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ﬁﬁ‘;“:;“g‘ﬁlw AHAJIM3 CXOJCTBA KOJIA
- 1 IIOUCKA ET'O 3AMMCTBOBAHUI
MacaoBa M.A.
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AHHOTAUA

B Hacrosimieii craThe paccMaTpuBacTCs aKTyalibHas NpodjieMa B cepe mporpaMMHUpPOBAaHUS —
3aMMCTBOBaHUE KOJAa W BO3MOXHOCTH ero aHanuza. C yBeJIMUECHHEM YHCJa MPOTrPaAaMMHUCTOB U
o0MIMeM TPOTPaMMHBIX PEIICHUH, MOSBIAECTCS HEOOXOIMMOCTh ONpeeNieH!s] 3aBHCUMOCTEH H
YHUKAITBHOCTH HCIIONb3YeMOTro Koja. BmecTe ¢ Bo3pacTarommM pacrpocTpaHEHHEM KoJa depe3
OMOJIMOTEKHU U OTKPBITHIC HCTOUHUKHU, CTAHOBUTCS aKTyaJIbHBIM BBISBJICHHUE CIIyYaeB IJIaruaTa uin
HE3aKOHHOTO HCIIONIb30BaHus. JlaHHas cTaThs uccnenyet 3h(QpeKTHBHBIE METOIBI U HHCTPYMEHTHI
JUTS TIOWCKAa 3aWMCTBOBAHHOTO Kofa. Uepe3 MpencTaBleHHE CYMIECTBYIOIUX AalTOPUTMOB H
MOJIXO0JIOB, aBTOPBI CTaThM TMPEJIAral0T OLEHKY 3(P(MEKTUBHOCTU CYIICCTBYIOIIUX PEIICHHNA H
MPEICTABIISIFOT IPUMEPBI AITOPUTMOB, CIIOCOOCTBYIONINX aHAIHM3Y KOJa Ha CXOXKECTh.
KaroueBrblie ciaoBa: nH(popmanmonHas Oe3omacHocTh; Mb; 6e3omacHOCTh; kKuOepOe30macHOCTD;
KOJI; TIPOrpaMMHUPOBaHUE; aHAJIN3 KOJa; TOWCK 3aWMCTBOBAHHWI; 3aMMCTBOBAaHHUE KOJa; OIEHKA
CXOZCTBA KO/, AyOJIMKAThI KOJIa; MATUHHOE 00YYCHUE; COPTUPOBKA

Jast nutupoBanms: Kysemunbix E.C., Unbuna C.I1., MacnoBa M.A. AHanu3 cxoJICTBa Koja U
Moucka ero 3auMcTBoBanuii / Hayunsiit pesynbrat. MHQopMmanmonnsie TexHonorun. — T.8, Ne3,
2023. - C. 3-10. DOI: 10.18413/2518-1092-2022-8-3-0-1

Kuzminykh B.S. | A\NALYSIS CODE SIMILARITY AND SEARCH

I'\'/:QS‘”"IS\'IZ'M_A_ FOR ITS BORROWINGS
Sevastopol state University, 33 Universitetskaya St., Sevastopol, 299053, Russia
e-mail: egor2014ru@mail.ru, sofi.ilina@mail.ru, mashechka-81@mail.ru
Abstract

This article discusses an actual problem in the field of programming — the borrowing of code and
the possibility of its analysis. With the increase in the number of programmers and the abundance
of software solutions, there is a need to determine the dependencies and uniqueness of the code
used. Along with the increasing distribution of code through libraries and open sources, it becomes
relevant to identify cases of plagiarism or illegal use. This article explores effective methods and
tools for finding borrowed code. Through the presentation of existing algorithms and approaches,
the authors of the article offer an assessment of the effectiveness of existing solutions and provide
examples of algorithms that contribute to the analysis of the code for similarity.

Keywords: information security; information security; security; cybersecurity; code;
programming; code analysis; search for borrowings; code borrowing; code similarity assessment;
code duplicates; machine learning; sorting
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BBEJ/IEHUE

B Bek pa3BuTHs HH(OPMAIIMOHHBIX TEXHOJIOTHHI MOSBIISETCS BCE OOJIBIIE TPOrPAMMHUCTOB, KOTOPBIE
IUITYT CBOM YHUKAJBHBIC MPOTPAaMMbl WM YIYYIIAIOT YK€ CO3/aHHBIC, YTO MPHBOIUT K OTPOMHOMY
KOJIMYECTBY CO3aHHBIX ITporpaMmM. CyIIecTByeT euHasi OnOIroTeKa Ui TF00uTeel MOJeTUTHCS CBOMMHU
paboramu ¢ Apyrumu. Takoe pacpocTpaHeHUE KoJia IPUBOAUT K €T0 BOPOBCTBY ¢ HEOOIBIION JOPaObOTKOM
win 6e3. M3BecTHO, 4TO CyIIecTBeHHas 4acTh KOJOBOW 0a3bl MPOJYKTOB SIBIISCTCS HACIEAOBAHHOW OT
pa3nuyHbIX OuOmMoTek, (peiMBOPKOB M makeToB. [Ipw aHanmm3e Koma XO4yeTcs YACTISATh BHHUMAaHUE
YHUKQIBHOMY KONy W OIpPENENsITh HCTOYHHMKH 3aBUCHMOCTeil. Jlnmst sToro TpeOyercs peaan3oBaTh
3 PEKTHUBHBII aJTOPUTM MTOMCKA 3aMMCTBOBAHHOTO KO/IA.

OCHOBHAA 9YACTb

B ocHoBHOM paccMaTrpuBatoTcs 4 TuIa KJIOHOB KOJa:

— IlonHble AyOIMKATBl — 3TO KOIIUHM HCXOJHOTO KO/1a, KOTOPBIE MOJIHOCTBIO MOBTOPSIIOT APYT JIpyTa.
Taxoli TUIT KJIIOHUPOBaHMsI BO3HUKAET MTPU KOIIMPOBAHUHU M BCTAaBKE K0/1a 0€3 KaKUX-1100 U3MEHEHUH.

— OYHKUWOHAJBHBIE AYOJUKATBl — 3TO KOMHUA HMCXOAHOTO KOJA, KOTOPHIE BBHIMONHSAIOT Ty K€
(YHKIIMIO, 9TO U OPUTHHAJ, HO C HEKOTOPHIMU H3MEHEHUSIMH B CTPYKTYpE, HallpuMep, ¢ UCTIOIb30BaHUEM
JPYTUX UMEH MEPEMEHHbBIX WIH APYTUX aJIFOPUTMOB PEILICHHs 3a/1auH.

— KimtoueBbie (hparmMeHTBI — 3TO HEOOJIBIINE YYaCTKH KOJAA, KOTOPBIE HCIIOJB3YIOTCS B Pa3HBIX
MecCTax MporpamMmmbl. ITO MOXKET ObITh KaK [TOJIHASI CTPOKA KOJA, TAK U OTAEIbHBIN OIepaTop WK (PYHKIMSL.

— CrpyKTypHBbI€ 1yOIUKaThl — 3TO KOIMMU UCXOJHOT0 KOJIa, KOTOPbIE UMEIOT IIOX0XKYI0 CTPYKTYpY,
HO pa3JInyaloTcs Mo cojepxanuio. Hanpumep, n1Be GyHKIMHU MOTYT UMETh OJIMHAKOBYIO CTPYKTYpY, HO
pa3nuyaThcs B TOM, KaKUe JaHHbIE OHU 00padaThIBalOT U KaKUe 3HauU€HUs! BO3BPAILAIOT.

Cy1iecTByeT HECKOJIBKO MOJX00B K OLIEHKE CXOCTBA Y4aCTKOB KOJa:

— Merpuueckuii TOIXO: UCIIOIB3YIOTCS METPUKH JIJIsl U3MEPEHUS CXOJICTBA, TAKHE KaK PACCTOSIHUE
Jlesenmreiina u koapduuueHt Kakkapa.

Jlns moncka He0OXOAMMO BOCIIONb30BATHCS CIAEAYIOLUIMMH TyHKTaMU:

1) uzaccemOnupoBaHue UCTIOMHIEMOTO (aiina ¢ ucnonb3oBanreM IDA Pro;

2) Jlenenue koma accemOiepa Ha MEPEKPHIBAIOIIMECS KYCKH KOJa, COCTOSIINE W3 JalbHEHIINX
necTBUil GyHKINY;

3) YnopsimoueHune psija KOMaH MPH MOMOINKM aOCTpakiuk HHPOPMAIUU O sSYCHKaX MaMATH U
perucrpax;

4) TMoacueT METPHK ISt HOPMATU30BAHHBIX TOCIIEI0BATEIIbHOCTEH;

5) JlanbHeliliee cpaBHEHHE METPUK, C PE3YJIbTATOM — MOJTYYEHHEM I'PYII KIOHOB.

— CuHTaKCUYECKHM MOAX0/1: OCHOBAH Ha aHAJIM3€ CTPYKTYPhI U CUHTaKcuce Koaa. B aTom moaxone
CHaJaJia IPOUCXOIUT pa3dop KoJa JJIs MOTYUYEHHUs er0 aOCTPaKTHOTO CHHTaKcudeckoro aepeBa (AST), a
3aTteM npoucxoaut cpaBHeHue AST-nepeBbeB.

— CemaHTHUYeCKHUH TOJXOJ: OCHOBAaH Ha aHalM3€ CMbIcia Koja. B aTom moaxone ucmnosib3yercs
aHAJIN3 KOHTEKCTA U BBIUMCIICHUS 3aBUCUMOCTEN MEXy IEPEMEHHBIMU U (PYHKIUSIMU B KOJE.

— TI'uOpugnblii MoAXO0J: KOMOMHHpPYET JBa WM Oojiee MOAXOAA Ui JOCTHXKEHMS JIYYIIMX
pe3yabTaTos [2, 3].

Kaxxaplii U3 3THX MOJIXO0J0B MMEET CBOU NMPEUMYIIECTBA U HEAOCTAaTKH, U BBIOOP OMpENEIeHHOIO
[I0JIX0/1a 3aBUCUT OT KOHKPETHOH 3aauHu.

PaccmaTprBaeMble alropuTMbl MOTYT HCIIOIb30BaTh Pa3IMuHbIe CBOMCTBA M IPU3HAKY [Tl PELLICHUS
3az1ad.

Hanpumep, B anroputrMax MalIMHHOTO OOydeHHs Uil Kilaccu(UKAlMK OOBEKTOB 4YacTo
UCIIOJIb3YIOTCS CJIEYIOIIHNE CBOMCTBA U IPU3HAKHU:



HquHbIM Kysomunvix E.C, Havuna CII, Macaoea M.A. Anaaus cxodcmea koda u noucka ezo 5
PE3 >} ’ Ib I A 3aumcmeosaHuil // HayuHolil pesysomam. HugpopmayuoHtsle mexHosozuu. — T.8, Ne3, 2023

[EEE TR AR

— YHUCJOBbIE MPU3HAKU (HApUMeEp, pa3Mep, Bec, IIeHa);

— KaTeropuaibHble IPU3HAKHU (HAaIlpUMep, IBET, (hopma, MaTepuan);

— TEKCTOBbIE JaHHbIE (HampuMep, Ha3BaHHUE TOBapa, OMKMCAHUE MPOAYKTA);

— u300pakeHus U BUaeo (Hampumep, hoTorpaduu UiIu BUIEO3aMNCH OOBEKTOB).

B 3aBucumocTH OT 3amaud M TUNA JAHHBIX, KOTOpble HE0OXoauMo o0padoTaTth, MOTYT
UCTIOJIb30BaThCSl U APYrHe CBOMCTBA, M NMpHU3HAKH. Hampumep, Ui aHaim3a BPEeMEHHBIX PsIoB OyayT
HCIIOJIb30BAaThCSl BPEMEHHBIE MPU3HAKH, a JIJISl TOJIOCOBOTO YIIPAaBJICHHUS — 3BYKOBBIE XapaKTEPUCTUKH
rojioca moJjib30BaTessl.

Cy1iecTByeT HECKOJIBKO METOOB ITPE00Pa30BaHUs KATETOPUAIbHBIX IPHU3HAKOB:

— KOAMPOBAaHHE METOK — CIOCO0 3aMEeHBbl KaTeropHajJbHBIX MPU3HAKOB HAa YMCIIOBBIC 3HAYCHHUS.
JIto6oe CBOMCTBO KaTeropHajlbHOTO MPU3HAKA 3aMEHSETCA Ha Mojaxojsuiee eMy yucio. [JaHHbiid crocod
HOJXO/UT JIJIsl IPU3HAKOB C HECKOJIBKMMHU 3HAYEHUSIMH, HAIIpUMeEp, YPOBEHb 00pa30BaHHUS;

— OJIHOKPaTHOE KOJHMPOBAHHWE — CIIOCOO 3aMEHBl KaTerOpUalbHBIX IMPHU3HAKOB HAa OWHApHBIC
3HaueHus. Kaxmas mepemMeHHas KaTeropuajabHOro MpU3HaKa mpeolOpa3yeTcss B CTOJOen OWHApHBIX
3Ha4YeHUH, T | yKa3bIBaeT Ha MPUCYTCTBUE 3HAUCHUS IpU3HaKa, a 0 — Ha ero orcyrcTBue. JJaHHBIH crioco0
MOJIXOIUT JIJIsl MPU3HAKOB 0€3 MOopsIKa 3HAYCHH, TAKUX KaK [[BET JINOO TUI OOBEKTA;

— JIBOMYHOE KOJAMPOBAaHUE — CHOCO0 3aMEHBI KaTeTOPHAIbHBIX PU3HAKOB B OWHAPHBIC 3HAYCHHS
MeToioM KomupoBanus ['pes. B maHHOM Merone KakIoe 3HAYCHHE KaTerOpHAbHOTO MpHU3HAKA
3aMeHsieTcs Ha OuHapHoe 3HaueHue. Jlanee KaxapIil MOCIeAYIOIMA CTOOEI] UMEET BEIHUNHY, OTIUYHYIO
Ha OJHO 3HAUYCHHE OT MpeIIecTByIomel. [laHHbBII MeTO MOXKHO MCHOJB30BAaTh W ISl PU3HAKOB 0€3
MOpsIKA 3HAYCHHI.

UKCcIOBBIMH TIPU3HAKaMHU CUMTAIOTCS: MacIITabMpoBaHWE, HOPMAalIHM3alMs, IUCKPETU3AIMS,
crangapruszanus [4].

[Tpoananu3upoBaHHBIE [TOIXO/IbI MOT'YT CTOJIKHYTHCS CO CIEAYIOLUUMU MpodIeMamu:

— HEJOCTaTOYHOE KOJIMYECTBO JAHHBIX — 3TO MOXKET MPHBECTH K HU3KOW TOUHOCTU MoJeNnel U
nepeoOy4yeHnto. Pemenune: coop O0JbIIET0 KOTMUECTBA JTAHHBIX HITM UCIIOJIb30BaHUE TEXHUK ayTMEHTAI[H
JAaHHBIX;

— HecOalaHCUPOBaHHbIE KJIACCBI — 3TO MOXET MPUBECTH K HHU3KOM TOYHOCTH Mojened uis
MEHBIIETO0 Ki1acca 00beKTOB. PellieHne: nenoap30BaHne B3BEUIMBAHUS KIIACCOB, YBEIMUYEHHE 00yUarOINX
JAHHBIX JIJIS1 MEHBIIIETO KJIacca;

— mnepeoOyuyeHre — 3TO MPOUCXOAUT, KOTJ1a MOJEIb CIMILIKOM CIO0XKHAs JJIS 3a/1a4M WM KOTJa OHa
oOyuaercs Ha BbIOpocax. PelneHue: MCIONB30BaHME PpEryssipU3allMM, BBIOOP YIPOIIEHHOW MOJenw,
UCIIOJIB30BaHUE CITy4alHbIX BBIOOpOK (dropout) [5].

— Hefoo0y4YeHHe — 3TO MPOUCXOAUT, KOT/Ia MOJIEIb CIMIIKOM IpocTas AJs 33a4M UM KOT'/la OHa
HE MMEEeT JOCTaTOYHO JAHHBIX JUIsl oOydeHus. PemieHue: ucrosp3oBaHHe Oojiee CIOXKHOM MOJENH,
MCIIOJIb30BaHUE OOJBILIEro KOJINYECTBA JAHHBIX;

— CKpBIThIE MEPEMEHHbIE — 3TO MOXKET OBITh BBI3BAHO OTCYTCTBHEM HMH(OpPMAIMHU O COCTOSIHUU
cucTeMbl. PelnieHne: ncnoiabp30BaHne BEPOSITHOCTHBIX MOJIETIeH MIIM METO/I0B MHBEPCHH;

— HEoO0XOAWMOCTh WHTEPIPETAIMH PE3YIbTATOB — ATO MOXKET OBITh BBI3BAHO HEOOXOAMMOCTHIO
OOBSICHEHUS! TPUHATOrO pElICHWs WJIM NPUYMHBI OHIMOKW. PelieHue: HCIONb30BaHHE METO0B
UHTEPIpETalii, TaKuX KaK aHalM3 BAaXHOCTH (QYHKIWH, CBOAHBIE TaONMIbl W Tpaduueckue
IPEe/CTaBICHHUS.

Pemenne kaxaoi w3 3THX MpoOJIeM 3aBUCUT OT KOHKPETHOW 3a7auydl M WCIIONB3YEMBIX JTaHHBIX.
BaxHo nogo6paTth Hanbo1ee NOAXOAAIINE METOABI Ul PEIICHUs KaXKA0H U3 Mpobdiiem.

OmHUM U3 TJIaBHBIX MPEUMYIIECTB METOJIOB, HCIOIB3YIOMUX MammHHOe o0yueHune (ML), sBisieTcst
aBTOMATHUYECKOE M3BJIEUEHHE 3aKOHOMEPHOCTEH M3 OOJIBIIMX 00BEMOB JaHHBIX. DTO MO3BOJIET pelaTh
3aJ1a4i, KOTOPBIE TPYTHO WIIH HEBO3MOXKHO PEIIUTH C TOMOIIBIO TPAAUIIMOHHBIX METOJIOB.

Hanpumep, ML-anroputMbl MOTYT HCHOJB30BATHCS JJIS TOCTPOCHUS MOJENeH, KOTOphIe
IpeCKa3bIBalOT OyMyIue cOOBITHSI Ha OCHOBE IPOILIBIX JAHHBIX. DTO MOXKET MPUMEHSTHCS B PA3THIHBIX
OTpacisiX, TAKMX KaK (PMHAHCHI, METUIIMHA, TIPOU3BOJCTBO H T.JI.
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Eme oaHMM mNpeuMyIlIeCTBOM METOAOB, HCIHOJB3YIOUIMX MalIMHHOE OOydeHue, SBISETCS
BO3MOXXHOCTh CO3JaHUSI YHHBEPCAJIBHBIX MOJEJCH, KOTOphlE MOTYT OBITh HNPUMEHEHBI K Pa3IM4YHBIM
3agauaM. Hampumep, HeilpoHHBIE CeTH MOTYT OBITh OOYYEHBI paclio3HaBaTh 00pa3bl, a TaKXkKe JienaTh
npecKa3aHus HA OCHOBE BPEMEHHBIX PSI/IOB.

Kpome Toro, ML-anropuTmbl MOT'yT aBTOMAaTUYECKU a1alITUPOBATHCSA K H3MEHEHUSM B JAHHBIX, YTO
Jienaet ux 0osee TMOKUMH U yHUBepcalbHBIMU. OHU TaK)Ke MOTYT pabOTaTh € JaHHBIMHU, KOTOPBIE TPYAHO
UHTEPIPETUPOBATH UM UMEIOT CIOKHYIO CTPYKTYPY.

Haxonen, ncnonp3oBanne ML-METOZ0B MOKET TOMOYb CHU3UTH 3aTPAThl HA PYYHYIO0 00pabOTKy U
aHaJIU3 JIAHHBIX, YTO MOXKET OBITh OCOOCHHO TOJIE3HO B ciyyae O0JIbIIUX 00beMOB HH(POPMAIUH.

Jiis mpoBepku pabOThI UCCIEAYEMBIX ITOPUTMOB MOTYT HCIIOJIB30BAThCS Pa3IUYHBIE TECTOBBIC
JaHHbIE B 3aBUCUMOCTHM OT KOHKPETHOH 3amauu. Hampumep, g 3amad  KiacCU(pUKALUU MOXKHO
UCTIOJIb30BaTh HAOOpBI JaHHBIX, COAEP)KAIIMe M300paKeHUs] MJIM TEKCTHI C ONPEIEICHHBIMA METKaMH
kJjaccoB. JlJis 3aa4 perpeccu — Ha0Ophl JAaHHBIX CO 3HAYCHHUSIMH 1IEJIEBBIX TEPEMEHHBIX.

