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1. Mera qucOMIUIIHM — JaTHU Cy4acHI 3HAaHHS NPO TEOPETHYHI OCHOBH, TEXHOJOTIi MOOYIOBH
po3noineHnx cucteM o0poOku iH(oOpMarlii, 30cepeIMTUCS Ha TpobdiaemMax Ta NUIAXax iX Mo oJaHHs
npu poOOTi 3 BEIMKUMU JTAHAMHU.

/

Discipline aim. The aim of the discipline is to provide up-to-date knowledge of theoretical
foundations, technologies of construction distributed systems, put attention on a problems and ways
to overcome them when working with big data.

2. llonepeani BUMOTH /10 ONIAHYBAaHHA 200 BUOOPY HABYAJIBLHOI TUCHUANIIHA/
Preliminary demands to master or choice of the course discipline:

1.  3uamu: 6a3oBy mucuminiiny «KpocrmaTtdopmai Ta MyIbTHIIATGOPMHI TEXHOJIOTI», TEOpito
QITOPUTMIB, OCHOBHI CTPYKTYpH JMJaHUX, PEJALIAHI Ta HEpeJsliiHi 0a3W JaHUX, MOBH
porpaMyBaHHs. 3HAHHS TEXHIYHOI aHTJTIICEKOT MOBH Ha piBHI B1.

2. Bmimu: po3poOnsTh, aHadi3yBaTH Ta 3aCTOCOBYBAaTH MPOTPaMHI CHCTEMH IJISi PO3B’SI3aHHS
3aBJaHb Ta MPHUKJIAJHUX 33124, BAKOPUCTOBYIOUH Cy4acHi METOH PO3POOKH IPOrpam.

/
1. To know: the basic discipline “Cross-platform and multi-platform technologies”, theory of

algorithms, basic data structures, relational and non-relational databases, programming languages.
Level B1 technical English skills.

2. To be able to: develop, analyse and apply software systems to solve problems and applied tasks
using modern software development methods.

3. AHoTania HaBYaabHOI AucHuninm / Synopsis of the course:

Huctmmnina  «Posmonineni  cuctemMu o0poOku  iHGOpMamii» HAIEKHUTh 10 MEPeriKy
00OB’SI3KOBUX HABUAIBHUX JWCLUIUIIH OCBITHHO-HAYKOBOI TpOTpamMH MiATOTOBKH (HaxiBIliB
«ITyynui iHTENEKT» 3a ApYyruM (MariCTepChbKUM) pIBHEM BHINOi OCBITH Tanmy3i 3HaHb 12
«ladopmarniiini TexHonorii» cmenianbHocTi 122 «Komm'toTepHi Haykw». Bona 3a0e3neuye
npodeciifHuil po3BUTOK MaricTpa, clpsiMOBaHa Ha (OPMyBaHHS TEOPETUUHUX OCHOB, TEXHOJOTIT
no0yJJ0BU Ta BUKOPHUCTaHHS PO3MOJUIEHUX CHUCTEM, 30KpeMa, PO3yMiHHS IpoOIeMaTHKH poOOTH 3
BEJIMKMMU JJaHUMHU B PO3MOAIICHUX 3aCTOCYBAaHHSX.

Jana nucrnumuiina € 000B’SI3KOBOI0 HABYANBHOIO JTUCIHUILTIHOWO 3a npocpamoro “‘LlImyynui
inmenexm”. Buknagaetscsy 1 cemectpi 1 Kypcy marictpaTypu B 06csi3i — 5 kpedumie ECTS.

Y kypci mepenbadeHo 3 3micmosux uacmunu, 2 KOHmponwvHi pobomu, 2 1abOpamopHi
pobomu. 3aBeplUIyEThCS TUCIMILIIHA 3aTIKOM B 2 ceMecTpi 1 Kypcy MaricTparypHu.

The discipline "Distributed Systems of Information Processing" belongs to the list of
mandatory disciplines as a component of the educational-scientific training program for the second
(master's) level of higher education in the field of knowledge 12 "Information Technology" specialty
122 "Computer Science", educational-professional program "Artificial Intelligence". It provides the
professional development of master students, aimed at the formation of theoretical foundations,
technology of construction and use of distributed systems in the area of work with BigData.

