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YK 001.811 + 004.65 + 001.891:303.443.2

B. C. JIA3APEB, U. B. IOPUK

O NPOBAEMAX UAEHTUOUKALUU

UHOOPMALMUOHHbLIX UCTOYHUKOB, BbIABAAEMbIX B XOAE

WCCAEAOBAHUM LMUTAT-NOKA3ATEANEM C NMPUMEHEHUEM
JOURNAL CITATION REPORTS®

benopycckuti nayuonanvnviti mexuuueckuti yHugepcumem

B x00e usyuenus yumam-noxazameneti cepudibHolx uzoanuii ¢ nomowwio Journal Citation Reports® (JCR) cpeou
NPOUUX BbIAGIAIOMCS UCOYHUKU, COKPAUWEHHbIe HAUMEHOBAHUsL KOMOPBLIX He NOO0OAomcs udeHmuurayuu ¢ nomo-
wwio oannvix camoeo JCR. Obbiuno makue ucmo4HUKY CUUMAIOMCSA MATOZHAYUMENbHIMU, MAK KAK He UMeIOn «UM-
naxkm-gaxmopay. OOHAKO 6bINOIHEHHbIU HAMU AHATU3 GbIAGLEHHBIX UCHOYHUKOS, COKPAUYEHHbIE HAUMEHOBAHUS KOMO-
PBIX He noddaromces uoenmugpurayuu ¢ nomowpto danHvlx camozeo JCR, ybeoscoaem, umo maxue uCmOUHUKU MOSYM
ObImb OelicmeumenbHo NoJe3HbLMU 015 cneyuanucmos. Takace yemanosaeno, umo ¢ JCR ecmpeuaromes owubku 080ui-
HO20 HANUCAHUS COKPAWEHHBIX HAUMEHOBAHUL, NPUYEM MAKOGble MO2YM KACAMbCs 0adiCe JHCYPHALO8, BKIIOUEHHbIX
6 «MACmepP-CRUCOKY, MO eChib UCMOYHUKOG, UMerwux ycmanogienuvle 0 JCR cokpawenus. Mamepuanvl 0anHo20
UCCNe008aHUs YUMUPYEMOCIU CePUATLHBIX U30AHUL 8 CReYUATUIUPOBAHHBIX JCYPHANAX U YUMUPOBAHUS CePUANbHbI-
MU U30AHUAMU CREYUATUZUPOBAHHBIX JCYPHANOE8, NPEOCTNABAAIOWUX MEMAMUKY «IHepe0Oe30NaACHOCb U dIHepeoche-
pedicerue, IHepP2oIPPEeKMuUsHbIe MEXHOIO2UU U THeXHUKA», NO380IUIU GbLOETUNMb PO NOCACOCMEUL U NPUYUH MAKUX
owubok. Tax, nanpumep, ycmaHno81eHo, 4Ymo UCNOAb308AHUE PA3TUYHBIX HANUCAHUL COKPAUEH U HAUMEHOBAHUS OOHO-
20 U MO20 JIce CepuanbHO20 U30anus Obl8aem Gbl36aHO KAK 00bEKMUBHO CYWECMBYIOWUM OBOUHBIM UX HAUMEHOBAHU-
eM, HeNnpPasuUIbHO NOHAMBIM UHOEKCAMopamu, max u eKayeHuem 6 yumam-oarnnvle JCR noiHbix HauMeHo8aHull cepu-
ANbHLIX U30AHUL HAPAOY C COKPAUEHHBIMU, d MAKIICE BKIIOUEHUEM 8 COKPAUjeHHble HAUMECHOBAHUS 8 OMOEIbHBIX CIY-
yasax 200a U30AHUS UMY YKA3AHUS HA MO, YMO 6bINYCK CePUAlbHO20 U30AHUS Npedcmaesnsienm coOol mMamepuaibl
KOH@hepenyuu. Hanuuue mpyoHoudeHmuguyupyemvix COKpaujeHuil blHyicoaem npeonpunumams ¢ xooe oubnuome-
MPUYECKUX UCCIe008AHULL MPYOOEMKUe NPOSEPKU, — YACMO ¢ NOCACOVIOUUM Nepeciemom OaHHbIX.

Knrwuesvle crnosa: HAay4Hsvle cepudajbHole M30dl—lu}l, HAay4YHvle HecepudajlbHble u30aHu}z, yumam-anaius, uaenmu(])umuuﬂ

HaumeHo8anul, bubnuomempus, omoop, snepeemuxa.

BBenenune

Hamre nponomxkaromieecss vccieoBaHue, Ha-
IIpaBJIEHHOE Ha CO3/1aHUE JOKYMEHTAJIBHOW CO-
cTapIsiolIel Hay4YHO-HH(OPMALMOHHOM cpenibl!,
o0ecreunBaroIei JOCTYI K MyOIUKausiM U3 MU-
POBBIX CepHaNbHBIX M31aHHUIA, HEOOXOAUMBIX IS
Ka4eCTBEHHOTO BBITIOJIHEHUSI HCCIIEOBAaHUN I10
[IpuopuTeTHBIM HANPaBICHUSIM HAyYHO-TEXHUYEC-
ckoil nestenbHocTH B PecnyOnuke benapych Ha
20162020 ronpl [2], BBIIOTHIETCS C MPUMEHE-
uueM fansbIX Journal Citation Reports® (JCR) [3]
(pa3zmena HaykoMeTpHuecKoil 0a3bl JaHHBIX Web
of Science) u MeTonuKH, MOAPOOHO OMMCAHHOM
B Hammmx crathsx [4; 5]. Kak ormeueHo B paboTax

! TIpencrapnenue aBTopoB 06 MHMOPMALMOHHOI cpene

JISKUT B pyclie KOHLIENIMH, u310xkeHHoH B crathe K. A. Ka-
JoxHoTO [1].

[5; 6], MBI y)Ke cTalKHMBaJUCh MPHU €ro MpoBese-
HUH C MPOOIEeMOil UISHTU(DUKALIMK [IUTHPYEMBIX
MaTepuajioB IO COKpALIEHHUAM, TMPUBOAUMBIM
B JCR. Ilpu 3TOoM mnpescTaBisieTcsi yIUBUTEINb-
HbIM, 4TO onOku JCR, BiMsIONIME HA paco3Ha-
BAaeMOCTb UTUPYEMOTO MaTepHaa (B 4aCTHOCTH,
Takas pacnpoCTpaHeHHasi ¥ O4YEBUAHAS OIIMOKa,
KakK MCII0JIb30BaHNE BApUAHTOB COKpAIEHUH Ha-
3BaHUH, OTIMYAIOIIMXCA OT YCTaHOBJIEHHBIX ca-
mumu co3natensimu JCR), He paccMOTpeHbl HH

B COOTBCTCTBYIOLIUX CIICHIUAJIBHBIX pa60Tax2, HHU

2 13 u3BECTHBIX HAM MyOMUKAIMH, TOCBAIEHHBIX HIICH-
tudukannoHueiM ommbkam Web of Science, B pabore van
Raan [7, p. 136—138] TakoBble paccMaTpHBaIOTCS HA yPOBHE
OT/EJIBHBIX IyOIUKAIMii, a HE CepHaNIbHBIX U3JIaHHM; B CTa-
the F. Franceschini ¢ coasr. [8] npu paccMoTpeHun pasind-
HBIX OMIMOOK, IPUBOJIINX K HEBO3MOKHOCTH HCIIOIb30Ba-
Hus naHHbIX Web of Science u Scopus, ommoOky B Ha3BaHUU
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B METOJMYECKHUX M SMIIHUPUYSCKUX padorax, Mo-
cBsIIeHHBIX puMeHenuto JCR st otOopa u oneH-
KM HAayYHBIX CEPUAJIbHBIX U3JIaHUI B MOMOIIb BbI-
MOJTHEHUIO MCCIIEJOBAaHUH IO KOHKPETHOM Mpooite-
MaTuKe.

B pabore [5] HamMu NPUBEICHO HECKOJIBKO
MPUMEPOB TOAOOHBIX OHIMOOK MPUMEHHUTEIBHO
K CepHaJIbHBIM M3JIaHUSM, OTOUPAEMBIX B IIOMOIIh
BBITTOJTHEHHUST HCCIIEIOBAHNH 110 aTOMHOM dHepre-
TUKe; B pabote [6] — psiJl IPUMEPOB, CBSA3aHHBIX
KaK C aTOMHOW 3HEPreTHKOH, TaKk U C UCCIIe0Ba-
HUSMHU B 00JIaCTH BO30OHOBIISIEMBIX HCTOYHHKOB
sHeprun. OJHAKO, TPU BBITOJHEHUH TaKOTO HC-
CIICIOBaHUS TI0 TEMaTHKE «IHEpPro0e30MmacHOCTb
U 3HeprocOepexeHne, IHEProdPPeKTUBHBIC TEX-
HOJIOTUU M TE€XHWKa», OCHOBAHHOI'O Ha LUTHPYE-
MOCTH CEpHaJbHBIX M3JaHUH B KypHaJaX COOT-
BETCTBYIOIICH CIEIUANIU3alUA U IIUTUPOBAHUS
CepUaIbHBIMU M3JIAHUSIMU CICIIUATU3UPOBAHHBIX
)KypHaioB [4;5] (OCHOBHBIE €TO pe3yJIbTaThl B Ta-
OnmuHOM (hopme 1ocTymHBI B pernio3utopuu figshare
[10]) BBISBHIIOCH HACTOJIBKO 0OJIEE 3HAYUTEIHLHOE
KOJIMYECTBO TOJOOHBIX OIMMOOK — B UX Iyraro-
ieM pa3Hoo0pa3uu, — 4YTo OErIoro YNOMHHAHUS
0 HHX KaXeTcs ye HemocrartouHo. Hamu Obuio
pElIeHO CHEINalbHO MOCBITUTH 3TOMY BOIPOCY
JIAHHYIO CTaThl0, BHIMOJIHEHHYO Ha TIPUMEPE BbI-
ILIEHAa3BaHHOW TEMAaTUKHU.

KoHTeKkcT, B KOTOPOM paccMaTpuBaeTcst
npoodJjema

PHI[ HUTHUPYCMBIX HMCTOYHUKOB, YUYTCHHBIX
B «Citing Journal Data» JCR, oTcyTcTBYIOT B «Ma-
crep-crimcke» Journal Citation Reports® [11] To
€CTh UX COKpAlICHHBIC HAMMCHOBAHUSA HEC MOT'YT
OBITH pacmudpoBaHbl ¢ moMolnsio camoro JCR.
ITopoii 3Th UCTOYHUKH OTHOCATCS K HEMPOI0JIKa-
IOMUMCA KHUKHBIM U3JaHUAM U APYTHUM HECEpPU-
aTbHBIM MH(POPMAIMOHHBIM HCTOUYHMKaM. Kak
u panee [0, c. 140—143], MbI HE TOIBKO OCYIIIECT-
BJIAJIN «OTCEB» TEX BBIIBIACMBIX HCTOUYHNKOB UH-
(dopmarim, KOTOpbIE OKa3ajoCh HEBO3MOXKHBIM
UACHTU(HUITUPOBATH (2 TAKKE T€X, KOTOPhIE HE SIB-
JANMUCh CEpUAJIbHBIMU U3JaHUAMU U ObLTH npu-
3HAHbI HAMHU OECIIOJIC3HBIMU IS CO3JaHMsI TIIa-

MCTOYHHKA OTMEYEHBI JHMIIb MEJIBKOM, a OTACJIBHBIX MPHME-
pPOB ¢ pa3dopaMu TakuX OLIMOOK HET, HAKOHEI, B CTaTbe
J1. B. Coxonoaa [9, c. 135] X0oTs yka3aHO Ha TO, UTO «HEPEIKU
TEXHHYECKHE OINOKH, CBSI3aHHbBIE C pa3HUIICH B HAUMEHOBA-
HIM )KYPHAJIOB/OpraHU3alMi/131aTeIbCTB ¥ UX aHIJIOA3BIYHON
TPaHCKPHIIHUEH — M3-3a Yero MOXKeT ObITh MCKaXKEHA HTOTO-
Basl CTATHCTHKA», — HO TAKKe 0e3 MPUBEICHHBIX IIPUMEPOB.

HUPYEMOH Ccpelibl), — HO U OOBSAMHSIN JaHHBIC
00 OIHUX U TEX )K€ UCTOYHUKAX, IIUTUPYEMbBIX O]
pa3HBIMH COKpAIICHHBIMH HAUMEHOBaHUSIMU. Tak-
K€ MBI MBITAJIMCh aHAJTU3UPOBATH U MO0 BO3MOXKHO-
CTH CUCTEMAaTHU3UPOBATh BO3HUKAIOIIHNE MTPU HJICH-
TU(UKALUU TTPOOJIEMbI, KOTOPBIC UCIIOIb30BAHH-
€M Pa3JIMYHbIX COKPAIICHUH HE NCUYCPIIBIBAIOTCS.

Hckaouaemblie uHpopMauOHHbIE
HCTOYHHKH, BhIsiBJIsieMble ¢ nmomoibio JCR

1) He noooasuuecs: udenmugpuxayuu ucmou-
Huxu. Cpeaid TaKOBBIX MOTYT OBbITh Ha3BaHbBI IUTH-
pyeMble UCTOUYHUKH 1101 HauMeHoBaHusMU: «FUND
ENG THE»? (10 cchIIOK B CrIENHaTM3UPOBAHHBIX
JKypHaJax, MPeJCTaBISIONNX TEMAaTHKYy «HEPro-
0e30IacHOCTh M JHEProcOepeKeHue, YHEProdd-
(eKTHBHBIC TEXHOJIOTHH W TexHuka»), «HDB
PROCESS INTEGRAT», «<REP NOVA SCOTIA
I» (mo 8 ccputok). Mcnonk3oBanne MHTEPHET-TIO-
WCKa HE TI03BOJIIIO HAM HAaWTH MOJTHBIC HA3BaHUS
BO3MOXKHBIX MH()OPMAITMOHHBIX UCTOUYHHKOB, C KO-
TOPBIMH MOXKHO OBLIO OBI CONOCTABUTH JAHHBIC
cokpamienus. (CTporo roBopsi, MOTHBIE CIHUCKH
MOAOOHBIX IPUMEPOB JIUIIICHBI HHTEpECa. )

HanomHuuwm, uTo, Kak u B pabdorax [4; 5], mo-
MHUMO OTOOpa UCTOYHHUKOB MH(OpPMAIIUHU C TOMO-
HIbIO aHANIU3a UX YUMUpyeMocmu 6 Cneyuaiusu-
POBAHHBIX HCYPHALAX MBI TIPEINPUHUMANN J10-
TIOJTHUTENBHBI 0TOOP TAaKOBBIX HAa OCHOBaHUH
JAHHBIX O YUMUPOBAHUU UMU CREYUATUIUPOBAH-
HbIX HCYPHANI08 C BBIOOPOM, COOTBETCTBEHHO, YU~
mupyiowux CepuanbHbIX U3TaHui. (DTOT MOIX0d
ObUT anpoOOMPOBAHHBIN W ONMUCAHHBIA OJHUM H3
coapTopos eme B 1981 1. [12, c. 32]%). B xoxe or-

3 Hanmcanue B JaHHOI CTaThe HA3BaHHil MPOMHCHBIMU
OyKkBaMH — BOCHPOM3BEJICHHE COOTBETCTBYIOILETO Hallkca-
Hust B JCR.

4 BpIGop TaKoro Moxxofa, OJHAKO, OBUT B KAKOM-TO
cMbiciie npeponpeneneH Haauduem B JCR pasnena «Cited
Journal Data» (6s1BuI. «Cited Journal Package»). Koneuno,
HNPUYNHHO-CIICICTBEHHBIE CBA3H, 0TOOpaXKaeMble MKy LU~
THPYIOIIUMH M LIUTUPYEMBIMH O0BEKTaMH, TIPH ITOM HHBIE:
LUTHPYIOIIHE UCTOYHHKHU, KOTOpbIE OTOMPAIOTCS B JaHHOM
cllydae, BOBCE HE SABIIIOTCSA HU HauOoJiee LIeHHbIMH, HU Hau-
Gostee ucnoab3yeMpIMu. OJHAKO, JaHHbBIE O CEpUANIbHBIX U3-
JIAHUAX, UCTIOIB3YIOIHNX CIICIUAIN3UPOBAHHBIE HCTOYHHKH,
HPEACTABIISIOINE ONPEEICHHYIO CIICIHAIBHOCTD, B KaKOH-
TO Mepe YKa3bIBAIOT Ha BO3MOXKHBIC BHEIIHHUE «PBIHKH HMH-
TEIUIEKTYaJIbHOTO COBITa» Pe3y/bTaTOB HAyYHOH JEATEIbHO-
CTH, IOJIy4aeMbIX B paMKaX paccMaTpHBaeMOM Crienuain3a-
uuu [4;5]. [lostomy mpencraBiseTcs, 4TO 3HAKOMCTBO HC-
cliezioBarelnieil ¢ TAKUMH UCTOYHMKAMH TO3BOJIUT UM HCKATh
BO3MOXHOE TPUIIOKEHHE CBOUX PE3YJIbTaTOB HA MEXHUCLIHU-
IUTMHAPHOM YPOBHE, BO «BHELIHHX» AUCIUILIMHAX.
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oopa yumupyrowux HGOPMAITUOHHBIX UCTOUHH-
KOB HaM MPUIIUIOCH UCKITIOYUTH U3 PACCMOTPEHUS
BCETO OJINH MCTOYHHK, UIECHTU(UIIMPOBATH KOTO-
peiii Ham He ynanoch: «INN VIS 2020 REGy,
UMEBIIUN 8 MMUTUPOBAHUN CTICIIHATU3UPOBAHHBIX
*KypHasioB. (Emie oquH HeycTaHOBIEHHBIN UCTOU-
HUK — «2015 9 INT S ADV» — umen BelU4YUHY
LMTUPOBaHMs, MEHbIIE MOpPOTOBOM, M, COOTBET-
CTBEHHO, HE BXOJIWJI U B MPEIBAPUTENIbHBIN CITH-
COK OTOOpaHHBIX MaTepHAIIOB. )

MoXHO cKa3aTh, YTO CCBUJIKM Ha COKpAIIEH-
Hoe HaumeHoBaHue « WORKING PAP» (39 ccri-
JIOK B CIEUAJIN3UPOBAHHBIX XKypHallaxX, Mpes-
CTaBISIIOIIMX TEMAaTHKy «IHEpPro0e30MmacHOCTb
U 3HeprocOepexeHne, IHEProdPPeKTUBHBIC TEX-
HOJIOTUH U TEXHHUKA») OTHOCATCS K JIPyroi pasHo-
BUJIHOCTH «HE TOIAAIONINXCS WACHTH()UKAIMH
HCTOYHUKOBY: TTOJTHOE Ha3BaHUE JOKYMEHTa KaKeT-
Csl OYEBUIHBIM, HO K BBISBICHHIO KOHKPETHOTO
LUTUPYEMOTO MCTOYHHKA €ro 3HaHUE He MPHUBO-
JuT. /leno B TOM, YTO UHTEPHET-ITOMCK ITO3BOJISET
00HAPYKUTh psi0 UCTOYHUKOB (BKJIOYAS CEPHAITh-
Heie) nox HazBaHusAMH «WORKING PAPERY,
«WORKING PAPERS», «WORKING PAPER
SERIES», gvinycraemvix pasuvimu opeanusayusi-
MU, A TIONHBIX Ha3BaHUM KOTOPBIX TOJIXOIUT
JTAHHOE COKPAIIEHMSI; OJJHAKO TeMaTHKa HU OJTHO-
IO U3 HUX HE BBI3BIBAET YBEPEHHOCTH, YTO UMEH-
HO OaHMblil VICTOYHUK U OBLT IIMTUPOBAHHBIMS.
C yueToMm Toro, uTo «working papers» MOTYT BbI-
MyCcKaTbCsi B KadecTBE pabouux JTOKYMEHTOB
MpakTUYECKUN 1000 oOpraHu3anuu, JajdbHEn-
e JOTaJKU TPEACTaBISAIOTCS  JIMIIEHHBIMU
cmbicia. To xe kacaercss u cokpamenust « TECH
REP» («technical report»; 138 ccpbiox)®.

3 Hanipumep, «ISID Working Papersy (caiit KOHUJIO) —
CTpaHHUIIA, COAEPIKAIIas HAXOIAIINECs B OTKPBITOM JOCTYIIE
paboThI 10 BOIMPOCAM BCECTOPOHHETO M YCTOHYMBOIO IpO-
mblnuienHoro pa3sutus (United Nations Industrial Develop-
ment Organization: Working Papers: ISID Working Papers
[Onexrponnsrii pecypce]. Pesxxum noctyma: http://www.unido.
org/publications/publications-by-type/working-papers.html.
Hara noctyma: 26.10.2017.), unmun «Working papersy caiita
EBporeiickoro nentpansHoro 6anka (European Central Bank:
Working Papers [DnexrponHsiii pecypc]. Pexum nocryma:
https://www.ecb.europa.eu/pub/research/working-papers/
html/index.en.html. {ara moctyma: 26.10.2017.), conepixa-
as HaXOJAIIMECs B OTKPBITOM AOCTyINE PabOThI 110 3KOHO-
muke. Ot Web-cTpaHHIbl, 110 CYLIECTBY, — TAKXKe IPOAOI-
XKAIOLIMECs NCTOYHUKK MH(OPMAIMK; HO O KOTOPOI M3 HUX
uzet peus? (Mnu — uyto eure 0ojee BEPOATHO — O KAaKOM Tpe-
ThEM MCTOYHHUKE HHpOpMAIHn?).

B ornomenun k «TECH REP» mupoko n3BecTeH caift
0 TIEPCOHAIBHBIM KOMIIBIOTEPAM M COOTBETCTBYIOLIEH Cy0-

2) 3asedomo HenydicHble U 6 MO Jice 8peMst He
noooaowuecs UOeHMUpUKayuu HecepuaibHvle
ucmounuky. Takas GOpMYyJIHPOBKA — «HE TMOAJIA-
FOIIUECS MJICHTU(UKAIIMKM, HO HECHYKHBIC» — HE
napajioKc, ¥ He OMMOKA: B JAaHHBIN OJIOK BXOJAT
TaKue TpaJulMOHHbIE, 3HAKOMbIE HaM ele 1o Oy-
MaxHbIM n3nanusM JCR, 0ObEeKTHl IUTUPOBAHUS
kak «THESIS» (87 ccrinok) u « COMMUNICA-
TION» (74 ccBUIOK), TO €CTh OTACIbHBIC TUCCEP-
TallMK U JIMYHBIE COOOIIEHHS , KOTOPBIE, C OJJHOM
CTOPOHBI, HE MOTYT OBITh HJCHTU(HUINPOBAHEI,
a ¢ PYroil CTOPOHBI — ¥ HE HY)KHBI JJIS TUIAHUPY-
eMOH K CO3IaHHI0 NH(POPMAITHOHHOH Cpellbl, T. K.
OHH HE SBJISIOTCS NOMNOIHAEMON yIOPSAJOYEHHOU
COBOKYITHOCTBIO JIAHHBIX.

3) Hoenmugpuyupyemvie, HO HeHYIHCHbIE HeCe-
puanvhvle u30aHust, MO-BUANMOMY, OTpaKEeHHBIE
no omuOKe. JTa Tpymma NpecTaBiIeHbl, HANPH-
Mep, TAKUMHU «Pa30BBIMW» KHUTaMu, kak «Funda-
mentals of Heat and Mass Transfer, 7th Edition»
(T. L. Bergman et al., o6o3naueno kak «FUND
HEAT MA») — 12 ccoitok u «GEA, 2012: Global
Energy Assessment — Toward a Sustainable Fu-
ture, Cambridge University Press, Cambridge,
UK and New York, NY, USA and the Internation-
al Institute for Applied Systems Analysis, Laxen-
burg, Austria» — 8 ccbhUIOK (0003HAYEHO Kak
«GLOBAL ENERGY ASSESS»). Hcrounuku
UJACHTU(UIIUPOBAHBI, HO SIBIISTFOTCS Pa30BbIMU; HE
Oyy4H MONOIHIEMOHN YIOPSJOYEHHON COBOKYII-

kynsrype «The Tech Report PC Hardware Explored» (The
Tech Report PC Hardware Explored [DnexrponHsblii pecypc].
Pexxum poctyma: http://techreport.com. Jlata moctyna:
24.11.2017.), coneprkaruuii Maccy MOMOJHSOLICICS 1 OOHOB-
jstroteiicss MHGOPMALUK, KOTOPBIH TakKe MOXKHO CUHTATh
HPOJIOJDKAIOIIMCS HCTOYHUKOM MH(popManuu. B nHTepHeTe
HaJICHO TaKKe HEMAJIO IPUMEPOB OTAENBHBIX TEXHUYECKUX
OTYETOB PA3JIMYHBIX YHHBEPCUTETOB. BHOBb HEBO3MOXHO
YCTaHOBHTb, KAKME IMEHHO HCTOYHHKH UMEIOTCS B BUJLY MOJL
ccouikamu Ha «TECH REP». Becbma BeposATHO M TO, 4YTO
B 000MX CITy4asx MMEJIHCh B BHJY HEKUE Pa30BbIC U3/IaHHA.

7 B mpuHIMIE, BO3MOKHO HCKyNIEHHE PaciinppoBaTh
«PREPRINT» kak cchuiky Ha Web-ruargopmy «preprints»
(URL: https://www.preprints.org/; nara oOpaleHus:
20.12.2017); uto xe xacaetrcst « THESIS», To nznanus non
TakuM Ha3BaHHeM IyOnukytorcs B Poccun u I'penun (nas-
ubie BJ] ULRICHSWEB™ [13]). Onnako naHHas uHpopma-
M HE BIMACT Ha Hallly HHTEPIIPETaLuIo: I1aTdhopma «prep-
rints» mosiBuiack B 2016 romy, B TO BpeMsl Kak CCHUIKH Ha
«PREPRINT» umerorcs u Ha Gosiee paHHEE BpeMsi; pOCCHI-
ckoe m3nanue « THESIS» crnenmanusuposano B obnacti 00-
LIECTBEHHBIX HAyK, a OJHOMMEHHBIH I'DEUECKHUH KypHAI —
B E€BPOICHCKON IOJIUTHKE: OYEBHHOE TEMATUYECKOE HECO-
OTBETCTBHE HAJMIIO. A TO 3HAYMT, YTO TEPBasi U OYEBUAHAS
HHTEpIpeTalLys 0Ka3bIBACTCS PaBUIBHOI.
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HOCTBIO JIAHHBIX, OHU JUISl HAIIUX IIeJiel He HYXK-
Hel®. VX maeHTH(UKALMS MOCPEACTBOM HHTEp-
HET-IIOMCKa — B ONPEENIEHHON CTENeHH eCTh BO-
poc Be3eHUs. MeToAUYEeCKU K€ HMHTEpeC 3Ta
rpymmna (KpoMe TpyaoB KOH(EpeHIHii) MpeacTas-
JSIeT TeM, YTO pa30OBble KHUTU HE SIBIISIOTCS HC-
TOYHMKaMH, oTpakaeMbiMu JCR.

HMcTounuku, BeIsaBIsIeMble ¢ moMommbio JCR,
JaHHbIE 0 KOTOPbIX BHIHYKIEHHO
00beIUHSAIOTCA BCJIECTBHE HCIOIb30BaAHUS
B JCR pa3iu4HbIX COKpalIeHH i /151
0003HaYeHUs] UX HAUMEHOBAHM

B xome pabotel o (hopMHpPOBAHUIO CIHCKA
HaM MPUXOIMIOCH TaKKe OObEANHATH JaHHBIE 00
OJTHUX M TeX e WH(OPMAIIMOHHBIX HCTOYHHKAX,
COKpAIlleHHbIE HaWMEHOBAaHUS KOTOPBIX OBLIH
MIpEACTaBICHEI B IUTaT-TaHHBIX JCR 1mo-pazaomy.

1) Hayunvie scypranoi.

1.1) Ob6vedunenue Oamnnvix, e6vizeamnHoe UC-
NONb308AHUEM PA3IUYHBIX cCOKpaujenuti. Tak, nan-
vole 0 nutupyemoctu xkypHaina «IEEE Transac-
tions on Power Systemsy» (ISSN: 0885-8950, IEEE,
USA), 6butH TIpEeICTaBICHBI TBAXKIBI: TTOJT TPHHS-
TeiM B JCR cokpamennasiv Ha3Banuem «IEEE
T POWER SYST» (179 ccpuiok), a Takxke IOX
cokpamenneM «POWER SYST IEEE T» (9 ccwi-
710K). [Ipw 5TOM BTOPOIt BapraHT COKpAIICHUS JKyp-
HaJja He COMPOBOXKAAJICS JAHHBIMU O €T0 MMITaKT-
(hakrope.

B ornomennu xypHana «Energy Policy» Tak-
Ke OOHApYKWINCh PAa3sHOYTEHHS B HAIMCAHHM.
ITomrmo nipunsiToro B JCR cokpamenus «ENERG
POLICY» (ma KoTOpoe€, TOHSTHO, TPHUILIACH
JBBUHAS JIONSI CCBUIOK) OH ITUTHPOBAJICS TIOJ CO-
kpamenusmMu «ENERGY POLICY C» (17 cchi-
nok) 1 «kENERGY P» (13 cceutok). Paspickanus
B MHTEPHETE MOATBEPAIIIN, 9TO B 000HX CITydasix
peYb UACT O TaHHOM XXypHaje, IpuaeM ab0peBu-

8 Tosicnum moapoGHee: eciu JaHHBIE O COCTOABILIEHCS
LUTHPYEMOCTH CEPHATIbHOTO U3/1aHHUs MOTYT OBITh IOJIC3HBI,
HarpuMmep, Juid Oyayuiel HOAMUCKH Ha HETo, TO YTO peaibHO
MOYKHO cJlienath (B KOHTEKCTE JEATEIBHOCTH OHOIMOTEK)
B Oy/lyIl[eM B OTHOIICHHH 00ecredeH s CTaOHIbHON JOCTYTI-
HOCTHU 4YUTATCJIAM KHUI'M, KOTOpas H3JaHa YK€ HACTOJIBKO
JTABHO, YTO YK€ yCIeJa MOIy4UTh 3aMETHOE YHCIIO CChUTOK?!
Bnpouewm, npu ycioBUM OTKPBITOTO JOCTYIA K TAKMM KHH-
TraM B UHTEPHETEC OHU MOTYT OBITH C MOJB30H PEKOMEH0BA~
HBI HCCIICNOBATEIIIM-OHEPTETHKAM U1 CaMOCTOSATEIIbHOTO
O3HAKOMJICHHS C HUMH Jake 0e3 MPUHATUS KaKuX-JInbo mo-
CPEIHUYECKUX MEpP CO CTOPOHBI OMOIMOTEKH (IIOMHUMO BBI-
SIBJICHUS DJIEKTPOHHBIX aApECOB, 110 KOTOPBIM HOCTYIIHBI UX

HOJIHbIE TEKCThI). OIHAKO MOUYTH KO BCEM BBISBICHHBIM KHHU-
raM Tako# J0CTyH OTCYTCTBYET.

atypy «ENERGY POLICY C» nutupyromme aB-
TOPBI OTHOCHJIM K OIYOJIMKOBaHHBIM Mamepua-
nam xoughepenyuii («C» — ato «Conference»),
Marepuaibl KOTOPOH MyOJINKOBAINCH B LIUTHPYE-
MOM HOMEpe >KypHala, HEKOTOpbIC HaiilleHHBIC
B MIHTEepHEeTE CCHUIKU B CITUCKAX JIUTEPATyPhl BbI-
JIO)KEHHBIX OTCKAHWPOBAHHBIX pabOT MOITBEPAN-
JIM 3Ty forajiky. /laHHbie ObUTH OObEAMHEHBI.

XKypnan «Energy Efficiency» Taxke He Bcer-
Ja IUTUPYEeTCsl 1MoJl (PUKCHPOBAHHBIM COKpallie-
Huem JCR «ENERG EFFIC» (96 ccbuiok); nHamu
3a(hMKCHPOBaHA TAKKE OJJHA CChIJIKA Ha HETrO MOJ
€ro MOJHBIM Ha3BaHHUEM.

Takke Mbl OOBETUHMIM JaHHbIE O CUHTAIO-
HIeMCS )KYPHAJIOM €KETOIHUKE (B COOTBETCTBUH
co ceenermsivu b/l ULRICHSWEB™ [13]) «SAE
International Journal of Engines», He nunaexcupy-
emoM JCR (ISSN: 1946-3936, S A E Inc., USA),
KOTOPBIN IIUTHPOBAJICS TAKXKE O IByMsI BapHUaH-
tamu HasBaHus: «SAE INT J ENGINES» (24
cceutki) U «SAE INT J ENG» (12 ccpliok).

1.2) Obveounenue danmnvix, 6vi36anHoe nepe-
umenoganuem xcyprana. Ham cnepyromuii npu-
Mmep — xypHai «J NAT GAS CHEM» («Journal of
Natural Gas Chemistry», ISSN: 1003-9953, EL-
SEVIER SCIENCE BV, CHINA MAINLAND).
Ero namvenoBanme B JCR mpuBOAMIOCH TOX
€/IMHCTBEHHBIM — U MPABUWJIBHBIM — COKpAIIICHHU-
eM, HO B 2013 1. oH mpeTrepren nepernMeHOBAHNE
B «Journal of Energy Chemistry»’. TTockombky
HUKAKUX CTPYKTYPHBIX PeOpM IpHU €ro Inepeu-
MEHOBaHHHU HE MPOBOJMIIOCH, JIAHHBIC O €T0 IUTH-
PYEMOCTH TIOJI CTapbiM Ha3BaHWEM OBLIH MPOCTO
COXpaHEHBI B UTOTOBOM CITHCKE JIOKYMEHTaJILHBIX
MCTOYHUKOB, OTOMPAEMBIX JUUIS CO37aHus UHPOp-
MAIIMOHHOW cpefibl, Ky/la OH ObLT BHECEH 100 HO-
BbIM HA36AHUEM.

1.3) Obvedunenue danHwlx, 6b136aHHOE OGO~
HbIM HAUMEHOBAHUEM HCYPHAILA.

Bornee nHTEpECHBIM MPUMEPOM IIUTHPYEMOTO
JKypHaJa, IPeTepIeBIIEro PEOPraHn3aIHIo, SBIIsI-
eTCSl JKypHaJl, IUTHPYEMbId TIOJ Ha3BaHUEM
«CHINA POPUL RESOUR E». Ccplnku Ha naH-
HBIH JKypHaJI y4WTHIBIUCH B mpezaenax 2010-—
2015 rr. [5], B o Bpems kak b/l ULRICHSWEB™
cooOmmaet, uyto xypHan «China Population, Re-
sources and Environment» (kaxymascst eavH-
CTBEHHO TIPHEMJIEMOH Bepcusi paciiiu(poBKH JaH-

% Journal of Energy Chemistry [Dnexrponnslii pecypc].
Pexxum nmocrtyma:  http://www.jenergychem.org/EN/column/
column79.shtml. [lata noctyma: 13.10.2017.
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moro coobmienus; ISSN: 1872-583X, Elsevier,
Netherlands) mpekparun cBoe CyliecTBOBaHUE
B 2009 romy! OgHako WMHTEPHET-TIOMCK KypHAaIa
«China Population, Resources and Environment»
6 Kauecmee HuiHe cyujecmeyroujezo TIPUBENl Hac
Ha Web-cTpanuily, rje NpUBEJeHb HaMMEHOBa-
Husa myomukarmuii 2009-2014 roma w3 KypHaia
1oJ JIBOMHBIM Ha3BaHueM: «Zhongguo Renkou
Ziyuan Yu Huan Jing / China Population Resourc-
es and Environment»'?. ITopropnbiii nouck B BJ]
ULRICHSWEB™ — Temnepp yke MO Ha3BaHUIO
«Zhongguo Renkou Ziyuan Yu Huan Jing» — naer
HaM Ha3BaHUE JKypHala ¢ HECKOJILKO MHBIM HaITU-
canueM — «Zhongguo Renkou Ziyuan yu Huan-
jing», HO 3TO, OE3YCIOBHO, TOT JKE€ CaMbIi Kyp-
Hai. Ero ISSN — 1002-2104; u3garens, kak yka-
3ano B B/l ULRICHSWEB™, — «Zhongguo Ren-
kou Ziyuan yu Huanjingy, ;xypHan ocHoBan B 1991
rony u BbIxoauT, ecnu BepuTh bJ[ ULRICHS-
WEBT™, u B Hacrosiiee Bpems. B niepuon xe 1o
2009 rox B nznarenscrBe «Elseviery sIBHO BBIXO-
Juiia ero mepeBopHas Bepcus. MTak, MMEHHO
K )KypHaity «Zhongguo Renkou Ziyuan Yu Huan
Jing» MBI U OTHOCHM 3a()UKCHPOBAaHHBIE CCHUIKH
Ha HammenoBanue «CHINA POPUL RESOUR
E». IIpuBeaeHHbIN IpUMeEp IPEICTABUIICS BECbMA
UHTEPECHBIM, HO MPABbI JIU MBI B CBOMX JIOTaJIKaX
0 TOXJIECTBEHHOCTH XypHajoB? Jla: Ha umero-
mieiicst Web-cTpaHuIle 31b3UBUPOBCKOTO JKypHa-
Jla yKa3aHo, 4TO «JaHHBIA UCTOYHUK ITyOIUKYyeT
n30paHHbIe CTAThH U3 OPUTHHAIBHON KHTAHCKOM
BepCcUU <>i<ypHaJIa>»“. [IpaBnaa, mo atoii uHDOP-
Maliu, HaOpaHHOW MEJIKMM HIPUPTOM B HEYI00-
HOM MECTE CTPaHUIIBI el HYKHO «100paThCsi».
2) Ilpooonsicarowuecs uzdanusi — mpyovl KOH-
@epenyuil. JlanHble, Kacarumecs IUTHPYEMOCTH
CcepuallbHBIX TpyAoB KoH(epeHumid «Energy
Procedia» (ISSN: 1876-6102, Elsevier, Nether-
lands), HaMm MPHUXOIUIIOCH OOBEAUHATH M B TIpe-
IBIIYIINX HCcleaoBaHusaX [4; 5], omHaKko, B HUX
UCTOYHHK BCTPEUAJICS «BCEro» IOJI JBYMS HaIl-
canusimn  («kENRGY PROCED» u «ENERGY

10" ®parMeHT >1EKTPOHHOTO pecypca Ha KHTaHCKOM
s3pike. Pexxum noctyma: (http://en.ahau.findplus.cn/?page=
2&h=search_list&query=JN:%22Zhongguo%20Renkou%20
Ziyuan%20Yu%20Huan%20Jing/%20China%20Popu-
lation%20Resources%20and%20Environment%?22. [lata goc-
tyna: 24.10.2017. O nBOWHBIX HAUMEHOBAHUAX KHTAHCKHX
JKYpHAJIoB — cM. [14].

11 Science Direct: China Population, Resources and En-
vironment [DnekTpoHHbIi pecypc]. Pexxum nocryna: http://
www.sciencedirect.com/journal/china-population-resources-
and-environment. J{ara noctyna: 13.10.2017.

PROCEDIA»). B nanHom ciy4ae 1oj HepBbIM U3
Ha3BaHWK OH ObUI mpouuTHpoBaH 112 pa3; mox
BTOPBIM — 67 pa3. OHAaKO BCTPETUIIOCH U TPEThE
Hanncanue: «kENRGY PROCED C» (18 ccpuiok),
rje auiHss OykBa «C» oTHOcUTCS K ciioBy «Con-
ference» (cp. ¢ mpuMepoM, MPUBEICHHBIM BbI-
me).

[Iponomxkaromieecs: u3naHUE TPYAOB KOH]e-
perimu  «AIP Conference Proceedings»(ISSN:
0094-243X, A 1P Publishing LLC, USA) uutupo-
Bajstochk nof HasBaHuaMu «AIP C PROC» u «AIP
CONF P», a mponomxaromeecs uznanue «Proce-
dia Engineering» (ISSN: 1877-7058, Elsevier, Ne-
therlands), Taxxke siBisitorieecs: TpyaMu KoHde-
peHIui, TUTHPOBANIOCh moxa HazBanumem «PRO-
CEDIA ENGINEER» (13 ccpuiok) nu «PROCE-
DIA ENG» (7 ccwiiok) Bee Tpu uznanus — He
unaexkcupyemsie B JCR.

3) Eocecoomnsiii cnpasounuk. Vzmaroniuiics
€XKETOIHO CIIPAaBOYHHK MEKIyHApOAHOTO dHEp-
rerndeckoro arenrctBa «World Energy Outlook»
(ISSN: 1026-1141, Organisation for Economic
Cooperation and Development (O E C D) & Inter-
national Energy Agency, France) nmozunuonupy-
eTcs KaKk HanboJiee aBTOPUTETHBIA MCTOYHUK JUIS
aHasn3a YHEPreTHKH, HAJICKHBIM MCTOYHUK aHa-
nr3a TI00ANBHBIX YHEPTeTHYSCKUX PBHIHKOB. M3-
JAaHWE MUTHPOBAJIOCH IMOJ OIHUM U TEM e CO-
kpamenueM («WORLD EN OUTL»)'?, no mu6o
C YKa3zaHHeM Tojia u3anus, 1o 6e3 Takoro yka-
3aHUsl. MBI OOBCOUHMIM BCE CCBUIKM Ha HETO
Y TIONYYMITM 3HAUYUTEIbHYIO BEJIMUMHY MOKa3are-
7Sl HIUTHPYEMOCTH JAHHOTO MCTOYHHWKA, PABHYIO
72 cchbUIKaM.

4) Cepuu monoepaguil.

JlocTaro4HO MHTEpPECHBI JaHHBIE O CIEeIyIo-
HIMX UCTOYHHKAX, YUMUPYIOWUX CICIUAIN3UPO-
BaHHbIC JKYPHAJbI, MPECTABISIONNX TEMaTHUKy
«OHEPro0e30MacHOCTh U dHEprocOepeKeHne, YHEpP-
ro3(exkTUBHBIE TEXHOIOTUU M TEXHHKa», pas-
JMYHBIC BAPUAHTHI COKPAIIEHHOTO HAITUCAHUS Ha-
3BaHUH KOTOPBIX HAM MPUIILIOCH OOBETUHHTS.

Cepun MoHoOrpaduii, 0003HAYCHHBIC KaK
«LECT NOTES COMPUT SC» («Lecture Notes
in Computer Science», 29 pa3 cchlIaIOCh Ha CIie-
UaTU3UPOBAHHBIC JKYpPHAIBI, MPEICTABIISIONINC
ykazannyio temaruky) u «LECT NOTES ARTIF

12 B omHOM M3 HAMMX NpPEAbIAYIMX HCCIET0BAHHIA
CCBUIKM B JKypHANaX 1O aTOMHOW >HEepreTHke ObLTH MOYTH
TIOPOBHY pacHpeesIeHbl MeXTy COKPAIIEHHBIM HAMMEHOBA-
nueM «WORLD EN OUTL» u nonubiM — «World Energy
Outlook» [6, c. 141].
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INT» («Lecture Notes in Artificial Intelligence»,
8 MUTHUPOBAHMI CHICTIMATTN3UPOBAHHBIX JKyPHAIOB)
nMmeroT, cormmacHo JCR, onun u ToT e ISSN 1 He
UMEIOT MpsIMOM ccbulku s mepexoma u3 JCR
B b/l ULRICHSWEB™, HenocpeacTBeHHBIH ke
BxoJ1 B B/l ULRICHSWEB™ 110 Ha3BaHUSM 3THX
U3/IaHUH TaKKe JEMOHCTPUPYET HaJH4yhe Y HUX
onHoro u toro ke ISSN. O6paTuBIINCH K UHTEP-
HeT-MarepuasaM W3aTells, BhIACHSIEM, YTO M3/a-
nue «Lecture Notes in Artificial Intelligence»
«ObL10 co3nano B cepenune 1980-x kak moacepus
«Lecture Notes in Computer Science»«!3. Coor-
BETCTBEHHO, HAIIM LUTAT-JaHHbIE OOBEAMHSIOT-
csi: ypoBeHb nutupoBaHuii B «Lecture Notes in
Computer Science» cnenuanu3upOBaHHBIX KYp-
HAJIOB IIPH €r0 CYMMHPOBAaHHH C aHAJIOTUYHBIM
nokasaresiem a ero noxacepuun «Lecture Notes
in Artificial Intelligence» npuHuMaeTcsi paBHbIM
37 UNTUPOBAHMSIM.

TpyanonpeHTHGUIHPYEMBIE BbISBJIsIEMbIe
¢ nomombi0 JCR HCTOYHHKH, JAHHBIX
0 Ha3BaHMAX KOTOPbIX HeT B JCR,
BKJ/II0OYAEMbI€ B JIOKYMEHTAIbHYIO
COCTABJIAIIIYI0 HH(POPMALMOHHOM CpeAbl

1) Kypnan. llpuBeneM npuMep TPyTHOHUIICH-
TAQUIIUPYEMOTO W C TPYZOM TMOIJAIONIETOCS
OIIEHKE IIUTHPYEMOTO UCTOUYHHUKA U MTOIX0/a K pa-
Oore mo ero mmeHtudukanmu. lTak, Ha3BaHue:
«CHINA PULP PAP». (C momompto camoro JCR
€ro COKpalleHHOe Ha3BaHWe pacmm(poBaTh He
ynanoch.) CBeneHui 00 HCTOYHNUKE C HA3BaHHEM,
MIOXOKMM Ha JaHHOE COKpalleHhe, He TaeT He
toipko JCR, Ho 1 BJI ULRICHSWEB™ (1) [13], —
3aTO0 WHTEPHET-TIOVCK MPUBOAMT HAC HA CAMT W3-
narenbcTBal?, Ha KOTOpOM coobIIaeTcs o KypHa-
ne «China Pulp & Paper» u yka3eiBaeTcst ero Te-
MaTHKa, HO caM WCTOYHHK Ha3BaH He «journal»
(Hay4JHBIN )KypHAI), @ «magazine» (= MOMyISIpHBIA
JKypHaJ). DTO BCEISIET ONpPEIeICHHBIE COMHEHUS
B I1eJIeCO00Pa3HOCTH IPUMEHEHHS TAaKOTO UCTOU-
Huka. OmHaKo, o KHOMKe «Magazines» Ha JaH-
HOM caiiTe TIoTaflaéM Ha €ro pasfieln ¢ 0ojee mo-
HOM XapaKTepUCTUKOW OTPAKEHHBIX HA HEM KYp-

13 Springer: New & Forthcoming Titles: Lecture Notes
in Artificial Intelligence [DnexkrponHbIii pecypc]. Pexum no-
cryma: http://www.springer.com/series/1244 . [lata noctymna:
20.10.2017.

14 China Pulps and Paper Magazines Publisher [Dnex-
TPOHHBIH pecypc]. Pexxum noctyma: http://www.cppmp.com/
English.asp. [lara noctyma: 19.10.1017.

