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CBOPHUK TOKJAIN

Houneiina nayuna konghepenuus ¢ mexcoyHapooHo yvacmue
45 200unu kameopa "Komniomwvpru nayku u mexnonozuu'
30 zoounu cneyuannocm ""Komnwomuvpruu cucmemu u mexroaozuu'’
27-28 cenmemepu, 2013 2.
Bapua, bvnecapus

Anniversary Scientific International Conference
45 Years Computer Sciences and Engineering Department
30 Years Computer Systems and Technologies Speciality
27-28 September, 2013

Varna, Bulgaria
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VBakxaeMu KoIery,

[Ipe3 nactosmata 2013 romuHa ce HaBbpuiBaT 45 TOAMHU OT CBH3JABAHETO B HaIIUA
YHuBEpCUTET Ha MBPBOTO CTPYKTYPHO 3BEHO “M3umcnurenHa TeXHHMKA”, MOJYYMIIO 3ajadara Ja
oOydJaBa CTyJIEHTHUTE B 00JacTTa Ha HaM-PEBOJIOIMOHHATA HAyYHO-TEXHUYECKa 00JIacT, Ta3W Ha
KOMITIOTBPHHUTE HAYKH M TEXHOJOTUU. TOBa 3BEHO U3BBPBS ABJI'BI U BB3X O] BT HA Pa3BUTHE, 32
Jla IOCTUTHE 10 HACTOSIIOTO CU ChCTOSHHME U BB3MOKHOCTH B JIMIETO Ha KaTeapa “KommoTbpHU
HAyKH W TEXHOJOTHH , YHHTO BHCOKO KBaTU(UIMPAH TMPENOJABATEIICKH ChCTaB IPOBEKIA
ChBPEMEHEH U aKTyaJieH M0 ChAbpKaHue U GopMu yueOeH U HaydYHOU3CIIEAOBATENICKU MTPOLIECH BB
BCUYKH 00pa30oBaTeNHO KBAIU(HUKAIIMOHHU CTENEeHU - OakalaBbp, MarucTep U Joktop. Karenpara
npuTexaBa 6orata MatepuanHa 6a3a u 00y4yaBa CTYACHTH B JIBE CIIELUAIHOCTH, YUITO 0011 Opoit
HanxBbpia 500.

[Ipe3 te3u romuuu karenpa KHT 3aBoroBa Ge3cropHU M 3HAUYMMH MO3HMIUKA B O0JIacTTa Ha
KOMITIOTBPHOTO 00pa3oBaHUE U CE€ YTBBPAUM KaTO aBTOPUTETHO 3BEHO CpeJl aHaJOTHYHUTE B
CTpaHaTa. BCHYKM ycmexu ce€ ABDKAaT Ha BCEOTHAWHHMS W BHCOKO KBaTU(UIUpaH TpPyd Ha
MpenojaBaTeNIuTe U CIYKUTEIUTEe Ha KaTeIpeHusl KoiekTuB. Heocmopuma e 3aciyrara u Ha
HAaIlIUTE BB3MUTAHUIM - CTYJEHTU U JOKTOPAHTHU, 3AIUTUIN JOCTOMHO MPECTUXKA HA KaTeapara u
CHEIHaTHOCTTa KaKTO B CTpaHaTa, Taka BbB BCUYKU Kpaullla Ha CBETA.

C yBaxeHue M OjaromapHocT ce oOpbIIaM KbM OCHOBAaTeNIMTE Ha Kareapara. He ce
CbMHSIBAM, Y€ KAaTE€IPEHUST KOJIEKTHB W€ CBhXpaHU U pa3BUEe JTOOPHUTE TPATUIMH BBIPEKU
TPYAHOCTUTE, ThI KaTO MPUEMCTBEHOCTTa Ha MJIaIUTE B KaTeApaTa € HaJIMIIE.

C nosxenaHue 3a 3/paBe, ACTHE U YCIIeX BbB BCUUKHU J00pY HauWHaHU!

YectruTa roguiHuHal

Centemspu, 2013 r. non. aA-p uwk. Hanexna Pyckosa,
PvkoBonuten kareapa KHT

Dear Colleagues!

In the current 2013 45 years have passed since the first structure section on Computing at our
University was established. It received the job to introduce the students in the most revolutionary
scientific area — the one of computer science and technology. The Section has gone a long way up
while reaching its present state and opportunities offered by the Department of Computer science
and engineering, whose highly qualified lecturers hold a contemporary in content and shape
academic and research process in all degrees - Bachelor, Master, PhD. The department has great
facilities and teaches students, whose total number exceeds 500, in two subjects.

During these years the Department of “Computer science and engineering” gained
indisputable importance in the field of computer education and established itself as an authoritative
among similar across the country. All the success is due to the dedicated and highly skilled work of
the lecturers and employees of the department. Undeniable is also the contribution of our
undergraduate and graduate students, who have successfully defended the reputation of the
Department and the subject both in the country and all over the world.

With respect and gratitude, I refer to the founders of the Department. I have no doubt that the
Department staff will preserve and develop the traditions despite the difficulties, as the succession
of the young people in the Department is available.

With wishes for health, happiness and success in all your good endeavors!

Happy anniversary!

September, 2013 Assoc. Prof. Nadezhda Ruskova, PhD
Head of Computer Science and Engineering Department
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CIIOHCOPHU HA KOHOEPEHILUATA

.2 Telecoms

http://www.telecoms.bg

TEJJEKOMC OO/ e TelekoMyHUKAIIMOHEH
omnepaTop, MPeIOCTaBsIl YCIYrd Ha PErHOHATHU
Y JIOKAJTHA UHTEPHET JOCTABUYMIIU.

Systems Ltd.

http://www.eurorisksystems.com

EuroRisk Cucremn 001 MpeI0CTaBs
copTyepHH CHUCTEMH U YCIyrd 3a OaHKW,
3aCTpaxoBaTeIHM W (PUHAHCOBM WHCTUTYLIUH U
JPYTY JOCTABUMIIA Ha (PUHAHCOBH YCITYTH.

http://www.asicdepot.com

ASIC Depot npenoctaBsi pa3lmIupeHd YCIyTru IO
MPOEKTUpAaHe, JAu3aliH W BepuduUKauus Ha
MpPEXOBH MPOLECOPH, MYIATUMEAMS, KOHTPOJIEPH
U nepudepus, MOOWIHU MPUIOKEHUS, coPTyep
3a MpOBEpKa U Jp.

EADASTRA

http://www.bg.adastragrp.com

AJACTPA npejaiara nH(pOpMaLMOHEH
MEHUDKMBHT - IIBJIHA rama YCIyT'd, HAaCOUYEHU
KbM paIlOHaJIN3aIis U yCKOpsiBaHEe Ha OW3HEC
mporecd Wi OOHOBSIBAHE Ha  (uUpMeHa
TEXHOJIOTHYHA HHPPACTPYKTYPA.

515 TECHNOLOGY AD
BUSINESS & RETAIL SOLUTIONS

http://www.sistechnology.com

CHUC Texnomorust A/l npeanara KOHCYITaLNH,
poyuyBaHe,  pa3padoTka, BHEJIpsSBaHE U
MOJIPHKKA HA CHCTEMH 32 aBTOMAaTH3MpPAaHE HA
TBPTOBCKM OOEKTH, CYETOBOJHA OTYETHOCT,
VOpaBJICHUE HA YOBEIIKM PECypCH M TPOCKTH,
M3HCKBAIl BUCOKA CTENEH HAa HANEXKIHOCT TIPH
oOpa0boTKaTa Ha Omepaluy B peaTHoO BpeMe.

NIIr
CISCO.

Networking

Academy

http://ciscoacademy.tu-varna.bg

Jlokannata Cisco Axkaaemusi npu TY-Bapna
MPOBEXJIa KypcOBE IO HaW-HOBUTE Y4EOHH
nporpamu Ha Cisco Networking Academy -

Cisco CCNA Exploration u Cisco CCNA
Security Ha OBATAPCKU ¥ AHTTUHCKA €3HK.
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CEKLUSA 3
ABTOMATHUKA U KOMIIIOTHLPHU CUCTEMMU 3A
YIIPABJEHME

Houneitna nayuna konghepenyusn ¢ mercoyHapooHo yvacmue
45 200unu kameopa "Komniomwvpnu nayku u mexnonozuu'
30 200unu cneyuannocm ""Komniomvpruu cucmemu u mexnonozuu'"
27-28 cenmemepu, 2013 2.
Bapua, bvnecapus

Anniversary Scientific International Conference
45 Years Computer Sciences and Engineering Department
30 Years Computer Systems and Technologies Speciality
27-28 September, 2013

Varna, Bulgaria

SECTION 3
AUTOMATION AND COMPUTER CONTROL
SYSTEMS
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MATRIX INTERPRETATION OF SYSTEM FAULTS
CONDITIONS DIAGNOSABILITY

Damir H. Imaev, Alexey A. Alekseev, Mikhail Yu. Shestopalov

Abstact: In the report are observed the system failure conditions diagnosability on the matrix approach
basis. Is proposed the acyclic graphs systems analyzing diagnosability by mean of operations on matrices
technique.

Keywords: diagnosability, the matrix approach, system failure, graph

MaTpuyHasi MHTepHIpeTAlUs YCJIOBUI INATHOCTHPYEMOCTH CHCTEMHBIX
HeucnpaBHoOCTeM

Hmaes [I. X., AnekceeB A. A., lllectomanos M. IO.

Pe3tome: B noxmanme paccmMaTpuBaroTCs YCIOBHS AMAarHOCTUPYEMOCTH CHCTEMHBIX HEHCIpPAaBHOCTEH Ha
OCHOBE HCIIOJIb30BaHUSI MATPUYHBIX MeEToAoB. Ilpeanmaraercs MeToAMKa aHamu3a AUArHOCTUPYEMOCTH
rpadoB OECKOHTYPHBIX CHUCTEM, OCOOCHHOCTHIO KOTOPOH SBISETCS NPOBEACHHUE aHAIM3a TOIOJIOTHU
JIUArHOCTUYECKOTo Tpada ¢ MOMOIIBIO ONepaluii Ha MaTpUIax.

KiroueBble ciioBa: J[uarHocTUPyeMOCThb, CUCTEMHAs! HEUCIIPABHOCTh, MATPUYHBIN METO I, Tpad

1. BBenenue

B cooTBeTcTBHMM ¢ TNPUHIMIIAMH [OCIEIOBATEIBHOTO PACKPBITHA HEONPEAEICHHOCTH
pe3yNbTaThl aHAJIM3a MOAENEH He M3MEHSIOTCS NPH NOBBIIICHUH MH(popMaTuBHOCTH. Tormomorus
CHCTEM — MHOJKECTBO 3JIEMEHTOB U CBS3€M MEXIy HUMU — SIBJISIETCS MOJEIBbI0 MUHUMAJIbHOMN
OIIPEAETICHHOCTH, BCIICACTBHE YEro pPE3yNbTaThl aHAIM3a M CHHTE3a TAaKOM MOJeNu O0JIafaloT
MaKCUMaJIbHON 0OIIHOCThI0. OmKOKH, JONYIIEHHbIE Ha ATarne (JOPMUPOBAHHS TOIIOJIOTUU MOJIEIH,
OTHOCSITCA K TPHUHIMIHAIBHBIM M HE MOTYT OBITh HCIIPABJICHBI B JalbHEHIIEM HH BHIOOPOM
METOJIOB U aJIrOPUTMOB 00OpaOOTKM NaHHBIX, HU, TeM OoJjiee, HaCTpoikol mapameTpos. [loaTomy,
OJTHOM W3 3a/1ad SABJSIETCS 3a/Javya JMArHOCTUPYEMOCTH CHCTEMHBIX HEHCIPAaBHOCTEH Ha OCHOBE
MaTPUYHOTO MOAX0/A.

2. Pe3yabTaTnl

JnarHocTuueckuMm rpadamM — JUHEWHBIM CUTHAJIBHBIM TpadaM C €IUHUYHBIMH JyraMyu —
HOMMHAJIBHOM (MCIIPaBHOM) CUCTEMBI YIIPABIEHUS OTBEYAET CUCTEMA YPaBHEHUIM

Ax =Bu;

y=Cx, (1)

rme: xeR";ueRrR®;yer? — BekTOpH HepeMEHHBIX CHCTEMBI, BXOAa M Bhixona; A,B,C —
MaTpulbl COOTBETCTBYIOIIMX pa3MepoB. [J1aBHas quaroHainb MaTpULIBI CUCTEMBl A €IMHHMYHA, A €€
HEJIMarOHAJIbHBIE AJIEMEHTHI PaBHbI | WM -1; MaTPHIIBI CBSA3E CUCTEMBI CO Cpefoil Ha BXxojie B u
BeIxosie C cozaepiKaT 1o OJJHOMY €UHUYHOMY AJIEMEHTY B KaXKJIOM CTOJIOIE U KaKIOM CTPOKE.
HewucnpaBnas cucrema
A_ X=B u;

2
y=Cx, 2)
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MMeeT MaTpuly A, B KOTOPOH OTCYTCTBYeT OJAMH H3 HEIMATOHAILHBIX OIIEMEHTOB, WIH

MPUCYTCTBYET HOBBbIA. HeucrnpaBHOCTM B BHJI€ HCYE3HOBEHHUSI CBSI3€M CHUCTEMBI CO Cpenoil
omuchiBaroTcst Marpuiamu B, u C,, B KOTOpBIX OTCYTCTBYET (mosiBiIsIETCSI) OMH M3 CTOJIOLIOB

(CTPOK) UM €MMHUYHBIX AJIEMEHTOB B COOTBETCTBYIOIIUX CTOJIOAX (CTPOKaX).
Martpuiiel niepenad IuarHoCTHYECKUX TpadoB HOMHHAIBHOW (MCIPABHOW) W HEUCIPABHOM
CUCTEM BBIYHCISIOTCS TaK

K=CA'B=CA'B/detA, (3)
K, =CA/B=CA'B/detA
TIpU COOJTIO/ICHUY U3BECTHBIX YCIIOBUM: rank <A|B> =rank(A)=N.

OJieMEHTBl MaTpHI[ Mepefad B TOYHOCTH pPaBHbI «yCHICHHAM» k. TpadoB, paBHBI
OTHOLICHMSIM LEJNbIX YHUCEJ, 3HAUYEHUS KOTOPBIX 3aBHUCAT TOJBKO OT TOIOJIOTUU CHCTEMBI.
Omnpenenurens MaTpuilbl A cucrteMbl ypaBHeHui (1) u ompenenurens rpada ¢ eAMHUYHBIMH

JIyraMy PaBHBI, T.€.
A=detA.

Onpenenurenb MaTpUllbl A — 1€J0€ YHCIO, ONpelneiseMoe HaJu4YheM KOHTYPOB H
OTHOIIIEHWH WX KacaHusA. J|eWCTBUTENIBHO, ONMpEAenuTeah MaTpullbl det A — OTIIMYHOE OT HYJIA
[esoe, TaK Kak BBIYMCICHUE OINpeNenuTeNs TpeOyeT TOJIBKO ONepaluyu IEePEeMHOKEHHUS U
CIIOKEHHUS, a caMa MaTpHIla LeJoyucienHas. Marpuna unciaurens (3)

CA'B
TaKKe IEJOYNCIIEHHAs, TaK KaK 3JEMEHTHI MMPHCOCAMHEHHOM MaTpHIbl A’ IPEICTaBISAIOT COOOi

anreOpandyeckue JONOJHEHUS HIEMEHTOB TPAHCIOHMPOBAaHHOW Marpuubl. ClenoBaTenbHO,
snemenTsl Matpull K u K, — 1po0u ¢ 01MHaKOBBIMU 3HAMEHATEISMH.

Junst Beranciennst matpuil nepenady K n K, MOXHO HCIONIB30BaTh MPOrpaMMHBIE CPECTBA

JUIS peIICHMs 3aJa4 JIMHEHHOW aireOphl. PeKOMEHIYeTCsl BBIUMCIATH OTJCIBHO 3HAMEHATEIbh U
MaTpUIly YUCITUTEIIEH.

OTyinume OT HYJIS M IPEBBINICHUE YCTAHOBICHHOTO ITOPOTa AJIEMEHTAMU MaTPHUIIBI I' Pa3HHIIBI
nepenad (Tak Ha3bIBaeMbI residual)

r=K-K,=C(A"-A/)B

CBUACTCIILCTBYCT O HCHUCIIPABHOCTU CUCTCMBI. 3I[CCB IMPUHATO, YTO MAaTpUIBl BXOJa KW BbIXOJ4
MOJIeJIei HOMHHAJIBHON M HEHCHPAaBHOW CHCTEM TE€ XK€, T.€. HEMCIpaBHA MMEHHO CHUCTEMa, a HE
CBSI3U CO Cpenoi. DJIEMEHThl MaTpHUIlbl pa3HUIBI I OECKOHTYpPHOTO rpada paBHBI YHUCIAM
WCUYE3HYBIINX/TIOSBUBIINXCS MTyTEH.

IIpsmas 3agaya AUATHOCTHPOBAHHUS HEMCIPABHOCTH: HAaWTH MATPUIy Pa3HOCTH I IO
MaTpullaM CHCTEM ypaBHEHUN W HOMHMHAJIBHOW M HeucmpaBHOU cucteM (1), (2). JlaHbl: MaTpHIlbI
A B,Cu A,,B, C. Haiitu: r=K -K, # 0. Pemecnue:

-1 -1 -1 -1
r=K-K,=CA'B-CA;B=C(A"-A})B.

Hampumep, mpu pacuetax B cpene MATLAB 3HaMeHarens W YUCHHTENb residual
BBIYUCIIAKOTCA 110 KOMaHJIaM
det(A)
C*inv(A)*B*det(A)
OOpaTHas 3ama4a TUarHOCTUPOBAHUS HEUCIIPABHOCTH CBOAUTCS K aHAIU3y Mepefad «BXO[I-
BBIXO/» CUCTEMBI.
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MatpuuHoe yc10BHe THATHOCTUPYEMOCTH:
r=K-K, =0

Henynepas maTpuna r CBUIETENbCTBYET O HEMCIIPABHOCTH CUCTEMBI.

[Tocne obHapyxeHus (IETEKIMH) HEUCIIPABHOCTHU CIEAYeT 3Tal ee 1oKaausayuu. B npuHATOMl
IIOCTAHOBKE JIOKAIU3alMsl CBOAMTCSA K ONpEAETICHHI0O HOMepa ucuesHyBued nyru. Ilo marpuue-
OTKJIOHEHHIO I ¥ MOJEJIM CUCTEMBI U3 ypaBHEHUS

r=K-K,=CA'B-CA'B=C(A"-A/)B,
HaxXoOguTCAd MaTpula HeHCHpaBHOﬁ CUCTEMBI

A, =(A"-C'rB)",

€CITM MaTPHULIBI CBS3M CUCTEMBI co cpeoid B u C oOpaTumsl.

AJiredpanyeckoe ycJ0BHE JIOKAJTM3ALNMU: HE0OX0aAMMO (HO HEIOCTAaTOYHO) H3MEPEHHE
BCEX MEPEMEHHBIX U 10/1a4a KO BCEM BEPIIMHAM BXOJHBIX (TECTOBBIX) BO3/ICHCTBUN.

HeynoOGcTtBO MaTpuuHOTO criocoba JOKadM3allMk HEWUCIPABHOCTH OOYCIOBICHO TEM, YTO
aneMeHThl MaTpuilbl K HOMHHAIBHON CHCTEMBI SIBISIOTCS OTHOIICHUSMHU IIENBIX YHCET, a
JIEMEHThI MAaTPUILIBI JIHArHOCTUPYeMOii cuctemMbl K, — neficTBuTENbHBIE YKCIa, GOPMHUPYEMbIC B

pe3yiabTare 00paboTKU H3MEPEHHIA.

3HauyeHHe MAaTPUYHOTO TOJIX0/a K aHAIN3y AWArHOCTHPYEMOCTH TpadoB OECKOHTYPHBIX
CHCTEM OIpENeNseTCss TeM, YTO MOJIY4YEHHBIE paHee Pe3yibTaThl MO3BOJISIOT MPOBOIUTH AHAJIM3
TOTIOJIOTUH IMATHOCTUYECKOT0 rpada ¢ moMOIIbIo ONepariii Ha MaTpHIax.

3. 3akaouenue

Taxkum oOpa3zom, B JIOKJIaJe MPEATIOKEHa METOJMKA aHaJIM3a JUAarHOCTUPYEeMOCTH rpadoB
0ecKOHTYpHBIX cucTeM. OcOOEHHOCTh JAHHOTO IMOAXOZa K aHaJIM3y IUArHOCTUPYEMOCTH TpadoB
OECKOHTYpPHBIX CHUCTEM OIPENENSIeTCs TEM, YTO IMOJIyYEHHbIE Pe3yJIbTaThl MO3BOJSIOT MPOBOIUTH
aHaJIM3 TONOJOTMU AMArHOCTHYECKOTO Tpada ¢ TOMOIIBIO ONepaluii Ha MaTpHUIIax.
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TOHNOJIOI'MYECKHUE YCJIOBUA AUATHOCTUPYEMOCTH
CUCTEMHBIX HEUCIIPABHOCTEM

M. 1O. lllecTomnanos

Pe3tome: B noknaze paccMaTpuBAIOTCS YCIOBHS JUATHOCTUPYEMOCTH COOCTBEHHO CHCTEMBI
M ¢(1) m mmarsocTHpyeMocTH mepexad, T. €. HapyIICHHS YCIOBHIl Iepeladdl CHTHAIOB IIO
HEKOTOPhIM KaHasiaM. HewncrnpaBHOCTh CHCTEMBI TOMOJOTHYECKOTO paHTa MOACTHPYETCS Kak
MOSIBJICHUE/UCYE3HOBEHHE T B Tpade.

KiawueBble ciioBa: J[MarHOCTHPYeMOCTh, CHCTEMHAs HEUCIPABHOCTh, TOMOJOTHUYECKUI paHT,
CUMIITOM

Topological conditions for system failure diagnosability

Mikhail Yu. Shestopalov

Absract. In the report are observed the actual M (1) system conditions diagnosability and transmission

diagnosability, ie signal breach on some channels. The fault system is modeled as a topological rank of
appearance/disappearance of the arc in the graph.
Keywords: diagnosability, topological rank, system failure, symptom

1. BBenenue

PazpaboTka TEOpeTHUYECKUX M NPUKIAJHBIX OCHOB OTKAa30yCTOMYMBOTO YIPaBJICHUS
HETIOCPEJICTBEHHO CBf3aHa C PAa3BUTHEM METOJOB M CPEICTB aHAINW3a W OOECHEYECHHUS TaKHX
(byHIaMEHTAIbHBIX CBOWCTB, KaK JHArHOCTUPYEMOCTb M BOCCTAHABIMBAEMOCTh HEHCIIPaBHBIX
cucteM. J[MarHOCTHPYEeMOCTh — BO3MOKHOCTH OOHApYyXXEHHS, JOKAIM3AUH W HACHTH(UKAINN
3aJJaHHOTO MHO>KECTBA MOTEHLIMAIbHBIX HEUCIIPABHOCTEH IyTeM 00pabOTKH TeKyliel HHPOopMaLuu
B BHJC AHHBIX W3MEPEHHH C y4ETOM arpHOpHON MH(OpMANNU O CTPYKTYPUPOBAHHBIX MOMAEIIX
cucreMbl. B Jokmaze paccMaTpuBalOTCS  TOMOJOTHYECKHE YCIOBHS —JAMAarHOCTHPYEMOCTH
CHCTEMHBIX HEHCIIPaBHOCTEH, U TpeIaraeTcs alrOPUTM JOKAIN3AIMA HEUCIIPABHOCTH Ha OCHOBE
OTOOPaKEHHSI «HEUCTIPABHOCTh-CHMITTOM.

2. Pe3yabTaTnl

BeisiBIeHHME cHMITOMa CHCTEMHOW HEUCHIPABHOCTU IIPU MOHHUTOPHHIE TOJBKO JAHHBIX
M3MEPEHUH IEPEMEHHOM 00beKTa Yy, MPUHATO Ha3biBaTh data-based nuarnocTuka.

Tomonornyeckoe  ycioOBHE€  AMArHOCTUPYEMOCTH  CHCTEMHOW  HEHCIPAaBHOCTH  IIPHU
MOHUTOpPUHre cOOCTBEHHO cucTeMbl M (1) — moreHumanbHO HewcnpaBHas ayra rpada (a,b)

JIOJDKHA BXOIUTb B COCTaB XOTsA Obl OJHOTO M3 myred F OT KOHLUA Iyrd @ [0 BEPIIHHBI

u3mepenus g (puc. 1, a).
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Puc. 1. MirocTpanus crmoco0oB TUarHOCTUPOBAHUS

BI:ISIBJIGHI/IC cCUuMIIToMa CHCTGMHOﬁ HeI/ICHpaBHOCTI/I HpI/I MOHI/ITopI/IHFG Hepez[aq OCHOBAHO Ha
aHaM3e TaKk Ha3bIBaeMbIX residual — pazHoOCTEl BBIXO/IOB Y, o0BeKTa 1 j/q mMozaenu M, , Ha BXOX

KOTOpO# MOJaeTcs TOT ’Ke CUTHAN U, , YTO U Ha BXoJ oobekTa. [Ipouenypa nuarnoctuxu (puc. 1, 6)

HCHOJ’IBE}yCT aHaJII/ITI/I‘-IGCKYIO 1501851 HpOI‘paMMHYIO MOJIECIb OG’bGKTa («aHaHI/ITI/I‘-ICCKa}I
M30BITOYHOCTBY), N3-3a Yero Ha3bIBaeTcss «model-based nuarnoctuka.

Tomonornueckoe  yciloBHE€  AMArHOCTUPYEMOCTH  CHCTEMHOW  HEWCIPAaBHOCTH  IIPHU
MOHHMTOPHHTE Iepe/iad — MOTCHIIMAILHO HEUCIIpaBHas Jiyra rpada J0/HKHA BXOJIUTh B COCTAB XOTS

o P
OBl OJTHOTO W3 ITyTEH F, obOpazyromux nepegaun O o

OtHomenne (oToOpakeHne) R «HEUCHPABHOCTh — CUMIITOMY» HaXOJIUTCS TOTOJOTHUYECKUM
aHAM30M — TOUCKOM nymeil U Mapuipymoe B Tpade OT BXONOB U, 10 BBIXOAOB V. Jlns Beex

MapUIpyTOB MEPEUYHCISIIOTCS JIyrd, ux oOpasyromme. [lpu HEOOJBIIOM dYHCIE BIIEMEHTOB
oToOpakeHne R WILTIOCTPUPYETCs AuarpaMmont ourpada (aBymaoasHOTO Tpada).

ITocne BbIsiBIEHMS HeucnpaBHbIX nepegad OOV cinepyeT 3Tamn JIOKaaUu3aluy HEUCIIPABHOCTH.
Jlokanu3anysi HEUCTIPaBHOM JIyTM OCHOBaHA Ha JOCTATOYHO MPOCTOM COOOPaKCHHHU: HEHCIIPaBHAsS
Ayra BXOOUT BO BCC «IIJIOXUCH ICpCaAavdn (aHa.HI/I3 KOTOPLIX BBISABUII HCAOIIYCTUMOC OTKIIOHCHHUEC OT
HOMHWHAJIa) U HE BXOIUT HU B OJHY «XOpoIryio». Eciam Gonee cTporo opopMHTH 3Ty HICHO, TO
CIIpaBEAJIUBO

YT1Bep:kaenne: MHOKECTBO, KOTOPOMY NPUHAUICKHUT HEHCIIPaBHas nyra rpada, HaXOauTCs
KaK pa3HOCTh JIBYX MHOXECTB: | — mepecedeHuss MOIMHOKECTB AYT, 00pa3yroIMX MapUIpyThl
«UTOXHX» TIepead, U 2 — 00beIMHEHHS TIOJJMHOXKECTB JIyT, 00pa3yIIUX MapUIPYThl «XOPOIITHX)
nepeaay.

Puc. 2 wumoctpupyeT omepanuio pa3HOCTH (JIOTIOJTHEHWs) Hall MHOXKECTBAMH B BHJIC
auarpammbl - Jinepa-Benna. 3amrpuxoBaHHas o00JacTb COOTBETCTBYET IOJMHOXECTBY YT,
KOTOPOMY NIPUHA/IJICKUT HEUCTIPABHAS TyTa.

Puc. 2. /Ilnarpamma Ditnepa-BenHa, WIITIOCTPUPYIONIAS CMBICT YTBEPKICHUS
0 TTOIMHO>KECTBE HEHCITPABHBIX AT

AJIFOpI/ITM JIOKaJIM3alli Ha OCHOBEC OTO6pa}KeHI/I$I «HCUCIIPABHOCTHb-CUMIITOM)» COCTOUT B
MOCJICA0BATCIILHOM BBINMOJIHCHUUN CIICAYIOIIUX JIeNCTBUIA.
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1. Tlocne oOHapyXeHHsSI HEMCIPABHOCTH CHCTEMbl M «IUIOXMX» Tiepenad k, OOpaTHbIM

11epexo/IoM (MPOTHB HANpaBICHUs Iy Ourpada oToOpaKeHHs) HAXOMAT MOJAMHOKeCTBA Iy R, ,

(bopMHUPYIOLIUX MJIOXUE MTEPEAAYH.
2. Ecnu nmuioxux nepejad HECKOJIbKO, TO HaXOST EPECEUCHUE MOIMHOXKECTB 1yT

R, =R, , (1)
q,r

TaKk KakK IuloXas Jyra JOJDKHAa BXOIUTh 60 6Ce IUIOXHE Tepefadn. DTO MOMKET HECKOIBKO
YMEHBIIUTL HEOIIPEAEIEHHOCTD.
3. BblmensaioT NOAMHOXKECTBO «Xopommx» mnepenad {(q,r)},. OOpaTHBIM HepexoqoM

(npoTuB HanpasieHus JAyr Ourpada OTOOpaKeHMs) HAXOIAT MOIMHOXKeCTBa JAyr R .,

(hOpMUPYIOIIUX XOPOIIIKE TIepeaayu.
4. Ecnm xopomux nepead HECKOJIbKO, TO HaX0IAT 00beTMHEHNE TTOAMHOMKECTB UX YT

R, =R, : )

TaK KaK B XOPOIIKE TIepelaur BXOIAT TOIBKO XOpoIne AyTy (TutoxXas 1yra He MOXKET BXOJIUTh HU 8
00HY W3 XOPOIIUX TIepeaay).
Hckomoe pelieHne HaxOAsAT Kak PasHOCTh MHOXKeCTB (HomoiHeHue) R, \R;, Tak Kak

HEUCIPABHBIE 1YTH BXOJAT BO BCE IIJIOXUE MEPEAAYN U HE BXOJAT HU B OJHY XOPOLIYIO.
IIpumepsl pelieHus 3aa4u JTOKAIU3aIMK Ha OCHOBE Tpada 0TOOpaKeHUs «HEUCIPABHOCTh-
cumrntom». burpag oroOpakeHHs «HEUCIPAaBHOCTH-CUMIITOM) IIPUBEIEH Ha PHUC. 3.

Jlyru Ilepenaun

Puc. 3. burpad oToOpakeHUsT «HEUCTIPABHOCTL-CUMIITOM

IMpumep 1. Ilycte HeucnpaBHa ayra Ne 3. AHaiW3 NMEPEMEHHBIX BXOJ-BBIXOJl BBISIBUT
oTkioHeHus nepenad (2, 1) m (2, 2); coiictBa nepemaun (1, 1) coxpanstorcsa. I[locnenyem
AJITOPUTMY. [TonmHOXecTBa oyr R, bopMupyrOLNX 10X HE nepesavn:

R, =11,2,3,4,5,6}; R,,, =1{3,4,5} . Ilepeceuenne naer R, = {3,4,5} .
ITogmuoXkecTBO 1yr, QopMupyoomux Xxopouryro nepenady: R, =R, ={l}. Pa3nocts
noamMHokecTB R, \ R, ={3,4,5}\{1} = {3,4,5} . D10 pelieHne Henb3s yNyYWIUTh NPU JIOCTYIHBIX

U3MEPECHUSX.

IMpumep 2. Ilyctp HeucnpaBHa ayra Ne 2. AHaiM3 NMEPEMEHHBIX BXOJ-BBIXOJ[ BBISIBUT
OTKJIOHEeHHUs niepenauu (2, 1); coiicta nepenau (1, 1) u (2, 2) coxpaustorcs. [logmHoxkecTBa ayr,
Gopmupyrommx  mioxyro  mepepavwy: R, =R, =1{1,2,3,4,5,6}. IlonmHoxkectBa  nyr,
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bopmupyromx xopomue nepenaun: R, = {1}; R,, ={3,4,5} . OObenuHeHHEe XOpOIIUX AYT

j‘)()ll U ‘(RUZZ = {1}U{3,4,5} = {1733435} .
Pasnocte moamuoxects R\ R, =1{1,2,3,4,5,6}\{1,3,4,5} ={2,6}n ecTb pewienue 3anayu

aHaJIM3a JOKAJIN3yEeMOCTH.

IIpumep 3. Ilycte HeucnpaBHa ayra Ne 6. AHain3 NEpEMEHHBIX BXOJI-BbIXOJ BBISBUT
oTkJIoHEeHMs mepenayn (2, 1); coiictBa mepenau (1, 1) u (2, 2) coxpansrorcs. CrenoBareiabHO,
perieHue OyJeT MpeKHUM, KaK B IPUMEpE 2: HEUCIIPaBHAsI TyTa HAXOAUTCS Cpeau ABYX {2,6}.

Knacc sxeusanenmnocmu HeucHpaBHBIX AYT rpada OTHOCHUTENHRHO MHOXKECTBA Iepeaad —
MOJMHOXECTBO JIyI, HEHUCHPABHOCTU KOTOPHIX HepazauuuMmbl. llpu QPUKCHPOBAHHBIX IS
u3MepeHuil nepenayax rpada (map BXOJA-BBIXOJ) MOKHO JIOKAJIM30BaTh HEHCIPABHOCTh CHUCTEMBbI
TOJIBKO C TOYHOCTBIO JI0 KJIACCOB 3KBHUBAJICHTHOCTH.

3. 3akaouenue

Taxkum 00pa3oM, npu (PUKCUPOBAHHBIX IS U3MEpEHUH nepenadax rpada (map BXOJ-BBIXOM)
MOXHO JIOKQJIH30BaTh HEHCIIPABHOCTh CHCTEMBI TOJBKO C TOYHOCTBHIO IO ITOJMHOXKECTBA YT,
HEHUCIIPAaBHOCTH KOTOPBIX HEPA3TUUHMBI.
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MOJIEJTUPOBAHUE 3AMKHYTOM CUCTEMBI YIIPABJIEHUSI
“IPUPOJA - TEXHOTEHUKA” TIPU BO3AEMCTBUN
METEOPOJIOI'MYECKHUX BOSMYIIEHUU

ConwauneB P. Mocudosuy, Kopirynos I'. UBanoBuu, o Cyan Yo

AnHoTamusi: B npenpiaymux padorax 1mo 3aMKHYTBIM cucTteMam yrpasiieHus: «[Ipupona — TexHoreHukay
(3CY IIT) [1, 2, 3, 4] mocTaBneHBI 3a/1a4H U MTOJTyYEHBI pe3yabTaThl uX penreHus no co3ganuto 3CY [T kak
CAY. B Ttakoit CAY mnorpeboBaicsi CHelUalbHBIA aHAN3 W COOTBETCTBYIOIINE PCHICHHS IO CHHTE3Y
perynsaropa. CylmecTBeHHOE BiIHusiHAE HA paboTy Takoid CAY 0Ka3bIBaIOT METEOPOJIOTHYECKUES BOSMYIIICHUS.
B crathe mpemnoxeno pemienue 3amaun moxaenupoanus 3CY IIT B arMmocdepe, Haxomsmiencs mOJ
BO3JEHCTBHEM METEOPOJIOTUYECKUX BO3MYIIEHUH, ¢ NMpUMeHeHueM aptonojctpoiiku IIU]] — perymnsitopa,
KOMITCHCHPYIOIICH 3TH BO3MYIIICHHUS.

KuroueBblie cjioBa: DKOJIOTHS, 3arps3HAIONINE BEIECTBA, METEOPOJIOTUYECKOE BO3MYIIEHUE, MOJCUCTEMA
CAIIP, monenupoBanue, CAY

Modelling of the Closed Control System “Nature-Technogenica” (CCS NT) when
meteorological disturbances influence

Solnitsev R. Yosifovich, Korshunov G. Ivanovich, Do Suan Cho

Abstract: Mathematical modelling of the closed control system “Nature-Technogenica” (CCS NT) when
meteorological disturbances influence with PID-regulator auto-adaptation for disturbances compensation is
considered in this paper. The analyses of the dynamics of the CCS NT as the ACS when disturbances in the
form of non-stationary processes is fulfilled. The necessity of the disturbances compensation by the PID-
regulator auto-adaptation is shown.

Keywords: ecology, pollutants, pollutants flow speed, meteorological disturbances, the CCS NT as the ACS,
modeling, PID-regulator auto-adaptation.

1. BBenenue

Komnencanus mereoposiornueckux Bo3mymaronux Bosaeiictsuii B 3CY IIT B pexume
peanbHOTO BPEMEHH OO0ECIeUMBAETCS aBTOIOACTPOWMKOW perynsaTopa. B pabore [3] mpuBemeHbl
pe3yabTaThl 00pabOTKH M Mepeayd METEOPOJIOTMYeCKHX JaHHBIX, a TaK k€ C(POPMHPOBAH 3aKOH
yrpasiieHus apronojcrpoiikoit [IN]] — perynsitopa.

B nannoit pabore paccmarpuBaroTcs 3anaun moxaenuposanus 3CY IIT ¢ mpumeHeHueMm
npuBeAeHHOTO B [3] 3akoHa ynpasieHus apronoactpoiikoi [TI1U]] — perynstopa.

2. Moaeaunposanue 3CY IIT

3CVY IIT npencrasnena kak CAY Ha puc 1.

Ha ctpykTypHO#i cxeme 0003Ha4eHbI OTIepaToOphbl U CUTHAJIBIL:

e /., —neperoca 3B ot uctoununka 3B 10 TOUKH UX U3MEPEHMUS,

e [, — U3MEPUTETHLHOTO YCTPOMCTBA (IaTYnKa),

¢ /3 — ycTpoiicTBa mpeoOpa30BaHMsl TaHHBIX H3MEPEHU,

e [, — yCTpOICTBA ympaBlieHHs (PETysTOpa),

e [ 5s— arperata OTYUCTKH COBMECTHO C UCIIOJIHUTEIbHBIM YCTPOMCTBOM,

¢ x(f) — BO3MYyMIAOIIIee BO3/ICHCTBIE (KOMIIEHCHPYEMasi COCTaBIISIONIAs TOIUTMBHBIX Ta30B),
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e [(¢) — mapaMeTpHU4E€CKOE BO3MYIIAIOIIEe BO3ACHCTBHE (METEOPOIOTUUECKUE BO3ZMYIIAIOIINE
BO3JICUCTBUS),

e {(#) — curHaJ ynpaBJ€HHs aBTOIIOACTPONKOH,

® )| — paccoriacoBaHue,

® 2 — M3MEPsEMAst BEMIHHA KOHICHTPAITHH 3B,

J yz — pe3yabTaT U3MEPEHUs MapaMeTpoB,

o yzo — IoIycTUMas BEIMYMHA KOHIeHTpauu 3B (12 "),
® Z — BEJINYMHA OTKJIOHEHUS,

o yz**— npeoOpa3oBaHHBINA CUTHAT,

® i/ — CUTHAJ yIpaBlieHus,

® G — CUTHAJI KOMIIEHCAIIMHY BO3MYIIICHHUS.

®

X(t) yl(t) L1 yZ(t) Lz

o(?)

A

Ls #u(t) L, 2 ()

&)

Puc. 1. Ctpykrypnas cxema 3CVYIIT xak CAY.

N3 crpyktypel Takoit CAY BUIHO, YTO HA CHUCTEMY YIpaBJICHHS JIEUCTBYET JBA MCTOYHUKA
BO3MYIIECHUN:

1) x(f) — BO3MyIIaroIee BO3ACHCTBUE (KOMIICHCHpPYEMasi COCTaBIISAIOIIAs TOIUTMBHBIX
ra3oB) nocrynaromux Ha Bxoj takoi CAY( puc 2);
2) F(t) — wmeteoposioruyeckue BO3MYIIEHUS - BETEp, TeMIlepaTypa, BIAXHOCTD,

JABJIEHHUE, KOTOpbIE NPUBOAAT K HM3MEPEHHUIO TPAHCIIOPTHOIO 3ala3iblBaHUS PaclpOCTPAaHEHUS
notoka 3B. B ctpykrypnoit cxeme 3CY IIT perynsarop npencrapien onepatopoM L4. B pesynbrare
CHHTE3a 3aKOHa perynupoBanus [ 1] monyden oneparop L4, KOTOPbIl UMEET BU:

1
L4(p)=KH+Kﬂ.p+KM.E (1)

rae p = % K, K1, Ky — koaddunuents! nomydennoro ITNJ{ — perynsaropa.

Ocob6ennoctpio Takod CAY sBhsieTcss TO, 9TO OOBEKT YINpaBICHUS MPEICTABISET COOOU
pacrpesieIeHHYI0 CHUCTeMY, MaTeMaTHuYecKash MOJETIb KOTOpOW Iocie mpuBeneHus e€ x Qopme
«BXOJ1 — BBIXO1» (omepaTop L; Ha puc. 1) umeer Bua:

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 20



k

_ e Pt 2
= e s
o @)

Li(p)

r7e T — 3amas3/blBaHue IpU nepeHoce 3B OT MCTOYHMKA [0 JaTYMKa U3MEPUTENIBHOW CHCTEMBbI
3CVIIT [2]. IIpu 3TOM TpeOyemble XapaKTepUCTUKU MPOLIECCOB PETYINPOBAHMS JOCTUTAIOTCS TIPU
coorHomenun K, t=a=0.8+1.2 [I].

C npyroél CTOpPOHBI BEJIMYMHA T OINPEHEISIETCS CKOPOCTBhIO IEepeHoca MoToka 3B, (V)I/I

sprsiercst pyHkueit =F (V, 7’ , P, W, N), tne V - Betrep, 1° - temneparypa, W - BIaXHOCTb, P —
JIABJICHUE U TIPU ATOM BeJMurMHA N pacCTOSIHUS OT UCTOUYHMKA 3B 10 nmaTumka cuuTaercs 3aJJaHHOM.
[Mockonbky dynakus F(V, 7°, P, W, N) HeusBecTHa, TO npuOIKEHNE K HEH CTPOUTCS UCXOS
W3 CIEAYIONIMX COOTHOIICHHH [3]:
N

T =———=1_+AT, 3
IIOTOKa M(V(t)) cp ( )

MV (6)=M (v (1) + M (AV (1)/ 7O, P )= F (0), 4)

M(Y)), t; < t <tj+1, i=1...12 (mecsayvl) — MaTEeMaTUYECKOE OXKHUIAHHE YCPEIHEHHOW CKOPOCTH
MMOTOKA IO OCHOBHOHM COCTaBJISIOIICH, CKOpocTH BeTpa V(f) ¢ yu€tom KonebaHW# MO Mecsiam,
COOTBETCTBYIOIIEE Tcp,

M (AV(t) /T O,P,W) — YCJIIOBHOE MATEMAaTHYECKOE OXHIAHHE JONOJHEHHS K yCPEIHEHHON

CKOPOCTH IIOTOKa, COOTBETCTByIoHmiee AT —  JIONOJHEHUIO K T¢p OT BIHMAHUSA OCTaJIbHBIX
METEOPOJIOTHUECKUX COCTaBIISTFOIINX ]*) , P, W, IIpU 3TOM ! MEHAETCS B JAMAIa30He, [; < [ <l;y]
(cytkm), B mpenenom ciayyae {=0, 1}, (monaens — 0, momaHous — 1).

Ha puc. 2 npuBeneHo BO3MyIIAlOLIEe BO3JACHCTBUE OT METEOPOJIOTUYECKOTO BIIMSHUS Ha
3CY IT - F(¢) [3].

A1)

A
380 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrriroT
360} i
340} i
320} .
300 I\ A
KTaaaly ),
260 i
240} i

t

220 rrrrerrrrrrrrte prorrrrrrrorroerroeroero¢rrorrorrorro¢rr¢rrerr¢rrrre¢ee¢rr¢r¢r¢r¢e -

172 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

CYymK
Puc. 2. BimsiHre BO3MYIIAIONIET0 BO3ISHCTBUSA OT MeTeoposiorndeckoro Biausaust Ha 3CY IIT.
MopenupoBanue npoBOAWIOCh B cpene Matlab Simulink cpenctBamu noacuctemsr CAITP
“monenupoBanue” [1].
Ha puc 3 mnokazano nHa npumepe TOI[ u3MEHEHHS MOIIHOCTH U, COOTBETCTBEHHO,
BO3MYIIAOIIETO BO3JCHCTBUS X(7).
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moaenupoBannss 3CY IIT mnox Bo3aelcTBUEM

6e3 aBTonoactporiku [1T1]] — perynsaropa (Puc 5a), a Ha puc 56 ¢
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3. 3akaouenue

[IpuBenennbie B naHHOW pabote pesynbratsl MoaenupoBanus 3CY IIT moarBepxnaroT
HEOO0XOJAMMOCTh KOMIIEHCAIlMM METEOpOJOrMUecKX Bo3MylleHHH. Kak mokaszamum pes3ynibTaTsl
MOZCIIMPOBaHUs, NpUMeHeHue aBronoictporku 1IN — perynaropa Ha OCHOBE CTaTHCTHYECKOU
00pabOTKN AAHHBIX 00ECIeYNBAET KOMIIEHCALUIO METEOPOIOTHYECKUX BO3SMYILIEHHUH 110 KPUTEPUSIM
ycroiunBoctu U kadectBa 3CY IIT kak CAY.
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YIIPABJIEHUE HA ITOCTOAHHOTOKOB JABUT'ATEJ,
BASUPAHO HA HU®POB CUT'HAJIEH KOHTPOJIEP
TMS320F28335

Kusko C. Xexos

Pe3ome: B noknana e onmucano pa3pabOTBaHETO Ha CHCTEMaA 3a YIPaBJICHUE HA MOCTOSHHOTOKOB JBHUTATElL.
YrupapnsBamusT anropuThM, peanu3upaH BbB BuA Ha Simulink Monen, e 3amokeH B mu)poB CHTHAJICH
koHTposmep TMS320F28335. MU3pbpiieHH ca EKCIICPUMEHTAIHH  WM3CIICIBAHMS, ITOTBBPKIaBaIIN
paboTOCIIOCOOHOCTTA Ha CHCTEMATA.

KarouoBu nymu: YipasieHue Ha enekpudecku nsurareny, Lludposo ynpasnenue, [10CTOSSHHOTOKOB IBUTATEN

DC MOTOR CONTROL BASED ON DIGITAL SIGNAL CONTROLLER TMS320F28335
Zhivko S. Zhekov

Abstract: The report described the development of a DC motor control system. The algorithm, implemented
as a Simulink model is embedded into a digital signal controller TMS320F28335. Experimental tests have
been carried out, confirming the operability of the system.

Keywords: Motor control, DSP control, DC motor

1. BLBeaenue

VYrpaBineHneTo Ha ChbBpeMEHHUTE eleKkTpuuecku 3anBrkBanus (E3) moxe na 0bae 6azupano
Ha!

- CIeNUaTu3upaHd MHTErpanHu cxemMu (oT tuma Ha: LM628, UC1637 3a ynpaBieHue Ha
MOCTOSIHHOTOKOBH jBurarenu; L297, IMTI901 3a ynpaBnenue Ha cTbnkoBu asuratenu; IRMCK201,
HEF4752 3a ynpaBieHue Ha aCHHXPOHHHU JBUTATEIH M JIp.), B KOMTO Ca BrPaJICHH OIPEACIICHH
(GyHKIMU M 3aKOHM 3a yrpasieHue. [IpeanMcTBOTO UM € JIeCHO pa3paboTBaHe Ha CHUCTEMara 3a
yIpaBiieHHE, a HEAOCTAThK € HEBb3MOXHOCTTA 3a MPOMSHA HA BrpaJeHUuTe QYHKIHUU U 3aKOHHU OT
pa3paboTurKa Ha CUCTEMATa, C KOETO c€ HaMasiBa I'bBKABOCTTA HA CUCTEMATA.

- MHUKpPOKOHTpOJIEpH, NpUTEXaBallld CIETHUTE Mepu(epHU YCTpoHCcTBa: OJOKOBE 3a
UPOYMHHO uMMyncHa Monynamus (ILIMM), ananoroBo mudpou npeodpasyBatenu (AL,
OpostuHK BXxoj0oBe. basupaneTro Ha cucreMara 3a YOpaBlieHHE Ha TaKWBa MHUKPOKOHTPOJIEPU
MPEeIoCTaBs BHCOKAa THBKAaBOCT Ha pa3paboTuMka TpH TPOSKTUPAHETO HA YCTPOHCTBOTO.
HenocraTbk € HEBB3MOXKHOCTTA 3a pa3paboTBaHe Ha €J1.3a[BMKBaHUS, MPUTEKABAIIU CIOXKHU
3aKOHHU 3a yIpaBJICHUE.

- nmu(dpoBU CHUTHATHU KOHTposiepu. B nmdpoBuTe CUrHaIHM KOHTpOJNEpU ca OOCTUHEHH
OCHOBHUTE (DYHKITUHU U XapaKTEPUCTUKH HA MHUKPOKOHTPOJIEPUTE (M3ITBbIHEHHE HA MIUPOK HAOOp OT
JIOTUYECKH, TUATHOCTHYHU U AapUTMETHYHHU OIEepalyy, KaKTO U HaJW4YheTo Ha mnepudepHu
ycrpoiictBa: 6mokoBe 3a MM, ALIIl, GposuHu BXx010BE) M HU(POBUTE CUTHAIHU MPOIECOPH
(6Bp30 M3MBIHABAT MAIBLK OpO oreparuu, KaTo CyMHpaHe, YMHOXKECHHE, 3aKbCHEHHE, 00padoTKa
Ha penoBe u Ap.) [1]. LudpoBure curHanHu KOHTpOJIEpU JaBaT BB3MOXKHOCT 3a pa3paboTBaHE Ha
BCUYKHU BHJIOBE YINpaBJICHUS Ha €JI.JBUTATEIH, BKIIOYUTETHO O0E€3CEH30PHO BEKTOPHO YIIPaBIIEHUE
Ha acuHXpoHHHM apuratenu (AJl), ympaBieHue Ha ABM)KCHHUETO, YIPABICHHWE HAa €THOBPEMEHHOTO
KOOPJIMHHUPAHO YIpaBICHUE Ha HIKOJIIKO JBHUraTells 3a IeluTe Ha poboTukara, HU(poBOTO
yIpaBieHHe Ha MeTasooOpaboTBamy MamuHM U JAp. OcBeH TOBa IU(PPOBUTE CUTHAIHU
KOHTpOJIEpH JaBaT Bb3MOKHOCT CPAaBHUTEIHO JIECHO J]a Ce HaTpynBa MHGOpMAIUs B pEalHO Bpeme
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3a pa3’MYHUd TPOMEHJIMBH (TOKOBE, HANpPEKEHUs, CKOPOCT, IMOJIOKEHHE), C IOCJIEIBAIIOTO U
U3I0JI3BaHE 32 aHAJIW3 HAa CUHTE3UPAHUs aITOPUTHM 3a YIIpaBJICHHUE.

- TporpaMupyeMu JIOTUYeCKH MaTpuiu. l3mon3BaHeTo Ha mporpamMupyemMu JIOTHYECKH
Matpunu (FPGA) e npyra cbBpeMeHHaA TEHICHIMS IIPU U3TPaKIaHE HA CUCTEMHM 3a YIPABJIEHUE HA
en.apuratenu. FPGA npencrapisiBa HHTErpajlaHa CXe€Ma, YUUTO BPB3KUTE MEKIY €JIEMEHTUTE U HE
ca €JHO3HA4YHO ONpPEIEISIHM B Ipolleca Ha IPOM3BOACTBO, a MOrar jaa ce nporpamupar. Tosa
O3HaudaBa Bb3MOXKHOCT upe3 aaaeHa FPGA na ce peanusupar pa3inuyHHd aITOPUTMHU 32 YIIPABIICHUE,
JIECHO J1a ce TMPOMEHS TsAXHATa KOH(UTypalus M ChOTBETHO HAaYMH Ha JIEHCTBHE B Ipoleca Ha
pa3paboTKa U JOPH 10 BpeMe Ha eKcruioaTanusara [2].

B nacrosmus nmoknaa € paspaboTeHO ympaBieHHe Ha mocTtossHHOTokoB auraren (I1T]I) B
3aTBOpPEH KOHTYpP MOCPEACTBOM pa3BoiiHaTa cuctema eZdspF28335 npennasHaueHa 3a usrpaxaaHe
" n3ciaensane Ha E3.

2. AnmapaTHa 4acr

W3rpagenata cuctema 3a yrpaslieHHE C€ ChbCTOU OT CJICJHUTE OCHOBHU OJOKOBE, MOKa3aHHU Ha
¢ur.1: 610K 3a ympaBlIeHHWE, CHJIOB MpeoOpasyBaTes, OJOKOBE 3a TaJBAaHUYHO pa3Bbp3BaHE U
MaiabupaHe Ha CUTHAJIM, 3axpanBaiiu 6mokose, [IT/] ¢ Taxoreneparop (TT).

