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Editorial

Dear reader,

this issue is dedicated to various current topics of theory and applied
research in information technology. Current contributions are devoted to data,
computer networks and virtual reality. The ubiquitous computing with many
wireless devices needs to make research in the branch of electromagnetic
waves for reliable data communication and some consequences of information
technology are studied in economics, society and learning.

Some articles are written by research scientists of Pan-European Uni-
versity in Bratislava (Slovakia), in collaboration with scientists from Voro-
nezh Institute of High Technologies (Russia).

Moreover, we have included basic information about the international
conference which was hold in February in Slovakia, under the management of
people from Slovak University of Technology in Bratislava, Slovakia.

To the future, we want to keep the main target of this journal in IT ap-
plied research, with more connection to the industry and keeping the contacts
between West and East.

Juraj Stefanovi¢
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in a computer system

Iloocucmema ananusa uejiaocmnoecmu OaHHBIX
6 KOManOmepHOﬁ cucmeme

Oleg Choporov, Igor Lvovich, Konstantin Razinkin

Onez Yonopos, Hzops JIveosuu, Koncmanmun Pazunkun

Abstract:

The paper is devoted to algorithm development and software tools to track changes
in software and hardware of the computer. The analysis of modern approaches to the
analysis of data integrity. Analyzed the advantages and disadvantages of these ap-
proaches. At the moment there are implemented the approaches related to the anal-
ysis of the integrity of the computer, but the approach we have developed an inte-
grated manner with hardware and software integrity. To determine the degree of iso-
lation of the computer can be used model speed control. First, check if there are any
changes in the BIOS. Then, if everything is in order, it reads the boot sector of a disk
or operating system drivers, which in turn also analysed for making unauthorized
changes. And, finally, with the help of the operating system runs the driver call con-
trol program which ensures that the computer runs only trusted programs. Recom-
mendations for the construction of algorithm for data integrity based on a combina-
tion of hardware and software approaches. The analysis of the configuration of the
computer for all connected devices and software on the computer. Your computer
configuration is copied to all connected devices at a given time to a text file, which is
considered as the reference. To determine changes in the structure of the connected
devices after some time repeats the sequence of actions to test devices, information
is stored in text file comparisons. Consider a reference file and a file compare, con-
clude whether it has changed the device during the past time interval. Displays a
message about adding a new device (or multiple devices) or a message indicating
that the system state has not changed. The description of the software product created
on the basis of the checksum algorithm and validation
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algorithm external devices, allowing to track changes in software and hardware of
the computer. The advantage of a software product is that it comprehensively ana-
lyzes the software and hardware integrity of computer data.

Keywords:
Information protection, computer system, data integrity.

ACM Computing Classification System:

Input/output and data communications-Data Communications Devices
Input/output and data communications-Input/Output Devices
Input/output and data communications-Reliability, Testing, and Fault-Tolerance

Abstract:

Paboma noceswena paspabomke aneopumma U NPOSPAMMHO20 —CpPeocmsaaq,
NO3BONIAIOWE20 OMCNIEHCUBAMb USMEHEHUS 8 NPOZPAMMHOU U annapamuou 4acmu
Komnviomepa. Ilposeden ananusz coepemenHbix no0X0006 K aHAIU3Y YEeIOCHOCU
Oannuvix. Ilpoananusuposanvl 0OCMOUHCMEA U HeOOCMAMKU 3Mux nooxodos. Ha
HACMOAWUI MOMEHM CYWecmayiom peanu308anHble NOOX00bl, C65A3aHHbIE C AHATUZOM
YeNoCMHOCU KOMNbIOmepa, HO 6 paspabamvléaemMoM HamMu nooxode KOMHAEKCHbIM
obpasom paccmampusanacb npopPAMMHAA U ANNAPAMHAA  YeroCmHocmy. Jlna
onpeodenenuss cmeneHu U30IUPOBAHHOCIU KOMNLIOMEPA MOMMCEem UCHONb308AMbCS
Mooenb cmynenuamoeo konmpoas. Cnauana npogepsaemcs, Hem iy usmenenuti ¢ BIOS.
3amem, ecnu 6ce coomsemcmeayem HopMe, CHUMBIBACTNCSL 3A2PY30UHbII CEKMOP OUCKA
unu opaiieepa ONepayuoOHHOU CUCHeMbl, KOmMOopble, 6 C80l0 0Yepedb, MAaKdice
AHATUUPYIOMCA HA NpeoMem GHeCeHUsl @ HUX HeCAHKYUOHUPOBAHHBIX usmeHenul. U,
HAKOHeY, ¢ NOMOWbI0 ONEPAYUOHHOU CUCMEMbl 3aNyCKaemcs Opanugep KOHmMpOJs
8bI30808 NPOZPAMM, KOMOPbLIL CIeOUm 3a mem, ymoobbl 8 KOMNbIomepe 3anyCKAlUCh
MOJIbKO npogepenHble NPocpammsl. Jlansl pekomeHoayuu no NOCMpoeHUI0 aneopumma
YerocmHocmy  OaHHBIX HA OCHOBE KOMOUHAYUU annapamiozo U NpoSPAMMHOZO
noo0xo008. [Iposooumcsa ananus Konguaypayuu KoMnsiomepa no 6cem noOKI0YeHHbIM
YCMpoucmeam U npocpamMMHOMY ODecneyenuro Ha OaHHOM Komhviomepe. H3
KOH@ueypayuu KoMnviomepa KONUpyemcs uH@opmayus 0 6cex HOOKMOYEeHHIX
YCMpoOUCmeax Ha OaHHbILL MOMEHIM 6PEeMeHU 6 MEeKCMOosblil (aun, Komopbiil
paccmampugaemcs Kak dMAanioHHulll. [l 8bISAACHEHUs USMEHeHUs CMpYKmypbl
NOOKTIOYEHHBIX YCMPOUCTNE NO UCMEUEeHUI0 HEKOMOPo2O0 BPEMeHU NOGMOPSEemcs
NOCNe008AMENLHOCIb — Oelicmeull N0 npoeepke  Ycmpoucms, — uHgopmayus
coxpausemcs 6 mekcmosulil gaiin cpasuenus. Paccmampusaiom smanonnulil paiin u
Qaiin cpasnenus, Oenarom 661800, UBMEHSIUCL JU YCMPOUCMBA 3d NpPOueouul
uHmepsan epemeru. Boisooumcs coobuerue o 000asieHuU H08020 YCmpoucmed (Uau
HECKOMbKUX YCMPOUCME) unu coodujeHue 0 Mmom, 4mo COCMOSHUE CUCHEMbl He
UBMEHUNOCh. J{aHo onucanue npocpammHo20 HPOOYKMA, CO30AHHO20 HA OCHOGE
aAneopuUmMMa KOHMPOALHOU CYMMblL U AICOPUMMA NPOBEPKU GHEUWHUX YCMPOUCMS,
NO3BONAIOWE20 OMCIEHCUBAMb USMEHEHUS 8 NPOZPAMMHOU U Annapamuou 4acmu
Komnviomepa. JJoCmouHCmeoM npocpamMMHO20 RPOOYKMA AGNAEMCA MO, MO 6 HeM
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KOMNJIEKCHbIM — 00pA30M  HPOBOOUMCS.  AHANU3 HPOSPAMMHOU U  ANNAPAMHOU
Ye10CMHOCIU OAHHBIX KOMUbIOMEPA.

Keywords:

3au;uma qubopmauuu, KOMnvromepHas cucmema, yejioCmHoCnb OQHHBIX.

A Bgeenenue

[Ipobnembl 3aIMTHI MHPOPMAIIMH CBS3aHBI C POCTOM BO3MOKHOCTEH COBpPEMEHHON
BBIYHMCIIUTEIBHON TEXHUKH. Pa3BUTHE METOIHMK, MOAXOAOB M CHOCOOOB IPOBEICHUS
aBTOMaTH3allud 00pabdOTKM WH(POPMAIUHM, MACCOBOCTH IPUMEHEHHUS IEePCOHATBHBIX
KOMITBIOTEPOB PE3KO MOBBIIIAIOT ySI3BUMOCTh HH(MopMarmu [1-3].

B kauecTBe OCHOBHBIX (PaKTOPOB, KOTOPBIE CIIOCOOCTBYIOT YBEIMYCHUIO TaKOW
YSI3BUMOCTH MO>KHO OTMETHTb:

- 3aMETHBId pOCT 0OBEMOB HMH(OpPMAINWH, KOTOpash HAKAIUIMBAETCS, XPAHHUTCS U
nepeaaeTcst MpH NOMOIIBIO KOMIBIOTEPOB M PA3HBIX CPENICTB aBTOMATH3AIINY;

- XpaHeHHe HH(POPMAIMHU TIPH OMOIIH €JMHBIX 0a3 JaHHBIX Pa3HOTO HA3HAYCHUS U
MMEIOIINX Pa3HyIO MPUHAUIC)KHOCTD;

- 3aMETHOE YBEJIIMUCHHUE YHCIIA TT0JIb30BaTeNel, KOTOPhIe HMEIOT HETIOCPEICTBEHHBIN
JOCTYIl K COOTBETCTBYIOIIMM pPECypcaM BBIYHCIUTEIBHBIX CHCTEM M TEM MacCHBaM
JaHHBIX, KOTOPBIE TaM HAXO/STCS;

- TpOBEJICHHE YCIOKHEHHS IJisi PEKHUMOB pPa0OThl TEXHHYECKHX CPEICTB B
BBIYUCIUTEIBHBIX CUCTEMaX: aKTUBHOE HCIIOJIb30BaHUE MYJIBTUIIPOTPAMMHBIX PEKUMOB, U
peKHMa pa3leNieHNs] BpEMEHH;

- IPOBEICHNE aBTOMATU3AIIMY MEXMAIINHHOTO 0OMeHa HH(pOpMAIHEii, 9TO KacaeTcst
U ceTell 0OJIBIINX Pa3MEpOB;

B Takux ycnoBUSAX BO3ZHHMKAIOT BO3MOYKHOCTH IJISl TOTO, YTOOBI MH(OpMaIys OblIa
HECaHKIIMOHUPOBAaHHBIM 00pa30M HMCIOJIb30BaHA WM MOJU(UIMPOBaHA (€CTh OMACHOCTb
yTeueK WHPOPMAIIUH, OTHOCSIIEHCS K OrpaHUuYEHHOMY ITOJIb30BaHHUIO).

3TO BBI3BIBAET 0COOYIO0 03200UEHHOCTH IOJIL30BATENEH, B CBSI3M C YeM 3alluTe
nHpOpMaMK OT HECAHKIMOHWPOBAHHOTO JOCTyNa (YTCHHMS) YAENSETCS IOBBIIICHHOE
BHUMaHUE.

Crnenuduynas 001acTh KOMIBIOTEPHBIX MPECTYINICHUH M TO 0OCTOATEIHLCTBO, UYTO
UX COBEPILIAIOT, KaK MPABUIIO, JIIOJH C HE3AIITHAHHON penyTalueil 1 XOpoIIo BIIaACIOLIne
TOHKOCTSIMUA MH(OPMALMOHHBIX TEXHOJIOTHHI 3aTPYAHSAET PACKPBITHE TAKUX MIPECTYIICHUH
[4-6].

3ammra WHQOPMAIMM HEPa3pBIBHBIM 00pa3oM CBs3aHa C pa3pabOTKOM u
HCTIONB30BaHUEM HH(POPMALMOHHBIX CHCTEM, 3TO KacaeTcsl Kak aJMHUHUCTPATOPOB, TAaK U
IIMPOKOro0 Kpyra mnojb3oBareneil. B nocimegHue roasl, B CBSI3M C  IIHPOKUM
pacmnpocTpaHeHHEM ¢ TOBCEMECTHBIM IPHUMEHEHHEM BBIYHCIHTENLHOW TEXHHKH,
MacCOBOCTBIO BHEJPEHHS KOMITBIOTEPOB, PE3KO MOBBICUIIACH YS3BUMOCTh HAaKaIUIMBAeMOH,
XpaHUMO¥ 1 00pabaTeIBaeMoit B crcteMax uHpopmanuu [7-9].

[MpuBeneHHble (QaKThl MOKA3bIBAIOT, YTO ONACHOCTh HECAHKIIMOHMPOBAHHBIX
3JI0YMBIIUIEHHBIX IEHCTBHUI B BBIYMCIUTENIBHBIX CPEACTBAX U CHCTEMAaXx SIBJISIETCS] BECbMa
peanbHOM, U ¢ JaTbHEUIINM Pa3BUTHEM BBIYHUCIUTEIBHON TEXHUKH YIpo3a TOBPEKICHHS
nH(popManuK, HECMOTPSI Ha BCE YCHIIHS IO €€ 3aIUTe, HEN3MEHHO PacTeT.
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Bce 310 00cnaBnuBaeT HEOOXOAMMOCTH YIIIyOJEHHOTO aHajiW3a OMbBITA 3alHUThI
MH(QOPMAIK U KOMIUIEKCHON OpraHrn3alii METO0B U MEXaHU3MOB 3allUThI.

Lenpb pabotel: Pa3paboTka mporpaMMHOIO CpPEACTBa, C IOMOILBI0 KOTOPOTO MOXKHO
OTCJICKHBATH LEJIOCTHOCTh JAaHHBIX CPEIU MPOTPaMMHOTO OOECTeYeHUsI U OTCIEKHUBATH
M3MEHEHHE allllapaTHOM 4acTH KOMIIbIOTEPA.

[ mocTrKeHus! TOCTaBIEHHOM e HEOOX0AUMO OBLIO PEIIUTh PSII 3a1ad:

1. Peanu3zoBatp anroputM pacueta KOHTposubHOH cymmsl (CRC32).

2. Pa3paboTarh alrOpUTM OTCJICKUBAHUS BHELITHUX YCTPOHCTB.

3. PazpaboTats nporpaMMHOE CPEICTBO Ha OCHOBE U3YUYEHHBIX METOIOB.

A 1 AHaau3 JUTepPaTyYPHBIX HCTOYHUKOB

3amaga 3amuUTBl TPOTPAMMHOTO OOECTIEYeHHsI OT BHEIPSIEMBIX IMPOrPaMMHBIX
3aKJIaZIOK MOXKET PacCMaTpUBAThHCS B MPUHIMINAIBHO Pa3INYHbIX BapHAHTaX:

— He JIOMYCTUTh BHEAPEHUS MPOTPAMMHOM 3aKJIa K1 B KOMITBIOTEPHYIO CUCTEMY;

— BBISIBUTH BHEAPEHHYIO MMPOTPaMMHYIO 3aKIIaJIKY;

— YOQIATH BHEAPEHHYIO IPOTPAMMHYIO 3aKIIAIKY.

IIpu paccMOTpeHHM ITHX BapHaHTOB pEIICHUE 3a/adyM 3aIIUThl OT MPOTPaMMHBIX
3aKJIaJIOK CXO/IHO C PEIIeHHEeM IMPOOIeMBI 3alIUThl KOMITBIOTEPHBIX CUCTEM OT BUPYCOB [ 10,
11]. Kak u B cimygae 60pb0BI ¢ BUpycaMu, 3a/1ada PemaeTcs ¢ IOMOIIBIO CPEICTB KOHTPOJIS
32 MEJOCTHOCTBIO 3allyCKaeMBbIX CHCTEMHBIX M NPUKIAIAHBIX MpOrpamMM, a TaKke 3a
[EJIOCTHOCTHIO MH(OpMAIIMH, XPaHUMOH B KOMIIBIOTEPHOH CHCTEME U 32 KPUTHYECKHUMU
JUTst QYHKITMOHUPOBAHUS CHUCTEMBI COOBITHSAME. OTHAKO TAaHHBIE CPE/ICTBA ICHCTBUTEIHHBI
TOJIGKO TOTJa, KOTJIa CaMH OHM HE TMOJBEPXKEHBI BIMSHUIO IMPOTPaMMHBIX 3aKIAJOK,
KOTOpBIE MOTYT:

— HaBS3bIBaTh KOHEYHEIE PE3yJIbTaThl KOHTPOJIBHBIX IPOBEPOK;

— BIMSATH HA MPOIECC CUUTHIBAHUS WH(GOPMAITUH U 3aITYCK ITPOrPaMM, 38 KOTOPBIMHU
OCYIIECTBIISIETCS KOHTPOJIb;

— U3MEHSTH aJITOPUTMbI (DYHKIIMOHUPOBAHHUS CPEICTB KOHTPOJISI.

[Tpu 3TOM Upe3BhIUAHO BaXKHO, YTOOBI BKITFOUEHHUE CPEICTB KOHTPOIIS BEITIOIHSIIOCH
JI0 Havasia BO3JCWCTBHSI MPOrPaMMHON 3aKJIQJKH JIMOO KOT/Ia KOHTPOIb OCYIIECTBISETCS
TOJIBKO C MCIIOJIb30BAaHUEM IIPOTpaMM yTpaBieHus, Haxoasamuxcs B [13Y xommbroTepHOH
cucremsl [12-14].

1. 3amuTa OT BHEIpEHHS TMPOTPAMMHBIX 3aKINOK. YHHBEPCATBHBIM CPEICTBOM
3aIIUTHl OT BHEJPEHUS MPOTPAMMHBIX 3aKJIAJOK SIBIETCS CO3JaHUE HM30JHMPOBAHHOTO
KoMmnbloTepa. KoMnbproTep Ha3bIBAaETCsl M30JMPOBAHHBIM, €CIIM BBINOJIHEHBI CIEAYIOLINE
YCIIOBUSI:

— B HeM ycraHoBJieHa cuctema BIOS, He copeprkarias mporpaMMHBIX 3aKIa/I0K;

— oTleparoOHHas CHCTeMa IIPOBEPEeHa Ha HAJTMYKe B HEW 3aKIIafoK;

— JOCTOBEPHO yCTaHOBJeHa Hen3MeHHOCTh BIOS u omepanuoHHONW CUCTEMBI AJiA
JTAHHOTO CeaHca;

— Ha KOMITBIOTEPE HE 3aITyCKaJOCh M HE 3aIyCKaeTCsl HUKAKUX WHBIX MPOrpam,
KpOMeE YK€ IPOIIEAINX IPOBEPKY HA MPUCYTCTBUE B HUX 3aKJIa/I0K;

— MCKITIOYEH 3aITyCK MPOBEPEHHBIX IPOTPaMM B KaKUX-TNOO HHBIX YCIIOBHAX, KDOME
TIEPEYNCIIEHHBIX BBIIIE, T. €. BHE N30JIMPOBAHHOTO KOMITBIOTEPA.
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st onpenienieHnst CTeNeHr H30IMPOBAHHOCTH KOMITBIOTEPA MOXKET HCIOIb30BaThCS
MOJIeTIb CTYIIeH4YaToro KoHTpoirsi. CHaudama mpoBepsercsi, HeT ju m3MeHeHwmid B BIOS.
3areM, ecau BCe B TOPSAKE, CUYUTHIBAETCS 3arpy30YHBI CEKTOp AWICKA WM JIpaiBepa
OTIEPaLlUOHHON CUCTEMBI, KOTOPBIE, B CBOIO OY€pE/lb, TAKXKE aHAIM3UPYIOTCS HA TpPEAMET
BHECEHHS B HHUX HECAHKIMOHHPOBAHHBIX W3MEHEHWH. I, HaKoHel, C IOMOIIbIO
ONEPALMOHHON CUCTEMBI 3aIllyCKaeTcs ApaiBep KOHTPOJIA BBI30BOB MPOrpamM, KOTOPBIA
CIICZNT 32 TE€M, YTOObI B KOMITBIOTEPE 3aIyCKAINCH TOJIBKO MPOBEPEHHBIE MPOTPaMMBl [ 15,
16].

HHTepecHBIil MeTO OOpPHOBI ¢ BHEAPEHUEM MPOTPAMMHBIX 3aKJIaJ0K MOXKET OBITh
UCTONB30BaH B HMH(GOpMALMOHHOW OaHKOBCKOH cHcTeMe, B KOTOPOH LHPKYIHPYIOT
UCKITIOUUTENbHO (ailibel — JOKYyMEHTH.. UYTOObI HE MJOMYCTHTh NPOHHUKHOBCHHS
MPOTPaMMHON 3aKJIAJKU 4Yepe3 KaHalbl CBS3W, B 3TOM CHCTEME HE JOIMYCKAaeTCs MpUeM
HUKaKOTO WCHONHAeMOro koma. Jlns pacmosnaBanus coObituit Trma «lIOJIYUEH
UCIIOJIHAEMBIN KOJI» u «IIOJTYUYEH ®AWI-JJOKYMEHT» npuMeHsieTcss KOHTPOIIb
3a HanmMyueM B (aiiyie 3alpelieHHBIX CHMBOJIOB: (aill MpH3HAeTCs CcoAep KaluM
WCTIONHSEMBIA KOJl, €CIIMK B HEM MPHCYTCTBYIOT CHMBOJIBI, KOTOpBIE HHUKOTJA HE
BCTpevatoTcs B (hailyiax-T10KyMeHTax.

2. BoisiBrieHme BHEJPEHHOM IPOrpaMMHO# 3aKiTaKu. BrisBieHre BHEIPEHHOTO KOIa
MPOTPaMMHOM 3aKJIaJK{ 3aKIF04YaeTcs B OOHApY)KEHHH MPU3HAKOB €ro OTCYTCTBHS B
KOMITBIOTEPHOI crcTeMe. DTH MPU3HAKA MOKHO Pa3eluTh Ha CIICIYOIINE 1Ba Kilacca:

— KaUCCTBCHHBIC 1 BU3YaAJIbHBIC,

— O0HapyKWBaeMbI€ CPEJICTBAMY TECTUPOBAHUS U AHATHOCTHKH.

K xadecTBeHHBIM ¥ BU3yaJLHBIM MPU3HAKAM OTHOCSTCS OIIYIIEHHs U HaOIIOeHUS
I10JIB30BaTCJIA KOMHBIOTCPHOI‘/II CHUCTCMBI, KOTOpBIﬁ OTMEYACT ONIPEACIICHHBIC OTKJIIOHCHUS B
ee pabore (M3MEHSETCsI COCTAaB U JUTHHBI (ailyioB, ctapbie Gaiibl KyJa—To MpoIajaioT, a
BMECTO HHUX IOSBJISIOTCS HOBBIE, NMPOTPAMMBI HAaYMHAOT paboTaTh MeMJIeHHEe, HIIN
3aKaHYMBAIOT CBOIO PaOOTy CIMIIKOM OBICTPO, MJIM BOOOIIE MEPECTAOT 3aIyCKaThCs).
HecmoTpst Ha TO, 4TO CyKI€HHE O HAIMYHMW MPHU3HAKOB 3TOTO Kilacca Ka)XeTCsl CIMIIKOM
CyOBEKTHBHBIM, TEM HE MEHEE, OHH 4YacTO CBHJICTENbCTBYIOT O HAJIMYHWH HEMONAJ0K B
KOMITBIOTEPHOI CUCTEME U, B YaCTHOCTH, O HEOOXOIMMOCTH TPOBEICHUS TOTIOTHUTEIIBHBIX
MPOBEPOK MPUCYTCTBUSA IPOrPaMMHBIX 3aKJIaI0K.

[Ipu3Haky, BBISBIIEMBIE C TIOMOIIBIO CPENCTBA TECTHPOBAHHUS W JIUATHOCTHUKH,
XapaKTepHBl KaK I MPOrPaMMHBIX 3aKJIAZOK, TaK ¥ I KOMITBIOTEPHBIX BHPYCOB.
Hampumep, 3arpy3ounble 3akjiaJkd YCIENIHO OOHApY)KMBAIOTCSI aHTUBUPYCHBIMHU
nmporpamMmMaM, KOTOPbLIC CUTHAJIU3UPYIOT O HAJIWYUKU T[OJO3PUTCIBLHOIO KOIa B
3arpy304HOM cekTope aucka. C MHMLIMUPOBAHWEM CTAaTHUECKOW OIIMOKM Ha JUCKax
XOpouIo CIIpaBJIAOTCA CpeIACTBa pa6OTBI C JHCKOBBIMH HAaKOIIUTCIIAMH, BXOAAINIUC B
Windows. A cpeicTBa IMPOBEPKH LEIOCTHOCTH JAHHBIX Ha JMCKE, BXOJAIIME B COCTaB
COBPEMEHHBIX AHTHUBHPYCHBIX CPEJICTB, TMO3BOJSIOT YCIENIHO BBISABIATH W3MEHEHUS,
BHOCHMBIE B (haiibl mporpaMMHBIMH 3akiankamu. Kpome Toro, 3p¢eKTUBEH IOMCK
q)paFMeHTOB KoJa IporpaMMHBIX 3aKJIa 10K 10 XapaKTCpHbIM JJIsL HHUX
MOCJIEe/IOBATENILHOCTSIM HYJICH U SIUHHUIL (CUTHATYPaM), a TaKXKe pa3pelIeHIe BhIMOTHEHNUS
TOJIBKO TIPOTPaMM C U3BECTHBIMU CUTHATYpPaMH.
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3. YaneHnue BHEAPSHHON porpaMMHON 3akiaaku. KOHKpeTHBIN criocol yaaneHus
BHEJIPEHHOM MPOTrpaMMHOM 3aKJIaJKU 3aBUCUT OT METOJIa €€ BHEPECHUS B KOMITLIOTEPHYIO
CHUCTEMY. Ecmm 310 MporpaMMHO-anmapaTHas  3aKiajKa, TO clemyer
nepernporpammupoBats [13Y  kommberotepa. Ecmm 310 3arpy3ounas, apaiiBepHas,
MpUKIaAHAs], 3aMAaCKUPOBAaHHAS 3aKIa/IKa WIH 3aKJIaJKa — UMUTATOP, TO MOXKHO 3aMEHUTh
WX Ha COOTBETCTBYIOIIYIO 3arpy304YHYIO 3aliCh, JpaiiBep, YTHWIATY WU CIyKEOHYIO
MporpamMMy, MOJIy4EeHHYIO0 OT HCTOYHHKA, 3aCITy KHBAOIIEro nosepus. Hakoner, ecim 310
UCTIOJHSACMBIH MPOrPaMMHBIA MOYJb, TO MOXXHO IONBITATHCS JOOBITH €r0 HUCXOIHBIN
TEKCT, yOpaTh U3 HETO UMEIOIIUECS 3aKIIAJKU WK TOJ03PUTEIIbHBIC (hparMEHTHI, a 3aTeM
3aHOBO OTKOMITHIIUPOBATh.

B paspabateiBacMOM IpOrpaMMHOM MPOAYKTE KOMIUIEKCHBIM 00pa3oM POBOIUTCS
AHAJIU3 IPOrPAMMHOMN U anapaTHOM LUENOCTHOCTH JJAHHBIX KOMIIBIOTEPA.

A 2 AJropuT™ NpoBepKH LHEJOCTHOCTH TAHHBIX KOMIILIOTEPA

PaccmoTpum  00mIyr0o cxeMy anropuTMa IMPOBEPKM LEJIOCTHOCTH JAaHHBIX
komnbioTepa. OHa MmpuBeeHa Ha pUCYHKe 1.

Bxonnsle nmapameTpsl

A 4 A 4

AnTopHTM pacyera AJNTOPHATM IPOBEPKH
KOHTPOJIBHON CYMMBI BHEILIHUX YCTPOUCTB
(CRC32)

BeiBon pe3ynbTaToB
IIPOBEPKHU

A

A 4

A 4

AHanu3 pe3ynbTaToB

Pucynok 1. O6mas cxema anropuTMa MpoBEPKH ETOCTHOCTH TaHHBIX

O6H.Ia§[ CXEMa, MO3BOJACT MPCACTABUTH KOMILICKCHBII nmoaxona K OIpEACJICHUIO
OEJIOCTHOCTU JaHHBIX B HpOFpaMMHOfI nu armapaTHOﬁ YaCTH KOMIIBKOTEPA.

Paccmotpum 3ty cxemy no6a04HO:
1. Bxonnble naHHble. 3Aech MOJ BXOAHBIMU JaHHBIMU IOHHUMAETCS
Kak J11000# (aiin, XpaHsmuiicss Ha )KECTKOM JIMCKE, TaK U BHEIIHHWE yCTPOWCTBA
MOJKIIIOYECHHBIE K KOMITBIOTEDY.
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2. Anroputm pacuera CRC32. JlaHHBIA aldrOpuT™M MO3BOJISIET
OTCIEJUTh UEJNOCTHOCTh MJaHHBIX B MPOTPAMMHOW YacTH TEPCOHAIBHOTO
KOMITBIOTEpA, a TAaKXKe MPOM3BOAUTH HMX INPOBEPKY UYepe3 MHTEpPBAIbl BPEMEHU
BBIOMPaeMbIE MOJTB30BATEIIEM.

3. AJITOPUTM TPOBEPKHM BHEUIHUX YCTPOMCTB. JlaHHBII anroputm
MO3BOJISIET OTCICAWTh W3MEHEHHsS B aNIapaTHOW YacTH IEPCOHAIBHOTO
KOMITBIOTEpA, a TaKkke MPOW3BOIUTH IPOBEPKY YCTPOMCTB dYepe3 HHTEPBAJIbI
BpPEMEHH BBIOMPaeMbIe MOJb30BATEIIEM.

4. BeiBog pe3ynbpTaToB MpOBepKH. BeIBoaWTCS coolOmeHue 00
M3MEHEHNH WM HE H3MEHEHHH (ailyioB M yCTPONCTB MEPCOHAIBFHOTO KOMITBIOTEpA
Ha OCHOBE YEro OIepaTop MPUHUMAET PelIeHHE O LEIOCTHOCTH JaHHBIX CUCTEMBI.

5. AmHanu3 pe3ysbTaToB. B 1aHHOM OJI0Ke MMOJIB30BaTEh IPUHUMAET
perieHne Ha OCHOBE BBIAHHOTO COOOIICHHSI.

[losicamM moapoOHEe aNTOpUTM TMPOBEPKH BHEUTHHX YyCTPOWCTB. (Cxema ero
MIpUBEJICHA HA PUCYHKE 2.

ITosicHUM BBIIIEYKa3aHHYIO CXEMY alrOpUTMA. B HEH MOKHO OTMETUTH CIEAYIOIINE
OCHOBHBIE OIIEpaLIUU.

1. [IpoBepka mnoOAKIIOYEHHBIX YCTpoHcTB. IIpoBoautcs ananus
KOHGUIypalMyd KOMIIBIOTEpAa IO BCEM MOAKIIOYEHHBIM YCTPOHCTBaM U
MpOrpaMMHOMY 00ECTIEYCHUIO Ha JaHHOM KOMITBIOTEpE.

2. Co3manue stanoHHoro (aiina. M3 xoHdurypamun KommbploTepa
KonupyeTrcss MHGOpManMs O BCEX MOJKIIOYEHHBIX YCTPOMCTBaxX Ha JaHHBIN
MOMEHT BPEMEHH B TEKCTOBBIN (aiyl IMEHYEeMBIH «DTaJIOHHBIMY.

3. Coznanuve (aiinma cpaBHeHus. JIJis BBISICHCHHS HW3MEHEHUS
CTPYKTYpBl MOJKIIOUEHHBIX YCTPOWCTB MO HCTEYEHHIO HEKOTOPOrO BPEMEHH
MOBTOPSIETCA  TOCIIEAOBATENIbHOCTh JEMCTBUH OMUCAaHHBIX B MyHKTe 2. 3a
HCKJIFOUYEHHEM TOTO, 4YTO WMH(OpMAIHs COXpaHseTcsi B TEKCTOBBIN (aiin «Daiin
CPaBHEHUS».

4. CpaBHenue nByx ¢aiinos: JranonHoro u Paiina cpaBHenus. B
3TOM OJIOK TIPOMCXOJUT CPaBHEHHE ABYX TEKCTOBBIX (hailyIoB /Il ONpeeeHus,
M3MEHAINCH JIU YCTPOICTBA 3a MPOLIEIIIINA HHTEPBAT BPEMEHM.

5. Brigaua cooOmenns o 100aBIeHWH HOBOTO YCTPOWCTBA (WU
HECKOJIbKMX YCTPOHCTB) WJIM COOOILIEHHS O TOM, YTO COCTOSIHUE CHCTEMbI HE
W3MEHUIIOCH.
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Hay4dalio

IIpoBepka
MOAKIIOYEHHBIX
YCTPOICTB

A 4

Co3manue 3TaJIOHHOIO
¢aiina cocTosHUS
CUCTEMBI

A 4

Coznanue Qaitna
CpaBHEHUS

\ 4

CpaBHeHue 1ByX
¢aiinos:
OTajoHHOTO Qailna u

h 4

BeIBOJ pe3ynbTaToB
MIPOBEPKHU

KOHECI

Pucynok 2. Aaroput™ npoBepKH MOJKIIOYEHHBIX YCTPONUCTB

A OnucaHue NPOrpaMMHOIO MPOAYKTA

Ha ocHoBe anroputma pacueTa KOHTPOJIBHOM CYMMBI M aJrOpUTMa MOPOBEPKU
BHEIIHUX yCTPOWCTB pa3padoTaH KOMIUIEKCHBIN alrOPUTM 3aIIUTHI IIETOCTHOCTH JTAHHBIX
KommbioTepa. C HCMob30BaHNEM PACCMOTPEHHOTO AJITOPUTMa ITOCTPOEHA Iporpamma. Best
Iporpamma paszesieHa Ha JBE 4acTH: yCTPOMCTBA M KOHTPOJIbHBIE CyMMBI. [lepexon Mexny
OKHAMH OCYIIECTBISIETCS IIPH TIOMOIIIM aHAJIOTHYHBIX BKIA0K. Ha pucynke 3 uzo0pakeHa
Iporpamma Jjisi pacuyera KOHTPOJIbHONW CyMMBI.