4. 3aBnanns (HaByaasni wii) / Objectives of study: OcHOBHUMY 3aBIaHHSIMH TUCITUILTIHA
«Posmopineni cucremu 00poOku iHGopMalii» € HaOyTTS 3HaHb, YMiHb Ta HaBUYOK
(KoMIeTeHTHOCTEH) Ha PiBHI HOBITHIX JIOCSTHEHb B OOJACTI pO3MOMIICHUX CHUCTEM BiATOBITHO IO
OCBITHBOI KBami(ikailii MaricTp 3i MTY4YHOTO 1HTENEKTY. 30KpeMa, pO3BUBATH:

® 3JIaTHICTh CIIJIKYBaTHCS iHO3eMHOI0 MOBOIO (3K5);
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® 3aTHICTh 1O [JOCIIDKEHHS Ta aHali3y HAJABEIMKMX MAacHBIB JaHUX 13 CKJIAJHOIO
HEOHOPITHOIO 1/a00 HEBHU3HAYEHOIO CTPYKTYPOIO ISl TIPHUHATTS 3BAKCHUX Oi3HEC-pillicHb
(CK3);

® 3JaTHICTH 3aCTOCOBYBATH METOJM 1 3acO0M OpraHizamii BeJUKHX JaHHUX Ul MPOCKTYBaHHS
MacImTaboBaHUX 1HPPACTPYKTYp KOHCOMiJAIi pecypciB 30epiraHHs, JOCIiKEHHS,
YIPaBJIiHHS, 3aXHCTy Ta 00CIyroByBaHHs iH(popMalii, po3B's3aHHs 3aBIaHb MOJCIIOBAHHS
Ta MPOTHO3yBaHHsI CTpaTeTIYHUX HANpsAMKIB po3BUTKY OizHecy (CK4);

e 31aTHICTh BUKOPUCTOBYBATH BHCOKOIPOAYKTHBHI OOYHCICHHS [UTA 3a7ad 3 MaTeMaTHIHOTO
MO/ICITIOBAHHS Ta MMPOTHO3YBaHHS y (PyHIaMEHTAIBHUX 1 MPUKIIATHAX JTOCIIDKSHHAX Pi3HUX
IMCUUIUTIH, B3aEMOMIATH 3 IHIIUMH CYNEPKOMITIOTEPHUMH LEHTpaMu YKpaiHH Ta
3apyODKHUX KpaiH, 3AIHCHIOBaTH CIIJIbHY PO3pPOOKY TEXHOJOTIH pO3MOIiNeHNX OOYHCICHD
(CKo).

® 3JaTHICTh TPOEKTYBAHHA JAWHAMIYHMX BeO-JA0JaTKiB SK iHQOpMaIiiftHOT cHuCcTeMHU i3
3aCTOCYBaHHSIM 00’ €KTHO-OPI€EHTOBAaHMX TEXHOJIOTIH NIpOrpaMmyBaHHs, 30KpeMa Cy4acHHX
mporpaMHUX 3aco0iB TIATPUMKH B3a€MOAil KJi€HTa Ta cepBepa i3 3acCTOCYBaHHSIM
PO3MOJIiIEHNX CUCTEM KepyBaHHsI 0azaMu JaHUX, CYNPOBOJ/UKCHHS Ta ONTHMI3ailis BeO-
ctopinok (CK14);

/
Objectives (learning objectives): acquiring knowledge, skills and competences at the level of
the latest achievements in distributed systems. In particular, to develop:

e the ability to communicate in a foreign language;

e the ability to investigate and analyze large-scale datasets of complex heterogenous and/or
undetermined structure in the aim of well-targeted decision making;

o the ability to apply Big Data methods and tools in order to design scalable infrastructures of
storage consolidation, research, manage, secure and maintain data, solving problems of
modelling and forecasting of strategic business development threads;

e ability to use high-performance computations for mathematical modeling and forecasting
tasks in fundamental and applied researches of different disciplines, interact with other
supercomputer centers of Ukraine and foreign countries, to jointly develop technologies of
distributed computing.

e the ability to design the dynamic web-applications as information system implementing the
object-oriented programming technologies, in particular modern program tools which
support the client-server interaction with the application of distributed database management
systems, web pages maintaining and optimization.