Kpome Toro, mis omeHkH KadecTBa pabOTHl aJTOPUTMOB MOTYT HCIIOJNB30BATHCS Ppa3IHMYHbIC
METPHKH, TaKhe Kak TOYHOCTh (precision), momnuora (recall), F-mepa u apyrue, KOTOopble MOTYT OBITH
BBIOpAHBI B 3aBUCUMOCTH OT KOHKPETHOM 3a1a4u.

Takxke MOXKHO HMCHOJB30BaTh KPOCC-BATUAAIINIO, YTOOBI OIIEHUTH OOOOINAOIIYI0 CIHOCOOHOCTH
MO/JIENIM Ha HOBBIX JaHHBIX. [Ipu Kpocc-BanuIaIiiy JaHHbIE JEeIATCS Ha HECKOJIBKO YacTel, M KaX bl pas3
oOydeHre U TECTUPOBAHKE IPOBOASTCS HA Pa3HBIX MOAMHOXKECTBAX JAHHbIX.

Kpocc-Banupamusi — UCHONB3YIOT JUIsL OIEHKH KadecTBa paboTel moxaenn. OH  oOmHpHO
MPUMEHSIETCS B MALTUHHOM OOYYEHHH, TAeT BO3MOXKHOCTh CPAaBHUBATh MEXKY COOON pa3iMyHble MOAEITU
U OIIpeAEIATh HAMTyUlIyI0 JUIsl KOHKPETHOM 3a1aun [6].

B mo6om cnyuae, Ui BBIOOpa TECTOBBIX AAHHBIX CIEAyeT MPUHUMATh BO BHUMaHHE OCOOCHHOCTHU
KOHKPETHOH 331a4M ¥ BO3MOXXHBIE HCTOYHHKH OIIMOOK MU paboTe aNroOpuTMOB Ha STUX JAHHBIX.

TOYHOCTB — 3TO J10JI51 OTBETOB, KOTOPBIE AITOPUTM BEPHO KIIaCCU(DUIIMPOBAII OTHOCHTEIHHO OOIIIEro
KOJINYECTBA OTBETOB, KOTOpbIE OH Mpejcka3an. To ecTb, eciu alroput™ npezckasan 10 oObekToB, U3
KOTOPBIX 8 OKa3aJIMCh BEPHBIMH, TO €r0 TOUHOCTH cOCTaBUT 80%.

[ToHOTa — 3TO 107151 BEPHO MPECKa3aHHBIX OTBETOB OT OOIIET0 YUCIIa IPaBUIIbLHBIX OTBeTOB. Ecin,
Hanpumep, Bcero 0b110 20 MPaBUIIBHBIX OTBETOB, HO AJTOPUTM yrajai Julb 16, To ero nojgHora Oyner
paBHa 80%.

[TpumeHsieTcs HECKOJIBKO CrIoc000B 00beAMHEHHUs precision U recall B arpernpoBaHHbIN KpUTEpUil
kauecTBa. F-mepa (B obmem ciyuae Fjg) — cpeHee rapMoHudeckoe precision u recall (1):

recision-recall
FB = (1 + '82) ' (Bzzfprecision)+recall (1)
rae

[ —ompenenseTr BeC TOYHOCTH B METPHKE, U ITPpH f = 1 —3T0 cpeiHee rapMOHUYECKOE (C MHOXKHUTEIEM
2, uTo0BI B cityuae precision = 1 u recall = 1 umets F; = 1);

F — MoXeT AOCTUTHYTh MaKCHMyMa IPU MOJHOTE U TOYHOCTH, PaBHBIMH €IMHULIE, TaKKe OIHM3Ka K
HYJTIO0, KOTJIa OZIMH U3 apryMEHTOB OJHM30K K HYIO [7].

OrneHka cx0/CcTBa KO/Ia MOXKET OBbITh MCMOJIb30BaHa JUIsl PEIIEHUS CIAEAYIOUUX MPUKIATHBIX 3a/1a4
UH(POPMALIMOHHOM O€30MaCHOCTH:

— oOHapyXeHHE BPEJOHOCHOTO Koja: A(()EKTUBHBIA AITOPUTM OIEHKH CXOJCTBAa KOJAa MOXET
MO3BOJIUTh OOHAPYKUTh BPEJOHOCHBIA KOJI, KOTOPBIM ObUT M3MEHEH WJIM CKPBIT 3a MIU(GPOBaHUEM WU
JPYTUMH METOJJaMH MacCKUPOBKH;

— aHaJM3 yTeueK JaHHbIX: aITOPUTM OLIEHKH CXOJCTBA KOJIa MOKET IIOMOYb BBISIBUTH CIIy4au Kpasku
UHPOPMALIUU U YTEUKH KOH(QUACHIMAIBHBIX JaHHBIX. Takke aJropuT™M MOXKET MOKa3aTh, Kakue (haiibl
OBLIM CKOIIMPOBAHBI WJIM TIEPEMEIICHBI Ha IPYroil HOCUTENb;
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— BBISIBJICHUE YS3BUMOCTEH: aJlTOPUTM OLICHKH CXOJICTBA KOJIa MOXKET UCIIOJIb30BATHCS JIJISl aHATTN3a
KOJla Ha Hajuuue ys3BuMocTeil. Hampumep, OH MOKET BBISIBUTH MOXOXKUH YSI3BUMBIN KOJ, KOTOPBIHN yXe
ObUT UCTIOJIB30BAH B aTaKax MJIM KOTOPBIE MOXKET CTATh IIENbI0 OYIYIIUX aTak;

— MpOBepKa MOJUIMHHOCTH: AJITOPUTM OIICHKHU CXOJICTBA KO MOKET UCIIOJIb30BATHCS JIJIsl TPOBEPKU
MOJJIMHHOCTH TporpamMmHoro obecriedenus. Hampumep, oH MOXKET MOMOYb ONPEACNUTh, SBISETCS JU
nporpaMmMa HacTosei nwin ¢aibcuuuupoBaHHOM;

— aHanu3 cOoOJIOJIeHUs MPaBHJI 0€30MaCHOCTHU: aJTOPUTM OLEHKU CXOJICTBAa KOJa MOKET MOMOYb
aHAIM3UPOBATh COOJIOJCHHE MpaBUI OE30MaCHOCTH W CTaHAApTOB B IMPOrPaMMHOM OOECHEYEHHH.
Hanpumep, OoH MOXeT BBIIBUTH HapylIeHHE IOJIUTUK OE30MacHOCTH, TaKMX KaK HCIOJIb30BAHUE
HeOe30MacHbIX (PYHKIIUH WM OTKPBITHE TTOPTOB Oe3 paspernieHus [8].

PE3YJIBTATBI HCCJIE/IOBAHHUA U HX ObCY/K/IEHHUHE

I[anee IpOACMOHCTPHUPOBAHA pa60Ta HECKOJIbKHX 0a30BBIX AJITOPUTMOB U ITOKA3aHbI UX
HCOOCTATKH.

Jluctunr 1 — Ausropurm SequenceMatcher [9]
import difflib

def compare code(filel, file2):

with open(filel, 'r') as fl, open(file2, 'r') as f2:
codel = fl.readlines /()
code2 = f2.readlines /()
matcher = difflib.SequenceMatcher (None, codel, code2)
similarity ratio = matcher.ratio()

return similarity ratio

filel
file2

"filel.txt"
"file2.txt"

similarity = compare code (filel, file2)
print (f"Similarity ratio: {similarity}")

Meron SequenceMatcher — sto knacc nakera difflib Python, xoropsrit mpenocrapnsier GyHKuuu u
KJIacchl JUIs CpaBHEHUS MocieqoBaresnbHOCTeH. Mcnmonp3yercs A CpaBHEHMs pa3iMyHbIX (ailioB Ha
CXOXKECTb.

B sTom nmpumMepe nporpamMMa OTKpbIBAaeT U CUUTHIBACT cofiepxkumoe (aiinos «filel.txt» u «file2.txty.
3aTtem co3maeT dK3eMIUIp Kiacca SequenceMatcher, mepenaBast B HEro CTpOKHM Kojaa U3 o0oux (haityios.
Mertoa ratio() BO3BpallaeT OTHOIIEHHE CXO0XKECTH MEXIY 3TUMH cTpokamu, rae 0 o3HayaeT MOJHOE
OTCYTCTBHE CXO/CTBA, a 1| — momHoe coBnagenue. [IporpaMma BBIBOAUT KOIPHUIIUEHT CXOACTBA MEXKIY
nByMms daitnamu. Yem Gnmke 3HaueHue K 1, TeM Oosiee moxoxu Kosl B aiinax. OgHaKo, cle1yer y4ecTs,
YTO Takoil anroputMm OyaeT paboTaTh TOJIBKO Ha YPOBHE CTPOK M HE YYUTHIBAET CEMAHTHKY Koja. Eciu
TpebyeTcst Oosiee TOYHBIN aHAIU3 CXOJACTBA KOJAA, TO MOTYT MOTpeboBaThcs 0oJiee CIOKHBIE METOABI U
OMOMMOTEKH, TaKMe KaK alTOPUTMBI Ha OCHOBE T'pa)OBOTO aHAIH3a WM MAIIMHHOE 00yYeHHE.

Crnenyromuili alropuTM MOXO0XK Ha MEpBBIA, HO UyTh CIOXKHEE, XOTS HCIOJIb3YeT Ty K€ CaMylo
oubmuoreky difflib.
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Jluctunr 2 — Bropas Bepcus difflib
import difflib

def compare code(filel, file2):
with open(filel, 'r') as fl, open(file2, 'r') as f2:
codel = fl.read()
code?2 = f2.read()

matcher = difflib.SequenceMatcher (None, codel, code2)
blocks = matcher.get matching blocks()

similarities = []
for block in blocks:
if block.size > O0:
similarity = codel[block.a:block.a+block.size]
similarities.append(similarity.strip())

return similarities

filel = "filel.txt"
file2 = "file2.txt"
similar lines = compare code(filel, file2)

if similar lines:
print ("Similar lines found:")
for line in similar lines:
print (line)
else:
print ("No similar lines found.")

B sToM mpuMmepe mporpamma TakKe OTKPhIBACT M CUMTHIBACT cojepxkumoe ¢aiinos «filel.txt» u
«file2.txt». 3atem cosmaer sk3eMILIAp Kiacca SequenceMatcher, 4ro0Osl MONYyYNTh CpaBHEHHE MEXIY
crpokamu koma. Dymkmms get_matching_blocks() Bo3Bpamaer crucok OOHapyKEHHBIX OJIOKOB,
BKJTFOYAIOIINX COBIAJICHUS U Pa3inums Mex 1y (aiimamu. [IporpaMma mpoXOoauTcs 110 Kax oMy OJIOKY H,
ecian pasmep Onoka Oombmie 0, 100aBISIET CXOXKYKH CTPOKY B crmUcoK Similarities. 3atem BBIBOAUT
Hal/ICHHBIE CXOKHE CTPOKH. DTOT MPUMEP MPOrpaMMbl MO3BOJSET HAWTH HE TOJNBKO KOI(QHUImEHT
CXOJICTBA MEXIy (haillaMH KOJa, HO U KOHKPETHBIC CTPOKH, KOTOPBIC COBMAAAIOT WIIH MOXOKH IPYT Ha
JpyTa.

CpaBHHB 3TH 2 aJrOpuTMa, MOKHO CIIeNIaTh BBIBOJ, YTO /st 0a30BOM MPOBEPKU KOJa HA CXOKECTh
JIOCTATOYHO MPOrpamMMbl U3 20 CTPOK, KOTOpasi CMOYKET BBIIBUTH SIBHYIO CXOXKECTh KOJa, HO JJIst Ooiee
rIyOOKO# MpOBEpKH HEOOXOJMMO YYHTHIBATH CEMaHTHUKY KOJa W pa3paldaTeiBaTh 0oJiee CIIOKHBIC
anropuTMsl rposepku [10].

3AK/TIOYEHUE

B 3akimioueHMM MOXHO TOJYEPKHYTh BaXHOCTh aHajM3a CXOJICTBA KOJa M IIOMCKa €ro
3aMMCTBOBAaHMH B COBPEMEHHOH pa3paboTKe MNPOrpaMMHOr0 oOecredeHHus. DTOT METOJl IMOMOIaeT
O00HapyXHUTh MOBTOpAOIIKEcsS (parMeHThl KOJa U BBIIBUTH BO3MOXKHBIE MPOOJIEMBI C TUIarMaToOM MM
HeOe30MacHBIMU ~ NPAaKTUKaMH  NPOIPaMMHpOBAaHUSA. AHalIM3 CXOACTBa KOJA  IPEIOCTaBISAET
pa3paboTuvkaM BO3MOXKHOCTh ONTHUMH3HPOBATh Ipoliecc pa3pabOTKH, MOBBICUTH A(PGEKTUBHOCTh U
Ha/IeKHOCTh Kojaa. [IOMCK 3aMMCTBOBaHMH KOJa MOMOTraeT KOMaHJaM pa3pabOTUMKOB OOHApPYKHUTh
MOBTOPHOE HCIOIb30BaHKUE KOJA U3 PA3JIMYHBIX HCTOYHUKOB, BKJIIOYAsi OTKPHIThIE HCTOYHHUKH, JIETaCU-KO/
WIN J1a)ke BHYTPU KOMIIAaHUU. DTO TMO3BOJISIET ONTHMHM3HPOBATH MCIIOJIB30BAaHUE PECYPCOB M M30EXKaTh
npo0JieM, CBSI3aHHBIX C aBTOPCKUMU MTpaBaMH WM aTEeHTaMHU.

CoBpeMeHHbIE MHCTPYMEHTBHI aHaJIM3a CXOJACTBA KOJa MpeAsararoT IUpOKUN Habop ¢yHKUHUH,
HO3BOJISIOIINX MPOBOAUTH INIyOOKHM M TOYHBIM aHAIU3 KOJA, YUYUTHIBAs €r0 CHUHTAKCUC, CTPYKTYpY H
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noruky. Takue MHCTPYMEHTHI MOMOTAaOT pa3padoTunkaM ObICTPO OOHAPYKUBATh TyOIHPOBAHHBIA KO/,
MPOBOANTH PePaKTOPUHT B OOPOTHCS C MOTCHIIMAILHBIME YS3BUMOCTSMU. B UTOre, 0CO3HAHHBIN MOIXO0T
K aHaJIM3Y CXOJICTBA KOJIa U MOUCKY €ro 3aUuMCTBOBAHHI SBJISETCS HEOTHEMIIEMON YacThl0 COBPEMEHHOMN
pazpabotku I10. DTO moOMoOraer MOBBICUTH Ka4eCTBO M HAJISKHOCTh KOJId, ONTHUMH3UPOBATH €T0
HCITOJIb30BaHNE U 00€CTIeUnTh COOJIIOICHIE aBTOPCKUX Tpas [11].
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AHHOTAUA

3anaya nokanu3anuy (onpenesaeHus MECTOMON0KEHNs) B 3apeTUCTPUPOBAHHOM UYHCIOBOM psfie
3aJJaHHOTO psijia MEHbBIIEH Pa3MEpHOCTH 3a4acTyld BO3HUKAET MPH 00pabOTKe SMIHMPHYECKHX
JMaHHBIX Pa3INYHON Mpuponbl. B manHO# paboTe pazpaboTaH aNrOpUTM JIOKAIH3AIMUHA OTPE3KOB
SMIUPUYECKHUX JaHHBIX, KOTOPbIE IPEACTaBICHb! YUCIOBBIMY psiiaMu. Pa3paboTaHHBIN aaroputm
OCHOBaH Ha BBIYMCJICHUU MEpHl CXOJCTBAa IMPHU3HAKOB aHAJIM3UPYEMBIX YHCIOBBIX psloB. B
KauecTBE MHOXECTBA NPHU3HAKOB, XapaKTEPU3YIOMIHUX YHUCIOBOHN psAl, MPEISIOKEHO MPUMEHSThH
nHGOPMATUBHBII YaCTOTHBIM HOPTPET OTPE3Ka YMCIOBBIX JAHHBIX, AJISl BEIYMCICHUS KOTOPOTO B
paboTe NpHUBEAECHBI COOTBETCTBYIOIIME COOTHOIIEHHS HAa OCHOBE JUCKPETHOTO KOCHUHYC-
npeobOpazoBanus. B pabore mpuBeneHBI MPUMEPHI BBIYHACICHUS MHOOPMATHBHOI'O YacTOTHOTO
MOPTpETa I pa3IMYHbIX YMCIOBBIX POoB (mpeueneHToB). [IpuBenennsie B padote pe3yabTaThl
BBIYUCIUTEIBHBIX OKCIEPHUMEHTOB JEMOHCTPUPYIOT paboTOCHOCOOHOCTh  pa3pabOTaHHOIO
aIropuTMa IO OICHWBAHHUIO JIOKAJIH3AIMH OTPE3KOB YHMCIIOBBIX PSIOB HA OCHOBE NMPUMEHEHUS
nHGOPMATUBHOI'O YACTOTHOTO OPTPETA NP JUCKPETHOM KOCHHYC-TIpE0Opa30BaHUH.
KaroueBble cioBa: YHMCIOBOW psii; MPELEACHT; JOKAIW3aUUs; IUCKPETHOE KOCHHYC-
npeobpa3oBaHue; HH(HOPMATUBHBIN YaCTOTHBIN MOPTPET; MOTPEITHOCTH JIOKATH3AIUT
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Abstract

The problem of localization (location determination) in a registered numerical series of a given
series of smaller dimensions often arises when processing empirical data of various nature. In this
paper, an algorithm for the empirical data segments localization, which are represented by
numerical series, is developed. The developed algorithm is based on the calculation of the similarity
measure of the analyzed numerical series features. As a set of features characterizing a numerical
series, it is proposed to use an informative frequency portrait of a segment of numerical data, for
the calculation of which the corresponding relations based on a discrete cosine transformation are
given in the work. The paper provides examples of calculating an informative frequency portrait
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for various numerical series (precedents). The results of computational experiments presented in
this paper demonstrate the operability of the developed algorithm for estimating the localization of
segments of numerical series based on the use of an informative frequency portrait with discrete
cosine transformation.

Keywords: numerical series; precedent; localization; discrete cosine transform; informative
frequency portrait; localization error
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BBEJIEHHUE

[Tpu 00paboTKe SMNUPHYECKUX JAaHHBIX 3a4acTyl0 BO3HHMKAeT HEOOXOIMMOCTH JIOKAIW3ALUU
(ompeneneHuss MECTOIOJIOKEHHS) B 3apETUCTPUPOBAHHOM YHCIOBOM psAJie 33JaHHOTO psJia MEHbIIEH
pasmepHOCTH. JlaHHBIE 3ajJaud BO3HUKAIOT, HalmpuMmep, Hpu o00paboTKe 3ByKO3amHuced ¢ LEJIbIo
OoOHapy>KeHHsI B HUX OT/EIIbHBIX 3BYKOB, IPH 00pabOTKE PaarOIOKaIlMOHHBIX CHTHaIOB H jp. [1-8]. B
HACTOsIIIEe BPEMsI M3BECTHO 3HAUYMUTEJIbHOE KOJIMYECTBO METOOB PELICHUs JaHHBIX 3aJad, B KOTOPBIX
AHAIM3UPYIOTCS OTPE3KU HEKOTOPOTO YKCIOBOIO Psiia HA COOTBETCTBUE ATAIOHHOMY YUCIOBOMY psiay. B
OOJIBIIMHCTBE CIyYaeB JaHHbBIE METO/Ibl OCHOBAHbI HA BBIYUCIICHUH MEPBI CXOJICTBA MHOXKECTB Pa3IMUHBIX
NPU3HAKOB, COOTBETCTBYIONIMX AaHAJM3UPYEMbIM YHUCIOBBIM psgaMm. B maHHON paboTe B KaudecTBe
MHOXECTBa MPHU3HAKOB, XapaKTEePU3YIOIINX YHUCIOBOM psl, MpelaraeTcsi IpUMEHITh TaK Ha3bIBaeMbli
WH(POPMATUBHBIA YaCTOTHBIA MOPTPET OTPE3Ka YUCIOBBIX JTAHHBIX.