Ha1oB !>, ryie unTaeM, UTO JAHHBIH KypHAT — OIUH
W3 BOXHEHIINX TEXHWYECKHX >XKypHanoB Kuras,
VACTSIOMUI OONbIIOEe BHUMAHHE PA3BUTHIO Hay-
KM U MHHOBAalLMil. MOXHO CYECTh 3TO OIMCAHME
YHCTO pEeKJIAMHOMN JeKiaparyei, Ho cooO0IeHue
0 TOM, YTO JKypHall IMEET «PELCH3UPYEMYIO KO-
JIOHKY», TO €CTh pa3Jiel, MyOIuKY O HayYHbIe
CTaThH, U3MEHSET Hallle PE/ICTaBICHHUE O ero He-
HYXHOCTH B WH(OPMAIIMOHHOM OOCIYKHBaHHH.
Mauio Toro, yKka3aHHBINM Ha TaHHOU cTpanuiie ISSN
JKypHaJla I03BOJIIET OOHApYyX HUTh ero M B bJ[
ULRICHSWEB™ — nipaBsia nojt ipyTuM Ha3BaHH-
eM, T. €. TIOJl €ro HA3BaHWEM Ha KUTaHCKOM SI3bIKE:
«Zhongguo Zaozhi»'6. PaccMoTrpenune coBokymHo-
CTH JOCTYIHBIX JIAHHBIX O YKypHaJle TIOKa3bIBACT,
4TO OH ABJIsETCA T. H. «trade magazine»'’, Ho ¢ j10-
CTATOYHO MOIIHOW Hay4YHOW COCTaBISAIOLIECH.
HTak, 9TOT MCTOYHUK TIO0 CBOMM XapaKTepPHCTH-
KaM TpENCTaBIseTCs JAOCTOHHBIM BKIJIIOUYCHHS
B JIOKYMECHTAJIbHYIO COCTABIISIIOIIYIO [TOJrOTaBIIH-
BaeMOH K CO3JIaHHI0 HHPOPMAIIMOHHOM CPEIbI.

UYro kacaercsi HEXKYPHAJIbHBIX CEpPHAIbHBIX
M3IaHUH, TO BOOOIIE TAKOBBIX B XOJIC BBHIIIOIHEH-
HOTO HCCIIC/IOBAHUS BBITIONHEHHS WCCIICOBAHUS
OBUIO BBISIBIICHO JIOCTATOYHO MHOTO, IIPUYEM OKOJIO
20-u mpUMEpOB TAKOBBIX MPU3HAHBI HAMHU HHTE-
pECHBIMH JTHOO U3-32 0COOCHHOCTEH MX HMIICHTHU-
(ukaiyu, MO0 — BCISICTBUE HEOKUIAHHOCTH JIJIs
HAac BBICOKMX IUTaT-IIOKa3aTenei, oOHapyKeH-
HBIX Y MCTOYHUKOB MOJ0OHOW TEeMaTHKH W BHUJA.
K nmeficTBUTENBEHO TPYIHOMHICHTU(DUIIUPYEMbBIM
9TH NMPUMEPBI MOTYT OBITH OTHECEHBI JJOCTATOYHO
YCIIOBHO; TEM HE MEHee, IPUBEIEM HEKOTOphIC —
Ha Halll B3IVIsi1, HanboJIee MHTEPECHbIC — U3 HUX.

2) IIpooonsicarowguecs uzoanus — mpyovl KOH-
gepenyui. 31ech CTOUT YNOMSHYTh HPO TaKOH
UCcTOYHUK, Kak «Advances in Computer Science
Research» (ISSN: 2352-538X; Atlantis Press BV;
Netherlands) — nznaromyecs TOIbKO OH-JIAHH TPY-
ael xoHGepenmmii'®, 20 pas muTupyromme u3-

15 China Pulps and Paper Magazines Publisher: Maga-
zines [DnekTpoHHbIN pecypc]. Pexum noctyna: http://www.
cppmp.com/Magazines.asp. [lara nocrymna: 19.10.1017.

 Ha To, uto B JCR He yunThIBaeTCsi MpaKTHKA IBOK-
HBIX HAMMEHOBAHMII HEAHIIOA3BIYHBIX M, B YACTHOCTH, KH-
TalCKUX KYpHAJIOB, yKa3aHo B 3aMmeTke [14]. B Hell npuse-
JICHBI 1 KOHKPETHBIE IIPUMEPBI.

17 To ecth sABIAETCA TIEPHOAMUECKUM H3JAHUEM JUIS Pa-
OOTHUKOB TOPTOBJIH WX MPOMBIIITIEHHOCTH [15].

18 Proceedings series Advances in Computer Science
Research [Dnexrponnsiii pecypc]. Pexxum nmocryma: http://
www.atlantis-press.com/proceedings/series/acsr. [lata moc-
tyna: 03.11.2017.
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OpaHHbIC y3KOCHEINATN3UPOBAHHBIC NCTOUYHHKH;
a Takxe «Proceedings of the Economics & Fi-
nance Conferences» (ISSN, ykazaHHbIi1 Ha caiiTe:
2336-6044, 8 b1 ULRICHSWEB™ [SSN u cam
UCTOYHMK He 3adukcupoBas; International Insti-
tute of Social and Economic Sciences, Czech Re-
public) — Tarxke wu3IarOUMecs OH-TAWH TPYIbI
koH(pepenuuit'®, 20 pas uuTHpyoMe N36paHHbIE
Y3KOCHEMAIM3UPOBaHHbIE MCTOYHHUKU. BTopoi
W3 HA3BaHHBIX MCTOYHUKOB, HecMOTps Ha ISSN,
yKa3aHHBI Ha cBoeM Web-caliTe, He UHIIEKCHPY-
ercs B b/l ULRICHSWEB™), yto co3mano ompe-
JICTICHHBIC 3aTPyJIHEHHS IIPU €ro pa3bICKaHHU.
[TogoOHBIM e TPUMEPOM MOXKET CIYKUTh «Ad-
vances in Intelligent Systems Research» (ISSN Ha
caitre: 1951-6851, B Bl ULRICHSWEB™ wuc-
TOYHUK He 3adukcupoBan; Atlantis Press BV;
Netherlands) — Takxe nznaronecst OH-J1aliH TPy-
161 KoHGepenmii?’, 13 pa3 MUTHPYIOIIHE CIIeIHy-
QIM3MPOBAHHBIC UCTOYHUKU TI0 TEMATHKE «IHEP-
ro0e30MmacHOCTh U IHEProcOepeKeHne, IHEPro-
3¢ (EKTUBHBIC TEXHOJOTUN U TEXHUKAY.

3) Cepuu monoepaghuii. Cauraem 1eIeCo0-
OpasHbiM yroMmsiHyTh 1Ipo « Woodhead Publishing
Series in Energy» (ISSN: 2048-0571; Woodhead
Publishing Ltd.; United Kingdom) — ceputo mo-
HOTpaduii, C KOTOPOH MBI YK€ «BCTPEUAIHCHY
NPy M3yYCHHUH CEPHabHBIX M3JaHUH B TIOMOIIb
UCCIICIOBAHUSIM 110 aTOMHON YHEPTETHKE — BIIPO-
4eM, KOrJla paccMaTpuBalid HE BBICOKOIUTHUPY-
eMble, a BBICOKOIPOIYKTUBHBIE HCTOYHHKH |5,
c. 35]. D10 cepuanbHOE HM3IAHHUE TAKKE HMEET
UTHPYEMOCTh B Y3KOCITICIIHATU3UPOBAHHBIX HC-
TOYHUKAX, paBHyl0 8. Cepusi TO3UIIMOHHPYET
cebs1 Kak MyONIMKyIoIasl «IepeioBble HCCIeno-
BaHUS M MPAKTHUYECKUE PYKOBOACTBA JJISI OOBIY-
HBIX M aTOMHBIX 3JIEKTPOCTAHUUN, YCTOMYMBOTO
NPOM3BOJICTBA, YNPABICHUS BOIAHBIMU pecypca-
MU, TPaJOCTPOUTENBCTBA M PA3BUTHS TPAHCIIOP-

Ta))ZI.

19 International Institute of Social and Economics
Sciences: Proceedings of the Economics & Finance Con-
ferences [DnextpoHHbIl pecypc]. Pexxum nocryma: http:/
www.iises.net/proceedings/economics-finance-conference-
proceedings. [lata noctyna: 24.10.2017.

20 pProceedings series Advances in Intelligent Systems
Research [Dnexrponnslit pecypce]. Pexxum nmocryma: http://
www.atlantis-press.com/proceedings/series/aisr. Jara nocrty-
ma: 03.11.2017.

21 Series: Woodhead Publishing Series in Energy [Dmex-
TpoHHbIH pecypc]. Pexxum noctyma: https:/www.elsevier.
com/books/book-series/woodhead-publishing-series-in-
energy. Jlara nocrymna: 23.10.2017.

4) Knuorcnwvie cepuu. MeHbIasi OMpeesieH-
HOCTh C BH/OBBIM IOHSTHEM CBS3aHA B JAHHOM
cllydae C CaMUM COJICP)KaHHUEM OIHCHIBAEMOTO
ucrounuka: «Computer Aided Chemical Engi-
neering» (ISSN: 1570-7946; Elsevier BV; Nether-
lands) — 91O MFOOOMBITHAS KHM)KHAS CEPUSsl, KOTO-
pas myOJHMKyeT «KaKk TeMaTHYeCKHe TOMa, Tak
v Tpyasl KoHepeHuuitn??. Ha nannyio cepuio
HPUIUIOCH 8 CCHUIOK B W30PaHHBIX y3KOCIHEIHa-
JM3UPOBAHHBIX KypHAJIax; cama ke OHa IUTHPO-
Bajia 3TH XKXypHaIsl 39 pas.

BriBoabI

BrisBiieHHBIE B XOA€ TOJOOHBIX HCCIIEAOBA-
HUM MCTOYHUKH, COKpallleHHble HAUMEHOBAHUS
KOTOPBIX HE IMOANAIOTCS HIACHTH(OHUKAIIH C TIOMO-
0 gaHHbix camoro JCR, 0OBIYHO CUMTAIOTCS
MaJ03HAUYNTEIHPHBIMA JTHOO BOBCE HECHYKHBIMH.
OOBSICHSIETCST 3TO TEM, YTO B CHIIy CAaMOW CTPYK-
Typbl JCR Takue UCTOIHUKA — 3TO OOBITHO ITEepH-
OIMYECKUE M TPOJOJDKAIONIMECS W3JIaHUs, HE
MIMEIOIIHE «IMIIAKT-(PakTopa»”>. OIHAKO BBITION-
HEHHBIM HaMH aHaIu3 yOeKIaeT, UTO TaKhE FWC-
TOYHUKH MOTYT OBITh TEHCTBUTEIHHO MTOJIC3HBIMA
s crenmanucTo>*. Jlanee, yCTaHOBIEHO, 4TO
B JCR He IpoCTO BCTPEUAIOTCS OIMTHOKH TBOHHO-
o HalMCaHUs COKpAIIeHHbIX HAMMEHOBAaHUM, HO
YTO TAKOBbIE MOTYT KacaThCs Jaxe KYpHAJIOB,
BKJIIOYEHHBIX B «MAaCTEP-CHUCOK», TO €CTh UCTOU-
HUKOB, ONPEJIEICHHO UMEIOIINX yCTAHOBJIEHHbIE
mist JCR cokpamenns. Bee 3To TmpUBOIWT Hac
K BBIBOAY O TOM, YTO TPH BBITTOJIHEHUN OMOIHO-
METPUYECKUX HccaenoBannii ¢ momornisio JCR
OTKa3 OT CKPYMIYJIE3HBIX HICHTH(OHUKAITMOHHBIX
M3BICKAHUM MPUBENET HAC K MOTEPE IEUCTBUTEIb-
HO IIEHHBIX JaHHBIX O IUTHPYEMBIX/ITUTHPYIOTIX
MH()OPMAIIMOHHBIX NCTOUYHUKAX.

Marepuanbsl ucciaeAoBaHUS LUTHUPYEMOCTU
CEepUANIbHBIX M3JJaHUW B KypHaiaxX MO TeMaThKe

22 Series: Computer Aided Chemical Engineering
[Onexrponnslii  pecypc]. Pexum mocrtyma: https:/www.
elsevier.com/books/book-series/woodhead-publishing-
series-in-energy. Jlara noctyma: 23.10.2017.

23 K TakuM M3JaHMSAM MHOTHE CIENUAINCTH HEOTPAaB-
JJAHHO OTHOCATCS ceiyac Kak K U3JaHUAM «BTOPOTO COpTa».
W3 o0mmmpHOit Tekymiel uteparype 00 «UMIaKT-(hakTope»
MBI COIIJIEMCS Ha I0CTaTOYHO HOBBII 0030p [16, p. 380], roe
€ro KOPPEKTHOC U IIOJHOE ONPEACIICHUE BIIUCAHO B HIMPO-
KHUHU U aJICKBATHBIM ITO3HABATCIIbHBIM KOHTCKCT.

24 BhINoNHEHHEe TaKOTO aHAJIM3a MO CYIIECTBY ObLIO He-
N30€XKHBIM, T. K. KOHEUHBIM IYHKTOM HAIIUX Pa3bICKaHUI
prZlHOI/IZleHTI/I(bI/ILlI/IpyeMbIX HCTOYHHUKOB BCEraa OblIM KX

Web-caiiTel ¢ mpuBiiedeHHEM 0 HEOOXOJUMOCTH U COAEp-
’KQHUSI KOHKPETHBIX MyOJIMKYeMBbIX B HUX MaTepUasoB.

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA
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«@HEProOe30MacHOCTh U YHEProcOEpeKeHIE, YHEP-
ro3¢pGeKTUBHBIC TEXHOJOTHU U TEXHUKAY / IIUTH-
POBaHUS MU ITHX JKYPHAJIOB, OyIy4d HCTOYHH-
KoM OoJjiee pa3zHOOOpa3HBIX OMIMOOK B 0003HaUe-
HUsIX B JCR OUTHPYEMBIX/IUTHPYIOIUX HHPOP-
MAI[MOHHBIX UCTOYHUKOB, HEKEIIM HAIIM TPEIbl-
Iymue ucciaenoBanus [4—6], MO3BOIMIA BBIJC-
JIUTh PsJ] PA3JIMYHBIX MMOCICACTBUM U TIPUYHMH Ta-
KUX OomMOoK. M3 paccMOTpeHHBIX B JaHHOU CTa-
ThE OLIMOOK, UX MPUYMH U TOCICACTBUN UHTEPEC
B KOHTEKCTE MPAKTUIECKOTO UCITOIb30BAHMSI TaH-
HBIX, Ha HAIl B3DVISI, TIPEICTABISAIOT: 1) UCIONb-
30BaHHE COKPAIICHHM, HE MTO3BOJISIFOIINX UCHTH-
¢unmpoBark 0003HaYCHHBIE KIMU UCTOYHUKH, YTO
MPUBOIUT K WX HEU30EKHOMY HCKIIIOUCHHUIO W3
paccMOTpeHust; 2) UCTIONIb30BAHUE TBOWHBIX U MHO-
TOKPATHBIX Pa3JIMYHbIX COKPAIICHUN JIJIsi HauMe-
HOBAHUSI OJHOTO M TOTO K€ CEpUAIHLHOTO H3/a-
HUsl, BbI3BAaHHOE Kak 2.1) 00bEKTUBHO CYIICCTBY-
IOIIMM JBOMHBIM HMX HaWMEHOBAaHUEM, Herpa-
BWJIBHO TOHATBIM HHJAEKCATOpaMH, Tak u 2.2)
BKJIFOYeHHEM B nurtar-gaHaeie JCR momHbBIX Hau-
MEHOBaHUI CepUalibHbIX U3JaHUI HApsAy C COKpa-
IICHHBIMHU, a TaKke 2.3) BKIIOUCHUEM B OTICIb-
HBIX CIIyYasX TOla MU3MaHUs WIH yKa3aHHUS Ha TO,

bnazooapnocmsp

YTO BBIIYCK CEPUAIBHOTO M3aHUS IPEICTABIISET
co0oi Marepuasibl KOH(QEPEHINH, — YTO BBIHYX-
JaeT UccienoBaTessi-OnoIMoMeTprcTa Ipearpu-
HUMaTh TPYIOEMKHE KPOTIOTIIMBbIC IPOBEPKH, a 3a-
TeM O0OBEIMHSATH TOJyuYeHHbIC TaHHbIC. /IBOHHBIC
HaMMEHOBAHHSI CEPUATBHBIX M3JaHUH OHNIMOOYHO
BO3HHUKAIOT MpY MHAEKcauuu marepuanoB B JCR
u 2.4) KaK cle/ICTBUE HAIWYHS TIOACEpUil BHYTPHU
cepuil (KOTOpbIE BOCIPHHUMAIOTCS JHOO Kak
YacTh CepHH, TMOO0 KaKk CaMOCTOsITEeIbHASL CEPHST).

Jlerko 3ameTuTh, 4TO eciu omuoKu 2.2 u 2.3 —
9TO 00bIYHAS HEOPEKHOCTH, TO OIMOKH 2.1 1 2.4 —
9TO CJIEACTBUS 0ObEKTUBHBIX XapaKTEPUCTHUK OTO-
OpakaeMoro ucTtoyHuKa. i MX MpeomosieHus
MaJIo MPOCTOH BHUMATEIbHOCTH, H MBI 3aTPy/IHU-
JCh OBl JIaTh KOHKPETHBIM COBET COOTBETCTBYIO-
mmM ciryxxbam gupmel Clarivate Analytics, mon-
nepxkusatoriein b/ Web of Science u ee pasnen
Journal Citation Reports®. Eme Tpyinee kaxercs
«TIpEJCKa3aThy ajJrOpuTM TEHepaluy COKpalle-
HHM, IOHSATHBIX MHTEPHETY» MPHU COOTBETCTBY-
IOIIEM ITOCIIeTYIOIEeM TTOMCKE B HEM IMOJHBIX Ha-
3paHui. OJHaKo, MpobieMa B HacTOsIIEeH padoTe
BBISIBJICHA U c(pOpMYIIMPOBaHa, M peliarh ee — He-
00X0aMMO.

Agtops 6marogapasl A. B. Cramabany (HIT «HOMKOH») 3a 00cykieHIe PYKOIIUCH CTAaThH.
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Lazarev V. S., Yurik I. V.

ON THE PROBLEMS OF IDENTIFICATION OF INFORMATION SOURCES BEING
DISCOVERED IN THE COURSE OF CITATION STUDIES WITH THE USE
OF JOURNAL CITATION REPORTS®

Belarusian National Technical University

During the citation study of serial publications with the use of Journal Citation Reports® (JCR) a number of items are
being revealed (among others) which abbreviated titles cannot be identified with the use of the JCR itself. Typically, such
sources are considered unimportant, because they do not have an «impact factory. However, our analysis of the information
sources, which abbreviated titles could not be identified with the use of the Journal Citation Reports® itself, convinced us that
such sources can be really useful for the specialists. It was also discovered that in the JCR there are mistakes of writing of
abbreviated titles in two different ways that relate even the periodicals included in the «master listy, i. e. the sources having
abbreviated titles established for JCR. The content of the present citation study of serial publications in relation to their ability
to support research in the subject of «energy security and energy efficiency, energy efficient technologies and appliances» has
made it possible to identify a number of different consequences of such mistakes and the reasons for them. It was found, for
example, that the use of double and multiple different abbreviations for the titles of the same serial publication is either due to
their objectively existing dual title misinterpreted by the indexers, or due to the inclusion in the citation data of the JCR full
titles of the serial publications along with the abbreviated ones, and also by the inclusion in such data in some cases the year
of publication or by indicating that the publication issue represents the conference proceedings. All the hard-to-identify abbre-
viations compel a bibliometrician to take time-consuming laborious identifications and verifications of such titles often fol-
lowed by the recount of the resulting data.

Keywords: scientific serials, scientific non-serials, citation analysis, identification of items, biliometrics, selection, power
engineering.

JlazapeB Baagumup CranuciaaBoBud padoran B 1977-1998 rr. B rpynie HayuyHOM MEAMIIMHCKON
unpopmaru HUUW remarosioruu u nepenuBanus KpoBr MUHHCTEPCTBA 3/IpaBooxpaHeHust benmapycu:
o 1981 roxg maaamumM, a ¢ 1981 roga — crapuuM Hay4IHBIM COTPYIHUKOM; ¢ 1980 rosa — ¢ BBITIOIHEHU-
eM obsi3aHHOCTeH pykoBoauTesst rpymnmbl. C nexadpst 1998 roga mo mapt 2016 rona — BHavane 3aBesy-
IOIIMH OTJENIOM HAyYHO-TEXHHYECKOH HMH(OpMannu, MHTEIJICKTYyadbHOH COOCTBEHHOCTH M MEHE-
JKMEHTa KauecTBa Hay4HO-HCCIIe/IOBaTeIbCKOW yacTH bBelnopycckoro HalMOHAaIbHOTO TEXHHYECKOTO
yausepcutera (bBHTY), 3arem Bengymmii umxenep gannoro oraena. C mapra 2016 rona — 3aBeqyromuit
CEKTOpOM OT/eNna HHpopMamoHHBIX TexHonorui Hayunoii oubnuorexun BHTY. Unen mexynapomHo-
ro obmecTBa «KauecTBeHHbIC M KOJIMYECTBEHHBIC METOJIbI HCCIIeIOBaHus B OnOmuorekax» (¢ 2017 r).
Astop 6onee 200 myOnukanmii (BKJIOYast psiji HAy4HBIX cTateid B HayuHou nepuoauke CIIIA, Benuko-
Opuranuu, @paHiuy U JIp. CTPaH, a TAKKE B MEKIYHAPOAHOI), 60 TOKIa 0B M BBICTYIJICHUH Ha pas-
nuHbIX KoH(pepeHmsax. B. C. JlazapeBbIM BBITOIHEH Psifi IPOSKTOB 10 OMOIMOMETPHH U C MIPHUBJICYE-
HUEeM OnbmmomMeTpuu, B T. 4. TeMbl HUP «Pa3paboTka OubmmoMeTprueckoll METOAUKH 0TOOpa U OLICH-
K{ MUPOBBIX HAyYHBIX TICPHOANYCCKUX U3AaHUH, TyOIUKAI[H B KOTOPBIX HEOOXOAUMBI JIJIsl KaueCTBEH-
HOW peanu3aliy Hay4HbIX HccienoBaHui B PecriyOnuke benapyce» (ucnonuutens, 2017), «Cucrema
NPOBEJCHUS CTYACHYCCKIX HAyYHBIX KOH(EPEHIMH 1 MyOIrKalus CTyIeHYeCKUX paboT Kak CpelcTBO
MOITOTOBKM TBOPYECKH AKTHBHBIX MPO(ECCHOHANBHO 3PEIIbIX CICIUATUCTOB: COCTOSIHUE M ITyTH CO-
BEPILIEHCTBOBAHU (HayuHBIH pyKoBoauTens, 2000-2002), «benopycckue cpecTBa MacCOBOM KOMMY-
HUKalMU B (HOpMHUPOBAHHE MOCTYEPHOOBUTHLCKOTO cTpecca y HaceneHus» (Research Support Scheme
(OSI/HESP), rpant Ne 1290/1996 — nnAMBHAyaIbHBIN TPAHTONONYYATEh HA BHIIOJTHEHHE UCCIIeI0Ba-
Hust). B 90-e rogpr XX Beka y4acTBOBaJ TakKe B DMHJIEMHOIOTHUECKUX UCCIETOBAHUIX MMOCTYEPHO-
OBLIBCKOM OHKOT€MaTOJIOTMYECKOM 3a00JIeBaeMOCTH HacelieHus: bemapycu.

Vladimir Lazarev worked at the Unit of Scientific Medical Information, Institute of Hematology
and Blood Transfusion of the Ministry of Health of Belarus (1977-1998): till 1981 — as junior, and
since 1981 — as senior researcher; since 1980 — with the duties of the head of a unit. Since December
1998 to March 2016 he was first the Head of the Department of Scientific and Technical Information,
Intellectual Property and Quality Management of the Research Division of the Belarusian National
Technical University (BNTU), then — a leading engineer of this Department. Since March 2016 he is
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a head of a sector of the Information Technology Department of the Scientific Library of the BNTU.
Member of the International Society «Qualitative and Quantitative Methods in Libraries» (since 2017).
The author of over 200 papers (including research articles in scientific periodicals of the USA, UK,
France and other countries, and also in international ones), of 60 presentations at various conferences.
Vladimir Lazarev fulfilled a number of projects in bibliometrics and with the involvement of bibliomet-
rics, including research projects of the «Development of bibliometric methods for selection and assess-
ment of world scientific periodicals, which publications support quality implementation of scientific
research in the Republic of Belarus» (executor, 2017), «System of holding student scientific confer-
ences and publication of student work as a means of preparing creative mature professionals: state of
arts and ways of improvement» (supervisor, 2000—2002), and also «Belarusian mass communication
and the post-Chernobyl public stress formation» (Research Support Scheme (OSI/HESP), grant No
1290/1996 — individual grantee to perform the research work). In the 90-ies of XX century Vladimir
Lazarev also participated in the post-Chernobyl epidemiological studies of blood malignancies morbid-
ity of the population of Belarus.

IOpuxk Unna BukTopoBna — qupexrop Hay4noit 6ubnuorexu benopycckoro HalluoHaIbHOTO TeX-
HUYECKOro yHuBepcurera. OxoHumna (akynsreT HHOOPMAMOHHO-TOKYMEHTHBIX KOMMYHHKanuii be-
JIOPYCCKOTO TOCYIAPCTBEHHOTO YHHBEPCUTETA KYJIBTYPbl U MCKYCCTB (CIICIHANN3AIMS «MEHEIKMEHT
U MapKeTHHI' OMOIMOTEYHO-MH(OPMAIMOHHBIX CHCTEM»); CIIEHUAIBLHOCTD 0 AUIUIOMY — «OHOIHOTE-
kapb-Oudnuorpady». Conckarens Kadeapbl MEHeDKMEHTa HH(POPMAIIMOHHO-I0KYMEHTHOH cdepbl YO
«benopycckuii rocynapcTBeHHBIH YHUBEPCUTET KyJIBTYpPhl U HCKYCCTB», crenuaibHocTh 05.25.03 —
«OubnuorexoBeneHue, GnbIMorpadoBeieHue U KHUTOBEICHUEY, TEMa IMCCEPTALIMOHHOTO MCCIIeI0Ba-
Hust: «COIUAIIbHO-TICAArOrMueCKUe OCHOBBI ITPO(eCCHOHANILHON ajanTaiuu oudianoTekapei bemapy-
cu». Crienuanuct B 001aCcTH MEHEPKMEHTa U MapKETHHTa aBTOMaTH3UPOBAaHHBIX HH()OPMaIlMOHHO-0U-
OJIMOTEUHBIX CHCTEM, NH(DOPMAIIMOHHOTO 00SCIICUeHHsI HayKu U o0pa3zoBaHus. ABTop Oosee 70 myOiu-
KalMii HayYHOTO W HAyYHO-METOIMYECKOTO XapaKkTepa B PeleH3UpYEeMbIX HayuHbBIX, IpodeccuoHab-
HBIX TICPHOIMYECKUX U3IaHUSIX, COOPHUKAX MEXKIyHApOIHBIX HAYyYHO-NPAKTUYCCKUX KOH(EpPEHIIHH,
B TOM YHCJI€ KOJUIGKTHBHOW MOHOTpaduu, yueOHO-METOIUYSCKOTO U HAYYHO-TIOMYJISIPHOTO TOCOOMii.
U. B. IOpuxk BeimonHeH psijg npoektos: TeMbl HUP «Pa3paborka 6nbaromMeTpuyeckoil METOIUKH 0T00-
pa ¥ OICHKU MUPOBBIX HAYYHBIX MEPUOJUUCCKUX U3JAHUM, MyOIMKAIIMA B KOTOPBIX HEOOXOAUMBI JJIst
KaueCTBCHHOM peanu3aliid HayYyHBIX uccienoBanuii B Pecmyonuke benapych» (ucnomautens, 2017),
«AHaNM3 MHPOBOTO OIBITA U pa3padoTKa MpeAIoKEeHUH 1o cTpareruu pa3Butus Ha 2018-2020 roast
U Ha niepcrekTuBy 110 2025 roga cuCTeMbl HAyYHO-TEXHUYECKOW M MHHOBAIMOHHON MH(opManmu Pe-
cny6nukn bemapych kKak aeMeHTa HallMOHAIbHON MHHOBAIIMOHHON CHCTEMBI» (MCHOIHUTENH, 2017).
VYdacTBOBasa B MEXKIyHapoaHOH nporpamme Mobility Scheme for Targeted People-to-People-Contacts
(2016, 2017). [Ipencenarens benopycckoit Oudbmuoreunoit accouuaruu (¢ 2017 r.).

Inna Yurik is the Director of the Scientific Library of the Belarusian National Technical University.
She has graduated from the Faculty of Information and Document Communications, Belarusian State
University of Culture and Arts (specialized in «management and marketing of library information sys-
tems»); diploma specialty is «librarian-bibliographer». A candidate for a PhD degree in Library Sci-
ence, Theory of Bibliography and Bibliology at the Department of Information and Documentation
Management of the Belarusian State University of Culture and Arts; the subject of her PhD study is
«Socio-pedagogical bases of professional adaptation of librarians of Belarus». She is an expert in the
field of management and marketing automated information and library systems, information support of
science and education; the author of over 70 published scientific and methodological papers in peer-re-
viewed professional journals, proceedings of international scientific-practical conferences, as well as of
one collective monograph, educational and popular scientific manuals. Inna Yurik fulfilled a number of
projects, viz. research projects of the «Development of bibliometric methods for selection and assess-
ment of world scientific periodicals, which publications support quality implementation of scientific
research in the Republic of Belarus» (executor, 2017) and «Analysis of world experience and develop-
ment of proposals on strategy of the development of the of scientific-technical and innovative informa-

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA 1,2018



CucmemHblil aHanu3 15

tion system of the Republic of Belarus as a part of the national innovation system for the years 2018 to
2020 and prospectively up to 2025» (executor, 2017). A participant of the Mobility Scheme for Target-
ed People-to-People-Contacts international programme (2016, 2017). The Chairperson of the Belaru-
sian Library Association (since 2017).
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A. V. PETUKHOV

FORMALIZATION OF THE PROBLEM OF SELECTION
OF AUTOMATED SYSTEM

Sukhoi State Technical University of Gomel, Gomel, Republic of Belarus

The results of many years of research in the field of formalizing the task of selecting automated systems for various
areas of design and office activities are given. The purpose of the study is the development of methods for qualitative
and quantitative evaluation when choosing an automated system, taking into accounts the operating conditions and
customer requirements. Qualitative assessment is based on the theory of choice and decision making, which examines
the mathematical models of this type of activity. In view of the fact that in the problem under consideration, many
alternatives, which are automated systems, are known, it can be related to the choice problem. The peculiarity of this
approach is that it does not require a complete restoration of the principle of optimality, but allows us to confine
ourselves to information sufficient to identify the optimal variant. The quantitative assessment is based on the
determination of the projected annual economic effect from the introduction of an automated system. The described
technique can be used by enterprises and organizations in the evaluation of automated systems at the stage preceding
the tender for their purchase.

Keywords: choice of automated system, qualitative assessment, quantitative assessment, theory of choice and decision-

making

Introduction

Expanding the use of information technology
in practically all spheres of life of modern society
and the continuous appearance of various auto-
mated systems (AS) on the market actualizes the
task of developing a methodology for assessing
the optimal version of a particular system, based
on operating conditions and customer requirements.

As a rule, enterprises, institutions and firms
especially need the proposed methodology in two
cases:

1) The enterprise has only been established
and needs to purchase AS for work;

2) The enterprise already exists for a while,
has accumulated certain experience in the use of
information technology, but the existing situation
does not suit management and modernization is
required, including the purchase of new software.

In both cases, experience shows that the eval-
uation methodology must meet two basic require-
ments.

First, the methodology should be as broad and
objective as possible, based on simple and under-
standable criteria that do not allow double inter-
pretation, equally perceived by both customers
and performers.

Secondly, the methodology should allow the
implementation of the evaluation procedure on
the basis of a widespread computer program, for
example, Microsoft Excel. This will ensure the
simplicity of creation, the adequacy of perception
and ease of modernization. This is explained by
the fact that the customer, in most cases, does not
have the necessary level of knowledge in the field
of existing decision support technologies and
therefore does not want to risk losing money,
trusting, in his opinion, a complex and biased pro-
gram.

The formalization of the task of selecting an
AS involves a comprehensive study of systems,
including qualitative and quantitative assess-
ments.

1. The method of qualitative evaluation of AS

The basis for the methodology of qualitative
assessment is the theory of choice and deci-
sion-making, which examines the mathematical
models of this type of activity.

Let there be a lot of AS, and the problem is to
isolate a subset from it based on the idea of the
quality of the options, characterized by the princi-
ple of optimality. In this case, the decision-mak-

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA

1,2018



CucmemHbll aHanu3

17

ing task is called a pair <QQ, OP>, where Q) — many
options, OP — optimality principle. By the solu-
tion of the problem <Q, OP> we mean the set
Qpp < Q, obtained with the help of the optimality
principle OP.

The mathematical function of the OP optimal-
ity principle is the Cpp selection function. It asso-
ciates with any subset X < Q its part Cyp(X). The
solution Q,p of the original problem is the set
Con).

The decision-making tasks are distinguished
depending on the available information on the set
Q) and the optimality principle of the OP. In view
of the fact that in the problem under consider-
ation, the set of alternatives that are AS is known,
it can be related to the choice problem. Thus, the
problem of choice is a special case of the general
problem of decision-making. The peculiarity of
this approach to the solution of the problem of
choice lies in the fact that in the general case it
does not require a complete restoration of the op-
timality principle, but allows us to confine our-
selves only to information sufficient for distin-
guishing Q. The general optimization problem
may not assume the maximization of one or more
numerical functions. Its meaning is to select the
set of the best elements, i. e. in calculating the
value of Cpp(€2) for given Q and Cpp. If Cpp is
a scalar selection function on the set Q, then we
get the usual optimization problem.

The alternatives in question have many prop-
erties that affect the solution. Being enlarged these
properties can be classified into specific sets. In
particular, when solving the problem of choosing
a computer-aided manufacturing (CAM) system,
the following sets of properties are considered: M’ —
integration with CAD systems; M'' — design of
technological processes; M'"" — work with tech-
nology directories; M"""" — calculation of allow-
ances and cutting modes; M'"""" — material and
technical rationing.

Detailing of the indicated sets, shows that each
of them is formed by several properties. For ex-
ample, M'{m,’, m,'}, where m," — data transfer on
the composition of the machine-building product;
m," — data transfer of the elements of machine parts.

Similarly, M" {m ", m,"”, m5"'}, where m," —
interactive designing of technological processes
on the basis of code information entered into the
computer-aided process planning (CAPP) system;
m,"" — interactive designing of technological pro-

cesses on the basis of code information transmit-
ted automatically from the CAD-system file to the
CAPP system; m,""" — automatic design of techno-
logical processes on the basis of the code infor-
mation transferred from a file of CAD-system in
the CAPP system.

Some of these properties are expressed by
a number. This is confirmed by the existence of
a mapping ¢:Q — E,. Consequently, the savings
from reducing the labor intensity of work in the
CAM system is a criterion in the problem under
consideration, and the number ¢(x) is the estima-
tion of the alternative x by the criterion. Simulta-
neous accounting of individual properties can be
difficult. In this case, the groups of properties that
aggregate in the form of aspects are distinguished.
An aspect is a complex property of alternatives,
which simultaneously takes into account all the
properties that belong to the corresponding group.
In a particular case, an aspect can be a criterion.
For example, when considering the properties that
make up the set M’', the economy can be used as
a criterion when implementing a CAM system in-
tegrated with the CAD system.

Therefore, all the properties m,’, m,", ..., m,'"",
which are taken into account when solving the
problem <Q, OP>, are criteria. We put in corre-
spondence to the criterion m; the j-th axis of
E,(j=1,n). We map the set Q B E,, associating
with each alternative x € Q the point ¢@(x) =
{01(x), ..., 9,(x)} € E,, where @(x) — is the estimate
of x by the criterion m;(j=1,n). A criterion
space is a space whose coordinates of points are
considered as estimates by the corresponding cri-
teria.

The calculation of the estimates ¢(x) of each
Q-th alternative over the whole set of properties
allows us to determine the indicator of the overall
efficiency Eq;M;. To do this, it is necessary to
classify the estimates according to the properties
that are to be maximized and minimized.

The purpose of this classification is that, in
calculating the indicator of the overall efficiency
EqiM,;, it is correct (in the sense of the sign) to
take into account the values of the efficiency mea-
sures for the properties to be minimized.

Indeed, based on the physical meaning of this
classification, it is desirable that estimates for the
properties subjected to minimization of ¢;"")(x)
be minimal (for example, costs associated with
the purchase of computer facilities), but on pro-
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perties subjected to maximization ¢ "“)(x) are
maximal.

In this case, the calculation of the indicator of
the overall efficiency EqM; of the Q-th projec-
tion alternative is made by the formula

where Z(pgmax)M,-, Z(pg.mi“)Mi — accordingly,
M M

the sum of measures of efficiency on the proper-
ties subject to maximization and minimization.

After these calculations, confidence intervals
of the indicator Eq;M; are determined.

The final stage of the choice of the CAPP sys-
tem is the decision-making based on the analysis
of the calculated estimates @;(x) and the indicator
of the overall efficiency Eq:M;.

The alternative having the largest value of the
indicator of the overall efficiency EqM;, can be
considered as optimal for the considered set of al-
ternatives of the CAPP systems €. Therefore, if
the indicator of the overall efficiency EqM; of the
alternative to the CAPP system is the largest in
magnitude, taking into account the sign on the
whole set of design alternatives, then the Q-th al-
ternative is optimal.

However, it is quite logical to take step by
step decisions.

1. An alternative with the highest overall effi-
ciency index max Eq;M; is adopted as a nodal al-
ternative.

2. Analyzing the estimates ¢,(x) of each alter-
native for all purposes, an ordered set of alterna-
tives €2 in accordance with the values ¢(x) is con-
structed.

3. In each order of importance, the set of esti-
mates o; = {¢@(x), ..., ¢,(x)} determines the place
of the nodal alternative to the design of Q,,; and
determines the ways of its optimization:

A) if the set o is constructed for the goal that
is to be maximized, then Q,,; can be optimized
by the alternatives to the left of it in the set Q;

B) if the set o, is constructed for a goal sub-
jected to minimization, then 3, ; can be optimized
by the alternatives to the right of it in the set Q.

In this case, possible ways of optimizing the
nodal alternative Q,,; are determined. The possi-
bility of their practical implementation is consid-
ered in the subsequent stages of engineering anal-
ysis and is related to the resolution of compatibili-
ty and feasibility problems. In particular, when

solving the problem of choosing the CAPP sys-
tem, the ways of optimizing the nodal alternative
can be scheduled at the stage of the tender for the
purchase of the above-mentioned system.

2. The method of quantification evaluation of AS

The annual economic effect from the intro-
duction of an AS is determined by the formula

i=k Jj=m
Yecon = Z Zp; - Z th (1
i=1 j=1
i=k
where D> Zp; — the amount of saving wages of
i=1
workers in the i-th categories due to the increase
in labor productivity when implementing an AS
=m
for one year of work; jz Zt; — amount of costs
Jj=1
for the implementation of an AS for j-th items of
expenditure.

The amount of saving wages of workers in the
i-th categories due to the increase in labor produc-
tivity when implementing an AS for one year of
work is determined by the formula

i=k i=k

> Zp =3 (7o) m) )

i=1 i=1
where ZpiY — the amount of saving on the wages
of one specialist of a certain category, resulting
from a reduction in labor intensity by the types of
work performed, for one year of work; #; — number
of specialists in the i-th categories of employees.

The amount of costs for the implementation
of an AS for j-th items of expenditure is deter-
mined by the formula

Jj=m J=m emp Jj=k J=p soft
Zth:Z St xan +2Stj (3)

J=1 J=1 J=l J=l

where St;mp — the cost of one user license by user
category; n; — number of specialists in the j-th

J=p

categories of employees; Y. St;”ﬁ — sum of the
j=1

cost of j-th work on the implementation of an AS.

3. The results of approbation of the described
approach

Approbation of the described technique was
carried out for a long time in solving problems of
the choice of AS.

In the beginning, it was used to identify the
most important functions and tasks in the forma-
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tion of ways to create CAM systems of prototypes
for forage harvesting equipment [1], [2]. The ob-
tained results were used in the Main specialized
design bureau for the complex of forage harvest-
ing machines when creating the first stage of the
CAM system. Implemented on the basis of SM-
1420 computer, the CAM system consisted of
CAPP system of prototypes of forage harvesting
equipment [3] and an AS for structural analysis of
prototype designs [4].

Later on, when switching to PC and integrating
the above mentioned system, the methodology was
used to select the path of their further development.
In particular, with its help, the decision was made to
model decision making when choosing methods
for automating the technological preparation of pro-
duction of prototypes for forage harvesting and grain
harvesting equipment [5]. In addition, the techni-
que was used for the information analysis of the
technological preparation for the production of pro-
totypes for forage harvesting and grain harvesting
equipment [6], and also for the development of the
sequence of the creation of integrated systems [7].

To expand the scope of the described method-
ology, it was tested while analyzing and develop-
ing the proposals for the modernization of the ex-
isting PDM system of the joint stock company
«Gomeltransneft Druzhbay [8].

In 2013, the methodology was used in higher
education. Namely, when choosing a CAPP sys-
tem for the performance of laboratory work at the
Sukhoi State Technical University of Gomel [9].

Conclusion

The described technique can be used by enter-
prises and organizations in the evaluation of AS at
the stage preceding the tender for their purchase.
One of the advantages of the methodology is that
it is based on simple and understandable criteria
that do not allow double interpretation, is equally
perceived by both customers and executors, and
also allows the implementation of the evaluation
procedure based on the Microsoft Excel office ap-
plication. This circumstance ensures the ease of
creation, adequacy of perception and ease of mod-
ernization at the request of the decision-maker.
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®OPMAAU3ALUA 3AAAYU BbIEOPA ABTOMATU3UPOBAHHOW CUCTEMBbI

VYupeoicoenue obpaszosanus «l omenvcruti cocyoapemeennviti mexuuyeckuil ynusepcumem umenu I1. O. Cyxoeor,
2. Tomenw, Pecnyonuxa benapyce

B cmamve npusoosmcs pe3ynomamvl MHOLONEMHUX UCCIe008AHUll 6 obnacmu gopmanruzayuu 3a0auu  eblbopa
ABMOMAMUZUPOBAHHBIX cUCmeM Ol PASIUYHBIX Chep NPOeKmuposourol u oguchoi desmenvhocmu. Llens ucciedosanus
3AKNIOUANAC, 6 PA3PAbOmMKe MemoOUK KAYeCMBEHHOU U KONUYECMBEHHOU OYEHKU Npu 6bloope asmomMamusuposaHHoU
cucmembl, UCX005 U3 YCAOBULL SKCRIYAMAyuU U mpedo8anuil 3aKa3uuKd. B 0cHo8y MemoouKu Kauecmeen ol OYeHKU NOLONCEHA
meopus 8blOOPA U NPUHAMUS PEUIeHUL, KOMOPAs UCCIedyem MaAmeMamuyeckue Mooenu 9mo2o 6uda oesmeibHocmu. Beudy
Mo2o, Umo 8 paccmampueaemoul 3a0a4e MHONICECMBO AlbMEPHAMUE, KOMOPbIMU AGTAIMCS A8MOMAMUZUPOBAHHbIE CUCTEMbL
u36ecmuo, ona modxcem Ovime omuecena K 3aoaue evioopa. Ocobennocms mako2o nooxo0d COCMoum 6 mom, Ymo oH He
mpeobyem noiHo20 80CCMAHOGIEHUS. NPUHYUNA ONMUMATLHOCHU, d NO360I5A€M 02PAHUYUMbCS UHGOpMayuell, 0CMAamoyHol
07151 8bIOEILEHUs ONMUMATLHO20 6apuarma. Konuuecmeennas oyenka 6azupyemcs Ha onpeoeieHull npOSHO3UPYemMo2o 20008020
9KOHOMUUECKO20 Ipghexma om eHedpeHus: A8MOMaAmu3uUposantou cucmemsl. OnUCaHHAs MEMOOUKA MOJICEN UCTIONb308AMbC
NPeONnPUAMUSMU U OPLAHUSAYUAMU NPU OYEHKE A8MOMAMUZUPOBAHHBIX CUCIEM HA CIMAOUL, NPeOueCmeyouetll npoedeHuUo
meHOepa Ha Ux 3aKyNKy.

Knrouesvie cnosa: vibop asmomamusuposanHtoll cucmemvl, Ka4eCmeeHHas OYeHKd, KOIUYeCmEeHHas OYeHKd, meopusl
66100pA U NPUHAMUSL peUleHULL

IletyxoB Ajexcanap BiaauMupoBu4 — crapmmii mpenogasarenb Kapenpsl
«TexHOMOTHS MAIIMHOCTPOCHUS» YUPEKACHNS 00pazoBanns « oMenbCKuii Tocy-
JapCTBEeHHBIN TexHuuecknid yansepcureT umenu 1. O. Cyxoro»

Alexander Petukhov — Senior lecturer of the chair «Technology of mechani-
cal engineering» of the Sukhoi State Technical University of Gomel.
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O. ®@. OITEHKO

CUHTE3 YNPABAEHUA
B ABYXKOHTYPHOU AUCKPETHOWU CUCTEME

benopycckuti nayuonanohviti mexuuueckuti yHugepcumem

Lenvio pabomul s65emces TUHENHBII OUCKPEMHBII CUHME3 O8YXKOHMYPHOU CUCEMbL C OOHUM 6X000M U OOHUM
BbIXO00M C NPONOPYUOHATLHO uHmezpupyrowumu (ITH) pecynsamopamu, opueHmuposanHulil Ha ynpagieHue 0obekma-
MU, NaApamempsl KOMOPbLX MO2YM USMEHAMbCI 6 HEKOMOPLIX npedeiax. Memood cunmesa 0CHO8AH HA JOKAAUZAYUL
KOpHell u pazoeieHuu 08uNceHull Ha Obicmpyto u mednerHyr cocmasnarwue. Hapamempor [IH-pecynsamopos onpede-
JISIIOMCSL HA OCHOBE 3A0AHUS JICENAeMbLX 3HAYEHUL KOPHEU XAPAKMePUCMUYECKO20 NOTUHOMA HA KOMNJIEKCHOU NIOCKO-
CMu U UCRONL308AHUY PEDYYUPOBAHHOI, NEPEO20 NOPAOKA, MOOelU 00bekma. Fcnonb308ansl yciosus, npu KOMopubix
OUHAMUYECKUE CBOUCMBA KAICO020 U3 KOHMYPOE CUCMeMbl OIUZKU K CEOUCMEAM OUHAMUYECKO20 36eHA 6MOPO20 NO-
paoka. Juckpemnocme ynpasieHus., 00YCIOBIEHHAS. MUKPONPOYECCOPHBIM YNPAGLCHUEM, 02pAHuuusaen o01acmo
VCMOUMUBOCMU KAICO020 U3 KOHMYPO8 ynpaesienus. Q61acms yemouuugocmu Kaxico0020 KOHMypa umeenm Gopmy Kpyea
Ha KOMNJLEKCHOU NIOCKOCMU KOPHEll, U pAOUyC Kpyea eCimb GeJUdUHd, 00pAmMHO NPONOPYUOHAIbHAS UHMEPEATLY 8PeMe-
HU OUCKPemu3ayuu ynpasienus OaHHO20 KOHMYypd. BHympeHHutl KOHmyp Q0JiCeH uMemb 3HAYUMelbHO MeHbUlee 6pe-
M5 pe2yiuposanus, yem eHeutuil. I109momy 60 6HewHeM KOHmMYpe 6pemMs paciema CueHala Ha gvixooe ITH-pecynsamopa,
PABHOE UHMEPBANLY OUCKPEMHOCU, MONCEM OONYCKAMbCS OOIUUM, YeM 80 BHYNMPEHHEM.

