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Komanpma LinuxCNC

Lle# mOCIOHUK 3HAXOMUTHCS B IPOIECi pO3po0KU. AKIIO B MOXKETEe JOIIOMOTI'TH 3 HAallMCAHHSIM, pedaryBaHHsI]
a6o rpadiyHO0 HiATOTOBKOIO, OyOb JacKa, 3B'SXKIiThCA 3 OyOb-IKHMM YJIeHOM KOMAaHOH aBTOPiB abo
MIpUETHAWTECS Ta HATIIUIITh eIeKTPOHHOIO JIMCTAa Ha afgpecy emc-users@lists.sourceforge.net.

AsTtopceke paso © 2000-2025 LinuxCNC.org

IT0o3BOJIsAETHCA KOMiI0BaTH, PO3IMOBCIONKYBaTH Ta/ab0 MoqudiKyBaTH 1€l OKYMEHT BiITIOBIIHO 10 YMOB
Jlinen3sii Ha BinbHY mokymMmeHTalrito GNU, Bepcis 1.1 abo Oymb-sika IisHima Bepcis, onybnikoBarna ®yHpalrieio
BiJIbHOT'O ITpOorpaMHOro 3abe3neueHHs; 6€3 HE3MIHHUX PO3MiliB, TEKCTIB Ha IepenHili 0OKIaguHIN Ta
TEKCTiB Ha 3agHiii oOkmamuHIli. Komis mineH3ii MicTUTBCST B PO3[iii mim Ha3Boio «JIilleH3is Ha BibHY
moxkymenTamniro GNU».

SIKIIT0 B He 3HaleTe MileH3ii0, BU MOXKeTe 3aMOBUTH il KOIIii0 3a apeco:o:

Free Software Foundation, Inc.

51 bl’mbl’b’lpbllbllabllblIHbIIblIKbI’b!InblIb’Iib'IblIHbII_b’chlIb’ITbllbllpbllbllibllbl H
ITbI’

bl'nbl'IblIﬂblIbl’TbIIbIIMbllbllﬁbll blInblIblIoblIblIBbIIb’lebllbllpbllbllxbll

b’'Bb’'b’’ob’'b"’'cb’'b’"'Ttb’'b’"'ob’’b’'Hb’’, MA 02110-1301 USA.

(AHTIIOMOBHA BEPCisi € aBTOPUTETHOIO)

LINUX® € 3apeecTpoBaHOI0 TOProBoio Mapkoio Jlinyca TopBanbaca B CIIIA Ta iHmux KpaiHax. 3apeecTpoBaH
Toprosa Mapka Linux® BUKOPUCTOBYETHLCS BiATIOBiNHO [0 cyOminen3ii Bix LMI, eKCKITI03UBHOTO JlilleH3iaTa
Jlinyca TopBanbzca, BlacHUKa TOPTOBOI MapKM Ha CBiTOBOMY piBHi.

ITpoekT LinuxCNC He moB’si3anu#i 3 Debian®. Debian € 3apeecTpoBaHOI0 TOPTOBOIO MapKoOIo, IO
HanexuTh Software in the Public Interest, Inc.

ITpoekT LinuxCNC He noB’si3auutt 3 UBUNTU®. UBUNTU € 3apeecTpoBaHOI0 TOPTrOBOIO MapKoIo, IO
HanexuTh Canonical Limited.



mailto:emc-users@lists.sourceforge.net

IToyatok pob6oTtu V2.10.0-pre0-6295-gdaf366a2a2 1/39

Chapter 1

NMpo LinuxCNC

LinuxCNC (the Enhanced Machine Control) is a software system for computer control of machine tools
such as milling machines and lathes, robots such as puma and scara and other computer controlled
machines up to 9 axes. LinuxCNC is free software with open source code. Current versions of Lin-
uxCNC are entirely licensed under the GNU General Public License and Lesser GNU General Public
License (GPL and LGPL).

To lower the entry-hurdle, LinuxCNC provides:

JIeTKe BUSBJIEHHS Ta TeCTyBaHHs 0e3 BCTAHOBIIEHHS 3a AgoromMmoroio Live Image,
JIETKE BCTAHOBJIEHHS 3 Live-o06pa3sy,

IIPOCTi ¥ BUKOPHUCTaHHI rpadiuyHi MaricTpu KoHQiryparlil mjas IMIBUOKOTO CTBOPEHHS KOHGIrypariii,
crenudivHOi A1 MaIIUHY,

directly availability as regular packages of recent releases of Debian (since Bookworm) and Ubuntu
(since Kinetic Kudu).

LinuxCNC provides a graphical user interface with many flavours to choose from to match your per-
sonal preferences and technical needs. Advanced users may directly exploit

iHCTpyMeHTH [ysi cTBOpeHHs rpadiunux iHTepdeiicis (Glade, Qt),
the interpreter for G-code (the RS-274 machine tool programming language),
po6oTa HU3BKOPIBHEBOI MAIIMHHOI €IeKTPOHIKHY, TaKOl SIK JaTYUKU Ta IPUBOOY OBUTYHIB,

MIPOCTHH Y BUKOPUCTAHHI IITap «MaKeTHOI IIJIaTH» IOJIS IIBUIKOI0 CTBOPEHHS YHiKaIbHOI KOHGIrypairii
BaIllol MAIIUHH,

nporpamunu PLC, mporpaMoBaHu# 3a JOIIOMOT0I0 CXOOHUHOK.

Under the hood, LinuxCNC provides

cucTeMa IUIaHYBaHHS PyXy B PeaJlbHOMY 4Yaci 3 MPOrHO3yBaHHAM,

support for non-Cartesian motion systems is provided via custom kinematics modules. Available
architectures include hexapods (Stewart platforms and similar concepts) and systems with rotary
joints to provide motion such as PUMA or SCARA robots.

support for a variety of hardware interfaces. The control can operate true servos (analog or PWM)
with the feedback loop closed by the LinuxCNC software at the computer, or open loop with step-
servos or stepper motors.
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o OYHKIII yIpaBliHHS PYXOM BKJIIOYalOTh: KOMIIEHCAIlil0 pafiiyca Ta HOBXKHWHHU pilaka, BigXuIIeHHS
TPa€EKTOpii, oOMeKeHe 3aJJaHUM IOITyCKOM, Hapi3yBaHHS Pi3b0u Ha TOKAaPHOMY BEPCTaTi, CHHXPOHiI30BaHM’L
pyX OCell, afalTUBHY IIBUIOKICTH OHadvi, py4yHe YIPaBIiHHS IIOJA4Yel0 OIIepaTOpOM Ta KOHTPOIb
IOCTiHHOI IIIBUOKOCTI.

* LinuxCNC runs on Linux using real-time extensions.

LinuxCNC expects G-code that if not entered manually is provided by another software, which sup-
ports CAM (Computer Automated Manufacturing) and determines what tool shall be used at what
speed for what geometry. Many prominent CAD (Computer Automated Design) tools that determine
the desired final shape of your work piece (or the assembly of multiple work pieces that area to be
produced individually) offer a CAM module.
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1.1 Architecture - Context diagram

: 1 T
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signals and components must be used for using LCNGC

-------------- signals and components are optional (LCNC can be used without them)

Figure 1.1: Roles of operators, integrators, developers and hardware

The diagram presents the components and players of the LinuxCNC ecosystem and how they interact.
It is not intended to help you understand the functionality of LinuxCNC. Please refer to the following
chapters for this.

Operator
One a machine is set up, its operator will only use one of the many graphical user interfaces that
LinuxCNC and external groups are providing. The requirements for the operator are determined
by how the integrator has set up the machine. The integrator has the option of setting up the
machine so that the operator only presses one button to start the machining process, or leaves
the GUI in its default state and the operator will fully control the CNC machine using the GUI
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functionality and G,M,O-codes. The integrator may or may not create a physical or virtual panel
for the operator with various buttons and various indicators.

InTerpartop

It is on an integrator (machine builder) to ensure that the LinuxCNC configuration matches the
hardware setup both in the wiring and the protocols spoken on those wires. The integrator can
choose whether to set up the machine using the Wizard or to configure it manually. If the Wizard is
used, the integrator’s knowledge of LinuxCNC is minimal. Itis enough to understand the machine
hardware. If the integrator wants to use the maximum potential of LinuxCNC, he must be able
to create or edit configuration files manually. To do this, it is enough to have knowledge of HAL,
INI configuration and ideally the creation of custom HAL components or embedded panels. This
knowledge will allow the connection of various hardware combinations with LCNC. Using INI,
the integrator selects the GUI (Gmoccapy, Axis, Qt, ...), kinematics, number of axes, parameters
(velocities, acceleration, distance, ...). Using HAL, the integrator selects the hardware control
method (velocity mode / position mode, on-off control / analog control, without / with feedback,
...). Using a suitable HAL module, various components can be controlled via various buses (PCI,
USB, Ethernet, EtherCAT, Modbus RTU/TCP, Parallel port, ...)

Developer

The LinuxCNC developers may be coming up with drivers for new hardware or other new features
in the GUI and anything in between a mouse click and a motor turning. For testing, monitoring
or possibly also the communication between multiple machines, also a text-based interface to
LinuxCNC is available. Since LinuxCNC is an Open-source project, you can modify it in any
way you like, provided you meet the very benevolent license conditions. You can create these
modifications for the official LinuxCNC community, or for your own needs. Both paths have
their advantages and disadvantages. If you offer your modification or improvement to the official
developers, if they are interested, they can help you improve it even more and you will receive
feedback. If you keep your modification to yourself, you do not have to worry about whether it
will interest the official developers, but it may be a problem in the future if someone unfamiliar
with these modifications were to maintain the machine you built (modifications, updates, fixes,
...). Of course, the developers modify all the code that is part of LinuxCNC, but the diagram
only shows the links for which the developer’s skills are necessary (C, C++, Python, Bash, GTK,
Glade, QT, Linux OS, GitHub, PC hardware, ...)

Wizard
Wizards are standalone programs that LinuxCNC and external groups are providing. They can
work without other LinuxCNC components. The main output of Wizards are configuration files
(*.ini, *.hal and others). Therefore, it is possible to do your first machine setup using the Wizard
and only later, after a deeper study of the LCNC configuration, can you edit the files generated
by the Wizard.

1.2 OnepauinHa cuctema

LinuxCNC pocTynHu# y BUTISIOi TOTOBUX OO0 BUKOPUCTAHHS MaKeTiB myis quctpudyTusis Debian.

1.3 OTpuMaHHA OONOMOIM

1.3.1 BeOb-cdopym

Beb6-hopyM MoKHa 3HaWTH 3a aapecoro https://forum.linuxcnc.org abo 3a mocumaHHAM Y BEPXHIiN YaCTUHI
TOJIOBHOI cTopiHKku linuxcnc.org.

Ile mocuTh aKTHUBHO, ajie meMmorpadiyHa rpyma Oiibllle OpiEHTOBaHA Ha KOPUCTYBauiB, HiXK CIIMCOK
po3cunku. JAKIo Bu XxoueTe OyTHU BIIEBHEHI, 1110 pO3p00HUKY IT00avaTh Ballle IMOBiHOMIIEHHS, TOMOi CITif
BigjaTu nmepeBary CIMCKY PO3CHUIIKH.



https://forum.linuxcnc.org
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1.3.2 IRC

IRC posmudporyeTrhca K Internet Relay Chat (IuTepHeT-peneiinuii dat). Lle XKuBe 3’€gHaAHHSA 3
inmmmu kopuctyBadaMu LinuxCNC. IRC-karan LinuxCNC =Ha libera.chat — #linuxcnc.

Ha#tmpocTimmui crioci6 motpanutu Ha IRC - 11e ckopucTaTtucs BOymoBaHUM BeO-KIieHTOM Bif libera.

Tpoxu erukery IRC

* 3amaBaliTe KOHKPETHI 3anuTaHH... YHUKaWTE 3allUTaHb Ha KIITaJIT «XTOCh MOXKe MEHi JOTTOMOT T ?>».

e SIKIITO BU CIIpaBIi HOBAYOK V BCHOMY IIbOMY, TPOXHU ITOAyMalTe Had CBOIM 3allUTAHHSIM, IEPII
HixK mucaTu #oro. IlepekoHaiTecs, 110 BM HaJaeTe OOCTATHHO iHdopmaririi, mob XxToCh Mir
BiAIIOBiCTHM Ha Ballle 3alUTaHHS a00 BUPIIIUTH Bally IpobieMy.

e BynbTe Tepnas4yuMH, YeKalouu Ha BimmoBimb. IHomdi dopmyioBaHHS BigmoBimi 3aiiMae gesKui
yac, abo K yci MOXKyTb OyTH 3aWHATI POOOTOI0 YH YMMOCH ITOTiOHUM.

e Hanamry#ite cBii o6mikoBuii 3anmuc IRC, BUKOPHUCTOBYIOUM CBOE yHiKasbHe iM’si, 1100 mromu
3HAJIM, XTO BU. SIKII0 BU BUKOPHCTOBYETE KIIIEHT Java, BUKOPUCTOBYUTE Te caMe iM’s mopasy,
KOJIY BXOOUTE B cucTeMy. Lle momomarae mroOsM 3amaM’ siTaTh, XTO BHU. fKINO BU Bxke OynIu Ha
HBOMY paHiliie, 6araTo XTo ImaM’siTaTUMe MOoMNepenHi PO3MOBHY 3 BaMH, 1110 3a0IIadUTh Yac 000M
CTOPOHAaM.

CuinbHu# nocTyn no gpauiis
HatimomupeHnimmuit cnoci6 oominy ¢aiimamu Ha IRC - 11e 3aBaHTaxuTH (aiiil Ha OOUH i3 HaBeOeHUX
HUX4Ye abo nomibHUM cepBic i BCTABUTHU NOCUJIAHHS:

* [Ins mekcmy: https://pastebin.com/, https://gist.github.com/, https://Obin.net/, https://paste.debian.r

» Ilnsa 306pasicers: https://imagebin.org/, https://imgur.com/, https://bayimg.com/
* [Ina ¢atinia: https://filedropper.com/, https://filefactory.com/, https://1fichier.com/

1.3.3 CnuMCcoOK pO3CUJIKH

IHTepHET-PO3CUIIKa — 1€ CII0Ci0 MOCTaBUTHU MUTAHHS, 100 YCi y9aCHUKY PO3CUIIKU MOTJIH iX mo0auuTH
Ta BiITIOBICTU Ha HUX Y 3PYYHUH OJI HUX Yac. Y PO3CUIIL Ballli MTUTaHHS OTPUMAIOTh OibIITy yBary, Hix
B IRC, ane BigmoBifi HamxoOsaTh JoBHIe. KOPOTKO KaXy4u, BU HaOCHUIaEeTe MOBIAOMJIEHHS Ha aZpecy
PO3CHUIIKY i OTPUMYETE IOOEeHHI maWmXecTu abo iHOWBimyanbHi BimmoBimi, 3ajle2KHO Bifm TOTO, SIK BU
HaIaIITyBaJIu CBill 0OIiKOBUY 3aIuC.

Bu MoxeTe mimmucaTHCs Ha CIIMCOK PO3CHIKKM emc-users 3a ampecoio: https://lists.sourceforge.net/-
lists/listinfo/emc-users.

1.3.4 Beb-cdopym

Beb6-hopyM MozkKHa 3HaWTH 3a ampecor https://forum.linuxcnc.org/ abo 3a MOCHIAHHSAM Yy BEPXHIH
YaCcTHUHi TOIOBHOI CTOPiHKY https://linuxcnc.org/.

Ile mocuTh aKTWBHO, ajie meMorpacdidHa rpyma Oinbllle OpiEHTOBaHA Ha KOPHUCTYBauiB, HiXK CIIMCOK
po3cunku. ZKino Bu xoueTe OyTU BIEBHEHI, 1110 po3poOHUKY IToGavaTh Ballle TOBiOMIEHHS, TOMI CIIif
BigmaTu nepeBary CIUCKY PO3CUJIKH.

1.3.5 Biki LinuxCNC

Biki-ca#iT — 11€ Be6-Ca¥T, IO MiATPUMYETHCS KOPUCTYBaveEM, STKUM OyOb-XTO MOXKe JOMOBHIOBATH abo
pemaryBaTu.

KopuctyBampkuit caT LinuxCNC Wiki mictuts 6e351iu iHdopmMaliii Ta mopaj 3a agpecor0: MOCHUIaHHS:
http://wiki.linuxcnc.org



https://web.libera.chat/#linuxcnc
https://pastebin.com/
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https://paste.debian.net/
https://imagebin.org/
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https://filedropper.com/
https://filefactory.com/
https://1fichier.com/
https://lists.sourceforge.net/lists/listinfo/emc-users
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https://forum.linuxcnc.org/
https://linuxcnc.org/
http://wiki.linuxcnc.org/
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1.3.6 3BiTM NPO NOMUNKM

IMoBimomnsiiTe mpo nomunkyu LinuxCNC 3a nocunanusaMm Github: cucrema BigcTexkenHs momunok github.



https://github.com/LinuxCNC/linuxcnc/issues
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Chapter 2

CucteMHi BMMOIrm

2.1 MiHiManbHi BUMOrmn

MinimanbHa cucteMa ais 3anycky LinuxCNC ta Debian / Ubuntu moxke Bigpi3HsSTHCS 3aleXKHO Bif
KOHKPETHOTO BUKOPHUCTaHHsI. CTemmnepHi CUCTeMH, K IIPaBUI0, BUMATraloTh OiIbII IIBUOKUX IIOTOKIB
IJ1s TeHepallil iMIIyJIbCiB KPOKY, HiK cepBocucTeMu. Bu MoxkeTe BuUKopucToByBaTH Live CD fyis TeCcTyBaHHS
MIpOrpaMHOro 3abe3neyeHHs ITepe] OCTAaTOYHNM BCTAaHOBJIEHHSM Ha KOMII'I0Tep. MaliTe Ha yBasi, 110

OIS TeHepallii KPoKiB mporpaMHUM 3a0e3nedyeHHAM OibIll BaXKJIMBUMHU € TTIOKAQ3HUKU TECTY 3aTPUMKH,

HiXX MIBUAKICTH mporecopa. Binkile indopMmarii npo TecT 3aTpUMKU MOXkKHa 3Hautu here. Kpim Toro,
LinuxCNC noTpi6HO 3allyCcKaTH Ha ONepalifiHiil cucTeMi, S1Ka BUKOPUCTOBYE CIIelliaTbHO MOOu(piKOBaHUH
sapo, ouB. BuMoru mo sxgpa Ta Bepcil.

IomaTkoBYy iH(oOpMalito MoxkKHa 3HaWTH Ha caiTi Biki LinuxCNC: Bumoru go obamgHaHHA

LinuxCNC i Debian Linux nmoBuHHi npaljfoBaTi JOCUTh 0OPE Ha KOMIT'I0TePi 3 HACTYITHUMU MiHiManbHUMU
TexXHiYHUMH xapakTepuctukamu. Lli mudpu He € abcomoTHrM MiHiMyMOM, aje 3abe3nedaTs JOCTATHIO
MTPOOYKTUBHICTD [Is GiMbIIOCTi KPOKOBUX CHUCTEM.

¢ 1,2 I'Tu 64-6iTHMY npoiecop x86 a6o Raspberry Pi 4 a6o kpare.
¢ 512 MF onepatuBHoi nam’saTi, 4 I'B 3 rpadiuaum inTepdeiicom, mod YHUKHYTH HECIIOAiBaAHOK
¢ Hemae xxopcTtkroro mucka s Live CD, 8 I'b abo Oinblime oist moCcTifHOI iHCTamaIii

* BimeokapTa 3 pPO3IiNbHOIO 3maTHICTIO moHauMeHIIe 1024x768, sKka He BUKOPUCTOBYE IIPOIIPieTapHi
opariBepu NVidia a6o ATI fglrx. CygacHi BOymoBaHi rpadiuHi ginceTu 3arajaoM migXomsaTh.

 IMligkmouenHs mo [HTepHETY (He € 000B’I3KOBUM, ajie AyzKe KOPUCHUM OJISI OHOBJIEHD Ta CITiIIKYBaHHS
3i crinbHOTOIO0 LinuxCNC)

MinimanbHi BUMOru mo oOnamHaHHS 3MIiHIOIOTBCS Pa30M i3 PO3BUTKOM OUCTPuOyTHBiB Linux, ToMy
nepeBipTe Beb-caiiT Debian, 1106 gisHatucs Oinbiue mpo Live CD, kWil BU BUKOPUCTOBYeETe. [l
cTapimoro o6magHaHHSI MOXe OyTH KOPUCHUM BUOpaTH cTapilry Bepcito Live CD, K110 BOHA OOCTYIIHA.

