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TEMA 1. BCTYII

Bepcrar 3 4nciI0BHM IPOrpaMHUM KepYBaHHSAM — II€ BEPCTAT, KU
KEepPY€EThCS aBTOMATHYHO 3a JIOTIOMOTOI0 KOMM'IoTepa (BIH 3HAXOTUTHCS
BCEpEAMHI BepcTara) i mporpamoro oOpoOku (1o ympasiisie Mporpamamu),
po3pobIeHOI0 HAa OCHOBI poOodoro kpecienHs aeraini. Jlo BuHaxomy UIIK
YIpaBIiHHS BEpCTaTOM 3[IHCHIOBAJIOCS BPYyYHY a00 MexaHidHo. Bepcratn
3 UIIK 3paTHi BUKOHYBAaTH HaMpi3HOMAaHITHILI TEXHOJOTiIYHI omeparii
MeXaHI4HOi, eNeKTpo(]i3nUHOT Ta iHIIKX BUAIB 00POOKH 1 He TOCTYNAOThCS
3a €0 O3HAKOK YHIBEPCATHHHUM 1 IMHUPOKOYHIBEPCATFHUM BepcTaTaMm 3
PYYHUM yOpaBiuiHHAM. [IpM BHKOHaHHI TEXHOJOTIYHHMX OMepalii
BUKOHAaBY1 (po0odi) OpraHy IIMX BEPCTATIB YIPABIAIOTHCS €ICKTPOHIKOI0, a
He po0oHi - BEpCTATHUKOM.

IlepeBaru Bepcratis ¢ UIIK:

o [lepminm, OUEBUIHOIO TMEPEBAror0 BiJl BUKOPHCTaHHS BEPCTATiB 3
UITY e Oinbll BUCOKUH piBeHb aBTOMaTH3allii BUpPOOHMIITBA. Bumnamaku
BTPYYaHHS OllepaTopa BepcTaTa B MPOIEC BUTOTOBJICHHS JAeTalli 3BeJICHI 10
MiHiMymy. Bepcratu 3 UIIY MOXyTh MpaimoBaTé MPaKTHYHO aBTOHOMHO,
0e3 mepepB, BUIYCKAIOUW MPOJYKIIIO 3 HE3MIHHO BHCOKOIO sKicTio. [lpu
BOMY TOJIOBHOI TYypOOTOI0 BEpCTaTHHKA-OIEpaTopa € MiJroTOBYO-
3aKJIFOYHI  Omepallii: yCTaHOBKa 1 3HATTA JeTali, HaJlaro/pKeHHS
IHCTpYMEHTY TOIIO. B pe3ynbTaTi OJMH MpamiBHUK MOKE 0OCITyrOBYBaTH
OJTHOYACHO KiJIbKa BEpPCTaTiB.

e JIpyroro mepeBaroro € BUpoOHMYa THYUKicTh. Lle 03Hauae, mo s
00poOKHM pi3HMX JeTajeil moTpiOHO BCHOTO JIMINE 3aMiHWUTHU IMporpamy. A
BXKE TIepeBipeHa 1 BiampalbOBaHa MporpamMa Moke OyTH BHKOPHCTAaHA B
OY/Ib-SIKMl MOMEHT 1 CKIJIbKU 3aBrOJHO pas.

e TpeTboro mepeBaror0 € BHCOKA TOYHICTh 1 IIOBTOPIOBAHICTH
00poOku. 3a onHi€l0 1 Ti€l0 X TPOrpaMoOl0 MOXXKHA BHIOTOBHUTH 3
HEOOXiTHOIO SKICTIO THCAYl TMPAKTHUYHO IAEHTUYHHUX Jeraneil. Uuciose
MporpaMHe KEpyBaHHS TaKOX JI03BOJIIE OOpOOJIATH Taki jaeram, sKi
HEMOXXIIMBO BHUTOTOBUTH Ha 3BHYaifHOMYy oOnamHanHi. lle nmerami 3i
CKJIaJHOIO TIPOCTOPOBOIO (HOPMOI0, HATIPUKIIA] IITAMIIH 1 Tpec-pOpMH.

Bapro Big3HauuTH, 110 camMa MeTOIUKa PoOOTH 3a HPOrpamMoro
JIO3BOJISIE OUTBII TOYHO MPOTHO3YBATH Yac 0OPOOKH JeSKOi maprii geraien
1 BIINOBITHO OLTBII TTOBHO 3aBaHTAXKyBaTH 0013 THAHHS.



Bepcratu 3 UIIK xomTyrTh TOCHTH JOPOTO 1 BUMArarTh BEITUKUX
BUTpPAT HA YCTAHOBKY i 0OCIYrOBYBaHHS, HiXK 3BHUaitHi BepcraTh. [IpoTe ix
BUCOKAa MPOAYKTHBHICTH JIETKO MOXKE TIEPEKPUTH BCi BUTpaTd NpHU
rpaMOTHOMY BUKOPHUCTaHHI 1 BIAMOBIIHUX 00csirax BUPOOHHIITBA.

OcroBumu miepemimeHasiMu Bepcrata 3 YIIK kepye xomm'torep,
Akl untae kepyrody mporpamy (KII) i Bumae xoMaHOu BigNOBiTHUM
OBUTyHaM. JIBUTYHH 3MyIIyIOTh THEpEeMIIATHCs BHKOHABYI OpraHu
Bepcrata - poboumii cTin abo KonoHy 31 mmuHAeneM. B pe3ymbrati
BimOyBaeThCsl MexaHiyHa o00poOka nmeram. JlaTduku, BCTaHOBIEHI Ha
HaNpsIMHUX, TIOCHJIAIOTh iH(pOpMaLito Mpo (GakTHYHY MO3MILIi BUKOHABUOTO
oprany Hazajq B komm'toTep. lle Ha3uBaeThcs 3BOPOTHUM 3BSI3KOM. Sk
TIIBKM A0 KOMI'IOTE€pPa JOXOAWUTH CUTHAJI IPO TE€ L0 BUKOHABUMI Oprax
BepcTaTa 3HAXOAWUTHCS B HEOOXiNHIM MO3ullii, BiH BHUKOHYE HACTYIHE
nepemimeHas. Takuil mporec TpUBae, MOKH YATAHHS KEPYHOUoi MporpaMu
He mimiine 10 KiHmd.

3a CcBOEI KOHCTPYKINE 1 30BHIMHIM BUTIsaoM Bepcratu 3 UIIK
CXOXi Ha 3BHYAiHI yHiBepcalbHi BepcTaTu. CMHA 30BHIIIHS BiMIHHICTB
UX JBOX THITIB BEepCTaTiB moisArae B HasBHOCTI y Bepcrara 3 YIIK
MPHUCTPOI0 4nciIoBoro mporpamaoro kepyeanHs (ITYIIK), sxwuit wacrto
Ha3uBaroOTh cTidikoro UIIK.

TEMA 2. CTPYKTYPA KOMIUVIEKCY YIIK

2.1. Knacugikauisi cucTeM YHCJI0BOr0 NPOrpaMHOro KepyBaHHSA

Cucrema uncioBoro nporpamuoro kepysanus (CUIIK) - cykymHicTb
(YHKI[IOHATPHO B3a€MOIIOB'SI3aHUX Ta B3a€EMOMIIOYMX TEXHIYHUX Ta
mporpaMHux 3aco0iB, siki 3a0ecnieuyroTh UIIK BepcTarom.

[porpamue 3abecneuennss CUIIK - cykymHicTh mporpam Ta
JIOKyMEHTAIIi# JuTst peastizanii e Ta 3amay CUIIK.

Knacudikamis CUIIK:

1. 3a piBHEM TEXHIYHHX MOXKJIMBOCTEH:

NC (numerical control) — cucTreMn 3acHOBaHI Ha YHWTaHI
nepdoctpiuku, CNC (computer numerical control) - cucremu i3

BOy0BaHOIO TporiecopHoro mamuHOw, DNC - cucremu npsmoro UYITK
rpylnaMd BEpPCTATiB BiJl OJHIE] €NEKTPOHO OOYMCIIIOBAIBHOI MAalIMHOIO,



CIyrye nis opraHizamii poOotm oOJafgHAHHS Yy CKIaAi THYYKHAX
BUpoOHMUMX cuctem, HNC- omepaTuBHI CHCTeMH 3 pPydYHHUM HaOOpPOM
nporpaM Ha mynbTi kepyBaHHs, PCNC (Personal computer numerical
control) - cucremun moOynoBani Ha ocHoBi I[IK y mpomucioBomy
BHKOHAHHI. 3apa3 po3poOisroThes Ta BTi00TCS cucteMu STEP NC CNC
- cucteMa nmobyaoBana Ha ocHoBi PCNC mpu3HaueHa 111 aBTOMaTHYHOTO
MporpaMyBaHHs, JUIs bOro BoHa noBuHHA BKiIoyatu CAD, CAPP, CAM.
CAPP - moaymi, mo 103BOJSIFOTE po3podisitu Texnomnorito. VNC (Voice
computer numerical control) - cumcrema m03BOMISAE MePCOHAY,
BUKOPUCTOBYIOUH 3BHYAHI AHIIIMCBKI CJIOBa, BUMOBJISTH KOMAaHIH,
HEOOXiMHI JUIsl TporpamMyBaHHS [eTaliel, IO BHKIIIOYAE HEOOXITHICTH
nepeTBopeHHsl iHpopmamii B ¢opmaT, cyMicHuE 3 KoMmmtotepom. [lpm
BukopuctanHi VNC, mofrHa yCHO BHUKIIMKAE KOKHY OCHOBHY OIEpAIlifo.
CucremMa € IHTEpaKTHBHOIO B TOMY CEHCi, IO KOXXHa KOMaHIa
BiTOOPa)KAEThCA TIOCIIJOBHO JJISi TIO3UTHMBHOI TIEPEBIPKH, ICIS HYOTO
BiT0OpayKa€eThCs HACTYITHUI HEOOX1THHUN 3aITHC.

Bcei cyuacni CUIIK matots kiac He Hmkue CNC T0OTO MaroTh B
ocHosi IIK 3 signosimaumu MoximBoctamu. CUIIK kmacie CNC, DNC,
HNC i Bumie BiZHOCATBCS 10 TPUCTPOIB 13 MEPEMIHHOKI CTPYKTYPOIO.
ToOTo anropuT™Mu poOOTH LUX MPUCTPOIB 3aIAI0THCS MTPOTPAMHO 1 MOXKYTh
3MIHIOBAaTHCh JUIS PI3HOMAHITHUX YMOB - 1€ JIO3BOJISIE 3HU3UTH
HoMeHKnaTypy npuctpoiB UIIK i npuckoputy ix onaHyBaHHS.

2. 3a TEXHOJIOTIYHUM TPU3HAYCHHSIM:

[Mo3utiiiHi - € HAMITPOCTIMINM BHUIOM Kepyto4oi ciucteMd. [1o KoxKHiH
KOOpDJWHATHIA OCI TPOTpaMyeThCcsl TiMbKA BEIHYMHA TEPEeMIilleHHS
BUKOHABYOTO OpraHy 10 3aJaHOi IO3MUIii, a TPaeKTOpis NepeMillleHHs
MoOke OyTu NOBUIBHOIO. [lepeMillieHHss MK TO3MIISIMA BHUKOHYETHCS Ha
MaKCUMaJbHIA MIBHIKOCTI (Xxo0JocToMy Xomi). [lepemimieHHss B miporeci
00poOKM Micisl TOCATHEHHs 3a/1aHOi MO3MLIi OMYCKAE€THCS BUKIIOYHO TI0
npsMii JIiHiT 1 3 poboUoro MojJauero.

IMosumitini  cucremu YIIK BHUKOPHCTOBYIOTBCS, KOJU 0OOpoOKa
BiIOYBa€ThCsl TIMIBKA B TICBHUX IMO3WINSX Ha IUIONIWHI, HAMPHUKIAJ, B
CBEPUIMIIBHUX 1 KOOPAWHATHO-PO3TOUYBAJILHIX BEpCTaTaX.

KontypHi - peanidyloTh pyxX BHKOHAaBYOTO OpraHy BepcTaTa
OJTHOYACHO 3a [JBOMa 1 Oijblie OCAMH KOOpPAMHAT, 32 PaxyHOK YOro
3'BISIETBCS. MOXIIMBICTH BHKOHYBaTH OOpPOOKY KOHTYpiB i MOBEPXOHBb
cknaanol gopmu. Kontyphi cucremn UIIK 3a0e3rneuyroTh aBTOMaTH4YHE
nepeMillleHHss BUKOHAaBYMX OpraHiB  BepcTara 3a  yIPaBIsSOYOI0



MPOTPaMor0, SIKa 33/1a€ TPAEKTOPII0 MEPEMIIIeHHS 1 KOHTYPHY HMIBHIKICTB, 3
SIKOIO BOHO BUKOHYETBHCS

Y naHuX cHcTeMax BHKOPHUCTOBYIOTH 0araTOKOOpAMHATHHUN (K
MiHIMyM [JBOX KOOPJMHATHHN) IHTEPIONATOP, IO BHUIAE YIPABIAIOUi
CUTHAJIM Bipa3y Ha BiAMOBIIHY KiJIbKICTh IPUBO/IB MO/IAY.

Komb6inoBani (yHiBepcaipHi) - BIANOBIZAIOTH Yy MOBHOMY 00Cs3i
BUMOT'aM MO3ULIHHHUX 1 KOHTYPHHUX CHUCTEM.

baratomineoBi Bepcratu 3 UIIK ocHamyroTecs, SK MpaBHIIO,
KOMOIHOBaHUMHM CHCTEeMaMH KEpyBaHHS, IO JJO3BOJISIE ONTHUMI3yBaTH
KEepYBaHHS BEpPCTaTa 3aJIC)KHO BiJl BUIY OOPOOKH.

l Cucremum YMnK ]

! !

[ Mosuuiiini J l KouTypHi ‘ [ Kom6iHoBaHi

|
J

Pucynok 2.1-Knacugikamis cucrem UIIK 3a TeXHIYHUM MpU3HAYEHHSM

3. 3a ynciioM NOTOKIB iH(hopMaii:

¢ Po3iMKHYTI cucTeMu (IMITyJbCHO-KPOKOBI) MAalOTh TUIBKA OJHMH
notik iHdopMarii Bijg Kepyrouoi MamMHMA 10 BHKOHABYOTO MEXaHi3My
Bepcrata. [lepenbadaeTbes, MO yCi By3JM MallMHU W arperatu Bepcrara
MmatoThb 100% HaxifiHicTh pH nepenayi ingopmarii.

Juns 3abe3neueHHs Takoi BUCOKOT HaAIHHOCTI mepenadi iHdopmanii
i BepCTaTH 1 CHCTEMH TiependayaroTh psa KOHCTPYKTHBHUX 3MiH Yy
NpUBOJIAX IEPEMIIIeHHs] BUKOHABUMX MexaHi3MiB. Tak, X0JOBi TBUHTH
TEpTS KOB3aHHS 3aMIiHSIOTHCS Ha KYJIbKOBI TBUHTOBI TIapH, 0 HE MAIOTh Hi
KiHEMaTUYHUX, Hi MPYXHUX TOQTIB. PeaykTopn B Takux NMpUBOJAX IMpH
peBepci pyxy HE TOBHHHI MaTu JIOQTIB, IO JOCATAETHCA PIIOM
KOHCTPYKTHBHHX IpuiioMiB (Oi4HE MiITHCKaHHS KOCO3YOOTO 3ayerieHHs
3a PaxyHOK 3CYBY OJHOIO 3 BaJiB 3a JOIMOMOIOI TiIPaBIliKH, PO3pi3Hi
3y04acTi KoJieca po3MnepTi B pi3Hi OOKH 3a JOTIOMOTO0 MPYKHH TOIIID).



¢ 3aMKHyTa cHcTeMa KepyBaHHS Ma€ J[Ba MOTOKM iH(opMaIlii: oauH
BiJl Kepyrouoi MamIuHHU 10 BepcTaTa, IHIIMH BiJ BepcTara yepe3 MaTInuK
3BopoTHOTO 3B'M3KYy (/I33) mo mammum. HasBHICTP maTdnka 3BOPOTHOTO
3B'A3KY 3HIKYE BHUMOTH [0 NPUBOIIB BepcTaTiB, OJHAK TaKka CHUCTEMa
CKIIQJIHIIIA 1 JOpoxkda. Y TOW camMuil Yac IIe¢ HE BUpINIye MTpOOIeMU
MiABUIIEHHS TOYHOCTI OOpPOOKM AeTaii, TOMy IO AATYMK HE OXOILIIOE
TOJIOBHY JIAHKY CUCTEMHU - IETalIb.

e AanTBHA cHCTeMa, L0 3[aTHA MPUCTOCOBYBATHUCS A0 PEATbHUX
yMOB 00poOku. Hampukian: cucTeMa KOHTPOJIOE BEIMYMHY KYTOBOTO
MOMEHTY Ha INNMUHAENI. Y BHUMAAKY 30UTBIIEHHS KYTOBOTO MOMEHTY,
BiOYBa€ThCsl 3MEHIIIEHHS TMOfadi, MpU 3MiHI TPUIYCKy Ha Oynmp - SKy
MOBEPXHIO BiOyBa€eThCs 3MiHa TMOWHM pizaHHs i T.4. g nporo Bepcrar
00JaIHYETHCS UMM KOMIUIEKCOM JaTYMKIB, KOXHHHA 3 SKHX MAa€ CBIii
3BOPOTHUH 3B's130K. TakuM YHHOM, IIi CHCTEMH MOXYTh MaTH OibIIE JBOX
MOTOKIB iH(opMalii.

4. 3a 4YHCIOM KEpOBaHMUX KOOPIUHAT/OMHOYACHO KEPOBAHHX
koopawHart: 2/2...3/3...5/3...5/5...

5. 3a Tumom mpuBOY:

¢ KpoxoBuii mpuBoz.

B Takux mnpuBogaxX HAWBaXIUBIIIMMH CHUCTEMaMH € KPOKOBHI
€JIEKTPO/BUIYH 1 TipaBIiYHMHN MiACUIIOBaY. Y TaKOMY NPHUBOJI iIMIYJIbCH
nporpamMu IMOJAIOThCS HA BXiJ €JIEKTPOHHOrO Komytaropa 1 (puc. 2.2).
KomyTarop 3MiHIOE CBiif CTaH MpH MOJIa4i KOXKHOTO IMITYIIbCY, a ISl 3MiHa
CIpUYMHIOE (Yepe3 TIiJCHIIIoBaY TMOTYXHOCTI 2) mepekitoueHHs (a3
KPOKOBOTO ENEKTPOABUTYHA 3 1 MOBOPOT HOTO HAa KyTOBUHM KPOK, SKHIA
craHoBuTh 1,5...3°. KpokoBuii ABHI'YH TpPWUBOIUTH Yy PyX BXIJIHUH Bai
rigpomiacuintoBaua 4, AKUW MiJCHII0E 00EPTOBUH MOMEHT 1 Tiepeae Horo
TiAPONBUTYHY 5, M0 3B'I3aHW 3 BXIHUM BaJOM TiJpomiicuitoBada 4
JAHKOK) MEXaHIYHOTO 3BOPOTHOTO 3B'si3Ky 6. KinbKicTh IMITyIBCIB,
MiIBEICHNX JI0 TIPUBOJIA, BU3HAYAE BEIIMUMHY TIEpEMIIeHb, a iX JacTora -
HIBUIKICTH PYXY.
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Pucynok 2.2-CTpyKTypHa cXxeMa KpOKOBOTO IIPHUBOY

o CiaKyrounii IPUBO/I.

VYrpaBiaiHHSA CITIIKYIOYHM TPUBOIOM (puc. 2.3) 3miCHIOETBHCS Ha
MiJICTaBi BU3HAYEHHS Pi3HUII A 3HaUYeHb aOCONOTHUX KOOPAHMHAT Yy OIOIIi
HEY3TOJPKEHOCTI, TIEPETBOPEHHS IILOTO KOJOBOTO 3HAUEHHS B aHAIOTOBHIA
curHan Ay, sikuii i Oyze BiAmpanboBaHUK MPUBOJOM 1024l BUKOHABUOTO
Oprany 10 TUX Iip, HMOKH HEY3TO/PKeHICTh A HE CTaHe HYJIbhOBOIO. B
pe3ynpTaTi CIigKyrounid mpuBix Oyne mNpuBeneHWH y pyx 1 Mmicias
NEPECyBaHHd BUKOHABYOI'0 OpraHy Ha BCIUYHHY AX AaT4YUK 3BOPOTHOI'O
3B’SI3Ky 10 TIONOKEHHIO 3adikcye 1me Yy BIiAMOBIZHOMY CHTHam, i
CITIIKYIOUYHH MTPHUBi 3yMTUHATHCS.

Ax X - A=Xx. -x, AY = fxA
afc alc dakt
Hakonnaysas
- boox |/ 3azanol Buinauenns m[lallﬂ]g:grl;m lp Perymocmuii Bukonasanii
inrepronguii aBeomorol HeyIroaKenocTi e ——— mpunia [P opran
KoopaunaTi X I o
T 'rilhINT
Haxonwuysay . Harank
ftm.‘rlmlln'i a AUEIL‘E][DAE:T:{' (| 3nopoTHoro |
ADCOMIOTHOT ||eae'|'1sr:1 onan Im'mky no [
KOOpAHIATH X I PIoBa TOIICHEHHI
Hakounuysas
Ay sa1anoi
abeo T THOT r
KOOPARHATH 1
A Hakomuysau
Az SaH0T
M Gcomornol > one N
KOOPAHHATH £ [pucrpii YITY

Pucynok 2.3-CTpyKTypHa cxeMa CIIiIKyI0u0ro IpHBOAY

6. 3a crtocoOOM MITOTOBKH 1 BBEICHHSI KEPYIOUHX [TPOTPAM:
e OnepaTuBHI CUCTEMU.
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B Takmx cuctemax Kepyrooda mporpama TOTYeTbCS Ta peNaryeThest
Oe3nmocepenHFO Ha BepcTaTi y mporieci 0OpoOKM mepIioi gerani B mapTii

o CrcTeMH HE3aJISKHI BiJ Miclis 00pOOKH JeTati.

[lizroToBka  Kepyroouoi MmporpaMu MOXKE€  BUKOHYBAaTHUCS 3
BUKOPHCTAHHSIM OOYHCITIOBAIBHOI TEXHIKH, IO BXOAUTH Y CKJIQJ CHCTEMH
UIIK manoro BepcraTta, abo 0e3 Hei (BpydHy a0o0 3a JTOTIOMOTOIO CHCTEMHU
aBTOMAaTH3aLlii IpOrpaMyBaHHS).

OcwnosHi ¢ynxkmii CUIIK:

a) BBEACHHA Ta 30epiraHHs MPOTPaMHOTO 3a0e3MeUeHHs; KePYIOInX
nporpam;

0) 3miiCHEHHSI Pi3HUX BHUIIB IHTSPIIOJIAIIH;

B) KepyBaHHs IPUBOY T'OJIOBHOTO PYyXY, MOAA4, JOTIOMIXKHOTO;

T') BUPIIICHHS JIOT1YHUX 33/1a4 KePYBaHb;

) peanizamis HUKIIiB 00pOOKH; KepyBaHHS,

€) peamizamisi KOPeKIii JHIMHMX Ta KyTOBHX pPO3MIipiB; MOXHOOK
MEXaHIYHUX Ta JiHITHUX TPUCTPOIB,;

€) aJanTHBHE KePYBaHHs 00POOKOI0;

K) MIarHOCTHYHI (YHKIII 10 10 BepcTara TO i JO caMoi CHCTEMH
4IlK;

3) AiaJior 3 OnepaTopoM, ab0 KOMII FOTePOM O1IbII BUCOKOTO PiBHS;

1) HAKOTIMYEHHS CTAaTUCTHYHOI 1H(opMariii;

1) KepyBaHHS 3MiHHY I1HCTPYMEHTYy Ta IHIIUMH JIOTIOMIXHUMH
GyHKIiIMH.
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Pucynok 2.4- 3aranpHa cTpykrypHa cxema CUIIK

2.2 lpucrpoi ynuciaosBoro nporpamuoro kepyanus (ITYIIK)

Le npuctpiif, mo BuIa€ Kepywdi BIUIMBH Ha BHKOHABYI OpPTraHU
BEpCTaTa y BIAMOBITHOCTI 3 KEPYIOUYOIO MPOrpaMor0 Ta iHPOPMAIIi€0 PO
CTaH 00'€KTa, 10 KEPYETHCSL.

ITUIIK Bepctata - wactmHa CUYIIK moB'si3aHa KOHCTPYKTHBHOIO
€JTHICTIO, SIKa 3[ICHIOE BUIa9y KePYIOUHX il 3T1HO 33aHO01 MPOTPaMHU.

Amnaparauii [TUIIK - mpuctpiii YIIK anroputmMu poGOTH SKOTO
peanizyloTbcsi CXEMHHM MUISIXOM 1 HE MOXYTh OyTH 3MiHEHi Micis
BUTOTOBJICHHSI IIPUCTPOIO.

IIporpamui ITYIIK - mpuctpiii UIIK anroputmu poOOTH SIKOTO
pealtizyroThes 32 JOIMMOMOTOI MPOTpaM, M0 BBOJSATHCS J0 HOTo mam'siTi Ta
MOXYTh OyTH 3MiHEHI ITiCHSI BATOTOBJICHHS IPUCTPOIO.

Mikponpouecop - yHiBepcaJdbHUH LU(POBUI ENEKTPOHHUH OIOK,
peanizoBaHUi 3 BEJIMKOIO CTYIIHIO iHTerpauii B skoMy (QYHKLis, IO
BUKOHYETHCS BU3HAYAETHCS TICIS 3UNTYBAHHS NUISIXY IPOrPaMyBaHHSI.

OcuogHi ¢ynkmii [TUIIK:

a) reoMeTpUYHa 3ajada - KepyBaHHA (DOPMOYTBOPEHHSIM IIpH
00po0IIi;
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0) TepMiHaJIBHA 3a/1a4ya; B3aEMOJIISA 3 OIlepaTopoM, B3aemomis 3 EOM
BHCOKOTO PiBHS,

B) TEXHOJIOTIYHA 33J]a4a - KEPyBaHHS POOOYUM IMPOIIECOM;

T') KepyBaHHS aBTOMATHKOIO.

TEMA 3. CUCTEMHU KOOPJIUHAT BEPCTATA 3 UlIK

O06poOka 3arotoBku Ha Bepctati 3 UIIK BUKOHY€ETHCS 32 KOMaHIaMH
KepYyroUoi Tporpamu, siKi B YUCIIOBiH (opMi 3a/1al0Th BEJIMYWHU OKPEMHX
TepeMilieHh BHKOHABYMX OpraHiB. ToMy IJIsl KOPEKTHOTO (DYHKITIOHYBaHHS
Bepcrata 3 UYIIK BHKOpUCTOBYIOTBCS TEBHI CHCTEMH KOOpAMHAT, 32
JOTIOMOTOI0 SIKUX BCTAHOBIIIOIOTHCSI IPOCTOPOBI KOOpIMHATH Oyab-sIKOL
TOYKHU B MEXax po00Y0i 30HU BepcTarta.

Y Bepcrarax 3 UIIK Haii4yacrilie BHUKOPHCTOBYIOTbCS CHCTEMH
KOOPJMHAT JABOX BHJIIB:

* IIPSIMOKYTHA.

* TIOJISIPHA.

3.1 IIpsaMOKyYTHA cCTEMA KOOPIAHHAT

[IpssiMOKYTHa cuCTeMa KOOpAWHAT € HAWIOMIMPEHINIO CUCTEMOIO
koopaunat mius BepcratiB 3 UIIK. Bowa micturh ABI OCi KOOpAMHAT
(mBoMipHa cucteMa) - JUTsl BU3HAYCHHS MOJIOKEHHS TOYOK Ha IJIONIHHI, a00
TpH oOci (TpUBMMIpHA CHCTEMa) - JUIsl BU3HAUYEHHS IIOJIOKEHHS TOYOK B
MPOCTOPI.

Jis  mpsAMOKYTHOT CHCTEMH KOOPJAWHAT XapakTepHI HACTYIHI
O3HAKH:

* KOOPJIMHATHI OCi PO3TAIIOBYIOTHCS B3aEMHO MEPIECHANKYJIISIPHO;

* KOOPJMHATHI OCi MalTh 3arajbHy TOYKY IIePeTHHY (ITOYaTOK
BiJUTIKY KOOp/IMHAT);

* KOOPJMHATHI OCi MAlOTh OTHAKOBHU r€OMETPUUHUI MacIITad.

VYV npsSMOKYTHIH CHCTEMI KOOPJIMHAT Ha IUIONIMHI MOJIOXKEHHS BCIX
KparioK, 1o JIeKaTh Ha JaHIH IUIOMINHI, OITUCY€ETHCS IBOMa KOOPIUHATAMH.
Ha (puc. 3.1) 300pakeHa Taka cucreMa KOOPAWHAT 3 OCSIMH KOOpAMHAT X i
VY. MoxnuBi 1 iHmi KoMOiHaLil ocel, 3aJeKHO BiJi KOMIIOHOBKHM BepcTaTa.
Bigcranb 10 oci Y BU3HAYA€ThCS SIK KOoopArHATa X, a BiACTaHb /10 oci X K
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KoopauHaTta Y. 3HaYeHHS KOOPAWHAT TOYOK HA IUTONIMHI MOXYTh MaTH SIK
IOJaTHI, TaK 1 Bix €MHI 3HaueHHsA. JlaHa cucrema KOOpAWHAT IITHPOKO
3aCTOCOBYEThCSl B ToKapHuX Bepcrtarax 3 UIIK i mpu oOpobui nucToBuX

Marepiaiis.
v

-]

Pucynok 3.1- [IpsMokyTHa cucTeMa KOOpIHHAT

3a [OMOMOrol MPOCTOPOBOI MPSMOKYTHOI CHCTEMH KOOpPAUHAT
OTUCYETHCS TOJOXKEHHS OyIb-SIKMX TOYOK B T€OMETPUYHOMY IPOCTOPI.
Jlnst BU3HAYCHHS IOJIOKEHHS OyIb-SKOI TOYKH B IMPOCTOPI HEOOXITHO
3HaTH 11 KOOpAMHATH 3a TpboMma ocsiMu - X, Y 1 Z (puc. 3.2). Ak i y
BUNAJIKY 3 IUIOCKOIO CHCTEMOIO0 KOOPJMHAT, 3HAUEHHsSI KOOPAWHAT TOYOK B
NpoCcTOpi MOXYTh MaTH SIK JOJaTHi, Tak 1 Bia’eMHi 3Ha4yeHHs. [lana
cUCTEeMa KOOPIMHAT JI03BOJISIE OMHMCYBATH BCi TOUYKH POOOUYOro MPOCTOPY
BepcTaTa HE3aJEKHO Bifl PO3TAIyBaHHS 3arOTOBKH 1 3aCTOCOBYETHCS Y
(dpe3epHUX, CBEPUTYBAIBHUX 1 po3TOUyBaabHUX BepcraTax 3 UIIK.

