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Komanpma LinuxCNC

PaboTa HaO 3THUM CIIPAaBOYHUMKOM IIPOOOJI2KAaeTCd. Ecu BeI MOKETe TOMOYb C HallUCaHUEM, PedaKTHUPOBaAHUE:
UJIU IIOOTOTOBKOM l"pa(l)I/IKI/I, HO}KaHyfICTa, CBSIXKHUTECH C JTIOOBIM YJI€HOM KOMaHIOBI aBTOPOB UJIN TPDUCOEOUHU T
U OTIIPABbTE 3JIEKTPOHHOE IIKMCHMO II0 agpecy emc—users@lists.sourceforge.net.

Copyright © 2000-2020 LinuxCNC.org

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.1 or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is
included in the section entitled “"GNU Free Documentation License”.

Ecnu BH He HalgeTe JIMIeH3KI0, BBl MOXKeTe 3aKa3aTh KOMIHIO II0 agpecy:

Free Software Foundation, Inc.
51 Franklin Street

Fifth Floor

Boston, MA 02110-1301 USA.

(Bepcust Ha aHTTIMHCKOM SI3BIKE SIBJISIETCS OpUITMAaTbHOM)

LINUX® sgBnsieTCs 3aperuCTpUPOBaHHLIM TOBAapHBIM 3HakKoM JluHyca TopBanbaca B CIIA u gpyrux
CTpaHaX. 3aperuCcTPUPOBAHHEIN TOBapPHKIY 3HaK Linux® uCnois3yeTcss B COOTBETCTBUY C CyOIUIleH3nen
ot LMI, skcknro3uBHOTO nuilensuara Jlunyca TopBanbaca, Bilagenbila TOBAPHOTO 3HaKa BO BCEM MUDE.

ITpoekT LinuxCNC He cBsizaH ¢ Debian®. Debian siBJIsieTCs 3apeTruCTPUPOBAHHEIM TOBAPHBLIM 3HAKOM,
npuHagnexamuMm Software in the Public Interest, Inc.

IMpoekT LinuxCNC He cBszadn ¢ UBUNTU®. UBUNTU — 3aperucTpupoBaHHas TOproBas MapkKa,
npuHapnexkariasa Canonical Limited.



mailto:emc-users@lists.sourceforge.net
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Chapter 1

About LinuxCNC

1.1 The Software

¢ 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 LinuxCNC are entirely li-
censed under the GNU General Public License and Lesser GNU General Public License (GPL and
LGPL).

¢ LinuxCNC provides:

- easy discovery and testing without installation with the LiveCD,
- easy installation from the Live CD,

- easy to use graphical configuration wizards to rapidly create a configuration specific to the ma-
chine,

- directly available as regular packages of recent releases of Debian (since Bookworm) and Ubuntu
(since Kinetic Kudu),

- a graphical user interface (actually several interfaces to choose from),

- a graphical interface creation tool (Glade),

- an interpreter for G-code (the RS-274 machine tool programming language),

- a realtime motion planning system with look-ahead,

- operation of low-level machine electronics such as sensors and motor drives,

- an easy to use breadboard layer for quickly creating a unique configuration for your machine,

a software PLC programmable with ladder diagrams.

* It does not provide drawing (CAD - Computer Aided Design) or G-code generation from the drawing
(CAM - Computer Automated Manufacturing) functions.

* It can simultaneously move up to 9 axes and supports a variety of 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.

* Motion control features include: cutter radius and length compensation, path deviation limited to
a specified tolerance, lathe threading, synchronized axis motion, adaptive feedrate, operator feed
override, and constant velocity control.
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e 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.

e LinuxCNC runs on Linux using real time extensions.

1.2 The Operating System

LinuxCNC is available as ready-to-use packages for the Ubuntu and Debian distributions.

1.3 Getting Help

1.3.1 IRC

IRC stands for Internet Relay Chat. It is a live connection to other LinuxCNC users. The LinuxCNC
IRC channel is #linuxcnc on libera.chat.

The simplest way to get on the IRC is to use the embedded web client client from libera.

Some IRC etiquette

* Ask specific questions... Avoid questions like “Can someone help me?”.

« If you're really new to all this, think a bit about your question before typing it. Make sure you
give enough information so someone can answer your question or solve your problem.

* Have some patience when waiting for an answer, sometimes it takes a while to formulate an
answer or everyone might be busy working or something.

e Set up your IRC account with your unique name so people will know who you are. If you use
the java client, use the same name every time you log in. This helps people remember who you
are and if you have been on before many will remember the past discussions which saves time
on both ends.

Sharing Files
The most common way to share files on the IRC is to upload the file to one of the following or a
similar service and paste the link:

e Fortext: https://pastebin.com/, https://gist.github.com/, https://Obin.net/, https://paste.debian.net/-

e For pictures: https://imagebin.org/, https://imgur.com/, https://bayimg.com/
» For files: https://filedropper.com/, https://filefactory.com/, https://1fichier.com/

1.3.2 Mailing List

An Internet Mailing List is a way to put questions out for everyone on that list to see and answer at
their convenience. You get better exposure to your questions on a mailing list than on the IRC but
answers take longer. In a nutshell you e-mail a message to the list and either get daily digests or
individual replies back depending on how you set up your account.

You can subscribe to the emc-users mailing list at: https://lists.sourceforge.net/lists/listinfo/emc-users.



https://web.libera.chat/#linuxcnc
https://pastebin.com/
https://gist.github.com/
https://0bin.net/
https://paste.debian.net/
https://imagebin.org/
https://imgur.com/
https://bayimg.com/
https://filedropper.com/
https://filefactory.com/
https://1fichier.com/
https://lists.sourceforge.net/lists/listinfo/emc-users
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1.3.3 Web Forum

A web forum can be found at https://forum.linuxcnc.org/ or by following the link at the top of the
https://linuxcnc.org/ home page.

This is quite active but the demographic is more user-biased than the mailing list. If you want to be
sure that your message is seen by the developers then the mailing list is to be preferred.

1.3.4 LinuxCNC Wiki

A Wiki site is a user maintained web site that anyone can add to or edit.

The user maintained LinuxCNC Wiki site contains a wealth of information and tips at https://wiki.linuxcnc.org

1.3.5 Bug Reports

Report bugs to the LinuxCNC github bug tracker.



https://forum.linuxcnc.org/
https://linuxcnc.org/
https://wiki.linuxcnc.org/
https:///github.com/LinuxCNC/linuxcnc/issues

Hauwunas ¢ V2.10.0-pre0-3074-g6e9eaf623a, 09 Oct 2023 4 /37

Chapter 2

System Requirements

2.1 MwuHuMManbHble TpeboBaHunA

MwuHuManbHas cucteMa s 3anycka LinuxCNC u Debian/Ubuntu moxkeT BapbUpPOBaThCS B 3aBUCUMOCTH

OT KOHKPETHOTO HCIIONIb30BaHus. IllaroBeie cucTeMbl OOBIYHO TPeOyI0T 601ee OBICTPHIX ITOTOKOB IS
reHepaluy naroBeIX UMIIYJILCOB, YEM CEPBOCUCTEMEBI. Bl MOKeTe ucnonb3oBats Live CD gnis TecTupoBaHusa
MIPOrpaMMHOTO OOecIriedeHus Iepeq ero MOCTOSHHOM YCTaHOBKOM Ha KOMIIbIOTEpP. HmeiiTe B BULY,

YTO IOJIsi TeHepalluu HMITYyJThCOB IIaroB MPOTrPaMMHBIM CIIOCOO0M 3HA4YeHUS TecTa 3adepKKu Oolee
BaXKHBI, YeM CKOPOCTH IIpoiieccopa. [JoImoMHUTENbHYIO0 MHGOPMAIIUIO O TECTE 3aAePKKU MOXKHO HaNTH
3mecb. Kpome Toro, LinuxCNC Heo6X0guMO 3aIlyCKaTh B OIEPAIlMOHHON CHUCTEME, HMCIIOb3YIoIei
CIennajibHO MOOU(PUITMPOBAHHOE SIOPOo, CM. TpebGoBaHUS K SIAPY U BEPCUH.

[ononHuTENbHYIO NHPOpManmio MoxkHO HauTu Ha Wiki LinuxCNC site: Hardware Requirements

LinuxCNC u Debian Linux moiKHBI HOCTAaTOYHO XOPOII0 paboTaTh Ha KOMIIBIOTEPE CO CIEeOyIOIINMU
MHUHUMAJILHBIMHY CIIeU(GUKAIUSIMYA 000PYIOBAHUSI. ITHU HUGPHI HE IBIISIOTCS aOCOTIOTHEIM MUHUMYMOM,
HO 00ecrnedYnBaloT IIPUEMIIEMYIO ITPOU3BOAUTEIbHOCTD AJIsT OOJIBIITMHCTBA IITAarOBLIX CUCTEM.

 TIpoieccop x86 700 MTI'1 (pekoMeHayeTcs npoiieccop x86 1,2 I'T') unu Raspberry Pi 4 unu myudrie.
¢ LinuxCNC 2.8 unu HOBee ¢ Live CD npenmonaraeT Hanuuue 64-0UTHOM CHCTEMHEI.

e 512 MB of RAM, 4 GB with GUI to avoid surprises

¢ No hard disk for Live CD, 8 GB or more for permanent installation

¢ BupgeokapTa c pa3pemrenueM He MeHee 1024x768, He ucmonb3ylomias COOCTBeHHBIE mpatiBepsl NVidia
unu ATI fglrx. CoBpeMeHHBIE BCTPOEHHBIE IpauyuecKue YHIICETH, IT0X0XKEe, B IIeI0oM paboTaroT
HOpPMAaJIbHO.

* UuTepHeT-coequHeHMe (He 00513aTEJIFHO, HO OYEHB I10JIE3HO [1JIs OOHOBIEHUM U OOIIIEHU S C COOOIIIeCTBOM
LinuxCNC)

MuHuManbHEle TpeOoBaHUSA K 000PYIOBAHHIO MEHSIIOTCS 10 Mepe Pa3BUTHS OUCTPUOYTHBOB Linux,
II09TOMY IToceTuTe BeO-caitT Debian myis monydeHnus moapobHo nHGopManuy 00 HCI0Ib3yeMOM BaMU
Live CD. i1 6omee cTaporo o60pyooBaHus MOXKHO BEIOpaTh O0iee cTapyio Bepcuio Live CD, eciiu oHa
OOCTYIHA.

If you plan not to rely on the distribution of readily executable programs (”binaries”) but aim at con-
tributing to the source tree of LinuxCNC, then there is a good chance you want a second computer to
perform the compilation. Even though LinuxCNC and your developments could likely be executed at
the same time with respect to disk space, RAM and even CPU speed, a machine that is busy will have
worse latencies, so you are unlikely to compile your source tree and produce chips at the same time.



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Hardware_Requirements
https://www.debian.org/releases/stable/amd64/ch02.en.html

Hauwunas ¢ V2.10.0-pre0-3074-g6e9eaf623a, 09 Oct 2023 5/37

2.2 TpeboBaHua K agpy u Bepcum

LinuxCNC TpebyeT MogudUIIMPOBAaHHOTO sIApa OJIs UCII0JIb30BaHMUs B pealbHOM BpEMEHH 711 YIIPaBIeHUS
peanbHBIM MaIIMHHLBIM 060pymoBaHueM. OmHAKO OH MOKeT paboTaTh Ha CTAHOAPTHOM SIIpe B PeKuMe
MOIENIMPOBaHUS [JIs TaKUX Leledl, Kak npoBepkKa G-Kofa, TeCcTupoBaHue (aiioB KOHQUTYypalUuU U
n3ydeHue cucteMsl. [ paboThl C STUMM BEPCUSIMHU SAPA PACIIPOCTPAHSIOTCS aABe Bepcuu LinuxCNC.
HNmena makeToB: «linuxcnc» u «linuxcnc-uspace».

Onnuu sgpa peanbHOTO BpeMeHU — preempt-rt, RTAI u Xenomai.

Brl MoxkeTe Y3HaThb BEPCHUIO AOpa Balllell CUCTEMBI C ITOMOIIBI0 KOMaH[IHI:

uname -a

Ecnu B BUOWTE (Kak yKa3aHO BHIIE) - r't- B UMEHU sOpa, 3HA4YUT, BE UCIHOJIb3yeTe Aapo preempt-rt
U BaM clienyeT ycTaHOBUTH Bepcuio LinuxCNC “uspace”. BaMm TakxXe clenyeT YCTaAHOBUTH uspace Ojs
KOHOurypamui “sim” Ha sigpax, He paboTalouX B pealbHOM BpeMeHH.

Ecnu B BuauTe -rtai- B uMeHU spapa, 3Ha4YuT, B ucnonblyeTre RTAI B peanbHOM BpeMeHH. CM.
HUKe Bepcuro LinuxCNC mis ycTaHOBKHU.