5. PesynbraTu HaByaHH4 3a Aucuuiiinow/ Results of learning:

PesyabtaT HaBuanus (PH) Dopvn MeToau Binco-
(1. 3maru; 2. BMiTH; 3 KOIV.IyHlKal:[lﬂ; 4. aBTOHOMHICTBH Ta (ta/a6o ONiHIOBAHHS Ta T-OK y
BiINOBiTaJbHICTD) . . migcym
MeToaM i MOPOroBHiA -
- . KOBIH
TEXHOJI0Tii) KpuTepiu -
. ouiHui 3
Kon Pe3yabTaTt HaBUaHHA BHUKJIAJAHHA ouiHoBaHHu (32 -
i HaBUaHHS i i .
HeoO0XiTHOoCTI) -
3HaTH OCHOBHI IPOOJIEMH NPH Axmuena poboma na
PH 1.1 mo0OyI0OBi PO3MOAIIEHUX CHCTEM / Jlexyis / JeKkyii, ycHi i0nogioi,
) To know the main problems of Lecture Koumponvua poboma 1
development distributed systems (60% npasunvrux
. . Jlexyis / 6ionogioei 20%
3HaTH OCHOBHI CKJIaJOBi
03MO/IIIEHUX CUCTEM / Lecture /
PH 1.2 P . . Active work on lectures,
To know the main parts of distributed
svstems oral answers, Test 1
Y (60% correct answers)
PH 1.3 3HaTH OCHOBHI MIAXOIH 10 Jlexyis / Axmuena poboma na 15%
) 1100yZ0BU PO3NOJIIICHUX CUCTEM \ Lecture JeKkyii, ycHi 6i0nogioi, ?
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To know the main approaches to
distributed systems development

Konmponvna poboma 2
(60% npasunvrux
sionosioeti) /
Active work on lectures,
oral answers, Test 2
(60% correct answers)

Jlexyisa / Axmusna poboma na
. Lecture JeKkyii, ycHi i0nogioi,
3HaTH OCHOBHI MiAXOH 10 poOOTH 3
: Koumponvna poboma 3
JAHUMH B PO3MOALICHHX CHCTEMax / (60% npasutbnu
PH 1.4 To know the basic approaches for ) 70 Mpacur® 15%
. . T sionogioet) / Active work
working with data in distributed
qvsterms on lectures, oral answers,
Y Test 3 (60% correct
answers)
Bwmitu 6ynyBaru Reliable, Scalable Jlabopamopna .
0 3axucm nabopamopHoi
and Maintainable 3acTocyBanHs / poboma, oGomi 1. BukonanHs
Be able to build Reliable, Scalable camocmilina p ’
and Maintainable applications poboma/ 3A60AHY, GUHECEHUX HA
PH 2.1 camocmitiny pobomy / 15%
Laboratory
laboratory work 1
work, .
e defense, Tasks assigned
individual .
to independent work
work
BwMiTi po3po0:isaTH Ta aHaNi3yBaTH Jlabopamopna .
L. 3axucm nabopamophoi
PO3MOMINEHI CHCTEMH, LIO MPAIIOThH 3 poboma,
.o pobomu 2, Bukonanus
BEJUKUMH JaHUMH camocmitina
/ Be able to develop and analyze poboma/ 3aedaHb,queceHux na
PH2.2 o L camocmitiny pobomy / 15%
distributed systems that work with big | Laboratory
laboratory work 2
data work, .
S defense, Tasks assigned
individual .
to independent work
work
BwmiTtu opranizoByBatu perutikauito 1a | Jlabopamopua
PO3OUTTS JaHUX B PO3MOIIICHUX poboma, 3axucm aabopamophoi
CUCTEMax Ta BMITH OynyBaTi camocmitna pobomu 3, Buxonanus
CHUCTEMH, 1110 OYAYTh 11e ehEKTUBHO poboma/ 3a60aHb, BUHECEHUX HA
PH 2.3 BUKOpHCcTOBYBaTH / Be able to make Laboratory camocmiiiny pobomy / 15%
replication and partitioning of data in | work, laboratory work 3
distributed systems and be able to individual defense, Tasks assigned
build systems that will use it work to independent work
effectively
PH 4.1 BiamosiganeHO CTaBUTHCS 110 Buxonanns 3a6danb,
BUKOHYBaHHX pOOIT, HECTH - BUHECEHUX Hd
. Y . P o Camocmitina camocmitiny pobomy
BIAMNOBIAAJIBHICTD 3a IX SIKICTb poboma
0
/ ) ) / Accomplishment of tasks 5%
Responsibly treat the works I”d””ﬂz‘“l assigned to Individual
wor

performed, be responsible for

their quality

work

6. CniBBiTHOIIEHHS] pe3yJbTATIiB HABYAHHS AUCHUILUIIHM i3 NMPOrpPaMHMMH pe3yJbTaTaMH
HaByaHHd / Correspondense between learning results and program study results