Memoo onpedenenus napamempos I1H-peeynamopos sensiemcs npubIU’CeHHbIM, U 3hekmueer 0151 ynpaeieHus
6 cucmemax, OUHAMUKA KOMOPLIX CKIAObIGAEMCs: U3 ObICMPOll U MeOIeHHOU COCMABIAWUX 0sudiceHus. [lpumepom
MAKUX CUCMmeEM, 8 YACMHOCIMU, ABISAIOMCA ABMOMAMUIUPOBAHHBIE INEKMPONPUBOObL NPOMBIUILEHHBIX YCIMAHOBOK, KO-
Mopble Xapakmepusyromcs Maiblm 6PeMeHeM dNeKMPOMACHUNMHBIX NePeXOOHbIX NPOYECCO8 U OIUMENbHLLMU NPOYeCca-
MU MEXAHUYECK020 08udcenus. IIpusooumes npumep pacuema u MoOeaupo8arUs, KOMopslll ULIIOCMPUPYem Cyno Mme-
mooa u e2o npuMeHeHue.

Knrwuesvie cnosa: nunetinoiii CuHmes, ()MCermHa}l cucmema, obracmo ycmoﬁtmeocmu, MHOSOKOHmMYPHAs cucmemda, npo-

NOPYUOHANLHO-UHMESPUPYIOWULL Pe2YIIAMOp, MOOANbHOe YNpasieHue, Xapakmepucmuieckutl noau-

HOM.

BBenenune

KomrieHcaryst ”HEpIIMOHHOCTH 00BEKTa pery-
asitopoM [1] mpenmonaraeT 3HaHUE MapaMETPOB
oObekTa yrpasieHus. [lockonbky Mozienb 00bek-
Ta, IpUMEHsieMas I CHHTe3a, He BIIOJIHE J0CTO-
BEpHA, a MapaMeTpbl 00bEKTa MOABEPKEHbI H3Me-
HEHUSAM B IIMPOKUX Ipejiesiax, o0acTh MpUMeHe-
HUSl IPUHLMNA KOMIIEHCALMM HMHEPLUOHHOCTEH
1 TOMYMHEHHOro ympasieHus [1] orpannyeHna.
B nocnennue necsarunetus pa3padbaTbBaroTCs Me-
TOJIBI YIPABJICHUS C PErYISITOPAMU IPOCTOM CTPYK-
TYpPBI, IPONOPLUUOHAIEHO HHTETPO-Tu(PepeHIIn-
pytomum (ITMJ]) u, B wactnoctu, I1U-perynsaro-
paMM C y4eToM MapaMeTPHYECKUX BO3MYILICHHUN
[2-8], B TOM uucae [5] u I MHOTOKOHTYPHBIX
CHUCTEM.

Curnansl ynpasieHus Gpopmupyrorcst nudpo-
BBIMH yCTpOMCTBaMHU YIpaBieHUs] (MHUKPOKOH-
TpoJuiepaMu). J{Jsi BHEIIHUX KOHTYPOB PETyIHpPO-

BaHUS WHTEPBaJ] BPEMEHH, HEOOXOAMMBIH IS
(bOpMUPOBaHUS CUTHATA YIPABJICHHS, MOXKET TO-
TpeOOBaThCsl OONBIINM, YeM BO BHYTPCHHUX KOH-
Typax, OJJHAKO OTPAaHHUYEH IO YCIOBHUSIM yCTONYH-
BOCTHU. J[J1s1 BHYTPEHHUX KOHTYPOB IO COOOpae-
HUSIM KayecTBa JMHAMHUKH CHCTEMBI MPEOYTH-
TEJILHO BBICOKOE OBICTPOJCHCTBUE U, CIENOBa-
TEJIbHO, BBICOKAsl YaCTOTa JUCKPETHOCTH (HOpMU-
poBaHMs YIpaBieHUs. BbICOKas 1O CpaBHEHUIO
C BPEMEHEM OTKJIMKA CHCTEMbI YaCTOTA JIUCKPET-
HOCTH JIONyCKaeT MPUMEHEHUE HEempepbIBHBIX
METOJIOB CHHTE3a Ui IH(POBBIX CHUCTEM, 4YTO,
OJIHAKO, HE BCEI/a BBIOJIHUMO, HAIpUMeEp, JUIs
yIpaBleHHS B KOHTYPE TOKa DIICKTPONPHBOJA.
[TosTOMY OCTaeTcst aKTyallbHBIM CHHTE3 yIIpaBlie-
HUS TUCKPETHBIX MHOTOKOHTYPHBIX cucTeM [4, 8],
B TOM YHCIIE CHCTEM YITPABICHUS SIIEKTPOIPHBO-
JIAMH, TJIe IEKTPOMArHUTHBIE TIPOIIECCHI 10 Bpe-
MEHH COU3MEPHMBI C HHTEPBAIOM JIMCKPETHOCTH
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mudposoro ynpasienus. Pacuer mapamerpos [11-
PErysIiTOpOB C y4€TOM H3MEHEHMS I1apaMeTpOB
00BEKTa BOBMOJKEH Ha OCHOBE MOJAJIbHOTO YIpaB-
neHus (1Mo 3aJaHHBIM KOPHSAM XapaKTepHCTHYe-
CKOI'0 IMOJIMHOMA, JIOKAJIM30BAHHBIM B 3aJaHHOU
oOmnactn).

Lenbto paboTHI ABJISIETCSI CHHTE3 TUCKPETHBIX
IIN- perynsaTopoB ABYXKOHTYPHOH JUCKPETHOU
CHCTEMBI YIpaBJICHHsI HENPEPBIBHBIM OOBEKTOM
Ha OCHOBAHMM JIOKAJIM3ALMU KOPHEW U pasnene-
HUS JBMKCHUH Ha OBICTPYIO U MEJICHHYIO CO-
crapisroniye [9].

CuHTE3 BBINOJHAETCS B CIEIYIOIUX TPEATo-
noxeHusx. Cucrema uMeeT JIBYXKOHTYPHYIO
CTPYKTYpY LM(POBOTO YIMpaBJeHUS HENpPEpPbIB-
HbIM O00BEKTOM. BHyTpeHHHMII KOHTYp IOJDKEH
HMMETb 3HAYUTEJILHO MEHbIIIEE BPEMS PEryINpOBa-
HHUs, yeM BHEIIHHUW. [T03TOMy BO BHEIIHEM KOH-
Type BpeMs pacuera cursana Ha Beixoae [1M-pe-
TYISITOpa MOXKET JTOIYCKaThCsl OOJNIBIINM, YEM BO
BHYTpPEHHEM, HO OBITH KpaTHO emy. TpeOyemoe
BpeMsl PEryJUPOBAHMSI CHCTEMBl 3HAUUTEIBHO
MeHbIIIE, YeM MHUHUMAaIbHOE BpeMsl peakiuu 00b-
€KTa Ha €JUHUYHOE CTYIIEHYaTOE BO3/IEHCTBHE BO
BCEM JIMaINa30He W3MEHEHHUS IapaMeTPOB 00BEKTa.

Oo6s1acTH YCTOHYHUBOCTH M 00J1aCTh Ka4ecTBa

Ob6nacTh yCTOMYMBOCTH JAMCKPETHON CHCTe-
MBI [10] Ha TUIOCKOCTH KOMILIEKCHOM TIEpEeMEH-
HOW z MMEeT BHJ| €IUHUYHOTO Kpyra C IIEHTPOM
B Havajie koopauHar. Cucrema UMeeT /iBa KOHTY-
pa ynpaBlieHHs, BHYTPEHHHH CONEPKHUT HUPpO-
Boil II1 perymsarop ¢ nepuoaoM 7 JUCKPETHO-
ctu, BHeWHUN — Ty = kT, (k — 1ienas nonoxu-
TeJbHAs BEJTMYHNHA).

Ob6nacTp KayecTBa BHYTPH 00JIaCTH yCTOMYH-
BOCTH Ha KOMIUIEKCHOM INIOCKOCTH (hOpMHUpYETCs
B 3aBUCHUMOCTH OT TpeOyeMOoro BpeMeH! ¢, € £, ]
PETYJUPOBAHUS M OTPAHUYEHHS Ha KOJeOaresb-
HOCTb CUCTEMBL. B THCKpETHOH cUCTEME 3TOT UH-
TepBal u3MepsieTcss B O0e3pa3MEpHBIX EIMHUIIAX,
a UMEHHO, KOJIMYECTBOM MHTEPBAJIOB IUCKPETHO-
ctu. Ecnu ke cuctema nMeeT HECKOJIBKO IMepHo-
JIOB THUCKPETHOCTH, TO JJis BBEJIEHHS €IUHOMN
Mepbl KauecTBa B MHOTOKOHTYPHOH cHucTeMe Iie-
Jecoobpa3Ho Kak OOJIacTh YCTOWYMBOCTH, TaK
1 00JaCTH KauecTBa KOHTYPOB OTOOpA3HTh B Jie-
BYIO IOJYIJIOCKOCTh KOMIIJIEKCHOM TIOCKOCTH
B MaciuTabe, COOTBETCTBYIOLIEM HEMPEPBHIBHBIM
nporieccam. Jyisl 3TOro BBIMOIHAETCS 3aMeHa Tie-
pemenHoi [10], oroOpaxkaromiast eTMHUYIHBIN KPyT

C LEHTPOM B Hayaje KOOPAMHAT Ha IUIOCKOCTH Z
B KPYT B JIEBOM MOJIYIUIOCKOCTH NIEPEMEHHOM ¢ pa-
aaycom R- =T, C_l , TIDOXOZSAILINI YEpe3 Haudayo
KOOPJIMHAT, YTO IIOKa3aHO Ha pucC. 1 u onuceIBaeT-
Cs BBIPAXKCHUEM

z=(Tcq+1). e))
Ilepemennas g Or3Ka K IEPEeMEHHON § TIpe-
obpazosa Hus Jlamiaca B Majgoi OKPECTHOCTH Ha-
gaja KOOpIUHAT KOMIUTEKCHOU iockocTh. U3 (1)
C YUYETOM pa3JIoKeHUs HKCIOHEHTHI B psaa Teiiopa
z=exp(Ips) =1+Tps + (Tps) / 24+...<1/(1-Tps)
cuenyer, uto I |q - s| < (Tcs)2 /(2 (1-T¢s)), n or-
HOCHTEbHAs Pa3HOCTh O = |q - s| / |s| OIICHUBAET-
sl BRIpQXKEHUEM

I |s|

d<——T
2|1 -Tes|

2

OT0 03HAYaeT, 4To B 00JIACTH |s| < &R, OTHO-
CHUTEJbHAS IOTPEIIHOCTh MEPEXoAa OT g K § He
NPEBOCXOIUT BENWYMHBI €/2. [l OBYX KOHTY-
POB YIpaBJIECHHUS C Pa3IUYHBIMH HHTEPBATaMHU
JMCKPETHOCTH 00JIaCTH YCTOWYHMBOCTH M KauecTBa
MOKa3aHbl HA puc. 1. BHyTpeHHUl KOHTYp pery-
JIMPOBaHMSI UMEeT 00JIACTh YCTOMYMBOCTH painy-

_ -1

coM R, =1,". JInd BHENIHEro KOHTypa Peryiu-

Im

Puc. 1. O6nacru xauectBa D, D; u 061acT ycTOHUNBOCTH
R R(; Ha KOMIUJIEKCHON IJIOCKOCTU IEPEMEHHOH ¢ A
JIBYX KOHTYPOB
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—>

OOBeKT ynpasneHus

Xp = Apxp + By,

A 4

y= Cpxp

Yoo1

Puc. 2. JIByXKOHTYpHas CTPYKTypa

poBaHMs 00JacTh YCTOMYMBOCTH HMEET paluyc
Rpy = TCl_l =¢eR,. CreneHp B3aMMHOIO BIIUSHHA
JUHAMUKHU IBYX KOHTYpOB [11] Tem mMeHbIIe, ueM
MEHBIIIE € € [0; 0,5] . s ABYX KOMIUIEKCHBIX CO-
IPSOKEHHBIX KOPHEH gy 5 =—0l) £ j®, crpaBeiin-
Bbl, YYWTbIBas NPUOIMKEHHYIO 3aBHCHMOCTb
3/ty =0, orpanmueHns Re(q;) =0 €[ay,,dq],
®y /0y < ky (i =1,2), KOTOpEIE ONPEACIISIOT AOITY-
CTHMYIO 00JIacTh KauecTBa B BHJE TparleLuu Ha
KOMIUIEKCHOHM TJIOCKOCTU MEPEMEHHON S, U Kpu-
BOJIMHEHHOH Tpaneuuy Ha IIOCKOCTH g.

PacueTHble BbIPAKCHU ST

Crpykrypa cuctemsl ¢ nudposeiMu 111 pery-
asitopamu R} U R, JUIs ynpaBJieHUs! HEIPEpbIB-
HBIM O0BEKTOM Ioka3zaHa Ha puc. 2. Cucrema
conepxut [TH-perymstopst Buga Wy =M p /Ny =
(¢,(z=1)+ ¢y T)/(z—1)) u HenpepbIBHBIIT IHHE-
ApU30BaHHBII 00BEKT, ONMCHIBACMBIN YPaBHEHUSIMU

Xp =Apxp+Bpu, y= Cpxp.

PenyunpoBanHas mopenb 0OBbEKTa BHYTPEH-
HEro KOHTypa MMeEeT IepeaToOuHyI0 (YyHKIHIO
Wp(s)=Mp(s)/Np(s)=bp/(s+ap), nin, B 1u-
ckpetHoM Bune Wp =M p(z)/Np(2). 3nech, ecan
ap # 010 Np(z) =z —d. Ilocrostnnas d = exp(—T cap)
IIpeACTaBUMa B BUJIE

d=exp(-Tpap)=1-Trap + (Tpap)* /2. =
1_TCaP(1_TCaP /2!+...) ZI_TCaP(l_GPTCaP).

3neck BenmunHaG p =1—Trap / 21+... <1 npubnu-
xaercs K emunuue npu T-ap — 0. IlosTomy
1-d =Teap(1-opTeap), bp=bp(1=cplcap),
Mp(z)=Mp =bp . XapakTepuCTHIECCKHI ITOTH-
HOM 3aMKHYTOTO BHYTPEHHETO KOHTypa MpHHUMA-
et BuI N(z)=(z—-1)(z—d)+ (Tocy +¢;(z—1)bp.
Ecmn ap=0, 10 d=1, Wp(z)=Tcbp/(z-1),
bp =bp. 3amena z = (Tq +1) naer B oboux ciy-
yasx MOJIMHOM OT IIEPEMEHHOU ¢, KOTOPBIM UMEET
BUJI

N(@)=q* +qlap +ebp) +cbp. (3)

Ecnu ap=0, 0

N(g)=q" +qcibp +cobp. @)

3arac yCTOMYMBOCTH JHUCKPETHOH CHUCTEMBbI
HarOOJIBIIHNH TPH PABHBIX JEHCTBUTEIBHBIX KOP-
HIX ¢ =¢q, =—0 =—(ap +¢,bp)/2 , TOrna napa-
METPbI

¢ =20y =ap)/bp; cy=q qz/(bP) = a(z)/b;’- (5)
JIns BHEIIHEro KOHTypa yNpaBJICHUs 3Haye-
HHE ¢ =, =—0; PACCUNTHIBACTCS 110 BPEMEHH
PErylMpOBaHUs B COOTBETCTBUM C BBIPAKEHHEM
g =3/t,. YuuteBas, 4T0 0061ACTH KauecTBa
JI0JKHA PACIoNaraTbCs B Majaoi OKPECTHOCTH Ha-
Yajia KOOpAMHAT OTHOCUTENBHO pajuyca 00NacTH
YCTOMYMBOCTH, O </ <€R- MOXKHO paccyu-
Tath Rey 2& 'hy, tie 0<e<0,5. Orcroma pac-
CYMTBIBAIOTCS MHTEPBAJIbI JUCKPETHOCTU BHEII-
HETo KoHTypa T = RE% U BHYTPEHHETO
Tor=Rei<eh’, To=Rc' <eRep ()
3Ha4YeHUs UHTEPBAJIOB JUCKPETHOCTH BHEMI-
HEro BHYTPEHHETO KOHTYPOB YIPaBICHUS JIOJIK-
Hbl ObITh KpaTHbIMU, T =kT- ¢ kodddunmnen-
Tom k>g7. KopHu xapakTepucTHueckoro rnosu-
HOMa BHYTPEHHETO KOHTYpa 11eJIECO00pa3HO Mpu-
HATh DPABHBIMU [ICHCTBUTEIBHBIMU ¢, =—0,
I7Ie BEJIMYMHA 0., JOJDKHA YHOBJIETBOPATH YCIIO-
BUAM R <oy <eR.-.

Ilpumep pacuera

ITpumep pacuera 111 perynsTopoB CHCTEMBI
(cM. puc. 2) BBITIOTHEH AJI MapaMeTPOB MOJAETH
0o0beKTa BHEIIHEro KOHTypa: bp; =50, ap; =0,
BHYTPEHHET0 KoHTypa: bp =100, ap =100 . Buemw-
HUN KOHTYp JOJDKEH UMETh BpeMs pPeryinpoBa-
Huda 1, <0,15 c_l, U JJI1 3TOr0 KOPHU TOJMHOMA
BHEIIHETO KOHTYPa NPUHUMAKOTCS PABHBIMHU ¢ 5 =
-0l =—20 ¢! Jlanee, yuauTeIBas HHTEPBAIIBI K-
ckpetHocTH 1o} =0,01c u T-=0,001¢c momydenst
3HA4YEHUs TAPaMETPOB PETYIISTOPOB BHEIIHETO KOH-

Typa C]1=2(10/bpo= 0,80_1; COl = aé/bpo =8,OC_1
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Puc. 3. Peakuus Ha cTymeH4YaToe BO3ICHCTBHE, @ — ABYXKOHTYpHas cuctema ¢ [1U peryiasitopamu. 6 — KOHTYD, COAEPKHUT
nuckpeTHsid [1U perynsiTop u pac4eTHBIH HHEPLUUOHHBI 00BEKT

¥ BHYTPEHHETO KOHTYpa ¢;= (20 —ap)/bp~ 3¢,
co =2 /by =380 ¢,

Peaknus cucrteMbl Ha cTyneH4YaTroe BO3AEH-
CTBHE TpejcTaBlIeHa Ha puc. 3. 37ech ¥ — CUTHA
yHpaBJieHUs,  — BBIXOJHAS BEJIMYMHA, X Tepe-
MEHHasl CUCTEMBI, MPOIOPIHOHATIbHAS TPOU3BO-
JTHOM OT BBIXOMHOM BenmmuuHbl. Ha puc. 3, a mo-
Ka3aH Mpoliecc B ABYXKOHTYPHOM cucTeMe C JBY-
MsI CHHTE€3UPOBaHHbIMU AucKpeTHbIMU [TH-pery-
asTopaMu. s Waeann3upoBaHHOTO PacuyeTHOro
BHEIIHETO KOHTYpa CHUCTEMBI B MPEIIOI0KEHUH
0e3bIHEPIIMOHHOTO KOHTYpa TOKa PacueTHBIH Mpo-
LlecC B CUCTEMeE TOKa3aH Ha puc. 3, 0.

Pezynbrarsl MOJETMPOBAaHUS IPOLIECCOB MOKA-
3bIBAIOT, YTO BBHIOPAHHBIE COOTHOILEHUS WHTEpBa-
JIOB JIUCKPETHOCTH W JIOKAJU3allMd KOpHEW BHY-
TPEHHETO W BHEIIHEr0 KOHTYpPOB TO3BOJISIOT TPU
CHHTE3€ BHEIIHEro KOHTypa BHYTPEHHHUH KOHTYD

CUNTaTh OE3BIHEPIIMOHHBIM 3BE€HOM. Y UHTHIBast 60-
Jiee BBICOKOE OBICTPOAEHCTBHE BHYTPEHHETO KOH-
Typa, TIpU €r0 CHHTe3¢ MOXKHO NMpeHeOpeyb ITuHa-
MHUKOHM BHEIIHETO KOHTYpa.

3akjouenue

CuHTe3 ynpaBieHHs, OCHOBaHHBIH Ha TpeOo-
BaHMAX 110 OBICTPONEHCTBUIO K CUCTEME B 1IETIOM,
no3BoJisieT (HOPMHUPOBATH JAWHAMHUYECKHE CBOK-
CTBa KOHTYPOB YIpaBJICHHS U HEOOXOAUMBIE JUIS
pacuera cWrHaja yHpaBlICHHs WHTEPBaJbl AHC-
KPETHOCTH.

MopanbHoe yrpaBieHHE Uil CHHTE3a JaeT
NPEUMYIIECTBO B CBOOOE JOKAIN3ALUH KOPHEH
B 3aBUCHMOCTH OT IIOKa3arened kauecrtBa. Mc-
MOJIb30BaHKE B MPOIIECCE CHHTE3a PEAyLMpPOBaH-
HBIX MOZEJICH JOMYCTUMO, €CII MaJIbIi TapamMeTp
YIOBIETBOPsieT ycaoBHio € < 0,25.
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Opeiko O. F.

CONTROL SYNTHESIS FOR TWO LOOPS DISCRET SYSTEM

Belorussian National Technical University

The aim of this paper is the linear synthesis of two loops SISO systems with discreet time proportional integral (PI) con-
trollers. This linear synthesis is dedicated for the systems with plant parameters uncertainty. The synthesis is based on the time
scale method, providing the separate slow and fast components of the control low. The PI- controller parameters calculation is
based on the modal control and plant model reduction. The conditions carried out for the each control loop dynamics still
similar to the second order one. The discrete time microcontroller based numerical control restricts the stability domain of the
system and each control loop in it. The stability domain of each loop is the round on the complex plane with radius, depending
on the time period. Each inner loop must be more fast, then each outer one. Hence, in the outer loop the time period, required
for the PI controller reaction computation, can be more then in the inner loop. This PI- controller parameter calculation meth-
od is approximate, and it is efficient for the systems, whose dynamics contains the slow and fast components. In particular, the
electrical drives control systems contain the fast electromagnetic component and the slow mechanical part. The effectiveness
of this method is illustrated by the example and simulation.

Keywords: linear synthesis, discrete time system, stability domain, multy loops system, proportional- integral controller,
modal control, characteristic polynomial.
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VJIK 004.056.53

U. B. [TUCJIAP, B. B. EPAUJIOBCKHH, M. I POJKAECTBEHCKAS, M. M. UBAHYYK

BO3MOXXHOCTU UCNOAb3OBAHUA CBETOBbIX AYUYEM
BUAUMOIo AUANA3OHA B CUCTEMAX
CKPbITOM NEPEAAYU UHOOPMALIMU

Yeprosuykuil HayuoHanbusill yHusepcumem umenu FOpus @eovkosuua

B pabome paccmompenvl ocrogHble acnekmul UCHONb308AHU CEEMOBLIX UMNYILCOE BUOUMO20 OUANA30HA OIS
ckpuimotl nepedauu ungopmayuu. Mccnedosarno socnpusmue 4ei08e4eckum 3peHueM c8emogbix UMNYIbCo8 8UOUMO2O
OUanazona pasntuyHol MOWHOCIMUY U 4ACMOMmMbl CIe008ANHUA. YCMANO08IEHO, YN0 UCMOYHUK UMRYILCHO20 C8emd CIAHO-
BUMCS HEBUOUMBIM NPU ONPEOeTeHHOM COOMHOUEHUU MOUWHOCMU U3LYYAEMO20 C8EMOBO20 NOMOKA U YPOGHS OCEEUeH-
HOCIU OKPYIACAIOWUX €20 npedmemos ((honosoco ocsewenus (©0)). Hanpumep, npu ponosom oceewgenuu E = 400 ax
ceemosvie UMNYIbCsl, credyrouue ¢ yacmomou 50 1y, neguoumol npu ux mowrocmu mervute 0,12 Bm. Ilpusedena
IKCNEPUMEHMATbHAS YACTOMHASL 3A6UCUMOCTL MOWHOCTIU C6EMOBLIX UMNYIbCO8, He BUOUMBIX O 4eN08eYeCKO20
3penus npu 3a0annom ypogre DO.

C yenvro yempaneHus 6IUsAHUS OMBIEKAWUX UTU MACKUpYIowux gakmopos (nanpumep, nyrvcayuii @0) 6 kaue-
cmee ONMUMAIbLHO20 UCIOYHUKA 3AC6EMKU 6bIOPAHLI CETOOUOOHbIe MAMPUYLL NPU UX RUMAHUU OM CIAOUAUUPO-
B8AHHOO PECYIUPYEeMO20 UCMOYHUKA NOCMOSAHHO20 MoKa. Ha ocnoge sxcnepumenmanbublx OaHHbIX O MOKOBOU U meMm-
nepamypHotl 3a8UCUMOCIAX MOWHOCMU CEEMOB020 NOMOKA U CNEKMPOB UZIYUEHUS C6eMOOUOOHBIX MAMPUY NPeoio-
JICEHA MeMOOUKA 3a0anUsl YPOBHsL (POHOB020 U3TYUEHUs NYMeM USMEHeHUs 8eudUHbl moKa cgemoouooa. Ilonyueno
annpoxkcumupyouee ypasHeHue 3a8UcuMoCmu eIUUHbl C6en08020 NOMOKA OM MOKA C8emMoouood npu ycaoeuu mep-
Mocmamupoganus, ceemoouoda. Dghgexm camope2yiuposanus memnepamypsbl HAcpPesamens ¢ NOAOHCUNETbHbIM
memnepamypuvim kodppuyuenmom conpomusaenus (TKC) no3eonun enonne y00o81emeopumenpHo peuums 60Npoc
cmabuauzayuu memnepamypul c6emoouoonozo ucmounuxa PO. B ciyuae nazpesamens mepmocmama, u3e0mogneH-
Ho20 uz mamepuana ¢ nonodcumensivin TKC = 48% K, uzsmenenue memnepamypui ceemoouoonoti mampuyst 66110
npaxkmuiecku 8 7 pas menvuie, 4em 6e3 mepmocmama.

s nposedenus ucciedo8anuil 8 WUPOKOM YACMOMHOM UHMeEP8Ae C1e008AHUS CEEIMOBbIX UMNYIbCO8 PA3pabo-
MAaH U U320MOGIEH 2eHePamop UMNYabco8 Ha mukpokoumponiepe PICISF2550 xomopulii obecneuugaem 603modic-
HOCMb hopmuposanis umnyabeog uacmomoti om 1073 0o 103 I'y onumenvrocmoio om 1077 do Ic.

Knroueswvie cnoea: ceemogoui umnynsc, ckpvimas nepeoada ungopmayuu, honosoe oceeujerue, c8emoouoo-
Hast Mampuya.

Beenenne HusMy. Hampuwmep, omyOmukoBanubie B 2016 T.
B xkypHaie Journal of Chemical Neuroanatomy

[ToBcemecTHOE TTpUMEHEHUE TexHOMOrHit Wi- .
pe3yabTaThl UCCIEAOBAHUN NPUBOAST K BBIBOLY

Fi cBsi3u, HapsAIy co 3HAUUTETHLHBIME YI00CTBAMHA
Y BO3MOXXHOCTSIMH, TIPEI0CTABISIEMBIMH TIOJIH30-
Barc/isIM, MMCCT W CBOM HETAaTHUBHBIC ACIICKTHI.
Tak, pacrtyiias MOIIHOCTh BJICKTPOMArHUTHOTO
u3nyueHus: oecrpoBoanHbix Wi-Fi-cuctem moxker
Hapymarb (pyHKIIMOHUPOBAHUE BBICOKOYYBCTBH-
TEJILHOW PaJIM0ICKTPOHHON ammaparypbl, BIHATh
Ha paboTy OOPTOBOH AIEKTPOHHOW armapaTrypsl
CaMOJICTOB, JIICKTPOHHOTO O0OPYIOBaHs oOrepa-
LIMOHHBIX, MAHUITYJSIIIUOHHBIX KaOWHETOB. C Kax-
JIBIM TOJIOM YBEJIMYHMBACTCS YHCIO JHOJCH, BhIpa-
KAIOIMX OECIIOKOMCTBO 1O MOBOLY BpEAa, HAHO-
cumoro Wi-Fi n3irydeHreM 4eoBedecKoMy opra-

0 TOM, YTO JUIUTEIHHOE AJICKTPOMATHUTHOE BO3-
JeiicTBUe, B TOM 4Mcie U u3nydenue Wi-Fi-poy-
TEpPOB, BBI3BIBACT MOBBINICHHBIN YPOBEHb pEaK-
TUBHBIX KHCIIOPOJHBIX CYOCTaHIIMH U CHUKECHUE
AHTUOKCUJIAHTHOW 3amuThl opranusma [1]. Dto,
B CBOIO Ouepelb, MPUBOAUT K OKHUCIUTEIbHBIM
MTOBPEXKICHUSIM MO3Ta U TICYCHHU.

B kauectBe AJIBTCPHATUBBI, PICKH}O‘Ia}O]lleﬁ o0~
oHoe B03HeﬁCTBHe, npeainaracTcs NpuMEHEHNUE CBETO-
muonHbIx (Li-Fi) cuctem [2—4], B KOTOpBIX Tepemada
nH(pOPMAIUH OCYIECTBISIETCS C TIOMOIIBIO BUIMMOTO
ceera. Takue cuctembl OONAAIOT PSAOM IMPEUMY-
LIECTB:
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— CpaBHUTEJbHAsI MIPOCTOTA HACTPOUKH (IIpH
IOCTUPOBKE MOXKHO BH3YJIBHO NPOBOJUTH KOH-
TPOJIb);

— NPUTOJHOCTD JJIsl UCIIOJIb30BAHUS HE TOJNb-
KO B BO3/1yX€e, HO U 1noj Bojxou. [Ipu nepenaue nH-
(dopmanuu B BOTHOH cpelie ¢ MOMOIIbIO, HApH-
Mep, aKyCTHYECKUX BOJIH CYHIECTBYET OOJbIlast
BEPOSATHOCTb HECAHKIIMOHHPOBAHHOIO ChéMa MH-
(hopMauu ¢ MOMOIBIO THAPOAKYCTHYECKUX TPH-
0OOpOB, B TO BpeMs KaKk HCIOIb30BaHNE CBETOBBIX
Jdyded, pacHpOoCTPaHSIOIIUXCS B MAajoM Ipo-
CTPAHCTBEHHOM YIIIy, CYIIECTBEHHO YMEHbIIAET
BO3MOXKHOCTB JIOCTyNa K HH(pOpManuu;

— Oonplias 3alIMIIEHHOCTh, YeM Iepeaaya
WHGOPMAIMH C IOMOLIBIO PAJHOBOIH (OCHOBHAS
4acTh CBETOBOM SHEPIMH PACIpPOCTpPaHAETCS Ips-
MOJIMHEWHO M K TOMY € B OIPEJEICHHON 4aCTH
MIPOCTPAHCTBA, JIMIIb HE3HAUNTENIbHAs 4acTh CBe-
TOBOM SHEPTHM MOXKET pPacCEeUBAThC ONTHUYECKU-
MU HEOJJTHOPOTHOCTSIMU CpPEJIbl PACHPOCTPAHEHUS).

CkopoCTh Tiepeayul JaHHBIX C MOMOIIbI Li-
Fi cucrem npu nucnonb30BaHnU OEI0TO CBETa MO-
ket nmocturark 1 ['out/c [5, 6], a mpuMmeHeHue
RGB-cBeToa110/10B 03BOJISET ITOBLICUTE DTOT I1a-
pametp no 3,4 I'out/c [7]. Beicokue ckopoctu
nepefaun JaHHBIX OTKPBIBAIOT peajbHYI0 BO3-
MOXHOCTh Tepeadyd HH(QOpMAlMd HE TOJBKO
B OTKPBITOM, HO W B 3aIIU()pPOBAHHOM TEM HIIH
WHBIM criocoboM BHie. B ciy4yae nmpumeneHus co-
BpPEMEHHBIX METOJIOB MIM(POBAHMS C HCIOIB30-
BaHHEM XaOTHYECKHX CHCTEM BO3HHKAET He0OXO-
JUMOCTh PEIIeHHs IOTOJHHUTENBbHBIX TpoOieM:
obecriedyeHre CHHXPOHHU3AUU PAaOOTHI MPHEM-
HO-TIEpE/AIOIIEeTo TPaKTa U BOBMOXKHOCTD Tiepesia-
4y Kimoded mmdpoBanus 1100 Ha4alIbHBIX yCIIo-
BUH (Ju1s1 reHeparopoB xaoca) [8—10]. JlanHble
TAKOT0 pojia UMEIOT MaJiblii 00BEM M UX Iepenada
He TpeOyeT BBICOKOCKOPOCTHBIX KaHaloB. OTHaKo
OIHUM W3 BaXXHEHIIMX YCJIOBUH HMX HAJENKHOTO
(YHKIMOHMPOBAHUSI SIBISIETCSI CKPBITHOCTH MPO-
Lecca rnepeiad KIro4e Wik HA9alIbHbIX YCIIOBUI.
[lyrem 3amanus onpeneiaeHHbIX MMapaMeTpoB MH-
(hOpMaIIMOHHBIX CBETOBBIX WMIIYJIBCOB (4acTOTa
CJI€JIOBAaHUS, IIIUTEIHHOCTh, MOLTHOCTD), @ TAKXkKe
¢ momoupio GopmMupoBaHusi HOHOBOTO OCBeIle-
Hus (®O) mpemaraeTcsi MaCKMpPOBaTh caM (hakT
HCIOJIb30BAHUS MOJYJINPOBAHHOTO CBETOBOTO TI0-
Toka [11, 12].

Henbto naHHO# paboTh! OBLIO YCTAHOBHUTSD Ta-
paMeTpbl CBETOBBIX HMITYIBCOB U CHOPMYIHPO-
BaTh YCIIOBHS, [IPU KOTOPBIX Mepeaayn nHpopma-

Ouu CETOBBIMU UMITYJIbCAMU BUIMMOTIO AUala-
30Ha HC€ BOCHPUHHUMAIOTCA YCIIOBCUCCKUM 3pC-
HHUEM.

Br16op ncTounnka (h)OHOBOTO OCBENIEHHS

Pesynbrarel NpOBOAMMBIX M3MEPEHUN B 3HA-
YUTETHHON CTETIEHN HOCAT CyObEeKTUBHBIN Xapak-
tep. [loaToMy mnpHUMEHSIHCh BCE BO3MOXKHBIE
MepbI K YMEHBIIEHUIO (DAaKTOPOB, KOTOPHIE MOTIIU
OBl TIPSMO WJIM KOCBEHHO (Ha IO/ICO3HATEIHHOM
YPOBHE) BIMATH Ha pe3ysbTar u3mepenuil. OnHum
U3 TakuX (aKTOPOB CIEAYET CUUTATH IyJIbCAIIUH
(hOHOBOTO OCBEILICHUSI.

[Tnockast moBepXHOCTH (HeCyIast MI0CKOCTD),
Ha KOTOPOW HETOCPENCTBEHHO HAXOMUJICS OOBEKT
pacro3HaBaHus, @ IMEHHO CBETOAMOHAS MaTpH-
11a, JOJDKHA XapaKTepPH30BaThCs OMPEIeTICHHBIM
ypoBHEM ocBellieHus ((POHOM) U HE CO3/1aBaTh OT-
BJIEKAIOIIMX WJIM MacKHUPYIOUMX (PakTopoB Ta-
KHMX, KaKk Harmpumep, OnecTsIre TOYKH, MyJibca-
IIUU OCBEILEHHUS U T. I1. BO3MOKHOCTH BO3HUKHO-
BEHHSI OTBIICKAIOIINX, MACKHPYIOMIUX (aKTOpOB
MUHUMH3UPOBAJIACh HUCIOJIb30BaHNEM Oeol Ma-
TOBOM TIOBEPXHOCTH HECYIIEH IMITIOCKOCTH € KO3(h-
(GUIHEHTOM OTpakeHHs (OTHOLICHUEM OTpaKeH-
HOTO OT MOBEPXHOCTH K MaJal0IIeMy Ha Hee CBe-
TOBOMY TOTOKY) p = 0,6. [lynpcanuu uszmydeHus
MCTOYHHKA CBETA, U, COOTBETCTBEHHO, MyJIbCAIIUU
@O, BCIEACTBHE HX OTPHUIATEIHHOTO BO3JEH-
CTBUS Ha OMO’HEPTeTHYECKYI0 aKTHBHOCTH MO3Ta
YesoBeKa, MOTYT BIMATh Ha CyObEKTHBHOE BOC-
MIPUATHE CBETOBBIX UMITYJIbCOB, H3Ty4aeMbIX CBe-
tonuonHoil Mmarpunei. I[losTomMy HeoOXomuMo
o6put0 TOMO0OpaTh MCTOUHMK PO ¢ Kak MOXKHO
MEHBIIUM (JIydllle HYJIEeBbIM) YPOBHEM IIyJibCa-
Ui u3nnydenus. [{is 3Toro ObUTH HCCIICTOBAHbI
MyTbCAMN U3ITYYEHUS CIEAYIOIUX HCTOYHHUKOB
cBeta: a) ceeronuonHas jmammna FLE-001 T8; 0)
JIOMUHECIIEHTHBIE JIaMIIbl, MUTaHHE KOTOPBIX
OCYILECTBISUIOCH B OAHOM Ciydae OT OAHO(a3-
HOI, a B IpyroM — OT Tpex(a3Hol 3IeKTPUICCKON
CEeTH; B) CBETOIMOJHAS MaTpHIla, MUTAaHHE KOTO-
PO OCYIIECTBIISUIOCH OT PETyINPYyeMOro cradu-
JU3UPOBAHHOTO HMCTOYHHUKA ITOCTOSHHOTO TOKA.
CrabunpHocth PO o11eHNBAIN BEINYHHOMN KO3(-
¢dunreHTa myabcaluii ¢ TOMOIIBIO CIIeIUATU3H-
POBAHHOTO M3MEPHUTENBHOTO MpHOopa DKOTEH-
30p-03. [Ipubop obecrneurBaeT BOBMOKHOCTD U3-
MEpEeHHs He TOJIBKO OCBEIICHUsI, HO U Kod(dHuIu-
€HTa MyJIbCAIluil CBETOBOTO M3Iy4YeHHs B JHaria-
30He oT 1 10 100%.

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA

1,2018



.YHpasﬂeHue mexHuueckumu obvekmamu

29

Pesynbrarsl U3MEpeHU NPEACTABICHBI B Ta-
Omuiie. BugHo, 4TO MpakTHYECKU HYJIEBOHM ypo-
BEHb IYJIbCALMM W3IY4YEHUS, a CJIEJOBATEIIbHO,
n ©O ynanoch 00ecreyuTh TOJIBKO MCIIOIb30Ba-
HUEM CBETOAMOAHBIX MAaTPUL[ IIPU UX UTAHUU OT
CTaOUIIM3UPOBAHHOTO PETYIMPYEMOr0 UCTOUHUKA
IIOCTOSIHHOI'O TOKA.

Koa¢punmenTs! nyJjibcanuii MCTOYHMKOB CBeTa

Monens Koadpu-
Tun ucroynnka
cBeTa CBeTOPBHy'-laTeIIﬂ ITuranue LUEHT
M €r0 MOIIHOCTE My/nbcanui
Ceeronuoansiii | FLE-001 T8, | Onpnodasnas 12%
CBETUJILHUK 16 W cerp, 220 B ’
JIromunecnent- | Philips TL-D, | OnnodazHas 1%
Has JaMIia 36 W cetp, 220 B ’
CocTaBHOI1 CBe-
THIBHUK U3 3-X | Philips TL-D
P > | Tpexdaznas cets| 2%
JIFOMUHECI[EHT- 36 W
HBIX JIAMIT
CraOunusupo-
. BaHHBIN pery-
Cseromuonnas | Epistar 5730, pv M
JIIpyeMblii uc- ~0
Marpua 10 W
TOYHUK TIOCTOSIH-
HOTO TOKa

Metonuka (popmupoBanusi poHoOBOTrO
OCBeIlleHUsl ¥ YNIPaBJICHHUS ero YypoOBHEeM

[IpoBeneHue ucciaenoBaHui MO Pa3zIUUUMO-
CTH CBETOBBIX MMIIYJICOB TPEOOBAIO U3MEHEHHUS
ypoBHs ®O. TpanuunonHo ennuuHa PO, npu
3aJaHHOW BEJIMYMHE CBETOBOTO ITOTOKA MCTOYHU-
Ka CBETA, 33aJacTCsl PACCTOSHHUEM MEXAY HCTOY-
HHUKOM CBETa U OcBelaeMbIM 00bexToM. IlosBie-
HUE MOILHBIX CBETOIMOAHBIX MaTPUL] OTKPHIBACT
peasibHyl0 BO3MOXHOCTb YIIPABJICHUS YPOBHEM
@O Hecyleld MIOCKOCTU MYTEM HM3MEHEHHsS Be-
JIMYMHBI TOKA CBETOANOAHBIX MaTpull. EcTecTBeH-
HO, 4TO IIPH 3TOM BO3HUKAET BONPOC 3aBHCHUMO-
CTH CHEKTpa M3JIy4YCHHUs CBETOJHOIHBIX MaTPHIL
OT BEJIMYMHBI NPOTEKAIOIIEro 4epe3 HUX TOKa.
Jns oTBeTa Ha 3TOT BONPOC OBUIM IPOBEICHBI
CJICAYIOIUE IKCIIEPUMEHTAIbHBIC HCCIICIOBAHUS:

— 3aBHCUMOCTb CHEKTpa M3JIy4EHUs] CBETOIM-
OZIHOM MaTpuIbl OT ee TeMIeparypsl Ipu (pukcu-
POBaHHOM 3JEKTPUUECKOM MOIIHOCTHU, pacceuBa-
€MOI Ha MaTpuLeE;

— 3aBHCUMOCTb M3JIy4CHUS CBETOANOAHOM Ma-
TPHULBI OT MIPOTEKAIOIIET0 TOKA (TOKOBas 3aBHCHU-
MOCTb).

Kak B mepBoM, Tak ¥ BO BTOPOM CIIydasix Mc-
CJICIOBAJIOCH M3JIy4eHHUE (CIEKTpaJbHOE pacmpe-
JeJICHHE M BEJIMYKMHA CBETOBOI'O IIOTOKA) CBETO-
TUoaHON Matpuilel cepun Epistar 5730 ¢ momy-

CTUMOM MAacOPTHOM 3JEKTPUUECKON MOLTHOCTHIO
10 Br. M3mepenue paccenBaeMoil Ha MaTpule
JNIEKTPUUYECKOW  MOIIHOCTH  OCYIIECTBISIOCH
C TIOMOIIBIO KJIACCHYECKOI0 METO/1a aMIepMeTpa-
BOJIBTMETpa C IOTPEHIHOCTBI0 He Oonee 1,5%.
[MuTaHnue CBETOAMOMHOW MaTpHUIBI OOECIeUnBa-
J10Ch OstokoM nuTanust B5—7 ¢ BO3MOXHOCTBIO pe-
TYJIMPOBKH BBIXOJHOTO HampsikeHus. CHexTp u3-
JIy4eHUs] CBETOAMOIHON MaTpHIlbl HCCIe10oBaICs
¢ nomouipto crekrpooromerpa CD-4. Brixon-
HOW cHrHaJ crHekTpodoToMeTpa MojaBajcs Ha
¢doTtosnexTpoHHblll yMHOXHUTENb (DPIY), KoTto-
PBIi IpeBparia cyiadblii BBIXOTHOH CBETOBOM MO~
TOK CIIEKTPO(OTOMETPa B IIIEKTPUUECCKHU CHT-
Haj. BeixogHoii curnan @Y usmepsuics ¢ momo-
mpto BosibT™MeTpa M95. C 1enpio yMeHbIIEHUs
BIIMSIHMA CPEACTB U3MEPEHUS TeEMIIEpaTypa CBETO-
JMOIHOW MaTPUIBl U3MEPSIACh C TIOMOILBIO An(-
(epeHInanbHON Meb-KOHCTAHTAHOBOW TEpPMO-
napsl. OUH craif TepMornapbl HaXOJWIICS B COCY-
ne Jlproapa, copepikalieM AUCTHIIIMPOBAHHYIO
Boay co JabaoM. Tepmo-2JIC Tepmonapsl usmepsi-
nack BonbTMETpoM B7-21A u ¢ momotsto rpany-
MPOBOYHOW TaOmuiel [13] Haxoquiiace Temmepa-
Typa cBeTOuOAHOM MaTpulibl. K coxanenuto, uc-
noJb30BaHKue 0oJiee COBPEMEHHBIX MPHOOPOB H3-
MEpPEeHHUsI TeMIepaTypbl C MOMOIIbI0 TEPMOIIApHI,
Hanpumep REX C-100, ne obecneunBano HeoO-
XOIMMOM TOUYHOCTU U3MEPEHUN IIPU OTHOCUTEIb-
HOo HI3KKX (20-60 °C) Temneparypax.