SAKIIo B He MJIaHYETe MOKJIafaTHUCS Ha PO3IOBCIOMXKEHHS TOTOBUX 0 BUKOHAHHS IIporpaM («6iHapHUX
danniB») Ta/abo MaeTe HaMip AOTyUYUTHUCS OO PO3P0OKH BuxigHOTO Komy LinuxCNC, To, iMOBipHO, Bam
3HAmOOUTHCS OAPYTUM KOMII'IOTEP [JIsT BUKOHAHHS KoMminsiii. He3Baxkatouu Ha Te, 1m0 LinuxCNC i
BaIlli po3p0oOKY MOXKYTh BUKOHYBATHCS OMHOYACHO 3 TOYKM 30PY AUCKOBOTO ITPOCTOPY, OIEPaTUBHOL
ImaM’sITi i HaBiTh MIBUOKOCTI ITpOllecopa, 3aBaHTaxKeHa MallliHa Oy[ae MaTH TipIli 3aTpUMKH, TOMY BHU
HaBPSO YH 3MOXKETe OOHOYACHO KOMIIiTIOBATH [ePeBO OKepes i BUPOOIATH MiKPOCXEMH.



http://wiki.linuxcnc.org/cgi-bin/wiki.pl?Hardware_Requirements
https://www.debian.org/releases/devel/amd64/ch02.en.html
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2.2 BumMoru ao sappa Ta Bepcii

LinuxCNC BuMmarae smpa, Monu(iKOBaHOTIO O BUKOPHUCTAHHS B peajibHOMY dYaci, OJigd KepyBaHHSA
arlapaTHUM 3a0e3nedeHHSM peasibHOI MammuHu. OOHaK, BiH MOXKe IpallfoBaTy Ha CTaHOAPTHOMY SAOpi

B PeXUMIi CUMYJISI] oI TaKUX IIijiel, siK repeBipka G-Koay, TeCcTyBaHHS KOHpirypauitaux darinis Ta
HaBYaHHS cucTeMH. 17151 poGOTH 3 IUMU BepCisiMHu sifpa iCHYIOTh ABi Bepcii LinuxCNC, 1110 po3I0BCIOHKYIOTh(
HasBu naketiB — «linuxcnc» Ta «linuxcnc-uspace».

BapiauTtu sppa peansHoro yacy: preempt-rt, RTAI ta Xenomai.
Bu MoxkeTe misHaTHCSA BepPCilo sApa Balllol CUCTEMU 3a OOIIOMOT0I0 KOMaHIU:

uname -a

Akmo Bu OGauuTe (K BuIe) -rt- B iMeHi sgpa, TO BM BUKOPUCTOBYETE SApo preempt-rt i moBuHHI
BcTaHOBUTHU Bepcito LinuxCNC «uspace». Bu TaKOK IIOBUHHiI BCTAHOBUTHU Uspace AJisi KOHpirypamin
«sim» Ha AOpax, o He IIPalioloTh B PeXKUMi peasbHOr0 dacy.

Ao B Ha3Bi aapa Bu 6auuTe - rtai-, To Bu Bukopucrtosyetre RTAI B peanpHOMY 4aci. [IuBiTECA HUXKYE
Bepcito anst LinuxCNC, siky moTpiGHO BCTAHOBUTH.

2.2.1 Preempt-RT 3 nakeTomM linuxcnc-uspace

Preempt-RT — 11e HaliHOBIIIa 3 CCTEM pealbHOTO Yacy, a TaK0XK BepcCis, TKa HarbnmxkK4a o OCHOBHOTO
saapa. dapa Preempt-RT gocTynHi y BUTTIAOI TONlepeIHBO CKOMITiJIbOBAHUX ITAaKETiB 3 0CHOBHUX PETIO3UTOPIIB.
Ix MoxkHa 3HaiiTu 3a momykosuM 3anuToM «PREEMPT RT», a 3aBaHTa*KUTH Ta BCTAHOBUTH — SK

i Oymp-sikui iHmME makeT. Preempt-RT 3a3Buuail Mae HaliKpaly ITiATPUMKY ApPaWBepiB i € emuHUM
BapiaHTOM OJISI CUCTEM, III0 BUKOPUCTOBYIOTh IpaWBepHi KapTu Mesa 3 migkiIodYeHHIM 10 Mepexi Eth-
ernet. 3aranoMm preempt-rt Ma€ HaUTipIly 3aTPUMKY cepe[ JOCTYIIHUX CUCTEM, ajle € BUHSATKH.

2.2.2 RTAI 3 naketoM «linuxcnc»

RTAI Bxke 6araTo pokiB € ocHOBoI0 AucTpuOyTuBiB LinuxCNC. 3a3Buyail BiH 3abe3meuye HalKpally
NPOOYKTUBHICTL V PeXKUMi peaslbHOTO 4YacCy 3 TOUKHU 30Py HU3BKOI 3aTPUMKU, ajle MOXKe MaTH Tipiry
MiATPUMKY IepudepiiHuX IPUCTPOIB i He Tak 6araTo PO3MiIbHUX 3MaTHOCTEH ekpaHy. Amapo RTAI
mocTyitHe B peno3uTopii makeTiB LinuxCNC. fAxio Bu BCcTaHOBUIIM cucTeMy 3 o0pa3y Live/Install, To
rnepexin Ha ixmie Aapo Ta Bepcito LinuxCNC omnucaso B po3fini [BctanoBnenus RTAI].

2.2.3 Xenomai 3 nakeToM linuxcnc-uspace

Xenomai TakKOXK IIiATPUMYETHCS, ajie BaM AOBEAEThCA 3HaWTH abo 3i6paTy IApo Ta CKoMIiIoBaTu Lin-
uxCNC 3 BuxigHOTO0 KOfy, 11100 BUKOPUCTOBYBATH HOTO.

2.2.4 RTAI 3 nakeToM linuxcnc-uspace

Taxkoxk MoxHa 3anyctutu LinuxCNC 3 RTAI B pexumi npocTopy KOpHUCTyBada. fAK i y BUNAOKY 3
Xenomai, s 11b0T0 OTPi6HO GyIe CKOMITiTIOBaTH 3 BUXiTHOTO KOMY.
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2.3 MpobnemHe obnagHaHHA

2.3.1 HoyTOykmu

HoyTOyku 3a3Buuay He MiAXOOSATh AJIS TeHepallil KPoKiB ITporpaMHOro 3abe3lnedeHHsI B pealbHOMY
4Jaci. 3HOBY XK TaK¥, TECT 3aTPUMKH, 3allyIIeHUH IPOTATOM TPUBAJIOT0 Yacy, HaJacTh BaM iH(popMaliiio,
HeoOXiHY IJIst BU3HAUYEHHS IPUOATHOCTI.

2.3.2 BipeokapTtu

SK10 mipg yac iHcTansiii 3’ IBIsIETHCS BiKHO 3 PO3MiNbHOI0 3gaTHiCTIO ekpaHa 800 x 600, To, HattiMoBipHire,
Debian He po3misHae Bally BimeokapTy abo MOHiITOp. IHOMIi 11e MOKHa BUPIIIUTYU, BCTAHOBUBIIY ApaiBepu
abo cTBOpMBIIN/BimpegaryBasiu ¢ainu Xorg.conf.
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Chapter 3

OTpuMaHHA LinuxCNC

Y upoMy po3mini omucaHo peKoOMeHOoBaHMi crioci® 3aBaHTaXXeHHS Ta BCTAHOBIIEHHS HOBOI Bepcii Lin-
uxCNC. [l cMimMBUX KOPUCTYBayiB TaKOXK iCHYIOTh AJTbTEPHATUBHI METOOY BCTAHOBJIEHHSA. fKII0 BU
Ma€Te ICHYI0YY BEPCIIO, IKy XO4eTe OHOBUTH, IepeuniTs 0o po3airy OroneHHa LinuxCNC.

Note

Ons poboTtn 3 o6nagHaHHAM LinuxCNC noTpebye cneuianbHOro sapa 3 po3WmMpeHHAMN peasibHOro
yacy. € Tpu moxxnmeocTi: preempt-rt, RTAI abo Xenomai. Kpim Toro, icHytoTb ABi Bepcii LinuxCNC,
AKi NpauloloTb 3 UMMM agpamMun. [eTanbHiwe ameiTbCsa B Tabnnui HUXYe. OgHakK Ona TecTyBaHHS
Koy Ta MOQAEJIIOBAaHHS MOXXHa 3amnmyCcTUTW mporpamMy linuxcnc-uspace Ha CTaHOapTHOMY SAApi
onctpnbyTusa.

Hogi incrananii LinuxCNC HaiinipocTiiie cTBopioBaTH 3a gornomoroio Live/Install Image. Lle ri6pupaui
o0pas ¢aiinonoi cucteMu ISO, skui MoxkHa 3anucaty Ha USB-HakonuyyBad a6o DVD-O1CK i BUKOPHUCTOBYBaAT
OJIs1 3aBaHTaKeHHS KoMIT'foTepa. [1ig yac 3aBaHTakeHHs BaM OyAe 3allPOIIOHOBAHO BUOPATH 3aBaHTaKEHHST
«Live»-cuctemu (gmnsa 3anycky LinuxCNC 6e3 BHeCeHHS IIOCTiMHUX 3MiH IO Ballloro KomIi'torepa) abo
3aBaHTaXKeHH iHcTansgTopa (ot BctaHoBiaeHHs LinuxCNC Ta #ioro oneparliiiHoi cucTeMu Ha JKOPCTKUHM
OVCK BalllOT0 KOMIT'I0TEpa).

CxeMa IIpoIleCy BUTJISAAE TaK:
1. 3aBaHTaxTe o0pa3 s aKTUBallil/iHCTansIil.
2. 3anumits o6pa3 Ha USB-HakonmuuyBad abo DVD-muck.
3. 3aBaHTaxTe cucremy Live, mo6 nporectyBaTtu LinuxCNC.

4. 3aBaHTaxTe iHCcTaNATOP, 1100 BcTaHoBUTH LinuxCNC.

3.1 3aBaHTaXTe 300pa>keHHA

Y oMy po3pisti onmcaHo mesKi MeTodu 3aBaHTaxKeHHs obpa3dy Live/Install.

3.1.1 3BuYaMnHe 3aBaHTa)>XeHHA

ITporpamue 3abe3nedenHs miasa LinuxCNC pgmnsi 3aBaHTaXXeHHS IPENCTaBJIEHO Ha CTOPIHI IIPOEKTY
Downloads page. BinbuiicTe KopuctyBauiB OynyTh HiykaTtu obpas3 gucka mns IIK Intel/AMD, URL-
agpeca Oyme cxoxa Ha https://www.linuxcnc.org/iso/linuxcnc 2.9.8-amd64.hybrid.iso.

s Raspberry Pi HamaHo Kinbka 300paxeHs, 1100 yCyHYTH BimMinHOCTi Mixk RPi4 ta RPib.



https://linuxcnc.org/downloads/
https://www.linuxcnc.org/iso/linuxcnc_2.9.8-amd64.hybrid.iso
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Note

He BukopucTtoBynTe 3BMYanHy gnctpmbyuito Raspbian aonga LinuxCNC, sika moxxe 6yTn noctaBfieHa
pa3oM i3 BaluM cTapToBuMM Habopom RPi, oOCKiflbkKM BOHa He MaTMMe siApa PeasibHOro Yacy i BU He
3MoXXeTe nepenTun 3 Raspbian Ha obpa3 saapa Debian.

3.1.2 3aBaHTa)>kUTHu 3a AOMNOMOroI0 zsync

ZSync — Iie IporpaMa AOJis 3aBaHTaXKeHHs, gsKa ePeKTUBHO BiIHOBJIIOE IIepepBaHi 3aBaHTaKeHHS Ta
edekTUBHO Nepenae Benuki paiiiy 3 HEBeITUKUMU 3MiHaMu (SIKIIO V BaC € cTapillla J1oKajibHa KOITis).
3BepHITH yBary, 1o ajs podoTu mporpaMu HeoOximHuMil mpoTokon http, a He https. BukopuctoBytiTe
ZSync, SKIIIO 3aBaHTaXKeHHs 300paxkeHH 3a gonoMoroi Metony Normal Download wacto nepepruBaeThCA.

zsync y Linux

1. BcTaHOBITH ZSync 3a monoMoror Synaptic abo BUKOHABIIIKM HaCTYIIHY KOMaHOy v terminal

sudo apt-get install zsync

2. TTotiM BUKOHAaMTe 110 KOMaHAy, 11100 3aBaHTaxkuTH 1SO-06pa3 Ha CBill KOMII'IOTED

zsync https://www.linuxcnc.org/iso/linuxcnc_2.9.8-amd64.hybrid.iso

Bynp macka, He 3a0yabTe MEePEBIPUTH KOHTPOJBHY CyMy 3aBaHTaxkeHOro ISO-o6pa3y, sSIK OIMMCaHO
HUJKYe, OCKIIbKYM aBTEHTUYHICTh CepBepa He rapaHTyeThCS IIPOTOKOJIOM http.

zsync B Windows Icuye nopt zsync misgs Windows. BiH mpaiftoe ik KOHCOJIBHUM 3aCTOCYHOK i #0T0
MOZKHa 3aBaHTaXUTHU 3 https://www.assembla.com/spaces/zsync-windows/documents.

3.1.3 [MepeBipTe 300pa>keHHA
(LTe#t KpoK He MOTpPibeH, SIKI0 BU BUKOPHUCTOBYBAIU ZSYNC)
1. Tlicyst 3aBaHTaXXeHHS IIepeBipTe KOHTPOJIBHY CyMy 00pa3y, 1100 3a6e3meqyuTn HOoTo IIiTiCHICTE.

md5sum linuxcnc-2.9.8-amd64.iso

abo

sha256sum linuxcnc-2.9.8-amd64.iso

1. INoTiM nOpiBHANTE 3 UMMU KOHTPOJIbHUMU CyMaMHU

amd64 (PC)

md5sum: cf77d61fcba9641d7205ac33751e5138

sha256sum: 72eab92d7c34c238b0429054dc52d240df8dc5f083e769a39194cfac3e4984e8
arme4 (Pi)

md5sum: 4547e8a72433efb033f0a5cf166a5cd2

sha256sum: ff3ba9b8dfb93bafle223274665518521a606bcOfab91lbffcO4ba74cc3bebbfd

IMIepeBipka md5sum y Windows a6o Mac Windows He mmocTa4a€TbCs 3 IporpaMoo md5sum, ane €
anbTepHaTuBU. Binbine ingopMmairii MoxkKHa 3HalTH 3a agpecoio: K BuKopucTtoByBatd MD5SUM



https://www.assembla.com/spaces/zsync-windows/documents
https://help.ubuntu.com/community/HowToMD5SUM
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3.2 3anucaTtu oOpa3 Ha 3aBaHTa>yBaJIbHUW NPUCTPIN

ISO-o06pa3 LinuxCNC Live/Install — 1ie riopupmuuii ISO-o06pa3, SKuii MOKHa 3anIucaTi 0e3ImocepeaTHbo
Ha USB-mHakomuuyBa4 (¢pnemr-HakomudyBad) abo DVD-OucK i BUKOPHUCTOBYBaTH [Jis 3aBaHTaXKEHHS
KoMmIr'toTepa. O6pa3 3aHaATO BeJIUKUH, 11100 momictTuTucs Ha CD-Ouck.

3.2.1 3o6paxeHHs Raspberry Pi

O6pa3 Raspberry Pi - 11e moBHU#M 00pa3 SD-KapTu, SKUHM CHIif 3anucaTd Ha SD-KapTy 3a [AOIIOMOTO0
[momaTky Raspberry Pi Imager](https://www.raspberrypi.com/software/). 3BepHiTh yBary, 1110 JOOaTOK
Imager Moxe BimkpuTHu .zip-daiin 6e3nocepenubo, 6e3 HeoO6XimHOCTiI PO3ropTaTH.

3.2.2 O6pa3 AMD-64 (x86-64, NK) 3 BUKOPUCTAHHAM IHCTPYMeHTIB rpacdiyHoro

iHTepdency

3aBaHTaxTe Ta BCTaHOBITHL Balena Etcher 3 https://etcher.balena.io/#download-etcher (Linux, Win-
dows, Mac) Ta 3anuiIiTh 3aBaHTaxkeHuil o6pa3 Ha USB-Hakonu4yBady.

Ao Bamr o6pa3 He 3aBaHTAXKYEThCs, CIpobyiTe Takoxk Rufus. e Burnsimae ckiagHilie, ajae, 30a€ThCs,
cymicHmu# 3 pisauMu BIOS.

3.2.3 KomMmaHAaHMMK pAapoK - Linux

. Higkmouites USB-Hakonmu4yyBay (Hampukiap, Giemn-HakonuyyBad abo ¢Jienr-HakonuuyBad).

. Busnaure ¢aiin npuctporo, mo Bignosigae USB-¢nemmi. 1o iHdopManito MoKHa 3HalUTH y BUBOI1
sudo dmesg micys migKIIOYeHHS IpUCTpoio. cat /proc/partitions Takok Moxke OyTU KOPUCHUM.

. Bukopucraiite komaHugy dd, 1106 3anucatu o6pa3 Ha Bain USB-HakonmuuyBad. Hanpuknaz, SKIIIO
BaIll HAKOMMUYyBa4 BigoOpaxka€eTrcs ik /dev/sde, Toi BUKOPHUCTOBYUTE ITI0 KOMAaHMIY:

dd if=linuxcnc_2.9.8-amd64.hybrid.iso of=/dev/sde bs=4k status=progress

3.2.4 KomaHpHuM papok - MacOS

1. Bigkpuiite TepMiHai i BBETOiTh

diskutil list

. BcrarTe USB-HakonnyyBau i 3amuIniTh Ha3By HOBOT'O [OMCKa, SIKWUM 3'IBUTHLCS, Halpuknag, /de-
v/disk5.

. BinmouTyiite USB. 3amicTte N ciig mimcTaBUTH YHMCJIO, BKa3aHe BUIIIE.

diskutil unmountDisk /dev/diskN

. IlepenatiTe maHi 3a mormoMorom koMauau dd, gk i g Linux Buiiie. 3BepHITH yBary, 1o Ha HO04aTKy

”on

Ha3BU OVWCKaA OOOAETHECA HiTepa r.

sudo dd if=linuxcnc_2.9.8-amd64.hybrid.iso of=/dev/rdiskN bs=1m status=progress

3amnuc o6pa3y Ha DVD-auck y Linux



https://www.raspberrypi.com/software/
https://etcher.balena.io/#download-etcher
https://rufus.ie/
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1. BcraBTe yuctuit DVD-OucK y IPUCTPi# anst 3anucy. 3’sBUThCA BikHO «CTBOopeHHs CD/DVD» a6o
«Bubip Tumy mucka». 3akKpuiTe HOT0, OCKIJIbKY MU OilbIlle He BUKOPHUCTOBYBAaTUMEMO HOTO.

IMepelimiTe 4O 3aBaHTaXKEHOT0 300paxkeHHs y daiyioBoMy Opay3epi.
Knannite mpaBoio KHOIKOMI0 Muillli Ha ¢atini [ISO-06pa3y Ta BubepiTh «3amucaTi Ha QUCK>.
BubepiTh MBUAKICTh 3anKCy. PEKOMEHOYETHCS 3aIUCYBATH Ha HAWHUK Ui MOXKJTUBIN ITBUTKOCTI.

3anycTiTh IpoLieC TOPiHHA.

AL

AKIo 3’'TBUTHCSA BiKHO «BHOEpiTh iM’st ¢aiiny mms oO0pasy OucKa», IPOCTO HATHUCHITH KHOIIKY
«OK».

3amnmc o6pa3y Ha DVD-guck y Windows

1. 3aBaHTaxkTe Ta BCTaHOBiITH Infra Recorder, 6e3K0OmITOBHY ITporpamMmy AJjisi 3aluCy 300pakeHb 3
BimkpuTuM Kogom: https://infrarecorder.org/ .

2. BcraBTe 4ymCcTUM KOMIIAKT-IUCK y OUCKOBOM i BubGepiTh «Hivoro He pobutu» abo «CKacyBaTu»,
SKII0 3’ IBUTHCS HiaJIOTOBE BiKHO aBTO3aMlyCKYy.

3. Bipkputite nporpamy Infra Recorder Ta Bubepite MeH10 «[lii», a moTiM «3anucaTtu o6pas».
3anuc o6pazy Ha DVD-muck y Mac OSX

1. 3aBaHTaxTe daun .iso

2. Knaunite nmpaBoio KHOITKO0 Mulii Ha daiini y BikHi Finder i Bubepith «3anucatu Ha guck». (Ormiis
3amKCy Ha OUCK 3’'SIBUTBLCS, JHUIIE SIKINO Ha IPHUCTPOI BCTAHOBIEHO a0 MimKIIYEeHO ONTHUYHUI
TIPUBIf.)

