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Editorial / Ilpeoucnosue

Dear reader,

this issue is dedicated to various current topics of applied research in
information technology. Here we appreciate all contribution from authors and
reviewers, with many thanks for their work and interest. Some articles are
written by research scientists of Pan-European University in Bratislava (Slo-
vakia), in collaboration with scientists from VVoronezh Institute of High Tech-
nologies (Russia).

Main attempt of this ITA journal is to present the state of art in various
branches of applied research at current level. Nowadays we still hope about
some effectivenes of e-learning due to ubiquitous communication technology
in the world tightly linked together, with still increasing density of wireless
connection and data sharing. Such previous sentence is a short introduction to
the following small collection of articles in our issue: e-learning, clouds, wire-
less systems and hence complexity and vulnerability.

Moreover, we have included into the Information part an example of
student project and last but not least a short description of the regional/inter-
national competition for young people which supports their interests in tech-
nology.

We will try to keep this character of journal in the future, to bring short
summary from current state of art in IT applied research. Moreover, there is
an attempt to keep the connection between West and East, which is important
in every complicated epoch.

Juraj Stefanovi¢



The development of e-learning from the Creativity as
an Exact Science point of view

Pazeumue 3nekmponHozo 00yueHus ¢ NO3ULUIL Mmeopuu
peuienusn uzoopemamenwvckux zaoayu (TPHU3)

Helen Breslav

Abstract:

Purpose: identify patterns of e-learning development in the past and predict them in
the future, which helps managers and instructors of educational institutions to make
decisions of the competence and training formation.

Design: Methodology of the analysis and forecasting was the Creativity as an Exact
Science especially laws of system evolution: increasing degree of system ideality,
transition to a super-system (higher-level system), non-uniform evolution of sub-sys-
tems, coordination (harmonization) of rhythms and others.

Findings: e-learning evolution is completely consistent with the laws listed. Com-
parative analysis shows similarities and differences between e-learning and distance
learning technologies. The forecast of the further development of e-learning also
shows the major problems that can impede it, in particular, the significant differences
in the speed of changes for example. Necessities of employers and society change
quickly, whereas teachers usually understand the changes slowly. Synchronization of
the rhythms is a key factor of the educational organization success in the future, and
the educational organization management is fully responsible for it. It is shown that
e-learning is becoming a mandatory part of the training at all. However the teacher's
role remains the most important, although affected.

Originality and Value: the practical application of the forecast are the reasonable
decisions of the competence and training formation. Forecast of the e-learning radi-
cal expansion, on the one hand, is not new; on the other hand originality is in the
justification of the total e-learning "capture™ not only in education, but also in several
related areas of activity.

Paper Category: Research work / Conceptual paper.
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Annomauusn

Llens nybonukayuu: v16UuMsb 3aKOHOMEPHOCMU PA3GUMUS DNEKMPOHHO20 00YUeHUs
8 NPOUIOM U 0amb NPOSHO3 HA Oyoyujee, KOMOPbIL NOMO2aem PYKOSOOUMENIM
00paA306AMENbHBIX OPeAHU3AYUL U NPENnOOABaAMENIM NPUHUMAMb PEUEHUs 1O
Gopmuposanuio KomnemeHyull 1 Opeanu3ayuU 00yYeHusl.

Memoodonozueit ananuza u NPOSHOIUPOBAHUS BLICHYNAEM MEOPUst peuleHus:
U306pemamenbCKux 3a0a4 6 Hacmu 3aKOHO8 pPA3gUMuUsl CUCHeM. HOGbIUEeHUs
udeanbHOCmu, nepexo0a 6 HAOCUCMEMY, HEPABHOMEPHOCMU pPA36Umus Yacmeu
cucmemvl, MUHUMATLHOU PAOOMOCNOCOOHOCMU OCHOBHBIX YdACHel CUCHeMb,
CO2NACOBAHUSL PUMMUKY Yacmell CUCTHEMDL.

Pe3yaibmamol: nokasano, umo pazeumue 3JNeKMPOHHO20 00YYeHUsT HOIHOCHbIO
coomeemcmeyem nepeducieHHbim 3akonam. Ilposeden ananusz cxoocmea u pasnuyus
MeHCOy INEKMPOHHLIM  OOVUeHUeM U OUCAHYUOHHBLIMU 00pA308aMeNbHbIMU
mexHonocuamMu. Jlaemesi npocHo3 OanbHelue20 pa3eumusi 31eKmMpoHHO20 00yYeHUs
U OCHOGHLIX NPOOAEM, KOMOpble MO2YM eMmy NpPensmcmeosams, 6 YaACHMHOCHIU,
CYOBLEKMUBHO2O NOHUMAHUSL UOCATLHOCHU 00YYEeHUs PA3TUYHLIMU YYACTHUKAMU
cucmemvl  00pA306aHUs. U CYWECMBEHHbIX PA3IUYUll 6 MeMnax UsMeHeHus
(nompebrocmu pabomodamernell u obuecmsa — b6vicmpo, npenodagamereli 8 psoe
cayuaeg meonenno). CUHXPOHU3AYUS MEeMNO8 pPA36Umus SGIAemcsi OOHUM U3
KAIOYEeBbIX (haKmopos ycnexa 00pa308amenvHoll opeanuzayuu 8 0yoywem, u
OMBEMCMBEHHOCIb 3 Hee YEIUKOM AENCUM HA PYKOBOOCmEe 00pa3068amebHOl
opeanuzayuu. Iloxkasano, umo s1ekmponHoe oOyueHue cmaHo8umcs 00a3amenbHou
yacmoio 00yyenus 6006wue. OOHaKo, HeCMOmps HA 005A3AMENLHOCIb INEKMPOHHO2O
00yyenus, posib NPenooasamelis COXpaHaem c80i0 GANCHOCb, XOMSL U USMEHACMCA.
Hosusna u 3nauenue nyoauxkayuu: npakmuyeckum NpUMeHeHuem COelanHo20
NPOSHO3a AGISIEMCS YIIce YKA3AHHOe blule NPUHSMUE PEUeHUll o hopMuposanuio
KoMnemenyuti u opeanuzayuu obyuenus. Ilpoenoz paduxanvHozo pacuiupenus
9NEKMPOHHO20 00VUEeHUs, C OOHOU CIMOPOHYL, He AGNAEMC s HOBbIM, ¢ OpYeoll — e20
HOBU3HA UMEHHO 8 000CHOBAHUU MOMATLHO20 «3AX6AMA» INEKMPOHHBIM 00YUeHUeM
He MONbKO  cghepvl  0Opazosanus, HO U paOad  CMeXCHbIX — obnacmeil
HCUSHEDEAMENLHOCU.

Kamezopusa nyonukayuu: ucciedosamenbckas paboma.



Knroueswvie cnosa:

Dnekmponnoe obyueHue, OUCMaHyUoHHble 0Opasosamenvhvie mexronoeuu, TPU3,
passumue cucmemuvl 00pA308aHUsL, 3AKOHbL PA3GUMUSL CUCTIEM.

h Berymiienne

JlucranmonHoe OOyYEeHUE HETPEPBIBHO M OBICTPO pa3BHBacTCs. M XOTS y HEro ectb
MIPOTUBHUKH, B T.4. CPEAN TPEToIaBaTesIcH, IIECTBIE AUCTAHTA TI0 THIaHETe HOCUT TOOCTHBIH
xapakrtep. PazBuTre AucTaHIIMOHHBIX (OpM 00yUEHHST BO MHOTHIX CTpaHaX TMOJIEPKUBACTCS
pELICHUSIMU Ha TOCYAaPCTBEHHOM YPOBHE.

YTtoOBl MOHATH, MMOYEMy TaK IPOUCXOIHUT, W JaTh TPOTHO3 PAa3BUTHUS IHUCTAHIMOHHOTO
oOyuennss Ha  Oynymiee, TpeajaraeM  BOCIONBb30BAaTHCS  TeOpHeH  peleHus
uzodperareqbckux 3agay (TPM3) — oHa mpeBOCXOIHO MPOTHO3UPYET pa3BUTHE Kak
TCXHUYCCKHUX, TaK U COUAJIbHBIX CUCTEM. HpOI‘HOS’I/IpOBaHI/IC Ppa3BUTUA COUAIIBHBIX CUCTEM
OTJIAXEHO XYK€, YeM TEXHHYECKHX, HO ITPOBEICHHBIC SKCIICPUMEHTHI JAU YCICIIHBIC
pe3ynsTath [1-3].

A 1 OO0muii noaxoa K aHAJM3Y U 3TANbI Pa3BUTHS
CHCTEMBbI 00pa30BaHUsA

ITepBsiit 3akoH TPU3 — 370 3aKOH MOBBILEHUS CTENEHU UACATBHOCTH CUCTEMBI, COIJIACHO
KOTOpOMY JIt00asi CHCTeMa pa3BUBAETCS M0 JIMHUM BBIMOMHEHHS CBOMX (YHKIHMI ObICTpee,
Jierue, A€UICBI€, C MCHBIIMMHA YCWIHNAMU U T. .

Ouenb y100HbIH IpUMeEp IS TOHUMAHMS 3TOTO 3aKOHA — Pa3BUTHE MPOCTON PYUKH, KOTOPOE
Havaloch C HAaCTeHHOW >XuBomucH (TpaguuuoHHbl s TPU3 mpumep mMoBbIIIeHNS
naeanbHOCTH cucTtembl). OOpaTHTe BHMMAaHHWE, YTO BMECTE€ C pa3BUTHUEM ITHIIYIIETO
WHCTPYMEHTa U3MEHSETCSl M HOCUTENb HHpOpMaLiK (CBA3aHHAS CHCTEMa), U HAJICHCTEMA, B
KOTOPYIO BXOIAT B T.4. (hukcupyemasi HHGOpMaLUs 1 MOJIb30BaTeNd. Passurre xe uaer mno
JUHUM ~ yJOBJIETBOPEHUS TOTPEOHOCTEH, KOTOpblE OCTAIOTCS Ha KaXIOM JTare
HeynoBineTBopeHHbME: Table 1, [4].

JIsi TOHUMaHUsI CHCTEeMBI 00Opa30BaHMs JlaBaiiTe MPOMIEM ¢ BaMH 10 aHAJOTHYHON JIMHUU
BPEMCHHU, 3a0CTPAA BHUMAaHUEC Ha JUCTAHIITMOHHBIX ACIICKTax. 9t0 BHBOﬁHe }/)Z[OGHO, IoTOMY
yro 0O0pa3oBaHWE TECHEWIIMM 00pa3oM CBs3aHO C HOCHUTEISIMH HWH(OpMAIH, H
«TpaJMIIMOHHBIA TPUMEP Pa3BUTHS PYUYKW» MOXKET OBITh OCHOBOW aHajM3a 0Opa3OBaHMS:
Table 2.

OO6paTnM BHMMaHHE Ha MPUHIMIIHATHHOE M3MEHEHHE, OTPAKEHHOE CHMBOJIOM Da3phbIBa
TaOJHUIIBL: €CIIM A0 HETO 00pa30BaHUE 3aBUCENI0 MPEXKIE BCErO OT YUUTENeH U HICTOUHHKOB
nHPOpPMALIMKM, TPUYEM YUHUTENS 3a4acTyio SIBJSUTUCH BIIAAETbIIAMH 3THX HCTOYHHKOB
WHPOPMAIIUH UM 00ECTICUMBAIIH JIOCTYIT K HUM, TO MOCTIE 3TOTO Pa3phiBa, T.€. Ha JaHHOM
JTarne pa3BuTHs cpeAcTB cBs3u 1 CMU, sTa 3aBUCMMOCTB Hcuesna.

Yyumenv u cucmema obpaszosanusi 6 yenom nepecmanu Ovlmb OCHOGHBIM UCHOYHUKOM
BHAHUU, U UX OCHOBHAS 3A0a4d 8 PAMKAX COBPEMEHHO020 NooxXo0d K 00pazosaHuro —
OPUEHMUPOBAMb U YYUMb OPUCHMUPOBAMBCSL 8 NOMOKE UHDOpMAayUL,
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8b10UPAMb MHEHUS U ABMOPUMEMbl, (POPMUPOBATHL YETOCHHYIO dPDEKMUBHYIO KAPMUHY
Mupa, ompabamvléamsb NPAKMUYECKUe HAGLIKU €  NOMOWBIO  OUCTHAHYUOHHBIX
uncmpymenmos. [lisi 5moeo, 6€3yCciosHo, camu yuumens O0INCHbL 3mo ymems [5).

Table 1: pa3BuTHe MUIIYIIMX UHCTPYMEHTOB.

Tun nucpma Tumrymnit Hocwurens un- ODuxcupyemas ITonb3oBarenu HeynosnerBopeHHbIe
HMHCTPYMEHT bopmarmu uHdopManys MOTPEOHOCTH
Hackanbnas Kpacnas (u Ckaa, cTeHa W3obpaxenue Hwmeromne Her Bo3moxnOCTH
JKMBOIIHCh Jpyrue) riauHa Hauboiee JOCTYI K CTEHE — | OOMEHAThCS
Ba)KHBIX 4JIeHbl CEMbU nHpopManuen
COOBITHI WU TJIEMEHU ITocne yxone ot
«CTEHBD» MOXKHO H HE
BEPHYTBCA,
nHpopManys
TepsieTcst
Kimnonuch Cruio T'nunsaHas Cuer BajKHBIX IToxrorosnen- Tabnuuku TKEIbIC,
(nepeBsiHHAS TabIIIKa MIPEIMETOB 1 HBIE IHCIBI TPYAHO NepeHOCsTCS,
MaJIOYKA WK 00BEKTOB HCKaTh UH(POPMALIUIO
320CTPEHHBIN OCHOBHBIE TPYJIHO,
TPOCTHUK) CBEJICHHS 3a(KCHPOBATh
MOXKHO Majio
ITanupyc, Ilepsps, kuctu Brinenannas OcHoBHas, Tloarorosnen- Marepuan gopor (B
TIepraMeHT KOJKa HIIN Hanboiee HBIE THCLBI OT/IeTIbHBIE TIEPHOJIBI
nanupyc Ba)kHas nanupyc Ol 10poxKe
IIepraMeHTa)
Bymara Ilepbs, kuctu OtnenbHbIC Hawubonee Iucpr, IIucats B nienom
JIMCTBL, U3peKa | BaXKHbIE TEKCTBl | IPaMOTHBIE JI0JITO, KHUTH IOPOTH,
KHUTH JIIOITH YHHUKAJIBHBI,
OTCYTCTBYET
KOIUPOBAHHE.
CoxpaHuiocs 10
HaIIero BpeMeH!
Tomurpadckas | Tumorpadcekuii Bymara JIroOble TeKCTHI I'pamotHBIC Kuuru otHOCHTENBHO
reyarb npecc JIIOITH JIOpOTH, 3aHUMAIOT
MECTO, 3aTpyAHEH
MOUCK MH(pOPMALIUH,
pacnpocTpaHeHHe
AKXTYyanbHbI 1715
HAIIETO BPEeMEeHH
KommsroTep- Knasunarypa KommeroTep JIrobas, B T.4. JTroOsre, Brecenne
Has reyatb WM TaJKeT HU300paKeHHUs, oTpeOHbII uHpopManuu Tpedyer
ayiuo U BUZIEO YpPOBEHb KaKOro-TO BpeMeHH,
TPaMOTHOCTH XOTS U 3HAUUTEIHEHO
MHUHHUMaJCH 6oJiee KOPOTKOTO.
AKTYaJIbHOCTb PacTeT
Tonocosoii OtcyrcTByeT Kommerotep JIro6as JIro6b1e IToka HesicHO
BBOJ WA TaJKeT TEKCTOBasd, B T.4.
BBI30B TOJIOCOM
n300paxeHui,
ayiuo U BUZIEO

PaCCMOTpI/IM KOPOTKO, KaK BBITJIAAUT 3TO KOPCHHOC U3MCHCHUC.

OuHoe 00y4eHue B MpUBBIYHOM (hopMme, Kak BuaHO U3 Error! Reference source not found.,
OepeT cBOe Havyalo B LIEPKOBHBIX YHUBEPCUTETAX, KOTOPBIE IIPEAIIONIATralI 00yYeHHE Yepe3
YTEHHE JICKIIMI 1 TIPOBE/ICHUE CEMHHAPOB.



Jlek1uu UMEHHO YWTANM — TMOTOMY 4YTO JICKTOP B MPSMOM CMBICIIE CJIOBa YUTANl JUIs
CTYJICHTOB KHHTY, KOTOpasi CyIIECTBOBaJia B €IUHCTBCHHOM 3K3EMIUISIPE U XPaHWIACh B
JAHHOM YHHBEpCUTEeTe TpU MoHacThipe. CeMUHAphl ke MpeAronarand o0CyXIeHHe
MIPOYUTAHHOTO (YCIBIIIIAHHOTO).

Takoit mogxon K O6y‘-ICHI/IIO TATOTECCT K HAUCTHUYCCTBY M KECTKO 3aBUCUT OT YPOBHA
npenogaBaTeisd U oorarcTBa AOCTYIIHBIX UCTOYHUKOB I/IHCbOpMaLII/II/I. COOTBCTCTBCHHO, u
ceroansi, ¢€CJIM BY3 OCTAcTCd BHYTpH OTOro I0AxoJa, TO HEXBATKa XOPOIINX
npenoaaBaTeneﬁ Ka)XETCsl OCHOBHOM HpH‘IHHOfI, 110 KOTOpOﬁ YPOBCHb O6p330BaHI/I$I B HEM
HE MOKET OBITE MTOBLIIIICH.

Table 2: pa3BuTHe ccTeMBbI 00pa30BaHMUSL

Tun Hocurens un- CopnepxaHue Yyurens O0y4aemble HeynosnerBopesn-
00pa3oBaHus dhopmaru 00y4eHust HBIE IOTPEOHOCTH
BryTtpn Ckara, cTeHa IMepenaua OTIBITHBIE YIIEHBI Jetn, IMepenaercs ToMbKO
IUIEMEHH OIIBITA U IUIEMEHHI MOJIOZIEXKb 9acTh HHOpMALHU
OCHOBHBIX U OIIBITA, Iepeiaua
3HaHUH TPOMCXOUT
MEJUIEHHO.
IMonuora u
YCIIENTHOCTb
00y4eHHs 0YeHb
CHJIBHO 3aBHCSIT OT
JIMYHBIX Ka4eCTB
YJaCTHHKOB
XpamoBoe I'nunsHas Tepenaua Kpeupl, Myapersl. OTtoOpaHHbIE OcHoBHas Macca
obyuenue TabIMIKa. OCHOBHBIX IMoarorosneHHBIE obyJaemere. HACEeJIeHHs OCTACTCst
Brinenannas 3HAHMH, PaBWJI, | MHUCIBL, HauboIee Kpyr 06e3rpaMOTHOM, 4TO
KOXa MU OIIBITA. TPaMOTHBIE JIIOIH pacumupsercs, umMeer 6ombIe
Tanupyc, Haubonee HO OCTaeTcs MHHYCOB, YeM
Oymara BaYKHBIE TEKCTHI Y3KHM TUTFOCOB
Ikonsl, cy3sl, | Bymara JIroGast I'pamoTHbIE MI0M JHern, B o6mene
BY3BI rieqaTHas MOJIOZIEXKE MHEHHUSIMH,
MIPOIYKLIHUS MPO3PavyHOCTH,
00OMEHE OIIBITOM,
BBIpaOOTKE
MPaKTHIECKHX
HaBBHIKOB
RN AN NN NN NN RN R A A IR SN, YT NI I NI NIV
Cospemennslii | KommeioTep JIrobas, B T.4. Texnnyeckn HenpepsiBHoe B opuenranuy B
TIOZIXO/T K WITH TaJKeT n300paxens, JFOOBIE, BKITFOYAs obydJenue B TIOTOKE
00pa3oBaHUIO ayuo U BUAEO. [IapiIaTaHoB TeueHHe Beei nabopmanmy,
JTrobas KU3HH BBIOOpE
TEKCTOBas, B aBTOPHUTETOB U
T.4. BBI30OB MHEHUH, B
TOJIOCOM (opmupoBaHUN
n300paxeHui, IIEIIOCTHOM KapTHHBI
ayuo U BUAEO MHpa, B OTpaboTKe
MPaKTUYECKUX
HaBBHIKOB

OnHako mepeBosa 0Opa3oBaTENbHON OpraHU3alud B PaMKH COBPEMEHHOTO moaxoja (cM.
JIANIbIIe) pauKaIbHO MEHSET ATy CHUTYAIHIO.

3a04yHoe 00yueHHE MOSBUIIOCH IOCTATOYHO JAaBHO, emie B 70-e roapl XX Beka,
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¥ OCHOBBIBAJIOCH Ha OOBIYHOM MOYTOBOH CBs3u. Ero ycnoBueM ObLIO pacipocTpaHEHUE
MEYaTHBIX MAIIMHOK, KOTOPBIC IMO3BOJISLIN TepeaBaTh OOYYarOIIMMCS, HaXOISIIAMCS
«TAE-TO NAJEKO0y, MaTepHAIIBI IJIsl TPOPAOOTKH M OTYYaTh OT HUX B OTBET IO MOYTE 331391
u penrenus. OHAKO OBICTPO BBISBUIICS OCHOBHOW HEJOCTATOK 320YHOTO 00pa30BAHUS:
MaJIo KTO U3 00YyYaroIUXCs OTIMYACTCS JOCTATOYHON CaMOIUCITUILTMHOMN JIJISl PETyJIIPHBIX
3aHATHN, OCOOCHHO KOTJa pedb HAET O pabOTaomuX CTyIeHTaX, KOTOPBIM HYXXHBI HE
CTONBPKO 3HaHWSA, CKOJBKO JOKYMEHT 00 oOpa3zoBammu. M maxke camblii Jrydqmrmit
MpenoaBaTelb CKIOHCH BXOIUTHh B IOJIOKEHUE CTYJCHTA W TEM CaMbIM IIONAajaTh B
3aBUCHMOCTbH OT €r0 JJOOPOCOBECTHOCTH [6].

- Dra npobiemMa OIsTh e MPEKPacHO PeIIaeTcsi B paMKax COBPEMEHHOTO MOAX0/1a
K 00pa30oBaHHUIO.

- IloguepkneM e1ne pa3 NPOSBUBIIYIOCS C653b MeAHCOY OOCMYNHOCHbIO U CKOPOCMbIO
nepedaqu uHgopmayuu u popmamu o6yyeHus.

- Torna kakue e MpoOIEMBI B COBPEMEHHOM ITOJIX0JIE OCTAFOTCS WIIU MOSBISIIOTCS?

- UToOBI UX BBISIBUTH, PACCMOTPUM BHJIbI AUCTAHIIUOHHOTO O0YYEHHUS.

A 2 OuHoe U AUCTAHIHOHHOE 00y4YeHHE KAK YACTH 001Iell cucTeMbI

Kputepues knaccudukayy BUIOB TUCTAHIIMOHHOTO OOYUEHUS JBA: TJIC 10 OTHOIICHHIO K
HaM HaXOJIUTCS TPETIOIaBaTelNb, a IIe — CTY/ISHT:

LIHOﬁ 06}”{6HH€Z [IpenoaBaTClIb Hpeno,uaBaTenb OUHO, CJIIYIIATCIIb
O4HO, CJIYIIaTCJIL OYHO. YAAJICHHO.

*HemocTHEHMAT MEYTA. sKaK OFI TOTHUHO.