10
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Ha pucynke 4 n300paskeHO OKHO ITPOTrpaMMBbl MPOBEPKU BHELIHUX YCTPOICTB.

MonuTtop Ir:_| C ﬁ_(_l

SanAn Bua Oedcrown Cepownc

) A [ c [system) =] Manws 20 nposepen
(5 Docurments and Selling:

[ ]
0

™ cosasmn sTanteebe Gafne Pacuer CRC namar | Mpeseapea CRC

Pucynok 3. OkHO pacdyeTa KOHTPOJIBHON CyMMBI

Monutop |Z‘ |:\ El

®ain Bua Oefctera  Cepswc

KorTponeHele cymmel § SETpOACTEE |

IranoH TEKYLWES COCTOAHUE CHCTEMB

Cosnark ¢aiin cpasHeHHa Cosnare sTanoH MpoEspka HOBEIX YCTPONCTE | Britiop waiina

Pucynox 4. OKHO IPOBEPKH BHENTHUX YCTPONCTB

B okHe mporpaMMbl KOHTPOJIBHBIE CYMMBI MOYKHO MTPOBOIMTH PACUYET KOHTPOJIBHOU
CyMMbI, Kak (aiiyia, Tak U Bcex ¢aiyioB B manke. Pacyer KOHTpOJIbHOW CyMMBI (aiiia
MPOUCXOJIUT TMOCJIC IBOMHOTO KIIMKA MBIIIH Ha (Al B yka3aHHOUH qupektopu (puc. 5).

11
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KDHTDD.FIbeIE CYrrAbl l HCTDUHCTB&]

= D\ all.doc |IEI d: [wark1] j Manki anA nposepku
= HorymerTe: Msinfo32.doc
o wen F1010033.JPG [Myres 25
o F1010034.JPG | =
= DokyrienTsi 1 _|P1010035.0PG

i 100 nyywmx nporpars gna Y EaRales
(£ orc_devices
3 Security

3 Zakladki

(2] BezonactHocTe
[ KomMnetTep Kak WeHTD PasE
(2] Hoeas nanka

£ Cnaga

(£ cTapaA npor

TpoaHckoi np

KoHTponeHaa cymma daiina = 3605027641

| £

=l

Pacyet CRLC nanok | Mpoeepra CRC

Pucynok 5. OkHO pacuera KOHTPOJILHON CyMMBI (hatiina

Tak e B 3TOM OKHE MOKHO PAcCUHUTATh KOHTPOJIBHYIO CYMMY BceX (hailiioB B marke
Y 3aHECTH MAINKy B MEHIO Iporpammsl “Tlanku it mpoBepKu”™ 1l anbHEUIeH TPOBEPKU
LEJIOCTHOCTH JAHHBIX XPAaHAIIMXCS B 3TOW mamke. sl IpOBEpKH LIEIOCTHOCTH JTAHHBIX
XPAHALIUXCSA B TMaNKe HEOOXO0AMMO:

1. BriOpaTh HYXHYIO AIIKy B AUPEKTOPUH.

2.  Haxarp kHOnKy “/106aBUTH Manky” .

3. Tlocrasuts ranouky “Co3aars 3TAIOHHBIE (Baiiabl”.
4 Haxatp knonky “Pacuer CRC nanku”.

[Tociie yero OymeT NPOU3BECH pacdyeT KOHTPOJIbHOM CyMMBI BCeX (paiijioB B marke
W 3TO 3HaYeHHe OyJIeT 3aIOMHEHO MPOrPaMMOii. DTO TIO3BOJUT MPOU3BECTH ITPOBEPKY BCEX
(haiinoB B Marnke yepe3 HeKOTOPBIH HHTEPBAJT BPEMEHH, BRIOUPAaeMbIii moJib30oBareneM. Jlis
NPOBEPKH KOHTPOJILHOW CyMMBI BCceX (hailJioB B Mamke HEOOXOJIUMO HaKaTh KHOIKY
“ITpoBepka CRC” u mporpaMmMa BbIIAaCT COOOIICHHE O COBMNAJACHUU MJIM HE COBHAICHUHU
KOHTPOJIBHOM CyMMBI Tanku. [IpriMep paboThl MporpaMMbl PUBEICH HA PUCYHKE O.

VYaaneHue WM W3MEHEHHWE XOTs Obl oxHOro (ailna mpUBEIET K H3MEHEHHIO
KOHTPOJIBHOW CyMMBI M  IporpaMma Tpu  CICIyIOIEed MPOBEpKH  BBIBEAET
npeaynpexk/Iarolee COOOIeHne PUCYHKE 7.

12
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MoHKTOp

®aiin Bua [eicteuA  Cepeuc

KoHTponeHEe cyrame! l Hc:-rpoﬁc’rBa]

[T Acrobat Reader

27 Borland
£ BP Win

£ Far
£ Govorilka 1,380 s
£ ImTO0 YD Ripper

£ nod32
£ NOKIA

27 PlayerstCodecs
7 PowerDD

7 Prom<T

£3 SiSoft

23 Total Commander
£ Uil

£va

£ Winamp

£ Winamp Pro

71 winampal

27 Cyberlink. PowerDYD
27 Cyberlink PowerDVD

£ NVIDIA Display Driver

== Dy AutoGordianknot. 1.2 [B= d: [work1] | Manku 407 NpoEepEd
CIC.CrE
- cic.eta |n9Tb A
[ ABBYY FineReader atalon b ﬂ D-\Dish

[0 Adobe Photoshop C5 and |
[0 AIDASZ - Enterprize System

27 Intervideo WWinDD Platinur

offline. exe

JofaeuTe nanky | 2] | - | | | - | | |

™ coznaTeaTanoHHbIE $ainL Pacyer CRC nanok. |

Mpoeepka nankw D:ADist

Pucynox 6. IIpumep pacuera CRC Bcex (aiinos B manke

J111st IpOBEPKH BHEIIHUX YCTPOHCTB HEOOXOUMO TIEPEHTH K BKIIaze “YcrpoiicTea”.
[Tocnie 4ero co3aath ATAIOHHBIN (Al ¢ COCTOSHHEM CHCTEMBI JUIS 3TOT0 HEOOXOIMMO
MPOM3BECTH MOCIEA0BATEIFHOCTD ICHCTBHIA:

ronNE

5.

Haxats xHOTKY “CoO31aTh 3TAIOH .

IIponenars neficTBUS MO MOACKA3KaM HPOrPaAMMBI.

AHaJIOTUYHO cO3J1aTh (hailsl cpaBHEHUSI.

Haxate xHOnKy “BpiOOp ¢paiina” u BeIOparh ¢aiin ¢ UMeHeM
ETALON.txt. IloBropure Haxatue KHONKH “BriOop ¢aiina” u
BbIOpath Qaiin FILESRAVNENIA. txt

Haxartp kHOTIKY “IIpOBEpKa HOBBIX YCTPOHCTB”.

[Tocne Takux neiicTBuii OyaeT BbIIaHO coolmieHue (cM. puc. 8).

Jnst mpoBepkH dYepe3 JOOOW MHTEpBal BpeMEHH TpeOyeTcs TMepeco3narh
FILESRAVNENIA.txt u ocymectButh aeWictBus 4,5 onucaHHele Belme. Ecin B
anmapatHoi yactu [19BM mponzonuiy H3MEeHEeHHsI, porpaMMa BBIZACT COOOIIeHHE (PHC.

9).
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MoHHTOD

[ & work1] =] M a3 nposepss
||-|!'|'b -
[ D:\Dist\LBEYY FineReades
b
r o R ) e 5]

™ CoMaTE JTARDHHLIE DAL

Pacwer CAC nanox |

I'Iw e D \DnstMBBY:‘ FineReader

Pucynoxk 7. [Ipumep paboThl porpaMMel pyu OMIMOKe B (aiine

MoHHTOR
@adin  Bua  Oefictoun  Ceponc
KoHTpommme ey HoTpoficTea |

[N apamne nprwa]
LPT1

[Memare]
Carvon LASER SHOT LBF-1120

FrancH Termes COCTOARIE CHETOME!
[MyneTressama] [MyneTHMegHS] -~
-AOM] [Clg-knm
_MEC DWD_RwW ND-35404 _NE[: DD _Rhws MD-35404
[Zeyronoe yeTpoRcTeo) [Bnonoe yeTpofcTo
NWDIA[HIrFof:e[IMIMu mwﬁl nFoice{TM) Audic
0] rueedi]
H‘\ﬂDIA GeForced M 440 with AGPE- MDA GeForced M= 440 vath AGPES
[MHERakpacHbie YCTROACTES] [MHERpakEBacHbN YCTROACTEE]
[K.nseisTyps) gcmpq
Pa:u-.psmm rnssrarypas (1071 o 102 wnasiamd) seusiperraen knasuaryps [1071 w102 knsssusd)
[Yra3biBaniil a8 SETRORCTEG] [Hka3bimaesiies SCTpORCT B
PS5/ 2-comsincTi®asn Ml P/ 2-COBMBCTIMER bl
[Moger] [Mogera]
Mokia G670 USE Moksa 6570 USE
Mutoiols USE Moden Matorcls USE Modem
Mokia 6170 LISE Mokia 5170 LISE
Mobtorols USE Modem Motorola USE Modem
Mokia 610 USE Moksa ?'610 usB
[faarrep] [Ananrep]
[D000D00T] FLAS acteoporres aammep [D0000007] RAS actenporens sanTep
[Mocaeqonarenerd [Nocnenosare o] L
Nocnegossrensat nopr [COM1) =
Mo renosare s nopr (COM2] Hoeeie ycTponcTas

Cosgarte @ain cpasHerie Cosgare aTanon

Pucynoxk 8. I[Ipumep paGoThI MporpamMMbl

14



A subsystem for analyzing data integrity in a computer system

MoHKTOp

©aidn Bun  deiicteuA  Cepsuc
K.oHTponeHelE cyrre YerpokicTea

3ranoH

T EKYWEE COCTOAHWE CHCTEME!

[MyneTurenia)

[CD-ROM]

_MEC DWD_Rw ND-35408

[3BykoBOE YoTPORCTED]

NYIDIA[R] nForce(TH) Audio
[Oucnaei]

WYIDIA GeForced Mx 440 with AGPE-
[MH®pakpacHele yeTpoiicTeal
[K.naBuaTypa)

PacwwuperHaA knaeuarypa (101 wau 102 knasmwm)
[Hraseigaowes yorpoicTeo]

PS5 /2-coBMecTHMan MellLE

[Moaer]

Mokia 6670 USB
Motorola USE Modem
Mokia 6170 USB
Matarala USE Modem
Mokia 7610 USB

[Aaarrep]

[0000000 ] RAS acHMHApOHHER anarmep
[MocneposaTensHEIR]
Mocnegosarenshei nopr [COM1)
MNocnegoearensHei nopr [COM2)
[MapannensHe]

LPT1

[Meyare]

Canon LASER SHOT LEP-1120

[MunbTureamal

[CD-ROM]

_NEC DVD_Rw ND-35404
[3ByroB0E YoTPORCTED]

NVIDIA[R] nForce(TH) Audio
[Ducnaeii]

WVIDIA GeForoed Me 440 with AGPE
[WH®pakpacHee yeTpoiicTea]
[Knaeuarypa)

PacwmperHaA knasuarypa (101 uan 102 knasww)
[HYraseipatowee yerpoicTeo]

PS5 /2-coBrecTiran Meills

[Moaer]

Acorp-EMSF2Y .92 Modem

Mokia 670 USB

totorola USE Modem

Mokia E170 USE

Matorala USE Modem

Mokia 7610 LSE

[Aaarrep]

[000000071] RAS aCcHHAPOHHEIR 40arTep

HoBble ycTpolicTEa
Acorp-EMSF2Y 92 Modem

Coznare $ain cpasHeHHA Cosnare 3TanoH

i MNpoBepr.a HOBLIK YCTPONCTE |

Britop ¢aiina

Pucynok 9. IIpumep paboTbl mporpaMMsl Ipu 100aBICHUN HOBOTO YCTPOHCTBA

A  BriBoanl

PaGora mocBsmeHa pa3paboTke

aJIropuTMa  “  1IpoOrpaMMHOIO

CpeacTna,

MO3BOJISIFOLLEIO OTCIIEKMBATh M3MEHEHUSI B TMPOrpaMMHOM M amnmapaTHOMl dactu
koMnbroTepa. IIpoBeeH aHanu3 COBpEMEHHBIX MOAX00B K aHAIN3Y LIEJIOCTHOCTH JIAHHBIX.
[Ipoananu3upoBaHbl TOCTOUHCTBA U HEAOCTATKH ATUX MOAXO0A0B. J[aHbI peKOMEHIAllUU IO
MTOCTPOCHHUIO ATOPUTMA IIEIOCTHOCTH JaHHBIX Ha OCHOBE KOMOWHAIIMW aIlllapaTHOTO U
[IPOrpaMMHOI0 INOAXOJMO0B. J[aHO onucaHWE IPOrpPaMMHOIO IMPOAYKTA, CO3JaHHOTO Ha
OCHOBE aJITOpUTMa KOHTPOJBbHOW CYMMBbI M QJITOPUTMa IPOBEPKH BHEIIHUX YCTPOMCTB,
MO3BOJISIFOLLEIO OTCIIEKMBATh M3MEHEHUSI B MPOrpaMMHOM M amnmapaTHOM yactu
KoMmIbloTepa. JlOCTOMHCTBOM NPOTrpaMMHOrO IMPOJAYKTa SBIAETCS TO, 4YTO B HEM
KOMIUIEKCHBIM 00pa3oM MPOBOIUTCS aHAIW3 MPOTrPaMMHOM M alapaTHOW LEJI0CTHOCTH

JaHHBIX KOMIIBKOTEPA.
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Performance evaluation and structure of the equipment
of local computer networks
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JIOKAJIbHBIX KOMNbIOMEPHbBIX cemeil
Yakov Lvovich, Oleg Choporov, Yury Preobrazhenski

Axoe JIveosuu, Onez Yonopoe, IOpuii Ilpeoopasricenckuil

Abstract:

18

Computer networks are currently used in the transmission of information of various
types. As the complexity used in network applications, there is an increase in band-
width, reliability and network protection, the possibility of its effective management,
and where possible, reduce the cost of operation. In the paper the consideration is
being given to improve the performance of computer networks, both from the point
of view of their cost, so the transfer of information. The paper presents an information
system unit valuation a local area network. The database stores information about
which types of local area networks, cables, network cards, switches, routers, bridges.
To calculate the value of the local computer network use has been used the correla-
tion approach. As input parameters were used: the type of traffic, the number of of-
fices that host computers, number of computers in each classroom, the number of
servers, the presence of floors. The output result is the equipment included in the
designed local area network. For the vector of correlation coefficients using the
standard procedure are the largest numbers that meet the required telecommunica-
tions facilities in accordance with the input parameters. The analysis methods used
in the analysis of the characteristics of computer networks. The objective of the as-
sessment for the computer network flow in the communication line between the neigh-
boring routers, depending on the number of subscribers connected to each node, and
the traffic intensity. Restrictions are the maximum value of the bandwidth of a certain
area, and the performance of the node in the network. To estimate the maximum value
of the traffic that is transmitted in a computer network, used simplex method that
allows us to consider the performance of the switching
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nodes. A mathematical model is developed for assessing the capacity of communica-
tion channels given the amount of traffic transmitted in the switching nodes and the
bandwidth of the switching nodes. The algorithm is implemented in the software
product. On the basis of the obtained results it is possible to perform optimization
under the given requirements, as the cost of computer networks, and traffic and band-
width of its elements.

Keywords:
Computer network, simulation, design, information security, performance.

ACM Computing Classification System:

Computer-communication networks-Network Architecture and Design
Computer-communication networks-Distributed Systems
Computer-communication networks-Local and Wide-Area Networks

Abstract:

Komnviomepnvle cemu 6 Hacmosiuyee 6pems UCHOIb3VIOMC Npu  nepeoaye
unpopmayuu paznuynvix munos. Ilo mepe YCr0dCHEeHUS NPUMEHAEMbIX 8 Cemu
NPUNOIACEHUL NPOUCXOOUTN YEeaudeHue mpedoganuti K NPonyCKHOU CnocoOHOCmU,
HAOeNCHOCMU U 3auume Cemu, 603MONCHOCIU ee dPPeKMUSH020 YNpasieHus, U, no
603MOJICHOCTNY, — CHUJICEHUI0 ~ cmoumocmu  IKkcnayamayuu. B pabome
PACCMAMPUBAIOMCS 803MONCHOCTNU YIVHULEHUS] XAPAKMEPUCTIUK KOMNLIOMEPHBIX
cemetl, KAk C MOYKU 3peHusi nepedaqu uHGoOpmayuu, max u ux CHMOUMOCHIU.
Ilposeden ananuz memooos8, UCHONbL3YEMbIX HPU AHATU3E XAPAKMEPUCTIUK
xomnviomepuwvix cemei. Chopmyruposeana 3adava nposedeHus: OyeHKu O
KOMNbIOMEPHOU ~ cemu  NOMOKA 6  JUHUU  C6A3U  MedcOy  COCeOHUMU
MAPWPYmMu3amopamu 6 3a8UCUMOCIU OM YUCAA AOOHEHMO8, NOOKIOUYEHHbIX K
Kadicoomy yany, a maxoice unmencusHocmu mpagura. OpanudeHusmu s61ai0mcs
MAKCUMANbHOE 3HAYEHUe N0 NPONYCKHOU CNOCOOHOCTHU ONPedesieHH020 yYacmKa, a
Maxaice nPou3800UMeNbHOCb Y31a 6 cemu. JIsl OYeHKU MAKCUMATbHO20 3HAYEHUS]
BENUYUHBL MPAPDUKA, KOMOPDLL Nepedaemcs 8 KOMNLIOMEPHOU Cemil, UCHOIb308AIICS
cumniexc-memod. Pazpabomana mamemamuueckas MoOeib OYEHKU HPONYCKHOU
CROCOOHOCMU KAHANIO8 C85A3U C Y4emom 00vema mpaguxa nepeoasaemozo 8 y3iax
KoMMymayuu u HPONYCKHOU CROCOOHOCU V3108 KoMMymayuu. Aneopumm
peanu3osan 8 npocpammuom npooykme. Ha ocnose nonyuennvix pesyibmamos
MOJICHO  NPOBOOUMb  ONMUMUSAYUIO NPU  3A0AHHLIX MpebOBaAHUAX, KaK HA
CMOUMOCTb KOMINLIOMEPHOU Cemu, MaxK 1 mpaguxa u nponycKHoU cnocobHoCmu ee
91EMEHMO8.

IIposedena oyenxa cmoumocmu IOKAAbHOU GblyucaIumenvrol cemu. basza oannvix
XpaHum uHoOpMayuio 00 UCHONL3YEMbIX MUNAX JOKANbHLIX GbIYUCIUMETbHBIX
cemeil, Kabensix, cemesvix Kapmax, KOMMYMmamopax, Mapupymu3amopax, Mocmax.
s pacuema cmoumocmu JAOKANbHOU BbIYUCTUMETbHOU Cemu UCHONb308ANCS
KOppensiyuorHblil R00X00. B kauecmee 6x00HbIX napamempos ucnoib308aiucs. mun
mpagpura, uucio xabunemos, 6 KOMOPHIX PAZMEUAIOMCS KOMALIOMEPDL, UYUCLO
KOMNbIOMEPO8 6 KANCOOM KabuHneme, YUCIO CEPBEPOB, HATUYUE IMAICELl.

19



B Information Technology Applications

Buvixoonvim  pesynomamom  sensemcs  cocmag  0bopyo08aHus  6X00AWUX 6
NPOEKMUpyemMyro  JIOKAIbHYIO — GbIYUCIUmeENbHYlo  cemv. s eekmopa
KO3Ghhuyuenmos Koppensiyuu ¢ noMowbio CMaHoOapmuol npoyeoypsbl HAX0O0AMC
MAKCUMATIbHBIE  JJIeMEHMbl, HOMepd KOMOPbIX COOMBEMCMEYIom mpedyemvim
MENeKOMMYHUKAYUOHHBIM — CPeOCmEAM, 6  COOMBEMCmeUU ¢ BXOOHbIMU
napamempamiu.

Keywords:

Komnviomepnas cems, modenuposanue, npoexmuposanue, 3auuma ungopmayuu,
nPOU3B00UMETLHOCHID.

A Bgenenue

B Hacrosiiiee BpeMs HaOJII0IaeTCsl €KETOAHbIN pOCT HH(OPMAITUOHHBIX TTIOTOKOB, U
YK€ ITOBOJIBHO TPYTHO TPEACTABUTh YETKOE B3aMMOJACWCTBHE OAHKOBCKHX CTPYKTYP,
MPOMBIIIUICHHBIX TIPEANIPUATAN, a TaKKe pPa3lUYHBIX YUpPekKJCHUH Oe3 COBPEeMEHHOI
BBIYHCIIUTEIFHON TEXHUKU U KOMITBIOTEPHBIX ceTeit [1].

[Ipoucxoaut pas3BuTHE CETEBON HMHMPACTPYKTYpPHI, KOTOpas JISKUT B OCHOBE
JIESTEIbHOCTA COBPEMEHHBIX Tmpennpusatuid. Ilpm 3ToM 10 Mepe yCIOKHEHUs
MPUMEHSEMBIX B CETH MPUIOKCHUH MPOUCXOANUT YBEIMUYCHUE TPEOOBAHUH K IPOIYCKHOM
CIOCOOHOCTH, HAJCKHOCTH U 3aIIHUTE CETH, BO3MOXXHOCTH €€ () ()EKTUBHOTO yIIpaBJICHUS,
U, 10 BO3MOXXHOCTH, CHIDKEHHIO CTOUMOCTH IKCILTyaTaIliu.

[Ipu onTUMU3aNIK CTPYKTYPHI U TIApaMeTPOB 000pYIOBAaHUSI KOMITBIOTEPHBIX CETeH
BO MHOTHUX CIydasx MPEIINOYTUTEIHHBIM OKA3bIBACTCS MCIIOIB30BAHIE MAaTEMaTUICCKOTO
MOJICTUPOBAHUS.

Ienpto paboOTHI SBISETCS PACCMOTPEHHE TOJXO/OB, CBI3AHHBIX C YIyUIICHHEM
MapaMeTpoB CETH IPH 3aJlaHHBIX OrPAaHUYCHUSX [0 IPOIMYCKHOW CIHOCOOHOCTH ee
3JIEMEHTOB H 110 CTOMMOCTH.

B cootBercTBUY C 11eNBIO pabOTHI HEOOXOAUMO PEIIUTH CIESAYIONIHE 3a1aUH:

- IPOBECTH aHAIIN3 CPEJICTB U TOMOJIOTHIA TOCTPOSHUS JIOKATHHBIX BEIYUCIATENBHBIX
CeTe;

- paccMOTpEeTh aJrOpuUTM OIIGHKH 3arpy3KH KaHaJIOB CBS3U C y4ETOM
MIPOU3BOAUTEIHLHOCTH Y3JI0B U MPOITYCKHOW CITOCOOHOCTH KaHAJIOB;

- pa3paboTaTth aaTOPUTM IS OolleHKH ctonmocTH JIBC.

A 1 MoaeaupoBaHnue u ucciel0BaHHE AJITOPUTMOB
MapLIPYTH3ALMH B KOMIILIOTEPHBIX CETAX

1.1 MeToabl MOIeIMPOBAHUS JIOKAJIbHBIX BHIYUCIUTEIbHBIX ceTel

IIpuMeHeHne MaTeMaTHYECKUX METOJ0B OOYCIIOBJICHO MOTPEOHOCTHIO pa3paboTKu
mozeseit JIBC ¢ ucnonb30BaHHEeM COOTBETCTBYIOMIMX MaTeMaTHYECKUX 101X0,108B [2, 3].

HmuranmonHOe MOJIENTMPOBAHUE TTO3BOJIAET PACCMATPUBATh 3HAUUTENFHO OOJIbIIEe
YHUCIIO CUTYallMii B pealbHBbIX KOMIIBIOTEPHBIX CETAX, MOXET OBITh OLCHEHO BIIMSHHE
pa3IMYHBIX TAPAMETPOB HA XapaKTEPUCTHKHU cuCTeM [4, 5].
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B psine cmyuaeB umeeTcss BO3MOXXHOCTh U3MEPEHHUS XapaKTSPUCTUK KOMITLIOTEPHOM
cetu. C 3TOM LEIbIO MPUMEHSIOTCS COOTBETCTBYIOIIUE allliapaTHO-IPOrPaMMHbBIC CPEJICTBA
[6].

[Tpu U3MepeHHX UCTIONB3YIOTCSI CETEBBIC aHATM3ATOPBI, AHAIM3aTOPHI IIPOTOKOJIOB,
a TaKKe JPYrue pelIeHUs, KOTOPhIC MO3BOJSIOT CMOTPETh M aHAIM3UPOBATH CETEBOM
TpaduK Ha OCHOBE BHIOOPA U TIPEOOPa30BaHMUS CETEBhIX MTAKETOB.

1.2 MaremaTnueckoe odecnevyeHue MoACUCTEMbl MOAeJIMPOBAHUSA CeTeil
1.2.1 IlocTaHoBKA 3a1a4H

Heob6xomumo paszpaGotaTh aiaroput™M  MHO3BOJIAIOUIMHA — HPOBOAUTH  OLIEHKY
pacrpeneneHus KIMEHTCKON Harpy3KH Ha CEpBED.

Ha pucynke 1 npuBeneH npumep CTpyKTYpHOH CXe€MbI KOMITBIOTEpHOI ceTu. B ee
COCTaB MOXET BXOIHUTh CEPBEP, KOTOPBIN HANPABIICH HA MPEAOCTABICHUE ONPEICIEHHBIX
BHUJIOB YCIIYI, MapLIPyTU3aTOPbl, COCAMHSIOIIME Y3JIbI KOMIIBIOTEPHON CETH, a TaKkKe
MIOACETH, KOTOPBIE MOJKIIIOUAIOTCS K MapIIPyTU3aTOpaM, U3 3TUX MOJACETEN UAYT 3alIpOChl
Ha cepBep. MBI paccMaTpuBaeM IpHMEp, HO T€ MOIXOABI, KOTOPBIE MBI HCIIOJIB3YEM,
SIBIIAIOTCA YHUBEPCAIBHBIMH.

Mogcete

Mogcete

MoaceTe

Cepeep

| Moacetb

MapLwipyTmuiatop MapwpyTuiatop

MapwpyTrzaTop
MapwpyTusatop MNogceTe

MNogceTs

MoaceTs
A Moacets

Pucynok 1. [Ipumep cTpyKTypHOH CXeMBI CeTH

CraBurcs 3aava NpOBCACHUSA OLCHKU IJISL KOMHLIOTCpHOﬁ CC€THU IIOTOKA B JIMHHUHU
CBA3U MCXKIAY COCCAHUMH MApHIpyTH3aTOpaMU B 3aBUCUMOCTU OT 4YHUCIIA a6OHeHTOB,
MMOAKIIFOUYCHHBIX K KaXKIOMY Y311y, a TaKXKEC MHTCHCUBHOCTHU Tpa(bmca.
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1.2.2 ITapameTpsl, BJHMSOIINE HA Ka4eCTBO Nepeaayu nHGpopmManumn

Koraa paccmaTtpuBaetcs 3a1a4a onpeAeieHus XapaKTepUCTHK CKOPOCTH HEKOTOPOTO
CerMeHTa WJIH alllapaTHOTO yCTPOHCTBA, He TMPOMCXOIUT pa3/ieieHne 1Mo BuaaM Tpaduka,
B 3aBHUCHMOCTH OT YyYaCTHHKA TIIepeladdl WM THUMA TepeaaBaeMoil wmH(oOpManuu, a
aHaM3upyeTcs o01Mii 00beM MepeaaBaeMbIX JaHHBIX. C Ipyroi CTOPOHBI, IPEACTABISIET
NPaKTUYECKH BaKHBIA HMHTEpecC NeTaiu3auus HMH(popMaluu B CETH, YTO MOXET OBITh
WCTIOJIB30BaHO JIJIS pa3pabOTKH COOTBETCTBYIONINX MOIX0A0B YIIPABICHUS KOMITBIOTEPHON
cetbio [7, 8].

[TpomyckHast crocoOHOCTh AeT OMHCAaHHE MAaKCHMAaNIbHO BO3MOXKHOH CKOPOCTH
00paboTku Tpaduka, KOTOpas 3amaeTcs CTaHAAPTOM TEXHOJOTHUH IMocTpoeHus cetm. C
JIPYTO¥ CTOPOHBI, ITPOITyCKHASI CTIOCOOHOCTH MOKA3bIBAET MAKCHMAaJIHbHO BO3MOKHBIN 00beM
JAHHBIX, KOTOPBIA MOXKET OBITh MepelaH Yepe3 CEeTh MM KaKyl0-TO €€ YacTh B CAMHHUILY
BpPEMEHH.

[IpomyckHast cltOCOOHOCTH U3MEPSIETCS WM B OMTaX B CEKYHIy, WM B TIAKETaX B
CEKYH]TY.

[MpomyckHast croCOOHOCTh CETH ONpeneNnsercss TeM, Kakas (u3ndeckas cpena
Tiepeavyn MCIIONb3yeT s s pemeHus 3a1ad. Cpeia mepegaynl JaHHBIX MOKET BKITIOYATh
B ce0s Kak KaOemnbHBIe, Tak W OecrmpoBogHble TexHONOoTnu. C APYro CTOPOHBI, Ha
NPOIYCKHYIO CIIOCOOHOCTH OKa3bIBAIOT BIMSHUE CIIOCOOBI Mepeaayn TaHHBIX (Hampumep,
ATM mmm FastEthernet). [IpomyckHas cnocoOHOCTh MOXKET XapaKTepHu30BaTh TO, KaKHe
TEXHOJIOTHH PEaTN30BaAHEI B CETH.

B ornmume oT BpeMeHM peakUMM WJIM CKOPOCTH mepefadd Tpaduka MpoIrycKHas
CIOCOOHOCTP HE 3aBUCHT OT 3arPy>KEHHOCTH CETH U UMEET 3aJIaHHOE 3HAUCHHE, 3aBHCSIICEe
OT MPUMEHSEMBIX B CETH TEXHOIJIOTHH.

KadecTtBo pabOTBl ceTH 3aBUCHT OT MHOXKECTBA MMapaMETPOB: 3alIWIICHHOCTD,
COBMECTHMOCTh, Ha/IGKHOCTb, YIPABIISIEMOCTh, IPOU3BOAUTEILHOCTD, PACHIINPIEMOCTD, a
TaK)Ke MacIITadUpyeMOCTh. MOXKHO BBIICTUTH TJIaBHBIE U3 IIAPAMETPOB, CBS3aHHBIX C
nepenavell Tpadguka — BETUYMHY MAKCHUMAJbHOW 3aJlepKKH Tepeladdl W BapHAIIIO
3agepkku. Crenyer OTMETHTh, YTO B psJe CIy4yaeB MOXKET CYIIeCTBOBaThH clabas
3aBUCHMOCTH II€PEIaBaeMbIX TAHHBIX OT 3a/IEPIKEK MPH Mepeiaye.

Hampumep, 310 MOKET OBITH ITPH OTIIPABKE AIIEKTPOHHON MOYTHI, OTIIPABKE 3a/IaHUS
Ha [1e4aTh IOKYMEHTA.

Ho B psiie ciydaeB 3a7iepKK1 BEAYT K 3aMETHBIM CHIDKEHHSIM KadecTBa HHpOpMaIyn
(aynmo- uimm BUIEOTaHHBIE).

Kak mokaspiBaeT ananus, B TexHojormu Ethernet, /s pa3muduHBIX CTAaHIAPTOB
(hU3MYECKOr0 YPOBHS, OTMEYAIOT IOHSATHE JOMEHAa KOUIM3MHA. VM sBIsSeTCS KaX bl
CerMEeHT ceTH. MOCT ABISIETCSl pasrpaHUuUTeNIeM MEXAY Pa3TUYHBIMU KOJUTM3UOHHBIMHU
JOMEHaMHU.