2.2.1 Preempt-RT c nakeTtoM «linuxcnc-uspace»

Preempt-RT — HoBe#Illass M3 CUCTEM peajbHOr0 BPEeMEHM, a TaKxKe Bepcus, Hambojiee Gim3Kas K
OCHOBHOMY Anpy. fAnpa Preempt-RT DOCTyIIHEL B BUe IIPEOBAPUTENILHO CKOMIIUJINPOBAHHEIX [1aKETOB
13 OCHOBHBIX PENIO3UTOPHEB. VIX MOKHO HauTU 110 NouCcKoBoMYy 3anpocy «PREEMPT RT», u ero MoxkHO
3arpy3uTh U YCTAHOBUTH, Kak W J000¥M gpyroi makeT. Preempt-RT, kak mpasuio, obecmegyuBaeT
JIy4IIyI0 NOANEPXKKY OPavBEPOB U ABISIETCS €OUHCTBEHHBIM BapUAHTOM [JIsT CUCTEM, UCIIOIb3YIOIUX
alnrapaTHbIe KapThl ApaliBepoB Mesa, nogkitodeHHble K Ethernet. B nieom y preempt-rt camast Hu3kas
3a7epXKKa Cpenu OOCTYIIHEIX CUCTEM, HO €CTh UCKIIIOUEHU .

2.2.2 RTAI c nakeTtoM «linuxcnc»

RTAI yzke MHOTO JIET IBJII€TCS OCHOBOM AUCTPUOYTHBOB LinuxCNC. O6BIYHO OH 06ecrieurBaeT HaUuIydIIIyIo
IPOU3BOOUTENILHOCTh B pealbHOM BPEMEHHU C TOYKU 3PEHUS HU3KOU 3aJepKKU, HO MOXKET UMETh
MEHBIITYIO IIOAePKKY ITepudepuiiHbIX YCTPOUCTB U MeHbIIIee pa3peleHue 3kpaHa. Anpo RTAI moctynHo

B pemno3uTtopuu maketoB LinuxCNC. Eciu B ycTaHOBUIN M3 oOpa3a Live/Install, To mepekmoyeHue
sapa u Bepcuu LinuxCNC onrcano B [Installing-RTAI].

2.2.3 Xenomai c nakeTtoMm «linuxcnc-uspace»

Xenomai Takxe HOOmepXKHUBAETCS, HO BaM HPHUOETCS HaAWTH MM cOOPaTh SOPO M CKOMIIHJIMPOBATD
LinuxCNC u3 UCXOOHOI'0 KOIa, YTOORI UCIIOIF30BATh €ro.

2.2.4 RTAI c nakeTtoMm «linuxcnc-uspace»

Takke B0o3MOkHO 3anycTuTth LinuxCNC ¢ RTAI B pexkxuMe II0J1b30BaTEIBCKOTO IIPOCTPAHCTBa. Kak u
B ciIy4dae ¢ Xenomai, [jIsi 3TOT0 BaM IIPUAETCSA CKOMIIMJINPOBATh UCXOOHEIM KO,
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2.3 MpobnemHoe obopypoBaHue

2.3.1 HoyTOykmu

HoyTOyku 00BIYHO He HOOXO0AsT OJIS FeHepalluy IIaT0B IPOTrPaMMHLIM CII0COO0M B peaslbHOM BPEMEHH.
OmnsaTh 2Ke, 3allyCK TecTa 3aJIePKKHU B TeUeHUe OIINTEJIbHOTO0 BPpeMEeHH ITPEeI0CTaBUT BaM UHGOPMAIIHIO,
HeoO0XOOUMYIO OJIs onpeneseHus IPUTOTHOCTH.

2.3.2 BupeokapTbl
Ecnu Balla ycTaHOBKa oToOpazkaeTcs: ¢ paspelnenueM skpaHa 800 x 600, To, ckopee Bcero, Debian

He pacIo3HaeT Ballly BUAEOKAPTYy WM MOHUTOP. MHorma Ty mpo6iieMy MOXKHO OOOUTH, YCTaHOBUB
OparBephl UJIM CO3[aB UM OTpenaKTUpoBaB daiinsl Xorg.conf.
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Chapter 3

NMonyuyeHue LinuxCNC

B aToM pa3fmene onucaH peKOMEHOYeMbIH cI10co0 3arpy3Ku ¥ HOBoM ycTaHOBKH LinuxCNC. [I1s moburtenei
MIPUKIIIOYEHUM TaKKe CYIIeCTBYIOT AJlbTepHATUBHBIE METOOH YCTAHOBKM. ECIU y Bac eCTh CyIIeCTBYIOIIas
YCTaHOBKA, KOTOPYIO BE XOTHUTE 0OHOBUTDL, BMECTO 9TOr0 Iiepeliaute B pa3gern O6HoBmenune LinuxCNC.

Note

To operate machinery LinuxCNC requires a special kernel with real-time extensions. There are three
possibilities here: preempt-rt, RTAl or Xenomai. In addition there are two versions of LinuxCNC which
work with these kernels. See the table below for details. However for code testing and simulation it
is possible to run the linuxcnc-uspace application on a stock kernel.

Cgexue yctaHoBku LinuxCNC npotiie Bcero co3pmaTh ¢ moMotkio obpasa Live/Install. 9To rubpuasbii
o6pas ¢aiinoBoit cucteMbl ISO, KOTOPHIM MOKHO 3anucaTh Ha USB-HakomuTens unu DVD-OUCK 1 UCTI0Tb30Ba’
IOJIs 3arpy3KHW KOMIIbioTepa. Bo BpeMms 3arpy3ku BaM OyHeT IpegocTaBlieH BhIOOpP: 3arpy3uTh “Live”
cucteMy (4T0o0BI 3anycTUTh LinuxCNC 6e3 BHECEHUST KAaKUX-TUO0 ITOCTOSTHHBIX U3MEHEHHUH B Balll KOMIIBIOTED
WU 3arPy3UTh YCTAHOBIIUK (YTOOBI ycTaHOBUTE LinuxCNC 1 ero onepanuoHHYI0 CUCTEMY Ha JKEeCTKUHN

OMCK Balllero KOMIIbIOTEpPa).

CxeMa mpoIiecca BBITTIIOUT TakK:
1. 3arpysure Live/Install o6pas.
2. 3anummute o6pa3 Ha USB-HakonuTtens unu DVD.
3. 3arpy3uTte cucremy Live, uTo6bs mpoTecTupoBaTh LinuxCNC.

4. 3arpysurte yCTaHOBIIUK, YTOOH yCTaHOBUTEL LinuxCNC.

3.1 3arpyska obpasa

B aToMm pa3spmersie onmucaHbl HEKOTOPBIE CIOCOOR 3arpy3ku oOpa3a Live/Install.

3.1.1 OObIyHasA 3arpyska

IIporpammHoe o6ecnedenue ns LinuxCNC mis 3arpy3Ku IpeacTaBlIeHo Ha CTpaHuIle mpoekta Down-
loads page. BonbmnHCTBY monb3oBaTenel OymeT HyKeH o0pas3 amcKa [aiasi KOMIIbIoTepoB Intel/AMD,
URL-appec 6yneTr HamoMuHaTh https://www.linuxcnc.org/iso/linuxcnc_2.9.2-amd64.hybrid.iso.

Ins Raspberry Pi nmpegocTaBieHO HECKOJIBKO 00pa30B, MO3BOJIAIONINX YCTPAHUTh PA3IU4YUSI MEXKIY
RPi4 u RPib.



https://linuxcnc.org/downloads/
https://linuxcnc.org/downloads/
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Note

He ncnonb3ynte obbl4HbI ancTtpmnbyTne Raspbian ansa LinuxCNC, KoTopbIi MOXXeT NOCTaBASATbLCSA C
BalUMM CTapTOBbIM KOMMNJEKTOM RPi — B HeM He ByaeT aapa peanbHOro BpeEMEHMU, N Bbl HE CMOXETEe
nepenTtun c Raspbian Ha obpa3 aapa Debian.

3.1.2 3arpy3kKa ¢ NOMOLLbIO ZSyncC
ZSYNC — 3TO MPUIIOXKEHUE I 3aTrPy3Ku, KOTopoe 3¢ GeKTUBHO BO30OHOBIISET ITPEPBAHHYI0 3aTrPy3Ky U
9¢hGEeKTUBHO mepenaeT Oobinre ¢aiiisl ¢ HeOOMbIIMMHU U3MEHEeHUIMHU (ECITH Y Bac eCcTb Oojee cTapast

JIOKabHas KOmusi). MCIombp3yiTe ZSync, eCiii y BaC BO3HUKITH IPOOJIeMEI C 3arpy3K0oi o6pa3a MeTomoM
Normal Download.

zsync B Linux

1. YcraHoBUTE ZSync c IOMOIIbI0 Synaptic 1M BHIIIOTHUB ClIeAyIOIIyI0 KoMaHAy B terminal

sudo apt-get install zsync

2. 3aTeM 3amyCcTuTe 3Ty KOMaHAOy, YTOOH 3arpy3uth ISO Ha CBOM KOMITBIOTED
zsync https://www.linuxcnc.org/iso/linuxcnc_2.9.2-amd64.hybrid.iso

zsync B Windows CyiriectByeT nopT zsync aisa Windows. OH pa6oTaeT KaK KOHCOJILHOE ITPUI0XKEHUE
U er0o MOXKHO 3arpy3uTh II0 agpecy https://www.assembla.com/spaces/zsync-windows/documents.
3.1.3 [MpoBepka obpa3sa

(DTOT 1Iar He HyK€eH, €CJI Bbl UCIIOJIb30BaJIHA ZSyNC)

1. ITocne 3arpy3Ku IPOBEPHTE KOHTPOJILHYIO CyMMYy oOpa3a, YTOOH yOeOIUTHCS B €T0 IIeJIOCTHOCTH.

md5sum linuxcnc-2.9.2-amd64.iso

or
sha256sum linuxcnc-2.9.2-amd64.iso

1. 3aTeMm cpaBHUTE C STUMH KOHTPOJIBHEIMA CyMMaMU

amd64 (PC)

md5sum: 1815aceaac0e7861747aa34d61846e79

sha256sum: 08b3f59233e47c91cf1c9a85c41df48542¢c97b134efefa7446d3060c9a3e644b
arme4 (Pi)

md5sum: 4547e8a72433efb033f0a5cf166a5cd2

sha256sum: ff3ba9b8dfb93bafle2232746655f8521a606bcOfab91bffcO4ba74cc3bebbfO

IIpoBepbTe md5sum Ha Windows uiau Mac Windows u Mac OS X He IOCTaBJISAIOTCS C IPOrpaMMOU
mdS5sum, HO eCThb ajlbTePHATUBHL. [[OTTOMHUTEILHYIO MH(GOPMAIINI0 MOXKHO HAaUTH 110 agpecy: https://help.ubt
community/HowToMD5SUM [How To MD5SUM]



https://www.assembla.com/spaces/zsync-windows/documents
https://help.ubuntu.com/community/HowToMD5SUM
https://help.ubuntu.com/community/HowToMD5SUM
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3.2 3anuwmTe oOpa3 Ha 3arpy3ovyHoe yCTPOUCTBO

ISO-06pa3 LinuxCNC Live/Install — aTo rubpupnsiii ISO-06pa3, KOTOPHIH MOXKHO 3alTUCaTh HETIOCPENCTBEHH(
Ha USB-HakonuTesb (¢pam-HakKonuTenb) uiau DVD-OUCK U UCTIOIb30BaTh IJiS 3arpy3KH KOMITLIOTEDA.
U3o6paxkeHre CIUIIKOM BEJIHUKO [OJIg KOMIIAKT-IUCKa.

3.2.1 Raspberry Pi Obpas

O6pa3 Raspberry Pi nmpencraBnsier coboii momHEIN 00pa3 SD-KapThl, ¥ €ro cliedyeT 3amucaTh Ha SD-
KapTy c moMmoinsio [mpunoxenusa Raspberry Pi Imager] (https://www.raspberrypi.com/software/).

3.2.2 AMD-64 (x86-64, PC) O6pa3 ucnosb3ylowwmum MHCTpyMeHTbl TUMN

3arpysute u yctaHoBurte [Balena Etcher](https://etcher.balena.io/#download-etcher) (Linux, Windows,
Mac) u 3anummuTe 3arpyKeHHbN 06pa3 Ha USB-HakKomuTE b,

Ecnu Bam obpa3 He 3arpyxkaetcsi, nonpobyiTe Takxke Rufus. OH BHITJISSOUT CIO0XKHEE, HO KaXKeTcs
0oee COBMECTUMEBIM C pas3nuuyHeIMH BIOS.

3.2.3 KomaHpHasa cTpoka - Linux

1. TMogkmrouuTe 3anoMuHaloilee ycrpoiictso USB (Hanmpumep, GIIs1I-HaKOIUTEb UITH YCTPORCTBO
Tumna QGIsII-HaKOIUTEIs).

2. OmnpepenuTe ¢dain yCcTporcTBa, COOTBeTCTBYyMOMNY USB-HakonuTesmo. Ty nHpopMaIiuo MOKHO
HaUTH B BEIBOIEe dmes( IMociie MOAKJII0UeHUs YCTPOUCTBa. /proc/partitions Takxke MoxkeT OBITD
TI0JIE3EH.