*HeaddexTirHas Gopma a1s peansHEIX *BeOHHApEL
YCIIOBHH.

Buzer oOyuenns

HpCHO,Z[aBElTGHB YAaJIEHHO, CIIYIIATEIIbL Hpeno,uaBaTeﬂb YAAIEHHO, CIIY HIaTElIb
OYHO. YAAJIICHHO.

*BHjieoNeKITHH OHJIAMH H odQIaiH. *HanGonee epCIeKTHBHEN BAPHAHT, YACTO
BOCIIPHHHMAEMEIH KaK OCHOBHOH.
*Y3K0€ MECTO - KOHTPOIIb Pe3yIIsTAaTOB
00yUeH .

Pucynok 1: knaccudukarus TeXHOIOTHI 00y4YeHUs B 3aBUCHMOCTH
OT MECTa HaXOXKJICHUS TperioJiapatesiell 1 00y4aeMbIX.



Bo-nepBbix, oHM 00a MOTYT HaxOIUThCS Y HAC 371eCh, Ha Mecte. Ho Torma sTo Oyzaer He
JTUCTAHIIMOHHOE O0YYCHUE, a OYHOE.

° OuHnoe 06yquHe MOKET OBITh noaacCp:Kano U yCUJICHO CpEACTBAMU 3JICKTPOHHOI'O
06y‘IeHI/I$1I ACMOHCTPUPYCMBIM BHUACOKOHTCHTOM, JCJIIOBbIMHA urpamu C
IIPUMEHCHHUEM KOMITBIOTECPHBIX ceTeil 1 MHOTHM Apyrum.

JIst MHOTHX OYHOE O0YdYEeHHE 110 Pe3yIbTaTaM OMPOCOB MO-TIPEKHEMY SBISETCS MEUTOH —
Tuna OoHO camoe 3(p¢exTuBHOE, camoe xopomee. Ho, kak nrobas Meura, OHO Ha
CETONHAIIHUN JIeHb HEJOCTIKMMO: HE TOJBKO B CHIIy HEXBATKH IperojaBaTeneid, HO
MpeXJe BCEro B CHJIy HEXBATKH CBOOOMHOTO BpeMeHH y oOydarommxcs. C ydeTom
peanbHBIX, a HE YMO3DHUTENbHBIX pPE3yJbTaTOB YWUCTO OYHOE OOY4YeHHE CErofHs
HeappeKkTHBHO.

Bropoii BapuaHT — 3TO, KOrAa IpenojaBareslb HAXOOUTCA y Hac (OYHO), a CIyLIaTesb
HaxXOIWTCS YAAJCHHO — Tak paboratoT BeOuHapwl. Kak Obl Bce JOTMYHO, HO JUIst
peryisipHoro oopaszoBaHus He noaxoaur. Ilouemy?

e BeOuHapamu MBI IpUBJIEKaE€M JAOIOIHUTENBHYIO YIAICHHYIO ayAUTOPHIO, KOTOPast
MOXKET HaxXOAUTbcAd TaM, Iae el ynoOoHo. OOHAKO NpPH 3TOM COXPaHSETCS
3aBHCHUMOCTH OT YPOBHS IIPENOJaBaTesl U OT JOOPOCOBECTHOCTH CTyneHTa. Maio
TOTO: TOBBIMIAIOTCS TPeOOBaHUS K TEXHUYECKOW 0aze, U CO CTOPOHBI CTYICHTa
pacTeT YUCI0 TEXHUYECKUX MPETEH3UI U «0TMa30K». B camoMm nerne, ecnu CTyneHT
TOBOPHT, YTO OH Bac HE BUIUT WJIM HE CJBILUT, TO BbI, HAXOASICh HA MeCTEe, HUKAK
HE MOXKETEC 3TO INPOKOHTPOJINPOBATh. HOquaeTCH, YTO BbI BUHOBATHI B TOM, YTO
CTYJICHT BPOJ€ U SBWICS Ha 3aHSTHsI, HO 3HAHUI He noiydaer. Ha camoM xe nene
BBl HE MOXeTe yOeauThcsi B OOOCHOBAaHHOCTH ero >xanod. IloaTomy MOXHO
MPEAIOJIOXUTh, YTO 3TOT CETMCHT 6y11eT COKpallaTbCsia, 3aHAB B UTOI'C Pa3jIMdYHOC
MCECTO B COOTBETCTBUHM C KOHKPCTHBIMU 00CTOSATEILCTBAMU KaXxaoro yqe6Horo
3aBeJICHNUS, Kypca, LieJled U ayAUTOPHUH KOHKPETHOTO BeOHHapa.

e CphenaHHBIN IIPOTHO3 MOJTBEPKIAETCA BBICOKOH MOMYJISIPHOCTBIO
BUAEO3AIIMCEN BebuHapoB, Koraa nojis30BaTelib, HE OCETUBLINN BeOUHAp BO
BpEMS €T0 MPOBEJEHMS, TOTOM NPOCMATPUBAET €T0 3aIHCh.

Tpertuii BapuaHT — 3TO KOTJIa MPENoaBaTelib HAXOUTCS T/Ie-TO, a CIIyIIaTeNb — y Hac. Tak
paboTaroT BHUACOJNEKIUK. [Ipy 3TOM MBI yIydlllaeM BO3MOXHOCTH IPUBJICUCHHUS
mpernoiaBaresneit, Ho mpobiema ¢ 00ydIeHHEeM 0CTaeTCsl.

e [IpurnamieHue mnpenojaBareyied U3 JIpyruxX TOPOJOB  paclIUpsAeT  Kpyr
npodeccopcko-npenogaareabckoro cocrasa (IIIIC) u moBbImIAET ypOBEHB
y4eOHBIX MaTepUAIIOB, IIPEX Ie BCero JieKiuid. Ho MHOrOpoJHEMY TTperio1aBaTeiio
HY>KHO MPaBUJIBHO MOCTABUTH 3aJady, CIENaB, COOTBETCTBEHHO, METOJUYECKYIO
mpopaboTKy Kypca Ha MecTe, KpOMe TOT0, €ro TOHOPAp 3a4acTyIO BBIIIE TOHOPAPOB
MECTHBIX TpodeccopoB. Ho TmoOBBIIIEHHE YPOBHSA JEKIUA UM BO3MOXHOCTh
HEOAHOKPATHOT'O HCIIOJIb30BAHUS CIETaHHOU BUJIe03aMKCEN MOTYT
KOMIICHCUPOBATh 3TU NI€PBOHAYAIIbHBIC 3aTPAThI.
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U camplii 60BIION HHTEPEC MPENICTABISET CETMEHT, KOT/Ia M MPETo1aBaTelb, ¥ CIyIIaTeNlb
HaXOJIATCS «r/Ae-To». HeBakHO — OHM MOTyT OBITH B coceqHEM KaOWHETe, B COCETHEM
3aHUH, B COCEHEM IOpoJIe, a MOTYT OBITh Ha MMPOTHBOIOIOKHOM KOHIIE 3¢MHOTO IIapa —
MBI OpraHM3yeM Y4YeOHBIH IpoILecC, a TJIaBHOE — JKECTKO KOHTPOIHPYEM pPe3yIbTaThl
oOyuenus. IloTomy 4TO AWIUIOM BBAaeM HE 3a TO, YTO HAall OOYYaIOLIMKCS YTO-TO
npociymant’, a 32 T€ HaBBIKU, KOTOPBIE OH TIPOJAEMOHCTPUPOBAI B X0/l OOy4YEHHs U NIPU
UTOTOBOM MpoBepke. CBOMM JUIIOMOM MBI TapaHTHPYeM pab0TOIaTeII0, YTO OH ITOIyJacT
YyeJoBeKa TOW KBanM(UKAIMM, KOTOpas 3asBIeHA B HalleM IOKyMEHTe. A Kak OH 3Ty
KBaJM(UKALUIO IPHOOpPEN -- B COBPEMEHHBIX YCIOBUSAX HE TaK BaKHO, IOTOMY YTO MyTeH
MHOTO. OH MOTr BBIyUMTHCS caM (HedopManbHOE OOydYeHHE), OH MOT IPHOOPECTH
COOTBETCTBYIOIIYIO KBanH(uKauuio B xoie paboTel (HedhopmanbHOE W WHPOPMAIbHOE
o0y4yeHrne) — IUIUIOM TOATBEPXKAAET, YTO 3Ta KBaTU(HKamus y Hero ecTb. s ero
paboTtomarens (a UMEHHO pabOTOIATENb SBISAETCSA aAPecaToM JAUIIIOMA) STO TIIABHOE.

Takxum o6pazom,
e Bce aucrannnoHHoe 00y4YeHHUE SIBISIETCS 3JICKTPOHHBIM.

e DJEKTpOHHOE OOydYeHHE BKIIOYAET B CeOs, MOMHMO JHMCTAHI[MOHHOIO, eIlle
NPUMEHECHHUE JIICKTPOHHBIX CPEACTB B OYHOM 00pa30BaTEIbHOM MPOIIecCe.

A 3 IIporpammHasi moaaep:KKa JUCTAHIIHOHHOTO 00yYeHHs

[lepcieKTUBHOCTH CErMEHTa «IPEeIoiaBaTeNb I/1e-T0, CIyLIaTeNb TOXE - TIe-TO» B MHUpE
NOATBEPXKICHA U TMOJAAEp)KaHa pa3pabOTKOM oOydarolero moprajia, OH e — CHCTeMa
yhOpaBlieHHsT KypcaMu, OH € — BHUpPTyalbHas oOydamomias cpeia OH XK€ — cpela
aucrannuonHoro ooydenus (CJ10), co cMeIHBIM IS pyccKoro yxa HaszsanueMm Moodle?
(Monynenas O6bexTHO-OpuenTupoBannas Jlucranimonnas YueOuas Cpena®). IMopran
pacripocTpanseTcsi OecIaTHO HECMOTPS Ha TO, YTO 10 00beMy (DaKTHUECKHU ClIeNaHHbBIX B
HEr0 WHBECTUIIMH Ha CETOJHSIIHWU JICHb SIBIISIETCS CAMBIM JIOPOTHM 00pa30BaTENbHBIM
IIPOEKTOM. Y HEro HEUTPaJbHBIM AU3aliH, KOTOPBIM JIEFTKO KaCTOMHU3UPYETCS IOJ CTHIIb
BAIlIEro0 KOHKPETHOT'O 00pa30BaTEIbHOIO YUpEexKaAeHHUs [7].

Yro om ymeer, stor Moodle*? IlepBoe — OH sBISETCS IIOMIAIKOW JUISl BBIKIAIKH
MaTepHaJIOB U MOJIEPKUBAET CAMBIE pa3HbIC BUJIBI KOHTEHTA: BO-TIEPBBIX, TEKCTHI,

1 B pycckoM sI3bIKe CIOBO «IPOCIYIIAT» UMEET JIBa NPOTHBOMNOIOMKHBIX 3HAYEHHUS: BHICIYIIATh U
IIPOIIYCTUTh MUMO YIIEH.

2 Ounmansheii caiir Moodle - https://moodle.org/.

8 Moodle nepeBesieHa Ha JECATKM A3BIKOB, B TOM YHUCIIE PYCCKHMH, M MCHOJbB3YeTCS Mo4TH B 50
THICSIYAX opraHuzanuii u3 Oosiee yem 200 ctpan mupa. B P® 3aperunctpupoBano 6Gosiee 2000
MHCTAJULINMHA, ¥ MX 4YHciao OblcTpo yBenmumBaerca. KommdecTBo mnonb3oBareneit Moodle B
HEKOTOPBIX HMHCTAULIMAX pocturaer 500 TeIcsy dYenoBeK. S1npo KomaHAbl pa3paboTYMKOB
cBobonHoro IO Moodle sBisitoTCS IMTaTHBIME cOoTpyAHUKaMu ¢oHzna Moodle B ABcrpanum,
KOTOpBII (PMHAHCHPYETCSl pErMOHATIBHBIMU MApTHEPAMHU U TPAHTAMHU.

4 Mbl onuchiBaeM COOCTBEHHBIN OMBIT, KOTOpPBIA, KOHeYHO, oTpaxkaeT He 100% dQyHKuMOHANA

cuctembl. Kpome Toro, pyHkimonan Moodle pacmupsieTcst OT BEpCHU K BEPCHH.
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Be0-CTPaHUIIBI, ayAU0, BUICO U (ailibl MPOU3BOIBHOTO (hOopMaTa, HAPUMEpP, UHTEIUICKT-
KapThl, WH(poOrpapuka mpocTas U HHTEPAKTHBHAsA. B MEpPCHEKTHBE MPOTHO3UPYETCS
Mepexoi Ha MHTEPAKTUBHBIC 00ydaromye Marepuanbl. HTepakTHBHBIE KypChl UTPOBOTO
THUTIA YPE3BBIYAIHO JOPOTH B pa3paboTKe, MOATOMY 3P PEeKTUBHBI U IeTIeCO00pPa3HBI TOIHKO
JUISL  OTIPEJICICHHBIX BOMPOCOB B KPYMHBIX Koprnopamusx. OJHAKO «yHpPOIICHHBIM
WHTEPAKTHB: 3JICMEHTHI «CEMHUHAP» C IEPEKPECTHON NPOBEPKOH CTYJICHTAMH JPYT JIPyTa,
«BUKW» JJISI COBMECTHOM pa0OThl U JIPYTHE, - OYCHB JICHIEBhI, a 3)(HEKTUBHOCTh UX BO
MHOTHUX CIy4asiX Ja)Ke BBIIIE,

Takxe HEOOXOAUMO YIMOMSHYTh TECTHI C aBTOMATHUYECKOW MPOBEPKOM, YTO IMO3BOJISET
PE3KO yIy4IIUTh YPOBEHb YCBOSHHS MaTepHana 3a cueT IpOOHON JacTON IPOBEPKH.

OtnuuHas Belb -- TJOCCApUHM C aBTOMOACBETKOW. O4eHb YOOOHO M AWAAKTUYECKU
3¢ GEKTHBHO: IJIs1 YCBOSHHS Y4eOHOT0 MaTepralia ¢ O0JbIINM KOJIMYECTBOM CIICIATILHBIX
TEPMHUHOB Ba)XHO, YTOOBI 00yUaIOUINIICS MOT B JTFOOOH MOMEHT HaBECTH KypCcop Ha CIOBO
Y BCIIOMHHTb, YTO 3TO TaKOE.

Takxe CJO, B 1.u. Moodle, oueHbp ymoOHBI BTOPOW TIpPyNmoOi BO3MOXHOCTEH —
KOMMYHHKAIIUSA-MA MEXKIy YYaCTHHKAaMHU Iporecca oOyueHHs HEe3aBUCHUMO OT MX POJIH.
Moodle smerantHo obecrieynBaeT OOIIEHHE MEXIy CTYACHTAMH, MPEIOIaBaTCIISIMH,
PYKOBOJCTBOM B JIF000# KOMOWHAIIUH.

Hampumep, Moodle odeHb npucmnocobieH s rpynnoBbIX PacChUIOK, TPUYEM MPUISTBHBIX
-- TOJBKO TEM, KOMY HYXXHO. BBHIOOpKa yYaCTHHKOB TpYMIIbl, KOTOPOH OTHpPAaBIsETCS
cooO11eHne, MOXKET OBITh CHeNIaHa [T0 HECKOJIBKUM KPUTEPHSIM, @ HECKOJIBKO IPYIII MOTYT
OBITh 00BEIMHEHBI ISl OTIpaBKU o0mIero coodmenus. Kaxmaoe coobuieHue oTchlaeTcs
WHAWBUAYAIBHO, YTO PEeIIaeT NpodiaeMy crnama.

Ha nnmarpopme Moodle (1 Ha mro6oii apyroit CIIO) paboraror Gopymbl. CoenuHeHne B
OJJTHOM MecTe MaTepHaJIOB I O3HAKOMJICHHMS M (opymMa il OOCYXKICHHS JaeT
MPEBOCXOIHBIH AP HEKT — U IS peroiaBaTesield Jaxe OONBIINA, YeM IS CTYICHTOB.

Hanpumep, Axagemus IlactyxoBa 1o mopy4deHuto MuHUCTEpCTBA 00pa30BaHUs M HAYKU
Poccuiickoli @enepanuy coaeiicTByeT Epexoly CUCTEMbI CPETHETO MPOPEeCCHOHAITEHOTO
o0pa3oBaHMs Ha HOBBIE CTaHIAPTHI 00ydeHus, pasmerias B Moodle cooTBercTByrOIIHE
MaTepHajbl JUIs IPernoaaBaTesieid U TYT ke AaBasi UM BO3MOXXHOCTh OOMEHSATHCS MHEHUSIMU
U OIIBITOM.

Moodle cobupaet, yuuThIBaeT, IPOBEPsET Ha IUIArHaT NPUCIAHHBIC PaOOThI, pEIICH3UPYET,
OLIEHMBAET U 00eCIeYUBAET NMEPEKPECTHYIO OLEHKY. OH MO3BOJIAET MPOBOJUTH OMPOCH] U
aHketupoBanusi. OH ke NPOBOAUT BeOMHApHl U KOH(PEPEHLIUH W B3aUMOJCHCTBHE B
BUPTYaJIbHBIX cpeax. [IpaBna, moka eie BeOUHaphl U BuaeokoH(pepenimu Moodle’a ne
cample Jy4Illhe, CIeIUATU3UPOBAHHBIC CEPBUCHI BCE-TAKH JENAIOT 3TO HAJle)KHEEe U
ynoOHee, HO nopory ocwuT unaymuii. Moodle pasBuBaercs u, ckopee Bcero, paHoO WU
MO3/IHO €CIM ¥ HE JIOTOHUT CIICIUATU3UPOBAHHBIC CEPBHUCHI, TO COCTABUT WM BIIOJHE
JIOCTOMHYIO0 KOHKYPEHIIUIO.
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Tpetbs rpynmna Bo3MoxHocTell cucremsl Moodle — 310 XxpaHeHue U aHATH3 PE3yJILTATOB
oOydeHusi. Mbl BUAMM BCE JISHCTBHS, KOTOPHIC IMOJL30BATENb CHENal B CUCTEME, MBI
COXPAHWIU €r0 OICHKU W MOXKEM BBIYUCIUTH UTOTH. JTO YPE3BBIYAHHO BAXKHO JAXKE JUIS
OYHOTO OOY4YeHUs, KOrJa MperojaBaTe’b OONBIIONW TPYIIBI MM HAa MOTOKE MOXET He
MMOMHUTh KOHKPETHBIX CTYACHTOB B JIUIIO — U CUCTEMa IIOMOTaeT €My, I0JICKa3bIBaeT
OIICHKY. A B JUCTAHIIMOHHOM OOYYEHHH 3TO €Il BaYKHEE: Mbl MOXEM IOHAThH U MOKa3aTh
CcaMoOMy CTYJIEHTY, CKOJIbKO BPEMEHHU OH 3aHUMAJICS, Ka-KHe pasJeNibl U KaK 9acTo/JoJro
MPOCMATPUBal ¥ TMPEANOJIOKUTh MPUYUHY €ro HEJOCTAaTOYHOH ycrieBaeMOCTH. Takas
MPO3pPavyHOCTh camMa IO cebe SBISETCS WCKIIOYUTEIHHO CHIIBHBIM MOTHUBUPYIOIIUM
(hakTOpoM, a 1T MacCOBOTO OOy4YeHHsI — BOOOIIE eAMHCTBEHHBIM CIIOCOOOM 00ECTIeunTh
Pe3YJIbTaTHL.

Moodle moxet BecTr yueT mopTHOIHO ydaImuxcs, ykasbiBas Kakoil Kypc KTO MPOCITyIIal,
KaKhe OIEHKH MONYYWI, y KaKOTO MPEeroNaBaTeNs, MOXET (PUKCHpOBATH IMOXKETaHHS
YYaIuxcsl.

OFpOMHbI BO3MOXXHOCTHU FeﬁMH(l)HKaHHHZ MOXKXHO YUUTHIBATH KOMIICTCHIIUHN
oOyyaromerocs B TIaHe, HAPUMED, CKOPOUTEHHSI, COCTABJICHHUS] HHTEIUICKT-KapT, S3BIKOB,
MIPEIIIIECTBYIOMIE MaTeMaTHYeCKOH, MPOTPaMMHON WM 000 APYrod IMOATOTOBKH.
MoxHO TMpHCBaMBaTh «3HAYKW» 32 BCE YTO YIOAHO — AK€ 3a OTJIENbHBIE TOJKOBBIE
BOIIPOCHI, HE TOBOPA YK€ O APKO IHMPOABJICHHBIX KOMIICTCHIIUAX WJIM KaUCCTBaX:

C “ K
Hassatme - TaTyC 3HAYKA pPHMTEDHH

-

SheTpTET [ocTynHo * Harpaxgerue ot JIDBOE wa:¥npasnarwui,

I — AccucTeHT (Bea npasa penakTMpPOBaHWA), YunTens

BOMPOC
- [ ] { . Tl

E Inauok 33 ocTynko Harpaxaenue ot JIOBOE wa:YnpaenAawwwi,

h I — AccucTeHT (De3 npasa penak TMPOBAHWA), YUMTENk

Pucynok 2: Ilpumep 3Ha4KOB, OLIEHUBAIOIINX KOMIIETEHIINH, BBIXOISIINE
3a Mpezenbl 00pa30BaTeIbHON IPOrPaMMB.

Moodle ¢popmupyer cambie pa3Hble OTYETHI, KOTOPBIE IMO3BOJISIOT YIPABIATh 00y4eHUEM
(cunpHBIN U KpaiiHe BaXKHBIN QyHKITMOHAMT!).

Bo-niepBbIX, MBI KOHTPOJIMPYEM TIPETIOIaBaTelsl: T.e. Mbl 3HAEM, YTO, B KAKOM 00bEME H B
KakoM BUJE, Koraa oH pasmecTuil. Ecnu Mbl co3nanm yueOHble MaTepualibl C KEM-TO WK
KYIIMJIM Ha CTOPOHE, TO MBI 3HAE€M, YTO MBI 3TO Pa3MECTHIIH, KOT/Ia 1 B KAKOM 00BeMe.
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MBI KOHTPOJMPYEM KadeCTBO Pa3MEIICHHBIX O0YYaroIUX MAaTEpPHANOB M COOTBETCTBHE
MPOBEPOYHBIX 3aJaHUi pe3ynbraTamM oOyueHus. Hampumep, ecaui Mbl XOTHM, 4YTOOBI
CTYJICHT «3HAJI», TO IIPOBEPKON MOKET OBITH TECT; HO €CJIA OH JIOJDKEH «yMEThY, TO 3aJJaHHe
JIOJDKHO TIpEIoiaraTh peanbHyr paboTy, a He TeCTOBOE 3ajaHue.

MBI KOHTPOJIUPYEM CPOKH MPOBEPKH 3aJlaHUH M KOPPEKTHOCTH OLICHOK, MOTOMY YTO JUIS
O0ydJaromuxcsi 4Ype3BBIYAHO Ba)KHO, YTOOBI IPENO/ABATENb CBOCBPEMEHHO I0aBal
00paTHYIO CBSI3b.

BO-BTOpI)IX, MbI KOHTPOJIUPpYEM o6yan01ueroc;1: YTO OH BBIIIOJIHWJI, KOT'JJa, KaK 3TO OBLIO
OLICHCHO, U MTOJYYHJI JIM OH O6paTHYIO CB3b.