1.3 MaTtemaTu4eckoe OnucaHue AJIrOPUTMA OLIEHKHU YCTOMYHMBOCTH y3JI0B
KOMMYTAIUH

Mgl Oyiem onrpaThest Ha TaKy0 MOJIENb CETH TIepeladi JaHHBIX, KOTOPast COACPIKUT
B ceOe N y31oB, a takke (N-1) nuanii kommyHukanuu. [Ipennonaraercs, 4ro:
- BCE JIMHUM KOMMYHUKAIMH a0COIIOTHO HAJICKHBI;

- BCC JIMHUN KOMMYHUKAIIUU HOMCXO}’CTOFI‘-IPIBBI;
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- y3JI61 UMCIOT OCCKOHEUHYIO MaMSITh;

- BpeMsi 00pa0OTKH B y3JIax BECbMa MaJio, UM MOXKHO ITPEHEOPEYb;

- TpadHK B CETH MOXKET OBITH MPEACTABJICH B BHAC MTOTOKA COOOICHUH, KOTOPBIE C
OJIMHAKOBBIM MIPUOPHUTETOM, STOT MMOTOK MMEET ITyaCCOHOBCKOE pacnpe/ielicHHe CO
CpeHUM 3HaueHHEM y; (cooOIlIeHuit/cex) s cooOIIeHNH, KOTOpBIE epPeaaroTCs
MO KaHaITy CBSI3H.

Ucxons w3 ckazaHHOTO, B KayecTBE MLENE€BOM (QYHKUMU MBI OyleM CUHTATh
MPOMYCKHYIO CIIOCOOHOCTBH Y4acTKa CeTH, KOTOPBIA cocTOUT U3 N OTIENbHBIX Y4acTKOB,
MIpUBENEH TNpUMep, KOTJa paccMarpuBaeTcs 4Yncio ydacTkoB N=6 (puc. 2, puc. 3),
nuszMepsemyto B 6aitax/cek (1).

N
M, x; - max (1)
e Xi [0aiiT/cex] — onpeaensieT MPOMyCKHYIO CITOCOOHOCTH i-TO yIacTKa CETH.

OrpaHuyYeHUSIMH SBJISFOTCS. MAKCHMaIbHOE 3HAYCHUE TI0 MTPOIYCKHON CIIOCOOHOCTH
y4acTka (2), a Takke MPOU3BOAUTEIHHOCTH y37a B ceTH (3).

Cepsep MoaceTs CepBep
P4 P5 PE&
P1 P2 P3

‘ 1 1
Moacets Mogcets Mogcets

Pucynoxk 2. Pacnipenenenue tpaduka B CeTH, HOCTPOSHHON HA KOMMYTaTOpe

1 2 3 q 5 [
1 0 Pz Pz Pia Pis Pis
2 Pz 0 P2z Paa Pas P2s
3 Psy P2 0 P=a Ps Pss
4 Pa1 Paz Pas 0 Pas Pas
5 Ps1 Psz Pss Psa 1] Pss
6 Ps1 Psz Ps3 Psa Pss 0

Pucynok 3. Marpuia cpetHiX 3HaUeHHIH HHTEHCUBHOCTEH Tpaduka
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M
X].ZNJ 71 <d1
j=1

M
Xz'zNj }/J <d2
1

)
M
XN ZNJ 7/1 <dN
=1
rae Nj — Koiau4yecTBO TONb30BaTeIc B y3je KOMMYTAIlMH j, 7 — [cOoOOmIeHMI/CeK]

HOCTYMAIOIIUX B y3€Jl KOMMYTAIIUH | OT MOJIb30BaTesei, di — orpaHuyeHue 1o Tpapuky st
I-ro y4JacTka ceTu.

(%1 Z;VI=1NJ "pij < By
{ Xy LN pij < By (3)

kxzv Z;VI=1NJ "Dij < By

rae Pij — WHTEHCHUBHOCTh TpadHKa j-ro MOJNb30BaTeNsi Ha I-M ydvacTke ceru, Bi —
NPOU3BOUTENILHOCTD Y3/1a KOMMYTAI[MX Ha I-M Y4acTKe CETH.

i OlIeHKH MaKCHMAallbHO 3HAYEHUs BETMYMHBI Tpa(uKa, KOTOPHIH NepeaaeTcs B
KOMITBIOTEPHON CETH, MOKHO BOCIHOJIB30BATHCSI CUMITJIEKC-METOIO0M.

CuMIUIeKC MeTOoJ MpeACTaBisseT co00il YHWBEpCATbHBIH METON IS PEIIeHHUS
JTMHEHHON CHCTEeMbl ypaBHEHUH WM HEPABEHCTB U JMHEeHHOTO QyHKImMonana [9, 10].

A 2 OueHka CTOMMOCTH KOMIBIOTEPHON ceTH

2.1 O0mas cTpyKTypa pa3padaTeiBaeMoil MOACHCTEMBbI

Ha pucynke 4 npuBenena nHGOpMAIMOHHAS MOJIETh CUCTEMBbI OLIEHKH CTOMMOCTH
JoKajapHOM BeruuciuteasHou cetu (JIBC).

«'maBHOE  OKHO» TpeAHAa3HAYeHO ISl  OpraHW3alMd  B3auMOJCHCTBHUSI
MOJIb30BaTENsl MPOrpaMMHOTO cpeactBa ¢ OBM, B KOTOpOM cojepxaTcsi OCHOBHBIE
(hyHKIMH yIpaBIICHUS.

«[Tomp30BaTeNb» — OCYMECTBISIET BBOJ HHPOPMAIHH U (POPMHPOBAHKE 3alIPOCOB K
0aze nanneix (B/1), B ciryuae eciu TpeOyeTcst MPOCMOTPETh CYIIECTBYIONTYO0 HHPOPMAIIHIO
B b/I, nnu k 610Ky pacueTa, KOTOPBIA OCYIIECTBISIET PacYeT CTOUMOCTH ITPOEKTHPYEMOMR
JIBC, B COOTBETCTBHH C MapaMeTPaMH 33TaHHBIMH ITOJI30BATEIIEM.

«ba3za maHHBIX» — XpaHUT B cebe BCI0 HE0OX0auMyto HHpopManuio, cTpykrypa b1
U coctaB OyzaeT mpexacraBiieHO HWxke. B B/ Tarke BO3MOXKHO BHECTH MH(pOpPMaLUIO 00
UCIIOJIE3YEMOM 000pY/IOBaHHH.

Ha ocHoBe 3ampocoB moib3oBaTelnsi GOPMUPYIOTCS Pa3IUUHBIE OTYETHI, KOTOPHIC
orobOpaxarotcs B Opaysepe.
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B cocraB 06a3pl JaHHBIX, KOTOpas oOecneuumBacT XpaHeHHE HWHpoOpManuu B
WHPOPMALMOHHONW CHUCTEME pacyeTa CTOMMOCTH JIOKANbHOW BBIYMCIUTEIBHON CETH,

BXoauT 6 TabmuIr (puc. S5):
1. «JIBCy»; 2. «Kabemm»; 3. «CereBoie KapTe»; 4. «KommyTraTops»;
«MapupyTtuzaTopsi»; 6. «MoCThI».

Beoga
[AHHBIX 'aBHOE OKHO
3anpoc
i lMonb3oBaTternb
Bnok
pacyeTa
Bl
Bpaysep
[0)
4 dopmunpoBaHmne oTyeTa no
I -
(% - paccyMTaHHbIM ceTsam Orver
o
dopmupoBaHue otyeTa no Tabnuue I
- «Kabenu» Orier
dopmumpoBaHue oTyeTa no Tabnuue I
> «CeTeBble KapTbI» Orer
dopmupoBaHune otyeTa no Tabnuue I
- «KommyTaTopbi» Orver
$opmupoBaHue otyeTa no Tabnuue I
> «MapLupyTusaTopbI» Orver
dopmumpoBaHue oTyeTa no Tabnuue I
- «MocTbi» Orver

Pucynoxk 4. UndopmarimonHas MoJeNlb CUCTEMBI OIIeHKH cTonMocTH JIBC

S.
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Ta6J’II/IHa «JIBC» cumraercs OCHOBHOI‘/'I, IMOCKOJIbBKY OHa IMNpcaHadHadcHa g

XpaHCHUA I/IH(bOpMaI_II/II/I O paCCUUTAaHHBIX CCTAX, BKIIOYACT B cebs CJICAYIOIIHNE TTOJIA (T36J'I.

1):

26

- «Homep mpoekTa» — yHUKaJIbHOE 3HaUYeHHe, KOTOPOe ONpeAessieT pa3padoTaHHbIH
IPOEKT CETH;

- «/lata» — onpenenser naTy pa3padOTKu;

- «Opraam3anus» — COAEPKUT HHOOPMAITUIO O HANMEHOBAHUH OPTaHU3aIIH-
3aKa34yMKa MpOoeKTa;

- «CTOUMOCTB) — UCHONB3YETCs ISl XpaHEHH CTOMMOCTH Pa3pab0TaHHOTO IPOEKTa,

- «Tum xabes» — UCTIONB3YIOTCS JI XpaHeHU HH)OPMAIIUHU TUIIE UCTIONIB3yEMOTO
Kabens;

- «KonnyecTBo» — KOJIMYECTBO KaOEs HCIOIB3yeMOT0 TIPH MPOEKTUPOBAHUH CETH;

- «Tumn ceTeBoil KapTh» — UCTIONIB3YIOTCA AJISl XpaHeHHS HH)OpMALMK THIIE
UCIIOJIb3YEMBbIX CETEBBIX KapT;

- «Konmn1ecTBo» — KOJIMYECTBO CETEBBIX KapT MCIIONB3YEMBIX MPU MPOSKTHPOBAHUU
ceTH;

- «Tun KoMMyTaTopay — CoJepKHUT HHHOPMAIIHIO O THIIE UCIIOIB3yEMOTO
KOMMYTAaTopa;

- «KonmnuecTBo» — KOIMYECTBO KOMMYTAaTOPOB HCIIONB3YEMBIX ITPU POSKTUPOBAHUN
CeTH;

- «Tun MapuIpyTU3aTOpa» — HCIOIB3YIOTCS IS XpaHEHHUsI WHPOPMAITUK TUITE
UCIOJIB3yEMBIX MapIIPyTH3aTOPOB;

- «Konu4ecTBo» — KOJIMYECTBO MapIIPYTHU3ATOPOB UCIIOIB3YEMBIX MPH
MPOEKTUPOBAHUH CETH;

- «Tun MocTay — UCTIONB3YIOTCS JJIsl XpaHeHHsT HH(POpPMAIIHY THIIE HCIIOTIb3YEMBIX
MOCTOB;

- «KoanuecTBO» — KOJIMYECTBO MOCTOB HCMOJIb3YEMBIX IIPU NPOCKTUPOBAHUUN CCTH.
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KonudecTBo moptoB
CKOpOCTh Hepeaun
Onucanue
IIpousBogurens
Croumoctb

Pucynok 5. Ctpykrypa 0a3sl JaHHBIX

Tabnuma 1. Tabmuma «JIBC»

Kabenu JIBC MapLpyTtnsatopsbl
Wnentnd. Homep mpoexra Wnentnd.
HaumenoBanue Jara HaumenoBanue
Tun Opranunsarus Tun
ConpoTtusneHne CronmocTh KomuuecTtBo moptoB
Omnucanne Tun xabenst CKOpOCTb nepefiauu
IpousBoautens KomaectBo Omnncanne
CroumocTh Tun ceTeBoit KapThl IpousBonurens

Komnnuectso Croumocts
CeTeBble KapTbl Tum xoMMyTaTopa
KomuuaectBo
Wnenrud. Tun maprpyTusaropa MocTbl
Hanmenosanue KonuuecTso
T Tun mocta | | Unenmud.
Ckopocts nepenain KonuuecTso HaumenoBanue
Onucanne Tun
[poussouress Konuuectso nopros
Croumocts CKOpOCTh Tepeaun
Omnucanne
KOMMyTaTOpr [TpousBoauTens
Wnenng. CroumocTh
HanmenoBanue
Tun

HaumenoBanue mois

Tun gagHBIX

Homep npoekra TekcToBbIi
Jara Hata/Bpems
Opranuzanus TexcToBEIN
CTouMOCTh JleHexxHbIN
Turr xkabenst TexkcToBbIf
KonmuectBo Yucnosoi
Tun ceTeBoil KapThl TekcToBbIi
KonugecTtBo Hucnosoit
Tun koMMyTaTOpa TekcToBbIi
KonnuectBo Uucnosoi
Tun mapmpyrtuzaropa TekcToBbIN
KonnuectBo Hucnosoit
Twun mocta TexkcToBbIi
KonnuectBo Uucnosoit
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s xpaneHuss uH(OpMAIMU O BUAAX KaOels, KOTOPhIe BO3MOXKHO HCIOJIB30BaTh IPHU
MPOEKTUPOBAaHUU HCIONIB3yeTcst Tabiuna «Kabemm», Kkoropas BKIOYaeT B ceOs
cremyromue mois (Tabm. 2):
- «nenTnd.» — yHUKaIbHOE 3HaYEHHE, KOTOPOE OIpenesieT mo3uuio B b/[;
- «HanMeHOBaHME» — Ha3BaHUE Ka0EIIs;
- «Tum» — cogepxuT HHHOPMAITHIO O COOTBETCTBYIOIIEM Kadee;
- «COmpOTHBIIEHNE» — OMpENesieT XapaKTePUCTHKY (BOJHOBOE COMPOTHBIICHUE)
Kabes;
- «Onucanue» — COACPKUT KPaTKOE ONMMCAHUE UCTIOIh3yEeMOT0 Kabens, ¢ yKa3aHueM
OCHOBHBIX €T0 ITapaMeTPOB;
- «[Ipou3BOIUTENB» — COACPKUT UH(DOPMAITUIO O TTPOU3BOIUTENEC KaOeIs;
- «CTOUMOCTBY — ONPEACISACT CTOMMOCTh Ka0esl.

Tabmuna 2. Tadnuua «Kabenu»

HanmenoBanue mojst Tun ganHbIX
Unentnd. (yHUK) TexcToBbII
HammenoBanmne TexcToBBIH
Tun TexkcToBBIN
CornpoTuBieHue YucnoBoit
Onucanue TexcToBBIH
IIpousBoautens TekcToBbII
CTtONMMOCTB YucaoBoit

Jns xpaHeHus: ”HPOPMAIMH O CETEBBIX KapTaX, KOTOPhIe BO3MOYXKHO HCIIOJIb30BaTh
MIPH MPOSKTHUPOBAHNUHT UCTIONB3yeTCs Tabmuia «CeTeBble KapThl», KOTOpasi BKIIOYAET B ce0s
crnenyromue moist (tadm. 3):

- «nenTud.» — yHUKaJIbHOE 3HAYCHHE, KOTOPOE OIpeaesieT no3umuo B bJ1;

- «HaumeHoBaHuE» — HA3BaHUE CETEBOM KAPTHI;

- «Tum» — cogepxuT HHGHOPMAITNIO O COOTBETCTBYIOIIECH CETEBOU KapTe;

- «CKOpOCTh Mepenadm» — ONpeAessieT CKOPOCTh, Ha KOTOPO# MepeaaBaTh JaHHbIE,

- «Onucanne» — COAEPKUT KPaTKOE ONHMCAaHUE HCIIONIb3YeMOW CETeBOW KapThl, C

YKa3aHUEM OCHOBHBIX I1APaMETPOB;
- «[Ipou3BOIUTENH» — COACPIKUT HHPOPMALIUIO O TIPOU3BOIUTEIIE CETEBOM KapThl;
- «CTOMMOCTB) — OTIPE/IETISIET CTOMMOCTH CETEBOM KapThl.

Tabmuua 3 — Tabnuma «CeTeBble KapTh»

HaumeHoBaHMe 110J1s Tun ganHbBIX
Wnentud. (yHukK) TekcToBbIi
HanmenoBanme TexcToBBIN
Tun TekcToBBIN
CKOpOCTh Tiepeaun YucnoBoi
Onucanue TexkcToBBIH
[IpousBoaurens TekcToBbIi
CTouMoCTh YucnoBoit
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Jiis xpaneHust “HGOPMAITUH 0 KOMMYTAaTOPax, KOTOPhIE BO3MOXKHO HCITOJIb30BaTh
IIPY MPOSKTUPOBAHUY UCTIONIB3yeTCs Tabumia «KoMMyTaTophl», KOTOpasi BKIOYACT B
cebs ciemyromue mois (Tabi. 4):
- «nenTnd.» — yHUKaIbHOE 3HaUYEHUE, KOTOPOE OTNpeaeisieT MOo3UIuio B b/{;
- «HaumeHoBaHue» — KOMMyTaTopa;
- «Tum» — cogep uT HHOOPMAITHIO O COOTBETCTBYIOIIIEM KOMMYTATOPE;
- «Konmn4ecTBo MOPTOBY» — XpaHUT UHPOPMAIHIO O KOTUIECTBE TIOPTOB IS
noaxkiroueHust OBM;
- «CKOpOCTh TIepeiaumy» — OMpPeAeaeT CKOPOCTh, HA KOTOPOM MOTYT MepeaaBaThCs
JTAaHHBIE;
- «Onucanue» — COACPKUT KPATKOE OMUCAHUE UCTIOIB3YEMOT0 KOMMYTaTopa, C
yKa3aHHUEM OCHOBHBIX MTapaMeTPOB;
- «[Ipon3BoanTENB» — COAEPKUT HH(DOPMAIIHIO O TPOU3BOAUTEIE KOMMYTATOPA;
- «CTOMMOCTBY — OTIpeAEIAET CTOMMOCTh KOMMYTATOpPA.

Tabnuma 4. Tabmuna «KoMmmyTaTopb

HaumeHnoBaHue 101 Tun ganHbIX
Wnentud. (yHuk) TexcToBbIH
HaumenoBanue TekcToBBIN
Tun TexcToBBIH
KonunyecTBo nopToB Yucnosoi
CKOpOCTh Iiepeaun YucnoBoit
Onucanue TexkcToBEBIH
IIpousBoauTens TexkcToBEIN
CronMoCTh YucaoBoit

His  xpaHenus wuHGOpPMAIMM O MapUIPyTH3aTOpax, KOTOPBIE BO3MOXKHO
WCIIONb30BaTh IMPH TPOEKTUPOBAHUHM UCHOJb3yeTcss Tabimna «MapiipyTu3aTopeny,
KOTOpasi BKJIFO4aeT B ceOs cremyromnue mois (Tadm. 5):

- «AnenTtud.» — yHUKaJIbHOE 3HaAUECHUE, KOTOPOE ONpeaeiseT mo3uiuio B b/1;

- «<HanMmeHOBaHME» — HA3BaHUE MapIIPyTH3ATOPA;

- «Tum» — copepuT HHOOPMAITUIO O COOTBETCTBYIOIIEM MapIIPYTHU3aTOPE;

-«KonmnyectBo TOPTOB» — XpaHUT HHPOPMANMIO O KOJUYECTBE MOPTOB IS

nojkmouenus IBM;

- «CKOpOCTh Tepeaaum» — ONpeIeNsieT CKOPOCTh, Ha KOTOPOH MOTYT TepeaBaThCs

JIaHHEBIE;
- «OnucaHue» — COJACPIKUT KpaTKoe OMKMCAaHUE UCIIOIb3yeMOTo MapuIpyTH3aTopa, ¢
YKa3aHUEM OCHOBHBIX I1apaMeTPOB;
- «[IponsBoauTENHY — COAEPIKUT HH(GOPMAIIUIO O TIPOU3BOAUTEIE MAPIIPYTH3aTOPA,;
- «CTOMMOCTBY — ONpeAessAeT CTOMMOCTh MapIIPyTHU3aTOpPa.

29



B Information Technology Applications

Tabnuua 5 — Tabnuua «MapmpyTH3aTopbD»

HaumeHnoBaHMe 110J1s

Tun gasHBIX

Wnentnd. (yHNK) TexcToBbII
HanmeHnoBanue TekcToBbII
Tun TekcToBbIi
KonnuecTtBo nopros Yucnosou
CKOpOCTh TIepeavn UwucoBoit
Onmcanne TexcToBbIi
IIpousBoaurens TekcToBbIi
CTouMOCTh Hucnosoi

Hns xpanenus uH(OpMAIKMU O MOCTaX, KOTOPbIE BO3MOXKHO HCIIONB30BATh IIPH
IPOEKTHPOBAHUU HUCIIOJIB3YETCSl COOTBETCTBYIOIAsl TabMLa, KOTOpask BKIIOYAeT B celds

crnenyroiue ot (tad. 6):

- «nenTd.» — yHUKaIbHOE 3HaYEHHE, KOTOPOE OIpenesieT mo3uuro B b/I;

- «HaumeHoBaHue» — Ha3BaHUE MOCTA;

- «Tum» — copepkuUT HHPOPMALIUIO O COOTBETCTBYIOIIIEM MOCTE;

- «KonngecTBo mopToB» — XpaHUT MH(OPMALHIO O KOJIIMYECTBE TOPTOB;

- «CkopocTh nepenaum» — ONpeleisieT CKOPOCThb, Ha KOTOPOI MOTYT IepenaBaThCs

JIaHHBIC;

- «Ommcanue — COACPIKUT KPAaTKOEC OIMMMCAaHNUEC HUCIOJB3yEMOI'0O MOCTA, C YKa3aHUCM

OCHOBHBIX MTApaMCTPOB;

- «[Ipou3BOIUTENH» — COAEPIKUT HHPOPMALIUIO O TIPOU3BOIUTEIIE MOCTA;

- «CTOUMOCTBY — OnpeaciId€T CTOMMOCTb MOCTA.

Taomuua 6 — Tadmuua «MocTeD»

HanmenoBanue moirst

Tun gagHBIX

Wnentnd. (YHUK) TekcToBbIit
HanmenoBanue TexcToBhIl
Tun TexcToBwIl
KonnyectBo nopToB Yucnosoi
CKOpOCTh nepeaun Uucnosoi
Onucanue TexkcroBbIi
IIpousBoauTenn TexkcToBEIN
CTOuMOCTh YwncaoBoit

2.2. AiropuTMm pacyera napaMeTpoB M Noucka TpedyemMoro

o0opynoBaHus

I[J'ISI pacu€Tta CTOUMOCTHU JIOKaJIbHOM BBIYMCIIMTEIBHON CETH BOCIIOJIb3YCMCsL
K03(1)(1)I/ILII/I€HT8,MI/I KOppeanuu. B kauectBe BXOJHBIX MapaMETPOB BbLACIIUM CICAYIOMIUC!:
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1. Tun tpaduka (MyabTUMEHa, OOMEH coobmeHusiMu, u T.m.) (n1) [11, 12]. 2.
KonmuectBo kaOMHETOB, B KOTOpBIX OyayT 9BM (n32). 3. KonmdecTBo KOMObIOTEPOB B
KaxJ0M kabunete (13). 4. KonmuectBo cepBepoB (N4). 5. Hanuuue stakeii (1s).

biok-cxema pacdera crommoctn JIBC mpuBemena Ha puc. 6. Mcmoib30BaHbBI

R ——

cienyromue o6o3HaueHus: (X; — BEKTOP, KaXIbId U3 JJIIEMEHTOB KOTOPOIO SBISIOTCS

COOTBCTCTBYIOIIME BXOJAHBIC IApaMCETPhI; aBIY — BCKTOp, coaepmaumﬁ 3aBUCUMOCTHU

MEXIy TapaMeTpaMu Mi, Mz, N3, N4, Ns AT UX Pa3IMIHBIX KOMOWHAIWH 1 3Ha4YeHui B b/1;
k — koaddunment koppensuuu [13, 14].

BbIXomHBIM = pe3ynpTaTOM  SBISIETCS  COCTaB  OOOpYAOBaHMSA BXOISAIIUX B
npoektupyemyro JIBC, maromux mMakcuMmallbHOE 3HadeHHe K0d(QuimeHTa Koppersiny.
PaccmoTpum anroputM pacuera coctaBa 000pyIOBaHUS:

1. BBoj BXOJIHBIX TaApaMETPOB.

2. PaccuntsiBaercs K03(pPpHUIIMEHTH KOPPEISAIUH I KaXKI0TO THIIA 000PYIOBaHUS;

3. Ha ocHoBe mnpuHIMIIA MakcMMyMa KO3(QQUIMEHTa KOPpENALUN BbIOMpaeTcs

HaunboJiee MOIXOIAINN BH 000pYI0BaHUSI.

4. BeiBox pe3ynbTara.

Ha mnepBom mare 3amaroTcsi BXOJHBIE IApaMETPbl, KOTOPBIE BIIOCICACTBUU
UCTIONBb3YIOTCA T pacuéTa cocTaBa 000py10BaHHUS.

[Iponiecc HaxokAeHUS HEOOXOIUMOIo OOOPYIOBAaHHSA, CBOIUTCS K BBINOJIHEHUIO
CJICAYIOIIEH MPOLEeLyphl OTHICKAHUS MaKCUMyMa Ko3(hhUIeHTa KOpPesLuH.

[ azlmom noeaz(nm.n)dmdn. d
_ 555

Kot = »
— 1 — 2
J _[ g [ oy a1g)” Ay diyg _[ Gl ma ) iy dny (4)

5.5 .5

rae S;,S,,..,S, — obnactu M3MeHeHHUs MapaMeTpoB (HArpUMep, AUANa30H W3MEHEHHUSI
0JIE3HOTO TpaduKa, YKCIO paboYUX MECT B OPraHU3AllUH, YHUCIIO MApPIIPYTU3aTOPOB U
. ) (13 7750071) , L=5.

To ecth, TpeOyercs MPOBECTH NEPeGOp Pa3IMUHBIX BO3MOKHBIX BAPUAHTOB IS
(771,772,...,77,_), L=5, KOTOpbIMH MbI pacriojiaraeM, M BbIOpaTh W3 HHUX TOT BapHaHT,
KOTOPBIi COOTBETCTBYET MaKCUMyMY KO (HUIIMEHTA KOPPEIISIIUH.

A BeiBoabl

Pazpaborana wHpOpManMoOHHAass  MOJIENIb  CHCTEMBI  pacueTa CTOUMOCTH
obopymoBanus. OOOCHOBaHA CTPYKTypa 0a3bl JaHHBIX, JJIs XpaHEHUS HHOOPMAIUH O
TUTIAX WCTONB3yeMoro oOopymoBaHus. Pa3paboraH anroputM pacuera CcocTaBa
obopynoBanus JIBC Ha 0ocHOBE KOPPEISIIMOHHOTO aHAIM3a. Pa3zpaborana MaTemarudeckas
MOJIEJIb OIIEHKU TPOITYCKHOW CHOCOOHOCTH KAaHAJIOB CBSI3M C y4eTOM oObema Tpaduka
MepelaBaeMoro B y3j1ax KOMMYTAIlUU W MPOIYCKHOW CIIOCOOHOCTH Y3JI0B KOMMYTAIIHU.
ANTOpPHUTM pear30BaH B IPOrPaMMHOM MIPOAYKTE.
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Ha ocnoBe MOJIYYCHHBIX PC3YJIbTATOB MOKHO MPOBOJUTHL OINTHUMHU3ALUIO IIPpU
3aJaHHBbIX Tpe6OBaHI/I$[X, KakK Ha Tpaq)I/IK 1 MPOIIYCKHYIO CIIOCOOHOCTH €€ 3JICMCHTOB, TaK U
Ha CTOUMOCTbH KOMHBIOTepHOﬁ CCTH.

MapameTpbl N

Tpadmk | Ka6MHeT| 3BM | CepBepbl | Otaxu

R
................ > Mpoueaypa pacyeTa koahhuLMeHTOB Koppenaunn  -—

‘w

Mpouepnypa pacyeTa coctaBa
obopyaoBaHus

BbiBOg cocTaBa
obopyaoBaHus

Pucynok 6. biok-cxema pacuera cocraBa 000py10BaHHUS
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Virtual tour for smart house developed using Unity 3D
engine and connected with microcontroller
Erik Kudera, Oto Haffner, Stefan Kozdk

Abstract:

Nowadays, virtual tours are very popular and a lot of people want to see a virtual
house before the buying of the real one. The article demonstrates a creation of a
virtual tour for smart house developed in Unity engine. This virtual tour is connected
with microcontroller Arduino which has attached several sensors and actuators.
These devices react to the events in the virtual tour and vice versa.

Keywords:
virtual tour, Arduino, Unity engine, microcontroller, smart house

ACM Computing Classification System:
Embedded software, Virtual reality, Mixed / augmented reality

A Introduction

Modern forms of visualisation are now realized on the basis of the development of
new ICT technologies (e.g. interactive applications made in 3D engine [1], virtual reality or
augmented/mixed reality). Visualisation of process modelling, identification and control of
complex mechatronic systems, elements and drives using virtual and augmented/mixed re-
ality allows students to get a much quicker and better understanding of the studied subject
compared to conventional education methods.

Nowadays, there is a trend of using 3D interactive applications and virtual/mixed
reality in virtual tours for houses, cars, apartments and other products. Also, many modern
interactive 3D applications for education are being developed.

Automotive company Toyota offers modern 3D virtual showroom [2] for their cus-
tomers. This 3D showroom was developed in Unreal Engine.
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There are also more interactive applications from Animech Technologies. Animech
Technologies offers a lot of education modules like Virtual Car, Virtual Truck or Virtual
Gearbox [3]. Using these interactive applications students can understand the functionality
of mentioned devices and they can look into their interior and detach their individual com-
ponents in detail.

Very interesting project is a virtual clinic [4]. This virtual clinic is supported by the
University of Miami or Charles R. Drew University of Medicine and Science in Los Ange-
les, United States. This interactive application offers an insight into the functioning of a
larger clinic, and students can also try to diagnose patients. They are thus trained through a
real experience with the health system, but this complex system is modelled and simulated
in virtual reality.

An absolute novelty is Microsoft HoloLens [5], the arrival of which has led to the
emergence of a completely new segment of mixed reality (formerly Microsoft Holographic
Platform). Mixed reality has unquestionable advantages over virtual reality, as the user per-
ceives a real world and also a virtual world in the same time. The use of this feature is in
practice undisputed and it is assumed that mixed reality is going to become a new standard
in many areas such as marketing, modeling of complex mechatronic systems, education,
etc.

Figure 1. Microsoft HoloLens - mixed reality application - Volvo (source: [6])

For Microsoft HoloLens there are many education and virtual tour applications. In-
teresting application HoloTour [7] provides 360-degree spatial video of historical places
like Rome or Peru. The application complements 3D models of important landmarks that
have not been retained or supplementary holographic information about elements in the
scene.
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A 1 Main aspects of proposed application

This paper describes an interactive 3D application that simulates virtual tour of the
smart home and its exterior. The application is implemented in Unity 3D engine. As it is the
interactive application that responds to the perceptions and changes from the environment,
it is necessary to connect it with external hardware which captures the signals from the
environment and sends the data to the application. As the best candidate to solve this prob-
lem, Arduino-family microcontroller has been chosen. Microcontroller will be connected to
the computer via the USB port and connection will be established through the serial port.
Through this port, the data from sensors will be sent to the application. It is important to
note that communication will not run in only one direction (from microcontroller to the
computer) but also from the computer to microcontroller. So it is possible to control actua-
tors connected to microcontroller.

Application

Turn on/off the TV .
- Show indoor
- temperature
<<e)$e~nds>
L7
Show interface of co<extendsz Show outdoor
central control unit temperature
AEN

<<ex£end5>>
N

~

User

Show historical
data

Turn on/off

the light in the room

Free movement
in the house

Figure 2. Use-case diagram
The described application has its own data storage. This storage can be used for sta-

tistical evaluations or retrieval of historical data. The database was created using cloud Mi-
crosoft Azure [8].
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The application must meet these requirements:
option to move in the house and in outdoor areas.
ability to view the current temperature
user menu and ability to set COM port for Arduino microcontroller
ability to turn on/off light in rooms by loud sounds like clapping
fan rotation on room ceilings when temperature is higher than a certain value
triggering of fire alarm when detecting the presence of fire in a real environment
stretching the curtains in the living room in low light conditions and vice versa
option turn on/off a TV using IR controller when the user is at a sufficient distance
from the TV
option to view historical data about indoor and outdoor temperature

o alerting the user of the unexpected (unfavourable) state of the application

A use-case diagram is in Figure 2.