OMnupuyeckre (3aperucTpupoBaHHbIE) JaHHbIE BO MHOTUX CIIydasiX HpPEICTaBISIOT COOOW psf
BEIIECTBEHHBIX YHWCEN, NpU O00paboTKe KOTOPHIX IEJIeCOO0pa3sHO NPHUMEHSTh BEIIECTBCHHBIC
npeoOpa3oBaHus, TakMe Kak JUCKpeTHoe KocuHyc-npeoOpa3zoBanue (IKII), nuckperHoe cunyc-
npeoOpa3oBaHue, mpeodpasoBanue Y onia-Anamapa, mpeodpazoBanue Xaapa u Jip., B OTIUYHE OT IMIHPOKO
OPUMEHSIEMOT0 KOMIUIEKCHOTO JHCKPETHOro npeodpa3zoBaHus Dypbe CUTHAIOB pa3IMYHOM MPUPOABI
[9-20]. B nmanHoit paGote ajsi pemieHHs 3a7add MOCTPOCHUS MH(OPMATHBHOTO YACTOTHOTO TOpPTpETa
OTpe3Ka BEUIECTBEHHOIO YHCIOBOIO psiia Mpenjaraercs MNPUMEHATh JTUCKPETHOE KOCHHYC-
npeoOpazoBaHue, 115 KOTOPOIO U3BECTHBI AJITOPUTMBI OBICTPOro MpeoOpa3zoBaHUsl.

OCHOBHAA YACTh
PaccMoTpuMm anroput™M mocTpoeHus MH(DOPMATHBHOTO YAaCTOTHOTO MOPTPETa OTPE3Ka YHCIOBBIX
JTAHHBIX Ha OCHOBE JIMCKPETHOTO KOCHHYC-TIPe0Opa3oBaHMsl.

O6o3naunm, F ={f }, n=12...,N, — uncnosoii psax, conepxammuii N >nementos. KosdpuuuenTs!

D={d }, k=12,..,N, IKII 1anHOTO ps/1a BEIMHCISIOTCS HA OCHOBAHUH CIIEAYIOMIETO COOTHOIIEHHUS
N
de =v2/N)Y f, COS(%(n—l)(k—%)), k=12,..,N. Q)
n=1

C 1enbl0 CHMXKEHHS PAa3MEPHOCTH AaHAJIM3MPYEMBIX MJAaHHBIX NpeasaraeTcss HPUMEHHTb Tak
Ha3bIBaeMoe cyOnosiocHoe npesacTasienue pe3ynbTatoB JKII. O6o3naunm, M — 3aaHHOE KOJIMUYECTBO
cyomnonoc JAKII. Toraa, konuaectBo J koaddumuentos JIKII, cooTBeTCTBYIOMUX OTAEIBHOM CyOIOIoce,
OTIpeieNIIeTCs CIAeNYIOIUM 00pa3oM:

J=[N/M], (2)
r7e [| — omeparust BBIYUCICHHS TIEJION YacTH YrcIa.

DnemenTtH cybmonocHoro npeactasaenns JAKIT ST ={s"}, m=12,...,M , onpenennm crexyomum

obpa3zom:
J

S :Z (d(':n—l).]ﬂ)za m=12,..,M. @3)

=1
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YacrotubiM moptpetom umciosoro psamga F={f}, n=12..,N, nasosem Bextop G ={g '},

m=12,...,M , 3ieMeHTbI KOTOPOT'O UMEIOT BU]I:
M
On =Sp /D, sf m=12..M. (4)
i=1

WndopmatuubM 9acToTHEIM opTpeToM (MUII) uncnosoro psga F ={f,}, n=12,...,N, nazosem
BexTop G© ={g§}, m=212,...,M , a1eMeHTbI KOTOPOT'O UMEIOT BU/I;

- F 1M,
gF = Im> CCGn > m=12,..M . ©)
0, 6 npomuenom cryuae.

Ha pucynke 1 mpusenen npumep Boraucienus MUII s uucnosoro psima F, pasmeproctu 512
3JIEMEHTOB, 3HAYE€HUs1 KOTOPOro B BUjE rpaduka mpejacraBieHbl Ha pucyHke la. Ha pucynke 1 takxke
TIPUBEJICHBI PE3yIbTaThl BhIUMCIeHHs Kodpumuentos JJKII D, a taxxe uacrorusiii moprper G u
uH(pOpPMATUBHBI yacToTHEIA mopTper G7, comepxamue 32 sneMenTa (HA OCHOBAHMM COOTHOLICHHIA

05 Mpeuenent F 12 Koaddmumentbl JKM npeueneHTa
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Puc. 1. llpumep BeIuMcIeHHUsI HHGOPMATUBHOTO YaCTOTHOTO MOPTpPETA!
a — amcyoBoii pax F,, 6 — koaddumments JKIT D7
B — 4acTOTHBIHA opTper G ™, T — MHMOPMATHBHEIH YacTOTHBI mopTper G
Fig. 1. An example of calculating an informative frequency portrait:
a— numerical series F,, b — DCT coefficients D™,

¢ — frequency portrait G, d — informative frequency portrait G™

Jlyist oTleHWBaHMSI MECTOIIONIOXKEHHS (JIOKAIM3allii) 3aIaHHOTO TipeneaeHTa F B uucioBom psge W
pa3paboTaH cIeayIOUINil arOpUTM.



~—

I—IA y I—II—IbIM Ypcoa [.B.,, Tuxonckuil H.A., Yepnomopey J.A., boazoea E.B.,, YepHomopey A.A. O npumeHeHuu
UHGPOPMAMUBHO20 YACMOMHO20 hopmpema npu J0KAAU3AYUU OMPe3K0o8 3IMNUPUYECKUX 14
PEBY]-[]:) I A I daHHbix // Hayunbili pesyabmam. HHgopmayuonHsie mexHoaozuu. - T.8, Ne3, 2023

RESEARCH RESUL TS
—

Hcxoanble qaHHbIE:
N — pazmepHOCTh npeueaeHra F,

F={f}, n=12..,N, - npeuenenr (uncinopoii psn),
M — pa3mepHOCTh HH()OPMATUBHOTO YaCTOTHOTO TTOPTPETA,
G ={g/}, m=12,.,M, — undopmaTuBHbI 4ACTOTHBII IIOPTpET,
L — pa3MepHOCTh YHCIOBOTO psjga, B KOTOPOM HEOOXOIMMO OMNPEACIUTh MECTOIOJIOKECHUE
HpereeHTa,
W ={w}, | =12,...,L, — ananmusupyemplii 4HCIOBOM PsI1I.
Ilar 1. Beraucauts MHGOPMATUBHBII YacTOTHEI noprper G' npenenenra F.
lar 2. BeiOpaTh ouepeiHoe 3HAYCHUE | — MECTONOJIOKEHHE B YKCI0BOM psiie W riepBoro aiemMeHTa
(KoopAMHATA TIOJIIOCA) AaHAIM3UPYEMOTO OTpe3Ka JaHHBIX, pa3MepHOCTH N,
1<i<L—N+1. (6)
[lar 3. Cosmare anmamusupyemslii orpe3ok ganaeix V ={V,}, n=12,..,N, pasmeproctu N, Ha
ocHoBe uncioBoro psaa W,
vV, =W, ,, n=12..,N. (7)

Ilar 4. Bolumcnnts MHGOPMATHBHEIA yacToTHEIA moprper G' amst BekTopa V (Ha OCHOBaHMH
coorromenuii (1)-(5)).

[ar 5. BeI9ucauTh CpeTHEKBaIpATHIECKOE OTKJIIOHEHUE O HHPOPMATHBHOTO YACTOTHOTO IOPTPETa

\ F
G" orHOcuTENnHbHO MHPOPMATUBHOTO YacToTHOTO NopTpeTa G~ mpenenenra F,

- \Y Fy2
Z(gm - gm)
m=1

o = |2 (®)
2.(9,)°
m=1
[Har 6. IlepeiiTu k mary 2, eciy BBIIIOJHEHO YCIOBUE:!
I<L-N+1.
IIar 7. BEIYHCIHTL HOMED |, COOTBETCTBYIOIIMI MUHAMATBHOMY 3HaueHmIo o, i =1,2,...,L —N +1
i"=arg min o, 9)

i=1,2,.,L-N+1

[lar 8. Koner.
B kadecTBe OIlEHKM MPEANONIaraeMoro MeCcTONOJNIOKeHUs mpeneaeHta F B umcmoBom psge W

npeiaraeTcst Beiopars 3uaueaue 1 (9).
[lpn mpoBepke pabOTOCIIOCOOHOCTH pPa3pabOTAHHOTO alNrOpUTMa MPEIJIaraeTcsi OIEHUBATh

F
HOTPEIIHOCTh O JIOKANU3aIiK (OMpeielieHHs MECTOIOIOXKEHUs ) TiperieienTa F B urcioBoM psige W,

SF i it . (10)

PE3Y/IBTATBI HCCJIE/JOBAHHUA U HX ObCY/K/IEHHUHE

Crnenyrolye BEIYUCIUTENbHbIE IKCIIEPUMEHTHI JEMOHCTPUPYIOT pe3yabTaTsl npumenenuss MYII npu
JIOKaJIN3allMM Ha YHCJIOBOM PsJI€ OTPE3KOB JaHHBIX, COOTBETCTBYIOIIUX 33JaHHOMY IIPELEIEHTY.

Ha pucynke 2 npuBeneH npumep npeueneHta F (pucynok 2a), pasmepHoctu N=256 s1eMeHTOB,
MECTOIOJIO)KEHHE KOTOPOTo HEOOXOJUMO OIEHUTh B 3aJaHHOM 4HcioBoM psine W (pucyHok 2B),
pasmepHocTH L=2048 351eMeHTOB. 3HaU€HUs HIIEMEHTOB Mpele/IeHTa BBIOpaHbl TaK, YTOOBI OHU COBIAJANIN
CO 3HAYEHHUsMHU 31eMeHTOB uucioBoro psaa W, ¢ Homepamu ot 200 go 455. Jlns npeuenenra F na

ocHoBaHuK cootHommenuit (1)-(5) mocTpoeH HHMOPMATUBHBIN YacTOTHBIH mopTper G' , comepxaniuit 32
aJeMeHTa (PUCYHOK 20).
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Mpeuenent F UHdopMaTUMBHBIN YacTOTHLIW NOPTPET NpeueaeHTa
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Fig. 2. Precedent and analyzed numerical series: a — precedent F , b — informative frequency portrait G*,
¢ —analyzed numerical series W

[Ipn npumeHeHMH pa3paOOTaHHOTO ajIrOpUTMa OLIEHUBAHUS MECTOIOJOKEHUS 3aJaHHOIO
npenenenTa F B uncnoBoM psaae W nosryueHsl clieayroIye pe3yibTaThl.
Ha pucynke 3 mnpuBeaeH rpapuk 3HauY€HUN CpeIHEKBAJpPaTHUECKOro OTKJIOHEHus (8)

MH(QOPMATHBHOTO 4YacTOTHOTO moptpera G’ oTpe3ka maHHBIX V, pa3MepHOCTH 256 3IEMEHTOB,

OTHOCHUTCIIBHO I/IH(I)OpMaTI/IBHOFO YaCTOTHOI'O IMOPTpETa G F npeucacHTa F, BBIYMCJIICHHBIX  JIJIA
BCEBO3MOXKHEIX ITOJIOKESHUH IT0II0Ca AHAJIU3UPYEMOTI'O OTPE3Ka JaHHBIX VB 3aIaHHOM YHCJIIOBOM PAIC W.

OTKnoHeHune o
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Puc. 3. 3nadenus cpelHeKBaIpaTHUECKOT0 OTKJIOHEHHUS (8) /U1l BCEBO3ZMOXKHBIX MOJIOKEHHH MMOJII0Cca
AHAIIU3UPYCMOTI'0 OTPC3Ka JaHHBIX
Fig. 3. Values of the square deviation (8) for all possible pole positions of the analyzed data segment



I—IA y LII—IbIM Ypcoa [.B., TuxoHckuii HA., Yepnomopey /.A., Boazosa E.B.,, YepHomopey A.A. O npumeHeHuu
UHEPOPMAMUBHO20 4ACMOMHO20 Nopmpema npu JA0KAAU3AYUU OMPEe3K08 3MNUPUYECKUX 16
PEBY]-[]:) I A I daHHbix // Hayunbili pesyabmam. HHgopmayuonHsie mexHoaozuu. - T.8, Ne3, 2023

RESEARCH RESUL TS
—

[Tpu mpoBeeHMH BBIYMCIUTEIBHOIO 3KCIEPUMEHTa B KauyecTBe OLEHKHU (9) MecTOmonoXKeHus
npeuenenta F B uncinoBom psae W BeiOpan 200-it sanement uucnosoro psaa W (MUHUMaIbHOE 3HaYEHUE
Ha rpaduke Ha pUCYHKE 3), 4TO COBINAJAET C MOJCJIBHBIM MOJOXKEHUEeM IpeueaeHTa. CienoBaresbHo,

norpemHocTs O (10) OmpeneeH s MECTONOIOKeH s npeneneHTa F B unciosoM psae W pasra 0, 4To
JEMOHCTPHUPYET paboTOCIIOCOOHOCTh Pa3pabOTaAHHOTO AITOPUTMA.

B Tabnuue 1 npuBeneHsl pe3ysibTaThl BBIYUCIUTENBHBIX 3KCHEPUMEHTOB IO OLICHMBAHHUIO Ha
OCHOBaHUHU DPa3pabOTaHHOTO aNTOPUTMa MECTOIMOJOXKEHHH Motoca (epBOro 3JeMEHTa) MPELEeeHTOB,
pazmepHoctu 128, 256 u 512 snementoB B uucioBoMm psae W. Ilpu npoBeneHHH BBIUMCIMTEIbHBIX
AKCTIIEPUMEHTOB ObLJIa 3a7]aHa pa3MEepHOCTh MHPOPMATUBHOTO YaCTOTHOTO TTopTpeTa 16, 32 u 64 351eMeHTa.

Tabnuya 1
Pe3yﬂbTaTBI BBIYUCIIUTCIIBHBIX SKCIICPUMCHTOB 110 OLICHUBAHHWIO MECTOITIOIOKEHHH I10/II0Cca MNpeucacHTOB
Table 1
Results of computational experiments on estimating the precedents pole locations
PazmepHoCcTh 3agaHHOE Ornenka
Pa3zmepHoCcTh
npeneenTa WH(OPMATHBHOTO MECTOTIOJIOKEHUE MECTOTIOJIOKEHUS
YacTOTHOTO MOPTPETa MOJIFOCA TIPeLie/IeHTa | IMOJIoca Mpere/ieHTa
(271eMEHTHI)
(271eMEHTHI) (HOMED HPIIeMEHTA) (HOMEp DJIEMEHTA)
128 16 100 100
128 32 100 100
128 64 100 100
256 16 300 300
256 32 300 300
256 64 300 300
512 16 500 500
512 32 500 500
512 64 500 500

JlanHble, npuBeneHHbIe B Tabnuue 1, AEMOHCTPHPYIOT pabOTOCMOCOOHOCTH pa3pabOTaHHOTO
QIropuT™Ma IO OLIEHWBAHUIO JIOKAJIM3AllUM OTPE3KOB UHUCIOBBIX PSJIOB Ha OCHOBE IPUMEHEHMS
uHpopmaTtuBHOro yactorHoro moprpera npu JAKII — monyueHHbIE OLEHKHM MECTOMOJOXKEHHUs MOJroca
IpeleIeHTa COBIAIAI0T € 33JaHHBIMU IOJIOKEHUAMU 1Tontoca. CiielyeT OTMETHTbh, YTO B BBIYMCIUTEIbHBIX
9KCIIEPUMEHTAX, B KOTOPBIX MCIOJIb30BaHbl pazMepHocTH npenenenta u MUII, orinnyHble OT IpUBEIEHHBIX
B TabOnuue 1, Taxke ObUIM IOJyYEHBl COOTBETCTBYIOILIME PE3YJIbTAThl OLIEHWBAHUS MECTONOJIOKEHUN
IIOJIKOCA MTPELEICHTOB.

3AK/TIOYEHUE
Takum 06pazom, B paboTe NpUBEIEHO MOCTPOECHNE HHPOPMATUBHOTO YaCTOTHOTO MOPTPETA B paMKax
KOCHHYC IIpeoOpa30BaHusl OTpe3ka SIMIIMPHUUECKUX AAHHBIX, a TAKXKe pa3padoTaH alrOpUTM OLIEHUBAHMS
MECTOIOJIOKEHUSI 3aJJaHHOTO TpeleNeHTa B 4uciIoBOM psne. [IpoBeneHHbIE BBIUUCIUTEIbHBIE
9KCHEPUMEHTHI MOKa3alu paboTOCIIOCOOHOCTh aITOPUTMA BBIJICJICHUS MpeEle/IeHTa B YHCIOBOM psijie Ha
OCHOBE IPUMEHEHHNs HH(OPMATUBHOTO YaCTOTHOTO MOPTPETA.
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ABTOMATHU3ALUA U YIIPABJIEHUE
AUTOMATION AND CONTROL

YK 004.896 DOI: 10.18413/2518-1092-2022-8-3-0-3

O IIVTAHUPOBAHUUN AKTUBHOCTHU CEHCOPHBbIX Y3J10B

Aap-Obaiimn AMK. | g pp CIPOBOIHONM CEHCOPHOU CETH

Kommanus zuhoor Al_Ameer general contracting, xkaapust, baraax 10070, Upax
e-mail: 1229004@bsu.edu.ru

AHHOTAUA

B nanHOl cTaThe MpeAcTaBiIeH HOBBIA aJrOPUTM AJISl ONTUMHU3AINHN IUIAHUPOBAHHUS aKTHBHOCTH
CEHCOPHBIX Y3JI0B B OECHPOBOAHBIX CEHCOPHBIX CETAX. AJITOPUTM OCHOBaH Ha HMCIOJIb30BAHUU
o0y4aeMoro aBTOMaTa, KOTOPBIA MO3BOJISIET ONPEACIUTh ONTHMAIBbHOE KOJIMYECTBO aKTHBHBIX
CCHCOPHBIX y3JI0B, HEOOXOAUMBIX I 00SCIICUeHUsI KOHTPOJIS HaJl BCEMU OOBEKTaMH B 3aJJaHHOU
obmactu. OOydeHHe aBTOMara IPOU3BOJUTCS C HCIOJIB30BAHHEM MOJEIH OECTpOBOIHON
CEHCOPHOM CETH, KOTOPasi MMO3BOJISIET YUECTh pa3IMyHbIe IapaMeTphbl CETH, TAKHE KaK IUNIOTHOCTh
pacrnpeneneHus y3/10B U OObEKTOB, pa3Mep 30HbI TOKPBITUS U APYTHE (HaKTOPBI.

O hexTHBHOCTD MPEAT0KEHHOTO aIrOPUTMa OLICHUBAETCS MTyTEM CPAaBHEHHUSI €T0 PE3yJIbTaTOB C
pe3yibpTaTaMu APYTHX aJrOpUTMOB, HCHOJB3YEMBIX Ui IUIAHUPOBAHUS AKTUBHOCTH Y3JIOB.
Pe3ynpTaThl MOKa3bIBalOT, YTO MPEIUIOKEHHBIM AITOPUTM MO3BOJIAET CYLIECTBEHHO CHHU3HUTH
SHEPTONOTPeOICHNE CEHCOPHOW CETH 3a CUeT yMEHBIICHHS YMCIa aKTHBHBIX Y3JIOB, YTO B CBOIO
ouepenb IMO3BOJSIET yBEJIMYUTh BpeMs aBTOHOMHOW pabOThl CeTH W yIy4IIUTh ee
MIPOU3BOJUTEIBHOCTb.

Takum 00pa3oM, JaHHBI AJITOPUTM MOXKET OBITh KCIIONB30BAH JUISI ONTHMH3ALUN PaOOTHI
0eCIPOBOJIHBIX CEHCOPHBIX CETel U MOBBIIICHUS UX 3()()EKTUBHOCTH B YCIOBUSIX N3MEHSFOIIIUXCS
MapaMeTPOB OKPYXKAIOLIEH Cpebl U TpeOOBaHUH K KOHTPOJIIO OOBEKTOB.

KiroueBble cji0Ba: CEHCOPHBIE CETH; CaMOOPTaHU3YIOLIMECS CETH; OOydaloIIMMCs aBTOMAT;
MalmHHOE 00yueHue; IHEProdPPEeKTUBHOCTD

Jns nutupoBanus: Ans-O6aiimn A.M.K. O mnaHupoBaHHM aKTUBHOCTH CEHCOPHBIX Y3JIOB B

OecripoBoiHOM ceHCcOopHOI cetn // Hayunsiit pesynbrar. MapopManmonHeie TexHoIOrHH. — T.8,
Ne3, 2023. — C. 19-26. DOI: 10.18413/2518-1092-2022-8-3-0-3

ABOUT PLANNING THE ACTIVITY OF SENSOR NODES

Al-Obaidi A.M.Zh. IN A WIRELESS SENSOR NETWORK

zuhoor Al_Ameer general contracting company, Jadriyah, Baghdad 10070, Iraq
e-mail: 1229004@bsu.edu.ru

Abstract

This article presents a new algorithm for optimizing the activity planning of sensor nodes in
wireless sensor networks. The algorithm is based on the use of a trainable automaton, which allows
you to determine the optimal number of active sensor nodes necessary to ensure control over all
objects in a given area. The machine is trained using a wireless sensor network model, which allows
you to take into account various network parameters, such as the density of distribution of nodes
and objects, the size of the coverage area and other factors.