B OonpmmHCTBE CiIy94aeB CILIONTHOW KOHTPOIIb HE TPEOYeTCsl — TOCTaTOYHO BHIOOPOYHOTO
IUTFOC KOHTPOJIb 1O curHajiaM. [1o3ToMy mpoBeneHUE KOHTPOJIS, KOHEYHO, SIBIISICTCS
JIOTIOJTHUTENILHON HAarpy3KOH, HO OHa 1aJIeKO HE TaK BEJMKa, KaK MOXKHO IMoayMath. Pazoop
KOH(JIMKTOB MEXIy TMPENOAaBaTeIIMU W CIyIIATSISIMH B OTCYTCTBHE OOBECKTHBHBIX
apryMEHTOB 3aHUMaET KyJa 00JbIe BPeMEHH.

YeTBepTOi TPYNIIOH BO3MOXKHOCTEH sIBIsieTCs B3aumoeiictere Moodle ¢ MoOHIBHBIME
KJIMEHTaMH. DTa BO3MOXXHOCTh Ba)KHA ISl COBPEMEHHBIX CIIYIIATENICH, XOTA MMOKa MEHEee
Ba)KHA JUIs1 aAMUHHUCTPATOPOB ATOWM cHucTeMbl. HO TeXHOJOrnyeckoe pa3BUTUE UAET MO
JIMHUY BCe OOJIBIIIETO UCTIOIB30BaHUS YCTPONUCTB IUIAHIIICTHOTO TUIIA.

A 4 JlucTaHUMOHHOE 00y4YeHUe B YHUCTOM BHUIe
U KaK MOJJIEPKKA OYHOI0

C nmo3unuii JUCTAHITMOHHOTO O0YYIECHHSI MOYKHO BBIJICIIUTD:

o VYuebHble Kypchl, yA0OHBIE 7151 TOJTHOTO TUCTAHIIMOHHOTO U3YUYCHHUS;
o VY4eOHble Kypchl CO 3HAUUTEIbHOMN JUCTaHIMOHHON YacThIO;
o VY4eOHble Kypchl, TPEOYIOLIHNE «KUBOTO PUCYTCTBUS.

Uro xapakTepHO MJIsi TPEIAMETOB, «YAOOHBIX s nuctaHTa»? OObMHO — OoJbIIOE
KOJIMYECTBO CXEM U Upe3BblYaiiHasi BAYKHOCTh 3TUX CAMBIX CXEM JIJIsl YCBOCHHSI MaTepHara.
C nocku ux ciymareian oObIYHO BUAAT MO-PAa3HOMY, MOHUMAIOT C Pa3sHOl CKOPOCTBIO U
MOATOMY YCBOSHHE MaTepuaa IpyIoi mpyu 09HOM 00ydeHHH uieT HepaBHoMepHO. Korna
e CIymaTenab 00yJaeTcs 10 BUACOPOINKy U pa3MemieHHbIM B C/1O marepuanaM u umeeT
BO3MOXHOCTb IOBTOPHUTB, YCBOGHHE HIET ropasuo dyyiie [§].

Bropst rpynma — 310 ydeGHBIE KYpChl CO 3HAYMTEIbHOW JUCTAHIIMOHHON YacThio. MBI
CHEIMAJILHO MOA00paIH CXOIHbIe YUeOHbIe KYPChl Pa3HOI0 TUIIA, YTOOBI MT0Ka3aTh, B YEM
oTimuue: Table 3.
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Table 1: Otnuuns Mexay yueOHBIMH KypcaMu
C pa3IMYHON JoNel AUCTAHIHMOHHOTO 00yUeHHS.

pa3obpaTbCcs caMOMy: B3SThb OayaHc
OTKPBITOW aKIMOHEPHOW KOMIIAaHUU
W COOCTBEHHOTO MPEATIPUSATHS U Ha
€ro TpHMepe MPOBECTH  aHAJM3
CTPYKTYPHI, JUHAMUKH,
KOD(UITMEHTOB, UX CBSA3H — UTO U KaK.

Uucto  aucTaHUMOHHBIM  Kypc — | YacTuuHO NUCTAHIIMOHHBIN Kypc —
DUHAHCOBBIN aHATU3 Jlnarnoctrka OM3HECA W TTOMCK PE3EPBOB
B ¢unancoBom anammze MoxkHO | Ho Korma mmeT peds 0 IHarHoCTHKe OM3Heca i

MOUCKE PE3CPBOB, MNPHHIUIHAAILHO BaKHO
coOparh o0OydJaromuxcs BMECTE, JaTh WM
BO3MOYKHOCTh 00CyTUTh THIIOTE3bI,
NOTPEHUPOBATH JIOKA3aTEIbCTBA, OTTOYUThH
aprymeHTaiuoo u T.1. T.e., 31ech Tpedyercs
NPUCYTCTBHE IPYTHUX JIIOJICH.

U, nakoHern, ectb yueOHbIE KypChl, KOTOPBIE MPOXOISAT B TPEHUHTOBOM PEXUME U TPEOYIOT
YKUBOTO NMPHUCYTCTBHUA. K TaKOBBIM OTHOCATCS: MPAKTUKYM 110 MEHEPKMEHTY, pa3paboTKa 1
peanu3anus CTpaTeruy, IpoOIeMbl OFOKETHPOBAHUS | T.J. 3/1€Ch, KOHEYHO, MOYKHO YTO-
TO pa300paTh, MPOYUTHIBAS YICOHBI MaTEpHa, HO yCIIEITHOE 00ydeHHe BO3MOXHO TOJIEKO

B XOZ¢€ TPpCHUHI'A.

PaznenuB Bce Kypcebl Ha Tpu OOJIBIIKE IPYIIIBI, MBI INITAHUPYEM, KAKUM OyJeT ATl KaxXI0ro
Kypca BBOJTHOE OYHOE MEPONPHATHE, KAKOTro 00beMa OyIeT AUCTaHIMOHHBII KypC, 1 KaKoH

OyJneT urorosas padboTa:

1. Hanpumep, eciiu MBI IMEEM JIEJIO C KypCOM, YIOOHBIM JUTS AUCTAHIIMOHHOTO O0Y4YeHUs,
TO B KaYeCTBE BBOJHOI'O OYHOT'O MEPONPHTUS OyneT 0030pHas JeKLuus — HeOobIIasi,
a, MoxeT, U He Oynmer ee BoBce. OpHaKO caM JUCTAHIIMOHHBIM Kypc Oyner
MTOJIHOMETPAXKHBIM: C TEOPETHUECKUM MaTEepPHaJIOM, C TECTOBBIMU 33/IlaHUSIMU, 33]a4u
1 KeficamH, ¢ 3cce U ¢ 00beMHON M TBOPUYECKON UTOTOBOM pabOTO.

2. Ecmm ato KypcC, KOTOpBIﬁ YaCTUYHO ABJIACTCA OYHBIM, HACTUYHO JUCTAHIIMOHHBIM, TO Y

HEro Ha BXoge Oyner

CCMHUHAP-TPCHUHT .

JucranimonHelii  kypc Oyner

MMOJITHOMCTPAKHBIM. Ha BBIXOAC pa60Ta, CKOpEC BCLro, TOXKCE 6yz[eT o0beMHasT H

TBOpYECKas.

3. Ho, ecnu Mbl mMeeM Jeno C KypcoM, KOTOPBI NpeAroyiaracTcs OcBauBaTh B
TPEHUHTOBOM PEXHME, TO BBOJHOE OYHOE MEPOIIPUATHE, OHO XK€ - 00yJaronuii Kypc,
ABJIsieTCsl OCHOBHBIM. K HeMy OyzieT mpuiaratscsi KOpOTKAN TUCTAaHIIMOHHBIN KypC IS
MOBTOPEHHU NPOHIECHHOr0 MaTepHuaia, 4YToObl 3TO OYHOE MEPONPHUATHE Ao
JOTIOJTHUTEINIbHBIE PE3YJIbTaThl M OCTaJloCh B MaMSITH. B kauecTBe WTOrOBOM pabOTHI
pEeKOMEH TyeTCsl HeOOJbIIast POBEPOYHast paboTa, ITOATBEPKIAIONIAsT IPUOOPETEHHBIE

HaBBIKH.
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Bo Bcex TpEX cliydasaX HOOCTUraCTCd pPAaAUKaJIbHOC IOBBIIICHHUE YPOBHA IMMOATOTOBKHU
CTYACHTOB 3a CUCT:

e  VYiydmeHus METOIUKU OOyueHHUS;

e [IpogymaHHBIX 00yYarOMIMX MaTepUAIOB (TIPO3PAYHOCTh, KOHTPOJIH M OOHOBIICHHUE
Mo OOpaTHOW CBSI3M OT CTYACHTOB 3a HECKOJILKO 00pa3oBaTElbHBIX ITUKIIOB
MOBBIIIAIOT UX YPOBCHB);

e KonTtpomns oOyueHus;

e BosBpamenusi K 00y4eHHIO 110 HEOOXOIUMOCTH WM SKEJTAHWIO ISl YKPETICHHS
3HAHUH 1 HABBIKOB.

A5 IIpo6s1eMbl cOBpeMeHHOM cucTeMbl 00pa3oBaHus ¢ nosuuuii TPU3
Takum 00pazom, MBI TOKa3aJIH, YTO COBPEMEHHBIH ITOIX0]] K 00pa30BaHHUI0 MEHEe 3aBHCHM
OT YPOBHS TpeTojaBaTelieil M TMO3BOJSET JIyYIlle KOHTPOJIHMPOBATH OOYYArOIIUXCS, T.€.
MECHEC 3aBUCUM U OT UX ITOBCIACHUS.

B uem xe npobnembr?

B mecobmonennn npyrux 3akoHoB TPU3: mepexoma B HaacucTeMy, MHHAMATBHON
paboTOCTIOCOOHOCTH OCHOBHBIX YacTeld CHCTEMBI, COTJIACOBaHHMS PUTMUKU 4acTel
CHUCTCMBI.

48:] CO6J'IIO,I[€HI/II/I 3daKOHAa HCPAaBHOMCPHOCTH Pa3BUTHA 4acTeH CHCTEMBI.

3aKkoH Iepexoja B HAJACHCTEMy IPEIIoJIaraeT, 4To KauyecTBO OOpa3oBaHUs TeHepb
3HAUUTENBHO OOJIBIIE 3aBUCHUT OT YPOBHS YHpaBJICHHS 00pa30BaTeIbHON OpraHH3alieH,
94eM OT ypOBHs OOyUCHHMS B y3KOM CMBICIIE CIIOBa (IpOBeIeHHS 3aHATHI). [{a, MBI MOXXeM
copmupoBaTh 00pa30BaTENbHBIA KOHTEHT, NPHBIECKAs BBICOKOKBAIH()UIIMPOBAHHBIX
npernojaBaresneil U Mokynasi KJIacCHble MaTepHalbl — HO KTO-TO JOJDKEH 3TO [eJath,
MPUMEHSTh, KOHTPOJIMPOBaTh. MbI TEXHUYECKH CIIOCOOHBI KOHTPOJIMPOBATH CTYJCHTOB 10
MeNbYaiIIMX JieTaneil — HO pyKOBOJACTBO 00pa30BaTeIbHON OpraHU3aluK JOJDKHO OBITH
TOTOBO NPEANPUHAMATH HEOOXOIWUMBIE MEphI 10 pe3ylbTaTaM KOHTPOJS — CHHXKATh
OLICHKH, OTYUCIATH U T.11. Y eciiu peIHOYHAs CUTYal|sl HE MO3BOJISIET BY3Y TaK MOCTYIATh
(TouHEe, PyKOBOACTBO By3a IIOJIATAeT, YTO B MMEIOLIMXCS YCIOBUAX OHO HE MOXET ce0e
MO3BOJIMTH >KECTKOH MOJUTHUKHU 110 OTHOILEHHIO K CTYACHTaM), TO BECb KOHTPOJIb IOBUCAET
B BO3[yX€. A KOHKYPEHTOCIIOCOOHOCTH By3a 3aBUCUT HE OT JUCTAaHIIMOHHOTO O0y4eHHs, a
oT ympasieHus [9].

Hpyroii HapymieHHbIil 3akoH TPU3 — 3To 3aK0OH corjiacoBaHMsl PUTMUKH 4YacTel
CHUCTEMBI. OH YTBEPXKIAET, 4YTO HEOOXOAMMBIM YCJIOBHEM NPUHIMIINAIBEHON
KU3HECTIOCOOHOCTH TEXHHYECKOW [II000H]| CHCTEMBI SIBISETCS COTJIACOBAHHME PUTMHUKH
(gacToThl KosleOaHWH, TEPHOANYHOCTH) BceX uacTed cucteMbl. Cucrema o0pa3oBaHUs
SIBIISIETCS. YaCTBhIO HAJCHUCTEM «OKOHOMHKa» M «OOLIECTBO», U €€ PUTMHUKA JIOJDKHA OBITh
cormacoBaHa ¢ HUMH. C Jpyroil CTOpPOHBI, B cHCTeME OOpa30BaHHMS MOXKHO BBLICITUTH
pa3nUYHbIC OJCUCTEMBI B 3aBUCIMOCTHU OT KPUTEPHS KiaCCU(DUKALIH.
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BrigennM HEKOTOPBIE W3 HUX U UCTIONB3yEeM TaK Ha3. «CHCTEMHBIN oniepaTop ANbBIIyJuiepa
JUTSE. TIPOTHO3UPOBAHUS TEMIIOB HM3MEHECHHS CHCTEMBI O0Opa30BaHUS C YYE€TOM TEMIIOB
HU3MEHEHHS HaJICHCTEMbI «IKOHOMHUKA» ¥ MOJICHCTEMBI «o0yUaroruiicsy: Table 4.

Table 4: CornacoBanue puTMUKH YacTeil CHCTEMbI 00pa30BaHUs
C PUTMHKOI Ha/ICHCTEMBI H HEKOTOPBIX MOJICUCTEM.

YpoBHU cHCTEMBI Tembl pazBuTHS
MPOIIIOE | HACTOsIIee Oymytee
Hancucrema - 3xoHOMEKA MEAJICHHO | OBICTPO OUCHb
OBICTPO
Cucrema o0pazoBaHus MEJIEHHO | CpeIHHA BBICTPO
TEMII
[oncucrema «MatepuaibHO- MEIJIEHHO | CPeIHHHA ??7?
texandeckas 6aza (MTB) oOyuenus» TEMIT
IMoncucrema "Yuurens" MEJIEHHO | CpeIHHM ?77?
TEMII
[Honcucrema "OOyuarormmiics” MEIJIEHHO | OBICTPO OBICTPO

Error! Reference source not found. marmgaHo mMokasbIBaeT, YTO KHU3HECIIOCOOHOIM
OKa)KeTCs TOJIBKO Ta CHCTeMa 00pa30BaHMs U OTAEIbHOE 00pa3oBaTesbHasi OpraHu3auus,
KOTOpasi cyMeeT 00ecIeunTh 3a CUeT yrnpaBiieHHs ObicTpbie Tembl n3MeHeHnst MTH (ona
nomkHa cooTtBercTBoBaTh MTDB pabo4ymx MeCT BBITYCKHUKOB) W OBICTPBIE TEMBI
NOBBIIICHUA KBaJMUKaIUU mpenonasareneid. [IpuunHbl, M0 KOTOPBHIM MpenojaBaTenu
3a4acTyl0 HE XOTST NOBBIIIATH KBAIM(HUKALIUIO B HY’)KHOM TEMIIE, BBIXOAAT 33 PAMKH 3TOH
cratbu. OHAKO XOYeTCs MOJYEPKHYTh, YTO HEKOTOPHIE MPUYMHBI HOCSAT OOBEKTUBHBIN
XapakTep — HalpUMeEp, XapaKTepHOe BPeMS CHCTEMbl 00pa3oBaHus (T0J) 3HAYUTEIHLHO
MeJJICHHEEe XapaKTEPHOrO0 BPEMEHU NMPEANpHUITHH (KBapTasl) U SKOHOMHMKH B LeJIOM (OT
MecsIia 10 ro/1a).

e be3 GOMBIION HATSKKHA MOXHO yTBEP)KJaTh, YTO KOHTPOJIUPOBATH HYKHO TOJIBKO
npernojaBaresieii — MX IOCTOSIHHOe O0OydeHHe M COOJIOJCHHE IpaBHII
JMCTaHIIMOHHOTO OOYYEHHMs, TIOCIIe Yero OOydYarolnIuXcs MOXXHO KOHTPOJIUPOBATH
TOJIKO (hOpMANBHO.

Obecrieuenrie  OBICTPBIX ~ TeMIIOB HW3MeHEHHs (coBepineHcTBoBaHus) MTBb
npenojaBartenei MoJAep>KUBaeTCsl 3aKOHOM HEPaBHOMEPHOCTH PA3BUTHSI YACTEH CUCTEMBI.
Ho HM oauH »reMeHT He JOJDKEH OTCTaBaThb HACTOJBKO, YTOOBI IMOTEPSTH
paboTOCIIOCOOHOCTh (3aKOH MHHUMAJIbHOM pPabOTOCIOCOOHOCTH OCHOBHBIX 4YacTeil
cucTemsl)!

A BbIBoAbI H peKOMeHIalH

IIpoBeneHHBIN aHAMM3 Pa3BUTHS SJIEKTPOHHOro oOydeHus ¢ mosummii TPU3 mokazan
CIIEeyIOIIee:
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1. JIoCcTYymHOCTh W CKOPOCTH Mepeaadd WHGOPMAIUU SBISIETCS OJHHM W3 OCHOBHBIX
(akTopoB BbIOOpa opMm u crmocoboB oOydeHus. Ha srtame BBICOKOW TOCTYHMHOCTH
uH(pOpMaLUK FTEKTPOHHOE 00YUCHHE, B T.4. JUCTAHIIHOHHBIC TEXHOJIOTHHU, HEU30EKHO
CTaHOBHUTCS] OCHOBHBIM.

2. MOXHO YBEpeHHO TIPOTHO3HMPOBATH OIEPEXKaAIOIee pPA3BUTHE IHCTAHIMOHHBIX
TEXHOJIOTHA OOYYEeHHs BILIOTH 10 TOTO, KOTJIa OCHOBHOW (popMON 0OydeHHUs! CTaHeT
«IUCTaHIIMOHHOE 00yUYeHHE C TIOAIEPIKKON CpeICTBAMU OYHOTO U OHJIAHH 0O0yUCHHS».
[MogmepkKky  cpeacTBaMH  BJIEKTPOHHOTO  OOy4eHUs] M JUCTaHIMOHHBIX
00pa30BaTEIbHBIX TEXHOJIOTHHI TOJDKHBI MTOTYYUTh 1K€ TPEHUHTH.

3. TIlepexon K 3JEKTpOHHOMY OOYYECHHIO MOJJAEPKUBAETCS B II100aIbHOM Macitabe
nporpaMMHbIME cpenctBamu, npexae Bcero CJI0 Moodle, o 4 nanpasnenusim: (1)
WCTIONB30BaHUE CaMBIX Pa3sHOOOpa3HBIX ()OpPMATOB OOYYAOIIEro KOHTEHTa, B T.U.
WHTEPAaKTUBHBIX, (2) oOecredyeHHe KOMMYHHUKAIMA MEXAy BCEMH YYacTHUKAMH
o0pa3oBaTenbHOTO TpOIlecca, BKIIIOYas PYKOBOACTBO, (3) KOHTPOJb 3a BCEMH
acmeKTaMu 00pa3oBaTENFHOTO TIpOIecca M €ro  BBICOKAas TPO3PavyHOCTh; (4)
NpUMEHeHHe  MOOWIIBHBIX ~ yCTpPOMCTB, 4YTO  o0ecrmeuMBaeT  JOCTYIMHOCTb
JIUCTAHIIMOHHBIX TEXHOJIOTUH M3 JIF00OT0 MECTa, Tie eCTh VIHTepHeT.

4. VYwuurtenb u cucteMa 00pa30BaHUS B LIEIOM IEPECTaId OBITh OCHOBHBIM MCTOYHUKOM
3HAHWI, ¥ UX OCHOBHAs 33/1a4a B PaMKaxX COBPEMEHHOTO MOAX0Ja K 00pa3oBaHHIO —
OpPHEHTUPOBATH U YUUTHh OPUCHTUPOBATHCS B IOTOKE MH(OpMALMHK, BEIOUPATH MHEHHS
Y aBTOPUTETHI, POPMUPOBATH LIEIIOCTHYIO 3P (HEKTUBHYIO KApTUHY MHUpPa, OTpabaThIBaTh
MPAKTUYECKHME HABBIKM C TOMOIIBIO JTUCTAHIIMOHHBIX HHCTPYMEHTOB. [[is 3Toro,
0€3yCIIOBHO, CAMH YUUTENS! JOIKHBI 3TO YMETh.

5. JKuzHecmocoOHOH OKakeTcsi TOJNBKO Ta cucTeMa oOpa3oBaHMS U OTJENbHOE
oOpa3oBaTesbHasl OpraHu3alusi, KOTOpas CyMmMeeT OOeCHeulTh 3a CUeT YIpaBJICHHS
osicTpeie Tembl 3MeHeHnss MTh (oHa momxHa cooTBercTBoBaTh MTh pabounx mect
BBIITYCKHUKOB) U OBICTPBIC TEMBI MTOBBIIICHHS KBaTH(PUKAIIUH MTpero/iaBaTeiei.

[Ja, BEIBOJIBI M IPOTHO3BI BBITIAIAT KECTKUMU — HO TakuMU Ux AukTyet TPU3. A Teopusi,
KaK M3BECTHO, 9aCTO OKA3bIBACTCS IIPaBa.
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The complexity of market dynamics: computational
intelligence assisted investigations
Ladislav Andrasik

Abstract:

The tangled topic of market dynamics is relatively new problem in economic sci-
ence. In clear form we meet dynamic models and/or theories even in modern era of
economics that is in past hundred years approximately since 1925. In the middle of
past century several economists like von Neumann, Kaldor, Samuelson, Goodwin,
Smithies, Domar, Metzler, Haavelmo, Klein, Hicks, Lange, Koopmans and others
have developed dynamic models concerning the stability and fluctuations around any
equilibrium point or path which cover the four important fields of economic theory,
namely, business cycles, income determination, economic growth and price theory.
On the other hand there are few economists which imagined about economic dynam-
ics before 20th century, at least in hidden form like A. Cournot in his mathematical
theory of duopoly. However there exists one economist who was reasoning about
dynamics in economic evolution very early. His name is Ibn Khaldun. He focused
attention on that important characteristic of economic phenomena, even in the period
of so called Golden Arabic medieval, that is, several centuries earlier than econo-
mists in modern era.

Because in a market there are a lot of multilevel discrete time action-reactions, it
is very difficult to build model and/or theory upon such realms. Even if there are only
two levels of iterative reactions that is mutual reaction between supply and demand
or between two producers on the supply side of market (duopoly) the model may need
very sophisticated mathematics. These are the reasons why mathematically formal-
ized models are becoming too peculiar for conventionally educated economists to
create suitable imaginations. In such situation computational intelligence (CI) de-
vices and tools are coming to help for creating clearer imaginations about such com-
plex realms. Actually, computational economies as a manmade object similar to con-
cept of Kripke's “possible world” have several advantages and benefices in endeav-
our to create imaginations on economic reality relate to bodies created in mathemat-
ical economies.
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The typical distinguishing feature in creation economic imagination in the ap-
proach assisted by ICT is the direct observation of evolution running in PC or in
poorer case the static snapshots from the PC display. In such of paper printed cases
the verbal abstract text is substituted by lot of coloured pictures. This needs the read-
ers to learn how to “read” such on paper printed snapshots from PC or in better case
of running simulation one.

