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REVIEW OF OPEN SOURCE ELECTRONIC DESIGN AUTOMATION SYSTEMS
0.V. Verovko

Electronic design automation system (EDA, ECAD) is a set of software tools to facilitate
the development of electronic devices, creation of microcircuits and circuit boards. Such complex
allows creation of a schematic circuit of the designed device using graphical interface,
development and modification of database of radio-electronic components with verification of the
integrity of the signals.

Modern software packages allow performing the automatic alignment of the elements,
automatic dilution the tracks on the drawing of multilayer PCB by connecting terminals of
radioelectronic components in accordance with the concept. The introduced scheme may be
directly or via an intermediate link file («netlist») converted into a preform designed PCB with
varying degrees of automation.

Electronic design automation systems may have the ability to model the developed device
and research its work before it will be implemented in hardware.

The review of the open source electronic design automation systems intended for the
construction of circuit boards is presented below.

Basically open source electronic design automation systems can be divided into two
groups. First group is represented by programs developed by various companies associated with
the production of circuit boards or selling components. The second group is the set of programs
developed by amateurs.

The most popular representatives of the first group are Express PCB, Pad2Pad and PCB
Avrtist. [1-3] Like many programs of this class, Express PCB, Pad2Pad and PCB Artist are created
to promote the services of their companies and have reasonable limits, consisting in the fact that
as the result we’ll get the project in a proprietary format that can be sent only to a particular
manufacturer of printed circuit boards. However the ability to get printed version of the circuit are
sufficient for many developers.

There is also free ECAD, developed by commercial organization and available for
widespread use. It is s DesignSpark PCB that was proposed by RS Components. [4] Simple and
free registration on the website of the company is required do activate the program. DesignSpark
PCB contains no restrictions on the number of circuit elements or on time of use. In contrast to the
above programs, DesignSpark PCB does not try to bind users to a particular manufacturer and
generates output files in popular industrial formats Gerber, DXF, Excellon, IDF, LPKF. This
program is executed at a very high professional level and includes all the necessary components,
such as schematic editor and editor of printed circuit boards. Using the schematic editor user can
easily paint circuit and connections. The circuit may comprise a plurality of sheets linked together
in a complete project. The functions of auto assembly and autorouting are also available. The
support for popular simulators, such as LTSpice, LSSpice, TopSpice and TINA is implemented in
DesignSpark PCB. The ability to import projects of these programs to create printed circuit boards
is provided for users. Interface of the program includes a specialized calculator, which allows
calculating the track width and the resistance, the optimal current density and the track
temperature increasing.

The most widely used representatives of the second group are gEDA, KiCad and
FreePCB. Each of the presented programs provides the standard set of documentation
sufficient to order the PCB at a third party.

gEDA is a powerful open source EDA, designed to develop electronic circuits and printed
circuit boards, licensed under the GNU GPL. [5] Founded by Ales Hvezda, gEDA runs under
Linux, but some software included in the package, now ported to Windows. Currently geDA
project offers a developed set of free software tools for electronics design, including programs for



circuit design, attributes control, creation of lists of items and netlists in more than twenty
formats, analog and digital simulation and PCB layout design. Using the programs gEDA
it is possible to create printed circuit boards having up to 8 layers (and soon more), with an
unlimited number of components and connections.

KiCad is an open source EDA, developed by Jean-Pierre Charras and licensed under the
GNU GPL that provides ability to develop electronic circuits and printed circuit boards. [6] KiCad
consists of schematic editor Eeschema, editor of PCB Pcbnew and the viewer of Gerber called
Gerbview. Schematic editor provides creation of single-sheet and hierarchical circuits, electrical
rules control (ERC), creation of a netlist for Pcbnew or Spice. PCB editor provides a development
of board containing from 1 to 16 layers of copper and 12 technical layers (silk screen, solder mask
etc), the generation of technological files for PCB and print of layers in the format PostScript.
Gerber viewer allows viewing of Gerber-files.

FreePCB is boards’ editor licensed under the GNU GPL and developed by Allan Wright.
[7] However it is possible to import the netlist in PADS-PCB format of any third-party schematic
editor, such as TinyCAD. In addition, live broadcast of the netlist from simulation Ltspice is also
available. FreePCB have no ability to print, but for this purpose it is possible to use any free
Gerber viewer such as ViewMate. Besides, the latest version of the program allows the export of
PCB layout in graphic files PNG, which can be viewed and printed in a graphics program (eg
Paint). FreePCB supports up to 16 layersallows working with both inch and metric units. PCB
size can be up to 1524 x 1524mm. FreePCB generates output files in the extended Gerber
RS274X format and drill files in the format Excellon. These standard CAM (Computer-aided
manufacturing - an automated system of technological preparation of production) files are the
necessary and sufficient documentation to order printed circuit boards from other producers.

Each of the presented electronic design automation systems provides sufficient
functionality to perform the development of PCB.

References: 1. (2015) ExpressPCB website. [Online]. Available:
http://www.expresspcb.com/ 2.  (2015) Pad2Pad  website.  [Online].  Available:
http://www.pad2pad.com/ 3. (2015) PCB Artist website. [Online]. Available:
http://www.4pch.com/free-pcb-layout-software/index.html 4. (2015) Design Spark website
[Online]. Awvailable:  http://www.rs-online.com/designspark/electronics/ 5. (2015) gplEDA
website [Online]. Available: http://www.gpleda.org/ 6. (2015) KiCadEDA website [Online].
Available:  http://www.kicad-pcb.org 7. (2015) FreePCB website [Online]. Awvailable:
http://www.freepcb.com/

UDC 378.14
ANALYSIS AND COMPARISON OF OPEN SOURCE ELEARNING SYSTEMS

M.V. Verovko
Chernihiv National University of Technology

Due to a high popularity of the eLearning the development of the standards for elearning
systems has been the task of great importance. The first edition of collection of standards and
specifications developed for elearning systems was released in 2004 [1]. It is known as SCORM
(Sharable Content Object Reference Model) and realized based on XML standard. SCORM
includes requirements for the structure of courses and packages of educational material, for the
interaction of content objects and learning management system and for ordering and navigation.
The most widely used elearning systems that support the standard SCORM, are:

- Sakai,
- Moodle;
- ILIAS.



All presented elearning systems are open source software.

Sakai is free educational software platform developed by Sakai Project and distributed
under the Educational Community License, which is the type of open source license. Systems of
such type are often called Course Management Systems (CMS), Learning Management Systems
(LMS) or Virtual Learning Environments (VLE) and can be used for teaching, research and
collaboration [2].

Many of the features typical for course management systems, such as document
distribution, a gradebook, discussion, live chat, assignment uploads, and online testing are
available in Sakai. Additionally Sakai can be used not only as course management system, but
also as a collaborative tool for research and group projects. Current function can be performed by
using of the ability to modify the settings of the tools according to required roles and to change
the privileges of different users. Wiki, mailing list distribution and archiving, and an RSS reader
are also available in Sakai. Depending of requirements the core tools of Sakai can be augmented
with additional modules intended for specific tasks e.g. sites for collaborative projects, teaching
and portfolios.

Open source elearning system Sakai is used in more than 300 EU institutions.

Moodle (Modular Object-Oriented Dynamic Learning Environment) is a flexible open
source learning platform classed as Learning Management System (LMS) or Virtual Learning
Environment (VLE) depending of selected tasks. Moodle can be used as elearning system of
University, Corporate training, School and Other sectors. It also can be used to develop a private
website for dynamic online courses that is available due to realized comprehensive, customizable
and secure learning management features.

As a leading virtual learning environment, Moodle can be used not only in education, but
also in such environments as training, development and business settings. The features of the
Moodle site could be extended by including additional plugins that are available in Moodle
plugins directory. Users of Moodle system have the ability to add their own developed plugins.
TCPDF library that allows the generation of PDF documents from pages are included as default.
Moodle also provides such innovative learning features as calendar and Gradebook.

Moodle supports a set of interoperability features such as:

- authentication, based on LDAP;

- enrollment, based on IMS Enterprise;

- quizzes and quiz questions that allows import/export in a set of formats: GIFT, IMS QTI,
XML and XHTML;

- integration with other Content Management Systems such as Drupal or Joomla.

Moodle is the most popular elearning system that nowadays has a user-base of 53,357
registered sites with 70,129,116 users in 7,840,470 courses in 225 countries [3].

ILIAS is an open source web-based Learning Management System that was one of the
first Learning Management Systems used in universities. ILIAS is the acronym from German title
“Integriertes Lern-, Informations- und Arbeitskooperations-System (Integrated Learning,
Information and Work Cooperation System)”. Current elearning system provides learning content
management and tools for collaboration, communication, evaluation and assessment.

There are a lot of features to develop and conduct online-courses, provided by ILIAS.
ILIAS system also provides abilities to create learning content, offer assessments and exercises,
run surveys and support communication and cooperation among users.

The main feature of ILIAS is usage of concept of Personal Desktop and Repository.
Repository is the basic element of the ILIAS system that consists of all content, courses and other
materials structured in categories and described by metadata. The other key element is Personal
Desktop that represents the individual workspace of each learner, author, tutor and administrator.
The Personal Desktop contains such elements as selected items from the repository, learning tools
(mail, tagging, calendar etc.) and e-portfolio and personal blogs.

Initially developed within the VIRTUS project at University of Cologne ILIAS became
one of the most distributed elearning systems.


https://en.wikipedia.org/wiki/University_of_Cologne

The comparison of the considered open source elearning systems is presented bellow
(Table 1).
Table 1. Comparison of open source elearning systems

Sakai Moodle ILIAS
T Course Management Course Management Learning Management
ype
System System System
Written in Java PhP PhP
) Educational GNU General Public GNU General Public
License ) ) ; -
Community License License License
Operating system Cross-platform Cross-platform Cross-platform
Standard SCORM SCORM SCORM
Ukrainian No Yes Yes
language
Personal desktop Yes Yes Yes
Mobile version No Yes No

Each of the presented systems provides a wide range of abilities to perform learning
process [4]. However the most popular is still Moodle system. But considering the tendency of the
nearest years that the number of Moodle users became lower, the conclusion can be made that the
popularity of other open source elearning systems increased.

Reference: 1. Advanced Distributed Learning (ADL), Sharable Content Object Reference
Model (SCORM®) 2004 2nd Edition. Overview, 2004. 2. Michael Korcuska, Alan Mark Berg.
Sakai Courseware Management: The Official Guide (1st ed.). Packt Publishing. — 2009 - p. 504.
3. (2015) Moodle website. [Online]. Available: https://moodle.net/stats/ 4. V.V. Kazymyr, M.V.
Tevkun, I.S. Posadska, O.P. Drozd. “Methods of collection data to evaluate the quality of distance
learning system”.BicHuk YepHIriBCHKOTO JEP:KABHOIO TEXHOJOTIYHOIO YHIBEpCHUTETY: 30. HayK.
npaie. — Yepniris: YHTY, — 2013.— Ne 69. — C. 144-153.

VJIK 004.716
BUKOPUCTAHHS MOJYJISI ESP8266 Y BEYJIOBAHHUX CUCTEMAX

Kpusa M., Porosenxko A.l.
YepHniciecbkuii HAYioHANbHUL MEXHONI02TYHUIL YHIgepcumem, YKkpaina

3 pO3BUTKOM BOYJOBAHHUX CHCTEM, IOCTAaBaJIO MUTAHHSA MpPO JACLEHTpaNi3aliio BY3JiB
CHCTEM, 3 3B’SI3Ky 3 THM I00 KOKEH BY30J1 CHCTEMH MPAIfOBAB aBTOHOMHO 1 HE 3ajieXaB BiJ
iHmux. Tomy 3apa3 icHye OaraTo amapaTHUX pillleHb JJIs BUPIIIEHHS IbOro nmuTaHHa. OIuH i3
HUX € BUKOPHCTaHHs 0e37poToBoi TexHojoril nepenadi ganux — WiFi. IcHye 6araro pimienp Ha
PHHKY, L0 JI03BOJIIIOTH BUKOPHCTOBYBATH 110 TEXHOJIOTiI0 Y BOYJJOBAaHUX CHUCTEMax, ajie Maibke
BCl 3 HUX MalOTh BEJIMKY BapTICTh, TOMY Iepexis A0 0e3IpOoTOBOro CHocoOy mepenaadi JaHUX
YTOBIIBHIOETHCS.