A 2 Sensors and actuators

The proposed application is based on necessary sensors and actuators connected to
the Arduino microcontroller:
e sound sensor
light sensor
temperature sensor
IR receiver

AO - Analog Output (Range) Gnd
DO - Digital Output (Logic) DO
Vee - +Ve Supply
DO Gnd Vee  |Gnd - Ground

Figure 3. Fire sensor
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These sensors will be mapped in the application for a certain functionality. Also,
these actuators will be used:

e LED diode
e buzzer

Figure 4. Sound sensor

&

Figure 5. Light sensor

A 2.1 Firesensor

One of the basic sensors of the described system is a fire sensor (Figure 3) that detects
the presence of a flame. In principle, it is a detection of infrared (IR) light with a wavelength
in the range of 760 to 1100 nm. Its core parts include an infrared sensor, a potentiometer,
an operational circuit amplifier and a light-emitting diode (LED). There are different types
of these sensors, but two most well-known are three-pin and four-pin sensors. Four-pin sen-
sors have one pin for the analog connection.
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A 2.2 Sound sensor

The sound sensor (Figure 4) is a small board with a microphone that enables detecting
of sound from the environment. By connecting to the analog pin, it is possible to detect the
intensity of the incoming sound.

A 2.3 Lightsensor

Light sensor (Figure 5) is also called a photoelectric sensor - it converts light energy
into electrical signals. The more light it gets on the surface of the light-sensitive part, the
resistance decreases. Normal values are from 8 to 20kQ.

Figure 6. Temperature sensor

Distance Adjust
IR

Receiver

Power LED

( / e
<*+—. Gnd
‘\
& Out
IR Emitter Obstacle LED
LED

Figure 7. IR receiver
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A 2.3 Temperature sensor

Temperature sensor (Figure 6) TMP36 is used. It is a low-voltage thermal sensor that
provides a voltage output that is proportional to the sensed temperature. This device is also
easy to use and does not require external calibration. The temperature range from —40°C to
+125°C is a very decent result for such a small and simple device, although the accuracy of
the measured values may have a deviation of up to 2°C.

A 24 IR receiver

The last important sensor in proposed project is the infrared receiver (Figure 7). It
has also a build-in infrared transmitter but it is not used in the proposed project. As the
infrared transmitter, a modern smartphone can be used.

Table 1. Identifiers and possible values for sensors

Type of sensor Identifier Measured value
Light sensor light from 0 to 1024
Temparature sensor temperature from -40 to 120
Sound sensor sound from 0 to 2014
Fire sensor flame fire / calm
IR receiver ir signal

Measuring the sound in the room

300
250

200

15
| I
o II I II I I m I -
1 2 3 4 5 6 7 8 9 10

®Normal noise ™ Clapping

(=]

[=]
[=]

i
o

Figure 8. Measuring the sound in the room
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A 3 Implementation of the application
The implementation of the proposed application is described.

A 3.1 Processing data from sensors

As it was mentioned, the data from sensors will come from Arduino microcontroller
in a continuous stream. It is, therefore, important to determine the data format so that we
can easily recognize the sensor and what value the sensor has captured. On the microcon-
troller side, an infinitely uninterrupted cycle will take place, and on the Unity side, the C#
programming language will provide parsing functions, which will process the information

and perform the necessary functionality. The data format is:
{sensor}+"_"+{type_of_sensor}+"_"+{measured_value}

The first part is a characteristic string that will let you know that there is some data
from the sensors. It is important to start with a particular string because if you also have
other data from other sources in the application that you would like to send through our
application, it might happen that you are simply mixing the data. This is a situation we are,
of course, trying to avoid. The second part will be a unique identifier for individual sensors
connected to Arduino microcontroller. The last part will be the measured value we get from
the connected sensors. The details are in Table I.

An important part is the definition of boundary values captured from sensors when a
system will perform a certain function corresponding to the measured values. One of these
values is the volume for the sound sensor which will allow the system to turn on or off the
lights in the room. It is important to set this value sufficiently sensitive to clapping near the
sensor but at the same time high enough to filter out any ambient noise. Few tests were
made (Figure 8) and it was found that good boundary value would be 90.

160

140
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40

20

N
w
=9
un
(=)
~J
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9 10 11 12 13 14 15

Figure 9. Measuring the light value
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Another boundary value in the proposed system is the value of light in the room. If
we capture values of light under the certain value (boundary value) the curtains on the
ground floor will spread out. To determine the boundary value, it was necessary to make
several measurements (Figure 9) in different light conditions. The chosen boundary value
is 100.

The last boundary value is the temperature that was set to 27°C.

Table 2. Proposed API for MySQL database

URI HTTP method | Response data type | Description
uri_of serverfall | GET JSON all records
uri_of_server/{id} | GET JSON One record with id
uri_of server/add | POST boolean Positive/negative

answer according to the
success of the
operation

A 3.2 Classes and data

Class diagram is in Figure 10.

Used MySQL database is closely associated to the API that provides the interface
between the database and the application. Our API carries the RESTful service characteris-
tics but we cannot fully say that this endpoint meets all REST properties like all CRUD
operations but it has the proper use of HTTP methods. For our needs, it is not necessary to
use all CRUD operations. We have defined three unique URIs through which it is possible
to access database data (Table 2).

A 3.3 Menu and interface

The interface of the application should be simple and understandable. For the pro-
posed application, it is best to use the first person view as it offers the most realistic expe-
rience for user. It is possible to rotate with the mouse and use arrows for basic movement.
For future purposes, such control is easy to map in virtual reality. That is why it was decided
to use a point at the center of the screen instead of a mouse control. Using Escape button,
the user turn on/off the main menu (Figure 11). Another important menu is GUI (Figure 12)
for temperature inspecting. This menu shows when the user is close to the central control
panel in the virtual smart home.

The exterior of the house was designed to match the overall home visualisation to
create the atmosphere of a luxury smart home with all the equipment from the collection of
cars, a swimming pool and trees.

In the interior, there are many interactive points that interact with the user in a certain
way. These are televisions, lighting, fans, or curtains.

In Figure 13, there is a living room of the presented smart home. It is possible to see
many interactive elements. The first one is a television that can be turned on and off by an
external controller. The second one is the curtains that pull and stretch automatically de-
pending on the intensity of the light in the home (i.e. light sensor connected to Arduino
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microcontroller) and the third one is the ceiling fans that are spinning at an excessive interior

temperature.

SerialPortLineReader

- m_SerialPort: SerialPort = null

- m_ReadLoop: Thread = null

- m_LockHandle: object = new object()

- m_Lines: List<string> = new List<string>()
«property» + IsDataAvailable: bool

+ ReadLine (): string

Distance

+ player: GameObject
+ distance: float

- isFire: bool = false

- line: string

- movieTexture: MovieTexture
- tvDistance: float = 3.5f
4+ tvl: GameObject

+ tv2: GameObject

+ tv3: GameObject

+ tv4: GameObject

+ tv5: GameObject

+ tv6: GameObject

+ tv7: GameObject

Start ()
Update ()

parsePort (line : string)
responselR (value : string)

GameObject)

responseFire (value : string)
responseSound (value : string)
responseTemperature (value : string)
responselight {value : string): IEnumerator
+ checkSensors ()

+ openPort ()

playOrStopTv (movieTexture : MovieTexture, tv :

A
e

RotateVentilator

isHigh: bool = false
speed: float = 0

Start ()

Update ()

changeRotation (): IEnumerator
checkIsHight ()

+ central: GameQObject
- temperature: string

Start ()

- currentCountry: string

- currentCity: string

— —qmas —=7 + finalTemperatureMax: string
+ finalTemperatureActual: string

- _ThreadFunc () Update ()
7
L
-
«yses
'
ReadSensors ExitToMenu
+ temperatureResult: decimal + overlay: GameObject
+ serialPort: SerialPort + menu: GameObject
+ inputPort: InputField + player: GameObject
+ fireAlarm: GameObject + centerCursor: GameObject CentralInformations BeaconController
+ sensorsPanelCheck: GameObject + central: GameObject _ lightSource: Light
+ isStartGame: bool = false + sensorsPanelCheck: GameObject + dateTime: Text d sgpeed' ﬂua.t —g7zu
- reader: SerialPortLineReader + home: GameObject Start () Z
isActive: bool = true Start ()
Update Update
- restartTime: float e 0 i 0 Update ()
- delayTime: float = 3f /
- comPart: string /
+ fifthRoomLights: GameObject ,/
4 thirdRoomLights: GameObject !
+ sixthRoomLights: GameObject K ActualExternalWeather
+ eigthRoomLights: GameObject «uge»
- currentFireTime: float K + temperature: Text
- totalFireTime: float = 7f SetTemperature - currentlP: string

+ setExternalTemperature ()
+ setInternalTemperature ()

Start ()
SendRequest (): IEnumerator
+ getTemperature (): string

+ getTemperatureMax (): string

HouseDBLoad

+ graph: LineChart

+ errorLabel: GameObject

+ graphPanel: GameObject

+ central: GameObject

- externalTemperature: string

- internalTemperature: string

- graphData: ChartData2D

- dataExternal: Arraylist

- datalnternal: ArrayList

+ labelline: GameObject

- =1+ axisXLabel: GameObject

+ axisYLabel: GameObject

- lineLabels: List<Text> = new List<Text>()
- lineXLabels: List<Text> = new List<Text>()
- lineYLabels: List<Text> = new List<Text>()
- isActive: bool = false

- isError: bool = false

- parseArray: JSONArray

Start ()

Update ()

+ SendRequest (): IEnumerator
+ Updatelabels ()

Figure 10. Class diagram

EnableCentralUnit

+ centralUI: GameObject
+ central: GameObject

OnMouseDown ()

OpencCentral

+ distanceToSee: float
whatHit: RaycastHit

+ central: GameObject
+ center: GameObject
+ player: GameObject

Update ()

ExitOnClick

+ home: GameObject

+ Exit ()
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Figure 14 shows the light in the house that can be controlled by clapping. If the user
is close to the light and the user claps, the light turns on or off. For this functionality, the
sound sensor is used as it was stated.

On each floor, there is a control unit on the wall (Figure 15). When the user focuses
and clicks on it, the menu (Figure 12) of the central unit appears.

In Figure 16, there is the exterior of the smart home,

House presentation

Figure 12. Temperature menu
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Figure 14. Lights in the bedroom
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Figure 16. Exterior
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A Conclusion

Nowadays, there is a trend of using interactive 3D applications and virtual reality
applications in virtual tours for houses, cars, furniture and other products. This paper de-
scribes an interactive 3D application that simulates virtual tour of the smart home and its
exterior. The application is implemented in Unity 3D engine. As it is the interactive appli-
cation that responds to the perceptions and changes from the environment, it is necessary to
connect it with external hardware which captures the signals from the environment and
sends the data to the application. In future research, it would be interesting to use this expe-
rience and develop the application for mixed/augmented reality (e.g. Microsoft HoloLens)
that will communicate with real sensors and actuators. In this way, it will be possible to
control a real smart house using a mixed/augmented reality application.
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Simulations of the effects of dual-frequency signal
on the nonlinear element

Mooenuposanue 8030eiicmeus 08yxuacmomHno20 CUHAIA
Ha HeTUHEUHbLIL IT1IeMEeHm

Alexander Plotnikov, Daria Schetnicova, Juraj Stefanovié

Anekcandp Ilnomnuxos, lapes Illlemnukosa, Juraj Stefanovic

Abstract:

Due to the significant increase in the number of wireless devices in the conduct of
development of modern telecommunication systems there are strict requirements on
what should be the spectrum of the transmitted signal. This is because when there is
a formation and amplification of the useful signal due to nonlinear characteristics of
the transmission path there are different out-of-band radiation. Out-of-band compo-
nents falling in the frequency region of the transmission channel, such as harmonics
of the operating frequency, simply suppressed by the output filter. Intermodulation
products of odd order, on the contrary, lie near the operating frequency and directly
pass to the output of the transmitting device. The power amplifier is an important
part of wireless data transmission, increase the power of the radio signal to the re-
quired level before it is broadcast. Currently, amplifiers are widely used transistors
and integrated circuits. Nonlinear distortions occur due to the nonlinearity of current
voltage characteristics of the amplifying elements (e.g., transistors) and are mani-
fested in the distortion of the amplified signal. Transistor amplifier is a nonlinear
element, and the methodology is considered, it can be used for other nonlinear ele-
ments used in transmitting and receiving devices. In the analysis of nonlinear circuits
usually do not consider the processes occurring within the components of the circuit,
and confined to their external characteristics. Usually this dependence of output cur-
rent versus applied input voltage. Known solution to a model problem in which the
coefficients of Berg in the case of single-frequency in
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fluence on the nonlinear element. Uses piecewise-linear approximation of current-
voltage characteristics of the nonlinear element, i.e. during the analysis of the non

linear element real feature is replaced by segments of straight lines with different
slopes. In this work the developed methodology and the results of calculations of the
coefficients of the Berg for dual-frequency input. The results can be useful in deter-
mining the spectral components of the signal in wireless communication systems is
to find a compromise between the linearity of the system and its energy efficiency.

Keywords:
Non-linear element, harmonic analysis, and the coefficients of the Berg.

ACM Computing Classification System:

Input/output and data communications-Data Communications Devices
Input/output and data communications-Input/Output Devices
Input/output and data communications- Interconnections (Subsystems)

Abstract:

B ces3u co 3nauumenvhbim yeenuueHueM KOIUHecmea yCmpoucme 6ecnpo8ooHol Cés3uU, Npu
nposedenul  paspadbomox COBPEMEHHbIX CUCeM MeNeKOMMYHUKAYUY  Cyuwecmeyrom
arcecmxue mpebogamus K oMy, Kakoul 00JdceH Oblmb Chekmp nepeoasaemoo cueHaid. Imo
onpeoensiemcs. mem, 4mo Ko20a uoem QopmMuposanue u yCuieHue NOJe3HO020 CUSHANA,
gcreocmeie HeluHeuHOU XapaKxmepucmuky nepeoarowjeco mpakma, nosensaioncs pasHoie
BHENOIOCHble U3TyYeHusi. Brenonocnvle cocmagnsowue, He nonadarowue 6 4ACHOMHYIO
obnacme Kanana nepeoasu, HanpumMep 2APMOHUKY paboyell Yacmomol, OOCMAMOYHO NPOCHO
ROOAGISIIOMCSL 8bIXOOHBIM (PUIbmMpom. HHmepmooyIsyuoHHble COCMAasnsaowue Heuémno2o
nopsoKa, Haobopom, nexcam GOnU3U pabodell Yacmomvl U HeNOCPEOCMBEEHHO NPOXOOsIM HA
8b1X00 nepedarouezo yCmpoucmed. Ycunumens MOWHOCIU AGIAEMCS BANCHOU COCHABHOU
yacmpio  yempoucme OecnposoOHol nepedauu  OAHHbLIX, YEeTUHUUBAIOWUL MOUWHOCHIb
paouocucHana 00 HeobXo0umMo20 YPoeHs npedcoe uwem OH Oydem nepedan 6 3¢hup. B
Hacmosujee 8peMsi 8 YCUTUMENSX WUPOKO NPUMEHSIOM MPAH3UCHOPLL U UHMEeZPATbHbIe
MuKkpocxemvl. Henunetiivle UCKA#CEHUsT 603HUKAIOM U3-34 HETUHEUHOCMU 80IbMAMNEPHBIX
XapaKmepucmuK YCUTUMeIbHbIX 2NeMEHMO8 (Hanpumep, mpaH3ucmopos) u nposieisiomcs 8
UCKAdCEHUU  (opMbl  YCUTUBAEMO20 CUSHAAA. TpaH3UCmMopHblil  ycunumens AGIAEMcs
HEUHEUHbIM JJIeMEHMOM, U MemoOoao2Us, KOMOpas paccCMampueaemcs HAMU, MOICEm
ObIMb UCNONBL306AHA U OJiL OPYeUX HETUHEUHBIX JIEMEHMO8, NPUMEHSEeMbIX 8 NPUEMHO-
nepeoarougux ycmpoucmeax. Ilpu ananuze nenuHelinbix yenet 00bIYHO He PACCMAMPUBAIOM
npoyeccol, NPOUCXOO0SyUe  BHYMPU  JJIEMEHMO8, COCMAGIIOWUX Omy Yenb, a
0ZPAHUYUBAIOMCA UMb GHEWHUMU UX Xapakmepucmukamy. OObIYHO 3MO 3a8UCUMOCTb
BbLIXOOHO20 MOKA OM  NPUIONCEHHO20 BXO00H020 Hanpsicenus.. Hzsecmuo peuwerue
MOOEbHOU 3a0a4u, 8 KOMOPOU NOLy4elbl Koapuyuenmol bepea 6 cayuae oonouacmomuozo
6030€licmBUs Ha HeTUHEeUHbII Saemenm. Hcnonb3yemcs KyCOUHO-ITUHEHAs annpoKCumMayus
BOILIMAMNEPHOL XAPAKMEPUCTIUKY HETUHENH020 dNeMeHma, Mo eCib NPU aHaIu3e padbomul
HETUHeUH020 DNIeMEHmMA  PeanbHAs XapaKmepucmuka 3AMeHSemcst OmpesKamu NpsmMblx
JIUHULL ¢ PA3TUYHBIMU HAKTOHAMU. B 0annou pabome paspabomana memoouxa u npueeoensl
Pe3yIbmamyl pacuemos
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Koapuyuenmos bepea 0na 08YXUACMOMHO20 6XOOH020 6030elicmeus. Pesyrvmamul
pabomul Mocym 6vlmb NONE3HLL NPU ONPeOeNeHUl CREKIMPATbHBIX COCAGISIIOUUX CUSHANA 8
0ecnpo8oOHbIX cuCmeMax césa3uU 071 NOUCKA KOMAPOMUCCA MeHCOY TUHEUHOCIbIO CUCTIEMbL
U ee anepeoIhhexmusHoCcmoio.

Keywords:

Henunetinwiii onemenm, eapmonuueckutl ananus, kodgpuyuenmor bepea..

A Baeagenmue

[Ipu mocTpoeHNH COBpPEMEHHBIX OECHPOBOAHBIX CHUCTEM CBS3H pPa3paboTYMKaM
MIPUXOIUTCST CTATKUBATHCS C MHOXKECTBOM TipoOiieM. Cpenn HHX HEOOXOIUMO peIaTh
0oJbpIIOE YWCIIO 3a7ad, KOTOPBIE CBS3aHBI C OOECIIEYCHHEM JIEKTPOMArHUTHOM
coBmectuMocTd (OMC) TEXHUYECKHX CPEJCTB, YTO OTHOCHUTCS K BO3MOXKHOCTSM TaKUX
CpEACTB OTHOBPEMEHHBIM 00pa3oM paboTaTh JJIsl peasbHBIX YCIOBHH AKCILTyaTalluu IpU
TpeOyeMoM  KadecTBe, KOTJa UAET  BO3JCHCTBHE HA HHUX HENpeAHAMEPEHHBIX
JJNIEKTPOMAarHUTHBIX TOMEX, MpPH 3TOM HE JOJDKHBI  CO3/1aBaTbCsi HENOIMyCTHMBIE
3JIEKTPOMArHUTHbIE TIOMEXH AJIS IPYTUX TEXHUYECKUX cpenacts [1, 2].

Jtobas w3 CHeKTpambHBIX COCTAaBJISIONIMX CHUTHala B OECIIPOBOAHON CETH OT
MIepeIaloIero YCTPOCTBa N0 MyTH K IPHEMHOMY YCTPOMCTBY MPOXOAUT TIO (GHUAEPHOMY
TPaKkTy U aHTEHHE NIPUEMHHKA, BHEIIIHEMY ITPOCTPAHCTBY MEXTy aHTEHHaMHU IPUEMHHKA U
MepenaTinka, aHTeHHY Hu (QUISpHBIH TpakT NIpueMHHUKA. JOKHBI 00ecrednBaThCs
n30MpaTeIbHbIE CBOWCTBA TPAKTOB MPHUEMHNKA U TIEPETaTINKOB.

XOTsl, MTOJTHOCTBIO TPAH3UCTOPHBIE YCHIIUTENHU JJIi COBPEMEHHOI'O 3Tara pa3BUTHA
PaAMOdIEKTPOHUKH UCTIOIB3YIOT JOBOJIBHO PEIKO, HO ONpPE/IeIEHHbIE KacKaIbl, HAIpUMeEp
BXOJIHBIC WII BBIXOJIHBIE, KOTOpPbHIE CTPOSATCS C MPUMEHEHHEM TPaH3UCTOPOB, MOXKHO
BCTPETHUTD JI0OBOJILHO YacTo [3-5].

TpaH3UCTOPHBIN YCUIUTENb SBISETCS HEIMHEWHBIM SJIEMEHTOM, W METOJOJIOTHS,
KOTOpasi pacCMaTPUBAETCS HAMU, MOXKET OBITh MCIIOIB30BaHA | ISl IPYTHX HEJIMHEWHBIX
AJIEMEHTOB, TPUMEHSEMBIX B IIPUEMHO-TIEPEIAOIINX YCTPOUCTBAX.

Henbto naHHON paboTHI SIBISETCS BBIBOJ HOBBIX BBIPAXKEHUH Ui KOI(D(PUIIMESHTOB
bepra npu 1ByX4aCTOTHOM BO3JECHCTBUU HA HEJIMHEUHBIN 3JIEMEHT.

A 1 AHaJu3 JIMTEPATYPHBIX HCTOYHHKOB 10 paccMaTPUBaEMOi
npoodJeme

[lpu aHanmm3e HEMMHEWHBIX LEMNEH, BXOASIINE B OSCHPOBOJHBIC CHCTEMBI CBS3H,
HEJB3sI TIOIB30BATHCS MPUHITUIIOM CYTISPIIO3UITHH (HAJIOKEHIS ), TaK KaK IMapaMeTphl IEMH
IIPU OJTHOM HICTOYHHUKE OTIUYAFOTCS OT MapaMeTPOB IIPH HECKOJIBKUX UCTOYHUKAX. Henmb3s
TaKKe MO0JIb30BaThCsl U METOIaMH pacyeTa Lenel, OCHOBAHHBIMU Ha MPUHIUIIE HATOKEHUS:
METOJO0M KOHTYPHBIX TOKOB, METOJIOM Y3JIOBBIX MOTEHIHMAIOB M np. [lo »TOW mpwunHe
OCHOBHBIM METOJIOM pacueTa HEIMHCHHBIX IIeNel SBISICTCS PEIICHHE WCXOTHBIX
HENMUHEHHBIX ypaBHeHWM [6]. ['7aBHas CIOKHOCTH HA 3TOM MYyTH - OTCYTCTBHUE
YHHBEPCAIBHBIX CIIOCOOOB pellieHHs TaKuX ypaBHeHUH. OTCI0/Ia OPUTHHAIBHOCTD U 9aCTO
HETIOBTOPUMOCTEH METOJIOB PEIICHUS KOHKPETHBIX 3a/1ad.

Bce u3BecTHBIE METOBI MOXKHO pa3feliuTh HA TpH Tpymmsl: 1) rpaduueckue, 2)
rpadoaHaTUTHYECKUE, 3) YUCICHHBIC.

51



B Information Technology Applications

[MpumeHneHnne TpadoOaHATUTHYECKUX W YUCICHHBIX METOJOB IMPEIIoJiaracT aBa
srama. Ha mnepBom »stame BAX, omnpeneneHHas -HKCICPUMEHTANBHBIM IMyTEM U
TIpE/ICTaBICHHAs B BUE TaONMUIIBI WK Tpaduka, 3aMeHIeTCS aHATUTUIECKON (yHKIIHEH.
Taxkas 3ameHa Ha3bIBaeTcsa anmnpokcumanuel [7]. Ha mpakTuke moip3yroTcs CpaBHUTENBHO
MPOCTHIMU  AMMPOKCUMUPYIONIMMHA ~ (QYHKIMSIMU, YAOOHBIMU TMPH  aHATUTHYECKOM
WCCIIEIOBAHNHN, XOTS W HETOYHO IPEACTaBIISIONIIMH PEANbHYI0 XapaKTepucTuKy. Ha
BTOPOM 3Talle¢ aHAIMTHYECKOE BBIPAKCHHE BOJbTAMIECPHOH xapakTepucThkd (BAX)
UCIIOJIB3YETCSI COBMECTHO C HMCXOJHBIM HETUHEHHBIM YpaBHEHUEM JJIsi HaXOXJICHUS €Tr0
petieHusl.

A 2 Meroauka

Korna ycunurens paboTtaeT B, Tak HazbiBaeMoM pexume A (puc. 1), To oH
GyHKIMOHMPYET 0e3 OTCEYKH, TO €CTh BBIXOJAHOW TOK He paBeH ( [uIs Bcero
nepuofa BXOJHOTO Toka. Ho Takoil pexuMm XapakTepusyeTcsi OTHOCUTEIBHO
HeOopimM (Meree 50%) KIT/I.

Ha npaxtuke ucnons3ytor pexxumbl AB u B (puc. 2 u puc. 3), B KOTOpBIX
TPAaH3UCTOPOM YCHIIMBAETCS TOJIBKO OHA TIOJTYBOJHA TAPMOHUYECKOTO KOJICOaHHS
U TIPOUCXOAUT MEPEXO]I B PEKUM OTCEUKH CUTHAIIA.

B takux pexumax KIIJ[ moxxer ObITh Ha HECKOJBKO JCCSITKOB MPOLIEHTOB
OoJbIIe.

Jlanee MBI MpoBeAeM TapMOHWUYECKHUN aHAJIU3 TPU TPOXOXKIACHUU CHUTHAJA
Yyepes HeIMHEWHBIN 37IeMEHT (TPaH3UCTOPHBIN ycnuTens) [8-10].

lic], mA lic|], mA
) -

Pucynoxk 1. PabGora ycuurens B pexume A
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i, ma li:], ma

Pucynok 2. PaGora ycunurens Pucynoxk 3. PaGora ycuinrens
B pexxume AB B pexxume B

Korna Ha HelMHeHHbII 271eMEeHT BO3ICHCTBYET CUTHAN, UMEIOIIHI OONbIIYIO
aMIUTUTYY U pabovas TOUYKa BEIOMpaeTcs Ha HivkHeM u3rude BAX B psje ciryuaeB
MPUMEHSIIOT €€ KyCOYHO-TMHEIHYI0 anmpokcumanuio (puc. 4). B Takom cimydae
JUTSl aHAJIUTUYECKOTO BhIpaxeHus: BAX 3anuchiBaroT:

. O,u<U
b= {S(u— U),u>U; (1)

i it
R Y _
I
I
I
I
I
I
o L u o gt

Pucynok 4. Kycouno-nuneitnas annpokcumanus BAX

3HavueHWe HanpsDKeHWs B paboueit Touke paBHOo Uy, U; — sBusgercs
HaIpsHKEHUEM OTCEYKH.
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B nuteparype B kauecTBe MOJIEILHOM 3aJ]Ja4l pacCMaTpPUBAIOT Ccllydal, Korja
Ha BXOJI aHAJM3UPYEMOIrO 3JEMEHTA IMOJAIOT TaPMOHUYECKHN CHUTHAJ, KOTOPBIA
umeeT cieayromuii Bug, s(t) = Ecos(wyt).

MsbI mpuBeAEM OCHOBHBIC COOTHOINCHHUS, KOTOPBIE B JaJbHEWIIEM OymyT
WCITOJIb30BaHbl TPH BBIBOJIC HOBBIX BBIpaXeHUW KodpdumuentoB bepra st
JIBYX4aCTOTHOT'O BO3JCHUCTBUS.

Wrak, npu ydere HaNpsoKEHHS Ha pabouel TOUKE IJ1s1 BXOJIHOTO BO3ACHCTBUS
Ha HEJIMHEHHBIN 3JIEMEHT MBI HMEEM

u(t) = Uy + Ecos(wyt) . (2

Yron otrceuku O, COOTBETCTBYET H3MEHCHHUIO TOKA OT MAaKCHUMAlIbHOTO
3HAYEHUS 10 HYJIS.

Ecnu ucnonb3oBath Beipakenue 11t BAX B Bujge (1), TO BBIXOJIHOH TOK
pPacCUYUTBIBACTCS CIEAYIOIIUM 00pa3oM:

i(t) =S(Uy+ Ecos(wgt) —U;),ecmu — 0 < wt < 6. (3)
JlaHHOE BBIPAKEHHUE MOKHO IEPENHCATh TaK:
. U, U, I
i(t) =SE (cos(a)ot) - 1E 0) = ——, (cos(wot) — cosb), (4)

ecoim—0 <wt<o,

I/le aMILTHTY 12 BBIXOAHOTO ToKa I, = S(E — (Uy — Up)) = SE(1 — cos6).
BBIXOIHOM TOK IPEICTABIAETCS B BUE CYMMbI TADMOHHK, 3TO MOKHO

ClIenaTh, UCTIOJB3Ys pasjiokeHue B psa Dypbe

i(t) = Iy + Y=y Ixcos(kwgt). (5)
AMIUTATY/IbI TADMOHMYECKUX COCTABJIAKOUINX PACCUUTHIBAIOTCS TaK:
Io = = " i(0de, I =2 [" i(®)cos(kwot)dt ©)

Ecny BBINOTHUTE 3aMEHY NIEPEMEHHOMN & = wqt , TO MOCIE BBIYUCICHUS
MHTETPAJIOB U MaTEMaTUYECKUX MTPEOOPa30BAHUN MBI MTOJIYUUM JJI aMIUIUTY/L
FapMOHHMYECKUX COCTABIIAIOIIUX:

I =] sin0—0cos6 _ 6—sinfcosb _ sinkOcosO—kcoskOsin (7)
07 ™M n1—cos8) ' "1 7 "™ m(1—cos®)’ ™~ ™M  km(k2-1)(1—cosh)
Benuunnbt
__ Iy _ sin6—6cos6 __ I _ 6-sinfcos
ap(0) =—=————= () = — = ———-,
Im m(1l—cos6) Im n(1—cos0)
I sinkOcosO—kcoskBOsinb
ap(0) =—= . 8
k( ) Im km(k2-1)(1-cosH) ( )

Ha3plBaloT Kodpduuuentamu bepra [8-10]. Ortmerum, uYTO B H3BECTHOU
JUTEepaTypbl OHM MPHUBEAEHbI TOJIBKO JUIS OJIHOYAaCTOTHOTO BO3ACWCTBUSA Ha
HEJIMHENHBIN DJIEMEHT.