The author in this essay is bringing approaches to complex dynamics realms of
market using relatively simple mathematical models for demonstration economic dy-
namic complexities mainly by assistance of program iDMC and Excel too. These are
two: 1. Duopoly model a la Cournot, 2. Duopoly model with two mutually different
products.

Keywords:

Basin structure, Competent ontology, Computational economics framework, Evolu-
tionary dynamism, Iterative process, Market dynamism, Discrete dynamical systems,
Duopoly models, Subcritical Neimark—Hopf bifurcation, Homoclinic connection.

JEL - Journal of Economic Literature classification system:

Microeconomics, Economic Methodology, Current Heterodox Approaches,
Economic Systems.

A Introduction

“Not only verbal texts but to read snapshots from PC runs:
that is the way to understand economic dynamics.
The best one is direct observation of runs.”

There are several strange and complex phenomena and process for recognition econ-
omies. Among other the most difficult subject is economic dynamics. But this term is rather
vague among economist. So it is legitimate to ask the question: “What is the meaning of
Market Dynamics?

The market is complex action-counteraction hidden below price system entity which
is evolving in discrete time steps. In such situations it is obviously that process dynamics
has an iterative form. Obviously it is modelled as discrete dynamical system (system dy-
namics®), that is a model of rigid body walking® step by step upon state and/or phase space
(as state and/or phase point).

5 As it is known the System dynamics is a methodology and mathematical modelling technique to
frame, understand, and discuss complex issues and problems. It was created during the mid-1950s
by Professor Jay Forrester of the Massachusetts Institute of Technology. After massive diffusion of
ICT devices different dynamical models runs in PC’s.

¢ Because the length of steps are differing the state/phase point is sometimes bounces/dances and/or
faltering around.
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That is the reason why we need to use discrete mathematic tools for example topol-
ogy. Market dynamics is visualised through pricing signals that are created as a result of
changing supply and demand levels in a given market. Market dynamics describes the dy-
namic, or change of price signals that results from the continual changes in both supply and
demand of any particular product or group of products. Market dynamics is a fundamental
concept in supply, demand and pricing economic models.

The several topics of market dynamics or at least all of them are relatively new prob-
lem area in economic science. In clear form we meet dynamic models and/or theories even
in modern era of economic that is in past hundred years approximately since 1925. In the
middle of past century several economists like von Neumann, Kaldor, Samuelson, Good-
win, Smithies, Domar, Metzler, Haavelmo, Klein, Hicks, Lange, Koopmans and others have
developed dynamic models concerning the stability and fluctuations around any equilibrium
point or path which cover the four important fields of economic theory, namely, business
cycles, income determination, economic growth and price theory. On the other hand there
are few economists which imagined about economic dynamics before 20th century, at least
in hidden form like A. Cournot in his mathematical theory of duopoly. However there exists
one economist who was reasoning about dynamics in economic evolution very early. His
name is Ibn Khaldun. He focused attention on that important characteristic of economic
phenomena, even in the period of so called Golden Arabic medieval, that is, several centu-
ries earlier than economists in modern era.

Because in a market there are a lot of multilevel discrete time action-reactions, it is
very difficult to build model and/or theory upon such realms. Even if there are only two
levels of iterative reactions that is mutual reaction between supply and demand or between
two producers on the supply side of market (duopoly) the model may need very sophisti-
cated mathematics. These are the reasons why mathematically formalized models becoming
too peculiar for conventionally educated economists to create suitable imaginations. In such
situation computational intelligence (CI) devices and tools are coming to help for creating
clearer imaginations about such complex realms. Actually, computational economies as a
manmade object similar to concept of Kripke's “possible world” have several advantages
and benefices in endeavour to create imaginations on economic reality relate to bodies cre-
ated in mathematical economics. The typical distinguishing feature in creation economic
imagination in the approach assisted by ICT is the direct observation of evolution running
in PC or in poorer case the static snapshots from the PC display. In such of paper printed
cases the verbal abstract text is substituted by lot of coloured pictures. This needs the readers
to learn how to “read” such on paper printed snapshots from PC or in better case of running
simulation case.

We are bringing some unconventional approaches to complex dynamics realms of
market using relatively simple and in economic literature known mathematical models for
demonstration economic dynamics complexities mainly by assistance of program iDMC
and Excel too. These ones are two: 1. Duopoly model a la Cournot, 2. Duopoly model with
two mutually different products.
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A 1 Investigation of simple but modified duopoly model a 1a Cournot

There are several duopoly models found in economic literature. For better
understanding we are chosen for beginning original duopoly model only with modest
customization. It consists in introduction of two adaptation parameters b and c (in Excel
model bas and cas) into 2D difference system:

X1 :(1_C)X1+C[\/%_ )ﬁj

yt+1:(1_b)y1+b(\/z_xl) )

where parameter a is a multiply of marginal cost of production of first producer when
mcost,= 1. Understandably, if b = ¢ = 1 the situation is in common sense of original duopoly
model, that is:

You =% =% 2)
The 2D difference system (1) and/or (2) are topological map, of course:

x':(l—c)x+c(\/g—yJ x':\/z—y
a and/or T, : a .

Orig *

Y'=(L-b)y+b(vx ~x) Y= X — X

TModif :

©)

To understand the presentation of market dynamics in the form of unconventional
exposition we use besides abstract texts the snapshots from PC simulation. We are bringing
them for readers to learn several subsequent snapshots.

The first two shapshots are made in iDMC from the original duopoly map (right part
of map (3)). We choose two starting points for parameter a, that isa =5.5and a =6 to
show attractive and repellent situations, see Figure 1 and Figure 2.

Let us now disturb Cournotian equilibrium by introducing parameter b and ¢ such
that both are coming in interval 0 < (b, ¢) <1, that is we decelerate the reaction of producers
to the situation in the market. For example we chose b = ¢ = 0.85 and a = 7.2 see Figure 3.
We encourage the readers for attention to learn how to read subsequence snapshots from
Excel and iDMC simulations.
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Figure 1. The attractive Cournot point
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Figure 2. The repellent Cournot point

The result of such learning is very important for progress of theirs capabilities to
create genuine economic imaginations and it promise the advance of their adequate
economic reasoning. We give to those snapshots only little commentaries to leave broader
space for reader’s creativity. By the way these are one of the main didactical advances of
this unconventional approach.
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Figure 3. Situation after introduced parameters b and ¢

The snapshot in Figure 3 we combined from four snapshot reached by different
algorithms of iDMC device by superposing them in Windows. The resulting picture shows
the coexistence of attractive Cournot point and the outer attractive closed invariant curve
(CIC), between them other CIC is laying but repellent.

In Figure 3 we can see also basin of attraction of E* and two basins of attraction of
attractive Ga.
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Figure 4. The duopoly: Evolving to Cournot Equilibrium
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Figure 6. More strange behaviour of duopoly

As readers easy recognise we have used Excel for preparing Figure 4 to Figure 7
knowing that for economists the Excel is most convenient device. Some snapshots from
Excel may be more instructive but very complex dynamics is needed to deal with iDMC.
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Figure 7. Three runs from different starting points
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The reader can assure precisely observing the snapshot in Figure 8 and of
subsequent ones. The careful reading of snapshot on Figure 8 opens very deep information
on simple market dynamics and prevent readers from naive imaginations about real
economy.
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Figure 12. Other impact of different adjusting speed

Because the longitude of steps is differing, the state/phase point sometimes
bounces/dances. The drunkards are faltering around. The Gemini’s of nine polygon can to
go for merging because shortening the distance between Siand Fi (i = 1 ... 9) caused by
changing of all of three parameters.
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Figure 13. Chosen one of distant Gemini Saddle-Focus from polygon from nine ones
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In the snapshot of Figure 13 we can see the two pair of saddle S1 branches (The
details around Gemini S1-F1). The one of repellents is going to attractive focus F1 that is
a1, to second one @2 is attracted by CIC GA. The second pair of branches is attractive, that
is wl and w2. They are coming from repellent CIC GR. The complexity of divorcing of

attractive branches from CIC GR shows the snapshot of Figure 14.
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In a snapshot of Figure 14 there is the Cournot point as attractive focus in the centre.
We can see also repellent closed invariant curve and attractive one. Between them there is
a static polygon with nine edges, its nine points was united into saddle-node points.

It is need to note upon difference between cases of orbit and closed invariant curve.
For example it is in the case of nine edge polygon of duopoly model. In the case of orbit the
edge points are in stable loci whilst in the case of CIC whole polygon is rotating upon it’s
one in opposite direction to clockwise movement. If the difference between adjustment
parameters is increasing the behaviour of duopol is going to extreme. In snapshot of Figure
15 we can see strange attractive CIC GA.
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Figure 16. The phase point is winding around the five focuses:
everyone from two sides and two directions too

The central focus on Figure 16 is repellent with five branches, which are attractive
branches of five saddles. Two repellent branches of each saddle are attracting either to left
or to right neighbour focus in opposite directions.

A 2 The case of duopoly model with two mutually different products

In this section we are showing a duopoly complicated by differentiating of former
identical product for two different ones. The consequences is that the market is becoming
diversified to two areas for first and/or second goods (two-colour market). To get such
duopoly model we are introducing parameters « andg, so that ¢ + 8 =1, consequently S =
(1 — @), (or in other sense parameter o gives the degree of substitutability/differentiation
among the commaodities). The new duopoly model (as topological map) becomes:
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a-1 a_C a+ a2
o =g [0
1 2

ad; gy — ¢, (g +a;)°
0, =0, +K ( R
o (q +05)°

T=

: (4)

where “”” denotes the unit-time advancement operator, g; is the quantity of different
product, c; is the production cost, and k; is the “speed of adjustment”, respectively. Due to
the presence of the denominator, it is obvious that T is defined only at points such that (qz,
g2) # (0, 0); furthermore from an economic point of view we are only interested in the study
of the local stability properties of the positive output equilibria, i.e. points belonging to the
positive quadrant of the plane R2. In economic literature there are several similar models to
map (4) but we were chosen it from outstanding essay of A. Agliari at all [1] because it’s
very suitable character for our purposes. Map (4) is come into being by consecutive creative
process. The utility function:

U(gLg2) =g/ +q;, O<a<l (5)
which is maximized subject to the budget constraint equation:
P, + P,d, =1 (6)

where p; and p; are the prices in the market of good ¢: and g, respectively and we
assume the consumer’s exogenous income equal to 1. Maximizing (5) subject to (6) results
in the demand functions, that is in equation:

_p 1 L
SR A N @

O

with y= al(1 — «), or their inverses:

a-1
_ P

PP _ (8)

a-1
Q= P

T L a’ q
pr+py

Clearly, if parameter a = 1, then we give usual price equation for solitaire good
(that is for isoelastic demand function the price is reciprocal to whole amount of goods
supplied in the market, see first section)
1

- q1+q2. 9)

Y
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On the base of map (4) we constructed virtual laboratory in iDMC with name

képiaCourtNa which is like this:

-@@

name = "kopiaCourtNa"

description = "See Model refs in user's guide
type ="D"

parameters = {"k1", "alfa", "c1", "k2", "c2"}
variables = {"x", "y"}

function f(k1, alfa, c1, k2, c2, x, y)

x1=x+k1*(((alfa*(x"(alfa-1))*y alfa)-c1*((x alfa)+y alfa)"2)/((x alfa)+y" alfa)*2)
yl=y+k2*(((alfa*(y"(alfa-1))*x"alfa)-c2*((x alfa)+y~ alfa)*2)/((x"alfa)+y alfa)"2)

return x1, y1
end

Using this laboratory we prepared simulation runs and several snapshots from them

are shown in subsequence figures.

183l vabapg Bifurcation: Increasing parameter k1 from11.3 to 16
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Figure 17. Single parameter bifurcations for k1

The great advance of iDMC is that we can do to run double bifurcation of parameter
ki. In Figure 19 we convey the situations with point I, and I,. These points are intersections
of two hyperbolas and one parabola which arcs is clearly seen in yellow colour. The most
important and interesting area is area laying in right side of parabola arcs. There are a lot of
so called Arnold’s tongues, this area is named after its character of Neimark-Sacker
bifurcations. Further snapshots which are following show details of double bifurcation made

for ki parameters.
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Figure 24. The closed invariant curve coexists with the stable 6-cycle G’ (k. = 0.3775)

In the snapshot from simulations (different k.2’s) in iDMC laboratory the Figure 24
is visualising multistability in this type of duopoly dynamics. The Cournot point is in closed
invariant curve and coexists with two attractors in those snapshots, unfortunately it is

hidden.
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Figure 25. The attractive smooth CIC and repellent E*

"1t is needed to note that three visualised basins of cycles G; have a fractal structure.
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A Conclusion

The economy in objective reality is very complex evolutionary entity with strange
dynamics. This object of study with such characteristics needs very sophistically elaborated
ontology and the economic scholars maybe not meet this in the realm of conventional
(and/or orthodox) economic approaches. The notoriously used ontology is dwelling very
close to mechanics and classical thermodynamics. Economy is vertically layered multiplex
network with complex behaving nodes and with tangled web of relations among them in all
distances. Because sizes and behaviour of nodes and connections is in permanent change it
can be envisaged as complex behaved creature. In nature such entities alike are coral shelves
and tropical rain forests (jungle). Economy is one of the most complex system in the planet
Earth. This is the reason why conventional economical approaches, methods and tools are
bearing not adequate results. Our lot of years of experience with ICT/CI approaches to eco-
nomic imagination and reasoning justified us to conclusion that every economist have to be
aware not to create naive imagination about behaviour of economy by conventional mode.
It is most advantageous for them to use ICT/CI approaches.
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To the question of evaluation in open, distant and
e-Learning

Maria Pannatier

Abstract:

Nowadays open, distance and e-learning is a growing demand and practice. But at
the same time little attention is given to organizing and carrying out the evaluation
research of this particular education format by the ODeL educators themselves. The
existing evaluation frameworks are being ignored. Moreover, the problems of data
collection, assessment and evaluation are rarely put on the agenda in the learning
design process. Though still, evaluation remains the equal stage of ODeL design and
constitute one of its success factors, if integrated with the implementation stage. The
efficiency of implementation of ODeL can be enhanced by continuous assessment and
evaluation at each design stage. The stakeholders need to reflect on and be aware of
what evaluation means for ODeL, at which stage of innovation they find themselves,
why to carry out the evaluation and how, what they would like to know about their
ODeL systems, which of the evaluation methods suit best their particular case, what
state-of-the-art tools for data mining and statistics analysis are at their disposal.
Generally, all these challengers need to be tackled while constructing the evaluation
road map that will help to provide the synergy between implementation and evalua-
tion. The paper offers a qualitative analysis of the strategies, principles, methods and
tools of the evaluation in ODeL to improve its implementation and performance.

Keywords:

Open learning, distance learning, e-learning, learning design, implementation and
evaluation, evaluation models, evaluation tools, evaluation frameworks.
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A Introduction

“Every time we try something new, it is important to consider its value.
(Davidson E.J.)”(Ruhe & Zumbo, 2009)

The digital age, open knowledge society and knowledge-based economy stimulate
the growth of technological innovations. But is it really, as described by P. Drucker, a
«change that creates the new dimension of performance» for education? Are advances in
educational technologies efficient enough to make us revise the understanding of teaching
and learning — what we refer to as pedagogy? Are we aware of the influence and conse-
guences of the ICTs integration in the learning process? How can quality assurance in edu-
cation be sustained with and by technologies at all levels and with all age groups? How can
the ICTs in education meet the demands and needs of the individual learner, particular field
of knowledge, knowledge-based society and modern state, how to engage learners more
effectively and develop the 21st century skills for the future employees?

These are the most critical challenges | have always confronted in my previous re-
search and development for technology enhanced and distance learning and like many other
practicing educators all over the world have been conscious of and willing to tackle but,
unfortunately, was not able to due to focusing on content design and process support issues,
lack of analytical tools, professional competence and resources. And these challenges are
all about evaluation. So, let us have a closer look at why we evaluate ODeL, what we eval-
uate and how we evaluate.

A 1 The essence of evaluation for ODeL

«Evaluation is «the process of determining the merit, worth and value of things and
evaluations are the product of that process» (Scriven, 1993, p. 1). «Evaluation is an attempt
to judge the worth, value, or quality of something» (Coldeway, 1988). «Evaluation is a pro-
cess giving attestations on such matters as reliability, effectiveness, cost-effectiveness, ef-
ficiency, safety, ease of use and probity. Evaluation provides evidence and evaluative claims
with respect to the worth, value and improvement of individuals, programs, projects, ser-
vices, and organizations (Stufflebeam & Shinkfield, 2007)». (Ruhe & Zumbo, 2009, p. 8)

The design and implementation of ODeL is guided by evaluation. For instance, eval-
uation activities can determine educational needs (i.e., needs assessment), how to improve
a program/course (i.e., formative evaluation), and whether, or to what extent, a pro-
gram/course has achieved its desired outcomes (i.e., summative evaluation). Evaluation can
also determine whether certain standards are being upheld, and thus, can prove very useful
in the accreditation process. Evaluation and implementation activities can form a cyclical
feedback turn where the results of one inform the activities of the other. In this way, ODeL
design and implementation can be continuously improving to meet the needs of an ever-
changing learning community.

The first decision to be made is whether to conduct the evaluation in the ODeL design
phase or after the ODeL has already run. “Evaluation should be practiced continuously
through the design, development and implementation cycles to ensure that things work as
anticipated and intended” (Moore & Kearsley, 1996, p. 120),
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and evaluation is a critical component of course design (Tennyson, 1997). The best course
designers go through several cycles of formative evaluation (Visscher-Voerman & Gus-
tafson, 2004)». (Ruhe & Zumbo, 2009, p. 8)

Figure 1. The interdependence of ODeL implementation,
evaluation and re-design

A 2 ODeL and innovation

One of the success factors of ODeL evaluation is considering it as an innovation.
When starting to plan the implementation of an ODeL course or a program, it is important
to realize that its reception like any other innovation may go through phases from awareness
to full integration. Unfortunately, in many cases when developers do not treat ODeL as an
innovation, it leads to its implementation failure, ODeL being buried in oblivion or left at
the design stage, and what is more, proclaimed as an inefficient mode of education delivery.
Those who are convinced of the value of the ODeL program will quickly go through the
innovation phases as opposed to others who are more reticent to accept the program and
might not get past the phase of awareness. For this reason, the ODeL developers must be
aware of all the attitudes, and the purpose of the ODeL implementation must be communi-
cated to the stakeholders.

“Potential users must be aware of a problem that the innovation can solve, be aware
of the innovation itself, believe that innovation can solve the problem, be in favour of the
innovation, and see a role for themselves in using or adopting the innovation.” (Smith &
Ragan, 2005, p. 304)

ODeL awareness means ODeL adoption, which is critical to its success as an inno-
vation. The innovation must be widely adopted in order to self-sustain. Within the rate of
adoption, there is a point at which an innovation reaches critical mass. Diffusion manifests
itself in different ways in various cultures and fields and is highly subject to the type of
adopters and innovation-decision process. (Rogers, 2003)
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As an innovator aiming for his ODeL program to be accepted and used to its full
potential, he needs to use effective methods to convince the stakeholders of the value of the
learning process or program. He needs to show the audience how the adoption of this pro-
gram will benefit them. One way is to identify “potential adopters by adoption category:
innovators, early adopters, early and late majority, and laggards. In situations in which per-
suasion is needed and appropriate, strategic planning of engagements can be based on these
classifications. For example, innovators do not need to be persuaded to change because they
are doing the innovating; whereas efforts to persuade laggards are not likely to be success-
ful; and early adopters are often the most important individuals to persuade since they are
most likely to both accept an innovation and they are also often opinion leaders for the
majority.” (Smith & Ragan, 2005, p. 306)

A 3 Evaluation approaches (models®)

Next, let us have look at the various available evaluation approaches that can help
ODeL professionals to improve their ODeL through evaluation when appropriately chosen
or applied in a newly developed model. ODeL evaluators need to understand the major
evaluation paradigms that shape research methods and evaluation practice. An evaluation
model is a set of theoretical concepts that serves as a road map to guide evaluation practice.
You would never think of walking to some unknown point without a good map. Similarly,
you need an evaluation model to guide you when you evaluate an ODeL course or a
program. Without a model, you risk getting lost, missing important information, and being
unduly influenced by the conflicting demands of stakeholders.

The evaluation models vary in their relative emphasis. But evidence, values, and con-
sequences as the main dimensions for the ODeL are present in all program evaluation mod-
els. Even when one or two are predominant, the others are in the background (Ruhe &
Zumbo, 2009). Classic methodologies, for example, bring research evidence to the fore-
ground and ignore values and consequences. Similarly, the accreditation- and management-
oriented models emphasize inputs, outputs, and consequences, but values are still implied
because these studies usually offer directions for ODeL improvement. Similarly, contem-
porary models, which affirm multiple perspectives and stakeholder participation, bring val-
ues into the foreground, and evidence is in the background. The evaluation models are
briefly summarized in Table 1.

A 4 Evaluation methods

Let us briefly analyze which methods can be used in evaluation of ODeL program no
matter whether effectively integrated into its evaluation model or used as a separate evalu-
ation tool (the last is least preferable). Methods-driven evaluations center on an appropriate
research design and methodology; the emphasis is on technical quality, not a comprehensive
assessment of merit and worth. This category includes experimental studies, case studies,

8 In some literature on evaluation the tem “model” is used to describe the set of theoretical concepts guiding
evaluation structure and process, tought usually the terms “approach”, “model”, “framework” are used inter-
changeably.
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qualitative methods, quantitative methods, mixed-method studies, cost-benefit analy-
sis, accreditation and others. The primary limitation of questions- and methods-oriented
approaches is their narrow focus, often a research question, which is not directly connected
to a comprehensive assessment of the overall merit and worth of programs. (Stufflebeam,
2001).

Table 1. Evaluation approaches (Roberts, Coultts, n.d.)

1. Historical Perspective | e the measurement generation
(Guba and Lincoln, e the generation of description
1989) o the generation of judgment
e responsive constructivist evaluation
2. Functional approach e formative
(Patton, 1986) e summative

3. Approach focused eval- | e experimental - characterized by the work of Rossi and
uation Freeman

e goal oriented - characterized by the work of Popham,
Owen and Rogers, Mayne, Dart

o decision focused - characterized by the work of Stuftle-
beam

e user oriented - characterized by the work of Patton

e stakeholder focused - House, Mertens, Weiss, Roberts

e responsive - characterized by the work
of Guba and Lincoln and Stake, Pawson and Tilley,
Truman, Mertens and Humphries, Dart

Research questions commonly involve cause and effect, such as “Did ODeL result in
higher student performance, as measured by means of course grades?”. A question may
involve multiple variables of cause and effect, such as “What are the various factors that
contribute to student retention?” or “What is the relative importance of each variable?” With
mixed methods, quantitative and qualitative data are blended to provide an analysis of both
outcomes and process. Mixed-methods studies result in greater validity, generalizability,
and usefulness than qualitative or qualitative methods alone (Stufflebeam, 2001).