30
P1

Pucynok 3.2- [IpoctopoBa npsMOKyTHa CHCTeMa KOOPAUHAT
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IIpuitasra qs Bepcratie 3 YIIK npocropoBa mpsiMOKyTHa cructema
KOOpAMHAT Ma€ MEBHY OpPIEHTAIII0 KOOPAMHATHUX ocei. OpieHTaIiro
BU3HAYAIOTh 3a MMPAaBUJIOM MpaBoi pyku (puc. 3.3), mpu siKiil manbli npaBoi
PYKH YKa3ylOTb JAOJAaTHIM HampsiM KoxkHOi oci. Tomy pnana cuctema

KOOPJIMHAT OJiepiKaja Ha3By MPaBoi CUCTEMHU.
+Y

+X

+Z

Pucynok 3.3- IIpaBuiio npaBoi pyku
3.2 [onsipHa cucTeMa KOOPAMHAT

Slkio oO0po0IrOBaHUI KOHTYD € JJaMaHOIO JIHIEI, TO 33 TIOTIOMOTOI0
NPSAMOKYTHOI CHCTEMH KOOPIMHAT MOJKHA JIETKO 3aJaTH BCi XapaKTepHi
Toukn Horo mpodimo. Ilpore curyamis 3MiHIOETbCA, SKIIO HEOOXiAHO,
HaNpHUKIa[, BHKOHATH Ha IUJIOMNIMHI CBEpIUICHHS TPYNH OTBOPIB,
po3ramoBanux 1Mo koxy (puc. 3.4). fxmo mis orBopy 1 kKoopawHATH
pO3TallyBaHHS HOro oOci B MPSIMOKYTHIM cHCTeMi KOOpAMHAT MOXHA
pO3paxyBaTH JIOCTATHBO MPOCTO, TO PO3PaXyHOK PO3TAITyBaHHS OCEH IS
BCIX 1HIUX OTBOPIB Oyne Habarato OiIbII TPYIOMICTKHM.

T

I ;_,@E_%_\ >
® r;@;f"

]
.
O~
‘_'l'_,r’l

|\ &
Lﬁ)\\

PucyHok 3.4- Jletans 3 rpymnoro oTBOpiB, p03TaLl_lOBaHI/IX 10 KOJTy

B30

B npomy BuUnanky oOYMCICHHS 3pYy4Hillle BUKOHYBAaTH B MOJISPHIH
cuctemi koopauHat (puc. 3.5). Y MONApHIA CHUCTEMiI KOOPAMUHAT
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MOJIO’KEHHS TOYKH Ha IUIONIMHI BU3HAYAETHCA BIACTAHHIO (pajiycoMm) r Bif

TOYKH JIO TTOYATKY KOOPIHMHAT 1 KYTOM ¢ MiX TICBHOKO BiCCIO KOOPIWHAT 1
paniycoMm, MpOBEJACHUM B TOYKH 3 TOYATKY KOOpPJMHAT. SIk mpaBwio, B
MOJISIPHINA cucTemi KoopanHaT Ha ol XY KyT & BU3HAYa€ThCA BiJ OCi
X. Kyt a moxe Matu sk gojatHe, Tak 1 Bim emHe 3HaueHHS. JlomatHe
3HaueHHS — SKIMIO BiH BIAKIAJEHWH B HANpPSAMi MPOTHWICKHOMY pPyXY
TOJIMHHUKOBOI CTPIJIKK BiJ 00JIACTI JIOAATHUX 3HAUEHb KOOPAMUHAT 1O 0Ci X
(puc 3.5A ); Bix’eMHe 3HAYEHHs — SKIIO BiH BiKJIaJE€HHH B HAIpsAMI IO
X0y pyXy TOIWHHUKOBOI CTpINKM Bix o00IacTi AOAATHUX 3HAYEHBb
koopauHar 1o oci X (puc 3.5b).

YA
Y

A) b)

Pucynok 3.5.- Homatue (A) i Big’emue (B) 3HaueHHst KyTa y MOJSIpHINA cucTeMi
KOOpZIMHAT.

3.3 JogaTkoBi mMOBOPOTHI 0Ci KOOpAUHAT

He nuBnsunce Ha Te 1m0 3a JOMOMOIOK 3-X KOOPAWHATHOL
NPSIMOKYTHOT CHUCTEMH KOOPIUHAT ONHCYEThCS TIOJIOKEHHS OYyIb-SIKHX
TOYOK B TE€OMETPUYHOMY MPOCTOPi, B Cy4acHiH MexaHoOoOpoOIli dacTo
BUHHMKA€ HEOOXIJHICTh Y BHIOTOBJICHHI TaKMX CKJIQJAHUX MOBEPXOHb, IIO
HEJIOCTaTHHO BUKOPUCTOBYBATH MEPEMIlICHHS] BUKOHABYMUX OPTaHiB TUILKA
3a TphOMa OCSIMH KOOPJIUHAT.

Y TakuX CHTyalisiXx BUKOPHCTOBYIOTH IIPOCTOPOBY HPSMOKYTHY
CHUCTEMY KOOPIWHAT 3 JIOJAaTKOBHMH OCSIMH KoopauHat. JlomaTkoBi oci
KOOpJIMHAT € TIOBOPOTHHUMHU OCSIMH, SIKI PO3TallOBYIOThCS HaBKOJIO
OCHOBHUX JiHiHHUX oceit X, Y i Z (puc. 3.6). Bick 00epTaHHsS HaBKOJIO OCi
X mo3Ha4aeThCs AK Bich A, BiCh 00epTaHHS HaBKOJO oci Y — sK Bich B,
Bich 00epTaHHs HaBKOJIO oci Z — sik Bick C. SIkiio BepcTaT Mae JeKiibKa
BUKOHABYMX OPTaHIB SIKi PyXalOThCs B3IOBX OJHIi€i JiHIKHOI Bici, TO JUIs
3pYYHOCTi BUKOPUCTOBYIOTh J10JJaTKOBI BTOPHHHI Ta TPETUHHI OCI.

Bropunni oci: U, V, W 110 BiJOBiJal0Th MEPEMIIICHHSIM B3I0BXK
oceit X, Y, Z BiAIIOBigHO.
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Tperunni oci: P, Q, R 1m0 BiANOBIJAIOTh MEPEMILICHHIM B3I0BK
oceit X, Y, Z BIANIOBIIHO.

fﬁ‘

+V n%

+

5
SR

PucyHok 3.6- IIpsaMOKyTHa crcTeMa KOOPAUHAT 3 0JATKOBUMH OCSIMU

KoopnuHaty 1o moBOPOTHHX OCSX TaKOX MOXYTh MaTH SIK JOJAAaTHI,
Tak 1 Bi’€MHI 3HaUeHHs. 3a MOJaTHIN HampsM (BiJ «MiHyCa» O «TUTFOCA»)
HOBOPOTHOI KOOPAMHATHOI OCI NMPHHAMAETHCS HANpPSIM 33 TOJUHHHKOBOIO
CTPINIKOIO, SIKIIO JUBHUTUCS Ha BiCh OOEpTaHHS B JOJAaTHOMY HaIlpsMi
BIIMOBIAHOI Ti JIHIWHOT OCl.

[IpssIMOKYTHY cHCTEMy KOOpPAMHAT 3 IOJATKOBUMH ITOBOPOTHHMH
OCSMH MOXHA TaKOX TNPEACTABUTH TaKOX K MPOCTOPOBY TIOJNSAPHY
cucremy KoopauHat (puc. 3.7).

7

Pucynok 3.7-. IIpoctopoBa nossipHa cuctemMa KOOpJHHAT
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TEMA 4. HAIIPSIMHU PYXY BUKOHABYUX OPI'AHIB
BEPCTATIB 3 UIIK

Jnsa BepcratiB 3 UIIK mpuitHaTta emuHa cucTeMa KOOpIWHAT,
pexoMeHoBaHa MixkKHapoJHOK oprasizarfiero no cranaaprusanii (ISO), —
OpSAMOKYTHa cHCTeMa KoopauHar. YuWcio KOOpAMHATHHX oOceH, Ix
pO3TaITyBaHHSA B MPOCTOPi 1 MMOYATOK BiIIKY (HYThOBa TOYKA BEpCTATa)
BCTAHOBJIIOIOTHCS ~ BUPOOHWKOM BepcTara 1 HE IMIATae  3MiHi
kopuctyBaueM. CucremMa  KOOpAMHAaT  BepcTata €  OCHOBHOIO
po3paxynkoBoro cuctemoro st UIIK, B sKkiifi BU3HAYAIOTBCA TpaHWYHI
MEPEeMIleHHs], TIOYaTKOBI 1 IOTOYHI TOJOXEHHS BUKOHABYHMX OpTaHiB
BepcTaTa.

st 3pydyHOCTI TporpaMyBaHHs mpoiecy oOpoOkHM y BepcTarax 3
UIIK npuitHATO KOOpAWHATHI OCi 3aBXIU OPIEHTYBaTH MapalielbHO
HaNpsIMHUM BepcTaTa. 3ajJe)KHO BiJ| THITy BepcTaTa pO3TallyBaHHS Ocei
KOOpJIMHAT B MIPOCTOPi MOXKe OYTH Pi3HUM, aje iCHYIOTh HACTYITHI 3arajibHi
MpaBwIa.

1. Bice Z 3aBkau CymilieHa 3 BiCCIO OOEpTaHHS IIMUHAETA. li
JIONATHIM HampsM 3aBXId CIIBIAJNAE 3 HANPSIMOM TEPEMIIICHHS BiJ
MIPUCTPOIO IS KPITUICHHS 3aTOTOBKH JI0 PiXKY9IOTO iIHCTPYMEHTY.

2. Slkmo B cuUCTeMi KOOpIWHAT BepcTaTta € Xxoda O OJHa BiCh,
po3TallioBaHa TOPH3OHTAIBHO 1 HE CIIiBIAJaro4da 3 BIiCCIO 00epTaHHs
UIMUAH/ENS, TO 11e Oy1e 000B's13K0BE Bich X.

3. SIkmo Bich Z po3TalioBaHa TOPU30HTAIBHO, TO JOJATHUM
HampssMOM oci X BBaXKAETHCS HAMpsSM TEPEMIIICHHS TPaBOPYY, SKIIO
BCTATH JIUIIEM JIO JIBOTO — IIOJ0 MEPEHbOI IIONIMHU — TOPII0 BepcTaTa.
(Ilepenns muommHa BepcTaTa — CTOPOHA, 3 KO PO3TAIIOBYIOTHCS MYJBT i
OCHOBHI OpTaHU KEPYBaHHS BEPCTaTOM).

4. SIkuio Bick Z po3TallioBaHa BEPTHUKAIBHO, TO JIOJAATHUM HaIpsSMOM
oci X BBaKAETHCS HANPSM MEPEMIIICHHS MPAaBOPYY, SKIIO BCTATH JIUIEM
JI0 TIepeIHBOI TUIOIUHN BepCTara.

5. lonaTHuii HampsiMm oci Y BHU3HAYAETHCS MO OJHOMY 3 HACTYITHHX
MIPaBUIL:

— JuBnsunce y3A0BX OcCi Z B JOJATHOMY HamnpsMi, HOAYMKH
noBepHyTH Bich X Ha 90° 3a rOIMHHUKOBOIO CTPLIKOIO HABKOJIO OCi Z.

— I[paBuiio npaBoi pyKH: SIKIIO TOAYMKH TIOMICTUTH JIOJIOHIO MPaBOT
PYKH B IOYaTOK KOOpPIMHAT TakK, MO0 Bich Z BUXOAWIA 3 JIOJIOHI
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MEPICHANKYISIPHO 10 HEI, a BimirHyTHH mix kyrom 90° 1o momowi
BEJIMKUI TaJielh TIOKa3yBaB JOJATHUM HAIIPSIM OCi X, TO BKa3iBHHI Mmajerpb
MOKa3yBaTHMeE JIOJATHUN HampsaM oci Y.

4.1 KoopauHaTHA CHCTeMA 3aTOTOBKH

Cucrema KOOpDAWHAT 3arOTOBKH 33Ja€ThCS TEXHOJIOTOM  abo
MPOTrpaMiCTOM MPH PO3POOIT TEXHOJIOTIi BUTOTOBJICHHS JIETalli Ha BEpCTaTi
3 UIIK (puc 4.1). [TouaTkoBa TouKa, Bij sikoi cucrema UIIK nounHae Bimmik
MepeMIIIeHHs] BUKOHABUMX OpTraHiB BepcTaTa MpH OOpOOIll 3aroTOBKH 3a
KEpYIOUOl0 TPOrpaMoOl0, HAa3MBAETHCS HYJNBOBOIO TOYKOIO 3ar0TOBKH.
HynpoBa ToYka 3aroTOBKM HE Ma€ MOCTiHHMX KoopauHat. KoskHoro pasy
mpu 3MiHI KOHQIrypamii i po3MipiB AeTaii HyJIbOBa TOYKAa 3arOTOBKH
MIPU3HAYAETHCS HAHOBO — 3aJIEKHO BiJl KOH(QIrypalii merani, TeXHOIOTil
00pOoOKY 1 3pyYHOCTI HaJaJKK BepCcTara.

A) E)
Pucynok 4.1- Cucremu xoopausat Bepcrata (A) i 3arotoBku (b)

4.2 PexomeHaalii o0 BU3HAYEHHSI CHCTEM KOOPAWHAT 3aroTOBKH NPH
(pe3sepniii 00podUi

upoxi MoxknuBocTi QpesepHoi o0poOku Ha Bepcratax 3 UIIK
JIO3BOJISIIOTh  BUKOPHUCTOBYBAaTH Pi3HI CHCTEMH KOOPJHWHAT 3arOTOBKH.
Buxonsun 3 ocoOauBoCTEH KOHCTPYKIIT (pe3epHUX BEPCTATIiB 1 BIIaCHE
nporecy  (¢pesepyBaHHs, 3BUYalHO  PEKOMEHIYETbCS  HACTyINHA
KOOpIMHATHA CHUCTEeMa, B DIBHIM Mipi 3py4yHa Al OporpaMyBaHHS i
00poOKH.
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s cucTtema KOOpAWHAT 3arOTOBKH € MPSIMOKYTHOIO KOOPAWHATHOIO
crucreMoro 3 ocsiMu XYZ (puc. 4.2). Bicb Z maHoi CUCTEMH CHiBIagae 3
BICCIO TOJIOBHOTO POOOYOT0 IIMHUHIENS (pe3epHOro BepcTaTa, Ipu [bOMY
JOJATHUM HampsIMOM OCi € HampsM BiJ 3arOTOBKHM 1O MicCLs 3aTUCKY
IHCTPYMEHTY B IITTHH/IENI.

Slkmio 3arotoBka Mae B IUIaHI MPSMOKYTHY (opmy, To oci X 1 Y
CHIBMAJarOTh i3 CTOPOHAMH 3arOoTOBKH. SIKIIO 3aroroBka Mae B IUIaHI
¢dbopMy, BiOMIHHY BiJg mNpsAMOKyTHOi, To abo Bick X, abo Bice Y
PO3TAIIOBYIOTH IO OJHii1 i3 cTOpiH 3aroTOBKH. [Ipn bOMY SKIIIO TUBUTHUCS
3 OOKy TepeHbOI TUIOIIMHU BepcTaTa, JOJaTHUN HampsMm oci X e 3iiBa
HaIpago, a oci Y — BiJl MepeHbO1 IJIOIIMHU BepcTaTa.

Sk mowatok BiAMIKy CHCTEMH KOOPAHMHAT 3aroTOBKH (HYJIBOBOL
TOYKH 3arOTOBKH) /IS TIOJIETTLEHHS PO3PaXxyHKy KOOPJUHAT MPH CKIIaJIaHHI
MporpaMu 3BUYAWHO OOUPAETHCSA TOYKA HA OJHOMY i3 30BHIIIHIX KYTiB
KOHTYpa 3arOTOBKH.

2|

- >

Pucynok 4.2- PexoMeHIOBaHAa CHUCTEMa KOOPAWHAT 3aroTOBKH MpU (pe3epHiit
00po0ITi

4.3 PexomeHaanii o0 BU3HAYEHHS CHCTEM KOOPAMHAT 3ar0TOBKH MPH
TOKapHii 00pooui

Hns Toxaproi 00poOku Ha Bepcrati 3 UIIK Halinommpenimow €
TUIOCKA TIPSIMOKYTHA CHCTEMa KOOPJMHAT 3arOTOBKH, OCi SIKOT 3BUYaliHO
Ha3uBarOThC X 1 Z. Y 1iil cuctemi BicCio Z € BICh TOJIOBHOI'O IIIUHAENS
BepCcTara, Mpu IOMY JOJATHUM HANpsSMOM OCi 7 € HampsiM Bia MicIs
KpITUICHHS 3arOTOBKH B IIMUHAEN JIO piKydoro iHCTpyMeHTy. Bick X
po3TalloBaHa NEPIEHANKY/ISIPHO OCi Z, a 11 T0JaTHUIN HaIpsM 3aJeKHUTh
BiJl TOJIOKEHHS 1HCTPYMEHTY 1oa0 oci Z (puc. 4.3). Ane y Oyab-ikoMy
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BUIAAKY MJONATHUM HampsAMOM oci X € TepeMilleHHS, NpH SKOMY
IHCTPYMEHT BiIAAJSETHCS BiJl 3aTOTOBKH.

SK moyaToK BiUTIKY CHUCTEMH KOOPAMHAT 3aroTOBKH (HYJIHOBOI
TOYKH 3arOTOBKH) JJIS TIOJICTILEHHS PO3PaXxyHKy KOOPAMHAT MPH CKIaJaHHi
HporpaMy 3BHYAHO OOMPAETHCS TOYKA KA € TOYKOIO IEPETHUHY BITBHOTO
TOPIIS 3aTOTOBKY Ta OCi 3aroToBKH (0OcCi Z).

+X D
+7 +7
+X

Pucynok 4.3- CucremMa KOOpAMHAT 3arOTOBKM IPU TOKapHii 0OpoOIi, B sKii
IHCTPYMEHT HaIlpaBJIEHUH 0 0ci 00epTaHHS BiJ MepeNHbOI INIONIMHHU BepcTaTa (A), 1 B AKii
IHCTPYMEHT HalpaBJICHHH 0 oci obepTaHHsA y Oik nepeanboi mionmHu Beperara (b).

4.4 TlonosxeHHs i NO3HAYEeHHS KOOPAMHATHUX oceii y BepcTaTax 3 UIIK

3a TEeXHOJOTIYHUMH O3HaKaMu i MOKIHMBOCTAMHU Bepctatu 3 YIIK
KIIACU(IKYIOTHCS 32 TPYIaMHU TaK caMo, sIK 1 yHiBepcaibHi Bepctatu. [Ipu
BOMY 3QJIEKHO BiJf KOMIOHOBKM Bepcrata 3 UIIK minseTpca Burmsan i
MPOCTOPOBE PO3TANTYBAaHHS HOTO CHCTEMH KOOPIUHAT.

Hns ¢pesepaux BepcratiB 3 UIIK BHKOPHCTOBYETHCS MPOCTOPOBA
KOOpJIMHATHA CUCTEMA, SIK IIPAaBUIIO, MPSIMOKYTHA (puc 4.4). BusHayansaum
YHUHHUKOM ]IS IPOCTOPOBOTO PO3TAITYBaHHS OCEH KOOPAMHATHOI CHCTEMH
€ OpieHTaIlis B MPOCTOpiI Oci poboyoro mmuHAeHs. Bick mmuHmens
¢bpe3epHOro BepcTaTa 3aBXAM CHiBIagae 3 Biccio Z. JogatHuM HanpsiMoM
oci Z € HampsM BiJl Miclisl KpiIUIEHHSI 3arOTOBKM Ha PoOOYOMY CTOJI JI0
MICIIsSI KpITUIEHHSI PIXKYYOro 1HCTpYMEHTY B ImuHzaen. Skmo Bick Z (Bich
HIMAHAENS) PO3TAIIOBaHa BEPTHUKAJIBHO, TO TAKHI BEPCTAT € BEPTUKAIBHO-
(bpe3epHUM BepCTAaTOM, SIKIIO Bich Z PO3TalIOBaHA TOPU3OHTAIBHO, TO -
TOPH30HTAIBHO-(QPE3EPHIM BEPCTATOM.

IIpocTopoBe posraimryBaHHS 1 [JOAATHUM HampsAM [BOX 1HIIMX
OCHOBHHUX ocell koopauHaT X i Y BH3HAYa€THCS BIIMOBITHO A0 «IpaBHIa
IIPaBOi pyKm».
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A) B)
Pucynok 4.4-Cucrema KOOpOWHAT BepTHKaIbHO-(pe3sepHOro Bepcrata (A) i
ropu30oHTaJIbHO-(pe3epHoro Bepcrata (b)

Hns Tokapuux BepcratiB 3 YIIK wHalimommpenimoi € mocka
MpSIMOKYTHAa cHcTeMa KoopauHat 3 ocsiMu Z i X. Sk 1 y BUmamky 3
(pe3epHUMHU BepcTaTaMy BH3HAYAIBHMM YUHHUKOM IS IPOCTOPOBOTO
PO3TaIlyBaHHS OCEHl KOOPAWHATHOI CHCTEMH € OpIEHTAIlis B MPOCTOPI OCi
pobodoro mmMUHIENS, sSKa 3aBXKOU cmiBmagae 3 Biccio Z. Bice X
po3TalioBaHa MeprneHIuKyIsIpHo oci Z (puc. 4.5).

B)
Pucynok 4.5- Cucrema KOOpJMHAT TOKapHOTO BepCTaTa 3 TOPU3OHTAIBHUM (A) i
BepTuKaabHUM (B) po3TantyBaHHAM MIMUHAETS

Sxmo poOoumii mmuHAENs ToKapHoro Bepctata 3 YIIK mae
MOJKJIMBICTh 3MIMCHIOBATH JOJATKOBI MEPEMIIIEHHS, TO J0 ABOX JIHIHHHUX
oceil koopaMHaT Z i X NONAEThCS 1€ OJHA KOOpAWHATHA BiChb — BiCh
obepranns C HaBkoo oci Z (puc. 4.6).
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Pucynok 4.6- Cucrema KOOpOMHAT TOKapHOTO Bepcrara 3 MOMKIHUBICTIO
JIOJATKOBOTO 00EpTaHHs LIMKUH/EINS HaBKOJIO 0ci Z

TEMA 5. BIJJUIIK HEPEMIIIEHD ¥ BEPCTATAX 3 YIIK

OO0po0Oka pi3aHHSAM Ha BEpCTaTi 3MIHCHIOETHCS B MPOLEC B3AEMHOTO
nepeMilllieHHs piXKydoro iHCTPYMEHTY i 3aroToBKH. KilbKicTh Ta BeTHMYUHA
MepeMillieHb, 10 3IIHCHIOIOTHCS IHCTPYMEHTOM 1 3aroTOBKOIO, Ta iX
HanpsIMM B TIPOCTOPI y KOXKHOMY KOHKPETHOMY BHIAAKY 3aJI€XKaTh Bix
TUIy 0OpoOKM i KOHCTpYKIii Bepctara. Hampukianm, mpu o0poOimi Ha
BEPTUKANBHO-(DPE3ePHOMY BepcTaTi 3aroTOBKa BHKOHYE MEpEMIlleHHs 1O
TOpU30HTaNBHIM oci X 1 BepTuKanmpbHOI Oci Z, a IHCTPYMEHT — IO
ropu3oHTaIbHIA oci Y. Ilpm o0poOui Ha ropuzoHTaIBHO-(pe3epHOMY
BEpCTaTi 3aroTOBKa BHKOHYE TEPEMIIIEHHs 1O TOpPHU30OHTaNbHIA oci X i
BEpPTUKANBHOI Oci Y, a IHCTpyMEeHT - 10 TOpPU3OHTaIBHIH oci Z. B
pe3ysbTaTi, ONMUC MepeMilleHb BUKOHABYMX OPraHiB AJIsi BEPCTATiB pi3HOL
KOHCTPYKIIIT py 00poOI1i OJIHI€T 1 Ti€T K 3arOTOBKU Ma€ Pi3HUIA BUTIISI.

{06 omnmc HampsiIMKy 1 BUAY TMepeMillleHb BHKOHABYMX OpraHiB
BepcTaTa MaB OJHAKOBUU BUIJISII JUISL BEPCTATiB PI3HUX KOHCTPYKIIH,
NpuiHsTE yHiIBepcaibHe mpaBuio ais BeperatiB 3 UIIK: BBaxaeTscs, 1o B
mpoiieci oOpoOKKM BCI MEpPEeMIllleHHs 3IHCHIOE TIIBKM IHCTPYMEHT, a
3aroTOBKA 3aIMLIAE€THCS. HEPYXOMOIO.



23

Takoxx icHye mie OJHE yHiBepcajdbHE NPaBWIIO, IO CTOCYETHCS
HaNpSAMKY IEepeMillleHb BUKOHABUMX opraiB. lle mpaBuio, Ha BiAMIiHY Bix
MEPIIOTO HOCUTH HE 00OB'SI3KOBUI, a peKOMEHAAIiHNI XapakTep: OakaHO
MOTO/PKYBAaTH KOOPAMHATHI CHUCTEMH BepcTaTa i 3arOTOBKH MiX c00O0I0
TaKUM YHHOM, IIO0 SK MOXKHa OUIbIA KiTBKICTh OCel KOOpAMHAT
3aroToBKHM CHiBmagaiga abo Oyna mapaienbHO KOOPAWHATHHM OCSAM
BepcTaTa. 3BHYAiHO B IIbOMY BHIIQJKY TPYAOMICTKICTh CTBOPEHHS
Kepyrouoi TporpaMH € MiHIMAIbHOIO, OCKIIBKH BHKOPHUCTOBYIOTHCS
KOOpPAMHATHA TOYOK 3arOTOBKH SKi BKa3aHI Ha KpeclieHi. Y CBOIO HYepry
MiHiMi3amis i CHOpOIIEHHS Kepylodyoi NporpaMd Bele 10 3MEHIICHHS
BIpPOTiTHOCTI MTOSIBH IOMUJIKH, JTOMYIEHOI IPH CTBOPEHHI MPOTpaMH.

5.1 Cnoco0m Bigjiky nepemimens y Bepcrarax 3 UIIK

VY cydacHux Bepctarax 3 UIIK 3acTocoByIOThCS /1Ba CIIOCOOU BiAJIIKY
MepeMilieHh BUKOHABYMX OPTaHiB BepcTaTa — B aOCONIOTHIN 1 BiZHOCHIM
CHUCTEMaX KOOPJIMHAT.

Y abcomoTHIA cHUCTeMi KOOpPAMHAT BCl TEPEMIICHHS, IO
BUKOHYIOTBCSI BEPCTATOM, 3aJIal0ThCs B TaKii CHCTEMI KOOPAMHAT, OYATOK
BIUTIKY $IKOi 3aJMIIA€ThCSI HE3MIHHMM TIPH BCiX MEPEMIIICHHAX (IIUB.
MaL.). Sk He3MmiHHUH ((iKCOBaHOr0) MOYATOK KOOPJMHAT OOUPAETHCS
JIesika TOYKa B MPOCTOPI, IO JISKUTh B 00JIACTI MEepEeMillleHb BUKOHABYMX
opraHiB Bepctara. SIk mMpaBWIO, B SIKOCTI Ili€i TOYKH OOMPAETHCS HYIHLOBA
TOYKA 3aTOTOBKH.

Y  BimHOCHI  cucTeMi  KOOpPJWHAT  KOXKHE  IepeMillleHHs
BUKOHABCHKUX OpraHiB BepcTaTa 3aJa€TbCs MIOJ0 KIHICBOI TOYKH
OCTaHHBOTO MEPEMIIIIEHHS, TOOTO 33a€ThCs B pUpoIieHHsx ( puc.5.1).

[MommpenimmMm € croci6 BiUTIKY IepeMillieHb B a0COIOTHIN cHcTeMi
koopauHart. e oOymMoBiIeHO THM, IO B 3arajikHOMY BUIAJKy BiH Ma€ psi
nepenar, a came:

* pO3paxyHKU B aOCOJIOTHIH CHUCTeMi KOOPJWHAT MEHII CKJIATHI 1
BHMAararoTh OLTbII HU3bKOT KBaM(iKallii orneparopa;

* BKa3yBaHHS KOOPIMHAT HUISXY 1HCTPYMEHTa BiJ OJHOTO 1 TOTO X
MOYaTKy KOOPJAWHAT, MO3BOJIAE MPOCTIIE BiACTEXYBAaTH €TalM peamizawii
KEepyo4oi porpamu;



24

AY+ Y+
+ T T4 ! T3:8) T4(7:8) 1
L premmmmeng ) i '
o b i |
i i | L |
T 3 Y-5 H
- i i w T i
| } T T2A33) T |
Y I — i : v :
. T2l 1 T3 ! e 1
i : | i
= i i [ + X+
—} } } | - bl | LN | } } } } } | | L
e\ T T T T T T T T T L ef T T T T T T T L
3 yi
X+4
A) 6)
ABCONOTHI KOOPAUHATM BisHOCHI KoOpAWHATK
Touka———— . . .
KoopawHata oci X Koopawurara oci ¥ KoopawHara oci X KoopauHara oci ¥
1 3 8 3 8
T2 3 3 0 -5
T3 7 3 4 0
T4 7 8 0 5

Pucynok 5.1- Bimiik mepemimenp B abcomroTHiii (A) i BimHOcHIM B) cuctemi
KoopauHat. KoopinHaTH MepeMilleHb.