Jl1g KonM4yecTBEHHOMN OIEHKH BIMSHUS TEM-
NepaTypsl CBETOANOIHON MaTPHUIIbl Ha CIIEKTpP U3-
JIy4aeMoro €10 CBETOBOTO ITOTOKa MPOBEAEHBI CO-
OTBETCTBYIOILIIME SKCHEPHMEHTAIbHbBIE HCCIIEA0-
BaHHUA NpPU (UKCUPOBAHHOM YPOBHE BEIMYHHBI
paccenBaeMoil Ha MaTpuile IEKTPUUECKON dHEP-
ruu. BennunHa paccenBaeMoOll Ha CBETOJUOJHOU
MaTpHle 3JICKTPHUYECKOH HSHEepruu BBHIOMpaach
TaKoi, 4TOObI U3MEHEHHUE TeMIIEPATYPhl MaTPHUIIBI
B Mpezesax MOrPerIHOCTH U3MEPEHHs He MPEeBbI-
1aJI0 TeMIIepaTypy OKpy»Karolei cpesl. JKcrie-
PUMEHTAIBHO OINpeeNeHHas MO0 YKa3aHHOMY
KPUTEpPHUIO paccerBaemMasl 3JeKTpudecKkas MOII-
HOCTh cocTtaBisuia 0,5 BT, 4uTo mpaxkTudecku
B JIBA/ILIATh pa3 MEHbLIE JOIYCTUMOM JIJ1s1 JAaHHOMN
CBETOAMOIHOM MaTPHULBI MaCIIOPTHON MOITHOCTH.
CBeToBOH MOTOK, U3Ty4aeMblil MaTpHuLel, nu3Me-
psncs ¢ nomoisio Jgrokemerpa TEC-0693. N3me-
pEHHE CBETOBOTO MOTOKA OCYLIECTBISIOCH B 3a-
TEMHEHHOH KOMHare TpU pPACCTOSHUU MEKIY
JIIOKCMETPOM U CBETOIMOTHON MaTpHIen 1 M.
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Puc. 1. CriekTp u3IyUeHUsI CBETOAMOMHON MATPHUIIBI MIPU PA3IMUHBIX TeMIepaTypax u pukcuposannoii (P = 0,52 Br) pac-
cenBaeMoi Ha Hel anekTpuueckoi morHoctu: [ —20° C; 2— 55 °C; 3-91 °C

580 620 660 A, HM

E,m

150 |
130 |

l.‘
110 | %-

Ny
b "
o0 | ﬁllll‘-..
-y
25 40 55 70 85 oo T,°C

Puc. 2. TemnepaTypHasi 3aBUCUMOCTb BEJIMUMHBI CBETOBOT'O TIOTOKA CBETOAUOIHONW MaTPHUIIbI IPU HEU3MEHHOH paccenBae-
MOW Ha Hel AiekTpuueckor mourHoctu 0,56 Bt

B pesynbrare skcrepuMeHTaIbHBIX HCCIEN0-
BAaHUI CHEKTPa U3TYUYEHUS] CBETOAUOIHON MaTpu-
16l YCTAHOBJIEHO, YTO CYIIECTBEHHBIX N3MEHEHUI
CIEKTpa €€ M3Iy4YEHHUs MPHU yBEINYCHUU TeMIle-
parypsl He Habmonaercs (puc. 1).

IIpu Temmeparype CBETOAMOAHONW MAaTpPHIIBI
20 °C u paccenBaeMoOil Ha HeH 3JEKTPUUYECKOMH
MorHocTH P = 0,5 BT criekTpanbHas XapakTepu-
CTHKa M3Ty4YeHHs oTpakaeTcsi kpuBoil / puc. 1.
KpuBas 2 monmyueHa mpu TeMiieparype CBETOAH-
omHOM Marpuiiel 55 °C U TOH Ke BEIMYUHE pac-
CEHUBAEMOH ANEKTPUUECKON MOIIHOCTU. YBEIUYE-
HUE TeMIepaTypbl CBETOAMOIHOM MAaTpHIlbl 10
MIpeAeIbHO JOMyCTUMOM Temiieparypsl 91 °C maio
MEHSET CHEeKTPaJbHOEe pacipeiesieHHe ee n3yJe-
Hust (kpusast 3 puc. 1). HaGmromaercst HekoTopoe
cmelenue Makcumyma usnyuenus (0,09 um/°C)
B 00JacTh OONBIINX JJIUH BOJH (00JIACTH MEHbB-
IIUX DHEPTUi) ¥ U3MEHEHUE IIUPUHBI CIIEKTpa
(0,01 um/°C), onpeneneHuoe Ha ypoHe 0,5 OT
MaKCHMAJILHOTO 3HaueHust. O000111ast, MOXKHO CKa-
3aTh, YTO C POCTOM TEMIIEpaTyphl CIIEKTP H3JIyde-
HUSl CBETOJIMOJHON MAaTpHIIbI CTAHOBHUTCS OoJjee
paBHOMepHBIM. TakuM 00pa3om, U3MEHSS TeMIIe-

parypy MarpHIlbl, MOXXHO MPUOJIIKATh CIIEKTP ee
M3ITydeHHsI K 0oJjiee paBHOMEPHOMY U OJIU3KOMY
K crektpy msnydenust Connua. ITomyuennsie 3a-
BHCUMOCTH KOPPETUPYIOT C JAHHBIMH aBTOPOB
[14].

VYBenuueHue TeMIeparypbl CBETOIUOIHON Ma-
TPHIIBI, IPU HEU3MEHHOW BEIMYMHE paccerBae-
Mol Ha Hell anmekTpuueckoir suepruum (0,5 Br),
MIPUBOJUT K YMEHBIIEHUIO BETUYUHBI N3Ty4aeMo-
TO MaTpuIlell cBeTOBOTO MmoToka (puc. 2). Ilomy-
YeHHas 3aBUCHUMOCTh OOBSCHSETCS SBICHUEM
TEeMIIEpaTypHOro rameHus. B ocHoBe JaHHOTO 5B-
JeHust NeKUT 3P DEKT yMEHbIICHUS BHYTPEHHETO
KBaHTOBOTO BBIX0Ja, OOYCIIOBIEHHOTO POCTOM
aMIUTUTYJbl KoNeOaHWil aToMOB KpHCTaJInde-
cKkoif peretku [15].

IIpu Temmneparype CBETOAMOAHON MAaTpPHULIbI
26 °C (puc. 2) BeIMYMHA CBETOBOTO MMOTOKA Ma-
Tpuisl coctaBisia 120 nk. C MOBBIIIEHHEM TEM-
nepatypsl 10 103 °C BennuuHa CBETOBOTO NMOTOKA
yMeHblmiack 10 82 sk, Takum oOpas3om, B pe-
3yJbTaTe POCTa TEMIEepPaTypbl MaTPHUIIbl H3JTydae-
MBIl €10 CBETOBOM MOTOK yMeHbIWicsS Ha 31%.
KonmuecTBeHHO BeNMWYMHY TEMIIEpaTypHOIO ra-
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Puc. 3. 3aBUCHMOCTB CBETOBOTO MOTOKA CBETOAMOIHON MAaTPUIIBI OT BEIUYMHBI IPOTEKAOLIETr0 TOKA: KpuBast / — Mpu Ha-
JINYUH pajiaTopa ¢ BOASHBIM OXJIaKICHHEM; KpuBas 2 — 0e3 panuaTopa; Kpusas 3 — allllPOKCUMUPYIOLIast

IIEHUS OIEHUM BEIWIUHONU Kod(ddummenTa Tem-
MEPaTypHOTO ralleHHs:

KTr=2E_822120 38 _ 497K ()
At 103-26 77 °C

[Ipu wmccnenoBaHUU 3aBUCUMOCTH CBETOBOTO
ITIOTOKa CBeTOIII/IOI[HOﬁ MaTpulbl OT BCIIUYMHBI
MIPOTEKAIOIIETO TOKA (TOKOBAs 3aBUCHMOCTh; KPH-
Bast / puc. 3) MaTpuIly KpemmiId K BOISHOMY pa-
muaropy. s CHIKEHHsI TETIIOBOTO COTIPOTHUBIIE-
HUSl KOHTaKTa CBETOJUOAHON MAaTpHIIBl C pajua-
TOPOM Ha TUIOCKOCTh WX COIPHKOCHOBEHUS HAHO-
CWJIaCh TEIUIONPOBOJHAS OCpUILIUCBasl I1acTa.
3710 00ecrneunBaio BBHICOKYIO CTaOWMIBHOCTH Be-
JUYMHBlI TEMIIEpPAaTypbl CBETOJUOJHON MaTpULbI.
[Ipu MakcHMaJbHOM TOKE, HMPOTEKAMOIIEM uYepe3
marpury (1 A), e€ TeMmreparypa yBEIUYHIACH
¢ 21 no 23 °C. MOHOTOHHOCTE 3aBUCUMOCTH CBE-
TOBOTO ITOTOKA OT BEIMYMHBI MPOTEKAIOIIETO TOKA
E = ¢(]) maeT BOBMOXXHOCTB IMPEICTABUTH €€ arl-
MIPOKCUMUPYIOIIUM YPaBHECHUEM

E=97,5,/(1007)+10 —300, 2)

riae E — cBeTOBOM MOTOK B JIFOKCaX, / — TOK B aM-
nepax.

Hcnonb3ys maHHOE ypaBHEHHE MOXKHO OTIpe-
JIETUTh BEIMUMHY TOKA, P KOTOPOM CBETOIHOI-
Has MaTpuiia OyJaeT W3IIydaTh 3aJaHHYI0 BEINYIH-
HY CBETOBOTO TIOTOKA.

ToxoBast 3aBUCHUMOCTb CBETOBOTI'O ITOTOKA CBE-
TOJMOTHOM MaTPUITI, HAXOAIIEHCS B CBOOOTHOM
MIPOCTPAHCTBE, CYIIECTBEHHO OTIMYanach (KpH-

Basg 2 puC. 3) OT TaKoH K€ 3aBUCUMOCTH IS OX-
JMaxaaeMod MaTpuibl (MPeIbIAYIUN Cirydai).
IIpu Toxke 1 A Temneparypa MaTpHULbl JOCTUTala
170 °C. Ilpu 3ToM BeIWYHMHA HW3IYy4aeMOTO Ma-
TPULIEH CBETOBOIO MOTOKA yMeHbIIMIachk Ha 500 Jik
M0 CPaBHEHHUIO CO CBETOBBIM IOTOKOM 3TOW ke
MaTpHUIBl C BOASHBIM PAJAMAaTOPOM M IIPOTEKaro-
M ToxkoM 1 A.

Takum 00pa3oMm, JIsi CHIDKCHUS BIUSHUSI TEM-
neparypHoro ¢aktopa Ha 3aBUCUMOCTh £ = ¢(/)
HEOOXOAMMO 00€CIeYnTh CTaOMIBHOCTH TEMIIe-
parypbl MaTpuilbl. C IPaKTUYECKOH TOYKH 3PSHUS
Oosiee yIOOHBIM M MPOCTBHIM OKa3ajicsk TEPMOCTAT,
Yy KOTOPOTO HarpeBaTellb UMEET IMOJIOKUTEITbHBIN
TEMIEPaTypHbI KO03()(UIIMEHT CONMPOTUBICHUS
(mo3uctop) [16]. Ecau Temneparypa HarpeBaremns
BBIIIIE TEMITEPATYPBI OKPY’KAIOIIEH CPeIbl, TO IPU
MOJIOKHUTEITFHOM TEMIIEPAaTYPHOM KO3 HIIHEHTE
COIIPOTHBJICHUS HArpeBaTels obecreynBaeTcs ca-
MOpEeTryIsIus (TepMOCTaTUPOBAHKE) €T0 TeMIIe-
parypsl.

IIpumeM, 4TO MO3UCTOPHBIN HArpeBarenb MU-
TaeTcsi OT CTaOWIM3UPOBAHHOTO MCTOYHHKA Ha-
npsokeHnem U = const. Ecim anextpuyeckyro
MOII[HOCTb, PACCEMBAEMYIO Ha MO3HCTOPHOM Ha-
rpeBarese, pacCuuThIBATh 110 opmyne P = U?/R,
TO TIpH CTAOWIBHOW BENWYMHE HANPSOIKEHUS I0-
cnennsiss Oyner oOpaTHO MPONOPLMOHANBHA CO-
MIPOTHUBIICHUIO HArpeBaTesl.

ITockonbKy TeMmIepaTypHBId  KOA(hGUIIHESHT
COIPOTHUBIICHUS MMO3UCTOPHOTO HArpeBarelis Io-
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JIOKUTENBHBIN, TO TPU POCTE TEMIIEPaTyphl €ro
COIIPOTHBIICHUE BO3PACTacT MOITOMY 3HAK MPH-
pocra paccenBaeMoOll Ha HarpeBaresie MOIIHOCTH
AP otpumnarensHbiid. CienoBaTeNbHO, N3MCHEHHE
TEeMIIepaTypbl Harpesarelssi OyaeT MEHbIIEe H3Me-
HEHHUsI TEMIIepaTypbl OKPYKArOIeH cpe/bl Ha Be-
nuauny AP/h, tie h — KO3(UIMEHT TEIUIOOTIa4H.
[Ipuyem BeaMUYMHA STOTO M3MEHEHHS, IO CPaBHE-
HUIO C M3MEHECHHEM TeMIIeparypbl OKpYKarolleH
cpenbl, OyJieT TeM MEHbIIIe, YeM OOJbIIC BeTHYH-
Ha TMOJOXHUTEIBHOIO TEMIIEpaTypHOTro Ko3(¢u-
[ECHTA COMPOTHBICHHS MO3UCTOPHOTO HarpeBa-
TeJIS.

DKCIepUMEHTAIILHO OTpe/ieliCHHAsT BEIMYNHA
TEMIEPATYPHOTO KOAPPHUIIMEHTA COMPOTHUBIICHUS
(TKC) mnoszucTopHOro Harpeparess COCTaBisja
48%. Ilpu nannoi BenmumnHe TKC yBenmuenue
TeMIepaTypbl OKpysKatomiei cpenbl Ha AT = 60
°C cOmpoBOXK/IATOCh U3MEHEHHEM TeMIIepaTyphbl
MO3UCTOPHOTO HarpeBatens Bcero Ha ATy = 8 °C.
B nanHoMm ciydae BenuunHa ko3 dUMeHTa TeM-
neparypHOi CTa0MIM3alMK TEMIIEPaTyphbl MO3H-
CTOPHOT'O HarpeBarellsi paBHa

AT,
Ky=—%=75 3
W AT €)

H

Takum 00pa3om, Mpu MPEBBIIEHUH TTO3UCTOP-
HBIM HarpeBaTelieM TeMIIepaTyphl OKpYXKaromen
CpeIpl N3MEHEHHE €T0 TeMIIepaTryphl 3a CUeT SB-
JICHUSI CaMOPETYJISIIMHA OKa3bIBaeTCsl Ooiee dem
B CeMb pa3 MeEHbIIe HW3MEHEHHUS TeMIIEpaTyphl
OKpY’Karolen cpebl.

[Ipu m3MeHeHNN TemMImeparypbl TO3UCTOPHOTO
HarpeBarens ATy = 8 °C Benn4mHa Temmeparyp-
HOTO CMEIICHUsI MaKCHUMyMa CIIEKTpa M3JIydeHUs
Y TeMIlepaTypHOe M3MEHEHHE IIUPHHBI CIEeKTpa
CBETO/IMOTHOW MATPHIIBI COCTABIIAIOT, COOTBET-
ctBeHHO, 0,72 aM 1 0,08 HM.

JKcnepuMeHTATbHOE OIpe/iesieHue
NMapaMeTPOB UMITYJIbCOB CBeTa M0 KPUTEPHIO
UX Pa3JuYUMOCTH

OKCTEpUMEHT 3aKJTIOUajcs B TOM, YTO TIPH
(hmkcupoBaHHOM YpOBHE (POHOBOTO OCBEIICHHUS
HEeCyIled TUTOCKOCTH W TapaMeTpax CBETOBBIX
AMITYJThCOB HAOIIOATENI0 HEOOXOMUMO WICHTH-
(bupoBaTh MMITYIBCHBIH XapaKTep CBETOBOTO
MOTOKA, M3JIy4aeMOrO CBETOAMOAHOM MaTpULIEH.
C nenpio CHIWKEHHSI CyOBEKTHBHON COCTaBIISIO-
IIEH, a CJIeIOBATEILHO IS ITOBBIMIEHUS JOCTO-
BEPHOCTH TOJTy9IE€HHBIX JJAHHBIX TIOCIEIHUX HaX0-

JUITUCh KaK yCpPeJHEHHOE BEJIMYMH HE MEHbIIE
YeM TPOMX IKCIEPUMEHTOB C Pa3IMYHBIMH UCIIBI-
TYEMBIMH.

HccnenoBanne TpOBOIUIIOCH TPH TOCTOSH-
HOM JUTMTENBbHOCTH UMITYJIbcOB 5 MKc. IIpu yka-
3aHHOM JUIMTEILHOCTH UMITYJIbCOB €IIE COXPaHs-
eTcst KpyTol (POHT U Cpe3 UMITYJIbCOB CBETOBOTO
noroka. Ocoboe BHUMaHUE 00paIliaioch HA HU3-
KHE YacTOTHI CIIEIOBAHUS, KOTOPhIE TIOTCHIHAIb-
HO YBEJIMYMBAIOT CTETNIEHb CKPHITHOCTH MUMITYJIBC-
HOTO XapakTepa ujrydaemoro cgeta [12]. Paccto-
SHUE OT HaOIIoNareNs 10 MCTOYHHKA CBETOBBIX
UMITYJIbCOB OCTaBAJIOCh MOCTOSIHHBIM U COCTaB-
nsuto 1 m. [IpoBesenue uccnenoBanuii B yka3aH-
HOM 4YacTOTHOW o0JiacTH TpebOBajO H3rOTOBIIC-
HUS CIIEIMaIbHOTO TeHeparopa, KOTOPBIA ObLI
peanuzoBan Ha koHTposuiepe PIC18F2550 [12].
I'enepatop obecrieunBas BO3MOXKHOCTH TIOJTyYe-
HUSI IPSIMOYTOJIBHBIX MMITYJIBCOB JUTUTEIBHOCTHIO
7 ot 10 10 1 ¢ IpU BO3MOKHOCTH PEryIHpPOBa-
HUS YACTOThI CJIIOBaHUSI f OT 1073 1o 103 T'ww. Uc-
CJIeZIOBaHME MPOBOJAMIOCH TPH (DOHOBOM OCBEIIIe-
Huu 400 sk, Yka3aHHBIA ypoBeHb (DOHOBOTO OC-
BEIICHMsI BEIOpaH B COOTBETCTBUH C CAHUTAPHBI-
MU HOpPMaMmH OCBELICHHUSI pabouero Mecra JuIs
YTEHUSI TEKCTOB W BBINONHECHUSI PaldOT CpenHei
TouHocTH [17].

B pesynbrare mpoBelEeHHBIX HCCIIEAOBaHUI
OTIpE/IeNICHO Mana3oH YacTOT ¥ BEIMYMHBI MOIII-
HOCTHU CBETOBBIX UMITYJILCOB, IPX KOTOPBIX U3ITY-
YyeHue cBeTa He gukcupyercs (puc. 4).

[IpenBapuTenbHO MPOBEIECHHBIE HCCIIEI0BA-
Husa [12] mokazamm, 9TO 4YeM KOpOde CBETOBOM
UMITYJIbC, TEM HIMPE CTAHOBUTCS YaCTOTHBIA WH-
TepBaJ CIEJOBaHUS CBETOBBIX UMITYJIbCOB, B KO-
TOPOM YeJIOBEYEeCKOe 3peHHe He (PUKCHpyeT cBe-
TOBOTO U3JIy4EHHsI KaK TAaKOBOTO.

PesynbraTsl axcriepuMenTa (puc. 4) onuiem,
BBE/IS TOHATHE TMpeaesbHOH MorHocTh. [lpe-
JieNIbHasi MOIIHOCTh — 3TO Takasi dJIEKTPUYECKast
MOIIHOCTb, TOJBOAMMAS K CBETOJHOINY, MPEBHI-
HICEHUE KOTOPOH MPUBOIUT K M3MEHEHHUIO BOCTIPH-
ATHUS 3pEHUEM YelIOBEKa XapaKkTepa CBETOBOTO TO-
toka. Hwke muanm 1, 2, 3 (puc. 4) cBeToBoe m3-
Jy4eHUE HEe BOCIIPHHUMAECTCS 3pEHUEM YETIOBEKA.
Brimie ykazaHHOW TUHUN HEOOXOAMMO pa3Indarh
nBe obnactu. JleBee MakcuMyMa (JieBee TOUKH 2)
3peHHe YeJOBEKa BOCIPHHUMAET CBETOBBIC HM-
MYJILCHl IMEHHO KaK UMIYIILCHI (00JIaCTh MelbKa-
Huil). IlpaBee MakcuMyMa TOCIE0BATENbHOCTh
CBETOBBIX MMIYJILCOB BOCIPHHHUMAETCSl KakK He-
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Puc. 4. 3aBucumocth r[pez[eanofx’I MOIIIHOCTHU CBETOBLIX UMITYJILCOB OT YaCTOThI UX CJICAOBAHUA IIPU T

v, = O MKC U (DOHO-

BoM ocBemenuu £ =400 nx

TIPEPHIBHEIN CBETOBOM MOTOK. HeoOxoammo oTme-
THUTh, YTO UCIIOIH30BAHNE COBPEMEHHBIX CPENICTB
(hoTo- mm BumeodUKcauKu HE U3MECHIET HAOIIO-
JTAeMBIX 3aKOHOMEPHOCTEH B BOCIIPHSTHH CBETO-
BBIX UMITYJIECOB.

W3Menenne BOCTIpUATHS CBETOBBIX HMITYIIb-
COB 00BsCHSAETCS (DU3HOJTOTHICCKUMH OCOOCHHO-
CTSIMH YeJloBedecKoro 3peHus. Yacrora criemosa-
HUS CBETOBBIX HMITYJICOB, BBIIIIE KOTOPOH IOCIe-
JIOBAaTEIbHOCTh MMITYJICOB BOCIIPHHUMAETCS de-
JIOBEYECKUMH 3PEHHEM KaK HEeTPEPHIBHBIN CBETO-
BOM MOTOK, MPUHATO HA3bIBATh KPUTUUECKOW ya-
CTOTOM CIIMSIHUSL MeJbKaHui. BenuuuHy KpuTH-
YECKOM 4acCTOThI CIMSIHUS MEJIbKaHUN F,,, MOX-
HO paccuutarh coriacHo 3akoHa Deppu-Iloprepa
[18]:

F=alg Laq> +b, 4

e L,y — spdextuBHas spkocts, a = 12,5 npu
KOJIOOYKOBOM (JTHEBHOM) 3pE€HUH WX @ = 1,5 mpu
MajJo4HOM (HOYHOM) 3peHuH, b = 37.

[Ipu Bo3aelicTBIM Ha 3pEHUE YEIOBEKa CBETO-
BBIX UMITYJIbCOB C YaCTOTOM, MPEBBIIIAFOIIEH KPH-
TUYECKYIO YacToTy 7> F,\, MMITYJIbChI CJIUBAIOT-
Csl B POBHBIM HEMUTAIOLIUN CBET MOCTOSHHOM sIp-
KOCTH KOTOpas comniacHo 3akoHa TampOota [18]

paBHa cpe;[Hei/'I SIPKOCTH UMITYJIBCOB 3a IICPUOL:
LB(I) = Ltl /(tl + t2 ), (5)

e f] — JJIUTCIIBHOCThb CBCTOBBIX UMITYJILCOB, ZZ -
BpeMeHHOﬁ HUHTCPBAJI MCKAY ABYMSA CMCIKHBIMU
HUMITyJIbCAMU, L— SIPKOCTH CBETOBOI'O MMITYJIbCA.
[Nonmxenue Hpe,[[eJ'H:HOI\/II BCJIIMYMHBI MOITHO-
CTHU CBCTOBBIX MMITYJILCOB IIOCTOSTHHOH JJIATCIIb-
HOCTHU C POCTOM HaCTOThI UX CJICAOBAHUA B 3HAYU-

TETBHOHN CTENEHH MO)KHO OOBSCHUTH POCTOM Be-
JIUYUH CPEJHEN SHEPruu BO3JAEHCTBYIOIIEH Ha
3peHue deloBeKa. AJanTarMoOHHBIE CBOICTBa
3pEeHMs YeIoBeKa K Pa3InyHbIM BETMYMHAM CPE/l-
Hel SHEPTruM CBETOBBIX UMITYIIHCOB 00YCIIOBIINBA-
IOT CHI)KEHHE TeMIla YMEHBIICHUS IpeleTbHOI
MOIITHOCTH C POCTOM HYacToThl. Hampumep, mpu
gactore 50 ['11 BemnymHa mpeaeTbHON MOIITHOCTH
(puc. 4) cocrasnser F5y= 0,124 Br. I1pu ynBoe-
HUU YaCTOTHI CIIEOBAHMS CBETOBBIX HUMITYIIHCOB
(gactora 100 I'm) oxxmmaemast BeTUIMHA TIPEACITh-
HOW MOIIHOCTH Foo = 0,062. B To ke Bpems dKc-
TIEPUMEHTANIBHO OMpeJeNieHHas BeIUYhHA TIpe-
JIETGHOM MOITHOCTH HECKOJIBKO BBIIIE M COCTaB-
astet 0,073.

K coxanennto, Ha TaHHOM 3Tale MCCIEI0BA-
HUU CJIOKHO NPEJIOKUTh aJ€KBaTHBIM MEXaHU3M
pocTa BeIMYUHBI IPEAEeTFHON MOIITHOCTH TIPY Ya-
crorax Hmwke 50 ', Hambonee BeposTHO, 4TO Ha-
OmromaeMast 3aBUCUMOCTH 00ycCiIoBIIeHa (pU3HOIT0-
TUYECKIMH OCOOCHHOCTSIMH PEAKIIH 3PSHHS de-
JIOBEKa Ha COBOKYITHOE BO3/ICHCTBUS HU3KOIHEP-
TEeTHYECKUX CBETOBBIX MMITYJIECOB U IMIOCTOSTHHOTO
CBETOBOTO TIOTOKA, (popMupyemMoro (hOHOBBIM OC-
BEIIICHUEM.

BriBoabl

HOJIyLICHHBIe OKCTICPUMCHTAJIbHBIC PE3YJIbTAThI
CBUJIETEIBCTBYIOT, 4TO oOmacTh yactoT 30—-60 I’y
SIBJISICTCSL HanOoJIee OJIaronpusiTHON Jijisi obecrie-
YCHUA CKPBITHOCTHU II€pEaaqun I/IH(bOpMaHI/II/I CBEC-
TOBBIMU MUMITYJIbCaAMU BUJAMUMOIO JJUaIia3oHa. TaK,
HarpuMep, pu GoHoBoM ocBemernu £ = 400 ik,

JUINTEIBHOCTH UMITYNBCA T, = 5 MKC, 4acTOTe
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ux ciuenoBanus F =45 [ 1 aneKTprudeckoil MOIII-
HOcTH B ummyibce P = 0,12 Bt Bo3MoxkHO 00e-
CIIEYHTH CKPBITYIO Tepeaaqdy HH(opMmanuu ¢ rmo-
MOUIBIO CBETOBBIX MMIYNILCOB. CTOUT 3aMETHTH,
4TO Ha pHC. 4 OTpakaeTcs NpelelbHas KpuBas
YYBCTBUTENBHOCTH 3peHHs udenoseka (1-3), To
€CTh CIIydail, Korja HaOIIONaTeNo yXe yhaaeTcs
UICHTHOUIUPOBATh HW3IYYCHHE CBETOBBIX HM-
MyJIbCOB, Oylb TO MEpIaHWe WM clalOblli CBET.
VYcTaHOBIEHO, YTO € YBEIMYCHHEM MOIITHOCTH
CBETOBBIX HMITYJbCOB CKPBITHOCTh H3IIyUCHHS
UMITYJIbCOB CBETA OT YEJIOBEUECKOTo 3peHusi o0e-
criednBaeTcs 0osiee BHICOKMM YPOBHEM (POHOBOTO
OCBEIICHUSI.

EctecTBeHHO, YTO OTHOCHTENBHO HU3Kas 4a-
CTOTa CJIEJIOBAaHHS WMITYJIBCOB, IIPU KOTOPOH ye-
JIOBEUECKOE 3PCHUE UX HE BOCIIPHHUMAET KaK Ta-
KOBbIe, OTPaHUYMBACT BO3MOXKHOCTH II€peadH
3HAUUTEIBHBIX WHPOPMAIIMOHHBIX MOTOKOB. [103-
TOMY JIaHHBIH METOJ repeadn HHPOPMAILUK MO-
JKET HCIIOJIb30BAThCS JUIS CKPBITOH Tepelnadu
OTpaHMYEHHBIX 10 00beMy HH(OPMALUOHHBIX
MOTOKOB, HallpUMep KITI0Ua MIIH Ha9alIbHBIX YCIIO-

BUM, HEOOXOAUMBIX il paciin(pOBbIBAHUS WH-
(dopmanyu, nepelaHHol ¢ MOMOIIBIO BHICOKOCKO-
poctHoit Li-Fi cucremsi.

PesynbraThl MPOBEAEHHBIX  HCCIEIOBAHUN
CBHJIETENIBCTBYIOT, UTO M3J1y4aeMbli CBETOAMOA-
HOM MaTpULIEH CHEKTP INPAKTUYECKU HE 3aBUCUT
OT pacCcenBAEMOM €10 JIEKTPUUECKONH MOIIHOCTH
MIPH YCJIIOBUU TOJICPIKAHUS CTAOMIILHOM TeMIIe-
paTyphbl, KOTOpasi HE NPEBBIIIAET TPAHUYHOTO 3HA-
YEHUs, CBS3aHHOIO C AaKTUBALMEH IIPOLECCOB
TEMIEPATYPHOTO TallIeHUS.

YCTaHOBJIEHO, YTO € POCTOM TEMIIEpaTypbl
CBETOAMOJIHOM MAaTpUIlbl CHEKTp €€ H3ITyUYEeHUS
CTaHOBHTCS O0Jiee PABHOMEPHBIM.

[IpuBeneHHbie B paboTe pe3yibTarbl MOTYT
OBITH MCIIOJIb30BAHBI U1 MOJIEIMPOBAHUS U pa3-
pabotku ckpbIThix Li-Fi cucrem, a Takxke cucreMm
OXpaHbl IEPUMETPA.

ABTODBI CTaThH BHIPAXKAIOT TIyOOKYyIO Onaro-
JIAPHOCTh KOJUICKTHBY (upMbl « TeH30p» 3a mpe-
JIOCTaBJICHHYIO BO3MOXHOCTb IIPOBECTH CBETO-
TEXHUYCCKUE HM3MEPEHUsl pa3pabdOTaHHBIMH Ha
¢dupme npudopamu Dxorenzop-03 u TEC-0693.
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1. V. Pyslar, V. V. Brailovsky, M. G. Rozhdestvenska, M. M. Ivanchuk

CAPABILITIES OF APPLYING VISIBLE LIGHT RAYS IN THE SYSTEMS
OF HIDDEN INFORMATION TRANSMITTING

Yuriy Fedkovych Chernivtsi National University, Ukraine

In the paper some aspects of visible light pulses using for hidden information transmitting are considered. We have inves-
tigated perception of the human vision to visual light pulses which have different power and frequency. It is established that
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pulsed light source becomes invisible at certain ratio of radiating light stream and ambient light level (background lighting
(BL)). For example, in the case of background lighting E = 400 Ix light pulses following with frequency 50 Hz are invisible
when their power is less than 0.12 W. In the paper we represented experimental frequency dependence of the power of light
pulses which are invisible for human eye at BL preset level.

To eliminate the influence of distracting and masking factors (for example, BL pulsations) we offer to choose LED matrix-
es powered by stabilized adjustable DC power supply unit as an optimal BL source. Based on experimental data about current
and temperature dependences of light stream power and LED matrix radiation spectra we developed a method of assignment
of BL level by changing LED current. Approximating equation for dependence of light stream quantity versus LED current in
the case of thermostatting is obtained. Temperature self-regulation effect of the heater, which has positive temperature coeffi-
cient of resistance, can satisfactorily solve the problem of temperature stabilization of LED background lighting source. In the
case of thermostat heater made from material with positive temperature coefficient of resistance 0.48 K! the change of LED
matrix temperature was 7 times less than without thermostat.

To provide research in wide frequency and duration ranges of pulse sequences (103-10° Hz and 1071 s) a pulse gener-
ator was developed and made using microcontroller PIC18F2550.

Keywords: light pulse, hidden transmitting of information, background lighting, LED matrix.
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MATHEMATICAL MODELLING OF THE UNMANNED AERIAL
VEHICLE DYNAMICS

Belarusian National Technical University

The article gives a classification of the main components of unmanned aerial vehicle (UAV) systems, gives the
areas in which the application of UAVs is actual in practice today. Further, the UAV is considered in more detail from
the point of view of its flight dynamics analysis, the equation necessary for creating a mathematical model, as well as
the model of an ordinary dynamic system as a non-stationary nonlinear controlled object, is given. Next, a description
of the developed software for modeling and a description of program algorithm are given. Finally, a conclusion
describes the necessary directions for further scientific researches.

Keywords: unmanned aerial vehicle, mathematical modeling, stochastic model of system state.

Introduction

Unmanned aerial vehicle — a fairly new direc-
tion for research and are of interest not only for
practical civil application like in Urban Search
and Rescue Operations [1], but also for military
operations with a high degree of success [2].

According to the classification of Global
Hawk RYAN aeronautical center USA, the sche-
matic structure of unmanned aerial vehicle is
(Fig. 1):

There are unmanned aerial vehicles for vari-
ous purposes, a variety of aerodynamic schemes
and with a variety of tactical and technical char-
acteristics.

Theory analysis

In general, the UAV can be used in a wide va-
riety of human activities, such as:

— archeology (search under a layer of sand);

— architecture (autonomously survey the ter-
rain and create 2D- and 3D-maps and terrain mo-
dels);

— aerial photography (UAVs allow you to cre-
ate digital maps with virtually any resolution,
ranging from a few centimeters to a point);

— safety monitoring (for example, during con-
struction works);

— urban infrastructure (search for unautho-
rized dumps, detection of illegal buildings, quali-
ty control of the road surface, taking air samples,
measuring radio emission levels);

— Forestry (fighting poachers, identifying fires,
smoke, monitoring obstacles, monitoring ani-
mals);

— meteorology (search and / or study of hurri-
canes and other natural phenomena), etc.

Fig. 1. Schematic structure of unmanned aerial vehicle
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Fig. 2. Advanced structure of the UAV

Law enforcement officers and rescuers are al-
so thinking about using UAVs in everyday prac-
tice.

An unmanned aerial vehicle can, for example,
provide search for accidents (accidents) of techni-
cal equipment and missing groups of people. The
search is conducted according to a pre-set flight
task or by an operative route of the flight. Usual-
ly, the UAV is equipped with guidance systems,
airborne radar systems, sensors and video camer-
as. Advanced structure of the UAV systems [3] is
shown in Figure 2.

The success of the UAV is primarily due to
the rapid development of microprocessor-based
computers, control systems, navigation, informa-
tion transfer and even artificial intelligence ele-
ments. Achievements in these areas make it possi-
ble to fly in automatic (semi-automatic) mode
from take-off to landing, to solve a very wide
range of tasks [4].

Consider the UAV in more detail from the
point of view of the analysis of its flight dynamics.

Unmanned aerial vehicle, like other aircraft,
uses its power point and aerodynamic forces for
its flight in the atmosphere.

In general, the UAV movement is represented
by two aspects: the forward movement of its cen-
ter of mass and the rotational motion around its
center of mass.

To simulate an unmanned aerial vehicle, the
necessary requirements, according to V. S. Moi-
seev, is: «... except for their adequacy and suffi-
cient for practical application of accuracy, we will
consider the simplicity and intelligibility of mod-
els to the specialists in managing UAVs...

... The fulfillment of this requirement is con-
ditioned by the necessity of their active participa-
tion in the development on the basis of these
models of effective control laws for UAVs.

In addition, the simplicity of the applied UAV
motion models implies, as practice has shown,
the relatively low laboriousness of mathematical
methods and algorithms used in the formation of
such laws...» [5, pp. 35-37].

The model chosen should correspond to the
tasks in the simulation and adequately reflect the
relationship between them.

The functioning of a complex system occurs
when input random signals (influences, functions,
processes) are affected, as well as various random
disturbances (interference).

The mathematical model of a stochastic sys-
tem is described on the basis of information inter-
action between its constituent parts. Such a model
can be represented physically by various mathe-
matical models, depending on the completeness
and degree of detail of the processes and the final
research task.
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In engineering practice and scientific research
to describe systems from the point of view of the
completeness of the description, the object is de-
scribed in terms of the state space. The state of an
object is understood to mean the totality of the
values of xi, which completely determine its posi-
tion at a given instant of time.

The most common model of dynamic objects
are differential equations. It is most convenient to
consider objects that are described by ordinary
differential equations. The order of the system of
differential equations describing the model of the
object is not directly determined by the number of
inputs and outputs, but depends on the operators
that convert the input signals to the output [6].

Considering the above, we will describe the
equation of an unmanned aerial vehicle, which is
necessary for creating a mathematical model:

The state of systems for which initial states
and input effects are known can be described by
the following equation:

X(l‘) :f[ta to, x(t())s i(an [)]’ (1)

where x(¢) — a set of values of the state vector that
describes the region of possible states of the sys-
tem; f[%] — transfer function of the system state;
&(...) — function describing the pattern of the input
effects, according to the type of solving problem.

In the modeling of dynamic systems it is im-
portant to consider the system structure and inter-
action of the system with the environment. &(...)
parameters must be taken into account [7].

The totality of the effects of the environment
to the object can be divided into two groups, ac-
cording to the type of the influence of the envi-
ronment to the state variables (phase coordinates)
of the object.

The first group includes influences that addi-
tively change the state variables at the application
point.

This means that signals proportional to these
influences are summed with corresponding state
variables.

The second group of environmental influenc-
es changes the state variables of the object indi-
rectly, usually not additively.

Those effects change the operator of the object
(system). This means the transformation law of
input effects into output variables of the object [6].

An example of a model of an ordinary dyna-
mic system as a nonstationary nonlinear control-

Pitch

Fig. 3. Projection of the axes of the trajectory coordinate
system on the UAV (8]

led object with perturbations & (...) can be as fol-
lows:

%xm:f(t, X(0), u(t).&(7)),
Y1) = At x(0) (1)),

where u(t) — the control vector or input variables;
y(f) — vector of output variables of systems.

To obtain a correct stochastic model of the
state of a system with continuous time, it is nec-
essary to use stochastic differential equations.
Consequently, after appropriate transformations,
the stochastic differential equation for the consid-
eration model will have the following form [7]:

dx = A(x,t)dt + B(x,1)dE,, 3)

Further, in order to simulate an unmanned ae-
rial vehicle, it is necessary to determine the coor-
dinate system. As a basis, take the trajectory coor-
dinate system, the projection of which axes on the
UAV looks as follows (Figure 3).

As mentioned in the beginning, the UAV mo-
tion can be simplified as a motion of its center of
mass, which will serve as a reference point in the
trajectory reference system (Of) [9].

Denote the axes of the trajectory system Xz, Y¢
and Zt, respectively; the roll angle from the axis
Xt — Kx, the angle of yaw or slip (the angle of the
path) — Ry, the pitch or attack angle (inclination
of the trajectory) — 7%z, then the dynamic equation
of motion in general form will look as follows
[10]:

2

mV =Y Fx,
mViz=3 Fp,
—mVRycos(Tz) =Y Fz,

“4)

Figure 4 shows a comparison of the trajectory
and terrestrial coordinate systems, as well as the
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Fig. 4. Comparison of the trajectory and terrestrial coordi-
nate systems with the projections of the forces acting on the
UAV

basic forces acting on the UAV in flight (with
a projection onto the trajectory coordinate system)
and the angles of deviation from the axes of the
normal coordinate axis:

In Figure 4, the following notations are intro-
duced:

— Fls — force of frontal resistance of air;

— Fps — lifting force;

— Fb — lateral force;

— F — power point force of the UAV;

— G — gravity force is multiplication of the
mass of the UAV and acceleration of gravity g
(9.81 m/s?);

— v — course speed.

Denote the pitch angle of the UAV — Tza, the
yaw angle of the UAV — Ryb and, taking into ac-
count the forces acting on the UAV (Figure 4), we
rewrite equation 4 in the following form:

mV = F cos(Tza) cos(Ryb) — FisGsin(T%),

mVTz = (Fps + F sin(Tza) cos(Kx) -

—(Fb— Fcos(Tza)sin( Ryb))sin(Kx)— G cos(T%)),
—mVRycos(Tz) = (F sin(7za) + Fps)sin(Kx) +
+(Fb— F cos(Tza)sin(Ryb)) cos(Kx).

(5)
Software development

The resulting equations of flight dynamics were
used as the basis for the creation of a mathemati-
cal model of the UAV flight of. The mathematical
model was implemented on an object-oriented
high-level language — C # 5.0 [11, 12].

To build a graphical user interface, the pro-
gram used WPF technology [13].

The program is designed to measure the dis-
tance of flight of an unmanned aerial vehicle with
a limited fuel, on ideal conditions flight with rec-
tilinear motion in steady state (after all the adjust-
ments associated with flying to a given course)
and to compare the distance of flight of the UAV
with wind influence.

The algorithm of the program includes the
following basic steps:

1) input of initial data, including:

— current speed (km / h);

— direction of flight (in degrees);

— minimum and maximum values of wind
power (m/s);

— flight time (Tmax) (s), etc.

2) calculation of a number of parameters (the
main ones are listed):

— power point speed (according to the condi-
tion of the simulation, they correspond to the set
speed);

— wind power at each iteration (a randomly
generated sequence of values between the limits
(WPmin and WPmax), specified by user entering
data).

The wind model obtained at this stage is
shown in Figure 5;

WPmax

J Prnin
To=0

Tmc-lx

Fig. 5. Wind model obtained by applying the algorithm of
random numbers generation in C#

MNapaMeTpel MogERM Pesynetats IpadmKm
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Fig. 6. Main program window
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MapameTpel MoAenu >e3yNLTaTh Tpaduku

WindPower DirectionWithoutWind DirectionWithWind
2099671 13 6.89465
2099671 |13 6.89465
3099514 13 3.987342
3099514 |13 3.987342
3099514 |13 3.987342
2699577 |13 5.150265
2699577 |13 5.150265
2699577 13 5.150265
36.0942 13 2242955
36.9942 13 2.242955
36.0942 13 2242955
18.99702 13 7476111
18.99702 7476111
18.99702 7476111

DistanceWithoutWind DistanceWithWi
12125 9296.276 <
12150 9315.444

12175 7982.046

12200 7998.437

12225 8014.827

12250 8575.576

12275 8593.077

12300 8610.578

12325 7258.85

12350 7273.574

12375 7288.297

12400 9782.633

12425 9802.355

12450 9822.078

N FlightTime Fuellevel

485|485 0.09283788
486|486 0.08683135
487 0.08082481
488 0.07481828
489 0.06881174
490 0.06280521
491 0.05679868
492 0.05079215
493 0.04478562
494 0.03877908
495 0.03277255
496 0.02676601
497 0.02075948
498 0.01475295

EngineSpeed SpeedWithoutWind
3673469 90
3673.469 90
3673469 90
3673.469 90
3673469 20
3673.469 90
3673.469 90
3673469 Y
3673469 90
3673469 90
3673469 90
3673469 90
3673469 90
3673469 90

SpeedWithWind
69.00329
69.00329
59.00486
59.00486
59.00486
63.00423
63.00423
63.00423
53.0058
53.0058
53.0058
71.00298
71.00298
71.00298

499 0.008746414|3673.469 920 76,0022 13.9978

8.929768 12475 1053475

500 0.002739881|3673.469 20 76,0022 13.9978

8929768 12500 10555.86

Fig. 7. Output results after calculation of UAV flight at 90 km/h speed in ideal conditions and with the wind power between
3 and 11 m/s influence

— shift angle of the UAV (calculated in the pro-
gram as multiplication of a 60 constant value to the
quotient of the wind speed divided by the speed of
the flight, multiplied by the sine of the wind angle);

— speed of flight with an additive wind appli-
cation;

— directions of UAV flight with continuous
wind influence;

— the distance in meters (until the end of the
UAV fuel or the completion of the preset simula-
tion time);

3) the output of the results in a tabular (in the
form of a series of columns of parameters grou-
ped by pairs (for comparison) describing the UAV
flight in ideal and with influence of wind condi-
tions) and, in part, graphically.

The main program window is shown in Figu-
re 6.

An example of the output results from the
program is shown in Figure 7.

Conclusion

In this paper, the UAV was considered as de-
scription of its dynamics during the flight in ideal
conditions and with wind influence to it.

Further research will continue in the field of
modeling the automatic control system in rela-
tion to the mathematical model of an unmanned
aerial vehicle described in this paper, and the de-
scribed model is improved to construct a more
realistic wind model with consideration of longi-
tudinal overload (occurs when the power point
thrusting and flight shifting) and lateral overload
(occurs when flying with slip) and other influ-
ences, and power point, navigation equipment,
ete.

References

1. Greer D, McKerrow P and Abrantes J, «Robots in Urban Search and Rescue Operations», Australasian Conference

on Robotics and Automation, Auckland, pp. 27-29, 2002.

2. Globalsecurity.org [Electronic resource]. — Access mode: https://www.globalsecurity.org/intell/systems/uav-intro.

htm. — Date of access: 20.12.2017

3. Robert J. Bamberger Jr., David P. Watson, David H. Scheidt, and Kevin L. Moore. Flight Demonstrations of Un-
manned Aerial Vehicle Swarming Concepts / Johns Hopkins APL Technical Digest, Volume 27, Number 1 (2006). — 55 p.

4. Roos, JC and Peddle, IK, «Autonomous Take-off and Landing of an Unmanned Aerial Vehicle», R & D Journal of the
South African Institution of Mechanical Engineering, volume 25, pp. 16-28, 2009.

5. Moiseev V. S. Applied theory of control of unmanned aerial vehicles: monograph. — Kazan: GBU «Republican Center
for Monitoring the Quality of Education» (Series «Modern Applied Mathematics and Informatics»). — 768 p.

6. Semenov A. D., Artamonov D. V., Bryukhachev A. V. Identification of the objects of control: Teaching experience.
allowance. — Penza: Publishing house Penza. state. University, 2003. — 211 p.: ill.

7. Dmitrievsky A. A., Lysenko L. N. External ballistics: A textbook for university students. — 4-th ed., revised and en-

larged — M.: Mechanical Engineering, 2005. — 608 p.: ill.

8. Regodink.ru [Electronic resource]. — Access mode: https://regodink.ru/articles/Mototehnika-i-drugie-sredstva/optimi-

zacii-tracktorii-poletov. — Date of access: 22.12.2017.

9. Tsukanov A. V. Development of a software package for constructing the optimal trajectory of UAV motion. — 40 p.

1,2018

CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA



42 YnpassneHue mexHuueckumu obvexmamu

10. Chepurny I. V. Dynamics of the flight of aircraft: training. allowance / I. V. Chepurny — Komsomolsk-on-Amur:
FGBOU VPO «KnAGTU», 2014. — 112 p.

11. Shildt G. C# 4.0: The complete reference.: Trans. from English. — M.: LLC «I. D. Williams», 2011. — 1056 p.: ill. —
Parall. Eng. title.

12. Troelsen E. The programming language C# 5.0 and the platform. NET 4.5, 6-th ed.: Trans. from English. - M.: LLC
«I. D. Williams., 2013. — 1312 p.: ill. — Parall. Eng. title.