OHHM TOKa3bIBAIOT, KaKasi 3aBUCHUMOCTh aMIUTUTYAbI y K-if rapMOHMKH TOKa
OT yIjJa OTCEYKM IPU IIOCTOSHHOM 3HAYEHMHM BEJIWYMHBI MaKCUMAaJIbHON
aMIUIMTYIbl UMITYJIBCOB TOKA [, = const , Ipu 3TOM IPOUCXOJUT U3MEHEHHUE YIila
OTCEYKH BCJIEACTBHE TOTO, YTO MEHSETCS aMIUINTyAa BXOAHOro curHana B u
cMetenue U.
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Ha pucynoke 5 npusenensl rpaduku o, (0) msa k=0, 1, 2, 3, 4.

ax (@)
06 cty(6)
A ag@) ]|~
04
y f,zf

02 [ LA %®

“ié;}j: \Cls(a,{\\h
T T
40 80 120 160

Pucynok 5. YrioBeie 3aBucumoctu ko3¢ duiueHtos bepra

Jlasiee, ¢ UCIOJIB30BAHUEM PACCMOTPEHHOI'O IOAXOAA MBI BBIBEAEM HOBBIE
BbIpaXeHUs s kKod(pduimentoB bepra mpu IBYyX4acTOTHOM BO3ACHCTBUHM Ha

HEJIUHEHHBIN 3JIEMEHT.
BxonHO€e BO3A€HCTBUE HA HETMHEWHBIA 3JIEMEHT MbI 3alIMIIEM B CIICTYIOIIEM

BUC:

u(t) = Uy + qEcos(kwyt) + pEcos(gwyt) . 9)
Hanpsokenne 0TCeUKH:
U, = Uy + qEcos(kB) + pEcos(g9) . (10)
Torma
U, — Uy = qEcos(k6) + pEcos(g8). (11)

BrixomHOM TOK paccUUThIBAETCA CIAEAYIOIIMM 00pa3oMm:
i(t) =S(u—U)Uy + qEcos(kwyt) + pEcos(gwyt) — U;) =
U, - U,
= SE(qcos(kwyt) + pcos(gwot) — ! G 0) =
= SE(qcos(kwyt) + pcos(gwyt) — cosh),ecin — 0 < wt < 0. (12)
AMIUTUTY I BBIXOHOTO TOKA
L, = SE(q + p — cos0). (13)

[ToncraBuB B (12) 3Hauenue SE, moaydum

) Im
i(t) = m(qcos(kwot) + pcos(gwyt) — cosh). (14)

Ternepb onpeaeaTuM rapMOHUKH BBIXOJHOTO TOKa. [1JIs1 3TOr0 BOCIOJIb3yeMCs
psgoM Dypse (5).
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AMIUTUTYBl TapMOHHYECKHUX COCTABJISIONIMX PACCUYUTBHIBAIOTCS TaK(MBbI
WCTIOJIb30BaIH Ta0IHIbl HHTETpasios [11]):

1 (.
10‘5 fl(t)dt—

T

1 I,

el e — kwot - —

nf q+p— cosO (qcos(kwot) + pcos(gw,t) — cosB)dw,t
0

[

- n(q +p — cosH)

_m(—cos(k9)+ cos(0t) — Ocosh), (15)

f(qcos(ka)ot) + pcos(gwyt) — cosB)dwt =

I :% f i(wot)cos(wot)dwot =
- -1
_ %f ﬁ (geos(kwot) + peos(gawot) — cos8)cos(wot)dwot =
0 21, sin(k —1)0 sin(k+1)6
=7T(CI+P—C05‘9) (a 2(k—1) 2(k+1)

sin(g-1)0 sin(g+1)6
+p( 20D + 207D ) — cosO(cosf — 1)), npu k>1,g>1, (16)

o o sinx
Ecnu, Hanpumep, K=1, To npuMeHsist IepBbIil 3aMeyaTesbHbIN Tpeaet, — —
x

1, monyyaem BBIpaKEHHE
21, 2q gsin(k+1)6

:n(q+p—6059) 7—‘_ 2(k+1)

sin(g—-1)0 . sin(g+1)6 _ _ 5
(Z(g—l) 2(g+1)) cosO(cosf — 1)), (16°)

I, = %ffni(t)cos(nwot)dt =

Vi
- %J c;-l—plﬁ (cos(kwyt) + pcos(gwyt) — cosB)cos(nwot)dwot =
0 21 sin(fk —n)@ sin(k+n)o
“aqrr—co0) " 2—m T2+ m)
o (e Set) 28 ) ke mgen, ()

o o sinx
ECJ'II/I, Halpumep, k=n, TO NPUMCHAISA ICPBBIN 3aMCUATCIIbHBIN IPCCII, T -

1, nosmyyaem BeIpakKeHHE
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L= 21, 2q N gsin(k +n) 6
" n(l+p—cosh) 0 2(k +n)
sin(g—n)0 . sin(g+n)é6 cosf . ,
( e e ) — =2 sind). (17°)

B wrore mus koaddunmentoB bepra mns IByXYacTOTHOTO CHUTHAlA MBI
UMeEM:
I
ay,(0) = ﬁ = m (— cos(kO) + = cos(Ht) Ocosh), (18)
I 2 sm(k —1)6 sin(k+1)0
a,(0) =—= q +
I, m(q+p—cosH) 2(k—1) 2(k+1)

i (sin(g—1)9 + sin(9+1)9) — cos@(cosh — 1)), (19)

2(g-1) 2(g+1) ;
an(0) ===
3 2 sin(k — n) 6 sin(k+n)é N
_n(q+p—cost9)( 9 2(k —n) 2(k +n) )
sin(g—n)@ . sin(g+n)6 cosf .
( S e ) — %9 5ing). (20)

®opmyasl (18), (19), (20), KOTOpble MBI BBIBEIH, SIBJISIFOTCS. HOBBIMH.

Jlanee npuBeneM npuMep pacuera kodpduimentos bepra.

[TycTh BXOZHOM CHUTHAII UMEET cieyromue mapametpsl: k=1, g=5, q=1, p=2,
Uy=2. I'paduk curnana (BpeMeHHasi 3aBUCUMOCTb) IIPUBEJIEH Ha PUCYHKE 6.

N TR
3 \ // \ ~

AVARARYAR
| \/

0 20 40 60 80 100 120 140 160 180
t/180, ¢

Pucynok 6. 3aBUCHMMOCTbh OT BPEMEHH BXOJIHOTO CUTHaja

Ha pucynokax7-9 mpuBeneHbl BbIMUCIEHHbIE HaMH Ko3(duuuentsl bepra
ay(6), a,(8), a,(8), COOTBEeTCTBEHHO.
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Pucynok 7. Paccuntannas yrinoBas 3aBucuMocTh kodddunuenta bepra ay(0)
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Pucynok 8. Paccunrannast yrioBas 3aBucuMocTh kodddunmenta bepra a4 (6)
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a.2(0
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Pucynok 9. Paccuntannas yrioBas 3aBUCUMOCTh ko3 dummenra bepra a, ()

A BeiBoabl

B pa60Te Ha OCHOBC MCTOJOB TapMOHHYCCKOI'O aHajin3a IMOCTPOCHAa MCETOJAUKa

pacuera kodbduimeHtoB bepra HEIMHEHHOro »dJIEMEHTa Ui Cily4das BXOJHOTO
BO3JICHCTBHS B BUJIC JIByX TapMOHHUYECKUX CUTHAJIOB. Pe3ynbTaThl pabOThl MOTYT OBITh
MOJIC3HBI TIPU OINPEACIICHUH CHEKTPAIbHBIX COCTABISIOIIMX CHTHAla B OECIPOBOHBIX
CHCTEMax CBS3M JUIsl TMOMCKAa KOMIIPOMHCCA MEXKAY JIMHEHHOCTBIO CHCTEMBI W €€
9Heprod3hPeKTHBHOCTHIO.
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Analysis of the characteristics of wave propagation by
indoor wireless communication

AHanuz xapakmepucmuk pacnpocmpatHenus 60JiH
0ecnpoeoOHOIl C6A3U 8 NOMEUleHUU
Igor Lvovich, Andrey Preobrazhenski, Oleg Choporov

Hzopyw JIveoeuu, Onez Honopoes, Anopei Ilpeodpascenckuii

Abstract:

In this paper the analysis of features of propagation of waves in wireless communi-
cation systems in the internal area of the premises. In the experiment, was considered
the process of propagation of electromagnetic waves through a concrete and brick
barriers (ceilings and floors). This recommendations for the approximation of the
obtained data based on the method of least squares. The degree of the polynomial
was chosen not more than 10, with an error of no more than 10 %. Was conducted
changing the settings, signal levels and transmission speeds when | change the power
of the broadcast data against the 100 %, 50 %, 25 % of the power transmission de-
vice, the transmission speed has not changed. For conditions, when radio waves
propagate over barriers in the internal area of the premises in the course of the ex-
periment were carried out considering these options: access point and laptop are
separated by a plaster wall, the access point and laptop are separated by a plaster
wall and wooden wardrobe, access point and laptop are separated by two brick and
one plaster wall, and wooden wardrobe. On the basis of the relevant wave propaga-
tion through obstacles at varying values of the variables involving optimization tech-
niques were determined the values of the indexes of refraction of the materials. The
offered structure of subsystem of information processing in the study of radio wave
propagation in the room. As input sizes are internal areas of the premises, the values
of dielectric and magnetic materials fields. The results can be useful in the design of
wireless communication systems, determining the areas within the premises, which
achieves a high signal value.
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Abstract:

B oannoii pabome npoeooumcs ananuz ocobenHocmeli pacnpocmpanenus 60IH 6 CUCIEMAx
becnposooHoIl céA3U 60 6HYmMpeHHel obaacmu nomeweHull. B nposedennom sxcnepumenme,
paccmMampuganucy npoyeccsbl pacnpocmpanerst 31eKmpoMacHUMHBIX 80IH Yepe3 OemoHHble
U Kupnuunvle npezpaosbl (nomoaku u noawvt). Jlanvl pexomenoayuu Oas NposedeHuUs
annpoKcuMayuy NOJYYeHHbIX OAHHbIX HA OCHO8E MemMood HaumMeHbuux kéaopamog. Cmenens
nonuHoma ovina evibpana ne o6onee, uem 10, ¢ nozpeuwinocmoio ne 6onee 10 %. Ilposoounoce
UBMeHeHUue Napamempos YposHell CUSHANA U CKopocmell nepeoayu Koeod USMEHIACh
MOWHOCHb MPAHCAAYUYU OaHHbIX no omuouteHuro k 100 %, 50 %, 25 % om mownocmu
nepeoarouje2o ycmpoucmesa, npu 3mMom cCKOpocms nepeoaiu He usmeHunacy. s yciosui,
K020a PACnpoCMpaHsAiomcs paouosoNHbL Hepe3 npecpadbl 60 BHYMpeHHel obaacmu
nomewjeHull, 8 xo0e KCnepUMeHma nPoGoOUNIOCL PACCMOMPeEHUe CAe0YVIOWUX 8apUAHMOS:
moyka 00Cmyna u HOymoOyK paz0eieHbl 2UNCO80U CMEHOU, MOYKa 00CMmynd U HOYmMOYK
pazoenenvl 2UNCOBOU CHEHOU U OEPEeGAHHbIM WKAPOM, MOYKA O0CMynda U HOYMOYK
pazoenenvl 08yMs KUPNUUHBIMU U OOHOU 2UNCOBOT CMEHO, a MAK JHce OePessHHbIM UKApOM.
Ha ocnoge coomeemcmeylowux Mmooeneu pacnpocmpanenus. paouosonH — yepes
npensamcmeus, npu 6apbUPOBAHUU 3HAYEHUL NEePEMEHHbIX C NpueledeHuem Memooos
ONMUMUBAYUU  ONPEOENANUCL 3HAYEHUS.  KOIPDUYUEHMO8 NpeToOMIeHUs. MAmepuaos.
Ilpeonoosicena ynkyuonanvuas cmpykmypa noocucmemvl obpabomxu ungopmayuu npu
uccne008anul pacnpoCmpanenus paouooH 8 nomeujeHul. B kavecmse 6x00HbIX OAHHbIX
UCNONBL3VIOMCS PA3MEPbI 6HYMPEHHUX 00aacmell NoMeuweHUl, 3HAYeHUs. OUINEKMPUYECKUX U
MazHumHbIX obnacmeti mamepuanog. Pesynbmamovlr pabomer mozym 6vime nonesnvl npu
NpOeKmMuposanuy.  6ecCnpo8OOHbIX CUCMEM CBA3U, onpedelenuss obaracmeu 6Hympu
nomeweHull, 8 KOMmopbiX O0OCMUSAEMCsi BbICOKOE 3HAUEHUEe CUSHAIA.

Keywords:

becnposoonas cease, pacnpocmpanenue paouososin, IKCHepUMeRmanbHvle OaHHble.

A Bseaenue

IIpu npoBeneHnu padoT, CBSI3aHHBIX C OpraHM3aNKel OECIPOBOIHBIX CETEH CBS3H,
BaXXHO YUYMTHIBATh YCIIOBUS, NPU KOTOPBIX OCYIIECTBIIAETCSA MPOLECC PACHPOCTPaHEHUS
paavoBosiH. Ha kauecTBO CBSI3M MOTYT OKa3blBaTh BIMSHHE Pa3HBIE MMapaMeTphbl, CPEAH
KOTOPBIX KOJHMYECTBO CTEH, MPEMATCTBHIA Ha IyTH PaJUOBOIH, TIOMEXH Pa3HON MPHUPOIBI
[1]. CymecTByeT 3aBHCUMOCTB PacCTOSHUS, Ha KOTOPOE PACTIPOCTPAHSIOTCS PaJHOBOTHBI
OT BHJAa MaTepHaJOB OOBEKTOB, a TaKXke OT BHJA PagUO4YacTOTHBIX mmymoB. Korma
CTpEMSITCS pa3MeIaTh TOYKH JIOCTYIIA, TO 00ECIIEYMBAIOT MAKCUMATBHBIA OXBAT
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mpocTpancTBa. [IpyM  TUIAHUPOBAaHWUM  MEPONPUSATHIA, HANPABICHHBIX HA  3alIUTY
OECIIPOBOHBIX CETEH, CTPEMSATCS K: MPUMEHEHHIO TapOJILHOTO JOCTYIIA IPH YIPABICHUH
toukamu noctyna Wi-Fi, mpoBenennro Tpancisinuii [D ceteit, ncmonb3oBanue GriabTpariuii
mit MAC anpecoB, MPUMEHEHHIO MPOTOKOJIOB IMM(POBAHWS JaHHBIX, YMEHBIIECHUIO
paccTosHUS, Ha KOTOPOM CETh MOXKHO OOHAPYKUTh BHE KOMIIAHHH.

A 1 AHaJu3 JIMTePATYPHBIX HCTOYHHKOB

HccnenoBanus pacnipoCTpaHEHUs! PaJHOBOJIH B TOMEIIEHUSIX MOTYT OBITh HA OCHOBE
PacuUeTHBIX M SKCIIEPUMEHTAIBHBIX TOAX00B [2-6]. PacueTHbIe cIOCOOBI HE BCEeTAa MOTYT
OBITh WCIONB30BAHbI HAa MPAKTUKE BCJIEACTBHE CIOXHOCTH T'€OMETPHHM TOMEIICHHH, a
TaKXXe Pa3HO0Opa3usl MaTepHaIoB. DKCIEPUMEHT Aa€T BO3MOKHOCTH AETAILHBIM 00pa3oM
y4ecTb GOpMy MOMEIIEHHSI M aBTOMaTHYECKUM 00pa3oM U3MepseTcsl ypOBEHb CUTHAIIA JUIS
Pa3IMYHBIX TOTJIOMAIOIINX MaTEPHAJIOB.

OKcIepUMEHTAIBHBIE METO/IbI ONPEAEITICHUS XapAKTEPUCTHK BTOPUIHOTO U3y USHHUS
MOPa3ACISIOTCS Ha METO/BL: HATYPHBIX HU3MEpPEHUIL; MaciTabHOro
AIIEKTPOANHAMHYECKOTO MOJICIMPOBAHUS; MACIITAOHOTO aKyCTHYECKOTO MOJIETUPOBAHUSI.

Hesbro nanHON paboOTHl sBiAETCS pa3paboTKa MOACHCTEMBI AJIST IPOBEICHHUS
aHaJM3a XapaKTEePUCTHK PACIpOCTPAaHEHUsI PaJUOBOJIH OECIPOBOAHOM CHCTEMBI CBSI3H B
MTOMEILEHUH.

A 2 Meroauka

JaHHble, HMCHONB3yeMble MPH aHaiu3e, ObUIM B3SATHl M3 HKCIEPUMEHTa, KOTrAa
nepeaBaiuch OJIOKU MH(OPMAILIMK BO BHYTPEHHEH 00JaCTH MOMEILICHHUH ITPH Pa3IMYHBIX
YCIIOBHSAX U MOIIHOCTSIX TPAHCISILMK TOYEK AOCTYIIA.

Jiist mpoBeieHUs SKCIIEPUMEHTA HCIIOIB30BAIOCH ClIeylolIee 000pyI0BaHuUE:

- OecrpoBO/IHAsI TOYKA JOCTYIA MPH TMOAJCPKKe pexxnma Mapiapytusaropa D-link
DAP 1150;

- HoyTOyK Samsung NP-N100 ¢ 3apsiiHbIM YCTPOHCTBOM;

- BUTas napa c JuimHo 10 MetpoB, umeromryro RJ-45 unrepdericer;

- pynetka 300 cMm;

- ceteBoit kommyTtatop D-link;

- ceTeBoil QuibTp.

B oskcnepumeHTe TpeOOBAIOCH HECKOIBKO JKeNe300€TOHHBIX Tperpan, IpH
YCJIOBUSIX, YTO HET SKPAaHOB MEXIY HUMH, HET BO3HUKHOBEHHS AONOIHUTEIBHBIX TIOMEX
pu nepenave HHGopmamu.

[IpoBens aHanmM3, MBI pacrojiaraid TOYKY JocTymna Ha 3 ataxe. JKenezo0eToHHbIC
Mperpajibl — 3TO MOTOJKH, KOTOPbIE MPEICTABISIOT COOOW KeIe300€TOHHBIC TUTUTHI, OHH
HaXOJATCS APYT OT Apyra Ha OJMHAKOBOM PAcCTOSIHUU [7].

CxeMa OKCIIEpUMEHTa 10 T[OJIyYEHHIO  PE3yJbTaTOB  W3MEPEHU  MpH
pacnpocTpaHeHUH BOJIH OECIIPOBOIHOM CBSI3U B MOMEIICHUH MIPUBEICHA HA pUCYHKE 1.

Ha gerBeprom 3Taske HOyTOYK pacnonaraeM HaJ TOYKOH JOCTyIa, OPUEHTHUPYSICh Ha
KOOpAWHATHI, 10 KOTOPHIM OHa CTOUT Ha 3 3Taxke. IIOCKONBKY B 3TOM IOJIOKEHHH
MPUEMHHK OY/IET 10 OJJHON BEPTUKAIN C TOYKOM JIOCTYIIA, TO YPOBEHb CUTHAIAa M CKOPOCTh
nepeaayn OyayT MakcUMalbHbIMU. [10y4nB pe3ynabTaTel M3MEPEHHH YPOBHS CHUTHAJIA U
CKOpOCTH TIepeJadd, He0OOXOAUMO CAeaTh CABHUT B CIEAYIOIIYIO TOYKY CO COBHUIOM B 1

METp, TAKUM 00pazoM, 4TOOBI IPOAOIKATH OCTABATHCA B OJHON IUIOCKOCTH
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C TOUKOH JocTyma Ha 3 3Taxke, W janee JAenaTb W3MepeHus 10 casura B 10 mMeTpos,
paccTosiHUSI MEKAY KOHTPOJBHBIMH TOoukamHu paBHO 1 metpy. Ilpouenypa mpoBeneHus
M3MEepeHu Ha 4 ATaxke, MOBTOPsieTCS Ha 5 U 6 ATaxe.

[pwn ananmM3e KUPIUIHBIX TPETPaT Mbl PACCMAaTPHBAEM HECKOJIBKO KHPIINYHBIX CTCH
[7]. Cxema skcniepumeHTa AaHa Ha PUCYHKE 2.
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300
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Pucynok 1. Cxema 3KcriepuMEHTa 10 U3MEPEHUSAM PE3yIbTaTOB MPOXOKACHUS PaluOBOIIH
yepes3 Kene300eToH
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Pucynok 2. Cxema ¢ KUPIIMYHBIMHA CTEHAMH
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AHaNOTHUYHO, KaK U C Kene300eTOHOM MPOBOASATCS M3MEPEHHUS! YPOBHS CHTHajla U
CKOpPOCTH NepeAayu JaHHbIX. [[71s1 3TOro cHuMaeM n3MepeHusl ¢ KOHTPOJIbHBIX Touek ¢ 0 o
10 B Tpex MecTax OTMEUYEHHBIX Ha CXEME.

[Tonmy4eHHbIe pe3yabTaThl U3MEPEHUN ObUTH AIIPOKCUMHUPOBAHbI HA OCHOBE METOa
HaMEHBIINX KBaJIPaTOB, UCIIONB30BAIACH CTENIEHb MMOJMHOMA He MpeBbimaromas 10, npu
sToM ommbka, He mpeBbimana 10 %. IIpoBogmnocs W3MEHEHHE MapaMeTpoB YPOBHEH
CUTHajla U CKOPOCTEH mepenadyr KOrja M3MEHsUIach MOIIMHOCTh TPAHCISLUM JAHHBIX I1I0
otHoureHuto k 100 %, 50 %, 25 % oT MOITHOCTHU MEPEAAIOIIEr0 YCTPOHCTRA.

Ha ocHoBe mpuMeHEHHS  COOTBETCTBYIOIIMX  MOJENEH,  OMHCHIBAIOIINX
pacIpocTpaHeHHE pPATHOBONH Uepe3 00BeKTH [8-10], mpw BapbHpOBaHWUW 3HAYCHHUU
MEPEMEHHBIX Ha OCHOBE CMOCOOOB ONTHMHU3AIMH MPOBOAMIOCEH OIMpEACIeHNE 3HAUCHUH
KO3 PHUIMEHTOB MPETOMIICHHS MAaTEPHAJIOB.

Hcxons U3 [IaHHBIX amipoKCHUMALUHN €CTh BO3MOXKHOCTH OIPEAENCHUsS YpPOBHS
CUTHaJA JUIS TIPOU3BOJIEHOW TOYKH BO BHYTPEHHEH 00JIACTH MOMEIIEHHIH.

Jna  ycrnoBuil, Koraa paclpoCTpaHsIOTCS paJAMOBOJIHBI Yepe3 Mperpaabl BO
BHYTPEHHEH OO0JIACTH TOMELICHUH B XOJle AKCHEPHUMEHTa MPOBOAMIOCH PACCMOTpPEHHE
Takux BapuaHToB [11]:

- TOYKA JIOCTYIIA ¥ HOYTOYK pa3ieNieHbl TUTICOBOW CTEHOM;

- TOYKA JIOCTYIIA ¥ HOYTOYK pa3/ieieHbl TUTICOBOW CTEHOW M JepEBSHHBIM MIKadoMm;

- TOYKa JOCTyHa ¥ HOYTOYK pa3[esieHbl OIBYyMs KHUPHHUYHBIMH M OIHOW THIICOBON
CTEHOM, a TaK K€ IePEeBSIHHBIM LIKa(pOM.

Ha ocHOBe cOOTBETCTBYIOIIMX MOJENEH paclpoCTpaHEHHUs pPaJUOBONH Yepes3
npensaTcTBus [8-10], mpu BapbUpOBaHUY 3HAYEHU IEPEMEHHBIX C PUBJICYCHUEM METOIOB
ONITUMM3ALUH ONPENEISIINCh 3HaUeHHsI KO3 (PULIMEeHTOB PeToMIIEHHUSI MaTEPHAJIOB.

B tabnune 1 nporeMoHCTpHpPOBaHBI MPUMEPHI SKCTIEPUMEHTAIBHBIX TaHHBIX.

Tabnuna 1. [Ipumepsl JaHHBIX SKCTIEPUMEHTA

Tun nperpan Yrou nageHust YpoBeHb curLana
1 rumcoBas cTeHa 0° 99%
1 rumicoBast cTeHa 45° =86-88%
1 rurcoBas cTeHa 30° 90%
1 rumcoBasg cTeHa + JEpeBSIHHBIN 0° 85%
mkad ’
2 THUIICOBBIE CTEHBI + 1 KUpnuJHAs
o P 60° 60%
2 rumcoBas cTeHa + 1 KUpHUYHBIE 0° 559
CTEHBI

Pe3ynbrarhel 3KCIEpUMEHTA CPABHUBAINCH C TEOPETHUYECKUMHU JAaHHBIMH, KOTOpHIC
ObutH TONMy4YeHBl Ha ocHoBe Moxenu Moxenu COST 231 [12]. Hdua motepp mnpu
pacipoCTpaHEHUU PAUOBOJIH BHYTPH ITOMEIIEHUH, BRIPAYKEHHBIX B 1B, MbI HMeEEM:
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N g+2
L =37 +201g(d) + Z D, +18.3g q+1 %%
i=1 ,
rae: d — paccTosHNE MEeXAY IPUEMHUKOM U TIEpeJaTINKOM, BEIpaXKEHHOE B METPAX;
N — KoMYecTBO TepeceKaeMbIX CTEH THIIA i;
Di — noteps Ha cTeHe THIIA i;
J — KOTMYECTBO MEPECEKAEMBIX MEKITAKHBIX MEPEKPHITHH.
PazHuiia B TeopeTHUECKUX Y SKCIIEPUMEHTANIbHBIX JJAaHHBIX HE npeBbiana 1 ab.
Ha pucynke 3 npuBeneHa GyHKIHOHATBHASI CTPYKTYpa MpeaaracMoi moCHCTEMBI,
CBSI3aHHOH ¢ 00paboTKOM MH(pOpMAaLIK, IPH UCCIEIOBAHNY MPOLIECCOB PACTIPOCTPAHECHUS

PaZMoOBOIH BO BHYTPEHHEW 001aCTH TOMEIICHAN.

Enok eBoIa

SKCTIEPHMEHTATBHBIX JTAHHBIX
10 H3MePEHHBIM V) OBHAM CHIHAMTA
" Enok
| OITTHMIT3 ALIHH
Brok orpegeneHd
K03 () PHLEIEHTOB
AT OKCHMHPVIOLIILE [TOIHHO MOB
r L
Briok onpexeneHit BII0K OIpeeneHHa Y OBHA
KO3 () (pHIIHEHTOR TP eToMTeHHA CHIHATA B IPOH3BOMLHOM TOIKe
HCCTeTYeMbIX MATEPHATIOR BHYTPH [OMeIIeHI

Pucynok 3. @yHKIMOHAIBHAS CTPYKTYpa IIOACUCTEMBI IO 00pabOTKe JaHHBIX IIPH
MCCIIEIOBAaHUH PACTIPOCTPAHEHUS PaIMOBOJIH BO BHYTPEHHEW 00JIaCTH IOMEILICHUN

A BrniBoasl

B nanHOli  paboTre TMpOBENEHBI  UCCIEOOBAHHS  3aKOHOMEPHOCTEH
pacrpocTpaHeHusi BOJH OeCIpOBOJHON CBS3M BO BHYTpPEHHEH OOJacTH BHYTPH
MOMEIEHUI. Pe3ynpTarel SKCIEpUMEHTa MO PACHPOCTPAHEHUIO 4YEpe3 pa3HbIe
nperpajabl CpaBHUBAJIUCh C TCOPECTUICCKNMU TaHHBIMU, KOTOPBIC OBl IMOJIYYCHBI
Ha ocHoBe Mojenu moaenu COST 231. Ha ocHOBe nmpuMeHEHHS COOTBETCTBYIOIIMX
MOJIeJIeld, OIMCHIBAIOIINX PACIPOCTPAHCHUE PAJAUOBOIH Yepe3 OOBEKTHI, MPHU
BapbUPOBAaHUU 3HAYCHHN TMEPEMEHHBIX Ha OCHOBE CIIOCOOOB ONTUMHU3ALNU
IIPOBOAMIIOCH OTIpeiesieHue 3HaueHUH K03 (PUIIMEHTOB MPEIOMIICHUS MaTepUaIOB.
[Ipennoxxena GyHKIMOHATBEHAS CTPYKTYPA MOJACUCTEMBI IO 00padOTKe JaHHBIX MPU
UCCJIEJOBAaHUH PACIPOCTPAHEHNUS PAAHOBOJIH BO BHYTPEHHEH 00J1aCTH MOMEILIEHUH.
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The simulation of wave propagation of communication
systems in urban areas

Modeﬂupoeauuepacnpocmpauenuﬂ 60JIH cucmem ceAa3u
8 20POOCKOIL 3acmpoiiKe
Yakov Lvovich, Konstantin Razinkin, Juraj Stefanovi¢

Axoe JTveosuy, Koncmanmun Pazunxun, Juraj Stefanovié

Abstract:

The paper considers the problem of calculating the level of electromagnetic fields
wireless communication in urban environments to determine the areas with high sig-
nal strength. The analysis of the possible approaches — statistical and deterministic.
To solve the problem is proposed to use the radial method. This method is based on
decomposition of the electromagnetic field on the rays and finding the rays that con-
nect the transmitting and receiving device, taking into account the diversity of the
city. Depending on the algorithm, consideration is taken of the rays, which when
reaching the receiver are reflected specularly or diffusely from the walls of buildings
and giragira on corners of buildings. In the framework of the algorithm was re-
stricted. The first limitation is that the rays get to the right of the intersection along
the main street, the second limitation is due to the fact that the rays go on a minor
street. The result of the calculation is represented by the first limiting plane (limita-
tions of the terrain), how overlap of the bounding plane to the plane of the rays. In
appearance the bounding planes can be noticed that changing the bounding plane
depends only on the number of reflections along the main street. When interpolation
is used the method of least squares. The results of calculations based on the devel-
oped algorithm and the experimental data taken from literature. The block diagram
module calculation of the number of rays. The operation of the calculation module
the number of rays is carried out in three stages: using the correlation coefficients,
the polynomial is calculated based on the amount of rays, the distance from the trans-
mitter to the receiver, using the correlation coefficients, the polynomial is calculated
according to the total power of the power contributed by each beam, based on
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the polynomial calculated the number of rays given the specified margin of error.
The proposed approach using correlation coefficients and approximation based on
the least squares method allows to reduce the number of iterations in the calculations
of the signal level using the method of ray tracing in several times in comparison with
the conventional ray-tracing.
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Abstract:

70

B cmamve paccmampusaemcs 3a0aua paciema ypogHs 21eKmpoMacHUMHbIX nojell
0ecnpoBoOHOU C643U 8 20POOCKUX YCNOBUAX Osi ONpeOeleHUsi 30H C BbICOKUM
YypoeHem cuehana. [lposooumcs ananus 603MONACHbIX NOOXO008 — CIMAMUCTNUYECKUX
u OemepMUHUPOBAHHLIX. [[na pewlenus 3a0aqu npeonazaemcs UCNOIbL308amMb
nyuegol memoo. JlanHulii Memoo OCHO8AH HA PA3NONCEHUU INEKMPOMASHUMHO20
noNA HA JY4U U NOUCKe Jydell, KOmopvle COoeOuHsiom nepeoaiowee U npuemMHoe
YCmpoucmeo, ¢ yuemom pasHopooHOCmu 20pOOCKOU 3acmpoliku. B 3asucumocmu om
UCNONIL3YeMO20 aNeopumMd, 8 paccmompeHnue Oepymcs Jayuu, KoOmopwvle npu
00CMUIHCEHUU NPUEMHUKA OMPANCAIOMCA 3ePKATLHO UL OUPPY3HO om cmeH 30aHul
u Oughpacupyrom Ha yenax 30anmuti. B pamkax aneopumma Ovbliu HARONMCEHb
oepanuuenus. Ilepoe ocpanuyenue 3aK04aemcs 8 mom, 4mo ay4u 00Xo0am 00
HYICHO20 NepeKpecmKa 60016 2IAGHOU YIUYbl, 6MOPOe 02PAHUYEHUEe CE8A3AHO C MeM,
Ymo Jydu 3ax00am Ha 6mopocmenenHylo yauyy. B pesyremame pacuemos
npeocmasnena nepeas 02paHUdUeaowas NiIOCKOCms (ocpanudenus penveda
MecmHOCMUY), MaKxce Kakum 00pasomM  HAaK1aoblearomcs 02panudusaoujue
NAOCKOCMU HA NAOCKOCMb yyel. [1o eHewHemy U0y 02paHUMUBAIOWUX NIOCKOCTEN
MOJICHO 3aMemumb, 4mo usMeHeHue 02PaHuiUeaoweli nI0CKOCMU 3a8UCUM MOIbKO
om Konuvecmea ompadxceHuu 600ab 2nasnou  yauysl. Ilpu  unmepnonayuu
UCTIONB306AH MEMOO HAUMeHbUUX Keaopamos. IIpusedenvl pezyrvmamul pacuemos
Ha OCcHo8e pa3spaboOmMaHHO20 AN20PUMMA U IKCNEPUMEHMANbHBIX OAHHBIX, 63AMbIX U3
numepamypel. Ilpusedena cmpykmypuas cxema MOOYIA paciema Koauuecmea
nyuel. PYHKYUOHUPOBAHUE MOOYIS paAciema KOIU4ecmsa iydel oCyuecmeisiemcs 6
mpu 9Mana: ¢ UCHOIL30BAHUEM KOIPDUYUEHMO8 KOppenayuu, paccuumuleéaemcs
NONUHOM 3A68UCUMOCIU KOIUYECMBA JTyyell Om pAacCmOAHUS OM nepeoamuyuxa K
APUEMHUKY, C UCNOIb308AHUEM KOIDDuyueHmos Kopperayuu, paccuumoiéaemcs
NONUHOM 3ABUCUMOCTIU CYMMAPHOU MOWHOCIY O MOWHOCMU, 6HOCUMOT KANHCObIM
JIVYOM, HA OCHOBe HAUOEHHO20 NOIUHOMA PACCHUMbIBAEMC KOIUYECmBo ayuell ¢
yuemom 3a0annol noepewnocmu. IIpednodcennvlii nOOX00 ¢ UCHOAb308AHUEM
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KO3(hhuyuenmos Koppensiyuu u annpoKcuMayuu Ha OCHOGe Memooa HAUMEHbULUX
K6a0pamog no3eosaem COKpamumy KOIU4eCmeo umepayull npu paciemax ypoeHs.
CUSHANA C UCNONb308AHUEM MemoO0d MPAacCupo8KU Jyyeli 8 HeCKOAbKO paz no
CPAasHeHUIo ¢ 00bIYHBIM MEMOOOM MPACCUPOSKY TIYHell.

Keywords:

Pacnpocmpanenue paduosonn, 2opodckas 3acmpoiika, 6ecnpogoonas céssv.

A Bseaenue

B nacrosimee Bpemsi HaOmomaeTcs OypHOE pPa3BUTHsI COTOBBIX CHCTEM CBSI3H B
ropojax 1 MPUTOPOAHBIX 30HaX. B CBsI3H ¢ 3TUM OCOOCHHO aKTyaJbHBIM SIBIISIETCS CO3/IaHHE
CHETMaTN3NPOBAHHBIX TPOrPAMMHBIX CpeicTB uconb3yeMbix B CAIIP [1], mo3Bomstromumx
Ha OCHOBE OJIEKTPOHHBIX KapT MECTHOCTH OLIEHHTh XapaKTep pacHpOCTPaHEHHUs
QJICKTPOMArHMUTHBLIX BOJH, 4 TAKXKE ONPCACIIUTL 30HY IMOKPLITUA OT 0azoBoi CTaHIIUHU.