* IOMUJIKA TIPY TpOTpaMyBaHHI B aOCONOTHIN CHCTEMi KOOpAHMHAT
NPUBOAUTH IO HENPABWIFHOTO TNPH3HAYEHHS KOOPIMHAT TUIBKH OMIHI€T
TOYKH, TOAI SIK B PE3yJNbTaTi TMOMWIKH TpW NpPU3HAYEHHI BiJIHOCHUX
KOOpPAMHAT TIOMWJIKOBHM OyJie HEe TUTBKM KOHKPETHE HENPaBUIIBHO 3aJaHe
TIEpPEeMIIIIeHHs], aJie 1 BCi TOJaIIbIII 32 HUM TIepEMIIIIeHHST;

* 3MIHM B IEPEMIIICHHSX, 110 BHOCATHCS HpHU J0poOIli BUpoOu abo
peaaryBaHHi IPOrpaMu, HE BIUIMBAIOTh HA MOAJIBIIN IEPEMILIICHHS;

* TOXHUOKa BHUTOTOBJICHHS 1 BUMIDIOBaHHS HE HAKOIUYYIOTHCS (HE
MiICyMOBYIOTBCS).

[IpoTe mpuU3HAYEHHS MEPEMIIIeHb Y BIIHOCHIH CHCTEMI KOOPJMHAT Y
psAAl  BHUNAAKIB MOXKE BHSBUTHCS 3pYYHIIIMM JUIS [POTrpaMyBaHHS,
HaNpHUKIaZ y pa3l BUKOHAHHA LIJIOTO PALYy NEpeMillleHb, KOXHE 3 SIKHUX
3aJlaHe Ha KPEeCIIeHHI B PUPOCTAX IOJI0 MOTEPETHBOTO.
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TEMA 6. HYJIBOBI I IOYATKOBI TOYKHU BEPCTATIB 3
YIIK

6.1 Tunu cucrem KoopauHaT 3a npusHayeHHsM 3 YIIK

IIpu poGoTi Ha yHiBepcallbHUX BepcTaTax 3 PyYHUM KepyBaHHIM
HEOOXi/IHI PO3MIpHU JeTaNeH JOCATAIOThCS, SIK MPABUIIO, IIIIXOM 00pOOKH
3aroTOBKH 1Moo ii 0a3oBHX moBepxoHb. Ha Bepcratax 3 UIIK mHeoOximHi
poO3MipH meTajedl JoCATaloThCS MUIIXOM OOpPOOKH 3aroTOBKH MO0
MOYaTKy BiIIiKy BUOPaHOI CHCTEMH KOOPAHMHAT.

®dakTHyHO, pu poboTi Ha BepcTari 3 YIIK noBomuThest MaTtu cipaBy
HE 3 OJIHI€IO, a OJHOYaCHO 3 JEKUIbKOMa CHCTeMaMH KOOpJIHHAT,
HAMBaYXIMBIIIMMU 3 IKUX € HACTYITHI TPH:

1. Koopaunatha cuctema Bepcrata. CuctemMa KOOpAMHAT BepcTarta €
TOJIOBHOIO PO3PaXyHKOBOK) CHUCTEMOIO, B paMKax SKOI BU3HAYAIOTHCS
TpaHWYHI TEPEMIIICHHS BHKOHABUMX OpraHiB BepCcTaTa, a TaKOX IX
MOYATKORI 1 IMOTOYHI MMOJIOKECHHS.

2. Koopaunataa cuctema pnetani. Cucrema KOOpAMHAT JETami €
TOJIOBHOIO CHCTEMOIO IJIsl TMPOrpaMyBaHHS OOpPOOKH 1 TpHU3HAYAETHCS
KpecIIeHHsIM a00 eCKi30oM TeXHOJOTiYHO1 JoKyMeHTamii. BoHa mMae cBoi oci
KOOpJIMHAT 1 CBili MOYATOK BiJUTIKY, IOJO SIKOTO BWU3HAUYEHI BCi po3Mmipu
JeTani i 3a4af0ThCcsl KOOPAMHATH BCiX OMOPHHX TOYOK KOHTYypa JEeTalli.
OnNopHUMH TOYKAMHU B IIbOMY BHIMAJKY BBAXKAKOTHCS TOYKH MOYATKY, KIHIIS
i mepetmHy a00 TOpKaHHS TEOMETPUYHHX €JEMEHTIB JeTali, sKi
YTBOPIOIOTh ii KOHTYp 1 BIUIMBAIOTH Ha TPAEKTOPIIO 1HCTPYMEHTY Ha
TEXHOJIOTIYHUX Tepexo/iax.

3. KoopaunatHa cucrema iHcTpymeHty. CucremMa KOOpAWHAT
IHCTpYMEHTY TIpU3HAueHa JUIsl 3aBJaHHS TIOJOXKEHHS MOTro pixydol
YaCTMHH IOJI0 JEpPKaBKH Yy MOMeHT o0poOku. Ilowatkom Bimmiky
KOOPJIMHATHOI CHUCTEMH I1HCTPYMEHTY € TOYKa, B SIKOi MOYMHAETHCS
3amporpaMoBaHe IepeMillleHHs poOouoro iHCTpymeHTy. Llg Touka
Ha3UBA€ETHCS HYJNEM IHCTPYMEHTY abo HyjJeMm o0poOku. Sk mpaBuio,
KOOpJWHATH HYJs 0OpOOKM 3a1aroThCsl B KOOPAMHATHIN CHCTEeMi JeTali,
ajie MpH [OMY KOOpPAHMHATH HYyNs OOpOOKM MOXYTh HE CITBIAJaTH 3
HYJIEM JETali.
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6.2 IIpu3HaYeHHA HYJIbOBHX H MOYATKOBHX TOYOK BepcraTa 3 UIIK

IIpu po3podi1i TEXHOIOTIYHOTO TPoIecy OOpPOOKH /eTalli Ha BepCTari
3 UIIK HeoOXigHO BH3HAYMTH MOYATKOBY TOUYKY IE€PEMIIIEHb, 3 KOO
MOYMHAETHCS BUKOHAHHS KOMaHJ Kepylodoi nmporpamu. Haiikpamum Oyne
TaKe PO3TAllyBaHHS IOYaTKOBOI TOYKM IEPEMIIIEHb, NPU SKOMY BOHA
CHiBIIaZa€ 3 HyJIeM IHCTPYMEHTY, a KOOpJAMHATHI OCl JleTaii i Bepcrara
napanenbHi OJHa OAHiIH. B mpoMmy BHMIAAKy mpolec IporpaMmyBaHHs
TPAaeKTOpi mepeMilieHHs BHKOHABYMX OpraHiB BepcTaTta 3HAYHO
CIIPOMIYETHCA, OTXKE, 3HIKYETHCA BIPOTIMHICT TIOSBH IIOMIJIOK B
Kepylouiii mporpami.

HynboBi 1 MOYaTKOBI TOYKM OCHOBHHUX CHCTEM KOOPJHMHAT, IO
BUKOPHCTOBYIOTBECA TpH poOoTi Ha BepcraTtax 3 UIIK, sk mpaBuimo, MaroTh
crenianbHi NO3HAYEHHS], 3a JOIOMOTOI0 IKHX BKa3y€eThCS iX pO3TallyBaHHS
Ha TyJIbTI BepcTara ab0 Ha eCKi3aX TEXHOJOriYHOI aokymeHrarii. Lli
MO3HAYEHHS 3BHYANHO CKIAJAIOTHCS 3 MIKTOTPaMH 1 MPOMHCHOI OYKBH
JATHHCHKOTO anaBiTy.

V 3B'SI3Ky 3 TUM, I[0 HEMAa€ 3arajlbHONPUHHATOI CUCTEMH YMOBHHUX
Mo3HaueHb Ta iX TiayMadeHHs, B Ta0mumi 6.1 npuBencHHI
HAUTONIMPEHIIHIA BUJ] CTICI[iaTbHAX TO3HAYEHb.

Hynvosa mouxa eepcmama M € TOYaTKOBOK TOYKOK) CHUCTEMHU
KOOPJIMHAT, 110 BIJIHOCUTHLCS JI0 IaHOTO BepcTara. [10N0KEeHHS 1€l TOUKU
Ha BEpCTaTi BCTAHOBIIOETHCS BUPOOHUKOM 1 HE MiJyuIArae 3MiHi. 3a3BH4ai
TOuKy M cymimaioTs 3 0a30BOI0 TOYKOIO BHKOHABYOTO OpraHy, II0 Hece
3aroTOBKY, TpPU HOrO MOJOXEHHI, KOJU BCi MEPEMIlICHHS BUKOHABYUX
OpraHiB 3HaXOJUTUMYThCS Y 00JIaCTi JOJATHUX 3HAUCHb KOOPUHAT.

Tabmuis 6.1-YMOBHI mo3Hau€HHS TOYOK HYJHOBHMX a ITOYATKOBHX
TO4OK Bepcrara 3 UIIK

Ilo3navenns
JIATHHCHKOI0 OYKBOIO 3HaveHHs
HynsoBa Touka
BepcTara (Hynb
BepcTaTa, MallluHHA

HYJIbOBa TOYKA)

IlikTorpama

M

ITouarkoBa TOUKa
R Bepcrara (BiTHOCHA
HYJIbOBa TOYKA)
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TOYKA JICTa)
HynboBa Touka

E IHCTpyMeHTa (HyJIb
00poOKN)

HynboBa Touka
@ W 3aroTOBKH (HyJIbOBa

Sk mpaBuilo, y TOKapHHUX BEpCTaTiB Touka M pO3TaIIOBYETHCS Ha
MEPEeTHHI OCi 3arOTOBKHU Ta ii 6a30BOTO TOPILL; Y BEPTUKAIBHO-(hpPE3EePHUX
BepCcTaTax — y JIBOMY BEPXHHOMY KyTi POOOYOro CTOIY B TepenHiit
ionuHi Bepcrara (puc. 6.1).

Touamxosa mouxka éepcmama R BUKOPHUCTOBYETBCS JUISi KOHTPOIIIO
MepeMilieHh BUKOHABYMX OpPraHiB BepcTaTa NpH BiAIIKY MEpeMilleHb B
npupomeHHsx (y BiIHOCHIM cuctemi koopaunHar). Koopmunatu toukn R
MaroTh MOCTIHE 3HaYCHHS II0A0 TOYKUW M, MpU IbOMY MOJIOXKECHHS TOUKU
R 3a koxHOI0O BicCIO KOOpAWHAT (PIKCYETHCS MATINKOM 1 BPaXOBYETHCS
Kepywo4or  mporpamoro  (puc.6.1). 3a  momomororo  ToukH R
BCTaHOBIIIOETHCS 3B'SI30K MK HYJIBOBOIO TOUYKOIO BepcTata M 1 TOYKOIO
aBTOMATUYHOTO BUXOAY B HYIb CHIJKYIOUMX MPHUBOAIB TOJAd IiCII
KOXKHOTO BKJIFOYCHHS 1 BHKIIIOYEHHS JKMBJICHHS Ha Bepctarti. Ilicns
BKIIIOUCHHS JKMBJICHHSI Ha BepcTaTi Jis KajniOpyBaHHS CHCTEMH BiJUTIKY
BITHOCHUX IE€PEMillleHh HEOOXIJHO MO KOXXHIA OCI KOOPJAMHAT BUBECTH
BUKOHABYi OpraHu B TOUKy R.

A) B)
Pucynoxk 6.1- Po3ranryBaHHS HyJIbOBHX TOYOK Ha TOKapHOMY (A) 1 Ha BEpTHKAIBHO-
¢pesepromy (B) Bepcrari 3 UIIK
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Hynvosa mouka 3aecomosku W € MOYATKOM CHUCTEMH KOODPJHHAT
3arOTOBKM. li po3TamyBaHHs B CHCTEMi KOOpPAMHAT — BepcTaTa
MPU3HAYAETHCS BUTBHO, BUXOISYH 3 0COOIMBOCTEH Mpoliecy 00poOKH 1aHOi
3aroToBkH (puc. 6.2). 3 NpakTUYHUX MIpKYBaHb 3BUYAaWHO MparHyTh 0
MOETHAHHS TOYKHA W 3 MOYaTKOM BiAIIKY po3MipiB Ha KpecieHHi. B mpomy
BUTIAJIKy TIPH CTBOPEHHI KEpyIYoi MporpaMH MOXHa BHKOPHCTOBYBATH
PO3MIpHi AaHi 6e3MmocepeHbO 3 KPECIeHHSI.

Hampukman, mpu TOKapHiii 00poOmi Touka W, SIK TIpaBHIIO,
MPU3HAYAIOTH IO OCi 00€PTaHHS MIMMUHEINS 10 JiBOMY ab0 MpaBOMY TOPIIIO
3aroTOBKHM (3aJIS)KHO BiJ] BIJJHOCHOTO pO3TAlllyBaHHS I1HCTPYMEHTY).
PozramyBanas Toukm W B mpolieci oOpoOKHM OJHi€] 3arOTOBKH MOXKeE
MIHSTHUCS, SIKIO, HAIPUKJIIA, 3aTOTOBKA 00OPOOIISIETHCS 3 TBOX CTOPIH (pHC.

6.3).

Pucynok 6.2- PosramryBaHHs Hy/nIbOBOI TOYKM 3aroTOBKM TIpH pOOOTI Ha
TokapHoMy BepctaTi 3 UITK

Ha xpecnennsx ¢pesepHux peranedl 3a 0a3y npu BKa3yBaHHI
PO3MIpiB 3a3BHYAil MPUUMAETHCS OAWH 3 KYTIiB i1 30BHIIIHLOTO KOHTYpA.
Lleit sxe KyT peKOMEHIy€E€ThCSl BHOUPATH [T PU3HAYCHHS HYJIOBOI TOUKU
3arotoBku W TIpH CTBOPEHHI KepyrO4oi mporpamu A (pe3epHoi 00pooKku
(Puc.6.3)

- L

Pucynok 6.3- Po3ramryBaHHS HYyJIbOBOi TOYKH 3aroTOBKHM Mpud poOOTI Ha
(dpesepromy Beperari 3 UITK
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Hynvoéa mouka incmpymenmy E € 0a30BOI0 TOYKOIO €IEMEHTY
BEpCTaTa, 10 Hece JepXKaBKy 3 iHCTpyMeHTOM. [losoxkeHHs miei Toukn Ha
BEPCTaTi BCTAHOBIIOETHCS BUPOOHUMKOM 1 He Miaisrae 3MiHi (puc. 5.2)
3a3BUyaii HyJIbOBA TOUKA IHCTPYMEHTY PO3TAIIOBYETHCS:

* y TOKapHUX BEPCTATIB — Ha MEPETHHI OCl JeP:KaBKU PEBOIBBEPHOT
TOJIOBKH 1 TOPIIS PEBOJIBBEPHOI TOJIOBKH;

* y ¢pe3epHUX BepcTaTiB — HA MEPETUHI OCi MMUHAENS 1 Hioro Topus.

[Ipn mpoBeneHHI HaJTAITYBaHHSA BEPCTAaTa PO3TALIYBAHHS BEPIIMHU
pKy90i 4acTWHU 3aKPIIUIEHOTO B JEpIKaBIll IHCTPYMEHTa MOBHHHE OyTH
TOYHO 3aMipsiHe a00 BHCTaBJIEHE OO0 HYJIHOBOI TOYKH IHCTPYMEHTY.
Bepmmna pikydoi 4YacTHMHU 1HCTPYMEHTY XapaKTEpPH3YEThCS PajiycoM
3aKkpyriaeHHs R 1 KoopauHaTaMu po3TanryBaHHS TEOPETUYHOI BepmnHy P B
KOOpIMHATHIN cucTeMi iHCTpyMeHTy. HamamTyBaHHS —1HCTPYMEHTY
NPOXOJIUTh 200 HAa CaMOMY BEepCTaTi — 3a3BHYail 3a JOMOMOTOI0 ONTHYHOI
BAMIPIOBAIBHOI CHUCTEMH, ab0 T103a BEpCTaTOM — 3a JIOTIOMOTOI0
CIEIiaIbHOTO TPUCTOCYBAaHHS ISl YCTAHOBKH iHCTpyMeHTIB. llpu mpomy
SKIIO HAJIAIITYBAHHS TPOXOAUTh HA CAMOMY BEpCTaTi, TO 1aHi BUMipIOBaHb
KOOpAMHAT BEpIIMHH PDKY40ol YACTHHM IHCTPYMEHTY 3aHOCSTHCS
apromatnyao B cucremy UIIK Bepcrata 3a momoMororo KiaBill MyJibTa
KepyBaHHS.

CrierianibHe IPUCTOCYBAHHS JJIsl YCTAHOBKH iHCTPYMEHTIB Ma€ Take
K TIOCaJKOBE MICIIe /IS IeP)KaBKU 3 IHCTPYMEHTOM 1 TaKky >k 0a30BYy TOUKY
JUIsl THCTpyMEHTa, 10 1 BepcTar. IHCTpyMeHT B 300pi 3 JepiKaBKOIO
BCTaHOBIIIOETbCS B JaHOMY MPUCTOCYBaHHI, TICIS YOTO IPOBOJUTHCS
BUMIPIOBaHHS KOOPJIMHAT BEPIIMHU PiXKy4oi YaCTUHHU iHCTpyMeHTy. [loTim
JlaHi BUMIPIOBaHb 3aHOCAThCA Bpy4HY B cuctemy UIIK Bepcrara.

[Tpu HaJIAIITyBaHHI THCTpYMEHTY mnosa BEPCTATOM
BUKOPUCTOBYIOTBCSI 1€ OJHA MOYATKOBA TOYKA, IO BiJHOCHTHCS [0
KOOPAMHATHOI CHCTEMH iHCTPYMEHTY. Lle Touka ycTaHOBKH iHCTpyMeHTY B
(puc. 6.4 Ta 6.5). Touka yCTaHOBKHU IHCTPYMEHTY B € 6a30BOI0 TOUKOO ISt
IHCTpyMeHTy B 300pi 3 JepxaBkoto. [Ipu ycTaHOBII JepKaBKU 3
IHCTPYMEHTOM Ha BepCTaTi Touka B, sk mpaBuiio, MOETHYETHCS 3 HYIBOBOIO
TOYKOIO iHCTpyMeHTY E.



|
]

m

2

P

PucyHok 6.5- PosramryBaHHS TOYKM YCTAHOBKM IHCTPYMEHTY Ha TOKapHOMY
Bepcrarti 3 YIIK

R

Pucynok 6.5- PosrairyBaHHS TOUYKHM YCTAaHOBKH IHCTPYMEHTY Ha (Gpe3epHOMY
Bepcrari 3 UITK

Touka 3minu incmpymenmy N € KOOPIUHATHOIO TOUKOIO B pOOOUOMY
MPOCTOp1 BepcTara, B SKi BiOYBAa€ThCS 3MiHA OIHOTO IHCTPYMEHTY Ha
iHmi#. Y oinbirocti cuctem YIIK mosiokeHHs TOYKU 3aMiHM IHCTPYMEHTY €
3MIHHOIO BEJIMYMHOIO 1 TIPU3HAYAETHCS TMPH CTBOPEHHI Kepyrodoi
HpOrpaMHy.

6.3 YcraHoBKa HYJIbOBOI TOYKH 3ar0TOBKH Ha TOKapHoMy BepcraTi 3 UITK

HynwoBa Touka 3arotoBkn W npu poOOTi Ha TOKQpHOMY BEpPCTaTi 3
UIIK po3ramoByeTbcss Ha OCI LIMMHAETS Ha AEIKOMY BHUIAICHHI Bix
HYJbOBOI TOYKHM BepcTata M, TOOTO B CHCTEMi KOOPAWHAT TOKapHOIO
Bepcrara, K npasuino, Xw = 0 (puc. 6.6). Beawunna 3cyBy Touku W 110,10
Toukd M 10 oci Z € B 3Ha4Hil Mipi JOBUIBHOIO 1 3aJISKUTh 0arato B YoMy
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Bix KkBawmidikamii po3poOHMKa mporpamMu. bakano, mo0 HyJTbOBa TOYKA
3aroToBKH Oyia CyMilieHa 3 HyJhOBOIO TOYKOIO NeTalli Ha KpeciieHHi. B
BOMY BWIIQJIKy MOKHa Oe3locepeHbO BHUKOPHCTOBYBATH BKa3aHi Ha
KpecJIeHHI pO3MipHi JIaHILIOTH NP CKIIaAaHHI KepyIoUoi IpOorpamH.

Zow
-l -
- Lt

Pucynok 6.6- BecraHoBieHHSI HyJIbOBOT TOYKH 3arOTOBKM Ha TOKapHOMY BepCTarTi 3
YIIK

Hynp TokapHOro BepcraTa B CTaHIAPTHIM CHCTEMi KOOpAWHAT
PO3TAIIOBYETHCSI HA OCI 00CPTAHHS IIMUHICIS Ha HOTO 0a30BOMY TOPIII.

Bincranp Mixk Hynem Bepctata M i HyjeM 3arotroBku W Ha3MBa€eThCS
3CYBOM HYJIA BIIUTIKY i TO3Ha4aeThes K Zw (puc. 6.7). UucensHe 3HAYSHHS
3CyBY HYJS BIIJTIKY MOBHHHE OyTH OOOB'S3KOBO BpaxoBaHE B Kepyrodiid
mporpami.

[ToniepeHi yMOBH JUIsl YCTAaHOBKH HYJISI 3aT OTOBKH:

* TEOMETPUYHI PO3MIpU PiXKydol YaCTHHH HEOOXITHHUX Ui 00pOoOKH
PKy4YuX THCTPYMEHTIB 3aMipsiHi 1 BpaxoBaHi B KEpYIOUiil mporpami;

* o0paHi 1HCTPYMEHTH 3akKpilUIeHi B 3aTHCKHHUX [IPHUCTPOSIX
PEBOJIBBEPHOT T'OJIOBKHU 1 BUCTABIICH] B ITOTIEPEYHOMY HAIIPSIMI;

* BUJILOTH IHCTPYMEHTIB WIOJI0 PEBOJBBEPHOI TOJOBKH 3MIpsiHi i
BpaxoBaHi B KepYIOUiil mporpami;

* 3aTOTOBKA HAJEKHUM YMHOM 3aKpiIIeHa B IIITUHAEI.

IMocnigoBHICTh AiH MPH YCTAHOBIII HYJIBOBOI TOYKH 3arOTOBKH Ha
TokapHomy Bepcrarti 3 UIIK:
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1. IlepexoHaTHcs, IO TPH IOBOPOTI PEBOILBEPHOI TOJIOBKHU
BUKITIOUEHE 3ITKHEHHS IHCTPYMEHTIB 13 3aKpiIUIEHOI 3aroTOBKOIO 1
JeTaJsIMH BepcTara.

2. Bxorount 00epTaHHS WIMUHAETS, OOpaBIIM HAmpsM OOepTaHHS,
BIJIOBIIHO PO3TallyBaHHIO PIXYYNX IHCTPYMEHTIB MIOJ0 3aKpIiIUIEeHOI
3arOTOBKH.

3.3a [0omMOMOTOI0 BIAMOBIAHOI KOMaHAM 3 KEpPYHOUOro MyJbTa
MEPEMICTUTH OIWH 13 3aKpIIUICHMX B PEBOJBBEPHIM TOJOBIN Pi3IliB
(HampuKIam, mapi3HUil) B pobode MOI0KEHHS.

4. O0epexHO MmiABeCTH POOOUMI IHCTPYMEHT IO BINBHOI BiA
HIMWAHAES 30BHIIIHBOI TOPIEBOI MOBEPXHI 3arOTOBKK ab0 3a JOMOMOTOIO
py4YHOTO KepyBaHHs, ab0 3a MOIMOMOIOI0 BiIIOBIHWX KIJIABIII HA MyIBTI
Bepcrata. TOPKHYTHCS BEpPUIMHOIO PiKYYOoi YacTUHH 1HCTPYMEHTY
MOBEPXHI 3aroTOBKH, IO 00EPTAETHCS, O MOSBU TOMITHOTO Bi3yallbHO
CITiYy 1 3yMTUHUTH TIEPEMILIIeHAS IHCTPYMEHTY.

5. Busznauntn 3a cucremoro inaumkauii YIIK moroune 3HaueHHs
TIOJIOXKEHHS CYIOpTa BepcTaTa Imo oci Z.

6. BBectn maHe 3HaueHHS KOOPJAWMHATH SK 3CyB HYIS BIIIIKY B
cuctemy UIIK 1 HatucHyTH KnaBinly OOHYIIEHHS CHCTEMH BiJJIIKY
KoopauHat. SIKImo HeoOXiAHO BpaxyBaTH IMPHITYCK Ha OOpPOOKY TOpIEBOi
MIOBEPXHI 3ar0TOBKH, TO HOTO pEKOMEHIYEThCSI BpaxyBaTH Hamepen nepes
BBEJICHHSAM KOOPAMHATH MOTOYHOTO MOJOXKEHHS cynoprta B cuctemy UIIK,
BKa3aBIIIM BiJIOBIIHY KOPEKI[iIO B YNCEIIbHE 3HAYCHHS I[i€] KOOPIUHATH.

6.4 YcranoBka HyJ1bOBOI TOUKH 3aroToBKH Ha (ppezepHomy Bepcrarti 3 UITK

HynwoBa Touka 3aroroBku W npu po0oTi Ha ¢pe3epHOMY BepCTarti 3
UIIK Mosxe po3TaloByBaTucs B OyIb-SIKOMY MicCIli B MeXaX po0o4oi 30HU
Bepcrarta (puc. 6.7). baxkaHo, 1100, 5K 1 y pa3i TOKapHOi 00pOOKH, HYIHOBA
TOYKa 3aroToBKM Oyna cymillleHa 3 HyJBOBOIO TOYKOK JeTalli Ha
KpECJICHH.

Jns  crpoilieHHS pO3pOOKH Kepyrodol MporpaMd mOpu  BHOOPI
KOOpJMHAT PO3TAlIyBaHHSA HYJbOBOI TOYKHM 3aroTOBKH 1 opieHTallii il
KOODIMHATHOI CHCTEMHU PEKOMEHIYETbCS KEpyBaTHUCS  HACTYIMHHUMHU
HpaBHIAMU:

* HyJIb 3arOTOBKH MPHU3HAYATH Tak, 100 BCl abo sSK MOXHA OlibIla
YacTUHA OTMIOPHUX TOUOK MaJIM AOAATHI 3HAYEHHS! KOOPAMHAT;
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* KOOpAMHATHI OCi 3arOTOBKH CYMIIATH 3 OCSIMH CHUMETpil neTaii
ab0 3 BHHOCHUMH JiHISIMH, BIJHOCHO SKHX MPOCTABIIEHO HANOIIBIIY
KUTBKICTD PO3MIpIB;

* KOODJMHATHI IUIOUIMHMA 3arOTOBKM CYMIIIAaTH 3 TIOBEPXHIMHU
TEXHOJIOTIYHHX 0a3 abo mapanenpHo Oa3aM;

* HAPsIM OCel KOOPIWHAT 3arOTOBKH CYMIIIATH 3 HANPSIMOM OCel
KOOpJMHAT BepcTara.

Sk mpuknax po3rITHEMO BapiaHT MPU3HAYEHHS HYJIHOBOI TOYKH
3aroTOBKH, 3aKpiluieHoi Ha poOOYOMY CTONI BEPTHKAIBHO (Dpe3epHOTo
BEpCTaTa, SIKUH BiJOBi1a€ BKA3aHUM BHILE MTPABHIIAM.

Pucynok 6.7- BcTaHOBJIEHHST HYJIbOBOI TOYKHM 3arOTOBKH HAa BEPTHKAILHO
¢dpesepromy Beperari 3 UITK

Hyne BepTukanbHo ¢pe3epHoro Bepcrata 3 UIIK B cranmapTHii
CHUCTEMi KOOPAMHAT PO3TAILIOBYETHCS HAJ JIIBUM KyTOM poOOYOro CTONy B
NepeHIH MIONKHI BepcTaTa.

Bincranp Mix HyneMm Bepctata M i HyneMm 3arotoBkri W Ha3UBa€eThCsI
3CYBOM HYyJISl BIUTIKY, BU3HA4a€Tbcs SIK 3CYB IO KOXKHIH 3 TphOX ocei
KOOpJIMHAT 1 MO3HAYaeThesa SIK XW, YW 1 Zw. UuncenbHi 3HAYE€HHS 3CYBY
HYJIsI BIJUTIKY TIOBHHHI OyTH 00OB'SI3KOBO BPaxoBaHi B KEPYIOUiil porpami.



34

[onepenHi yMOBH U yCTAaHOBKH HYJIS 3aTOTOBKH:

* TEOMETPUYHI PO3MIpH PiXKYUOi YACTHMHU HEOOXiTHUX I 00pOOKH
PLKyYHX THCTPYMEHTIB 3aMipsiHi 1 BpaxoBaHi B KEpYIOUiil porpami;

* 00paHi IHCTPYMEHTH 3aKpilUieHi B MPHUCTPOI aBTOMAaTHYHOI 3MiHU
IHCTPYMEHTY;

* BWIBOTH 1HCTPYMEHTIB BIJHOCHO TMPHCTPOIO aBTOMATUYHOI 3MIHU
IHCTpYMEHTY BpaxoBaHi B Kepylodiii mporpami (SKImIO BepcTar He
YKOMILIEKTOBaHHUHA MTPUCTPOEM KOPEKIIii BUIIBOTY IHCTPYMEHTY);

* 3arOTOBKa BCTAHOBJICHA 1 HAMIWHO 3aKpiljieHa Ha PoOOYOMY CTOJI
B TIOJIOKEHHI, TIPH SKOMY ii OCi KOOpIWHAT mapajelli OcsM KOOpAUHAT
BepCTara;

* IEpUIMH TI0 TOPSAKY 3aCTOCYBaHHS IHCTPYMEHT BCTAHOBJICHHH i
3aKpiIUICHUH B IITTHH/E;

* 00epTaHHs IIIKUHACIS BKIFOUCHE.