Monyns ESP8266 — e anmapatHO-mporpaMHa turatgopma cxema sIKOro BKIIOYae B coOi
32-6iTHuit MikpokoHTposep cimeiictBa Xtensa — Tensilica’s L106 Diamond series 3i cBoim
Habopom GPIO, B Tomy umcmi i SPl, UART Ta 12C, dnem-mam'ste Ta kBapi. DyHKIiOHATbHA
cxema MIKpOKOHTpoJiepa 300pakeHa Ha pucyHKY 1. B xonTponep BOynoBanuii Bnacuuii TCP/IP
CTeK Ta € amapaTHa MATPHUMKa mporokoay mnepemaui WIFi, 1o 103Bosisse BUKOPHUCTOBYBATH
MOIyJdb sl OOMIHY AaHMMHU HANpHUKIa] MDK KIIEHTOM Ta JaTYMKaMU pPyXy, TeMIepaTypH,
nepecyBaHHs Ta THITUMHU.
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Puc. dysaknionansHa cxema moyist ESP8266

3aBasku CBOiM HM3BbKIA 1iHi, ESP8266 Mo)ke BHCTymatTh KOHKYPEHTOM Ui TaKuX
anayorie sk CC3000 Ta MTK7681. Monayne mae BrnacHuii SDK, mo mo3Boiisie camocTiitHO
BUKOPHUCTOBYBaTH YBECh IOTEHLIAN IUIATPOPMHM, LUISIXOM HAMUCAHHS OCOOMCTOI IMPOIIMBKH.
Hanpuknan: BucTynatu B SIKOCTI TOYKH Aoctymy abo kimientom y WIiFI mepexi, kepyBaHHsS
nepudepiiHUMU TPUCTPOSMHU IO MiAKIIOYEHI 0 MOPTIB BBOIY/BUBOLY.

SDK nammucana Ha MOBI mporpamyBaHHs — C, IO € Ay)X€ BOXIUBUM JUIsI KEPYBaHHSIM
II’aMATIO KOHTpoJIepa.

ESP8266 wmoxe BukopucroByBatucs sk UART-WIiFi, mnepexigauk. To0Tto
BUKOPHUCTOBYBaTH MOJYJIb MOKHA SIK 30BHIIIHINA HPUCTPid A Oynb-SKOro MIKpOKOHTpoOJepa,
sxuii miarpumye intepdeiic oominy nanuvu UART, 3 MeToro KepyBaHHS pOOOTOI0 HOTO POOOTOIO
yepe3 TepMiHal.

OxpiM MOXJIMBOCTI HAaIlMCaHHS BJIACHUX NPOIIMBOK I MOIYJS, ICHYIOTh HEOQILIHHI
NpPOIIMBKM, IO JIO3BOJSAIOTH NHCATH MporpamHe 3a0esmedeHHs g ESP8266 Ha MmoBax
nporpamyBanss sk Python (MicroPython) ta Lua (NodeMCU, NodelLua). Ane ix BUKOpHCTaHHS
€ paliOHAJbHUM JIMLIY Y BHIIAJKaX HEBEIUKUX MPOEKTIB. Y BHIAAKY CKJIATHHUX IPOEKTIB,
noBoaUThCS KopuctyBarucs odiniiaum SDK, 60 cam moxyns mictuth umie 40k6 RAM.

Odiuitnnit  SDK  Bkmouae B cebe miarpumMky MQTT — mnporokony oOMiHY
noBiomseHasiMu 1o TCP/IP, B HamioMy BHIAAKy, MK CEPBEpPOM Ta MPHCTPOEM, IO JIA€
MOJKJIMBICTh HaJCHIATH JaHi 3 mpuctpoiB a0 xmapu. Kpim Toro, SDK Hamgae MOXIHMBICTBH
3anyucyBaTH BJAacHI JaHl 10 (iem-namMsaTi MOAyJs, IUISIXOM 3alucy KOHCTAHT JI0 CEKIli JaHUX.
Ane nns cupolleHHs poOOTH 3 (aiIoBOI0 CHCTEMOIO, Ha MpakTulli BUKopucToByeThess SPIFFS
(SPI Flash File System), mo Hamae 3Mory CTBOpIOBaTH Ta KepyBaTH (ainamu B (aitioBiid
cucreMi, sk 31 3Buuaiinumu ¢aiiamu B MmoBi C (fopen, fwire, fread).

Ane nmns moOynoBH CKJIAJHUX CHUCTEM AaBTOMATH3allii Ta KEpyBaHHSA, Ha TPAKTHIII,
BUKOPHUCTOBYIOTh 30BHIILIHINA KOHTpoOJep, K cepBep Uil oOpoOku nanux, a ESP8266 — sx
nepeaasayd iHopmMarrii 70 11boro ceppepa. Lle mos’sa3aHo0 3 THM, 10 TOCTIKYBAaHUA MOIY/Th Ma€e
HE BEJIMKY MPOAYKTUBHICTb, IO BIJJHOIICHHIO 0 KOHTPOJIEPIB, IO CIELiali3yIOThCsl Ha 00poOIi
iHpopmamii. Tomy y Oimbimocti Bunaakax, ESP8266 e mmme croco6om TOCWIIaHHS JaHUX 0
LEHTPaJIi30BaHOi cucTeMH 00poOKM aHuX, a He moBHOILIHHUM TCP cepBepom. Kpim Toro, yacto
3aCTOCOBYEThCS TPaKTHKa TinkaroueHHs ESP8266 no 3oBHinmHboro kontposepa sk UART-WIiFi
MICT, 3 METOI0 KEpPYBaHHSIM CHUCTEMOIO BiJaJieHO, ab0 JUIsl OTPUMAaHHS/IepeaaBaHHs MEBHUX
TaHUX Yepe3 MEPEeKy.

Monayns ESP8266, 3a 3aMoBUYyBaHHM, MIATPUMYE crociO kepyBaHHs yepe3 AT-komaHau,
10 nojarwTbesd Ha Hporo uepe3 UART inTepdeiic. Lle nae 3mMory Bifjpa3y BUKOPUCTOBYBATH YBECh
noTeHIian Moxyis. B 3amexxHocTi Bia Bepcii 3aBOACHKOro mporpaMHoro 3abesmeudeHHs, AT-

KOMaH/IM MOXYTh 3MiHIOBaTHUCh. Ha maHWii MOMEHT akTyaslbHOIO Bepciero AT-koMmanm ist
ESP8266 ¢ 0.22.



Takum 4MHOM, MOXHA BiAMITUTH, 110 BUKOPUCTaHHS IPOTPaMHO-aNNapaTHOI miaTGopmu
ESP8266 y cyuacHux BOyIOBaHHMX CHCTEMax € JyKe NEPCICKTUBHUM. 3aBASKHA CBOIH BapTOCTI Ta
JOCTYITHOCTI, BOY/IOBaHI CUCTEMH MOYKHA MEPEBECTH HA CyYaCHHUU PIBEHb, IUISIXOM MEPEXOy 31
3BUYAMHUX METOIB Tepeaadi iHdopMmarii 1mo pajaiokaHaiaM, A0 CYYacHHMX METOIB Tepeaadi
iH(opMaLii 70 KOMIT IOTEPHUX MEPEX.

Cnucox BHKOPHCTAHHUX JuKepe: 1. Peoicum JOCTYILy:
http://esp8266.ru/download/esp8266-doc/4B-AT-Espressif AT_Command_Examples_v0.4.pdf.
2. Pesicum noctymy: http://habrahabr.ru/company/coolrf/blog/238443/. 3. Tauenbaym E.
Komm’rorepni mepesxi / Tanenbaym E. — Cu6: ITutep, 2003. — 992 c.
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MMPOT'PAMMHBIN KOMILIEKC ®OPMUPOBAHUS ITPOT'PAMM ITEPEJIAY JIJISI
TEJEBU3UOHHbBIX KAHAJIOB.

Bpy0OneBckuii A.B.
Yeprueosckuii HAYUOHANbHBIL MEXHON02UYECKU YHUBepcUumem

B Hactosmee Bpemsi y KakIOro KaHajla €CTb CBOSI Tesenmporpamma. lcmonp3oBaHue
TeJenporpaMMbl 00YCIIOBICHO T€M, YTO OHA CYIIECTBEHHO 00JIeryaer >Ku3Hb 4eJI0BeKa, IPU STOM
YeJIOBEK BOJICH PACCUUTATh CBOE BpEMs ISl IPOCMOTpPa HY)KHOU emy Tenenepenadn. KonmdectBo
KOTOPOM YBENWYMBAETCS C KXKIBIM TofoM. B xoxe paboTsl ObUIM MpoaHATH3UPOBAHBI pa3HbIE
CHCTEMBI BEO-TIayKOB ISl TIOTY4YEHUS HY)KHOM HaM HH(OpMAIUK 0 Tejenepeaadax.

Beb-nayx — 310 mporpamMma, «rosnsaromas» no MHTepHeTy ompeneneHHbIM 00pa3oM U C
onpezaeneHHol uenbto. Llenp MoxeT cocToATh B cOope uHGOpMalMM WIM B NOHUMAHUU
CTPYKTYpbI Kakoro-nmubo Web-caiita u ero mosnesHoctu. Ha mpumMeHeHUM MayKoB OCHOBaHbBI
COBpPEMEHHBIC TIOMCKOBBIC MalIMHBI, Takue kak Google n Yandex. Takue nmayku aBTOMAaTHYECKH
U3BJEKAlOT JaHHble u3 Web-caiita uW mepemaloT HUX JAPYIMM HPUIIOKEHHUSM, KOTOpHIE
WH/IEKCUPYIOT KOHTEHT dToro Web-caiita ¢ menbio (QopMupoBaHHS HamiIydmero Hadbopa
MOMCKOBBIX TEPMHUHOB.[1]

JlanHblii BeO-mayk ObLI HamMcaH mocpeacTBoM oubarnoreku SeleniumWebdriver, kotopyio
YaCcTO UCMOJIb3YIOT IPU MAPCUHTE CaliTOB

Selenium WebDriver, wiu npocto WebDriver — sto npaiiBep Opay3epa, TO eCTb He
UMEIOIasi T0JIb30BaTeNIbCKOr0 HHTepdeiica mporpaMMHas OMOIMOTEKa, KOTOpas MO3BOJSET
Pa3IMYHBIM JIPYTHM MIPOrpaMMaM B3aMMOJEHWCTBOBATEH C Opay3epoM, YIIPABISATE €ro OBEJICHHUEM,
NoJy4aTh OT Opay3epa Kakue-TO JaHHBIE M 3aCTaBJIATh Opay3ep BBINOIHATh KaKUE-TO KOMAaH/IbI.
ITo cBoeii cymroctu Selenium WebDriver npencragisier co0oii: crenuuKaiuo mporpaMMHOTO
uHTepdeiica ans ynpasineHus Opay3epoM, pedepeHCHble peanu3aluud 3Toro MHTepdeiica s
HECKOJIBKUX Opay3epoB, HAOOP KIMEHTCKUX OMOIMOTEK MJisi 3TOro MHTepderica Ha HECKOJIBKUX
SI3BIKaX MPOrpaMMHUPOBaHUs. [2]

C npaitBepoM TONB30BaTeNM He paboTaroT HemocpencTBeHHo. OHU  paboTaroT C
NPUKIIAJAHBIMUA TPOrpaMMaMH, KOTOPBIE, TOCPECTBOM ApailBEpOB, B3aUMOACUCTBYIOT C TEMU WIH
WHBIMU ycTpoicTBaMu. JlpaiiBep HEe WMeeT MOJIb30BaTeIbCKOro MHTepderica. JlpaiiBep mmMeer
TOJIbKO MPOrpaMMHBIM MHTEpdelic, ero Ha3HaYeHHe COCTOMT B TOM, 4YTOOBI JaTh BO3MOXKHOCTb
MPUKJIATHBIM TTOJTB30BATEIBCKUM MTPOTpPaMMaM B3aUMOJICHCTBOBATH C YCTPOHCTBOM.

Be6-nayk oOpabarbiBaeT MH(OpMAIMIO C caiiTa MO0 HY)XHBIM KPUTEPHUSM, TOECTb MOKHO
YCTaHOBUTH, MO0 KAKOM JlaTe HyKHa TeJIePOrpaMMa, YCTAHOBUTh PYOPHUKY HYKHBIX TEJIEKaHAJIOB,
YCTaHOBUTH HYXKHO JIM MTAPCUTH JaHHBIC OMICAHUS TeJeTnepeaadn Uiu TOJbKO Ha3BaHUE U BpeMs,
0e3 ATUX JaHHBIX COOp MHGPOPMAIMK MPOXOAUT 3HAYUTEIBHO OBICTpEE, MO MPUYUHE TOTO, YTO
OTMCAHMs TeNenepeaay HaXoIATCsl Ha OTACNbHBIX CTPAHUIAX, M UX TOTJA Mapcep MOJHKEH TOXe



00xoauTh. U emie y HEKOTOPBIX Mepeaayd OMUCaHUs HET, U TOITOMY IPU 00paboTke HH(pOopMaIUu
OH TIApCUT JaHHbIe 03 HH(OopMaIK O Tenenepeaadax.

