI
MEXaTPOHHUX IMKJIOBUX CHCTEM OLIbIIE YBaru MPUAULIETHCS MEPIIUM TPHOM
CKJIQZIOBUM, a [IJILOBE TEXHOJOTIYHE MPU3HAYCHHS TAKUX CHCTEM 3QJIMIIAETHCSA
1o3a yBarow. 3ajadyel0 METPUYHOIO CHUHTE3y MAIlMH € SIK pa3 BU3HAYEHHS
NOTPIOHMX  TEXHOJIOTIYHMX  TEepeMillleHb  poOoYMX  OpraHiB i
(GYHKLIOHATBHOTO MNPU3HAYEHHSI TEXHOJIOTIYHOI MallMHU ab0 TPHUCTPOIO 0
MalIMHU 3 METOK aBTOMAaTH3allil JOMOMDKHUX a00 OCHOBHHMX LIMKJIOBHUX POOIT
Ha 3acajax MEXaTpPOHIKH.

OOIl ¢opmanpbHO HE BHUKIIOYAIOUM OCHOBHI CTajii TpaauIiitHOTO
MPOCKTYBaHHS, Ha SKHUX BIAPOOJSIETHCS KOHCTPYKTOPChKA JOKYMEHTAIIis,
JIO3BOJISIE  aBTOMAaTU3yBaTH MOJENIOBAHHA 1 BHOIp panioHaldbHUX abo
ONTUMAJIbHUX BapiaHTIB CKJIAJHUX MEXaHIKO-TEXHOJIOTIUHUX cucTteM. s
bOr0 HeoOXigHAa po3poOKa MaTeMaTUYHUX MOJACIEH 1  aJIropuTMiB
NPOEKTYBaHHS, (YHKIIOHAJILHO 1 TMPOTPpaMHO 3B’SI3aHUX 3 OO0 €KTHO-
opientoBanuM ananizoM (OOA) i 00’ektHO-0OpieHTOBaHMM cuHTE30M (OOC)
00’€KTY AOCTII>)KEHHS Ta 3 aBTOMAaTU30BaHUM MPOCKTYBAHHSIM.
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OOA 3B’s3aHu#l 3 TOOY/I0BOIO MaTeMaTHYHUX MOjeleil (T€OMETPUYHHMX,
JIOTIYHMX,  CTPYKTYpPHHMX, €MIIIPUYHUX, aJTOPUTMIYHMX) HA  OCHOBI
MPOCKTYBaHHS JiarpaMH KiaciB, giarpaMyd 00’€KTiB, JiarpaMyd B3aeMOii
00’€eKTiB 1 iHIMX rpadiuHUX aiarpam, BiTOMHX siK «HOTatis byuaay [22]. [IpoTe,
“foranis bydya” BuMarae yTOyHEHHS B J0JaTKax /10 00’ €KTHO-OPIEHTOBAHOTO
aHa3zy 0CcoOJIMBOCTEM MEXaHIKO-TEXHOJOTIYHUX CUCTEM JIETKO1
IIPOMHCIIOBOCTI.

s moOynoBu Mozelneid, podoYoro mpolecy TEXHOJIOTIYHOI MAIWHH,
OCHOBHHUMH OOOB’sI3KaMHU aOCTPAKTHOTO (BIPTYyaJIbHOTO) 00’€kmy=pob6ouuii
IHCmpymenm € TI0J1aJibllla HOr0 BUKOPUCTAHHS 1 TOMY IMOTpiOHA 1HIIiam3amisa
OCHOBHHX HOTO AiH, PIKCYIOUNX MOJIEM 00 ‘€Kmy=pobouuil iHcmpymerm, a came
MMATAHHSAM CTaHy - «VGIMKHEHUl», «8uMKHymuily? BinmoBigs Ha Ii¢ MHUTAHHS
Jal0Th [1i, K1 3B’sA3aH1 3 METOJOM 00’ €KTY, a caM€ HAaCTYIHI YOTHpHU Iii, SAKi
3B’s3aHI 3 peaji3allielo MeTOay s IbOoro 00’ekty: xorcmpykmop (Init),
oecmpyxkmop (Destr), ecmanosumu (Set), ompumamu (Get), TOOTO BU3HAYCHHS
B aKTMBHOMY a00 TAacCHMBHOMY CTaHI 3HAXOJUTbCA 00 €Km=pobouuli
iHcmpymenm MamvHU. Hampukian, HagaemMo aOCTpakTHOMY poOoYOMy
iHCTpyMeHTY imeHTudikatop Tool=object. Tomi y3arampHeHa Momenb IS
Takoro 00’€KTy=po0OouYuii 1HCTPYMEHT MaiiMO HACTYIIHy THUIIOBY CTPYKTYpY 1
BUJISA1 (PparMeHTy MHpPOrpPaMH:

06 ‘exm:
Tool=object ; {00’ eKTHHI THIT}
llone:
Active: Boolean ; {moriuyna ymoBa ctany 00'exra}

Memoou:
Init; {KOHCTpYKTOp 00'€KTY, SIKUI1 — 1HIIIATI3Y€ BUX1THI
JaHl PO 00 ekm=pobouuil incmpymenm}
Destr; {necTpykTop 00'€KTy - aBTOMAaTUYHO BHKJIMKAE

KOMaHJly, $Ka 3BUIbHSE€ TaM’iTh, BHUJUIEHY T O00’€KT 1 MIATBEPIKYE
BukoHaHHs (done - 3po0OiieHo). B psaky mporpaMu JAeCTPYKTOP BKA3y€ThCS Y

BUTJISIZII CIIONyYEHHS 3HAKY ,, THIIbJIa” ~ 32 SIKUM HJe iM's Kitacy}

SetState; {BCTaHOBIIIOE CTaH YBIMKHEHHMI/BUMKHYTUH abo0
AKTUBEH/TTACUBEH POOOYHIT IHCTPYMEHT TEXHOJIOTIYHOI MAIIIUHH }

InsTF: Boolean;  {ckopouenns Bin Install True or False - incramoBatu

JoriyHuM ctaH podouoro iHcTpyMmeHTa: ko InsTF=True (ictuna), To podounii
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opraH yBIMKHEHMM (AaKTUBHMM CTaH) 1 MOX€ BHUKOHYBAaTH BXIJHI KOMaHIU Y
BIAMOBIAHOCTI 3 JiarpaMoio B3aemofii 00'ektiB i1Hakme InsTF=False 1 me
o3Havae, mo abo obipBaHa HUTKA, a0O MOIIKOKEHA royika, a00 MallnHa HE
MPAIIOE }

Hampuknan, nonem njisi aGCTpakTHOTO 00°’€km=nankKa € TIOCTIiHHI
BUXI1JIHI JIaHI TaKi, SIK TEOMETPHYHI PO3MIpU JAHKHM Ta ii 1HEPIIHHI 1 MPY>KHO-
qucunaTuBHI  mapametpu. g 06’ekm=numka  06a30Boro - Kiacy
00’ckm=cupoeuna (puc.3.2 1 puc.3.4) norem € T€KC, HOMEP HUTKHU, MIIHICTb,
KpyTKa, 4YHCIO CKIaJeHb, psAnok D-xomy. [llonem payis  aOGCTpaKTHOTO
00’€Km=mKaHuHa OJIATY € MOJIYJIb MIPYHOCTI MaTepiaily, )KOPCTKOCTI TKAHUHH
IIpU 3THH1, paropT Ta 1HIII.

JI1s1 00’ €kTiB 0a30BOTO KJIacy 00’€Km=KoHmpo.Jiep Kiacy noiimu € TUI
1 KOOpAMHATH  pO3TAlllyBaHHS BUKOHAHUX  MEXaHI3MIB, KOOPJAMHATH
po3TalnlyBaHHs JAaTYMKIB KpalHIX MOJOXKEHb POOOYUX IHCTPYMEHTIB MAIlUHHU.
Metoaom € MTOBIJIOMJICHHSI po CTaH UX 00’€KTIB
«YBIMKHEHUI»/«BUMKHYTHI». 3alUT BIAOYBAE€TbCS NPH ONMUTYBAaHHI BXIJIHHX
noprtiB (INput) i Buxigaux moptis (Output) mporpamyrodoro KOHTpoIEpa.

Cam xontponep mnpu OOIl MexaHIKO-TEXHOJOTIYHOI CHUCTEMH Y
IPOrpaMHOMY CEPEIOBHILI 3a/1a€ThCA K MIAKIAC 00’ €Km=Konmpo.iep 6a30BOro
Kiacy 06’ckm=mexamponika (puc. 3.6). A came [K €JIEMEHT arperary Ha
OCHOBI OJTHOTO 13 MPUHIIUIIIB arperaiiii mpu mo0y/10B1 iepapXii CKIAJTHUX CUCTEM
abctpakTHUX 00’ekTiB. st pi3HUX OO0’€KTIB BUMAaraetrhcs Gopmaiszalis
ONKMCYBAHHS CBOIX H0./1i6 1 Memoodie. OO’ €KTHO-OPIEHTOBAHUM aHAJI3 JIOIIIBHO
MoYnHaTh 3 MOOYJAOBM  LUILOBUX  TpadiuyHUX  JiarpaMm, sKi  jJai
BUKOPUCTOBYIOTBCSA  [JUJISl MPOEKTYBAaHHA Mojelied 00’€KTIB 0a30BOro Kjacy
00’ €KT=TEXHOJIOT1YHA MaIlIUHA.

Takum ymHOM, 3 BiTOMUMH (1HIMIATI30BAHUMU) @PZyMEeHmMAMU — NOJleM
a00 BXIJIHUMH JTaHUMH KOKHOTO 00’ €KTY MPAIlIO€ CBiH (TaKOX 1HIIIaT130BaHMI)
Memoo0, KU 1 € peakii€lo Ha MOBITOMJICHHS OJiep)KyBaya 1 Ikl HeoOX1THUN
I 3aJI0BOJIEHHS  MNpuiHsATOro 3amuty. OTxke, Mpu OB’€EKTHO-
OPIEHTOBAHOMY IIPOEKTYBAHHI (mooentosanni) podounx mnpouLeciB
MEXaHIKO-TEXHOJIOTIYHUX cHucTeM ocHOBHUMM mnpuMitTuBamMu € OB’€EKT,
MOJIE (aprymenty a6o Bxigni pgani) 1 METOJ (cmoci6 peanizamii
noBI0OMIeHHs. TIPO 0008 ’a3ku 00 €KTy, SIKMM TPUUHSB 3anum). TyT 3anum,
nogioomnennsn, 0006’°a3ku 11e GopMaabHi TOHSITTS.
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Jlani HeoOXigHO (opmMaizyBaTH ONMMCYBaHHS THX (PYHKIIIH, SKI MEXaHIKO-
TEXHOJIOTIYHA CHUCTeMa Jejerye o0’ekraMm pi3HUX 0a30BUX KJIACIB, HAIIPUKJIIA],
0a30BOTO KJIacy «poOodi I1HCTPYMEHTH» 1 0a30BOTO KJIAacy «TEKCTHIIbHI
Marepianm», ToOTO ommcath iX (opmanbHi OO0OB’SI3KHM, SKI MiITAIOTHCS
anroputMizanii 3 Touku 30py OOA 1 rpadiuHo BiIOOpasuTH IIi 00OB’SI3KH
00’€KTIB 3a JOIIOMOTOIO Jliarpam.

3.2. OCHOBHI NPUHUMIIM 00’ €KTHO-OPIEHTOBAHOI0 NMPOEKTYBAHHSA

Sk OyJ0 MIOKPECIEHO OCHOBHUMM NMPUHIUIAMH 00'€KTHO-OPI€HTOBAHOI'O
IIPOCKTYBaHHS (MPOrpaMyBaHHS) € HPUHUUN OEKOMRO3ZUUIiy»,
«MpuHyun IHKaAncyaaAyii», <HPUHUUN YCHAOKYBAHHIA»
(poc. TpHHIIMI HaClICZIOBaHUs), «KHPUHUUN RHOAIMOpDizmy» 1
MpPUHUUN Oene2Yy6aHHA», SKI  3aCTOCOBYIOTHCA [UIsl CTBOPEHHS
AITOPUTMIYHUX 1 KOMIT'IOTEPHUX MojeNied Ha 3acagax 1HGopMaliitHuX
TEXHOJIOT'1H.

Ipunyun oOexkomno3zuyii — 1€ OJIWH 3 TMPUHLUUIMIB 00'€KTHO-
opieHToBaHOTrO TmpoekTyBaHHs (OOIIl) , 3riHO 3 SIKUM CKJIajHAa MEXaHIKO-
TEXHOJIOTIYHA cUcTeMa ab0 CHCTEMY 1HIIOT MPUPOAU MOAUISIETHCS HA 00 '€Kmu.
[Ipu ubomMy 06'ckm 1€ cCaMOCTIHHUN €IEMEHT MPOEKTYEMOI CUCTEMU 3 TIEBHUMHU
¢byHKuioHaTbHUMU  00B'si3KamMu. OO'ekT ysiBisie CcO00OK  CYKYIHICTh Y
MPOTPaAMHOMY 3MICT1 IHKAncynib08anux MoJiB 1 MeToaiB 3 Touku 30py OIIIT

Ilpunyun inkancynayii — e o0'€HaHHS Yy IPOTPAMHOMY CEpEIOBUIII
B OJIHO IIJIe noisi (JaHUX MPO 00’€KT) 1 Memody (IropuTMiB 0OpOOKU ITUX
nanux). [lpu iHKancymsmii moss, sk Ou BKJIaJeHI B CB1M METOJ 1, 1IeW MPUHIIUI
OIIIT mo3BoJisie TPy aBTOMATHU30BAaHOMY MTPOCKTYBaHHI MepedyI0ByBaTH OKpeMi
0JIOKM MPOTPAMHOTO KOAY, HE TOPKAIOYH BeCh 0a30BUH Ki1ac 00'€KTIB.

Ilpunyun  nonimopghizmy — 1€ BIACTUBICT NPOrpaMHUX OO0'€KTIiB-
HaIllaJIKiB, SIKI MalTh MPOrPaAMHOTO 00'€KTa-MPEIKY 3acmoco8y8amu pisHi
Mmemoou o06'exkma 0na supiutenus oowiti i miei 3adaui OOII. OO0'ekT, sKii
MO3HAYEHUM NOJIMOPGHUM IM'AM (3MIHHOI), MOXe OyTH OO'€KTOM IHIIUX
0a30BUX KJIACiB 1 MOXKE 110 CBOEMY pearyBaTv Ha OJMH 1 TOM e Habip omnepariiii.

Ilpunyun cnaokysanns (nommpeHa Haspa "[IpuHuun HacieqoBaHus")
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—II€ BJIACTUBICTh MPOTPAMHUX KJAaciB 1 MporpaMHUX OO0'€KTIB MOPOJKYBaTH
CBOIX IMporpaMHuX HamajkiB. [Ipu oquHOUYHOMY crHajKyBaHHI OMH Kiac abo
00'€KT 3aCTOCOBYE CTPYKTYpPY Ta MOBEAIHKY 1HIIOTO KJacy Ta O0'€KTy, a mpH
KUIBKICHOMY CIIaJIKyBaHHI - 3aCTOCOBY€ CTPYKTYPY Ta MOBEAIHKY 1HIIMX KJIACIB
Ta 00'€KTIB.

Ilpunyun oOenecyéanns — 1€ JIeNIeTyBaHHS OO0'€KTY ITOBHOBaXEHb
1HIIOTO O0'€KTYy CHCTEMH, KOJIM OJMH 00’€KT, BIAMOBIJAJBHHUM 3a OIeparlio,
nepeopydyae BUKOHAaHHS 1€l omepallii abo peami3aiilo CBOEl IMOBEIIHKH
iHIomMy 00°ekTy. Takuii anbTEpHATUBHHMM MIAXIJ A0 OpraHizalii kiaciB, 0e3
KJIaciB, JIO3BOJISE JOMOITHCS CIIUILHOCTI IOBEIIHKM O0’€KTIB B CHCTEMI Oe3
IMIPUHLHAITY CIAJKOEMCTBA. fIKIIO MPOEKTYBaHHs CKJIAJHOI CUCTEMH 3aCHOBAHE
Ha JIeJeryBaHHI ITOBHOBaXXCHb MEXaHIKO-TE€XHOJIOTIYHOI ~ CUCTEMU
oe3nocepeHb0 00’€KkTaM, TOA1 KiaciB Hemae. Jliarpama KiaciB — epagiune
300padCeHHss CMPYKmMypu 2eHeanociuno2o oepesa (epaga) 6a3z08ux Kiacie
006 ’exmis.

06'ekmHo-opicnmosane  npoekmysanHs 1€ CydaCHa KOMII IOT€pHa
1I€0JIOTI  MPOEKTYBAaHHS CKJIAJAHUX MEXaHIKO-TEXHOJOTIYHUX CHCTEM, SKa
3alMo3M4eHa 3 1JI€0JIOTIT 00 €KMHO-OPIEHMOBAHO20 — NPOSPAM)EAHHSL
AITOPUTMIYHUX MOB Ha 3acajaXx HACTYIHUX TMEPEXOJiB: mpoyeoypu —
MO0yl — abcmpakmHui munu 0GHUX — 00’ekmu.

Ilpouyedypu —n03BOJNSIOTH CKOHIICHTPYBAaTH BOJHOMY MiCIli poOOTYy
(3amucaTtd MpOTpaMHUN KOJZ), SIKa BHUKOHYEThCS OaraTOKpaTHO, a TMOTIM
0araTokpaTHO BUKOPUCTOBYBATH 1I€¥ MporpamMHuil ko (11adjaoH), 3aMICTh TOTO
00 HOro mucaTu 3HOBY 1 3HOBY (mpocpamuutl k0O 1€ peanizailisi alropuTMy
pOrpamMu Ha OJJHOI 3 AITOPUTMIYHUX MOB IIPOTPAMYBAHHS).

Mooyni (nporpamMHi) — I03BOJSIOTh PO3AUIMTH Oani (noas) i memoou
(ancopummu) Ha nBi wactuHu: Bimkputi (public), siki MOCTymHI TUTBKK 330BHI
MOyt 1 3akpuTi (private), siki JOCTyIHI TUTBKHM BCepeanHi Moayis. [IporpamHi
MOJYJI1 pIlIal0Th MPoOJIeMy MacKyBaHHs 1H(GOpMaIlii, a 3HAYMUTH i1 I{ITICHOCTI.

Abcmpakmui munu OaHux — JO3BOJSIOTh TEHEPYBATH JEKIIbKa
EK3EMIUISIPIB aOCTPAKTHOIO TUITY TAHMX.

Ha mpukimagi cucteM i3  JKOPCTKOIO CHCTEMOIO KEPYBAaHHS — THILY
«pO3MOJIUIBHUM Ba» 1 CHUCTEM 13 IIMKJIOBOK CHCTEMOI KEpyBaHHS, IO
MIPOTPAMYETHCS PO3MIITHEMO 00’ €KTHO - OPIEHTOBAaHI OOOB’SI3KU €JIEMEHTIB, SIKi
OTPUMaHI MICIs iX TEKOMIIO3UIllT MEXaHIKO-TEXHOJIOTIYHOT CUCTEMHU.
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3.3. O0’ekTHO-OpicHTOBaHi 000B’SI3KM pPo0OOYHX OpraHis
MAIIUH NPU YTBOPEHHI YOBHUKOBHUX CTIiOKIB Kkiaacy 300

JIns BHKOHAHHS YOBHUKOBOI'O CTIOKAa B KOXHIM INBEHHIM MAaIHMHI €
HACTyIHI THUIOBI poOOYl OpraHu: 204KdA, YOBHUK, HUMKONPpUMA2Y8aU,
3ybyama petika, TPUTHCKHA JamKa, TOJKOBa IUIACTHHA, PETYJSTOp HATATY
TOJIKOBOiI HUTKH, PETyJSTOp HATATY YOBHUKOBOI HUTKH, PETYJATOP IAOBXKHHU
cTiOka 1 Baxiab peBepcy warepiany. Ilepmri yotupu poOOUYMX OpraHiB
BIJIHOCATBCSA JI0 CTIOKOYTBOPIOIOUMX 1 PO3TISJAIOTBCA MpU  10OYI0BI
UKJIOTpaMy pOOOTH MAIIMHHU, TOMY IO iX TMOJIOKEHHS 3aJIeKUTh Bl KyTa
MOBOPOTY T'OJIOBHOTO Baiy. [HIN 3a0e3MeuyIoTh sIKICTh YTBOPEHHS YOBHUKOBHUX
CTIOKIB 1 IIBIB 1 PETyIIOBaHHA IX MapaMeTpiB, a iX MOJIOKEHHS HE 3aJICKUTh BiJ
KyTa MOBOpPOTY TOJOBHOIO Bajly MAaIlIWHH, TOMY IO BIJCYTHI KIHEMaTHUYHI1
3B’SI3KH 3 TOJIOBHUM BaJIOM.

00’ckmno-opienmosanumu 0608’a3Kamu 201KU €:

- POKOJIFOBAHHS MaTepiaiB;

- POBEAECHHS KP13b MaTePialiv TOJKOBOI HUTKH;

- YTBOPEHHS TETIIi-HAITYCKY;

-0enecye6aHnnsa (meperaya) 3TIHO 3 LUKIOIPaMOI0 poOOTH
MallliHU BUKOHAHUX OOOB’SI3KIB YOBHUKY, HUTKONIPUTSTYBauy 1 3y0UaToi pemiii.

00’ckmno-opiecnmoseanumu 0608’a3Kamu Y0BHUKA €:

- 3aXOIJICHHS NETII-HAMYCKY;

- PO3UIUPEHHS METII-HAITYCKY;

- 0OBelCHHS METJI-HAMyCKy HABKOJIO IIIYyJie TpuMaya 31 IIMYyJbKOI 3
YOBHUKOBOIO HUTKOIO 1 IITYJIBHAM KOBIAYKOM;

- yTpHMaHHS XBOCTOBMKOM HAKJIQJHOI IIJIACTUHU CKHHYTOI 3 HOCHKa
YOBHUKA METIII;

- MIepeIJICTEHHS TOJIKOBOT 1 YOBHUKOBOI HUTOK JIJIsl YTBOPEHHS BY3JIUKA,

-0deneczcyeanns (mepegada) 3TUIHO 3 ITUKIOTPaMOI poOOTH
MallliHU BUKOHAHUX OOOB’SI3KIB HUTKOIPUTATYBAUy 1 3yOUaTol pewuiri.

00’ckmno-opiecnmoseanumu 0608’a13Kamu HUMKONPUMAZYEAUd €:

- MoJa4ya HUTKU TOJII MNpH ii pycl B MaTepiajii JO MOMEHTY YTBOPEHHS
MEeTII-HaMYCKY;

- ToJa4a HUTKM YOBHHMKY BIJJ MOMEHTY 3aXOIUICHHS HOCHKOM METJIi-
HAIyCKy J0 MOMEHTY MaKCMMaJIbHOT'O PO3IIMPEHHS METIi-HAIIYyCKY;
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- BUOMpPAHHS TOJIKOBOI HUTKM 13 YOBHMKOBOTO IMPHUCTPOIO 1 3MOTYBaHHS
YOBHUKOBOI HUTKH 31 LIMYJIbKH;

- 3aTATyBaHHS CTiIOKa 1 3MOTYBaHHS TOJIKOBOI HUTKY 3 000iHHM abo
KOTYIIIKH;

-0denecye6anHasa (mepegaya) 3TITHO 3 LUKIOTPaAMOI0 PoOOTU
MaITiHU BUKOHAHUX OO0OB’SI3KiB 3y04aToi peuIr.

O0’cKmHo-0opieHmoganumMu 0008’a3Kamu 3y0uamoi peiku €:

- TIEpeMIIeHHs] MaTepiaay Ha 3aJlaHy JIOBXKUHY CTiOKa 13 3yNMHUHKOIO MpHU
3HAXOJ[PKEHHI T'OJIKW B MaTepiai,

- peryJIIOBaHHS JOBXKHUHHU CTiOKa;

- peBepc MaTepially Juisi BAKOHAHHS 3aKpIlOK HA TIOYaTKy 1 B KiHIII [I1Ba;

-0enecye6anHsa (mepegada) 3TAHO 3 IUKIOTPamMor0 poOOTH
MalIMHU BUKOHAHUX OOOB’SI3KIB T'OJIIIl, IPUTUCKHOT JIAMKHU T'OJIKOBOI MIACTHUHHU.

00’ckmHo-opienmoganumu 00606’a3Kamu NPUMUCKHOT TANKU €:

- 3a0e3MeueHHs KIHEMAaTUYHOTO 3B’SA3Ky B CHUCTEMI: 3yOuara peiika —
MaTepiai — MiI0NIBa MPUTUCKHOI JAKU MPHU MEePEMILIEHH] MaTeplaay Ha 3aJaHy
JOBXXHMHY CTiOKa 1 B cHUCTEeMi: 3yOuara peiika — maTepiall — TOJIKOBa IJJaCTUHA
IIPU BUCTOIO MaTepiaiy;

-0enecyeanHasa (nepenada) QyHKIIH negan (QPUKIIOHY 1
rOJIOBHOMY BaJly Ha MOYATOK MPOIECY MIUTTA MPU 3HAXOJKEHHI MPUTUCKHOI
JIanKU B HIDKHBOMY TIOJIO’KEHHI,

- BTUCHEHHSI MIKpPO 00’€My TEKCTHJIBHOTO MaTtepially 10 3y04aroi perku
Ha (a3l mepeMilieHHsa (BOJOYIHHA) MaTreplany HpH 3HAXOHKEHHI TOJKU Haj
MaTrepiajioM;

- Odeneeyeannsn (nepenaya) PyHKIIIM roJIOBHOMY Bajly, a 3HAYUTh
BCIM CTIOKOYTBOPIOIOYMM pPOOOYMM OpraHaM Ha 3aKiHUYEHHS MPOIECY IIUTTS
MIPU 3HAXOJKEHH]1 TPUTUCKHOT JIATKU B BEPXHHOMY TIOJIOKECHHI.

00’ckmHo-opiecnmosanumu 0606’a3Kamu 20,1K0601 NJIACMUHU €:

- yTpUMaHHsS Martepiaiay MiJi NPUTUCKHOK JalKOK NpH 3HAXOMKEHHI
TOJIKM HaJl MaTeplajoM 1 B MaTepiaii 1 HasBHOCTI B FOJIKOBOI TUIACTHUHI KPYTJIOTO
OTBOPY, CKP13b LEHTP SIKOTO TMPOXOIUTH BICh FOJIKH;

- PO3AUICHHS TPAEKTOpli BEpIIMH 3YOIiB 3yOuaToi peliku Ha pobouy 1
XOJIOCTY 32 PaxyHOK HasiBHOCTI B T'OJIKOBOI TUIACTHHI TOJIOBXKHIX TPOPI3IB IS
MIPOXOJIPKEHHS 3y04aToi perku;
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-0enecyeannsn (mepenada) IPUTUCKHOI JIAMKHK 1 3y04aTOl periku
HEOOX1THOI yMOBH TEPEMIIIEHHsS Marepiajly MNpH 3HAXOJPKEHHI TOJIKK Haj
MaTepiajioM 1 yMOBH BUCTOIO MaTepiaily IpH 3HAXOKEHHI TOJIKK B MaTepialli.

O6’ckmno-opienmoganumu  0008’a3Kamu  PETyIATOpPAa  HATATY
TOJIKOBOI HUTKH, PETYIISTOPY HATITY YOBHUKOBOI HUTKH, PETYJIATOPY JOBKHHH
cTiOKa 1 BaXkesisl peBepcy MaTepiaily BUILIMBAIOTH 3 1X Ha3BH.

Posrisimaroun  mporec yTBOPEHHS YOBHUKOBOTO CTiOKa Ha PI3HUX
IMIBEHHUX MAalllMHaX, MOXHa IOMITUTH, IO OLIbIlIa YacTHHA ONepallii, IIo
BUKOHYIOTHCSI pOOOYMMHU OpraHaMu, € MOJIIOHUMH, a CIIOCOOM YTBOPEHHS CTIOKa
MOXYTh OyTH PI3HUMHU.

[lepenneTeHHs] HUTOK MPHU YTBOPEHHI YOBHUKOBOTO CTIOKa BHKOHYETHCS
3a IOMOMOT'OK0 KOJIMBHOTO a00 00€pTOBOr0 YOBHHUKA.

B mBeliHOMY, TPUKOTa)XHOMY 1 B3yTTEBOMY BHUPOOHHUIITBAX MEpeBaKae
MEXaHI4Ha TEXHOJIOTisI YTBOPEHHS CTIOKIB, sIka B y3arajJbHEHOMY BUIJISII TIPH
CHUCTEMHOMY aHalli3l Ma€ Ha BXOJl TpU a00 YOTHUPU «IHTPEHIEHTa» - IIBEHHI
HUTKH, IIBEHHY MAallMHy 1 TEKCTUJIbHUN Marepian a0o IMIBEHHI HHUTKH,
(GypHITYpY, IIBEHY MalllMHy 1 TEKCTWJIbHUIA MaTepiai. Ha BUXoAl MexaHIYHOi
TEXHOJIOT1i YTBOPEHHS CTIOKIB - pe3yibTaT peani3allii MeXaHI4HOi TEXHOJIOTIi. 3
KOKHAM BHUKOHAaHMM MAIIMHHAM ITUKJIOM 3MCHINYETHCS PIZHUI MK
«IHTpEJIEHTaMU» 1 Pe3yJIbTaTOM MEXaHIYHOi TeXHOoJorii. I komu 1 pi3HUIA
JIOPIBHIOETHCSL HYJIIO, TOJI OTPUMYETHCS HOBUU TEXHOJOTIYHUN 00’€KT, 3
HOBUMH (P13UKO-MEXaHIYHUMU BJIACTUBOCTSMH, HOBUM MPU3HAYEHHSIM 1 HOBUMHU
eKCIUTyaTaI[iiHUMHU BIACTUBOCTSIMHU.

3.4.00’eKkTHO-OpicHTOBaHi 000B’SI3KHU eJIeMEHTIB MeXaTPOHHOI0 MOAYJIs

PosrnsaeMo 00’€KTHO-OpiEHTOBaHI OOOB’SI3KM  €JIEMEHTIB  ITUKJIOBOL
cucteMu  KepyBaHHa Ha  3acamax ~ MOHOcrtabinbHOrO  KepyBaHHS
MTHEBMOITMJIIHAPOM Ha TPHUKIJIAAl 00’ €KTHO-OPIEHTOBAHUX OOOB’SI3KIB THIIOBOT
napu eJIEMEHTIB MEXaTPOHIKH «ITHEMO- , TIAPOIMIIIHAPY» — «ITHEMO, - T1APO
PO3MOIITEHUK

00’ckmno-opienmosani 0008°a3KuU NHEBMOYUTIIHOPY

(ciopoyunindpy) — NEPEMHOKUTH THUCK P y 0€3 IMITOKOBIA KaMmepi Ha IJIomy S
MIOPIITHSA 1 deslecysamu pe3yabTaT B BUTIISLAL cuiii F = p-S Ha MITOK MOPIITHIO.
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00’ckmno opicumoeani 0006’a3KU 30/10MHUKA
NHEeeMOpPO3n00iIbHUKA — OTPUMATH PYX BiJ Majoi €JIeKTPOMArHiTHOI CHJIH
PYXy SKOpSI €JIEKTPOMArHiTy 1 MEPEeTBOPUTH IO CIJIy B 3HAYYILYy CHITY
F = p-S pyXy nopuHio.

00’ckmno opienmoeani 0008°A3KU  NHEEMOPO3NOOIIbHUKA —
OTPUMAaTH KOMAaHJy BiJ] €JIEKTPOMArHiTy 1 BUKOHATH PyX MOPIIHSA, B pe3yibTaTi
YOTO KJalaH oenezye  NHeGMOUWUIIHOPY (2i0poyuniHopy) 3HAK MHOKECHHS
s Bupasy F =p-S.  Skmo knanmaH BKIIOYEHMM — THUCK 1 TUIOIIA
MEPEMHOXKYIOTBCS, SKIO KJIallaH BUMKHEHUN — TOOYTOK JIOPIBHIOETHCS HYIIIO.

00’ckmnuo-opienmogani 00086’°a3KU e/1eKMpPOMazHimy
HHEBEMOPO3N0O0IIbHUKA — CTIPUWHITU KOMaHy Ha BKJIIOUCHHS/BUMKHEHHSI Bij
KIHIIEBUX BHMHKAUIB a00 Big KHOIKH «Starty Ha BXOal I MHOKEHHS

o o TH _ krm? 5
MArHiTHOI MOCTIHHOI L4, [? = Zatm ’M], kBagpary cuid ctpymua | [A],
KBaJpaTy KilbKICTI BHUTKIB W KOTYHIKH, KBaapaTy Iwomi S%[m?] meperumy
cepleduHMKAa 1 aineHHs pesyisrary Ha 212, ne l. — cepeiHs IOBXKHHA

HOBITPSHOTO 3a30py. OTtpumanuit pe3yabTaT oenezyemucsl
eleKTpoMarHiry=object y  BHIJISIII  C€NEKTpoMarHitHoi  cwmm  F, =

7N 2. w?252) /212 nus nepemimeHHs 30I0THAKA THEBMOPO3IIOILTHHIKA.

00’ckmno-opienmogani 0006’a3Kku WIMOKY HOPWIHA — BKIIOUYUTH
CUTHAJI CTaHy (MpW HEOOXIAHOCTI MITOK 3a0e3redyye KIHEeMaTHUYHUN 3B’SI30K 3
nepelaTOYHUM  MEXaHI3MOM) 1 Oenezygamu Pe3yibTaT 3a JOMOMOTOIO
KIHIIEBOI0 BUMHKaua (repkoHa abo 1HIIOTO JaTYMKA MOJIOAKEHHS ) KOHTPOJIEPY 1
BEJICHOT JIAHIII TIepeJaTOYHOMY MEXaHi3MYy.

3.5. IIpukaan 06’€KTHO-OPiEHTOBAHOI0 aAHAJI3Y TEXHOJIOTIYHOI MAIIMHHU

[TocnimoBHICT, KOMaHA poOOYOro TMpoIecy MAaIlIuHU BU3HAYAETHCS
aiarpaMoro  (IMKJIOTpaMol0, CHHXpOTpaMor0 abo B 3arajlbHOMy BHMAJAKY
3HAKOBOKO MOJICJUIIO) B3a€EMO/IIi pOOOYMX IHCTPYMEHTIB MK CO0OI0, HUTKAMH 1
MarepiasioM 3a 1 1Mk yTBOpeHHs crioka. Ha puc. 3.7 Ha mnpuxiami
TEXHOJIOTIYHOT MAaImuHU  (MIBEWHOI MAaIllMHU  3arajbHOrO0  MPU3HAYCHHS
YOBHUKOBOTO CTIOKa) HaBeleHa 00 €KTHO-OPIEHTOBAaHA JiarpamMa B3aeMOJIT

00’€eKTIB IBOX 0a30BUX KJIACIB:
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bazoe020 knacy 06’ekm=poboui incmpymenmu (T0ool=0bject);
bazosoeo kiacy 06’ekm=cuposuna (RawMaterial=object).

I1i OGa30Bi KjacM HE MarOTh 3arajJbHOTO TIpenka. baszoBwii Kiac
00’ €KT=KOHTpOJIEp Ha JiarpamMi B3aeMOJii 00'€KTIB HE 300paKCHHIA.

liacpama 63aemo0ii 06'exkmis 11e TpadiuHe 300pKEHHS MEPETUHAHHS
0a30BHX KJIaciB 00’€KTIB, sIKI HE MalTh a00 MarOTh 3arajibHOTO mnpeaka. [Ipu
IIbOMY TIEPETUHU OO0 €KTIB OOYMOBJIEHI (PYHKIIOHAJIBHUM TPU3HAYCHHSIM
MAaIlIMHU 1 TOPAIKOM iX B3aeMolii 32 OAMH 00OPOT TOJOBHOTO Bay MAIIUHU.
To6T0 Taka B3aeMoist 00’ €KTIB BU3HAYAETHCS (DYHKIIOHAIBHUM MPU3HAYCHHSIM
MallMHU 1 TOPSAKOM B3aEMOIT «06 ‘em=po00Yl IHCTPYMEHTHU» 1 «00 €xkm
=HamiB(haOpuKaTu» MK OO0 3a OJMH LUKJI BUKOHAaHHA OoJHOro ctioka. Ilo
aHajorii OyAayrThCsa Jiarpama B3aeMOJIii 00’ €KTIB 1 JI 1HIIUX TEXHOJOTTYHHX
MamuH (A1 PO3KpO0, MOIIUTTS, B’S3aHHS, (OPMYBaHHsS), SIKI peai3yloTh
MEXaHIYHY TEXHOJIOTII0 BUTOTOBJICHHS OJSTY, B3yTTsS 1 IHIIUX BHUPOOIB abo
HariB(paOpUKAaTIB 13 MaTepIalliB JIETKOI 1 TEKCTUIBHOI IPOMHUCIOBOCTI.

ChopmynoeMo OCHOBHI OO0OB’SI3KM, SIKI TUISAratoTh ¢opmanizamii
00’ekTiB  Tphox Oa3oBux kiaciB Tool=object, RawMaterial=object i
Link=object.

dopmaizoBaHUMHU 00’ €KTHO-OpP1EHTOBAHUMU 000B’s13KaMu
JIeJIETOBAHUMH  MEXaHIKO-TEXHOJIOTIYHOIO CHCTEMOIO Il 0a30BOro Kiacy
Object=po6oui iHcTpymentu (puc. 3.2) abo Tool=object {o0’exTHuii THI} €
HACTYITHI BKa3iBKU-KOMAaH/IN.

1. Object=conxa abo Needle=object — npoBectr roaKOBYy HUTKY (00’ €KT
CYMIXKHOTO 0a30BOTO KJIACy) CKpi3b MAaKeT 3MIMBAEMUX TEKCTHJILHUX MaTepiajiB
1 YTBOPUTH NETIIO-HAMYCK.

2. Object=uosnux abo Chuttle=object — 3axonuTu mneTIIO-HAMYCK,
MeperuiecTd Mi coOOI0 TOJIKOBY HHUTKY, SIKa TOJIaHa TOJIKOK 1 YOBHUKOBOIO
HUTKY (00’€KT CYMDKHOrO 0a30BOro Kjacy) Ha MIMYyJbIl YOBHHUKA IS
YTBOPEHHSI BY3JIMKA NIEPETVIETEHHS TBOX HUTOK.

3. Object=numrxonpumsicysau abo AttractThread=object — mnonatu
HUTKY TOJII /Il YTBOPEHHS I-20 CTiOKa, MOTIM YOBHHUKY, 3MEHIIUTH PO3MIp
00BeZIeHOI HaBKOJIO IIMYJIBKO JIepyKaTessl TOJIKOBOI HUTKH JI0 PO3MIpPY BY3JIHKa,
3aTSTHYTH YTBOPEHHM BY3JIUK B CEpEAUHY MaKeTy 3IIUBAEMHUX MaTepialliB
(00’exkT cymikHOrOo 0a30BOro Kjiacy) 1 3MOTAaTH 3 KOTYIIKH TOJIKOBY HHUTKY
TOBXHHOIO, SIKA JOPIBHSIE TOBKUHI HUTKU 3ap00JIeHNH B i-utl CTiO0K
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4. Object=3yb6uacma petika adbo BottomFoot=object - cuigkye 3a
MOJIOKEHHSIM BICTpSL TOJIKM (00’€KT 1BOro 3 ©0a30BOro Kiacy) BIJIHOCHO
BEPXHbOI MOBEPXHI MAKETy TEKCTUJIBHUX MAaTepiaiiB, SKI W 3HAXOIUTHCA MIXK
MPUTUCKHOIO JIAMKOIO (00’€KT 1bOTo 0a30BOT0 KJIACy) 1 TOJIKOBOIO TUIACTUHOIO
(00’ekT 1pOro 6a30BOro Kiacy) Ta MEPEMICTUTH 3IIMBAEMH MaTepiaid Ha
3aJaHy JOBXHHY CTiOKa 13 HHMTOK, KOJHM BICTps TOJKW BHiflie 3 MaTepiairy
(00’ekTy cyMDKHOTO 0a30BOTO KJIacy).

5. Object=npumuckna nanka abo PresserFoot=object — npu akTuBHOMY
po6ouoMy mpolieci MOCTIHHO B3aEMOJIE TUIBKH 3 00 €KTOM CYMIXKHOTO KJacy
Cloth=0bject.

6. Object=conxosa nracmuna abo PlateNeedle=object — Bukonye poib
MocepeTHUKa IS peajizarii poOoYoro MpoIecy i TaKoXK IMOCTIHHO B3a€MOJIIE
TiIBKH 3 00’ektoM cymibkHoro kiacy Cloth=object i1 mnepioguuno 3
BottomFoot=0bject cBoro kiacy.

7.0bject=pecynsimop namsey 2onxosoi numku abo SensorThread=object
— BHUKOHYye (yHKIII JaTdyWKa HATATYBaHHS HHTOK, SIKAH 3HAXOAWTHCS B
MaCUBHOMY CTaH1 (YBIMKHEHHUH) Ha MpOTI31 BChbOro pobodoro mpoiecy. Bin
NEPEeXOIUTh aBTOMATHYHO B aKTHBHHM CTaH, a caMe€ HE 3aTHUCKYE TOJKOBY
HUTKY CIIO)KHTY HUTKOIIPUTATYBAdYeM IPH yTBOPEHHI HACTYITHOTO CTiOKa 10
MOMEHTY OTPHMaHHS KOMaHAM BiJ BY3JIMKa 13 HUTOK 1 Marepiany (00’€KTiB
CYMIDXKHOTO 0a30BOr0 KJIaCy) MpH KYyTi MOBOPOTY TOJOBHOTO BaTy MAlTUHU, KOJIU
el BY3JUK MPUIIMHSAE TEPEMIIICHHS! TI0 BEPTUKAIl 1 3yNMUHUTHUCS B CEPE/IMHI
MAKETY JETAJIEN 3 TEKCTUIIIO.

Deg. |Veedle ChuttlelAttracLThread BottomFoot| PresserFoot (ThreadNeedle [ThreadChuttle Cloth
. = |=object [=object =object =object =object =object =object =object
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Ir :r‘qo‘ -.“‘ $ I- L
9': LI ] ---i-----_---.“- '-- --——-‘_--—" -1
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Puc. 3.7. OG’exkTHO-Opi€HTOBaHA JiiarpaMa B3aeMOJli 00'€KTIB TEXHOJOT14HOI
MAaIlTMHU Ha MPUKIIaJli YOBHUKOBOI IIIBEHHOT MAIlIMHK 3araJIbHOTO MTPU3HAYCHHS
3 JKOPCTKOIO CUCTEMOIO KePYBaHHS THUITY «PO3MOUTEHAN BaD»

dopmainizoBaHUMHU 00’ €KTHO-OP1€EHTOBAaHUMH 000B’s13KaMu
JICNIETOBAHUMH MEXaHIKO-TEXHOJIOTIYHOID CHUCTEMOIO0 it  0a30BOT0  KJacy
Object=cupoBuna (puc.3.2) a6o RawMaterial=object; {o0’exTHuii THn} €
HACTYITHI:

1.  Object=numxa  mnopomxye  Object=conkoéa  Humrka  a0o
ThreadNeedle=object Ta Object=uosnuxosa HUMKa abo
ThreadChuttle=object.

ThreadNeedle=object — 3 mo3wuilii 00'€KTHO-OPIEHTOBAHOTO aHAMI3Y IICH
00’€kT, K 1 1HII OO0’€KTH LBOTO KJIACy € TEPEeIaTOYHUMHU JIAHKAMU MIX
o0’extamu cymixHOro ©OazoBoro kiacy Tool=object. T'onkoBa HHTKa €
MPY>KHOIO JIAHKOIO, SIKa BKa3iBKoro-koMaHot0 (1) mepemae qyis  Needle=object
KOMaHAy TIPOBECTH METIIO CKpi3b matepiai, a 1 Chuttle=object Bka3iBkolO-
KOMaHA010 (2) mepenae CHUTHAJI MO TOJOKEHHIO TOJOBHOTO Baly O CBOEI
B32€MO/IIi 3 HOCUKOM YOBHHKA IIPH MEPEMIILIEHHI T'OJIKH 13 KpAHBOTO HUKHBOTO
MOJIOKEHHS HA BEJIMYUHY So= CONSt.

[Is Bka3ziBka-koMaHja (2) mepemaerbcs 3a JIONOMOrOK Marepiaiy, B
SKOMY 3HAXOJIUTHCA TOJIKA 32 PAXyHOK  PI3HOCTI CHUJIU TEPTS MIXK MaTepiaiaoM i
Ti€i JUISTHKA HUTKH, KA TMPUXOBAaHA B JIOBFOMY >KOJIOOKY TOJIKHM 1 CHJIU TEPTS
TUISTHKA HUTKU 3 TPOTUIIEKHOTO OOKY TOJIKH III€] K HUTKH, Ka 0e3M0CcepeIHbO
3HaXOJIUThCS B Marepiali.

BxkaziBky-koMaH1y 3) TOJIKOBA HUTKA nepenae JUIsL
AttractThread=object npo HEOOXiAHICTH CKOPOYCHHS JOBXKHHI PO3IIUPEHOT
MeTIi-HamycKa 1 BTATYBAaHHI BY3JIMKa MEPETUICTEHHS 13 JBOX HUTOK B MaTepia.

BkasiBka-komanna (4) dopmyerscs st SensorThread=object mpo
HEOOX1IHICTh MOa4l HUTKH JIJI1 HACTYITHOT'O MAaIlTMHHOTO CTiOKa.

Hns  ThreadChuttle=object  cuctemoro  generoBani  00OB’SI3KH
YOBHUKOBOI HUTKH, sIKi 1HKancynpoBaHi B 00oB’si3kax ThreadNeedle=object
MICIIsl YTBOPEHHS BY3JIMKA 13 ABOX HUTOK.

2. Object=mkanuna abo Cloth=0bject — € mpyxHiM mepeaaTOUHOO
nankoro MK  PresserFoot=object i PlateNeedle=object, To6T0 €
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TnepesaTouHol0 JIaHKOK [BOMA 00’€KTaMM CyMIXHOIO 0a30BOro Kiacy. Ii
000B’SI3KM TTOBUHHI OyTH C()OPMYIIHOBaHI JJII CUCTEMU Y CHUCKY BiJMOBIIHUX
HACTYITHUX BKa31BOK (KOMaHM) TOJIli, HUTKOMPUTATYBauy, 3yOdacTii perku i
PETYIATOPY HATATYBAHHS TOJIKOBINA HUTKH:

BxkaziBka-komanma (1) roqku — mMpoBeaHM CKPi3h MEHE TOJKOBY HUTKY Y
BUTJISIAI  CUMETPUYHOI TMETI 1 KOJMM OOWABI TIIKA TETIlI JOCSATHYTH
MaKCHMAJIbHIN JOBXHUHI, TOl 3 OJHIET CTOPOHU HUTKHU MOTPIOHO MPU3YIUHHUCH
JUTSL YTBOPEHHS METIIi-HaITyCKa.

BxkasiBka-komanaa (2) ajis HUTKONPUTATYBaua  1HKAICyJlhOBaHa B
AttractThread=object.

BkasiBka-komanga (3) 3youaroi peiiku — mepeminryii Cloth=object na
3aJaHy JOBXHUHY CTiOKa, Tak sIK TOJIKa BXKE€ BHMILIA 13 MaTepiady 1 HOro
MIEPEMIIIICHHIO BIIEPE]] HIIIO HE TIEPEIIKOKAE.

BkaziBka-komanna (4) mis  SensorThread=object — By3muk i3 J1BOX
HUTOK BXe BTArHyTHi ycepenuny Cloth=object i skmo 3apa3 He Oyne
ocinabnena HarsaryBanHs ThreadNeedle=object, Tomi He i3 dYoro Oyme
OTpUMYBaTH HACTYyMHUN CTIOOK ab0 TOJKOBa HUTKA OOIPBETHCA, YOMY
MIPUCBOEHO MACHBHUMN CTaH poOOUYOTO MPOIIECy.

dopmaitizoBaHi 00’€KTHO-OPIEHTOBAaHUMU OOOB’SI3KHU, SIKI JEJIeTOBaHi
MEXaHIKO-TEXHOJIOTIYHOIO CHCTEMOI0 0a3oBoMy kiacy Object=Mexanizm abo
Mechanism=object (puc. 3.2) nius Object=nanka ado Link=object; {00’ exTHnii
TUI} TEXHOJIOTIYHOI MAIMHH, PO3IVITHEMO Ha TPUKIAIl OJHI€l 3 THIIOBHX
JAHOK PI3HUX MEXaHI3MIB IJILOBOTO MpHU3HA4YeHHS. B AKOCTI Takoi JaHKH
BuOupaemo matyn Connecting=object i 3 mo3wuiii «IIaTyHHOCTI» PO3TIITHEMO
HIIIl TUIIOB1 BEydl MEPENaToyHl 1 BEACHI JaHKH BaXIJTbHUX MEXaHI3MIB, SIK
00’ekTH 10 iHKarncyapoBaHi B Link=0bject. 3micT «maTyHHOCTI» TOJIATaE B
TOMY, 10 Oyab-sika JaHKa MOxe OyTH 3aJjaHa Ha IUIONIMHI JBOMAa TOYKAMH,
BiJIpi3KaMU MPSIMOi 3a/1aHO1 JTOBKUHU L = const i kyrom @ B npuiiHsTII
cucremi koopauHar. Jlns kpuBommmny (Crank=object) i ekcueHTpuka
(Eccentrik=0object) moTpiOHO 10/1aTKOBO BKAa3aTH, IO OJHA TOYKA 3 3aJaHUMH
KOOpAMHATaMH € criiikoro (Bearing=object) i smina xyra @; > 360°, mus

xynaukis (Wobbler=object) - tesx came, Tinbku L 7 const. J{ns kopomucna
(Rocker=object), six amst kpuBowmmy Tineka @ ; < 360° .

[Ipy 1bOMYy MeEXaHIKO-TEXHOJIOTIYHA CHCTEMa 3 TO3UIli aJrOpUTMy
00EKTHO-OPIEHTOBAHOTO TMPOCKTyBaHHs jejerye o0’ekram Crank=object,
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Crank=object (xpusommun), Eccentrik=object (excuentpuk ) i Cam=object
(Kyna4oK) BUKOHAHHS HaCTYITHUX 00OB’SI3KIB.

KpuBommn, eKCIeHTPUK, KyJadoK, KOPOMHCIO B T€OMETPUYHOI MOl
MaloTh 33J1aHi TeoMeTprdHi po3Mipu (I = const ), koopauuatu criki (X0 Ta y0) i

TIOYaTKOBHH KYT (), TIOJIOKEHH:. JII Beydol IaHKU KyT HOBOPOTY 3a/[a€ThCS

B MPUPOIICHHAX I BU3HAYCHHS IIBUIKOCTI 1 IPUCKOPEHHS B BIAKIAICHOMY
pimenHi. Taki JaHKM TIOBHHHI TEHEPYBaTH TIOBIIOMJICHHA Ha KOXHOMY
BUKOHAHOMY ITMKJII (000pOTI rOJIOBHOTO Bajly) pobodoro mporecy. [Ipu npomy
poboTa IIILOBUX MEXaHI3MIB TOJKH, HUTKONPUTATYBaua, 3yOdaTtoi pelku
11eHTU(IKY€eThCS TOBIJOMJICHHSIMH TpPO HOBI  KoopauHatu Xj 1 Y 3a
JIOTIOMOT'O0 3MIHU KOOPAMHAT OC1 MaJiblisi KPUBOLIUITY a00 OCl poJiMKa TOBKayda
KyJauKOBOI'O MEXaHI3My, Ikl ~ YTBOPIOIOTh 00€pTajgbHy KIHEMATUUHY Hapy 5
KJIacy 3 TEpIIOI0 TOJIOBKOIO IaTyHa, abo 3 MOBEPXHEI0 Kyjauka B 3aJI€KHOCTI

BiJl y3araJbHEHOI KOODIAMHATH (J; — KyTa IOBOPOTY BeAydoi naHKH. Takum

YUHOM, OOOB’SI3KM OyAb-SIKOTO 13 MEpeIldeHUX JIAHOK € TE€HEPYBAHHS JBOX
rapMOHIYHUX (PYHKI1H, B MPOEKIISAX HA OCI KOOPAMHAT 1 3MIIIEHUX IO (a3l Ha

m2: Xi=Lcosg, i yi=Lsing,.
KpuBoiurn, eKCleHTPUK, KyJa4yoK, KOPOMHUCIO B T€OMETPUYHOI MOJEl
MaroTh 3a/1aHi reomeTpuuHi po3mipu (I = const ), koopauuatu criiiki (X0 ta y0) i

[lepma roniBka miaTyHa cOpuiiMae Il KOOpAMHATH O€3 3MIH, SKIIO HE
BpPaxoBY€ETbCS 3HOC BEAy4Oi JJaHKK a00 Horo nmocepeaHuka (HarpuKial, najibls
KPUBOIIUIY) 1 SIKI 3 ypaxyBaHHSM 3HOCY MOXYTh OyTH PO3TJISSHYTH Hi SIK
BIJIKJIQJICH]1 PIIIICHHS HA MEPIIiil cTaail mpoeKTyBaHHs. Jpyriil TOMIBII MIATyHA
(apyra kpaifHsi TOuKa BiAPI3KYy NPSIMOi MOCTIHHOI JTOBXXKUHM) B 4-X-TAHKOBUX
TUIMOBUX BAaXUIBHUX MEXaHI3MaX CUCTEMOIO AENETyIThCA (DYHKIIS MOJOKEHHS
MEepIIoi TOJIIBKM IMaTyHa 3 BpaxyBaHHSIM KIHEMAaTHUYHOI T'€OMETPUYHOL

r -
KOHCTAaHTH A =7 - [{i€i Toukm matryHa abo0 LEHTPY Mac JeNeryeTbes

00OB’SI3KM TEPIIOi TOJIOBKH IIaTyHa. B 5-TH JaHKOBUX BaXKITbHUX MEXaHI3MIB
3 JBOMa BEAyYMMHM JaHKaMHU JAPYroi TOYKH MEpHIOro miaryHa 1 JpYyroi TOYKH
APYroro umiaTyHa JAeNeryroTbCs (YHKIII TOJOXKEHHS IBOX BEIy4YUX JIAHOK.
[IlatyH ™Moxe MaTh JO0JaTKOBI BIAPOCTKU (TMOBOJKH),  YTBOPIOKOYH a0o
3X-MoOBOJAKOBY Tpynmy Accypa, a0o yTBOPIOIOYI, HaNpHKIad, BIYKO
HUTKOIIPUTATYBAya, IKE MEPEMIIIYETHCS IO TPAEKTOPIT - IIATYHHIN KPUBIH.

Ha ocHOBI 00’€KTHO-OPIEHTOBAHOIO MPOEKTYBAaHHIO MEXaHI3MIiB,
MOYMHAIOYH 3 APYTOi TOMIBKY IIaTyHa, IIATYH JeJIerye CBOI1 (PYHKIIIT MOJOKEHHS
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B IUIOCKO-TIapaJIeIbHOMY PYyCl BCIM KIHEMAaTHUYHMX JIAHIIIOTIB, B SIK1 BXOJAUTH LIEH
maTyH 1 Kl BU3HAYAKOTh ISl [OTO IATyHA TMEpIIy 1 JIPyry MepeaaTouHi
¢ynkmii. ToMy MIBHAKOCTI 1 MPUCKOPEHHS TaKUX IIATYyHIB BH3HAYAIOTHCS
CUHXPOHHUM 1 OJTHOYACHUM OIMMCOM | Ta I+N IMOJIOKEeHb BCIX 1HIINX BEICHUX
JaHOK MEXaHI3My 3a JOMOMOToI0 object=memod B nporpamHOMy koji. Takuit
ONKMC BHWKOHYETHCSA HAa OCHOBI AaHANITUYHUX 3JICKHOCTEH, apryMEHTH SKHUX
1HKAICyIbOBaHI B IeH e 00'€KTHO-OPIEHTOBAHUI METOJT PO3PAXYHKY.

Komanmu , sk peakiii Ha OCHOBHI OOOB’S3KM pPOOOYUX 1HCTPYMEHTIB 1
JIAHOK IUThOBUX MEXaH13MIB TEXHOJIOTIYHHUX MaIllMH OyAYyTh peasi3oBaHi, AKIIO 1
pobouuii mpoiiec A7 HUX MEXaHi3MIB OyAe TaKoX CIPOEKTOBaHMI Ha OCHOBI
00’ €KTHO-OPIEHTOBAHOT'O aHAI3y 1 00'€KTHO-OPIEHTOBAHOTO CHHTE3Y.

3a anayoriero 00oB’s3kamu moB3yHa (Slider=object), kamenro KyJicu
(Slot=0bject), mopIIHO HIIHAPY, TOIKOBOIY 1 IHIIUX JIAHOK, SIKI YTBOPIOIOTh
NOCTyIaldbHy KIHEMAaTHYHY IMapy 5To Kiacy, 3 Ha3Bow Baxinb (Arm=object)
a0o moBomok (Tang=object) B kmaci 06’extiB Tool=0bject - € moBigoOMIICHHS
KOOpJIMHAT JIBOX TOYOK, 3’€IHAHMUX BIAPI3KOM MPsMOi (HAIpaBisiouol), sKa
MOXxe OyTH HEpyxoMoOl abo0 BIAXWISATUCS BIAHOCHO OJHIET 13 TOYOK
HaIpPAaBJIAI0YOl.

3.6. Ilpukjax 00’€KTHO-OPIEHTOBAHOIO AHAJI3Y i CHHTe3y MeXaTPOHHHX
HMKJOBHUX CHCTEM

[Ticns meKOMITO3MINT IUKIOBOT MEXaHIKO-TEXHOJIOTIYHOT CHUCTeMH Ha
€JIEMEHTH MOXXHa C(OpPMyIIOBaTH HACTYNHI 00 '€KMHO-OPIEHMOBAHI
0006 ’a3Ku €JIeMEHTIB 1 (yHKIII AeneryBaHHs (mepenadi) BiAMpalbOBaHUX
00O0B'A3KIB HACTYITHOMY CYMI)KHOMY €JIEMEHTY LIUKJIOBOI CHCTEMH.

PosrinsHeMo MexaTpOHHY CHCTEMY IIOIITYYHOTO BiTOKPEMJICHHS THYYKHX
JeTanel Hu3y B3YTTS 31 CTOCY JJisi aBTOMaTH3allii B3yTTEBUX MaiiuH. PoOouuit
mporiec  peamsyerbcss  blcTabinpHOIO  CHCTEMOIO  KepyBaHHS  JIBOMa
MTHEBMOLIUJIIHAPAMH JABOCTOPOHHIN ii, AKI pO3TalioBaHi B OPTOTOHAIBHUX
TUTOIIHHAX.

3MEHIIIEHHST  CHJ 3UCIIJICHHS JeTaliedi B CTOCI MPU TOIMTYYHOMY
iX BIJOKPEMJICHHS 31 CTONMM 3HHU3Yy y MarasuHHOMY 3aBaHTa)XKyBaJIbHOMY
npuctporo (M3I1) moxke OyTH TOCATHYTA 32 paxyHOK IMIYJIbCY CHIIH (yAapy) Mo
HUKHBOT JIeTall.

VY BIANOBIIHOCTI 10 PyHKITIOHANBHOTO Tpady « 1 = 3 — 1-52-53-52»
(puc.3.8) micias BKIIOYEHHS/BUKIIOYEHHS THEBMOLMTIHAPY 1 (puc.3.9) immyibe
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CIWIIM Jli€ Ha CTOC JeTajeld 3HU3Yy, OJIHOYACHO MPOTPAMHO BKIIFOUAETHCS
MHEeBMOIWIIHAP 2, SAKIM  NOpoCyBae HWXKHIO JeTalb y Badku 3 1 4
TPAHCIIOPTHOTO MOJYJISI TEXHOJIOTIYHOI MAIIMHW TIPH BUKOHAHHI yMOBH
METPUYHOTO CHHTE3Y:

hy > Ly, (3.1)

ne h, — BenmnuuHa X0y IMTOKY THEBMOIITIHIPY 2;
L, — BifcTaHb MK TOPIIEM HIKHBOI JIETaJIl B CTOCI 1 BaJlukaMu 3 1 4.

I3 mporpamuoio 3aTpuMkor0 Yacy | cekyHaa  IHEBMOIWIIHID 2
BUMHUKAEThCS 1 IIMKJI  TOBTOproeThecs. Haspuicth neranmeir B M3II
KOHTPOJIOETHCS KIHIICBUM BHMHMKA4e€M — HOPMAaJIbHO BIJKPUTHM KOHTAaKTOM
KHOMKH IMITaIlli S, -

®ynxmionansuuit rpap «1—->3->1 5253 > 2» i Tabnuus
JIOTITYHMX CUTHAJIB BIJMOBIAHOCTI HaBe[eHI Ha puc.3.8, a KOMOIHOBaHa cxema
aBTOMATH30BAHOT'O 3aBaHTAKyBaJIbHOTO MPUCTPOIO HaBeleHa Ha puc. 3.9, ne
NPUIHATI HACTYIIHI YMOBHI NO3HAaY€HHS OOpaHUX €JIEMEHTIB MEXaHIYHOi 1
€HEPreTUYHO1 CKJIAJIOBUX IIUKJIOBOI CHCTEMH KEPYBaHHS:

|
1.5st,5im

L R . O Y
— OO L

= L )

Puc. 3.8. ®yunkuionanbHuil rpad 1 TaGIUIA BIATOBIJHOCTI:
1 12 — BUKOHAaBY1 Me€XaHI3MHU; 3 — IpOTPaAaMHUN €JTEMEHT maM’sTi

Ha puc. 3.9 npuiiHATH HACTyNHI1 MO3HAaYCHHS €JIEMEHTIB:
1 — nHeBmouuniap 3 blcrabinsauM kepysamus ( Y1,Y1 ) nns
peatizallii yIapHOTO IMITYJIbCY CHII;
2 — mnuesmoumnminap 3 bBlcrabineHum kepysanmHs ( Y2,Y2 ) s
peanizanii BUBEJEHHS! HUKHBOI JIeTajl CTOCY 1 oJlaBaHHsl 11 y BaJluku 3 14;
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3 — NPUTUCKHUHN BaJUK;

4 — TpaHCHOPTYIOUHM BAJIHK;

5 — Mara3uHHUHN 3aBaHTaXyBaJbHUMN MPUCTPIA;

6 — neTasi HU3Y B3YTTS,

7 — mnepmuit blcrabinpHuit  mHEBMOpPO3NOAUTBHUK (TN 5/2) 3
eJIEKTPOMArHITHUM KEPYBaHHSIM;

8 — KiHIIeBUI BUMHKA4Y X7 KOHTPOJIIO MOYATKOBOTO MOJIOKEHHS MITOKY
naeBMonmiaApy 1 (ITL[1);

9 — kiHIeBUI BUMHKAu X; KOHTPOJIO KIHIIEBOT'O MOJOXKEHHS IITOKY
nHeBMormiHApy 111 1;

10 - nmpyruii blcrabinbHuii  MHEBMOPO3MOAUTHHUK (THUI 5/2) 3
eJIEKTPOMArHITHUM KEPYBaHHSIM;

11 — kiHueBuld BUMUKa4 X7 KOHTPOJIIO MOYATKOBOTO MOJIOKEHHS IITOKY
nHeBMouumiHApy 2 (I1L2) ;

12 — kinneBuid BUMUKAad X, KOHTPOJIIO KIiHIICBOTO IOJOKEHHS ITOKY
nHeBMorTiHApy [1112;

13 — npocens A peryaroBaHHs MIBUAKOCTI YAAPHOTO IMITYJIbCY.

VAN
A
-

Puc. 3.9. Kom0O1HOBaHa MPUHIIUIIOBA cxema aBTOMATHU30BaHOIO
3aBaHTaXyBAJILHOTO TIPUCTPOIO
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Puc. 3.10. Enexkrpomexaniuni (a, ©0) 1 mNHEBMaTu4Hi (B) MOAYNI CXEM
blcrabinpHOrO0 KepyBaHHS MarasuHHAM  3aBaHTAXKYBAIBHUX  IPHUCTPOEM
B3YTTE€BHUX MaIlTuH

st pOrpaMmyBaHHS CUCTEMU BblcrabinpHOTO KEepyBaHHS
aBTOMATU30BAHOT'O 3aBaHTAKYBAJIBHOI'O MPUCTPOIO Ha puc.3.9 B Tabmumi 3.1
HaBEJICHI 3BEJCHI XapaKTEPUCTHKAa 1 CHMBOJIbHI IMEHa OOpaHUX €JIEMEHTIB
MOJIYJIIB MEXaTPOHHOT CUCTEMHU.

Tabnuus 3.1 CuMBOJIBHI IMEHA €JIEMEHTIB MOJYJIIB MEXATPOHHOI CUCTEMH

Y napHuit iMoyabCc CHIU IO BuBenenns HIKHBOI geTai Enementn
JIETAIIAM CTOCY 3HU3Y CTOCY
ITaeBmo- Enement Kour- | IlmeBm Enement Kont- ITam” | 3atp
MWIHIP | KepyBaHHS posb OIIWJIIH | KepyBaHHS poiab ari | umku | Kaomku
1 LITOKY Ip 2 LITOKY qacy
Cxema KkoMOiHOBaHa (EJIEKTPOITHEBMATIKH)
Hauane | IlaeBmokn | KinmeB | Havans | ITmeBmokn | KinneB | Jloma | Pene Sst
He mo- | amaH 5/2 1 He mo- | amaH 5/2 1 TKOBE | 4acy | BMUKaH
JIOKEHH 3 blI- BUMHUK | JIOKEHH 3 blI- Bumuk | pene | (T1) -HsA
S — CTaOlTbHU agi S — CcTablIbHU aui 3 CUCTEM
IITOK M (XN1) | mmrok M (XN2) | mpiop u;
BTSTHY- | €JIeKTpoma Ta BTATHY- | €JIeKTpoMa Ta UTETO Sim
THH. T-HITHUM (X1) THH. THITHAM (X2) | mHa imiTamis
KepyBaHHS KepyBaHHS BUMH HasIBHO
M M KaHH CTI
Y1 Tta YNI Y2 ta YN2 P’ neTanen
3 B M3V
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VY 1o4aTKOBOMY IOJIOKEHH1 TMOPIIHI 1 MITOKK MHEBMOUMWIIHAPIB 1 1 2
BTArHyTU. [locmigoBHicTh i « 1 — 3 - 1-52-3->52» B NHKI
dbyHkionansHoro rpady YTBOpEHa Micid JOJaBaHHS €JIEeMEHTY mam’aTi 3
(puc.3.8), sKiM JOJATKOBO BBEACHUN JUIsi yCYHEHHS 1H(OpMaIiiHOi
HEBH3HAYCHOCTI1 y 3B 53Ky 3 ICHYBaHHSIM Yy IOYaTKOBOMY rpadi nBox miarpadis
PO3IIICHUX JIHIEI0 HEBU3HAYCHOCTI (IITPHUX MyHKTUPHA JIiHisA Ha puc. 3.8).

CkiajaeMo HACTYIHI JIOTIYHI BUpa3d NPUYMHO-HACTIAKOBUX 3B’SI3KiB
JUIA KOMaHJ KEepYyBaHHs, SIKI CyNpPOBOJKYIOTbCS BIAMOBIIHUM (pparMeHTOM
porpaMu AJisi KOHTpoJIepa 1 KOMEHTapeM 110 HbOTO:

IIpoepama bBlcmabinbHoco KepysawHs A8MOMAMUZ08AHUM 3ABAHMANCYBATLHUX
NPUCMPOEM O 8APIAHMY 3 BUKOPUCMAHHSA KOHMPOepa:

Y, & X5 - X5 Xst - Xim; (3.2)
IF XN2 '\ SIKIIO BMKOHYETHLCSI yMOBaA (2)
AND XN3
AND Sst
AND Sim)
THEN SET Y1l ‘' TOOli BKJIIOYMTM NOPSIMy KOMaHAy nOJIsI
nl
RESET ¥YN1 ‘\ BMMKHYTM BBOPOTHY KOMaHAOy nnst 1
Y_l &= X3; (33)
IF X3 '\ SIKIIO BMKOHYEThLCsT yMoBa (3)
THEN SET Y¥YN1 ‘' TOOl BKJIOYMTM SBOPOTHY KOMaHIy IJs
nl
RESET Y1 ‘' BMMKHYTM NOpPsIMy KoMaHny nns IIII1
Y, & X7 X3; (3.4)
IF XN1 AND X3 ‘' SIKIIO BMKOHYETHLCsT yMoBa (4)
THEN SET Y2 ‘' TOmli BKIOYMTM NpPsIMy KoMaHAay nius III]
2
RESET YN2 ' BMMKHYTM BBOPOTHY KOMaHAOy nnst 2
IF XN3 ‘' SIKIO BMKOHYeEThLCsT ymMoBa (5)
THEN SET YN2 ‘' TOOl BKJIOYMTM SBOPOTHY KOMaHIY IOJs
M2
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RESET Y2 '\ BMMKHYTM NOpPsMy KoMaHny nnss [III2

Y; € Xy (3.6)
IF X1 '\ SKIO BMKOHYETBLCST ymMoBa (6)
THEN SET X3 ‘' TOOl BKJOYMTM [PANop BKJIIIOYEHOI'O
‘ crTaHy eneMeHTa mnam’ sari 3 (pmc.3.8)
RESET XN3 ‘' BMMKHYTM Ipanop BMKIIIOYEHOI'O
cTany
'\ enmemMeHTa nam’ATi BaTpuMkmM wacy 1 c
RESET XT1 ' BMMKHYTM [Opanop NOKPUTTS TamMepa
Tl
IF N XT1l AND X2 ' SKIWO MOpanop NOKPUTTS TamMepa
'\ aKTMBHMM Ta KOHTAaKT KiHIeBOTO
‘' BuMmMkaua X2 BaMkKHeHun (X2=1)
THEN SET T1 ‘ Tomi BxiouuTM Tammep T1
WITH 1s ‘' i3 BaTpMMKOK dWacy 1 c
SET XT1 '\ BKJIIOYUTKM [panop MNOKPUTTS TamMepa
Tl
RESET X3 ‘\ BMMKHYTM [panop BKJIOYEHOTIO
cTany
'\ enmemMeHTa nam’'ari 3
Yz X,; (3.7)
IF NT1 AND XT1 ‘' AKIWO TaMMep BakKiHUYMB poboTy
(T1=0)
‘' i1 npanop MHNOKPUTTS TamMepa
(XT1=0)
THEN SET XN3 ‘' TOAl BKJIOYMTM [pPanop BMUMKHYTOI'O

‘' cTaHy eJjileMeHTa nam’'sri 3

Jlnst mporpamHuoi peanizariii komauy (3.2)...(3.7) B Tabnuii 4.2 HaBeneH1
a0COJIFOTHI Ta CUMBOJIbHI IMEHA ONEPAH/IIB CUCTEMH ITUKJIOBOTO MPOrPaMHOTO.
Ha puc. 3.11 HaBeneHa enekTpuuHa cxema bicTabUIbHOTO KepyBaHHS
aBTOMATU30BaHUM 3aBaHTAXYBAIBHMX NPHCTPOEM B3YTTEBUX MAIUH 3
BUKOPHCTaHHS KOHTpOJIepa
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Taoauus 4.2

AllocationList

Tun AOGcomtotHe iM'st | CUMBOJIBHE 1M'sI KomenTap
(Abs) (Simb)
Output 00.0 Y1 Kotymika conenoina Y1 min
ctpymoM (YN1=0)
Output 00.1 YN1 Korymika conenoina YN1 mia
ctpymoM (Y 1=0)
Output 00.2 Y2 Kotymika conenoina Y2 min
ctpyMmoM (YN2=0)
Output 00.3 YN2 Kotymika comenoiga YN2 mifn
ctpymoM (Y2=0)
Input 10.0 XN1 [IItox npuBoxy 1 BHU3Y
Input 10.1 X1 [Itok npuBoxy 1 BBepxy
(ynap)
Input 10.2 XN2 [lITok mpuBoAy 2 BTATHYTUU
Input 10.3 X2 [IITok npuBOAYy 2 BUCYHYTHUU
(3CyB HIDKHBOT JIeTalll Bij
CTOCY)
Input 10.4 Sst Curxan BMUKaHHS CUCTEMU
(kHomka Start)
Curnai iMiTalii HasiBHOCTI
Input 10.5 Sim neraneit B M3Y (HopmanbHO
BIJIKDUTUA KOHTAaKT Sim)
Flag F0.0 XN3 [Tpamop BUMKHYTOTO €JIeMEHTa
mam’sTi 3
Flag FO.1 X3 IIpanop BKIIFOYEHOTO €JIeMEHTa
mam’sTi 3
Flag F0.2 XT1 [Tpanop mokpuTTs
TaliMepa(3anodirae
MOBTOPHOMY BMHUKAHHIO)
Flag FX1 T1 Taiimep
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Puc. 3.11. Enektpuuna cxema bictabinbHoro KEpyBaHHS
aBTOMATHU30BAaHUM 3aBaHTAXYBAJIbHHX MPHUCTPOEM B3YTTEBUX MAIMH 3
BUKOPUCTAaHHSAM KOHTpOJIepa

[Ticns 3aBanTtaxkenHs M3Il peramsmu HM3y B3yTTs (Xim=1) i
HaTUCKaHHI KHOMKHU cTapty (Xst = 1) mnpu 3amMkHeHOMY KOHTakTi X3 =1 i
BUMKHEHOMY €JIeMEHTI nam’ATi X3 = 1 MOYMHAEThCA HACTYIMHUN LUKI pOOOTH
A3II:

BUKOHYEThCS mOpsiMa koMmaHna Y;:=Y1 = 1 npu skud wmTOK
naeBMouuinapy 1 (ITL[1) mBuaKO BUCYBa€ThCS 1 BIAOYBAETHCS yJap IITOKOM
1o CToCy AeTaneit 3uu3y. [lpu 11boMy BUHUKA€E cUrHal KOHTpoiito X; :=X1 =1
JIPYroro KpaitHbOro MOJ0KEHHS ITOKY;

BMUKAETHCSL €IeMEHT mam’sTi X3 := X3 = 1 1 BUKOHYEThCS 3BOPOTHA
komaHaa Y7:=YN1 = 1. [llTox nHeBMOIMIIHAPY | MOBEpPTAETHCA Y TOYATKOBE
MOJIOKEHHS 1 CUTHAJI KOHTPOJIIO TIEPIIOT0 KPAMHBOTO MOJIO0KEHHS IITOKY
X7:=XN1=1,;

MOTIM BHUKOHYEThCA mpsmMa komaHma Y,:=Y2=1 1 mrok
nHeBMouuinapa 2 (I1L[2) BucyBaeTbcst 3 MEpPHIOro KPalHbOTO MOJOKEHHS.
BinOyBaeThcsi moiaBaHHsI HUXKHBOIL JieTail 31 ctocy y Banku 3 14 A3II 1 curnan
KOHTPOJIIO APYroro KpamHbOro MojoKeHHs mToKy X, := X2 =1. Bmukaerbcs
taiimep (T1) 13 3aTrpuMkoro yacy Ha 1 cekyHAy;

BUMUKAETHCS €JIEMEHT Mam’sTi Xz = 1 1 BIAKIIOYAEThCS TaliMep;

BUKOHYETBCS  3BOPOTHA  KOMaHJa 5:=YN2=1 1 mrok
MHEBMOLWJIHAPY 2  TIOBEPTAETHCS Yy TIOYATKOBE TIOJOKEHHS, a CHUTHaJ
KOHTPOJIKO TEPHIOro KpalHbOTO MOJIOKEHHS MITOKY X5 := XN2 = 1.
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SAxmo kHomnka ¢ikcamiero Oyna HatucHyTa (Xst = 1) 1 B M3II € nerau,
TO IMKJ TOBTOPIOETHCS 1 TMOMAETHCS HACTYIHA NETallb HU3Y B3YTTA. SKIO
Xim = 0, Toxl HACTYNMHUWA LMK HE TOYMHAETHCA 1 1€ € CUTHAJIOM Ha
nonoBHeHHsT M3Y  netansiMu. SIKIIO MOBTOPHO HATUCHYTH Ha KHOIKY 3
¢ikcariero (Xst = 0), Toai cucTema JAOMPAITIOE UK 1 3yTUHAETHCA.

Konmponvni numanus 0o po3oiny 3.

1.Hum Biapi3HAETBCS 00 €KTHO-OPIEHTOBAHWM aHalli3 Bij
00’ €KTHO-OPIEHTOBAHOT'O CUHTE3Y ?

2. Slki o0’exkTn 06a30oBOro kiacy pobouux iHCTpyMeHTIB Tool=object
MIJJISITAI0TE  PO3MJIY MPU 00’ €KTHO-OPIEHTOBAHI aHaji3l Kpae OOMETYBaJIbHOI
MAIlIHHH ?

3. Sxi oO’ektm 0a3oBoro Kiacy poOoumx iHCcTpyMeHTiB T00l=0bject
MIJJIATAI0Th  PO3TIIALY HpU 00 €KTHO-OPIEHTOBAHI aHali3l IUIOCKO B’SI3alIbHOI
Mamau Tuny [IBK ?

4. SIxi 00’exktn OazoBoro kiacy cuposuHa RawMaterial=object mnignsararoTs
O3y MPU 00’ EKTHO-OPIEHTOBAHI aHaJIi31 MAIlIMH YOBHUKOBOT'O CTiOKa ?

5. SIxi 00’extn 6a3zoBoro kiacy cupoBumHa RawMaterial=object mimsraroTs
O3Sy TpH 00’ €KTHO-OPIEHTOBAHI aHaJIi31 OCHOBOB SI3JIbHOI MAIlTUHU ?

6. SIki 00’exTn 0a3oBoro kiacy cupoBuHa Link=object nigmsararoTs posrismy
pu 00 €KTHO-OPIEHTOBAHI aHalli3l KPUBOIIMIIHO-KOPOMHCIOBOIO MEXaHI3My
HUTKOIpUSATYBaya ?

7. SIkii 3MmicT MarOoTh KoMauau SET YN2 1 komaHg RESET Y1 ?
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4. TIPOTPAMOBAHI BUKOHABYI MEXAHI3MM OBEPTOBOI Ii
MEXATPOHHUX I POGOTOTEXHIYHNX CUCTEM

4.1. CTpykTrypa BHKOHABYHX MEXaHi3MiB MeXaTpPOHIKH Ha 3acaaax
€JIEKTPONPHUBOAY

MaiHa BiIpi3HSAETHCS BiJ MEXaHI3MYy THM, III0 MAIllMHA, SK MMPaBUIIO, MA€
CICKTPONPUBO/. SIKIO MEXaHi3M Ma€ TPHUBO/I, TOAl TaKUH MEXaHI3M Ma€ Ha3BY
«MexXaHizm 3 [HOUBIOYANIbHUM NPUBOOOM», a B MEXAaTPOHHHX CHCTEMax Ta B
aBTOMATH30BaHMX TEXHOJIOTTYHUX MAIIMHAX MA€ HA3BY «NPOCPAMHO-KEPOBAHULL
MEXAHIZMY.

B HeaBTOMAaTH30BaHWX TEXHOJIOTIYHMX MAaITWHAX JIETKOI MTPOMHCIOBOCTI 3
YKOPCTKMMH CUCTEMaMHU KepYBaHHS 3aCTOCOBYETHCS €JICKTPOIPUBOJ Ha 3acagax
ACHHXPOHHOTO €JIGKTPOJIBUTYHA 3 PEAYKTOpOM (B’s3ajdbHI MAIIUMHM) 1
ACMHXPOHHOTO eJeKTpoaBuryHa 3 mydroro 3uemicuus Clutch Motor (aBuryn
34eruieHHs). Bigomo, 110 B aCHHXPOHHOMY €JIEKTPOJABUTYHI KOTYIIIKH CTaTopa
(mapu mosmocis) 3Mimeni mo ¢asi Ha kyt 120° i ToMy cTBOpIOIOTH 06EPTOBMIA
MAarHiTHUH NOTIK 9acTOTOXO N.

n= % [06/xB],

ne f=150T"u—yacToTa )KUBJICHHS 3MIHHUM CTPYMOM;
P — KIJTBKICTH Map MOJIFOCIB CTAaTOpA.

Yacrora N 3 ypaxyBaHHSIM KOB3aHHS BH3HAYa€ 4acTOTy 0OEpTaHHS poTOpa
ACHMHXPOHHOTO CJICKTPOJBUTYHA. 3MIHIOBATH YacTOTy OOEpTaHHS pPOTOpa
MOJKHA, SIKIIIO 3MIHIOBATH B 4HceIbHUKY f a00 B 3HamMeHHHKY P . B mepmiomy
BUMAJAKY JUIsl TJIABHOTO PETYIIOBaHHS 4YacTOTU OOEpTaHHS poTOopa MOTpiOHE
JIOAATKOBE 3aCTOCYBaHHS TEXHIYHUX 3aco0iB pEryJIlOBaHHS YacTOTH, a ¥y
JIPYroMy BHUNAAKY JUIsl CTYMIHYACTOTO PETYyJIOBaHHS TMOTPIOHO 301IbIICHI
3aTpaTu APOTY 3 M/l Ha BUTOTOBJIEHHS JJOJATKOBUX KOTYIIIOK cTaTopa 1 3aco0iB
iX TepeKNoYeHHs TMpU TMyCcKe 1 TpH TadbMyBaHHI aCHHXPOHHOTO
CJIICKTPOIBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM.

B aBTOmMaTM30BaHWX  TEXHOJOTIYHMX  MaIllMHAX 1  Bepcrarax
MaImuHOOYAYBaHHS 3 THYYKHMH CHCTEMaM{ KEpyBaHHS  BHKOPHCTOBYIOTH
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BUKOHABUYl MEXaHI3MHU 3BOPOTHO-NOCTYIOBOI Jiii a00 BHUKOHABYl MEXaHI3MH
00epToBoI 1ii (erexmpoosuyniu).

Jlo mporpamMHO KEpOBAaHWUX BHKOHABYMX MEXaHI3MIB  3BOPOTHO-
MOCTYNOBOI [I1i, $IKI 3aCTOCOBYIOTHCSI B TEXHOJOTIYHMX MallMHaX Tramys3i i
BepCTaTax MAIIMHOOYTyBaHHS BITHOCSATHCS:

® THEBMOUWJIIHIPH 1 TIAPOIUIIHAPH;

® JIIHIMHI €JICKTPOABUTYHH;

® BUKOHABYl MeEXaHI3MH 00EpPTOBOTO pyxXy 3 MepeAaTOYHUM
MEXaHI3MOM Ta 1HIII.

B cucremax mexaTpoHiKM BHKOHaBYI MEXaHI3MH 3BOPOTHO-TIOCTYIOBOI JIii
abo oOepToBOi aii MiAKIOYAOThCS 10 TOopTiB «Outputy (MopTiB BUXOIB)
nporpamyeMoro JoriyHoro koHTpojepa CNC-epcraty abo KOMIT IOTEPHOI
TEXHOJIOTTYHOI MaITUHHU.

ABTOMartu3aiiss TEXHOJOTIYHMX MAlIMH 1 amapariB 3  OpSIMUM
enekrponpuBogioM (awnen. Direct Drive Motor) mepenbauae po3poOKy THYYKOi
CHUCTEeMH KEpyBaHHS NJisi aBTOMATH3allii EJIEKTPOIPHBOLY O€3 3aCTOCYBAHHS
MepeaTOYHNX BAXKUIBHUX MEXaHI3MiB . SIKIO B TEXHOJOTIYHUX MAalIMHaX
BUKOPHUCTaHI BaXXUIbHI MEXaHI3MH 3 1HJIUBIAyaJIbHUM BUKOHABUYUM MEXaHI3MOM
00epToBOi /i1 Ha 3acajax KPOKOBOTO/BEHTUJILHOTO JABUTYHA (Stepper Motor) yu
cepBoaBUryHy (Servo Motor) abGo BHKOpHUCTaHI BHUKOHABYl MeEXaHI3MH
3BOPOTHO-TIOCTYTIOBOI Aii, TOJI Takl Ba)KUJIbHI MEXaHI3MH MEPEXOIATh B Kiac
«npozpamuo-keposanux mexanizmie». (CydyacHa Ha3Ba TaKUX MEXaHI3MIB
«MexaHizmu 3 iHmen1eKmomy» 1 BOHU € OCHOBOIO pOOOTOTEXHIKH.

Po3pobka (npoekmysanni ma eueomosnents) TEXHOJIOTTUHUX MAIIMH JIETKOT
IPOMUCIIOBOCTI 3 NPOSPAMHO-KEPOGAHUMU  MEXAHI3MAMU  J03BOJISIE
0araToJJaHKOBUH BaXXIJIbHUM MEXaH13M IIJILOBOTO MIPU3HAYCHHS 3aMIHUTH Ha 4-
JAHKOBUM MEXaHI3M 3 1HIUBIAyaJbHHUM aBTOMAaTH30BaHUM IpUBOJOM. [lpm
oMY (YHKIISI TIOJIOKEHHSI BEJICHOI JJAHKU 3 OJIHOI a00 JeKiIbKa 3YNMUHKAMU
32 OJMH O0O0EpT TOJOBHOTO Baldy (OAWH IMKI) JOCATAEThCA 3aco0aMu
MporpaMyBaHHsI KOHTpoOJiepa €JIeKTPOonpuBoay. JlOLUIBHICT, Takoi 3aMiHa
BIIHOCUTBCA SIK /IO IJIOCKUX, TaK 1 JO MPOCTOPOBUX BAXKUIBHUX MEXaHI3MIB, a
TaKOX JI0 OLITBIIIOCTI OJTHO KPOKOBHUX 1 0araTOKPOKOBHUX KYJAUKOBUX MEXaHI3MIB
TEXHOJIOT1YHUX MAIIHMH JIETKOT IPOMHUCIOBOCTI.

EnexTpornpuBoa aBTOMaTU30BaHUX MAIIMH BKIIOYAE CYKYITHICTh HACTYITHUX
TPHOX CKJIAJIOBUX:

1 — enexkmpoosuzyna;
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2 — 3aco00ié nepedaui 0OESPTOBOTO PYXY BiJ €JICKTPOJABUTYHA JI0 TOJIOBHOIO
Basry mamuHu. Lle penykropu, mydTH, macoBi Ta 1HII THYYKI 1 JIQHI[IOTOBI
nepemadi. SIKIO eNeKTPOABUTYH HANpsMy 3’€IHaHWA 3 TOJOBHUM BaJOM
MarmuHu 0e3 TOAaTKOBUX 3aco0iB IMepeaadi 1 TOMlI TaKWi eJIEKTPONPUBOJ Ma€
HA3BY «HMPAMUIL NPUEOO» 1 TEXHOJIOTIYHA MalllMHA Ma€ Ha3BY, HANPHUKIA]
«WBeUHa MAwUuHa 3 NPAMUM HPUBOOOM», NPATbHA MAWUHA 3 NPAMUM
npusoooM» TOIIO;
3 — 3acooie komymauii . lle kHOUKM Iyck/cTOom, KIHIIEBI BHMHKadi,
JATYMKU KyTa TOBOPOTY JIJIsl 3BOPOTHOIO 3B SI3KY, TEXHIYHI 3aCO0M AJIs 3aXUCTY
€JICKTPOJIBUTYHA BiJl IEPEBAHTAKEHb, KOPOTKUX 3aMKHEHb, IIEPETPIBY.
Jlo momupeHnX BUKOHABYUX MEXaH13MiB 00€pTOBOT i, sIK1 CIIOMY4Yal0ThCs 3
KOHTPOJIEPOM € HACTYITHI €JEKTPONPUBOIM aBTOMATH30BAHWX MAIIIMH JIETKOL
IIPOMHCIIOBOCTI:
®  1PUBOO 3 ACUHXPOHHUM eLeKMPOOBUSYHOM 1 UYACTMOMHUM De2yIt08AHHIM
(ckamaeTbesi 3 ACHHXPOHHOTO E€JIEKTPOJIBUTYHA 3 KOPOTKO3aMKHEHUM
POTOPOM 1 IEpEeTBOPIOBaYa YaCTOTH);

® 1PUBOO 3 KOJIEKMOPHUMU eNeKmMPOOBUSYHAMU NOCMILIHO20 cmpymy (Mae
MEPETBOPIOBAY MOCTIMHOTO CTPYMY);

® Kpokoguli enekmponpugod (Mae npaiiBep HUGPOBOro KepyBaHHS Oe€3

3BOPOTHOTO 3B SI3KY);

® cepeonpueod (Mae [npaiiBep KepyBaHHA 1 JaT4YMK I 3BOPOTHOTO

3B’SI3KY).

3a  aHaloOTi€l0 BUKOHABYI ~ MEXaHI3MH  3BOPOTHO-TIOCTYNOBOi i
MEXaTPOHHUX CHCTEM TaK0X MAIOTh TPU CKIIAJIOBUX:
1 — nueemouunindp (ziopouuninop);
2 — 3aco6u nepedaui (THEBMOPO3MOAUTEHUK/T1APOPO3TOIITHLHUK);
3 — 3acoou komymauii (KiHIEBI BHMHKadi, CEHCOPH 1 IHIII 3acoOu
CUTHAJTI3allli CTaHy BKJIFOUYE€HO/BUMHKHEMO).

IIlpugoou 3 acunxpoHHuUM eneKmpoO8ULYHOM 3 YACTMOMHUM Pe2YIt08aAHHAM
— IIe cUCTeMa 3 JIBOX KOMITOHEHTIB MpsAMOi i (0€3 3BOPOTHOTO 3B’SI3KY), a came
ACUHXPOHHOTO EJIEKTPOJBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM (HAIINHICTH 1
Maja BapTiCTh 3pOOWIIM TaKWi ENEeKTPOJIBUTYH CaMHM PO3TOBCIOKEHUM
CJICKTPOJABUTYHOM HEABTOMATH30BAaHUX TEXHOJOTIYHUX MalMH) 1 OJioKa
KEepyBaHHA 4acTOTOI0 3-¢ha3Horo kuBiieHHs (puc. 4.1,a).
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Y poO3IMKHEHOI CHCTeMI KepyBaHHS 0€3 3BOPOTHOIO 3B’SI3KY MIiX
€JIEKTPOABUTYHOM (200 HaBaHTWKEHHSAIM) 1 OJIOKOM KEpyBaHHS y BHIIAJIKax
3MIHM OJHOTO 3 TapaMeTpiB (HAmpUKIaJ eJeKTPUYHOI Hampyri, CTpyMy,
MTOJIOKEHHST POTOPA) POOOTA CHCTEMH 3MIHIOETHCS.

Y 3amkHeHOi cucteMi KepyBaHHs (puc. 4.1,0) mpu 3MiHI HapaMeTpiB
BUKOHY€ETHCS 1X aBTOMaTH4YHA KOPEKIlis (KOMIIEHCAIlisl) TI0 KaHaJTy 3BOPOTHOTO
3B’SI3KY 1 3aMporpamMoBaHa KOHTPoJepoM GyHKIIS POOOTH HE 3MIHIOETHCS.

- Lnox
Buiont :: Kepyeania
napavempt

Enexmpo- I puioni
OsuzyH napavempu

. Brox
Buioni == KEPYEaHHA
napavempu -

Enexmpo- — chi ui

osuzyit napavempu

IEOPOMHIL 368'A30K

o
Puc. 4.1. CTpykTypHI CXeMHU BUKOHABUMX MEXaHI3MIB MEXaTPOHIKHU: a — PSIMOi
nii (po3IMKHEHa CHCTeMa KepyBaHHs); O — cucTeMa KepyBaHHS 31 3BOPOTHHUM
3B'I3KOM (3aMKHEHa CHCTeMa KepyBaHHS)

Ilpusoou 3 enekmpoosuzynamu nocmiino2o cmpymy (IommpeHa Ha3Ba
«KOJ1IeKMOPHI 06UZYyHU») BUKOPUCTOBYETHCS B MAlllMHAX 1 amaparax, B SIKMX
MOTPi10HO 3a0€3NEUYUTH PETYIIOBAHHA IIBUAKOCTI y IIMPOKOMY Alana3oH1 1 KOJIH
3MiHA BEJIMYMHU HAaBaHTA)XCHHS HE3HAYHO BIJIMBAE HA YACTOTY 0OEpTaHHS.

Ilpugoou 3 Kpoxkoeumu enexkmpooéuzyHamu MUPOKO BUKOPUCTOBYETHCS
B CNC-mamunax (mamunax 3 YIIK — Yucnosum Ilporpamuum KepyBanusim),
KOMIT FOTEPHUX TUIOCKO B’SI3JIbBHUX MaIllMHAX, po3kpiitHux arperatax 3 UIIK 1B
MeTanoobpobHux Bepcrarax 3 UYIIK. KpokoBuii nBUryH 1€ HUGPOBUIA
0€3KOJEKTOPHUM €JIEKTPOABUTYH IMOCTIHHOTO CTPyMy, SKUHA TEPETBOPIOE
€JIEKTPUYHI IMIYJICH B MEXaHIYHUI pyX poTopa KpokaMu. KoxHUI IMITyJbC
BIJINOBIJIal0 TIEBHOMY KYTy IIOBOpPOTY (OJHOMY KpOKY) Bally poTopa
eNeKTpoABUryHa. KpoKOBI IBUTYHU 31 3BOPOTHUM 3B’SI3KOM Bij JaT4yrka XoJjuia
JUISL KyTa MIOBOPOTY pOTOPa MAKOTh HA3BY GEHMUNbHI OBUSYHU.

Cepsonpueoou € TpOTpaMyeEMHMH TPUBOJAMHU, SKI MOOYyJOBaHI Ha
3acanax 0e3KOJIEKTOPHUX JABUTYHIB MOCTIMHOTO cTyMy (puc.4.2) abo Ha 3acajax
CUHXPOHHUX JBUTYHIB 3MIHHOTO cTpyMy. CepBOJABUTYHH MalOTh CTPYKTYpPY IO
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cxemi Ha puc. 4.1,06 , 1e 3BOPOTHUN 3B’SI30K BHUKOHYE JATYUK 3BOPOTHOIO
3B’SI3KY Y BWIJISAJ, BUAMOBITHOTO eHKkodepa ab0 pe3zonvséepa. Pe3onbBep 1€
o0epToBuil TpaHchopMaTOp, AKHI Mae OAHY PyXOMy KOTYIIKa 3aKpilUIeHy Ha
BaJy pOTOpa CHUHXPOHHOIO €JEKTPOJBUTYHA, a JBlI HEPYXOMHX KOTYIIKH
(oOMOTKM) 3CyHYTH MO (ha3i Ha KyT /2.

KonTtponep
Arduino UNO

[orenuiomerp  CEPBONPHBON

RESET DO/RX]
RESET2 DITX
AREF 02
joref 03 PWM

4]
40 DS PWN
a 06 PN

Arduino " CepBOHpHBO,II

2 Uno d =
3 (Rev3) o . Jenvo
o)
AAISDA D9 P ~ pulse v
asiscL D10 PWMISS) .
D11 PWMMOSI

DIZ/MISO|
D13/5CK|

TTTTTT

Loutnpuy mmxi

NIC

[ToTenwioMeTp

e
55

i 5h
e sERagisWaiyazy

fritzing 0c0c0coemc000c0) |

Puc. 4.2. [Ipuknaan MOHTaXHOI cXeMH (a), €IEKTPUIHOI MPUHIIUTIOBOI CXEMHU
(6) i apykoBaHoi cxemu (B), TOOYJOBaHMX B MPOrPAMHOMY CEpPEIOBHIII
Fritzing mnst kepyBanus ceponpuBooM SG-90 3 BUKOpHUCTaHHSIM KOHTpOJIepa
Arduino UNO rta morenmiomerpa

CepBonpuBo Ha 3acajax KpOKOBOIO JIBUTYHAa € TaKOX MOIIMPEHUM
MPUBOJIOM aBTOMATHU30BAHMX MAIIWH Jierkoi mpomucioBocti i CNC-Bepcraris
MalMHOOYAyBaHHs, TOMY 110 BiH MPOrpaMHO 3a0e3neuye nepeTBOPEHHs JIH0001
GbyHKUii TOJNIOKEHHS MexaH13My. Hampuknaa, Moke BUKOHYBaTH (PYHKIIII
XKOPCTKOTO  0araTOKpOKOBOTO  KyJadyka [MKIOBHUX IIBEWHUX  MAllWH-
HariBaBTOMaTiB. To/l Takuil 6araTOKPOKOBUHN KOPCTKUM MPOTPAMOHOCIM CTae
THYYKAM TpOorpaMoHocieM 1 OyJe MaTu Ha3By «el1eKMPOHHUIL KYIauoK.
CepBonpuBOI MOXE peali3yBaTH Pi3HI (PYHKIIT 3MIHU MIBUIKOCTI MTPUBOJTHOTO
MOMEHTY [0 Hamepeja 3aJaHOMy 3aKOHy abo MOBepTaTH BeJEHY JIaHKYy Ha
NOTPIOHUHM KYT 3a CTPUIKOIO TOJUHHUKA a00 MPOTH.
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Komm’roTepHo-iHTerpoBaHi  IIBEWHI MallMHU 1 MallMHU-aBTOMAaTH
BUKOPUCTOBYIOTh ~ aBTOMATH30BAaHUW  EJIEKTPONPHUBOJA, IO Ma€  pi3HY
apxitexktypy (Moamdikamii M1, M2, M3, M4) i saxi noOGymoBaHi Ha
MIKpOMPOIIECOPHUX CUCTEMaX KEPYBaHHS MEXATPOHIKH :

Mooughikayis M1 — «ABTOMATH30BaHWUN EJIEKTPONPUBOJ Ha 0asi
3x-gpaznozo acunxponnozo osuzyna»(mun Stop Motor) mo mae HacTymHI
YTBOPIOIOYH CKJIa/I0BI:

1.1 — 3x-ghaznuii acunxpornuu 08ucyH 3 KOPOTKO3aMKHEHUM POTOPOM;

1.2 — nBi enexTpomMardiTHi MypTH (pyxy 1 raabMyBaHH);

1.3 — damuyuxki xyTta TMOBOPOTY, YaCTOTU OOEpPTaHHS TOJIOBHOTO Bally
MAIIMHH 1 JaTYUK KyTa MOBOPOTY Tenaji Mpy HATUCKAaHHI Ha Meaalb HOCKOM Ta
IT’SITKOIO HOTH;

1.4 — konmponep 3 npaiiBepamu;

1.5 — 6nox scuenennsa.

Mooughikayia M2 — «ABTOMaTHU30BaHUN EJIEKTPONPUBOJA IIBEHHUX
MalIVH Ha 0a31 KpOK08020 06u2yHay, 0 MA€ HACTYIHI YTBOPIOIOUU CKJIAI0BI:

2.1 — Kpoxoeun oeuzyn (Stepper Motor), a came 0e3KOJICKTOPHHUI
CUHXPOHHUU ABUTYH MOCTIHHOTO CTPyMY;

2.2 — konmposep 3 UG POBOI MIKPOIIPOIIECOPHOT CUCTEMOIO KEPyBaHHS.

2.3 — 010K JHCUBIEHHA ROCMINHUM CHIDYMOM.

Mooughikayia M3 — «ABTOMaTHU30BaHUN EJIEKTPOINPUBOJA IIBEHHUX
MallMH Ha 0a3l 6eHmuabHO20 O06UZYHaA», 1110 MA€ HACTYIIHI YTBOPIOIOYHU
CKJIQIOBI:

3.1 — ¢enmunvuun oeuzyn (mun BLDC — Brush Less Direct-Current), a
came «0e3K0JIEKTOpHUH (0€3 LIITOK) ABUTYH MOCTIMHOTO CTPYMY» 31 3BOPOTHIM
3B’ SI3KOM,

3.2 — Oamuuku TIONOXEHHS POTOpa, SIKI BUKOHAHI y BHUIISIAI TPHOX
(GOTOENEKTPUYHUX JATYMKIB a00 y BHUIJSNAI  TPhOX JaT4YMKIB XoJUia, sKi
3mimeni mo ¢asi va Kyt 120° 11 3BOPOTHOTO 3BSI3KY 31 CXEMOIO KEpyBaHHS;

3.3 — Kommponep 1 npaiiBep 3 BEHTHJIbHUMH (HaIiBIPOBIIHUKOBUMHU )
KJIFOUYaMH JJIsi aBTOMaTUYHOTO TIEPEKITIOYEHHSI KOTYIIOK CTaTopa MO CHUTHAaJIaM
3BOPOTHOTO 3B’SI3KY BiJ] IaTYUKIB MOJOKEHHS pOTOPA;

3.4 — 610K dHcueNEHHA ROCMITIHUM CHIDYMOM.

Moougixayis M4 — «llpsimuii cepBOINPUBOJ] aBTOMATHU30BAHUX IIBEHHUX
MalllMH Ha 3acajax CepBONpBoay» abo «mpsmuii mpuBox turmy DD — Direct
Drive». B TakoMy mpHBOAI BIJCYTHE BHUKOPHCTAHHS IMaCOBMX 1 IHINKX
MexaHluHuX mnepenad. | Tomy npuBon 3uemneHHs tuny Clutch Motor nns
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HEaBTOMATH30BaHUX IIBEWHUX MaIIWH 1 mpuBoj 3uervieHHs turmy Efka Vario
Stop 3 enexkTpomMarHiTHUMH My@dTamMu 34YeIUIeHHS 1 TajdbMyBaHHS s
aBTOMATHU30BAaHUX IIBEHHUX MAIIMH BCE OLIBINE 3aMIHIOETHCS CEPBOIPUBOIOM,
pPOTOp SKOTO 3MOHTOBAHWU Ha TOPIIi TOJIOBHOTO Bajly, a CTATOP 3aKPIIUICHUA Ha
KOpPIyCi MMBEWHOT MaITuHU.

B KoMm’rOTEpHHMX BHUIIMBAIBHUX aBTOMAaTaX BHUKOPUCTOBYIOTHCA OJUH
neuryn moaudikamnii M4 (tuny DD) ta 5 gBuryniB momudikaiii M2 (tumy
Stepper Motor) mns 2D-mexanizmy I’sutelib, A KapeTKH 3 T'OJKOBOJAMH |
HUTKOIPUTATYBAUYaMHU Ta JIJIsl TPOTrPaMHO KEPOBAHUX MEXaH13MIB 0OpPI3KU HUTOK
1 3aTUCKaHHSA KIHLIB OOpI3aHMX HHUTOK. B KOMIT'IOTepHHX IIBEHHO-
BUIIIMBAJILHUX MAaIllMHAX BUKOPUCTOBYIOTHCS OIWH IBUTYH Momuikamii M3
(BLDC) i wotupu asuryna moaudikarii M2 (Stepper Motor). B koM’ roTepHux
HalliBaBTOMAaTax JJisi BUTOTOBJICHHS TETENb, 3aKpIMOK Ta JUIsl MPUITUBAHHS
I'yI3UKIB 200 1HIIOT (QYPHITYPH BUKOPUCTOBYIOTHCSI OJIUH JIBUTYH MOAU]IKaIlii
M3 (BLDC) i na neuryna moaudikarii M2 (Stepper Motor). B koM’ roTepHux
noOyTOBUX MIBEHHUX MaIlIMHAX 1 KOMIT FOTEPHUX MAaIlIMHAX JIJISl MAJIOTO O13HECY
BUKOPHCTOBYIOThCS, HAaHOUIBII YacTo, Tpu ABUTYHa Moaudikarii M2 (Stepper
Motor).

4.2. KpokoBHil €JeKTPONPHUBO] ABTOMATH30BAHMX MAIIUH JErKoi
npomucoBocti i CNC-Bepcraris

OpnoocHi ab0 OJHOKOPJIMHATHI MOMYJIl JIHIAHUX TMEpeMIleHb 3
MIPOTrPAaMOBAaHUMHU 3BOPOTHO-TIOCTYNATBPHUMHU PyXaMH BEICHOI JIAHKW IIIHPOKO
3actocoByioThCs Y CNC-Bepcrarax 1 B CNC-mammHax J1erkoi MPOMECIIOBOCTI.
Taku MaHITyJATOPH MAalOTh KPOKOBHUH EJICKTPONPHUBOJ 3 PI3HUMHU BHIAMH
nepeaad, SKi MepeTBOPIOIOTh MPOrpaMoOBaHi 3BOPOTHO-OOEPTOBI PyXu poTOpa
KPOKOBOTO JIBUTYHA Y JIHIWHI pyXu 1mo oaHOi oci 3D-koopaunat. B cTpykrypi
texHosoriunoi CNC-mamuu abo CNC-BepctaTta € JBa OJHOOCHUX MOMYJIS
JHIAHUX TEPEMIIIEeHb 1 TOMY 3BOPOTHO-TIOCTYHAJIbHI PyXU KapeTKH (I sJIeIh)
abo crosiemHuili BiOyBaroThes 1o BicsiM OX 1 OY B ropr30HTaIBHOT ILIONIUHI.
Ao B CTPYKTYpl BepcTaTy € TpU MOJIYJA JIHIHMHUX MepeMIilieHb, TO
YTBOPIOETHCS CTPYKTypa 3x-koopauHaTtHoro Bepctaty CNC 1 tak gam [0
YCKJIQIHEHHSI CTPYKTYpPH BepcTaTiB 1 OOpOOJISIIOUMX IEHTPIB A0 S-TH 1
6-KOOpPIMHATHUX MEXATPOHHUX CHUCTEM MAIIMHOOYTyBaHHS.
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Hanpuknan, TUNOBUN KPOKOBHM MPHUBOJA MEXaHI3MYy 3CYBY TOJIOYHHIN
(pouTypu) 3  KYJIBKO-TBUHTOBOIO  MEpeNayel0  BUKOPHUCTOBYEThCS B
KOMIT FOTEPHUX IUIOCKO B’si3anpHMx Mammuax Stoll (Himewuwmna), ShimaSeiko
(SmoHis) Ta 1HIIMX

Y CNC-BepcraTax BUKOPHUCTOBYETHCS OJHOOCHI MAHIMYJSIpU 3 KYyJbKO-
IBUHTOBOIO TIepefaueio Juis MPOrpaMoBaHUX TEepeMIlIeHb 3aroTOBKH Ta
IHCTPYMEHTY, Hampukiaa, ¢pe3 Mo TpPbOM, UYOTUPHOM ab0 II’'SITH OCSM
KOOpJIMHAT.