Evaluators’ goal is descriptive, that is, to define the significant features of the ODeL,
analyze qualitative and quantitative data, create plausible interpretations, and build a com-
prehensive description of how the ODeL performs. This comprehensive evaluation of ODeL
performance will also give recommendations for ODeL improvement. In other words, each
ODeL is a case or unit of analysis, and each ODeL evaluation is a case study. The goal of
evaluators is to obtain a comprehensive, in-depth “picture” of the ODeL as a working sys-
tem.
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To achieve this goal, they need to:

1. collect data on the chosen aspect or all four aspects of the «unfolding model»®,
i.e scientific evidence, relevance / cost-benefit, underlying values
and unintended consequences;

2. use quantitative and qualitative methods as equal, parallel methods.
(Ruhe & Zumbo, 2009, p. 106)

As a whole, mixed methods provide the kind of richness, depth, and coverage re-
quired for a comprehensive understanding of ODeL. The evaluators will be collecting and
comparing quantitative and qualitative data from multiple and diverse sources. By compar-
ing documents with interview and survey data, they can obtain a comprehensive picture of
the value of ODeL as it is actually implemented.

Whether an evaluation is focused on benchmarks and usability, or structured around
general evaluation questions/criteria/aspects, a variety of assessment tools are available to
gather data. ODeL can be evaluated with quantitative or qualitative methods. Use of the
online education system can be tracked resulting in usage statistics, as well as qualitative
observational notes. For instance, electronic observations can document frequency, types,
and content of online communications. Communications can also be monitored regarding
the extent to which course topics are discussed, the depth to which these topics are dis-
cussed, and interactivity characteristics of the messages.

Table 2: Data Sources (Ruhe & Zumbo, 2009)

Documents Course outline

Course development grant
Notes on course history #

Committee meeting notes

Textbooks

Quantitative data sources Student records (e.g., grades, attendance)
Tutor feedback #

Grades and completion rates #
Performance tracking statistics

Qualitative data sources Interviews

Focus groups #

Transcripts of online discussions
Webpage evaluation checklists

Traditional evaluation methods are useful in ODeL education environments as well.
Participants can be interviewed by telephone, gathered for focus groups (when possible), or
surveyed.

9 One of the model for online education evluation that presents evaluation methods as as a system and can be
easily customised. See Ruhe, Zumbo, 2009 for more information about the unfolding model.
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A pre-designed course evaluation instrument such as the Instructional Assessment
System (1AS) Online (Office of Educational Assessment, 2002) is a useful tool for gathering
evaluation data. IAS Online is a web-based assessment of post-secondary courses through
the Internet. A custom online database is created for the instructional program undergoing
evaluation, and users may select standard evaluation items or create new items unique to
the course or instructional program. An HTML form is another interesting survey tool for
obtaining evaluation data. HTML forms, or surveys, can be built into an online course for
immediate feedback regarding the medium, content, format, design, and structure of the
course. (Balanko, 2002)

Regardless of the types of evaluation methods employed or the scope of the evalua-
tion plan, evaluation activities should be guided by the ODeL national or regional evaluation
standards # Table 2. They assist evaluators in designing and implementing evaluations that
are useful, feasible, appropriate, and accurate. In addition to being of benefit to evaluators,
the standards (frameworks) are helpful for users of evaluation findings to judge an evalua-
tion’s quality.

A 5 Evaluation frameworks

The literature on ODeL evaluation is growing. For ODeL program leaders and eval-
uators who are developing an evaluation, there exist several basic frameworks for looking
at the quality of online environment, courses and teachers, etc. There also is a growing body
of theories and studies from which evaluators can draw lessons and adapt methods; evalua-
tors need not reinvent the wheel. At the same time, they must exercise caution when apply-
ing findings, assumptions, or methods from other studies, as ODeL programs and resources
vary tremendously in whom they serve, what they offer, and how they offer it. What works
best for one ODeL program evaluation may not be appropriate for another one. Sometimes
the best approach to successful evaluation is being proactive. When considering an evalua-
tion, ODeL leaders should first identify the various stakeholders who will be interested in
the evaluation and what they will want to know.

You are free to either choose from a handful of the reviewed frameworks, or decide
to develop our own evaluation model for your particular ODeL taking into consideration
local evaluation challengers and recommendation. The EADTU E-xcellence Quality assur-
ance in e-learning framework (‘EADTU’, n.d.) or the UNESCO Institute for Statistics
GUIDE (UNESCO Institute for Statistics, 2009) can be considered as a self-evaluation tool
to set and monitor guidelines for high-quality ODeL design.

For example, the UNESCO framework uses a holistic approach and four steps inno-
vative model aiming at development of the basic indicators for ICTs in education for their
further specification and further development. It uses the methods of development of pro-
fessional competences in the form of skills and competence matrix. It uses the guidelines
for the development of the teachers’ ICT competence as its main tool. So, UNESCO with
its strategic partners from the ICT industry developed and started to implement UNESCO
ICT Competency Framework for Teachers, ICT-CFT. This document is the basis for the
development of the national (regional) standards for the ICT competence of the teachers
that is considered to be strategically and politically important for ICTs implementation.

As for EADTU E-xcellence, it is a guideline for e-learning quality assurance in higher
education.
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Quality Assurance in e-learning is a part of EADTU — European Association of Distance
Teaching Universities activities and is available for its members and partners. It uses com-
munity based and knowledge sharing approach for evaluation based on benchmarking. With
its flexible system easily integrated in the existing evaluation criteria as a model it aims at
creating the innovative university education quality assurance system focused on ODeL and
blended learning quality evaluation. It offers a set of 33 criteria (including sub-criteria and
indicators) in 3 main domains (strategic management, content development and content de-
livery) in the form of implementation of the set of processes aimed at development, moni-
toring, evaluation and quality assurance of eLearning educational services. It uses such tools
as manuals, auditors’ notes, online tools (quick scan or full assessment).

A 6 Challenges and recommendations for OdeL evaluation

Of course, evaluating ODEL is not altogether different from assessing any other type
of education program, and, to some degree, evaluators may face the same kind of design
and analysis issues in both cases. Still, ODeL program evaluators may encounter some un-
anticipated challenges in the virtual arena owing, for example, to the distance between pro-
gram sites and students, participants’ unfamiliarity with the technology being used, and a
lack of relevant evaluation tools. For example, a limited number of frameworks to help
evaluators describe and analyze programs, or tools, such as surveys or rubrics, they can use
to collect data or assess program quality. Another common challenge when students are
studying at a distance is the difficulty of examining what is happening in multiple, geo-
graphically distant learning sites. And multifaceted education resources—such as vast Web
sites offering a wide range of features or virtual schools that offer courses from multiple
vendors—are also hard to evaluate, as are programs that utilize technologies and instruc-
tional models that are new to users.

Furthermore, evaluations of ODeL often occur in the context of a strategically loaded
debate about whether such programs are worth the investment and how much funding is
needed to run a high-quality program; about whether ODeL really provides students with
high-quality learning opportunities; and about how to compare distant and traditional ap-
proaches. Understandably, funders and policymakers—not to mention students and their
parents—want data that show whether ODeL can be as effective as traditional educational
approaches and which online models are the best. These stakeholders may or may not think
about evaluation in technical terms, but all of them are interested in how students perform
in these new programs. At the same time, many ODeL program leaders have multiple goals
in mind, such as increased student engagement or increased student access to high-quality
courses and teachers. They argue that test scores alone are an inadequate measure for cap-
turing important differences between traditional and ODeL settings.

So, the following recommendation must be taken onto consideration when conduct-
ing ODeL evaluation:

1) meet the needs of multiple stakeholders and choose evaluation approach
accordingly,

2) build on the existing base of knowledge,

3) evaluate multifaceted online resources,
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4) find appropriate comparison groups,

5) seek if the comparative study is appropriate,
6) solve data collection problem,

7) gather valid evaluation data,

8) take the program maturity into account,

9) translate evaluation findings into action.

A 7 Learning analytics as a growing field in educational evaluation

According the authors of the edX course on Learning Analytics offered by the Uni-
versity of Texas Arlington “capturing and analyzing data has changed how decisions are
made and resources are allocated in businesses, journalism, government, and military and
intelligence fields. Through better use of data, leaders are able to plan and enact strategies
with greater clarity and confidence. Data drives increased organizational efficiency and a
competitive advantage. Simply, analytics provide new insight and actionable intelligence”.

In education, the use of data and analytics to improve learning is referred to as learn-
ing analytics (LA) and educational data mining (EDM). Analytics have not yet made the
impact on education that they have made in other fields. That’s starting to change. Software
companies, researchers, educators, and university leaders recognize the value of data in im-
proving not only teaching and learning, but also the entire educational sector. In particular,
learning analytics enables universities, schools, and corporate training departments to im-
prove the quality of learning and overall competitiveness. Research communities such as
the International Educational Data Mining Society (IEDMS) and the Society for Learning
Analytics Research (SOLAR) are developing promising models for improving learner suc-
cess through predictive analytics, machine learning, recommender systems (content and so-
cial), network analysis, tracking the development of concepts through social systems, dis-
course analysis, and intervention and support strategies.

The use of analytics in education has increased in recent years for four primary rea-
sons: a substantial increase in data quantity, improved data formats, advances in computing,
and increased sophistication of tools available for analytics. (‘analytics tools.docx’, n.d.)

Table 4: LA Tools (‘analytics tools.docx’, n.d.)
Data Cleansing/Integration | http://www.pentaho.com

Statistical Modeling https://www.r-project.org
(predictive models)

Network Analysis http://edutechwiki.unige.ch/en/SNAPP
Linked Data http://www.ted.com/talks/tim berners lee on the nex
t web.html

http://wiki.dbpedia.org

Visualization http://code.google.com/apis/chart/
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h 8 Evaluation road map

To be successful in ODeL evaluation any educational institution or a program leader
needs to decide upon the evaluation strategy and framework applied or introduced,
evaluation criteria and tools used, type of evaluation methods applied, the way evidence are
collected. All these issues are reflected in the implementation plan that is developed by a
team of innovators or a special structure or department for evaluation. It is important that
the evaluation report is presented and shared with the all stakeholders including the
following parts:

o Brief description of the institution and ODeL, stakeholders involved, aims of
evaluation, political and social context.

Evaluation and implementation strategy and approach.

Formative or/and summative evaluation preferences.

Type of experiment, number of participants, etc.

Justification of the choice of the evaluation model or a framework.

Evaluation question and dimensions of the evaluation study.

Outline of evaluation criteria.

Methods of collecting and presenting data.

Evaluation tools and sources. Examples of evaluation materials.

The expected benefit of evaluation and implementation for the ODeL, and
development perspectives in an evaluation report.

e Training the evaluators and participants, if needed.

A Conclusion

Implementation and evaluation of ODeL are interdependent processes. Highly inter-
active instructional design that is aligned with student-centered pedagogy forms an effective
ODeL. Evaluation activities that assess alignment of pedagogy, educational activities, and
desired learning outcomes, plus address specific issues of usability and benchmark achieve-
ment, provide valuable information for continual improvement. In this way, evaluation
plays an important role in moving the power of ODeL from promise to practice.

However as promising and powerful as ODeL may be, it is important to acknowledge
potential disadvantages. Warnings of possible problems should not be overlooked such as
compromised higher education values, overestimated usefulness of online technologies, and
threats to student literacy and student ethics.

Despite these drawbacks, ODeL does have promise as a fast-growing form of acces-
sible education. It is far too important if educators attend carefully to pedagogy and design
when implementing online education. Furthermore, it is essential that evaluation activities
inform these practices, as it will result in educational experiences of the highest quality.

The future research agenda in this area is to be focused on presentation and analysis
of the case studies and real practices of the institutions implementing this or that evaluation
model, on the issues of professional development of educators planning to take up an im-
plementation and evaluation initiatives, as well as analysis of the eLearning standards both
national and international available for the evaluators.
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Methodology of vulnerability assessment for various
types of cloud structures

Anatoly Tsaregorodtsev, Anna Zelenina, Eugen RuZicky

Abstract:

Today organizations increasingly consider cloud computing as an alternative way of
using information technology. At the same time, the use of different vulnerabilities of
infrastructure components, network services and applications remains are the major
threat to the cloud. The article proposes a methodology of vulnerability assessment
for any type of cloud structures, which will allow to determine the coefficient of coun-
ter to possible attacks and to correlate the amount of damage to the total cost of
ownership of IT-infrastructure of organization.

Keywords:
Cloud computing, information security threats, attack, damage, system vulnerability
assessment, factor counteracting.
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Distributed architectures, Cloud computing, Distributed systems organizing princi-
ples, Cloud based storage, Information flow control, Security requirements, Formal
security models, Distributed systems security.

[§ Introduction

Practically all technologies, which nowadays are components of cloud paradigm, ex-
isted before, but until now there was no supply on the market, which could combine per-
spective technologies in the single commercially attractive decision.
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Only at the last decade cloud services emerged thanks to which these technologies
became on the one hand available to the developer and on another hand comprehensive to
the business community [1, 2].

Cloud computing is economically effective from the point of total ownership cost
that allows cost reducing of technical maintenance. The enormous part of annual budgets in
the majority of IT organizations goes for maintenance and structural amortization without
any new additional cost.

Nevertheless cloud computing is a new form of distributed calculations which is still
rudimental. Using the cloud computing paradigm organization declines a direct control of
many security aspects and thereby creates unprecedented confidence level to cloud provider
what can have ambitious plans for development of federal agencies systems, education in-
stitutions and other state organizations [3, 4, 16]. But many of the features that make cloud
computing attractive may be in conflict with traditional models of information security [5,
6, 13].

An opportunity to use different vulnerabilities of infrastructure components, network
services and applications is still the main threat to cloud services [7, 8, 9]. This aspect is
serious danger to public PaaS- and laaS-models where management of vulnerabilities, con-
figuration and update are in responsibility zone of cloud client. In public cloud environment
(PCE) the total security level is distributed between participants of all multiuser virtual
structure. On the one hand management responsibility of vulnerabilities, configuration and
update (VPC) of infrastructure lies on the provider, on the other hand cloud environment
clients should understand exactly those VPC aspects which they are liable for [14].

Let us consider management features of vulnerabilities, configuration and update in
the cut of service submission models and responsibility zones between a provider and a
client.

A 1 Management of vulnerability, configuration and update

The vulnerability management is an important possible threats control element for
defence of the host, network devices and applications against attacks (Figurel). Organiza-
tions which care about information security provision introduce vulnerability management
procedures consisting of standard scanning of systems connected to the network, risk anal-
ysis of vulnerability appearance and modification process for risk elimination. Organiza-
tions taking into account standard ISO/IEC 27002 use technical vulnerability management
opportunities which bases on attainment principle of acceptable risks, arising during exploi-
tation. The vulnerability management must be realized in the form of effective and system-
atic procedure with an opportunity to measure its effectiveness.

Similarly to vulnerability management, management of update and rectification is an
important control element of possible threats on the level of host, network devices and
applications where actions of unauthorized users are focused on exploitation of known
vulnerabilities.

SaaS-providers must assess new vulnerabilities and correct hardware and software of
every system which is distributed to clients.
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Figure 1. Vulnerability management target tree of cloud computing environment

Clients are free from update procedures in SaaS environment but are liable for patch
management for full software stack (OS, applications, databases) installed and managed on
laaS platform. Clients are also liable for application rectification, deployed on PaaS
platform.

Security configuration management is also one important aspect of threat
management for network devices and units from unauthorized users, using every “narrow
places” in the configuration (Figure 2). The defence of network configuration, node and
application leads to control and management of access to critically important system and
database of configuration files including OS, firewall, network options of local and remote
data storage and database control [10, 12].

SaaS and PaaS service providers are liable for configuration management of their
platforms, but laaS clients are responsible for configuration management of OS,
applications and databases.

A 2 Vulnerability estimation result analysis for different types
of cloud environment

Using statistic information about main vulnerabilities of cloud computing
environment let us calculate security level of every separate infrastructure based on metric
«NVD Common Vulnerability Scoring System Support v.2» of the USA National Institute
of Standards and Technologies [11, 15].
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Figure 2. Configuration management target tree of cloud computing environment

The common vulnerability estimation system (CVSS) provides public architecture
for obtaining of interconnections, features and vulnerability influence on IT-infrastructure
in question. CVSS metric include calculations of three types: basic group, temporary group,
environment factor [15]. Calculation result of every group is a numeric estimation from 1
to 10 and vector, consisting of a squeezed text description for received values.

Basic group presents internal characteristics of possible vulnerabilities. Temporary
group presents vulnerability characteristics, which change with time passage. Environment
factor group presents vulnerability characteristics which are unique for different
environments. CVSS tools allow receiving the estimation of IT-vulnerabilities with
different characteristics, including the estimation for different cloud computing
environments. The CVSS metric list is presented on Figure 3 [15].
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A result of vulnerability estimation according to CVSS method for private cloud
environment (PCE), public cloud environment and hybrid cloud environment is presented

in table 1.

Received estimations results of possible vulnerabilities for different cloud
environments show that using of public cloud is inaccessible in case of critical data
processing, so the golden mean is hybrid cloud environment.
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Figure 3. CVSS metric list
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Table 1. Vulnerability estimation on the basis of CVSS metric

PCE

PrCE

HCE

1 Basic metric group

9

3,4

7

1.1 Access vector

Public network

Local network

Hybrid network

1.2 Complexity of access Low High Medium

1.3 Authentication Single-factor Multi-factor Multi-factor

1.4 Confidentiality influence Complete Partial Complete

1.5 Integrity influence Complete Partial Complete

1.6 Availability influence Complete Partial Complete

2 Temporary metric group 6,2 3,6 6

2.1 Exploit susceptibility High Functional Functional

2.2 Update level (renovation) Official fix «Patchy Temporary
(patch) decision

2.3 Awareness level that Confirmed Unverified Confirmed

vulnerability exists

3 Environment metric 6,1 1,5 2

group
3.1 Potential damage High High High
(Catastrophic (Catastrophic (Catastrophic

damage) damage) damage)

3.2 Attack scale

High (25-75 %
assets in danger)

Low (0-25 %
assets in danger)

Low (0-25 %
assets in danger)

3.3 Damage in case of High High High
confidentiality loss

3.4 Damage in case of High High High
integrity loss

3.5 Damage in case of High High High
availability loss

Total CVSS estimate: 6,7 1,5 2
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Let us interpret the received results of vulnerability assessment into index of coun-
termeasure to different vulnerability types basing on ratio that CVSS-estimation which is
equal to 1,5 corresponds to 85 % security efficiency of cloud IT-infrastructure (table 2).

Table 2. Counteraction coefficient for cloud environments variants

Variant Total CVSS estimation Counteraction coefficient
PrCE 1,5 85 %
HCE 2 80
PCE 6,7 33%

There are results of security mechanisms application in different cloud environ-

ments at the example of accident cost «Theft by unscrupulous employee of confidential
information to which the access was not provided according to security policies (using priv-
ileges)» =5 283 168,00 RUR (table 3).

Table 3. Counteraction coefficient for cloud environment variants

Cloud architecture | Effectiveness of Sum of saved Damage value,
variant confidential data money per 1 year, RUR
security RUR
PrCE 85% 4 490 692,80 792 475,20
HCE 80 % 4226 534,40 1056 633,60
PCE 33% 1743 445,44 3539722,56

Provided experimental estimation of confidential data security effectiveness
confirmed the necessity to apply additional methods of information security in examples in
guestion for construction of cloud environment.

A Conclusion

On the basis of common vulnerability estimation system, allowing estimation of in-
formation system exploit exposure considering environmental factors, a method of possible
vulnerability estimation for different types of cloud environment is suggested.

The application of vulnerability estimation method for different types of cloud envi-
ronment has allowed to reveal the coefficient of counteraction against possible attacks and
correlate the damage value to total ownership cost of all IT infrastructure of an organization.
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The method of estimating the parameters of the
electromagnetic fields scattered by the object with complex
form in the near zone of wireless sensor networks

Memoouka ouyenku napamempos 31eKmpoMazHUNHbLX
noneil, paccesaHHvlx 00beKmMoM, UMEIOULUM CTLOHCHYIO

dopmy, 6 dausncnell 30ne 6ecnpo8OOHBIX CEHCOPHBIX cemell

A.IL Hpeodpascenckuii, A.E. JTveoeuu, J. Stefanovic

Abstract:

60

At present time, many applications are connected with wireless sensor networks.
Through such networks it is possible to determine the coordinates of various objects
based on the analysis of the electromagnetic field distribution in space. This paper is
based on the methodology that uses the representation of an object of complex shape
as a set of facets, we investigate the characteristics of electromagnetic field scattered
by this object in its near zone. It is shown how the calculated data are used to explore
the effect how the spatial configuration of the field influences the accuracy of meas-
urement of angular coordinates of the object. The calculated relative field amplitude
of the object and the plate depends from the angle for the near zone to the far zone.
The graphical analysis of the dependencies shows that in addition to monotonic at-
tenuation length fields there exist oscillating damped oscillations. It is supposed that
the antenna is moved around the object at random to get averaged characteristics
over all measurement angles of the scattered field. After calculating the parameters
of the distribution law of a random variable from section to section, we can conclude
about how the process is changing after time. The analysis demonstrates that when
we move from the far zone to the near, there is a shift of peak values of amplitudes
and there is an extension of the main lobe of the secondary radiation. The histograms
of the distributions of amplitudes and phases of a complex object were elaborated.
After analysis it was found that the distribution of instantaneous values of the ampli-
tudes of the scattered field by the object is described by Rayleigh law.



If we consider the distribution of the instantaneous phase of the scattered field, the
shape of the histogram is close in form to the histogram of a uniform law. The anal-
ysis of the results allows to assert that the regularities of the distribution of amplitude
and phase values of the scattered field related to the far and near zones are the same.
Regressive function will be linear and its parameter is an angle of object, which co-
ordinates are computed. The results will be useful to improve the accuracy of deter-
mining the coordinates of objects in wireless sensor networks.

Keywords:
Electromagnetic field, near zone, modeling.