MOo’KHO YCTaHOBUTH Opay3ep, 4epe3 KOTOPhIid OyIeT oCyIIeCTBIAThCS cOOp MHPOpMAIUH.
ITo ymouaHuio BRIOpaH KOHCOJIbHBIN, JIETKHI 1 OBICTPBIN Opay3ep PhantomJS, on npeaHasHaucH
CTELUAIBHO JUIS TApCUHTA.

Phantomjs — aTo Bo3moxHOCTh pabotath ¢ WebKit u3 koHcoau ucmons3ys JavaScript u
0e3 Opaysepa.[3]

Taxke B HaCTpOMKax yCTaHABJIMBAaeTCS CpOKa IMOAKIIOYCHHS K 0Oasze, Tak, KaKk OHa
U3MEHSETCS B 3aBUCHUMOCTH OT TOro 0a3a JISKUT B MECTE C MporpamMMoii wim sxe Ha Sgl server u
umenu Sgl server.

JlaHHBI TPOEKT HAXOOUTCA B CTaaud pa3pabOTKM W TIOITOMY €My HE JOCTYIEeH
HEKOTOPBIH (DYHKIIMOHAN KakK y APYrux BeO-maykoB. OH MOKET OBITh yJydYIlleH, IMOCPEJICTBOM
n00aBlIeHUs] HECKOJNBKUX CANTOB sl mapcuHra[4], yiaydlIeHHeM BH3YyallbHOTO HHTepderica,
pacimpeHreM pyoOpHK JJIsl TApCUHTA U T.11.

Cnucok UCnoJib30BaHHBIX HCTOYHHKOB: 1. BeO-nayk: [anekTponHbIii pecypc]. — Pesxum
noctyna: http://www.ibm.com/developerworks/ru/library/l-spider/ 2. Selenium webdriver:
[>nexTponnbIit pecypc]. — Pexxum goctyma: http://habrahabr.ru/post/152971/ 3. KoHconbHbI#
Opay3sep s napcuara Phantomjs [anekTponnsiii pecypc]. — Pexum goctymna
http://phantomjs.org/ 4. B3risa Ha cailT riia3amMu IIOMCKOBOTO poboTa: [3JeKTpoHHbIH pecypc]. —
Pexxum noctyna: http://vitod.ru/statiy/vzglyad-na-sajt-glazami-poiskovogo-robota.htmi

VIIK 004.5

PO3POBKA ANDROID-TOJATKY JJI51 B3BAEMO/II 3 CEPBEPHOIO YACTUHOIO
CHCTEMM KEPYBAHHS MATPYJIAMM TOBPOBLILHOI HAPOJIHOI APYKUHA

Mocrinan A. B.
cmyoenm 3-20 kypcy Crnagymuyvkoi ¢inia Hayionanvnozco mexuiunozo ynieepcumemy Yxpainu
«Kuiscoxuu nonimexniunuu incmunmympy
HaykoBuil kepiBHuK: CaBesibeB M. B., ct. Buknagau CO HTYY «KIII»

IloctanoBka mnpodjemMu y 3arajbHoMy BHLIAAl. OCTaHHIM dYacoMm, y 3B’S3Ky 3
MIJBUIIEHHSIM KPUMIHAJIBHOTO PIBHS Ha TepuUTOpli YKpaiHu Bce OLIbIIOI aKTyaJIbHOCTI HaOyBae
npobjemMa MiJBUIIEHHS 0e3[1eKH MUPHOTO HACeNeHHs. Y 3B’S3Ky 3 LIUM, BUHUKAE HEOOXIIHICTh Yy
MIJBUIIEHH] SKOCTI Ta Pe3yJIbTaTUBHOCTI pOOOTH MPAaBOOXOPOHHHUX OPIaHIB.

AHagi3 ocraHHiX AochilzkeHb i myOJikauiii. BupimeHHSM Takoro MNUTaHHS BXKe
3aiiMarnacsi MOCKOBCbKa KoMmaHisi «M2M TenemaTuka» Ha 3aMOBJIEHHS MIChKOi Biiagu MockBH, y
HanpsMKy 3a0e3MeueHHs] CIEUTPAHCIOPTHUX 3aco0iB MiApo3aiaiB MiHiCTepcTBa BHYTPIIIHIX
cnpas (MBC).

BujineHHsi HeBHMpilIeHMX paHille 4YacTHH 3arajbHoi mnpolJgemu. 3a3HaycHa
MOCKOBCbKa KOMIIaHisl IPONOHYBajla BUKOPHUCTOBYBATH CHUCTEMY YIpPaBIIHHS MOOUIBHUMU
HiApo3/iIaMi 32 YMOBH, IO HaBiramiiHi MmpucTpoi OyAyThb pO3MIllleHHI Oe3locepeHbo B
aBTOTPAaHCHOPTHUX 3acobax migpo3ainiB MBC. Opnak, BOHa He po3Iisijiana MOXIIMBICTh
BUKOPHUCTAaHHS IIMX 3aco0iB Oe3nocepennbo npenctaBHukaMu MBC ta 100poBiIbHOIO HAPOIHOIO
apyxuHoto (JJHI). Tomy MeTa Hammoro mpoekTy MnoJisirae y po3po0iii mporpaMHoro 3ade3neueHHs
aBTOMATH30BaHO1 CUCTEMH KepyBaHHA MoOUTbHUMH naTpyisimu (CKMIT) noGpoBiibHOT HApOAHOT
APY>KUHH, Ha 1110 HE BKa3yBaJIM MOMEPEIHI JOCIITHUKH.

Buxaan ocHoBHoro marepiaay. s po3B’si3aHHS 3a3HadeHOi TpoOieMu HaMu OyIio
BupimeHo crBoputd CKMII maTpynabHO-OcTOBOT  cioyxOu. 3ampormoHOBaHA CHUCTEMa
nepeabavana peanizamiro TPOEKTY Ha OCHOBI KIIIEHT-CEpBEpHOI apxiTekTypu. KiieHTchka
CKJIaJI0Ba SIBJIsIE COOOK0 MOOLTBHUMN JOAATOK IS orepaiiiinoi cuctemu Android.

10


http://www.ibm.com/developerworks/ru/library/l-spider/

OcHoBHa i11es MOOUIBHOTO JOAATKY MOJIATAE B TOMY, L0 NATPYJIbHUM, IKUH BUKOPHCTOBYE
MOOUTBHHUI-T0aTOK, MIATPUMYE 3B'SI30K 3 KOMaHIHUM IIEHTPOM, IMOBIIOMJISIIOUM HOMY MPO CBIii
CTaH Ta OTPUMYE KOOpAWHATH Micis mnofii. [laTpynbHMIA TakoX MOKe Oa4UTH aBTOMATHYHO
BCTAaHOBJIEHUH ONTUMAIbHUM MapIIpyT A0 OTPUMAHOTO MICLIS.

[Ipu cTBOpeHHI MOOUIBHOTO TOJATKY, MMOCTANIO0 MUTAHHA Y BUOOPI OmepariiiHoi CuCTeMu
Ha sAKid BiH Oyzae peanmizoBaHuW. 3apa3 y CBITI ICHYI0O TpW HaWBIIOMINII Ta HIMPOKO
PO3TMOBCIOKEHI ONepalliifHi CUCTeMH 7151 MOOUIBHUX MPUCTPOIB:

— Android,

— 10S;

— Windows Phone.

Hamu Gysno o6pano came Android 3 ormsimy Ha Te, 1110 JiaHa omepalliifHa ciucTemMa 3aiiMae
O1TBIITY YaCTHHY CBITOBOI'O PUHKY Ta Ma€ HACTYITHI MIEpeBary MOPiBHIHHI 3 1HIITUMU:

— BIAKPHTICTH TUTAT(HOPMHU — 1[0 HAJIAE MOXKIIUBICTh JIETKOTO CTBOPEHHS JOJIATKiB;

— TOPIBHSHO HU3bKA I[iHA HAa MPUCTPOT, SIKi BAKOPUCTOBYIOThH JJaHy OIEpalliiiHy CUCTEMY.

Tox MOOLTBHMIA 1OJATOK CTBOPEHO Ha Oasi omepamiinoi cuctemu Android, sika, B CBOIO
yepry, nepeadayae BUKOPUCTaHHS 00’ €KTHO-OPIEHTOBAHOI MOBHM mporpamyBaHHs Java[l] Ta
po3umpenoi MmoBu po3mitku XML. [[nst peanizariii oOMiHy TaHUMHU MK MOOUTBHUM JTOaTKOM Ta
cepBepoM OyB BUKOPUCTaHHIA TeKCTOBUI GopmaT oominy nanumu JSSON[2].

Hwxkue naBeneno sumoru g0 Android momatky: 1) MOXIIMBICTH 3B SI3KY 3 CEPBEPOM ISt
OOMiHY JaHMMHU Ta KOOpAMHATAMU MICLIE3HAXO/KEHHS MOOUIHHOTO MPHUCTPOIO; 2) CHOBIIICHHS
CTaHy MOOUTBPHOTO MHaTpyiio; 3) BimoOpakeHHS Ha KapTi MPHUCTPii, HA SIKOMY BCTAHOBIICHO
IoNaToK;  4) Bi3yamizalliss OTPUMaHMX KOOpAMHAT TMOMAIA Ta MapHipyry [0 HHX;
5) MOKyMEHTYBaHHsI HEOOX1THUX JaHUX; 6) CTBOPCHHS IPOTOKOITY PABOIIOPYIIICHb.

Bukopucranns kapte Ha omepaitiiiHii cuctemi Android MoXuBe 3aBISKH 0OpaHOMY
cepsicy Google Maps, a came inTepdeiicy mporpamyBants goaatkiB «Google Maps Android API
v2» [3]. OcraHHiii [103BOJIsIE aBTOMATHYHO OTPUMYBATH AOCTyH 10 cepBepy kapt Google,
3aBaHTaXXyBaTH Ta BiOOOpakaTW KapTH, MAaHINYJIOBaTH KapTorpadiyHUM 300pa)KeHHSM,
NOKa3yBaTH 30epekeHi KOOPAMHATH Y BUIJIAII OKPEMHUX TOUYOK 3 HA3BOIO Ta OITMCOM.

Ha nanomy erami mpoekry, sikuil moB’s3aHui 3 po3poOkoto Android-gomarky, Baamocs
peamizyBatu: 1) 38’530k 3 «BeO-10JaTKOM» ; 2) Bi3yaii3allilo Ha KapTi MOOUIBHOTO MPUCTPOIO; 3)
BI3yalTi3alliio OTPUMaHUX KOOPJUHAT MICIA MOAIN Ta MapUIPYTy 10 HUX.

Taxuit miaxin 1o peanizallii MPOEKTy €, Ha HAII MOTJIsA, €hEeKTUBHUM, OCKIJIbKU BiH Ha/ae
MOJKJIMBICTh JUCIETUYEPY BIJICIIIKOBYBATH MICLIE3HAXOKEHHS YCIX MaTPYIbHUX, TA BIATIPABIATH
naTpyJabHMX Ha 3aBAaHHsA uepe3 Kaprorpadiunuii cepic. Jlucmeruep Takoxk Moxke
BIJIC/IIIKOBYBAaTH KUIBKICTh IpABOMOPYLIEHb Yy MICTI, Ta MapLIPyTH MNaTPYJIbHHUX, CKJIaJaTh
ONTUMAaJIbHI MApIIPYTH 10 MyHKTY MPU3HAUEHHS MaTPyJIbHOTO.

BucHoBKM Ta mepcneKTHBHU NMOAAJBIIMX A0CTigxkeHb. Ha manomy erami poGotu Han
IPOEKTOM CTBOPEHO MPOTOTHII MPOrPAMHOTO KOMIUIEKCY, SKUH TMOTpedye OuIbII TOYHOIO
OTpAIfOBaHHS CHeNM(IUHUX JeTanel, fKi MOBHMHHI OyTHM BHM3HAU€HI B pe3yJbTaTl B3aeMOJIl
PO3pOOHMKIB 13 MpPEJCTaBHUKAMHU OpraHiB NpaBomopsaaky. Ha Hamry aymky, 3amporioHOBaHa
CUCTEMa CIIPOLIy€e poOOTy 10OPOBUILHOT HAPOAHOI APYKUHU, OCKUIBKH Ma€ TaKi MepeBaru:

— JI03BOJISIE 1I3HATUCS HAMKOPOTIIUI MapUIpyT Ta TOYHE Miclle, KyAH HEOOXiHO MpoiTH
naTpyIbHOMY;

— 1pu 0QOpPMIICHHI IPABONOPYILIEHh MOKHA JIETIIE 3allOBHIOBATH BCl popMHU Ta OIaHKH,
ABTOMATHYHO T€HEPYBATH 3BiTH MPO MPaBOMOPYIIECHHS, 0 MPU3BOIANUTH J0 3MEHIIECHHS 00CATIB
PYKONMCHUX 3BITIB;

— npu OoQOpPMIIEHHI NPAaBOMOPYIIEHHS, 10 OJaHKy MOXHa JonaTd ¢GoTo Ta BiJEO
marepiany.