[Ipn 00’€KTHO-OPIEHTOBAHOMY IMPOCKTYBaHHI aBTOMATH30BAaHUX MAalllUH
nerkoi mnpomucioBocti 1 CNC-BepcraTiB MamMHOOYIyBaHHS Ha 3acajiax
KPOKOBOTO E€JEKTPONPHUBOIY 1 CEpBOMPUBOAY MOTpiOHA MaTH YSABY IIPO
KOHCTPYKTHBHI OCOOJMBOCTI 1 MPHUHIMII POOOTH Ta MPOrpaMyBaHHS TaKUX
POrpaMyeEMHUX MEXaTPOHHUX BUKOHABUMX MEXaHI3MiB.

[Ipy miAroTOBKM CTYACHTIB sl poOOTH Ha IMocajax 1HKEeHepa-MeXaHika
yacto BuHMkae nutanHs UYMW OBOB’A3KOBO 3HATHU MOBUA
[TPOI'PAMYBAHH?, 1106 ITPOITPAMYBATHU KOHTPOJIEPU Ha 3acamax
MIKPOKOHTPOJIEPIB JJIsl KEpPyBaHHS KPOKOBHM IPUBOJIOM 1 CEPBOIPHUBOIOM.
Bianosinb TyT Moxe OyTH HacTynHa. [CHYIOTh cepenoBuila sl Bi3yaJbHOTO
[porpamMyBaHHsl CBITOBUX BHUPOOHHUKIB MPOTpaMyeMUX KOHTpPOJEpiB (ipm
Siemens, ABB, Schneider Electric, OBEH Tta in. Aje Bci mi cepemoBuia
IporpaMyBaHHsl IPUB'sI3aHI O KOHTPOJIEPIB MPOMHCIOBOI aBTOMATUKU 1 JI0
MIEBHOT'O BUPOOHMKA Ta MalOTh BUCOKY BapTICTh.

[Tporpamue cepemoBuine i miatd Arduin0 igeanbHO TIAXOAATH IS
BUBYCHHS TMPOTPaMyBaHHS KOHTPOJIEPIB CTyJdeHTaMu-MexaHikamu. Lli mmatu
MIPOrpamMyrOThCsl Ha CHPOIIEHOI 00’€KTHO-OPIEHTOBAHOI MOBI MPOrpaMyBaHHS
Arduino C. [ynsa mnornuOIeHOr0 BHWBYEHHS 1 3acCTOCYBaHHS 00 €KTHO-
OpPIEHTOBAHMX MOB MPOrPaMyBaHHS KOHTPOJEPIB 3aMpPOILIYIOThCA MpodeciiiHi
nporpamictu. Jlns mporpamyBaHHS KOHTpOJEpiB 0e3 3HAHHS OCHOB MOBH
nporpamyBanHs Arduino C mommupene 3acrocyBanHs FLProg - cucremu
Bi3yaJIbHOTO TIporpaMmyBaHHs miaaT Arduino. Bci koHTposiepu aBTOMaTU30BaHUX
MaliuH Mo0y/I0BaHI Ha MIKPOKOHTpOJIEpax 1 3a JOIMOMOTrOI0 JpaiBepiB
MIIKITIOYA0THCS 10 JTaTYUKHUB 1 BUKOHABYMX MEXaHI3MIB 3BOPOTHO-IIOCTYIOBOL
Ta 00epTOBOi ii LUILOBOTO Npu3HadeHHs. s poOOTH 30BHIIIHIX MPUCTPOIB
nporpama Mnpu 3aBaHTaXEHHI 11 B KOHTPOJIEP KOMALIIOEMbCAL.

Komminsiiss  1e «mepekiamy MNporpaMOr0-KOMIIUISITOPOM 3 MOBH
BHUCOKOTO DIBHS, SKy CKJajla 1 3aBaHTaXWJIa B KOMIT'IOTEp JIIOJUHA HAa MOBY
MaITUHHUX KOMIB (HYJIB 1 OIMHHUIIB), IKY PO3yMi€ KOMIT'IOTED.
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[rKeHepy-MexaHiKy HE OBOB’A3KOBO 3HATHU MOBH
I[TPOI'PAMYBAHHS Bucoxoro pieas, [IIOb [TIPOTPAMYBATHU KOHTPOJIEPU
Ha 3acagax MikpokoHTposepiB. [Iporpama FLProg nosBossie crBoproBatu
npommBky i TaT Arduino (mporpaMmyBaHHs KOHTpojepa) Ha rpadiyHoi MOBI
FBD (Function Block Diagram — moBa ¢yHkIioHanpHHX OJOKiB) abo Ha
rpadigroi moBi LD (Ledder Diagram — MoBa pejieiiHHX CXeM) IHCTPYMEHTAIBHOTO
POTrPaMHOTO KOMILJICKCY MPOMHUCIIOBOI aBTOMAaTH3aIll CoDeSys
(Controller Development System) mixnapomuoro crangapty  MEK 31131-3.

KpokoBwuii enekrponpuBos 1 cepBONpUBOJ CydacHUX TexHonoriyaux CNC-
mammH  ramy3i, CNC-BepctaTiB  MalMHOOYAYBaHHsS, pOOOTOTEXHIYHUX 1
MEXaTPOHHUX 3ac00axX aBTOMATH3AIlli MEXaHIKO-TEXHOJIOTTYHUX CHCTEM OYIyeThCS
Ha 3acanax kpokoBux nBUryHIB (KI). KpokoBuit maBuryn e Oe3KOJEKTOPHUMN
JBUTYH MOCTIHOTO CTPYMY, SIKUM MICTUTh KOTYIIKH Ha CTaTopl 1 MOCTIiHI MarHiTH
Ha 3yOuyactomy potopi. | ToMy mommpeHa Ha3Ba KPOKOBHX JBHUIYHIB «KpPOKOBI
JIBUTYHU 3 MOCTIMHUMHU MarHitamm». 3a CocoOOM >KUBJICHHS! KOTYIIOK Ha CTaTopi
Ha MPAKTUII HaHOLIbII nommpeni HacTymHl: K] «0inmosipHi KpOKOBi IBUTYHWY,
0 MalTh MO JIBI KOTYIIKA Ha KOXHY (pazy Ta «yHinmoJisipHi (0HO TMOJIApHI)
KPOKOBI IBUTYHM», 1110 MAIOTh 110 OJJHOI KOTYIIKH Ha KOXHY (a3y. [lepemukanus
KOTYIIIOK BHUKOHYETHCSI aBTOMAaTHMYHO 3a IPOTPaMOI0 KOHTpOJepa Ha 3acajiax
MIKpoKoHTposiepa. [Ipu iMmynbcHOMY 30y1KeHHs (IEPEMHUKAHH1) KOTYIIOK KPOK 3a
KPOKOM IIOBEPTA€ThCS BEKTOP 3arajlHOr0 MArHITHOTO MOJIS, SIKE YTBOPIOETHCS
MarHiTHAM TIOJIEM KOTYIIIOK CTaropa 1 MAarHiTHUM TIOJIeM TOCTIMHMX MAarHiTiB
poTopa.

Ha BiamiHy Bii aCMHXpPOHHHX JBUTYHIB 3MIHHOTO a00 KOJEKTOPHHX
JBUTYHIB TOCTIHHOTO CTPyMYy KpPOKOBI JABUTYHU YIPABISIOTHCS LUPPOBUMHU
iMImyiabcamMu. IMIOyiabCHMIM KOJ Ha BHUXOAl MPOrpaMyeEMOTO KOHTpoJiepa
NEPETBOPIOETHCS B MUK KYT (KpOK) MOBOPOTY poTopa. Sk i1 BCl JBUTYHH,
KPOKOBI JIBUTYHH CKJIQJarOThCs 31 cTatopa 1 poropa. Ha puc. 4.1,a HaBeaena
CIpoIleHa cXeMa KpPOKOBOro JBUryHa. Ha poTopi BCTaHOBJIEHI MOCTIHHI
MarHiTi, a J0 CKJIaay cTaropa BXOHATh 4 KOTYIIKH (OOMOTKH) OOMOTKH, SIKi
pO3TaIIoBaHi Mo KOy i1 Kyrom 90°.

BigminHOCTI B cmoco0ax MiAKIIOYEHHS OOMOTOK BHM3HAYalOTh PEXKUM
poboTn KpoKkoBOoro nBUTYHAa. Hampsmok oOepTaHHS Bally BH3HAYa€ThCS
MOPSIIKOM, B IKOMY 3’€JTHaHI KOTYIIKH M1 COOOIO.

TUITN KPOKOBUX JIBUT'YHIB.

PosrnsiHemMo HaWO1IBII TOMMPEHI KPOKOBI JBUTYHH, SIKI TOKJIAJCHI B
OCHOBY TPOEKTYBaHHS KPOKOBOTO MPHUBOAY (KPOKOBHM JBUTYH + Tepemada +
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CHUCTEeMa KepyBaHHS) TEXHOJIOTTYHUX MAIIUH JIETKO1 TPOMHUCIOBOCTI 1 BEPCTaTiB
MAaIIMHOOYIyBaHHS.

KPOKOBUWI JBUT'YH 3 ITOCTIMHUM MATHITOM (puc. 4.3). Porop
TAKOrO JIBUTYHa MICTUTh TMOCTIHHUN MarHiT y ¢opMmi aucka 3 aBoma abo
OLTBIIIOI0 KUTBKICTIO TIONIIOCIB. KOTYIIIKH 13 cepAeUHNKaMU CTaTopa YTBOPIOIOTH
M0 KOJY €JIEKTPOMArHiTH, Kl MPHU KUBICHHI iX IMIIyJIbCHUMH EICKTPUIYHUMHU
CUTHAJaMU TPUTIATYBATH Ta/ab0 BIJIITOBXYBAaTH BIJAMOBIIHI MPOTUIICHKHI
noyirock  (3yOI1l) MOCTIMHUN Mar”HiT Ha pOTOpl 1 CTBOPIOBAaTH THM CaMUM
KpyTHU MoMeHT. Ha puc. 4.3 HaBeJeHa MIPUHIIUIIOBA CXeMa KPOKOBOI JIBUTYHA
3 MOCTIMHUM MarHiTOM.

[ﬁﬁ][l@ﬁﬂ]

Puc. 4.3. [lpyHUMIIOBI KOHCTPYKTHBHI CXE€MU KPOKOBHUX JBUTYHIB: a — 3
POTOPOM y BUIJISAl OCTIMHOTO MarHiTy; 0 - 3 pOTOPOM y BUIJISA1 3y04acToro
JIMCKa 3 MarHITHO M’ SIKOTO MeTaily 0€3 MOCTIMHOTO MarHiTy

KPOKOBUI JABUT'YH 31 3MIHHUM MATHITHUM OIIOPOM
(puc. 4.3,6). Y IBUTYHIB I[bOTO TUITY Ha POTOPI HEMA€ MOCTIMHOTO MAarHITY.
3aMiCTh IIBOTO, POTOP BUTOTOBIISIETBCS 3  MAarHiTHO M’SKOrO MeETajly Yy
BUTII1 1iecTepiHku. Crtatop mae OuTble 4OTHPHOX OOMOTOK. OOMOTKH
KUBJISATHCA B NPOTUIEKHHUX IMapax 1 HNPUTIATYIOTb poOTOp. BiacyTHICTh
MOCTIMHOTO MarHiTy HETaTUBHO BIJIMBAE€ HAa BEIWYMHY KPYTHOTO MOMEHTY,
BiH 3HAYHO 3HWXKYEThCSI. AJe y [IHMX JBUTYHIB HEMa€ CTOMOBOTO
(yrpumyrodoro) MmoMeHTy. CTONM-MOMEHT II€ MOMEHT, 110 00epTae poTop
MpU HASBHOCTI CTPyMY B KOTYyIIKax ajié TpU BIJACYTHOCTI CTPyMy B
KOTYIIKax MOCTIHHI MATHITH pPOTOpa CTOMOPSATHCA B3AEMOMIEI0 3
dbepoMarHiTHUMHM cepjaeyHuKamMu ctatopa. CTON-MOMEHT MOXHa BIIYyTH
AKIIO0 CMPOOYBAaTH TOBEPHYTH PYKOIO BIAKIIOUCHHH KPOKOBHUHM IBHUTYH 3
MOCTIMHUM Mar”iToM. Bu BiguyeTe MOMITHI KJIAllaHHS Ha KOXKHOMY KpOIIl
neuryna. HacnpaBai Te, mo B Biguyere 1 Oyae (iKCYlOUUM MOMEHTOM,
AKUM MPUTATYE MArHITH J10 «3alli3a» ctatopa. KpoKoBI ABUTYHM 31 3MIHHUM
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MarHiTHUM ONOPOM 3a3BHYail MarOTh KpOK, IO JIEKHUTh B Jiala3oHi
5¢°...15°.

I'BPUJIHUI KPOKOBMI1 JIBUT'YH (puc. 4.4). Ha3By «riGpuanuii»
KPOKOBUI JIBUTYH OTPUMAaB 4yepe3 Te, IO BiH MOEIHYE B COO1 XapaKTEPUCTUKH
KPOKOBHUX JIBUTYHIB 3 TIOCTINHUMH MAarHiTaMH 1 XapaKTEpUCTUKU KPOKOBUX
JIBUTYHIB 3 IIEPEMIHHAM MarHiTHAM O1opoM (puc. 4.4).

['O6puaHI KPOKOBI ABUTYHM MAarOTh BHCOKIH YTPUMYIOUHM 1 JUHAMIYHUN
KPYTHUH MOMEHTH, a TaKOX Majy BEIWYUHY KpPOKY, IO JICKHUTh B MEXKax
0.9...5 rpanyciB, 1o 3a0e3nedyye BHUCOKY TOYHICTh IO3UIIIOBAHHS BEICHHUX
JIAHOK MPOTPaMHO KEPOBAHMX MEXaHI3MIB TEXHOJOTIYHHUX MAIllMH 1 BEpPCTaTIB
MamMHOOyAyBaHHA. Lleil Tunm ABUTYHIB IIUPOKO BUKOPHUCTOBYeThCs B CNC-
BepcTaTax, po0oTax 1 MEXaTpPOHHUX MOAYJISIX TEXHOJOTTYHUX MAIIUH Taly3i.

[Tommpennii y BUKOPUCTAaHHI HA BUPOOHHUIITBI IOPUAHUI KPOKOBHM IBUTYH
3 8-10 oOMoTKamMu (4-ma mapamu), sikuii BUkonye 200 KpokiB Ha OAUH 0OOPOT.
Potop Takoro ribpuaHoro kpokoBoro asuryHa Mae 50 no3utuBHHX 1 50
HEraTUBHUX 3YOIIB-TIOIOCIB. Uepe3 Te, 10 TaKuidl MOCTIMHUI MarHiT Ba)XKO
3poOuTH, OYJI0 3HANMIEHO OpUTiHAJIbHE TEXHIYHE pilieHHsA. PoTop MicTUTh /1Ba
okpeMux 50-3yOuactux gucka (puc.4.4,a). Takoxk BUKOPUCTOBYETHCA
UWTIHAPUYHUN TOCTIMHUKA MAarHiT 3aKpilUIeHHd Ha Baily portopa. llepmmii
3yO4acTHil AMCK 3aKPIIUIEHUI 3 MO3UTHUBHUM IOJIIOCOM IMOCTITHOTO MarHiTy, a
Opyruil 3yOuacTUil TUCK 3aKpIIJICHUH JO HEraTuBHOIO MOJIOCIB MOCTIHHOTO
MarHity. Takum YMHOM, OJMH JUCK Ma€ IMO3UTUBHUM moiitoc (S) Ha CBOIX
50 3y6usx, a npyruit mae HeratuBHUM mostoc (N) Ha cBoix 50 3yousax. Ilpu
1IbOMY 3yOIIl OJTHOTO JUCKY 3MilieHl Ha 1 3y0 BITHOCHO 3yOIliB IPYTroro JUCKY.
I Tomy 3anmaguHu 3yOLiB Ha OJHOMY JAMCKH PO3TalIOBaHl MPOTH BEPIIMH 3yOIliB
Ha JPyroMy AMCKY. B pe3ynbraTi Takoro KOHCTPYKTUBHOTO PIIIEHHS OTPUMAaHO
potop 13 100 3ybusmu, ne koxuuit 3y0 ne nomtocu (S) 1 (N) moctiiHOrO
MAarHiTy, SIKUiA po3TallloBaHUM BCEpEIUHI 3y04acTHX JBOX JUCKIB 1 Il TIOJIIOCH
(S) 1 (N) 3yO1iB poTopa 4epryroThcs 1o koiy (puc. 4.4,0).

| T
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Puc. 4.4. KoHCTpyKTHBHA cXxeMa pOTOpa riOpiIHOr0 KPOKOBOTO ABUTYHA (a),
30ir BEKTOpa MarHiTHOTO TOJIS 3yOIliB MOCTIHHUX MAarHiTiB POTOpa 3 BEKTOPOM
Mar”iTHOTO TIOJS AaKTUBHUX €JIEKTPOMArHiTOB CTaTopa B IOYaTKOBOMY
nmoJioxkeHH1 poropa (0, B) Ta cTiiika MarHiTHa piBHOBara poTopa 4epe3 OJuH
KpOK (T)

Ha puc. 4.4,B KOTyIIKM poO3TalIOBaHl Ha cTaTopi miag KytoM B 60°, ane
SKIIO MPUITYCTUTH, IO TIEpIa mapa - I[e caMa BEepXHs 1 caMa HIDKHS KOTYIIKH,
TOA1 Jpyra mapa 3mimieHa mij kyrom 60° + 5° (puc. 4.4,r) o BiIHOIIEHHIO 10
nepioi, 1 Tpets 3mimieHa Ha 60 + 5 ° mo BigHOIIEHHIO A0 Apyroi. L{g kyToBa
PI3HMIIS 1 € MPUYMHOIO OOepTaHHs poropa. PexxuMu kepyBaHHS 3 MOBHHUM 1
MOJIOBUHHUM  KPOKOM  MOXYTh  BUKOPHCTOBYBATHCS i1 3HMKEHHS
€HEProCroKUBaHHS.

Ha puc. 4.5,a 300pakeHa KOHCTPYKIlis 2-(a3HOr0 KPOKOBOTO JBUTYHA,
akuii Mae 6 3yOuiB poropa (kpok 15° npm HOBHOKpPOKOBOMY pexuMi
kepyBaHHsd), a Ha puc 4.5,6 — 50 3ybuiB poropa (xpox 1,8° mpm
MTOBHOKPOKOBOMY PEXHUMI KEpyBaHH).

KpokoBuii JBUTryH NOOYyJAOBAaHMM TAaKUM YUHOM, IO JAESKI €ro
XapaKTePUCTUKU MOXKHA MPUHHATH 32 HEMOJAAKH, SKIIO HE 3HATU 1X MPUYUHHU.
Taxki nmpuBOAM YacTO HATPIBAIOTHCS OUIBINE HI’K MTPUBOIM 1HIIKUX THIIIB TOMY, IO
yepe3 OOMOTKHM CTaropa KpOKOBOTO JABUTYHA 3aBXKIU, HaBITh KOJM POTOP
HEPYXOMUH MPOXOIAUTH MOBHHUM POOOYHMI CTPyM, SIKH CTBOPIOE TaK 3BaHUUN
«YTPUMYKW4YHUIl MOMeHT». KpyTHUII MOMEHT, CTBOPEHHI ABUIYHOM IOBHHEH
MO/10JIaTH YTPUMYIOUMHA MOMEHT 1 OyTH OLbIIIe MOMEHTY 3 OOKY HaBaHTAKEHHSI
KPOKOBOT'O MPUBOAY 3 00Ky TEXHOJOT1YyHOI MamuHU. OCTaHHINA CKIIAIa€ThCs 3
MPUBEJACHUX JI0 BaJly pOTOpa MOMEHTIB 1HEpPIi MEXaHI3MIB TEXHOJOTIYHOI
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MaIllMHK, MOMEHTIB OIOPY BIJ CHUJI TEpPTS Ta MOMEHTIB BiJ] CHUJ KOPHUCHOTO
ornopy mpu o0poOIIi MaTepialliB poOOYMMHU 1HCTpyMeHTaMu. KOTyIku KpoKOBHUX
JTBUTYHIB MaroTh 130ismito kiacy «Hy». Ile o3Hagae, mo Temmeparypa 0OMOTOK
Moske 30inbimryBatucs o 120°. Harpisamus xopmycy cratopa mo  80° me
HOpPMAJIbHE SIBUIIIE.

Hepuia obMomKa
3PONHCEHHA

Cmamo,
L. P

Jpyaa otivemia
361OxcennA

-

9 /

s
. @
[ sybegs pomopa \

NG
a 0
Puc. 4.5. KOHCTpYKTHBHI CX€MU KPOKOBHUX JIBUTYHIB: a — 24 KpOKiB Ha 1 06opoT

poTopa 3 6 3yOusimMu (moctiiHuMU MarHitTamu); 0 — 200 kpokiB Ha 1 06GopoT
poTopa 3 50 3yo1samu (ri0puHuii)

KpokoBuii nBUTyH HE MOXE TMpaioBaTH 0Oe3 HaBaHTaKeHHs. Jls
HOPMAJILHOTO TPHUCKOPEHHS HOMY NOTpIOEH NPOTUIIIOYMNA MOMEHT 1HepIlii,
akui Oyne He MEHIE HDK MOMEHT 1Hepiiii poropa. be3 Takoro HaBaHTa)KCHHS
KPOKOBHUI JBUTYH OyJie MpaIffoBaTH B PO3HOC.

[Ipu BKIIFOUEHHI KPOKOBMI JBUTYH MOXE€ CMHUKHYTHUCh. lle moB’s3aHo 3
THUM, 1110 BIH Ma€ (pikcoOBaHE YUCIIO MOJIOKEHD (KpoKig) Ha OIUH 000POT POTOpAa.
B kpokoBOMy JIBUTYHI cCepisi €JIEKTPUYHUX  IMITYJIbCIB TEPETBOPIOETHCS B
oOepTaHHsI POTOpa MO KPOKaM 3a CTPIIKOI0 TOJWHHHMKA ab0 TMPOTH CTPUIKU
roguHHUKa. OOuH KOJI cepil  eNeKTPUYHHX IMITYJIbCIB 3a0e3reuye MOBOPOT
poTopa Ha OJWH MEBHUM KYT (0OuH KpoK) y BIAMOBIAHOCTI 3 HACTYITHOI
dbopmyiioro:

3600

2-(kisnbKCcTh $az)-(kinpkicTb 3y61iB poTopa)

1 kpok =
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Hampuknazn, ajis KpoKOBOro JBUTyHa Ha  puc. 4.3,a OIMH  KpOK
cknagae (360°/2-2-6)=+15° a s kpokosoro aBuryHa Ha puc. 4.3,6 oquH
kpok ckinanae (360°/2-4-50=+40,9° =+ 54/,

[TigkIroUYeHHs KPOKOBHUX JIBUTYHIB MOTPiOHA BUKOHYBATH €KPaHOBAaHUMU
KabelsIMu 31 CKPYYeHMMH NpOBOJaMHM (CKMJIaMHM) THITYy KpydeHa mapa (poc.
sumas napa). Expan xabemto moTpiOHa 3a3eMitoBaTH 3 000X  KIHIIIB.
ExpanyBanHs  [03BOJISI€  BUKIIOYATH  MPOHUKHEHHS B CHUCTEMY
CJIEKTPOMArHITHUX TEPEIIKOJl, a TaKOX 1X BHUIPOMIHIOBAaHHIO CHCTEMOIO
KEepyBaHHSI.

[Tpunuun poOoTu MOSICHIOEThCS cxemamu Ha puc. 4.6. Koxkna ¢aza
30y/UKEHHSI Ma€ JIBl TMOJIFOCHI KOTYIIIKM Ha CTAaToOpl, SKI MPH MPOXOJKEHHI 10
HUM IMITyJIbCY CTPYMY TO3UTHUBHOI a00 HEraTUBHOI TMOJSPHOCTI CTBOPIOE
PI3HOMMEHHI MOJI0Ca Ha CTaToPI.

Bci kpoKOB1 NMpUBOAM MalOTh PO3TISIHYTHH NMpuHUUIN fii. BigMiHHOCTI
JUIIe B TOMY, IO Y JBUTYHA 3 OUIBIION KUIBKICTIO TIOJIFOCIB CTaTopa 1 3yOIliB
poTOpa poTop 3a OAMH 00EPT POOUTH OLIbIIE KPOKIB ajle MEHIIOIO PO3MIpY.

[Tpu mpoxomkeHHi cTpyMy 1o kKotymkam 1-2 (puc. 4.6,a) nepmoi dazu
30y/PKeHHST  BIJIOBIAHI TOJIIOCA CTaTOpa HAMArHIUyIOThCS 1 MPUTATAIOTH 3yOIIi
poTopa mpoTusiexHoi nossgpHocTi. [Ipu migkimtouenHi koTymok 1-2 1 3-4 aBox
¢a3 30ymxenHs (puc. 4.6,6) poTop mnoBepraeThca e Ha KyT 15°. Jlns
HAaCTYyHOTO KPOKY Bi1IOYyBa€ThCS BIAKIIOUEHHSA KOTYIIOK 1-2 mepmioi ¢asu, a
3AIMIIAETHCS MIAKIIOYEHUMH TUIBKH KOTYIWIKH 3-4 1 TOMY pOTOp NMOBEPTAETHCS
we Ha kyT 15%(puc. (puc. 4.6,8). A nani BigOyBarOThCA HACTYIIHI NEPEKITIOUYEHHS
KoTymok: 3-4 ta 2-1, 2-1, 2-1 Tta 4-3 i tak gam. JIjs TOBHOTO OJHOTO
000pOT poTOpa 3a CTPIIKOIO TOAMHHKKA Ha pUC. 4.4 TOTpiOHO OyJio HaBecTu 24
nonoxkenns (15°-24 = 360°). Takum unHOM, po6oTa 2X-(ha3HOrO0 KPOKOBOTO
nBuryHa (puc. 4.6) B HaBIJI KpoKoBoMY pexumi (puc. 4.7,0) BinOyBaeThcs 3a
HACTYITHUM aJITOPUTMOM:

1-2 (puc. 4.6,a — nepuuii kpok) — 1-2, 3-4 (puc. 4.6,0 — npyruii Kpok)
— 3-4 (puc. 4.6,B — TpeTiit kpok) —3-4, 2-1 (puc. 4.6,r — 4eTBepTUIl KPOK) —
2-1 (puc. 4.6,n1 — m’situit kpok) — 2-1, 4-3 (puc. 4.6, — MOCTUN KPOK) 1 TaK
JaJii.

Jlnst 3-(ha3HOTO KPOKOBOTO IBUTYHA 3 4 3yOIsIMU POTOpA KUTHKICTh KPOKIB
3a 1 006ept poTopa ckiaaae 24, 1m0 po3paxoByeThCs 32 POpMYIIOLO:
2-(uucino ¢a3z = 3)-(uucino 3yo011iB potopa = 4) = 2:3-4 =24,
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Puc. 4.6. Cxemu jyist 6 KpOKiB KPOKOBOTO JBUTYHA, SIKMM Mae 4 KOTYIIKH Ha
cratopl Ta 6 3yOIliB HAa POTOP1, YTBOPEHUX TPHOMA IMOCTIHHUMU MarHiTaMu

B 4 Bz 4
- E
- — L |
. 1 | I 1
1 | L
1 2 i 1 1 S 3 1 ) § T 4
Homep xpoxy Homep xpoxy
a 0

Puc. 4.7. JiarpamMu momadi IMIyJbCiB Ha OOMOTKHM KPOKOBOTO JIBUTYHA:
a — TIOBHO KPOKOBU PEKUM KepYBaHHS;, O — HABILIT KPOKOBUH PEKUM KepyBaHHS

360°
Kyt noBopoty poropa Ha 1 Kpok ckitagae a = 159,
Jlnst nBopa3zHOTO KPOKOBOTO JBUTYHA 3 6 3yOIsIMH pOTOpa KUIBKICTh
KpOKiB 3a 1 000pOT poTopa CKiIamae Takox 24 1 po3paxoBy€eThCs 3a GOPMYIIOH0:
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2-(uncno a3 = 2)-(uucio 3yO1iB potopa = 6) = 2-2:6 = 24. KyT noBopoTy
360° _ . o
potopa Ha 1 Kpok ckiangae e =15°.

Yactota oOepTaHHS pOTOpa BHU3HAYAETHCS YACTOTOI CICKTPUIHHUX
IMITYJIBCIB, TOOTO IIBUKICTIO MEPEKIIOUYEHb OOMOTOK 30y IXKEHHSI.

PEXXUMHM POBOTU KPOKOBUX JIBUT'YHIB.

Po3rnsHeMo HaiOUIBII TOLIMPEHI YOTHPU BapiaHTa PEKMMIB IOyl
CUTHAJIIB KEpyBaHHS y BUTTISA1 €IEKTPUYHHUX IMITYJIbCIB TOCTIHHOTO CTPyMy Ha
KOTYIIKA (OOMOTKM) cTaTtopa Jyisi oOepTaHHS POTOpa y BUIJIAIl MOCTIHHOTO
MAarHity.

ITOJTHO KPOKOBUI PEXXUM KEPYBAHHS (puc. 4.8 i puc. 4.9). Jlna
peanizalli uboro pexXuMy, Hampyra Ha OOMOTKH MOJA€ETHCS MOMapHO. 3aJekKHO
BiJI CrOCOOY MiAKIIOYEHHS 0OOMOTOK (MOCHiAOBHO a00 mapanesbHo). B 1npomy
BUIAJIKy ABUTYH Oyze BuaaBaTu 100% HOMIHAIBHOTO KPYTHOTO MOMEHTY.

Kpok 1 Kpox 2 Kpok 3 Kpok 4
A+ A- A- A-
- = | = +| - - =
z B- B- B+ B-
> E |
B
a C
D
6

Puc. 4.8. IToBHO KpOKOBHI1 pesKUM POOOTH OIMOISIPHOrO0 KPOKOBOT'O IBUTYHA
(BapianT 1): a — )KMBJACHHS KOTYIIKA A JUIs KPOKy 1; O — mOJIOKEHHsI poTopa
(MOCTIMHMX MAarHITIB) JIJIsl YOTUPHOX TaKTIB (dotupu Kpoky) A - C —- B — D
MIPOTPaAMHOTO TIOYEPTOBOT0 MEPEMUKAHHSI 110 OAHIN (a3l craTtopa s OJHOTO
IIUKITy 000pOTYy poTOpa
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Kpoxk 1 Kpok 2 Kpoxk 3 Kpoxk 4

A+3 = n
D=

20" =

0
Puc. 4.9. [ToBHO KPOKOBHI1 peKUM POOOTH OIMOISIPHOTO KPOKOBOIO IBUTYHA
(BapianT 2): a — xwuBneHHs KoTymok A ta C s kpoka 1; 6 — MOJIOKEeHHS
poTopa (MOCTIMHUX MAarHiTiB) JiJIs YOTUPHOX TakTiB (doTupu Kpoky) AC — CB
— BD — DA nporpaMHOro no4eproBoro nepeMHKaHHsi 1O JIB1 a3y craTopa
JUISL OIHOTO LUKy 000pOTYy poTOpa

HABIIIJI KPOKOBUIA PEXXUM (puc. 4.10). He 3MiHIOI0OYH IPH Hi40TO
B «3aJ]i31» JABUTYHA JJI1 OTPUMAHHS MMOJBOEHOI TOYHOCTI MO3UIIOHYBaHHS Bajy
poTOpa MOPIBHSHO 3 MOBHO KPOKOBUM PEXHMaMHU KEPYBaHHS 3aCTOCOBYETHCS
HaBIIUJI KPOKOBHUI PEXHUM KEpyBaHHS KPOKOBUM JBUTYHOM (BapianT 3). [[ns
peanizailii 1bOr0 peXUMy OJHA Tapa OOMOTOK abo 1Bl mapu OOMOTOK
IPOrpaMHO OTPUMYIOThH >KHUBJIEHHSI OJTHOYACHO 1 TOMY POTOpP NOBEpPHEThCS Ha
MOJIOBUHY KpPOK TOPIBHSHO 3 BapiaHTaMm | BapiaHTOM 2 TIOBHO KPOKOBUX
pexumiB kepyBaHHA. [Ipu 1IbOMy KpOKOBHI JBUTYH BUKOHYE TIOJIBIMHY
KUIBKICTh KPOKIB Ha O0OpOT, IO O3HAya€ MOJBIMHY TOYHICTh JJISI CUCTEMH
MO3ULI0HYBaHHS.

HaBmin kpokoBuil pexuM poOOTH OINOJSAPHOTO KPOKOBOTO JIBUT'YHA
(BapianT 3) HaBenenuii Ha puc.4.10, me 300paxkeHi IMOJOXKCHHS MOCTIHHOTO
MarHity poropa i 8 taktis AB — AB+CD — CD — CD+BA — BA —
BA+DC — DC — DC+DA nporpaMHOro IMO4YeproBoro nepeMukanas a3
cTatopa Jig OJHOTO IUKIY 000pOTYy pOTOpa.
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Kpoxk1 | Kpox 2 | Kpok3 | Kpox4 | Kpok 5 | Kpox 6 | Kpox 7 | Kpok 8
A

A+ A+ A A- A- A- AY
_ L + - +| - + 4 L] - |+ - -
D@C DC D@c DES, D@C D D@C DQC
L
B- B- B B+ B+ B+ B B-

20 & -

Puc. 4.10. HaBmin KpokoBUN pexkuUM POOOTH OIMOJISIPHOTO KPOKOBOI'O
nBuryHa (BapianTt 3) IMOJI0XKEHHS MOCTIMHOTO MarHiTy poropa Jyisi 8 TakTiB (8
KpPOKIB) MPOTpaMHOr0 MOYEProBOro MEepeMUKaHHsl 10 JBl (a3u cratopa s
OJIHOTO LIUKIIy 000pOTY poTOpa

PEXXMM MIKPOKPOKA (puc. 4.11). [Ins miaBUIICHHS PiBHS IIaBHOCTI
X0y KPOKOBUX [JIBUTYHIB KpIM HaBIJI KPOKOBOIO PEXHUMY poOOTH
3aCTOCOBYIOTHCS MIKDOKPOKOBHH pexunM (Bapiant 4) 1 pexum M
perymoBaHHs. [7gest MIKpOKpOKy I©ojisirae B Mojadli Ha OOMOTKM JBUTYHA
’KUBJICHHS HE IMITyJIbcaMu, a UGPOBUM curHaioM (puc.4.11,a), sikuii 3a CBOEIO
dbopmoro Harangye cunycoiny. Ilpu 1upomy BinOyBaeThCs OUIBII TIIAJIKE
MEPEeMIIIEHHSI pOTOpa MpU TEPEexXoJax BiJ OJHOTO KPOKY JO HACTYITHOTO, IIO
BHU3HAUAE IMUPOKE BUKOPHUCTAHHS MIKPOKPOKOBOTO PEXKHUMY KEepyBaHHS B
cuctremu nosuiionyBaHHs CNC-Bepcrarax (Bepcrarax 3 UYIIK). Kpim 1nporo
3HAYHO 3HIKYIOTBCS KPOKOBI MPUCKOPEHHS 1 HAaBAaHTAXEHHS B CHCTEMI
«KPOKOBHH IBUTYH — TEXHOJIOT1UHA MAIITUHA).

Ha puc.4.11 HaBeneHi NpuKIagu arpoKCUMAIii MOIynepioia CUHYCOiIu
mupposum  curHagom  3a  jgomomoroo Al (Awnanoro-Iugosoro-
IlepeTBoproBava) KOHTpOJIEpa KPOKOBOTO JIBUTYHA:

o -

........................




Puc. 4.11. Pe3ynbrar aHanoro-u¢ppoBoro nepeTBOPEHHs CUTHAILY KepyBaHHS
JUIS. PeKUMY MIKPOKPOKY 3 PI3HUM J03BOJIOM (a, 0) 1 NPUHIMIIOBA cXema
YKUBJICHHSI KOTYIIIOK KPOKOBOTO JIBUTYHA (B)

B mBeiiHMX IMKIOBUX HalliBaBTOMAaTax, B IIBEHHO-BUIIHMBAILHUX
mamuHax 1 BummBaabHUX CNC-aBTOMaTax i3 3y04acTe-macoBOIO IEpeaadcto
BUKOPUCTOBYETHCS JIBA OJJHOOCHHUX IMporpamMHO kKepoBaHux MmexaHizma (ITKM)
JHIMHUX mepemilieHb 1mo ocsaM KoopauHat OX 1 OY 13 3aTUCHYTUM B I sUTBITSIX
YY KaceTl TeKCTWJIbHUM MaTepiaioM BIJIHOCHO TOJKH, YOBHUKA 1 MPUTUCKHOL
JIaTIKH.

CymapHa TmOAATAMBICTG 1 3HAYEHHS Maca-lHEPIIHHUX MapaMeTpiB
IUHAMIYHOT cucTeMH mporpamHo-kepoBanux IIKM  TtpaBepcu m; Ouiblue
aHanoriyaux mapamerpiB [IKM kapetku m;. 3aKOHU KepyBaHHSI MOMEHTaMHU
KPOKOBUMH JBUI'YHaMU My;_x 1 Mgy_y peanisyrotbest mporpamuo. Tumosuii
anroput™M  opmyBanHs My x 1 Mgy [IKM U1uMkiI0BOi IIBEHHOI
CNC-Mmammau, TabauIl IBIMKOBO-BICIMKOBHX KOIIB «2»—«8» 1 IECATKOBHUX
KOJIB HaBeleHO Ha puc. 4.12. [Ins nBoX BaplaHTIB MPOrpaMHOI KOMYTallii
kpokoBux npuBoguB KJ-X i KA-Y (3-¢da3Hux 3 6 KOTyIIKaMH 30yKCHHS Ha
cratopi npu 12-takTHOi KomyTtalii) g anroputmy (puc. 4.12,a) npuiiHsTtu
HACTYMHI YMOBHI MO3HAYEHHS:

N=12 — gucno takriB komytamii K/[-X i K/I-Y;

{a;} — Tabmuns (puc. 4.12,6 i puc. 4.12,8) xoxiB komyTarii, 1e i = 1,n
— HOMEp KOMYyTaIlii;

Xi,Y; — YHCIO TaKTiB KOMyTalli B KpOKax JIHIHHUX TMepeMileHb
porpaMy€eMOi JOBKUHU MAIIIMHHUX CTIOKIB;

T, H, K — npoMi>Hi ITOCTIiHI.

Hampsim o6epranns poropa KJI 3a CTpiikoro rOAMHHHKA MPOTPaMy€eThCs
HACTYMMHOIO TIOCIIIJIOBHICTIO TOKPOKOBOIO KOMYTAII€l0 aq ...dq2  IIOCTI
KOTYIIOK CTaropa uepe3 OAHY-IBI KOTYIIKA JUIsi KapeTKu 3 MEHIIO0
MIPUBEICHOIO MACOI0 My !

l—) 1—+1,2—2—2,3—3—3.4—4—4,5—-5—-5,6—56—06,1 —1

Ta Yepe3 ABi-TPU KOTYIIKH JJIS TPaBEPCH 3 OLIBIIIO0 MTPUBEICHOI MAcoio M, -

|—)1,2—>1,2,3—>2,3—>2,3,4—>3,4—>3,4,5—>4,5—>4,5,ﬁ—>5,6—>5,ﬁ,1—>ﬁ,1—>6,1,2—1
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{a;} |Kon {a;} |Kon
2y - «8& | «10» @2» - «8» | «10»

a, |110000 |60 a; |100000 |40
a, |111000 |70 a, |110000 |60
az; |011000 |30 a; 010000 |20
a, |011100 |34 a, |011000 |30
as 001100 |14 as 001000 |10
as 001110 |16 ag 001100 |14
a, [000110 | 6 a, 000100 |4
ag 000111 |7 ag |000110 |6
as |000011 |3 ag 000010 |2
a,, |100011 |43 a;, |000011 |3
a;; |100001 |41 a;; (000001 |1
a;, |110001 61 a,, (100001 |41

6 B

Puc. 4.12. brnok-cxema anroputmy (puc. a) GopMyBaHHS MPOTPAMyEMUX
Kepyrouux BIUMBIB Ha Mgy x 1 Mg,y IIKM OBOKOOpAMHATHHMX MIBEHHHMX
CNC-Mammnau; Tabauist KoJiB TaKTOBOI KoMyTallii kpokoBoro asuryHa KJI-X
(puc. 6) TabmuIs KOMIB TAKTOBOT KOMYyTaIlii KpokoBoro asuryna KJ/[-VY (puc. B)
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Hanpsim  obGeprannss poropa KJI mnpoTu CTpiiKM  TOJAMHHUKA
MPOTPAMYEThCS HACTYIMHOK TOCJIIOBHICTIO TMOKPOKOBOI KOMYTAIIEI aqp
..4q7 IIOCTI KOTYIIOK cTaTopa uepe3 OJHY-/IBl KOTYIIKH IS KapeTKd 3
MEHIIIOI0 TIPUBEACHOIO Macor0 My,

l—)1,ﬁ—>ﬁ—>ﬁ,5—>5—>5,4—>4—>4,3—>3—>3,2—>2—>2,1—>1—1

Ta 4epe3 ABi-TPU KOTYIIKH IS TPAaBEPCH 3 OLIBIIO0 MMPUBEICHOIO MAcoio M :
|—>2,l,ﬁ—rl,ﬁ—r1,ﬁ,S—Hﬁ,5—}6,5,4—}5,4—}5,4,3—3»4,3—3‘—4,3,2—>3,2—>3,1,1—>2,1—1

[Iporpamyemuii KOHTpoOEp, ApalBep, KPOKOBUM JBUTYH 1 OJIOK >KHBJICHHS
IIE€ OCHOBHI CKJa/J0BI KpPOKOBOrOo MpuBOAY. IlOCHIZOBHOCTI €NEeKTPUYHUX
IMITYJIBCIB TIOCTYMNAIOTh MPOTPAMHO BiJ KOHTpOJIEpa N0 JpaiiBepa KPOKOBOTO
JBUTYHA B OOMOTKH 30y/I’KEHHS 3 JAESIKUM 3CYBOM B 4aci 1 yTBOPIOETbCS BEKTOP
MarHiTHOTO moJjisi cratopa. [1ocTiiiHI MarHiTH cTaTopa CTBOPIOIOTH CBiil BEKTOP
Mar"itHoro mnoss. Kojin BEKTOp MAarHiTHOrO TOJs CTaTropa CHIBOANae 3
BEKTOPOM MarHiTHOT'O TOJISl pOTOpa YTBOPIOETHCS BEKTOP CHUIBHOTO MarHiTHOTO
NOJISI CUCTEMH «CTaTOp — POTOpP» 1 POTOp IMOBEPTAETHCS HA OJUMH KPOK. 3a
nonomoroto [HIIM-peryntoBaHHs MINAPYBATICTIO IMITYJIBCIB KOHTPOJIEP PETYIIIOE
IIBHJIKICTh KPOKOBOTO JIBUTYHA 1 KIJBKICTh KPOKIB / HaBIiI KPOKIB abo
MIKPOKPOKIB JIBUTYHa, @ 3HA4UTh 1 (YHKUII TOJIOKEHHS, IIBUIKOCTI 1
IPUCKOPEHHS BEJEHOI JJAHKU MPOTpaMHO KEPOBAHUX MEXaHI3MIB TEXHOJIOTTYHOI
MalIuHU.

[Ipomyck iMmynbCiB (KPOKiB) MPU POOOTI KPOKOBOTO JABUTYHA MOXKE OYTH SIK
3 MEXaHIYHUX MPUYUH, HANPHUKIAJ 332 PaXyHOK PE30HAHCHHX KOJIMBaHb B
MEXaHIYHHUX 3’€THAHHSAX MIXK MPUBOJOM 1 30BHIIIHIM HAaBAHTAXEHHSAM, TaKOXK
10 MPUYUHI 30010 POOOTH €JIEKTPOHHUX YACTUH OJIOKa KEpyBaHHs, a TAKOX 10
MPUYMHI BIJCYTHOCTI 3BOPOTHOTO 3B’ 513Ky B CTPYKTYp1 O0Ka KepyBaHHsA. Bubip
JUTSI TEXHOJIOTIYHOT MalllMHK ab0 JUTsl MEXaH13My KPOKOBOTO JIBUTYHA 3aHUKEHOT
HNOTY>KHOCTI TaKO MPUBOAMUTH 1O MPOIYCKY MEXaHIYHOIO KPOKY TOMY, IO
TaKUil JBUTYH HE MOKE IOJ0JIATH 30BHIIIHE HABAHTAXKCHHS TPHU 3aJIaHOMY
MPUCKOPEHHI 1 4aCTOTH OOepTaHHS.

SIKIO0 30BHIIIHE HABAHTAXKEHHS HE MIAKIIOYEHO a00 Majie 3a BEJIMYMHOIO
KPOKOBHUI JIBUTYH MOXE MPALFOBATH B PO3HOC.

B 3anexHocTi Bl KOHCTpYKIIi (OimoJisipauii a00 yHinosipHuid) i cocoOy
(cxemMH) MIAKIIOYEHHS KPOKOBOTO JIBUTYHA 3aCTOCOBYIOTH pI3HI JIpaiiBepu.
Hanpuknan, mis nommpenux koutposiepie Arduino UNO (puc. 4.2,a) Ha puc.
4.13,a HaBeleHa CXeMa IiJKIIOYCHHS YHIMMOJISIPHOIO KPOKOBOTO JBuryHa (4
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BUX0/1M) 3a gonomororo mikpocxemu ULN2003 ogHoiiMeHHOTO ApaiiBepa, a Ha pHC.
4.13,6 — cxeMa MIKIOYEHHS OIMOJSPHOrO KPOKOBOro JBHMryHa (4 BHXOIM) 3a
nornomororo Mikpocxemu SN754410NE onHoliMeHHOTO JpaiiBepa.

Arduino +5V ¢
Arduino 12V - ,
Pin N28 1 15 o Arduing T w7 :l—’ A'I'd'lll-.l'lD
o—1B U2 ¢ i N2 8 o m o Pin N211
Arduino 2|2 PnN5OTow| @ [2oum _
Pin Ne9o—— c Arduino G - f Asdriie
o— Pin N2102{3p 3¢ |4 Pin N29 END| 5 [END a N2
-dui 2out] = 3 out
Ardunino 4 ac |3 - “ Tl
Pin N211 *B nzons HCBACHHA s . ]
GNDO—ESB C lgg ’ FBHIYHA o
A5V A0 ’ '
N P T oL o
7|78 10 > N
o— TC o .| Stepper Motor i "
H : !
-L—BGND veel® \ gOE /
SE _l +12V Bipolar Stepper /" Motor Driver
a §

Puc. 4.13. Cxema mMmAKIIOYEHHS YHIMOJSIPHOTO KPOKOBUX JBUTYHIB!
a — yuinossipaoro (Unipolar Stepper Motor): 6 — 6imonsipuoro  (Biipolar
Stepper Motor)

4.3. lnardopma i kourposep Arduino UNO

Y KOpHCTYBa4iB Mae€ IepeBary y BHKOPHUCTaHHS ILIATH KOHTpoJiepa
Arduino UNO, ska mictunp mikpokoHTposiep ATmega 328 (32 - 32 Koaiir
¢bnenr-nam’sitb. 8 —  8-po3psaHMIA) [Tommpeni TakoX MOJENI IUIaTH
kouTposiepiB (puc.4.14) Arduino Nano (BCTaHOBIIOETHCS Ha MaKETHOI I1JIaTi)
1 Arduino Mega 3 mikpokounTposepom ATmega 2560, mio mae 54 uudoBux
niHiB ipotu 14 y Arduino UNO i 16 ananorosux miuiB npotu 6 y Arduino UNO
ta 4 COM-nopriB npotu oxuoro y Arduino UNO.

-_]tg:::zu- nuuvnn—ii

2325223993331 "=

O . J

Puc. 4.14. 3Baranpauii Burisag koutposiepie Arduino Nano (a) i Arduino
Mega (0)

126



Kontposepu Arduino (puc.4.15,a) He MarOTh omepariiiHol cUCTeMH, a
npampoTs 3 iHTerpoBaHuM cepenoBuimeM Arduino  IDE, y sxomy
BUKOHY€ETHCS KOJYBAHHS 1 3aBaHTAXCHHS MPOEKTIB g KOHTposiepiB Arduino i
fioro Oarathox KJOHIB. [lommupenuid Takoxk 1 (YHKIIOHAJIGHO aJeKBAaTHHI
BJIOCKOHAJICHWI BapiaHT IHTETPOBAHOTO cepeaoBhia po3poOku  Arduino
Bimomuii i Hazsoro MariaMole IDE

[MudpoBi  MexXaTpOHHI  CHUCTEMH KEpyBaHHS  aBTOMATH30BaHUMHU
TEXHOJIOTIYHMMH MalllMHaM{ 1 BepcTaTaMH MallMHOOYyyBaHHS 3aCHOBaHI Ha
3aCTOCYBaHHI MIKPOKOHTPOJIEPIB, SIKI € OCHOBOIO MOOYIOBU IPOTPAMMYEMHX
KOHTpOJIepiB a0 mpocTta KoHTposiepiB. KoHTpoep 3a apXiTeKTyporo CXOKUi Ha
MIKpPOKOMIT 10Te€p, 10 MicTUTh MikpokoHTposiep (MCU). MikpokoHTpoiep
MCU (MicroController Unit) me nporpamyemMa 0araTto KJIeMHa iHTerpajbHa
cXeMma, siIKa MOX€ BHMKOHYBAaTHM KOMaHAM, W10 30€piratoThCs B IaM ATI.
KonTtponepu mpaiioroTs 3 nepudepiiHuMU TPUCTPOSIMU, K1 OpPIEHTOBaHI Ha
BUKOHAHHS KOHKPETHHMX 32/1a4 MEXATPOHIKU 1 pOOOTOTEXHIKH 3a JOTIOMOTOIO
MEXaHI3MIB 1 amapartiB, peayli3ylourX MEXaHIuHI 1 XIMIYHI TexHoJorii. MiHi-
KoM 'totepu  (Hampuikian, Raspberry Pi) Ha BiaMiHy BiJg KOHTPOJEpIiB
OpIEHTOBaHI Ha BUKOHAHHS 3a/a4 3arajbHOro Npu3HavyeHHsi (PO3paxyHKIB,
MOJICTIOBaHHS, MPOTHO3YBAaHHSA, OMNTUMI3Allli TOHIO) 1 ISl IILOTO MICTSTh

Kroroa LED. 14 1pidpomicx (0...13) nixis, B TOMY OMCx
RESET" carmo.no,xL -migie (3,5.6,9.!0 n)

MixpoxonTpoaep USB
Mot 5 { / (ATmtga 16U2)
0 ™NVWnTimN oY

v 1 v
DXCITAL (PwM~) ELH |}

ML 3 : 2 ‘ ixor inrepdeiicy ICSP
aimxovennu 2o PC (M~ Jeiihy) g o mQ =il : P A mporpasoropa
T 7 > : MIKPOKOHTpOIEpA

CCCC

1B AMLTOCOBICE BXO NS

Por'or psosxinnmore  Hborsomaerows +5V, 3,3V, - (A
samaerns +7V..+12V Vin, GND i xoaameoei mizar z
a
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P
A

MixpoxorTpoaep
ATMega 328P-PU

11010 1010 wWgdl e oo 1o
1000011000 138 01 011 0110 D10
101010 1010 Vgl 1191 G110 10Y
1200011011 o1 o cot il
1000011000 IER 0| G011 0110 D10
101010 1010 18 1101 8010 101
1000011000 1EE 01 0011 QN0 MO

IIpoprpama y

IIporpania
mamessx xoxax (il)

Ha MOBI

Arduino-C < Konminsrop
{(mporpana)
0

IlpoeepHETH

B

Puc. 4.15. 3aranpHuil BUIIISIL 1 NPU3HAYEHHS OCHOBHUX KOMIIOHEHTIB
kouTposiepa Arduino UNO (puc. a), cxema IPHHIMIIOBOrO iH()OpMaIiifHOTO

3B’SI3Ky KOHTpOJIEpa 3 KOMMOUIATOPOM NpH KOMOUIALIT mporpam (puc. 06) Ta

(dbparMeHT MeHrIo (puc. B)

neHrpanbuuii porecop CPU (Central Processing Unit), onepaTtuBHy mnam’siTh
(0O3Y), nam’sitb niporpam (Flash-mam‘sTe)i 30BHiHI (epudepiiini) npucTpoi
y BUIJIAJIl JUCIUICIO, KJIABIaTypH, MPUHTEPA Ta IHIIUX CTAaHAAPTHUX MPUCTPOIB.
JIJisi BUBUEHHSI CTPYKTYpPHU 1 OCHOB MPOTrpamMyBaHHS MPHU MiArOTOBII MaOyTHIX
1HKEHEPIB-MEXaHIKIB JIOIUIbHO TMOYMHATH 3 OTPUMAaHHSAM KOMIETEHUIH 3
poOoTu nommpenoi miargopmu Arduino IDE.

3aranbHUIM BUTJISA 1 MPU3HAYEHHS OCHOBHUX KOMIIOHEHTIB KOHTpOJIEpa
Arduino UNO HaBeneni Ha puc. 4.15,a.
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KoHTposiepy He pO3yMilOTh MporpaMd Ha MOBaxX BHCOKOTO PIBHI.
[ToTpiOHa koMminsimisi Takux mnporpamu. Komninayis 1e Tepexiaa 3 MOBH
BHCOKOTO piBHSA, Hampukiang 3 MoBd Arduino-C Ha MOBY, SKy pO3yMie
KOHTposiep (ab0 KOMIT'IOTEP) 3 BU3HAYCHHSM MOMUJIOK JJI peJaryBaHHSA
nporpamu. [licisg KOMMOUIALIT KOHTPOJEP OTPUMYE MPOrpaMy B MAIIMHHUX
KoAax abo MOBY HyIiB 1 oAuHUIL. PoOoTa KOMIIsTOpa AJ MporpamM Ha MOBI
Arduino-C mis kouTposepiB cepii Arduino Hao4HO 300pakeHa Ha puc. 4.15,0.

JIist koMOuIsIiss mporpamMu Tpeba HATUCHYTH Yy MEHIO OJHY 3 JIBOX
kHomoK (puc. 4.15, B). Ilicist koMmissALii MporpaMu 3BEpTAEThCS yBara Ha IoJIs
MOBIJIOMJICHHST (CTaTyC KOMIIUIALII) 3HW3Y BikHa mporpamu. st 1bOro
BUKOHY€ETHCS MePeBipKU MPOrpaMu Mpy KOMIUIAIIT (Tepiia 371iBa KHOMKa Ha
puc. 4.15,8) a0 BUKOHY€THCS 3aBAHTAKEHHSI MPOTrPaMM JUIST KOMITUIALIT
(mpyra 3miBa kHomKa). [IoBIAOMIIEHHSI PO MOMUJIKY Yy Iporpami AyOIHO€ThCs
POXKEBUM PAJIKOM, SIKHM MIJICBIYYETHCS Y BIANOBIAHOMY PSIIKY TEKCTY
nporpamu. llomupene moBiJOMIIEHHS NOMUJIOK «HE MPaBUJIbHUNA CHHTAKCHUCH
(bad syntax), Hanpukias, B KiHII ONEpaHIy MPOMYIICHA TOYKa 3 Kpankow ado B
mporpami € HemapHa KUIBKICTh (PITYpHUX AYXKOK Ta 1HIIL. SIKIIO € JeKuUIbKa
CHHTAKCHYHUX TOMWJIOK y TEKCT1 MPOTpaMH, TO BOHU MOXXYTh MOXOTUTH BiJ
nonepeaHix. ToMy NoTpiOHO crOYaTKy BUIIPABUTH NEPITY NOMHIIKY CUHTAKCUCY
1 NepeKoMOUIoBaTH mnporpamy. Ilpy 1npomy 1HIN TOMHIKH MOXKYTh
aBTOMAaTUYHO 3HUKHYTH.

[Tpu BuBueHHI maTdopmu Arduino moTpiOHI TP OCHOBHUX KOMITOHEHTA!
e ocHoBHa 1utata Arduino, Hampukiaza, Arduino UNO ;
® [UIaTH 1 MOJYJI PO3LUIUPEHHS (IpaiiBepH, IUIIN, TaTYUKH, TBUTYHH, PEIe

Ta 1HIIl NPOrPaMHO KE€POBaHI MPUCTPOIB MEXATPOHIKH Ta POOOTOTEXHIKH

[1IJTbOBOTO MPU3HAYCHHS);

e iHTerpoBaHe cepeaoBuie po3podku Arduino IDE (Integrated

Development Environment) — cucrema mnporpamMHUX 3aco0iB, sKa

CILY’KUTh JJI1 PO3POOKH 1 KOMITUIALIT MPOTpaM.

[Inata xontponepa Arduino UNO, sk 1 B OUIBLIICTh IHIIMX IIJIAT
KoHTpoJiepiB  poauHu  Arduino (puc.4.16) mnoOynoBani Ha 3acajax
MmikpokoHTpoJiepiB Atmel. Came 1rara koHTposepa Arduino UNO (puc.4.15,a)
noOyaoBaHa Ha 3acagax MikpokoHTposiepa ATmega 328 (8-6itosuit AVR
MIKPOKOHTpoJIep, 32 kijioOaiTa ¢ueni-mam’sth). Lleit MIKpOKOHTpOJIEp BUKOHYE
yBECh CKOMIIUIbOBaHUH Ko mporpamu Ha MoBi Arduino-C i Hagae mocTyn 10
HAaCTYITHUX TPbOX CJOTIB (Tpym) MiHIB JJIsS  MIJAKIIOYEHHS CHUTHAJIB
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BBOJ1y/BUBOAY 1 nmepudepiiiHuX mpucTpoiB. Ha miaTi BCI 111 mOpTH BUBEEHI Ha
MiHU (IITHPKOB1 KOHTAKTH).

Ilepwa epyna ninis e 14 mudpponux (0...13) miHiB BBOY/BUBOIY, 3 SIKUX
oaHoyacHo miHu 3, 5, 6, 9, 10 1 11 3 mo3Haukol0O ~ BHUKOPHUCTOBYIOTHCS B
cxemax wMexatpouBku g LIIM (PWM) cursamiB, sKki HOpOrpaMHO
MIEPETBOPIOIOTHCA 3 TTU(MPOBUX y TIceBAO-1IMdpoBi. 15uii miH 1iel TpynH 11e TiH
AREF nns onopHOi Hanmpyru aHaJIO0TOBUX BXOJ1B KOMYHIKAI[IMHUX ITUH 1 JUIS
IMH NOCIiI0BHKX iHTepdelicis (winu Tuny 12C Ta wuayu Tumy SPI).

llpyea epyna ninie 11le 6 aHAJOroBMX MiHiB, sKi 3’€HaHI 3 aHAJIOIO-
U(pPOBUM IepeTBOprOBaueM, BOymoBaHUM y Tuiaty Arduino.

Tpems epyna ninis 1€ MHU KUBJICHHA BiJl 30BHIIIHIX IKEPEIL.

Kontponep mictuth kBapuoBuii pe3onarop Ha 16 MI'm. Kuomkoro
ckunanag RESET moxHna nepesanmyctutu BukoHaHHs nporpamu. Ceitiogion L
e cBimioaion HamaromkeHHs (Debug), skuit mo3Bonsie  6e3 J10JATKOBHX
KOMITOHEHTIB MEPEBIPUTH TpaIle3aTHICTh KOHTPOJIEpa.

Jns 3abe3nedyeHHs 1HQOPMAIIHHOTO CIIOJTYYEHHS BHCOKO IIBUIKICHOI
poOOTH MIKPOKOHTpPOJIEPA 3 HU3bKO MIBHJIKICHOI pOOOTOI0 MPUCTPOIB mnepudepii
B KOHTpOJIEpax BHUKOPHUCTOBYIOTh HACTYIIHI IOUIMPEHI CTaHAApTU Mepeaadi
TaHUX.

I12C (1 | C, Big anen. Inter Integrated Circuit) — crangapT nepenaui gaHux
y BUTJISIII TIOCIIJIOBHOT aCHMETPUYHOI IIMHU JIJISL 3B'SI3KY M1k IHTETPAIbHUMHU
MIKPOCXEMaMHU  BCEpEIWHI eNEeKTpOHHUX npuctpoiB. lLle o0eodpomosuii
inmepdeiic, skl BUKOPUCTOBYE JIB1 IBOHAmNpaBiieHi JiHii 3B's13ky (SDA 1 SCL)
Ul BHYTPUCXEMHOro  3'€lHaHHS  nepuepiiHuX  KOMIIOHEHTIB 3
MIKPOKOHTPOJIEPOM.

SPI a6o SPI bus (Serial Peripheral Interface— Cepiitanii [lepudepiiinmii
Iatepdeiic ado muua SPI) ne Tex crangapt ane AJisi CHHXPOHHOI mepeaadi
nanux. Ilommpena Ha3Ba nociioosHuii womupvox npoeioHull iHTEpPenc s
4x curnamiB: MOSI — min 11 (Master-nepeoamuux Out Slave-npuiimau 1n);
MISO — min 12 (Master In Slave Out); SCLK (Serial CLocK) — min 13;
CS — min 10 (Chip Select). CS — curHam no4arky/3aBepIlieHHS CEaHCY
3B'3Ky (BHOOpPY BEICHOTO MPUCTPOIO I Tepedadi/dyuTaHHs naHux. Ilo
3aBepiieHHI 0OMiHy maHux CS mae OyTH 3HSATHMN, 110 JTO3BOJUTH MPUNMAUTY
JaHUX BUUTH 3 PEKUMY YUTAHHS/3AIUCy Ta TEPEUTH 10 PEKUMY OOPOOKH
JIaHUX. 3a JIOMOMOT'0I0 HaBEJIECHUX ITHIB 3MIMCHIOETHCS 3B's30K SPI, nig yoro
BUKOPUCTOBYEThCS 01010TEKa SPI.
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ITporpamu (cketui) kouTposiepa Arduino UNO MoxyTh OyTH 3aBaHTaKeH1
yepe3 miHu iHTepdeiicy ICSP (puc. 4.15,a) 3a gomomMororw J104aTKOBOTO
USB-ASP AVR-nporpamartopa (Ha cxeMe HE 300pakeHHi). AJie BaXXJIMBOIO
0CcOOJUBICTIO KOHTpOJIepiB Arduino € Te, 110 MporpaMyBaHHS MIKPOKOHTpOJIEpa,
B TOMYy u4ucai 1 MikpokoHTpoiiepa ATmega 328  BUKOHYeTbCA uepe3
USB-nopT, 6€3 101aTKOBOTO IIporpamMaTopa.

Jns  3aBaHTaXeHHS  CcKeTuy (NporpamMu  KOpHUCTyBada)  (PYHKIIIIO
nporpamatopa Bukonye PC 1 3aBaHtaxkyBau Arduino. 3aBaHTaxxyBad
3aBaHTaXXy€e MpOrpaMy [0 YHIBEpCAJbHOMY AaCHHXPOHHOMY TIOCIIJJOBHOMY
inteppericy UART  (Universal Asynchronous Receiver/Transmitter) 3
BukopucTanasM nupposux miniB nepmoi rpynmu 0 (RX) i 1 (TX). IIpu mpomy
BiIOyBAETHCS IEPETBOPECHHS BXITHUX Ta BUXITHUX OAlTH JaHWX B IMOCIITOBHHMA
O1T-TIOTOKH.

3aBaHTaxXyBad 1€ (parMeHT MPOrpaMHOT0 KOAY, SKUH 3aluCaHuil Yy
3ape3epBOBaHy JIUISHKY I1aM’TI MIKPOKOHTpOJiepa Ha 3aBOJ1-BUPOOHUKY
MIKpPOKOHTpOJIepiB. Binpa3sy micis migkimroueHHs miatd Arduino 3amyckaeThest
3aBaHTaXyBau 1 SKII0O B IIed dYac 3aBaHTaXXyBay OTPUMYE KOMaHIY
nporpamyBanHs Bif IDE no intepdeiicy UART, To BiH 3aBaHTa)xKye mporpamy
y BUIBHY JUISIHKY I@IaM STl MIKPOKOHTposiepa. Koo Taka KOMaHIa He
HAJXOUTh, TOJI 3aITyCKAE€ThCS OCTAHHS IMporpama, sika 3HaXOJWJIAcsS B IaM ATi
MikpokoHTpoJsiepa Arduino.Ha mmari Arduino UNO okpiM MiKpOKOHTpoJjepa
ATmega 328 € nmonmatkoBuii MikpokoHTposiep ATmega 16U2 (puc. 4.15,a),
SAKUW CIY)KUTh JJIs CIOJy4eHHST a00 BUKOHAaHHS (YHKIi 1HTepdency Mix
USB-kabeneMm 1 koHTtakTamu nociinoBHoro inrepdeiicy UART 1 tomy mae 1me
Ha3By MikpokoHTposiep USB.

[Tpu minknrouenus kadenem USB-B po3’emy mnatu Arduino UNO go USB-
A po3’emy PC (na puc. 4.15,a He 300pakenuii) 3aropserbcsi LED-cBiTnOm10]
ON 1 mounnae 6mumatu LED-cBiTnomion L, skuii migkmrodeHuit g0 miny 13
mwiatu Arduino UNO.

[Ipu wasBHOCTI KOHTposiepa, Hampukiaa, Arduino UNO, Ta iioro
nigkarouenns USB-kabemem g0 koM ’iorepa 1 3aBanTakenus Arduino IDE
(IDE — Integrated Drive Environment — iHTerpoBaHe cepeIOBHIIE PO3POOKH )
JOIIJILHO TPUCTYMAaTH A0 IHAWBIAYyaJIbHOTO BHUBYEHHS POOOTH 31 CKETYaMH
Arduino y HacTymHOi MOCIAOBHOCTI:

1.B meHio «IHCTpYyMEHTH» CIIOYATKY BIAKPUTH 1 aKTUBI3YBAaTH BKJIAAKY
«[Mnara» — «Arduino UNO» (puc. 4.16), a motiM oOpaTH i aKTUBI3yBaTH B
npoMy MeHio BkIanaky «Ilopt» - «COM3», no sikoro mijkitoueHa abo Tpeda
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nigkarodnTy mwiaty Arduino UNO. B MeHemkepi miaT HaBeIeH1 ICHYOUl TUITY
KOHTPOJIEPIB 3 KIIFOYEBUM CIIOBOM «Arduinoy.

2.Binkputn wmeno «@aiiam»y — «[pukiaagm» (puc. 4.17) i akTuBi3yBaTH
BKJIAJIKy TMOTPIOHOTO CKET4y, HANpHUKIad, BKIAAKY MIJKIIOUYEHHS CKETdy
Stepper (kpoxoBuii nBuryH) — Stepper oneRevolution (mporpama — «OnuH
000pOT KPOKOBOTO JIBUTYHA).

3. Bigkputu wmeHo «Ckeruy — «IligkawuuTn 6i0gioTexky» 1
aKTUBI3yBaTH  BKJAJKy OI10JIOTeKH, HANpPHUKIAL, A Iporpamu Stepper
(puc. 4.18).

bioniomexa ne nHaOlp ¢GyHKIIA (KOAIB), SKI CHOPOIIYyIOTH POOOTY 3
MIJIBOBUM CKETYEM 1 SKI MICTATH KOMAaHIM B3acMoOdil 13 30BHIMIHIMHA
OpUCTPOSIMU (MOZIYJISIMU JpaiiBepiB, NBUTYHaMu, aatuyukamu, LCD-ekpanamu
tomo). Hampuknan, BOymoBana OibGiioTeka Stepper m03BOJSIE  JIETKO
B3aEMOJIISITY 3 KPOKOBUMHU JBUTYHamMH, a 0Oi0moreka Servo - 13
cepBoABUTyHaMU. IcHye 6arato J01aTKOBUX O10TI0TEK, SIK1 MOYKHA 3aBaHTAXUTH
3 [HTepHETY 1 MOTIM X BCTAHOBUTHU

4. TlepeBipuTH Mpane3aTHICTh IUIATA MPU MEPUIOMY BKIIOUYEHHI MOXKHA
32 HACTYITHUM aJITOPUTMOM:

4.1. Oopatu B meHw «®@aitn» — «Ilpukaagm» — «01.Basics»
(puc. 4.16) cketu «Blink» («bmimarny):

4.2 SIxuio y HaBeJICHOMY CKETYl 3MEHIIUTH TepIy May3y Mpyu BMUKaHH1
LED-cBiTnoniony, Hanpukiaa, delay(500), a apyry nay3y 30UIbIINTH
npu BumukanHi LED-cBiTnomiony, Hanpukian, delay(3000) 1 me pas
KOMITUTIOBATH Tiporpamy, Toai LED-cBiTiomion moBuHEH OJUMATH 3 PI3HUMH
nay3amu IMpy BUCOKOMY 1 HU3bKOMY PiBHAX curHaimy HIGH : =«1» i LOW: = «0».

4.3. SIK110 B HIDKHIM 4€pBOHOT CTPIUKH €KpaHy MiCIsi KOMITUIALII CKETUY €
CBITUEHHSI MPABWIBHOI POOOTH 3aBaHTa)XKyBaya 1 TOJl BUKOHYETbCS PE3YJIbTAT
o 11.4.2 1 MOXHa pyXaTucs AaJll JIsl peaizailii mpoeKTy.

binbmricte  miar  Arduino  marooTh  OOpTOBME  CBITJIOMION,  SIKUM
NpUKpITUIeHUH 10 1udpoBoro miny (mmwibku) 13 . Tlicas  xommimsiii
nporpama «Blink» BukOHye IMKI 3 OJAHAKOBUMH Tay3aMHd  BMHKaHHS 1
BUMHKaHHA cBiTiomiony LED.
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Dada Mpaska Cretd | Mdcrpyuachme | Momois

MecnegoEdrensHuie ROpPTH
COMZ Ly
_ €OM3 (Arduine/Genuine Unoc}

Puc. 4.16. [puxitan nigkmoueHas twiata Ardui

AsToTopmaTipotinme CrrleT
ApxrsaposITe CRETy
HicnpaenTe KOAMPOEKY M NEPEII PYINT
Mauwrop nopma Chrle-Shift+M
MnoTrep NO NOCALAIBATENBHOMY COtARHEHENID Cirb-Shift+L
WiF D1 Firrmware Updater
h

[ ~ Mnara “Arduine/Genuing Una® Meneprep nnar..,
Nopt MaaTe Arduine AVR
Momywme wrgopmawro o Arduino Ydn
n nanaTop: “AVRISP mikdi® E Ardyino/Genving Uno
Banucate Darpysine Arduino Duernilanove or Diecimila

Ardying Nang
Arduing/Genuing Mega of Mega 2550
Arduino Mega 4ADK
Arduing Lecnardo
Arduino Leonardo ETH
Arduinof/Genuino Micro
&rduino Esploca
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino ET

LityPad Arduing USE
LityPad Arduino
Ardying Pro or Pro Mini
Arduino NG or older
Arduing Robot Control
Arduing Robat Motor
Brduino Gemma
Adafruit Circutt Playground
Arduino ¥in Mini
Arduing Industrial 101
I_ininu OI‘IE

Arduino Uno WiFi

no UNO 1 11 miakIroYeHss 10

notpionoro COM-nopTy i MeHepKep IIaT KOHTPOoJepiB poautau Arduino
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" Arduino G Edit Sketch Tools Help

New 3EN
Open... $0
Sketchbook

Examples
Close 02.Digital >
Save €S 03.Analog » Button
Save As... 0#S 04.Communication > Debounce
Upload 8U 05.Control > DigitalinputPullup
Upload Using Programmer 038U 06.Sensors > StateChangeDetection
s ——————y 07.Displ >
Page Setup %P OB.Stﬂrr)\ga: > mmﬁf
pring 09.USB » | toneMultiple
10.StarterKit > tonePitchFollower
ArduinolSP
a
m lNMpaska Ceetd PiHOTpyMedTE FloMmous
Horemid Cerl+-
T paTe—. Ctrl+ O
OTEphiTh HEAABHME >
Manka co CKETYAMA >
r IMpnsaepo 3 &
Saxpern ChrleWW Borpochnoie Mpuamcpor
CoxpaHnTe Cerle5 01.Basics *
CoxpaHnTL ka Ctrl+Shift+5 2.Digteat *
02 Analog >
Hacrpadxn expalauger CtrlsShift+ P M. Communication >
Meyats Ctrl=FP 05.Contral >
Hacrpoficn \ Ctrl=Comma 06 Sensors s
OF.Display >
Broon \ Cerle-0} DB String= >
09.USE >
T0.Starterkit_BasicKit >
11 Arduinal 59 >
Mpumepo gnn AroSod NatTal
Bridge >
Esplors >
Ethernet >
Firmata -
G5MM >
LiquidCrystal >
Rabaot Cantrel >
Robot Meotor >
50 >
S5ervo H
\ Spal:’h-_:_ﬁ__h:run >
W = Stepper MotorKnob
Temboo | stepper_oneflevelution |
TFT Heppoi_oncSlepAtATime
WiFi -
BE/EBIT >
Mpwaep ana ArduinofGenuine Uno
EEFROCHM >
SoftwareSerial >
50 >
Wire >

0

Puc. 4.17. Ilpuknan makarodeHHS cKeTdiB: a — Button (kHomka); 6 —

Stepper

(kpokoBmii nBUTYH) — Stepper oneRevolution (oauH 000pOT KPOKOBOIO

JIBUT'YHA)
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®ain [Mpasxa I Cxertu IIr"chrpj,rM eHTel [Momolys

'\

%

lMposepure/Komnwnuposate Ctrl+R
3arpy3ka Ctel+L)
3arpy3wTe uepes nporpammatop Ctel+Shift+ L
SxcnopTt buHapHoro $aidna Ctrl+Alt+5
Mokasate manky ckeTya Ctrl+K

W NogrnrounTe BubnnoTexy I

¥npasnare GubnuoTexamMm...

\ Aobasute dain...

HAobaswre ZIP GubnuoTtexy...

Arduino BuinuoTex
Eridge

EEPRCHM

Esplora

Ethernet

Firmata

HID

Keyboard
LiquidCrystal
Mouse

Robot Control
Robot IR Remote
Robot Motor

S0

5P

Servo
SoftwareSerial
SpacebrewYun
Temboo

Wire

Recommended Gabnnotex
Adafruit Circuit Playground

Contributed GubnnoTtex
G5M

Stepper -

TFT
WiFi

Puc. 4.18. Ilpuxnan miakmatoueHHs 616gioTeku Stepper
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Ctpoki ckeTuiB (MporpaM) MarOTh BHIJIA 3 HACTYITHUMH KOMEHTapsMU
IIBOX BUTJLIIB /**%*,, . **%/ 300 /.
void setup () {

[*** wvoid setup () 1e QyHKIiS HajamMTyBaHHS 0€3 apryMEHTIB 1 TOMY
Mae Ha3By void (MOpOoXHs), siKa 3aMyCKAEThCSA OJUH pa3, KOJU HATUCKAETHCS

kHomnka ckuganHs RESET Ha maTi Ta mpu BKIIFOYCHH] )KUBJICHHS TUTaTH ***/
pinMode (LED BUILTIN, OUTPUT) ;

}

[***  pinMode 1e ¢yHKIiS (apryMeHTH B IyXKKax), sKa  IHII{iami3ye
mudposuii PIN-kox 13 s BOynoBaHOro B IjlaTy CBITJIONIONY, a came LED
BUILTIN (CBITJIO/JIO]] BEYJIOBAHWMI), six Buxinuumii curaan (OUTPUT)

***/

void loop () {
[*** yoid loop () 1e GyHKIIS UKITY 0e3 apryMEHTIB 1 TOMy Ma€ Ha3By
void (mopoxHs), ika 3allyCKaeThCsl OaraTo pasiB ***/
digitalWrite (LED BUILTIN, HIGH) ;
/***  ¢dynkuis BcepenuHi 1ukily loop — yBiMkHytH CBITJIOAION
BBYJIOBAHMI, naroun iiomy BHCOKHif piBeHb Hanpyrd HIGH 5V ***/
delay (1000) ; /" pynkuis nay3u — aprymedT 1000 mc = 1 cexynaa
digitalWrite (LED BUILTIN, LOW);
[*#%  ¢dynkuis BeepenuHi wukiay loop — BuMkHytu CBITJIOHIO/]
BBYJIOBAHMI, naroun iiomy HM3bKHH piBeHb HANPYTH LOW OV ***/
delay (1000) ; // ¢dyukuis may3u —apryment 1000 mc = 1 cexyHaa

4.4. CnojiyyeHHsl i MporpaMHe KepyBaHHS KPOKOBHM NPHBOIOM Ha
miargopmi Arduino

[IIupoke 3acTocyBaHHS B MEXATPOHHULI 1 B POOOTOTEXHIIl OTpUMAIHU
npaiiepr Ha Mikpocxemax ULN2003, L293D Ta L298N. Jlpaiiep L293D
BUKOHAHUH Yy BUTJISA1 3BOEHOTO LIMJITY 1 MPU3HAYEHUH JUIsl KEpyBaHHS JIBOMa
ceponpuBogamMu DC 3 penyktopoMm Ta ABOMa 5 BOJBTOBUMH KPOKOBUMHU
JIBUTYHAMHU.

Munam — ue 1iatu (MOAy’l) PO3LIMPEHHS, IKI CTUKYETHCS 3 IUIATOIO
Arduino, sx OytrepOpon. DYHKIIOHAIBHO HIWIIXA MPAIOI0Th 3a JOMOMOIO0
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0i0moTtek. biOmoTrekn mnpu3HaueHi IS TOJIMIIEHHS 3B’S3KY 1 yHpaBIiHHS
GYHKIIISIME IIAIAIB 1 BOHM MOXYTh OpPraHi3oByBaTH IHTepdeic 3 pi3HUMU
30BHIIIHIMH TIPUCTpOsiMHA. bibmioTeka 1e 30ipHUK MANPOrpaM IiJILOBOTO
MIPU3HAYCHHS.

Hpaiieep ULN2003 (puc. 19,a) nmpusHaueHW I8 TIAKITIOYEHHS 10
kouTposiepa Arduino UNO oiHOro KpOKOBOI'O JABUIYHA.

HpaitBep L298N (puc. 19,0) npusHaueHudd I MIIKIIOYEHHS JIBOX
CEpBOABUTYHIB 200 OJTHOTO KPOKOBOTO JIBUTYHA.

HpaiiBep L298N (puc. 19,8) mnpusHaueHuii nAns KepyBaTH JBOMA
JBUTYHAMH TOCTIMHOTO CTpyMYy 1 3a0e3Meuye MaKCMMajbHE HAaBAHTAKEHHS 10
2A Ha KOXEH JABUTYH, a SKILO 3a/ITH MapajieJbHe BKJIIOUEHHS JBOX JIpaiiBepiB
JUISL OIHOTO ABUTYHA, TO MOXKHA IMITHATH MaKCUMaJIbHUNA CTpyM 10 4A.

a PagiaTtop

@ @ ¥ E
g & Stepper motor.driver boa g Mikpocxemn
= 3 24 L298N
g E S
&e ol
o 9 B
8 g = S
g 23
Q E Ei =}
. H g =

w E
g & g E
FRxl] ]
= & O g
e 2 e
N )
g g < ’ Kaema+5V

d ¥ 2
2 ] Kaema

5-12y P/
Oinu :xuB/IeHHA IliHH KOHEKTOpA
+5V... +12V
? 6

o Kiaemu M2
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Jpatisep L298N Stepper Motor

Jxepeno
JKHBIEHHS

Konrponep Arduino UNO
r

Puc. 4.19. 3aranbHuil BUIIIA MOMIMPEHUX MEXATPOHHUX MOJAYIIB JApailBepiB:
a — gpaiiBep ULN2003 1 migKiIOueHHS OJHOTO KPOKOBOTO JIBUTYHA;
0 — apaiiBep 3 pamiaTopoM OXoNoKeHHS Mikpocxemu L298N st migximoueHHs
JIBOX CEPBOJIBUTYHIB 200 OJIHOTO KPOKOBOTO JIBUTYHA; B — WL JpaiBepa L293D
TSI TTTKITFOYEHHST IBOX CEPBOJBHUTYHIB SErVol i Servo2, mBoX KPOKOBUX JIBUTYHIB
a00 yotnpprox ABUryHiB M1...M4 NOCTIHHOTO CTpyMy; I' — PUKJIAZ, MAKITIOYECHHS
KPOKOBOTO JIBUTyHa 3a jornomororo apaiiBepa L298N mo mmaru Arduino UNO i
30BHILIHBOMY JIKEPETY KUBJIECHHS 9V

[Mpuknan migkmodeHas o miniB mwiatd Arduino UNO miniB Ta kiem
po3’emy moxayns apaiisepa ULN2003 ta kpokoBoro asuryna (Step Motor)

HaBeaeHu! B TaOmum 4.1.

MoJIMBI BapiaHTH MIIKIIOYCHHS JKUBJICHHS J0 KOHTposiepa Arduino
UNO naBeneni Ha puc. 4.20 .
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Puc. 4.20. MoxIvBi BapiaHTH MiIKIIOYEHHS KUBJICHHS 10 BHYTPIITHBOI JIOTIKH
koHTposepa Arduino UNO Big PC Ta no apaiiBepiB IiIbOBOTO NPU3HAYCHHS

PC

+7V...+12V

MozxnaBi BapiaHTH DiIKIH0YCHES
mAepe] 30BHINELOr0 ;RABJICHHS

e
0 o
“
<,
-Oﬂ
0

ARDUINO

B/l 30BHIIIIHIX JPKEepe )KUBJICHHS MOCTIMHOT HANIPYT1

[Mpuknan migkmodeHas o miHiB mwiatd Arduino UNO miniB Ta Kiem
po3’emy moxayis apaiiepa ULN2003 Tta xpokoBoro asuryna (Step Motor)

HaBeneHUU B Ta0au 4.1.

.....

-

Tabmuus 4.1. Cnonydenns miHiB 70 puc. 4.19 1 puc. 4.20
Mopyni | potu Pos'em Stepper
28BYJ-48
1 2 3 4 1123 |4
Cu- | Poxe- | )KoB- | Opan- | Hop- | UYepso |C [P |XK|O
HUW | BUW | TUH | KOBUH | HUH HUM
©| ® || o (1)
Arduino | 11 10 9 8 GND Vin -l - - -
UNO
HpaiiBepa | IN1| IN2 | IN3 IN4 «» [+5...12V|A|B|C |D
ULN2003
Step - - - = - - 11234
Motor
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[Ipukman cronydeHHs: KpokoBoro aBuryHa 3 apaiisepom ULNZ2003,
kouTposiepom Arduino UNO Tta 3 nepconanbauM koM torepom PC HaBeaeHuit
Ha puc. 4.21.

B mporpamax nHa moBi Arduino-C (puc.4.22 i puc.4.23) i HaBIIid
KPOKOBOTO PEXXUMY KOMYTaIlli YHIMOJISPHOTO KPOKOBOro ABuryHa 28BYJ-48 y
¢bynknii mukay void  loop () mus BigmoBimaux BuxoniB «OUTPUT», sxi
HIIKJIF0YEH] 0 BUBOJIB (MiHKU) 2, 3, 4 Ta 5 KOHTpoJiepa MO3HAYCHHI HACTYITHI
PIBHI CUTHAJIIB KEPYBaHHS:

LOW (né€it) au3bkuit piBerb OV:= «0»;
HIGH (xaii) Bucokuii piBeab +5V:= «1».

Kpoxoswuit nuryn 28BYJ-48 mocriiiHoro ctpymy mae 4 oOMOTKM Ha
cratopi 1 & TIOCTIMHMX MAarHiTiB Ha pPOTOpl, PEIYKTOP 1 IIHUPOKO
BUKOPUCTOBYEThCS B poboToTexHili, DIY-mpucrposx (Bix aner. Do It Yourself
- 3pobu ye cam).

OCHOBHI TE€XHIYHI TapaMeTpH KPOKOBOTO BUryHa 28BY J-48:
* HOMIHAJIbHA HaIpyra >XKUBJIeHHS: 5 BosbT (OCTIMHMI CTpyM)
* KUTBKICTB (pa3: 4
* KUTBKICTb 3yOI1iB (MMOCTIHHUX MarHiTiB Ha poTopi): 8
* KUTBKICTh KPOKIB: Ny o = 2-4 -8 =64
* KUTBKICTh MIKPO KPOKIB Y TiB KPOKOBOMY PEXUMI: Ny 5 = 64-64 =4096
* KPOK: @ = % =5.625 rpaaycis
* HoMiHanbHa yacTtoTta: 100 ['g
* HOMIHaJIBHUM omip 00MoTOK (ipu 25 I'pagycax): 50 Om
* 4acTOTa X0JIOCTOTO X0y (32 TOAMHHUKOBOIO CTPLIKOI0): 600 I'x

* 4aCTOTa XOJIOCTOTO X0y (MPOTH roAMHHUKOBOL cTpiaku): 1000 I'iy

[paiiBep KpOKOBOr0O JIBUI'YHa JI03BOJISIE MPALIOBATH SIK 3 5V IBUTryHAMuU
tak 1 3 12V ngeurynamu. Ha puc. 4.22 naBenmenmit sketch_step 02 waBmin
KPOKOBOTO PEXHUMY KOMYTAIllli YHIMOJSPHOTO KPOKOBOTO JBUTYHA 3
BUKOpHCTaHHM Oi0miorekn #incluide <Stepper.h> Arduino, a Ha puc. 4.23 —
0e3 BUKOpUCTaHHs 010J110TeKH.
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KpoxoBHii ABHIYH
(STEP MOTOR

Konrpo.iep
Arduino UNO

.4"‘ "||.- B c!-.-
o | SR

- |

Kpokosnif ABHIYH

N2 (STEP MOTOR
0 28BJY-48
I\ompo:lep - SV DC)
Arduino UNO +5V

Puc. 4.21. Cxema crionyueHHs KpokoBoro asuryna 28BYJ-48 3 npaiiBepom
ULN2003 i xortpoaepom Arduino UNO

Tyt 1 mam B mporpamax HaBelIeHI MPUWHSTH HACTYIHI OCHOBHI YMOBHI
no3HadueHHs MoBu Arduino C :

sketch — cketu e mommpena Ha3Ba mporpawm;

#incluuide <Stepper.h> — me aupekTHBa «3acTOCYBAaTH (BKIIFOUHTH)»
0107110TeKy <KpOKOBUI JBUTYH> ;

// omHO cTpiukoBHif KOMeHTap abo /*** (Gararo cTpiukoBI KOMEHTapi
**%/ (Hapuc.4.22 kOMeHTapi Hi HaBEACHI);

{ ...} — birypHi ckoOKM BHIUIAIOTH ()parMEeHT KOAY JJISI KOMITUIATOPA.
b0k Komy 3aBXKIU BiJIKPUBAETHCS CHUMBOJIOM { 1 3aBEpIIYETHCS CUMBOJIOM }.
Mix GirypHux cKOOOK pO3TallOBYIOTHCS KOMaH/IH ;
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; — Kpamka 3 KOMOKO 3aBepllye KOMaHAy. SIKIIO Takuii CHMBOJ
IpOoMyIIeHn, KoMmmiuasaTop Arduino BuJae TOBIIOMIICHHS MPO TMOMWIKY B
nporpami ;

@ REE '
sketch_step02

#include <Stepper.h>

const int IN1 = 2;
const int IN2 =3 ;
const int IN3 =4
const int IN4 =5

const int stepsRerRevolution = 32 ;
Stepper myStepper [ RerRevolution, IN1, IN2, IN3, IN4};

void sefap (} {
myStepper.setSpeed (}
}

void loop () {
my Stepper.step [ stepsRerRevolution } ;
delay(100} ;

Serial.println ("couterclockwise"} ;
my 3tepper.step [ — stepsRerRevolution } ;
delay(100} ;

}

Puc. 4.22. Sketch step02 HaBmiI KPOKOBOTO PEKUMY KOMYTAIlli YHIMOJISPHOTO
KPOKOBOTO JBHIyHa 3 BHKOpHcTaHHsIM Oi0miorexku #incluide <Stepper.h>
Arduino (IN1 = 2, IN2 = 3, IN3 = 4, IN4 = 5 — HOMepH IiHIB
mwiatu KoHTposiepa Arduino, 0 sSKuxX migkimodeHi Bignoeimaai Bxomu (INput)
KPOKOBOT'O JIBUT'YHA) ;

TWUITA HAWBUIBII ITOITMPEHNX 3MIHHUX:

int — me 3miHHa THIy «integer» IiJie YUCIIO, CKIATAETBHCA 3 JIBOX
o . S . : 216
OaiitiB (16 6iT) 1 MoXke mpuiiMaTu 3Ha4YeHHs Bix -32 768 mo +32 768 (T =

65536

= 32 768) , HanpukJaa: int ledPin = 13; ( ue ceimionmion LED,

KWW TIpUETHAHNN 0 u(poBoro BUBoay (miHy) 13);
byte — 1e 3Mi"Ha Tuny «06aiit» = § OiT, a TOMy Taka 3MIHHa MOXeE
npuitmMaTu 3HaueHHs Bin 0 1o 255;

142



boolen — e Oynesa (JoriyHa) 3MiHHA, Ka MOXKE€ IPUKUMATH JIBa CTaHY:
true (ictuHa) a0o false (poc. 10Xb) 1 3aliMae B mam’sti 1 OaiiT. 3HaUYEeHHS
true BiAmnoBigac J0TiYHOT oMHMII, @ £alse — 11e He JOTIYHUHN HYJIb, K 9acTO
MIPUITYCKAIOTh, & CTaH SKUM BIAPI3HIETHCS Bl JIOT1YHOI OJUHUIIL;

char — e cumBosibHA 3MiHHA. OJIUH CUMBOJI TIO3HAYAETHCS B OJTMHAPHUX
nankax (amoctpodax), SIKIO JeKiIbKa CHMBOJIIB — B TOJABIHHUX JamKax,
Hanpukiad: char MeineName = “B”; (cumBoa B orpumye HOMEp 66 3
Habopy cumBouTiB cTagaapty A S C I [ uncio 66 - po3mip onuH 6auT) ;

float - 1€ 3MiHHA 3 MJIaBalOYOI0 KOMOIO 1 OTpeOye B mam’ATi 4 Oaiita
(32 Gita 3HAYECHHS YKCTIA 31 3HAKOM).

[Tomupeni QyHKINIT, KOMaHIU, TUPEKTUB Ta ONEPaTOPIB:

void setup () —ue ¢yHKIA KOAY OJTHOPA30BOrO HAJAINTyBaHHS, a
caMe BBEJICHHS OTOJIONICHUX BHINE B CKETYl 3MIHHHMX Ta IHIIUX MapaMeTpiB
TUIBKU 0OUH pa3 ;

void loop () — ue PyHKIIST OCHOBHOTO KOAYy, 100 3aIlyCTUTH LUK
poOOTH CKETUY, HAPUKIIaJ, KPOKOBOTO JBUTYHA Ki1bKa Pa3ie |

myStepper.step (stepsRepRevolution) — e KoJ KOMaHAU s
BKJIIOUEHHsSI 32 KpOKIB POOOTH KPOKOBOTO JBUI'YHA 3a CTPLIKOIO T'OJWHHHKA
(puc.4.20) ;

myStepper.step (—stepsRepRevolution) — 1e KOJI KOMaHIU
JUISL BKJIIIOYEHHST 32 KpPOKIB pOOOTH KPOKOBOI'O JBUTYHA MPOTH CTPUIKU
roJIMHHNKA a00 KoMaH1a peepcy asuryHa (puc.4.20) ;

delay (100) — e koJa KoMaHIu nepepuBaHHs (3aTpuMku) Ha 100 mc
(0,1 cexynmm) ;

#define (Bu3HAUaTH) — JUPEKTUBA MPENPOIIECOPA, KA 3aMYCKAETHCA
aBTOMATUYHO Iepel] KOMIUISALIE0  HACTYyNHOTro Koay mnporpamu. lle HiOu
MaJICHbKUH KOMIUIATOpP, KWW 3a3dalieriap neperBoproe komanay #define B
KOHCTaHTH.

# wue 3nak gie3. llepen komaHmOI0 BiIH BUKOHYE (GYHKIIS SK OH
MaJICHbKOTO KOMIIJIATOP, SKUH 3a37aeriap MepeTBOPIOE KOMAaHTy, HAITPUKIIAT]
define (Bu3Ha4YMTH) B KOHCTAHTH.

++ e mnomupeHud omeparop AT 1 H K p e M € H T a, a caMme
301bIIEHHS 3MIHHOT «i» Ha OJIWHHIO, HAMPHUKIaa, ++ |  IMO3HAYAETHCS
30UIBIIIEHHST KPOKIB KPOKOBOTO JBUTYHAa Ha | MpU IMHUPOTHO-IMITYIHCHOI
moayJstii (LIIM) mist perynroBaHHS MIBUIKOCTI KPOKOBOTO JIBUTYHA,
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Tana A Gana B Oana C Paza D
Kpox |(inl BEXI) [(in2, BEXTT) | (i3, BHXIT) [(ind, BEXI )
ITim Ne2 Ilim Ne3 ITis Ned | Ihim Nes
| 0 1 1 0 0
| 1 0 1 0 0
| 2 0 1 1 0
3 0 ) 1 0 |
a 0 0 1 1 |}
5 4] 0 0 1 |
6 1 0 0 1}
7 1 o 0 o F

sketch_stepi1

intinl =2;
intinl =3;
intinl = 4;
intin1=15;
constintdl =5;

}

. void setup{) {

pinMode{in1, OUTPUT}) ;
pinMode{in1, QUTPUT} ;
pinMede{in1, QUTPUT) ;
pinMede{in1, QUTPUT) ;

void loop{) {

digitalWrite{ in1, HIGH} ;
digitalWrite{ in2, HIGH} ;
digitalWrite{ in3, LOW} ;
digitalWrite{ ind, LOW} ;

digitalWrite{ in1, LOW) ;
digitalWrite{ in2, HIGH} ;
digitalWrite{ in2, LOW) ;
digitalWrite( ind, LOW) ;
delay {d1} ;

digitalWrite{ in1, LOW) ;
digitalWrite( in2, HIGH) ;
digitalWrite{ in3, HIGH) ;
digitalWrite{ in4, LOW) ;
delay {d1) ;

S~

e

digitalWrite( in1, LOW) ;
digitalWrite{ in2, LOW) ;
digitalWrite{ in3, HIGH} ;
digitalWrite{ ind, LOW) ;
delay {d1);

digitalWrite{ in1, LOW) ;
digitalWrite( in2, LOW) ;
digitalWrite( in3, HIGH) ;
digitalWrite{ in4, HIGH} ;
delay {d1) ;

digitalWrite{ in1, LOW) ;
digitalWrite( in2, LOW) ;
digitalWrite[ in3, LOW) ;
digitalWrite{ in4, HIGH} ;
delay {d1) ;

digitalWrite{ in1, HIGH} ;
digitalWrite{ in2, LOW) ;
digitalWrite( in3, LOW) ;
digitalWrite( ind, HIGH) ;
delay {d1) ;

digitalWrite( in1, HIGH) ;
digitalWrite{ in2, LOW) ;
digitalWrite{ in3, LOW) ;
digitalWrite{ ind, LOW) ;
delay {d1);

Puc. 4.23. IIpuknan Tabauni J0riyHUX CTaHIB 1l sketch step01 Hasmin
KPOKOBOTO PEXXMMY KOMYTaIlli KpOKOBOTO JBUTYHA 3 IpaiiBepom Ha puc. 4.21
0e3 BUKOpUCTaHHs 010J110TeKH
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—-- 1€ TOIIMPEHH OnepaTop Uis Je€KpEeM e HTa, acamMe 3MEHIICHHS
3MIHHOI «i» Ha OJMHUINO, HAIPUKIIAJ, - - | TIO3HAYAETHCS 3MEHIICHHS KPOKiB
KpokoBoro asuryHa Ha | mpu IIIM-perymroBaHHI MIBHIKOCTI KPOKOBOTO
JIBUTYHA.

== OmepaTop JOPIBHAHHS (IOPIBHIOETHCS, HAPUKIAL: A == B);

= omepaTop He JOPiBHSHHSA (HE JOPIBHIOETHCS, HAIPUKIAA: A '= B).

[ToBHMIT epenik 1 MpU3HAYSHHs 3MIHHUX, ONEPATOPIB, TUPEKTUB, ITUKIIB,
byHKIII#, KOMaH[ 1 TPOLEeAYp MOXKHA 3HAWTH y MaHyaui 10 MoBH Arduino C, a
JesIKl 3 HUX OyayTh JaJli MOSICHIOBATUCS B KOMEHTAPSX MPOTPaM.

Bcst cumBostika komaH, ornepatopiB 1 omepaHaAiB, QYHKIINA 1 mpoueayp

0a3yeThCs Ha TabuUI KOJiB ASCII (American Standard Code
for Information Interchange - Amepukancekuii Crangaptauii Kox mis OOMiny
Indopmariiero).

Jlnia 3akpimieHHsT MaTepiany HaBeJACHHUU 1€ OJWH MPHKIAT CKETdy IS
HABITLJI KEPYBaHHS KPOKOBUM JBUTYHOM 28BY J-48 3 komeHTapsiMu, 3MiHEHUMHU
HOMEpaMH IITUPKOBUX KOHTAKTIB (IMIHIB) 1 3MIHEHOI TaOJUIICI0 KOMYTaIlli
00OMOTOK:

/¥** OronowmeHHs 3MiHHOI Tumy integer 3 iM’ssM motorPinl njs ImiHY
12 koHTpoiepa Arduino  UNO o3Havae, mo mo e miH 3’ €qHaHul
JIPOTOM CHHBOTO K0otbopy (Pinl) kpokoBoro apuryHa ***/

int motorPinl = 12;

/¥** QOroyomeHHs 3MiHHOI Tumy integer 3 iM’smM motorPin2 njg miHYy
11 kontposnepa Arduino UNO 3’emHaHuii 3 IPOTOM pokeBOro Koabopy (Pin2)

KPOKOBOTO JIBUTYHA ***/

int motorPin2 = 11

/*** QOronomeHHs 3MIHHOI TUly integer 3 im’aM motorPin3 nmys miHy 10
koHTposepa Arduino UNO 3’emnanuii 3 ApoTOM K0BTOro Kojibopy (Pin3)
KPOKOBOTO JIBUTYHA ***/

int motorPin3 = 10
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/*** QOromomieHHs 3MiHHOI TUMy integer 3 iM’siMm motorPind pmys miHy 9
koHTpodepa Arduino UNO 3’eaHaHuii 3 APOTOM NOMapaHY€BOIO KOJbOPY
(Pin4) kpoxoBoro aBuryHa ***/

int motorPind = 9;

/¥** QOronomeHHs 3MiHHOT TUIy INteger , mo Mmae iMm’st motorSpeed s
3arpuMku  (delay) yacy 5 MC MiX KOMYTaIlisiIMA KOTYIIOK, sIka BIUIMBAa€E Ha
MIBUJKICTh JIBUTYHA. [lpu 1hOMY APOT YEPBOHOTO KOJIHOPY KPOKOBOTO
naeuryna 3’eqHanuid 3 miHoM GND (BEMJISI a6o VCC me 0V) kouTposiepa
Arduino UNO ***/

int motorSpeed = 5;

void setup ()

{

/*¥#* Komanaun pinMode - pexuMy OJHOPA30BOTO OTOJOLIEHHS BHUBOJIB
(miHIB) KPOKOBOTO JBUTYHA B SIKOCTi BUXOJiB OUTPUT ***/
pinMode (motorPinl, OUTPUT) ;
pinMode (motorPin2, OUTPUT) ;
pinMode (motorPin3, OUTPUT) ;
pinMode (motorPin4, OUTPUT) ;
Serial.begin (9600) ;
}
[*** mamani cTyaeHTaM HaJa€ThCS MOKJIMBICTh CAMOCTIHHO HaIaTH 110 CTPOKOBI
KOMEHTap1 11 KpokKiB 1...8 mpu oOepTaHHS KPOKOBOTO JIBUTYHA 3a CTPLIKOIO
FOOWHHUKA ***/
void loop ()
{
// kpok 1 (xox 1-0-0-0)
digitalWrite (motorPin4, HIGH) ;
digitalWrite (motorPin3, LOW) ;
digitalWrite (motorPin2, LOW) ;
digitalWrite (motorPinl, LOW) ;
delay (motorSpeed) ;
// kpok 2 (xox 1-1-0-0)
digitalWrite (motorPin4, HIGH) ;
digitalWrite (motorPin3, HIGH) ;
digitalWrite (motorPin2, LOW) ;
digitalWrite (motorPinl, LOW) ;
delay (motorSpeed) ;
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// kpok 3 (xox 0-1-0-0)
digitalWrite (motorPin4, LOW) ;
digitalWrite (motorPin3, HIGH) ;
digitalWrite (motorPin2, LOW) ;
digitalWrite (motorPinl, LOW) ;

delay (motorSpeed) ;

// kpok 4 (xox 0-1-1-0)
digitalWrite (motorPin4, LOW) ;
digitalWrite (motorPin3, HIGH) ;
digitalWrite (motorPin2, HIGH) ;
digitalWrite (motorPinl, LOW) ;

delay (motorSpeed) ;

// kpok 5 (kox 0-0-1-0)
digitalWrite (motorPin4, LOW) ;
digitalWrite (motorPin3, LOW) ;
digitalWrite (motorPin2, HIGH) ;
digitalWrite (motorPinl, LOW)

delay (motorSpeed) ;

// kpok 6 (xox 0-0-1-1)
digitalWrite (motorPin4, LOW) ;
digitalWrite (motorPin3, LOW) ;
digitalWrite (motorPin2, HIGH) ;
digitalWrite (motorPinl, HIGH) ;

delay (motorSpeed) ;

// kpok 7 (xox 0-0-0-1)
digitalWrite (motorPin4, LOW) ;
digitalWrite (motorPin3, LOW) ;
digitalWrite (motorPin2, LOW) ;
digitalWrite (motorPinl, HIGH) ;

delay (motorSpeed) ;

// kpok 8 (ko 1-0-0-1)
digitalWrite (motorPin4, HIGH) ;
digitalWrite (motorPin3, LOW) ;
digitalWrite (motorPin2, LOW) ;
digitalWrite (motorPinl, HIGH) ;

delay (motorSpeed) ;
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4.5. Cnosty4yeHHs i mporpaMHe KepyBaHHS CePBONPHUBOAAMH TAa ABUTYHAMH
nocriiiHoro crpymy 3 Bukopuctanusam IHIIM i kontposiepa Arduino UNO

B nedkux KOHCTPYKIISIX MEXaTpOHIKM 1 POOOTOTEXHIYHUX CHCTEM
NOTPIOHO TIOBEpTaTH BEJAEHY JAaHKy Ha TIEBHUI 3amporpaMOBaHMid KyT
noBopoty. Jlns 1€l MeTH TakoXX BHKOPUCTOBYEThCS OauH abo JBa
CEpBOINPHUBOJA 13 MIUPOTHO-IMITYJIBCHOIO MOJYJISIIEI0, TPUKIAT  SKOI
HaBeleHUH Ha puc.4.24. [Ipu oMy IIUpPUHA IMITYJILCY 3MIHIOETBCS BiJg 1 MC
1m0 2 mc yepe3 koxHi 20 mc (50 I'm). To6To npu mepioai T = 20 Mc = const

YacoBa LIMPHHA iMIynbCy Cjyp 1 LIMpHHA May3u tnaysu 3MIHIOIOTBCA ~ aJle

3aBKIM 30epiraethes HacTymHa ymoBa: 1 = &ty + Lhaysu = CONST .

trr =10 Cepeonpueon
—.l---li—mn - ME

t
IIaysH
Kyt moeopoty=0°

tir=1-5mc

t
—

Kyt mmoeopoty=90°

tj'Mn =20 mc

tr:a}rar{
e ——

E3yT mosopoty =1 8(°

T=20 sc=const
=t 2

Puc. 4.24. ®opma curnaniz IIIM (PWM) kepyBaHHS CEpBONPUBOIOM 3i
3BOPOTHUM 3B’3K0M Ha 1uiatgopmi Arduino UNO

[lonoxeHHss  poTropa  CEpBONPHUBOAY  BHUMIPIOETHCS  BHYTPIIIHIM
MOTEHIIIOMETPOM TPHUCTPOIO 1 MOBEPTAETHCS B IJIATy YIIPABIIHHS KOHTpOJIEpa
Arduino, gKui NPOrpamMHO KOPHUTYE TOJOKEHHS pPOTOpa B 3aJICKHOCTI Bij

OTPUMMAHOI'O 3HAYCHHS CUTHAITY.
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Sk Oysio MiAKpecIeHO Ha MOYaTKy PO3IUTY CEpBONPHUBOM — II€ MPUBOJ 3
KEpyBaHHSAM 4epe3 HEraTMBHUN 3BOPOTHUN 3B'A30K, IO J0O3BOJIAE TOYHO
KepyBaTu mapamerpamMu pyxy. CepBONpHUBOJ MarOTh TPH KOHTAKTHI BUBOJIH
(mpotwn): >xuBieHHS (YepBOHOTO KOJIBOPY), GND (3emiiss) — KOpuIHEBOTO 200
YOPHOTO KOJBOPY 1 CHTHAILHUN BX1J — IPOT 01710T0 200 OPaHKEBOTO KOIBOPY.