CuuioB npeo0pa3syBaTeJi
y LMD18200
+5v
—— 3axpanBamy — T
6ok 2
GND2
W q7 % Cxema 3a ralBAHMYHO
pa3Bbp3BaHE Ha
r CUrHalna
0+3v
Jatunk Ha Xon
+15v N
1 3axpanBamg —> =
L 6mox 1 |Gani
= 0+3v Cxema 3a
npemaradbupane
I Ha CUTHaJIA
=
@I.,QL@ Lofefe]e] L] Y] ]
° +
GND1 L
~220v ADCINAI —30v ™
ADCINAO TOKOH3I’IpaBHT€H
© ePWM
GND2
y
U= £13v (var)
o—oI|
- 3axpansary |5V eZdsp
~220v
S0k 320F28335
ho— GND1 U;=+30v|(var)
P

e ITHA ¢ HB tun
K+=0.003V/06/Muu IMBT 6-25/3A

®@ur. 1. briokoBa cxema Ha cuctema 3a yrnpasienne Ha [1T/]

2.1. Baok 3a ynpaBJjieHue. B kauecTBoTO Ha OJIOK 3a yHpaBJICHHE € W3MOJ3BaHa pa3BOiHA

cucrema eZdspF28335, umero simpo e mmudpoBusT curHaneH kKoHTporep TMS320F28335 Ha
¢upmara Texas Instruments.
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Pa3zBoiinara cucrema eZdspF28335, umsaro OiokoBa cxema € TMoka3aHa Ha ¢ur. 2, naBa
BB3MOKHOCT 3a pa3paboTBaHE M TECTBAaHE Ha IMporpaMara, ¢ KOATO IIe paboTu HU(pOBUAT
CUTHAJIEH KOHTPOJIEp, KaTO B Ciiydas TOBa € alropuTbMbT 3a ynpasieHue Ha IITJ[. OcHoBHuTE
XapaKTepUCTHKYU Ha pa3BoiiHaTa cucrema ca [4]:

- 150MHz rakToBa yectora

- pabora c 32 6uTOBa apUTMETHKA C TUIaBaIla 3aneTas

- 68K 0Oaiita BpTpenna RAM

- 512K Gaiita BpTpemIHa (uamr namer

- 256K 0Oaiita BbHIIHAa SRAM

- 12 6uroB ALIII ¢ 16 xanama

- CHEIMATIM3UPAHU BXOJIOBE 332 CHKOJIEP

- 6nokose 3a [IUM

- CAN2.0 unrepdetic u SPI

- srpagedH USB JTAG konTpoJiep.

T

WMhz.___ ) xTAL1IOSCN

ANALIGTOD
DIGITAL
TG CONVERTER

|

| Eo— e mem

use
PORTITAG
CONTROLLER

ET-L T

TMS320F28335
EXTERNAL . W x 18
s ey L

CAN-A CANA W

o -

E oz km

@ur. 2. briokoBa cxema Ha eZdspF28335 [3]

2.2. CuaoB npeodpa3syBateJ. 3nonsBan e cuinoB npeodpaszyBaren LMD18200 na National
Semiconductor, unsTo PyHKIIMOHAIHA cXeMa € TIOKa3aHa Ha (ur. 3, XxapakTepu3upall ce C:

- yetupu DMOS cuiioBu TpaH3uCTOpa CBBP3aHU B MOCTOBA cxema 3a ynpasieHue Ha I1T/] u
CTBIIKOBH JIBUTATENIN

- MO3BOJIsIBA paboTa ChC CUIIOBO HANpekKeHue 10 55V

- O3BOJISIBA paboTa ¢ MPOABIKUTENCH TOK 10 3A U MUKOB TOK J10 6A

- OCUT'ypsiBa 3allliTa 110 TOK U TeMreparypa [5].
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Lo CHARGE l l CHARGE
PLMF KPR )
OYEACIRRENT DRIVE CURRENT DRIVE ';'UN“'
DETEETICH SIS B SEdSE
SENEING QUTRUT
SHUTOOWH

CRECTION 3 C— ¥ — —
BRAKE & (O— II_:IJP;lI
Py 5 (O— i é

GROUKD

®@ur. 3. briokoBaTa cxema Ha cuiioB ipeodpazysaren LMD18200

2.3. biiokoBe 3a raJJBAHMYHO Pa3Bbp3BaHe U MAalA0UPaHe HA CUTHAJIUTe. 3aXpaHBaIH
0/10k0Be. bBIOKBT 3a TaJBaHMYHO pa3Bbp3BaHE CIYKM 3a pasleisHe Ha CWiIoBata oOT
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yhOpapisiBalaTa 4acT Ha CHCTeMaTa € IleJl IPeJoTBpaTsBaHEe Ha MPOHMKBAHE Ha CHIIOBO
Hampe)KeHUeE ¥ Mpena3BaHe Ha pa3BoiiHaTa CUCTEMa MPU MOBPEIa Ha CHIIOBHUS TPEeoOpazyBaTell.
broxbT 3a mpemaiabupane ciryku 3a npeodpasyBaHe Ha HanpekeHneTo Uy, MOCTHIIBAIIO OT
TT', koero e B auana3oH [-13++13V] B Hanpexenue ¢ noaxoasaul nuamnaszaon [0+3V] 3a nonaBane
Ha BX0J1a Ha aHajoro-1udpoBus npeodpasysaren (ALIT) Ha nmudpoBus curHageH KOHTPOJIEp.
3axpaHBamuTe OIOKOBE OCHTYpSBAaT 3aXpaHBAIIUTE HAMPEXKECHHs, HEOOXOmOUMHU 3a
Oe3onacHaTta paboTa Ha cUcTeMarTa.

3. IlporpamHo ocurypsiBaHe

AnroputbMbT 3a ynpasinenue Ha IIT/] ce msrpaxna kato Simulink mozen. M3non3Banu ca
osokoBe oT Oubmorekute Ha Target Support Package TC2, kouto ca ChbBMECTUMHU C OMpEEICHU
muppoBU curHamHU KoHTposiepu Ha Texas Instruments, MeXay KOMTO € U W3IMOJ3BAHUAT
TMS320F28335. U3nomsea ce codryeppT Real-Time Workshop (RTW) ot Matlab 3aegHo cbhe
copryepa Code Composer Studio (CCS) ma Texas Instruments, mpenHazHadeHn 3a pabota ¢
nudpoBUTEe CHUTHATHU KOHTpoJiepu Ha ¢upmata. ToBa mO3BOJsBa OBP30 H3TPaKIaHE Ha
mporpaMaTta U aBTOMaTHYHO T'eHepupaHe Ha Koj. Pemyiupa ce KoAupaHETO Ha aJrOpUTHhMa U Ce
M3BBHPIIBAT ABTOMATH3UPAHO CIEIHUTE CTHIIKU: KOJMpaHe, KOMITWIIMPAHEe, CBbP3BAaHE H 3apexkKIaHe
Ha Iporpamara Ha CbOTBETHATa pa3BoiiHa cucTeMa [6].

3.1. Onucanue Ha Simulink mMonena Ha m3rpagenoro ynpabienue Ha IITJ. Simulink
MOJCIBT € ToKa3aH Ha ¢ur.4. M3TOYHUKBT Ha 3aJaHUETO MO CKOpocT € OjokbT Signal Builder
(popmupoBaTen Ha CUTHAIN), TOCPEACTBOM KOHTO MoOke Aa Objae popMupaHo 3agaHue Mo CKOpOCT
N, CIKeNaH! PUKCHPAHH CTOMHOCTH € ONpPEACNCHA IPOABIDKUTEIHOCT ¥ BPEMCHA 3a Pa3BbpPTaHe

" CIIUPAHC HA ABUTATCIIA.

C280 x/C2833 x
Signal 1 | ——pp IN10ut1 ——————Ppf +
% »|- —p{In10ut1 | P In10ut1 L — Pl WA
Signal Builder
Scaling 1 Add ePWM
Pl controller Scaling 2 ePWM
ADC
C280 x/C2833 x
A
F28335 eZdsp
ADC

Tpwm =60000 /150 *106
fowm =150 *106/60000 =2.5KHz

@ur. 4. Simulink Mozen Ha anropuThM 3a ynpasienue Ha [1T/]

Ot 610xka ADC (AIIT) ce momyuyaBa mudpoBa CTOHHOCT n: B nuana3oHa [0+4096], kosTo
HocH MH(pOpManus 3a CKOPOCTTa Ha JBurareins 7, . biokst Scalingl npemamiabupa 3agaHuero 1o
CKOPOCT B CTOMHOCT n:ef che chius auana3zoH karo To3u Ha ALIIL. TTocpencTtBom cymarop (Add)
ce CpaBHSABAT n:ef " n: , 1 ce (hopMupa Tperkara 1no CKopocT &= n;f—n: .

I'pemikara o ckopoct ce noaasa kbM I1U perynatop (PI controller). CtpykTypHaTta cxema Ha
perynaropa e rnokaszasa Ha ¢ur. 5.
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Add6  saturation

KTs

z-1

Gain 1 Discrete-Time
Integrator 1

®@ur. 5. CtpykrypHa cxema Ha [11 perymnarop

W3xomHuAT CcUTHAN Ha perynaropa ce mnpemamadbmpa B aumama3on [0+60000] u Taka
Hody4eHHAT ynpasissany curHan Uy ce mogasa kbM Onoka 3a IHIUM (ePWM). brnoket 3a UM
CIly’)KM 3a HACTpoOiika Ha exuH OT xapayepHute moaynu 3a MM Ha uudpoBus curHaieH
KoHTpoJiep. Taka HacTpoeHUT xapayepeH moayd 3a LM renepupa ynpasisiBain curian kbM CIIT
c ompeneneHo 3ambiBaHe. llepmonsr Ha IHHMM ce 3amaBa B Opoil TakTOBE Ha mpolecopa
(Tpwm=0poii Takra/150MHz). B cimy4as ca 3agagenn 60000 takTta u 3a yectortara Ha MM ce
nonyyasa fym=2,5KHz.

4. ExciepuMeHTAJIHH U3CJ1eIBAHUSA

W3BbpiIeHn ca eKCepUMEHTAIHU U3CIEABaHUs Ha pealn3vdpaHaTa CUCTeMa. 3a Ta3u Lell €
m3nom3aBad IITJ] tun TIMBT 6-25/3A cbe cnegnure katanokam manau: U,,=30V; R,=5.25Q;
L.=0.0105H; c®=0.072Nm/A; J=25*10-6kgm2; Mu=0.11Nm; T,=L./R,=2ms; I,,=1.6A;
ny=3000rpm. [TocpencTBoM TaxoreHepaTop M OCIHJIOCKOI € Ha0Jto1aBaHa CKOPOCTTa U KOTBEHUS
TOK Ha nBuratens. Ha ¢ur. 6 u 7 ca uzo0pa3eHu 3alaHueTo 0 CKOPOCT M ISHCTBUTEIIHATA CKOPOCT.

3a mBPBOTO M3CJENBaHEe, MPEICTAaBEHO Ha (pur. 6, 3aJaHUETO MO CKOPOCT € Nyr=3000rpm.
[Tokazano e pa3BppTaHe M CIUpaHE HA JBUTATENSI KaTO BpeMEHATa 3a YCKOPEHUE (toec) H
3aKbCHEHHE (tgec) Ca chOTBETHO MO 2s. CnenBamoro um3cinensane (¢ur. 7) mokaszBa paborara Ha
cucTeMara mpH pa3juyHu 3aJaHus 0 CKOPOCT: Nyer=1000rpm; n;=2000rpm; n=3000rpm. Cbiio
TakKa € MoKa3aH peBepcC Ha JBUratTess A0 Nyr = -3000rpm.

3500 . . . . . 4000

3000 3000

2500 2000
2000 1000 -

1500 0

[rpm]
[rpm]

1000 -1000 -

500 -2000 |-

0 -3000 |

-500 -4000
0

8 10 12 0 2 4 6 8

6 0 12 14 16 18
t[s] t[s]

@ur. 6. Pabota Ha cuctemara mpH N—3000rpm  ®wr. 7. PaboTa Ha cucTeMara Ipu pa3TunaHu
3aJIaHuA TI0 CKOPOCT M PEBEPC

Curnanst Ha TI' e 3amrymen mopanu koero Ha ¢ur. 6 u 7 ce HaOmoAaBaT KojeOaHUs HA
CKOpPOCTTa B YCTAHOBEH PEIKUM.

Ha ¢ur. 8 m 9 e u3o0pa3eH KOTBEHHUSAT TOK Ha ABUTATENSI ChOTBETHO NPH Ny ~0rpm u
Nyer=3000rpm.
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@ur. 8. KoTBeH TOK Ha JBUTATENS MPU Ny =Orpm ®ur. 9. KotBeH Tok Ha ABUTATENS IPU N =3000rpm

OT u3BBpPILICHUTE EKCIIEPUMEHTATHU H3CJIEIBAHMs Ce yCTAaHOBABAa J00pO oTpaboTBaHE Ha
3aJJaHMETO TI0 CKOPOCT, U3MEHALIO c€ B IMUPOK aAuana3oH nref [-n,+ n,| U npu pasinyHu BpeMeHa
3a pa3BbPTAHE U CIUPAHE.

5. 3akaouyenue

Peanmsupana e cucrema 3a ynpasieHue B 3aTBopeH KoHTyp Ha I1T/], Gazupana Ha pa3zBoiiHa
cuctema eZdspF28335. AnropuThMBT 3a ympaBieHHE ce wusrpaxnaa karo Simulink wmopmen.
ITocpenctBom Matlab u CCS Simulink monensT ce npeobpa3yBa B KO, KOHTO ce 3alucBa BbB U
mnbiaHaBa oT DSC. Cucremara mno3BojisiBa Ja €€ 3aJaBaT pa3jdyHA CTOMHOCTH WIIU
IIOCJIEA0BATEIHOCT OT CTOMHOCTH 3a 3aJJaHUETO IO CKOPOCT, PA3JIMYHKU CTOMHOCTH 3a YCKOPEHHUE U
3akbcHeHHE. OT HalpaBEeHUTE €KCIIEPUMEHTAIIHU U3CIIEABaHMS € YCTaHOBEHa paboTOCIOCOOHOCTTa
Ha CHCTeMarTa.

W3rpanenara cucreMa mo3BosisiBa pa3pab0TBaHETO U U3CIIEABAHETO HA aBaHTapJAHU METO/IU 3a
yrnpasiienue Ha 1T/l kaTto: aganTuBHO, HEBPOHHO U PAa3MUTO YIIPABICHUE, XAPAKTEPU3UPALIH CE C
MO-BHCOKO Ka4eCTBO Ha YIPaBJIEHUE, HO U C M0-CJI0KHU aIrOPUTMHU Ha padoTa.

N3cnenBanusTa, MpPEeACTaBEHW B HACTOSILIUS JOKJIAJ, ca M3BbpuwieHH mno mpoekt HII-8 B
paMKkuTe Ha mpuchinata Ha TY-BapHa HayuyHOM3CIeAOBaTENICKa IEHHOCT, (prHAHCUpaHA 1IEJIEBO OT
ObpxkaBHUS Or0KeT mpe3 2013r.
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MN3IT1O0JI3BAHE HA UC AD5934 3A EKCIIEPUMEHTAJIHO
OIIPEJAEJIAHE HA YECTOTHU XAPAKTEPUCTHUKU B
JAUAITA30OHA 11O/l 1kHz

Suxo SAueB, Opug @apxu

Pestome: Unuterpannarta cxema AD5934 mpexncrasisBa ,,Ipeli3Ha CHUCTEMA 32 U3MEpPBAaHE Ha MMIIEHaHC.
[punoxxeHueTo i, Mo KaTaJoKHU NaHHU, ¢ B Auana3oHa oT 1kHz mo 100kHz. B myOnukanusrta ce 06001maBa
onuTa Ha apropuTe mpHu u3non3Bane Ha MC AD5934 3a ompenensHe Ha YECTOTHH XapaKTEPUCTUKH Ha
00exTH B Auana3oHa okojo u noj 1Hz. Jlagenu ca 3aBUCHUMOCTH 3a OMNpeJelisiHe Ha TaKTOoBaTa YecToTa, 3a
pa3IMyYHU AMaNa3oHU M MIPOMEHW B aNropuThbMa Ha ympaBieHue Ha ADS5934, mapgeH oT MpOM3BOAUTENS.
IToxa3zanu ca pe3ynTaTu OT TECTOBU IPUMEPH.

Kuarouou nymu: IC AD5934, enexTpo nMIieJaHCHa CTICKTPOCKOIINS, YECTOTHH XapaKTEPUCTUKH.

Using IC AD5934 to experimentally determine the frequency characteristics below 1 kHz
Yanko Yanev, Ovid Farhi

Abstract: The integrated circuit AD5934 is a "precision impedance converter system". In reference to the
catalog data, its application is in the range of 1kHz to 100kHz. The publication summarizes the author's
experience to determine the frequency characteristics of objects in the range around and below 1Hz using
AD5934 IC. The dependencies for determining the clock frequency for different ranges and the changes in
the control algorithm of the AD5934 provided by the manufacturer are described in the article. The results of
the test cases are also included in the publication.

Keywords: IC AD5934; electroimpedance spectroscopy, frequency characteristics, frequency response.

1. YBox

Wuterpannara cxema AD5934, npousBoactBo Ha ¢upmara Analog Devices, npencraBisBa
“mpernM3Ha cHCTeMa 3a W3MepBaHe Ha uMmenanc”. Cxemarta ChAbpXka: HU(PPOBO YIpaBiseM
CHHYCOMJAJICH TEHEepaTop; HW3XOJHO CTBIIAJO, OCHUTYpSBAIO HSIKOJIKO pPAa3JIMYHM oOXBaTa Ha
M3XOJHOTO HaIpEeXKeHHe; BXOMHO cThHano; 0bp3 (1MSPS) ananoro-mudpoB mnpeodpasoBaTern,
CTelMaNIN3UpaH IpoIecop 3a TUCKPEeTHO mpeoOpa3oBanue Ha Dypue; perucTpu 3a CbXpaHEHUE Ha
peaHaTa H HMArMHEpHA ChCTABKA Ha MMIeganca; naTepdeiic I°C — dur.1 [1].

MCLE AVDD VDD

I . | = e

CORE
(27 BITS)

\;
scL e BIAS
SDA INTERFACE

A 'y

REAL IMAGINARY
REGISTER || REGISTER

1024-POINT DFT

Rout VOLUT

AD5934

RFBE

| anc
|(12BITs)

GAIN
| PF +

vDDi2

e

AGND DGHND

®ur. 1. bnok-cxema na UC AD 5934

WIZEOM
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ANTOPUTHEMBT 3a JUCKPETHO NpeoOpa3oBanue Ha Dypue JaBa peaHa U UMarnHEpHa ChCTaBKa 3a
BCSKa 3ajia/icHa yecToTa. MoayirsT 1 (ha3aTa Ha UMITEJAHCA CE OMPEICIIST MO 3aBUCUMOCTHUTE:

2 2
A, =+ Re,+1m,, (1)

Py = tan - % 2)
0
JnanazoHbsT Ha W3MepBaHusa ummnenanc € ot 1kQ mo 10MQ, a na vyecrorara ot 1kHz mo 100kHz,
IIpu TakToBa yectora 16MHz.

B pemumna ciaydam OT mpakTHKaTa ce€ Hajllara €KCIIEpUMEHTAHO CHEMaHe Ha YECTOTHHU
XapaKTePUCTHKU 32 YECTOTH, 3HAUUTEIHO Mo-HUCKU oT 1kHz. Hanpumep, npu uaentuduxamnms Ha
MIPOMHUIIICHA OOCKTH 3a aBTOMATHU3AIIMs CE U3MCKBA IMO3HABAHE HA YECTOTHUTE XapaKTEPUCTUKHU Ha
obexkta okono u mon 1Hz. [lpum mnpunoxxkeHne Ha METOAAa Ha EJICKTPOXMMHYHA HMIICIAHCHA
CIIEKTPOCKOIHS 32 KOHTPOJ Ha EJIEKTPOXUMHUYHA KOPO3us, Auana3oHsT Ha yectoTute € ot 0,1 Hz 1o
100kHz.

Cnopen ¢upmaTa TpOM3BOAUTEN JOJHATA TPAaHWIIA HA TEHEpPUpaHATa YeCTOTa 3aBHCH OT
TaKTOBaTa 4YeCTOTa Ha CXeMaTa, NpU CIa3BaHE Ha OMNPEACTCHH HW3WUCKBAHHS 3a MPABIIHOTO
(yHKIIMOHUpaHE Ha AITOPUTHMA 3a TUCKPETHO npeoOpa3zoBanne Ha Dypue [1,2]. B [2] ca moka3zanu
QITOPUTHM U TIpOrpaMa 3a yIpaBJIeHHe Ha paboTaTa Ha UHTErpanHara cxema. Cien reHepupaHe Ha
CTapTOBaTa YECTOTA € BKIIOUCHO 3aKbCHEHHE OT 2mMS ¢ KOMEHTap, Y€ CTOWHOCTTa MY CE€ OIpeaess
OT TOTpPeOUTENsI, B 3aBHCHUMOCT OT KOHKPETHHs clydail. B HsAkoum mMmyOIMKanmuu ce OmucBa
npunoxxenne Ha AD 5934 3a yectotu mox 1kHz, 6e3 1a ce uzsicHaBaT ropHUTE M3UCKBaHuA [3], a 3a
4yecToTu okoto u nox 1Hz mybnukarnuu He 0sxa OTKPUTH.

Hacrosimara mybnukarmus o6o0maBa onuta Ha apTopute npu usnoias3Bane Ha UC AD 5934 3a
gecToTH okosio u non 1Hz. JlaBaT ce, yrouyHEHU M TPAKTHUECKU MPOBEPEHHU, 3aBUCUMOCTU 32
ompeJesiHe Ha TAaKTOBAaTa 4YECTOTAa 3a Pa3WYHHU JWArna3oHd Ha W3MEpPBaHE, KAaKTO W KOHKPETHH
MIPOMEHU B AJITOPUTHMA 32 YIPABICHUE HA CXeMaTa, AaJIeH OT POU3BOTUTEIIS.

2. U360p Ha TaKTOBA 4eCTOTA

AJrOpuTBMBT 3a TUCKpETHO mpeoOpasoBanme Ha @Dypue usucksa 1024 usmepBaHus B
paMKHUTE Ha €IMH mepuoj Ha cuHycouaaTa [2]. KaTo ce nma npenBua, 4e 3a e1HO npeodpa3oBaHue
Ha AIIIT ca HeoOxomumu 16 TakTa Ha TakTOBaTa MOPEAMIIA, 32 Bpb3KaTa MEXIY YeCcTOoTara Ha
CUTHAJI ¥ TAKTOBATa YECTOTA CE€ MOTy4aBa

£, =102416.1, ., (3)

KBJIETO f; € TAKTOBATa YECTOTA, & f,,;, € JOJTHATA TPAaHMIIA HA YECTOTA HA TeHEpUpaHaTa CUHYCOH/IA.
Ot apyra cTpaHa, OT TaKTOBaTa 4e€CTOTa 3aBUCH MAaKCHUMajHaTa 4e€CTOTa Ha T€HEPUPAHUS U3XOJICH
curHas. TakToBara 4ectoTa ce JeJd Ha YeTUPH, NIPEAH Jla Ce Mmojaje Ha OJjoKa 3a 1udpoB CUHTE3
Ha U3XO0JIHATa CHHYycoma. YecToraTa ce ompeaelss OT ChAbPKAHUETO HA TPUOANTOB PETHCTHP IO
3aBUCUMOCTTA [1]

Ji
max® 1
1
=6, (4)
KbAeTO N € ChIBPKAHUETO Ha PErucThpa, a Np,x € MaKCHUMaJIHaTa CTOMHOCT, KOATO MOKE Ja Ce
sanuiie B Hero 22,
Twit kaTO cTapmuTe TpU OMTAa HE CE M3MOJI3BAT (YeTaT ce KaTro Hyla), 3a MaKCUMaHaTa
TeHEepUpaHa 4eCcToTa, MPH 3a4a/IeHa TAKTOBA YECTOTA, CE MOJTyuaBa

.
Fum =t )
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3. AuropursbM 3a ynpasJjieHue Ha padorara Ha UC ADS934

3a pemaBane Ha MpoOJeMUTE, BB3HUKBAIIM MPU padota okoio u nmoa 1Hz, ce mpeanarar nse
IIPOMEHU B anropurbMa Ha ynpasieHue Ha ADS5934. IlppBara ce oTHacs A0 INpOMsHa Ha
3aKbCHEHUETO Clie/l TeHepHUpaHe Ha cTapToBaTa yectoTa — At;. BropaTa e cBbp3aHa ¢ BbBeXAaHE Ha
3aKbCHEHHE MEXKIy OTACIHUTE CTHIIKU Ha MPOMsIHA Ha yecToTata — At,. B Tabnuna 1 ca nokazanu
peanu3upaHuTe JUana3oHu, HEOOXOoauMaTa TaKTOBa YeCTOTa, ompesneseHa mo (3) U CTOHHOCTH Ha
3aKbCHEHUATA At; U Aty, OTIpeieTIEHU OMUTHO.

Taoauna 1. Jlnanazonn, TAKTOBA YECTOTA, 3aKbCHCHUS

Jwnanazon [Hz] F. [Hz] At; [msec] At; [msec]
200+19000 2 457 600 2 0
20+2000 307 200 16 0
2200 29970 16 50
0,2+20 2982 16 50
0,08+8 1200 16 50

4. EXciepMMeHTH U pe3yJITaTu

W3noxkeHOTO 1O TOpe € TMPOBEPEeHO Ha MpakTHKa Ype3 TEeCTOBU NpUMEpPH Mpu
EKCTIEPUMEHTATHO  OMpeAeNissHE Ha YECTOTHUTE XapaKTePUCTUKH Ha  U3MOJI3BAaHUS B
enekTpoxumusaTa monen Ha Panmwic (Randles) [4], 3a pa3nuuHu CTOWHOCTH Ha €JIEMEHTHUTE Ha
Mojena. VM3non3Banara amapaTHa 4acT e onucana B [5]. Ha ¢wur.2 e nokazan monensT Ha Panmabic,
a Ha Qur.3 — aMIUIUTYITHO YECTOTHUTE U aMIUIUTYIHO (a30BUTE XapaKTEPUCTUKU MPHU CTOHHOCTU
Ha mozena — R,=10700€2, R,=10700Q2, C,=22uF , 3a nuanason Ha yecrorara ot 0,2Hz no 2,2Hz u
creiika 0,1Hz. C HenmpekbcHaTa JWHUS Ca O3HAYEHW M3YUCICHUTE, a C TMpEeKbCHAaTa —
EKCIIEPUMEHTATHO MOJIYYEHUTE XaPaKTEPUCTUKH.

Caoc
Rp

Rn

®wur. 2. Mogen Ha Panasic

21 . . § i 2500 -

. -3000
1.8} g -3500 - °
.

-4000 |

Z(w) [om]

Im [om]

-4500 |-

-5000

-5500

@®ur. 3a — aMIUIMTYAHO-YE€CTOTHA XapaKTEPUCTHKA, 0 - aMIUINTYAHO-(pa30Ba XapaKTepUCTUKA
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3akJjaroueHue

Jlanenu ca, yTOUHEHHU U MPAKTUYECKU IPOBEPEHH, 3aBUCMOCTH 3a OIpeJlesiHe Ha TaKTOBAaTa
4ecToTa 3a pa3InyHM AWAra3oHu Ha u3MepBaHe B auanazona noa 1kHz. [pennoxenu ca npoMeHu
B ainroputbma 3a ynpasiieane Ha UC AD5934, kouto mo3BoJiBaT U3MOA3BAHETO M 3a YECTOTH MO
1Hz. Paborara Ha UC AD5934, 3a yectotu nox 1Hz e nemoHcTpupaHa ¢ TECTOB IIpUMeEp.
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CIIENUAJIN3UPAH AJITOPUTHBM 3A YIIPABJIEHUE HA
CUHXPOHHU MOTOPHU C HOCTOAHHU MAT'HUTH

Benuucinas 1. Beiues

Pe3tome: IlyOmmkarusata npecTaBs aJrOpPUTHM 3a BB3CTAHOBSBAaHE HA KOAMPAHUTE CUTHAIN OT CEH30PUTE
3a MO3WIUS Ha POTOpa HAa CUHXPOHEH MOTOP C MOCTOSHHM MarHuTd. basupa ce Ha mpeoOpasyBaTen Ha
CUTHAJI, HaMaJsIBalll Oposi Ha MPOBOJIHUIIUTE OT CEH30pHUTE JI0 /1Ba. Pasriieana € chlecTByBaIa TONOJIOTHS
3a KOJUpaHe Ha M3XOJAHHUTE CUTHAIIN, TeHEpHpaIia ChCTaBeH aHaJoroB cHTHAI. [IpemioxkeH u aHAIM3UPAaH €
QITOPUTHM 32 JICKOJIMPaHe HA ChCTABHUS aHAJIOTOB CHTHANI U Bh3CTAHOBSBAHE HA OPUTHHAIHUTE ITU(PPOBU
CHUTHAJIH.

KarouoBu nymu: CHHXpPOHEH IBUTATEIN C MOCTOSHHU MAarHUTH, JATYMK Ha XOJ, TOKOB KPBI, IBYIIPOBOIHA
JIHHMUSL.

SPECIALIZED CONTROL ALGORITHM FOR PMSM MOTORS
Vencislav Valchev

Abstract: The paper presents an algorithm for decoding of the coded rotor position sensors’ signals of
PMSM motor. It is based on two wire position signal converter that reduces the number of lines, necessary
for connecting the sensors of a PMSM motor to the control circuitry. The algorithm for decoding of the
composite analogue signal and regeneration of the original digital signals is presented and analyzed.
Keywords: PMSM motor, BLDC, Hall sensor, two wire, current circuit, signal processing

1. BnLBeaenue

CHUHXpOHHHUTE EJCKTPUYECKHM MAIMHUA C TIOCTOSIHHM MarHWUTH Ca €IHH OT Hal-0bp30
Ha0upammuTe MONyJISIPHOCT BHAOBE eleKTpoMoTopH. LIIMpokoTo MM MpuiIOKEeHHWE Ce IBDKH Ha
TEXHUTE 3HAYUMH MPEAUMCTBA KaTO BHCOKAa €()EKTHBHOCT, M3KIIOYUTEIHO OTHOIICHUE TErJ0
CIPsIMO MOIIIHOCT, IBIBI EKCIIOATAIIMOHEH KUBOT U Jp [1, 4]. Te ce Hapuuar omie 0e34eTKOBH
JIBUTATENM 3a MOCTOSIHEH TOK M MpPHU TSAX JIMIICBAT YETKW M CHOTBETHO MEXaHWYHA KOMYTallUS.
N3non3Ba ce eneKkTpoHHa KOMYTaIlus, IPH KOSATO € HEOOXOIUMO Jia C€ OTYHMTA IMOJIOKEHUETO Ha
poTopa, 3a Ja ce KOMyTUpaT MPaBHIHUTE HAMOTKH Ha crtaropa. ChlLIECTBYBaT JBa BapuaHTa 3a
ClIeJICHE Ha MOJIOKEHUETO Ha POTOpa — OE3CEH30PHO U CEH30PHO, KATO BTOPUSAT € MPEANOYUTAH IIPU
3aIBMDKBAHUS, Thi KaTO CE€ IMOCTUTA BUCOK BBPTSIIl MOMEHT B IMOKOM W MPU HUCKH 000poTH [2, 5].
Hait-uecto ce wuznon3Bar garuyund Ha XOJ, KOUTO B CTAHJAPTHUTE TOMOJIOTMM HM3HUCKBAT IIET
MPOBOJHUKA 3a BPb3Ka C yNpapisBailaTa Bepura. B mpakTukarta ce U3Moi3BaT JBa 3aXpaHBalld U
Tpu curHaiaau JuHuM [3]. To3u royssm Opoii MPOBOAHMIIM Ch3/1aBa MPOOIEMH B HIKOU MPUIIOKEHUS
Harp. MOTOPH, PA3MOJIOKEHU B TJIABMHUTE Ha KoJiejJaTa Ha EJICKTPOMOOWIIH, BEJIOCHUIICIAH H
MOTOLIMKIIETH. M3BecTHH ca chBpeMeHHM METOu 3a ynpasienue Ha BLDC [6, 7, 8, 9, 10, 11, 14].

Hacrosmata myOnukanus TpeACTaBs TOIMOJOTHS W QJITOPUTBM, KOUTO IIO3BOJISIBAT
HaAMaJISIBAHETO HAa Oposi HA MPOBOJHUIIUTE OT CEH30pUTE. XapIypHOTO pelieHne ce Oa3upa Ha
TOMOJIOTHS, KOSTO TpeoOpa3yBa W 0oOenMHsIBA MUGPOBUTE CUTHAIU M 3axXpaHBAIIUTE JIMHUU OT
CEH30pUTE Ha OE3KOJIEKTOPHUS MOTOP 32 MOCTOSIHEH TOK B €TUH ChCTABEH aHAJIOTOB curHain [12].

CrpykTypara Ha KogupaniaTa CucTemMa OTroBapsi Ha CI€HUTE U3UCKBAHMS:

- JIBynpoBoO/iHA JINHUS,
- TokoB curHa;
- Bp3MoskHOCT 3a 3aXxpaHBaHe Ha CEH30PUTE;
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- Unnukarop 3a nmpexbcHaTa JIMHMUS,
- Koaupane 1no3BosisiBaiiio eIHO3HAYHO OMpeIEesiHE Ha TTO3UIUATA HA POTOpA.

N3xomaute nudpoBU CUTHAM OT CEH30PHTE 3a IMOJIOKCHHE Ha POTOpa ca MPEJCTaBeHH Ha
¢urypa 1. Te ca nedasupanu Ha 60° U B €AMH U CHII] MOMEHT OT BPEME MOraT Ja ObJaT aKTHBHU
m3xoaute Ha 0, 1, 2 wnu 3 cenzopa [13].

[TpuHIMNHA cXemMa Ha M3MOJI3BaHaTa TOMOJIOTHS € MpelcTaBeHa Ha ¢urypa 2. Ts ycioBHO ce
paznens Ha JBe yacTu. [IbpBarta e pa3mnosiockeHa IpU CEH30pUTE Ha elIeKTpUYecKaTa MalluHa U ce
CBhCTOM OT KOHCYMAaTOp Ha IOCTOSIHEH 10 CTOMHOCT TOK U TOBapHU pe3uctopu. KoHcymaTropsT Ha
ToK | KOHCyMHpa U moAbPka MUHUMATHO HEHYJIEBO HUBO B IBYIIPOBOJHATA JTUHUS U NIPU HATUUHE
Ha MpeKbCBaHe, HEropara JIMInca Moxke Ja ObJe ycTtaHoBeHa. M3xoaute Ha gaTyunuTe Ha XOJ ca ¢
THII ,,0TBOPEH KOJIEKTOP“ ¥ ca C aKTMBHO HMCKO HUBO. T€ MHXKEKTUPAT B KOHTYpa TOK C pa3javyHa
cTOMHOCT upe3 ToBapHuTe pesuctopu RI, R2 m R3, choTBeTcTBam Ha ONpENENeH CEH30p.
OTHolIeHUATa HAa CHIPOTUBIICHUATA HA TOBapHUTE pe3uctopu caR1 : R2:R3=1:2:2.
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®@ur. 1. 3xogan mudpoBru CUTHAIH OT JATUHUITUTE 32 IMOJI0KEHNE Ha pOTopa

Bropara yacT oT npuHIMIIHATA CX€Ma € Pa3MoJio’KeHa MpHU YIpaBisBalius Moayi. BpbeikaTa
MEXIy JBETE€ YaCTH C€ OCBHIIECTBSIBA C KOAKCHAJEH Kabel, KOHTO € eKpaHWpaH U MoaoOpsiBa
nrymoycroitunBoctTa. KoHaeH3aTop Ha BXoJa npemMaxBa MUKOBETE MPHU MPOMsiHA Ha CKOPOCTTa Ha
HapacTBaHE Ha CUTHANA U Tono0psiBa HeroBara (opma. TOKBT B JIMHUATA CE€ CIIEAN Ype3 IIYHTOB
pe3ucTop Ryyum W IudpepeHuuaneH ycunsarel. IIpeoOpasyBaHeTo Ha aHAIOrOBUSl CHTHAl H
BB3CTAHOBSIBAHETO HA OPUTHHAJIHHUTE CHTHAIA MOXKE Ja C€ H3BBPIIN Ype3 aHaIOTro-Iu(poB
npeoOpaszyBares U MUKpPOMPOIIECOPHA CUCTEMA, UITH OT CHEeLMATU3UPaHH KOMITapaToOpH.
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®@ur. 2. [IpuanunHa cxeMa Ha KoAupamnaTa CHcTeMa
[Tonyuenusar ot cxemara Ha ¢urypa 2 TOKOB CHUTHaJI € mpeacTtaBeH Ha ¢urypa 3. Toii e

CbCTaBEeH Ha 0a3aTa HAa MHBEPTHPAHUTE U(PPOBH M3XOAU HA NATUYUIUTE HA XOJI, Thi KaTo TOK Mpe3
PE3UCTOPUTE IIPOTUYA, KOTaTO U3XOABT € B HYJIEBO JOTUYECKO ChCTOSHUE.

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 35



CurnaisT ce MHBEpTHpa Mopaju crienudukara Ha U3MOJI3BaHaTa Tonojorus. Pasrpannyasar
ce IIeCT HUBA Ha CUTHAaJIa B 3aBUCUMOCT OT TOBA, KOM OT JATYUIIUTE € AKTUBEH U JAJI JIMHUATA HE €
MpeKbCHATa, KaTo €AHO OT HMBAaTa OTroBaps Ha JBe KOMOWHAIMU OT JIOTUYECKU CHCTOSHHUSA Ha
U3XOJUTE.
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®ur. 3. CrcTaBeH aHAJIOTOB CUTHAIT

Ha 6a3ara Ha chCcTaBHUSI TOKOB CUTHAJI, Mpe/cTaBeH Ha ¢urypa 3, ¢ popmupana tabnura 3a
uctuHHOCT (Tabmuma 1), KosTo mpeacTaBst Bpb3KaTa MEKAY JOTHYECKUTE ChCTOSHHS Ha M3XOJUTE
Ha ATYUIUTE U aMIUTUTYIHOTO HUBO HAa ChCTABHUSAT aHAJIOTOB TOKOB CUTHAI.

Ta6amnma 1. Tabnuiia Ha ICTUHHOCT HA U3XOJIUTE HA CCH30PHUTE

AMILUINTYTHO HUBO Ha CUTHAJIA S1 S2 S3
LD 0(1) 0(1) 0 (1)
L0 1 1 1
L1 1 1 0
L2 1 (0) 0 (1) 0 (1)
L3 0 0 1
L4 0 0 0

2. AITOpUTHM 32 Bb3CTAHOBSIBAHE

[IpesioxkeHUSAT aaropuThM 32 Bb3CTAHOBABAHE C€ M3MBJIHSABA B MUKPOIIPOIIECOPHA CUCTEMA
cieq mpeoOpazyBaHEe Ha U3XOJHHUS HAIMpPEKEHOB CHUTHAN ciel AudepeHIualHus yCUIIBaTel
(ananoro-uinpoBO) WU B CHEIHATM3MpaHa JIOTHYECKA CXEeMa, HM3TPaJieHa OT KOMITapaTOpH.
AJTOpUTHMBT UM 3 LIeN J1a Bb3CTAHOBH U3XOAHUTE HU(POBU CUTHAIIM OT TPUTE AaTYUKA U TpaOBa
J1a OTTOBaps Ha CIIETHUTE U3UCKBAHUS:

- MUHMMaNHO 3aKbCHEHHE MEXAY BB3CTAHOBEHMSI M OPUTMHAIHUS CUTHA OT ChOTBETHUS
JAT4YUK;

- CTaOuIHOCT HA U3XOJHUTE CUTHAIIY;

- HenBycmuciieHo onpeiensiHe Ha U3XOAHUTE CUTHAIIH;

- @unar 3a npeKbCcHATA JTUHUA.

[Tpu u3non3BaHe Ha CHEIUATM3MPaHa JJOTHYECKa cxeMa mpobieM ch3aaBa HUBO L2, koeTo ce
JIOCTUTa TP J[BAa PA3IMYHU Cilydas. 3a Ja ce pa3rpaHuyaT Te € HEeoOXOIMMO Ja ce Clelu Aalu
(poHTa Ha aHAJIOTOBHSI CUTHAJI € HapaCTBalll MU CIIa lall.

[IpemyioxkeH € anropuThbM MNOAXOMANl 33 MUKPOIPOLIECOPHA CHCTEMA, KOWTO OTroBaps Ha
MMOCTaBEHHUTE M3UCKBaHUsA. BIOK cxemara Ha anropuThMma € mpeacTaBeHa Ha ¢urypa 4. Cnenu ce
dbopmata Ha 00paboTBaHUS CHUTHAJI 3a KpaTbK MOMEHT OT BpeMe, Karo BBB BEKTOp Sp ce
chxpansaBat N npeaxoanu ordeta. Hemocrarbk Ha TO3M MOAXOJ € KOHCTAHTHOTO 3aKbCHEHHE OT N
OTYeTa 3a CMETKa Ha CTaOMJIHOCTTA, KOETO Ce KOMIIEHCHpa Upe3 U3I0JI3BaHe Ha JOCTaThbuHO OBp3
a"anoro-iudpos npeodpasysaren (ALIII). Ipyra ocoGeHOCT Ha airopurbMma €, 4e H3XOJHHUTE
CUTHAJIM CMEHAT CBOMTE JIOTMYECKH HHMBAa CaMO INpU HapacTBall WM Majaml (ppoHT Ha BXOTHUS
ChCTaBEH CUTHAJI, KOETO MPEIOTBpaTsABa Cy4yallHU MPEBKIIIOYBAHUS HA U3XO/UTE.

Cnen nocrpnBane Ha HOB oT4eT OT ALLIL, BekTopbT Sp, ChABpIKALL TPEAXOJHUTE CTOMHOCTH,
Ce M3MECTBA C €/IHA MO3UIIUS U KbM HETO ce J00aBs HOBOMOCTHIIIIUAT oTUeT. Cien ToBa BCHYKU N
Ha Opoii eeMEHTH ce CpaBHSBAT C MPEABAPUTENHO 3anaaeHu pukcupanu HuBa LD, LO, L1, L2, L3
u L4, u ce mpeOposiBa KOJKO eleMEHTa Ha KO HUBA ChbOTBETCTBAT. [IpoBepsiBa ce pa3nukaTa Mexmy

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 36



mbpBUsT M NTHSI €IEMEHT Ha BEKTOp Sp M ce OlEHSBa JAJIM € HaJWueH Majall WA HapacTBalll
¢dpont. [IpoBepsiBa ce manu ITWHUSATA HE € MPEKbCHATa. AKO € BIUTHAT (uiar 3a HapacTBall WU
najgant GpoHT Ha Oa3ara Ha MpPOBEpKaTa Ha EIEMEHTHTE HA BEKTOpP Sp ce aKTyalm3upaT HUBaTa Ha
u3xonHuTe curHanu. Ciex ToBa MEeUsT IUKBII Ce TIOBTapSL.

bep3oaelicTBHETO Ha AIrOpUTHhMa 3aBUCH OT pa3psiiHOCTTa N Ha BEKTOpa Sp, KOATO KOCBEHO
omnpenens Opos U3UUCICHUA 3a €IUH LUKbJI. OCHOBHUAT LIUMKBJ CE€ M3IIBJIHABA HEMPEKbCHATO 3a
BPEMETO Ha MOCTHIIBAHE HAa HOB OTYET, T.€. Pa0OTH Ce B PEXKUM ,,peaHO BpeMe™. 3a Ja ce U3IIbJIHU
TOBa YCIIOBHE, € HEOOXOOMMO Ja ce MpEeleHM MaKCHUMajHaTa 4YecTOTa Ha BXOJHMS CHUTHAI,
Obp3oaeiicTBHeTO  Ha  aHAIOro-uuM(ppoBus  MpeoOpa3yBarenl M BB3MOXKHOCTHTE  Ha
MHUKPOIPOLIECOPHATA CUCTEMA.

&
MocTbnBaHe Ha
HOB OTYET

l

M3mecTBaHe Ha
Bektop Spot N
npeaxoaHu oTyeTa Aa
C eHa nosuuus

)
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L

®ur. 4. AJ'Il"OpI/I’I"BM 3a ICKOJUPAHC Ha ChbCTaABHUS TOKOB CUT'HAJI

3. 3akaiouenue

B nmybnukamusita € u3sicHeHa HEOOXOIMMOCTTa OT HaMallsBaHE HA Opos Ha MPOBOJIHHIIUTE,
CBBP3BAIM CEH30PHUTE 32 TOJIOKEHHE Ha POTOpa HA CHHXPOHHU MAIIWHU C MMOCTOSHHU MAarHUTH C
yhpaBisBamara Bepura. [IpoydeHa e chlecTBYyBallla TOMOJIOTHS 332 IpeoOpa3yBaHe Ha ITU(PPOBHUTE
CUTHAJIHU JIMHUH HA CGH30pI/ITe B I[BynpOBOI[Ha JIMHUS C aHAJIOI'OB CUTHAJI. Pa3rne,uaH € CbCTABHUAT
aHAJIOTOB CUTHAJ W BB3MOXKHOCTHUTE 3a HeroBaTa o0paboTka. [IpemyiokeH e crerualin3upaH
aJIFOpI/IT"bM 34 Bb3CTAHOBsIBAHC Ha 0pI/II‘I/IHaJ'IHI/ITe I_II/I(I)I)OBI/I CUTHAJIN.
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SERIOUS GAMES AND COMPUTER SIMULATIONS IN
E-LEARNING

Donika V. Valcheva, Margarita Todorova

Abstract: The aim of this report is to describe, analyze and classify the two concepts — “serious game” and
“computer simulation” and to define their appropriate place and main function in the e-learning process, in
order the e-learning effectiveness to be increased.

Keywords: E-learning, serious games, computer simulation

OO0pa3zoBaTe/THM UTPH M KOMIIIOTHPHHU CHMYJIALIMH B €JIEKTPOHHOTO 00y4YeHHe
Honuka B. BoiueBa, Mapraputa K. Togoposa

Pe3rome: llenta Ha mokmanga € /ja ce MPEJICTaBAT, aHATU3UPAT U KIacH(pHUIUpaT MOHATHATA ,,00pa30BaTEIIHA
urpu”’ ¥ ,,KOMITIOTBPHA CHUMYJIAMs W Ja C€ OMPEISISIT TAXHOTO TpeTHA3HAUYCHHE M POJII B Ipolleca Ha
CJIEKTPOHHO 00yUeHHE, C Ie]l TOBUIIaBaHe e()eKTUBHOCTTA MY.

KarouoBu nymu: EnektpoHHO 00ydeHUe, KOMITIOThPHU CHMYJIAINU, 00Pa30BaTEIIHU UTPH

1. Introduction

Serious games and simulations let people learn by playing. Games for learning can be fun, but
they are always purposeful. They teach first and entertain second. The greatest potential of games
and simulations is its ability to foster collaboration and engage the learners deeply into the
content. It helps grab learner’s attention and motivate them to accept challenges and achieve the
objective to win. The serious games and simulations help learners strengthen recall, practice new
knowledge, reinforce learning and assimilate information effectively. They increase! 1[9]:

o Creativity.

e Decision-making.

e Perception.

o Hand-eye coordination.

o Mental manipulation of 3D objects.

e Collaboration and communication skills.

e Work in team.

2. Characteristics of the effective serious games and simulations

In his book, Engaging Learning, Clark Quinn [/[14] extracts the essential characteristics of
the effective games, which can be associated also to simulations:

e Thematic Coherence — Every game or simulation is in a genre (or blends several), and the

action within them must be consistent to the theme or model world.

e Clear Goal — The player must be presented or discover the goal he or she is trying to

achieve within the theme.

e Balanced Challenge — An experience that is too simple is not fun, and one that is too

difficult is frustrating. As the player improves, the challenge needs to increase appropriately.

e Relevance: Action to Domain — The dilemmas and consequent decisions that the player

makes must be meaningful in the model world.
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e Relevance: Problem to Learner — The genre of the game and the story line must be of
interest to the player.

e Choices of Action — There needs to be (at least a perception of) a variety of choices the
player can make at any time.

e Direct Manipulation — The player should act directly on the model world through the
interface.

e Action Coupling — Input-output interreferentiality: the action in the world should cause
actions that are represented back to the player by consequences in that world.

e Novel Information or Events — The play should include elements of chance that make the
play non-deterministic.

3. Classification of serious games and simulations according the educational purpose

A serious game or applied game is a game designed mostly for an educational purpose, not
only for pure entertainment. Computer simulations and serious games take many different forms
from 2 or 3-dimensional simple shapes to highly interactive, laboratory experiments and inquiry
environments. In the scientific literature there are many different classifications. A classification
according the educational purpose of the serious games and simulators will be presented in this
report.

o Interview sim

This term is very successfully defined in [/[14] with the following example:

The Crimescene Game teaches interviewing skills in the context of a police investigation.
Learners are assigned the task of interviewing a witness to a bank robbery to elicit clues to the
identity of the robber. The game provides the learner with choices that affect the course of the
game. At any point learners can try to solve the mystery. Most feedback is provided by events in the
game because the events reveal whether the learner's previous action was appropriate. After
identifying a suspect as the bank robber, learners receive a score based on the efficiency with which
they solved the mystery as well as a critique that recaps their actions.

This type of games is appropriate for mastering the detective skills, logical and constructive
thinking, decision making and even for increasing the concentration of the learners.

¢ Quiz-show game

Here is one scenario for such kind of games: to the learners are given a certain amount of time
to reach a specific total score by correctly answering questions. To reach their goals, learners can
very quickly answer a lot of low-point questions or take a bit more time to answer fewer high-point
questions. Each correct answer adds to the total score and each incorrect answer subtracts from the
total score.

Games like this are good for testing factual knowledge, provided answers are clearly right or
wrong. A game might be a good sensitizing activity or pre-test at the beginning of a module. The
desire to win the game provides incentive to learn the needed facts.

o Strategy games

A strategy game or strategic gameis a game (e.g. video or board game) in which the
players' decision-making skills have a high significance in determining the outcome. Almost all
strategy games require internal decision style thinking, and typically very highsituational
awareness.

The term "strategy" comes ultimately from Greek, (otparnyio or strategia) meaning
generalship. It differs from "tactics" in that it refers to the general scheme of things, whereas
"tactics" refers to organization and execution.

e Word puzzle/ letter game

Word puzzles are a fun way to learn vocabulary and technical terms. They could be used
instead of fill-in-the-blanks and similar tests.
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Word games are generally engaged as a source of entertainment, but have been found to serve
an educational purpose as well. For instance, learners can find enjoyment playing
competitive games such as Hangman, while naturally developing important language skills like
spelling. Solving crossword puzzles, which requires familiarity with a larger vocabulary, is a
pastime that mature adults have long credited with keeping their minds sharp.

o Jigsaw puzzle

The jigsaw puzzle requires the assembly of numerous small, often oddly shaped and
tessellating pieces. Each piece usually has a small part of a picture on it; when complete, a jigsaw
puzzle produces a complete picture.

Jigsaw puzzles were originally created by painting a picture on a flat, rectangular piece of
wood, and then cutting that picture into small pieces with a jigsaw, hence the name.

Jigsaw puzzles or scrambled-tile puzzle can help learners recall images, visualize
relationships, or notice discriminating details.

In [1[14] is presented the following example - the jigsaw puzzle requires learners to drag and
drop the puzzle pieces into place to configure a network. Learners must assemble a jigsaw puzzle
made up of the component of a computer network. As they drop a component into place, they get
feedback on how well the component works in the slot to which it is assigned and how it interacts
with surrounding components. With this activity, learners explore the abstract world of multi-
layered standards regarding data-communication protocols—but in a fun, tangible way.

Such simulations are difficult to create but are very effective in teaching subjects that do not
have just one right answer. There are more pieces than slots and only compatible components can
be used together. There is no fixed solution: any combination of components that would work in the
real world work here.

» Roleplay simulation is a learning method that depends on roleplaying. Learners take on the
role profiles of specific characters or organisations in a contrived setting. Roleplay is designed
primarily to build first person experience in a safe and supportive environment. Roleplay is widely
acknowledged as a powerful teaching technique. They are good for increasing the learners’ self
assessment and for improving their acting skills and ability to work in team.

e Simulators could be different types — software, hardware (device), mathematical,
environment, etc. This depends on the concrete goals of the teaching material that is involved in this
tool. Software simulations are becoming a standard way to learn to operate computer
software. Device simulations teach how to operate a piece of equipment. In device simulations,
learners simulate pressing buttons by clicking on their images. They may simulate turning a knob
by dragging its edge left or right. Mathematical simulations let learners perform math in a fun,
visual, intuitive fashion. Environmental simulations let learners experiment with a complexly
interrelated system, such as a natural environment.

The effective simulators might include demonstration (video, animation) module, coaching
(instruction) module, module for communication and collaboration and test module:

v" demonstration module - shows step by step how the concrete problem could be solved.

The application is the active in this module. The learner is just an observer.

v coaching or instruction module - commands (orders) the learner step by step what to

do in order to solve a given problem. The learner is the active in this module. The application

is the coach.

v testing module - lets the learner to solve the problem alone. The learner is the active in

this module. The application is the examiner.

v" module for communication and collaboration — this module is with supporting role. It

gives the learners the opportunity to work in team for solving a given problem or doing a

project.
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4. Appropriate type of computer games and simulations according to the different learning
styles and collaboration skills

It is necessary to be investigated the concept about increasing the effectiveness of the e-
learning environment according to the individuality of each student and his expectations about the
final results. The main goal of e-learning nowadays is to personalize the learning process according
to the individual skills and learning style of each student. The modern technologies offer grate range
of tools and approaches for realizing effective learning process for students with different learning
styles and needs.

The personalization in the e-learning may be defined as a composition of procedures,
approaches and techniques for giving the students the tools for learning, which will give them the
opportunity to study according to their own capabilities, learning style, knowledge and skills for
collaboration. There are many theories [9], [13], which define student learning styles according to
different criteria. A lot of research is made in this direction [1], [2], [4], [5], [6], [7], [8], [10],
[11],[12],[13].