13. Nathan A. WPF 4. Detailed guidance. — Trans. from English. — SPB.: Symbol-Plus, 2011. — 880 p.: Ill.

Jlureparypa

1. Greer D, McKerrow P and Abrantes J, «Robots in Urban Search and Rescue Operationsy, Australasian Conference
on Robotics and Automation, Auckland, pp27-29, 2002.

2. Globalsecurity.org [Electronic resource]. — Access mode: https://www.globalsecurity.org/intell/systems/uav-intro.
htm. — Date of access: 20.12.2017

3. Robert J. Bamberger Jr., David P. Watson, David H. Scheidt, and Kevin L. Moore. Flight Demonstrations of Un-
manned Aerial Vehicle Swarming Concepts / Johns Hopkins APL Technical Digest, Volume 27, Number 1 (2006). — 55 p.

4. Roos, JC and Peddle, IK, «Autonomous Take-off and Landing of an Unmanned Aerial Vehicle», R & D Journal of the
South African Institution of Mechanical Engineering, volume 25, pp16-28, 2009.

5. Moucees B. C. Ilpuknajnas Teopus YmpaBicHHs OCCHIJIOTHBIMU JICTATCIbHBIMU alaparamMu: MOHorpadus. —
Kazanp: I'BY «PecnyOnukaHCckuii LeHTp MOHHUTOpHHIa kadectBa obOpaszoBanus» (Cepus «CoBpeMeHHas NpHKIIaIHAs
MaTeMaTHKa U HHpOpMaTHKay). — 768 c.

6. CemenoB A. /l., ApramonoB /I. B., BproxaueB A. B. Unentudukaims o0beKTOB yrnpaBicHus: Y4eOH. mocodue. —
Ilen3a: Uzn-Bo Ilens. roc. yn-ta, 2003.— 211 c.: .

7. AmutpueBckuii A. A., JInicenko JI. H. Buernss Oannuctika: Y4eOHUK I CTYICHTOB BY30B. — 4-¢ U3/1., iepepad.
u jpon. — M.: Mammnoctpoenue, 2005. — 608 c.: ni.

8. Regodink.ru [OnexrponHsiii pecype]. — Pexxum noctyma: https://regodink.ru/articles/Mototehnika-i-drugie-sredstva/
optimizacii-traektorii-poletov. — Jlara goctyma: 22.12.2017.

9. LlykanoB A. B. Pa3paboTka mporpaMMHOTO KOMILIEKCA TIOCTPOCHHUS ONTHUMaIbHOW Tpaekropun nikenus BITJIA. —
40 c.

10. Yenypubix U. B. /lunamuka monéra camonéror: yue6. mocodue / . B. Uenypubix. — Komcomornbck-Ha-Amype:
®OI'BOY BIIO «KHATTY», 2014, — 112 c.

11. uaar I'. C# 4.0: nonnoe pykoBoactso: Ilep. ¢ anri. — M.: OO0 «U. [I. Bunbsimey, 2011. — 1056 c.: mi. — [Napa.
THT. aHIJIL

12. Tpoeacen . S3bik nporpammupoBanus C# 5.0 u mnarpopma. NET 4.5, 6-e uzn.: Ilep. ¢ anri. — M.: OO0 «U. [1. Bu-
JbIMCY., 2013, — 1312 c.: un. — [Tapai. Tut. aHo.

13. Hatan A. WPF 4. Tlogpo6Hoe pykoBozctBo. — Ilep. ¢ anrin. — CIIB.: CumBon-Tlmroc, 2011. — 880 c., .

llocmynuna Iocne dopabomxu Ipunama k nevamu
22.12.2017 14.02.2018 15.03.2018

Cmenanos B. IO.

MATEMATUYECKOE MOAEAMPOBAHUE AUHAMWKHU
BECIMUNOTHOIO AETATEABHOIO AINMAPATA

benopycckuii nayuonanvHulil mexnuueckuti ynusepcumem

B cmamve daémces kraccughuxayus 0CHOBHBIX KOMNOHEHNOG cucmem bechuiomuo2o iemamenvHozo annapama (bBJIA),
nPUBOOSMCs 0ONACIU YeN0BEUECKOU OeSIMENbHOCIU, 8 KOMOPbIX AKMYaibHo npumerenue BJIIA Ha npakmuke yjice ce200Hs.
Hanee bJIA paccmampusaemcs 6onee nOOPOOHO ¢ MOUKU 3PEHUSL AHANU3A €20 OUHAMUKY NONEMA, OAEMCsL yPAeHeHue, HeoOXo-
oumoe st CO30aAHUsL MAMEMAMUYECKOU MOOEIU, d MAKIce MOOeIU 0ObIKHOBEHHOU OUHAMUYECKOU CUCTEeMbl KAK HeCMAayuo-
HapHO20 Henunelino2o ynpasisiemo2o obvekma. [anee oaémces onucanue paspabomanio2o npocpammnHozo obecneverus os
MOOENUPOBAHUsL U NPUBOOUMCSL ONUCAHUE ACOPUMMA padomvl Npocpammsl. B konye denaemcs 6b1600 0 He0OXOOUMBIX HA-
NPAGIEHUAX OATbHEUUUX HAYYHBIX UCCIE008AHUIL.

Knroueswle cnosa: becnunommuolii 1emamesnbHulil annapam, mamemamudecxKoe MO@GHMPOBLZHM@, cmoxacmu4eckKyro mMo-
0ellb COCMOSIHUSL CUCIEMDbL.
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CrenanoB B. FO. Acriupant kadenpsl «THPOpMaIIMOHHBIE CHCTEMBI H TEX-
HOJIOTUW» benopycckoro HalMOHAIBLHOTO TEXHUYECKOro yHuBepcurera. [lomy-
YKJI BhIcIee 00pa3oBaHHE W OKOHYWII MaruCTpaTypy 1o HamnpasieHuto « M pop-
MaIMOHHBIE cUcTEMBI U TexHosorun» B 2013 u 2014 romax coorBercTBeHHO. Ha
JAHHBI MOMEHT aclUpaHT BeIET UCCIECOBAaHMS B HANpaBlIeHUsIX U(POBOii 00-
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3alMI0 CUCTEM U mIporpaMmupoBaHue. MHTepecsl B nenoMm kacarorcs WUT, mnpo-
rpaMMHUPOBAHUS M POOACTHOTO YIIPABICHHUSI.

E-mail: vovchik-13a@yandex.ru

Stepanov V. Y. Received the Software Engineer and M. S. C. degree in field
of «Information systems and technologies» from the Belorussian National Technical University in
2013 and 2014 respectively. He is currently working toward in PhD degree in the field of «Digital sig-
nal processing and control» including, parametric optimization and programming. His research inter-
ests include IT, programming and robust control.

1,2018 CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA



OBPABOTKA
MHOOPMALIUU
M MPUHATUE PELLIEHU

DATA PROCESSING
AND
DECISION-MAKING



O6pabomka uHgopmayuu u npuHssMue peuleHull 45

VIIK 004.9

B. A BULIIHAIKOB

UCMOAb30BAHUE UHTENAEKTYAAbHbIX U BAOKYEUH
TEXHOAOTMWU B UHOOPMALIMOHHOM YMPABAEHUU

Munckuti unnosayuoHHbBIY YHUGEPCUMEM

Lenvro dannoil pabomul A6IA€MCsL AHATU3 MENOO08, NOOX0008, MEXHOIO2UL, CPEOCME UHPOPMAYUOHHO20 YNPAG-
nenusi (MY), ucnonvzosanue Kax u36ecmubiX MeXHOI02UL MAK U 000ABIeHUe HOBbLX: UHMELIeKMYAIbHbIX U OIOKYELH.
Ilpusedenvr menoeHyuu UCHONLIOGAHUSA UHMETIEKIMYATbHBIX MEXHOI02U 8 UHGOPMAYUOHHOM Ynpagienuu. BvloeneHol
paspabomku 8 001ACMU UHMENLEKMYATbHBIX A2EHMO08 HA OCHO8E CEMAHMUK-8€0, 80-Cep8UCO8 U CeMAHMUYECKUX 8O-
cepeucos, ucnoavzoeanue ooaaunvix gviyucieHull (OB). Ob6cycoenvl 0CHOGHbIe udeu CeManmuiecKux mexHoio2ull,
6 KOMOPBIX CMPAHUYI CEMAHMUYLECKOU CeMU COO0ePACUM UHPOPMAYUIO HA OBYX A3bIKAX. €CIMECMEEHHOM U CNeyudib-
HOM, NOHSAMHOM MOJIbKO UHMENLEKMYAIbHbIM npocpammam-azenman, (MA).

Paccmompeno ucnonvzosanue mexnonocuu 610Kuelin Ons YAPAGieHUus pa3iuiHbIMU MaAmepuaibHelMu U He mame-
puanvHuiMu akmusamu. TexHuuecku OI0KUEH-MEXHOI02Us. nPedCmagisiem coooll euje 00UH NPUKIAOHOU YPOGeHb, pa-
bomarowuil noepx cmexka UHMEPHEeM-NPOMOKONI08 U MOICEM UHMESPUPOBAMbCA C CeMAHMUYECKUM YPOGHEM.
Paccmompeno ucnonvzosanue unmenieKmyanbHulx mexnoio2uil 8 UHGOPMAYUOHHOM YNpAsaeHUU 8 00IaUHOU cpede
u pabomoui UA. Obcysicoena unmeniekmyanvhas cems (6e6 3.0), komopas cmaHo8UmMcs 04epeOHbiM 3MaAnoM pa3eu-
musi Uumeprnema. B neil onmonoeus ¢hopmupyem ceManmuxy, co30asds HOGvle 803MONICHOCIU 0151 A evinonusme
PpasnuyHvie 3anpocel noavzosamenell. Ilpoananuzuposanvl 0CHO8HbIE pA3PAOOMKY 6 0OIACMU UHMENTEKMYAAU3AYUU
HY u paccmompenvi ocnognvle mendenyuu ux pasgumus. B pesynemame smoco 0vin onpedenen nepeuenv kKpumepues
U UX 3HAYEeHULl, KOMOPLIM Q0IACHA YOOBIEMBOPIMb UHMELIEKMYalbHAsA cucmema ons MY,

B kauecmee menoenyuu pazsumus Y paccmompeno cosepulencmeoganue Memooos u Mooeiell COBMeCmHOU 0e-
amenvrocmu A 6 obnaunoti cpede ¢ ucnoib308anuem mexnoao2uu O10KuetiH. Boloenenvl mpu HanpasieHus pas3eumus
UHMENNIeKMYATbHBIX CUCTeM YnpasieHus. B kauecmee pazeumus un@opmayuonnoeo ynpasienus npeoiodlceHo co30d-
HUe UHCIPYMEeHMAAbHOU NAAM@BOpMbl Ha Oa3e MHO20A2EHMHO20 NOOX00d, UHMe2Payul CeMaHMu4eckux u O10KYel
mexHono2ull 8 00IAUHOU cpeoe.

Knrwuesvie cnosa: cemanmudecKue, bnoKuelin mexnojiocuu, qubopmameHoe ynpasjenue, unmeilyleKmydjlbHble d2eHmnbl,

unmezpayus, oonavas cpeoa

BBenenue

Jlig coBpeMeHHOro 3rama pa3BUTHA TEOPUHU
1 MPAaKTUKH UHPOpMaMoHHOTo ynpasnenus (1Y)
XapakTepHa CUTYallus: C OTHON CTOPOHBI, YCUIIEH-
HOE BHUMaHHUE K UCIIOIb30BaHUIO HH(OPMALIMOH-
veix texuonoruéd (UT), pa3BuTue MexmayHapoOn-
HBIX CTaHJAapTOB, PACTYILUE PACXOAbI Ha odecrie-
YEeHHEe MEXAHU3MOB U CPE/ICTB YIIPABJIEHUs, C Jpy-
roit — HenocrarouHas apdexkruBHocTs NV, cyOn-
EKTHBHBIX YeJIOBeYeCcKHid (hakTop B paboTe C ak-
TUBAMHU, O YEM CBHJCTEIBbCTBYIOT MyOIUKyeMbIe
JlaHHBIC B MUPOBOU SKOHOMUKE [ 1]. Beixogom sB-
JeTCsl BHEApPEHUE Ha 3Tanax MY HHTEIIeKTy-
aJIbHBIX TEXHOJIOTUH, a TaKkkKe MPUMEHEHHUe napa-
JUTMBI OJIOKYEHH B CHCTEMaxX KOHTPOJSI U OTYET-
HocTH. C OfIHOM CTOPOHBI, cOOp U 00pabOTKa HH-
¢dopmanuu u3 MHTEepHETa O COCTOSHUM, HalpaB-
JIEHUH pPa3BUTHUS U YPOBHE TOBApoOB (YCIyr) WU

WHBIX TPOLIECCOB B MUPOBOH SKOOMHUKE U CHHTE3
3HaHUH, YTO JJaeT HOBOE KaueCTBO, MI03BOJIAIONIEE
CIPOTHO3UPOBATh, CMOJICJINPOBATH PAa3BHTHE TEX
WIM WHBIX TMPOIECCOB Ha MHUPOBBIX DBIHKaX.
C npyroii CTOpOHBI, TPUMEHEHNE HHTEIICKTYallb-
HBIX TEXHOJIOTHH JaeT BO3MOXXHOCTH TOBBICHUTD
ypoBeHb 3(dexrtuBHoctn WY it pa3inuuHbIX
KkopropatuBHbIX cuctem ymnpasienus (KHUC), [2],
a OJIOKYEHH TEXHOJOTHMH — MPO3PayHOCTh yIpaB-
JeHus U Kopecypcamu [3].

NuTennexkryanuzanus
B UHGOPMAIIMOHHOM yIIPaBJIEeHUH

OpnHoii U3 TIaBHBIX POOJIEM MOCTPOCHUS HH-
HOBAI[MOHHBIX SKOHOMHK SIBJISIETCS MHTEIUICKTya-
JIM3al1u, CyTh KOTOPOH 3aK/II04aeTcs B pa3pador-
Ke 3(PQEKTUBHBIX MEXaHU3MOB (POPMHUPOBAHUS,
MyOJIMKalny, aKTyaau3alid U MacCOBOTO MCIIONb-
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30BaHHd MHHOBALITMOHHBIX 3HAHUH B yapaBJi€HYC-
CKUX TexHonorusix. Cpeau Takux 3HaHUH B pabo-
Te [4] BbLACTEHBI Pa3pabOTKU B 00NacTH: ceMaH-
TI/IK-BC6 U HCHOJb30BAHUC HWHTCJUICKTYAJIbHBIX
arcHTOB; BEO-CEPBUCOB M CEMAHTHUYECKUX BEO-
CEPBUCOB; OOJIAYHBIX BBIYMCICHUNA. DTH 3HAHWUSI
MPEUIOKEHO B3STh 32 OCHOBY IPU MHTEIUICKTYa-
JIM3aLHUN YIIPABIECHYECKUX PEILCHUI:

— HCIOJIb30BAaHHUE TEXHOJIOTHH CEMaHTHK-BEO
B YNPAaBJICHYECKOH JESITEIbHOCTH, HHTEIUICKTYa-
JiM3aliursgd MapKETHUHI'OBBIX pCHIeHI/Iﬁ " DJICKTPOH-
HOro OM3Heca;

— HHTCTPpAllMOHHOC PCHICHUC JId CIIOKHBIX
3a7lad Ha OCHOBE CEMAaHTHYECKHX BEO-CEpBHCOB
SIBIIICTCSL OJHUM W3 HalpaBJICHUH pa3paboToOK
B 00JaCTH MHTEJUICKTYaIN3alil paclpeieieH-
HOW 00pabOTKH yNpaBleHYeCKOH HHPOPMAIHH.

— HCIIOJIB30BaHUC MO6I/IJII)HI)IX TEXHOJIOT UM
U OOJIaUuHBIX BBIYUCIICHUH MO3BOJIsET OoJee (-
(eKTUBHO pellaTh 3aJa4u B yIPaBICHYECKOM Jie-
STEIBHOCTH, B 00JaCTH MOMCKA YIPaBICHYCCKOM
WHPOPMAIMH, IIEKTPOHHONW TOPTOBIIH, IPHHSTHSI
peuieHui.

OcHOBBI CeMAaHTHYECKUX TEXHOJIOT UM

Konmemnuio ceManTrueckoi cetu (Semantic
Web) npencenarenis W3C Tum bepuepe-Jlu npen-
ctaBui B 2001 romy, BBICTYIIMB Ha BOCBMOW KOH-
tdhepenmuu koHcoprmyma W3C u omyOnukoBaB
COOTBETCTBYIOIIHMI TpakTar B )KypHaie Scientific
American [5]. Otiinune Semantic Web ot tpaau-
[IIOHHOTO BEO-IIPOCTPAHCTBA COCTOUT B TOM, YTO
KaXJasi CTpaHWIa CEeMaHTHYECKOH CeTH Coaep-
XKHUT MH(QOpMANMIO HA JIBYX S3bIKax: Ha €CTecCT-
BEHHOM (TOKa3bIBAEMOM Opay3epoM), M CIICIIH-
AIBHOM (CKpBITa OT YEJIOBEYEeCKHX IIa3, HO IO-
HSTHA WHTEIUICKTYaJbHBIM IPOTrpaMMaM-areH-
taMm, (MA). A mo 3amganusM nonb3oBaTeneil Ha-
XOIST WCTOYHMKH HWH(QOpMAIMH, 3arpalinBaioT
JIAHHBIC, TIPOBEPSIOT X HA COOTBETCTBUE KPHUTE-
PHSIM TTOMCKA, & 3aTeM BBIIABIOT OTBET B YIOOHOH
IUTSI TIOJTh30BaTeneit hopme.

B ocHOBe ceMaHTHUECKOH ceTH JeKar TpH
NPUHIIMIIA: arperanusi, 0e30MacHOCTh W JIOTHKA.
Arperaiys 03HauaeT COBMECTHOE UCIIONIb30BaHUE
naHHbIX. B Semantic Web nipu pemienun nocras-
JICHHOW 3a/la4y¥l MOTYT OBITh UCIIOJIB30BaHBI JIIO-
Oble TaHHbIC, HA OCHOBE MX CO3/1AeTCS CEMaHTH-
yeckas uHpopmanus (oHrtonorun). OHTOIOTHH
COCTaBJISIIOT (DyHJAMEHT CEMaHTHYECKOH CeTH
U MIPEJCTaBISIOT OO0 ONMUCaHne HA HEKOTOPOM

(opManbHOM SI3bIKE MOHATHUI HEKOTOPOW Tpen-
METHOW O00NacTH W OTHOLICHHH MEXIy HHUMH.
B ocHoOBy Oe3omacHocTH, oOecrieuuBaromiel 10-
BepUe K CEMaHTUYECKON CETH, MOJIOKEHBI HU(PPO-
BbI€ IIOJIUCH, KOTOPBIE MOTYT HCIOJIb30BATHCSA
areHTaMu ¥ KOMIIBIOTEpaMU JUIsl IIPOBEPKU TOTO,
4TO MH(POPMALHS [TOTYYEeHa U3 TOCTOBEPHOTO HC-
TOYHHUKA.

Jloruka 3T0 HaOOp MpaBUII ONMUCAaHUS HHPOP-
MAalMOHHOM CTPYKTYPbI JaHHBIX, IPOTOKOJIbI U S3bIK
onucanus crpanui. S3pik RDF pa3zpaboran koH-
copuuymom W3C s OmMCaHUS METalaHHBIX
B cemaHTH4eckol cetu. OH mpenHa3HadyeH st
OIMCAHUSl OTHOLUEHUN MEXIYy pecypcamu. YT-
BEPXKJCHHUsI, Kogupyemble ¢ noMouisro RDF, Mox-
HO HMHTEpPIPETHPOBATh C IOMOLIbIO OHTOJIOTHH,
CO3aHHBIX 10 cTanaapraM RDF-Schema u sA3bIka
OWL, 9T00BI MONYYaTh U3 HUX JIOTHYECKUE 3aKITIO-
yenus [5].

Hcnoan3oBanne 0JJOKYEHH TEXHOJIOI M

Brokueiin — 310 MHOrO()YHKIIMOHAIBHAS U MHO-
roypoBHeBas WH(OPMAIMOHHAS ~ TEXHOJIOTHS,
[IpeHa3HauYeHHas JUIsl HaJIeXKHOTO yueTa pasind-
HbIX aKTUBOB. [IoTeHIIMAIBHO Ta TEXHOJIOTUS OX-
BaThIBaeT Bce 0€3 MCKIIOUEHUs cepbl SIKOHOMU-
YEeCKOH JesITeTbHOCTH U UMEET MHO)KECTBO 00J1a-
cTell mpuMeHeHus. B ux uucine: GUHAHCHI U 9KO-
HOMMKA; OIlepaly C MaTEpPUAJIbLHBIMU U HEMAaTe-
pUaIbHBIMH AKTHBAMM, Y4E€T B TOCYAAPCTBEHHBIX
U YaCTHBIX OPraHM3alUsaX U OPraHU3aLMIX CMe-
LIAHHOTO TUNa. blIoKYelH — 3TO HOBasi Opranu3a-
[IMOHHAs TMapagurMa s KOOpAWHAIMK JH000ro
BUJIa YIIPaBIEHYECKON AESITeIbHOCTH [3].

brokdelin TeXHOIOTHS CIIOCOOHA CTaTh Opra-
HUYHOW SKOHOMHUYECKOU 00O0JIOUKOI CeTH WHTEp-
HeT, 00CITy)KUBAIOIIEeH OHJIAMH-TUIATe)XH, JELeH-
TpaJM30BaHHBIN 00MEH, 3apaboTOK U pacxooBa-
HUE TOKEHOB LICHHOCTH, IIOJyYEHUE U Iepenady
U(PPOBHIX aKTHBOB, a TAKXKE BBIITYCK H UCTIOJIHE-
HUE YMHBIX KOHTPakToB. Kak cpencTBo neneHTpa-
JIM3ALMKA 3TH TEXHOJOTUU MOTYT CTaTh CIIELYIO-
[IAM 3TaroM B WH(OPMAIOHHBIX TEXHOJIOTHSIX —
nocje MeHHPPEHMOB, MePCOHATBLHBIX KOMITBIOTE-
POB, MHTEpPHETA, MOOMJIBHBIX M COLMANBHBIX CE-
Teit [3].

Texuudyeckn OJIOKYCHH TEXHOJOTHUS TIPEI-
cTaBigeT co0oil elle oJJMH NMPUKIIAIHON YPOBEHB,
paboTaromuii moBepx CTeKa WHTEPHET-TIPOTOKO-
soB. OHa TMPUBHOCHUT B WMHTEPHET HOBOE 3BEHO
MOJIEPKKM SKOHOMUYECKMX TPAH3AKLIHMA — Kak
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MOMEHTAJIbHBIX JIEHEKHBIX TIaTeKeil B yHUBEp-
CaJIbHOW KPUITOBAIIOTE, TaK U OoJiee CIOKHBIX
1 JONITOKUBYIIUX (DMHAHCOBBIX KOHTPAKTOB. biiok-
YEHH-TEXHOJIOTHH IIPEJICTOUT CTaTh BEPXHUM 3KO-
HOMHYECKUM CJIOEM OPraHUYHO CBSI3aHHOI'O MUPA
Pa3HOOOpPa3HBIX BBIYMCIUTEIBHBIX YCTPOMCTB,
B YHMCJIC KOTOPBIX — MOOUIIBbIE, IIU(POBBIC YCTPOIi-
CTBa caMO(UKCALUH, «YMHBIE JOMa, YMHBIEC aBTO-
MOOWJIM U YMHBIH ropom» [3].

OYHKIMOHAIBHOCTD, PEAIU30BaHHAs B paM-
Kax OJIOKYEWH mapaJurMbl, MOJKET BBIIISIETh Kak
MOAKJIIOYEHHBIN WHTETPUPOBAHHBIA (U3HMUECKUIT
YPOBEHb BBIYMCIEHUNH CO MHOTMMHU yCTPOMNCTBa-
MH, IOBEPX KOTOPOTO HAXOIUTCS CIION JIst 00CTy-
KuBaHUs Iarexxed. Ho peubs muaer He mpocro
0 IUIATEXAX, a O MUKPOILIATE)KAaX, JELEHTPAIU30-
BaHHOU OupyKe, 3apadaTblBaHUX U TpaTe TOKEHOB,
MOJy4YeHUH U TIepenade UHU(PPOBBIX aKTHBOB,
a Takke€ O COCTABJIEHUH W BBIMOJIHEHUH YMHBIX
KOHTPAKTOB — TO €CTh O IOJIHOLEHHOM HYKOHOMHU-
YECKOM CJI0€, KOTOpOro B BeOe 1O CUX IOp He
obL10 [3].

NudopmanuonHoe ynpanjieHue
€ HHTEJIEKTYAJIbHBIMU areHTaMU B 00J1a4HOi
cpene

WNurennexryanpHas ceTh (BeO 3.0) cTaHOBUT-
cs1 aTanoM pa3sutus Murtepuera. Ourosorus ¢op-
MHUpPYET CEMaHTHKY, CO37]aB HOBBIC BO3MOXKHOCTHU
st MA BBITIOTHATH 3amlpOChl  TTOJIB30BATEIICH.
310 00ecneuuT 0CBOOOKICHUE MOIB30BaTENCH OT
3a/1a4l TI0 HMCCIICIOBAHUIO TOKYMECHTOB, BBIJaH-
HBIX TTIOMCKOBOM MammuHo#. UTOOBI CIIPaBUTHCS CO
CIIO)KHOCTBIO OHM3HEC-TIPOIIECCOB, CBSA3BIBAIOIINX
HECKOJIBKO TPEIIPHSITHA WIH IIETOYKY CO3/IaHuUs
tieHHoctd B Web 3.0 komnaHuu moTpedyroT co3-
JAHUS «YMHBIX» TIPOIECCOB [2, 6].

PacripeneneHHblid MCKyCCTBEHHBIA MHTEIUIEKT —
DALI (Distributed Artificial Intelligence) ocHOBBI-
BAeTCs HA ar€HTHBIX TexHOJorusax. A umeer Tpu
CBOICTBA: aBTOHOMHOCTH, CIIOCOOHOCTh pPearupo-
BaTh U CIIOCOOHOCTHh BHIMTH Ha CBsi3b. A Mmo-
I'YT O0IIATHCS C JPYTUMHU «CYIIHOCTSIME: JIFO/Ib-
mu, npyrumu MA, obwekramm [5, 6]. JloGaBuB
K 3TOMY CIIOCOOHOCTh IIJIAHUPOBAaTh M CTaBUTh
[eIH, TONAEPKUBATh MOJMETH TPEACTABICHUMN,
paccykaarh O JCUCTBHSIX W TIOBBIIIATH YPOBEHD
3HAHUU U Ka9eCTBO pabOTHI Yepe3 00yUueHue, U 1o-
JTy4UM KOMITOHEHTHI TPoaABUHYTOTO UA.

WA MoryT OBITh HHTETPUPOBAHBI B CTPYKTY-
pel obnaunbix Bhrumcienuii (OB), conmepikarue

KOHKpETHBIE (D)YHKIMH 10 PEIIeHHIO 3a/1a4, o0pa-
OOTKM aHHBIX U yrpasieHus. OHU TOAJepIKUBa-
IOT €CTECTBEHHOE COCAMHEHHe HH(POPMALUH
Y TEXHOJIOTHI, OCHOBAaHHBIX HAa 3HAHHUAX U MOTYT
MOAJIEPKUBATh MPOLECC JIOTHYECKUX PacCyxkIe-
HUH (Hanmpumep, BKIIOYCHUE JETIOBBIX periaMeH-
TOB B HUX). OHU MO3BOJISIFOT BKIIFOUUTH (PYHKITUIO
00y4eHHs1 1 CAMOCOBEPIICHCTBOBAHMSI KaK Ha YpOB-
HEe WHPPACTPYKTYPHI (aJAanTHBHAS MapLIpyTH3a-
1Us), TaK ¥ Ha yPOBHE MPUJIOKEHHUS (alaTUBHbBIE
MOJIb30BaTENbCKUE HHTEP(EHChI).

WA ucnone3syrorcst ansi coopa Ou3Hec-aHaIH-
tuku (Business Intelligence) u npoiieccoB oopa-
6otku cnoxubix coObiTuil CEP (Complex Event
Processing). [loka3arenb MOCEIICHHUN CTPaHUI
ycrapen. BayXHO KOJIMYecTBO CBsA3EH B COLMANTBHBIX
CeTAX, KOJIMYECTBO OTIPABICHHBIX COOOIICHUIH
U BpeMsi, IPOBEJCHHOE Ha KOHKPETHOM caiite [6].

[Mony4yenne wHpOpMaLIMKU W HENPEpPBIBHBIN
aHanu3 B peajibHOM BpeMenu B OB — 310 crenyto-
miasi CIOXKHasi 3ajada JJisi KOPIOPaTHBHOTO WH-
TeJJIeKTa, 0COOEHHO KoTJa JAJsl TOTo, YTOObl Hali-
TH LEHHYI0 HHPOPMAIHIO U «YIPaBISTh peryTa-
ei», HaJl0 MEPEXOAUTh OT «IIOUCKA B JIAHHBIX)
K «IOMCKY B Onorax». Hajo BBIHTH 3a mpenesb
nouckoBuka Google, oopadorars HTEpHET-1ITYM,
9TOOBI MOHSTH, YTO K€ MPOUCXOAUT B OTpaci,
CUTYyallMIO O TOBapax W yCIyrax KOMIIAHWH, T. €.
Hy>Ha aHanutuka Web 3.0 [6].

Hcnonb3yst 00pabOTKY CIIOXKHBIX COOBITHIA st
KOPIIOPAaTUBHOTO HWHTEJJIEKTa, MOXKHO CO3/1aTh
00paTHYIO CBSI3b MEXIY KOPIIOPATUBHBIM WHTE-
JIEKTOM M CHCTEMOM yrpaBlieHHs OM3Hec-TpoLiec-
CaMH, KOTopasi, B CBOIO O4€pe/lb, BO3JEHCTBYET Ha
KOPIIOpaTWBHBIA HWHTEJNIEKT. Service Science,
Management and Engineering (SSME) — tepmun,
ucnoib3yembiii IBM Research B cBoux paspador-
Kax B o0nacTu cepBUCHBIX cucTeM. HP cozmana
«Hayunpii meHtp cucrtem u cepBucoBy». Oracle
Corp. npucoeaununack k IBM ans co3nanus un-
JQYCTPUAIBHOTO KOHCOpLIMYMa TIIOJl Ha3BaHHWEM
Service Research and Innovation Initiative. I'pymn-
na NESSI (Networked European Software and
Services Initiative) B EBpomnelickom coro3e cozna-
Ha NESSI (Pabouas rpymnmna mo BompocaMm HayKu
o cepsucax). B KanudopHuiickom yHuBepcuTeTe
bepkiu ects nporpamma SSME. Bee aTo npowuc-
XOIHT Onarofapsi TOMy, 4YTO B cepe yciayr HbIHE
3aHsATBl Oonee 50% paboueil cunbl B bpasunum,
Poccuu, AAnonun u I'epmanun, a taxxe 75% pa-
ooueii cwitbl B CIIA u BenukoOpuranuu [7].
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BpeMst MOHOIIUTHBIX, BEPTHKAJIbHO HHTETPH-
POBaHHBIX KOMIIAHUHU yuuio. [J1aBHbIE U BCIIOMO-
rarenbHbie OusHec-niponecchl (BI1) xommanuu
NPOUCXOAST B YETHIPEX B3aMMOCBSI3aHHBIX 00Ja-
CTAX: TIOCTABIIUKH NPSMBIX 3aKYIIOK, MPOU3BOI-
CTBEHHBIX PECYPCOB (HEMPSIMbIE 3aKYyIIKH), TOPTrO-
BbIC MIAPTHEPHI, KIIUEHThI. DTH MHOTOYUCIICHHBIC
LEMOYKH JIOJDKHBI OBITH BKJIIOYECHBI B HOBBIE OM3-
Hec-skocucTeMbl OB, 00benuHSIONIE «BCEX-CO-
BceMu». OHUM OyAyT OCTYIHBI JJISI COSTUHEHUS,
paspbiBa U HOBOTO COCIMHEHUS IPEIOCTaBIIsIsS
KOMITaHUM BO3MOXKHOCTh PaboOTaTh Ha MHOXKe-
CTBEHHBIX PBIHKAX HJIHM CO3/IaBaTh HOBBIC MPEJIO-
JKEHUS IS «PBIHKA U3 OTHOTO YeJIOBEeKay [6].

Bce MHOrouucneHHble HEenovku GpopMUpoBa-
HUSI IICHHOCTH JIOJDKHBI OBITh BIUICTEHBI B HOBBIC
ousHec-okocucTeMbl OB, 00beAMHSIONINE «BCEX-
co-BceMm». OHH JIOJDKHBI OBITH JOCTYITHBI IS
COCJIMHEHUS, pa3pblBa U HOBOTO COCIMHEHUS
B COOTBETCTBUH C U3MEHECHUSIMH B PHIHOYHBIX pe-
QUsX, TPENOCTaBIsIsi KOMIIAHUU BO3MOXKHOCTD
paboraTh Ha MHOKECTBEHHBIX PBIHKAX MIJIM CO3/a-
BaTh YHHKaJbHbIC NMPEUIOKCHUS Ul «PhIHKA U3
OJTHOTO YEJIOBEKay.

VYeneniHpie KOMITAHUH CTaIM PEACTABUTEIISIMA
MHTEPECOB CBOMX KiIMEHTOB. OHH paboTaroT ¢ To-
CTaBILKAMHU CO BCETO MHPA JUIsl TOTO, YTOOBI Mpe/I-
JIOKHTh KIIMEHTAM HAMTYUIIYIO HEHHOCTb. OTBETHI
Ha BOIMPOCHI KTO K€ BIajeeT OM3HEC-TPOIECCaMu
BCEH LICTIOUKH CO3/IAHMS IEHHOCTH JISKAT 3a Tpejie-
namu CRM-cuctem — B HOBBIX cuctemax OB:
YIPABICHHUS OTHOLICHHSMH B TETIOUKE CO3JIaHUSI
nenHoctu (Value-Chain Relationship Management)
U YIPaBJICHUS OTHOILICHUSIMU C COOOIIECTBOM KIIU-
ertoB (Customer Community Relationship Man-
agement). 910 nopraJibl, OU3HEC-3KOCUCTEMBI U CHU-
cremMbl (OpMHPOBaHUST WH(OpPMAILIUH, IPOLECCHI,
HanpuMep, «UHAMBUIYaJbHBIA 3alpoc Ha Tpo-
JYKT», TIOCTYTAIOIINIA TI0 MHOTOYMCIICHHBIM KaHa-
JIaM ¥ OT MHOJKECTBA COOOIIIECTB KIIMEHTOB [2, 6].

VYopasneane CRM 2 Oyner pacmonaraTbest
B oOnaunoii cpene (OC). To xe camMoe MOXHO
CKazarh U 00 yNpaBICHUU LUKIIOM XH3HH TOBapa
B HOBOM MUpE MHHOBAIHH, HOPMHUPYEMBIX TOTpE-
OUTEIISIMU: CUCTEMbI aBTOMaTH3UPOBAHHOTO MPO-
EKTHPOBAHMS, YIPABICHUSI CHCTEMaMHU TOCTaBOK
U KOHTPAaKTHBIMH OTHOLICHUSIMH JOJDKHBI OymyT
BBIWTH 32 TIPEJIeIIbl TPAHUL] IPEANPHUSITUS ¥ BKITFO-
YUTh KJIMEHTOB U TIAPTHEPOB 110 JM3aiiHy U MPO-
u3BoACTBY. [lOCKONBKY HHM OfHA KOMIIAHHS HE
«BIIAJIEET» BCEH MOCIENOBATEILHOCTHIO CO3/IaHHS

LIEHHOCTH, OU3HEC-TTPOLIECCHl KOMITAHUH U CHCTe-
MBI UX yIpaBJeHus Oy1yT yHUDUIIUPOBAHEI H Tie-
penecensl B OB. JlanHast apxuTekTypa BKIIOYaeT
0a3y 3HaHUIl B BHJE MpaBWJI MPOLYKIHUH, Mexa-
HHU3Ma JIOTUYECKOTO BBIBOJA, PEICNITOPOB M d(-
(eKTopoB areHta, MoAyJIb KOMMYHHKAIUH C JIPY-
UMM areHTamu. [IpuMeHuTenbHO K 3ajiaue aHa-
JIM3a PHIHKA, PELENITOPBI TepeatoT (pakThl O BHEII-
HUX BO3JICUCTBUSAX B 0a3sy 3HaHui. B pesynbrare
JIOTHYECKOTO BBIBOJA BhIpaOaTHIBACTCS pPEIlICHHUE,
KoTopoe rnepenactcs 3pdekropy 00 U3MEHEHUIX
BHEIITHEH Cpefn [6].

Jlis pacnipeneseHHoro perieHus 3a1ad MOryT
OBITH UCTIONB30BAHBI pa3HbIE THITBI ar€HTOB: areHT-
cyOOpAMHATOP, MHOYKECTBO areHTOB UCTIONHUTENICH,
areHT-UHTerparop. AreHTsl MOTYT OBITH CBSI3aHbI
MEK/Ty cO00ii B BHJIE MHOTOYPOBHEBOI apXUTEKTY-
pbI, KOTOpas MOXKET OBbITh TOPH3OHTAILHOH WU
BEpTHKAILHOH. B pesynbrare aHanmza mHbOpMa-
LIMOHHOIO TIpoliecca pacupeaeieHHon Y/ B cetax
MOXXHO PaccMaTpuBaTh areHTOB, pa3rpaHUYHUBaIO-
IIMX MpaBa JOCTYyTIa MOJIb30BaTeNe CeTH, arTeHTOB
OOHapy KEeHUsI MOTPeOHOCTEN, TO €CTh U3MEHEHHS
COCTOSIHUSI PHIHOYHOM Cpellbl B CETH, areéHTOB 00-
Hapy>XeHUS] UHHOBALIMI, areHTOB, CTPOAIINX Clie-
Hapuil MOBEAEHUS Ul paclpoCTPaHEHNUsT HHHOBA-
LMW, areHTOB, SABJIAIOIIMIICS IMOCPEIHUKOM-KOOp-
JIMHATOPOM BCEH MHOTOAreHTHOM CUCTEMBI [2, 6].

B pabore [8] nmpoaHaau3upoBaHbl OCHOBHBIC
pa3paboTKu B 00NACTH MOCTPOCHUSI HHTEIUICKTY-
anpHbIX cuctem (MC) MY u paccMOTpeHbl OCHOB-
HbIE TEHJICHIINM UX Pa3BUTHA. B pe3ynsrare 3T0ro0
OBLT ompesieieH epeyeHb KPUTEPHUEB U UX 3Haue-
HUH, KOTOPBIM JIOJDKHA YIOBJIETBOPSTH HHTEIJICK-
TyaJlbHas1 cucreMa juist NY:

— MHOTOYPOBHEBOCTH HAOIIOACHUS 32 CPEAOH,
cOop cBeZIeHHS O COCTOSHMM PBIHKA M3 pa3iiny-
HBIX ICTOYHUKOB Ha Pa3IMYHbIX YPOBHIX HAOIIO-
JIeHHsI — ypOBeHb ceTH, cepBepoB OB u coruans-
HBIX CHCTEM;

— aJaNnTUBHOCTH, CIOCOOHOCTH OOHAPYKH-
BaTb MOJU(HIMPOBAHHBIC peaM3alld H3BECT-
HBIX U HOBBIX MHHOBAITMI PHIHKA;

— MPOAKTUBHOCTh, HAJIMYHE BCTPOECHHBIX Me-
XaHM3MOB PEaKIUU Ha MOSIBIIEHHE HHHOBAIINN;

— OTKPBITOCTh, BOBMOKHOCTb JOOABJICHUS HO-
BBIX aHAJHM3HPYEMBIX PECYpcOB HH(POPMAIHOH-
HOM CHUCTEMBI.

— tun ynpasnenus, UC UM nomxna coBme-
aTh KaK HEHTPaJIM30BaHHOE, TaK U pacrpere-
JICHHOE YIIpaBJlIeHHE.
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— samumiennocts, UC UM gomxkna o0nanars
CPEICTBAMH 3aIIUTHI CBOUX KOMIIOHEHTOB.

B pesynbrare npencTaBieHbl CIEAYIOLINE pe-
IICHUS 110 MHOTOAreHTHOH cucTeMe oOHapyxe-
HUs nHHOBaIMii peiaka MC M:

— CTPYKTypa U COCTaB MHOTOAreHTHON CUCTe-
Mbl OOHApY)XCHUS HMHHOBAIIMN, BKJIHOUAIOIIAs
B cebs arcHTOB paldouYuX CTaHIUH, CEPBEPOB,
MapuUIpyTH3aTOPOB U CETel W TO3BOJIAIONIAs Jie-
JIaTh BBIBOJ O COCTOSIHUU U TIEPCIICKTHBAX Pa3BH-
THS PbIHKQ,

— METOJl TPHUHSATHS areHTaMH COBMECTHOTO
pElICHHs, MO3BOJSIONIMKI CHOPMHUPOBATH KpY-
IJIBIA CTOJI ar€HTOB U HA OCHOBAHUH HUX PE3yJbTa-
TOB aHaJM3a CBEJICHUH, MMOMyUYeHHBIX U3 paziIny-
HBIX MCTOYHHMKOB, OIICHHTH COCTOSIHUE pbIHKA
B IIEJIOM;

— METOJMKa OOHapYKEHHs aTaK C HCIOJIb30-
BaHWEM MHOTOATCHTHBIX TEXHOJIOTH, TTO3BOJISIO-
masi 00y4uTh MHOTOAreHTHYIO CUCTEMY OOHapy-
JKEHWIO MHHOBAIIMI U UCIIONIb30BaTh €€ IS Jallb-
Heliero oOHapyKeHUs HOBBIX TOBapOB (YCIyr);

— oneHka 3((EKTUBHOCTH BCEX MPEJIOKCH-
HBIX METOJIOB, HCIOJB3ysl pa3pabOTaHHBIE MpO-
rpamMmHsle peutenus M/1.

Konuenuus pa3Butus
HH(OPMAIHOHHOTO YIIPABJIEHHUS

B kauectBe TEHAEHUMM M KOHUENILHUHU Pa3BU-
TASA TIO WCIHOIB30BAHUI0 HWHTEIUICKTYalIbHBIX
1 OJTOKYEHH TexHosorul B Y| mpenmaraercs:

— COBEPIICHCTBOBAHUE APXUTEKTYp CHUCTEM
WY B obnauHbIX cpenax, oOecreuuBarommx 3¢h-
(hexTHBHOE yTpaBIEHHWE B YCIOBHSIX HEOIpEIe-
JICHHOCTH COCTOSIHHSI HH(POPMAITMOHHON CPEIIbI;

— pa3pabotka HoBbIX Mojiesield 1Y B OC ¢ UA
Ha OCHOBE BBIOOpA ONTHUMAJILHOTO BapHaHTa pea-
TMPOBaHMS Ha COOBITHSI PHIHKA;

— COBEpIIECHCTBOBAHNE HWHCTPYMEHTAIbHBIX
IIPOrPaMMHBIX KOMIUIEKCOB Ju1st 1Y ¢ mHTemIek-
TyaJIbHOHN IOJIEPKKOM IIPUHATHSI PELICHUI U UC-
cienoBanreM 3 (GEKTUBHOCTH METO/I0B, MOJICIICH
Y aJITOPUTMOB;

— pa3BUTHE TEXHOJOTUH MHOTOAreHTHBIX CH-
creM UY anst oOHapykeHHsl arak, TIpPOTHBOACH-
cTBHs yrposam HapyueHus Wb, oneHKU ypoBHs
3amuuieHHoctd uHpopmanun B KUC;

— pa3paboTKa TEOPETHUECKUX OCHOB, MOJIEIEH
U CpeAcTB OONaYHOM WHCTPYMEHTAILHOW IIaT-
(OpMBI IPOCKTUPOBAHUSI HHTEIUICKTYAIbHBIX CH-
creM MY Ha OCHOBE CEMaHTUYCCKHUX TEXHOIOTUH;

— pa3paboTka npukiaaHsix APMoB wnu caii-
TOB /ISl YIIPABJICHLIEB U MAPKETOJIOTOB C MCIIONb-
30BaHHEM OJIOKYEHH TEXHOJIOTHH.

3akjoueHue

IlepBBIM HampaBieHHEM pPa3BUTHUS HMHTEJIEK-
TyaJbHBIX CHCTEM YTIPABJICHHUS SBIACTCS JATbHEH-
mast pa3paboTKa MoJieNeld, METOIOB, apXUTEKTYP
M TIPOrPaMMHBIX CPEACTB JUISl pelIeHHs mpooiie-
MBI aJIaNTallii Ha peIHKaX. BTopsIM HampaBieHu-
eM — pa3paboTKa Mojesei, METOJI0B, apXUTEKTYP
Y IPOTPAMMHBIX CPEICTB cO0pa, CTPYKTypU3alluU
uHopmarmu u3 MaTepHeTa, GopMupoBaHus crie-
[IUATU3UPOBAHHBIX 0a3 3HAHUI 1 TOAJCPIKKH TIPH-
HATHA pelieHui. TpeTbUM HalpaBICHUEM — CO3-
JaHKue 00JIaYHOM MHCTPYMEHTAILHOU TIaT(hOpMBI
MIPOEKTHPOBAHUS MHTEJUIEKTYyAIbHBIX CHCTEM YTI-
paBIIeHUs] HA OCHOBE CEMAaHTHYECKHX U OJIOKYEeHH
TEXHOJIOTUH.
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Vishniakou U. A.

USE OF INTELLEGENT AND BLOCK CHAIN TECHNOLOGIES
IN INFORMATION MANAGEMENT

Minsk Innovation University

The aim of this work is the analysis of methods, approaches, technologies, means of information management (IM), using
both conventional technologies and adding new intellectual and block chain. Trends in the use of intelligent technologies in
information management are given. The developments in the field of intelligent agents based on semantic web, web-services
and semantic web-services, the use of cloud computing (CC) are shown. The main ideas of semantic technologies, in which
a page of the semantic network contains information in two languages: the natural and special, understood only by intelligent
software agents (IA) are discussed.

The use of block chain technology for the control of various material and non-material assets are done. Technically, the
block chain technology is another application layer on top of the stack of the Internet protocols and can be integrated with the
semantic level. The use of intelligent technologies in the information management in the cloud area with the work of IA. The
intelligent web (web 3.0), which became the next stage in the development of the Internet is discussed. It forms the semantics
on the ontology dase, creating new opportunities for IA to perform various user requests. Analyzes the major developments in
the field of intellectualization of IM, and the main tendencies of their development. The result was a list of criteria and their
values, which must meet an intelligent system for IM.

As trends in the development of IM is considered the improvement of models and methods of joint activity of I4 in the
cloud area using block chain technology. Three directions of development of intellectual control system are proposed. As the
development of information management proposed the creation of an instrumental platform based on multi agent approach,
integrating semantic and block chain technology in the cloud area.