3. UcnonpayiiTe koMauay dd, aTobrl 3anucath ob6pa3 Ha USB-HakonuTens. Hanmpumep, eciu Balie
YCTPOMCTBO XpaHeHus: oToOpaxkaeTcs Kak /dev/sde, HCTIONb3yHTE CIeOYIONIYI0 KOMaHOY:

dd if=linuxcnc_2.9.2-amd64.hybrid.iso of=/dev/sde

3.2.4 KomMmaHpHasa cTpokKa - MacOS
1. Open a terminal and type
diskutil list

2. BctaBbTe USB u 3amnuiimTe uMs HOBOTO AUCKa, KOTOPOe MOSABUTCS, HanpumMep /dev/diskb

3. pa3mouTupyite USB. Yucno, ykasaHHOe BHIIIIE, CjlenyeT 3aMeHUTh Ha N

diskutil unmountDisk /dev/diskN

4. TlepeHecuTe gaHHBIe c ToMoIbio dd, Kak Asns Linux Beire. O6paTuTe BHUMaHUE, YTO B Hadale

non

VMEHU OUCKa moOaBreHa OykBa T



https://www.raspberrypi.com/software/
https://etcher.balena.io/#download-etcher
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sudo dd if=/linuxcnc_2.9.2-amd64.hybrid.iso of=/dev/rdiskN bs=1m

5. O6paTuTe BHUMaHHUE, YTO 9TO MOXKET 3aHATh MHOTO BPEMEeHH, U B XO[Ie 3TOT0 Ipoliecca 00paTHOH
CBs3U He OyLerT.

3anuck obpas3a Ha DVD B Linux

1. BcraBeTe uucteii DVD B 3anucwiBamwIiee ycrpoictBo. [lossButcs okHO CD/DVD Creator unu
Choose Disc Type. 3akpoiiTe 9TO, TaK KaK MBI He OygeM ero uCIojIb30BaTh.

ITepetimuTe K 3arpykKeHHOMY u300paxkeHuIo B 6pay3epe ¢aiiios.
[ITenkHUTE TTpaBOM KHOMKOM MEIH ¢aiin o6pa3a ISO u Beibepute Write to Disc.
BriGepuTe CKOPOCTD 3anucu. PEKOMEHOyeTCs IUcaTh Ha MUHUMAILHO BO3MOXKHOM CKOPOCTH.

3amycTuTe nIponecc 3alucu.

L

Ecnu mosiBUTCST OKHO choose a file name for the disc image, npocTto BeiGepute OK.
3amnuck obpasa Ha DVD B Windows

1. 3arpysurte u ycranosurte Infra Recorder, 6ecniaTHyio mporpaMMmy 3anucy n300paxkKeHnH C OTKPBITHIM
ucxopgHbeIM KomoM: http://infrarecorder.org/

2. BcTaBbTe IyCcTOM KOMIIAKT-OUCK B IIpUBOI U BeibepuTe Do nothing unu Cancel, ecnu mossBUTCSA
IMaJioroBOe OKHO aBTO3alycCKa.

3. Otkpoiite Infra Recorder u BriOepute Actions MeH1o, 3ateM Burn image.
3amnuck obpasa Ha DVD B Mac OSX

1. 3arpysute ¢aiin .iso

2. llenkHUTE IIpPaBOM KHONKOM MK ¢aiinn B okHe Finder u BeiGepute “"Burn to disc” (omius 3amnucu
Ha OMCK IOSIBUTCS TOJIBKO B TOM CJIy4ae, eCJI Ha MallliHe YCTaHOBJIEH UJIM IIOAKJIIOYEH OIITUYEeCKUM
TIPHUBOL)

3.3 TectupoBaHue LinuxCNC

IMopkniouus USB-Hakonutesnb unu DVD-guck B ipuBoae DVD, BEIKTIOUNTE KOMIILIOTED, @ 3aTEM CHOBA
BKJTIouuTe ero. KommbroTep 3arpys3utcs u3 obpasa Live/Install u 6ymeT BriOpaH BapuaHT 3arpy3KHu
Live.

Note
Ecnn cuctema He 3arpyxaetca ¢ DVD-gucka wmnu USB-HakonuTens, BO3MOXHO, Heobxoammo
W3MEeHNTb NopsaaoK 3arpysku B BIOS MMK.

Ilocme 3arpy3kKu KOMITbIOTEPa BRI MoOxKeTe ImompoboBaTh LinuxCNC, He ycTaHaBnuBasi ero. Brl He
MOXKEeTe CO3MaBaTh COOCTBEHHBIE KOH(MUTYPALIUH UIH U3MEHSITh OOIbIITHHCTBO CUCTEMHEIX HaCTPOEK B
ceaHce Live, HO Bbl MOKeTe (U JOJIKHEI) 3allyCTUTh TECT 3aJePKKH.

Yrobst onpoboBaTk LinuxCNC: B meHnio Applications/CNC Bei6epute LinuxCNC. OTKpoeTCs OuaaoroBoe
OKHO, B KOTOPOM BHI CMOZK€eTe BEIOpPaTh OOHY M3 MHOXKECTBa IPUMeEPOB KoHuryparuii. Ha aToMm atare
OEeVCTBUTENILHO UMeEeT CMEICH BRIOpaTh KOHGUTrypaiumio “sim”. HekoTophle U3 MpuMepOB KOHGUTypanuii



http://infrarecorder.org/

Hauwunas ¢ V2.10.0-pre0-3074-g6e9eaf623a, 09 Oct 2023 11/ 37

BKJIIOYAIOT B ce0s1 TpeXMepHOe MOJieTMpOBaHNe MalllMH Ha 9KpaHe. YToObl yBUAETHh UX, HanguTe “Vis-
mach”.

YTOoOB IPOBEPUTE, IOOXOAUT JIM BAIll KOMIILIOTEP AJISI IPOTPaMMHOM IIOIIIArOBOM reHepallui UMITYJIbCOB,
3alyCTUTEe TeCT 3aJePKKHU, KaK [I0Ka3aHo 30eCh.

Ha momeHT Hanucanus Live Image moCTyIeH TOJIBKO C sIOpoM preempt-rt u cooTBeTCcTByIoIUM Lin-
uxCNC. Ha HeKoTOpoM 000pyOOBaHHUK 3TO MOXKET He 00eCIeuYuBaTh JOCTATOYHO XOPOIITYIO 3aAePKKY.
IHocTynHa 3KCIIlepuMeHTalbHasa BEPCUs, UCIIOJIb3Yyolas Aapo peanbHOro speMenu RTAI, koTopas 4acTto
obecrneumnBaeT JIYYIIYIO 3aIePKKY.

3.4 YctaHoBKa LinuxCNC

Yrtobrt ycTaHoBuTh LinuxCNC c Live CD, npu 3arpy3ke Buibepute Install (Graphical).

3.5 OOHoBsneHusa LinuxCNC

ITpu obrruHOM ycTaHoBKe Update Manager OyzmeT yBemoMmsATk Bac 06 ob6HoBimeHuax LinuxCNC, korga
BEL IOOK/TI0YAETECH K CETH, ¥ II03BOJIUT BaM JIETKO BHIIIOJIHUTE O0OHOBIEeHNE 663 He00XOQUMOCTH 3HAHU S
Linux. ITo 3ampocy M0XKHO 0GHOBUTE BCE, KPOME OIMEPAIMOHHOM CUCTEMHI.

Warning
He o6HOBNANTE ONepauMoHHYI0 cucTeMy, ecnu byaeT npeasioxxeHo 31o caenatb. O4HaKo BaM
cnepyeT npuHuUMaTb obHoBneHna OC, ocobeHHO 06HOBNEeHNA Be3onacHOCTN.

3.6 MpobGnemMbl C yCTAHOBKOM

B penkux ciiy4asx BaM MOZKeT ITOTpebGoBaThCst COpOCUTh HacTporKku BIOS mo 3HaYeHuM IT0 YMOJTYaHHIO,
ecyu BO BpeMs ycTaHOBKM Live CD oH He MOKeT paclo3HaTh XKeCTKUM OUCK BO BpeMs 3arpy3KH.

3.7 AnbTepHaTUBHbIe MeTOAbl YCTAHOBKM

CaMBbIii TPOCTOM U IPENIIOUYTHTENbHEIN crtocob ycTaHoBKH LinuxCNC — ucmons3oBath Live/Install Im-
age, KakK OIMCAHO BHIIIE. DTOT METOH HACTOJIBKO IIPOCT M HaAeXKeH, HAaCKOJIBKO 3TO BO3MOXKHO, U
IMMOOXOOMT KaK [JI HaYMHAIOIINX, TaK U [JIS OILITHHIX IT0JIb30BaTesiell. OmHaKO OOBIYHO 9TO 3aMEHsIeT
J1I00Y10 CYIIECTBYIOIYIO OTIEPAIIMOHHYI0 cucTeMy. Eciiu Ha 11eJiIeBOM KOMITLIOTEPE eCTh (paiiibl, KOTOPHIE
BBl XOTUTE COXPaAHUTD, BOCIIOJIL3YUTECHh OOHUM M3 METOMOB, OIIMCAHHBIX B 3TOM pa3ferie.

Kpome TOrO, Oj1s1 ONBITHEIX IIOJIB30BaTeJIeld, 3HAKOMEBIX C CUCTEMHEIM afMUHUCTPUpoBaHueM Debian
(morcK yCTaHOBOYHEIX 00pa30B, MAHUIIYJINPOBaHUE HWCTOYHUKAMU apt, u3MeHeHWe BepCuil simpa u
T. I.), HOBBEIe YCTAHOBKM IIOAOEPKUBAIOTCSA Ha Clemylomux Iatdopmax: (“amd64” o3HadaeT "64-

pa3psaoHB” ¥ He cienuGUYHO I ITpoitleccopoB AMD, oH 6ymeT paboTaTh B 110001 64-0UTHOM cucTeMe
x86)
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OuCTpUOYTHUB ApxuTteKkTypa Anpo HWmsa nakera Tunosoe
HCIO/Ib30BaHHEe
Debian amd64 & arm64 | preempt-rt linuxcnc-uspace yIIpaBlieHUEe
Bookworm CTAaHKOM U
MOOeIupOBaHUe
Debian amd64 RTAI linuxcnc yIpaBlieHUe
Bookworm CTaHKOM
Debian Bullseye amd64 preempt-rt linuxcnc-uspace yIIpaBlieHUE
CTaHKOM M
MOOeIupPOBaHUEe
Debian Buster amd64 & arm64 | preempt-rt linuxcnc-uspace yIIpaBlieHHEe
CTaHKOM U
MopenupoBaHue
Debian Buster amd64 RTAI linuxcnc yIIpaBlieHUE
CTaHKOM
JIio0o0i1 JIro0oi Opurunan linuxcnc-uspace | simulation ONLY
Note

LinuxCNC v2.9 He nogpepxuBaeTtcs B Debian 9 n 6onee paHHUX Bepcusx.

Preempt-RT simpa fAngpa Preempt-rt moctynab mns Debian n3 o6rrgHoro apxusa debian.org. ITakeTt
Ha3bIBaeTCsA Linux-image-rt-*. IIpocTo yCTaHOBUTE MAKET TakK XKe, KakK M 000U OIpyroy MmakeT, U3
guclneTdyepa nakeTtoB Synaptic unu ¢ noMousio apt-get B KOMaHAHON CTPOKe.

RTAI dapa Aopa RTAI mocTymHE Ajist 3arpy3Ku u3 apxuBa Debian linuxcnc.org. TTogxonsiiiuii MCTOYHUK:

* 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 u simpo RTAI Temepb mOCTYIHBI TOJIBKO A1t 64-6uTHBEIX OC, HO 0OYeHb MaJI0 COXPaHUBIIUXCS
cucrteM He MoryT paboraTh Ha 64-6utHOM OC.

3.7.1 YctaHoBkKa Ha Debian Bookworm (c appom Preempt-RT)

1. YcraunoBute Debian Bookworm (Debian 12), Bepcust amd64. Brl MoxkeTe cKadaTh YCTaHOBIIUK
3pmechk: https://www.debian.org/distrib/

2. TTocne 3amnucu ISO u 3arpy3Ku, eciiu BaM He HyXKeH pabouuit cton Gnome, BeiGepute Advanced
Options > Alternative desktop environments u BeIOepHUTe TOT, KOTOPBLIM BaM HPABUTCH. 3aTeM
BEIOepuTe Install or Graphical Install.

Warning
He BBogouTe naposb root, ecau Bbl 3TO caenaeTte, sudo byaeT 3anpeLieHo, N Bbl He
CMOXKeTe 3aBepLlnTb cieaytoLuime warw.

3. 3anycTuTe crenyoilyo KoMaHay B terminal, 4To6 0OHOBUTH MAIMHY [0 MOCJIEMHUX ITAKETOB.

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



https://www.debian.org/distrib/
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Note

Mo>xHO 3arpy3nTb Bepcuto LinuxCNC HenocpeacTtBeHHO u3 Debian, HO npu sTom 6ynet
yCTaHOBJ/IeHa CTapas npeaBapuTesbHas Bepcus, MO3TOMY B HacTosdllee BpeMs 3TO He
pekoMeHayeTCs.

4. YctanoBute Agpo u mogynu Preempt-RT

sudo apt-get install linux-image-rt-amd64

5. Ilepesarpy3uTtech u BeibepuTe sapo Linux 6.1.0-10-rt-amd64. TouyHas Bepcus sapa MOXKeT OTJINYaThCS,
obpatuTe BHHMaHue Ha cyhdukc "-rt”. ITo MoxKeT OBITH CKPBHITO B mogMeHio “Advanced options
for Debian Bookworm” B Grub. IIpu Bxome B cucTteMy yOemumTech, UTO Cledyloiias KOMaH[a
coobimaet o PREEMPT RT.

uname -v

6. OTkpoiite Applications Menu > System > Synaptic Package Manager, HatiguTe linux-image,
LIEJTKHUTE TIPaBO¥ KHOIKOM MBIIIN MCXOOHBIN (atin 6e3 rt u Beibepute Mark for Complete Re-
moval. Tlepe3arpy3urtecb. 9To HeOOXOOUMO 151 IPUHYOUTEIbHOM 3arpy3Ku cUCTeMHI ¢ aapa RT.
Ecnu BB IpefniounTaeTe COXpaHUTh 06a safpa, To Opyrue saapa YEaliaTh He Hy’KHO, HO U3MeHEeHU
KOHGUTYpAIUM 3arpy3Ku grub moTpebyioTcs, BRIXOOSIINE 3@ PAaMKU 9TOI'0 JOKYMEHTA.