KepyBanus cepBonpuBOAaMH 3A1MCHIOETCS MO CHUTHAJIBHOI JIiHIT 3a
JIOTIOMOT'OI0 TIPSIMOKYTHHUX IMITYJIbCIB TPUBATICTh SKMX MOKHA pPEryJroBaTH. Y
CEpBOIPHUBOJAX MOAaYa IMITYJIbCY TPUBAIICTIO | MC MPU3BOAUTH IO YCTAHOBKU
CEpBOINPHUBOAY B TOJOXKEeHHS 0, IMIyJbC TpUBaJicTIO 1,25 MC BCTaHOBIIOE
CEpPBONPHUBO/ B MOJIOKEeHHS 45 rpan, 1.5 mMc - 90 rpan, 2 mc - 180 rpaa. I[Ticus
TOTO SIK IMITYJIbC TIOJIaHWW, BaJl CEPBONPHBOY BCTAHOBIIOETHCS B TIEBHIM
MO3UIIIT 1 3JIMIIIAETHCSA TaM JI0 HAIXO/KEHHS HACTYITHOT KOMaH/IH.

TecToBa mporpama KepyBaHHS IIBUJKICTIO 1 HaMpsIMOM OOEpTaHHS JBOX
cepBOBUTYHIB (puc.4.25,a) Mae HACTYITHUN BUTJISII:

#include<Servo.h> //aupexTuBa 3actocyBaHHs 010J110TEK CEPBOABUTYHIB

Servo myServol; //CtBoputu o0'ekT myServol mjis cepBorpuBoja 1
Servo myServo2; [/ CrBoputH 00'eKT myServo2 jjisi cepBONpuUBoja 2

int potpinl = 0; //AnanoroBuii min Ne( st moteHuiomerpa 1
int potpin2 = 1; //AnanoroBuii min Nel nis noreHmiomeTpa 2
int wvall; //3minHa 1 11 yuTaHHS 3Ha4YeHHS 3 MiHY NeO
int val2; //3miHHA 2 IS YATaHHS 3HAYCHHS 3 MHY No2

void setup () {
myServol.attach(9) ; //Migkaouenns Servol Ha i poBuii pin Ne9
myServo2.attach (10) ;//Tligkarouenns Servo2 Ha mudposuii pin Nel0
}
void loop() {
vall = analogRead (potpinl) ;
//3untyBanns 3Ha4eHb BiA 0 70 1023 nmorenmiomeTpa 1
vall = map(vall, 0, 1023, 0, 179);
//MacmtabyBaHHs noTeHiiomeTpa 1, oo
//BuKopucToBYBaTH 3HaYeHHs BiA 0 no 179 nnsa Servol
myServol .write (vall) ;

//BctanoBneHHs Servol BiAMOBIIHO 10 3HAUY€Hb MacIITaly
delay (15); //3atpumka 15 mc
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val2 = analogRead (potpin2) ;
//3untyBanHs 3Ha4YeHb Bia 0 1o 1023 moTeHiiomerpa 2
map (val2, 0, 1023, 0, 179);
//MacmTabyBaHHs TOTEHIIIOMETpa 2, 100

val2

//BuKopucToByBaTH 3HaueHHs Big 0 1o 179 1o Servo2
myServo2.write(val2) ;
//BcranoBieHHs Servol BiAMOBIAHO 0 3HAYEHBH MacIITady
delay (15) ; //3atpumka 15 mc

}

3untyBanHs 3HaueHb Big 0 o 1023 mnoreHmioMeTpiB MNpoOrpaMHO
MIIKII0OYaEMUX  JI0 aHAJIOTOBUX MiHIB BOymoBaHoro (BHyTpimHboro) AILIII
(ADC - Analog Digital Converter) BiiOyBa€TbCsi HACTYITHUM YHHOM. AHAJIOTO-
uudposuii nepersopropau 10-pospsaguuii (21° = 1024). 1 Tomy iforo kpok
3MiIHH Uspep TIPH ONOPHOI HANPyTi 5V IOPIBHIOETHCS 3HAYECHHIO aHAJIOrOBOT
Hampy3i  Ha  BHXOAI  KOHTpoiiepa  Arduino, sKe  JOPIBHIOETHCS
5V/1024=0.00488V=4.88 mV. Ilpu 3uuTyBaHHI 3HAYEHb 3 AHAJIOTOBHX IiHIB
notenuiomeTpi Bix 0 7o 179 manpyra Ha 0OMOTKaX CEpBOJBUTYHIB 3MIHIOETHCS
Bix OV 1m0 4.88mV*179 = 873.52 mV = 0.87 V, 1110 BiANOBia€ MIEBHOMY KYTYy
MOBOPOTY poTopa Servol i Servo2.

®yHknii analogRead (potpinl) i1 analogRead (potpin2)
3YUTYIOTh 3HAUYCHHS aHAJIOTOBUX BXO/JI1B MOTEHIIIOMETPIB 3 po3pimeHHsM 10 61T
1 BCTaHOBITIO€ 3MIHHY value piBHOi 179 = 0.87 BosibT. AHanorosi minu 0...5,
Ha BiAMIHY Bia uudposux 0...13, He mOTpiOHO OroiolyBaTH, SIK BXOIW Ha
MOYaTKy MPOTPaMH.

KepyBanHs cepBONMpHUBOJAMHU 3IIHCHIOETHCS 3a JOMOMOTOI0 3MIHHHX
pe3uctopiB. Pi3kicTh MOBOPOTY, SK 1 TOYHICTH 1 KyT MOBOPOTY 3aJI€KaTh BiJ
HOMIHQJIIB TOTEHI[IOMETpIB. MOHTa)XHa CXEMH 3 MaKeTHOW (0e3 MasIbHOI0)
MJIaTOX0 HaBejieHa Ha puc.4.25.

Herani, HeoOXimHi mis 30upanHsa: iata Arduino UNO, a6o Arduino
Nano, abo Arduino Mega, abo iumia; aBa cepBonpuBoay Micro Servo SG 90;
JBa TOTEHIlioMeTpa (3MiHHI pe3ucTopu); MakerHa tara (Bread Board),
CTIONYYH1 APOTU-TIEPEMHUUKH «MATH-TATOY.

Jlnst yctanoBku nBoX cepBonpuBoaiB SG90 3pyuHa matdopmay BUTIIAII
2D-kponinreitny tumy — 2-Axis FPV  mis  mporpamMoBaHOro KepyBaHHS
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MOJIOKEHHSIMU JaTYMKiB 200 KaMepw, KOHTPOJIbh Hall SKUMH 3TIHCHIOETHCS 3a
noromororo Arduino UNO Ta iHmux koHTposiepiB Arduino.

MoHTaxxHa cxemMa HENpsSMOTo KepyBaHHs 3 JpailBEpOM JBOMA JBUTYHAMHU
D1 i D2 nocriitHoro ctpyMmy HaBeaeHa Ha puc. 4.26, sxa MicTuTh miaty Arduino
UNO i gpaiiBep Ha Mikpocxemi L298N.

B cxemi Ha puc. 4.26 wHaBeleHI HACTyNHI T[O3HA4YEHHS MIiHIB:
VCC - mnigkiro4eHHs 30BHINIHBOTO >KUBJEHHsS JBHUTYyHIB; +5B — Hampyra
xusjiaeHas; GND — 3emms (GrouND); IN1, IN2, IN3, IN4 — Bxomu (INput)
kepyBanHs asuryHamu; OUTL, OUTZ2 — Buxing (OUTput) nepuioro aABuryHa
D1; OUT3, OUT4 — Buxin apyroro (OUTput) nBuryna D2;

CHTHATH KepyBAHHA

Kontpomep
Arduino UNO

ol iy 37 ||tnt"‘ﬂ"l*
oz OOTD

" f i Bmar

CepBoMoTOp

TIOTEHIIIOMETP

I'I.*mm eJEKTPOHIKH

o
Puc. 4.25. MonTtaxxHa cxema (a) 3 MakKeTHOW IUIaTOK Ta JIBOMa

cepBonpuBogamu SG90 (6) 3 BOyZOBaHUM PEAYKTOPOM 1 MOTEHIIIOMETPOM
3BOPOTHOTO  3B’SI3Ky MPSMOTO PYYHOTO KEpyBaHHS 3a  JOIOMOTOKO
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noteHuiomeTpiB 1 1 2 (cepBOnmpHBOAM 1 TOTEHIIOMETPH TMO3HAYEHI SIK Y
HaBeJICHO1)

Hanpawm i G2 I Hanpam
oGepranus D1-¢ = . —oGeprannsa D2
any) r N aN4)
2 ~LIIM aaa D2

" S S T aN3)
i Np +5v Ilepemnkatn
o 82 u:n'l'anemm IN1 IN2 IN3 IN4
Jaorixkm

Jxepeno

EHBIEHILT

DparMeHT ILIATH KOHTRONEpa
3 NO3HAYEHHIM TiHiB IHGPOBHX
“pxomip.rHX0AIR" (11 I M-niHl MArOTE
AOJATHKOBY NOIHATIKY " ~uv )

Puc. 4.26. [Ipuxiag MOHTaXXHOI CXeMH MIIKIIOYCHHS JO KOHTposepa Arduino
UNO npaiiepa Ha Mikpocxemi L298N HemnpsiMoro kepyBaHHS IBOMa JIBUTYHAMU
D1 i D2 nocriitHoro ctpymy: a — 0e3 MiJK/IIOYEHOTO JKepesia >KUBJIECHHS; 0 — 3
MIKITIOYEHHUM JPKEPETIOM JKUBJICHHS 1 ()parMEHTOM IIJ1aTH KOHTpoJIepa
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[IupoTHo-iMmnyiabcHa  moayusamis  (IIIM)  no3Bosisie  TJIaBHO
3MIHIOBaTH MIBUAKICTH oOepranHHs aBuryHa. [mns IIIM kepyBaHHs Ha
BIAMOBIAHUM BXiJ moTpiOHO momatw Joriuny «1». Ha skuit came Bxim IN1
a60 IN2 momane cwuraan IIIM, a6o HampsiM oOepTaHHS - PI3HUII HE MaE.
Tex came cnpaBemauBo 1 115 BxoiB IN3, IN4.

SW — nepemukay KUBJICHHS JOT1YHOT YaCTUHU MIKPOCXEMHU JipaiiBepa.
Axuo SW BKIIOYEHHUM — JKMBJICHHS JIOTIYHOT YaCTUHU BiJIOYBAE€THCSA BiJ
BHYTPIIIHBOTO JUKepena Hanpyru. I[lpu BumkHeHOMY S1  KUBJIEHHS
Bi10yBa€ThCS Bijl 30BHINMIHLOTO JKEpesia HAMMpPyTH.

JInst >KMBIIGHHS JIOTIYHOI YacTUHU CXEMH HEOOX1JHO HATUCHYTH
kHOnKY SW (puc.4.25,a) ab0 BCTaBUTH NEPEMUUYKY (3aJ€XKUTh BIJ THUILY
MOAyJIs). SIKII0 % Ha MOAYJIl HE mepeadaueHui NepeTBOPIOBaY €IEKTPUUHOT
Hampyri Ui oTpuMaHHsS +5M, TO 101aTKOBO HEOOX1THO 3'€1HATH BUX1]T +5V
Bix miatu Arduino mo Bxony +5V apaiiBepa.

Mikpocxema L298N sBasge co00rw0 3IBOEHHI MOCTOBHH apaiiBep
JNBUTYHIB 1 MpU3HAuY€Ha JJIs YNpaBliHHA ABOoMa cepBonpuoaamu DC abo
OHHUM KpOKOBUM JABUTYHOM. Il MikpocxemMa 3HAaXOOUTh IIMPOKE
3acTocyBaHHS B poOotoTexHill. OxHa wmikpocxema L298N 3a0e3neuye
MaKCHUMaJIbHE HaBaHTAXXEHHA J0 2A Ha KOXEH JBUTYH, a SKIIO 3aJisITH
napajejgbHE BKJIOUYEHHS Uil OJHOrO JBUTYyHA, TO MOJKHAa MIAHATH
MaKCUMaJbHUU CTpyM 10 4A.

[upotHO-iMnynbcHa Moayisaiis (ILIIM) no3Bosisie miiaBHO 3MiHIOBaTH
MBUAKICT oOepTanHs ABuryHa. g HIIM ynpaBiiHHS Ha BIAMOBIIHUN BX1]
noTpioHO mojatu joriuny «1». Ha sikuit came Bxig IN1 a6o IN2 moganuit
curHan IIM, ab6o HampsiMm oOepTaHHs - pi3HULI He Mae. Tex came
cripaBe IuBO 1 11t BXoaiB IN3, IN4.

Ak BuniauBae 31 cxemMu Ha puc. 4.26,a 3 gpaiiBepom L298N s
nigkmroueHHs aBox auryHiB D1 1 D2 miam IN1 1 IN4 npaiiBepa
BUKOPUCTOBYIOThCS Il MpPOrpaMyBaHHS HAINpsAMKY pyXy 3a CTPUIKOIO
roJAMHHKUKA a00 npoTH, a miHu IN2 1 IN4 - nns [HIM-kepyBaHHs MIBUIKICTIO
CEpPBOJIBUTYHIB.

TecToBa mporpama KepyBaHHSI IIBUJIKICTIO 1 HAIPSIMOM OOEpTaHHS JBOX
JIBUTYHIB MOCTIHHOTO cTpyMy (puc.4.26) Mae HACTYITHUIN BUTJISI;
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#define D1 2 //BU3HAUNTH HaMpAMOK oOepTaHHs nBUryHa D1

#define M1 3 //Bu3naunTu HIIM-kepyBanus npurynom D1
#define D2 4 //BU3HAUUTH HANIPSAMOK oOepTaHHs n(BUryHA D2
#define M2 5 //Bu3nauntu LIIM-kepyBanus asurynom D2
I/l #define 1 BIANMOBITHI JTUPEKTHUBU «3aCTOCYBATH (BKJIOYHTH)Y» IS

/lnpusHayeHHs HanpsMky oOepranHs Ta IIIIM-kepyBaHHS MIBHIKICTIO

//BinnOBiIHUX ABUTYHIB

bool direction = 0; //MOTOYHMI HANPSIMOK 0OepTaHHS

int value; //motouyne 3HadyeHHs [IIIM

void setup () //BUKOHATHU OJIUH pa3 MpH 3aIyCcKe

{
pinMode (D1,0OUTPUT) ; //xondiryparis nopty aisa D1, sk BUXI]
pinMode (D2 ,0UTPUT) ; //xondirypauig nopty mist D2, sk BUXI/I

}

void loop() //BUKOHATHU IUKIIU JIJIs1 PEKUMIB pOOOTH

{
for(value = 0; value = 255; value+=1l)
digitalWrite (D1, direction); //Hanpsam obepranns D1
digitalWrite (D2, direction); //Hanpsam obeptanns D2
analogWrite (M1, value); //IBuakicTh o6epTanus D1
analogWrite (M2, value); //IBuaKicTh o0epTanHs D2

delay (20) ; // 3atpumka 20 mMc

direction=direction”l; //luBepTyeMo 3HauEHHs, 00 y HACTYITHOMY
/1Kl o0epTaTCs B 1HILY CTOPOHY

CepBomnpuBoi 1Mo0yI0BaHUN Ha 3acajiax KPOKOBOTO JIBUTYHA MAa€ Ha3BY

«inTerpoBanuii cepsonpusoa» tumn CIIK (cepBonpuBon kpokosuii). [ToOyaosa

CTPYKTYPH TaKOTO CEPBOINPUBOYy HaBeIeHA Ha puc. 4.27.

[aTerpoBanuii cepBonpuBo MOOYyA0BaHUI Ha 6a31 TIOPUIHOTO KPOKOBOTO

JIBUTYHA, B SIKOMY BUKOPHCTOBYETHCA 0€3 KPOKOBE (BEKTOPHE) KEpyBaHHS Ha
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OCHOBI a/IallTOBAHOTO CIELIAIbHO JUIsi KPOKOBUX MPHUBOMAIB. BcTaHOBIEHHS
napametpiB 1 po6ota CIILI BinOyBaerhcs mij NporpamMHUM 3a0e3MeYEHHSIM
«MotoMacrep»

Kpoxkosuii JaTIME  Tlepersopropa I1POTPaMyehitii
ZBHrYH no3mui 2actoT KOHTpOIep
Cepsompuson CIIILI Pos'en #ammnens

Pos'em inrepdedicy CAN i Buxiq
ONTHYHOID JATHIKY NONOMKEHR
poTopa

/ Pos'em miniUSB
i

|

Pod'eM aHANOTOBOrO BIXOTY

\Pos'm WHDPOBIX BXOMIE/BHXOLIE

Puc. 4.27. CxiaoBi yTBOPEHHSI CTPYKTYPH IHTEIPOBAHOTO CEPBOMPUBOTY
4.6. BisyaabHe nporpamyBanusi FLProg nuas miargopmu Arduino

st cepBICHOTO OOCIYrOBYBaHHS CYYaCHMX TEXHOJIOTIYHUX MAIIHUH 1
BEpCTATiB 3 MU(PPOBUMHU CHCTEMaMH KEpPyBaHHS KPOKOBHUMH JIBUTYHAMHU Ta
CEpBONPHUBOJAMU  MallOyTHIM IH)KE€HEpaM-MeXaHiKaM MOTPIOEH CIPOIICHUI
BX1J] B Taki MEXaTpPOHHI CUCTeMH. HaBuaHHS TpOrpaMyBaHHIO IOIIILHO
NOYMHATH 3 BHUBYEHHS CHCTEM BI3yaJlbHOTO mporpamyBaHHs. OpHOi 3
MOMIMPEHUX TAKUX CUCTEM IporpamyBaHHs € nporpama FLProg (puc. 4.26) mist
KOHTpoJiepiB Ha Tuiatdopmi Arduino.

Ha puc. 4.28,a 1 puc. 4.28,0 HaBeieHI 3aCTOCYBaHHS AKTUBHUX OMIIIN:
«poc. 3ammra oT Apede3ra» (3axucT BiI OpA3KOTY) Ta «poc. BKIIOYHTH
MOATATUBAONINN pe3ucTopy (BKIIOUUTH MiATATal0uUil pe3ucTop), MeTa 1 3MICT
AKUX HACTYITHUM.

3 MeTol MiABUIICHHS HAIIAHOCTI poOOTH (MEepemKona CTIHKOCTI)
MIKpDOKOHTpOJIEpa B CXE€Max MEXaTPOHIKM 3 KOHTPOJEPOM 3aCTOCOBYETHCS
nigTsaryrounii pesuctop 1 kOM, MpU3HAYCHHS SIKOTO TOSCHIOETHCS CXeMaMU Ha
puc.4.29. Ha puc. 4.29,a HaBeneHa cxeMa MIATATYBaHHS pe3uctopoM R1 1o
Bxoay 1 mikpocxemu jnorigHoro «0», a came GND» (3emi1i) npu HEHATUCHYTOI
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kHomkH S1 (momupeHa aHriioMoBHa Ha3Ba «pPull downy — TsarHyTH BHE3), a Ha
puc. 4.29,6 — pesuctop R2 miaTsarye Ha BXij 1 Mikpocxemu JIOTIUHY «1» mpwu
HEHATUCHYTOI KHONKK S1(mommpena anriioMoBHa Ha3Ba «pull up» — tarayTn
Bropy). Ha cxema puc. 4.29,8 1 puc. 4.29,r kHomnka S1 yMOBHO 5K OM BHCHTH y
MOBITPI 1 CHUTHAT Ha BXOAl | MIKpocxeMu Moxe OyTH HEBH3HAUYCHUM,
HAIPUKIIAJ, TPU MOSBl BUIAKOBUX 30BHIIIHIX €IEKTPOMATHITHUX 30y/IKECHb
1 B pe3ynbTaTi MOXke BIIOYyTHCS XHOHE CHpaIlbOBYBaHHS MIKPOCXEMHU Bij
cur"aiiiB Mix «0» 1 «1» mpu HEHATUCHYTOT KHOIIKU S1.

Ha puc. 4.28 naBeneni ¢parMeHTH poOOYOTrO TMOJS  MPOCKTY IS
nporpaMmyBaHHsI KPOKOBOTO JBHTyHa B mporpami FLProg na moBi FBD mns
HACTYITHOT KOMIUIALIT mporpaMu Ha MoBi Arduino_C.

[Tporpama FLProg npaiitoe Ha KOMIT'IOTEPI1 i KEPYBAHHIM ONEpaliiiHUX
cucteM Windows, Linux-32 a6o Linux-64. Ilpu cTBOpeHHI HOBOTO MPOEKTY
croyatky Tpeba BuOpatu MoBy mnporpamyBaHHsi (FBD ab6o LD), na skiit Bu
Oynere CTBOPIOBATH MPOEKT, 1 KOHTPOJEp, Ha SKOMY IIeid MpOeKT Oyne
peani3oBaHuM.

JpeGe3r KOHTAKTIB BUHUKAE 4Yepe3 OCOOJMBOCTI KOHCTPYKIII KHOMKH.
Besikuii pa3 npu ii HaTHCKaHHI 1 BIAMYCKAHHI CUTHAN MpUiiMae HU3bKUN abo
BHUCOKHI pIBEHb HE BiJpa3y, a MOCTYIOBO, 110 BUKIUKAE KOJIMBAHHS KOHTAKTIB,
TOOTO npebe3r KoHTakTy. KoHTposep mpaifoe HACTIIBKUA MIBUAKO, 10 OPSI3KIT
CIIpUHMAaEThCS K KiJIbKa mocmigoBaux "0" 1 "1".
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3 3 FLProg-3.0.2 :
HE @ain Bua Npoext WHoTpymeHTol HacTpobkd  MNoMolb
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= <[Iadpoeo Pin5 /fHoeTH# cRiT.I07i0Y
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Hepevennnfe 3
<| bl

Berpoennnie [ ]]u.‘lmnnﬂTe:n.clcneL
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@ BiailoEbIe NIEMEHTHI
#:f 4 Macorrabepoeanme
a:{i] Tparrepst
Tadrepnl

CaeTaRKH

L Bubnuomexa thyHKUuuoHansHsix noxosdihd

MaTemaTHKA
Agrefipa
E2F) CpaeHeHHER

;Eg Bxoa nnater

NapameTpbl
sz | x1 | [ 3awnma ot apebeara TepernodaTeas
| Umehpososi @| ERMIGUUTE NEATAMMBIIOWMA pesucTap MoTops

KeMMeHTapMiA i ZE- Jace! peaisHOr0 BEpeMeHE
| L ) Jdacien b
HoMep KoHTaKTa: 3 B Crpoxkn

AN |HK YOpaeIeHHe
HoMepa oTMEYEHHEIE KPaCtHEIM MOr YT MOONE30EETECA KaK Beixoasl <LUKM =1

E E MaccBEBL
) JaTIEKE

©

3arpy3xa zaBepLieHa

Crerdy HCIOnBE3IveT 1264 Gair (3%) maMaTH yvorpoficrBa. Beeno mocTymec 22256 Galtr.
TnobarnHEE NeEpEMEHHEE Mononbk3ypr 21 Gatir (1%) uHaMMuecEoid IamMATH,

2048 Galir.

coraBaaa 2027 GaMT O TOKAThHEY IIEDEMEHERN -

Marcio e

Arduine/Genuing Una Ha COM3

Puc. 4.28. ®parmeHTH Bi3yaJIbHOIO MpOrpamMyBaHHS KOMYTallii JBOX KHOIIOK
nyck 3 iHBepciero B mporpami FLProg na moBi FBD : a — BBeieHHS 3MIHHUX;
0 — 3MIHHUX Ha pobOodYe ToJie, SKi TEePEeTBOPIOIOTHCA Yy
omoku(raTy) 1 MEeHIO OJOKIB (IUIaT) — MPOTPAMHUX KOMIIOHEHTIB TPOTPaMH
FLProg;
3aBEpIIICHHS B0l KOMIUISIIO Tporpamu Arduino

MepeTATYBAHHS

B — KHOIKa KoMmmisiii mporpamu FLProg ; r - moBigomiieHHs mpo
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[Ipn akTtuBizamii ommid  «3ammrta ot japedesray 1 «BximounTh
MoATATUBAIONMN pe3uctop» (puc. 4.29) miaTaryroduid pesuctop 1 apedesr
KOHTaKTiB yCYBalOThCS MPOTPAMHO Ha (Pi3MYHOMY piBHI KOHTposiepa Arduino.

33 5V
R1| |
1k S1\
1 ) 1 8
2 e 5 7
S1 3| Il [ HRI RS
4 R B
+5V
1
S1
1 8 1 | 8
2 7 2 7
3 Il 6 3 Ic1 | 6
4 (5 4 =3
Gnd B r

Puc. 4.29. Enexktpuuni cxemu 3 miararyrouum pesucropom R1 (puc.a - pull
down i puc.6 - pull up) i 6e3 miATAryr4oro pe3uctopa (puc.B i puc.r)

[IpoekT B FLProg sBisie coboro Habip miat (1KOHOK), Ha KOXKHIN 3 SIKUX
310paHuii 3aKIHYEHUN MOIYJb 3arajibHOI cxeMu. J[Jisg 3pydHOCTI poOOTH KOXKHA
miaTa Ma€ HallMeHyBaHHS 1 KOMeHTapi. dparMeHTH BUIIISINY BIKOH MPOTPaMH
FLProg npu po6oti B pexxumi moBu FBD naBenenwnii Ha puc. 4.30, a npukian
nporpamu Ha MOBiI Arduino_C micist komnusiiii nporpamu FLProg na mosi
FBD naBenenwuii na puc. 4.31.
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O 3 32220447 OXOPOCTH E
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Puc. 4.30. @parmenTH poOOYOro MoJs  MPOEKTY ISl MPOrpaMyBaHHS
KpokoBoro nBuryHa B mporpami FLProg na mosi FBD nmns nHactymHOi
KoMITUIALT mporpamu Ha MoB1 Arduino C
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€9 prl | Arduino 1.8.1

Pain lNpaeka Cwkety WMHorpymedTer [Momowes

$¢include <Stepper.h» S
Stepper _S5tMl1(64,1,3,2,4):
int atM stepal = 0O;

kool stM O3tl = Of

wvolid setup()

{
_S5tMl.setSpe=d{400);

1
vold loop()

{

JfllnaTazl

_S5tMl.s=t3peed( abs(300});

if {0y { if( !atM Cstl) {3tM step3l = abs3(300); stM Ostl = 1711
elae [stM Ostl =0 ;1]

if (atM stepsl > 0 ) { _S5tMl.step(l):; stM stepsl-- ;}
_StMl.s=tSpe=d (400) ;

Puc. 4.31. IIporpama Ha MoBi Arduino C micis KOMOUISIT TporpamMu
FLProg na mosi FBD

JInst oTpUMaHHS 3anporpaMOBaHUX TOYHMX MOJIOKEHb (KYTiB MMOBOPOTY) 1
IIBUJKOCTEH poOOYMX IHCTPYMEHTIB Yy aBTOMAaTHM30BAHMX TEXHOJIOTIYHUX
mammHax 1 CNC-BepctaTkax a00 3YNMHUHEHHS BEJICHOI JIAaHKH Y TMPOTPaMHO
KEpOBAaHMUX MEXaHI3MaX B  MEXAaTPOHHUX 1 POOOTOTEXHIYHMX CHUCTEMax 3
upoBUMU CUCTEMaMU KepyBaHHA TpH poboTi 3 tuiarpopmamu Arduino
IITUPOKO BUKOPUCTOBYIOTHCS CEPBOIPUBOMA 3 PEAYKTOPOM, HANPHUKIAA, THITY
Micro Servo SG90. /IBa Takux cepBONPUBOIA MOXKYTh MPAIIOBATH 3 IIHUJIAOM
npaiiBepa L293D (puc.4.19,8) Ha mnati Arduino UNO.

CepBonpuBoa  (Servo) 1ie¢ peryjaloeMuid NOpPUBOJ Ha  3acajax
0€3KOJEKTOPHOTO JABUTYHA MOCTIMHOTO 200 3MIHHOTO CTPYMHU, SIKUH MICTUTh Ha
BaJly pOTOpa JATYMK 3BOPOTHOIO 3B‘SI3KY KyTa MOBOPOTY (KYTOBOI IIBUIKOCTI,
MOMEHTY Ha Bajly B 3aJICKHOCTI BiJl 3yCWIJIS HABAHTAXKCHHS 3 00Ky MAIlIMHH),

HalpuKiajZ, Y BUIJIAAI eHKoJepa Ta Mae BOyJOBaHUMN KOHTpOJIEp s
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aBTOMATUYHOI'O MIJTPUMAHHS 3alIpOrpaMOBaHOI BEJIMYMHM KyTa IOBOPOTY
poropa.

Micro Servo SG90 mae BOymoBaHHI MiHI-peIyKTOp, ABa BUBOIHU (+5V 1
GND) s >KUBIIEHHSI HANIPYTOIO MOCTIMHOTO CTPYMY 1 OJUH — JUIS 3aBJaHHS
3HAYCHHS MO3WIIii (KyTa moBopoTy). (OOepTaHHS CEpBONPHUBOAY 3aIA€THCSA 3a
JIOTIOMOTOI0 IMIYJIbCIB, SIKI MalOTh TPUBAIICTh Bif 1 70 2X Mc depe3 koxHI 20
Mc . JlocArHyTe MOJIOKEHHSI pOTOpa CEPBOIPHUBOAY BUMIPIOETHCS BHYTPILIHIX
HOTEHLIOMETPOM MPUCTPOIO 1 MOBEPTAE 11€ 3HAUEHHS 10 3BOPOTHOIO 3B'SA3KY B
IUIaTy YOPaBIiHHA. 3BOPOTHIM 3B'SI30K KOPEKTYyE IIOJIOKEHHS pPOTOpa B
3aJIe)KHOCTI B1Jl OTPUMAHOTO 3HAYEHHS CUTHAITY.

4.7. lluporHo-iMmnyjabcHa moayiasauia (IIIM) peryawoBanHs yacTtoTn
00epTaHHS POTOPA ABUT'YHIB MeXaTPOHIKH

B Texniunoi mitepatypi nommupeHa ckopodena Hazpa LIIM - IupotHa
ImnynscHa Mopymsnis (awen. PWM  — Pulse Width Modulation), sika
nporpaMHo peanizyerbcsi KoHTposiepoMm Arduino UNO 1 BUKOPUCTOBY€EThCS IS
OTPUMaHHS PEryJIbOBaHOI €JIEKTPUYHOI HAMNPYT1 MPHU PETyJIOBaHHI IIBHIKOCTI
pOOOTH TEXHOJOTTYHUX MAILIUH 3 CEPBOIPHUBOJIOM.

BaxmuBum mnapamerpom IIIM-perynioBaHHs MIBUIKOCTI KpPOKOBOTO
MPUBOAY 1 CEPBONPHUBOJY Ha 3acajiax KpPOKOBOIO JBUTYHA € IIMNapyBaTiCTh
[IIM-curHaiiB KepyBaHHS, sIKa 33/1a€ThCSI MPOTPAMHO HACTYITHUM YHHOM:

Sk 3MiHIOETBCS (pOpMa CUTHANIIB KEPYBaHHS HIBUIKICTIO CEPBOINPHUBOLIY
npu pizHoi mmapysarocti LIIIM-curnaniB kepyBaHHa HaBeaeHe Ha puc. 4.32.

IlInapyBarticth (poc. ckBaxkHOCTb) curHaay (S) - 1 BiIHONICHHS
nepioy curaainy T jo oro TpuBasocti t1

T

Ha Buxoai oTpuMyeThcs €NeKTpUYHA HANpyTa, sika eKBIBaJEHTHA IUIOLI
mig  iMmyiabcoM. JIms perynroBaHHS IIBHUIKOCTI BUKOHABUMX MEXaHI3MIB
noTpiOHO mporpamMHo 3MiHwBatu 3HaveHHs IIIM, saki now’si3ani i3
mmnapyBarocTi iMmyabciB. [Ipy 1boMy 3MiHIOETBCS €KBIBAaJICHTHA EJIEKTPUYHA
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Hanpyra g migkmodeHux g0 BuxomiB LI I M konTposiepa BUKOHABYMX
MeXaH13MIB 00epTOBOI a00 3BOPOTHO-TIOCTYIIOBOI JIii.

IMepioa T=2mc(t1=0.5Mc=25%)
INInapyeaticTh S=T/t1=2 Mmc/0.5Mc=4
IIIM=256/4=64 ; UpHX=5V/4=1.25V

- st Y- — —

. > i

E AT E 4r

B af g 3t

L]

M 2k 094 qacy manpyru 5V | 2t

T IIM=0 ; Upix=0V T

0 ok

LN R W B T e

Hac, mc Tac, arc
a 0
[Teproa T=2umc (t1=1Mc=50%) ITepiog T=2mc (t1=1.5 Mc=75%)

IInapysaticte S=T/t1=2Mc/1Mc=2 IInapyeaticTe S=T/t1=2Mc/1.5Mc=1.33
IIIM=256/2=128 ; Upmx=5V/2=2.5v IIIM=256/1.33=192 ; Upmx=5V/1.33=3.76V
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Puc. 4.32. ®opma curnanis IHIM (PWM) nipu pizHOT mimapyBaTocTi iMImyJsibCiB
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Ax BumuBae 3 puc. 4.32 npu IIIM wyactoTa curHany KepyBaHHS
3QJIMIIAETHCSA OJHAKOBOIO, a 3MIHIOETHCS JIUIIE CIIBBIAHOLIEHHS TPUBAJIOCTI
curHary Bucokoro piBHa (tl: U=5V) Ta CHTHAy HU3BKOTO pPIiBHS
(t2=T-tl:= U=0V).

Posrnsemo 1 mpoanamizyemo — cmpomieHud  cketd g IIM
pEryJIlOBaHHSIM SICKpPABOCTI CBITIHHS OJHOTO CBITIONIOAY Ha miaTdopmi
Arduino UNO. Csitiomion B nommpeHoMy no3nadeHHi LED (awen. Leith
Emissions Diode) 1ie HamiBIpoOBiAHUKOBUH KOMIIOHEHT, SIKUH CTBOPIOE ONTHYHE
BUIIPOMIHIOBaHHSI MPU MPOIMYCKAHHI CKpi3b HBOTO EJIEKTPUYHOI CTPYMH B
npsIMOMY HamnpsaMmky. ITiTKIroueHHs CBITI010/Ty BiJIOYBA€ThCS 13 BpaxyBaHHSIM
noyisipHOCTi (+5V  aHOmM — enekTpoa OUTBIIOT JOBXHHH HiXK €JIEKTPOJ KaToxy,
«MIHYC» — KaToJ) 3 BHKOPHUCTAaHHSIM pe3uctopa. [Ipsma nampyra mis LED 3
J1aMeTpPOM JIIH3U 5 MM CTaHOBUTH 2V 1 HOMIHAJIbHUIA poOoumii ctpym 20 MA
(0.02A). BaxkaeMo, 110 BUCOKHI PIBEHb HANpyru Ha BUXOAl IiaTu Arduino
UNO cranosuth 5V. o6 3agaTtu HeoOXigHuii ctpymM B 20 MA, 00YHUCIIOEMO
BEJIMYMHY omnopy R:

U, V=2V _
I, 0024 .

3HAuUTh, PE3UCTOpP TMOBUMHEH OYTH MPHUOJIM3HO Takoro abo OUIBIIOTO
HOMIHAJIBHOTO omopy. s ckiagaHHs MOHTaXXHOI CXeMH MOTpIOHI: IuIaTa
Arduino UNO 3 xabenem USB, maketHa rara 6e3 nasibHa, LED, pesuctop Ha
150...220 Owm, 2 nepemuuyku (MaMa-MaMma), NEPEXIJTHUK KpPOHA-PO3’€M
JKUBJICHHS 1 30BHIIIHE JKepeno kuBjieHHa +7V...+9V abo Garapeiika Kpona
Ha 9V).

Ckeru (mporpama) s LIIIM perymtoBaHHSM SICKpPAaBOCTI CBITIHHS
CBITJIOZIOY MAa€ HACTYITHUIN BUTJISI;

const int LED=6;
void setup ()

{
pinMode (LED, OUTPUT) ;

}
void loop()

{
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for (int 1i<256; /[*** Ilepumii mmkn [IIM-306inbeHHs
sckpaBocTi /uig 3MiHHOT int LED npu i=0; i=i+1, sSxuii migkIOYeHUR 10
HIIM-niiny 6 tuiatu Arduino UNO nipu BUKOHaHHI yMOBH 1<256 ***/

{

analogWrite (LED, i) ;

delay (10) ;

}

for (int 1i=255; i>=0; i=i-1) /*** Jlpyrwii uukn M-
3MEHIIEHHS sickpaBocTi /s 3MiHHOI int LED mpu i=255; i=i-1, sxuii
nigkmoueHuit no IIM-nminy 6 mnatu Arduino UNO mnpu BUKOHaHHI YMOBU
i>=0 ***/

{

analogWrite (LED, 1i);

delay(10) ;

}

}

B nporpami mix i-tumu IIM-nepemukanusimu LED uac 3ami3HeHHs
ckianae 10 Mmc delay(10) , mo MeHIIe Yacy aganTailii oued JIOJAUHHU 0
BUMKHEHOTO CTaHy CBITJIOJI0Y 1 TOMY 3MiHa SICKPABOCTI CBITIHHS CBITJIOI0Y
CHpUNMAEThCS JIIOAMHOKO sIK Oe3lepepBHE 3MiHA HApOCTaHHSA Ta CHajy
sckpaBocTi. [{ukI0B1I 3MiHM Hampyri Ha CBITJIOAI0AI Ha KoxkHOoMY IIIIM-kporri
ckianae Besmunny 2V/256=0.0078V=7.8mV.

Komanny analogWrite (LED, i) Mae MOSICHEHHS, SIKE€ MOB S3aHE 3
puc. 4.24. Ilpu 30inbuIeHH1 sickpaBocTi cBitnoaiony LED IIIM-3nauenni i=0
HIMapyBaTicTh iMIysbeiB S=0 1 curHai Mae HU3bkWiA piBeHb Hanpyru (LOW),
10010 UBNX=0V (puc. 4.32,a) i CBITI0110] BAMKHCHHA.

[TIpu IIIM-3HauenHi i=64 mmapyBaTIiCTh IMIYyJIbCIB S=4 1 CUTHAI
3HaXOAUThCS Ha BUcokoMmy piBHI Hanpyru +5V (HIGH) na npotssi 25% yacy
noBHoro mnepiogy T, Todro UBux=5V/4=1.25V (puc. 4.32,6) 1 3’SBISETHCS
cnabka sickpaBicTh cBiTinogiony LED.

[Tpu IIIM-3Hayenni i=128 mmapyBaTiCTh IMOYJIbCIB S=2 1 CHrHal
3HaXOAUThCS Ha BUcokomy piBHI Hanpyru +5V (HIGH) na npotssi 50% wacy
noBHoro mnepiogy T, Tobro UBux=5V/2=2.5V (puc. 4.32,8) 1 SCKpaBICTh

ceitnomiony LED 306inbmryerbes.
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[Tpu IIM-3nauenni 1=192 mmapyBaTicth iMmyibciB S=1.33 1 curnan
3HaXOJUThCsl Ha Bucokomy piBHI Hanpyru +5V (HIGH) na npotsa3i 75% uacy
noBHoro mnepioay T, Todro UBux=5V/1.33=3.76V (puc. 4.32,r) 1 sCKpaBIiCTh
ceimiogiony LED mie 36inbmryerbes.

IIpu IIIM-3HaueHHi i=256 mmapyBaTiCThb IMIYJbCIB BIACYTHS 1
curnai Mae Bucokuii piseHb Harpyra (HIGN), To6to UBux=5V (puc. 4.32,1) i
sckpaBicThb cBiTinoaiony LED makcumanbHa.

IIpu 3menHmenH1 sickpaBocTi cBiTioaiony LED Big makcumanbHOI 70
Hyns LIIM-3HadeHHst 3MEHIITY€eThCS TP 3MiHI Big i=255 mo i=0 i puc.
4.32 Tpeba po3risaaTi y 3BOPOTHOMY HANpsAMKY Bif puc.4.32,1 1o puc. 4.32,a.

HIIM-curHanmM MoXHa OTpUMaTH 1 0e3 KOHTposiepa, HANpUKIal, TMpH
BUKOpHCTaHHI mommpenoi Mikpocxemu NES55 (puc.4.33) abo wmomyms
reHepartopa Ha 0a3i taiimepa NES55 (puc. 4.34).

Ha puc. 4.33 nmpeacraBieHO €NEKTPUYHY IPUHIUIOBY  CXEMY
I T M-reneparopa neuryna M nocrtiiiHoro ctpymy Ha Mikpocxemi NESS5, a na
puc. 4.34 — na 6a31 moayssi renepaTopa Ha 6a3i Taitmepa NESS5.
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Puc. 4.33. Enextpuuna cxema IIIM-perynstopa oboportie nBuryna M Ha
Mmikpocxemi Taitmepa NE555
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Hns ctBopenns LIIIM-perynstopa 0O0OpOTIB JIBUTYHA, 3aCTOCOBYETHCS
HeCcTaOUTbHUM pexkuM pobotu Taiimepa NESS55 — mocTiiiHa reHeparlist iMIyJibCiB
Ha Buxozi. Pesuctopu R2 ta R3 1 xonaencatop C2 perymmooTh HINapyBaTiCTh
iMIynbCiB. 3MiHHMM pe3ucTop R3 perymtoe TpuBamicTh CUTHATY BUCOKOTO PIBHSA
(HIGH). diomu VD1 i VD2 npusHadeHi s Toro, mo6 kouaercarop C2, mo
BIUTMBAE Ha BUXIJHY YacTOTY, MOCTIHHO TMepe3apsKaeTbcs depe3 pi3Hi miiedi
3MiHHOTO pe3ucropa R3. 3apspkaeTbes 1ed KOHAEHcATOpa MO JIAHLIOTY «+»
JoKepena JKuBNeHHs, pesuctop R2, miog VD2 1 mpaBe miede 3MIHHOTO
pesuctopa. Pospsmxaerbes konaencatrop C2 Mo JIaHLIOTY - JIiBE IIeYe
3MiHHOTO pe3uctopa, Ao VD1 Ta kontakt No7 mikpocxemu DAL. Ilpase i ieBe
Tieye 3MIHHOTO PE3UCTOpa MaOTh PI3HUHN €NEKTPUYHUIN OIip 1 TOMY IO Pi3HOMY
BIUTMBAIOTh, HAa dYac 3apsay 1 po3psay kouaeHcatopa C2. Ile 3abesmeuye
MO>KJIUBICTh PETYJIOBAHHS IIMAPYBATOCTI CUTHAITY HA BUXOl, IKUM KEPY€EThCS
IIBUJIKICTh 0OepTaHHs ABUT'YHA M MOCTIMHOTO CTPYMY.

3aranbHUW BUTJISA] TOIIMPEHOTO B MEXaTPOHUIIl MOJYJS TeHepaTopa
Ha 0Oa3i TaiiMepa NES555 1 #ioro enekrpuyHa NPUHIIMIIOBA CXeMa HaBeJeHI

Ha puc. 4.34.
3MiHHMA pesicTop 3MiHHWA pesucTop
ANSA perynBaHHA ANS perynBaHHA

yactot WIM-curHany  cksamHocTi LUIM-curHany
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| HL L $—3 ouT
50Hz~1kHz 111 79 .

82001 1 Tsoo] "o ] —

0,146,8y
Bixigl | |
GN Vce
XuBneHHA
a +5B..+12B 0

Puc. 4.34. 3aransHuii BUTJIsA1 MOTYJIsSI TeHepaTopa Ha 0a3i taiimepa NESS5 (a)
1 eJIEKTpUYHA MPUHIUIIOBA cxema (0) Moty Jis
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Konmponoui numanmus 0o po3oiny 4:

1. Hanaiite Bu3HaueHHs enektponpuBoaa CNC-maiuH.
2. o Take Clutch Motor i sk perymtoeTbcs 4acrora
o0epTaHHS TOJIOBHOTO Bajly IIBEHHOI MalIMHU ?

3. Sxi pizammg mix Clutch Motor 1 cepeonpusodoom
HIBEHHUX MalIUH ?

4. Ilo Take MOTYXHICTh KPOKOBOTO €JEKTPOJBUIYHAa 1 $K BOHA
pO3paxoByeThCs ?

5. Illo Take MOMEHT iHepIli TPUBEACHUN JO TOJOBHOI'O Bally
TEXHOJOTIYHOT MallMHU 1 SKI T[apaMeTpu BIUIMBAIOTH Ha BUOIp
aBTOMATH30BaHOTO TPUBOAY TEXHOJOTYHOI MamuHU abo  Bepcrary
MalmuHOOyAyBaHHS ?

6. Ski KpOKOBI JBUTYHH, SIKI PEXKUMHU 1X POOOTH BUKOPHUCTOBYIOTH B
cXeMax MEXaTPOHIKH 1 SIKWW MPUHITUI pOOOTH KPOKOBOT'O MTPUBOILY?

7. lllo Ha3uBa€ETHCS CEPBOMPUBOJIOM 1 CEPBOJBUTYHOM ?

8. I1lo Take komMmiIALsA 1 SIK BOHA 37ikicHIOEThCS Y Arduino IDE ?

9. o mo3Hauae ckopoueHa Ha3zBa PWM i ski miuam Arduino UNO
npu3HayeH1 Ay peanizauii PWM ?

10. Sk po3paxoByeThCA MINAPYBATICTh IMITYJIBCIB ?

11. Jlnst goro 1 sixk mporpamyetsbest LM ?

12. Slxe npuznauenHs mwiargopmu Arduino ?

13.5Ik1 0COOIMBOCTI BI3yaJbHOTO MPOTPAMYBAaHHS 1 IO TaKe KOMIIAIS
MPUBECTU HA KOHKPETHOMY MPUKJIIAI1 ?

14.Yem BIApI3HAETBCA 3a MPU3HAUCHHSM  MIKPOKOHTpPOJEp  Bij
MiKpormpoliecopa ?

15.1o BimOyBaeThCs MpHU aKTHUBI3ALIl MEHIO «IHCTpyMeHTHW», MEHIo

«®Daitm» 1 Menro «Cketu» ?

®aiin [Npaska Ckety

QO BE
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Ipuknaou mecmosux numamubs OJisl 3aKPINJIEHHs 3HAHb NO PO30INY 4

Tect 1. BubepiTh TOMUIKOBE TBEPIKCHHS:

* MasIbHI Mapy APATYIOTH 1 iX HE MOBUHHI BAUXATH |

* MMasUTbHI MTApU MICTATH CBUHEIIb |

* MasyIbHI Mapu MICTATH (IIOC, SKUI € TOJOBHUM YHHOM 3 JI€PEBUHHOI
CMOJIH ;

* Maifka MOBUHHA IIPOBOJUTHUCS B BEHTUJILOBAHO1 30HI.

Ilpasunvno. CBuHENb Mae HabaraTo OUIBII BHCOKY TeMIIEpaTypy
IJIaBJICHHS, HXK MOJKE JIOCSATTH Balll MasyIbHUK. AJie Tapy TMaKiB 1 paHilie €
HE3HaYHO HEeOE3MEYHUMHU, 1 BIUIUB Ma€ OyTH OOMexeHa.

Tecr 2.

[Tirm Ha TaTi Arduino Uno 3 HanucoMm Digital 0...13 :

* MOXXYTh BUKOPHUCTOBYBATHCS TIJIbKH SIK BX1JIHI JaHi ;

* MOXYTh BUKOPUCTOBYBATHCS TUIBKHU SIK BUXOIH ;

* MOXYTh BUKOPUCTOBYBATHCS SIK BXO/1 a00 BUXO/IH ;

* Bcl 31aTH1 10 PWM.

llpasunvno. MOXyTh BUKOPUCTOBYBATUCS K BXoau a00 Buxoau. s
PWM (mmpoTHO-IMIYJIBCHOT MOAYJISLIi) MOXKYTh BUKOPUCTOBYBATHUCS TUIBKU
KOHTaKkTH 3, 5, 6, 9, 10 1 11 (mo3HaveHi Ha MJIaTi KOHTPOJIEpa CHMBOJIOM ~ ).

Tecr 3.

[Ilo pobuts dyHkIiis «void loop ()» ?

* Ha3aBXK/U 32 IIUKIIIOE Balll KO/ ;

* MIOPIBHIOE OJ[HE 3HAYCHHS 3 1HIIIKM |,

* yeKa€ BBEACHHS KOPHUCTyBaya |

* TMOBTOPIOE (parMeHT KOy IMEBHY KUIBKICTh pa3iB 10 BUMKHEHHS
KOHTpoJIepa.

Ipasunvro. TloBTOproe ¢GpparMeHT KOOy KIIBKICTh pa3iB JO BUMKHCHHS
KOHTpOJIEpA.

Tecr 4.

Bu xouere CTBOpPUTH MPOEKT 31 CTPIUYKOIO CBITIOAIOAIB 25 MITYK
NeoPixels 3 monoBuHOW0 sickpaBocTi. SIke JKEpeno JKUBJICHHS BU IOBUHHI
BUKOPHUCTOBYBAaTU?

* USB-nopt komn'torepa
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* Akymymsatop 500 mAh abo agantep 3MiHHOTO CTPyMY

* 1.5 A akymynsaTop abo amantep 3MiHHOTO CTPyMY

Ipasunvro. 1.5 A akymynsatop abo amanrep 3MiHHOTO CTPyMY, TOMY IO
KO)KCeH cBiTiomion cmoxuBae 40 MA (mojnoBuHa Bim Makc. 80 mA s
ceimnogionis tunmy RGBW NeoPixel) 1 Bam Oyzae moTpiOHO SK MiHIMYM
(40x25=1000 ™mAh), mmroc MIKpOKOHTpojep abo Oyab-sKi 1HII AaKTHBHI
KOMIIOHEHTH.

5. PO3PAXYHOK MEXATPOHHUX MO/IYJIIB ITPOI'PAMOBAHUIX
I[TEPEMIIIEHD 3 KPOKOBUM ITPHIBOIOM

Pospaxynok monayniB mporpamoBanux mepemimedb CNC-mammH nerkoi
npomucioBocti 1 CNC-BepcTaTiB MalIMHOOYIyBaHHS 1€, Hacammepen,
pO3paxyHOK KPYTHOTO MOMEHTY KPOKOBOTO MPHUBOAY 3 YpaxXyBaHHSIM Maca-
IHEepIIHHUX TapaMeTpiB 1 CuJ TepTs 3 OOKy OO0 €KTIB MpOrpaMoBaHUX
nepeMilieHb 3 HAacTymHUM BHOOpPOM JpaiiBepiB i1 0oOpaHOi MOTYKHOCTI
IPUBOAY 1 TMpOrpaMyBaHHS TPAEKTOPIi pyXy poOOYOro IHCTPYMEHTY Ta/abo
3arOTOBKM 3 pI3HUMX MaTepiajiB, B TOMY YHCIl 1 MarepiajiB IiJIbOBOTO
pU3HAYEHHS JIETKOT MPOMHCIIOBOCTI .

5.1. Po3paxyHOK MeXaTPOHHOI0 MOAYJisl MPOrpaMOBaHMX IepeMillleHb
3 TPOCOBOI Nepeaayero

Puc. 5.1. Kinematnyna 3D-cxema MOyJis TpOrpaMOBAHUX TMEPEMIIICHb 3
TPOCOBOI IEPENAYECIO

B moayni mporpamoBaHUX HepeMilieHb 3 TPOCOBOI IMepeaadero (puc.
5.1.) Ha Banmy kpokoBoro aBuryHa KJ| zakpimmenuit mkiB 1 pagiycom R; i
MOMEHTOM 1HepIii J. 3a TOMOMOTOI0 HEBAaroMoro i HEPO3TSIKHOTO TPOCY Y
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FOPU30HTAJIBbHOI TUIOIIMHI MEpeMIIIYeThCs KapeTka 3 Macoro M Ta 3

koediieaTom Tepts f.
3agoanns 1. HeoOXiAHO BU3HAYUTH BEIHMYHHY HEOOX1THOTO KPYTHOTO

MOMEHTY M, KPOKOBOIo JBUIyHA, KW MOTPIOHO NMPUKIACTH 10 HIKiBa 1,
o6 HOoro KyToBEe NMPUCKOPEHHS MOPIBHIOBAIOCS 3aIaHOl BEIWYWHU € IS

NepeMIIIeHHS KapeTKH 13 MBUAKICTIO V.

Tlo3nauenus, AKi 6UKOPUCMOBYIOMbCS 8 PO3PAXYHKAX .
R, = R, = R — paniyc mikiBiB, M;
m; = m, = m—Maca IKiBIB 1 12, Kr;
J; =J, =J— MoMeHT iHepLii MWIKiBiB, Kr-M?;
ms — Maca KapeTKH, KT
g =9,8 M/c? — IPUCKOPEHHS BIILHOTO PyXY ;
€ — HeoOXijHe npuckopeHHs , 1/c? ;
V — MIBUIKICTh KAPETKH, M/C ;
f — KoedimieHT TEPTSI KAPETKU 110 HATIPABIISAIOYO] ;
¢ — KyTOBHH KpOK JIBUTyHa, Tpaaycu (3 BpaxyBaHHSIM PEKAMY

JIpOOJICHHST KPOKY) ;
Vv — 4YacToTa KpOKiB JIBUTyHa 1/c;

® — KyTOBa IBUJIKICTH, 1/c.

1.1. Bu3zHauaeMo KIHETUYHY €HEPIiI0 CUCTEMH:

E=2(ms ot 2 + Jp)w? = 053, 0 , (5.1)

1 : :
ne J= p MR? — MOMEHT iHepIii 0JHOrO ILKiBa ;
Jxo — MOMEHT 1HEpIIli pOTOpa KPOKOBOTO JIBUTYHA;
J,p =Mz R*+2J+J,, — IpuBeieHnii MOMEHT iHepILi.

1.2. Bu3HauaeMo MOXIJHY 3@ 4aCOM B1Jl KIHETUYHOI €HEeprii

(5.2)
1.3. BuznauaeMo MOTYXHICTh 30BHIIIHIX CHJI B CUCTEMI:
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1.3.1. IloTyKHICTb Ha ITOJOJAHHS CHJIM Bard KapeTKu : Pmg=-m3Q V.

1.3.2. IloTyxHicTh Ha moxonanHsA cuiu rteprs: P, = - F,,V,

e F.p = m3g f — cuna reprs.

1.3.3. IloTyXHiCTh KPyTHOTO MOMEHTY: Pv= Mo .
CyMy NOTY>KHOCTI BCiX 30BHIIIHIX CHJI BUBHAYAEMO 32 BUPA3OM:

2Pi= Mo - (msg V + F,,V) (5.3)

1 Bpaxytouu, 1o V = ®-R otpumyemo:

ZPi = (MKA - (m3 R+ FmpR))w (54)

: . . . dE
1.4. TloximHa Bl KIHETMYHOI €HEprii 3a 4Yacom —;  BHU3HAUaEThCs

MOTYXHICTIO BCIX 30BHIIIHIX CHII ) Pj, TOMy MOXHa MPUPIBHATU MPaBl YaCTHHU
BupasiB (5.2) 1 (5.4):

Jp -8 =M, -(m3-gR+F,,R)] . (5.5)

1.5. KyroBa mIBHIKICTh ® 1 4acTOTa V BIANpPAIIOBaHHS KPOKIB JIBUTYHA
3HAXOJSITHCS Y HACTYITHOMY CITiBBITHOIIICHHI:

o= (5.6)

v
2T

360 o : : :
ne H = ~p — [UIBKICTE KPOKIB (MIKpOKpPOKIB) OJHOr0 000pOTY poTOpa

KPOKOBOI'O IBHUI'YHA.

3 Bupasy (5.5) OTpUMYEMO BEIUYUHY MOMEHTY M, , AKMH HOTpiOHO
MPUKIIACTH JI0 IIKiBa 1, 11100 0ro KyTOBE MPUCKOPEHHS JOPIBHIOBAIOCH E:

My =dyp &+ (Mg g+F,, ) R= (mg R2+2 3+ J,, ) e+(m3 9+F,,)R. (5.7

[IIBUaKICTB MTEpEMIIICHHS KApETKHU 3 ypaxyBaHHS (5.6):
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V =Rz ZYE

(5.8)

2m
YacroTa v KpoKiB, sSika HEOOX1IHA I MIEPEMIIIEHHS KapeTKH 13 MIBUAKICTIO V

_2nvV
V= ﬁ (59)

TV
200R

Hanpuxoan, mpu kpoui ¢ = 0,9° i H = 400 kpokis ogus 060poT v =

3 ypaxyBanusM (5.8) 1 (5.9) poTop KpOKOBOTO ABUTYHA, SIKUW MMOYMHAE
BIZINIPAIfOBaHHs. KPOKIB 3 YacTOTOIO v Ha TEPIIOMY KpOIl pPyXaeThCs 3
MIPUCKOPCHHSIM:

g=vo=2M = 2V (5.10)

21 H-R?

HeoOxignuit kpyTHUuil MOMeHT (5.7) Ha Bajdy KpOKOBOTO JABWUTYHA, SKUU
3MO’KE€ MEPEMINIYBATH BAHTAX 13 MIBHJKICTIO V BHU3HAYAEMO 3 ypaxXyBaHHSAM
Bupasy (5.10) 3a hopmyinoro (5.11) abo 3a popmynoro (5.12):

v2.H

My, = (m3 R*+2J+J,) o (msg + F,,) R (5.11)
_ 2 27T'V2
MK;[ = (m3 R“+2J+ \]Ka ) W + (m3g + Fmp) R (512)
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5.2. Po3paxyHOK MeXaTPOHHOI0 MOAYJIs NMPOrpPaMOBAHUX NepeMillleHb i3
3y04acTa-nacoBoIo nepeaaverd B MeXaTpOHHOI CUCTeMI

Kinematnuna cxema MoAayliss NOpPOTPaMOBAaHUX TMEPEMINICHb 13
3y0uacTa-macoBoro nepegadeto (puc.5.2.) CKIagaeThes 3 KPOKOBOTO JIBUTYHA
pO3TalIOBAaHOTO BEPTUKAJIBbHO, HA Bajly pOTOpa SKOTO 3MOHTOBAaHUU
3yOuacte kojeco 1 3 MomeHToM iHepuii J;. 3yOuacre-nacoBa mepengau 4
KiHEeMaTH4He 3’€JIHye 3yOdacTe Kojieco 1 13 3ybdacTuM KojiecomM 2 3
MoMeHTOM 1Hepiii J,. Ha ogHo1 rinmi macoBoi nepemadi 3akpinjeHa KapeTka
3 3 MOXJIUBICTIO 3BOPOTHO-TIOCTYIOBUX MPOTPAMOBAHUX MEpPEMIIIEHb MiX
3yOuactumu kosecamu. KiHIleBI BUMHKadl KpalHIX MOJOXEHb KapeTKH 13
3arOTOBKOIO0 200 KapeTKH y BHUTJIAL I1'sUICIb 3 TEKCTHJIBHUM MaTepialoM Ha
cxeMl He 300pakeHl. MOMEHT TepTA B MIAIMUIHUKAX My,

3ae0annsn 2. BU3HAUATU BEIUYUHY KPYTHOIO MOMEHTY M, KPOKOBOIO
JIBUTYHA, SIKMUM MOTPIOHO MPUKIIACTHU JI0 3y04acToro kosieca 1 mo0 ioro KyToBe
IPUCKOPEHHS IOPIBHIOBAJIOCH € .

Puc. 5.2. Kinematnuna 3D-cxemMa MOAyns MPOTPaMOBAHUX TEPEMIIIEHb
KapeTKH 3 13 3y04acTe-1macoBOIO Mepeaadcto

lo3nauenns, sAKi BUKOPUCIOBYIOMbCS 8 PO3PAXYHKAX .

I' — paniyc 30BHIIIHIA 3yOuacTux koiec 112 ;

7o — pallyc BHYTpILIHIN 3yOuacTux konec 112 ;

L — ToBmMHA 3y04acTUX KOJIEC ;

M; = M, — mMaca 3y04acToro Kojieca;

M3 — Maca KapeTKH ;
J1=3,=3=0,5 m, (r? — r¢ ) — MOMeHT iHepuii 3y6YacToro Kojueca ;
Jxo — MOMEHT 1HEpIIIi poTOpa IBUTYHA;

® — KyTOBa MIBUJIKICTb.
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2.1. Bu3HayaeMo KiHETUYHY €HEPT1I0 CUCTEMMU:

E=05(Jo+J + 3 +720) 2, (5.13)

ae J; taJ, - MomeHTH iHepii 3y0uacTux xonec 112 ;
Jxo - MOMEHT 1HEpIIiT pOTOpa KPOKOBOTO JABUTYHA,

2.2. Buznayaemo moxijHy BiJl KIHETHYHOT €HEPTii 32 4acoM:

=+ +d) 0 + myVa (5.14)

2.3. IToTyXHICTb 30BHIIIHIX CHUJ B CUCTEMI:
[ToTyHICTh Ha IOAOJNAHHSA MOMEHTY B1J CHIH TepTs: Py, = My, o .

[ToTyXHICTh KPyTHOTO MOMEHTY: Py= My, -®.

KA~
CYMy HOTY)KHOCTi BCIX CHJI BU3HAYAEMO 3a BHUPA30M:

ZPi = (MK;( - 1\/Irp)'(f0 (515)

: . : . dE
2.4. TloximHa BiJg KIHETUYHOI €HEprii 3a 4Yacom -,  BHU3HAuaeThes

MOTYXKHICTIO BCIX 30BHINIHIX CHJI ) Pj, TOMy MOHA MPUPIBHATH MMPaBl YaCTHHH
BupasiB (5.14) Ta (5.15):

(Jot 2Jd) e + m3-V-a= (M, - M) . (5.16)

3 Bupazy (5.16) BHU3HAUYa€EMO BEJIWYUMHY KPYTHOTO MOMEHTY KPOKOBOIO
JBUTYHA!

ms-V-a

MK}:[ = (\]K@ +2 J) g + T + MTp (517)
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5.3. Po3paxyHOK MeXaTPpOHHOI0 MOIYJisl NMPOIrPaMOBAaHUX MNepeMillleHb 3
peiikoBOIO Mepeavyerd B MeXaTPOHHOI CUCTeMI

Puc. 5.3. Kinematnuna 3D-cxema MOmymisi HpOrpaMOBAHHX IMEPEMIIIEHb 3
PENKOBOIO IEpEaadeto

Moaynbs MICTUTh KPOKOBHM NMPHUBOJ 13 3y0OUyacTe-TIacoBOIO Mepenayero i
pelikoBy niepenauy. Ha Bany aBuryHa (puc. 5.3) 3akpirmieHa 3yodacre kojeco 1,
AK€ 3y0yacTe-macoBOI0 Mepenauvero mepedae pyx 3yduactomy Kojecy 2 i
mecTepHi 3 3yoyacroi peiiku 4. KoedirienT TepTs B pelikoBiii nepenadi fr, .

3aé0anua 3. BU3HAUMTU BEIMYMHY KpPYTHOTO MOMEHTY M SAKUN

K>
NOTPiIOHO MPUKIIACTHU JI0 MIECTEPHI, 00 KyTOBE MPUCKOPEHHS 3y04yacToi peiiku

OyJ10 PiBHO a.

Tlo3nauenns, aKi BUKOPUCTOBYIOMbCI 8 PO3PAXYHKAX .
R; 1 R, —paniyc 3yOuactux konec 112, M ;
m; iJ; Ta M, J,— Maca i MOMEHT iHepIIii 3y0YacTux Kojec, Kr, KI-MZ;
R; — paniyc mecTepHi 3, M
M3, J3 — Maca i MOMEHT iHepLii IeCTepHi, Kr, KI-M?;
M, , J4 — Maca i MOMEHT iHepIii 3y04acToi peiiku, Kr, KI-M? |
J«o— MOMEHT iHepIIii pOTOpa KPOKOBOI'O JIBUIYHA, KT M?;
F — tarayde kapetky 3ycuis, H ;
L — noBxxuHa 3y04acToi perku, M ;
[ — mepenaToyHe BiTHOIICHHS ;
g = 9,81 M/c?, IpUCKOPEHHS BiTLHOTO PYXY ;
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BusnadenHs 00epTarodoro MOMEHTY My, BHKOHY€MO B HACTYIIHOMY
HOPSIKY:
3.1. Po3paxoByemo Maca-iHepIliliHi MapaMeTpu CUCTEMHU:
J1=0,5m;- Rf — MOMEHT 1HepIIii 3y04acToro kojeca 1;
J, = 0,5 my- RZ — MoMeHT iHepuii 3y0uacToro xoneca 2;
J;=0,5 m3 - RZ — MoMeHT iHepwii mecTepHi 3;
Js=my-R3 — MOMEHT 1HepIIii 3y04acToi peiku 4.
Jepm = JotJ1+Jp+J3+Js— cymMapHHil MOMEHT 1HEpILIl CHCTEMH.

3.2. BuznauaeMo KiHETHUHY €HEPTil0 CHCTEMHU:
E=05Upo’+J0°+i-Jy0’ +i-J30°+ mV?)=05m,V>, (5.18)

_ Jxp ]+ +i3
e m"P_ = R2
2

+ M, — mpuBeAcHAa Maca CUCTCMHU.

3.3. BuzHauaemo moxijgHy BiJ KIHETUIHOI €HEPTi 32 4aCcoM:

dE
— = My V -a (5.19)
3.4. CyMapHa MOTY>XHICTh BCIX CHII:
14
2Pi= Mz~ frp(Ma -9 R3 )] - (5.20)

. o . dE :
3.5. [loxigHa Biag KIHETMYHOI €Heprii 3a 4acom —; BH3HAYAETHCS TIOTYKHICTIO

BCIX 30BHIIIHIX CWJ ) Pj, TOMy MO)XHa MNPUPIBHATA NpaBl YaCTUHU BUPA3IB

(5.19) i (5.20):
My V-a = My fop(Ma - R3] 7 (5.21)

3.6. Benmnuuny 00epTar0uoro MOMEHTY KPOKOBOTO JBWUTYHAa BHU3HAUAEMO 3
Bupazy (5.21):

MK;L = (mnp a+t ﬁrp'm4'g)' R3 (522)
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5.4. Po3paxyHOK MeXaTPOHHOI0 MOAYJisl NMPOrPaMOBaHUX MepeMillleHb 3
KYJbKO-TBUHTOBOIO nepenavero CNC-mammun i CNC-Bepcrartis

Ha BITYM3HSHUX MIJNPUEMCTBAX JIETKOT 1 TEKCTUJIBHOI MPOMMCIIOBOCTI
BUKOPUCTOBYETHbCSI ~ TEXHOJOTIYHI ~ MAallMHU  3aKOPJOHHUX  PipM  Ta
aMEPUKAaHCbKI, aHIJIICBhKI, SMNOHCbKI TEXHOJOrli MAamMHOOYAYBaHHS 3
owiimogoro  cucmemoro Hapizie. lle KpimieHHS 1 mepenadi 3 HACTYIHUMH
P13b0JICHHSMHM JIBOX THUITIB:

UNF (aren. UNified Fine) — Toune pi3b0jieHHS 3 IpiOHUM KPOKOM;

UNC (anen.UNified Coarse) — rpy0e pi3b0jIeHHS 3 BEIUKHM KPOKOM.

Po3paxyHok mpuBoay 3 KpOKOBUM a00 BEHTHJIBHUM JBUTYHOM JOIIJIBHO
MOYMHATH 3 BUPIIICHHS HACTYIHUX JBOX 3aBJIaHb JETajeil MalluH:

3ae0annua A — BU3HAYEHHS BEJIIMYMHU MEPEMINIEHHS IO OCI T'BUHTA 3
JTIOMMOBHM Hap130M BEJICHOI JaHKH (Taiiku) B MM Ha 1 000pOT IBUHTA;

3as0anna b — BU3HAUEHHS BEJIMYMHM KyTa MOBOPOTY (0OOPOTIB) IBUHTA
3 JIOWMOBUM Hapi3oM Ha 1 MM mepeMilleHHs [0 OCl BEAECHOI JIaHKH BEIEHOI
JaHKu (Taiiku).

[Ipn BUKOpPHCTaHHI Tapu «TBUHT-TAlka» 3 METPUYHUM Hapi30OM,
HaIpuKiIad, A1 Hapizy M*1 — 3a 1 00epT rBuHTa raiika nepeMilly€eTbes mo oci
Ha 1 MM 1 HaBIAKW Uil IporpamMyBaHHS MEPEMILEHH Taiika Ha 1 MM mo oci
poTop noTpibHo 3anporpamysatu 1 06epT (kyT 27 paznian a6o 360°) neurysa i
TBUHTA, IO 3 €JHaHI HanpsMy 0€3 MEXaHIYHUX Mepeaad.

[pu groiiMoBux Hapizax (mroiiM auen. iNCh) mosnadyenus Hapizy 0,125
JUIsL OJTHO3aXO/JHOTO I'BUHTA II€ KpPOK I'BUHTA, a caMe BIJCTaHb MEPEMBIILICHHS
raiiku 1o oci Ha 1/8 mrorima = 0,125 mroitma = (0,125%25,4 mm) = 3,175 MMm.

3 ypaxyBaHHS KUIBKOCTI 3aX0JiB T'BHHTA KpOK K IBHHTa 3 JIOMMOBHM Hapi3zoM
BU3HAYAETHCS 32 (POPMyIIOL0:
z_ Ns

k = (5.22)

. ]
Ninch Nm

JI€ Z — KUIbKICTb 3aX0/11B Hapi3y;
Ninch — KUIBKICTh BUTKIB Ha 1 mroitm (25,4 Mm);
Ng — KUTIBKICTB 3yOI1iB IIECTEPHI (31pOYKH) HA Baly TBUHTA;
N,,, — KITBKICTh 3yOI1iB mIeCcTepH1 (31pOUKH) HA BAITy €JIEKTPOIBUTYHA.
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Puc. 5.4. KOHCTpYKTMBHO-KIHEMAaTHYHA CXEMa MOJIYJI POTPaMOBaHUX
nepeMilieHb 3 KyJIbKO-TBUHTOBOIO nepenadeto CNC-BepcraTis

Ha puc. 5.4 npuiiHaTH HACTYIIHI TO3HAYEHHS €JIEMEHTIB, SIK1 BpaxoBaH1 B
PO3paxyHKy MOIYJIsI MPOrPaMOBAHUX MEPEMIIICHB: | — CEpBONPUBO/T HA 3acajiax
KPOKOBOTO JIBUTYHa; 2 — PEAyKTop; 3 — KyJIbKO-TBUHTOBA TIiepeayva,
4 — 3aroToBKa; 5 — poOouuit IHCTpyMEHT (TopiieBa ¢pe3a); 6 — kapeTka (CTin);
7 1 8 — yHOpHI JBOPSIIHI MIAIIUITHUKY; 9 — HanpaBJisiya

PosrinsitHeMo  mopsaoK  po3paxyHKIB  Ha  HpUKIanl  (pe3epHOro
CNC-Bepcrary.
Jlnst cxemu Ha puc. 5.4 3a7aH1 HACTYITHI BUX1JIHU JIaHi:
Bara KapeTku 6: Wy = 200 krc;
Bara 3arorisid 4: W, = 100 krc
Koe(]iIieHT TepTT ONop KOYEHHS JJIs KyJIbKO-TBUHTOBOI nepenayl p = 0,02 ;
NPUAHSATHA HACTYITHHUHA ITUKJI POOOTH 1 HABaHTaXKEHHS MPUBOY (Tadu. 5.1):

Tabmmg 5.1
Jlisiue ockoBE poboUe
HaBaHTA)KCHHS HA I'BUHT, YacroTa oOepTaHHs, Yac mii HaBaHTaKECHHS,
Kec 00/x8 %
F, =100 n,; = 500 t; = 20
F, =300 n, = 100 t, =50
F; =500 ns =50 t; = 30
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npuckopenns € = 100 pan/c;
J1aMeTp 1 I0BXKUHA poTopa (sikopsi) apuryHa 1: d; = 50 mMm; [; = 200 mm;
JiaMeTp 1 KUIBKICTh 3YOIlIB BeIydeil ImecTepHi TpaHcmicii: d, = 80 MM;

z; = 30;
J1aMeTp 1 KUIBKICTh 3yOIlIB BEICHOI IecTepHl TpaHcMmicli: d; = 240 MMm;
Zy = 90;

TOBIMHA TIecTepeH: b = 20 mwm;
napamempu KI'TI:  nmiametp rBunTa d. = 50 MM ;
noBkuHa reuHTa [ = 1200 MM ;
KpOK 'BUHTA P, = 10 MM ;
Bara reuHTa W. = 18 Krc;
oOepTarouniit MOMEHT JJIs MIIIUITHUKOBOTO By3na M, = 10 Krc - MM
aKclaJbHE HaBAaHTAXKCHHS MONEPEAHBOTO HATATY, IPU AKOMY BIJICYTHIH 3a30p
B KIHEMaTUYHOI Mapi TBUHT-KYJIbKH Taiiku: F, = 300 krc ;
KoedilieHT KopUcHOT il (K.k.1) abo mexaHiuHa edextuBHicTh KI'TI 7; = 0,80
KOE(DIIIEHT MOMEHTY IIONEPEAHBOr0 HATATY ky, = 0,2;

MOMEHT AJI MIIIUIHUKOBOIO By3sia M3 = 10 Krc * MM.

llopsaooxk po3paxyHkie:

Buznauaemo MomMeHT M, [Krc-MM]| MOAYJIE TPOTPpaMOBAHUX MEPEMIIICHB 3
KYJIbKO-TBUHTOBOIO TIEPENAUCIO NpU 3A0AHUX YMOBAX POOOMU NPU NOCMIUHOL
weuoxkocmi (¢ = 0):

1. 3 ypaxyBanuss n; 1 t; poOo4yux ymMOB poOOTH mpuBoay (Tadi. 5.1)
cepeliHe YMCJI0 000POTIB B XBUIIMHY JIOPIBHIOETHCS:

R N I s 500.20 4100 22 450 S0 _ 1452
100 n, ' "2 100 " ™ 100 ~ 100 100 100 xs
2. Cepenne ochoBe (akciajibHe) poOoYe HaBaHTAXKEHHS HA TBUHT TPHU

MOCTIMHOI IIBUJIKOCTI BHU3HA4YaEMO 1 pPO3paxoByemMo 3a (QopMmysion 3

nc=n1'

ypaxyBaHHsM F; 1 t; (tabum. 5.1):

t1 ny t, ny

3
FE = \/Ff .24 F) 224D

t3 13

100 n, 100 n, 100 n,

= 1003 22200 L 5pgs. 20 100 s 30 50 ooy
100 165 100 165 100 165 ~/<€
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3. BpaxyBaHHs 104aTKOBOTO OCHOBOTO HaBAaHTA)KCHHS HA TBHHT BiJ|
MONEPEHHOTO HATATY B KIHEMAaTHYHOI IMapy TBUHT-raika (Ipu BiJACYTHICTI

3a30py):
Fy, 300
E-I :2,_8=2,_8:107KFC

4. 3aranpHe OChOBE HABAHTAXKEHHS HAa TBUHT 3 YpaxXiBaHHIM CHUJI TEPTTS:
Fy =F +uWs+W,) =272+ 0,02(200 + 100) = 278 Krc

5. MoMeHT BiJ] HaBaHTaXEHHS 3 YpaxXyBaHHSM BUpa3y 1o 1m.4.4 , Kpoka
reuHTa p. = 10 MM 1 k.k.a. 1, = 0,80:

Pr _ 978

f——— =553 krc-
2 1, 21 - 0,80 freT MM

M1=FZ

6. MOMEHT 3 ypaxyBaHHHSIM BUpa3zy 1.4.3:

ky - D .0,2-10

=107 = 34 Krc- MM
2T

MZ =Fr1

7. 3aranbHuil MOMEHT M mpu MOCTINHOT MIBUAKOCTI 3 YpaXyBaHHIM
BHUpa3iB 10 1. 4.5 , . 4.6, MOMeHTYy M5 1 TpaHCMICIi JJOPIBHIOETHCS:

Z 30
M, = (M, + M, +M3)-Z—1= (553 + 34 +10) - 5 = 199 krc - mu
2

Buznauaemo maca-inepyitini napamempu 1aHoxk npugooy:.

8. MomeHT iHeplii poTopa(sKopsi) KpOKOBOTO JIBUTYHA BU3ZHAUAEMO 32

dhopmyioro:
1 5 _ TRyply  3,1425%7,8107°-200
Ji = -myR; = =
2 PP

= 0,1 Krc* MM - c?,
2.9 2:9800

ne m, =" R}-l;* p — maca poropa,

p

_ 78103
100

_ KT . . .
= 7,8-10"° — — nuToMa mwinkHicTH MaTepiany poTopa,
MM
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g = 9800 MM /-2 — IPMCKOPCHHI BBLILHOTO IIiHHs BATH.

9. MoMmeHT iHepiii Bexyuei mecTepHi Macoko M, TPAHCMICIT:

1 1 o (80\* ,
]2 = EmZRZ =m3,147,8 10 (7) - 20 = 0,064 KIrc-MM* C

10. MomeHT iHepIii BeICHOI MIECTEPHI MaCOI0 M3 TPAHCMICIT:

1

4
.314-7.8-106 - (2‘2*—0) .20 = 518 Krc - MM - ¢2

11. 3 ypaxyBaHHAM NEpEIATKOBOIO BIIHOIIEHHS Ta BUpa3iB 1o 1.4.9 1 no
11.4.10 MOMEHT 1HepIli TpaHCMICIi JOPIBHIOETHCS:

2 2
Z4 30

=L+ (—) = 0,064 + 5,18 - <—) = 0,64 Krc - MM - c?
Zo 90

12. MoMeHT iHeplii TBUHTA:

Je = l-%-(ﬂ)2 : (Z—l)2 L 18- (5—0)2 : (%)2 — 0,064 KIC* MM - 2

T 249 \2 z,)  2-9800 2

13. MomeHT iHepiiii Bara kapeTku Wy i Baru 3arotisii W, obepransi
I'BUHTA:

W+ W, (pr)z (zl>2 200+ 100 ( 10 )2 (30)2

47 g 2/ \z,/ =~ 9800 6,28/ \90
= 0,009 Krc* MM - c2

14. 3aranbHUIT MOMEHT 1HEpIIii:

Js=h+)i+]+Jea=01+0,64+ 0,064+ 0,009 = 0,813 krc- MM - c?

15.  Busnauaemo mominanenuu momenm My 1jisi BUOOPY KPOKOBOTO

JIBUTYHA TIPUBOJIY 3a PO3paxoBaHOi Horo moTyxHicTi P [kBt] npu 3adanomy
npuckopenni € = 100 pan/c 3 ypaxyBaHHsSM BupasiB 110 1. 4.14 1 mo m.4.7:
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My=Jy-e= 0,813-100 = 81,3 krc* MM
MZ =M, + M, = 81,3 + 199 = 280,3 krc - MM

16. Busnauaemo Hominaneny nomyocuicms P [KBT] nBuryna 3
ypaxyBaHHsAM pesynbrary mo m4.15 st My Ta 3 ypaxyBaHHAM 3amacy

HAJIAHOCTI ¢ KOe(DIIIEHTOM 3amacy piBHOMY 2 I Ny, = 1500 06/XB

T Nmax \.
(a) T30 )
Msmax =2 My =2-280,3 = 560,6 Krc - MM;

Mymax 70 * Tunax - 9,8 1073 560,6 - 1500

30 974 = 862 BT

P=Mpu @ =

Bubip po6040ro MOMEHTY CEPBOIIPHBOY BUKOHYETHCS 32 YMOBOKO
Mpo6 ) 1,5~ MZmax

BuOupaeMo  KpOKOBHII  JBUTYH (CEpBOMOTOpP) 3  HOMIHAJIBHOIO
noTykHicTio P = 950 BT 3 HOMIHaTbBHUM MOMEHTOM

My = 300 Krc - MM = 3-H-M i HOMiHaTbHOO MBHAKICTIO N = 2000 06/ &,

Mymax = 65 krc- cm (650 krc- MM = 6,5H-M) Ta 3 MOMeHTOM iHepuii
poTOopa KpOKOBOIO JBUIYHa, IO jopiBHIOeThes J; = 0,2 Krc: MM?2 =
0,2-107° krc-m2.

B TexHiuHOi gokymeHTarii ¢ipM-BUPOOHUKIB KPOKOBUX JBUTYHIB
BKa3yETbCS MOMEHT KpPOKOBHMX JBUTYHIB B  CTaHl CIHOKOIO (YTpUMYIOUMIA
MOMEHT M), SIKHi1 3aJIeKUTh BIJl MBUAKOCTI podoTH npuBoay. [Ipu 3011bI11eHHI
4acTOTH 00epTaHHS pOTOpa IBUTYHA KPYTHUH MOMEHT 3MEHIITY€ThCSI.

[Ticns BuOOpPY KPOKOBOTO JBHUTYHA II0 PO3PAaXOBAHOI  MOTY>KHOCTI
BU3HAUAETHCSl TATOBE 3YCWJUIS MPUBOAY 3 YpaxXyBaHHSM THUIly [epeaadi.
Hanpuxnan, nns Moayisi mporpaMOBaHUX IEPEMIIIEHb 3 KyJIbKOBE-TBUHTOBOI
nepemaueto tumy 1405 (mepuri aABi udpu — giameTp rBuHTa 14 MM, OCTaHHI /B
uudpu — kpok Hapizy h=5 mm=0,005 M) Ta KoedilieHTOM KOPUCHOI Jii nepeaayi
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n=0,9 mna GinonsipHoro ridopuaHoro kpokoBoro asuryHa NEMA 23 (1,7A i
6,8 V na ¢azy ta M=9 kr-cm=0,9 H-m) ocroBe Tsirose 3ycmis F po3paxoByemo
3a (hopmyIoro:

_M-aym090,93,14
~  h 0,005

= 507,8H

5.5. Oco0MBOCTI KOHCTPYKIil KYJbKO-TBUHTOBHX Iepeaay Uil Mo0y10BH
MOAayJiiB nporpamoBanux nepemimenbs CNC-mammH i
CNC-BepcrariB

Kynpko-rBunToBi mepemaui (KI'TI) cknmamaerbcst 3 TBUHTA 1 Traiikw,
o0'eqHAHUX pa30M KyJIbKaMH 1 MEXaHI3MOM [Jisi TOBEPHEHHS KYJbOK.
[TpusHaueH1 Ui EepeTBOPEHHsI 0OepTaHHS TBUHTA B NOCTYHAJIbHUN PyX CTOIY
CNC-BepcrartiB, npu 1bOMy OOEpPTOBHII MOMEHT CEpPBOIIPUBOAY CTBOPIOE
OCbOBE 3yCHJUIS 31 30€pEKEHHSIM BUCOKOTO CTYMEHsS] TOUHOCTI, PEBEPCUBHOCTI 1
BHUCOKOI €(DEeKTUBHOCTI mepeiayi.

SIK110 10 KPOKOBOTO MPUBOY a00 CEPBONPHUBOLY KOHCTPYKTUBHE J0/1aTH
KyJIbKO-TBUHTOBHX TMepeAadyy TO OTPUMYEMO MOIYJdb MPOTPaAMOBAHHUX
npenu3iiHuX nepemimensb poooyoro oprany CNC-mamun 1 CNC-BepcTarTis.

Puc. 5.13. 3aransauii Burnan KI'TI 1 gparMeHT KOHCTPYKIIii IBOX MOIYiB
nporpaMoBaHux 2-koopauHaTHuX nepemimenb CNC-mamun 1 CNC-BepcTaTiB

Kynvro-esunmosi nepeoaui — nomupena Hazpa «lllapuko-BUHTOBBIE
nepenaun» (IIBII) BUKOpPHCTOBYIOThCS B MpPEUEH3IMTHOMY MEXaTPOHHOMY
obmagHanHl 1 Bepctatax (puc. 5.13) s 3a0e3nedeHHs MIBUAKICHUX
XapaKTEPUCTHK 1 XapaKTepUCTUK TOYHOCTI mMapameTpiB. B TakoMy oOiaaHaHHI
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nepefavyl «rBUHT-Talikay 3 TpamneneifalbHuM pi3bOJICHHSIM 3aMIHIOIOThCS Ha
KI'TI, sxi MatoTh 3acO0M CTBOPEHHS Iepej]l HATATY (MOMEepPEeIHbOr0 HATATY) 3
METOI0 BHKJIIOUEHHS TIO(PTIB B KiHEMaTHYHUX TMapax «KyJIbKU-TBUHTY». B
KyJIbKO-TBUHTOBHUX Tepeaadax TepTs KOB3aHHS 3aMIHEHO Ha TePTS KOUCHHS.
["amy3i 3actocyBanus moxyniB 3 KI'TI mist mporpamMoBaHux mepeMillieHb:
BepcTaToOyAyBaHHS Ta MAIIMHOOYTYBaHHS, OOJaJHAHHS JIETKOI 1 TEKCTUIBHOI
oOmamHaHHs 1 TarnepoBoi

POMHUCIIOBOCTI,  JPYKYBaJIbHE oOnaHaHHS

IIPOMMCIIOBOCTI Ta MPHIIaI00yAyBaHHs Ta 1HIIII.

B !%;//J?ﬁ
T B2 = e =
o LA ol e [ ) T
; g ot B IR
it imr . o T -
T = 2 e = A
[ s e [ W | Tpaiaswe donyomuue | I mtmaéanJ
= B arrrr—
6
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Ilepexiuypams s _/J = =— Hepenmhuyaos F
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I
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2. Lo ‘}f% bl - i )
| Tpaiane aamtmum+r pmmm don. | L: Tpwiioie doryemuve_ | Tpaniom aanJ
MAETIUENCEHHA RBLOXICIHY HOSTHMANCCHNR weudxics

B T

Puc. 5.14. Bapiantu cnoco6iB montaxy KI'Tl: a — 3 nBopsiAHUMH YyITOpHUMHU
MIIIIUITHUKAMA Ha KIHISMX TBUHTA; O — 3 JABOPSAIHUM YIOPHHUM 1 OJTHOPSITHUM
MIITPUMYIOUMM MMANIUITHUKAMU Ha KIHIMX TBUHTA; B - 3 OJHOPSAIHUMHU
MIATPUMYIOUUMU MiAMIUITHUKAMHU Ha KIHIX TBUHTA; T — 3 JIBOPSIHUM YIIOPHUM
MIIIIATHUKOM 1 BUIbHUM MOHTa)K€M KapeTKH Ha KOHCOJI1 TBUHTA

[Ipu koHcTpyroBaHHI MexaTpoHHUX cucteM CNC-BepcTaTiB BaKIMBO
BpPaxOBYBAaTH MOKJIMBICTh 3aCTOCYBAaHHS PI3HUX CIIOCOOIB MOHTaXKY HEOOX1THUX
MIIUIHUKIB Ha KiHUAX TBUHTIB KI'TI, mo BH3Ha4ae >KOpCTKICTh MEXaHIYHOI
cucteMu B 1iiomy. [lapaMeTp ®KOpCTKOCTI 0OMEXKYE MaKCUMaJIbHI TIBUIKOCTI 1
HAaBAHTAKEHHS, K1 BUHUKAIOTh B IPU poOOTI B TakoMy o0OsajsiHaHHI. BapianTtu
cnioco0iB monTaxy KI'TI naBeneni Ha puc. 5.14. Bu6ip Bapianty monTtaxxy KI'TI
3aJIeKUTH BiJl TPUBEACHUX IO TBUHTA Maca-1HEPIIMHUX MapaMeTpiB KapeTKH 13
3ar0TOBKOIO 1 CHJI KOPUCHOTO OTIOPY MPY BUKOHAHHI TEXHOJIOTTYHUX OTIEPAITiii.
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Kynbko-rBUHTOBI  mepefayul MarTh HACTYIHI TPU THUIU KOHCTPYKIIIH
KI'TI 13 pi3HumMu 3acobamMu portarii (peuMpKyJsiii) CTaleBUX KyJIbOK B
KIHEMAaTUYHOI Mapi «TBUHT-TailKa.

Tun 1 — ue xoHctpykuist KI'TI i3 30BHIMIHBOIO PEHHUPKYISIIEI0 KYITHOK
(puc. 5.15,a) mo0 Mae TBUHT 1 TaiiKy, SKi YTBOPIOIOTh KapTPHUIK I CTAJICBUX
KyJbOK 13 3aMKHEHHUM JIAHITIOTOM Y BHIJISAI TIPOCTOpOi metTii. besmepepBHa
Tpaca g pyXy KyJbOK YTBOpPEHA TBUHTOM, TaifkOl0 Ta 3BOPOTHUMH TpyOamu,
3aKpITUICHUMHU 330BHI HA raiilll MPUTUCKHOIO TUIACTHHOIO.

Tun 2 — ue xoHctpykiliss KI'TI 3 BHYTpIIIHBOIO PEIUPKYIISALIECI0 KYJIbOK
(puc. 5.15,0), y skud BcepeIuHI TalKu Ma€TbCsl KaHaBKa JJI1 3BOPOTHOIO
MOBEPHEHHS KYJIbOK Ha TIOTIEPEIHIO TOPIKKY KOUCHHSI.

Tun 3 — e xoHcTpykiisa KI'TI 13 KIHIIEBOIO CUCTEMOIO TIOBEPHEHHSI KYJIHOK
(puc. 5.15,B), sika Mae BCEpEIMUHI Tallku OTBIP 10 BHUKOHYE 3BOPOTHE
MOBEpPHEHHS KYJIhOK. Takuii oTBip BukoHye ¢yHKuiro TpyOku KI'TI mepmioro
TUITY.

Puc. 5.15. Tunu peunpkymsmii (CUCTEMU poTallli) CTaIEBUX KYJIbOK KYJIbKOBE-
IBUHTOBUX Tiepefad: a — 30BHIMHA (mun 1); 6 — BHyTpimHS (mun 2); B — 3
KiHIIEBOKO CHCTEMOIO TIOBEpHEHHS (mun 3)

Pi3Hl THNM KyJIbKO-TBUHTOBUX Iepefad MaloTh HACTYMHI TMO3HAYEHHS
KOHCTPYKTUBHUX OCOOJIMBOCTEN:
Just KI'TT i3 30BHINIHBOIO PEIUPKYIIALIEI0 KyJIbOK (mun 1):
A — 1,5 060poTy Ha 1 HETIIO 3 KYJIbOK;
B — 2,5 o6opoty Ha 1 meTio 3 KyJIboK;
C — 3,5 o6opoty Ha 1 meTIo 3 KyJIbOK;
D — 4,5 o6opoty Ha 1 meTio 3 KyJIbOK;
E — 5,5 o0epTiB Ha | meTII0 3 KyJIbOK.
st KI'TI 3 BHYTPINIHBORO PEIMPKYIIAIIE KYIbOK (mun 2):
T — 1,0 060opot Ha 1 neTto 3 KyJIbOK.
Jlnst KI'TI 3 kiHIIEBOIO CHCTEMOIO MTOBEPHEHHS KYJIBOK (mun 3):
K — 1,0 o60opoT Ha 1 meTo 3 KyJIhOK;
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U — 2,8 06opoTy Ha 1 meTio 3 KyJbOK (3 BEIUKUM KPOKOM);
S — 1,8 060poTy Ha 1 meTto 3 KyIbOK (3 SUpEr BEJTMKUM KPOKOM);
V — 0,7 06opoTy Ha 1 meTsto 3 KyJIboK (3 extra BETMKUM KPOKOM).

[Tpukmann noznauenuus KI'TI :

B2: mae 2 30BHI TpyOku uig 2xX meTenb 3 Kyhapok. KoskHa mers
Mae 2,5 000poTy KyJbOK;

T3: Mae BHYTPIIHIO CHUCTEMY pEUUpPKYJALli KyJaboK. Tpaca

CKJIa/1a€Thes 3 3X MeTeNb KyJboK B raiimi. KoxHa netss ne 1 o6ept Kynbok;

S4: mMae BHYTPILUIHIO CUCTEMY PELUPKYJALIl KyJIbOK 3 KIHLIEBOIO
CHUCTEMOIO TTOBEPHEHHSI KyJIbOK. Tpaca ckiIagaeThes 3 4X meTeib KyJIbOoK B
raifmi. Koxna netss ue 1,8 000poTy KyNboK;

KS5: Mae BHYTpIIHIO CHCTEMY PELUPKYISALII KYJIbOK 3 KIHLEBOIO
CHUCTEMOIO TOBEPHEHHS KYJbOK. Tpaca KyJbOK CKIAJAETHCA 3 5-TH METEIb
KyJboK B raifmi. Koxxna nersns e 1 o060poT KyiboK.

Konmponvni numanns 0o po3oiny 5.

1. SIk BU3HAUAETHCS MPUBEACHA /10 BaJly KPOKOBOTO JABUTYHA
K]l xinetnuna enepris kapetku 3 Ha puc. 5.1 ?

= 2. SIk BU3HAYAETHCS KIHETUYHA €HEPris JaHOK 3 00EPTOBHUM 1
3BOPOTHO-TIOCTYIIOBUM PYXOM ?
3. Jns sx0i MeTH BU3HAYAETHCS TOXiHA 32 YaCOM BiJl KIHETUYHOI eHepTii ?
4. Sk BU3HAYAETHCS BEIMYMHA TEPEMIIIEHHS MO OCl TBUHTA 3 JIOWMOBUM
Hapi30M BeJICHOT JIaHKH (Taiiku) 6 mm Ha 1 obopom ceunma ?
5. SIk BU3HAUYA€THCSA KYT MOBOPOTY (KUIBKICTH 0OOPOTIB) TBUHTA 3 TIONMOBUM
Hap130M Ha [mm NepeMillieHHs 10 OC1 BEJIEHO1 JJaHKU BEJEHO1 JJaHKU (Taliku) ?
6. B sxkux wmammHAX JIErKOi TPOMHUCIOBOCTI 3aCTOCOBYIOTBCS MOMYJIi
MIPOTpaMOBaHUX MEPEMIIIIEHb 3 KPOKOBUM TIPHBOJIOM ?
7. Yum BigpizHsaeTbea CNC-MalivHa Biji MaIIMHU-aBTOMATY ?
8. Ilo o3nauae ckopouerHss UNF, UNC, CNC-sepcrar ?
9. Slk po3paxyBaT MOTYXHICTh 1 00paTH MOTPIOHUI CEPBOMOTOP Ha 3acajiax
kpokoBoro asuryHa ajs CNC-sepcrary ?
10. 1o o3nauae ckopouennst C2 nns KI'TI 3 penupkyndiieto Kynbok muny [ ?
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6. MEXATPOHHI MOJAVYJI I MEXAHI3MU 3 IIPOI'PAMOBAHNWM
I[THEBMOITPMBOJOM

6.1. BukoHaBYi TNHEBMOLUMJIMHAPH [BOCTOPOHHBOI il 3 peryjbOBaHUM
raJlbMYBAaHHSAM Yy KiHII X01y

[THeBMOIMITIHAP TBOCTOPOHHBOI il 1€ MHEBMATUYHUN TBUTYH 3BOPOTHO-
MOCTYNAIBHOT i1 200 BUKOHABUYMI MEXaHi3M, IO TIEPETBOPIOE CHEPTII0 TOTOKY
CTUCHEHOT'O TOBITPS B €HEPril0 MOCTymajlibHOro pyxy mopuiHa. Ha puc. 6.1
HaBeJICHa KOHCTPYKTHMBHA CXeMa ITHEBMOIMIIIH/pA MOABIHHOI Mii.

£
&

6

Puc. 6.1. KoHcTpykTHBHa cxema THEBMOIWIIHAPA MOABIHHOT Ail

Ha puc. 6.1 mnpuiiHaTi HAcTymHI MO3HA4YeHHs: | — MTOK; 2 — TMOPIICHD;
3 — riunb3a; 4 — nepeAHs KPUIIKa; S — 3aHs KpUIITKa; 6 — HampaBJisro4a BTYJIKa;
7 — U-nioai6H1 yIiibkHEHHS MOPIIHS;, 8 — YIIUIBHEHHS TOKY; 9 — Opy/103’€MHUK

[THEeBMOLUIIIHIP OJHOCTOPOHHIN 11i 1€ TaKO0X MHEBMATUYHUIN JBUTYH
0 Ma€ y IITOKOBOI MOPOXXKHUHI LWJIIHAPUYHY MPYKUHY (XOJOCTUH X1A TpH
BTATYBaHHI TOPIIHS) YA Yy HaJ TMOPIIHEBOI MOPOKHUHI (XOJIOCTUH XiJ TIpH
BHUCYBaHHI TOpIIHS). BHKOpHUCTOBYIOTH Taki MHEBMOIWIIHAPU B CXeMax
MEXaTPOHIKM, KOJM HEOOXIIHO BHUKOHYBATH MPSIMOJIHIMHUA pyX Mij
HABAHTAKEHHSAM TUIBKH B OJTHOMY HAMPSIMKY.

Ha puc. 6.2 1 puc. 6.3 HaBeZeHI KOHCTPYKTHUBHI OCOOJMBOCTI MOPILHIB 3
pI3HUMH TUNaMH AeMn@ipyBaHHSA Ta iX SKICHI Xapakrepuctuku. Tum P
nemrdipyBaHHS MalOTh MOPIIHI 3 KOPOTKOK JOBXHHOW Aemrmdepa, tun PPV
nemrndipyBants (puc. 6.2) — MOpIIHI 3 MOJOBKEHOI TOBKHUHOIO Aemrdepa i
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tun PPS nemngipysanus (puc. 6.3) — Ii MOpHIHI TEX MalOTh IOJOBXKCHY
JTOBXKUHOIW jemndepa ajme He e aemndipyrodoi dYacTHHI OPIIHS
BiJi(hpe3epoBaHi MO3I0BXKHI Ma3d, Kl MOKPAIIYIOTh JUHAMIKY PyXy MOPIIHS B
KpaiHiil MOJ0KEHHSX.

J
AcundipyesHHA

PR

L ¥

Puc. 6.2. SIKicHI XapakTEpUCTUKH TMOPIIHSA 3 TOJOBXKEHOI JOBXHHOIO
nemndepa (tun PPV  npemndipyBannsi): a — 3D-cxema KOHCTPYKIIIi;
0 — rpadiku nuHamiku poOoTH npu Maioi (61) 1 Benukoi (62) mBHIKOCTI (0€3
peryitoBaHHs) Ta npu Manoi (63) 1 Benukoi (04) MBUAKOCTI (3 perytoOBaHHSIM)
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Puc. 6.3. SIKicHI XapaKTepHUCTHKHM  TIOPIIHA 3 IIOJOBXKEHOI JOBXHHOIO

nemidepa 3 BUKOPHUCTAHHSM IO3J0BXKHIX Na3iB y AeMI(DipylOYUud 4YacTHHI
nopiias (tun PPS nemndipyBanns): a - 3D-cxema KoHCTpyKIii; 6 — rpadiku
TUHaMiku pobotu mnpu Maioi (61) 1 Benukoi (62) MIBUAKOCTI

[To3moBX H1 Ma3u O3BOJSIOTh MOBITPIO BUXOJUTH, IO HAJA€ MOKIHUBICTD
JTUHAMIYHOMY 1 TIJIABHOMY TEPEMIIIIEHHIO MOPIITHIO B KIHIIEBY MMO3HIIIIO.
3aMiCTh 3BHYAMHUX TTHEBMATHYHUX IIWIIHAPIB B CXeMax MEXaTPOHIKH
BUKOPUCTOBYIOTh 1HHOBaIiTH1 O10H1YHI M's31 (Fluidic Muscle MAS). «bioniuni
M'S3W» CKJIAQJAloThCsA 3 TIOJIOTO €JacTOMEPHOTO HWJIiHApa, BOYJAOBaHOTO B
apamigHi BojokHa. Koiu Takuii M'Si3 HAaOBHIOETHCS CTUCIUM IOBITPSM, BIH
30UTbIIY€ETHCA B JAlaMETPl 1 CTUCKAETHCS O JIOBXKMHI, 3a0€3MeUyoun MpyKHHUM
PYX pIIUHH.

[Tpuxmnan 3aCTOCYBaHHS IpOrpaMoBaHUX THEBMOLIMJIMH/IPIB
JIBOCTOPOHHBOI 111 HaBeZeHUI Ha puc. 6.4, e TPUNHATH HACTYIIHI O3HAYEHHS:
1...4 — mporpaMoBaHi MHEBMOIWIIHIPH JBOCTOPOHHBOI Aii; 5 — mopTan,

6 — kapeTka; 7 — poOouUiil IHCTpYMEHT; 8 — 3y0uacTe-macoBa nepeaaya;

A, B — ITOKM MOPIIHIB BCIX HWIHAPIB 1...4 y BUCYHYTOMY MOJIOKEHHI,
+ A/B — mTOK MOPIIHIO NWIHAPY | BTATHYTHH , @ ITOK MOPIIHIO IMIIHAPY
3y BHUCYHYTOMY IOJIOKEHHI;
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A/+B — mToK NOPIIHIO NWIHAPY | Yy BHCYHYTOMY IOJIOKEHHI, a IITOK
HOPIIHIO HWIIHAPY 3 y BTATHYTOMY CTaHi;

-A/B — mToK MOPIIHIO IWIIHAPY 2 Y BTATHYTOMY CTaHi, a IITOK MOPIIHIO
HWTHIPY 3y BUCYHYTOMY IMOJIOKECHHI;

A/-B — mtok mopurHio muaiHApy |y BUCYHYTOMY IOJIOKEHHI, a IITOK
MOPUIHIO [WIIHAPY 4 Y BTATHYTOMY CTaHi;

6
L

5 7

— -L‘
| _ L / AL 5
y
++ Y . __'o n-__ R ’.+

CW |

Y
All| 7
7| &Y G - v
\k\-\ 4
6 o I
2 * X ""-.., \5
- — I\'“\.
| 2 I8

Fil

a
Y& Yk vi Y&
- - |
+A/B X  AMHB X -A/B X A/-B X
) y ¥§ Y TTa
- y - -
+A/B x -AHB x TAMHB Xx -A/B X
o]

Puc. 6.4. Cxema JIBOKOpJAMHATHOTO MeXaHI3My (a) 13 3y04yacTo-1acoBOIO
nepeaaveto Wi 8 mosoxkeHb (0) poboyoro IHCTPYMEHTY 7, SIKUM 3aKpITUICHHMA
Ha Kapermi 6 3 TMporpaMHO KEPOBAaHMMHU MMHEBMOMPUBOIAMU 1...4
JBOCTOPOHHIN il
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+A/-B — MmTOK MOPHIHIO IWIHAPY 1 BTACHYTHH 1 IMITOK IOPIIHIO
HUJIHIAPY 4y BTATHYTOMY CTaHi;

-A/+B — mTok mopmHIO NWIHIAPY 2 BTATHYTHH 1 IITOK MWIHAPY 3y
BTATHYTOMY CTaHi;

+A/+B — mTOK MOpmIHIO OWTHAPY | BTATHYTHH 1 IITOK TOPIIHIO
WTHIPY 3 y BTATHYTOMY CTaHi;

-A/-B — mITOK MOpHIHIO HWIIHAPY 2 BTATHYTHH 1 INTOK TOPIIHIO
HUAIIHIAPY 4y BTATHYTOMY CTaHi.

Hapeneni cranM ImITOKIB 3 TOPIIHAMU ITWIHAPIB  BiJNOBIIAIOTH
HACTYITHOMY ITPOTPaMOBAHOTO UKy poOOTH MeXaHi3My Ha puc. 6.4:

1,2,3,4-1-13-23-4-1,4-23-1,3-2,4 (6.1)

6.2. BukoHaBuMii MexaHi3M 3 NPOrpaMoOBAHMM ITHEBMOINPHUBOAOM Ta
BOY/I0BaHOI0 3y04YacTO-peHKOBOIO Nepeaaveto

BukoHnaBumnii MexaHi3M, y SKOMY 3BOPOTHO-TIOCTYHOBUN PyX MOPIIHIO
MTHEBMOLIUJIIHPY TIEPETBOPIOETHCS B KOJMBHUM PyX BEJEHOI JIAHKH Ma€ Ha3BY
«nogopomHull YuiiHOp», KOHCTPYKTUBHA CXeMa SKOro HaBeJeHa Ha puc. 6.6.
JI71st TaKOTO MEePETBOPEHHS PYXY B T'JIb3y MTHEMOIMIIHIPY BOYI0BaHA 3y0JacTa-
pelikoBa nepegava 4-5.