Pe3yabTaTu HaBYaHHS JUCHUILTIHA PH [PH |PH |PH | PH | PH | PH
IIporpamMHi pe3yibTaTH HABYAHHS 11 |12 |13 |14 [21 |22 |23
(3 onucy oceimuvboi npozpamu,)
MIPHS. BupimyBat ckiagHi nOpobiemMu, 1110
BHUMAaraloTh CHCTEM 3 BeIUKo obumcmioBampHow | + | + | + | + | + | + | +
MOTY)KHICTIO JiyIsl 3a0e3ledeHHs MaciTaboBaHOCTI
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napajiejabHUX aJrOPUTMIB 1 IPOrpaM.

IIPH6. BukopucroByBaru po3moaineHi
BHCOKOTIPOJTYKTUBHI OOYHUCITIOBAIbHI TEXHOJOTIT JIJIst
3a0e3neyeHHss e(PeKTUBHOTO BUOOPY Ta BUKOPUCTAHHS + | +
KOHCOJTiIOBAHUX PECYPCIB i MOCIYT.

7. Cxema ¢opMyBaHHS OI[iHKH.
7.1. ®opMu OLiHIOBAHHS CTY/EHTIB:
- ceMeCcTpOBe OI[iHIOBAHHSA:
1. Axmuena poboma na nexyii, ycui 8ionosioi / Active work on lectures, oral answers: PHI1.1,
PH1.2, PH1.3, PH1.4 — 10 GamniB/6 Gamnis;
2. Bukonanmns 3aeoamv, sumecenux na camocmiuny pobomy / Tasks assigned to independent
work: PH2.1, PH2.2, PH2.3, PH4.1 — 10 6aniB/6 0aiis;
3. Konmponvua poooma 1: PH1.1, PH1.2 — 15 6aniB/9 Ganis;
4. Konmponvua poooma 2: PH1.3 — 15 6anis/9 6anis;
5. Konmponvua poooma 3: PH1.4 — 10 Ganis/6 6anis;
6. 3axucm nabopamopuoi pooomu 1: PH 2.1 — 10 6anis/6 6ais;
7. 3axucm nabopamopnoi pobomu 2: PH 2.2 — 15 6ani/9 Gamnis;
8. 3axucm nabopamopnoi pobomu 3: PH 2.3 — 15 6anis/9 6aunis;.

- migcymkoBe oniHBaHHs (y ¢popmi 3aiiky)/final evaluation (credit)’
- 3anikoBi 0anyu BU3HAYAIOTHLCS SIK CyMa OI[IHOK/OaiB 3a BCiMa YCHIIIHO OI[iHEHUMHU
pe3ysibTaTaMH HaBYaHHsI, Iepe10aueHIMH JaHOK MPOrpaMoro.
- OLiHKY HUXYE BiJi MIHIMAJILHOTO MIOPOTOBOTO PIBHS HE JOAAOTHCS.
- MiHimMansHHI TOPOTOBHIA PiBEHB JJISi CYMapHOI OLIIHKH 32 BCiMa KOMITOHEHTAMH CTAHOBHUTH
60% Bix MaKCHMaIbHO MOJIMBOI KUTBKOCTI OalIiB.
/
- Credit points are defined as the sum of grades / points for all successfully assessed learning
outcomes provided by this program.
- Scores below the minimum threshold are not added.

- The minimum threshold for the total assessment of all components is 60% of the maximum
possible number of points.

7.2 Opranizauis ouiHoBanusi/Evaluation process:

OOOB’SI3KOBIUM € BUKOHAHHS 3aBIaHb, BUHECCHHX HAa CAMOCTIHHY poOOTY, JTaOOpPAaTOpPHHUX POOIT Ta
MOJIYJIBHUX KOHTPOJIBHUX poOiT 3a rpadikom pododoi mporpamu./ It is mandatory to perform tasks assigned
to independent work, laboratory work and modular tests according to the schedule of the work program.