Takum uywmHOM, po3poOiieHa cucTeMa Mae BaroMe NpPaKTHYHE 3HAYEHHS, OCKUIBKH
CHpsSIMOBaHA Ha JJOTIOMOTY Ta oNTUMi3alito podotu ciiBpobitHukiB MBC Ta JTH/I.

OO6panuii yacTHA MPOEKTY MOTPeOy€E MOMATBIIOT0 JOCTIIKEHHS, OCKUIBKH €(EKTUBHICTh
fioro peamizalii Ha MpakTULi nepeadayae BUBYEHHS OCOOJIMBOCTEH KapTorpadii, KOMIT I0TepHOi
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00poOkKM BenmuKuxX 00csriB iH(opMmarii Ta NPOBEACHHS MOHITOPUHTY CTaTHUCTUYHUX JAHHUX
IIPABOIIOPYIICHb.

Cnucok BukopucTanux mxepen: 1. «Java Book». — [Enextponnuii pecype]. — Pesxkum
noctyny: http://www.java2s.com/Book/Java 2. «JSON». — [Enektponnuii pecypc]. — Pexum
noctymy: http://www.json.org/ 3.«Google Developersy.— [Emexrponnmii pecypc]. — Pexum
nocrymy: https://developers.google.com/maps/documentation/android

VK 004.451.33
OTKPBITHII CBOPIIIUK MYCOPA BOEHM GC JIJIAI I3BIKOB C/C++

Typ I.H.
Yeprueo8ckuti HAYUOHATLHBIL MEXHOI02UHECKULL YHUBEPCUM e

Jlns S3BbIKOB MPOTPaMMHUPOBAaHUSA C PYYHBIM YIPABICHUEM MaMATHIO XapaKTEPHBIMHU
SIBJIITFOTCST OIIIMOKHU npu pa60Te C NaMATBIO, TAKUC KaK YTCUKHU IIaMsATH, UCIIOJIb30BAHUC IaMATHU
mociie ee OCBOOOXKIeHUs U mpouue. PemeHneMm MaHHOW TPOOJIEMBI SIBISETCS HCIOIb30BaHHE
COOPIIMKOB Mycopa MO0 MOACYET CChUTOK Ha OOBEKTHI.

s pemieHust mpoOieM pydHOro yIpaBleHUs MaMaTbio pu padote ¢ s3bikamu C u C++,
ObuT co3man cOopmuk mMycopa Boehm GC. COopmuk mycopa pacnpoCTpaHsSeTcs CBOOOIHO U
ABIISIETCS KpOCIIAaT(OPMEHHBIM, OH MOXET paldoTaTh Ha OOJBIIMHCTBE CHCTEM KOTOpHIE
MOAACPKUBAKOT BUPTYAJIbHYIO ITAMSATD.

Jannsiit cOopmmk Mycopa B cBoeil pabore ucmonb3yeT anroput™m Mark-sweep. Unes
QITOPUTMA 3aKJIIOYASTCS B TOM, YTO BCS Kyda MPEICTABISACTCS KaK rpad, €clii K HEKOTOPOMY
ONOKYy MaMsITH HE CYIIECTBYET MyTh B rpade oT ykazarens Ha CTEKe, TO JaHHBIA OIOK MOXXHO
OCBO60)KI[&TI), IMOCKOJIBKY OH YK€ HC MCIIOJB3YCTCA U ABIACTCA HEAOCTHIKUMBIM. HpI/I AKTHUBaIIun
cOopmuk paboTaeT B /1Ba dTana. B mepBoM OH OTMeYaeT Bce JOCTHKUMBIE OOBEKTHI, BO BTOPOM
JTamne ajapeca BCeX HEAOCTIKUMBIX OJIOKOB MaMSITH MOMEIIAIOTCS B CIIUCOK CBOOOIHBIX OJIOKOB
namsaTu. HauGomnpIeil TpyIHOCTBIO MPHU 3TOM SIBISIETCS HAXOXKJICHUE YyKa3arelel Ha CTeKe U B
OJ0Kax MaMATH, MOCKOJbKY B s3blkax C m CH++ HeT pa3HHLBl MEXAY yKazaTeslssMHU M YHCIaMU.
AnroputM paboThl cOOpIIMKA Mycopa SIBISE€TCA HE KOMUPYIOIIMM, YTO MPUBOIUT K TaKOMY
SABJICHUKO KakK (bparMeHTaum[ Ky4dH, 4YTO SBJIACTCA HpI/I‘-II/IHOI\/’I naacHuss MpOU3BOAUTCIIBHOCTH
MocCJie JJIMTENHHOTO BPEMEHU PadOThHI MPOTPaMMBL.

___._.—-—-- L~ > V

/ a

12345678

Puc. Cmpyxkmypa Kyyu u cmexa npu nepgom smane cOopku mycopa
COopmuk Mycopa uMmeer aBa unrepdeiica onun s C, npyroit st C++. Unrtepdeiic ans
a3plka C  sABIsSIETCS MpPENeNbHO MPOCTBIM, M MHUIHMAIU3ALUKM  HUCIONb3yeTcs  (DyHKIMS
GC _INIT(), mns Beimenenus mamsité GC _MALLOC(). Ilamate MOXHO Takke OCBOOOIUTH
Bpyunyto ucnonb3yss GC FREE(), HoO 3auacTyro 3T0 HeHYXHO. Takke CyIecTBYIOT (PYHKIIUHU IS
peructpanyu (GUHATU3ATOPOB — (YHKLUUH KOTOpBIC BBI3BIBAIOTCS IMPH OCBOOOXKICHHUU OJIOKa
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MaMATH.

Nutepdeiic s s3pika CH+ sBisieTcss MeHee TpUBHAIbHBIM. OCHOBHOW NMPUYUHOMN 3TOTO
SIBIISIETCSl TIPUCYTCTBHUE JIECTPYKTOPOB B si3bike C++. COOpIIMK Mycopa HE MOXET 00ECIICYUTh
€CTECTBEHHBIN MOPSAIOK BbI30Ba JACCTPYKTOPOB, Kak Obl MX BBI3bIBAJ CaM MpOrpamMMHCT. Takke
JECTPYKTOP MOXKET OBITh BBI3BaH CITYCTSI HEOTPEACIEHHOE BPEMsI MTOCIIE TOTO KaK OOBEKT BBIIIEI
U3 00J1aCTH BUIUMOCTH, YTO MOXKET IPUBECTHU 3a/I€P>KKE OCBOOOXKIEHUS PECYPCOB OIEPAlMOHHOM
CUCTEMBI, TaKMX KakK (ailIoBbIe AECKPUITOPHI, IPUMUTHBBI CHHXPOHU3ALUU U TIpounx. [Toatomy
PEKOMEHYETCSI BBIHOCUTH MOJOOHYIO JIOTHKY M3 AECTPYKTOPOB, YTO MPOTUBOPEUUT OCHOBHOMU
nauome C++ RAIL

Taxoke maHHBIN cOOPIIMK Mycopa MO3BOJSIET padoTaTh B peXUME MOMCKA yTeueK MaMsTH,
3amenuB Bce BbI30BBI malloc Ha GC_MALLOC, 4To BO3MOXHO MPHU JTMHKOBKE C MMapaMeTpoOM -
DREDIRECT MALLOC=GC malloc. Takoli pexum paOOThl MO3BOJISIET YHPOCTUTH OTIAAKY
npwiokeHui. [Ipu 3TOM OH IETEKTHUpyeT ajapec OOBEKTa B MaMATH, €ro pasMep, a TaKkKe Ha
wiargpopme Linux/x86 ecTb BO3MOXXHOCTH OTCIEAUTH IIEMOYKY BBI3OBOB TPU BBIIEICHHUU
JTaHHOTO OJ0Ka mamsiTu. [Ipu 5ToM MOXHO TakXke 0CBOOOXKIaTh HEAOCTUKUMBIC YUYACTKH MaMSITH.

C nosiBnenuem crangapra s3pika C++11 HE0OX0nMMOCTh B cOOpIIMKE Mycopa 4acTUYHO
oTraja w3-3a TOSBJICHUS YMHBIX YyKa3areJeid KOTOphle pEeHIaloT TMpoOJieMy C BBI30BOM
JECTPYKTOPOB.

Tem He MeHee MpPU HCIOIB30BAaHUU COOPIIMKA MYCOpa BCE K€ BO3MOXHO JIOMYCTHTh
yTEeUKy MaMsTH, PUYEeM HANUTH €€ Topas3o cioxHee. TUMMYHON MPOoOIEeMOii SBISETCS XpaHEHHE
CCBIJIOK Ha HEUCIIOJb3YeMbIe OOBEKTHI B KOHTEHHEpaX, YTO MPUBOANT K YTCUKAM TTaMSITH.

Cnucoxk wucnoab30BaHHBIX HcTOYHUKOB: 1. The Boehm Collector for C and
C++.[Onektponnsiit pecypc] — Pexum gocryma: http://www.drdobbs.com/the-boehm-collector-
for-c-and-c/184401632 2. A garbage collector for C and C++.[Onekrponnsiii pecypc] — Pexum
nocryna: http://www.hboehm.info/gc/.

YK 004.738.5

OBECHEYEHHUE B3AUMOJENUCTBHUS YCTPOMCTB «MHTEPHETA BEIIEW» C
CEPBUCOM THINGSPEAK

P.b. Aunpymenko, [1.0. YibueHnko
YepHu2o6CKUll HAYUOHATLHBIU MEXHOL0SUYECKUT YHUBEPCUmMem

Po6 Ban KpanenOypr roBopun: «MHTepHET Bellell — 3TO KOHIIEMIIMS MPOCTPAHCTBA, B
KOTOPOM BC€ U3 AaHAJIOTOBOTO U LHU(PPOBOTO MHUPOB MOXKET OBITh COBMEIIEHO — 3TO
MEPEONPEICITUT HAIII OTHOIICHHS ¢ 00bEKTaMH, a TAK)KE CBOMCTBA U CYTh CaMUX 00BEKTOBY [1].

[lonsiTne «mMHTEpHETA BElIeCi» — OAHO W3 HamOosee muTupyeMbix noHstui B UT [2]. B
HalM JHU PeIHOK MHTepHeTa Bemieil (nam loT — Internet of Things) pacter oueHb OBICTPO U
nuHaMuaHO. OH HCTIBITHIBACT 3HAYUTEIHHOE BIMSHHUE MO/ JICUCTBHEM MOOWIHHBIX U OOJaYHBIX
TEXHOJIOTHUI M, MO TMpeAcKa3aHUsM aHATUTUKOB, OyIeT OuYeHb OBICTPO pPa3BUBATHCS, TaK Kak
HAaXOJUTCA TIOKa HA HAYaJbHOM »JTale CBOEro pa3BUTHS W WMEET Ha JIaHHBIH MOMEHT
MPaKTUYECKH HEOTPAHUYEHHBIN MOTEHIMAJI BO3MOKHOCTEH [2].

Ha npoTsxeHny mociaeHux MmaTH JET BO BCEM MUPE PACcTET MHTEPEC K HHTEPHETY BEIeH.
B wmwupe mnpoBomsTCsS TNpUBJIEKAIONINE BHUMAaHHE MEXKIyHApOJIHBIE (OPYMBI, KOHTPECCHl U
CaMMUTHI, TOCBSIIICHHBIC WHTEPHETY Bemied, a B MupoBbix CMU perymsipHo o0CyxmaroTcs
MOCIIEACTBYSI TIOSIBJICHUST MHTEPHETA BEUIeH U ero BIMSHHE Ha COLMAaIbHBIE MPEOOpa3OBaHMS.
CyIecTBYIOT OpraHU3aluy, 3aHUMAaIOIIHeCs JaHHON TeMaTnukoi, Takue kak JCA-10T (rpymma mo
COBMECTHOM KOOPIMHAIIMOHHOW NEATENhbHOCTH B oOmactTu wuHTEepHeTa Bemei), [oT-GSlI
(rmobGanpHas MHUITMATHBA TI0 CTaHAApTaM MHTEpHeTa Bemei). MccaenoBanus B cepe MHTEpHETA
Bemreii Benyr CDMA Development Group, IPSO Alliance, Dynamic Spectrum Alliance, EnOcean
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Alliance, GSMA, HART Communication Foundation, IEEE Standards Association, International
Society of Automation, IPv6 Forum, Modbus Organization, Object Management Group, Open
Geospatial Consortium, OPC Foundation, Wave2M, Weightless Special Interest Group, ZigBee
Alliance [3].