3.3 TectyBaHHA LinuxCNC

IMigkmounBiy USB-HakonuyyBad abo BcTaBuBLIM DVD-OUCK y IPUBiM, BUMKHITE KOMII'IOTED, a MOTIiM
3HOBY YBIMKHITB #oro. e 3amycTtuTh KoMmir'toTep i3 Live/Install Image i Bubepe omtwito Live boot.

Note
AKLWoO cncTema He 3aBaHTa)XKyeTbcs 3 DVD-auncka abo USB-HoCisl, MOXXINMBO, 3HAAOOUTLCS 3MiHUTHU
nopsAaoK 3aBaHTa)keHHs B BIOS TK.

Ilicmst 3aBaHTaxKeHHSI KOMI'I0Tepa Bu MoxkeTe cupoOyBaTu LinuxCNC 6e3 #oro BCTaHOBJIEHHS. Y
pexuwmi Live BU He MoXkeTe CTBOPIOBATH BjlacHi KoH(iryparii abo 3MiHOBaTH GiNbIIiCTh CUCTEMHUX
HaJalllTyBaHb, ajie BU MOXKeTe (i IOBMHHI) BUKOHATH TECT 3aTPUMKHU.

IITo6 cupobysaTtu LinuxCNC: y menio Applications/CNC Bu6epits LinuxCNC. Bigkpuetscs giamorose
BiKHO, B IKOMY BU 3MoxXKeTe BuOpaTu OogHy 3 OaraTbox 3pa3KoBUX KOHQirypauiti. Ha mpomy erami
mouinbHO BuOpaTHu KoHpirypartito «sim». Jleski 3pa3koBi KoHOpirypatii MicTsaTs ekpanHi 3D-cumMynsaTopu
BepcTaTiB. 111006 ix nmepernsauyTH, 3HaUOiTE «Vismach».

[ITo6 mepeBipuTH, YU MiAXOOUTH BAlll KOMII'IOTEP OJIS MPOTPaMHOI reHepallii CTymiH4YacTUX iMIyJIbCiB,
BUKOHANTE TECT 3aTPUMKH, K II0Ka3aHO TYT.

Ha moMmeHT HanucaHH$ cTaTTi Live Image goctynHuy Tinbkku 3 sgpoM preempt-rt i BignosBigauM Linux-
CNC. Ha mesikux annapaTHUX 3acobax 11e Moxke He 3a6e3MedynuTy OCTaTHhOI 3aTPUMKHU. ICHY€E eKCIlepuMeHTar
Bepcisd, mo BukKopuctoBye sapo RTAI realtime, sske yacto 3abe3neuye Kpally 3aTPUMKY.



https://infrarecorder.org/
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3.4 BcTtaHoBaeHHA LinuxCNC

[ITo6 BcTanoBuTu LinuxCNC 3 Live CD, Bubepith «BcTaHoBuTH (rpadiuHe)» mif yac 3aBaHTaKEHHS.

3.5 OHoBneHHa pgnsa LinuxCNC

ITpu 3BMyaiiHill ycTaHoBli Update Manager moBiZoMuTh Bac Ipo oHOBNIeHHS LinuxCNC, Koy BU MigK/IIOYNTE
mo IHTepHEeTY, i HO3BOJUTEL BaM JIETKO BUKOHATH OHOBJIEHHS 0e3 He0OXimHOCTi BOJIOMiHHS 3HAHHAMU
npo Linux. ITpu 3anuTi MOKHa OHOBJIIOBATU BCe, KPiM OIlepalifiHOl CHCTEMU.

Warning
He oHoBlONTE onepauinHy CMCTeMy A0 HOBOI BepCil, AKWO Bac Npo ue nonpocatb. OfHak
BaM cNig npminMaTn oHoBsieHHA OC, 0cob1MBO OHOBJIEHHA Be3nekn.

3.6 MpoOGsemu 3 BCTAHOBJIEHHAM

V pipgkicHMX BHIIafKaxX BaM MOXKe 3HamoOutucs ckuHyTH BIOS mo HamaImiTyBaHBb 3a 3aMOBUYBAHHSM,
SIKIIO i 9Yac BCTaHOBJIeHHS 3 Live CD cucTteMa He Po3mi3Ha€ KOPCTKUM [IUCK.

3.7 AnbTepHaTUBHIi MeTOA U BCTAHOBJIEHHSA

Ha#inmpocrTimmui i Hatikparuii cuocio BctanoBneHHs LinuxCNC — e BukopuctanHs Live/Install Image,
sIK onucaHo Bumie. Ller MeTO € MaKCUMaIbHO MPOCTUM i HAOIMHUM, BiH IMiAXOOUTD SIK OJIS ITOYaTKIBIIIB,
Tak i oyis jocBimueHux KoprcTyBauiB. OpHaK, K IIPaBUIIO, BiH 3aMiHUTE OYIb-AIKY iCHYIOUy oIlepaliliny
cucteMy. Ao Ha 1inboBomy I1K € datinu, ki Bu xoueTe 36epertu, CKOPUCTAUTECST OOHUM i3 METO[IIB,
ONIMCaHUX y UbOMY PO3Mii.

KpiMm Toro, mis mocBimueHUX KOPUCTYBAUiB, SKi 3HaMioMi 3 agMiHicTpyBaHHSAM cucTteMu Debian (moiryk
o6pa3ziB iHcTansiii, poboTa 3 gzKepenamu apt, 3MiHa BepCi# siapa TOII0), HOBi iHCTaNSIil MigTPUMYIOTECS
Ha Takux nnatdopmax: («amd64» o3Hadvae «64-0iTHui» i He € crenudiyHuM OIS mpolecopis AMD,
BiH mpairtoBaTuMe Ha OyOb-aKii 64-6iTHiN cucTeMi x86)

Debian Trixie amd64 & preempt-rt linuxcnc- KepyBaHHsI Ta
arm64 uspace MOJe/II0BaHHSA
MaIlIuH
Debian Trixie amdo4 RTAI linuxcnc KepyBaHHS
MaIlInHOI
Po3noBcrogkeHHs | ApXiTeKTypa Anpo Ha3Ba makera Tumose
BUKOPHUCTaAHHSI
KHuXKKOBUMI amd64 & arm64 | preempt-rt linuxcnc-uspace KepyBaHHSA Ta
4yepB’sakK Debian MOJEeTI0OBaHHA
MaIIuH
KHUXKOBUM amd64 RTAI linuxcnc KepyBaHHS
yepB’ssk Debian MaIlnHO0
Debian Bullseye | amd64 preempt-rt linuxcnc-uspace | KepyBaHHS Ta
MOJIeII0BaHHS
MaIluH
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Debian Trixie amd64 & preempt-rt linuxcnc- KepyBaHHsI Ta
arm64 uspace MOJe/II0BaHHSA
MaIlIuH
Bynb-akuit Bynb-akuh 3amac linuxcnc-uspace | TIJIBKU
CUMYJIALISA
Note

LinuxCNC Bepcii 2.9 He niaTpuMyeTbcs Ha Debian 9 abo cTapiwin Bepcii.

Anpa Preempt-RT Anpa Preempt-rt moctynni mns Debian y 3BudaiinHoMy apxiBi debian.org. Ilaker
Ha3uBa€eThCs linux-image-rt-*. IIpoCcTO BCTAHOBITh ITAKET TakK caMo, K i OyOb-IKUM iHIINY MMaKeT i3
MeHeIXxKepa ImakeTiB Synaptic a6o 3a gormomMoroio apt-get y KoMaHOTHOMY PSIOKY.

Anpa RTAI dgpa RTAI MoXHa 3aBaHTaXUTH 3 apxiBy Debian Ha caiiti linuxcnc.org. BuxigHuit Kom
apt:

Debian Trixie: deb http://linuxcnc.org trixie base

Debian Bookworm: deb http://linuxcnc.org bookworm base

Debian Bullseye: deb http://linuxcnc.org bullseye base

Debian Buster: deb http://linuxcnc.org buster base

LinuxCNC Ta sapo RTAI 3apa3 mocTynHi nuiie ans 64-6iTHux OC, ane 3a/IUIINIIOCS Oy2Ke Majio CUCTEM,
sIKi He MOXKYTb IpaifoBatu 3 64-6iTHoio OC.

3.7.1 BcTtaHoBneHHsA Ha Debian Trixie (3 appomMm Preempt-RT)

1. Bcranositek Debian Trixie (Debian 13), Bepcisg amd64. Bu MoxkeTe 3aBaHTaXXUTH iHCTAISITOP TYT:
https://www.debian.org/distrib/

2. ITicnsa 3amucy ISO-o6pa3y Ta 3aBaHTaXXKEHHSI CUCTEMHU, SKIIIO BU HE X04UeTe BUKOPUCTOBYBATH
pobournii ctin Gnome, BuOEPiTh «lomaTKOBi IapaMeTpu» > « ATbTepHATHBHI cepemoBuIia po60doro
cTony» Ta BUOEPiTH Te, sike BaM momobaeTecsi. Ilotim BubGepiTth «BcTaHoBuTtH» abo «Ipadivna
IHCTamAIisg».

Warning
He BBOAbTE Mmaposnb root, iHakwe sudo byge BUMKHEHO, i BU He 3MO)XXeTe BUKOHaTu
HaCTYMHIi KPOKW.

3. BukoHalTe HaCTymHy KOMaHay y terminal, 11106 OHOBUTHY MaIlIMHY [0 OCTAHHIX MAKEeTiB.

sudo apt-get update
sudo apt-get dist-upgrade

Note
Mo>kHa 3aBaHTaxnTun Bepcito LinuxCNC 6e3nocepegHbo 3 Debian (Hapa3i ue Bepcis 2.9.4), ane
HOBILLY Bepcito (2.9.8) MOoXXHa BCTaHOBUTK 3 peno3nTopito LinuxCNC.

4. BcTraHOBNeHHA saOpa Ta MonyiiB Preempt-RT



https://www.debian.org/distrib/
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sudo apt-get install linux-image-rt-amd64

5. Tlepe3aBaHTaxkTe cuctemMy i Bubepits sapo Linux 6.1.0-10-rt-amd64. TouHa Bepcis simpa Moxe
Bigpisusartucs, mykaiite cydikc «-rt». Bin Moxke OyTu npuxoBaHui y ninmeHo «Advanced options
for Debian Bookworm» (Posmupeni napametpu s Debian Bookworm) y Grub. Ilicns Bxony B
CUCTeMYy IlepeKoHalTecs, 1110 Komauga PREEMPT RT BimoOpaxaeThCsAa HACTYIHOI KOMaH[OIO.

uname -V

6. Bimkpuiite MeHio «[JogaTku» > «Cucrema» > «MeHexKep nakeTiB Synaptic», 3HaumiTe «linux-
image», KJIaIlHiTh IPaBOI0 KHOMKOIO MHUII Ha OPUTiHAIBLHOMY He-rt i Bubepith «Ilo3HaYuTH OIS
IIOBHOT'O BUanieHHs». [lepe3aBaHTaxkTe cucteMy. Lle moTpiOHO fyia TOro, 11100 3MYCUTH CUCTEMY
3aBaHTaxyBaTucs 3 aapa RT. dkiio Bu GaxkaeTe 30epertu o6uaBa sApa, TO iHII Spa BUOAIITU
He OoTpibHO, ane O6yne mMoTpi6HO 3MiHUTH KOHGIrypaillito 3aBaHTaXkKeHHS grub, 110 BUXOOUTH 3a
paMKU ObOTO JOKYMEHTa.

7. HopaviTe Kmto4 nipnucy apxiBy LinuxCNC o cBOTo KITI0Y0OBOTO KiJTbIls apt, 3aBaHTaXKUBIIU [CKPUTT
incransaTopa LinuxCNC](https://www.linuxcnc.org/linuxcnc-install.sh). IIJo6 3anycTUTU CKPUIIT,
BaM MOTPiO6HO 3pOOUTH MOTO BUKOHYBaHUM:

chmod +x linuxcnc-install.sh
bl’nbl'blIoblIbIITbIIbIIibIIbIIMbII bIIMbIIbIIObIIbII)KbIIbIIHbIIbIIabII bl’BbIIbllabllb (_)

Iinbl lbl bel Ibl chl Ibl ITbI Ibl IMbI lbl ITbI Ibl IMbII bi Iibl lbl IHbl Ibl chl Ibl ITbI Ibl —
rabl rbl lnbl lbr ’ﬂb' lbl ITbl Ibl robl Ibl lpblr:

sudo ./linuxcnc-install.sh

3.7.2 BcTaHoBneHHA Ha Debian Trixie (3 ekcnepuMeHTanbHuM aapomMm RTAI)

1. e agpo Ta Bepcito LinuxCNC MoxKHa BCTaHOBUTH ITOBepx iHcTassaii Live DVD abo k Ha 4uCTy
iHcranamiro Debian Trixie 64-bit, sk onucaHo BUllle.

2. Bu MoxeTe mopaTu Kitou mignucy apxiBy LinuxCNC Ta iHdopMaliito IIpo perno3uTopiii, 3aBaHTazKUBIIHU
Ta 3aMyCTUBIIM iHCTANALIMHUYN CKPUNT, SK OMMCAHO Buie. fAkmmo Oyme BusiBieHO sigpo RTAI,
iHCTasALis 3yNMMHUTHCS TIepef iHCTansgIie Oyab-IKuX ITaKeTiB.

3. OHOBIiTh cnuCOK makeTiB 3 linuxcnc.org

sudo apt-get update

4. Bupanith icHyroudy Bepcito LinuxCNC ginsa uspace Ta BCTaHOBITh HOBE sIOpO peanbHOro dacy, RTAI
ta RTAI-Bepcio LinuxCNC.

sudo apt-get purge linuxcnc-uspace
sudo apt-get purge linuxcnc-doc*
sudo apt-get install linuxcnc

ITepe3aBaHTaxXTe MalllMHY, IEPEKOHABIINCE, III0 CUCTEMAa 3aBaHTaKy€ETHCA 3 HOBOIO Aapa 5.4.258-rtai.

3.7.3 BcTaHoBneHHs Ha Raspbian 12

He po6iTe nporo. 3aTpUMKU 3aHaATO BeJIUKi 3 AIpOM 3a 3aMoBYyBaHHAM, a anpo PREEMPT RT (RT
€ BaxuBuM) Debian He 3aBaHTaxkyeThcss Ha Pi (cranom Ha 1/2024). Bynb 1acka, 3BEpPHITBCA IO
o0pag3iB .iso, HajaHMX OHJIAaMH Ha 3BUYANHIN cTopiHIli 3aBaHTaxkeHHsS LinuCNC. Bu MoxkeTe CTBOPUTHU
iX caMOCTiliHO, DOTPUMYIOUNCH ClleHapiiB, HaJaHUX OHJIAMH.



https://www.linuxcnc.org/linuxcnc-install.sh
https://linuxcnc.org/downloads/
https://github.com/rodw-au/rpi-img-builder-lcnc
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Chapter 4

3anycK LinuxCNC

4.1 Buknuk LinuxCNC

ITicns BcraHoBneHHs LinuxCNC 3amyckaeThes Tak caMo, SK i 0ynb-sKa iHma nporpamMa Linux: 3anycTite
il 3 terminal, BukoHaBIIM KoMaHay linuxcnc, abo BubepiTsh ii B MeHto Programs -> CNC.

4.2 3anycK KoHdirypauii

ITig vac 3anycky LinuxCNC (3 mexto CNC a6o 3 KoMaHOHOTO psigka 6e3 Bka3iBku INI-¢daiiny) 3ammycKaeThbCs
mianorose BikHO Bubip KoHdiryparii.

Iiamorose BikHO «Bubip KoH®irypatiii» 103B0JIs€ KOPUCTyBadeBi BUOpaTH OOHY 3 iCHYI0UMX KOHIryparin
(Moi xondiryparmii) abo Bubpatu HOBY (3 [IpuknazniB KoHpiryparriii) o KOIilOBaHHS B IOMAaIIHil
KaTasnor. CkomifioBaHi KoHGirypatilil 3’1BnaThCs B po3aiii Mol KoHirypaliil mpu HacTyIITHOMY 3aIlyCKy
BikHa «Bubip KoH}iryparrii».

CenekTop KOoH}irypaliii mpomnonye Bubip KoHpIrypaiiiii, opraHizoBaHHX 3a TAKMMH IapaMeTpPaMu:

* «Moi koHiryparii» - KoHdiryparii KopucTtyBada, po3TalloBaHi y daiini linuxcnc/configs y Bamomy
OOMAIIHLOMY KaTalo3si.

e «[Tpukmagm KoH(piryparmii» — BubpaHi npukmagu KoH@Iiryparili KomitooTsCca [0 manku linuxcnc/-
configs. ITicis KomitoBaHHS NpuUKJamy KoHgiryparii mo Baiioi JoKaabHOI TAllKK, IporpaMa 3anycKy
3amnponoHye oro gk «Moi koHgiryparii». Ha3su, nig sKkuMu npefcTaBiieHi 11i 1oKanbHi KoHpirypariii,
BimmoBimaloTh Ha3BaM IalokK y mamii configs/:

- sim - Kondiryparii, 1o BKII049aloTh CUMyJIbOBaHe 0o0/IafHaHHA. IX MOXXHa BUKOPHCTOBYBATH MIJIs
TecTyBaHHS abo BuBYeHHS pobotu LinuxCNC.

- by interface - Kougirypariiii, opranizoBani 3a momomoroo rpadigaoro intepdeicy.

- by machine - Koundirypatii, opraHizoBaHi 3a MaIInHoOIO.

- apps - IIporpamu, siKi He ToTPe6GyI0Th 3alyCcKy linuxcnc, age MOXYTh OyTH KOPUCHUMH IOJIST TECTYBAHHS
abo cipo6u poboTu mporpaM, Takux sk PyVCP a6o GladeVCP.

- attic - 3acTapini abo icTopuyHi KOHGpIrypariii.

KoHdiryparnil cumynsTopa 4acTo € HalKOPUMCHIIIIOI0 BillIpaBHOIO TOYKOIO [/ HOBUX KOPHUCTYyBadiB i
OpraHi3oBaHi HaBKOJIO IMiATpUMyBaHUX rpadiyHux iHTepdencin:

* axis - I'padiunnii inTepdeiic KnaBiaTypu Ta MUIIT
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e craftsman - I'padiunuti iHTepdeiic KOpUcTyBada 3 CEHCOPHUM eKpaHoM (OinbIlle He MigTPUMYETHCS
?7?7?)

e gmoccapy - CeHCOpHUM eKpaH rpadidyHoro iHtepdeiicy

e gscreen - CeHCOpHUM eKpaH rpadiuHoro intepdericy

* pyvcp demo - BipTyanbHa naHenb KepyBaHHA Python

* qtaxis - CeHCOpHUI eKpaH rpadiunoro intepdelicy, cxoxui Ha oci

* gtdragon - CeHcopHUi eKpaH rpadiunoro intepdeiicy

* gtdragon_hd - CeHcopHUl eKpaH rpadiyHoro iHTepdeicy, BUCOKa YiTKiCTh

e gtplasmac - CeHcopHUM eKpaH rpadidyHoro iHTepdercy Ois I1a3MOBUX CTOJIB

* gttouchy - CeHcopHUU eKpaH rpadidHoro intepdeicy

¢ tklinuxcnc - I'padiunuit inTepderic KnasiaTypu Ta mutii (6isbile He TiATPUMYETHCS)
* touchy - CeHcopHUul eKpaH rpadigHoro intepdericy

* woodpecker - CeHCcopHUI eKpaH rpadigHoro intepdeiicy

Kartamnor koHirypailili rpadiudoro intepdeiicy Moxke MICTUTH HifKaTajloru 3 KOHQirypauisamu, 1o
imoCcTpyIOTH crierianbHi cuTyarili abo BOyqOBYBaHHS iHIIIUX ITPOTPaM.

Koudiryparii «by interface» opranizoBaHi HaBKOJIO IIOIMIMPEHUX, MiATPUMYyBaHUX iHTepdENCciB, TaKUX
SIK:

* 3arajibHa MeXaTpOHiKa
* mesa

* parport

* pico

e pluto

* servotogo

* OUJIBHUU

* JXKMTTEBO BaXKJINBi CUCTEMHU

II711 BUKOPUCTAHHS IMX KOHGIrypallii K BiiIpaBHUX TOYOK IOJISI CUCTEMHU MOXKe 3HagoOUTHCS BigmoBigHe
oOamHaHHI.

Kondiryparii «by machine» opranizoBaHi HaBKOJIO ITIOBHUX, BifOMUX CUCTEM, TaKUX SIK:

* 6ocC

* KPYTOTYIb

* scortbot erlll
» IIlepnavn

* Ky3HA

* I'POMi3OKUM

[l BUKOpUCTaHHA 1MX KOHDirypamnist Moxke 3HagoOUTHUCS TTIOBHA CUCTEMA.