[loctpoenne cuctem OecpOBOJHOIO AOCTYNA BKJIKOYAaeT B ce0sl psAA STamos,
HauuHasi OT HANMCAaHWS TEX3aJaHHUs C yKa3aHHeM o0iacTel, B KOTOPHIX cucrema Oyzaer
WCIIOJIb30BAThCS, 3aKaHUMBask BBOJIOM B KCILITyaTaIlHIo.

MO}ICJ’II/IpOBaHI/Ie SBIISICTCS BA’XHBIM IIIaroM, KOTOprﬁ BKJIIOYAeT B ce0sI OCHOBHBIE
napameTpsl CHCTEM OecIpOBOJHOIO JOCTYIA, TAKUE KaK 30HbI 00CITYyKMBaHUs, Ka4eCTBO
CUTHaJa U T. 7. DTO CBSI3aHO C T€M, YTO MPOIIECC MPOEKTUPOBAHUS SABISETCS TPYIOEMKUM
" O0pOruM, MO3TOMY MCIIOJIB30BAHUC Pa3HbIX BUAOB MOACIUPOBAHUA NCKIIIOYACT OHH/I6KI/I,
KOTOpPbIC MOT'YT BOSHUKHYTH BO BPEeMsI 3KCILTyaTallil CHCTEM OECIPOBOAHOIO AOCTYMA, a
TaKXe ONTUMAaJIBHOTO PACIOI0KEHHUS TOUEK I0CTYTIA.

A 1 AHaau3 cymecTBYHIUMX MOAXO0I0B ISl OLEHKH XapPaKTePUCTHK
0ecrpoBOIHOI CBSA3M

J1J1st OLIeHKH PUMEHSETCS MHOKECTBO METOOB OCHOBAHHBIE HAa CTATUCTUYECKOM H
JNETepMUHHUPOBAHHOM aHAJIM3€ XapaKTepa pacpOoCTpaHEHHs CUTHAJA.

Cpenu cTaTUCTHYECKUX MOJIeNIel aHanu3a OecrpOBOIHBIX CETEH MOKHO BBIACIHTH
CIICAYIOIINE:

1) mogens Oxamypsi [2];

2) monens Xara [3];

3) mozens Juul-Nyholm [4];

4) monenu bapnuna-JlpimoBuua u Tpudonosa [5];

5) mozenb Osncopyka — [Tapconca [6];

6) monenp Yomma-Ukeramu [7].

Ecnu paccmaTpuBarh ¢ TOUYKH 3pEHHS MCTOPHH, TO MEPBBIMHU ObUTH SMIHMPHUYECKHE
rpaduuecKue 3aBHCUMOCTH, KOTOpble monydmsi Okamypa W OHHM JIaBAIM BO3MOXXHOCTHU
OTIpeIeTICHHsI MEAMAHHOTO 3HAYSHNS CUTHAJIOB JIJIS1 YCIIOBUI CTATHCTUYECKH OJHOPOIHOTO
ropoja, U Mo3BOJIUIM NPOBOANTE YUET B KaKOH-TO Mepe TeX WM MHBIX 0COOEHHOCTEH MO
OTIPEIETICHHOMY TOPO/Y MJIM TIO OTJIETBHBIM T'OPOJICKAM paiOHAM.

Haubonee TouHbIM sIBISIETCA JTy4eBOW METOZ, KOTOPBHIH M PAaCCMOTPEH B JaHHOM
pabore.
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Lenbto naHHOW pPa0OTHl  SBJISAETCS aHAIW3 TMPOIECCOB  PACHpPOCTPAHCHHS
3JIEKTPOMArHUTHBIX BOJIH B CHCTEMaX CBSI3H B YCIOBUAX TOPOACKOM 3aCTPOMKH.

A 2 Meroauka pacuera

[Ipu pacnpocTpaHeHHH JIEKTPOMATHUTHBIX BOJIH B TOPOJCKOW 3acTpoiike
HEOOXOAMMO VyUYWTBIBaTh WX 3aryxaHue. C HCHONB30BAaHHMEM MaTeMaTHIECKHUX
COOTHOIIEHW HaMU OBLT ITOCTPOEH aJITOPUTM OLIEHKH CTETICHH 3aTyXaHHUs PaJuOBOJH B
ropoJickoil 3actpoiike. i1 pacueTra ypOBHS 1O B 3aJaHHOM CEKTOpE YIJIOB
HCITIOJIb30BAIKCH CIEAYIOIIUE COOTHOIICHHUS [§]:

L[dB] = 40 + 35Ilg(R[km]), @

L[dB] = 65 + 401g(R[km]) + 401g(f[MHz]) — 4G[dB] 2)

rae R — paccrosiHue ot 6a3bl 10 aboneHta, G — ko3 dulMeHT ycuieHus: aHTeHH, T —
4acToTa.

Bbiiok-cxema anroputMa npuBeeHa Ha pUCYHKeE 1.

Hauano

BBoJ YacTOTHL, PACCTOSHUS OT Haskl 10
aboHeHTa, KO3 dUIMeHTa YCHICHU I
AHTEHHBI, BBOZ KOOPIUHAT 3IaHMUI

Pacuer 3sHavyeHUH ypOBHI IO B
3aJaHHOM CeKTOpe YTIIOB HaOIIOAeHU I

Busyami3aius ¢ 3aJaHHBIM IIIaroM
IHICKPETH3AIHE YT

BriBoz 3Hauenuit ypoBHA momus

Komnerr

Pucynok 1. Anroputm pacdera 3aTyxaHHs paJiOBOJIH B IIpeenax
TOpOJICKOH 3aCTpOHKH

B pamkax sToro airoprutMa BO3MOXKEH y9eT HECKOJIBKUX 0a30BBIX CTAaHINH. B aTOM
clly4ae B pe3yibTare HHTepEPEHIIMU PaJHOBOIH OyneT GOpMUPOBATHCS JOBOIHHO
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CIIO)KHasi ~ KapTWHA  PacCIpeleCHUs]  MOIIHOCTH  PaclpOCTPAHSFOLIMXCS
ANIEKTPOMArHUTHBIX BOJH. AJITOPUTM IpeHA3HAYCH IS ydeTa SIBICHUH PacpOCTPaHCHUS
HNIEKTPOMArHUTHBIX BOJH HMEHHO B TOPOJCKHX YCJIOBHSAX, IOCKOJIBKY HaOIIOIAeTCs
0O0JIBIIOE YHCIIO TPETATCTBHH, OOYCIABIMBAIOIIMX 3aTyXaHWe MoJie3HOoro curHama. C
yBEJIMUECHHEM 4YacTOTHl IIEpelaBaeMOro CHUTHalla 3aTyXaHWe paclpOoCTpaHsIoLIeHcs
ANIEKTPOMArHUTHOHW BOJHBI OyIET yBEINUNBATHCSL.

[Ipn pacnpocTpaHeHHH YacTh SHEPTUHM PAAMOBOIH OyIeT pacxXoIOoBaThCs Ha
oTpakeHHe. bBonbluas 4YacTe Jydeil mpu 3TOM MOWAET MHMO aOOHEHTa, TaK Kak OH
HaXOJUTCS B OTPAaHUYCHHON o0yacTH [9].

ToYHOCTD TMO3WIIMOHMPOBAHUS A0OHEHTAa C IENbI0 IMOJMYYEHHS MaKCHMalbHOU
MOIITHOCTH, MOCTYyMAaoLed oT 0a30BOM CTAHIMHU, ONpEACIsIeTCs] aroM AWCKPETU3alun
yria.

PaccMOTpeHHBIN anrOpuTM HE YYHTBHIBACT €CTECTBEHHBIX MOMEX, BO3HUKAIOUIHMX
IIPU PacIpOCTPaHEHUH 3JIEKTPOMATHUTHBIX BOJH (B TOM YHCIIE ITHPOKOIIOJIOCHBIX).

IIpuBenEHHBIM aNrOpUTM SBISETCS YHHMBEPCAIBHBIM, B HEM aBTOMAaTHYECKHU
YUUTBIBACTCA HH/IpOKI/Iﬁ JAUarna3soH BO3MOXHBIX BXOOHBIX IMMapaMETPOB.

JIOCTOMHCTBOM HAIIIEr0 IMOJXOJa SIBISETCA TO, YTO OH IIO3BOJISET MPOBOAWTH
OLICHKY («MaIIMHHBIN IKCIIEPUMEHT») XapaKTEPUCTUK B OECIPOBOJHBIX CUCTEMaX CBS3U
0e3 MpoBeICHUS PeabHOTO «HATYPHOT'0Y» IKCIIEPUMEHTA.

BooOmie roBops, anropuT™M MOXKET OBITh YTOYHEH C TIPHUBICYCHUEM MOJEINICH
pacnpocTpaHeHHs IEKTPOMAarHUTHBIX BOJH — AU(PAKIHS KPAaeBbIX BOJIH, HOI3YIIHX BOJH,
muddysHoe oTpakeHue, OTpaKeHUe OT 3eMHOM nmoBepxHocTH [ 10, 11]. Kpome Toro, Mmoryt
OBITh YTOYHEHBl MHOTOKPATHBIE INEPEOTPAKCHUS BOJIH BHYTPH 3/aHHSA, OJHAKO, IIO-
BUJIMMOMY, MX BKJIaJ B PaclpoCTpaHSIONIEecs] OCHOBHOE IoJjie Kak MHHUMYM Ha 10 nb
MeHbIIIE, YeM BOJHBI MMEIOIIee OJHOKPATHOE OTpakeHWe. Bce 3TH JIOMOJIHUTENBbHEIC
YTOUHCHUSA B ):[EUIBHCI‘/'IIHGM MOTYT OBITH MMpEACTaBJICHBI KaK JOIMOJIHUTCIBHBIC MOAYJIN C
COOTBETCTBYIOIMMH XapaKTEPUCTUKAMH 3aTyXaHUs HJICKTPOMArHUTHBIX BOJTH.

,Z[J'IH MOACIUPOBAHUA TII€pEAavYu JAaHHBIX I10 6eCHpOBOI[HI)IM CUCTEMAaM CBiA3U

npuMeM 3a H ( f,r) (YHKIHIO pacpocTpaHeHus CUrHasa B KaHaie, rae f - vactora, u r —
JunHa myTd. Torna momHol QyHKIMe! cpeibl pacipocTpaneHust Oyaet sSBisThes [12]:
Hy =Hgr +Hror @)

rne Hrr m Hror — momaple ¢yHKmmu pacrpoctpaneHus R-R u R-D-R rpymm mydeit
COOTBETCTBEHHO. [lanee onpenenm BeIpaKeHUS JJIs pacyeTa (PyHKIUI pacripoCTpaHEHHs
Ka)XJI0l TPYIIIIBI.

OyHKIMA pacnpocTpaHeHHs cocTosmiel u3 yyded R-R Mmexay nepenatoriein u
MIPHEMHOI aHTEHHAMH MOKET OBITh BEIYHCIICHA

fo (6,01) fur (01,0 (% 1) x

(A, ek
V.H _(4%) i=(m,S,n,u,g) X(Rik?,v )n-(RLm,v )m‘e_:’l
i

(4)

rjie i-i gy mpecTaBiIeH PSIOM TISITH esbixX uncen (M, S, N, U, g), M u N — KOJIUYIECTBO
OTpPaXEHUHU OT CTEH BJOJb IJIaBHOW W BTOPOCTEIICHHOM YJIuIl, COOTBeTCTBEHHO, §=0,1 myst
OTPaKEHUS OT 3€MJIH, A — JJTHHA BOJIHEI, K — BOJIHOBOE YHCIIO,
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i im in
‘RV JHo RH v U RH \ — HU3BECTHBIE KOO PHUIMEHTHI OTpaxkeHHs DpeHes OT 3eMIIU B CTEH

Ha TJIABHOM UM BTOPOCTENICHHOM YJIMIAX, COOTBETCTBEHHO, C BEPTUKAIbHOW U
TOPU30HTAIBHON MOJSPU3AINHN, COOTBETCTBEHHO. B COOTBETCTBUU C ONMMCAHHBIM BHIIIE
aJITOPUTMOM, HAMJIEM BCE BO3MOXHBIC 3HAYCHUS OTPAKEHUH, IPU PACIIPOCTPAHCHUH BIOIb
TJIaBHOM M BTOPOCTENIEeHHON ymuI (puc. 2).
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Pucynok 2. 'opoackas ynuuHast 3acTpoika

[To pucyHKy 3 MOXHO OIpPEAETUTh BCE BO3MOXKHBIC JY4H, KOTOPhIE COCIHHSIOT
6azosyto (bC) u modunbHyto (MC) cranimu. Ha npencraBieHHOM prCcyHKe 110 ocsiM X 1 Y
OTKJIQ/ILIBAIOTCSI KOJMYECTBO OTPKEHHHN JIyda MPH PacpOCTPAHEHUHU BJOJb TJIABHOW U
BTOpocTteneHHon ynull. [1o ocu Z oTkmagsiBaeTcs yroa HakioHa gy4da [ 13].
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Pucynox 3. [InockocTs pacnpeneneHus gydyei

Pe3yabTaThl. B cOOTBETCTBHMY C YKa3aHHBIM BBIIIE AITOPUTMOM JIJIs1 HAXOXKACHUS
nmydeid, kotopbie coeaunsaoT bC 1 MC, HeoOX0auMo HaJIOKUTh orpaHnyeHus. [Ipu stom
MepBOE OTpaHHUYEHHE 3aKII0YAETCS B TOM, YTO JYYH JOXOST 10 HYXKHOTO MEpeKpecTKa
BJIOJIb TJIABHOW YJTUIIBI, BTOPOE OTPAaHUYECHHE — JTYUIH 3aXOAT Ha BTOPOCTETICHHYIO YIIUILY.

Ha pucynke 4 npencrasieHa nepBasi OrpaHHYMBAIONIAs INIOCKOCTh (OrpaHUYEeHHUS
penbeda MECTHOCTH).

Ha pucyHke 5 mnpenctaBieHO HaJIOKEHHE OrPaHUYMBAIOLIMX IIJIOCKOCTEH Ha
IUIOCKOCTh Jyde. Ha pucyHke 5 BuHAHBI orpaHuduBarolmue miockoctd. Ilo manHOMY
rpaduKy MOXHO OIPEIEINThH BCE BO3MOXKHBIE JIyuH, KOTophle OynyT coeannsats bC u MC.

Ilo BHemHEeMy BHUAY OTrPaHWYMBAIOIIMX TIIOCKOCTEH MOXKHO 3aMETHTh, YTO
W3MEHEHHE OTrPAaHWYMBAIONIEH IIJIOCKOCTH 3aBHCHT TOJBKO OT OJHOTO 3HAYEHUS
(xonmmuecTBa OTpa)KEHUH BAOJIb TNIABHOW ynuupsl, puc. 2). [1o3ToMy MHTEPIONSLHMIO MBI
IIPOBOJIUJIN B IBYMEPHOM INIOCKOCTH.

[Ipr wHTEPHONAIMHE MBI HCIIOIB30BATIN METOJ] HauMeHbIuX KBaapatoB (MHK).
[Nopsnox noarHOMa paBeH 6, P 3TOM MOTPEIIHOCTH AMMTPOKCHUMAIIUN OIPaHUYHUBAOIIEH
IUIOCKOCTH paBHa 2 %.

YpoBeHb cHWrHajia B JaHHOW TOYKE, NMPH pacyeTe C MCIOJIb30BAHHEM JaHHOTO
MO/IX0Ja, OIpenensercs cyMMol Jsyded. Ilpu 3ToM KoIM4ecTBO Jyded W BHOCHUMBIN
YPOBEHb CUTHaJIa KaKIBIM JIy4OM MOKET MEHATHCA B 3aBUCUMOCTH OT moiioxkeHuss MC,
LIUPUHBI YITUI] U T. TI.
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Pucynox 4. OrpannurBaromniasi IOCKOCTh
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Pucynok 5. HanoxeHne orpaHM4MBarOLIUX IIIOCKOCTEN
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Ha ocHoBe pe3ynbTaToB 3KCIEPUMEHTOB JIJIsl TOPOJICKOM 3aCTPONKH, MPUBEACHHOM

Ha PUCYHKE 2, TIPOBEJIEM OICHKY a/ICKBATHOCTH NIPUBEJICHHON MOJICTH, IPUYCM B KAYE€CTBE
MOIBMKHOT0 00bekTa Bo3bMeM MC.
Pe3ynbTathl cpaBHEHHUS C HCTOYHUKOM TIPUBENICHBI B TA0NUIIE 1, CpeiHee 3HAUeHUE

om6oku A = 0,8 nb.

Tabnuna 1. CpaBHEeHHE pe3ybTaTOB pacueTa v SKCrepuMeHTa [7]

3aTyxaHue, n1b

koopauaata MC A
pacueTHoe HU3MEpPEHHOE
300 94,532 95 0,468
395 98,593 99 0,407
495 100,938 102 1,062
560 100,727 102 1,273

PesynbraTel cpaBHEHHS ¢ UCTOYHMKOM [12] mpuBeneHo B Tabnwuie 2, cpeiHee

sHaueHue omnbOku A = 0,47 nb.

B pesynbraTe npoBeAEHHOIO CPaBHEHUS C Pe3ylbTaTaMy 3KCIIEPUMEHTa, MOXKHO
BUJIETH, YTO CpEAHEE 3HAUCHHE TIOTPEUTHOCTH HE peBbIIIaeT 3HaueHus B 1 ab.

Tabnuua 2. CpaBHeHHE pe3ynbTaTOB pacdeTa U 3KCIIEPUMEHTa

3atyxaHue, 1b
koopauHata MC A
pacdeTHoe M3MEPEHHOE
200 95,567 96 0,433
250 95,757 96,3 0,543
300 96,038 96,5 0,462
340 96,586 97 0,414
390 96,958 97,5 0,542

IlpoBenem wuccnegoBaHUE MPEIJIOKEHHON MOJENH, JJIsi Pa3HbIX MOJOXKEHUI
MoOmitbHOU ctanuuu (MCy, MCz, MCs, puc. 2) OyzneM u3MepsTh CyMMapHYIO MOIIHOCTb,
COCTOSIIIYIO U3 CYMMBI MOIITHOCTEH BHOCHUMOM KaX/IbIM JTy4OM B 3aBUCUMOCTH OT YAaJICHUS
BC ot nepBoro nepekpectka (mapamerp Ki, puc. 2).

Pe3ynbrathl uccienoBanus OpuUBENEHBI Ha pucyHkax 6-8, mis MCi, MC,, MCs,

COOTBCTCTBCHHO.
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Eciu B mpuBeieHHOW MOJAETH YYHUTHIBATH JIYYd C HAUOOJNBIIUM BHOCHMBIM
YPOBHEM CHUTHaja, TO MOKHO COKpPaTHUTh KOJMYECTBO UTEpalMii Mpu pacuerax. Moy,
MIPUBEICHHBIA Ha PUCYHKE 9, peann3yeT yKa3aHHBIN MTOAXO0/I, IPH TOM HEOOXOIUMO HAUTH
KOJIMYECTBO JIy4eH, IPH 33JJaHHOM MOTPENTHOCTH A OTHOCHUTENHHO MaKCHMAIBHOTO YPOBHS
CHTHAJIa B TAHHOH TOYKE.

& ND MHOWHISTH
CHMHERNE OTHOCHTENEHD
MEKCHBAANEH OO

ypoEHn
BxooHbie
napamMeTpbl —+
MOOENKM pacyeTa Knw BCTRO NS mpU

Mogyne pacuéTa ko

Konw4ecTea nyqeﬁ

i 1

dantbig

Pucynok 9. CTpykTypHas cxeMa MOAyJIsl pacyeTa KOJIMYEeCTBa JIyden

B kauecTBe BXOAHBIX TapaMEeTPOB MOJIENN pacyeTa MpuMeM:

- monoxxenue bC Ha riIaBHOU yiuIle;

- IMPYHA TJIABHOW U BTOPOCTENICHHOW YIIUIL;

- KOOPJMHATHI YTIIOB IIEPEKPECTKa TJIAaBHOW U BTOPOCTETICHHOM YIIHIT;

- koopauHatel MC;

- paccrostare oT bC mo MC.

BJl comepxuT pe3ynbTaThl MCCIENOBaHMS MOJENN B PAa3IMYHBIX BXOIHBIX IapaMeTpax
moxenu. [lmst ymeHbimeHus: pasmepHoctd b/ pacrpeneneHre MOIIHOCTH MO JTydam
TIPUBOMTCS B BUJIE TOTMHOMA TTopsiika N.

B kauecTBe MONMONHHUTENHLHOTO BXOMHOTO TIapaMmeTrpa IJisi MOIyJs pacuera
KOJMYEeCTBa JIIydedl mpuHHMaercs A 10 MONIHOCTH CHTHAalla OTHOCHTEIHHOTO
MaKCUMaJIHHOTO YPOBHSIL.

OYHKITMOHUPOBAHUE MOAYJS pacueTa KOJIMYeCTBa JTydel OCYIIECTBISETCS B TPH
srana [14-16]:

- C HCIIOJIb30BaHUEM KOA((UIIMEHTOB KOPPEISAIUN, PACCUYUTHIBACTCS MOIUHOM

3aBUCHMOCTH KOJHYECTBa Jy4yei oT paccrosinus ot bC go MC;

- C HCIIOJIb30BaHUEM KOA(D(OUIIMEHTOB KOPPEIALNN, PACCUUTHIBAETCS ITOJMHOM

3aBUCUMOCTH CYMMapHOW MOITHOCTH OT MOLIHOCTH, BHOCUMOM KaXKJIbIM JIy4OM.

- Ha OCHOBE HaJICHHOTO IMOJIMHOMA PACCUYUTHIBAETCS KOJIMIECTBO JIyUeH C yIeTOM

3a/1aHHOM NTOTPELIHOCTH.

IIpennoxeHHbI MOAXOA TMO3BOJISIET COKPaTUTh KOJWYECTBO HWTEpaluil mpu
pacyeTax ypoBHS CUTHaJa C UCIOJb30BAaHUEM METOoJa TpaccupoBku Jiyuend. [Ipu A=2 nb,
KOJTMYECTBO UTEpaInii OBLIO COKpaIeHo B 2-3 pa3a (B 3aBUCUMOCTH OT oTaaneHHoct:d MC).

[IpuMeHHTENPHO K IOCTABICHHOHN 3ajlaye NMPUMEHEHHE METOO0B ONTHMH3AIUH
00yCIIOBIICHO TEM, UTO I HAXOXKICHHUS JTy4eii, kotopeie coeauusitor bC u MC, Tpebyercs
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BBITIOJTHEHHE OOJIBIIOTO KOJIMYECTBA MOHOTOHHBIX omnepanmid. Tak, Hampumep, s
pacueTa MIOCKOCTH, MPEACTaBICHHONW Ha PUCYHKE 2, KOTOpas MOKa3bIBAET 3aBHUCUMOCTD
KOJIMYECTBA OTPAKECHUN BIOJb TITABHON M BTOPOCTETIEHHOW YITUI] OT «yTJIay, TOHAT00UTCS
BBITIOJIHUTE Topsaka 2500 oreparuii, IpH YCIOBHH, YTO MaKCHMAaJIbHOE KOJIHYECTBO
OTpakeHUH BAOJb [VIABHOM U BTOpOCTENEHHON yiuIl paBHO 50, COOTBETCTBEHHO.

[locme BBIONHEHUST BCeX pacdyeToB O0IIee KOMMYECTBO MTepamuid Oyner Oojee
10000, u 3TO TONBKO TPH pacdeTe TOJBKO YPOBHsS CHTHaja B OMHOW Touke. [lpum
YBEIMUEHUH IUIOMIAAM pacdeTa, KOJIMYECTBO pacueToB OYyAET, COOTBETCTBEHHO,
YBEIMUMBATHCS, U IaXKe C MPUMEHEHNEM COBPEMEHHBIX CPEICTB BEIUMUCINTEILHON TEXHUKH
BpeMsI pacdeTa MOXKeT HECOU3MEPUMO OOJIBIITNM.

Takum 00pazom, ¢ MPUMEHEHWEM METOAOB ONTHMHU3AIMH BPeMs pacueTa MOXKHO
CYLIECTBEHHO COKPATHTb.

Ha ocHOBe mpuBeneHHOT0 ONMUCaHUS MOCTABICHHON 3a7add W aHaln3a METOJOB
omtumuzanuu  [17], BUAHO, YTO [N HAXOXKIEHUS OKCTpEMyMa 3aBUCHUMOCTEH
MPEJICTABJICHHBIX Ha pHUC. 6-8, 1enecooOpa3HbIM OyAET HCIIOJIb30BAHUE HEITMHEHHBIX
METO/IOB ONTHMU3AINN C HEIMHEHHBIMU OTPAaHUYCHUSIMH.

Jus BeIOOpa KOHKPETHOTO METOAa pEeHIeHHs 3aJadd, HEOOXOIUMO HW3MEHHUTH
MOCTAaHOBKY 3a]1a4y CIEAYIOIUM 00pa3oM — ¢ y4eTOM UMEIOIINXCsl OrpaHuueHni (puc. 6-
8), HaliTH JTy4 ¢ MUHMMAJBHBIM paccTOsIHUEM MpoxokaeHus mytu ot bC go MC.
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Pucynoxk 10. 3aBuCHMOCTD ATTMHBI JIyda OT KOJIWYECTBA OTPAKEHUH
BJIOJIb TJIaBHOW M BTOPOCTENEHHOM yIINI
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OO0miast 3aBUCUMOCTB paccTosiHuA npoiaeHHoro jgydom ot bC no MC (¢ yuerom
KOJIMYECTBa TEPEOTPAKEHUH BIOJb TJABHOM M BTOPOCTEIICHHOW YJIHII), TpUBEIEHAa Ha
pucynke 10. Ha mamHOM rpaduke MOXXHO 3aMETHTh, YTO WMEETCS OIWH TIIO0ATBHBINA
MUHHMYM, CJIEJIOBATEIIbHO, HAYaIbHOW TOYKOW OTCUETa NMPH HCIOIH30BAHUU METONa
ontummzauun Oyner touka (0; 0), KOTOpoil OygeT COOTBETCTBOBATH MHUHHMAIILHOE
paccTosiHuE X0/1a JTy4a OT 0a30BOI CTaHIIMK 10 MOOMIILHON CTAHIIHH.

Cpenu pa3muUHBIX METOAOB MPUEMIIEMBIX JUISl UCIIONB30BaHUS B MOCTABICHHON
3ajaue HauboJee MoIXoAAIuM OyIeT MeTo ] ITpadHbIX QYHKIHA.

Hcnonp3oBanne METOAOB ONTUMHU3ALNH (METOA ITPaHBIX GYHKIUHN) IS pacyeTa
YPOBHS CUTHAJIA B YCJIOBHMSX TOPOJCKON 3aCTpPOMKM METOIOM TPACCUPOBKM Jy4eH,
MOKa3ajo, 4To JJIs pacdera oJHoro Jryda Tpedyercs 70 Mkc. [l mpumepa, BO3bMeM, 9TO B
TOUYKY IIpHeMa CUTHaJa npuxoauT nopsiaka 100 mydeit, Torga 1uist pacyera MoaHOro ypoBHS
curHana norpedyercs 7 Mc.

B [18] mpuBoguTcs pazpaboTaHHas MOJENb, M PE3yIbTATHI [0 BPEMEHU pacyeTa B
YCIIOBHUSIX PealIbHOM rOpPOJICKO# 3acTpoiiku. Tak, ¢ UCIOIB30BaHUEM 3TOW MOAECIH, 00IIee
BpeMs pacueTa YpOBHS CHUTHajla Ha TPEJIOKEHHOW MecTHOCTH cocTaBuwio 5304 c.
(88,4 mMum.). [l cpaBHEHHS MPU PacdeTe TOW YKE MECTHOCTH BPEMsl pacyueTa, METOI0M
TPACCHPOBKH Jy4el C MpHUMEHEHHWEM onTuMm3anud, coctasmio 3780 c. (63 mun.). U3
MPUBCACHHBIX PE3YJIbTAaTOB BUJAHO, YTO BBIUI'PLIII 110 BPEMCHU, HpeI[HO)KCHHOﬁ MOACIHN B
KOMOWHAIIMU C METOIaMH ONITUMH3aLUH, cocTaBisieT nopsiaka 30 %.

A BriBoasbl

B crarbe paccmarpuBaeTca 3ajladya pacueTra YpOBHS 3JIEKTPOMArHUTHBIX MOJEN
0ecTpOBOHOM CBSI3M B TOPOACKUX YCIOBUSX JUIS OIPENETICHHUS 30H C BRICOKUM YPOBHEM
curHana. Jyid pemeHus 3ajadu NpejjaraeTcs UCIOIb30BaTh JIydeBOM MeToJ. JlaHHbIN
METOJI OCHOBaH Ha Pa3jIOKCHUM 3JIEKTPOMATHUTHOTO IOJIS HAa JIyYM M TOUCKE JIydei,
KOTOpPBIE COEIUHAIOT MEPEAAIOIIee U MPUEMHOE YCTPOMUCTBO, C YUETOM Pa3sHOPOAHOCTHU
ropojickoil 3actpoiiku. [IpHBeZeHbI pe3yNbTaThl PacueTOB HAa OCHOBE pa3pabdOTaHHOTO
AJITOpUTMa W SKCIICPUMCHTAJIbHBIX JAaHHBIX, B3ATbIX W3 JUTCPATYPHI. HpeI[JIO)KeHHHﬁ
MOJIXOJ] C HMCIOJIb30BaHUEM KO3 PHUIIMEHTOB KOPPEISIIUN U allllPOKCHMAIUN Ha OCHOBE
METOJa HAMMCHBIINX KBaJpPaTOB IIO3BOJIACT COKPATHUTh KOJIHNYECTBO I/ITepaHI/Iﬁ npu
pacderax ypoBHs CHUTHaja C MCIIOJIb30BAHNEM METO/Ia TPACCUPOBKH JIyuel B 2-3 paza 1o
CPaBHEHUIO C OOBIYHBIM METOIOM TPACCHPOBKH JIyUeH.
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The usefulness of ICT/CI
for advancing economic and social sciences

Ladislav Andrasik

Abstract:

84

This article is some attempt for impeachment of traditional approaches and methods
used by main stream economics and to show and demonstrate the several possibilities
of ICT/CI (Information Communication Technology / Computational Intelligence)
for advancing economic and social sciences. This may be understood also as heresy
of traditional economics and/or political economy. More definite statements we are
mainly treating with Socio-Economic System (which is a type of complex system that
consists of social and economic elements) not with Society and/or Economy alone
ones. Descriptions of these systems tend to have significant qualitative elements and
are difficult to analyse using traditional macroscopic and/or microscopic techniques.
Our difference approach to study economies is rest in question of subject matter of
socio-economic science and/or of economics in wide sense. For example according
to preferred in our days economist P. A. Samuelson the subject matter of economics
is a science that studies only those activities of human being which he undertakes to
maximize his satisfaction by making proper use of scarce resources. We are declaring
that subject matter of economics is study of behaviour of economy as a whole in ob-
jective reality that is in its complex evolution in variable ecosphere not only activities
of single human beings separately. In narrow sense the subject matter of socio-eco-
nomic science is to study of results of social behaviour in its evolution. For that pur-
pose the ICT/CI means, methods and tools are more suitable than traditional ones
used by mainstream economics. The difference is rest in possibility to study evolving
economic organism from bottom-up in virtual reality whereas tradition economics
must beforehand build mental models by mode up-down which is wholly subjective
product weekly corresponding with reality. In virtual reality arising in ICT/CI envi-
ronment we are acquiring different computational economies very convenient for sci-
entific comparing with economy in objective reality.
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A Introduction

We don't live in dreamworld of P. A. Samuelson
but in very complexly evolving objective reality.

There are at least four classes of socio-economic objects which may interest scientific
analysis. These are: 1. Independently evolving socio-economic object in objective reality;
2. Primordial mirror reflectance the first one in his/her mind (mental model); 3. Scientific
elaboration of mental model to be suit for computational run (virtual laboratory)!; 4. In
computational intelligence? environment spontaneously from bottom to up arising socio-
economic object with minimum starting impact of human subject. From that point of view
there are obviously, becomingly to four classes of socio-economic objects, four different
socio-economic sciences and/or economics too. It may be clear that traditional economics
analyse the second object (mental model) and partially the third one that is — distincte et
aperte — not directly studies the first one, as traditional economics wont us to assure. The
contemporary mainstream economics is dealing with abstractly fabricated parts of econo-
mies, whilst economy in objective reality is living in its complexly evolving wholeness.
This article is some attempt for impeachment of traditional approaches and methods used
by main stream economics and to show and demonstrate the several possibilities of ICT/CI
(Information Communication Technology / Computational Intelligence) for advancing eco-
nomic and social sciences. This may be understood also as heresy of traditional economics
and/or political economy. More definite statements we are mainly treating with Socio-Eco-
nomic System (which is a type of complex system that consists of social and economic
elements) not with Society and/or Economy alone ones. Descriptions of these systems tend
to have significant qualitative elements and are difficult to analyse using traditional macro-
scopic and/or microscopic techniques. Our difference approach to study economies is rest
in question of subject matter of socio-economic science

! The second and third classes were made by human subjects by mode up to down, however.