[ocninoBHICTH Aifi TIpH YCTAHOBIII HYJIBOBOI TOYKH 3arOTOBKH Ha
¢dpesepromy Bepcrati 3 UIIK:

Y

W

B) B)

PucyHnok 6.8- YcraHoBka HysIb0BOi TOUKH 3aroToBKH 110 oci Z (A), o oci X (b) i mo
oci V (B)

e YcTaHOBKa HYJIbOBOI TOUKH 3arOTOBKH 10 oci Z (puc 6.8A):

1. ITepekoHatucsi, MmO HWXKHIA TOpelb POOOYOro IHCTPYMEHTY
PO3TalIOBaHUH BHIIE 32 BEPXHIO TOBEPXHIO 3arOTOBKH.

2.3a I0nOMOro0 PyYHOrO KepyBaHHS a00 BiAMOBIIHUX KIaBilll Ha
MyJbTI BepcTaTa MEPEMICTUTH 3aroTOBKY B IUIOHIMHI XY Mia pobouuit
IHCTpYMEHT.

3. ObepexHO miABeCTH POOOUUI IHCTPYMEHT 10 BEPXHBOI IUIOLIMHU
3aroTOBKH, TOPKHYTHUCS TTOBEPXHi 3arOTOBKM BEPLIMHOIO PKYUOi YaCTHHU
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IHCTpYMEHTY 10 TIOSBH TIOMITHOTO Bi3yaJbHO CIHigy 1 3yMUHUTH
MepeMileHHs] iIHCTPYMEHTY.

4, Busnauutu 3a cucremoro igaukamii YIIK moroune 3HaueHHS
MIOJIOKEHHS IITUHEIS BepcTaTa 1o oci Z.

5. BBectn maHe 3HAYeHHS KOOPIWHATH SK 3CYB HYNS BIIIKY B
cuctemy UIIK 1 HatmcHyTH KiaBimly OOHYJNEHHS CHCTEMH BiITIKY
KoopauHat. SIKmo HeoOXiAHO BpaxyBaTH MPUIYCK Ha 0OpoOKYy BEepXHBOI
IUIOIMHA 3aroTOBKH, TO HOro pPEKOMEHIYETbCS BpaxyBaTH Iepen
BBEACHHSIM KOOPIMHATU IIOTOYHOTO IIOJIOKEHHS INMNUHIENIS B CHUCTEMY
UIIK, BKazaBIIM BiJNOBIAHY KOPEKLII0O B YHCENbHOMY 3HAueHHI Ii€l
KOOpJIMHATH.

¢ YCTaHOBKa HYJTHOBOI TOYKH 3aroToBKH 110 oci X (puc 6.8b):

6. 32 TOTIOMOTOI0 PYYHOTO KepyBaHHSA a00 BiJMOBITHMX KIIaBill Ha
MyJIbTI BepcTaTa MEepPeMiCTHTH PoOOYMii 1HCTpYMEHT Bropy mo oci Z Ha
BUCOTY, 1[0 BUKJIFOUAE HOTO 3iTKHEHHS 13 3aTOTOBKOIO.

7. llepeMicTUTH 3arOTOBKY y3I0BX oci X y OIK BiJ’€MHUX 3Ha4€Hb
KOOpPAWHAT B TIOJOXKEHHA, TPH SIKOMY JiaMeTpajbHUA TabapuT piKydoi
YaCTHHU POOOYOT0 iHCTPYMEHTY 3 TapaHTOBAaHMM 3a30POM BUXOJAUTH 3a
rabapuT 3aroTOBKH y BKa3aHOMY HATIPSIMI.

8. [lepemicTuTi poOOYHIA IHCTPYMEHT IO OCi Z BHU3 JI0 TIOJIOKEHHS,
Npy SIKOMY piKy4ya YacTHHA 1HCTpyMEHTy OyJie po3TalioBaHa HIDKYE 3a
BEPXHIO IUIOMIKHY 3aTOTOBKH.

9. ObepexHo miaBecTH poOOUM iHCTpYMEHT mo oci X a0 OiuHOi
MOBEPXHI 3arOTOBKH, TOPKHYTHUCS MIOBEPXHI 3arOTOBKH BEPIIUHOIO PiXKy4Oi
YaCTUHH 1HCTPYMEHTY JIO TOSIBU TOMITHOTO Bi3yajbHO CHiTy 1 3yNMHHUTH
MIepPEeMIIlIeHHs] iIHCTPYMEHTY.

10. Busgauntu 3a cucremoro igaukarii UIIK nmoroune 3Ha4YeHHS
MIOJIOXKEHHS ILITTHH/IENs BepcTaTa 1mo oci X.

11. IlepepaxyBatu pgaHe 3HAYCHHS KOOPAWHATH 3 ypaxyBaHHSIM
paaiycy piXyd4oi YaCTHHH 1HCTPYMEHTY i BHECTH OTpPHMaHE 3HAueHHS B
cucremy UIIK sk 3cyB Hyns Bimniky. Hampuknan, skmo paaiyc ¢pesn
piBHHII 15 MM, To B cuctemy UIIK BHOCHTBCS 3HaUeHHS XW = - 15.

12. HatucuyTu kiaBinry oOHYJICHHSI CUCTEMH BiIJTIKy KOOPAMHAT Ha
MyJbTiI KEPYBaHHS BEpCTAata.

e YcTaHOBKa HYJILOBOT TOUKH 3arOTOBKH 110 oci Y (puc. 6.8B):

[Mopsiiok ycTaHOBKH HYJILOBOT TOYKH 3arOTOBKHU I10 OCi Y TOBHICTIO
IICHTUYHUH NOPSIIKY YCTaHOBKU MO oci X.
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IIpumiTka: sKmo 3 SIKUX-HEOyAb MPHYMH KOHTAKT PIKYYOTO
IHCTPYMEHTY 13 3aTOTOBKOIO TPH YCTAHOBIII HYJIbOBUX TOUYOK HEMOXKIINBUH,
TO HaJAIITYBaHHS MPOXOIUTH NP BUMKHEHOMY IITHHJEII 32 JONOMOTOIO
KIHIICBHX Mip JOBXHHHA 200 BUMIPIOBAILHUX 1HIUKATOPIB.

PosrnsitHeMO — TOCHIJIOBHICTH ~ BCTAHOBJIGHHS  HYJIHOBOI  TOYKHU
3arOTOBKH 3a JOMTOMOTOIO KiHIIEBUX Mip Ta B IIEHTPI OTBOPY.

ITocninoBHICT, BCTAHOBJICHHS HYJIHOBOI TOYKM JETali 1Mo oci Z 3a
JIOITOMOTOI0 KiHIIEBUX Mip MOBKUHHM (puc 6.9):

1. IligrotyBaté 1 TpuMath MOONMM3y KIHIEBY Mipy AOBXHHH 3
BU3HAYEHOIO0 TOBILWHOIO,

2. [ligBectn TOpeUb MIMUHAETS B KPOKOBOMY PEXHMi IO TMOBEPXHI
JIeTali 1o oci Z Ha BiJICTaHb OLIbIIEe TOBIIMHU KiHIIEBOI MipH TOBKHHH.

3. 3a IOMOMOTroI0 PYYHOTrO KEpYBaHHS 3 MyJIbTa BEPCTAaTa IiJBECTH
TOpElb MIMUHACH e OJiMXKdYe IO JeTalli, Tak 1100 I BiJCTaHb CTajia
MEHIIIe TOBIIMHY KiHIIEBOI MipH JOBXUHH.

4. TloxmacTu KiHIIEBY MipH JOBXWHHU HA TIOBEPXHIO AETaNl MOpyd 3i
HIMTAH/IEIEM.

5. TlocTynoBo mepeMilaTH INMUHIETb B OJATHOMY HANPSMKY MO
oci Z (Bropy), Oe3mepepBHO KOHTPOIIOBATH 3a30p MDK IIMAHAENIEM i
JETaJLTIO.

6. Sk TiBKM KiHIIGBAa Mipa JOBXHWHHU TMPOWUJE MK IIMUHACICM 1
JETAJUi0, 3yNUHUTH pyxX InuHgens. lnuHpgens  BCTaHOBJICHU
MPaBUIIBHO, SKIO MPH 3MIIICHHI KiHIEBOI MipH Bil4yBa€ThCsI HEBEIMKHI
orip.

7. Tak sk 6a30BOO MO3UIIIEIO IS IMUHJIENS € TOYKA MePETUHY HOro
TOpIA 1 Oci oOepTaHHs, TO HEOOXiHO BpaxyBaTH TOBUIMHY KiHIIEBOI MipH
JIOBYKHHU.

8. BBectu B perictp po0Oodoro 3mimeHHS 10 7 3HAYCHHS,
po3paxoBaHe B II. 7.

IocnioBHICT BCTAHOBJICHHS HYJILOBOI TOYKHU JIETaJli 1O OCSM X Ta
V 3a 101MOMOror0 KiHIIEBUX Mip A0BKUHH (puc. 6.10):

1. BcraBuTH B MMNUHAETh NWIHAPUYHUN KamiOp 3 BigoMUM
JIiameTpoM (AiaMeTp BiANOBigae AiaMeTpy 0OpaHOTrO iHCTPYMEHTA).

2. Y KpOKOBOMY peXXHMi MiIBECTH KaJiOp /10 MOBEPXHi JIeTali 1o oci
X Ha BifcTaHb OUIbLIE AlaMeTpy Kamiopy.

3. [Ipuxitactu 1o moBepxHi xerai mo oci X KiHIEBY Mipy TOBXHHU 3
BHU3HAYEHOIO TOBIIMHOIO.
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4. B py4HOMY peXHMi IepeMilaTH MITHHAETH 3 KaTiOpoM 10 AeTai
y310BXK oci X 0 TOpKaHHA 3 KiHIEBOIO Miporo aoBxuHH. Llmmanens
BCTAHOBJICHMI MPaBWIbHO, SKIIO MpH 3MILOICHHI KIHIEBOI Mipu
BiJTYYBAETHCS HEBEIUKUI OMIp.

KiHUEBa Mipa JOBXWHW

Aetans
Poboumii cTin

Pucynok 6.9- YcraHOBKa HyJIBOBOI TOYKH 3arOTOBKH MO OCi Z 3a JOMOMOTOIO
KIiHIIEBUX Mip JOBXUHH

5. BigzHaunTy MamIvMHHAY MO3UINI0 IITHHIETS, BPaXOBYIOUH pajiyc
HWITHIPUYHOTO KaiOpy 1 TOBIIMHY KiHIIEBOI MIpH, OOYMCIIMTH 3HAYCHHS
JUTSL BBEJIGHHS B PETICTP poO0YOTo 3MileHHs 110 oci X.

6. Bmectm B perictp pobGodoro 3mimeHHS 1O X 3HAYCHHS,
po3paxoBaHe B II. 5.

7. TlpoBectn aHajoriuHi Jii JUIs BCTAHOBJICHHS HYJIA IO OCi VY.
Bgectu B perictp po6o4oro 3mimeHHs 1Mo Y po3paxoBaHe 3HAYCHHS.

Hynb Bepcrara
A

[/
Kani6p Y maw.

KMA

Hyne getani Yaon.
i

L7

1
Xmaw. Xaop.

Pucynok 6.10- BcraHoBneHHs HymboBoi TOukM gaeTami mo ocsiM X Ta Y 3a
JTOTTIOMOT OO KiHIIEBUX Mip JOBKUHH



38

[MTocniIOBHICTh 3HAXOMKEHHSI HYJIHOBOI TOYKH 3arOTOBKH B IIEHTpI
otBopy (puc.6.11):

1. BcTaHOBUTH B MITIUHAEIH CTPLIOYHUH 1HANKATOP (LIEHTPOIIYKad).

2. Y KpOKOBOMY PEXHMi MiJBECTU IHAMKATOP SKOMOTa Onmx4e 10
IIEHTPY OTBOPY HaJl IETAJLIIO.

3. B pyuHOMYy pexuMi 00epekHO BCTABHUTH Il IHIAUKATOPa B OTBIP.

4. ITpuTyAWUTH LIyT 10 CTIHKU OTBOPH.

5. BukopuctoBytoun 00epTaibHUN PyX, IOCTYBAaTH MOJIOKEHHS OCEH
X 1Y mmuHAens 10 THX Iip, TOKH ITOKa3aHuH Ha iHAUKATOpi AucOamaHc He
OTIMHUTHCS B IOMTYCTUMHX MEXKax.

6. 3anucaTi MalmMHHAI KOOpAMHATH 1Mo X 1 Y B BIJNOBiAHI perictpu
poOOUNX 3CYBIB.

7.

Pucynoxk 6.11- 3HaxoKeHHS HYJIbOBOT TOYKH 3arOTOBKH B IIEHTPi OTBOPY

JlJis mosneTeHHs poIlecy CTBOPEHHS KEPYIoUuoi MporpaMH iCHYIOTh
3arajbHi PeKOMEH/AIli I BCTAHOBIICHHS HYJLOBOI TOYKHU 3arOTOBKH IPH
JIeSTKUX TUTIAX KPITUIEHHS 3aTOTOBKH, PO3TISTHEMO JIeKi 3 HUX:

SIKI0  3aroTroBKa BCTAHOBIIOETHCS B JIEIIAaTa, TO HEOOXIiZHO
BpaxOBYBaTH KijbKa MOMEHTIB. Y J€IIaT € pyxoMa 1 Hepyxoma I'yOKH.
[lpumycTMo, MO MW BCTAaHOBWIM HYJIBOBY TOYKY Ha IIOBEPXHi, IO
NpUMHUKaE a0 pyxomoi ryOkm semar (puc. 6.12A). Po3mipu 3aroroBok
MOXYTh TPOXH BIJIPI3HATHUCS, 1, BIAMOBIJHO, Omeparop BepcTara st
OTpUMaHHS NPaBUIIBHUX po3MipiB MOBUHEH KOXKEH pa3
«TIepernpuB’I3yBaTH», TOOTO 3aHOBO 3HAXOJUTH KOOPIMHATH HYJBOBOI
TOYKH. SIKIIO K HYJIbOBAa TOYKA BCTAHOBIICHA HA MOBEPXHI, IO MPUMHUKAE
JI0 HepyXoMoi TyOku jemat (puc. 6.12b ), To koopauHATH HYJIBOBOI TOYKH
HE 3MIHATHCS MPH OyAb-SIKUX BIAXWIECHHSIX PO3MIpiB 3arOTOBKH.
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Hepyxoma rybka

-~ A

[ ———————

//////{/ LT

il

A) B)

Pucynok 6.12- 3Haxo/KeHHS HYIbOBOT OYKH IIPH BCTAHOBJICHI 3arOTOBKH B JIeIaTa

VY OiIbIIOCTI BUMAJIKIB HYJhOBA TOYKA BCTAHOBIIOETHCS BiIIHOCHO
3a37aJieTi/ib MiTOTOBICHNX MOBEPXOHb. Lle m03Boisie TOYHO 1 HamidHO il
3aKpPINHATH 1 rapaHTyBAaTH MOCTIHHICTH KOOPIUHAT HYJTHOBOI TOUKH.

Yacto ans oOpoOku jgerani MOTPIOHO KiNbKa IepeycTaHOBJICHb.
Hanpuknaz, cnoyatky moTpioHO (pe3epyBaT ma3 3 0JHOro OOKyY AeTani, a
MOTiM, TICHS TEPEYCTAHOBJICHHA, - 3 iHMIOro OoKy. B mpomy Bumagky
HEOOXiZIHO TIepeKOHATHCS, 10 0a3yBaHHS 31MCHIOETHCS 1O OJHIM 1 Till ke
MOBEPXHi, 1HAKIIEe iCHYe WMOBIPHICTH NMOMMJIHTHUCH B PO3paxyHKax i He
3a0e3rmeunTe HeoOXiTHUX PO3MIPiB i TOYHOCTI.

TEMA 7. TPAEKTOPIA PYXIB IHCTPYMEHTIB

Bynp-siKy TpaekTopito nepemilieHHsl, sIKy IOBUHEH NMPONTH PLKyUYHi
IHCTpyMEeHT Tipu o0poOIli, MOXXKHa pO3KIACTH Ha  eJIeMEeHTapHi
nepeMillieHHs 3 BIIPI3KiB MpAMUX JiHIH 1 Qyr koja. Taki mepeMilieHHs B
UIIK Ha3uBaroThCs IHTEPIIOJALISMH (BiJ] JATHHCHKOTO CJIOBa interpolatio —
«OHOBIIGHHS», «3MiHa»). Beci cywacHi cumcremu UIIK ocHamyroThcs
CHeIialbHUM EeJEKTPOHHUM OJIOKOM — IHTEPIOJISITOPOM, 3aBISIKH SKOMY
BOHM MAIOTh 3/IATHICTh YIPABJIATH B3a€EMHUM TEPEMIIIEHHSIM 1HCTPYMEHTY
1 3aroTOBKM MO mNpsAMid JiHil abo MO KOy WUISIXOM aBTOMAaTHYHOIO
PO3paxyHKy MPOMIKHUX TOYOK TPAEKTOPIi TIepeMillleHHSI.

CyuacHi BupoOHM, IO BHUIOTOBJISIOThCS Ha Bepcratax 3 YIIK,
BIJPI3HAIOTECSL  PI3HOMAHITHOIO 1 CKJIQAHOI (OPMOIO, IO YacTo
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CKIIATAEThCs 3 TapaboYHUX, TBHHTOBHX a00 CIUTAWHOBHX ITOBEPXOHB
(crumaiiH — 11€ TIaAKa KpHBa, sSKa MPOXOANUTDH Yepe3 3aJaHuil Habip TOUOK B
NpSAMOKYTHiM cucteMi koopanHat). KoxkHy TaKy MOBEpPXHIO TaKOK MOXKHA
NPEACTABUTH Y BUTJISIII TOEAHAHHS eIEMEHTapHUX BiJPi3KiB NPSAMUX JiHIN
1 KpyroBux Ayr. AJle TpH IbOMY KiJIBKICTh €JIEMEHTApHHUX IEPEeMilleHb
CTa€ HEBUIPABIAHO BEIMKOIO, a Kepyiodya IporpaMa TpPOMI3AKOI0 i
ckiagHoI0 (00'eM Takoi Kepyrodoi mporpamu Moxe ckjiactu Oimbire 100
MerabaiiT i Oimpmn). /s TOro, 3MEHIIMTH 1 CIPOCTUTH Mporpamy IIo
00po61i moBepxoHb ckianHoi hopmu, cuctemu YIIK Ginpmrocti cygacHux
BEpCTaTiB  OCHALIYIOTBCS HE TiNBKH  JHHIMHAMH 1  KpPYrOBHMH
IHTEpPHOIATOpaMH, ajie i TBHHTOBUMH, NapaboJIiYHUMU, CIUIAfHOBUMH i T.I1.

Sxmo na Bepctari 3 UIIK HeoOXigHO BHKOHATH MPSAMOIiHINHE
nepeMillieHHs IHCTPYMEHTY (JIiHIHHY 1HTEpIOALII0) Y3/I0BXK ONHIET 3 ocelt
KOOpIMHAT BepcTara, TO Take mepemimenHs cucrema UYIIK Bukonye
BKITFOUSHHSIM TIPUBOTY 110/1a4 110 AaHii OCi, a MO 1HITNUX OCSIX MPUBIJ MOIaY
HE BKIIOYAETHCA. SIKMIO K HEOOXiTHO BHUKOHATH KPYTOBY IHTEPIIOJIALIO
a0o JNiHIHHY 1HTEPIOALII B HaMpsMi, HemapajieabHOMY sIKii-HeOy b oci
KOOpAWHAT, TO MexaHi3M poboTu cuctemu YIIK icTOTHO yckiagHIOETHCS.

B mpomy Bumamky cucrema UIIK peamizye mnepeMimeHHs
IHCTpYMEHTY 3a JIOMOMOrolo anpokcumarii. [lig anpokcumariieto B Teopii
UIIK po3ymieTbesi 3amiHa OfHi€T QYHKIIOHANBLHOI 3aJIe)KHOCTI Ha 1HIIY
npocTimy (yHKIIF0 3 TMEBHHM CTyNeHeM TOYHOCTi. B nmaHOMy BUTaaky
anpOKCHUMAIIisl 3BOJUTHCS JI0 TOTO, IO 3aMiCTh OJHOTO MPSIMOJIHIMHOTO
MEepPEeMIlIIeHHsI 200 MEPEMILIICHHS 10 JTy31 BiJl TOYaTKOBOI TOYKH JIO TOYKH i3
3aganuMu koopauHatamu cucrema UIIK 3amae iHCTpyMeHTY mepemilieHHs
Mo JlaMaHii JiHil, elTeMeHTapHi BiIPI3KH SKOI Tapanesi KOOpIAWHATHUM
0CSIM.

Ha puc.7.1A mnokazaHuii BUNAJOK TPSMOJIHIKHOTO HepeMillleHHS
pikydoro iHCTpyMeHTy (iiHiliHa iHTepmonsuisi), Ha puc.7.1b -
anpokcuMaliis gaHoro repeminieHHs cuctemoro YIK Bepcrara.

Ha puc.7.2A Tlokazanuii BHUMAJOK TEPEMINIEHHS PIXKY4OTO
IHCTpYMEHTY 1O Jy3i Koia (Kpyrosa iHTepnossuis), Ha puc 7.2b — Horo
anpOKCHMAIIisl.

Ha puc. 7.1 ta puc. 7.2 JiHIsIMH BiJ TOYKH a JO TOYKH b mOKa3aHi
TpaexTopii NepeMillleHHS 1HCTPYMEHTY, 3aJaHi KepyIuolo IpOrpamoro.
Bigpizkamu Bim X1 mo Xi i Bim Z1 mo Zi moka3zaHi 3aMiHU 3aJaHOTO
MEPEeMIllICHHs] Ha eJIeMEHTapHI MEPEeMIICHHS BIIMOBIAHO  Y3IOBXK
koopauHatHUX ocell X 1 Z. Sk BHOHO 13 300pa)keHb eJIEeMEHTapHI
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TIePEMIITICHHS HE 3aBKIH OJHAKOBI IO CBOiM BEJMYWHI B IPOIECI OAHOTO
3amanoro nepemimenHs. Cucrema UIIK cama Bu3Ha4ae BENUMINHY KOKHOTO
€JIEMEHTapHOT0 MEePEMILLICHHSI, BUXOSYH 3 TBOX YMOB!

X L2y

A%

AL

7%
7

N

AXy

\

7

%,

A) b)

Pucynoxk 7.2- Kpyrosa inTepmossiist (A) Ta anpokcuMaltisi Kpyrooro nepemimerss (Bb)

* BIIXWJICHHS ~ TPAE€KTOpii  €JIEMEHTAPHOTO TMEepEeMIIEHHS  BiX
TpaeKkTopil 3aJaHOTO TEpeMillleHHs He IIOBHHHE IePeBHILYBaTH
BCTAHOBJICHY IPOIPaMOI0 BEIMYHHY alpOKCHUMALil (3arajJbHONPUHHSATOIO
BBa)XKA€ThCA TIOXHOKa ampokcuMarii piHa 15-25% Bchoro moss JOMYCKY
Ha HETOYHICTh 0OPOOKH JJAHOTO PO3MIpY);

* eJICMEHTapHI IMEePeMillleHHs Y3IO0BX PI3HUX KOOPIUHATHUX OCEH
MOBHHHI OyTH TaKi y3ro/KeHi MiXK co00t0, 11100 BOHU OJJHOYACHO TIOYAIIHCS
B IOYAaTKOBIM TOYIl 1 NPHUIMHWIKMCA TaK CaMO OJHOYACHO, JOCSTIIH
KiHLEBOI TOUYKH 33JaHOT0 NEPEMILLICHHSI.
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TEMA 8. IPOI'PAMYBAHHSA OBPOBKH HA BEPCTATAX
3 YIIK

8.1 OcHoBM nporpamMyBaHHS

Jns BukoHanHs o0poOkm Ha Bepcrari 3 UIIK HeoOXimHo MaTu
Kepylouy IMporpamy CTBOPEHY 3a yMOBaMH 0OPOOKH.

Kepyroya mporpama 3a craHmapTOM BH3HAa4YCHA 5K «CYKYIIHICTb
KOMaH/J Ha MOBI MpOrpamMyBaHHS, BIANOBIIHA 3aJaHOMY aJTOPUTMY
(GyHKLIOHYBaHHSI BepcTaTa MO 0OpoOIl KOHKPETHOI 3arOoTOBKW». [HIIUMU
cloBaMH, Kepyroua mporpama s Bepcratra 3 UIIK e cykymHicTO
eIeMEeHTapHUX KOMaHJ, IO BH3HAYa€ TOCTIOBHICTH 1 Xapakrep
nepeMilleHb 1 Aiif BAKOHABYMX OPraHiB BepcTara mpu 00poOIili KOHKPETHOT
3aroToBKH. [Ipy 1[bOMY BHUIIIA[ 1 CKJIaJ €JIEMEHTAPHUX KOMAaH]| 3aJIeXKHUTh
Bix Tumy cucremu YIIK BepcraTa i MOBH mIporpaMyBaHHS, TPUAHSATOTO IS
JIaHO1 CUCTEMHU.

Y mipy po3Butky BepcratiB 3 UIIK Oyno po3pobieHo aekiibka MOB
NporpaMyBaHHsl JJisl CKJIafaHHs mporpaM. B nanuii dac HaiiGinblie
MOIMPEHHs HaOyna yHiBepcaibHa MXXHApOIHA MOBa MporpamyBanas 1SO-
7Bit, sy inozi me HazuBarote CNC-komom ado G- KoaoM.

Kon moBu mporpamysanns [SO-7Bit BigHOCHTBCS /10 OyKBEHO-
IUQPOBHUX KOIIB, B IKOMY KOMaHAM KEPYyIOUOi MPOrpaMH 3arUCYIOThCS Y
BUTJIAJI CTIEHiabHIUX CIIiB, KOKHE 3 SKUX € KOMOiHaIiero OyKBH 1 4ncia.

Opnnak BupoOHuMKH cucteM UIIY Xou 1 JOTpUMYIOTBCS IUX
CTaHMAPTIB ISl OMUCY OCHOBHHUX (DYHKIIiH, aje MOIyCKalTh BIIHHOCTI i
BIJICTYITy BiJ{ MpaBWJI, KOJX HOBa PO3pOOJIEHA CHCTEMa Ma€ CIHemiaabHi
MOYKJIUBOCTI.

Cucremn UIIK Fanuc (SAnonist) Oynu oJHMMH 3 TEpIIHX,
ajantoBaHuX Mg podoty 3 G- i M-komamu ISO i BUKOPHCTOBYIOTH Iiei
CTaHAapT HaWOinbm moBHO. B jaHuit uac crifiku Fanuc e ayxke
MOMYJISIPHUMH 1 HaWOUTBII MMOMIUPEHNMH K 32 KOPAOHOM, TaK 1 B Halmii
kpaini. Tomy ocHOBOIO A7 onicy nporpamyBaHHs B G- 1 M-kogax Oynemo
nai posrisiaati Ha npukinaai came CUIIK Fanuc.

Critikn UIIK inmmx Binomux BupoOHHKIB, Hanpukiaa Heidenhain i
Sinumerik (Siemens), TakoX MarTb MOXJIMBOCTI MO poboTi 3 G- i M-
KO/IaMH, OJHAaK JIesKi KOAW BCE X MOXYTh BiApizHsaTHCA. OnHaK 1ie He
03Hayae, 1110 MoTpioHO 3HatH Bci koau Bcix cucreM UIIK. Jlocuth 3HaTH
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Habip ocHoBHMX G- 1 M-KkomiB, a mpo pI3HUII® B MPOrpaMyBaHHI
crerudiganX (QYHKIIA MOXKHA MI3HATHCSA 3 MOKYMEHTAIl JO KOHKPETHOI
CHUCTEMH.

Hesixi BupoOHMKH cucteM UIIK npomoHyOTH [IialorOBYy MOBY
nporpamyBanHs. L[ MoBa crpolye BUKOPUCTAHHS CHCTEMH, OCOOIUBO
JUIS HOBHX OIIEpaTopiB, TaK SIK OCHOBOIO JUIs Hei CIy»aTh aHTJIOMOBHI
CKOpOYCHHs, MUTAaHHA 1 rpadivHi eIeMEeHTH, sIKi BBOISATHCSA OMEPaToOpOM
BEpCTaTa B IHTEPAKTUBHOMY PEKHMI.

8.2 CkJ1a10Bi e1eMeHTH KepyIo4oi nporpamMu

Cno6o € 0a30BUM €IEMEHTOM TEKCTy Kepyrouoi nporpamu. CioBo €
KOMOIHAIi€l0 MPONHMCHOI OYKBH JATHHCBKOTO anaBiTy 1 JIesSKOro
YHCIOBOTO 3Ha4YeHHS. UHCIoBe 3HAUCHHS K MOXKE OyTH: Ll JBO3HAYHE
ab0 TpW3HAYHE YHCIIO; JECATKOBUH IMpi0, mima i qpoOoBa YaCTHHU SKOTO
MOXYTh BLIIUIATHCA SIK KOMOIO, TaK i KPaIKoro (3aJeXHO BiJ cucTeMu) . B
JNEeSKUX BHNAAKax B CIOBI OKpiM OyKBM 1 4YHClla MOXYTh
BUKOPHCTOBYBATHCS 1 1HIIN TEKCTOBI CUMBOJIH; HAMPHUKIAJ, MK OyKBOIO 1
YHUCIIOM TIPU HEOOXiTHOCTI MOXE 3HAXOAWTHCS MATEeMATUYHHNA 3HAK «+»
ab0 «».

Bykgena ckianosa cioBa B Teopii UITK Ha3uBaeThcs adpecoro, Tomy
110 BOHA BU3HAYA€E «IIPU3HAYCHHS HACTYITHUX 32 HUM AAHUX, IO MICTSATHCA
B IIbOMY CIIOBi»

[Mpuknamy 3amucy ciis:

GO01 (G-ampeca; 01-uncio)

X136.728 (X-agpeca; 136.728-umncmo)

Z-4.87 (Z -anpeca; -4.87-umcio)

He o00og's13k0B0, 1100 4ucCio, 1m0 BigHOCHUTBHCS 10 G- KOy, Majo
NpoBiAHI Hym (Hyabs mepen uuciom), Hampukiaax GO01, G02, GO3 i T.m.
MoxHa 3anucati npocto G1, G2, G3. [Ipote Garato mporpamicTiB B CHITY
3BHYKH BIIJIAIOTH TIepeBary BapiaHTy 3 MPOBITHUMH HYJISIMH.