«EneMeHTH IIporpam» 3a3BUYal € OOHUMHU 3 HACTYIIHHUX:
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1. ytunitu, ski He moTpeOyIOTH 3aIycKy linuxcnc

2. meMOHCTpallil ITporpaM, SKi MOXKHa BUKOPHUCTOBYBaTHU 3 linuxcnc
 info - cTBOpIOE haiin i3 cucTEMHOIO iH(pOpPMaIlli€lo, SKa MoxkKe OyTH KOPHUCHOIO IOJIs MiarHOCTUKHU
npobieM.
* gladevcp - ITpuknagu nporpam GladeVCP.
¢ halrun - 3anyckae halrun y terminal.
* latency - 3acTocyBaHHS OJI OOCITiAXKEHHS 3aTPUMKU

latency-histogram-1 - ricrorpama ajst OgHOTO CEPBOIIOTOKY
latency-histogram - ricrorpama

TeCT-JIaTEHTHOCTI - CTaHOapPTHUU TECT

latency-plot - stripchart

* parport - 3aBKU Ha TECTYBaHHS IIapKETY.
* pyvcep - IIpuknany pyvcp-3acTOCYHKIB.
¢ xhc-hb04 - 3acTocyBaHHS Ot TecTyBaHHS 6e3gpoToBoro MPG xhc-hb04 USB

Note
Y kaTtanosi «[lporpamn» pas KoMitoBaHHA [0 KaTasory KOpPMUCTyBada MPOMOHYTbCA nuwle Ti
nporpamMmu, siki KOpMcTyBay KOPUCHO 3MiHUB.

LinuxCNC Configuration Selector

Welcome to LinuxCNC.

Select a machine configuration from the list on the left.
Details about the selected configuration will appear in the display on the right.
Click "OK' to run the selected configuration

My Conﬁgura.tians. Sim configurations make it possible to run
=+ Sample Configurations

sim LinuxCNC without special hardware on a

axis simulated basis.
craftsman
gmoccapy

gscreen LinuxCNC supports multiple guis and there

pyvcp_demo are multiple examples for the most popular

gtaxis guis.
gtdragon

g:g{:g&g}hd The sim configurations are meant to run

gttouchy with no special hardware requirements

tklinuxcnc
touchy
woodpecker
4— by_interface
F— by _machine
— apps
i— attic

[~ Create Desktop Shortcut Cancel

Figure 4.1: Bu6ip koHpirypanii LinuxCNC




IToyatok pob6oTtu V2.10.0-pre0-6295-gdaf366a2a2 20/ 39

Kmamuite Oymop-AKy 3i cmucky KoHirypartriii, mo6 Bimo6pa3uTu IeBHY iHGopMaliio mpo Hel. [IBiui
KJIaITHiTh KOHQirypatiio abo HaTUCHITE KHONIKY «OK», 11106 po3moyaTy HalallITyBaHHs.

Bubepith «CTBOPUTH APJIUK Ha POOOUOMY CTOJIi» Ta HAaTUCHITE «OK», 11106 momaTy 3Ha490K Ha pobouuit
ctin Ubuntu gnst 6e3nocepenHboro 3anycky 11iel KoHdirypartii 6e3 Binob6pakeHHs eKpaHa BUOOPY KoHpirypan

Komnu Bu BubupaeTe KoHDirypariiio 3 po3miny «3pa3ku KoHDirypartii», Koiis 1iel Kongirypailii aBToMaTU4HO
po3MimryeThcst B KaTano3i ~/linuxcnc/configs.

4.3 HacTynHi KpOKM B HaNalUTyBaHHI

3HaMMIOBIIN 3pa30K KOHOirypatii, aKuii BUKOPUCTOBYE Te caMe allapaTHe 3abe3nedyeHHs inTepdelicy,

1110 ¥ BaIm KoMIr'toTep (abo KoHGirypailito CuMynsiTopa), Ta 30epeXUBIIIN MO0 KOIIii0 y Ballli JOMAaIITHiH
OUPEKTOoPii, BU MOXKeTe HalallITyBaTH HOT'0 BiAITIOBIMHO 0 0COGIMBOCTEH BAllloro KOMII'foTepa. [HdopMmartiito
mpo KoHpiryparito gus. y ITociGHUKY iHTerpaTopa.

4.4 KoHdirypauii cumynatopa

Vci koHbiryparii, mepeniueHi B po3mini «3pa3ku KoHpirypatii/sim», npusHadeHi ois poooTH Ha OyOb-
sSKOMy KoMm'1oTepi. He moTpibHe cmerianbHe o6magHaHHS Ta IMiATPUMKA B PeKUMIi peajbHOr0 4acy.

LIi xouiryparrii KOpUCHi /1 BUBYEHHS OKPEMUX MOXKJIMBOCTelM abo onmiti. Kondiryparirii cumymnsTopa
oprani3zoBaHi BinnmoBigHo mo rpagiyHoro iHTepdeiicy KopucTyBaua, IKUM BUKOPUCTOBYETHCS B IEMOHCTPALIIl.
Karamnor gyst oci micTuTh HantGinbIly KinbKiCTh BapiaHTiB i mimKaTanoris, OCKiNnbKY 11e Haibinbi mepeBipeHnit
rpadiuauy inTepdelic KopucTyBadya. MOKIUBOCTI, TPOAEMOHCTPOBAaHI 3a JOIIOMOT0I0 OYIb-TKOT0 KOHKPETH(
rpadivHoro inTepdericy KopucTtyBada, MOXKYTh OYTH HOCTYIIHI i B iHImMX rpadivyHux iHTEepdelicax.

4.5 Pecypcu KoHdirypauii

CenekTop KOHQirypatiii Komitoe Bci ¢aiinu, HeoOXigHi misa KoHdirypailii, B HOBHH ImigkaTanor ~/lin-
uxcnc/configs (exBiBasieHTHO: /home/username/linuxcnc/configs). Koxken cTBopenwuit Katanor Oyme
Mictutu npuHaiiMHi oguH ¢aiin INI (iniflename.ini), sK1# BUKOPUCTOBYETHCSA OJIS ONMCY KOHKPETHOL

KoHpirypariii.

4.5.1 When the copy happens

For the following cases the Configuration Selector copies the chosen sample configuration to ~/linux-
cnc/configs:

¢ Package install (deb, rpm, distro packages): sample configurations live under a system path
and are not writabe.

* The file is not in the directory tree of CONFIG_DIR (environmental variable)

* The file is in a directory included in LINUXCNC_AUX_EXAMPLES (environmental variable)

For Run-In-Place (RIP) builds the source tree is normally writable by the user who built it, so the

selector runs the configuration directly from the source tree without copying. Edits made through the
configuration apply to the files in the RIP tree.
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4.5.2 Forcing a copy from a RIP build

To test the copy-and-run path from a RIP build (or to keep a personal copy of a sample configuration
outside the source tree), set the debug pickconfig environment variable before launching LinuxCNC:

debug_pickconfig=1 linuxcnc

With this set, the selector copies the chosen sample configuration to ~/linuxcnc/configs even though
the RIP source tree is writable.

Pecypcu ¢aiiniB y ckomilioBaHOMY KaTasio3i 3a3Buual MicTATh oguH abo Kinbka datiis INI (im's_daiiny.ini)
Oy BigmoBigHWX KOHGirypamiét Ta ¢ain Tabmuni incTpyMeHTiB (iM's1_daiiny incTpymenTy.tbl). Kpim
TOro, pecypcu MoxXyTh Mictutu ¢avinu HAL (filename.hal, filename.tcl), ¢aiim README 3 omucomMm
KaTaJory Ta iHdopMaliilo Tpo KOHKPETHY KOH(pIrypaiiio B TeKCTOBOMY (alijli, Ha3BaHOMY Ha 4eCTh
KOHKpeTHO1 KoHirypariii (inifilename.txt). Octauui gBa ¢aiinu BimoOpazxKaroThC ITiM Yac BUKOPUCTAHHS
cereKkTopa KoHiryparrii.

YV HagmaHMX 3pas3Kax KOoHGirypatii y ¢daimi kougiryparii INI moxe 6yTu BKazaHo mapametrp HALFILE
(im’s datrinmy.hal), sKu# BifcyTHi# y CKOIIiloOBAHOMY KaTaso3i, OCKiJIbKM BiH 3HaXOOUTHLCS B CUCTEMHIN
6i6mioreni darniz HAL. 1i daiinm MoXKHa CKOIIifoBaTH OO KaTalory KoHpiryparii kopucrtyBada Ta
3MiHUTHU BiIOBiAHO M0 MOoTpeb KopucTyBayda ais Moaudikariii abo TectyBanHsA. OCKiJIbKY TPU HOLIYKY
dannis HAL crioyaTKy nepeBipseThbCa KaTajior KOHGIryparllii KopucTtyBada, MicuieBi Mogudikallii MaTUMyTh
IpioOpUTeT.

CenekTop KOHQirypailil CTBOpIOE CUMBOJIiYHE IIOCUJIaHHS B KaTajio3i KoHirypailil KopucryBada (3
Ha3Boio hallib), sike Bka3ye Ha cucTteMHy 6i06ioTeKy ¢atinis HAL. Lle mocumaHHs CIPOIIY€E KOIiIOBaHHS
danny 6i6mioTeku. Hanpukiap, 1106 ckomitoBaTH ¢aiin 6i6nioTexu core sim.hal nyisg BHeCeHHS TOKaTbHUX
3MiH:

cd ~/linuxcnc/configs/name_of configuration
cp hallib/core sim.hal core sim.hal
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Chapter 5

OHoBJMIeHHA LinuxCNC

OnoBnenHsa LinuxCNC go HOBOTO MMHOPHOTO peni3y (To6To oo HOBOI Bepcii B TiM camitt ctabinmbHil
cepil, Hanpuknam, 3 2.9.7 0o 2.9.8) BinbyBaeThCcss aBTOMATUYHO, KO Batll [TK mimkiioyeHo mo InTepHeTy.
Bu no6auuTe 3anIUT Ha OHOBJIEHHS IIiCJII MUHOPHOTO PEJIi3y pa3oM 3 iHIMMU OHOBJIEHHSIMU IPOTPaMHOT0
3abe3meveHHs. JAKINO y Bac HeMaE€ MigkiouYeHHs 0o [HTepHeTy Ha Bamomy I1K, nus. OHOBeHHS 6e3
Mepexi.

5.1 OHOBITbCHA 8,0 HOBOI Bepcii

Y unpoMy po3znini onucano, SK oHOBUTH LinuxCNC 3 Bepcil 2.8.x mo Bepcii 2.9.y. [IpunyckaeTbcs, 10 y
BacC € BCTAHOBJIEHA BepcCid 2.8, IKy BU X0UeTe OHOBUTHU.

[ITo6 onoBuTu LinuxCNC 3 Bepcii, ctapioi 3a 2.8, crmoyaTKy HeoOXigHO OHOBUTHU CTapy Bepcito o 2.8,
a IoTiM BUKOHATH IIi iHCTPYKIIil AJIsT OHOBJIEHHS OO HOBOI Bepcii.

Akmo y Bac HeMmae ctapoi Bepcii LinuxCNC myisi oHOBIEeHHS, TOOI Kpaille 3PO0OUTH YHUCTY iHCTaISIiIo
HOBOI Bepcii, Ak onucano B po3mini OTpumanusa LinuxCNC.

Kpim toro, akmo Bu BukopuctoByeTe Ubuntu Precise, Debian Wheezy a6o Debian Buster, BapTo
PO3TISTHYTU MOXKJIMBICTH CTBOPEHHS pe3epBHOI KOIIil KaTasory “linuxcnc” Ha 3HiMHOMY HOCii Ta BUKOHaHHS
ymcTol iHcTassaii Hosimoi OC Ta Bepcii LinuxCNC, ockineku 11i Bunmycku 6ynm EOL y 2017, 2018

Ta 2022 pokax BigmoBimHO. fAKIo Bu BuKOopHCcTOByeTe Ubuntu Lucid, Bam moBeneThCsi 3poOUTH IIe,
ockinbku Lucid Ginbine He migrpumyeThes LinuxCNC (8ix 6y EOL y 2013 porri).

[ITo6 oHOBUTH OCHOBHI Bepcii, Hanpuknapn 2.8 0o 2.9, Kou y Bac € MepeXkeBe IMigKITIoOYeHHS Ha KOMIT'I0Tepi,
BaM ITOTPiOHO BUMKHYTH CTapi mxkeperna linuxcnc.org apt y daiimi /etc/apt/sources.list i momaTu HOBe
mxkepero linuxcnc.org apt o 2.9, a notiM oHoBuUTH LinuxCNC.

HeTamni 3anexkaTUMyTh Bif ninaTgopMu, Ha SKiil BU IIpallfoeTe. Bigkpuiite terminal, a moTiM BBeHiTh
lsb release -ic, mo6 3Ha#TH 1110 iH(pOopMaTlrito:

lsb release -ic
b"ﬂb"b"VIb"b”Cb”b"Tb"b"pb”b””b"b”6b”’b"K)b"b"Tb"b”Ob”b”pb” ID: Debian
b"Kb"b”Ob”b”ﬂb”b"Ob”b”Bb”b”eb” b"ib"b"Mb”’b"ﬂb”: Trixie

Bu noBuHHI BuKopuctoByBaTu Debian Bullseye, Bookworm a6o Trixie, abo Ubuntu 20.04 "Focal Fossa”
a6o HoBimty Bepcito. LinuxCNC 2.9.y He npalioBaTuMe Ha CcTapimmx qUCTPpUOyTUBaX.
BawMm Takox noTpibHO OyIe mepeBipuTH, SIKE SIIPO PEATbHOTO Yacy BUKOPUCTOBYETHCH:

uname -r
6.1.0-10-rt-amd64



https://linuxcnc.org/docs/2.8/html/getting-started/updating-linuxcnc.html
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Axmro Bu GauuTe (K Bullle) -rt- B iMeHi sigpa, TO BU BUKOPUCTOBYETE SIApPOo preempt-rt i moBuHHI
BcTaHOoBUTHU Bepcito LinuxCNC «uspace». Bu TaKoK ITIOBUHHI BCTAHOBUTHU Uspace AJisi KoHpiryparin
«sim» Ha fAnpax, o He IIPalioloTh B PeXKUMi peasbHOr0 dacy.

Axkmo Bu GauuTe «-rtai-» B Ha3Bi sgapa, To B BukopuctoByeTe RTAI realtime. [uBiThCA HUXKYE, SKY
Bepcito LinuxCNC notpi6ao BctanoBuTu. [lakeT RTAI goctynuuit oiss Bookworm i Buster, ane Hapasi
HepocTynHuu g Bullseye.

5.1.1 KoHdirypauia Apt Sources

* BimkpuiiTe BiKHO «]I2Kepesia MporpaMHOro 3abe3medeHHs». [Ipollec LOr0 Oelllo Bimpi3HAETLCA Ha
TPHOX IMiATPUMYBAHUX IIIaTGOpPMax:

- Debian:

* Hartucaite «MeHIO niporpam», oTiM «Cucrtema», a nmotiMm «MeHenxkep nakeTiB Synaptic».
* Y Synaptic HaTuCHITb MeHI0 «HamamTyBaHHs», IIOTIM HaTUCHITH «Permo3uTopii», 1106 BigKpuTu
BiKHO «][IzKepeJjia IporpaMHOro 3a0e3eYeHHsI».
- Tounicts Ubuntu:

*+ HaTucHiTh Ha 3Ha4oK «I['onoBHa naHenb Dash» y BepXHbOMY JIiBOMY KYTi.

* YV momi «Ilomyk» BBEIiTh «IporpaMHe 3a0e3medeHHs», a IOTiM HaTUCHITh Ha 3HAYOK «LIeHTp
mporpaMHoro 3abe3nedenHs Ubuntu».

* Y BikHi LleHTpy mporpamHoro 3abe3nedyenHsi Ubuntu HaTHCHITE MeHIO «PemaryBaTu», IOTIiM
HATHCHITE «JI2Kepeia IporpaMHoro 3a0e3medeHHsd...», 11100 BiTKpUTH BiKHO «[IKepeJsia IporpaMHOro
3a0e3neUYeHH».

- Ubuntu Lucid:

* HatuchHite MeH10 «CucremMa», IOTiM «AOMIHICTPyBaHHS», a IOTiM «MeHenXkep nakKeTiB Synap-
tic».

* Y Synaptic HaTuCHITbP MeHIO «HasnamTyBaHHs», IIOTIM HaTUCHITE «Permo3uTopii», 11106 BigkpuTu
BikHO «]I>Kepena MporpaMHOro 3abe3neyeHHsI».

¢ V BikHi «][]2Kepena mporpaMHOro 3abe3neyeHHs » BUOEPiTh BKIaAKy «IHIe mporpaMHe 3a6e3medeHHsI».

e BupamiTh a0 3HIMITh IMO3HAYKM 3 YCiX CTapux 3amuciB linuxcnc.org (3amuirTe BCi pAOKH, IO HE
CTOCYI0THCA linuxcnc.org, gK €).

* Hatuchites KHOIKY «JlomaTu» Ta mopaiiTe HOBUU PAONOK apt. PAOoK pmelno Bimpi3HATUMETHCS Ha
pi3HUX IwIatdopmax:

Table 5.1: TabnuuyHuii ornsay BapiaHTIB onepauiniHoOl
cUcTeMHM Ta BigmoBimHOI KOHGirypaillili pemno3uTopiro.
KoHdiryparnito MoXHa BUKOHaATH B TrpadigHOMy
iHTepdeiici mucnetrdepa makeriB abo y daimi /etc/ap-
t/sources.list.

OC / Bepcis peaJIbHOT0 4acy Peno3urtopin

Debian Bullseye - BunepenxeHHs deb https://linuxcnc.org bullseye base 2.9-uspace

Debian Bookworm - BuniepeguTtu deb https://linuxcnc.org bookworm base 2.9-uspace

Debian Bookworm - RTAI deb https://linuxcnc.org bookworm base 2.9-rt

Debian Trixie - BUTICHEHHS deb https://linuxcnc.org trixie 6a3a
2.9-MiniMeTpoBUN npocTip

Debian Trixie - RTAI deb https://linuxcnc.org trixie 6a3a 2.9-rt



https://linuxcnc.org
https://linuxcnc.org
https://linuxcnc.org
https://linuxcnc.org
https://linuxcnc.org
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Synaptic Package Manager (as superuser)

File Edit Package Settings Help

Search Rebowe il

Reload MarkAllUpgrades Apply Properties
All S Package Installed Version Latest Version Descriptiol
Amateur Radio Repositories (as superuser) ) \o) AX time :
Communication time ¢
Communication (f |Enabled Type  URI time
Cross Platform ~  deb https://www.linuxcnc.org/ ~distr
-, o . : Up :
Databases 4] deb-src https:/fwww.linuxcnc.org/ _distr
Debug - deb cdrom:[Debian GNU/Linux 12.2.0 _Bookworm_ - Official am Free
Develo ® deb http://ftp.uk.debian.org/debian/ anda
Deve cpmen.t PR : g : — |
Documentation E4] deb-src |"I|f|1|:.'l:||r||rf'|2|3l.LI|"{.[2|Ehlii['l.EZFTl;}JrEIElleiif'hIr ;J | —
Editors ® deb http://security.debian.org/debian-security/

Education _ :

Electronics Binary (deb) v
l sectiof URI: https://www.linuxcnc.org/ |
I Statyd Distribution: | bookworm |
I Origi_r Section(s): 2.9-uspace base |

Customn Fi
I usom 3 l New ‘ l Delete ‘ Cancel ‘ l OK ‘

Architecture ‘

63426 packages listed, 1590 installed, O broken. O to install/upgrade, 0 to remove

Figure 5.1: PucyHoK 3i CKpiHIIIOTOM KOHGIryparii peno3uTopito MeHeaxKepa akeTiB synaptic.

* HaTucHiTE KHONIKY «JlomaTu AKepesio», a mOTiM «3aKpuTH» y BikHi «[[;Kepejia MporpaMHOro 3abe3nedyeHHs
K10 3’ TBUTHCS BiKHO 3 ITOBiIOMJIEHHSIM ITPO Te, 110 iH(opMallis IPo AOCTYIHe IIporpaMHe 3abe3nedeHHs
3acTapijia, HaTUCHITH KHONKY «Ilepe3aBaHTaXuUTH».

5.1.2 OHOBJZIeHHA A0 HOBOI Bepcii

Temnep Balll KOMII'IOTEP 3HAE, [Ie B3sSITH HOBY BEPCil0 MporpaMHOro 3abe3nedeHHs, gali HaM HOTPiOHO
il BCTAHOBUTH.

ITpo1tec 3HOBY XK TaK¥ BiOpPi3HSIETHCS 3aJIeKHO Bif Baloi miaaTdopmu.