HekoTopbsiM IpopbIBOM B pa3BUTUH OECIPOBOIHBIX KOMMYHUKAIUM MEXKIY YyCTPOMCTBAMHU
WHTepHeTa Bemed mocpencrBoM WiFi Mo)kHO Ha3BaTh mosiBiieHHe Ha cBeT B 2014 romy mMomyins
komnanuu Espressif Systems — ESP8266, xoropsiii npu cBoeil aemeBusne (B mapre 2015 roxa
ero CTOMMOCTH COCTaBslIa 3$) MO3BONISIET TOMUMO KIMEHTCKUX (PYHKIMH TaKKe peann30oBbIBATh
CepBep ¢ BO3MOXKHOCTBHIO OJIHOBPEMEHHOTO IOJKIIOUEHHsS] HECKOJIBKUX KIHeHTOB U WiFi Touky
nocrymna. [IoMmumo 3T0ro, JaHHBIA MOAYJIb MOXKET BBICTYIIATh B POJIM IOCPEAHMKA JJIsl yCTPOUCTB,
umeromnx ~ UART-unrtepdeiic, mo3Boissi MM  TakkKe  OCYLIECTBISTH  OECIPOBOIHBIC
KOMMYHMKauu. Moaynb MIMEET BCTPOCHHBII MUKPOIIPOLIECCOP, TPOLIUBKY AJII KOTOPOTO MOKHO
HamucaTb CaMOCTOSITENbHO. JlaHHasg BO3MOYKHOCTb II03BOJISIET BOOOIIE HE HCIOJb30BaTh
JIONOJTHUTEIbHbIE MUKPOKOHTPOJIIIEPHI [l 00paOOTKH MOJIy4yaeMbIX MJIHM MepelaBaeMbIX JTaHHbIX,
YTO J]a€T BO3MOXHOCTh IIPOSKTHPOBATH eliie OoJiee AeiieBbie ycTpoicTaa [4,5].

ITo 3asiBIEHHIO IPOU3BOIUTEINS, BOZMOXKHBI CIEAYIOLIUNE BAPUAHTBHI IPUMEHEHUS MOYJIS:
JOMaImHssl aBToMaTm3aiusi, mesh-ceru, mpomeinuieHHoe WiFi-ympaBnenue, IP-kamepsl, cetm
JATYMKOB, KJIFOUYM O€301aCHOCTH, MOOMJIbHBIE MUHUATIOPHBIE YCTPOHCTBA U T.A. [5].

[Ipy HamMUUMM TOYKM JOCTyNA C BBIXOJOM B ceThb MHTepHET, yCTpoHCTBO Ha OCHOBE
ESP8266 moxeT B3auMOIEHCTBOBaTh C pecypcamu cetu MHrepHer. B Mopmysne mpucyTCTByeT
BHYTPCHHsIs peanu3anus cTeka nmpotokosos TCP/IP [4,5].

Kak BapuaHT HCIIOJIB30BaHHSA MOJIYJI, MMEIOILIErO0 BBIXOA B ceThb VHTEpHET, MOYKHO
paccMoTpeTh B3aumojeiicTBre ¢ cepBucoMm ThingSpeak. ThingSpeak — OTKpBITBI MPOEKT,
UCXOJHBIE TeKCThl KoToporo goctymHbl Ha GitHub (https://github.com/iobridge/thingspeak). C
IIOMOUIBIO JTaHHOTO cepBuca M Moayns ESP8266 MoxHO co3iaTh NporpaMMHO-annapaTHbIN
KOMIUIEKT, KOTOPBII MO3BOJISET PEaIN30BaTh YAAJECHHOE B3aMMOJEIHCTBUE M YNPABICHUE TEMU
WM UHBIMU CUCTEMaMH, JIaXKe €CJIM UCTOYHUK YIPABJIECHUS U BEOMbIE YCTPOMCTBA HAXOAATCS Ha
IIPOTUBOIOJIOKHBIX TOUKAX 3€MHOTO IIapa.

Hampumep, paccMoTpuM peanu3zaluio ycTpoicTBa, KOTOpoe (QUKCHPYET TeMIepaTypy B
MOMEIIEHNU U OTHpaBiseT naHHble Ha cepBuc ThingSpeak. ITo 3TUM AaHHBIM MYCTh CTPOMUTCS
rpa@uK HM3MEHEHUs TeMIepaTyphl IO BPEMEHH, KOTOPHIH MOKHO IOCMOTpPETh C JHOOro
YCTPOMCTBA, UMEIOUIETO BBIXOJ B CETh MIHTEpHET.

ThingSpeak moxxer obpabateiBath GET- u POST-3anpocel. Pesynbrat 3ampoca cepBUC
Mo>keT Bo3Bpamarhk B (popmate XML, JSON niam ke mpocTbIM TEKCTOM C OTBETOM (HarpHMep,
«0» — B citydae Heymauw, «idy - B ciaydae ycrexa).

OCHOBHBIM HHTEp(}EHCOM B3aUMOJIEHCTBHS C CEPBHCOM SBISIIOTCA TaK Ha3blBaeMble
«kaHaimeD»  (channels), kortopbie MoOryT ObITh MYOJMYHBIMH H OpPUBATHBIMH. KaHaubl
MPEJCTABIAIOT cO00M HAOOP YIMOPSIOYCHHBIX 10 BPEMEHHU CTPYKTYP € ONPEICTCHHBIMH HOJSMH.
B xaxao0it cTpyKkType npHUCYTCTBYIOT CTaHIApPTHBIE MOJISI, TAKUE KaK «/1aTa U BPeMsl U3MEPEHUS»,
«Ha3BaHue» U T.11. Kpome Toro MoxHo 106aBnsaTh nomabs3osarensckue nois (fields). B atux momsx
XpaHATCS TOJb30BaTeNbCcKUe JaHHble. [lo KaxaoMy KaHaly MOXHO CO3[aTh Tpa@uKd IO
HYKHOMY I0JIb30BaT€IbCKOMY IOJIIO CTPYKTYpHI. [[s JaHHOTO mprMepa B MPOCTEHLIEM CTydae
JI0OCTaTOYHO OOBSBUTH OJHO TOJIE, B KOTOPOM OY/ET XpaHUTHCSA U3MEPEHHAs TEMIIEpaTypa.

s obecnieueHust 6€30MaCHOCTH, BBHI30B OOJBIIMHCTBA METOJIOB cepBuca TpedytoT API-
key. 3Hast 3TOT K04, MOXHO MPOU3BOIUTH M3MEeHEHUs B cBoeM kaHane. [Ipumep GET-3ampoca
Ha COXPaHEHUE U3MEPEHHOMN TEMIIEpaTypbl IPUBEIEH HUXKE:

http://184.106.153.149/update?api_key=XXXXXXXXXXX&field1=23.4

OtBeToM Ha AaHHBIN 3anpoc sBisiercsa [D coxpaHeHHOM CTPYKTYpBI.

YroObl MOTyYNTh paHee U3MEPEHHBIE JaHHBIE, MOYKHO IIOCIATh 3alPOC CIEIYIOEro BUA:

http://184.106.153.149/channels/<channelID>/feeds?results=<N>

<channellD> — ID kanana,

<N> — xonuuecTBoO 3amuceii (B oTBeTe OyayT oToOpaxens! N mocnennux 3amuceit) [6].
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[Ipumep oTBeTa  CIAMIIKOM  TPOMO3JOK, €ro MOXXHO HalWTH 1O  CChUIKE
https://thingspeak.com/docs/channels.

B pa3paboTaHHOM YCTPONCTBE-CEHCOpPE HY)KHO OTHPABIATh TOJBKO H3MEPEHHYIO
TeMIEpaTypy. A pe3yabTaTbl U3MEPEHHUIH MOXKHO IMOCMOTPEThH C JIFOOOT0 YCTPOICTBA, UMEIOIIETO
BBIXOJ B c€Tb MHTEpHET.

Cxema snekTpuueckas MpUHIMIHAIbHas n300pakeHa Ha pucyHke 1. B Hell npucyTcTBytoT
natuuk temreparypsl DS18B20, muxpokontposiep ATMEGASL ¢ o0BA3koil B Buze
HECKOJIBKMX PE3UCTOPOB MW  KOHJEHcaTopoB, Moxayiab ESP8266 wu oauH cBeTOIMO,
CUTHAIM3UPYIOIIUM O COCTOSIHUM ycTpoiicTBa. (Cxema mNUTaeTcs HamnpsbkeHuem 3.3 BOJIBT.
Breninuii kBapil He UCIIOJIb3YETCS.
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Temperature Test
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Date
ThingSpeak.com

6)
Puc. Cxema ycrpoiicTBa (a) U pe3ynbTaT u3mepeHui (0)

Croumoctb kKoMHoHeHToB: moayinb ESP8266 — 3§, muxpoxontpomrep ATMEGASL —
1.5%, matuuk DS18B20 — 1.10$, pesucropsl, cBeToaMOa U KoHAeHcaTopsl — MeHee 0.1$. Takum
00pa3oM, 0011asi CTOMMOCTb BCEX KOMIIOHEHTOB — MeHee 63.

[Iporpamma (c yderom mporpamMMHOM peann3anuu uHTepdeiica 1-Wire) 3aaumaer 63%
pecypcoB MukpokoHTposiepa, EEPROM — 6.2%. YcTpoilcTBO MOXHO peaan3oBaTh U 0€3
JIOTIOJTHUTEIIFHOTO MHKpPOKOHTpOJUiepa. Toraa ero CTOMMOCTh — CHIDKaeTcst emie Ha 1.5% wm
cocraBiusier 4$. MHKpPOKOHTpOIIEp HCHOJB30BAJICS C LENBI0  TO0Ka3aTh PEaTM3alUIo
B3aumozeiicteust ESP8266 ¢ npyrumu ycrpoiictBamu no UART-untepdeiicy.

Taxum o6pazom, yxe ceiiuac MOKHO MPOEKTUPOBAThH U CO3/1aBaTh «YMHBIE» YCTPOUCTBA C
MUHUMAaJIbHBIMU BPEMEHHBIMU U (PMHAHCOBBIMH 3aTpaTaMH, KOTOpPbIE MOTYT B3aWMO/IEHCTBOBATh
MEXIy co0oi U ¢ ceTbio MHTepHET mo 6ecnpoBOJHON CBsI3U. BO3MOXXHOCTH MPOEKTHPOBAHUS
3 PeKTUBHBIX YCTPOUCTB, HcoNb3yomux cepuc ThingSpeak, Obuta moka3zaHa myTeM CO3IaHMS
paboTaroliero uCHbITaTeIbHOro 00pasia, paboTa KOTOPOro Obljia YCIENIHO MPOTECTUPOBAHA.

Cnucok HMCHOJIb30BAHHBIX HCTOYHHKOB: 1. DnextponHbI pecypc geektimes.ru —
http://geektimes.ru/post/149593/ 2. DJIeKTPOHHBIH pecypc compress.ru -
http://compress.ru/article.aspx?id=24290 3. DnekTpoHHBII  pecypc  itunews.itu.int —
https://itunews.itu.int/ru/Note.aspx?Note=4373 4. Espressif Systems ESP8266EX Beginner's
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Guide 5. Espressif Smart Connectivity Platform: ESP8266EX datasheet V.4 6. DiekTpoHHBI#
pecypc thingspeak.com — https://thingspeak.com/docs/channels.

VIK 004.5

PO3POBKA BEB-JIOJIATKY JIJISA B3AEMO/III 3 K/II€EHTCBKOIO YACTHHOIO
CUCTEMMU KEPYBAHHSA HATPYJIAMU JOBPOBIJIBHOI HAPOJHOI JPYKUHU

XBopoctenko P.1O.
Cnasymuyvka ¢hinis Hayionanvrnozco mexuiunoeo ynieepcumemy Yxpainu
«Kuiscokuii nonimexniynuti incmumymy
HaykoBuii kepiBHUK: CaBesnbeB M. B., ct. Bukimanay CO HTVYY «KIII»

IloctanoBka mpodjeMu Yy 3arajJlHOMy BHIUISIAi. Y 3B’A3Ky 3 HOTIpUICHHAM
€KOHOMIYHOTO CTaHOBHWIIA Ha TepuTopil YKpaiHu BigOyBa€ThCS MiABHUIICHHS KPUMIHAJIHLHOTO
piBHS, TOMY IOCTa€ MOTpeda miABUILEHHS €(PEKTUBHOCTI pOOOTH MTPABOOXOPOHHUX OPraHiB.