2 The central scientific goal of Computational Intelligence is to understand the principles that make

intelligent behaviour possible in natural or artificial systems.
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and/or of economics in wide sense. For example according to preferred in our days econo-
mist P. A. Samuelson the subject matter of economics is a science that studies only those
activities of human being which he undertakes to maximize his satisfaction by making
proper use of scarce resources. We are declaring that subject matter of economics is study
of behaviour of economy as a whole in objective reality that is in its complex evolution in
variable ecosphere not only activities of single human beings separately. In narrow sense
the subject matter of socio-economic science is to study of results of social behaviour in its
evolution. For that purpose the ICT/CI means, methods and tools are more suitable than
traditional ones used by mainstream economics. The difference is rest in possibility to study
evolving economic organism from bottom-up in virtual reality whereas tradition economics
must beforehand build mental models by mode up-down which is wholly subjective product
weekly corresponding with reality. In virtual reality arising in ICT/CI environment we are
acquiring different computational economies very convenient for scientific comparing with
economy in objective reality. This essay is falls to three sections. In first section we are
approaching for readers some difficulties with the object and subject matter of socio-eco-
nomic sciences. Second section is devoted to better understanding of several reasons why
economic investigations, reasoning and imagination need to use ICT/CI. Simple MAS based
virtual market of labour forces are presented in third section let to be better understanding
differences between virtual economies created from up-down versus bottom-up. However
this essay, generally speaking, is an introduction to the power of using ICT/CI devices,
methods and tools in socio-economic sciences. It is also a little deeper introduction to the
power of using multi agent [8] approach and methods for simulation economic models [28].
In line for to fact that very large methodical and tool kits obstacles arising with connected-
ness of specific character of socio-economic world about, we have written earlier, we was
forced to use so simple Agent-based model [7-8], [12], [19] as it is even possible.

h 1. The difficulties with the object and subject matter
of socio-economic sciences

By our understanding there is no unique exact notion what are Economic and/or Sci-
ences in one side or Economics on other one. Another difficult open question is: “What
Economy and/or Society in objective reality truthfully are?” In the literature one can find
several more or less close-fitting explications of these matters. For example for Economics
we can find several definitions but these four are dominant: 1. General Definition of Eco-
nomics, 2. Adam Smith’s Wealth Definition, 3. Marshall’s Welfare Definition; and 4. L.
Robbins’ Scarcity Definition. It is import for the purposes of this essay to narrowly speci-
fying these ones:

1. General Definition of Economics ... the word economics is derived from the an-
cient Greek word oikonomia — meaning the management of a family or a household. By
Dotan Leshem from Israel “Nearly every economist has at some point in the standard
coursework been exposed to a brief explanation that the origin of the word “economy” can
be traced back to the Greek word oikonomia (owcovouia’), which in turn is composed of two
words: oikos, which is usually translated as “household”; and nemein, which is best trans-
lated as “management and dispensation.” “[cd, p.225-226]
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2. According to Smith ... “The great object of the Political Economy of every country
is to increase the riches and power of that country.” [cc, p.]. Like the mercantilists, he did
not believe that the wealth of a nation lies in the accumulation of precious metals like gold
and silver.

3. Alfred Marshall in his book Principles of Economics (1890 [ab]) placed emphasis
on human activities or human welfare rather than on wealth. Marshall defines economics
as “a study of men as they live and move and think in the ordinary business of life.” [ab,
p.] He argued that economics, on one side, is a study of wealth and, on the other, is a study
of man.

4. Robbins’ Scarcity Definition ...The most accepted definition of economics was
given by himin 1932 in book An Essay on the Nature and Significance of Economic Science.
According to Robbins, neither wealth nor human welfare should be considered as the sub-
ject-matter of economics. His definition runs in terms of scarcity.: “Economics is the science
which studies human behaviour as a relationship between ends and scarce means which
have alternative uses.” [bb, p.]

We know however that there are also several other definitions of objects and subject
matters of Economic and/or Social sciences, Economics, Socio-economic sciences, etc. ex-
isting in literature of history of sciences, because various scholars have different views
about these subjects. The acute problem in this essay is with the object of Economic science
because not every economist clearly specifies of the object of his/her scientific interest.
Very frequently there are in theirs mind in fact something as Economy in objective reality,
but is staying in shadow or foggy stage, without clearly specification of their characteristic
features. That is just it what is leading to several misunderstanding from the point of view
of ontology, epistemology and/or methodical (toolbox) approaches. By Epistemology we
understand the study or a theory of the nature and grounds of economic knowledge in de-
pendency on ontological imagination and especially with reference to limits and validity of
knowledge achieved with such a way. In the context with former by Ontology we are mean
clear specifying the object matter of the directly and/or hidden used entity named Economy.
Because of low consequentialness in specification object and subject matter of an Econom-
ics there arising several heavy misunderstanding not only among economists but among
political parties and persons and in business too. We was written in lower item some very
typical specification of subject matter of an Economics and/or a Political Economy deriving
from famous scholars earlier in the begin of this section.

h 2. The reasons why economic investigations, reasoning
and imagination need to use ICT/CI

There are several reasons why economic investigations, reasoning and imagi-
nation need to use ICT/CI. In this article we are focusing only on subsequent ones:

Economy is Biologically Populated System and/or Organism

There are several animal categories creating socially organised populations
which have common economy. Among others there are known socially organized
insects: termites, honeybees, ants, etc. All of these ones are behaving to be having
common source for surviving. The most perfect animal such behaving specie is
“Homo sapiens sapiens”.
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It is known that in ant colony there are wide division of labour and coopera-
tion among members of population. But only in human population aroused wide
variety of interactive behaviour, which is baseline for long last functioning of com-
mon economy. It is obvious that biological population can be abstracting in the form
of mathematical functions, but such approach not enough for articulating its com-
plexity. On the other hand contemporary ICT/CI

Economy is Social System and/or Organism

Economy even in first sight looks as social (and/or collective) system because
it is created by population of human agents. We understand social system as it is an
organization of individual agents into groups or structures that have different func-
tions, characteristics, origin or status. The social system approach to economy is
important because it might break a larger population down into family groups,
races, religious affiliations, gender, wealth categories and social classes. Tradi-
tional economics even when collective organisations are studied, the main focus is
done on the ways in which their mode of operation is affected by the choices made
by individuals. But choices of sum of all individuals are not statistically calculated
means because the whole of behaviour of every individual is a result of interactions
in a network not results of statistical operation with decisions of single individuals.
In this sense economy is not a sum of various cardinal or ordinal numbers but living
social system and/or organism that is not only quantity but complex quality too.
From several predecessors of these subjects, these are of the approaches to econo-
mies as socio-economic system, for our reasoning has decisive impact notably the
works of A. Marshall, Jay Wright Forrester, Niklas Luhmann and Talcott Parsons.
For example by A. Marshall “Economics is a social science and not one which stud-
ies isolated individuals or Robinson Crusoes. Economics study people living in so-
ciety influencing other people and being influence by them.”® Also by N. Luh-
mann's* vision of the economy, which is summarized mainly in his Wirtschaft der
Gesellschaft, wherein he addresses basic economic notions: the economic system,
money, prices, rationality, and the market. It may be interpreting his ideas in the
context of up to day discussions in economics (intersubjective structures, complex
systems, and evolutionary modelling). We can also be in agreement with some of
heuristics implied by Luhmann's economic ontology, which are possibly interesting
for methodological and theoretical approaches of contemporary economics. For
our thinking it is also important that he developed a conceptual apparatus linking
general systems theory, sociological insights on communication and the structure
of society, conceptions from biology, and evolutionary ideas.

8 After more than hundred years it is proved that several Marshall’s definition of economics formed
the basics for main stream definitions of economics.

4 Niklas Luhmann (1927-1998) was a social thinker who tried to construct a universal social ontology
of modern society.
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Economy is Complex System and/or Organism

The path to better understanding the economy requires treating the economy
as the complex system that it really is. We need more realistic behavioural models,
but even more important, we need to capture the most important components of the
economy and their most important interactions, and make realistic models of insti-
tutions. The complex systems approach is intermediate between traditional eco-
nomic theory and econometrics. Traditional economic theory is top-down, model-
ling decision making from first principles, and then testing against data later. By
“first principles” we mean the requirement that theories have “economic content”,
i.e. that they derive behaviours from preferences. Econometrics, in contrast, takes a
bottom up, data-driven, but fundamentally ad hoc approach.

The complex systems approach sits in the middle, taking as we was written
earlier a bottom up data-driven approach that differs from traditional econometrics
by explicitly representing agents and institutions and modelling their interactions,
without the requirement that everything be derived from fundamental principles.

It has the potential to free behaviourism from the straightjacket of equilibrium
modelling, and to bring the computer revolution fully into economics. This path will
at times involve abandoning economic content in favour of economic realism.

Economy is Evolutionary System and/or Organism

We begin by example from Biological Evolution following H. Simon. He writes
that: “What lessons can we draw from our parable for biological evolution? Let us
interpret a partially completed subassembly of k elementary parts as the coexistence
of k parts in a small volume ignoring their relative orientations. The model assumes
that parts are entering the volume at a constant rate but that there is a constant
probability, p, that the part will be dispersed before another is added, unless the
assembly reaches a stable state. These assumptions are not particularly realistic.
They undoubtedly underestimate the decrease in probability of achieving the assem-
bly with increase in the size of the assembly. Hence the assumptions understate
probably by a large factor the relative advantage of a hierarchic structure.” [yz,
p.190/.

Economy is Political System and/or Organism

Economy as a whole is in its historical context also under politically influ-
enced objectives. From these points of view the economy is object of economic
science named “Political Economy”. More direct subject-matter of political econ-
omy is the network of various economic relations among its different agents.

Economy is Hierarchic System and/or Organism

H. Simon stated that “By a hierarchic system, or hierarchy, I mean a system
that is composed of interrelated subsystems, each of the latter being in turn hierar-
chic in structure until we reach some lowest level of elementary subsystem. In most
systems in nature it is somewhat arbitrary as to where we leave off the
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partitioning and what subsystems we take as elementary.” [yz, pp.184-5 /. Etymolog-
ically the word "hierarchy™ has had a narrower meaning than Simon giving it his
quoted monograph, fyz, p.185/. He writes that “The term has generally been used
to refer to a complex system in which each of the subsystems is subordinated by an
authority relation to the system it belongs to. More exactly, in a hierarchic formal
organization each system consists of a "boss" and a set of subordinate subsystems.
Each of the subsystems has a "boss" who is the immediate subordinate of the boss
of the system.” [yz, p.185/. By the way, in communist system this is the so called
“principle of unique one chief”.

Economy is Networked System and/or Organism

We have to imagine economies as networked by human and in our times also
computational agent (i. e. softbots etc. and the Internet and the World Wide Web)
entities®. Or by another way: the economy he/her can take in as a network of links
between the socio-economic agents involved. Such entities have socio-economic
character. A socio-economic network is a social structure made up of a set of socio-
economic actors (that is agent such as individuals or organizations), sets of socio-
economic interactions between actors. The socio-economic network perspective
provides a set of methods for analysing the structure of socio-economic entities as
a whole, as well as a variety of theories explaining the patterns observed in these
structures. The study of these structures uses complex network analysis to identify
local and global patterns, locate influential entities, and examine network dynamics.
It is clear reality that the dramatic growth of the Internet and the World Wide Web
are changing the way we study different classes of socio-economic systems in our
days.

Economy is Ecologically Structured System and/or Organism

The relations among agents creating socio-economic structured may have
ecological characters too. As it is known ecological relationship is the link between
two organism’s species in nature. All organisms in an ecosystem are connected in
one way or another. Each interaction depends on the one before it. Each population
of species interacts with one another in a complex web of relations. In socio-eco-
nomic system with population of species we can understand groups or populations
of physical and/or legal persons. Ecological relationships help better to describe
and understand how different agents (species) are connected in a network. There
are ecological relationships in which two are oppositional and four are symbiotic.
The oppositional relationships are predation and competition. The symbiotic rela-
tionships are mutualism, commensalism, amensalisms, neutralism, cooperation and
parasitism. The ecological relationship between/among physical/legal persons has
depends on the way they adapted to its environmental/legal/competitive pressures
on evolutionary basis.

5 A computational agent is an agent whose decisions about its actions can be explained in terms of
computation. That is, the decision can be broken down into primitive operation that can be imple-

mented in a physical device.
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Economy is Nonobservable System and/or Organism

The economies in objective reality are directly nonobservable systems. On the
other hand economies made by human subjects may be analysed as mental model
and also in mathematical formalism with exact methods. Only computational econ-
omy evolving in appropriate computational intelligence environment is directly ob-
servable by scholars, student and other that are observation of running for example
in PC experiments.

All these problems and/or tasks connected with specific characters of socio-
economic entities evolving in objective reality are such that for them there are nei-
ther effective mathematical creations nor computational algorithms made for models
created by mode up-down. Socio-economic entities in objective reality as a whole
are very difficult terrain for scientific research. Only computational economies
spontaneously evolving or was evolved in CI environment being of subjects of sci-
entific observation and research. For that we are aptly demonstrating simple Agent-
based model (see also[7]) in environment of multi agent system (MAS)®, which is
partially joint product of research of authors of this essay and his graduate and doc-
torand B. Misota’ [27] and L. Horka, also one of graduate of us [14 - 17].

A 3. MAS based virtual market of labour forces

Let us begin with simple model of labour forces market built by mode up-
down. Under these circumstances one can better understand the behaviour in labour
forces market predominantly when it is used economists idea of Backward bending
supply curve of labour forces. On verbal propositions, demand and supply functions
of the wage rate of the labour forces works with the consideration that its adjustment
equation depends on the wage rates observed in the former period (or former step of
iteration) and on the difference between demand and supply

D, = a - bp
The formalismis S, = —c +dp,, (1)
D, -S =0,

where the third equation is the requirement of the so called market clearing
the result of which is synonymy of market equilibrium. After substituting the first

& Multi-Agent Models/Simulations (MAM/MAS) — Simulation may be used to enhance knowledge
of socio-economic sciences. MAM/MAS give us the possibility to make artificial universes (worlds)
that are small laboratories for the testing of theories about local behaviours even today and complex
ones in the future.

" The whole results of meant research were not commonly published up to now, but was used to write
dissertation thesis in Slovak language (English translation: “Market evolution on the base of

MAM/MAS”, 2010 FEI STU).
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and second equations to third and considering D - S #0 we can receive the difference
equation for evolving price

P =P + (2 —bp) —c(-c+dp) =a+c+ (I1-b-d)p,. 2
Supply function of labour force for backward banding is
_ _ an?
S(p),=a+bp—ep 3)
and similarly for sigmoid contour is
S(p). =a+bp—ep’® +gp’ 4)

The equation of quadratic supply of labour forces with deluge of supply sub-
jects expectations of future wage rates one can writes as difference equation

2
_ta be, G pﬁe)j , when are varying by p®© , (42)

pt d d

or expressed as topological map

et e

d d

2
€
ool (4b)

Following down we are used two simulation in Excel and two in STELLA to
demonstrating the complex behaviour of the labour market with quadratic and cubic
supply function of labour force (fig. 1 — 3).

More sophisticated approach to simulation market process in form of cobweb
model we were find in J. Arifovic essay [6]. She is using for that task genetic pro-
gramming as a multiagent system. On her model were attached two scholars Shu-
Heng Chen and Chia-Hsuan Yeh [21, see pp.5-6] and shows that the rational expec-
tations equilibrium price which can be discovered by genetic algorithms can also be
discovered by genetic programming. Furthermore, they furnished that genetic pro-
gramming requires much less prior knowledge than genetic algorithms.
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Figure 3. Author’s simulation experiment in STELLA
demonstrates deterministic chaos

For example and to compare with MiSota mental model we are debate some
issue of theirs model. They consider a competitive market composed of n firms
which produce the same goods by employing the same technology and which face
the same cost function described in equation (5).

1
Ci,t = X0 ; +§ ynqiz,t (5)

where C, , is the cost function of firm i at time t, n is the number of firms, g,

Is the quantity supplied by firms i at time t, and x and y are the parameters of the
cost function. The expectation of price P, is expressed as B. The formation of P}

is determined by genetic programming. Given P and the cost functionC, , , the ex-
pected profit of firm i at time t (R?) can be expressed as follows
H?,t = Pi,etqi,t - Ci,t . (6)

GivenPRj, q;, is chosen at the level such that IT;, can be maximized and, ac-

cording to the first order condition, is given by

e 1 e
Git :W(Pi,t_x)- (7)

94



The usefulness of ICT/CI for advancing economic and social sciences

Once q;,is decided, the aggregate supply of the goods at time t is fixed and
the P, which sets demand equal to supply is determined by the demand function

P =A-BYq,. ®)

i=1

Given P, the actual profit of firm i at time t (IT;,) is

Il = IDi,tqi,t _Ci,t . (9)

In a representative-agent model, firms are assumed to hold identical expecta-
tions and hence identical production, i.e., P{ =PR°® and g, = g, for all i. In this case,

equation (8) can be rewritten as follows

P, =A—an:nqt=A—B%(Pte—x).8 (10)

i=1

We hope that the reader will judge that MiSota’s model is more convenient for
purposes of our goals of essay than former demonstrated up based on equations (5-
10) and based on compare of following explanation. Actually better demonstration
we can show by one of bottom-up methods as we written earlier is a computational
economy of MAS type — the subject of this section. On the background of variable
occurrences of contemporary world globalisation and economic shocks in the EU,
it is timely and useful to develop new imaginations on the functioning of economies.
These imaginations should significantly assist us in the investigation and under-
standing of real-life economic processes. We deal with some possibilities of simu-
lation experimentation with the model of virtual economy in the interest area of la-
bour force market. Environment of computational economy created by up-down
manner however contains also some formalism of conventional economics which
are transformed into digital form. As such they can be the precursors of introduction
beginning values of parameters for simulation model of economy. In the structure
of multiagent approach we are imaging with three chief and essential types of agents
that is with: firms, households and with the producers of technologies. Figures 4, 5
and 7 are showing information about agents, and its environment. In comparison
with earlier commented approach it is for example important that in MiSota’s con-
ception there are following categories of virtual market mutually cooperating with
one to others (and naturally all different agents too):

8 That model is rewritten from [21, pp. 5-6] only with moderate differences.
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o Labour forces market — there are household supplying theirs labour forces as im-
portant means of production to producers of technologies and to goods and services ones.

¢ Market of technologies — technologies is very important factors of production, be-
cause the gquantity and quality of usefulness goods and services rests also on them.

o Market of usefulness goods and services — generate possibilities to satisfaction of
demands of usefulness goods and services that is of final consumers and producers of tech-
nologies too.

e Market of money — is a loci, where are going on reallocation of money and/or
financial leisure/idle resources, brokered with systems of bank.

Environment
Living area of
agents population

‘ * Actions
| Agent i
’ Agent 11 I

Figure 4. Population of agents as a component of environment
and Agent n interacting with its

------ organizational relationship
= interaction
(@] agem

(Wooldridge 2002, p.106)

sphere of influence

Figure 5. Typical structure of a multiagent system
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Figure 6. Faximile of book cover
Figure 7. Abstract image of Agent-Environment System
scheme by Mili & Steiner, 2008

In fig. 6 there is a title cover of M. Wooldridge book. Instead of excessive
verbal texts we are bringing four scheme of MiSota doctorand research results only
moderately modified with us. But it is needed some comments about his research as
awhole. He is using some knowledge on computational agents and multi-agent sys-
tem for ramification his model building idea.
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Figure 8. The links between Demand and Supply sides of a market
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Figure 10. The scheme of interactions among subjects in contextual environment

® B. MiSota’s scheme was originally in Slovak language, we are only moderately customized his
original one.
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There are these four entities (basic subjects) in the simulation model: House-
holds, Firms, Government (represented by Central Bank) and the Market as a whole
(represented by four different markets specified earlier. There was introduced entity
as producing of technologies for both sectors: - of producing technologies and - for
consumer goods and services ones too. For functioning of simulation model it is
important the direct arrangements its structure. Further it is need to create appropri-
ate existential environment for all types of agents. We hope that readers comprehend
deeper connections of model and its inner relates by substantial studying the ap-
pended schemes and graphs in fig. 4 — 5 and fig 7 — 13.
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Figure 13. Evolution of interactions among agents in terms of wage rates
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We are presenting for shortage of area only four results of modelling and sim-
ulations of interactions among agents by the means of labour force price (wage rate)
fig. 13.

The readers who are deeper interest about Misota’s research and achieved with
him result can them directly connect by his e-mail:

branislav.misota@gmail.com.

A Conclusion

There are several reasons why economists and generally speaking social sci-
entist have serious difficulties with learning about economy as a whole in objective
reality. We are focused attention only to six characters of an economic system and/or
organism that is:

— Biologically Populated; — Social; — Complex; — Evolutionary; — Hierar-
chical; — Political; — Ecologically structured; — Networked; and — Directly Nonob-
servable ones.

These special natures of economy in objective reality forced different scholars
to use very advanced approaches, methods and tools mainly based on conveniences
coming from ICT and/or CI revolution. Mainly directly impalpability of an economy
in objective reality needs us to construct vicarious economy by help of ICT/CI de-
vices. There are at least two approach to construct such ones: the first is mode from
up to down and the other is from bottom to up, in last with using principle of minima
prerequisites of constructor subject.

For advanced economic reasoning it has be great important to use approaches
going from sciences of complexity. We are also as several other scientists reflecting
on the fast growing complexity sciences (particularly over the last three decades)
and their challenging and progressing mix-up with socio-economic investigation.
However maybe hardly anybody among our readers knows that complexity sciences
are not discovery of every last decades. As we know the first scholar who are di-
rectly reasoning and writing on complexity and their significance in science was W.
Weawer [37] immediately after end of WWII. We are convinced of the need to use
for socio-economic research of wide scale of new approaches among others com-
plexity theory and complexity science, computational modelling and the new sci-
ence of networks, swarm intelligence and big data, agent-based simulation and com-
putational neural nets, geospatial complexity and complex systems theory, e-science
and ecological systems theory, global network society, and others [35-36]. These
are the future paths in socio-economic research and education.

The first approach to creating computational economics was based on mode
up-down building economic models. It is starts on the ability to conceptualize an
economic problem verbally, creating the so called mental model. Further such ones
are formulate to different mathematical models, and then are represent the formal
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ism in appropriate software so that the model can be run (simulated) on a computer.
This approach, i. e. up-down built economic models is coming to be a crucial skill
for economists at present. This up-down class of computational economics uses
known economic copybook models, and also some brand-new ones. Our approach
is fundamentally different from earlier mentioned approach because is based on
mode from bottom to up building models, which are somewhat independent from
elemental imaginings of economists. We were shown that one on some scheme and
graphs culled from research of our doctorand M. Misota [27]. On the other hand, it
IS needless to say there are some successful Agent-based models of small portions
of the economy. Such are the models of the financial market built by LeBaron [19]
he provide a plausible explanation for bubbles and crashes, reproducing liquidity
crises and crashes that never appear in equilibrium models. Also Axtell [8] has
devised firm dynamics models that simulate how companies grow and decline as
workers move between them. Unluckily the shortage of place not allows us to deal
with them wider!!. For closer approaches to reveal differences between two devel-
oping modes that are up-down versus bottom-up we are used for demonstration three
different realisations in upper part of this essay, which are: 1. Congenial model of
supply-demand market customized for simulation running; 2. Genetic algorithms
model of J. Arifovic [6] modified by Shu-Heng Hen & Chia-Hsuan Yeh [31]; and
3. Multi-agent model of this essay author’s doctorand B. Misota.

The revolution in ICT/CI is brings for socio-economic sciences wholly new
very useful possibilities, approaches, methods and tool, but it will be not happy to
dedicate them property exceedingly of panacea. Accordingly to that wait for us there
a lot of to do together with informatics (integrative cooperation and coworking).
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knowledge when learning a foreign language

Hnugopmayuonnan cucmema peimunzoeoii OYeHKU 3HAHUL

oﬁyuammuxc;t npu u3yueHuu UHOCMpPAaHHO20 A3bIKA
Ekaterina Choporova, Andrey Preobrazhenski, Elena Alferenko

Examepuna Yonopoea, Anopeit llpeoopasxcenckuit, Enena Angpepenko

Abstract:
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One of the important tasks in professional education is to optimize the educational
process. It concerns the use of methods of controlling the assimilation of educational
materials. The purpose of using a rating system for students' knowledge evaluation
is to create conditions to motivate the autonomy of students through appropriate
means of assessing the results of their work. Rating system allows more objective
assessment of students’ knowledge, stimulates them in carrying out independent
search of materials, the beginning of independent scientific research that leads to the
development of the interest to the subject and, in psychological way, students move
from passive spectators to active participants of the educational process. There are
some special features in teaching foreign languages for technical universities, which
consists in different levels of students’ knowledge of foreign languages. The difference
in language training significantly impedes the process of learning, because when stu-
dents perform a very easy or a very difficult tasks, there is a decrease in motivation.
The rating system is a universal tool for determining the quality of student learning,
that is, a monitoring tool. We consider the problem of testing the knowledge of stu-
dents, when given a certain number of questions. Firstly, knowledge is measured by
means of traditional rating scale, and then goes to rating scale assessments. The re-
lationship between the traditional and the rating scale is based on the interpolation
approach. The rating scale has a certain flexibility, as in the course of evaluation we
can take its lower, upper or secondary value. The article also gives the description
of a software product, which is an information system of a rating estimation of stu-
dents' knowledge.
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Abstract:

Oonotl U3  BAJCHBIX 3a0a4 6 NPOPECCUOHATLHOM 00pPA308AHUU  AGISAEMC
onmuMu3ayUs y4eOHoeo npoyecca: Mo Kacaemcss U UCNONb308AHUS MEMO0008
KOHMpOonsa yceoeHus yuebnozo mamepuanda. Llenb ucnonv3osauus peumun208oll
cucmemvl  OYeHKU 3HAHULL 0OVHAIOWUXCA  3aKTI0YAemcss 6 MoM, UmooObl
chopmuposamv  YCioguss, MOMUBUPYIOWUE CAMOCHOSMENbHOCIb CMYOeHmMo8 Ha
OCHOBe  COOMBEMCMBYIOWUX CPeOCME8 OYEHKU pe3ylbmamos ux pabomol.
Peiimuneosas cucmema odaem 603modxcnHocmu 071 6onee 00bEKMUBHOU OYEHKU
BHAHUTL 00YUAIOWUXCS, CIUMYIAYUU UX K NPOBEOSHUI0 CAMOCIOAMENbHO20 NOUCKA
Mamepuanos, HaYaLy CamoCmMOoAMeNbHbIX HAYYHO-UCCIe008AMENbCKUX pabom, Ymo
gedem K pazsumuio uHmepeca K U3YUAeMOMYy HpeoMemy U NCUXOLOSUHeCKUM
o0bpazom oOyuaowuecs nepegoosamcs U3 NACCUBHLIX 3pumeneli u ciywamenetl 6
AKMUBHBIX ~ YUACMHUKO8 nedazozudeckoeo npoyecca. Cywecmeyem HeKas
0cobeHHOCMb  npu  00YYeHUU UHOCMPAHHLIM S3bIKAM 6 HesA3bIKOBbIX 8Y3dX,
cocmoawas 8 pasiudHOM CHMAPMOBOM YPOGHE UHOA3BIYHOU KOMMYHUKAMUBHOU
Komnemenyuu obyyarowuxca. Pasnuya 6 sa3viko60tl nodcomogke cmyoeHmos
SHAUUMeNbHbIM  00pazom 3ampyoHsem npoyecc o00yYeHUs, NOCKOAbKY, Npu
BbINOJIHEHUU CAUUUKOM NPOCMbIX, AUO0, HAOOOPOM, CIUUKOM CLONCHBIX 3A0AHULL
NPOUCXOOUM CHUNCEHUE MOMUBAYUU K UX 8bINOAHeHulo. Pelimuneosas cucmema
ABNAEMC  COBPEMEHHbIM  VHUBEPCAIbHbIM UHCIMPYMEHMOM Ol  onpeoeeHus
Kauecmea 00OyueHUs cmyOeHmos, Mo eCmb, UHCIMPYMEHMOM MOHUmMopuHea. B
cmamve  paccmMampugaemcs meCmuposanue KoMnemenyull o0yuarowuxcs npu
ONpeoeneHHOM KOAUYecmse BONpoco8 U OYEHUBAHUU 3HAHUU HA OCHO8e
MPAOUYUOHHOU WKATILL OYEHOK, a 3ameM NOCPeOCMBOM PeumuH2080l UKAIblL
oyenox. Ces3b Medncdy mpaouyuoHHOU U petimuHe080U WKAA0U OCYUeCmeIsiemcs Ha
OCHOBe  UHMEPNONAYUOHHO20  nooxoda. Petimuneosas wkana  obradaem
ONpedeneH Ol 2UOKOCMbIO, NOCKOIbKY NPU NPOBEOCHUU OYEHKU Mbl MONCEM 638Mb
ee HUDICHee 3HAYeHue UHMeEP8Ald, GepxHee UMU cpeduee. JlaHo onucanue
NPOSPAMMHO20 NPOOYKIMA, NPeOCmAsIsowezo cooot UHMOOPMAYUOHHYIO CUCEMY
PpelmuHe080U OYeHKU 3HAHUU 00YUarouuxcsl.

Keywords:

Obyuenue unocmpanHomy A3bIKY, MeCMuposanue, petimune, UHpOPMayuonHas
cucmema.
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A Beeaenne

Takxe Kak B TPHUKIATHBIX HayKaX OCYIIECTBISIETCS HEMPEPBIBHBIN TOUCK
BO3MOXXHOCTEH  YCOBEPIICHCTBOBAHUS  JICHCTBYIOIIUX  TEXHOJOTH, B  00JacTH
MEAArOTUYECKUX HAyK MBI MOXEM HaOMIOAAaTh TIOCTOSIHHBIA TIOUCK, CBS3aHHBIA C
COBEpIIICHCTBOBAaHWEM METOAMK mnpenonaBaHusa. Ilpu 53ToM KIIrOUeBOM  3amadeit
TEOPETHYECKHX W METOJUYECKHX HaIlpaBlIeHUH MpodeccnoHaIbHOT0 00pa30BaHuUs
CUMTAETCS ONTHMH3ANUS Y4eOHOro MpoIecca, B TOM YHCIE MOWCK COBEPIICHCTBOBAHHS
METOJIOB KOHTPOJS YCBOEHHsI ydeOHOro warepuana. llpum pemeHnn pa3imdHBIX
MPAKTHYECKUX 3aJ1a4, CBA3aHHBIX C IMOBBIIICHHEM ypPOBHS 00pa3zoBaHUs, oOecredeHHueM
TpeOyeMbIX KOMIIETCHIIMM TPH MOATOTOBKE CICIHMAIMCTOB, MOXKET OBITh UCIOJB30BaHA
pEUTHHTOBas CUCTEMa OLEHKH KauecTBa 3HaHUM CTyaeHToB [1, 2].

Hannast cucrema 3¢hpexTrBHA TSI OIEHOK Pa3HBIX AUCHUIUIMH. B maHHO# paboTe
paccMaTpuBaeTCsl BO3MOXKHOCTh WCIOJIb30BaHMs PEHTHHIOBOW CHUCTEMbBI MPHU H3YYCHHU
WHOCTPAHHBIX S3BIKOB. B naHHOM cily4ae He0OXOJMMO YUUTHIBATh CTCIICHb YCBOCHHS, KaK
YCTHOM peud, Tak M MUCHMEHHBIX HaBBIKOB. [Ipm 3TOM MOTYT OBITH HCIOIB30BaHBI
COOTBETCTBYIOIINE KOMITBIOTEPHBIE TEXHOIOTHH.

A 1 AHaau3 JUTEePATyPHBIX HCTOYHHKOB

CH0XHOCTD 3a11a4, CBA3aHHBIX C ONTHMHU3ALMEN 00yUYeHHS COCTOUT B TOM, YTO VIS
TOTO, YTOOBI TOCTUYb BEICOKHX PE3YJIBTATOB TpeOyeTcs, 4ToO0BI ObLI MPOBECH MOJ00P BeeX
(hakTOpOB, BIUAOMNX HA 3P(HEKTUBHOCTD YISOHBIX MPOIIECCOB, OCHOBHIBASICH HA aHAIH3E
TOT0, KaK OHU BIIMSIOT Ha KOHEUHbIE PE3Yy/IbTAaThl O0YUEHUS U, TOT1A, UX BCE MOXKHO OBLIO
ObI paccMaTpUBATh Kak ONTUMalbHbIE [6-8].