IToyatok pob6oTtu V2.10.0-pre0-6295-gdaf366a2a2 25/ 39

5.1.2.1 Debian Bullseye, Bookworm Ta Trixie
Debian BuKopucTOBY€E MeHenxKep nakeTiB Synaptic.

* BigkputiTe Synaptic, BUKOPUCTOBYIOUH iHCTPYKIil 3 po3miny HanamryBanHs gxkepen apt BUllle.
* HaTtucHith KHONIKY «Ilepe3aBaHTazKUTU>.

e BukopucraiiTe QyHKIIiIO IIOMIYKY OJIS HOUIyKy linuxcnc.

» TTakeT Ha3uBaeThca “linuxcnc” gns asmep RTAI ta “linuxcnc-uspace” gnst preempt-rt.

e TlocTaBTe ragouKy, mob I03HaYUTH HOBi makeTH linuxcnc ta linuxcnc-doc-* gyist oHoBNIeHHSA. MeHemxkep
TMaKeTiB MOzKe BUOPATH Psfl HOOaTKOBUX ITAaKeTiB OJII BCTAaHOBJIEHHS, 11100 3aJOBOILHUTH 3aJIE3KHOCTI,
sdKi Ma€ HOBHUH ITakKeT linuxcnc.

* HaTuCHITH KHONKY «3aCTOCyBaTH» Ta AO3BOJIbTE€ KOMII'IOTEPY BCTAQHOBUTH HOBUU mnakeT. CTapuu
nakert linuxcnc 6yme aBToOMaTUYHO OHOBJIEHO IO HOBOTO.

5.1.3 Ubuntu

* HatucHiTh Ha 3Ha40OK «I'010BHa naHenb Dash» y BepxHbOMY JTiBOMY KYTi.
* V noni «Ilomyk» BBEOiTh «OHOBJIEHHS», & IIOTIM HATUCHITH Ha 3HA4YOK «MeHenKep OHOBJIEHD>.
e Haruchits KHONKY «IlepeBipuTu», mod OTPUMATH CIIMCOK OOCTYIIHUX ITaKEeTiB.

e HaTucHiTh KHONKY «BCTaHOBUTH OHOBJIEHHS», 11100 BCTAHOBUTH HOBi BEPCil BCiX IMaKeTiB.

5.2 OHoBJIeHHA De3 MepeXi

[ITo6 oHOBUTHU cHCTeMy 0e3 MepezKeBOoTo IIigKITIOYeHHsI, ITOTPiOHO 3aBaHTaxkuTu .deb-¢aiis, a moTimM
BCTAHOBUTHU Horo 3a gonomoroio dpkg. Deb-datinu MoxkHa 3HaWTH 3a agpecoio https://linuxcnc.org/-
dists/.

Bawm nmoTpi6HO epeiiTu 3a MOCUIaHHAM BHUIllE, 11100 3HaNTU TpaBuIbHUM deb-daiin amsa Bamoi incTassiii.
BipkputiTe terminal Ta BBenits Isb release -ic, 106 3HaTH Ha3BY BUIYCKY Bairol OC.

> lsb release -ic
b"ﬂb"b"VIb"b"Cb"b"Tb"b"pb"b"vlb"b"ﬁb"'b"K)b"b"Tb"b"Ob"b"pb" ID: Debian
blIKbIIblIobllbllnbllblloblIbIIBbIIbIIebII b’,ib’,b”Mb"’b’,ﬂb”: trixie

Bubepits OC 3i ciucky, a noTiM BubepiTh MOTPiOHY OCHOBHY Bepcito, Hampukiaf, 2.9-rt gius RTAI a6o
2.9-uspace gnsa preempt-rt.

Iami BubepiTh T BaIIoro Kommn'iotepa: binary-amd64 gns 64-6itaoro ITK a6o binary-arm64 (64-6it)
onsa Raspberry Pi.

Iani BubepiTh NOTPiOHY BePCito 3HU3Y CIIUCKY, HanpukiIan, «linuxcnc-uspace 2.9.8 amd64.deb» (Bubepithb
HaMHOBIiNTy 3a gaTo). 3aBaHTaxkTe deb-daiin i ckomitoiiTe #10T0 OO CBOTO OOMAIITHLOT'O KaTanory. Bu
MOZKeTe IepeiiMeHyBaTH (aiil Ha 110Ch KOPOTIIIE 3a A0IOMOroio ¢palioBoro MeHeaXKepa, HallpuKiIa,
«linuxcnc 2.9.8.deb», noTtiM BimkpuiiTe TepMiHas i BCTAHOBITh HOT'0 3a JOIIOMOTOI0 MeHeAXKepa ITaKeTiB

3a OOIOMOTO0IO Iliel KOMaHOU:

sudo dpkg -i linuxcnc 2.9.8.deb



https://linuxcnc.org/dists/
https://linuxcnc.org/dists/
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5.3 OHoBneHHA channiB KoHdirypauii pna sepcii 2.9

5.3.1 Cysopiwa obpobka nigknio4yaeMux iHTepnpertaTopis

SAKIII0 BU IPOCTO 3allycKaeTe 3BUYaliHui G-KOof i He 3HaeTe, 110 TaKe IMigK/II0YaEMUN iHTepIIpeTaTop,
TO LIe’ PO3MiN Bac He CTOCYETHCH.

Pigko BukopuctoByBaHoio pyHKIliero LinuxCNC € ninTpuMKa HNigKIi0YaEMUX iHTEPIPETATOPiB, AKUMU
Kepye HepokyMmeHToBaHuM INI-daiin [TASK]INTERPRETER.

Bepcii LinuxCNC go Bepcii 2.9.0 06pob6sinu HemrpaBuiibHe HanamTyBanHs [ TASK]INTERPRETER, aBTomaTuyH
IIOBEPTAIOYUCh OO0 BUKOPUCTAHHS iHTepupeTaTopa G-KOoy 3a 3aMOBYYBaHHSIM.

IMounnarouu 3 Bepcii 2.9.0, HenpaBunbHe 3HaueHHss [TASK]INTERPRETER mpusBeme mo BigmoBu Lin-
uxCNC zamyckaTtucs. BumpaBrte 110 cutryaliio, BumanuBiy HamamTyBaHHsS [TASK]INTERPRETER 3
Baroro INI-gatiny, mo6 LinuxCNC BuKOpHCTOBYBaB iHTEPIIpeTaTop G-KOoy 3a 3aMOBYYBaHHSIM.

5.3.2 KaHTepn

AKII0 BU IPOCTO 3anycKaeTe 3BUYarvHUM G-KOI 1 He BUKOPUCTOBYETE MiOKIIYaEMUU IHTEPIPETATOP
canterp, To Leu pPO3QUI BaC HE CTOCYETHCS.

Y Ham3BUYaWHO MalOMMOBIpHOMY BUMNAMKY, SIKIIIO BU BUKOPUCTOBYETE canterp, MaliTe Ha yBa3si, IO
MomyIb mepeMitieno 3 /usr/lib/libcanterp.somo /usr/lib/linuxcnc/canterp. so, i HamamTyBaHHSI
[TASK]INTERPRETER BigmoBimHO moTpibHO 3MinuTu 3 libcanterp.so Ha canterp.so.

5.3.3 OObme>xeHHs wnuHaens B INI

Temep MokHa mofaBaTy HanamTyBaHHsa mo po3npiny [SPINDLE] INI-datiny.
MAX FORWARD VELOCITY = 20000 MakcumaJsibHa IIBUOKICTD MIIUHAENS (B 00/XB)
MIN FORWARD VELOCITY = 3000 MinimanbHa MBUOKICTh IITUHAENSA (B 06/XB)

MAX REVERSE VELOCITY = 20000 {dxk1mo 11ei1 napaMeTp IPONYyCTUTH, BiH MaTuMe 3HaueHHI MAX FORWA
3a 3aMOBYYBaHHSIM.

MIN REVERSE VELOCITY = 3000 Lle#t mapameTtp ekBiBamenTHUH MIN FORWARD VELOCITY, ane
015 3BOPOTHOT0 00ePTaHHA MNUHAEN. fKIIOo HOro IPONyCTUTH, 3a 3aMOBYYBaHHSIM BUKOPHUCTOBYBaTUMETh!
MIN _FORWARD VELOCITY.

INCREMENT = 200 BcTaHOBIIOE PO3Mip KPOKY AJI1 KOMaH[ 30i/bIIIeHHA/3MEeHIIIeHHS IIIBUAKOCTI IMITUHAEIA.
Lle 3HayeHHs MOxKe OyTH Pi3HUM I KOXKHOTO mmuHoesnsa. 1lei mapametp mie 3 AXIS ta Touchy, ane
3BEPHITH yBary, IO [esKi eKpaHu KePyBaHHS MOXKYTh 00POOJIATH pedi mo-pisHOMY.

HOME SEARCH VELOCITY = 100 - [Ipu#iaaTo, ase Hapasi HiYoro He poOUTh
HOME SEQUENCE = 0 - IIpuitHsiTO, ajle Hapa3i Hi40oro He poOUThL

5.4 OHoBneHHA chauniB KoHdirypauii pna sepcii 2.10.y

Touchy: 3amnmcu Touchy MACRO Tenep ciig po3MimyBatu B po3mini [MACROS] INI-daiiny, a He B
po3mini [TOUCHY]. Lle uacTtuHa nnpoiiecy yHijpikarii HanamTyBaHub INI Mixk rpadigyaumMu inTepdeticamu.
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5.5 HosBi komMmnoHeHT HAL

5.5.1 He B peanbHOMYy 4aci

mdro mqtt-Bumasauk pi>00 vid pmx485-Ttect gtplasmac-cfg2prefs gtplasmac-matepianu qtplasmac-
plasmac2qt qtplasmac-aanamrysasaasa sim-¢paken svd-ps vid

5.5.2 Y peXxuMi peanbHOro yacy

anglejog div2 enum filter kalman flipflop homecomp limit axis mesa uart millturn scaled s32 sums
tof ton

5.6 HosBi Bomii

Byno npepcraBneHo GppeliMBOPK [ KepyBaHHSA npuctposiMu ModBus 3a gomoMoroio IociiZoBHUX
mopTiB Ha GaraThox MIaTtax Mesa. http://linuxcnc.org/docs/2.9/html/drivers/mesa modbus.html

Hosutii npaiiep GPIO gns 6yab-sskoro GPIO, skuit migTpuMyeThbes 6i61ioTeko:o gpiod, Tenmep BKIIOYEHO:
http://linuxcnc.org/docs/2.9/html/drivers/hal gpio.html



http://linuxcnc.org/docs/2.9/html/drivers/mesa_modbus.html
http://linuxcnc.org/docs/2.9/html/drivers/hal_gpio.html
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Chapter 6

Fnocapin

Crorcok TepMiHiB Ta iX 3HaYeHHS. [lesKi TepMiHM MaloTh 3arajibHe 3HAa4YeHHsS Ta KilTbKa JOHJAaTKOBUX
3HAYEeHb OJIsT KOPUCTYBaYiB, iIHCTAJIITOPIB Ta PO3POOHUKIB.

I'BuaT ACcme
Tum XxomoBOr0 I'BUHTA, 10 BUKOPUCTOBYE Pi3p0y Acme. PizprbGa Acme Ma€ Oelno HuXKYe TepTs i
3HOC, HiXK IpoCTa TPUKYTHA Pi3bba, ajie KyJIbKOBI TBUHTU MAIOTh IIle HUKYi MOKa3HUKU. BinmbIricTs
PYYHHX BEPCTaTiB BUKOPUCTOBYIOTh XOOOBI TBUHTU Acme.

Bics
OpHa 3 pyxOMUX 4aCTHUH BepcTaTa, L0 KePYETHCS KOMII'IOTEPOM. Y THUIOBOMY BEPTHUKAJILHOMY
bpeseprHomMy BepcTaTi CTin € Biccio X, cynopT — Biccio Y, a miHomb abo KomiHo — Biccio Z. KyTosi
oci, Taki K IIOBOPOTHIi CTONH, o3Ha4YaloThcs niTepamu A, B i C. JogaTKoBi miHiliHi oCi BimHOCHO
IHCTPYMEHTY [103HA4YalThCA BinnoBinHO jgiTepamu U, Vi W.

BICbH (rpadiunuii inTepdeiic KopucryBauda)
OpuH i3 rpadiunux inTepdeliciB KopucTyBada, HOCTYIHUX A1 KopucTyBadiB LinuxCNC. BiH Bigpi3HAET!
Cy4aCHUM BUKOPUCTAHHSIM MEHIO Ta KHOIIOK MUIII, a TAKOXK aBTOMAaTH3alli€l0 Ta IPUXOBYBAHHAM
OesTKUX TpamulinHuX eieMeHTiB KepyBaHHA LinuxCNC. Lle equnuii inTepdelic 3 BIDKpUTUM KOOOM,
SIKUH BimoOpazka€e BeCh IIJIAX iHCTPYMEHTY Biipaly micns BigkKpuTTs daiy.

GMOCCAPY (rpacdiunuii inTepdeiic KopucryBauda)
I'padiunuti inTepdeiic KopucTtyBada, OOCTYITHUM O KopucTyBadiB LinuxCNC. Bix Mae BUTHIA[ i
dbyHKIIiOHATBHICTE TPOMMCIIOBOT0 KOHTPOJIEPA i MOKEe BUKOPUCTOBYBATUCS 3 CEHCOPHUM €KPaHOM,
MUIlEeo i KiaBiaTyporo. BiH mimTpumye BOymoBaHi BKIAOKM i ITOBigOMJIEHHSI KOPUCTyBaya, IO
Kepyiothesa HAL, i mpononye 6e3miv HAL-6iTiB, SIKi MO2KHa KOHTPOJIIOBATH 3a JOIIOMOTOIO allapaTHOTO
3abesneuendss. GMOCCAPY Mae mMMpPOKi MOXKJIMBOCTi HalaIITyBaHHS.

3BOpoOTHA peakxIis

KinpkicTs «itodTy» ab0 BTpadyeHOI'0 PyXy, III0 BUHUKAE IIPU 3MiHI HaIpSMKYy PyXy B XOIOBOMY
rBUHTI abo iHIIN MexaHiuHiM cuctemi mpuBony. lLle Moxke OyTu HacaigkoM ociabieHHS Tamok
Ha XOJOBUX I'BUHTAaX, IPOCNIN3aHHI PEMeHIB, IPOBUCAHHS KabeiB, «HaKpy4dyBaHHsI» B 00ePTOBUX
mydTax Ta iHINX MiclIAX, e MeXaHiuHa cCUCTeMa He € KHaTATrHyToio». JItodT Ipru3Bene o HETOYHOTO
PYXy, a B pa3i pyXy, CIpUYNHEHOT0 30BHIIIIHIMU cUIaMU (HaIpUKiIaf, PiKy4duil iIHCTPYMEHT TATrHe
3a JeTasb), pe3yJibTaToM MoKe OyTH IIOJIOMKa piXydux iHCTpyMeHTIB. Lle MoXe cTratucs dyepes
panToBe 30inbIIIeHHS HaBaHTaKeHHS Ha pi3ak, KOJIU OeTalb TATHETHCS Ha BiicTaHb MIOPTY PiKydUM
IHCTPYyMEHTOM.

KoMmneHcanis aodTy
Bynb-sgka TexHika, SKa HaMaraeTbCsl 3MEHIIUTH BILJIUB MIOQTY, HE BUOANSIOUYN MOT0 3 MeXaHidHOl
cucTeMHu. 3a3Budaii 1ie poOUTHLCS B IPOrpaMHOMY 3a0e3nedeHHi KoHTponepa. Lle Moxke BUITPaBUTH
KiHIIeBe ITONOXKEHHS [eTajli, 110 PYXa€ThCs, ajie He BUPIIIye mpobiiemMu, HOB'sA3aHi 3i 3MiHOIO
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HaMNpsMKY PyXy (Hampukiaj, KpyroBa iHTEPIIONSIlis) Ta PYXOM, IO BUKIUKAHUN 30BHIITHIMHU
cunaMu (HaIlpuKJiaf, pixKy4ui iHCTPYMEHT, 1[0 TSITHe 3a JeTalb).

Ky/IbKOBHH I'BHHT
Tun X0mOBOT0 TBUHTA, V IKOMY MiX raliKol0 Ta TBUHTOM BUKOPHUCTOBYIOTHCSI MaJIEeHbKI 3arapToBaHi
CTaJieBl KyJIbKU OIS 3MEHIIEHHS TepTs. KyJIbKOBI TBUHTU MalOTh AyXKe HU3bKE TepTA Ta TIQT,
ase 3a3BUYay JOCUTH JOPOTi.

KynbKoBa ramka
CrenianbHa ravika, Ipru3HadeHa OJisi BUKOPUCTAHHS 3 KyJIbKOBUM I'BUHTOM. BOHA MiCTUTh BHYTPIIIHIN
KaHas oI pelupKyJIIalil KyJIboK Bil OMHOTO KiHIIA T'BUHTA OO iHIIIOTO.

CNC
Komn’ioTepHe 4nucCiioBe ynpaBliHHEA. 3arajJlbHUK TEPMIH, [0 BUKOPUCTOBYETHCS AJI IO3HAYEHHS
KOMII'IOTEPHOTI'O YIIPAaBIiHHSA BEpCTaTaMu. 3aMiCTh TOr0, 100 oIepaTop BPy4YHY 00epTaB PyKOSITKHU
IJ1d IepeMillleHHs pPi3anbHOoro iHcTpyMeHTy, CNC BUKOPUCTOBYE KOMII'IOTED i ABUTYHU OIS IePEMIMIEHE
iHCTPYMEHTY Ha OCHOBI ITporpaMu o06po6Ku meTarti.

XankoMmmin
IHCTPYMEHT, III0 BUKOPUCTOBYETHLCS OJIs1 30MpPaHHS, KOMIIiISAIl Ta BCTaHOBJIEHHS KOMIIOHEHTIB
HAL pgna LinuxCNC.

Kondgirypauis (n)
KaTaror, mo mictuts Habip ¢ainiB KoHDiryparii. KopucTtyBanbki KoHGpIirypariii 3a3Budaii 36epiratoThCs
B KaTtano3i home/linuxcnc/configs. Lli ¢aitnm BkmoyaoTs TpagunivHi dainu INI ta HAL Linux-
CNC. KoHdirypalis Tak0oK MOKe MiCTUTH KijlbKa 3arajibHuX ¢anIiB, 1110 OTUCYIOThH iHCTPYMEHTH,
napameTpu Ta 3’egHaHHA NML.

Kondgirypaisi(v)
3aBmanHs HanamTyBaHHA LinuxCNC TakuM YuHOM, 11100 BiH BiZIoBigaB amapaTHOMY 3a0e3eYeHHI0
BepcTara.

KoopauHaTHO-BHMipIOBa/IbHA MalIMHA
KoopouHaTHO-BUMipIOBaIbHA MallliHa BUKOPUCTOBYETHCS AJIsI BAUKOHAHHS 6araTboX TOYHUX BUMipPIOBaH
meTtanen. Lli MammmmHAY MOXKYTh BUKOPUCTOBYBATHUCS IO/1s1 CTBOpeHHsT CAD-maHux a4 geTaneu, aiasd
SIKUX HEMA€E KPecCyieHb, KOJIN MOTPiOHO onudpyBaTH PyYHUMN ITPOTOTHUII [IJIsT BUTOTOBIEHHS (GOpMU
a6o mepeBipuTH TOYHICTH 06pPO6IeHuX abo BigIuTHUX OeTanel.

boku BigoOpaxkeHHs1
JIiHi#iHi Ta KyTOBi OOMHUIII BUMipPIOBAHHS, III0 BUKOPUCTOBYIOTHCS OJIS BifoOpazkeHHS Ha eKpaHi.

DRO

Ludporuti ingukatop (DRO) — 11e cucTeMa IPUCTPOIB OJII BUMipIOBaHHS ITIOJIOKEHH S, ITPUKPITIIIEeHUX
IO CYIIOPTiB BepcTarTa, SKi MigKIodYeHi 0o ¢ poBOro QUCIIes, M0 II0Ka3y€e IIOTOYHE II0JI0XKEeHH T
iHCTPYMEHTY BimHOCHO mesikoi 6a30Boi mo3wuii. DRO gyzke momymnsipHi Ha PyYHHUX BepcTaTax,
OCKiNTbKY BOHY BUMipIOIOTH CIIPABIKHE ITOJIOKEHHS iHCTPYMeHTY 6e3 modTy, HaBiTh SIKIIIO BEPCTAT
Mae€ ayzKe BinmbHi rBUHTH Acme. [lesKi mudpoBi iHguKaTOPU BUKOPUCTOBYIOTH JIiHiMHI KBagpaTypHi
€HKOJlepU [JIs 3YMTyBaHHSA iHGopMallil IIpo II0JI0XKEeHHS 3 BepcTaTa, a AesKi BUKOPUCTOBYIOTH
MeTonu, nonibHi o pe3obBepa, TKUHM MOCTIMHO ITepeBEePTAETHCS.