7. OobGaBbTe K04 nopnucu apxusBa LinuxCNC B cBo#t Habop KiIto4el apt, 3arpy3uB [CKPUIIT YCTaHOBIIMKA
LinuxCNC] (https://www.linuxcnc.org/linuxcnc-install.sh). [Iyis1 ero 3amycka BaMm moTpebyeTcs
coenaTh CKPUIT UCIOJIHSIEMBIM:

chmod +x linuxcnc-install.sh

3aTteM Bbl MOXeTe 3anyCTUTb YCTAHOBWMK:

sudo ./linuxcnc-install.sh

3.7.2 YctaHoBKa Ha Debian Bookworm (c akcnepuMeHTanbHbIM aapomMm RTAI)

1. D10 sagpo u Bepcuio LinuxCNC M0KHO yCTaHOBUTE IOBEPX YCcTaHOBKU Live DVD unu, ansTepHaATUBHO,
B HOBOM yCTaHOBKe 64-pa3psigHoi Bepcuu Debian Bookworm, Kak omucaHoO BHIIIIE.

2. Bel MoxkeTe mo6aBUTH K04 moanucu apxuBa LinuxCNC 1 nHGOpMaImo 0 pero3uTOpPuHn, 3aTPy3uB
¥ 3aIyCTUB CIIeHapUH YCTAHOBKY, KaK ONMUCAHO BhIte. Ecnu o6HapyxkeHo simpo RTAI, 0HO 0OCTaHOBUTCS
repen YCTaHOBKOM KaKuX-TuO0 ITaKeToB.

3. OOHOBUTE CIHCOK TaKeToB c linuxcnc.org

sudo apt-get update

4. YcTaHOBUTE HOBOE IAPO peanbHOro BpemeHnu, RTAI u Bepcuio linuxcnc rtai.

sudo apt-get install linuxcnc

ITepesarpy3uTte KOMObIOTEDP, YOEOUBIINCEH, YTO CUCTEMA 3arpy’KaeTcs C HOBHIM saapoM 5.4.258-rtai.
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3.7.3 YctaHoBKa Ha Raspbian 12

He pemait sToro. 3amepKK{ CIIMIIKOM BEJIMKM C IOPOM I10 yMoirdaHuio, a aapo Debian PREEMPT RT

(RT BaxkHO) He 3arpyxkaeTcs Ha Pi (1mo coctostuuio Ha 1 ssuBapst 2024 r.). IToxkanyiicta, o6paTUTECH K
o6paszaMm, IpeAcTaBIeHHEIM B MHTEepHeTe. BB MOXKeTe co37iaTh X CAMOCTOSITEJIBHO, CIIeAys TPeA0CTaBIeHHE
ckpunrtaMm online.
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Chapter 4

3anycK LinuxCNC

4.1 Bbi3oB LinuxCNC

ITocne ycranoBku LinuxCNC 3anmyckaeTcs Tak ke, Kak u j1obdas apyras nmporpaMmma Linux: 3amycTture
ee u3 terminal, BBems koMauny «linuxcnc», unu BeIOepuTe ee B MeHio «Applications -> CNC».

4.2 3anycK KoHdurypauum

ITpu 3anycke LinuxCNC (u3 mento UITY unu u3 KoMmaHgHOM CTPoKu 0e3 ykasanus INI-¢aiina) oTKpEBaeTCs
ouanor Configuration Selector.

Iuamnorosoe okHO «Configuration Selector» mo3BonsieT monb30BaTEII0 BEIOPATH OOHY U3 CYILIECTBYIOMINX
KoHpuryparmui (My Configurations) unu BeI6paTs HOBYIO (13 IPUMEPOB KOHPUTYpaLuii) A KOIUPOBaHUA
B CBOM pmoMamHu¥ Katanor. CKONMpPOBaHHEIE KOHGUTypaluu MOSABATCSA B pa3mene «My Configura-
tions» mpu cnepyromieM BEI30BE celleKTopa KOHpUTypanuu.

Configuration Selector mpemsaraeT BeiOOp KOHDUTYpalluii, OpraHU30BaHHLIX:

* «My Configurations» — mosyb30BaTeIbCKMEe KOHGPUTYpAllMU, pacnojioXkeHHble B linuxcnc/configs B
BallleM JoMalllHeM KaTajore.

* «Sample Configurations» — npumeps! KOHGUTYPALIMHA, €CIIM OHM BHIOpPAHBI, KOMUPYIOTCA B linuxc-
nc/configs. ITocme Toro kak obpaselr KoHuUrypauu OyoeT CKOITMPOBAaH B Balll TOKAIbHBIN KaTallor,
ImporpaMma 3amnycka IpenjoXuT ero Kak «My Configurations». ViMeHa, I1oQ1 KOTOPLIMU IPEICTaBIEHEI
9TU JIOKallbHble KOHGUTypaluy, COOTBETCTBYIOT UMeHaM KaTaJIoroB BHYTPHU KaTajora configs/:

- sim — KoH(UTypauuu, BKIIIOYAIOIIMe MomenupyeMoe obopymoBanue. HMX MOXKHO MCIIOIB30BaTh
Ui TECTUPOBAHUSA UMK U3ydeHus paboter LinuxCNC.

- by interface — xoHuUTrypauuu, OpraHnu30BaHHbIe 0 Tpu3Haky ['UII.
- by machine - Koudurypamuu opraHu3oBaHHBE 110 TPU3HAKY CTaHKa.

- apps — IPUJIOXKEHUs, KOTOPHIE He TPeOYIOT 3ammycka linuxcnc, Ho MOTyT OBITh ITOJIE3HEL [J1 TECTUPOBAHMU
UJIN UCIIOJIb30BaHUS TaKuX Npunoxenuit, Kak PyVCP unu GladeVCP.

- «attic» — ycrapeBiine unm uctopudeckre KOHQUTypalluu.

Kondurypamuu Sim gyacTto siBJISI0OTCS Hanboee MoJIe3HOM OTIIPaBHOM TOYKOM /151 HOBBIX IIOJIb30BaTENIeH
U OpraHu30BaHbl BOKPYT nogaepxuBaeMbix ['UI1oB:

e axis — 'NII xnaBUaTypEL ¥ MBIIITNU
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¢ «craftsman» — I'MII ¢ ceHCOPHBIM 3KpaHoM (OoJibllle He moAaepKuBaeTcs ???)
* gmoccapy - T'UI1 CeHCOPHOTO 9KpaHa

* gscreen - THUII CercopHOro s3KkpaHa

* pyvcp demo - BupTtyanbHasa naHenb ynpasneHus Python

* qtaxis — I'MI1 c CeHCOpPHBIM 9KpaHOM, BHITTIIOUT Kak Axis

* gtdragon - TUII CeHCOpPHOTO 3KpaHa

* gtdragon hd - THUII CeHCOpPHOT0O 3KpaHa BEICOKOT'O pa3pelleHus

* gtplasmac - TUII CeHCOpPHOTO 3KpaHa, AJjIs CTOJIOB IITa3MeHHON Pe3KHU
» gttouchy - THUII CeHCOpHOTO 3KpaHa

¢ tklinuxcnc — T'YII kmaBuaTypH U MBIIIH (00JIbIEe HE TTOAIEPKUBAETCS)
e touchy - TUII gnst ceHCOPHOTO 3KpaHa

* woodpecker - TUIl CeHCOpHOTO 3KpaHa

Katanor kouduryparuu ['MI1 MoXKeT comepKaTh MOAKATATIOTH C KOHGUTYPAITUSIMHU, UJITIOCTPUPYIOITNMHU
oco0ble CHUTyally WX BCTPAWBaHUE OPYTUX IPUIIOKEHUH.

Kondwurypaumuu by interface opraHm3oBaHB BOKPYT OOWINX MOOIEPXKUBAEMBEIX MHTEP()ENCOB, TaKUX
KakK:

e 00IIasi MexaTpoHUKA
* mesa

¢ parport

* pico

e pluto

* servotogo

* vigilant

* vitalsystems

7151 UCTIOJIb30BAHUSA 3TUX KOH(bI/Il"ypaI_II/Iﬁ B Ka4YeCTBe OTHpaBHOﬁ TO4YKH CUCTEMEI MOZXKET HOTpGﬁOBaTBCH
COOTBETCTBYIOIIIEE O60py110BaHI/Ie.

Kondurypauuu by machine opraHu30BaHbl BOKPYT MOJTHBIX U3BECTHBIX CUCTEM, TaKUX KaK:

* boss

* cooltool

» scortbot erlll
* sherline

e smithy

e tormach

7151 UCIIOJTb30BAHUSA 3TUX KOH(bI/Il"ypaLII/Iﬁ MOZXKeT HOTpe6OBaTBCH II0JIHad CucTreMa.

The apps items are typically either:
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1. utilities that don’t require starting linuxcnc

2. demonstrations of applications that can be used with linuxcnc
¢ info — co3pmaet daiin c cucteMHol nHpopMaIrei, KOTopas MOKeT ObITh IOJIe3Ha [IJIsI AUaTrHOCTUKH
npobieM.
¢ Gladevcp — npumep npunoxenuit GladeVCP.
e halrun — 3amnyckaert halrun B terminal.
* latency — mpuiIoXeHUs OIS UCCIIENOBAHUS 3aJl€PIKKU

latency-histogram-1 - ructorpamMmma myst omHoro servo thread
latency-histogram - ructorpamma

latency-test - cTaHmapTHEIN TECT

latency-plot — neHTOYHas guarpaMma

e parport - I[IpunoxkeHue Ojsi TECTUPOBaHUS parport.
¢ pyvcp — IIpumMeps IPUIOKEHUN PyvVCp.
¢ xhc-hb04 — mpunoxenwus ans TectupoBaHus 6ecrpoBogHoro USB-ycrpoiictBa PI'M xhc-hb04

Note
B kaTanore «[lpnnoxeHna» onsa KoNMpoBaHWUA B KaTasior NoJsib3oBaTeNs npennaratoTcsa TONbKO Te
MPUNOXXEHNS, KOTOpPble BbII N3MEHEHbI NOJIb30BaTEJIEM C NOJIb30N.

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: Cenexkrtop koHburypanuu LinuxCNC
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KnukauTe Ha 110008 U3 ITepevrCcIeHHBIX KOHGUTrypalui, 4To0s 0TOOPa3uTh KOHKPETHYIO HHpOpMaIIUio
0 HeH. [IBaxKMOHI IIEJIKHUTE KOHGUrypauuo uin HaxMute «OK», 4ToOb Ha¥yaTh HACTPOUKY.

Bribepute Create Desktop Shortcut, a 3aTeM HaxMuTe «OK», uToOb HO0OaBUTh 3HAYOK Ha pabouuii
cton Ubuntu mjist mpsiMoro 3amycka 3Toi KoHuryparuu 6e3 oTo0paxkeHus sKpaHa BEIOOpa KOH(PUTYPALUH.

Korpga Br BEIOUpaeTe KOHGUTypaluio B pa3nene Sample Configurations, oHa aBTOMaTU49eCKHU ITIOMEIaeT
KOIIHIO 3TOM KOoH(pUTYypauuu B KaTaor ~/linuxcnc/configs.

4.3 Cnepyowume wiarm no HaCTpomke

Hatips npuMep KOHGUTypaluy, NCIOIL3YIOMNY TO Ke nHTepdeiicHoe 000pymoBaHue, YTO U Balll CTAHOK
(unu KoHUTrypalnuio CHUMYNIATOpa), U COXPaHMB KOIMIO B CBOEM AOMAaITHEM KaTajlore, BEl MOXKETe
HACTPOUTHL €e B COOTBETCTBUU C O0COOEHHOCTSIMU Baliero craHka. CM. paspmen «PykoBomcTBO Ojist
WHTEeTrpaTopa», MOCBAIIEHHLIN HaCTPOUKeE.

4.4 KoHdwurypauum cumynaTopa

Bce koHQuUrypanum, nepedyucieHHble B pa3gesie Sample Configurations/sim, nmpegHa3HadeHH OJ1d 3allyCcKa
Ha mo6oM KoMmbioTepe. HUKakoro crenmaabHOT0o 000pyIOBaHus He TpebyeTcs U IoaepKKa B pekuMe
peanbHOTr0 BpeMeHU He TpebyeTcs.

9T KOH(UTypalUu IIOJIe3Hl OJIg U3Y4YEeHHUS OTOEJIbHBIX BO3MOKHOCTEeN minu oniuii. Korndburypamuu

OJIsI CUMYJISIIUY OpraHu30BaHEl B COOTBeTCTBUM C ['MII, ncrions30BaHHEIM B IeMOHCTpanuu. Kartasnor

s Axis comepzKuT 60JIblile BCETO BapUaHTOB U ITOAKATAJIOT 0B, IIOCKOJILKY 3TO Haubojiee MPOTeCTUPOBAHHEBIHN
T'HTI. Bo3MOXKHOCTH, IPOOEMOHCTPUPOBaHHLIE B TI000M KOHKpeTHOM ['MII, MOTYT OBITh HOCTYIIHH U B
opyrux I'HUII.