ACM Computing Classification System:

Computer-communication networks, Distributed Systems, Local and Wide-Area
Networks, Information systems applications, Communications Applications

Annomauus

B nacmosiyee spems 6ce bonvuiee npumenenue umerom 6ecnpo8ooHble CEHCOPHbIE
cemu. Ha ocnose makux cemeil cywecmeyrom 603MONCHOCMU ONpedeleHus
KOOpOUHAm  PA3IUYHLIX — 00BEeKMO8 HA  OCHO8e  AHAAU3A — pPAChpeoelenus
INEKMPOMASHUMHO20 NOJIL 8 npocmpancmee. B cmamve na ocnoge memoouxu, 6
KOMOPOU UCNOAb3Yemcsi npeocmasienue 00beKkma CROJHCHOU @opmbl 6 6uode
coBoKynHOCIU (hayemos,  UCCAEOYIOMCA XAPAKMEPUCTHUKU PACCEAHHO20 IMUM
obvexmom nonsi 6 e2o Onuvicnen sone. Illoxkasamo, xKakum oOpazom, uUCnOIL3Ys
pacuemuvle  OaHHble, MOJCHO  UCCAE0068aMb  GIUAHUE  NPOCPAHCMEEHHOU
KOH@Ueypayuu Nois HA MOYHOCMb UMEPeHUsl Y2l08blX KOOPOUHAm 00beKkma.
Tlpusedennvl pacuemmvle 3a8UCUMOCHIU OMHOCUMENLHOU AMNIUMYObL HOJISL 00bEKMA
U nIacmumbl Om yena 05 OAudiCHell 30Hbl, 0/ OanbHell 30Hbl. AHanu3 epagpuueckux
3a8ucumocmeri OeMOHCMPUPYem, Ymo HOMUMO MOHOMOHHO20 CHAOAHUS  NOJSL
cywecmsaylom  ocyunnupyiowue 3amyxaiowue xoaebanusn. Cuumaemcs, umo
AHMEHHA nepeMewaemcs 80Kpye aHATUIUPYEMO20 00beKma CIyUaiuHbM 00pazom,
HAXo0smces.  yCpeonenHvle No GceM  yelam HAOM0OeHUsi  XapakmepucmuKu
paccesnnozo noas.  Ilpogeds pacuem napamempog 3aKOHA pacnpedeneHus.
CAYYAUHOU 8ETUYUHBL OM CeHeHUss K CeYeHUI, Mbl MOJCEM COelamb 8bl800 O MOM,
Kakum o0pazom uzmensiemcs npoyecc 60 epemenu. llposedennviil ananuz noxasai,
umo npu nepexooe u3 OalbHell 30Hbl @ ONUICHION NPOUCXOOUM COB8US NUKOBLIX
SHAYeHUll N0 aMIIUMYOam U Udem pacuuperue 21agHo20 1enecmKa GmMopUuUtHo2o
usnyyenus. Jlanvl eucmoepammuvl pacnpeoeireHull. amMnaumyo u ¢az CioAHCHO2O
obvexma. Ilocie npogedenus ananuza OvLIO YCMAHOBIEHO, YMO pPACHpedencHue
MEHOBEHHBIX 3HAYEHUNl AMNIUMYO DACCESHHO20 N0l 00beKmOoM ONUCHIBAETNCS
3axonom Panes. Ecau paccmampueams pacnpeoeieHue MEHOBEHHbIX 3HaAUeHUl ¢a3
paccesiHHo2o nous, mo gopma eucmospammsl OaU3Ka no opme K cucmospamme
PABHOMEPHO20 3aKOHA. AHanu3 pe3yrbmamos 0aem 803MONCHOCL YMEePHCOAmb,
YUMo 3AKOHOMEPHOCMU PACHPEOeNeHUss  3HAYeHUll no amniumyoam u ¢asam
PACCESTHHO020 NOJISL, OMHOCIUWUMCS K OAIbHel U OIUNCHEl 30HaM,
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0ydem oounaxosvim. Pyukyuell pezpeccuu, KOmMopas NpuodIUNCaem MHONCECHEO
UCXOOHBIX MOYeK NpuU HauMeHvbliel CPeOHeK8aopamuyHol nozpewHocmu, oOyoem
npAMAs TUHUS, ee RapaAMempoM s8IAEMCs Yel0601l pazmep 00beKkma, KOOpOuHamsl
Komopozo onpeodenaiomcs. Pe3ynomamul pabomul 6y0ym noiezusi 011 NO8bIUIEHUS
MOYHOCMU OnpedeieHust KOOPOUHAM 00beKmMo8 8 DeCnpPOBOOHbIX CEHCOPHBIX CEMsX.

Knroueswie cnosa:

IJIEKMPOMACHUNTHOE NOJlE, OIUINCHSSL 30HA, Modeﬂupoganue.

A Bseaenmue

B HacTosmee Bpems Bce Ooubliiee MPUMEHEHHE UMEIOT OECIIPOBOIHBIE CEHCOPHBIE
cetd. Ha ocHOBe Takux ceTed CYIIECTBYIOT BO3MOXKHOCTH OIPEACICHUS KOOpIWHAT
pa3IMYHBIX OOBEKTOB HA OCHOBE aHAIM3a PACHPEIENICHUS AIIEKTPOMArHUTHOTO TIONS B
MPOCTPAHCTBE. 3ajad, CBA3aHHBIE C PACCMOTPEHHEM 3aKOHOB WM3MEHEHUS MOJIOKEHUS
MT'HOBEHHBIX Pa/IMOJIOKAIMOHHBIX IEHTPOB OTPAKCHHS, ONMUCHIBAIOIINX O0BEKT CIOKHON
(hOpMEBI, pacCMaTPUBAIOTCS Pa3pabOTYMKAMU CHCTEM CBS3H YK€ J0CTATouHO aaBHO [1-3].
AHanu3 TPOBOAUTCS TPH YCIOBUU HWHTEPHEPEHIIMH BOJH, KOTOpHIE PacCEUBAIOTCS
Pa3HBIMH 3JieMEHTaMU 00bekTa. [loCTpOCHHE COOTBETCTBYIOUIUX AJTOPHUTMOB OILICHKH
XapaKTePUCTUK paccesiHus OOBEKTOB JAacT BO3MOXKHOCTH IS YMEHBIICHHS ONIMOOK
W3MEPEHHS YTIOBBIX KOOPAUHAT OOBEKTOB.

VYrioBele OMMOKK BO3HHUKAIOT BCIEACTBHE (DIyKTyaluii ()pOHTOB pacCesHHBIX
00BEeKTaMH JIEKTPOMATHUTHBIX BOJIH, KOTOPHIE PACIIPOCTPAHSIOTCS K allepType MPUEMHON
anTeHHsl [1-3]. MbI MoxxeM HaOIrOAaTh (PIYKTYaIllMl, KOTJIAa MMPOUCXOANUT TepeMelleHUe
AaHTEHHBl OTHOCHUTEIBHO aHaIU3upyeMoro OoOBeKTa, IIOCKOJIBKY OHa TepeceKaer
MPOCTPAHCTBEHHYIO CTPYKTYpPY  BTOPUYHOTO TIOJS 3TOTO O0OBEKTa. 3HAYCHHE HX
WHTEHCHUBHOCTH OIPEACISCTCS XapaKTePUCTUKAME CTPYKTYpPHI O0OBEKTa, TPACKTOPHUEH U
CKOPOCTBIO OTHOCHTENBHOTO JBIDKEHUSI 00BhEKTa M MPHUEeMHON aHTeHHBL. [lomumo 3toro,
€CTh CBs3b (DIYKTyallMii ¢ TeM, YTO TPaHC(HOPMHUPYETCs: OTMEUCHHAs! MPOCTPAHCTBEHHAS
CTPYKTypa TOJII BO BPEMEHH KaK pe3yJabTaT TOTO, YTO CYIIECTBYIOT TEPEeMEIICHUS,
MTOBOPOTHI, BUOPAIIMU HCCIIEAyeMOTro 00BEKTa ¥ MPOUCXOSAT H3MEHEHUS CBOMCTB CPE/IbI B
KOTOPOM PacCIpOCTPaHSIIOTCS NIEKTPOMATHUTHBIEC BOJIHBI.

UccnenoBarenssMu ObUIO yCTAHOBIICHO TEOPETUUECKUM M IKCIEPUMEHTAILHBIM
00pa3oMm, 4TO MOTYT OBITH (PIYKTYaIK HAIIPABJICHUS MEJICHTa 00hEKTOB, KOTOPHIE OOJIBIIIE,
YeM ero yriioBbie pa3Mmepsl [4, 5]. Ha mpaktuke pemreHue yka3zaHHON MPOOJIEMBI MOXET
OBITH IIOJIC3HBIM IIPH YIIPABJICHUU IBHYKCHUEM HECKOJIBKHX OJIM3KO PaCIIOIOKEHHBIX
00BEKTOB.

A 1 Ieab paGortsl

OmmOKkH M3MEpPEHHsI YTIIOBBIX KOOPAWHAT OOBEKTA MOSBISIOTCS BCIEACTBHE TOTO,
4TO HCKa)KaeTCs MPOCTPAHCTBEHHO-BPEMEHHAsI ~ CTPYKTypa  PacCesHHOTO
3JIEKTPOMArHUTHOI'O IMOJiI B OCCIPOBOIHBIX CEHCOPHBIX ceTsAX. [loatomy TpeOyercs
onpeAeauTh KOH(UIYPALUK TAKOTO IOJIA B 001aCTH PACIIONIOKEHUS 00hEKTa, 0COOCHHO B
TOU 00MacTH,
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KOTOpasi HaXOJUTCS PSJIOM C IMOBEPXHOCThIO OOBEKTa, MOCKOJBKY €€ HEperyJsIpHOCTh
OKa3bIBaCT CHJIBHOC BIUSHUE Ha CTPYKTypy moiis. [lomuMo »Toro, Ha mpakKTHKE
MPEeJCTaBIsIeT MHTEpEeC OIpe/elicHHe 3aKOHOMEPHOCTEH pachpenelieHuii MTHOBEHHBIX
3HaYeHWH aMImTyx u (a3 paccesHHBIX Tonei B OmmkHell 30HEe oObekta. Torna,
OCHOBBIBaSICh HAa TOJYYCHHBIX JIaHHBIX, ©CTh BO3MOXHOCTh IS TPEIIOKEHUS
TEXHUYECKUX PEIICHUM, BEIyINUX K YMCHBIICHUIO BIUSHHS YTIOBBIX IMYMOB MpPH
W3MEPEHUH YTIIOBBIX KOOPIUHAT 0OBEKTOB B OJIMKHEH 30HE B OSCIPOBOIHBIX CEHCOPHBIX
CeTSX.

A 2 AHaJu3 JIUTEPATYPHBIX HCTOYHUKOB
1o paccMaTpuBaemoii npodiaeme

B nmyOnukanusx mo ykazaHHOH TeMaTHKe, pacCMaTpPHBAIOTCSl Pa3HbIe MOIXOABI
METOJIUKH, MO3BOJIIONINE MPOBOAUTL TpeOyeMble OlleHKH. Cpenu MmyOauKaiuil MOKHO
OTMETHUTH pa3paboTKy MOeleil, OCHOBaHHBIX Ha Pa3HBIX AIEKTPOJIUHAMIYECKAX METOIaX
00pabOTKH XapaKTEPUCTHK PACCEesHUsI 00bEKTOB, MMEIOIIUX CIOXKHYI0 (hopMy, HarpuMep,
[6-8], Tak Kak HCCIICIOBAHMS MOKA3BIBAIOT, YTO 4YeM Oouble (PaKTOPOB, CBI3aHHBIX C
(hopMHpOBaHNEM pAaCCESHHBIX TIOJEH, MBI CMOXXEM BHECTH B MOJENb, TeM Ooublie
TIOSIBIIIETCS. BO3MOXKHOCTEH JUIA ydeTa U HccieI0BaHus TOHKUX 3P dexToB. EcTb paboThI, B
KOTOPBIX PAacCMaTpPHBAIOTCS CTATHUCTUYECKUE MMapaMeTpbl (QIyKTyauud W3IIydeHus
WCTOYHUKOB pa3HBIX BHIOB [9]. MOXHO TO3HAKOMHUTBCS C OCOOEHHOCTSIMHU
MaTeMaTHYeCKUX  MOJEJeH, MAMUX ONHCAHWE AaMIUTUTYOHOTO, YIJIOBOTO U
JTAJIBHOMEPHOTO IIYMOB 00bEKTOB BOJIM3HM TpaHuIl pa3aeia cpex [10].

Ectb TpynmHOCTH B paboTe cucTeM yrpasiieHHs: 00BEKTaMHU TaK)Ke CBSI3aHHBIC C TEM,
YTO B COCTaB OOBEKTOB MOTYT BXOJUTh KOMIIOHEHTHI, HUMEIOIINE HEIWHEIHbIE
MepelaToOuHble XapaKTepUCTUKU. To ecTh, CYIIecTByeT NMpaKkThdeckas HeoOXOJANMMOCTh B
OMpE/ICIICHUH TapaMEeTPOB HECTAI[MOHAPHBIX IPOIIECCOB HAa BXOJAE AHTEHHBI, KOTOpas
pacnonaraeTcs B OKHEH 30He 00BeKTa CO CIOXKHON (PopMOi.

Juis Toro, 9To0BI pemuTh 3a/1a4y, TpeOyeTcs MPOBECTH pacyeT IIEKTPOMArHUTHOTO
TOJISI PaCCESIHHOTO 00BheKTOM. PellieHus Ha OCHOBE aHATUTHYECKOTO TPEACTABIICHHUS MOTYT
OBITh TIOJTYUESHBI JIUIIb JJIS1 OYeHb OTPAHUYCHHONW COBOKYITHOCTH OOBEKTOB, Hanpumep [11-
13]. Ho ¢ wucmnonp3oBaHWEM YHCIIEHHBIX METOJIOB DEIIEHUs KJacc aHAU3UPYEMBIX
06'I)CKTOB MOXXHO CYIIECTBCHHO paClIMPpUTh, B TOM YHCJIC U IIPU peaIn3alln BBIUKCIICHUH
Ha COBPEMCHHBIX IMCPCOHAIBbHBIX KOMIIBIOTEpax. 9t0 Ja€T BO3MOXHOCTHU JIA MMOJTHOM
3aMEHbl (PU3MYECKOTO OKCIIEPUMEHTa pacyeTaMd, 4YTO OIpPEAeIsaeT BECOMBIE
MPEUMYIIECTBA, TaK KaK pPe3yJbTaThl JJs JI00N 3aJaHHOW TOYHOCTH MOTYT OBITh
MOJTy4eHbI HAMHOTO ObIcTpee u jerenie [ 14-17].

A 3 Meroauka

OOBEKT CIIOKHOM (POPMBI MOXKET OBITH TIPE/ICTABIICH B BHJIE COBOKYITHOCTH (harieToB
[18], KOTOpBIE SBIAIOTCS DIIEMEHTAMH, UMEIOIIUMHU 0JIMHaKOBYI0 popmy. Ha ocHoBe Toro,
YTO MPOBOJUTCS YHCIEHHOE WHTETPUPOBAHHE IUIOTHOCTEH IIOBEPXHOCTHBIX TOKOB,
KOTOpBIE HaBEAEHbI MaJarolled IEKTPOMAarHUTHOM BOJIHOM, NMPOBOAMTCA BBIUUCIICHUE
TOJIEH, OTPAKEHHBIX OT KaXA0T0 U3 (areToB, ¥ OHU CyMMHUPYIOTCA.
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s yckopeHus BBIYHCICHUM ClieIyeT NPUMEHSTh METOJIUKH, Ha OCHOBE KOTOPBIX
UHTETpUpYyIOTC  OblcTpoocHmwunpytomue QyHkouu. Ilocne mpoBeneHusi  pacueToB
MONTy4YalOTCsl aMIUIUTYAHbIE W (a30BbIe AMArpaMMBl TOJIEH paccessHuA I 3aJaHHOTO
CEeKTOpa YIJIOB. YKa3aHHBIA CIIOCOO pacdera XapaKTepU3yeTcs psIAOM  BaXKHBIX
JOCTOWHCTB, CPEIN KOTOPBIX MOKHO yKa3aTbh: HET OONBIINX OTPAaHUYCHUI 110 TOMY, KaKas
reoMeTpus OOBEKTa W KaKk OHa HW3MEHSETCS, MOMyYeHHe TOYHOTO ydeTa 1Mo (a3oBBIM
COOTHOIIEHHSIM TTOJIEH, KOTOPBIE PAacCENBAIOTCS (DareTamMu, BO3MOKHOCTH JIJISI TOTO, YTOOBI
YUECTh NEPEOTPAKECHUS MKy KOMIIOHEHTAaMH OOBEKTa.

Ha puc. 1 npueaeH mpumep uccienyemMoro oobekra. PaccmaTpuBanics cirydad,
KOT/la TIepearoas U MpueMHasi aHTeHHa CoBIananu (MOHOCTaTHYECKasl JIOKAIHA), YroJl
OTCUMTHIBAJICS OT BEPTUKAJIBHOTO HampasieHus. YacTora naaatomieit BoaHsl 0buta 10 [Ty
(nmuHa BOMHBI — 3 CM).

lNepepatouLan
M MpUemHan
AHTEHHbI

Ly

4 |

- L,
Ly

L1=107\,, L2=87\., L3=127\., L4=77\., L5=67\., L6=37\..

Pucynok 1: [Ipumep aHanmm3upyeMoro o0bekTa
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AJropuT™M  pacdera  XapaKTEpUCTHK  paccestHUs  HACaJbHO  MPOBOAALICH
TUQPaKIUOHHON CTPYKTYpbI, 0a3UpYIOUIMICS Ha METOAE HHTErPabHBIX ypaBHEHUI,
HUMEET CIEIYIOIINEe OCHOBHBIE 3TAIIbl:

1. 3ammceiBaeTcs HMHTETpalibHOC ypaBHeHHME @DpenroibMa BTOPOTO  pojaa  Jyis
AIEKTPHUUYECKOTO TOKa Js(I) ¢ yd4eTOM TPaHHYHBIX YCJIIOBHH Ha MOBEPXHOCTH HIACATHLHO
MpoBoOAsIIEH TU(PAKITHOHHONW CTPYKTYPHI.

2. C 1enbio onpeIeneHus] HEM3BECTHBIX MOBEPXHOCTHBIX JJICKTPUUECKUX TOKOB Js(I) Ha
MMOBEPXHOCTH pPAaCCMATPUBAEMON CTPYKTYphl MHTETPAJIbHOE YpPaBHCHHE  PEIIaeTCs
METOZIOM MOMEHTOB C KYCOYHO-TIOCTOSIHHBIMH 0a3MCHBIMH (YHKIUSMH H TMPOOHBIMU
bysKIISME - O - hyHKIUIME [{upaka.

B pesynbpraTe 3TOr0 MHTErpaJIbHOE YPAaBHEHME IUCKPETU3YETCS U NPUBOAMTCS K
crcTeMe JIMHEHHBIX anre0panyecKix ypaBHEHHN:

Ug Uy Ug 3] [Rx
Uy Uy Uy |y |=|Ry (1)
UZX UZy UZZ JZ I?Z

rae Jx, Jy, Jz - KOMIIOHEHTHI IJIOTHOCTH TTOBEPXHOCTHOTO JIEKTPUYECKOTO TOKA.,
B mpuBeneHHO#l BhINIE cUcTeMe ypaBHEHWi Onoku B marpuile U BBIUHCISIOTCS
CIICAYIOIINM 00pa3oM:

1 . .
(Ust ) :Eg((ny)m(gradg/)mn + () m(0rad ;) o JASy —Bdpmn ;
1 . . 1 - -
(ny)mn —_Eg(ny)m(gradx)mndsn ’ (sz)mn __ﬁg(nz)m(gradx)mndsn ’
1 - - 1 - -
(ny)mn __ﬁg(nx)m(grady)mndsn ’ (Uyz)mn __gg(nz)m(grady)mndsnr
1 - . \
(Uyy)mn zgé((nx)m(gradx)mn +(Nz)m(grad ;) mn JASy = Spn; (2)
1 ' - 1 . .
(sz)mn —_Z_Tci(nx)m(gradz)mndsn , (Uzy)mn —_z_n_é(ny)m(gradz)mndsn,
1 - . \
(Uzz)mn :Z_I((nx)m(gradx)mn "’(ny)m(grad y)mn)dsn —dmn,
Ts

rre m,n=1, .., N, rme N — yucio Touex IUCKpETH3aLUHU MOBEPXHOCTH AU(PAKLINOHHON
CTPYKTYPBL.
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3mech Omn — cuMBO KpoHekepa,

grad Gy = —finy %em(_jkrmn) =
Mon (3)
i(grad ) + J(@rad y o + k(@rad ;)
rae fpn = |:::| — eJIMHUYHBIA BEKTOp, HANPABJICHHBIM M3 TOYKH HCTOYHHKA B TOUKY
HAOIIOCHIISL.

3. Tocne penieHus] MpUBEIEHHON CHCTEMBI ypaBHEHHH (1) BBIYMCIACTCS pacCesHHOE

QJICKTPOMAruuTHOC 110JIC, CBA3aHHOC C HaI>'II[€HHI)IM SJICKTPUYCCKUM TOKOM \]s (r) .

A 4 AHajau3 pe3yJbTaTOB

PaccMoTpuM HeEkOTOpbIe pe3yibTaThl PacdeToOB, KOTOpHIE OBUTH TPOBEICHHI Ha
OCHOBE YyKa3aHHOW Meromuku. Ha puc. 2 wn300pakeHbl aMIUIMTYAHBIE TUArpaMMBbl
paccesHHOTO TOJIA YKa3aHHOTO OO0BeKTa JJIsi COBMEILEHHOTO NpHEMa IpPU Pa3HbIX
PacCTOSHUAX JI0 HETO.

B Gmmxnel 30He 00beKTa, KOTZla MPOBOAMTCS HWHTETPUPOBAHUE MOJEH, KOTOpPHIC
pacceuBaroTcsi (paneramu, pazaMyMs B UX aMIUIMTYAaX AOBOJBHO HE3HAYMTENbHBI, NIPU
pacuerax TpeOyeTCs yYUTHIBATh CIBHT (Da3bl.

To, uto y BekTopoB E- u H- B paccesHHOM 1oJjie IOMUMO IIOIEPEYHOM, €CTh U
NPOJI0JIbHASI KOMIIOHEHTA, ONpeessieT 0ojiee CIOXKHYIO CTPYKTYPY I0JIs B OJIMDKHEH 30HE,
YyeM B JajibHell 30He. 3aBUCHMOCTh OT I' HE I10X0Ka Ha Ty, KOTOpasi €CTh B ChepruuecKon
BonHe exp(-jkr)/r. Tak *xe, OT r €CTh 3aBUCUMOCTb M YTJIOBOTO PACTIpEIEICHUS aMIUIUTY/]
OIS,

AHanus puc. 2 I€MOHCTPHUPYET, YTO KOTAAa MBI NMEPEXOJUM W3 JalbHEH 30HBI B
OJIDKHIOIO, TO TPOWCXOJHUT CABHUT MHUKOBBIX 3HAYCHUN 10 amiumtyaaMm (Ha 4-501) u
pacmmpsieTcs TUVIaBHBIM JIEMECTOK BTOpHMYHOro wu3nydeHus. Korma ymeHblaeTcs
paccTosiHUE T, TO HaOII01aeM pa3BauBaHUE IJIABHOTO JIETIECTKA YIJIOBOTO pacIipeaeeHNs
AMILTUTY I TIOJISI IPOMCXOAMT €r0 YaCTHYHOE CIIMBAaHUE C OOKOBBIMH JICIECTKAMH.

Ha puc. 3 gana 3aBUCMMOCTH aMIUTHTYZbI PACCESHHOTO TIOJIS OT PAacCTOSHUS IS
00beKTa, UMEIIIEro MakcHUManbHbldi  pasMep 30A. Takke naHa 3aBUCHMOCTB JUIS
AMIUTUTYBl TIOJIS, PAcCESHHOTO WACAIBHO MPOBOIMAIIEH mimacTuHOM ¢ pasmepom 30A.
Anamu3 rpaduyeckux 3aBUCHMOCTEH JEMOHCTPHPYET, YTO  I[OMHMO MOHOTOHHOTO
crajaHusg  IOJsl CYLIECTBYIOT OCLIJUIMPYIOIIME 3aryxaromue KosebaHus. Takyro
OCUWJULSIIMIO aMIUTUTYA Ul ONM>KHEH 30HBI  MOXHO OOBSICHUTH TEM, 4YTO €cTh
nHTep(hepeHnrs BOJIH, KOTOPbIe HIyT B TOYKY HAOIIOAEHUS OT pa3HBIX 30H PpeHens Ha
MOBEPXHOCTH O0BEKTA, 3HAYEHUE YACTOTHI TAKHX OCIMJLISAINI OyeT OoJbIlie, 4eM MEHBIIIe
paccTosiHAE MEXAY TOYKOW HaOJIONEHHS W MOBEPXHOCTHIO. {51 0OBEKTOB, MMEIOIINX
CJIOXKHYIO0 (DOpMY MOBEPXHOCTH, yKa3aHHAs KapTHHA 3aBUCHUMOCTH aMILTUTYJIbI OIS OT
paccTosiHus SIBISIETCS OOBIYHOM, HO WJIET U3MEHEHHE CPEJHEr0 3HAUCHHS aMIUTUTYIbI B
3aBHCHUMOCTH OT TOT'0, KAKOH paKypc ABHKEHHUS K OOBEKTY.
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PucyHok 2: 3aBUCMMOCTh OTHOCHUTEIIHOM aMIUTHTYIbI TTOJIS OT yTJia:
1 — nns GrvKHEH 30HBI,
2 — IS TAJbHEH 30HBbI.