EDM

EDM — 1ie MmeTon BUOANIeHHS MeTally 3 TBepaux abo BaxkKo oOpoOIoBaHuX MeTalliB, abo B THUX
BUNaZKaX, KOJI1 00ePTOBi iHCTPYMEHTH He MOXKYTh CTBOPUTHU 6akaHy (opMy eKOHOMIYHO BUTiTHUM
crioco6oM. BigMmMiHHMM IpPUKIIafoM € NPSIMOKYTHI IITaMIIH, Oe NOTPiOHi rocTpi BHYTPillIHI KyTH.
Ope3epyBaHHA He OO3BOJISE OTPUMATH T'OCTPi BHYTPIMIHI KyTHM 3a OOIOMOTOI0 iHCTPYMEHTIB 3
oOMekeHNM fiaMeTpoM. EneKTpoiCKpoBHE BepcTaT 3 OPOTOM MOXK€E CTBOPIOBATH BHYTPIIITHI KyTH
3 pafiiycomM, nuire Tpoxu GiIbIINM 3a paAiyc OpoTy. EneKTpoiCKpoBUi BepcTaT 3 3aHYPIOBAIBHUM
€JIEKTPOIIOM MOXKe CTBOPIOBATH BHYTPIIIHI KyTU 3 pafiycoMm, JTUIe TPOXHU OIJTBIINM 3a pafiyc KyTa
3aHYPIOBAJILHOTO €JIEKTPOLa.
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EMC
Yoockonanenuy MamvHHENN KOHTposiep. CriodyaTtky npoekT NIST. IleperimenoBano Ha LinuxCNC
y 2012 pou.

EMCIO
Mogyne y LinuxCNC, sikmit 00po06Jisie 3arajlbHOIPUMHSATI OTlepallii BBeIeHHA-BUBEEHH S, He TTOB’ s13aHi
3 GaKTUYHUM PYXOM OCEM.

EMCMOT
Mogpyne y LinuxCNC, skuii kepye pakKTUUYHUM PYXOM Pi3abHOTIO iHCTPyMeHTy. BiH mpaifioe K
IIporpaMa peajibHOTO 4acy Ta 0e30CcepeqHbO Kepye OBUTYHAMU.

Enxkonep
[MpucTpiii O BUMIpIOBAaHHS IIOJIOXKEHHSA. 3a3BHYal 1€ MEXaHIKO-ONTUYHHUU IIPUCTPIN, SKUU
BUMA€ KBaApaTypHUl curtasna. CUrHama Moxke OyTH IiTpaxoBaHUM CliellialbHUM oOnagHaHHSIM abo
6es3mocepenHbo TopToM 3 LinuxCNC.

l'opyBath
BigHOCHO NOBiNMbHMM, KOHTPOJIBOBAHUYU PYX iIHCTPYMEHTY, 110 BUKOPUCTOBYETLCS ITi] Yac pi3aHHS.

MIBuaxkicTs momaui
[IIBupKicTh, 3 AKOIO BimOyBa€eTbCS PyX pizaHHs. B aBTOMaTHyHOMY pexkuMi abo pexkumi MDI
IIBUOKICTD ITOoOavi 3amaeThcs 3a monoMorolo ciioBa F. F10 o3HauaTuMe OecsaiTh MAalIMHHUX OOUHUIH
3a XBUJIMHY.

3BOPOTHIN 3B’ A30K
MerTop (HanpuKiIan, CUTHAIU KBagpaTypHOT 0 eHKofepa), 3a JonomMoroo akKkoro LinuxCNC oTpumMmye
indopMaliito Ipo NoJI0XKEeHHS ABUTYHIB.

KopuryBaHHsI IIBHIKOCTI nmoga4i
PyuHa 3MiHa IOIBUOKOCTI PyXy IHCTPYMEHTY Iif 4Yac pi3aHHS, IO KOHTPOJIIETHCSI OIEepaTOPOM.
YacTo BUKOPUCTOBYETHCS, 1100 OIIepaTop Mir HalaIlITyBaTH iHCTPYMEHTH, SIKi TPOXHU 3aTYIIUIIUCS,
abo Oyab-1110 iHIIE, II0 BUMAarae «IIigKOPUTYBaHHSI» IIIBUOKOCTI Iomayi.

Yuciio 3 mIaBadon KOMOIO
Yucno, mo Mae gecaTkoBy Komy. (12.300) Y HAL BoHO BimoMe SIK YHCIIO 3 KOMOIO.

G-kof,
3araspbHUM TEPMiH, I1T0 BUKOPHUCTOBYETHCS /11 IO3HAUYEHHS HAaUTIOINPEHINIOl MOBY ITPOTPaMyBaHHs
metanel. IcHye kinpKa pianekTiB G-koxy, LinuxCNC BukopuctoBye RS274/NGC.

I'padiunuii inTepdeiic KopucryBada
I'padiunuit inTepderic KoprucryBaua.

3araabHe
Tun intepdeiicy, mo 3abe3nedyye B3aEMOMil0 MiK KOMII'IOTepPOM i moauHOo0 (y Oinbuiocti
BUIIaAKiB) 3a HOIIOMOT 010 MaHIMyIAIli} 3 MIKTOrpaMaMHM Ta IHIIKUMU eleMeHTaMu (BigKeTaMu)
Ha eKpaHi KOMIT'IoTepa.

LinuxCNC
[Tporpama, sika BimoOpazkae rpadiuHuil eKpaH [Ojs olepaTopa MalllMHU, TO3BOJSIOUN HOMY
KepyBaTH MaIlIMHOIO Ta BiAIIOBIMHOIO ITPOrpaMoI0 YITPaBIiHHA.

HAL
PiBenb abcTpaxiiii arrapaTHOro 3abe3nedyenHsi. Ha HaBUIITOMY PiBHi IIe TPOCTO CIIOCi0, 1110 TO3BOJISIE
3aBaHTaXKyBaTH Ta 3'€OHYBATH MiX c00010 HU3KY OymiBenbHUX OJIOKIB [OJId CKIafgaHHS CKJIamHOI
cucteMu. Bbararto 3 nux OymiBenbHUX OJIOKIB € mApalBepaMu AJIs allapaTHUX MPUCTPOiB. OmHakK
HAL moxe pobutu Oinbiiie, HiXK ITPOCTO HATAIITOBYBATH ApaliBepu alapaTHOTo 3a0e3medyeHHs.

I'onoBHa cTOopiHKa
ITeBHe Miciie B po6odiit o61acTi BepcTaTa, AKe BUKOPUCTOBYETHCA AJ151 3a0e31eYeHHS Y3rOIKeHH T
TIOJIOZKEHHS IHCTPYMEHTY MiXK KOMII'I0OTEPOM Ta (paKTUUHUM BEPCTATOM.
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INI-damn
TekcToBuU ¢atin, M0 MiCTUTD OiNbIITy YacTHHY iH(popMaliii, ska HanamToBye LinuxCNC oy KOHKpeTHOI
MalllUHH.

ExzeMmniasip
MozkHa MaT# eK3eMILISIP Ki1acy abo rnmeBHOTo 006’ekTa. EX3eMIsp - e GakTUYHUM 06’EKT, CTBOPEHUHN
mig yac BuUKoHaHHsa. Ha xXkaprosi nporpamictiB 06’ekT “Lassie” - 1ie ek3eMIiap kiaacy “Dog”.

CroiibHi KOOpOUHATH
Boru BU3HAYAIOTH KyTU MiXK OKpEeMUMHU IIapHipamMu MammHU. [uB. TaK0oX KiHemMaTnka

Taxk
PyuHe nmepeMinieHHs oci BepcTtaTta. Y peXuMi MOKPOKOBOTO IMEPEMIMIEHHS BiCh MEPEMIITYETHCA
Ha ¢iKCOBaHy BEIMYUHY IIPU KOXKHOMY HATHCKaHHI KJjaBill aG0 IEPEMIIIyEThCS 3 IOCTiHHOIO
LIBUKICTIO, IIOKY B YTPUMYETe KJIaBillly. Y py4HOMY PeXUMI IIBUAKICTh IIOKPOKOBOI'O IIEPEMIillleHHA
MOKHa BCTAHOBUTH 3a OOIIOMOTOI0 rpadidHoro iHTepdeucy.

IPOCTIp sAapa
Kogm, 110 BUKOHYETHCS BCEPEANHI siipa, Ha BiIMiHy Bif Kofy, III0 BUKOHYETHCSA B IPOCTOPi KOpUCTyBaya.
Iesiki cucteMu peanbHOTo Yacy (Hampukian, RTAI) BUKOHYIOTH KOl peabHOT'0 Yacy B sIApi, a Kox
HepeanbHOT0 Yacy — B IIPOCTOPi KOPUCTYBayda, TOMi SIK iHIII CHCTeMH peasibHOTr'O Yacy (HallpuKiam,
Preempt-RT) BUKOHYIOTH IK KOZ peajIbHOT' 0 Yacy, Tak i Kog HepeaJbHOT'0 Yacy B IIPOCTOPi KOpUCTyBada.

KimeMmaTrHnka
BimHomeHHS MiX CBITOBUMM KOOPAWHATAaMHU Ta KOOPAWHATaMHU Cyrjiio0iB MaImuHu. [CHye OqBa TUIIH
KimemaTuku. IIpsma KiHeMaTHKa BUKOPUCTOBYETHCS s OOYMCIIEHHS CBITOBMX KOOpPOWHAT Ha
OCHOBi KoopOuHAT Cyro6iB. 3BOpPOTHA KiHEMAaTHKa BUKOPHUCTOBYETHCS OIS IPSIMO IPOTUIIEKHOI
MeTH. 3BEPHITH yBary, 110 KiHeMaTHKa He BpaXOBY€E CUJIM, MOMEHTH TOIIO, III0 Oif0Th Ha MalllUHY.
BoHa npr3HaYeHa BUKIIIOYHO I IO3UIIIOHyBaHHSI.

XOmoBUMH I'BHHT
I'BuHT, ssKuM 06€PTAETHCS 3a MOIIOMOIOI0 ABUTYHA [JIs IEPEMIIleHHs CTOJIy a00 iHIIToi YaCTUHHU
MamuHu. ['BUHTU 3 pi3p00I0 3a3BUYail OyBaOTh KYJILKOBUMU a00 Tparnerienoni6HuMy, Xo4a 3BUYaHi
TBUHTHU 3 TPUKYTHOIO Pi3p6010 MOXKYTh BUKOPUCTOBYBATUCS TaM, [ie TOYHICTh i TpUBanmuil TepMin
Cclyk0U He Tak BaXKJIUBi, IK HU3bKA BapPTiCTh.

MamuHHi arperaTu
JIiHiliHi Ta KyTOBi ogUHMIII BUMipIOBaHHS, III0 BUKOPUCTOBYIOTLCS A KoHGiryparil mammuau. Li
OOWHUII BUMipIOBaHHS BKa3aHi Ta BUKOPUCTOBYIOThCS y aiini INI. BuBogu Ta nmapamerpu HAL
TaKOXK 3a3BHUYali BKa3aHi B OMWHUISIX BUMipIOBaHHS MaIllMHU.

MDI
Pyuyne BBemeHHs maHux. lle pexum poboTH, B TKOMY KOHTPOJIEP BUKOHYE OKpeMi psagku G-Komy,
sIKi BBOOUTH OII€PaTop.

NIST
HanionanpHUM iHCTUTYT CTAHOAPTIB 1 TexHOJNOTiN. AreHTCTBO MiHicTepcTBa Toprismi CIIA.

NML
Neutral Message Language 3ab6e3nedye MexaHi3M 00pOOKY AeKiTbKOX THUITiB ITOBiTOMJIEHb B OMHOMY
Oydepi, a TakoXK crpolnye iHTepdeic ois KogyBaHHSA Ta AeKOoyBaHHs OydepiB y HEUTPaIbHOMY
dbopmarTi Ta MexaHi3M KOHGIrypariii.

3Mimmennsn
[oBimbHa BeIWYMHA, IO JONAETHLCA OO 3HAUYEHHS YOIrOoCh, IOO0 BOHO MOPiBHIOBajo OaxkaHOMY
3HaueHHI0. Hamnpukmnazn, nporpamMu G-KoOy 4YaCTO HHUIITYThHCS HaABKOJIO SIKOICH 3PYYHOI TOYKH,
takoi K X0, YO. 3cyBu KpilyIeHHS MOXKYTb BUKOPHUCTOBYBATUCS OJI 3MilleHHS PaKTUYHOI TOUYKH
BUKOHAHHS Iiel mporpamu G-Komy, mo0 BOHA BifoBigasna (pakTHYHOMY PO3TaITyBaHHIO JIelarT i
ry6oK. 3CYBHY iHCTPYMEHTY MOXKYTh BUKOPUCTOBYBATUCS IJIS 3MIIIEHHS «HEBUITPABIEHOI» JOBXKUHU
iHCTpyMeHTy, 1106 BOHa HOpiBHIOBasa GaKTUYHIM MOBXKUHI IIbOTO iHCTPYMEHTY.
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IIporpamMa YacTHHH
Omnwuc getasni MOBOO, 3po3yMisioro gy KoHTposepa. g LinuxCNC niero moBoo € RS-274/NGC,
3a3BuYai Bigoma sk G-KofI.

IIporpamMmui omuHUIi
JliHi#iHi Ta KyTOBi OQUHMUIL, IIT0 BUKOPHUCTOBYIOTHCS B ITporpaMi o6pobku getari. JliHifiHi oguHALL
mporpaMu He 00OB’SI3KOBO TTOBUHHI 306iraTucs 3 HMiHINHUMHU OOUHULSAMU BepcTaTa. [[OoKJIamHimty
indopmarnito gus. y posmimax G20 ta G21. KyToBi ommHUI TporpaMu 3aBXKIAU BUMIPIOIOTHCS B
rpamgycax.

Python

3aranbHOGVHKIIIOHAIbHA MOBA ITPOTrpaMyBaHHs OyXKe BUCOKOTO PiBHS. BuKOpuCTOBY€ETHCA B Lin-
uxCNC gna rpadiunoro inTepdericy Axis, iHcTpyMeHTy KoHpirypatii StepConf Ta KimbKOX CKPUIITIB
nporpamMyBaHHsA G-KOZOM.

MIBUAKUH
[ITBumgKmMi, MOKIUBO, MEHII TOYHUN PyX iHCTPYyMEHTYy, AKUN 3a3BUYall BUKOPUCTOBYETHLCS OIS
TmepeMillleHHs MiXK po3pizaMu. fAKINO iHCTPYMEHT TOPKAETHCSA 3aroTOBKK abo KpimJieHHd ITif 9ac
IIBUIKOIO IIepeMillleHHs, Ile, UMOBipHO, ITOTaHo!

IMIBuoKHM TeMII
IIBupKicTh, 3 AKOI0 BigOyBaeThCs MBUAKUM pyX. B aBTOMaTryHOMY abo MDI-pexkumi mBUOKICTD
HUIBUIKOTO IIepeMillleHHS 3a3BUYai JOpPiBHIOE MaKCHUMallbHiM MIBUAKOCTI BepcTaTa. YacTo 6axkaHo
00MeKyBaTH MIBUAKICTh IIBHUOKOTO IIEPEMIIeHHs IIi Yac MepIIoro TeCTyBaHHS mporpamu G-
KOLy.

Y pexxuMi peajILHOI'0O 4acy
ITporpamHe 3abe3medeHHs, IMPU3HAYEHE [JII OOTPUMAaHHS OyzKe CyBopux TepMmiHiB. ¥ Linux,
o6 BiATIOBigaTH UM BUMOTaM, HeOOXiIMHO BCTAHOBUTHU SOPO PeajIbHOTO Yacy, Take sik RTAI a6o
Preempt-RT, i ckoMmmintoBaTu nporpamMue 3abe3neuerHds LinuxCNC nns po6oTH B clielliaJiLHOMY
cepenoBUIli peasbHOTO 4Yacy. [IporpaMHe 3abe3nedeHHS peajibHOTO HYacy MOXKe IIpalffoBaTH B
simpi abo B MPOCTOPi KOPHUCTYBaya, 3aJIeXKHO Bil MOXKIIMBOCTEH, 1110 HAgal0ThCSI CUCTEMOIO.

RTAI
InTepderic 3acTOCYHKIB peanbHOTO 4dacy, OuB. https://www.rtai.org/, po3mIMpeHHsI peaabHOTO
gacy mia Linux, ski LinuxCNC Moke BUKOPUCTOBYBaTHU OIS DOCATHEHHS IPOAYKTUBHOCTI B PEaJIbHOMY
4aci.

RTLINUX
Ous. https://en.wikipedia.org/wiki/RTLinux, ctapimie po3mupeHHsa gns Linux, ske LinuxCNC
BHKOPHUCTOBYBAJIO IJi JOCATHEHHS IPOOYKTUBHOCTI B pe2KUMIi pealbHOTO Yacy. 3acTapisne, 3aMiHeHe
RTAI

RTAPI
IMopraTuBHUY iHTEepdeiic O1g onepaliliHUX CUCTEM pPeaslbHOTo0 4Yacy, BKiodatouu RTAI ta POSIX
pthreads 3 po3mupeHHIMU peanbHOTO Yacy.

RS-274/NGC
Odimitina Ha3Ba MOBH, 110 BUKOPUCTOBYETHLCS MporpaMamMu 06pobku metaned LinuxCNC.

CepBOOBUI'YH
3a3Buyuai, e Oymb-IKUH IBUTYH, 1110 BAKOPUCTOBYETHCS 31 3BOPOTHUM 3B’ sI3KOM Ha OCHOBi BUMipIOBaHHS]
TIOMUJIOK AJIS KOPEeKIlil IToI0KeHHs BUKOHABUOIO0 MexaHi3My. TakKoX Ile OBUTYH, CIielliaJIbHO
po3pobenuit aysi 3a0e3nedYeHHs MOKPAIeHOol TPOAYKTUBHOCTI B TAaKUX 3aCTOCYBaHHSIX.

CepBOIuKI
KOHTyp KepyBaHHJ, III0 BUKOPUCTOBYETHCS OJIsA KEPYBAHHS IIOJIOZKEHHAM abo I_T_IBI/IJIKiCTIO OBUTYHaAa,
OCHAIIEHOTI'0 IPUCTPOEM 3BOPOTHOIO 3B’ SI3KY.

3HaKoOBe IIijie Yuciio
Lline uncio, TKe MoxKe MaTH OOomaTHHI abo Bim'emuuy 3Hak. Y HAL 11e 3a3Buuai s32, ajge Moxe
OyTH TakKoX S64.



https://www.rtai.org/
https://en.wikipedia.org/wiki/RTLinux
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IIInuHOeab
YacTuHa BepcTaTa, sika 00epTaeThes ais pisanHsa. Ha ¢ppe3zepHoMy ab0 cBEpOIUIbHOMY BepCTaTi
IWNUHOENs YTPUMYE pizKyuuii iHcTpyMeHT. Ha TokapHOMY BepCTaTi IINMUHAEIL YTPUMYE 3arOTOBKY.

KopuryBaHHSI MIBUIAKOCTI IINMHHIE IS
PyuHe, KepoBaHe OIepaTOPOM 3MiHEHHS IIBUAKOCTI 0O6epTaHHS IHCTPYMEHTY IIif 4ac pisaHHS.
YacTo BUKOPUCTOBYETHCH, 11100 OTIEpaTOpP MIr peryJsioBaTu Bibpalito, cnpuumnHeHy 3y01sMu pizaka.
dyukuis Spindle Speed Override nepenbayae, 1o nporpaMHue 3abe3nedenHsa LinuxCNC HanmaroBaHo
OJ1s1 KEPYBAHHS IIBUIOKICTIO IIMTUHIEIIS.

StepConf
Matictep HanamTtyBanHs LinuxCNC. Bin 3gaTauit 06po06isaTy 6araTo MalllWH, IO MPAIIOTh Ha
OCHOBi KOMaHJ PyXy «KpPOK i HanpsMoK». BiH 3anucye moBHy KOH(irypailifo micisg Toro, sk
KOPHUCTYBaY BiIMOBICTh Ha KijlbKa 3alKUTaHb ITPO KOMIT'IOTEP i MalllMHY, Ha SKUX Oyne mpaifoBaTu
LinuxCNC.

KpOKOBHI OBUI'YH
Tun gBUryHa, 9Kuil 06epraeThcsa GpikcoBaHUMU KpoKaMu. I1inpaxoBylo4yu KPOKY, MOXKHa BU3HAYUTH,
HACKinbKu 00epPHYBCS OBUTYH. SKIO HaBaHTAaXKEHHS MEePEeBUIIYE KPYTHUN MOMEHT OBUTYHA, BiH
IPOIyCcKae oguH abo KilbKa KPOKIiB, II0 IPU3BOAUTD [0 ITIOMUIOK HO3UI[IOHYBAaHHS.