Ilenb HCIIOJIB30BaHUS PEUTHHIOBOM CHCTEMBI OICHKH 3HAHWHA OO0YYaroIIUXCS
3aKJII0YaeTCsl B TOM, YTOObI C(OPMHPOBATH YCJIOBUS Ul TOTO, YTOOBI MOTHBUPOBATH
CaMOCTOSITETIbHOCTh ~ CTYJEHTOB Ha OCHOBE COOTBETCTBYIOLIMX CpPEICTB OLIEHKU
pe3ynbTaToB WX paboTh. PeliTnHrOoBas cumcTrema JlaeT BO3MOMKHOCTH Juis Oonee
OOBEKTHBHOW OLEHKM 3HaHUH OOydYalolMXCsA, CTUMYJSILUM HX K IPOBEACHUIO
CaMOCTOSITETIBHOTO ~ TOMCKAa ~ MaTepHajoB, Haydaly  CaMOCTOSTEIbHBIX  HAaydHO-
MCCIIEIOBATENbCKUX PAa0OT, UTO BEJET K Pa3BUTHIO MHTEpECA K M3y4aeMOMY MpEeIMETy U
MICUXOJIOTHYECKHM 00pa3oM oOydarolmuecsi MepeBOMSATCS M3 MACCHBHBIX 3pUTENeH U
cilymareled B aKTUBHBIX YYaCTHMKOB Hexarorudeckoro mpouecca. CymiecTByer
0Cc0OEHHOCTH IMPU NPENOaBaHU HHOCTPAHHBIX A3BIKOB JJISl TEXHUYECKHUX BY30B, KOTOpast
COCTOHMT B TOM, 4TO HaOIIOJIAIOTCS OoJNbIIMe pa3OpoCchl YPOBHEH 3HAHWN CTYAEHTOB IO
MHOCTPaHHBIM s3bIKaM. Pa3HUIa B S3bIKOBOM IOATOTOBKE CTYAEHTOB 3HAYMTEIbHBIM
o0pa3oMm 3aTpynHSieT mpouecchl 00y4YeHHs, MOCKOJIbKY, KOTa OHH BBIIIOJHSIOT OYEHb
JIETKHME U OYEeHb CIIO)KHBIE 3aJIaHUs, TPOUCXOANT CHIDKEHIE MOTHBAIIUHU K VX BBIITOJTHEHUIO
[9]. PeliTuHroBas cucrema sIBISETCS COBPEMEHHBIM YHUBEPCAIBHBIM MHCTPYMEHTOM IS
oTpeJiesieHHsI KadecTBa 00yueHHs CTYACHTOB, TO €CTh, HHCTPYMEHTOM MOHUTOpUHra. Eme
oJlHa OCOOEHHOCTh MpPU OOYYEHHH B TEXHHYECKHX BY3aX COCTOMT B TOM, YTO YHCIIO
00y4JaeMbIX B TpyIIe MOXET OBITh AOBOJBHO OOmbIIMM. PocT 4rcna yenoBek B rpyrme
MOXET pa3HbIM 00pa3oM BIHUSATH Ha TO, KaKHE€ BO3MOXKHOCTH TPEHHPOBKH II0
onpenencHApIM HaBbikaM [10, 11]. Uncmo 4enoBek, HaXOMAIMUXCS B ayIUTOPHH, KOTIa
BBITIOJTHSIOTCS YIPaXXHEHHUS Ha ayIWpOBaHWE, HE OKAa3bIBAET CEPHE3HOTO BIMSHUS Ha
yueOHsIii npouecc. Ho, ecnu MBI paccMaTpuBaeM roBOpEHHE, TO
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pocT uncna ody4Jarommxcs OyAeT UATH C 3aKOHOMEPHOCTHIO OOPaTHO MPONOPLUOHATBHON
BpEMEHM, TIPU KOTOPOM TECTHPYEMbIiI HMEEeT BO3MOXHOCTH pas3roBapuBaTh Ha
WHOCTPAaHHOM s13bIKe [ 12].

VYka3zaHHbIE OCOOEHHOCTH NPHU M3YYEHUH MHOCTPAHHBIX SI3BIKOB, MO-BHIUMOMY, C
TOYKM 3pEHUS] BO3JACHCTBUS Ha XapaKTEPHCTHKH 3((EKTUBHOCTH y4yeOHOro mpolecca
HMEIOT CKOpEe HEraTHUBHYI0, YeM IIO3UTUBHYIO COCTaBIAOLIyt0. OIHAKO, IPH 3TOM,
CTYIECHTBHI TEXHIYECKUX BY30B HMEIOT OIIPEIECIICHHBIC IPENMYILECTBA, ECIIH CPABHUBATh UX
U Ipyrue xareropuu ooydaemoix. [lockonbKy AJs cBoel aanbHelei mpodeccnonanbHON
NEeSTENBHOCTH, KOTOpass CBfi3aHAa C pa3IUYHBIMM TEXHHUUECKHMHU JOCTHUKEHHSAMU,
CTYA€HTAMU TEXHHYECKHX BY30B, BO MHOIHX CIy4asx, HpOSBISETCA OOJNbIIMHA, €Clin
CpaBHHUBATH C APYTMMHU 00y4aeMbIMHU, HHTEPEC K MPOIeccaM pa3BUTHS HHPOPMAIOHHBIX
TEXHOJIOTHI, a TakKe OHH UMEIOT OOJBIINHA OMBIT Pa0OTHl C Pa3HBIMU KOMITBIOTEPHBIMH
pOrpaMMaMH, TO 3TO MOKET 3HAYUTENbHBIM 00pa30M PacIIUPUTh UX BO3MOXKHOCTHU IO
OOIIEHUIO C HOCHUTENSAMH SI3bIKa [UIA pasHbIX cTpaH. lIpomecchl oOwmieHHS MOTYT
OCYIIECTBJIATHCS KaK MpH MOMOIIM MEePEernucKy, TaK Ha OCHOBE ayAHO WJIH BUAEO CBA3U
nocpenctBoM cetu aTepreT. Ha 6aze coBpeMEHHBIX TEXHOJIOTHH, PacpOoCTPaHEHHBIX BO
BCEMUPHON KOMIIBIOTEPHOM CETH, €CTh BO3MOXHOCTH [UISl OCYIIECTBICHHS U ayAHo-, U
BUJICOCBS3M NPU MUHHMMAaNbHBIX (prHAHCOBBIX 3aTparax. Kpome MHTepHeTa, ymeHus mo
paboTe C TepCOHAIbHBIMH KOMIBIOTEpPAMU Jal0T BO3MOXHOCTH JJIsi CTYJEHTOB
HCIONB30BaHMsI BCIIOMOTATENbHBIX M O0YYarOIMX KOMIIBIOTEPHBIX HPOrpaMM, KOTOpbIE
MIOCTETIEHHBIM 00Pa30M CTaHOBSATCS BCe 00Jiee COBEPIICHHBIMHU.

[IpoBenenne moucka COOTHOIICHHSI THIIOB pEUYEBOM JEATENILHOCTH (ayAHpOBaHUE,
YTEeHHUE, NMHUCHMO, FOBOPEHHE), KOTOPOE J1aeT BO3MOXKHOCTH MO JIOCTHXKEHHIO BBICOKHX
pe3yabTaTOB MpU 00YYECHUH, NPEICTABISIET COOON OJHY M3 HEPELICHHBIX HAa HACTOSIIUMA
MOMEHT TIpo0JieM B3auMOCBs3aHHOTO o00ydenus [13]. OcyriecTBicHHe BbIPaOOTKU
TEOPETUIECKUM 00pa3oM 00OCHOBAHHBIX M AKCIIEPUMEHTAIBHBIM 00pa3oM MPOBEPEHHBIX
pEeKOMEHIAMil MO TOMY, KaK COOTHOCATCA THUIBI PEUYEBOW JEATEIBHOCTH, KOI/a
OpraHu3yeTCs y4eOHBIH IpoIiece, a0 Obl BO3MOKHOCTH JIJIS TOBBIIICHUS 3()()EKTHBHOCTH
yueOHOT0 Tporiecca.

B Hacrosimee BpeMsi B 00pa3oBaTeNbHOM IEATENBHOCTH, Hapsay € 3aladaMu U
Pa3BUBAIOILMMH BOIIPOCAMH, 3aMETHYIO POJb NPHOOpENN 3alaHusi B TECTOBOH (hopme.
Cucrema TeCTUPOBAHHS — COBPEMEHHBIH YHUBEPCATBHBIN MHCTPYMEHT TSI OTIPEAETICHIS
KayecTBa 00y4eHHs CTYJEHTOB, TO €CThb, HHCTPYMEHT MOHUTOPHHTA U MPOTHO3UPOBAHMS.
SABnsisicb OMHOBPEMEHHO KOHTPOJIMPYIOLIEN U AMarHOCTUIECKON CHCTEMOM,

[legarornyeckuii MOHUTOPUHT Ja€T BOZMOXKHOCTH JJISl PETYIISIPHOTO OTCIICKHUBAHHSA
KauecTBa YCBOGHHMA 3HAHMH W YMEHHH B Y4YeOHBIX IIpoleccax, NPEAOCTaBISIET
MpernojaBaTein0 OOBEKTHUBHYI0 M ONEPATUBHYI0 MHQOpPMAaLUi0 00 YpOBHE YCBOCHHS
CTY/JICHTaMH 00s3aTeNBHOTO0 Yy4eOHOro Martepuana. B 93TOH CBSI3M TEeCTUPOBAaHUE
o0OecriedrnBaeT akTyaJbHYIO TEXHOJOTHI0O MOHHUTOPHHTa KaK JEWCTBEHHOE CPENCTBO H
MeTox KoHTpousl. Ilenaroruueckoe TecTUpOBaHKE — 3TO METOJ M3MEPEHUs] 00y4EeHHOCTH
CTYIEHTOB, COCTOAIIMM W3 CHUCTEMBI TECTOBBIX 3aJaHUM, CTaHIApPTU3UPOBAHHOU
MIPOIIELyPHI MPOBEEeHNs, 00pabOTKH U aHaIm3a pe3yinbpraTos [14-16].

B cBoeil nuarHoctuueckol (DyHKIIMU TECTUPOBAHUE BBISBISIET YPOBEHb YCBOCHHUS
yueOHoro marepuana. TecToBble 3a1aHusI MOTYT OBITH CO3IAaHbI AJIsl CIAOBIX MM CHIIBHBIX
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oOyyaromuxcs, Ul TeX, KTO MHTEJUIEKTYaJIbHO OapeH WJIM MEHee CIIOCOOEH, Ul TOro,
4TOOBI MMPOBOAMTH CAMOCTOATENBHYIO PadOTy U KOMIBIOTEPHYIO CaMOITPOBEPKY YPOBHEH
MOJTrOTOBJICHHOCTH, JUIS TOTO, YTOOBI MPOBOAMTH ATTECTAIMIO WIIM MPOQECCHOHANBHBIN
otbop. B 3aBucumocTy OT 1enu, OnpeneNeHHble XapaKTePUCTHKU 3aJaHUi MOTYT OBITh
M3MEHEHBI, B OCOOCHHOCTH 3TO KacaeTCsl COACPKAHUSA U YPOBHS TPYIHOCTH.

PaccmarpuBass cooTHoIIEHHE OOBEMOB SI3BIKOBOTO MaTepHala B CBS3U C
COOTHOILICHHEM BHIOB PEUEBOH  JESTEIBHOCTH  IOCPEACTBOM  KOJIMYECTBEHHON
XapaKTePUCTUKU, MOKHO MPEAIOIO0KUTh MEPCIIEKTHBBI UI ONTUMHU3ALUN TECTUPOBAHUS
NPy M3y4YEHHUH HHOCTPAHHOTO S3bIKa CIEeRyIIUM o0pazoM. [Ipu HampaBieHHOCTH Ha
HaMHOTO 0oJjiee TpyIoeMKoe oOyueHHe YCTHOH pedr Ha WHOCTPAaHHOM SI3BIKE CTYIEHTOB
TEXHUYECKUX BY30B COOTHOILIEHHE OOBEMOB S3BIKOBOIO MaTepuana Uid HpPOBEICHHUS
TECTUPOBAHMSI TOJDKHO TAKXKE COCTaBJIATh: ayAupoBaHue — 25 %, utenue — 25 %, nucbmo
— 17 %, roBopenue — 33 %.

Lenpto manHON pabOTH sBHIAch pabOTKAa MOJENH M aNrOpUTMa PEUTHHTOBOM
OLICHKM 3HAHUM yYalluxcsl MpH H3YyYCHUH WHOCTPAHHBIX S3BIKOB U pean3alys UX B
MHQOPMAIMOHHOH CHCTEME.

[ 2 Mertoauka

PaccMmoTpum 3aaun MHTEPHIONSAIIH, TO3BOJISIONINE HAYYHO O0OOCHOBAHO OIICHUTH
3HAHUSA yUYaIIUXCS 10 pe3ysIbTaTaM uX TecTupoBaHus [17].

[TocranoBka 3aga4u ciemyromas. JJaHo: T — 9MCII0 BOITPOCOB KOHTPOJIS 3HAHUH; Xi,
(i=1,2,,n)—0amw1, noxyyaeMblil y4amuMcsi 0 i-TOMY BOTIPOCY B TPAAMIIMOHHON CHCTEME
OLICHKH 3HAHUM.

Hano onpenenuts oneHKy 3HaHUH OayiaMy peHTHHT-CHCTEMBI.

3agaua pemaercs Ipy TaKuX JOMYIICHUSIX: 00y4aeMblil HE aTTECTyeTCs P OLICHKE
HEYIOBJICTBOPUTCIILHO, TpaAuIUOHHBIMHA OLICHKaMH 3HAaHUN ABJISIFOTCS:
YIIOBJIETBOPUTENIEHO, XOPOLIO, OTIUYHO, KOJUPYEMbIE COOTBETCTBEHHO unciiamu 3, 4, 5.

IIpoBenem pemenne 3anaun. O603HAYNM:

X — OaJI1 B TPAJIMIIMOHHOM CUCTEME OLICHKH 3HAHU;

Z — Gann B peHTHHT-CHCTEME, COOTBETCTBYIOMIMI Oaity x. Torna 3aBUCUMOCTD Z(X)
MOXeT OBbITh IIpeAcTaBieHa B Tabnuue 1.

Temneps 3aa4a COCTOUT B ONPEACTICHUN MaTeMaTHYeCKOH MOJICH B BUJC QYHKIMH
z =f(x) u perraercst oHa MeToaaMu UHTeposu. OcoOEHHOCTh JAHHOW 3aJ]aull COCTOHT
B TOM, YTO TA0JIMIIa COOTBETCTBUS B CTPOKE Z HE COJACPIKUT YUCIIOBBIX 3HAUCHHH.

Tabmuna 1. 3aBucHMOCTb Z(X)

X CooTBeTcTBHE 0AJIIOB COBPEMEHHON

1 PEUTUHIOBOM CUCTEM OIIEHKU 3HAHUU
z 3 4 5

z3 z4 z5

Hamuy naHHblE HEe SIBISIIOTCS HM ONBITHBIMHM, HU PAcUYETHBIMH, [IOTOMY OHHU HE
coJepkar omuOOK. DTO JaeT HaM IPaBO MCIIOJIb30BaTh TOYHBIE METObI MHTEPIIOJISLHH.
Hamnbonee ynoOHBIM M3 HHUX SBIAETCS KIACCUYECKUH METOJ CBEACHHUS 3alaud
UHTEPIIOJSIUA K PEUICHUIO CHCTEMbl JIMHEHHBIX anreOpanveckux ypaBHEHH. B 3Tom
ciydae cucteMa OyJeT UMETh BULL:
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z;,=a+3b+9c
z,=a+4b+16c 1
z, =a+5b+25c

3mech TakKe MOXHO MPUMEHUTh NOJMHOMUAIBHYIO HHTEPHOJISIIUIO, TpPUOIIH-
XKEHHYIO B y3/1ax. B ciryuae, Korza 4ucio HeM3BECTHBIX HHTEPIIOSILIMOHHOTO TIOIMHOMA (a,
b, ¢) paBHo umciy y31m0B (x1, X2, X3), MOXXHO MONYYUTh TOYHOE perieHue. Mcnonb3yercs
METO]T HAUMEHBIINX KBaJPaTOB.

[Ipy TpamguIMOHHBIX METOAAX KOHTPOJISA 3HAHUHM OLIEHKA OOBIYHO BBICTABIISIETCS IO
3HAYEHHUIO CpedHero Oaiia, IOJIy4€HHOro oOydaeMbIM IIPH OTBETE€ Ha I BOIPOCOB.
KonnvecTBO cpemHux 3HaueHU Hpu OTBeTe Ha 1 BompocoB Oymer 2/2+1. Ilpu stom
cpeaHee 3HaYeHHE Oansa TpaAULMOHHON CUCTEMbI OyAET UMETh OHO U3 3HAUYEHHH:

3K 3 K ko012, ®)
cp n n

3necs:

I — YUCIIO 3aJaHHBIX BONPOCOB, K — CyMMa 0ajuloB, KaXIbli M3 KOTOPBIX SIBISETCS
JOTIOJIHEHUEM K OLIEHKE 3 10 J1000MY U3 BOIIPOCOB.

Uz (1) u (2) momyuum crenymoliee BBIpaKEHUE Uil OLCHKW 3HAHWK Oamamu

PEUTUHT-CUCTEMBI:

¢=1,(1-15y+0.5y%) +2,7(2-7) + 052y (y -1) 3)
3necs y = E
n

Baxwneiimeii 0coOeHHOCTBIO MOyYEeHHOH (DYHKIUH UHTEPIONSINN @ (X) SBIACTCS
€e He3aBHUCHMOCTb OT Juana3oHa OaioB pPEHTHHI-CHCTEMBI. OJTO MOXET OBITh
cTobayibHasl, ABEHaAUATHOANIbHAS WM Jro0as apyras cucreMa. /[ocTaToOyHO TOJIBKO
3HaTh TaONUIy COOTBETCTBHS OajUIOB PEHTHHI-CHCTEMBl M TPATULHMOHHOW CHUCTEMBI
OLIEHKHM 3HaHWi. Mbl paccMaTpuBaeM TaOnMIly 2, TONYYEHHYI0 METOJaMH SKCIEPTHBIX
OLICHOK U UTepanuil.

Tabnuna 2. CooTBeTcTBHE 0a/UIOB PEHTHHTOBOW M TPAJIUIIMOHHON CHCTEM OLIEHKH 3HAHUIA

X 3 4 5
z 51-73 74-90 91-100

Ha ocHOBaHMM 3TOM TaONHIIEI SK3aMEHATOP MOXKET YCTAHOBUTHh PEHTHHT CTyIEHTA B
JOCTaTOYHO IIUPOKOM juanazoHe OamnoB. @Dopmyma (3), momydeHHas MeETOJaMHU
WHTEPIOJIAINN, YCTPAHSIET MPOU3BOJILHBIN BHIOOP W TMO3BOJSET OOBEKTHBHO OIEHUTH
3HAHWS yd4allerocs OalylaMH PEUTHHT-CUCTEMBI 1O crobOamipbHOW mmKane. [lpu sToM
CYIIECTBYET MHOXXECTBO BapHaHTOB BbIOOpa 3HaueHWi z3, z4, z5, U3 KOTOpPOTrO
1Ie7IeCO00Pa3HO BBIJCIHUTD CISAYIOMUE TPH Han00JIee PEAIOITHTEIbHEIE:

[TeccumucTraecknii — 3HAYEHUSIM X, COOTBETCTBYIOIIUM OIleHKaM 3, 4, 5,
MIPUITHCHIBAIOTCS HIDKHUE 3HAYCHUs z, oTBedaromue Oamiam 51, 75, 100. DtoT BapuaHT
COOTBETCTBYET BHICOKHM TPEeOOBAHUSIM DK3aMeHATOPA.

ONTUMUCTHYECKAA — 3HAYCHHSIM X, COOTBETCTBYIOIIMM oOleHKam 3, 4, 5,
MPUITUCHIBAIOTCA BEPXHUE 3HAYCHHUS Z, OTBevarouue damnam 75, 85, 100.
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VYcpeaHeHHbli — 3HaUeHHsI 0AJIIOB COOTBETCTBYIOT CPETHIM 3HAYCHUSM JTUATIa30Ha
z, T. €. z3=63, z4=80, z5=100.

Bo Bcex mpemmaraemeix Bapuantax npussTto z3=100, 4To HeoOXoauMO IJis pea-
JU3AIHAHA CTa0MIHFHON CHCTEMBI B JTFOOOM M3 BApHAHTOB.

IloacraBnss B (3) 3Hauenust z3, z4, z5, MONyYHMM OCHOBHBIE (OPMYIBI OIEHKH
3HAHUW OAJUTAMU PEUTHUHT CUCTEMBI:
BapUaHT NMECCUMUCTUICCKU:

2
z=51+2557-057 (4)
BAPUAHT YCPEAHCHHBIM:
2
z=63+1657 +7 (5)
BapHaHT ONTHUMHUCTUYCCKUM:
2
z=15+757+257 (6)

HHTepnonsaiuoHHbIM NOAMHOM (3) HE YYMTBIBAE€T TOTO, YTO yYaIUNCSH MOXKET IO
OJTHOMY U3 BOITPOCOB TOJIYYUTh HEYJOBJICTBOPUTEILHYIO OIICHKY, HO, TEM HE MeHee, ObITh
aTTECTOBAHHBIM, ITOCKOJIBKY 10 OCTAIBHBIM BOIIPOCaM ObLIT JaH MOJIOKUTENIbHBIN OTBET. B
3TOM ClTydae 3aBUCUMOCTh z=f(X) MpecTaBIseTcs B TadmuIe 3.

Tabmuma 3. 3aBUCUMOCTH TPAAUIIMOHHON U PEUTHHTOBOM CUCTEM OIICHKH 3HAHUN

X 2 3 4 5
y4 z2 z3 z4 z5

OtBeroM OyzeT crnenyromas QyHKIUs:

o(X) = -2, (O.17x3 —2Xi+7.8x—10) — 23(0.5x3

—5.5xi +19x — 20) — 24(0.5x3 —

5xi—15.5x —15) — Zg (0.17x3 —1.5xi+4.33x—4)

K omenke "oTimyHO" MpembABIAIOTCS Ooyiee BEICOKHE TPEOOBAHHS, YEM K OIIEHKE
"xopoio", a TeM OoJiee "yI0BICTBOPUTEIBHO". DTO SBJISETCS OCHOBAHHEM ITPE/IIOJIararh,
yto ¢yHkums z = f(X) He Ao/mkHA ObITh JuHEWHOW. Tak Kak Ta0JMIa COOTBETCTBUS
MIPEJICTaBJIeHA TOJBKO HAIOJIOBHHY B YHCJIOBOM BHJE, TO BCE METOIBI BBHIOOpa BHA
(DYHKIIMM MHTEPIOJISAIMHA 3/eCh HE MOTYT OBbITh NpUMEHEHBI. VcciemoBaTenb BIIpaBe
BbIOpaTh o0y u3 ¢yHkuuil. [Ipeamonoxum, uro ¢yHkuus z = f(X) mpencrasieHa
MOJIMHOMOM N-0i cTeneHu. BrIOOp cTeneHW MoJMHOMAa 37eCh OYEBUJICH — B TaOJHIlE
COOTBETCTBHUSI COJIEPIKATCSI TOJIBKO TPH 3HAYCHHUS Y3JIOB WHTEprosaiuu. Torma creneHb
HHTEPIOJIAUOHHOTO MMOJIMHOMA 1T = 2 OYyAET UMETh BH/I:

f(x) =a+bx + cx.

Hamwu naHHbIe HE SBISIOTCS HH OIBITHBIMH, HH PAaCUYCTHBIMHU, MO3TOMY OHH HE
COJIEPIKaT OMIMOOK. DTO JaeT HaM IIPAaBO MCIIOJIB30BATh TOYHBIC METOIbI HMHTEPIIOJISIIHH.
Haubosnee ymoOHBIM M3 HHX SBISETCS KJIACCHUECKUM METOJ CBEICHHUS 3ajauu
WHTEPIOJSAIUN K PEIICHUI0 CHCTEMBbl JIMHEHHBIX alreOpandecKux ypaBHeHHU. B 3Tom
ciy4ae cuctema OyaeT UMeTh BU/I:
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z;,=a+3b+9c
z,=a+4b+16¢ (7
zZ, =a+5b+25¢c

3mech TakkKe MOXHO MPUMEHUTh NOJMHOMUAIBHYIO HHTEPHOJSIIUIO, MPUOIH-
YKEHHYIO B y3/1ax. B cirydae, Korja 9ucio HeM3BECTHBIX HHTEPIIOIAIMOHHOTO ITOJIMHOMA (a,
b, ¢) paBHO uncy y310B (x1, X2, X3), MOJKHO MOJIY9UTh TOYHOE PEIICHHE.

Onucanue mNpoOrpaMMHOIO MpoAyKTa. PaccMoTpuM omucaHue HpOrpaMMHOIO
MPOIYKTa MOJACUCTEMBI PEUTUHIOBOM OLICHKH 3HAHUM ydaluxcsl.

Ha pucynke 1 mpencraBieHO TIaBHOE OKHO HPOTPaAMMBI PEUTHHTOBOM OIICHKH
3HaHWH yvammxcs (cTyneHToB). B nanHoM okHe mpuBeaensl: crnmcok rpymn, ©.M.0. u
KypC, ydamuxcs (CTyJeHTOB):

Data Base [E e T
Hosest CTyaenT

PenTuHr cTyaeHToB

Full Destrop{He Manamaare!) I

Unma IONecveo Ich lrwna -
M Bacy 3 wn-045
Haaexaa Bagemposta 4 Un-035
Eerersit Arapees 4 we-031
Buxrop Bopucosn 1 wn-052

Pucynoxk 1. Undopmarus 06 yqanmuxcs

[Ipu HaBeEeHNH KYpCOPOM MBIIIH HA BKIAAKY “HOBBIN CTYACHT (pHUC. 2), TOSIBUTCA
OKHO, ITPY IOMOLIX KOTOPOTO MOYHO 100aBUTh K CIIMUCKY HOBOTO ydalerocs (CTyAeHTa):
HosuM CTynesT ¢ S \

[Hraa .
! Hosan rpy'ml Ky

n -
Y

Ic‘amma I Coxaam l rl”l’“
e Brang i :'

{vaw

Pucynox 2. HoBblit cTyneHT

Tenepb paccMOTPUM OKHO, KOTOPOE TIOSIBUIIOCH TIPY BHIOOPE CBOMCTB yUarerocs.
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B manHOM OKHE MPUBOATCS pacueTHBIE JaHHBIE M0 ONpPEAeICHHOMY yJaIleMycs:
-«¥Y» — Tekymas ycieBaeMocCTb
-«T» — TecTtupoBanue
-«ID» — [IpakTHueckre HaBbIKU
-«KJI» — KosnokBuym
-«KH» — KonTpoabsHsie
«C/by» paccuuTbiBaeTcs o Gopmyie:
(V' *20%) + (7"*10%) + (/1 *20%) + (KJI *30%) + (KH *20%) ®)
100%
- «bammpy — MO ONTUMHCTHYECKOMY, MECCUMHCTHIECKOMY WIIH YCPEeTHEHHOMY
METOJTy, KOTOPBIM Mbl MOXKEM BBIOpATh Ha BKJIaNKe: “BhIOOp MOJEIN OICHKU 3HAHUN, B
JAHHOW Tpade MbI HOTy4aeM 3Ha4eHUs] HanboJiee TOYHOTO pEHTHHTa JaHHOTO Y4allerocs.

R =

Esrenw puuesuy BIAAMMUPOBUY PeaTur ycnesaemoctu
Y T n m KH c& Bann e Ot aa v s o) pagrmer
HTDA 70 15 s ‘ 0 155 1% : G &
pasia 53 o 3 i 22 ¢ 12 o peye) v~ :l‘:
£ [e—

WD 5 18 1% s ? 29 w7 s s

PYCCK A3 A N N s ) o
SICOARC 83, , ' ) L = C¥.3
nome o ) ] ] ° 4 004
TYPEH A7 ) ¢ " o ane w20

Boc cumems (01 'Y as o a1

Cpaas aremes 508 00000 4o G0 oot 1° TCrant

Dl poimer T2 TS10400% bt Priras sces (Tpmem

Dl »acit ot s = s Fowra

Omeacrmco os v e 0% -

Pacen
[Famas st
afsave)
YLt CeroagHa: uersepr. pespam 10, 15:12:21

Pucynox 3. PacuerHsie manHbIe

[Ipu HakaTM Ha BKJIQAKY B MpaBoM BepxHeM yriy (“Pacuer”), mosiBurcs rpaduk
peiiTuHra ycreBaeMocTH ydaierocs (puc. 3), Ha KOTOpOM IOKa3aH PEUTHHT M0 KaXIOMY
U3 IIPEIMETOB.

Ha nannoMm rpaduke Mbl MO’KEM MOCMOTPETH PEUTHHT TPYIIBI yyamuxcs (puc. 4).
B BepxHeill konoHke HaJ rpadKOM, TaKKe MPUBOAATCS UMEHA U CPEeIHUM Oail Ka)I0ro
CTYAEHTA U3 I'PYIIIbL.
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A BriBoabl

B paGore paccMoTpeHa 3agada OIEHKH 3HAHWM OOYYArOIIMXCS NPH W3yYEHHH
I/IHOCTpaHHBIX A3BIKOB. PaCCMOTpeHa MOACIb U aJ'IFOpI/ITM peﬁTI/IHFOBOﬁ OLCHKHU 3HaHHI71
CTYACHTA. Ha ocHoBe C(bOpMHpOBaHHOFO aJropuTtMa paSpa60TaH0 mporpaMMHOC CpeACTBO.

€ ~ANS0x

Esrenun Npuuesuy BIAQVUMUPOBWY PentuHr ycnesaemocty
Y T n K1 KH

cB Baanu — -
Oruescniemo s paguime
HTABA B 3 15 5 . 0 15 £19%5
panu a3 ) ¢ 2 0 i 517
R o 8 % 5 0 2% wn
PIVER 23 ‘ ] L] 0 L} AL
HCOAHC A3 ‘ 3 5 0 = B
NONBC A (3 3 3 ; 0 5 i
PERS ‘ 3 ¢ 44 0 3 Sa243
Bec comn 01 o 05 o1 o)
Cipmat 31remadi 000 00008 40 S0Mama DD 1™
Olané) pevimesr 52 7100625 calodse Poinar ocex chgamece
Batiop saoaeni cumws mareé fowrs Peines Kgpooe
Ommescrimcnaes « W 035 =
Pacee
Pesewe oy
C yamons ot
Ofaavel
HALT CeroaHsa: uersepr, dpespams 10, 15:35:14

PucyHnok 4. PeiTUHT Tpynnbl yyanmmxcs
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International conference report:
2018 Cybernetics & Informatics

The 29th International Conference 2018 CYBERNETICS AND INFORMATICS
(K&I) held from 31 January to 3 February 2018 in Lazy pod Makytou, Slovakia, followed
a series of conferences traditionally organized by the Slovak Society for Cybernetics and
Informatics at the Slovak Academy of Sciences (SSKI) and the Faculty of Electrical Engi-
neering and Information Technology, Slovak University of Technology in Bratislava. For
the second time, the conference was organized under the auspices of the IEEE Control Sys-
tem Society and supported by major Slovak companies dealing with research, development
and application of complex automatic control systems, and information and communication
technologies.

Traditionally, the K&I conference venues were chosen in distinctive places in Slo-
vakia. Visitors are offered high-quality accommodation, spa services and modern confer-
ence premises.

The conference aims to provide a general forum for researchers, university teachers
and users dealing with practical problems of control and ICT with the focus on presentation
of control methods and algorithms, their integration into modern information and commu-
nication technologies according to the latest development trends in Industrial Internet of
Things (110T), and their industrial applications.

Webpage of conference: http://ki2018.sski.sk/

IEEE Catalog Number CFP18E30-PRT
ISBN 978-1-5386-4419-5

118



2018 Cybernetics & Informatics ’

Papers included in the conference program cover a wide interdisciplinary range of
topics:
Methods and algorithms for modelling and control of industrial processes
New information and communication systems with loT techniques in control
Embedded, distributed and networked control systems
Application of control methods in industries

SLOVENSKA SPOLOCNOST PRE KYBERNETIKU A INFORMATIKU PRI SAV
SLOVAK SOCIETY FOR CYBERNETICS AND INFORMATICS
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