Mpsl OyzneM cuuTaTh, YTO aHTEHHa IepeMeniaeTcsi BOKPYT OOBEKTa CIIydaiHBIM
00pazom, Mo3TOMy JUIsSL TOTO, YTOOBI PEIINTb 3a/1auy, TpeOyeTcsi HAUTH yCpeAHEHHbIE 110
BCEM YIJIaM HaOJIIOJICHUSI XapaKTepUCTUKHU paccessHHOro rnous. [lycTe anTeHHa ABHXKeTCS
MO MPSIMOH JIMHUK K aHAIM3UPYEMOMY OOBEKTY C IMOCTOSIHHBIM 3HAYCHHUEM pPaJuabHON
CKOpOCTH V. 3HaueHHE BEJIWYMHBI I MO3BOJAET ONPENEIUTh CEYECHUE CIIy4allHOro
mporecca Mo BXOJIy NPUEMHOM aHTEHHBI AN MOMEHTa BpeMmeHH t. [IpoBens pacuer
MapaMeTPOB 3aKOHA PAaCIpPENCNICHUs CIy4yallHOM BEJIWYUHBI OT CEYEHHUS K CEUEHUIO, MBI
MOJKET C/IeTIaTh BBIBOJI O TOM, KAKMM 00pa3oM U3MEHSETCS MPOIIeCcC BO BPEMEHH.

[TapameTpsl 3aKk0Ha pacnpeneIeHns: BBIOpaHHOM cly4aliHON BEJIMYMHBI MOTYT OBITH
Haii/leHbl Ha OCHOBE HaKOIUICHUsI ONPEeIeIEHHOTO 00beMa 3KCIIEPUMEHTANBHBIX JAHHBIX U
B HaHBHeﬁmeM MbI UX O6pa6aTI)IBaeM B paMKax METOAOB MaTeMaTHYEeCKOU CTaTUCTHKH.

[IpoBeneHo mocTpoeHre THCTOrpaMM pacrpeelieHUH aMIUTUTY U (a3 paccestHHOro
nonsi. Hampumep, Ha puc. 4 npuBeieHBl TMCTOTPaMMBbI, KOTOpble cHOpMHpPOBaHBI Ha
OCHOBE JIaHHBIX PacdeToB B OJMKHEW 30He OOBEKTA.

Beuto mpoBeneHo paz0OreHUe BCero Juama3oHa W3MEHEHUS 3HAYCHUH ClIy4aiHbIX
BEJIMYMH Ha KOJIM4ecTBO uHTepBasoB Nn=200. AMmMTyas! U (a3bl OTKIAABIBAIOTCS MO
ocu abcryicc, OTHOCHTENBbHBIE YaCTOTHI TOTO, YTO IMOMAgaeM B HMHTEPBAIBL: — II0
aMILTUTY1aM ¥ — (pa3aM, COOTBETCTBEHHO IO OCH OpIMHAT. PeniaeM 3ajauy BeIpaBHUBAHUS
CTaTUCTUYECKUX PAJOB. To ecTh TpeOyeTcs ONpeAenuTh TAaKyl IJajaKyl (QyHKUIHIO, Ha
OCHOBE KOTOPOH MBI MOXKEM HaWJIy4IIMM oO0pa3oM cjaelaTh ONKCaHWE JaHHOTO
CTaTHCTUYECKOTO PaCIpECIICHUS.
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3amaya, CBSI3aHHAS C BBIPABHUBAHHEM CTAaTHCTUYECKOTO psiia OyJeT MpelCcTaBIeHa
KaK 3ajiaya, CBs3aHHAs C TEM, YTOOBI ONPEACITUTh TAKUE 3HAYCHUS TMAPaMETPOB, IS
KOTOpPBIX OyIeT Hawmiydllee COOTBETCTBHE CPEIN CTATUCTHYECKHX M TEOPETHUECKUX
pactpenencHuii. [locie mpoBeneHus aHamu3a pHC. 4 MBI ONIPEACIIIeM, YTO pacIIpeaciieHe
MTHOBEHHBIX 3HAYCHUW aMIUIUTY]I PACCESHHOTO TIONSI OOBEKTOM OIMMCHIBACTCS 3aKOHOM
Pames.
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Pucynox 3: 3aBHCHMOCTH aMIUTUTYBI PACCESTHHOTO OIS
OT paccTosiHus 10 00bekTa: 1 — 00BEKT,
2 — mIacTHHA.

ITapameTp 3TOro pacmpeneseHusl OIpeseiseM Ha OCHOBE YMCIEHHOro Merona (B
nammem npumepe 0,00156).

Ecnu paccmaTtpuBaTh paciipefeliecHHe MIHOBEHHBIX 3HAaYeHHH (a3 paccestHHOTO
noJjsi, To GpopMa rucrorpammsl OM3Ka Mo GopMe K THCTOrpaMMe PaBHOMEPHOTO 3aKOHA.
3HayeHHWEe OTHOCUTEIFHBIX YacTOT IMOMNaJaHus 3HaYeHUH (a3 B BHIOpAHHBIC WHTEPBAJIBI
npubnu3uTenasHo paBHo 0,235. DTO rOBOPUT O TOM, YTO YMCIIO SJIIEMEHTOB B BHIOOpKE
SBJISIETCS TOCTATOYHBIM JJISl TOTO, YTOOBI CUUTATH, YTO OHA COCTOSATENBHA.

IIpoBeneHHbIl aHAIN3 pPE3YyNHTATOB €T BO3MOXHOCTH YTBEPXKIAaTh TO, YTO
3aKOHOMEPHOCTH paclpeiesieHus] 3HaYeHHH 10 aMIUTUTyIaM | (a3aM pacCestTHHOTO ITOJIA,
OTHOCSIIIMMCS K JAJIbHEH 1 ONvbKHEH 30HaM OyAeT OAMHAKOBBIM.
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Kpome Toro, mo mepe yMEHBIICHUS PACCTOSHUSA IO OOBEKTa HIET YBEIHUYCHHC
cpennekBangparudeckoro otkioHeHus (CKO) 3HaueHuMi MIHOBEHHBIX AMIUIATYA. JTO
MOJKHO OOBSICHUTH T€M, YTO BO3pAaCTaeT BIMSHUE KPUBU3HBI MOBEPXHOCTH OOBEKTa Ha
MexaHm3M (opMmupoBaHus paccessHHoro momsa.  DyHKIWeH — perpeccuu, KoTopas
MPHOIIKACT MHOXKECTBO MCXOJHBIX TOYEK TP HAMMEHBIICH CpeIHEKBaPATUIHON
MOTPEITHOCTH, OyJeT mpsiMas JIWHUS, YpaBHEHHE €€ IMMapaMeTpoM SIBISIETCS YTIOBOI
pasMmep oOBeKTa.

3HaueHne KOAPPUIMEHTA KOPPEISIIIUKA CPEAN TOYCK IMOJIYYCHHOW 3aBUCUMOCTH U
perpeccuoHHoi mpsimMoit Oymer paeen 0,951. B pesynbTare, ObUIO yCTaHOBIICHO, YTO
cymecTByeT nuHeHas 3aBucumocts CKO 3HaUeHUi aMIUTATYT TOJISI OT YTIJIOBOTO pa3Mepa
TIOJISL KaK JUIs JalibHEH, Tak U s OJVbKHEH 30HBI.

A BriBoabl

[TosiBnenne (aykTyanuil HHTEHCUBHOCTHU I10JI1 MCHOBEHHOT'O LIEHTPA OTPaXKEHHS,
KOTJIa IPOUCXOIUT CONMMKEHUE aHTEHHBI M 00BbEKTa B OECTIPOBOTHBIX CEHCOPHBIX CHCTEMAax
CBSI3M, CBA3aHO C ABYMS NPUYMHAMU: aHTEHHA JABMKETCS Yepe3 HEOJHOPOJHYIO CTPYKTYPY
paccesHHOTO NOJNSA M OOBEKT MOXKET TOXe ABHrarbes. IlpoBoas aHanus BeTUYMHBI
mucnepcun (CKO) curHanma, ecTb BO3MOXKHOCTH OIpEAETeHHs 3aKOHOMEPHOCTEH
pactmpe/eieH|ii MTHOBEHHBIX 3HAUEHHH aMIUIMTY] U (a3 paccesHHBIX MOJIeH B ONMMKHEH
30He 00BEKTa, YTO HO3BOJISICT YTOUHUTD €r0 KOOPAUHATEI.

AHanu3 pe3ynpTaToB JAaeT BO3MOXHOCTb YTBEPXkKAATh, YTO 3aKOHOMEPHOCTH
pacmpeneneHusl 3HaUYCHUH M0 aMIUTUTyAaM | (a3aM PacCesTHHOTO IOJIsl, OTHOCSIIUMCS K
JanpHe W OmmkHeW 30HaM, OyaeT onuHakoBbIM. DyHKIHMEW perpeccuu, KOoTopas
OpUOIMKAET MHOXECTBO HCXOJHBIX TOYEK IPH HaMMEHbILIEH CpeqHeKBaIpaTHYHON
MOTPEIIHOCTH, OyJeT mpsiMasi JIMHUS, e MapaMeTpOM SIBIISIETCS YIIIOBOH pa3Mep 00beKTa,
KOOpJIMHATBI KOTOPOTO oOmpeaenstorcs. Pesynbrarbl paboThl OyayT TOJNE3HBI IS
MOBBIIICHUS TOYHOCTH ONPENEICHUs] KOOPAHMHAT OOBbEKTOB B OECIPOBOAHBIX CEHCOPHBIX
CeTAIX.
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The technique of calculation of scattering characteristics
of objects in the given range of wave lengths

Memoouka pacuema xapaKkmepucmuk paccesaHus
00beKmMoe 6 ouanas3omne O0JiuH 60J1H

Igor Lvovich, Vera Kostrova

Abstract:

One of the important problems when designing the scattering properties of the ob-
jects, techniques, and electromagnetic compatibility is an experimental study of the
radar characteris-tics inthe given range of wave lengths. In the paper the technique
was given of calculation of radar characters for objects in the range of wavelengths
on the basis of experimental data of scattering features of object is researched. We
consider the case of linear scattering of electro-magnetic waves. The examples was
given for the case of E-polarization of incident plane wave. We calculated the scat-
tering properties of two-dimensional cavity with a certain aperture size (which rep-
resents an anisotropic object) and two two-dimensional cylinders, considered as iso-
tropic objects, which are located at a certain distance. It was shown that the band-
width in which we can calculate radar characteristics is increases proportionally
with the increase of radius of the cylinder, that is, the larger the radius of the cylinder,
the wider the wavelength range in which it is possible to predict its radar character-
istics. For the perfectly conducting cavity it was shown that the possible wavelength
range forecasting in bistatic case is much wider than in the monostatic case. We can
meet some restrictions on the quantity in the measuring tools of fre-quency channels
and the number of selected values of working hours that at which the radar measure-
ment is made. Therefore, the actual problem of calculating radar within the range of
wavelengths on the results of experimental studies of the scattering properties of
these objects on the same wavelength belonging to the interval must be solved.

Keywords:

Elelectromagnetic wave, radar characteristics, cylinder, cavity.
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Annomauus.

OO0Hotl U3 BANCHBIX NPOOIEM NPU NPOEKMUPOBAHUU 00BEKMOB8 8 CUCTNEMAX CB53U,
MEMOO08 U INEKMPOMASHUTNHOU COBMECIMUMOCHIU SGNAEMCSL IKCNEPUMEHMATLHOE
uccnedosanue paouosoKAYUOHHbIX XAPAKMEPUCMUK 8 3A0AHHOM OUAnazone OauH
601H. Ha npaxmuke Mol MOJICEM GCMPEMUMbCS ¢ HEKOMOPbIMU 0ZPAHUYEHUSMU NO
UBMEPUMENLHBIM B03MONCHOCAM, HACTHOMHBIM KAHALAM U mpedyemMomy 8pemenu
ona  usmepenuil. Takum o00pazom, axmyanvHolu s61Aemcs 3a0a4a paciema
Xapakxmepucmux 6 Ouanasone OIUH GOJIH NO Pe3yIbMAMmMaM IKCREePUMEHMATbHBIX
UCCNe008aHULl  paCCeUuBalOWUx CEOUCME IMux 00beKmo8 Ha O0O0HOU  GOJHe,
NPUHAONeNcawux 3a0aHHOMy uHmepsary. B cmamve paspabomana memoouxa
pacuema paouoIOKAYUOHHBIX XAPAKMEPUCMUK 8 OUanazone OAuH GOMH Ol
00beKmMo8 Ha 0CHOBE IKCHEPUMEHMATbHBIX OAHHBIX 0 (PYHKYUU paccestus 06bekma
UCCIe008aHUs. Muvi  paccmompenu caywai  JUHEUHO020  paccesHus
INEKMPOMASHUMHBIX 80H 0711 E-noaapusayuu 6 niockocmu naoaioujetl 60Hul. buvin
npoGeden pacuem pacceudarowux Xapakxmepucmuk —O8YMepHOU HOIOCU C
onpeoeneHHvLM pasmepom  anepmypvl  (Komopas — npeocmasisiem — coooll
HeU30mponHvill 00vbekm) U 08yX O8YMEPHLIX YUTUHOPOB, PACCMAMPUBAEMBIX, KAK
U30MpOnHvle 00BLEKNMbl, KOMOPbLE PACHONONCEHbl HA ONPEOeNeHHOM PACCMOSIHUL.
Tokazano, umo wupuHa noaocel OAUH B0IH, 8 KOMOPOU Mbl MONCEM GbIYUCTUMb
Xapaxmepucmuky paccesHus, — VeeIuyusaemcs: NPONOPYUOHATbHO — VEETUYEHUIO
paouyca yumuHopa (U30mponHo2o 00beKma), mo ecmv, uem Oonvuie paouyc
YUnuHOpa, mem wiupe OUANAa3oH OIUH GOJIH, 8 KOMOPOM MONCHO NPOSHO3UPOBAMb €20
PAOUONIOKAYUOHHBIE Xapakmepucmuku. /s udeanvHo npogoosiuell NoIoCmu, Kax
HeU30MpPoOnHo20 00beKma, NOKA3AHO, YMO BO3MONCHOCHU  NPOSHOZUPOBAHUSL 6
cyuae OUCMAamuyecko2o Cyuas 20pas0o wupe, Yem 6 Cryyae MOHOCMAamu4ecKo2o.

Knrwoueswie cnoesa:

INNEKMPOMACHUNMIHAA 60JIHA, XAPAKMEPUCMUKU PACCEAHUAL, uuﬂqup, noaiocnis.

A Bseaenue

OpHOM M3 BaXHBIX 3a/a4 CO3/aHUsl CHCTEM CBSI3M, a TaKke oOecreyeHus
3NEKTPOMAarHUTHOM COBMECTHMOCTH  SIBIISIETCSI  SKCIEPUMEHTAIBHOE  HCCIIEOBAHNE
panuonokaoHHbIX xapakTepuctuk (PJIX) o0bekToB B quana3zone JuinH BoiH. Hapsny c
pa3paboTKOW  IMPOKOAMANIa30HHBIX  HW3MEPUTENBHBIX  CPEACTB,  HCIIOJIB3YIOIINX
CBEPXUIMPOKOTIOJIOCHBIE CHUTHAJIBI, CO3JaHbl M CO3JAIOTCA HOBBIE HW3MEPHUTEIbHBIC
CpeACTBa: MHOTOKAaHAJIBHBIE 110 YacTOTE W C TepecTpoiikol paboueil 4YacTOTHI,
obmamarore psmoM  mocTonHCTB [1]. CyIecTBYIOT OrpaHMYEHUS Ha KOJIHYECTBO
peanu3yeMbIX B H3MEPUTENBHBIX CPEACTBaX YACTOTHBIX KaHAJOB M  KOJIWYECTBO
BBIOpPaHHBIX 3HAUEHUH pabOvYMX 4acToT,
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Ha KOTOpBIX mpoBoauTcs usMepeHue PJIX oOwvektoB. IlosToMy akTyanbHa 3amada
nporHosupoanus PJIX o0bekToB B Amama3oHe AIMH BOJH [A1, A2] MO pe3ynbTratam
SKCIEPUMEHTAIBHBIX MCCIEJOBaHUH PacCerBaIOIINX CBOMCTB 3THUX OOBEKTOB Ha OIHOU
JUIMHE BOJIHBI Ao, TpHHAINIeKameld wuHTepBalmy [A1, A2]. B m3BecTHBIX paboTax
paccMaTpUBaJIMCh COCTAaBHBIE YacTH [2,3] M yacTHBIE CIydyau peUIeHMs 3Tod 3amadu [5].
[IpencraBnsgeT WHTEpPEC HCCICIOBAaHUE BO3MOKHOCTH MporHO3upoBaHus PJIX oOnekToB
JUIS  CIydasl, KOTJa WCHONB3YIOTCA IaHHBIE O pPAaCCEWBAIONIMX CBOWCTBAaX OOBEKTa,
W3BECTHBIX JJIs1 HECKOJBKUX 3HAUCHHUN pa3MepOB OOBEKTA.

Heanbio padoThl sBiIsIeTCS pa3paboTka METOMWKHM MporHosupoBanus PJIX
M30TPOMHBIX M HEM3OTPOITHBIX OOBEKTOB B CHCTEMAaX CBSI3W ISl AMAIla30Ha JJTUH BOJH Ha
OCHOBE SKCIEPUMEHTAIBFHO MOTYYCHHBIX HCXOAHBIX TaHHBIX O PACCEHMBAIOIINX CBOWCTBAaX
3TUX O6’bCKTOB, HUMCIOIIMX pa3JINYHbIC pa3MEPhI, B I10JIE MOHOXpOMaTH‘IeCKOﬁ BOJIHHI.

A 1 Meroauka

OrpaHn4uMcst ciiyyaeM JHHEHHOTO MpoLecca pacCesiHus JIEKTPOMAarHUTHBIX BOJIH.
Taxoxe OymeM cuutaTh, 4To Hccheayemas PJIX oTpaxxkeHus o0ObekTa TMHEHHO CBA3BIBAET
napaMeTpbl 00JIy4aroIIEero U pacCessHHOro moiek [ 1, 2].

3anuuieM COOTHOIICHHE, CBS3BIBAIOIIEE JIMHEHHO KOMIUICKCHBIC aMILTUTYIbI
HanpspKeHHoCTel paccessHHOTO Eg(r) m obmyuatomiero Ei(r) Ha moBepxHocTH 00BekTa C
Buna [1, 2]:

Es(L,1) = [G(ho,1,1)E; (A, 1;)dr;, )
C

rae A, Ao€[h, A2], G(ho, I, ) — MPOCTPaHCTBEHHAS HMITYJIBCHAS TEPEXOTHAs
¢ynkuus oowvexta (PJIX) Ha anmuHe BOJHBI Ag, KOTOpask B COOTBETCTBUU C MPUHATHIMU
JOMYIIEHUSAMHE TIPEIIONAraeTCss HEM3MEHHOW B THAITa30He JTHH BOJH [A1, A2].

Ecmu PJIX ob6wexta G(Ag, I, r1) m3BecTHa, TO cooTHomeHHe (1) mo3Boisger 1o
3aJlaHHOMY Ha IMOBEPXHOCTH 00 TydaromeMy oo Ei(A,r) paccuutsiBaTh paccesHHOE ToJie
Es(A,r) Ha MOBEPXHOCTH OOBEKTA W Jajiee ¢ WCIOJIb30BAHUEM H3BECTHBIX METOIOB [3]
PacCcUUTHIBATD pacIIpe/ie]ieHne PacCesTHHOTO OOBEKTOM II0JIS B MTPOCTPAHCTBE B TMATIA30HE
UIMH BOJH [A1, A2]. Ilockonbky Teopermuecku paccuutats G(Ao, I, r1) A peaqbHBIX
OOBEKTOB CIIOKHOW (OPMBI W HEOJHOPOJHBIX pamuoDU3NYECKUX CBOWCTB HE
MpeJCTaBsIeTCs]  BO3MOXKHBIM, — CIIEAyeT  NPUMEHSTh  JUIi €€  OIpeelieHHs
JKCIepUMEHTaNbHBIe MeToabl [4]. B sToM ciywae coorHomenue (1), mo cymiecrtsy,
OIMKCHIBAET MOJIENIb, KOTOpass Ha OCHOBE JKCIEPUMEHTAIBHO TMOIYYEHHBIX HCXOHBIX
nanHbx 0 PJIX ob6wekta G(Ao, I, I1) Ha ATMHE BOJHBI Ag 0OECHEeYHBaeT MPHOIMKEHHOES
MIPOTHO3MPOBAHUE PACIIPECITICHHUS PACCETHHOTO OOBEKTOM IIOJIS B IMATIa30He JUTUH BOJIH.

B xauectBe onHoit 13 Mmoaeneit PJIX G(Ao, I, 1) MOXXHO pacCMaTpPUBATh CJICTYIOITYIO
[5]:

G(ho, 1, r1)= G(ho, 1)S(r-r1). 2
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IIpu mpoBepke Momenu 1y mporuo3a PJIX ObuT BEIOpaH AHMAITa30H JIHH BOJH [A1,
A2] OTHOCHUTENFHO HEKOTOPOU “OMOPHON™ JJIMHBI BOJTHBI Ag, HA KOTOPOH PacCUnTHIBACTCS
¢dbyukmus G B Buae (2), T CUMTANOCh, YTO A1=Ag, A2=KM-Ag, rme 3HadueHue Km
OTIPENIEIUIOCh B 3a/ade TaKuM 00pa3oM, 9ToObI OblIa BO3MOXXHOCTH IPOTHO3WPOBAHUS
PJIX Ha BceM UHTEpBaJe JUTHH BOJH [A1, A2]. JIist BRIOpaHHBIX 3HaUCHHH Ai€[A1, A2] ObLIH
paccuMTaHbl JuarpaMMbl pPaccesiHUSA Ul YCIOBHH HaOMroneHWs B JajdbHEH 30HE.
AHaNOTUYHBIE  XapaKTepUCTUKH  OBbUIM  CHPOTHO3UPOBAHBI € HMCHOJIB30BAaHHEM
BBILIEH3JI0KEHHOM MOJIENN U BBIOPAHHOTO TIpeICTaBICHHUS MepexoaHol Gpyakuuu. Pasauna
MEXIY PACCUMTaHHON U IPOTHO3UPYEMOM XapaKTePUCTUKON He AOJKHA ObliIa IIPEBbIIIATh
3 nb. TIporHo3upoBanue MPOBOAMIOCH JIst yriioB HadmoneHus 0€[0°, Omax], Tae yrom Omax
3aJaBaJICsl HAMH.