In this report will be combined two different classifications of learning styles. The first one is
according the learning modality of each student. In this report we use three basic modalities to
process information to memory: visual (learning by seeing), auditory (learning by hearing), and
kinesthetic (learning by doing). The second classification is according the collaborative skills of the
student. According to it the learning types (styles) could be defined as cooperative, competitive and
individualized learning types. An individualized learning type indicates a preference for achieving
individual goals having no involvement with peers. The cooperative learning type indicates a
preference for achieving individual goals while working conjointly with peers. The competitive
learning type indicates a preference for learning in competition with others, often achieving
individual goals when others fail to achieve their goals.

Combining these two criteria we commonly may categorize these students into the following:

e Individualists with dominating learning by seeing modality;

¢ Cooperative students with dominating learning by seeing modality;
e Competitive students with dominating learning by seeing modality;
e Individualists with dominating learning by hearing modality;

e Cooperative students with dominating learning by hearing modality;
e Competitive students with dominating learning by hearing modality;
e Individualists with dominating learning by doing modality;

¢ Cooperative students with dominating learning by doing modality;

e Competitive students with dominating learning by doing modality.

The serious games and simulations may be designed and applied in different ways in order to
be useful for the individual students’ needs, learning styles and collaborations skills.

In tab.1 we suggest appropriate type of computer games and simulations for students with
different learning modalities and collaboration skills. The table is not full. It could be improved and
more types of computer games and simulations could be added. Also other criteria for defining
personal individuality and learning styles could be taken into consideration.
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Tablel Appropriate type of computer game and simulations according to the different learning styles and
collaboration skills

Modality/
Collaboration Individualists Cooperative students Competitive students
Skills
Individual games with Internet-based serious games and|Real time serious games and
dominating visual elements. simulations with dominating visual|simulations with dominating
Types of games and simulators, |elements, which require cooperation|visual elements, which require
where is not necessary to between group of students: competition between group of]
cooperate with other students:  |v' Internet-based interview sim students:
v’ Computer-based interview sim|v"  Quiz-show Internet-based game |v* Real-time interview sim
Visual v Quiz-show computer-based  |v*  Strategy Internet-based games |v*  Quiz-show real-time
(it o game v' Word puzzle/ letter Internet- game .
seing) v’ Strategy computer-based based game ) v’ Strategy real-time games
games v’ Internet-based jigsaw puzzle v" Word puzzle/ letter real-
v' Word puzzle/ letter computer- |[v*  Roleplay Internet-based game  |time game
based game v Internet-based simulators v' Real-time jigsaw puzzle
v Computer-based jigsaw puzzle v" Roleplay real-time game
v' Roleplay computer-based v" Real-time simulators
game
v Computer—based simulators
v" Computer games and Internet-based serious games and|Real time serious games and
simulations with voice simulations with dominating audio|simulations with dominating
instructions. instructions, which require|audio elements, which require
v Individual games with cooperation and communication|competition between group of]
dominating audio elements. between group of students: students:
Types of games and simulators, |v' Internet-based interview sim v Real-time interview sim
where is not necessary to v" Quiz-show Internet-based game |v' Quiz-show real-time
cooperate with other students: v’ Strategy Internet-based games |game
. v Computer-based interview sim|v"  Word puzzle/ letter Internet- v Strategy real-time games
Audio v Quiz-sh ter-based  |based game v' Word le/ letter real-
Qg [ Quiz-show computer-base g ) / puzz
M ) game v’ Internet-based jigsaw puzzle time game
v’ Strategy computer-based v Roleplay Internet-based game |V Real-time jigsaw puzzle
games v’ Internet-based Simulators v" Roleplay real-time game
v Word puzzle/ letter computer-
based game Real-time Simulators,
v Computer-based jigsaw puzzle combined with discussion
v Roleplay computer-based forums and social networks
game for providing dispute and
v Computer—based simulators nominating the best student in
it.
Individual games with Internet-based serious games and|Real time simulation and
dominating practical tasks. Types|simulations with dominating|games with competitive
of games and simulators, where |practical tasks and project work,|character (with assessment of
is not necessary to cooperate which require cooperation between|the results):
with other students: group of students: v" Real-time interview sim
v Computer-based interview sim|v"  Internet-based interview sim v" Quiz-show real-time
Kinesthetic v" Quiz-show computer-based |¥*  Quiz-show Internet-based game |game

(learning by
doing)

game

v’ Strategy computer-based
games

v" Word puzzle/ letter computer-
based game

v Computer-based jigsaw puzzle
v' Roleplay computer-based
game

v Computer—based simulators.

v’ Strategy Internet-based games
v' Word puzzle/ letter Internet-
based game

v’ Internet-based jigsaw puzzle
v" Roleplay Internet-based

v’ Internet-based simulators

v’ Strategy real-time games
v" Word puzzle/ letter real-
time game

v' Real-time jigsaw puzzle

v" Roleplay real-time game
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5. Conclusion

With the evolution of the technologies and in particular of e-learning, the role and the
necessity of computer games and simulations are rapidly increasing. Computer simulations and
serious games are potentially useful for simulating labs that are impractical, expensive, impossible,
or too dangerous to run. Simulations can contribute to conceptual change, provide open-ended
experiences, and provide tools for scientific inquiry and problem solving.

The aim of this report is to describe and classify the concepts — serious game and computer
simulation and to define their right place and main purpose in the e-learning process, in order the e-
learning personalization be increased. This will bring to increasing the effectiveness of e-learning
courses.
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ELGI - E-LEARNING PROJECT FOR INTEROPERABILITY IN
THE CONTEXT OF ELECTRONIC GOVERNMENT

Roumen I. Trifonov

Abstract: The e-Course is produced will contribute to working adults’ inclusion in lifelong learning, develop
attitudes and help them meet the requirements of the changing environment, improving their employability.
The project will play an important part in the development of public services in Europe, both at national and
local level and in support of broader cross-national needs.

Key words: Interoperability, e-Course, Target groups, e-Government services

ELGI - npoekT no e-o0y4yeHue 3a onepaTuHBHA CbBMECTHMOCT HA €JICKTPOHHO NPABUTEJICTBO
Pymen U. Tpudonon

Pesome: Tloaroreenusar e-Kypc mie mompuHece 3a BhBIMYAHE HAa pabOTENINTE BH3PAaCTHU B Mpolleca Ha
oOydeHHe Tpe3 Menus XUBOT, Pa3BUTHE HA OTHOIIEHHE W IMOJMOMAaraHeTo WM 3a IIOCpellaHe Ha
W3MCKBaHWATA HA MPOMEHANIATa ce cpela, MOoJoOpsBaHe Ha KBaTU(pHUKANUATA UM. [IpOEKTHT Ie urpae
Ba)KHA POJIS TIPU pa3pabOTBaHETO HA IMyOJUYHUTE yeiayrd B EBpomna, W Ha HallMOHATHO U MECTHO PaBHHUIIE,
U B MOJIKpENa Ha TPaHCHAIIMOHATHUTE HYXKIH.

Kuarouosu nymn: OnepatnBHa chBMecTUMOCT, e-Kypc, IleneBa rpyma, e-I[IpaBurencTro

1. Introduction

Interoperability is the ability of information systems to process, store and exchange data using
uniform technology standards and processes. In the age of the advanced information society, the
interoperability of information systems of different organizations, both public and private, is
becoming a main factor for the efficiency of the economy. The EU Digital Agenda [1], one of the 7
flagships in the Europe 2020 strategy, defines interoperability as a main line of action. While most
European countries have developed excellent legislative frameworks and have set up the necessary
institutions for interoperability implementation, the knowledge of the specialized regulations and
the necessary skills among the actors involved remain inadequate. The present project will improve
the knowledge and skills of stakeholders in e-Government projects across Europe through the
development of an innovative e-Learning tool based on the consortium’s own state-of-the-art
research.

ELGI — e-Learning for e-Government project addresses the issue of interoperability in the
context of e-Government and the establishment of pan-European cross-border electronic services.

The main goals of the project are:

eto create an e-Learning tool for training on the topic of interoperability of public
administrations and

e to train representatives of the target groups

The e-Course produced will contribute to working adults’ inclusion in lifelong learning,
develop attitudes and help them meet the requirements of the changing environment, improving
their employability. The project will play an important part in the development of public services in
Europe, both at national and local level and in support of broader cross-national needs.

The final e-Learning tool will be available in 7 languages of EU member states (English,
Bulgarian, Greek, Spanish, Italian, Latvian and Polish).
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The project started on October 2011 and is expected to finish by the end of September 2013.
It is carried out with the support of the Lifelong Learning Program of the European Commission.

The innovative aspects of the project are:

a) the course content — no such course exist in any EU country - the above mentioned research
concluded that no systematic comprehensive training of the target groups covered by the project
exists. Interoperability is a completely new topic in the electronic systems and knowledge about it
in the target groups is superficial and unsystematic. As for the skills to analyze specific issues
relating to interoperability in existing or new administrative information systems and to identify
concrete measures to attain it, they are almost nonexistent;

b) the attractive, comprehensive, easy-to-use learning format - the project provides an
interactive tool integrating different types of contents and providing training and information to
people working in the public administration. It is developed in a format that allows the content's
easy update, which will ensure the reliability and of presented information. It is a living reference
tool rather than a manual that is actual at a given date only. The format allows easy localization into
other languages, which is a prerequisite for expanding the target group beyond the countries
presented in the consortium. The chosen form of education — web-based learning, greatly facilitates
learner's access in comparison with conventional learning methods as it allows acquisition of new
knowledge irrespective of geographical boundaries or physical constraints. This format fosters not
only the development of knowledge on a particular topic, but the formation of learning management
and ICT skills, which are of utmost importance in the information-based economy. Last but not
least, it is the most attractive form of education for adult learners, as it is convenient, in terms of
access; it allows control over the learning process and respects differences in individual learning
styles. The most relevant information is made available in an convenient form that does not require
specialist “official report-reading skills™.

The project consortium was set up for the purpose of the present project in view of gathering
skills and expertise from a variety of sectors: Research (Rigas Tehnisk Universitte-LV, Spoleczna
Wysza Szkola Przedbiorczoci i Zarzdzania-PL), University education (Rigas Tehnisk Universitte-
LV, Spoleczna Wysza Szkola Przedbiorczoci i Zarzdzania-PL), adult-targeted and vocational
training (TEZA-BG, Instituto de Formacion Integral-ES), public administration liaison (LOGOS
PA-IT, Instituto de Formacion Integral-ES), Information and Communication Technology (TEZA-
BG, Best Cybernetics-GR), interoperability certification (TEZA-BG). Each partner institution is a
leading educational/training organization with a vast network among the target groups and has the
resources to disseminate and exploit the project results effectively and efficiently. The e-Course
produced will be a high quality innovative product which will be included in the training
programmes of the consortium partners.

2. The target groups, aims and obtainable competence of e-course

The e-course is intended for three main groups of interest:

¢ Decision makers (DM) — people who are responsible for the process of creating the rules in
the field of e-Government (e.g. national policy makers);

e Public administration (PA) staff — people who are/will be users of public services (e.g.
managers of e-Government projects, social partners, local administration, regional administration,
national administration, VET, teachers, and trainers);

¢ Contractors (CO) — organizations/companies involved in development and delivery of ICT
systems and public services (e.g. managers of e-Government projects from the side of developers,
information systems developers, etc.).

These three main parties involved in development of e-Government and public services must
have a common language to achieve effective communication and understanding of needs and
requirements concerning public services and Information and Communication Technology (ICT)
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solutions. However, very often terminology could be interpreted in different ways causing
misunderstanding and development of solutions inconsistent to requirements. The common
language must clearly define main concepts such as public administration, public service, e-
Government, and interoperability. The e-Course provides the knowledge which should be the basis
for all these people who are involved in process of legislation, preparation, and development of e-
Government, ICT systems, and public services.

The e-Course delivers the necessary knowledge to three groups of actors - Decision Makers/
Public Administration/ Contractors - in order to provide common understanding needed for design
of new e-Government tools and systems which are compatible across Europe. The attention is also
paid to awareness on legal regulations and possible barriers of interoperability in order to develop
interoperability solutions applicable across EU. By knowing the best practice examples, all three
parties under consideration will avoid developing of complex, unuseful, and ineffective solutions.

Summarizing the all above mentioned, the aims of the e-Course are the following:

¢ to build the common language for effective communication and understanding of needs of
the three groups of actors: Decision Makers/ Public Administration/ Contractors;

eto provide the necessary knowledge needed for design of new e-Government tools and
systems compatible across Europe;

eto ensure awareness on legal regulations in order to develop interoperability solutions
applicable across EU;

¢ to demonstrate best practice examples in order to avoid development of complex, unuseful,
and ineffective solutions;

e to raise awareness of possible barriers for interoperability.

Therefore, the e-Course allows obtaining the following competences:

eknowledge of the EU directives, recommendations of the specialized units of the UN,
national legislation, law on e-Government and related laws such as those governing electronic
documents and electronic signatures, access to spatial data and all those that are relevant to the
problems of interoperability;

ercgulation for the internal flow of electronic documents and paper medium in the
administrations and integrated environment for the exchange of electronic documents;

eunderstanding of the processes of entry in the registers of information objects related to
electronic services and all related operating instructions of the National legislative bodies;

e ability to formulate unified names of electronic services and their status, to analyze the legal
consistency and technological legal regulations and the algorithms of work of accredited persons
who carry certification of these applications in order to be able to successfully submit for
certification program applications, attached to electronic documents, relating to the provision of
administrative services;

e ability to formulate the processes of re-engineering of existing administrative systems so
that they are eligible for certification, and to define adequately the specifications for the creation of
new systems in accordance with the law and regulations and

e understanding and support of the interoperability projects the target groups are involved in.

3. The work packages of the project

The work packages aims to ensure the implementation of all project activities in compliance
with the deadlines set in the project.

The aim of WP2 is to perform the study of publicly available documents constituting EU
policies and reflecting EU practices with focus on the requirements for interoperability and security
of information. First of all, the activities and documentation produced under the EC Program
IDABC and its follow-on programme: “Interoperability Solutions for FEuropean Public
Administrations” (ISA) are analyzed, as well as information acceptable within Open Source
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Observatory and Repository for European public administrations (OSOR), Bridge/Gateway
Certification Authority (BGCA), IDABC Open Source Event 2009, the Open World Forum,
ePrtactice.eu case studies and other sources reflecting Stat-of-the-art in project’s related areas.

The aim of WP3 is the conduct of research into the national legal base (strategic frameworks,
laws, implementation regulations, etc.), specific requirements, case studies and best practices in the
field of interoperability in each country represented in the partnership. WP3 is performed in close
conjunction with WP2, which focuses on the same issues on European level. The activity includes
research and segmentation of information; verification of information sources; notifying authors of
the selected information and acquiring rights to distribute it.

WP4 aims to develop detailed description of the e-course curriculum by specifying all its
items, namely name of the e-course, its aims and obtainable competences, target groups, entry
prerequisites, learning hours, learning methods and process, grading policy, conditions of
certification, modules of the e-course and methods of surveying learners’ satisfaction.

The aim of the WPS5 is the development of the course scenario, i.e. the structure of the course
is specified - the start point, the links between the various screens and their hierarchal order. Also
the base elements of the course are specified — introduction to the course, instructions for use, basic
terminology, entrance test, study content — structured by topics, control questions to every chapter,
final test, etc.

The electronic course itself is developed under the WP6. This work package happens in two
phases:

e phase 1: development of one primary version in English and

ephase 2: compilation of the primary and 6 localized versions into one coherent electronic
course.

The WPS aims to raise awareness of the project, promote and disseminate it. The project web-
site [2] is created is an important and versatile communication tool to the outside world. It provides
public access to general information of the project such as the project objectives, scope and final
outcomes. As a dissemination vehicle, it includes any publication the project has created, press
releases, articles, and presentations at conferences. The project web-site is also a mechanism for
making project deliverables available. After the project end, it will ensure project activities,
outcomes, and relevant documents are available.

4. The contain of e-course

The e-Course is divided into three modules (learning paths) in accordance with the target
groups: Decision Makers Module; Public Administration Module and Contractors Module. Each
module consists of a set of topics. Each topic includes a set of learning objects. Such an
organization of the curriculum allows tuning of the e-Course to the needs of certain groups involved
in development of e-Government and public services. Each of the group needs specific knowledge
which can be delivered as specialized topics available only to a particular group. At the same time,
there are topics which are the common for members of all groups and, thus, they will be available to
a learner regardless of the initial path the learner has chosen. This allows provision of basic
knowledge needed for common understanding of interoperability issues and aspects and specific
knowledge related to the field of a specific group of members.

The common topics of the e-Course are as follows:

e C-1: Introduction to e-Course;

e C-2: Introduction to e-Government and concept of interoperability;

¢ C-3: Interoperability - the best European practices and pilot projects;

e C-4: Interoperability - the best national practices;

¢ C-5: Standardization and compliance verification.
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Furthermore, the common group includes six national specific topics - one for each
participating country. They are C-6 -11:  Organizational, semantic and technical aspects of
interoperability: Bulgarian, Italian, Spanish, Greek, Latvian and Polish case.

The Decision Makers module consists of the following topics:

e D-P-1: Legal regulations of interoperability; D-2: Interoperability barriers;

¢ D-3: Interoperability initiatives; D-P-4: Organizational aspects of interoperability.

D-P-1 and D-P-4 are the common topics for both DM and PA modules.

The Public Administration module besides the already mentioned D-P-1 and D-P-4 includes
specific modules for this group:

¢ P-2: Interoperability barriers and P-3: Interoperability initiatives.

The most professional Contractors module consists of the following topics:

e CO-1: Interoperability barriers for contractors;

¢ CO-2: European interoperability architecture;

¢ CO-3: Technical aspects of interoperability and

¢ CO-4: Semantics aspects of interoperability.

The next figure shows the whole organization of the modules (the learning paths).

Decision Makers (DM) Public Administrations (PA)
C-1INTRODUC
C-2 INTRODUCTION TO EGOWERMMERMT AMD
D-P-1 LEGAL REGULATIOMS OF INTEROPERABILITY
P-2 INTEROPERABILITY BARRIERS
F-3 INTEROPERABILITY IMITIATIWVES

D-P-4 ORGAMNIZATIOMAL ASPECTS OF INTEROPERABILITY

Contractors {(CO)

ly for CO

Commaon topics far DR and PA, Topics only for P2,

Fig 1. Organization of the modules

5. Conclusions

The importance of interoperable delivery of European e-Government services to public
administrations, business and citizens is a key EU issue: it has been acknowledged as an essential
component of Commission's efforts to contribute to improvement of the Single Market and making
Europe an attractive place to live, work and invest. Achieving interoperability on national and EU
level is a relatively new task and as such is a challenge for most European countries.

The specific methodology envisaged for the implementation of the project and for
networking, mainstreaming and disseminating among EU will define trans-cultural models of
intervention which will be able to raise interest in stakeholders beyond the consortium countries.
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CUMWIATOPHU, N3CJIEABAILIN PA3JIMYHU ITAPAMETPU HA
KELII CUCTEMUTE C HEJ OBYYEHHUE

Mapus [1n. Mapunosa, Bnagumup JI. JIazapos, Ilets Kp. Jlumutposa

Pe3rome: 13mon3BaHeTo Ha CUMYJIATOPH J[aBa BB3MOXKHOCT 3a MO-I00POTO M3ydaBaHE HA CHBPEMEHHHTE
Kell aMeTH, KaKTO M TSXHOTO aHaIM3upaHe. B HACTOSAIMMAT JOKIaa cMe IpeAcTaBuiIn cumynatopure SMP
Cache u Kem JlemoHcTpaTOp, KaTo CMe H3CIEABaIM BIMSHHUETO HA pa3Mepa Ha Kella, pasudHUTe
KOXEPEHTHH KeIl TMPOTOKOJIH, BHIOBETE METOIAM HAa CHOTBECTBHE B KEI ITAMETHTE, KaK BIHsIe OposAT Ha
TpyIuTe BBPXY UYETOTaTa Ha IMOMAJCHWE NpPU TPYMNOBO-ACOLMATHBEH KEI, W Hakpas BIMSIHUETO Ha
napameTbpa ,,Ipu3HaK Ha OJIn30CT”.

KiouoBu qymm: Kemn cucTeMy, mapamMeTpy Ha KeIl ITaMeTUTE, Kelll KOXEPEHTHH MPOTOKONH, MPU3HAK Ha
Oau30CT.

Simulation tools for evaluating the performance of cache systems for education purpose
Maria P1. Marinova, Vladimir D.Lazarov, Petia Kr. Dimitrova

Abstract: Many simulation tools give us opportunity to explore and analysis of cache parameters which
impact on the performance of caches. For example, these parameters are mapping functions, program
locality, cache coherent protocols, number of sets in set-associative caches and other.

Keywords: cache sytems, parameters of caches, cache coherent protocols, program locality

1. Introduction

The performance of caches depends on several elements. They are different simulators which
we can use for studying and analysis: cache sizes, block size, mapping function, replacement
algorithm, write policy and number of caches. We use SMPCache[4] to simulate cache with
different structures and explore the evaluation of traces and their behavior. Simulation tool “Cache
Demonstrator”[2] gives us opportunity to find locality of memory references. Three types of
locality exist. First is temporal locality — it states that recently accessed items are likely to be
accessed in the near future. The second type of locality is spatial — says that items whose addresses
are near one another tend to be referenced close together in time. The last type is sequential locality
which concept is that memory is accessed sequentially. SMPCache[3] is trace-driven simulator for
the analysis and teaching of cache memory systems on symmetric multiprocessors. The simulation
is based on a model built according to the architectural basic principles of these systems. The
simulator has user friendly interface. Miguel Vega-Rodriguez is the creator of SMPCache
simulator.

The traces are part of SMPCache simulator's documentation and we use them for our
simulations. All of them represent real applications which are collected as benchmark programs in
SPEC'95. These five traces are for one processor. There are another group of traces for
multiprocessing architectures. In order to work with the simulator, it is necessary to use data files
with”calls” and memory addresses demanded by the processor during the execution of the
programs.
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2 00007fcc Access number: 18

00000c054 Access type: IC
00000c058 Address: 000001c0 (hex)
0 00003b00 Block: 7

000003b04 Word: 0

000003b08

0 00003b0c Access number: 19

3 00007f9c Access type: IC
000003b10 Address: 000001c4(hex)
3 00007fb0 Block: 7

000003b14 Word: 4

3 00007fb4a

Fig. Traces’ structure with SMPCache

These ASCII data files are called memory trace files and consist of lines, each one them has
two numbers separated by only one space: Op Addr. Where Op is number that identifies the
memory access operation demanded by the processor: (0) to capture an instruction, (2) to read a
memory data or (3) to write a data in memory. Addr is an hexadecimal number with eight digits,
which indicates the effective address of the memory word to be accessed by the processor. We may
receive more information from traces as Access number, Block and Word while the simulator is
working in certain mode.

2. Results

The results from simulations with SMP Cache imulator of different cache systems with traces:

Spatial locality Temporal locality

Accessnumber: 81 Access number: 85 At
Access type: IC Access type: IC Address: 000061 :;’:'ﬁ"‘ ‘;‘z:"“”"s“

Address: 000026¢0{hex) Address: 00002640 iz Word: 28

Block: 155 Block 155 N Aempetc
Word: 0 Word: 16 Addrass: 00006620 ;:’;'::5;?220“5"-‘625‘

Access number: 82 Access number: 86 e Word: 32

Access type: IC
Address: 000026¢4(hex)

Access type: IC
Address: 00026d4

Accessnumber: 974
Access type: IC
Address: 0000b524

Accessnumber: 980
Access type: IC
Addrass: 0000b624
Block: 728

Block: 728
Block: 155 Block: 155 Werd: 36 word: 36
Word: 4 Word: 20 Accessnumber: 975 Accessrumber: 381
ard: ora: Access type: IC Access type: 1€
Access number: 83 Access number: 87 Address: 0000614 :;11‘ = sounl:-lm:l 4
Block: 728 .
Access type: IC Access type: IC Word: 20 Word: 20

Accessnumber: 982

Address: 00026c8{hex] Address 00002648 e

Block: 155 Block: 155 Address: 0000b61% Address: 0000b618
Block: 728 Block: 728

Word: 8 Word: 24 Word: 24 Word: 24

Access number: 84
Access type: IC

Access number: 88
Access type: IC

Accessnumber: 977
Access type: DW
Address: 0000e2fc

Accessnumber: 983
Access type: DW
Address: 0000237¢

Block: 307 Block: 903
Address: 000026cc Address:000026dc Word: 60 Word: 60
Block: 155 Block: 155
Word: 12 Word: 28
/a/ /b/
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Sequential locality

Accessnumber: 1773
Accesstype: DR

Address: 000003d4
Block: 15

Word: 20
Accessnumber: 1774
Access type: IC
Address: 0000472c
Block: 284

Word: 44
Accessnumber: 1775
Accesstype: DR
Address: 000003d5
Block: 15

Word: 21

/c/

Fig. 1. Evaluation of program localities

This fig.1 shows the result for simulation of the based architecture with the NASA 7 trace[4].
I want to focus your attention on the fact that every row of 1855 trace length was gathered by hand.
For example on 972 access number has instruction with given address from block 728 and word in
this block 28. During the next accesses the resource blocks 28, 32, 36, 20 24, 60 are repeat again.
This accesses illustrated temporal locality, existing in programs. For example of spatial locality you
may see necessary data is situated in neighboring with words 0, 4, 8, 12, 16, 20, 24, 28, in block
155. And the third type of locality which is a case of spatial locality — sequential locality is shown
on fig. First is referenced word 20 from block 15 and then is necessary word 21, block 15. When we
examine traces, one question appears: Is there a relation between number of different address
accesses (as instruction capture, data read and write) and hits and miss ratio in cache. Look at the
results collected in this table:

Table 1. Results from simulations for parameter hit ratio in set-associative 4-way cache

Set-associative d-way
CEXP COMF EAR HYDRO MDLJD NASA7 SWM UCOMP WAVE

Mem ory accesses 20000 2524 5308 2127 20000 1855 20000 2733 3427
Mem ory accesses(%) 100 100 100 100 100 100 100 100 100
Instructions 18041 2055 4335 1651 15931 1439 15205 2209 2709
Instructions(%6) 9021 81418 8167 77621 79655 77.574 76025 802827 79049
Datareadings M 113 711

Data readings(%) 726 4477 134 9027 10325 7371 7025 5891 7412
Data writings 507 356 262 284 2004 270 3309 363 464
Data writings (%) 7535 14.105 4936 13352 1002 14555 1695 13282 13.54
Hits 19942 2376 5175 1987 18978 1733 18534 2580 3156
Hits (%) | 99.71 | 94136 97 .49 | 93418 9439 93423 9267 94.402 92092
Misses 58 148 133 140 1022 122 1466 153 271
Misses (%) 029 58637 2506 6.582 511 6.5768 733 55982 79078
Bustransactions 77 233 156 193 1359 179 1847 240 404
State transactions 20019 2609 5331 2182 20337 1912 20381 2820 3560
Final write-backs 19 22 15 14 46 26 9 19 60

As you can see for traces CEXP, HYDRO, NASA 7, UCOMP and WAVE there is similar
numbers for both type of memory accesses and ratios. Also for traces COMP and EAR — the
number of memory accesses for instruction capture is close. But there is difference in numbers for
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data readings and respectively data writings which determine the difference in hit ratio and miss
ratio. In this way we may predict the behavior of different software programs.

Table 2. Simulation results for hits and number of write backs for three mapping functions

Set-associative 4-way CEXP COMP EAR HYDRO MDLJD NASAT SWM UCOMP WAVE
Hits 19942 2376 5173 1987 12978 1733 18334 2580 3136
Wiite backs 19 22 15 14 46 26 9 19 L
Fully-associative CEXP COMP EAR HYDRO MDLJD NASAT SWM UCOMP WAVE
Hits 19942 2376 5181 1992 18976 1735 18523 2580 3163
Write backs 19 22 16 16 46 33 9 19 60
Direct CEXP CcoMP EAR HYDRO MDLJD NASAT SWM ucoMP WAVE
Hits 19243 2361 4993 1947 12684 1711 18432 2538 3108
Final write-backs 15 35 10 18 50 27 10 35 60

Now we research the behavior of number of write backs depending on mapping function. We
observe three different types of behavior. The first type which is displayed using COMP, HYDRO,
MDLIJD, UCOMP raise number of write back at direct mapping function. The second behavior is
with no change at WAVE trace. And the last type is when number of write backs decrease at direct
function. This behavior may due to different trace structures and degree of locality.

After all of these simulation we made conclusion that all of them depend degree of locality in traces
over the hit ratio. For this purpose we use Cache Demonstrator|[5] .

Hit Rate

120

o 238 88
|
l"\

0 10 20 ac 40 &C 50 7C 30 o0 100%

" J

Fig. 2. The parameter locality of references

This figure shows hit ratios of traces and their localities. We may see that locality increase
when hit ratio is higher. Exists different methods to improve program code and increase the degree
of locality and from three hit ratio and performance.

At the last, we use SMPCache simulator for evaluating difference performance for snoopy-based
protocols.
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180000
160000
140000
120000
100000
80000
60000
40000
20000
0

hit ratio

| T 1

NASAT COMF CEXP

EAR HYDRO MDLJD SWM UCOMP WAVE

B msi
O MESI

® Dragon

Fig. 3. Impact cache-coherent protocols on parameter hit ratio.

The cache-coherent protocol Dragon has the highest value of hit ratio in all traces. On the
next figure are shown the most useful mapping function in cache systems how number of sets are

increased hit ratio.
30000

25000

20000

15000

1a0u0

5000

Nl |

I

|

NASA7 CEXDP

TR

HYDRO EAR

SWM

i

ucomr comr

MDLJD WAVE

OMSH
OMESH
OMSH
OMCSH
EM3H6
oOMCSHG

Fig. 4. Impact different numbers of sets on set-associative cache-coherent protocol.

3. Concluion

For future evaluations of cache systems in multi-core and multiprocessor architectures will be
looking for algorithms for decreasing of the parameter program locality. The other interesting field
of analyses is texture memory in GPU processors. The modern processors have heterogeneous
architecture. Using CUDA architecture the programmer can create multithreading programs like
used both memories — procesors’ memory and GPU texture memory.

Host <\

Multiprocessor

Multiprocessor

Multiprocessor
Regislers
Shared Memery

Fig. 5. Different memory in heterogeneous processors
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OPBUTHU MATPULIA HA AJJAMAPOBH 2-(45-1,25-1,5-1)
JIN3ANHM, IIPUTEKABAIII ABTOMOP®U3HM OT HEUETEH
MMPOCT PEJI P, TIP! S=11, 13, 17, 19

3narka T. Maresa

Pe3rome: C Tta3m pabora mocTaBsME HAYaloTO Ha KiacudukanmsTra Ha agamapoBure 2-(4s-1,2s-1,s-1)
IU3aifHU ¢ aBTOMOP(H3bM OT HEUETEH MPOCT pef p. 3amouBame ¢ pasriekaaHe Ha BBIIPOca 32 Bb3MOKHUTE
aBTOMOp(H3MH Ha T€3U TU3alHU U MTO-TOYHO C OPOUTHUTE UM MATPHITH.

KurouoBu nymu: BIBD, AnamapoBu nu3aitHu, opOMTHH MaTpULH

Orbit matrices of Hadamard 2-(4s-1,2s-1,s-1) designs with s=11, 13, 17 and 19, possessing
automorphism of odd prime order p

Zlatka T. Mateva

Abstract: In this paper we begin to classify the Hadamard BIBDs with 4s-1 points, possessing
automorphisms of odd prime order p. We deal with the possibilities of generating such designs, where m is
11,13,17,19.

Keywords: balanced incomplete block designs, BIBD, Hadamard desigms, orbit matrices

1. Introduction

For the basic concepts and notations concerning Hadamard 2-designs refer, for instanance to
[1], [2] or [3].
v . . b .
Let 'V ={P}  be a finite set of points and B = {B ].} ~a collection of k-element subsets of

Jj=1
"V, called blocks. D = (V, ZB) is a design with parameters ¢—(v,k,4) if any t-subset of Vis

contained in exactly A blocks of B.
The incidence matrix of a design is a (0,1) matrix with v rows and b collumns, where the
element of i—th row and j—th columnis 1 iff P e B, (i=1,2,..,v, j=12,.b) and 0 otherwise.

The design is completely determined by its incidence matrix.

Two designs are isomorohic if there exists a onr-to-one correspondence between the point and
block sets of the first design and the point and block sets of the second design, and if this one-to-one
correspondence does not change the incidence.

A design is symmetric if the number of blocks equals the number of points. The dual of a
symmetric design is a design with the same parameters, whose points correspond to the blocks of

the initial design, and the blocks to the points. Symmetric 2 —(4s -1,2s—1,s —1) design is called a

Hadamard 2-design.

An automorphism is an isomorphism of the design to itself, i.e. a permutation of the points
that transforms the blocks into blocks. The set of all automorphisms of a design form a group called
its full group of automorphisms. Each subgroup of this group is a group of automorphisms of the
design. Each automorphism of a symmetric design fixes the same number of points and blocks.

In this work we start to classify Hadamard designs with 4s-1 points possessing automorphisms of
odd prime order p. We deal with the possibilities of generating such designs, where mis 11, 13, 17,
19, 23 and 29. For these parameters construction of all the designs with some smaller prime
automorphism is a time consuming task. There are few well-known designs with these parameters.
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The first symmetric designs with these parameters was constructed via a difference sets (see [4],
[6], [7]) at the end of 20-th century. Later on, S.Topalova (1998) constructed further 80 2-
(43,21,10) designs admitting an automorphism group of order 21 (see [5] and [8]) and Dean
Crncovic (see [3], 2002) constructed two 2-(43,21,10) designs and one 2-(67,33,16) design with an
automorphism group isomorphic to Frobenius group Frob43:7, Frob43:21 and Frob67:33
respectively which are not isomorphic to previously known designs, constructed via cyclic
difference sets.

2. Necessary conditions for order p and number f of fixed points of automorphisms of
Hadamatr designs

Theorem 1. If D = (V, B) is an Hadamard 2—(4s—1,2s—1,5—1) design possessing an

automorphism of prime order p that fixes f points, then for the parameters ( p.f ) and s holds:

1: the order p isless than 2s—1 or divides 4s—1;

2: the number f of fixed points / blocks is greater than 4s _11 ;
p+

3: the number f of fixed points / blocks is equal to (4s—1) mod p ;

4: the number f of fixed points / blocks is greater or equal (25 —1) mod p or equals 0;
5: if automorphism fixes two or more points, then the order p is less than s.

The proof of the Theorem 1. is based on well-known general statements and also on simple
arithmetic consideration.

The possible automorphisms of prime order p of the Hadamard designs with parameters
2—(43,21,10), 2—(51,25,12), 2—-(67,33,16), and 2-(75,37,18) are obtained by substituting
sfor 11, 13, 17 and 19 respectively on Theorem 1.

Corollary. If an Hadamard 2 —(4s -1,2s—-1,5— 1) design has an automorphism of odd prime
order p,that fixes f points, then this automorphism is one of the following ( p.f ) types:

1. the possible automorphisms about 2—(43,21,10) designs are (43;0), (7;1), (5;3), (3;1),
(3;4) and (3:7);
2. the possible automorphisms about 2 —(51,25,12) designs are (17;0), (5;1), (5;6), and (3; )

for t e {0,3, 6,9,12} ;
3. the possible automorphisms about 2 —(67,33,16), designs are (67;0), (11;1), (5;7), and (3;¢)
fort e {1,4,7,10,13};
4. the possible automorphisms about 2 —(75,37,18) designs are (7;7), (5;0), (5;5), (5;10) and
(3;t)for t e {0,3,6,9,12,15,18}.
3. Results

One of the designs generating methods is the local approach method. This method is well
known to the Bulgarian scientists, working in the area of combinatorial design and algebraic coding
theory. There is a long list of results concerning the classification of designs with previously
described automorphism obtained using this method. The incidence matrices of the designs
posessing automorphism, defined from point permutation

(1, 2,...,p)(p +1Lp +2,...,2p)...(mp—p+ Lmp—p+ 2,...,mp)(mp+ 1)(mp+ 2)(V) (1)

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 60



and block permutation

(1, 2,...,p)(p +1L,p+ 2,...,2p)...(np -p+lLnp—p+ 2,...,np)(np + 1)(np+ 2)(b) (2)
should be in the form
D :[Cmpxnp Hmpxh] (3)
fonp Gf><h

Firstly, we construct the possible orbit matrices
, :{ém aqj (@
Fra G,
About Hadamarad designs m=n and f =h, therefore we will use only two parameters n
and f.
The matrices P are constructed by building and connecting the submatrices H,F,Gand €

in certain order. Since the matrices # and H i of symmetric designs are the same, we can research
only the possibilities for matrices # and G. In case proper solutions for matrices P and G are
obtained, we proceed to investigating the possible combinations with the matrix # and after that
we continue our work with constructing the matrix €', which is usually the most dificult task. The
matrix €' is called reduced orbit matrix. For Hadamard designs the entries of the matrix € and the
other three submatrices of D, the following equations hold:

ch+2h =2s-1, i=1,2,..,n (5)
Zc,.j+2f[j=2s—1, j=12un (6)
ch +th =s+p(s-1),  i=12,..n (7)
chl ”+pz ol = i, =1,2,...,n, i #i, (8)

Up to now we deal only with problems concerning generating of hypothetical orbit matrices
in several different cases.
We estabilished that:
1. In the case of s = 17; p = 11; f = 1 four nonisomorphic classes of hypothetical orbit
matrices exist. After we replaced the entries of matrices b C with symmetric circulant
matrices of order 11, we didn't obtain an incident matrix ofa 2—(67,33,16) design.

2. After constructing the F'G matrix, where s = 13; p = 3; f = 3 vfie nonisomorphic
solutions are obtained. Another three nonisomorphic solutions are obtained when s = 11; p
=5;f=3.

3. A lot of hypothetical orbit matrices are obtained with s =13; p=3;f=0ands=13; p=5;
f=1. We are still working on this case.
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CPABHEHHUSA HA BUJOBE TABJIMYHU TECTOBE U
TAXHOTO HAMMUPAHE

Becena A. ArresoBa

Pestome: IloHATHETO TeCcT ce M3MOJ3BAa OT CpeldaTa HAa MHHAIUs BEK BbB BpPb3Ka C JHATHOCTHKA M C
pasmo3HaBaHe Ha oOpasu. [lo-KbCHO ce BBBEXKIAa C MaJKO TMO-APYr CMHCHI M CE€ H3MOJ3Ba 3a
nnentudukanus. llenta Ha Tasu paboTa € na CpaBHU KaKTO CMHCHJIA, Taka U METOJUTE 32 HAMUPaHE Ha
TECTOBE.

KaouoBn npymm: HempuBogum TecT, KOHTPOJIEH TECT, JUArHOCTUYCH TECT, pasllo3HABaHE Ha 00pasw,
UACHTU(DUKALIAS

Comparison of types of table tests and their finding
Vesela A. Angelova

Abstract: The term test was used since the middle of the last century in connection with the diagnosis and
for pattern recognition. Later it is introduced with a slightly different meaning and used for identification.
The aim of this work is to compare both meaning and methods of finding tests.

Keywords: terminal test, control test, diagnostic test, pattern recognition, identifying

1. YBox

Haii-06mo HammTe 3HaHUS 32 MHOXKECTBO €JIEMEHTH M BB3MOXHOCTTA Ja ce Kiacuduuupa
HOB €JIEMEHT ce u3passBar B cucrema oT aanHu (flat data), omrcBana OOMKHOBEHO KaTo TabiuIa
WJIU paMKa U Hapu4aHa Hali-001110 CUCTEMA OT CTOMHOCTH Ha atpulyTtu (Attribute-value system).

B Ta3u cucrema pemoBere ca omucBaHuTe enemeHTH (items, individuals, objects, instances,
exemplars, samples, entities...) Ha Opoil m, a cTHIOOBETE ca aTpUOYTHTE WM MPU3HAIMTE Ha
ChOTBETEH €JIEMEHT, OOMKHOBEHO CYMTaHM 3a He3aBUcHUMH (properties, predicates, features,
dimensions, characteristics...) Ha Opoii n. [IpencraBsHETO Ha MHOXKECTBOTO €JIEMEHTH C TEXHHTE
atpubytu e ennHa (m X n) marpuna. CbCTOSHHETO Ha aTpuOYT 3a AAJCH E€IEMEHT MOXKE Ja €
BCAKAKbB BHJl JIaHHU, HAmp. ILSUI0 YMCIIO, pealiHa CTOMHOCT, KOJMpaHa HOMHHAJIHA CTOWHOCT
(BMECTO TEKCT) WIM JBOWYHA CTOWHOCT (TpUCHCTBUE/OTChCTBUE) Ha aTpuOyr. llle cumrtame
€JIEMEHTUTE, T.€. pEeloBeTe Ha MaTpuliara, 3a paznuyuMu. EauH oT BaxHHUTEe aTpulOyTu e
MPUHAJISKHOCT KbM MPEIBAPUTEIIHO 3aa/ICH KJIac OT €JIeMEHTH, KOWTO 3a YA0OCTBO MOXEM Jia
cuntame 3a (n+1)-Bu atpulyT Ha enemMeHTa. B npyru ciydan Bceku eJIeMEeHT € Kilac M HsAMa HYyXK7a
OT TakbB aTpuOyT, a MO-CKOPO € BaKHA HMACHTU(UKANMITA HA BCEKHU €JIEMEHT C MUHUMAIHO
MHOXECTBO aTpUOyTH.

B kpaiina cMeTKa c 11eHaTa Ha pa3ciosiBaHe Ha aTpuOyT Ha MO-MOAPOOHU ChCTAaBHU aTpUOyTH
TabyMiaTa MoXe J1a ce MpeBbpHE caMo B JBOMYHA, HO JjocTa o-rojisiMa. OT ChIIECTBEHO 3HaYCHHE
B €/IHa TakaBa Ta0iMIa € KOM KOMOMHAIMM OT aTpuOyTH ca BaXXHM 3a Pa3NUUYMMOCTTa Ha
€JIEMEHTUTE M OTTaM KO€ € ONTUMAJHOTO KOAWpaHe NpU ONHCAHMETO W KiacupuKaluuara Ha
eIIeMEHTUTE. BB3HUKBAT NIBE 3a/Jaud — 3a aHAIU3 Ha Ta0JWIaTa W W3BIMYaHE HA 3HAHUS (BKIL.
CKpHUTa 3aBUCUMOCT MEXKIYy MPHU3HAINTE), KAKTO U OOpaTHATa - 3a CHHTE3 Ha IMO-A00pa, B CMUCHII
MHUHHMaIHA TaOJINIA.

[IepBUAT MOIX01 KBM TaONHIIaTa B CMUCHJI HA U3BIMYaHE Ha 3HaHUA (data mining), ce siBsiBa
MpoleC Ha MOJENHpaHe Ha HM3TOYHMKA W (opMaTa Ha JaHHU W UTepalus C Ied ThPCeHE Ha
uHpopmanua. Bb3HMKBa 3a7auaTa 3a paslo3HAaBaHE Kilaca Ha HOB OOCKT MpH HaIWYUE Ha
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€JIEMEHTH, YUSTO TIPUHAICKHOCT KbM KJlac 3HaeM. ToBa € 3ajada 3a pa3no3HaBaHEe Ha 00pas3u C
oOyuenue. EnHa perraBaiia TeXHUKA € TJIACYBaHETO, 0COOEHO KOTaTO MHOXECTBOTO OT €IIEMEHTH €
MaJIKO 3a CTaTUCTHKA, 3aTOBAa TAKOBA M3BJIMYAHE HA 3HAHUS, OHIKOTa Hapu4aHo blend of statistics,
nopu u dirty statistics, € OpueHTHpPAaHO KbM I0JI3aTa, NMPHJIOKEHHETO, a HE KbM IpHUpoJaTa Ha
n3ydaBanuss peHomeH. ToBa ce mocThra 4pe3 MO-TOJSIM CTAaTHCTHYECKH Opoi pa3inuyHU, HO
3HAYEIIY MMOAMHOXKECTBA Ha eJleMeHTUTE. JloMbIIHUTEIHA 0132 OT TO3U MOJIXO0/1 € U MoJy4aBaHe Ha
MH(pOpPMAIIMOHHU TETJia Ha MPU3HALUTE CIIOPE] MPUHOCA UM 3a Pa3IMYUMOCT Ha KiacoBeTe. To3u
IIOJIXOJI € OIMCAH B IJiaBa 2.

OOparHO, CHHTE3 Ha ONTUMAJIHO KOJAWUpaHEe Ha TabiuIlata € JSTEPMHUHUPAH aJTOPUTBM C
JIOKAJTHO ONTHUMAaHHU KpuTepuu (greedy), KONTO IeJIM TOJIy9aBaHETO Ha €THO Bb3MOXKHO DEIIICHUE
3a Pa3IMYUMOCT C MUHUMAJIHA TeHa. T0o3M MOIXOJ Ce M3MON3Ba MPU TOJISIM OpOil €IeMEHTH H €
OIIMCaH B TJIaBa 3.

W nBere 3amaum ca NP-tpynuu. llenta Ha paborata € Aa ce CpaBHAT TECTOBETE B JBaTa
MoAX0/a, KAKTO ¥ HAMHUPAHETO UM.

2. U3BinvaHe HA 3HAHMS Ype3 HENMPUBOAMMU TeCTOBE 32 Ta0JIUIA

Ome npe3 1958 Yeruc u SA6moncku [1], a mMO-KBCHO JPYrd PYCKH aBTOPU Ca W3MOJI3BAIH
TECTOBETE Ha TAa0JIMIIA 332 TIOBUINIABAHE HA/ICKITHOCTTA HAa U3BOJUTE MPH MAJKO JaHHU, KAaKTO H 32
OLIEHKa Ha 3HAYUMOCTTa Ha MPU3HALIUTE.

Tect Ha Tabnuia € KOMOMHAIMS OT MPHU3HAIU, 32 KOATO €JIEMEHTUTE OT Pa3iIMYHU KJIACOBE
MpueMaT pa3IMdYHA CTOMHOCTH, a HEMPUBOIUM TecT (terminal) e Tect 6e3 M3IUIIECTBO, T.C. MPH
MaxaHeTO Ha KO Jla € mpu3HaK mpectaBa Ja Objae TecT. CBOHCTBOTO Pa3NUYMMOCT Ce IMpujara
KaKTO MO OTHOLIEHHE Ha NpeIBapUTENHO Ne(UHUpAHH KIJIACOBE, KbM KOUTO MPUHAAJIEKAT
€JIEMEHTUTE, TaKa U MOKE BCEKU €JIEMEHT Jia € KJIac.

Ilpumep 1: Heka e ch3nazeHa Tabauia ¢ pa3audrMOCT T10 JBa Kiiaca (B ciIydas Kjiac € OImucaH
C M€, HE C OITBJIHUTEJICH NMPU3HAK), a eIeMEHTUTE ca onucanu ¢ 11 npusnaka cnopen Tabmuna 1.

Taoauna 1. Havanna rabnuna

1 2 R} 4 5 6 7 8 9 10 11
1 1 1 0 1 0 1 1 0 0 1
knac K1 1 0 1 1 0 1 1 1 1 0 1
0 1 1 0 0 0 1 0 1 1 0
0 1 0 0 1 0 0 1 0 1 1
kiac K2 1 0 0 1 0 1 0 0 0 1 1
0 0 0 1 1 0 0 1 0 0 0

KoMOuHammu ot nmpu3Haiy, KOUTO ca HEIPUBOJAUMHU TECTOBE B TO3U Mpumep ca 16 Ha Opoii ¢
pasnuuHa apkuHa — {3}, {7}, {1,8}, {10,11}, {1,2,9},...,{4,6,8,10}

Kakro ce Buxza, OposIT Ha €IEMEHTUTE € MaTbK 32 CTATHCTUYECKO ONMHCaHHe Ha Kiaca. AKO
“MaMe HOB OOEKT, KOMTO MCKaMme J1a MPUUYMCIMM KbM Kjac, c€ M3MO0JI3Ba U3UMCISIBaHE HA OLIEHKU
I10 TJIACOBETE, KOUTO TOM I10JIy4aBa OT BCEKH HEMPUBOAUM TECT, ThH KaTO BCEKU HENPUBOAUM TECT
cam 1o cebe cu JaBa MHpOpMAIHS 3a MPUHAJIKHOCT KbM Kiac. Taka TeCTOBETe ce M3IMOI3BaT 3a
pasno3HaBaHe Ha 00pa3M MpH penaBallo MPaBUJIO MaKCHUMalleH Opoil riacoBe 3a MPHUHAJICKHOCT
KbM KJIac (HampuMep B TeoJIoTUATa, KBAETO HaxoAuIaTa ca Mainko). Hskom wmsnmosnssBar camo
KbCUTE TECTOBE KAaTO MO-OJM3KU /10 PealHOCTTa, a He Ciy4yalHu. [[pyru oTymTaTr ABIHKUHATA 110
HSIKaKbB HA4MH Npu riacyBa”ero ( BkI. [2]). Apyr moaxon M3moia3Ba HAaMEPEHUTE HENPUBOIUMU
TECTOBE 3a OLIEHKa MH(OPMATUBHOCTTA HA MPHU3HAK 10 OTHOILEHUE DPAa3JEsSHETO Ha KjacoBe, a
MMEHHO KaTo Opoi y4acTus Ha IpU3HaKa B TECTOBE CHPSMO 0OwIHst Opoii TecToBe.
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Wma u Mmonudukanuy, Hamp. TeCcTep - B IPEIEIUTE HA KJIac J1a 3aeMa €JHAKBU CTOMHOCTH WIIN
TECTOB IIaKET — J1a UMa IOHE eAHa eauHuIa. [lo-HaTaThK ce pa3lmupsiBa U 3a K-3Ha4Ha JIOTHKA, 10pH
3a peayHy YMCIa, KaTO Ce OTYUTA MHTEPBAJ Ha OJIMU30CT.

BpBexkaa ce W MOHATHETO MpeAcTaBUTENeH HaOOp 3a Kiac (IMO-KbCHO HApEYeHO JIOThYecKa
3aKOHOMEPHOCT), KOETO OTYUTA PA3JINYUATA MEXK]y CbOTBETHUS KJIAC U BCUUKU OCTAHAIM KJIACOBE
IIpY [IOBEYE OT JIBa Kjaca, HO U BCsKa MPWIMKA BBTPE B KJIac, KaTO TUIIMYHA YacT OT ONMCAaHUE Ha
KJIaca ¢ 4ecToTa Ha nosia. Te3n HabopH 3a Ki1ac ce HaMUpaT KaTo ce ThPCAT TECTOBE 3a Ta0aMLa OT
IIPEICTAaBUTENN Ha CbOTBETHUS KJIac ¥ IPEICTAaBUTENIN Ha BCUHUKH OCTAHAJIM KJIACOBE 3a€HO, HO Ce
pasnuyaBaT He caMo 0 JBJDKMHA, HO U 10 Opoil M YecToTa BbB BCEKM OT KjlacoBeTe Kiac. B To3u
cllyyail pa3no3HaBaHETO Ha 00pa3u € ¢ rojisiM Opoi mapameTpH.

Hammupanero Ha BCHYKHM HENPUBOJMMH TECTOBE HM3IOJ3BA TAOJHMIIA HA CPAaBHEHUS MEXKIY
BCEKHU €JIEMEHT OT KJIac U €JIEMEHTUTE Ha APYrHTe KJIacoBe, KaTo MOJydyeHara Tabaula € ABOMYHA.
Ot Hes ce MaxaT MOIIBIIALIUTE PENOBE (KaTO MOMIbLIAIL PEJ ChAbpPXKAa BCUUKHM €IUHHUIM Ha JPYT
pen), T KaTO ThPCUM MHUHHMMAJIHU KOMOMHAIMK OT CTHJIOOBE, pa3inyaBally eaeMeHTuTe. Taka 3a
npumep 1, Tabauiara Ha CpaBHEHUS Ce MoJIyyaBa upe3 chOupaHe 1mo Moayi 2 (Thi KaTo € ABOMYHA)
Hapen 1l upen 4, pen 1 upen S, pen 1 u pen 6, pen 2 u pen 4 U T.H. KaTo cJe] CbKpalleHusTa €
ornucana B Tabnura 2.

Taoauna 2. Tabnuia Ha cpaBHEHUs

1 2 3 4 6 7 8 9 10 | 11
1 0 1 0 0 0 1 0 0 1 0
0 1 1 1 1 1 1 1 0 1 0
1 1 1 1 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1 1 1 0
1 0 1 0 1 1 1 0 1 0 1
0 0 1 0 1 0 1 1 1 0 1

Enna BB3MOXHOCT € J1a ce M34YeprBaT BCHUYKU BH3MOXKHU IOJAMHOXKECTBA OT CTHIOOBE C
xapakrepuctuueH BekTop ot 00..1 go 11...1 u npoBepka 3a TecT, KakTo U 3a HENpUBOAUMOCT. Taka
C MaxaHeTo Ha OINpE/ETCHU CTHIOOBE (HYJIUTE Ha XapaKTEPUCTHYHUS BEKTOP) YacTTa OT PEIOBETE
TpsOBa Ma ce pa3nuyaBaT, a aKO MaxaHETO Ha CIIe[BAIl CTHJIO MpecTaBa Ja pa3jindaBa, TO CMe
MOJIYYWJIM HENPUBOAUM TecT. PaznuuuMoctTa B mMbpBOHayaliHaTa TalJaMIla 03HayaBa CbOTBETHOTO
MOJIMHO>KECTBO, MPOBEPSBAHO 3a TECT J]a € HEMPA3HO 32 BCEKU pejl B Ta0IMIIaTa HA CPaBHEHUS.

VMma HauMHU 3a ONTUMU3MpaHE Ha THPCEHETO HAa BCHYKUM HEMPUBOAMMH TECTOBE 4YpE3
nojapen0da Ha MPU3HALIUTE Taka, Y€ CIWHUIUTE B TaOMUIaTa HA CPaBHEHHS Ja ca B JOJHHS JISB
BI'BJI [3] , KAKTO U JPYTH €BPUCTHKY 32 IMOJI0KEHUETO Ha SAMHUIIUTE B TaOIUIIATA.