Tepminu nposenenns: ¢gopm oninroBanHs/Deadlines:

1. Konmponvua poboma 1 (mecm): 0o 6 mudicnsa cemecmpy. Testl: up to the end of 6 weeks
of the semester.

2. Kowmponvua poboma 2 (mecm): oo 10 musicna cemecmpy. Test2: up to the end of 10
weeks of the semester.

3. Konmponvna poboma 3 (mecm): 0o 14 muowcus cemecmpy. Test2: up to the end of 14
weeks of the semester.

3. Jlabopamopna poboma 1: 0o 4 muocus cemecmpy. Laboratory work 1: up to the end of 4
weeks of the semester.

4. Jlabopamopna poboma 2: do 9 muocus cemecmpy. Laboratory work 2: up to the end of 9
weeks of the semester.
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5. Jlabopamopna poboma 3: 0o 14 muoicns cemecmpy. Laboratory work 3: up to the end of
14 weeks of the semester.

CTyzmeHT Mae MpaBO Ha OJHOKpAaTHE IEPECKIaaHHs KOXKHOI KOHTPOJIBHOI poOOTH i3
MOJJIUBICTIO OTPUMaHHSA MakcuManbHO 90% MOYaTKOBO BU3HAYCHMX 3a L0 KOHTPOJIBHY POOOTY
OaniB. TepMmiH nepeckiaiaHHs BU3HAYAETHCS BUKIIAaueM.

V BUIAJIKy BiICYTHOCTI CTy/I€HTa 3 OBOYKHHX IPUYMH BiTPALFOBAHHS Ta Mepe3iadi KOHTPOIBHUX
POOIT 3MIMCHIOIOTHCS Y BIMOBIIHOCTI 710 ,,[l0JI0KeHHST TIPO TOPSIIOK OIIHIOBAHHSI 3HAHL CTYJICHTIB TIPH
KpeAUTHO-MOAYJIBbHINM cHCTeMI OpraHizatlii HaB4aibHOro tiporiecy’ Bif 1 xoBTHs 2010 poky.

CtyneHT Mae npaBo 374aBaTH JJaOOpaTOpHI pOOOTH MiCis 3aKIHYEHHS BU3HAYEHOTO JUISI HUX

TepMiHy, ajie 3 BTPATOI JBOX OajliB 3a KOXKEH TIIK/ICHb, SIKMH NMPOMIIOB 3 MOMEHTY 3aKiHUCHHS
TepMiHy ii 37adi.

7.3 lllkaJja BignmoBigHOCTI OLiIHOK

3apaxoBano / Passed 60-100

He 3apaxoBano / Failed 0-59

8. CTPYKTYPA HAB‘IA;JII)HOi JAAUCHUIVIIHHA
TEMATHUYHUU TIJIAH JIEKHIU I JJABOPATOPHHUX 3AHATH

No KinbkicTs rogun
JTeK- i
Hassa nekuii Ceminapw/ CgiWOCT
ou Jlexuii | maGoparop | iitHa
Hi pobora

Yactuna I. OcHOBH po3moaiieHHX cHCTEM
Part 1. “Foundations of distributed systems”

1 Tema 1. OcHOBH MOOYZ0OBH HATIHHUX Ta MacIITA0OBAHUX 8
3aCTOCYBaHb

Camocmitina poboma:

[IpoBecTn aHami3 mporpamu i 3MicTy Kypcy Ta
PEKOMEH/IOBAaHO] JIiTepaTypHu.

/ 2
Theme 1. Reliable, Scalable, and Maintainable
Applications.

Individual work:

To analyze the program and course content, as well as
recommended literature.

2 Tema 2. Mozei 1aHUX Ta MOBH 3aIINTIB 10
Camocmitina poboma:

[ToGynyBaT cuctemy, IO BUKOPUCTOBYE OAHOYACHO
peILiiiHY 1 He persuiiHy MOJeNi TaHuX

/

Theme 2. Data Models and Query Languages.
Individual work:

Develop system that used relational and NoSQL models

3 Tema 3. 30epiranHs Ta nouryk inpopmarii. 10
Camocmitina poboma:
[TopiBHATH CTOBOYMKORBI Ta PSAAKOBI CXOBHIIA JTAHUX 2

/
Theme 3. Storage and Retrieval.