The effectiveness of the proposed algorithm is evaluated by comparing its results with the results
of other algorithms used for node activity planning. The results show that the proposed algorithm
can significantly reduce the power consumption of the sensor network by reducing the number of
active nodes, which in turn allows you to increase the battery life of the network and improve its
performance.
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Thus, this algorithm can be used to optimize the operation of wireless sensor networks and increase
their efficiency in conditions of changing environmental parameters and requirements for
monitoring objects.

Keywords: sensor networks; self-organizing networks; learning automaton; machine learning;
energy efficiency

For citation: Al-Obaidi A.M.Zh. About planning the activity of sensor nodes in a wireless sensor
network // Research result. Information technologies. — T. 8, Ne3, 2023. — P. 19-26. DOI:
10.18413/2518-1092-2022-8-3-0-3

BBE/IEHUE

becnipoBognbie ceHcopuble cetu (BCC) sBastoTCA OJHUM M3 MEPCHEKTUBHBIX HaIlpaBJICHUN
pazBuTusl 1MppoBeix TexHomormid B XXI Beke. Omnoit w3 chep npumenenus bCC sBusercs
aBTOMaTHUYECKUI cOop nHpopMaIu 00 OKpyKaromen cpene u ynpasisieMblx 00bekTax. Ocodenno bCC
HOJIe3Hbl TaM, IA€ IPHUCYTCTBUE YEJIOBEKAa H3-3a BHEIIHMX (DAaKTOPOB HEBO3MOXHO, JHOO cOOp
UHPOPMALIUK HEOOXOMMO TPOU3BOUTH POIOJIKHTEIHHOE BPEMSL.

Hcnonb3oBaHue MOAOOHBIX CeTell OpPUEHTUPOBAHHO Ha IpPUMEHEHHE B TakuxX cdepax, Kak
uHpOpMaMOHHAs UHQpaAcTpyKTypa, mHdpoBas TpaHchHOpMAIs TMPOMBIIUIEHHOCTH, CHUCTEMBI
yIpaBJIeHUs], FOCYIapCTBEHHOE YIPaBJICHUE, KyMHBIH ropoa» U HU(PPOBOE 3paBOOXPAHEHHUE.

Kak mnpaBuio, y3ig0M CEeTH SBISETCS CEHCOp, COAEpXalluid HaOop JaT4MKOB, MPOLECCOp C
BHYTPEHHEH MaMAThIO, IPUEMO-TIEpEJaTYUK M aBTOHOMHBIN 37eMeHT nuTaHus. CEeHCOpHBIM y3en ceTu
nOTPEOIIIET IICKTPOIHEPTHIO HEOOXOUMYIO JUTsl cOOpa, 00pabOTKH | Tiepenadn HHPOPMAIUH, TaKxKe, B
3aBHCUMOCTH OT TOIOJIOTHH, IEKTPOIHEPIUS PACXOJYETCsl U HAa MapIIPyTU3ALUIO TAKETOB, MOIY4aeMbIX
OT Apyrux y3ioB. Bpems pabotel ceHcopHoro y3na bCC HampsMylo 3aBUCHUT OT pecypca 3JIeMEHTa
IUTAHUS.

ONEeMEHT NUTaHWs UMEET OTPaHUYEHHBIM PHEPropecypc, MpU HCUEPIAHUU KOTOPOIrO Y3€l CETH
npekpamaeTr yHKIMOHUPOBATh, UTO MOXKET KpaiHe HeraTuBHO cka3aTbesi Ha pabore bCC B nemom. B
pe3ynbTare OoJblas 4acTh MHCCIEIOBAaHUM IO YBEIUYEHHUIO CpOKa paboOThl y3ja CETH CBf3aHA C
YMEHBIIEHUEM SHEpronoTpeOIeH U .

Bo16op 3Heproap¢GekTUBHBIX METOJOB U aJTOPUTMOB cOOpa M Mepenayd MHPOpMALUU MEXKIY
SIBJISIETCS OJTHOW U3 OCHOBHBIX aKTYyaJIbHBIX HAyYHBIX MpobisieM npu npoektupoBanuu bCC.

B pamkax naHHO paOOThl pacCMOTPEH AITOPUTM aJaTUBHOTO IJIAHUPOBaHUs padboThl y3108 BCC
Ha OCHOBE 00YYaroluxcs aBTOMaTOB.

OBYYARIIIHECA ABTOMATHI

OOyyaronyecs aBTOMaThl — 3TO MOJEIb MAIIMHHOTO 00y4YeHus. DTa MOJEIb SABJSETCS a0CTPaKTHON
MOJIEIIBIO, KOTOpasi BRIOMPAET MOAXO/sIee IeiicTBUE N3 KOHEYHOTro Habopa JIeHCTBUI U BBITIOJHSET €ro B
ciy4yaiiHOM cpene [2]. 3aTeM ¢ MOMOIIBIO CHTHala MOJAKPEIUIEHUS OKpY’Karolas cpela OLEHUBAET
BbIOpaHHOE JIeHCTBME M pearupyer Ha aBTOMaThl. UTOOBI BBIOpaTh cieqyrollee JeHCTBHE, aBTOMATHI
CHa4yajga OOHOBIIAIOT CBOE BHYTPEHHEE COCTOSIHHE Ha OCHOBE BBIOPAHHOTO MICHCTBHSA, M CHTHAN
npuHuMaercsi. TakuM oOpa3oMm, cienys OnpefeNeHHOMY MpaBUiy, aBTOMAaThl HAaXOIAT HaWiIydllee
BBIXOJTHOE PEIICHHUE, U IS TOTO aBTOMAT HETIPEPHIBHO B3aMMO/ICHCTBYET C OKPYIKAIOIIEH CPeIoif, 9TOOkI
IPUHATH COOTBETCTBYIOIIEE PEIICHHUE JIJIsI COOTBETCTBYIOIETO ICHCTBHSL.

10JX01 K TOCTPOEHHIO SHEPI O3 ®®EKTHBHOH FCC

B nacTosmiee Bpemsi HaOIIOAACTCSl CTPEMHUTENBHBINA MPOTPecc B 00JaCTH OECIIPOBOHOM CBSA3U. JTa
OecrpoBOIHAS CEHCOPHAS CETh BKIIFOYAET B €051 CEHCOPHBIE YCTPONCTBA, KOTOPHIE OCHAIIIEHBI OJTHUM HIIN
HECKOJIbBKMMU JaTYuKaMW, OJHHWM HWJIHW HCECKOJBKHMHU IMPUEMONCPECAATIYNKAMH, pECypCaMH XPaHCHUA
JaHHBIX 17151 00pabOTKU M BO3MOXKHBIMH HCIIOJIHUTEIBHBIMU MEXaHU3MaMU. JTO YCTPOIMCTBO coOMpaeT,
XpaHUT U oOpabarbiBaeT WHPOPMAIHIO 00 OKPYXKAIOIIEH cpene, B KOTOPOW OHO pa3BepHYTO. Takum
00pa3oM, CeHCOpHAst CETh MJIOTHO CBS3aHA C OTPAHMUYEHHBIMHU PECypCaMu U JTUHAMUYECKOU TOMOJIOTHEH.
[IpoGiieMa HexXBaTKU 3JEKTPOIHEPTHM 3aKJIOYAeTCsl B OrPAaHMYEHHUU pa3Mepa U Beca JaT4HKOB.
DHepronoTpebieHNe CEHCOPHON CEeTH HampsMyI0 CBS3aHO C YyBEIIMYEHHEM CpOKa CIYKObl U
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9KCILTyaTallHOHHBIMU ~ XapaKTepUCTUKaMU  CEHCOpHOM cetu. Takum  oOpa3oMm, HEOOXOIUMO
ONITHUMH3UPOBATh TOTPeOJICHUEe SHEpPruu mnpu paboTe ceHCOopHOUW ceTu. B mocnmeanee Bpems OBLIO
IPOBEJCHO MHOTO HCCIIENOBATENLCKUX paboT B 00JAacTH ONTUMHU3ALMU  SHEPronoTpedIeHUs
OecpOBOIHBIX CEHCOPHBIX ceTeit [3].

YtoObl caenaTh CEHCOPHYIO CeTh AHEprodhPeKTUBHOMN, ynpaBieHUE MUTAHHUEM CEHCOPHBIX Y3JIOB
MOJKET OCYILECTBISATHCS CIEAYIOIUM 00pa3oM:

1. [InanupoBaHue y3710B C UCIIOIB30BAHUEM aKTUBHOTO U CIISAIIETO PEKHMOB.

2. YrpapineHue JalnbHOCThIO TIEpeiauu MexAy OECIPOBOIHBIMU y3JIaMH.

3. Ucnonbs3oBanue 3HeproddHeKTUBHBIX METOI0B MapUIpyTH3aUU U cOOpa TaHHBIX.

B nmanHoii paboTe 0CHOBHOE BHUMaHUE OBUIO YJIEJIICHO METOAY TUIAHUPOBAHUS AKTUBHOCTH y3J1a JIJIst
peleHus npooIeMbl MOHUTOPUHTA KOHTPOJIUPYEMBIX 00BbEKTOB. DTOT MeTO]] o0ecrieunBaeT 3 PeKTUBHBIHI
pe3yNbTaT MPU CIy4ailHOM pa3MEIIEHUU JAaTYUKOB, KOTOPHIE OTCICKHUBAIOT (PUKCHPOBAHHBIA CIHCOK
KOHTPOJIMPYEMbIX 00beKTOB (1eneii). CylecTBYIOT HEKOTOpble TpeOOBaHHS K MPOU3BOIUTEIHLHOCTH,
TaKMe KaK MOJKIIIOUCHUE K MapIIpyTHU3alHH, MOKPHITHE CETH, TPEOOBAHUS K PE3CPBUPOBAHHIO W T.1.
KOTOpBIE HCIONB3YIOTCS JI IUIAHUPOBaHUs paboOThl y370B. UTO KacaeTcss MpoOsieMbl 00CTYKHUBaHUS
Henel, To 3/1ech ObUIO CAENAHO IPEANOJ0KEHNE O TOM, YTO KaXKIbld y3€ll pajuoauana3oHa criocoOeH
NOJJIEPKUBATh cBOM MapuipyT. Takum oOpa3zom, Kaxkaas 1elb B CETH 00CTyKUBaeTcsl Oojiee 4eM OJHUM
CEHCOPHBIM Y3JIOM, IJI¢ H30BITOUHBIC Y3JIBI TICPEBOISTCS B CIIAIIUN PEXKUM, HE BIIHSS HA MIOKPBITHE.

B nannoii paboTe npeanaraercs UCMOIb30BaTh MOAXO0/ HAa OCHOBE o0yyaroniuxcsa aBromatoB (OA)
JUTSI TUTAHUPOBAHUSI aKTHBHOCTHU CEHCOPHBIX y3JIOB. JIaHHBIN METO/T TO3BOJISICT HAUTH MUHUMATBHBIA HA00P
AKTUBHBIX CEHCOPHBIX Y3JIOB, KOTOPBIE OTCIIEKUBAIOT MAaKCHUMallbHOE KOJHMYECTBO KOHTPOIUPYEMBIX
00bekToB (KO) B m000#1 MOMEHT BpEMEHH.

JlaHHBIN anTOPUTM SBJISETCS UTEPAlMOHHBIM. [Ipu 3TOM B KadecTBe UCXOAHBIX JAHHBIX HA KAXKIOM
CEHCOPHOM Y3JIe 3a/1a€TCsl BEPOSITHOCTh BhIOOpa OA HayalbHOTO COCTOSIHUS y3J1a, «aKTUBHOE», JTHUOO
«con» co 3HaueHueM 0,5. Ot Kyza cienyer, 4To 00a COCTOSIHUSI pABHOBEPOSTHBI.

Bce ceHcopHble y3mbl HMEWOT (PUKCHpOBaHHYIO naibHOcTh jeiictBus R. KommdectBo
KOHTPOJIMPYEMBIX 00BEKTOB 3aJ1aeTcs 3HaueHHeM M, a KOJTM4ecTBO CEHCOPHBIX y3710B 3HaueHueM N. [Tpu
atoM 1 <j<M,1<i<N.

Ha sramne o0yueHust CEHCOpPHBIN y3el BeIOMpaeTcs ciaydaidlHbiM o0pazoM. Mcnonszys OA, Kaxablid
CEHCOPHBIN y3eN BBIOMpPAeT CBOE COCTOSHHE. 3aTeéM OH MepelaeT MakeT COOOIIeHHs, BKIIOYas BCHO
HE00X0IUMYI0 HH(OpMAIIHIO, OCTAIILHBIM CEHCOPHBIM Y3JIaM.

BekTop BeposSTHOCTH COCTOSTHUSI aBTOMATa B y3Jie 1 B MOMEHT BPEMEHH t paBeH

Pi(t) = [P () pa2(t)] 1)

®OyHKIMs 00paTHOM CBSA3M — ATO IBOWYHAS (YHKI[HS, KOTOpas BBIIACT BO3HAIPAXKICHUE BCAKUMN
pas3, Kor/a 30Ha MOKPBITHS CeTH yiyumaercs. [Iporie roBopsi, €ciii COBOKYITHOE COCTOSIHUE CEHCOPHBIX
y3JI0B, BEIOPAHHBIX KOMaH 101 n3 N 00y4aromuxcs aBTOMATOB, IPUBOJIUT K YIYYIICHUIO 30HBI IOKPHITUS
CETH, TOT/Ia YBEIIMYMBACTCS BEPOSTHOCTh COCTOSIHUN OA, KOTOpBIE COPMUPOBAIH TaKoe perieHue [6].

Mycte J = {ju(t), jo(t), ..., jn(t)} oOo3mawaer neiictBue komaumsl OA. Tlpu stom J* =
{1(®),j5(t), ...jy(t)}- myumee coBokymHoe neiictBue KomaHabl OA Ha JaHHBI MOMEHT, KOTOPOE
oOecrieunBaeT HauOoOIbIlee TOKPBITHE. TakuM 00pa3oM, OCHOBHAS HMJIesl 3aKJIFOUACTCSl B HCIIOJIb30BAaHUH
o0ydeHHusl ¢ MOJAKpEIJICHHEeM, TO ecThb HarpaauTh OA, COBOKYIHOE NEHCTBHE KOTOPBIX OOECreurBaeT
NOJTy4eHHE MaKCUMaJIbHO BO3MOXKHOTO Pe3yJibTaTa Ha JJaHHBI MOMEHT, T.€. 0 MOMEHTa BPEMEHH t.

Oo6nonenune OA B y3i1€ i 32/1a€TCSI COOTHOIIICHHEM:

pipt+1) =10 —=1)bq ) + Ap j(t) 2

e
_ [ lecmmj=ji (1) 3
@n = {0 B ZIPYTHX CIydasax )

A — sIBJIsSIETCA MTapaMeTPOM OOHOBJICHHS M HE 3aBUCUT OT BPEMEHH.
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Ecmu j # j; (t), To p(; jy(t + 1) ymeHbIaeTcs myTeM yMHOXeHHUs Ha A, A <I.
Pt +1) = Apj) () (4)

Ecmu j = j{(t), Torma p(; j)(t + 1) yBenuuuBaercs Ha

payH(E+1) —pajH®) =[(1 =2+ Apg ()] — puj(0) (5)
Pt +1) —pup) =0 —-21)+pq;))A—-1) (6)
Paipt+1) —pep) =0 -DA-pepE) =0 )

C/IOBECHOE OIIHCAHHE AJITOPUTMA INTAHUPOBAHHA PABOThHI
CEHCOPHbIX Y3JIOB

[IpennaraemMslii aNrOpuTMOM B JaHHOW paboTe NPUMEHSETCS ISl IUTAHUPOBAHUS PaOOTHI CEHCOPHBIX
y3JI0B. DTOT ajJrOpuTM IIOMOTraeT B IOHMCKE HAWJIy4lIero HaOopa aKTHBHBIX JaTYMKOB, KOTOpBIC
OTCIJIC)KUBAIOT MAaKCHMaJIbHOE KOJIMYECTBO KOHTPOJIHMPYEMbIX 00BeKkTOB. [Ipomecc paboTsl anropurma
paszeneH Ha TpH (aspl, KOTOPbIE BKIIOYAIOT B ce0s HadabHYIO cranuio, ¢azy oOydeHus u (asy
MOHHUTOpPUHTa KOHTPOJIMPYEMBIX OOBEKTOB. HawanbHbI 3Tanm HauyMHAETCS C IIUPOKOBEINATEIbHOM
nepeaayn COOOINEHUs, COAepKaIlero MH(POPMALUI0O O CEHCOPHOM Y3Jie, €ro COCeAs M. JTOT JTarl
3aKaHYMBACTCS MOJYyYEHUEM OTBETHOW MH(pOPMAIMH OT cocesieil m mHpopMaimein 00 OTCIeKHBAEMBIX
KOHTPOJHPYEMBIX 00BEKTOB. 3aTeM (a3za 00ydeHHUs: HAUMHAETCS C BEIOOpA COCTOSIHHSI y3J1a C MOMOIIBIO
00ydJarolmMX aBTOMATOB M 3aKAaHYMBAETCS IPEIOCTABICHUEM COOTBETCTBYIOLIETO 3HAYEHHUS BEKTOpa
BCPOATHOCTHU JIA BI)I60pa COOTBCTCTBYIOIICTO COCTOSAHMA. 3aKJIIOYATEIBHEIM 3TAallOM SIBISETCS (1)3.38.
MOHHUTOpPUHTa KOHTPOJHPYEMBIX OOBEKTOB — OHA 3aKJIIOYaeTCss B BBIOOPE HAMIIYYIIETO COCTOSHHUS
JATYMKA C UCTIOIH30BAHUEM OOYYAIOUINXCSI aBTOMATOB

BBIYUC/TUTE/IBHBIE SKCIIEPUMEHTHI

OneHka mnpeniaraeMoro ajiroputMa aJanTUBHOro miuaHupoBaHus (AAII) mpousBoguTcs myrem
IPOBEJCHUSI KOMIIBIOTEPHOTO MOJEIUPOBAHUSA CETH C CEHCOPHBIMHU Y3JlaMU M OOBEKTaMHU KOHTPOJIA,
pa3MeleHHBIMU CITydaifHbIM 00pa3oM B npocTpaHcTBe pazmepoM 600 X600 MeTpoB.

J171s Bcex 3KCIepUMEHTOB UCIIONb3YIOTCS CIENYIOLINE TapaMeTphl:

* N — KOJIMUECTBO CEHCOPHBIX Y3JIOB, Pa3BEPHYTHIX CiIydailHbIM 00pa3zoM. Ero 3HaueHne n3mMeHseTcs
B HHTEpBaje ot 4 10 90;

* M — KOJIMYECTBO CIIy4allHO pa3BEepHYTHIX Lieneil. Ero 3HaueHne n3MeHseTcsl B MHTEpBaie OT 3 110
60;

* R — nanbHOCTB paboThl AaTuynka. Ero 3HaueHne nzmensiercs B uurepsaie oT 50 m 10 600 m.

* [TapameTp oOyueHus;

— JIamOna(A), ero 3nadenne usmensiercs B uatepnaie 0,0001 u 0,4;

— DOmncunoH(g), €ro 3HAYEHHE OCTACTCS TOCTOSIHHBIM, KoTopoe coctaBmsier 0,01 mis Bcex
JKCIIEPUMEHTOB.