3a Jla HampaBUM Bpb3Ka C JUArHOCTUYHUTE TECTOBE, HEKa pasriefame ciiydas, Mpu KONTO
BCEKM €JIeMEeHT B TabiuiaTa e Kiac, T.€. UMaMe pa3IMuuMOCT IO PEOBE.

Ilpumep 2: Heka ca nageHu 3 pa3iauuyvMH €leMEHTa (HE ce 3ajaBa KJac), OMucaHu c 4
npusHaka B Tabnmma 3.

Ta6auna 3. Havanna Tabmuia

1 2 3 4
0 0 1 1
1 1 0 1
0 1 1 0

Tabmumara Ha cpaBHEHHUs € TOJIydeHa upe3 cyma mo moayn 2 Ha pemore (1,2)(1,3)(2,3) u
3ananeHa B Ta0auna 4.

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 65



Taoauna 4. Tabnuua Ha cpaBHEHUS

1 2 3 4
1 1 1 0
0 1 0 1
1 0 1 1

CrpiboBeTe Ha IbpBOHAYajgHaTa Tabmuma oOpasyBaT TecT T={Xj,...,Xji} TOraBa W camo
TOraBa, KOraTto CTBJIOOBETEe Ha TabiWIiaTa Ha CpPaBHEHHUS C HOMEpa OT TO3W TecT oOpasymar
MOKpUTHE Ha Ta3u Tabiauua (ChOTBETHO HENMPUBOAMMO MOKPUTHE C MHHHMMAlIHA JIBIDKHHA).
CriemoBarelHO, aKO EIEMEHTUTE ca pPa3JIMYMMH, TO KOHIOHKIMSTA OT TE3W EJIEMEHTH Ype3
MUHHMM3ALMS CTaBa JMU3IOHKIMS OT CHOTBETCTBAIM HAa HENPUBOAMMUTE TECTOBE KOHIOHKIIWU.
Taka mokpUTHETO HA TPUTE peAa OT TaldIHIaTa Ha CPAaBHEHUS Ype3 Mpeodpa3yBaHe ce CBEXIa 10 5
HEMPUBOJIUMH TECTA C €IHAKBA IBIDKUHA 2.

(X1 x2 x3) (X2 X4) (X1 X3 X4)=X1X2 X1X4 X2X3 X2X4 X3X4

HmenHo ype3 anrebOpa Ha JIOTHKaTa MOTaT Jia ce MOJIydaT BCHYKH HEMPUBOJIUMH TECTOBE, HO
TOBA € NMPUJIOKHUMO 33 MAJIKU IIPUMEPH.

3. JInarHoCTUYHM TECTOBE MJIM 327a4a 3a WAeHTHPUKAIMS

Exnna or mpuuMHHTE 32 BB3HHMKBAHETO Ha TECT € B THPCEHETO Ha HEM3IPABHOCTU IPHU
TEeXHUYeCKaTa KMOepHeTHKa U WACHTU(HUKAIMATA HA OMOJIOrMYHM BUAOBEe Win Ooinectu. Llenta e
MOCTPOSIBAHETO Ha ONTUMAJIEH JUAarHOCTUYEH TECT, KOWTO ¢ Hall-HHCKa IIeHa pa3jinyaBa €JHa OT
Apyra MOBpEeIuTe WU Pa3IUYHUTE ChCTOSHUS Ha MallMHA WIM KOHKPETHUs OMonoruyeH Bui. B
to3u cinydaii Moret and Shapiro [4], ocHoBaBaiiku ce Ha pabotu ot 1971 mo TexXHUUYECKH
HEM3NPAaBHOCTU U OMOJIOTUYHA UACHTU(HUKAIMS, TeUHUPAT KaTEropus KaTo BEKTOP OT pe3yJITaTH
Ha TecToBe . Te3u TecToBe ca MpU3HALUTE CHOpe TOpHUTE NeUHUINH (WM pa3inyaBalli MoHe 2
eJIEMEHTa) M 3aTOBa IIe I'M HapuyamMe KOHTPOJHH TECTOBE (OTTOBapsIIM Ha BXOJHH HabOpH).
[Topaan u3numiecTBO B TeXHUs OpOil M BUCOKA LI€HA C€ ThPCH MUHUMAIHO IBJIHO MOKPUTHE OT
KOHTPOJIHH TE€CTOBE, T.€. IOJMHOKECTBO KOETO J1a OTIMYaBa BCSIKA JBOMKA OT Bb3MOYKHU €JIEMEHTH
(c npyru 1ymu MOKpHBA C €IMHULIM BCUUKH PEJOBE Ha TabIuIaTa Ha CPAaBHEHMSI) U 1O TO3U HAYUH
1a WACHTU(UIMPA eEMEHTUTE KaTo YHUKaJeH KOJ| MM Jla JuarHoctuiupa. /lymara nuarHosa Ha
IPBUKHA BCHUIHOCT O3HA4aBa paslO3HABaHE WM omnpejaessHe. Taka NUarHOCTUYEH TECT € €AUH OT
HEMPUBOJIMMHTE TECTOBE, 110 BH3MOXKHOCT C Hali-Mallka JbJDKHHA, KaTo IeNTa Ha MOJy4YaBaHETO MYy
€ IMarHOCTUKAa Ha CXeMa WIN UACHTU(DUKAIHS.

Taka mocTaBeHa, 3ajayaTa € 3a CHHTE3 Ha MMUHUMAJHO MHO>XECTBO OT KOHTPOJHH TECTOBE,
kosiTo € NP-Tpy/Ha U ce pemaBa ¢ eBpUCTUYHU JIOKAITHO-ONTUMAIHU TeXHUKH. Ha mpaktuka ce
CHHTE3Mpa €IWH OT BB3MOXKHUTE HEMPUBOJIUMH TECTOBE, KOMTO CE€ IOJlyyaBaxa B aHAIWTHYHATA
3aJla4ya OT MpEeAHMs pa3Aes OTHOBO Ype3 MOCTposiBaHE TalJIMIa Ha CPAaBHEHUSTA MEXKY €IEeMEHUTE
(BCEKHM eJIEMEHT € OT Pa3JIMyueH KJ1ac) U TOBA € €JUH TUarHOCTUYEH TECT.

Pasnukara B city4as TUarHOCTHYHHU TECTOBE € MO-CKOpO B o0ema Ha JaHHHUTE, KOWTO B TO3U
clly4yail € mo-roJisiM Haif-Bede KaTo eJIeMEHTH, HO U KaTo aTpuOyTH. 3ajjauaTa € MOTUBHpaHA IIOpaIu
HEOOXOIMMOCT OT KOMIPECHsI Ha TIPU3HAIM U ObP30 ThPCEHE B 0a3a C Taka ONMHMCAHHUTE MPU3HAIIH.
Hanpumep oTTyKk uzBa 1 UMeTO OapKoj - OylieB BEKTOp, MOKa3Balll Cpeliane (KaTto MOJCTPUHT) Ha
OTIpeIeNIEHO MHOKECTBO OT TECTOBE B JaJICHAa BXOJHA MOCJIEJOBATETHOCT CE ABSIBA KOJIUPOBKA IO
OTHOIIICHHE Ha TOBA MHO>KECTBO TECTOBE.

3.1. [Ipu cuHTE3a ce TpbhrBa OT €CEHIHAIHN KOHTPOJIHHU TECTOBE, T.€. KOraTo JIBa BEKTOpa Ce
pa3nuyaBaT TOYHO B €HA KOMIIOHEHTa, TS TpsAOBa /1a yd4acTBa B KOE€ Jla € I'bJIHO MHOXKECTBO OT
JIUArHOCTUYHU TecToBe. llo-HaTaThbK CTBIKA MO CTHIKA C€ J00aBIT HOBU KOMIIOHEHTH KbM
MOJIMHOXECTBOTO, KOUTO
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-a) WM Hal-MaJIKo pa3inuaBar 1aBa enemenTa (least-separated pair criterion),

-0) unu Hali-MHOTO TBOMKH €JIeMEHTH Ha Opoii 1ie ce paszinuuaBat (separation criterion),

-B) HOBOTO IOJMHOXECTBO € C Hal-rojisiMa €HTpomnus (OT €IMHCTBEHAa XOMOTE€HHA Tpyma C
earponus 0 10 log,m pa3nuyuMu TpyIu) WM HaMMEHyBaHe Ha rpyna ot 1 1o m! (B TepMUHHUTE Ha
MepMYTaIlNK) - TO3U KpUTEpUi € HHPOPMAITMOHEH.

OO6mo ce moxmydaBar 4 eBpuctuku a+0, a+B, O, B, KOUTO UMAT OOLIO C €BPUCTUKUTE IMPHU
ThpPCEHE HAa BCUYKH HETIPUBOIUMHU Habopu. Te3n MeTou ce Jopa3BUBarT B [5], KaTo MOI3BaT TEOPUS
Ha TpaduTe W ONTUMAIHH aNTOPUTMH 3a Jocturane Ha BbpxoBere (branch-and-bound). Taka
MOHATHUETO WACHTHU(UKAIM (HaMHpaHe Ha WASHTU(UIMpAI] KOJ) C€ CBBbpP3Ba C THPCEHETO Ha
MOKPUTHE OT MHOXXECTBA KAaTO KOHTPOJHHUAT TecT (TMpU3HAK) Beue ce MHTEpPHpeTupa Karo
MMOJIMHOYKECTBO OT €JIEMEHTH, KOUTO TOW pa3rpaHruaBa.

3.2. AKO u3MNoJi3BaMe METOJa 3a HaMUpaHE Ha BCUYKU HENPHUBOAUMHU TECTOBE, TO MOXKEM Ja
n30epeM Hakpasi Hali-KbCUsl HEIPUBOAUM TecT. KakTo kazaxme, B mpoiieca Ha ThPCEHETO Ce CTPOU
JIBOMYHA TaOJMIla HA CPaBHEHHE MEXAY BCUYKU BH3MOKHH JIBOMKHU €JI€MEHTH. 3a MmojlyyaBaHe Ha
caMO €IWH HEMPUBOINM TECT, KOHTO €BEHTYallHO Ja € MUHHMAJCH, W3MOJI3BaMe ChKpallaBaiiun
TEXHUKHU [6]:

-a) Beue CM€ MaxHaIH MOTIIBIIANIUTE PEIOBE OIle MPH MOCTPOsiIBAaHE Ha TabimuIata Ha
CpaBHEHHS, Thi1 KATO THPCUM CaMO HETPUBOJAUMHU TECTOBE;

-0) MaxaMe MOr'bJIHATH CTHJIOOBE, C KOETO OrpaHuYaBaMe Oposi Ha HEMPUBOIUMUTE TECTOBE;

-B) TBHPCHUM HaW-KbCUTE HEMPHUBOJAMMH TECTOBE H3MEXKIY PEIOBETEe C Hal-MalbK Opoit
€IMHUIIN. 3a €IUH TaKbB PEJl MIOHE €UH OT CTHJIOOBETE C SAMHHIIA y4aCTBA B HEMPUBOIUM TECT —
3aMMcBaMe ro KaTto 4acT OT ThPCEHOTO MOJMHOXKECTBO (YACTUYHO MOKPUTHE) U MaxaMe HEro u pe-
JIOBETE, KOUTO MMAT €AUHUILIA 32 TO3U CThI0. OcraHanaTa TabIuIa ce mojajiara Ha CThIOKU 1, 2 u 3,
JIOKaTO CTaHe HEBb3MOXKHO — HATPYMAHUTE CTHJIOOBE, BKIIOUUTEIHO MOCIEAHUTE OCTaHAIH J1aBaT
€IMH He-TIPUBOJMM TECT, KOWTO MOXE CIy4ailHO /1a € MUHUMaJeH. Taka TO3H alrOpUThM € OIM3bK
70 TpeJ-HHsI, HO ChKpallaBa W3UEpIBAHETO M JaBa KaTo pe3ylTaT KbC HENPHUBOJUM TECT OIIE B
HAYaJoTo.

[Ipennarat ce u Apyrd €BPUCTHKHU, HAIPUMEP MOXKE J1a C€ THPCIT MpPEIojiaraeMu TECTOBE
camMo U3MEXKAY TOIMHOKECTBA C IBJDKUHA IISUI0 YUCIIO, MO-TOJSIMO WIIM PaBHO Ha log,m (TONKOBa
OuTa Morart 1a OTCHYaT OT €JIEMEHTUTE Pa3TUYHU 3HAUYCHUS).

[Ipy M3MON3BaHETO HA TECTOBE 3a IMATHOCTHKA W HICHTHU(UKAIMS YEeCTO ca pa3MEHEHHU
MecTaTa Ha peIoBe M CTHJIOOBE, a UMEHHO MaTpHIlaTa € paziuiyuMa MO CTHhJIOOBE, a Ce ThpPCU
MOKpHUTHE 1O penoBe. Hampumep, ako eana cxema peanusupa pyHkuus f m umame KOHKPETHH
nmoBpeau B cxemara, Bojemnu Ao fl, f2, f3 , To onucBame no Te3u 4 Bb3MOXKHH CTHJIOA CTOMHOCTHTE
3a BCHYKM BB3MOXHHU BXOJHM Habopu KaTto peaoBe (TEXHUYECKM TOBa € Tabnuma Ha
HEU3NPABHOCTHUTE, 00ObpHATA JUATOHATHO HA JOCETa Pa3riIeKIaHUTe TaOIHIHM). MaxaMme pefoBeTe ¢
€IHAKBU HEPA3IMYUMHU CTOWHOCTH, KaKTO W TOBTApPSIIUTE CE PEIOBE M THPCUM HEMPHUBOIUMHU
TECTOBE U3MEXKY PEIOBETE

3.3. B nHacrosmara pabora ce mpeanara Ja ce M3IMO0J3BaT TOTOBU MPOrPaMHU MPOAYKTH OT
turma SAT solver, a umenHo nporpamara SAT4j [7] 3a Tepcene (upe3 backtracking) mamu manena
norudecka gopmyna ce yaoBineTBopsiBa. [lom3ara OT roToBH MporpaMu 3a MpoBEpKa HA OyleBU
(GyHKIIMM € MHOIro rojisiMa, 3alloTO Te€ ca Obp3M, M3MOJI3BALIM AITOPUTMH, IOJYYEHU Ype3
ChCTE3aTEeTHO HAYaJl0 B MHOKECTBO KOHKYPCH. 32 KOHKPETHH MPUMEPU TE€ CE OMMUTBAT Ja CHIKAT
CIIO)KHOCTTA Ha 3aJla4yara 70 MOJMHOMHAIHA.

Karo pe3ynTar ot 3aiafiecHuTe BXOJIHU KJIay3u, ChOTBETCTBAIIM HA MIOKPUTHETO Ha TabIUIaTa
Ha CpaBHEHUS, ce u3Bexaa oTroBop True/False m koHKpeTHATa CTOMHOCT Ha TECT.

Taka HanmpuMmep upe3 3a7aBaHe Ha BXOJla Ha Mporpamara TabauiaTa Ha cpaBHEHUS OT [Ipumep
I ce momy4aBa tect {3}, 3a Ilpumep 2 ce nmonydasa tect {2,3}. IUHTEepeceH e ciaydasr ¢ rojisiM Opoit
€JIEMEHTH, KAKBUTO Ca PEATHUTE 3aa4H.
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Ilpumep 3: 3a equH U3KYCTBEHO Ch3MIAJICH NpuMep oT 21 erneMeHTa, onucaHu ¢ 23 mpu3Haka,
tTabnuiara Ha cpaBHeHUs uma 121 pema wnmm kimaysu B TepmuHure Ha SAT solver. Upes
JONBJIHUTENIHA KJay3a 33 MUHMMAJHA KapAMHAJIHOCT Ha pEIIeHHEeTO (a CIeA0BaTeIHO U
HEMPUBOJMMOCT Ha TECTa), Ce MOJydaBa MOMEHTAJHO €JHO PELICHHE Ha WACHTHU(UKAIMOHHATA
3ajada. AKO cpaBHUM HAMHPAHETO HAa BCUYKHM HENPUBOJUMHU TECTOBE (3a TO3HM MPUMEP TE ca 00110
13633 ¢ apmwxuHa oT 6 mo 11) ype3 mbaHO m3uepnBaHe u upe3 SAT solver, To Bpemero B
MHJIUCEKYHIU € choTBETHO 135400 u 27800.

4. Jakaouenue

PasrnenanuTe mpuMepu MOKa3BaT KaKk c€ HaMUpaT BCHUYKH HETMPUBOAMMH TECTOBE B €IHA
Ta0JINIA OT Pa3TUYMMH CIEMEHTH (€BEHTYaJHO U IO KJIACOBE), a CHINO U KaK CE ThPCHU CaMO CJINH
(0 BB3MOXHOCT) MHUHHMAJICH HETPUBOJMM TECT, HAPUYAH B KOHKPETHHU 3aJa4d TUATHOCTHYCH.
Y nob6crBoTto 3a momsBane Ha SAT solver e He camo B Obp3MHATA, @ U BHB BB3MOXKHOCTTA J1a CIIPEM
TBPCEHETO JI0 HAKAKBa JbJKHHA HA TECTOBETE.

[ToHATHETO TECT MMa MHOTO IIMPOKO M3II0JI3BaHE Hali-BeYe KaTO KOHTPOJICH TECT, OTTOBAPSII]
M0 CMHUCHJI Ha MpU3HaK. HampuMep M3NUTHUTE TECTOBE UTPasT POJISATA HA MPHU3HAILU, IO KOUTO CE
JaBa OIEHKA W CBEHTYAITHO C TETJIOBH KOSHHUITMEHTH Ce€ CyMHpaT 3a IMOJIy4aBaHe Ha oO0Ila OICHKA
(ToBa He e KiIacuduKalus, a ChIIOCTaBsIHE HA peallHa CTOWHOCT WM perpecusi). Besko omeHsiBaHe
KaTo KJIac WJIM TOJpe0a U3I0JI3Ba TAKMBa BXOJIHN HA0OpH — CTOMKATa, ChCTOSHUE HA OPraHUTE U
Ha TICMXWKAara, XpaHara, CIaHeTO, 3a0aBJICHHSTA, pPAa3TOBOPUTE, OMpeAeeHn (UINISCKU
yIOpaXHEHUS WIH 3HaHWs. [lopy 3a HIKOM BaXKHU 00JacTH (HAmpHMep aBTCHTHKAIWSA) UMame
OILICHSIBAaHE B JBJIOOYMHA - 33BJDKUTEIIHA KOMIIOHEHTH, UACHTU(DUKAIMS 10 HEII0, KOETO YOBEK
MMa, 3Hae W e, NMPEOJIONIABaHe HA TPEIICH OTrOBOP W T.H. Pa3riekaaliku KOHKPETHH CHCTEMH OT
CTOWHOCTH Ha aTpuOyTH, MOTaT Ja ce pelaBaT 3a7add 3a W3BIMYaHE HA 3HAHUS WU 34
UJeHTU(UKAITHS.
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HAKOU MOJIEJIM CBbP3AHU C PEHHABAHETO HA
HPOBJIEMU B OBYYEHHUETO 110 BA3U OT TAHHHAU

CunBust Anr. Bepbanosa

Pe3tome: B Ta3u craTHs ca NPEACTaBEHM HIKOM MOJCIM, W3ION3BAHH IPH pelIaBaHe Ha MPOOJIEeMH B
npoueca Ha 00y4eHHeTo 1o 0a3u oT JaHHHW. [locoueHW ca pe3yiTaTH OT NPHJIAraHeTO Ha BCEKU MOIEI.
Mopenute MoraT aa ObIaT U3IOJI3BaHH M IPU 00YYSHUETO IO IPYTH KOMITIOTHPHH AUCIMIUTNHH.

KurouoBu gymu: Mojen, 6a3u OT JaHHHU, PENAlMOHHU 0a3M OT JaHHU, HOpMAaJIM3alus Ha JaHHHU, KOMITIOTHD,
npobiem, oOydeHue

Some models related to solving problems in teaching on the databases
Silvia Ang. Varbanova

Abstract: Some models used in solving problems in the training database are presented in this paper.
Referred to the results of the application of each model. Models can be used in teaching other computing
disciplines.

Keywords: model, databases, relational databases, normalization of data, computer, problem, education

1. YBox

B nmHemrHOTO pa3zBuTo MH(OPMAIIMOHHO 0OOIIeCTBO 0a3uTe OT JaHHU MPEACTABISABAT MOIIECH
JSUT OT KOMIIOTHPHUTE TEXHOJIOIMH, KOUTO MAacOBO OOXBalllaT HaIIETO exenHeBue. M3mon3Baiiku
KOMITIOTPUTE, CHEIUAIMCTUTE MPOEKTHpaT 0a3u OT JAaHHM, C MOMOILITAa Ha KOUTO MOXE Ja ce
cbOupa, o0paboTBa M CbXxpaHsiBa HHpopMauus HeoOXoauMma 3a cdepure Ha O0OCITyKBAHETO,
HaykaTa, Ou3Heca. 3a 1eJiTa ce U3IMO0JI3BAT U 3HaHUS TOJYYEeHU NMPU 00YUYEHUETO MO TUCIUILIMHATA
"ba3u oT maHHU" BHB BUCIINTE y4eOHM 3aBEACHUS WU CIEIMAM3UpaHU KypcoBe. M3ydyaBaHeTo Ha
0asuTe OT JAHHU € TPYAEH MpoIec KAaKTO 3a IpernojaBaTeliuTe, Taka M 3a CTYACHTUTE WU
KYPCUCTHTE, U ca He0OXOAUMHU T0OpH YMEHHSI 32 HErOBOTO opranusupane. OT rojsiMo 3HaYCHHE €
u no0OpaTa MaTepuaiHa Oasa.

OOyuenuero 1o 6a3u OT JaHHU € CBbP3aHO C MpeAaBaHe, Bb3PHEMaHe, Bb3MPOU3BEKIaHE Ha
nHpopManus W B TIpoleca Ha Te3W JEWCTBHS BB3HHMKBAT MPOOJIEeMH, KOWTO TpsiOBa na Obaar
pelaBaHH.

2. U3noxenune

JucuumnuHaTta "basu or naHHM" ce M3ydaBa OT YETBBPTU CEMECTHpP HArope BbB BUCILUTE
y4eOHHM 3aBelCHMS, KaTo ce Halisara Hal-Beue Ha pellallMOHHUTE 0a3u oT maHHH. OT 0coOEeHO
3HAa4YEHHUE € CTYJECHTHUTE J1a UMaT Jo0pa MaTeMaTH4YeCKa OCHOBA U KOMIIOTbPHU MMO3HaHUA. ONHUTBHT,
KOWTO Te€ WMaT, ce Oa3upa Ha 3HAHMATA, MOJIY4YeHU B vacoBeTe mo "Bucma maremarwka' B
NpeaxoaHu cemecTpu U mpeamera "MHpopManMOHHM TEXHOJIOTMU" NpPU TUMHA3HAIHHUS KypC C
n3ydaBaHeto Ha Microsoft Office Access, mocTaThb4eH 3a OpraHU3UpaHE Ha MPOCKTH KaTo
eJIEKTPOHEH JAHEBHUK WM OMONIMOTeKa Ha ydyeHuka. Ho 3a opraHusumpaHeTo W ynpaBlieHHETO Ha
elHa MollHa 0a3a OT JaHHU ca HEOOXOIMMH IO3HAHUS, KOUTO C€ IOJIy4aBaT C M3y4yaBaHETO Ha
Microsoft SQL Server 2005 wumm Microsoft SQL Server 2008, MySQL mnpu crneuuamHOCTH
"Maremaruka u uadopmatuka", "Madopmaruka", "Kommorspau Hayku'", "busnec nundopmaruka"
U JIPYTH, KaKTO U OOEKTHO-peIallMOHHATa CUCTeMa 3a yIpasieHue Ha 0a3u nanau Oracle.
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VYyeOHata Marepusi € CIIOKHaA 3a CTyACHTUTE. TeopusTa € CBbp3aHa C NpaKTUKaTa. 3a
YCBOSIBaHE Ha TEPMUHOJIOTUSATA, BHBEXKIAHETO M M3ITBJIHEHUETO HA 3asBKUTE C€ HAJaraT CEpHO3HU
yIpaXHEHUS.

B Mosita paboTa KaTo aCHUCTEHT ce COTBCKBAM ChC CIEIHUTE MPOOJIEeMH B OOYYCHHETO IO
0a3u OT JaHHU, KOUTO 3aTPYAHIBAT CTYACHTHUTE:

e [IpobsieMu Tpu HOpManHM3aIUsATa HAa JAHHUTE W OMNpPEIEIsIHE HAa HOPMAIM3AIIHOHHUTE
dbopMu Tipu TIpoeKTUpaHe Ha Oa3aTa OT IaHHHU.

e [IpoGiieMu ¢ ompenessiHe HA OTHOUIEHUSITA U 3aBUCUMOCTTA MEX Y TaOIHUIIUTE.

e [IpoGiemu npu nedpuHUpAHETO HA TUIIOBETE JAaHHHU B TAOIMLMTE: HAPUMEP JaHHU KaTo
EI'H u tenedonHM HOMEpPA ca YUCIIOBH CTOWHOCTH ChXpaHSIBaHU KaTO CUMBOJIHH TUITIOBE JIAHHHU.

e [IpoGiemu pu n300p Ha KIFOUOBETE B TAOIUIUTE - primary key u foreign key.

e [IpoGriemu ¢ onpenensiHe Ha ONEpaLUUTe MPH paboTa ChC 3aMUCUTE B TabIUIMTE Ha Oazara
OT JIaHHHU.

e [Ipob6reMu B CHHTAaKCHCA TTPU CHIMHEHUETO Ha TaOJIUIIN.

e [IpoGnemu npu nporpamupane ¢ Transact-SQL.

e [Ipo0neM mpu yCTaHOBSIBaHE Ha BPB3KM MEXKIY KIMEHTCKOTO MpHiIokeHHe u Microsoft
SQL Server.

Ha6mronaBam n mo6pa paboTa OT cTpaHa Ha CTYJASHTUTE MPH YCBOSIBAHE HA MaTepHsTa MPH
arperaTHd (YHKIMHU; U3pas3u 3a nata u yac; SQL 3asBku - between, in, like, order by; ycinoBuu case
U3pasu; U3rJeIu.

3a pemaBaHeTO Ha TOPECHOMEHATUTE MpoOJIeMU U ylIecHsSBaHE Ha paboTaTa Ha CTYyIEHTHTE
U3I0JI3BaM CJIETHUTE MOJEIH:

e Monmen 1 mpencrassn] Bpb3KUTE "acucmenm-cmyodenm', "acucmenm-komniomup',
"cmyoenm-komniomup" TPAAUIIMOHHO CE€ M3I0JI3Ba B YaCOBETE 3a YNPAXKHEHUS NMPU JUCUUATUIMHU
M3y4yaBallly KOMIOThPHU TeXHOoJoruu (dur. 1).

AcucreHr CryneHt AcucteHT
P YA =

T >~

CryneHt Kommiorsp

A 4

KommtoTsp

n "
- )
®ur. 1. Mogen 1 Ha Bpb3KuTE "aCUCTEHT-CTYICHT

nn

"aCUCTEHT-KOMMIOTED", "CTYyJEHT-KOMIIOTHP"

Kak pa6otu Moaea 1

ACHCTEHTBHT TpernojaBa MaTepuall 3a HOBH 3HAHWA, W3MOJ3Baiiku uepHa (Os1a) AbCcKa U
KOMITIOTHD. CJ'IGI[ KOCTO BCCKHM CTYACHT CC yHpaXHsABa MHAUWBHUIYAJIHO C IOMOLITA HA KOMIIKOTHP,
M3MOI3BAaKU JIOTHYECKOTO MHCIIEHE U 0a30BUTE KOMITIOTHPHU YMEHUS MOTy4YeHH B yumiuie. To3u
MOJIeTT MOe Ja ObJie M3MOJI3BaH B YaCOBETE MPHU TEOPETUKO-TIPAKTHUECKOTO oOyueHue. [ToHskora
Bb3HHUKBA Taka HapedyeHaTa CUTyallus "BpeMe€ Ha M34YakBaHe', B KOSITO MPENoAaBaTelAT 3aroyBa
WHIWBUAyaIHA paboTa ¢ JajleH CTYIACHT MNpH BH3HUKBAHE HA HIKOWM OT TOPECIOMEHATUTE
npo0GsieMu, a OCTaHAJIUTE CTYACHTU PabOTIT CaMOCTOATEIHO A0 Kpasi Ha yaca.

Karo pesynrar usznomn3BaneTo Ha Bpb3kute mpu Mopgena 1 mokassa go0pa KpaifHa oIlieHKa Ciie
MIPUKIIIOYBAHE HA MpoIieca Ha o0ydeHue 1mo 6a3u oT naHHu. (¢dur. 2).

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 70



Iudopmatuka  MaTeMaTHKA H KommioTsp HE Apyru
nH}popMATHKA HAYKH

®ur. 2. I'paduka npu Monen 1 Ha MONOKUTEITHUTE OLIEHKH T10 CIIEIIHATTHOCTH
B Kpas Ha Kypca o aucuuiminaarta "basu ot nanan"

e Mopea 2 nipeacTaBs Bpb3KaTa "acucmenm-Komniomuvp-cnyoenm', ¢ OMOINTA HA KOSITO
MOJKE Jla c€ MPOBEJE TEOPETUKO-MPAKTUYECKUAT Mpolec Ha oOydyeHue U Jla ce pemaTr mpodieMu,
BB3HHUKHAIIM TIPU HETOBOTO OChIecTBsBaHe (ur. 3).

AcucrteHT

KoMmoTsp Crynent

A

KommtoTsp

®ur. 3. Mojen 2 Ha Bpb3KaTa ,,aCUCTEHT-KOMIIOThP-CTYICHT”

Kak pabotu Mopae 2

ACHCTEHTBT, H3IMON3BANKKA KOMITIOTHhpPA, NPEACTaBs Ha CTyACHTHTEe MojJ ¢opmara Ha
npe3eHTanus HoBusl ypok. ClieJl KOeTo MmocTaBs 3a1auu Ha crygeHTuTe. CrieBa 1eMOHCTpUpPAHE Ha
WHCTPYMEHTAITHUTE CPEJICTBA HA HEOOXOAUMUsS coPTyep W TUPEKTHO M3ITBIHSIBAHE Ha 3asBKUTE IO
yaeOHaTa TeMa. CTyIeHTUTe padoTAT UHAUBHIYATHO HA KOMITIOTBD.

B mpomeca Ha paGoTa BB3HUKBAT BBIPOCH. [IpoOiieMbT ce mopaxknaa, ako €IHOBPEMEHHO
HSKOJIKO CTYJIEHTa 3a/laBaT BBIPOCH. ACHCTEHTHT OTTOBapsi U IOKa3Ba Ha BCEKU CTYICHT C
KoMImioThp. Hanara ce nzuakBane u cnupaHe Ha paboTaTa Ha OCTaHAJIMTE CTyJAeHTH. HacThBa Taka
Hape4yeHUT "TUX mpouec”, MpyU KOUTO MOCIEIHUTE 3a/1ajid BBIIPOC Yakar 3a OTroBop. B pesynrar
Ha KoeTo Okoyio 15% OT cTyneHTHUTEe HE TOy4aBaT IOCTaThbUYHO 3HaHWUA B 4Yac. Hamarar ce
JOMBbJIHUTETHU YaCOBE 3a KOHCYJITALIMSL.

Ha ¢urypa 4 e mnokazana rpaduka npu Mogea 2 Ha TOJOXHUTCIHUTE OLECHKH 10
CHEIMAaTHOCTH B Kpas Ha Kypca 1o AucuuiuinHara "basu ot nanuu".
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ITudopmaTuka MaTeMaTHKA H KommoTbpHE Jdpyru
HHpOPMATHKA HAVKH

@ur. 4 'paduka npu Mojen 2 Ha TONTOXKUTSITHATE OLEHKH MO CIIEHUATHOCTH
B Kpas Ha Kypca o gucuurngara "basu ot naHHn"

Mopnea 3 nipencraBs Bpb3Karta "acucmenm-cmyoenm-cmyoeHm-kKomniomsp' ¢ IoMoura Ha
KOSITO C€ MOJ00psABa 3HAUYNUTEIIHO YYEOHUSAT MPOIEC B YACOBETE 3a YNPAKHEHUS HA JUCLUILIMHATA
,ba3u ot manan” (ur. 5). A UIMEHHO - €IMH KOMIIOTHP CE€ M3II0JI3Ba OT JBamMa CTYJCHTH, KOUTO
paboTAT B €KUN M U3MNBJIHABAT IIOCTAaBEHUTE OT AaCHCTEHTAa 3aJauyd 3a HOBU 3HAHMUA WIH
ynpaxHeHus. bpp3nHaTa mpu ycBOsIBAaHETO Ha y4eOHHUs MaTepuas ce yBennyaBa 10 65% u Taka
HamalsBa BpeMeTo Ha "Tux mpouec" u "Bpeme Ha m3uakBane". IlocTaBsT ce 3amaum moj ¢gopmara
Ha MPOEKT M KPUTEPUAT 3a BUCOKA OIEHKAa € CTUMYIH 3a paboTa. [Ipu Bb3HMKBaHE Ha HAKOW OT
ropecrioMeHaTuTe MpolieMu BCsKa OT TPYNMUTE ydacTBa B pellaBaHETO MM. B kpas Ha vaca ce
CpaBHSIBAT MOJIYYEHHUTE PE3YITATH.

AcucrteHT

A

CryneHt CryneHt

A 4

Kommtorsp

®ur. 5. Mogen 3 Ha Bpb3KaTa "aCUCTEHT-CTYI€HT-CTY I€HT-KOMITIOTBD"

Kak pabotu Moaea 3

[Tox popmara Ha aNrOPUTHM Ce MPEJICTaBs MATEPUATBT 32 HOBU 3HaHMs1. Ciie/iBa 3ar03HaBaHe
ChC CHHTAKCHCa Ha JajieHa 3asBKa. Ciex KOeTo ce MpeMHHaBa KbM IOCIICIOBATETHO BBEKAAHE U
U3IBJIIHCHUE HA 3asBKUTE OT €AWHHS CTYICHT, MOJIIOMaraH OT BTOPHS CTY/ACHT B IPEIBAPHUTEIIHO
opraHusupana mabioHHa Tabnuna ¢ qanHu. [Ipu BBIpOC OT cTpaHa Ha JaJeH CTYACHT aCHCTEHTHT
OTroBapsi Ha Is1aTa Tpyra.

Mopnen 3 Mosxe a ce mpuiiara 3a paboTa eTHOBPEMEHHO ¢ IIECT TPYIH OT IO ABaMa CTYICHTa

(¢wur. 6).
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AcucrteHT

A A
Crynen <> Crynent Crynen CryzaeHr Crynen < CryneHt
b\ 4 f \. v f \4 v f
KoMmmrorsp Kommrorsp Komnrorsp
I'pyna 1 I'pyma 2 I'pymna 6

@ur. 6. Moaea 3 3a paborta B Tpynu

Ha ¢urypa 7 e mnokasana rpapuka npu Moaea 3 Ha MOJOXKHUTEITHUTE OLEHKU IO
CIIELIMATHOCTH B Kpasi Ha Kypca 1o AucuuiuinHaTa "basu ot nanuu".
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HudopmaTuka MareMaTHKA H KoMmoTsp HI JApyru
HHPOPMATHKA HAYKH

®@ur. 7 I'paduka npu Mozaen 3 Ha NONTOXKUTETHUTE OLEHKH O CIIELUATHOCTH
B Kpas Ha Kypca o qucuuiminaarta "basu ot nanan"

N3yuaBanero Ha 0a3uTe OT MaHHM € OaBeH mporec. 3aAbJDKUTETHO € JIOIMBIHUTEITHO
yIpaXHEHHE BBPXY BCSIKA 3asBKa 3a OBIAJSBAaHE HA CHHTAaKCHCA. 3a MOATOTOBKA HA MPOEKTUTE €
HEOO0XOMMO U JIOITBITHUTEIHO BpEME.

B MmosTa mpakTtuka ce CONBCKBaM M ChC CIEAHHUS MPOOJIeM, KOWTO HE € MAJOBaXEH -
HEXETAaHUETO Ha CTYACHTHUTE Ja pa3paboTBaT AMIUIOMHHA pabOTH C TEMHU, CBBpP3aHHU C 0a3UTe OT
nanau. Ho ToBa e Tema Ha Jpyra cTaTus.

3. Pe3yararun

Chaeiik OT MOSIT OITUT, 3aKJII0UYaBaM, ue B Kpas Ha Kypca 1no aucuuriiviara "basu ot janau"
Ha Tpyna CTyIeHTH uMame "noObp" mpoueHT nonoxuTenHu oueHkd. Karo 50% mnpouenrta ot
CTY/ICHTHUTE pa3pabOTBaT MPOEKT 3a OTIMYHA OLIeHKa, 35% OT CTyeHTHTE MOTy4YBaT OI[eHKa 100Bp
C KOHCIEKT M M3IHT, a 15% - olleHKa cpeieH MpU CaMOCTOATETHO MUCAaHE Ha 3asBKU 110 JaJeHU
3a/1a4u.

3a CTyIeHTUTEe TMONYy4YMJIM OTpUIIaTeIHa OIleHKa B Kpasg Ha Kypca, Ce€ Ha3HayaBa
JOMBbJIHATENICH U3MUT WM OBTOPHO M3ydaBaHe Ha nucuuiuiiHara "basu ot nanuu".
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Crynentute ot crienuanHoctute "Mudopmaruka" n "Maremarnka u nadpopmaruka’ ca c mo-
BUCOKH Pe3yATaTu OT Te3u npu cneruainocture "Kommorspuu Hayku'", "busnec nndopmatuka" u
Apyru.

Ha ¢urypa 8 e mokazana cpaBHuTenHa rpaduka npu Mogenute 1, 2 1 3 Ha MOIOXKUTEIHUTE
OIICHKH IO CTIEIMAITHOCTH B Kpasi Ha Kypca Mo AUCHHUIUIMHATA "ba3u ot nanHu".
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Hupopmaruka  Matemarnka u Konmotsp Hn JdpyTH
HHPOPMATHRA HAYRE

@ Mopen 1

B Mogen 2

O Mogen 3

@®ur. 8. I'paduka Ha cpaBaenue mexxay Moaeaurte 1,2 u 3
4. 3akil04eHue

HeoOxomuMocTTta OT afeKBaTeH ydeOEH TMpolec € KpUTEepHid 3a 3HAHMSA, BHCOKA
MIPOU3BOIUTEIIHOCT HA KOMIIETEHTHU KaJpH U PEATM3UPAHETO UM Ha CBETOBHHUS Ma3ap Ha Tpynda. 3a
BCHYKO TOBa "TJIaBHA PO’ HMMa TPETMOAABATENAT C METOIUTE CH, TIOAXOUTE CH, KOMOMHATHBEH,
I'bPKaB YM IPHU TPEJCTaBsSHE HA y4EOHHs MaTepual M pellaBaHeTO Ha MPoOJieMU, BH3HUKBAIIU B
nporeca Ha oOydeHue. C pa3BUTHETO Ha HWH(POPMAIMOHHUTE TEXHOJIOTHH € HEOOXOAUMO |
MpOMsIHA B HAYMHHWTE Ha TperojaaBaHe. KpeaTMBHOCTTAa M MHOBATUBHOCTTA TP PEIICHUSATA HA
3aJjaunTe ¢ KOMITIOTHP € OT 0COOCHHO 3Ha4YeHHE. bblemero Ha 00pa30BaHUETO ce Tpaau OT cera.
KomrmtoTpute ca TOMOIIHUIIN HA TPENOIaBaTEINTe, HO HE U TEXHU 3aMECTHHIIH.
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EKCIIEPUMEHTAJIHO U3CJIEJIBAHE HA ITPOLECA
3ABAPABAHE HA HUCKOBBIVIEPOJIHHU HUCKOJIEITUPAHHU
CTOMAHMU C BUCOKA SAKOCT, B IIPOI'PAMHA CPEJA
MATLAB

[Imamen /{nues, ['eopru Jlroukanos, Jlumutep ['eHOB

Pe3rome: B moxmana ce pasriiexkia IpHIOKEHHE Ha PETPECHOHCH aHAINM3 3a IMOJIyYaBaHe Ha MaTEeMaTHYCH
MOJEJI Ha TEXHOJOTHYCH TIPOIEC ,,3aBapsiBaHE HAa HUCKOBBITICPOTHH HUCKOJETHMPAHW CTOMaHH C BHCOKA
sskocT”. M3mon3Ba ce macuBeH SKCIEPUMEHT 3a HaOupaHe Ha mHQpopmanmara. OOpaboTkaTa Ha TaHHUTE Ce
m3BbpiIBa B cpega MATLAB, napaia B3MOXKHOCT 3a JIECEH KOHTPOJ, pealn3alus Ha WU3YUCIUTEITHUTE
MIPOTICIYPH U OHATJICASIBAHE Ha PE3YJITATHTE.

KurouoBu gymu: MoJen Ha mporieca ,,3aBapsiBaHe Ha HUCKOBBITICPOAHN HUCKOJICTHPAHH CTOMAHHU C BUCOKA
SIKOCT”’; pETPECUOHEH aHaNIK3; ONTUMU3AIIHSL.

Experimental study of welding process of low-carbon low alloy steel whit high strength in an
environment MATLAB

Plamen Dichev, Georgi Lyutskanov, Dimitar Genov

Abstract: The report looks at the application of regression analysis to obtain the mathematical model of the
process ,,welding of low-carbon, low alloy steel with high strength”." Used passive experiment to gather
information. Data processing takes place in an environment MATLAB, enabling easy control,
implementation of computational procedures and displaying the results.

Keywords: process model ,,welding of low-carbon, low alloy steel with high strength”, regression and
optimization.

1. YBox

3aBapsiBaHETO ce€ sBSBA BOJEI] TEXHOJIOIMYEH IMpOLeC MNpPHU HU3rOTBIHE HA METAlIHU
KOHCTPYKLIMU B Pa3JIMYHU 00JacTH Ha mpoMuIuieHocTTa. OCHOBHA 3ajjaya TyK € MOBMIIABaHE Ha
KayecTBOTO Ha CHOTBETHUTE KOHCTPYKLUHU — HAAEKIHOCT M JIBJITOCpPOYHA eKkcruloarauus. Tosa
Hajlara pa3pa0OTBAaHETO Ha HOBU TEXHOJOTHH, MAIIMHU U ChOPBHKEHUS, KAKTO U M3IMOJIBAHETO Ha
HOBM MaTepHalu.

IIpu pasraexJaHuTe HUCKOBBITIEPOAHN HUCKOJEITMPAHU CTOMAHU C BUCOKA SIKOCT OCHOBHUTE
IIPOMUIIUIEHN METOAM Ha 3aBapsiBaHE Ca CBbP3AaHU C HarpsiBaHe Ha MeTaja /10 BUCOKH TeMIlepaTypu
U TOCNENBAlI0 OXJIAXAAHE C Pa3IMuHU cKopocTu. HapyiiaBaHeTo Ha ONUTHO ONpEAENEHUTE U
IPENOPBUNTENIHN PEKUMHU MTapaMEeTPH MOXKE Jia JOBE/E 10 Bb3HUKBAHE HA OCTATHYHU 3aBapbuHU
HaIpe)KeHus, W3MEHEHUE Ha CTpyKTypaTa M CBOWCTBaTa Ha 3aBapsBaHuTe MeTtanu [1,2].
ChIeCTBEHM MOCIEACTBUS ca M0sIBaTa HA MAPTEH3UTHU 00pa3yBaHUs U MyKHATHUHU, HEAOMYCTUMHU
3a KopaboctpoeHero. CTaTUCTHKAaTa IMOKa3Ba, Y€ Ha CTYACHUTE IyKHaTHHU ce AbmkaT 60% or
CllydyauTe Ha Bb3HUKHAINUTE pa3pyllaBaHUs B 3aBAPBUHU LICBOBE B MPOIBIDKEHHUE HA 5 TOAMHU. B
Ta3u IOCOKA, OCKbIHH, @ M HEAOCTBIIHM Ca W3CIICBAHUATA, CBBbP3aHU C BB3MOXKHOCTUTE 3a
ONTUMM3UPAHE Ha 3aBapbyHaTa JEHHOCT HAa TO3M TUI CTOMAHU M JIOCTUTaHE HA XKeJaHa SKOCT,
IUIACTUYHOCT, >KMJIABOCT, KOPO30YCTOMYMBOCT M Jp., KOUTO OINpEAEHsAT HaAeKAHOCTTa Ha
KOHCTPYKLIUATA KaTo LISLIO.

HacrosmusT nokiaan pasriexia eHa Bb3MOXKHOCT 32 HabupaHe Ha MOAXO0/A1Ia HHpopMalus
3a LEIMTE Ha ONTHUMM3ALUATAa HA 3aBapbuHUS NPOLIEC Ype3 CpeACTBaTa Ha MaTeMaTHYeCKOTO
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MOJIETIUpaHe U OMPEENIIHE Ha ONTHUMAaJIeH TEXHOJOTHYEH PEeKUM. M3UnCcIuTeHUTEe NpoLeaypH ca
peanu3upanu B mporpamua cpena MATLAB.

2. U3noxenune

H300p na pakmopu, naian na ekcnepumenma u CmpyKkmypa Ha mooena

Ot aHanu3a Ha BB3MOXXHOCTUTE 3a peau3alis Ha EKCICPUMEHTAIHUTE HW3CIICBAHUS 3a
LIEJIUTE Ha MAaTEeMaTUYECKOTO MOJAEIMPAHE € MPUET NacuBeH ekcrnepumeHT [3,6]. [lomyyaBaneTo Ha
aJIeKBaTeH MOJIE] € BB3MOXKHO CJeJ OTYMTAaHE Ha BCHYKM NPOMEHJIMBH. M3myckareHo Ha
MIPOM3BOJIHA OT TSIX, BIUSEIIA BbpXY LiejeBaTa GyHKIUS, BOAU A0 aBTOMAaTUYHOTO U OTHACSIHE KbM
IymMa 1 KaTo pe3yiTaT — HeKaueCTBEH MOJIET.

Crnen mpeaBapuTENHO NPOy4YBaHE Ha BIMSCIIWTE MPOMEHJIMBH BbPXY 3aBapb4yHHs MPOIIEC,
Karo (hakTopu ca n3OpaHu:

1) X; — Temneparypa Ha nmpeaBapuTeIHo nmoarpssane T, [°Cy;

2) X, — roiemMuHa Ha 3aBapbyHUSAT TOK [, [A];

3) X3 — cusia Ha HATOBapBaHe, /10 JOCTUTAaHE HA MyKHATHHA B 3aBapbuHUT 111eB F [KN].

Karo neneBa yHKIMS y € periiaMeHTHpaHa MPOMEHIINBATA bebl HA 02b8aHe JI0 ToNydaBaHe
Ha MyKHaTHUHA A [0].

[Ipu mpoBexaaHe Ha EKCIEPUMEHTUTE € H3MOJ3BaH €IWH THUIl 3aBapbUHU EJIEKTPOAH C
auameTsp de; =4 mm.

Habpanata ot ekcrnepumeHTHTEe HMH(OpMalMs, 3a LEIUTE Ha MOJEIMPAHETO Ha Ipoleca
3aBapsiBaHe € MpeJCTaBeHa B cieaHara Tabmuma 1.

Tabanna 1. Pesyntatu oT npoBeicHUTE EKCIEPUMETH

— — =" @]

g & é é q:,( s &

< B ! 3
Ne Ha SE=T g 5 § 2 o
2E Q g = ERE
oOpazena S & 5 = 3 S = E
O m ~A < =y < B B
E X X = ] z o2 g
5EE | ¢ : N
= = 3 = = EEE

= @) T )

1 19,8 150 15,4000 15,283
2 19,8 156 16,0000 16,550
3 19,8 160 19,5000 17,450
4 19,8 158 18,0000 16,780
5 19,8 170 22,5500 18,460
6 110 150 29,8500 49,583
7 110 155 31,3471 50,430
8 110 158 31,8924 51,800
9 110 162 32,8000 49,800
10 110 170 35,2000 49,500
11 200 150 34,6000 61,616
12 200 155 36,5000 63,000
13 200 157 38,5000 65,749
14 200 160 42,0000 68,250
15 200 170 43,8000 66,480

3abenexkka: CTOHHOCTHTE HA CJIC[ 3alleTasATa Ca JaACHU B CTOTHU OT I'paayca.

3a 00paboTKa Ha pe3ynTaTuTe, MOoJy4aBaHE Ha MOJIENIa M OlEHKAa Ha KauecTBara My e Objae
U3I0JI3BaH PErPECUOHHMST aHAIN3, a U3UNCIICHUTA peanusupanu B cpena MATLAB [5].
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[TonMHOMHUAT MaTeMaTHYeCKH MOAET BKJIIOYBA CBOOOAEH WICH, JIMHEHHU CHCTAaBKH OT
(bakxTopH, B3aUMOJICHCTBUS Ha (DaKTOPU U WICHOBE OT KBAaJPaTUUYHU 3aBUCUMOCTH. B Haii-0011 BUI
e

k
y=2.b/, (1)
i=0
KbaeTo: fo=I1; fi=x;, fo=x7 ... fm+1=x1.x2..ﬁ=xm2.

AKO c yce O3HauM MpeJcKa3aHara Mo MoJesia CTOWHOCT Ha leneBaTa (GyHKUMs y, TO MpuU

n3bpana ctpykrypa Ha (1), O6mm3ocTTa 10 EKCIIEPUMEHTATHUTE NaHHU MOXE Ja C€ OICHU C
KBaApaTu4iHaTa 3aBUCUMOCT

sz(yi_yi)zzzeiz (2)
i=1 i=1

Tyk e, =y, —y,, i=1,N caocrarbuy (TpewwKN).
KonkperHa npenckazana CTOMHOCT MOYKE J1a C€ 3aluIlIe KaTo

k
JA;J' = Zbifj,i . 3)
i=0
Crnen 3amectBane Ha (3) B (2) ce moiy4aBa
s 2
0= Z(J’i —bofio =b1 S —=Dafig —even. —=b, fy)"- 4)
i=1

TepcenuTe KOE(QUIMEHTH ce€ OIpeneNar oT cleaHata cuctema HopMmanHu (["aycoBu
YpaBHEHUS )

0 i A
_Q = _ZZ(yi =byfiy=b, Sy == b fu )fiy =0
b, 5
0 33 bufubify b 1 =0
ob, - Vi =000 =01 =T Ok Ju )T > (5)
oQ y
-~ = _ZZ(yi _bofio _b1fi1 _"'_bkfik )fzk =0
ob, Py J
C BBBeX/1aHE Ha MaTpUieH 3amuc (5) MOXKe J1a ce TIPEACTaBu KaTo
FT.Fb=FT.y (6)
KbJIETO:
- F e pasmmpena matpuia Ha 1jaHa (perpecuioHHa MaTpulia)
Joo S Ju
F= Joo S e Su . 7
fNO fN1 ka
- b — BekTOp Ha KOepULIHEHTHUTE
b" =[b, b, b, ...b]; (8)

- Y — BEKTOp Ha HaOJIIOJICHUSATA
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Y=y v2 93 ennnn wl; )

,»T~ 03Ha4aBa TPAHCIIOHUPAHE.
Ot (6) ce onpenenst BEKTOPHT Ha KOCPUITUESHTUTE

b= (FT.F)_I.FTy (10)

3a olEHSABAaHE HAa KauyecTBaTa Ha MoOJ€J]a, KaTo MspKa 3a CTENEHTa Ha ChOTBETCTBUE Ha
anpoOKCHUMHUpalaTa perpecus C JaHHUTE ); , C€ H3IMO0J3Ba KOE()UUUEHTHT HAa MHOXKECTBEHA
kopenanus R (Mspka Ha onpenenenoct). Onpenens ce oT uzpasa

Z(JA}; _37)2

2 i=
R
> -y
i=1

; (11)

1 N
KBAECTO ) = ﬁz Vi
i=1

3a OIICHKAa Ha 3HAYMMOCTTa Ha R ce npecMsTa BCIMUNHATA

2
F RNk

T (1-RMk (12

Kputnunara croiinoct Fy, (0.05;v,;v,) ce onpenens no tabmuuu ¢ F-pasnpenenenue, npu

HUBO Ha 3HaunMocT 0.05 u crenenu Ha cobonma v, =k, v, =N -k —-1.

Axo Fp>Fry,, monmydenara croinocT Ha R ce npuema 3a 3naunma. B mpoTuBeH cirydai, ciaensa
JTAHHUTE JIa ce KOPUTHUpaT U 00paboTsIT OTHOBO.
B HauanHuUAT eTan e mpueTa ciaeaHaTa CTpyKTypa Ha Mojiena

y=byA+b,.x,+b.x, +by.xs (13)

Onpedenane na Koegpuyuenmume Ha mooena u oyeHka kauecmeama my ¢ cpeoa MATLAB
Peann3upa ce cieiHUAT anropuThHM:

1) TIlo manuure ot Tabmuua 1 ce popmupat perpecnonnara marpuua F u BexTop y;

2) [Ilpecmsra ce mpou3BEICHUETO F'.F

F'*F =1.0e+005*

0.0001 0.0165 0.0238 0.0045
0.0165 2.6246 2.6157 0.5861
0.0238 2.6157 3.7861 0.7133
0.0045 0.5861 0.7133 0.1461

T T
3) Omnpenens ce uncnoro Ha oOycnoBeHoct Ha F .F, cond(F .F)= 4.4864e+007, xoeto e
TBBpPJE TOISAMO. 3a 00JeKYaBaHE HAa WU3YHCIUTEIHHS TpoIlec mie ObJe HAalpaBeHO HOPMHpaHE Ha
BCHUYKH IMMPOMCHJIMBH I10 U3PA3UTC
Xy —my Xy, — My X3 — My y—m,

h, = , hy, = , hy="—2u z= , (14)

o, o, o4 o

y

N N

1 : 1
KBACTO: m(i :Nzxi’j 7_]:17 27 33 my :_Zy/’

i1 =
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S S .
i N—l;( Joi J

1 N
2, 2 _ o 2
) 50-)1 N—1;(yj my)

Mopnenst (13) ¢ HOBUTE IPOMEHINBY JI00MBA BHUIA

z=a,h;+a,.h,+a;.h

(15)

Crnen HopMUpaHe Ha TPOMEHIIMBHUTE, CBOOOTHMAT YiICH B MOJIeia OTHaaa.
OnpenensiHeTo Ha HEU3BECTHUTE KOSPUITUCHTH b; M3UCKBA U3IIBIHCHHUE HA JIBE CTHIIKU:

- ompenensHe Ha kopumuentute ¢; B (15), o ypauenuero a =[H H]"'H z;

- 1o (14) u (15) ce onpenenst b;.