Cucremun UYIIK pi3HMX BHPOOHMKIB MAalOThb CBOi iHAMBITyalbHi
0cOOIMBOCTI BIJHOCHO OYKBEHHMX CHMBOJIB MpPU CKJIAQJAaHHI KepyrOuux
nporpaM. BoHu 6arato B 4oMy pO3pi3HSIOTHCS SIK IO Tepeliky OYKB, Tak i
N0 TPHU3HAYCHHIO KOMaHA. PosrisHemo HalimomumpeHimi 3HaueHHS
OykBeHUX cMMBOJIIB (Tab. 8.1).
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Tabnuns 8.1-3naveHnst OykBeHUX cuMBOIIB B cuctemax YITK

CumMBon [IpusnaueHHs 3acTtocyBaHHSA
Howmep xanpy ITopsinkoBuil HOMEp Kaapy.
G Iligrorosui ¢yHKHIT i Komanan Ha BUTIISA 1 yMOBH
TEXHOJIOTTYHI IIUKIN MepeMilleHHS BHKOHABYUX
OpraHiB
Komannmu, 1o BU3HAYaIOTh
M HomomixHi hyHKIIIT YMOBH POOOTH MeXaHi3MiB
BepcTaTa.
3aBaHHs KOOPAWHATH KiHIIEBOT
X Dymxuis TOYKH a00 BETUYNHU
YHKIL nepeMillleHHs] BHKOHABCHKOTO
MPSIMOJTIHIHOTO
) . oprany BepcraTa
nepeMimeHHs o oci X .
y310BXk oci X
Dymxuis 3aBiaHHs KOOPAWHATH KIHIICBOT
ya . TOYKH a00 BEJINUYUHA
MPSIMOJTIHIHOTO .
Y . . MIEPEMILICHHS! BUKOHABUOTO
nepeMilneHHs o oci Y )
opraHy BepcraTa y3J0Bx oci Y
3aBlaHHS KOOPIUHATH KiHIIEBOT
OyHKITIA TOYKH 200 BEJIMUUHU
4 MPSIMOJTIHIITHOTO nepeMillleHHss BHKOHABYOTO
MepeMIIIEHHSI 110 Oci Z opraHy Bepcrara
y370BX oci Z
Oynkuis 3aBaHHA KOOPAUHATH KiHIIEBOI
KpyroBoro TOYKH 200 BEJTHIUHH
A HEPEMIIICHHS HAaBKOJIO HepEeMIllleHHS] BAKOHABYOTO
oci X Oprany BepcTara HaBKoJIo oci X
_ 3aBaHHS KOOPAWHATH KiHIIEBOT
Oynkuis TOYKH 200 BETHYNHH
KpyroBoro HepeMIillleHHsS] BHKOHABYOTO
B nepeM1meH§;1/ HaBKOJIO opraiy BepcTara
oci

HaBKOJIO ocl Y
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OyHKIIIS
KpYT'OBOTO

MepEMIITIICHHS HAaBKOJIO

3aB1aHHS KOOPAWHATH KiHIIEBOT
TOYKH a00 BEITMYHUHHU
MEePEeMIllICHHS] BAKOHABYOTO
OpraHy BepcTaTa HaBKOJIO oci Z

ociZ
3aBaaHHA KiHIEBOI TOUKH, IO
BH3HAYAE TTEPEMIITICHHS
Oynkuis BHKOHABYOTO OpraHy Bepcrara
OPSMOJTiHIITHOTO napaneibHo oci X. CuMBoOI
TepeMimeHHs 3aCTOCOBYETHCS TLTBKH 32

napanenbHo oci X

HasIBHOCTI y BepcTaTa Jpyroro
HE3aJIKHO MePEMIIyBaHOTO
BUKOHABYOT'O OPTraHy

OyHKIIA
MPSIMOJTIHIITHOTO
nepeMilieHHs
napajieibHo oci Y

3aBHaHHs KIHIEBOI TOYKH, 110
BH3HAYAE TIEPEMIIIICHHS
BHKOHABYOT'O OpPraHy BepcraTa
napajnenbHo oci Y. CuMBoI
3aCTOCOBYETHCS TLIBKH 3a
HasIBHOCTI y BepcTaTa Jpyroro
HE3aJIeKHO MEPEMILIyBaHOTO
BUKOHABYOT'O OPraHy

DyHKIIIs
MPSIMOJTIHIHOTO
nepeMileHHs
napaeinbHo oci Z

3aBaaHHs KiHIEBOI TOYKH, IO
BU3HAYAE MEPEMIIIICHHSI
BUKOHABYOI'0 OpraHy BepcTara
napajeibHo oci Z.
CHMBOJI 3aCTOCOBYETHCS TUTBKH
3a HasIBHOCTI y BepcTara
JIPYroro
HE3aJIS)KHO MEePEMIIyBaHOTO
y370BXK 0Ci Z BUKOHABYOTO
oprany
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OyHKIIIS TPSAMOTIHIITHOTO
MEPEMIIIICHHS TapaieIbHO
oci X

3aBaaHHA KiHIEBOI TOUKH, IO
BH3HAYAE TTEPEMIITICHHS
BUKOHABYOT'O OpraHy BepcraTa
napainenbHo oci X.
CHMBOIT 3aCTOCOBY€ETHCS TITBKH
3a HasBHOCTI y BepcTaTa
TPETHOTrO
HE3aJIeKHO MEePEMilIyBaHOTO
Y3I0BXK 0Ci X BUKOHABYOTO
oprany

OyHKIIiS MPAMONiIHIHHOTO
nepeMillleHHs MapaieIbHO
oci Y

3aBaaHHs KIHIIEBOI TOUKH,
10 BU3HAYAE TIEPEMIIIICHHS
BHKOHABYOT'O OpPraHy BepcraTa
napajelibHo oci Y.
TinbKu 3a HAIBHOCTI y BepcTara
TPETHOrO
HE3aJIeKHO MEPEMILyBaHOTO
Y3I0BK 0Ci Y BUKOHABUOTO
oprany

ODyHKIIiS TPAMOTIHIITHOTO
nepeMillleHHs apaieTbHO
oci Z

3aBmaHHs KiHIIEBOI TOUKH,

110 BU3HAYAE TIEPEMIIIICHHS
BUKOHABYOTO OpraHy BepcraTa

napanenbHo oci Z.
3a HasBHOCTI y BepcTaTa
TPETHOTO

HE3aJIeKHO MePEMilllyBaHOTO

y3I0BXK 0Ci Z BUKOHABYOTO

oprany

®dyHKIIis To1ayi

3aBaa”Hs MBUIKOCTI
PE3YIBTYIOUOTO MPSMOIIIHITHOTO
MepeMIIeHHs] IHCTPYMEHTY
111010 3aTOTOBKH.

®DyHKIis mogayi

3aBmaHH IBUIKOCTI
PE3yIBTYHOUOTO MPSMOJIHIITHOTO
nepeMillieHHs IHCTPYMEHTY
1010 3aroToBKH. TUTbKY 32
HAasSBHOCTI y BepcTara Apyroi
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aBTOHOMHO1 I'OJIOBKH IIIMAHACIA

OyHKIIisT iHTepHOSLii
1o oci X

BepcraTa abo KPOKy pi3bOSIeHHS

3aBoaHHs 1HTEPIOIAIIIT
nepeMillieHHs] BHKOHABYOTO
oprany

y3I0BXK oci X.

QDyHKIIA IHTEPITOIIATIIT
mo oci Y

3aBAaHHS IHTEPITOIALIIT
MEePEeMIllICHHS] BAKOHABYOTO
oprany

BepcTara abo KpoKy pi3bOJIeHHS
y370BK 0Ci Y.

DyHKIIIA IHTEPITOIIALIIT
1o oci Z

3aBnaHHs IHTEPHOAIIT

HepeMilieHHs BAKOHABCHKOTO

oprafy BepcraTa abo KpOKy
Ppi3b0JICHHS Y3/I0BXK OCi Z.

OyHKIIISI 3MIHHA
IHCTpYMEHTY

3aBmaHHd KOMaHId Ha
ABTOMAaTHYHY yCTaHOBKY B
po0oYy MO3UILII0 3MIHHOTO
THCTPYMEHTY ITiJ] IEBHUM
HOMEPOM.
3aCTOCOBYETHCS TUIBKH 32
HasIBHOCTI y BepcTara

MPUCTPOIO aBTOMATUYHOT 3MiHU
IHCTpYMEHTY.

®DyHKIIiS 3MIHT
THCTpYMEHTY

3aBmaHHd KOMaHIM Ha
aBTOMATHYHY YCTaHOBKY B
po0ody MO3UILiT0 3MiHHOTO
IHCTPYMEHTY IiJ] IEBHUM
HOMEpOM. 3aCTOCOBY€ETHCS
TIJIBKH 32 HAsIBHOCTI y BepcTara
JpYyroro NpucTpoIo
aBTOMATHYHOT 3MIiHH

THCTPYMEHTY.
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3aBaaHHs MBUAKOCTI 0OCpTaHHS

DyHKIIIS TOJTOBHOT X
S YHKII1SI TOJIOBHOT'O PyXY BaJTy HIITTHH/ICIS.

bykBH, BHKOPHCTOBYBaHI $IK CHMBOJIM KEpYIOUMX Iporpamax,
BUOpaHi HE BUMAIKOBUM YMHOM. BUTBIIICTE 3 HUX € TOYaTKOBUMH OyKBaMU
BIMOBIAHMX TEPMiHIB Ha aHTJiHCHbKIM MoBi. Hampuknaa, sk cumBoin
BEJIMYMHU KOHTYpPHOI IIBHUAKOCTI momadi BuOpaHa OykBa «F» — mepma
OykBa aHrmiiicekoro cnoBa feed («momawa»), SK CHUMBOJ IIBHIKOCTI
oOepraHHsa mWmuHAETS - OykBa «S» - mepma OyKBa aHTJIHCBKOTO CloBa
speed («IIBHOKICTB»), SIK CHMBOJ HOMepa iHCTpyMeHTy — OykBa «T» -
niepia OyKBa aHTITIHCHKOTO CII0Ba tool («(iHCTpYMEHTY).

Sk ymcnoBa ckiagoBa ciiB 3 OykBeHMMHU cuMBodamMu G i M Moxe
BUKOPHCTOBYBAaTUCS TUIBKHM IIiJie JBO3HAaYyHE ab0 TpWU3HAYHE YHCIIO.
HecsatkoBwmii api6 B cnoBax 3 cuMBoiamu G i M BHKOPHUCTOBYBAaTHCS He
MOJKe, Ha BiIMiHY BiJl CIIiB 3 iHIIMMH OYKBEHHUMHU CHMBOJIAMH.

Slkmo 4ucioBa CKJIaJoBa CJIOBa € JECSITKOBHM JIpoOOM, B KiHII
JIPOOOBOT YACTUHU SKOT MICTSTHCS HYII, TSI CIIPOIIEHHS 3aITUCH 1 YATaHHS
mporpaM He3Hadymli HyJii Apo6oBoi wactuHU B Oinbmiocti cuctem YIIK
BIIKU/IAIOThCS. [HIMMMHK cioBamMH, B Kepyrooudiii mporpami He NPHHHATO
3anmcyBaTH, Hanpukian, aucna 4,100 a6o 3,120, a npuiiaaTo mucatu 4,1
abo 3,12.

[MpuBeneHi B Tabnumi  OyKBEeHI CUMBOJIM € HEe OOOB'I3KOBUMH, a
TIIBKM PEKOMEHIOBAHUMHU JIJIsl MOB IIpOorpaMyBaHHs. Skiio cuMBonu A, B,
C, D, E, P, Q R, U Vi W He BUKOPHUCTOBYIOThCS I KepyBaHHS
BEPCTaTOM 3a MPSIMUM TPU3HAYEHHSM, TO BOHH MOXYTh 3aCTOCOBYBATHCS
JUIsl TIpOrpaMyBaHHS cCHelliaibHuX (YHKI[IH, BIACTMBUX JaHId cHucTeMi
YIIK.

Kaop € nHactynHMM B iepapxii micins cioBa €JNEMEHT TEKCTY
nporpamu. KokeH Kajap CKIQJaeThCsi 3 OMHOro abo JCKIJIBKOX CIIiB,
PO3TAIIOBAaHUX B TIEBHOMY TOPSJKY, SKi cripuiiMatoThesi cucremoro YITK
AK €JUHE LiJ]€ 1 MICTATH K MiHIMYM OoJHY KoMaHay. OCOOIMBOIO 03HAKOIO
KaJIpiB SIK CYKYITHOCTI CJIB € Te, 0 B HUX MICTUTHCS BCS T€OMETPHYHA,
TEXHOJIOTIYHA 1 JONOMDKHA iH(opMallis, HeOOXiJAHAa s BHKOHAHHS
pobounx abo MiArOTOBYMX Jili BUKOHABYMX OpraHiB BepcTara. Poboua mist
B JIAHOMY BMITaJIKy O3Ha4ae 0OpOOKY 3arOTOBKH 3a PaxXyHOK MEPEeMIIEHHS
IHCTpYMEHTY TIO OJHIH eJleMeHTapHid TpaekTopii (mpsMoiHiiiHe
MEPEeMIllleHHs], TIePEeMIlIeHHsT Mo Ty3i 1 T.1.), a MiArOTOBYa Mdis — Jis
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BHKOHABYHMX OpTaHiB BepcTara IUIsi BUKOHaHHS a00 3aBepIICHHS poO0Yoi
mii.

[Mpuknan 3anucy kaapy: N125 G01 Z-2.7 F30.

Januii kagp CKIagaeThCcsi 3 YOTHPHOX CIIiB: MOPSAKOBOTO HOMEpa
kanmpy «N125» i tppox cmiB «GO1», «Z-2.7» 1 «F30», axumu 3amaeTnest
MpSIMONIHIHE TEpEeMIIIeHHs IHCTPYMEHTy MO0 oci Z 10 TOYKH 3
KOOPAWHATO Z=—2,7 MM i3 IBUAKICTIO moaayi 30 MM/XB.

Texcm kepyrwuoi npozpamu nns Bepctara 3 UIIK € He mo iHme, sk
chopMoBaHa 3a MMEBHUMH NpPaBUJIAMH CYKYITHICTh KafpiB. Y 3araabHOMY
Bunanky cucrema YIIK BepcraTta BUKOHYye KOMaHAM MPOTPaMH CYBOPO Y
MOPSIKY TPOXO/KEHHS KaJApiB, NpU [bOMY IEpeXil J0 KOXHOTO
YeproBOTO KaApy 3HIHCHIOETHCS TIMBKM MCHS 3aKiHYCHHS BUKOHAHHS
MOTIEPEHBOTO Kapy.

{06 okpemi KaJIpu MOXHaA OyJO 3B'SI3aTH B €MHY CUCTEMY, OKpPIM
OYKBEeHHX CHMBOIIIB, NMPHUBEICHWX B TabN. , MPH CTBOPEHHI KEPyHUHUX
nporpam s cucteM UIIK 3actocoByroTh i Oararto iHIINX CHUMBOMIB. Y
Taby. 8.2 mpuBencHI JesKi JAOAATKOBI CHUMBOJIHM, SKI PEKOMEHOBaHI JI0
3aCTOCYBaHHSI.

Ta6muus 8.2-JlogatkoBi cuMBoad B cucTtemax UIIK

CumBou | 3HaYeHHS 3acTocyBaHHS
o ITowarok
% CHMBOJI TO3HAYEHHS NOYATKY IPOTPaMH.
porpaMu

CurMBOJI TO3HAYCHHS KiHI KaJpy 1 Iepexony Ha

Kinerp HACTYIHUH PSIOK TEKCTY IPOrpaMu.

Kazpy VY cydacHux cueTemax qm; BUKOPHUCTOBYEThHCS
BiJTHOCHO PiJIKO.

CurMBOJI MTO3HAYCHHA KaApy, B AKOMY IOBUHHA
OyTH 3ammcaHa Bcs iHpopMallisi, HeoOXigHa
criepry abo BiTHOBJICHHS OOPOOKH.

VY rosioBHOMY Ka/Ipi JaHWH CUMBOJI 3aIIUCYEThCS
3amMicTh cuMBoiIy «N» B cioBi «Homep kaapy».

T'onosuuii
KaJp




50

CuMBoII 03HAYaE, MO iHQOPMAITis, IO MICTUTHCS
MICJISI HBOTO JI0 KiHIIS KaJIpy B IKOMY BiH

/ [pomyck posTamioBaHuii, abo BiAMPaIFOETHCS, 200
Kanpy NPOITYCKATUMETHCS 3aJI€)KHO BiJl HAJIALITYBaHb
CHCTEMH.

CroBa, JOBIIBHO PO3TAllIOBaHI B TEKCTI MPOTPaMH, CIPHHMAIOTHCS
cucremoro UIIK Bcworo smie sik geskuid Habip ciliB i He OyQyTh NPUHHATI
mo BukoHaHHs. [1lo0 mami cnoBa Oymm KOMaHIOI, 3PO3YMIIOK0 ISt
cuctemu UIIK, BoHr moBMHHI OyTH 3ammcaHi B KaJipi IpOrpaMu B IEBHOMY
BUTJIAI 1 TOPSIKY BiAMOBITHO MPUHHATOTO AJisi KOHKpeTHOT cuctemu YITK
¢dbopmarti kaapy.

MixHapomHUH CTaHIAPT MiCTUTh HACTYITHI 3arajibHi peKOMEHIAIlIT,
IO BiIHOCATHCS 10 POpPMaTy KaJpy MPH PYYHOMY MPOrpaMyBaHHi:

* CJIOBA KaJpy MOBHMHHI BIIIUIATHCSA OJWH BiJi OJTHOTO 1HTEpPBAJIAMHU
(npomyckamu). (HeoOXximgHO  Big3HA4uWTH, MO0 JaHa BHMOra He
JOTPUMYEThCS B Oaratrox cyyacHux cucremax YIIK);

* KOKEH KaJp TOYMHAETHCS CIIOBOM, IO TO3HAYa€E HOMEP Kajpy.
Jane cioBo — «HOMEp Kaapy» — MICTUTh OykBeHHWH cuMBox N i 9wmcIio,
BiJIMIOBi/THE TIOPSIKOBOMY HOMEPY Kajpy;

* KOKEH KaJIp 3aKiHYYEThCS CIIOBOM, IO TO3HAa4Ya€e KiHEIb Kajpy.
PexoMeHzoBaHWIT BapiaHT HANWCaHHS J@HOTO CJOBa I OUIBIIOCTI
immoptHUX cucteM UIIK — LF;

* KOMaHJIHI 1 PO3MIipHI CJIOBA, a TAKOXK CJIOBA, 110 33J[aI0Th BEIIMYMHU
TEXHOJIOTIYHUX TapaMeTpiB 0OpOOKH AeTaleid, pO3TAlIOBYIOTECS B TEKCTI
KaJ[py MDK CIIOBAaMH «HOMEp KaApy» 1 «KiHemb KaJapy» B TOPSIKY,
BU3HaueHUM BHUpOOHHMKOM cuctemu UIIK. V omuux cucremax UIIK
MOPSIJIOK CITiB MOKe OyTH CTpOore BU3HAUCHHUM, B iIHIIUX — JOBUTHHUM.

Jnst  3py4HOCTI pPOOOTH MIDKHAPOMHWUH CTaHAApPT PEKOMEHIYE
HACTYITHHUH MTOPSAIOK pO3TAITyBaHHS CIIiB B KaJIpi:

N..G.,X., Y., Z.,U., V., W.,P...Q..,R..,A...,B..,
C...,L,J., K., E. F., S..,LF.

Slkio 3amaeThest MIBUAKICTH MOAAYi IO OJIHIN MEBHIN 0Ci KOOPAHMHAT,
TO CIIOBO, IIO TMO3HAYa€ MIBHIKICTh TOjadyi, TTOBUHHE PO3TAlIOBYBATHCH
0JIpa3y 3a cJIOBOM, III0 BKa3ye MepeMilIeHHs 1Mo JaHii oci. SIKIo 3aaeTbes
MIBUJIKICTP 110/1a4i OJJHOYACHO 10 ABOX 1 OUTBII OCSIM KOOPJIMHAT, TO CIIOBO,
110 MO03HAaYa€ MIBUIKICTH 0/a4i, MTOBHHHE CIIIAYBaTH OJpa3y 3a CIOBOM 3a
OCTaHHIM CIIOBOM, BKa3ye MepeMillleHHsI 32 JaHUMH OCSIMHU.
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Sk mpuKItag mpoBeieMo aHali3 CTPYKTYPH HACTYITHOTO Kaapy
N75 G01 Z-10.75 F0.3 S1800 T03 M08 LF

8.3 CTpykTypa Kepyo4oi mporpaMu

BinnoBigHO 0 MIKHapOIHUX CTaHAAPTIB CTPYKTypa MporpaMu B
3araJlbHOMY BUIAJKy HMIAKOPS€ETHCS HACTYIIHUM IIPABUIIAM:

*Y TEeKCTI TporpaMH TIOBHHHA MICTHTHCS TC€OMETPHUYHA,
TEXHOJIOTIUHa 1 JomoMikHa iHdopMalis, ska HeoOXigHa AJs MPOBEICHHS
3amanoi OOpoOKH. Y KOXXKHOMY KaJpi MporpaMu 3amluCYeETbCS TLTBKH Ta
iHdopMarlris, SKa 3MIHIOETHCSA IO BIIHOIICHHIO 0 TONEPEAHBOTO Kamapy.
IIpu upomy BukoHaHHA cucTtemoro UIIK nHe3minHOi iH(oOpMmarii, mo
3aUINMIacs, MPUIUHIETHCA TUIBKH TICHS HAaIXOJPKCHHS KOMaHIM Ha il
BimMiHy (BHAO i€l KOMaHAM 1 Cmocid BIAMIHM  BH3HAYAETHCA
ocobnuBocTsaMu KoHKpeTHOI cuctemu UITK).

* KoxHa mporpaMa MOYHMHAETHCS CUMBOJIOM «IIOYATOK MPOTPAMI,
IO J1a€ CHUCTEMi KEpyBaHHS CHTHAJ MPO MOYAaTOK BUKOHAHHS IPOTPaMH.
Bun cuMmBOy «1oYaTOK Iporpammy 3aJeKUTh BiJ 0COOIMBOCTEI CHCTEMH
UIIK. Haituactime y cucremax UIIK BukopucroByeThesi cumBon %. [Ipu
OOMY KaZp 3 CHMBOJIOM «IIOYaTOK IIPOrpaMU» HE HYMEPYETHCS.
Hywmepartist kaapiB mounHa€eTHCS 3 HACTYITHOTO Kajpy.

* Slkmo mporpami HEOOXiJHO TPHUBIACHUTH IMO3HAYCHHS, TO HOTO
PO3TAIIOBYIOTH B Ka/Ipi 3 CHMBOJIOM «IIOYAaTOK MPOTrpamMmy» 0e3mocepeHbo
33 CUMBOJIOM.

* Slkmo TekcT mporpaMu HeoOXiTHO CYNPOBOKYBATH KOMEHTAapeM,
HANpPHUKIaJ BiJOMOCTSMH NP0 OCOOJMBOCTI HANQJKH BepcTaTra, TO HOTO
PO3MILIYIOTh NIEPE] CUMBOJIOM «II0YATOK MIPOTPaAMI.

* [Iporpama noBuHHA 3aKiHUYBaTHCS CUMBOJIOM «KiHELb IPOTrpaMmu»,
IO J]a€ CUCTEMi KEpPYBaHHSI CUTHAN Ha MIPUITUHEHHS! BAKOHAHHSI MPOTPaMH,
3YMUHKY IIMHUHAENS, TPUBOJIB TMOAa4Y 1 BUKIIOYEHHS OXOJIOJKYBaHHS.
Iadopmariss, mporpamu miciis HFOTO CUMBOJIY HE CIIPUMMAETHCSI CUCTEMOIO
YIIK.

* [Hhopmartis, po3TamoBaHa B TEKCTI MPOrpaMH MiX CHMBOJaMU
«TI0YATOK MPOTrpamMm» 1 «KiHELb MPOrpaMmy 1 3amMcaHa B KPyIJi Ay>KKH HE
npuiimaetbest cucremoro YIIK no Bukonanus. Ilpm npomy B TekcTi
ycepeluHi JY)KOK HE TIOBHHHI 3aCTOCOBYBATHCS CHMBOJH «IIOYaTOK
IPOrpaMm» i «rOJIOBHUH Kajapy.
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* He momyckaeTncst HaSBHICTH B OTHOMY KaJIpi CIIiB 3 OJTHAKOBHMH
OykBeHMMH CHMBOJamMH. B Toil ke wac Oymp-fike CIIOBO MOXe OyTH
MpOMyILEHe, SKII0 BOHO HE € 000B'SI3KOBUM B JaHOMY KaJpi.

Ilpukman TorOo, $K BUIMSAAE TEKCT TMPOTPaMH 3a Ka3aHOIO
CTPYKTYpOIO:

KORPUS-3506-12 Komenrap 3 Bka3iBKOIO Ha3BH
nerani

KoMmannma Ha mo4aToOK BUKOHAHHSI
% TP0147 MPOTrpaMu 3 BKa3iBKOIO Ha3BU
mporpamu

[MocnigoBHicTE 00pOOTII MeTai
N10 G54 X80 Y100 ... KaJIpiB, IO MiCTATH iHPOpMAIIiFO
1o 00poOIIi aerai

Iadopmaris st mporpamicTa, He
(Podrezka torca) crnpuitmana cuctemoro UITK

BigHOBIEHHS MOCIILOBHOCTI Kaj
piB, IO MICTATH iH(OpMAIIitO TIO
N75 G01 Z-10 F0.3 S1800 T03 06poorri geraii

MOS...

Komanna Ha 3aKiHUYeHHS
BHUKOHAHHS MPOTPaMU

N435 M30

8.4 MoaaJibHi Ta HEMOJAJbHI KON

Bci G-koau MokHa YMOBHO PO3IUIMTH Ha JIBa KJIacH B 3aJIEXKHOCTI
BiJl iX 3maTHOCTI 30epiratucs B mam'sti CUIIK.

Hemooanvni KoO0u NitOTH TINBKH B TOMY Kajpi, B SKOMY BOHH
3HAXOJISATHCS.

Mooanpni KoOu, MOXYTh JIiITH OO0 THX MIp MOKH iX HE CKaCylOTb
IHIIIAM KOIOM.
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Buninsgiore Kilbka TPy KOMIB 3aJIe)KHO Bix (YHKIiI, SKY BOHH
BUKOHYIOTH (Tabum. 8.3). J/[Ba MOAanbHHUX KOJY 3 OJHIE] TPyNH HE MOXKYTh
OyTH aKkTUBHUMH B oOIuH 1 Toi e uac. Hanpukmaa, GO02 i GO3
3HAXOAATBCSI B TPYIi KOMAIB OChOBUX TIepeMilleHb, 1 HE MOXHa
3acTOCOBYBaTH OOWIBa i KOoaW Bifpaszy. OOmH 3 IUX KOXIB 00OB'SI3KOBO
ckacye fito iamoro. OJHaK BU MOXKETE OJTHOYACHO BUKOPHCTOBYBATH KOJH
3 pi3HUX (YHKUIOHATbHUX rpyn. Hampuknaa, B omHOMY Kaapi MOXKHA
Harucatu GO2 1 G90.

Tabmura 8.3-I'pynu KoIiB 3aJICKHO Bif iX QyHKIIIT

DyHKUIOHAJBLHI TPyNH Koau
Iepemimenus G00, G01, G02, GO3
Tun xoopaIuHATHOT CHICTEMHU G90, G91
OpauHHMII BBOAY TaHUX G20, G21
G80, G381, G82, G83, G8&4,

ITocTiiiHi LUKIN
H GS5...

Po6oua cucrema koopauHaT G54, G55, G56, G57, G58...

KomreHcarist 1OBXKHHA

_ GA43, G44, G49
IHCTpyMeHTa
KopeKLuﬂ Ha paglyc G40, G41, G42
IHCTpYMEHTA
IloBepHEeHHS B MMOCTIHHUX G98, G99
LUKIaxX
AKTHBHA IUIOIIMHA 00POOKH G17, G18, G19

OcCoO0/IMBICTIO MOZAJIBHUX KOMIB € Te, L0 HE IMOTPIOHO BBOIUTH
aKTHBHUH KoA B HacTynHi kKaapu. Hanpuknan, kog GO1 BUKOpHCTOBYETHCA
JUIA TIepeMillleHHs] 1HCTPYMEHTY Mo mpsaMii miHil. fxmo HeoOximHO
3poOuTH 0e3miy MpSAMUX IMEpPEeMIlleHb, TO HE OOOB'SI3KOBO B KOKHOMY
HactynHoMy kazapi nwmcaru GOl. Jlns ckacyBanHs koay GOl ciin
3aCTOCYBAaTH OJUH 3 KOJIB Ti€l %k camoi ¢pyHKuioHansHoi rpynu (GO0, G02
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abo GO3). bimpmricts 3 G-komiB € MomadbHUMH. IIporpamicT TOBHHEH
3HATH, JI0 SIKOi TPYTH 1 JI0 SIKOTO KJIACy HaJeKUTh TOM YU 1HIIUH KOJI.

Xoya M-koau 3a3BHYail He AIIATH HA MOJAJIbHI 1 HEMOZAIbHI, OTHAK
el TepMiH BCE X MOXKHA 3acCTOCYBaTW i A0 HUX. Hampuknan, MoxHa
BUIIMHATH Tpynmy M-KOAiB, IO BIAMOBINAIOTh 3a MOJAYy OXOJIOKYIOUOl
pimuan (M07, M08, M09) abo 3a obepranus mmuaaens (M03, M04, M0S5).
[Ipote OGinbmricTh M-KOAIB MOTPIOHO PO3IJISLAATH K HeMoAanmbHi. Jleski
cuctemu YIIY pomyckaroTh mporpaMmyBaHHS TUIBKH OJHOTO M-Komy B
Kapi.