Keywords: semantic, block chain technologies, information management, intelligent agents, integration, cloud area cloud
computing
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YK 004; 004.93

0. U rojlyb

C)XXATUE LLUUPOKOIro AMHAMUYECKOIoO AUAMA3OHA
APKOCTU PAAAPHbIX CHUMKOB

Tocyoapcmeennoe nayunoe yupexcoenue « O0veOurHeHHblll UHCIMUnym npoonem
ungpopmamuxu Hayuonanvnou axademuu nayk berapycuy

B cmamve npedcmagienvl pe3ynsmamol IKCHEPUMEHIMOE HO CHCAMUI UUPOKO20 OUHAMUYECKO20 OUANA30HA AP~
xkocmu 16-6umogvix padaphvix cHumKos. Lleau pabomul: cpasHums u nPUMeHUmMb U36€CHHble NOOX00bL CHCAMUS WUPO-
K020 OUHAMUYECKO20 OUANA30HA APKOCMU PAOAPHBIX CHUMKOG, 6b100D ONMUMAIbHBIX NAPAMEMPO8 Olisi AlOPUMMO8
corcamusi OUHAMUYECK020 OUANA30HA APKOCMU PAOAPHBIX CHUMKOG, 6b100p 6e33MaI0HHOU Mepbl 015 OYEHKU Kauyecmea
CHUMKO8 NOCJIe CoHcamusi OUHAMUYLECK020 Ouana3ona. bvinu onpobosarvl maxue nooxoovl MOHAILHO20 NPeodpa308a-
HUS, KaK 2AMMA-KOppeKkyus, onepamop Awuxmuna, u-npeobpazosanue, a maxce 0e33maloHHble OYeHKU Ka1ecmad.
Pezynbmamul 3xcnepumenmos npeocmasieHvl ¢ cmamoe. bl coenan vi600, Umo HeodxX00uMbl OarbHeluiue UCC1edo-
BAHUS U AHAU3 PAZTUYHBIX (PYHKYULL U HOOX0008 K CHCAMUI) OUHAMUYLECKO20 OUANA30HA APKOCMU PAOAPHBIX CHUMKOG,
m. K. ONUCAHHbIE 8 CMAambe NOOX00bl He Oarm CMAOUILHBLX U NOLONCUMENbHBIX PE3VIbIMAMO8 HAd 6CeX UMEIOWUXCA
paoaprbvlx uzobpascerusx. Taxoice 6vL1 cOenan 6b1600 0 MOM, Mo ROCae nNpeodbpazoeanus 16-0umosvix CHUMKOS OUeHb
CIOJICHO OYeHUMb, KaKoe u300padceHue ayuuie nooxooum ois 6U3yaibHO20 60CIPUSMUS YEL0BEKOM, U He0OX00UMO
UCNONL308AND GE3IMALOHHYIO KOIUYECMBEHHYIO OYEHKY KAYeCmed Uu300palceHus.

Knrwuesvie crosa: padaprle u306pa9icenuﬂ, onepamop moHA/IbHO2cO npeo6pa306auuﬂ, colcamue OUHAMUYEcKo20 Ouand-

30Ha, be3omanonnasn oyenka kavecmaa usoopaxcenuti, SDR, HDR

BBenenue

B Hacrosmee BpeMsl JaHHBIE C pajapHBIX
CIIyTHMKOB BCE Yallle HCIIOJIb3YIOTCS MpHU pelle-
HUM PA3IMYHBIX 3a]a4, HapuMep, Al U3MEPEHUs
cMeleHnH U Ae(opMalui TOBEPXHOCTH 3EMIIH
U COOPYKEHHH, JUII MOHUTOPUHTA Pa3IMBOB HE-
TH WX JIe0BOI 00cTaHOBKH. CTalli MOSBISATHCS
CHMMKHU C YHHUKaJbHBIMU XapPaKTEPUCTUKAMH, J10-
CTyIHbIC paHee JHIIb A BOECHHBIX. /locTomH-
CTBOM pafapHbIX cHUMKOB (SAR — Synthetic-
aperture radar) sSiBiIsleTCs TO, UTO CHEMKA CO CITYT-
HUKOB MOXKET OCYIIECTBIATHCS HE3aBUCHUMO OT
yCIOBUH O0JAYHOCTH, BPEMEHH CYTOK M BpEMEHHU
roma. A Take TO, YTO paJiapHbIe CHUMKH MOTYT
0TOOpaXkaTh HE TOJILKO MIOBEPXHOCTh, HO M TO, YTO
o Helt (KOMMYHHUKAITAH, TPyOOIIPOBOM U T. 11.).

[Tony4yaemble pagapHble CHUMKH CO CILyTHH-
KOB MMEIOT IIUPOKHHA TUHAMHYECKUH Anana3oH
(HDR — High Dynamic Range), T. €. Koin4ecTBO
SIpKOCTEN B TaKMX CHHUMKax cocTaBisgeT 65 536
(2'%). BoJIBIIMHCTBO YCTPOHCTB OTOOPAKEHHUS aH-
HBIX (MOHUTOPBI, TEJIEBU30PbI, IPOCKTOPbI, TPHUH-
TEPHI U T. 11.) pabOTaIOT CO CTaHAAPTHBIM JUHAMHU-
yeckuM guama3oHoM (SDR — Standard Dynamic

Range) 310 — 256 (2%) rpamanmii ssproctr. Bo3Hn-
KaeT BayKHAs 3a/lauya — KaKk KOPPEKTHO O0TOOpakaTh
16-OnTOBBIE pajapHble CHUMKH Ha YCTpPOMCTBax
CO CTaHJApTHBIM JIMHAMUYECCKUM JHANa30HOM
spKoCTHU. J{7s pernieHus 3Tou 3a1a4u He0OX0UMO
IIUPOKUH JWana3oH SPKOCTU MpeoOpa3oBaTh
(ckath) K CTAaHIAPTHOMY THUHAMUYCSCKOMY JHara-
30Hy. J1J1s1 3TOrO MPUMEHSIOTCS PA3TUYHbIC (YHK-
Ui TpeoOpa3oBaHus SPKOCTH HIIA OIIepaTopbl/
ITOPUTMBI TOHAJILHOTO TipeodpazoBanust (TMO —
Tone Mapping Operation).

[pu 3TOM HEOOXOAMMO COXPAHUTH MAKCHMAJTh-
HOE KOJIMYECTBO JeTaliell Ha M300pakeHHH (Kak
B CBETJIBIX OOJIACTSIX, TAK M B TEMHBIX 00JIACTSIX),
a TaKKe — JIOKAIbHBIA KOHTPACT MOITYYECHHOTO
n300paKeHus, KOPPEIUPYIOIIUH C BHU3yalbHBIM
BOCIIPUSATHEM YeJIOBeKa. Takke BRIOpaHHBIA ajl-
TOPUTM C)KaTHsSl JIOJDKEH 00ecleuYnBaTh OTCYT-
cTBHUE apTe(PaKToB 00padOTKH N300parKeHUsI.

[Mocne cxxarusi TMHAMHYECKOTO JTUana3oHa pa-
JIAPHBIX CHUMKOB BH3yaJlbHO OYEHb CJIIOXKHO OIle-
HUTbh, KAKO€ M300paXCHHUE JyYIlle MOIXOIUT IS
BU3YaJbHOTO BOCIPUATHS YelIoBeKoM (puc. 1, 4).
U Bo3HUWKAeT elle ojiHa BayKHAs 3aj1a4a npu pado-
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Puc. 1. Pagapusie n300pa>keHus mocie raMMa-KOppeKLuy ¢ pa3HbIMH 3HaueHUAMU Kodppunuenta ramma: 0,2, 0,4, 0,6, co-
OTBETCTBEHHO

T€ C paJapHBIMH CHUMKaMHU — BBEIOOp 0e33TasioH-
HOM MepbI JUIsl OIIEHKH KadecTBa CHMMKaA IMOCIe
CKaTHUs IHUPOKOTO JUANa3oHa SPKOCTH.

Pa3mep pamapHBIX CHUMKOB MOXKET COCTaB-
1ath 25 000x35 000 mx (crrytHuKHA Sentinel-1A
u ALOS-2). [TosToMy a1t pabOThI ¢ TAKIMH H30-
OpaXeHUSMH OYECHb BAXHBIMH KPHUTEPHUSAMH IS
BBIOOpa anropuT™Ma MpeoOpa3oBaHUs TUHAMUYEC-
CKOTO JTMara3oHa spKOCTH SBIAIOTCA: 3aTpadrBae-
MbIe BpeMs I 00bEeM MaMsTH.

Jltst pemmeHns 3agagu 0ToOpaxkeHus 16-0uTo-
BBIX pamapHBIX CHUMKOB Ha SDR-ycTpoiicTBax
BBIBO/Ia MH(GOPMAIUKA OBLIN TTOCTABJICHBI CICIY-
OIIUE 3a/1a9H:

1. Bo1OpaTh HECIOKHBIN aJTOPUTM CXKATHS TH-
HaMUYECKOTO THara3oHa sipKOCTH.

2. OnpenenuTh ONTUMAILHBIC TAPAMETPHI BBI-
OpaHHOTO aTOPUTMA CHKATHS.

3. BeiOpare Mepy il OIEHKH W CpPaBHEHHS
MTOJTyYEHHBIX PE3YTBTATOB TOCTIE CKATHS.

B nuteparype MConb3yOT pa3nuyHyo Kiac-
cu(UKaIMIoO TOHATBHBIX omeparopoB [1, 2]. Tak,
X pa3nessioT Ha TIOOaNbHBIE (TIPOCTPAHCTBEH-
HO-HE3aBUCHUMBIC) U JIOKAIbHBIE (TIPOCTPAHCTBEH-
HO-3aBHCHUMEIC), TUHECHHBIC U HETHHEHHBIE, a TaK-
JKe TPaJUeHTHBIE, YaCTOTHBIC U T. TI.

[Ipu wcmonb30BaHUM TIIOOATBHBIX OIEPATO-
POB TpeoOpazoBaHus TUHAMHYECKOTO JHaa30Ha
SIPKOCTH KKIBIA MTUKCETh W300paskeHUs Tpeoo-
pa3yeTcs Ha OCHOBAaHHH €TO HHTEHCUBHOCTH | TJIO-
OQNBHBIX XapaKTEePUCTHKAX HM300paKeHUs, He3a-
BHCHMO OT TTOJIOKeHus nukcens. [Ipumepom o-
0aJBPHOTO THUIIA TOHAJTLHOTO MPEOoOpPa3OBAHUS SIB-
JseTCs ToHaiubHas KpwBas (tonal curve). Jlocrto-
WHCTBO TaKUX OIEPaTOpOB — 3TO OBICTpOTa WX
BBITIOTHEHUs. HenocTaTtok JaHHBIX TOAXOMO0B —
9TO TO, YTO BCE MUKCENN M300pakeHws mpeodpa-
3YIOTCSl OIMHAKOBO, 06€3 y4éTa TOr0, HaXOIATCS TN

OHM B TEMHOW WJIM CBETJIOM 0OIacTH. JTO 4acTo
MIPUBOIUT K TOMY, 9TO 00OpaboTaHHBIC M300paxe-
HUS TEPSIOT JIOKabHbIe netann. [loteps (ymeHb-
IMeHNE) KOHTPACTHOCTH U SIPKOCTH — ITO 00IIas
npoOieMa TSt TIT00aTBHBIX OTIEPaTOPOB.

B cBoto ouepenp, TOKaIbHBIE OIIEPATOPhI TPH-
HUMAIOT BO BHHMAaHHWE TIOJIOKEHHE MUKCENs Ha
n3o0paxkeHun. T. €. B COOTBETCTBHY C JOKaJIHHBI-
MH 0COOEHHOCTSAMH, TOYYSHHBIMHA W3 3HAYE€HUIH
COCEIHUX THKCENEH, ONPEAETISIFOTCS COOTBETCTBY-
FOIITHE TTapaMeTPhI IPeoOpa30BaHUsT H300PAIKCHIS.
Takum o0Opa3zoMm, COXpaHSIETCS JIOKATbHBIA KOH-
TpacT, T. €. MMKCEIN PaBHOW MHTEHCHUBHOCTH IIO-
cie mpeoOpazoBanmst OyAyT UMETh pa3HbBIE 3HAYC-
HUS, B 3aBUCUMOCTH OT TOTO, B CBETIION WA TEM-
HOW 9acTW OHW HaXOZWIIUCH.

HenocraTku J0KambHBIX OMEPaTOPOB TOHANbB-
HOTO MPeoOpa3oBaHus: OOIBIION 00HEM BBHITHCIIC-
HUU (4TO yBETWIUBAET BpeMsl 00pabOTKH U 00b-
€M HEOOXOIUMOM TTaMsTH), & TAKKE — TOSIBIICHHE
MCKYCCTBEHHBIX HMCKQXCHUH B PE3YIBTHPYIOIIEM
n300pakenuu [2].

JI1s pa3mMuIHBIX 3a/1a9 U BUIOB N300paskeHUH
MIpeUIararoTcsl pa3Hble MOXOIbl K MpeoOpas3oBa-
HUIO JWHAMHYECKOTO [Hara3oHa SPKOCTH H30-
Opaxenutii [ 1-9]: anmmpokcumarus Jorapupmude-
CKHMH, CTENeHHBIME [4], S-00pa3HBIMU WIIH CHUT-
MOUIHBIMHA (PyHKIHSIMH [5]; jorapudmudeckoe
cxaTthe KoHTpacta [6,7]; mpeoOpa3oBaHms, OCHO-
BaHHEIE Ha paboTe ¢ TUCTOTpaMMaMH [ 8] u Tpaau-
enToM [9].

B xozxe skcrepuMeHTOB OBLIO MMOKA3aHO, YTO
HE BCE CYIIECTBYIOIIHE NpeoOpa3oBaHWs JHWHA-
MHYECKOTO JHMara3oHa SIPKOCTH M Mepbl KauecTBa
MOTYT paboTaTh KOPPEKTHO I BCEX BHUIIOB M30-
OpakeHW — pamapHBIX CHUMKOB, (hoTorpadmii,
MEIUIMHCKAX CHUMKOB, a9POCHUMKOB H T. I. b1
MIPOBEICH AIKCIIEPUMEHT, B KOTOPOM IWHAMHYe-
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Puc. 2. [Ipumeps! rpaduKoB 3aBUCHMOCTH 3HAYCHHS KOO(PPHUIIHEHTA raMMa OT 3HAYCHU S MEPhI KadecTBa
3HaueHHsI CPeTHEKBAPATHYHOIO OTKJIOHEHHUSI PaJapHBIX CHUMKOB
Pa3mep ¢unbsrpa [Naycca
ITopor
2 3 4 5 6 8 10 15 20 30 40
0,1 0,1620 | 0,1652 | 0,1863 | 0,1761 | 0,1793 | 0,1803 | 0,1831 | 0,1872 | 0,1969 | 0,2060 | 0,2227 | 0,2406
0,4 0,1644 | 0,1741 | 0,1986 | 0,1972 | 0,2128 | 0,2143 | 0,2258 | 0,2379 | 0,2629 | 0,2868 | 0,3282 | 0,3644
0,5 0,1645 | 0,1748 | 0,1989 | 0,1962 | 0,2158 | 0,2186 | 0,2341 | 0,2518 | 0,2870 | 0,3208 | 0,3797 | 0,4618
0,6 0,1643 | 0,1747 | 0,199 | 0,1955 | 0,2161 | 0,2187 | 0,2361 | 0,2557 | 0,2992 | 0,3425 | 0,4171 | 0,476
0,7 0,1642 | 0,1741 | 0,1991 | 0,1954 | 0,2157 | 0,218 | 0,2347 | 0,2537 | 0,2979 | 0,3412 | 0,4132 | 0,4721
0,9 0,1641 | 0,1739 | 0,1988 | 0,1954 | 0,2143 | 0,2166 | 0,2325 | 0,2515 | 0,2957 | 0,3388 | 0,4108 | 0,4693
1 0,1641 | 0,1738 | 0,1988 | 0,1954 | 0,2141 | 0,2164 | 0,2322 | 0,2513 | 0,2954 | 0,3385 | 0,4103 | 0,4684

CKHUI IMama3oH sIpKOCTH paIapHbIX CHUMKOB OBLI
npeoOpa3oBaH K CTaHAAPTHOMY JHAINa3oHy NpH
MTOMOIIM TaMMa-KOPPEKUUH (KOdPPHUINEHT TaM-
Ma U3MeHsIcs B quama3one [0,2; 2,6], mar uzMe-
Hennii — 0,2). [Ipumeps! moMy4YeHHBIX U300paxke-
HUI peacTaBieHbl Ha puc. 1.

st 0OObEKTHBHOM OLIGHKU PE3yJIBTaToOB CxKa-
TUsL OBIJIO OMpoOoOBaHO 72 Mephl KayecTBa H30-
Opakennii (3 HuX 34 mepsl onucansl B [10]). ITo
MOJTYYSHHBIM JaHHBIM JUISI KQKAOTO N300pasKeHuUs
OBUTM TIOCTPOEHBI rpaduKu, MPeACTaBICHHbIC Ha
puc. 2. Hanbonee ka4ecTBEHHBIMH C TOUKU 3PEHHUS
BH3YaJIbHOM OILICHKH JIOJKHBI OBITh N300paKeHUs
COOTBETCTBYIOIIHE IKCTPEMYMY Ha rpaduke.

OKCIepUMEHT TOKa3all 4To, OXKHAAEMBIH THUIT
rpaduka HaOmonancs penko. T. e. MOXKHO c/ienaTh
BBIBOJI, YTO COBMECTHOE ITPUMEHEHUE raMMa-Kop-
PEKIHMH ¥ YIOMSIHYTBIX BBIIIE MEp KauecTBa — 3TO
He Jy4IIWd BapuaHT Ui BBIOJHEHUS CXKATHUS
JUHAMHMYECKOTO JlMana3oHa SIPKOCTH pPaJapHbIX
CHHMKOB M OOBEKTHBHOM OLICHKH KayecTBa pe-
3yJabpTaTa CKaTHs.

Tarxoke OBbUTH BBITIOTHEHBI SKCTIEPUMEHTBI, B KO-
TOPBIX K palapHbIM CHUMKaM MPUMEHSIICS orlepa-
TOP TOHAJBHOTO CXKaTHsI AIIMXMHHA. B 3apy0ex-
HOM InTepaType ero 4acTo MCIOIB3YIOT IS CoKa-
TUS IMIMPOKOTO TUHAMHMYECKOTO JMAIa3oHa spKo-
ctu ¢ortorpadumii [1, 11].

JanHoe npeoOpa3oBaHKe BBIMOIHIETCS B TPU
stana [2]: 1 — JMOKadbHO OLIGHUBAETCS SIPKOCTH
B KaXJOW TOUKE M300paKkeHHs, 2 — CKHUMACTCS
JUHAMUYECKUH IUara3oH SPKOCTH W300paKeHus
JI0 33JaHHOTO, 3 — BOCCTAHABJIMBAIOTCS MEIKHE
Jerarneil n300paKeHus!, KOTOpbIe OBUTH TIOTEPSIHBI
Ha MPeIbIAYIINX dTanax.

Jnst poTtorpaduii ¢ MUPOKUM TUHAMUYECKUM
JINAna3oHOM B cTaThe [2] yKazaHbl CIEAYIOIINE
ONTUMAJIbHBIC TIApaMeTpbl TOHAJIBLHOTO OIepaTo-
pa AmmmxmuHa: pasmep ¢uisrpa aycca — 10, no-
por sipkoct — 0,5. DKCepruMeHTalbHbIE HCCIIe-
JIOBaHMSI C PaJapHBIMH CHUMKaMH TOKA3aJIH, YTO
JaHHOE NpeoOpa3oBaHue C YKa3aHHBIMH T1apaMe-
TpaMu JaeT HM300paKeHHs IUIOXOTO KadecTBa.
Beumn onpeneneHsl Ipyrue napameTpsl npeodpa-
30BaHus: pasmep ¢uibrpa [aycca 20, mopor sp-
koctd — 0,1. [ 00beKTUBHOM OLICHKH pe3yJbTa-
TOB CKaTusl ObLIO BEIOPAHO CpeTHEKBAIPaTHYHOE
otkioHenue sipkoctd (STD — Standard Devia-
tion). /lanHas Mepa yacTo YHOMHHAETCS B JITE-
parype, Kak Mepa OLEHKH KOHTpacTa H300paxke-
Huil [13]. Pe3ynbTaTel BBIUMCIEHUN CpeIHEKBa-
JPaTHYHOTO OTKJIOHEHHUs JJsl MpeoOpa3oBaHHBIX
palapHbIX CHUMKOB MPHUBEICHHI B Tabnuie. AHa-
T13 TaOJHIIBI TOKA3ajl, YTO HET MUKOB B MTOJTYYCH-
HBIX 3HAYEHUSIX CPEIHEKBAIPATUYHOTO OTKIIOHE-
HUs. BBl cienan BBIBOJ, YTO CpelHEKBaIpaTHY-
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0

e

Puc. 3. a — ucxonHoe 16-6uToBOC pajapHOe H300paKCHHE, MEIUAHHOE 3HAYCHHE SPKOCTU U300pakeHus — 17, 6—e —
panapHbic H300paKEHHS MOCIE U-TPeOOpa30BaHus MPpH 3HAYCHUAX Koddduimenta k& pagasiM 5, 500, 3000, 5500, 10500
COOTBETCTBCHHO, MEJIMAHHbBIC 3HAYCHUS ipKOCTU H300pakenuit — 10, 85, 120, 129, 134, 137

a

. ” -~

0

Puc. 4. a — ucxomHoe 16-OMTOBOEC pamapHOe H300pakeHHWE, MeIUWAHHOE 3HAYCHHE SPKOCTH — 49; 6 — pe3ynbTar
pu-mpeodpazoBanus npu k = §000 (Bu3yaspHO HanbosIee KOHTPACTHBIN), MEIHAHHOE 3HAYCHUE SIPKOCTH — 73

HOE OTKJIOHEHHE HE LIeJIECO00Pa3HO UCIIOIb30BATh
B KaueCTBE KOJMYECTBEHHOW OLIGHKU PE3YJIbTaTOB
MIPUMEHEHUsT oreparopa AmuxmuHa K 16-Outo-
BBbIM PaJapHbIM CHUMKAM.

Hanee ObLIM IIPOBEAEHBI SKCIIEPUMEHTHI, B KO-
TOPBIX B Ka4€CTBE OIlEparopa TOHAIBHOTO CKATHUs
HCTIONIB30BAJIOCH [-TIpeoOpaszoBanue (1), ocHOBaH-
HOE Ha [1-3aKOHE.

M(x)=255In(1 +kx)/In(1 +k), (1)

rae k — koadduirent, BappbupoBaBLIniics ot 50 10
20000. KoaddurmenT 255 Heodbxomum Juist pactsi-

JKEHUSI IPeoOpa30BaHHOIO CUTHAIa B BOCBMHUOU-
TOBOE HPEACTABICHHUE C MOCIEAYIOINM OKpYIJIe-
HHUEM J0 LEJIbIX 3HAYCHUH.

B TeseKOMMYHHMKAIlMOHHBIX MNPUIOKECHUIX
U-3aKOH IIMPOKO MCIOJIb3YETCs Ml CKATHS aHa-
soroBoro curHa’ia [14]. Ha puc. 3 npencrapieHsl
MCXOHOE M300pakKEHUE W €ro BapHaHThl MOCIE
U-TIpeoOpa3oBaHusl IPH Pa3HBIX KOI(PPHUIMEHTaX k.
s orobpaskeHust HICXOMHBIX 16-OMTOBBIX pajap-
HBIX CHUMKOB B JJAHHOH CTaThe UCIIOJIb3YETCs Clle-
IOYIOUIMHA TOIXOA — 3HA4YCHUS SPKOCTH OOJbIINe
255, npupaBHUBAIOTCS K 255.
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Puc. 5. UcxomHoe 16-0uToBoe pagapHOe n300pakeHue (MeIuaHHOE 3HaYeHHEe IPKOCTH — 81) 1 rpa-
(uKH 3aBHCUMOCTH 3HaUeHUsI KodddurmenTa k (1) ot 3HaYeHUS] MEp KauecTBa
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Puc. 6. Mcxonnoe 16-6uTtoBoe pagapHoe n300paxkeHne (MeAHaHHOE 3HAaUCHHE SIPKOCTH — 360) M TpaduKH 3aBUCHMOCTH 3Ha-
gyeHus kodddumuenta k (1) ot 3HaYeHUS Mep KadecTBa

W3menss 3naduenne kodddurmenTa k, MOKHO
BJIMATh Ha Ka4eCTBO PE3yJBTUPYIOIIETO W300pa-
KeHus. B manHO#M Trpymnme m3o0paskeHHi Oonee
KaueCTBEHHBIM C BU3YAIbHOW TOYKH 3PCHHUS SIBIISI-
eTcsl n300pakeHne ¢ KodpPUIHeHTOM & paBHBIM
3000. OgHako I OPYTHX U300paKeHUH HAVITY -

MW BapUaHT, C TOUKH 3PEHUSI BU3YyaIbHOM OlIEH-
KH, TIOy9aeTCs IpU APYTHX 3HAUCHUSX k (puc. 4).

st 0OBEeKTUBHON OIIEHKW KadeCTBa PEe3yilb-
TaToOB [L-TTPe0Opa30BaHMs PaJapHBIX CHIMKOB HC-
TTOJIB30BANIMCh: Mepa «HarypaibHOCTH» (NATU)
[15], mmpoko wmcmonb3yeMass B JUTEpaType st
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OLICHKH KauecTBa (oTorpaduii, U emie AeBITh Mep
OTOOpAHHBIX M3 MPEABLIYIIUX JKCIEPUMEHTOB
(CON3, CRET, LVAR, PB, STD, SVDM, SVDO,
T™MQIL, WU).

WccnenoBanus mokasaim, 4To 3TH MEPbI Jaf0T
HEKOPPEKTHBIC pe3yNbTaThl MPU OLCHKE paaap-
HBIX CHUMKOB (pHucC. 5—6, Ha rpadukax Mep Kaue-
CTBa HET MUKOB OJHOBPEMEHHO JIJIsl BCEX M300pa-
JKEHUT).

3akjoueHue

[IpoBeneHHbIC YKCIEPUMEHTHI TTOKa3aJIH, YTO:

— mro0anbHble (JIMHEHBIE) TpeoOpa3oBaHus
JMHAMHYECKOT0 JMana3oHa SPKOCTH paJlapHBIX
CHHUMKOB JAIOT TJIOXHE Pe3ynbTaThl, T. K. 80—90%
MMKCeNe UMEIOT 3HaYeHus B auamna3one [0-255];

— OYCHDb CJIOKHO BH3YaJILHO OIPEACTHUTh Ka-
KO pamapHbIii CHUMOK (ITOCJIE CXKATHs JUHAMH-
YEeCKOTO JIMarna3oHa Mpy pa3iInyHbIX Iapamerpax
TOHAJILHOTO oneparopa) Jryuiie. /s oleHKr Ka-
YecTBa IOJNYYCHHBIX PE3YJAbTaTOB HEOOXOTUMBI
KOJIMYeCTBEHHBIE (0OBEKTUBHBIE) MEPHI;

— HE BCE CYUIECTBYIOIIHE OMEpaTophl NMpeoo-
pasoBaHHs JUHAMHUYECKOTO Hara3oHa SPKOCTH
W MepbI KauecTBa paboTaloT KOPPEKTHO Ha pajap-
HBIX CHUMKaX;

— MPUMEHEHUE TaMMa-KOPPEKIMH HE JTyqIIHN
BapUaHT JIsl BBIMOIHECHUS CHKATUSl JMHAMHYECKO-
r0 JUara3oHa sipKOCTH paJlapHbIX CHUMKOB;

— JUTS paJIapHbIX CHUMKOB HAWJTY4IIMMHU Tapa-
METpaMH oreparopa AIIMXMHHA SBISIOTCS CIIEIY-
rore — pasmep duisrpa [aycca 20, nmopor spko-
ctu—0,1;

- cpenHekBaaparuuHoe oTkiaoneHue (STD) ne
MOAXOIUT JUISE OOBEKTUBHON OLIEHKH PE3yJIBTaTOB
NPUMEHEHUS orieparopa AIIMXMUHA K pagapHbIM
CHHMKaM;

— mannbie Mepbl—CON3, CRET, LVAR, NATU,
PB, STD, SVDM, SVDO, TMQI, WU, He gocra-
TOYHO 3P PeKTUBHBI 17151 00bEKTUBHOM OLIEHKH pe-
3yJBTaTOB CXKAaTHS AMana3oHa S{PKOCTU paJapHbIX
CHHMMKOB C UCIIOJIb30BaHKHEM U-TpeoOpasoBanus (1).

PaGora yacTHYHO BBITIOJIHEHA B paMKax IMpo-
exta BPOOU ©16CPBI-004.
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COMPRESSION OF HIGH DYNAMIC RANGE OF SAR IMAGES

United Institute of Informatics Problems of the National Academy of Sciences of Belarus

The paper presents results of our experiments on compression of the high dynamic range SAR images. The range is equal
to 16-bit. Objectives of study were comparison of known approaches to compression of the high dynamic range images; selec-
tion of optimal parameters for compression algorithms, and selection of a no-reference measure for image quality assessment
after compression. Tone-mapping transformations like gamma correction, Ashikhmin-operator, mu-transformation, as well as
no-reference image quality assessment measures were tested. The results of the experiments are presented in the article.

It was concluded that further research and analysis of various functions and approaches to compression of dynamic
range of SAR images is necessary, since including in the article approaches do not give stable and positive results on all SAR
images. It was also concluded that after transformation 16-bit images, it is very difficult to estimate which image is better, and
it is necessary to use no-reference image quality assessment measure.
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UCCNAEAOBAHUE NMAPAMETPOB LLUM®POBAHUA AATOPUTMA
C NEPEMEHHON ®PArMEHTALUUEN BAOKA

Cubupckuii 20cy0apcmeenHvlil YHusepcumen HayKu U mexHoai02ull
umeHnu axademuxa M. @. Pewwemnesa

B 0annotl cmamve npedcmasieHvl peKomMeHOayuy no noobopy napamempos aieopumma wupposanus ¢ nepemeH-
HOU (hpaemenmayuetl 610Ka, pazpabomanHvle Ha OCHO8E UCCIe008AHUS NOIYUEHHBIX Pe3yIbmanos pabomsl aieopun-
Ma ¢ paznuunblmMu napamempamu wugposanus (p u q). Mccaedosanue pe3ynbmamos padonmul aieopumma ¢ nepemen-
HOU (hpacmenmayueil 610Ka Npu 8b100PE PANTULHLIX NAPAMEMPOS NPOBOOUNICA C UCNOTL30BAHUEM MEMOOUK MeCmUpo-
8aHUS NCEBOOCTYUALHBIX NOCACO0BAMENLHOCHIEN, BKIIOUAIOWUX 6 ceOs cmamucmuiecKue u 2paguyeckue mecmsl Ha0
wWughposanHviMu NOCIe008AMENLHOCMAMU C UCNOIB308AHUEM PA3IUYHBIX NAPAMEMPO8 8 DUHAPHOM NPedCmasieHuu.
Cmamucmuueckuii mecm 8vl0pan u3z nodoopku mecmos J{. Knym, a umenno npogepka xoppensyuu. B kauecmee epagpu-
4ecKk020 Mmecmuposans npo8oOUIOCs nocmpoenue k-epammuozo pacnpedenenus. Ha ocnoge pesynomamog uccinedo-
BaHUSL pabOOMbL ANCOPUMMA C PAZTUYHBIMU NAPAMEMpPamu wugposanus (p u q), chopmynuposarvl ciedyruue peKo-
MeHOayuu no noooopy napamempos. p u g — 3auMHO-NPOCMble YUCAd, PA3OUeHUe NOCAE008AMENbHOCMU HA P-NO0OIOKU

bonvue, uem pazbuenue Ha q-noooaoKu (p > q).

Knrouesvie cnosa: wugposanue, arcopumm wu@posanus, mecmuposanue ncee0oCayualinblx nocie0osamensHocmell,
napamempbol WUGPosanus, cmamuieckue mecmol, cpapuueckue mecmol.

BBenenue

Kax u3BecTtHO, B HacTosIee BpeMsi aKTUBHO
pa3BUBAIOTCA METOABl KPUNTOAHATU3a U OIHO-
BPEMCHHO YBEJIMYMBACTCSl OBICTPONICHCTBUE BBI-
YUCIUTEIILHOW TEXHUKU. DTO 00yCIlIaBIMBaET HE-
00XOAMMOCTh JTAIBHEHIIIETO COBEPIICHCTBOBAHUS
METO/IOB IM(POBaHUS TIpU Tepenade UHQPopma-
LIUU IO OTKPBITHIM KaHajawm [1].

Panee ObLT MpeyIOKEH ANTOPUTM IU(PPOBAHUS
C IMHAMHYECKUM U3MEHEHUEM Pa3MEPOB KPHUIITO-

¥
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Puc. 1. Cxema mudpoBanus

rpaUUeCcKuX MPUMHUTHBOB B PA3INYHBIX payHIax
[2], B paGote [3] ObL1a peacTaBlieHa MOJICPHH3A-
[IUSI TAHHOTO aJITOPUTMA, MOJTHOE OTIMCAHKE aJro-
puTM™Ma conepkutcs B padote [2], Ha puc. 1 npen-
CTaBJicHa cXeMma MIM(POBAHHS JAHHBIM AJTOPUT-
MOM.

ABTOp CTaBHJI 33/1a4y: CPaBHUTH PE3yJIbTATHI
3aUppPOBaHUSI [0 TAKOMY aJTOPUTMY C pa3jind-
HBIMHU HAOOpaMU 3HAYCHUI TAPAMETPOB U BBIIATH
pexoMeHauu it Hanbomee 3)EKTUBHOTO HC-
MOJIb30BAHUS ATOTO AJITOPUTMA.

Br16op HaGopoB mapaMeTpoB
AJIA UCCIeIOBAHUSA aJropuT™Ma

JIaHHBI QJITOPUTM MCCIIENYETCs BIEPBBIE,
MO3TOMY PEKOMEHJIAIIUH T10 [T0JI00PY MapaMeTpOB
mudpoBaHus OTCTYTCTBYIOT. [Ipu nccnenoBanuu
MapaMeTpoB MPOBOAUIOCH MU(POBAHUE 3-X TEK-
CTOB, JUIMHA TEKCTa JIOJDKHA ObITh KpaTHa 240 OuT.
TexcT JomKeH OBITh HE CIUIIKOM KOPOTKUM U HE
CJIMIIIKOM JUTMHHBIM, O3TOMY BbhIOpaHa JIMHA
240x19 = 4560 6urt. lns mmdpoBaHus UCIIOJIB30-
BaJICh KIIIOUU JyUHON 240 OUT pa3HOM CTeleHU
crorkocTd. CTOMKOCTh KJIIOYa OICHHMBAJIACh II0
pe3yinbTaraM MPOBEPKU KOPPEJSIUU OUT KITHOYa

1,2018
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Tabnuna

I'p. mapamerpos 1 I'p. mapamerpos 2 I'p. mapamerpos 3 I'p. mapamerpos 4
1-if payun r=4,9=8) r=849=4) r=4,9=9) Pr=9.9=4)
2-1 payH[ (p=3,9=12) (p=254=5) (p=3,q=38) (p=8,q=3)
3-# payun r=2,9=6) p=12,9=3) r=54=9 r=949=5)
4-11 payHJ (p=5,9=10) (p=6,9=2) (p=6,g=11) (p=11,9=16)
5-# payHz (p=6,4g=12) (p=12,9=06) p=749=12) (p=13,9=7)
6-1 payHZ p=74=14) p=14,9="7) (p=28,q=13) (p=15,4=28)
7-# payHz (p=28,q=16) (p=28,q=16) (p=2,q=5) (p=17,q=28)
8-i1 payHz (P=9,9=18) P=18,9=9) P=9,49=17) P=19,9=9)

[4], Bcero ObuTO Mcmonb3oBaHo 7 kmtoueit. C 1re-
JIbIO BBISIBJICHHS MapaMETpoOB, O6eCHe'—II/IBaIOHII/IX
HamOoJee cToiikoe 3amudpoBaHUE, HUCIIOIB30BA-
JIMChb TPYHIIBI MMapaMeTpPoOB, NPEACTABIICHHBIC B Ta-
omurie. VMccnenoBanuch muppoBaHHBIE TTOCIIETO-
BarcJIbHOCTHU, IOJYUCHHBIC Ha KaXIAOM payHAC
3ampoBaHHs.

3aMeHBbl B KaX]IOM payH/ie MpeaiaraeTcs mpo-
BOJIMTH TI0 TaOIHUIIaM C HYJICBBIMH KOA(PHIIIECH-
TaMU KOppCIAIUNU MCEXKAY KaXIbIM BXOJHBIM
U KaXIBIM BBIXOIHBIM OuTamu. BrIOOp KOHKpET-
HOM TaOJIHIIBI COOTBETCTBYIONIETO pa3Mepa B Kax-
JIOM payHJie TPeIIOYTUTEIBHO CleNaTh CEKpeT-
HBIM.

Bce rpymnmel mapaMeTpoB MOXKHO KitaccH(H-
OUPOBATH IO TAKKMM XapaKTCPUCTUKAM KakK:

— B3aUMHO-IIPOCTBIC p U ¢ WU KPATHBIE p U ¢,

~p>qump<gq.

HccnenoBanue napamMeTpoB
ajropurMa mudpoBaHus
¢ epeMeHHOIl pparmenTanueii 6;10ka

UccnenoBanme mapaMeTpoB mudppoBaHus a-
TOpUTMa C TIepeMeHHOW (parmeHTarmeii Omoka
MIPOBOJIMIIOCH Ha OCHOBAHWHU PE3YIBTATOB rpadu-
YECKUX M CTaTHCTHYECKUX TecToB. [IpoBommiocs
TECTUPOBaHME MH(POBAHHBIX MOCIIEAOBATEIHHO-
CTeH KaXKJIOTO TEKCTa, MOTyYeHHBIX B pe3yJbTaTe
mU(GPOBAHUS C UCTIOIb30BAHUEM KaXKIO0H TPYTIIIBI
mapamMeTpoB (Tadi. 1), KaXkmaoro KiIoda.

Jns ananm3a xadecTBa M M3MEHEHUsI CBOWMCTB
mr(pyemMoii TOCIea0BaTENIFHOCTH HCIIOIh30BAICS

300

v

-BO cepun B

200
10

6utosoi
nocneaoBaTeIbHCOTH
o

Kon

TMOKa3aTeJIbHbIA TECT, @ UMEHHO TTOCTPOMIIH A-TpaM-
MHOE€ pacnpeneneHue. J[aHHbli TECT MO3BOJISIET OIl-
penensaTh PaBHOMEPHOCTh PaCIpeieieHns CUMBO-
JIOB B MCCJIEyEeMOH TOCIIe/IOBAaTEIbHOCTH Ha OCHO-
BE aHaJIN3a YaCTOTHI TIOSIBJICHUSI CEPHii, COCTOSIIIX
u3 k 6ut. B uccnenoBanuu ObUTO BhIOpaHO k = 3,
OTIpeJieNieHa paBHOMEPHOCTD pacIpe/ieIeHus ce-
puu cumsosios: 000,001,010,100,110,011,111.
Jlst moceq0BaTeIbHOCTH, YbH CBOMCTBA OJIM3KU
K CBOIMCTBaM CIIy4ailHON IOCIJIE0BATEIbHOCTH,
Pa3dopOChl MEXKTY YMCIIOM TOSBICHUN CEPUN KaK-
JIOTO BUA TOJDKHBI CTPEMUTHCS K HYIIO [5], B OT-
KPBITOM TEKCT€ HE HAOIIOMAeTCsl paBHOMEPHOTO
pacrpeneneHus cepuu CUMBOJIOB. st mpoBene-
HUSI JIAaHHOTO TECTUPOBAaHUSI OBUIO TIPOBEACHO
MATh PAyHJOB IMM(POBAHUS OTKPBITOTO TEKCTA
KaXJ0H Tpymnmoi mapamMeTpoB MU POBaHUS
Y TIOCTPOEHBI rpa)K1 paBHOMEPHOTO pacrpesie-
JIeHUs, TIONPOOHBIC PE3yNbTaThl TPEICTABICHBI
B [4]. Ha puc. 2 npencrasneH rpaduk pacmpene-
JICHUs1 cepuil B MI(PPOBAHHOH MMOCIIEI0BATENHLHO-
CTH T0oCJIe 5 payHA0B MH(POBaHUs, C UCTIOIB30-
BaHUEM BTOPOI TPYTIITBI TAPaMETPOB.

[IpoBenem cpaBHeHHE TpaduKa pacrpenese-
HUSI CepUil B IMU(PPOBAHHOHN MOCIIEIOBATEILHOCTH
nociie 5-Tu payHJ0B MU(POBAHUS C UCTIOIb30Ba-
HUEM BTOPOH TPYMITBI TapaMeTpoB (puc. 2) ¢ rpa-
¢duKOM pacmpeneneHusi cepuil B MUGPOBAHHON
MOCIIEZIOBATEIbHOCTH TIOCTEe 5-TH payHI0B HIUQ-
pPOBaHHUS C WCIOJIH30BAHWEM HYETBEPTOH T'PYIIIBI
napameTpoB MU(POBaHUs, MPEICTABICHHBIM Ha
puc. 3.

0 l...l.l.

m000 mO001 w010 m100 m101 m110 =011 m111
Cepumn

Puc. 2. Pacipenenenune cepuii B midpoBaHHON MOCIEIOBATEILHOCTH BTOPOH I'PYIIION MTapaMeTpoB Mocie 5-ro payHaa
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Puc. 3. Pacnipenenenue cepuii B min(hpoBaHHON TOCIEAOBATEIEHOCTH quBepToﬁ rpynIoi napamMeTpoB mocie 5-ro payHnaa
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Puc. 4. I'paduk 3aBECHMOCTH OUT HCXOIHOTO TEKCTA

[IpoBenst cpaBHUTENBHBIN aHAU3 rPadUKOB,
MIPEJICTaBIEHHBIX Ha PUC. 2 U pHUC. 3, MOXKHO CJie-
JaTh BBIBOJI, YTO CBOMCTBA MOCIIEAOBATEIHHOCTH,
MOJTy4YeHHON YEeTBEpTOW Tpymmoi mudpoBaHus,
OJTM3KU K CBOHCTBAM CITy9aifHOH IT0CTICIOBATEIb-
HOCTH, 3TO O3HA4YaeT YTO 3JIOyMBIIIJICHHUKY Oy-
JIEeT 3aTPyAHUTEIBHO BOCCTAHOBHUTH OTKPBITHIN
TEKCT M3 3amn(ppOBaHHON TOCIEN0BATEIHHOCTH.

Jiist aHanm3a kadecTBa MUQpPOBaHHBIX TOCIE-
JIOBATEIbHOCTEW OBIT MCTONB30BAaH CTAaTHCTHYE-
ckmit Tect u3 noxoopku Jl. Kayra. JlanHbri Tect
MIPOBEPSET B3aMMOHE3aBUCHMOCTbD AJIEMEHTOB TI0-
CJIe1I0BaTEIbHOCTH.

Ilycte €=¢g€,...€, — TOCIENOBATENBHOCTD
m-pa3pAIHBIX YUCEN IIUHEI 7. Berancnsercs cra-
THCTHKA TT0 popmyie 1.

C;= (”(808j+ €181+ ymodnT -+t €1-28(n-2+ jymodnTt
2
+ €418 (n-1+ jymodn) — (€0 + &1 T+ €,1) )/

/(n(s% +812 +...+8,21_|)— (g9 + & +...+8n_l)2).
(1
Jns mo6oro j 3uauenne C; TOIDKHO JIEKATh
B MHTEpBaJje

[pn -2,43c,; 1, +2,43Gn],

2 I12

02
B nanHOM HccieoOBaHMN HCIIONB3YETCS aHa-
an3 OMHAPHBIX IOCJIENOBATEIbHOCTEH IJINHOM
4560 o6ut. /lnarnazoH BEIYUCIAEMBIX 3HAYCHUN TIPH
TECTUPOBAHUM NPUHUMAET 3HaueHus: [-0,036224;

e o

0,035786]. Pe3ynbrar TectupoBaHusi 0TOOpaXkaet-
cs B BuAe rpaduka (puc. 4), Ha KOTOpoM OTOOpa-
KEHBI TPAaHUIbl BBIYUCISEMBIX 3HAYEHUN TECTH-
poBanus. Ha rpaduke rpanuris! auamnazoHa BbIe-
JIEHBI TYHKTUPOM, 3a TPeiessl KOTOPOro rpaduk
HE JIOJDKCH BBIXOIHTH, k; — BEPXHsIs IpaHHLA Jua-
Na30Ha, /; — HWKHsISL IPaHKLa nana3oHa. Berxox
rpaduka 3a TpaHUIlBl AUANa30Ha MOKa3bIBAET, YTO
MIPOCIIEKUBAETCS CBA3b MEXKIy OUTaMH MOCIIEn0-
BaTEILHOCTH, KOTOPAas MOXKET IO3BOJIUTH 3JI0Y-
MBIIIJICHHUKY BBIYUCITUTD OTKPBITHII TEKCT.

Ha puc. 4 npeacrasien rpaguk pe3yabTaToB
TECTUPOBAHUS OTHOTO U3 UCXOAHBIX TEKCTOB.

Kak BunHO 1o rpaduky, mpeacTaBieHHOMY Ha
puc. 4, HabromaeTcs MOJHAs 3aBUCHUMOCTH OHWT
B OTKPBITOM MCXOAHOM MOCIIEN0BATENBHOCTH — TECT
HE MPOMICH, 3JIOYMBIIICHHUK JIETKO MOXXET BOC-
CTAaHOBHTH MICXOJIHBIA TEKCT U3 OMTOBOII MOCIIen0-
BaTEeIHLHOCTH.