Bnuanue konuuecmea cencopos

[lens mnepBOro S3KCHEPUMEHTAa SBISUIOCH MCCIEAOBAaHUE 3aBHUCHUMOCTH MEXKAY KOJIMYECTBOM
CEHCOPHBIX Y3JIOB U MOJTy4aeMbIM MUHUMAIIbHBIM KOJINYECTBOM aKTUBHBIX CEHCOPHBIX y3J10B B ceTu. J{is
9TOTO YHCIIO CEHCOPHBIX y3510B Oepercs mexay 20 u 30 ¢ marom 1. ITomyyeHHbIE pe3yabTaThl IPUBEICHBI
B Tabiuuax. B Ttabnuie npencraBieHbl pe3yabTaThl, MOJydeHHbIe Npu pazMerienuud 10 u 15 o0bekToB
KOHTPOJIS, TAJIbHOCTh OOHAPYXKEHHUs1 CeHCOpHOTO y3i1a cocTabisiia 300 M u 400 M.
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Tabnuya 1
PesynbTarhl 3KCIEpUMEHTA, MOIY4YEeHHbIE IpU pa3MelieHnn 10 00bEKTOB KOHTPOJIA,
JTAIBHOCTH OOHapyskeHusi ceHcopHoro y3ia 300 M, KOTMYECTBO CEHCOPHBIX Y3JIOB
M3MEHsI0Ch B mipenenax ot 20 go 30
Table 1
The experimental results obtained by placing 10 control objects, the detection range
of the sensor node is 300 m, the number of sensor nodes varied from 20 to 30
KommaecTtBo cencopubix y3moB (N) |CpenHee KOIHIECTBO aKTUBHBIX CEHCOPOB
20 2,136
21 2,132
22 2,130
23 2,125
24 2,109
25 1,879
26 1,768
27 1,520
28 1,280
29 1,113
30 1,023
Tabnuya 2
Pe3ynbTarhl 3KCIEpUMEHTA, NTOTY4YEHHBIE IIPU pa3MeIleHuu 15 00beKTOB KOHTPOII,
JAIBHOCTH OOHApYKEHUsI CEHCOPHOTO y371a 150 M, KOTUYECTBO CEHCOPHBIX Y3JIOB
M3MEHSUTOCH B mpejenax ot 20 mo 30
Table 2

The experimental results obtained by placing 15 control objects, the detection range of the sensor
node is 150 m, the number of sensor nodes varied from 20 to 30

KonnyectBo ceHcopHbIX y3110B (N) |CpenHee KOIMUECTBO aKTUBHBIX CEHCOPOB
20 7,168
21 7,120
22 6,972
23 6,832
24 6,721
25 6,287
26 6,176
27 6,143
28 6,111
29 5,835
30 5,439

Ha pucynke 1 moka3aHo, 4To Mpu Majol JajJbHOCTH OOHapyKeHus: TpedyeTcsl 0oJblIe CEHCOPHBIX
y3JI0B Ui 00CTyXMBaHUs 00BEKTOB KOHTposs. Ho yBenuueHue nanbHOCTH OOHApY)KEHHUs! MPUBOAMUT K
YMEHBILIEHUIO KOJINYECTBA aKTUBHBIX CEHCOPHBIX Y3JIOB, UCIOJB3YEMBIX ISl HAOI0/IeHUs 32 00 bEKTaMHI
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KOHTPOJISI, YTO MOKA3bIBAET Ty XK€ TEHJEHIMIO PE3Yy/IbTaTOB, YTO U MPHU OOJBIINX 3HAYEHUSAX AAJTBHOCTH
oOHapy>KeHHsI, TOKa3aHHbBIX Ha PHUCYHKE 2.

8 T T T

|
—s— M=15, R=100

75 s

6.5

5 ! 1 ! !
20 22 24 26 28 30

Puc. 1. I'paduk, moxa3pIBaIONINIA BIUSHUE YBETHUSHHS YHCIa CEHCOPHBIX y3JI0B
pu 00cIyKuBaHUU 15 00BEKTOB KOHTPOJIS U NajdbHOCTH oOHapyxenus 100 m
Ha CPCAHCEC KOJITMYCCTBO aKTUBHBIX CCHCOPHBIX Y3JI0B
Fig. 1. A graph showing the effect of increasing the number of sensor nodes when servicing 15
monitoring objects and a detection range of 100 m on the average number of active sensor nodes
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—— M=10, R=300
—— M=15, R=400
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151
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Puc.2.T pa(I)I/IK, HOKa3LIBaIOIHI/II71 BJIMAHUC YBCIIMYCHU YHCJIa CCHCOPHBIX Y3JI0B
Ha CPECAHCE KOJTMYCCTBO aKTUBHBIX CCHCOPHBIX Y3JI0B
Fig. 2. A graph showing the effect of increasing the number of sensor nodes
on the average number of active sensor nodes
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DKCHEepUMEHT 10 CPaBHEHHIO Pa3pabOTaHHOTO aAIFOPUTMA C IPYTUMH alrOPUTMAaMHU INTAHUPOBAHUS
IPOBOJUTCS Ui onpeaeiaeHus 3PPEKTUBHOCTH MPEITI0KEHHOTO aaroputMa ooydenus. [[ns storo B3sT
anroput™m 1ianupoBanuss LADSC w3 crateu [7] ¥ aaropuTm mpsMoro rnepedopa. DTH alrOpUTMbI
CPaBHMBAIOTCSI Ha OCHOBE M3MEHEHHs IUIOTHOCTU CEHCOPHBIX Y3JI0B. AJNTOPUTMBI OLEHUBAIOTCS IO HMX
CBOICTBY HCIOIb30BaTh MUHUMAIbHOE KOJIMYECTBO AKTUBHBIX CEHCOPHBIX Y3JI0B JI OOCITYKHBaHHS BCEX
00BEKTOB KOHTPOJIS.

Tabauya 3

CpaBHeHue npeasioxkKeHHOro aroputMa ¢ anroputmom LADSC, u mpoBepka npaBuiIbHOCTH PE3YyIbTATOB
C UCIOJIb30BAaHUEM AJTOPUTMA IPSIMOTO nepedopa npu 9 00beKTax KOHTPOJIS, KOJIMUECTBO CEHCOPHBIX

Y3JI0B U3MEHSJIOCH B npenenax 9 no 25, nanpHocTh AeiictBus 100 m

Table 3
Comparison of the proposed algorithm with the LADSC algorithm, and verification of the correctness
of the results using the direct search algorithm with 9 control objects, the number of sensor nodes varied

from 9 to 25, the range of 100 m

Kounuecr- | Ilpeanaraemblii aJ1ropuTm LADSC IIpsimoii mepe6op
BO Komuuect Komuuect | KonuuectBo | Konmuuect
KomuuectBo KonnuectBo
CEHCOPHBI | BO aKTHB- BO o0cyXuBae BO
00CITy’)KUBAEMBI 00CITy>)KUBAEMBI
X y3JI0B HBIX AKTHUBHBIX MBIX aKTUBHBIX
X 00BEKTOB X 00BEKTOB
(N) CEHCOPOB CEHCOPOB | OOBEKTOB | CEHCOPOB
10 6,0 9 7,0 9 6 9
12 5,0 9 7,0 9 5 9
14 5,0 9 6,0 8 5 9
16 5,0 9 6,0 9 S) 9
18 5,0 9 4,0 7 5 9
20 5,0 9 6,0 9 4 9
22 4,0 9 5,0 9 4 9
24 4,0 9 5,0 9 4 9

W3 mosiydyeHHBIX pe3yNbTaTOB MOYKHO 3aMETHUTh, YTO MPENJIOKEHHBIH AJTOPUTM IJIAHUPOBAHUS
o0ecreynBaeT Jy4llne pe3yabTaThl M0 cpaBHEHHIO ¢ aaroputMoM LADSC nans momydeHHs MEHbBIIETO
KOJIMYECTBA AKTUBHBIX CEHCOPHBIX Y3JIOB JUIsl MOHUTOPUHTA BCEX 00BEKTOB KOHTPOJIS. [lake B HEKOTOPBIX
ciyuasx anroputM LADSC naet 3¢ ekt ucrnonb30BaHUsl MEHBIIEr0 KOJUYECTBA aKTUBHBIX CEHCOPHBIX
y3JI0B, HO OH HE B COCTOSIHUM OXBAaTUTh BCE 0OBEKTHI KOHTPOJsA. Takum oOpa3om, oH MeHee 3D (PeKTUBEH,
YyeM MpeularaeéMblii anroput™. 1o oOecreynBaeT TOT (akT, YTO MpeAsaraeMblil alrOpUTM MOTpedseT
MEHbIIIEe KOJIMYECTBO IHEpruu, yem anroput™ LANDS, u nostomy nomoraer MakCUMaJIbHO YBEIHYUTH
CPOK CITy’ObI CEHCOpPHO# ceTu. M moiy4yaTts ONTUMU3UPOBAHHbIE PE3YIbTATHI.

3AK/TIOYEHUE

[IpeanaraeMblil anrOpUTM JIsl SKOHOMHUHU SHEPTUH MO3BOJISIET MPOU3BOJIUTh HACTPOHKY CEHCOPHBIX
y3JI0B, YTO MpejAcTaBiseT co0oil koHuenuuio oOyudeHus. TakuM oOpa3oMm, OHM MOTYT B aBTOHOMHOM
peKHUMe BBIOPATh CBOE COCTOSTHUE, OBITh aKTUBHBIMU WJIM HAXOAUTCS B oxuaanuu. [Ipenmonaraercs, yto
B AKTHBHOM COCTOSIHUM CEHCOpPHBIE Y3JIbl OOCHYKHMBAIOT JOCTYIHBIE KOHTPOJIHMPYEMbIE OOBEKTHI,
3aTpaynBas HEKOTOPOE KOJUYECTBO SHEepruu. lIpeanokeHHbIH aaroput™M oOecreunBaeT METO0JIOTHIO
OoMCKa MHUHUMAJbHO KOJIMYECTBA AKTHUBHBIX CEHCOPHBIX VY3JI0B, KOTOpbIE OOCIYXHBAalOT BCE
KOHTPOJIMPYEMbIE O0BEKTHI.

Jpyrumu ciioBaMu, 3TO MOKHO OIpPENEIUTh TaK: MPHU UCIOJb30BaHUN MUHHMAJIBLHOTO KOJMYECTBA
AKTUBHBIX CEHCOPHBIX Y3JI0B HCIONB3YeTCs MHUHHUMATIbHAs JHEPrHsl CEeTH, WU, TaKUM 00pazom, 3Ta
KOHIEMIIMS ITOMOTaeT S3KOHOMHUTh HEPTHIO B OECIIPOBOIHOM CEHCOPHO CETH.
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OTOT alrOpUTM NPUMEHUM KaK K MaJlbIM, TaK ¥ K 00JIbIIUM O€CIIPOBOIHBIM CEHCOPHBIM ceTsiM. Ho
IIPY IPOBEJICHUHU SKCIIEPUMEHTOB B CETH TAKOTO THIIA CJIEIYET YUUTHIBATh 3HAUCHHE ITapaMeTpa 00ydeHus,
YTOOBI MOJIyYUTh XOPOUIME pe3ysbTaThl. JJalbHOCTh EHCTBHUS CEHCOPHOTO y3Jla OKa3bIBAaeT OJJMHAKOBOE
BIMSHUE Ha 00a Tuma ceteid. M ecau mpoBecTH cpaBHEHUE, IPU OAMHAKOBBIX YCIOBHUAX, MPEATOKEHHBIH
QJITOPUTM IIOKa3bIBAET 00JIee BEICOKUE PE3yJIbTaThl, YeM BbIOpaHHBIE 11 CPABHEHUSI aJITOPUTMBI.
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BBE/IEHUE

OxHUM U3 BKHEHIINX HANPABJICHUN aBTOMATHYECKOW 00pabOTKH €CTECTBEHHO-S3bIKOBBIX JAHHBIX
ABJIsIeTCA Pa3paboTKa U COBEPIIEHCTBOBAHUE UHTEIIEKTYAIbHBIX AUATOIOBBIX CUCTEM U UX YIPOILIEHHBIX
BEpPCHUI — 4aT-00TOB. DTH CUCTEMBI CTAJIM BCE Yalle MPUMEHATHCA B KOMMEPUYECKUX MPOEKTaX, I7l€ OHU
UCIMOJIB3YIOTCSl B OOIIEHUH € KJIMEHTaMHU JUIsl IOMOILIM B IOKYIKE TOBAPOB, TEXHUUYECKOW IMOAJEPHKKH,
HaBUTallUM 10 cailtaM U T.A. JlMaloroBble CHUCTEMBI HCIHOJB3YIOTCS B KaueCTBE HHTEIIEKTYaJIbHBIX
MOJyJiel OOIIEeHUsI COUAIBHBIX pOOOTOB, KOTOPBIE YXaXKUBAIOT 38 OOJIBHBIMM, IPECTAPEIIBIMU JIFOIbMHU.

3ajaya JAMANOrOBBIX CHUCTEM — HE TOJBKO IPOJEMOHCTPUPOBATh I10JIb30BATENI0 CBOU
KOMMYHHKAaTHBHbIE CIOCOOHOCTH, HO U MPEIOCTaBUTh MAKCUMAJIBHO TOUHBIN OTBET Ha BOIIPOC, 3aJJaHHBbIIH
Ha €CTECTBEHHOM s3blke [5]. JlnanoroBble CHCTEMbI, OCHOBAHHBIE HA MCIIOJIb30BAHUM IPOTPAMMHBIX
CpeAcTB OOpabOTKM €CTECTBEHHO-S3bIKOBBIX JIAHHBIX M IpPEIHA3HAUYEHHbIE Ul BbIAAYM OTBETOB Ha
3a/laHHble  I10JIb30BATENsIMU  BONIPOCHI, OYJEM HMMEHOBAaTh BOIPOCHO-OTBETHBIMU  CHCTEMaMH.
CoBpeMeHHbIE  BONPOCHO-OTBETHBIE CHUCTEMBbl O00JaJalOT MOAYJISMU KOHTEHTHOW aHaJIMTHUKHU,
MO3BOJISIOIIMMHI COOMPATh U YIMOPSAA0YNBATH HHPOPMALIKIO, @ TAK)KE HCIIOJIb30BaTh MATMHHOE 00ydYeHHUE
Ha OCHOBE HEHPOHHBIX ceTeil. MI3BeCTHBIMM IpUMEpaMu TaKUX CHUCTEM SIBISIOTCS BOIPOCHO-OTBETHbBIE
cepBucel «ChatGPT» (OpenAl), «Watson» (IBM), BupTyasibHble acCUCTEHTHI «Anmcay (Sumekc), «Siri»
(Apple), «Google Assistant», «Amazon Alexay, «Cortana» (Microsoft). CnenuanucTsl yTBEp>KIAOT, YTO
CYLIECTBYET NOTPEOHOCTh B AJEKBAaTHBIX CPEACTBAaX OLIEHWBAHUS XAPAKTEPUCTUK TUAIOTOBBIX CHCTEM.
Henocraer oOuienpu3HaHHBIX METO/I0B, MOJIENIEH, METPUK, KPUTEPUEB U KOJIMYECTBEHHBIX MOKa3aTelieH,
Ha OCHOBE KOTOPBHIX MOKHO OBLIO OBl 00€CTIeYNTh 00OCHOBAHHOCTH MMPHHUMAEMBIX PEIICHUI O KauecTBe
(YHKLMOHUPOBAHUS TMAJIOTOBBIX CHUCTEM, OOBEKTUBHO BBIIBUTh WX HEAOCTATKM U ONPEICIUThH
HaIpaBJICHUS JAJbHEHIIIEr0 COBEPLICHCTBOBAHMS.

CymecTByrone HMHCTPYMEHTApUM OLEHKU XapaKTePUCTHK JUAJIOTOBBIX CHCTEM IO3BOJISIOT
OLICHUTHh OOOOIICHHBIN MOKAa3aTeNb BBHIMOJHEHHS AMAJIOrOBOM CHCTEMOW BOIMPOCHO-OTBETHBIX (YHKIUH
0e3 MpUBSI3KU K OCOOEHHOCTSIM TE€X WJIM MHBIX Iosib3oBarenedl uiu ux rpynm [2]. Ilpu 3ToM B Takux
CPEICTBaxX OLICHKU IapaMeTphl HEYETKOrO BBIBOJA HACTPOEHBI HA «CPENHEro IOJb30BaTENs» M HE
YUUTHIBAIOT TAKHUE YEJIOBEUECKHE OCOOEHHOCTH, KaK, HAallpUMep, TEPIIEIUBOCTh B 33JaBaHUU BOIIPOCOB MIIH
cO00pa3sUTENbHOCTh NPU MOJYYEHUH HEJOCTATOYHOIO TOYHOIO M TOJHOTO oTBeTa M T.I. YUTOOBI
0o0ecnevnTh y4eT MOoJ00HbBIX MOIb30BATENbCKUX 0COOCHHOCTEN NOTpeOyeTcss MHOIOKPAaTHOE YCIIOKHEHNE
NPEUIOKEHHBIX ~allTOPUTMOB OLICHMBAHUS, OCHOBAHHBIX HA MPUMEHEHMHM HEYETKOTO BBIBOJAA M
HelpoceTeBOW HACTPOMKH, T.K. JUIsl KaXJI0M TpyIIIbI osb3oBareseil Oyner Heo0X0uMo:

- BBIYMCIIUTh YaCTHBIE [TOKA3aTeIN TOUHOCTH, JAKOHUYHOCTH U TOJIHOTHI OTBETOB;

- chopMupoOBaTh OTNIETBHBIE 00YUYaOIINE BHIOOPKH;

- CO37aTh OTAEIBHBIE CUCTEMBI HEYETKOIO BBIBOJIA;

- HACTPOMUTh MapaMeTpbl Ka)XJ0H CHUCTEMBbl HEYETKOrOo BBIBOJA C IIOMOIIbIO HEWPOCETEBOTO
oOy4eHus;

- OLEHUTh OOOOIIEHHBIH IMOKa3aTeab BBIMOJIHEHUS JMAJIOrOBOM CHUCTEMOH BOIPOCHO-OTBETHBIX
byHKLUH, peaTu30BaB NMPOLEAYpbl HEYETKOTO BHIBOJIA.

Takoe yclio)KHEHHE TpOIEcca BHIYMCICHUS XapaKTEPUCTUK AHAIOTOBOM CHUCTEMBbl HEMpPUEMIIEMO,
MIO3TOMY JUIsl OLICHUBAHUS COOTBETCTBHSI XapaKTEPUCTUK BOIIPOCHO-OTBETHOM CUCTEMbI OCOOCHHOCTAM €&
noJib30Baresiel Tpedyercs MoJeNnb YeJlOBEKO-MAaIlIMHHOIO Juaiora, pe3yjbTaThl pa3pabOTKH KOTOPOH
IIPEJICTaBIICHBI HIKE.

PA3PABOTKA MOJEJIH YEJIOBEKO-MAIITHHHOI O THAJIOT'A
[Tycte y momb3oBaTenss MMeeTcsl MOTPeOHOCTh B IMOJIYYEHUHU olpeneiaeHHoW uHopmaruu. s
YJIOBJIETBOPEHHUST 3TOM MOTPEOHOCTH TOJb30BaTeNlb BCTYNMAaeT B YEJIOBEKO-MALIMHHBIMA JHANOT.
CrnenoBarenbHO, 1I€JIbI0 3TOTO JIUANOra SBISETCS YJOBJIETBOPEHUE OINpeAeNeHHOW HH(OpMalnOHHON
notpeOHOCTH mojb3oBarensd. Ha pucynke 1 mpenctaBieH  BepOsSTHOCTHO-BpEMEHHOW — rpad,
MOJIETTUPYIOIIMH MPOLIECC YeT0BEKO-MaIMHHOTO JHAJIOTa.
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Puc. 1. BeposTHOCTHO-BpEMEHHOM rpad, MOAETUPYIOLIHII Mpollecc YeTOBEKO-MAIIMHHOTO Ihaiora
Fig. 1. Probabilistic-time graph modeling the process of human-machine dialogue

HauvanpHOe cocrostHHe MozenupyeMoro mporecca o0o3HaueHo «By». B xome mumanora yemoBekom
3a/1aeTcsl BOIPOC, IPU 3TOM MPOLECC MOJICTHPOBAHUS MEPEXOUT B cocTosiHue «Q». Jlanee Ha 3a1aHHBIHI
BOMIPOC CHCTEMa BBINACT OTBET. ECiM MOydeHHBIH MOJB30BATEIEM OTBET B IOJIHOW MEpE CONEPIKUT
TpeOyemyro nHGOopMaIuIo (TaKoi BapuaHT COOTBETCTBYET MEPEXOy U3 COCTOSIHUA «Q» B cocTostHIE «F»),
TO CYMTACTCS, YTO 1Ieb AUAIOTA JOCTUTHYTA, U MOJEIUPYEMBIN MPOIIECC MEPEXOAUT U3 COCTOSTHUS «F» B
TepMHHANIbHOE cocTosiHMEe «R». Eciay B MOTy4eHHOM OTBETe MPAKTHUECKU OTCYTCTBYET TpeOyemas
uH(popMaIus (rmepexoa u3 cocTossaus «Q» B cocTossHuEe «Ay), TTOJIE30BaTEIh MOXKET MPEKPATUTH JHAIIOT
0e3 JOCTMKEeHHUS 11U (TIepexo/1 U3 COCTOSIHUS «P» B TepMuHanbHOe cocTosiHue «N»), TOCUUTaB CUCTEMY
Oecrosie3HOM JUIsl YAOBIETBOPEHUSI €ro MH(GOPMAIIMOHHOW TOTPEOHOCTH, a MOXET 3aJaTh CHCTEME
YTOYHSIOMIHH BOIpoc (mepexo u3 coctossHust «Py» B coctosiHue «Q»).