4.5 Pecypcbl N0 HacTpouke

CenekTop KOHGUTrypaluu KOnupyeT Bce haiiiel, HeoOX0OuMbIe st KOH(GUTYPaILluK, B HOBBIH ITOAKATAIOT
~/linuxcnc/configs (skBuBaneHTHO: /home/username/linuxcnc/configs). Kaxknelii CO3maHHEIN KaTaaor
OyneT BKIOYaTh Kak MUHUMYM onuH INI-daiin (iniflename.ini), KoTOp®I# UCIIOIB3yeTCA OIS ONMMCAHUS
KOHKPEeTHOM KOH(pUTYypaluu.

dalinoBLEIEe PECYPCHI B CKOITMPOBAHHOM KaTajiore 0OBIYHO BKJTIOUAIOT OOUH WU HeCKoJbKOo INI-daiinos
(filename.ini) ginst cBsI3aHHBIX KOHGUTypanui u pain Tabauisl MHCTPYMeHTOoB (toolfilename.tbl). Kpome
TOT'0, PECYPCH MOTYT BKItouaTh ¢aiinel HAL (filename.hal, filename.tcl), ¢paiin README nns onucanus
KaTaJiora u nHGopMaIuio, cCueuduyHyIo 0Jid KOHQUTypalliui, B TEKCTOBOM (atisie, Ha3BaHHOM B YECTh
KOHKpeTHOU KoHpurypanuu (inifilename.txt). ITocienuue gBa ¢aiina oTo6pakarTCs IIPYU UCIIOTb30BaHUH
Cenekropa Kondurypamuu.

B mocTaBnsiembIx mpuMepax KOHQUrypauui MoxeT ObITh YKa3zaHd napametrp HALFILE (ums_¢aiina.hal)

B INI-¢datine KoHpUTrypalu, KOTOPOTO HET B CKOIIMPOBAHHOM KaTaJjioTe, IIOCKOJIbKY OH HaXOOUTCH

B cucTeMHOM Oubnuoreke ¢arinos HAL. OTu daitibl MOXKHO CKONMMPOBATH B KaTalor KOHQUTypaluu
TOJIb30BATEJISI U UBMEHUTD 10 TPeOOBaHUIO I0JIL30BATENS OJI MOTU(UKAIINY UJTU TeCTUPOBaHUusd. [I0CKOIBK])
npu nnoucke ¢daiinnos HAL B mepBylo 0Uepenb BLIIIOIHAETCS ITOMCK B KaTajore KOHPUTypaluy nojib30BaTens,
JIOKanabHbIe MOOU(GUKALINY OYOYyT UMETh ITPEUMYIIEeCTBEeHHYIO CHITY.

CeleKTOp KOHOUTYpaIlU CO3[MaeT CUMBOJIMYECKYIO CCHIIKY B KaTanore KOHQUTypaluy MoTb30BaTens
(c umenem hallib), yka3sniBaloiyo Ha cucteMHyio 6ubnuoreky ¢aiimoB HAL. OTa cchljKa yIIpoIIaeT
KonupoBaHue ¢aina 6ubnuoreku. Hampumep, 94ToOB cKOmMpoBaTh daiin 6ubimmoteku core sim.hal
IOJIST BHECEHUS JTOKAIbHBIX U3MEHEHWI:
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cd ~/linuxcnc/configs/name_of_configuration
cp hallib/core sim.hal core sim.hal
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Chapter 5

ObHoBneHue LinuxCNC

OouoBnenue LinuxCNC mo HOBOM BTOPOCTEIIEHHON BEPCUH (T. €. 1O HOBOM BEPCUU TOM K€ CTabUIIbHON
cepuu, HanpumMep, ¢ 2.9.1 0o 2.9.2) — 3To aBTOMaTU4YECKUU IPOIECC, ECIIU Balll KOMITLIOTEP MOAKITIOUEH
K UHTepHEeTy. BH yBUAWTE MpUTNalleHWe Ha OOHOBIEHUE MOCJIe HE3HAYUTEILHOTO BRIITyCKa BMECTe
C OpyruMu OOHOBIIEHUSIMH IPOTPaMMHOT0 obecnedeHus. Eciu y Bac HeT nmogkiiodeHus K HTepHeTY
Ha BallleM KOMIIbIOTepe, cM. pa3gen Updating without Network.

5.1 OOHOBNeHue A0 HOBOM BEpPCUM

B aTom pa3gerie onuckiBaeTcs, Kak 00HOBUTE LinuxCNC ¢ Bepcuu 2.8.x mo Bepcuu 2.9.y. [Ipenmnonaraercs,
YTO y BaC €CTh YCTAHOBJIEHHAS Bepcus 2.8, KOTOPYIO BBl XOTUTE OOHOBUTb.

Yrober 06HOBUTH LinuxCNC ¢ Bepcuu crapire 2.8, BaM HeoOXommMoO CHaudana OOHOBJIEHHWE CTapou
YCTaHOBKM 110 2.8, a 3aTeM CJieloBaTh 3TUM UHCTPYKIUAM. IJiT OOHOBJIEHUS 10 HOBOU BEPCHUM.

Ecnu y Bac HeT ctapoi Bepcuu LinuxCNC a1t 00HOBJIEHUS, JIyYIlle BCETO BHITIOTHUTDL HOBYIO YCTAaHOBKY
HOBOU BEPCHUH, KaK onucaHo B pa3gene Getting LinuxCNC.

Kpowme Toro, ecnu BE ucnonb3dyete Ubuntu Precision unu Debian Wheezy, cTouT paccMoTpeTh BO3MOXKHOCTD
CO3aHMUs pe3epBHOM KOIMM KaTanora «linuxcnc» Ha CbeMHOM HOCUTETIE M BBITIOJTHEHUA clean install

of anewer OS and LinuxCNC version IOCKOJIbKY 9TH BRIITYCKU OB npekpartensl B 2017 u 2018 romax
cooTBeTCcTBeHHO. Ecnu BH ucmonblyete Ubuntu Lucid, Bam npupgeTcs 3To caenaThb, TOCKOIbKY Lucid
6ombire He mogmepzxkuBaeTcs LinuxCNC (B 2013 roay ato 6su10 EOL).

Yrob6rl 00HOBUTH OCHOBHEIE BEPCHUH, TaKue Kak 2.8, mo 2.9, Korfma y Bac eCTb CETEBOE COeOUHEHUE
Ha KOMIIBIOTEPE, BaM He0OX0OmMMO OTKIIOUUTE CTaphle KCTOYHUKHU apt linuxcnc.org B daiine /etc/apt/-
sources.list 1 mo6aBUTH HOBEIM UCTOYHUK apt linuxcnc.org ans 2.9. , 3atem o6HoBUTE LinuxCNC.

Ietanu GyoyT 3aBHCETh OT TOTO, Ha KakKoM mnaTtdopme BHl paboraeTe. OTKpoiiTe terminal, 3aTem
BBemuTe Lsb release -ic, 4ToOBI HANTH 3Ty MHDOPMAIIUIO:

> lsb release -ic
Distributor ID: Debian
Codename: buster

You should be running on Debian Buster, Bullseye or Bookworm or Ubuntu 20.04 "Focal Fossa” or
newer. LinuxCNC 2.9.y will not run on older distributions than these.

BawMm Takke HYKHO OyOeT IPOBEPUTH, KaKO€e HCIIOJIE3YETCSA SAPO PeabHOT0 BPEMEHH:



https://linuxcnc.org/docs/2.8/html/getting-started/updating-linuxcnc.html
https://linuxcnc.org/docs/2.8/html/getting-started/updating-linuxcnc.html
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uname -r
6.1.0-10-rt-amd64

Ecnu BwI BUOuTe (KakK yKas3aHO BHIIIE) - rt- B UMEHU sApa, 3HAYUT, BH UCIIONIb3yeTe Iapo preempt-rt
U BaM cienyet ycTaHoBuTh Bepcuio LinuxCNC «uspace». Bam TakKe ciienyeT YCTaHOBUTH uspace Oisd
KOHUrypamui «sim» Ha siapax, He paboTaiolux B peaJlbHOM BPEMEHH.

Ecnu BeI BUgUTE - rtai- B MMeHM fiApa, 3HAYUT, Be Uctonb3yeTe RTAI B peanibHOM BpeMeHu. CM. HUXKe
Bepcuto LinuxCNC png ycranoBku. ITaketsl RTAI goctynus st Bookworm u Buster, Ho B HacTos1Iee
BpeMs HefoCTyHnHH st Bullseye.

5.1.1 KoHdurypaumsa uctouHukos Apt

¢ OTkpoiTe OKHO Software Sources. 9TOT mpoIeCcCc HEMHOT'O OTIMYAaeTCs Ha TPEeX IMOANePKHUBaeMbBIX
maTdhopMax:

- Debian:

* Haxxmwute Applications Menu, 3atem System, 3aTem Synaptic Package Manager.
* B Synaptic HaxxmMuTe mMeHIio Settings, 3aTeM HaxMHuTe Repositories, 4TOOBI OTKPHITH OKHO
Software Sources.
- Ubuntu Precise:

* HaxXmMute Ha 3Ha4ok Dash Home B 1eBOM BepxHEM YTIIy.
* B mose Search BBemute "software”, 3atem menkuauTe 3Ha4ok Ubuntu Software Center.
* B okHe Ubuntu Software Center HaxxMute MeH1o Edit, 3aTeMm Haxkxmute Software Sources...,
4yTOOBI OTKPHITE OKHO Software Sources.
- Ubuntu Lucid:

* OTKpoiiTe MeHio System, 3aTem Administration, 3atem Synaptic Package Manager.

* B Synaptic HaxxMmuTe meHio Settings, 3aTeM Haxmure Repositories, 4TOOBI OTKPHITE OKHO
Software Sources.

* B okHe Software Sources Beibepute Bknanky Other Software.

e VpanuTte unu CHUMUTE QIaXKKK CO BCEX CTAapHIX 3amucel linuxcnc.org (ocTaBbTe BCE CTPOKU, OTIIUYHBIE
ot linuxcnc.org, KaK ecThb).

* Haxmute kHOTIKY Add 1 mo6aBbTe HOBYIO CTPOKY apt. Ha pa3ubix muaTdopmax cTpoka 6ymeT HEMHOTO
OTJINYAThLCH:

Table 5.1: Tabular overview on variants of the Operating
System and the corresponding configuration of the repos-
itory. The configuration can be performed in the GUI of
the package manager or in the file /etc/apt/sources.list.

OS / Realtime Version Repository

Debian Buster - preempt deb https://linuxcnc.org buster base
2.9-rtpreempt

Debian Buster - RTAI deb https://linuxcnc.org buster base 2.9-rt

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

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

Debian Bookworm - RTAI deb https://linuxcnc.org bookworm base 2.9-rt
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Synaptic Package Manager (as superuser)

File Edit Package Settings Help

P L8 J

Architecture ‘

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

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 p-rp. : 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 ‘

l Search Re

Figure 5.1: Figure with a screenshot of the repository configuration of the synaptic package manager.

 Haxxwmurte Add Source, 3ateMm Close B okHe Software Sources. Eciu IIOIBATCS OKHO C COOOIIIeHUEM
0 TOM, 4YTO MHGpOPMAILUS O OJOCTYIIHOM IIPOTrPaMMHOM O0ecHedYeHWH yCTapesia, HaXMUTE KHOIKY

Reload.

5.1.2 OO6HOBJIeHMe 0,0 HOBOW Bepcum

Temnepdb Balll KOMIIBIOTED 3HAET, Il B35ITh HOBYIO BEPCHUIO MPOTPAaMMHOI0 oOecnedyeHus:, TeIepb HaM

HYKHO ee YCTaHOBUTb.

IIpo1ecc CHOBa Pa3/IMYaEeTCs B 3aBUCUMOCTH OT Balllel maaThOpPMEI.
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5.1.2.1 Debian Buster, Bullseye and Bookworm
Debian ncnomnb3yioT aucrneTyep makeToB Synaptic.

* OTkpouTte Synaptic, cienyss HHCTPYKIUAM B pa3gesne HacTpolika HCTOYHUKOB apt BHIIIE.
* Haxmwute KHONKYy Reload.

* Hcnonb3yiiTe QyHKIIMIO IOUCKA IJIg ITOMCKa Linuxcnc.

e TTakeT Ha3wBaeTcs «linuxcnc» mns ssmep RTAI u «linuxcnc-uspace» st preempt-rt.

¢ VcranoBute (axKoK, YTOOEI OTMETHTL HOBEIE ITAKeTH linuxcnc u linuxcnc-doc-* mnss oOHOBIIEHMUS.
MeHen}Kep IIaKeTOB MOXKeT BbIGpaTb HEeCKOJIBKO OOIIOJIHUTEJIBHEIX ITaKeTOB OJIsd YCTAaHOBKH, YTOOBI
YIOBIETBOPUTh 3aBUCUMOCTH, KOTOPhLIe UMeeT HOBBIM makKeT linuxcnc.