Beite mb1 mmenu nipencrasinenre G B Buje 0-QpyHKINY TSt 00BEKTA C XapaKTePHBIM
pasmepom L. IlpencraBnser nHTEpEC paccMOTpeTh mpeacTaBienne GyHKuu G, KoTopas
u3BeCTHA Ha onpeeneHHoM uHTepBaie Ge[G-AG, G+AG]. Byaem cuuraTh, 4TO H3BECTHO
3HaueHue pyakn G g Tpex 3HadeHui pazmMepoB o0bekTa: L, L-AL, L+AL, rne AL=olL,
rane oe[0;1]. dynkmus G, coOIIaCHO ONPEICIICHUIO, BBIUUCIACTCA CJCIYHOIIUM
06pazom:G=G = Epac/Enan, Te Epac — paccesnnoe none, En., — magaromee mose. Byxem
BBIYUCIIATh QYHKIMIO G C y4eToM TOro, 4YTO M3BECTHO €€ 3HAueHHWE I HECKOJIBKUX
3HAYeHU pa3mepa L oObexTa Takum oOpazom:

E?»
G:GL L ;aﬂ ’ ©)
Kp E,

A A
rie E man - MANAFOIIAs BOJIHA Ha JUTHHE BOJIHBI A E naoﬂ - MaJaroIast BOJHA Ha JUIMHE

BOJTHBI Ao, GL BBIYMCIIAETCS HA JUTMHE BOJHBI Ao, Kp — koaddunment. Kospdunment Kp
noaOupaeTcss HaMH JUIS JTOCTIDKCHUS JIYYIIMX pe3yJbTaToB IMPOTHO3UpoBaHHs. Jlis
pasmepa oowvekTa L koapdunment Kp BeiOupaercst paBHbIM 1.

PaccestHHOE TOJIE€ BBIUMCIAETCS KaK CpefHee apu(MeTnieckoe pacCesHHBIX IOJEH,

i

1
pac rae Epac_

3
1
BBIUMCIIEHHBIX 11 00bheKTa ¢ pasmepamu L-AL, L, L+AL: Epac=§ZE
i=1

2
G-E,, - s obvexra ¢ pasmepom L-AL, Ep =G -E - o6pexta ¢ pasmepom

3
L, ]FJpaC:G-EmuI - st o0bekTa ¢ pazmepom L+AL. DTo moie mcmomblyercs s

IMPOTrHO3UPOBAHUS XAPAKTCPUCTUK PACCCAHUA 00BEKTa C pasMepomM L.

A 2 AHaju3 pe3yJbTaTOB

C uenpio ompeneneHusi pabdOTOCIIOCOOHOCTH METONWKH PAcCMOTPUM  33Jady
MpOrHo3upoBaHus 3¢ ¢dekTuBHON MmoBepxHOCTH paccesHust (OI1P) kpyrmoro wmeanbHO
MPOBOIAIIETO JABYMEpHOTO HmuiuHApa pammyca R (Puc. 1). Pacder TouHBIX 3HaYeHU
XapaKTePUCTUK PACCEsIHUS JJIs IBYMEPHOTO LIMJIMHPA ObLI MPOBEICH IIyTEM PEIICHHUs
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HUHTCTPAJIBHOTO YpPAaBHCHHA BTOpPOro poaa, 3alMCaHHOTO OTHOCHUTCJIBHO IIJIOTHOCTH
MMOBCPXHOCTHOI'O TOKa [6] AT ciiydas E-nonﬁpmaunn nanaromeﬁ SJICKTpOMar HUTHOM
BOJIHBI.

Y

Y
e

2R P IR

Pucynok 1: Cxema paccessHus AIEKTPOMAarHUTHBIX BOJIH
Ha LWIMHApaX ¢ paanycoM R, Haxoxsmuxcs Ha paccTosiHuu P.

Ha puc.2 npeacrasieHsl pe3yabTaTsl pacdeTa kodgdumnrenta Km B 3aBUCHMOCTH OT
pa3Mepa panuyca R umeanbHO MPOBOJSIIETO JABYMEPHOTO LWJIMHJIpAa NpPHU 3HAYCHUU
paccrosiaust P=3A (pacuer Ha ocHOBe moaxona (1)-(2)) mpu NpPOrHO3MpPOBAHUH
oucrarnueckoit JIIP. Kpussie 1, 2, 3 coorBeTcTBYIOT ciydar0 Omax=10°, Bmax=45° mu
Omax=90°. Buzano, uto KM pacteT mponopuroHanbHO C POCTOM panuyca R, To ecth, uem
Oonblie paguyc LWIMHIpA, TeM ILIMPEe AWANa3oH JJIMH BOJIH, B KOTOPOM BO3MOXHO
MIPOTHO3UPOBAHUE €T0 PaINOJIOKAITHOHHBIX XapaKTEPUCTHUK.

[IpoBepka paboTOCIOCOOHOCTH METOAMKH ITPOBOIMIIACH TAKXKE [T PacCEUBATENS B
BHJIE IByMEPHOH ITOJIOCTH C pa3MepoM aneptypsl a u mmHoi L (Puc. 3). U3BectHo [7], uTO
MOJIOCTH BXOAAT B COCTaB MHOTHX OOBEKTOB, IIO3TOMY TIPEJCTAaBIISIET HWHTEpEC
nporHosupoBanne ux PJIX. 3nag nBymepuyio OIIP naBymepHO#l mOIOCTH MOXHO
onpenenuTs TpexMepHyro OIIP momoctw mpsMOYyroiabHOrO MONEpPEYHOro cedeHus [8).
Pacuer TOYHBIX 3HaUCHMH XapaKTEPUCTUK PACCESHUs IJIsi IBYMEPHOW MOZAEIH IOJIOCTU
OBUT TIPOBENIEH ITyTE€M PEIIEHUS WHTETPabHOTO YPAaBHEHHS BTOPOTO POJa, 3aIHCAHHOTO
OTHOCUTENIFHO IIJIOTHOCTH TOBEPXHOCTHOrO Toka [9] ans ciywas E-nonspuzanuu
MaJaroIe 3IeKTPOMarHuTHON BOJIHBI.

B kagectBe mpumepa pacyeTsl MPOBOAWINCH ISl Clydasi paBeHCTBA pPa3MEpOB
anepTypsl U ATUHBI TIoJocTH a=L.

Ha puc. 4 npuBenensl pe3ynbTaThl pacyeToB KM B 3aBUCHMOCTH OT pa3Mepa
anepTypsl & HIeaTbHO MPOBOASIIEH monocT (pacdeT Ha ocHoBe moaxonaa (1)-(2)) mpu
nporHo3upoBannn MoHoctatmueckoil OIIP. Kpusbeie 1, 2, 3 COOTBETCTBYIOT CiIy4aro
Omax=10°, Omax=20° 1 Bmax=30°. HecmoTpst Ha TO, YTO MOJIOCTH SIBJISICTCS CYIIECTBEHHO
HEU30TPONHBIM pacceruBaTelIeM, BHJIHO, 4YTO BO3MOXKHO IporHosupoBanue PJIX B
PE30HAHCHOM 001acTH AJIs1 TOCTATOYHO OOJIBILIOTO Anarna3oHa JJIMH BOJIH.
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Pucynok 4: PesynbpTatsl mporao3upoBanus koddduimenta Km
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Pucynok 5: Pesynbrarsl mporno3upoBanus kodgduuuenta Km
B 3aBHCHMOCTH OT pa3Mepa anepTypsl NOJIOCTH
a Ju1st OMCTAaTUYECKOTO CIIydas.
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Ha puc. 5 mpuBeneHsl pe3ynbTaTel pacdyeToB Km B 3aBUCHMOCTH OT pa3Mepa
anepTypsl & MIeaNbHO MPOBOAMAIIEH MONIOCTH (pacder Ha ocHoBe moaxoxa (1)-(2)) mpu
nporHo3upoBannu oucratuueckoit DI1P. Kpussie 1, 2, 3 coOTBETCTBYIOT ciy4aro Omax=10°,
Omax=20° 1 Omax=30°. BuaHo, 4TO BOSMOXKHBIA TUANa30H AJMH BOJIH HPOTHO3UPOBAHUS
3HAYUTENHHO [INPE, 9eM B MOHOCTATHYECKOM CITydae.

Ha puc.6 npuBenens! pe3ynbrathl pacaera Km B 3aBucuMocTs oT koaddurmenta Kp
JUTSL Pa3NTUYHBIX paaunycoB R munuHapa (kpussie 1, 2, 3, 4 — R=1ko, R=2Xo, R=3ko, R=4M\0,
COOTBETCTBEHHO), TONy4YeHHble Ha OcHOBe moaxoma (1)-(3) mpm mMpOrHO3MpPOBAHUHU
oucratuaeckoit JI1P. Koaddunuent o mpuamMan 3aadeHus o [0;1]. 13 puc.6 BuIHO, 9TO
C yBEIMUYEHHEM paauyca IWIMHIpa R mmpuHa nuana3oHa UIMH BOJH, AJsl KOTOPOTO
BO3MOXKHO [TPOTHO3MPOBaHue, yBennyuBaeTcs. OHAKO MKUPHUHA 3TOTO TUara3oHa ropasao
00JIBIIIC IO CPABHEHHIO C PE3yIbTaTaMH, MIOTyYCHHBIME Ha OCHOBaHUH moaxozaa (1)-(2).
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Pucynok 6: Pesynbrarsl pacuera Km B 3aBucumoctu ot kod¢durmenta Kp
JUTS Pa3NIUYHBIX PAaJNyCOB IMIMHIPA.

A BriBoasbl

Takum 06pa30M, B pe3yJibTaTC MAaTCMATHUYCCKOTIO MOACIIUMPOBAHUSA Ha OCHOBC
pa3pa60TaHHOﬁ MCTOUKH IIOKa3aHa W HCCJICAOBaHAa BO3MOXHOCTH IMPOTrHO3UPOBAHUA
XapaKTEPpUCTUK pacCeaHUA MHACAJIBbHO IMPOBOJAINNX H30TPONHBIX W HEHU3OTPOITHBIX
00BEKTOB B CHCTEMAax CBsA3M, UMCIOIIUX pas3HbIC pasMEpbl, B JUalla30HC JJIMH BOJIH.
I[aHBHeﬁMHC HCCJIICAOBAHUSA MOTYT OBITH HalpapJICHbI Ha COBCPHICHCTBOBAHUC ,I[aHHOﬁ
MCTOJUKH C LCIIbIO paCIIMPCHUA JUalla30Ha IPOTHO3UPOBAHMA.
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Information system for time measurement
Andrej Kovaé

Abstract:

In this article a combined system for measuring times on different motorsport events
is presented. This system aggregates two main information technology groups — hard-
ware and software solutions. From hardware — it is Raspberry Pi, Outdoor display
(output), Optical photosensors (input). From software — Application stage (Java),
Database (MySQL), Webpages (PHP + HTML + JavaScript + CSS). All named parts
are connected to one complex system for measuring, saving, processing and display-
ing data.

Keywords:
Time measuring, car races, hardware, software, display, sensors.

ACM Computing Classification System:
Sensor applications and deployments, information systems application.

A Introduction

Time measuring or time keeping is a regular part of our lives. Everyone have some
clock, watch, etc., because we need to manage many things, and without any time orienta-
tion it is often impossible.

From history, the sexadecimal (60) system of time measurement was founded around
2000 years BC. Then through the years there were many kinds of different time-measuring
devices. For example candle clocks, sundials, hourglasses or astronomical clocks. Time
measuring is closely connected to many sport events, which must be measured for best re-
sults [3].

This project is linked to the sport sphere too. Most of motorsport events have to be
measured — rally, circuit racing like Formula 1, amateur time-attack racing, car slalom, au-
tocross or hill climb racing.
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Measuring time in my project contains car slalom, amateur time-attack or hill climb
racing, where cars start and finish one by one and the number of cars on track is less than
10. But there is no problem to increase this or other numbers in this project if necessary.
Our local system for time measuring has just few functions: max. 2 cars on track, connection
with optical gates and external display, showing measured times to steward. The main aim
of my project is to introduce a complex system which collects data from sensors and store
it in the database, or show it as live data for stewards or race spectators. For better orienta-
tion, there are not only numbers, times and race results in the database, but names, cars, and
also other driver information. For this purpose, there is a registration webpage, which can
be completed by a steward or a driver prior to the race. Very important is the overall result-
ing, which usually varies in different races. For example - on time-attack race are 3 meas-
ured times, but only 2 best are sum-up to the result. In hill climb racing are 2 practice times
summed up and separately 2 “sharp” times sum up together. The final part of the system is
showing race results and live data to visitors through the webpage or external display which
allows them to be part of the drama if there are some fights between the drivers, and the
visitors have immediate information about times, when the cars cross the finish line.

A 1 Hardware components
The information system contains as well as software, hardware parts. All their tech-
nical features and functions are described below.

1.1 Raspberry Pi 3B+

The basics of information system is a small single-board computer [1] from Rasp-
berry Pi Foundation (Figure.1). It is the third generation of Raspberry models a with mark
B+.

s
Figure 1. Raspberry Pi 3 B+ [2].

Main benefits are its size, power and reliability. Raspberry offers few operating
systems like Raspbian (Linux), Ubuntu mate, Windows 10 loT core, Pinet or Risc OS. The
best one for this project was Raspbian, which offers GUI and many other features:

* SoC (System on a chip): Broadcom BCM2837
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« CPU: 4x ARM Cortex-A53, 1.2GHz

» GPU: Broadcom VideoCore IV

* RAM: 1GB LPDDR2 (900MHz)

* Networking: 10/100 Ethernet, 2.4GHz 802.11n wireless

» Bluetooth: Bluetooth 4.1 Classic, Bluetooth Low Energy

» Storage: micro SD

* GPIO: 40 — pin header, populated

* Ports: HDMI, 3.5mm analogue audio-video jack, 4x USB 2.0, Ethernet,
Camera Serial Interface (CSI), Display Serial Interface (DSI)

1.2 Optical gates

The source of input information about a car if the start or the finish line were crossed,
are optical sensors. One optical gate contains a transmitter and a receiver (Figure.2).

o [:45.;;5
=1 W™ -
= IS g—=f—0

Transmitter Recolver Transmitier

Figure 2. Optical gate — transmitter + receiver [4].

One gate is situated on the start line, the second one on the finish line, where both are
placed on each side of the line/road. The transmitter transmits a beam, which is received
by the receiver on the other side of the road. When the beam is crossed, the relay in the
receiver connect two pins together — +5V and input pin of Raspberry Pi. For transferring
data from gates to Raspberry Pi can be used cable or connection through the air. We use
communication set (transmitter and receiver) from ERC SportDisplay company for wireless
connection. This set is based on AUREL TX-SAW 433,92 MHz transmitter module [8].
With two direct antennas on transmitter and receiver we can set wireless connection on 2
km distance. Optical gate and transmitter for sending data can be placed in this distance
with powering from 12V battery (for example car battery).

1.3 Outdoor display 7 segment
All the race visitors want to see the driver’s final time immediately after he crosses
the finish line. Good placed outdoor display is the easiest way to show this information. The

size of this display is 185x70 cm and there are two rows for two measured times of drivers
(Figure.3).
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Figure 3. Design of 7 segment outdoor display, from left to right: rank,
starting number, category, time, round, penalisation.

The display is made by ERC SportDisplay company and one row contains this
information (from left to right): actual driver place from results, starting number (id) of the
driver, category in which driver belongs, measured time, penalisation and at the top is the
current lap. These 7 segments are controlled by shift registers which were a part of the
display [5]. Input voltage is only 12V what is a big advantage, because if there is no 220V
electrical system, the display will run only from a car battery for many hours.

1.4 Other hardware

For a control application of the information system which runs on Raspberry Pi, we
need a PC mouse, PC keyboard and display. It is a default control, but raspberry supports
VNC (remote control) so there is no problem to control everything from a laptop, tablet or
a smartphone. We can also share the results with the visitors through the wi-fi network
which Raspberry can setup. When a visitor wants to see the race results, he can connect to
the wi-fi network and he is automatically redirected to the result website on Apache HTTP
server. Internal wi-fi module of Raspberry Pi can be enough for testing, but for more power,
and maybe more than 100 visitors the external router is needed.

A 2 Software components

All software components are described below. LAMP software was installed on
Raspberri Pi which includes the Apache HTTP Server, the MySQL relational database
management system, and the PHP programming language. The main application was
written in Java programming language.

2.1 Java application

Application is intended only for the steward which controls the start of the cars which
time is being measured. This steward must have an eye contact or a contact with stewards
on the track if some car didn’t crash. All logic for measuring times, is programmed in this
Java application and it is very simple [6].
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When a car crosses the start line, the current time is stored in database. The same
happens when a car crosses the finish line. The final time of this car is a difference between
finishing time and the starting time (result = finish time — start time). The main functions of
the application can be divided into two main groups: background and foreground.

On background, pin control, through the pi4j library, is very important. Two pins are
inputs for optical gates and 5 pins are outputs for sending data to the external display. Data
from inputs are taken to listeners, which start or stop different actions. Data to be shown are
sent to the display in a separate thread, by shift-out function, which contains bit operations.

On foreground runs Java JFrame application for showing all important data to
steward as live-measured times of the drivers on the track, their names, car, start number,
actual lap. Steward can setup a start number of the driver who is ready to start, actual lap,
change position of drivers (if one car overtakes another car), or remove some driver (if one
of the cars on track spoils). Measured times are sent to database, and then shown through
the webpage which allows the steward to correct times if a car has some penalisation, or
another problem.

2.2 MySQL database

All the results, times and other data about drivers are stored in MySQL database.
Before race, the steward fills in the registration form with a category, start number, name
and a car of every driver. Then the race and the time measuring can begin. When the driver
comes to the start, the steward checks his start number and marks it in the application as
“Car on start”. When the car crosses the start line, the current time is uploaded to the
database. The same happens when the car crosses the finish line. These results are shown to
the race visitors on competition through the webpage, where tables are generated, including:
driver’s name, car, category and result time from chosen lap.

2.3 PHP + HTML webpages

Upload data from a form or show data from MySQL database is optional with PHP
webpage [7]. Registration page is an easy form page which includes a dropdown menu, text
inputs and submit button. After the data was sent to the database, the updated table is shown
below the form. Another webpage is only for showing results for the visitors. The third
webpage is similar to the previous one for showing results, but it is modified only for the
steward to change or update values in the database. For example, if some car has
penalisation, the extra time can be added to a special column. This PHP webpages runs on
Apache HTTP server installed with LAMP software.

A Conclusion

The main aim of this work is to introduce one complex system for measuring times
on different motorsport events (Figure 4, Figure 5). Hardware solutions, which are
necessary for a connection with the real world, are described here and working with them
means to study not only theoretical but practical things too. Connecting all components
required knowledge of microelectronics components used in outdoor display or optical
gates.
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Software solutions is the second part, which gives soul to all hardware components.
This project demonstrated a connection between several IT spheres. The main application
is written in Java, MySQL database, PHP webpage with HTML, JavaScript and CSS code
or scripts.

This system is further developed with testing on race practise in real conditions.

OUTDOOR DISPLAY

JAVA APPLICATION

: - INPUT DATA
AT . - SENDTO DB
RASPBERRY PI 3 . | - sHow L mves 10 sTEWARDS

poziciA  §T.CisLo

MySQL DATABASE
- STORE DATA

T e =

PHP WEB PAGE
OPTICAL GATES (PHOTO SENSORS) el S

Figure 4: Complex time measuring system

Figure 5: Local car race, current display design
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First Lego League in Slovakia

Juraj Stefanovié

FIRST® LEGO® League (FLL) is an international competition with educational
value for young people [1]. Each season many teams from all countries, consisting of 3 —
10 members of age 9 — 16, can join this competition on regional tournaments. Successful
teams pass to higher level international tournaments until the final FLL World Festival. In
season 2016-2017 one team from Slovakia made success with 2" place in selected compe-
tition category at FLL World Festival in St. Louis/USA. This team came from city KoSice
and they passed successfully through international tournaments in Hungary and then Ger-
many until St. Louis. The principle of competition is to design, build and program your own
robot, using exclusively the LEGO® MINDSTORMS® building kit. The core of kit is an
easy programmable control unit, connected up to 4 sensors of variable kind and up to 4
actuators — electric motors of various power and control possibilities. The rest of construc-
tion are LEGO components of many kinds. Each season, the FLL competition starts with
new slogan and new task set for your robot. The season 2016 — 2017 came under the slogan
“Animal Allies” and new season 2017 — 2018 is coming as “Hydrodynamics”.

Competition robots must try to complete various mechanical tasks on the standart
game table and success tasks are counted by judges — one game round takes two and half
minute. There are several tentative rounds for each team in several levels until final round
for best teams. Robot can be modified throughout the game round, except the programming
unit and no remote control is allowed. All tasks to complete together it is not a trivial chal-
lenge at all. Tasks (various obstacles and tracks for robot) are made from special LEGO kit
dedicated for particular FLL season and placed on the competition table. This dedicated kit
is called The challenge set, it is issued at the end of august and it is send to every registered
team together with current document of game rules. After three months of preparation, re-
gional tournaments are running in December - January and international tournaments are
running after until May.

The robot competiton consist of two categories: Robot Game — trying to complete
tasks (Figure 1) and Robot Design where the team must explain the construction and soft-
ware to get evaluation points from jury (Figure 2).
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Besides, there are two other categories, not necessarily technical: Research Project
and Teamwork. The research project category (Figure.3) has optional content under current
competition slogan. Under the last slogan “Animal Allies” young people created various
own solutions for real local problems with animal protection or to support better relation-
ships between people and animals. The teamwork category contains secret game or task,
where the jury is testing how members of team are able to collaborate (Figure 4).

=L
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Figure 2. Contest category Robot Design.
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Figure 4. Contest category Teamwork.

The contribution of FLL competition can be summarized as follows:
- very young people learn their technical abilities in mechatronical wholeness: me-
chanical hardware, sensors and software acting together to complete a task

- members of team are learning to collaborate with work and ideas together, under
adult coach who should lead them patiently to find their own solutions

- official presentation of work results is trained, in game, in technical communication,
in project presentation — best teams at the international level in English
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- an interest of further technical studies and work is supported

- last but not least: all movement of FLL is raising societal relationships among chil-
dren, adults, parents, teachers, supporters and any local management bodies

In our European region of FLL (see the Euro-regional webpage [2]), the number of
local competition tournaments in season 2016 — 2017 was set to: 2 in Czech Republic and
2 in Poland, 5 in Austria and the same number 5 in Hungary, in Germany 39 local tourna-
ments and in Slovakia 7. Local tournament (basic regional level of FLL competition) must
incorporate minimal 10 competition teams or more. On fig.5 there is a comparison how
many competition teams were found in different countries. The number increases every year
a bit. Every country has its own local regional webpage of FLL, where competition teams
can register, get informations and communication in their own language (in Slovakia see
the webpage [3]). Added pictures were taken in two different local tournaments in Brati-
slava, Slovakia, in December 2016 and January 2017. First of them was managed by Co-
menius University (fig.6) and the second was managed by Pan-European University [4]
(fig.1-4,7).

Slovakia 16,57

Austria 8,74

Switzerland 7,24
Germany 7,00
Hungary _ 623

average | : : | s.57

Czech rep. 2,56

Poland 0,60

0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00

Figure 5. Number of competition teams in local tournaments in proportion to one million
people of given country (source: FLL regional board Slovakia)
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Figure 7. Awarding ceremony at the Pan-european University
in Bratislava, January 2017
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