AHaJi3 ocTaHHIX JociailzkeHb i mnyOaikauniil. BupimeHHsSM Takoro 3aBJaHHSA BXKe
3aliMaJiacsi MOCKOBCbKa KoMmaHisg «M2M TenemMaTuka» Ha 3aMOBJICHHS MIChKOT Bi1aau MOCKBH, y
HanpsAMKY 3a0e3Me4YeHHs TPAHCHOPTHHUX 3acOo0iB MiApo3niuriB MiHicTepcTBa BHYTPILIHIX CIpaB
(MBC) mHapiramiiHOlO CHCTEMOIO, W0 3HAYHO MIABHMINWIA MIBUAKICTH pearyBaHHS
MIPaBOOXOPOHHUX OPTaHiB HAa HA/I3BUYAIHI CUTYAITil.

BuginenHnsi HeBHpilleHHX paHille YAaCTHH 3arajbHoi mnpoodseMu. MOCKOBCHKA
KoMmmaHis «M2M TenemMaTHka» IPOMOHYBaJa BUKOPUCTOBYBATH CHUCTEMY  YIPaBIiHHA
MOOITPHUMHU MATPYJSIMH 32 YMOBHM HAasSBHOCTI HAaBIrallifHUX MPUCTPOIB, IO PO3MIIIECHHI
0e3mocepelHbO B TPAHCIOPTHUX 3acobax migpos3ainie MBC. Opnak He po3risgaiacs
MOJKJIMBICTh BUKOPHCTaHHS CUCTeMHU Oe3nocepenHbo mnpeacraBHukamu MBC Ta 100poBigbHOIO
HaponHoto npyxkuHoro ([AH). Tomy wmera mpoekTy moisirae y po3poOIll MporpaMHOro
3a0e3neueHHs] aBTOMAaTM30BaHOI CHCTEMHM KepyBaHHS MoOutbHUMH mnatpymsmu  (CKMII)
TOOpOBIILHOT HAPOAHOI IPYXKUHHU, SIKY MOXKHAa BHUKOPHMCTOBYBAaTH HE3aJEKHO BiJ HAsIBHOCTI
HaBiralifHUX OPUCTPOIB TPAHCIIOPTHUX 3aCOOIB.

Bukisiax ocHoBHOro marepiany. [ po3p’si3aHHs 3a3HadyeHoi MpoOieMu HaMu Oyio
BupimeHo crBoputd CKMII naTpynbHO-IOCTOBOI CITy:KOH, SIKYy MO’KHA BUKOPUCTATU HE3aJICKHO
B1Jl HasBHOCTI HaBIralllfHUX MPHUCTPOIB TpaHCIOPTHUX 3aco0iB. /laHa cuctema nependavana
peaizalilo NpoeKTy Ha OCHOBI KJIIEHT-CEpBEpHOi apXiTekTypHu. CepBepHa CTOpOHA fABIsE COOOI0
Be0-710/1aTOK, Ta 6a3y TaHUX.

OcHoBHa ined BeO-7OJaTKy MOJSATae B TOMY, L0 JHCIETYEp, SKUA 3HAXOAUTHCA B
JMCTIETYEPCEKOMY IIEHTPI BUKOPHUCTOBYE BEO-0JJaTOK JIJIsl B3a€EMO/IIT 3@ MAaTPYJIbHUMH. JOJATKY
MOJISITa€ B TOMY, 1110 NATPYyJIbHUM, SKMHA BUKOPHCTOBYE MOOUIBHUI-101aTOK, MITPUMYE 3B'SI30K 3
KOMaHJHHUM IIEHTPOM, MOBIIOMJIIIOUM HOMY PO CBiM CTaH Ta OTPUMYE KOOPJAUHATH MICIS MOI].
[TaTpynbHUMI TakoXX MOXke OauuTH aBTOMAaTHYHO BCTaHOBJCHUN ONTHUMAJbHMHA MapuipyT a0
OTPUMAHOTO MICIIS.

[TIpu ctBOpeHHI BeO-10JATKy, MOCTAN0 MUTAaHHSA Yy BHOOpI BeO-QpeHMBOPKY 3aBISKU
aKoMy Oyne peasi3oByBaTUCh BeO-momatok. [lopiBHIOIouM OararouncieHHl BeO-QppelMBOpPKH,
OyIi0 oopaHo BeO-dpeiimopk Django[1]. Le#t BuOip mos's3anuii 3 TuM, 1o Django Oe3komToBHMiA
BeO-PpelMBOpPK, KU J03BOJSIE IMIBUIKO 1 SIKICHO po3poOistu BeO-monatku. Beb-¢peiimBopk
Django mependavyae BUKOpHCTaHHS MOBU TporpamyBaHHs Python. [lns B3aemonii cepBepHOI
CTOPOHHU i3 KJIIEHTCHKOIO BHKOPHUCTOBYIOThCS TOBIOMIICHHs TekcToBoro dopmary JSONI2].
CepBepHa yacTuHa CTBOpIOBajach Ha 0a3i onepauiiHoi cuctemu Linux.

Jlns B3aemofii 3 HaBiramiHOIO cucTemy Oyino obOpano kaprtorpadiunuii cepsic Google
Maps, ta inTepdeiic mporpamyBaHHs BeO-I0aTKIB 10 AaHOTO KapTorpadidHoro cepsicy «Google
Maps API v3»[3]. OcraHHiii Hamae 3MOTYy B3aEMOJISITH IMIAKIIOYATH KapTorpadidyHuil cepic
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Google Maps 1o BeO-momaTKy, MaHIMyTIOBaTH KapTorpapiuHUM 300pa’kKeHHSM, PO3CTaBIISTH
MapKepH 110 KOOpAMHATaM, Ta 3HAXOJUTH ONTUMAJIbHI MAPIIPYTH MIXK MapKepaMHu.

Hwuxde HaBeeHO BUMOTH 10 Be0-10AaTKY: 1) MOXKIUBICTh AUCIIETYEPY BIACIIIKOBYBATH
MICIIE3HAXO/DKEHHSI BCIX MaTPYJIbHUX;, 2) CIOBIMIEHHS JIUCIIeTYEpa NPO CTaHH MOOUIBHUX
natpyiiB; 3) MOMXJIMBICTH BIJICHIJKOBYBAaTH MapUIpyTH NaTpyJiB; 4) BiAmpaBKa KOOpIUHAT
MICIIE3HaXOJKEHHS, 3 KOPOTKUM OIMCOM, HaJA3BUYANHOI CUTYyalii; 5) MOXJIMBICTh 3HAXOJKEHHS
ONTUMAJIFHUX MapLIPYTiB MK MaTPyJIbHUMH 1 MiCII€3HAXO/DKEHHSM HaJI3BHUYANHOI CUTYyaIlii; 6)
30epexkeHHs1 B 0a31 JaHUX MPOTOKOJIIB MPaBOMOPYIIEHb, OTPUMAHKUX BiJI MOOUIBHHX MPHUCTPOIB
naTpyiabHHX; 7) Bidyami3alisi KpUMiHAJIBHOTO PiBHS Pi3HHUX pailoHIB MicTa; 8) 3axHIIeHICTh BeO-
JIOJIaTKY BiJ BTPYYaHHS CTOPOHHIX KOPHCTYBaYiB.

Ha panomy erami mpoekTy, KU TOB'S3aHUN 3 pO3pOOKOI0 BeO-IOAATKY, BAAIOCA
BUKOHATU BC1 OCHOBHI BUMOTH.

Takwuii miaxin 70 peasizamii IpoOeKTy €, Ha Hall HOTJsAA, e(pEeKTUBHUM, OCKIJIbKU BiH HA/Ia€
MOJJIMBICTh JMCIETYEPY BIACIHIIKOBYBATH MAapHIPYTH YCIX MaTPyIbHUX, BIJNPABIATH
naTpyJabHUX Ha 3aBJaHHS 4Yepe3 KaprorpadiuHuii cepBic, M0 MOXE 3HAYHO 3a0MIAJUTH dYac
HEOOX1IHUX JUIS CTOBIIIEHHS MaTPYIbHUX. TaKoX ICHYe MOXKIIMBICTh 30epiraTH BCl MPOTOKOIH B
0a3l nmaHuMx, Ta Bigeomarepianu, ayzaiomarepianu, QoTomarepianu, SKi TPUKPIIUIEHHI K
BIJIMOBIAHUM MpOTOKONaM. Jlucmerdep MoKe BIICIIIKOBYBaTH KUIBKICTh MPaBOMOPYIIEHb Y
MICTi, Ta BIFICNiAKOBYBaTH KPUMIHAIBHUHU DPIBEHb PI3HUX palioHIB MicTa. Beb-momaTok 3mateH
OyayBaTH ONTUMAJIbHI MapUIPYTH 10 MMYHKTIB NPU3HAUYEHHS NaTPYJIbHUX.

BucHOBKM Ta mepcneKTHBH NOJAJBIIMX AocCTifkenb. Ha nanomy erami poGotu Han
IPOEKTOM CTBOPEHO MPOTOTHII IPOrPaMHOTO KOMIUIEKCY, SKUH MOTpedye OUIbLI TOYHOIO
OTIpAIIOBaHHA CIEeNU(IUHUX JIeTaneil, siki MOBHMHHI OyTHM BHM3HA4YECHI B PE3YNbTaTi B3aeMOIil
pPO3pOOHMKIB 13 MpPEJCTaBHUKAMHU OpraHiB IpaBomopsaky. Ha Hamy ayMmKy, 3amporoHOBaHa
cucTeMa MiABHUINY€E €(PEeKTHBHICTH pOOOTH TOOPOBUIBHOT HAPOAHOI JPYKWHH, OCKUIBKM Hajae
3MOTY:

— JI3HaTHCA ONTUMAJIbHUHA MapHIpyT Ta TOYHE Miclle, KyOud HEOOXiHO MpOUTH
naTpyJabHOMY JJIsi BUKOHAHHS 3aBJIaHHS;

— 1npu opopMIIEHH]I MPaBONOPYILLIEHb MOXHA JIETIIE 3alIOBHIOBATH BCl (OpMH Ta OJIaHKH,
aBTOMATHYHO T'€HEPyBATH 3BITH MPO MPABOMNOPYIICHHS Ta BIANPABIATH BCE B €JJUHY 0a3y JaHUX,
110 IPU3BOJIUTS /10 3MEHIIIEHHSI 00CSTIB PYKOIIMCHUX 3BITIB;

— npu OQOPMIICHHI MNpPaBOMOPYIIEHHS, 10 OJaHKy MOXHa JoAaTtd (OTo Ta BiJeo
MaTepiau;

— BIJICJIIIKOBYBAaTH KPUMIHAJIBHHUX PIBEHb PI3HUX PalOHIB MiICTa, IIO JO03BOJMThH Kpalle
IPOPOOUTH MapIIPyTH NATPYIIOBAaHHS pOOITHUKIB IPAaBOOXOPOHHUX OpPTaHiB.

Takum umHOM, pO3po0JieHa cHUcTeMa Mae€ BaroMe IPAaKTUYHE 3HAUYEHHS, OCKIJIbKU
CIpsIMOBaHa Ha JIONIOMOTY Ta onTuMmi3aiito podotu criBpoOitHukiB MBC Ta JIH/I.

OOpanuii yacTuHA TPOEKTY NOTPeOye MOJANBLIONO JOCTIKEHHS, OCKUIbKH €()EeKTUBHICTh
foro peamizauii Ha MpakTUlll nepeadayae BUBYEHHsSI 0COOIMBOCTEM KapTorpadii, KoM I0TepHOI
00poOKM BeNMKHUX O0CsriB iH(OpMaIii Ta MPOBEICHHS MOHITOPUHTY CTaTHMCTUYHHUX JAaHUX
MPaBOTOPYIICHb.