OneHKUTe HAa MaTEeMaTHYECKUTE OYaKBaHUs (mean) U CTaHJapTHUTE OTKIOHEeHHs (svd) ca:

ml= 109.9333; ol= 76.1484;
52= 6.8813;
63=9.3695 ;
oy= 20.9848.

m2= 158.7333;
m3= 29.8626;
my = 44.3243;

4) OmnpenensiHe Ha KOSHUITUCHTUTE d;

CncTaBs ce MaTpulia OT HOPMUPAHUTE CTOWHOCTU HAa IPOMEHIIUBUTE A,

H=
-1.1837
-1.1837
-1.1837
-1.1837
-1.1837
0.0009
0.0009
0.0009
0.0009
0.0009
1.1828
1.1828
1.1828
1.1828
1.1828

-1.2691
-0.3972
0.1841
-0.1066
1.6373
-1.2691
-0.5425
-0.1066
0.4747
1.6373
-1.2691
-0.5425
-0.2519
0.1841
1.6373

-1.5436
-1.4795
-1.1060
-1.2661
-0.7805
-0.0013
0.1584
0.2166
0.3135
0.5697
0.5056
0.7084
0.9219
1.2954
1.4875

¥ HOpMHpaHarta 1ejeBa QyHKIHS Z, YUUTO TPAHCIIOHUPAH BEKTOP UMa BUIA

z'=[-1.3839 -1.3235 -1.2807 -1.3126 -1.2325 0.2506 0.291 0.3562 0.3388 0.3658 0.824 0.89

1.021 1.1401 1.0558];

H*H =
14.0000
-0.3436
13.1288

YucnoTo Ha 00YCIOBEHOCT Ha HOBOTO
Omnpenensr ce

-0.3436

13.1288

14.0000 3.5901

3.5901

14.0000

MatpudHo npousBeaeHue € cond(H’ *H)= 92.2883.

inv(H’*H) =

1.5734 0.4463 -1.5899

0.4463 0.2031 -0.4706

-1.5899 -0.4706 1.6831

u H’*z=

13.5666

0.5668

13.6079
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inv(H'*H) * H"*z=
-0.0372
-0.2340
1.0669

5) Ompenensine Ha KOSUIIUEHTHUTE b;
bl =a(l)* oy/o1=—-0.0102;

b2 = a(2)* oy/s2 = ~0.7136;
b3 = a(3)* oy/a3 = 2.3894;

b0 =my—oy*(a(N)*ml1/o1-a(2)*m2/02—a(3)*m3/c3) = 87.3686

BekTopbT Ha ThpceHUTE KOSPUIIMEHTH UMa BHIA

b" =[87.3686 —0.0102—-0.7136 + 2.3894]

(16)

[Ipenckazanute Mo Mojiesia CTOMHOCTH Ha bI'bja Ha OI'bBAHE CE€ ONMPENEIAT MO U3Pa3a Ymod=F.
T
b, arpemkara e=y-ymod. BUma Hay, ymod U € € JazeH Ha ¢urypa 1

>
s Bren Ha orsBaHe
o 80 ; ,
1 1
z 70 b o e e oo __ Lo o o o e e e e = Lo e e e e e e e e e — o=
g 1 1
= 1 1
® 60 - - m e e e - - e e A/ T - ]
o 1
T 1
6 50 e o b - ]
& I
s 40 bk P
(o] I 1
- T e ——
@ 1 1
2 1 1
oS S oy A o
o : :
x O J e Femmm e e e e e e mm—— - = = e e e e e e e — - = =
P | L e
= (O] S ey apepepepepapm——__ eI RSEE B e
2 3 "
10 : :
0 5 10 15
HOMEep Ha ekcnepumeHTa
®@ur. 1
6) OmnpenensiHe Ha KOSPUITMEHTa HA MHOXKECTBEHA Kopenanus R ¥ HeroBaTa 3HAaUUMOCT

0l = (ymod - my)*(ymod - my): 6.1126e+003;
02 =\Ymod~my)Vmod —my)=6.1651e+003;

R2=01/02=0.9915;
R =sqrt(R2) =0.9957

v]:k:3, v2:N—k—1:15—3

—-1=11.

FF=(R2*(15-4))/(1-R2)*3 = 3.8408¢+003.

[o Tabmuum ¢ F-pasnpenenenue e onpeneneno £y, (0.05

Vs vy ) =3,59.

(17)

Twii kato FF>F,, (0.05;v,;v,), nonydenara cTOMHOCT 3a KOE(UIMEHTA HA MHOXECTBEHA

Kopenauus R ce mpueMa 3a 3HauuMa. MoOJenbT C Taka OINpeaesieHUTe KOePHIMEHTH,

YIOBIJIETBOPSIBAIIl MAPKATa 3a OMPECICHOCT, UMa BHJIa

2 2013
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a=387.3686 —0.0102T —0.71361 + 2.3894F (18)

3a KadyecTBaTra Ha MOJieJla MOXKE J1a C€ ChIW U MO BUJAa Ha ,,CTIOJICHTHU3UPAHUTE OCTAThIHU

e. R
[4], cTOMHOCTMTE Ha KOUTO CE€ MpecMATAT IO Hu3pasza di :S—l,i:1,15 . Tyk Se = 1,9368 ¢
e

CTaHIAPTHOTO UM OTKJIOHEeHHe. ChIIUTE ca MOCTPOSHH Ha purypa 2.

=
- d=d(ymod)
@ L1 L1 L1 L1 L1 L1
o 1 1 1 1 1 1
st 1 1 1 1 1 1
o 1.5 - — - ---—-=-=-- q9--=-=-=-=-- Tt---=--- - - - - - - - ---—-=-=-- q4- - - = - - -
o 1 1 1 1 1 1
< * 1 1 1 *:& 1 1
= 1Th-=---=--- I-————-- H----=--- L S i I-————-- 4= == === -
T 1 1 1 1 1 1
© 1 1 1 1 1 1
e 0.5 oo - - - - - - - - A N - [ P —
1 1 1 1 1 1
s 1 1 1 1 1 b 1
= 0O b-=-=-=-=--- I 4-=-=-=-=-=-- LR il - Tl I d4- - == - - -
T 1 1 1 :*' 1 1
i a4 | 1 1 1 1 1
= 0.5 hm == = = = = lm - - B Fm——— - e - - - - - - lm - - P —
Q e 1 1 1 1 1
[N 1 1 1 1 1 1
© f I S ?_—I _______ P, T, L= lm e e e = = [ O —
#r 1 1 1 1 Ll
1 1 1 1 1 1
1.6 e e e oo o [ e I e oo o P P ——
1 1 1 1 1 [
1 1 1 1 1 1
-2 ] ] ] ] ] ]
10 20 30 40 50 60 70 80
ym od
@ur. 2

He ce nabnronaBa onpeenena TeHACHIINS B U3MEHEHHETO UM, KOETO MOKa3Ba e CTPyKTypara
Ha Mozena e u3lOpana mpaBuiHO. Te ca B mHTepBasa +3 U ¢ BepoATHOCT HaJ 99% moxe na ce
TBBP/HU, Y€ JIUICBAT IPYOU IPELIKH.

7) W300p Ha onTHUMaJeH TEXHOJOTMYEH pEeXHM Ha Ipoleca 3agapsaeane Ha
HUCKOB8b2IEPOOHU CIOMAHU

3amauaTa 3a ONTUMH3AIMSA CE PA3IIIEKAA [0 CIACAHUAT HAYMH: J1a Ce ONPEEAT ONTHMATHUTE
YCIIOBUS 32 3aBapsBaHE Ha HUCKOBBIJIEPOJAHU CTOMAaHH, IPU JOCTHUTaHE HAa MAaKCHUMaJleH BI'bJ Ha
Or'bBaHE o JI0 MOJIy4aBaHE Ha NMYKHATHHH B o0Opasela, Ipu CIlla3BaHE Ha CICAHUTE OTPaHUYCHUS,
dopmupamy neduHUIMOHHATA 06NacT Ha Moxena —T=19,8 — 200 °C; [=150-170 A; F=15,4 — 44
kN.

Toit kato B (18) o € nmuHEelHA QYHKIMS HA apPTYMEHTUTE CH, TO MAKCUMYMBT OM CE TTOTYUIHIT
Clie]] aHaJIN3 Ha BCUUYKU JOIYCTUMM CTOMHOCTU Ha aprymeHtute u. Ilpu T=200 °C,1=160 A u
F=42 kN ce monyuaBa

0 =87.3686—0.0102*T —0.7136 * I + 2.3894* F =71.5°

Toit kaTo dakTOpUTE ca B JOMYCTUMHUTE CTOMHOCTH, TOCTUTHATA € MAaKCUMaJHa CTOMHOCT Ha
bI'bJIa Ha OI'bBAHC, CJICABA TOBaA a4 61:,[[6 NpUCT 3a ONTUMAJICH TCXHOJIOTUYCH PCKUM Ha
3aBapsIBaHETO.

3. 3akaiouenue

1) Cs3mageH e pabOTOCOCOOCH MaTeMaTHYeCKH MOJIe] Ha Tpoleca ,,3aBapsiBaHe Ha
HHUCKOBBIIICPOJIHU cToMaHu”. CJICII AHAJIN3 Ha U3YUCIUTCIIHUA MPOLCC CC Mpeajiara ABYCTHIIKOBA
mporieypa 3a OleHsIBaHe Ha KoehUIMeHTUTe Ha Mozeina. OleHsBaHe Ha KadecTBaTa Ha MoJela €
HAIPaBEHO C M3MOJI3BaHE HA KOCPUIIMEHTAa Ha MHOXKECTBEHA KOPENIAlUs U aHAIU3 HA TPEIIKUTE.

2) Ha 0a3zara Ha MareMaTHYeCKHss MOJEN ca OIpENeIeHH ONTHMATHHUTE IapaMeTpH:
TeMmieparypa Ha IpEeABApUTENIHO IOArPSBAaHE, TOJEMHMHA Ha 3aBapbYHEH TOK U CWJIA Ha
HATOBapBaHE, JaBallli MaKCHMaJlHA CTOHHOCT Ha IieieBata (YHKIWsS — bBrblla Ha Or'bBaHE Ha
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3aBapeHaTa CTPYKTypa /10 IOCTUraHe Ha MyKHATHHHU.
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TPU MOJEJIA HA EJIEKTPOHHU ITPUJIOXEHMUS 3A
KOMHIIOTBHBPHO-ITIOAIIOMOI'HATO OBYYEHUE B
YUYUJIMIIE

Mapusana 1. Huxonosa

Pe3rome: Cratusita mpejcTaBsl TpU paszivyHH MoJella HAa MYJITUMEIUIHN 00pa3oBaTeNHH MPHUIOKEHUS —
MyJITUMEINHHA KOMITIOTBPHO-TIOJIMIOMOTHATA CHCTEMa 3a OOYYCHHE B HAYATHOTO YYWIHIIE, CICKTPOHCH
Kypc 1Mo MHpOpMaTHKa U WHOOPMAITMOHHU TEXHOJOTHH 3a CPETHOTO YYHJIHINE U CICKTPOHEH CaMOyYUTEl
M0 MKOHOMHMKA 32 TpoQeCHOHATHN TUMHa3uH. Pasriieqany ca JUIaKTUYECKUTE U MICUXOJIOTHYECKH aCMeKTH
MIpH TPOEKTHpPAHE Ha EJEeKTPOHHO OOpPa30BaTENIHO TMPHIOKEHHWE, KAKTO WM BOJCIIMUTE MapaMeTpu Npu
Ch3/1aBaHEe Ha CIICHApUH 3a npoekTuTte. [Ipemioxennre pa3pab0TKU ca JUIIOMHHU TPOCKTH Ha CTYACHTH 0]
PBKOBOJCTBOTO Ha aBTOPA U ca anpoOUpaHy B YUHITHUIIIE.

KaouoBu aymu: enekTpoHHO oOydeHWe, MyINTUMENWeH Kypc, CTWJIOBE Ha Yy4YeHe, WHTepaKTHBHHU
00pa30BaTeIHH CPEJCTBA U METOIH, MyJITUMEIUHHYU MPUIIOKEHUS C 00pa3oBaTeiHa el

Three models of electronic applications for computer-assisted learning in school
Mariyana I. Nikolova

Abstract: The article presents three different models of multimedia educational applications - a multimedia
computer-assisted learning system for primary school, e-learning tutorials in economics for professional
schools and e-learning course in informatics and information technology. Discussed are didactic and
psychological aspects in the design of electronic educational administration, as well as leading parameters
when creating scenarios for projects. Proposed developments are diploma projects of students, managed by
the author and approbated in school. Assessment of their effectiveness and applicability is very high.
Keywords: e-learning, multimedia course, learning styles, interactive learning tools and methods,
multimedia applications for educational purposes

1. BnLBeaenue

HenpekbcHaTto ce pa3mupsBa MOHSATHETO ‘“TEXHOJOTHS Ha OOYYEHHETO”, KOETO HamHpa
MACTO B TIPOEKTHpaHe Ha o00pa3oBaTeIHMsS IIPOLEC BBPXY OCHOBaTa Ha CbBPEMEHHHTE
MHPOPMAIMOHHM M  KOMYHUKAaIlMOHHU  TeXHosoruu. Koraro KbM  KOMIIOTBPHUTE U
MYITUMEIUMHUTE CPEICTBA ce J00aBAT BB3MOXKHOCTHTE M yCIyruTe, mnpeaigaraHu ot MHTepHer,
BEYE CE TOBOPH 33 CEPHO3HO TEXHOJIOTMYHO pa3BUTHE Ha CpeAcTBaTa, (GOPMHUTE M CHCTEMHUTE 32
obOyuyenue. IIpoMsHaTa Hamupa H3pa3 B HENPEKbCHATO OOOraTsBaHe M YCBHBBPIICHCTBAHE Ha
eJIeKTpOHHOTO 0OyueHue (e_learning).

Cp3naBaHeTo Ha MyATUMEIUHHO e-Learning mpuiokeHWe 3a 0O0CIy)XBaHE Ha KOHKPETHH
oOpa3oBaTenHU IIeNM Hajmara Jg00po IUIaHUpaHe W U3UCKBAa I[O3HAaBaHE crHenudukara Ha
norpeduTenure, oOpa3oBaTETHUTE LEJIM W 3aJayM, YCIOBHUATA, TEXHUYECKATa U TEXHOJOTHYHA
OCUTYPEHOCT Ha cpeJaTa, KbAETO IIe Ce U3MO0I3Ba U T.H.

B Hacrosmara craTus ca onucaHu TpU MOJIeNa Ha MyJITUMEIUHHY PHIIOKEHMS], Ch3AAACHH U
NpeJHasHAuYeHW 3a pa3MyHM Y4eOHHW TPYNU U TOTPEOUTETH C KOHKPETHH 00pa3oBaTelHU
norpeOHocTH. IlpenacraBenute pa3paOOTKM ca pe3yiTar OT JBJTOrOAMIIHA H3CIIENOBaTENICKa
JIEWHOCT Ha aBTOpAa M ca CTPYKTYPUPAHU Taka, Y€ MaKCHUMaJIHO Ja IOANOMAaraT ChOTBETHATa
norpebuTencka rpyna. O6pa3oBaTeTHUTE NPUIOKEHHS ca C MPAKTUKO-IPUIIOKEH XapakTep U Bede
ce u3nmoa3Bar B yumnuine. Llenra Ha aBTopa € 1a mokaxe anpoOupaHu MOJEIH B Y4eOHHs IpOIIeC.
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Peanusupann ca CBBMECTHO CBbC CTYAEHTH OT CHEHUATHOCTHTE ,,KOMIIOTHpHU HaykKu’,
,JHpopmaTuka” u ,,MaremaTtuka 1 H”HPOpPMATUKA” B TUINIOMHUTE UM OaKaaBbPCKU MPOEKTH.

2. InIaKTHYECKH ¥ NICUXOJIOTMYECKH ACTIEKTH NMPH MPOEKTHPAHETO HA eJIEKTPOHHO
00pa3oBaTeTHO MPUJIOKEHHE

Cucremata Ha OOy4yeHHE MOXKE Jla C€ OINpeAeiu KaTo KOHCTpyHWpaHe Ha 0oOpa3oBaTEIHUS
nporuec[ 1], [3], 9uaTo 1N e yJanuTe 1a MOCTUraT Mo-100pu pe3yiTaTy 4ype3 Hal-MmoaXOosIIUTe 3a
X cpeacrBa U MeTonu. CHOTBETCTBUETO C WHAMBUAYAJIHUS CTHJI Ha y4eHe € OT 0co0eHO
3HaYeHHE, KOWTO B oOmmarta kiacudukamus [2], [5] e 3puTesieH CTI — ydeHe upe3 HaOJIoICHHE;
CIIyXOB CTWJI— YY€HE 4pe3 CIIyllaHe W TaKTWIEH CTHJI — y4eHe 4Ype3 JBIKEHHUE, NCUCTBUE U
MIpaBeHe.

Koraro ,,cucremara” oTkpue kak ce 00paboTBa nH(popMarusaTa Hail-qo0pe, MOXe Ja ce yuu
1M0-e(DeKTUBHO U C MO-MaJKO BpPEME, KaTo Ce Pa3IIUPAT CTpaTeruure, U3IMO0JI3BaHu 3a oOyueHue u
uzcnenBane. Cropea mpuiaraHaTa TEXHOJIOTHS 3a TPOBEXkIaHE Ha OOydeHHE C EJICKTPOHHU
CpeICTBa, C€ pasrpaHWyaBaT HAKOJIKO BHAA €-00y4eHHE - KOMIIOTHPHO-0a3upaHo OOydeHHeE,
KOMIIOTHPHO-TIOATIOMarano oOyuenue, VHTepHeT mnoamoMorHaro oOyudenue, Web-06a3upaHo
oOy4eHue, MOOUITHO O0yUeHHUE U .

B cpemHoTro yumnmime wW3MON3BaHATA EINEKTPOHHA TEXHOJOTHS Ha TMpENoJaBaHe €
KOMITIOTBPHO-TIoAIoMaranoto ooydenue (Computer-Assisted Learning/Teaching) [4], [11], kosTOo €
JOMBTHEHUE KbM TPAJUIIMOHHUTE HaYMHHU Ha oOydeHue. KoMmoTspHUTE 00pa3oBaTeIHU pecypcu
Morar Ja ObJaT CbXpaHEeHHM Ha BBHIIHO 3allOMHSIIO YCTPOMCTBO WM JOCTaBSIHU Upe3
KOMITIOTBPHUTE Mpeku. ToBa ca MyINTUMEAMWHH YpOIM, CIEUHUATU3UPaHu 00pa30BaTEIHU
MPWIOXKEHUsI 3a ompezeneHa o0JacT OT 3HAHHETO, MHTEPAKTUBHM Oa3u JAaHHU, EJIEKTPOHHU
y4eOHUIH, eNEKTPOHHU KHUTH, CPEJICTBA 32 IPOBEPKA HA 3HAHUSATA U JIp. B chOTBETCTBHE ¢ 00UTUTE
TEHJCHIIMM M B HallaTa cTpaHa ce HaOJlo/laBa MpoIlleC Ha YyBEJIWYaBaHE MOMYJISIPHOCTTa H
MIPUJIOKEHUETO Ha eJNeKTpOHHHUTE (Gopmu M cpencTBa B oOpa3oBaTenHaTa cucrema. Ho Bce ome
TO3H TPOIEC € MHOTO 0aBeH M CHJIHO 3aTPYAHEH OT peamiia OOCTOSITENICTBA KaTo: poOyBaHE Ha
TPAIUIIMATA; HETIO3HABAHE CBHITHOCTTA HA TE3UW METOMAM; ChHIIECTBYBAalllaTa HOPMATHBHA CHUCTEMA,
KOSITO HE CTUMYJIMPA BbBEXKAAHETO HAa T€3U METOU, TIOPAJAX MHOTO TEXHUYECKH MTPOOJIEMHU U AP.

[Ipu cw3maBane Ha e-Learning mpuioKeHUE € BaXKHO Jla CE ChYETAAT yMENO ChIAbpIKAHHE,
TU3aiiH 1 (QyHKIIMOHAIHOCT. Pa3paboTBaHETO HAa TaKOBa CPEICTBO HM3UCKBAa OOCTWHSBAHE Ha
pa3IMYHA YMEHHS - BHUMATEIHO IUTAHHWpAHE M YIPaBJICHHE Ha MPOEKTa, TOYHO, KOPEKTHO H
MHTEPECHO NpPEJCTaBSHE Ha ChIbPKAHUETO, OTJIMYHO I[IO3HABaHE Ha 00JacTTa, 3a KOSTO Cce
pa3paboTBa npunoxenuero [7], [8].

EdexTuBHuaT 0Opa3zoBareieH MOJENI C€ OCHOBaBa Ha MPEBPBINAHETO HAa WHQOpManusITa B
JOCTBIIEH IO BCAKO BpPEME 3a MPAKTUYECKO M3IMOJ3BaHE pecypc. Bcuuko ToBa ce ciiyuBa B €1HA
IMHaAMH4YHa OOKpB)KaBalla Cpela, B KOSTO YYEHUKBT ThPCH 3HAHUS M PEIICHUS Ha Pa3IMyHU
xuTeicku npoodsiemu. [Ipu mpoekTupane u Ch3AaBaHe HA MPEUIOKCHUTE EICKTPOHHU MPHIIOKCHUS
OCHOBHA 3ajlaua € Te Jja OTTOBOPSIT MAaKCUMAJIHO Ha T€3U U3UCKBAHUS.

BogemuTte mapameTpu Npu Cbh3/IaBaHE Ha CIICHAPUU Ha MPEAJIOKEHUTE MYITUMEIUWHU
KOMITFOTBPHO-TIOAMIOMOTHATH 00pa3oBaTeIHu npuiioxkeHus ca [9], [10]:

= HenamHEHHOCT - MOTPeOUTENAT caM J1a n30upa B KakBa MOCIEAOBATEIIHOCT Ja ce 00yJana.
* AJanTUBHOCT U NMEPCOHATU3AIMS - CIIOPE]] HY)KIUTE Ha MOTPEOUTEIISE M HETOBUS MPO(UIL.

= (CamoympaBlieHHUE - IOTPEOUTENIUTE CaMH Jla OMPEAeNsAT KakK Ja NIpoTeue mpoleca Ha
oOyueHue ¥ J1a IPOMEHST MOCoKaTa CIope]l Bb3MOKHOCTHUTE 3a Bb3IpHUEMaHe.

= ['BBKABOCT — IMPHUIIOKCHUCTO Ja € JOCTBITHO 110 BCAKO BPEMCE.

Baxaa yact oT miaHupaHeTo Ha e-Learning npuiioskeHUsITa € HAYMHBT Ha JOCTHII. Bb3MOXKHH
ca JIBa mojJxo/1a - u3noi3Bane Ha Internet umu Intranet u upes CD-ROM (DVD).
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= [Ipu uznon3pane Ha Internet, MpUIOKEHUETO MOXKE Ja OBJIC TOCTHITHO MO BCIKO BpEME, OT
BCAKBAE M MOXE Ja Ce aKkTyalu3upa HemnpekbcHaTo. Hemocrarbk € HUCKarta
MPOITYCKATeJIHA CIIOCOOHOCT M HE BUHArW Hajau4eH AocThil 10 MuTepHeT. [Ipu u3nons3Bane
Ha Intranet, JOCTBIBT € OrPaHUUYEH, HO CKOPOCTTA € I0-BUCOKA.

* [Ipu um3nomsBane Ha DVD-ROM, nmocthnbT € OBp3, MOrar jJa ce€ H3MOJ3BAT TOJIEMHU
Meauitau (aitoBe, uMa miuaTdopMeHa HE3aBUCUMOCT, HO HE MOXKE Jla C€ aKTyalu3upa
ChIBPKAHUETO.

3. EneKTpOHHM NPUJIOKEHHS 32 KOMIIIOTbPHO-MOANIOMOTHATO 00y4YeHHe B YUYHIIUIIE
0 KoMnoThpHO-MOANIOMOrHaTA CHCTEMA 32 00y4eHHe B HAYAJIHOTO YYHJIHIIIe

Pa3paboTeHOTO TPUIIOKEHUE € KOMITIOTHPHO-TIOAMOMOTHATa CHUCTEMa 3a OOydYeHHEe B
HavyanHoTO yuwiumie. CbIbpka AWTUTAIHM oOOy4yaBallM CpeAcTBa IO MpPEAMETH - OT
MOJATOTBUTENHA Tpyna 1O YETBBPTH Kiac. YUYEOHHUAT MpoLec ce CclaydyBa B PEATHO BpeMe.
OCHOBHOTO CpEJICTBO 3a MpeACTaBsHE Ha y4eOHOTO ChIbpXKAHHE € MpPEe3CHTallus, M3rpaxjaamia
yuebHa cpesa, KOATO MOBHIIABa CKOPOCTTa Ha J0CTaBKa, o0OpaboTka u pabdora ¢ mHpopmarus u
MOJKE J1a Ce U3TMOJI3Ba M 3a caMonoarotroBka. [Ipenumcrara Ha Ta3u dopma ca [4]:

= JlaBa OMOpPHU TOYKHU Ha MPETOABATEINS MIPH H3I0KCHHUETO.

* Bb3MoxxHOCT 3a TpaHchopmMupaHe Ha clIoBecHaTa abCTpakTHA HH(OpMAITUS B HATJICTHA.

= [IpenusBuKBa eMOLMU U BB3JCHCTBA BHPXY BCUUKH CETHBA.

» [IpenaBaneTo Ha MHpOpPMAIUATA CTaBa Ype3 ChUeTaBaHE HA OOSCHEHUE U IEMOHCTpAIIUS.

= JlaBa BB3MOXHOCT 32 pa3rpaHUYaBaHE Ha TTIABHOTO OT JACTAUIIUTE B U3JI0KECHUETO.

* VY4eGHOTO ChABPIKAHHWE MOXKE J1a Ce MPEICTaBU CIOBECHO Ype3 peuTa Ha MpernoaaBaress u

Jla ce MOJKPEIU C BU3YaIIHU CPEJICTBA - TpaduKa, pUCYHKa, CHUMKA, BUICO, aHUMAIIHS.

= JlecHo ce oboraTsiBa ChIBPKAHUETO U CE IPOMEHS TU3aiiHa.

= JlaBa Bb3MOXHOCT 32 MIPEJICTABSIHE HA OCHOBHHUTE aKIICHTU B CTPYKTYPUPAH BH/I.

» [Ipucnoco0GsiBa ce KbM pa3IUYHH CTUIOBE HA YUEHE, YMEHHS U HHTEPECH.

Pazpabotkara e Flash mpunoxxenne u ce cbxpansBaa Ha DVD — ¢ur. 1. Craptupa ce
aBTOMATHUYHO. 3a HETOBOTO Ch3/laBaHe ¢ m3no3BaH ActionScript 3.0 u Adobe Flash CS5. Bpb3kara
KBbM BCSIKA MPE3CHTAIUS € C MOAXO0IAI OYTOH, OCHIIECTBSBAII XUIIEPBPH3KA KbM Hesl.

Ha ¢ur. 2 e nmokazana cTpykTypaTa Ha KOMIIOTbPHO-IIOATIOMOTHATaTa CUCTEMa 3a 00yueHue
B HavanHoTO yumnumie. OT BTopara cTpaHuiia ce u30upa OyTOHA 3a CHOTBETHHUS Kiac, KOWTO
OTBapsl CTpaHWIa KbM MEHIO C U3ydyaBaHUTE IpeaMeTu. Te oT cBos cTpaHa ca OYTOHH, OTBApALIN
CIHUCHK C TEMH, ChABPIKAIIM MMPE3EHTAIINH 32 ChOTBETHATA y4eOHa nucnuIuinHa. byTonsT ,,Hazan”
BpbIlla KbM OCHOBHOTO MeHI0. HaBuranusra e yio6Ha 1 MaKCUMAaJTHO YJIECHSIBa TOTPEOUTETIS.

b Moeomimsiy, rdnaecniy
MEBHIP TPCLRD

N ¢
o

Kﬂ'“:’[mi]'rh}'..'fﬂ - modnamosHama
cucmieMa 33 L?Gy"i(.'hi![.’ 4 HavanHoino
yHwTIGe

Mapmia Haenuroes IAaouNoaa
Aout. d-p Mapumina Haawoes Huwonoes

®ur. 1. Oonoxka Ha DVD ¢
MYJITHMEIUHHO MPHIOKEHHUE 3a
o0ydJeHHe B HAYAITHOTO YYHITUILC

@ur. 2. CTpyKTypa Ha KOMIIOTBPHO-TIOAIIOMOTHaTa CUCTEMA
3a 00y4yeHUe B HAYaIHOTO YUWIUILE

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 2 2013 Computer Science and Technologies 85



[TpriokeHHETO ce pa3mpOCTpaHsABa JIECHO, 3aIIOTO € Mmoj (opmara Ha H3IBIHUM (Qail,
KOWTO MOKe J1a ObJIe M3MPATEH U MO eJIEKTPOHHATA TIO0Ia Ha BCEKU YUYECHUK WIIH 3aIMCaH Ha JUCKOB
HOCHTE W Ja ce pas3riefa B yIoOHO BpeMe Ha BCEKH JIOKAJICH KOMITIOTHD. BkitoueHUTE
npe3entanuu ca Hax 300, kouTo ca copTupanu B miect pazaena: [lonrorsurenen kiuac, I, 11, I, IV
kinac U1 Mosar ponen rpaa. Hampasenu ca ot crygentu Ha BTY ,,Cs. CB. Kupun u Meroguii”,
oOydyaBaHH B CHE-IMATHOCTUTE TPEAyUYWIHIIHA W HadalHa yYWIHWIIHA TIeJaroruka, IO
PBKOBOJICTBOTO Ha aBTOPA.

O CrTpyKTypa Ha eJIeKTPOHEH KypC 10 HHPOPMATHKA U HH(POPMALMOHHH TEXHOJIOTHH

ToBa eNeKTpOHHO MPHIIOKEHHE € 0a30B TEOPETUYEH M MPUJIOKEH Kypc 1Mo HHpopmaTtuka u
nH(OPMALIMOHHH TEXHOJIOTHH. BKiIIoUBa TeopeTHYHa YacT, 3a7a4i, PEYHUK C OCHOBHHUTE MOHSTUSA
3a BCEKM pa3/iell U TECTOBE 3a IPOBEPKA Ha 3HAHUATA.

EnextponHus kypc € yHukaieH cam 1o cebe cu. Msrpamen e mox ¢opmara Ha Flash
CTpaHMIIM, KOUTO CHABPKAT — aHUMAIMs, TeKCT, rpaduka u aAp. CTpykTypupan € Ha Oa3aTa Ha
JUHAMHYHO T€HEepUpaHU JIaHHU, TaKa ue TO! Ja Moxke Ja ObJe MOCTOSHHO MOJ00psIBaH U BUHATH /1a
ChIbpiKa Haif-akTyajgHaTa 3a MOMeHTa uHpopmarus. [IpunoxxkeHnero e u3rpaneHo Ha Oa3aTa Ha
XML pannute. B otnennun XML aiinoBe ca 3anmucaHdl TEMHTE 1O MOAYJIH, ChIbP)KAaHUETO Ha
BCSIKA TeMa, a TeMuTe ca cbxpanenu B PDF ¢aiinose. Ilpu HeoOXoauMocCT OT MpoMsiHa B IPUIIOKE-
HUE HE C€ HaJlara u3rpaxkJaHeTo My Ha HOBO. [Ipomens ce cvappkannero B XML u PDF daiinose-
te u Flash npunoxxenuero, nocpenctsom ActionScript Ko, aBBTOMaTHYHO TeHEPHPA HOBUTE JTAHHU.

CpabpxaHHETO € pa3paboTEeHO B ChOTBETCTBHE C IbPKABHUTE 00pa30BaTETHN U3UCKBAHUSA 3a
3aIBJDKUTENIHATA 00I000pa3oBaTeIHa MOATOTOBKA W 00OXBalla IUIOTO Y4eOHO ChIbpXKAHUE B
CPEIHOTO Y4YWIHIIE MO MH(OpPMATHKA U MH(DOPMALMOHHU TEXHOJOTUH, TOIMBJIHEHO C HAKOU HOBU
MOCTAaHOBKH. BKJII0YBa OCHOBHHMTE MOAYIM - HMHQOpManus U HWHPOPMALMOHHU JEHHOCTH,
KOMITIOTBPHA CHCTEMa, OIEpallOHHA CHUCTeMa, alrOPUTMU M CTPYKTYpU OT JaHHU, OCHOBHM Ha
IPOrpaMHUPaHETO, KOMIIOThPHA TEKCTOOOPaOOTKa, KOMIIOThbpHA rpaduka, eNeKTPOHHU TaOJIHIIH,
0a3u OT JaHHU, KOMIIOTbPHA MpPE3EHTAlUs U KOMIIOTHPHU MpEXu. Pa3paboTEeHUAT eneKTpOHEH
Kypc € TIpeaHa3HayeH 3a yuuTenu 1o uHpopmatuka U UT Karo MOMOIIHUK B €XeIHEBHA UM
paboTa, 3a yYEHUIM U CTYACHTH, KaTo yJ0OHO CPEJCTBO 3a TSIXHATa CaMOCTOSITeNHA MOJATOTOBKA.
Toit Moxe a ObJie MOJIe3eH Ha BCEKU, KOMTO U3I0JI3Ba KOMIIOTHP U CbBPEMEHHU TEXHOJIOTHH.

EnekTpoHHUAT Kypc € CaMOCTOATENHO MPHIOKEHHE ¢ ynoOeH uHTepdelic m AMHAMHUYHA
HaBUTaIUs M ce pasmnpoctpansBa Ha DVD — ¢ur. 3. Ilpu craprupaHe Ha NPHIOKEHHETO cCe
aKTUBUpA HavamHata crpaHuna (¢ur. 4). 3a 3ammra OT HEpErIaMEHTUPAHO HM3I0JI3BaHE MOXKE J1a
MMa TMapojia 3a JOCTBI, CleJ KOETO ce TMOosBsiBa ,,KOpHIara’ Ha mpuioxkeHuero (¢ur. 5),
ChIIbprKallla UMEHaTa Ha aBTOpUTE U 3aryaBueTo. Ciel HAKOIKO CEKYHIM aBTOMAaTHYHO CE 3apex/a
HavyanmHaTa crpaHuna (¢ur. 6), B KOSITO ca BKIIOYEHU OYyTOHM 3a M300p 3a yKa3BaHE MO KOs
JTUCIUIIINHA Tie ce oOydaBa morpedutenar. Cnem u300p Ha JKETAHOTO 3arjiaBHe, C€ OTBApAT
CJICIBAILIIITE HUBA HA ChIBPKAHUETO - BCHYKU MOIYJIH MO CHOTBETHUA yueOeH mpeamer (dur. 7).
Bcekn Momyn chabpka CHUCHK Ha BKKIOUeHHTE Temu — ¢ur. 8. Kpm Bcsika Tema, OCBEH
nHGOPMAIIMOHHUS CTaTHUeH (ailyl, UMa Mpe3eHTalusl ¢ aHuMalus U Buaeo uHpopmarms. Beska
CTpaHHUlla ChbIbp’ka OYTOHM, Ype3 KOWUTO C€ OTBApAT AMHAMHYHU CTPAaHUIM 3a CUMYyJalus Ha
Pa3JIMYHU IIPOLIECH U JEHHOCTH.

I ars sbesners Tapanz!

bebb

ITEAHOAD T
i

®@ur. 3. EnexTpoHeH Kypc 1Mo ®@ur. 4./TocThll 10 cucTeMara @ur. 5. 3arnaBHa CTpaHULIA
nHpopmartuka u UT
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@ur. 6. Haganna ®@ur. 7. @ur. 8. Cpappxanne @ur. 9. Expanu ot Tecta -
CTpaHUIla CwabppikaHue Ha Ha TeMmara periaMeHT, BhIIPOCH, PE3yITaT
Kypca

B enekTpoHHHS Kypc € BKJIIOYEH TeCT KbM BCEKHM MOMYJ, KOHTO CIy>KH 3a OIEHKa H
CaMOOIICHKa Ha TOJIydYeHUTe OT Kypca 3HaHusa (¢ur. 9). Te cpIo ca ITUHAMHYHO 3a7aJICHH.
Nudopmanusra 3a Tecta, BHIPOCUTE, OTTOBOPUTE, TOYKUTE OT BCSKA rpyIa BHIIPOCH U (hopMynara
3a oIleHsBaHe ca 3anmucanu B XML (aitnoBe, Taka ye mpoMsiHaTa Ha perjiaMeHTa Ha TeCTa, CAMUTE
BBIIPOCH, TOYKUTE M KPUTEPUHUTE MOTAT J1a C€ MPOMEHST JIECHO W MHOTOKpAaTHO. Bwmpocute ce
M3BEXKJAT Ha Cy4aeH MpHUHLMI. Taka Mpy MOBTOPHO pelllaBaHE Ha TecTa ce U305ArBa 3aloOMHSHETO
Ha TIOCJIEIOBATEIIHOCTTA OT BbIpocH. [Ipu n360p Ha OTroBOp, ce MOKa3Ba Al € BEPeH WU HE H
KOH € BEepHUSAT U ce JjaBa KoMeHTap. Moxke fa ce 100aBs U BpeMe 3a OTTOBOP.

0 CrnenuaJu3upaHo eJIEKTPOHHO MPUJIOKEHHE 32 elHA y4eOHa equHHIA

ToBa €JIEKTPOHHO NPHIIOKEHHE € HACOYEHO 3a CAMOCTOSITENIHA MOATOTOBKA WM JOITBIBAaHE
Ha 3HAaHUSATAa M yMEHHUATA 3a eJHa TeMaTH4YHO oOocoOeHa yueOHa enuHHnIa. Moxke 1a ce
pasnpocTpaHsBa Ha €JIEKTPOHEH HOCUTEN WIIU J1a € AOCTBIIHO Ype3 UHTEPHET Mo (popMaTa Ha CaT.

[Ipusio>keHHeTo NPEACTaBIIABA €JIEKTPOHEH CAMOYUYMTEN [0 KOHKpETHA JUCHMIUIMHA -
,,JIKOHOMMKa Ha MPeANpHUIATHETO”, KOSTO C€ M3ydaBa B MPO(ECUOHATHH YUUIUINA U YHUBEPCUTETU
[0 UKOHOMHMKAa M MEHHJUKMBHT. Iloje3eH0 € 3a BCHUKH, KOUTO JKENaAT Ja o0oraTsaT M MpPOBEPAT
no3HaHusATa cu 1o VkoHoMuka. AnpoOHMpaHO € B HSKOJIKO NpO(heCHOHANTHM TUMHA3UM IO
MKOHOMHUKA U MEHUDKMBHT B bbirapus ot yuenunu ot X, XI u XII knac 3a Tekyma MmOArOTOBKA U
3a IbPKABEH 3PEJIOCTEH U3INT 10 CIIEIUATHOCTTA.

EnextpoHHHAT camoyuuTen ce paznpoctpanssa Ha DVD — ¢wur. 10 u e nocrsnen B uTepHeT
KaTo oOpa3oBaTeieH CalT M MOXe Ja ObAe IOCETeH I0 BCSIKO Bpeme Ha aapec http://dr-

emiliq.free.bg/Inachalo.htm.

EnexTponey CaNoyyTen
E = \‘m | Hauamo QR  Temw J| TECTOBE |
HroHomma Ha
® e e I IANAUM Il ustouHuun | | 3a apTora |
Ti
= - || monE3HA uHoOPMALMA |
== 30w @ Tacrone r-r.::;::n

®ur. 10. EnexTpoHeH caMOy4HTeN 10 ®ur. 11. OcHOBHA HaBUTAIH
JTUCIUIINHATA ,, IKOHOMUKa Ha PEANPUATHETO”

CrtpykTypara € CTaHJIapTHa, KaTo € ChoOpa3eHa CbhC 33JaYyUTe U LEIUTe Ha OOYy4EeHHUETO.
EnexTpoHHHAT camoyduTen uma ompocteHa HaBuranus. OcBeH ocHoBHaTa (¢wur. 11) B HIKoHM OT
CTpPaHMIIUTE HMMa W JONBIHUTENHA Hapuranus. Ype3 Oyrona , Temu” ce OTBapsi CTpaHHIIA,
ChIbpiKalla TeopeTudnara gact (¢ur. 12), pazmenena mo paszaenu u teMmu. KbM BCska OT TAX UMa
JIUHKOBE, KOUTO Tpempamar MmoTpeOuTens KbpM noapodbna uHdbopmanus. byronsT ,,TectoBe”
npernpaiia KbM 0000IIeHN TECTOBE MO pa3/iesiu 3a MPOBEpPKa HA 3HAHUATA HA moTpeduTenure ((pur.
13). Cnen kpas Ha TecTa ce JaBa moapoOHa WH(OpMaIKs 3a BCEKH CTpelieH BbIpoc. ,,Ilomesna
uHpopManusa” ChIbpXkKa JIMHKOBE C JOMBJIHUTEIHA MOJIe3Ha WHPOpMAIUs, CBhp3aHa C OCHOBHATA
TeMa. ,,3a7a4un’’ OTBAPAT CTPAHUIIA ChC 33/1a4d 3a CAMOCTOATENHA paboTa KbM Beska Tema (¢ur. 14)
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u 00001IeHa 3a7ja4a — MPOEKT, U3UCKBAIlla M3MOJI3BaHE HA 3HAHUATA OT IIeNUs pa3lel. 3a MpoBepKa
Ha 3HAHUATA UMa KPBCTOCIOBHIIA C 0a30BH MOHATHS OT pazaena (dur. 15).

ErPTTE Ty i Mepeannn
o = R
_'h E‘ h L '_ Actipe gaunk
= .
By i
®@ur. 12. Crappxanue @ur. 13. Ctpanuna c @ur. 14. 3agaun ®@ur. 15.
Ha Tema TecT KpbcTocnosuiia

3a ch3aBaHe Ha MPUIIOKEHUE Ca U3MOJA3BaHu OCHOBHO Mapkupamute e3uun HTML u CSS, a
3a TECTOBETE W TAXHATA MPOBEpPKa € M3MOJ3BaH M BiIOkeH JavaScript e3uk. M3o0paxenus ca ¢
pasmupeHue .jpg 1 .png, KOETO rapanTupa 6e3rmpodaeMHa BU3yalin3alus Py BCUIKU Opay3bpH.

4. Jakaouenue

C HacrosmmTe pa3pabOTKU ce HacOYBAa BHUMAHHETO KbM TaKoBa 00y4YEeHHE, KOETO € €IUH OT
Bb3MOKHUTE CHhBPEMEHHHU MBTHIIA 32 MOCTUTAHE HAa HOB THII NEJAroruuecKko B3auMO/ICHCTBUE,
CH3/IaBalllo0 YCJIOBUS 3a TO-IIBJIHO pasrphIIaHe W H3MOJ3BAaHE HA JIMYHOCTHUS TOTCHIHAT Y
yUEHHKA.

Bcekn u3bop Ha oOydaBamia enekTpoHHa ¢opMa MU HEHHOTO TMpHUiaraHe B 00pa3oBaTEITHUS
mporec TpsiOBa 1a € 000CHOBaH U ChOOpa3eH Che cienHuTe GakTopu [3]: MCHXOIOTUYECKH — KaK
BJIMSIC €-CPEACTBO HA MOTHBAIIMATA U OTHOIICHHETO KbM YYEHETO U Ha OTHOIICHHETO KbM YUeOHUs
MPeIMET; MeAaroruyecku — JOKOJIKO Ta3u (opma OTroBaps Ha oOIlaTa OpraHu3alys Ha y4yeOHuUs
KypC; METOJMYECKH — TloMara Ji M30paHOTO CPEICTBO 3a MO-A00pO YCBOSIBAHE Ha MaTepHala;
OpraHU3aIMOHHY — pallOHAlIHA JIU € CTpyKTypara. Ch3/1aeHUTE MPOEKTH 00XBAIIAT:

v\ MoJel HAa CHCTeMATa — OCHOBHM KOMIIOHGHTH M CBOMCTBA, HEOOXOAMMH 3a

peanu3anmsTa;

v/ JlormuecKa OpraHM3alus ¥ CTPYKTYPA— ChIbPIKAHUE, BPH3KH, OTHOLICHHS;

v’ unrepdeiic Ha cHcTeMaTA.

[IpemioskeHUTE MOJIENTH TTO3BOJISIBAT HA 00yYaeMUTE JOCTHII JIO MPEIBAPUTEIHO TOATOTBCHU
MaTepHuaiu B yA00HO 3a Tax Bpeme. ChIbpKaHUETO € pa3paboTeHO B CHOTBETCTBUE C IbPKABHUTE
o0pa3oBaTeTHN M3MCKBAaHUS 3a B CPeIHOTO yumiwile. EnekrpoHHUTE (GOpPMH ca CaMOCTOSTEITHH
NPUJIOKEHUsI ¢ yloOeH uHTepdeiic M ITWHAMUYHA HaBUTAIUs, WM3TpajJeHu ca moja (opmarta Ha
WHTCPAKTHUBHH CTpaHUIM. [locmemHuTe IBE TPWIOKEHHUS ca 3aBbpIIEH 0a30B TEOPETUYCH W
MIPUIIOKEH Kype IO eJHa TUCIHIIMHA. BKIII0UBaT TeopeTHyHa yacT, 3aJja4ui U TECTOBE 3a MPOBEPKa
Ha 3HaHWATa. CKOpPOCTTa W TIOCOKATa C€ OMpEeNeNsAT HWHIUBHAyadHO. ToBa € T.H. aCHHXPOHHO
o0y4eHue, T0KaTo MbPBUAT MOJIENI ChOTBETCTBA Ha 00yUeHHE OT CHHXPOHEH THII.
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NHTEPAKTUBHA YEBb-BA3SUPHA CUCTEMA 3A
HPEAYYUJIUIIHO U HAYAJTHO OBYYEHMUE 110
MATEMATHKA

Munena JlazapoBa, Benennna fAnakuena, bosa Jlanos

Pe3srome: B cratusita ce mpencTaBs HMHTEpPaKTUBHA yeO-0asupaHa cHcCTEMa, KOSTO € KOMITIOThPHA
peaM3anys Ha PealHO ChINECTBYBAIla HACTOJIHA JUIAKTUYHA UTpa, W3IMOJ3BAIIA OJO0OMETO Ha IIBETOBE H
(¢hopMHU TIpH JETCKOTO MHCJIEHE W BhOOpaKEHHE C IIeJl PaHHO WM3TPaKIaHEe Ha YHCIIOBH TPEACTaBSHUS U
MaTeMaTuyecku ymeHus. [IpunoxeHueTo uma 3a 1em Ja NpeJoCcTaBu MPOIYKT, KOUTO aHTaXKUpa MUCIUTE U
BHMMaHUETO Ha O0y4YaeMHTE MO0 MaTeMaTHKa B MPEAYYMIIMINHA ¥ HAYAJIHA YYUIUIIHA Bh3pacT B rpaJliBHA
HAcoOKa KaTo pa3BHBa aOCTPAKTHOTO JIOTMYECKO MHCIICHE, CXBATIMBOCTTA W AHANUTHYHHTE YMEHHUS Ha
nerara moj ¢popmara Ha pa3BiedeHHE Ype3 HHTEPAKTHBHU 1 YBIIEKATEIHU 3aJa4H.

Karo4uoBu qymu: npeydiiIMIHO U HaYaTHO 00ydeHUe, MaTeMaTHKa, UHTEPAKTUBHO yeO MPUITOKCHHE

Interactive Web-based System for Pre-school and Primary Education on Maths
Milena Lazarova, V. Yanakieva, B. Lalov

Abstract: The paper presents an interactive web-based system developed in analogy of a desktop didactic
game which utilizes the impact of color and shape patterning in the learning of young children to develop
and enhance their early numerical and mathematical representations. The system is aimed to keep the pre-
school and primary school children's attention and to develop and expand their abstract logical thinking and
analytical skills in the form of entertainment through interactive and engaging tasks.

Keywords: pre-school and primary education, mathematics, interactive web application

1. YBox

B cbBpeMeHHOTO 00IIeCTBO KOMITIOTPUTE Ca C€ YTBBPAWIN KaTO HE3aMEHHM MOMOIIHHUK BHB
BCHUYKH CepH Ha YOBEIIKATa JCHWHOCT. IHTEpHET OT CBOS CTpaHa € Hal-JAOCTBITHUAT U Hai-OoraT
M3TOYHHK Ha MHPOPMAIUSI OT BCSIKAKBO €CTECTBO. M3M0OM3BaHETO HA KOMIMIOTHPHUTE TEXHOJIOTHUU U
nocThIbT 10 MHTEpHET ca He MPOCTO MPEJUMCTBO, a ca Ce MPEBbPHAIN B UICTUHCKA HEOOXOAUMOCT.
ToBa Baxku 0COOCHO MHOTO 3a MIAJUTE IOKOJICHUS, YHETO OBJemie € Oens3aHo OT 3HaKa Ha
WHTepHeT TeXHOIOTHUTE U MacoBaTa KOMITIOTbpPU3aLUsL.

B cBeToBeH maiald KOMOIOTPUTE CTaBaT BCE MO-Ba)KkHA YacT OT 00Opa30BaHHETO B yUWIIHIIE.
IupokoTo pasnpocTpaHeHHE Ha KOMIIIOTHPHUTE U WH(DOPMALMOHHM TEXHOJOTUU BOAU IO
MpPOMsIHA B IPUIOCTHOTO OTHOIICHHWE HA TIOAPACTBAIIUTE KBbM OOpa30BATEIIHUTE TEXHOJIOTHH.
BHumaHuero Ha jgenara Beue TPYIHO MOXe Ja ObA€ 3aBIAfsSHO OT JOCETalIHUTE CTaHAAPTHU
MeTou 3a o0y4deHHe B chepara HA MaTeMaTUKaTa U JIOTUYecKoTo mucieHe. [Ipen Terpaakarta che
3aJayd Jenara OpeanoyuTaT MHUIIKaTta, KoMmmorbpa u  Tenedona. IlogpactBamure OuBar
MPUBIUYAHU OT BB3MOXKHOCTUTE, KOUTO UM TMPEJOCTaBS BHUPTYATHOTO MPOCTPAHCTBO 321
MOHHTOpPA, @ YMEHHETO 32 paboTa ¢ KOMIIOTHD € KaTo ue JId BPOJACHO M MPUCHUIO AOPHU U HA Haii-
MaJIKUTE.

Penuna mpoyuBaHus ¥ HaydHHM W3CJEABaHMS MOIYepTaBAT HEOOXOIMMOCTTA OT M3IOJI3BaHE
Ha MHTEPAKTUBHU KOMITIOTHPHO 0a3MpaHu CPeIU U MPUIOKECHHS PU 0O0yUYEHUETO B TIPEIYyIMIIUIIHA
Y paHHa yYWJIMIIHA Bb3PacT KaTo TOBAa B 0COOEHA CTEINEeH BakKH MPH 00y4EeHUETO 1o MaTemMaTHka [1,
2, 3].
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B crarusra ce mpencrtaBs HWHTepakTHBHA ye0O-0a3upaHa CHCTEMa, KOSITO € KOMMIOThpHA
peanu3alys Ha peajHo ChIIECTBYBAlla HACTOJHA AMJIAKTHYHA UTpa, MU3MOJ3BaIla MOJOOMETO Ha
1BeTOBE M (OPMHU MPH ETCKOTO MHUCJIEHE U BbOOpaKEHHE C 1IeJl PAHHO M3TpaKIaHe Ha YUCIOBU
IIPEJICTaBsAHUSA U MaTeMaThyecku ymeHus. IIpunoskeHnero mMa 3a 1en Ja NpeaocTaBd IPOAYKT,
KOWTO aHTa)XMpa MHCIUTE U BHUMaHUETO B IpaJuBHA HACOKa, pa3BHBa aOCTPAKTHOTO JIOIHMYECKO
MUCJIEHE, CXBAaTJIMBOCTTAa M AHAJIMTHUYHUTE YMEHHUS Ha Jelara B NPeAydYWIUIHA U YYHIIUIIHA
BB3pacT M TO MOj (opmara Ha pa3BIeUEHUE Upe3 MHTEPAKTUBHM W yBIeKaTeaHH 3aaauyu. [lo
nmonoOue Ha HACTOJIHATA UTpa JleraTa UMaT BH3MOKHOCT J]a MAaHUIYJIHPAT BEPXY €KpaHa pa3IndyHu
1BETOBH (hOpMU HA TpaJlMBHUTE €JIEMEHTH, UYpe3 KOUTO ca MPEACTaBEeHU OCHOBHHUTE LHU(PHU, U Ja
peliaBar mocTaBeHu MareMaTudecku 3anaun. OT eHa cTpaHa cucTeMaTa MpeIoCcTaBsi Bb3MOKHOCT
Ha YYMTEIUTE Jja Ch3/1aBaT Ka3yCH U TECTOBE C Pa3jIM4YHA CI0KHOCT CIIOPE]] HUBOTO HA YCBOSIBAHE
Ha MaTeMaTUYEeCKUTE YMEHHUs U Bb3pacTra Ha neuarta. OT Apyra cTpaHa IPUIIOKEHUETO JaBa
BBH3MOKHOCT U 32 TMOJy4aBaHe Ha oOpaTHa Bpb3Ka 3a CTEIEHTA Ha yCIEBAEMOCT NP (GOpMHUpaHE Ha
BEPHHUTE OTTOBOPH U CTATUCTHKA 3a padoTara Ha Jienara.