* Haxxmute kHONKy Apply, ¥ Balll KOMIBIOTED YCTAaHOBUT HOBHIN MakeT. CTapwiil makeT linuxcnc 6ymgeT
aBTOMATUYECKU OOHOBJIEH IO HOBOTO.

5.1.3 Ubuntu

* Haxxmute Ha 3Ha40oK Dash Home B mieBOM BepxHEM yTIIy.

B nmonie Search BBeguTe «update», 3aTeM IienKHUTE 3Ha40oK Update Manager.
e Haxmute kHonKy Check, 4T00BI TPOCMOTPETH CIIMCOK NOCTYITHBIX TAKETOB.

e Haxmwure kHonky Install Updates, 4ToOBI yCTaHOBUTH HOBLIE BEPCUU BCEX ITAKETOB.

5.2 OOHoBNneHue Oe3 ceTu

st o6HOBIEeHUS 6€3 TOOKITI0YEHMS K CETH BaM He0OX0OQuMO 3arpy3uTh .deb, a 3aTeM yCTaHOBUTE €T0
c nomoineio dpkg. ®annl .debs MoKHO HaiiTu 1o agpecy https://linuxcnc.org/dists/.

Bam Hy>KHO IIepeiTH 0 CCHIJIKE BHIIIEe, YTOOB HANTH TpaBUIbHEIN deb mst Baliei yctaHoBKH. OTKpoMTe
terminal u BBegute «Isb release -ic», 4T0OH HaliTH Ha3BaHUe BhITycKa Baiiei OC.

> lsb _release -ic
Distributor ID: Debian
Codename: bullseye

Bribepute OC 13 ciucKa, 3aTeM BEIOEPUTE HYKHYIO BaM OCHOBHYIO Bepcuio, Hanmpumep 2.9-rt nns RTAI
u 2.9-rtpreempt unu 2.9-uspace gns preempt-rt.

3aTeM BLIOEPUTE TUI BAlllero KOMIbIOTepa: OuHapHEIH-amd64 nist mo6oro 64-6uTHOT0 X86, OMHAPHBIHN-
i386 mns 32-6uTHOTrO, OMHaApHLIM-armhf (32-OuTHEBIN) UMM OMHapPHBIW-arm64 (64-6uTHBIN) mass Rasp-
berry Pi.

3aTeM BrIOEPUTE HYKHYIO BEPCHUIO B HU2KHEH YaCTU CIIKUCKA, HanmpumMep linuxcnc-uspace 2.9.2 amd64.deb
(BEIOEPUTE CaMyIO0 TOCIIEHIO0 110 faTe). 3arpy3uTe deb u cKkonupy¥Te eTro B CBOM HOMAIIHKUM KaTaJiorT.
Brl MokeTe mepeuMeHOBaTh (aiyl BO 4TO-TO 00jlee KOPOTKOEe C IOMOIIBI0 (aliIoBOTO MeHeIKepa,
Hanpuwmep linuxcnc 2.9.2.deb, 3aTeM OTKPHITH TEPMUHAI ¥ YCTAHOBUTH €TI0 C IIOMOIILI0O MeHeKepa
ITaKeTOB C IIOMOIIBIO 3TOH KOMAaHIHI:

sudo dpkg -i linuxcnc_2.9.2.deb



https://linuxcnc.org/dists/
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5.3 O6bHoBneHue pannoB KoOHdUrypauum ona sepcum 2.9

5.3.1 Bonee cTporoe obpaweHme C NoAKJIOYaeMbiIMM UHTEpNpeTaTopamMm

Ecmu BBl IPOCTO 3alycKaeTe OOBYHEBIN G-KOI ¥ He 3HAETe, YTO TaKOe IOIKI/II0YaeMbIi HHTEPIIPETATOP,
TO 3TOT pa3[desl Bac He KacaeTcs.

Pegko ucnonb3syemas pyuknus LinuxCNC — 9To moaaepKKa MHOAKTI0YaeMbIX MHTEPIIPETAaTOPOB, YIIPaBIIIeM
HegoKyMeHTHUpoBaHHOM HacTpolkoi INI [ TASK]INTERPRETER.

Bepcuu LinuxCNC go 2.9.0 ucronb3oBaiucs ajisa o6paboTku HenmpaBuiabHOM HacTporky [ TASK]INTERPRETER
IIyTeM aBTOMaTHYeCKOI'0 BO3BpaTa K MCII0JIb30BaHUIO HHTeplipeTaTopa G-Koja 10 yMONTYaHUIo.

Hauwunas c Bepcuu 2.9.0, HenpaBunbHoe 3HaueHue [ TASK]INTERPRETER mpuBemeT K ToMy, 4To Linux-
CNC oTkaxeTcs 3anyckKaTbCsi. McnpaBbTe 3TO ycioBue, ymanub HacTpoikKy [TASK]INTERPRETER u3
Bamero INI-¢atina, uTo6s LinuxCNC ucmonb3oBai nHTEpnpeTaTop G-Koga Mo yMOITYaHUIO.

5.3.2 Canterp

Ecnu BB MPOCTO 3amycKaeTe OOBYHBIN G-KOM 1 He UCIIONb3yeTe MOOKII0YaeMbli HHTEPIPeTaToOp can-
terp, To 3TOT pa3mes Bac He KacaeTCs.

B kpaiiHe MaTOBEPOSITHOM CJIy4Yae MCHOb30BaHus canterp 3HaiTe, YTO MOAYJh MepeMellleH U3 /us-
r/lib/libcanterp.so B /usr/lib/linuxcnc/canterp.so, u HacTpoiiky [TASK]INTERPRETER coOTBETCTBEHHO,
HeoOxoouMo U3MeHuTh ¢ Libcanterp.so Ha canterp.so.

5.4 O6bHoBneHue cbannoB KoHcdurypauum (ansa 2.9.y)

IIpu nmepexome c Bepcuu 2.8.X Ha Bepcuio 2.9.y HUKaKUX M3MeHeHUU B ¢aiiyiax KoHGUrypauum He
TpebyeTcs.

5.4.1 OrpaHunyeHnus wnuHaens B INI

Temneps M0kHO M0o6GaBIsITHL HacTpouku B pa3men [SPINDLE] INI-datina
MAX FORWARD VELOCITY = 20000 MakcumasnbHasi CKOPOCTh IMUHAENS (B 00/MUH)
MIN FORWARD VELOCITY = 3000 MunuMasnpHasi CKOPOCTb WIMUHAENA (B 00/MUH)

MAX REVERSE VELOCITY = 20000 Ecnu 3TOT mapaMeTp OIYIIEH, 110 YMOJTYaHu0 OyaeT YCTaHOBIEHO
3Hauenne MAX FORWARD VELOCITY.

MIN REVERSE VELOCITY = 3000 9ta sracTpotika skBuBareHTHa MIN FORWARD VELOCITY, HO o151
obpaTHOro BpaleHud mnuHaend. I1o ymonuanuto 6yneT yctaHoBneHo 3HadueHre MIN FORWARD VELOCIT
€CJIY OHO ONYIIIEeHO.

INCREMENT = 200 YcraHaBnuBaeT pa3Mep Iara [Ojs KOMaHJ yBeJlIUdYeHUS/YMEHbIIEHUSA CKOPOCTHU
IMTIUHAEJI. 9TO MOXKET UMETh Pa3Hoe 3HaUeHHUe 15 KaXXO0ro IINUHOEeNsa. JTa HacTpolikKa 3¢ heKTUBHA
st AXIS u Touchy, HO yuTuTe, UTO Ha HEKOTOPBIX 9KpaHaX yIIpaBJIeHUs CUTyallus MoxkKeT 06pabaTrBaThCA
MO-APyroMy.

HOME SEARCH VELOCITY = 100 - IIpuaaTO, HO B HACTOAMIEE BPEMSA HUUETO HE JejlaeT

HOME SEQUENCE = 0 - [IpuHaTO, HO B HaCTOsIlee BpeMs HUUEero He AenaeT
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5.5 HoBble kKOMNoHeHTbI HAL

5.5.1 He B peanbHOM BpeMeHM

mdro mqtt-publisher pi500 vfd pmx485-test gtplasmac-cfg2prefs gqtplasmac-materials gqtplasmac-plasmac?2c
gtplasmac-setup sim-torch svd-ps vfd

5.5.2 B peasnbHOM BpeMeHM

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

5.6 Hosble apauBepsbl

Brina npepncTaBiieHa CTPYKTypa AJisd yIIpaBlieHus ycTpoiicTBaMu ModBus ¢ MCIIOJIb30BaHUEM ITIOCIE0BATE]Ib]
IIOPTOB Ha MHOTHUX KapTax Mesa. http://linuxcnc.org/docs/2.9/html/drivers/mesa modbus.html

Teneps BkITIo4yeH HOBHIM ApatiBep GPIO mns mro6oro GPIO, mompepzkuBaemoro 6mbnmuorekon gpiod:
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

Glossary

A listing of terms and what they mean. Some terms have a general meaning and several additional
meanings for users, installers, and developers.

Acme Screw
A type of lead-screw that uses an Acme thread form. Acme threads have somewhat lower friction
and wear than simple triangular threads, but ball-screws are lower yet. Most manual machine
tools use acme lead-screws.

Axis
One of the computer controlled movable parts of the machine. For a typical vertical mill, the
table is the X axis, the saddle is the Y axis, and the quill or knee is the Z axis. Angular axes like
rotary tables are referred to as A, B, and C. Additional linear axes relative to the tool are called
U, V, and W respectively.

AXIS(I'YII)
One of the Graphical User Interfaces available to users of LinuxCNC. It features the modern use
of menus and mouse buttons while automating and hiding some of the more traditional LinuxCNC
controls. It is the only open-source interface that displays the entire tool path as soon as a file is
opened.

GMOCCAPY (GUI)
A Graphical User Interfaces available to users of LinuxCNC. It features the use and feel of an
industrial control and can be used with touch screen, mouse and keyboard. It support embedded

tabs and hal driven user messages, it offers a lot of hal beens to be controlled with hardware.
GMOCCAPY is highly customizable.

Backlash

The amount of “play” or lost motion that occurs when direction is reversed in a lead screw. or
other mechanical motion driving system. It can result from nuts that are loose on leadscrews,
slippage in belts, cable slack, “wind-up” in rotary couplings, and other places where the mechan-
ical system is not "tight”. Backlash will result in inaccurate motion, or in the case of motion
caused by external forces (think cutting tool pulling on the work piece) the result can be broken
cutting tools. This can happen because of the sudden increase in chip load on the cutter as the
work piece is pulled across the backlash distance by the cutting tool.

Backlash Compensation
Any technique that attempts to reduce the effect of backlash without actually removing it from
the mechanical system. This is typically done in software in the controller. This can correct the
final resting place of the part in motion but fails to solve problems related to direction changes
while in motion (think circular interpolation) and motion that is caused when external forces
(think cutting tool pulling on the work piece) are the source of the motion.
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Ball Screw
A type of lead-screw that uses small hardened steel balls between the nut and screw to reduce
friction. Ball-screws have very low friction and backlash, but are usually quite expensive.

Ball Nut
A special nut designed for use with a ball-screw. It contains an internal passage to re-circulate
the balls from one end of the screw to the other.

CNC
Computer Numerical Control. The general term used to refer to computer control of machinery.
Instead of a human operator turning cranks to move a cutting tool, CNC uses a computer and
motors to move the tool, based on a part program.

Comp
A tool used to build, compile and install LinuxCNC HAL components.

Configuration(n)
A directory containing a set of configuration files. Custom configurations are normally saved in
the users home/linuxcnc/configs directory. These files include LinuxCNC's traditional INTI file and
HAL files. A configuration may also contain several general files that describe tools, parameters,
and NML connections.

Configuration(v)
The task of setting up LinuxCNC so that it matches the hardware on a machine tool.

Coordinate Measuring Machine
A Coordinate Measuring Machine is used to make many accurate measurements on parts. These
machines can be used to create CAD data for parts where no drawings can be found, when a hand-
made prototype needs to be digitized for moldmaking, or to check the accuracy of machined or
molded parts.

Display units
The linear and angular units used for onscreen display.

DRO
A Digital Read Out is a system of position-measuring devices attached to the slides of a machine
tool, which are connected to a numeric display showing the current location of the tool with
respect to some reference position. DROs are very popular on hand-operated machine tools
because they measure the true tool position without backlash, even if the machine has very loose
Acme screws. Some DROs use linear quadrature encoders to pick up position information from
the machine, and some use methods similar to a resolver which keeps rolling over.

EDM

EDM is a method of removing metal in hard or difficult to machine or tough metals, or where
rotating tools would not be able to produce the desired shape in a cost-effective manner. An
excellent example is rectangular punch dies, where sharp internal corners are desired. Milling
operations can not give sharp internal corners with finite diameter tools. A wire EDM machine
can make internal corners with a radius only slightly larger than the wire’s radius. A sinker EDM
can make internal corners with a radius only slightly larger than the radius on the corner of the
sinking electrode.

EMC
The Enhanced Machine Controller. Initially a NIST project. Renamed to LinuxCNC in 2012.

EMCIO
The module within LinuxCNC that handles general purpose I/O, unrelated to the actual motion
of the axes.