8.5 Ba3osi G-koau Ta M-koaun

CyuacHi cucrtemu YIIK MOXyTh BHKOHYBaTH OiJIbIIE€ COTHI Pi3HHX
KOMaHJI, IPOT€ B CBOii MOBCSKACHHIH pOOOTI MPOrpaMiCT BUKOPHUCTOBYE
muire OOMeXeHWH, MOCUTh By3bKuH Habip G- 1 M-koxiB. OcHOBHE
3aBJJaHHS KepYI4oi MporpaMu MOJsIrac B IEpPEeMillleHHI iHCTpYMEHTY 3a
3alaHuMHu KoopauHataMmu. [lms peamizamii Takux TepeMilieHb MOTPiIOHO
CKOpHUCTATHCA JIMIIE KiJIbKOMa KOJaMHM, SIKi MO)KHA Ha3BaTH Oa30BHMHU.
Jami meranpHO o3Hariomumocs 3 6azoBumu G-kKomgamu Ta M-komamu, sKi
BUKOHYIOTH MIpakTU4HO Bci BepctatH 3 YITK.

8.5.1 bazosBi G-koxn

o [Ipuckopene nepemimienss - GO0

Kon GO0 BHKOPHCTOBYETBCS Ui MPHUCKOPEHOTO IEPEeMillIeHHS.
IlpuckopeHe mnepeMilieHHs, a00 TO3MIIIOHYBAaHHS, HEOOXIAHO IS
MIBUJIKOTO TIEPEMIIIEHHS IHCTPYMEHTY 10 TO3HIIii 00poOKku abo Oe3nednoi
no3utii. [IpuckopeHe mepeMileHHS HIKOIM HE BUKOPHCTOBYETHCS IS
BUKOHaHHS 00pPOOKH, TaK sIK IIBUJIKICTh PyXY IHCTPYMEHTY 3aHaJITO BUCOKA
1 HemoctiitHa. 3actocyBaHHsS koxy GO0 1o3BOINsi€ iCTOTHO 3HU3WUTH
3arajnbHHAN 9ac 00poOKH.

Jns ekoHOMIT 4acy Ha BHKOHAHHS XOJIOCTHX XOJIB B Mporpami
00poO1i MM IOBUHHI BKa3aTH KOOPAWHATH TOYKH Ha NMOBEPXHi 3arOTOBKH,
B 5Ky IHCTPYMEHT IIOBHHEH II€PEMICTUTHCS MAaKCHUMAJIBHO MIBHIKO.
besnocepenHe  BpizaHHS ~ IHCTppyMEHTa B MaTepial  3aroTOBKH
3MIMCHIOETHCS 31 MIBUAKICTIO po0O0dYO0l mMojadi i 3a JIOMOMOTOH IHIIIOTO
KOJy.
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i BUKOHaHHA NPUCKOPEHOTO IEPEMILEHHS IOCUTh BKa3aTH B
kaapi koxm GO0 1 koopmuHaTH HEOOXimHOI TO3MINI. YMOBHO Kamup
MPUCKOPEHOTO nepeMilneHHst Burisaae Tak: GO0 Xn.n Yn.n Zn.n

3aBk/IM HEOOXIHO 3aIMIIATA HEBEIIMKY BiJICTaHb MK TOBEPXHEIO
3arOTOBKM Ta TOYKOI, B sKy OylIe TmepeMilleHuil IHCTpyMEeHT 3a
nmoromororo koxy GO00. fkmo s Biactans Oyae OMM3BKOIO 0 HYISA, TO
BUHHKA€ HeOe3MeKa 3ITKHEHHs IHCTPYMEHTY 3 3arOTOBKOIO TakK SIK PO3MipH
3aroToBKH ab0 IHCTPYMEHTY MOXXYTh BHSIBUTHCS TPOXHU OIIBIIAMH, HIXK
O4iKyBaJOCh. 3a3BMUail Oe3MeuHy BiJCTaHb 3HAXOAWTHCA B Mexax Bix 0.5
0 5 MM.

[Tpu mpuckopeHOMyY MiABOAI iIHCTpYMEHTa A0 ACTali 3a TPhOMa OCSAX
CMOYATKy Kpallle BUKOHATH MO3UIIIOHYBaHHS 1m0 ocsax X 1 Y, a BXKe IMOTiM
no Z. [lpu BinBeaeHHI IHCTPYMEHTY - 3BOPOTHHUI MOPSIIOK MepeMillieHb. Y
Oyab-IKOMy  BHUIIaJKy, PEKOMEHIYETbCS  PO3IUISITH  NPUCKOPEHE
TIepeMillIeHHs] Ha [TBA KaJpy - Ha MO3UIIOHyBaHHS 10 X, Y B OTHOMY KaJIpi
i mo oci Z B inmomy. CripaBa B TOMY, IO TPHU MO3UI[IOHYBaHHI 3 KOJIOM
GO0 TphomMa OCSIMH OAHOYACHO TPAEKTOPisS PyXy IHCTPYMEHTa MOXE HE
Oyt npsimoto miHiero. CUIIK Bimmae koMaHIy MPUBOJIAaM Ha MEePEMIIIEeHHS
KOJIOHH 200 po00dYoro CToiy Ha MaKCHMAalbHIN IIBHIKOCTI B 3a3HAYEHY
KOOpAWHATY. SIK TIIBKU JOCSTAEThCS HEOOXIJHA KOOpAMHATA IO OIHIN 3
OCei, TO MPHUCKOPEHE TMEPEMIIIeHHs MO I OCl NPUIUHSAETHCSA, X0Ya
TIEpEeMIIIIeHHs] TI0 1HIIUM OCsIX BCe IIIe MOXe Bim0oyBaTtucs. Tak sk BifcTaHi
MEPEeMIllICHHsT 3a TPbOMa OCSMH PI3HI, TO TPAEKTOPIS PyXy MOXKe
BUTJIAJATH SIK JlaMaHa JiiHis. Pe3ylbTaTOM Takoro HEpeMillieHHS MOXE
CTaTH HECTOJiBaHE 3ITKHEHHS IHCTPYMEHTY 3 KPIMMJILHIUMH €JIeMEHTaMH i
HPUCTPOSIMHU.

[Tpu poGOTI 3 MPUCKOPEHUMH TIEPEMIlIEHHSMH TTOTPIOHO MPOSBIATH
nigBuieHy nuibHicTh. CydacHi Bepctatu 3 UIIK B 11bOMY pe:KUMi MOXKYTh
MatH mBuakicts 30 M/xB. 1 Oimpmre. [lBuamie 3a Bce, onepaTop BepcraTa
MPOCTO HE BCTUTHE 3pearyBaTd Ha HENpaBWIIbHE MEpEeMillleHHs] Ha TaKii
HIBUAKOCTI, 1 MOXE CTaTHUCsA Cepho3He 3iTKHeHHsA. JlocBigueHuit
NPOrpaMiCT HaMaraerbcs HE JOIMYCKaTH MPHUCKOPEHHX IIepEMIlIeHb
IHCTpYMEHTY HMJKYE€ MOBEPXHI 3arOTOBKHM 1 3aBXKIU IEpeBipse KaapH, IO
mictats kox GOO.

e Jliniitna inTepnossuis - GO1

Kon GO1 mpusHayeHuii /uis BUKOHAHHS JIIHIWHOT iHTEpHOMAIii, abo
IHIIMMHU CJIOBaMHU JUIsI HEPEMILEHHS 1HCTPYMEHTY MO OpsAMid miHii i3
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331aHOI0  MIBHAKICTIO. YMOBHO KaAp [UIS JIHIHHOI  IHTEPIOJIAIIl
3anmucyeTbest B Takui crmocio: GO1 Xn.n Yn.n Zn.n Fn.n

B meomy kazapi 3'sBunocs cioBo gaHux F. OCHOBHa BiIMIiHHICTB
koaxy GOl Big GO0 monsrae B TOMy, WIO MpH JiHIAHIA iHTepmoysALii
IHCTPYMEHT MEPEeMIMIAEThCA 13 33/IaHOI0 MIBHIIKICTIO (IIBHIKICTIO po0040i
nmonadvi), Ipu SAKid MOXJIIMBAa MexaHi4Ha oOpoOka marepiamy. [Ipu mpomy
CUIIK migTpumye npsMONiHIKHE HEpeMIlleHHS HaBiTh MO TPHOX OCSIX
OJITHOYACHO.

N10 GO01 X10.0 Y30.0 F100

N20 X40.0 Y40.0 Z40.0

VY xaapi N10 iHcTpymMeHT mepemimaetbcs B Touky (10; 30) 3i
mBuakictio 100 mv/xB. HacTymauit kaip BUKOHYE JIiHIHHE TIEPEMIIIICHHS B
Touky (40; 40; 40). Tak sk kox GOl € MogampHUM, TO HOTO HE MOTPIOHO
BKa3yBatu 1ie pa3 B kaapi N20. Te k came BIIHOCUTBCS 1 IO IIBHIKOCTI
momaui F. fxmo B kagpi N10 Bkazana mBuzakicte F100, TO BOHa
3aJIMILIAETHCSl HE3MIHHOIO, MTOKH HE OyZe 3amporpamMoOBaHe HOBE 3HAYCHHS
F. JliniiiHa iHTepHoOJsLis BHUKOPHCTOBYETHCS HE TIJBKH Il OOpOOKH B
rtomwuHi XY, aje 1 JuIsi BEepTHKAIBHOTO BPi3aHHS B MaTepiall 3arOTOBKH.

e Kpyrosa inteprossis - G02 i GO3

Sxkmo o6poOky mo mpsMili JiHIT HECKIAAHO MPOBOAWUTH 1 Ha
MPOCTOMY BepCTaTi 3 pyYHUM KEPYBaHHSM, TO TEPEMILICHHS IHCTPYMEHTY
0 Ay3i TO4HiIIe i mpocTime BUKOHyBaTH Ha BepcraTti 3 UK.

Konu GO2 i GO3 npu3HayveHi 17151 BAKOHAHHS KPYyroBOi 1HTEPIIOJIALII.
Kox G02 BUKOPUCTOBYETHCS JJIS MIEPEMILIICHHS 10 Ay31 338 FOJIMHHUKOBOIO
cTpinkoto, a GO3 - MpoTH TOJUHHUKOBOI CTpuIKK. HanpsiMok nepeminieHHs
BU3HAYAETHCS, KO MM JUBHMOCS HA iHCTPYMEHT 3 OOKy IINMHIAENA, B
BiJl’€EMHOMY HampsMKY oci Z. Sk i mpu BUKOHAHHI JIIHIHHOT IHTEPHOJIAILI1, B
KaJIpi KPYroBOi IHTEPHOJSIii HEOOXiJHO BKa3aTH IIBHIKICTH po0OOUYOT
moznaui F.

Icuyrote  gBa cmocobu s (opMyBaHHS —Kaupy KpyroBoi
inTepnonsnii. [TopiBHsiiTE CTPYKTYpY HACTYITHUX KaJIPiB:

GO02 Xn.n Yn.n Zn.n In.n Jn.n Kn.n Fn.n.

G02 Xn.n Yn.n Zn.n Rn.n Fn.n.

Y mepmiomy BapiaHTi A7s BHUKOHAHHS KpPYrOBOTO IEpPEMIiLLICHHS
Bka3ywTh: koj GO02 (G03); xoopauHaTu KiHieBoi Touku ayru; I, J, K -
CJIOBa JaHMX 1 IBUAKICTH poOoUoi mojayi. A B Ipyromy BapiaHTi 3amicTs I,
J, K Bkazytots R. Bubip Bapianty 3anucy Kagpy KpyroBoro nepemimieHHs
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3anexkuth Big MoxomBoctedd CUIIK 1 3BHYKM mporpamicta. BimbImicTh
cydacHux BepcraTiB 3 UIIK migTpumyroTs 0061IBa BapiaHTH 3a1uCy.

B xagpi 3 komoMm KpyroBoi iHTepmojsmii HeoOXiZHO BKa3zaTH
KOOpIMHATH KiHLIEBOI TOUKU MepeMimmeHHs (ayru). Skmo, kpiMm X i Y, B
KaJpl 3HAXOAUTbCA Z-CIOBO [AHMX, TO L€ O3HAyae€, IO BHUPOOJIAETHCA
TBUHTOBA IHTEPHOJSMis. [ BUHTOBI 1HTEPHOJAIIs, SKa MIATPUMYETHCS HE
Bcima cucremamu UIIK, no3Bomsie BuKOHyBaTH (ppesepyBaHHS pi3b0d i
3a0e3meuye TUTaBHE TBUHTOBE BpI3aHHA IHCTPYMEHTY B Marepial
3arOTOBKH.

o Jlyrasz 1, J, K (puc. 8.1)

J1y1sl MOBHOT'O OMHKCY IyTH HEOCTATHHO 33JIaTH TUTbKU KOOPJAUHATH il
KiHIIeBOI TOYKU. HeoOXiHO TakoX BKa3aTH pajaiyc i KOOpIUHATH LICHTPY.

3a momomororo I, J i K Bka3yroThcsl BiTHOCHI (IHKpEMEHTAIbHI)
BIJICTaHI BiJ MOYAaTKOBOI TOYKM ayru A0 ii meHtpy. CinoBo nmanux 3 1
BIIHOCHUTKCS 710 oci X, cIoBO AaHux 3 J - 1o oci Y, a ciaoBo manux 3 K - 110
oci Z. IIpu mpoMy B 3aJI€)KHOCTI BiJI pO3TallyBaHHS AyTH 3HAYEHHS MOXKYTh
OyTHu momaTHUMH a0 BiJl’ EMHUMHU.

— Lyza N2
iea 7
AJ KiHelb S
Ayrv LleHTp
Mouatok AyTH
Mouatok + OyTH R |
F P/ ¥
j +
Sl /
LeHTp J =
= 4yTH KiHeub
J AyTv

Pucynoxk 8.1- Croci6 BkazyBaHHS Iy 3 Bukopuctanssm I, J 1 K

e Jlyra 3 R (puc. 8.2)

Ille mnpoctimmii cmocid BKa3aTW LEHTp AYTM 3aCHOBAaHMHA Ha
3actocyBaHHi afgpecu R (paniycy). SIkmio Bama cucteMa miATPUMY€E Takui
dopmar mus kpyrosoi iHtepmossirii, To CUYIIK caMocTiiiHO pPOOHUTH
HEOOXiZHI PO3paxyHKH Ul BU3HAUYEHHsS KOOPAMHAT LEHTpY Ayru. barato
CUIIK npu poboti 3 R BuMararoTs, mo0 koo Oyily po3aijieHe Ha KilbKa
CETMEHTIB.
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Jns ogHO3HAYHOTO BW3HA4YeHHA (POpPME Tyrd MOTPIOHO BKA3yBaTH
BIJIOBITHUH 3HAK TIepe]] YHUCIIOBUM 3HaueHHsIM paziyca R. s myru, sxa
oinbme 180°, 3Hauenns R Oynme Big emuum. Jlns ayru, ska menme 180°,
3HaueHHS R Oyne nogaTHiM.

P

lenmp
ayeu

N

eHmp
ayeu

Pucynok 8.2- Crioci6 Bka3yBaHHS AyT 3 BAKOPHUCTaHHAIM paaiyca R
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8.5.2 ba3oBi M-koau

Konwm, mo nmo3nagatotscs miteporo M (Miscellaneous), Ha3uBarOThCA
JOMTOMIDXHMMMU 1 MIPU3HAYEH] AJISl YIIPaBIiHHA pEeKUMaMu POoOOTH BepcTaTta.
M-Kko MOXe CTOATH SIK OKpeMo, Tak i mepedyBaTu B kaapi 3 G-Komamu.
Jesixi M-koau mpaIroroTh CIHiIBHO 3 iHIMMHA agpecamu. Hampuknam, M-
KOJ, SIKMH BIJINIOBiJa€ 3a HamNpsAMOK OOEpPTaHHS MINMUHACISA, 3a3BHUai
BKa3YEThCS 3 a/Ipecoro S, sKuii HeOOXiHWHA JJIsl 3aBJaHHS 4YUclia HOTo
o0oportiB npu obepranui: N10 S1000 M03

V Ttabn. nomimeHi 6a3oBi M-xomu. Koman M-kox 3HAXOOUTHCS B
kazpi 3 G-KOJOM, TO TIOPSJIOK BUKOHAHHS 3ayiexuth Big momeni CUIIK.
BizeMemo, HanpuKIIaa, HACTYITHAN Kajp:

N10 G01 X100.0 Y100.0 Z100.0 F50.0 M08

Lleit kamp BHKOHYE IliHiifHE TepeMillleHHS 1 BKIIIOYA€e TOJady
oxonomkyrouoi pinnau (MOS). OnHi BepcTatu BKiIOYarOTh mogasy MOP
BiJjpasy, 1HIII - TUIBKM Micisl NEpEMILEHHS B 3a3HaueHy mo3uiiro. Tomy
PEKOMEHIY€eThCs BKa3yBaTu Koa MOS8 repes; BUKOHAHHSIM MEPEMIIIEHHS Ha
poOouiii mojayi:

NO05 M08

N10 G01 X100.0 Y100.0 Z100.0 F50.0

IMotpioHO BpaxyBatu, 1m0 jneski cuctemu UYIIK 103BOJNISAIOTH
3a/laBaTy B KaJpi Tiabku oawH M-kon. B mpomy Bumaaky sKIo B Kajapi
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3HAXOIAThCSA Kimbka M-komiB, To CUIIK BHmacTs TOBITOMIICHHS TIPO
MOMMJIIKY. J[71s1 yHUKHEHHS MOMHIIOK HEOOXITHO YBaXXHO MPOYUTATH PO3IILT
nokymenTaii Bepcrata i cuctemu YIIK npo poboty 3 M-kogamu.

Tabmuus 8.4-bazosi M-koan

3HayeHHs
Kop,
00 3anporpaMoBaHUN OCTaHOB
01 OctaHoB 3a BUOOpOM
Kinens nporpamu
02 1tk TIporp
03 [MpsamMuii HanpsiMOK 0OepTaHHS HITHHEIS
04 3BOPOTHIN HANPSIMOK 00EPTaHHSI IIMTUHACIIS
OcTaHoB IIIUHIEITS
05
06 ABTOMaTHYHA 3MiHA IHCTPYMEHTY
Bxiatouennss MOP
08
09 Buxitouennss MOP
Kinenp indopmariii, Kypcop MoBepTaeThCsl Ha TOYaTOK
30 MporpamMu

¢ 3ynHKa BUKOHAHHA Kepytodoi nmporpamu - M00 1 MO1:

Jly)xe 4YacTo BUHHMKAIOTh CHUTYallii, KOJIH HEOOXiJTHO THMYAcOBO
nepepBaTd BUKOHAHHS mporpamu. Hampuknaza, s Toro mo0 BHIATUTH
CTPYKKY, TIEPEBIpUTH po3Mipu 0OpoOIIOBaHOI JeTaii ab0 MepecTaBUTH
€JIEMEHTH KPIIJICHHS B 1HIIIE TIOJIOKEHHS.

Koz MO0 i MO1 TUM4acoBO HMPUIUHSIOTH BUKOHAHHS HPOTpPaMu
00poOku (pobnsaTh may3y B BUpoOHMUOMY HMKJI Bepcrara). Komu CUIIK
yutae koa MO0, To BinOyBa€eThCsl Tak 3BaHM 3alpOrpaMOBaHUIl OCTAHOB.
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Bci ockoBi mepemilieHHs 3yIMHAIOTHCA 1 TOHOBIIOIOTHCS JIMIIE TICIS TOTO,
SK OIepaTop BepcTara HaTHCHE KiaBimry «CrapT muxiry» Ha naneni [TUIIK.
Ilpy wpOoMy IIMUHIENb MNPOJAOBXKYE oOeprartucs, 1 iHON QyHKOIT
3aJIMIIAIOTHCS aKTMBHUMH. SIKIIO omepaTop BepcTaTa HATUCKAE KHOIKY
«Crapt 1UKIy», TO BUKOHAHHS IporpaMu Oyae HPONOBXKEHO 3 Kaapy,
HacTymHoro 3a MO0O.

N200 GO01 X200

N210 GO0 Z100

N220 MO0

N230 GO0 Z5

N240 GO1 Z-1 F50

Jnst Toro mo0 Oe3NeYHo BUAIUTH CTPYXKKY 13 30HH 00poOKu abo
3HATH 11 3 CBepyla, HEOOXiMHO 3YNUHWTU IIMUHACIL. TOOTO mepen
koMaH 1010 MOO moTpiOHO BKa3aTH KO BUKJIIOUCHHS 00SpTaHHS IIIMTUHACII
MOS5. Omnak oTpiOHO 3HOBY BKIIFOYUTH INIMHHJENb, 1HAKIIE iHCTPYMEHT
Oyne mepemimarucs 6e3 o0epTaHHs, MO MPU3BEIE 0 HOTO MOJIOMKH.

N200 GO01 X200

N210 GO0 Z100

N215 M05

N220 M00

N225 M03 S1000

N230 GO0 Z5

N240 GO1 Z-1 F50

Kon MOl mnpusHauenuid st 3ynuHKA 3a BuOopoMm. [lie BiH
ananorivHo ko;ry MO0, mpoTte Hamae BUOip omeparopy - Tpeda uu He Tpeba
nepepuBaTH  BUKOHAHHA Kepyrodoi mnporpamu. Ha manmem ITYIIK
NpakTU4HO OyJb-IKOTO Bepcrara € kiapima (abo mepemukau) «MO1».
Sxuro us Knaeima HATHCHYTa, TO MIPU YUTaHHI Kajapy 3 MO1 BinOyBaeThCs
3ynmuHKa. SIKIO XK HE HATHUCKAaTH JKOMHOI Kiasimi, To koManaa MO1
MPOIYCKAETHCS 1 BUKOHAHHS IPOrPaMH HE MEPEPUBAETHCSI.

¢ YrpasmiiHas o6epTanasM mmuHaens - M03, M04, MO0S:

Honomixui komu MO3 1 MO4 mnpusHaueHi sl yHIpaBIiHHS
oOepranHaAM wmmuHAeNS. €AWHA PI3HULIS MK JBOMa IMMH M-Kogamu
nojsirae B HanpsMKy oOepranHsi. Koxm MO3 Bimnosigae 3a mpsame (3a
TOJIMHHUKOBOIO CTpLIKOI0), a M04 - 3a 3BOpOTHE OOEpTaHHS IIMWHIEIS
(mpoTd TOOMHHMKOBOI CTpinku). HampsiMmok oOepTaHHS BH3HAYAETHCA,
SKIIO JUBUTUCS B BiJ’€MHOMY HampsMKy oci Z (3 OOKy IINUHIENS B
cTOpoHy 3aroToBku). [Ipm ¢pesepyBaHHi pixydi IHCTPYMEHTH IMOBHHHI
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MaTtu npsMe obepranHa (MO3). [Ipu BUBeAeHHI MITYHKa 3 OTBOPY, MpPH
Hapi3aHHI JIiBOI Pi30H, B MUKJIaX aBTOMAaTHIHOTO BHMIPIOBAaHHS JiaMeTpa
IHCTpyMEHTa MOKe 3HaJ00uTHCs 3BopoTHE oOepTanHs mmnuHAens (M04).

B kinni nporpamu oOpoOKH 1 Tiepen 3MIHOI0 iHCTPYMEHTY MOTPiOHO
3YMUHUTH 00EpTaHHS MIMAHIEIS 33 JOMOMOT00 kKoManau M0S.

N40 Z5.0

N45 G00 Z100.0

N50 M05

M55 M30

%

s 3aBaHHs 4acTOTH OOSpTaHHS IITIMHJEIS BUKOPUCTOBYEThCS S-
aapeca. Ilicms agpecwm S BKa3yeTbcs YHCIOBE 3HAYCHHSA, IO BUPAKAE
HIBUJKICTh 00epTaHHs MNuHEHS B 00/XB. binbmiicts CUITY crnpuiimMaroTh
TIIBKY LIUIOYMCENbHE 3HayeHHs S. 3a3Buyail kog MO03 1 S 3HaxonaTsCs B
onmHomy kazpi. Hampukian, xagp N20 3mymrye oOGepraTHCs MIMUHACTH B
MpSIMOMY HampsiMKy 3i mBuaKicTio 1000 06/xB:

%

00002

NO5 G21 G40 G49 G54 G80 G90 G98 GO0

N10 T1 MO06

N15 G43 H1 Z100.0

N20 M03 S1000

N25 X100.0 Y150.0 Z5

N30 G01 Z-0.5

N35 X200.0 Y250.0

N40 Z5.0

N45 G00 Z100.0

N50 M05

M55 M30

%

Hesiki  Bepcratd  (IEpEeBaXHO  CTapUX  MOJeei)  OCHAIICHI
cremianbHOI  KOpoOkowo  mBuakocteil. [lorpibHa mporpama s
BiJIIOBITHOTO Jliaria30HY MIBHIKOCTEW OOEpTaHHS LITHHJCIS BUOUPAETHCS
aBTOMATHYHO a00 3a JOmoMoror M-komiB. 3a3BW4ail Ui BKJIIOUCHHS
HU3BKOI Iepenadi BUKOPUCTOBYEThCSI Ko M41, a ans BKIIOUYEHHS OUIbII
BUCOKHX mepemad - M42, M43 i t.n. Ilepemukanss mepenauy B LbOMY
BUIAAKY HEOOXingHe, 100 JBUIYH, 110 00epTae MIMHMHICIb HE IiIaBaBCs
Ha/IMIPHAM HaBaHTaXXCHHSIM.
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¢ Yrpariiaas nomadero MOP - M07, M08, M09:

B mporeci ¢pesepyBaHHS OXOJOMKYIOYa PiIMHA MOMAETHCI B 30HY
00pOOKM U MiABUIICHHS CTIHKOCTI IHCTPYMEHTY, MOJIMIIEHHS SKOCTI
00poOmroBaHoi MOBepXHI 1 BHAaleHHS cTpyxkd. Bepcratm 3 UYIIK
OCHAIIYIOTBCS CHCTEMOIO aBToMaTuuHoi nmogadi MOP. Ymnpasiinus 1mi€to
CHCTEMOIO 3[IMCHIOEThCSA 3a JIONIOMOTOI0 JEKUIbKOX M-KkomiB. 3a3Buyait
ko MO8 BHKOPHCTOBYETHCS ISl BKJIIOYEHHS TOJAadi OXOJOMKYHOUOi
pinuan, a xkogx M09 - nns BukmoueHHs. Jleski BepcTaTH IO3BOJISIOTH
nonaBatu MOP B 30HY 00poOku B pizHOMY Burisini. Hanpuknaza, koq MOS8
MOJKE€ BUKJIMKATH I0JaYy OXOJOMXKYI0YOl PIAMHHU y BUIVIAAI CTPyMEHS, a
ko7 MO7 - B pO3MUICHOMY BHIJISLIII.

[Mogauy MOP nipuiiHsTO BiIKIIIOUATH MIEpE 3MiHOKO IHCTPYMEHTY i B
KiHIIl mporpamu 00poOku. CydacHi BepcTaTH poOsaTh [1e aBTOMAaTHIHO TPH
yntaHHi koxy MO6 (3miHa iHCTpymeHTy), komiB M30 i MO2 (kiHeus
nporpamu). KpiM mporpamMHOro ymnpaBiIiHHS CHUCTEMOIO aBTOMATHYHOI
nonadyi MOP, icHye i pyuHe ynpaBiHH:, IO JO3BOJISE OTIEpaTOPy BepcTaTa
3a ornoMororo nepHux knasim Ha naHeni [TYIIK BkimrouaTn abo BUMUKATH
MoJ1a4y OXOJIO/DKYIOUOI PIIMHU B pa3i MOTPeOu.

Hns Ttoro mo0 CTpyMiHb OXOJIOMKYBaJbHOI pPIAMHA TOYHO
MoTparuisjia B OTpiOHE Miciie 30HH OOpOOKH 1 Ha PLKYYHH IHCTPYMEHT,
BUKOPUCTOBYIOTh THYUKI IIUIAHTH.

e ABTOMaTH4HA 3MiHa iHCTpyMeHTy - M06:

Kon MO06 mnpusHaueHWid A7 aBTOMATHYHOI 3MiHM 1HCTPYMEHTY.
Hesxi Bepcratmn 3 UIIK MuHynux mnokomiape abo HEZOPOTi HACTUTBHI
BEpCTaTH HE MalOTh TPUCTPOI0 ABTOMATHYHOI 3MIHH IHCTpyMEHTy. Y
BOMY BUIAJKy OIEpaTop BepcTaTa 3MYIICHWH 3yMHHSATH TporpaMy i
BpPYYHY 3MIHIOBAaTH OJTUH IHCTPYMEHT Ha 1HIIHH.

CyuacHi Bepcratu 3 UIIK matoTs mpucTpiil 3MiHM 1HCTPYMEHTY, IO
3BUIBHSIE OTIEpaTOpa BiJl 3aiiBOTO BTPYYaHHS B BUPOOHHYHIA ITUKII BEPCTATA.
[HCTpyMeHTH 3HaXOIAThCS B THI3JAX CcHelianpHOro OapabaHa, SKUit
3a3BUYail HA3UBAIOTh MAZA3UHOM IHCHpPyMeHnmig. Y OUIBILIOCTI BEpCTAaTiB
KOXKHE 3 THI3Jl Mara3uHy iHCTPYMEHTIB Mae BilacHWi Homep. CremianbHi
JATYMKK 1 MPUCTPOi 3BOPOTHOrO 3B's3Ky joromararoTh cuctemi UITK
BU3HAYUTH TOJIOKEHHS Mara3uHy iHCTPYMEHTIB Ta HasBHICTb IHCTPYMEHTY
B THI3JIAX.

3a3Buuail JUIS BHKOHAHHS aBTOMATHYHOI 3MiHH 1HCTPYMEHTY
nporpaMicT 6e3rnocepeIHbO BKa3ye HOMEp iHCTPYMEHTY, SIKHMid He0OXiIHO
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B3STH (HOMEp IHCTPYMEHTY B OUTBIIOCTI BHIAAKIB 30iracTbcs 3 HOMEPOM
THi3[a IHCTPYMEHTAIBHOTO Mara3uHy). Takuii crocid 3MiHU IHCTPYMEHTY
Ha3uBaeThCsl abcomoTHUM. [Jleski cTapi BepcTaTd BUKOPUCTOBYBAIU
BIJTHOCHMH crmoci0 3MiHM 1HCTpyMEHTY. Y 1LbOMY BHUMAIKy HOMEp
IHCTPYMEHTY BiApaxOBYEThCSA BiJl HOMEpa MOTOYHOIO IHCTPYMEHTY, IO
MEHIII 3py4HO.