Cnucok Bukopucranux Jkepes: 1. «Django Booky. — [Enextponnuii pecypc]. — Pexxum
nocrymy: http://djbook.ru/ 2. «JSON». — [Enexkrponnmii pecypc]. — Pexum noctymy:
http://lwww.json.org/ 3. «Google Maps APl v3».— [Enextponnwuii pecypc]. — Pexum mocrymy:
https://developers.google.com/maps/web/
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VK 004.382.4

OCOBEHHOCTHU PABPABOTKHN CUCTEM HA MOJYJIE HA TIPUMEPE "FreePCX"

. . I'punait
Hay4Ho-uccnenoBarenbcKuii HHCTUTYT KOMITBIOTEPHBIX TEXHOJIOTHIA

Texnonorun «CucTeM-Ha-MOJyJie» H3BECTHBI yxe Oonee 10 ner u ceroans craiu
0COOCHHO aKTyallbHBI B CBSI3U C TOTPEOHOCTSIMU PBIHKA B KOMITAKTHBIX CUCTEMaX CO CBEPXMAaJIbIM
SHEPronoTpedIeHneM, MMpeIHa3HauYeHHBIX U1 MOOMJIbHBIX MpUJIoKeHUH. biaronaps TexHonoruu
«CUCTEM-Ha-MOJlyJie» pa3padOTUMKH BCTPAMBAEMBIX CHCTEM HMEIOT BO3MOXKHOCTh YCKOPUTH
BBIBOJ] KOHEUHOI'O M3/EIHS HA PBIHOK, MCIOJb3Yys IPU 3TOM MOAYJIH Pa3HbIX MPOU3BOIUTENECH.
Konuenmus CHM no3Bosnia CHU3UTh 3aTpaThl HA MPOEKTUPOBAHUE U NPOU3BOJICTBO, YCTPAHUB
(bakTopbl pucka npu pazpadboTke cuctembl. [lockoIbKy B CTaHIAPTU3UPOBAHHBIX Moysax CHM
y)K€ HHTETPUPOBAHBI YHIICET, MPOLECCOpP, MaMITh WU JPyrue HEOOXOAMMBbIE KOMIIOHEHTHI, TO
pa3paboTYUKN MOTYT CKOHILIGHTPUPOBATh YCHUJIMS HA CO3JAaHMU COOCTBEHHO BCTPAMBaEMOTO
npunoxenus. Kpome Ttoro, cranmaprusupoBaHHbie Moayniu CHM o00ecnednBaioT BBICOKYIO
MacIITabUPyeMOCTh W3JAETHUI, BKIIOYas MOJJAECPKKY IMPOLIECCOPOB PAa3HBIX THIOB, YTO OYEHBb
nosie3Ho OEM-nipou3BouTeNSIM, TOCKOJIBKY MO3BOJISIET JIETYE MEPEHOCUTDH MPHIIOKEHUS MEXKIY
pa3IMYHBIMHU apXUTEKTYpamHu.

Takoil moaxo/ MO3BOJSIET BBIBECTU FOTOBYIO CHUCTEMY Ha PBIHOK ropaszio ObICTpee, ueM
npu paspaboTke Bceil cucteMbl ¢ Hyns. Kpome Toro, Omaromapsi craHAapTHU3alldd, OTHAAAeT
HEOOXOIMMOCTh TPHBS3BIBATHCS K KaKOMY-TO OJHOMY TIOCTaBIIMKY MOAyJei. B mpuHsTOM
OTpaclieBOM CTaHJapTe ompeaeneHsl pasmepbl Moayned CHM, Qusuueckoe pacroiioKeHue
pPa3beMOB U Ha3HAYCHUE KOHTAKTOB.

Ceronus mnatdpopma CHM HaxoauT Bce Oosiee MIMPOKOE MPU3HAHUE Y CHEIHAUCTOB,
3a/1a4a KOTOPBIX 3aKJIH0YAETCS B CO3/JAHUM TaKUX BCTPAUBAEMBIX PEIICHUM, KOTOPBIE OTINYAIOTCS
MajbIMU rabapuTamMH, BBICOKOW TMPOM3BOAMTEIBHOCTHIO W HU3KUM SHEPromnoTpedIecHUeM.
Coueranue Takux AOCTOMHCTB Moayiel CHM MO3BONMIO HAa MX OCHOBE CTPOUTH CHUCTEMBI,
OTBevarolre TpeOOBaHUAM IO CKOPOCTHU BBIBOJA W3JETHS HAa PHIHOK, CHHKCHHUIO H3ICPKEK U
MUHHMMH3AIUA PUCKOB MPU pa3zpabOTKe, YIPOIIEHHUIO BO3MOKHON MOJIEPHU3AINU U YBEITUYEHUIO
CpOKa 3KCIutyaTauuu. Bce 3TO — 3a1or ganpHEWIIero pocra pblIHOYHOW A0au monyned CHM u
000pyI0BaHUs Ha UX OCHOBE.

beima paspaborana Bropas penakuus Cucremsi-Ha-Mopayne FreePCX, kotopas
MpeHa3HAYeHA I TECTHUPOBAHUS BCTPAMBAEMBIX MHUKPOIPOLECCOPHBIX YCTPOMCTB, Kak B
Ka4eCTBE CaMOCTOSITEJIbHOTO BBIYMCIUTEIBHOIO y37a, TaK U B CBA3KE C TOTOBBIMH, YXKE
MMEIOIIMUMHUCS, BEIYUCITUTEILHBIMU MOTYJISIMHU.

Haznauenue cucrtemsl ocTaIOCh NPEXKHUM — U3YYEHUE, HACTPOWKA U OTJIAJKa CUCTEM Ha
KpUCTaJlJIe, a TaKK€ TECTUPOBAHME MPOTPAMMHOr0 OOecHedeHHus AJsi BCTPOCHHBIX CUCTEM. B
HOBOW BEpPCHH pacIIUpUiics HaOop mepudepuitHbIX YCTPOMCTB, a, CIe0BaTeNbHO, PACIIUPHUIACKH
1 001acTh MPUMEHEHHUS CBA3aHHAas C yCTaHOBJICHHBIMU HHTEp(ecamul.

Cucrema-na-Moayne (CHM) — (QyHKIHMOHAIBHO 3aKOHUEHHBIH (PparMeHT YCTpOICTBa,
0o(OpMIIEHHBIN B BUE OTACIBLHOTO MOy (TIeYaTHOM MIaThl) M3TOTOBIEHHOTO B COOTBETCTBUU C
TpeOOBaHUSMHU 3aKa3uMKa, MpeIHa3HAYEeHHBIA AJI UCTIOJIb30BAHUS B alIlapaTHBIX KOMILIEKCaX.
Mopaynu TO3BOJSIOT pa3OWBaTh CJIOXKHBIE 3amadu Ha Oosee Menkue. CHM HMEIOT HHU3KOE
TEIUIOBBIICTICHUE, KOMITAKTHBIA pa3Mep W O0O0JbIIoil HabOp HMHTEpP(EicOB, BHIBOJUMBIX Yepe3
CTaHJApTHBIE pa3beMbl. biarogaps MoaynsM B paMKax OJHOM BCTPaWBaeMOW CHUCTEMBI, MOKHO
yladHO COBMECTUTh KOMIIBIOTEPHYIO (YHKIIMOHATBHOCTh M KJIMEHTCKOE MPHIOKEHUE, a
WCIIOIb30BaHUE B KA4ECTBE OCHOBHOTO mporpammupyemoro snaementa [IJIMC mo3BomsieT rudko
KOH(HUTypHpOBaTh CUCTEMY IOJ KOHKpeTHble 3amaun. Kak u mpexnae, Bcio cucremy FreePCX
MO>HO pa3JIeIUTh Ha TPU MOACUCTEMBI:

— AnmnaparHas MOJCUCTEMA;
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— Ioxacucrema npencrasnenus ycrpoiictsa B [IJIMC (CHK);
— Iloacucrema nmporpaMMHOIo obecredeHusl.

Jlnsi MaKCUMaJIbHOTO «HACBHIIECHHUS» Ha TMEYaTHOH 1aTte ObUTH YCTAHOBIEHBI CIEIYIOIINE
nepudepuiiHble YCTPOHCTBA: MpOrpaMMHpyeMasi JIOTHYecKas HHTerpaibHas cxema — Xilinx
Spartan 3A 1400 (XC3A1400A-5FT2561), nunamuueckas namste DDR SDRAM o0wemom 64
Merabaiita — mukpocxema ¢upmbl Micron MT46V64MS, suepronezasucumas NOR  ¢udmi-
namsiTh pasmepoM 8 Merabaiit — Spansion S29GL064N90, SPI ¢mdm-mamsare pazmepom 32
MerabuTa as xpanenus: konpurypannontoro ¢aiina [TJIMC — Atmel AT45DB321D, SPI duari-
namsTh pasmepoM 32 Merabuta /i mojb3oBarenbekux aaHHbix — Atmel AT45DB321D, 12C
EEPROM o6beMoM 1 Merabut [uist XpaHeHHs JIOTOB U KOH(PHUTYpaIMOHHBIX HacTpoek — Atmel
AT24C1024, 10/100 MerabutHbiii ceteBoii uHTepdeiic MII ocnoBanubiii Ha PHY SMSC
LAN8713A, VGA Bwixon ¢ pesuctuBHbIM LIAIT mis BeiBojga MHGOpMAld HA MOHHUTOP, JBa
uHTepdeicHbIX pazbema PS/2 mis moaximroueHust yCTPOMCTB BBOAA — MBIIM M KIABUATYPHI,
unrepdeiic USB HOST Bepcun 2.0 peanmuszoBannbiii Ha PHY SMSC USB3300 (unrepdetic
noakitoueHuss ULPI) nnsa nogkmoyenus paznuunbix USB ycTpoiicTB, pa3beM sl MOAKIIOUYEHUS
KapT namsatu — MicroSD, mudposoit 12C natunk Temneparypsl ¢ annapaTHbelx watchdog'om —
NXP LM75A, nBa otnamounsix uHTepdeiica RS232 (RX u TX), gacel peanbHOro BpeMEHHU
¢upmel  Dallas — DS1338Z, anmapatHblii paciuuputesns HOpToB ¢ uHTepdericom [2C
npousBogutenss Texas Instruments PCF8574A, ammapaTHblii ipeoOpazoBaTesib HHTEPEHCOB —
12C <—> OneWire — DS2482, undposoii naTunk temueparypsl ¢ W1 unrepdeiicom — DS18B20Z,
muHamuk Buzzer, pasbem JTAG, kBapuesblie reneparopbl Ha 50 u 25 MI'L, cBETOMO/1bI U KHOIIKH
obmiero HasHayeHus, Bkitovarenb, DC-DC mpeobpazosarenu 3.3 B 2.5 B 1.2 mua IIUIMC u
nepuepuiiHbix yerpoicTs; Mcrounuk Vref nanpsoxenns mis DDR — 1.25 B.

IIpu TakoM GOJBIIOM HATUYUU NEepU(EPUHHBIX YCTPOHCTB MOKHO PEIIUTh OOJIBIIMHCTBO
3aJa4, CBSI3aHHBIX C IPUMEHEHUEM BCTPAUBAEMBIX YCTPOHCTB.

= -8
[ |

w1
GPID 12C GPID
- :-! : -- M
NOR
| ] Flash (7
8Mb

ETHERNET Config
— PHY — Flash Generatar
4 Mb 50 Mhz

0 | _
Vret
DDR
Kilinx Spartan 34 V25
[— —)
JitraSlin Resistor

Battery R U o S S S Generator EEPROM
ery Buffer 25 Mhs —) 1 Mbit
Ps/2 o 5P
v m . - - Fl.Sh

4Mb
traslim

|

P5/f2 12C Temp . DDR
1 sensor R [ sDRAM
LM75A e 64 Mb

Puc. Ctpykrypa FreePCX
[Ipu BeIOOpe cunTesmpyemoro Ha ITJIMC mpomeccopa mins Cuctembi-Ha-Mogynne ObuT
NPOBEIECH aHalIM3 CYLIECTBYIOIMX pemieHuil. Haunbonee mnpennoyTUTENbHBIME OKa3aJIUCh:
LEON3, Microblaze u OpenRISC. Bribop B ouepemHoil pa3 man Ha (QUPMEHHBIA TPOIIECCOP
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Microblaze — odunmansHo mogmepkuBarouMii ¥ pa3BuBaemblii pupmoir Xilinx. OcHOBHOU
apryMeHTalueil TMOCIy)XWIO ONTUMAJIBHOE MCIOJIb30BAaHME PECYpPCOB M 3aJ€HCTBOBAHUE
cneun(uYeckux anmapaTtHeix OnokoB (Hanpumep, kak MULTI18), Omaromapss KOTOpHIM
skoHoMuTCs ocHOBHBIE yacTu [IJIMC — Slices u LUT. A Taxke Hanmuuue OOJBIIMHCTBA TOTOBBIX
IP-CORE’s uTo CyIIecTBEHHO YBEIWYMBAET CKOPOCTb U CTOMMOCTh KOHEYHOro uszaenus. Bce
onucaHHbie Moayau, kpome koHTposuiepoB USB HOST u SD/MMC, MOXHO HalTH B COCTaBe
Xilinx EDK 14.X.