B cnayuyae mnomydeHuss oTBeTa, B KOTOPOM YAaCTUYHO COJEPKUTCA TpedyeMas uH(popmanus,
MOJICTTUPYEMBIH TIpOIleCC MepexXoAuT U3 cocTosHUus «Q» B coctosHue «P». IIpu 3TOM BO3MOKHBI
CJICAYIOIINE BapUAHTHI:

1) monb3oBaTenb YIOBIETBOPSIETCS TMOJMYYCHHBIM OTBETOM, IIeJb Juajora JJOCTHTaeTrcs, a
MOJICIIUPYEMBIN MPOIIECC MEPEXOAUT U3 COCTOSIHUS «P» B TepMUHAIBHOE COCTOsTHUE «R»;

2) monb30BaTeNh HE YIOBJIETBOPSETCS MOTYYEHHBIM OTBETOM M 3a/a€T YTOYHSIOIIMA BOIPOC,
MOJIEITUPYEMBIH TPOLIECC MEPEXOTUT U3 COCTOSTHUS «P» B cocTosiHuEe «Q»;

3) monp30BaTENb HE YJOBIETBOPSETCS MONYUYEHHBIM OTBETOM M TpEeKpallaeT 3aJaBaTh BOMPOCHI,
JIMaJIOT 3aKaH4YMBAETCS, HE JOCTUTHYB II€JHM, YTO COOTBETCTBYET IEPEXOQy W3 COCTOSHHS «P» B
TepMHUHAIIEHOE cOCTOsSTHUE «N».

B pesynbrare BBITOJHEHHS KOHEYHOTO YHMCIIA YKAa3aHHBIX BBIIIE MMEPEXOJ0B TUATIOT 3aBEpIIaeTCs,
T.€. MOJACIUPYEMBI MPOILIECC OKA3bIBACTCSI B TEPMUHAIBHOM COCTOSIHHMM «R» WM B TepMHUHAIEHOM
cocrossann «N». I'pad, m3o0pakeHHBI Ha PUCYHKE 1|, TOCTpPOEH ISl Ciydasi, MPU KOTOPOM YHCIIO
3aJ[aBaeMbIX I0JIb30BATENIEM YTOUYHSIONIMX BOMPOCOB, OrpaHHYHMBaeTcs BenuunHoii M=1. Ilepexox mo
CTpeJIKe U3 KaKoi-1100 BepIIMHBI rpada B COCETHIOI BEPIIMHY MOJCIUPYETCS C MOMOLIbI0 HEKOTOPOI

byHKINH:

Q2)=w-7", )
rae (® — BEPOSITHOCTh OCYILECTBICHUS NEPEX0aa; T — BPEMs, B TEUYEHHUE KOTOPOTO OCYIIECTBISETCS
nepexoj; Z — BCIIOMOTaTeNbHbIN MapameTp, UCIONIb3yeMbIil B TEOPUH MTPOU3BOIAIINX (DYHKITUH.

Ilepexon u3 cocrosuus «N» B cocrosue «Q» Momenupyercs dymkumeit z', rme t — cpemmss
IPOIOJDKUTEIBHOCTD IO BpeMEeHH (POPMYIHPOBKH IMOJIB30BATEIEM BOMPOCA U BBIJAYM CUCTEMOM OTBETA.



I—IA 5} I—II—IbIM Bysoe I1.A, HeumsaHn E.B, Ioavwukos K.A., Jle6edesa A.C. OyeHugaHue 6epOsIMHOCMHO-
8pPEMEHHbIX XApaKmMepucmuk Yesn08eKo-MawuHHozo duanoza // Hayumwili pesysvmam. 30
PE BYHE)TA I HugpopmayuorHvie mexroaozuu. - T.8, Ne3, 2023

RESEARCH RESUL T
——

[lepexony u3 cocrosaust «Q» B cocrosHue «F» cooTBeTcTBYyeT BenmuunHa f — BeposATHOCTH TOTO, YTO
BBIIAHHBI CHCTEMOH OTBET B TIOJHOW MeEpe COICPKUT TpeOyeMyro IMOJIb30BaTeI0 WH(MOPMAIIUIO.
[lepexony u3 cocrosnus «Q» B coctosiHue «P» COOTBETCTBYeT BeIMYMHA P — BEPOATHOCTH BbIIAUU
CHCTEMOW OTBeTa, B KOTOPOM YaCTHYHO COAEPKUTCS Tpedyemas unpopmarms. M3 coctosHus «Q»
BO3MOXEH TaKXKe IMEPEX0/] B COCTOSHUE «A». ITOMY COOBITHIO COOTBETCTBYET BEJIMUMHA & — BEPOSATHOCTh
OTCYTCTBUSI B BBIJAHHOM CHCTEMOH OTBeTe HH(OpManuu, Tpedyemoill moib3oBatento. [lo ycmoBuio
HOPMHPOBKH BEPOATHOCTh & MOYXKET ObITh BBIYHUCIIEHA C IOMOIIBIO BHIPAXKEHUS:
a=1-f—p.

N3 cocrosHus «F» B TepMHUHAIBHOE COCTOSIHHE «R» OCYIIECTBISETCS MEPEXO] C BEPOSATHOCTHIO,
paBHoil 1. [lepexony u3 cocrostuust «P» B cocTossHue «R» COOTBETCTBYET BEIMYMHA S — BEPOATHOCTh
YIOBJIETBOPEHHOCTH TIOJIH30BATEIIS [TOJYY€HHBIM OTBETOM, B KOTOPOM YaCTUYHO COJCPIKUTCS Tpedyemast

unpopmanus. [lepexon u3 cocrosiaus «P» B cocrostare «Q» Momenupyercss pyHKIuen N Zt, rae N —

BCPOATHOCTD Hey,ZLOBJ'IeTBOpeHHOCTI/I IT0JIB30BATCIIA HOJIY‘IGHHBIM OTBETOM, B KOTOPOM 4YaCTHU4YHO
conepxkutcst TpeOyemas uH(popmaiusa. [Io ycnoBui0 HOPMUPOBKH BEPOSTHOCTEH BEIMYHUHY N MOXKHO
BBIYHUCIINTH C IIOMOIIIBIO BI)Ipa)KeHI/IflI

n=1-s.

. St
[Tepexox u3 cocrosiHust «A» B coctosiHue «Q» Monenupyercs ¢yHkuued Z . Ilepexomy u3
cocrosiHus «P» B coctosiHue «N» cOOTBETCTBYET BeposiTHOCTh N . HakoHen, nepexon u3 coctosiHus «A» B
TepMUHAJIbHOE cocTosiHHE «N» ocyllecTBIseTcs € BepOsSTHOCTbIO, paBHOM 1. B  pesynbrare

JKBUBAJIEHTHBIX Mpeobpa3oBanuii rpada, MoMyueHbl BRIpakKeHUs s Bhruncienus () — Qynkimu
nepexoza u3 cocTostuus «Bx» B cocrosuue «R» mpu M=1, QL (z) — GyHKIME TEpexoaa U3 COCTOSHUSA
«B» B cocrosmme «N» mpu Mm=1, () — Gpynkumu nepexona us cocrosuus «B» B cocrosnue «E» npu

m=1. Yaanoce BBIBECTH COOTBETCTBYIOIINE BhIpAKEHHS s M=2, M=3 u M=4, BLISIBUTh B HUX
0000111aro1ie 3aKOHOMEPHOCTH, Ha OCHOBE KOTOPBIX MOJYYEHBI (DOPMYJIbI JIJISI BBHIUMCICHUS (DYHKIHI

QL (2), QF, (2) u Qge (2) npu mo6om HaTyparbHOM M

t m m-oa N\ . |
QER(2>=(f+ps>z;;(pnz) (az )ﬂ%, 2

o (2) = maxy aqma M
Qg (2) =(pn+a)z ;(pn) a i)t (3)
Q (2) = Q5. (2) + Q5 (2). @

JJ1s BBIYHCTICHUS BEPOSTHOCTH JOCTHKCHHUS [IEJTH TUAIIOTa MOKHO MCIIOIh30BaTh BRIPAKEHUE:
_ m
r-m - QBR (Z) 7=1" (5)
Cpenssisi TPOJOIKUTENFHOCTh YEOBEKO-MAITHHHOTO JHAliora MOXET OBITh BBIYUCICHA TIO
dbopmyme:

d n
u, = EQBE (Z)

(6)

z=1

PE3YJIBTATBI PABOTbBI
Ha ocHoBe npuMeHeHus pa3paboTaHHOH MOJIENH IPOBEEHBI SKCIIEPUMEHTAIIbHbIE HCCIIEA0BAHUS 110
OLICHUBAHUIO BEPOSITHOCTHO-BPEMEHHBIX XapaKTEPUCTUK 4YeIOBEKO-MAalIMHHOIO juainora. I'paduku
3aBUCHMOCTH BEJIMYMH [, M U, OT 3HauyeHHWd BenuuuHbl M mpu f =0,3 u p=0,4 mnpeacraBieHsl Ha

pucyHKax 2 u 3.
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Fig. 2. Graphs of the dependence of the magnitude on the values I, of the magnitude m
at f =0,3and p=0,4
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Puc. 3. T'paduku 3aBUCHMOCTH BETUYHUHBI Uy, OT 3HAYSHHUH BETUIHHBI M
mpu f =0,3u p=0,4
Fig. 3. Graphs of the dependence of the magnitude on the values u,, of the magnitude m
at f =0,3and p=0,4

JlomycTum 3a/1aHbl TpeOOBaHUS K XapaKTEPUCTHKAM JHaOTOBOM CHCTEMBbI, HAalIpUMeEp, BEPOSITHOCTD
JOCTHKEHHUSI LEeMM YeJOBEKO-MallMHHOIO Juajora He JoibkHa ObiTh Humke 0,9, a cpenHas
IPOJOKUTEIBLHOCTD JUAJIOTa IPH 3TOM He J0JKHA npeBblaTh 40 c. Torna ananus npeacTaBlIeHHbBIX HA
pucyHkax 2 U 3 rpauKOB MOKa3bIBaeT, YTO AMaioroBas cucrema c mapamerpamu f =0,3 u p=0,4
PEKOMEH/IyeTCsl TeM II0JIb30BaTelsIM, KOTOphIE, B Cllyyae HEOOXOIUMOCTH, TOTOBBI 331aTh XOTS Obl 4
YTOYHSIIOIINX BOIPOCa, a TakKe C BEPOSATHOCThIO He Huxke 0,2 OyayT yIOBJIETBOPEHBI MOJYUYEHHBIMU
OTBETaMH, B KOTOPBIX JIUIIb YACTUYHO COEPKUTCS Tpedyemast uH(opMarus.
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[IpoBeneHbl MHOTOYMCIECHHBIE SKCIEPUMEHTHI MO HCCIEAOBAHUIO XapaKTEPUCTUK JIMATIOrOBOMN
CUCTEMBI «AJHCa» W OICHUBAHUIO TOKa3aTelIel, XapaKTepU3YIOIMX 0COOCHHOCTH €€ MoJib3oBareneii. B
X0Jle SKCIIEPUMEHTOB MPOBOJIWINCH AMAJIOTH I0JIb30BAaTENeii € STOM CcHCTeMOH, (DUKCHPOBAIINCH
PE3YNIbTATHI, XapaKTePU3YIOIIHE COJIepKaHne TpeOyeMoi nH(popMaIiy B BbIIaBaEMbIX CUCTEMON OTBETaX
U YIOBJIETBOPEHHOCTh MMH IOJIb30BaTeneil. B skcnepuMeHTaNbHBIX Iuanorax NnpuHsuid ydactue 134
HOJIB30BATENs, KKABIH M3 KOTOPHIX MpoBesn ¢ cucreMoil mo 20 nuanoroB. BeimomHena oOpabotka
9KCIIEPUMEHTANIBHBIX JIAaHHBIX, MPOBEICHHBIX C Y4acTHEM BCEX I0JIb30BaTelei, a 3aTeM MOJy4YeHbI
pe3yJIbTaThl BHIYUCIECHUI Ha OCHOBE Pa3pabOTaHHON MOJEIIH.

[IpoBeneH cTaTUCTUYECKUN aHANU3 OTKJIOHEHUH pe3yNbTaTOB SKCIEPUMEHTOB OT pe3yNIbTaToOB
MOJICTTMPOBAHUS. AHaIN3 TOKA3aJ, YTO OTKJIOHEHHUS XapPAaKTEPUCTUK YEJIOBEKO-MAIMHHBIX JIHAJIOTOB,
MOJIyYEHHBIX B pE3yJbTaTe OJKCHEPUMEHTOB, OT XapaKTepUCTUK, BBIYMCICHHBIX B pe3yibTare
MOJICJIMPOBAHUs, HE MPEBBIIAOT +3,8 % npu 1oBepuTesbHOM BeposiTHOCTH 0,95. Bhicokas cxoauMOCTh
pPE3yJIbTAaTOB HKCIIEPUMEHTAIBHBIX HCCIEA0BAaHUN H MOJIECTUPOBAHUS CBUIETEILCTBYET 00 aJeKBaTHOCTH
pa3zpaboTaHHON MOJIEH YEI0BEKO-MAIIMHHOIO AUAJIOoTa.

3AK/IIOYEHHE

Mopeinb 4en0BEeKO-MAaIMHHOTO IMAJIora YYUTHIBAET XapaKTEPUCTUKN TUATIOTOBOM CUCTEMBI, B YUCIIE
KOTOPBIX CJEAYIOIIME BEJIMYMHBI: BEPOATHOCTh BBIJAYM CHCTEMOM OTBETa, B KOTOPOM YACTUYHO
coJlep>kuTCs TpedyeMasi nH(GOpMaLKs; BEPOATHOCTh TOTO, YTO BbIIAHHBINM CUCTEMOM OTBET B MOJIHOU Mepe
COJICPKUT TPEOYEeMYIO TMOJIH30BATEII0 WH()OPMAIINIO;, BEPOSITHOCTh OTCYTCTBUS B BBIIAHHOM CHCTEMOU
otBeTe nHpopMaluu, Tpedyemoit monp3oBarento. Kpome Toro, Moaens y4uThIBaeT 3HAUCHUS TAPAMETPOB,
XapaKTePU3YIOMIMX OCOOCHHOCTH II0JIh30BATENs: BEPOATHOCTHh YAOBICTBOPEHHOCTH TOJB30BATEIIS
MOJIyYEHHBIM OTBETOM, B KOTOPOM YacCTUYHO COJIEPKUTCA TpedyeMas uHopMaius; BEpOSTHOCTH
HEYHOBJIETBOPECHHOCTU II0Jb30BATENA IMOJIYYEHHBIM OTBETOM, B KOTOPOM YacTUYHO COAEPIKUTCS
TpeOyemast MHpOpMAIUs; MaKCHMAJIbHOEC KOJUYECTBO YTOYHSIIOIIMX BOIPOCOB,  3a/1aBa€MBIX
[10JIb30BATEJIEM B JUAJIOTE.
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AHHOTAUA

B nanHoit pabore paccMmaTpuBaeTCS ANTOPHTM KIACCH(HKALMU PEUYEBBIX JNAaHHBIX IO
SMOLMOHATILHOMY (DOHY, pa3paboTaHHBIN aBTOpaMu. B 4acTHOCTH, ONTUCHIBAETCS HEHPOHHAS CETh,
CO3JlaHHAasl C LENbI0 PACHO3HaBaHWA BOCBMHU DAa3MUUYHBIX 3Mouui B peun. s oOydeHus
HEHPOHHOU ceTH ObljIa MCIIOJIb30BaHa 00yJaroIas BLIOOpKa, moyryueHHas u3 garacera RAVDESS,
KOTOpBIA comepxkut 1440 aynuodaiinoB. Otu aymuodaiiiel cogepkar peub 24 aktepoB (12
KEHIIWH U 12 My>X4YHH) C HSUTPaJIbHBIM CEBEPOAMEPUKAHCKAM aKIIEHTOM.

B pabore ommchiBaeTcs mporecc o0ydeHHS HEHPOHHON CETH C HCIIOb30BaHHUEM OHMOIHOTEKH
Keras, Bkimowas apXUTEKTypy CETH, pa3Mephl CII0eB, (YHKIUW aKTHBALUH ¥ METOJbI
ontuMm3anuu. Takxke OOCYXOArOTCS 3Tambl NPEABAPUTEIBHOW 00pabOTKM W MOArOTOBKU
HCXOJHBIX ayJUOAAHHBIX Mepes 00yYeHUEM CETH.

[lony4yeHHble pe3ynbTaThl MCCICIOBAHUS IMOKAa3bIBAIOT, YTO pa3pa0OTaHHAs HEWpOHHAasl CETh
o0yazaeT BBICOKOH MPON3BOIUTEIHLHOCTBIO U CIIOCOOHOCTBIO PACO3HABATH YMOIMH C TOYHOCTBIO
80%.

KiroueBbie cioBa: ayquonpusHaky; ayano; aynuodailr; ayuogaHHble; SMOIIMOHANBHBINH (HOH;
KJIACCU(PUKAIUS; MOICIIb; CIIOM

Js murupoBanms: XKuxaper A.l'., Yepnsix B.C. Knaccuduxanus pedeBbIX AaHHBIX IO
sMouroHansHOMY (ony // Hayunstit pesynsrar. UHGopMannonnsie Texnonoruu. — T.8, Ne3, 2023.
— C. 34-44. DOI: 10.18413/2518-1092-2022-8-3-0-5

Zhikharev A.G.! CLASSIFICATION OF SPEECH DATA
Chernykh V.S.? BY EMOTIONAL BACKGROUND
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Abstract

In this paper, the algorithm of classification of speech data by emotional background, developed
by the authors, is considered. In particular, it describes a neural network created to recognize eight
different emotions in speech. To train the neural network, a training sample obtained from the
RAVDESS dataset, which contains 1440 audio files, was used. These audio files contain the speech
of 24 actors (12 women and 12 men) with a neutral North American accent.

The paper describes the process of training a neural network using the Keras library, including the
network architecture, layer sizes, activation functions and optimization methods. The stages of
preprocessing and preparation of the original audio data before training the network are also
discussed.

The results of the study show that the developed neural network has high performance and the
ability to recognize emotions with an accuracy of 80%.

Keywords: audio attributes; audio; audio file; audio data; emotional background; classification;
model; layer
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BBE/IEHUE

B n1aHHBII MOMEHT MBI HaXOJUMCSl B THKE ONTUMHUCTHYECKOIO Pa3BUTUSI HCKYCCTBEHHOTO
MHTEIUIEKTa, W BCE 4Yallle CIBIIKMM O CO3JaHUM HOBBIX HEWPOHHBIX CETEH JUIA PELICHUS] CaMBbIX
Pa3HOOOpAa3HBIX W BAXHBIX MPOOJEM, HAYMHAs C TTOCTAHOBKHM MEIUITMHCKUX JTMAarHO30B W 3aKaHYMBas
YCOBEPIICHCTBOBaHHWEM ITU(POBBIX MOMOIIHUKOB [1]. B coBpemeHHOM Mmmpe oOpaboTKa W aHAIU3
0OJIBITNX 0OBEMOB JIAHHBIX CTAHOBSATCSA Bce Oojiee BaKHBIMU 3amadamMu. Oco0oe BHUMaHUE YIEISAETCS
aQHAIM3Y PEYEBBIX JAaHHBIX, KOTOPHIE MOTYT COJAEPKAaTh BaXHYO HWH(MOPMALUIO O HACTPOCHUH U
SMOITMOHAIIPHOM COCTOSIHMH ToBopsmiero. OQHUM U3 KITFOYEBBIX HAIIPABJICHHH B ATOW 00JIACTH SBJISETCS
KJIaCCU(PUKAIMS PEUEBBIX JAaHHBIX 10 SMOITMOHATFHOMY (OHY.

B nannHoii pabGoTte OynmeTr paccMOTpeH MOAylb Miig OOpabOTKHM TOJOCOBBIX JaHHBIX U
pacrno3HaBaHus 3MOLMH.

HAYA/IBHBIE YC/IIOBUA
Br160p 00y4aromux JaHHBIX SBIISETCS BayKHEHIIEeH COCTaBIISIIONICH B 00y4eHH HEHPOHHOM ceTH,
MO3TOMY TYT HEOOXOIMMO BBHIOpATh HAMKAYeCTBEHHEHIIIHE JaHHbIE, BEIOOp na Ha natacetr RAVDESS, on
000CHOBaH TeM, YTO ayauodailiibl 3amucaHbl Ha BBICOKOKAUYeCTBEHHOM 000pyaoBaHuU. ToOJbKO ayauo
gacth natacera RAVDESS conepxut 1440 daiinos (.wav) ¢ peusto 24 aktepos (12 >xeHmuH, 12 Myx4uH)
Ha HEWTpaJIbHOM CEBEPOAMEPUKAHCKOM akIieHTe. Tak ke camu ayauo ¢ailibl UMEIT yIOoOHbIE s
MOHUMAaHUA U paciIu(POBKU METKH, IPUMEP HA PUCYHKE.