BupoOHukn BepcTaTiB MOCTIHHO BIOCKOHATIOIOTH KOHCTPYKIIO
MPHUCTPOIB aBTOMATHYHOI 3MiHH 1HCTpyMeHTy. CpOromHi HaHOUTBII
TIOITYJIIPHUMH € TaKi KoH(piryparii:

e Mara3uH I1HCTPYMEHTIB NepeMIIaeThCsl MPH 3MiHI 1HCTPYMEHTY,
THUII «IIapacoIIbKy»;

® Mara3uH iHCTPYMEHTIB HE MEPEMIIAEThCS IPH 3MiHI IHCTPYMEHTY,
THUII «pYyKay.

CrnovaTKy pO3IJISTHEMO AITOPUTM POOOTH MPUCTPOIO aBTOMATHYHOL
3MIHM 1HCTPYMEHTY 3 IepeMilnaerbcss MarazuHoM. Komm kepyroua
nporpaMa  JOXOAWTh 10 Kaapy 3MiHM IHCTPYMEHTY, IIITUHJENb
HepeMillyeTbCsl B TIEBHY TOYKY, IO 3HAXOAWUTHCA TOPYY 3 MarasuHOM
IHCTpyMeHTiB. MarasuH iHCTPYMEHTIB MepEeMIIIaeThCs B IF0 K TOYKY [0
«GUETUICHHS» IHCTPYMEHTY 3 MOpoXHiIM THi3goM. LlnuHpgens Ttpoxu
MiTHIMAETHCS Bropy, 3BUTGHSIOYM BiATIpAIfOBAaHUM 1HCTpyMEHT. Mara3uH
IHCTPYMEHTIB TOBEPTAEThCSI TAKMM YWHOM, 100 OOpaHWil iHCTPYMEHT
3HaxXoAuBCs mmiA mmuHAeneM. LInuHaens omyckaeThes, 3aTHCKae HOBHUI
IHCTPYMEHT 1 BiJIBOIUTBCS Bropy. MarasuH iHCTpYMEHTIB MepeMilllaeThbCst
Ha3aJ] Ha CBOE MiCIIE.

Skuio Mara3wH I1HCTPYMEHTIB HE IMEpEeMIlaeThcs, TO MOKIHMBUN
HACTyMHUH anroput™M poboTtH. CrodaTKy MIMHHJENb MEePEeMIilIyeThCs B
NEBHY TOYKY, IO 3HAXOAWUTHCS MOPYY 3 MarasuHoOM iHCTpyMeHTIB. [loTim
Mara3uH iHCTPYMEHTIB TIOBEPTA€ThCS TaKUM YWHOM, MO0 oOpaHuit
IHCTpYMEHT 3HaXOJMBCS HABIPOTH INMUHJIENA. MexaHidyHa «pyKa», IO
3HAXOJUTHCS MK MarasMHOM 1 IINHHJENIEM, 3aXOIUTIOE BiJIpalfoBaHUM
IHCTpYMEHT B IIMMHAENI 1 HOBUM I1HCTpyMEHT B Mara3uHi. Pyka
OITyCKA€ThCSI BHU3, 3BUIBHSE IHCTPYMEHT 1 3MIHIOE iX MicisiMH. Pyka
MiJIHIMAETLCSL Bropy, MPH I[bOMY HOBUH IHCTPYMEHT 3aTHCKA€ThCS B
LIMWHAENTI, a CTApUil 3aJIMIIA€THCS B Mara3uHi iIHCTPYMEHTIB.

[loTpiOHO yBaXHO O3HAHOMUTHCH 3 BIJNOBIZHUM PO3IIIOM
JIOKyMEHTAIlil BepcTarta, JUI TOro Mo0 3amoOirTH MOMHIIOK IMPH 3MiHI
IHCTpYMEHTY.
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3azBuuaii Bepcratn 3 UIIK mpoBomaTe 3MiHY IHCTPYMEHTY HpHU
34MTYBaHi B Mporpami HacTymHoi komarau: M06 T1

Anpeca T mo3Hayae HOMep IHCTPYMEHTY, IO BUKIHKaeTbea, a MO6
3abe3neuye 3miny. binpmricts CUIIK monyckatoTs Oyab-SKuil MOPsSAOK CIIiB
JAaHUX B Kafpi 3miHu iHcTpymeHTy: T1MO06 Tex Oynme BipHO.

Hesxi CUIIK Bumaratots, mo0 azpeca T 1 kxomamga MO06
nepeOyBalii B Pi3HUX KaJpax, 1HaKIIe aBTOMAaTHYHA 3MiHa 1HCTPYMEHTY
MOJKe OyTH BUKOHAaHA HEIIPABUIIBHO:

N10T1

N20 M06

Binpa3sy micis 3MiHH HEOOXiHO BHMKOHATH KOMIICHCAIIIIO JTOBKHHU
HOBOTO iIHCTPYMEHTY.

KommeHcais TOBKUHH 1HCTPYMEHTY 3IHCHIOETBHCS 32 JOIOMOIOIO
koay G43 1 macrynmHoro 3a HuM H-cnoa manux. /s 3pydHocTi HOMeEp
KOPEKTOpa Ha JTOBXKHHY 30iraeThcsi 3 HOMEpPOM iHCTpyMeHTa. Hampuxian,
JUTsI BUKOHAHHS KOMITeHcallil foBuHu iHcTpyMeHTy Ne 1 B YII HeoOxigHO
Bkazatu: G43 H1.

Jeski BepcTtaTH CTapux MOJIEJIEH BHMaraid BKa3yBaTH HAIPSMOK
KoMIieHcanii moBxkwHH iHCTpyMeHTy. [lpm mpomy kox G43 Bu3Hauae
JoJlaHii HanpsMok, a G44 — Bia’ eMHUI HAIIPSIMOK KOMIICHCAIIIT.

Ilepen TuUM SIK BHUKJIWMKATH HOBHH I1HCTPYMEHT, NPHIHSATO
CKacoBYBAaTH KOMIICHCALI0 JOBXHHU AaKTUBHOIO iHCTpyMmeHTy. Llsg nis
MPOBOJUTECA 3a gomoMororo komxy G49, xoua Gararo cydacaux CUIIK
CKaCOBYIOTh KOMIICHCAIIIIO JIOBKMHUA aBTOMATUYHO MPHU BKA3IBI[I KOMaHU
MO6. Skmio npoBeeHa 3MiHA IHCTPYMEHTY, a KOMIIEHCAIlisl HOTo TOBXKUHU
HE BHMKOHAHO, TO MOXYJIMBO 3ITKHEHHsI IHCTPYMEHTY 3 3aroTOBKOIO a0o
YacTUHAMH BepCTaTa.

Hdus  3abe3medyeHHs Oe3nekd Tepell  3MIiHOK — IHCTPYMEHTY
PEKOMEHIy€ThCSI BUKOHYBATH IIOBEPHEHHS B BUX1HY MO3HLIIO 10 0Ci Z:

G91 G28 20

T3 MO06

G43 H3

o6 yHWUKHYTH CEpHO3HUX MOMWIIOK, NIPH 3MiHI I1HCTPYMEHTY
orepaTopy BepcTata HeOOXIAHO OyTH OCOOJIMBO YBaXKHHM.

e 3apepuieHHs nporpamu - M30 i M02:

B kinui Oyap-sKoi Kepyro4oi nporpaMu MOBUHEH 3HAXOAUTHUCS KO, i1
3aBepierHs - M30 a6o MO02. Ilpu BukoHaHHI OyJb-SIKOTO 3 IUX KOIIB
BepCTaT 3YNMUHSEThCS HE3aJEKHO BiJl TOTO, SIKY (DYHKIIIO BiH BUKOHYBaB.
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Pizaums mixk M30 1 M02 mosnsirae B Tomy, o kog M30, kpim 3aBepIiieHHs
MporpaMu «CKUIae» ii Ha modaTok, a kog M02 He poduts mporo. Tobro
NpY 3aKiHYeHHI IporpaMu 06podku 3 M30 Kypcop MOTOYHOTO CTaHOBHUINA
MEPEBOIUTHCS B CAMUI OYATOK mporpamu, a 3 M02 3anumaeTscs B KiHII.

3a3Buuail TpH 3aBEpIICHHI MporpaMu OOpPOOKH IPOBOIUTHCS
TepeMileHHs] pOOOYOTro CTONy a00 IHCTPYMEHTY B TIO3HIIIO, KA ITOJETTIIYE
omeparopy 3HATTS TOTOBOI JeTani 3 Bepcrata. Take mepeMillieHHS
BiIOYBa€THCS 3a JOTIOMOTOI0 KOAY TIOBEpHEHHS B BUXimHY mo3utito G28:

N120 G91 G28 X0 Y0 Z0

N130 M05

N140 M30

%

TEMA 9. OCHOBHU E®OEKUBHOI'O IPOTPAMYBAHHSA

9.1 BukopuctanHs miamporpam

MoBa G- i M-koxiB, sk i Oyap-fka iHIIIa MOBa TpPOTpaMyBaHHS,
JIO3BOJISIE TPAIIOBATH 3 IMiANporpaMaMu 1 3JIMCHIOBaTH MEpPEexXoau. 3a
JTIOTIOMOTOFO (PYHKIII ITiIITpOTpamMu, OCHOBHA (TOJIOBHA) KEpyro4a IporpamMa
MO’K€ BHKJIMKATH 3 TaM'ATi iHIIy mporpamy (TiArnporpamy) i BUKOHATH il
MEeBHE YKCIO pa3. SIKio mporpama MiCTHTh 4acTO MOBTOPIOBaHY Aif0 abo
NpaIioe 3a MEeBHUM MIA0JIOHOM, TO BUKOPHCTAHHS MiANPOrpaM JO3BOJISE
CIIPOCTHUTH TIporpamMy oOpoOKH i 3poduTH 1 HabaraTo MEHIIOK B PO3MIpi.

[cHYIOTE Z1Ba BUAM MiIIpOrpaM - BHYTPIIMIHI i 30BHINIHI. BHympiuini
nionpocpamu BUKIUKAIOTHCS 3a JONOMOrow komy M97 1 MicTAThCS
BCepeNnHi To0BHOI mporpaMu. ToOTO BOHM 3HAXOAATHCS B OMHOMY (baiii.
306Hiwni nionpozpamu BUKIVKAIOTHCS KOAOM M98 i He MICTATBCSA B KO
TOJIOBHOI TIporpaMu. Y IbOMY BHUIAJKy TOJIOBHA MpOrpamMa 1 Mmiarnporpama
3HAXOAATHCS B PI3HUX (aiinax.

Buytpimns mianporpama Bukonyethbes, konmn CUIIK 3uutye kop
M97. Ilpu npomMy aapeca P Bkazye Ha HOMEp Kaapy, IO SKOTO MOTPiOHO
nepeiT, TOOTO TyAH, Jie TMOYUHAETHCS BHYTPIlIHS mianporpama. Komm
CUIIK 3HaxomuTh Kaap 3 KOJOM 3aKiHYeHHS miamporpamu M99, To
BUKOHAHHS BHYTPIIIHBOI MiJNPOrpaMH 3aBEpILYETbCS 1 YHPaBIiHHSA
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nepefaeTbess Kaapy TOJOBHOI MPOrpamMH, HACTYIHOTO 3a KaJIpoM, IO
BUKJIMKAB 3aBEPIICHY MiIporpamy.

o

° 0

o

01023 02000
N10 G21 G40 G49 G54 G80 G90 N10 G01 X-0.5F50
N20 T3 M06 N20X10Y10
N30 G43 H3 N30Z05
N40 M03 S1000 N40 M99
N30 G00 X0 YO %
N60 Z0.5
N70 M98 P2000
N80 M03
N90 M02
%
FonoBHa nporpama Mianporpama

Pucynok 9.1- Koz xepyro4oi nporpamu 3 BUKOPHCTAHHSAM HiIPOrpaMu

30BHINIHI MAOpOTpaMyu MPAMIOITh CXOKUM YnHOM. Komm B
TOJIOBHIH TIporpami 3ycTpidaeThcst Kaap 3 KogoM M98, TO BHKIIMKAETHCS
miJrporpamMa 3 HOMEPOM, BCTAHOBJIEHUM 3a Jornomorow P-ampecu. Ilpu
3HAXO/DKeHHI Koay M99 ympaBiliHHS MOBEPTAETHCS TOIOBHIHM Iporpami,
TOOTO BHUKOHYETHCS KalIp TOJIOBHOI NpPOrpaMu, HACTYIHHUM 3a KagpoMm 3
M98. Bpaxyiite, mo 30BHIIIHA MiANpOrpaMa 3HAXOAUTHCS B OKPEMOMY
¢aitni. Ilo cyti, 30BHIIIHSA TiAmporpama - Ie OKpeMa mporpaMa 3
IHIWBIAyalbHIM HOMEpOM, ska IpH OakaHHI MOke OyTH BHKOHaHA
HE3JIe)KHO Bil TONOBHOI mporpamMu. [l BHKIMKY MiANporpamu
HeoOXiHo, 100 BoHa nepedyBana B mam'sti CUIIK.

3a pomomororo L-agpecu BU3HAYA€ThCS, CKUIBKM pa3iB MOTPiOHO
BUKIIMKATH Ty 4YM IHIOIy Mignporpamy. SIKmio migmporpamy mOTpiOHO
BUKJIMKATH BCHOTO OJIMH pa3, To L B KaJpi MOKHA HE BKa3yBaTH.

M98 P1000 L4 - minmporpama 0yae BUKJIMKaHa 4 pa3u.

Benukoro nepeBaroo npu BUKOPUCTAaHHI MiANPOrpaM € MOKIHBICTh
3py4HOi 1 e()eKTUBHOI poOOTH 3 IPOrPaMHUMH MAacCHUBaMH i I1a0JI0HAMMU.

9.2 Poora 3 Biccio o0epTanHs (4-010 KOOPANHATOIO)

YacoM BMHHMKAIOTh BUIAIKH, KOJIM Ha TPHOXKOOPAWHATHUI BepcTaT
3 UIIK 107aTKOBO MOHTYIOTH KEpOBAaHWI TMOBOPOTHHI CTLT (IUIMIBHY
rojioBky). Kepoeanuii noeopomuuii cmin - 11e NPUCTPIH, SIKUH 3AaTHUN
MOBEPTATH 3aKpiIyIeHy B HbOMY JIeTallb Ha HeOOXiTHUI KYT MPH BUKOHAHI
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neBHOI KoMaHIu. 3a3BHUail 4-a BiCh YIIPABIIETHCS 32 TOTIOMOTOIO ajipec A
uyn B, a yncnoBe 3HaUCHHA BU3HAUYA€ KyT IOBOPOTY B Ipajsycax.

IcHyrOTH ABa BapiaHTH POOOTH 3 KEPOBAHUM MOBOPOTHHUM CTOJIOM:

[lepmmii BapiaHT - HEOOXiAHO MOBEPHYTH HWOTO HA MEBHUH KYT i
MOTIM BUKOHATH Oy/Ib-5IKy TEXHOJIOTIUHY OTeparlito (iHaeKcaris).

Hpyruii BapianT - oTpiOHO BUKOHATH (pe3epyBaHHS OJHOYACHO 3
MOBOPOTOM CTOJIy. Y IIbOMY BHUIIAJKy HEOOXITHE CHHXPOHHE JIiHIlHE
TIepeMillieHHs] BUKOHABYOTO OpraHy BepcTrara 3a TphoMa (abo MeHIIe)
KoopauHaTaMm 3 obepranusM ctoiy. [Ipu npomy CUIIK Bepcrara moBuHHA
MiATPUMYBATH JTAHUH BUJ iHTEPIIOJIALII.

Jns  ymnpaBniHHS TOBOPOTHHM CTOJIOM B Kaap 3 JIHIHHOIO
IHTEPITIOJALIIEI0, TO3UIIIOHYBaHHAM a00 MOCTIMHUM IUKIOM HEOOXiTHO
nomatu aapecy A (B):

GO0 X_Y_Z A_ - no3uimionyBaHHS;

GO01 X Y_Z A F_- niniitHa iHTepmoJisiis.

TunoBuii opMmaT 1st poOOTH 3 TOCTIHHUM IIHKIIOM:

G81 X0 YO0 Z-5 A0 F45 R0.5

AlS5

A30

G80

[MToTpiOHO BpaxyBaTH KijbKa TEXHIYHMX OCOOIHMBOCTEH IpH POOOTI 3
KEPOBAaHUM IIOBOPOTHUM CTOJIOM. [lo-mepiie, MOBOPOTHHI CTil MOXe
obepraThcsl SIK B JOJATHOMY, TaK i B BiJI’€MHOMY HampsMKky. Hampsimok
obepTaHHs 1 BIJMOBIIHMI 3HAK BH3HAYAIOTHCS 32 MPABUIIOM IMPaBOi PYKH.
Ilo-mpyre, moOBOpPOT cTONy MOXe OyTH 3amporpamMoBaHMi fSK B
a0CONIOTHHUX, TaKk 1 y BigHOCHMX koopmauHaTax. [lo-Tpere, y OaraThox
BEPCTATIB ICHye OOMEKEHHS Ha 4YHUCIIOBE 3HAYCHHS KyTa IIOBOPOTY.
Hanpuknan mnotpibno mosepHytu crin Ha 400°, a CUIIK no3Bose
BKa3yBaTu KyT He Oinmbiie 360°. JloBeneThbes 3amporpaMyBaTi JT0IaTKOBUI
Kaap 3 kyroM B 40° mI0q0 MOMEPETHBOTO MOJIOKEHHS CTONy. Takoxk
noTpiOHO BpaxoOBYBaTH, IO YHM Jajli B UEHTPY OOepTaHHS ijne
nepeMileHHs, THM O1IbII00 Oy/1e TOMUIIKA JITHIHHOTO MepeMillieHHs.

9.3 [lapameTpuuHe MpOrpaMyBaHHsI
OpHuM 3 HalUikaBimMX 1 €(QEKTHBHUX METOIIB NPOrpamMyBaHHS

00poOKM € TapaMeTpuyHe TMpOrpaMyBaHHS. bBiNbIIICTh TEXHOJOTIB-
NPOTPAMICTIB X04Y 1 YyJHM MPO IIel MeToJl, ajieé 30BCIM HE BMIIOTh HOTrO
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BUKOPHUCTOBYBaTH. Jlami MU O3HAaHOMHMOCS 3 TEOPI€I0 MMapaMeTPUIHOTO
nmporpaMmyBaHHA i ocHOB MakpomoBu cuctemu YIIK cydacHoro Bepcrara.

binpmiicte  BepcratHux cucteM UIIK  marotb B cBOemy
PO3IOPSIKEHH] CIeliajdbHy MOBY IUISl MTAPaMETPUYHOTO MPOrpaMyBaHHS
(makpomporpamyBanHs). Hampukman, B CUIIK Fanuc 1m0 wMoBy
Ha3uBaeThcst MacroB. 3a cBOiM NpuMHIMIIOM BOHA Iy’Ke CXO0Xa Ha MOBY
nporpamyBanHs beiicik (Basic).

VY 3BuuaiHill Kepyroouoi mporpami BKaszyroThcs pi3Hi G-Komgm, a
TAaKOX HaNpsIMKH 1 BENIWYMHU HEPEMILICHb 3a JOINOMOIOI YHCIOBHX
3HaueHb. Hampukman, G10 a6o X100. Opmmak CYIIY Bepcrata moxe
POOUTH TE K caMe 3a TOTIOMOTOK 3MiHHHX.

CumBoniom 3MiHHOT B MacroB € 3nak #. Hampukian, B mporpami
MOJKHa BKa3aTH HACTYIHI BUPa3U:

#1 =100
#2 =200
HI=H#1 +#2

Ile o3Hauae, 1m0 3MiHHIHM #1 pucBoroeThCs 3HaueHHs 100, a 3MiHHIHT
#2 - 3nauenHs 200. 3minHa #3 Oyme pe3yibTaToM CyMH 3MiHHOI #1 i
3MiHHO #2. Takum coco6oM MoxxHa 3anucaTt i G-Kox:

#25=1

G #25

31 3MIHHMMH MOXXHa IPOBOJUTH pi3HI apuMeTHyHi 1 JIOTrivHi
orepariii, 10 J03BOJIIE CTBOPIOBATH «PO3YMHI» mporpamu 0OpoOku abo
pi3Hi BepcTaTHI IUKIIH.

Y mam'sti cucremu UYIIK icHye obGmactb, B siKid 30epirarorhcs
3HaueHHs 3MiHHUX. Lli 3HaYeHHS MOXKHa 3HAWTH SIKIIO 3HAWTH PO3.ILT
nam'sti CUIIK, sikuii 3a3Buuaii HasuBaethes MACRO a6o VARIABLES.
[TpuceoroBaTy 3Ha4YEeHHS 3MiHHUM MOYKHA HE TUTBKM BCEPEIHHI MPOTPaMH,
a i Oe3nmocepeHbO - BBOJSYM 3HAYCHHS B perictpu miei mam'sati. MoxkHa
CKJIACTH TaKy MporpamMy:

#1 =25
#2 =230
H3I=#2 +#1

VY 1upoMy BHINAJKy 3HAYEHHs IMPUCBOIOIOTHCS 3MIHHUM BCEPEIUHI
nporpamu. 106 B MalilOyTHbOMY 3MiHMUTH YMCIIOBI 3HAUYEHHs 3MiHHHX #1 1
#2, noBeneThCsA BiApenaryBaTu nporpamy.
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MoskHa peamidyBaTé OIibII 3pYyYHHH BapiaHT, SKHH JO3BOJHTH
3MIHIOBATH 3HAYEHHS 3MIHHUX B OyAb-KH MOMEHT, HE BIAIOYHCH IO
3MIiHH CaMOi TPOTpaMHu:

#3I=#2 +#1

B nanomy Bumaaky 3minHuUM #1 1 #2 B mporpami HE NIPHUCBOEHO
Hiskux 3HadeHb. Omeparop Bepcrata MOXKe YBITH B 00JacTh 3MiHHUX
MACRO i BBecTH OYyAB-YUCIIOBE 3HAUCHHS JIJIs Oy Ib-5IKOT 3MiHHOI.

Tabmurs 9.1-1lpuknax 3anmcy 3MiHHAX

Ne 3minnoi 3HayeHHs
0 0
1 10
2 12
3 0
4 0
700 0
701 0

[Ticnst Toro sik omepaTop BepcTaTa MPUCBOITH 3MiHHIN #1 3HA4YeHHS
10, a 3minHIi #2 3Ha4YeHHs 12 1 BUKOHAE MporpamMy, 3HaYeHHS 3MiHHOT #3
CTaHe piBHUM 22.

Bci 3MminnHi cuctemu UITY Mo)KHa yMOBHO PO3IUIMTH Ha 4 THIIH:
HYJBOBI; JIOKaJIbHI; 3araJlbHi; CUCTEMHI.

JlokanbHi 3MiHHI MOXyTh OyTH BHKOPUCTaHI BCEpEeIUHI MaKpOCiB
Juist 30epiraHHst naHuX. IIpM BUKIIOYECHHI E€IEKTPOKUBJICHHS JIOKAJIbHI
3MiHHI OOHYJsIIOTBCsA. Y Oinbmocti BeperariB 3 CUIIK Fanuc nynboBoi
cepii ToKaTFHUMHU € 3MiHHI 3 HoMepamu Bif 1 1o 33.

3aranpni  3MiHHI  MOXYTh MpalOBaTH  BCEPEAMHI  PI3HUX
napaMeTpUYHHUX Iporpam i MakpociB. [Ipy BUKITIOUEHH] €JIEKTPOXKHUBICHHS
JesIKi 3arajbHi 3MiHHI OOHYJISIIOTBCS, a JesiKi 30epiratoTh CBOi 3HaUeHHS. Y
oinmpirocti Beperaris 3 CUITY Fanuc HynboBoi cepii 3arallbHUMHU € 3MiHHI 3
Homepami Big 100 mo 999.

CucreMHi 3MiHHI BUKOPUCTOBYIOTBCS AJIS1 YUTAHHS 1 3aIMCy Pi3HOI
cUCTeMHOI iH(opMamii - JaHUX MPO MO3HULII0 IHCTPYMEHTY, BEIMYMHAX
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KoMIIeHcarii, 9acy Ta iH. Homepu cuctemMHnx 3MiHHEX a71s1 Fanuc HynpoBO1
cepii mounHaroThes 3 1000.

Hyaboi 3minHi 3aBXAH JOPIBHIOIOTH HYIIIO.

s BUKOHAHHS apUMETHYHHX 1 JOT1YHHUX omepauiid MoBa MacroB
Hajae Habip KOMaH/ 1 OIIEpaTopiB.

Tabmuus 9.2-OcHOBHI JIOTi4HI i apupMETHUHI oneparii

DyHuIinA ®opmart
PiBHICTB #a=#Db
HonaBauus #c=Ha+#b
BigniMansas #c=#a-#b
MHOXKeHHS #e=Ha*#b
Hineuns #c=#Hal#b
Cinyc #c=SIN[#Db]
Kocunyc #c=COS]J#b]
Tanrenc #c=TANJ#b]
ApKTaHTEeHC #c=ATANTJ#b]
KBaspatHuii KOpiHb #c=SQRT[#b]
AOconoTHE 3HaYCHUE #c=ABS[#b]
OKpyTieHHs #c=ROUNDI#b]
ABO (OR) #c=#a OR #b
TA (AND) #c=#a AND #b

Jns kepyBaHHS 3MIHHMMHU 1 /Ui BUKOHAHHS PI3HUX JIOTIYHUAX
oreparliii BAKOpUCTOBYIOTh MakpocH. [1ii MoBu MacroB cxoxi Ha KOMaHIH
belicuka.

Komanna 0e3ymoBHoro mepexony GOTO npusHaueHa s
nepefayi ynpaeliHHA TIeBHOMY Kajapy mnporpamu. @®opmar komaHau
HAaCTYyIHMIA:

GOTO N - 6e3ymoBHuil nepexin ao kaapy N;

GOTO #A - 0e3yMOBHMH Tmepexii 10 Kajpy, BCTaHOBICHOMY
3MiHHOIO #A.

Hpukaan:

N10 GO01 X100

N20 G01 X-100

N30 GOTO 10
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ITicns Bukonanus xkaapy N30 cucrema UIIK mepexoauts mo xaapy
N10. Tlorim 3HOBy mpamoe 3 kaapamu N20 1 N30 - BuxomuTh
HECKIHUCHHUH LIUKJL.

Komanga ymoBu IF 1o3Bojsie BUKOHYBaTH pi3HI il 3 YMOBOIO.
Ilicns IF Bkasyerbcs neskuid BUpas. SIKmIO meld BUpa3 BUSBISAETHCS
CIpPaBeAJIMBUM, TO BHUKOHYETbCS KOMaHAa (HampUKIaZ, KOMaHIA
0e3yMOBHOTO TEpexoay), Mo 3HaxoauThess B kaapi 3 IF. Skmo Bupas
BUSIBIIETbCSA HECIpaBeIIMBUM, TO KOMaHAa, sika nepeOysae B kaapi 3 IF,
HE BUKOHYETBCS, a YIIPABIiHHA IEPEAEThCS HACTYITHOMY Kaapy.

DopMaT KOMaHU HACTYITHUMN:

IF [#a GT #b] GOTO N

NPUKJIAA:

#1=100

#2=80

N10 G01 X200

N20 IF [#1 GT #2] GOTO 40

N30 G01 X300

N40 M30

Ha mowarky mnporpamHoro mpukiamxy 3MiHHEM #1 1 #2
npucBoIOOTHCs 3HaueHHs 100 1 80 BignosimHo. Y kanpi N20 BinOyBaeTbes
nepeBipka yMoBH. SKINO 3HAa4YeHHS 3MIHHOI #1 Oljbllle 3HAYEHHS 3MIHHOT
#2, To BUKOHyeTbcs KomaHma nepexony GOTO nmo xaapy 3akiHUEHHS
nporpamu N40. V npukiaai BUpa3 BBaXaeThCsl CIpaBeIMBUM, Tak sk 100
oinbire, Hix 80. B pesysnbrati micnst BukoHaHHs kajupy N10 BijgOyBaeTbes
niepexia 1o kagpy N40, Todto kaap N30 HE BUKOHYEThCS.

VY wiii ke mporpami MO>KHa 3MiHUTH 3HAaYE€HHS 3MiHHUX:

#1=100

#2=120

N10 G01 x200

N20 IF [#1 GT # 2] GOTO 40

N30 G01 X300

N40M30

VY npyromy Bunazaky ymoBa B kaapi N20 He OyJe crnpaBeyinBoi, Tak
sk 100 He Oimbur, Hix 120. YV pesynbrari micns BukoHaHHs kajgpy N10 He
BinOyBaeThes mepexin go kaapy N40, to6to xaap N30 BHKOHYeThCS SIK
3BHYANHO.



72

Y Bupaxenni [#1 GT #2] BHKOPUCTOBYIOTBCS OMeEpaTOPH
nopiBHAHHA. Y Ta0s.9.3 3BemeHi omepaTopd UIS IOPIBHSHHS 3MIHHHUX
MoBH MacroB.

Tabmuia 9.3.-Oneparopu HOPIiBHHS
Omneparop 3micT

EQ Hopisumoe (=)

NE He nopiBaIoe

GT Binbe (>)

GE Binbiie abo nopiBHIOE
LT Memnmre (<)

LE Meniire a00 TOpPiBHIOE

Komanna WHILE 1o3Boisie mMOBTOpIOBATH pi3HI [ii 3 yMOBOIO.
IMoku Bka3aHWd BHUpa3 BBAXKAETHCS CHPaBEAJIMBHM, BiIOyBaeThCs
BUKOHAHHS YaCTWHH Tporpamu, oOmexenoro komanmamu DO i END.
SIkmo Bupa3 HE CHOpaBeAJMBO, TO YIPABIIHHA IEPENAETbCA Kaupy,
HactymHoro 3a END.

%

01000

#1=0

#2=1

WHILE [#2 LE 10] DO 1,

H1=H1+#2

#2=#2+1

END 1

M30

%

Maxkponpozpamoro Ha3UBAa€ThCSl TPOTpaMa, sKa 3HAXOAWUTHCA B
nam'ati CUIIK i1 mictuth pi3Hi aii. MakponporpaMu MOKHa BUKIIMKATH i3
3BHYAiiHOI mporpamMu 3a A0mnomMoro G-Koay, aHajOri4HO IMOCTIHHHUM
muKiaM. [Ipy  BUKIMKY MakpoNporpaMH iCHYE MOMIIUBICTh TPSMOT
nepeaayi 3Ha4eHb 17151 3SMiHHUX MaKpOIIPOTIPaMH.