Hannas Cucrema-na-Kpucranne copmemaet cieayoniue [P-CORE’s:

SAnpo nponeccopa Microblaze;

Cucremusie muas PLB 1 LMB;

KonTposiep BHETHEH QIAII-IaMATH;

MybTH NOPTOBBINA KOHTPOJUIEP BHEUIHEHW TUHAMUYECKON MaMATH;

biounyto RAM u KoHTpoJIIEp AOCTYMA K HEW;

KoHTtposuiep oTiaiku peaabHOro BpeMeHH;

Monyib cereBoro uatepdeiica Ethernet;

Monynb padotsl ¢ BHemHUMU (i kapramu SD u MMC (ITognepxka pexuma DMA);

Kontpomrep BbriBoma umHpopmanmmu Ha MoHuTOp ¢ uHTepdericom VGA (Ilommepxka
pexuma DMA);

KonTpomnep USB 2.0 (ITonnepxka pexxuma DMA);

Monyns Taiimepa;

Kontposmiep mpepsiBanmii, cropoxkeBoil taitmep — Watchdog, momyns GPIO (General
Purpose Input/Qutput);

Kontposmtep BHemHux ycTpoiictB BBoja ¢ uHTepdeiicom PS/2, SPI xontpomnep, 12C
KoHTpoJuiep, 2 moayist UART, Moayinb TakTUpOBaHUS U MOIYJb cOpoca.

Oco6oro Buumanus 3aciayxuBaer [P-CORE sapa Microblaze, koTopoe Obu10 HACTPOSHO
Ha MaKCHMaJbHYIO MPOU3BOJUTEIBHOCTb, KOTOPYIO MO3BOJsIa BMecTUTh B cedst cama ITJIMC.
Snpo BriIrOYaeT Takue Moxmyiau: Mmoayiab pacimupeHHoro FPU (Extended Float Point Unit),
MoIynb 64-x paspsaaHoro ymHoxutens (Integer Multiplier), moayne nenenus (Integer Divider),
moxayns Pattern Comparator, monyibs Reverse Load/Store and Swap Instructions, moaysns Barrel
Shifter, monyns Additional Machine Status Register Instructions, Moaymu anmapaTHbIX
UCKJTIOYCHUH, K311 MHCTpYKImii: 8 Koaiit, ko qanubix: 8 Koaiit, mopuepxka Write-Back Storage
Policy, Full MMU, monyne annaparsoii otnaaku, Full Processor Version Registers.

bnaromapss HamM4MIO TaKUM paCIIMPEHHSIM, a OCOOCHHO KaK MOJIYJIH Omeparuii ¢
IUTaBAOLIeH 3amsaTOW W JIeNIeHUs, CYLIECTBEHHO IMOBBIIIAETCS 0OLIast MPOU3BOAUTEIBHOCTD
CHCTEMBI TIPY BBIYUCIUTEIBHBIX OTEPANAX U PAOOTON C MyJIbTUMETUIHHBIMU TAaHHBIMH.

OCHOBHBIM TpOrpaMMHBIM 35IeMeHTOB CHM  sBnseTcs onepalMoHHas cUCTeMa
GNU/Linux u yHuBepcaibHbIN 3arpy34uk BToporo yposHs U-Boot.

[Tpu Brumrouernnu moayns ¢ SPI Flash 3arpyxaercs konpurypaunonssii ¢aiin B IVIUC, B
KOTOpPOM IMpOUHUIIMANU3UpoBaHa OnovHast namsate. B BRAM pacnonaraercs 3arpy34ik nepBoro
ypoBHs — SrecBootloader xotopsriif umer B8 NOR Flash o6pa3 3arpy3uuka BToporo ypoBus — U-
Boot u 3arpyxaer ero B JTHHAMUYECKYIO TTAMATH TI0 YKa3aHHBIM aapecaM. Bo BTopoit Mukpocxeme
SPI Flash HaxomsTcs cHCTeMHBIE NEpPEeMEHHBIE 3arpy3udka M sSIpO ONEpPAl[MOHHONW CHCTEMBI.
[Tocne mpenBapuTenbHOM MHULMANM3AMK Nepudepuiinbix ycerpoiicts U-Boot 3arpyxkaer siapo
OC B O3V, KOTOpOE TaKKe HAXOAWUTCA B IOCIEIOBATEIbHOM NaMsITH M IMEpedacT €My
ynpasienue. OcHoBHas ¢ainoBas cucrema (RootFS) pasmemena B NOR Flash, a
MOJIb30BaTEIbCKHE MPUIOKEHHUS, 3aHUMAIOIME OCHOBHYIO YacTh JHCKOBOTO IPOCTPAHCTBA,
HAXOJATCS Ha HaKomuTese microSD, KoTopasi MOHTHPYETCS B KOHIIE dTara 3arpy3KH.

Crout Takke OTMETUTH TOT (paKT, 4To Bce, NepudepuitHble YCTPOCTBA, UMEIOIIUeCs Ha
MOJyJie MOAJEPKHUBAIOTCA AApoM Linux, u MOTyT ObITh NEPEHACTPOECHBI B JIFOOOH MOMEHT M3
MOJIb30BATEIbCKUX MPUIIOKEHUH.
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IHOCTPOEHUE PACIIPEJIEJTEHHBIX OTKA30YCTOMYUBBIX CUCTEM HA
OCHOBE PEHIEHUS COROSYNC+PACEMAKER
IMonomuti O.E., Cracrok C.C.
YepHUTOBCKMI HALIMOHAIBHBINA TEXHOJIOTHYECKUH YHUBEPCUTET

Krnactep (mpuMeHHUTENBHO K KOMIIBIOTEpAM) - 3TO TpyIIa CEPBEPOB U JIPYTHUX PECYPCOB,
NOJKJTIOYEHHBIX TTOCPEACTBOM aIlllapaTHBIX CPEJICTB, CETEeHl M MPOrpaMMHOIO oOOecreueHHs,
KOTOpBI€ (PYHKIIMOHATBHO TMPEJCTABIAIOT cebs enuHoit cuctemoit [1]. EcTe MHOrO mpu4uH 1o
KOTOPBIM KJIaCTEPHI SIBISIFOTCS BOCTPEOOBAHHBIMHU, JaKe JUTsl HEOONbIIUX npeanpustuid. K Takum
OPUYMHAM OTHOCSTCS: BBICOKAas JIOCTYIMHOCTb, OaJlaHCHpPOBKA HArpy3Ku, HapaiedbHOn
00pabOTKM JTaHHBIX, CHCTEM YIPABJICHUS W MacmTabupyeMocTb. Llens kiacrepuzanuu MOXKHO
chopMynupoBaTh Tak: C€O37aThb TPYNNy KOMIIBIOTEPOB B BHJE €AUHOH, MOJHOCTBIO
WHTETPUPOBAHHOW CHCTEMBI, KOTOpas OTJIMYACTCS BBICOKOW IMPOHM3BOJUTEIBHOCTRIO H
OTKa30yCTOMYUBOCTHIO.

B obmem ciyyae, Kiactep COCTOMT M3 JABYX OCHOBHBIX KOMIIOHEHTOB: KJIACTEPHOE SIIPO
(Cluster Engine) u meHemxkep pecypcoB knactepa (Cluster Resource Manager). He siBisiroTcs
WCKIIFOYEHHEM U OTKa30yCTOWUMBBIE Kiactepbl. KiactepHoe siapo - 3T0 '"mpomexxyTouHoe"
porpaMMHOe oOecrieueHrne, KOTopoe o0ecreunBaeT HU3KUI yPOBEHb KJacTepU3aluid 0ObEKTOB
(Tpancmiopt, 0o0MeH coobOmienuit). OnHoit w3 Hamboliee pacIpOCTPaHEHHBIX pean3aIui
KJIacTepHOro sipa siBisiercs Corosync [5].

MeHnemkep pecypcoB Kilactepa - 3TO MporpaMMHOe oOecrieueHne, KOTOpoe HaXOAUTCS Ha
CIIEIyIOIIEM YpPOBHE CTEKa KJIACTEPHOrO MPOTPaMMHOTO OOeCredyeHHs W TMPEACTaBIseT coOoi
"Mo3r" kiacrepa. OH MpeaoCTaBISIET CPEACTBA ISl HACTPOMKHU KiTacTepa U YIpaBJsieT KIacTepoM
B (¢oHOBOM pexxume. Hambonee mumpoko Hcmonb3yercs MeHekep pecypcoB Pacemaker [6],
coBMecTuMbIi ¢ Corosync.

Ha TtpetheM ypoBHE CTeKa HaxONATCA KJIACTEPHBIE PECYpChl - TIOJIB30BATEIbCKUE
NPWIOKEHUs, KOHpUrypanusi cetu, BuUpTyaibHble [P-anpeca, Toects Bce, paboTOCIIOCOOHOCTH
4ero Hajao MOAJepkuBaTh. [l B3auMOMAEWCTBUS MEHEIKepa PECypCcoB KiacTepa ¢ pecypcaMu
UCTIONB3YIOTCS  pecypc-areHThl (Resource Agents). Pecypc-areHT - 3TO CKpHNT, KOTOPBIHA
BBHITIOJTHSET 3allyCK WJIM OCTAHOBKY pecypca M MOXET BO3BpalllaTh COCTOSHHE pecypca, T.e.
3alylmieH pecypc WM OcTaHOBIeH. Kiactepw3oBaHHBIE pecypchl HE JIOJDKHBI  YIPABISITCS
BPYYHYIO, T.€. 3allyCKaThCsi WJIM OCTAHABIUBAThCS. a TOJNBKO uepe3 HHTepdeic MeHemkepa
pecypcoB. CyliecTByeT HECKOJIBKO CTaHIAPTOB peCypc-areHTOB, HO Hamboyiee IIUPOKO
ucnonb3yembiM sBisercst OCF (Open Cluster Framework) [2, 3].

Takum 00pa3zoM, CTEK KIACTEPHOTO MPOrPAaMMHOTO OOECIIEYCHUsT MOKHO TPEACTAaBUTH B
BUJIe OJOK-CXEMBI HA PUCYHKE 1.
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Cluster Resources
i3
Cluster resource manager
)3

Cluster Engine

Puc 1. Crek kinacTepHOro nporpaMMHOI0 00eCTIeUeHH S

[Tpumep pa3BepThIBaHUS KIIACTepHOW cucTeMmbl ¢ momomsio Corosync m Pacemaker B
cpene Fedora Linux npuenen B padore [7].

Ha ocHoBe pabotbl [7] OBUIO MNPOBEIACHO pa3BEpPTHIBAHHE KIIACTCPHOW CHUCTEMBI,
conepkarieit web-cepsep Apache2 u Buprtyansnblii [P-anpec B cpene Ubuntu Linux 14.04 [8].
bnok-cxema cucteMbl IpUBEICHA HA PUCYHKE 2.

rode001.example.com MNode002.example.com
Checks
apache <} I apache
Checks
152.168.0.1/24 <} {2 192.168.0.2/24

Virtual IP 192.168.0.3

Puc. 2. Brok-cxema 0TKa30ycToOH4IMBOTO Web-cepBepa
OTKa30yCTOHYMBOCTh TaKOW CHCTEMBI JOCTHTaeTcs 3a CYET Haluuus H30BITOYHOTO
BTOPUYHOTO Web-cepBepa, KOTOpbI OepeT Ha cedst pyHKIMU NEepBOro B cllyyae, €CiId OCHOBHOM
web-cepBep man c6oii. I[Ipo3padHOCTh Tepexona ¢ MEPBUYHOTO CepBepa HA BTOPUYHBIH s
KJIMEHTa JIOCTUTaeTCs 3a CYeT TOro. 4YTO NpU JOCTYyNE HCHoib3yercs enuHbii I[P agpec -
BupytaibpHbii [P (VIP).

CHHCOK MCI0JIL30BAHHLIX HCTOYHUKOB:

1. ClusterLabs. DnextponnsIii pecypc. Pexum gocrtyma: http://clusterlabs.org/ 2. Corosync.
DnexkTpoHHBIA pecypc. Pexxkum mocryma: http://corosync.github.io/corosync/ 3. Pacemaker.
DnekTpoHHbIA pecypc. Pexum mocrtyma: http://clusterlabs.org/pacemaker.html 4. Andrew Beekhof
Pacemaker 1.1 Clusters from Scratch. Creating Active/Passive and Active/Active Clusters on
Fedora, Edition 5. 5. Ubuntu 14.04.2 LTS Release. DnektponHslii pecypc. Pexxum goctyma:
http://releases.ubuntu.com/14.04/
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