5 5

) R A—

6 ; 2\ 7 LoSE
[ =i S

[

5

Puc. 6.5. KoHCTpykTHBHA cXeMa MOBOPOTHOTO IMMHEBMOIMIIHIAPY: 1— Tiib3a

et g 4

UWIIHAPY; 2— NEepIIMidi NOpUIEHb 3 MAarHiTHUM KIUJIbLUEM JJIS BU3HAYEHHS HOro
MOJIOKEHHS; 3— Opyruil NMOpuIeHb 3 MarHiTHUM KuiblieM; 4— 3yOdacta peika;
5— 3ybuacre Koieco; 6— JiBa KpHUIIKa 3 JAeMOpepoM 1 BXIAHUM KaHaJOM;
7— mpaBa KpuIIKa 3 eMI(epom 1 ApyriM BXiTHUM KaHAIOM; 8— BaJ
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3yOuacra peiika 4 3’e€HaHa 3 ABOMA MOPIIHAMHU 2 1 3 1 IEepPEeMILTyEThCS
pa3oM 3 HUMHU B 3BOPOTHO-TIOCTYIIOBOMY HANpPsIMKY B 3aJI€XKHOCTI BiJ] TUCKY Y
BIJIMOBIAHOT MOPOXKHUHU LWIIHAPY cTUcaoro nositps. Kpumku 6 1 7 maioTh
3acobu aemndyBaHHS MOPIIHIB B KIHII iX mnepemimeHHs. Kyt moBopoty
IIECTEPH] CKJIaaae 90° a60 180°. Benuuuna KyTa BU3HAYA€THCS JIOBKUHOIO
3y04acToi peWku, mepeaToyHuM BIIHOILIEHHSIM 3yOuactoi nepenavi. Kpyrauii
MOMEHT

M =F-r[Hw], (6.2)

ne F =pm-d? — no3nosxHa cuia, sKka CTBOPEHA TUCKOM p CTHUCIIOTO
HOBITPS Ha MOPILHI HWTHAPY AlameTpom d ;
I' — pajiyc HIECTEPHI.

6.3. be3 ITOKOBI HMJIIHAPH i TaHIeM HUITIHAPH

be3 mrokoBi mMIiHAPH. SKIIO MTOK HUIIHAPY 3aMIHUTH Ha 30BHIIIHIO
KapeTKy, fKa KIHEeMaThyHe 3’€[JHaHa 3 TMOpIIHEM B TUIb31 UWIIHAPY, TOI
OTPUMY€EMO KOHCTPYKTUBHY MOJU(IKAIII0 MPOrpaMOBAaHOIO BHKOHABYOTO
MEXaHI13My 3BOPOTHO-IIOCTYNOBOI [ii, SKHI Ma€ TOLIMPEHY Ha3By «bOe3
WIMOKOBULL NHEBMOYULIHOPY .

] B

;’: S i e
5 —_—
L e

SIS .

"
TRy
- bt 4

Puc. 6.6. KonctpyktuBHa cxema 0€3 IITOKOBOTO IIJIIHIAPY 3 TaJbMyBaHHAM
MOPIIHIB B KIHIII XOTy

Jlist 3a0e3rneyeHHs] 3HAYHUX JIHIMHUX TepeMileHb 0e3 JT0JaTKOBHUX JIAHOK
nepefaBaibHUX ~ MexaHi3MiB  ¢ipmoro  Comozzi  (Itamis)  po3pobieHi
MHEBMAaTH4YHI UWIiHApU Oe3 mToky. Ha puc. 6.6 HaBegeHa KOHCTPYKTHBHA
cxemMa MHEBMATHUYHOTO IMIHAPY 0e3 mToKa (0e3 ITOKOBUI MHEBMOLIMIIIHID),
y skoMmy (YHKIIIO IITOKa BUKOHye Kaperka 1. Kaperka mae kiHemMaTHUHUMN
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3B’SI30K 3 MOPIIHAMHM 2 1 3 3a JOMOMOIOK TOHKHMX CTaJeBUX IJIacTUH 4 1 5.
[InacTuHM 3a0e3meuyroTh repMeTHU3allil0 BiJl 30BHIIMIHINA aTMOC(hepHu MOpPIIHIB,
K1 TIepeMIIyIoThcsl B T1Ib31 6. [lomoca 4 3akpimyieHa Ha 30BHILIHINA MOBEPXHI
T'iJ1b3H, a MOJ0ca 5 — Ha BHYTPIIIHINA MOBEPXHI TUIb3H. [Ipu BIACYTHOCTI MITOKY
IUTONII TIOBEPXHI MOPIIHIB OJAHAKOBI 1 TOMY IpPHU OJHAKOBOMY THCKY B 000X
MOPOKHUHAX IMITHIPY 3yCHILIS, SKE CTBOPIOE 0€3 IITOKOBHM IWIIHIAP IS
IPSIMOTO PYXY 1 JJI PEBEPCY TaK0X F€HEPYIOThCS PIBHUMHM IO BENUYiHI. Alle y
0€3 IMITOKOBHUX IIIHAPAX 30BHIMIHS CHJIa 1 MOMEHT MPUKIAIAI0ThCS Hi 0 TOYIII
Ha OCl pyXy IMOPIIHIB, a 3MIIEHI JO TOYKHA LIEHTPY MacHu Ha OCl KapeTKH, TOMY
OOMEXYIOThCS BEJIMYMHA HABAaHTAXEHb Ha KapeTKy 3 00Ky 00’€KTIB IIMKJIOBOIO
KEpyBaHHS B MEXaTPOHHHUX CHUCTEMaX.

Tangem nuainapu. /[ns 30UIbIICHHS 3yCUJUIS HA IITOLI IWIIHAPY JBa
a00 OLIbIIIe IUIIHAPIB 3’ €IHYIOTH MMOCIIIOBHO B OJIUH PSJl B OJHOMY KOPITYCI.
3HaueHHs pe3yJIbTYI04Oro 3yCHIIsl F BU3HaUa€eThCs 3a BUPA30OM:

F=p3L.S, (63)

ne S; = md? — mI0Ia NOpPIIHIB y 6e3MTOKOBOT HOPOKHHHI;
p — TUCK ITHEBMOMaricTpai;
N — KUIBKICTh HIMTIHAPIB.

Sxmo N = 2 oTpuMyeMo 3ycuiuisa i TaHAeM-IIIIHAPY (puc. 6.7,a), mpu
N=3 nnsa tpaitnema (puc. 6.7, 6), npu N=4 nnsa tetpanema. [Hia Ha3Ba Takux
UWIIHAPIB  ABOCTYIIHYACTUM, TPUCTYIMIHYATUN, YOTUPUCTYMIHYATHH 1 T. 1.
OOMexXeHHsI B KUIBKOCTI LIMJIIHIPIB HAKIAJAEThC OOMEXKEHHSIM TaOapUTHUX
pPO3MIpiB IPOTrPaMOBAHOTO PUBOY.

. F=p(S1+52)

b =

a
. N . F=p{51+52+53)
e T} ([

o

Puc. 6.7. Ilpuamnunosi cxemu poOOTH TaHASM-IIIIIHIPY () 1 TpU-TUIiHAPY (0)
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6.4. Ono3uTHI UMJIIHAPH | MyJabTINO3UNiHHI HUITIHAPH

Ono3utHi mwiriHApu. SKmoO [aBa IMWIHApPAa JIBOCTOPOHHINA mii 3
OJTHAKOBOIO a00 PI3HOIO BEIMYMHOIO TMEPEMIIIEHHSM IMOPIIHIB 3 €IHATH MIXK
co00I0 B CTHUK KpHUIIKaMH, TOAI MOXHa OTpUMAaTH Tpu ab0 UYOTHPHU MO3MIIi
IITOKA Ha BUXOJI, K I 300pakeHo Ha puc. 6.8. Taki numiHApH MarOTh Ha3BY
KONO3UMHI YUTLTHOPUY.

L1=L Li
] T LI+L2
- LI+L2+L3

A

Puc. 6.8. IIpunnumnoBi cxemu poOOTH OMO3UTHUX IMIIHJIPIB: @ — TPHU MO3HIIIT
IITOKY, SIKIIO CTHKYIOTHCS HWJIIHIPH 3 OJHAKOBMM XojaoM mopiiHiB (L1=L2);
0 — YOTHMpHM MO3HMIII IITOKY, SKIIO CTHUKYIOTHCA LWIIHAPU 3 PI3HUM XOAOM
nopmHiB (L1 # L2)

Myabrino3uniiini  nuiainapu.  Skimo B OJHOI T3l HUIIHIPY
PO3TaIlIOBAHO JIEK1JIbKA MOCII0BHO PO3TAIIOBAHUX TAP «HOPULEHb-UUMOKY, K1
MEXaHIYHO HE 3’€JJHaHl OJWH 3 OJIHUM, TOJAl OTPUMAEMO JIEKUIbKAa TMO3MUIIIH
3ynuHeHHd. llpu mopmayi THCKy B mepiMid LWIIHAP HOTO IITOK IITOBXA€E
MOPIIIEHb APYroro MIIHApY (puc. 6.9,0). [Ipu mogayi TUCKY B Apyruil MUIIHIP
HOro MITOK MepeMIIy€eThCs Ha BijicTadb L = 2X (puc. 6.9,B).

Puc. 6.9. IlpuHimumoBi cxeMd poOOTH MYNBTIMO3UINAHUX  IHIIHJPIB:
a — BUXIJHE IOJOXKEHH; 0 — L =X ;B—L = 2Xx
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SIKII0 KOHCTPYKTHMBHE 3’€IHATH TPH IWIIHAPA 3 PI3HUMHU XOJaMH IITOKIB
3a CXeMOIO Ha puc. 6.9, To orpumyemo 23 = 8 pi3sHUX MO3MUIIii INTOKY TPETHOTO
MATIHAPY, TOOTO 1 6aliT KOJAOBaHHMX 3HAYECHH XOJIB BHKOHABUOTO MEXaHI3MY
MEXaTPOHHOTO MOTYJIS.

6.5. KombGinoBani umainapu

Jna peamizamii LUKy pPyXy 3a 3aKOHOM  «IIBUIKO-TIOBUIEHOY
MEXaTPOHHUN MOJyJIb MAa€ JBa BUKOHABYMX MEXaHI3My 3BOPOTHO-TIOCTYIOBOI
Il y BUTIISAAlI MHEBMOUWIIHAPY 1 TIAPOUMIIHIAPY, IITOKU SIKAX PO3TAIIOBaHI
napajuenbHo (puc. 6.10).

Hamnpuknan, miaBenaeHHs cBepiaja JJis CBEPJUICHHS Ha CBEPIIWIHLHOMY
BepCTaTI-aBTOMATI MOBMHHO OYTH IIBUJKHUM (XOJOCTUH X117), a podoua mnojayda
CBep/Jia Ha MOTPIOHY TIMOMHY TMOBHMHHA BUKOHYBAaTHUCA MpPH IMOBUIBHOMY 1
pPIBHOMIpHOMY pyci cBepuia. ToMy crodaTtky Ha JIUISHII XoJocToro xoay L1
Opamoe MHEBMOLUMIIHAP /70 MOMEHTY YTBOPEHHS THCKY y 0€3 IITOKOBOI
NOPOKHUHI TUIIHAPY THCKY, SIKUHA 3PIBHIOETHCA 3 TUCKOM HECTUCIIOI PIIMHU B
rigporwniaapi. Ha minmsgaIi pobGodoro xoay L2 MmITOKIB MHEBMONMIIAPY 1
TIPOIMITIHAPY PyXaroThes pa3oMm (puc. 6.10,B).

Puc. 6.10. [IpuHuumnoBi cxeMu poOOTH KOMOIHOBAaHUX IWJIIHJPIB: a — BUXIAHE
BTATHYTE TOJIOKEHHS; O — Xojoctuit xim L1  (WBuAkuii pyx  MOPIIHS
MHEBMOLUJIHAPY); B — pobouunit Xia 2 (MOBUIbHUNA PYX MOPUIHS T1APABIIYHOTO
rajabMa)
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6.6. JIBono3uniitHmii BlcTadianLHuii NMHEeBMOPO3NOAIJILHUK 3
€JIEKTPOMATHITHUM KepyBaHHAM

[THeBMOPO3MOAUTFHUK TPU3HAUYECHUH N7 3aMycKy, 3MIHU HAaNpsMKY 1
3YIMIUHKK TIOTOKY CTHCHEHOTO TIOBITPS B JBOX a00 OuUIbIe 30BHINIHIX
MHEBMOJIIHIAX MiJ BIUIMBOM Kepyrodoro mnpuctporo. [lix 30BHIIIHIMEU
IMHEBMOJIIHISIMA ~ PO3YMIIOTh  KaHaIW  JJI1  TMPOXO/DKCHHS  TMOBITPS 1
MOBITPOIIPOBOJIM, Y TOMY 4YHCIl s 3B'sa3Ky 3 arMmocdeporo. Ilo crocoby
KepyBaHHS IMHEBMOPO3MOAUIBHUKMA TOAUIAIOTBCS HA  PO3MOJUIBHUKA 3
MEXaHIYHUM, ITHEBMATUYHUM, E€JIEKTPOMArHiTHUM YU  KOMOIHOBaHUM
KEepyBaHHIM. 32 MOKJIMBICTIO 30€piraHHs MOJIOKEHHS MICHS 3HATTS KEPYIOUOoro
curHairy: blctabimeri Ta MOHOcTa6inbHI. 3a THIOM 3amipHOTO EJIEMEHTY:
30JIOTHHKOBI, KJIallaHHI Ta KpaHoBi. [lo KUIbKOCTI (DIKCOBAaHUX TOJIOKEHb:
JBOIIO3MINIHI Ta TPHOX IMO3WIlIHHI. 3a KUIBKICTIO JIHINA MIABOAY Ta BIABOAY
MOBITPS ABOJIIHINMHI, TPHOXJIIHINHI Ta OaraToMiHIiHI.

[TpuHIIMTIOBA KOHCTPYKIiSl Y BUTJIA/I KOHCTPYKTUBHOI CXEMHU THIIOBOTO
blcrabinpHOro MHEBMOPO3NOAUILHUKA TpuBeAeHa Ha puc. 6.11. 3oromuux 1
MepeMIIlyeTbC B TiIb31 2 3ampecoBaHii B kopnyci 3. 3o0nromHuk 1€
€IEMEHT y BHIVISIII METAJeBOr0 UWIIHAPY, SKHM Ma€ OJHY MPOTOYKY Y
pO3NOAUIbHHUKAX TUITY 3/2 1 ABI MIPOTOYKHU y PO3NOAUIBHUKAX TUITY 5/3.
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Puc. 6.11. KoactpyktuBaa cxema blcTaGiaipHOro mHEBMOPO3MOALIBHUKA

[Tpu momayi KepyroUoro CUrHajidy Ha JIiBUM a00 MpaBHil €1eKTpOMarHiT 4.
Skip eneKTpoMarHiTy TepeMillye IITOBXad 3 KJalmaHOM S5 HaBaHTaXKCHUI
NpY>KWHOIO 6, 3’€IHYIOYM JIiHIIO HarHiTaHHa P depe3 BiIKpuTuii OTBIp y
KpUIIKA 7 THEBMOPO3MOJIILHUKA 3 TOpieM 30i0THHKa 1. B pesymnbrari

30JIOTHUK 3MIMIYETHCS B OJHE 3 KpaWHIX TOJIOKEHb, 3 €IHYIOUH JIIHIIO
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HarHiTaHHsa P 3 BIMOBIIHOIO BUKOHABYOIO JIiHIEIO A uu B, a 1HIy BUKOHaBUYy
JHIIO 3 BIAMOBIIHUM KaHajioM Buxjomy B atMochepy R um T. Ilpu 3HaTTI
CUTHAJTy 30JIOTHUK 3aJMIIA€TbCA B OCTAHHBOMY TOJOXKEHHI. Y BHUMOAIKY 3
MOHOcTa0insHuM KepyBaHHSM, 3aMICTh OJIHOTO 3 €JIEKTPOMArHiTiB 4 Ha
TOpEIlb 30JI0OTHUKA IaBUTh MPYKUHA.

[THeBMOpPO3MOAUTLHUK ~BHUCTYNA€ K MIJCHIIOBAY IO MOTY>XHOCTI,
OCKIJIbKU MOTY>KHICTh CUTHAJTY MOT0 MEPEeMUKAHHS Ha JIEKUIbKa MOPSAJIKIB HUKYA
32 TOTYXHICTh SIKY OTpUMY€ THEBMOUWIiHApP. ToOTO MOXHaA BBa)xaTH, WLIO
MTHEBMOPO3MOJAUIBHUK  BUKOHY€E (DYHKIIIO IMITYJIBCHOTO IIiJICHJIIOBadya B
MHEBMATHYHO1 cHUCTeMl. TakuM IMIYJIbCHUM IMiJICUIIOBAYEM EJIECKTPUYHOTO
CUTHATy B EJNEKTPUYHUX 1 EJEKTPOHHMX CXEMaxX € HaIliBIPOBIAHUKOBHIMA
TPaH3UCTOP.

IIpu mnepexonl no anroputMmiyHoi MoBu  STL, mig mporpamyBaHHS
KOHTpoJiepa TOTPIOHO cUTHaNU Y; cTaHy (BKJIIOYEHO/BUMKHEHO) KOMAaHIH
KEepyBaHHs IMHEBMOPO3MOAUTLHUKOM ajpecyBatn Buxomam O0; («Outputy)
KOHTpOJIEpa, & CUTHAJIM KOHTPOJIIO CTaHy TOJIOKEHHS IITOKa MHEBMOUMIIIHIpPA
3a JIOMOMOTrOI0 KIHIIEBUX BHMHKayiB ajpecyBaTu Bxoaam [; («Inputy»)
KOHTpoJIepa.

6.7. Tpuno3uuiiini THEBMOPO3MOALIbHUKH
JI1st mO3UIIIOBaHHSI BUKOHABUMX MEXaHI13MIB 3BOPOTHO-TIOCTYIIOBOI il B TPHOX

MIOJIOXKCHHSX B CXEMaX MEXaTPOHIKH BUKOPHCTOBYIOTh ITHEBMOPO3IOAITBHUKH 3
TpboMa no3utiisimu (puc. 6.12):

4]..!,1 \l: 114;/4 T /4
':\I'r'r"rr/ T Y.L rIY FT T 1'Il‘"'l' T
Pl

a 3] B

Puc. 6.12. YMOBHI TO3HA4YeHHS MMHEBMOPO3MOAUIBHUKIB IT'ATH JIHIHHUX
TPUNO3UIIIAHUX (THIl 5/3):

a — 13 3aKkpumum yeHmpom (BHYTPIIIHI TOPOXHUHU BUKOHABUOTO
MHEBMOLUJIHAPY Y CEpPeAHbOMY (TPETbOMY) IOJIOKEHHI 3HAXOIAThCA Mij
THUCKOM 1 HE 3’€JJHaH1 3 MariCTpajulio KUBJICHHS);
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0 — 3 GiOKpumum uenmpom (BHYTPIIIHI MMOPOKHUHU BHKOHABUOI'O
MHEBMOIWIIHAPY Y CEPEAHbOMY (TPEThOMY) TOJIOKEHHI 3HAXOIATHCS IiJl
aTMOC(hepHUM THCKOM);

B — 3 UEHmMpPOM Ri0 muckom (BHYTPIIIHI MOPOXHUHU BHKOHABUOTO
MHEBMOLWIIHAPY Y CEPEAHbOMY (TPETbOMY) TIOJOXKEHHI 3HAXOASATHCSA IiJ
TACKOM 1 3’€HaHI 3 MariCTpajutto >KuBJEeHHs). CxXeMu MiIKITIOUEHHS Mapu
«3-TIO3UITIHHUIM THEBMOILIMIIIHAP — MTHEBMOPO3MOAUTFHUK TUITY 5/3)» HaBeeH] Ha
puc. 6.13.

Tpuno3uiiitHi THEBMOPO3MOIIEHUKN 3 €JICKTPOITHEBMATHYHUM 1 / abo
nHeBMaTUYHUM KepyBaHHsAIM € MOHOcrabinbHuMu, ToOTO TpU BiACYTHOCTI
VOPABJSIIOYNX CUTHATIB PO3MOAUIPHUK TIOBEPTAETHCS y TPETIO (IEHTPAIBHY
MO3ULII0) TiJ Jl€0 CTUCHYTOI 3BOpOTHIM mnpyxkuHu. MOHO- 1 blctabinbHi
PO3MOAUILHUKY 3 PYYHUM KEPYBaHHSAM YIPABJISIOTHCS ONEPaTOPOM.

B cxemi «i3 3akpumum yenmpom» (puc. 6.13,a) npu KpailHbOMY JIIBOMY
MOJIOKEHHI IIITOKAa BHUXJON 3 MHEBMOPO3MOAUIBHUKA 3’€IHYE HITOKOBY
MOPOXKHUHY HWIHAPY 3 aTMOCHEpHUM THCKOM, NMPU KpallHROMY IMpaBOMY
MOJIOKEHH]I IITOKAa BHUXJION 5 MHEBMOPO3MOJUIbHUKA 3’€/IHy€ 0€3 IITOKOBY
MOPOKHUHY HMWIIHAPY 3 aTMOCHEpPHUM THCKOM, a IIPU CEPEAHHOMY TOJIOKEHHI
IITOKa BUXJONMM 3 1 5 THEBMOPO3MNOJAUIBHUKA BIJACIKAIOTh  LWJIIHIP Bij
aTMOC(EPHOro TUCKY 1 MOPIICHb 3aTHUIIAETHCA 3a0JI0KOBAHUM TUCKOM TOBITS,
o0 3aJUIIWIOCS B 000X MOpOXHUHAX UWIiHApYy. B aBapiiiHoi cuTyarii
MOPIIIEHB 31 IITOKOM HE MOKHA 3CYHYTH BPYUYHY 3 IIEHTPAIBHOI MO3HIII].
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Puc. 6.13. Cxemu pyyHOTO KEpyBaHHS TPUIOZULINHUMHU  MHEBMO

po3noAUTbHUKaMu: a — Moaudikamis 1 «3 3aKpUTUM  LEHTPOMY;
0 — Monudikarlis 2 «3 BIAKPUTUM LIEHTPOM»; B — Moaudikaiis 3 «3 HEeHTPOM
11T THCKOM»

B cxemi «3 giokpumum yenmpom» (puc. 6.13,0) B eHTpaabHOT MO3MUITIT
IITOKA BX1J 1 3aKpUTHH JJII CTUCIIOTO IMOBITPS, a BUXoAH 2 1 4, AKi1 3’€JIHaHI 3
NOPOKHUHAMU LWIIHJPY BIIKPUTH B CTOPOHY OTBOPIB BuxJony 3 1 5. [ Tomy B
IITOKOBOI 1y 0€3 IITOKOBOI MOPOXKHUHAX HWIIHIPY TUCK aTMocdepHuid. [lITok 3
MOPIIHEM MOXHA BUIBHO PyXaTW BPY4YHY INpHU MoTpedi. Takuil po3noaiIbHUK
BUKOPUCTOBYIOTh JIJisi 3a0e3reueHHs Oe3MeKr MpH 3HUKHEHHI  YIPaBISTIOYUX
CUTHAJIIB, TOOTO B TaKoi CUTYyallli BiI0yBa€ThCs CKUIAHHS CTUCIIOTO MOBITPS B B
MOPOKHUHAX MIJITHIPY 1 TPUBOJI CTAE€ “3HECUIICHUM .

B cxemi «3 yenmpom nio mucxkom» (puc. 6.13,B) B IIeHTpaIbHOT MO3MUIIIT
ITOKa OOMJIBI MOPOXKHUHU IUJITHIpA 3HAXOAATHCS MiJ TUCKOM. [lepemimieHHs
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IITOKY 1 TOPIIHSA B KpaWHE JliBE TMOJIOKEHHS B1JI0OYBA€ThCS MPH YTBOPEHHI
ka"Hany 1-2, a B KpaliHE TpaBe IOJOKEHHS NpPH YTBOPEHHI KaHaimy 1-4 mis
CTHCIIOTO MOBITps. B aBapiiiHoi cuTyaiii mopiieHs 31 MTOKOM MOYXHA 3CYHYTH
BPYYHY 3 LIEHTPAJIbHOT MO3HUIII].

6.8. JIoriuHi MTHeBMOKJIANIAHU

[Ipy CTBOpEHHI NMHEBMATUYHUX CXEM MEXATPOHIKM BUKOPUCTOBYIOTh
MHEBMATHUYHI JIOT1YHI €JIEMEHTH, IO BHKOHYIOTH JIOT14HI omeparii «I»
(puc. 6.14) Ta «<ABO» (puc. 6.15). Ha puc. 6.15,a mokazaHa KOHCTPYKIIis
mHeBMoKITamana «I», a Ha puc. 6.15,0 - TaOIUIIA TOTIYHUX CUTHATIB.

Axmo, TUCK p2 Ha 6x00i 2 NepeBUIINTh TUCK pl Ha 6xodi I mToBXau 4
MEPEMINIYEThCA BIIBO 1 3a PaxyHOK YIIUJIBHEHHS  IEPEKpUBAE BIKHO 3.
HanxomkeHHst CTHCIIOro MOBITPS Ha 6uxio 3 NMPUIMHSAETHCS 1 Ha BUX1T 3 Oye
HAJIXOJUTH CTHUCIIE MOBITPS 31 6x00) [ Tij TUCKOM pl (Tiepiia cTpiuka TabauIll).
VY BuUnManaky, AKIio TUCK pl Ha 6x00i I IEPEBUILIUTD TUCK p2 HA 6X00i 2 TOBXa4
4 mepeMillyeThCsl BIPABO 1 32 PaXyHOK YIIUIBHEHHS TEPEKPUBAE BIKHO 5.
HanxomkeHHst CTUCIIOro MOBITPS Ha 6uxid 3 MPUMHUHSETHCA 1 HA BUX1T 3 Oyne
HAJXOJUTH CTUCIIE MOBITPS 31 6x00) 2 MiJ TUCKOM p2 (IApyra cTpiuka TadJIuIIl).

4\-._&; A ' Y & pl p2 3
suonll PSP Tl SR S
T\E % : ; //;:" ‘3\\ 1 0 0
: | 0 0 0
&% £ %3&\ 1 1 1
Buxid 3
a 0

Puc. 6.14. Koncrpykiiisi mueBMokiianana «I» (a) 1 Tabnuis JOT1YHUX CUTHAIIIB
(Tucky) Ha Bxomax Pl , P2 1 Buxomi P3 mpH BUKOHAHHI JIOTIYHOI omeparrii
«koH roHKIIs» (P1 AND p2)

Ha Buxomi 3 curnan (THCK) 3’SIBIS€ETBCS TOJI, HAa BXoal 1 1 Ha Bxomi 2 Oyne
OJTHAKOBHMW HAQ/UTUINKOBUH THCK poOouoro cepemopuia (pl/=p2) - 4erBepTa

CTpidyKa TaOJuIIL.
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Ha puc. 6.15 nokazana koHCTpyKIlisi THeBMOKJIanaHa «ABO» 1 Tabnuis
JIOTIYHUX CUTHAJIIB.

pl p2 p3
1 0 1
SN 0 1 1
E — ¢ 1 1 1
£z RS 0 0 0
i/ I
a 0

Puc. 6.15. Konctpyxkitis naesmokiamnana «AbOy» (a) 1 Tabnuusg (6) JoriyHuX
cCUTHaNIB (THCKY) Ha Bxomax Pl, p2 1 Buxoal P3 mpu BUKOHAHHI JIOTTYHOI
omnepartii «au3’oHkKIm (p1 OR p2)

[Tpu nasiBHOCTI THCKY pl (pI = 1) B kamepi 1 i BigcyTHOCTI TUCKY p2 B
kamepi 2 (p2 = 0) mnyHxep 4 nepeMillyeTbcs BOPaBO 1 MOBITPS MiJ THCKOM
pl Haaxomuth B Kamepy 3 (p3=1). fdxmo tuck p2 = 1 1 tuck pl=0, Toxai
IJIYHXKEp 4 MepeMIlly€eThCs BJIIBO 1 MOBITPS MiJ TUCKOM p2 HAAXOJHUTH B
kamepy 3 (p3=1).

6.9. TunoBi MexaHi3Mu 3 MPOrpaMOBAHUM MHEBMONPHUBOJIOM MeXaTPOHHHUX
CUCTEM

Kynaukoei mexanizmi 3 npozpamosanum nHe6MONPUEOO0OM

— T\ e R

a

SRR R

Puc. 6.16. KinemaTHuHi cXeMH KyJIauKOBHUX MEXaHI3MIB 3 MPOJIOBKHUM PYyXOM
KyJlayKa-KJIMHY: @ — KOPOMHCIIOBHM MeXaHi3M 3 KIHEMAaTUYHUM 3aMHKaHHSIM
napu "KyJlayok-IITOBXay; O — BaXUIbHUH 3 CHJIOBUM 3aMUKAHHSAM Iapu
"KyJIayOK-ILITOBXa4
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Baowcinoni mexanizmu 3 npozpamosanum nHeeMonpueoo0oMm

Mopayni mporpaMoOBaHOTO TMEPEMIMIEHHS poO0YOro IHCTPYMEHTY IIO
ropuszoHTaii 3actocoByeThcsi y CNC-BepctaTax (Bepcrarax 3 YHCIOBUM
IpPOrpaMHUM KEPYBaHHSAM) JJIsl 3MIHM I1HCTPYMEHTY, y MaHINMyJsATOpax MpH
MepeMIIeHH] BaHTaXIB HA aBTOMATH30BAaHUX CKJIa/Iax, MPU aBTOMATH30BAHOMY
NOIITYYHOMY BIJIOKpEMJICHHI TJIOCKUX JIeTajel 31 CTOCY 3HM3Y Y MarasmHHUX
3aBaHTaKYBAJIbHUX MPUCTPOSX, BCTAHOBIIEHHS 3arOTOBKH 1 3HATTSI 00pOOIeHOT
JeTani Ta B IHIIMX BUMAJKaX TNPH 3aCTOCYBaHHI 3aBaHTa)KyBajbHe-
pPO3BaHTAXyBaJIbHUX  MEXAaTPOHHUX  MoayidiB 3  blcraGimpHuMm  abo
MOHOcTab1i1bHUM KEepYBaHHSIM.

Ha puc. 6.17 HaBemeHi KiHEMaTH4HI CXEMH THUIIOBHX MEXaTPOHHUX
MOJYJIIB 3 TEPeJaTOYHUMHU BAXKUIBHUMU MeXaHi3MaMHu 3x Moaudikaiii 3
MpOrpaMOBaHUM  ITHEBMOIIPUBOJOM, Vy SIKHX 3aCTOCOBaHI IepelaTO4Hi
MEXaHI3MH 3 PI3HUM POJOM Ba)KeIiB MO BHU3HAYEHHIO TEOpli MEXaHI3MIB 1
MamuH. [Ipu 11boMy YTBOPIOIOTBCSL Pi3HI MepeaaToyHi (yHKIII, SKi 3MIHIOIOTh
po0OoYl  XapaKTepUCTUKH MHEBMONPHUBOAY 1 TEOMETPUYHI MapaMeTpu
CTPYKTYPHOI CXEMH MEXaHI3My.

1
At 3
L f?

Al A

Puc. 6.17. Po3paxyHKOBI CXeMH KOPOMHUCIOBUX MEXaHI3MIB 3 MPOrPaMOBAHUM
MMHEBMOMNIPUBOJOM: a — BaXiJdb MEPIIOTr0 poay; 0 — BaXuUlb APYroro pojay;
B — BaX1JIb TPETHOTO POY

Jis  mMexaTpoHHUX MOJIyJiB Ha puc. 6.17 po3rissHeMO NPUKIATU
pO3paxyHKy (YHKIIOHATHHO-aJICKBATHUX TMEpPEJaTOYHUX MEXaHI3MIB PI3HUX
CTPYKTYp 3 MpOrpaMOBaHUM HEBMONPUBOAOM [UIsl  MOIITYYHOMY
BIJIOKpPEMJIEHH] MJIOCKUX JIeTajeil HU3y B3YTTA 31 CTOCY 3HU3Y Y Mara3uHHHUX
3aBaHTAXYBAJIBHUX MPUCTPOSX TSI aBTOMATH3AIiT B3yTTEBUX MAIIIHH.
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3aeoanna: pospaxyBaTu cuily F MHEBMOUMIIHAPY IJsi MEPEMIIlIEHHS
nerajed Hu3y B3yTTA Ha BiAcTaHb BB; =55 MM npu iX NOMTYYHOMY
BIJIOKpPEMJICHHI 31 CTOCY, SKIIO y BCiX BUIMAJKax peakiis R Big cui onopy npu
B1JIOKpEMJICHH1 HMKHBOI JieTal 31 cTocy ckiagae R =12 H.

Ilpuknao 1 (puc. 6.17,a). Touka O CTOSIKY JBOMOBOJAKOBOTO KOPOMUCIA
AB 3Hax0aUTHCS MIXK TOUYKOIO A KPIIJIEHHS IITOKY MOPIIHS MHEBMOLUMWIIHIAPY 1
TOUYKOIO B kpimnenns mrosxava 1 (6adicine neputozo pooy).

Jlano: noxmna AB = 110 mm; OB = 66 mM; nerans moTpiOHO
nepeMilyBaTid Ha BifAcTaHb BB; = 55 MM 3a jmomomoror mroBxada 1 ms
HACTYIMHOTO TIEPE/IaBaHHs y BAJIKU MalluHU (Ha cXemi He TMokaszaHa). Biapisku
AA; 1 BB, napaneibHi.

Buznauumu: xin AA; TOPIIHIO 31 ITOKOM 1 3Ha4YeHHs cuiu F.

Busnauaemo Bijicranp Bif TOuky omopu O 10 TOYKY NPUKIAIaHHS
PYIIIHOT CUJTH:

OA=AB-0OB=110- 66 =44 mm.

3 noxaiouux TpukyTHUKIB AOA; 1 BOB; MoxHa 3anucatu:

04 AA;
— = — (6.4)
OB BB
3 Bupazy (1) Buznagaemo xijg AA; MOPIIHIO 31 MTOKOM:
Ad, =288 255 36 6 MM (6.5)
OB 66
JloBkXHHa TJIeY 0a 1 0B IOPIBHIOETHCS:
oa = \/(OA)2 —(0,5-4A4,)% = \/(44)2 —(0,5-36,6)2 =40 mm (6.6)
oB =+/(0B)2 — (0,5 BB;)? =4/(66)2 — (0,5-55)2 = 60mMm 6.7)
3 yMOBU PIBHOCTI MOMEHTIB
F-oa = R-oB (6.8)
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3 Bupazy (6.9) BuzHauaemMo cwity F mHeBMOIMIIHIPY, sika TOTpiOHA AJis
NepeMIIlleHHs] JleTalied Hu3y B3yTTS Ha BiAcTaHb BB; =55 MM mpu iX
MOIITYYHOMY BIOKpEeMJICHHI 31 cTocy Al peakitist R = 12 H Bix cun onopy :

F= Ros _ 12[H]-0.06[m] _ 18 H (6.9)

oa 0.04[mM]

Ilpuknao 2 (puc. 6.17,6). Touka O crosiky kopomucina AB 3 1 Touka A
NpUKIAAaHHS PYMIHHOI cwia F MHEeBMOUMIIHAPY 3HAXOMUTHCA Ha KIHIIIX
kopomucia AO, a peakuis R= 12 H Big cun omopy mpukiageHa B Touli B
KopoMHUcIa (8aicine 0pyeoco pooy).

Jlano: pgoexumna OA = 110 mwm; OB = 66 mM; aetanh MOTPiOHO
MepeMilnyBaTid Ha BifacTaHb BB; = 55 MM 3a jmomomMoror ImToBxada 1 s
HACTYITHOIO NepenaBaHHs y Bk MammHu. O B{= 66 mMm. [liteuo oa = 100 Mm.

Busznauumu: xig AA; TOPUIHIO 31 IITOKOM 1 3HaueHHs cuiu F.

3 noniouux TpukyTHukiB AOA; 1 BOB; Ta Bupasy (6.4) Bu3HauaeMo Xij
AA4 TOPUIHIO 31 LITOKOM :

AA, =2258 11055 _ g1 6 um (6.10)
OB 66

3 ypaxyBaHHSM JIOBKWHU TUIe4a 0a 3a Bupa3oM (6.6) i JOBXKHMHHM TUIeUYa
oB 3a Brpa3om (6.7) Ta yMOBHU PiBHOCTI MOMEHTIB 3 BUpazy (6.8) BU3HA4YaEMO
cuty F nmHeBMouumiHApy, ska nmoTpiOHa uisi MEpeMILEHHS AeTalleld HU3y
B3YyTTA Ha BiJicTaHb BB; = 55 MM nipu iX MOMTYYHOMY BIJJOKPEMJICHHI 31 CTOCY
st peakiss R = 12 H Bix cun onopy npu BIZOKPEMIIEHHI HUKHBOI AeTalll 31
CTOCY:

F= R-0B _ 12[H]-0.06[m] — 790 (6.11)
oa 0.10[M]

Ipuxnao 3 (puc. 6.17,B). Pymriitna cura F mHEBMOLIMITIHAPY MpUKIaAcHA
MK Toukoro O crosiky 1 Toukoto B peaxiii R= 12 H Bin cunmm onopy (8asrcine
mpemso2o pooy).

Hano: nosxuna OB = 110 MM; npu NOIITy4YHOMY BIJOKpEMJICHHI JeTasl
31 CTOCY HMKHIO J€Tallb MOTPIOHO MepeMilllyBaTH Ha BiicTanb BB; = 55 mm 3a
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JIOTIOMOTOI0 IITOBXa4ya | JUIsi HACTYIHOTO TMEpelIaBaHHS y BajKd MallliHU.
[1nedi oB = 100 MM 1 0a =40 MMm.
Busnauumu: xin AA, mopmHIO 1 3HadeHHs pymiiHoi cuwiu  F
MTHEBMOIIIIHAPY JIJIs TIEpEMIIICHHs IeTaiell Ha BijcTanb By B.
3 moxioumx TpukyTHHKIB AOA; 1 BOB; Ta BuUpazy

oa AAq
— = — (6.12)
OB BB,
BU3HAYAEMO Xi1 AA; MOPUIHIO 31 HITOKOM :
‘BB 40-55
, AA, =2 = =22 MM (6.13)
OB 100
3 ypaxyBaHHSM PIBHOCTI MOMEHTIB F-oa = R-oB BU3HAYAEMO
cuity F HeoOX1Hy 711 yTpUMaHHS BaHTaKy Macoro m = 1,2 kr:
R- 12|H|-0.10
F = Roe _ 120010 _ 54 (6.14)

oa 0.04[Mm]

Takum 4MHOM, 3TiTHO OTPUMAHUX PI3HUX 3HAYEHb JJIS CUJI 32 BUpa3aMu
(6.9), (6.11) 1 (6.14) cTpykTypa nepeaaTOYHOr0 MEXaHI3MYy 3 MPOrPaMOBaHUM
MTHEBMOIIPUBOAOM BHM3HAYa€ pI3HI 3HaYeHHs pyuriiHoi cuwiu F gis oOpanHs
PI3HHUX MPOrpaMOBaHUX MHEBMOLMIIHAPIB MEXaHI3MYy IEpPEMIIEHHs JeTaiei
Ha OJHAKOBY BiJACTaHb B;B = 55 MM Mpu OJHAKOBOI CUJIM OMOpPYy 3 OOKY
Jnerajged, AKl TMOMITYYHO  BIJOKPEMIIIOIOTBCS 31 CTOCY  Mara3uHHOTO
3aBaHTaKyBAJIbHOTO MTPUCTPOIO.

Jnst mexani3miB Ha puc. 6.17 nukn 1-N1 moxke OyTu peanizoBaHuil 3
BUKOPUCTAHHSAM MPOrPaMOBAHOIO KoHTpoJepa (po3ain 9) abo 06e3
BUKOPHUCTAHHS IMPOIPaMOBAaHOTIO KOHTpoJjepa (po3aii 8).

Jpyruil npukiag BUKOPUCTAHHS BaXXUIBHOTO MEXaHI3MY 3a CXEMOIO Ha
puc. 6.17,a) naBenenuii Ha puc. 6.18 y koHCTpyKIii MOOUTbHOTO Tpec-PITHHTY
3 MPOTPaMOBAaHUM ITHEBMOIIPHUBOIOM, TIPH 3alpeCyBaHH1 MIITUITHUKIB Y KOPITYC
CTaI[lOHAPHOT 3arOTiBII.
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Puc. 6.18. IlpunnumoBa cxemMa KOHCTPYKI[I MOOUIBHOIO MHEMO- Ipecy 3a
CXEMOIO BaXXUIBHOT'O MEXaHI3My Ha puc. 6.17,a: 1 — kopryc npeca-KpoHIITEHHA;
2 — Tpoc; 3 — TaHAeM-IWIHIp (puc. 6.7,a); 4 — BaxXUIb (ABOIMIIEYE KOPOMHUCIIO);
S — mpecyroda JaHKa; O—MIAIIMIHHUK, SKHA 3allpecoOBYEThCS B KOPIYC;
7/ — OCHOBHMW KOMIIOHEHT 30ipKM cTalioOHapHOI 3aroTiBii; 8 — omopa
CTaIllOHApHIM 3aroTiBmi; 9 — eleMeHT KepyBaHHS.

MonTaxkHi poOOTH, HaNpUKIa, MPU 3alMpecyBaHHI MIAMIUIHUKIB Ha
BEJIMKUX 3arOTOBOK YacTO BUKOHYIOTHCS 13 CTaIllOHAPHUMH 3aroTiBIICIO
(koprycom) Ha 3HA4YHOI BiACTaH1 BiA Micis 30ipku MmammHu. Lle crocyerbes i
peMOHTHUX omnepauiil. Tomy npec st 300pkM Mae€ MPUNTH 10 3aroTOBOK 1
BIMOBIIHO OYTW pyXJIMBUM 1 MIABIIEHUWH 3 mMiAlOMHUKA. BukoHaBuwMii
MEXaHi3M 3 THEBMONPHBOJAOM BMOHTOBAHHM y KOPITYC MpPEC-KPOHIITEHHY i
3aCTOCOBYE CHIIy 10 BeJeHOi (Tpecyrouoi) JJaHKH 4Yepe3 KOPOMHCIO 5, fKe €
BaXkesieM mepiioro poxay. Cuia Ji€ o 3aMKHYTOI METl Yyepe3 KPOHIUTEHH Ha
npoTuiiexkHy omnopy. Omepariii 3 JEMOHTaXY TaKOXX MOXYTb OyTH BHUKOHAaHI 3
UM MOOUTBHUM MPUCTPOEM, SIKIIIO MIIXOATh BIIMOBIIHI IHCTPYMEHTH.

KOHCTpYKTHBHI OCOOJMBOCTI  HEPYXOMHUX 1  pYXOMHX BapiaHTIB
KpIIJIEHb LHUJIHAPY O CTaHIHM y BaXXUIBbHUX MEXaHi3Max HaBeAeH1 Ha puc. 6.19
1 puc. 6.20.

[lpu HepyxoMOMy  KpIIUICHHS LWIHIAPY A0 cTaHian (mpuc. 6.19)
MOPIIIEHB 1 MITOK € TTIOB3YHOM 3 OJTHUM CTYIEHSIM PYXOMOCTI 1 3aCTOCOBYETHCS Y
KynadkoBuXx (puc. 6.16), moB3yHHO-KOpOMUCIOBHUX (pHC. 6.18) ab0 MOB3yHHO-
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KPUBOIIUITHUX IPOTPaMHO KEPOBAaHWX MeEXaHi3MaxX MamuH. B 1ux Bumaakax
MOPIIEHB 1 IMTOK PYXalThCS TIIBKHA 3BOPOTHO-TIOCTYIIOBO MO OCi KOOPJHWHAT B
3aJICKHOCTI BiJ] TUTOIIMHY 3aKPITICHHS TAIIHAPY.

:
h
§
N
¥
§
b3
N
-
3

[RARAB AR AN

Puc. 6.19. Bapiantu HepyxoMOro KpilJieHHS LWIIHAPIB JO CTaHIHU:
a, 0 — JIIBOCTOPOHHE; B, T — IPABOCTOPOHHE; JT — IBOCTOPOHHE

[Tpu pyxomMoMy BapiaHTi KpiruieHHsS HWIHAPY 10 cTaHiau (mpuc. 6.20)
MOPIIEHB 1 MITOK YTBOPIOIOTH KYJICY 3 JIBOMA CTYNEHSIMU PYXOMOCTI TOMY, IO
pPyXalmThCsl  3BOPOTHO-TIOCTYNOBO  BIIHOCHO  LMJIIHIAPY 1  OJHOYACHO
MOBEPTAIOTHCA B IUIOHIMHI pPa3oM 3 IIWIHAPOM BITHOCHO OCI KPITUICHHS
HWTHAPY.

Puc. 6.20. Bapiantu pyxoMOro KpiIlUIGHHS UWIHAPIB 1O CTaHIHU:
a, 0 — JIIBOCTOPOHHE; B — IIEHTPAJIbHE; T — IPABOCTOPOHHE

[Ipn mepemillleHHI BEIEHOI JIAHKH IO TOPU3OHTAIBLHOI MOBEpPXHI, fKa
po3TanioBaHa CTPOro MapajelibHO OCi LMIIHIpa MOKIMBO NpsiME Pi3b0OBE
3’€JTHaHHS IITOKY 3 JIAaHKOIO (puc. 6.21,a).

[Tpu HETOYHOCTI MOHTa)Xy BUHUKAIOTh PaliajibHI HABAaHTAXXCHHS Ha IITOK,
BTYJIKY 1 MAHXETH ItiHaApa. JIJis koMmneHcarii HeTOYHOCTI MOHTAXy 3’ €THaHHS
IITOKY 3 BEIEHOI JIAHKOI0 TNepeJaBalbHUX MEXaHI3MIB BHUKOHYETHCS 3a
JIOTIOMOTOI0 PYXOMHUX KIHEMaTWyHuX map 3 onHoi (puc. 6.21,6), aBoma
(puc. 6.21,B) abo 3 TppoMa (puc. 6.21,1) CTyneHsIMU BUTbHOCTI pyXy.

207



d O B r

Puc. 6.21. Bapiantu 3’€¢qHaHp IITOKY TIOPIIHIO 3 BEJCHOI JIAHKOIO
nepenaBajJbHIX MEXaHi3MiB: a — pi3pOoBe; O — BuIbYacTe; B — C(HEPUUHOIO
KIHEMAaTUYHOIO MapoI0; T —KyJIbOBUM IIapHIPOM

[Ipuknang 3acToCyBaHHI KYJICHOTO MEXaHI3My 3 MpOTrpaMOBaHUM
THEBMOIIPUBOJOM Ta BOYJOBaHOIO 3y04acTo-peiKkoBOIO0 Tepeaadeo ado
MTHEBMOIIPUBOAY 00epTOBOI Jii  HaBeneHuid Ha puc. 6.22,a. B KkymicHOMY
nepeaBaibHOMY ~ MEXaHi3Ml  JiIi  TOMITYYHOTO  BIJIOKpEMJICHHS 1
MEPEBAHTAXKEHHS JeTallel 3 TO3ULIi 8 Ha MO3ULII0 7 KyJica 3 OTpUMAa€E pyX BiJ
kopomucia 2 (puc. 6.22,0 1 puc. 6.22,8). OyHKIIOHATbHA CXEMa MEXATPOHIKH 3a
Bumoramu craHgapty VDI 2860 (po3minml, Tabmmms 1.2) HaBemeHa Ha
puc. 6.22,1.

= A P = =
= wf._*_,:>/-:> = = | ==

= n—
r
Puc. 6.22. Kynmicanii  mepemaBaibHMI  MEXaHI3M 3 TPOTPaMOBAHUM
ITHEBMOTIPHUBOIOM: a —  KOHCTpyKTHMBHe-KiHematnyHa  3D-cxema;

0 — xinemMaTnyHa 2D-cxema (To3uIlisl PO3BaHTAXKEHHS); B — KiIHeMaTtuaHa 2D-cxema
(TTO3UIIiIs 3aBaHTAXEHHS); T — Ha (PYHKIIIOHAJIbHA CXEMa MEXaTPOHIKU 32 BUMOTaMH
cranapty VDI 2860 (Tabmurs 1.2)
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Ha puc. 6.22 npuiiHATH HACTYIHI MO3HAa4YeHHs: | — mporpaMoBaHUI
MMHEBMONIPUBO 00€pTOBOi /il a00 BUKOHABYMI MEXaHi3M 3 MPOrpaMOBaHUM
ITHEBMOIIPHUBOIOM Ta BOYJIOBAaHOIO 3y04acTo-peiKoBoOIO mepenadcto (puc. 6.5);
2 — KOPOMHCIIO; 3 — KyJica; 4 — BaXUIb KyJicH; 5 — 3axBaT Aetani (BupoOy);
6 — npuiitmaua netam (BupoOy); 7 — Miclie 3aBaHTaXyBaHHS AeTaleld; 8§ — Micie
pPO3BaHTAXyBaHHS JeTanei (BUPOOiB).

Y  JIBOKOpAWMHATHOIO MEXaHi3Mi 13 3y0YacTo-TacoBOK TMEpeaayducto
(puc. 6.4) 3aMiCTh YOTHPHOX IPOrPAMOBAHUX ITHEBMOIPHUBOIIB JIBOCTOPOHHIM
i Moke OyTH BHUKOPHCTaHI JiBa JIBOKOPOMMCIIOBHX MEXaHI3MIB 3
IpOrpaMOBaHUMH ITHEBMOIIPHUBOJAMHU 00epTOBOi il 60 JABa cepBOMPUBOAA 3
IPOrpaMOBaHUM KyTOM TIOBOPOTY BEIydOi JaHKH (KOpOMHCHIA), SK IIe
300pakeHo Ha puc. 6.23.

Puc. 6.23. JIBoxopoMucnoBud dYotupu mosumianii  3D-mexanizam 3
IPOrpaMOBaHUMHU ITHEBMOIIPHBOJIAMU: a — KOHCTPYKTHBHE-KiHEMaTHYHA CXEMa;
06 1 B — mporpaMoBaHi mepemimieHHss poboyoro oprany mo oci 0X; r i m1 —
porpaMoBaHi epeMilieHHs: poboyoro oprany mo oci 0Y

Ha puc. 6.22 npuiiHatu HacTynH1 no3HayeHHs: | 1 2 — MHEBMONPHUBOIU
00epToBOi 111 3 MPOrpaMOBAHUM IIUKJIOM 3MIHM KYTiB 1 HampsiMy HOBOPOTY
BEJly4MX JIAHOK a0o0 JIBa CepBOMpPHUBOAA; 3 1 4 — Beaydi JaHKU (KopoMucia ado
KpUBOIIUMHN); 5 1 6 — maTyHW; 7 — MHEBMOIIWIIHIAP; 8 — pobounii oprad
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(THEBMOMPUCMOKTYBau) ab0 poOoumii iHCTpyMeHT; 9 — aepkaBka poOOYOro
IHCTpYMEHTY Ta mHeBMOUWIiHpY; 10 — cTaHuHAa.

HepxaBka 9 3’eHaHa 3 KIHEMAaTUYHOI MapoI0, sSIKa YTBOPEHA T'OJOBKaMU
IaTyHIB 5 1 6 TBOKOPOMHUCIIOBOTO 200 TBOKPUBOILIUITHOTO MeXaHi3my 3-5-6-4,
a mepeMilieHHs poOouoro oprany (poOo4Yoro IHCTPYMEHTY) 8 MPOTpaMyeThCs
o TpeoM ocsim 0X, 0Y, 0Z.

Konmponvni numanns 0o po3oiny 6.

1. SIKi KOHCTPYKTHBHI OCOOJMBOCTI MOPIIHIB 3 PI3HUMHU
TUTIaMH eMIIpipyBaHHS ?

. 2. Slke mpu3HAYEHHA 1 SKI KOHCTPYKTHUBHI OCOOJUBOCTI
MTOBOPOTHUX MHEBMOILIWIIIHJIPIB B CXEMaX MEXATPOHIKHU ?
3. Slke mpu3HaueHHS 1 SIKI KOHCTPYKTHBHI OCOONMBOCTI 0€3 IITOKOBUX
LUAJIIHJIPIB B CXEMaX MEXaTPOHIKU?
4. Slke mpu3HAYCHHS 1 K1 KOHCTPYKTHBHI OCOOJIMBOCTI TaHJIEM LITIHAPIB
i OMO3UTHUX HMJIIHAPIB B CXeMaX MEXaTPOHIKH ?
5. Slke npu3HAUYEHHS 1 SIKI KOHCTPYKTHUBHI OCOOJIMBOCTI MYJIBTIMO3UIIHHUX
HUATIHAPIB 1 KOMOTHOBaHUX UJITHIPIB B CXeMaX MEXaTPOHIKH ?
6. Ske  mpu3HaueHHs 1  SKI  KOHCTPYKTHMBHI  OCOOJHMBOCTI
MTHEBMOPO3MOAIIBHUKIB B CXE€MaxX MEXATPOHIKHU ?
7. Ske mnpu3HayeHHA 1 $KI KOHCTPYKTHBHI OCOOJMBOCTI JIOT1YHHUX
MMHEBMOKJIAMAHIB B CXeMaX MEXaTPOHIKH ?
8. Slke mpu3HAYEHHS 1 AKI KOHCTPYKTHBHI OCOOJIMBOCTI TepeaaBalibHUX
MEXaH13MiB B MEXaTPOHHUX CUCTEMaX ?
9. YuM BIApI3HAIOTHCS BaXKUIbHI MEXaHI3MU 3 IMHEBMOIPUBOJOM Ha
puc.6.17 ?
10. Ins sikux KyTiB MOBOPOTY Kopomucesa 3 1 4 300pakeHi MOJOKEHHS
JBOKOpPOMHUCIOBOro 3D-MexaHi3My 3 IpOrpaMOBaHMMHU IMHEBMOIIPUBOAAMH Ha
puc. 6.23,6 ... puc.6.23,1 ?
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7. IPOTPAMOBAHI JATUYMKHU, TAUMEPH, JIIYMJIbHUKU
MEXATOHHUX CUCTEM TEXHOJIOI'THHUX MAIINH I BEPCTATIB

[Ipu mpoekTyBaHHI aBTOMATH30BAHUX TEXHOJIOTTYHHUX MAIIWH 1 BEPCTATIB
BUKOPHUCTOBYIOTh JATYUKH, MPHUHIUIN POOOTH SIKUX 3aCHOBAHHUN Ha PI3HUX
¢bi3nunux edekrax. B cxemax MexaTpoOHIKM TEXHOJOTTYHHUX MAIIUH 1 BEPCTATIB
NePEeBaXKHO 3aCTOCOBYIOTh JATUUKH (CEHCOPHU) KOHTPOJISI MEXaHIYHUX BEJITUYHH 1
HacaMmIiepe]l KyTa IMOBOPOTY Ta MOXIAHMX IO Yacy BijJ KyTa IOBOPOTY Ta
JATYUKKU JIHIMHUX TEpeMilieHb - KIHIEeBlI BUMHKAYl 1 JATYMKU HAOJIHKEHHS
(MarHiTHI, 1HIYKTUBHI, €MKOCTHI, ONTHYHI, MHEBMAaTH4YHi, YJbTPa3BYKOBl Ta
1HII) Ta JaTYMKUA 3yCHIUIA. B cxemMax MeXaTpOHIKM TEXHOJOTIYHHX araparisb
NIEPEBAXKHO 3aCTOCOBYIOTh TATYMKH (CEHCOPH) KOHTPOJIS TAKUX HEEIEKTPUUHUX
BEJIMYMH, SIK TEMIIEpaTypa, BUTpaTa PIAMHU, PIBEHb Ta KOHUEHTpALls PIAMHU Ta
1. Tomy 1HXEHEpP-KOHCTPYKTOP ad0 PO3POOHUK MPH MPUNHSATTI PIIICHHS
BUOOPY THITY AATYMKIB KEPYIOTHCS JOCBIAOM 1 3HAHHSMH, SIKI TIOB’s3aHi 3
HACTYITHUMHU J1SIMU:

e BHUOOPOM THUNYy JATYMKIB B 3aJEKHOCTI BiJ (PYHKI[IOHAIHHOTO
npu3HAuYeHHs O00’€KTy TMPOEKTYBaHHS Ta YMOB #oro po0OoTu Yy
30BHIITHBOMY CEPEIOBUIIL;

e BHUOOPOM JIaTYUKIB 32 TEXHIYHHUMH XapaKTEPUCTHUKAMU 1 TUITy CUTHAIIB
Ta iX OOMEXEHHS Ha BXO/I1 1 Ha BUXO/II.

Cencop — mommpeHa Ha3Ba «damuuk» (awen. sensor) - 1e UyTJIMBHUA
CIIEMEHT [JIsl NepemeOPEeHHA HeeJeKMPUYHOI GeIUYUHU 3 BUXITHUMHU
napamMeTpamMM MEXaHIYHOi MpUpoau (MEepeMILIEHHs, MIBUIKOCTI, TPUCKOPEHHS,
CWJIM, MOMEHTY B TE€XHOJIOTIYHMX MAaIllMHaX 1 Bepcrarax) abo HEeIEeKTPUYHOI
BEJIMYMHU 1HIIOI NPUPOaU (TeMIepaTrypH, piBHsS, BOJOTOCTI, B’SI3KOCTI Ta
HIINX), SIKi 3MIHIOIOTHCS, KOHTPOJIIOIOTHCS a00 PETYJIIOI0THCSA B TEXHOJOTTUHUX
arlapatax 6 eleKmpuuHy eéeauuuHy JUis KepyBaHHS Ta CUTHaI3alli B cxeMax
MEXaTPOHIKH.

Hampuknan, B TexHonoriyHux CNC-mammnax 1 CNC-BepcraTtax
MaIIMHOOYyBaHHS TaKMMH HEEJEKTPUYHUMHU BEIUYMHAMU € KyT TOBOPOTY
rOJIOBHOT'O Bally, JIIHIMHE MEPEMIIIeHHs MOB3yHa a00 1HILIOI JAaHKH MEXaHi3MYy,
MIBUKICTh, MPUCKOPECHHS, CHUJIM, OOEpPTar0YMii MOMEHT, HAsSBHICTh (aKTy
OOpUBY HHUTOK, KUIBKICTH MiJJPaXOBaHUX MITYYHUX BHUPOOIB a00 IHUKIIIB Ta 1HIII
MEXaHIYHI 1 TeXHOJIOT1UHI MapamMeTpH, K1 3MIHIOIOTHCA a00 3 SBISIOTHCS TIPH
poOOTI MaIIMHM 1 SKi MOTPIOHI IJIs1 peatizallii 3amporpaMOBaHOTO TUKITY pOOOTH
BOY/TOBAaHOTO B MAaIlTMHY KOHTpPOJIEpa.
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[udpoBi mNmiHK KOHTpoOJIEpa MNPOMNHUCYITHCA B MporpaMi SK BXOIU
(INPUT) ta sax Buxoau (OUTPUT), B Tomy umcimi i ais LIIIM-cunanis. B
[IJIK 1mudpoBi BXOAu 1 BUXOAM NPOMUCYIOTHCA B  aJIOKEHIIEH JHUCTI
nporpamMu. AHAJIOTOBI CUTHalM Ha BHUXOJl JaTYUKIB (TeMmepaTypH,
BOJIOTICTI, THUCKY, KOHIEHTpAIli pPO34YMHIB, B A3KOCTI PIAMHU Ta I1HIIUX
HEEJIEKTPUYHUX MMapaMeTPiB) MOJAIOTHCA Ha aHAJOTOBHE BXOIU KOHTpOJIEpA.
[TepeTBOpeHHSI aHAJIOTOBOTO CUTHATY JaTydWKa y AUCKPETHUU (LH(pPOBHIL)
CUTHAJI BUKOHYE BOYJIOBaHAa B KOHTPOJIEP MIKpocXema aHaJIoro-mudpoBOro
neperBoproBaua (ALIT).

7.1. Ananoro-uugpoBi nepeTrBoprOBavi B cxeMax MeXaTPOHIKH

KoHnTponepu, Hampukiaj, MOIIMPEHI KOHTpoJepu JiHIKKM Arduino
MOXYTh BHKOPHUCTOBYBaTH IU(POBI BXIJHI Ta BUXIJAHI CUTHAIU 1 aHAJIOTOBI
BXO/IHI.

AHAJIOTOBMI CUTHAJ - 1€ CHUTHAJ, SAKUH MOXKe MNpUiMaTH OyIb-IKy
KUTBKICTh 3HaY€HB, Y BIIMIHHOCTI BiJl U(GPOBOTO CUTHAIY, SKUM Ma€ TUTBKU JIBa
noriyaux 3HadeHHs: BUCOKWH (1) 1 Hu3pkui (0). Jlms BHMipiOBaHHS 3HAYCHb
aHAJIOrOBUX CHUTHaNIB B KOHTpoJepi Arduino € BOynoBaHWid AHAJIOTO-
Hudposuii MeperBoproBau (AL, aner. ADC — Analog-to-Digital Converter).
AIII nepeTBOprOE aHAIOTOBY HAIPYTY 3 BUXOJY JaTurKa B IU(PpOBE 3HAYCHHS.
AT mikpoxontponepa ATMega328 mae nossin 219 = 1024 6Gira. Lli 6itu
3aMIHIOIOTBCSI MacuBOM 31 1024 3HadyeHHSIMH, TaK 3BaHUMH OiHAMIi, SKi
MPEJICTABIAIOTh KOXHE 3 MoxiuBuX 3HaueHb AIIl. Takuii mnpouec
anpokcumanii (3aMiHM) Mae Ha3By «OiHiHr». Tak sk pgocTynHa mnam'sTh
oOMeKeHa, MOXKYTh OyTH CTBOPEH1 O1HU TUIBKK po3MipoM B 0aiiT (8 61T). Tomy
YHCIIO BiIKIMKiB, 0OMexyeThes unciom 28 = 255. Bin (anen. bin - enement
JTUCKpPETHU3allii) - CIOBO, IO TI03HAYAE JIESIKy €JIEMEHTapHY OJIMHUIIIO,
HEMOJUTbHUN eJeMEHT a00 4YacTKy MIHIMAJIbHO MOKJIMBOTO po3Mmipy. [HImmumMu
cinoBamu, ALIIT 3xificHIOE TIEPETBOPEHHS aHAIOTOBOI Oe3MepepBHOT BEIMYUHU B
JTUCKPETHY, TOOTO aHAJOTOBUI CHTHAJ JAaTYMKA MEPETBOPIOETHCS B IMU(PPOBHIA
KOJI, MPUJATHUHN JJISI BAKOPUCTAHHS B KOHTPOJIEPI.

ALIl € BaXIMBAM KOMIOHCHTOM MEXaTPOHHHX 1 POOOTOTEXHIYHUX
CUCTEM 3 JaT4YhKaMM, BOYJOBaHMX Yy TEXHOJOTIYHI amapaTd, MAIIHHU M
BepcTaTu. AKcerepoMeTp, ripockomn (TipoTaxoMeTp), 6apoMeTp, MarHiTOMETp, i
HaBITh BIJleOKaMepa - BCI Ii MpUiIaAW 3'€THYIOTBCS 3 MIKPOKOHTPOJEPIB
KOHTpoJepa 3a gonomororo AL
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AIIIl KOHCTPYKTMBHE MOXe TiepedyBaTh B OJHOMY KOpHyci 3
MIKPOKOHTPOJIEPOM (B OJHOI IHTETpaJIbHOI CXeMi), K y KOoHTpoJepa Arduino
Uno. Takox ALIT MoxyTh OyTH KOHCTPYKTHBHE BUKOHAHI Y BHUIJISII OKPEMOI
Mikpocxemu, Hanpukiag MCP3008.

[TpucTpiii 31 3BopoTHOIO PyHKIIE0 AT mae HazBy Hudpo-AHanorosuii
IepersoproBau (IMAII, anen. DAC - Digital-to-Analog Converter), skuit
nepeBoAuTh UUppoBUN curHan B aHanoroBuil. Hampuknan, mig dac
MporpaBaHHsl MeJojii Ha MOOIIbHOMY TelieoH1 BiOYBAETHCA IMEPETBOPEHHS
nudpooro koay 3 MP3 ¢aitity B 3ByK, KUl 4yeMo y ce0e B HaBYIIIHHKAX.

Kontponep Arduino UNO ne mictuth BOynoBanoro LIAII ame Arduino
BUKOPUCTOBYE NU(POBI CUTHAJIH 3 IUPOTHO-IMITYIIbCHOIO Moyssimieto (LITM)
Ut peanizamii QyHKIii npu poOOTI 3 aHAJTOTOBUM BHXOJOM. /[ BUBEICHHS
(3anmucy) IIIM-cursasny BHUKOpHCTOBYBaHa (QyHKLIS (B AyXKax apryMeHTH
byHKIIi):

analogWrite (pin, value),

ae Pin — 1e HoMep BUBOY, 110 BUKOPUCTOBY€EThCs ytst [IIIM Buxoxy;
value — me 3HauYeHHS YMCIIA, SKE TPOMOPIiHE KOeQIIlieHTy 3alOBHEHHS
CUTHAITY.

Komm value = 0, Ha BuX0/1i 3aBK/u JIOTiyHU# «HYJIb». Komu value = 255,
Ha BHUXOJl 3aBXOU JIOT1yHa «oauHuII». Ha Ouabmicte miaat Arduino, IHIIM
GYHKIT JOCTYIHI Ha BUBOJax (IiHAX) 3 Mmo3Havykamu (~): ~3, ~5, ~6, ~9, ~10 i
~11. Yacrora IIIIM curnany Ha OUTBIIOCTI BUBOAIB ckiaaae mpudauzHo 490 1.
Ha Arduino Uno Ta momiOHMX Iuiatax BHBOAM 5 1 6 MpalfolOTh Ha YacTOTi
npudau3Ho 980 I'm.

Jlns  mopiBHAHHS  aHajgoroBoro BxigHoro 3HaueHHs ~AIIl, sike
3HaxoauThcs B miamazoHi Big O mgo 1023 (puc. 7.1,1), 3 Buximamm IIIM
CUTHAJIOM, SIKMI 3HAXOUTKCS B J1ana3oni Bif 0 10 255 MoXIuBe BUKOPUCTAHHS
HACTYMHOI (yHKIIIi Map (aprymeHTH):

DyHKIIA ApPryMeHTH
AHAI0T OBe . .
S HATCHET pieE ALJIT pieE [LIIM
map (value, fromLtlm', fromI-lligh, tﬂLT“’s toI-lligh)
0. 1023 0, 255
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Koutponep Arduino Uno mictuth Ha cBOil 1uiari 14 1udpoBuX BXOAIB
(muam 0...13) 3arajgpHOrO MPHU3HAYEHHS, 10 SKUX I €IHAIOTh CBITJIOMIONHU 1
KHOMKHU, 6 aHanoroBux BXoAiB (A0...AS) Ta miHU )KUBJICHHS.

d
U,B U,B
5 A AT ADC=1/ 5 | /
> ATl
= ADE=3
A, 3.75 g >
2.5 - ("0":=0B, 2.5 2" -4 =
"1":=5B
1.25 c=1
0 ADC=0 - 0 DC=0 -
6 Yac(t) B Hac(t)
U,B U,B
3 A . ) AT ADC=1023/
4375 ADC M |:> E
ADCHS : =
375 4 AN o [21%o0..1023F
3.125 — AD e ¥
7 el a ADC=512%
2.5 3 ®25 :
1875 27 =8 apey X §
o= -
1.25 - ALESZ o N
0.625 - - & :
= M'.I :
0 E - 0 = -
r Yac(t) I Wac(t)

Puc. 7.1. IIpuHIMTNIOB] CXEMU MEPETBOPEHHS aHAJIOTOBOTO CHTHANY JaTdydKa y
muckpetauit (1udposuit curnan) UNO: a — aHajIoOroBWid CUTHaAJ JaT4HMKa 1
uM(ppOBl CUTHANM MICHS aHAJIOrO-UM(PPOBOTO TMEPETBOPEHHS ; O — TMpu
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BuKopucTanHi 1-6itoBoro AIIIl; B — mpu Buxopuctanui 2-6itoBoro AILIII;
r —npu BUKOpucTaHnHi 3-6itoBoro AIIII ; 1 — npu BukopucranHi 10Ti-01TOBOrO
AUII xouTponepa Arduino

B inmmx Bepcisx Arduino aHajJOroBHX BXOJIB MOXe OyTu Oujiblie,
Hanpukian, y Arduino Mega ananorosux BxomuiB 16.

[Tpu poOOTI 3 KHOTIKAMU Ta CBITJIOBOJIAMU B MPOTPaMi BUKOPUCTOBYETHCS
byukmin digitalRead(), sxa Bmie 3uuTyBaTH IUGPOBUK CHTHAJI 3 IIEBHOTO
nrdpoBoro Bxoay (miHy) KoHTposepa. [Ipu poboTi 3 aHaIOTOBUMH JaTYMKAMU B
nporpaMi BUKOpHCTOBYeThCs (yHkiisi analogRead(), sika cioyxuTh s
3YUTYBAHHS AaHAJOrOBOIO CHUTHAy 3 TI€BHOTO aHAJOroBOro BXxoay (TMiHY)
KOHTpOJIepa.

[Ticns Bukiuky ¢ynkmii analogRead(romep miHy) MIiKpPOKOHTpOJIEP
KOHTpoJIepa BUMIpSE PiBEHh aHAJIOTOBOTO CHTHATY Ha 3aJIaHOMY aHaJOTOBOMY
Homepi miHy s AL 1 30epirae pesynbrar podotu ALl B 3MmiHHY
«pe3yabtaty. Ilpu npomy pesynsratoMm (yHkiiii analogRead 6yae uncio Bin
0 mo 1023 (puc. 7.1,n).

Pospsignicts ALIII. Tpeba 3ayBakuth, mo uuciao 1023 Tyt 3'sBUnOCS
HecnpocTa. CripaBa B TOMY, IO Yy KOKHOTO npuctporo ALIII € Takuii BaximBuid
napaMerp SIK po3psAaHiCTb. Uum Olibllle 3HAYEHHS LbOTO IapaMeTpa, TUM
TouHlile npamioe npunaa. [punmyctumo, mo y Hac € ALII 3 pospsanicTio 1
(puc. 7.1,6). Ilomaroun Ha BXig Oyap Hanpyru Big 0 go 2,5 BonbT, Ha BUX0a1 MU
orpumaemo Jioriaauii «0». bynb-ske x Hanpyra Bijg 2,5 10 5 BOJBT AacCTh HaM
goriyny «l». ToOro 1-6itHuit ALl 3moke poO3MI3HATH TIIBKU JIBA PIBHS
HaTPYTH.

AL 3 pospannicTio 2 (puc. 7.1,0) po3ni3Hae Bxke 4oTUpH piBHi (22 = 4)
Hanpyru: Big 0 go 1,25 - ne 0; Bix 1,25 mo 2,5 - ue 1; Big 2,5 mo 3,75 - ne 2;
Haperi, Bix 3,75 1o 5 - ue 3.

AL 3 pospsanictio 3 (puc. 7.1,8) posmizHae Bixke Bicim piBHiB (23 = 8)
HaIpyTH.

KonTtponep Arduino Uno mictuts 10-0itauit (10-po3psauuit) AT i 1e
O3Hauae, 1o Oyab-fKa Hapyra Ha aHAJOrOBOMY BXO[1 B Aiama3oHi Big 0 g0 5
BOJILT Oyjie mepeTBOpPeHO B YKcio 3 TouHicTIo = 5B/1024 ~ 0.005 B =5 MB (5
MbUIBIBONIBT). Ha rpadiky ckmanno 300pasutu 1024 cxoanHoK 3 KpokoM 5 MB
(puc. 7.1,0) nns ampoKcuUMallli aHAJIOTOBOIO CUTHANTY LU(DPOBUM CHUTHAIOM.
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Takum 4yuHOM, MarO4u Taky TO4YHICTh, 10-OiTHHI ALl MoXe «BiAUyTH» BiA
JaTYMKa 3MIHY Halpyrd Ha BXOJ1 BChOTO Y 5 MIJTIBOJIBT.

Onopna Hampyra. € HIOAaHC, SIKM MOXE CTaTH NPUYUHOK MOMUIKA
BuMiproBanHsa 3a gomoMororo AIILl. [liamason Bigx O 10 5 BOJBT, B SKOMY
MpaIfioe MPUCTPIN y 3araJbHOMY BUITAJIKy BUTIISIIAE iHaKmie, a came Big 0 mo
onmopHoi Hanmpyru. Lls 3MiHa yTouHO€ GopMyNu AJis PO3PaXyHKY TOYHOCTI
AIIII:

To4HicTh ALIIl = omopna Hanpyra / 1024

OnopHa Hampyra BH3HAYa€ MEXY Jialla3oHy, 3 SKAM Oy/e MpairoBaTH
ATIIIL.

Hanpuknaz, sKO0 KUBJIEHHS KOHTpoJiepa BIAOYBAE€THCS Bl YOTHUPHOX
Ni-Cd akymynstopie Ha 1.2 Bosnbra. Tomi TOYHICTH BHUMIpIOBaHHS Oye
noB’si3aHa 3 kpokom 4.8B /1024 = 4,7 mB 1 uie ciia BpaxyBaTu B Iporpami.

Axo Arduino Uno B AKOCT1 OMOpHOI Hampy3i Oyne oOpaHo, HATPUKIIA,
Haripyra 3.3 BonbTa, TOJlI BUKOPUCTOBYIOTH CIEUIAJIbHUNA TMiH (KOHTAaKTHHMA
mtups) AREF. Ha nieit nin notpiOHo nojgatu Hanpyry 3.3 Bousibta, a 103B11 Ha
BUKOPHUCTAHHS 30BHINIHBOTO JDKEpEa OMOPHOI Hampyrd 3a0e3medyeThesl 3a
noromororo ¢ynkmii analogReference (EXTERNAL), sky ciiji BUKIUKATH
BcepeauHi (yHkiii void setup() mporpamu.

Takox cmiJi BpaxoByBaTH, IO pe3yJbTaT BUMIPIOBAHHS 3HAYCHHS
Halpyrd HE MO’Ke TIEPEeBUIIYBATH MEXI JlamazoHy. SKmio mu BHOMpaemMo B
AKOCT1 onopHoro Hampyru 3.3 BonbTa, a HAIXOMUTh CUTHAI Oyze 3 OLIBIIO0
CIICKTPUYHOI0 HANPYTOl0, TO MU OTPHUMAEMO HEMPABWIbHE 3HAYCHHS HAMPYTH,
ockuibku AIIIT «He 3Hae» Mpo HAsIBHICTH OUIBII BUCOKOI HAMPYTH.

Hapenenuii mnpukiang nporpamu 3 BukopuctanHsMm ALl micns ii
KOMOUIALIT Oy/e KOXKHY CEKyH/y BUMIPIOBAaTH aHAJOTOBE 3HAUYEHHS Ha BXOAI
A0, 1 mepenmaBatu ioro B mocuigoBHuii mopT (COM-mopT) KOMaHIO0rO
Serial .begin (9600).

int val = 0;
void setup() {
Serial .begin(9600) ;
pinMode (A0, INPUT) ;
}
void loop() {
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val = analogRead (AO0) ;
Serial .println(val) ;
delay(1000) ;

7.2. ]JluckpeTHi JATYMKM KYTa TMOBOPOTY JIAHOK IPOrPaMHO
KEPOBAHUX MEXAHI3MIiB Ta MAIlIMH B CXeMAaX MEXaTPOHIKH

Enkooep. Jlns aBTOMaTUYHOTO KOHTPOJIO KyTa MOBOPOTY 1 MOJIOKEHHS
poropa  aBUTyHAa ab0  TOJIOBHOTO  BaJly  TEXHOJOTIYHOI  MAaIIWHH
BUKOPUCTOBYETHCSI  JIaTYUK KyTa IMOBOPOTY e H K 0 O e p. Enkooep 1e
M(POBOI CEHCOp ISl BUSHAUYECHHS MIBUAKOCTI 00€pTaHHS, HANPUKIIAA, POTOPY
CEpPBOIIPUBOY TEXHOJIOTTUHHUX CNC-MmammH Ta CNC-BepcraTiB
MaimuHoOyayBanHs. Ha Buxoni enkoaepa hopmyerbes nBodasHa MmociiIoBHICTb
IMITYJIbCIB, CITIBBIIHOIIEHHS (a3 SKMX XapaKTepu3ye HANpsIMOK OOEpTaHHS Ta
4acTOTy OOepTaHHdA, sKa MPOMNOpLIMHAa 4YacTOTI IuX iMiyinbciB. [Ipu npomy
KUIBKICTh 1IMITYJIBCIB MPONOPLIMHA KUIBKOCTI CKOEHUX OOOpOTIB ab0 BEIMYMHI
JiHIHHOTO TepeMmimieHHs B mm (MM) yu B dwimax (inch) pobodoro oprany
(pobodoro 1HCTPYMEHTY) MalIWHU/BEpCTaTy Ha OJUH 00OpoT poTopa 3
ypaxyBaHHSM MEPEIATOYHOTO BITHOIICHHS.

Jlns  oOuMCIIeHHS KyTOBOi INBHAKOCTI 00’€KTa TMPOIECcop €HKojepa
BUKOHY€E JU(PEPEHIIIOBAHHS KIIBKOCTI IMIIYJIbCIB y 4Yacl, TaKUM YHUHOM,
MOKa3yloun BiJpa3y BEIMYMHY KYTOBOi HIBUJKOCTI, TOOTO YMCJIO OOOpPOTIB B
XBWINHY. BUXiiHuii curHan mae ABa KaHaIM, B SKUX 1JICHTUYHI MOCI1TOBHOCTI
IMITyJICIB 3pyIieHi Ha 90° BIZHOCHO OJWH OJHOTO, IO JO03BOJISE€ BHU3HAYATH
HaIpPsIMOK 00€pTaHHS.

Enkonepn maroTh MIMPOKE 3aCTOCYBAaHHS I 3BOPOTHOTO 3B’SI3KY B
TeXHIYHUX 3aco0ax  poOOTOTEXHIKH, MeTamooOpoOI, midToBOI TEXHIKH,
aBToMaTax il (hacyBaHHsI, TAKyBaHHS 1 PO3JIMBY, B BUIIPOOYBaIbHUX CTCHIAX,
a takoxk B 1HmHMX CNC-mammbax ta CNC-Bepcratax 3 NpOrpaMOBaHUMM
MPUBOJIAMH YW TIPUBOJIOM, III0 BUMAraroTh TOYHOI PEECTpallii MMOKa3HUKIB PyXY
po0Oo4oro opra"y 4yu po0Oo4oro iHCTpyMeHTy. EHKozepu 3aMIHMIM IIUPOKO
MOIIUPEH] PaHIIIe CETLCHUHHU.

OcHOBHA XapaKTEPUCTUKA €HKOJEpa - KUIbKICTh IMITYJIbCIB (PUCOK) Ha
obopor (PPR)-Pulses Per Revolution. Kontponaep Moxe mpaioBatd 3
enkojepom 10 4000 immynbciB /o0opot. Ille onHa BeauyMHA - KUIBKICTH
BIJIKJIUKIB Ha 000pOT, sika B 4 pa3u Oubine Hix PPR, konTposep y cBoiit po6ori
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orepye caMme 11€10 BeIMYMHOI0. EHKOepH 3a3BUYail MatOTh JBa BUXOJU: BUXIJ
A 1 Buxig B myis Toro mo0 BHU3HAYMTH - 00€pPTAETHCS Basl 32 TOJIUHHUKOBOIO
CTpUIKOIO ab0 TPOTH TOJAWHHHUKOBOI CTPLIKH, 3aCHOBaHE Ha 3CyBi (aszu 90° .
Enkonep 3 oqauM Buxogom (A) OUIbII BigoMuid sik TaxomeTp. JJis miaBUIeHHS
MEPEIIKOI03aXUIIIEHOCTI  BUKOPUCTOBYIOTHCSI €HKOJEPHM 3 TaK 3BaHHUM
auQepeHiiaJIbHIM BUXO0M, KU Ha KOXKHY 3 (a3 MICTUTH IO JBa BUXOH, 110
Io3HaJaroThes K A +, A-, B +, B-.

Inukpemenmuuit enkodep Hopmye IMIYJIbCH, KUIBKICTh SKUX BiAIOBIIA€E
MOBOPOTY Bally Ha TmeBHUM KyT. llel Tum eHkojepiB, Ha BIAMIHY BiJ
aOCONMIOTHUX €HKOJAEpiB, He (OpMye KOJA TMOJOXKEHHS Baly, KOJIU Bal
3HAXOJUTHCS B CIIOKOI.

Ab6conomuuil enkooep BITHOCUTHCS 0 THUIY €HKOJEPIB, KU BUKOHYE
VHIKQJIbHUA KOJA JJIA KOKHOI mo3uuii Bamy. Ha BigMIHY BiJl 1HKPEMEHTHOIO
CHKOIepa, JIIUMIbHUK IMITYJIbCIB HE MOTPIOCH, TOMY 1110 KyT MOBOPOTY 3aBKIU
BIJIOMUM.

Abconromuuii enkodep (PpopMye CUTHAN SK IiJl yac OOEpTaHHS, TaK 1 B
pexumi  cnokoro. KojmoBuit  auck  abCoMOTHOro eHkonepa (puc. 7.2)
BIIPI3HAETHCS BiJ] JUCKa IOKPOKOBOTO €HKOJEpa, OCKUIBKM Ma€ KIJbKa
KOHIICHTPUYHUX TIPO30OPUX TOPDKOK 3 HEMPO30pPUMH JUISTHKAMHA IO KOJY.
Koxna nopixkka ¢opMmye yHIKaJIbHUI NBIAKOBUI KO ISl KOHKPETHOI MO3UIIIL
(KyTa MoBOpOTY) Bajly, Ha IKOMY 3aKpIiIUICHUI KOJOBHI AUCK (puc. 7.2).

.19 ) '.. :. E '.:‘ ..‘ ...12 .
18 ¢ : . 1 )
1 fgirsiie

Puc. 7.2. KogoBuit guck abCcoIOTHOTO €HKOIepa
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AOGCOIIOTHUI €HKOZEep HE BTpayae CBOTO 3HAUYEHHS MPU BTPATI KUBIEHHS
1 He BUMAarae IOBEPHEHHS B TMOYATKOBY Mo3ullito. CurHan abCoIIOTHOrO
€HKOJ/Iepa HE CXIJIbHUN MEPenIko 1 Ui HbOTO He MOTpiOHA TOYHA YCTaHOBKA
Bamy. Kpim toro, naBite SAKIIO xomoBanuii curHam He Moxe OyTH
npountanuil enkoaepom, AKIIO, nHanpukiiaa, Bajl 00epTaeTbes AykKe MBUIKO,
NpaBWIIBHUNA KyT oOepTanHs Oyjae 3apeecTpoBaHUM, KOJU IIBUIKICTH
00epTaHHS 3MEHIITUThLCA. AOCOTIOTHUIN €HKOJIep CTIMKUI 10 BiOparliii.

JlaT4nki KyTa MOBOPOTY Baly, KOPOMHCIA, KPUBOIIMUITY a00 E€KCIEHTpPHUKa
MEXaH13MiB TEXHOJOTIYHUX MAIIIMH 3aCTOCOBYIOTHCS Y MEXaTPOHHUX CHUCTEMax
s pericTpaiili abo KOHTPOJIFO KyTOBOTO 1 JIIHIMHOTO TOJIOKEHHS, HaMPsMY
pyxy 1 uacTtoru oOepTaHHA Beqyyux ab0 BEACHHUX JIAHOK IUILOBUX Ta
BUKOHABYHMX MeXaHi3MiB. Taki J[aTunki aOCOMIOTHOTO 3HAYEHHS MTEPETBOPIOIOTH
KyT MIOBOPOTY BaJly B €NEKTPUYHUN CUTHAI, SIKUW € MEBHUM ITU(PPOBUM KOJOM,
HalpuKiIaa JBIHKOBUM,  JBIMKOBE-IECATUHHUM abo xodom I pes
(tabn. 7.1). Yucno po3psaiB Koy BHU3HAYAE TOUYHICTh PEricTpailii KyTOBOIO
TOJIOKEHHs Banly. 8-pospamumii kox (28=256) nosponse pericTpyBaTH KyT

22 = 0,7°.

noBOPOTY 3 TouHicTio 0,7 rpamyca 20

Kon I'pesnie onmHa i3 cucrteM KoayBaHHs 1Hdopwmallli, B SKIH 08a
NOCNIO06HI kodu BIPI3HIIOTHCS 3HAYCHHSM JIMIIE 00HO20 6ima, TOOTO 3MiHA
KOJIOBAHOI'O YKCJIa Ha OJMHMIIIO BIAIIOBIAAE 3MIHI KOJOBOI KOMOIHAIl] TUILKU B
OJIHOMY PO3PsIl, 3T1THO 3 HABEJECHOIO TaOJHUIICHO.

Kon I'pes mepeBaxkae IBIMKOBOBUM KOJ THM, IO Ma€ BJIACTUBICTh
Oe3nepepBHOCTI OiHApHOT KOMOIHAILll, a camMe 3MiHa KOJOBaHOIO YKCJIa Ha
OJIMHUITIO BIJIMOBIAA€ 3MiHI KOJIOBOI KOMOIHAIII1 TIIbKU B 0JHOMY po3psi. Kox
I'pes OyayeThcs 3a HACTYNMHUM MPABHIIOM: CTapIIMA po3psj 3adullaeTbes 0e3
3MIHU; KOXHUN HacTymHUM po3psp iHBepTyeThes, AKIIO nmonepenniit po3psn
BUXIJTHOTO ABIMKOBOTO KOAY HOpiBHIOE oauHMIN. Lleii anroputm moOymoBu
MOKe OyTH TMpEeJCTaBICHUN SK pe3yibTaT CKJIQJaHHS 3a MOJYJIEM JIBOX
BUXIIHUX KOMOIHAIlIM ABIMKOBOTO KOJy 3 TaKOIO X KOMOIHAII€I0 KOJIIB, aJie
3pylIeHOi Ha OAMH po3psa BopaBo. [Ipu upomy KpailHii mpaBuil po3psn
3pYLICHOI0 KOMOIHAIlT BIIKHIA€THCS.

Takum unHOM, KO ['pest € Tak 3BaHUM OJJHO KPOKOBUM KOJIOM, TOMY IIPH
Iepexo/1i BiJl OAHOTO YKCJIa A0 1HIIOTO 3aBXKIHM 3MIHIOETHCS JIUIIE SKHICh OTUH
0iT. [Toxnbka mpu 3unTyBaHH1 iH)OpMaIIi 3 MEXaHIYHOTO KOJOBOTO JAKMCKA MPHU
Mepexo/i Bii OJHOTO YKCJIA JIO 1HIIOTO MPHU3BEE JUIIE A0 TOTO, M0 MEePexis

BiJI OJIHOTO TIOJIOKEHHS JI0 1HIIOMY OyJe JIMIE JEHI0 3MIIIEHUN 3a Yacowm,
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OJIHaK BHJaya a0COJIOTHO HEBIPHOTO 3HAYEHHS KYTOBOI'O TOJIOKEHHS MpHU
nepexo/ii Bijl OJTHOTO MOJIOKEHHS JI0 1HIIIOTO TMTOBHICTIO BUKJTIOUAETHCS .

Hanpsimxy oOepTaHHsi Baly BH3HAYae€ThCsA 3JAaTHICTIO ['pei-komy
J3epKaIbHOTO BIAOOpaXkeHHS i1HQOpMAIlil, AKIIO IHBEPTYBaTH CTapUIMil OIT
KOMY.

Ockinpku 1HQOpMaIlis, BUpakeHa B ['peii-koni, Mae YUCTO KOJOBaHUM
XapakTep IO HE HECE peallbHOi YMCIIOBOI 1H(OpMAIlii, KOJ MOBUHEH Mepe
MOAANBIIOK 0OPOOKOIO CIIepIly EPETBOPEHUM B CTaHAAPTHUM O1HApPHUI KOJI.
3MIMCHIOETRCS 11€ 3a JOMOMOIOI0 TEpeTBOproBavya KoAy (IeKoiepa), SKui
peani3yeThCs 3a JAOMOMOTOIO0 JIAHITIOTa 3 JIOTTYHUX E€JIEMEHTIB «BUKIIOYAE a00»
(XOR) sx mporpaMHUM, Tak i aapaTHUM CIIOCOOOM.

Takum dmHOM, KOmOM ['pes Ha3WBalOTh KOJ, SKHM peai3yeThCs 3a
J0TOMOT 00 1BOX cuMBOJIIB 0 Ta 1 mpH 3pOocTaHHI LIJIOr0 YUCia 3a HACTYITHUM
AITOPUTMOM:

1 — naitmonoammii 1-uif po3psa y MOCIIIOBHOCTI CUMBOJIIB 3MIHIOIOTH Y
Takiii mocmigoBHOCTL: «0», «l», micist 4YOoro y HACTymHHM 2-U  po3psin
3aMHUCYIOTh «1», a HAWMOJOIIINI PO3pPsi 3MIHIOIOTH YK€ Y TMPOTHICKHOMY
MOPSIZIKY;

2 — JIBa HAMMOJIOAIII PO3PSAAM 3MIHIOIOTH y Takomy mopsaky: 00, 01, 11,
10, micas 4woro y 3-iii po3psia 3amucyroTh 1 1 ABa HaWMOJIOAIII PO3PSAH
3MIHIOIOTH YK€ y MPOTHIICKHOMY (13epKaiibHOMY) nopsiaky:10, 11, 01, 00;

3 — TpW HaWMOJIOII PO3PSIU 3MIHIOIOTH Y TakoMy topsiky: 000 , 001, 011,
010, 110, 111, 101, 100, micas 4doro y 4-uii po3psa 3alucyroTh 1 1 TpH
HaWMOJIOII PO3PSAN 3MIHIOIOTh YXE Y TMPOTHUICKHOMY (I3€pKAIIbHOMY)
nmopsinky: 100, 101, 111, 110, 010, 011, 001, 000 ... ;

4 — HacTynHI HauMosOAII K-po3psau 3MIHIOIOTh y TOPAIKY, BU3HAYEHOMY
NoTIepeTHIME KpoKamH, micist yoro y Hactymauid (K + 1) po3psia 3anucyroTs 1, a
MOJIOJIIII PO3PSIU 3MIHIOIOTH YK€ Y IPOTUIICKHOMY TIOPSIZIKY 1 T. .

VY tabnumi 7.1 momaHo nBiMHUKOBI Koaw 1 komu I'pest mis 4-po3psaHoi
nocuiioBHOCTI uncen Bix 0 10 15 BKIIIOYHO.

Taomung 7.1 JIBiitHuKOB1 KO1u 1 Koqu ['pest
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Takum uwHOM, SK BUIUIMBAE 3 HaBeACHOI Tabmmii koj ['pes aBox
MOCITIIOBHUX HATYPaJbHUX YUCEI BiJIPI3HAIOTHCS JUIIE B OMHOMY po3psiai. Kox
['pest BUKOPUCTOBYIOTH JJIs1 301JIBIIIEHHS HaIIHTHOCTI pOOOTH CUCTEMU ONTHYHHUX
¢dboToAI0IB TP BCTAHOBJICHHI KyTa MOBOPOTY AMCKIB-HOCIIB iH(pOpMaIlii.

3 tabnuui 7.1 BUMIIMBAE, MO MPU NMEPEXO1 BiJl OJHOTO YUCIA JI0 1HIIOTO
(cycimuboro) muine oauH OiT iHGOpMaIlii 3MiHIOE CBIM cTaH, Y NBIKOBOMY
KOJIl MOXKYTh TOMIHATH CBifi cTaH Kigbka 01T omHouacHo. Kox I'pes He mae
MOMIJIKH YUTAHHS 1 TOMY 3aCTOCOBYETHCS B 0araThb0X a0COJIIOTHUX €HKOJIEpaXx.

3BUYaiHUN OJHO KpOoKOBUM ['peii-koJ MiAXOMUTh ISl PO3PIIIEHIN, SKi
MOXXYTh OyTH NpEJICTaBJIEHI y BUIVISAI 4YMCIa 3BEAEHOr0 B CTyHiHb 2. Y
BUIIAJIKaX, /e Tpeba peani3yBaTH 1HILII pO3pIIIEHHs 31 3BU4aiHoro ['peii-kony,
BUPI3AETHCS 1 BUKOPUCTOBYETHCS CEpeAHs MOro AUIIHKA. TakuM YHHOM,
30€pIra€ThCsi «OJTHOKPOKOBICTH» KOy. OHAK YUCIOBHM Jiana3oH MOYUMHAETHCS
HE 3 HYJIs, a 3MINYyEThCsl Ha TeBHE 3HauyeHHsA. [Ipu oOpoobmi iHdopmarli Bifg
TeHEPYIOUOTO CHUTHANy BIIHIMAETHCS TOJOBHMHA PI3HHUII MDK TOYAaTKOBHUM 1
peaykoBaHuM A03BosioM. Hampukinazn, nis Bupasy kyta 360° B 9-Tu OGiTHOMY
I'peii-komi 2° = 512 kpokis, I'peii-kox ypisyeTbes 3 060X cTOpiH Ha 76 KPOKiB
(512 - 2*76 = 360) mo nopiBHIOETbCS 360° — 0HOMY OOOPOTY T'OJIOBHOTO
BaJly TEXHOJIOT1YHOI MaITUHHU.

Imnynvcuuii oamuux Kyma nogopomy 6any (€HKOAEp) CKIANAeThCs 3
KOJIOBOTO JIMCKYy, SKWHW 3akpllUICHWd Ha Baldy, a cBimiomiogu 1 ¢oTo
TPaH3UCTOPH 3aKpiIUIEHI HAa KOPIYCl MAIIMHUA MO PI3HI CTOPOHH KOJOBOTIO
JMCKY HampoTu apyr apyry (puc. 7.3,0). KogoBuili auck MNOAUICHUM TMEBHUM
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Puc. 7.3. IIpyHIMNOBI CXEMH ONTUYHOTO E€HKOAEPA TEXHOJIOTIYHUX MAaIIWH:
a — KOJOBMI IUCK 3 KooM ['pes; O — maTyuk aGCOMIOTHOTO 3HAYEHHS KyTa 3
KOJOBUM JIMCKOM Ha Bally; B — (parMeHT KOJOBOTO JHCKY IMITYyJIbCHOTO
JaTyuKa KyTa MOBOPOTY Bally; I' — 3araJlbHAN BUIJISIL 1 CXeMa MiJIKJIIOYEHHS
IMIIYJILCHOTO JJaTYMKA IO KOHTpoJjepa

YUHOM Ha MPO30pi 1 HEMPO30p1 30HU AJI CBITIA CBITIOAIONIB. KOXKHOMY KyTi
MOBOPOTY Baly BIANOBIJA€ YHIKAJIbHE CHOJYYEHHS MHPO30PUX 1 HEMPO30pUX
JIUISTHOK, $IK1 32 JIOTIOMOTOI0 (hOTOTPAH3UCTOPIB MEPETBOPIOIOTHCS B JIOTTUHI «1»
1 «0». @OTOTPaH3UCTOPH BUAAIOTH 1H()OPMAIlIIO O TIOJOKEHH] TUCKY Y BUTIIAI
JBINKOBOTO KOy 4yepe3 koxkHi 0,7 rpamyca KyTa MOBOpPOTY Baiy. Takum 4ruHOM
IMIYJIBCHUN JaTYMK KyTa MOBOPOTY Bally MEPETBOPIOE KYT MOBOPOTY Baly B
MOCJIIIOBHICTh €NEKTPUYHUX IMIYJIbCIB (a HI B mudpoBuil kox I['pes), ski
MIIPaxoBYIOTbCA 1 BU3HAYAETHCS CyMapHHl KyT MOBOPOTY Baiy. TowHICTB, 3
AKOI JaTYMK BU3HAYA€E 3MIHY KyTa IMOBOPOTY 3aJE€KUTh BiJl YKCIIa IMITYJIbCIB Ha
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oauH o6opotT Bany. Hamnpuxnaa, mpu 1000 iMmynasciB Ha 1 000pOT 3MiHA KyTa
perictpyerhbes 3 TounicTio 360/1000 = 0,36 rpaaycis.

Ivnynbchuii 0amuuk nonodxcenHs, K 1 B JATYUK aOCOJIOTHOTO 3HAYEHHS
KyTa Mae KoioBwii muck. Ha komoBoMy mmcky-miagparmi (orocrmocodom
HaHECeHI Tpopi3u B ABa psanu (kanan I 1 xanan 2 Ha puc. 7.3,B), IpH IIOMY
Ipopi3u OJHOTO KaHaTy 3CYHEHI BIAHOCHO MpPOPI3iB APYroro KaHaiay Ha IIiB
IMITYJIbCY. SIKIIO BU3HAYUTH BiJ SKOTO KaHAIIY IMIYJIbCH MPUXOMAATH MEPIIUMH,
MOKHA BU3HAUUTH HANpsIM 00€pTaHHA Bajly 3a CTPLIKOIO TOAMHHUKA a00 MPOTH
CTPUIKM TOJUHHUKA. Y TPETbOMY KaHall € Mpopi3 IO CIY>KUTh JIJIsi OMOPHOTO
ab0 TakK 3BaHOTO «HYJHOBOTO» IMITYJIbCY, SIKMM 3UUTYETHCS OIWH pa3 3 OJIMH
00ept Baiy. SIKIIO HAa KOJOBOMY JUCKY HAaHECEHI MPOpI3W IS JBOX OMOPHUX
IMIYJIBCIB 3CyHYTHX MO (a3l Ha KyT T pajiaH, TO TaKuil IMITyJIbCHUM AaTYUK
MOXke OyTH 3acCTOCOBAaHMM B IIBEHHOI MaIIMHI 31 CTOMN-MOTOPOM JIst
aBTOMATUYHOI'O 3YIUHEHHS FOJIOBHOTO BaJly IO MEPIIOMY ONOPHOMY IMIYJIbCY
IpU 3HAXO/PKEHHI TOJKA Yy KpalHbOMY  BEPXHBOMY TIOJIOKEHHS Haj
MaTepiajJoM, a MO JPYroMy OIOPHOMY IMITYJIbCl BHUKOHYETHCA 3YHHHEHHS
rOJIOBHOTO Bajly MpU 3HAXO/PKEHHI TOJKM B MaTepiayi mpu ii KpallHbOMY
HIDKHBOMY TOJ0XeHHI. [Ipu kpailHbOMy BEpXHBOMY IOJIOKEHHI TOJIKa HaJae
KOMaHJly Ha BKJIFOUEHHS MEXaHI3My OOpI3KM HHMTOK B KIHII IIBa a00 B KIHII
LMKy aBTOMaTUYHOrO MPUIIMBAHHSA (QYpHITYpH ab0 BUTOTOBJIEHHS METJl Ha
ons131. [Ipu kpaitHbOMY HUKHBOMY TMOJIOKEHHI TOJIKK MOYKHA MTO/IaBaTH KOMaHIY
BiJl Tmefani (HAaTUCKaHHS TeAayi I1'SATKOK CTYIIHI HOTH) JJIi aBTOMaTUYHOTO
NepeMilieHHs] BBEPX MPUTUCKHOI JIAMKHU JIJIsI HACTYITHOTO TMepexBaTy (IOBOPOTY
JieTane OKpyT OCl TOJIKK) IPU KOHTYPHOMY BUKOHAHH1 HUTKOBUX IIIBIB.

TakuM 4YHHOM €HKOACPU CTBOPIOIOTH MPSIMOKYTHI IMITYJIBCH, IIIO
XapaKTEePU3yIOTh PyX 3a KOPOTKUH MpoMiXkOK dacy. [Ipm aBTOMaTHIHOMY
MIIPaxXyHKy IHUX IMIYJbCIB BU3HAYAETHCS KYT MOBOPOTY a0O0 TMOXiJTHA BIJ KYT
MOBOPOTY MO dYacy (KyToBa IIBUAKICTE) pOTOpa, a TMOPAIOK YepryBaHHS
IMITyJIBCIB TIO JIBOX KaHaJlaXx BU3HA4Ya€ HAMpPAMOK oOepraHHA. J[Jis oTpuMaHHS
TOYHMX TO3MI[HA 1 IMBUAKOCTI pOTOpa TMPHUBOAIB MOXYTh  TaKOX
3aCTOCOBYBATHUCS JATYUKHU Y BHTJISII pe30JIbBEpa.

AHanoroBUM JaTYMKOM KyTa IIOBOPOTY Bajly € pe30JibBep, SKHii
TeHEepYIOTh TMOCIJOBHICTh CHHYCOIJAIbHUX 1 KOCHHYCOINAJIbHUX IMIYJIbCIB
aHaJIOrOBOT'0 HAIPYTH, L0 XapaKTepU3YIOTh aOCOIIOTHE MOJIOKEHHS poTopa 3a
onuH o0opoT. Lli aHamoroBi curHadM 3a3BUYail MEPETBOPIOIOTHCH B IU(POBI
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iHTepdeicHoO mIaTor pe3oiabBepa. [IpakTuuHo, BC1 CydacH1 MPUBOIM MAIIUH 1
BEPCTATIB 3MIHHOTO 1 TMOCTIMHOTO CTPyMy JIOMYCKAalOTh BUKOPHUCTaHHS
€HKOJICPIB B JIiHII 3BOPOTHOTO 3B'SI3KY, 1 JIMIIE I HEBEJIUKOI YaCTUHU 3 HUX
MOXYTh OyTH 3aCTOCOBaHi PE30JIbBEPH.

JNatuyuk XoJu1a. Be3KOHTaKkTHUI MarHiTOENEKTPUYHUN JaT4uK KyTa
MOBOPOTY TOJOBHOTO Bally TEXHOJOTIYHHUX MAIlUH Ta/ad0 4YacToTh Moro
oOepranHs. JlaTyuk Mae UIUIMHY, MO OJIHY CTOPOHY SKOI1 po3TalloBaHa HarliB-
IPOBIIHUKOBA MPSMOKYTHOI (OpMHU TMJIaCTUHA, a 3 MPOTHIEKHOI CTOPOHU
IIIIMHA 3MOHTOBaHUM TOCTIMHMM MarHiT. B miMHY ceHcopa BXOIUTH
CTaJICBUH KOJOBHH JWCK 3 MEIFOCTKAMU, SKUH TIPH pOOOTI MAIIMHUA 00EPTAETHCS
1 I0ro MEeMIOCTKY MePEeTUHAIOTH MarHiTHE MOJIe MOCTIHHOTO MarHiTy.

CepBONPHBO/ 3 BHYTPILIHIM €HKOJEPOM 3BOPOTHOTO 3B’s13Ky 360° Mmae
MOCTIHHUIA Mar”iT ycepeauHi, SKuil TMPUKpPIIUICHUH 10 Baidy portopa (puc. 7.4).
B kopmyci cratopa 3HaXOAUThCA JaTYMK Xoiia. MardiT 3MIHIOE CBOE
MOJIOKEHHSI MMPU OOEpTaHHI Bajy JBUTYHA 1 JaT4vK XOJUla pearye Ha 3MiHU
MOJIO’KEHHSI BEKTOPY MAarHiTHOIO MOJis MarHitTy. Mikpompoiecop KOHTpojepa
MOCTIIHO pearye Ha KyT ITOBOPOTY MAarHiTy 1 Oro pe3ysibTar y BUIIISAL ePeKTy
Xonna. Jlatunk Xoia CcepBOABUTYHA BIJAINpPABIsE€ OTpUMaHy HUDPOBY
iH(popMaIil0 MPO KyT MOBOPOTY HAa KOHTAKT (MiH), HANPUKIAI, KOHTPOJEpa
Arduino a0o 1HIIOTO, 10 SIKOTO e AaTUMK IM1IKIFOYCHHM.

\\
______ MarniTHe mone "> MarfiTHe Ione
.-""_!_,_ ;s Cmpym 1 |_' |_’ =
A W Jaruux Xomma Ha BXOJL B B / B /'
o r r7/ l I‘L' Hanpyza U
P 74" ", HA BHXOJIL
- » 4., ¥
S /3 Edext Xomra —
o\ “-«-N P Marmit " o < 2|
- eaphe ’ d Hanisnposogaikosa /
R r IIACTHHA

Puc. 7.4. Cxema (i3U4HOTO MPUHITUITY pOOOTH ceHcopa XO0Jia: a — MPUHIIUIIOBA
cXeMma CepBOJIBUTYHA 3 TaTYMKOM Xo0Juia; 0 — cxeMa eexTty Xouia
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[TpuHnmn poboTn ceHcopa 3acHOBaHUM Ha (izuuyHOMY edekTi Xoia, a
caMe B iCHyBaHHI HacTynmHoro ¢izuadoro edekty: «AKIIO 1o nporuiexkHux
CTOPiH HANIBNPOBIIHMKOBOI TNPAMOKYTHOI 32 (OpPMOI0 IJIACTHHKU
NiIBECTH JKepesio MocTiiiHoro crpymy I Ta ogHOYACHO MiIHECTH NOCTiIHHUI
MATHIT, 110 CTBOPIOE 30BHIIIHE MATHITHEe MOJIi 3 MArHITHOIO iHAYKUicw B
(puc. 7.4) i Ak pe3yabTaT Ha JApYyrid mapi cropiH HamiBNpoBiTHMKOBOI
IVIACTUHKHA BHHMKAE Pi3HUISA €JEKTPUYHOr0 MoTeHuiaay (e. p. ¢. Xo/uia)
a0o ejexrpuuHa Hanpyra U» ILleil enekTpu4HUl CUTHAI 3HIMAEThCS 13
CEHCOpa, AKUH 3 ABJISIETHCS 3 YaCTOTOIO MEPETUHAHHS, HATPUKIIA, TEIIOCTKAMU
CTaJIEBOI'0 KOJOBOT'O JAMCKY (Ha pHC. HE 300paskeHUN ).