Komanga G65 nmpusHaueHa [UIsi  HEMOJAJIBHOTO  BUKIIUKY
Makpormnporpamu. @opMaT JUIs i€l KOMaHIM HACTYITHAM:

G65P_L A B_
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me G65 - xomaHma BUKIMKY Makpomporpamu; P - Homep
MIKpPOTIPOTPaMH, 110 BUKJIUKAETHCS; L - 91CII0 TOBTOPEHD MaKpOIIPOTpaMHu;
A 1B - agpecu i 3Ha4YCHHS JIOKAIBHUX 3MIHHHEX.

Ipukaan:

G65 P9010 L2 A121 B303 - makponporpama 9010 BuKIHUKaeThes 2
pasu, BiIITOBITHAM JIOKAIGHUM 3MIHHHUM TIPHCBOIOIOTHCS 3HaueHHs 121 i
303.

HeoOximHO 3HATH, KW JTOKATHHOI 3MiHHOT IIPHCBOIOETHCS 3HAUCHHS
3a JIONOMOTOI0 TOTO 4M iHmoro aapecy. Hanpukman, ans CUIIK Fanuc O-
MD OynyTh clipaBe[JIMBi TaKi 3aJ1€KHOCTI HaBeIeHH] B TaOJI..

Tabmurs 9.4-Anpecy TOKaTbHUX 3MIHHAX
Anpeca 3miHHa
#1
#2
#3
#7
#8
#9
#11
#4
#5
#6
#13
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26

N<XXS<CH0OITOZIRXR«e—ITTMOUOm>
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TEMA 10. YIIPABJIIHHS BEPCTATOM 3 YIIK

10.1 Oprann ynpapainus Bepcratom 3 UIIK

binpmricte opraniB ympaBniHHSA cydacHoro Bepcrata 3 UIIK
3ocepemkeni Ha mepennii nmaneni criiku UIIK. [lo opraHiB ynpaBmiHHS
BiJTHOCATHCS Pi3HI IEpEeMHUKadi Ta KJIABIIIl, a TAKOX JUCIUICH, 110 JO3BOJISE
oTepaTopy «CHINKyBaTuCsS» 3 BepcraToM. Sk mpaBmio, cuctemu YIIK
MaloTh MOHOXPOMHUI a00 KOTBOPOBUil €NEKTPOHHO-TIPOMEHEBOT AUCILICH,
X04a HalCy4acHiIi BepcTaTH MOXKYTh OyTH OCHAILlEH] PiKOKPUCTATIYHIM
muctuieeM. bynp-sika crivika YITY mae kmaBiatypy: abo TOBHOPO3MIpHY,
aHAJIOTOBY KJaBiaTypy 3BHYAWHOTO TEPCOHAIBHOTO KOMITOTEpa, abo
oOMeXeHy, sKa J03BOJISIE BBOJMTU TIIBKM OCHOBHI CHMBOJIA 1 3HaKH
IporpaMyBaHHS.

Bci xmaBimi, mepeMukadi Ta PYKOSATKA BepcTara MOKHA YMOBHO
PO3IUIUTH Ha KillbKa (YHKIIOHATBHUX TPYI:

o KutaBimi 111 BBeleHHs1 pi3HMX CUMBOJIIB, OYKB i nudp.

3a pomomoroto knaBiarypu [IUIIK omeparop Bepcrara Moxe
CKIIaCTH TIporpamy OOpoOKM TpsMO Ha eKpaHi, BBoAsun G-Komu, pi3HI
ClIOBa JJaHWX 1 CHeliajbHi CUMBOJM TNpOrpaMyBaHHs (HANpHUKIAJ, 3HAK
KiHIS Kajapy). Y pa3i oOMEXEHOK KiaBiaTypH OJHa KJaBillla MOXe
BiJIMIOBI/IaTH 3a KiJIbKa CHMBOJTIB (apec).
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Program run, full sequence

+0.000 B

D] +75.000 Y +70.000
c

0

Pucynok 10.1- Burmsix mysabta kepyBaHHs Bepcratom 3 UIT

e Kinagimi penaryBanns i kypcopa.

Knagimi pegaryBanHsi JO3BOJISIIOTH OINEpaTOpy BepcTaTa 3MiHIOBATH
Kepylouy mporpamy. KypcopHi kmaBimn mnpu3Ha4yeHi Ans Hapiramii 1o
nporpami.

e [Iporpamui a0o ekpaHHi Ki1aBiwi.

[Iporpamui KJaBilli BHUKOPHCTOBYIOTBCS JUISI BUKOHAHHS Pi3HUX
(hyHKIIA B 3aJIe)KHOCTI Bijl mporpamHoro 3abesneuenns cucremu UIIK i
MOTOYHOTO €KPaHHOT'O PeXHUMy. 3a3BU4ail 1i KJIaBilli po3TalIoBaHi OpsSMO
mig gucmieeM, a X noTo4Hi GyHKHIl BimoOpa)karoTbesi B HIXKHIN 4acTHHI
JTACTITICS.

e KinaBimi Ta nepemukayi peskumiB podoTu BepcTara.

Bepcrar 3 UIIK mae kinbka pexxumiB pobotu. [ns mepexomy 3
OJHOTO PEXHMY B IHIIMHA 3a3BH4Yaili BHUKOPUCTOBYETHCS CIELiabHUN
nepemMuKad.

e Knaagimi npsiMmoro ynpasJjiiHHsi 0CbOBUMHM NepeMillleHHSIMH.

3a AOMOMOIOI0 KX KJIABIII OMEpaTop MOXKE MEepeMillaTH BUKOHABYI
OpraHd BepcTaTa B OCHOBHX HampsMKax Ha poOouiii momaui abo Ha
NPUCKOPEHii mojaui.

e PykoAiTkH ynpaBjidiHHA MBHAKICTIO moaaui i oOepranHs
LINMAHES.
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baraTto BepcTaTi MarOTh MOXUIMBICTH TPAMOTO (6€3 MporpaMyBaHHS
G- 1 M-kojiB) BKIIOYCHHS / BHMHKaHHS IIMAHACTS 1 YHpPaBIiHHS
mBUAKICTIO Horo obepranus. Cuctema UIIK namae omeparopy BepcraTta
MOYKJIMBICTh KOPUT'YBAaHHS 3allpOrpamMoOBaHoOl MIBUAKOCTI MOJAAYi i YacTOTH
oOepTaHHS IIMKUH/EIS B IEBHUX Jialla30Hax.

e Knapimi Ta mnepemukadi s podoTHm 3i cmemiaJbLHUMH
(¢yHkuisiMmu Bepcrara.

3a BKJIIOYEHHA 1 BUMHUKaHHS OCBITJIEHHS poO0uoi 30HH Bepcrarta,
VOpaBIiHHSI CHCTEMOIO BHAAJICHHS CTPYXKKH 1 1HIN JOMOMDKHI [ii
BIIMTOBIIAIOTh KJIABINII 1 TepeMHUKadi i1 poOOTH 31 CHemiaIbHUMH
byHKIiIME.

e KiaBimi nukiy nmporpamyBaHHs.

3a myck Kepylo4oi mporpamu BiAmoBigae kHonka CTapT MUKIY, a 3a
il octaHoB - kHOmMKHW 3ynuHKAa nofavi abo CkumanHa. o mi€el X rpymu
HaJle)kaTh KJaBimli Juisg akTuBamii ¢GyHKUiIA BuOipkoBoi 3ynmuHkm MO1,
MPOIMYCKY Kajpy /, TOKaJAPOBOTO BUKOHAHHS MPOTPamMu, MPOOHOTO MPOTOHY
1 OJIOKYBaHHS OCHOBHUX ITEPEMIIIIEHb.

o [nuri opranu ynpastiHHSL.

YactiHa opraHiB ympaBiiHHS MOke OyTH pO3TalloBaHa HE Ha
camomy mynbti [TUIIK. Hanmpuxman, BUMHKau eNEKTPOKUBICHHS YacToO
pO3TalIOBaHWK Ha TWIBHIH CTOPOHI KOpPIyCy BepcTara, a KIasimii
YIpaBIliHHS IHCTPYMEHTAJIBHUM Mara3puHoM - IPsIMO TIOPYY 3 BIKOHLIEM JUIS
3aBaHTAXKCHHs IHCTPYMEHTiB. BenmWka uepBOHa KHOMKAa EKCTPEHOTO
0CTaHOBA 3HAXOJUTHCS HA CAMOMY BHJHOMY 1 IOCTYITHOMY MICIIi.

[Ipaktruno Bei Bepcratm 3 UIIK MaroTe MaxOBWKH, SKi JalOTh
MOJJIMBICTh OMeEpaTopy IepeMillaTd BWUKOHABYI OpraHu Bpy4Hy. Sk
NpaBUIIO, IUMH MaXOBHKAMHU OIEPaTOpP KOPUCTYETHCS JJIsl BHUKOHAHHS
TOYHHMX OIlepauili, TAKMX K MOIMIYK HYJIbOBOI TOYKH a00 BUMIPIOBAHHS
JIOBXKMHH 1HCTPYMEHTY.

Kpim pi3aux opraniB ympasninas, epcraT 3 YIIK mae HaOip
ingukatopiB. Ili imamkaropu (cBiTiomiogn abo JIAMIIOYKH) MOXKYTh
MOKa3yBaTH, MpUHNIIM a00 HE NMPUHIUIM BUKOHABYI OpPraHU BepcTara B
HYJIBOBY TOUKY, YM BKJItoueHa rmojada MOP, i curHaiizyroTh po aBapiliHy
CHUTYAIIIIO.
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10.2 OcHoBHi pe;KkUMHU PoGOTH

1. PesxuM aBTOMATHYHOTO ynpaBiaiHHs. el pexuM € 0CHOBHUM
Jutst Beperata 3 UITY. Came B oMy peKUMi TPOBOAUTHLCS 00poOKa aAeTaii
3a mporpamoro. [ms 3amycky KII Ha BUKOHaHHS HEOOXiTHO CIIOYATKY
BHOpAaTH aKTUBHY IIPOTpaMy i IOTIM HATHCHYTH KHONKY CTapT LUKITY.

VY pexxuMi aBTOMaTUYHOTO yNPaBIiHHS ONEPaToOp MOXE BIJIMBATH HA
3amporpaMoBaHy INBHAKICTH IMOAa4i 1 4YacTOTy OOepTaHHS IIMHHIEIS.
PykosiTka KOpeKIlii MpUCKOPEHOTO XOAY J03BOJISIE 3MIHIOBATH IIBHIKICTH
XOJOCTHX TepeMilleHb BHKOHABYMX OpraHiB BepcTaTa 3a3BHYail B
miamasoni Bixg 0 1o 150%.

2. Pe:xxum penaryBaHusi. B 1mpoMy pexmmi omepatop Bepcrara
MOJKE BBOJHMTH HOBY 200 peJaryBaTH iCHyroUy Iporpamy oOpoOKu Bpy4HY,
BUKOpHUCTOBYIOoUH KiaBiatypy [TUIIK.

MosxmuBocti o pemaryBanaio KII y pisamx criiok UYIIK MoxyTh
3HaYHO Binpi3HATHCS. HalmpocTimi cucTteMu JO3BOJISIOTH BCTABIATH,
BUJAJIITH 1 KomitoBaTH cioBa nanux. HaiicydacHimi CUIIK marots ¢yHKii
MOITYKY 1 3aMiHM JaHWX (QHAIOTIYHO TEKCTOBMM pemaktopam Ha 1K),
KOIIIOBaHHS, BUJJAJICHHS 1 TIEPEHECEHHS IEBHOT'O MPOTPAMHOTO Jialla30HY,
3patHi peaarysat KI1y doHOBOMY pexkuMi.

OyHk1is (OHOBOTO pelaryBaHHs JaHUX JO3BOJISIE OMEPaTOPy
BepcTaTa CTBOPIOBATH a0 peparyBaTH OJHY NPOrpamy IpPH OAHOYACHOMY
BUKOHAHHI 1HIIOI mporpamu. Jlns (OHOBOTO pemaryBaHHS CHCTEMY
yIpaBIiHHSI HEOOXITHO MEPEKITIOUYUTH B ABTOMATHIHUAN PEXKUM.

3a3BUyail B peskuMi pearyBaHHs 3ilcHIOeThCs 3aBanTaxkeHHs KII 3
MEPCOHAILHOTO KOMIT'FOTepa a00 IHIIOr0 30BHIMIHLOTO MPUCTPOIO. TyT xke
MOXKHa mepeBipuTH po3mip BitbHOI mam'sti CUIIK 1  «kinbKicTh
3apeecTPOBAHUX MIPOTPaAM.

3. Peskum pyuHoro BBeneHHsi nanux MDI. Pexum pydnoro
BBeaeHHS aanux MDI no3Bosisie orepatopy BBECTH 1 BUKOHATH OJWH abo
KiJTbKa KajpiB, ki He 3amucaHux B mam'sti CUIIK. 3a3Buuaii nieit pexum
BUKOPHUCTOBYETHCS AJIs1 BBeleHHS okpeMux G- i M-KoaiB, HapUKIag JJist
3MiHM 1HCTpyMeHTy a0o0 BKJIIOYCHHS OOOpOTIB INNuHACHA. BpeneHi
KOMaHJH 1 CJIOBA JaHUX MicJIsl BAKOHAHHS a00 CKUAAaHHS BUAATSIOTHCA.

4. KpokoBmii pesxxum. KpokoBuii (cTapT-cTOm) pexkuM 3adesredye
pY4HE TepeMillleHHs] BUKOHABYMX OpPraHiB BepcTara NMpPW HATHCKAaHHI Ha
BiamoBigHi kHonky Ha naxeni [TYIIK.
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5. Pexum ynpapjiHHf PYYHHM TreHepPaToOpoM iMmyJibciB a0o
MaxoBHKaMH. B 11boMy pexuMi 3MIHCHIOEThCS TIEPEMIIICHHS BUKOHABINX
OpraHiB BepcTara 3a JOMOMOIOI PYYHOTO TI'eHepaTopa iMITYJbCIiB, SKHMA
CXOXHMI Ha IMyJbT JUCTAHIIIHOTO KepyBaHHS ab0 3a J[OMOMOIOI0
criemianbHUX MaxoBukiB Ha mmaneni ITUIIK. Omepatop BepcTata MOXe
3aaBaTH KPOK 1 HANPSIMOK IEPEMIICHHS 3a JIOMOMOTOI0 CITEIiaIbHUX
nepeMHKayiB.

Pucynok 10.2- Pyynuii reHepartop iMITyJbCciB

6. Pexum moBepHeHHSI B HYJbOBY TOYKYy. [loBepHEeHHs
BHUKOHABYMX OPraHiB B HYJBbOBY TOYKY € CTAHIAPTHOIO MPOLETYPOI0 MPH
BKIIFOUEHHI BepcTata. B IpboMy BUTNAAKY BinOYyBaeThCS CHHXPOHI3AIIS
BepcTaTa i CHCTEeMHU YIPaBITiHHS.

7. Pexxum mpsimoro uymciaosoro kepyBanHsa DNC. Pexum DNC
JI03BOJIIE BHKOHYBAaTH NpOrpamMy OOpOOKH MpsiMO 3 KOMITtOTepa abo
IHIIOTO 30BHIIIHBOTO MPHUCTPOIO, HE 3AMKCYIOUW ii B MaM'sITh CHCTEMH.
3a3Buuail B upoMy pexxumi BUKOHYIOThCS KII Benmukoro posmipy, siki He
MOXYTh nomictuTHcs B mam'siti CUILY.

8.PexxuMm penaryBaHHsi mapamMeTpiB. B nmbomy pexxuMi MpoBOASITH
penaryBanHs mapametpiB cucremun UIIK. [lapamerpm kopucTyBaua
BIJIMIOBIIal0TH 332 HAJANITYBaHHS MOTOYHOI JaTH i Yacy, poOOTy B pi3HUX
pexxumax 1 T.q. CUCTeMHI mapaMeTpu BIUIMBAIOTh Ha (DYHKIIIOHYBaHHS
BepcTara B 1isioMy. He pekoMeHyeTbcs caMOCTiiHO 3MiHIOBATH 3HAYCHHS
CHUCTEMHHMX NapameTpiB. [HO/I BXix B 00JaCTh mapaMeTpiB 3a0I0KOBaHUH 1
JUIsl pelaryBaHHsA IOTPIOHO BBECTH CIEI[iaIbHUN KOJI, BCTAHOBJICHUM
BUPOOHUKOM BepcTara.
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9. TecroBi pe:xkumu. Y Oynp-sikoro Bepcrara 3 UIIK e meBHa
KUTBbKiCTh TecTOoBHX (YHKIIH. [0 HUX, HAIpPUKIAA, BiTHOCITHCS MPOOHUI
nporiH i mokanpose BinnpamroBanns KI1. deski cuctemu UIIK no3onsors
3ailicHIOBaTH rpadiuHy NepeBipKy TpaekTopii.

TEMA 11. OCOBJUBOCTI OPTAHI3AIII IIIATOTOBKX
KEPYIOUUX ITPOI'PAM JIJIA BEPCTATIB UIIK

TexHonoriynuii mpouec OOpOOKH NeTaii 1 CTBOPEHHS Kepyroudoi
nporpamu tst BepcraTiB 3 UIIK po3pobnstoTscsi Ha OCHOBI Pi3HOMaHITHOT
iHdopMarii, SKa TOTYEThCA PI3HUMH MIAPO3AITIAMH ITiITPHEMCTBA.
CydacHu#l piBeHb PO3BUTKY TEXHIKH JIO3BOJISAE 3IHCHIOBATH TaK 3BaHHMA
HACKpI3HUI TpoIiec, MpH SIKOMY aBTOMAaTH30BaHi 1 KOMII IOTEpU30BaHi BCi
eTanu poOOTH i3 CTBOPEHHS BUPOOY — Bl pO3pOOKH O BUTOTOBIICHHS.

B yMoBax cyuacHOTO BUPOOHHITBA MiATOTOBKA KEPYIOUHX MPOTrpam
3MIACHIOETHCS PI3HUMHM CHOCO0aMH 3a JIOTIOMOIOK0 Pi3HUX TEXHIYHUX
3aco0iB. Bubip BuU3Ha4YaeThCS KOHKPETHHIMH YMOBaMH BHPOOHHIITBA, B
nepury 4epry wozensmu BepctatriB i cuctem UIIK, dinaHcoBUMHU
MOJKJIMBOCTSIMH IIATIPHEMCTBA, piBHEM KBanidikamii ¢paxiBIUiB i T.11.

3aje’KHO BiJ IepepaxoOBaHUX UWHHUKIB MOXJIMBI TpH pi3Hi
oprasizarliiiHi piBHi, Ha SKAX 3TIHCHIOETHCS PO3POOKa KEPYIOUHNX TPOTPaAM:

* piBeHb BUPOOHHYOTO 1IEXY;

* piBeHb CITEIialIi30BaHOTO MiIPO3/ILTY 10 IPOTPaMyBaHHIO;

* piBeHb KOHCTPYKTOPCHKO-TEXHOJIOTIYHOTO MiAPO3ALTY.

11.1 CknagaHHs KEPYIOUUX MPOrpaM B 1eXy

CknazaHHsl Iporpam B LieXy BiIOYBa€ThCs, SK MPaBUIIO, BPYUHY [UIS
KOHKpPETHOT MOJIeTli BepcTara, OCHAIIEHOTo KOHKpeTHO cuctemoto YIIK.
[pu pyunomy crocoOi MiJArOTOBKH BCi HEOOXiJHI OOYUCICHHS JUIS
CKJIaJaHHsS TPOrpaMH BHKOHYIOTBCSI B OCHOBHOMY Bpy4dHy abo 3a
JOMOMOT0I0  KaulbKyJisiTopiB. IloTiM Ha OCHOBI BHMKOHaHUX OOYHMCIICHD
BpyuHy abo Ha TekcroBomy pexaaktopi I[1K ckmagaerscs mporpama B
crierfianbHUX Kojax Ha MoBi cuctemu UIIK Bepcrara. Ilicims 4oro TekcT
OporpaMu 3a JIONOMOIOI0  CHEliajJbHOI TEXHIKM IEPEeHOCUTHCS Ha
POTPaMOHOCIi, a 3 Hporo - B cuctemy UIIK Bepcrara.
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OcTanHIM 9acoM, 3aBISKH MBAAKOMY po3BUTKY TexHiku 3 UIIK, mpu
PYYHOMY cII0cOOl HpOrpaMyBaHHS B IL€Xy IIHPOKO BHUKOPUCTOBYETHCS
BBeZieHHS nporpaMu B cuctemy UYIIK GesmocepenHso 3 mynbTa BepcTara.
MoxnmBocti cyyacHux mynsTiB 3 YIIK 103BONSIOTE BUKOHYBATH Ha HUX
HE TUTbKH PYYHE BBEJIEHHS TEKCTY MPOTPaMH, alie 1 MomepeHio rpadiaay
iMiTamiro 00poOKH 3a CKIIAACHOIO IIPOTPaMOI0, a TAKOXK KOPEKITiF0 BBEACHOL
IpOrpamu.

BBenenns mporpamu 3 myjbTa BepcTaTa Ma€ OIWH NPUHLUIIOBUM
HEJOJIK — NP BBEJEHHI TEKCTy HOBOI MpOrpaMy HEMHUHYYE BiOYBaEThCA
3HAYHUI MTPOCTIHM TIOPOroro Bepcrara.

Sx mpaBuiI0, MPOTpaMyBaHHS B 1IeXy BUKOPUCTOBYETHCS Y BiJTHOCHO
HeBeNMMKUX (QipMax, IO MaroTh Aekinbka BepctariB 3 UIIK, B skmx
¢axiBenp 3 TEXHOJOTii 1 MporpamyBaHHS HE MOXE MaTd IOCTIHHOTO,
MOBHOIIIHHOTO 3aBaHTaXEHHS. B 1bOMy BHIAIKy JOUIIBHO MpPUBEPTATH
omeparopa BepcTata JUii BHKOHAHHA BCHOTO PI3HOMAHITTS 3ajaad,
MoB'sI3aHNX 3 oOcmyroByBaHHAM BepctariB 3 UIIK: He Timbku 3HIMaTH i
BCTaHOBJIIOBATH 3arOTOBKM 1 CTEXKHUTH 3a OOpOOKOIO, aie i BBOJUTHU
nporpamy B UIIK, mepeBipsTH i onTuMi3yBatu ii.

[IporpamyBaHHS B IIeXy Mae€ IEBHI MO3UTHBHI 1 HETaTUBHI CTOPOHM.
BoHo He BHMMarae BeJIMKMX BHTpAaT Ha OpraHi3ailir0 poOOTH 1 J03BOJISE
OTepaTUBHO BHOCHUTHU 3MiHH B yKe icHyto4i mporpamu. [Ipore mo6 BoHO
0yi0 edeKTHBHUM, HEOOXiTHO BUKOHATH PSJ YMOB:

* IporpaMa NMOBWHHA MAaTH HEBEJHMKHHA 00'€M i HEe BUMaraTH NpH il
CKJIQJIaHHI TPOMI3JIKHX 1 CKJIAJTHUX OOYHCIICHb;

* acopTUMEHT o0pobmoBaHux Ha Bepcratax 3 YIIK BupoOiB He
MOBHHEH OYTH BEJIMKHUM 1 HE IIOBUHEH YacCTO MiHSATHCS;

e onepatop BepctariB 3 UIIK He TmOBHHEH OJHOYACHO
o0ciIyroByBaTH 0arato BepCTariB;

» orreparop BepcratiB 3 YIIK moBruHeH MaTh BHCOKY KBawidikarito,
IO JI03BOJISIE BUKOHYBATH HE TUTBKH MPOCTI OMepallii Mo 00CcIyroByBaHHIO
BepcTara, aje i QyHKIIIT TEXHOJIOra-porpamicra.

11.2 CkyiagaHHsl KepylO4YMX MPOrpaM y crnemiajizoBaHoMy migpo3aiji
M0 MPOrpaMmyBaHHIO

[ligroroBka mporpam cujaMH CHELialli30BaHUX  MiAPO3ILTIB
XapakTepHa JIsl BIIHOCHO KPYITHUX BUPOOHHYMX (ipM, IO OCHAIIEHUX
pizHOMaHiITHUM ycraTKyBaHHsIM 3 UIIK i MatoTh crabinbHi 3aMOBJIcHHS. B
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POMY BHMAAKY I (IpMH EKOHOMIYHO HENOIIBHO CTBOPIOBATH
MpOrpamMu B IeXy Oe3mocepeHb0 y BEPCTaTiB, OCKIIBKHU 1€ PUBOAUTH 10
3HAYHUX BTpaT MAIIMHHOTO 4acy. HabaraTo BWriAHIIIMM € oprasizamis
OKPEMOro MiApO3AiTy, [0 BUKOHYE BHHATKOBO PO3PaXyHKH i CKIaJaHHS
oporpaM, 3aBASKM  4YOMY IIOCTIHHO  CTBOPIOIOTBCA  yYMOBH  IJIS
MaKCUMaJIbHOTO 3aBaHTaxeHHs BepcraTiB 3 UIIK 1 Oesmepebitinoro
BUTOTOBJICHHS HA HUX BUPOOIB.

Slkmo miapo3mim Mae B CBOEMY PO3MOPSIKEHHI MPOTPamicTiB
BHCOKOi KBamidikarii, BUpOOH, IO BUTOTOBJSIOTHCS, HE BiAPIZHAIOTHCA
BUCOKOIO CKJIQJHICTIO, i 3MiHAa HOMEHKJIATypH BUPOOiB BiIOYBAETHCS PiAKO,
TO Ui CKIaJaHHs €QEKTHBHUX MpPOTpaM, SIK MPaBHIIO, IITKOM TOCHUThH
PYYHOro crioco0y mporpamyBaHHs. SIKIO OJHA 3 MEepepaxoBaHUX YMOB HE
JOTPUMYETBCS, TO JJISl YCHIIMIHOI pOOOTH B Cy4acHHX yMOBax HEOOXiTHO
BUKOPUCTOBYBATH aBTOMAaTH30BaHi CIIOCOOH MiATOTOBKH MTPOTPAM.

IcHye nmexinpka piBHIB aBToMaTH3allii mporpamyBasHs s YIIK:

* IIepIIMil PiBeHb — PO3PAaXyHOK HAa KOMITIOTEpax TE€OMETPHUYHHX
KOOpJIMHAT XapaKTEPHUX TOYOK TPAEKTOPIii, MO SKUX PIKYUHH IHCTPYMEHT
MIEPEMIIIAEThCs B TIpoIieci 00pOOKH;

* IpYruil piBeHb — PO3PaxyHOK Ha KOMIT'FOTEpax KepyrUoi mporpamu
M0 BUKOHAHHIO OJJHUM iHCTPYMEHTOM OKPEMOT'0 MepexXoy TEeXHOJIOT1dHOI
omepanii 1 CKIaJaHHS TEKCTy MpOrpaMH Ha Led mepexiy B Kojax
KoHKpeTHO1 cuctemu UIIK;

* TPETIiii piBEHb - PO3PAXyHOK Ha KOMIT'IOTEPaX KEepPYKYoi Mporpamu
Ha ONepaIliifHuil TEXHOJIOTIYHUI Mpolec 1 CKIaJaHHs TEKCTY MporpaMu B
KoJax KoHkpeTHoi cuctemu UIIK.

11.3 CkyianaHHs KepyH4oi MPorpaM y KOHCTPYKTOPCBHKO-
TeXHOJIOTiYHOMY MiAPo31iii

3aB[sKM IHTEHCHBHIM KOMITTOTepu3alii BUPOOHHUITBA 3'SBHIACS
MOJUIMBICTh TIPOBOJMTH MiJATOTOBKY IpOrpaM CHJIAMH CIIBPOOITHUKIB
KOHCTPYKTOPCBHKO-TEXHOJIOTYHUX Mifgpo3aiiiB. Llg poboTa BukoHyeThCs 32
noromororo CAD/CAM-cucreM, siki 103BOJISIFOTH OpraHi3yBaTH Ha OJJHOMY
KOMITIOTEpI yHiBepcaibHe poOoYe Miclle 1 BUKOHYBAaTH Ha HBHOMY BeCh
KOMITJIEKC POOIT: Biag po3poOku BHUpOOYy A0 PO3POOKH MporpaM Ijsi HOro
BHUTOTOBJIEHHS Ha BepcTarax 3 UIIK.

BuxopucroByanuss CAD/CAM-cucteM mpu CKIaJilaHHI IporpaM B
POOOTI KOHCTPYKTOPIB 1 TEXHOJIOTIB:
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* I03BOJISIE BHUKOPHCTOBYBATH T€OMETPUYHY MOJIENb BHPOOY, IO
BUTOTOBIIIETHCS, IS CKIIAJIaHHS B IHTEPAKTUBHOMY J/I1aJIOTOBOMY PEXHMI
OTIepaLifHOrO TEXHOJIOTIYHOTO Tpolecy ii 00poOKH;

* 1030aBNsie  BiJi HEOOXIAHOCTI  BUKOHYBaTH  MaTEMaTHYHI
0o0YMCIIEeHHS TPAEKTOPIN MepeMillleHb PLKYI0To IHCTPYMEHTY TpH 00pooii
Ha Bepctatax 3 UIIK;

* JIO3BOJISIE CKJIACTH YIPABJISIOYY HPOTpaMy B CHEMiaJbHUX KOJax
st pizaux cuctem UIIK, 3agaroum modaTKoOBI TEXHOJOTIUHI ITapaMeTpH B
CJIOBECHIH (opMi 3 BUKOPHUCTAHHSM 3arajJbHOTEXHIYHUX TEPMiHIB;

* 103BOJISIE BUKOHATH rpadiyHy imiTamito oOpoOKku BupoOy 3a
CKJIQJICHOIO YIPABJISFOYOI) MPOrpaMOI 1 BHECTH, NPH HEOOXIiTHOCTI,
KOPEKTYBaHHS B IPOTPAMY;

* IO3BOJISIE  OJiEpXKaTH  BEJIMKY  YaCTMHY  HEOOXimHOi s
JIOKyMEHTOOOIr'y TEXHOJIOTTYHOI JOKYMEHTAIIIT.
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