© I'muboseup M.M., 2020 pik



Individual work:
Compare table and row models of data storages
Tema 4. [IpoGnemu koayBaHHs iHGopMaIrii 2 10
Camocmitina poboma:
Buxkopucratu Apache Thrift abo gRPC ans oOminy
JAHUMH B PO3MOJIICHIN cCUCTeMi
/ 2
Theme 4. Encoding and Evolution.
Individual work:
Build distributed system that use Apache Thrift or gRPC
for data exchange
Tema 5. ['eHeTHYHI anrOpuTMH B 337a9aX KOMOIHATOPHOT 10
OIITHMIi3aril
Camocmitina poboma:
s oOpanoi 3axa4i moOy1yBaTH po3B’ 30K 3
BUKOPUCTAHHIM I'CHETUYHHUX aJITOPUTMIB
/ 2
Theme 5. Genetic algorithms in combinatorial
optimization problems
Individual work:
To construct a solution using genetic algorithms for the
chosen task

Koumponvna poboma 1/ Control work 1 1

Yacrtuna I1. Po3noaineni gani/
Part II. Distributed Data

Tema 6. Perurikarris
Camocmitina poboma:
[ToGynyBaTH 3acTOCyBaHH!, 10 BUKOPHUCTOBYE
})CHJ‘IiKaHiIO master-master. 2 10
Theme 6. Replication.
Individual work:
Develop application that used master-master replication
Tema 7. Po30UTTS 1aHUX B PO3MOAITICHUX CUCTEMaX
Camocmitina poboma:
[ToGynyBaTH 3acTocyBaHHs, 0 Oye BUKOPUCTOBYBATH
PO30UTTS JaHUX HA JICKITbKa CXOBHIIL. 5 12
/
Theme 7. Partitioning.
Individual work:
Develop application that will use sharding of data
Tema 8. Posnonineni Tpan3axitii
Camocmitina poboma:
[ToOymyBaTH anropuT™M €BOIIOLIHHOT cTpaTerii
/ 2 2 7
Theme 8. Distributed Transactions.
Individual work:
Build an algorithm for evolutionary strategy
Tema 9. [TocninoBHICTH Aill Ta KOHCEHCYC
Camocmitna poboma: 2 2 12
[Ipoanani3yBaTH aJroOpuTMU KOHCEHCYCY
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/

Theme 9. Consistency and Consensus.
Individual work:

Analyze main algorithms of consensus

Koumponvna poboma 2/ Control work 2 1

Yacrtuna III. Po6oTa 3 nanummn/
Part III. Derived Data

10

Tema 10. [TakeTHa 00poOKa TaHUX

Camocmitina poboma:

[ToOymyBaTh 3acTocyBaHHS, IO MAKETHO 0OPOOIIIOE JaHi.
/

Theme 10. Batch Processing.

Individual work:

Develop application that work with data in batch
processing paradigm

11

Tema 11. IloroxoBa 06poOka JaHUX

Camocmitina poboma:

[lopiBHATH TTaKETHY 1 TOTOKOBY 00OpPOOKY JTaHUX Ta
BU3HAYUTH B SKUX CUTYAIlisIX SIKUH MiIXi1 HalKpaiie
HiIXOJUTh

/

Theme 11. Stream Processing.

Individual work:

Analyze batch and stream data processing and provide
summary for best cases

Koumponvna poboma 3 1

BCbOI'O 28 10 110

3araabnmuii 0ocsar 150 200., B Tomy uncni/ Total duration /50 hours, namely:
Jlexuii/ Lectures — 28 roa./h.

Jlabopartopni pobotu / Laboratory works — 10 200./h.

Koncynpranii/ Consultations - 2 200./h.

Camocriitna po6ota/ Individual work - 110 200. /h.

9.

PexoMennoBani 1:kepesna

Ocnoegni / Main:

3. Tanenbaym, M. Ban Creen PacnpenenéHHbsie CHCTEMBI, IPUHLIUIBI M Mapagurmel. [lutep,
2003

Martin Kleppmann Designing Data-Intensive Applications, OReilly 2017

Hooamkoei / Additional:
. bakon, T. Xappuc OmnepaunoHHbIE CHCTEMBI, MapaljIeIbHbIE U paclpeaciiEéHHbIE CHCTEMBI.

[utep, 2004
B.A. lllexonnos Onepariiini cuctemu. Kuis, Bunasunua rpyna BHV, 2005
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