[Ipuknanu 3acToCyBaHHS CEPBOIPHUBOJIIB 3 JaTUMKaMH XOJUla HaBEACHI
Ha puc. 7.5...7.7 y mexaTpoHHOMY (pOOOTH30BAHOMY) KOJIECHOMY PYXOMOMY
00’exTi. Jlyia mporpamyBaHHSI KyTiB MOBOPOTY CEPBOIPHUBOJIIB 3 BHYTPIIIHIMU
EHKOJIEpaMH JIBOX KOJEC PYyXOMOIo 00’€KTYy B MEXATpPOHIIl 1 poOOTOTEXHIIII
BBEJICHUI TEPMIH «TiK», SIKHA o3Hadae 1/64 ob6opoT koneca (puc. 7.5). Axio
KOJIECO BUKOHAJIO OJIMH MOBHUM 000pOT Ha 64 THKA TO 1 KOHTPOJIEP OTPUMYE Bij
eHkozepy 64 immynwciB. Ilpu nmomxunHi konma 208 MM koseca 3a 1 THK
nepeMiinyeTbcs Ha BiacTanb 208 mm/64 = 325 mm = 0.00325 m. Tomy
IporpamMoBaHa BIJICTaHb S PyXy B M PyXOMOTO O0’€KTy 3 1HAMBIIyaJIbHUMH
CEPBOIPUBOIAMU KOJIEC BU3HAYAETHCS 32 (POPMYIIOLO:
S =0.00325 -n,, (7.1)

1 N, — KIJIBKICTh TIKIB.

”,
-
v
.

drive goto (left, right)

right
x -
3.25 MM

Qeeeeerene ceveenensd
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Puc. 7.5. Po3paxyHkoBa cxema Ta ¢pparMeHT KOy JJisl MPOrpaMyBaHHS KyTiB
MOBOPOTY JBOX CEPBOIMPHUBO/IIB 3 BHYTPIIIHIMU €HKOAEPAMHU KOJIEC PyXOMOTO
00’€KTy

a 0
Puc. 7.6. Po3paxyHKOBIi cxeMa Juisl IpOrpaMyBaHHs KyTiB IOBOPOTY PYXOMOIO
00’€KTy 3 IBOMA CEPBOINPUBOJAMH KOJIEC : @ — MOBOPOT BIPABO 3a CTPLIKOIO
roguHAKKa Ha KyT 90° ; 6 — mosopor Ha kyT 180°

JI1s1 TOBOPOTY Ha IUIOMIMHI pyXoMoro o0’ekty (puc. 7.6) 3a CTPUIKOIO
roguaHrka Ha kyT 90° i HacTymHOMy pyXy BIpaBO CEpPBOIPHUBOJ JIiBOTIO
KOJieca IPOrpaMHO TMOBepTae Horo Ha 64/2 Tika mpu pajiyci MOBOPOTY
r = 105,8 MM, a cepBONMPHUBOA MPABOTO KOJIECA 3AIHINAETHCS HEPYXOMHM.
Po3paxyHkoBa cxema ajisi pyXy BIIBO MiCTsl TOBOPOTY HaBeJeHa Ha pHc. 7.6,a .

Jlns mporpamHoro mosopotry Ha kyT 1800 mms pyxy o6’exry B
MPOTHIICKHOMY HalpsIMy pPO3paxyHKOBa cXeMa HaBeJleHa Ha puc. 7.6,0.

Jlnst cxem Ha puc. 7.6,a 1 Ha puc. 7.6,0 KIUIBKICTh MPOTPAMHUX TIKIB
po3paxoByeMo 1o (popMynamu:

T-r 3.14-105.8 .
n, =——= ~ 51Tik (7.2)
2Tika 2-3.25
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r  6.28-105.8 ..
n, = 2n— = ——— ~205 TikiB (7.3)
TiK 3.25

Po3paxyHkoBa cxema i pparMeHT KOAy JUIsl MpOrpaMyBaHHs IIBUJIKOCTI
PYXOMOT0 00’ €KTY 3 IHAMBIYyaTbHUMH CEPBOIPUBOIAMH JIBOX KOJIEC HABEICHI
Ha puc. 7.7.

--------------- . -
.

any
-

drive speed (left, right)

128 A A 128

PR L e L L
“ner

Puc. 7.7. Po3paxyHkoBa cxema Ta (parMeHT KOy I NpOrpaMyBaHHS
MIBUJKOCTI  PyXOMOTO 00’€KTY 3 JIBOMa 1HIUBIAyaJbHUMHU CEPBOMPHUBOIAMU
KOJIEC 3 BHYTPIIIHIMH €HKO/I€paMU

PosrnsiHeMo mnpukiag mporpamyBaHHS pI3HOI  IIBHJKOCTI  PyXOMOTO
00’exTy Ha puc. 7.7 Ha JBOX IUISHKAX NUIAXY 13 3YNHUHKaAaMU Ta OJHUM
MTOBOPOTOM.

[ukn pyxy HACTYTIHUM:

Ha TIEPINOi JUISHII TMOBUHEH BiIOYyBaTHUCA PyX «BIEpEm» 31 MIBUIKICTIO
64 TiK/C 1 B KIHIII JUISHII 3YMUHUTHUCS;

Ha Jpyroi MUISHII 3pOOWTH TMOBOPOT BIpaBO Ha KyT 45 TpamyciB i
3YNUHUTHCS, HAMPHUKIAL 3YCTpUlacs MNEpelIkoaa 1 YIbTPa3BYKOBUU JaTUMK
JAJbHOCTI HaJa€e KOMaHIy pyxoMomy o00’ekTy o00iiTH mepemikony. Jlus
BU3HAYECHHS TaKOl MEPELIKOIU PYXOMHM 00’ €KT OCHAIIY€EThCS YIbTPAa3BYKOBUM
JATYMKOM JAJIBHOCTI, NPUHLIMM Jii 1 HpOrpaMyBaHHs SIKOTO PO3IJIIHYTO B
miapo3aiii 7.6;
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Ha TPEeTIN AUISHIN IICIs MOBOPOTY BIIOYBAETHCS 3HOBY PYyX «BIIEpE» ajie
31 MIBUIKICTIO B JIBA pa3u OLIbIIOT HIXK Ha meprrid auisHi (128 Tik/c), B KiHII
TUISHII TpeOa 3yMUHUTHUCS.

Toni ckeTd Oy/ie MaT HACTYITHUI BUTJIAL:

#include "simpletools.h" //Bukiuk 6i01i0Tekn simpletools

#include "abdrive.h" /] Buxnuk 6i6mioTekn abdrive
int main ()
{
Drive speed (64, 64); //pyxmnpsamo, 64 Tik/c Ha MpoTA31 2X
CCKYH/I
pause (2000) ; /[l may3a 2 C

drive speed (0, 0);

drive speed (26, 0) ;// moBOpPOT J1BOrO KOJ€cCa, MBUIAKICTh 26 TIK/C
pause (1000); // may3a 1 cC

drive speed (0, 0);

drive speed (128, 128); //pyx npsmo, MWBHIKICTb 128 TiK/ ¢
pause (1000); // may3a lc

drive speed (0, 0);

[TosicHeHHs 710 HaBEIEHOI MPOTpamu.
Oyukiuiss drive speed (64, 64) 3abesneuye pyx HOpsMo 3i
IBUJIKICTIO 64 TIK/C HA IPOTS31 IBOX CEKYHI.

OyHKITISA drive speed (26, 0) moBeprae JiBe Kojeco 3i

T

WBHAKICTIO Ha 26 Tiki/c Ha kyr 459 = 5 TIpH IBOMY TIpaBe KOJIeco

Hepyxomo. [Ipu ipomy 26 TikiB oTpuMyemo 3a dpopmyoro (7.2):

L 3141058 o o (7.4)

" 4rika 4325

Oynkmis drive speed (128, 128) 3abesnedye pyx OpsaMo 3i
HIBUIKICTIO 64 TIK/C Ha MPOTS31 OAHOI CEKYHIU.

Oynkiis drive speed (0, 0) 3ynuHsE€ pyXOMHM 00’ €KT.

Jlst po3paxyHKy BiJICTaHi 1 iepeMileHHst S; 1S3 pyXoMoro o0’€KTy 1o
OTPUMAHUM JaHUM JJI1 IIBUAKOCTI JJIsl JBOX MUISHOK IIISAXY 1 BIJCTaHI
nepeMilleHHs S, JIIBOTO KoJjieca MPH MOBOPOTI OTPUMYEMO:
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TiK
S =64 —x2¢x0325¢cM = 41.6cu;
C

TIK
S, =26 Tx 1¢%x0.325¢cMm = 8.45cm;

TIK
Sz =128 — x 1¢x 0.325cM = 41.6 cu.
C

7.3. Be3koHTaKTHI KiHIIeBi BUMHKa4i

Jlo nporpamMHO KEpOBaHMX BHUKOHABYMX MEXaHI3MIB  3BOPOTHO-
MOCTYMNOBO1 [I1i, SKI 3aCTOCOBYIOTBCSI B TEXHOJIOTIYHHUX MalllMHAX Tamly3i 1
BepcTaTax MalIMHOOYTyBaHHS BITHOCATHCS: €JIEKTPOMArHiTHI pesie 1 COJICHOIIH
; MHEBMOLUMWJIIHAPY 1 TIAPOUMIIHAPUA ; JIHIAHI  €JEKTPOJABUTYHHU 1
CEPBOJIBUTYHH; KPOKOBI JIBUTYHH.

JUisi aBTOMaTUYHOrO KOHTPOJIO 1 CHUTHaji3alii KpalHIX MOJ0KEHb
NEepEeMIIIEHHS] BUXITHUX JAaHOK BUKOHABYMX MEXAH13MIB 3BOPOTHO-TIOCTYIIOBOI 1
o0epToBOi i1 BHUKOPUCTOBYIOTHCS KOHTaKTHI (MexaHI4Hi) B peJeiHo-
KOHTaKTHHX CXeMaX 1 0€3KOHTaKTHI (€JIeKTPOHHI) KIHIIEBI BUMHUKAYI.

st peamizaiii aBTOMAaTU30BaHUX PEXKUMIB POOOTI ITMKIOBUX CHUCTEM
MEXaTPOHIKM 3 KOHTPOJIEPOM IIMPOKO BHUKOPUCTOBYIOTHCS O€3KOHTAKTHI
KIHIIEBI BUMHUKAul PI3HUX THUIIIB, YMOBHI IO3HAYEHHA SKHX B EJIEKTPUYHUX
peneiHuX cxemax HaBeseH1 Ha puc. 7.8. ENeKTpU4HI CXeMHU MIIKIIOYEHHS IIUX
JATYMKIB HaBeleHi Ha puc. 7.9.

Sxmo Ha mabopaTOpHOMY CTEHJI BCTAHOBJICHI T€PKOHU 3 2-IPOTOBUM
KabeeM 1 MOTpIOHO 3a@eéxHcoOu Opim uUep8OHO20 KObOPY MIAKIIOYATH 0
KOHTaKkTy «+24B» |oKepena CTpyMHu, Opim CUHbO2O KOIbOPY «MIHYC»
nigkiouatd 10 kotymku K pene, a Apyruil KOHTakT pese MiAKIIOYaloTh Ha
«0B» mxepena ctpymy (puc.7.9,a).

| | | |
|l PPl
= | |=_| || [£ _
|-’:1 |6 |B |r

Puc. 7.8. YM0BHI o3HaueHHA 3-ApOTOBUX O0€3KOHTAKTHUX KIHIIEBUX BUMHUKAUIB

. & —MarHiTHUI Ha 6a31 repKkoHa; O — IHAYKTUBHUMN; B — EMKICHHM; T — ONTUYHUI
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OnTUYHUMA 1 €MKICHUM JaT4yWKu 3 3-ApOTOBUM KaOeneM IMiIKII0YaroTh
TaKOX JI0 KOHTaKTy «+24B» jpKepena CTpyMH Opomom 4ep8OHO20 KOJbopY,
opim dcosmozco kovopy aatuuka no korymku K pene, a opim cunvoeo konvopy
1 BUX1JT KOTYUIKU peJie MiAKII0YaloTh Ha «MiHyce» (puc. 7.9,0).

[HAYKTHBHUN AATYUK MIAKIIOYAIOTh HACTYITHUM YHHOM: OPim Yep8OHO20
Konbopy 10 «+24B» [Kepena cTpyMy, Opim # oemozo Koibopy N0 KOTymku K
pesie 1 ApIT CUHBOTO KOJLOPY Ha «MiHyc» (puc. 7.9,B).

+24B
YepBOHHH
Komip
Cmiti
KoJnp
Comi
K xomip
J) 0B 0B
a B

Puc. 7.9. EnexTpuuyHi CXeMH IiIKIIOUYCHHS OE3KOHTAKTHUX KIHIIEBUX
BUMHUKAYiB 3 JBOMa 1 TPbOMa KOJBOPOBHMMH IIPOBOJAMH : @ — TEpPKOHAa;
0 — EMKICHOTO 1 ONTUYHOTO; B — IHITYKTUBHOTO

[Ipuknagn 3actocyBaHHsT O€3KOHTAaKTHHUX CTPYMEHEBUX JIaTYMKIB
HaBezieH1 THa puc.7.10. JIjist KOHTpOJIS MPaBUIILHOT OpiEHTAIT feTanel nepen ix
3aBAaHTAXKCHHS JUIS HACTYMHOI 00poOiii abo 300pKHM BHUKOPHUCTOBYHOTHCS
CTPYMEHEB1 JlaT4yuKa 3 KOHTpOJeM ix JoriuHux curHajiiB (puc. 7.10). Ha pwuc.
7.10,a HaBeAeHWI TPOIEC KOHTPOJIIO PO3TANIyBAaHHI OTBOPY Ha JeTall IO
KyTOBUW (OopMH 1 TaOJMIISI JIOTIYHUX CUTHAJIB, SIKI TOSCHIOIOTH OTIEPAIliio

opieHTaIi
pl’.
B B, PesyaeTaTr KoHTpOMIO . _|E
0 0 Jetans BiacyTHA 3 o
1 1 Hetams 3 bpaxom
1 0 | HesipHa opieHTama geram
0 1 |TTpaBrisHA opieHTar(A AeTam P, p1 B,
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1
Pesynerar xorrpomo g I I
JleTans BIACYTHA 3. hF

Jerans 3 bpagom
HegipHa opieHTamA AeTAT P
TIpasHIEHAa oplEHTAIIA JETAI

—lo|—o|
I—II—IOOM"Q

0
Puc. 7.10. Ilpuknax 3actocyBaHHS OE3KOHTAaKTHHUX CTPYMEHEBHUX JaTYUKIB
MOJIOKEHHST JIeTajel uisi KOHTPOJIO iX  opieHTamii (Bepx/HW3) 1 Tabiwii
IPOrpaMOBaHUX JIOTIYHUX CHTHAMTIB: a — JeTallell KyToBOi (JOPMHU 3 OTBOPOM;
0 — nerane MUIIHAPUIHOT hopMuU

7.4. IlporpamyBanus TaiiMmepiB MoBoro STL mexaTpoHHHX cHCTeM
TEXHOJIOTIYHMX MAIIIMH Ta BepPCTaTiB

[Ipu BUKOpWCTaHHI KOHTpOJIEpa B CXEMax MEXATPOHIKH pelie 4acy Mae
Ha3By Taiimep. B mporpamax kepyBaHHs TailMepH, JIYWIBHUKUA 1 €JIEMEHTH
naMm’siTi  3ajalThes  iHQoOpMaliiiHo. B peneiiHO-KOHTaKTHUX — cXeMax
MexaTpoHiku (0e3 KOHTpoJiepa) BHUKOPUCTOBYIOTH pejie 4Yacy y BHUIVISIIL
¢b3uuHoro enementy. llpukian 3aTpuMKH  BKIIOYEHHS pejle  4acy 1o
nepeaHboMy (QPOHTY CUTHANTY (13 3aTPUMKOIO BKJIIOYEHHS) 1 pene 4vacy s
3aTPUMKH  BUKJIIOYCHHS MO 3aaHbOMY (GpOHTY curHany (i3 3aTpHMKOIO
BUKJTFOUCHHS) HaBEJICHI, BIIMOBIIHO, HAa puc. 7.11 1 Ha puc. 7.12.

_}_‘,_ﬂf_,i

Eal ™

;3\1;

T

Vdd (5 V) =500 31c +
Vss (0 V}J r
[3500 »c +
|«—— 1000 Mc —»

a
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+24B HampyTa

O t Ha peae K2
Sl | K2 | K]l Uac
E -
K1 Y1 K2 KomrawT K2 [
OB 3amenennii—— —
O : + . . Tac
6 Posvkmennii -
i ]

Puc. 7.11. Cxema HEnpsAMOro BKJIIOYEHHS PeJie Yacy 13 3aTPUMKOIO BKIIIOUEHHS
KOTYIIIKHU €JIEKTPOMAarHiTy MHEBMOPO3NOAUIbHIKA Y 1: a — miarpama BKIIOUEHHS
/ BAMMKAHHS CBITJIOAI01Y 13 3aTpuMKOI0 acy 500 mc; 6 — cxeMa BKIIOYSHHS
pelne yacy; B — Jiarpama poOOTH pejie yacy; I' — eJIeKTpuyHa cxema pene yacy K2

VY pene wacy K2 Ha puc. 7.11 xonrtakt K2 3aMukaetbcst 0€3 3aTpUMKH
yacy [Py HATUCKAaHHI KHONKHU S1, a pO3MHUKAEThCS Yepe3 3aJaHuil 1HTEpBa Yyacy
3arpuMkH {3 micis BiamyckaHHS KHONKK cTapTy S1. a CKUAaHHSA CTaHEThCS 0e3
3aTPUMKH Yacy MICis BIITYyCKaHHS KHOMKHU S1.

VY pene yacy K2 na puc. 7.12 xontakt K2 3aMukaeTbcs yepe3 3a1aHuil
iHTepBaa yacy IC micist HaTUCKaHHs KHOMKHM cTapty Sl 1 crparboBani pene Kl
(momaHHs CUTHaNTY), a CKUJAHHS CTaHEThCS O€3 3aTpUMKUA Yacy TiCIs
BiAMyCKaHHS KHomku S1. Yac 3aTpuMKu perymroeTbcs pe3uctopoMm Rl
(puc. 7.12,a). Pene wacy mnpamroe HactynHuMm yuHOM. SAKHIO HaTucHyTH
KHOIIKY S1, cTpyMm npoxoauTh depe3 3MiHHUN pe3uctop R1 1 konpencarop C1
3apspkaerees. Ilicng 3apsnku KoHAeHcaTropa 10 MEeBHOI eMkocTi pene K2
BKJIFOYAETHCS 1 WOTO HOPMAIbHO PO3IMKHEHHI KOHTakT K2 3amukaerbcs B
nanmory Y1, SAKIHO xuonky S1 BiAMyCTHUTH BiJ HATHCKaHHS, JAHLIOT
po3iMKHeThCsl 1 KoHneHcaTop Cl mBHAKO po3psxkaeTbes depe3 mioa DI 1
pesuctop R2. B pesynbraTi pene yacy NMpPakKTUYHO MHUTTEBO MOBEPTAETHCS Y
MOYATKOBUH CTaH, TOOTO HOro KoHTakT K2 po3mukaerbcs.
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Puc. 7.12. Cxema npsiMOTO BKJIIOYEHHS pejie Yacy 13 3aTPUMKOI0 BUKIIIOUECHHS
KOTYIIIKHU €JIEKTPOMAarHiTy ITHEBMOPO3MOALTHPHIKA Y 1: a — cXxeMa BKIIFOUCHHS;
0 — niarpama poOOTH; B — eJIEKTpUYHA cxema pelie yacy Kl

TAUMEP-OB’EKT (puc. 7.13) Takox sx i JIUMJIBHUK-OB’€KT
(puc. 7.10) y HMKIOBUX CUCTEMaX KEpyBaHHS 3 KOHTPOJIEPOM 3aCTOCOBYIOTHCS
HI K (pi3UUYHI €JIEKTpOMEXaHi4HI a0o0 eJEeKTPOINHEBMATHUYHI MPHUCTPOi, a 5K
nporpamMHi 00’€KTH KOHTposiepa. B penelHO-KOHTAaKTHUX CXEeMaxX IMKIOBOTO
KepyBaHHA 6e3 koHtponepa TAWMEPHU i JIMMJIBHUKU, ne ¢izuuwi
€JIEMEHTH €JIEKTPUIHHUX CXEM MEXaTPOHIKH.

Ha texnonoriunoi MoBi STL nporpamysanns TAMMEP-OB’€EKTy Takosx
sk 1 JIIUMJIbHUK-OB’€KTy ckmanaetses 3 TphoxX dactuH (puc. 7.13), a came
onHo GitoBoro omepanma  crany TAWMEPA (Tn) i zaBox 16-GitoBux
onepanzis: ITIPECEJJEKTOPA TAMMEPA (TPn) i CJIOBA TANMEPA
(TWn).

TAMMEP-OE'CET |=

_| EITCTAHY TAFMEPA |, |TIPECENEKTOP TAFIMEPA|, [ CIOBO TANMEPA
(Tn) (TFn) (TWn)

Puc. 7.13. Crpykrypua cxema TAUMEPA sik 06°exra Ha MoBi STL
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B neaktuBHMI (BuMKHeHumi) cran (Tn=0) 6ir crany TAMMEPN
nepeBoAuThcs koMannoro RESET. Takox B HeaktuBHHE crtan (Tn=0)
TAVIMEPn aBTOMAaTHYHO IEPEBOMMTHCS KONH 3allpOrPaMOBAaHMI IEpioj dacy
3aTpUMKU TailmMepa  3aBeplieHUN. SK BIAPI3HUTH Il JABa «HYI» Ha
nporpamMHoMy piBHI? 71 OO BBOASTHCS MpOrpamMHI Mapkepu (€IeMEHTH
nam’sti) mig HazBoro OJIAI'N (Fn) 3 mommpeHo Ha3BOW «gprae nokpumms
maumepa.

VY 3B’A3Ky 3 IIUM Hajaadl JjIs JBOX CKJIaJ0OBHX TAUMEPA-OB’€EKTA
OyZIeMO pO3pI3HATH aKTUBHHM «1» cTaH 1 HeakTUBHMM (HyneBuid) ctan «0» 3a
nonoMoror HacTymHuX Tpbox OJIATIB 11i150B0r0 NMpr3HAYEHHS.

F0.0:=1/0 me ®JIAl mouatkoBoro crany TAMMEPA (raiimep
yBiMKHEHMI1/BUMKHeHHiT). To6To, ko ®JIAT mouatkoBoro crany TAUMEPA
(F0.0=1) mnpwuitMaroTh 3HaYCHHS «1» IIe TO3HAYA€E MO TaMep BKIFOYAETHCS 1

nouynHae podoty 3a komanaoo SET. B pesynbrati yrBoproersest BIT aktuBHOTO
crany TAMUMEPn (Tn=1).

F0.1:=1/0 ne ®JIAT kinuesoro crany TAMMEPA (taiimMep BizpaxyBas
Yac 3aTPUMKH/ILIE PaXy€e 4ac 3aTPUMKH).

F0.2 :=1/0 ne ®JAT TIPECEJIEKTOPA TAWMEPA (DJIAT
I[TOKPUTTA TAMMEPA). Iuiniamizamis npecenektopa Taiimepa i
3aBaHTaXCHHS YUCIa (4acy 3aTpuMKH) BigOyBaeTbesa komanaorw LOAD Vn TO
TPn (upuknmax 7.1 i mpukman 7.2). TIPECEJIEKTOP TAMMEPAn (TPn)
CIIY’)KHTB JIJISl TONEPEIHBOI yCTaHOBKM 3HadeHHSIM (umciaom V) 16-GitoBoro
onepanga IPn nns taiimepa Tn. Ilpu npomy iHimiamszaumis mpeceaexkTopa
taiimepa TPn Moxe OyTH 3 4aCOBHMM KJIacOM IO 3aJlaHuil siBHO (mpukiian 7.1) i
iHimami3amis TPn 6e3 3aBnanHs yacoBOro Kiacy (mpukian 7.2).

CJIOBO TAUMEPA n (TWn) - 16-GiToBuii omepanm, B SKuil HpH
3anycky TAUMEPAnN xomanoro SET aBToMaTHUHO TepeaaeThes (KOMIeThCs)
snauenns (uncna V) ITIPECEJIEKTOPA TAUMEPAn (TPn). 3mict CJIOBA
TAUMEPA (TWn) aBTOMATHYHO 3MEHIIYETHCS KOHTPOJEPOM uepes CTaii

intepsanu wacy noku CJIOBO TANMMEPA ne Gyne HOpiBHIOBATHCS HYIIIO
(TWn =0).
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[IporpamyBaHHs TaiiMepa BHKOHYETbCS B HACTYIIHOI TOCJIIOBHOCTI:
komanaa THILITAJIIBALIT ITPECEJIEKTOPA (mpe ycTaHOBKa ab0 MOKPHUTTS)
TAMUMEPAn; xomanma ma 3AIIYCK TAUMEPAn; xomanma IIEPEBIPKU
CTAHY TAMMEPAn (nparifoe/3ynHeHNU).

1. THILIAJII3ALIIS TIPECEJIEKTOPA TAMMEPA

Ipuxnao 7.1. Inimiamizanis npecenekropa TP1 taiimepa 1 3 yacoeum

KIacom.
STEP1
IF NOP '3aBXI1 BUKOHAHHSA

LOAD V5 '3ABAHTAXHWNTU 3HaueHHS 5 3aTPUMKH 4acy
TO TP1 '8 [IPECEJIEKTOP TAVIMEPA 1

WITH SEC '3 YaCOBUM KJIaCOM «CEKYHIN»

B pesynpraTi uporo ¢parmenty nporpamu (BUPA3Y) Taiimep 1
3amporpaMoOBaHM Ha 3aTpPUMKy Yacy, IO CKJIagae S5 cekyHla. Moxiusi
HACTYIHI YacOBI KJIACH JJIs Taiimepa:

HSC — (one Hundred SEC) coTi yacTku ceKyHIH;
TSC — (Ten SEC) necsti 4acTKU CEKYH/IH;

SEC - cexynnau;

MIN — minyTH.

llpuxnao 7.2. Tniniam3zauis npecenekropa TP1 taiimepa 1 6e3 wacosoeo

K1acy.

STEP1

IF NOP '3aBKIU1 BUKOHAHHS

LOAD Vv500 ‘sgaueHHsa 500 3aBaHTaAXXUTHU

TO TP1 's [IPECEJIEKTOP TAMMEPA 1

B pesynbrari 1poro ¢gparmMeHty nporpamu (Bupa3y) HEBCTaHOBJIEHUUN
yacoBuil knac Oyne ckinanatu 1/100 cekyHau 1 TOMy 3aTpuMKa yacy Taimepa 1,
gka 3agaHa y mpecenektopt [Pl Oyme ckmagaTd TakoX S5 CEKyH
(500*1/100= 5 c.). Hiama3on yacy moxe ckiaaatu 0...65535, mo 3abe3nedye
yac 3atpumku taiimMepiB Big 0,01 1o 655,35 cexyn.
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2. 3AITYCK TAMEPA
3amyck TaiiMepa BUKOHY€ETbCS KomaHa0t0 SET:

IF I.1.0 KO Bxix 1.0 akTuBHUM (TYT MOXKe OyTH
'0y/Ib-sIKa YMOBAQ)
THEN SET T1 '‘TOMI 3anyctutu T1 - Taiimep 1

[Ticns BukonanHst komanau SET T1 (y 3aranbHOMY BUNAAKy KOMaH/IH
SET Tn) nporpama aBTOMaTH4YHO BUKOHY€E HACTYyMHI 4 mii:

1. 3nauenns (TP1) ITPECEJIEKTOPA TAMMEPA 1 xomiloeThcs B
CJIOBO (TW1) TAMEPA 1, To6T0 TW1:=TP1;

2. Cran TAUIMEPA 1 BcraHoBimoeTbcs B akTuBHHil craH (T1=1) i
TAVMEP 1 3amyckaeTbcs B po6OTY;

3. 3nauenHa B TWI1:= TP1 aBTOMaTn4HO 3MEHIIYETHCS KOHTPOJIIEPOM Y
BIJIMOBITHOCTI 13 BU3HAYEHUM THTEPBAIOM 4acy (npukiao a abo npuxnad 0);

4. Komn CJIOBO TAUMEPA 1 nocsrue «0» (TW1=0), TOJII craryc
TAVMEPA BcranoBmoetses B «0» cran (T1=0), T06T0 Taiimep 1 crpamboBye
i3 3aanoro [IPECEJIEKTOPOM TAUMEPA (TP1) 3aTpuMKoOI0 Hacy.

3. IIEPEBIPKA CTAHY TAMMEPA
[lepeBipka akTUBHOCTI TaiiMepa, Hampukiaag 11 Ha nOpoTsa3l dyacy
3aTPUMKH, SIKUM BCTAHOBJIEHUW IIPECEJIEKTOPOM TalMepa BUKOHYETHCS B
ymoBHii yactuHi BUPA3Y:

IF Tl AKIIO Ttaitmep 1 BriIrOUeHMM (Mpariroe)
IFN T1 KO raiimep 1 BUMKHEHUH (3yITMHEHUH)
3ynunenns TAVIMEPA

Jlnsa 3ynuHeHHs TaliMepa Tpeba 3actocyBatu komanay RESET i 3amatu ioro
HOMEp N Taumepa:
IF I1.0 AKIIO Bxix 1.0 BxiroueHuii  (mparpoe) |,
THEN RESET T1 '"TOJI 3ynuaut TAUMEP 1

Ipu ubomy 6ir CTAHY TAMMEPA 1 Bcranosmoersest B cran (T1=0).
SKIO Taiimep 1 Bxke OyB B HeaktuBHOMY cTaHi (T1=0), TO Hidoro He
BiJI0YBa€ThCSI.
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IIpu kpoxoBiit cTpykTypi nporpamu, AKIIO ymosra uacmuna supazy €
«ICTUHA», T0 KOXHIN pa3 OyAyTh BUKOHYBAaTHCS KOMaHIW, SKI 3a7aHl Y
suKoHasyiti yacmuui 1H0T0 8upasy. B moBi STL ymoBa icturnocti BUPA3Y
OLIIHIOETHCA B KOKHOMY LIMKJII IpOorpamMu 6e3 BpaxyBaHHS MOIMEPEIHbOTO CTaHy
nsoro BMPA3Y. Tomy mo6 yHHUKHYTH HEKOHTPOJIHOBAHOTO OAaraTOKpaTHOTO
BUKOHaHHs Outbmiocti komana Taiy SET Tn mst taiimepi, komann INC/DEC
CJIOBO JIIYMJIBHUKA  (CWn), xomanng SHL/SHR Ta  iHmix
BUKOpUCcTOBYIOTh DJIATL, sik 3aci® koHTpOIO cTany (1/0).

3ano6iranns nopTopHoro Braouenns TAVUIMEPA 6e3 onepanna ®JIAT
B umpomy mpukiam  po3MNISHYTO — 3allpOrpaMOBaHE  BKIIIOYCHHS
enekrpoaBuryna mnpuBonxy O1.0 na wac 10 cexyHn (Yac TpPOKPYTKH) 3a
nornoMoror maimepa T1 Ta HatuckanHi kHOmkH «Starty 1.1.0 mpm yMoBi 1m0
BKJIFOUCHHS BiZIOYBA€ThCS MICIS MAy3U 5 CEKYH/, sIka BUSHAYAETHCS maumepom
T2 1 g 3amoOiraHHs MOBTOPHOTO BKJIIOYEHHS (Mepe3ammycKy) TaiMepiB
BUKOPUCTOBYEThCS MoeqHanHsa koManau STEPn 3 komannoro SET Tn (3amyck

TaiiMepa n).
STEP 1
IF NOP '3aB)KJIM BUKOHYBATH (1HIIami3aris
'[IpU BKJIFOUEHHI KUBJICHHS )
THEN LOAD V500 '3aBaHTAKUTH NPECENEKTOP Taiimepa 1 mays3u
TO TP1 ‘gucioM 500 miisg yacy may3u 500*.01=5 ¢
LOAD V1000 '3aBaHTAXKUTH MPECEJIEKTOP Taiimepa 2
TO TP2 ‘yucnom 1000 msg yacy npokpyTku 1 ¢
SET T1l 'yBIMKHYTH Taiimep T1 may3u
STEP 5 ‘BUpa3 | 0CHOBHOI mporpamu
IF N Tl KIIO Taiimep 1 BianpairoBaB
AND N T2 '1 TaiiMep 2 Hi NMpaure
AND N 01.0 '1 enexTpoaBuryH O1.0 BUMKHEHUI
AND I.1.0 'l HaTHUCHYTa KHOTKa «Start» 1.0
THEN SET T2 'TOMI 3anmyctuTn TanimMep 2,
SET 01.0 'Ta YBIMKHYTHU €J1eKTpoABUTyH 1.0
STEP 10 'BUpa3 2 OCHOBHOI POrpamMu
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IF N T2 KIIO yac npoKpyTKH €JIEKTPOABUTYHA
‘3akiHunBcs(TaliMep 2 Biampairoas 10 ¢)
THEN RESET O01.0
SET Tl

JMT TO 5

'TOMAI 3ynuHUTH eeKTpoaABUTYH 1.0
'Ta 3HOBY 3aIlyCTUTH Taiimep 1 may3u 5 c
'[IEPENTH na STEP 5, To6T0 noyatu

'po0OTY €IEKTPOABUTYHA CITOUYATKY
3ano0iraHHsi NOBTOPHOI0 BKJIIOYEHHsI (Iepe3amycKy) TAUMEPA 3
BUKOpHCTAaHHAM onepanaa OJIAT

B mpomy npuxmnami F1.0 (OJIAT 1.0) 3actocoBaHuil sSIK €IEMEHT TaM’ STl

OJIHOPA30BOT0 HATUCKAaHHA KHOMKHU «Start» 1.0 B UKIOBOT CUCTEM1 KepyBaHHs
naeBMouwtiapom O1.0, Hanpukiaa 3 BUTPUMKOIO Yacy 2 ¢ 3a qornoMoroo T0
(taitmepa 0) 1 TPO (ripecenexropa Taiimepa 0).

STEP1 '0THOKpATHA 1HIITaji3aris
THEN LOAD VO
TO 0)7(0) ‘pukiirounTH Bci BUXOJIN
RESET F1.0 ‘ckunyTtHy (aar 1.0
LOAD V200 '‘3aBaHTaXUTH yncio 200
TO TPO 'y npecenekTop Taiimepa 0 1 1eit Taiimep
‘crae 2-cekyHnHumM(200*0.01=2 ¢)
STEP 2 '0OCHOBHA ITporpamMa
IF I1.0 KO kHonka Start 1.0 HatucHyTa

AND N TO
AND N F1.0
THEN SET TO

'1 atimep TO H1 mparrtoe
'1 pnar F1.0 ckunyTui,
'TOMI 3anyctuTu Taiimep 0,

SET 01.0 'YBIMKHYTH MHeBMOLMIIHID 1.0

SET F1.0 'YBIMKHYTH (pJ1ar HaTUCHYTOI KHONIKH 1.0
IF N TO AKIIO Ttaitmep 0 BiampaitoBas

AND 01.0 '1 mHeBMouuiHp 1.0 crpaitoBas
THEN RESET O01.0 '"TOI Bukmrounty mHEeBMOLMIIHAP 1.0
IF N TO KO Ttaiimep 0 HE akTUBHUI

AND F1.0 '1 guar F1.0 nam’sitae ogHOpa3oBe

'HaTUCKaHHS KHOMKHU Start 1.0
AND N I1.0 '1 knomka Start 1.0 BiamyieHa
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THEN RESET F1.0 'TOAI BumkuyTH dutar 1.0, ToOTO
'miArOTYBATH IeH ¢uiar 10 HACTYIHOTO
'HaTUCKaHHA KHOnKH Start 1.0

IF NOP 'BUKOHYBATH 3aBXKIH, SIKITO 3alpOrpaMOBaHi
'nii y BukoHaB4iii vactuai BUPA3Y

THEN JMT TO 2 '"TOAI nepevitu Ha STEP 2, To6TO
'IPOJOBKUTH ITUKA poOoTH 3 kKpoky STEP 2

[loznauenns ¢yskiionansHoro O5MoKy «TaiiMep» 1  mpuKiIagu
nporpamyBaHHs Taiimepy Ha MoBax IL, FBD 1 ST nmporpamsoro cepenoBuiia
CoDeSys HaBeneHi B Tabmui 7.2.

Hampuknan, ¢yskmionansanii 6ok TOF  «Taitmep 3  3aTpuMkoro
BUMHUKaHHS» Mae mo3HadeHHs BXoxiB IN 1 PT, a BuxomiB Q 1 ET Ha sxux
MOXyTh Oytu curHamu tuny BOOL = TRUE a6o FALSE 1 TIME:=s

(cexyHan).

Sxmo IN gopiBatoe TRUE, 1o Buxim Q = TRUE 1 Buxix ET = 0.
Ax Ttubku  IN mepexoguts B FALSE, mnoumnaerbcst Bimmik yacy (B
Mmisicekynaax) Ha Buxonl ET. [lpu gocsrHeHHi 3ajaHOi TPUBAJIOCTI BiJUJIIK
synunsaerbes. Buxin Q nmopiBHioe FALSE, sxmo IN nopisaioe FALSE 1 ET
nopiBaoe PT, inakme - TRUE. Takum uymHOM, Buxig Q ckumaerbes 3
3arpuMkoro PT Bix cnagy Bxoay IN.

Tabnuns 7.2 [To3HavyeHHs 1 MPUKIIAAX NPOrpaMyBaHHs TaitMepy
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Hosnauenns gyuxyionarsnoao baory "Taiivep™ & piznix pesicunwae pobomn

TP TON TOF
wraimMepy 4TAaBEMED 3 3ATPHMKOH «Talsep 3 3aTP AMK G0
EELTR0-T CICE A% EH K0 TEEH TS
P PT,Q.E
(IN.PT, Q.ET) TON{IHN, PT, ,ET) TOF(IN, PT, Q,ET)
Hpuxtad czorouensa: JTpunead 02oRmueH ! IIpwcrad o2on0uwelia:
TPInst : TP: TONInst: TON; TOFInsi: TOF;

Tacogi dlgzpavia pobomi maivepy 8 pisHice pexcumay

lllll
nd LI L Lo
th il DBy o

2 W o

Ilﬂ
S W Wy b
0w 1 o2aw v

-1-
o ET wers P
T / | 1 1 e

0 11 2 H ﬁw

B A I B
N% aoou 80
el LJ L -

0 t+PT & ﬁ+?‘r'“'
- g

tl ﬂﬂ“ﬁlﬂ“

Hpukaed npozpawysasing maiivepy e wosi IL

CAL TPinst{IN = VaBOOL1,
PT :=T#s)

CAL TONIns1{N = VarBOOLA,
PT :=Ti5s)

CAL TOFInst{IN := VarBOOL1,
PT := TH5s)

LD TPInsiG LD TOMInstQ LD TCRAnst.Q
ST VarBOOL2 ST VarBOOL2 ST VarBOOL2
ITpuxaad npozpauyignus maiivepy va mosi FRD
TPlost TONInst TOFInst

'arBOOL1 -1-'arBoan
T#HSs

TOMN
arBOOLL J1y  Q-vVarBOOL2
T#Ss4PT F

i TOF
"arBOOLL iy QavarPOOLY
T#5=-PT E

Tpuxnad npoZpaMyeaHms maiivepy Ra M

ogi ST

TPIost(IN =
VarBOOL1, PT=T#5s);

VarBOOL2 :=TPInst.;

TONIR{IN =
YarBCOL1 PT=T#5s);

TOFInet{IN :=
VarBOOL PTi=TH#5s)

VarBOOL 2 :=TOFinet.0)

CTPYKTYP

Taiimep e nmivmbHUK iHTEepBaiB yacy. Ckopodyenns: TON — Timer ON

(ratimep BumkHeHHs1); TOF — Timer OFF (TaiimMep BKJIFOUCHHS).

Posrinsitnemo mpukiaaun noOyaoBu mnporpam  PTI1...PT8 kpokxoBux
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Tabmug 7.3

Allocation List qyis mporpaMyBaHHs TaiiMepiB

Tun Abs. KomenTap 3a 3microm aii
No | omepan- ’ms (He TPAHCJIIETHCA MPOrPaMoI0)
Aa B = = =
[LIK AHIJIOMOBHHI YkpaiHomMoBHUI
1 Buxig | 00.0 | Output flashes Buxixn, mo Mmurae mnporpamm
without steps 6es KpOkiB aJns1 TanMepa
2 Buxig | 00.1 | Output flashes Buxixn, mo Mmurae mnporpamm 3
with steps KpokaMy nJsI TanMepa
3 Buxing 00.2 | Timer OFF delay Buxizn, sIKMM cOpaubsOBYE NPU
without steps BaTpPUMMKM Yacy BMMMKaHHS
TauMepa nporpamm 6es
KPOKiB
4 Buxipg 00.3 | Timer OFF delay Buxip, sIkMi CHpanbOBYE NpH
with steps BaTpuMKHY Yacy BUMUKAHHS
TaMMepa nporpamMm 3 KpoKaMm
5 Buxipg 00.4 | Timer ON delay Buxizn, sIKui cOpaunsOBYE NIPU
without steps BaTpHUMKHY Yacy BMUKaHHS
TakMepa y nporpami 6es
KPOKiB
6 Buxing |00.5 | Timer ON delay BUX1J, SIKMM CHpaubLOBYE IpU
with steps BaTpHUMKHY Yacy BMUKaHHS
TayMepa nporpaMmu 3 KpOKaMm
7 Buxig | 00.6 | Output visua- Buxip, sIkmMM nokasye
lising the puls | nynecaniwn
8 Buxig | 00.7 | Puls timer Buxin, sIKMM IIOKaByeE€ pPexXmMm
without steps nynscaunii TarMepa nporpamm
3 KpokaMu
9 Bxip I0.4 | Start timer OFF | Bxipg nouvarky po6oTmu
delay TaMMepa BMMMKaHHSI
1 Bxino I0.5 | Start timer ON Bxig nmouaTky po6oru
0 delay TaMMepa BMMKaHHSI
1 Bxing I0.6 | Start timer Bxipg nmouarky po6oTu
1 TarMepa
1 $és1ar FO0.0 | Edge for Timer EseMeHnT nam’ssTi Ogns
2 ON TaMMepa BMMKaHHSI
1 dyar FO0.1 | Edge for Timer EneMeHT nam’aATi gns
3 OFF TarMepa BMMMKAaHHS
1 | Tanmep TO Puls timer TariMep nyJscaunii nporpamm
4 using steps B KpoKkammu
1 | Tanmep Tl Puls timer TayiMep nyJscaunii nporpamm
5 without steps 6es KpPOKiB
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1 | Tammep T2 | Timer ON delay TarMep BMMKaHHSI IporpaMm
6 using steps 3 KpokKaMm
1 | Tanmep T3 Timer ON delay TayiMep BMMKaHHSI OporpaMm
7 without steps 6es3 KpokisB
1 | Tammep T4 | Timer OFF delay | TarMep BMMMKAaHHSA IpOIpPaMm
8 using steps 3 KpokaMm
1 | Tammep T5 | Timer OFF delay | TarMep BMMMKAaHHS IpOIpPaMm
9 without steps 6es3 KpoOkisB
2 | TanmMep T6 | Timer Flashing TayiMep MepexXTiHHsI nporpaMm
0 time using steps | 3 kpokxammu
2 | Tawnmep T7 | Timer Flashing TarMep MepPexTiHHS nporpammu
1 time without 6es3 KpOKiB
steps

2 | Iporpa- | PT1l | Puls timer using | [IporpamMa nyabCcyodYoro
2 Ma steps TarMepa 3 KpoKaMu
2 |Iporpa- | PT2 | Puls timer [IporpaMa nyabLCYyHoYOI'o
3 Ma without steps TarMepa 6e3 KpPOKiB
2 | Iporpa- | PT3 | Timer ON delay [lporpama TarMepa BMMKaHHS
4 Ma using steps 3 KpokaMm
2 |Iporpa- | PT4 | Timer ON delay [lporpama TayMepa BMMKaHHS
5 Ma without steps 6es KpoOkiB
2 |Nporpa- | PT5 | Timer OFF delay |IlporpamMa TaiMepa BMMMKaHHS
6 Ma using steps 3 KpokaMm
2 | Iporpa- | PT6 | Timer ON delay [lporpama TamMepa BMMMKAaHHS
7 Ma without steps 6es KpoOkiB
2 | Iporpa- | PT7 |Flashing with IporpamMa MMI'OTiHHS 53
8 Ma steps KpoKaMm
2 | IIporpa- | PT8 |Flashing without | [[porpaMa Mumroriuus 6e3
9 Ma steps KPOKiB

[Ipu ctBOpenHi mnpoekTiB B cepenoBunli FST moBoro STL

nepeadavaeThCsl HACTYMHUN MOPSA0K po3poOku mporpaM. Criodyatky moTpiOHO
Allocation List (Anokeimen Jlucr),
BIJIMOBIJIHICTD CUMBONbHUM IMEHaM onepanoié Mo BUKOPUCTAHI y Mporpami ix

MpONMUCATH KA BCTaHOBIIOE
abconromuux imenam , SIKI TOpuB’s3aHl 10 BxoaiB/BuxoniB (Input/Output)
KOHTpoOJIepa Ta A0 JUISHOK MaMm’sTi KOHTpoJepa Ajisi TalMepiB, JIYUIbHUKIB,
¢dnariB (MapkepiB, eineMeHTIB nam’sTi). [IporpamMmu MOXyThb MaTu CTPYKTYpY 3
kpokamu (STEPs) abo maTu cTpykTypy 06€3 KpOKiB.
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3 ypaxyBauHsM AnokeimeHn Jlucra (tabn. 7.3) po3risiHEMO MOPSAIOK
po3pobku mporpamu PTO, sika 3abe3neuye 8 mporpam PT1..PT8 moyarky
po0OTH TaiiMepiB B PI3HUX PEKUMAX B CXEMax MEXaTPOHIKH.

3aye6aodenH A NO3HAYKOK «‘» Ha MOYATKY KOXKHOIO psAJKa B
nporpami TyT 1 HaAalll MO3HAYCHI KoMeHmapi 00 npozpamu, siKi iIrHOpyrThCs
P KOMIIJIAIIT TIpOoTrpamH.

Iporpama PTO. IIporpama PO 3abe3rneuye moyaTtok poOOTH Mporpam
PT1...PT8 kpokoBUX CTPYKTYp 1 0€3 KPOKOBHUX CTPYKTYp IpH BiJICYTHOCTI
koMaH/ (Start all programs PT1...PT8)

IF NOP ‘AKIIO komanga NOP 3ABX/IU
THEN SET PT1 ‘TOII BAAATH nporpamy PT1 3 kpoxkamu

SET PT2 ‘3AIATU nporpamy PT2 6e3 kpokiB /uisi  TaiiMepa
SET PT3 ‘3AJATH nporpamy PT3 3 kpokamu

SET PT4 ‘3AIATU nporpamy PT4 6e3 kpokiB

SET PT5 ‘3AJJATH nporpamy PT5 3 kpokamu

SET PT6 ‘3AJATHU nporpamy PT6 6e3 kpokiB

SET PT7 ‘3BAJATU nporpamy wmurotinas PT7 3 kpokamu
SET PT8 ‘3AJATHU nporpamy murotiaas PT8 6e3 kpokiB

Iporpama PT1. TIIporpama PT1 (kpokoBoi cTpyKkTypH) 3a0e3meuye
BMHKaHHS 1 BUMUKaHHs Buxony 0.6 Ha 3amanuii yac micas curHany 10.6. 1s
mporpama 3abes3rneuye pexxum myJsbcallli TaiMepa.

STEP Init

IF I0.6 VAKIIO € nasBHicth curdainy 10.6

THEN SET TO ‘TOAI yBimkHyTH Taiimep TO
WITH 5s ‘Ha 5 CeKyH[

STEP Check Tim

IF TO VAKIIO yBimkHenuii Taiimep TO

THEN SET 00.6 ‘TOMI yBimMxuyTH Buxig O0.6

OTHRW RESET 00.6 ‘B inmomy Bunanaky BuMkHyTH Buxig 00.6

IF N TO ‘[pwu BigmparroBansi Taiimepa TO
AND N I0.6 ‘I BigcyTHOCTI curHany 10.6

THEN JMP TO Init ‘[epetitu 1o kpoky STEP Init
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IF NOP VAKIIO =Hivoro HE BiIOYyBAETHCS
THEN JMP TO Check Tim ‘TOJI nepeiitu 1o xpoky Check Tim

IIporpama PT2. [IIporpama PT2 (3 cTpyKTYpOI0 HHMKJIY 6€3 KPOKiB)
TaKOX 3a0e3reuye BMUKaHHS 1 BUMUKaHHA Buxony 0.6 Ha 3amaHuii dac micys
curnaiy 10.6 1 3a06e3nedye Takox peKUM MyJbcallii Taiimepa.

STEP Init
IF I0.6 ‘[Ipu HasiBHOCTI curHainy 10.6

AND N Tl ‘I BumkHeHOMY Taiimepi T1(1a6:1.7.3)
THEN SET Tl ‘VBimMkHyTH Taiimep T1

WITH 5s ‘Ha 5 CEKyH/]

IF Tl ‘[Ipu BBiIMKHEHOMY Taiimepi T1
THEN SET 00.7 ‘VBiMkHyTH Buxia O0.7
OTHRW RESET 00.7 ‘B inmomy Bunaaky sumkHytd 00.7

Iporpama PT3. IIporpama PT3 (kpokoBoi cTpyKkTypH) 3a0e3meuye
BMHKaHHA Buxoay 0.5 micis 3aTpuMKy B yaci pu HasiBHOCTI curHainy 10.5. s
mporpama TaiiMepa BMUKaHHS Ma€ KPOKOBY CTPYKTYpPY 1 3a0e3medye peskum
poOOTH Taiimepa 13 3aIi3HEHHSIM [P BMUKAaHHI.

STEP Init
IF I0.5 ‘[Ipu nasiBHOCTI curHaiy 10.5
THEN SET T2 ‘Taiimep T2 moumHae podoTy
WITH 5s ‘Ha 5 CeKyH/I
STEP wait
IF N I0.5 VAKIIO curnany 10.5 BiacyTHin
THEN RESET T2 ‘Toni BUMKHYTH Taitmep T2
JMP TO Init ‘ta nepeiitu 10 Kpoky STEP Init
' BxuroueHHs BUXO/Ty Micis 3aKIHUEHHS 4acy 3aTPUMKH

IF N T2 VAKIIO Ttaiimep T2 BiampairoBaB

AND I0.5 ‘1 Bxixg 10.5, gk 1 paHime J0piBHIOE «1»
THEN SET 00.5 ‘TOAI Buxix O0.5 Oyne yBIMKHEHUH 1

‘Hajal Tmpu BiampairoBaHHi Taitmepa T2 1 HasBHOCTI curHary 10.5
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STEP end

IF N I0.5 ‘[Ipu BigcyTtHOCTI curHamy 10.5
THEN RESET 00.5 ‘BumkayTtyn Buxing 00.5
JMP TO Init ‘ta nepeitu 10 kpoky STEP Init

Iporpama PT4. IIporpama PT4 (3 cTpyKTYpoI0 HNHKJIY 6e3 KPOKiB)
3a0e3neuye BMukaHHS Buxony 0.4 micis 3aTpUMKH B Yaci MpU HassBHOCTI
curHany 10.5. Ilg mporpama Takox 3a0e3medye pekuM poOOTH Taiimepa i3
3aIli3HEHHSIM MPU BMUKaHHI 5K 1 mporpama PT3.

IF N T3 ‘AKIIO Taitmep T3 BUMKHEHUI
AND I0.5 ‘I € curnan na Bxoxi 10.5
AND N FO0.0 ‘I Bumkuenuit ¢paar F0.0 (ta61.7.3)
THEN SET T3 ‘TOJI yBimMKHYTH B poboTy Taiimep T3
WITH 5s ‘Ha 5 CEeKyH/]I 3aTPUMKH 4Yacy
SET FO0.0 ‘Ta yMUKHYTH enieMeHT ram’at1i F0.0
‘TaliMep BUMHUKA€EThCS, SIK TUIbKU Ha Bxol 0.5 3’aBnseTses «0»
IF N I0.5 ‘[pu BiacytHOCTI curdaiy 10.5
THEN RESET T3 ‘BUMKHYTH Taiimep T3
RESET 00.4 ‘BUMKHYTH Buxig 00.4
RESET FO0.0 ‘1 BUMKHYTH esieMeHT nam’siti FO.0

‘Buxin 00.4 BMUKA€EThCS, SIK TUTBKH 3aKIHUYETHCS 4YaC BUTPUMKH Taiimepy T3.

‘[Ipu npomy Bxif 0.5 3anuiaeTbcs yBIMKHEHUM

IF N T3 AKIIO Ttaitmep T3 BianpartoBaB
AND FO0.0 ‘1 € curaan eixeMmenTa mmam’sati FO.0
AND I0.5 ‘1 Bxijg 10.5 3anummaeTbes  YBIMKHECHUM
THEN SET 00.4 ‘TOAI yBimknyTH Buxig 00.4

IIporpama PTS. [Tporpama PT5 (KpokoBOi CTPYKTYpHM) TaKOX
BMmukae Buxig 0.3 npu HasBHocTi curHany [0.4 1 Bumukae ioro micis
3HUKHEHHS curHany 10.4 yepes 3aganuii yac

STEP Init
IF I0.4 ‘[Ipu HasiBHOCTI curHainy 10.4
THEN SET 00.3 *BMmukanns suxoay 00.3
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IF N I0.4 VAKIIO Biacytwii curnan 10.4

AND 00.3 ‘1 BBiMkHEeHHH O0.3
THEN SET T4 ‘TOAI ysimkuyTH Taiimep T4
WITH 5s ‘Ha 5 CEeKyH]
STEP Wait
IF N T4 ‘[lpu BiampariroBanHi Taiimepa T4
THEN RESET 00.3 ‘BuMKHYTH Buxig 0.3
JMP TO Init ‘1 mepeiTu 10 Kpoky Init
IF I0.4 VAKIO € curnan va Bxoxi 10.4
THEN JMP TO Init ‘TOAI nepetitu 10 kpoky Init

IIporpama PT6. IIporpama PT6 (3 cTpyKkTypoIo muKJiIy 6e3 KpOKiB)
takok BMHKae Buxig 0.3 npu HasBHOCTI curHany 10.4 1 BuUMuKae HOro micis
3HUKHEHHS curHainy 10.4 yepes 3amannii gac.

‘[Ipu HasBHOCTI curHainy 10.4 - yBimkHyTH Buxig O0.2 i BAMKHYTH €JIEMEHT
‘mam’sTi FO.1
IF I0.4
THEN SET 00.2
RESET FO.1
‘[Ipu BiacytHocTi curHany 10.4 1 BBiMkHeHOMY BHX0A1 00.2 1 BAMKHYTOMY
‘enementi mam’saTi FO.1 — yBimMkHyTH TaliMep TS Ha 5 cexyH[ 1 yBIMKHYTH
‘enemeHT nam’sri FO.1
IF N I0.4
AND 00.2
AND N FO.1
THEN SET T5
WITH 5s
SET FO.1
‘[Ipu BignpairroBanHi Taiimepa TS5 1 HASIBHOCTI CUTHAJY B1J] €JIEMEHTA Mam’sITi
‘FO0.1 — BumknyTH Buxig O0.2
IF N T5
AND FO.1
THEN RESET 00.2
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Iporpama PT7. IIporpama PT7 (kpokoBoi cTpyKTYypH) 3a0e3meuye
nepiogrudHe BMUKaHHs/BUMHKaHHS Buxomy 0.1 3a 70mMomMoror KpoKOBOI

CTPYKTYpH IPOrPaMH

STEP Init
‘[Ipu BiACYTHOCTI KOMaH[ — YBIMKHYTH TaiiMep T6 Ha 1 cekyHy 1 yBIMKHYTH
‘Buxig 00.1
IF NOP
THEN SET T6
WITH 1s

SET 00.1

STEP Wait

‘[Ticna BianpaitoBanus taiimepa T6 BumkHyTH O0.1 1 yBiMKHYTH Talimep T6
IF N T6

THEN RESET 00.1

SET T6

STEP End

VAKIO Taitmep T6 BiampairoBaB — nepenTu 10 Kpoky Init
IF N T6
THEN JMP TO Init

IMporpama PT8. [Iporpama PT8 (3 cTpyKkTypoIo HuKiIy 6€3 KpoKiB)
CITY)KUTh JUTSI IEPIOAMYHOT0 BMUKaHHs/BuMuKaHHs Buxoay 0.0 nporpamu.

‘Taiimep 3amyckae cebe mocTiiHO pu BUMKHeHoMY Taitmepi T7, a came
VAKIIO Taiimep T7 BumkHenuit TOJI yBimknyTH Taiimep T7 Ha 1 cexyHay 1

‘ipu3zHaunTy Buxoay 0.0 3HaYeHHS TPOTUIIEKHE IIMCHOMY 3HaYEHHS

IF N T7
THEN SET T7
WITH 1s
LOAD N 00.0
TO 00.0

7.5. IlporpamyBaHHs TaiiMepiB 1A miaargopmu Arduino B cepegoBHIni
FLProg 3 BUukopucTaHusim rpagiutoi moBu nporpamyBanus FBD
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B nporpamHoMy cepenoBuiili

FLProg na rpadiunoi moBi FBD

(Functional Block Diagram crangapty MEK 61131-3) Taiimep (6:10x Taiimepu
— puc. 4.26,6 po3miny 4) e mporpamHi OJIOKH MpOTpaMu, SIKi HaBEACHI Ha

puc. 7.14.

TOF

—{ Val Q

—iEN

TON

— T | | S—

Puc. 7.14. Ilporpamui O6noxku mporpamu FLProg: a — rtaiimep tumy TOF

(Timer Off-delay) i3 3ampumroro exniouenns, sxkuit HopMye 3aTpUMKY Yacy Io

nepeaHboro GpoHTy iMIynbCy (puc. 7.15,a), mo noxarothes Ha BXia «EN» (Bi.
Enable - yBimMkuyTH); 6 — Taiimep Tuiry TON (Timer On-delay) iz sampumkoro

B6UMKHEHHA, SKAA (POpMye 3aTpPUMKY 4Yacy MO 3aTHBOTO (PPOHTY IMITYJIbCY
(puc. 7.15,0), 1m0 Takox MoJar0Thca Ha BXia « EN»

Ha puc. 7.15 HaBeneHl THUIOBI THMYAcOBI JiarpamMu poOOTH TailMepiB

turty TOF (i3 3arpuMkoro Ha BiAKIIOYeHHs) Ta TaiimepiB tumy TON (13

3aTPUMKOIO Ha BKJIFOUEHHS).

i —

|

|

JATPHEMEA

JATPHEMEI

JATPHMEI




— —aEN

JATPHMEKA JATPHEMEA

0
Puc. 7.15. Burnsan TumuacoBux giarpam po6otu taiimepis: a — tuny 1 OF (i3

3aTPUMKOIO Ha BifkmoueHHs); 60 — Tumry TON (i3 3aTpuMKOIO Ha BKITFOUCHHS )

Tatimep Ha cxemi B rpadiuHomy cepenoBuili FLPProg creoproerbes
IIJISIXOM TepeTsAryBaHHsS Oyoky Timer (taiiMep) 3 O0iOJIOTEKH MPOrpaMHUX
omnokiB (puc. 7.16).

l_' Eubnvorera anemeHToB
(=) BasoBwe 3nEMeHTH

(=] (39 () (3] (=] (S () (@) (| (S =

Nnata: 1 b

HavmeHORRHHE: E@ TPEFE[}I:J
- HoMMEHTEPHMZ :_@ T-T:II.'!IMEpH
L} [Generator]

e R [Timer] DN
#:[S3) Cueraniu
']T."UF 72(5) Maremaruka
— EF:\ I@ CpasHenne
—Val of}— || =2 Com - Nopr

52(3) Nepexniovarens

Puc. 7.16. Ilpukinan nepersryBanHsi 010Ky Timer 3 010110T€KM MpOrpamMHUX
OJIOKIB

[TapameTpu3aiiis TaliMepa BUKOHYETBCS 3a JIOTIOMOTOI0 peakTopa OJIoKy
Timer (puc. 7.17).
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MapaMETDO! I Virthopieiiin I

O Myt : Ceyrani: Mamcecyman

Puc. 7.17. BikHo peiakTopa mporpaMHoro 0J0Ky mapaMeTpiB TaiMepa

BennuunHa 3aTpuMKu Moke OyTH 3aaHa y BUIIII KoHcTanTh (7.17) abo
nogana Ha Bxix "Val" mporpamuoro 01soxky (7.16).

7.6. IlporpamyBaHHs JiynJabHUKIB MOB0I0 STL MeXaTpoHHHUX cHCTEM
TEXHOJIOTIYHUX MALIIUH TA BEPCTATIB

[IpakTuHe 3acTOCYyBaHHS JATUYMKIB KyTa TOBOPOTY B MEXaTPOHHUX
CUCTEMax MalIMH JIeTKOI TMPOMUCIOBOCTI  PO3TJISIHEMO Ha  MPUKIAJI
MporpamMyBaHHsI ~ KUIBKOCTI ~ CTIOKIB 32  JIOIOMOTOI  JIMUJIbHUKIE B
OpPSIMOCTPOYHMX ~aBTOMATH30BAHMX IIBEMHMX MaIIMHAX 3 BOYJOBaHUM
KoHTpoJiepoM. Ha Bcix miBeliHux mammuHax 1 cTiOOK BUKOHYeThes 3a 1 0060poT
TOJIOBHOTO BajJy MamvHU. TOMy JaT4MK KyTa TIOBOPOTY TOJIOBHOTO Bally MiCHs
BHUKOHAaHHS KOXXHOTO  CTiOKa Hajacwiae Ha BiamoBigHux Buxig (Output)
KOHTpoOJIepa OJHY JIOTiuHY «l». Aje MamwuHHI CTIOKM TOTPIOHO paxyBaTH
(momaBatu) mpu pyci MaTepiaiy «Brepen» (Bij orepaTopa) i BIIHIMATH MPHU PYCi
Marepially «Hazam» (mo omeparopa). I[lpu 11bOMy BUKOPHUCTOBYETHCS JBa
BUKOHABYMX MEXaHI13MHU 3 THEBMOMNPUBOAOM ab0 €IeKTPOMArHITHUM ITPUBOIOM.

JI71st BUKOHAHHS 3aKpINOK BaXKiJIb peBEPCY MaTepiaiy 3 MTHEBMOIPUBOAOM
MpU BUKOHAHHI OJWHAPHHUX 3aKPIMOK 1 MOJBIMHMX 3aKpiMOK Ha TMOYaTKy 1 B
KiHI 1mBa. JIjisi aBTOMATHYHOI OOpi3KM HUTOK BUKOPHUCTOBYETHCS MEXaHI3M
OOpI3KM HUTOK B KIHIIl IIIBa 3alporpamMOBaHOi JTOBXWHU TICIS BUKOHAHHS
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3aKpINKU B KiHI 1mBa. [IporpaMmyBaHHS JIYUIBHUKIB TAaKOXK 3aCTOCOBYETHCS B
[IUKJIOBHX IIBEHHUX MalllMHAX-aBTOMATaX JIJIs BUTOTOBJICHHS TETENb 1 3aKPINoK
Ha OJs31, MaIlIMHAX-aBTOMATax JJIs NMPUIIMBAHHS T'yA3UKIB, TUIOCKUX 1 KPYTIUX
B’SI3AJIbHUX aBTOMAaTax, OCHOBOB SI3AJIbHUX MaIlTMHAX Ta 1HIIAX MaIIHHAX JETKO1
IPOMUCIIOBOCTI.

[To3HayenHs (QyHKIIOHATBHOTO OJOKYy «JIIYMIBHUK» 1 TPUKIAAH
nporpaMmyBaHHs JiYmIbHUKIB Ha MoBax IL i FBD mporpamHoro cepemoBuiia
CoDeSys (Controllers Development System) HaBeaeni B Tabmuui 7.4.
IakpemenTHu# (increment — IPUPICT) JIYMIBHUK (TOIMIMPEHA HA3Ba — JIYUTbHUK
000aBanHs) NOJAE HAa KOXKHOMY KpOIli «1» TiCas BKIIOYEHHS JIYUIBHUKA, a
JNEKPEMEHTHUN JIIYUIBHUK (TTOIIMPEHA Ha3Ba — JIYUIbHUK GIOHIMAHHS) 3MEHIITYE
YHUCJIO Ha KOXKHOMY KpoIll Ha «1» micist komanau LOAD (3aBaHTaXUTH) YuCia B
npecenekrop CPN miunnbauka (puc. 7.18).

[HKpeMeHTHI JYWIBHUKKA Ta JIEKPEMEHTHI JIYUIBHUKA YTBOPIOIOTHCS
nporpamao komaagamu CTU ta CTD. To0OTo orosomeHHs THITY JTiYWIbHIKA B
nporpamMax Ha TEXHOJIOTIYHHMX MoBax mporpamyBanHs FBD Ta IL cranmaprty
IEC-61131, mwaBemenux B Tabmumi 7.4 BigOyBaeTbCcd  HACTYIHUMU

AHT'JIOMOBHHMMHU CKOPOYCHHAMM:

CTU — niunnpHUK qogaBaHHs (MPSIMUI a00 IHKPEMEHTHUH JIIYMIBHUK);
CTD — niunnpHUK BiTHIMaHHS (3BOPOTHMIT 200 TEKPEMEHTHUH JIIYMIBHUK).

VY 6J10KiB CHHXPOHHUX JIYWIBHUKIB (Ta0J. 7.4) € HACTYITHI TapaMeTPHU:

Tabmuus 7.4. [To3HaueHHs 1 MPUKIAAN MPOTPaMyBaHHS JTIYMIbHUKA HA
moBax IL i FBD mporpamuoro cepenoBuma CoDeSys
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InKkpemenmuui 1AUIbHUK (Ti 9 UTbH UK O000A6AHHRA)

Hpurxiraod na wosi IL Ipuxaad na mosi FBD
( Instruction List) (Functional Block Diagram)

CAL CTDinst(

CD:= VaxrBOOL1, CTUinst

LOAD:= VarBOOL2, CTIU

PV:= VarWORD1, VarBooL1—{CU Q—VearB0OOL3

Cv=> VarWORDZ) VarBool2—RESET CVj-VarWORD2
LD CTDinst.Q VarWORD1— PV
ST VarBOOL3

Bxoou: CU :BOOL; no nepenxeny dpoHTy Ha aTom Bxoae CV ysemmuyusaerca Ha 1
RESET : BOOL; sxmo TRUE, to CV cbpacusaerca 8 0
PV : WORD:; sepx it npenen sHaqexnuit CV

Buxoou: Q : BOOL; ctae TRUE, xoraa cueTyMK fOCTHrHeT 3Ha4eHua sanaHHoro PV

CV : WORD; snayeHHs, ke yBenuuMBaeTcs Ha 1, noka e pocturuer PV
ITpuxiad ozozowenns: CTUInst : CTU ;

HAdexpemenmuuil MYUIbHUK (Ti9UAHUK 6iOHIMAHHA)

Hpurirao na mosi IL Hpuxiad na wosi FBD
( Instruction List) (Functional Block Diagram)

CAL CTDinst( ]

CD:= VarBOOL1, CTDinst

LOAD:= VarBOOL2, c1D

PV:= VarWoRD1, VarB0OL1—CD Q |—VarB0OL3

CV=> VarWoRD2) VarBool2—{LOAD  CVI yarworD2
LD CTDinst.Q VarWORD1l —PV
ST VaxrBOOL3

Bxodu: CD :BOOL; no nepenneny dpoHTy Ha aToM Bxoge CV amensmyersca Ha |
LOAD :BOOL; sxkmo TRUE, CV cbpacusaercs B 3anaHe 3Ha4eHHA BEPXHbOr 0
npeneny (PV)
PV : WORD:; eepxHiii nmpenen, T.e. Ha4aATsHOE 3HAY €HHA AEKPEMEHTa.
Buxoou: Q : BOOL; crae TRUE, xorna CV crae 0
CV : WORD:; znauenHs, aKe 3MeHpI YeThCA Ha 1, mounuae3 PV i go 0
Ipuxiad ozoaowenns: CTDInst : CTD ;

RESET — Bxix ckujaHHs, OpH YCTAHOBLI SIKOTO TOTOYHE 3HAYEHHS
munnparka CV (Current Value — notouHe 3HaueHHs) cCKuaaeThes B 0;

CU (Count Up) — Bxia npssMoro paxyHky, 1o 103BoJisie 30iabmeHHss CV
Ha | npu nosiBi pponty CU = 0/1;

CD (Count Down) — BXij 3BOPOTHOI'O PaxyHKY, IO JJO3BOJISIE€ 3MEHIIICHHS
CV na 1 npu nosei ¢pponty CD = 0/1;

PV (Preview Value) — nonepeiHb0 BCTAaHOBJICHE 3HAYCHHS JTIUMIbHUKA;

LD (Load Down) — 3aBaHTaKe€HHsS MOYAaTKy 3BOPOTHOTO BIUTIKY IIO
¢pouty LD = 0/1,
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Ha Texnonorigynoi nporpamuii MoBi STL miumibHUK-00’€KT CKIIaIa€ThCs
3 mpvox yacmun (puc.7.18), a came omHOOITOBOTO Omepanna Cn — Gita cTaHy
Jlivuneauka 1 gBox Mb-omnepanais (16-6itoBux): Ilpecenexkropa Jliunmibauka
CPn i Crnoga Jliuninsauka CWn.

JITHIEHHE-OECET | =

— |EIT CTAHY JTUHITEHIK A IIPECEJIEKTOF CIOBC IIPECEIIEETOPA
(Cn) JTIHTTEHHE A (CPn) (W)

Puc. 7.18. Ctpykrypna cxema JIIMMJIBHUKA sk 06’exta Ha moBi STL

[Ipu cTBOpEeHHI MPOEKTIB 3 UMILHUKOM B cepenoBuiili FST moBoro STL
nepen0ayaeThCsl HACTYMHUM MOPSAOK po3poOku mporpaM. Criodyatky moTpioOHO
nponucatu  Allocation List (Anokemen Jluct — tabmuusa 7.5) , sKuid
BCTAHOBJIIO€ BIAMOBIIHICTD CUMBOIbHUM IMEHAM ONnepaHoié O BUKOPUCTAHI Y
nporpami  iX abconromuux imeHam , SIKI TPUB’SI3aHI JO BXOJI1B/BUXO/IIB
(Input/Output) kKoHTpOEpa Ta A0 AUISTHOK IaM’sATi KOHTpoJiepa JJis TaitMepiB,
JYWIBHUKIB, (uiariB (MapKepiB, €JIEMEHTIB mam’siTi). [IporpamMu MOXyTh MaTu
cTpyKTypy 3 kpokamu (STEPs) abo maTu cTpykTypy 6€3 KpOKiB.

Tabmuns 7.5 Allocation List qis mporpaMyBaHHS JTIYNIBHHUKIB
Tun Abs. KomenTap 3a 3wmicrom mii
Ne onepanaa | i’ms (HEe TpaHCTIOETHCS MPOTPAMOIO JIsI MAIIIMHHUX KO/IIB
n/n B KOHTpOJIepa)
IJIK AHTIIOMOBHUM YKpalHOMOBHHUI
1 Buxin 00.0 |Result forward | Pe3yabrar iHKpeMeHTHOro
counter using JiYWJILHUKA MPOrpaMH 3 KPOKaMH,
program steps a camMe BHXIJ KOHTpoJiepa, SKHUU

CIpaiboBy€e  TPU  BIAMpaIfOBaHHI
JYUIbHUKA 000A8aAHHA Y TIPOTpaMi
PC1

2 Buxin 00.1 |Result forward | Pe3syabrar iHKpeMeHTHOr 0
counter without | miynabHuka Ge3 KpokiB mporpamu,
program steps a caMe BHUXIJ KOHTpoJiepa, SKHA

CIpalboBye  TPU  BIAMpaIfoBaHHI
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NiYUIbLHUKA 000a6aHHA 'y TPOTpami
PC2

3 Buxin 00.2 |Result reverse Pe3yabTaTr JeKPEeMEHTHOT 0
counter using JiYHIbHAKA nporpamu 3
steps KPOKaMM ,a caMe BUXiJ KOHTpoJepa,

SKHH CIIpaIboOBY€ MPH BiAIpPaIIOBaHHI
AYUTbHUKA GIOHIMAHHA 3 KPOKAMH Y
nporpami PC3

4 Buxing 00.3 Result reverse Pe3syabrat JEeKPEMEHTHOI'0
counter without | JiYWJIbHUKA NporpaMu 0e3 KPoKis,
steps a camMe BHUXIJ KOHTpoJiepa, SKHH

CIIpallbOBYE  TPU  BiJMpaIfOBaHHI
NYUNbHUKA GIOHIMAHHA Y TIPOTpaMi
PC4

5 Bxing 10.0 Input signal BxigHuil curgain Ui JiYiiIbHAKa
for forward JoJlaBaHHA
counter

6 Bxin 10.1 Reset forward Bumknymu mMYuabHUK AOAaBaHHS
counter

7 Bxin 10.2 Input signal BxigHuil curgain Ui JiYiiIbHAKa
for reverse BiIHIMaHHS
counter

8 Bxin 10.3 Reset reverse BUMKHYTH NTIYUIBHUK BiJHIMAHHS
counter

9 dar F0.0 Edge detection | Enemenm nam’sami niyniabHHAKA
forward counter | gomaBanus

10 diar F0.1 Edge detection | Enemenm nam’smi miduibHUAKA
reverse counter | gigHimMaHHA

11 [porpama | PC( Start all [TouaTok poOOTH BCiX Mporpam
programs JTYUIHHUKIB

12 | Hporpama PC1 Forward counter | [Iporpama 3 Kpokamu JJisi BPAMO20
using steps aiuunvruka oooasanns CO

13 | [porpama PC2 Forward counter | [Iporpama 6e3 KpOKiB aJist
without steps auunvnuka 0ooaeanna Cl

14 | Tporpama PC3 Reverse counter | [[porpama 3 Kpokamu JIsl JiUUAbHUKA
using steps eionimannsa C2

15 | Iporpama PC4 | Reverse counter | [Iporpama 6e3 KpOKiB st
without steps aiyunvHuka eionimanns C3

16 ®rar FI Init B uwomy

17 | Jhummsank | CQ Forward counter | Jliuuasnux CO dooasanna nis

(counter) 0 with steps nporpamu P1
18 | Jhummsruk | C1 Forward counter | Jliuunsnux Cl dooasanna nis

(counter) 1

without steps

254




nporpamu P2
19 | Jluunenux | C2 Reverse counter | Jlivuavnux C2 g¢ionimanns mis
(counter) 2 using steps nporpamu P3
20 Jiunneaux | C3 Reverse counter | Jliyvuavnuxk C3 gionimannsa mnis
(counter) 3 without steps nporpamu P4
21 | Hpecenexrop | CPO Nominal value Heo0xinHe 3uadueHus LIt
mqug;ao counter 0 npecenekmopa CPO nivunvnuxa CO
22 | Tpecenexrop | CP1 Nominal wvalue HeoOxiaHe 3HauCHHS IS
Hiqmlliil;(a 1 counter 1 npecenekmopa CP1 niuunvruuxa C1
23 | Tpecenextop | CP2 Nominal value HeoOxigxe 3HaueHHs 1715
mq;ﬁg;az counter 2 npecenekmopa CP2 niuunvruxa C2
24 | Tpecenextop | CP3 Nominal value HeoOxigxe 3HaueHHs 1714
mq;ﬁi;a3 counter 3 npecenekmopa CP3 niuunvnuxa C3
25 | Cnoso(Word) | CW2 | Actual value Hiiicue 3Hauenns qus ciosa CW?2
mmﬁjzmaZ counter 2 nivunonuka C2
26 | Cnoso(Word) | CW3 | Actual value Hiiicue 3Hauenns qus ciosa CW3
mmﬁjzmaB counter 3 nivunonuka C3

po3pobku mporpamu PCO,

3 ypaxyBaHHSIM AJokeiiieH jucta (Tabn. 7.5) po3riasiHeMO NPUKIaIH

gKa 3a0e3neuye IMOYaTOK pOOOTH HACTYIHHUX

4OTHPHOX mporpam : mporpamu PC1 ta mporpamu PC3 (Steps-ctpykrypu )
JUISL  YUIbHUKG 000aeanHs (IHKPEMEHTHUW JHYUIBHUK) Ta JIYUIbHUKA

8iOHIManHsA (IEKPEMEHTHUHN TIYUIbHUK); mporpamu PC2 ta nporpamu PC4 31

CTPYKTYPOIO 0€3 KPOKIB JJISl JIiUUIbHUKA 000A8AHHS TA NIYUNbHUKA 8IOHIMAHHS

3aye6aoceH H A MO3HAUYKOK « ‘»

Ha IIOYAaTKy KOXXHOI'O psJKa B

mporpamMi TyT 1 Hajalll TO3HAYCHI KOMeHmapi 00 npozpamu, sSiKi IrHOpYyHOThCA
TPAHCISTOPOM.

'[Touatok po6oTu nporpamu PO yBiMkHYTH Bci mianporpamu Pl...P4

IF NOP
THEN SET PC1l
SET PC2
SET PC3
SET PC4

AKIIO nivoro He BinOyBaeTrbest TO/I

‘movatu niporpamy PCI1 mst migunenuka qogaBanus CO
‘mouatu porpamy PC2 mns mivnnbHuKa BigHiMaHHsa Cl
‘nouatu nporpamy PC3 st muunbHuka qonasanis C2
‘nouatu nporpamy PC4 s nmiuyuiabHUKaA BigHIMaHHS C3

IIporpama PC1 — nporpama 3 KpOKOBOIO CTPYKTYpPOIO HJisl MiJIPaxyHKY,

HaIMpUKiIad, 25 MallMHHUX CTIOKIB MpH MEpPEeMILIEHH] MaTepially «BIepea» Ta
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BUKOHAHHI IIBA 3a/IaHO1 JIOBKMHM Ha IIBEHHOI MAalllMHI 3 MPOrpaMHUM
kepyBaHHsAM. Ll nmporpama Bmukae Buxia 0.0 micis BUKOHAHHS 25 000pOTIB
TOJIOBHOTO Bajly IIBEWHOI MamMHU. JlaTuMK KyTa MOBOPOTIB MOKHA IMITYBaTH
25-pa3oBUM HaTHCKaHHSIM KHONkH S1, ska migkmodeHa g0 Bxoxy 10.0
KOHTpoJiepa Ha JsabopatopHoMmy cteHai (puc. 9.1, pozmin 9). Ctpykrypa
nporpamu PC1 noGynoBana 3 BUKopuctanusiM 4x kpokieB STEP Init, STEP
Count, STEP Continue 1 STEP Reset, NOSICHEHHS [0 SAKHUX 1
MOSICHEHHSI /10 KOMaHJ HaBelIeHI B KOMEHTapsx (IMICis MO3HA4YOK « ‘», SKi
ITHOPYIOTHCS TTPY KOMIUIALIT MpOrpamu).

STEP Init
IF NOP KO Hivoro He BiAOyBaeThCs
THEN LOAD V25 'TOII 3aBaHTAXHUTH YHCIIO 25 (CTIOKIB)
TO CPO ‘i1 npecesiekropa CPO niumibHuKa CO
SET co 'YBIMKHYTH JIYHJIbHUK CO

'PaxyHOK 1 epeBipKa CUTHATY CKUJIaHHS JIIYUJIbHUKA

STEP Count
IF I0.1 AKIIO € curnan va Bxomai I0.1
THEN JMP TO Init 'TOJI noBepuytucs 10 STEP Init
IF I0.0 SIKIIO € curnan Ha Bxomai I0.0
THEN INC CO ‘TOAI JOAATHU «1» niunnsHuKy CO
STEP Continue '‘O1iHKa CTaHy JIYUIbHUAKA
IF I0.1 IKIO € curnan Ha Bxomi I0.1
THEN RESET CO ‘TOJIl BUMKHYTH JTi4UIbHUK CO
JMP TO Init 'Ta TOBEpHYTUCH 10 STEP Init
IF N I0.0 YIKIIO BiacyTHi curHan I0.0
AND co 1 mumbHUK CO BBIMKHCHHM
THEN JMP TO Count ‘TOMI nepeiitu 1o STEP Count
IF N 1I0.0 KO BincyTHi# curaan I0.0
AND N CO 1 murbHUK CO BUMKHEHUI
THEN SET 00.0 'TOAI yBimkHyTH BUXig O0.0
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STEP Reset '‘BumkHaenus STEP

IF I0.1 SIKIO € curnan I0.1
THEN RESET 00.0 'TOJI BumknyTH Buxig 00 . 0
JMP TO Init 'TOBEpHYTUCH 10 STEP Init
IF NOP AKIIO nivoro He BinOyBa€eThCs
THEN JMP TO Reset ‘TO/JI noBepuytuch 10 STEP Reset
IIporpama PC2 — mporpama 3a TpuU3HAYEHHSAM € (YHKITIOHAIBHO

anekBaTHolo mporpami PC1 ame moOymoBaHa 31 CTPYKTYporo 0Oe3 KpOKiB.
[Iporpama Bmukae Buxiza Q0.1 micas 15-pazoBoro BMukanss Bxoay 10.0

‘HeoOximHe 3HavyeHHs 4yuciaa B JHIYAIbHUKY C1l  BCTAHOBIIOETHCS B
‘mipecenekTopl CP1 niYniIbHUKA, HAPUKIIAJ Ynicao 15 BiagnoBigae, HapUKiIai,
‘15 3amporpamMoBaHUM CTiIOKaM HUTKOBOTO IIIBA IICJS CTapTy Mmporpamu ado
‘ipu 15-pasoBomy BMuKaHH1 Bxoay (Input) I0.1 koHTpoJiepa

IF FI VAKIIO BBiMKHEHE (nar FI
OR I0.1 *ABO (OR) BBiMKHEHE BXijg I0.1
THEN LOAD V15 ‘TOAI BABAHTAXHWTU (THEN LOAD) yucio 15
TO Cpl ‘B nipecenekTop CP1 miyuibHUKA
SET Cl ‘YBIMKHYTH J1YWIbHUK C1
RESET 00.1 ‘Ta BUMKHYTH BuXiJg 00 .1
IF I0.0 ‘AKIIO € curnan Ha Bxoai I0.0
AND N FO0.0 ‘1 BUMKHEHMH enemMeHT nam’siti FO . 0
THEN SET FO0.0 ‘TOAI yBimkayTH (THEN SET) €eMEHT aM sITi
INC ‘FO.0 Ta nomatu (INC) ogHy OJuHHMITO 10 C1

‘Bumkaenus enemenTa mam’ati FO.0 munnpHrKa 104aBaHHS

IF N I0.0 VAKIIO BincytHii curnan I0.0

THEN RESET FO0.0 ‘TOMI BumkHyTH eneMeHT nam’ati F0.0

‘O1iHKa CTaHy JIYMIbHUKA

IF N Cl ‘AKIIO miyuneHuK C1 BiAIpaItoBaB
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THEN SET 00.1 ‘TOAI yBimkayTH Buxig (Output) 00.1

IIporpama PC3 — nporpama 3 KpOKOBOIO CTPYKTYpOIO Ul MIJAPaxyHKY,
HANPUKIJIAJ 5 MAalIMHHUX CTIOKIB MpH MEpEeMIIIeHHI MaTepialy «Hazam» s
BUKOHAHHS 3aKpIMOK Ha MOYaTKy 1 B KiHI mBa. Ll mporpama BMHKae BHXiA
00.2 micnst BUKOHaHHS 5 000OpOTIB FOJIOBHOTO Bajly IIBEHHOI MamuHu. [laTunk
KyTa MOBOPOTIB MOXXHA IMITyBaTH S5-pa30BUM HATHCKaHHAM KHOMKU S, ska
nigkiarodeHa 10 sxoay 10.2 konTposepa Ha mabopatopHomy cTeHal (puc. 9.1).
Crpykrypa nporpamu P1 moOymoBana 3 BUKOpUCTaHHAM KpokiB STEP Init,
STEP Count STEP Continue i STEP Reset, NOSCHEHHS 0 SIKHX 1
HNOSCHEHHS /10 KOMAaH]l HaBeJEHI B KOMEHTapsAx (IICIsA IMO3HAYOK « ‘», fKI
ITHOPYIOTBCSI TPAHCIIITOPOM).

‘Ha k OI_[i STEP Init Bil[6 BAa€ThCA 3aBaAHTAKCHHA H€O6XiI[HOFO 3HA4YCHH:A
Yy
\IMYMIJIBHHUKA 2

STEP Init
IF NOP VKO =Hivoro He BiIOYBaETHCS
THEN LOAD V5 ‘TOAI BABAHTAXUTU (LOAD) uucino 5
TO Cw2 ‘it cmoBa CW2 mivniibHUKA 2

‘Ha kporii STEP Count Bifi0yBaeTbcs paxyHOK 1 IepeBipKa CUTHATY

‘BUMUKaHHSA
STEP Count
IF I0.3 ‘AKIIO € curnan Ha Bxoxi 10.3
THEN JMP TO Init ‘TOAI nepetitu 10 kpoky STEP Init
IF I0.2 ‘AKIIO € curnan 10.2
THEN DEC C2 ‘TOAI Bigastu(DEC) «1» y miunnbauka C2

'Ha kpouii STEP Continue Big0YyBa€eThCs OLIHKA CTaHY JIYMIbHHUKA 2

STEP Continue
IF I0.3 ‘AKIIO € curnan 10.3
THEN RESET C2 ‘TOAI BuMkHyTH JTiuniibHUK C2
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JMP TO Init

IF N I0.2
AND Cc2
THEN JMP TO Count

IF N I0.2
AND N Cc2
THEN SET 00.2

‘Ha kponi STEP Reset Bi0yBaeTbcsa BUMKHEHHs Buxoay 00.2

STEP Reset

IF I0.3

THEN RESET 00.2
JMP TO Init

IF NOP
THEN JMP TO Reset

‘ta nepeitu 10 Kpoky STEP Init

VAKIO BiacytHii curnan 10.2

‘i yBiMKHEHHH TiuniapHUK C2

*TOJI nepetitu 10 kpoky STEP Count

VAKIO BiacytHii curnan 10.2
‘1 BUMKHEHUH JiuyniIbHUK C2

‘TOAI yBimknyTH Buxig 00.2

‘AKIIO € curnan Ha Bxozi 10.3
‘TOAI BumknayTH Buxig 00.2
‘ta niepeittu 10 kpoky STEP Init

‘AKIIO nivoro He BiI0OyBa€ThC
*TOAI nepetitu 1o kpoky STEP Reset

IIporpama PC4 — mnporpama 3a NpU3HAYEHHSM € (PYHKIIOHAJIBHO

anexBatHoro mporpami PC3

ane moOyJaoBaHa 31 CTPYKTYporo 0e3 KpOKIB.

[Iporpama BMukae Buxing 0.3 micns BignpamroBanHs JdiuwibHuKa C3. I[lpu

pomy ciioBo CW3 niuniabHUKA 3MEHIIYEThCS Ha «1» MpHU KO)KHOMY BMHUKAHHI

Bxony I0.1 xomangoro DEC. To6to micns 5-pa3oBoro BMHKaHHSA BXOay (5

00OpOTIB rOJIOBHOTO BTy IIBEHHOT MAIIIMHY) JIIYUJIBHUK OOHYJISETHCS 1 IPUBO/T
Baxkelto perepcy Ha Buxoai 00.3 moBepTae BaXKiJib y BEPXHE TOJIOKEHHSI.

IF FI
OR 1I0.3
THEN LOAD V5
TO CWw3
RESET 00.3
IF I0.2
AND N FO.1

VAKIIO yBimkuaennit STEP ¢unar FI

(Init)

YABO Bxix 10.3 mymisHUKA BIIHIMAHHS

‘TO/I 3aBanTaxkutu 9ucio S5(5 cTiOKIB)

* I cmoBa CW3 miuniibHMKA 3

‘ta BUMKHYTH Buxig 00.3
‘AKIIO € curnan 10.2

‘1 BUMKHeHui enement mam’ari FO.1
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THEN SET FO.1 ‘TOUI yBimkHyTH enemeHT mam’siti FO.1
DEC C3 ‘Ta BiHATU OAHY «1» Bim munnsHuka C3

'BUMKHEHHS eftleMeHTa nam’sati FO.1 giumipHuKa BiqHIMAHHS

IF N I0.2 VAKIIO Biacytwii curnan 10.2

THEN RESET FO0.1 ‘TOMI BumknyTH enemeHT mam’siti FO.1
‘Omigka crany gigmwibHIKa C3

IF N C3 KO niurneauk C3 BiAmpairoBaB

THEN SET 00.3 'TOMI yBimkHyTH Buxix 00.3

7.7. IIlporpamyBaHH# JIYWIbHUKIB 1A miatgopmu Arduino B cepenoBuiui
FLProg 3 Bukopuctanusam rpagiunoi moBu nporpamysanis FBD

Ha mporpamuoi moBi FBD (Functional Block Diagram) cranmapty
MEK 61131-3) miumwisnuk (Counter) e mporpamuuii 070K (mporpama), KA
HiJipaxoBye IMITYJIbCH, IO TojarThest Ha BXig "C" (puc. 7.19).

C CTDU
CTD —
| CPU C UD|
L L L
§_.F-||| §__F_.|I §_.F-l||
P P P
o Vi— — Vi— 0 Vi—
Rl s Rl > Rl S
a 0 B
Puc. 7.19. YmoBHI mno3HaueHHS JiuniabHHMKIB: a — CTU JgiumiabHUK Ha
30UTbLIEHHS. — NpPH MPUXOJl MEepPEeaHBOro (POHTY IMIIYJIbCY, 3HAYECHHS

miunnpHUKa 301mpmnyeThes Ha 1; 6 — CTD niunnbHUK Ha 3MEHIIEHHS — TIpU
MPUXO/I1 IEPEAHBOTO (PPOHTY IMITYJIbCY, 3HAUYCHHS JIIYMIHbHIUKA 3MEHIITYETHCS Ha
I; B — CTDU niunnbpauk Ha 30UThIICHHS a00 HA 3MEHIICHHS — HAMpPSIMOK
MIIPaxXyHKy IMIYJIbCIB 3aJIeKUTh BiJl HasiBHOCTI curHaimy Ha Bxoai "UD". Ilpu
HAsIBHOCTI CUTHAJY JIIYMJIBHUK paxye Ha 30UTbIICHHS, TIPU BIICYTHOCTI CUTHAIY
JTIYWIBHUK PaxXye Ha 3MEHIIICHHS.

Bxin R (Reset) cayxuth i CKMIAHHS JiYMJIbHHKA. [IpH HasBHOCTI
CUTHAJTy Ha IIbOMY BXO/I1, 3HAUYCHHS JIIYMIbHUKA CKUIa€Thes B 0.

260



JlivuneHuk B rpadiuHomy cepenonuini FLPprog crBoproeThcst Ha cxemi
HIIAXOM MEPeTAryBaHHs 3 010110TeKH eJeMeHTIB Ha poboue mose (puc. 7.20).

DD RO __|Bemmammons

Nnare: 1 = |¢:@ Eazoeeie Grokn

H:::mmu. © LI-:@“:I CneyuMsnbHLS pene

KouuenTapum: | [ Aeycrabunsuoe pene
i T} Pena spemMenn

I (- Tenepatop

j —CF Pene cpagxenua

2] Ananoroesie Enoxd

T -CF Marematuka

s

el

L} AranoroEsii nepernkYaTent
| L} Ananoroesiii Bx0 KOHTRONNeRa

L} AHanoroELIA BEIXOA KOHTPORNEDS
I -3} Bxon aHanoroEOCo OB EHUTERA
—{} Braxos] aHANOroBony CoSeHMTenA

I*@ CommPort

Puc. 7.20. Ilpuknan nepersryBanns 010ky Counter 3 61067110TeKH OJIOKIB

[TapamMeTpu JiYMIBHHUKA BCTAHOBIIOIOTHCSA 3a JOIIOMOTOI0 PEAaKTOpa
nporpamMHoro 0Joky (puc. 7.21).

Tun CyaTe 2
{3} UP (1a ymammuerne)

O DOV {Ha yretsuwenie)
) Bxon

@H!M&H eHME HANPABAEHHA CHETA

Bxcani
£ :Bmmueuue EHMMA P EFYCTAN0 B R
L_D MpeaycTancesa: P PERY

Beaxone=a

] TexyLss SAusrcis
[J RocTvokeie YoTanoBnennoro sHaseHus: @Humburypupunaune BbIXOA08

Puc. 7.21. BikHo penakTopa nmporpaMHOro 0JI0Ky rmapaMeTpiB JIIUUIbHUKA

[Ipu BrIIOYEHHI OMIli «MpPeayCTAHOBKAa» (TOMEPENHs yCTaHOBKA), y

miymibHAKA 3's1BIsieThes Bxia SP. Ilpu HasBHOCTI Ha 1IbOMY BXOJ1 CHUTHAIY,

JIYUIEHUK 3aIMUCYETHCS 3HAYCHHA. I_Ie 3HAa4YCHHA MOXKC GYTI/I BHUCTAaBJICHO sK

KOHCTaHTa abo mojaBarucs yepes Bxia SP (puc. 7.19).
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MapaneTpol | Mudwpnm]
Thn cueTyra

(%1 U2 {H3 yeenuarie)
3 DOWN {Ha YMeHbWese)
) Bxen

YcTanoBKa 3HAYEHUA NPEZYCTANOBRM

Broas I
V] Poeaycratosxad (O Exoa (&) KoHeranta n

Bbixdted
TexyULES HAYEHE

[ Docrixesite YCTaHOBRSHHOMD SHID=HIA,

Puc.7.22. BikHo aktuBHOro crany omuii «llonepenHs yctaHoBKa» mapaMeTpiB

BXOJy JIIYMIIbHUKA

BuxomiB y aiuniabHUKa MOKe OyTH OfuH a0o JiBa:

1. Buxin (V) (puc.7.19) e aHaioroBwuii BUXizi, Ha SKOMY (OPMYETHCSI
aHAJIOTOBHI CUTHAJI, 10 BIJIMOBIIa€ MOTOYHOMY 3HAYEHHIO JIIYMJIBHUKA.

2. Buxin (> L) e nudpoBuii BUXija, Ha IKOMY BHIAETHCS CUTHAJ, SKIIO
3HAUEHHS JIYWJIbHUKA OlIbIne a0o JOpIBHIOE TEBHIM BenmuuuHu. Ll BemmunHa
MoyKe OyTH 3aj]aHa K KOHCTaHTa abo mojana Ha Bxin L (puc. 7.19).

Mapar=p | ummml

T cueTasa
{5 UP (o yeerimesoe)
) DOWN {2 yerimesine)
) Exan
Brons
(¥ Npeycvancesa: () Bxog ) Kowcranma

NapaMepHpo baKHe YT HOBAEHAATD SHAUEHHA

Bronm

¥ Texyuwse 24averom

(¥ focnoanme yeranaanenncra nmmEmel @ mea” |

Puc. 7.23. BikHO akTUBHOTO cTaHy onuili «JloCSTHEHHS BCTaHOBIIEHOTO
3HAYCHHS MapaMeTpiB BUXOY JIUMIHHUKA
7.8. IlporpamyBaHHs yJIbTPa3BYKOBOI0 JaTYUKA JAJbHOCTI Ha miaaTdopmi

Arduino
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VYAbTpa3ByKOBUM NAaTYMK HAJCWIAE Yy TPOCTIp Y3-IMIYJIbCH YaCTOTOIO
40 xI'm (40000 I'm) 1 3amipsie yac OO0 TMOBEPHEHHS y NpUKMay JaTdvKa
NEPIIOTO €XO-CUTHalMy. 3HaiuM [ed vac 1 MBUAKICTE 3BYKY (340 wm/c)
IPOrpaMHO BU3HAYAETHCS BIACTaHb A0 00’€KTy abo manmbpHICTh 00’ekTty. Ilicis
MPUHOMY TIEPIIOTO €XO-CHUTHAJIY TNpUiiMad 3HOBY BMHKAETBCS 1 PETICTPYE
HACTYITHI eXO-curHanu (puc. 7.24).

[Tpunun poboTH HaTyuka B TEpMiHAX MPOrpaMu MOXkHa cHOopMyIIOBaTH
HACTYITHUM YHHOM :

1.ITomaemo immynbe (Start Pulse) TpuBamicTio 10 MiKpOCEKyHJ Ha BXiA
Trig natumka. Bxig Trig 3’eaHanuii 3 MUGpOBUMH TIHOM 9 TUIaTH KOHTpOJIepa
(puc. 7.24,0 1 puc. 7.25). lle¥ ctapTOBUM IMITyJIbC MPU3HAYECHUN JJIsI 3aITyCKa
LUKy pOOOTH MIKPOCXEMHU KOHTPOJIEpa JaTUHKA!
digitalWrite (Trig,HIGH) ; //3amuc iMnyJlibCcy Ha BXoJll Trig maTumka
delayMicroseconds (10) ; //TpuBanictio 10 MKC

2. Mikpocxema KOHTpoJIepa IaTYMKa 3a CTAPTOBUM IMITYJILCOM IeHepye 8
IMITYJIBCIB 3 9acToTOI0 yibTpa3Byky 40 k1. [lepioa ogHi€el XBUIl yabTPa3ByKy
nopiBHioeThesa 1¢/40 000 = 25 mxc. TpuBamicte 8 yIbTpa3BYKOBUX XBUJIb
cknagae 8*25 mkc = 200 Mkc (puc. 7.24,1). Taka mopuis yJbTpa3ByKOBHUX
XBWJIb Ma€ Ha3By Click — puc. 7.1,a (yxp. knananus, poc. memdok). Lew click
TpuBajicTio 200 MIKpOCEKYHJ HAJCWIAETHCS 4Yepe3 « [-0K0» JaTyuka J10
00 €KTY.

3. JlidmoBmm g0 00’ekty (mepemkosau), Click BigOuBaeTbes i
Echo-curnan npuiimaerscst «R-okom» natanka. OTpUMyEMO BUXITHHE CHTHA
Ha BuBOAI ECho, skuit 3’eqHanuii 3 nudpoBUMH MiHOM 8 MJaTH KOHTpoJepa
(puc. 7.24,1 1 puc. 7.25):
impulseTime=pulselIn (Echo,HIGH) ; // 3aMIpSIEMO TOBKUHY

// imnynbcy Echo-curnany
distance sm=impulseTime/58; // IepepaxoByEMO TOBKUHY
// IMIlyJIbCY B CAHTUMETPH

4. besmocepenHb0 Ha CTOPOHI KOHTpOJEpa MEPEBOJUMO OTPUMAHHMA
CHTHAJI y BiJICTaHb 3a opmysioro (7.6).

5. Jlna poborm 3 VY3JI B mporpamax mis twiargopmu  Arduino,
mwiarpopmu  Propeller Activity Board mms poGoroTexHikm Ta iHIIAX
BUKOPHUCTOBYEThCs Oi0mioreka Ping. Hassa Ping yrtBopena Bim mepmioi
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VIBTpa3EyKOBO1

Kontponep JATIHE \

. rocs Click N

05 EKTY \

‘Z ----------------- \

N

[

Start Pulse \

! N

_I_I__} Tl'ig Oﬁ €T \

Echo Time Pulse
«<— L Echo L
GND
mo 3.0..35M

KyT Gimpme 45°

JlyEe ManeHbKHH

) 00'ekT !
Kyt <45 E \\\ .
0

Start Pulse

Trig (INPUT)

amyckaromii iMmyasc 10 Mc
I eNeKTPOHIKH JaTIHEA

Echo (OUTPUT)

Click

Teneparnia naT9HKOM § IMITyIBCIB i |

“”H““““” (8*25 Mmc =

400 Mc)

Echo Time Pulse

IToBepTacMHH eX0-CHTHAT JOBXKHHOIO B
9aci B 3a1eKHOCTI BiJ BiAcTaHi 0 00'eKTy

Puc. 7.24. TlpuHumnoBi cxeMu pPoOOOTH 1 3aCTOCYBAHHS YJIbTPa3BYKOBOIO

JaT4MKa JANbHOCTI: @ — NPSIMHUI 1 3BOPOTHUM 3B’SI30K JaTYUKa 1 00’ €KTY MIpH

JTOoMycTUMIN BijcTaHl 10 3,5 M; O — €X0-CUTHajl HE MOBEPTAETHCS 10 JaTurKa

npu KyTi Ounbine 45 rpamyciB 0 TUIOHNMHI 00’€KTY; B 1 T' — OOMEXKCHHS

3aCTOCYBaHHS JlaTYMKa MPU MajduxX po3Mipax OO0’€KTy 1 MpH TMOTJIMHAHHI

VIBTPA3BYKOBUX XBUJIb MYXKUM a00 M’SKHUM 00’ €KTOM; JT — CUTHAJIHM Ha BXO/II 1

BUXO/I1 JaTYMKA IIPU MOro poOOTi
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MOJIOBUHU TP MIHT-TIOHT TOMY, 11O SK 1Y B HACTUIBHOMY TEHIC1 BIIOYBA€THCS
click mo kymbIli 1 O4iKyBaHHS pe3yJIbTATy LBOI0O «KIiKy», To0T0 Echo-curnamy
JI0 HACTYITHOTO «KJIIKY». Pe3ymbTar «KIIKy» po3paxoBye rpaBellb, a pe3yiabTaT
click mo Echo-curnany po3paxoBye MiKpOKOHTpOJIEp KOHTpojepa rmiargopmu
Arduino a6o iHmmx.

[Ipu pospaxyHKax JaJIbHOCTI JIO0 TIEPEIIKOAW, a caMme BIJACTaHl
yJIBTPA3BYKOBOTO CUTHATY TYAW 1 Has3ajJ MNOTpiOHE MEpeBE/IEHHS IIBUIKOCTI
3BYyKY B OJIMHHUIIIX M/C B OJUHHUII CAHTHMeETP/MiIKpOCeKyHJa, IO
BiIOyBaeThcs  HactymHuMm  yuHOM. IIlo6 po3paxyBaTu  BiACTaHb  Bij
Echo-curnany, sika cTaHOBUTH B JIBa pa3u OLIbIIE BiJACTaHI 0 MEPEIIKOIU (TyAH
1 Ha3aJ), TOMY PIBHSHHS Ma€ HACTYITHUN BUTIISA!

25 =c-t (7.5)
1€ C — WBUJKICTb 3BYKY
¢ =340 m/c =220 = 0.0340 .,
106 MKC

B pesynpraTi oTpumaemo koedimieHt 1/58 anga  mporpaMHOro
nepepaxyHKy JTOBXKHUHU iMIynbcy EChO-curnany B MiKpoCeKyH/ax y BiJICTAHb B
CaHTUMETpax 3a Bupazom (7.6):

. 0.0340— .
§=Sf=s e —0017.0= & (7.6)

JJIS1 KOMaHad distance sm = impulseTime/58;

[Mpuknang mnigkatodeHHs yabTpasBykoBoro mparuuka — HC-SR04 1o
kouTposiepa Arduino UNO HaBenmenuit Ha puc,7.25. YV naTuMka KOHTaKTH
VCC, TRIG (oxo T), ECHO (oxo R), GND 3’ennani, BiAnoBigHO, 3 IMiHAMH
+5V, D9, D8, GND konTponepa.