2. UaTepakTBHATa yeO-0a3upana cucremMa '"JaHuMaTe/IHA HAYaJIHA MaTeMaTUKA"
2.1. ChbUIHOCT HA HACTOJIHATA UI'PA 32 3aHUMATEJIHA MATEeMATHKA

[IpoToTun Ha U3rpaseHaTa cucTeMa € JUJaKTUYHA HACTOJIHA MaTeMaThyecka urpa [4], Koaro
Yype3 MarHUTHA AbCKA M Pa3IMYHO OLBETCHU MYJIOBE /1aBa BH3MOXKHOCT:

e 1a ce GOpMHUpPAT U U3TPAXKAAT BU3YaJIHH NPEACTaBIHUS HA NU(PUTE KATO CE M3IOJI3BAT

TOJIKOBa Ha Opoil TpaJuBHU €lIEMEHTa, KOJKOTO € CTOHHOCTTa Ha camoTo uucio (¢dur.l);

KOTaTo € BB3MOXKHO IPH BH3YaJM3UPAHETO HAa NU(PUTE Ce HAMoA00sBa TAXHATA peayHa

opma;

® 1a ce MPEJCTaBAT OCHOBHM MAaTEMAaTHYECKH ONEpanuy 3a ChOMpaHe W W3BAKIAHE Ha

qucia A0 AeceT, ChbOMpaHe M M3BaKAaHE Ha YHCIa HAJ JECeT, YMHOKCHHE U JICJICHHE Ype3

M3II0JI3BaHE HA [[BETOBE M (POPMU 3a YCBOSIBAHE HA OCHOBHU anreOpu4Hu ymeHwus (pur. 2).

Hudpara 10 (xkakto m “1” B nmdpara Ha necerunure npu uuciara or 10 mo 20) ce
NpEeJCTaBAT KaTo cTek oT 10 rpaguBHH eleMeHTa, 3a Ja ce OOSCHU HarjeJHO MpeHoca clel

3allbJIBAHC Ha JC€CECTKATa.

@ur. 1. CranaapTeH Ha4MH 3a npencTaBsne Ha nudpure 1, 2, 3 u 10 criopen M3UCKBaHUATA HA UTpaTa

®@ur. 2. CTaHgapTeH HAYUH 32 MPEJICTaBIHE HAa YUCIOTO 6 KaTo cOOp Ha 5 1 1 ¢ U3noa3BaHe Ha pa3InyHU
1BeToBe U (hOPMH HA TPATUBHAUTE €JICMEHTH
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2.2. OCHOBHM MOJYJIM HA CHCTeMAaTa

Co3nanenara yeO-0a3upana cuctemMa TpsiOBa B ONTHMAaJIHA CTETICH J1a UMHUTHpA JEHCTBUSITA,
KOUTO MOTPEOUTEISAT MOXKE J1a U3BBPIIBA MIPU HACTOIHATA UTPA U BH3MOKHOCTHTE, KOUTO TS UMa 32
Cri00siBaHe, NPEMECTBaHE W MAaHWITYJIMPaHE Ha TPAJWBHU EIEMEHTH. 3a IeNTa ca Ch3JaJCHU
00eKkTH, Hanmoo0sBaIIX MyJOBETE, KAKTO M ca Ae)UHUpPAHU CTAHAAPTHH HAYMHU 32 MOCTPOSBAHE
Ha nudpure.

Cucremata uMMa JBa OCHOBHHM MOJYJTA, BCEKHM OT KOHWTO C€ H3MOJd3Ba OT JBaTa BUIA
MOTpeOUTENN Ha CUCTeMaTa - 00y4yaBaHHW U 00y4aBallly:

®  TPE3CHTAIMOHHHAT MOIYJ C€ HM3MO0J3Ba OT OOy4YaeMHUTE; NpPU HEro Ce BH3yaTH3HpaT

3ala4 M Ka3yCH W Ha TMOTPEOUTENs ce MPEeNoCTaBs BB3MOXKHOCT 4YPE3 WHTEPAKTHBHU

JEWCTBUS 1a IpeMecTBa 00EKTH BHPXY €KpaHa M Taka Jia pellaBa MOCaTBeHUTE MY 3aja4a 3a

(dbopMupaHe Ha YKCIa WM U3BBPIIBAHE HA MATEMATUYECKHU JICHCTBHUS,

®  QJIMUHUCTPATHBHHUAT MOJYJI C€ H3MOJd3Ba OT OO0ydYaBamiuTre; TMpPH HEro Ha

MPETOIaBaTeIIUTE CE MPENOCTaBAT CPEIACTBA Ype3 MPEIBAPUTEIIHO H3TPaJeHH OOCKTH WIIH

4pe3 TeHEePUPaHU OT TSAX OOCKTH Jla C€ ChCTABAT 3a7au U Jla TPYIHUPAT 3a/1a4UTe B TECTOBE C

pa3IMYHHA HUBA Ha CIIO)KHOCT, KOUTO CJIEJ] TOBA J]a C€ M3I0JI3BAT B MPE3CHTAI[MOHHIS MOJIYJI.

3a mocturaHe Ha momOOME C HACTONMHATa Wrpa € H3MOJ3BaHa eaHa OazoBa Qopma 3a
MpEJCTaBsHE Ha BCHUKU MHU(PH, KOSITO B TOJISIMA CTETICH TIOKPHBA BAPUAHTHUTE 32 W3MHMCBAHETO MM
(ur. 3). 3a Besika nugpa criopes CTaHAAPTHOTO M BU3yalTM3UpaHe ¢ KOHPEKTHa Gpopma, n30paHoTo
HUBO Ha CJIOKHOCT 32 JlaJieHaTa 3ajaua U BUIa Ha MaTEeMaTHYECKHS Ka3yc Cce U3I0JI3Ba ONPE/ICICHO
OILIBETSIBAHE Ha eJeMeHTUTE Ha hopmara (dur. 4).

@ur. 3. OcHoBHa Qopma mabaoH 3a n3o0passiBane Ha UppuUTe

*EE‘f

®ur. 4. bazoBu CJIICMCHTH, U3IIOJI3BAHU IIPU U3IrPAKAAHC HA MATECMATUYCCKUTEC 3a/la4n

[Tpe3eHTalMOHHHUAT MOy ChIAbp)Ka YeTUpU moj-moxayna: (1) cpOupane Ha yucna 10 JeceT
(2) m3Bakmane Ha yncia a0 aeceT (3) cMarane Hax neceT (4) yMHOKEHHE | JIeJieHne. 3a BCEKH MO/~
MOJyJ C€ TMoOKa3Ba 3aJjaHue-o0pasell, KOHTO YyKa3Ba YCIOBHETO Ha 3ajadyaTta, U H30upaeMu
OTrOBOpH, MPEJICTaBEHU Karo IIabiioHM Ha 1Mdpu. B 3aBucuMoOCT OT mocraBeHara 3ajaya
NOTPeOUTENAT MOXKE Ja u30epe MAaOIOHM M 4Ype3 KIMKBAHE WM IPOBJIayBaHE C MHIIKaTa Ja
dhopmupa oTroBop Ha 3amavara (¢ur. 5).
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Kowcrpympatite 8 ¢ /‘

HHKOU OT CACMCHTHTC j -| / L]
r
o

OT RTOPOTO TINJTE:

V | Gneanuia
i)

®@ur. 5. [Ipumep 3a 3amava oT Moy "'crOupane”

[Ipe3eHTallMOHHUAT MOJIYJl MpeNoCTaBsl JBE HHBa Ha CHOXXKHOCT. [IpM mBpBOTO HHBO
n30MpacMHUTE OTrOBOPU TPsOBa Ja ca ChC CHIIUTE LIBETOBE, KAaTO TE3W B 3a/laHMETO-00pasell,
JIOKaTo MpU BTOPOTO HHMBO CE€ yBeIMYaBa TPYAHOCTTAa, Th KAaTO LIBETOBETE Ha IIA0JIOHUTE ca
Pa3NIUYHM OT MPEACTAaBEHHUTE, C KOETO CE J1aBa Bh3MOXKHOCT Ha 00y4aeMHUTE /1a U3TPAJAT U MPOSBAT
abCTpPaKTHO JIOTHYECKO MUCIICHE.

AJIMMHUCTPAaTUBHHUAT MOJYJ MPEIOCTaBs BB3MOXKHOCT Ha O0y4aeMuTe Ja TeHepupaT U
pelaKTHpaT TECTOBE, CBHCTOSIIIA CE€ OT MpeABapUTENHO JedUHUpaHA TMOCIEeI0BATEIHOCT OT
MaTeMaTHYeCKH 3ajadd. TecToBeTe MoraT Ja MMaT JB€ HHMBA Ha TPYAHOCT CIIOpPE] HAayuHa Ha
Mpe3eHTUpaHe Ha 3aJjaudTe 3a MOTpeOuTeNs OT TJielHa TOYKAa Ha OIBETSABAHETO HA I'PaJIMBHUTE
€JIEMEHTH.

2.3. ApxuTeKTypa U IPOrpaMHa peaju3alus Ha CHCTeMAaTa

3a cp3maBaHe Ha cUCTeMara € u3Moi3BaHa cpenara Django [5], kosATo mnpemoctas
BB3MOKHOCT 3a €(QEeKTHMBHO W3rpaKJaHe Ha HWHTEPAaKTHMBHU yeO mpuioxkeHus Ha Python.
Cw3nagennte ¢ Django mpoekTH MpencTaBiIsBaT CHbBKYITHOCT OT 3aMEHSIEMH W MPEU3INOI3BAEMHU
MOJYJIM, KOETO JaBa BB3MOXKHOCT JIECHO Ja ObJaT HpujlaraHd HOBU (DYHKIMOHATHOCTH upe3
3aMEHsIHE WK 100aBsiHe Ha Moaynu. IIpencraBeHaTa B cTaTusaTa cUCTEMa € M3rpajieHa, CIeIBalKu
npuniuna Ha MVC (model-view-controller), mpu KOWTO HWHTEPAKTUBHOTO NPHIIOKECHUE €
pa3zeneHo Ha HIAKOJKO cJ0s, 000co0sBaIly MPEACTaBIHETO Ha MH(POPMaIUATa Ipe]] MOTpeduTeNs
OT HeifHaTa 00pab0TKa ¥ HAYMHA HA ChbXpaHEHHUE:

e ciol "Monen", KOUTO ChAbpAKA MOJIeNIa HA TAHHUTE U HAUMHUTE 3a TSIXHOTO U3MOJI3BAHE;

e cioil "noruka", KOUTO OTroBaps 3a M3IBIHEHHUETO HA JIOTUKATa U JEICTBA KaTO Bpb3Ka

MEXIy MojJela Ha JaHHUTE W BU3YAIM3HPAHETO WM B MOTPEOUTENCKUS HHTEpQeEic:

00paboTBa 3asBKH, TOJIy4aBa JaHHHU OT CTpaHa Ha MOTPEOUTENS WIIM U3TETIIs JaHHU OT 0azara

1 Ti 00paboTBa 3a IPECTABSHE B MPE3CHTAIMOHHUS CIIOH;

e cioi "wsrien", KOWTO 0OXBalla BCEKHW BBHINCH M3pa3 Ha JIAHHUTE B MOTPEOUTEIICKUS

uHTepdeiic: MpencTaBsHETO HA JaHHUTE Mpel TOTPeOUTEeNss W BB3MOKHOCTHTE My 3a

B3aUMOJICUCTBHUE C TSIX.

3a mocThn 10 yeO MPHIOKEHUETO MOTPEOMTENAT M3moiizBa Opay3bp. I[lo To3u HaumH ce
OCHUTYpsiIBa HE3aBHCHMOCT OT ONEpAlMOHHATAa CHUCTEMa WM JIOCTBITHOCT OTBCSAKBIE IOCPEICTBOM
HNuTtepHer.

3a cbxpaHsBaHe HAa HEOOXOIUMUTE JaHHU 3a (popMHpaHe Ha W3TJIEAa HA MATEMATHYECKUTE
3amaun B oTpedutenckust nHTepdeiic ce n3nmosnsar html exemeHTH, 3a KOUTO B Oa3aTa JaHHU Ha
MIPUJIOKEHUETO OTACITHUTE KOMIOHEHTH Ha MU(PHUTE Ce OMUCBAT ¢ MOMOITA Ha OyJIeBU MoOJeTa, a
IIBETOBETE Ce M30MpaT B CJIOA “JIOTMKA’ CIOpe KEJIaHOTO HUBO HAa TPYAHOCT. 3a Jia C€ OCUTYpH
BB3MOXHOCT 32 Pa3HOOOpPA3HO M3MOI3BaHE HA TPAJUBHUTE €IEMEHTH HA NU(PUTE U yIaCTUETO UM
B Pa3JIMYHM 3aJIay¥, CE€ M3IOJI3BAT HAKOJIKO OCHOBHU oOekTa (dwur. 6): Item (kBagpar c 4 myna);
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BuildingBlock (o6ekT, chcTaBeH ot nBa Item enemenTa) 3a nudpure, KOUTO y4acTBaT B YCIOBUSITA
u uzbupaemute onuuu; Task (3amada, cherosiia ce ot aBa 610Ka);

Task ‘I‘ask_BBIock BuildingRlock BBlock_them It
id name id| bbid | tem_jc |pos i name lefl| topright| bettom
d ask_ld bloce id | pas| .
enal oo | ana_ 000 I 0
] rame e - E c o . /” | ] ] 3 J
~ [+ NS . _J _J |
- i ~, 2120002 - two 0011 00| 1
el [T & | v o = ]
- C C o S~ twod011 ~ ] I —— two_1100 ' 11 lo| o
Fl [ ¢ _:__.---'—""" = | 2 ., | ]
= ——— E ] i \\ three1101 ' ' ' _— threa 1101 E
o / = 3
™~ husl100_0111 S : 1 lhraa=i111 .

®ur. 6. OcHoBHM 00€KTH B 0a3aTa JaHHU HA cUCTEMaTa

3. 3akaouenue

[IpencraBeHaTa HHTEpaKTUBHA ye0-0a3upaHa CHCTEMa JaBa Bb3MOXKHOCT 3a MPEAYIHIIAITHO U
HAYaJIHO YYUIIUIIHO O0yUYeHHUe 10 MaTeMaTHKa Ype3 U3IMOI3BAHE M Pa3BUBAHE HA CTIOCOOHOCTHUTE Ha
nenata na ¢opMupar moaoous Ha 0azara Ha MBETOBE M (JOPMH M IO TO3M HAYMH J1a M3TPaKaar
OCHOBHU MAaTeMaTUYCCKU IIO3HAHUA. MOFaT aa 6’bI[aT M3II0JI3BAHU KAKTO HpeIIBapI/ITeJ'IHO
Ch37aJICHN apUTMETUYHM 3aJadd, Taka W Ja ObJaT reHEepHpaHU KOHKPETHH Ka3yCH C pa3lIndHa
CJIOXKHOCT OT IJICAHA TOYKAa HaA H3IIO0JI3BAHHUTC q)OpMI/I U OLBCTABAHC Ha I‘pa,[[I/IBHI/ITe CJIICMCHTHU
CIIOpe/I HUBOTO Ha YCBOSIBAHE Ha MaTeMaTHYCCKHTE YMCHHS W Bh3pacTTa Ha Jenara. Cucremara e
HpOCKTI/IpaHa )41 1/13rpa):[eHa Ha MOIIYJIGH HpI/IHI_II/IH, KOCTO ITO3BOJIsIBA JIECCHOTO H pasumpslBaHe B
Oblele KakTo OT TJeAHa TOYKa Ha AWQEpeHIMpaHe Ha MOTpeOWTeNCKus MHTepdeiic cropen
HUBOTO Ha CIIOKHOCT W BB3pacToBaTa rpyrna Ha MOTpeOUTENUTe, Taka U B MOCOKA HA J00aBsHE HA
HOBa (YHKIIMOHATHOCT 4Ype3 paslIupsBaHe HA BHU3yaJM3HpPAHUTE 3aJadyd W Ka3ycu. bbaemoro
pa3BUTHE Ha CHUCTeMaTa NpPEIBMXKAAa Pa3padOTBAaHETO W Ha MOOWIIHA BEpPCHS HA TPUIIOKHHUETO,
KaKTO W alpOOHUpPaHETO ¥ B PEATTHH YCIIOBHSI.
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AKTYAJIbBHOCTb HCIIOJIb30BAHUA UKT B IIPOLECCE
®OPMHUPOBAHUU YYHEBHOU MOTUBALIUU Y CTYIAEHTOB

KaraconoBa ['anus Py3utoBHa

Pe3tome: PaccMOTpeHBI METOABI M CpPEACTBAa HCIOIB30BAaHUS HH(POPMAIMOHHO-KOMMYHHUKAITMOHHBIX
TEXHOJIOTHH JJsl pa3BUTUS W (DOPMHUPOBAHUS MOTUBALMKM TPH OOYYCHHWH CTYACHTOB. IlokazaHbI
COCTABISIIOIINE WH(POPMALMOHHON CHCTEMBI, OCHOBAaHHBIE Ha CETEBBIX CEPBUCAX W TEXHOJOTHSAX,
MIPUMEHSAEMbIE JI1 HA4YHMCICHHS OOHYCHBIX OYKOB IO pe3ylbTaTaM BBIOJHEHUS CTYAEHTAMH 33JaHUN
ayZIUTOPHON M CAaMOCTOSITEIbHON PabOTHI.

KiroueBbie cioBa: MoTtuBauusi, MeTobl, 00yueHHe, HH)OPMALMOHHBIE TEXHOJIIOTHH B MEHEPKMEHTE.

Relevance of ICT in the formation of the students learning motivation

Katasonova Galia Ruzitovna

Abstract: The methods and means of the use of information and communication technologies for
development and the formation of motivation in teaching students. Showing the components of an
information system based on network services and technologies used for the calculation of bonus points
based on the results of the students of classroom assignments and homework.

Keywords: Motivation, methods, training, information technology management.

VYdeOHbIi TpoIecC OTHOCAT K CIIOKHBIM BHJIAM JICATEIBHOCTH, U MTO3TOMY B €€ IpaMOTHOM
OpraHu3aIyy, OOJIBIIYI0 POJIb UTPACT MOTHBAIMS CTY/AEHTOB. Pa3BuTHe MoTHBaIMK OakaIaBpoB, B
YaCTHOCTH YIPABJICHYCCKUX CHEIHATbHOCTEH, SBISETCS HEOOXOIUMBIM YCIOBHEM YCIIEITHOCTH UX
Oymy1iei npodecCHOHATBHON ACSITENTLHOCTH.

MoTHBaIIOHHBIE MEXaHU3MbI 00ECIICYMBAIOT CEJIEKTUBHOCTh W M30MPATEIBHOCTh B paboTe
MO3HABATENBHBIX TIPOIIECCOB U CBSI3aHBI CO CreNU(HUKONW MOATOTOBKHM OakaiaBpa — OyayIiero
yrpasiieHna [2].

Ceromnsa rno0anu3anusi crenajga MHUPOBOE COOOIIECTBO YHHUBEPCAJIBHBIM M JOCTYITHBIM,
MO3BOJISIONIAM JIFOASIM TUTOJIOTBOPHO COTPYAHMYATH JPYT C APYroM IO BceMy mupy. [loaTomy
CTPEMHTENIBHO pa3BHBAIOLIAsICSI cHUCTeMa OOpa30BaHUs IOJDKHA JeNaTh aKUEHT Ha JIMYHOCTHO-
OPHUEHTHPOBAHHOE OOyUYEHHE, KOTOPOE 3aKJII0YAaeTCs B TOM, YTOOBI OOBEAMHATH M IOOIIPSTH
cTyeHTOB 3(deKkTuBHO paboTaTh KOMAHIOW C LEIbI0 MOJMY4YeHUs HHGOpPMAIMU U TPH HTOM
(dbopMHpOBaTh y HUX MOTHBAIMIO K 00yueHHIo. Kak mokaspIiBaeT MpakTHUKa, Y CTYIEHTOB HAMHOTO
OoJblIle MOTHBALIMY B MOJyYCHHE T€X HABBIKOB M KOMIETEHIUI, KOTOPbIE MOTYT OBITh IIPUMEHEHBI
MU B JTaJbHEHIIEH KU3HU C y4€TOM TpeOOBaHU COBPEMEHHOTO 00IIECTBA.

JIns TOBBIIEHUS MOTHBAIIMM CTYJCHTOB, 10 MHEHHMIO aBTOpa CTaTbu, IlesrecooOpasHee
NPUMEHSTHh AJalTUBHYIO CHCTEMY OOY4YeHHs, KOTOpas Iydille IPYTHX YYUTBHIBAET YPOBCHb U
CTPYKTYpy HauyaJbHOM NOJATOTOBICHHOCTH CTYACHTA, OIEPATUBHO OTCIEKHUBACT PE3yIbTATHI
TEKYIIEeH MOATOTOBKH. TeM cambIM, mocTuraetcst 3G HeKT HHANBUAYAIBHOTO MOIX0Aa K 00yUSHHIO.

Hamu paspabatbiBaeTcsi MOJENb COACPKAHHUS —aJalNTHBHOTO OOyYeHUS JUCHUIUIMHBI
«MH(pOpMaIIMOHHBIE TEXHOJIOTHH B MEHEIKMEHTE», KOTOPask YYUThIBACT 0a30BbIil yPOBEHb 3HAHUI
0akanaBpoB MO HMH(POpPMATHKE, MHCTUTYIMOHHOW 3KOHOMHUKE, TCOPHHM MEHEKMEHTa, a TaKKe
OLICHUBACT WHIUBUAYAJIbHBIC XapaKTEPUCTHUKU CTYICHTa, (HOpPMUpPYEMBbIE IO CICAYIOUIHM
KpUTEPUSIM: MH(POPMALMOHHO-0MOJIOTMYECKHE, ¢busnonornueckue, IICUXOJIOTMYECKHE,
YMCTBEHHBIC. Pa3pa0oTaHbl TeCThl Ui TPOBEPKH OCTATOYHBIX 3HAHWUH 10 JUCIUILIHHAM:
«Mudpopmaruka», «Teopuss MeHemKMeHTa», «VHCTUTYLIMOHHAs SKOHOMHUKay», IO pe3yabTaram,
KOTOPBIX, YCIOBHO (POPMUPYETCSI YPOBEHb O0YUCHUSI.
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Ha cerommsimamii  aenp, Hamu  chopmupoBaHo 0a30Boe  COAepKaHHE OOYYCHHS
«UH(pOpMalIMOHHBIE TEXHOJOTUU B MEHEIKMEHTE», PAaCCUYMTaHHOE Ha CTYACHTOB HH3KOTO U
CpPEeIHEro YpOBHsSI TMOJTOTOBKH, HO oOOecledHBarollee JOCTaTOYHO IIUPOKYI0 HHBAPHAHTHOCTH
COJIepKaHus Kypca o OTHOLICHHUIO K CTYACHTAaM U3 TPYIIBI BEICOKOTO YPOBHS MOJITOTOBKH.

AnanTtuBHas Mozelb OOydYeHHUs TIO3BOJIIET CQPOPMHUPOBATH OCHOBHBIE  IPHUHIIUIIBI
(dbopMupoBaHUs coiepKaHus 00ydeHUs 0 HH()OPMAIIMOHHBIM TEXHOJIOTHSIM B MEHE)KMEHTE:

— Ilpuanun wHGOpPMANMOHHOW ajganTanud. [ OTOBHOCTh K OBICTPBIM H3MEHEHHSIM,
MPOUCXOAAIINM B HWH(POPMAIIMOHHOM OOIIECTBE B cdepax HCIOIb30BaHUS TMPOrPAMMHOTO,
TEXHUYECKOT0, OPTaHMU3alMOHHOTO 00eCIIeYeHHUSI, CPEJICTB CBS3H U TEICKOMMYHHUKAIUH.

—  Ilpunnun moOunpHOCTH. BnajgeHue HaBbIKaMHM ONEPATHBHON pabOThl ¢ MHGOpMAIUEH,
MPUHSATHS YIPABIEHUYECKUX PEIICHUH B YCIOBUSIX OBICTPO MU3MEHSIOIINXCS BHEIIHUX M BHYTPEHHUX
(baxTopoB.

— Ilpuanun npodeccnoHanm3Ma. YMeHue padoTaTh B JIOOBIX CMEXKHBIX MPEIMETHBIX
o01acTax, HEOOXOAUMBIX JUIS aJIEKBATHOTO MPUHATHUS YIIPABICHYECKOTO PEIICHHUS.

— Ilpunmun 6a3ucHOW MOATOTOBKU. Bragenwe wmeTogamMu pabOThI € MOTOKAMHU
nH(popManuy, MHOTOQYHKITMOHATHHBIMUA aBTOMATH3UPOBAHHBIMEI HH(POPMAITMOHHBIMHI CUCTEMAaMU,
HE 3aBUCHMO OT MPEIMETHON HapaBIeHHOCTH (HYHKIIMOHUPOBAHUS OpraHU3aluil 1 GUpM.

—  Ilpunnun omepexaromiero ooydenus. CoaepaHue Kypca JOJDKHO BKIIOYAaTh OCHOBHBIE
MEPCIICKTUBHBIC HAMpaBlICHUs B 00JacTH HMH(OOPMAIMOHHBIX TEXHOJOTHH B MEHEIKMEHTE,
o0ecrieurBaOIIMe IIUPOKUM  JAMAna3oH  BapbUPOBAaHHUSA, CBS3aHHBIH C  MOCTOSHHBIMU
JUHAMHYECKUMH U3MEHEHUSIMHU B HH(OPMAIIMOHHOM OOIIECTBE.

— IIpunuun nHenpepsiBHOCTH. CopaepxkaHue oOyueHHE [OJDKHO OBITh TECHO CBSI3aHO C
NpeNUIeCTBYIOIMMU U mocheayomumu  nucuuruinHamu: — «Mudopmartukay,  «Teopus
MEHEKMEHTa», « THCTUTYIIHOHHAS SKOHOMUKA.

— IlpuHUOMI OTKPHITOCTH U JOCTYIMHOCTH OOy4eHHs. Vcmonb3oBaHWE BUPTYATbHOM
00pa30BaTeNbHON Cpelbl, KOTOpas MaeT MPEroaBaTeNsIM JOMOJHUTEIbHBIE BO3MOXHOCTH IS
MOCTPOCHUS MHINBUAYAIbHBIX 00pa30BaTENbHBIX MyTed A CTyAeHTa U AuddepeHInpOBaHHbII
MOAX0JT K OaKaiaBpaM C pa3HBIM YPOBHEM FOTOBHOCTH K OOYUCHHIO.

Kpome Toro, tpebGoBanusi paboTonaTeneli B COBPEMEHHBIX YCIOBHUAX K MEHEIKepam
YIKECTOUUIUCh. IJTO OOBSICHICTCS CIOKUBITUMUCS B OOIIECTBE W3MEHEHHUSMH B JIKOHOMUKE,
nonutrke, OmszHece. Ecmu B Hawame 90-x TOM0B TpeOOBaHMs BBICHIETO MPOGECCHOHATHHOTO
o0pa3oBaHMsl YaCcTO SBJSUIOCH TIOKETaHMEM K OOpa3oBaHHOCTH, KOMMYHUKAOETHHOCTH U
KYJIbTYPHOMY YPOBHIO pPaOOTHHMKa, TO B HACTOSIEE BpeMsl Topas3lo BaxkHee MpodeccHoHaIbHas
COCTOSITENILHOCTh U KOMIIETEHTHOCT.

ABTOPOM CTaThU MPOBEACH aHAINU3 MMEPUOJOB CTAHOBICHUS HHPOPMAIMOHHOTO O0IIEeCTBa C
HAIpPaBJICHUSMU Pa3BUTHS UHPOPMAIIMOHHBIX TEXHOJOTHI U B COOTBETCTBUH C STUM MEHSIOLIUECS
TpeboBaHusl paboTomaTenell K JINYHOCTHBIM U MPOo(decCHOHANBHBIM KauecTBaM MPUHUMAEMbBIX Ha
paboTy MeHeHKEpOB (CIyXKalux) cpeaHero 3seHa (tadmuma 1).

OneIT TMOKAa3bIBa€T, YTO YIPABJICHIIAM PA3JIMYHOTO YPOBHS OOJBIIMHCTBA POCCUHCKUX
OpraHM3alyii HeJJOCTaeT YMEHHSI CAaMOCTOATEIbHO aHAIM3UPOBATh MPOOIEMbl, BOSHUKAIOLIUE B UX
paGote, BbIpaOaThIBaTh ONTHMAJbHBIE pEIICHHS, OCOOCHHO TpPHU JCLEHTPATH30BAHHOM
COBPEMEHHOM YIPAaBJIEHUH, TJIe UCHOIb3YETCSI PEUHKUHUPUHT OM3HEC-TIPOIECCOB. 3HAUNTEIbHbIE
TPYQHOCTH Y HUX BBI3BIBAET aHAIH3 MPOOJIEM B MOATOTOBKE PEIICHUN M B COCTaBe pabovMX Tpymn
WIM COBMECTHasl MOATOTOBKA pEHICHWN YIEHAMHU YIPaBJIEHYECKOW KOMaHIbl B HEPapXHUECKOMN
cucreme ympaBieHus. [IpuduMHON 3TOro SBISIETCS HE TOJBKO MpeoOsiajaHue aBTOPUTAPHBIX
METOJIOB PYKOBOJICTBA, YTO MPUHATO CUUTATh IVIABHOM 010l pOCCUICKOTO CTHIIS PYKOBOJCTBA, HE
TOJILKO HEAOCTaTOK Yy Pa0OTHUKOB MOJHOMOYHMA [UIsl TPOSIBICHUS CaMOCTOSITENBHOCTH, HO U
neUIUT HEOOXOIUMBIX 3HAHUH 1 HABBIKOB.

C ydeTroM BBINIECKa3aHHOTO HAaMU IPEAJaraeTcsl NJs MOBBIIICHUS Y4eOHOW MOTHBAIUU Y
CTYJICHTOB U TMOJATOTOBKM HX K COBpEMEHHOW MpodeccHoHaTbHON [eATENbHOCTH B y4eOHOM
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MPOIIeCCEe MCIOJBb30BaTh AJIEMEHTHI redMudukanuu B yueOHOM mporecce. [elimMudukanus - 3To
UCTOJIb30BaHUE UTPOBBIX MEXAHUK U 3JIEMEHTOB B HE-UI'POBBIX CUTYaIHsx [1].

DJNeMeHT Wrpsl — 3TO, HE YTO HMHOE, KaKk AyX comnepHudecTBa. OH IMMOMOraeT CIUIOTHTh
KOMaHJy, 3aBJie4b CTYJCHTOB B YY€OHBIM NIpoIecC W B KOHEYHOM HTOre JAOOMTHCS >KEIAEMOTO
pe3yabTarta B 00y4eHUH. DTO METOJ] B HACTOSIIIEE BPeMsl IIPUMEHSIOT MHOTUE MUPOBBIE KOMITAHUH,
OpraHu3aIK U KOPIOPALUHU JJIsl MOTHBALIUU CBOUX COTPYIHHUKOB.

PazHOBHIHOCTEH HCIIONB30BaHMSI WTPOBBIX 3JEMEHTOB B YY4€OHOM TMpoIlecce MHOMKECTBO.
Hamu Ha 3ansatuax no aucuumimae «MHGOpManMoHHBIE TEXHOJIOTMH» HCIOIB3YETCS DJIEMEHT
OOHYCHOTO OTKpPBITHS HH(OPMAIUKM, KOTOPBIA 3aKIIIOYACTCS B IOJYYCHHUH OYKOB CTYACHTOM 3a
OCBOCHHBIH YPOBEHb CIOXHOCTH MaTepHalla, BBHIIIOJHEHUE 3aJaHWUN 3a OrpaHHYCHHBIH TMEePHOA
BPEMEHH, 3a OTKpPbITHE HOBBIX ()parMeHTOB 3HAHWUH, 3a HEMpPEpPHIBHOE OOy4YCHHE A0 YPOBHS
JKCHepTa.

[TockonbKy ucmonb3yemMass HaMH MH(QOPMALMOHHAS CHCTEMa OJDKHA HHTETPUPOBATHCS B
CYIIECTBYIOIIME MPOIECCH U MPOIEAYPhl, TO HanOoJiee MOIXOMSIIUMHU CPEICTBAMU BHEIPECHUS
JAaHHOM METOAMKH SIBIISIETCS MCIIOJIb30BaHHE IIMPOKO INPHMEHsSEMBbIX BeO-cepBucOB Google u
Trello.

Bei6op mannbix cuctem (Google u Trello) obycnoBnen ux otkpweiTeiM API (Application
Programming Interface) u qocTynmHOCTBIO — 00€ cHCTEMBI a0COMOTHO OecriaTHbI. Takum oOpa3om,
cucrema Trello Oyzner cmyxuTh ucrouHukoM HH(popmanuu, a Google — cucremoii 06paboTku u
otoOpakenus nHpopmanuu. Cxema paboThI PEACTaBICHA HA pUCYHKE 1.

=

Trello API Ckpunr (GS) Google API

—~—= 7

Pucynok 1 — Cocrapistomye HHOOPMAITIOHHON CHCTEMBI

JlanHas wuH(pOpPMAIMOHHAs CHCTEMa NPEAyCMaTpUBAeT TOJBKO CETEBOE HCIIOJIb30BaHHE,
MIOCKOJIbKY OCHOBaHAa Ha CETEBBIX CEpPBHCAX M TeXHONOTHAX. CTymeHTHl (UKCHPYIOT Ha JOCKaxX
nporpammbl Trello pe3ynbpTaTbl BBIOJHEHHBIX 33JaHUN, YPOBEHb UX CJIOXKHOCTH, KaJCHIAPHBINA
minaH BemosiHeHus. [locnme vero mpemonaBarens 3amyckaeT ckpunT B Google spreadsheet, rme
MPOUCXOIUT AaBTOMATUYECKOE HauucieHue o4koB. CHCTeMOW MpeaycMaTpUBACTCS TOJIBKO
HAUYNCIICHUE OYKOB, CIHCAHHME K€ MOXKHO IPOBOAUTH pa3 B MECAI] M COOTBETCTBEHHO OOHYIATH
HEHCIIOJIb30BAaHHBIE OYKH cTyaeHTaMu. CTyAeHThl Bcerja MOTYT IIOCMOTPETh TOCIEIHHE
pe3ynbTaThl OOHYCHBIX HauuciaeHni. [lockonabpKy cuctema sBiseTcs QYHKIIMOHATBHBIM 3JIEMEHTOM
Google spreadsheet ¢ mpussizkoit k API Trello, npu paspaborke nH(pOpMAIIMOHHOW CHCTEMON
ucnonw3oBaics Google Script.

Ceronnsa Google — 3T0 HE TOJBKO MOMCKOBAs MaIlIMHA, HO TAKXKe U MOYTOBBINH CEPBUC, CEPBUC
00JIauHOTO XpaHEHWS [aHHBIX, KaJeHIaph, NEPeBOAYMK W MHoOroe Japyroe. B Hamei
MH(POPMAIIMOHHON CHCTEME HCIONb3YIOTCS Takue cepBuchl, kak Google Drive (muck); Gmail
(mouta); Google Script (ckpunt).

[Tockonbky paboTa CHUCTEMbI NMPOUCXOAUT BHYTpU cepBuca (Google, To aaMuHHUCTpaTOp
(mpenoaBaTelny), MOXYYUBIINI MOJMHBIA AOCTYN K TaOJMIlE aBTOMAaTHYECKH IIOJTydaeT JOCTYH K
pabore ckpunrta. [Jns momyuenuss nocryna k APl Trello HeoOXoauMo mpoWTH KOPOTKYIO
MPOIIEAYPY PETUCTpAIlMU pa3paboTuMKa, Mocjie 4ero OyaeT momydeH kiaod K padore ¢ APL
Cuctema WHCHONB3yeT MaHHbIE KOHKPETHBIX II0JIb30BaTeNiel M JOCOK B CHUCTEME, I03TOMY
HEOOXOJMMO TMOJYYUTh TaKKe JOMOJHHUTEIBHBIN K04 OT aJMHHHCTpaTropa (IpenojaBaTess)
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nocku B mporpamme Trello. IlomydeHHbIe KIIIOYM OOBSBISIOTCS B MEPEMEHHBIC JUIS YHPOLICHHUS
pabotsI (puc.2).

i e ¥
var
var api_token = "2
var organization_id
var url = "https://api.trello.com/1/";

led26ecce9bbR424b942befe6879227194c1”;

var key_and_token = "key="+api_key+"&token="+api_token;

// google variables

var spreadSheet="@AcCEmSYBxSZvdEtLZ20xVOZrenRfdk5jeEhPQW14YUE" ;
var sheet; // spreadsheet

Pucynok 2 — Ilepemennsnie BeO-ceprucoB Google u Trello

Google Apps Script — 3T0 T0BOJIBHO MOITHBI MHCTPYMEHT ISl aBTOMATH3aIlUH MPOIIECCOB,
KOTOpPBIN Mo3BosIsgeT pabortaer ¢ cepucamu Google, cTpouTh rpaguku U MoyyaTh JAHHBIE 10
HTTP/HTTPS.

PazpabGoranHas cuctema IojiyyaeT JaHHbIE O nepeMenieHusx kaproyek B Trello, cootHocut
UX C HA3HAUYEHHBIMH 3a/laHUSIMU M HAUMCIseT O4Yku. J[aHHbIe UMIOPTUPYIOTCS B Tabnuiy (google
spreadsheet) B pe3ynbTare 3amycka ckpumnrta, HamucaHHOM Ha Google Script (GS). [Tonb3oBarenu
CHUCTEMBI Pa3INYaloTCsl YPOBHEM JIOCTYIIA HE TOJBKO K TabmuIle, HO 1 K jpockam Trello.

JIaHHYI0O CHCTEMY MOJKHO JIOTIOJIHUTH TaONMIAMH, CO37aBa€MBIMU IPEIOIaBaTEIsIMH,
HANpaBJICHHBIX Ha CHUCTEMAaTH3alMIO0 Pa3JIMYHBIX BHJOB Harpaj U noompeHuil. OUkud MOryT
HAUUCIATHCS 32 WHAMBHUIYAIbHbIC BBIMOJHEHHBIC 3a/1a4d, MCXOJS W3 MX CIOKHOCTH U CPOKOB
clayd. OTU Harpaabl MOTYT ObITh BBIOPaHBI CaMUMH CTYACHTAaMH TOCJ€ HAKOIUICHUS
HEOOXOJMMOr0 KOJHMYECTBA OYKOB, HANpUMep, CYMMHPOBAHME Ui IOBBIIMICHUS HWTOTOBOU
HK3aMEHALIMOHHOW OLIEHKH, OTPa0OTKa MPOIYIIEHHOTO 3aHATHS U T.1.

OOyueHne B COBPEMEHHBIX YCIOBUAX JOJDKHO JETaTh aklEHT Ha caMOOO0yYeHHH, COBMECTHON
paboTe CTYIEHTOB, MO3UTUBHBIX B3aUMOACMCTBUSAX, BKJIIOYAIOIIMX 3JEMEHTHl CONEpHUYECTBA U
noorpenus. Vcrnonp3oBaHue pa3IMuHBIX METOJUK B 0OYUYE€HHH MO3BOJISET MOBBICUTH Y CTYIEHTOB
MOTHBAIIMI0 K CaMOCTOSITEIbHOMY H3YYEHHIO TUCHUIUIMH W YYBCTBO OTBETCTBEHHOCTU IIpH
BBITTOJIHEHUH 3aJIJaHUI TIPU ayJUTOPHOM U CAaMOCTOSITENTLHON paboTe.

Pa3paborannas uHOpManMOHHAs cUCTEMa  TO3BOJSET C MHUHHUMAaJIbHBIMU 3aTpaTaMu
orpoOoBaTh UACIO reMU(UKALINU TPU U3YUYEHUH JH0O00N TUCIMIUIMHBI. BriocnencTBUM BO3MOXKEH
nmepexoJl K TIOJHOLICHHOMY BEO-CEpBHUCY, COEAMHSIOMEMY B cebe OCHOBHBbIC (DYHKIIUH,
HeoO0XoAuMBIe Ui pabOTHl HaJa pa3HBIMU KAaTErOpusMHU yYeOHBIX IMPOEKTOB, a TAaKXKe CO3JaHHE
MOOUJIBHOW BEepCUU Ui JOCTyHa M3 JI000W TOYKHM MOKPBITHUS MIMPOKONoJocHOro MHrepHeTa.
AHKETUpOBaHHE CTYJEHTOB BTOPOrO Kypca MO MPO(HII0 MOATOTOBKM «MapKeTHHI» I0Ka3ajo
cienymomee: 0osee 80% OMPOIIEHHBIX PECHOHIEHTOB BBIOpAU pa3fesbl COJEpKaHus O0yUYeHHUS:
«Opranmzansi M cpeAcTBa HMHPOPMAIIMOHHBIX TEXHOJOTHM oOOecreueHus: peKIaMHON U
YIPaBICHYECKON  nedarenbHOCTH», «lIpumenenune VHTEpHET-TEXHOJIOTMH B peKilaMe U
YIPaBICHYECKOU JACSITEIBHOCTHY, @ CAMOU TOMYJISIPHOM (POpMOI TTPOBEACHHS 3aHITHH Y CTYICHTOB
ABJISICTCS COBMECTHas padoTa B rpymmax.

Takum oOpa3oMm, MO HamleMy MHEHHUIO, Mpeodsananue mpodhecCHOHATBHBIX MOTHBOB HaJl
MO3HABATEIBHBIMA B CTPYKTypE MOTHBALMU OOY4YEHHs CTYACHTA CIIOCOOCTBYET B JalbHEHIIEM
MOBBIIECHUIO MPOoecCHOHANN3MA U YIYUIIEHUIO KadyecTBa 00pa30BaHusl.
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KOHIEINIHAA 3A U3ITOJI3BBAHE HA WEB 3.0 3A
HOAITOMATAHE CBbTPYJHUYECTBOTO U TBPCEHETO HA
NHOPOPMAIMOHHU PECYPCHU B EJIEKTPOHHOTO
OBYYEHMUE

boiika XK. I'pagunaposa

Pe3rome: Web TexHONOTMUTE MPOMEHSAT cpelara, B KOSATO CBBPEMEHHHSAT 4YOBEK pabOTH W y4H.
HNHCcTpyMeHTHTE, KOUTO ca NOCTHIIHM B MHTepHET W ca ompeneineHu kato Web 2.0 m Web 3.0, mamar
BB3MOKHOCT Ha OTJICJIHUS UHIUBHUJI 1a Ch3/[aBa, CIIOJISNIS M U3I0JI3Ba MHOT'O IMOBEYe WH(OPMAIIHS, ITOJIC3HA
3a HEroBaTa CaMOIIOTOTOBKA M NpodecroHanHa peanm3anus. MHTepaktuBauTe Web ycinyru, mpoekTHpaHu
Jla YIIECHST ChTPYIHUYECTBOTO B PEATHO BpeMe M CIIOJIENITHETO Ha MH(OpMAaIHs BOJAT O HOBO M3MEpEHUE
Ha WHOBAaTHBHHUTE YCIYTH B PEATHO BpEMe, KhICTO MOTPEOUTENSAT cTaBa Mpou3BoauTenl. llenenacodyeHoTo
W3II0JI3BaHE HAa TE3W WHCTPYMEHTH JIaBa BH3MOXKHOCT J1a ObJie 3HAUUTEHO MMOJ00peHa yueOHaTa cpena npu
e-o0yduenue. llenta Ha TO3W MOKIAa € J1a MPEACTaBU €IHA KOHIeNIus Oasupana Ha Web 3.0 TexHomoruure,
KOSITO MMa 3a I1eJ1 1a oqo0pu yueOHaTa cpejia U MoAIOMOIHe yuyeOHaTa IeiHOCT IpU e-00ydIeHHE.
KarouoBu gymu: e-o0yuenmne, Web 1.0, Web 2.0, Web 3.0, necoHanmusupano ThpceHe, CHTPYIHHYECTBO,
yuebHa cpena

Suggestion of interface for improving the e-learning experience and collaboration using
Web 3.0 technologies

Boyka Gradinarova

Abstract: Web technologies are changing the environment in which the modern man works and studies. The
tools available online and being defined as Web 2.0 and Web 3.0, enable the individuals to create, share and
use a lot more useful information for its self and professional development. Interactive Web services
designed to facilitate a real-time collaboration and information sharing lead to a new dimension of innovative
online services where the consumer becomes the producer. Targeted use of these tools allows significantly to
be improved the learning environment for e-learning. The purpose of this paper is to present a concept based
on Web 3.0 technology, which aims to improve the learning environment and support educational activities
in e-learning.

Keywords: e-learning, Web 1.0, Web 2.0, Web 3.0, customized background search, collaboration, learning
environment

1. BbBenenue

ChTpyIHHUECTBOTO MEXAY CTYACHTHUTE € BaXCH MOMEHT OT MOJIIOMaraHeTo Ha yueOHaTa uM
neriHocT. Karo cpema 3a ocbliecTBSBaHE HAa CHTPYAHHYECTBOTO OMXa MOTJIM Ja C€ H3IOJI3BAT
pa3NUYHUTE BUIOBE Web TEXHOJOTUH. BCHITHOCT M3MONM3Ballki KOMYHUKHpPAaHETO, 0a3upaHo Ha
TE3W TEXHOJIOTMH TIO3BOJISBAIM Ha (PM3MYECKH OTJAJICUYCHUTE CTYACHTH Ja ObJaT oOCAWHEHH B
enHa yyeOHa OOIIHOCT, OMXME MOIJIM Jia Ch3JaJIeM cpela MoJ00Ha Ha Ta3d MPH TPaJUIMOHHOTO
oOyuenne. Moxe 1a ce yBEIWYM HMHTEPAKTHBHOCTA MEXAY HWHIUBHIYATHUTEC YYaCTHUIM B
yuebHuTe rpynu. ToBa pasriexaaHe Ha CTYACHTUTE KaTo OOLIHOCT O3Ha4yaBa, Y€ KypCOBETE Ha
IMCTAaHIIMOHHOTO O0y4eHHe, MpeaBaHy 110 MpekarTa, TpsOBa Jja ce OCHOBABaT HA IPYIOB MPHUHIIHIT
— JajZieHa Tpyna Ja 3arnoyBa 3aeAHO Kypca M Ja ce ABIKM €JHOBPEMEHHO. 3a pas3iuKa OT
TPAaAMLIMOHHOTO OOydYeHHEe, KBJIETO OT CTYJCHTa CE€ OYaKBa yCBOSIBAHE Ha ONPENENICH MaTepHal
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BCAKa CeaMUIla, TPYIOBOTO OTBOPEHO OOYy4YEeHHE € Jajied MO I'bBKaBO — WM3HCKBA CE€ HaIpeIbK B
paMKuTe Ha Mecell WIH TPUMECeUHe.

CrpliecTByBaT pa3IyHU HUBA HA JUCTAHIIMOHHA MMOAKPETa, BAPUPALIN OT IPOCTO U3IMOI3BaHE
Ha TPEeIMMCTBaTa Ha OH-JIAWH MPEnoJaBaHETo, A0 (PyHIaMEHTATHH MPOMEHH B CTPYKTypara Ha
KypCOBETe Ha OTBOPEHO 00y4YeHHEe Ype3 Ch3/1aBaHe Ha OH-JIaiiH OOLHOCTH.

[Ipy nnaHWpaHeTO W CH3/IaBaHETO HA TIOMOIIHUTE CPEACTBA 3a CTYACHTUTE MOXEM Ja
U3MOI3BaMe BB3MOXKHOCTUTE M IMPEUMYIIecTBaTa, KOUTO IMpeajarar HOBUTE HHGOPMaIMOHHU
uHctpyMmenT Ha Web 2.0 u Web 3.0 Texnonoruure.

B nHemHo Bpeme, eIHM OT Hail-ropemure TeMH B o0jacTTa Ha 0O0pa3o0BaHUETO ca
Bb3MOXKHOCTUTE, Kouto Web 3.0 TexHomormurte mpesjarar. XopaTa WMaT IOCTHI JO TOJIEMH
Koin4decTBa MH(popManus (HapuMep HOBUHU, W3CICABAHHUS M T.H.) CaMO C €IHO WU HSIKOJKO
KJIMKBaHWS Ha MHILIKATa, C UW3MOJ3BaHE Ha aBTOMATH3MPAHU-TIEPCOHATHO KOH(PUTypUpaHU
ThpcaukH, 0€3 JOpU Ja TW MO3HaBaT. 3a Ja CTMrHeM 10 To3u MoMeHT WWW tpsbOBame na ce
pasBue OT TEKCTOBM craTu4yHU crpanuiy. "l[IspBata Bepcusa" na Web (Web 1.0), mpeacraBu
TOJIEMHUTE CH Bh3MOXKHOCTH 33 OTBOPEHO U IUCTAHIIMOHHO oO0y4yeHue. [1o ChIecTBO TOBa € MbPBUST
0BT B MCTOPUATA Ha YOBEIIKOTO OOIIECTBO, KOraTo IMpernojaBaTeNiAT MOXKE Ja MpeAoCcTaBu
y4e0HOTO ChIBbpKAHUE Ha 00ydaeMusi, KaTo MU3MOI3Ba JIECEH JOCTHII 0 HETO.

ITo xBcHO, ¢ mpeBpbiianeTo Ha Web 1.0 B Web 2.0, WWW Harpyma MHOXECTBO HOBH
(yHKIIMOHATHN BB3MOXKHOCTH KaTto HOBUTE web-sites/applications - ynkura, 010rOBE, COLMATHU
Mpexxu u np. B oGnactra Ha oOpa3oBaHWMETO Hal-3HauYMMUAT npuHOC Ha Web 2.0 ce kpue B
CIOCOOHOCTTA Ha CTYJEHTHUTE Jla MOTaT Jia B3aMMOJeHcTBaT ¢ yeb ChAabpKaHueTo. B pesynrar Ha
TOBa TS JaJe BB3MOXXHOCT Ha oOydyaeMHuTe Ja J00aBIT KOMEHTapH, OTIOBOPH WIM JOpPH JAa
MIPOMEHST MpeoCcTaBeHaTa HHPOPMAITUs, BMECTO CaMO MTACUBHO JIa 5 YeTarT.

Enna crenka mo-mHampen ot Te3w TexHojormu uasa Web 3.0. Tasu HoBa "Bepcusa" Ha
Mpexara uma roysM noteHuuan. EfaHa oT Hail-BaXHHTE XapaKTEPUCTHKH € CIIOCOOHOCTTA Jia ce
KOMOWHHUpAT U aa ce uarerpupat Web cpabpxkanuero u Web ycimyrure 3a momoOpsiBaHe paborara
Ha KpaifHUs TOTpeOUTElI.

BrabxHOBEHa OT TEXHOIOTHUTE, KOUTO ce n3noisBaT B Web 3.0, Ge 3amuciieHa U MpoeKTHpaHa
KOHIIEMIIHS, KOSITO JIa C€ M3I0JI3Ba B ©XKETHEBHOTO TIOMaraHe Ha rpoiieca Ha y4dere. [IpennosxkeHoro
yeb TpHIIOKEHHUE IIe M3I0I3Ba ypouu W KomabopatuBHU TexHukH B Web 3.0 cpenga u me uma
XapaKTePUCTUKUTE Ha CHHXPOHHOTO, aCHHXPOHHOTO U COLMATHO O0yUeHUE.

3a ;1a ce mocTUrHe ToBa, 0€ HeOOXOAMMO Jla Ce aHAIM3UPAT TeKyIuTe TeHAeHIM Ha World
Wide Web (WWW) B Tasu obmact. B mocieqHuTe HSKOJIKO TOAWMHH Osxa MPEICTaBEHU Ha
OOIIHOCTTa MHOTO MHTEPECHH OH-JaiH yciyru. OHllaiiH BUJie0-KOH(EpeHTHA Bpbh3Ka, CAHXPOHHU /
ACHHXPOHHHU Pa3rOBOPH, YUKHUTA U COIMAIIHA MPEXH Ca CaMO HSKOHU OT T€3U TEXHOJOTUH, KOUTO
MIPOMEHUXa HAa4YMHA, 10 KOWTO XopaTa W3MOI3BaT UHTEpHET. Upe3 M3MOI3BaHETO Ha HAKOU OT TE3U
YCIIYyTH ¥ KOMOMHHPAHETO UM C HOBH M MHTEPECHU TEXHHKH KATO WHIUBUAYATHO MOTPEOUTEIICKO
ThPCEHE W OH-JIAWH MaHUIYJIMpaHe Ha ChABPKAHUETO, € BB3MOXKHO Aa ce chimane Web 3.0
npuiiokeHue ¢ umHTtenurenteH, Content-Aware uHTepdelic ¢ oOpa3oBarenHu menu. EnHO TakoBa
MPUJIOKEHNE OM MOTJIO YCIIEITHO JIa CE M3I0JI3Ba B 00yUEHHUETO.

2. M3noaszBane Ha WEB 1.0 u WEB 2.0 B e-o0yuenue

Webl.0 e TepmMuH, KOHTO ce€ OTHAcCsA 10 H3MOJI3BAHETO HA MHTEPHET, CHIIECTBYBAII IO
dopmata cu B mepuona 1990-2000(O'Reilly, 2005r.). The Web 1.0 ce pasmensimie Ha paboTHU
JTUPEKTOPHH, TPAKTHUECKH Bcekn nmaiie cBoe Msacto (Cormode u Krishnarthy, 2008 r.).