B nannol cTaTthe npeacTaBieH pe3ybTar npo-
BE/ICHUSI TECTA HA B3aNMOHE3aBUCHUMOCTD OUT miu-
POBAaHHOHN IOCIENOBATEIHHOCTH, IOTYYEHHON
npu MH(POBaHUU CHIBHBIM KIIFOYOM K, 3TO J0-
Ka3aHO TIPOBEACHHEM TECTUPOBAaHUS Kiroua [4].
Ha puc. 5 mpencrasnen rpaduk B3anMOHE3aBUCH-
MOCTH OUT mM(POBAaHHON MOCIEIOBATEIHHOCTH
MOCJIe OHOTO payHaa mH(ppOBaHUS C UCIIOIB30-
BaHUEM YETBEPTOH TPYIIIHI MApaMETPOB M KITro4Ua
K, 3aMeTHO 4TO pe3yabTaT TeCTHPOBAHUS LIH(]-
POBAHOI1 MOCIE0BATENFHOCTH CHIIBHBIM KITFOUOM
YK€ TIOoCIe TMPOBEASHHS OAHOTO payHaa Immdpo-
BaHUS, C UCTIOJIb30BAaHUEM PEKOMEHIyEeMbIX Tapa-
METPOB, MO)KHO CYHTATh YCHEIIHBIM U Ha TAHHOM
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Puc. 5. PesynpraT TecTupoBaHus MH(GPOBAHHON MOCIEOBATEIBHOCTH KIII0OUOM K,

JTare MOXHO TPEAIIONIOKUTD, UTO CBSA3H, IIPOCMa-
TpuBaeMble Ha rpaduke (puc. 5), aHOMAJLHBIC.
[Ipu mpoBenennn 8-mMu payHAOB IH(POBAHUS
C HWCIOJBh30BAaHWEM YEeTBEPTOH TPYIIbI Hapame-
TPOB, CBsi3ed MeXIy OuTamMu B IIH(DPOBAHHBIX
MOCJIeIOBATEILHOCTAX HE MpociexuBaercs [4].
CpaBHUBas pe3yabTaThl TECTHPOBAHHUSA BCEX
mU(POBAHHBIX MTOCIEAOBATENFHOCTEH Ha Pa3HBIX
payHzax [4] MOXKHO caenarb BbIBOI, YTO MpUMeE-
HEHHUE YeTBEPTOH TPyIIBI TapaMeTpoB I M-
poBaHUs 0OecrieunBaeT HanboJee CTONKAN Pe3yiIb-
TaT padoThl anroputma. [lpu ucrons3oBaHNM YeT-
BEPTOi TPyMITHI TapaMeTPOB MU(POBAHUSI PABHO-
MEpHOE pacIpeneeHus Cepuid B mMU(POBAaHHOU
MTOCJIEZIOBATEIFHOCTA JTIOCTUTAeTCS 32 MEHbIIee
KOJTMYECTBO IMPOBEICHUS PAYHJOB MIM(PPOBAHMUA.
B derBepToii rpymnme mapamMeTpoB BBHIOpAHBI Ta-
KHE p 1 ¢, 9TO p > ¢ ¥ OHU B3aUMHO-TIPOCTBHIE.

3aKkjIoueHue

Ilo pe3yibTaTaM HCCJICAOBAHUA IMapaMETPOB
aJiroputMa CUMMETPHUYIHOT'O IHI/I(i)pOBaHI/IH C 1ne-

peMeHHOU (hparMeHTamnuel 0J10KOB, MOKHO CHe-
JIaTh BBIBOJI, YTO JAHHBIN alITOPUTM UMeeT Ooiee
BBICOKHE PE3yNIbTaThl TECTUPOBAHUS IIPH BEIOOPE
rmapaMeTpoB TaKUM 00pa3oM, YTOOBI IMapaMeT]p
pa3oueHus 0JI0KOB MCXOMHOW OMTOBOM ITOCIIEIO-
BaTCIHLHOCTH MPH MU(DPOBAHUH HA p-TIOIOTOKH
ObUT OoOJIBIIIC TTapamMeTpa pa3OWeHUs OUTOBOM
MOCJIEIOBATEILHOCTH Ha ¢-TIOI0I0OKH — (p > q),
MIPU 3TOM TapaMeTPhl ¢ U p B3aUMHO-TIPOCTEHIE.
Taxum 06pa3om, MOXKHO C/I€TIaTh BBIBOJ, YTO MPHU
BBIOOpE TTapaMeTpOoB MU(POBAHUS IS aJTOPHT-
Ma C IEpeMeHHOH (hparMeHTanuen 0Jioka Hy>KHO
YYUTBIBaTh, YTO YBEJIMYEHHE KOJIWYECTBA DPa3-
OueHns OJIOKOB MCXOJHOM OMTOBOI MmocineaoBa-
TEJIHPHOCTH TPHU IMHU(POBAHUN HA p-TIOJ0JIOKOB
yiydiraer pesynbrar mudpoBaHus. Bricokue
MOKa3aTeN pPe3yabTaTOB TECTHPOBAaHHS ajro-
puTMa mMUPPOBAHUSA ¢ TEpeMEHHOW (parMeH-
Tamyed OJIOKOB YKa3bIBAIOT Ha TO, YTO JAHHBIN
aJTOPUTM MOJKET OBITh MUCIIONB30BaH B pa3iny-
HBIX 00acTaX, rae Tpedyercs mudpoBaHue TaH-
HBIX.
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Zakharova K. O.

RESEARCH OF PARAMETERS OF ENCODING OF THE ALGORITHM
WITH VARIABLE FRAGMENTATION OF THE UNIT

This article presents recommendations on the selection of parameters of the encryption algorithm with variable fragmen-
tation of the block, developed on the basis of a study of the obtained results of the algorithm with different encryption parame-
ters (p and q). The investigation of the algorithm's work with variable block fragmentation in the selection of various parame-
ters is performed using pseudorandom sequence testing techniques, including statistical and graphical tests on encrypted se-
quences using various parameters in a binary representation. The statistical test is selected from a selection of D. Knuth tests,
namely the correlation check. As a graphic test, we constructed a k-gram distribution. Based on the results of the study of the
operation of the algorithm with various encryption parameters (p and q), the following recommendations for the selection of
parameters are formulated: p and q are mutually prime numbers, the partition of the sequence into p-subblocks is greater than
the partition into q-subblocks (p > q).

Keywords: encryption, encryption algorithm, pseudo-random sequences testing, encryption parameters, static tests,
graphic tests.
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YVAK 808.2: 159.937

M. B. MAKAPUY

NMPUMEHEHUE ITEM RESPONSE THEORY
ANl OLUEHKU A3bIKOBOI0 TECTA

benopycckuii nayuonanvHovlti mexuuyeckui ynugepcumem

Ha cospemennom smane 5361k080e mecmupoganue A8s1emcsi 0OHUM U3 pa30ei08 NPUKIAOHOU TUHSGUCUKY U 30~
HUMAaemcs onpeoeneHuem yposHs 61a0eHus pOOHbIM JUOO UHOCTPAHHBIM S36IKOM He MOIbKO 8 YUeOHbIX 3a8e0eHUsY,
HO U npu npuéme na pabomy u noayuenuu epaxcoancmea. Llenvio npeonracaemou pabomel sgasemces anpobayus ltem
Response Theory (IRT) ons oyenku s3vik08020 mecma. B cmamve daemcs Kpamxkuii ucmopuieckuil 0030p mMemooos
oyenku cnocobnocmeti u ceoticms auunocmu. Ilpugoosmces @ynoamenmanvHvle NPUHYUNDGL, NOJIONICEHHbIE 8 OCHOBY
cmanoapmusayuu npoyeoypsl NPO8eOeHUs: Mecmuposanus, paspabomanible 0CHOBONOIONICHUKOM COBPEMEHHOU me-
cmonozuu [Joic. Kemmenom. Asmopwi 0arom noopobroe onucanue 0CHOGHbIX NPUHYUNOG KILACCUYECKOU Meopuu mecmos
u ee cospemennou unmepnpemayuu IRT, 2naenoii 3a0aueti KOMopoil A6NSAEMCsL OnpeodeseHue UCMUHHO20 MeCmo8020
6a1a UCNBIMYEeMO020, KOMOPLIIL 3A8UCUIN ON MHORUX VCIL08ULL — YPOBHI MPYOHOCMU 3A0aHUIL, YPOBHS NOO2OMOBIEHHO-
CMU UCNBINYEMbIX, KOAUYeCmea 3a0anull U ycio8uil npogedenus mecmupoganus. B cmamoe asmopol npednacaiom 6a-
puanm ucnonvzosanus IRT 01 oyenku Kauecmsa s3bIK08020 MeCmd, UCNONbIYEMO20 8 NPOYecce KOHMPOJisl IeKCUKO-
2pAMMaAMUYeckux Hagblk08 NO AHSIUNUCKOMY A3bIKY. «JIune6ooudakxmuyeckuii mecmy paccmampugaemes KaK Kiaccu-
Yeckutl mecm, COOMBEMCMBYIOWUL YemblpemM OCHOGHbIM npuHyunam, onucauuvim B. A. Kokxkomou. B pabome
noOpoOHO ONUCHIBACMCSL MEMOOUKA OYEHKU KA4eCmed A3bIK08020 mecma ¢ ucnoavzosanuem IRT.

Kniouesnie cnoga: s3zvikosou mecm, kiaccuueckas meopus mecmos, Item Response Theory (IRT), napannenvhule u dKk6u-

BAJIEeHIMHblE necnivl.

BBenenue

[TostBeHMEe MEPBHIX TECTOB OTHOCUTCS K KOH-
ny XIX — nauany XX Beka. PopoHauanbHUKOM
TECTOBOTO JIBMKCHUS CUMTACTCS M3BECTHBIN aH-
mMiickuil yuensiiit @pencuc 'ansToH. XoTs HE Bee
ucmbpITaHusl ['anbTOHA MOXHO Ha3BaTh TECTaMU
C NO3ULMHU CErOIHSIIHErO JHS, OH CHENall Iep-
BBII IIar Ha MyTH CO3JaHUS OOBEKTUBHBIX METO-
JIOB OIIEHKH CIIOCOOHOCTEW M CBOWCTB JINYHOCTH
[1]. OCHOBOIIONOKHUKOM COBPEMEHHOW TECTOJIO-
ruu npuHaTo cuntath k. Kerrema. On BIiepBbIc
BBEJ TEPMUH «YMCTBEHHBIE TECTHD» U C(HOPMYIH-
poBan QyHIaMeHTaNbHbIE TPUHIIUIIBI, TTOJIOKEH-
HBIC B OCHOBY CTaHJapTH3alUM MPOLEIypbl Npo-
BeZleHHs TecTupoBaHus [2]. PaccmarpuBas wmc-
MOJTb30BaHME TECTOB B IpoOIlecce OOy4YeHHsT WHO-
CTPaHHBIM $I3BIKaM, CJIEIyeT OTMETHUTh, YTO cam
TEPMUH «JTUHTBOJIUAAKTUYECKUN TeCT» ObLT BBe-
neH B. A. KokkoToii, KOTOpBIii COOTHOCHUT JIMHT-
BOAMJIAKTHUYECKHUH TECT CO CJIECAYIOIIMM KOMIUIEK-
coM 3amanwii [3]:

1) 3aganus, TOATOTOBIEHHBIE B COOTBETCTBUHI
C OTIpeNeJIeHHBIMH JTMHTBUCTHYECKUMH TpeboBa-
HUSMU;

2) 3amaHus, TPOIICANINE MPEABAPUTCIHLHYIO
anpoOaImio C MEebI0 BBISBICHUS TTOKa3aTelNeH Ka-
YeCTBa;

3) 3amaHus, TTO3BOJISIONINE OTPEICIIUTD y Te-
CTHPYEMBIX CTETICHb WX SI3BIKOBOM (JIMHIBHCTHYE-
CKOW) W/WiM peueBOil (KOMMYHHKATHBHOM) KOM-
TIETEHITHH;

4) 3amaHus, Pe3yIbTaThl KOTOPHIX MOMIAIOTCS
OTIPE/ICIICHHOM OIIEHKE MO 3apaHee yCTaHOBJICH-
HBIM KPUTEPHSIM.

JlaHHBIC TUIAKTHYECKUE TIPUHIIHITBI U CETOJI-
HS SIBJSIFOTCS OCHOBOIIOJIATAIOIIMMH B TPOIECcCe
CO3/IaHMs, alpOOAITH M OTICHKH SI3bIKOBBIX TECTOB.

IHocTranoBka npoo/eMbl

Ha coBpemeHHOM 3Tarie S136IKOBOE TECTUPOBA-
HUE SIBIISIETCSI OJHUM H3 Pa3AciiOB INPUKIIATHOU
JIMHTBUCTUKU U 3aHUMAETCS ONPEEIICHUEM YPOB-
HS BJIQJICHUS POIHBIM JHOO MHOCTPAHHBIM SI3bI-
KOM HE TOJIEKO B YUEOHBIX 3aBEACHUSIX, HO U TIPH
npuéMe Ha paboTy W TONYYCHHH TPa)KTaHCTBA.
DyHJIaMeHTalbHbIE OCHOBBI JJTAHHOTO HAy4YHOTO
HaIpaBJICHUsI, CKOHIIEHTPUPOBAHHOTO HA CUCTEMa-
TH3AIUN IMITUPAYSCKUX TaHHBIX, OBLUTH 3aI0KECHBI
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cozarenieM Kiaccuueckoit Teopun tectoB (Classi-
cal Theory of mental tests) u3BecTHbIM OpUTaH-
ckuM TricuxosioroM Yapmszom DnaBapaom Crompme-
HoM (1863—1945). JlanHas Teopusi OCHOBBIBAETCS
Ha CJEeIYIOUIUX MATH OCHOBHBIX TOJIOKEHUSX [4]:

1. DMIUpHUYECKN TOITY4YEeHHBIH pe3ynbTar u3-
MepeHust (X) npeacTaBisieT co00i CyMMy UCTHH-
HOTO pe3yibrara usmepenus (1) u ommbku u3mMe-
penus (E):

X=T+E.

2. UcTuHHBIA pe3yasTar U3MEPEHUs] MOKHO
BBIPa3UTh KaKk MaremMaTnueckoe oxkuaanue E(X):

T=EX).

3. Koppensimusi MCTUHHBIX W OHIMOOYHBIX
KOMIIOHEHTOB 110 MHOYKECTBY HUCTBITYEMBIX paBHA
HyJ10, TOo ecTh pTE = 0.

4. OmnboYHbIe KOMIIOHEHTHI ABYX JIIOOBIX Te-
CTOB HE KOPPEJINPYIOT:

pEl, E2 =0.

5. OmuOoYHbBIE KOMITOHEHTHI OJHOTO TECTA HE
KOPPEJIUPYIOT ¢ HCTHHHBIMH KOMITOHEHTAMH JIO-
0oro apyroro TecTa:

pEl’ T2:0

Kpome 3toro, ocHOBY KilacCMUECKOW TEOpUH
TECTOB COCTABJIAIOT J[Ba OINPENENICHUS — napai-
JIeNIbHbIX U IK8UBAIenmHbIX TeCTOB. [lapannens-
Hble mecmyl AOJKHBI COOTBETCTBOBATh TPeOOBa-
HusiM (1-4), To ecTb UCTUHHBIE KOMIIOHEHTBI O]
HOTO MapajulebHOTO TecTa 7' TOJDKHBI ObITh paB-
HbI HICTUHHBIM KOMIIOHEHTaM APYyroro — 7, B Kax-
J0H BBIOOPKE UCIIBITYEMBIX, OTBEYAIOLIMX Ha 00a
tecta. [Ipennonaraercs, uro 77 = 75. Oxeusa-
JleHmmuble mecmul JJOJIKHBI COOTBETCTBOBATH BCEM
TpeOOBaHHEM MapaJuICIbHBIX TECTOB 3a UCKIIIOYC-
HUEM OJIHOTO: UCTUHHBIE KOMIIOHEHTBI OJTHOTO Te-
cTa He 00s3aTeNbHO JOJKHBI PAaBHATHCS MCTHH-
HBIM KOMIIOHEHTaM Jpyroro napajuiielbHOIo Te-
CTa, HO OTJINYAThCS OHU JIOJKHBI HAa OJTHY U TyXKe
KOHCTaHTY C:

T1:T2+Clz

TJe C|, — KOHCTaHTa pa3jNyuuil pe3yabTaToB Iep-
BOTO U BTOPOTO TECTOB.

B kitaccudeckoil Teopun TECTOB BaXKHEWIEH
poOJIeMOl  SIBJISIETCST  ONpeziefieHNe MCTHHHOTO
TecToBOTO Oamra ucmeityeMoro (7). Dvmupude-
CKHI TECTOBBIA Oyt (X) 3aBUCHUT OT MHOTHX yC-
JIOBUA — YpPOBHS TPYAHOCTH 3aJaHUM, YpOBHS
MTOJITOTOBJIEHHOCTH UCTIBITYEMBIX, KOJTMIECTBA 3a-

JIaHU, yCIOBUM TPOBEACHUS TECTUPOBAHUS U T. [1.
B 571011 cBsI3M BO3HUKAET BOIIPOC O BO3MOKHOCTH
CO3/IaHUSl TaKOIO S3BIKOBOTO TECTa, KOTOPBIi
MOXHO OBUIO OBl paccMarpuBaTh HE TOJIBKO Kak
CPEICTBO MENarornyeckoro KOHTPOJs, HO M Kak
CPEICTBO W3MEpPEHUH, MpecTaBIisonee co0oi
CUCTEMY TECTOBBIX 3aJaHUI BO3paCTAOLLEN TPYA-
HOCTH M crienuduieckoid (HOpMbI, KOTOPBIH IO-
3BOJIUT HAZEKHO U OOBEKTHBHO OTIPENENIUTH YPO-
BEHb YCBOCHUS 3HAHUH, CPOPMUPOBAHHOCTH SI3bI-
KOBBIX HaBBIKOB M YMEHMI HCIIBITYEMBIX U BbIpa-
3UTh PE3yJbTaT B YUCIIOBOM dKBUBasNeHTe. [pyru-
MH CJIOBaMH BO3MO)KHOCTh MHTEpIpETaI[H YKC-
JIOBOTO pe3yJibTaTa TecTa IMO3BOJIAET aJeKBAaTHO
OLICHUTH HWH(QOPMATUBHYIO BAIUIHOCTH TECTa
C TeM, 4TOObl MPHU HEOOXOAMMOCTH TPOU3BECTH
HEOOXOMMYIO JIOPa0OTKY TECTOBBIX 3aJIaHUM.

B coBpeMeHHOl NpakTUKE TECTUPOBAHUS aHA-
JIU3 pe3yJabTaTOB TeCTa IMPOBOJUTCS HA OCHOBE
«Item Response Theory» (IRT), coBpemeHHO#1 1H-
TepIpeTaluuu kiaccuuecko teopuu tectoB. IRT
ABJISIETCSl YacThio OoJiee OOIIEH Teopuu JaTeHT-
HO-CTpYKTypHOTO ananu3a [eopra Pama — Rasch
measurement [5]. Ha pycckuil s3bIK Ha3BaHHE
«Item Response Theory» nepeBoanTCs pa3nnuHbIM
obpazom. 0. Heiiman 1 B. Xne6HukoB npeamnara-
10T Ha3bIBaTh ee «Teopust MOIEINPOBAHUS U Ta-
pameTpu3anuu neaarorndeckux recro» (TMIIIIT)
[6]. Teopust IRT obGmangaer psimoM MpeuMyLIeCTB
nepen KIacCu4eckou Teopueii Tectos [7]:

1) mpeBpamaer u3MepEHUs, BBHIMOTHEHHBIC
B TUXOTOMUYECKHUX U MOPSAJKOBBIX LIKaJIaX, B JIU-
HellHble W3MEpeHus, B pe3yJbTare 4Yero Kaue-
CTBEHHBIE JaHHBIE AHAJIM3UPYIOTCS C MOMOIIBIO
KOJIMYE€CTBEHHBIX METO/IOB;

2) Mepa u3MepeHusl apaMeTpoB SBIIIETCS JIU-
HEUHOH, 4TO MO3BOJISIET UCIIOIb30BaTh IIUPOKHNA
CHEKTP CTaTUCTHUYECKUX MPOIEayp s aHajau3a
pe3ynbTaToB U3MEPEHNUN;

3) omeHKa TPYAHOCTU TECTOBBIX 3alaHUN HE
3aBUCHUT OT BBIOOPKH HUCIIBITYEMBIX, Ha KOTOPBIX
OHa ObLjIa MoJyuYeHa,

4) olleHKa YPOBHS MOATOTOBJICHHOCTH HCIIBI-
TyeMbIX HE 3aBHUCHUT OT HCIIOJIB3yeMOro Habopa
TCCTOBBIX 3aJIaHUI;

5) HemosHOTa JaHHBIX (IIPOMYCK HEKOTOPBIX
KOMOWHAIIMA: HCIBITYEMBIH — TECTOBOE 3aJjaHuE)
He SIBJIAETCS KPUTUYHBIM.

Ilonsblil TepedeHb NPEUMYINECTB MOAEIU
IRT npusenen B pabore «Constructing Measures:
An Item Response Modeling Approach» [8].
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Pe3y.]'ll)TaT])I HCCJICA0OBAHUA U UX oﬁcymeﬂne

B nactosmeit pabote mpUBOAUTCS METOIMKA
npumeHenus IRT 1iig oueHKr KayecTBa TECTOBBIX
3aJlaHUI TI0 aHIIMHCKOMY SI3bIKY. ODKCIIEPUMEHT
MIPOBOJIWIICS HA Kad)epe aHIIHICKOTO si3bika Ne 2
BHTY. YuacTHuKN 3KCniepuMeHTa — CTYAEHTHI 1
Kypca (akyabTeTa SHEPreTHYECKOTO CTPOUTEIb-
cTBa. MarepuajioM JUisl UCCIE0BAHUS TIOCITYKUIN
TECTBI JJIi KOHTPOJIS JIEKHCKO-IpaM-MaTHUYECKUX
HaBBIKOB, CO3/IaHHBIE B COOTBETCTBUU C YUEOHOM
nporpammoii YO PB [9].

Ha naganpHOM dTane crpoutcs OMHapHas mMa-
TpHLA PE3YJILTaTOB TECTUPOBaHus (Tabm. 1).

Ta6nuna 1. bunapnas marpuna (11x9)
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Marpuia coCTOMT BEKTOPOB-CTPOK, COJepKa-
LIIMX 3HAYCHUS] MHIUKATOPA Ul HCIBITYEMOTO.
Ipoghune ucnvimyemoco — 3T0 MOCIENOBATEIb-
HOCTh 3HAYCHWH MHIUKATOPa B YNOPSIOUYEHHOM
MaTpHLE TECTOBBIX pe3ysbraToB. B auxoromuue-
CKOM CIIy4ae OTBEThI UCIBITYEMOIO XapaKTepH3y-
eTcs IByMs cuMBonamu (tdpamu) — 0 u 1. Hymro
COOTBETCTBYET HEBEPHBIN OTBET, CAMHULIC — BEP-
HBI OTBET.

Jnst nanpHEHIIero aHajau3a, HaM MoTpedyroT-
csl 3HaUeHUs X; — MHAMBUIYAJIbHOTO Oaija i-ro
HCIIBITYeMOI0, KOJIMYECTBO BEPHBIX OTBETOB R; Ha
Jj-e 3amanue. B Tabin. 2 npuBeneHbl BBIYMCICHHbIC
3HAYCHUA X; U R;.

Tab6nuna 2. bunapuas marpuuna (11x9)
¢ MHHAMBHIYAJBHBIMHU TECTOBBIMH 0a/lIaMu

67

Oxkonuanue mabn. 2
1 2 3 4 5 6 7 8 9 | X;
6. lllasiruna 1|{1|{1{0[0]O]|1|1}|1]6
7. Yynana 1{1(1(1f(1)1|11]1]1]9
8. UBarnkes. rj{oj1|1rf{of{1|1|11}7
9. TonctuxkoB | O | O O[O | O|O| 1|1 ]O0]|2
10.KatipoBpa | 1 | O | 1 (O | 1T |1 |1 |1]|1]|7
11. denkon 1{1|1jof1f{1|1]1[1]8
R, 63|16 |2[7|5|8|9]8]55

Crnenyetr OTMETHTB, YTO €CJIH KaKoe-JIn0o 3a-
JIAHUE YCIICIIHO BBHIMOJHUIN BCE HCIBITYEMBIC,
€ro HeoOXOIUMO YJAJIUTh U3 TECTa, TaK KaK OHO
He T03BOJsieT AU((GEepESHIUPOBATh CTYIACHTOB
U TECT HE MOXKET CUMTAThCSl HOPMATUBHO-OPUCH-
TUpOoBaHHBIM. COOTBETCTBEHHO, €CJTH ObI Ha KaKOe-
TO 3aJlaHUE HE OTBETHJI HU OJHMH UCIBITYEeMbIN
(R; = 0), T0 9TO 3a1aHKE TOXKE JOJDKHO OBITH y1a-
JICHO U3 TecCTa.

Jlanee paccuMThIBaéM KOJIMYECTBO HEBEPHBIX
OTBETOB WV, Ha j-¢ 3a/jaHue, JOJII0 BEPHBIX OTBE-
TOB p; ¥ JI0JII0 HEBEPHBIX OTBETOB ;.

M
J=1

B namewm cinywgae (M = 9) unAMBHTyaTbHBINA
TECTOBBIN 0ajul, HapUMep, JIJIsl BTOPOTO UCIIBITY-
eMoro (i = 2) paBeH:

9
X2 = zazj :a21+a22+a23+ +a29:

j-1
=1+0+0+1+0+0+0+1+1=4,
N
i=
W;= N-R;.

B mamewm cnyuae (N = 11) mis Tperbero 3aaa-
Hus (f = 3) monydaem:
11
R3 = ZCZB =a13 +az3+ +a113 =
i-1
=1+0+0+0+0+1+1+1+0+1+1=6,

Jloyist BEpHBIX OTBETOB Ha p; Ha j-€ 3aJaHue

HUCIBITYyEMbIX paBHa:
1 2 3 4 5 6 7 8 9 | X; Ri
P J =,
1. Ilkypxo oOjo|1|Oo|1]|]O|1]|1]|1]5 N
2.Ckobsmko | 1 |O[O|1[1 |00 [1]1]4
e p; — Mepa TpyAHOCTHU 3aJaHHA. OJIsI HECBEP-
3. Pymb olofofoflof1]lo|1]o0]2 Pj P py, A P
” HBIX OTBCTOB paBHA:

4.Cepreiiunx [ 0 | 0| O[O | 1|0 1]0|1]4
5. Kocbko 1jojofoj1[oJo[1]0]3 g;=1-p;
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B HallaemMm Cquae JJIA TpeTBerO 3aaHus I10-
JTy4YHM:
R 6
85 0 sus,
P3N T
Gs=1—ps =1 —0,545 = 0,455,

B Tabn. 3 npuBeneHsl pacueTHbIC 3HAYCHHUS,
W, p; q;. Jna ynoGcra BH3yalbHOTO aHaunsa
(haMMITM UCTIBITYEMBIX 3aMEHEHbI HOMEPaMH.

Tao6nuna 3. [loka3aTeau Mepbl TPYIHOCTH
3aJaHuii TecTa

1 2 3 4 5 6 7 8 9 X;
tlofo[tJol1ilo[1[1]1]s
21 Jolo[ 1t [tJolol1 114
3[ofofofolol1]o[1][o]2
4lolofofol1lol1]of[1]4
st fofolol1]olol1]o]3
6111 fofolol11]1]6
AR
g1 o1 1ot [t ]1]1]7
olololofoflolol1[1]o]2
w1t lo[t o111 ][1][1]7
uli [t folat a1 [1[1]s
Rle[3]4]l2]7[5[8]9]8]55
w3 [|3[s5[s5][3]s5]2]2]2
p 10,6]03]04]02]07[05[08[09]08
¢ 103]03]05]05[03]05]02]02]02

0,180,091 0.2 [ 0,1 [0.21]0,25]0,16]0,18[0.16

BaxxapIM TapaMeTpoM TeCTOBOTO 3aaHNUS SB-
JISIETCST BapuaIusl (IUCIIEPCHs) TECTOBBIX 0aJjIoB
Pj» q;- UeM Ooriblue Bapuanys, TeM JIydiue 3a1aHne
nuddhepeHIIpyeT NCIBITYeMbIX. B Tadm. 3 mo-
CIIE/THSS CTPOKA OTPaKaeT 3aBHCUMOCTh BapHaIllil
TECTOBBIX OAJITOB OT TPYIHOCTH 3amanus. Ha puc. 1
npuBeieH TpaduK 3aBUCHIMOCTH BapHaIiyd TECTO-
BBIX OQJJIOB OT TPYAHOCTH 3ajaHus. BumHo, 9TO
MaKCHMaJIbHOE 3HaueHue, paBHoe 0,25 nocturaercs
npu p; = 0,5. Ilpu p; = 0 u p; = 1 nuenepens 3aza-
HUSI paBHA HyITI0. Takum 00pa3om, ecii Ha 3a/1aHre
HE OTBETWJI HU OJVH HCIBITYEMBIH WM YCTEITHO
OTBETHJIM BCE, TO 3ajaHue HE MOXeT ux mudde-
PEHIIMPOBATH TI0 YPOBHIO MOJITOTOBIEHHOCTH.

PesynsraTtel HOpMaTHBHO-OPHEHTHPOBAHHOTO
TECTHPOBAHUS TPH OOJBIIUX BBHIOOPKAX OOBITHO
MMEIOT pacrpeneienne, OJu3koe K HOpMaIbHOMY

0,30
0,25

iy I 7 RN
A
o5 1/ \

0,00
0,00

BApWaLMA 38AaHNUA

0,25 0,50 0,75
A0NA BePHbIX OTBETOB

Puc. 1. 3aBuCcUMOCTD BapHalllK TECTOBBIX OANIOB OT TPY.I-
HOCTH 3aJJaHHUsI

1,00

(3axon ['aycca). [Ipyrumu cioBamMu sMImupuye-
CKasi KpUBasi, MOJy4YEeHHasi HAMH 110 pe3yJbTaTam
9KCIIEPUMEHTa COOTBETCTBYET HOPMAJIbHOMY 3a-
KOHY pacIpelesieHns], YTO MO3BOJIIET CUYHUTATh
paccMaTpUBaeMbIil SI3IKOBOM T€CT HOPMATHUBHO-
OpPHEHTHPOBAHHBIM: TECT XOpomIo nuddepeHu-
PYET UCHBITYEMbIX U UX MHAUBUAYAJIbHbBIE TECTO-
Bble OaJUIbl B JOCTATOYHOM CTEIEHH OTINYAOTCS
IpyT oT Apyra. B ciydae OTKIOHEHMS MOIy4eH-
HOH KpuBOH oT KpuBoil ['aycca, 3ananus uccneny-
€MOro TecTa MOAJIeKAT JOPadOTKeE.

3aKkjoueHue

[IpennoxeHnHast HaMM METOANKA OLICHKH Kade-
CTBa SI3BIKOBOTO TECTa OCHOBAaHA Ha KilaccHye-
CKOHM TEOpPHHU TECTOB U MOXKET OBITH HCIIOJIb30BaHA
MPEnoAaBaTeIsIMA HHOCTPAHHBIX SI3BIKOB IJIS1 CO3-
JaHWs HOPMATHBHO-OPUEHTHPOBAHHBIX TECTOB
C TeM, 4TOOBI OOBEKTHBHO OLICHUTH YPOBCHb JICK-
CHKO-TPaMMAaTHYECKUX HaBBIKOB 00y4yaembIX. Oc-
HOBHBIC 3Tanbl JAHHOW METOIMKHU: IOCTPOCHHE
OMHApHOW MaTpHULbI PE3yNbTaTOB TECTHPOBAHUS
HCCIIelyeMOro TecTa, OTpakaromiei npoduim uc-
MBITYEMBIX; BBIYUCIICHUE 3HAYCHUH X; — MHIUBU-
JyasibHOTO Oajuia Kax10ro UCIBITYeMOro, R; — KO-
JMYECTBAa BEPHBIX OTBETOB Ha KaXJ0€ 3aJaHMe,
W; — Konn4yecTBa HEBEPHBIX OTBETOB, p; — AOJIH
BEPHBIX OTBETOB, ¢; — [0 HEBEPHBIX OTBETOB;
noctpoeHue rpaduka 3aBUCUMOCTH BapHaLlUH Te-
CTOBBIX OQJIJIOB OT TPYAHOCTHU 33JaHUsI IIsI COTIO-
cTapieHus ero ¢ kpusoi ["aycca.
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Makarych M. V.

ITEM RESPONSE THEORY AS A TOOL FOR THE ESTIMATION
OF A LANGUAGE TEST

Belarusian National Technical University

Being a part of applied linguistics a language test plays an important role in a modern society. It is used for evaluating
person’s language skills not only at educational establishments but also while acquiring citizenship or getting a job. The pur-
pose of the article is the development of a special technique for language test estimation using Item Response Theory (IRT).
Short historical review of methods for learning ability estimation is represented. Fundamental principles of Classical and
Modern Test Theory is described. The author considers a linguodidactical test as a classical test that patterns four main prin-
ciples by Kockota V. A. The methodology for the evaluation process of English linguodidactical test with the help of IRT is de-
scribed in details. Such a linguodidactical test will take into account the level of tasks difficulty, the total amount of tasks, the
level of person’s knowledge and testing conditions. This methodology helps to create a test that can assess the real grade of
a person being tested.

Keywords: a language test, Item Response Theory, Classical and Modern Test Theory.
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IO. 5. IIOIIOBA, A. B. 'OJIOBYPA

VIIK 004.42

AATOPUTMHUYECKAA U NMPOrPAMMHAA PEAAU3ALUUA
ONMPEAENEHUA NNAATUATA B CUCTEMAX YINPABAEHUA
OBYYEHUEM

benopycckuti nayuonanohviti mexuuueckuti yHugepcumem

OCHOBHOE NPEUMYWEeCME0 NPUMEHEHUS. UHPOPMAYUOHHBIX MEXHOL02ULL 6 0OPA30BAHUL, 3AKTIOUAIOWEecs, 8 YCKO-
peHuu u ynpoweHuu oomena uHgopmayuetl, 00HOBPEMEHHO SGIAENCI €20 HeQOCMAMKOM, NOCKOIbKY NOPOACOaem npo-
bnemy naacuama. Llenvio 0annol pabomel A615emMcs paspadomra NPoSPaAmMMHO20 0becneuerus 0 RPOGePKU MeKcma
HA YHUKATILHOCMb 8 CUCEMAX YIpaesieHus 00yueHuem. s 00Cmudiceus YKa3aHHoU yeau Heobxo0umo peuums Kpye
3a0au, CA3AHHBLX C 8bIOOPOM MEMOOA ONPeOeleHUs NIA2UAMA, e20 ANOPUMMU3AYUET U NPOZPAMMHOU peanru3ayuel.
B pabome paccmampusaromces memoovl WuH2I06, CYREPUIUHIIO8, CUSHAMYPHblE Memoobl, 6eKMOPHbLE MOOeIU Npeo-
CcMaegienus MmeKcma, a makice KAacmepHulll AHAIU3 MeKcmosotl ungopmayuu. Asmopamu npeonaeaemcs Mooudura-
Yus 6eKMOPHOU MOOeau OJisi NOGLIUEHUS MOUYHOCMU ONPEOeeHUsl CXONCUX OOKYMEHMO8 3a cyuem (QopmMuposanus
N-cnucka kasicoozo 0oKymenma omoenvHo. Beaedcmesue smozo 6yoem npoucxooums nonapuoe cpasHenue 0OKyMeH-
mog u opmuposanue o6paza 00H020 OOKYMEHmMA OmHocumenvHo N-cnucka opyeoeo. Takum obpazom, 6 i-ii CmpoKy
Mmampuysl cxodxcecmu OyOym 3anucbl8amovcs KO3OOUYUeHmbl cX0dcecmu 6Cex paccmMampusaemvlx 0OKYMeHMOo8 on-
HocumenvHo i-20 doxymenma. Ilpednazaemas mooupurayus maxice noO38OIUM YCKOPUNMb NPOYECC BbIYUCTEHUL, NO-
CKOIbKY OMCYmMCmayen Heodxo0umMocmy UCKamy odujue mepmuvl 01 6cex OOKYMenmos. s ananuza 60avuio2o Koau-
uecmea pabom oOYUAWUXCI C Yelbl0 NPOGEPKU UX HA NAASUAM A8MOPbL NPeOazarom UCNOIb308aNb KIACMEPHbLI
nooxo0. E2o npumenenue nokaszano, umo @pems onpeoeieHus 0yoIuKamos ois 00H020 0OKyMeHma u OJisi 6cex OOKY-
MEHMO8, 8X00AWUX 8 8bIOOPKY, 00uHarkosoe. T. e. 3a OOUH U MOM JHce NPOMENICYMOK BPEMEHU MONICHO NOTYUUND 6CE
sapuanmul 0OUHAKOBLIX pabom obyuarwuxcs. Takum 06pazom, npumeHeHue KidCcmepHo20 AHAIU3A MEeKCMOBOU UH-
Gopmayuu npu onpedeieHuu NAALUAMA OUYMUMO IKOHOMUM KAK 8PeMs NPenooasamens, maxk u GblYUCIUMEIbHbLE
pecypenl. TIpoepammuasn peanuzayus npediazaemuix ai2opummos 8bINOJIHEHd 6 8ude 6e-cepsuca Ha a3vike Java.

Knrwuesvle cnosa: niazsuam, 6eKmopHas Mmooenn 00Kymeﬁma, mepmebl, N-cnucox, mampuya cxosrcecmu, Kiacmep, Kid-
cmeprnZ anaius.

Beenenue JCHHs] HAyKH WM UCKYCCTBA, Uy)KMX WACH WU
n3o0perenuil. [loaTomy 3amaua oOHapyKEHHS He-

CoBpeMeHHOE pa3BUTHE HH(POPMAIMOHHBIX
JOOPOCOBECTHOTO HCIIOJIB30BAHUSI Uy)KUX PaOdoOT

TEXHOJOTUH 1 ceTd IHTEepHET npeaocTaBuiIo Mu-
POKHMM Kpyram MOJb30BaTeiell JOCTYI K OOib-
M oobemaM nHpopmarmu. Tak 001en0CTy THBI-
MH CTaId METOAMYECKHE yKa3aHUs, KypChl JIeK-
AN, y9eOHUKHY U T. . OTHOBPEMEHHO TTOSIBHITHCH
KOJJICKIINH pedepaToB, TOTOBBIX J1ab0PaTOPHBIX
paboT, KypCOBBIX M JMITIOMHBIX MPOEKTOB. Bce
9TO CIOCOOCTBYET PAacCIpPOCTPAHCHHUIO U ITOBTOP-
HOMY HCIIOJIb30BaHHUIO X Cpeau 00ydatomuxcs.
B mocnennee Bpemsi HaOmonmaetrcs OypHBIN
POCT HCTOJIb30BaHUS B YYEOHOM TPOIIECCE 3arM-
CTBOBaHHOW WH(POPMAIMH, KOTOPYIO MOXHO OT-
HECTH K paspsay muaruara. CoriacHo ompenere-
HUS, TIPUBEACHHOTO B [1], TUTaruaTr — 3TO yMBIIII-
JICHHOE MPHCBOCHUE aBTOPCTBA YYXKOTO MPOU3Be-

(pakToB marmara) B y4eOHBIX 3aBEICHHSX TPH-
oOpeTaeT BBICOKYIO aKTyaJbHOCTb.

J1st mpoBepKM TOKYMEHTOB Ha ILIaruar B ce-
TH VIHTEepHET CyIEecTBYEeT HECKOJIBKO IIPOTrpaMM-
HBIX IPOAYKTOB, PACCMOTPEHHBIX B [2]. OnHako
He Bce oOydaroluecs: pasMellaloT CBOU padoTh
BO BCEMHPHOM CETH M YacTO MepelaroT UX Miaj-
mmM Kypcam. [losToMy B yueOHBIX 3aBEJCHHUSX
CyIIECTBYET MpoOdiiemMa maruara padoT ¢ Mpex-
Hux Jet. OJHUM U3 PEIIeHUN YKa3aHHOU mpooiie-
MBI SIBJIACTCS UCIIOJIb30BAHNC aBTOMATU3HPOBAHHBIX
CHCTEM yIpaBJeHUst oOyueHueM (aHri., Learning
Management System, LMS) [3]. Bce oOywarormm-
ecsl 3aKauMBalOT CBOM J1a0OpPATOPHbIE, KOHTPOIIb-
HBIE U KypCOBBIE pabOTHI B TAKUE CUCTEMBI, 00pa-
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3ysl apXMBBI MPOIUIBIX JIET, U MPENOAABATEN0 He
COCTaBIISICT TPyAa POBEPHUTH pabOThI HA TIATHAT.
KittoueBbIM MOMEHTOM 3/1ECh SIBIISIETCS BO3MOXK-
Hocte LMS nenare Takue mpoBepku. [loatomy
aBTOpaMH TIpelyiaraercsi BeO-CEepBHC, KOTOPBIH
MOXET OBITb MHTEIPUPOBaH B r00yt0 LMS, mis
MOKCKA 3aUMCTBOBaHHBIX pabOT M COCTaBICHUS
OTYETOB C YKa3aHUEM IPOLIEHTOB CXOXKECTH C aHa-
JIOTaMH.

1. Onucanue MeTOA0B JIsl ONpeneTeHHs
miarnara. CyIiecTByeT HECKOJIBKO MOAXO0B IS
oOHapy)keHUsl Taruara. HanGomnpuryto nomyssp-
HOCTb MOJTYYHJT METOJ IIUHIJIOB [4], OCHOBAHHBIM
Ha TpPE/CTaBICHNN TEKCTOB B BHJE MHOXKECTBA
MOCIIeI0BaTeIbHOCTE (UKCUPOBAHHOW JJTUHBI,
COCTOSIIIUX U3 coceqHux cioB. Ilpu 3HauuTeNH-
HOM TEPEeCEYeHUH TaKUX MHOMXECTB JTIOKYMEHTBHI
OyIyT MOXOKHU APYT Ha apyra. OaHon u3 Moaudu-
KalMi JaHHOTO METo/a CTall aJlfOPUTM Cymep-
LIMHIIOB [5], Ues KOTOPOTro 3aKIII04YaeTcs B IpH-
MEHEHUH Pa3InYHBIX Xd1I-(QYHKIWH K dIeMEHTaM
MHOXKECTBA HIMHIJIOB W BBIOOpPE ISl KOKIOU M3
HUX IIMHIVIA, MUHUMHU3UPYIOIIETo €€ 3HayeHHe.
W3 BEIOpaHHBIX LIMHIIIOB ()OPMUPYIOTCS TPYIIIIEI,
KOTOpBIE Ha3bIBalOTCA cynepiiuHriamu. Ecim mepa
CXOJICTBa HAOOPOB CYMEPIIMHITIOB HE MEHbIIIE 3a-
JTAHHOTO 3HAY€HUs, TO TaKUe JOKYMEHThI CUMTa-
I0TCS TIOXOXKUMHU JpyT Ha Apyra. /lanHas kartero-
pHsl METOJIOB TIOKa3bIBAET BHICOKYIO TOYHOCTh Ha-
XOKJeHHs yOonnkatoB [S]. [maBHBIM HemocTar-
KOM METO/a LIMHIJIOB SIBJIAETCS HEYCTOMYHMBOCTH
K HEOOJIBIIUM M3MEHEHUSIM COJICPKaHuUs JIOKYMEH-
Ta (U3MEHEHHUs OKOHYAHW, MepecTaHOBKU CIIOB
(cnoBocoueTaHuit) U T. 11.).

Jpyroii rpymnmoi MeTo10B 10 OUCKY IIarua-
Ta SIBISIFOTCS CUTHATYPHBIE METOJIBI, ACTATBHBIIA 00-
30p KOTOPBIX BEIMOIHEH B [5]. CyTh CUTHATYpPHBIX
METOJIOB 3aKJIIOYAeTCs B MPEJCTABICHUH JIOKY-
MEHTa C MOMOIIBI0 OJTHOTO YUCJIOBOTO 3HAUYEHHS —
curHarypsl. [IpoBepka cxoxecTH JOKyMEHTOB CBO-
JUTCSl K CpaBHEHUIO MX curHaryp. CyiecTByloT
pa3NnuYHbIe CIIOCOOBI ONPEACICHUs] CUTHATYP JI0-
KyMEHTOB:

— UCTIONIb30BaHUE XAII-(QYHKIIMU, BHIYUCIICH-
HOMW ISl BCero JOKyMeHTa. JlaHHbIHA cmocol mo-
3BOJISIET OTPENENIUTH TOIBKO TOUHBIE AyOINKAThI,

— UCTIONIb30BaHUE XAII-(QYHKIIMU, BHIYUCIICH-
HOM JJI CTPOKH, KOTOPYIO MOJIYYHJIH U3 COEIH-
HEHHBIX B aJI()aBUTHOM IOPSIIKE HECKOJIBKUX CIIOB
JOKyMEHTa C HauOONIbIINM BECOM, DPacCUUTaH-
HBIM Pa3HBIMHU CIIOCOOAMHU;

— HCIOJb30BaHUE XAII-(YHKIIUU, BBIYUACICH-
HOHM ISl CTPOKH, KOTOPYIO MOMYUUIIU U3 COCHU-
HEHHBIX B a()aBUTHOM TMOPSIAKE HECKOJIbKUX
HauOoJIee JUIMHHBIX WIN «TSHKEIIBIX» (COCTOSIINX
U3 CJIOB C HauOOJBIIUM CyMMAapHBIM BECOM)
MPEIOKEHUN JOKYMEHTA.

JlaHHBIE METOABI MOKA3BIBAIOT MPUEMIIEMYIO
TOYHOCTb M MPOCTHI B peaju3aluu. [ 1aBHbIi He-
JIOCTAaTOK COCTOUT B TOM, YTO CUTHATYPHBIE METO-
IIbl HE YUUTBIBAIOT CBA3HOCTH TEKCTa [5].

B 3aauax uHTEIIEKTYaIbHOM 00Pa0OTKHU TEK-
CTOB IIMPOKO HCIOJIB3YIOTCSI BEKTOPHBIE MOJIECIH
TEKCTOBBIX JOKYMEHTOB. KaXkabIit TOKyMEHT Ipe/I-
CTaBisgeTcs B BUjE BekTopa D = (Dl ,D*,...,D" ),
B KOTOPOM DJIEMEHTBI OTPAYKAIOT HEKOTOPYIO Xapak-
TePUCTUKY NOKyMmMeHTa [6]. B kadectBe snemeH-
TOB MOTYT UCITOJIb30BaThCA CIOBA, BCTPEUAIOIIHe-
cs B TekcTax. [laHHas XapaKTepUCTUKA SIBISETCA
HanOoJjee pacnpoCTPaHEHHOW, OIHAKO BCTpeya-
I0TCSL M IpyTHE, HAIpHUMEp, 4acTOTa IMOSBIICHUS
Pa3TUYHBIX MAp CMMBOJIOB HJIM YACTOTA TOSIBIIE-
HUS pa3nuuyHbIX yactedl peun [7]. JlampHeiimee
CpaBHEHHUE IOKyMEHTOB IIPOBOIUTCS ITyTEM OIICH-
KM CXOJCTBAa MEXIY MOITYYECHHBIMH BEKTOPAMHU
C UCIOJIb30BAHUEM PA3IUYHBIX MEP CXOJICTBA, T/IE
HanboJjee YacTo NPUMEHSIOT Koo unmeHt Jlaii-
ca Wi KocuHycHyto Mepy [8]. IIpeumymiectBom
BEKTOPHOU MOJIEITH TEKCTOBBIX JOKYMEHTOB SIBJISI-
€TCS1 BOBMOYKHOCTD HCIIONB30BAHUSI CPa3y HECKOIb-
KHX XapaKTePUCTHK, BBICOKAas TOYHOCTh U Obl-
cTpoTa 00pabOTKH TEKCTOBOH WMH(POPMALMH 0
CpaBHEHHUIO C MeTONOM IMHIIOB. K HemocTarky
JTAHHOTO METO/1a MO>KHO OTHECTH CIIOKHOCTD pea-
JIU3aIUH.