IIpy migkmroYeHHI JaTydKa 3a CXEMOK Ha puc. 7.25 10 KOHTpojepa
Arduino, 3akpimieHoro Ha pooorrarhopmi 1 KOMITIISLIT HABECHOTO CKETUY
iHdopmartis o BiacTaHi Oyae BIIICHIATUCS B MOPT KOMIT IOTEPA, a TAKOXK TIPH
BiJicTaHi 0 natynka meHiie 30 cMm Oyzae crpanboByBaTH CBITJIOIO Ha TjIaTi,
SAKUW 3adisiHUN 10 TiHy 13.
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SO |
A e

AN el A3 i3 )

Puc. 7.25. Cxema NiAKITIOYEHHS YJIBTPA3BYKOBOTO JaTyMKa
koHTposiepa Arduino UNO Ta Tpu omnopHoi

Koaeco npase i3
CEPROIPHBOIONM

Yaetpersyresitli JaTom
HC-SR04

Bunpoudintonas
ymTpassyxy 40 &Iy
(T-oxo’)

<) Npitvag
Echo-crorsamy

{ R-oxo )

HC-SR04 no
pyxoMoi poborathopmMu 3

1HIMB1AyaJIbHUM CEPBOIIPUBOJIAMHU JIBOX KOJIEC

[Ipuknan mporpamMHOro KOomy :

$define Trig 9
#define Echo 8
#define ledPin 13

void setup ()

{

}

unsigned int impulseTime=0;

pinMode (Trig, OUTPUT) ;
pinMode (Echo, INPUT) ;
pinMode (ledPin, OUTPUT) ;

Serial .begin (9600) ;

/] Trig inimiroemo sk BUXIJ]
/] Echo inimiroemo sk BXIJ]

// 3amaemo mBuIKicTs 9600 6011/ ¢
// cninkyBanHs 3 COM-nopTom

// nenmianucanui integer JOBXKUHU

// IMITyJIBCY



unsigned int distance sm=0; //Hemignucanuii integer ms

// BUMIpY JQJIBHOCTI 00’ €KTY B CM
void loop ()

{
digitalWrite (Trig,HIGH) ; // BKItOYeHHS BXxony Trig maTdmka
delayMicroseconds (10) ; // 13 3aTpuMKOIO Ha 10 MIKpOCEKYH
digitalWrite (Trig, LOW) ; // BUMUKaHHs BXoy Trig gaTumka
impulseTime=pulselIn (Echo,HIGH) ; //3aMipsieMO IOBXUHY
// imnynscy Echo-curnany
Distance sm=impulseTime/58; // IepepaxoByEMO TOBKUHY

// IMITyJIbCYy B CAHTUMETPH
Serial.println(distance sm); // BigcTaHb B CM J0 IEPEIIKOIAH
//BuBOIMMO Ha €KpaH POOOYOTO MO Iporpamu 3 migkirodeHoro COM-niopty

if (distancesm < 30) // k1o BincTanb MeHie 30 CaHTUMETPIB
{

digitalWrite (ledPin, HIGH) ;// cBiTiomion miHy 13 CBITUTBCS
}
else /I inakie
{

digitalWrite (ledPin, LOW) ;// cBitiomion miny 13 He CBITUTHCS
}
delay (100) ; /llouixyBanns 100 mc =0.1 ¢

/*nactynauii Echo-curnan mosxxe Oyt CTBOpEHUM, TUTHKHU TICIS 3HUKHEHHS
nonepeanporo Echo-curnany. Ile yac HasuBaeThCs mepiogoM nukiy (cycle
period). PekomenaoBaHuii yac o4iKyBaHHS MOBUHEHI OyTH He MeHIe 50 Mc MIXK
CTapTOBUMH 1MITyJbcaMu B 10 Mkc miist HactynHoro Echo-curnamy */

}

Jlns 1mocTaHOBKM JIaOOpaTOpHOiI POOOTH MO PO3AUTY 7 PO3TISHEMO
MPUKJIAA TIIKIIOYEHHS YIbTPa3BYKOBOTO JaT4MKa, AK JajeKkomipa 3TiTHO 3
MOHTa)XKHOIO cXxeMoto (puc.7.26), moOymoBaHoi B cepefoBuii Fritzing i ska
MicTuTh KoHTpoJep Arduino UNO, maketny maty (Bread Board), matunk HC-
SR04, nBa ciTogioaf (ledRed i ledGreen), nee3ominamik (buzz) asa pe3ucropa
Big 240 OM 1 mepeMUYKH («Iara-marmay).
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Puc. 7.26. MoHTaxkHa cxemMa MIAKIIOYEHHS YJIbTPAa3BYKOBOI'O JaTyMKa
HC-SR04 no xontpoaepa Arduino UNO

CkeTy 111 MOHTaKHOI CXEMH Ha pUC.7.26 Ma€ HACTYITHUW BUTJISA:

/***udpoBl MHU 1 MHA )XKUBJIEHHS KOHTpoOJIepa , 10 SAKUX ITIKIIOYCH]
KOMIIOHCHTH CXEMH Ha puc.7.26%**/

int trigPin = 13;

int echoPin = 12;

int ledRed = 11;

int ledGreen = 10;

int buzz = 8;

/¥** goMaHIM MK ABOoMa (PirypHUMH ayxkamu {...} — ¢pyHKuis void
setup () ue mporeaypa yCTaHOBKHM CeKIlii Koy (pinMode - pexum IiHa),
10 JIi€ OJTHOPA30BO MPH 3aMYCKy MpOorpamu ***/

void setup() {

Serial .begin (9600) ;

pinMode (trigPin, OUTPUT) ;

pinMode (echoPin, INPUT) ;
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pinMode (ledRed, OUTPUT) ;

pinMode (ledGreen, OUTPUT) ;

pinMode (buzz, OUTPUT) ;

}
[*** komaHmu Mix aBoMa QirypHUMEH Ayxkamu {...} — ¢yHKOis void
loop () ue koManau HUMKITY A mpoueaypu nepesipku miHiB BXO/IIB 1 miniB
BUXOJIB ta npoueaypu po3paxyHKy BIJICTaH1 J0 MEPEIIKOIN 3a TPUBAIICTIO
€XO0-CUTHAJIy 3 ypaxXyBaHHSM IIBUIAKOCTI 3BYKY. LIMKJI BUKOHYETHCS IMOCTIMHO
MTOKY TIPAITIOE KOHTPOJep ***/

void loop () {

long duration, distance;

digitalWrite (trigPin, LOW) ;

delayMicroseconds (2) ;

digitalWrite(trigPin, HIGH) ;

delayMicroseconds (10) ;

digitalWrite (trigPin, LOW) ;

duration = pulseIn(echoPin, HIGH) ;

distance = (duration/2) / 29.1;

if (distance < 20)

{

digitalWrite (ledRed, HIGH) ;

digitalWrite (ledGreen, LOW) ;

tone (buzz, 1000);

}
/* komaHJa else «iHaKmmIe» JUIS CEKIli Koay 1 KoMaHjaa if «sIKmo» s
KOHTPOJIIO BIICTaH1 BiJl JaTYUKa J10 IeperoHu */

else

{

digitalWrite (ledRed,LOW) ;

digitalWrite (ledGreen, HIGH) ;

noTone (buzz) ;

}

if (distance >= 200 || distance <= 0)

{

Serial.println("Out of range") ;

}

else {
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Serial.print (distance) ;
Serial.println(" cm") ;
}

delay (500);

}

7.9. IlporpaMmyBaHHsl aHAJIOTOBOI0 JAaTYMKA OCBiT/IeHOCTI Ha mMuaTdopMmi
Arduino

Y kontposiepi Arduino UNO Hemae MiHIB aHAJIOTOBHX BHXOJIIB, a €
TUIbKU mMHU BXOAiB (A0...A5) aHAJOTOBHX CHTHAIIB 3 aHAJOTOBHMX JIAaTYHKIB
(Temmiepatypu , BOJOTOCTI , KOHIEHTpalii piAMHH , TEPMOPE3UCTOPIB,
TEH30pe3ucTOpiB Ta iHIKX). KoHTposep Mae BOymoBaHMiI aHaIoro-1udpoBUit
nepetBoproBay (ALIIl) 1 He mae nudpo-ananorosoro neperBoproBaua (LIAIT).
Ane npesxi uudposi miau 0...13, K1 MaOTh MO3HAYKY TUIBJIA «~» MOXYTh
MpaloBaTy, K aHAJIOTOBI BUXOJU. JlJig 1[bOro MiCs MIAKIIOUYEHHS 0 MiHIB
~3,~5,~6,~9,~10, ~11 B nmporpami Tpeba mnepeadayuTu HACTYNIHY
BIIIOBIIHICTb.

Amnanorosi Bxoau mMarots ALITT 10-pospsague (21%) = 1024, a 8-pospsani
nudpoBl (aHAIOroBi) BUXOJIM MOXYTh MNpuiMaru 3HadeHHa oT 0 1o
(28 — 1) = 255, T0OTO 710 yKcaa 256 3HaueHb. TOMy 3HAaUEHHsS Ha aHAJOTOBHX
BXO0J1aX NOTpiOHO BU3HayaTu sk 1024/256 = 4 1 koMaH/la IPU BUKOPHUCTAHHI,
Hampukiag, TMmiHa ~ 3 I KBa3laHAJIOTOBOTO CHTHANYy Ma€ BUTJIS:
«analogWrite (3, 256-(a/4));», a =1024).

EnexTpuuna cxema AiuibHUKa Hanpyru (puc. 7.27,a), cxema 3’€qHaHb
€JIEeMEHTIB Ha MakeTHOi miati (puc. 7.27,0) 1 mporpama 3MiHM OCBITJIEHOCTI
dboTope3ucTopa, KU MiJ’ €qHAHUE 10 aHaoroBoro Bxoay Al miatu Arduino
UNO (puc. 7.27,B) HaBeneHi Ha puc. 7.27.

®ynkmis Serial.begin(9600); BinkpuBae COM-nopT Ha ekpaHe MiCs
akTuBizaiii KHOMKA «MOHITOp TOPTY» y MpaBOi CTOPOHI CTPIYKH MEHIO
(puc. 7.28,a), y AKuii 3aXOOUTHCSA 5 KHOIOK 3 JIIBOi CTOPOHH I[i€] K€ CTPIUKU
MeHi0. [Ipu 1IbOMy BCTAHOBIIOETHCS IIBHAKICTH JJIsS ITOCIIAOBHOI Tepenadi
JaHuX 3a JJonomororo BianosigHoro (9600 6ox) anapatHoro iHTepdeiicy UART
1 Ha €KpaH BUBOJUTHCS KOJOHKH 3HAYEHb YHCEJ, SIK1 BIJMOBIIAIOTh 3HAYCHHSIM
MEPETBOPEHOTO 3 aHAJOTOBOTO  HECJIIGKTPUYHOTO CHUTHANy 3 JaTdyuka y
BIJIMOBITHUN TTUGPOBUI eNeKTpuyHUi curHai. Skmio 1 kaap mepenadi curHaity
cKIamaeThes 3 8 01T, mmtoc 1 61T cTaproBwmid, Tuiroc 1 61T mapHOCTI, ToTtoc 2 Oita
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CTOTM-KaJipa, TOJ1 IBUKICTh JJISI MOCTIOBHOI Tiepeaadi curnainy s 9600 601
B 0iT/Cc mopiBHIOETHCA (8+1+142)*9600=115200 Oit/c.

=
Ry U,

int az@;
U ] woid setup()

.[

U, Serial.begin{2620);
(N pinMede(3, OUTPUT);
o v < }
veid leap();
{

s=anslsgRaad(1)s
ifr(aczee)

2:03
if{2>859)

a=1ez4;
Serial, println(a);;
analoghrite(3, 256<(a/d));
delay(1e8);

A\ -~ Rl
=40 DOTOPE3HCTOP

B

Puc. 7.27. Cxemu TiAKIIOYEHHS aHAJIOTOBOrO aaTduka (Qoropesucropa) —
puc. a, puc. 0 1 mporpama 3MiHH OCBITJIEHOCT1 (poTOpe3nucTopa (puc. B)

—
& coM

753
204
201

MoHIiTOp HOPTY 275
FL‘O}"H_ Ezrzﬁu 28
I T 2719
| 278
278 e
278 | LT

218

278 $oTopeiacTop Ha

MAaKeTHOI mwraTi, |

3 HepeKpPETTAM

a 6 OCBIT/IeHHEA
ZOJI0HEN PYKE

Puc. 7.28. Bigkputtss MoHiTOpy mnochigoBHoro mnopty COMI (puc. a) 1
pE3yNbTaTH 3MIHU OCBITICHOCTI (POTOpE3UCTOpa, SIKI BUBOISATHCS HA MOHITOD
nopty COM1(puc. 6)
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Ilumanns ona camoxoumponio no po3oiny 7
1. Sx posmmdpyBatu 1 sike npuzHadeHHs ADC 1 DAC B
. CXeMax MEXaTpPOHIKU 1 pOOOTOTEXHIKHU ?
‘ [ 2. Slxkuit mpuHOMN Ail 1 SKe TPU3HAYEHHS EeHKojepa 1
- JaTuyrka XoJjia B CXeMaxX MEXaTPOHIKH ?
3. o Take xox I'pes 1 ik BiH MOB’A3aHMI 3 KyTOM MOBOPOTY T'OJIOBHOTO
BaJly TEXHOJIOTTYHUX MaIIUH ?
4. SIk nmporpamytotbcs Talimepu B CoDeSys?
5. SIx mporpamyrotbest miunibHUKE B CoDeSys ?
6. lllo o3nayae xomanma NOP Ta KOJH 1 110 BiAOYBA€eThCS B Mporpami
npu aii koMaHu NOP ?
7. Yum BigpizuseTses taitmep TOF Bin Taiimepa TON ?
8. I1lo oznagae CPU i1 CTD 1 yum BOHHM BiIPI3HAIOTHCS ?
9. Sk mpaitoe yabpTpa3BYKOBHM JaTyWK 1 Tay3l MOro 3aCTOCYBaHHS B
cXemMax MEXaTPOHIKH ?
10. 1o o3nauae komanga digitalWrite (Trig,HIGH 1 ski HaBeACHI
MIOMUJIKH B 3aMHCY I11€1 KOMaHIu ?
11. Slxe mpusHayeHHs GITypHUX 1 KPYTIIUX TY>KOK B ckeTdax (sketches) ?
12. SIke mpu3HaYCHHS HACTYITHUX MMO3Ha4YeHsb //, [* */, ; Ta # B ckeTuax ?

8. BICTABUUIbHE I MOHOCTABUIBHE KEPYBAHHS HMKJIAMU BE3
[TPOIPAMYEMOI'O JIOT'THHOI'O KOHTPOJIEPA

8.1. IlodynoBa KOMOIHOBAHMX CXe€M MEXATPOHIKH Yy MPOrPAMHOMY
cepenoBuili FluidSim-P i B nporpamuomy cepexoBuuii Fritzing

Jlnst peamizariii mpoOeKTIB MEXaTPOHIKKM 0€3 MpOorpaMyeMoro JIOT14HOTO
KOHTpOJIEpa BUKOPUCTOBYIOTHCSI €JIEKTPOMArHITHI, €JIEKTPOHHI 1 MHEBMATUYHI
eneMeHTH 1 Moayni. s imitamii poOOTH CHUCTEMH MEXATPOHIKA B PEXHUMI
peaJbHOro dYacy 1 aHajizy poOOTH IMKIY JOILIIBHO BUKOPHUCTOBYBATH
nporpamue cepenopuimie  FluidSim-P.  Tlpu pobGoTi 3 rigpaBmiuyHUMH
eJIeMEHTaMU MEXAaTPOHIKM TIPU CTBOPEHHI TMPOEKTIB BUKOPUCTOBYIOTH
nporpamue cepenosuiie FluidSim-H (FluidSim-Hydraulics).

[MTopsimok poboTH B mporpamHomy cepeaouiii FluidSim-P:

[Ticns BcTaHOBJIEGHHS Tporpamu 1 BiAKputTTs Qaitmy New Project na
MOHITOpPI B1I0OpaKa€eThCA IHCTPYMEHTAIbHA MAHENIb €JIEMEHTIB 1 podoye Moje
JUTsI CTBOPEHHSI HOBOTO MIPOEKTY, SIK 300paxkeHo Ha puc. 8.1.
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IF i it e L

Puc. 8.1. T'onoBHe
MEHIO 1 IIPUKJIIAJT

MCPCTATYBAHHA 3

IHCTpYMEHTAJILHOI MMaHei

€JIEMEHTIB Ha poboue
1oJie MPOEKTY B Iporpami
FluidSim-P

Configure Wiy Yilve -
L ot o ey =D eyl "MIM
Sprngeetured [ F. Sprregretumed
— || RS ]|

o MG s | it
NN o e e s e e B

JR— 1
EMZ|' h':;:wa o o _t!mm 6
o | [oma | [ Hee |

a

Puc. 8.2. Ilpuxmang wmeHioo mgiamory (a) J0JaBaHHS KOHCTPYKTHBHHX
0COOMBOCTE 00paHOTO IMHEBMO-PO3MOAUIBHUKA 1 pe3ynbrar (0) JBOX
peali3oBaHuX OMITIN

Fritzing — 1e mporpamMHuii 1HCTPYMEHTOM pO3POOHHKA 3 BIAKPUTHM
BUXIJIHUM KOJIOM JJIsl HaBYaHHsS, MPOTOTUITYBaHHS 1 OOMIHOM MPOEKTaMH Ha
0a31 Arduino. IIporpama noseriurye npouec NPpOTOTUIYBAaHHS MPOEKTIB Ha 0a3i
nonyisgpuux miatdopm: Arduino, Raspberry Pi ta inmmux. IIporpama MicTUTh
BEIIUKY KUIBKICTh BIPTYaJbHUX MOJENEH pI3HUX TUIaTGOpM KOHTPOJIEPIB,
KOMITOHEHTIB 1 MOJyJiB, $KI MOXHa pO3CTaBIATH Ha poOoYoMy Mol i
MIIKITI0YaTH 70 MAaKETHOI TUTaTH, CTBOPIOIOYM TaKUM YHHOM MOHTaXHY
CJIICKTPUYHY CXEMY, €JCKTPUYHY MPUHIIMIIOBY CXEMY 1 JAPYKOBAHY CXEMH 0
MEXaTpOHHOTo npuctporo. IIporpama Mae 3 BEIHMKOIO KUIBKICTIO 010J110TEK
PI3HUX €JIEMEHTIB MEXATPOHIKH, JesKl YMOBHI MO3HAYEHHS SKUX HABEJECHI B
tabmui 1.1.
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[Ticisa 3aBaHTaXeHHs Nporpamu Fritzing 3’sBiiseThCsl BKIAAKH 1 MaHETb
1HCTpyMeHTIB (puc.8.3).

Ilageas iBCTPYMeTiB(KOMOOHERTIB} |
Ta Ix Onuiif DapaveTpis [ corerarm ]

%}Eﬂi] I Puc.8.3. ®parmenr cxemu
i - R | .
dllzEE HEPETATYBAHHS €JICMEHTIB
04 = . .
slofw'om || MEXaTpOHIKH 3 iHCTpYMEHTallb-

Binagka
"MaKeTHa miara”™

ﬁﬁ%{;@ HOT MaHeNi Ha MaKeTHy IUIaTy B
B8 | nporpami Fritzing

Ll

T
iy

'
F

|
|
,,‘

I}'I {I'I i'i [

I

1| v T | ' Puc.8.4. Ilpuknag MOHTaXHOI

! EJCKTPUYHOI CXEMH B CEpEIOBHIII
| L.
S L Fritzing

T o T
LR X R =t _ L XX

[ToTpi6HI €JIEMEHTHU
MEPETATYIOThCS 3 MaHeNl 1THCTPYMEHTIB
HAa MakeTHy IUIaTy Tak, fAK IIe

BUKOHYBAJIOCS 3 €JeMEHTaMu  JUIs
MTHEBMATHYHOI 1 €JIEKTPUYHOI CXEM IIPH
poOOTI B MPOrpaMHOMY CEpPEIOBHIII
Fluid Sim. BuBoau enemMeHTa IOBHHHI
CHiBMaJaTi 3 OTBOpoM Iuiatu. [Ipu oMy Kypcopy MUl HaBEACHHUH B IO

=
[

TOYKY OyJile CHHBOTO KOJBOPY, & CTOBMYMK KOHTAKTIB BHUBOJIB MEPETITHYTOTO
eJIeMEeHTI OyIyTh MaTH 3eJeHuM Kojip. s 3'eqHaHHS OTBOPIB HAa MAaKETHOI
miaTi ApoTtaMu (MepeMUYKaMu) YTPUMY€EMO JIiBY KIIABIIIY MHIII 1 MPOTITYEMO
KypCOp MHILI Ha HACTYIHUI OTBIP MAKETHOI IJIaTH (KOHTAKT cxemHu). | Tak gami
MEPETATYEMO HACTYIIHI €JIEMEHTU CXEMH, SIK1 3’ €IHAEMO BIPTyaIbHUMH JAPOTaMHU
(npoBinHuKamu). B pe3ynabTaTi OTPUMYEMO MOHTAXHY E€JIEKTPUUYHY CXEMY
,HaIIPUKJIaJl, 10 HaBeAeHa Ha puc.8.4.

8.2. BlcTab6inbHe KepyBaHHS BUKOHABYMM MEXaHi3MOM 3 1BOMA KiHIl€BUMH
BUMHMKA4YaMM JJI51 BAKOHAHHS HUKJIY «1-N1»
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Po3rnsiHemMo ckianaHHS HAWMPOCTIIIMX KOMaHAU Ui POOOTH CHCTEMH,
10 CKJIAZA€THCS 3 MTHEBMATUYHOTO LWIHAPY 1, MHEBMOPO3NOAiNbHUKA 4 TUITY
5/2 3 enextpoMar"iTHuM blcTaGinpbHUM KepyBaHHSM, ApoceniB 2 1 3, IBOX
kiarneBux BumukadiB XN1 i X1 i1 ta kHonkoro «Start» S1 (puc. 8.5).

N
—

j +24Vo—
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S1E

3

Y1¢ oVe
4/

Puc. 8.5. Cxema TUNoBOro MexarpoHHOro Moy 3 blcTabiibHUM KepyBaHHIM

Kinnesuii BuMmukad (kiHneBuk) XNI1 BiamoBimae 3a BTATHYTE
MOJIOKEHHST INTOKA TMOPIIHA, a KiHIeBUK X1 BIJANOBIJa€ 3a BUTATHYTE
noyiokeHHs. [Ipy HaTHCHEHHI MITOKAa HA KIHIIEBUK 3aMHUKAETHCS €ICKTPUIHHMA
KOHTAKT. Y BHTATHYTOMY ITOJIOKCHHI ITOKa Joriydi 3MiHHI X1=1 (koHTakT
kinmeBuka 3amMkHeHud) 1 XN1=0 (KOHTaKT KIHIICBMKA pPO3IMKHCHHH).
EnexTpoMarHit 30J0THHKA (KJamnaHa), 0 BIAMNOBIAA€E 3a MPAMHIA pyX MOPIIHIO
MHEBMOLMJIIHAPY T03Ha4YMMO Y1, a eJleKTpoMarHiT, IO BIANOBIAAE 3a
3BOpoTHIN pyx mo3Haunmo YNI. Ilpu momadi curHamy Ha enekTpoMarHitT Y1
rioro sioriuna 3minHa Y1=1, npu 3us7TTi curnany Y1=0. Ilpu nonaui curnany Ha
enekrpomarHiT YN1 iforo noriuna 3minna YN1=1, npu 3usat1Ti curnany YN1=0.

Hexaii HeoOX11HO peani3yBaTH LMK B SKOMY LWIIHAP OyZe BUKOHYBaTH
BUIIITOBXYBAaHHS IITOKA J0 KiHIleBUKa X1, a motim Ha3zaxa 1o KiHieBuka XN1I.

JIOMOBHMOCH, 1110 TAKUM LMK MMO3HAYAETHCSA HACTYMHUM YMHOM «1—-N1y.
[Ticns matuckanus kHomku «Starty S1 curnan Oyzae mojgaHW HAa KOTYIIKY
enektpoMarHity Y1. Toxl mpsiMa KomMaHna Ha CHpALIOBAHHS €JIEKTPOMATHITY
Y1 matume BUTIIAL;

Y1« XN1 (8.1)

[Ticnst Toro, sSIK ITOK MHEBMOLMWIIHIPY Haile Ha KiHIEeBUK X1, HeoOXiIHO
nofaTu curHaia Ha enektpomarHiT YNI1 mns Toro, mo0 mopiieHb 31 MITOKOM
TI0YaB 3BOPOTHIN pyX, TOOTO 3BOPOTHA KOMAH/IO0 /IS MHEBMOIMITIHAPY Oye:

YN1 < X1 (8.2)

[Ipu ctBOpeHHI Oyab-SKOI IMKIOBOI CHUCTEMH KEpyBaHHS HEOOXiTHO

nepeadaynuTH CUTHANI JJIA TIOYaTKy poOOTH cUCTeMH. ToMmy B MepIry KOMaHIY
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J0J1alilMO YMOBY, 1110 JIJISl IIOYATKy POOOTH CHCTEMHU MOBUHHA OYTH HATUCHYTOIO
kHomka S1. OTke KoMaHAu sl poOoTH cucteMu mo 1nukiay «1-N1y» marorth
BUIJISI.
Y1 «< XN1.S1, (8.3)
YN1 < X1.

3ayeascenns. Ilpum kepyBanHi blcTabinbHUM MHEBMOPO3MOALTBHUKOM
HEJIOMYCTUMHUM 11100 OJTHOYaCHO BUKOHYBaKMCh yMoBH Y1=1 Ta YNI1=1.
CKknadannsa eneKmpuuHoi cxemu KepyeanHs 3da J102IYHUMU KOMAHOAMU.
Jlnst modaTtKy HEOOXIZHO TPEACTAaBUTH HAa CXEeMi BCl CUTHAIH, SIKI
NPUCYTHI B MeXaTpoHHiH cucteMi. B Hamomy Bumnanky nie curnanu S1, XN1 Tta
X1, KOXkeH 3 AKX HEOOXIJHO 3aBECTH HAa OKPEME EJICKTPUYHE Pelie, OCKUIbKU
CUTHAJ MOKE€ BUKOPHCTOBYBATHUCh OaraTopas3oBo (puc. 8.6).

424V 1 2 5 *24v 1 2 3 4 5
o » ¢ ! 1
! @\
S1E)  XMIO-\  X1O-) SIEY XNIO-\ X1 O-) K3\
Kt
w3 kLI wCJ k] eC] woCl w3 w3
P ov
o &
' I I
A\ 1Y
a 4 4 5 6

Puc. 8.6. ®parmentu enextpuunoi cxemu (tun E3) nns BXiTHUX CUTHAIIB -
kHOmKH myck Sl 1 kinneBux BuMmukadiB XN1 ta XN1: a — npsiMoro BKIIOYEHHS

enektpoMarHiTiB Y1 1 YNI; 6 — HenmpsMOro BKJIIOYEHHSI €JIEKTPOMArHiTiB
Y1iYN1

Hani nogaemo mo nanmioriB 1, 2 1 3 Ha cxeMu Ha puc.8.6,a €ICKTpUYHI
naHiorn 4 1 5 Ha puc. 8.6,0 y sSKi BXOJATh KOHTAaKTU BXIJHUX CHUTHAJIB, IO
BIIMOBIAIOTH MIPSMHUA KOMaH/I1 JJIsI €JIEKTpOoMarHity Y1 Ta 3BOpOTHIM KOMaHi
g enekrpomarHity YNI. ITicas HaTHckaHHS KHONKK S1 cUrHaiuM KepyBaHHS
OylyTh MOYEPIroBO MOJABATHUCS HA BIAMOBIAHI KOTYIIIKH €JIEKTpOMarHiTiB Y1 Ta
YNI1 nHeBMOPO3NOIIILHUKIB B JIaHItorax 4 1 5.

BukonyemMo iMiTartiito pobotu cxeMu Ha puc. 8.6,0 3 BUKOPUCTAHHSM JIBOX
kHomok S1 1 S2 6e3 odikcamii (puc. 8.7) y HatucHyroMy ctani. KomOiHOBaHa
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cxemMa Ha puc.8.7 HenmpsMoro BKIHOYEHHs enektpomarHiTiB Y1 1 YN1
MTHEBMOPO3MOAUIbHUKA MpPAIlO€ HACTYyMHUM 4YuHOM. Hatuckaemo kHomky Sl
6e3 ¢ikcamii y HatucHyToMy ctadi.. CrpanboBye pene K1 1 kaonka S1 ugepes
nepmuii koHTakT K1, skuii 3aMukaeTbcs OepeTbcs Ha caMOOJOKYBAaHHS B
naniory 2. Uepes npyriii koHTakT K1 yTBOPIOETHCS 3aMKHEHUH JIAHITIOT 5 IS
NPOXO/DKEHHS EJEKTPUYHOTO CTPpyMy dYepe3 KOTYIIKY eleKTpoMarHity Y1
(peayizoBaHa Bpy4HY IpsiMa KOMaHZAa) 1 IITOK 3 MOPIIHEM ITHEBMOIWIIHIPY
BHUCYBaIOThCs «Bnepea». Ilicns BiakmtoueHns pene K1 1 HaTuCKkaHHI KHONIKH S2
Tl TOBTOPIOIOTHCS, ajie Bxke 3 pene K2 1 enektpomarnitom YNI1. Pesynbpratom €
MOBEPHEHHS IITOKY 3 MOPIIHEM MHEBMOIMIIHAPY «Ha3aay» (peaizoBaHa BpyUHY
3BOpoTHa KomaHnaa). Ilpm BkmoueHHi enektpomarHiTiB Y1 1 YNI
blcTabinpHOro MHEBMOPO3MOIUIbHUKA CBITUTHCS MOTO 1HAMKATOp 1 UyTH
OJIHOPA30BE KJIA[aHHS 30JI0THUKA BIJMIOBITHOTO €JIEKTPOMArHITy.

S1E K1 S2F4 K2
K1\ Ko \
2k s4F

K[ ) ke[ ] Y1[Z]-$ m1[7_"|-$

-
[
-9
L]
n

v1 [/

- -+ &

—— 0

Puc. 8.7. KomGiHoBaHa cxema kepyBaHHs blcTabiapHIM
MTHEBMOPO3MOIiIbHUKOM 4/2 3 enextpomarHiTamu Y1 1 YNI1

Ha puc. 8.8 naBegena kombOiHoBaHa cxema (tun C3=II13+E3) s
peamizanii mukny «1-N1» 3 BlcrabinpHuM KepyBaHHSIM Ta JBOMa KiHIIEBUMHU
BUMHKAYaMH, fKa BIATBOPIOE pPOOOTY THUIOBOTO KPHUBOLIUITHO-TIOB3YHHOTO
MEXaHI3My YM KPHUBOLIMITHO-KOPOMHUCIOBOTO MeXaHi3My 0e3 KpuBouIiy i 0e3
martyHa. [Ipy 11poMy, SIKIIO Ha IITOKY MHEBMOLMJIIHAPY IBOCTOPOHHIN i1 OyJie
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3aKpiIUIeHa TOJIKa — OTPUMAEMO aHAJIOT MEXaHi3My TOJIKM LIBEHHHUX MallluH, a
SKILO Ha IITOKY MHEBMOLMIIIHAPY 3aKPIMUTH TUIACTUHYACTHNA HIK — OTPUMAEMO
aHaJior TepecyBHOI po3kpiiiHOi MammHu. [licns BUKOHaHHS CXeMH B
nporpamMHomy cepemopuini FluidSim Bukonyemo animamiro i poOoTH mpu
HaTUCKaHHI Ha kHomky Start S1. [lami BigOyBaeTbcsi HacTymHa B3aeMOJIS 1
po0OTa MHEBMATUYHHX 1 €JICKTPUYHUX €JIIEMEHTIB CXEMU 3T1IHO 3 HACTYITHUMHU
BUPA3aMHU:

1. Tlpsima koMaH/Aa HA BUCYBaHHS INTOKY (B AyKKax IMO3HAYEHI JIAHIIIOTH
CJIEKTPUYHOT CXEMH ):

S1— S2— (pexe K1) + K1(2) + K1(3) + K1(4) — (peae K2) + K2(5) —
Y1:="1" (8.4)

2. 3BOpOTHA KOMaH/a Ha BTATYBaHHS IITOKY:

X1 —K1(4) —(pese K3) + K3(6) —» YN1:= "1" (8.5)

3. TloBroproBanns mukiay «1-N1» BigOyBaeTscs 1o m.1 1 1o m.2 go n.4.

4. 3ynuHeHHS UKIYy: S3 — cxeMa MepeBOAUTHCS B CTaH sike Ha puc. 8.8.
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Puc. 8.8. Komb6inoBana cxema (tunm C3=II3+E3) muxkmny  «1-N1» 3
blcrabinpHuM KepyBaHHSAM Ta JBoMa KiHleBUMU BuMukadamu XN1 ra X1

Jlns 3akpimieHHs MaTepially CTOCOBHO CXEMH MEXaTpOHIKHM Ha pwuc. 8.8.
Tpeba BIAMOBICTH HA HACTYITHI TUTAHHS.

Ska moMmiKa 1 YMM BIAPIZHSIOTHCS KPIM MOMUJIKM CXE€Ma HaBeleHa Ha
puc. 8.9 Big cxemu Ha puc. 8.8 ?

Jliist sikoro TakTy MKy Ha puc. 8.10 HaBeAeHO CKPUHIIOT aHIMAIll [IUKITY

poboTH cxeMH ?
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Puc. 8.9. KombinoBana cxema mukiny «1-N1» 3 BlcraGinpHum KepyBaHHSM Ta
JIBOMA KIHIIEBUMHU BUMHUKAYaMH (3 TTOMHIIKOIO)
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Puc. 8.10. Ckpuniot animanii uukiny «1-N1» 3 BblctaOinbHuM KepyBaHHSIM Ta
JIBOMA KIHIIEBUMU BUMUKAYaMH
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8.3. MOHOcTabinbHe KepyBaHHsi BHMKOHABYMM MeXaHi3MOM 3 JBoMa
KiHIIeBUMHM BUMHKA4YaMM J1JIs BAKOHAHHS HUKJIY «1-N1»

Ha puc.8.11 1 puc.8.12 HaBeneHi Ba BapiaHTa KOMOIHOBAHOI CXEMU IS
peamzarmii mukiny «1-N1» B mporpamHomy cepemoBumii FluidSim  mis
peamizamii nukiny «1-N1» 3 MOHOcTabinpHUM KepyBaHHSIM Ta JBOMa
KiHIIeBUMH BuUMHUKayamu. Bapiant 1 - 3 ¢ikcamiero kHomku S1 1 1 m'ssTbMa
npomickanmu pene K1...KS, a Bapiant 2- 3 kHOomkoio S1 i3 OJIOKyBaHHSIM
koHTakToM pene K1 ta tppoma mpomixkaumu pere K1...K3.

Bukonanns mukity pobotu (011 cxemu 3a eapianmom 1) BUKOHYETHCS
3TiTHO 3 HACTYITHAUMH BUPA3aMHU:

1. AHFOpI/ITM BUKOHAHHA HpSIMO'l' KOMaHIW Ha BUCYBAHHS IHITOKY:

S1 — (pexae K1) + K1(2) + K1(4) + K1(6) — ( peiie K2) + K2(4) — K2(6) —
— (peae K4)+K4(5) +K4(8) —Y1:="1", (8.6)
ae Y1:="1" - enekrpoMarHiT MHEBMOPO3MOIIbHUKA BKIFOUCHU;

3HAK «IUTIOC» 03HAYa€ 3aMUKaHHS KOHTAKTy pejie 1 BKIIOUCHHS KOTYIIKH
BIJIITOBIJTHOTO €JIEKTPOMATHITHOTO pene yu €JIEKTPOMATHITY
MTHEBMOPO3MOIUIBHUKA JI0 JDKEpesia CTpyMy;

3HaK «MIHYC» O3HAaua€ PO3IMKHEHHS KOHTaKTy peyie 1 BIIKITIOYEHHS
KOTYIIKK  BIAMOBIJHOTO  €JIEKTPOMArHiTHOTO pejie YU  EJIEKTPOMArHiTy
ITHEBMOPO3MOIIIBHUKA BiJl JDKEpeElla CTPyMy.

2. 3Boporna komanaa npu MOHOcTabiibHOMY KepyBaHHI BiJCYTHS.
[ToBepHEHHST TIOPITHIO 1 MITOKY Ha3aJ BiAOYBa€ThCA MPU PO3ZMHUKAHHI KOHTAKTY
K4(8) 1 sk HaAcmiIOK TMEepepuBaHHS CTPyMy y KOTYIIII €JeKTpoMarHity Y1
nHEeBMOpo3noauibHUKa. [lpy mpoMy — mix JAi€l0 MOpPYyKUHU BIIOYBA€ETHCS
NepeMileHHs] 30JJ0THUKA THEBMOPO3MOIIIbHIKA Y CTaH, SKUI HaBEJACHWA Ha
puc. 8.12. Lle mosiCHIO€ HACTYITHUI BUPA3:

X1:="1" -XN1:= "0"—(peae K3) +K3(6) — (pese R5) -K5 —
— (-peneK4)- -K4(8) — YN1:="0", (8.7)

e YN1:="0" - enexTpomarHit mHEBMOPO3MOAUTLHUKA BAMKHEHHM.
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Puc. 8.11. Komb6inoBana cxema mukiay  «1-N1 3~ MOHOcTa6inbHIM
KepyBaHHsM Ta aBoMa KiHreBumu Bumukauamu XN1 i X1 (sapianm 1)
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Puc. 8.12. KomOinoBani cxemu mukiy «1-N1» 3 MOHOcTa0insHum
KepyBaHHSM Ta ABoMa KiHieBuMH BuMukadaMu XN1 1 X1 (sapianm 2)

3.IloBToproBanns uukiny 1-N1 BigOyBaetsces no n.1 1 mo m.2 g0 m.4.
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4.3ynuHEeHHs HUKITY: TOBTOPHE HATUCKAaHHS KHOMKHU S1.

JIyist 3aKpiryIeHHsT MaTepially CTOCOBHO CXEMH MEXaTpPOHIKK Ha puc. 8.12.

TpeOa BINOBICTH HA HACTYIHI MUTAHHS.
Yum Bizpi3HA€THCS cxeMa Ha puc. 8.13 Big cxemu Ha puc. 8.11 ?
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Puc. 8.13. KombOiHOBaHa cxeMa UUKITY
KepyBaHHsM Ta JIBoMa KiHiieBUMH BuMukadyamu XN1 1 X1

«1-N1 3 MOHOcTabi1pHUM

ki moMuIKy HaBejeHI B cxemi Ha puc.8.14 ?
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Puc. 8.14. KombinoBana cxema nukity «1-N13 MOHOcTa6inbauM
KepyBaHHsM Ta JIBoMa KiHiieBUMH BuMukadamu XN1 1 X1
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J11s IKOTO TaKTy IIUKITY HaBEICHUN CKPUHILIOT aHiMaIlii UKy poOOTH
cxemu Ha puc. 8.15 ?

24 1 2 3 4 5 6 7 ]

W1 ¥4 K2 K4 K3 K3
1 1

KN O3 X1 0-4

fl
81 [ K5 K2 7
M fl fl
K1 K1 K1 K4

|
U‘J-h-Ml_-""_

1
o th |

Puc. 8.15. Ckpunmot aniMamii mukiry «1-N1» 3 MOHOcTabiibauM
KEpyBaHHSM Ta JBOMa KIHIICBUMU BUMHKaYaMHU

8.4. blcrabisibHe KepyBaHHsSI BUKOHABYMM MEXaHi3MOM 3 OJJHMM KiHIleBUM
BUMMKa4eM VISt BUKOHAHHA UKy «1-N1y

Ha puc.8.16 HaBesieHa kOMOiHOBaHA cxeMa I peanmizanii mukny 1 — 1
B niporpamMHomy cepenosuiii FluidSim 3 BlcrabineHuM KepyBaHHSM Ta 3 OAHUM
KIHIIEBUM BUMHKaueM. 1 BUKOHaHa aHiMailis ii podotu (puc. 8.19).

l.AJ'Il"OpI/ITM BUKOHAHHA HpHMO'l' KOMaHAW Ha BUCYBAHHA HITOKY:

S1 —( peae K1) +K1(3) +K1(4) +K1(7) —( peae K2) +K2(9) —»Y1:= "1"
YNI:="0" (8.8)

2.ANTOPUTM BUKOHAHHS 3BOPOTHOT KOMaH/IU Ha BTATYBAHHS IITOKY:

X1 — peae K3) + K3(6) + K3(7) + K3(10) - K3(4) — (peae wuacy
K4)+K4(8) t=0.2 ¢) — (peae K5) -K4 -K6 -YN1:="1"
Y1:="0" (8.9)
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Puc. 8.16. KombinoBana cxema nukny 1 » 1 3 BlcTabinbHUM KepyBaHHAM Ta
3 OHUM KIiHIICBHM BUMHUKAaUEeM

3. [NoBroproBanus nukiny 1-N1 BigOyBaetscs 1o m.l imo m.2 g0 n.4
4. HatuckaHHS KHOTIKU S2— 3yNMUHEHHS UKy — CXeMa MEPEBOJIUTHCS B
CTaH Sk 300pakeHo Ha puc. 8.16.

JIytst 3aKpiryIeHHS MaTepially CTOCOBHO CXEMH MEXaTpOoHiKW Ha puc. 8.16.
TpeOa BIAMOBICTH HA HACTYIIHI TUTAHHS.

1.Uum BigpizHaeTbcst ~ Hepoboya cxemu Ha puc. 8.17 Big pobodyoi
cxemu Ha puc. 8.16?
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Puc. 8.17. Kombinopana cxema nukiay 1 - 1 3 BlcTabiabHuM KepyBaHHAM Ta
3 OIHUM KIHLIEBUM BUMHUKAaueM
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2. SIki moMuiIKku HaBezeH1 B cxemi Ha puc. 8.18 ?
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Puc. 8.18. Kombinosana cxema mukiny 1 > 1 3 BlcrabinbHUM KepyBaHHAM Ta
3 OJHUM KIHIIEBUM BUMHUKaueM

3. [ns sikoro TakTy HHMKITY HaBeAeHWH Ha puc. 8.19 ckpuHIIOT aHimarii

pobotu cxemu ?
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Puc. 8.19. Cxkpunmot animanii nukiy «1-N1» 3 BlctabinbHuM KepyBaHHIM Ta
OJTHUM KIHIIEBUM BUMHKAUEM
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8.5. MOHOcTa0isibHe KepyBaHHST BHKOHABYMM MeXaHIi3MOM 3 OJHUM
KiHIleBUM BHUMHUKAuyeM JJisi BUKOHAHHA UKy «1-N1» i3 3aTpuMKo0 B
yaci npu BTATHYTOMY M0JI0KeHHi MOPIIHS

B nmporpamuaomy cepenosumii FluidSim crBoproemo mpoekr (puc. 8.20)
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Puc. 8.20. Komb6inoBana cxema mnukiay «1-N1» 3 MOHOcTabinpHum

1 w'ﬂl:l:l ml:l: -rs|:|:| MEE] oL W

KEpyBaHHSAM 3 OJHHM KIHIIEBUM BHMHKA4yeM JJii BUKOHAHHS Ta 3aTPUMKOIO B
yaci 5 ¢ Mpu BTSATHYTOMY MOJIOKEHHI TOPITHS 715 peanizamii mukiy «1-N1» 3
MOHOcTa0i1pHUM KepyBaHHSM Ta 3 OJJHUM KIHIIEBUM BUMUKA4YEM

Takuii UMK~ BIATBOPIOE  POOOTY  BAXKUIBHOTO  MEXaHI3My 3
MPOTPaMOBAHOI 3aTPUMKOIO B Yaci BEICHOI JaHKKM B OJHOMY 3 KpaiHiX

ITOJIOXXKCHB.

JI7ist 3aKpiryIeHHsT MaTepially CTOCOBHO CXeMHU MeXaTpoHiku Ha puc. 8.20.
Tpeba BIAMOBICTH HA HACTYITHI TUTAHHS.

Yum Biapi3HA€ETbCS poboya cxema Ha puc. 8.21 Big poboyoi cxemu Ha
puc. 8.20 ?
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Puc. 8.21. Komb6GinoBana cxema mukiay «l-NI1» 3 MOHOcTabinpHuM
KEpYBaHHSIM 3 OJIHUM KIHIEBUM BUMHUKA4YeM [Isl BUKOHAHHS Ta 3aTPUMKOIO B
qaci 5 ¢ pu BTATHYTOMY IOJIOXKEHH] MTOPIIHS

[TpuHiun po6OTH KOMOIHOBAHHMX CXE€M MEXaTpOHIKM TyT 1 Hajail
BUIUIMBAE 3 HABEJICHO! KUIBKOCTI HOPMAJIbHO BIJIKPUTUX KOHTAKTIB 1 HOPMAJIbHO
3aKpPUTHX KOHTAKTIB K-TUX pene, siki Mo3HayeH1 uudpaMu y MiH1 TaOJIMALAX 1]
CXeMOI0 1 Ll HM(ppH BIANOBIAAIOTH LHUPpPaM HABEAECHUX HaJ CXEMOI s
BIJIMOBIAHUX JIAHITIOTIB, IO MICTATH Il KOHTaKTH K-THX pere.

SIxa momuika B cxeMi Ha puc. 8.22 B mOpiBHSIHHI 31 cxeMoto Ha puc. 8.20 ?
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Puc. 8.22. Komb6inoBana cxema mukiay «l-NI1» 3 MOHOcTa0inpHuM

KEpYBaHHIM 3 OJHUM KIHIEBUM BUMHUKA4yeM [JIsl BUKOHAHHS Ta 3aTPUMKOIO B
yaci 5 ¢ IpH BTATHYTOMY MOJIOKEHHI MOPILIHS
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JIns sIKOro TakTy MUKIY HaBeJAeHWW Ha puc.8.23 CKpUHIIOT aHIMaIlii
UKy poOoTH cxemu?
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Puc. 8.23. Ckpunmor animamii 1mukiny «1-N1» 3 MOHOcTabinbaum
KEpyBaHHSAM Ta OJHUM KIHIIEBUM BUMHKA4YeM

8.6. BlcrabiibHe KepyBaHHsi BHKOHABYHM MeXaHi3MOM 0e3 KiHIeBHX
BUMMKAYiB /1151 BUKOHAHHS MUKJIY «1-N1»

B mporpamuomy cepemosuiii FluidSim ctBoproemo mpoekr (puc. 8.24)
s peamizamii nukny «1-N1» 3 BlctabinpbHuM KepyBaHHSIM O€3 KIHIIEBUX
BUMMKAYIB, KU BIITBOPIOE POOOTY KPHUBOIIUITHO-TIOB3YHHOTO MEXaHi3My 0e3
KpUBOLIUITY Ta 0€3 MaTyHa. 1 BAKOHYEMO aHIMalll0 pOOOTH MTPOEKTY.

Ha pwuc.8.24...puc.8.27 HaeneHi komOiHoBaHi cxemu Ttun C3
(enexTpuyHa cxema — tum E3 1 mHeBMaTuuHa cxema — Tl [13) njis BUKOHAHHS
mukiay «1-N1» 3 BlcrabinbHuM KepyBaHHSM 0e3 KiHIIEBMX BHMMHKauiB 1 0e3
KOHTpOJIEpA.
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Puc. 8.24. KombinoBana cxema nukiny «1-N1y»

3 blcrabinpHuUM KepyBaHHSIM
0e3 KiHIIeBUX BUMHUKAUIB

YuM BiIPI3HAETHCS MUK POOOTH MeXaHi3My Ha puc. 8.25 Bia nukiry poOoTH
MexaHi3my Ha puc. 8.24 ?
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Puc. 8.25. KomOinoBana cxema mukiy «1-N1»

3 blcrabinpHuUM KepyBaHHSIM
0€3 KIHIIEBUX BUMHKaY1B
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Ska nmomuika B cxemi Ha puc. 8.26 ?
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Puc. 8.26. KombinoBana cxema mukity «1-N1» 3 blcrabinpHuM kepyBaHHAM
0e3 KIHIIEBUX BUMUKAYiB

JI1st IKOTO TaKTy LIMKITY HaBeAEHWI Ha puc. 8.27 CKpUHIIOT aHIMAaIli LUKy
pobotu cxemu ?
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Puc. 8.27. Cxpunmor animauii nukiny «1-N1» 3 BlcraGinbHuM KepyBaHHSIM
0e3 KiHIIeBUX BUMHUKAYiB
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8.7. MOHOcTa0isibHe KepyBaHHSI BUKOHABYMM MeXaHi3MoM 0e3 KiHIleBHX
BUMMKAYiB /1151 BUKOHAHHS MUKJIY «1-N1»

B nporpamuaomy cepenosutii FluidSim crBoproemo mpoekr (puc. 8.28).

Peanizanii nukimy 1- N1 3 MOHOcTtabinpHrM KepyBaHHSAM 0€3 KiHIIEBUX
BUMUKAUiB BIATBOPIOE pOOOTY KPHUBOIIMITHO-TIOB3YHHOTO MeXaHI3My 0e3
KpUBOIIMIY Ta 0€3 1IaTyHa.

[Ipuauun pob6oTu cxemMu Ha pwuc. 8.28 1 HACTYIMHHUX CXEM
MOSICHIOETHCSI 3MIHOIO CTaHy KOHTAKTIB B MiHI TaOJMIX MiJl €IECKTPUUHOIO
CXEeMOI0 ITiclisi HaTHUCKaHHA KHomku mnyck Sl1. Ilpu BHKOHaHHI IHKITY
HOPMAaJbHO BIJKPUTI KOHTAaKTH 3aMHUKAIOThCS, a HOPMAaJbHO 3aKpHUTI
KOHTAaKTH PO3MUKAIOTHCA MPU CIPAIIOBAHHI BIAMOBITHUX peie.

JIyist 3aKpituieHHsT MaTepialy CTOCOBHO CXEMHU MEXaTpOHIKM Ha puc. 8.28.
Tpeba BIAMOBICTH Ha HACTYITHI MTUTAHHS.

Yum BIIPI3HAETHCS UK pOOOTH MeXaH13My Ha puc. 8.29 BiJl TUKITY
po0OoTH MexaHi3My Ha puc. 8.28 ?
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Puc. 8.28. Kom6inoBana cxema (tun C3) mukiry «1-N1» 3 MOHOcTtabinbaum
KepyBaHHSM 03 KIHIIEBHX BUMHUKAYiB
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Puc. 8.29. KomOinoBana cxema 1ukiay «1-N1» 3~ MOHOcTabiibauM
KepyBaHHsM 0€3 KiHIIEBUX BUMHUKAYiB

Sxa momuika B cxemi Ha prc.8.30 mopiBHSAHO 31 cXeMoro Ha puc. 8.28 ?
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Puc. 8.30. KombinoBana cxema mukiay «1-N1y 3 MOHOcTabinsHumM

KepyBaHHsM 0€3 KIHIIEBUX BUMHUKAUiB

JIns IKOro TakTy LMKy HaBedeHu Ha puc. 8.31 CKpUHIIOT aHiMarlil
IIUKITy poOOTH CXeMH ?
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Puc. 8.31. Ckpunmot animamii nukay «1-N1» 3 MOHOcTabinsHum
KepyBaHHsM 0e3 KIHIICBUX BUMHUKAUiB

8.8. BlcTrabisibHe KepyBaHHSI BUKOHABYMM MEXaHi3MOM 3 IBOMA KiHLIEBUMH
BUMHKA4YaMHM Ta peJjie Yacy i BUKOHAHHSA HUKJIY «1-N1y

B nporpamuomy cepenosuii FluidSim ctBoproemo mpoekr (puc. 8.32)
s peamizamii UKy  «1-N1y» 3  blcrabinpbHUM KepyBaHHSM, JIBOMa
KIHIIEBUMU BHMUKA4YaMH Ta pejie 4acy Jyisl 3aTPUMKH 3BOPOTHOTO BKIIFOUCHHS
MTHEBMOPO3MOIUIbHUKA TIPU TIEPEMIIIEHH] BIIEpe]] IITOKAa MMHEBMOIIIHIPY 1
BUKOHYEMO aHIMaIlit0 poOOTH MPOEKTY.

[TpuHiun poOoTu cxemu Ha puc. 8.32 1 HACTYNMHHUX CXEM MOSCHIOETHCS
3MIHOIO CTaHy KOHTAaKTiB B MiHI TaOMMIIX M1J €JEKTPUYHOIO CXEMOKO MICIIs
HATUCKaHHS KHONKHU myck S1. HopmanbHO BIAKPHUTI KOHTAKTH 3aMHUKAIOTHCSA, a
HOPMAIUIBHO 3aKPUTI KOHTaKTH PO3MHUKAIOTHCS MPHU CHPALIOBAHHI BIJMOBIIHUX
peie.

Jyist 3aKpiryIeHHsT MaTepially CTOCOBHO CXEMHU MEXaTpPOHIKU Ha puc. 8.32.
Tpeba BIAMOBICTH HA HACTYITHI TUTAHHSL.
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Puc. 8.32. Kom6inoBana cxema mukiny «1-N1» 3 BblctabinsHum kepyBaHHSM,
JBOMa KIHIIEBUMHM BUMHUKayaMH Ta pelie 4Yacy i 3aTPUMKH 3BOPOTHOTO

BKJIIOYCHHS MMHEBMOPO3NOAUIBHUKA TIPU TEPEMIIICHHI BIEpea IITOKA
THEBMOLWIIHAPY

Sxa momuika B cxemi puc. 8.33 ?
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Puc. 8.33. Kom6inoBana cxema nukiny «1-N1» 3 BlctabinpHum kepyBaHHSM,
JIBOMa KIHIIEBUMHU BUMHUKa4aMH Ta pelie yacy

Yum BiApi3HAETHCSA cxema Ha puc. 8.34 Big cxemu Ha puc. 8.32 ?
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Puc. 8.34. KomGinoBana cxema mukity «1-N1y»
JIBOMA KIHIICBUMHU BUMHUKAYaMH Ta pejie yacy

3 BlcTabiibHUM KepyBaHHSIM,

JIJist IKOTO TakTy UKy HaBeJACHWA Ha puc. 8.35 CKpUHIIOT aHiMallii

LUKy poOOTH CXEMHU ?
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Puc. 8.35. Cxpunmor animanii mukiny «1-N1» 3 BlctabinbHuM KepyBaHHSIM 3

JIBOMa KIHIIEBUMU BUMHKa4aMH Ta peJie yacy
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8.9. BlcTrabinibHe KepyBaHHSA IBOMAa BUKOHABYUMM MeXaHiZMaMHu 3
4OTHpPMAa KiHIeBHMHM BUMHKAYAMM /I BUKOHAHHA uKkay 1 > 2 > 1> 2

PosrnsHemMo — mpuKian  CKIIAJaHHA JOTIYHUX  KOMaHA  JJIs
dbynkiionansHoro Moayns 3 blcTabinpHuM KepyBaHHSM 1 BHKOPUCTAHHSIM
meroay rpadiB. I'pad me MHOXKHMHA, sIKA CKIATAETHCS 3 MIAMHOKWHU BEPIIHH
(mo3Haueni Ha rpadi puc. 8.36 ToukaMM) Ta MIAMHOXUHHU pedp (MMO3HAYEHI Ha
rpadi puc. 8.36 crpiikamu-ayramu). [logaTok KOXKHIM CTPUIKH 11€ CTaH CUTHATY
(KHOTIKHM, KIHIIEBOIO BHMMHMKaya), a TOH e CTPIIKM — HEOoOXiJIHa KOMaHJa Ha
BKJIIOYEHHs (TpsMa KOMaHJa) Ta BUMKHEHHS (3BOpOoTHa KOMaH/a)
CJICKTPOMATHITY THEBMOPO3MOIITbHUKA abo BKJIFOUCHHS/BUMKHCHHS
BIJIMTOBITHOTO €JIEMEHTY T1aM’SITi, TalkMepa Ta JIIYHUIbHUKA.

Hexaili  HeoOXiJHO  CTBOPIOEMO  CHUCTEMY  KEpyBaHHS  TpbOMa
HEBMATHYHUMH IWUTiHApaMu 3 BlcTaOumbHUM KepyBaHHSM, K1 MPALIOIOTh 110
HacTynmHoMy Hukiy 1 -2 — 3 - 1 -2 — 3. Komauau uis Takoro UKITY
OyZeMo CKJIaJaTH 3a JOMOMOror Meroay rpadis. g mboro KpecinuMo Koo 1
Ha HHOTO HAHOCHUMO TMOCJIJIOBHICTh CUTHAIIB 3aJaHoro mukiy 1 -2 - 3 -
152 -3 (Bepmmnu rpady) i 3’€IHYEMO NPOTUIIEKHI BEPUIMHU JiHiAMU
3B’s13Ky (puc. 8.36).

Puc. 8.36. I'pad muxiry poboTu cucreMu

Jns 3anmucy KOMaHAM KepyBaHHS HEOOXITHO 3alTH 3 KIHIS MONEPeIHbOI
JyT1 BIAHOCHO HEOOX1AHOI KOMaHJY B MOYATOK HACTYIHOI IO JIIHISIM 3B’SI3KY,
3anucyroud Bcl curHand. CkiazemMo mnpsMy KOMaHay Y; A BKJIIOYEHHS

€JIEKTPOMArHITY MHEBMOPO3NOPAIIBHUKA TEPIIOT0 MTHEBMOUMWIIHAPY:
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SIx 6auuMO B KIHIII KOMAaHAW Y; HPHUCYTHIA CUTHAN Xi' Horo moxua He

3aMuMCyBaTH, OCKIJIBKA 3PO3YMIJIO, IO IS TOTO, MO0 MTOK BUiXaB BiH MOBHHEH
CTIIOYATKy 3HAXOJUTUCH Y BTATHYTOMY TOJIOKCHHI.

Tomy npu HanmcanHi BlcTaGinpHUX KOMaHJ KepyBaHHsS OCTaHHINA CHUTHAI
MOYKHa HE BpaxoByBaTH. AJle B MepIIiii KOMaHIl UKy HEOOXiTHO BpaxyBaTu
CHrHaI BiJ| ctapToBoi KHomku X . Komanna Y, 3anmcyeTbes y JiBOi 4acTHHI

piBHsHHSA (YMOBM) TNPUYMHHO-HACHIJKOBUX 3B’S3KiB, a TMpaBa 4YacTHHA
YTBOPIOIOTHCS CTAHOM HEOOXITHUX CUTHAJIB JJIs peaizaiii npsMuil KOMaH/Iu :

Y1<‘: Xj' XST ' (811)

[{ro KOMaHIy MO’KHa MPOYMUTATH HACTYNHUM 4yumHOM: «IIpsimMa komannma
JUISl TIEPIIOTO BUKOHABYOTO MeXaHi3My (TMTHEBMOLWIIHAPY) Oyne peani3oBaHa,
AKIIO MOPIIEHb TPETHOTO MHEBMOLIMIIIHPY OyJ/ie BTATHYTHH 1 pU LbOMY Oyje
3aMKHEHUH KiHIeBUi BUMHKad XN3 Ta HATUCHYTa KHOMKA CTapTy Xgp».

AHanOriyHo 3anMcyeMo BCl 1HII KOMaHAM Yy BIAMOBIIHOCTI 10 (PparMeHTIB
rpady Ha puc. 8.37.

Yi < X5-X3; (8.12)
Y, & X -X3; (8.13)
Y; < X3; (8.14)
Y < Xy; (8.15)
Y3 < X7. (8.16)
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Puc. 8.37. Ilpukian cknaganus blcTabinbHUX KOMaHT KEpYBaHHS JUJISl IUKITY
1-2-53-51-52-3

B mporpamuomy cepemoBuii FluidSim ctBoproemo mnpoekt (puc. 8.38)
ans peanizamii mukny 1 > 2 > 1 -2 3 BlcrabilbHUM KepyBaHHSAM JBOMA
BUKOHABYMMH MEXaHi3MaMH Ta YOTHpPMa KIiHIIEBUMH BHUMHKAYaMHU BUKOHYEMO
aHiManiio podotu mpoekty. CkiaagaemMo (¢GYHKIIOHATIBHUN Tpad 1 CHUCTEMY
PIBHSIHb IPUYMHO-HACIIIIKOBHUX 3B’ SI3KIB /IS CKJIaIaHHsI cXeMU Ha puc. 8.38.

Ha maGoparopHomy ctenai HeoOXximHo 3i0patu cxemy (puc. 8.38) mis
peanizari UKy 1o 11. 1.

[Tpunuun podotu cxemu Ha puc. 8.38 1 HACTYHMHUX CXEM MOSICHIOETHCS
3MIHOIO CTaHy KOHTaKTiB B MiHI TaOMMIAX i EJIEKTPUYHOI CXEMOIO
micias HaTUCKaHHA KHomkM Tmyck S1. HopmambHO BIiAKpHUTI  KOHTaKTH
3aMHUKAIOThCS, a HOPMAIUIBHO 3aKpUTI KOHTAaKTH PO3MHUKAIOTHCA TPHU
CIIpaItfOBaHHI BiIOBITHUX peie.

Jlns 3aKkpiruieHHST MaTepially CTOCOBHO CXEMH MEXaTpOHIKM Ha puc. 8.32.
Tpeba BiJIMOBICTH HA HACTYITHI MUTAHHS.

1. YumMm Bimpi3HAETHCA CXeMa, sKa HaBeJIeHa Ha puc. 8.39 Bim cxemu Ha
puc. 8.38 ?
2. Slxe npusHaueHHs 1Box kHomok SO, S1 1 S2 Ha puc. 8.38 ?

3. lo motpiObHO 3poOuTH B cxemi Ha puc. 8.38 nus BiANpalioBaHHS
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TUIBKHU OJTHOTO LUKy POOOTH MEXATPOHHOI CUCTEMH ?
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: 1-2-1-2 :
Puc. 8. 38. KombiHOBaHa cxema LUKITY |%' | 3 Blcrabinsaum

KCPYBaHHSAM ABOMAd BUKOHABYMMHA MEXaH13MaMH

411lo motpiOHO 3poOUTH B cxemi Ha puc. 8.38 s BIANPaIIOBAHHS
nukny 1 > 2 > 1,2 po60oTH MEXaTpOHHOI CHCTEMH ?

5. IIlo motpiObHO 3pobuTu B cxemi Ha puc. 8.38 s BiAIpaIfOBaHHS
mukny 1 - 1,2 - 2 poOoTH MeXaTpOHHOI CUCTEMH ?

6. 3anuuiTh blcTabinbhi komanau s mukity 1 -2 - 3 - 1-3-2
BUKOPUCTOBYIOYHM METO]T TpadiB

7. SIxuii MOpsIOK BKIIOYEHHS! KOMOIHOBaHO1 cXeMHU Ha puc. 8.38 ?
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Puc. 8.39. KoMm0iHOBaHa cXeMa LUKILY |$- | 3 Blcrabinsaum

KCPYBaHHAM JIBOMAd BUKOHABUYHNMHU MeXaHi3MaMH

8.10. MOHOcTa0isibHe KepyBaHHSI IBOMAa BUKOHABYMMH MeXaHi3MaMHu 3
4YOTHPMA KiHIEBUMHU BUMHMKA4YaMHU IJIsi BAKOHAHHS MUKIay 1 - 2 - 1-2

B npomucioBocTi yacto HE0OXiAHO 3a0€3MEeYNTH TTOBEPHEHHS TIPUBO/IIB B
MOYATKOBE TOJIOKEHHS Y BUIAJIKY aBapiHUX CHUTYyalliid, TaKuX sK 301 mogadi
KUBJCHHS Ha €JEeKTpUYHY YacTHMHY CHCTeMU. B  TakomMy BHIajgkKy
BUKOPUCTOBYIOTh MTHEBMOPO3MoAUIBHUKY 3 MOHOCTab1IbHUM KEpYBaHHSM, SIKi
3MIHIOIOTh TO3ULII0 TpPH MOJayl BXIJHOTO CHUTHAJIy, a OpU HOro 3HATTI
MOBEPTAIOTHCS B TOYATKOBE TIOJIOKEHHS.

Anroput™m cknananHs koMaHn 1npu  MOHOcTabinbHOMY KepyBaHHI
BIJPI3HAETHCS BiJ CKiIagaHHsS kKomauia aisi blcraGinbHoro kepyBanHs. Hexai
HEOOX1ZIHO CTBOPIOEMO CHCTEMY KEpyBaHHS TpbOMa IMHEBMAaTUYHUMHU
mutiaapamMu 3 MOHOcCTa01mpHUM KepyBaHHSIM, SIKI TIPAIIOIOTH 10 HACTYITHOMY
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muknyy 1 -2 -3 - 1> 2 —> 3. KoMauau mias TAakoOro IOCHTh CKJIAIHOTO
LUKy Kpalle CKJaJaTd 3a JOMoMOoror Meroay rpadis. s mporo Kpeciumo
rpad IUKITy, Ha HHOTO HAHOCHMO IIOCIiOBHICTh curHamia 1 -2 >3 > 1 -
2 >3 i 3’€IHyeMO NPOTHIEKHI BEPIIMHU JliHiAMM (JTiHiIMM 3B S3KY)

(puc. 8.40).

AT

B B Puc.8.40. I'pap uuxny1 -2 >3 ->1-52 -3
\ po0OOTH CHUCTEMH

Jlnst 3amucy KOMaHIM HEOOXITHO 3alWTH 3 KIHIS TONEPEeNIHbOi JAYTU
BIJIHOCHO HEOOX1JHOI KOMaHIX IO JIIHISAM 3B’SI3KY B KIHEI[b TOTIEPEAHBOI JTyTH
BIJIHOCHO KOMaHJIM 1HBEpPCHOi 70 HeoOximHoi (puc. 8.46). Y BUMAAKy, SIKIIO
JHIi 3B’ 513Ky YTBOPIOIOTh TOCTPUI UM MPSIMHUI KYT 31 CTOPOHH HEOOX1IHOI JYyTH,
TO MIXX CUTHaJIaMH CTaBUTBHCS 3HAK JIOTITYHOTO MHOKEHHS «». SKIIO KyT MiX
JHIAMHA 3B’SI3KY TYNHUA — CTaBUTHCS 3HAK JIOTIYHOTO JoAaBaHHA «+». [lns
OCTaHHBOT'O CUTHAITy 000B’SI3KOBO pOOUTHCS 1HBEPCISI CUTHATY Ta 1HJIEKCY.

CkrnagaeMo KoMaHau i mukiy (puc. 8.41). B mepiry koMaHay 101a€EMO
curdas kHonku «Crapt» S1.

Y, < 51-X5 -7(2; (8.17)
YZ Ly Xl '7(3; (818)
Y3 = XZ + X3'7(I. (819)

Puc. 8.41. Tlpuxnan cknaganass MOHOcTa0impHUX KOMaH KEPYBaHHS
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Jns  peamizaiii  IHBEPCHOTO  CHUTHaJIy B  €JIEKTPUYHIM  cxemi
BUKOPHUCTOBYETHCS HOPMATbHO PO3IMKHEHUHN KOHTAKT peie.

[Tpu MOHOcTabinpHOMY KepyBaHHI MPHUBOJOM 3 PO3MOIIIBHHUKOM 5/2
CKIIQJAETHCS TITBKHA OJJHA KOMAaH/Ia, a KOJM BOHA HE BUKOHYETHCS PO3MOIITFHUK
aBTOMATUYHO TIOBEPTAETHCS B MOYATKOBE TOJIOKEHHS 1 MTHEBMOIIPUBOJ] TAKOX
MEPEXOAUTH B TIOYATKOBE MTOJIOKEHHSI.

OxpemuMm BunagkoMm ckiaganids MOHOcTabiibHUX KOMaHJ € 3aIuc
KOMaHI{ I TEepHIoro mpuBoja B mukm 1 — 2 — 1-2 (puc. 8.42). Hus
MIEPIIIOTO MPUBOIA KOMAaH/IA CKJIAIA€THCS HACTYITHUM YHHOM:

Yl ey Xf + X1 'Xz (820)

Puc. 8.42. I'pap uuxny 1 - 2 > 1 - 2 poboTtu cucremu

B mporpamuomy cepenoBumii FluidSim crBoproeMo TpoeKT s
peamizanii mukny 1 —>2->1-2 3  BlcrabinbHuM KepyBaHHAM JBOMa
BUKOHABYMMH MEXaHI3MaMU 1 BHKOHYEMO aHIMAIil0 POOOTH MPOEKTY
(puc. 8.43).

VY BiAMOBIAHOCTI 70 (QyHKIIOHATBHOTO Tpady Ha puc. 8.42 1 piBHAHHA
MPUYUHO-HACTIIKOBUX 3B s13KIB (1) ckiiamaeMo cxemy, HaBeJleHy Ha puc. 8.43.

[IpuHuun podoTu cxemu Ha puc. 8.43 1 HACTYNHUX CXEM MOSICHIOETHCS
3MIHOIO CTaHy KOHTAaKTIB B MiHI TaONMIIX MiJ] €IEKTPUYHOIO CXEMOKO MICIIA
HAaTUCKaHHS KHOMKHM myck S1. HopmaibHO BiIKpUTI KOHTaKTH 3aMHKAIOTHCA,
a HOPMaJIbHO 3aKPHUTI KOHTAKTH PO3MHUKAIOTHCSA MPH CIPAIOBaHHI BIJNOBIIHUX
peie.

JIist 3aKpirieHHs Matepiady CTOCOBHO CXEMHM MEXaTpOHIKW Ha puc. 8.48
Tpeba BIAMOBICTH HA HACTYITHI TUTAHHS !

1. Ywum Biapi3Hs€eThCS cxema Ha puc. 8.44 Big cxemu Ha puc. 8.43 ?
2. Mmaimuxny 1 -2 -3 - 2 > 1 — 3 ckmactu MOHOcTa6inbhi
3BOPOTHI KOMaH/IH.
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Puc. 8.43. KombGinoBana cxema mukny (tun C3) 1-52-51-52 3
MOHOcTa0uIbHUM KepYyBaHHSIM Ta YOTUPMa KIHIIEBUMH BUMHKadYaMHU
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Puc. 8.44. KombinoBana cxema mukiny 1 -2 - 1 > 2 3 MOHOcTa6insaum
KEpYBaHHIM 3 YOTHpPMa KIHIIEBUMHU BUMUKauYaMu
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8.11. BlcrabiibHe KepyBaHHSI JBOMA BUKOHABYHUMH MeXaHi3MaMHu 3
4OTHPMA KiHIeBUMH BUMHKAYaMu Aas nukay 1 ->1-52 - 2

PosrnsHemMo 1wk poOOTH CHCTEMHU 3 JBOMa IMHEBMOIWIIHAPAMH, SKi
BUKOHYIOTh poGoTy 1o mukny 1 —>1 -2 — 2. B Takiii cucremi miguac ii
pobOTH OJWMH 1 TOM >K€ CTaH IOBTOPIOETHCS MABIUI (HA TOYATKY 1 MICHA
BIJIIIPALIIOBAaHHS MEPIIOro MHEBMOIMIIHAPY OOUABA IITOKHU BTATHYTI). B Takomy
CTaHI CHUCTeMa «HE 3Ha€» 4YM TOYMHAE BOHA IUKJ, YM BXE BiJMpaloBajia
noJIoBUHY IukiIy. [loOymyemo rpad mukiy (puc. 8.45).

1 _

NI i

HebBusHa yerocmi Puc. 8.45. I'padp uukiy cucremu 3
JIIHIE€0 HEBU3HAYEHOCTI

3 rpady UMKy Ha puc. 8.46BUIUIMBAE, 1110 JiHIT 3B 43Ky IpUBOAIB 1 Ta 2 He
nepeTuHaroThesa. Takuiil rpad po3nagaeTbes Ha JBa miaArpady HEBU3HAYEHOCTI, a
MDK HAUMH TIPOXOJUTH JIiHisi HeBH3HAYeHOCTi. B3arami, jiHis HEeBH3HAYEHOCTI
MPOBOJIUTHCSA TaK, 1[0 BOHA:

-HE MEePETUHAE KOHOI JIIHIT 3B S3KY;

-nuUUTh Tpad HaA JB1 YaCTUHMU, B KOXHIM 3 SKUX € Xxo4ya O OJHa JiHIsA
3B’ SI3KY.

SIkmo B cHcTeMl € Xoda O oOjJHa JIHIS HEBH3HAYEHOCTI, TO BOHA
HA3MBAETHCS HEPEATII30BAHOIO.

st Toro, mo0 cucTeMa crajia peai3oBaHOl ii HEOOXIIHO JTOMOBHUTH
JTOAaTKOBUM (YHKIIIOHATBHUM MOJYJIEM - eJeMeHTOM mnam’saTi. Eiement
naMm’STi BBOJAUTHCA B CHUCTEMY TaKuM, 1100 MOro JiHis 3B’SI3KY IMepeTHHAIa
SAKOMOTa OUIBIIY KUIbKICTh JIIHIA HEBU3HAYEHOCTI, a TaKOX, MO MOKJIUBOCTI,
JTHIA 3B’S3KY I1HIIUMX OAMHUIL CHUCTEMHU. EjeMeHT
nam’siTi BBOIUTHCS B IUKJI CHCTEMH TaKUM YHHOM, 100
B TMOYaTKOBUM MOMEHT pPOOOTH CHUCTEMH  BCl
(yHKIIIOHAaTbHI MOIYyJl CHUCTEeMH 1epedyBaiu B
OYaTKOBOMY TOJIO’KEHHI.

Puc. 8.46. I'pad uumxmiy micias JgoJaBaHHS EJIEMEHTY

mam’ Tl 3
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OTxe, B HaBEICHOMY IMPUKIAAl JIHIS HEBU3HAYEHOCTI MPUOUPAETHCSA
J0JJTaTKOBUM €JIEMEHTOM nam’ATi 3. I'pad IUKITY
BUTJISIAY 3TiHO 3 puc. 8.46) HaOyBae HACTYITHOTO BHUTJISTY

1-3-51-52-53-52

Jlist enemenTa mam’ati 3anmucyroThes blcTabinpHi komanau. B mHeBMaTHII
eIeMEHT TaM’sTi peanidyerbes bIcTaOimbHUM TTHEBMOPO3MOMIILHUKOM 5/2 3
MHEBMAaTUYHUM KEpPYBaHHSIM. B €NEeKTpUYHHUX CXeMax eJeMeHT maM’siTi
pealizyeThCsl 3a JOTIOMOTOI0 pelie Ta iX KOHTAKTIB. PO3MOBCIOIKCHHMH €
CJIEMEHTH I1aM’STi 3 MPIOPUTSTOM Ha Ta BUMHUKAHHS Ta BMUKaHHA (puc. 8.47).
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Puc. 8.47. EnemeHnTy naM’siT1 Ha €JIEKTPOMArHITHUX peJie: a — 3 MPIOPUTETOM
Ha BMUKaHHS; O — 3 IPIOPUTETOM HAa BUMHUKAHHS

B mporpamuomy cepenosuini FluidSim  ctBoproemo mpoekt s
peamizanii mukny 1 —->1 -2 —>2 3 BlcrabinbHUM KepyBaHHAM JBOMa
BUKOHABYMMH MEXaHI3MaMH 3 YOTHpPMa KIiHI[EBUMH BHUMHKadyaMHd BHUKOHYEMO
aHiMariro podotu cxemu (puc. 8.43). B mHeBMaTHUHOI cXeMi BUKOpHCTaHa
JIBOTIO3UITIAHA THEBMOKHOIIKA 3 (DIKCAI€I0 Y HETUCHEHOMY CTaHi.

3rigHo 3 dyHKIioHATFHUM rpadomM Ha puc. 8.46 ckiIamaeMo CHUCTEMY
PIBHSHb TPHUYUHO-HACTIIKOBUX 3B’S3KIB, SKI BUKOPUCTOBYIOTHCS  JIJISI
CKJIaJIaHHS CXeMU Ha puc. 8.48.

Yie X5:-X5-8,; (8.21)
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Y, & X7 -X3; (8.23)
Y; & X3; (8.24)
Y; & X (8.25)
Y3 < X,. (8.26)

[Tpunuun pobdotu cxemu Ha puc. 8.48 1 HACTYIIHUX CXEM IOACHIOETHCSA
3MIHOIO CTaHy KOHTAaKTiB B MiHI TaOJHIIX MiJ €IEKTPUYHOI0 CXEMOIO MICHs
HaTUCKaHHS KHOMKHM myck S1. HopmanbHO BiIKpUTI KOHTaKTH 3aMHKAIOTHCA,
a HOPMAITbHO 3aKpUTI KOHTAKTH PO3MHKAIOTBCA TPU  CHpaIIOBaHHI
BIJIMOBIHUX peJIe.
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: xll:l:l Nzl:I:lm:T:l mljl:l KS ke L] % uu:ljw | #vmpi}gvz | 3 §
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17 L Hun 1 1]

1"
11

13
Puc. 8.48. Kombinopana cxema mukiny 1 - 1 —» 2 > 2 3 Blcrabineaum
KEpyBaHHSM JIBOMa BUKOHABYMMH MEXaHi3MaMU
Ha puc. 8.49 naBenena kom6iHoBana cxema (tun C3) mukny 1 -1 -
2 — 2 1pu BKIIOYEHOMY CTaHi MHeBMaTHuHOI cxemu (Tum I13) i BUMKHEHOro
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ctaHi enektpu4Hoi cxemu (tun E3), a Ha puc. 8.50 — komOiHOBaHa cxema MpH
BUMKHEHOMY CTaHI MHEBMATHYHOI CXEMHU 1 BKIIOYCHOMY CTaHI EJICKTPUYHOI
CXEMHU.

::I]Ja EY w00 %—

- .,
BOH MR AN

032

Puc. 8.49. KomGinoBana cxema mukiay 1 —» 1 - 2 — 2 1npu BKIIOYEHOMY CTaHi
MTHEBMATHYHO1 CXEMH 1 BAMKHEHOI'O CTaHI €JIEKTPUYHOI CXEMU

M1 X1
'

w2y 1 z 3 4+

5 ?
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Puc. 8.50. KomGinosana cxema nukiny 1 — 1 — 2 — 2 npu BUMKHEHOMY CTaHi
MTHEBMATUYHOI CXEMH 1 BKIIFOUEHOMY CTaHI €JeKTPUYHOI CXeMHU
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Jlig SIKOro MOMEHTY LHMKJy HaBeJeHHM Ha puc. 8.51 HaBeneHuil crorm-
Kagp mukay 1 — 1 — 2 > 2 1npu BKIIOYEHOMY CTaHi MHEBMATHYHOI CXEMH i
BKJIFOUEHOMY CTaHI1 €JIEKTPUUHOI CXEMU ?
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Puc. 8.51. Crom-kagp muxkity 1—1—-2 -2 npu BKIIOYEHOMY CTaHi

IMTHEBMATUYHOI CXEMH 1 BKIFOYCHOMY cTaHl GHGKTpI/I‘-IHO.l. CXCMHU

Ha puc. 8.52 naBemeHa (pyHKITIOHAIEHO-aICKBaTHA ITHEBMATHYHA CXEMa
(tun 113) muxkny 1 >1->2 > 2 npu BKIIOYEHOMY KOMIIpecopi i He
HATUCHYTOI THEBMOKHOTIKH.

3]

Puc. 8.52. dynkiionansHO-aieKBaTHA THeBMaTHyHa cxema (tur [13) muxmy
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1 -1 - 2 — 2 npu BKIIOYEHOMY KOMITPECOP1 1 He HATUCHYTOI MTHEBMOKHOIKU

8.12. BlcradisibHe kepyBaHHA HUKJIOM 1 — N1-2 — N2 Ha TMHOBHX
NHEBMATHYHHUX (PYHKIIOHAJBHUX MOIYJIAX MeXaTPOHIKH

B 3anexHOCTI BiJl yMOB €KCIUTyaTallii MEXaHIKO-TE€XHOJOTIUHUX CHUCTEM 1
MaIlliH MPOEKT s oJHO pexxuMHoro 1ukiny 1-N1-2-N2 moxna peanmizyBatu
0e3 KOHTpoJiepa Ha €JIeMEHTaX 1 MOIYJIAX €ICKTPOMATrHITHUX 1 THEBMAaTUIHUX
a00 TIJTPKM HA €JIEMEHTaxX 1 MOIYJIAX MHEBMATHYHUX (M1 BUOYXOHEOE3MEUHUX
BUPOOHHMIITB).

PosrisHeMo npukitam CTBOPEHHS MPOSKTY JUIsl THTIOBOTO OHOPEKUMHOTO
Ky 1-N1-2-N2 Ha mHeBMaTUYHUX €JIEeMEHTax 1 MOAYJAX 3 BUKOPHCTAHHSAM
nporpamue cepenosuie FluidSim-P . Ha puc. 8.53 HaBenena mHeBMaTH4HA
cxema (tun [13) nuxiny 1 — N1- 2 — N2 3 BlcraGinpHuM KepyBaHHSIM Ta ABOMA
BUKOHABYMMH MEXaHI3MaMHU.

e
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Puc. 8.53. IlueBmatmuna cxema (tun I13) mukny 1 — N1- 2 — N2 3

blcrabinpHuUM KepyBaHHAM Ta IBOMa BUKOHABYMMH MexaHi3MaMu: S1 — KHomka
«Starty; 1, 2 1 3 — mHEBMOPO3NOAUIBHUKY TUTTY 5/2; 4 1 5 — JIOT14HI €JIEMEHTH
«AND»
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Puc. 8.54. IlouaTkoBuii cTan cxeMu Ha puc. 8.53 miciisi BKIIOUEHHS KOMIIpecopa
1 HEe HATUCKaHHIM MHEeBMOKHOMKHU «Starty S1

3 puc. 8.53 BumIMBa€ BUXIJHE BTATHYTE IOJIOKEHHS IITOKIB MOPIIHIB
JBOX BUKOHAaBYMX MEXaHI3MIB 1 BIAKPUTUI/3aKPUTHI CTaH iX KIHIIEBUX
BuMuKadiB. Jloriuamii enement 5 (puc. 8.53) mae Ha Buxoai ctad «1» ToMy, 110
Ha MOro ABOX BXOJaX MPHUCYTHIN TAKOX JIOTTYHUN cTaH «1» (orcupHumu ainismu
BUOLNEHT KaHAMU N0 MUCKOM CIUCI020 nosimpsi Ha puc. 8.54).

[Ticnst oqropazoBoro HatuckanHss MOHOcTta6inpHO1 KHOTIKM S1 cxeMa Ha
puc. 8.54 npuiiMae ctaH, HaBeJeHUN Ha puc. 8.55 (kpok 1) — modarok pyxy
MOPIIHS  TEPIIOTO IMHEBMOIMIIHAY. Bcl HacTymHi KpoOKi JeJeryBaHHS
OOOB’SI3KIB €JIE€MEHTIB MEXAaTPOHIKK B TEPMIHAX OO0’ €EKTHO-OPIEHTOBAHOTO
IPOEKTYBaHHS HaBeJeH1 Ha puc. 8.56 ... puc. 8.60.

Ha xpori 2 (puc. 8.56) cnpainboBye (BIAKPUBAETHCS) KIHIICBUA BUMUKAY
, CIpaIbOBY€ ITHEBMOPO3MOAUILHUK 3, €JIEMEHTI IaM’aTi 1 JIOTTYHHUI
enemeHTH «AND» 4 Ha mnpaBoMy BXOIl TEpeXoAuTh B cTaH «l», a
MTHEBMOPO3MOAUTLHUK | 1 MepIuii BUKOHABUMKA MEXaHI3M TMOBEPTAIOTHCS Y
nonepeAHii cran (kpok 3) — puc.8.57.

ToMmy BiAKpUBa€eTbCA BUXIA JIOTiYHOTO eneMeHty 4 (ctan «1»)
CTHpallbOBY€ IMMHEBMOPO3MOAUIPHUK 2 1 IITOK TOPIIHIO IPYroro MHEBMO-

MWTHAPY pyXaeTbes Brepea — Kpok 4 (puc. 8.58). B kpaliHboMy BUCYHYTOMY
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Puc. 8.55. [TneBmatnuna cxema mukiny 1 — N1- 2 — N2 (kpok 1) — HaTHCHYyTa
THEMOKHOTIKA 1 TOYaTOK PYyXY IMOPIIHS MEPIIOro MHEBMOLIMITIHTY

Puc. 8.56. [TneBmatnyna cxema 1ukiny 1 — N1- 2 — N2 (kpok 2) — mTok
MEPIIOTO MTHEBMOIMIIIHAPY BMUKAE ITHEBMOKIHIICBUK |
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Puc. 8.57. [lueBmatnuna cxema 1ukiay 1 — N1- 2 — N2 (kpok 3) — mopiueHb
MIEPIIIOTO MTHEBMOIMITIHAPY TTOBEPTAETHCS HA3a/l

Puc. 8.58. IlneBmartnuna cxema 1ukiay 1 — N1- 2 — N2 (kpok 4) — mTok
HOPIIHIO APYTOro MHEBMOIMITIHAPY BUCYHYBCS BIEPE/]
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Puc. 8.59. [MuesmaTnuna cxema mukiay 1 — N1- 2 — N2 (kpok 5) —mmoBepHEHHS
MOPIIHS JPYTOro MHEBMOIMITIHPY Ha3a/

MOJIOKEHH1 MITOKY CIPAIbOBYE (BIIKPUBAETHCS) KIHIIEBUN BUMUKAY 1 cxema
nepexoauTh B cTaH Ha puc. 8.59 — kpok 5. IIHeBMopo3noniibHuku 2 1 3
MOBEPTAIOTHCA y BUXIAHUHN CTaH 1 MOPIIEHb APYTOro MHEBMOIMIIHAPY MOYHHAE
pyx Hazaja ayis 3aBeprieHHs nukiy (puc. 8.60 — kpok 6). Cxema MoBepTaETHCS Y
MMOYATKOBUH CTaH, HaBeICHWU Ha puc. 8.54.
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Puc. 8.60. [THeBmatnuna cxema mukity 1 — N1 — 2 — N2 (kpok 6) — moBepHEHHS
BUKOHABUMX MEXaHI3MIB B ITOYaTKOBUI CTaH (3aKiHYEHHS LIUKITY)

HaBeneni na puc. 8.56 ... puc. 8.60 cxemMu KpOKOBHUX 3MiH CTaHIB
byHKIIOHATBPHUX MOAYJIB npu peamzamii mukiy 1 — N1 — 2 — N2 no3Bossie
MepeBIPSITH Mpare31aTHICTh POOOTH 0OpaHUX €JIEMEHTIB 1 BUKOHYBATH IMITaIlli
iX poOOTH B PEXHUMI PEATbHOrO0 4acy 3 OOpaHOK MIBUIKICTIO MEPEMIILIECHHS
BEJICHUX JIAHOK MEXaHI3My, a MPU HEOOXITHOCTI — 13 3YNUHKOIO B KpalHIX
MOJIOKEHHSIX BEACHUX JIAHOK MEXaHI3MIB TEXHOJIOTIYHUX MAIIUH, SIK1 MOXYTh
OyTH KiIHEeMaTH4HE 3’ €IHaHI 31 IITOKaMH ITHEBMOIIMIIIH/IPIB.

[Ipy HasIBHOCTI HaBEICHUX €JIEMEHTIB 1 MOIYJIB JOLUIBHO IMTOCTAHOBKA 1
BUKOHaHHS J1abopatopHoi pobotu blcradiyibHe kepyBanHs mukiaom 1-N1-2—
—N2 Ha TUMOBUX MTHEBMATUYHUX (QYHKIIOHATHBHUX MOIYJISX MEXaTPOHIKH.

Ilumanns ona camoxonmpono no po3oiny 8

1. SIke nmpu3HayeHHs IporpamMHoro cepemopumia FluidSim ?
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2. Yuwm Biapizuserses blcrabinbpae kepyBanns Bin  MOHO-
CTab1JILHOTO KEpyBaHHS ?
3. UuM Biapi3HAETHCS MpsME 1 HETIpsIME KePYBaHHS LUKIAMU 7
4. o Take kKOMOIHOBaHa CXeMa MEXATPOHIKU 1 SKE MO3HAYEHHS MalOTh
taki cxemu o JICTY ?

5. SIxi MexaHI3MHM MaIluH JErKOi MPOMHUCIOBOCTI MOXYTh 3aMIHSTH
ki 1- N1 mexaTponiku ?

6. SIK MO3HAYAIOTHCS KOHTAKTH pejie B JIAHIIOrax cxem Ttumy E3 mpu
po6ori 3 FluidSim ?

7. SIxe mpu3HaUYCHHS JpOceiiB 1 (ITUHTIB Ta K 3MIHUTH MPOAYKTHBHICTh
JPOCEITIo porpaMHuM 3acoboMm y FluidSim ?
8.5k mpounTaTH piBHsHHA (8.21...8.26) ?

9.3anmumuth KoMaHau mii mukay 1—->1->2-2  npu MOHO-
CTablIbHOMY KepyBaHHI ?

10. Sxe npusnauenHs enxemeHTiB «AND» 41 5 na puc. 8.53 ?

11. Yum Biapi3HseThCA poOOTa cXxeMu Ha puc. 8.61 Bix poOOTH cXeMH Ha
puc. 8.49 ?
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Puc.8.61.
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9. BICTABUIBHE I MOHOCTABUIBHE KEPYBAHHA HUKIIAMI 3
[TPOTPAMOBAHUM JIOITYHHUM KOHTPOJIEPOM TEXHOJIOTTYHNX
MAILIMHAX JIETKOI TTIPOMUCJIOBOCTI

BukoHaHHs HaBEJICHUX B PO3/LI1 MPOEKTIB 31HCHEHO 3 BUKOPUCTAHHSIM
naboparopHoro creHay (puc. 9.1), B TOMy YHCIIi IPOrPaMOBAHOTO JIOTTYHOTO
KOHTpOJIEpa, TUIIOBUX MPOrPaMOBAHUX MEXaTPOHHUX MOAYJIB (puc. 9.2) 1
y3aranbHeHoro Allocation List (Ta6um. 9.1).

Puc. 9.1. ®oto 1abopatopHOro CTEHY:

1 — KOJIEKTOp MTHEBMATUYHUHN 3 MAHOMETPOM,;

2 — nBa mHeBMoIIiHapH (L = 100 MM, d = 25 Mm);

3 — nmBa mHeBMmouwiiHapu (L = 10 MM, d = 10 MM) 3 repMETHYHUMHU
0E€3KOHTAaKTHUMH KIHLIEBUMHU BUMUKa4aMH (TEPKOHAMMU);

4 — nBa MHEBMOPO3MOAUTBHUKY TUITY 5/2 (I’ SITUTIHIAHI JBOXTO3UIIIIHI) 3
blcmabinbhum eneKTpUYHUM KepyBaHHSIM;

5 — JIBa MHEBMOPO3MOAUTHPHUKY THITY 5/2 (T’ ATUIIHINAHI IBOXTIO3UIIINHI) 3
MOHOcmabinbHum eNeKTpUIHUM KEPYyBaHHSIM;

6 — Ipoceni MHEBMATUYHI 31 3BOPOTHUMHU KJIallaHAMU;

317



7 — OJIOK €JIEKTPUYHOTO KUBJICHHS +24 B;

8 — 0JI0K KHOIOK;

9 — Tpu 6;10KM enekTpoMarHiTHUX pene (3 x 3 =9 pene);

101 11 — maTymku KiHIIEBOTO TOJIOKEHHS THEBMATUYHUX IHJTIH/IPIB;
12 — nporpamoBanuii joriuauii kKouTposep Festo FC34;

13 — nepopoBana miuTa;

14 — nabip apoTiB ISl CKIIAJaHHS SICKTPUIHUX cxeM (tun E3);

15 — TpyOKu 17151 CKIIaJlaHHs THeBMATUIHUX cxeM (Ttum [13)

XN2 X2 XN4 X4

:r&%ﬂ jé: ' %tm =
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v —”1 ¢ 11 ¢ et gl o

Puc. 9.2. Ilpukinagm TUNOBUX MPOTPAMOBAHUX MEXATPOHHUX MOJYJIIB
71a60pPaTOPHOTO CTEHIY

[Ipu BuUKOpHUCTaHHI MpPOrpamyeMoro JOorivHoro kourtposepa (nmami [JIK,
PLC abGo mpocto koHTposnep) 3miHHi Tty Boolen (Bynesi 3miHHI)
nponucytoThest B Allocation List . 3minna tumy Boolen moxe mpuiimatu aBa
crany: true (ictuHa abo yoriuda onuuuils), false (xubHuit abo JOTIYHUEN HYIIB).

ALLOCATION LIST — («CIIMCOK PO3IIOAIIY») ue tabnuis, y
SAKUW TPOMUCYIOTHCS (DI3MYHI €JIEMEHTH 1 TpOorpamMHi eJIEeMEHTH TMPOEKTY.
Dizuuni enemenmu TPOMUCYIOTHCS K aOCOJIOTHI IMEHA OTMEpaH/IB 1 PEriCTPiB
nmoptiB BuxoAiB (Output) i BxoxiB (INput) koHTpONIEpa, 10 SKWUX ITiIKIIOYCHI
enekrpomartiti mHeBMokIamaniB (Yi, YNI), matauku (Xi, XNi), kaonku (Si),
kotymku pene (Ki). [llpoecpamni enemenmu, sixi 30epiraloTbess B IaM’sITi
KOHTpoOJepa 1 HE MIIKJIIYAIOThCS  JI0 IMOPTIB KOHTpOJEpa MPOMHUCYHOTHCS
HactynHuMu ornepanaamu: (Fi) «mpamnop» (ckopodenns Bin Flag, abo nommpena
Ha3Ba «paar»), TaiiMep(Tn), mumiasauk (CN), npecenektop aiunabHUKIB (CPn),
ciioBo siunnbHuKIB (CWN).
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Enementu mam’sti (EPn) e takoxx He (i3W4HI €JIE€MEHTH, a MpOorpamHi
CJIEMEHTH Yy BUIJISAlI JBIMKOBOi 3MiHHOi, IO Mae 3Ha4YeHHS «1» - emeMeHT

maM’aTi BKJIIOUEHUH a00 3HaueHHd «0» - exeMeHT maM’gaTi BUMKHEHU. B

Allocation List

Ta B mporpami enemeHTd mam’ati (EPn) mpommcyroThes

nparopom 3 im’ssm Flag, a Tomy omepangamu (Fi). s kHomkm Start XST

BUKOPUCTOBYETHCS eyleMeHT nam’sati (onepana F0.0).

JIist KO’KHOTO TIPOEKTy posaury 9 3 Tabmumi 9.1 oOuparoTbest moTpiOHI

oTepaHIy 1 TOMY Jaii HaBeJeHa BKa3iBKa mpo moTpedy ckiaamadds Allocation

List 3 ypaxyBanusm tabmuii 9.1.

Tabmuus 9.1 Allocation List
Operand | Symbol Comment

00.0 Y1 | Ilpsamuii Xix nopirHio 1-To mutiHgpa

00.1 YN1 | 3BopoTHi# Xia nopiiHio 1-ro nmuiaiHApa

00.2 Y2 [TpsiMuii X1 MOPIIHIO 2-T0 MUJIIHIPA

00.3 YN2 | 3BopoTHi# XiJ HOPIIHIO 2-TO IIIIHIpPA

00.4 Y3 | IIpsamuii Xix mOpIIHIO 3-TO IITIHIpPA

00.5 Y4 [TpsimMuii X1 MOpPIIHIO UTiHpa 4

10.0 XN1 | Kinnesuii BuMuKkay mtiHapy 1 (BTATHYTUN CTaH
MOPIITHIO)

10.1 X1 Kinnesuii BuMukay muniHapy 1 (BUTATHYTHIA cTaH
HOPIIHIO)

10.2 XN2 | Kinnesuii BUMHUKaY ITHAPY 2 (BTATHYTUN CTaH
TIOPIITHIO)

10.3 X2 Kinnesuii BuMuKay mumiHapy 2 (BUTATHYTHMA CTaH
HOPIIHIO)

10.4 XN3 | KinneBuii BUMHKay MUWIHAPY 3 (BTATHYTUN CTaH
HOPLIHIO)

10.5 X3 Kinnesuii BumMukay mumiHapy 3 (BUTATHYTHM CTaH
TIOPIITHIO)

10.6 XN4 | Kinnesuii BUMHUKaY IWTHAPY 4 (BTATHYTUN CTaH
MOPIIHIO)

10.7 X4 Kinnesuii BuMuKkay muniHapy 4 (BUTATHYTHI CTaH
MOPIIHIO)

11.0 S1 Knomnka 1 6e3 ikcaropa

11.1 S2 Knomka 2 6e3 ikcaropa
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11.2 S3 Knormka 3 3 gikcaropom

FO0.0 XST | EnemenT mam ari

FO.1 EP1 | Enement nmam sti1 1

FO0.2 EP2 | EnemenT mam st1 2

FO0.3 EP3 | Enement mam sTi1 3

T0 Tn Tatimep 0

T1 Tn Tanmep 1

CO Cn Jliunneauk 0

CPO CPn | IIpecenexkrop niumibHUKa 0

CWO0 CWn | Cnoso miunnsauka 0

+24B _ _____ Doeonanns exodie (Hpre) XommBaNR __
I Xt si| s2| s3| |
G R
| xaz2| X2 ANY | Xo4 |
I I
| |
| DoOooOo0oooo.a gl

00 101 92 03 104 Ios 1.6 107 o 11 mnz ||
DﬂB_L PLC (Tnput) _!

o conanns suxedis (Quiput) xonmporepa

Hid conanns erexmiponacnimis
KAMNIHLE NPUSOOLE

+24B
i — e e — e e e e — — |
I I |
(00 B g gy Ry a o |
| PLC (Output) i {
| I |
| 51| &2 m3| K4 &5 Ko | |
| - Shw| e w2l oz w| ve]
0B | 1 g EI’-‘rE EI&E L'fPE L‘TD% |
v e e e e e —— —— —_— e e — . — — — — ——— — —1
Puc. 9.3. [Ilpuxnag nigKIIOYEHHS JaTYMKIB, peJie, €JIeKTPOMAarHiTiB
MMHEBMATUYHUX  PO3MOJAUIBHUKIB 10 IIMHU BXoAiB (Input), muHM BUXOIIB

(Output) Ta mxepena >KUBICHHS
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[Ipu  po3pobumi  mpoektiB 3  blcrabumbHuMm  KepyBaHHS — abo
MOHOcTabinsHUM KepyBaHHSAM Iepen0adeHo po3poOKa mporpaM MeXaTpOHHHUX
CHCTEM 3TIIHO 3 TEeXHIYHUM 3aBJaHHSM Ha MpoeKkTyBaHHs. [licna ckiamaHHs i
YTOUYHEHHS TEXHOJOTIYHOTO  (PYHKIIOHABHOTO) Tpady BUKOHYETHCS
CKJa/JaHHs KOMOIHOBaHOi cxeMu 3 KoHTposepoMm. Ha puc. 9.3 HaBeneHwmii
MPUKJIA MIKITIOYCHHS TaTYUKIB TOJOKEHHS (KIHIEBUX BUMHKadiB) XI...X3,
XNI..XN3, xaonok S1, S2 i S3, pene KI..K6, enexrpomarnitiB YI...Y3,
YNI...YN3 mnHeBMaTHUHHUX PO3MNOJUIBHUKIB A0 ImMHHU BxojiB (Input), mmnu
BuxoiB (Output) Ta mxepena xxuBiaeHHs 24 B koHTpoiiepa.

TakuM 9rHOM, B CXeMax MEXaTpPOHIKH 0e3 KOHTpOJepa Taki eIeMEHTH SIK
TaliMepu 1 JIYWIBHUKH € (PI3UYHUMH €JIeMEHTaMU Yy BUIJIAIl perie dYacy i
€JIEKTPOMEXaHIYHOTO 200 €JIEKTPOHHOTO JIUMJIbHUKA. A B CXeMaX MEXaTpPOHIKH
3 KOHTPOJIEPOM, SIK MIJKPECIICHO, TallMepu 1 JIYWUIBHUKA € TPOrPaMHUMHU
enemeHTamH, siki B Allocation List (Ta611.9.1) nponucani onepannamu Tn, Cn,
CPn i1 CWn. Bci ixmn ¢i3uyHi e1eMEeHTH MEeXaTPOHHUX MOJTYJIIB MPOIUCaHI B
B Allocation List 1 300pakeHi y KOMOIHOBAaHUX CXE€Max 3 KOHTPOJIEPOM.

BlcradinbHe KepyBaHHfI 1€ JBOCTOPOHHE KEPYBaHHS BHUKOHABUYUM
MEXaHI3MOM, Hampukiaja, 3a jgonomoror bIcTaGiabHOrO MHEBMATHUYHOIO
PO3MOIIIEHUKA (THEBMATHYHOTO PO3IMOAIHFHUKA 3 JBOMA JIEKTPOMAarHiTamMu)

MOHOcTa0isibHe KepyBaHHS 1€ OJJTHOCTOPOHHE KEPYBaHHSI BUKOHABUYUM
MEXaHI13MOM, Hampukiaa, 3a gonomororo MOHOCTa6iapHOTO MHEBMATHYHOTO
PO3MOAITFHUKA(TTHEBMATUYHOTO PO3MOAITHPHUKA 3 OJTHUM €JIEKTPOMAarHiTOM)

9.1. Po3poOka mnpoekTiB 3 KOHTpoJiepaMu /Jisi BHUKOHAHHA IHKJIY
1 -1 3 Bleradiabnum i MOHOCTa6iibHMM KepyBaHHSAM BHKOHABYHM
MEXaHi3MOM Ta JBOMA KiHIIeBUMH BUMHKaYaMH

JIJist CTBOpEHHS Ta KOMIUISIIT Tporpamu, HanucaHoi Ha MoBi ST «Statement
List» y cepemoBumni FST4.21 nans kxontponepa Festo  Tpeba mistu 3a
HACTYITHUMH KPOKaMHU:

e Biakputu HOBHE New Project i HamaTk iM’S MPOEKTy, JIATHHHIICIO Ta
nrdpamu (He O1IbIIE 8 CUMBOIIB);
e o0Opatu Tun koutposiepa (FEC Compact);
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e cxuactu Allocation List ;

e Ctrl+N (BuOpatn MOBY IpOrpamMyBaHHs) ;

® HaMWCaTH MPOrpamMy KEPYBaHHS ITUKIIOM;

® [IepEHECTH TMPOEKT Ha BUJAHIA BUKIagadeMm Quem-nam’sTi s
MEPEHECEHHS Ta 3aBaHTAXKECHHS IIOTO MPoekTy Ha PLC;

® BUKOHATH KOMMUIAIIIO 1 MepeBipKy mporpamu Ha nomuiku (Errors), a
IpY HASIBHOCTI OMMJIOK iX TpeOa BUIPABUTH;

e 3apaHTaxuTu poekT Ha PLC (Download Project);

® 3alyCTUTHU MPOECKT;

® 3YIIUHUTH MIPOCKT;

e BUBaHTaXUTHU MpoekT 3 PLC.

®parMeHT rojioBHOTO MeHIo 1 pparmenT Allocation List HaBeseH1 Ha puc.9.4,

ne uudpamu 1...6 mo3HayeH1 OMIlIT 1711 BAKOHAHHS HACTYMHUX Mii :

1 — Compile Active Module (xommiisiiist KOHTpoJiepa);

2 — Make Project (koMmisiist mporpamu);

3 — Build Project (miaroroeka npoekty 10 3aBaHTakeHus y PLC);
4 — Download Project (3aBaHTaXCHHS IPOCKTY);

5 — Control Panel (konTposns crany 3aIycKy-3yITHHKH-BUBAHTaXKCHHS
MIPOEKTY);

6 — Online Display (Bi3yami3ariist 3HaueHb 3MiHHUX PLC).

Y TEeXHONOriYHMX  MAallMHaX JIErKOI  MPOMUCIOBOCTI  HIMPOKO
3aCTOCOBYIOTHCS THIOBI KPUBOUIMITHO-TIOB3YHHI MEXaHI3MH, KPHUBOILIMITHO-
KOPOMHUCJIOBI, JIBOKOPOMUCJIOBI Ta JIBOKPUBOIIWIIHI MEXaHI3MHU, SKI €
BUKOHAaBYMMH IMKJIOBUMHU Ba)XUIBHUMU MEXaHI3MaMH 3 >KOPCTKOIO CHCTEMOIO
kepyBanHsa Ttuny PB (tuny «Posmoxinpauii Bam»). O00B’sS3K0BUMH JIaHKaAMU
TaKMX MEXaHI3MIB € Belyda JJaHKa KPHUBOIIUIT a00 €KCIEHTPHUK 1 TepenaToyHa
JaHKa — MIaTyH, AKl yTBOPIOIOTh KiHEMATHYHI Mapu MiX CO0OI0, TOJIOBHUM
BAJIOM 1 3 BEACHOIO JIAHKOI (HAMpUKiIad, 3 IOB3yHOM-TOJKOBOJAOM abo 3
KOPOMHCJIOM MEXaHi3My HUTKOTIPUTATYBaua YOBHUKOBUX IIBEHHUX MAIITHH).
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"1 ST - MM (fTa6_pati_Z) = FEC Standard = [EST Projed 3B AHTKEHHA
(fla6_pati_2) ndard - [EST Projed] IIDOEKTY
@ Project Edit View Inset Program Onfine Edras Window Help

EECEIEN IR C Y e CEE ]|

= Project Settings 1 2 3 4;" 1
.—[E Project Documentation ﬁ
"g St”?ﬂatm“ Lt Operand | syabol Kommimaria Komrpoms
= rings =
»--B Programs %g:: :;1
(=] CMPs 1.0 a1
- crms 1.1 52
— § Controller Settings 211.2 53
._1‘& 10 Configuration i/310.0 N1
'—i.;‘ Driver Configuration EIG‘ 1 X1

‘ {HED.O Xs5T

a

&1, XST, §3

0

Puc. 9.4. ®parment rojoBHoro MeHto 1 ¢parment Allocation List (a) Ta
(ynxiionaneHuii rpad (6) ms nukny 1 — 1

MexaTpoHHUMH ~ (YHKIIOHAJNbHO-3JICKBATHUMH ~ MEXaHI3MamMu €
KOMIT FOTEPHO-1HTErPOBaH1 [IUKJIOBI MEXaHI13MHU MaluH. Taki MexaH13MU MaloTh
COpOLIEHY KIHEMAaTUKy 1 iX BeIeHl JIaHKKM 3 poOOYMM 1HCTPYMEHTOM
KiHEMaTHYHEe He 3’€JHaHl 3 TOJOBHUM BajoM, a MaloTh I1H(OpMAaIliiiHi
(IMCKPETHO-ENEKTPHUYHI) 3B’ S3KH 3 OJTHOTO OOKY 3 TOJIOBHUM BajlOM MAIllMHU, a
3 iHmoro OOKy 3 TMOpTaMH BXOMIB 1 MOPTaMU BHUXOAIB BOYJOBaHOTO B
TexHozioriuny mamuny PLC.
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B KOMIT'IOTEpHO-IHTETPOBAHUX  TEXHOJOTIYHMX  MAaIIMHAX  JIETKOI
npoMucioBocTi  Huka 1 — 1 MOXIMBO peajizoByBaTH 0e3 TpPaULiHHUX
KPUBOIIMWIIIB 1 IIATyHIB LMKJIOBUX MEXaHI3MIB, a 3 JOMNOMOIOI0 JIOTIYHHX
KoMaH1 kepyBaHHs npu blctabinenomy a60 MOHOcTabimpHOMY KEpyBaHHI.