C o6pazoBarennu uenu Webl.0 npegoctaBu TeXHOJOTHYHH MIaT(opMu 3a myOIMKyBaHE Ha
yueOHO chappkaHue. Ho orpaHnveHusiTa TNpH Ch3JaBaHE HA ChIbPKAHWE OrpaHUYABaIIC
BB3MOXXHOCTUTE Ha MpexaTa. TexHo-opueHTHpaHUAT xapaktep Ha Web 1.0, He Moxeme na
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oTroBopu Ha ydeOHuTe mnoTpebHoctu. [lopamm Tasm mpuumHa wu3non3Banero Ha Web 1.0 B
o0pa3zoBaHHeTO O€ OrpaHMYEHO /10 MyOJIMKyBaHe Ha ChabpxkaHue (¢ur. 1).

Mpenodasamen

Ll Yemede

i

s Nucaxe

,"m']' camo
J yemeHe

Cmydenmu

®@ur. 1. Be3moxHocTH 3a m3non3BaHeTo Ha Web1.0 B 00ydeHneTo

"Web 2.0 e OuszHec peBOMIONMS B KOMIIOTbpHATa MHAYCTpusi. Ch3aBaT ce MPUIIOKECHHS C
edeKTH 3a MpUBIUYAHE HAa BCE MOBeYe Xopa 3a na ru m3nonspar "(Musser u O'Reilly, 2006). Web
2.0 c BB3MOXHOCTH 3a YETCHE/3alMC CHAbPKA HOBU TEXHOJOTHYHHU TAKETH, KOHTO MPAaBAT
WutepHer Hemo mnoBeue ot 1uiar¢popma. C pasutuero Ha Webl.0 no Web 2.0 umame
TpaHchopManys Ha NPUIOKEHHUATa (Pur. 2).

Web 1.0
Britannica Online _“f'E!J 2-!]
Content Management mk_l.PF.-'dla
Systems _I' Wikis
Directories (taxonomy) __| 9 Tagging (folksonomy)
Personal Websites - Blogs

®ur. 2. Esomonius Ha Web caitrosre (Musser u O'Reilly, 2006) [10]

TpanchopmmusaTa Ha TPHIOKEHUS 3acsira W oOnactra Ha oOpa3zoBaHuero. [losiBuxa ce
npunoxkenus kato E-learning 2.0, Classroom 2.0 u Enterprise 2.0 [8]. Te3u npunoxeHusi oOpbIart
BHUMaHHE HAa BH3MOXXHOCTTA HA TIOTPEOUTEINTE JIa B3aMMOICHCTBAT M J1a MAHUITYJIUPAT YICOHOTO
cbabpxkanue (pur.3).

MNpenodaeamen
HemeHe
_  Nucake

== 4HemeHe

I! " Y nucane

Cmydenmu

®ur. 3. Web 2.0-Bb3M0KHOCTH 32 U3II0JI3BAHE B 00YUEHUETO

3. Uznouassane na WEB3.0 B 00yueHueTo

Web 3.0 e tperusar eram ot eBosorusata B Mpexara (¢ur. 4). Ha Bpnpoca "KakBo ¢ Web
3.0?" Tim Berners-Lee, nuzobperarensart Ha ye0, JaBa CleIHUS KOMEHTap: ,,A3 MUCIS, Y€ TOTaBa €
KOraTo MMaMe HacjlarBaHe Ha MalabupyeMu BEKTOpPHU TpaduKy - BCHUKO C€ OTKJIOHSBA U CT'bBa U
ce mosiydaBa mMuctukataHa Web 2.0 U uMaiiku JOCTBI 10 CEMaHTHUYHATa MpEXa WHTETPUpPaHA B
OTPOMHOTO MPOCTPAHCTBO OT AAHHH, 1€ UMAME JOCTHII 10 OTPOMEH pecypc OT AaHHH [1].
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OO6pazoBaTenHaTa KOHIENIMsA, Oa3upaHa Ha u3noi3BaHeTo Ha Intelligent Tutoring Systems
(ITS) [3] « Web 3.0 Texnonoruu, ce komeHTUpa OT [12] mo cienHus Ha4ywH: ,,bbp3ara eBomonus Ha
oOpazoBarennus copryep, U3KyCTBEeHUsIt HHTEIEKT U yeO TexHonoruute Hampasu ITS u Web 3.0
enHa xu3HecriocooHa omnmus.” OcBeH ToBa, Web 3.0 mpeanaraT moBede MHTEIUICHTHU YCIYTH B
JOMBIIHEHHE KbM YETEHETO M MUCAHETO Ha ChAbPXKAHHE, NCHCTBHUATA HA MOTPEOUTEITUTE MOTaT aa
npeau3BukaT web mporecu (¢ur. 5), KOUTO ca BB3MOXKHHM C TEXHOJIOTHM KaTo HHTepdeiicu
WHTCITUTCHTHUTE areHTH.

flpenodasainen
® yemene
s Nucane

UINRIHU

yeimeHe

nucane
Cimydenmu  v3nwHu

®@ur. 5. Be3amoxuoctu Ha Web 3.0 B 00yueHueTo

Web 2.0 Web 3.0
Web 1.0 = oo =
Dynamic Content Lbiguitous Content
Static Pages (Blogs, Social Networking, and Services
Wikis, etc.)
HTML Intelligent Agents
AJAX Smart Interfaces

®ur. 6. EBosttorins Ha ChIbPKAHUETO U TeXHOJoruuTe B Mpexkata (Pahl, 2009)[12]
4. IlpencraBsiHe HA KOHUENUMUSATA

KonnenmusTa, KosSTO OmMmucBamMe, MPEICTaBIsiBA €IHO MPEaoKeHne 3a HHTepdeic, KouTo na
BKJIIOYM H3noi3BaHeTo Ha Web 3.0 TeXHOJOTMYHM MHCTPYMEHTH C I Jla ce moao0pu ydueOHara
cpena mipu e-oOyuenue. MHTepdeiic karo To3u MOxke Aa Toao0pu 0Oy4EeHHETO, HW3IMO3BAIIO
CHBMECTHO WHTEITUTCHTHH HHTEP(EHCH 1 aBTOMATUYHO-aKTYJTU3UPAIIH ChIbP)KaHUETO CUCTEMH B
3aBHCHMOCT OT TEMHTE Ha AUCKycuuTe. Hali-Ba)HUTE My XapaKTepUCTUKHA MOTaT Ja ObaT:

& CHHXPOHHO / aCHHXPOHHH U COLMAIHO ChAbPIKAHHE;

& Wiki-ceBMecTuM uHTEpdEIiC;

& MHauBUIyalHO ThPCEHE.

4.1. CHHXPOHHO / aCHHXPOHHH M COLMAJIHO ChbpPKaHUE

CaliTbT 11e ChIbpXKa OH-JIAHH YaT (TEKCT U BUJEO0), 32 J1a ce JaJie Bb3MOKHOCT 3a OOIIyBaHe
MEXy IPEToIaBaTeIIUTE U CTYICHTUTE, KAKTO U MEXKAY CTyAeHTHTE. [10 TO3M HAauWH BCHYKH MOTatT
JIa CH CBHTPYIHMYAT W OTTOBAapAT HA BBIPOCH MOMEkAYy cu. ChIbpKaHUETO MOXe na Objae
CHHXPOHHO, KOETO O3HauaBa, 4e¢ KOraTO YOBEK B3aMMOJCHCTBa ¢ mHTepdeiica 3a mobaBsHE Ha
ChIbpIKAHUE, BCEKU € B ChCTOSHUE J1a BUJM MIPOMEHUTE B PEaHO Bpeme 0e3 Ja € HeoOXOoauMo J1a
ce 00HOBM cTpaHHIaTa B Opay3bpa. ChIo Taka, ChABPKAHUETO MOXKE JAa ObJIe ACHHXPOHHO, KOETO
O3HayaBa, 4e aKo HIKOW HE € MOT'BJI 1a ObJie OH-JIalfH, KOraTo MpOMsHATa € cTaHajia, TOH e Oble B
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ChCTOSIHME Ja pasriiea IPOMEHUTE BCEKH II'bT, KOrarto ce Jjorsa B caiita. Hampumep:
[IpenonaBarenar ch3gaBa HOBa TeMa B caiiTa W u3iu3a OT caifta. Cien TOBa, HIKOU CTYACHTH
BJIM3aT B cailTa W NpodyuTaT HoBaTa Tema. CTyIOEeHTHTE, KOMTO MMaT BBIPOCH, TW HU3MIpamiar.
OOyvyaemMuTe MHUIIUUPAT AUCKYCHUSl Ha KMBO, B OMUT 3a peliaBaHe Ha mpobiema. Ciel U3BECTHO
BpEME MPENnoaaBaTeIsAT MOXE Ja BJ€3€ B cailiTa M Jla MPOYETEe MPOBEACHUS P3rOBOP MEXKIY
cTyleHTHTe. AKO 3a0eNexH, Y& € MPEACTaBUI TBbPAC a0CTPAKTHO ChIBPIKAHUETO MO TeMara, TO’
MOJKE J1a PEIIH J1a TO MPOMEHU Taka, 4e ObJIe TMO-ACHO.

B cnyuait ye mpenomaBarensaT 3a0eNexu, Ye HIKOU CTY/ICHTH Ca B MOMEHTA OHJIAH, MOXKe J1a
3armoyHe BUJEKOH(EPEHTEH Pa3roBOp 3a pelllaBaHe Ha TEXHUTE BBMPOCU. CTYAEHTHTE, KOUTO CE
BKJIIOYBAT B calTa cjea NPUKIIOYBAHETO Ha BHUACO KOHGEpeHIusATa, Ime 3adenexar, due
ChIIBPKaHUETO HAa TEMaTa € MPOMEHEHO U 4e ca MPOITyCHAIIM BUICO KOH(EPECHIIUITA, TOTaBa Te I
MOTaT Jia CU 5 U3TEIJIAT U Ja 5 MPOCITyIaT.

4.2 Wiki-ceBmecTuMm Interface

Toil kKaTO Haif-uecTo W3IoJI3BaHaTa OMOIMoTeKa B cBeTa € wikipedia.org, oueBUIHO € Ue e
ObJe moBede OT He0OX0IuMO MHTEp(ENHCHT 1a ChIbpXkKa XUIep Bpb3Ka B caiiTa 3a e-00ydyeHue ¢
YHKHTA. 32 JIa HalpaBUTE TOBA, MMa JIBa Bb3MOKHU HAYHHA.

[TbpBUAT HAUMH, U HAW-OYEBUIHUSAT, € TPEMOAABATEINTE CAMH J1a OMPEACISAT KOU JyMH OT
TeKCTa, na Obmar cBbp3anu ¢ wikis. ToBa e mpakThuyHO, HO TIpaBU paboTaTa Ha MpENoJaBaTENs
MHOTO TO-CIIO’KHA. BTOpUAT HauMH € J1a ce HAIpaBH TOBa aBTOMATHUYHO. TEKCTHT Ha Pa3rOBOPHUTE
MOXe J1a Ob/1e 00paboTeH OT OH-JIAMH MPUIIOKEHHE, KOETO Jia el KOW JTyMH J1a Obaar aa Obaar
CBBbp3aHu ¢ wikis.

4.3. UHauBUAYyaTu3NPAHO ThPCeHe HA KOHTEKCT

Haii-Baxxnara 0coOEHOCT Ha TOBa web MPWIOKECHHE € MEePCOHATM3UPAHOTO THPCEHE Ha
koHTeKcT. ToBa moxe na 6b1e Google nmpunoxkenue 3a Tbpcene Application Programming Interface
(API), xoero uW3MBIHSABAa TBHPCEHE Ha HAKOM MO TNoApa3OupaHe oOpa3oBaTEIHH CaNUTOBE.
[IpenogaBaTensT ChIIO0 MOXKE Ja 100aBH OIlle CaliTOBE, aKO CMsITa 38 HEOOXOAUMO.

WNutepdeiichT Ha Tazu Thpcauka Iie ObJe HEBUAMM U apPryMEHTHTE, KOUTO Ie ObaaT
U3IMON3BaHu, 1€ ObJaT ChABPKAHUETO Ha Pa3roBOPUTE, KAKTO M TeMaTUyHUTe 3ariaBus. Haii-
no0puTe, 3HAYMMH PE3YJITaTH OT ThPCEHETO Ie OBJAT MOKa3BaHW B MPEABAPUTEIHO ONpeaeTcHa
30Ha oT web uHTepdeiica. Te3m pesynratu mie BapupaT B 3aBHUCHUMOCT OT ChABP)KAHHUETO Ha
pasroBopa. Taka Hampumep, aKO HSIKOM CTYACHTH MMAT HBa JUCKYCHS MO TeMara, aBTOMAaTUIHO
e UM ObJIaT MPEeUI0KEHU HIKOU CaliTOBE B PEaTHO BpeMe, TOKATO KOMYHUKUPAT €UH C JPYT.

Jlpyr HauMH 3a mpUilaraHe Ha TaKbB BUJ[ YCIyra € W3MOJ3BaHETO HA OHTOJIOTUYHHU TEXHHUKHU
[5, 14] B onmpenenenn web caiitoBe. [Ipy mpakTHYECKOTO MpuUIaraHe Ha Ta3W KOHIICTIIUS JBETE
TEXHUKHU IIe Jla C€ TeCTBAaT W Hakpas Iie ObJe H3MOJ3BaHA Ta3W, KOATO BPBINA HAH-TOYHH
pe3ynratu. ToBa Moxe /1a ObAe U3KIIOUUTEIIHO MOJIE3HO 3a CTYJAEHTH, KOUTO HE MoraT e()eKTUBHO
Jla M3MOJI3BaT ThPCAUYKHUTE, OCBEH TOBA HAKOW pe3ysTaTy Ouxa OWIM OT MOoJ3a 3a JIECEH JOCTBII 10
yeO-caiiToBeTe, ChIbprKalli HH(POpMaIKsl, ChOTBETCTBAIA HA ThPCEHETO.

5. Pa3BuTHe HA HeATA

B Obaemie Bb3HamMepsBaMe /1a HapaBUM OIUT 3a OCBHIIECTBSIBAHE Ha Mpe/icTaBeHaTa Mo-rope
KOHIleNIus. B HadanoTro HykJa OT M3MOJ3BAHETO Ha MPEIOKEHaTa CHUCTeMa Ie Oblie MalKko
BeposiTHA. ToBa Ie 3aBUCH OT TOJydeHaTa OIlEHKa 3a pe3ylrature OT ydeOHus mpouec [13],
BCJIC/ICTBHE OT HW3IMOJ3BaHE Ha MpeajiokeHaTa cuctema. lIppBo 1mie Obae pa3pabOTeHO IECKTOI
MIPUIJIOXKEHHUE C 1€ TecTBaHe. Ta3u TeXHUUECKH CIoco0 I11e ce W3MO0i3Ba, Thil KaTo pa3paboTBaHETO
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My € MHOTO MO-JIECHO 4pe3 u3mnoi3BaHeTo Ha API cuctema m CTpykTypa 3a U3NBJIHUE HA MHAYE
clokHH JaeiicTBus. Ta3u koHmenmus Ine ObIe OICHsSBaHAa KAaTO MPOTUBOIOCTABSHE HA JPYrU
e(peKTUBHU Yy4eOHU cpen. AKO Pe3ylITaTUTE OT OLEHSABAHETO Ca OTPHUIATEIHH, MPUIIOKEHUETO IIe
Obe mpepaboTeHo, T0KATO ce MOyYH TOJOKUTEIHA 0OpaTHA Bph3Ka.

Bonpekun e chBpeMeHHUTE Web TEeXHOJIOTHHU TMO3BOJISIBAT MEpCOHATU3aNMs [6], BCEKA OMUT
Jla Ce yBEIIMYM WHTEPAKTHBHOCTTA IIIe HAMEPU CBOETO MsCTO. ToBa MoOXe 1a ObJie MOCTUTHATO C
MOMOUITa Ha KaMepu U MHUKPO(OHH, C aJTOPUTMH 3a pa3lo3HaBaHEe Ha >KECTOBE U MUMHUKU Ha
JUIETO, 3BYKOBE - TEXHUKH, KOUTO IIe PAa3MIUPSAT BH3MOKHOCTUTE HA CHUCTEMAara, MO3BOJSBAUKH
€MOLIMOHAIHOTO pa3MO3HaBaHe, 3a Ja MpeaNiokaT Mo-NMepcoHalIn3upaHa oOpaTHa Bpb3Ka. B
JOMTbJIHEHUE, TTpoduIMpaliaTa TEXHIKa, 0a3upalia ce Ha JaHHUTE Ha roTpedurens [7], Moxke na ce
M3I0JI3Ba 32 IOCTUTaHE Ha TI0-TOYHA TIEPCOHATN3AIIHS.

Pa3Butnero Ha web moke ga ce mocturHe upe3 usnoi3Bane Ha AJAX (Asynchronous
JavaScript u XML), xouto ocurypsiBaT BCHYKM HEOOXOAMMH HHCTPYMEHTH, HEOOXOIMMHU 32
CUHXPOHHU / aCHHXPOHHU pa3roBopu u Buaeo KoHdepenuuu. Illo ce oTHacs m0 yukuta u
MEePCOHAM3UPAHOTO THhpPCeHe, OM Morio aa Obae HampaBeHo ¢ momomrra Ha PHP HTML DOM
(doxyment Object Model), Taka MoXxeM J1a MaHUTTyJIMpaMe ChIbPKAHUETO Ha caiTa, U3MOJI3BAHKH
ro KaTo BXOJ 3a YMKHU CalT Wi nepcoHanusupano Google TbpceHe, BpbllaHe Ha Pe3yIATaTUTE U
¢uHamHaTa UM 00paboTKa 3a M3BEXKTAHE HA PE3yiTarT.

6. 3akarouenue

Ilenra Ha Ta3u Aokiag € ga ObJe MpeAcTaBeHa eHa KOHLEMIHUS 3a MPOEKTHUPAHETO Ha
uHTepdaiic Ha eqHa cucTeMa 3a e-00ydeHue, upe3 KOsTO IIe ¢ OCBHIIECTBABAT PA3IUYHU JEHHOCTH
OT CTpaHa Ha MPENoJIaBaTeIUTe U CTYIEHTUTE, KaTO KOMyHUKHpaHe, ChBMeCTHa pabora, oOpaTHa
BPB3Ka, IEPCOHATM3UPAHO ThpCeHE Ha MH(POpPMALMA U JIp. YpEe3 U3IOJI3BAHETO HA WHCTPYMEHTHTE
Ha Web 3.0 rexnonoruute. ExxennHeBHaTa yrnoTpeda Ha MPUIIOKEHUETO ¢ 00YCIaBs OT COIIMATHUTE
My XapaKTepUCTUKU U QJANTUPAHOTO ChIABPKAHKUE, KOSTO MOBUIIIABa MHTEpeca. M3mon3BaHeTo Ha
KOMOHMHAIMATa OT XapaKTePUCTHKHU, CIIOMEHATH IO-rope, Ie HalpaBU cHCTeMaTa Bb3MOXHa 3a
MIOCTUTHE Ha MEePCOHAIM3MPaHa HHTEPAKTUBHOCT ¢ BCeKH morpeduten. [IpencraBeHara KOHIENIUs
€ ONUT 3a MPEJICTaBsHE Ha o0ydyaBalia cucTema, koaro ckuetaBa Web 3.0 TexHooruu, ¢ mein aa ce
MOCTUTaHE Mo-100pa nepcoHanu3anus 1 e(peKTUBHO U3IOI3BAHE.

Bbrnpekn de TexHONOTHMH KaTo M3KycTBeHHs WHTEIeKT 1 WWW ca pa3Buxa MHOTo OBp30
npe3 TMOCIEAHUTE HSAKOJIKO TOAMHH, OOpa3oBaTEIHUTE KOHIICMIMU OCTaBaT HE JIOCTaThYHO
pazpabotenu. Karto pesynrar TyK HMa ToJiiM TOTEHIMal 3a MPUHOCK B Ta3u oO0jacT.
O06o00muaBaiik, MOXKEM J1a KaKeM, ue MpeUIoKeHaTa cucTeMa Moke J1a ObJie TI0JIe3HO CPEICTBO 32
ObP30 ¥ TOUHO pa3NpOCTpaHEHHE U ThPCEHE Ha 3HAHUS B akaJieMU4Hara cgepa.
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MN3I1O0JI3BAHE HA PDE TOOLBOX IIPU U3YYABAHE HA
HAKOU PA3JIEJIN OT MATEMATUYECKOTO MOAEJIMPAHE

Mapusna I'. Togoposa, Penera [. UBanoBa

Pe3rome: B Hacrosimata craTs ca pasrieJaHd BB3MOKHOCTUTE Ha IaKeTa 3a pellaBaHe Ha YacTHH
mudepenuuanan ypasHeHuss Ha Matlab (PDE toolbox) m mpunaranero My B mpoleca Ha oOydeHHE Ha
cryaenture. [lo-cenmanHo BHMMaHHe € 0OBbpHATO Ha rpaduvHUsl MOTpeOMTEICKH WHTEepdelc pdetool,
KOMTO JaBa IOCTHII 10 OCHOBHUTE (pyHKIMHU Ha maketa PDE.

KirouoBu gymu: MaTeMaTHYeCKO MOAETHPaHe, YaCTHU TU(epeHInAIHN ypaBHeHus, Matlab

PDE toolbox application for learning of some parts of mathematical modeling
Mariana G. Todorova, Reneta D. Ivanova

Abstract: In this article the Partial Differential Equations (PDE) toolbox and its application in the learning
process of the students are considered. Particular attention is paid to the graphical user interface pdetool,
which gives access to the main functions of PDE toolbox.

Keywords: mathematical modeling, partial differential equations, Matlab

1. BnLBeaenue

MaTtemMaTuyHUTE MOJENM M TEXHUTE CO(PTyepHM TPUIOKEHHs ca B OCHOBaTa Ha
pa3HOOOpa3HU HWHXKEHEPHU TNPAKTUKH. ENXHM OT Hai-W3MON3BAaHUTE METOAM 32 KOMITIOTHPHA
peanuzanys Ha MOJIEJIUTE ca YUCICHUTE METOAN OT BapHaluoHeH TUM. KbM TAX cmaja MeToabT Ha
kpaituure enementd (MKE). Toili e ymoOeH MHCTpYMEHT 3a YHCICHO pellaBaHe Ha YacTHU
mudepenuuaniu ypaHeHus (YY), kouTo yecto ommucBaT AMHAMUKATa HAa TEPMOJUHAMHUYHU,
MEXaHWYHU, CTEKTPOJUHAMHYHU, aKyCTUYHH WU APYTrd (PU3NYHH CHUCTEMHU. METOIBbT MO3BOJISBA
MMOCPEICTBOM JWCKPETU3alMs Jla c€ HaMepu mnpuOmmwkeHo pemenne Ha YJY B kommakTeH
WHTEpBAJl C JaJCHU TpaHWYHU ychnoBus. ToBa Hajara JnedUHUPAHETO Ha Mpexa, KOSATO Ja
pasznpoOsiBa MHTEpBaja Ha MaJIKU (pparmMeHTH (KpaiiHu eneMeHTH). @parmenTuTe Morar aa Obaar ¢
MPOM3BOJTHA (Hal-4eCcTO TPUBI'BIIHA WK KBaJIpaTHA) (hopMa, HO € HEOOXOAMMO Ja MOKPUBAT H3IISIIO0
pasriexaanus uHTepBas. [lpu mpuiaraHero Ha MeToJa € OCOOEHO BaXKHO Ja C€ HW3BbpIIAT
M3CJIEIBAHMs 3a €IMHCTBEHOCT M YHCIIEHA CTAOMIHOCT Ha PEIIEHHEeTO, KaKTo U Ja ce uzdepe
MOXOJISAI] METO/ 3a OLIEHKA Ha JIOMycHAaTaTa Ipemka.

MeroabT Ha KkpaitHuTe enemeHTH [l, 2] maBa BB3MOXKHOCT 3a M3CJ€IBaHE Ha MOJIETa B
XOMOT€HHU M HEXOMOTEHHU, U30TPOITHU U aHU30TPOIIHHU, TUHEHHHU U HEeIMHeWHu cpenu. MoraT na
Ce pellaBar 3a7aud B IBYMEPHH U TPUMEPHHU OOJIACTH, KAKTO U Jia C€ aHAIM3UPAT HECTAIMOHAPHU
3anaun. [IpeauMcTBara Ha MeTO/1a, @ UMEHHO: T'hbBKaBOCT U pa3HOOOpa3ue Ha pelleTkara, IpocToTa
MIPY OTYMTAHETO HA KPAEBUTE yCIOBHS, HECTIOKEH MATEMATHUECKU aHAIH3 U JIp., Ca TO MPEBBPHAIN
B JIOMUHHpaN] MeToJ. BbOpeku ToBa TOW MpHUTEkKaBa peAulla HEIOCTATHIM, €IHU OT KOUTO ca
HE0OXOIMMOCTTa OT CPaBHUTEIHO TOJSIM HMHXKEHEPEH ONUT 3a INOCTUraHe Ha J00bp MOJesl OT
KpallHU eJIEeMEHTH ¥ 3HAYUTENHUS 00eM JOKYMEHTAIMs Ha YHHBEPCATHUTE MPOrpaMu, YHETO
M3y4aBaHe OTHEMa MHOTO BPEME U yCHJIHSI.

B mactosmiata cratus ca pasrienaHu Bb3MOkHOCTHUTe Ha maketa PDE Toolbox u
HHCTPYMEHTHT pdetool, kowTo 3HAUMTENHO OOJEKYaBaT MPUIIATAaHETO HAa METOJa Ha KpalHHTE
€JIEMEHTHU U ca 0COOCHO TMOIXOIAIIN 3a U3IMOJI3BaHE B yUEOHUS MPOIieC MPU MOAETHpaHe Ha 00EKTH
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C pa3mpelesieHd MapamMeTpH, YUATO AMHAMHKA Hai-uecTo ce ONMMCBA C YacTHU IUdepeHIHaTHU
YpaBHEHUS.

2. Bb3MO:XKHOCTH HA NMAKeTAa 32 pellaBaHe HA YaCTHU Au(epeHINATHN YPaBHEHUS
U HeroBHsl rpauyeH noTpedUTeJCKN MHTEpdeiic

N3nomsanero Ha nmakera PDE Toolbox 3HaunTenHo objekyaBa MpuiaraHeTo Ha MeTojAa Ha
Kpaiinute enemeHTH. DyHKIMUTE MYy MO3BOJSBAT J1a CE€ pellaBa JOCTATHYHO HIMPOK CIEKTHP OT
JTBYMEPHH 3aJ]a4¥ B OTPAHUYCHH 00JIACTH B pa3JIMYHU HAYYHU HampaBiieHus [3]:

®  CTallMOHAPHU M HECTALMOHAPHU 33/1a4U Ha TOILUIONPEIAaBAHETO;
3a7auu Ha AUQy3usiTa;
€JIEKTPOCTATHKA,
pasnpoCTpaHeHHUE HA aKyCTUYHH U €JICKTPOMArHUTHU BBJIHU;

TEOpHs Ha EIACTUIHOCTTA;

TEUYCHHSI B IOPECTHU CPEIIH;

JAaMUHApHO T€YEHHE Ha TEUHOCTH;
COOCTBEHH TPENTEHUS HA KOHCTPYKLIUH.

Vma BB3MOXKHOCT 3a 33JlaBaHe Ha €JIUNTUYHH, MapaOOIUYHU U XUMEPOOJUYHU ypaBHEHUS U
CUCTEeMH, KaKTO U pelllaBaHe Ha 3aJla4d, ONIMCBAHM C HEIMHEWHU Au(epeHIINAIHNA ypaBHEHUSI.

3a o0seKkueHO MpujlaraHe Ha TMakeTa MOXE Ja CE€ HM3I0JI3Ba MHCTPYMEHTHT pdetool, KOUTO
npe/cTaBisiBa TpaguueH NOTpeOUTEICKH HHTepdenc 3a 1ocThl 10 ocHOBHUTE (yHKIMU HAa PDE
Toolbox.

I'paduunara cpena Ha pdetool 03BONSABA 1a CE U3BBPIIBAT CICTHUTE ACHCTBUS:

e 3ajaBaHe Ha TeOMETpUATA Ha 00JIaCTTa;
3a/aBaHe Ha TUIA U KOEPUIIMEHTUTE Ha TU(EepeHIINATHOTO YpaBHEHHE;
3aaBaHe Ha TPAaHUYHUTE U HaYAJIHUTE YCIOBHUS,

Paznensue Ha 00acTTa Ha KpaliHU €JIEMEHTH (TpUAHTyJIaIns);
PemaBane Ha nmosiyyeHara cucTeMa JUHEWMHU YPaBHEHHUS;

e Busyanuzanus Ha pe3yiTaTHTE.

B pdetool nma BB3MOXKHOCT Ja Ce MPaBAT KOPEKIMM B reOMETpUYHATa o0JacT, B THIA Ha
YpaBHEHHUETO M HETOBUTE KOE(UIIMEHTH, B TPAHUYHUTE YCIOBHS (Jlaxke U clie[] KaTo ce MOJyYeHO
pEIICHNEeTO) U 3a7a4aTa Jia Ce Pellr OTHOBO C KOPUTHUPAHUTE CTOMHOCTH Ha MMapaMeTpUTE.

Hemusat nporec Ha paboTa MoXke J1a ObAe ChbXpaHeH B m-(aiil, ChabpIKaIl BCHYKA OOPBIICHUS
Ha pdetool xpM (pyHKIMUTE Ha PDE Toolbox B CHOTBETCTBHE C MOCIEAOBATEITHOCTTA OT ACHCTBUS
Ha noTpebuTtens. allrbT chAbpkKa HE caMO TeoMeTpuaTa Ha 00acTTa, TUIAa U KoeUIIMEeHTUTe Ha
YPaBHEHHETO W TPAHUYHUTE YCIOBHSI, HO M TEKYIIUTE HACTPOUKM HA cpenara. ToBa Mo3BOJsABA TO-
KBbCHO paboTara J1a MpOABKM OTTaM, KbAETO € Omia mpekbcHaTa. CrapTupaHeTo Ha (aitma ce
W3BBPIIBA C BHBEXKJAHE HA MMETO MY B KOMaHAHHS mposopen Ha Matlab wnm ot cpenara Ha
pdetool.

OcBeH BB3MOXXKHOCTUTE 3a paboTa ¢ pdetool nakerbT PDE Toolbox mpemirara MHOXECTBO
JOMBIHUTETHN (QYHKIIUH, KOUTO MOXKE Jla C€ IOJI3BaT B JUAJIIOrOB PEXHUM WM Jla c€ BrpakaaT B
norpedurencku nporpamu. Ch3AaBaHETO Ha TakKWBa NporpamMu obOade HW3HMCKBA 33BJIOOYEHU
ro3Hanus B oomacrra Ha Y/[Y n MKE.

3. M3noas3Bane Ha PDE Toolbox B yueOHus1 npouec

B mnpoueca Ha oOyueHHe Ha CTyAEHTHUTE, MO-CIELMATHO NPH H3ydyaBaHE Ha METOAUTE 3a
MaTeMaTHYeCKO MojenupaHe, ¢ moaxosmo usnonzBaHeto Ha PDE Toolbox, Thil kaTto oTHeMa
CPAaBHUTEIHO MAJIKO BPEME 3a 3all03HaBaHE C HEro U MO3BOJIABA IOYTH HE3a0aBHO MPOBEXkIaHE Ha
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Hay4YHM W3CielBaHMs, BKItouBamu cpeacrtsara Ha MATLAB u HeroBure pasmmpenus. Ot
MetomonornyHa riueana touka PDE Toolbox mma peawima 6e3crnopHH MpeIuMCTBa B CpaBHEHHUE C
u3Bectuure CAD / CAE codtyepuu mnpoayktu. OCHOBHOTO Cpel TSAX € OTBOPEHUSAT KOJ Ha
QITOPUTMUTE, PEATU3UpPaHU B HETO, 3a BCUYKU €Tallld OT PELIaBaHETO Ha 3ajadyara Ha KpalHUTE
enemMeHTH. OTBOPEHUAT KOJ TO3BOJIsABA 3amo3HaBaHe ¢ anroputbMa Ha MKE m moxe ma Obne
IUIOZIOTBOPEH (hakTop 3a MHUIMHMpaHe Ha paborata Ha cryneHTHTe. M30poeHHTe 0COOEHOCTH Ha
PDE Toolbox morat na 6b1aT 1M0€3HN U TIPU U3y4aBaHE HAa ChBPEMEHHHTE TOJXO/H 32 PEIlIaBaHe
HA W3YUCIMUTEIHM 3a7aud, CBbP3aHU C aJAalTUBHU HU3YMUCICHUS M METOAU 3a JIEKOMIIO3UIUS Ha
obuacTTa.

ToBa naBa BB3MOXKHOCT 3a pa3zydyaBaHe Ha ocHOBHUTe TexHHMKH Ha MKE B emHomepHUs
cllyyail M WIIOCTPUPAHETO MM BBPXY TIpPaHUYHM 337a4dl 3a OOMKHOBEHHU JU(EepeHINaTHH
ypaBHEHUS, a ciel 3anmo3HaBaHe Ha cryaeHTuTe ¢ maketa PDE Toolbox u uHCTpyMeHTBT pdetool -
npunoxxenue Ha MKE 3a pemraBane Ha pa3jinyHu UHKCHEPHU 3aa4H.

3a oHarsesiBaHe Ha Bb3MOXKHOCTUTE Ha pdetool e Obae pasrienan cieaHus npumep. [a ce
OTIpeNieNI Pa3NpOCTPAHEHUETO Ha TOIUIMHA Mpe3 ITbPBUTE JECET CEKyHIW B MeETalleH OJIOK C
MPaBOBI'bIIHA KyXUHA, IPU CIECAHUTE TPAHUYHU YCIIOBUS:

0
e Jlscuara yacT Ha Gyoka ce 3arpsBa 10 200 "C (u = 200);
e B ngBara crpaHa Ha MeTalTHUS OJIOK Te4Ye TOILUIMHA, KOSTO CE€ SIBSIBA OKOJIHA Ha OJIOKa U €

C TIOCTOSTHHA CKOPOCT (3 =—10);

e Bcuuku ocrananu cTpaHu Ha 0J0Ka ca U30JIMPaHU (% =0).
on

TemmepaTypata B MeTaJHHs OJIOK B IbPBOHAYAJIHHS MOMEHT OT Bpeme t = 0 e 10°C.
PasnpenenenueTo Ha TemriepaTypara ce onucBa ¢ JuepeHInaTIHo ypaBHEHUE OT BUJA!

a2 =0 (1)
ot

3anmagara ce peanusupa B cpeara pdetool B cieHaTa MocieI0BaTeTHOCT.
1. Ot nmagamms cnuchbk ce n3bupa pexxum Generic Scalar.
2. MWzuepraBar ce ¢uUrypure, KOUTO ONpPEASISIT O0O0NacTTa Ha pa3mpoCTpaHEHHWE Ha

TorMHaTa. 3amaBa ce kyxuHara (R1) ¢ momomnra Ha OyToH e koopaunHatu: (-0.5, -0.2),
(0.5, -0.2), (0.5, 0.2), (-0.5, -0.2) u ce uzuepraBa MetanHuat 610k (R2) ¢ xoopaunaru: (-1, -
0.6), (1, -0.6), (1, 0.6), (-1, -0.6) (¢ur. 1).

3. JloyTouHsBaT ce MOJOKEHUETO U pa3MepuTe Ha aBeTe Gpurypu. 3a nenta B nouerara Left
u Bottom ce BBBEXIAT TOYHHTE KOOPAMHATH HA JIEBHS JOJICH B Ha CHOTBETHHS
NPaBOBI'BIHUK, a B Width n Height- mpounHaTa 1 BUCOUMHATA HA U30paHus IPaBOBIbIHUK.

4. B monero Set Formula ce onpenens B3auMHaTa BPb3Ka MEXKIy ABETe 0a30BU (QUTYPH.
Twii kaTo B pasriexaaHus MpUMep METATHUAT 070K R2 uMa KyxuHa R/, To € He0OX0MMO /1
Ce M3BBPIIN onepanusTa u3Baxaane ( R2- R1).

5. 3a 3amaBaHe Ha ypaBHEHHETO OT OCHOBHOTO MEHIO ce u3bupa PDE/ PDE Specification,
KaTo OT HEro ce ompeaens THObT Ha 3amavara (Parabolic) m ce 3amaBat CTOWHOCTUTE Ha
Koe(uumeHTuTe OT ypaBHeHwue (1), KakTo e moka3ano Ha ¢ur. 2.
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@ur. 2. 3a1aBaHe Ha yPaBHEHUETO

6. Crnen ToBa ce mpeMUHABa KbM 3aJ]JaBaHE€ HA TPAaHUYHUTE YCIOBUs. 3a II€JITa OT MEHIOTO
Boundary ce wszbupa Boundary Mode. JlecHuSAT Kpaii Ha TPaBOBI'BIHHMKA CE€ 3arpsiBa [0
200°C, T.e. ToBa IpaHUYHO ycioBue € Ha Jlupuxie u ce ompeaensT oT koeduiumeHtute: h
(ternoBen koedunmeHT) = 1 u r (3arpsBane) = 200 (dur. 3). 3arpsBaneTo B JEBUS Kpaidl HA
MPABOBI'BIHUKA C€ OTPEIeIis OT TeMIepaTypaTa BbTPE B METAIHHS OJIOK, T.€. TOBA YCIOBHUE €
Ha Hoiiman u ce onpenensat koeduruentute q=0 u g=-10 (dur. 4.). OcTtananure rpaHuIy ca
M30JIMpaHu, KOETO 03HAYaBa, ue ChINo uMa ycinoBue Ha HoiiMaH, HO KoepUIIMEHTHTE g U  ca
paBHU Ha HyJa. B pexuMm Ha 3aJaBaHe Ha IPAaHUYHUTE YCIOBHUS TPAHUIMTE C YCJIOBUS Ha
Jlupuxie ce n300pazsBar ¢ YepBeH 1BAT, a Ha HolimaH- c¢be cuH (¢wur. 5).

ol G

B Eoundary Condition

Hourdary cendiica equal an: L=t

Cane Lo gpe. Coslosnl Value Jezciplan
Hevrir C

@ Divicl o, o

Cance

Bl Boundary Conditizn

S dury convilcs s,

Serdban bype:
@ Heveam

TliieHlat

CesFicient

u

=

Wi a—g

Vo Crzdigtier

[ cawe |

®@ur. 3. 3agaBaHe Ha TPAHUYHO YCJIOBHE HA
Hupuxne

®@ur. 4. 3a1aBaHe Ha TPAHUYHO YCIIOBHE Ha
Hoiiman

7. W3BBbpuiBa ce Ha4aIHO T€HEPHPAHE HA MPEXKa OT KpallHU €JIEMEHTH MOCPEJCTBOM OyTOH

A, KaKTO € TIOKa3aHo Ha ¢wur. 6.

B0 FOE Tos Lan, D3HLAD KT LY
Uik L

- i S sES

ki e sr ke 0 e =

A A oo A TTRR AT ARAE AT TATAT § AT a7 0%

W bk eeern o Twne on B

®@ur. 5. Buzyanuzanus Ha TpaHUIITE Ha 00J1acTTa

®ur. 6. HauanHo renepupase Ha Mpexa OT
KpailHu eJeMEeHTH

8. Tlpenedunmpane (crpCcTsiBaHE) Ha Mpekara OT KpailHU €JIEMEHTH MOXE Jla C€ MU3BBPIIU

MOCPEJICTBOM OYTOH A (¢ur. 7). MHOrOKpaTHOTO WH3IOJ3BaHe Ha OyTOHa BOJIU JIO
nojlyyaBaHe Ha mo-¢uHa Mpexxa. HeoOxommmo e na ce uMa mpenaBuj, 4de TBbpae (uHaTa
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Mpeka MOXE Jla IOBeJe /0 3HauuTelHa 3aryba Ha BpeMe 3a pellaBaHeTo Ha 3ajadara 0e3
YyBCTBUTEITHO MOBHUIIIABAHE HA TOYHOCTTA.

9. Twpil kaTo B mpuMepa ce pellaBa HeCTAlMOHApHA 3aJayda, OT KOSITO MMa M3UCKBaHE 3a
BpeMe, ce OTBaps JUAIOTOBHAT Mpo3opel Solve Parameters ot MeHio Solve. B pasrnexnanus
MIpUMeEp Ce U3MCKBA Ja Ce OIpeen pa3NpOoCTPaHEHHUETO Ha TOTIMHATA B METaJIeH OJIOK mpe3
II'BPBUTE JECET CEKYHAM, TOpaau KoeTo B noje Time ce BbBexaa macusa [0:0.5:10]. B monero
u(t0) ce BpBexkna 10 (TemneparypaTa B METaJTHUS OJIOK B MbPBOHAYAIHUS MOMEHT OT BpeMe
t=0), kakTO € moka3aHo Ha ¢wur. 8.

B oo i

s =,

. dEm

EEEEEREREEES

@ur. 7. [Ipenedunupane Ha MpexaTa OT KpailHU
CJIEMEHTHU

B Solve Parametersl | (D) S

Time:

0:0.5:10

u(t):

10.0

Relative tolerance:
0.01

Absolute tolerance:

0.001

Lok | |

Cancel ]

®@ur. 8. BeBexkmane Ha mapaMeTpuTe
3a PDE pemienuero

10. ITeaHOTO pemraBaHe Ha 3a7a4ara ce ochlnecTBsiBa ¢ Solve/ Solve PDE vy ¢ OyToH

11. IIpu u3zbupane Ha 6yTOH A ce oTBaps Auanorosus nposopeu Plot Selection (dur. 9.),
ype3 KOWTO MOTaT Ja c€ 3a7aJaT pa3indyHu MOIu(UKAIMA Ha pENIeHUEeTo, Kakto u 11
pa3NMYHMA BH3yaldM3alid Ha TpoOiieMa B pasIU4YeH MOMEHT OT BpPEMETO B 3aJa/leHUus
untepsai (pur. 10 — pur. 14).

B Pl Selachion

i)

It ~ype-
[ Color

[ ol

[ Amzws
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[ Height 23 T plar)
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Propery

griailn)
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4

Izer frone o abyle

v gl sl

gt

SOTINUDUS

Cprons...

| Plot i -y gric Conlon .l 20 |%| Paz soluticr astomatzs y

[ Shiw s Caolormep: cool - | Time e plot: C -

Plot. Clase Cancel

®ur. 9. YrounsBaHe Ha rpadUIHOTO H300paskeHUE

®@ur. 10. I'padmaHOo N300pakeHUE HA PEIICHUETO
B MOMeHTa ¢ = () cex
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®ur. 11. I'padudano H300pakeHHE HA PEIIICHUETO B ®ur. 12. N300paxeHne Ha BEKTOPHOTO IOJIE
MoMeHTa ¢ = 10 cex —grad(u) B MoMmeHTa t = 10 cex
[T v L L — e - | —y ;= o - ST
Lle Lot Yew Jrsert lecls L;e;lc:p Window ]_|E|F a 2 o=
DD b 2 | 2| = [ .
Tow=10 Zelw v leal o e ks
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®ur. 13. rb 1;1306 aXXCHHUE Ha eIIIeHI/IJCTO
Hpy p p ®ur. 14. Busyanuzaius Ha KOHTYPUTE Ha 00J1acTTa

B MoMeHTa ¢t = /0 cex B MoMeHTa ¢ = /0 cex

4. Jakaouenue

B pe3ynrar Ha mOCOYEHOTO MO-TOpPe MOKE J1a Ce HalpaBu u3Boja, ue cpenata PDE Toolbox
MOJXKE J1a Cce OKake MHOIO MoJie3HAa B Mpolieca Ha oOydeHHe Ha CTYJCHTUTE, OiarogapeHue Ha
rojemMusi Habop roToBU (PyHKUMU M B3MOKHOCTUTE 33 M3y4aBaHE U pPa3BUBAHE Ha pealu3upaHUTEe
oT TsX anroput™Mu. OCBeH ToBa rpaduIHUAT NOTPeOUTEICKH HHTEpdelic pdetool, naBail JOCTHII 10
ocHopHuTe (pyHknuu Ha PDE Toolbox, 3HaunTenHo obiekdyaBa MOJ3BAHETO Ha IMAaKeTa, ThH KaToO
M3HCKBA CPAaBHUTEITHO MAJIKO BpEMeE 3a 3all03HaBaHE U MPOBEXKAAHE HA U3CIIEIBAHMS C HETO.
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ELECTROSTATIC CHARGE MODEL FOR THE PREDICTION OF
EARTHQUAKES

Metin Saltik, I. Zafer Tanriverdi

Abstract: In this study, the electrostatic properties of the northern Anatolian fault system examined. With
the help of sensors placed along the fault data are based on the computer were recorded. As we know,
moving along the North Anatolian Fault is a fault. As a result of this horizontal movement, a friction occurs.
Horizontal friction of the fault produces an electrostatic charge. The resulting changes in the electrostatic
charge, taking advantage of detecting earthquakes were estimated in advance. Before the earthquake, an
electronic circuit has been developed to record the distribution of the load. In this circuit, the transistor is
used as the basis of a JFET. Basically a capacitor is used to detect electrostatic charges. The data obtained
along the fault line, digitized and computer graphics are recognized as changes in the distribution of the load.
After the study, 48 percent earthquakes that occurred along the North Anatolian fault line have been
identified.

Keywords: Electrostatic, Earthquake, Amplifair, Ion, Fet, Earth surface

1. Introduction

There is evidence that positive holes, (p), exist in minerals of igneous and high-grade
metamorphic rock, albeit in adormant electrically inactive state.The (P) are activated by mechanical
stres.Being highly mobile electronic charge carriers the (P) spread out of the stressed rock volume,
traveling fast and far through unstressed rocks.Arriving at the Earth surface from the below, the (P)
build up microscopic electric fields,eventually strong enough to field-ionize air molecules stripping
off an electron and generating massive amounts positive airbone ions and trigger tiny corona
discharges.Producing about equal numbers of positive and negative airbone ions.These air
ionizations appear to spread over large areas around future epicenters.

lonospheric
anomaly

Fig. 1: Depiction of the proposed basic process of air ionization at the ground level and fault line

Laboratory experiments suggest that the number of positive ions produced by process can
reach values on the order of 107sec'1,cm'2 such values are with data collected by the PISCO station
network in Japan and the Quake finder station network in California and Peru.

Documenting episodes of regional high conceutratiouns of exclusively air ions at
couceutration levels of 10°_.10°cm™ often lasting tens of hours.

KOoMITIOTBpHY HAYKH ¥ TEXHOJIOTHH 2 2013 Computer Science and Technologies 113



2. Experiments

Experimental study, to detect the ions produced by the rocks along fault lines jammed, have
developed a circuit FET transistor. The detector circuit, high-capacity electrolytic capacitor used as
a receiving antenna. This electrolytic capacitor plate is to collect earth ions. Also, the other end of
the circuit, with a resistor connected to ground high resistive. From junction resistance and
electrolytic capacitor, the ions reach the gate of the transistor high-resistive resistance Fet. FET
transistor used in this circuit, a JFET transistor is very sensitive to static charges. JFET transistor
drain connected to the end voltage across a resistance change proportional to the number of ions
from the JFET gate. Drain on the voltage across the resistor connected to the friction and pressure
on the exchange of knowledge at the same time gives us a fault. Along the fault, friction and
pressure grows, the increase of the number of electrical charges.

Drain on the drain current flowing through the resistor and resistor voltage across the resistor
important. When exchange plays an important role in finding the amount of elecric charge. Data
measurements, depending on the voltage and current can be recorded. We have experimental data
based on measurements of changes in voltage across the resistor. These measurements can be made
according to the current. To increase the resistance on the ends of the drain voltage, current and ions
indicate decline.

Resistance from the ends of the receiver circuit, the analog data voltage changes. This enables
you to watch analogue data on the computer, converted to digital data to transmit. We have to be
able to record these data, we used the low-pass filter circuits. Our Filter datas, raising sent to the
computer.

To save data, AMASEIS (Amateur Seismic Analysis) program is used. This computer
program, Incorporated Research Institutions for Seismology (IRIS) posted by Mr Alan Jones. This
program is basically a seismic recording program.

Along the fault line, due to overstretching of the seismic behavior of ions with the surge of
electricity has a similar effect.

3. Results

For about three years as a result of data obtained from the analysis, especially the intensity of
earthquakes greater than 5 before they happen on the earth were major changes in ion concentration.
This ion exchange magnitude earthquake, increases. Obtained from the experimental observation
datas and graphics, Earthquake magnitude is between one and four, 10 percent more likely to
predict earthquakes, While four of the five, twenty-five percent, estimated at around 48 per cent
greater than five is severe earthquakes.

These results suggest that the major damage from earthquakes, a large amount of earth ion
density increases. This is an important result to predict earthquakes.
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CIIEIUAJIN3UPAHA KOMITIIOTBPHA CUCTEMA 3A
YIIPABJIEHUE HA CUCTEMA 3A IIOYUCTBAHE HA
IHEYATHH IIJIATKHA

I'eprana B. Cnacoa

Pe3rome: Pasrnexnaa ce peanusamnus Ha clielualn3upaHa KOMIIOTbpHA CUCTEMA 3a MTOYMCTBAHE Ha NMEYaTHU
riatku. [Ipu peanusauusTa ce u3nonssa nporpamupyem jJorundecku konrponep Twido TWDLCAE40DRF u
nucrieit Magelis HMISTUSSS. VnpasnenueTo Ha cucTeMara cTaBa IOCPEICTBOM JUCILIESA, KOUTO e ¢ touch
eKpaH.

KuarouoBn gymu: nporpamupyeM JOTHUECKH KOHTPOJIEP, IEYaTHH MJIaTKH, KOMIIOTbPHA CHCTEMA.

EMBEDED SYSTEM FOR CONTROL OF A CIRCUIT BOARDS CLEANING SYSTEM
Gergana V. Spasova

Abstract: An implementation of an embedded system for cleaning circuit boards is considered. It is based on
programmable logic controller Twido TWDLCAE40DRF and display Magelis HMISTUS8S55. The system is
controlled through the display, with a touch screen.

Keywords: programmable logic controller, circuit boards, embedded system

1. YBox

[TouncTBaHeTo Ha MOJUIOKKHUTE € BaXKEH €Tal B Ipolleca Ha IMPOU3BOACTBO HA IMEYaTHU
mwiatkd. HesaBucumo or oOema Ha NPOU3BOACTBOTO, ABTOMATH3MPAHETO HA TO3U IPOLEC €
HE00XO0MMO KaKTO 3a MOBHUIIABaHE HAa €PEKTHUBHOCTTA, TaKa M 3a MOBHIIABAHE Ha KaueCTBOTO HA
npousBefieHaTa npoAykuusa. Ha maszapa ca JOCTBIHM pa3iMYHM MAIIMHU 3a IIOYMCTBAHE Ha
noanoxku [3], [4], [5], [6], [7], Bcuuku oT TsIX mpous3BoAeHU OT 4uyxau ¢upmu. ToBa o3HayaBa
CKbI1a JOCTaBKa U MOJAPBKKA HA T€3U MAIIMHM 33 HAIIUTE IPOU3BOAUTENN HA IUIATKH.

Ilenta Ha HacrosimaTa pa3paboTKa € Ch3AaBaHETO Ha aBTOMAaTH3UpaHAa CHUCTeMa 3a
MIOYNCTBAHE HA TIOIJIOKKH, KOATO JAa ObJ€ OTHOCUTEIHO €BTHHA, JIECHA 3a MOMIPBXKKA U
o0CITy>KBaHE U MIPUIIOKHIMA 32 MAJIKU M CPEIHU 110 00eM IPOU3BOJICTBA.

IIpencraBenata cucrema e 0Oa3upaHa Ha IPOTrPaMUPYEMHMsl JIOTUYECKH KOHTposep Twido
TWDLCAE40DRF u aucrieit Magelis HMISTUS855. Cucremara € paboTocrocoOHa NpU pa3indHU
MOJIEJIN Ha XapAyepHUTE KOMIIOHEHTH, KOETO sl IIPaBU yJ00HA 32 U3I0JI3BAHE.

2. U3ao:xenune

OcHoBHa 1led Ha 3ajavara € Ja ce pa3paboTu cucTeMa, MpeHa3HauyeHa Ja ce U3IO0JI3Ba B
MpoLleC Ha MOYKMCTBAHE HA CTHKIEHU IIATKH, 33 Jla C€ OCUTYpH TsIXHaTa HaJAeKIHa pabora 3a
cdepara, 3a KOSTO ca MpeJHa3HAYCHH.

Bb3MoxkHOCTHTE, KOUTO Mpe/jiara CucTeMara ca:

* [Ip1HEHE HA KaMepaTta ¢ TeUHOCT (XMMHKAI) 32 IOYUCTBAHE HA IIJIATKUTE.

e IIbnHEHE Ha KaMcepaTta CbC CCpUs OT TCHHOCTU (XI/IMI/IKaHI/I) 3a IIOYHUCTBAHEC HA IIJIaTKUTCE.

* 3npa3Bane Ha kamepaTa

* Bentunupane (rmpoayxBaHe) Ha KaMepaTa CbC CI'bCTEH Bb3/1yX M0J] BUCOKO HaJISITaHE.

* Bentunupane (nmpoayxBaHe) Ha TPbOUTE U BEHTUIIUTE, yUaCTBAIIM B CHCTEMATa ChC CI'bCTEH
BB3AYX 10 BUCOKO HAJIATAHEC.

* [InakHeHe Ha MJIATKUTE B KaMepara.
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* ABapueH cron

LlenuTe Ha MPEUYUCTBAILMAT MOIYJT € Ja OCHIypH cnenuduyHa XumMuuecka oOpaboTka Ha
CTBKJIa, IOKPUTU C YaCTULH, ChIbpPKAIlM aMUHOKHUCEIMHH, 3a Jla Ce YJIECHH CBbpP3BaHE Ha JBE
IIOCJIEI0BATEIHY AMUHOKHUCENIMHH, T.€. J1a CE€ IO3BOJM Cbh3/1aBAHETO HA IENTHIHA BPb3Ka MEXIY
TAX.