1 2 3 4 5 6 7
=5 A 3 e P = =
03-01-06-02-01-01-01.wav
Puc. 1. Ilpumep Ha3BaHus aynuodaiina
Fig. 1. Example of an audio file name

1. Pexxum (01 = Bugeo c ayauopsa, 02 = tonpko Buzeo, 03 = Tonbko ayauo.

2. Boxkanbuslii kanan (01 = peus, 02 = necHs).

3. Dwmomnus (01 = melitpasibHo, 02 = criokoitHo, 03 = cyactbe, 04 = rpycTth, 05 = 31m0CTH, 06 = HCIIYT,
07 = oTBparenue, 08 = ynuBieHue).

4. DmouunoHanpHas HamnpsbkeHHOCTh (01 = HopmanbHas, 02 = cunbHas). [IPUMEYAHUE: [{na
"HENTpaabHON" SMOIMY HE CYLIECTBYET CUIIBHON MHTEHCUBHOCTH.

5. ®pa3za (01 ="/letn pazroBapusaroT y nsepu", 02 = "CoOaku cuasat y asepu").

6. IloBropenue (01 = 1-e noBropenue, 02 = 2-e noBTOpEHUE).

7. Axtep (c 01 mo 24. AKTepbl C HEUETHBIMU HOMEPAMH — MYKUHHBI, AKTEPbI C YeTHBIMH HOMEpPaMH —
JKEHIITUHBI ).
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03-01-03-01-02-01-01.wav

Uy

Puc. 2. CtpykTypa XpaneHus ayauohaiion
Fig. 2. Structure of audio file storage

AY/IHOIIPU3HAKH

OMOUPUYECKUM ITYTEM OBLTO BBISABICHO, YTO IS TOJYYEHHUS XOPOIIMX PE3YIbTAaTOB MOIXOMSAT
CIIEIYIOIIHE ayANOTIPH3HAKU:

1. MFCC (Mel-Frequency Cepstral Coefficients Men-kerncrpaibabie KOAQQUIUEHTBI) — 3TO METO[T
W3BJICUCHHS XapaKTEPUCTHK M3 ayAWOCHUTHAlla, KOTOPBIA HMCIIONB3YeTCs Il MPEACTABICHUSI 3BYKOBBIX
CUTHAJIOB B BUJI€ BEKTOPOB Npu3HaKoB. OH sBJISETCS OJJHUM U3 HauboJiee MOMyJIipHbIX METO/I0B B aHAJIM3€E
Y pacIiO3HABAaHUH PEUH.

2. Chroma (xpoma) B KOHTEKCTE ayJu0-00paOOTKU SIBISETCS BEKTOPOM, KOTOPBIN MpeACTaBiIseT
pacnpenenenrne 3Hepruy 3ByKOBOTO CUTHAJA MO MY3bIKaJIbHBIM TOHAIBHOCTAM (HOTaM). Chroma-BekTop
MO3BOJISIET OLEHUTh HAJTMUUE U OTHOCUTEIbHYIO MHTEHCUBHOCTD PA3JIMUHBIX MYy3bIKaJIbHBIX TOHAJIBHOCTEH
B ay/auo3anucu [2].

3. Men-criekTporpamMmma — 3TO INpeJICTaBlIeHHe 3BYKOBOI'O CHUIHajla, KOTOPOE MO3BOJSET YBUIETD,
KaKasl 4acTh 4aCTOT NMPHUCYTCTBYET B 3BYKE B pa3HbIe MOMEHTHI BpeMeHH. OHa MOKa3bIBaeT, KaK SHEPTHS
3BYyKa pacnpeziesieHa Mo pa3JInyHbIM YacTOTaM B 3aBUCUMOCTH OT BpeMeHHu [3].

4. RMS (Root Mean Square CpenHeKBaJpaTHYHBIH KOPEHb) — OSTO CTAaTHCTHYECKas Mepa,
UCTIONIb3yeMast JUIsl U3MEPEHUs CPeTHEKBAAPAaTUUECKOr0 3HAUEHUsI aMIUIMTY/ bl 3BYKOBOTO curHaia. OHa
npezCcTaBisieT cO00M KBaJApaTHBIN KOPEHb U3 CPETHETo 3HAUCHHS KBAJpaTOB aMIUIUTYIHBIX 3HAYEHUI BO
BpPEMEHHON 00JIaCTH CUTHAJIA.

HU3BJIEYEHUE IIPU3HAKOB
W3Bnedenne aynmo TPU3HAKOB MPOMCXOIUT CIEAYIOMUM oOpa3zoMm, Oepércs aymauodaitn mms
JMAIBHEUIIETO aHaIu3a, 3aTeM MPOUCXOIUT CErMEHTAaIusl ayAuo Qaiiia, 3TO CAENaHO ISl TOTO, YTOOBI
MOJIyYUTh OJMHAKOBOE KOJMYECTBO MPU3HAKOB U3 ayAHO(alIoB pa3sHOW MPOAOKUTENBHOCTH, MOCIE
ATOTO MPOUCXOTUT MOTYYCHHE ayIuO0 MPU3HAKOB, JAJbIIEC MPOUCXOJUT UX HOPMAIU3alUs, 3aTEM ayAHO
MPU3HAKU OOBEAUHSIOTCS U B UTOTE JIO0ABIISIOTCS B OOIIUI MAaCCUB MTPU3HAKOB APYTHUX ayau0(aiioB.
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CermMeHTAIUS ayIHo

M ol —

Hopwmanmsanus ayiio mpi3HaKoB

Ilomydenne ayano MPH3HAKOB

.
' — K

Bastie cnenyromero ayauodaitna  JlobaBieHne NOIy9YeHHBIX ayaHo
JUISL aHaJH3a IIPU3HAKOB B OOIIMIf MacCUB

0649

OO0berHeHIe ayIno IPU3HAKOB

Puc. 3. O6mas cxema u3BJICYCHHUS TPU3HAKOB U3 ayauoJaHHBIX
Fig. 3. General scheme of feature extraction from audio data

Jiist 5 PeKTHBHOTO pacriO3HaBaHUS MO B PEUYEBBIX JAHHBIX BA)KHO M3BJICYb COOTBETCTBYIOIINE
IOpU3HaKkU U3 ayauodaitnos. OxHako, aynuodaiiasl MOI'YT MUMETh pa3HyIO JUIMTEIbHOCTb, YTO CO3/aeT
po0JIeMbl TIpY MOJIYYEHUH YHUBEPCAJIbHBIX U CPAaBHUMBIX IPU3HAKOB JAJIS aHaiM3a. B nensx pemeHus
9TOM MpoOIEeMBI ITpeIaraeTcs CaeaAyoIni MOAX0:

1. Oxpyrienue aJauTebHOCTH — B TmepByro ouepenp, Kaxnass IMTEIBHOCTh ayauodaiina
OKpyTJIsieTcs 10 OnnKaiiei 1enoil cekyH bl

2. Paz0uenue Ha cerMeHThI — 3aTeM KaXIbli aynuodaiin pa3ouBaercs Ha 20 paBHBIX CETMEHTOB.
3T0 MO3BOJIAET MOIYUYUTH OoJiee JeTaabHOe MPEeACTaBICHNE ayJMO-CUTHAJIA U YYUTHIBATh €r0 U3MEHEHUS
BO BpeMeHHU. KaxIplil cerMeHT uMeeT OAMHAKOBYIO UIUTEIbHOCTh, YTO OOECIEYMBAET CPAaBHUMOCTD
NPU3HAKOB MEXKAY pa3IMuHbIMU ayanodaiinamu.

3. N3Baevenue npusnakoB — [locne pa3OreHns Ha CETMEHTHI U3 KaXKJIOTO CErMEHTa M3BJICKAIOTCS
NpU3HAKK, U3BJICKAIOTCs OHM OubOimorexoi librosa. DTu npusHaku OyAayT BKIHOYATH TaKUe
xapakrepuctuku, kak MFCC, xpomarpammsl, Mmen-criekrporpaMMmbl 1 RMS. H3Bneuenue npuzHaxkos
MO3BOJISIET MPEACTaBUTh ayAuoQailliel B BHUJE YUCIOBBIX BEKTOPOB, COAEpXKALIMX HHPOPMALHUIO O
crenupuYecKuX akyCTUUECKUX XapaKTePUCTUKAX KaXk/10I0 CETMEHTA.

Ecnu aynnodaiiiasl UMEIOT AIUTENBHOCTD OT 3 10 5 ceKyH, To JieneHue Ha 20 yacTeil uMeeT CMBICH,
YTOOBI MTOJIYYUTh OOJIE€ MEIKNE CETMEHTHI U U3BJI€Yb IPU3HAKU U3 HUX.

Kaxnplii ayauodaiin pazousaercs Ha 20 paBHBIX cerMeHTOB. IIpu 3ToM Kaxplii cerMeHT OyneT
UMETh JUTUTEIBHOCTh, COOTBETCTBYIOIIYIO 1/20 oT o6miewt mamutenpHOCTH ayauodaina. Takum oOpazom,
KaX/blii cerMeHT OyJeT UMeTh MpoJonKuTenbHocTh oT 0.15 mo 0.25 cexyHabl. BakHO OTMETUTH, 4TO
MOJTy9aeMble MacCUBBI JaHHBIX W3 RMS cTporo 3aBHCAT OT JUIMHHBI ayIMO3aIMCH, TOITOMY MacCHBBI
UMEIOT (PMKCUPOBAHHBIA pa3Mep, €CIM JaHHBIX HEJIO0CTaTOYHO, TO OHM JIOTIOJIHSIOTCS HYJSAMH, MHA4ye
o0Ope3aroTcs.

Hopmanu3zanus AaHHBIX B ayAMO NPU3HAKaxX BBIOJIHSETCS C IEJBI0 MPUBECTH HX K 00LIemMy
Macitady ¥ auana3zoHy 3HadeHH. ONBITHBIM IMYTEM ObUIO BBISBIEHO, YTO METOJ HopManuzanuu L2-
HOpPMBI, KOTOpasi OCHOBBIBAETCS Ha BBIYMCICHUU EBKIUAOBONM HOPMBI BEKTOPOB IPU3HAKOB, MMEET
HaUBBICIIYIO 3QPEKTUBHOCTb. DTOT MOAXO] MO3BOJIAET MPHUBECTH 3HAUYEHHUS NMPU3HAKOB K €IMHUYHON
JUIMHE, YTO YIPOILAET X CPABHEHUE U YIyUIlIaeT CTAOMILHOCTH MpoLecca 00yueHHs.
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OnydYeHHe ayauonpUsHaK0E
u3 harna c nmexes audio_file,
ANWTeneHOCTERD duration

audio_recording := 3arpy3axa ayavodiaina
[NA YTEHKA W NONYYeHWA CIMNI0B

|sample_rate = YacToTa ,qvkkpem zauMK ayownodhanna |

| audio ;= yTeHWe ayauodaina |

rframe_leng ht: = (d urati!ln."partsj * sample_rate|

|audio = opesaHne ayauo DaHHL: Ha paris CbparMEHTDB|
¥

|auc|io ‘= o0pe3aHne ayano NaHHb Ha parts d}parMEHTDE|
¥
arr_mfcc ;=]
arr_chroma =[]
arr_mel .=
arr_rms: =[]

R LT

stit ;= nonyyeHwe KopoTKOrO
npeodpazosaHeA ypse U3 segment
¥

| mfcc = nonyuyeHKue mfcc u3 sift |

| MFCC = HOPMANWIALMA mice |

|u,oﬁaaneHHe micc 8 arr_mfcc|
Ld
| chroma ‘= nonydyeHde chroma ws stit |

|chrnma = HOpManuzauma chroma |

|,.:|nﬁae.n9Hme chroma g arr_chroma|

|mel:= nonyyexke melspectrogram ua segment|

|me|:= HOPMaNK3aUMA mel|

|,.:|,oﬁae.n9Hue mel g arr_mel |
|
|rm5 = MOMyYeHNE MMS 13 stﬁl

|"T'IS ‘= HOpManuzauMAa rms |

ms ‘= IMs "= [ON0MNHUTE
COKPaTUTE MS TMS HYNAMK 40
A0 pa3Mepan pazmepa n

A0GaBNeHWe MMS & arm_rms
T

¥
result "= KOHKaTUHELMA MaTpKULY
arr_mfce, arr_chroma, arr_mel,
arr_rms

BepxyTs result

Puc. 4. llonydyenue ayano npu3HakoB u3 (aitna
Fig. 4. Getting audio features from a file
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MOJIEJTb HEHPOHHOH CETH

BatchNormalization: DToT ciioii HOpManHM3yeT BXOJHBIE JAaHHBIE MYyTEM CTaHIAPTH3AlUHU HX TIO0
CpeIHEMY 3HAUEHHIO M JUCIEPCHU. DTO IMOMOTAET YIYYLIMTh CTAaOWIBHOCTH U CKOPOCTh OOy4YeHHS
MOJIEJIH.

Bidirectional LSTM: LSTM (Long Short-Term Memory cetu 10roit KpaTKOCpOUHOM MTaMSTH) — 3TO
PEKYppPEHTHBIN CJIOH, KOTOPBIA CHOCOOEH COXpaHATh HHGOPMAIUIO O MPEABbIIYIINX COCTOSHUSAX.
Bidirectional LSTM o6pabatsiBaeT mociie[oBaTeIbHOCTH B 000MX HANpaBJIEHUSX, YTO MO3BOJISIET MOJICITN
yJIaBIUBaTh U KCIIOJIb30BaTh MH(OpMALMIO U3 Mpouuioro u Oyaymero kourekcra [4]. On sddexTuBHO
MOJIENIUPYET 3aBUCUMOCTH BO BPEMEHHBIX JJAHHBIX, TAKMX KaK 3BYKOBBIC CUTHAJIBI PEYUH.

LSTM: Eme oaun cnoii LSTM wucnone3yercs s [JadbHEHIIEr0 W3BJICYECHUS BPEMEHHBIX
3aBHCUMOCTEH M3 TOCIIEAOBATENILHOCTEH NaHHBIX. DTO MOMOraeT MOJENU YJIOBUTH Ooyiee CIOKHBIE U
JIOJITOCPOYHBIC 3aBUCUMOCTH B ayIMOJIaHHBIX [5].

ConvlD: Cioii oJHOMEpHON CBEPTKH HCIONB3YETCs I OOHAPYKEHHUS JIOKAJTBHBIX MAOJOHOB U
0CcOOEHHOCTEH B ayJMOJaHHBIX.

Dropout: Cnoit Dropout wucnonb3yercss aisi NPEeIOTBpAIICHHs] TEPEOOYUYCHUST MOJENH IyTeM
CJly4yaifHOro OOHYJIEHUSI HEKOTOPBIX 3JIEMEHTOB BBIXOJHBIX JAaHHBIX BO BpeMs O0O0y4deHHs. DTO IOMOraer
YIYYIIUTH 0000IIAOIIYIO0 CIOCOOHOCTH MOJISIIH U TIPEIOTBPATUTH MIepeoOydeHUE.

Flatten: Cnoit Flatten npeoOpa3zyeT MHOrOMEpHBIH BBIXOJl U3 MPEABLAYIIErO CI0S B OAHOMEPHBIN
BekTop. OH MOATOTaBIMBACT JaHHBIC /IS TIEPEIavl B TIOJTHOCBSI3HBIE CIIOM MOJIEIIH.

Dense: IlonHocBsi3HBIE clloM NpUMEHSIOTCA s kiaccudukaumu. OHM cojepkKaT HEWPOHBI,
COCMHEHHBIE CO BCEMU HEHMPOHAMU MPEABIIYIIETO CIOSI.

Cosmemienne ConvlD u LSTM no3BosiseTr MonenupoBaTh Kak INI0OajbHbIE, TaK U JIOKAJIbHbIE
3aBUCUMOCTH B JaHHbIX. LSTM cimon momoraroT 3axBaThIBaTh JOJTOCPOYHBIE 3aBUCUMOCTH M OOIIUH
KOHTEKCT, B TO BpeMs kak Conv1D cioun ynaBiaMBaroT JIOKaJIbHbIE MAaTTEPHbI U BPEMEHHbIE OCOOEHHOCTH
naHHbIX. KoMOMHMpOBaHHME JTHX JBYX THIIOB CJIOEB JaeT BO3MOYKHOCTh MOJIENH H3BJEKaTh Ooiee
nH(}OpMaTHUBHBIE MPU3HAKU U3 BXOJHBIX JAHHBIX U JIy4YIlle TOHUMATh CTPYKTYPY BPEMEHHBIX PSIIOB.

BxopHble naHHble
)
JI9HHEN 3aIHboxI9g

Bidirectional LSTM LSTM ConviD ConviD

Dense

BatchNormalization BatchNormalization Dropout Dropout Dense

Flatten

Puc. 5. Ctpykrypa Moaenn HEHpOHHOM ceTH
Fig. 5. Structure of the neural network model

[Tepsrrii croit BatchNormalization umeet 3aadenne momentum=0.91 o3Havaer, 4T0 MozIenb OyAeT
coxpassTh 91% uHdopmanuu 0 CTaTUCTUKE MPEIBITYIIETO MaKeTa U UCIOIb30BaTh €0 IS HOpMaTU3alluu
TEKYIIEro MaKeTa JaHHBIX. DTO MO3BOJISICT MOJICNIN OBICTPEE aIallTHPOBATHCS K U3MEHEHHUSM B JIAHHBIX U
MOBBIIIAET YCTOWYMBOCTH 00ydeHus. boiee BbicOKoe 3HaueHHe momentum MOXKET MpHBECTH K Ooiiee
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cTaOuIBHON U OoJiee MEAJIEHHOM aJlanTalliy, B TO BpeMs Kak 0oJjiee HU3KOE 3HAaU€HHE MOKET MIPUBECTH K
Oosee ObICTPOM, HO MEHEe CTAOMIIBHOMN a/IarTalliy.

Bropoii croii Bidirectional LSTM umeer 240 neiiponoB u (yHkuuio aktuBanuu 'tanh', Bce ciou
UMEIOT JJAHHYIO (DYHKIIMIO aKTHBAIIMH, TaK KaK OHA MOKa3aJia HAUBBICIITYIO 3((EKTUBHOCTb.

Tpertwnii coit BatchNormalization numeeT 3naueHne momentum=~0.95.

Yerseprsiii cnoit LSTM umeer 140 HelipoHOB.

[Tsateiit cinoit ConvlD umeer 36 HElpoHOB ¢ siipoM cBEPTKU 5 U L2-perynupusainus co 3HaYeHUEM
0,0001(kernel_regularizer=regularizers.12(0.0001)).

[lectoii cnoit Dropout umeet 3nauenue 0.2.

Cenpmoii cnoii Conv1D umeet 20 HEHPOHOB C AIpOM CBEPTKH 3.

Bocemoii ciioii Dropout umeer 3nauenue 0.2.

Hecsatelii cinoit Dense umeer 140 HelipoHOB.

Opunnanuarsiii cnoi Dense umeet 40 HEMPOHOB.

JIBeHaauaThIii ¥ OH K€ BBIXOIHOM CIION MMEET 8 HEeUPOHOB, T.€. PAaBHYIO KOJUYECTBO IMOIIMM, a TaK
ke QyHKIHUIO akThBanuu ‘softmax’.

B nmanHO# Monmenum mcmonb3yercs (GyHKIHS MOTEph categorical crossentropy, Tak Kak periactcs
3a/1a4ya MHOTOKJIACCOBOM KJIacCHU(PHUKAIUH.

Ontumuzarop adam BeIOpaH st 3 (HEKTHBHOTO OOHOBJICHHSI BECOB MOJICIH B ITPOIIECCe O0ydeHUs,
obecrieunBast ObICTPYIO CXOJIUMOCTb U XOPOILIUE PE3yIbTaThl.

PE3Y/IBTATBI PABOTHI
Wcxomabie naHHbIC OBUTH TIOJICJICHBI HA 00YYAOIINe W TECTOBBIC, B TECTOBBIC JaHHBIC BXOMIT 20%
OT U3HAYAILHOH.