Mema npoexmy: OTpUMaHHS MPAKTUYHUX  HABHYOK  TIO
NpOrpaMyBaHHIO IMKJIOBUX CHCTEM TEpUIOro KIacy CKIaJAeHOCTI (OAHO
PEKUMHUX) HA IPUKIAI BUKOHAHHS UKTy 1 — 1 3 BlcTabinbHuM KepyBaHHSM
BUKOHABYMM MEXaHI13MOM Ta JIBOMa KiHIIEBUMH BUMHUKaYaMHU.

Texniune 3a60aHHsA. ABTOMATH3yBaTH IMpolec poOOTH
KOMIT IOTEPHO-IHTETPOBAHOTO IIUKJIOBOTO MEXaH13My MariuHau. [Ipyu HaTuCcHEeHH1
KHOTIKH «Starty S1 6e3 ¢gikcaropa y HATUCHYTOMY CTaHi — puc. 9.5 1 Tabim. 9.1) 1
MIpU YMOBI TlepeOyBaHHs BEACHOI JIAHKW B BUX1JIHOMY IOJIOKEHHI 1 HATUCHYTIN
kHONIKM  «Ilyck» S3 (kHomka S3 3 (iKCaTOpOM y HATHCHYTOMY CTaH1)

MOBUHEH pPO3MOYATUCS LUK poboTu cucteMu. llicis nepemilieHHs BEACHOI

JaHKKA B poOOYe TOJOKEHHS 1 HATHCHYTIM KHOMKHU «[lyck» S3 BelaeHa JaHKa
MOBEPTAETHCSI B TOYATKOBE IMOJIOKEHHSA, cucmema OONpaybo8ye€ OCMAHHIN
pobouuti xio i 3ynuHAEmMbCsA N0 HACTYNMHOTO HaTHUCHeHHs kHomku S1. [lpu
HATUCHEHHI KHOMKU «Sfop» S2 (kHomKa S2 6e3 (pikcaTopa y HATUCHYTOMY CTaHi
— puc. 9.4 1 tabn. 9.1) — UK 3yNMUHAETBCS 1 POOOTA CUCTEMH HE MOXE OYyTH
MIPOJIOBXKEHA MPU MOBTOPHOMY HATHUCKAaHHI 1 BIAMYCKaHHI IIi€] KHONKHU. Y
BUITAJIKy BIATHCHEHHS KHOMKH «[lycky S3 — cucmema 3ynunsecmocs. Ilpu
MOBTOPHOMY 1i HATUCHEHHS CUCTEMA MPOJOBKYE MPALFOBATH.

Bubupaemo nacmynne 061a0HaHHA:

nporpamoBanuii norigyauii koutposuep (PLC) Festo FC34;

MMHEBMAaTUYHUN IIJIIHJAP JBOCTOPOHHBOT Jii;

blcraGinpHuii MHEBMAaTUYHUN PO3NOIUIBHUK 5/2 3 €NeKTpOMarHiTHUM
kepyBaHHaM (enekTpomaraitu Y1 ta YN1);

JIBa MTHEBMATUYH1 JIPOCEi 31 3BOPOTHUMU KJIallaHAMU,

JIBa KIHIICBUX BUMHWKaua (HAMpUKIad, i1 KOHTPOJIO KpalHIX MOJIOKEHb
TOJIKOBOZy KPHWBOIIUITHO-TIOB3YHHOTO MEXaHI3My TOJIKM IIBEHHUX MAIlWH) 3
enexktpuuyHuMH KoHTakTamMu XN1 ta X1;

KHOTIKY «Starty  S1, kHOmKy «Stop» S2 1 kHomky «Ilyck» S3;

enextpomarHiTHi pese K1 1 K2;

JpKepento xuBJIeHHs octiiium ctpymom (DC — Direct Current) 24 B.
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3 1uX eJeMEHTIB MOTPIOHO CKJIACTH KOMOIHOBaHY CXeMYy, sika HaBeJeHa
Ha puc. 9.5.
[To3HaunMoO KIHIIEBUI BUMHKAY, SKUH BIAMOBIMa€ 3a BUTATHYTE

MoJIOKeHHS mToka X1, a KiHIEeBUH BHMHKAy, IO BIJANOBIIAE 3a BTATHYTE

noiokeHHss XN1. [Ipy HaTUCHEHHI ITOKAa MOPIITHIO HA KIHIIEBUHA BUMHKAY
X1 3AMUKA€TbCA HOr0 €JNEKTPUYHUM KOHTAaKT. B Takomy BuUDAgkKy
npuiiMaeThes, 1mo JioriyHa 3MiHHA X1 = 1. Ilpu BiATHUCHEHI KIHIIEBOTO
BUMHKaua KOHTAaKT PO3MHUKAETHCS, a JIOT1UHA 3MiHHA MpuiiMae 3HayeHHS X1 =
0. EnexktpomarniT Y1 Biamosijgae 3a mpsMUil pyX MOPIIHIO MHEBMATUYHOTO
HUJIHIPY, a enekTpomarHiT, Y N1 BianoBijae 3a 3BOpoTHIN pyX. TakuM 4MHOM,
IpU Mojadl curHaiy Ha enekrpomarHiT Y1 fioro noriuyna 3minHa Y1 = 1, npu
3HATTI curHany Y1 = 0. Ananoriudo juis enekrpomartity YN1.

Ha ¢dynkmionansnomy rpadi (puc. 9.4,0) kpankamu Mo3Ha4eH1 BEPIIMHUA
rpady, a ctpuikamu — pedpa rpady. [Ipu ckinaganni komaHa nporpam noTpioHO
aHaJ13yBaTH OTIEpaHAM Ha TIOYATKY 1 Ha KIHIl pedep (CTpiiokK) rpady.

Cxema 3 KOHTPOJEPOM [JIsi BUKOHAHHS IIUKJIY 3TIAHO 3aBIaHHS, SKHMA
BIJITBOPIOE pOOOTY KPUBOILIMITHO-IIOB3YHHOI'O MEXaHI3My 0€3 KpHUBOLIUITY 1 0€3
nraTyHa HaBeseHa Ha puc. 9.5.

I ednonng sivodis I ednanns
(Output) ETENMPOMAZHIMIS
+24B i ednanna exodis (Input) xemnponepa KORMPOTEPa kuanana npusody 1

= R X1 2| 83 H !
- ..1’;111 X1 Im{jﬂ ARAENEA " H D, :
PLC

oH 3 | [y 1
| Il I l
I " “I’J YNI ;

H¢ I O0O0OOoo)|,eoe
A_, {;H'.l | w6 m ns na m2 || l 1 I
s 0B_| PLC (ptt) e | 1 |
N L———.—--———-——-—.II—-————._J-I‘_.____._'I

Puc. 9.5. Kom6inoBana cxema (tum C3) 3 KOHTpOJIEPOM Uil BHUKOHAHHS
mukity 1 -1 3 BlcTabinbHUM KepyBaHHAM BHKOHABYAM MEXaHi3MOM Ta
JIBOMa KiHIICBUMHU BUMHUKaYaMH

CKnaoanus 102i4HUX KOMAHO Kepy8aHHs: TOMOBUMOCH, 110 TaKHMl ITUKII
YUTaTH TpeOa HACTYNMHUM YMHOM: «O0OUH — He oO0um» 1 mo3Hadatu 1 — 1, abo
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1 - N1. [Ins mouyatky poOOTH IpH HAaTUCHEHH1 KHOMKM «Starty S1 moBuHeH
YBIMKHYTHCH elleMeHT mam’sti XST, skuil Oyne Biamosimatu 3a Start poGotu
CUCTEMH:

XST < S1, (9.1)

JIe TIO3HAYKA « <= » Ma€ 3MICT NPUYMHHO-HACIIKOBOTO 3B’S3KYy 3MIHHUX,
a caMe ICTMHHOCTI omepaHay (JopiBHIOeTbes «1»). Bupaz (9.1) MoxxHa
IPOYUTATH HACTYIHUM YUHOM: «AKwo HemucheHa kHonka «Starty S1, mooi
gratouenull enemenm nam 'ami XST», abo «lIpu namuckanui knonku «Starty S1
nompiono exmoyumu enemenm nam 'smi XST», abo «Ipu namucnenHi KHONKuU
«Starty S1 enemenm nam’sami XST BKIIIOUCHHIN.

Benena nanka (IUTOK MOPIIHS), NepeOyBalOUH y BTATHYTOMY MOJIOKEHH]
MOBMHHA MOYaTH POoOOYMI XiJl IPU HASIBHOCTI CUTHANY e€lleMeHTy mam’siTi XST
3riIHO 3 BUpa3oM (9.1) Ta mepiioro HaTUCKaHHA 1 (ikcallii y BKIIOUYEHOMY CTaHi
kHONKM «[lyck» $3 s moyaTKy HMKIY 1 BKJIIOYEHHS eJeKTpoMarHity Y1
MMHEBMATUYHOTO PO3MOJUIbHUKA(TIpSMAa KomaHzaa). ToJi piBHAHHS MNPUYUHO-
HACJIIJIKOBUX 3B’S3KIB Ma€ HACTYITHUN BUTJISI:

Y1 < XST -XN1 -53 (9.2)

[Tpu npyromy HatuckanHi kHonku «Ilyck» S3 1 3aMKHEHOMY KiHIIEBOMY
BUMHKayy X1 3aBepiryeThCcsl UK 1 BEJIEHA JIAHKA MOBEPHETHCS B MOYATKOBE
nosioxkeHHs1. [Ipu nboMy JIOoT14Ha 3BOPOTHA KOMaH/Ia Ma€ HACTYITHUM BUTJIISL;

YN1 < X1-S3 (9.3)

Jlns BUMHKaAHHS CHCTEMH HEOOXITHO HATHCHYTH KHOMKY S2 1 Toxi
BUMKHEThCS €JIEMEHT MaM’sIT1, SKUH BIAMOBIJAE 32 MOYATOK POOOTHU CUCTEMHU:

NXST < S2 (9.4)

VY BuUmManKy HEOOXIIHOCTI €KCTPEHOI 3YIMUHKH CHUCTEMH MOTPiOHO
BiATUCHYTH KHOTIKY «ITyck» S3.

3ayeaoicenH A TO3HAUKOI «‘» HA MOYATKYy KOXKHOIO psAJKa B
mporpami TYT 1 Hajajdl MO3HA4Y€HlI KOMEHTapl IO MPOrpaMu, sIKi ITHOPYHOThCS
TPAHCIISITOPOM.
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Pos3pobka npoepamu

‘CreopwemMo STEP 0, B sKOMy NOPMBOOMMO CHUCTEMY B
‘nouaTkoBuMm craH (NOP:= No Operation) mnpm O6ynb-sKux
‘yMOBax, a caMe BMMKaEMO EeJIEKTPOMAarHiT SBOPOTHOIO
‘xony SET YN1, BMMMKaAEMO eJIEKTPOMAarHiTy NOpPsIMOTO XORY
‘RESET Y1, a TakoX BMMMKAEMO ejieMeHT nam’ssri XST, saki
‘6ynyTkE BMKOPMCTaH1I B po6bouomy kpoui STEP 1

‘IIna nepexomy (JMP TO 1) =B po6boumm kpok STEP 1
‘Heob6xigHO mwO6 IITOK IMNOPWHI IMIiHAPY O6YyB BTATHYTHUM,
‘mobTOo 1e HeobximHa yMmoea (IF XNl1l) @nnss 3aMKHEHOIO
‘cTaHy KiHneBoro BumMmkaua XN1

STEP 0

IF NOP

THEN SET YN1
RESET Y1l
RESET XST

IF XN1

THEN JMP TO 1

‘B pobouomy kpoui STEP 1 3sBammcyemMo paHime ckiageHi
‘KOMaHIOu (9.1)..(9.4). BaxnauBo mnam’'aTaTM, WO OpHU
‘KepyBaHHI1 npueonaMm B3 BIcTabinbHuM KepyBaHHSIM
‘HeOB6xXigHO B OOHiIM KOMaHIALI BMMKATKM OOMH CHI'HAJN i
‘BMMMKaATKM iHumMM, TOO6TO mnpm KepyBaHHiI BIcrabinbHuM
‘ITHEBMOPOBNOL1JIEHMKOM € HeOONyCTMMMM Wmo6 OXOHOYAaCHO

‘BUKOHYBaJIMCk yMOBM Yl =1 wa ¥YN1 =1
STEP 1
IF S1
AND N S2
THEN SET XST ‘piBuHsaHHES (9.1)
IF XST
AND XN1
AND S3
THEN SET Y1l ‘piBHAHHEA (9.2)
RESET YN1
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IF X1

AND S3
THEN SET YN1 ‘piBHsTHHE (9. 3)
RESET Y1l
IF S2
THEN RESET XST ‘piBHsTHHSE (9.4)

‘Baximeo mnam’'saTaTM, WO OpM OporpaMyBaHHLI oOCTaHHin
‘'Kpok mporpaMmM HeO6xigHO BaBepmyBaTM KOMaHIOKW Ha
‘nepeBeneHHsT cucrTemMum B Kpok STEP 1 a6o B HaACTYyNHMM
‘'KpoK npy 6araToKpOKOBOl CTPYyKTypPi mnporpamm

IF NOP
THEN JMP TO 1

Peanizayia npoepamu. YBIMKHYTH KOMIIPECOP JIJISi CTBOPEHHS
TUCKY B mHeBMoMmepexi (4 Oapa = 0.4 Mlla) nns mogaui eHeproHocis 10
ITHEBMOPO3IOAUIbHUKA. YBIMKHYTH JKEPENO JKUBJIEHHS 7  1a0OpaTopHOro
creHny (puc.9.1) Ta nmepeBipuTH NMPaBUIBHICTE BUKOHAHHS 3allpOrPaMOBaHOTO
LUKy poOOTH BEJEHOI JJAaHKHU I[IUKJIOBOTO MEXaH13MY MaIIUHH.

PosrsHemo Bapianr MOHOcTa6insHoro kepysanns uukiaom 1—1 vy
BIIMOBITHOCTI 70 KOMOIHOBaHOT CXeMHU Ha puc. 9.6, sSKy TakoX MOXKHA
po3rianaru,  SK MEXaTPpOHHUN  (PYHKIIIOHAJIbHO-aJ€KBaTHUN  aHajor
KPUBOILIUITHO-TIOB3YHHOTO MEXaHI3MYy, HAallPHUKIAJ, MEXaHI3My T'OJIKH IIBEHHUX

MaIIHH.
Tabnus 9.2 Allocation List
Operand | Symbol Comment

00.0 Y1 [TpstMuii X1 MOPIIHIO THEBMO HIJIIHAPY

00.1 YN1 | 3BopoTHiil XiJl THEBMO IWTHAPY

10.0 S1 Knormka 1 6e3 ¢dikcaropa

101 S2 Knorka 2 6e3 ¢ikcatopa

10.2 XN1 | KidueBuii BUMHUKa4 HWJIIHAPY U1l BTATHYTOTO CTaHy
MIOPIITHIO

103 X1 KinueBuit BUMHMKa4 UWITIHAPY JJI1 BUTATHYTOTO CTaHy
MOPIIHIO

F 0.0 EP1 ELEMENT PAMYATI 1
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Hid'ednanns e1cvodis I3 conannn

i ednannn exodis (Input) {Onitput) ETERMPOMATHINIE
+24B Konmpoxepa i KOHNIDOIEDT ‘;fimunu.'pmadyf
) aafll xi i !
= XNI{ ! TR TS N B i K
:EI,« i: PLC (Tnpui) |»
SHEEEE é
. Dooag (jsm |,
¢3‘ I""' 06 Il 12 103 "
L e PLC (T1ipitt) ! i:l Ei}l
Ay 0B | [ |

Puc. 9.6. KombOiHOBaHa cxema 3 KOHTPOJEPOM Ui BUKOHAHHA  ITUKITY
1 -1 3 MOHOcTabinbHuM KepyBaHHAM BMKOHABYMM MEXaHi3MOM Ta JBOMa
KIHIIEBUMU BUMHKaYaMHu

Pospobkxa npoepamu

‘[IigroToBka mnporpaMmM IO NYCKy Ilie NPpUBEIEeHHs CHUCTEeMM B
‘movyaTKoOBE  IIOJIOXKEHHS . Ipn  npuBepeHi cucreMm B
‘novaTkoBe nonoxeHHss Step 0 nmepenTM no kpoky 1

STEP O
IF NOP
THEN RESET Y1l
RESET EP1 ‘ELEMENT PAMYATI 1
SET YN1
IF XN1
THEN RESET YN1
JMP TO 1

‘[Ipy HaTMCHEHH1 kHonkM Sl YBiMKHYyTM ejneMeHT nam’ ari
‘EP1, skuy BKaBye Ha nodYaTok poboTmu cucTeMm

STEP 1
IF S1 ‘START
THEN SET EP1 ‘ELEMENT PAMYATI 1
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‘[Ipy BTATHYTOMYy NOJNOXKEHH1I mToxka XN1 i BBiMKHEHOMY
‘enemMenTi nam’'sri EPl, yBiMkHyTM Y1 i BMMKHYyTHM YN1

IF XN1

AND EP1 ‘ELEMENT PAMYATI 1
THEN SET Y1l

RESET ¥YN1

‘[Ipy BUTATHYTOMY IMOJIOXEHH]LI mToka X1 1 BkIoOYeHOMY
‘enemMeHnTi nam’'ssiri EPl, BuMkHyTM Y1 i yBiMkHyTM YN1

IF X1

AND EP1 ‘ELEMENT PAMYATI 1
THEN RESET Y1l

SET ¥YN1

‘[Ip HaTMCHEHH1I kHomkm S2 1 HeHaTMcHeHim xHommi Sl
‘BuUMKHyTH EP1

IF S2 ‘STOP
AND N S1 ‘START
THEN RESET EP1 ‘ELEMENT PAMYATI 1

‘[Ipy BiACyTHOCTiL CHMI'HAJNiB mnepemTM [O KpPOKy 1

IF NOP
THEN JMP TO1

Humanus i 3a60anns 0ns camocmiunoi pobomu:

1.YUum Bigpi3HsAeThCA KOMOIHOBaHAa cxema Ha puc. 9.6 Bil cXeMH Ha
puc. 9.5 ?

2. Yuwm BigpizuseTbesa cxemu Ty C3 Big cxem tumy E3 ?

3. IlopiBHSATH KOMOIHOBaHY cXeMmy 3 KOHTpojepoM mis blcraGiasHoro
KepyBaHHSIM BHKOHABUMM MEXaHI3MOM Ta JIBOMa KiHIIEBUMH BHUMHKAauaMHU
(puc. 9.5) 3 komOiHOBaHOIO CcXeMOr0 Oe3 KoHTposiepa (puc. 8.8 y posainy 8) mo
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KUIBKOCTI JIpOTIB 1 KIUIBKOCTI KOHTAaKTIB €JEKTPOMAarHiTHUX peje, sKi
3aCTOCOBaHI B ITUX CXeMaX.

JIy1st HOPiBHIOBAILHOTO aHANIi3y IporpaMu s mukay 1 — 1 3 koHTponepom
Festo FC34 posrasaemo nporpamy s mukiny 1 — 1 3 korTponepom Arduino
UNO. Po6oTy ABOX KiHIIEBUX BUMHKAUiB IMITYIOTh BKJIFOUCHHS/BUMKHEHHS
cBiTionioniB ledl i led2 npu ogHOPA30BOMY 1 IBOPA30BOMY HATHCKaHHI
KHONIKM button. ledl:=XN1 (WTOK NOPIIHIO BAUKOHABYOTO MEXaHI3MY
BTATHYTHI) 1led2:=X1 (IITOK NOPIIHIO BUKOHABYOI'O MEXaHI3MY
BUCYHYyTHI). OaHOpa3oBOMY HaTMCKaHHI button Bianosijiae ymoBa

if (digitalRead (button) == HIGH), a JaBOpa30BOMY HaTHUCKaHHI
button Bignosigac ymoBa if (digitalRead (button) == HIGH &&
state == true) . [Ipu ogHopasoBoMy HaTuCKaHHI button BinOyBaeThCs
nukn 1 — 1 oguH pas, a pH IBOPa30BOMY HAaTHCKaHHI button BinOyBaeThcs

mukn (1 > 1) x 2. CkeTd Ma€e HACTYIHHUNA BUTIISL.

int ledl = 10;
int led2 = 9;
int button = 8;
bool state = false;
void setup() {
pinMode (1ledl, OUTPUT) ;
pinMode (led2, OUTPUT) ;
pinMode (button, INPUT);
Serial .begin (9600) ;
}
void loop() {
if (digitalRead (button) == HIGH)
/*yMoBa peanisanii mmkny 1-N1 npu nepwoMy HaTMCKaHHI
KHONKM button*/
{
state = true;
digitalWrite(ledl, HIGH)
delay (1000) ;
digitalWrite(ledl, LOW) ;
digitalWrite (led2, HIGH)
delay (1000) ;
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digitalWrite(led2, LOW);

}

Serial.println(state) ;

if (digitalRead(button) == HIGH && state == true)

/*yMoBa peanisaunii umkny (1-N1)x2 npmu apyromy
HaTMUCKaHHiI KHonkm button*/

{

state = false;

digitalWrite(ledl, HIGH) ;
delay (1000) ;
digitalWrite(ledl, LOW);
digitalWrite(led2, HIGH) ;
delay(1000) ;
digitalWrite(led2, LOW);
delay (200) ;
digitalWrite(ledl, HIGH) ;
delay(1000) ;
digitalWrite(ledl, LOW);
digitalWrite(led2, HIGH) ;
delay(1000) ;
digitalWrite(led2, LOW);
}

9.2. Po3po0Ka NpoeKTy 3 KOHTPOJIEPOM /Il BUKOHAHHS muKkay 1 — 1
3 blcTadiibHUM KepyBaHHAM Ta OAHUM KiHIEBUM BUMHKA4YeM

Mema npoexmy: OTpUMaHHS MPAKTUYHUX  HABHYOK  TIO
NPOrpaMyBaHHIO IMKJIOBUX CHUCTEM MEpUIOro KJacy CKJIaJeHOCTI (OIHO
PEKMMHHUX) Ha TIPUKIai BukoHaHHs 1ukay 1 — 1 3 BlcTabinbHuM KepyBaHHAM
Ta OJTHUM KiHIIEBUM BUMHKAUYEM.

OCHOBOB’s13aJIbHI MALIMHU MalOTh 0araTo BaKUJIbHUM LUKJIOBUA MEXaHI3M
MPOKAYKHU T'PeOIHKHU BYIIKOBHUX T'OJIOK 3 (DYHKIIIEIO BUCTOIO BEJICHOT JIAHKHU.

JUis  KOMIT'IOTEpPHO-IHTETPOBAHUX  TEXHOJOTIYHMX  MAIKWH  JIETKOT
MIPOMHKCIIOBOCTI MOXJIMBO CHPOIICHHS KIHEMAaTUKU TaKUX MEXaHI3MIB 3a
paxyHOK 3a0e3TeUeHHs mporpamMyBaHHS [HKIYy poOotu 4-JJaHKOBOTO
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MEXaHI3My 3aMiCTh ICHYHOYHMX 0araro BaKUIBHMX MEXaHI3MIB MAaIllMH JIETKOI
MIPOMUCIIOBOCTI.

B mammHax Ta aBTOMAaTH30BaHMX CHCTEMaxX JIETKOI IMPOMMCIOBOCTI
MOXYTh BUHUKHYTH YMOBU KOJIM KOHTPOJIb BHUXIJHOI JJAHKH IO TIOJIOKEHHIO €
HEJIOIUIBHAM Y1 HE MOXKJIMBHM. /[0 TaKuX yMOB HajeXaTh:

e oOMEXeHHs 1Mo TabapuTaM, KOJM JaTYMK 3aHAATO BEJIMUKHH 1 HOTO
HEMO>KJIUBO PO3MICTUTH HE MOPYUIYIOUH KOHCTPYKIIT MEXaHI3My YH KOJIH
MEXaHi3M 3aHaJTO MMM B IOPIBHAHHI 3 JATYUKOM;

® HasIBHICTh ENEKTPOMATHITHHUX IOJIB B 30HI MOXJIMBOTO PO3TAIlyBaHHS
JATYHMKA, SKI MOXYTh CTBOPIOBATH IIYMH, IIO MOXXYTh MPU3BECTH JO HE
NPOMYCKAHHS CHUTHAJdy BiJ JaT4vKy, a0o HaBmakd XHOHOro 4H
HECBOEYACHOIO CIIPAIIOBAaHHS JaTUUKa;

® CKOHOMIYHA HEJIOIUIBHICTh, KOJIM MEXaHI3M BHUKOHYE HE CKIAQJIHY
OTIepallifo B JITKMX yMOBAaX i 3aMiCTh JAaTdyrWKa MOYKHA 3aJ1aTH BUTPUMKY
4acy 3a JOTIOMOTOI0 KOHTpOJIepa, SIKOi TOYHO BUCTAYHUTH JUISI TIEPEXOITY
BUXI1/IHOI JJAHKU MEXaH13My B HEOOX1/IHY MO3HUILIO.

Texniunwe 3a60anmusa. Po3pobutu mnporpamy  KepyBaHHS
MEXaH13MOM MPOKAYKH IPeOIHKU BYIIKOBUX T'OJIOK OCHOBOB SI3AJIbHUX MAIIHH 3
aBTOMATUYHUM KOHTPOJIEM BTATHYTOTO TMOJIOKEHHS MO KIHIIEBOMY BUMHUKAaUy, a
BUTATHYTOTO  TOJIOKEHHSI MO 4acy. Yac BUTATHYTOrO TOJOKEHHS IITOKY
MOPIIHIO CKJIaJla€ 3 CeKyHAu. BMHKaHHS CUCTEMHU MPU HATUCHEHHI1 KHOMNKHU S1,
3yNUHKA NPU BIIMPAIIOBAHHI LIUKJTY MICIs HATUCHEHHS KHOMKHU S2.

Bubupaemo nacmynue ob6nraoumanns: xwoHtponep Festo FC34;
MHEBMATUYHUHN UIIHAP ABOCTOPOHHBOI A1i 3 blcTabiibHUM MTHEBMATHYHUM
PO3MOAITEHUKOM 5/2 3 €e1eKTPOMAarHiTHUM KepyBaHHSIM (ejaekTpomarHita Y1
ta YN1); nBa mHeBMaTH4HI JIpoceii 31 3BOPOTHUMHM KJIallaHAMH; KIHIICBUI
BuMukad XN1 1is BTSATHYTOTO MOJOKEHHS IITOKY; KHOMNKY «Starty S1 1
KHOTIKY «Stop» S2; enextpomarHiTHi pene K/ 1 K2; mxepesno MOCTIHHOTO
ctpymy DC 24 B.

Ha puc. 9.7 naBemena cxema 3 NIpOrpaMOBAHHM KOHTPOJIEPOM JJIf
BUKOHAHHS MUKy | — N1 Ta 0HUM KiHIIEBUM BUMHUKAUYEM.
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Puc. 9.7. KombinoBaHa cxema 3 KOHTPOJIEPOM i1 BUKOHAHHS IUkiTy 1 —1 3

BlctabinpHUM KepyBaHHSAM Ta OJHUM KiHIICBUM BUMHUKA4YeM

Allocation List qy1s1 mporpamu ckiajaemMo 3 ypaxyBaHHsIM Taoauii 9.1.

Cknadanus noeiunux Komauwo kepysanus. Cuctema Oyje mpaiioBaTd 3a

koM 1 — 1, Ape ongmouacro 3 momauero curHany Y1 wMu OyaeMo BMHKATH

taiimep T1 1 KOJIM BKJIIOUEHHMM TailMep BiJpaxye BCTAHOBJIEHY 3aTPUMKY 4acy,

HeoOx11HO Oyne nojgatu curdai YN1 Ha BiIBEI€HHS IITOKY NOPUIHIO LUIIHAPY

B TModYaTKkoBe TojokeHHs. [licis BKIIIOYEHHS TaiimMepy HeoOxigHO Oyje

000B’s13K0BO YBIMKHYTH eneMeHT mam’siti EP1. Ockinbku apyruil KiHIEBHiA

BUMHKA4 BiJICYTHIA ToMy curHaimy X1 Hemae i Horo (pakTUYHO 3aMIHIOIOTh

curHasl BUMKHeHHs Taiimepa NT1 ta curnan BkitoueHHs eneMmenTa mam’ati EPL.

I'pad mukny HaBeaeHwuit Ha puc. 9.8.

NI
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Puc. 9.8. I'pad uuxny 1 — 1
3 OHUM KiHIIeBUM BuMuKaueM XN1
TUIst KOHTPOJIIO BTSITHYTOT'O
TTOJIOKCHHS IITOKY MOPIIHS
OHEBMOLMJIIHAPY 1  KOHTPOJIEM

APYroro TMOJIOKEHHS IO CHUTHAJaM
NT1iEP1



3amucyeMo  CHCTeMy pIBHSHb PHYMHO-HACTIAKOBUX 3B’SI3KIB Y
BIAMOBIAHOCTI 110 rpady Ha puc.9.12 npu blcrabinbHOMY KepyBaHHI 3a CXEMOIO

Ha puc. 9.11:
Y1< XN1-NEP1-XST (9.5)
T1<XN1-NEP1-XST (9.6)
EP1<T1 (9.7)
NEP1<NT1 (9.8)
YN1< NEP1 (9.9)

BxitoueHHst egeMeHTa mam’sTi TaliMepa JIONMyCTHME B OJIHIM KOMaHJi 3

caMUM TaltMEpOM TOMY:
EP1 < NEP1.XST (9.10)

CrtBopennst nporpamu y cepenoBuiii FST4.21 3a moriunuMu KoMaHgaMu
rpapy Ha puc. 9.8 Ta PIBHSHHSIMU  TIPUYMHO-HACHIJIKOBUX 3B’SI3KIB
(9.5)...(9.10).

‘[IigroroBka cCuUCTeMM OO NIyCKy. I[IpuBeneHHsT NOPUBOIIB Yy
‘IoYaTKOBUM CTAaH Ta BMMMKAHHSI eJleMeHTa nam’sri EP1,

STEP O
IF NOP
THEN RESET Y1l
SET YN1
RESET XST
RESET EP1

‘llepexip nmo STEP 1 nicinss nepeBeneHHs CHUCTeMM B
‘novaTKoOBMM CTaH

IF XN1
THEN JMP TO 1
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‘B pobouomy kpoui 1 pgus nouarky poborm HeobximHO
‘HATMCHYTM KHOINKYy «Start» S1 B8a yMOBM, WO cCHucCTeMa
‘nepebyBae B NOYATKOBOMY IIOJIOXEHH1 1 He HaTMCHeHa
‘kHomka «Stop» S2, skxa BignoBijae 3a BYNMHKY LIUKIY.
‘[Ip BMKOHaAHHLI LMX yMOB BMMKaeMoO ejieMeHT nam’sitri XST.

STEP 1
IF S1
AND N S2
THEN SET XST

‘Iani BanmMcyeMo CKJIageHl1 KoMaHOu. BaximBo nam’ssrTaTu,
‘mo mnss npueBomie 3 BIcTabinsHMM KepyBaHHAM Heo6ximHO
‘B OOHiM kxoMaHIOi BMMKATM OIOMH CHUITHAJ 1 BMMMKATU
‘igumm. Takox 6axaHoO OjIsi SPY4YHOCTi BammcyBaTM KOMaHOU
‘makK, SIK BOHM MOYTE B LIMKIL

IF XST
AND XN1
AND N EP1
THEN SET Tl
WITH 3s
SET Y1l
RESET ¥YN1
SET EP1
IF N Tl
AND EP1
THEN RESET EP1
IF N EP1
THEN SET ¥YN1
RESET Y1l

‘Takox B nOporpaMi HeobxigHo mnepenbaumTit BYNMHKY
‘umkay. B HawmoMy BuMNagky KHonKa S2 BMMKHE eJIEMEHT
‘mam’siTri XST 1 cucTeMa BYyOMHUMTBCS INicJiss BaKiHUYeHHSI
‘umkiny Ta Oynme udYekaTM I[OBTOPHOL KOMaHIOM IIOYaTKYy
‘poborn.
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IF S2
THEN RESET XST

‘OcTaHHin KPOK nporpamMm Heob6xigmHO BaBepuyBaTu
‘KOMaHJIOK Ha NEepeBeIeHHsI CUCTeMM B iHmmM abo B Lem xe
‘KpPOK

IF NOP
THEN JMP TO 1

JI1s mOpIBHSAJIBHOTO aHami3y Ha puc. 9.9 HaBeleHa KOMOIHOBaHa cxema
6e3 KoHTponmepa i Iukay 1—1 3 OmHMM KiHIEBMM BHMHKA4eM i
blcrabinpHUM KepyBaHHSM, sIKa BIAPIZHAETHCS BiJ (PYHKIIOHAIBHO aJ€KBAaTHOL
cxemu Ha puc. 8.16 y pozaini 8.
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Puc. 9.9. Kom6iHoBaHa cxeMa 6e3 KOHTpoJsiepa s BUKOHaHHS mukity 1 — 1 3
blcrabinpHuM KepyBaHHSIM Ta OTHUM KIHIEBUM BUMHUKaYeM

3ae0annsn oas camocmiiuHnol pobomu:

1. IlepepobuTu mporpamy Juisi MPOEKTY 3 KOHTPOJIEPOM JIJIsi BUKOHAHHS
mukny 1 —1 3 MOHOCcTa6inbHUM KepyBaHHSAM Ta OJHUM  KiHIIEBUM
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BuMuKkaueM. [lpuifHaTn poOounii Xifg MHEBMOUMTIHAPY | CeKyHHIa, a TaKoxX
3a0€3Meun T poOOUri X1/ IIUJIIHpa TIIBKHA MPU 3aTUCHEHIM KHOTIKHU S1.

2. TlopiBHATH KOMOIHOBaHy cXxeMy 3 KoHTposepoMm (puc. 9.7) 3
KOMOIHOBAaHOIO cXxeMoio 0e3 KoHTpojiepa (puc.9.9) mo KiIBKOCTI IpOTIB i
KOHTAKTiB €JIEKTPOMArHITHUX peJie, SIKi 3aCTOCOBaHI B IIMX CXEMax.

9.3. Po3po6Ka NpoeKTy 3 KOHTPOJIEPOM /15l BAKOHAHHSA mukiay 1 — 1
3 BlcTadiibHUM KepyBaHHAM Ta 0e3 KiHIeBUX BUMHMKAYIB

Mema npoexmy  OTPUMAHHSA TMPAKTUYHUX  HABUYOK  TIO
IpOrpaMyBaHHIO IIMKJIOBUX CHCTEM TMEpIIOro KIacy CKJIaJAeHOCTI (OIHO
PEXMMHNX) Ha TPUKIAAi BUKOHAHHA 1ukay 1 — 1 6e3 KiHIEBMX BHMHKadiB
JUISI MEXaHI3MIB 3 TeploguyHOl (YHKIIEI0 1 BHUCTOEM BEJCHOI JIAHKU 32
aHaJIoroM OaraToBaXiIbHUX MEXAHI3MIB JUIsI KOMIT IOT€PHO-IHTETPOBAHUX
TEXHOJIOTIYHHUX MAIIHH JIETKOT IPOMHUCIIOBOCTI.

Texniune 3ae0aununs. Po3poOuTH mporpamy  KepyBaHHS
MEXaHI3MOM I0J]a4l 3arO0TOBKU B 30H1 il OOPOOKH 3 KOHTPOJIEM BTSATHYTOTO Ta
BUTSITHYTOT'O TIOJIOKEHHS 1O 4acy. JlocTaTHiN yac Jjisi BUCYBaHHS LIWJIIHIPY B
30Hy 00poOKH — 4c. 3BOPOTHIN Xij MOPIITHIO BUKOHYBAaTH 3a 2 ¢. BMuUKaHHs
CUCTEMU TIPU HATHCHEHHI KHOMKHU S1, 3yMuHKa IMic/ii HATUCHEHHS KHOMKHU S2 1
BIIMpAIIOBaHHS [IUKITY.

Bubupaemo nacmynne obnraonanHs.

koHTposep Festo FC34; mueBMaTHUHHI MUIIHAP JBOCTOPOHHBOI 1ii 3
blcTabiIbHUM NHEBMATUYHUM PO3NOIAUIBHUKOM 5/2 3 eJeKTpOMAarHiTHUM
kepyBanHsaM (enektpomarHitd Y1 1 YN1); aBa mHeBMaThuHi apoceni 3i
3BOPOTHUMU KJIallaHAMH; kHOTKy «Starty» S1 1 kHomky «Stop» S2;
enektpomarHiTHi pene Kl 1 K2; 0610k XuBJEHHS TOCTIHHUM CTPyMOM
(DC) 24 B.

Ha puc. 9.10 naBeneHa koMOiHOBaHa cXeMa 3 KOHTpoJiepoM 1 0e3
KIHIIEBUX BHUMHKAYiB JIJII BUKOHAHHSA 3 MUKy 1 — 1 3 Blcrabinpaum
KEpYBaHHSM.

Allocation List moTpiOHO CKIacTH 3 ypaxyBaHHsAM Tabmumii 9.1.

CKnadanus 102iYHUX KOMAHO KepysawHs. CUCTeMa OyJe mpairoBaTH 3a

mukiaom 1 — 1. Ane oanouacho 3 mogauero curnany Y1 mMu 6yaeMo HporpaMHoO

BMHKaTH Taiimep 10 1 Koimu BBIMKHEHWH TaiiMep BiApaxye 4 CEKyHIH,

HeoOximHo Oyne momatu curHan YNI1 Ha BiABEACHHS MOPIUIHIO MIIIHIPY B

MOYATKOBUM CTaH 1 Takox OyAe MporpaMHO BKJIOYEeHUM Taitmep T1 3
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BUTPUMKOIO B 4Haci Ha 2 cexkyHau. [licns BkmroueHHs taitmepy T0 HeoOXigHO
Oyne 000B’s13k0BO BKIHOUMTH eneMeHT mam’sti EPL. Ilicns BrimrodeHHs
taiimepy T1 HeoOXximHO Oyme OOOB’SI3KOBO YBIMKHYTH III€ OAWH EJIEMEHT
mam’siTi, aje MOKHA MPOCTO BUMKHYTH ejemeHT mam’siti EPL. I'pad mukmy
HaBejeHUM Ha puc. 9.11.

flid ‘edHarms
11id “ednanna Bxodi8  [lid ‘ednanns Buxodib  enexmpomaznimib

xormponnepa (inputs] xonmponnepa (Outputs! knananié npubodis
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Puc. 9.10. Kom06iHOBaHa cxeMa 3 KOHTPOJEpOM 1 0e3 KIHIEBUX BUMHUKAUIB IS
BUKOHAHHA 3 ukay 1 — 1 3 BlcTabinbHuM KepyBaHHAM

Puc. 9.11. I'pad mukiy

1—1 3 nBoma Taiimepamu TO i
T1, ogHMM eJIEeMEHTOM IIaMm’ STl
EP1 1 0e3 kiHIIEBUX BUMHKAYiB

3anncyeMo HACTYIIHY CHUCTEMY PIBHSHB IIPUUYMHO-HACIIAKOBUX 3B A3KIB
y YHIHY yp p

(;oriunnx Komam) VI BUKOHAHHs 3 nukiy 1 — 1 3 BlcTabuibHIM KepyBaHHSM

y BIMOBIHOCTI /10 cxeMu Ha puc. 9.9 ta rpady Ha puc. 9.11:
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Y1< NT1-NEP1-XST (9.11)

TO<T1-EP1-XST (9.12)
EP1<TO (9.13)
YN1< NTO - EP1 (9.14)

T1< NTO -EP1 (9.15)
NEP1<T1 (9.16)

BxiroueHHS Ta BUMHUKaHHS €JIEMEHTa IaM ATi Taiimepa JONMyCTUME B
OJIHIM KOMaH/Il 3 CAMUM TaiiMepOM TOMY:

EP1< NT1-NEP1-XST (9.17)
NEP1<NTO -EP1 (9.18)

CtBopenHs nporpamu y cepeaoBuili FST4.21 mo ckimajieHuM JIOTTYHUM
komanzam (9.11)... (9.18):

‘[IigroToBka CHUCTEeMM OO IYCKy. I[IpuMBeneHHsT NOPUBOILIB Y
‘nmovyaTKoOBE IIOJIOXKEHHSI Ta BMMMKAHHSI €JIeMeHTiB naMm’ aATi,
‘sskl BUMKOPMCTOBYHTBCS B NporpamMi Ta mnepexipm B kpok 1

STEP O
IF NOP
THEN RESET Y1l
SET ¥YN1
RESET XST
RESET EP1
JMP TO 1

‘B pobouomy kpoui 1 pgus mnouarky poborm HeobximHO
‘HATMCHYTM KHOINKy «Start» S1 B8a yMOBM, mO cCcucTreMma
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‘nepebyBae B NNOYATKOBOMY IIOJIOXEHH1 1 He HeTMCHeHa
‘KHOIIKAa «Stop» S2, skxa BignoBimae 3a BYNMHKY LIMKIY.
‘[Ip BMKOHAHH1 IIMX YMOB BMMKAEMO eJIeMeHT naMm’'sari

‘XST, saxumm OyB BMKOPMCTaHMM NOpM CKJIagaHHLI KOMaHJ
‘KepyBaHHS
STEP 1
IF S1
AND N S2
THEN SET XST

‘OHani BSanMcyeMoO CKJIameHl KoMaHau. Baximmeo naMm’' sTrarTwu,
‘o npm kKepyBaHH1 npumBogmamMm 3 BIcTabinbHMM KepyBaHHSIM
‘HeoOb6XimgHO B OOHiIM KOMAHOL EBMMKATM OIOMH CHUITHAJ i
‘BMMMKATH iHmm . Taxox 6axaHo OJist Bpy4YHOCTI
‘sanucyBaTM KOMaHIOM TaK, SIK BOHM MOYTE B LIMKIL

IF N T1l
AND N EP1
AND XST
THEN SET TO
WITH 4s
SET EP1
SET Y1l
RESET YN1
IF N TO
AND EP1
THEN SET T1l
WITH 2s
RESET EP1
SET YN1
RESET Y1l

‘Takox B mnporpamMi HeobxigHo mnepenbaumMTM BYNIMHKY

cucreMmn. ‘B HamoMy BHUIAOKy KHOINKAa S2 BMMKHE eJIEMEHT
nam’sitri XST i ‘cucreMa BYyOMHUTBECS IIicasi SaKiHUYEHHST
UMKy Ta ©6yzme ‘yekaTM TI[OBTOPHOL KOMaHIM IIOYaTKYy
poborn
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IF S2
THEN RESET XST

‘OcTaHHiM KpPOK HNporpaMmMm HeO6XiJHO BaBepwyBaTM KOMaH-
‘molo Ha NEepeBeJeHHs CUCTeMM B iHummi abo B LIeM e KPOK

IF NOP
THEN JMP TO 1

Jlns mopiBHIOBAJIBLHOTO aHali3y Ha puc. 9.12 HaBeneHa KOMOIHOBaHA
cxeMa 6e3 KOHTpoJepa i 6e3 KiHIleBUX BUMHKAUiB /I BUKOHAHHS 3 UKy 1 — 1
3 blcrabinpHuM kepyBaHHsSM. Ll cxema BIOpi3HA€TbCS Bi (YHKLIOHAIBHO
aJIeKBaTHO1 CXeMH Ha puc. 8.24 y po3auii 8.
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Puc. 9.12. Kom6inoBaHa cxema 6e3 KOHTpoJiepa 1 0e3 KiHIIEBUX BUMHKAYIB JIsI
BUKOHAHHA 3 MKy 1 — 1 3 BlcTabinbHUM KepyBaHHAM

3aed0annsn onsa camocmiiuHol pobomu:

1. 3pobutu nporpamy sl KEPYBaHHS CHCTEMOIO 3 aHAJIIOTIYHUM ITUKIIOM,
ane 3 MOHOcTabiabHUMH PO3MOTIILHUKOM.  3a0€3MCUYUTH IMPECEIICKTOPOM
TaliMepa poOounii 1 3BOPOTHIHN XiJ1 MOPIIHIO MWJIHIPY 3 CEKYH/IH.
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2. llopiBHsATH KOMOIHOBaHy cxeMy 3 KoHTposiepoM (puc. 9.10) 3
KOMOIHOBaHOIO cXeMOw 0e3 koHTpojepa (puc. 9.12) mo KUIBKOCTI APOTIB 1
KOHTAKTiB €JIEKTPOMArHiTHUX pelie, SIK1 3aCTOCOBaHI B IIUX CXEMax.

9.4. Po3po0Kka MpoeKTy 3 KOHTPOJIEPOM /I BUKOHAHHS muKkay 1 — 1
3 BlcTabiibHUM KepyBaHHS, 0€3 KiHIeBUX BUMUKAYIB Ta OAHOYACHUM
HATHCHEHHSIM JIBOX KHOIIOK «Start»

Mema npoexkmy: OTPUMaHHA MPAKTUYHUX  HABUYOK IO
MPOTrPaMyBaHHIO IIUKJIOBUX CHCTEM TEpIIOTO KJacy CKJIaIeHOCTI (OTHO
PEXMMHUX) Ha TIPHKIAAi BUKOHAHHS IHUKIY 1 — 1 KepyBaHHS MPOMHCIOBHM
nmpecoM BUPYOaHHS JeTaJied Uil BUTOTOBIICHHS B3YTTA. BMuUKaHHS mpecy
3a0€3MeUNTU TUIBKU NPU OJHOYACHUM HATUCHEHHSM JBOX KHOMOK «Start» s
3aXUCTY B1J MOKJIUBUX TPAaBM omepaTopa.

OnuuM 3 HaWpO3MOBCIOKEHINIUX  TMOPYIICHb MpaBUi  OE3MEeKU
ormepaTopaMi MpH PoOOTI 3 MPECOBUM OOJIAJIHAHHAM € TPUTPUMYBAHHS
3arOTOBKM B 30HI MpecyBaHHSA IIpu Oe3mocepeaniii pobori mpeca. IcHye
CTaHJAPTHUN 3axUCT oOleparopa IMpU PpoOOTI 3 MPECOBUM OOJIAIHAHHAM —
IpecoBa TMOJYIIKA IOYHE OMYCKATUCh IIICIS HATHCHEHHS JIBOX KHOIIOK, SKi
pO3TalllOBaH1 Ha BiJcTaHi | M OJiHa BiJl OJIHOI, JIJIsl TOrO, 00 Mij Yac MyCKaHHS
MPECOBOI MOAYIIKM OOUJBI PyKU OINEpaTopa 3HAXOJIUIKUCH M03a poOOY0i 30HU
npecyBaHHs. HeoOXiHICTh HATUCHEHHS [BOX KHOIOK ONEPaTOpOM MOKHA
001MTH HACTYITHUM YMHOM: OJIHA KHOIKa OyJ/ie 3aTHUCHEHA 3a3/ajeriib BaXKKUM
MpeAMETOM, a IICI IOTO ONEepaTop MOXKE MPUTPHUMYBATH 3arOTOBKY B 30HI
MIPECyBaHHS Ta 1HIIIOK PYKOIO TUCHYTH Ha JIPYTY KHOTIKY.

Jlns yHHKHEHHS TaKoOro IOPYIICHHS IIpeC TOBHWHEH BIAMPAIbOBYBaTH
TUIBKU TPU OJHOYACHOMY JBOX HATHCHEHHI KHOIOK. Y BHUIAQJIKy BiATHUCHEHHS
xo4a O OJHIET 3 KHOMOK MOJYIIKA Mpeca MOBUHHA MOBEPHYTUCH B MOYATKOBE
nosiokeHHs. HactynmHuii poOoumil XiJ MOAYIIKM Mpeca BiAOYAETbCS TIIbKH
MICJIS BIATUCHEHHSI IBOX KHOTIOK 1 HACTYITHOT'O OJTHOYACHOTO X HATUCHEHHS.

Texniune 3aedanus. Po3poOuTH TporpaMmy KepyBaHHS TIPECOM, sKa
3a0e3nedye OMyCKaHHS TPeCy TUIBKK Yy BUMAAKY OJHOYACHOTO HATUCHEHHS
NBOX KHOMOK. [Ipu BiamyckaHHl xo4a O OJHIET KHOMKH MPEC MOBEPTAETHCS B
nmovyaTkoBe TONOKeHHS. [lOBTOpHE BKIIIOYEHHS TIPECy MOXKIUBE TIIbKH
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MIOBEPHEHI MPEeCy B MOYATKOBE IMOJIOXKEHHS (Tepe] OJHOYACHUM HATHUCHEHHSIM
JIBOX KHOIIOK BOHHM TIOBHMHHI OyTH BIITUCHEHI).

Bubupaemo nacmynne obnaonanns. PLC Festo FC34; mHeBMaTHYHMIA
MATIHAP TBOCTOPOHHBLOI il 3 blcTabinhbHUM MHEBMATHYHUM PO3MOALUTEHUKOM
5/2 3 enexTpomarHiTHUM KepyBaHHsAM (enexkTpomarnitu Y1 Tta YNI1); nBa
MHEeBMATHUYHI Jpoceii 31 3BOPOTHUMM KiamaHamu;  KHomku «Starty S1 Ta
«Starty S2; 6ok enexkTpomarHiTHux pene. Ha maGopaTtopHoMy cTeHl 310patu
CXEeMY 3 KOHTPOJIEPOM.

Ha puc. 9.13 HaBeneHa koMOiHOBaHa cXeMa 3 KOHTpoJjiepoM 1 0e3
KiHIIEBUX BHMHKAYiB JJI1 BUKOHAaHHS 3 mukay 1—1 3 OJHOYaCHUM
HATUCHEHHSIM JIBOX KHOITOK «Start» S1 1 S2.

Allocation List moTpiOHO cKJacTH 3 ypaxyBaHHsAM Tabmii 9.1.

Ckna0auHs  N02IYHUX KOMAHO  KepySaHHsA: HACHpaBAl  OJHOYACHO
HATUCHYTH JIBI KHONKH HEMOXJHMBO. TOMYy Ha MPaKTUIll HAAAETHCS HEBEIUKHIA
iHTepBan vacy B 0.5...1.0 cekyHay uisi HATUCHEHHs NIBOX KHOMOK. Jlorika
pobOTH TIpeca HACTYINHA: MPU HATUCHEHHI Xo4ya O OJHIET 3 KHOIMOK Ta
BUMKHEHOMY €JIEMEHTI I1aM’ STl TailMepa BMUKa€eThCs Taiimep Ha 0.5 cekyHau Ta
€JIEMEHT IaM’sTi JIJIs Taiimepa.

TO< (S1+ S2)-NEP1 (9.19)
EP1& (S1+S2)-NEP1 (9.20)
g ‘eduasing

i3 edrarmn Bxodid  1id ‘ednarmn Buxod  enexmponaaninit
xoumponnepa {inputs) xonmponnepa (Outpuls] xnanawit npubodid

| ;2‘53 === A-———— === ="
— g | o | | I |
: B B H oo _Jos ] :: Ay Ry :

PLC iutut!

e [ | I X |
| [ I |
| [ | | ol |

ﬂd{:“ f?m Nwoowoa VY vcoeca 1 H |_7_'|-$|
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Puc. 9.13. Kom6iHOBaHa cxema 3 KOHTPOJIEpOM 1 0€3 KIHIIEBUX BUMHUKAYIB JIJIS
BUKOHAHHS 3 IIMKJIy 1 — 1 3 0JJHOYaCHUM HATHCHEHHSM JIBOX KHOTOK «Starty»

Jlani 3a1aeMo yMOBY pyXy MPECOBOi MOAYIIKY - HATUCHEHHI JIBI KHOIKU
Ta MPALIOIOYUAN TaluMep:
Y1&< 51-52-TO (9.21)

[Tpu BinTHCHEHIN X04ya 6 OJHIN 3 KHOIIOK - MOBEPHYTH MOYIIKY Mpeca B
BEPXHE TIOJIOKEHHS:
YN1&<N S1 + NS2- (9.22)

Takoxx M1l MPUBEACHHS CHUCTEMHM B IOYATKOBE IOJIOKEHHS HEOOX1THO
BUMKHYTH €JIEMEHT IaMm’sTi TaiiMepa. BUMuKaeMo eneMeHT mam’sTi Taimepa
IIPU BIITUCHEH1 JBOX KHOIIOK:

NEP1&<N S1-NS2- (9.23)

Cmeopenns npoepamu 6 FST4.21 no ckradeHum 102i4HUM KOMAHOAM.

‘[IigroroBka cCHUCTeMM OO NIYyCKy. I[IpuBeneHHsT NOPUBOIIB Yy
‘IoyaTKOBE IIOJIOXKEHHSI, BMMMKAHHSI eJneMeHTF nam’ sri EP1
‘ma nepexixny mo kpoky 1

STEP 0

IF NOP

THEN SET YN1
RESET Y1l
RESET EP1
JMP TO 1

‘B pobouoMy KpOLli BammMcyeMo paHime ckilageHi saoriuni
‘KOMaHIOM KepyBaHHS

STEP 1
IF ( s1
OR S2 )
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AND N EP1

THEN SET TO
WITH 0.5s
SET EP1
IF S1
AND S2
AND TO
THEN SET Y1l
RESET YN1
IF N S1
OR N S2
THEN SET YN1
RESET Y1l
IF N S1
AND N S2
THEN RESET EP1
‘OcTaHHin KpOK nporpaMm HeobxigHo saBepuyBaTn

‘KOMaHIOI0 Ha [epPeBeIeHHSI CHMCTeMM B KpPOK 1

IF NOP
THEN JMP TO 1

Jlnst mopiBHIOBaJIBHOTO aHanmizy Ha puc. 9.14 HaBenmeHa komOiHOBaHa
cxeMa 0e3 KOHTpOJIEHpa JJIs BMKOHAHHA 3 LUKIy 1—1 3 OJHOYACHUM

4 5
51[-]7 S2k

HATHUCHCHHJIM ABOX KHOIIOK
+24V 1

S1E\ s2F S1E)\
S2E Y

K1

Q
—_— N

K105 Y1 *YM |:/_'|-$

Puc. 9.14. Kom6inoBaHa cxema 6e3 KOHTposepa A1 BUKOHAHHA 3 rukay 1 — 1

3 OJJTHOYACHUM HATUCHEHHAM NBOX KHOMOK S1 1 S2
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3aedannsn oans camocmiiuHol pobomu:

1. Po3pobutu momiOHy cuCTeMy IS KEpyBaHHS TIPecoM 3
MOHOcTa0i1pHUM KEpyBaHHSM 13 CHpALIOBAaHHIM IpeCcy MpyU HATHCHEHHI Ha
kHOmoK S1, S2 ta S3 3 iHTepBanom He Oinbie 1 c.

2. TlopiBHsiTH KOMOIHOBaHY cXxeMy 3 KoHTpoJepoMm (puc. 9.17) 3
KOMOIHOBaHOIO CXeMor 0e3 kKoHTpojepa (puc. 9.18) mo KimbKOCTI APOTIB i
KOHTAKTIB €JICKTPOMArHITHUX peJie, sIKl 3aCTOCOBAaHI B LIUX CXEMaX.

9.5. Po3po0ka npoexkTy 3 BUKOPUCTAHHA B JIOTiYHMX KoMaHaax byJseBoi
anredopu aas nukay  (51-52)->1- (S1+S82) -1

Mema npoexmy: OTPUMAHHA  MPAKTUYHUX  HABUYOK  TIO
nporpamyBansio mukiny (S1-52) » 1 - (S1+ S2) » 1 qna pobotu BupyOHHX
IpeciB JAeTajedl BepxXy 1 HU3Y B3yTTS 1 MpeciB Mg BUPYOaHHS 3 HACTUILY
JIplOHUX JeTael KPOro 3 TEKCTUIIIO JJIs IBEWMHUX BUPOOIB. [Tpu 11bOMY ICHYIOTH
MIJBUIIICHHI BUMOTM JO TEXHIKM Oe3neku Tmpu pobOOTI HA TaKOMy
TEXHOJIOTTYHOMY 00JiafHaHl. A came, KOJIM ONepaTop Mpecy MoJae pi3ak B 30HY
npecyBaHHs a00 3HIMae MOro 3 BUPYOAJIbHOI IUIMTH, HEOOXITHO MO0 pyKU
oreparopa HE 3HAXOJUIIUCh B 30HI MPECYBaHHS 1]l Yac OMYCKaHHS MOMYIIKU
npecy. Tomy KoMaHJa (CHUTHaJI) Ha OIYCKaHHS TMOAYIIKA TMpecy IOBHUHHA
MOJAaBaTUCS OJJTHOYACHUM HATUCHEHHSM JIBOX KHOIOK «Starty, skl po3TalloBaH1
Ha JJOCTaTHIM BiACTaH1 OJHA BIJ APYTOi.

JloriyHi (QyHKII, SKIi YacTO  BUKOPHCTOBYIOTh Yy TaKuX Iporpamax
MEXaTPOHHUX IMUKJIOBUX CHUCTEM 3 JIOTIYHUMHU OIEpallisiMd 3acHOBaHI Ha
anreOpi JIOTIKH, TTOYATOK SKIA TMOKJIAJACHO IMpalsMU aHTJIIHCHKOTO MaTeMaTHKa
Jlx. byns 1 Tomy 1 TakoX Ha3uBalOTh byrneBoro anrebporo abo anreGporo
BUpasiB. bymeBa anrebpa — 11 yacTMHA MAaTEMAaTUKH, SKa BHUBYAE  alreOpy
JOTIKM, a caMe 3acTOCYBaHHsI aireOpaiuHuX METOMIB 1 CHUMBOJIKH IS
BHUBYCHHS JIOTIYHUX BIAHOWIEHb 1 PO3B’si3aHHS  (DOpMani30BaHUX JIOTTYHUX

3aa4. [CTHHHOMY BHCIIOBJICHHIO MPUITUCYETHCS CTaH «1», XuOHOMY — cTaH «0».
BucnoBnennss MoxyTh OyTH MpOCTUMHU 1 ckiagHuMu. CKiIaJHl BUCIOBJIEHHS
CKJIQJAI0ThCS 3 TIPOCTHUX.

Jl1st 00’ eTHaHHSI MPOCTUX BUCIJIOBIIEHD B CKJIAJIHI BUKOPUCTOBYIOTHCS JIOT14HI
3B’SI3KH, IO BIAMOBIIAIOTH JIOTTYHUM (DYHKI[ISIM, apTyMEHTaMHU SIKUX € MPOCTi
BHCJIOBJICHHS.

Bzarami, Bcs byneBa anreOpa 0a3yeTbcsi Ha HAcTyIHUX akciomax st
noriunoi 3MiHHOT X :
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X=X": X+X=1; X+1=1; X+X=X; X+0=X;

VYsBHUMO, 10 ITUKIIOBA CHCTEMa KEpyBaHHS Mae JBa AUCKpeTHI BXoam X1
Ta X2 1 BUXIIHUH TUCKpETHUH curHain Y1, skuil € JOTi4HOI (DYHKIIIEIO BiJ
BxomiB ( Y1 = f(X1,X2) ). PosrnsHemMo Tpu BHIAAKU 3aJ€KHOCTI
Y1=f (X1 X2).

B nepiiomy Bumnaaky HeoOxiaHoO, 100 curHan Y1=1 npu HasBHOCTI Xo4a
6 onmuoro 3 curHamiB X1=1 um X2=1. Taka 5oriyHa 3aJ€XKHICTb PEaNi3yEThCA
JIOTIYHUM JOJaBaHHSM, TTOIIMPEHA Ha3Ba JIOTIYHA OTEpaIlis «O0u3’ioHKUiny, ska
y mporpamax no3nadaetscs oneparopom OR (ABO): Y1 = X1+ X2.

Jlnst onepatopa OR Tabmuis 9.3 iCTHHHOCTI CHUTHAJIIB Ma€ HACTYITHHHA
BHTJISI;

Tabmuist 9.3 [cTHHHICTE CUTHATIB JUIS JIOTTYHOTO CKJIAJaHHsA

X1 X2 Y1:=X10R X2=X1 v X2
0 0 0
1 0 1
0 1 1
1 1 1

B npyromy Bumnanaky HeoOXinHO, mo0 curHan Y1=1 OyB npu HasBHOCTI
omnouacHo curHamiB X1 ta X2. Taka noriyHa 3ajJeXHICTh peasi3yeThCs
JIOTIYHUM MHOXKEHHSIM, TONIMPEHA Ha3Ba «KOH’IOHKUiA», KA B MpOrpaMax
no3Havaetbes oneparopom AND (7):

Y1=X1-X2.

Jlns onepatopa AND Tabnuus 9.4 iCTUHHOCTI CHUTHaNIB KEpyBaHHS Mae

HACTYIHUWA BUTJISI;

Tabmmig 9.4 IcTHHHICTE CUTHAIB JIJIS JIOTTYHOIO MHOKEHHS
X1 X2 Y1:=X1AND X2 =X1 A X2

0 0 0

1 0 0

0 1 0

1 1 1
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B tperbomy Bumanky HeoOXiqHO, 100 cuUrHajg Ha Buxoal Y1=1 mpu
BiICyTHOCTI curHainy Ha Bxoqi X1=0 i1 maBmaku Y1 = 0 mpu X1 = 1. Taka
JOTIYHA 3aJIeKHICTh Ppeani3yeTbCs I1HBEPCIEI0 1 B MpOrpaMax MO3HAYAETHCS
oneparopom N (1i): Y1 = X1.

Jns omeparopa N Ttabmumst 9.5 iICTUHHOCTI CUTHATIB KEPyBaHHS Mae
HACTYITHUN BUTIIA;

Taomung 9.5 IcTUHHICTH CUTHAIB JJIs1 JIOTIYHO1 Oomepariii «IHBepCis»
X1 Y1= X1
0 1
1 0

Peanizayis nociunux onepayiti 3a donomozor mosu STL
B nmporpaMHOMy psIIKY JIOT1YHE MHOXEHHS pealli3yeThCs NI oreparopa
AND HacTynmHUM YHHOM:
X1 AND X2.

B nporpamHoMy psiAKy JIOTIYHE JTOJIaBaHHS peali3yeThCs AJisl olepaTopa
OR HacTynmHUM YHHOM:
X1 OR X2.

VY Bumanky sKimo Jioridyda 3MiHHa X1 yu X2 CKJIaJaloThCs 3 JEKUTBKOX

3MIHHUX, TO iX TpeOa B35TH B Jy>KKH:

(X1 AND X2) OR (X1 OR X2)

B mporpamHoMy psiKy JOTi4HA oOTmepailisi 1HBEpPCis peami3yeTbes s
oneparopa N HaCTYyTHUM YHMHOM:

N X1.

Texniune 3a60anHs. BHUKOHaTH TPOEKT IHMKIOBOI CHCTEMH
KepyBaHHSA BUPYOHUM mipecoM. [Iporpama moBmHHA 3a0e3medyBaTH OIyCKaHHS
PYXOMOi TUIMTH TIpECy Ha pi3aK TITbKH Y BHUMAAKY OJHOYACHOTO HATHCHCHHS
nBoX KHoOmoOK «Starty S1 1 S2. Ilpu BigmyckaHHl xoya O OAHIET KHOMKHU MpeC
MOBEPTAETHCS B TTOUATKOBE TOJIOKEHHS. [[0BTOpHE BKIIFOUEHHS MPECy MOKIIUBE
TITBKH TICIISA TIOBEPHEHHS TIPECY B MOYATKOBE TOJIOKEHHS (TIepe]] OJHOYACHUM
HATUCHEHHSM JIBOX KHOTIOK BOHH ITOBUHHI OyTH BITUCHYTI).
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Bubupaemo nacmynne oonaonanns: xourposep Festo FC34 (Himeuunna);
MHEBMATUYHUNA ITWIIHAP JABOCTOPOHHBOI ii; blcTaOinmbHMI TTHEBMAaTUYHUM
PO3MOUTBHUK 5/2 3 €eNeKTPOMArHiTHUM KepyBaHHSM (enekTpoMarHiTu Y1 ta
YN1); nBa mHeBMaTH4YHI ApOCENTi 31 3BOPOTHUMHU KJIallaHaMU; JBa KiHIIEBHX
BUMHUKaua 3 enekTpuuHuMu koHTakTamMu XN1 ta X1; knomku «Starty S1 Ta
«Ilyck» S2; enextpomarHitHi pene K/ 1 K2; mxepeno >KUBIEHHS MOCTIHUM
ctpymom (DC — Direct Current) 24 B.

Ha naGoparopHomy cTeHi 30upaeMo cxemy 3 KoHTposiepoM (puc. 9.19)
JUIA BUKOHAaHHA UKy, ($1-52)->1- (S1+52)->1.

Ilid eonanna sixodis Iid eonannsa

(Qutpur) EREKNIPOMATHINILE

+24B ITid"eonanna 6xodis (Input) kenmponepa KOHIPOIEP Kianana npusody 1
P sl ——— i ] aC————"=—"
Y X1 IX.\I S1 P T 00.0 00.1 | | K1 K2 |
: o=\ o B B 1 O O 4 \ By l

+
PLC (Inpux)
I " I |
I 1 Il |
__ ! ey |1
¥I I 7 ) L e I e g “m::urzlz:lIll}:l-tl:»’_'hﬁl
7 Iy 6.0 o1 I1.0 Ii.1 n.z

VA OB | PLC (Tnput) — 1 || || |
o S — R T — RN T ——

Puc. 9.19. KombiHoBaHa cxeMa 3 KoHmpoiepom Jisi BAKOHAHHS ITUKITY
(§51-52) -1 - (S1+52)->1

Allocation List motpiGHO ckiaacTu 3 ypaxyBanHsaM Ta0mmii 9.1 1 puc. 9.19.

CKnaoanus JN02IYHUX KOMAHO KepysaHnHs. BKIIOYCHHS IIpecy Oyre
B11I0YBaTHCh TIJILKH 110 HATUCHEHHI JIBOX KHOIIOK:

Y1< S1-S2 (9.5)
B wmexarpoHHiii cucTeMi KepyBaHHS 3 KOHTPOJIEpOM TepeadaueHuit
enemeHT nam’sti EP1, skuii 3anam’siToBye, 0 yaapHa IUIMTa BUPYOHOTO Mpecy

omycrumacs Y HIDKHE TIOJIOKEHHS 1 OpU [bOMY JaT4MK X1 KIHIIEBOTO

MOJIOKEHHS OyJ1e 3aMKHEHUM:

EP1< X1 (9.6)
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[ToBepHEeHHST pyXOMHUM TUIMTH Tpecy B IIOYATKOBE ITOJIOKCHHS
B110YZI€THCS MPU BIATUCHEHH1 X04a 0 ojHiel kHomku S1 abo S2:
Yle ST+ 52 9.7)

JIns yHUKHEHHS TMOPYIICHHS TpaBWJI O€3MEeKH OMepaTopoM, a came
3aTUCHEHHsI OJIHI€E] 3 KHOMOK BaHTa)XEM YW IHIIIM YWHOM, JJII IOBTOPHOI'O
OMYCKaHHS PYXOMHM IUTUTH TIpecy, HEoOXiJHO 100 BOHA IOBEpHYJacsi B
MOYATKOBE TMOJIOKEHHS 1 Oynm BiaTucHeHHI obmunBi kHomku S1 1 S2. Tomi
BUMKHETHCSA €JeMEeHT mam siti EPI, oOepHEHWIl CHUTHajd SKOTO BXOAWTh B
KOMaHJy poO0o4Yoro Xoiy mpeca. EleMeHT mam’sTi BUMUKAETHCS TUIBKH KOJIH
pyXoMa IUIMTa TPEeCy MOBEPTAETHCS B IMOYATKOBE TOJIOKEHHS 1 JBI KHOIIKH
B1/KaTi, TOOTO:

EP1< XN151-52 (9.8)

HoBuii poGounii xif pyXOMUH IUIMTH MPECy MOBUHEH BUKOHYBATHCh
TIJIBKY TIPY BUMKHEHOMY €JIEMEHTI IaM’siT1, ToMy KoMmaHay (9.5) pobodoro pyxy
IUTUTH TPECy MEePEeNnucyeMO Y HACTYITHOMY BUTJISII:

Y1< S1-S2-EP1 (9.9)

Cmeopennsi npoepamu 6 FST4.21 no cxknadeHum J02IUHUM KOMAHOAM
(9.5)...(9.9):

‘llIigroToBka CHUCTEMM [OO IyCKy. I[lpuBefeHHs NPUBOXiB Yy

‘rmovyaTKoOBE [IOJIOXEHHSI Ta BMMMKAHHSI YyClxX eJIeMeHTiB
naMm’ siTi, ‘sIki BMKOPMCTOBYKWTBCSI B IporpamMi
STEP O
IF NOP
THEN SET YN1
RESET Y1l
RESET EP1
‘llepexinxp mo STEP nicnss nepeBeneHHsT CHUCTEeMM B
no4YaTKOBMM ‘'CTaH
IF XN1

THEN JMP TO 1
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‘B po6bouoMy KpOLi BanmMCcyeMO paHime CKjlajgeHl1 KOMaHOM

STEP 1

IF S1 ‘' Bupas (9.9)
AND S2
AND N EP1

THEN SET Y1l
RESET YN1

IF X1 ‘' (Bupas (9.6)

THEN SET EP1

IF N S1 ‘' (Bupas (9.7)
OR N S2

THEN SET YN1
RESET Y1l

IF N Sl ‘ (Bupas (9.8)
AND N S2
AND XN1

THEN RESET EP1

‘OCcTaHHiM KpPOK HmporpaMmM HeO6XiJHO BaBepuwyBaTH
KOMaHIOK Ha ‘NepeBeIeHHsI CUCTeMM B Len xe Kpok STEP 1

IF NOP
THEN JMP TO 1

JInst mopiBHsUIBHOTO aHai3y Ha puc. 9.20 HaBeneHa KOMOIHOBaHA cXeMa
6e3 kouTposuepa M mukny (S1-52) - 1 - (51 + S52) - 1 3 Blcrabinsaum
KEepYBaHHSIM.

3aedanns ons camocmituHoi pobomu:

1.Po3pobutn cucremy KepyBaHHS BUPYOHUM mpecoM s LUKILY
(§1-52) > 1 > (51 + 52) > 1 3 MOHOCTa6ibHIM KepyBaHHAM, I0YaTOK
poOOTH SKOT HEMOXKIIMBHI 0€3 3aTUCHEHHS KHOIKH 3 (ikcaTopom S3.

2. [TlopiBHATH KOMOiIHOBaHy cXeMy 3 KoHTposiepom (puc. 9.19)
3 KOMOIHOBaHOIO cxeMoto 0e3 koHtposiepa (puc. 9.20) mo KiIbKOCTI APOTIB i
KOHTAKTIB €JIEKTPOMArHITHUX peJie, sIKl 3aCTOCOBAaHI B IIUX CXeMaXx.
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Puc. 9.20. Cxema 6e3 koHTponepa 1 mukiay (§1-52) -1 - (S1+52) > 1

9.6. Po3poOka npoekTy 3 KOHTpoJepoM Hiasa mukiay 1-TIMER-N1
3 BlcTadiibHUM KepyBaAHHAM Ta ABOMA KiHIIEeBUMHM BUMUKAYAMU

Mema npoexkmy: OTPUMAaHHS NPAKTUYHUX  HABUYOK  IIO
pPOrpaMyBaHHIO LMKIOBUX CHCTEM MEPIIOr0 Kiacy CKIAaJeHOCTI (OJHO

PEKHMHEX) Ha IPHKIai BUKOHaHHA muKiy 1 —5c—1 i3 sarpumkor Ha
3aJaHUM Yac 3a JONOMOTOI0 Taiimepa.

B aBTOMaTm3oBaHMX CHCTEMax MAaIWH JIETKOT MPOMHUCIOBOCTI YacTo
BUHUKAIOTh 3aJlayul, KOJM HEO0OX1JAHO, 100 poOouyuil opraH MAaIIMHHU TICJIS
BUXOJY Ha po0Oody MO3ulll0 NepedyBaB Ha HIM MPOTATOM IMEBHOTO 3aJaHOTO
MPOMIKKY 4acy (HampuKiaj] y BUNAIAKY MPUKICIOBAHHS MITOIIBH JI0 3aTOTOBKH
yepeBUKa Ta 1H.). B Takux BuUIagkax HEOOX1HO BHKOPUCTOBYBATHU pesie ydacy
(mpu ckiajaHHl cUCTeMU Ha 0asi perne Ta iX KOHTakKTIB) Ta maimepy (Tpu
CTBOPEHHI TMporpamMu Mpu poOoTi 3 KoHTposiepom). Ilpu upomy mnoTpiOHe
NporpamMyBaHHSl IIUKIY BUKOHAHHS MEPIOAUYHOT (YHKLIEIO 1 BUCTOIOBAHHIM
BEJICHOI JIAaHKM 3a aHAJIOTOM 0araTo Ba)KUIbHUX MEXaHI3MIiB JJI1 KOMIT FOTEPHO-
IHTETPOBAHUX TEXHOJOTIYHMX MAIIIMH JIETKOi TPOMHUCIOBOCTI.

[Ipu cTBOpEHHI MporpaMu POOOTH CHUCTEMH 3 BUTPUMKOIO Yacy BasKJIMBO
3poOUTH Taki yMOBH, 1100 TaiiMep BMHUKaBCS TUIBKH HEOOXIAHY KIIbKICTH pa3iB
M1]] 9ac MUKITY 1 YHUKAB MMOBTOPHOT'O XMOHOTO BMUKAHHSI.
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Texniune 3a60aHHs. Po3poOUTH MPOEKT KEPYBAHHS MPECOM IS
NPUKJICIOBAaHHS TIJONIBU dYepeBUKa, 3a0€3MEUMBIIN BHUTPUMKY S5 CEKyHI B
HIKHBOMY TIOJIOKEHHI MOAYIIKHA Tpeca. BMUKaHHS CUCTEMU TIPW HATHCHEHHI
KHONKY S1, 3yMHUHKA MicIis BIANPALIOBAaHHS [IUKITY — HATUCHEHHS KHOIIKH S2.

Bubupaemo  nacmynne  obnaowamna:  xontposnep  Festo  FC34;
MHEBMAaTUYHUNA LUIIHAP ABOCTOPOHHBOI Aii 3 blcTabinbHUM NHEBMAaTUYHUM
PO3MOIITLHUKOM 5/2 Ta €JIEKTPOMAarHiTHUM KepyBaHHSIM (eJleKTpoMmardita Y1
ta YN1); 1Ba MHEBMAaTUYHI JIPOCEIi 31 3BOPOTHUMHU KJlallaHaMH; JIBa KIHIIEBUX
BUMHUKaua 3 elNeKTpuuyHUMHU KoHTakTamMu XNI1 ta X1; kHomka «Start»S1,
KHomKa «Stop» S2; enekTtpomarHiTHi pene KI 1 K2; mxepeno >KUBJICHHS
nocriitanm ctpymom (DC — Direct Current) 24 B.

Ha puc. 9.21 naBemena koMOiHOBaHa cXema IHKJIOBOI CHCTEMH IS
BUKOHaHHSA 1Ky 1 — 5¢ — 1.

id ednanns suxodis  [Iid'conanns

e’ conanna exodie (Inpur) (Quitpar) ETERMPOMACHINITE

KoRmpoaepa KOMHIIPoTEDT Kranana npusody 1
+2‘{B :-"""""""-""""‘"""-""'""""'"‘""'""""""'""""""""""'l:'-"""" 'I_-’H"‘ L]
=3 XN xz' ; st | s, |XNaflf xz 'l 000 oo1 |t i
J @: % B TR o o i 0o o E!’”\ 2y i
+ + il PLC {Tupre) |4 '
= == ' ¥ H
T (B i : i
|| rl W
I i |
; . r| . ~ ] "
¥ ¥N1 0O O O O || kcokC] | 1
h” 1 T#I I o 1.z 1o i i ¥ij ¥NI {
ViV PLC (Tuput) H b i
JB i i i

——— -—

Puc. 9.21. KomGinoBana cxema mukiioBoi cuctemu ams mkny 1 — 5¢ — 1

Allocation List moTpiOHO CKIacTH 3 ypaxyBaHHsAM Tabmumii 9.1.

CrnadauHs n102iYHUX KOMAHO KepyB8aHHs: MEXaTpOHHA CHCTEMa TIPAI0€

3a wukiaoM 1-—>55—>1. To6to IpH HATUCHEHHI HAa JaTYUK BHCYHYTOI'O
MOJIOKEHHS ITOKA MOPIIHS MHEBMOIMIIHAPA TOBHHEH YBIMKHYTUCS TaMep
Ha 5 C, MICISI BUTPUMKH Yacy TaiiMep aBTOMATHYHO BUMHUKAETHCS 1 MOAYIIKA
MIPECy TOBEPTAETHCS B BEPXHE MOYATKOBE MONIOkKeHHA. CkiaaaemMo rpad MUKITY
(puc. 9.22).

[Tpu anamisi rpady (puc. 9.22) BUABIAETHCS, MO CHCTEMa KEPYBaHHS
iH(OpMaIlIfHO HEMOBHA, OCKUIBKM B Tpadi MOXKHA TMPOBECTH OJHY JIHIIO
HEBM3HAYCHOCTI, fKa po3auisie rpad Ha [Ba HE3ISKHUX marpada.
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[TpubupaemMo JiHIIO HEBU3HAUEHOCTI 3a JOMOMOTOI BBEIEHHSIM J0JIaTKOBOTO
enemeHnty nam’sti EP (puc. 9.23), ne EPI xoMaHJia BKJIIOYEHHS €JIEMEHTY
mam’saTi, a NEP] koMaHa Ha BUMUKAHHS €JIEMEHTA I1aM 'SITi.

JliHig
HeBusHavenocmi  Puc. 9.22. InpopmaniiHO HEeBU3HAYEHUI

It

rpadp makny 1—5c—1 (Ge3 emementa
nam’siti EPI)

7 It
/ I
Puc. 9.23. Indopmariitno BusHaueHui rpad
EP! wmkny 1—5c—1 (3 ereMeHTOM mam’sti
NEPT EPI)
N1 NTI

Sk 3a3Havanocs padilme, TaliMep BHUMHKAE€TbCA ABTOMATUYHO MICIS
BIJIpaXyBaHHS 33JJaHOr0 4acy, TOMY 3BOPOTHY KOMAaHJy JJI HbOT'O 3allMCyBaTH
He Tpeba. Jlns crpoieHHsl B SKOCTI KOMaHau EP/ Ha BKJIIOYEHHS €JIEMEHTY
nam’siTl MOYXHa BUKOPHUCTATH KOMaHAY JUIsl BKJIIOYEHHsS TaimMepa 7'/, OCKUIbKU
Il JBa MpPOLECH BIAOYBAIOThCA Maii’ke€ OJIHOYACHO 1 Ha poOOOTY CHCTEMH HE
BIUTUHYTH, TOOTO EP1<X1-NEP1.

CkrnagaHHs KOMaHJA /i BMHKaHHS TaliMepa Ta ONMTYBaHHS HOro
BIJIMIPAIOBaHHS MIPU MPOrpaMyBaHHI KOHTpoJsiepa po3risinemo Ha MoBi STL. B
MoBi STL nepenbdaueni nBa BapiaHTH 3a7a4i yacy poOOTH Taiimepa.

B mepiomy BapiaHTI IPOCTO MPOIUCYETHCS OAHOPA30BA TPUBAIICTH Yacy

poboTHu Taiimepa:

IF <ymoBa>
THEN SET T1
WITH 5s...
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Takuii BapiaHT 3aBJlaHHSA 4Yacy BUTPUMKU 3pyYHE HIBUKICTIO HANHMCAHHS
Ta BIJICYTHICTIO JIOJJaTKOBUX OIE€PaHIIB, MOXKJIMBICTIO BUKOPHUCTAHHS OJHOTO 1
TOTO XK TaliMepy B IMKJII AJISl PI3HUX BUTPUMOK Yacy, aje HEIOJIIKOM € Te IIO0
npu 0araTopazoBOMY BMUKAHHS OJTHOTO 1 TOTO K TaliMepa B IIUKJIl HA OJTHAKOBY
BUTPUMKY Tpeba KOKHOTO pa3y MPOMUCYBATH ITI0 TPUBATICTb.

B apyromy BapiaHTi JOJaTKOBO BBOJMTHCS OMEPATOP MPECEIEKTOpa dacy
taitmepa TPx (me X - HOMEp, BUKOPHUCTAHOTrO TaiiMepa), KUK 3amaMm’sTOBYE
3aJlaHUi Yac BUTPUMKHU. 3aBaHTAXKUTHU TE€BHE 3HAUCHHS 4Yacy B Hpecenrekmop
yacy MOXHa B OJHIA KOMaHIl 3 BMHKaHHA TaiiMepy, 4Yd B MOMNEPEeaHIX
KOMaH/1aX, HalpUKJIaI;

IF <ymoBa>
THEN LOAD V500 ‘tyt V500 e 5 cekynn = 500 -0,01 ¢
TO TP1 SET TI...

3py4yHICTP TaKoro BapilaHTy 3aBJaHHS Yacy BUTPUMKH — TIpU
OararopazoBoMy BBIMKHEHI OJIHOTO TalWMepy Ha OJHAKOBY BUTPUMKY ii
TPUBAIICTh 33JA€TbCA TUIBKM OJMH pa3, HENOJIK — BBEIEHHS J10JATKOBOI'O
omepaHja; s PI3HOI TPUBAJIOCTI BUTPUMKH HEOOXITHO BHKOPHCTOBYBATU
JEKUIbKa TaliMepiB Ta iX MPECEIEKTOPIB.

[Ipuknang BMUKaHHS TaliMepa Ta ONMUTYBaHHS Horo poOOTH Ta
BiAnparntoBanHs Ha MoBi STL:

‘exnrouenns mavimepa 11
IF <ymoBa> AND N EP1
THEN SET T1 WITH 3s SET EP1
‘\poboma matimepa T1
IF T1 AND EP1 THEN ...
\gionpayroeanns matimepa T1
IFNT1 AND EP1

THEN...

Cmeopenns npoepamu 6 FST4.21 no cknadenum no2iduHum KOManoam, sKi
Haegeoeni nio epagamu Ha puc. 9.24:
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y Il o T4

\\/\’X/ EP1 ;// kX\\) 173}
NEPT NEPT

N N

N1
Y1<=NEPI-XST (9.10) T1< X1-NEP1 (9.11) EPle<TI (9.12)

NTI

P

Er1 (
prr\”r ﬁ N[PIF‘A\A/EP,
N

N1
YN1< NT1-EP1 - (9.13) NEP1 < XN1  (9.14)

Puc. 9.24. ®parmentu rpady Mpu BUKOPUCTAHI JIHIN 3B 3Ky (ITYHKTHDP)

JUTS TTO6YIOBI JIOTIYHIX KOMAH KepyBaHHs muKny 1 — 5¢ — 1

‘[IigroToBKa CHUCTEMM JAO0 OYCKy. I[IpMBeleHHsT NOPMUMBONiB Yy
‘rnnoyaTKoOBE IIOJIOXKEHHSI Ta BMMMKAHHSI YCix eJjileMeHTiB

naMm’ siTi, ‘sIki BMKOPMCTOBYKWTBCSI B IIporpami
STEP O
IF NOP
THEN SET YN1
RESET Y1l
RESET XST
RESET EP1

‘llepexixn mo STEP 1 nicnss nepeBeneHHsT CHUCTEMM B
no4YaTKOBMUM ‘'CTaH

IF XN1
THEN JMP TO 1
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‘B pobouomy kpoui N 1 gns nouarky poborm HeobxipgHO
HaATHMCHYTM ‘KHOINKY «Start» S1 8a yMOBM, WmO cucreMma
nepebyeae B '‘IIOYATKOBOMY IIOJIOKEHH1I 1 He HeTHMCHEeHa
KHomnmka «Stop» S2, ‘ska BignoBijae 3a BYyOMHKY LIMKIY.
[Ipy BMKOHAHHI IMX yMOB ‘BMMKAaEMO eneMeHT nam’ ari XST,
Ak 6yB BMKOPMCTAHMM NPM ‘CKJIaJaHHLI KOMaHJ KepyBaHHS

STEP 1
IF S1
AND N S2
AND XN1
THEN SET XST

RESET EP1

‘Jani BanmMcyeMo CKJIageHl KoMaHOuM. BaximmeBo nam’ sstaTu,
mo ‘npM KepyBaHH1 npumBomzamm 3 BICTabinbHMM KepyBaHHAM
‘HeoBXinHO B OQOHiIM kKOMaHIi BMMKATM OIOMH CHUTHAJNI i
BMMUKATHU ‘iHumm . Taxkox 6axaHo OJ1sT BpydYHOCTI
BanMcyBaTH KOMaHOM ‘TakK, S$IK BOHM MOYTE B LIMKJIL

IF S1
AND N S2
AND XN1
THEN SET XST
RESET EP1
IF N EP1
AND XST
THEN SET Y1l
RESET ¥YN1
IF X1
AND N EP1
THEN SET Tl
WITH 5s
SET EP1
IF N Tl
AND EP1
THEN SET ¥YN1
RESET Y1
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IF XN1

THEN RESET EP1

‘Takox B nOporpaMi HeobxigHO mnepenbaunTyt BYNMHKY
cucremMu. ‘B HawmoMy BuMNagkKky KHoONka S2 BMMKHE €JIEMEHT
namM’siTti XST i ‘cucreMa BYyOMHUTBECS IIiCcasi SaKliHYEHHST
UMKy Ta Oyme ‘uekaTM IIOBTOPHOL KOMAaHAOM IIOYaATKY
po6orn

IF S2
THEN RESET XST

‘OcraHHin KPOK nporpamm Heob6xinHo saBepuyBaTn

KOMaHIOK Ha ‘NepeBeIeHHss CUCTeMM B iHumM abo B Lem xe
KPOK

IF NOP
THEN JMP TO 1

JU1st MOP1BHSUTBHOTO aHajizy Ha puc. 9.25 HaBeeHa KOMOIHOBaHa cxema

6e3 kouTposaepa i mukiay 1 — 5¢ — 1 3 blcTabinpHUM KepyBaHHSIM 1 TBOMA
KIHIIEBUMU BUMHKaYaMHu.

Ll 1 2 3 L -] ]

s1|:-stz[—J X10-4 x 8-1 K3,
L

K1y

w1  eCeRE wZFIwHE

A

L]

Puc. 9.25. KombinoBana cxema (tun C3) 0e3 KOHTpoJiepa AJisi BUKOHAHHS

mukny 1—5c—1 3  blcrabinbHUM KepyBaHHSIM 1 JBOMa KiHIICBUMH
BUMHUKaYaMu
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3asoamnns ons camocmitinoi pobomu cmyoeHmis.

1. TlepepoOutn mporpamy s KEpyBaHHS CHUCTEMOIO 3 aHAJOTIYHHM
koM, aite 3 MOHOCcTabimbHUM THEBMOPO3MOAUIBHUKOM.  3a0e3neunTh
BUTPUMKY 4Yacy 10 CeKyHJ y BUTSATHYTOMY IOJIOKEHHI, a TAaKOX 3a0€3MeUnTH
poboumit xixm mumiaapa TIJIBKW mpu 3atuchHenit kHonmku S1. 3amgada yacy
BUTPUMKH Y€pe3 NMPECEIECKTOP TaumMepa.

2. llopiBHsATH KOMOIHOBaHy cXxemy 3 kowmponepom (puc. 9.18) 3
KOMOIHOBAHOIO CXEMOI0 0Oe3 koumpoiepa (puc. 9.22) mo KUIbKOCTI JIPOTIB 1
KOHTAKTIB €JICKTPOMArHITHUX peJie, Kl 3aCTOCOBaHI B IIUX CXEMax.

9.7. Po3po0ka mpoeKTy 3 KOHTPOJIEPOM /1Jisi BUKOHAHHS LIMKJIY
1 -2 -1 - 2 3 BleradiibHuUM KepyBaHHAM

Mema npoexmy: OTpUMaHHS TMPAKTUYHUX  HABUYOK  TIO
MpOTrpaMyBaHHIO IMKJIOBUX CHCTEM TEPIIOTO KJIacy CKJIaJeHOCTI (OJHO
PEXNMHNX) Ha TPUKIAAi BUKOHAHHA 1uKkay 1 - 2 - 1 - 2 3 BlcTabinsanm
KEpyBaHHSM JIBOMa BUKOHABYMMH MEXaHI3MaMH.

Luxnosumu b6azamo maxkmosumuy Ha3UBAIOTHCS CUCTEMH, 110 BUKOHYIOTh
MEBHY MOCIIOBHICT aAil. [IpM IIbOMy OCHOBHOIO BIAMIHHICTIO B1JI 0OHO
MaKkmosux CUCTEM € BUKOHAHHS JIAHI[IO’KKA JIOTTYHUX KOMaHJ B 3aJIEKHOCTI Bij
BHYTPIIIHIX YMOB (CTaHy CHUCTEMH), a HE BiJl 30BHIIIHHOTO BIUIUBY. TOOTO Jis
OJIHOTO TPUCTPOIO 3yMOBIIOETHCS JiSIMU 1HIIOTO 1 T. . OCHOBHOIO MEPEBaroro
bacamo maxkmoeux CHUCTEM € BHCOKa NPOJYKTHBHICTh 1 BIJHOCHO Malia
KUIBKICTh POOOYOro MepcoHally, 3aA1THOT0 IpH poOOTI CUCTEMHU.

Y TexXHOJNOTIYHOMY O0OJIaJlHAaHHI JIETKOiI TPOMUCIOBOCTI TEPEBAKHO
3aCTOCOBYIOThCS bacamo maxmo6i yukau PoOOOTH MaIIUH 3 JIBOMA
BUKOHABYMMH MEXaHI3MaMH Ta >KOPCTKOIO CHUCTEMOI0 KepyBaHHS Tumy PB
(tuny  Poznoodinonuii  Ban) abo 3 pyuyHuMm kepyBaHHsSM. (CydacHOIO
ATbTEPHATUBOIO TAKUX MEXaHI3MIB € KOMII IOTEPHO-IHTEIPOBaHI IHUKJIOBI
MEXaH13MH MalvH. Taki MeXaHI3MHU MaloTh CIIPOIIECHY KIHEMAaTHKY 1 X BeICHI
JIAHKH 3 pOOOYUM 1HCTPYMEHTOM KiHEMaTUYHE HE 3’€/IHAHI 3 TOJIOBHUM BaJIOM, a
MarTh 1H(OpMaIiHI (IUCKPETHO-EIEKTPUYHI) 3B’SI3KM 3 OJHOTO OOKy 3
TOJJIOBHUM BaJiOM MaIllMHM, a 3 IHIIOTO OOKY 3 MOpTaMd BXO[IB 1 MOPTaMH
BUXO/I1B BOY/I0BaHOTO B TexHOJoriyny mamuny PLC. JloiiibHe BUKOPUCTAHHS
B TEXHOJOTIYHMX MAaIllMHAX JIETKOi MPOMHUCIOBOCTI 1 MPOTPAMOBAHUX OOHO
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maxmosux yuxiie 1 -2 —1 -2 poboTn MamuH 3 JABOMa BUKOHABUUMH
MeXaHI3MaMHu.

Texniune 3a60anHsa. ATOMATH3YBAaTH MPOIEC TMOJAYi 3aTOTOBKU
B 30HYy 00poOku Ta T1i 00poOKy B 30HI 00poOku. [THeBMompuBox 1 mopae
3aroTOBKY B 30HY OOpOOKH, TIC/sI YOTO IMiBOJUTHCS ITHEBMOIPUBOJIOM 2
1HCTpyMeHT amsi 00poOku. [THeBMompuBo 1 BiABOAUTHCA, a TOTIM B1IBOAUTHCS
nHeBMOnpuBoa 2. [louaTok poOOTH cHUCTEMH BiIOyBAa€ThCs MICIS HATUCHCHHS
KHOMKK S1, a 3ynmuHKa TICas HATUCHEHHS KHOMKKW S2 Ta BIANpaIlfOBaHHS
MIOBHOTO ITUKITY.

Bubupaemo nacmynuwe ob6aaonanns: xoutposiep Festo FC34; nBa
MTHEBMATUYHUX [IWTHIPH ABOCTOPOHHKOI 1ii; aBa bBlcTabinmbHUX MTHEBMAaTHIHUX
PO3MOAUIbHUKA 5/2 3 eNeKTpUYHUM KepyBaHHsIM (enektpomarHitd Y1 Tta YNI,
Y2 ta YN2); kianesi gatauku nepemimens mtokiB (XN1, X1 ta XN2, X2);
0JTI0K KHOTIOK 3 KoHTakTamMu S1 Ta S2; gotupm enekrpomarHiTaux pene Kl...K4;
JoKepento skuBiieHHs noctiiauMm ctpymoM (DC — Direct Current) 24 B.

Ha maGopatopHomy cTeH[Ii 30upaeMo cxemy 3 KoHTposiepoM (puc. 9.26)
JUUI BAKOHAHHS 1ukiny 1 - 2 - 1- 2.

Allocation List moTpiGHO ckiacTu 3 ypaxyBaHHsM Ta0mwii 9.1 1 puc. 9.26.

CxnajaHHs KOMaHJ KepyBaHHs JUISl CUCTEMH, KA peajlizye HaCTYIHUA
TVKIT:
1-2-51-2,

ne 1 — npsima komanaa Y1 nmHeBMornpuBoAy mojaadi;

1 —3BopoTHa komanja YN1 maeBmMonpuBoay nogayi; 1
2— mpsiMa KoMaHaa Y2 THEBMOIIPUBOLY 0OpOOKH;

2 — 3BopoTHa KomMaHa YN2 mHeBMOIpuBOIy 00pOOKH.

JIiist mo4yatky poOOTH MPU HATUCHEHHS KHOMKHU S1 MOBHMHEH YBIMKHYTHCH
€JIEMEHT T1aM’sITi, KK BIJMOBIIa€ 3a MOYaTOK poooTu cuctemu: XST <« S1.
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Puc. 9.26. KombiHOBaHa cxeMa 3 KOHTPOJIEPOM JJI1 BAKOHAHHS LIUKITY
1> 2 > 1 - 2 3BlcTabinbHUM KepyBaHHAM

Komanau s Ttakoro mukiay OyaeMo CKIaJaTd 3a JOIMOMOTOK METOIy
rpadis. g mporo kpecaumo kojo (puc. 9.27), Ha KoMy KOMaHAM MO3HAYEHI
sepuiunamu 2pagy, a AiHli, SKi 3’€AHYIOTh NPsSMi 1 3BOPOTHI KOMaHIM Jis
BKJIIOUCHHS/BUMUKAHHS BIJMOBIIHUX €JIEKTPOMArHITIB MHEBMOIMIIHIAPIB TI0
JIOTIYHUM KoMmaHaaMm nporpamu. [Ipu nipomy Bepiinmnu rpady 3’ e€qHaHi pebpamu
(cTpimkamMu - Ayramu KoJja), SIKi MarTh BIANOBIAHO MOYATOK 1 KiHENb, IO

CIIBIAAAIOTh 3 BIAMOBIAHUMHU BEPIIMHAMU Tpady.

f

Puc. 9.27. ®ynkiuioHansHuid rpad IS MUKITY
1> 2 —> 1 - 2 poboTH MEXaTPOHHOI CUCTEMH 3 JBOMA
BUKOHABUMMHM MeEXaHI3MaMHU 1 4YOTHUPMa KIHIIEBUMHU
BUMHKaYaMHU
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JIyist 3anmucy KOMaH]l KepyBaHHSI HEOOXIJHO 3alTH 3 KIHIS MOMNEepeaHbOT
nyru rpady BIIHOCHO HEOOX1AHOT KOMaHJIU B MOYAaTOK HEOOXIIHOI ayru rpady
o JHIAM 3B’sI3Ky, 3amucyroun Bcl curHamu (puc. 9.28). 3 ypaxyBaHHSIM
HaBeJCHUX BUMOr Imepma (mpsiMa) komaHjga Y1 mae HacTynmHUM BUIIISIAL
Y1< XN2 -XN1.

Ax BummBae 3 puc. 9.28,a B KiHIIl IpsAMOi KoMaHAu Y1 mpuUCYTHIN
curHan 3BopotHoi komaHau XNI1. XNI1moxHa He 3amucyBaTH, OCKIIbKH
JIOTIYHE 3pO3yMiNO, IO IS TOTO, MO0 IITOK BHUiXaB BiH MOBHWHEH CIOYATKY
3HaXOJUTUCh B BTIATHYTOMY IMOJIOKeHHI. ToMy mpu HammcanHi blctabimpHoi
KOMaHJM KepyBaHHS OCTaHHIM curHan (OCTaHHINA BIIPI30OK JIOMAHOI JIiHI1)
MOKHA He BpaxoByBaTH. Takoxk B mepmiii xomaumi mukay 1 -2 -51-52
HEOOX1THO JofaTu curHaj Bia kHomkw «Starty XST. Tomy komanga Y1 s

BKJIIOUEHHSI TIEpIIOTO BHUKOHABYOTO MEXaHI3My Ma€ HACTyIMHUNU BUIJIS
(puc. 9.28,a):

Y1l< XN2 -XST (9.25)

! 2 1 2

a 0 B T

Puc. 9.28. ®parmentu (Bua) pyukiionansHoro rpady Ha puc. 9.14 mis
ckyagaHHs koMana mukiny 1 — 2 —» 1 - 2 3 BlcTabinbHuM KepyBaHHSIM

Jami mnoTpiOHO CKJIACTH HACTyMHI KOMaHIU IUKIY 3a MPHUKIAJI0M
BiJIMOBITHO TpadiB HA puc. 9.28,0, puc. 9.28,8 Ta puc. 9.28,r :

YN1&< X2; (9.26)
Y2 X1; (9.27)
YN2< XN1. (9.28)
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Pospobra npoepamu 6 FST4.21 no ckradeHum n02iHUM KOMAHOAM

(9.25)...( 9.28):

‘[IigroToBka cucrTreMm no IIYCKYy . [lpuBeneHHs
‘IIHEBMONPMBOAIE Yy MNOYATKOBE I[IOJIOKEHHS Ta BMMMKAaHHS
‘vcix enemMeHTiB nam’ari, AK1 BMKOPUCTOBYKHTBCS Y
‘nporpami
STEP 0
IF NOP
THEN SET YN1

RESET Y1

SET YN2

RESET Y2

RESET XST

‘llepexixp mo STEP 1 nicns nepeBeeHHs CHUCTEMM B
‘moYaTKoOBMUM CTaH

IF XN1
AND XN2
THEN JMP TO 1

‘B pobouomMy kpoui N 1 zngna nouarxky poborm HeobximHO
‘HATMCHYTM KHOINKy Start S1 8a yMOBM, mO cCucTeMma
‘nepebyBa€e B NOYATKOBOMY IIOJIOXEHH1 1 He HeTMCHeHa
‘kHonmka Stop S2, ska ‘BignoBijae Ba BYNMHKY LUKIY.
‘[Ip BMKOHAHHI LMX yMOB BMMKAaeMO ejieMeHT nam’'sri XST,
‘axmum 6yB BMKOPMCTAaHMM NPM CKJIaJaHHI KOMaH] KepyBaHHS

STEP 1

IF S1
AND N S2
AND XN1
AND XN2

THEN SET XST

‘Jani BsanmMcyeMo CKJIageHi koMaHOu. BaximMBo naMm’ ssrTaTH,

‘o npu KepyBaHHi1 npmBomamm 3 BIcTabinbHMM KepyBaHHSIM
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‘HeoB6xigHO B OnOHiM KOMaAHOl1l BMMKATM OIOMH CHTHaAI i
‘BMMMKATH 1Hmmg. Taxox 6axaHo AJist BpydYHOCTI
‘BsanmMcyBaTM KOMAHOM TaK, S$IK BOHM MAOYTE B LIMKIL

IF XST
AND XN2
THEN SET Y1l
RESET YN1
IF X1
THEN SET Y2
RESET YN2
IF X2
THEN SET YN1
RESET Y1l
IF XN1
THEN SET YN2
RESET Y2

‘Takox B mnOporpaMi Heob6xigHO mnepenbaunTM BYOMHKY
‘cucreMm. B HamoMy BHMIaAKy KHomnka «Stop» S2 BUMKHe
‘enemMeHT mnam’'ssiti XST 1 cucTeMa BYyNOMHUMTBCS Inicins

‘\BaKiHUYEeHHSsT UMKy i 6yge dYekaTM IIOBTOPHOL KOMaHOM
‘Start

IF S2

THEN RESET XST

‘OcranHin KPOK nporpaMm HeobxinHo saBepumyeBaTmu

'KOMaHJOK0 Ha [epeBeAeHHsT CHUCTeMuM B iHumm abo B uem xe
‘KpoK

IF NOP
THEN JMP TO 1

JIyist OpIBHSUTBHOTO aHalizy Ha puc. 9.29 HaBeneHa KOMOIHOBaHA cxeMa
BlcTabinpHOro kepyBaHHs 63 KOHTposepa i ukny 3 1 -2 - 1 - 2.
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Puc. 9.29. KombinoBana cxema blcTtalOinmpHOTO KepyBaHHS 6e3 KOHmMpoaepa sl

BUKOHAHHA MKy 3 1 >2 > 1> 2
3aeoanus ons camocmitiHoi pobomu

1. IlepepoOutu mporpamy s KepyBaHHS CUCTEMOIO JJIs IUKIy 1 — 2 —
— 1 - 2 m1s MOHOcTabinsHoro KEpYBaHHS Ta OJHOPA30BUM IIMKJIOM POOOTH
MICJIA HATUCKAHHS KHOIIKM S1.

2. Nonatu kHonku S1 Ta S2 no cxemu 3 KoHTposiepoM (puc. 9.26). ITicns
[[bOTO TIOPIBHATH KOMOIHOBaHy CXeMy 3 KOMOIHOBaHOIO CcXeMow 0e3
KoHTposepa (puc. 9.29) mo KiIBKOCTI APOTIB 1 KOHTAKTIB €JIEKTPOMArHITHUX
peJe, SKi 3aCTOCOBaHI B ITUX CXEMax.

9.8. Po3po0Ka NpoeKTy 3 KOHTPoJiepoM A mukiay 1 -1 -2 > 2 3
BlcTadinbHUM KepyBAHHAM | BUKOPUCTAHHAM €JIeMEHTY ImaM’sITi

Mema npoexmy: OTpUMaHHS TPAKTUYHUX HABUYOK IO
MpPOTrpaMyBaHHIO IMKJIOBUX CHUCTEM TEPIIOTO KJacy CKJIaJeHOCTI (OHO
PEXUMHUX) Ha TPUKIaAi BUKoHaHHA 1ukay 1 - 1 - 2 > 2 3 BlcTabinsaum
KEpyBaHHSM JBOMa BUKOHABUMMU MEXaHI3MaMH 1 BHUKOPUCTAHHSM EJIEMEHTY
rmam’sTi.

B Ttakiii cuctemi migyac ii poOOTH OJWH 1 TOW K€ CTaH MOBTOPIOETHCS
NBIUl (Ha MOYATKy 1 MICJS BIAMPAIIOBAHHS TEPIIOrO MHEBMOIMIIHAPY, KOJIH
o0u/IBa IITOKHU BTIATHYTI). B TakoMy cTaHi cucTema “He 3Ha€” 4yu MOYMHAE BOHA
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UK, YU BXXE BiANpamoBaia IMOJOBUHY IWKIy.  lloyaTok moOynoBu
dbyHKIIOHATBEHOTO Irpady UKy HaBeaeHuH Ha puc. 9.30.