TASK
Mogyns y LinuxCNC, sskuii KOOpAWHYE 3arajibHe BUKOHAHHS Ta iHTEPIIPETYE IporpamMy 00poOku
IeTaneu.

Tcl/Tk
Moga cueHapiiB Ta Habip iHCTpyMeHTiB rpadiyHUX BiAKeTiB, 3a JOIIOMOI 010 AKUX OYJIO HallMCaHOo
Kinbka rpadiunux iHTepdeiiciB Ta MaicTpiB Bub6opy LinuxCNC.

TpaBepCHHUH pPyX
Pyx mo nipsimi#t miHil Bif T049aTKOBOI TOYKM [0 KiHII€BOl TOUKH.

OpuaAIi
[us. po3min «MamunuHI oguHuULi», «OguHUII BimoOpaxkeHHsI» abo «OOQUHULI TPOrpaMyBaHHSI».

Bbe33HaKoOBe IIijie YuCiIo
Ilime uucmo 6e3 3Haka. ¥ HAL 11e 3a3Buuait u32, ame Moxe OyTH TaKOXK u64.

CBiTOBi KOOpIUHaATH
ITe abGcontoTHa cucTeMa BimIiky. BoHa 3ajia€ KoopaAuHaTH y BUTTIAAI (iKCOBaHOI CUCTEMHU BifJIiKYy,
TIPUKPINJIEHOl Io ITeBHOI TOYKM (3a3BUUall 0 OCHOBM) BepcTara.
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Chapter 7

IOpuan4Hum BipAin

IMepeknanu nporo ¢aitny, HagaHi y HepeBi BUXiTHUX KOOIB, He MalOTh IOPUOUYHOL CHUIIH.

7.1 YMOBM aBTOPCbKOro npasa

ABTOopcbke npaBo (c) 2000-2022 LinuxCNC.org

[To3BOMNsAETLCA KONIiIOBATH, PO3IMOBCIONKYBaTU Ta/ab0 MoqudikyBaTH 11eki HOKYMEHT BiTIOBITHO IO YMOB
Jlintenaii Ha BinmbHY mokyMeHTaIrito GNU, Bepcis 1.1 a6o O6ymb-sika mi3Hiia Bepcis, ony6sikoBaHa PyHOAIIi€0
BiJIBHOTO ITPOTrpaMHOro 3abe3neueHHs; 63 He3MIiHHUX PO3MilliB, TEKCTIB Ha IepenHiil 0OKIaguHIIN Ta
TEKCTiB Ha 3anHil oO6kmanguuIli. Komia mineHnsil micTuThbcsa B po3pini mim Ha3Boio «JIineH3is Ha BiNbHY
mokyMmenTalriro GNU».

7.2 JNiueH3ia GNU Free Documentation

JIimen3isi GNU Free Documentation, Bepcisi 1.1, 6epe3ens 2000 p.

ABTopceki mpaBa © 2000 Free Software Foundation, Inc. 51 Franklin Street, Fifth Floor, Boston,
MA 02110-1301 USA. KoxkxHOMYy JO3BOJIEHO KOIIil0OBAaTH Ta PO3IMOBCIOAXKYBATHU OOCJIiBHI KOIIil IILOTO
JIiNeH3IMHOT0 JOKYMEHTA, ajie 3MiHIOBaTU MOTr0 He HO3BOISETHC.

0. ITIPEAMBYIJIA

MeTo1o i€l Jlinen3ii € cTBOpPeHHST «BiMTBHOTO» B CEHCi cBoOOmM mOCiOHMKaA, mimpydyHuKa abo iHIIIOTo
MMMChMOBOTO IOKyMeHTa: 3abe3mnedyeHHsT KOXKHOMY eDeKTHBHOI CBOOOMAM KOITiloBaTH Ta IIOMIMPIOBATHU
roro, 3 mogudikamisMu abo 6e3 HUX, IK Y KOMEPIIIMHUX, TaK i B HEKOMePIiHHuX Iinsx. Ilo-mpyre,
us Jlinensis 36epirae Oyis aBTopa Ta BUOABIT MOXKJIMBICTH OTPUMATH BH3HAHHS 3a CBOIO POOOTYy, He
HeCy4H IIpU IIbOMY BiiIloBimanbHOCTI 3a Mopgudikariil, BHeceHi iHIMuMu ocobaMu.

Lis mitteHsis € pisHoBUOOM «KOITiedTy», 1110 03HAYaE, 1110 MOoXigHi poOOTH Bif IIFOr0 JOKYyMEHTa TaK0XK
MMOBUHHI OyTH BiJIbBHUMHK B TOMY 2K ceHcCi. BoHa momoBHIOe 3aranpHy nyOmmiuny minieHsito GNU, sika €
nmineH3iero KorminedTy, po3po6IeHoI0 [/ BiJIBHOTO ITPOrPaMHOT0 3a0e3nedeHHs .

Mu po3pobuiu 1110 JIitleH3ito AJ1ss BUKOPUCTAHHS B ITOCIOHMKAX [0 BiJIbHOT'O IPOrPaMHOT0 3a0e3medYeHHs,
OCKiNIbKY BillbHE IIporpaMHue 3abe3nedeHHs ToTpedye BimbHOI JOKyMeHTAallil: BilTbHa mIporpaMa ITI0OBUHHA
CYIPOBOIXKYBATHUCS MOCIOHUKaMU, 110 HagalTh Ti caMi cBoOOAH, 1110 ¥ IIporpaMHe 3a0e3nedeHHs . Are
st JlineHsis He 00MeKy€eThCS MMOCIOHUKAMU 10 IIPOTPaMHOT0 3a0e3IeuYeHHsI; il MOKHa BUKOPUCTOBYBATH
o 6ynb-IKUX TEKCTOBUX TBOPiB, He3ajeXKHO Bil TeMHM YM TOTO, YM BOHM ONMYOJIiKOBaHi y BUTIISAAI
OPYKOBAHOI KHUTH. Mu peKoMeHayeMo 1o JlilieH3ito mepeBakHo OIS TBOPiB, METOIO SKUX € HaBUaAHHS
4y goBimKoBa iHdopmartris.
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1. 3ACTOCYBAHHA TA BUBHAYEHHSA

L5 JlizteH3ist 3aCTOCOBYETHCS A0 OyAb-IKOTO IMOCiOHMKA abo iHI10l po6OTH, 10 MiCTUTH TOBiHOMIEHHS
Bifl BlaCHUKa aBTOPCHKUX IIPaB IIPO Te, III0 BOHA MOXKEe PO3NOBCIOAXKYBaTUCI Ha yMoBax wiel JlineHnsii.
Tepmin «JIOKyMeHT>», 1110 BAKOPUCTOBYETHCS HUXKYE, O3HA4Ya€ Oymb-AKUM TaKui Moci6HUK abo poboTy.
Byns-akuii 4jieH rpoManCchKOCTI € JIiIleH31aToM i HO3HAaYaEeThCS IK «BU».

«3MiHeHa Bepcisi» [JoKyMeHTa O3Hauda€ OyOb-aKWi TBip, II0 MicTUThb [JoKymMeHT ab0 HMOro 4acTHUHY,
CKOMiMOBaHUY MOCHiBHO abo 3i 3MiHaMu Ta/abo mepeKnIameHui iHIITOI0 MOBOIO.

«JlomaTkoOBa CeKllisg» — 1e Ha3BaHUM foaToK abo nepeamoBa A0 [I0KyMeHTa, IKa CTOCYETHCS BUKIIIOYHO
BimHOCHMH BuOaBliB a00 aBTOpiB JloKyMeHTa mo 3aranbHol TeMu [JokymeHTa (a0 {0 IOB’A3aHUX 3
HeIO0 IMUTaHb) i He MiCTUTh HiYoro, 110 MOTJI0 6 6e3rmocepeaHbO BiTHOCUTHUCS MO Ili€l 3arajibHOI TEMHU.
(Hanpuknap, skmo JOKyMEHT € 4aCTKOBO HITPYYHUKOM 3 MaTeMaTuKH, [logaTKoBa CEKIis HEe MOXKe
MiCTATH ITIOSICHEHB 3 MaTeMaTHUKHU.) 3B’ 130K MOXKe OYTH iCTOPUYHUM 3B’ I3KOM 3 TEMOIO a00 ITOB’ I3aHUMHU
MUTAHHSIMU, a00 IPUAUYHOI0, KOMEPIiNHO00, (GilTocoGChKOI0, ETUYHOIO YU IO TUYHOIO TO3UIII€I0 IIIOI0
HUX.

«Hea3MiHHI po3minu» - 1e neBHi [1omaTKOBi po3minu, Ha3BU SKHUX MO3HA4YeHiI K Ha3BU He3aMiHHUX
PO3AUIIB y OBIIOMJIEHHI IPO Te, 110 JOKYMEHT BUNIYIIEHO 3a IIi€to JlileH3iero.

«TekcTu OOKIaAuHKU» - Ile IIeBHI KOPOTKi yPUBKMU TEKCTY, 10 ITO3Ha4deHi K TekcTu nepegHbol abo
3aHbOI OOKJIaOUHKY Y MOBiIOMIEHHI ITpo Te, 110 JTOKyMeHT BUOYIIEHO 3a I1ieto Jlitensiero.

«IIpo3opa» KOIIisg JOKyMeHTa O3HavaE MalllMHOYUTAHY KOIIil0, TpefacTaBneny y ¢popmari, cnenudikarris
STKOT'0 € 3aTaJIbHONOCTYITHOIO, BMIiCT sIKOI MOZKHa MeperisigaT Ta pegaryBaTi 6e3mocepeqHbOo Ta IIPOCTO

3a [OIIOMOTOI0 3arajibHUX TeKCTOBUX PemakTopiB abo (mjis 300paxeHb, 0 CKIamaloThCSa 3 ITiKCeITiB)
3arajpHUX IIPOrpaM [Jjis MajlloBaHHSA a0o (OJisi MaTIOHKIB) AESKWX IIMWPOKO OOCTYIHUX PEIaKTOpPiB
MaJIlOHKIB, i fiKa MigXomuTh [Jid BBEIEHHS B TEKCTOBi ¢opMaTyBalbHUKM ab0 [JiT aBTOMATUYHOTO
nepeksany B pi3ui popmaTy, mpumaTHi A1 BBedeHHS B TeKCTOBi GopMaTyBanbHUKY. Komis, cTBoOpeHa B
iHImoMy mmpo3opomy dopmari daiiny, po3MiTKa sKoro 6yina po3pobieHa OJjst 3amnobiranus abo mepenkomKaHH
MoJanbIIuM 3MiHaM 3 OOKy 4YMTaduiB, He € mpo3opor. Komis, sska He € «IIPo30poio», Ha3UBAETHCS
«HENIPO30POI0».

IMpuknmagamu BimnmoBigHUX ¢dopMarTiB g mpo3opux Komiit € mpoctuit ASCII 6e3 po3mitku, dopmart
BBemeHHA Texinfo, popmaTt BBemenHs LaTeX, SGML a6o XML 3 BUKOPUCTAHHSAM 3arajiIbHOOOCTYIITHOTO
DTD, a Takox mpocTtuit HTML, 1110 BigmmoBimae cTaHmapTaMm i mpu3HavyeHuH a1t Mogudikarril TI0guHOoI0.
o Hempo3opux dopmartiB HanexkaTh PostScript, PDF, BnacHuipki dopmaTtu, sSKi MOXKHa YHMTATH Ta
pemaryBaTu JIMIlle 3@ OOIIOMOTOIO0 BIIAQCHUIIPKMX TEKCTOBUX mporecopiB, SGML a6o XML, mnsa akux
DTD Tta/abo iHcTpyMeHTH 06pOOKU 3a3BUYal HeHOCTyIHi, a Takoxk HTML, 3reHepoBaHuUil MaIIUHOIO,
SIKUY CTBOPIOETHCS OEeSKMMU TEeKCTOBUMU IIPOIleCOPaMM BUKIIIOUHO [JIs1 BUBEOEHHS Ha eKpaH.

«TuTynbHa CTOpiHKa» O3HA4a€, OIS OPYKOBaAHOI KHUTH, CaMy TUTY/IbHY CTOPIiHKY, a TaKOXK HaACTYIIHI
CTOpPiHKM, HEeOOXiOHI I po3MileHHs y unTabeIbHOMY BUTISIAL iH(opMarllii, sKka moBuHHA OyTH BKa3aHa

Ha TUTYJIBHIN CTOpPiHII BigmoBimHO mo BuMoOr miel Jlinmewnsii. [ns TBOpiB y popmaTax, sSKi He MalTh
TUTYJIBHOI CTOPiHKY 5K Takol, « TUTyJIbHA CTOPiHKa» 03Ha4Ya€ TEeKCT, PO3TalllOBaHUM ITOPYY i3 HaUmOMiTHIIIII)
300pakeHHSIM Ha3BU TBOPY, IO IIepenye No4YaTKy OCHOBHOTO TEKCTY.

2. JOCJIOBHE KOIITIOBAHHA

Bu MozkeTe KOMilOBaTH Ta PO3MOBCIOAXKYBaTH [[OKYMEHT Ha OyOb-IKOMY HOCIiI, SIK y KOMEPIiNHUX,

TaK i B HEKOMEPIIWHUX IiNgX, 3a YMOBH, IO I JIilleH3isd, IMOBiMOMIEHHS IIPO aBTOPCBLKi IIpaBa Ta
MMOBiIOMJIEHHS PO JIilleH3i10, SKe BKa3ye, 1110 114 JIilleH3is 3acToCOBYETHCA A0 [JOKYyMEHTa, BiTTBOPIOIOTHCS

y BCiX KOMIifX, i 1110 BU He OofaEeTe XKOOHUX iHIITUX YMOB 10 YMOB I1i€i JTitleH3ii. Bu He MoXKeTe BUKOPHUCTOBYBATL
TeXHiYHi 3aco0u OJIs IMepelKomKaHHa ab0 KOHTPOJIII0 YNTaHHs a00 MOJalIbIIOro KOIiloBaHHS KO,

sIKi BU CTBOPIOETE abo po3moscromxkyeTe. OmHaAK BU MOXKETe NPUUMaTH KOMIIEHCAIlifo B 00MiH Ha KOo1Iii.
/K10 BM PO3MOBCIOAXKYETE OOCTATHHO BENWKY KiNBKICTH KOIiM, BU TAKOXK IIOBMHHI JOTPHUMYyBaTUCS
YMOB, BUKJIaJEeHUX y po3mini 3.

Bu TakoXk MoXKeTe MO3WYaTH KOMii 3a TMX CaMHUX YMOB, IO 3a3HA4YeHi BUlle, i MoxkeTe MyOIiyHO
OeMOHCTPYBaTH KOITil.

3. KOIIIIOBAHHA ¥ KIJIbBKOCTI
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Ao Bu ny0ikKyeTe OpyKoBaHi Korril [JokyMeHTa, KinbKicTh skux nmepesuilye 100, i minensifina yroma
IlokyMeHTa BUMara€ HasiBHOCTi TEKCTiB Ha OOKJIQ[UHII, BU ITOBUHHI OJaTH OO0 KOIIili OOKTaguHKU, Ha
SIKUX Y9iTKO i po306ipianBO HaAPyKOBaHi BCi IIi TEKCTU: TEKCTH Ha IepenHill 00KJIaAuHII Ta TEKCTH Ha
3anHik obkmaguHIl. OOuABI 0OKIaAWHKYM TaKOXK ITOBUHHI 4iTKO i po30ipnuBo igeHTH(iIKyBaTH Bac K
BUIABIIA IMX Komiti. Ha nepenniit o6knaguHi Mae 6yTy BKa3aHO MOBHY Ha3BY, BCi Cl10Ba AKOI MaioTh
OyTH 0OHAKOBO NOMITHUMM Ta BUOUMUMU. Bu MoXKeTe momaTy Ha OOKJIagWHKM JOOATKOBi MaTepiasnm.
KomitoBanHs 3i 3MiHaMu, 110 0O0MeXyIOThCS OOKIaAMHKAMH, 3a YMOBH, IO BOHH 30epiraioTh Ha3BY
IHoKkyMeHTa Ta BIOIIOBiZAlOTh UM yMOBaM, MOXKeE PO3IJISAOAaTHCS SK OOCJIIBHE KOIIiIOBaHHS B IHINWX
aCIeKTax.

K110 HEoOXimHiI TeKCcTu mias OyOb-sKOol 3 0OKJIagMHOK 3aHaaTo 00’eMHi mmst po36ipauBoCTi, BaM Ciif
po3MicTuTH nepiri 3i cnucKy (CTiNbKYU, CKiJIBKM HOCTATHBO MicCIls) Ha ¢paKTUUHIN 0OKJIaguHIN, a PelTy
IPONOBXKUTH Ha CyCiTHINW CTOPIHIIL.

Akmo By nmybnikyeTe ab0 poO3MOBCIOAXKYETE HEMTPO30pi KoIril [JoKyMeHTa, KiJTbKiCTh SIKUX IIE€PEBUIITYE

100, Bu moBuHHI ab0 momaTH A0 KOKHOI HEITPO30POoi KOIIil MalInHOYUTAaHY ITP030PY KOomiio, abo BKa3aTu

B KOJXKHIiM Hempo3opilt Komii abo pa3oM 3 Helo 3araJbHOOOCTYIIHE MicClle B KOMII'IOTEPHiM Mepexi, me
MiCTUTBCS ITOBHA Ipo3opa Komisf [okyMeHTa 6e3 mOmaTKOBUX MaTepialiB, Ky 3arajlbHa MepexeBa
TPOMAJICHKiCTh MOZKE aHOHIMHO 3aBaHTaKUTH O€3KOIITOBHO, BUKOPHCTOBYIOYH 3aTaTbHOIIPUHHSTI MEPEKEB:
ITPOTOKOIU. fKIIO B BUKOPHUCTOBYETE OCTAHHIN BapiaHT, BU IOBUHHI BXKUTHU PO3YMHUX 00€pPEXKHUX
3ax0MiB, KOIU ITIOYMHAETE PO3IMOBCIOIKEHH S HEITPO30PHUX KOMill y BETUKIi KiJTbKOCTI, 11100 3a6e3meyuTy,

IO LI IPO30pa KOIlig 3alMuIaTUMEThCS JOCTYIIHOK ¥ BKa3aHOMY MiCIli IPUHAUMHI IIPOTITOM OTHOTO

POKY IIiC/IsT OCTAaHHLOTO PO3IMOBCIOIKEHHS BaMU HEIPo30pol Kol (6e3nocepenHbo abo depe3 BallIux
areHTiB 4¥ POo3OPiOHMX MPOMAaBIliB) IIhOI0 BUIAHHS cepeld rpOMaChKOCTi.

BaxaHo, ane He 000B’sI3K0BO, 3B’I3aTHCS 3 aBTOPaMu [lOKyMeHTa 3aJOBI'0 [0 PO3MOBCIOAXKEHH T BEJIMKOL
KinbKOCTi Komi#, 11106 maTu iM MOKJIMBICTh HalaTH BaM OHOBJIEHY Bepcio [IoKyMeHTa.