[lenTugHa Bpb3Ka € XUMHYHA BpB3Ka, oOpa3yBaHa MEXIy JIBE€ MOJIEKYJIH, KOTaTo
KapOOKcHJIHATa Tpyla Ha eJHaTa MOJIEKyJla pearrpa ¢ aMHHOTpylara Ha Jpyrara MOJEKyIa,
ornensiiku enHa mosekyna Boja (H20). ToBa e peakuus Ha AeXUIpalMOHEH CHHTE3 (HapeueHa
CHII0 KOHJEH3ALIMOHHA peaklus) U OOUMKHOBEHO C€ OCBHIIECTBSBA MEXAY aMHUHOKHCEIUHHU.
[Tonyuenata -CO-NH- Bpb3ka ce Hapu4a nenTHIHA Bpb3Ka, a MOJydeHaTa MOJIEKYJia € aMuI.

ChcTaB Ha cuCTeMara 3a MOYUCTBAHE Ha MIATKH:
% Cenzopu:
* JlaTyMK 3a HUCKO HUBO HA TCYHOCT B KaMepara;
* JlaTyMK 3a BUCOKO HUBO HA TEYHOCT B KaMepara.

¢ V30biHUTETHN MEXaHU3MHU:

* Ennomaructpanen kinarnan VO (Valve(0) paspemaBam nponyckaHe Ha CT'bCTEH BB3AYyX MOJ
BHCOKO HaJIsiTaHe KbM CUCTEMATa 3a MIPOUYNCTBAHE HAa MaruCTpaIUTe.

* JIsymaructpanen kiamnad V1 (Valvel) ocurypsiBaml mporyckaHe Ha CI'bCTE€H BB3AYX IO
BHCOKO HaJISiITaHE WM TEYHOCT OT pe3epBoap | KbM Kamepara, B 3aBUCUMOCT OT MOJIOKEHHUETO MY.

* JIsymaructpanen kinamnan V2 (Valve2) ocurypsBaii mpoIrycKkaHe Ha CT'bCTEH BB3IYX IO
BHCOKO HAJISITaHE WM TE€YHOCT OT pe3epBoap 2 KbM KaMepara, B 3aBUCUMOCT OT IMOJIOKEHHUETO MY.

* JIsymaructpanen kinanan V3 (Valve3) ocurypsBaii mporyckaHe Ha CT'bCTEH BB3IYX IO
BHCOKO HaJISITaHE WJIM TEYHOCT OT pe3epBoap 3 KbM KaMmepara, B 3aBHCUMOCT OT IOJ0KEHUETO MY.

* JIsymaructpanen kiamnad V4 (Valve4) ocurypsiBail MpoIryckaHe Ha CI'bCTEH BB3AYX IO
BHCOKO HAJISITaHE WM TE€YHOCT OT pe3epBoap 4 KbM Kamepara, B 3aBUCUMOCT OT MOJIOKEHHUETO MY.

* Ennomaructpanen knanan VV (Venting Valve) paspemasani nponyckaHe Ha Cr'bCTEH
BB3JlyX MOJ1 BUCOKO HaJsiraHe KbM KaMepara. 3mosn3Ba ce npu BEeHTUJIMpPAHEe Ha Is1aTa CUCTEMA.

* Ennomaructpanen knanad VA1 (Valve Airl) pa3pemaBai nporryCKkaHe Ha CT'CTEH BB3IYX
0] BUCOKO HaJsiraHe KbM KamepaTa. M3mon3Ba ce camo mpy BEHTHIIMpaHe Ha KamepaTa.

* Ennomarucrtpanen knanan VA2 (Valve Air2) paspemaBaiil Nporryckane Ha CI'bCTEH Bb3IyX
M0J1 BUCOKO HaJIsiTaHe OT CUCTeMaHa Ha BbH. M3M0i3Ba ce mpu BEeHTHWIMpaHe Ha KaMepara Wi Ha
cucTemMara.

* Isymaructpanen kmanadn VCI (Valve Chamberl) ocurypsBai mpomyckaHe Ha CI'bCTEH
BB3/yX WM TEYHOCTU KbM KaMepara, B 3aBUCUMOCT OT TOJ0KEHUETO MY.

* Isymaructpanen kimanaH VC2 (Valve Chamber2) ocurypsBaii mpomyckaHe Ha CI'bCTEH
BB3/lyX WM TEYHOCTH KbM KamepaTa WIM KbM KOHTEHHepa 3a OTMagblM, B 3aBUCUMOCT OT
MIOJIOKEHHUETO MY.

* [Tomma 3a BCMyKBaHe Ha TEUHOCTH KbM Kamepara. [lommara paboTu camo B e/1Ha OCOKA.

* ABapueH CToI.

bnokoBaTta cxema Ha pa3paboTeHaTa CHCTEMa 3a MOYHMCTBAaHE Ha IUIATKU € MpeACcTaBeHa Ha
¢urypa 1.
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®ur. 1. biiok cxeMa Ha cucTeMa 3a MOYHNCTBAHE Ha IUIATKU

B HOpMaHO mono)keHre AByMarucTpalHUTe KJIanaHu ce HaMUPaT B ChbCTOSHUE 3.
Benmunupane na cucmemama

e Benrunupane caMo Ha KamepaTa — CbCTOM CE€ B IPOIYyCKaHE Ha BB3AYyX IOJ BHCOKO
Hajarane u orBapsHe Ha kiamaH VAl. VA1 ce orBaps, 3a J1a c€ OCUTYypHU MOCTHIIBAHE Ha
Bb3[yXa B KaMmepara, a OTBE)KJAHETO Ha Bb3JyXa M3BBH KaMepaTa CTaBa Mpe3 OTHaIbIHUTE
(Waste). Kmamaau V1, V2, V3, V4 u CV1 ce HamupaT B CBhCTOSHHE 3 W TIpe3 TAX HE
IIpeMHMHABa HULIO, 3a10To KinanaH VO e 3arBopeH. Knananu VV u AV2 ca 3aTBopeHH.

bnok cxema Ha mpoayXxBaHe caMO Ha Kamepata € pe/icTaBeHa Ha ¢purypa 2.
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®@ur. 2. Bearuwiupane Ha kKamepara

e Bentunupane Ha MarucTpajuTe HA CUCTEMATa - ChCTOU C€ B MIPOMYCKaHE Ha BB3yX MO/
BHCOKO Hayisirane v otBapsine Ha kiananu VO u VV . Knananu V1, V2, V3, V4, VCI u VC2
ce Hamupat B cberostHue 3. Knmananu AV1 u AV2 ca 3atBopenu. [lomnara ce 3aneiicTBa, 3a
Jla MOKE€ BB3/IyXa 3a MpeMUHE KbM KJamaH V'V, 1a mpeMuHe Mpe3 KamepaTta U Bb3AyXa Ja ce
OTBEZIC HaBBH mpe3 oTmaabiute (Waste).

brok cxema Ha mpoayxBaHe Ha MaruCTpPaIMTE HA CUCTEMATa € Mpe/icTaBeHa Ha urypa 3.
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®@ur. 3. Bearuupane Ha Is71aTa CHCTEMAa

Ilvanene na kamepama

[IbnHeHeTO Ha KamepaTra MOXKE Jla CTaBa C €JHa TEYHOCT WM C IOCJIEJOBATETHOCT OT
TedHocTu. M300pbT Ha TWHIHEHE Ha KaMmepara € peajau3upaH mox ¢opMara Ha pelenTH, T.e
TEYHOCTUTE Ca MpEeABAPUTEIHO aHAJIM3UPAHM M TAXHATA KOHCHUCTEHIMS HsAMa Jia IMOBpenu
TUTATKUTE.

[ ]

[TenHene Ha kameparta ¢ TeyHocT 1 — kiamanu V1 u VC2 npemuHaBat B ¢chCTOSHME 1, a
kinanaH VCI1 ce namupa B cbeTosinue 3. Knanann V2, V3, V4 ce Hamupart B CbCTOSIHUE 3, HO
npe3 TAX He MpPEeMUHAaBa HMINO, 3amoTo kiamnaH VO e 3arBopeH. Ilommara ce BkiIoYBa 3a
OTBEKJaHe Ha TEYHOCTTA KbM KaMmepaTa.

brok cxema Ha mbJTHEHE HA KaMepara ¢ TeYHOCT | e mpejacraBeHa Ha Gurypa 4.

Lq1 Lg2 Lg3 Lq4
s v1 [ v LE V3 s |s va Out
i N A R S B
L 4 " h 4 ' '\ v -
[ 2 2 10 |
i VO
E[j CHAMBER
w .|, Vel —|
. : T Ve2
] R RN

Air

o |

WASTE

®@ur. 4. [Is1HEHE Ha KamepaTta ¢ TeYHOCT 1

Uznpazeane na kamepama

W3npazBaHeTo Ha Kamepara ce IpaBH CJej Ipolieca Ha MOYuCcTBaHe Ha miuatkure. Cren
IPUKIIIOYBAHE HA IUIAKHEHETO Ha IUIaTKUTe, KaMepaTa ce M3Mpa3Ba OT TEYHOCTUTE U3IOI3BaHU MPU
nounctBaHeTo. [Ipu usnpasBane Ha kaMmepara kinanaH VC2 € B CbCTOSIHME 3 M ce OTBapsl KiamaH
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AV2. Knananu V1, V2, V3, V4, VCI1 ce Hamupar B CbCTOAHHE 3, HO Mpe3 TIX HE NMpPEMHUHaBa
HUIIO, 3a110TO Ki1anaH V0 e 3aTBopeH.

bnok cxema Ha n3npa3BaHe Ha Kamepara e ImpejcTaBeHa Ha (urypa 8.

La1 La2 Lg3 L4
3l V1 [ vz [« [. va l. | va fout
NCY N NI N hint™ PRRINS
; [ i LILHILTL, ]
VO
[T1:] CHAMBER
W .1 Vel
Al (_-9

®@ur. 8. 3npa3zBane Ha KamepaTa

Ilnaknene na niamkume

[TnakHeHeTo 3amoyvBa ciiejl MPUKIIOYBaHE Ha Tpolleca Ha IMbJIHEHEe Ha KaMmepata. [Iporeca Ha
IJJAKHEHE C€ ChCTOM B MOCTOSIHHA ITUPKYJIALUS HA TEYHOCT IIpe3 MOMIIaTa B Kamepara. 3a Ta3u el
knanann VCI m VC2 cu nammpar B cbherosiuue 1. Kmamanm V1, V2, V3, V4 ce Hamupar B
CBCTOSIHUE 3, HO IIPE3 TSIX HE IPEMUHAaBA HUILO, 3a10TO KianaH V0 e 3aTBOpeH.

‘Lq1‘ Lg2 Lg3 Lg4
kK ]
.2 .\|; v \|E \E v J| - | | |
) VO
T, CHAMBER
’ | 2, Vel —I
= 1A i V2
A I 1.0}

WASTE

@ur. 9. [TnakHeHe Ha IUTATKUTE

Asapuen cmon

ABapUIHHUAT CTOIT € MPOSKTHPAH Taka, 4ye KoraTo ObJe HATUCHAT Ja CIPaT BCHYKH MPOIIECH,
KOUTO C€ M3BBHPINBAT B MOMEHTA HAa HATUCKAHETO MY. AKO C€ ITBJIHM T€YHOCT U C€ HATHCHE CTOII,
TEYHOCTTa IIe CHpe Ja TeYe W BCHYKM JBYMArUCTPAIHHM KJIANlaHW IIIe MPEMHHAT B HOPMAHO
MOJIOKECHUE, a €[IHOMAruCTPaTHUTE IIe ObJaT 3aTBOPEHU. ABAPUUHHUAT CTOI MOXKE /1a Ce U3IMOJI3Ba
P Bh3HUKHAJIA MOBPE/Ia B 000PYIBAHETO HA CHCTEMaTa, KaTo MPOOUB B HAKOS OT TPHOUTE, T€U OT

pe3epBoapuTe WIM Kamepara, €JHOBPEMEHHO BKJIIOUBAHE HA JATUUIIUTE 32 BUCOKO M HUCKO HUBO
Ha TEYHOCT B KamepaTa U Jp.
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[TporpamuoTo OO€3MEUaBane ¢ peaqu3upaHo chc copryepHus mpoaykt Twido Suite [1].
Busyanu3upaHeTo U ynpaBlIEHHETO Ha CHCTEMara 4pe3 JUCILIes € peaTru3upaHo 4pe3 MmporpaMara
Vijeo Designer [2].

3. 3akaiouenue

Cucremara Ou Owta mose3Ha 3a cdepara, 3a KOsATO € npeaHazHadeHa. C HaTHCKaHE Ha €IUH
OyTOH, MOX€ J1a ce U3BBPIIBA IIsJ1a TPOrpaMa 3a MOYNCTBAHE Ha IJIATKH - IMBJIHEHE Ha KamepaTa C
TEYHOCT, TUTAKHEHE Ha TUIATKUTE W M3Mpa3BaHe Ha Kamepara. [Ipu mpaBuiaHO (HyHKIMOHHpAHE Ha
cucremara, 6e3 TIOBpeI, CIIe/l Kpasi Ha pelrenrara HsiMa Jja 0CTaBa TEYHOCT, KOSATO OW TOBJIHsIIA Ha
BPEMETO 3a eKCIUIoaTalus Ha cucTreMaTa. Peanu3upaHuUsST aBapueH CTON crioMara 3a Obp30TO
CIMpaHe Ha CHUCTeMara NpPHU BB3HMKHANA IMOBpela 1O Bpeme Ha pabora. ToBa mpenmazBa OT
HEXCEJIaHU UHIINJCHTH.
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KOMYHUKAIIMOHEH UHTEP®ENC 3A PABOTA C
EJEKTPOHHA BE3HA

Nnusau K. boiiueB

Pe3ome: Hacrosimarta cratus mpencTaBs pa3pabOTBaHETO HA KOMYHUKAIIMOHEH HHTepQeiic W HEeroBoTO
M3MOJ3BaHe 3a paboTa ¢ eeKTPOHHA Be3Ha. Pa3paboTeH € criernuaneH mpoTOKON 3a KOMYHHKAIIUS C Be3HATa,
KaKTO M TPOrpaMHa CUCTeMa 3a paboTa ¢ Be3HaTa.

KirouoBu 1ymu: KOMyHUKAIIMOHEH IPOTOKOJ, EICKTPOHHA BE3HA, MPOTPaMHa CHCTEMa

Communication interface and its usage for working with electronic scale
Iliyan Zh. Boychev

Abstract: This article ceases development of communication interface and its usage for working with
electronic scales. A specialised protocol for communication with the scale and a software system for usage of
the scale is developed.

Keywords: communication protocol, electronic weighing scale, software system

1. YBox

EnexTpoHHHTE KPaHOBH BE3HU OCHUTYpsIBAT BUCOKO HHMBO Ha 0€30MacHOCT MPHU M3MEpBaHE Ha
TOBapH C rojisimMa Maca. Bpb3kara ¢ Tix e 6e3kMyHa T.K. T€ ca pasNoIokKEeHH OTJAIEYEHO OT IyJITa
Ha oreparopa. 3a Jla ce OCHIIECTBH KOMYHHUKAIIMS MEXIY IMPOrpaMHaTa CUCTEMa, Ha KOSTO paboTu
orepaTopa U camaTa eJIeKTpOHHA Be3Ha, ce Hajlara pa3paboTBaHe Ha KOMYHUKAIIMOHHUS UHTep(eiic
32 KOMYHHKAIIHS C €JICKTPOHHATA BE3HA.

Pa3paboTkara Ha KOMyHUKAaIIMOHHUS WHTepdelc BKIIIOUYBa U300p Ha UHTEp(eElc 3a Bph3Ka U
MIPOTOKOJI 32 KOMYHUKAIIHSI MEXKAY yCTPOUCTBATA.

3a MOMEHTAa HsIMa YHUBEPCAJIHU CUCTEMHU paboTellr ¢ KPaHOBH €JIEKTPOHHU BE3HU, T.K. BCEKU
NPOM3BOJIMTENl Ha TaKuWBa BE3HH, ompenens Qupmen mnporokon [4,5,6.] 3a KoMyHuKanus u
CHOTBETHO (PMPMEHM MPOTPAMHU CHUCTEMHU 3a padora ¢ Tsax. ToBa Hamara ga ObaaT pa3paboOTBaHU
MIPOTOKOJIM M CHCTEMH 32 KOMYHHUKAIHS C ICKTPOHHU BE3HU, KOUTO J1a ObJaT YHUBEPCATHHU H Ja
paboTAT ¢ pa3IMuHU MOJIEIH BE3HU.

Hacrosmata cratust mpeicTaBsi mporpaMHa cucTeMa 3a paboTa ¢ eIeKTpOHHAa Be3Ha,
n3noi3Baiia uarepdeiic 3a Bpp3ka - RS232 [1] u GurapeH mpoTokoy 3a KOMyHUKAIIHS C BE3HATA.

Cucremara npenoctaBs CIICAHUTE OCHOBHU (DYHKIIUU:

®  MHJUKAalKA 32 ChCTOSHUETO Ha BE3HATA;

e  BHU3yaJlU3MpaHE HA TEKYIIOTO TEIJIO B PEAIHO BPEME;

e  aBTOMATHYHO YCTAaHOBSIBaHE HA BPH3Ka;

e  BB3MOXKHOCT 3a paboTa ChC CHUCTEMaTa OT aAMUHHUCTPATOP U ONepaTOpH;

MOAIbpKaHE HA JOKalTHA 0a3a OT TaHHHU.

2. U3a0:xenune

[TpoTOKOIBT M3MOA3BaH 3a KOMYHHMKAIMs HA MPUIOKHO HUBO C€ Hapu4ya OMHApEeH MPOTOKOI.
[Tpu TO3M MPOTOKOII Ce U3MpaIlla Mopeaua oT 6aiToBe, KaTo BCEeKU OaT e B mHTepBana 0-255.
®opMaThT Ha CHOOIIEHUATA, IPEAABAHU 10 GU3NUECKATA JTUHUS, € CICIHUAT:
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0 1 2 3 4 5 6,... n
Segment | Address Segment Address Lenggl Parameters,
. ) from 5 to | Command . Check sum
Receiver | Receiver Sender Sender n byte if any

Cp0OIIEHNETO ChIBPKA CIICTHUTE MOJIETA!
e Segment Receiver (byte 0) - cerMeHT Ha ToOJIydarens- €IHOOAMTOBO TMOJE, KOETO
ChIIbPKa CETMEHTA Ha YCTPOHCTBOTO, KOETO I1I€ MOIy4yaBa IaHHUTE;
e Address Receiver (byte 1) - angpec Ha momyudaTenst — eqHOOANTOBO MOJIE, KOETO ChAbPKA
ajipeca Ha yCTPOMCTBOTO, KOETO e MOTy4YaBa JaHHUTE;
e Segment Sender (byte 2) - ampec Ha m3Mpaiiada- ¢JHOOAWTOBO TOJIE, KOETO ChIBpPKa
CerMeHTa Ha YCTPOICTBOTO, KOETO 1€ M3Mpallla JaHHUTE;
e Address Sender (byte 3) - ampec Ha m3mpamiada — eqHOOAUTOBO TMOJE, KOETO ChIbpKA
ajzipeca Ha yCTPOMCTBOTO, KOETO M1 U3Mpalla TaHHUTE;
e Length (byte 4) - mbKHHA- 3aaBa ce ABDKMHATA OT CIEABAIIUsA OAlT 0 Kpas Ha
CHOOIIEHUETO;
e (Command (byte 5) — komaHaa - emHOOANTOBO mMOJiEe, B KOETO CE€ 3ajJlaBa HOMEp Ha
KOMaH/1a;
e Parameters - mapameTpu Ha KomaHgata. Morat ga Obpat ot 0 mo 249 Oaiira, ToBa
O3HAaYaBa, Y€ MOXE Jla HsIMa MapaMmeTpH, Ja MMa caMmo | mapameTpp WU J1a ¥Ma HIKOJIKO
rmapameThpa, KaTo MakcuMyMa € 10 249, T.k MakcuMaiHaTa AbJDKHHA Ha ChOOIICHHUETO € 256
Oaiita;
e Check sum - KOHTpOJIHAa CyMa - TOBA IOJI€ C€ MU3YMCISABA OT CTpaHa Ha W3Mpamiada u oT
CTpaHa Ha npuemainus. M3uucnennero craBa no cieIHUs HAYKUH:
- OT CTpaHa Ha M3Mpaliada - HaMHupa ce cymara Ha Bcuuku OaiitoBe ot 0 1o n-1 GaiiT,
cie ToBa OT 255 ce u3BaXkJa Ta3u pasiivka u pesynrara ce 3anucpa B osneto CRC;
- OT CTpaHa Ha TOJy4yaTellss- HaMHpa ce cyMara Ha Bcuuku OaiitoBe oT 0 10 n-1-s
OaiiT. Cnen ToBa ce mpubaBsi KOHTPOJHATA CyMa M aKo pe3ynTara € 255, choOIIeHneTo e
MIPUETO BSIPHO.
MaxcuManHaTa IbJDKHMHA Ha ChOOIIEHHETO ¢ 256 OaiiTa, a MUHMMAJIHATA - 7 OaiTa.

BB3MoxHU ca ciieqHUTe cilyyad IIpU IIpeJaBaHe Ha ChOOIIEHUE:

®  BSPHO NPHETO CHOOILICHHE- CHOOIIEHNETO UMa BEPHHU aJlpecH, AbJDKMHATA HA JaHHOBATa
YacT ChBIIAJA C Ta3M yka3aHa B noisieto Length u cymara Ha OaiitoBere € 255;

®  TIpeIlIeH/HH aJpec/u- ModydaTess OTKpUBA, Y€ aJpecuTe My MOJAJACHU OT M3Ipalladya He
CBBIIAZIaT C HETOBUTE;

e TpelHa KOHTPOJHAa CyMa - cyMmara Ha OaiftoBere He € 255, KOeTo oO3HauyaBa, dYe
KOHTPOJIHATa CyMa HE € BSIPHA;

e ChOOLIECHHE C MO-MajKa IBDKMHA OT yKa3aHaTta - IMpH MPeJaBaHEeTO € Bb3HUKHAI
npobJieM U B MOIyYaTelsis ca MPUCTUTHAIM MO-MalIKo OaliToBE OT 0OYaKBaHOTO. TyK MMa JiBe
BB3MOKHOCTH 32 HEBAJIMJHA IbJKUHA;

®  CHOOILICHHUETO € C IBJDKHHA MT0-MajKa OT MUHUMAaJIHATa Mo CTaHAapT (T.e. Mo-Majka oT 7
Oaiita);

®  CHOOLICHHMETO € ¢ MOo-rojisiMa OT 7 OaiiTa Ib/DKMHA, HO AbJDKMHATA HA IaHHOBATA 4acT €
[0-MaJIka OT yka3aHara B nosiero Length.
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3. biokoBa cxeMa Ha cucTeMaTa

Wireless (e

/ -%
(ig)

g/

TepmuHan

RS232C/RS485

Laptop/PC komnoTep

@ur. 1. bnokosa cxema

Cucremara ce CbCTOU OT CIIEIHUTE YCTPONCTBA!

e KoMmoThp (JIANTOM WM MEPCOHATICH KOMITIOTHP);

e TepMmHuHAIHO yCTPONCTBO (TEpMUHAT);

e Besna Tun kpaHosBa.

Ha xommiorspa € MHCTAIMpPaHO MPUIOKHOTO MPOrPAMHO OCUTYPSIBAaHE 32 H3MOJ3BAaHE U
yIpaBjieHHE Ha Be3HaTa. Tol € CBBp3aH ¢ TEPMHHAIHOTO YCTPOMCTBO (PM3WUYECKU MO MHTEpdeiic
RS232/RS485 n xoMyHHKHpa C TEpMUHAJIA HA IPUIIOKHO HUBO Ype3 OMHApeH MPOTOKOI.

TepMUHATHOTO YCTPOWCTBO OCBIIECTBSBA KOMYHHUKAIMs C Be3Hara mocpeacTBom Wireless
BpPB3Ka, T.K. BE3HATa € IUCTAaHIIMOHHO Pa3NojokKeHa. TepMUHANBT CIAeAN ChCTOSTHUETO HA BE3HATA,
HEWHOTO TETrJI0 U uMa (PYyHKIIMHU 32 HEHHOTO ynpasiienne. Ha TepMuHana nma aucriieit, Ha KOHTO ce
BU3yaJlU3Upa TErJIOTO M3MEPBAHO OT BE3HATa M HACTPOMKH 3a BBBEXKIAHE Ha Tapa, 3aJaBaHe Ha
TOYHOCT Ha U3MEpBaHe, TOYHOCT Ha MPe/ICTaBIHE HAa U3MEPEHOTO TErJIO U APYTH.

Be3nara e Tum KpaHoBa, pas3lojioKeHa OTAajiedeHo OT cucreMara. [lpuema komaHau OT
TEPMUHAITHOTO YCTPOMCTBO. B Hest mmMa martumk, KOMUTO pabOTH Ha MPUHIIUII ,,CBUBaHE-pa3TATaHe™.
[Ipu ,,cBUBaHE* Be3HATa OTYMTA OTPULIATEITHO TETJO, MOPAJIU caMaTa CTPYKTypa U JEHCTBUETO Ha
natyuka. [Ipu ,,pa3tsarane Be3HaTa OTYMTA MOJOKHUTEIHO TETJIO.

Besnara Moxe ma Oblie HyIMpaHa MO BCAKO €IHO BpeMe. ToBa € HeoOX0AUMO, T.K. MOXKE J1a
ObJle HaTOBapeHa C MPEABAPUTEITHO TETJIO (HAPUMEp HATOBAPEHU MPUCIIOCOOICHUS 3a 3aIbpiKaHE
Ha ToBapa). ToBa e Terjo, KOeTo Be3HaTa OTYMTA U CE Hajlara TerjoTo Ja ce 3aHyJIM U peajHo Ja ce
OTUMTA TETJIOTO HA U3MEPBAHUS TOBap.

HezaBrucumo OT moka3zaHUETO Ha Be3HaTa, Clie[ HEHHOTO HyiHpaHe, o0XBaTa Ha U3MEpBaHE
BUHAru € oT 0 TO MaKCMMAaTHOTO M3MEPSIEMO TEIJIO CHOpPE]l MaKCUMalHaTa TOBAPOHOCHMMOCT Ha
BE3HaTa.

3a Be3Hara Moke Ja ObJe 3amageHo Terjo-tapa. B To3m ciydail obxBara Ha Be3HATa
HaMaJsiBa KaTO OrPaHUYECHUETO € OT 3aJa/ICHOTO TErjo-Tapa 10 MaKCUMAIHOTO U3MEpPSEMO TErjio
CHope]l MaKCUMaJIHaTa TOBAPOHOCUMOCT Ha BE3HATA.

4. IIporpamua cucrema Weighing System

[Iporpamuara cuctema e pazopadborena Ha Qt c++ [2], a 6a3ara ot nanuu Ha firebird [3].
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-

 Weighing System

Cuctema  HMamepeore
4 r7es=00 WX O
Y BrMceane ' = Msmensase | & Console Test |
EXOOEB CMCTEMATA
TIOTPEDMTENCKD MME:
TTapona:
|  Bruceane
Bcekw 108 ONEPATop TPsBSG A CE PErMCTPUPA C UME M NAPONC | pEMUCTPALIMA. |
3a uenta HaTucHeTe GyToHa PETHCTPALLMA [P el

OCHOBHH €JIEMEHTH CAa:

®@ur. 2. Hagaien expan

e Ipyna BXOJ B CUCTEMATA;

e byron BrniucBane;
e byron PETUCTPALIUAL.

T Waighing System

ey Flawepsure

A7 @300 wR O

= 3rwcsane | o) Mwepaae | B Consale Test

Havepoa iz

Aara Temno
1 1907201313075 20
412013 135 5k 20

3103 TINTG 20

5. U3mepBane

(= o | [

FCory @

L .

(g1} =d =] Hyrupai e

LIS

ooT

orti =
/amMepEaHe

Famzim OBerT: :, 5
123455782 | & [feraa rpesna | o
Marzpran 3a =4
_ApmaTypna JaroTos _] | Baare J T
Novenoyzare
At vsuia . Winpsop.
(54545 ap | (9022102003 & *
OTkes
Feola)  Ters cwmae el O kgl

3 618

BpEIkg ¢ TopAMIEn: . |

OCHOBHHUTE €JICMEHTH Ca:
e EnekTpoHeH aucmiei;

®@ur. 3. U3mepBane

e byTOHM 3a ynpaBjieHHE HA BE3HATA;
e Tabnuua, 3a 3arMcBaHe Ha MPETETIISTHUATA;
e [losera 3a BbBEXK/IaHE HA TAHHUTE 32 U3MEPBAHETO;
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ByToHu 3a ynpaBieHue 3anuc WM 0TKa3 Ha U3MEPBAHETO;

CBeTaMHEeH UHIUKATOp 3a Bpb3Ka C TEPMUHAIIA.

6. PesynraTn

[lenTa Ha TecTBaHETO € Ja C€ MPOBEPHU MPABHIIHATA BpPb3KA MEXKIY EJIEKTPOHHATAa Be3HA U
MPUJIOKHOTO MPOrPaMHOTO OCUTYpsIBAaHE, HAUMHHUTE Ha peaklus Ha cUcTeMara, IpHU pa3IuyHU
CUTYaIlMH OT CTpaHa Ha eJIEKTpOHHATa Be3Ha. TecTBaHEeTO ce M3BBPILBA HA 2 HUBA:

KOMYHI/IKaI_II/IOHHO HHUBO - Ha TOBa HHMBO CC IIPOBCPsABA JAJIM BE3HATA OTTOBaApsd CIICH
3allUTBAHC OT CTpaHa Ha MNPOrpaMHOTO OCHUTYpsABAHC, aKO HsAMa OTTOBOpP - KakK pcarvupa
cucTreéMara, ako uMa OTroBop - Jajid € IIpaBUIIHO CT)O6I.H€HI/I€TO;

[TpunoXHO HUBO - HA TOBa HUBO CE€ MPOBEPsIBA MPH IMOJyyaBaHe Ha CHOOIIEHHUE, KaK ce
00paboTBa OT KJacOBeTe Ha IMPHJIOKHO HUBO; MPABWIIHOTO BU3yaIM3HpaHE HA TerJI0TO H
ChCTOSIHUETO HA Be3HATA.

3a 1enuTe Ha TeCTBAHETO CE M3I0JI3BAa CUMYJIallMOHHA rporpama (¢ur. 4), KosATO u3mparnia Ha
H3M0JI3BaHaTa CUCTCMa pas3IM4YHU TUIIOBEC C’bO6H_[eHI/I$I, OTTOBapAIll Ha BB3MOXHHUTC CUTYAIIUH,
KOUTO MOTaT J1a Bb3HUKHAT ITpH padoTa Ha Be3HATA.

g

COM terminal

®© O & a0 ® /{ 0 =
Open Close Send Load Save Settings Clear ExIit To CS5V
(F1} (F2} (F3) (F1}) (F5) (F6) (F7} (F8) (F10)

Data from port:

001 +001 Hiue +H131 H112 001 +000 +H0u0 +Hi0u +H00 +H003 +HI0Z +132 002 +15% HIOU +166
nn1 +HN1 HINGE +H131 HI07 HINF +217

001 1001 1006 1031 1012 1001 1000 1000 1000 1000 1003 1002 1132 1002 1151 1000 1056
001 +001 +006 +031 +012 +001 +000 +000 +000

001 +001 +006 +031 +012 +001 +133 +032 +000 +000 +006 +002 +132 +002 +154 +000 +254
001 +001 +006 +031 4012 +001 +000 +000 +000 +000 +003 +002 +132 +002 +154 +000 +166
001 +001 +006 +031 +012 +001 +133 +160 +000 +000 +002 +002 +132 +002 +15% +000 +130
001 +001 +006 +031 +012 +001 +133 +150 +000 +000 +098 +002 +132 +002 +154 +000 +034
001 +001 +006 +031 +012 +001 +133 +160 +000 +000 +023 +002 +132 +002 +154 +000 +110
001 +001 +006 +031 +012 +001 +1<+% +073 +000 +000 +008 +002 +132 +002 +15% +000 +135

List of commands-

Command 3: 001 001 006 031 012 001 000 000 000 000 003 002 132 002 154 000 056
Command 4: 001 001 006 031 012 001 000 000 000

Cuomirnand 5 001 001 006 031 012 001 133 032 000 000 006 002 132 002 154 000 254
Command &: 001 001 006 031 012 001 000 000 000 000 002 002 132 002 154 000 166
Command 7: 001 007 006 031 012 001 133 160 000 000 002 002 132 002 154 000 130
Command & 001 001 006 031 012 001 133 160 000 000 098 002 132 002 154 000 034
Command 9: 001 001 006 021 012 001 123 160 000 000 022 002 132 002 154 000 110
Command 10: DO 001 D06 031 012 007 144 078 OO0 000 DR D02 132 002 154 000 195

Current command for cend:

. omEw

['J'J 1001006 031012 001 194 U588 D00 000 D05 DU 154 002 159 000 195 ] I{}}) Send
Opliuns
Addresses Timevuls und CRC Shows Culpuls Type Cummands
Segment Receiver: CRC ByTe: 4 Show Send (Z) Hex format (=) From file
Address Receiver. Receive Timeout: Joo = O Add crC (=) Dec Turmal O My Commurnd
Segment Sender O RTS Ims: O Add Length
Address Sender [ cyclic semd [ma]. | 300 il
COM puri: COM4, BumlRule: 9600, DuluBils: 8, Purily: Nune, SlupBils: 1, FlowConirol: QI Slalus: | Dpen

®@ur. 4. CuMmyaImoHHa Iporpama

Kommro

THPHU HAYKHU U TCXHOJIOTHHU
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=] MainWindow [P |

Cucrema

| Enmcsane 1 Wzvepsaqe | & Console Test |

=001 +001 +006 +031 +012 +001 +000 -000 +000 +000 +003 +002 +132 +002 +154 HI00 +165
Terno: 0 Craryc: 00000011

= 4001 +001 4006 -031 4002 4002 4212

> +i01 +001 4006 —031 +012 +001 +000 +000 +000 +000 +003 +002 +132 -002 +154 +000 +056 WHRONG_CRC
= +001+001 4006 -031 +012 +001 +000 +000 +000 8YTE_TIMECLT

> 4001 +001 4006 031 +012 +001 +133 4032 4000 4000 +I05 4002 +132 -002 +154 +000 +254
Terno: 20 Cratyc: 00000110

> +001 +001 4006 031 +012 +001 +000 +000 +000 +000 +03 +002 +132 ~002 +154+000 +186
Terno: 0 Cratyc: 00000011

> 40014001 4006 031 4012 +001 4133 +160 +000 +000 +002 +002 4132 -002 +154 4000 +130
Terno: -20 Craryc: 0000010

= +001 +001 4006 031 +012 +001 +13% +167 4000 +000 +{98 +002 +132 -002 +154+000 +034
Terne: -20 Crarye: £1100010

= +001 +001 4006 031 +012 +001 +133 +183 +000 +000 +022 +302 +132 -002 +154 +000 +110
Terne: -20 Craryc: C0010110

= 4001 4001 4006 031 +0124+001 +144 4073 +000 4000 +{08 +002 +132 -002 +154 +000 +185
Terno: 52736 Cratyc 0001000

WzucTBare

COM3: OPEN, BoudRote: 9600, DataBits: 8, Pority: Nene, StopBits: 1, FlowContral: OFF

@ur. 5. TecToBa KoH301Ia

7. 3akia0ueHue

Peanu3upaHusaT KOMyHHUKAI[MOHEH MHTEPQENC € MPUIOKUM 332 BCUYKH BHJOBE €IEKTPOHHU
BE3HU M TEPMUHAIIHU YCTPOHCTBa, paboTeniu ¢ OuHapeH MPOTOKOII.

Pa3paboTenata mporpamMHa cucTeMa MPENOCTaBs BB3MOXKHOCT 3a BpB3KAa C pa3IHYHU
TEPMUHAJIIHU YCTPOWCTBA W/WIM ENEKTPOHHM BEe3HH, paboremu c¢ OunHapeH nporokoi. Ilo To3m
HAuYMH Ce MPEAOCTaBs HE3aBUCHMOCT OT BH/a HA TEPMHHAIHOTO YCTPOWCTBO M/MJIH BE3HA.

CumynMpaHHAT €JIEKTPOHEH MaHeJ € He3aBUCUM OT MaHesa Ha TEepMUHAIA.

[IpenumcTBaTa Ha cucTemMara:

®  TOJAbp)KAaHE Ha Pa3IMYHU ONepaToOpH;

® MaHMIYJIUPAHETO C ONEpPaTOpUTe C€ U3BBPIIBA KOHTPOJIMPAHO M CaMO OT

aJIMUHUCTPATOPA;

®  BpPB3KA B PEATHO BPEME - aBTOMATHYHO CE BU3yaIN3Hpa ChbCTOSHUETO HA BE3HATA;
CHUMYJIUPAH €JIEKTPOHEH IMaHelT;

CbXpaHsBaHE Ha BCUUKHU JaHHU 32 U3MEPBAHETO B 0a3aTa OT JaHHU;

KOHTPOJIMPAH IOCTHIT HAa ONIEPATOPUTE B CUCTEMATA;

KOH30J1a ¢ HaOlIo/eHHe Ha KOMYHHUKalusATa HAa HUBO KOMAaHIU - JOCTBIIHO Camo 3a
aJIMUHUCTPATOPA;

®  U3/1aBaHE HAa KAaHTAPHU OCJICKKH.

Bcuukn naHHuM 3a M3MepBaHMSATA Ce ChbXpaHsBAT B JIOKaJTHA 0a3a oT JaHHU. ToBa criomara 3a
ylecHsBaHe Ha paboTara Ha omepaTopuTe. T.K. HE Ce Hajlara €IHM U CBhIIM JAaHHU Aa Obaar
n00aBsSHN PHYHO BCEKH ITBT, @ C€ N30MpaT OT CHOTBETHH TIOJIETA.
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bwaemy pa3mmpenns Ha cucTeMara:

e BpB3Ka C PA3NIUYHU CIIEKTPOHHU BE3HU, PaOOTEIIN C PA3IMYHU MTPOTOKOIU-TIO3BOJISIBA CE

JUHAMHYHO KOH(UTYpHpaHEHa CHCTeMaTa 3a padoTa ¢ ChOTBETHOTO YCTPOMCTBO MO HETOBUS

KOMYHHUKAITMOHEH MPOTOKOJ;

® CBBP3BAaHE HA CHCTEMAaTa B MpeXa - KOMYHHKAIUS C HAKOJIKO yCTPOWCTBa 10 HHTEpQEic

RS 485;

®  TO/UTbpKaHE Ha CIPABKH 3a KIIMEHTH; IPETETIITHUS 110 JaTH, KJIMEHTH U Jp.

Cucremara e mpenHa3Ha4YeHa 3a MAJIKU (GUPMH, IPUTEkKABA ONMPOCTEH HHTEp(deiic 3a padora.
OcurypsiBa KOHTPOJIUPAH U OTPAHUYEH JOCTBHII 0 HEs.
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I'EHETUYEH AJI'OPUTDHBM IIPU PEHIABAHETO HA CYAOKY
II'B3EJIN

Cuso B. Jlackanos, Muiniena H. Kaposa

Pesrome: JloxnanbT npeasara ¥ n3cieBa FeHETUUEH aJllOPUTHM IIPU pelIaBaHeTo Ha nomyisipaute Cynoky
mb3eny. To3M MOoAXoJ MpencTaBs XpOMO30MaTra KaTo MaTpHLA, KOETO MO3BOJISABA MO-JECHO NMpHUJIaraHe Ha
TCHETUYHHUTE OMNEpalud. ANTOPUTBMBT PabdOTH C KIOHHMpaHa momyjauus. M3cieaBaHu ca Tpu THma
KpOCOYBBp, €IHa MyTallMsi Ha CiIydaeH NpUHLUI W JBa THUIA CeJeKlusa. Pesynrature mokasBaT, dye
MPEJIOKEHHUAT TeHETUUEH aJTOPUTHM € TIOAXOIAII 32 CIIPABSHE C TOCTABEHUS MPOOIIEM.

KarouoBn aymu: EBomtonmoHeH anroputeM, [eHernuen anroputsM, Cymoky mw3en, Ilomynanms,
Kpocoyswp, MyTtanus, [lokonenue

Genetic algorithm in solving Sudoku puzzles
Sivo V. Daskalov, Milena N. Karova

Abstract: The paper suggests and reviews a genetic algorithm in solving the popular Sudoku puzzle. This
approach presents the chromosome as a matrix that allows easier implementation of genetic operators. The
GA works with a cloned population. There are three types of crossover, one random mutation and two types
of selection. The conclusion shows that GA is flexible and suitable for this application.

Keywords: Evolutionary algorithm, Genetic algorithm, Sudoku puzzle, Population, Crossover, Mutation,
Elitism, Generation

1. Introduction

Sudoku is a logic-based, combinatorial number-placement puzzle. The objective is to fill a
9x9 grid with digits so that each column, each row, and each of the nine 3x3 sub-grids that
compose the grid contains all of the digits from 1 to 9 without repetition. The puzzle input provides
a partially completed grid, which typically has a unique solution.

Genetic algorithms require a genetic representation of the candidate solutions and a fitness
function to evaluate the candidates. Also compulsory is the definition and usage of genetic
operations such as crossover, mutation and selection [2][3]. Of notable importance for the algorithm
are the initialization of the population and the repeated termination of all candidates.

2. Genetic representation of the candidate solutions

Since the classic Sudoku puzzle is a 9x9 grid, a 9x9 integer array was chosen to represent
each individual [1]. This choice allows easier implementation of the crossover operations. In the
input matrix all given values are represented by their digit and blank spaces by the number zero.

3. Fitness function

The fitness function of choice seeks repetition of elements in rows, columns and sub-blocks
of size 3x3. The row fitness is calculated by comparing each cell with all the cells to the right of it.
If the two compared cells are not equal the total fitness increases by one. This sets the maximum
fitness of one row to [8(8+1)]/2or simply 36. The process repeats for all 9 rows and analogically for
columns and sub squares making the maximum possible fitness of an individual 3.9.36=972. The
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aim of the algorithm is for one individual to achieve this fitness value as that would make it an
actual solution to the given problem.

4. Population and initialization

The population is chosen to consist of 50 individuals. This initial population doubles its size
each round and crossover is executed on the cloned population. The individuals to live on to the
next generation are selected from the doubled population to form a regular sized one. All
individuals are initialized in correspondence to the input matrix and all remaining zero values are
replaced with random numbers from 1 to 9. Extensive testing has been carried out to examine the
behaviour of execution time and maximum fitness reached after a number of generations for
different sizes of the population. The results from the testing are shown on [Figure 1] and [Figure
2]. The difference in maximum fitness value after 1000 generations is insignificant and the
execution time grows rapidly with increase in number of individuals in the population. Best results
with balanced execution time and fitness progress have been reached at population size of 50
individuals.

Maximum fitness after 1000 generations

970
969
968
967
o
e
964
963
962
961
25 50 75 100 125 150

Individuals in the population

Maximum fitness after 1000 generations

Fig. 1. Maximum fitness for different population sizes

Execution time for different sizes of the
population

25 50 75 100 125 150

Individuals in the population
Fig. 2. Execution time for different sizes of the population
5. Crossover

The population is sorted in descending order and cloned. The cloned individuals are paired
and each pair has a certain chance to undergo one of three kinds of crossover. There is chance for a
swap to occur either between random rows or columns between the two individuals [5].Also
possible is a total crossover to take place swapping first rows and afterwards columns between the
two individuals. If rows are to be swapped, there is a 50% chance for each row to be swapped. This
model is applied analogically to column crossover and total crossover. The process is illustrated in
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[Figure 3].This method of crossover preserves the place of given numbers since they are the same in

all individuals. Testing of different combinations of the types of crossover has shown that simple
crossover of rows proves to be most effective. The results of the tests are shown in [Table 1].

Table 1 Results for different chance and type of crossover
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Figure 2. Operator crossover
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6. Mutation and repetition

Every non given value of every individual has a certain chance to mutate each generation,
changing its value randomly. An example of an individual that has mutated is shown on [Table 2]
where the mutated cells are darkened. An attempt to reduce repetition in the individuals is carried
out both before and after crossover and mutation. Every individual is checked for repetition of a
given number in each row and column and if one is found, the non-given number is changed to one
unique for the row/column. After experimenting with different chance of mutation it has clearly
been proven that the most efficient value is 10%. [Figure 4] shows progress of fitness value during
the first 1000 generations for the same input and different chance of mutation.

Table 2
718[3/9(5(1|3|6 1[5
214 3(8|3|6 9|71
681|724 8|9 3
4 |\5|7(/6 |12 3|9 |8
9168|5713 |3 |14
113|124 |19|8 6|5 |7
3 119128 |5|2|4 6
512114116 |7 8|39
8|11/6 349|725
Fitness value for different chance of cell mutation
—10%  —20% 30% 40% 50%
970
965
960
955 ~ . l' h '.' '
@ 950 i " ! ' ’
dél
& 9as
940
935
930
925
1 51 101 151 201 251 301 351 401 451 501 551 601 651 701 751 801 851 901 951
Generation

Fig. 3. Fitness value for different chance of cell mutation
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7. Selection (Elitism)

The doubled population after crossover and mutation is sorted again in descending order of
fitness. Two types of selection have been tested. The first type is absolute elitism where the 50%
candidates with the better fitness value survive. The other kind of elitism leans towards bigger gene
diversity and selects alternating individuals from the sorted population. The results from testing
those two types of elitism were in favour of absolute elitism with insignificant difference between
the two methods. This is shown in [Figure 5].

960
950
940
930
920
910
900
890
880
870
860
850

Fitness

Difference between average fitness of 1000 generations for absolute
and alternating elitism

949136947336
939.708933 009 938.062936.396

932.804931 208
B I I I
1 2 3 4 5

Test number

W Absolute elitism Alternating elitism

Fig. 4. Difference between average fitness depending on selection type

8. Termination

As in all genetic algorithms, the overall fitness value of the population often reaches a plateau
[3]. After this happens, the algorithm is unable to improve the overall fitness and the fitness value
starts to fluctuate. This is avoided by terminating the population after a certain number of
generations depending on the Sudoku difficulty and initializing a new one. If a solution has not
been found by the time the 50000™ generation has been reached, the program halts its attempts to
find the solution and exits. The termination forms drops in the maximum fitness of a population but
leads to bigger chance to reach a solution [4]. This is illustrated on [Figure 6].

972

1=}
w
[

Fitness value
O
=
]

912

1

Maximum fitness for round

! ‘ | T M

51 101 151 201 251 301 351 401 451 501 551 601 651 701 751 801 851
Generation

- Maximum fitness for round

Fig. 5. Maximum fitness for round
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9. Block diagram of the algorithm for a generation

[Figure 7] shows the processes common for all generations and the sequence in which they

are executed.
Cloned
* population Crossover—p@. Re
pet/}‘,b n
/ r

Population at e’ho[,e/
the start of a [—Cloning—{
generation Doubled )
* population kMutatlon%T
c .
2 — Population i
g 2
: z
& g
- =
2 3
2
o 5
Population in Sorted
the end ofa 4¢———Elitsm— @ orl et_ «¢—— Sorting of population
generation popuiation

Fig. 6. Block Diagram of a generation
10. Tests and results

The program using the given algorithm is capable of solving Sudoku puzzles with 30 and
above givens with 100% success rate and in most cases execution time of under a minute. The
success rate drops and execution time rises with further reduction of the number of givens, but the
program still manages to find solutions to puzzles considered “Difficult” by humans with 28 givens.

11. Conclusion and future work

While the algorithm may not be the most suitable for solving the Sudoku puzzle, it suggests a
different approach towards solving it. The algorithm has yet to be improved in the future in order
for it to increase its effectiveness. This genetic algorithm relies on generating random solutions and
therefore can be used to create Sudoku problems apart from solving them.
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II.

I11.

Iv.

N3NCKBAHNMA 3A OOPOPMAHE HA CTATUUTE 3A CITMCAHUE
"KOMITIOTBEPHUN HAYKHU 1 TEXHOJIOI'NIT”

CratuuTe ce MPEICTaBAT paslievyaTaHW B J(BAa €K3eMIUIspa (OpUTHHAI M KOMHE) B pa3Mep 10 6

ctpanuiy, popmar A4 Ha anpec: Texuuuecku ynusepcutetr — Bapua, ®UTA, yi. ,,Ctynenrcka” 1,

9010 Bapna, kakTo W B €JEKTPOHEH BWJ HAa HWMEHI aapecu: peter.antonov(@ieee.bg wumm

jppet@abv.bg.

TexcTpT Ha craTmsTa TpsiOBa ma BkmouyBa: YBO/I (mocraBsne Ha 3amadata), U3JIOXKEHUE

(mnpmHeHne Ha 3amadata), SAKJIIIOYEHUE (momyuenu pesynratu), BJIATOJAPHOCTHU kbMm

ChTPYTHUIINTE, KOUTO HE Ca ChaBTOpM Ha pbkomuca (ako wmma TtakuBa), JINTEPATYPA wu

UH(pOpPMALIUS 32 KOHTAKTH, BKJIIOYBAINA: HAYYHO 3BAHUE W CTENEH, UME, OpraHu3anus, MOJCICHHE

(xaTenpa), e-mail aapec.

Benukn martemaTtwuecku (GopMmyinu TpsiOBa Ja ca HANMCaHM SICHO W YETIMBO (IIpernopbhuBa ce

n3noj3yBane Ha Microsoft Equation).

TexcTsT TpsiOBa Aa Obae BbBeneH BB (aiin BB popmar WinWord 2000/2003 ¢ mpudt Times New

Roman. ®opmarupanero TpsOBa na Ob1e KaKTO CiIeBa:

1. Pasmep Ha mucta - A4, nonera: JsBoO - 20MM, asicHo - 20MM, TOpHO - 15MM, J07THO - 35MM,
Header 12.5mmM, Footer 12.5mm (1.25¢m).

2. 3armaBue Ha OBITAPCKU €3HK - pa3Mep Ha mpudTa 16, ynedeneH, raaBHN OyKBU.

3. Enun npaseH pen - pazmep Ha mpudTta 14, HopmaeH.

4. Hwmena Ha aBTOpUTE - UME, HHUIMAIN Ha Mpe3ume, Gpamuius, 0e3 3BaHUS U HAYYHH CTENEHH -
pa3mep Ha mpudTa 14, HopmaeH.

5. JlBa mpa3uu peaa - pa3mep Ha mpudra 14, HopmaseH.

6. PestoMe u KJII0YOBU AyMU Ha OBJITApCKH €3UK, 710 8 pesa - pazmep Ha mpudra 11, HopmaseH.

7. 3ariiaBue Ha aHIJIMICKH €3MK - pa3Mmep Ha mpudra 12, ynedeneH.

8.  Emwn mpasen pen - pazmep Ha mpudTa 11, HopmaeH.

9. lmenHa Ha aBTOpPUTE Ha aHTIIMICKY €3UK - pa3Mep Ha mpudTta 11, HopMaieH.

10. Enwn mpasen pen - pazmep Ha mpudTa 11, HopmaeH.
11. Pe3toMe u KJIIFOUOBH TyMH Ha aHTIIMICKH €3UK, 10 8 pena - pazmep Ha mpudTa 11, HopmaseH.
12.  OcHoBuuTe pazmenu Ha cratusta (YBoa, Wsnoxenwe, 3akmioueHue, briaromaproctw,

Jlureparypa) ce popMaTHpar B €IHOKOJIOHEH TEKCT KaKTO CIIe/IBa:

a. HawmeHoBaHme Ha pa3fen Wid Ha mojapaszzien - pasmep Ha mpudra 12, ynedeneH,
LEHTPUpaH, €IUH Mpa3eH pel Mpead HAauMEHOBAHHWETO U €IUH Mpa3eH pel CJlel HEero -
pa3Mep Ha mpudTa 12, HopmaneH;

b. Tekcrt - pazmep Ha mpudra 12, HOpManeH, OTCTHII Ha MBPBHU pel Ha naparpad — 10 mm;
pascrostare ot maparpad no crcennute (Before n After) 3a menmust Texct — 0.

c. llutupane Ha JNUTEpaTypeH M3TOYHHK - HOMEpP Ha M3TOYHHMKA OT CIHMCHKAa B KBAJApPATHU
CKOOH;

d. TekctwsT Ha GopMyIUTE CE MO3UIIMOHHUPA B cpenarta Ha pena. Homeparus Ha dhopmynuTe -
ISICHO TIOJIpaBHEHA, B KPBIJIU CKOOH.

e. ®Durypu - UeHTpUpaHHU, pasnoiokeHue cupsamo Tekcra: “Layout: In line with text”. Homep
Y HaMMEHOBaHUWe Ha (urypara - pazmep Ha mpudra 11, HopmaneH, ueHrpupad. OTCTOsTHHE
0T chceHuTe naparpadu — 6 pt.

f.  JlutepaTypa — BCeKH JTUTEpPATypEH U3TOYHHK CE TPEICTaBs C: HOMEP B KBaJIpaTHH CKOOU U
TOYKa, CIIUCHK Ha aBTOpHUTE (ITBPBUST aBTOp 3amoyBa C (aMHIUS, OCTAHAIUTE — C MMe),
3arylaBue, 3JaTeicTBO, Tpaj, TOIMHA HA U3/1aBaHe, CTPAHHIIH.

g 3a KOHTaKTH: HAydyHO 3BaHHUE W CTENEeH, WMe, Tpe3uMe (MHHUIHATH), G(aMUINs,
opraHmzanus, mojenenne (kateapa), e-mail aapec, ¢ mpudTt 11, m1cHO MOAPABHEHO.

OO6pasen 3a GopmarupaHe MOXKETe Ja M3TETIuTe OT aapec http://cs.tu-varna.bg/ - Crnucanue

KHT, Spisanie Obrazec.zip.
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e 2

To3u Opoii OT ciHCaHUETO c€ OTIEYarBa
ChC CPEJICTBA OT HAYUHO-U3CJIEIOBATEIICKU
NPOEKT, (PMHAHCUPAH L[EJIEBO OT

IbPKaBHHS OFOJDKET.
G 9
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