EMCMOT
The module within LinuxCNC that handles the actual motion of the cutting tool. It runs as a
real-time program and directly controls the motors.
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JHKOOEp
YcTpoiicTBO ast u3MepeHus monoxkKeHusi. OOBIYHO 9TO ONTHKO-MEXaHNYeCKOe YCTPOHUCTBO, BEIAa0IIee
KBaHpaTyprIﬂ curtaj. Curgasna MoxXeT CUUTATbCA CIIelIMaJIbHBIM O60pYJIOBaHI/IeM UJIX HAIIPAMYIO
parport ¢ LinuxCNC.

Feed
Relatively slow, controlled motion of the tool used when making a cut.

Feed rate
The speed at which a cutting motion occurs. In auto or MDI mode, feed rate is commanded using
an F word. F10 would mean ten machine units per minute.

Feedback
MeTop (HanpuMep, CUTHAJIBI KBagpaTypPHOT' 0 3HKOepa), ¢ ToMoiibio KoToporo LinuxCNC nonydaeT
uHOOPMAaIHIO O II0JIOKEHUU OBUTATEIIEH.

Feedrate Override
A manual, operator controlled change in the rate at which the tool moves while cutting. Often
used to allow the operator to adjust for tools that are a little dull, or anything else that requires
the feed rate to be "tweaked”.

Floating Point Number
A number that has a decimal point. (12.300) In HAL it is known as float.

G-code
The generic term used to refer to the most common part programming language. There are
several dialects of G-code, LinuxCNC uses RS274/NGC.

GUI
Graphical User Interface.

General
A type of interface that allows communications between a computer and a human (in most
cases) via the manipulation of icons and other elements (widgets) on a computer screen.

LinuxCNC
An application that presents a graphical screen to the machine operator allowing manipula-
tion of the machine and the corresponding controlling program.

HAL
Hardware Abstraction Layer. At the highest level, it is simply a way to allow a number of building
blocks to be loaded and interconnected to assemble a complex system. Many of the building
blocks are drivers for hardware devices. However, HAL can do more than just configure hardware
drivers.

Home
A specific location in the machine’s work envelope that is used to make sure the computer and
the actual machine both agree on the tool position.

INI file
A text file that contains most of the information that configures LinuxCNC for a particular ma-
chine.

Instance
One can have an instance of a class or a particular object. The instance is the actual object
created at runtime. In programmer jargon, the “Lassie” object is an instance of the “Dog” class.

Joint Coordinates
These specify the angles between the individual joints of the machine. See also Kinematics

Jog
Manually moving an axis of a machine. Jogging either moves the axis a fixed amount for each
key-press, or moves the axis at a constant speed as long as you hold down the key. In manual
mode, jog speed can be set from the graphical interface.
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kernel-space
Kopm, BEITONIHAAEMEBINU BHYTPU SIIpa, B OTJIMYKeE OT KOJa, BEIIIOJIHAEMOI'0 B [10JIb30BaTEJILCKOM IIPOCTPAHCT!
HekoTopsie cucTeMbI peanbHOT0 BpeMeHU (HanpuMep, RTAI) BEITONHSAIOT KO PeaibHOTO BpeMeHHU
B spe, a KOO He B peaJlbHOM BpeMeHU — B II0JIb30BaTeJIbCKOM IIPOCTPAHCTBE, B TO BpeMs Kak
IpyTrHue CUCTEMEI peabHOr0 BpeMeHU (HanpuMep, Preempt-RT) BHIIONIHSIOT KOI KaK B pealbHOM
BpPEMEHU, TaK U He B PealbHOM BPEMEHU B I10JIb30BaTEILCKOM IIPOCTPAHCTBE.

Kinematics
The position relationship between world coordinates and joint coordinates of a machine. There
are two types of kinematics. Forward kinematics is used to calculate world coordinates from joint
coordinates. Inverse kinematics is used for exactly the opposite purpose. Note that kinematics
does not take into account, the forces, moments etc. on the machine. It is for positioning only.

Lead-screw
An screw that is rotated by a motor to move a table or other part of a machine. Lead-screws are
usually either ball-screws or acme screws, although conventional triangular threaded screws
may be used where accuracy and long life are not as important as low cost.

Machine units
JIuHelHbIE U YTJI0Bble eQUHUITH, UCIIOJIb3yeMble AJIt KOHGUTypaluuu CTaHKa. DTU eIUHUIIE yKa3aHbl
u ucnonb3lyioTcs B INI-¢paiine. BriBons! u mapameTpsl HAL Takke 0OBIYHO BBIPAZKaIOTCS B eQUHULIAX
CTaHKa.

MDI
Manual Data Input. This is a mode of operation where the controller executes single lines of
G-code as they are typed by the operator.

NIST
National Institute of Standards and Technology. An agency of the Department of Commerce in
the United States.

NML
Neutral Message Language provides a mechanism for handling multiple types of messages in
the same buffer as well as simplifying the interface for encoding and decoding buffers in neutral
format and the configuration mechanism.

Offsets
An arbitrary amount, added to the value of something to make it equal to some desired value.
For example, G-code programs are often written around some convenient point, such as X0, YO.
Fixture offsets can be used to shift the actual execution point of that G-code program to properly
fit the true location of the vice and jaws. Tool offsets can be used to shift the "uncorrected” length
of a tool to equal that tool’s actual length.

Part Program
A description of a part, in a language that the controller can understand. For LinuxCNC, that
language is RS-274/NGC, commonly known as G-code.

Program Units
The linear and angular units used in a part program. The linear program units do not have to
be the same as the linear machine units. See G20 and G21 for more information. The angular
program units are always measured in degrees.

Python
General-purpose, very high-level programming language. Used in LinuxCNC for the Axis GUI,

the StepConf configuration tool, and several G-code programming scripts.

Rapid
Fast, possibly less precise motion of the tool, commonly used to move between cuts. If the tool
meets the workpiece or the fixturing during a rapid, it is probably a bad thing!
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Rapid rate
The speed at which a rapid motion occurs. In auto or MDI mode, rapid rate is usually the max-
imum speed of the machine. It is often desirable to limit the rapid rate when testing a G-code
program for the first time.

Real-time
I[TporpamMHOe obecrieuyeHue, IMpegHa3HaAaYeHHOe [ COOII0OeHHsI OYeHb CTPOTHUX BPEMEHHBIX
ycimoBu#. B Linux ojist ygoBIeTBOPEHU S 3TUX TpeboBaHUM HE0OX0OUMO YCTaHOBUTD SITPO PEabHOT O
BpeMeHnH, Takoe Kak RTAI mnu Preempt-RT, u cobpaTth mporpammuoe obecneuenue LinuxCNC
i paboThl B CIIeIMaIbHOM cpefie peajibHOTO BpeMeHU. [IporpaMmMHuoe obecriedyeHre peaabHOro
BpeMeHU MOKeT paboTaTh B IPOCTPAHCTBAaX AApa UK IT0JIb30BaTEe IS B 3aBUCUMOCTH OT BO3MOXKHOCTEH,
npenaraeMbIX CUCTEMOM.

RTAI
Real Time Application Interface, see https://www.rtai.org/, the real-time extensions for Linux that
LinuxCNC can use to achieve real-time performance.

RTLINUX
See https://en.wikipedia.org/wiki/RTLinux, an older real-time extension for Linux that LinuxCNC
used to use to achieve real-time performance. Obsolete, replaced by RTAI.

RTAPI
A portable interface to real-time operating systems including RTAI and POSIX pthreads with
realtime extensions.

RS-274/NGC
The formal name for the language used by LinuxCNC part programs.

Servo Motor
Generally, any motor that is used with error-sensing feedback to correct the position of an actu-
ator. Also, a motor which is specially-designed to provide improved performance in such appli-
cations.

Servo Loop
A control loop used to control position or velocity of an motor equipped with a feedback device.

Signed Integer
A whole number that can have a positive or negative sign. In HAL it is usually a s32, but could
be also a s64.

Spindle
YacTh cTaHKa, KOTOpasi BpalllaeTcs i pe3aHus. Ha dbpese unu gpenu MINUHOENb yoepKUBaeT
pexymui uHCTpyMeHT. Ha ToOKapHOM CTaHKe MINUHIEND YIEPKUBaeT 3arOTOBKY.

Spindle Speed Override
A manual, operator controlled change in the rate at which the tool rotates while cutting. Often
used to allow the operator to adjust for chatter caused by the cutter’s teeth. Spindle Speed
Override assumes that the LinuxCNC software has been configured to control spindle speed.

StepConf
An LinuxCNC configuration wizard. It is able to handle many step-and-direction motion command
based machines. It writes a full configuration after the user answers a few questions about the
computer and machine that LinuxCNC is to run on.

Stepper Motor
A type of motor that turns in fixed steps. By counting steps, it is possible to determine how far
the motor has turned. If the load exceeds the torque capability of the motor, it will skip one or
more steps, causing position errors.

TASK
The module within LinuxCNC that coordinates the overall execution and interprets the part pro-
gram.



https://www.rtai.org/
https://en.wikipedia.org/wiki/RTLinux
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Tcl/Tk

A scripting language and graphical widget toolkit with which several of LinuxCNCs GUIs and
selection wizards were written.

Traverse Move
A move in a straight line from the start point to the end point.

Units
See “Machine Units”, "Display Units”, or "Program Units”.

Unsigned Integer
A whole number that has no sign. In HAL it is usually a u32 but could be also a u64.

World Coordinates
This is the absolute frame of reference. It gives coordinates in terms of a fixed reference frame
that is attached to some point (generally the base) of the machine tool.
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Chapter 7

Legal Section

Translations of this file provided in the source tree are not legally binding.

7.1 Copyright Terms

Copyright (c) 2000-2022 LinuxCNC.org

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.1 or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is
included in the section entitled “"GNU Free Documentation License”.

7.2 GNU Free Documentation License

GNU Free Documentation License Version 1.1, March 2000

Copyright © 2000 Free Software Foundation, Inc. 51 Franklin Street, Fifth Floor, Boston, MA 02110-
1301 USA. Everyone is permitted to copy and distribute verbatim copies of this license document, but
changing it is not allowed.

0. PREAMBLE

Llens HACTOSAIIEN NMUIIEH3UU — CHENlaTh PYKOBOICTBO, YUeOHUK UM APYrOoM MUCHLMEHHBIM OJOKYMEHT
“CcBOOOOHBIM” B CMBIC/IE CBOOOABI: TapaHTHPOBATH KaXXOoMmy 3¢h(eKTHBHYI CBOOOOY KOMHPOBATDL U
pacIpocTpaHsaTh ero ¢ Mogudukanuen uiu 6e3 Hee, KaK B KOMMEPYECKHUX, TaK ¥ B HEKOMMEPUYECKHUX
noesax. BO-BTOprX, HaCTOSIIad JIMIEeH3UA OCTABJISAE€T 3a aBTOPOM U U30aTEeJIEM BO3MO2KHOCTD IIOJIYYUTH
IIpU3HaHue 3a CBOIO PaboTy, He HecCs ITPU 9TOM OTBETCTBEHHOCTH 3a U3MEHEHUs, BHECEHHbIE IPYTUMH.

This License is a kind of ”"copyleft”, which means that derivative works of the document must them-
selves be free in the same sense. It complements the GNU General Public License, which is a copyleft
license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software
needs free documentation: a free program should come with manuals providing the same freedoms
that the software does. But this License is not limited to software manuals; it can be used for any
textual work, regardless of subject matter or whether it is published as a printed book. We recommend
this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS
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This License applies to any manual or other work that contains a notice placed by the copyright holder
saying it can be distributed under the terms of this License. The "Document”, below, refers to any
such manual or work. Any member of the public is a licensee, and is addressed as "you”.

A "Modified Version” of the Document means any work containing the Document or a portion of it,
either copied verbatim, or with modifications and/or translated into another language.

«BTopou pa3men» — 3TO IOMMEHOBAHHOE NIPUJIOKEHUE UJIM OCHOBHOU pa3nen HoKyMeHTa, KOTOPHIT
KacaeTCs UCKITIOYUTENbHO OTHOIIIEHUY U3laTesIel Uik aBTOPoB JIoKyMeHTa K obiied TeMe [JoKyMeHTa

(nnm K CBA3aHHBIM C HEHM BOIIPOCAM) U HE COOEPXKUT HUUETO, YTO MOTJIO OB HAaIPSIMYIO OTHOCUTBHCS

K B paMKax 3Tou o6mieir tembl. (Hampumep, ecrnu JJOKYMEHT YaCTUYHO SIBISIETCS y4eOHHKOM IIO
MaTeMaTuke, BTopo#l pa3men He MOXKeT OOBSICHSATH KakKyo-Tub6o MaTeMaTukKy.) OTHOIIEHUS MOTYT
OBITH BOIPOCOM HCTOPHUYECKOH CBSI3M C IPEOMEeTOM MM CBSI3aHHLIMI C HMM BOIIPOCAMH, a TaKXkKe
IOPUANYECKUMU, KOMMepUYeCKUMU, GUI0CODCKUMHU, STUYECKas NI MONUTHUYeCKast IIO3UITUSI II0 OTHOIIIEHUIO
K HUM.

The ”"Invariant Sections” are certain Secondary Sections whose titles are designated, as being those
of Invariant Sections, in the notice that says that the Document is released under this License.

The "Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is released under this License.