4. MOIOU®GIKAIIIL

Bu MozeTe KOITifoBaTH Ta pO3M0OBCIOMXKyBaTu MoaudikoBaHy Bepciio [JoKyMeHTa Ha yMOBaX, BUKJIaJeHUX
y po3minax 2 Ta 3 BUIIe, 3a YMOBH, 1110 BU BUNyCKaeTe MoaudikoBaHy Bepcito came 3a 1i€lo JlineHsiero,
npuuyoMy MonudikoBaHa BepCisi BUKOHYE POJib [JOKyMeHTa, TaKUM YHHOM JIilleH3YI0YU PO3NOBCIOIKEHHSA
Ta Mopudikaliro MoaudikoBaHoi Bepcii Oyab-KoMy, XTO Bojiofmie ii komieto. Kpim Toro, BU mMOBUHHI
BUKOHATM HACTYIHI Aii momo MoaudikoBaHol BepcCil:

A. BuUKOpPUCTOBYHTE Ha TUTYJbHIN CcTOpPiHL (Ta Ha oOKIamguHKaX, SKIIO TaKi €) Ha3By, BiOMiHHY Bif
Ha3Bu JIOKyMeHTa Ta BiJ Ha3B IIOIIepenHixX BepciH (AKi, SIKIIo TakKi Oynu, mOBUHHI OyTHu nepeniyeHi
B po3gimi «IcTopis» [okymMeHTa). Bu MoXeTe BUKOPHCTOBYBAaTU TOM CaMHUM 3aroJjIOBOK, IITO i
TIOoTIepPeHs BEPCis, IKII0 OPUTiHAJIbHUY BUOaBeIlb ITi€l Bepcil Hajae mo3Bin. B. BKaxXiTh Ha TUTYIbHIM
cTopiHLi K aBTOpiB ogHy abo mekinmbkox oci® abo opranisatiii, BimmoBiganbHUX 3a aBTOPCTBO
mopudikaniii y MopudikoBaHilt Bepcil, pa3oM i3 mjoHaliMeHIle II'STbMa OCHOBHUMM aBTOpPaMU
IokyMeHTa (BciMa OT0 OCHOBHUMH aBTOpaMM, SKIIO ix MeHIe I1’stu). C. BKaxXiTh Ha TUTYNIbHIN
cTopiHmi iM’st BumaBiss MopaugikoBaHOl Bepcii sk BumaBiisi. D. 36epexiTh yci MOBimOMIIEHHS TIPO
aBTOPCHKi npaBa Ha [JokyMmeHT. E. [lomaiiTe BinIloBimHe MOBiZOMJIEHHS IIPO aBTOPCHKi IIpaBa Ha
Bamri Mopudikarllii mopyd 3 iHIIUMM MOBiIOMJIEHHSMU IIPO aBTOPCHKi mpaBa. F. Bigpa3sy nicms
TIOBiJOMIIEHB ITPO aBTOPCHKI ITpaBa JofalTe MOBiHOMIIEHHS PO MilleH3i10, SKe HaJla€ TpOMaChKOCTi
IO3BiJI Ha BUKOpUCTaHHS MomudikoBaHol Bepcil Ha ymMoBax 1iei Jlinensii, y ¢opmi, HaBeneHin y
IOomatky HuXK4Ye. G. 30epexXKiTh y IIbOMY IIOBiHOMJIEHHI IIPO JTileH3i10 TOBHUY MepeliK He3MiHHUX
po3miniB Ta 060B’I3KOBUX CYIIPOBIAHUX TEKCTiB, HaBelleHUX Y IIOBimOMJIeHH] ITpo rineH3io [lokyMeHTa.
H. Hopmaiite He3aMmineny Korito miei Jlinensii. 1. 36epexkiTh po3min mig Ha3Boio «IcTopis» Ta #oro
3aroJIOBOK i momailTe OO HBOTO IIYHKT, IO MICTHUTh IIpDMHAUMHI Ha3By, PiK, HOBUX aBTOPiB Ta
BUOaBIst MooudikoBaHol Bepcii, K 3a3Ha4YeHO Ha TUTYJIbHIM cTopiHili. AKiio B [[oKyMeHTi HeMae
PO3Ainy mig Ha3BoIO «IcTOpiss», CTBOPITh MOT0, BKa3aBIIi Ha3BY, PiK, aBTOPIB Ta BUOABLA [JOKyMEHTa,
SIK 3a3Ha4YeHO Ha MOro TUTYJIbHIM CTOPIHIl, a IOTiM HopmaliTe IIYHKT, 110 onucye MoaudikoBaHy
BEPCito, SIK 3a3Ha4Y€HO B IIOTIEPEIHbOMY pedYeHHi. J. 30epexkiTh MepekeBe PO3TAITyBaHHS, SKIIIO
Take €, BKazaHe B [JoKyMeHTi g nmy6JIivHOro JOCTYILY O ITP0o30poi Koril [IoKyMeHTa, a TaK0oXK
MepexKeBi po3TanlyBaHHSA, BKa3aHi B [I0OKyMeHTi [j1g nolepenHixX Bepciii, Ha SKUX BiH 6a3yeThCs.
Ix MozxHa posMmicTuTu B po3fini «IcTopisg». Bu MoXkeTe OMyCTUTH MepeXeBe pO3TallyBaHHSA [JId
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poboTtu, gka Oysna omy6iikoBaHa NpUHANMHI 3a YOTUPH POKHU OO caMoro [loKyMeHTa, abo SKIIIO
OpUTiHAJBPHUIN BUOABEIlb BEPCil, Ha Ky BOHA ITIOCHUIAETHCsI, a€ no3Bin. K. ¥ 6ymb-skomMy po3mimi
mig Ha3Bowo «Ilomsiku» abo «IIpucBaTHM» 30€pexKiTh Ha3By PO3MAily Ta 30epexkiTh y PO3Misi BCIO
CYTBb i TOH KOXKHOI 3 IOASAK Ta/abo MPUCBITH, HaBedeHUX Yy HboMy. L. 36epexXiTh yci He3MiHHI
po3ginu JokyMeHTa 6€3 3MiH V¥ IXHbOMY TEKCTi Ta Ha3BaXx. HoMepu po3miniB abo ix eKBiBajeHTH He
BBaXkalOThCS YaCTUHOIO HAa3B po3miniB. M. Buganutu Oyob-1KUM PO3MAin ITig Ha3Boio «PekomeHpattii».
Takwuii po3mdisn He MoxKe OyTH BKIIIOUeHHM mo MopudikoBaHoi Bepcii. N. He mepelimeHOByBaTu
Oynb-IKUM iCHyI0uUn# po3min Ha «PekoMmeHnpmarrii» abo Ha Ha3By, 110 CYIIepedYuTh Ha3Bi OyOb-IKOT0
Hes3wMminHoro posginy.

Axmo momudikoBaHa Bepcisg MICTUTh HOBi po3finu nmepeamMoBu ab0 AOOATKHU, SKi KBamiiKyIOThCA K
BTOPUHHI PO3MinHu i He MiCTATL MaTepiaiB, CKOITiHOBaHUX 3 JOKYMEHTA, BU MOXKETe 3a BlTaCHUM Oa’kKaHHSIM
MMO3HAYUTH fesdKi abo Bci 11i po3ginu gk He3minHi. [IJ18 bOTO momalTe IX Ha3BU A0 CIIUCKY HE3MiHHUX
po3mimiB y mineH3iiHiN 3anuciti MogudikoBaHoi Bepcii. 1li Ha3Bu MOBUHHI BiIPi3HATHUCS Big Ha3B OyOb-
SAKUX IHIIINX PO3OLTiB.

Bu MoxkeTe gomaTH PO3Min Imif Ha3Bo0 « PeKoMeHmalrii», 3a yMOBH, 110 BiH MiCTUThL BUKITIOUHO PeKOMEHIallii
momno Baioi MogudikoBaHOI Bepcii Bif pisHuX CTOPiH, HanpUKIIamd, 3asiBU IIPO PelleH3yBaHHsI KoJieraMu
abo 1po Te, 110 TEKCT OyB 3aTBEPAKEHUM OopraHilalli€lo SK aBTOPUTETHE BU3HAYEHHSI CTaHOAPTY.

Bu moxkeTe momaTtu parMeHT TEKCTY HOBXKHWHOIO [0 II'SITH CJIiB K TEKCT Ha IepenHili 00KIamuHIT

Ta ¢pparMeHT TEKCTY OOBXKUHOIO OO 25 CIIiB K TEKCT Ha 3aAHill 0OKIagWHI B KiHIIi CIIMCKY TEKCTiB
oOKkmamuHKY B MonudikoBaHil Bepcii. KoxHa opranilatiist Moxke momaTu (a60 JOMOBUTHCS PO JOTaBaHHST)
nuile OOouH (parMeHT TEKCTYy OJIs IepedHbol OOKIaOWMHKMU Ta OOuH ¢parMeHT TEeKCTY IS 3adHbol
0OKIaOuHKU. ZKIIO JOKYMEHT BXXKe MiCTUTh TEKCT IJIs Ti€i camMoi oOKJIaguHKY, paHillle JomaHui BaMU
ab0 3a OMOBJIEHICTIO 3 OpraHi3alli€lo, sIKy BU IIPENCTaB/IsIE€Te, BU He MOXKETe [odaBaTH iHIIWH, aje
MOXKeTe 3aMiHUTH CTapuil 3a YMOBU OTPHMAaHHS SBHOTO AO3BOJIY Bif IIONIEPEmHBOTO BUMOABIH, SAKUU
modaB CTapul TEKCT.

ABTop(u) Ta BumaBelib(u) [lokyMeHTa I1i€to JlilleH3ieo He NaroTh JO3BOIY BUKOPUCTOBYBATH 1XHi iMeHa
o711 pekyiaMu abo s CTBePIAKEeHHS Y1 HaTSIKY Ha CXBajeHHs Oymb-saKoi 3MiHeHoi Bepcii.

5. Ob’€ENHAHHA NTOKYMEHTIB

Bu MmoxeTe moegHyBaTH [JOKYMEHT 3 iHITMMH JOKYMeHTaMH, ony0JikoBaHUMMU 3a Lieto JlineHnsielo, Ha
yMOBaX, BU3HAYEHUX y po3fmini 4 Buile misa monudikoBaHUX Bepcili, 3a YMOBHU, IO BU BKJIIOYUTE [0
noegHaHHs Bci He3aMiHHiI po3minu Bcix opuriHanbHUX OOKyMeHTiB, 6e3 3MiH, i mepemiuuTe iX yci K
He3aMminHi po3minu Baroi moemgHaHoil poOOTH B il JIiIeH3iHHOMY TOBiHOMIEHHI.

O6’ennana poboTa MOBMHHA MICTUTH NIullle OOHY Korito 11iel JlineHsii, a kinkka ogHakoBux He3aminaNX
po3miniB MoxXyTh OyTH 3aMiHeHi omHi€io Kommieo. fKio € Kinbka He3MiHHUX po3miniB 3 ogHAKOBOIO
Ha3BOI0, ajie Pi3HUM 3MiCcTOM, 3p00iTh Ha3BY KOXKHOI'O TaKOT0 PO3MTY YHIKaIbHOI0, AO4ABIIH B KiHIIi, B
OyXKKaXx, iM’s opUTriHaIbHOT 0 aBTOopa abo BUAABIIS 1IIbOTO PO3Miny, SKIII0 BOHO BimoMe, a00 XK YHiKanbHUN
HoMep. 3pobiThk Taki cami 3MiHM OO Ha3B PO3MiIiB Y CIMCKY HE3MIHHUX PO3[ijIiB ¥ ITOBiMOMIIEHHI PO
JineH3ir0 06’eqHaHol POGOTH.

Y kombiHaril Bu moBHUHHI 00’ €qHATH BCi pO3i/TU i Ha3BO10 «IcTOpisg» 3 pisHUX OpUTiHATBHUX JOKYMEHTIB,
YTBOPUBIIY OOMH PO3[is i Ha3B0o1w0 «IcTopis»; aHamoriyno 06’egHaiTe BCi po3minu mig Ha3Boio «ITogsku»
Ta BCi po3minu mig Ha3Bomo «IIpucBsTr». Bu MOBUHHI BUOATUTH BCi PO3[iK ITim Ha3Bo0 « PeKoMeHmarrii.»

6. 3BIPKM TOKYMEHTIB

Bu mozxkeTe cTBOpUTH 36ipKy, 110 CKJIama€eThCs 3 JJOKyMeHTa Ta iHIIMX MOKYMEHTIB, omy0JliKOBaHUX
3a miero Jliniensiero, i 3amMiHuTH OoKpeMi Korii 1iei JIineH3il B pi3sHUX MOKyMeHTaX €OUHOI0 KOIIi€l0, 110
BXOOUTh MO 30ipKH, 3a YMOBH, 1110 BU JOTPUMY€ETECS mpaBui i€l JIineH3ii momgo moCcIiBHOT 0 KOITitoBaHH
KOXKHOTO 3 JOKYMEHTIB y BCiX IHIIINX aclleKTax.

Bu MozeTe BUTATTU OKpEeMUM JOKYMEHT 3 TaK01 KOJIEKITil Ta pO3IOBCIOAXKYBAaTH HOT'0 OKPEMO BiITIOBITHO
mo wiei JTinensii, 3a yMoBH, 1110 BU BCTaBUTE KOTIit0 i€l JTitleH3il 0 BUTSATHYTOT0 JOKYMEHTA Ta JOTPUMYBaTHUM
niei JlineHsii B ycix iHINUX acleKTax, 0 CTOCYIOTHCSA OOCIIBHOTO KOIiIOBaHHS IILOTO JOKYMEHTA.

7. ATPET'AIIISA 3 HE3AJTE2KHUMHA POBOTAMUA
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Kowmminsnisa JokyMmeHTa abo MOro NMOXigHUX 3 iHIIMMU OKPEMUMMU Ta He3aleXXKHUMHU JOKyMeHTaMu abo
TBOpamu, y abo Ha Hocii iHpopMartrii abo po3momiTbHOMY HOCII, B IIiJTOMy He BBazKaeThbCca MoaudikoBaHOIO
Bepciero JOKyMeHTa, 3a YMOBH, 110 Ha KOMIIUIAIIII0 HE 3asBJIEHO aBTOPCHKUX IIpaB. Taka KOMIIiIALiA
Ha3MBAETHCA «arperatom», i 114 JlireH3is He MOMIUPIOETHCS Ha iHI caMOCTiWHI TBOPHY, CKOMITiIbOBaHi
pa3om 3 [IoKyMeHTOM, 3 OTJISIAY Ha Te, III0 BOHU CKOMMIiIbOBaHi TaKUM YHMHOM, SIKIIIO BOHU caMi 1o cobi
He € TIOXigHUMH TBOpamu [[oKyMeHTa.

SAKIo BuMoOra IIOO0 TEKCTY Ha OOKIIamuHIN, BUKJIaJieHa B PO3mili 3, 3aCTOCOBYETHCS OO ITUX KOIIil
[okyMeHTa, TO gKIIO [TOKyMEeHT CTAHOBUThL MEHIIIe UYBEPTi Biff yCbOT0 CYKYIIHOI'O 0OCSATY, TEKCTH Ha
obkmamuHIl [JoKyMeHTa MOXKYTh OyTH po3MilleHi Ha oOKIaguHKaX, II10 OTOYYIOTh Jtuie [[OKyMeHT y
CcykynHoMy o6csa3i. B iHmomMy BUnagKy BOHU IMOBUHHI OyTU po3MillleHi Ha o6KIagUuHKaxX, 110 OTOYYIOTh
BeChb CYKYIIHUH 00CHT.

8. ITEPEKIJIAT

ITepekinapn BBaXKa€eThCs PisHOBUOOM Monudikariil, ToMy BU MOXKeTe PO3II0BCIOAXKYBaTU IlepeKianu [JoKyMeHT
Ha yMOBaXx, BUKJIaJeHUX ¥ po3mini 4. 3aMiHa He3MiHHUX PO3TijliB IepekjIajgaMy BUMarae CreliajabHoro
OO3BOJIy Bifl IXHiX BJIACHUKIB aBTOPCHLKMX IIpPaB, ajie BU MOXKeTe JofdaBaTH IepekKianu meskux abo

BCiX HE3MIiHHUMX PO3[OiIiB Ha OOJATOK [0 OPHUTIHAJILHUX BEPCid IIMX HEe3MIHHMX Po3miniB. Bu moxeTe
BKJIIOYATH Ilepekiaf i€l JlineHsii 3a yMoBH, 1110 BM TaK0XK BKJIIOYa€ETe OPUTiHATBHY aHTJIiACHKY BEPCiIo

miei Jlinewusii. VY pasi po3bixkHOCTel MixK mepeksIafoM Ta OPHUTiHAIbHOIO aHTJIHCBHKOI0 Bepcieio Iriei
Jlinlen3sii, mepeBary Ma€ opuriHajibHa aHTIIiChKa BEPCis.

9. ITIPUITMHEHHSA

Bu He MaeTe mpaBa KoITitoBaTH, MOogudiKyBaTHu, cyOmilieH3yBaTH ab0 PO3MOBCIOOXKYBaTH [[OKYMEHT,
3a BUHSITKOM BUIIQJIKiB, MPsiMO mepenbadeHux i€ Jlinewnsieo. Bymb-sika iHma copoba KorritoBaTH,
MmonudikyBaTu, CyOmilieH3yBaT ab0 PO3MOBCIOOXKYBATH [IOKYMEHT € HEeHi¥iCHOIO i aBTOMAaTUYHO IIPUITHHSIE
Bamri mpaBa 3a wieto Jlinensielo. OpgHak CTOPOHU, gKi oTpuManu Bim Bac komii aGo mpaBa 3a IIi€lo
Jlitensiero, He BTpa4aloTh CBOIX JIIIEH3iH, SIKIIO BOHU MMOBHICTIO JOTPUMYIOTHCS 1i YMOB.

10. MAMBYTHI IEPEIJIAIM IIET JIIITEH3II

®oHp BinbHOTrO IIporpaMHoro 3abe3nedeHHs MOXKe Yac Bif gacy ny61ikyBaTu HOBI, IepernsHyTi Bepcil
Jlintenazii BinmbHOI gokyMenTanii GNU. Taki HOBi Bepcii 6yoyTh CXO0XKUMHK 3a OYXOM A0 IIOTOYHOI Bepcii,

ajle MOXKYTb BiIPi3HATUCS B OeTaslsax AJIs BUPileHHsI HOBUX ITpobiieM abo nuTtaHb. JuBiThca https://www.gnu
copyleft/.

KozxHi Bepcii JIinleH3il TpuCBOIOETHCS ineHTUhiKaliHMM HOMep Bepcil. Akio B [JoKyMeHTi 3a3Ha4eHO,
III0 10 HBOT'0 3aCTOCOBYETHCS IEBHA IIPOHYMepOBaHa Bepcid 1riel JlineHnsii «abo 6ymb-sKa mi3Hilra Bepcisa»,
BU Ma€Te MOXKJIUBICTh AOTPUMYBATUCS YMOB i IT0J103KeHb ab0 3a3Ha4veHOil Bepcii, a6o 6yab-gaKoi mi3Hinoi
Bepcii, ony6mikoBaHOI (He K TpoeKT) POHOOM BiTbLHOT 0 TporpaMHoOro 3abe3nedenHs. AKio B [JOKyMeHTi
He BKa3aHo HoMep Bepcii miei Jlinewnsii, Bu MoxkeTe BubpaTu O6yOb-sIKy BePCito, KOMHU-HeOyOb Oy0IIiKkoBaHy
(#e gk mpoekT) ®OHOOM BiTLHOTO IIPOTPAMHOI0 3a0e3MeYeHHs.

OOOATOK: Ik BUKOPHCTOBYBATH 110 JIilleH3i10 O BallliX JOKYMEHTIB

[ITo6 BukOpucTOByBaTHU If0 JlilleH3il0 B MOKYMEHTi, AKUU BU HalKMcaslu, gomauTe Koiito JlineHsii mo
OOKyMeHTa Ta PO3MICTiTh HAaCTYIHI MOBIOOMJIEHHS IIPO aBTOPCHKI IIpaBa Ta JIileH3il0 ogpa3y Micad
TUTYJIbHOI CTOPiHKH:

AsTopcekinpasa (c) PIK BAIITE IM’4. [To3BonsIETHCS KOITiIOBAaTH, PO3IOBCIOAXKYBaTH Ta/abo MoaudikyBaTH
el mOKYMeHT BimmoBimHo mo ymoB JlireH3ii Ha BinmbHY mokyMmenTarito GNU, Bepcis 1.1 a6o OynOn-
sKa TIi3Hila Bepcis, omybnikoBana ®yHpallieo BiTbHOT0 ITpOrpaMHOro 3abe3nevyeHHs; 3 HE3MIHHUMU
pospninamu, mepenikoM skux € [IEPEJIIK IXHIX HA3B, 3 TekcTaMu Ha ITepeHiil 06KIaguHIIi, TepeikoM
akux € IIEPEJIIK, Ta 3 TeKcTaMu Ha 3amHil oOknaguHil, meperikom skux € [IEPEJIIK. Komis mimen3sii
MICTUTBLCS B po3nini mif #Ha3Bow «Jlinen3ia GNU Ha BUIBHY HOKYMEHTAIIIO».

SIKIIT0 Y Bac HeMa€ He3MiHHUX PO3[iJIiB, HAMIUIIIITh «0e3 He3MIiHHUX PO3[ijiB» 3aMicThb TOTO, 11100 BKa3yBaTH,
SIKi caMe po37inu € He3MiHHUMU. fKIIO Y BaCc HeMa€ TEKCTiB Ha IepeHil o6KIagquHIl, HalUIIiTh «0e3
TEeKCTiB Ha IepefHili oOKIaguHIN» 3aMiCTh «TeKCTH Ha nepenHiii ooknaguuili: CITMCOK»; Te came
CTOCYETBCSI TEKCTIiB Ha 3aAHiN OOKITagUHII..
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K110 Balll HOKYMEHT MiCTUTDh HETPUBIaIbHI IPUKIIaAU IPOrPaMHOT0 KOOy, MU PeKOMEHIYEMO ONyOIIiKyBaTH
ITi IPUKJIaau IIapaliebHo i 00paHo0 BaMH JIIleH3icI0 Ha BilbHe ImporpaMHe 3a0e3medyeHHsI, TaKO

K 3aranbHa myOsiuHa minen3is GNU, mo6 mo3BONMUTH iX BUKOPHCTAHHS y BiTBHOMY ITPOrPaMHOMY
3abe3meyeHHi.
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