2. Monudpukanus BeKTOPHOH Moaenu s
omnpeaeenus miaaruara. [lpu co3manuu BeKTop-
HOM MOJENHM TEKCTOBOTO JOKYMEHTA Ha TMEPBOM
11are UCXOIHBIN TEKCT pa30MBaCTCs HA OTMHOYHbBIC
cioBa. Jlanee npoucxonut MOpQoIOruIecKuil pas-
00p TIOKYMEHTa: CJI0Ba MPUBOJISTCS B HOPMAJIHA30-
BaHHYIO (GOpMYy (MMEHHUTEIIbHBIA MAaJeK, CIUH-
CTBEHHOE YHUCJO0). 3aTeM MOJCUYUTHIBACTCS KOJH-
YECTBO MOSBICHUN Ka)XJIOT0 HOPMATHM30BAaHHOTO
CJIOBa B aHAJIM3UPYEMBIX ToKyMeHTax. CioBa yrIio-
PSIOYMBAIOTCS TI0 KOJIMUECTBY TOSIBIICHUM B TIOPSII-
ke yObIBaHusl. 13 momy4yeHHOro Habopa CiIoB yra-
JISTIOTCSL CTOM-CIIOBA (HApUMEp, MPEIOTH, MECTO-
UMEHUs1, Hapeuus, uudpsl u T. 1.). [locne sToro
MIPOUCXOUT (POPMUPOBAHUE 00PA30B JOKYMEHTOB
Ha OCHOBe N Hamboyiee 4acTO BCTPEYAFOIIUXCS
CJI0B, Ha3biBaeMbIx TepMmamu. OOpa3 JTOKyMeHTa
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1 [Hpublic List<SimilarityRow> makeSimilarityRows (List<Doc> docs, int termCount) {
2 List<SimilarityRow> rows = new ArrayList<SimilarityRow>() ;

3 if (termCount == 0)

4 termCount = TERM COUNT;

5 //nonywma cnMcok TEepMOE IS KaxOoTo HOKYMEHTa

6 Map<String, List<String>> doc2terms = getDocumentTerm(docs, termCount) ;
7 Map<String, Integer> doc2similarity = new HashMap<>();

8

s B for(int 1 = 0; 1 < docs.size(); 1++) {
10 Doc doc = docs.get(i);
11 SimilarityRow row = new SimilarityRow() ;

12 row.zetDoc (doc) ;
13 //cnucok TepMOE NS HAaHHOTO OOKYyMEHTa
14 List<String>» terms = doc2terms.get (row.getDoc() .getDocIndex()) ;
15 int[] arrX = initionalize (termCount) ;
16 //cpaBresre c mDpyTVMM HOKyMEeHTaM1
17 H for (int j = 0; j < docs.size(); j++) {
18 //un moxymenTa
19 Doc doc2 = docs.get(j);
20 //rabop TepMOE mnRE HDOKYMEeHTa, C KOTODHM CpAaEHMEaeM
21 List<String> terms2 = doc2terms.get (doc2.getDocIndex()) ;
22 //cxoxecTs OOMHAKOEHX INOKYMEHTOE MOXHO HE CuUMTaTh. Bcerma — 100
23 = if (row.getDoc() .equals(doc2)) {
24 //cam ¢ coBboi mMombHo He cumMTaTs. Bcerma 100
25 row.getSimilarity() .put(doc2, 100);
26 continue;
27 F }
28 //y=xe cumramm pasbme
25 H if (doc2similarity.containsRey(getUniqueRey(i, j))) {
30 row.getSimilarity() .put (doc2, doc2similarity.get(getUniqueRey (i, j)));
31 continue;
32 F }
33 int[] arr¥ = new int[termCount];
34 //ecmn i-e cnoBo ms N — coMcKa OPMCYTCTEYET E HOKYMEHTE,
85 //To sSHauernmem i - ro =snemerTa ofpasa HOKyMeHTa cu¥MTaeTcs 1, E ODPOTMEHOM ciaydZae — 0.
36 for (String term : terms)
37 arrY[terms.indexOf (term)] = terms2.contains(term) 2 1 : 0O;
38 H if (arr¥.length < termCount) {
39 for (int k = arrY.length; k € termCount; k++)
40 arr¥Y[k] = 0;

41 + }
42 //cumraem xozddmiiesrT cxomecTm
43 int coeff = getSimilarityCoefficient (arrX, arrY);

44 //nobaBnzemM B MaTpuMuy
45 row.getSimilarity () .put (doc2, coeff);
46 doc2similarity.put (getUniqueRey (i, j), coeff);

47 - }
48 rows.add (row) ;

49 F }
50 return rows;
sl }

Puc. 1. HpOFpaMMHaH peanusanus MO}:[I/I(bI/IKaIII/II/I BeKTOpHOﬁ MOJCIIN I ONIPEACIICHU S IIJIaruaTta

TIPEACTABISIET COOOH OTHOMEPHBIN MacCHB JIITHHOM
N (N-criucok), popMUPYFOLTHICS CIEAYIOMIUM 00-
pa3oM: eciiu i-e CIIOBO U3 N-CIHCKa MPUCYTCTBYET
B JIOKYMEHTE, TO 3Ha4E€HHEM i-TO dJIeMeHTa 00pasa
JOKYMEHTa cuuTaeTcs 1, B IpOTUBHOM citydae — 0.
Ha ocHoBe momydeHHBIX 00pa3oB JOKyMEHTOB
COCTaBIISIETCSI MaTPHLIA CXOKeCTH. B kadecTBe Ko-
s duIneHTa CXOKECTH IBYX TOKYMEHTOB HCITOJh-

3yeTcsl KOCUHYCHasi Mepa cxoicTsa [9]:

D .07

cos(X,Y)z ’2 = (1

VLA T,

rae X u Y — o0pasbl TOKyMEHTOB.

JA71s TOBBIILICHUST TOYHOCTH OIIPEICIICHUST CXO-
JKUX JTOKyMEHTOB aBTOPAMH TPEAIaraeTcss MOIN-

(uUIMpOBaTh UCXOAHBIN aNTOpuT™M, PopMHUpYs HE
o0t N-CIUCOK JJi1 BCEX aHAIM3UPYEMBIX JO-
KyMEHTOB, a JUIi Ka)KJI0TO JIOKyMEHTa OT/AEIHHO.
BenenctBue yero OymeT MPOUCXOIAUTH MOMAPHOE
CpaBHEHHE JJOKYMEHTOB U (hopMUpOBaHHE 00Opaza
OJTHOTO JIOKyMEHTa OTHOCUTEIILHO N-CITUCKa JIpy-
roro. Takum 00pa3oM, B i-if CTPOKY MaTpPHUIIbI CXO-
JKECTH OyIyT 3aIUCHIBATHECS KOIPPHUITUEHTHI CXO-
JKECTH BCEX PAcCMATPUBACMBIX JIOKYMEHTOB OT-
HOCHTEJBHO i-T0 NokyMeHTa. [Ipemiaraemast Mo-
JTU(UKAIUS TaKKE TMO3BOJIUT YCKOPUTH MPOLECC
BBIYUCIICHHUH, ITOCKOJIBKY HET HEOOXOAUMOCTH HC-
KaTh 00IIKe TepPMBI sl BCEX NTOKyMeHTOB. [Ipo-
rpaMMHasi peaju3alysi OMHCAHHOTO aJIrOpUTMa
npHBeJcHa Ha puc. | B BUJEC MCXOIHOIO KOjia Ha
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si3bike Java. Ha Bxon mpencTaBieHHOW (QyHKIHMH
TMO/IACTCsI CIIMCOK JIOKYMEHTOB JIIsl aHasu3a (docs)
U KOMUYeCTBO cloB s N-cimcka (termCount).
B criiicke rows OyaeT XpaHUTBCSI MaTpHUIla CXOXKe-
ctu. [lanee B cTpoke 6 ompezaensercst N-CIIUCOK
JUIS KaXJ0ro JoKyMeHTa doc2terms. B crpokax
10—14 onpenensieTcst AOKYMEHT, JUIsl KOTOPOTro Oy-
net popMUpOBaThCA CTPOKa B MaTpulie. M3 3apa-
HEe IMOJrOTOBJICHHBIX CITUCKOB TEPMOB paccMaTpu-
BAaIOTCS T€, KOTOPhIE COOTBETCTBYIOT CpaBHHBAE-
MBIM J0KyMeHTaM. OOpa3 IpoBepsIieMOro JOKY-
MEHTa OTpEeJeIIsiTh HET HEOOXOMUMOCTH, T. K. BCE
aneMeHTsI OynyT paBHbI | (cTpoka 15). B cTpokax
17-47 BbIUUCIAIOTCS KOAI(PPHUIUEHTH CXOXKECTH
C IPYTHUMH JOKYMEHTaMHU BEIOOPKU. DIIEMEHTAMU
[JIaBHOW JMaroHalld MaTpHIbl CXOKECTH BCeraa
Oyzrer 1, T. K. Ha IepeceYeHu  i-i CTPOKH H i-TO
cTosbna OyIyT OJTHU U TE JKE JIOKYMEHTBI (CTPOKH
23-27 na puc. 1, B KOTOpBIX BMECTO | MCHOIB3Y-
ercs yucao 100, kak pe3yabTaT yMHOKEHUS BCEX
ko3¢ duriuenton Ha 100, T. K. 1EbIC YKCIIA 3aHU-
MaroT MEHBbIIE MaMsITH, YeM BellecTBeHHbIe). [1o-
CKOJIbKY MaTpHIla CXOKECTH CUMMETPUYHA OTHO-
CHUTEJBHO TIaBHOW JIMArOHANH, TOJICYUTHIBATH HE-
KOTOpbIC KO3(PQUIIMEHTHl HE HYXHO, OHU OBLIH
BBIYKMCIICHBI paHee (CTPOKM MPOrpaMMHOTO Koja
29-32 na puc. 1). B crpokax 36-37 dpopmupyercs
0o0pa3 JOKyMEHTa OTHOCHTEIBHO paccMaTpuBac-
MOro N-crucka.

B npouecce paboThl anropuTMa MOXKET BO3-
HUKHYTb CUTYyalusi, KOTJa B IIPOBEPSEMOM JIOKY-
MEHTE KOJIIMYECTBO CIOB N-CITUCKAa MEHbIIE, YeM
3amaHo B napamerpe termCount. IlockonbKy ams
BBIYHMCIICHUSI KODPQUIIMEHTA CXOKECTH IO (Hop-
mysie (1) oOpa3bl JOKYMEHTOB JOJIKHBI OBITH O/
HOM JJTMHBI, TO B YKQ3aHHOM BBIIIIE CITy4yae Mpou-
3001eT ommnOKa BhlYKCiIeHUsA. M30exars JaHHOM!
CUTYalllU TTOMOKET peaau3aius B crpokax 38—41
Ha puc. 1. Ecnun 00pa3 jokymeHTa MeHbIIIe 3a/1aH-
HOTO KOJHMYECTBAa TEPMOB, TOTJa HEIOCTalolIee
KOJIMYECTBO AIIEMEHTOB JIOTONHsIeTCs HysiMu. [a-
nee o popmysie (1) BeIUUCIAETCS KOIPPHUIIMESHT
CXOXKECTH U JI00ABIISICTCS B CTPOKY MaTpPHIIBI.

VYkazaHHbIC BBIIIE METOJBI AJISI ONPEACITICHUS
IUlaruara Mo3BOJISIIOT CPaBHUBATH OJIMH HMHTEpe-
CYIOIIUI JOKYMEHT CO BCEMHU OcCTanbHbIMH. Of-
HAaKo B XOJie Y4eOHOro Ipolecca mpernoaaBareib
CTalIKUBAcTCs € OOJNBLIMM KOJMYECTBOM pPadoT
CTYACHTOB, KOTOpbIE HEOOXOAUMO MPOBEPSTH O/
HOBPEMEHHO, HalpuMep, KOHTPOJIbHBIC WIN Kyp-
COBbIe PabOTBHI IENOro TOTOKa OO0yYaroIIUXCS.

[TosTOMYy IIpOBEpsTH HA MJIArHaT Kax1yto paboTty
OTJIENIEHO — 3TO OYEHb 3aTPATHBIH MPOIECC KakK 1Mo
BPEMEHHU BBIMOIHEHUS, TaK U 10 BBIYUCIUTEINb-
HBIM pecypcaM. [ penieHuns: JaHHO#H MpoOIeMBbI
MOYKHO HCIIOJIb30BaTh KJIACTEPHBIN aHalINU3 TeK-
CTOBOU MH(OpMALIUY.

3. KaacTepHblii moaxoa 1J1s1 pelieHus 3a1a-
yn. OCHOBHAas 11€b KJIACTEPHOTO aHajIn3a — pas-
OMTh MHOXKECTBO OOBEKTOB Ha TPYIIIbI TAKUM 00-
pazom, 4ToObI OOBEKTHl BHYTPH OJHOH TPYIIIBI

Hauano -

Tukn A
Marpuua He
mycra

Haiitu ctpoky ¢
MaKCUMaJIbHOM
CyMMOM
DJIEMEHTOB

Bxo/iHbIE TapamMeTphl:
MATpHI[A CXOKECTH,
napamerp threshold

i=1,
JlnuHa
cTpoku, N

Y

Crpoxali]
> treshold

Jla

Jlo6GaBuTh
JIOKYMEHT B
Kjacrep

VY nanuTh CTpOKH
U CTOJIOLBI

Liukn A

;I_/

BephyTh
KJIaCTepHOE
pasbueHue

Puc. 2. Cxema asiropuTMa KJIaCTEpPHOro NoaxoJa
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if (threshold = 0)
threshold = THRESHOLD;

List<Cluster> clusters = new ArrayList<>();
int size = rows.size();

//noka ecTp HepacnpereleHHHE NOKYMEHTH

=] while (size > 0) {

S //vmeM cCTPOKYy € MaKCHMMaJBHOM CYMMOM

[ B N, IRCUR S

Epublic List<Cluster> clustering(List<SimilarityRow> rows, int threshold) {

10 SimilarityRow maxRow = rows.stream() .max( (rl, r2) -> rl.getSumSimilarity() .compareTo (r2.getSumSimilarity())).get();

12 Ccluster cluster = new Cluster();
for (Map.Entry<Doc, Integer> entry

: maxRow.getSimilarity() .entrySet()){

14 //ecmm xozdpduumenT cxoxectu Bosbme SamaHHOTO HOPOTOEOTO SHauYeHuMs — HobaBiaseM NOKYMEHT B KilacTep

15 if (entry.getValue().intValue() >= threshold)

16 cluster.getDocs () .add(entry.getRey()) ;

17 o }

18

15 //xnacrep He nycron

20 if (!'cluster.getDocs() .isEmpty() && cluster.getDocs().size() > 1)

21 clusters.add (cluster) ;

23 //ymanseM NOKyMEHTH, KOTOpHE IONalM B KjIacTep
24 deleteRows (rows, cluster.getDocs());

26 size = rows.size();
27 I }

29 return clusters;
30 H

Puc. 3. [IporpamMmMHast peann3anus KIacTEpHOTO aHaIN3a TeKCTOBOW HHPOPMALIHH

ObUIM MaKCHMAaJIbHO TMOXOXXHMHU ApYyTr Ha Jpyra,
HO B TO K€ BpEMsI MaKCUMaJbHO OTIMYAIUCH OT
00BEKTOB JApYroil rpymnmsl. B HacTosimee Bpems
CYILIECTBYET J0CTATOYHO OOJBILOE KOJTUIECTBO ajl-
TOPUTMOB KJIACTEPHU3aLIUH, OTHUM U3 KOTOPBIX SIB-
JsieTcsl, TaK Ha3blBAeMBbIH, JKaJHBIM aJIrOpuTM,
OTIPEEISIOMMI Ha KaXX/IOM LIary JIOKaJIbHO OI-
TUMaJIbHBIH BBIOOp B pacueTre Ha MpHUBEICHUE
K ONTHMAaJIbHOMY pelIeHuto Beeil 3anaun [9].

Paccmorpum Moan¢uKanmoo KaaHOTO ajro-
putMa, npeanoxenHoro B [10], u nmpuMeHum ee
JUIsL pEeLlieHUs] 3a]a4u OnpeeieHus iarnara. Ha
MIEPBOM IlIare B MaTPUIIE CXOKECTH OMpPEeNsIeTcs
CTpOKa C MaKCUMaJIbHOM cymMMoii anemenToB. Jlo-
KyMEHT, COOTBETCTBYIOLINI TaHHOH CTPOKE, 00b-
SIBIIIETCSL LIEHTPOM KJIacTepa, a caMa CTpOKa Co-
JIEepKUT KOI(PPUIMEHTH CXOKECTH ITOTO JIOKY-
MEHTa CO BCEMH OCTAJIbHBIMHU JIOKYMEHTaMH Ha-
6opa. Ha BropoM miare B kjactep H00aBIsIOTCS
BCE JOKYMEHTHI, KO3()(MUIMEHT CXOKECTH KOTO-
PBIX C IIEHTPOM KiiacTepa OOJIbIIe MM PaBeH He-
KOTOpOTO 3apaHee 3aJlaHHOTO MOPOrOBOro 3Hade-
Hus. Ilocne 3TOro M3 MaTpuibl yHajsroTcs BCe
CTPOKH U CTOJIOIIBI, COOTBETCTBYIOLIHE 100aBIICH-
HBIM B Kiactep AokymeHnrtam. llaru 1 u 2 noto-
pAIOTCA 10 TeX MOp, MOKa MaTpUlla He OKaXeTcs
nycra. Cxema aaropuTMa mpeiaraéMoro mojxo-
Jla TIpe/IcCTaBIcHa Ha puUC. 2.

Crnenyer n1o0aBUTb, YTO KJIACTEPHBIN aHAJIH3
JUIsL OTIpEZIeNICHHs TularuaTa MOXKET paboTaTh
C MaTpHUIeH CXOKECTH, TOIyUYEeHHOH JTIOOBIM Me-
TOZIOM M3 OMMCaHHBIX BbIle. Paccuntannas onuH
pa3 aj1st onpesiesieHHOro Habopa TOKYMEHTOB, Ma-

TPHILA CXOKECTHU MO3BOJIUT MMOCTPOUTH KIIACTEPHI
MIOXOXHX JIPYT Ha APYTa JOKYMEHTOB.

AJNTOPUTM KJIaCTEPHOTO aHaJIn3a TEKCTOBOU
nH(pOpPMaLIUKN pean30BaH Ha A3bIKE MPOTPAMMHU-
poBaHus Java. Marpuna CX0:KEeCTH peaJM30BaHa
KaK CIHCOK CTPOK € KOXPPHUIUEHTAMH CXOKECTH.
[TporpaMMHBIil KoJl alrTOpuT™Ma IIPUBECH Ha puc. 3.

Ha Bxon npencraBnenHoi Ha puc. 3 QyHKIUH,
peanu3yronieldl aNropuT™M KiacTepu3aluu, Moja-
eTCsl MaTpHUIla CXOXKECTH 7OWS W MOPOroBOE 3Ha-
YeHUE BXOXKJCHMS JOKyMEHTa B Kjactep thresh-
old. B cniucke clusters OyayT XpaHUTHCS TONY-
YCHHBIC B pE3yNbTare KIACTEPH3ALUU TPYIIIbI
CXO)KHX JOKYMEHTOB. J[ms ymoOcTBa cTpoka Ma-
TPHIIBI CXOXKECTH € KOAPPHUIIMECHTaMH pearn30Ba-
Ha KaK OTACNbHBIA 00beKT SimilarityRow, coaep-
KAl HOMEp JOKYMEHTa, K KOTOPOMY OTHOCHT-
csl CTpoKa, U KOI(GHUIHUEHTHI CXOXKECTH C JIPYTH-
MU JOKyMeHTaMu. Taxoke i ynoOCcTBa OTAENbHO
peanu3oBaHbl METONBI ISl TIOJICUETa CyMMBI KO-
3 QHUINEHTOB CXOKECTU CTPOKH U YAAJICHHUS yiKE
MOMAaBIINX B KiacTep JA0KyMeHTOB. B ctpoke 10
MCXOJIHOTO KOJia MIIETCS CTPOKa B MaTpHILE CXO-
JKECTH C MaKCUMallbHOH cymMmon koadduimen-
ToB. B cTpokax 13—17 mpoucxomuT cpaBHEHHE
MaKCHUMaJILHOTO KO3((UIIMEHTa CXOKECTH C Ma-
pametpoMm threshold. Ecnu 3Hauenue Oonplie 3a-
JAHHOTO TOPOTOBOTO, 3HAYUT 3TOT JIOKYMEHT JI0-
OaBmsieTcst B Kiactep. M30exkars mycThIX KiacTe-
POB WJIM KJIACTEPOB C OAHUM BJIEMEHTOM ITOMOTa-
et ko B ctpokax 20-21. [Tocne noOaBneHus a0-
KyMEHTOB B KJacTep NPOUCXOAUT yAAJCHUE H3
MaTpHIbl COOTBETCTBYIOIIMX UM CTPOK M CTOJO-
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110B. B cTpoke 26 yMmeHbIaercss mapamerp size,
XPaHSIIUA pa3Mep MaTpHIbl CXOKECTH, BO M30e-
JKaHHEC 3allUKJINBaHUA.

I[J'ISI IMPOBCACHUA BbIYMCIMTCIIBHBIX OKCIICPpU-
MEHTOB OBLIO MOATOTORJICHO JIBA TECTOBBIX Habopa
naboparopHbix padoT oosemom 1500-2000 cios
1o JciuIuinHe «Hae:xkHocTh mporpaMMHOro ooe-
cnieueHus». [lepBoiit Habop coctostt u3 50 JoKy-
MEHTOB, a BTopoil — u3 100. Pe3ynprars! BeIuuCIIe-
HUI TIOKa3aJIH, YTO BPEeMsi IIPOBEPKH OJJHOTO JIOKY-
MEHTA Ha IUIaruar u3 Habopa MATUACCITH J1abo-
patopHbIX paboT cocrasisieT 88 cexyHu. Takoe xe
KOJINYECTBO BpPEMEHH TpeOyeTcsl Ui MPOBEPKH
Ha Iuiarvuar BCCX MATUACCATU JOKYMCHTOB, IIPUME-
HAS KJacTepHbId aHanu3. C yBelIWYeHHeM KOIu-
YecTBa MPOBEPSIEMBIX JIOKYMEHTOB B JIBa pa3a Bpe-
MSI BBIYHCIICHUI YBCIMUNBACTCS HpI/I6HI/I3I/ITCHI)HO
B TaKOE JK€ KOJIMYECTBO pa3. Takum oOpa3oM, mpo-
BCACHHBIC SKCIICPUMEHTEI ITOKa3aJIi IMPEUMYILIECTBO
UCIIOJIb30BaHMs KJIACTEPHOTO aHalli3a MpHU OIpe-
JIeTICHHUH TIIaruara: JJaHHbIH OAXO0/ MTO3BOJISIET 32
OJIMH pa3 HaliTH cpa3y Bce BapHaHTHI CXOKUX pa-
00T, 4TO CYIIECTBEHHO YKOHOMHT BpPEMsl TIOUCKA.

B xoze aKkcriepuMeHTOB OBUIO TaKkKe 3amede-
HO, 4TO IIPpU IIOBTOPHBIX IIPOBEPKax JOKYMEHTOB
BpEMs BBIYHCJICHUN MOXKET GBITI) CYIIECTBCHHO
COKpAIIICHO 3a CYET NIePBOHAYAILHOTO COXPaHCHHS
pe3yibTatoB Mopdosioruueckoro pasoopa. Ilo-
CKOJIbKY CpaBHEHHE KaKJJOrO HOBOTO JOKyMEHTa
IIPOUCXOIUT C PaHEee IPOBEPEHHBIMU JOKYMEHTA-
MU, TO JJI HUX HET HEOOXOJAUMOCTH JIeIaTh MOp-
(osornueckuit pazdop Kaxabll pa3, korgaa op-
MUPYETCSI MAaTPHIIA CXOKECTH, & MOXKHO Oparh co-
XpaHEHHbIE BapUaHTHl NPEABIAYIINX pPa30opoB.
PC3yJ]I>TaTI)I BBIYHCIIUTCIIbHBIX 3KCIICPUMCEHTOB
MIPUBEIICHBI B TAOIHIIC.

Pefiy.]'leaT])l BBIYUCIUTEIBbHBIX JKCIIEPUMEHTOB

CpCHHCC BpEMs ONPEACIICHUSA TU1aruara, ¢

Konnuecto

JU71s TpyTIIBI JOKYMEHTOB
JIOKyMEHTOB

C MIPUMECHCHUEM
KJIACTEPHOTO aHaIu3a

Jlnst oHOTO TOKYyMEHTa

Be3 coxpanenus pe3ynbmamos
Mopgonocuueckozo pazdbopa 0OKYMeHmos

50 38 38

100 174 174

C coxpanenuem pesyibmamos
Moponocuueckozo pazbopa OOKyMeHmos

50 2 2
100 3 3
3akjoueHue

IIpuMeHeHue NpeUIOKEHHOTO AIrOPUTMHUYE-
CKOTO M MPOrPaMMHOTO 00ECIIeUeHHsI B CHCTEMaX
ynpaBieHus 0Oy4eHHEM IO3BOJHUT 3HAYUTEIBHO
COKpaTUTh BpeMsl IIperoiaBarelis Mpy MOUCKe 3a-
MMCTBOBaHHBIX paboT oOyuaromuxcs. [Ipennoxken-
Hasi aBTOpaM¥u MOJH(UKAILsI BEKTOPHON MOAEIH
TEKCTOBOTO JOKYMEHTA TO3BOJIUT MOBBICUTH TOY-
HOCTB OIPEACITICHUSI CXOKUX JJOKYMEHTOB M YCKO-
PHTB TIPOLIECC BBIYUCICHUH 32 CYET MX TIOIapHOTO
cpaBHEHHS 1 (POPMHUPOBaHMS 00pa3a OTHOTO JOKY-
MEHTa OTHOCHUTEJILHO N-CIIHCKa APYToro JOKyMeH-
Ta. [I[puMeHeHre KIacTepHOro aHajan3a TeKCTOBOM
nH(pOpMaIMHK TTOCIIE TOCTPOCHUSI MaTPULIBI CXOXKe-
CTH TI0Ka3aJI0, YTO BPEMsl ONIPE/IeNICHHS TyOIMKaTOB
JUIE OAHOTO JOKYMEHTa W BpEMs ONpeAeiIeHUs
BCEX CXOXKHMX JOKYMEHTOB BBIOOPKH OIMHAKOBOE.
Takum 06pa3om, 3a OJHO U TOXKE BPEMsI MOXKHO
MOJTYYHTh BCE BapUAHTHI 3aMMCTBOBAHHBIX Pa0OT.
CoxpaHeHHe pe3ylIbTaToB MOP(HOIOrHIECKOro pas-
00pa TOKYMEHTOB MO3BOJIHT B ACCATKHU pa3 COKpa-
TUTH BPEeMs IOBTOPHOW TIPOBEPKH Ha IJIaruar.
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Y. B. Popova, A. V. Goloburda

ALGORITHMIC AND PROGRAM IMPLEMENTATION OF THE PLAGIARISM
DEFINITION IN LEARNING MANAGEMENT SYSTEMS

Belarusian National Technical University

The main advantage of using information technologies in education, which consists in speeding up and simplifying of in-
formation exchange, is also its drawback, because it raises the problem of plagiarism. The purpose of this paper is to develop
testing text software for uniqueness in learning management systems. To achieve this goal, it is necessary to solve a range of
problems related to the choice of a method for determining plagiarism, its algorithmization and software implementation. The
work deals with the methods of shingles, super-shingles, signature methods, vector models of text representation, as well as
cluster analysis of text information. The authors suggest a modification of the vector model to improve the accuracy of deter-
mining similar documents by creating an N-list of each document separately. As a result, a pairwise comparison of the docu-
ments and the formation of the image of one document relative to the N-list of the other will occur. Thus, in the i-th row of the
similarity matrix, the coefficients of similarity of all the documents considered relative to the i-th document will be recorded.
The proposed modification will also speed up the calculation process, since there is no need to search for common terms for all
documents. To analyze a large number of student’s works in order to test them for plagiarism, the authors propose using
a cluster approach. Its application showed that the time for determining duplicates for one document and for all documents
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included in the sample is the same. For the same time it is possible to get all the options for the same works of students. Thus,
the use of cluster analysis of text information in determining plagiarism significantly saves both the teacher s time and com-
puting resources. The software implementation of the proposed algorithms is implemented as a web service in the Java lan-

guage.
Keywords: plagiarism, vector document model, terms, N-list, similarity matrix, cluster, cluster analysis.
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IMonoBa K)nusi BopucoBHa, TONEHT, KAHAUIAT TEXHUICCKUX HAyK, JOICHT
‘ Kadeapsl MPOrpaMMHOTO 00€CTICUCHHNST BRIYUCINTEIFHON TEXHUKH U aBTOMATH3H-

\ 3 poBanHbIX cucteM BHTY. Ee HayuHble HHTEpPECHI CBA3aHBI C METOJAMH M AJITO-

pUTMaMH ONTUMH3AINHA TEXHHYECKUX CUCTEM, pa3paboTKOil aganTUBHBIX 00yd4a-

omux CUCTEM, aBTOMATU3UPOBAHHBIX CHUCTEM YIIPABJICHUSA y‘-Ie6HI)IM mpoucccoM, MOJACIMPOBAHUCM
3HaHI/II>'I, a TaKyKe C BOIIpOCaMu TECTUPOBAHUA U Ka4€CTBa IMIPOrpaMMHOI'O o0OecrieueHus..
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T'onodypna Anexcanap BsaueciaaBoBud 3akoHuni benopycckuii HaroHab-
HBIH TEXHUYECKUI YHUBEpPCUTET Mo crenuanbHocTH «[IporpaMmmHoe obecnede-
HUe HHPOPMAIIMOHHBIX TeXHONorui» B 2016 rony. B HacTosee BpeMst SIBIISIETCSI MAaTUCTPAHTOM Kade-
Jpbl IPOTPAMMHOTO O0ecIieueHHs BBIYMCIUTEIILHOW TEXHUKH W aBTOMaTH3MpoBaHHBIX cucteM BHTY.
Ero Hay4Hble MHTEpeChl CBS3aHbl C aHAIM30M TEKCTOBOH WH(OpMAaIHHM, KilacTepu3anrell TeKCTOBOR
WHPOPMAIIHH, a TAKXKE C pPa3paboTKoN BeO-IPHITIOKESHUH.
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Yearicaemuvie aemopbul,

OOmumMy KpUTEpUAMH AJIsl MyONUKaMU CTaTel B JKypHAJE SIBISIIOTCS aKTyaJbHOCTh, HOBH3HA Mareprana
1 €r0 [EHHOCTh B TEOPETHYECKOM H/MITH TIPUKJIAJTHOM aCTIeKTax.

C 1enbpi0 MPUBEICHUS IEMEHTOB JaHHBIX, COACPKAILIUXCS B JKypHAJE, B COOTBETCTBUE MEKITYHAPOTHBIM
TpeOOBaHUAM 3apYOCKHBIX aHATUTHUCCKUX MH(POPMAIIMOHHBIX CHCTEM (MHIEKCOB ITUTHPOBAHMS), UCIOIB3Ye-
MBIX JJISl OLIEHKH JICATEBHOCTH YUPEKICHUH 00pa3oBaHUs IIPU pacdeTe MokKasaTeneil B MEeXTyHapOIHBIX pei-
THHTaX YHHUBEPCHUTETOB, PEAKOJUIETHS JKypHAla MpeaiaraeT pyKOBOJCTBOBAThCs lIpaBMiaMu B HPUBEICHHOMN
HIDKE PEHAKINN TPUONIKCHAS K YHU(DHUIIMPOBAHHON CHCTEME INTHPOBAaHUS HaydHbIX myonmkanuit SCOPUS,

C 2016 r. Pemromnernst JKypHaiia TIpejiaraeT pykoBOoICTBOBaThCs [IpaBriiamur B IpHUBEICHHON HIDKE PETAKIIAML.

IIpaBuna quis aBTOpoB

1. O6ugue mpebosanusn

Marepuanbl ctareld IpencTaBIsSoOTCs Ha OyMakHOM HocuTese (B IBYX 9K3.) 1o aapecy: 220013, MuHck,
yi. @. Ckopunsl, 25/3, kopm. 20, xabd. 508 (Ilerpenko IOpuit HukonaeBuv) u B s1eKTpoHHOM Buje e-mail:
CA_Pl@bntu.by. Tenedon mis cupasok: (017) 266 26 58.

CTaTI)SI, nmpeacrasjigeMas Ha 6yMa)KHOM HOCHUTCJIC, NOJIKHA 6BITI) noanvucaHa BCEMU aBTOpaMH. K crarbe
NPUJIATAIOTCsl CBeJIeHHs1 00 aBTopax: (haMuIus, UMsl, OTYECTBO TOJHOCTHIO, MOYTOBBIN ajpec, TenedoHsl, aapec
BHCKTpOHHOﬁ II0OYTHhI, MECTO pa60T1>1, yuc€Has CTCICHb U 3BAHUE, TOJKHOCTD. HpI/I HaJIMYNU HECCKOJIbBKUX aBTOPOB
JIOJDKEH OBITh yKa3aH aBTOp, OTBETCTBEHHBIN 3a MEPEIHCKY.

Crarby, IOCTYNUBILIUE B PEAKIMIO )KypHAJa, pETUCTPUPYIOTCS B YCTAHOBICHHOM mopsiake. CtaTbu, opopm-
JICHHBIE C HapyLIEHUEM IIPUBEIEHHBIX MPAaBUJ, K PACCMOTPEHUIO pelakLuuel He npuHuMarorces. Ilpunsreie cra-
ThH PELEH3UPYIOTCSI.

[Tpu MonoXUTEIBHON PELICH3UH CTaThsI IIPEIaraeTcs K OrmyOIMKOBaHHIO.

Penaxiys He IpUHUMACT CTaThH, OMYyOJIMKOBAaHHBIC paHee B IPYIHX XKypHaJIaX MM HAy4YHbBIX M3JaHUSIX.

ToHopap aBropy 3a MyOJNMKAIMIO CTATbU HE BhIIJIAYMBACTCs. Marepuasbl, IPUCIAHHBIC B PEIAKIIUIO, aBTO-
paM He BO3BPAILAIOTCHL.

2. Ilpasuna oghopmnenus cmameit

2.1. O6wem crarteii (¢ WITIOCTPAUAMHI) HE TOJHKEH TPEBHIIIATh!

* TSI OPUTUHANBHON CTaTh — 7 cTpaHmIl (He O6oee 8 MILTIOCTpanuii);

* TSI KPAaTKOTO COOOIIEHHUs — 3 cTpaHuIl (He Ooee 2 MILTIOCTPanuii).

Crarps gomkxHa OBITH HabpaHa ¢ ITOMOIIIBIO TEKCTOBOTO penakTopa Microsoft Word 2007.

[MapameTpsr cTpanunsl: Gopmar A4 (Beicota 29,7 cM., mmpruHa — 21 CM.); OTCTYII JUISI JIGBOTO TIOJSA M IO
CBEpXy — 25 MM, IIPaBOr0 ¥ HIKHEro — 20 MM; HyMepauus CTPaHUI] CBEPXY B KOJIOHTUTYJIE, CO BTOPOH CTpaHH-
LB, C BEIPABHUBAHUEM I10 IIPABOMY Kparo.

Texcr Habupaetcs mpudrom TimesNewRoman, 12 nT. MeXCTpOUYHBII HHTEPBAT — HOXYTOPHBIA. AOG3aIHBII
orcTymn — 12 Mm.

2.2. npexc Y]IK mabupaercs mpugpTtom TimesNewRoman, 12 rT, Bce mpomnvcHbIe, BEIpABHUBAaHHE — MO TTPaBO-
MY Kparo.

2.3. ®amMuus ¥ HHUIHATIB aBTOpa (aBTOPOB) B IMEHUTEIHFHOM IaJIeKe, TODKHOCTh, YUCHAs CTETICHb U y4e-
HOe 3BaHHe nedatarorcs mpudrom TimesNewRoman, 12 nT, KypcuB, BEIpaBHHBaHUE — I10 JIEBOMY Kparo.

2.4. Ha3Banmue cratpu Habupaetcs mpudrom Arial, 12 0T, >KUpHBIA, BCe MPONUCHBIE, BRIPABHUBAHHUE — I10
LEHTDY.

2.5. IlonmHOE Ha3BaHWE OpraHU3alNy (OpPraHU3aIHi), B KOTOPOil paboTaeT (yuurcs) aBTop (aBTOpHI) HaOMpa-
ercst mpudrom TimesNewRoman, 12 nT, BeIpaBHUBaeTCS 10 HEHTPY, [locie Ha3BaHWs OpTaHU3AIMH MPOITyCKa-
eTcsl IBe CTPOKH, Jjajiee cienyeT aapec (aapeca) SIeKTPOHHON ITOYTHI, IPOITYCKAETCs IBE CTPOKH.

2.6. ArHOTanus U Kiro4deBsle cioBa (00beM 200-250 cnoB Ha pycckoM (aHII.) sI3BIKE CTaThU HaOmpaeTcs
mpugpTom TimesNewRoman, 10 nt, MexXcTpouHbIif HHTEpBAT 1,15 NT, KypCcHB, BEIpAaBHUBAETCS 110 LIEHTPY. AHHO-
Talus JOJDKHA COAEPXkKaTh (PEKOMEHJOBAHHAS CTPYKTypa): Lelb U 3a1a4d paGoTbl, METOIbI UCCIICIOBAHUM, pe-

1,2018 CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA



80 lMpasusaa das asmopos

3yJIBTaThl, BHIBO/IbL. AHHOTAIIMS JI0OJKHA OBITh NPUTO/IHA JUISL OIyOJIMKOBAHUS OTJEIBHO OT CTAaTbU. AHIIMICKUI
BapUaHT HE JIOJDKEH ObITh MEXaHWYECKUM TePEBOJIOM PYCCKOTO TeKCTa, a 00ecreunBarh IOHUMaHue CyTH pabo-
TBI JIJISl ”YHOCTPAHHBIX YHUTATEIICH;

[Tocse aHHOTAIMYU MTPOIYCKAETCSI OZIHA CTPOKA.

2.7. Texct crarbu (Habupaercs wpudTom TimesNewRoman, 12 nT, ¢ ab3auem, BoIpaBHUBaHHE — 110 [IWPHU-
HE) JIOJDKEH COJIepIKaTh CJIEIYIOLINE DIIEMEHTHI:

1) ssedenue (MOKET comepKaTh: KpaTKuil 0030p JUTEpaTyphl MO MpodIeMe UCCIICIOBAHUS, IIepeUncie-
HUE HEPEUICHHBIX paHee BOIPOCOB, IOCTAHOBKY MPOOJIeMBbl, Leib uccienoBanuii). CiioBo «BBenenue» neva-
taercst wpudrom TimesNewRoman, 12 0T, )KupHBIN, BRIpaBHUBaHUE — T10 JIEBOMY Kparo.

2) ocHosHas wacme ucciedosanusi (BOSMOXKHO JI€ICHHE Ha TIOJpa3/iebl), BKIoYaromas rpauku u JIpyroi
WUTIOCTPATUBHBIM Marepual (IPU MX HAIMYUH), IPU 3TOM TaOJIMIbl U PUCYHKH HE JIOJDKHBI yOIHMpOBarh Jpyr
npyra. Hazsanue kaxmoro nojpaszena crarby rnedaraercs mpudrom TimesNewRoman, 12 0T, sKUpHBIH, BEIpaBHU-
BaHUE — I10 JIEBOMY Kpalo.

3) Zaxmouenue (HopMyIUPYIOTCSI OCHOBHBIC MOJTYYCHHBIC PE3yJIbTAThl ¢ YKa3aHUEM MX HOBU3HBI, IIPECUMY-
IIECTB MO cpaBHeHHIO C¢ aHajoramu). CioBo «3akiroueHue» nedaraercss mpudrom TimesNewRoman, 12 mr,
YKMPHBIi, BHIpPABHUBAHHE — I10 JIEBOMY Kpalo.

2.8. Jlumepamypa. Crucok suteparypsl oopmisiercs: mpugptom TimesNewRoman, 12 0t B cOOTBETCTBUH
¢ Mucrpykuueit no odopmiieHnIo 1uccepranuu, aBropedepara u myOIuKalui o TeMe JUCCepTalum, YTBepK-
JICHHOM IOCTAaHOBJICHHEM Ipe3uanyMa [0CcyapcTBEHHOrO BBICHIETO aTTeCTallMOHHOTO KoMmuTera PecryOnuku
Benapycpb 24.12.1997 Ne 178 (B penakuuu nocranosienust BAK benapycu or 22.02.2006 Ne 2). www.edu.grsu.
by/files/liter.doc.

CnoBo «Jluteparypa» neuaraercs mpudrom TimesNewRoman, 12 nt, Bce nponucHsie, BBIpaBHHUBaHHE — 110
JIEBOMY Kpalo.

VcTOYHMKY JIOJDKHBI PacIiofiararhCsi B MOPsIKE [IUTUPOBaHMs B TekcTe. [TopsiikoBble HOMEpa CChUIOK B TEK-
CT€ JIOJDKHBI ObITh HAIMCAHBI BHYTPH KBaJpaTHBIX CKOOOK (Hampumep: [1], [2]).

B craThsx Ha pycCKOM sI3bIKE IOJDKHO OBITH 0 10 HCTOUHHMKOB, BKIIIOUAs CTAThbH M3 MEKIYHAPOIHBIX KypHa-
JIOB, @ TAKXKE CChUIKM Ha COOCTBEHHBIC UCCIICOBAHUS. B aHIVIOS3BIYHBIX CTAThSIX JOIDKHO OBITh 10 30 MCTOUHH-
KOB, BKJIFOYAsi CTaThbH M3 MEXIyHAPOIHBIX )KypHAJIOB, a TAK)KE CChUIKM Ha cOOCTBEHHbIE HcciienoBanus. O030p-
HbIE CTaTh¥ JOJDKHBI BKIIOYATh 0 50 CCHUIOK, BKJIFOYAsl CTaThU M3 MEX/YHAPOIHBIX KYPHAJIOB, & TAKKE CChUIKH
Ha COOCTBEHHBIE HCCIIEIOBAHMSI.

CHHCOK HCTOYHUKOB JIOJDKEH 0(OPMIISITHCSI HA PYCCKOM M aHIJIMHCKOM SI3bIKaXx.

C 1eJiblo NOBBILICHUS! IIUTUPOBAHUSI aBTOPOB B JKypHaJIe MPOBOANTCS TPAHCIUTEPALHSI PYCCKOS3bIUHBIX HC-
TOYHHUKOB C UCIIOJb30BaHUEM O(UIMAIBHBIX KOJUPOBOK B CIEAYIOLIEM IOPSJIKE: HMEHA aBTOPOB TPAHCIUTEPHU-
pYIOTCS JIAaTUHUIIEH, Ha3BaHHUE CTAaThbH — CMBICJIOBOM TpaHCIUTepalen (mepeBo Ha aHIIMHCKUI A3bIK), Ha3Ba-
HHME MCTOYHHKA, IJIe ONyOIMKoBaHa paboTa, TPaHCIUTEPUPYETCs JIATHHUIICH, €CIIM Y UCTOYHMKA ()KypHasa) HeT
o(uMaIbHOrO HA3BaHMUS HA AHIJIMIICKOM SI3bIKE).

Jist ynoOcTBa TpaHCIUTEPali BO3MOYKHO HCIIOJIb30BAaHKUE OHJIAH-cepBUCOB: http://www.translit.ru.

Bce pycckosi3bluHbIE HCTOYHUKH JIMTEPATYPBI JOJDKHBI OBITh TIPEJICTABICHBI B TPAHCIUTEPUPOBAHHOM Bapy-
aHre. 3a NPaBUIBHOCTh MPUBEJCHHBIX B CIIUCKE JUTEPATYPhl JJaHHBIX OTBETCTBEHHOCTh HECYT aBTop(bl). B cru-
CKE JIOJDKHBI UMETh MECTO CCHUIKM Ha M3/aHusl, BKJIIOUYEHHbIE B MEXJyHapOAHbIE 0a3bl UTUPOBaHHU Scopus
u Web of Science).

2.9. locne cnucka rmumepamypel Ha PyCCKOM M aHIIIMHACKOM SI3bIKax B CTaThe HA PYCCKOM (aHIII.) SI3bIKE JOJDKHO
CJIe/IOBAaTh Ha3BaHUE CTAThH, CIMCOK aBTOPOB, CBEACHMS O HUX U aHHOTALIUSI Ha aHIJIMHCKOM (PYCCKOM) SI3bIKE.

Janee ykaspIBaeTcsi: TpaHT, roc. porpamma, tema rocoromkernoit HUP (Ne Toc. perucrpaunu) wiv nHOH
JIOKyMEHT, B paMKax KOTOPOH BBINOJIHEHA padoTa (MM MHUIMATHBHAS).

2.10. Pesrome asmopog (mpudrom TimesNewRoman, 10 nt.,) conpoBoxkaaercs pororpaducii (3x4 cm.), JPG.

2.11. Ogopmnenue popmyn. Tonpko cinoxHbIe HOPMYIIBI TOJKHBI OBITH HAOPAHBI C MTOMOIIBI BCTPOCH-
Horo B MS Word pexakropa popmyn Equation. [Ipocto OyKBbI ¢ MHACKCAMU MOTYT ObITh HAOPAHBI 03 MCIIOIb30-
BaHUs (DOPMYJIBHOIO PEIAaKTOpa C IoMOMIbI0 cpenctB odopmienns MS Word. JlarnuHckne CUMBOIIBI JJOJKHBI
ObITh HAOPaHBI KYPCHBOM, KaK B (DOpMYyJiax, Tak U HA PUCYHKAaX, U B TEKCTE, @ PyCCKHUE U IPEUCCKUE — OOBIYHBIM
TEKCTOM.

B penakrope hopmyit OMmKeH OBITh YCTAHOBJICH CJICAYIOIINAN pa3Mep CUMBOJIOB: OOBIYHBIN cuMBOa — 11 1T,
KPYIHBIN UHJEKC — 7 IT., MEIKUN UHJEKC — 5 NT., KPYMHBIN cUMBOJ — 17 IT., Menkuit cuMBoi — 12 nT. @opMyIs
BBIPABHUBAIOTCSI 110 IEHTPY CTpaHULbL. [Ipr HE0OX0AMMOCTH JienaTh CChUIKH Ha (POPMYJIBI UX CIIEAYET HyMepo-
Barh apaOCKUMU LU(ppaMHU, TOMEIEHHBIMHU B KPyIJIble CKOOKH, B Mopsijike yrioMuHanus. Homepa ¢popmyi BeIpas-
HHMBAIOTCS 110 PABOMY KPalO CTPAHUIIBI.
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