“TIpo3pauHas” konus JJoKyMeHTa O3Ha4YaeT MalllMHOYKUTaeMyI0 KOIIHUIO, IPEICTaBIeHHYI0 B (popMarTe,
crermudrKanms KOTOPOT0 HOCTYITHA IITUPOKOM ITyOIuKe, CogepKaHrue KOTOPOT'0 MOXKET OBITh ITPOCMOTPEHO

1 OTPEIaKTHUPOBAHO IIPSIMO U IIOHSTHO C IIOMOIIIbI0 OOBIYHEIX TEKCTOBHIX PEOaKTOPOB UIH (1T H300paKeHuH,
COCTOSIIIINX M3 ITHUKCeJIeH) oOIeqOCTyIIHEX IPOrpaMM PHUCOBAHUS WK (OJI PUCYHKOB) KaKOH-Tu0O
IIXPOKO JOCTYHHBIM PEJAKTOP PUCYHKOB, KOTOPHIM IOAXOOUT OJI BBOAA B (pOPMATHPOBIIUKUA TEKCTa

WJTH [IJIsT aBTOMATHUYECKOTO IIepeBoIa B pa3nudyHble (JOPMaThI, HOOXOISIINE 15 BBOIA B QOPMaTHUPOBIIUKH]
TekcTta. Komusi, cmemanHas B popmarte ¢atina “IIpo3padHbiil”, pa3MeTKa KOTOpPoro Obljia pa3paboTaHa

OJIS1 TpeqoTBPAalleHus UK n30eraHus IIOCIIeIVIOIIero H3MeHeHU s YU TaTeIsIMH, He ABseTcs “IIpo3pavyHoit”

CN7]

Komusi, koTopas He saBiaseTcs “[Ipo3paunoii”, Ha3eiBaeTcsa “"Henmpo3pauyHoi”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input
format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming
simple HTML designed for human modification. Opaque formats include PostScript, PDF, proprietary
formats that can be read and edited only by proprietary word processors, SGML or XML for which the
DTD and/or processing tools are not generally available, and the machine-generated HTML produced
by some word processors for output purposes only.

The "Title Page” means, for a printed book, the title page itself, plus such following pages as are
needed to hold, legibly, the material this License requires to appear in the title page. For works in
formats which do not have any title page as such, “Title Page” means the text near the most prominent
appearance of the work’s title, preceding the beginning of the body of the text.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially,
provided that this License, the copyright notices, and the license notice saying this License applies to
the Document are reproduced in all copies, and that you add no other conditions whatsoever to those
of this License. You may not use technical measures to obstruct or control the reading or further
copying of the copies you make or distribute. However, you may accept compensation in exchange
for copies. If you distribute a large enough number of copies you must also follow the conditions in
section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies of the Document numbering more than 100, and the Document’s license
notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all
these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover.
Both covers must also clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent and visible. You may add
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other material on the covers in addition. Copying with changes limited to the covers, as long as they
preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying
in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones
listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must ei-
ther include a machine-readable Transparent copy along with each Opaque copy, or state in or with
each Opaque copy a publicly-accessible computer-network location containing a complete Transpar-
ent copy of the Document, free of added material, which the general network-using public has access
to download anonymously at no charge using public-standard network protocols. If you use the lat-
ter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until
at least one year after the last time you distribute an Opaque copy (directly or through your agents
or retailers) of that edition to the public.

IIpocwba, HO He 00s13aTENbHO, YTOORI BEI CBSI3AJIMCH C aBTOpaMu [lOKyMeHTa 3afi0JIro 4O PacIIpOCTPaHEeH U
GOJIBIIIOr0 KOJIMYECTBA KOIMKH, YTOOHI TaTh UM BO3MOXKHOCTD ITIPEHOCTaBUTh BaM 0OHOBJIEHHYIO BEPCHIO
HokyMeHTa.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2
and 3 above, provided that you release the Modified Version under precisely this License, with the
Modified Version filling the role of the Document, thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it. In addition, you must do these things in the
Modified Version:

A. Vicnonb3yiTe Ha TUTYJIBHOM JTHUCTe (M Ha 00JI02KKaX, €CJIM TAKOBhIE UMEIOTCST) 3aTr0JIOBOK, OTITUYHBIHM

OT Ha3BaHUA [[OKYMeHTa U IIPeObIOyIINX Bepcuil (KOTOpPhIE HOJXKHEI, €CJIM TaKOBBIE UMEIOTCS, OBITH
yKa3aHHl B pa3uene «HMctopus» [JokyMeHTa) . Bl MOXKeTe MCIIOIb30BaTh TO K€ Ha3BaHUeE, YTO U B
IpenbIAyIleil BEePCUH, eclik lIepBOHaYalbHBIN U3JaTellb 3TOU BEePCUHU HaeT pa3pelueHue. b. Ykaxure

Ha TUTYJIbHOM JINCTE B KaUueCTBEe aBTOPOB OMHO MJIM HECKOJILKO QU3NYECKUX UJIH IOPUONYECKUX JIUII,
OTBETCTBEHHLIX 3a aBTOPCTBO M3MeHeHUN B MommbuIIMPOBaHHON BEPCHUU, a TaKXKe He MeHee ISITU
OCHOBHBIX aBTOPOB J[[oKyMeHTa (BCeX eT0 OCHOBHBIX aBTOPOB, €CJIM OH UMeeT MeHee nsiTu). C. YKaxkure

Ha TUTYJIbLHOM JIUCTE UMS u3gaTenss MooguduiinpoBaHHON BepcuHu B KauecTBe usgarens. D. CoxpaHure
BCe yBegOMJIeHUsT 00 aBTOPCKHX ITpaBax Ha JJokyMeHT. E. [lo6aBbTe COOTBETCTBYIOIIEE YBEIOMIIEHUE

00 aBTOPCKUX ITpaBax [JIs BallllX U3MEHEHUH PSAOOM C IPYTUMHU YBEIOMIIEHUSIMHU 00 aBTOPCKUX ITpaBax.

F. BkntouuTe cpa3y IIOCHe YBemOoMJIeHUM 00 aBTOPCKHX MpaBaX YBEIOMIIEHUE O JUIIEH3WH, maiollee
myOIuYHOe pa3pelleHre Ha UCI0Ib30BaHue MoauduIinpoBaHHOM BEPCUY B COOTBETCTBUM C YCIIOBUSIMHU
HacTosmen JIuen3uu, B GopMe, moka3daHHOU B [Ipunoxkenun Huxe. G. CoxpaHUTe B 9TOM YBEIOMIIEHUH

0 JINLIEH3WH IIOJTHBIE CIIMCKY Hen3MeHsIeMBIX pPa3aeioB U 00513aTeIbHBIX COITPOBOUTEIbHEIX TEKCTOB,
[IPUBENEHHLIX B YBEIOMJIEHUY O TULIEH3UH K [JokyMeHTy. H. BKirounTe HeM3MeHeHHYIO KOIIMIO HaCTosIIen
JInuensuu. 1. CoxpaHuTe pasfesi, o3arjaBiieHHbN «McTopusi», U ero Ha3BaHUe, U 000aBbTE K HEMY
IIYHKT, YKa3bIBAIOUINY KaK MUHUMYM Hal3BaHUe, I'Oll, HOBBEIX aBTOPOB U U3paTenss MoguduiinpoBaHHOM
BEepCHUH, KaK YKa3aHO Ha TUTyJIbHOM jiucTe. Ecnu B [loOKyMeHTe HeT pa3fesia nog Ha3BaHueM "HMctopusa”,
co3faliTe ero, yKkalaB Ha3BaHUe, IO, aBTOPOB U u3naTeisa [JJoKyMeHTa, KaK yKa3aHo Ha ero TUTYJIbHOU
CcTpaHuIle, 3aTeM H00aBbTE 3JIEMEHT, OMHUCHIBAIOIINK MommduIMpoBaHHYI0 BEPCHUI0, KaK yKa3aHO B
mpenbIayIleM ImpeaioxeHuu. J. CoxpaHUTE CETEBOE MECTOIIOIOKEHUE, €CJIM TAKOBOE UMEETCS, yKa3aHHOe
B [loKyMeHTe, Oy TyOIUYHOT0 JOCTYIIa K IPO3pavHol Komnuu [JOKyMeHTa, a TaKXKe CETEBhIe MECTOIIOI0KEeHY
yKa3aHHbBIE B [[OKyMeHTe [JIsI IPeObIAyIIUX BEPCHUil, Ha KOTOPHIX OH OBLII OCHOBaH. MIX MOXKHO pa3MeCTHUTh

B pa3pgerne “"HcTtopus”. Bel MOXKeTe OIIYCTUTh CETEBOE MECTOIIOJIOXKEHUE I MPOU3BEOEHUS, KOTOPOE
OBLI0 OTITYOJIMKOBAHO HE MEHee YeM 3a YeTHIPe T'ofa 0 caMoro JJloKyMeHTa, WX eC/IY ITIepPBOHAaYaIbHBIN
M“3aTenb BEPCHUM, Ha KOTOPYIO OHO CChIJTaeTcs, faeT pa3pemienne. K. B mo6omM pas3merne, o3arjaBIeHHOM
"BrnarogaprocTtu” unu “IlocBsaiieHus”, COXpaHUTe Ha3BaHUe pa3feslia U COXpaHUuTe B HeEM BCIO CYThb U
TOH KaXXIOOT0 13 IPUBEIEHHBIX B HEM O1arofapHOCTEel U/UTY MOCBSAIeHUM yuyacTHUKOB. L. CoxpaHure
BCe Henu3MeHseMble pa3mensl [JokyMeHTa 6e3 nu3MeHeHUH B X TEeKCTe ¥ Ha3BaHUSX. HoMepa pa3mernos
WJIY WX 9KBUBAJIEHTH HE CYUTAIOTCS YaCThIO HAa3BaHUM pa3mesioB. M. Yoanuts 1000 pa3mer, 03arjlaBIeHHbBL
"TlopTBepxkpmeHus”. Takol pa3gesr He MOXKeET OBITh BKIIOYEeH B MomudunmpoBaHHyo Bepcuio. N. He
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IIepenMeHOBLIBaliTE CYIIECTBYIOIIME pa3fentl Kak "IlogTBepxaeHus” 1 He KOHMQIUKTET 10 Ha3BaHUIO
C KaKuM-TH00 HeM3MEeHHEIM Pa3/ieIoM.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary
Sections and contain no material copied from the Document, you may at your option designate some
or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version’s license notice. These titles must be distinct from any other section titles.

You may add a section entitled "Endorsements”, provided it contains nothing but endorsements of
your Modified Version by various parties—for example, statements of peer review or that the text has
been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as
a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by)
any one entity. If the Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you may not add another;
but you may replace the old one, on explicit permission from the previous publisher that added the
old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their
names for publicity for or to assert or imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms
defined in section 4 above for modified versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections
of your combined work in its license notice.

The combined work need only contain one copy of this License, and multiple identical Invariant Sec-
tions may be replaced with a single copy. If there are multiple Invariant Sections with the same name
but different contents, make the title of each such section unique by adding at the end of it, in paren-
theses, the name of the original author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of
the combined work.

In the combination, you must combine any sections entitled "History” in the various original docu-
ments, forming one section entitled “History”; likewise combine any sections entitled “Acknowledge-
ments”, and any sections entitled “Dedications”. You must delete all sections entitled "Endorsements.”

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this Li-
cense, and replace the individual copies of this License in the various documents with a single copy
thatis included in the collection, provided that you follow the rules of this License for verbatim copying
of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this
License, provided you insert a copy of this License into the extracted document, and follow this License
in all other respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or
works, in or on a volume of a storage or distribution medium, does not as a whole count as a Modified
Version of the Document, provided no compilation copyright is claimed for the compilation. Such a
compilation is called an “aggregate”, and this License does not apply to the other self-contained works
thus compiled with the Document, on account of their being thus compiled, if they are not themselves
derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if
the Document is less than one quarter of the entire aggregate, the Document’s Cover Texts may be
placed on covers that surround only the Document within the aggregate. Otherwise they must appear
on covers around the whole aggregate.
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8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document
under the terms of section 4. Replacing Invariant Sections with translations requires special permis-
sion from their copyright holders, but you may include translations of some or all Invariant Sections
in addition to the original versions of these Invariant Sections. You may include a translation of
this License provided that you also include the original English version of this License. In case of a
disagreement between the translation and the original English version of this License, the original
English version will prevail.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for
under this License. Any other attempt to copy, modify, sublicense or distribute the Document is void,
and will automatically terminate your rights under this License. However, parties who have received
copies, or rights, from you under this License will not have their licenses terminated so long as such
parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation
License from time to time. Such new versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns. See https://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that
a particular numbered version of this License ”or any later version” applies to it, you have the option
of following the terms and conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the Document does not specify
a version number of this License, you may choose any version ever published (not as a draft) by the
Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document
and put the following copyright and license notices just after the title page:

Copyright (c) YEAR YOUR NAME. Permission is granted to copy, distribute and/or modify this doc-
ument under the terms of the GNU Free Documentation License, Version 1.1 or any later version
published by the Free Software Foundation; with the Invariant Sections being LIST THEIR TITLES,
with the Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST. A copy of the license
is included in the section entitled “"GNU Free Documentation License”.

If you have no Invariant Sections, write “with no Invariant Sections” instead of saying which ones
are invariant. If you have no Front-Cover Texts, write “no Front-Cover Texts” instead of "Front-Cover
Texts being LIST”; likewise for Back-Cover Texts.

If your document contains nontrivial examples of program code, we recommend releasing these exam-
ples in parallel under your choice of free software license, such as the GNU General Public License,
to permit their use in free software.
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