?' ----- B -

f/. “““ _:' Hinis Puc. 9.30. InpopmariiiHo HeBHU3HAYCHHI
~ = — __f']" neeusnavenocmi Tpad LMKy 1-1-2-2 (Ges
\ ] eJIEMEHTA ITaM ’sITi)

™

3 rpady HUKIY BHUIHO, IO JIHIT MPsAMOI 1 3BOPOTHOI KOMaHJ st
MHEBMOIIPUBOAY | Ta MHEBMONpPHUBOIY 2 HE MepeTuHaroTbes. Takuit rpad
po3manmaeTbcss Ha JBa miarpadu, ki iHQopmamiiHO He 3B’s3aHl.  Lls
iH(dopMmaliiHa HEBU3HAYEHICTh IMO3HAYAETHCS MOKIIUBICTIO TMPOBEACHHS Ha
rpabt  aimHii Heeusnavenocmi, ska Ha puc.9.30 3o00paxeHa
NYHKTUPHOIO JIiHI€0. B3arami, 5iHIA HEBU3HAYEHOCTI MPOBOJIUTHCS Tak,
110 BOHA:

- HE NEePETHUHAE KOJHOI JiHIT 3B 43Ky IPSIMUX 1 3BOPOTHUX KOMaH/;

- Utk Tpad Ha yacTHHM (miarpadu), B KOXKHIN 3 IKUX € X0o4a 0 o/1Ha

JIHIS 3B S3KY.

Axmo B rpadi cucreMu € xoda O OJiHA JIiHIS HEBU3HAYCHOCTI, TO ITUKII
KEepyBaHHS TaKOi CHCTEMOIO0 HE MOKe OyTH TIPOTPaMHO Peali30BaHUM.

Jlns Toro, mo0 cucTteMa cTajia peaji3oBaHOI0 i1 HEOOXITHO JTOMOBHUTH
JTOAATKOBUM (DYHKI[IOHAJTBHUM MOJYJIEM — ejleMeHmoM nam ami.
Enement mam’siti EP BBOAWUTHCS B IIMKI CHCTEMH TaKMM YWHOM, MO0 B
MOYAaTKOBUI MOMEHT pPOOOTH CHCTEMH BCl (DYHKITIOHAJIIbHI MOIYJl CHCTEMH
nepeOyBajau B IMOYATKOBOMY TOJIOKEHHI. [ ememMeHTa mam’sTi 3aluCyHOThCS
blcrabinpHi KOMaHIU TOMY, 110 HOTO JIiHIS 3B 3Ky NTO3HAYAE CTAH BKJIIOYCHHS,
a came cTaH «1» 1 cTaH BUMKHEHHS, a caMme cTtad «0».

Enevenin
f ffff" Hnav'ami
W Jinia Puc. 9.31. Indopmariiiino BU3HaYeHUI
,L_ — " HeslUIHAYEHOCM rpad nuKIy
' 1-EP1-1-52->EP1-2
k_:;_ ) (3 enmemenToM mam’sti EP)
NEP T
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OTxe, B HaBeJACHOMY IMpUKIAAl € OJHA JiHIA HEBU3HAYEHOCTI, sKa
NPUOUPAETHCSA JTOJATKOBUM BBEACHHSAM elleMeHTa mam’ati EP. I ToMy LMK
KepyBaHHS Ha0yBa€ HACTYITHOTO BUTJISY:

1-EP1-1-2->EP1-2,

e EP] — xomaHJa BKJIIOUCHHs eneMeHTy nam’siti EPI,

EP1 := NEP1 - xomanaa Bumukanfs enxementy nam’ siti EPI.

TexHiune 3a60aHHs. ABTOMAaTU3YBATH MPOIEC MO/AAUl 3aTOTOBKH
B 30Hy 00OpoOKHM Ta 1i 00poOKy B 30HI 00poOku. [IpuBia 1 mojae 3aroToBKy B
30HY 0OpOOKHM, IMICIISI YOTO BIABOJAUTHCA. I1OTIM MIABOAUTHCS 1HCTPYMEHT ISt
00poOKM TpHUBOJOM 2 1 MOTIM BIABOAUTHCA. Ilodarok poOOTH cHCTEMHU
BiIOYBA€ThCS MICHS HATUCHEHHS KHOMKK S1, a 3ymWHKA Micis HaTUCHEHHS
KHOTIKK S2 TIiCTIs BiMIPaIIOBaHHSI TTOBHOTO ITHKITY.

Bubupaemo  nacmynne  obaaouwanusn:  xoHtponep Festo FC34;
MMHEBMAaTUYHI IWJIIHAPYA JBOCTOPOHHBOI Mii 3 blcTabibHMMU TTHEBMAaTHYHUMM
pPO3MOAUILHUKAMU 5/2 Ta eNeKTpUYHUM KepyBaHHSIM (erexkTpomarHitd Y1 Ta
YN1, Y2 ta YN2 ); enekrpuuni kinneBi Bumukaui (XN1ta X1, XN2 ta X2);
0JIOK KHOIOK 3 KoHTakTamMu S1 T1aS2; 6ok enekrpomardiTHux pene Kl...K4;
JpKepento skuBiieHHs noctiiauMm ctpymoM (DC — Direct Current) 24 B.

xN2 X2
") '+24B|_______________.___|
XNI(| X2 I n| | o | ] {
SIE 52
+h ¢ | xvi | xi|xwv2 ] x2 I - - |
. EH | ]
[ |
¥ ¥NE l !
& Yoon vz Noooo ool
I I0g 101 02 183 114 1ii I
7 9B | prcmupny———— |
I S |
IHid"ednanus
I edunanns sxodis (Tupne ETERNIPOMATHINIEE
KOHNIPATEP RANIHLE NpUEodis
il e —— [ e -
h 1 1
[ ors oax 062 o063 :Kll k2 | K3| K l :
| O G O |
TPl

H PLC (frupui) 1 I

I 11 |

: K1 K2| K3 K4 : : :

| 2 o 4 I I I1¥1] Wi J2| IN2 |

| 11 |

g8 | [ |

e —— — ———— e — ——— —— —

Puc. 9. 32. Cxema C3 3 kourponepom mukny 1 » EP1 > 1 -2 - EP1 > 2
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Ha puc. 9.32 naBenena komo6inoBaHna cxema (tur C3) 3 KOHTPOJIEPOM JIJIst
BUKOHaHHS nukny 1 — EP1 — 1 -5 2 - EP1 — 2. Allocation List MOTPiOHO
CKiIacTu 3 ypaxyBaHHsM Tabmuii 9.1. Ha puc. 9.33 HaBemeHwmidi mTpHKiIan
BUKOPHUCTAHHSA JiHIN 3B’s13Ky rpady 1 piBHIHHS NPUYHMHO-HACHTIIKOBUX 3B’ SI3KIB
J1s1 TI0OY/T0B1 KOMaH/ IPOTpaMu.

CrtBopennsi mporpamu B FST4.21 mo ckiajieHMM JIOTIYHUM KOMaHIaM
(9.29)...(9.34), sxi naBeneHi mia rpadamu Ha puc. 9.33.

P
j}' C m
NZ 2
Z NEPT HEPIZ
Y14<=XN2-NEF1- XST (9.2%9) EP14<= X1 (9.30) N1 < EP1 (9.31)
Pt f P
H ! Ni N1
N2 ? /4 2 . ?
NEPT NEPT NEP 1
Y2& XN1-EPL (9.32) NEP1<=X2 (9.33) IN2<&NEP] (9.34)

Puc. 9. 33. ®parmentu rpady npu BUKOPUCTaHI JiHIN 3B’ 13Ky (ITyHKTHUD) TS
noOy10Bi JOriYHUX KOMaH/ KepyBanHs nukny 1 > EP1 -1 -2 - EP1 > 2

‘[IigroToBkKka CHMCTEMM IO NIyCKy. IlpuBeneHHss NOpPMBOLLB Yy
‘rmovaTKoOBE [IOJIOXEHHSI Ta BMMMKAHHSI YyClxX eJIeMeHTiB
‘naM’ iTi, sIKl BUMKOPMCTOBYITBCSI B HNporpami

STEP 0
IF NOP
THEN SET YN1
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RESET Y1l

SET YN2
RESET Y2

RESET XST
RESET EP1

‘llepexixp mo STEP 1 nicns nepeBemeHHA CHUCTEMM B
IOYaTKOBUM ‘CTaH
IF XN1
AND XN2
THEN JMP TO 1

‘B pobouomMy kpoui N 1 gna nouarky poboTm HeobximHO
‘HATMCHYTM KHONKy «Start» S1 8a yMOBM, WO cCHUCTeMa
‘nepebyBae B NOYATKOBOMY IIOJIOXEHH1 1 He HeTHMCHeHa
‘KHOIKAa «Stop» S2, sixa BignoBimae 3a BYNMHKY LMKIY.
‘[Ip¥ BMKOHAHHLI IIMX yYMOB BMMKAEMO eJIeMEHT ImnaM’ sITi
‘XST, aAxkui BMKOPMCTAaHMM NpM CKJIamZaHHLI koMaHam (9.29)

STEP 1
IF S1
AND N S2
AND XN1
AND XN2
THEN SET XST

‘Oani BanmMcyeMmo CKJIameHi KOMaHIOM (9.29)..(9.34).
‘BaxymBo mnam’'saraTM, WO NOpM KepyBaHHLI npuBojmaMm 3
‘BIcTabinbHMM KepyBaHHSIM HeOOxXigHO B OXHiIM KOMaHZOl
‘BEMMKATM OIOMH CHMITHAN 1 BuMMkaTM iHumM. Takxox 6axaHo
‘oisi Bpy4YHOCTiL BanmmcyBaTM KOMaHOM Tak, $SK BOHM
‘sammcaHi B uukai Ha puc.9.33

IF XST ‘piBHAHHEA (9.29)
AND XN2
THEN SET Y1l
RESET YN1

IF X1 ‘piBHsHHa (9.30)
THEN SET EP1

IF EP1 ‘piBHsHHEA (9.31)
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THEN SET YN1

RESET Y1
IF XN1 ‘piBHsiHHA (9.32)
AND EP1
THEN SET Y2
RESET YN2
IF X2 ‘piBHsiHHA (9.33)
THEN RESET EP1
IF N EP1 ‘piBHsiHHA (9.34)
THEN SET YN2
RESET Y2

‘Takox B mnOporpaMi Heob6xigHO mnepenbaunMTM BYOMHKY
‘UMKJIy KHONKOK S2, sika BMMKHe eJleMeHT nam’ssri XST i
‘umky 6yge 4YekaTM INOBTOPHO1L kKoMaHAOM «Start»

IF S2
THEN RESET XST
‘OcTaHHin KPOK nporpamMm Heob6xigmHO BaBepuyBaTH

‘KOMaHIOKH Ha [NepeBeIeHHsI CUCTeMyM B iHumMM abo B uem xe

‘KpPOK
IF NOP
THEN JMP TO 1
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Puc. 9. 34. Kom0inoBani cxemu 6e€3 KOHTpoJIepa /i BAKOHAHHSI [IUKITY
1—->1-2-2: a—papianT 1; 6 — Bapianr 2

JInst mopiBHSILHOTO aHamizy Ha puc. 9.34 HaBeneHi KOMOIHOBaHI CXEMHU
0e3 KOHTpoJsiepa JJisl BUKOHAHHA UKy 1 — 1-2- ?, SIK1 BIAPI3HAIOTHCS BiJg
(hYHKITIOHAIBHO aJCKBaTHOT CXEMHU ISl TAKOTO YK€ MKy Ha puc. 8.49, po3in 8.

3asoamnns Onst camocmitinoi pobomu cmyoeHmia:

1. Ilepepobutu mnporpamy st KEpyBaHHA CHUCTEMOIO 3 AHAJIOTTYHHUM
nukiaom, aie 3 1soMa MOHOcTabi1pHUMU THEBMATUYHUMU PO3MOIITEHUKAMU
Ta OJIHOPA30BUM LIMKJIOM POOOTH MiCJig HATUCKaHHS KHONKY «Start» S1.

2. llopiBHATH KOMOIHOBaHY cXeMmy 3 KoHTpoiepoM (puc. 9.32) 3
KOMOIHOBaHUMH cxeMaMu 0e3 koHTposiepa (puc. 9.34) mo KiIbKOCTI JPOTIB i
KOHTAaKTIB €JIEKTPOMArHITHUX peJie, sIKi 3aCTOCOBaHI B IIUX CXeMaXx.

9.9. Po3po0ka npoekTy cHCTEMH JIPYroro KJacy 3 KOHTPOJIepoM sl
BUKOHAHHS MKy (1 — 1) X 2 6e3 BUKOPHCTAHHS JiYWILHHKA

Mema npoexkmy: OTPUMAHHS NPAKTUYHUX HABUYOK IO
MPOTPaMyBaHHIO CHUCTEM 2-TO KJAaCy CKJAQAHOCTI (0arato peXUMHHUX) Ha

MPUKJIaAl BUKOHAHHA UKy 1 — 1-1-1.
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B aBTOMaTmM3oBaHMX MalIMHAX JIETKOI TMPOMHCIOBOCTI MOMKIIUBE
BUKOPHUCTAHHSA JCKITBKOX MPOTrpaaaMHO KEPOBAHUUUX BUKOHABYMX MEXaHI3MiB,
SKi KIHEMaTUYHO HE 3’€IHAaHI 3 TOJIOBHUM BaJOM 1 SIKi BUKOHYIOTH JEKIJIBKO
TEXHOJIOTIYHUX OIepariii abo Jiu.

3acTocyBaHHS B CX€Max TUILKU OJTHO PEKUMHHUX MPHUCTPOIB IPUBEIIO O 10
TOT0, IO KIIBKICTh BUKOHABUMX MPHUCTPOIB JOPIBHIOBAIO O UMCITY omepariid. A
11e, B CBOIO 4epry, MPHU3BOJAUTH JI0 MOJAOPOKYAHHS CHCTEMHU B JCKUIbKa pa3iB.
ToMy mpu CTBOPEHHI aBTOMATH30BAaHUX CHUCTEM PO3POOHUKH TIPArHYTh
MIHIMI3yBaTH KUIBKICTh MPUCTPOIB, IO BXOATH 10 CKIady cuctemMu. OaHuM i3
croco0iB Takoi MiHIMI3alii € poboTa JESKUX IPUBOJIIB MO KIJbKa pa3iB
MPOTATOM OJHOTO LUKITY. Hampukian, 3 1ucTta TyMH 9 HIKIpH MOKHA BUPI3aTH
JIB1 3arOTOBKH JJIsl MOJAJBINOI iX oOpoOku. Omeparlito OmycKaHHS J€3 MOXKE
BUKOHYBATH OJMH 1 TOM ke npuBid. Takuii npusim Oyae 0araTo peKMMHHM.
barato peXXMMHUMU HA3UBAIOTHCS MPUCTPOI, K1 IM1JT 4aC OJHOTO LUKIY poOOTH
CUCTEMU BUKOHYIOTb CBOI JIii KIJIbKa pas3iB.

Jlns mporpamyBaHHS HEOOXIHOTO IUKIY MOTPIOHO 3amucaTv KOMaHIU
KEpyBaHHA y BIANOBIAHOCTI A0 (YHKLUIOHAIBHOTO rpady LHKIY poOOTH
MEXaH13My 3 HACTYITHUM CKJIaJJaHHSIM PIBHAHb PUYNHO-HACIIIIKOBHX 3B’SI3KIB.

Texniune 3a60annsa. CKiIacTu mporpamy KepyBaHHS MPUBOIAOM
Je3a, sKe 3a OJMH POOOYMIl ITMKI BUKOHYE JIBa 3BOPOTHO-TIOCTYIAIBHI PYXH.
[lepeBenennss cucreMu B poOOOYUN DPEXKUM 1 BUXIL 3 POOOUOTO PEXKUMY
BUKOHYETBCSI HATHCHEHHSIM KHOmMkH S1. BigmpairoBaHHS CHCTEMOIO OTHOIO
pPOOOYOro IUKITY - MiC/Ist HATHCHEHHS KHOIIKU S2.

Bubupaemo nacmynne obnaonanns. PLC Festo FC34; mueBmaTnuHuii
IUAJIHIP ABOCTOPOHHBOI il 3 BIcTabinbHUM MHEBMATHYHHM PO3MOALTBHUKOM
5/2 3 enextpomarHiTHUM KepyBaHHsM (enektpomarHiTH Y1 Ta YN1); nBa
MHEBMATHYHI IPOCENi 31 3BOPOTHIM KiarmaHamu, JBa KiHieBux Bummukadi XN1
ta X1; xHomka «[lyck» S1 1 kHomka «Starty S2; OIOK eNeKTpUIHUX peJie.

Ha puc. 9.35 nHaBeneHa koMOiHOBaHa cXema 3 KOHTPOJEPOM IS
BuKoHaHHA mukny 1 —1—-1—1
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Puc. 9. 35. Kom6iHoBaHa cxeMa 3 KoHTponepoMm aid mukny 1 —1—1 -1

Allocation List moTpiOHO CKJIacTH 3 ypaxyBaHHsIM Taoauii 9.1.

Cknadanus J02IYHUX KOMAHO Kepy8aHHs O 0a2amo pPedCUMHUX
npucmpoig: 300pazumo rpad mukiay (puc. 9.36). fAx BuaHO 3 rpada y Hac €
YOTUPH JIiHIT 3B A3KY, SIKI HE IEPETUHAIOTHCS.

N1
Puc.9.36.'pap muxkny 1 —1—-1-1

N1 1

JInst moOy0BU BCiX JIIHIA HEBU3HAYEHOCTI Ipad HEOOXITHO PO3OUTH Ha
nBa niarpada. B ognomy miarpadi OyayTh TUIbKHM JiiHII 3B’s3ky 1 — N1, a B
apyromy TiUIbKd JiHIi 3B°s13ky N1 — 1 (puc.9.37). Maemo niHii HeBU3HAYEHOCTI
B KOkHOMY mij rpadi. Ilepenecemo ix Ha OCHOBHUU Irpad 1 MEpETUHAEMO
JIBOMa JI0JaTKOBUMU ereMenTamu mam’sti EP1 ta EP2 (puc. 9.38).

1 2 N1 ! I
Puc. 9.37. Iliarpadu
mukay 1-1-1-1

N N1 /
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£P1

4 N1 B Puc. 9_.38. I'pad nuxiry
NEP2 1-1-1-13 eIIeMEHTaM TlaM’ T
EP2 EP1i EP2
N1 1
NEPT

Ha puc. 9.39 naBeneni ¢yukiioHaabHuid rpad poOOYOro IUKIY 1 30HH
icHyBaHHs curHaiB BkiroueHoro (EP1 ta EP2) crany 1 BumkayToro (NEP1 Ta
NEP2) crany enemeHTiB mam’ATi.

Bmnvrsiensii
eleMeHT naM'ari NP2

BmvrHeHHit
enemenT nav'sTi ¥ EPT

BETIO9eHHH
enemMeHT naM'sTi fP ]

enesenT nay'sti £P7

Puc. 9. 39. I'padp uuxkny 1 - EP1 - N1 - EP2—->1-> NEP1-> N1-
— NEP?2 i3 30namu icHyBaHHs curHaiiB BkitoueHoro (EP1 ta EP2) crany i
BuMkHyTOrO (NEP1 Ta NEP2) crany enementiB mam’sti

[Ipu ckmamaHHi KepyrOUMX KOMaHJ HEOOXITHO YBAXKHO PO3IIISTH
CUTHaNIM 0araTto pexXuMHUX npuctpoiB. Hampuknan 3rigHo rpada Ha puc. 9.39
KOMaH/1a BKJIFOUCHHs efeMeHTy rmam’sti EP1 mae Burnsn: EP1=X1 .

OpHak mig yac poOOTH CUCTEMH 3a IUKJIOM CHUTHAI X1 MpOXOauTh JIBidi, a
CHCTEMa TMOBWHHA BiAMPAIlIOBATH TUTBKU OJWH pa3 B MPaBUILHUN MOMEHT. J[iis
BUOOPY MNpPaBWIHHOI OJWHHUII TOTJISHEMO Ha 1HII (YHKI[IOHAIBHI MOMIYJII
CHUCTEMH 1 OPIBHSAEMO iX CTaH ISl IBOX cTaHiB X1.
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s mepmoro Bunaaxky npu X1 EP1=0, EP2=0, a ans apyroro Bunaaxy
npu X1 EP1=1, EP2=1. Omxe cran cuctemu npu nBox X1 BiApi3HIETHCS IO
CUTHaiy Bix enemeHty mam’siti EP1 ta EP2, ane ockiibkM MH 3alluCyeMO
koMauay misa EP2, ot BukopucroByemo curnan EP2=0, tomy xomanna Ha
BMukanHusg EP1< X1-NEP2.

Jlnst 6araTto pe>KMMHUX MPUCTPOi OyIyTh MaTH /1Bl KOMaHAX HAa BMUKaHHS
1 BUMUKaHHA, K1 OyAyTh 00’ €IHaHH1 3HAKOM JIOTIYHOTO JOJaBaHHs «+». Takox
npu cknagaHHi blcTabimpHux KoMaHn A 0arato peXUMHHUX MPUCTPOI
HEOOXITHO OOMEXyBaTH KEpyrdl CHUTHAJIM Tak, mo0 BOHM HE OynM piBHI
OJIMHMIII TM1JT Yac BIAIpaIfoBaHHs 3BOPOTHUX KoMaHa. B komanay Y1 momaemo
CUTHAJI B1Jl KHOIIKM S2 32 yMOBOIO TE€XHIYHOTO 3aB/IaHHS:

Y1< NEP2-S2-NEP1 + EP2 EP1. (9.35)

[H111 KOMaHAM MarOTh HACTYITHUN BUTJISIL;

EP1< X1-NEP2; (9.36)
YN1< EP1-NEP2 + NEP1-EP2; (9.37)
EP2< XN1-EP1; (9.38)

NEP1< X1-EP2; (9.39)
NEP2< XN1-NEP. (9.40)

3rifHO TEXHIYHOTO 3aBJaHHS HAa CTBOPEHHS MPOEKTY IEepPEBEICHHS
CUCTEMHU B POOOUUIA PEKUM BUKOHYETHCS MIPH MEPIIOMY HaTUCKaHH1 KHOMKHU S1
1 BUX1J 3 poOOYOro pekUMy BHKOHYEThCA MPU IPYroMy HATHCKAHHI LI€i e
kHonku S1. ToOto curnamm, siki Oynae crnpuitmMaTH cuUCTEMa - 1€ JABOPa30BE
HATUCHEHHS Ta BIATUCHEHHS KHOMKH S1 A HACTYMHOTO JOAATKOBOTO ITUKITY

HATUCKAHHS KHOTIKU:
S1 > NS1 - S1 - NS1. (9.41)

Ha puc. 9.40 HaBeneHi (QyHKIIOHANbHUNA Tpad UUKIY 1 30HU

00O0B’SI3KOBOTO ICHYBaHHS CHUTHAIIB BKJIIOUEHOTO CTAaHy HATHCHEHHS KHOIKH
(XST) i enementa nmam’siti (EP3) Ta BUMKHYTOro cTaHy HaTHCHEHHS KHOIIKH
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(NXST) ta (NEP3) nomaTkoBUX €JIEMEHTIB IMaMm’sTi, SKi MMEPETBOPIOIOTH LUK
(9.41) y muki (9.42):

S1 - XST - NS1 - EP3 - S1 - NXST - NS1 - NEP3 (9.42)

XST<S1-NEP3 ; (9.43)

EP3< NS1-XST ; (9.44)

NXST< S1-EP3 ; (9.45)

NEP3< NS1-NXST . (9.46)
BrnvxneHHH

enesedT naM'sm NPT

BrvsHeHuHH
eneMenT nam'sti MXST

XST
St

N5t
NEPT >
tP3

NST st
KXST

BrmodeHHH
enemeHT man'st XST

BI{.mqemri’;
enemMeHT naM'ati ££7

Puc. 9.40. OyHKIioHANBHUN Tpad NUKITY HATUCHEHHS KHOMKUA (a) 1 30H
000B’SI3KOBOTO ICHYBaHHS CUTHaJIB BKitoueHoro (XST ta EP3) 1 BuMkHyTOTrO
(NXST Ta NEP3) crany 1ogaTKOBHX €JIEMEHTIB TIaM sITi

Ockinbku enemMeHT nam’siTi XST epeBouTh CUCTEMY B pOOOUYUN PEKUM
TO HOro HEOOXIAHO MOJaTH B Tepiry YacTuHy KoMmanmd Y1 1 Bupas (9.35)
OTPUMYE HACTYITHUM BUTJIISI;

Y1< NEP2-S2-NEP1-XST + EP2-EP1. (9.47)
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Cmeopenns npoepamu 8 FST4.21 no ckraderum 102iuHUM KOMAHOAM.

‘[IigroToBKa CHCTEMM IO NIyCKy. IlpuBeneHHs NpMBOLiB Yy
‘nmovaTKoBEe I[IOJIOKEHHSI Ta BMMMKAHHS YClix eJleMeHTiB
‘naM’ ATi, $IK1 BUMKOPMCTOBYITHCSI B HNporpami

STEP 0
IF NOP
THEN SET ¥YN1
RESET Y1l
RESET XST
RESET EP1
RESET EP2
RESET EP3

‘Insa nepexony B poboumit KPOK Heo6ximHO mo6 mnopumeHb
‘UMNiHApy O6YyB BTSATHYTHUMMU

IF XN1

THEN JMP TO 1

‘B pobouoMy Kpoli BanmmMcyeMo paHime ckilageHi koMaHOM.

‘Ha royaTKy BanmMcyemo KOMaHOM, noB’ sisaHi ]
‘HaTMCHEHHSIM KHonkm Sl
STEP 1
IF S1
AND N EP3
THEN SET XST Y (9.43)
IF N S1
AND XST
THEN SET EP3 Y (9.44)
IF S1
AND EP3
THEN RESET XST ‘' (9.45)
IF N S1
AND N XST Y (9.46)
THEN RESET EP3

‘Hani BanmMcyeMo KOMaHAOM pPo6odYoro LMKy
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IF N EP2

AND S2
AND N EP1
AND XST
THEN SET Yl ‘mepumy momaHok Bupasy (9.47)
RESET YN1
IF X1
AND N EP2
THEN SET EP1 ‘' (9.36)
IF EP1
AND N EP2
THEN SET ¥YN1 ‘nepumi momaHok Bupasy (9.37)
RESET Y1l
IF XN1
AND EP1
THEN SET EP2 *(9.38)
IF EP2
AND EP1
THEN SET Yl ‘mpyruyi momaHok Bupasy (9.47)
RESET YN1
IF X1
AND EP2
THEN RESET EP1 Y (9.39)
IF N EP1
AND EP2
THEN SET ¥YN1 ‘nppyrum nmomanHok Bupasy (9.37)
RESET Y1l
IF XN1
AND N EP1
THEN RESET EP2 1 (9.40)
‘OcranHin KPOK nporpaMm HeobxinHo saBepumyeaTu

'KOMaHJOKH0 Ha IepeBeIeHHdA CUcTeMM B iHummMM a6bo B ULen
‘’ke KPOK

IF NOP
THEN JMP TO 1
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3asoanns ona camocmiunoi pooomu cmyoenmis. Ilepepodbut mporpamy
JUISI  KepyBaHHS CHUCTEMOI0O 3 AaHAJIOrIYHUM L[MKJIOM, ajue 3 JBOMa
MOHOcTabinpHuMu  THEBMOpO3MoaAiIbHUKaMu.  [lepeBogutu  cuctremMy B
poOOYHIT peKUM TIICIS BIATUCHEHHS MOTIEPETHHO HETUCHEHOT KHOMKHU S1.

9.10. Po3po0Kka NpoeKTy KOHTPOJIepoM isi BUKoOHaHHs nukay (1 —1)x5
3 BAKOPHCTAHHAM JiYHJILHIKA

Mema npoexmy: OTpUMaHHS MPAKTUYHUX  HABHYOK  TIO
MPOTpPaMyBaHHIO CHUCTEM 2-T0 KJacy CKJIaJeHoCTi (0arato peXKMMHHX) Ha
NpUKIai BUKOHAaHHS 1ukay (1 — 1) X5 3 BUKOPUCTAHHAM JiUMIBHMKA, KU
3a/1a€ThCS MPOTPAMHO.

[Ipu cTBOpeHHI aBTOMATHU30BaHUX CHUCTEMAaxX JIETKOi IPOMMCIOBOCTI
BUHUKAIOTH 3aJ1aul 3a0e3MeYeHHs TOBTOPEHHS MEBHOI omnepaiiii 6arato pas. [
BUPIIICHHS TakuX 3aJa4 MOKHAa BHUKOpPUCTAaTH Tpadu IUKIYy 3 Oararto
PEKUMHUMU MPUCTPOSMH, OAHAK B TAKOMY BUNAAKY 301IbIIYETHCA KIIBKICTb
CJIEMEHTIB MaM’ATi Ta YCKJIQJHSIETHCS 3alHuC JOTIYHUX KOMAaHJ KepyBaHHS
JUTSI HUX.

B ycix cydacHMX KOHTpoJiepax € BOYIOBaH1 ONEpaHIu-TIYHIbHUKY, SIKI
PaxyroTh KUIBKICTh IMITYJIBCIB, IO MOCTYMNAIOTh iM Ha BXI1JI.

[Ipu cTBOpeHHI mporpamy poOOTH CHCTEMH 3 JIYHJIBHHUKOM BaKJIMBO
3pOOUTH TaKl YMOBH, 100 JIYMIBHUK BMHKABCS TUIBKM HEOOXIAHY KUIBKICTh
pa3 MmiJ yac UMKIY 1 paxyBaB IMITyJIbCH, sIKI HA HbOTO MOCTYNaKTh. ToMy mpu
CTBOPEHHI NMporpamy OyayTh BUKOPHUCTAHHI JOJIATKOBI €JIEMEHTH Iam’SITl.

Jlnst mporpaMyBaHHS HEOOXITHOTO IHUKIY MOTPIOHO 3amucaTH KOMaHIU
KepyBaHHS Yy BIAMOBIAHOCTI A0 (YHKIIOHATBRHOTO Tpady MHUKIY pPOOOTH
MEXaH13My 3 HACTYITHUM CKJIaJJaHHAM DPIBHAHb MPUYNHO-HACIIIKOBUX 3B’ SI3KIB.

Texniune 3asdanns. Po3pobutu mnporpamy blcTabinbHOro KepyBaHHS
MPUBOJIOM JIJIi BHUBAHTAXXEHHSI 3arOTOBOK B 30HY OOpOOKH. Y MarazuHHOMY
3aBaHTAKYBAIBHOMY TIPUCTPOi 3HAXOAWTHCS II'SITh  3aroToBok. Ilicis
HAaTHUCHEHHS KHONKH S1 Il I'SATh 3aroTOBOK BiJBaHTaXyrTbcs. [lpu
MOBTOPHOMY HATHUCHEHHI KHOMKUA S1 1uki moBTOoproeThes. [Ipu HaTHCHEHHI
KHOIIKK S2 TIPUBiJ MOBEPTAETHCS B MOYATKOBE TMOJOKECHHS 1 CHUCTEMa YeKae
HAaTUCHEHHS KHONKKA S JUisi BKIFOYEHHS LIUKITY.

Bubupaemo  nacmynne  obnaonamna:  xoutponep  Festo  FC34;
MMHEBMaTUYHUM ATIHAD JIBOCTOPOHHBOT Ti; blcraGinpHuit
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MTHEBMOPO3MNOAUIBHUK 5/2 3 €IeKTPOMAarHiTHUM KepyBaHHSAM (€JIEeKTPOMAarHiTH
Y1 Ta YN1); mHeBMaTuuHi Jpocesi 31 3BOPOTHUMHU KJIamlaHaMu;  KiHIEBI
Bumukadli XN1 Ta X1; kmomka «Start» S1 1 xHomka «Start» S2; 0OJOK
enekTpomarHiTHUX pene K/ 1 K2; mxepeno XHUBJICHHA MOCTIMHUM CTPYMOM
(DC — Direct Current) 24 B.

Ha puc. 9.41 naBemena komOiHOBaHAa cXeMa 3 KOHTPOJEPOM [
BukoHaHHs 3 mukny (1 — 1) x 5 3 miumnshukom CO (Counter), sxuil 3a1a€Thes
MIPOTPAMHO 1 TOMY Ha CXeMI BIICYTHIH.

{lid “ednanms
[lid ‘edranns Bxodib 11id "edranns Buxodib  epexmpomazrimit
Kowmponnepa (Inputs) koumponnepa (Outputs] knananid npubodit
__________ B I I N
bl x| s | s H N '
oy o R Ry 000 _Joei ] N i |
| I PLC (Outout) N l
| [ | |
| I | ] |
| [ | |
| || L M
Y1 Ymv | foC_Jrer T e J T k1IC 1«21 N z I—X z I-Z |
Ii.kv YT i' PLC linput]
7\ 08 | || | | |
- _— - o _— _—_ 1

Puc. 9.41. Komb6iHOBaHa cxeMa 3 KOHTPOJIEPOM JIJI1 BUKOHAHHS ITHKITY
(1—-1)x5

Allocation List moTpi6HO ckiacTu 3 ypaxyBaHHsIM Tabauin 9.1.

CKIa0aHHA I02TYHUX KOMAHO KepyB8aHHS.
B moBi STL Brmtouenns niumibarka CO BiiOyBa€eThCsl HACTYITHUM YUHOM:
IF <ymoma> AND CO
THEN LOAD V5
TO CWO

SET CO,

ne CO — TYUILHUK TTOBTOPEHHS ITUKITIB 1- T) :

CWO — mpecenekTop JYnUIbHUKA

THEN LOAD V5 — komanga «TOJ[Il 3BABAHTAXUTU 5 mukais (V5)
st mumwibHuKa CO» .

3apaxyBaHHSI OJHIET OJWHUII TPECEICKTOPY JIYWIbHUKA Tpu Ji4u0il

BUKOHYETHCS HACTYITHUM YHMHOM:
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IF <ymoBa>

AND N EP1

THEN INC CWO

SET EP1,

ne EP1 — eneMeHT mam ATi, KU 3abe3neuye 0JHOpa30Be AO0JaBaHHS

OJIMHMIIL J0 TPEecesIeKTopa JiYMIbHUKA,
INC CWO — xomanma «3BUJIBIIIEHHA na omunuirto mnpecenekTopa
miunnpHuKa (CWO)», sike BiIOyBaeTbcs NpPU YMOBI BHUMKHEHOTO €JIEMEHTH

rmam’saTi EP1.

[Ipu cTBOpeHHI MporpamMu IS LUKIY 3 JIYWIBHUKOM IUKJIIB MOKHA
po3risinaty aBa rpadu - rpad 3araabHOTO IUKIY (puc. 42,a) 1 miarpad IUKITY
nmiuunbHUKa (puc. 42,0).

.~
7 £P1 9’. ST
)
i,
NEPT \_/}G NXST

Puc. 9.42. I'padu nukiy: a — rpad 3araibHUN HUKITY; 0 — miArpad HUKITY
JTYUIbHUKA

CnoyaTky mOTpiOHO CKJIACTH KOMAHIU TSl MiArpady HUKITY JYAIBHUKA:

CO <= S1-NS2-XN1-NCO- NXST; (9.48)

Komannma na BkimoueHHs enemeHTa mam’'ati  XST (puc. 9.38,06) Oynme
aHayioriuna komani C0 (9.52):

XST < S1-NS2-XN1-NCO- NXST; (9.49)

Ane Ha BIIMIHY BiJl KOMaH[u Juist iuniabHuKa C0, aKuil Ipy BigpaxyBaHHI
3aaHOi KUIBKOCTI IMITYJIbCIB BIJIMUKAa€TbCAd caM, eleMeHT mnam’ati XST
HEOOX1THO BUMKHYTH KOMaH1010 (9.54).

3anucyeMo JIOT19HI KOMaH/I1 KEpyBaHHs s Tpady 3araibHOTO MUKIY:
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Y1< CO-NEP1; (9.50)

EP1< X1-NEP1; (9.51)
YN1< EP1; (9.52)
NEP1 < XN1+52; (9.53)
NXST < S2 + NCO-XST; (9.54)
NCO < S2. (9.55)

OCKUITbKM BMHUKAHHS 1 BUMHUKAHHS €JIEMEHTIB IaMm’sIiTi KOHTPOJIEPOM

BUKOHYETHCSI MUTTEBO TO MOXKHa o0’egHatu komanau Y1 Ta NEP1 1 YN1
ta EP1.

Cmeopenns npocpamu 6 FST4.21 no cknadeHum 102iuHuM KOMAHOAM.

‘[IigrToTOBKa CHMCTEMM [O NYyCKy. IllpMBefneHHss NPUBORLiB Yy
‘noyaTkoBe IIOJIOKEHHSI Ta BMMMKAHHS YClix eJIeMeHT1B
‘naM’ ATi, SIK1 BMKOPMCTOBYHTHLCS B Nporpami

STEP O
IF NOP
THEN RESET Y1l
SET YN1
RESET EP1
RESET Cco
RESET XST

‘Ina nepexomy B poboumy KPOK HeO6ximHO mo6 umiaingp
‘6YyB BTSATHYTUM

IF XN1

THEN JMP TO 1

‘Hani BanmMcyeMo mnporpaMy BI'igHO CKJIAIeHMX KOMaHI
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STEP 1

IF S1
AND N S2
AND XN1
AND N CcoO
AND N XST
THEN LOAD V5
TO CwWO
SET CcoO ‘(9.48)
SET XST ‘(9.49)
IF Cco
AND XN1
THEN SET Y1 *(9.50) - BxaounTN Y1
RESET ¥YN1
RESET EP1
IF X1
AND N EP1
THEN SET EP1 ' (9.51)
INC CwWO
SET YN1 Y (9.52) - BxaounTM YN1
RESET Y1l
IF N CcoO
AND XST
THEN RESET XST ‘(9.54)
IF S2
THEN RESET EP1 ' (9.53)
RESET XST ‘(9.54)
RESET CcoO ' (9.55)
‘OcTaHHin KpPOK nporpaMm HeobxigmHoO BaBepuyBaTn

KOMaHIOl Ha ‘NepeBefeHHsI CUCTeMM B iHummi abo B ULem xe
KPOK

IF NOP
THEN JMP TO 1
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3aedaunnsn oOns camocmiunoi pobomu. Po3podbutu
nporpaMmy KepyBaHHS CHCTEMOIO BiJBaHTaXEeHHs 3aroToBok 3 M3II micns
3aBAHTAXKEHHS 3arOTOBOK. ImiTaiig 3aBaHTaXeHHs 3arotoBok B M3II 1o

HATHCHEHHI KHONKHM S2 BigBaHTa)keHHS 3aroTOBOK BHKOHYETBCS TICHS

HATHCHGHHS  KHONKH 91 |  BHKOHYETBCS  ITHEBMOIMIIHAPOM 3
MOHOcTa0i1pHUM KepyBaHHS.

9.11. Po3po0ka mpoeKTy /15l BAKOHAHHA mukay 1-1,2-3-2,3
3 OJHOYACHOK0 POOOTOI0 IeKIVIbKOX NMPHUBOAIB

Jlis CKOpOYEHHs 4Yacy CKIajgaHHsS BHpoOiB 4u 0OpoOKkM jeraneil, a
BIJINIOBIJTHO, 301IbIIEHHS TPOYKTUBHOCTI, OKPEMI Omeparii Mo>kHa BUKOHYBaTH
onHoyacHo. CHCTeMH 13 3aCTOCYBAaHHSIM OJHOYACHO MPAIIOIOYUX TPUCTPOIB
HA3MBAIOTHhCSI ACUHXPOHHUMH. Binpa3dy BHHHKAa€ MUTaHHS, YOMY K OJHOYACHI
Jii B IIbOMY BUNAAKY He OyayTh cuHxpoHHuUM ? [lo-mepiie, Kijibka MPUBOIB,
K1 OTPUMAJIM OJTHOYACHO KEepYyH4y KOMaHIy, BUKOHYIOTH Pi3HI TEXHOJIOT14HI
byHKII{, 1 TPUBANICTh iX BUKOHAHHS BHU3HAYAETHCS TEXHOJIOTIEID, a HE
OJIHOYACHOK Mojavero koMaui. llo-mpyre, HaBITH JUisl OJHAKOBHX (DYHKIIIH,
HaNpUKIAJ, TMoJada KOMIUIEKTYIOUMX Ha CKJIaJajdbHy TMO3UIII0, Yac ix
BUKOHAHHS OyJie 3aJIeKaTH BiJ Baru JeTail, cTaHy o0JialHaHHS, TUCKY B JIHISIX
CUCTEMHU, JIOBKUHU CIIOIYYHUX TPYOOK 1 0ararbox 1HIIMX (PAKTOpIB.

Mema npoexmy: OTPUMAaHHS TPAKTUYHUX HABUYOK IO
NpOTrpaMyBaHHIO CUCTEMH 3-T0 KJIACY CKJIaJAeHOCTi (3 OIHOYAaCHOK POOOTOIO
JEKITbKOX TPHBOJIB), KA MPAITIOE 3a MUKIoM 1 — 1,2-3-2,3.

Texniyne 3asoanHs. Po3poOuTH mporpamy KepyBaHHS MJI CHUCTEMHU
00poOku 3arotoBku. Ilicist HaTtucHeHHs kKHomku S1 mpuBogoM 1 3aroToBka
MOJAETHCA B 30HY OOPOOKHM, IMICIISI YOTO BiIOYBA€ThCS OJIHOYACHE 3aTHUCHEHHS
3aroTOBKHU MPUBOOM 2 1 BIIBEJICHHS MPUBOJTY 10J1a4i 3arOTOBKU 1 B TOUaTKOBE
nosiokeHHs. [licns 3aBepliieHHs] MOMEpeHiX ornepailiii Bii0yBaeTbesi 0OpoOKa
3arotToBku mnpuBoaoM 3. Ilo 3aBepiieHHi OOpoOKHM MpHBiA 3aTUCHEHHS 2 Ta
npuBi 00poOKM 3 MOBEPTAIOTHCS B MOYATKOBE MOJOXKEHHS. [Ipu moBTOpHOMY
HAaTUCHEHHI S1 UK MOBTOPIOETHCH.

Ha puc. 9.43 naBenena KOMOIHOBaHAa cXeMa 3 KOHTPOJICPOM JIJist
BUKOHAHHA LUKy 1 — 1,2-3-2,3.
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B cxemi 3adiano macmynne o06n1aoumanHs: TPU THEBMATUYHI IWJIHIPU
JBOCTOPOHHBOI Jii; ABa bIcTabinbHUX MHEBMATUYHOTO PO3MOAUIBHUKAS/2 3
eneKTpuyHUM KepyBaHHsAM (enekTpomarHitTd Y1 ta YNI1 i enekrpomarnité Y2
ta YN2; omua MOHOcTa0inpHUIi MHEBMOPO3MNOAUTEHUK 5/2 3 €IeKTPUYHUM
kepyBaHHsIM (enekTpomarHitTh Y3 Ta YN3 ); KOHTaKTHI JaT4YMKHU KiHIIEBOTO
monoxkeHHs (XNI, X1 ta XN3, X3); OC3KOHTaKTHI JaTYUKH KIHIIEBOTO
MOJIOKeHHsT - TepkoHn (XN2, X2); Omoxk kHomok S1, S2; n‘arsb
enexkTpoMarHiTHux pene K/...K5; 6nok DC xxuBnenns 24 B.
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Puc. 9.43. Cxema C3 3 KOHTPOJIEPOM IJIsI BAKOHAHHS LIUKITY
1-1,2-3-123
386



Allocation List moTpi6HO CKacTH 3 ypaxyBaHHAM Tabsmii 9.1.

CK1a0anus 102iYHUX KOMAHO KepysaHHs: OTPIOHO CKIACTH Trpad IUKITY
(puc. 9.44, a). Sk BuaHO, B rpadi € Tpu JiHII HEBU3HAUEHOCTI (IIYHKTHUPHI), SIKi
npuoOHUparoThcsl OAHUM elleMeHToM mam’siti EPI (puc. 9.44,6). B pesynbprari
byHKIIIOHaTBHUHN rpad HUKITY TPUHMAE HACTYITHUM BUTJISI:

1-EP1-1,2—-3—-NEP1-2,3

OcCoONMBICTIO CKJIAaJaHHS KEPYIOUMX KOMaHJ JUI CHUCTEM 3-TO Kiacy
CKJIQIHOCTI € T€, M0 KOJIA 3 TOMEePeHBOT BEPIIHHN Tpady BUXOMITH JCKIIbKa
JIHIA 3B’S3Ky, TO iX Tpeba BCl BpaXxyBaTH. A TaKOX KOMaHAW OyayTh OJHAKOBI,
SKIIO iX JIIHIT 3B 3Ky BXOJIATh B OJIHY BEpPIIUHY.

£P1
Pad N,

NEP1
a 0

Puc. 9.44. Auanis rpady 11s Bukonanss wukny 1 —1,2 -3 — 2,3
a — rpad 3 TyHKTUPHUMHU JIHISIMU 1HHOPMAIITHOT HEBU3HAYEHOCT;
0 — 3 enemenToM nam’sti EP , axuii nornuHae HeBU3HAYEHICTH rpady

PiBHSIHHST TMPUYUHO-HACTIIKOBUX 3B’A3KIB CKJIQJa€EMO IS BEPIIUH
rpady 3a CTpIIKOIO TOJWHHUKA, MOYMHAIOUl 3 BepmuHu 1 rpady. 3anucyemo
CUCTEMY pIBHSIHb NPUUYMHO-HACHIIKOBUX 3B’SI3KIB (JIOTIYHMX KOMAaHI) Y
BIJIMOBITHOCTI 70 ¢parmenTiB (puc. 9.45) rpady npu blctabinpsHOMY KepyBaHHi
BUKOHaBUYMMH MexaHi3Mamu 1 1 2 Ta MOHOcTabinbHOMY KepyBaHHI TpeTiM
BUKOHABUYMM MEXaHI3MOM, HaBeJIeHUX Ha puc. 9.43:

Y1< XN3-XN2-NEP1 (puc. 9.45,2); (9.56)
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EP1<=X1 (puc. 9.45,0); (9.57)

YN1,Y2< EP1 (puc. 9.45,B); (9.58)
Y3< XN1-X2-EP1 (puc. 9.45,r); (9.59)
YN2,YN3< NEP1 (puc. 9.45,n); (9.60)

Ockinpku poOOTa cHCTEMHU BiIOyBAa€TbCA TUIBKH MICISA HATUCHEHHS
kHOMKHU S1, To komanaa (9.56) NUKITy Ma€ HACTYITHUN BUTJIS;

Y1<XN3-XN2-NEP1-51 (9.61)

[Topsimok ananmizy rpady AJisl CKIIaJaHHs JIOTTYHUX KOMaH]l KepyBaHHS
(9.56)...(9.61) maBeaenwmii Ha puc. 9.45.

FP1
Q m 2
NZ2N3 N2 N3 £

NEP r NEP f NEP 1

B — AMA KoMaHg YV 1 ¥2

a — ana xoMannu ¥l & — Ana Komasmu KPP
EP 1 £P 1 EP 1
W12 ’Q?f;z Q?m
W23 7 NI
NEP 1 NEPT NEPT
I — IUTA KOMaHan Y3 I — A xkomasHnyn NEP] e — A koMmarn ¥YN2 1 YN3

Puc. 9.45. ®parmenTu rpada 11 CKIIalaHHs JJOTITYHUX KOMaH KEPYBaHHS
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Cmeopenns npoepamu 8 FST4.21 no ckradeHum 102i4HUM KOMAHOAM.

‘[IigroToBKa CHCTEMM IO NIyCKy. I[puMBeIeHHss NPMUMBOILIB Yy
‘movaTKoBEe I[IOJIOXKEHHSI Ta BMMMKAHHS YyClix eJIeMeHTiB
‘naM’ ATi, sIK1l BUMKOPMCTOBYITBCSI B Nporpami

STEP 0
IF NOP
THEN SET YN1
RESET Y1l
SET YN2
RESET Y2
RESET Y3
RESET EP1

‘Insa nepexony B poboumm KpPOK Heo6xigHO mwo6 umMiIiHzgpwm
‘\6ynu BTSITHYTHUMMU

IF XN1
AND XN2
AND XN3

THEN JMP TO 1
‘Hani BSanmMcyeMo mnporpaMy SI'ifgHO CKIaQgeHMX JIOT'1dHMX
KOMaH], ‘KepyBaHHS

STEP 1
IF S1
AND XN3
AND XN2
AND N EP1
THEN SET Y1l
RESET YN1
IF X1
THEN SET EP1
IF EP1
THEN SET ¥YN1
RESET Y1l
SET Y2
RESET YN2
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IF XN1

AND X2
AND EP1
THEN SET Y3
IF X3
THEN RESET EP1
IF N EP1
THEN SET YN2
RESET Y2
RESET Y3
‘OcTaHHin KpOK nporpamMm Heob6xigHoO saBepuyBaTn

KOMaHJIOK Ha ‘NepeBeJeHHs CHUCTeMM B iHumm abo B Lem xe
KPOK

IF NOP

THEN JMP TO 1

3ae0anna oOnrsa camocmiunoi pobomu.Po3poburu mnporpamy
KEepyBaHHS 3 TpbOMa IHEBMOIIPUBOJIAMH, aje sKi OyIyTh IpaltoBaTH IO
sminenomy mukny 1,2,3 —1 —2 — 3. Ilouatok poGOTH LUKIOBOI CHCTEMHU:
MIiCJsl HATUCHEHHS KHOMKH S1, UK MOBTOPIOETHCS IO MOMEHTY HATHCHEHHS
KHONIKU S2. Y BUINQJIKy HaTUCHEHHS KHONKHU S2 cucTeMa J0IpalboOBYE OCTaHHIN
IIUKJI 1 OYIKy€ HOBOTO HATUCHEHHS KHOMKHU S1.

9.12. Po3po0ka npoexTy 3 aibTePHATUBHUMHU HUKJIAMH
1,2-3-4-1-2-3-4 1a1-2-3-2-3-2-1-4-2-14

[IpoeKkTyBaHHs TEXHOJIOTTYHOIO OOJIQJHAHHS, K€ BUKOHYE TUIbKH OJHY
TEXHOJIOTTYHY OMeparlil0 HalYyacTillle € eKOHOMIYHO HEBUTiAHMM. ToMmy yacto npu
MPOEKTYBaHHI TMOIOHOT0 OOJaHAHHA TepedavyaloTh MOMIIMBICTH BHOOPY MIiX
JICKUTBKOMa OTepallisiMu, sIKI MOXKJIMBO BUKOHATH Ha JJaHOMY 0OJajHaHHI. Takoxk
JIesIKI PO3POOHMKH Tepe0avyatoTh MOXKIIMBICTD JOAATKOBOTO TiporpamyBanHs PLC
TEXHOJIOTTYHOTO OOJTaHAHHS /11 CTBOPEHHS CHCTEMH KEPyBAaHHS I BUKOHAHHS
JOJJATKOBUX TEXHOJIOTTYHUX OTEpariii.

Jlo Takoro TEXHOJIOTTYHOTO OOJaJHAaHHS MOMKHA BIJHECTH PI3HOMAHITHI
MaHIIyJIATOPH,  CKJIaJaidbHl  Ta  ¢acyBajlbHI  JIiHIi, aBTOMaTHMYHE Ta
HaIriBaBTOMATHYHE MIPECOBE Ta IITAMITYBaJIbHE 00JIaJHAHHSI.
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Mema npoexmy: OTpUMaHHS NPAKTUYHUX HABUYOK MPU CTBOPEHHI
LIUKJIOBMX CHCTEM JUIS IBOX albTepPHATUBHUX IukiIiB 1,2 -3 —4—-1-2 —
—-3-4 ta1-2-3-2-3-2—-1-4-2-4

Texniune 3aeoanms. Po3poOuTH mporpamy KepyBaHHS TEXHOJIOTTYHUM
oOnaiHaHHAM 3 YOTUpPMAa MPUBOJAMH, SKE€ MOXKE BHUKOHYBATH TEXHOJOT14YHI
omepartii /uIsi JBOX ajdbTEepPHATHBHUX IWKIB 1,2 —3 —4 — 1-2-3-4
Ta 1-2-3-2-3-2-1-4-2-14.

[TouaTok poGOTH CUCTEMHU MOMJIUBHUI MICIS MOSBU CUTHAIY BiJl KHOTIKHU 3
dbikcatopom «llyck» S3. 3a moyaTok mNEpHIOro NMKIY BIANOBIAAE KHOIKA
«Start 1» S1, a 3a moudarok apyroro — «Starty S2. [lepexim Mik IUKIaAMHA —
TIIBKA TIPU  BIANpAIIOBaHHI MOMEPEAHBOr0 IUMKIY YU 3a yMOBH, IO BCl
MTHEBMOIIPUBOAN CHUCTEMH 3HAXOASATHCS B TMOYATKOBOMY TMOJOKeHHI. [lpwm
3HUKHEHHI curHaiy Bia kHomku «Ilyck» S3 — mopanbima poboTa cuUCTEMU
HEMOJKJIUBA, 10 MOBTOPHOI MosiBu curHaiy «llyck» S3.

Bubupaemo nacmynne ob6n1aoHaHHA: MEXaHI3MHU IPHUBO/IIB
1 Ta 2 - NHEBMAaTHYHI MWIHAPH ABOCTOpOHHBOI 1ii 3 blctabinpHuMuU
MHEBMATHYHUMH  PO3MOMUIBHUKAMH  5/2 3 CIEKTpUYHUM  KEpyBaHHSIM
(enextpomarHity Y1 ta YN1 1 enekrpomarnitu Y2 ta YN2); Mmexanizmu
npuBoaiB 3 Ta 4 - THEBMAaTW4YHI IWIHJAPI JBOCTOPOHHBOI Al 3
MOHOcTa0i1bHUMHU MTHEBMATUYHUMHU PO3MOJLIBHUKAMHU 5/2 3 eNeKTPUYHUM
kepyBaHHsM (enekrpomarditu XN1, X1 XN2, X2 XN3, X3, XN4, X4); 610k
KHOIIOK 3 KOHTakTaMu S1, S2, S3; 6JI0K eNeKTpOMarHiTHUX pelie.

Jnsa cknadamHsa n02iYHUX KOMAHO KepysaHnusa: OymyemMo Tpadu IUKIIIB
(puc. 9.46). Ilo rpadam HuKIIIB MOTPIOHO CKJIACTH JOTTYHI KOMAHAHW KepyBaHHS
(BUKOHATH CaMOCTIITHO).

N1

a 0
Puc. 9.46.OyHkiioHaNbHI rpadu albTepHATUBHUX IUKJIIB: a —uki 1,2 — 3 —
—4-1-2-3-4; 6-uwknl1-2-3-2-3 -2—-1-4-2—4;
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CKaoaemo ymosu nepexooy Midic YuKiamu:

Hexaii sk 1 panime y Hac Oyne STEP 0, B $KOMy cHCTeMa
IIEPEBOJNUTHCS B ITOYATKOBMM CTaH, OJHAK o Buxony Ha STEP 1
HEOoOX1/IHa J0/JaTKOBa yMOBa - HaTUCHyTa KHOMka S3. YMoOBa mepexony B
STEP 131 STEP 0 Mae HACTYyIHUUN BUTJISI;

STEP 1 =XN1-XN2-XN3-XN4-S3. (9.62)

YmoBa mnoBepHeHHss B STEP 0 — BCl OpUBOAU 3HAXOAATHCI B
ITOYaTKOBOMY ITOJIO’KEHHI 1 BIATHCHYTa KHOTIKA S3:

STEP 1 =XN1-XN2-XN3-XN4-NS3. (9.63)

[lepexin B STEP 2 31 STEP 1 BiiOyAeTbCS KOJM BCl MPUBOIU
3HAXOAATHCSA B IIOYaTKOBOMY TIOJIOKCHHI, HATHCHYyTa KHOmMkKa S3 Ta S2,
BIATHCHYTA KHOIKa S1:

STEP 2 =XN1-XN2-XN3-XN4-53-S2-NS1. (9.64)

[lepexin B kpok STEP 1 31 STEP 2 BiI0yA€ThCS 3a 1HIIOK YMOBOIO
(STEP 1%*), xomu BCi NPHUBOAM 3HAXOIATHCS B MOYATKOBOMY TIOJIOXKEHHI,
HATUCHYTa KHOMKa S3 Ta S1, a Tako BIATUCHYTA KHOTIKA S2:

STEP 1* = XN1-XN2-XN3-XN4-53-51-NS2. (9.65)
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Puc. 9.47. KombiHOBaHa cxeMa 3 KOHTPOJIEPOM JJI1 BUKOHAHHS IIUKIIOBO1

MEXaTPOHHOI CUCTEMH 3 JBOMA AJIbTEPHATUBHUMHM LIMKJIAMHK: [IUKIoM 1,2 — 3 —

4-1-2 -3—-4 ammkiom1-2-3-2-3 —-2-1-4-2-4

NOTPIOHO CKJIACTH 3 ypaxyBaHHSAM Tabnuii 9.1.

Cmeopenns npoepamu 6 FST4.21 no cknadenum n02i4HUM KOMAHOAM 3

ypaxysannsim Allocation List (Ta6:1. 9.1):
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‘[IigroToBKa CHCTEMM [HO NYCKy. IIpMBefeHHsT NPUBORLE Y
‘nnoyaTKoBEe IIOJIOXKEHHSI Ta BMMMKAHHSI YClX eJIeMeHTiB
‘naM’ ATi, SIK1 BUMKOPMCTOBYIOTHLCSI B Nporpami

STEP O
IF NOP
THEN SET ¥YN1
RESET Y1l
SET YN2
RESET Y2
RESET Y3
RESET Y4
RESET EP1
RESET EP2

‘Ina nepexomy B poboumm Kpok N 1 HeobxigHO mob6 BCi
‘nopwHi UMAIiHApiB OyaM BTATHYTMMM 1 HaTMCHEHa KHOIKAa
‘«Ilyck S3»

IF XN1 ‘' ymoBa (9.62)
AND XN2
AND XN3
AND XN4
AND S3

THEN JMP TO 1

‘Hani BanmMcyeMo nporpaMy BI'iOHO CKJIageHMX KOMaHI, He
‘sabyBawuy OpO YMOBM MEPEexXOony B iHm1 KPOKK

STEP 1
IF S3 ‘' ymoera (9.64)
AND N S1
AND S2
AND XN1
AND XN2
AND XN3
AND XN4

THEN JMP TO 2
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IF

THEN
IF

THEN

IF

THEN
IF
THEN
IF
THEN

IF

THEN
RESET
IF
THEN
IF
THEN
IF
THEN

STEP 2
IF

AND
AND
AND
AND
JMP TO O

AND
SET
RESET
SET
RESET

AND
SET

SET

SET
RESET

AND

AND

SET

RESET

RESET

JMP TO 1

AND
AND
AND
AND

S3

XN2
XN3
XN4

S1
XN4

XN1

NOP
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THEN
IF

THEN JMP TO O

IF

THEN

IF

THEN

IF

THEN

IF

THEN

IF

THEN

IF

THEN

IF

AND
AND
JMP TO

AND
AND
AND
AND

AND
AND
SET
RESET

OR
SET
RESET

AND
AND
SET

AND
AND
SET
RESET

AND
AND
SET

AND
SET
RESET

AND
AND

1

XN3
XN4

S3

XN1
XN2
XN3
XN4

S2
XN4
XN1
Y1l
¥YN1
X1
XN3
Y2
YN2
X2
XN4
X1
Y3
X3
X1
XN4
YN2
Y2
XN2
X1
X3
Y4
X4
XN2
YN1
Y1l
XN1
X3
X4
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THEN SET Y2

RESET YN2
IF X2
AND XN1
THEN RESET Y3
IF XN3
AND XN1
AND X4
THEN SET YN2
RESET Y2
IF XN2
AND XN3
THEN RESET Y4
‘OcTaHHin KPOK nporpaMm Heob6xinHo B3aeBepumyeaTn
‘KOMaHJOK Ha [epeBefeHHsI CUCTeMM B iHumi abo B nLem xe
‘KpPOK
IF NOP

THEN JMP TO 2

3ae60annsa O0na camocmitnoi pobomu.  CTBOPUTH
JIOIATKOBY TEXHOJIOTIYHY ONEparfito B ICHYIOYIH Tmporpami sl IUKITY
1.2.3.4—1—2 —3 —4, sxka BUKOHYETbCA SKIIO B HYJIbOBOMY KpOIIi
OJIHOYACHO HaTUCHYTH KHONKHU S1 Ta S2 1 He HaTucHyTa KHomka S3. Ilepexin 3
JIOAATKOBOTO KPOKY B poOOYMIT — TMICI]A BIAMpPAILFOBAaHHS IUKIY J10JATKOBOTO
KpPOKY Ta HATUCHEHH1 KHOIIKH S3.

9.13. TumnoBi onepanau, onepaTopu i KOMaHIAU

Onepana Mae JBO€IMHE TpPHU3HAYEHHS 1 3actocyBaHHA. [lo-mepiie,
onepand — iaentudikarop omeparopa ((dyHKI) mpouecy BUKOHAHHS
KOMaH/H MporpaMu IporpaMoBaHuM JIoT1uHUM KoHTposepom (PLC). Ilo-apyre,
Onepano € THUMYACOBHM (Di3UWYHUM EJICKTPOHHHM E€JIEMEHTOM, a CcaMme
BX0JIOM/BHXOIOM KOHTpOJIEpa, OAHO OITOBUM Ta/ab0 MyJIbTI OITOBHM PETICTPOM
KOHTpoJiepa, TaiiMepoM ab0  JNYMUIBHUKOM  KOHTpojepa. Omnepanau
3aMmpoNIy€eThCS (AAPECYETHCS) TA BUKOHYETHCS KOMAaHIaMH MPOTPAMHU.
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[To KiMBKOCTI PO3PAIIB PETICTPIB, B SKUX THUMUYACOBO 30€piraeThCs JIBOIHA
iHopmaris (1/0) Ha di3uunomy piBHI KoHTposiepa OITEPAH/IN MoxyTs OyTH
omHo OitoBumu (Ob-omepanam), siki 3ailiMarOTh OAWH po3psAn (oawH OIT) B
pericTpi abo B akyMyssTopi 1 MynbsTi 6iToBumu (Mb-onepanan), sxi 3aiiMarOTh
16 pospsaniB a6o CJIOBO (mo3navaerhes mnepiioro jgiTeporo W aHTIIOMOBHOTO
Word - CJIOBO) a6o 8 po3psiaiB (0aiT) y BiZNOBiTHUX pericTpax. 32-po3psaHi
1 64-po3psiIHI KOHTPOJIEPH MPAIIOIOTH 3 MOABIHHUME CIIOBaMH.

Tumnu 1 KUIBKICTh ONEpaHIIB 3aJIeKUTh BiJI MOJIENI KOHTpoJiepa 1 (ipMu
BUpPOOHUKA KOHTpoJepiB. Y HaBuanbHOMY Tiporieci KHYT/I Ta iHmmx 3aknagax
BUIIIOI OCBITHM MOXYTbh 3aCTOCOBYBaucsi KoHTpoJsiepu ¢ipmu Festo (ABctpis).
Texniuna xapaktepuctuka koHtposiepiB Festo (HiMeuunHa) i Tvumm omepasiB
JUTst MOBH TiporpamyBaHHs STL HaBeaeni B Tabmuii 9.2.

Ta6mwuir 9.2 Tunu xorTponepiB Festo
Tun onepamndis mosu Tun xonTponepis Festo
STL FPC101 FPC202C FPC404 | FPC405
Taiimepu (T) 32 32 16 64
Jlivnneauku (C) 16 32 16 64
®naru (F) 256 256 256 1024
Cnoso (W) 16x16 16x16 16x16 64x16
Perictpu (R) 64 64 64 64
bararo3amayHicTh - + + +
KinekicTs 3amau 1 2 4 64

Oonooimosi onepanou (Ob-omepanau) 3BeaeHi B Tabmuio  9.3.
BUPA3U (mabmoHu) mporpaMm CKIAgaloThCsd 3 JBOX YacTUH - YMOBHOI 1
BHKOHaBYOi. B yMoBHiii yacTuni BUPA3Y, ska mounHaeTbes 3 komauau «lF»
(sK1110) omepaHau MepeBipsOThCs Ha «truew/«false» (1/0) — mommpeHa Ha3Ba
«ICTHHA »/«XHOHICTH ». Y BUKOHAaBYiii yacTuni BUPA3Y, ska nmounnaerncs 3
koMmanau « THEN» (toai) nag Ob-onepanmamu komangamu «SET»/«RESET»
BUKOHYETHCS BIJITOBIIHA TSt - CBKJTIOUHATH/ «BUKITIOUUTH,
«BCTAaHOBUTHY/CKUHYTU» 110 BIAMOBITAE [iSIM «BKJIFOYCHHS/BUKITFOUCHHS
BUKOHABYOTO MEXaHI3MYy (EJIeKTPOMAarHiTy, €JIeKTpOoABUTyHa ToImio). Ha wac
omepariiii 3anuTy 1 3aBaHTaxkeHHs: Ob-onepanau 30epiratoTbes B OJHO OITOBOM
akymynaropi (Ob-akymynsaropi). Inentudikarop omepanmiB Mo3HA4YAE€THCS B

nporpami NepIIoko JITEPOI0 Ha3BU ONEepaH/ia B aHIJIOMOBHOMY HAIHCY.
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Taomursg 9.3 OnHOo61TOBI ONIEpaH U
Ob-onepann | Inen- | Cun- | Yactuna TunoBuii npukiag GpparMeHTy
tudi- | tak- | BUPA3Y BUPA3Y nporpamu
KaTop | CHC | Tporpamu
Bxin | In.n yYMOBHa IF11.0 Sxmro Bxizx 1.0
AKTUBHUU
Buxin @) On.n yMOBHa IF O.1.1 SIxmo Buxig 1.1
BKJIIOUCHMU
Buxin O On.n | Bukonasua | SET O.1.5 | Bxmarountu Buxin
15
Tajiimep T Tn YMOBHA IF T3 ko
3aIyIIECHAN
Taiimep T Tn | BUKOHaBYa SET T5 Taiimep 3
Bxirouutu
Taiimep 5
JlivuabHUK C Cn YMOBHA IF C1 Sxmo
3aIyIEHAN
JliynJabHUK C Cn | BukoHaBuYa SET C4 JYMILHHUK 1
Bxirouutu
JYMIBLHUK 4
®daar F Fn.n YMOBHa IFF.11 Axuo ¢uar 1.1
BKJTIOUCHMH
®aar F Fn.n | BukoHaBua RESET Buxmtountu ¢aar
F.l14 1.4

OxkpimM 0THOOITOBHX OIEpaH/IIB HaBEICHUX B Ta0JI. 9.3 B JIEIKUX MOJCIAX

KOHTPOJIEPIB MOXYTh TaKOX 3acTtocoByBaTHcsi HactynHi Ob-omepanau 13

30epeKEeHHSIM 3MICTY B MEPUIMX TPHOX CTOBMYMKAX TaOmuIl 9.4:
[Iporpama (Program) — P — Pn;
ITponecop (Procesor) — Y — Yn;

Cran noxu6ku (Error) —» E — E;
ITepezanyck (Restarting) — ARU — ARU.

Mynbmiodimosi onepanou (Mb-onepanan) — ta6n. 9.4 B yMoOBHA 4acTHHI
BUPA3Y «lF» nepeBipsitoTbes Ha BearuuHy (Oisibllie, MEHILE, PIBHO), 1aMa30H
(0...255,0...65535, +/- 32767) abo nopiBHIOIOTKCS 3 1HIIMMU Mb-onepangamu.
¥V BukonaBuiit yactui BUPA3Y mynbTiOITOBI ONepanii MOTYTTh 3arpyKaTucs
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«LOAD» 3HauennsM, 30inbiryBaTuca Ha oauHuIto «INCy, 3MeHmryBaTucs Ha
omuauito «DECy» Ta BukopucTOBYBaTHM IHINI apu(@METH4YHI Ta JIOT14HI
omeparopu. Ha wac omepariii 3anuty 1 3aBaHTaxeHHs Mb-onepanau
30epiraoTbes y MyJbTibiTOBOMY akymyisitopi (Mb-akymymsitopi).

Tabmums 9.4 MynpTiO6ITOBI OnIEepaHIu
loen Yacmuna
mu- | Cun- BUPA3Y | Tunosuii npuxnao ¢ppaemenmy
Mb-onepano Qi- | maxcuc | ppozpamu BUPA3Y npoepamu
Ka-
mop
CJIOBO W IWn YMOBHA IF SIKIIIO BX1JIHE
BXOAY (IW2=V237) CIIOBO 2
JIOPIBHIOETHCS
(Input Word) anciry 237
CJIOBO OW | OWn YMOBHAa IF AKIIO CJIIOBO
BUXOY (OW1=V7) Buxoay 1
JOPIBHIOETHCS
yucny /

(Output Word) | ow | OWn | guxonasuya | LOAD V127 | 3aBaHTaXUTH
TO OW?2 gucio 127 1

IIEPEUTH 10
CJIOBa BUXOY
2
CJIOBO TW | TWn yMOBHa IF SIKIIIO CJIOBO
TAVMEPA (TW2<V300 | Tarimepa 2 <3
) CEKyH]I

(Timer Word) | TW | TWn | BukonaBua | LOAD V200 | 3aBaHTaxuTH
TO TW3 yrcio 200 1o

CJI0Ba Taimepa

3

[IPEcenextop | TP TPn YMOBHa IF Skiio yac

TAVIMEPA (TP1<V300) | 3aTpuMKH
(Timer taiimepa 1<3 ¢

Preselector)

TP TPn BHUKOHAaBYa LOAD 3aBaHTaXKUTHU
V500 TO gucio 500 no
TP2 MpecesIeKTopa

TaiimMepa 2
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CJIOBO CW | CWn YMOBHA IF Axmo CnoBo
JIYNJIbauka (CW3<>V3 | JliunmnpHuka 1
0) HE PIBHO YHCIY
30
(Counter | CW | CWn | pukonasua | THEN INC Toni
Word) CW?2 301JIBIIMTH HA
1 BmicT croBa
JYUIbHUKA 2
I[TPEcenextop | CP | CPn YMOBHA IF SKIIO
JITYNJIbHuka (CP1=V150) | npecenektop
(Counter JiuuiapHuKa 1
Preselector) pIBHUI YHCITY
150
LOAD V15 | 3aBaHTaXHTH
cp | CPn |Buxomassa | 1o Cp3 | wmero 15 fo
[TPEcenexTopa
JiYUIbHUKA 3
PET'ICTP R Rn YMOBHA IF(R20 = | Sxmio ¢uar 1.1
(Register) V23)l BKJIFOUCHUH
R Rn BUKOHAaBYa LOAD 3aBaHTaXUTHU
(R25) TO | Bwmicr pericTpa
R27 25 no perictpa
27
CrnoBo EW | EWn YMOBHA IF(EW V15) | Skmo cioBo
MOMUJIKH nomm EW »
(Error Word) | EW | EWn | BukonaBua | LOAD VO grcio 15
TO EW 3aBaHTAXUTH

yuciio «0» B

EW

O neparTop un [ nooynou BHUPA3IB, B moBi STL
BUKOPUCTOBYIOTh HACTYMHI OINEpaTOpU 1 yMOBHI CHUMBOJIHM, SIKI HaBEICHI B

tabmuin 9.5.
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Tabmur 9.5 YMOBHI CUMBOIA

N HI (3anepeuenns)

V., V$,V% 3apmanua 3HAYEHHS nns Mb-onepanau B J€CSTUHHOMY,
16-piuHoMYy 1 JBifiIKOBOMY (popMarti, BiJIIOBITHO

+, -, %/ CximaganHs, BigHIMaHHSA, MHOXXEHHA Ta jideHHs Mb-
OTIepaH/IiB 1 KOHCTAHT

<, >, = ,|MynbTiOiTOBE TOPIBHAHHSA: MEHIIE HDK, OUIbIIe HIK, PIBHO,

<> , <= , | IOpiBHIOE, HE JIOPiBHIOE, MeEHIIEe abo JOpiBHIOE, Oinbiie abo

>= JIOP1BHIOE

Tunosi komanan BUPA3IB nporpam

B ocnoBy mnporpamyBaHHs Ha MoBI STL UHUKIOBUMH  CHCTEMaMU
KepyBaHHS IUIbOBUMHM MEXaHI3MaMU 1 MPUCTPOSMU TEXHOJOTIYHUX MAIIUH
raiy3i nokianeHa crpykrypa BUPA3IB, ski ckiagaioTbes 3 JABOX YacTUH
KYMOBHIL 1 «BUKOHABYIL, K1 TTIOUNHAIOTHCS 3 KOMaHIU «SIKIIO ...» 1 KOMaHH
«Toni ... » a0 B aHrjIOMOBHOMY Hamucy € komanaow «lF ...» 1 komanmor
«THEN ... ». Hapmam wnaBeneni tumnoBi komanau BHUPA3IB mnporpam 1
MPUKJIAJINA iX 3aCTOCYBaHHA y (hparMeHTax Mporpam.

STEPn (kpok) — s komaHa nmo3Havae moyarok BUPA3Y

IF (axwo) — st KOMaH1a TT03HaYa€e moyaTok yMoBHOT yactua BUPA3Y;

THEN (Toai, moTiM) — KOMaH/1a MMO3HAYA€ MOYATOK BUKOHABYIM YaCTUHH
BUPA3Y.

SET - (6io SETting exmouumu, nepeeecmu 6 aKmueHUil CMAH,
eécmanosumu) — KOMaHJia BUKOPHUCTOBYEThCS JIs repeBeacHHs Ob-omnepaniB
B CTaH JoriyHoi oauHuil («I»-ctan). [lis 1€l KOMaHIW 3aJieKUTh Bij
aJpecyeMOro orepaH/ia 3riiHoO 3 MPUKJIIAIN 3BEJICHUM B TAOJIHITIO 9.6.

Tabnuis 9.6 [Tpuknaau 3actocyBanHst komauau SET
Ob-onepanou Cunmaxkcuc Tosacnenns 0ii
BUXI]] SET 0O01.1 Bxmrount BUXI/T 1.1
OJIAT SET FO01.3 BcranoButu ®JIAL B ctan «1»
TAMMEP | SET T1 AxtuBHuii ctany TAUMEPY 1 a6o
TAMMEP 1 BxmroueHuii B poGoTy.
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[Ipu ubomy BMICT npecenekTopa TP1
(moyaTkoBO1 YCTaHOBKH yacy
3aTPUMKH ) JUISL Tanmepa 1
ABTOMATHUYHO aJpeCcyeThCs
(KOTiIOEThCA) B CIIOBO Taiimepa 1
(TW1)

JIIYNJIbHUK

SET

C1l

AxtuBnauii ctan JITMMJIBHUKA 1
a6o JITYMJIbBHUK 1 BximodyeHuii B
po0oTy. I[lpu  mpomMy  BMiICT
npecenekropa  Cl (mouatkoBO1
YCTAaHOBKMA Yacy 3aTPUMKH) IS
JIYNJIBHUKA 1  aBTOMaTU4HO
aapecyethes (komiroeThesi) B CJIOBO
JIHYUJIBHUKA 1 (CW1)

RESET (suxmouumu,

nepesecmu 6 NACUBHU cmaH) — KOMaHIa

BUKOPUCTOBYETHCS JJIs1 IEPEBEAEHHS OTHO OITOBUX ONEPAH/IIB B CTaH JIOTIYHOTO

HyJs («O» - cTan).

[Tpuknanu 3acrocyBanHs koManau RESET:

Onepanou Cunmaxcuc llosichenns Oii
BUXI]I RESET 001.1 | Buxmountu BUXIJ] 01.1
OJIAT RESET F01.3 |Ilepeectu cratyc DJIATy 01.3 y
«O»-cTan
TAUMEP RESET T1 Cran TAUMEPA T1=0 (BUMKHEHHiA)

OTHRW (sio0 OTHeRW.ise

1HaKIIe) — KOMaHJa 3abe3neuye

MPOJIOBXKEHHSI BUKOHAHHS nporpamu, AAkuio ymoBHa yactuHa BUPA3Y xiOHa.

[Tpuxnan 3actocyBanus komanau OTHRW:

Onepamnou Cunmaxkcuc llosichenns Oii
BXI/ IF 110 SAKIIO BXI 1.0 aktuBHMI
BUXI], THEN SET 02.1 | TOAI BKJIFOUWTHU BUXI/ 2.1
BUXI], OTHRW SET 02.2 | I[HAKIIE BKJIXOUUTHU BUXI]] 2.2
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AND (1) — xoMaHia ormepailii JOTIYHOTO CKJadaHHs (omeparlis JIOT14He
«1» abo moriuna omeparnist au3’roHKIA). Komanma AND wmae nommpene

34CTOCYBAHHSA y IBOX IIPHU3HAYCHHAX:

a — 3 BUKOPUCTAHHAM OTepallii JOri4HOro MHOXEHHS «W»;

© — /uIsi BUKOHAHHS oOrmeparlii JIoTiyHoro MHOXeHHs «I» Hag nBoma

Mb-onepanan abo 3HaUYECHHSMH, SIK B YMOBHOI, TaK 1 y BUKOHABYI 4acTHHAxX

BHPA3Y.

[Tpukman 3acTocyBaHHS KOMaHIH
oinbiie Ob-onepanan a6o Mb-onepannu B ymoBHo1 yactuni BUPA3Y

AND nmug moemHanHsa 1BOX abo

Onepano Cunmaxcuc llosichenns oOii
BXI/I IF 111 Sxmo BXIJI 1.1 aktuBHUM
JIMNMJIBHUK AND C1 1 JIHUMJIBHUK C1 BxitoueHuit
BUXIJ] THEN SET 025 |TOAI BKJIFOYUTU BUXIJ 2.5

[Tpuknaz 3acrocyBanHs komanaun AND 3a yMOoBOIO BUKOHATH MOOITOBE

omeparfito MHOXEHHS JIBOX 8-0iTOBMX oOmepaHAiB 3 TPETIM OIlepaHaoM

pe3ynbTaTy JUIsl TPU apEeCHOi KOMaH/IU NMPU BUKOPUCTAHHSIM TPHOX OTMIEPAH/IIB 1
perictpiB R7, R8 ta R9:

10101010 onepana 1 (8-06itosmii perictp R7) = 170 necsartunHe

00001111 onepany 2 (8-0itoBumii perictp R8) = 15 mecsatunue

00001010 pe3yabTat (8-06itoBwmii perictp R9) = 10 necstuaHe

Onepano Cunmaxcuc llosichenns Oii

PETICTP IF (R7 =V170) | fIkmio icTUHHE, 11O BMICT PETicTpy

7 piBHuiA yuciy 170

PET'ICTP AND (R8=V15) |iBM™icr perictpy 8 piBHHI uncty 15

PEI'ICTPM | THEN LOAD TOAl 3ABAHTAXWUTU Bwmict
(R7 AND R8) |perictpy 7 B Mb akymymsarop,

TO R9 BUKOHATH  OMNEPALI0  JIOTIYHOIO

MHOXeHHST «M» 13 3MICTOM [IBOX
perictpiB 7 Ta 8 1 pe3yabTar
MOMICTHUTH B pericTp 9
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OR (ab0) — komaHaa omepariii JIOTIYHOTO MHOXKEHHS (Orepartisi JoriuyHe
«JIN» abo omeparis KOHOHKINSA) BUKOHYe Joriude «WMJIW» nHaxg omHO
01TOBUMHU 1 MyJIbT1 OITOBUMU OIEpaHIaMHU.

NOP — chemiaJibHa KOMaHJAa, fKa Ma€ 3aCTOCYBaHHA Y JBOX
MPU3HAYCHHSX

[Tpuknazn 3acrocyBanua komauau NOP ¢ ymoeniii wacmuni BUPA3Y -
Ma€ 3HAYCHHS «3a60cOU ICMUHHICMbY 1 BUKIIMKAE O€3yMOBHE BUKOHAHHS TOM
nii, ska mepeadadyeHa y BHMKOHABYIM YacTHHI IO TMOYHMHAETHCS 3 KOMAaHIU
THEN. Taka inimiamizamiss moTpiOHa TpH T0ojJadi JKUBJICHHS B CHCTEMY
KEepyBaHHS Ha MEPIIOMY KPOIIl POTPaMH:

IF NOP /BUKOHYBATHU 3ABXI1
THEN LOAD VO /3BABAHTAXUTHU YUCJIO 0

TO Oowl /B CJIOBO BUXO/1Y 1, To6T0 B
/ nboMy BumiaaKy komanga NOP
/3abe3neuye BUMUKAHHSA BUXOIY 1

[Mpuknan 3acrocyBanHs komangu NOP  y euxonaeuiii  wacmuni
BUPA3Y - mae 3HaueHHS «HiYo2co He pobumuy y BUIMAIKY OYIKYBAaHHS B
mporpami TEBHUX YMOB, a TakKOX JUIsl TIEPEXOAy 10 HACTYMHOTO KPOKY

POrPaAMH.
IF 1.1.1 /KO BXIJI 1.1 akTuBHUI
THEN NOP / TOJI HIYOI'O HE POBUTU
/ 1 IepelTH 10 HACTYIMHOTO KPOKY IIPOrpamMu
JMP — ckopouena Ha3Ba komaHau 6i0 aui. JUMP (ctpubok). Ils

KOMaHJia CIY>KUTh HJisi NEepPEepUBaHHSA MNPOrPAMHOIO MOTOKY MpPH OpraHizaiii
UKy (IMKIIB) BCEPEAUH]I MPOrpaMu, a TAKOK BCTAHOBJICHHS MPIOPUTETY MIXK
BMPA3AMU.
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[Ipukmnanu 3actocyBanHs komanau JMP:

STEP 10
Bupaszu Cunmaxcuc Tlosicnenns oii

BHUPA3 1 |IF 1.1.0 SAxmo BXIJI 1.0 AxktuBHuMiA
THEN SET 02.1 toxi Bkmrountd BUXI/ 2.1
JMP TO 15 1 mepenTu 10 Kpoky 15

BUPA3 2 | IF N I.1.3 Sxmo BXIJI 1.3 HeakTUBHMI
AND 1.1.5 I BXIJT 1.5 AKTUBHUIA
THEN RESET 0.2.2 | TOAI BUMKHYTU BUXI/] 2.2
JMP TO 7 i TIEPEMTU 1o kpoky 7

BHPA3 3 IF T1 Sxmo TAUMEP 1 BximoueHuii
THEN SET F0.0 TOAI BCTAHOBUTU ¢aar FO.0

BUPA3 4 IF NOP 3ABXJI BKJIFOYEHUM CTAH
THEN SET  0.2.3 | BUXOLY 2.3

3 HaBeJIeHUX MPUKIIAJIB JIJIsl YOTUPHOX BHpasiB BuiuiuBae mo BUPA3U 2,
3 14 o6polbsitoThes TITBKK TOA1, Koid ymoBa y BUPA3Y 1 xi6na (=0) 1 Hema
nepexony no komauai JMP  TO 15. Konu ke ymoBa y BUPA3Y 1 ictuna
(=1), ToOTO BUKOHYETKCS, TOJI1 MpOTrpamMa NepexoanTh Ha Kpok 15 1 He 00pobiise
BUPA3U 2,314 Bxpori 10.

[H111 Aesiki momMpeHi KOMaH U

DEC (Bin DECrement — 3MeHIIIEHHS1) — KOMaH/1a 3MEHIITY€e Ha OJIMHUIIIO
BenuuuHy moboro Mb-onepanma. Omnepaiisi 3MeHIIEHHS omnepaHna Ha |
(apudmeTnyHa omeparrisi BiIHIMaHHS OJUHMUIN) B1AOYyBaeThCs Oe3mocepeaHbo
Hag Mb-omnepaniom 6e3 monepegHLOTO Horo 3aBaHTakeHH1 B Mb-akymynsrop,
0 BAXKJIWUBO I 3aCTOCYBaHHS Ili€l KOMaHAW TIPU TPOTPaMyBaHHS
JITYNJIbHUKIB.

INC (Bim INCrement — 36isbiiieHHs) — KOMaH/aa 301JIbITYE HAa OJUHHITIO
BenuuuHy Joboro Mb-onmepanna. Omepartisi 30UIblIeHHS orepaHaa Ha |
(apudMerriyHa  omepamis  CKJIQJaHHA 3 OJIMHHMIICIO) BiJIOyBAETHCS
oesnocepenubo Hax Mb-onepangom 0e3 momepeaHbLOTO HOro 3aBaHTAKCHHI B
Mb-akyMynsTop, 110 BaXKJIMWBO JJIi 3aCTOCYBaHHS I[i€l KOMaHAW TIpU
nporpamyBanHi JITYMNJIBHUKIB.
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SHL — mynpribiToBa koManaa (Mb-komana), sika 3copye Bce 6iTu Mb-
aKyMyJIsiTOpa Ha OJWH po3psja (MO3UII0) BIIIBO, NPH IbOMY HalOUIbIIE
3Hauymui OIT (KpaifHii JiBUH pO3psi) BTPAYAEThCs, a B HAlIMEHINIE 3HAYYIIHIA
OiT (kpaiiHiii TipaBuil po3psn) 3anucyerbest "0". Hamuc xomMaHauM CKIIamaeThes
BiJl CKOPOYEHHS JJBOX aHTJIOMOBHHUX CIIiB — mepii Al gitepu SH komanan SHL
yrBOpeHi Bia cioBa «CHange» (3cyB), a mitepi L xomanau SHL — Bigmosigae
CrnoBo «the Left» (BniBo). Tomy komanna SHL npusnauena s 3cyBy BiIiBO Ha
OJIHYy TIO3MIII0 BMICTy ©OararoGiToBoro akymynsatopa. Komanma SHL
3aCTOCOBYETHCS Il YTBOPEHHSI 3CYBHOTO PETICTPY, @ TaKOX MPU MHOKEHHI
Oarato0iToBoro omepanja abo 4yuciia Ha JBa. BUKopHCTaHHS KOMaHIM JBivl
niapan SHL SHL BukoHye MHOKEHHS Ha YOTHPH 1 TaK Jaji.

SHR- Mb-komanpa, sika 3coBye Bce Oith Mb-akymynaropa Ha ofuH
pO3psi BOPABO, IPH IIbOMY HaWMEHIIIE 3HaUyIIui O1T (KpaitHii ipaBuit po3psia)
BTPAYyaeThCcs, a B HaWOUIbIIEe 3HAYymui OIT (KpaliHiA JiBUI  pO3psiA)
3anucyerbes "0".

ROL - Mb-komanna, sika 3coBye Bce Oitm Mb-akymynsaropa Ha ooun
pO3ps0 BIIBO, NMPU LIbOMY HalOUIbIlIe 3HAYYIIUA OIT (KpailHii JiBUM po3ps)
NIEPECYBAETHCS B HAIMEHIIE 3HAYYIIUI O1T (KpailHii npaBuil po3psin).

ROR- Mb-komanna, sixa 3coBye BIpaBo Bce 0itu Mb-akymynsaropa Ha

OJIMH PO3pAJl BIPaABO, MPHU 1IbOMY HAaMMEHINEe 3HAUyIMUi OIT (KpaiiHiil mpaBui
PO3psiT) TIEPECYBAETHCS B HAWOUIbINE 3HAUYIINI OIT (KpalHiii JTiBUM PO3PS).
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1.CTPYKTYPA I EJIEMEHTU MEXATPOHIKA ................
1.1.KommerenTHocTi 3 mucnumuiian «MexaTpoHika B TalTy3€BOMY
MAITHHOOYITYBAHHD) .+« v v ot vt vt e e et et e e e et e
1.2. CtpykTypa 1 MiCIle MEXAaTpOHIKM Yy PO3BUTKY KOMII IOTEPHHUX
OOUYHUCTIOBAIBHUX CHUCTEM .+« t v vt e et e ee ettt e e e e e e e e e e
1.3.CTpyKTypHO-JIOT14HI 3B SI3KK MEXaTPOHIKH 3 PyHIaMEHTaJIbHUMU
1 IHKCHEPHUMHU JTUCITUTIIITHAME v v o vv v e vt e e it v ee i e ne s
1.4.YMOBHI TO3HA4YE€HHA 1 KOHCTPYKTHUBHI OCOOJHMBOCTI THUIIOBUX
€JIEMEHTIB CXEM MEXATPOHIKH . « « v ot vvet e et it e e e e e
1.5.TunoBi QpyHKIIOHAJIBHI 1 TEXHOJIOT1YHI MOAYJI MEXaTPOHIKH. . .
2. CUCTEMU KEPYBAHHA TEXHOJIOITTYHUMU MAIIMHAMUN
JIET'KOI [MPOMUCJIOBOCTIM I BEPCTATAMU
MAIIMHOBYAYBAHHSA. . . ...
2.1 Knacudikarisi cucteM KepyBaHHS TEXHOJIOTTYHMMM MAaIllMHAMHU 1
BEPCTATAME . « « « v v o te et et et e e e e et ettt et e e

2.2. opctka cuctemn kepyBaHHa mmkioM (1-NI)yn 3
MPOrPaMOHOCIEM THITy «0araTOKpOKOBHM KyJIauOK» MAaIllMH JIETKO1
1001011 (601 (0] ;0T o I

2.3.I'Hyuki cucTeMHU KepyBaHHS B  OOJaJHaHHI  ramy3l 1
MAIITHHOOYYBAHHI. « « v v vt v vt ettt et et e e et e e e
2.3.1. TexHOJOTIYHI ~ MalIMHU  JIETKOT  MPOMUCIIOBOCTI 3
MEXATPOHHUM KEPYBAHHSIM. . « « « « v v vvvte et e it et e e e e e e
2.3.2. llpuknam [MKIOBOI CHUCTEMH KEpPyBaHHS BepcTaTaMu
MALITUHOOYAYBAHHS . « « v v ot v e vt et et et et e e e e e e e
2.3.3.Yucnose-mporpamue KEpyBaHHS BEepCcTaTamMu
MamMHOOYAYBAHHS (CNC-BEPCTATH) . . v oo vt vt it i i ene e
2.3.4. InTerpyBaHHs CUCTEM LIMKJIOBOTO MPOIPAMHOTO KEpyBaHHS Y
CEpEIOBUILIE CUCTEM KEpyBaHHS THUITY «PO3NOAUIBHUM BaD» . .. .. ...
3.05’€EKTHO-OPIEHTOBAHWH AHAJII3 I CHUHTE3
MEXATPOHHUX CUCTEM. .. ...
3.1. Beryn B 00’€KTHO-OpPIEHTOBAaHE MNPOEKTYBAHHS TEXHOJIOTTYHHMX
MallIMH 1 BepCTaTiB MalIMHOOY/AyBaHHS Ha 3acafaX MEXaTpOHIKH. . . . . . .
3.2.0cHOBHI NPUHOUNUA OO’ €KTHO-OPIEHTOBAHOTO IMPOCKTYBaHHS:
JIEKOMITO3UIIIT, 1HKAMNCYJsii, moaiMopdizMy, crmaaKyBaHHS 1 TPUHIIHI
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b1 (S (53137 12 1
3.3.00’€KTHO-OpIEHTOBaHI O0OB’SI3KM POOOYMX OpPraHiB MalluH MPU
YTBOPEHHI YOBHUKOBUX CTIOKIB Kiacy 300. .. ............ ... ......
3.4.00’€KTHO-OpI€EHTOBaHI ~ OOOB’S3KM  €JIEMEHTIB  MEXaTPOHHOTO
MOITYTIS « « « o v et e e e e et e e e e e e e e
3.5. IIpuknan 06’ €KTHO-OPIEHTOBAHOTO aHAI3Y TEXHOJIOTTYHOT MAIITHHH..
3.6.1lpuxknag ~ 00’€KTHO-OPIEHTOBAHOTO  aHANI3y 1  CHHTE3y
MEXATPOHHUX IUKIOBUX CHCTEM. . .« vt v vt eet et eee ee e e e e e e
4. TIPOTPAMOBAHI BUKOHABUYI MEXAHI3MU OBEPTOBOI 11
MEXATPOHHUX [ POBOTOTEXHIUHUX CUCTEM. .............

4.1.CtpykTypa BUKOHaBYMX MEXaHI3MIB MEXaTpPOHIKM Ha 3acajax
CITEKTPOTIPHBOILY - « « « o v v v vttt e et e et e et et e e e et e e e
4.2. KpOKOBHUIl €JIEKTPONPUBOJ AaBTOMATHU30BAHMUX MAIIUH JIETKOI
POMHUCITOBOCTI 1 CNC-BEPCTATIB .« o v v oot v v et i i i i e
4.3. TInatdopma i korrpoaep Arduino UNO. .....................
4.4.CionyyeHHs 1 TporpaMHe KEpyBaHHS KpPOKOBUM IIPUBOJIOM Ha
IATOOPMI ATdUINO . . . vt

4.5.CnonyyeHHd 1 TMporpaMHe KEpyBaHHS CEpBONPUBOJAMHU Ta
JBUTYHAMH MOCTIHHOTO CTpyMy 3 BuUKopHucTaHHsM IIIIM 1 koHTposiepa
ArduinoUNO ... ..o

4.6. Bizyanbne nporpamyBants FLProg mis miardopmu Arduino. . . .
4.7. UlupotHo-immynbcHa Moxyisiis (LLIIM) perymioBanHs 4yacToTu
o0epTaHHS POTOPA TBUTYHIB MEXATPOHIKH. « « o v v ov veve e e ee e e
5.PO3PAXYHOK MEXATPOHHUX MOJIYJIIB ITPOI'PAMO-
BAHUX IMTEPEMIIIEHDb 3 KPOKOBUM ITPUBOJIOM. ............
5.1. Po3paxyHOK ME€XaTpOHHOT'O MOAYJISl TPOrpaMOBaHUX MEPEMIILIEHb
3 TPOCOBOT TIEPEIAUCHD. . .+ v v v v vttt e ettt e a it et e e
5.2. Po3paxyHOK MOJyJis MPOTrpaMOBaHUX IepeMileHb 13 3y0dacTa-
[IACOBOIO MEPEIaYet0 B MEXATPOHHOT CHCTEMI. .« . v v v v vv v ae v e e
5.3. Po3paxyHOK MEXaTpOHHOTO MOAYJISl TIPOTrpaMOBaHUX MEpPEMIIlIEHb
3 PEMKOBOIO MEPEIAYCIO B MEXATPOHHOT CUCTEMI. . .« o v v v v e e e e
5.4. Po3paxyHOK ME€XaTPOHHOTI'O MOAYJS MPOrpaMOBaHUX MEpPEMIILIEHb
3 KyJIbKO-TBUHTOBOO niepeaauero CNC-mammn 1 CNC-BeperartiB .. . . . . . .
5.5. OcoOauBOCTI KOHCTPYKII KyJIbKO-TBUHTOBUX Iepedad st
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6.1.BukoHaB4l MHEBMOUMIUHAPU JBOCTOPOHHBOI [IIi 3 PEryIbOBaHUM
TATBMYBAHHAM Y KIHITL XOJTY. « « v v v veeeveevie e nae s
6.2.BukoHaBuMii MeXaHI3M 3 TPOrpaMyeMUM ITHEBMOIPHUBOJIOM Ta
BOYZIOBAaHOIO 3y0YaCTO-PEHKOBOIO MEPEHAAUCTO. - . . o v v v vvv e ve e e e s
6.3. be3MmTOKOBI HWIIHIAPH 1 TAHAECM HUATIHAPH. « « o o v ov v e e e s
6.4. Ono3uTHI MIIIHAPH 1 MYJIbTINOZUIINAH IITHIPH. .« . . o o o v v v .
6.5. KOMOTHOBAHT IIMITTHIIPH « « « v vt v vt eeee ee e e e v e ve e
6.6./{Bono3uiiiiHmit blcrabinpbHUit ~ THEBMOPO3MOAUIBHUK 3
CJIEKTPOMATHITHUM KEPYBAHHSIM. . « .« ot v teeteie et et et e e e e
6.7. TpUnO3UIIIIHI THEBMOPO3MOMITBHUKH. « « « v v v v v veeeve e n e s
6.8. JIOTTUHI ITHEBMOKITATIAHM. « « « « « o v vt vee v e e e et e e ee e e e
6.9.TumoBi  MexaHI3MH 3  TIPOTPAMyEMUM  ITHEBMOIIPUBOIOM
MEXATPOHHUX CHCTEM. .+ « « « v e v v ete et ettt et e e et e e e e
7. IPOTPAMOBAHI JATYUKU, TAUMEPH, JITYUJIbHUKU MEXATOHHUX
CUCTEM TEXHOJIOI'TYHUX MAILIMH I BEPCTATIB. . .. ........ .. ... ..
7.1. Ananoro-uudpoBi mepeTBOprOBayl B CXeMax MEXaTPOHIKH. . . . . . .
7.2. JIUCKpETHI AaTUYMKHU KyTa MMOBOPOTY JIAHOK MPOTPAMHO KEPOBAHUX
MEXaHI3MIB Ta MAIIMH B CXEMAX MEXATPOHIKH. . . . . oo v vv v e e e
7.3. BE3KOHTAKTHI KIHIIEBI BUMUKAUL. . .« + « v v v voeoe v et e e e e e e e
7.4. IlporpamyBaHHs TaiiMepiB MOBOIO STL MeXaTpOHHHX CUCTEM
TEXHOJIOTTUHUX MAIIHH T BEPCTATIB. « « « « v v vt vt veee i e i e s
7.5. IlporpamyBanHs TaiimepiB aiida wiargopmu Arduino B cepenoBuIi
FLProg 3 Bukopuctanusm rpadiuaoi MoBu nporpamyBanus FBD ... . ..
7.6. IlporpamyBanHs ni4uIbHUKIB MOBOIO STL MeXaTpoHHHX cUCTEM
TEXHOJIOTTUHUX MAIITMH TA BEPCTATIB. + « « « « v vvveveee e eeea e
7.7 ITporpamyBaHHS JIYMILHUKIB 18 TUIaThopmu Arduino B cepemoBuIii
FLProg 3 Bukopuctanssm rpadigyHoi MoBH nporpamyBanus FBD .. ... ...
7.8. IlporpamyBaHHA yJIbTPa3BYKOBOI'O JaT4yMKa JAjJbHOCTI Ha
mIaTQOPMI Arduino. . .. ..o
7.9. IlporpaMyBaHHSI aHAJIOTOBOTO JJATYMKA OCBITICHOCTI Ha IaThopmi
ATdUINO. . .o
8. BICTABIJIBHE I MOHOCTABIJIbBHE KEPYBAHHSA TMUKIIAMI
BE3 TIPOPAMYEMOI'O JIOTTYHOI'O KOHTPOJIEPA. ..........
8.1.1ToO6ynoBa KOMOIHOBAaHHUX CXEM MEXATPOHIKH Yy MPOTPaMHOMY
cepenosuiii FluidSim-P i B nporpamaomy cepenosuii Fritzing ... .. ..
8.2.blcrabinbHe KepyBaHHS BHUKOHAaBYMM MEXaHI3MOM 3 JBOMa
KIHIICBUMH BUMHKa4YaMU JUIT BUKOHAHHS UKy «1 — NI» . ......... ..
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8.3.MOHOcTtabinpHe KepyBaHHS BHKOHAaBYMM MEXaHI3MOM 3 JIBOMa
KIHIIEBUMU BUMHKAYaMu JJI1 BUKOHAHHS UKy « 1 —NI» . ......... ..
8.4.blcTabinbHe KepyBaHHA BHKOHABYMM MEXaHI3MOM 3 OJHUM
KIHIICBUM BUMHKAYEM JIJIT BUKOHAHHS MUKy «1 — NIy, . ... ..., ..
8.5.MOHOcTabinpHEe KepyBaHHS BUKOHABUYMM MEXaHI3MOM 3 OJHHUM
KIHIICBUM BUMHKA4YeM Ui BUKOHAHHS MUKITY «1 — N1» i3 3aTpumMKoro B
4acl MPU BTATHYTOMY TOJIOKEHHT TIOPITHS. « .+« v v v v v e eeeeeae e e
8.6.blcTabibHEe KepyBaHHS BHKOHABUUM MEXaHI3MOM 0€3 KIHIIEBUX
BUMMKAYIB /ISl BAKOHAHHS MUKITY «1 —NI» .. ... o L,
8.7.MOHOcTabinbHe KepyBaHHS BHKOHaBYMM MeEXaHI3MOM 0e3
KIHIICBUX BUMHUKAUIB JIJI1 BUKOHAHHS AKITY «1 —NI» ... ... ... ... ..
8.8.blcTrabinbHe KepyBaHHS BHKOHABUMM MEXaHI3MOM 3 JBOMa
KIHIIEBUMHU BUMHUKAa4YaMH Ta peJie Yacy JJig BUKOHAHHS MUKITY «1 — N1y..
8.9.bIcTabinibHe KepyBaHHS JBOMAa BHKOHABYMMHU MEXaHI3MaMH IS
BUKOHAHHA IMKITY 122152, . ... . ... . ...
8.10. MOHOcTa0u1bHe KepyBaHHS JBOMa BUKOHABUUMH MEXaHI3MaMu
3 YOTHpMAa KIHIICBUMH BHMHKa4yaM{d IS BHKOHAHHSI  ITUKITY

8.11.bIcTabinibHe KepyBaHHS JBOMa BHUKOHABYMMH MEXaHI3MaMu 3
4OTHpPMA KiHIIEBUMH BUMUKAYaMH U KTy 1 > 1> 2 > 2. . ... .. ..
8.12.blcrabinbHe kepyBanHs mukioM 1-EP1-N1-2-NEP1-N2 Ha
TUTIOBUX THEBMATUYHUX (PYHKITIOHATHHUX MOAYJISIX MEXAaTPOHIKH. . . . . .
9. BICTABUUIBHE 1 MOHOCTABUIBHE KEPYBAHHS HUKJIAMI 3
[TPOTPAMYEMUM JIOI'TYHUM KOHTPOJIEPOM
TEXHOJIOTTYHUX MAILWH JIETKOI [TIPOMUCJIOBOCTI. . . . ...
9.1.Po3poOka mMpPOEKTIB 3 KOHTPOJEPOM [UJIi BUKOHAHHS LUKITY
1 -1 3 Blcrabinbaum i MOHOCTa6inbHUM KepyBaHHSAM BUKOHABYUM
MEXaHI3MOM Ta JBOMA KIHIIEBUMU BUMUKAYAMMA. . . . . v o v v v e v v s
9.2. Po3poOka TpOEKTYy 3 KOHTpOJEpaMu Il BUKOHAHHS IHKITY
1 - 1 3 BlcTabiabHUM KepYBaHHAM Ta OJHUM KiHLEBUM BUMHKAYEM. . .
9.3. Po3po6ka MpoekTy 3 KOHTPOJIEPOM il BUKOHAHHS 1ukny 1 — 1 3
blcrabinpbHUM KepyBaHHSAM Ta 0€3 KIHIICBUX BUMUKATIB . . . . o\ v v v v W
9.4. Po3po6Ka MpoeKTy 3 KOHTPOJIEPOM Il BAKOHAHHS UKy 1 — 1
3 blcTabinbHUM KepyBaHHs, 0€3 KIHIEBUX BHUMHKAyiB Ta OJHOYACHUM
HATUCHEHHSIM JIBOX KHOIIOK «Start) . . .o vttt et e et e e e
9.5.Po3po0ka MpoeKTy 3 KOHTPOJIEPOM sl poOOTH BHUPYOHHUX TPECIB
IIBEHHOTO Ta B3YTTEBOrO BUPOOHHMIITBA 3a IHMKIOM (S1-5S2) -1 -
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(S1+S2)>1 3 BuKOpUCTaHHS B JIOTIYHHX KOMaHgaX byseBoi

9.6. Po3po0Oka MpOEKTy 3 KOHTPOJEPOM /I BUKOHAHHS LHUKIY
1-TIMER-N1 3 BblcrabinpHuM KepyBaHHSIM Ta JBOMa KiHIIEBUMH
BUMUIKAUAME. .+« « ot v ot ot vttt e e et et e e e et et e e e
9.7. Po3poOka MpoeKTy 3 KOHTPOJIEPOM JIIsl BAKOHAHHS IIUKITY
1> 2 -1 - 23BIcTa0iIbHUM KEPYBAHHAM. . . . .\ v v eeeeeeennnns ..
9.8. Po3po0ka MpoeKTy 3 KOHTPOJAEPOM JUIsl BAKOHAHHS LIUKITY
1->1->2->2 3 BlcTabiibHUM KepyBaHHSAM 1 BHUKOPHCTAHHAM
CIIEMEHTY TIAM SITI. « « o« v v vt vt ettt et e e e et e e e e
9.9. Po3pobka MpOEKTy CHCTEMHU APYroro Kiacy 3 KOHTPOJCPOM IS
BukoHaHHs UKy (1 — 1) X 2 6e3 BUKOPUCTaHHS JTiUYUIbHUKA. . . . . . . . .
9.10. Po3pobka mpoekTy KoHTpormepoMm maasa mukay (1—1)x5 3
BUKOPUCTAHHAM JIHIHMITBHUKR. .+« « vt veo v vt e e e et e e e ie e ne e
9.11. Po3pobka mpoeKTy Ay BUKOHaHHS mukay 1—1,2—3—2,3
3 OJIHOYACHOIO POOOTOIO JEKIIBKOX HPHUBOMIB. . . o v v v vvvv v e
9.12. Po3po6ka mpoeKTy 3 alibTepHATUBHUMHU IIUKIaMU
12-3-4-1-2-3-4 ma 1-2-3-1-2-3-2-4-

9.13. Tunosi onepaH Iy, OIEPATOPH 1 KOMAHIM. « « o v v v v vvevvevnn s
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