[JaHHble

|

m HeliTpanbHo = CnokoliHo = CyacTbe pyctb ®3noctb = Ucnyr m OTBpalieHMe ® YamsneHue

Puc. 6. Aynnonannsie u3 naraceta RAVDESS
Fig. 6. Audio data from the RAVDESS dataset
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Obyyatowme AaHHble

m HeliTpanbHo ® CnokoiiHo = CyacTbe pyctb ®3noctb ® Ucnyr m OTBpaweHve ® YausneHue

Puc. 7. O0yuaromue aynuonanusie u3 natacera RAVDESS
Fig. 7. Training audio data from the RAVDESS dataset

TecToBble gaHHble

N

m HelitpanbHo ® CnokoiHO = CyacTbe pyctb ®3n0ctb = Ucnyr = OTBpalleHve ® YausneHue

Puc. 8. TectoBble aynuonannbie u3 natacera RAVDESS
Fig. 8. Test audio data from the RAVDESS dataset

Kaxxplii ki1acc UMeeT pa3iuyHOe KOJUYECTBO ayanuo (aiioB Kak B 00ydaronieM, Tak 1 B TECTOBOM
Ha0oOpe JaHHBIX. DTO TO3BOJISET MOJICIH MOJYYHTh PA3HOOOpPa3HBIM HAOOP MPUMEPOB U OOYUIHUTHCS HA
Pa3TUYHBIX YMOIIMOHAIBHBIX (DOHOBBIX COCTOSIHUSX.

B pesymbraTte oOyueHHs MoIend Ha pPa3HOOOpa3HOM HaOOpe MaHHBIX, MOJIYYHIH XOpPOIIHe
pe3yNIbTaThl TOYHOCTH U TIOTEPb.
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Ananuzupys rpaduki, MOKHO 3aMETHUTh, 4TO yke Ha 20-i smoxe oO0y4yeHus: TOUHOCTh MOJENIU Ha
o0yyaromux JaHHbIX qocturia 3Hadenus 100%, Toria kak Ha TECTOBBIX IaHHBIX OHA cocTaBuia 78%. O1o
CBUJIETEJICTBYET O TOM, YTO MOJEIb YCIIEIIHO 00y4aeTcsi U CIpaBisieTcs ¢ Kiaccudukanuein smouuii Ha
00y4JaromnX U HE3HAKOMBIX JTAHHBIX.

Kpome TOro, morepu Ha oOyd4aroIMX JaHHBIX NPUOIMKAKOTCS K HY/IIO, YTO YKa3blBaeT Ha
3 PEKTUBHOCTh OO0Y4YEHHUsI MOJIEIM HAa TPEHHPOBOYHOM HaOope NaHHBIX. B TO ke Bpems, moTepu Ha
TECTOBBIX JAaHHBIX COCTaBIAIOT IpuMmepHO (.77, 4TO TOBOPUT O TOM, YTO MOJIEJIb JEJIAeT HEKOTOpbIe
OLIMOKH B IPECKa3aHMIX Ha HE3HAKOMBIX JaHHBIX, HO BCE PaBHO JJOCTUTAET XOPOUINX PE3yJIbTaToB.

OpmHako, camble JIydllle TOKazaTreld ObLIM JOCTUTHYTHI Ha 67-i1 smoxe. To4yHOCTH Mozenu
yBesnuuuiach 10 83%, 4To ABISETCS BHICOKMM 3Hau€HUEM JUIs JaHHOM 3anauu. IIpu 3ToM norepu Takxke
HEMHOTro yBennuuiuch 10 0.81, HO ocTaBanuch Ha MPUEMIIEMOM YPOBHE.
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Puc. 9. TounocTb Ha sTanax oOy4yeHus: U MPOBEPKHU
Fig. 9. Accuracy at the stages of training and verification
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Puc. 10. [Torepu Ha 3Tanax 00y4YeHUS U IPOBEPKU
Fig. 10. Losses at the stages of training and verification
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Tennosas KapTa

MpedckasaHHLIN KNace
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Puc. 11. TennoBas kapTa pe3yJbTaTOB 00y4eHHON MOJIENH
Fig. 11. Heat map of the results of the trained model

3AK/IWYEHUE

C ucnonp3oBanueM OubanoTexkn Keras ' COOTBETCTBYIONIMX aJTOPUTMOB Obla CO3/laHa MOJIENb,
KOTOpasl MoKa3ajia BBICOKYIO TOYHOCTh M HU3KHE MoTepH. I'paduKku TOUHOCTH M MOTEPh MOATBEPKAAIOT
YCIEIHOCTh OOY4YEeHHs MOJENH, JIOCTUTHYB HanOojiee ONTUMAaNbHBIX IIOKaszareiae Ha 67 3moxe ¢
TOYHOCTBIO B 83% u norepsamu B 0.81.

Jlis manpHEHIero yImyqIeHuss MOJIENN KIACCH(HUKAIIMNA dMOIMI HAa OCHOBE ayIHOJIaHHBIX MOYKHO
YBEJIUYUTh pa3Mep oOyuaromiero Habopa MJaHHBIX, 4TOObl oOecrneduTh OOJBIIyI0 0000IIAIONIYI0
CHocoOHOCTh MoJenu. HecMoTpst Ha JOCTUTHYTHIE BBICOKHME TMOKA3aTeIH TOYHOCTH M TOTEph, JaHHAs
MOJIeNIb UMEeET MOTEHIMAN A JalbHeHel onTumMu3anuy 1 yiaydmeHus. JlanpHeimme uccieaoBaHus u
pa3paboTKu B 3TOM 0OJACTH MOTYT MPUBECTH K CO3JaHUIO0 Oosiee TOUYHBIX M A(DPEKTUBHBIX MOJCIIEH
KJIaccu(pUKaIMU SMOLIMI Ha OCHOBE ay/IMOJaHHbIX.
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models such as ARIMA, ETS, and nnetar, developed in the RStudio environment. The research
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Classifier of Scientific and Technical Information (GRNTI) "Informatics. Information
Technologies™ when forming development and promotion strategies in a dynamically changing
scientific world. The forecasted results indicate that most industry representatives will maintain
their current indicators or change insignificantly, but there is potential for the emergence of new
journals. It has also been revealed that journals not included in the Higher Attestation Commission
(HAC) list often show slower growth, which is directly related to changes in the calculation of the
Science Index indicator since the spring of 2023. However, inclusion is not a guarantee of growth
at the moment. Significant growth is observed only in journals that are either classified as category
1 by the HAC or classified as category 2 by the HAC and are included in the Russian Science
Citation Index (RSCI) Core simultaneously.
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AHHOTAIUSA

B cratbe paccMaTpuBaroTCs BONPOCHI NMPOTHO3MPOBAHUS HAYKOMETPUYECKUX IOKa3aTeled u
KJIACTEPU3alMU POCCHICKUX HAy4YHBIX KXYPHAJIOB MO MH()OPMATHKE C IEIHI0 OIEHKH TEKYIIETO
Pa3BUTHS HAYKH U IpOrpecca Hay4YHbIX UCCIIEJOBAaHUM IO TEMATHKE B CTPaHE, a TAK)KE COCTOSHHS
KOHKYPEHTHOTO PbIHKa Hay4yHbIX mM3laHuid. MccnemoBanue Oaszupyercs Ha MHTEIIEKTYaJbHOM
aHaJM3e pe3yJabTaTOB HCHONb30BaHMKM Mojenel mpornosupoBanusi ARIMA, ETS wu nnetar,
pa3spabotanHbix B cpeae RStudio. PesynbTarhl ucciaemoBaHMs MOTYT OBITh IOJIE€3HBI IS
NpeacTaBUTeNe HM34aTeNbCTB HaydyHBIX OKypHasioB pyOpuku I'PHTU «Mudopmaruka.
NudopmanimoHHble TEXHOJIOTHI» NMPU (HOPMUPOBAHWUU CTPATETUU PA3BUTHS U NPOJBIDKEHUS B
JTUHAMHYHO MEHSIONIeMcs HaydyHOM Mupe. [lodydeHHble pe3ynbTaThl IPOTHO3a CBUIETENbCTBYIOT
0 TOM, 4TO OOJBLIMHCTBO NPEICTABUTENICH OTpaciM COXPaHAT CBOM TEKYILIME MOKa3aTelH WIN
W3MEHHTCS] He3HAUYUTENIBHO, OJTHAKO, CYIIECTBYET IOTCHLIUAI IS BXOXKJCHUS HOBBIX JKypHAJIOB.
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Taxoke ObUIO BBISICHEHO, YTO 3a4acTy0 MEHBIIMK POCT MOKa3bIBAIOT JKypHAJbI, HE BXOISIINE B
Anpo PUHLI, uro Hampsamyo CBA3aHO ¢ M3MEHEHHEM pacdeTa rokaszarens Science Index ot BecHbI
2023 r., omHAKO, BXOXKICHUE TAaKXKe He SBIISETCS TapaHTHel pocTa Ha TeKyIuii MOMeHT. Torma kak
3aMETHBIM POCT OTMEYEH JIMIIb Y KypPHAJIOB, KOTOPbIE WK pu4incieHsl K 1 kareropun BAK, nnn
npuarciieHsl ko 2 kareropun BAK u Bxomat B Slapo PUHII ogrOBpeMeHHO.

KaioueBble cioBa: HayKOMETPHYECKHE ITOKA3aTeNW; MyOIMKAIMOHHAS aKTHBHOCTH;, HAyJYHBIE
KYpHabl; THPOPMALMOHHBIE TEXHOJIOTHH; IPOTHO3UPOBAHKE; HHTEIJICKTYalIbHBIN aHaIIN3

Jass  ourupoBanms: CokonoBa E.B. HutennexkTyanbHbIl aHanu3 HayKOMETPHUUECKHX
MOKa3aTeeld POCCHIICKMX HAy4YHBIX JKypHajoB mo wuH(popmaruke // Haydwnbrii pesymbrar.
Wudopmanmonnsie rexnonorun. — T.8, Ne3, 2023. — C. 45-55. DOI: 10.18413/2518-1092-2022-8-
3-0-6

INTRODUCTION

The study and analysis of peer-reviewed scientific journals are essential components of assessing the
development of a scientific field within a specific country. Peer-reviewed publications serve as the key
source for disseminating information within the scientific community and contribute to the spread of
accurate and reliable research findings [18]. They provide a platform for researchers to share their results
and ideas while also receiving rigorous evaluation and feedback from colleagues [2]. The peer-review
process ensures the quality and reliability of published research and helps maintain the integrity of the
scientific community.

In the analysis of the publication activity of scientific journals, various scientometric metrics and
indicators are taken into account, measuring the conditional influence, visibility, and influence of journals
[20]. The analysis of these indicators provides researchers with a comprehensive understanding of the state
of research in a particular field and aids in identifying emerging trends and key knowledge generation
centers.

For publishers aiming to promote their journals and gain a competitive advantage in the scientific
community, it is also crucial to assess the scientometric indicators of competing journals. Systematic
analysis enables publishers to identify the strengths and weaknesses of competing journals in terms of
citation, publication frequency, international collaboration, and other significant factors. This, in turn, helps
improve existing editorial strategies, identify potential collaboration opportunities, and develop targeted
marketing campaigns to attract authors, reviewers, and readers.

Furthermore, the analysis of the effectiveness of journals operating in a specific scientific field within
one country allows for comparative analysis and comparison of national and international indicators [21].
Comparing scientometric indicators of journals within a country with those of other countries enables the
evaluation of a country's position and contribution to the global research landscape. It also assesses the
competitiveness of research institutions and informs resource allocation decisions, fostering increased
collaboration and partnership to strengthen scientific production within the country.

For a variety of reasons and the relevance of the field, the conducted research is primarily based on
the thematic direction of informatics and information technology. Specifically, it focuses on scientific
journals belonging to this subject area. However, the methods used and the model being developed are not
tied to any specific direction. The GRNTI category "Informatics. Information Technologies™ on the main
Russian scientific platform eLIBRARY.RU is represented by 337 journals, which is fewer than 33 other
GRNTI categories (excluding multidisciplinary ones) out of 68 (as of May 1, 2023) [16]. Among the
journals in the field of Informatics, only 98 scientific journals are currently publishing, accepting
publications in Russian, and indexed in the Russian Science Citation Index (RSCI), of which only 55 are
included in the list of recommended journals HAC as of May 2023 [4]. In the author's opinion, this is
insufficient for such a significant field of science and requires further study.

MATERIALS AND METHODS
Intellectual models can become a preferred approach for data analysis due to their exceptional
capabilities in uncovering complex patterns and extracting significant insights from intricate datasets. L.
Leydesdorff developed his own model for analyzing time series data as early as 1990, which was applicable
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to data on national productivity across countries in the European Economic Community (EEC) and the
United States [9]. A. Fernandez-Cano and M. Torral evaluated the application of various analytical methods
for classifying time series data of scientific growth, ranging from visual analysis of deterministic graphs to
curve fitting using exponential smoothing and autoregressive integrated moving average models. Tseng Y.
H. and co-authors used multiple trend indices to identify emerging research topics [17].

One of the widely used intellectual models that can be employed in scientometric analysis is the
ARIMA (AutoRegressive Integrated Moving Average) model [3; 13].

ARIMA, a time series forecasting model, helps predict future journal indicators by analyzing
historical data. It examines patterns and trends in metrics like citations, publication frequency, and impact
factors, offering insights into a journal's growth [8; 11]. Vasileiadou E. utilized ARIMA modeling to study
the dynamics and types of research collaboration [19].

The nnetar model, based on neural networks for autoregression, applies deep learning concepts and
algorithms to model complex dependencies between historical series values and their future values [8]. The
neural network adapts to the characteristics of the time series and can capture nonlinear relationships and
the dynamics of the series.

The ETS model, or exponential smoothing of time series, is a classic statistical forecasting method
widely used in time series analysis [11]. This method is based on the idea of smoothing and assigning
different weights to historical values of the series to obtain a forecast based on exponentially weighted
averages. ETS takes into account trends, seasonality, and random factors in time series, allowing it to model
various features of their behavior.

The selection of these three methods—auto.arima, nnetar, and ETS—is driven by their combined
advantages and the ability to complement each other. The automatic ARIMA model (auto.arima) offers
convenience and ease of use, as it automatically selects the optimal model parameters based on information
criteria. The nnetar model, on the other hand, provides flexibility in modeling nonlinear dependencies,
which can be important for predicting journal rankings. The ETS model complements the previous two
models by accounting for trends and seasonality, enabling a more accurate capture of various characteristics
of time series data. The combined use of these three models allows for the consideration of different aspects
and characteristics of journal ranking data, enhancing the accuracy and reliability of forecasts, as well as
their comparability.

However, it is important to note that the successful application of these methods requires careful
consideration of the data, model assumptions, and appropriate validation methods to ensure the reliability
and stability of the estimates.

Scientometric indicators can vary depending on the database in which they are calculated [6]. The
scientific electronic library eLIBRARY.RU is the largest scientific database in Russia, and its indexing is
a primary requirement for the existence of a scientific journal. eLIBRARY.RU accumulates over 56,000
scientific journals, of which more than 5,600 journals are indexed in the RSCI. Users of the platform can
analyze the publication activity of each journal, including changes in various indicators over the years.
However, the mentioned indicators are mostly interrelated and correlated based on calculation methods.
Based on the existing policy for regulating scientific activities, the primary indicator can be considered the
journal's ranking in the Science Index. The integral indicator of a journal in the Science Index system takes
into account most of the mentioned indicators and indexes, and therefore, despite the theoretical
shortcomings of its calculation method, it will be prioritized in assessment and forecasting [12].

The forecasting involves predicting the journal ranking indicator in the Science Index for each
individual journal based on time series. The input data include a column with dates and subsequent columns
representing ranking indicators for only 30 journals that have consistently published from 2012 to 2021
(Table 1). In this analysis, indicators were forecasted for not all journals but only for established
publications that have been consistently published for the last 9-10 years. This limitation is due to the fact
that these journals are the main leaders in the market and exhibit stable trends that can already be used for
forecasting. Analyzing the indicators of such journals will help understand and forecast future trends and
changes in the industry.
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Tabnuya 1
CrpyKTypa 1 IpUMeEp YacTH JAHHBIX 110 U3MEHEHHUIO 110Ka3aTeNs )KypHAaJIOB
B peritunre Science Index 1y mporHo3upoBaHus
Table 1
Structure and example of the data part on the change in the index of journals in the Science Index ranking
for prediction

DatelJ J75402 J7310 J27958 J28165 . J74841
01.01.2012 2,087 2,346 4,045 1,518 : 1,896
01.01.2013 2,397 2,787 4,352 1,942 . 2,342
01.01.2014 2,66 2,743 5,122 2,41 2,427
01.01.2015 2,986 2,964 4,783 2,924 2,604
01.01.2016 2,804 2,956 5,27 2,883 3,036
01.01.2017 2,92 3,183 5,307 3,149 2,901
01.01.2018 3,537 3,454 5,318 3,171 3,245
01.01.2019 4,006 3,557 6,022 3,176 3,251
01.01.2020 4,027 3,882 5,649 3,063 3,713
01.01.2021 3,694 4,239 6,365 3,112 3,441

All three models use the journal's rating history as the primary predictor for forecasting future values,
specifically the indicator for the year 2022. They take into account the temporal dependency and changes
in the rating over time. The output of each model consists of forecasted rating values for the year 2022 for
each individual journal based on historical data.

It is important to note that for the purpose of clustering and analysis, predictors were selected based
on their influence on an author's decision when choosing a journal to publish their research results. In other
words, they were chosen from the author's perspective and interests. Authors typically choose journals
based on factors such as indexing, a limited number of indicators (if there are requirements from their
organization or personal preferences), and the perceived "complexity" of publishing in a journal, which is
subjectively assessed by each author.

Based on this, and considering the high need for journals to attract new authors, the predictors
considered during clustering were chosen to reflect relevant factors that distinguish a journal from the
author's perspective. Thus, the clustering of the 59 scientific journals in the sample was based on a
combination of several indicators (Table 2):

1. "SI" (journal ranking indicator in the Science Index).

2. "Articles"” (the number of articles published by the journal in the last year).

3. "HAC" (the journal's inclusion in the list of journals recommended by the Higher Attestation
Commission (HAC), with category information, where the highest category is 3) [19].

4. "CORE" (the journal's inclusion in the Russian Science Citation Index (RSCI) core).

5. "PERIOD" (average number of days for an article to be published after being received by the
editorial office).

6. "REJECTION" (the proportion of publications rejected by the journal's editorial board).

These predictors were chosen to provide a comprehensive view of the factors that matter most to
authors when selecting a journal for publication and to enable effective clustering and analysis based on
these criteria.
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Tabnuya 2
CtpykTypa 1 IpUMEp YacTU JAHHBIX I10 KypHaIaM JJis KJIacTepu3aluu
Table 2
Structure and example of log data part for clustering

Journal Sl Articles HAC CORE PERIOD REJECTION
J10273 3,376 59 2 0 90 0,2
J10570 6,938 38 3 1 180 0,5
J11926 3,94 30 3 0 30 0
9678 | 642 | 471 | 0 | 1 | 90 | 0,05

Attracting new authors is a crucial component of the vitality and success of a scientific journal. This
is driven by the desire to draw in promising new authors, as their research and publications can significantly
enhance the prestige and reputation of the journal. Evaluating competitors based on their attractiveness to
potential authors helps journals understand their position in the scientific publishing market and identify
unique advantages they can offer. It also enables the development of strategies for attracting and retaining
talented authors, contributing to the growth and prosperity of the journal.

The selected forecasting and clustering models are implemented in the RStudio environment using
the R programming language [14-15]. R provides the necessary tools and libraries for data analysis at all
stages, from data processing to the visualization of results [10]. When working with models for analyzing
scientometric indicators of scientific journals, several libraries were used, including "Tidyverse," "nnet,"
"forecast,” "cluster," "randomForest," and others.

Forecasting the Science Index journal rating includes three similar blocks: ARIMA, nnetar, and ETS.

For example, ARIMA: The data is transformed into time series and analyzed using auto.arima() from
the "forecast" package. A model is built for each object, and forecasts are made one step ahead. The results
are stored in the variable predicted_values_autoarima.

Forecasts are generated using the print() function. A combined dataframe with the results of all three
methods is created using cbind(). Then, a column with the object number is added, and the "model"” and
"forecast” columns are removed from combined_results selected. The data is transformed into a long
format using pivot_longer() from "tidyr."

Next, a comparison chart of forecasts is created using ggplot(). Data is sourced from
combined_results_long, where the "Object” and "Forecast" columns define the X and Y axes. The chart
uses the "bar" geometry to display forecasted values by methods.

Additionally, a "boxplot" chart is created to compare the accuracy of forecasting methods. The
geom_boxplot() function is used to display the spread of values by methods.

As a result, the model provides users with forecasted Science Index journal rating values for 2022 for
each method (ARIMA, nnetar, ETS) for each data object (journal).

The model also performs a cluster analysis of journal data using the random forest method after
loading the necessary packages and reading the data. Rows with missing values (NA) are removed using
na.omit(), while object identifiers are stored in the variable object_ids.

Then, the column of object identifiers is removed from the data. A min_max_normalize function is
created to normalize the data using the min-max method with weights considered.

In the next block, data clustering is performed using the Random Forest algorithm. A Random Forest
model (rf_model) is created, and clustering is carried out on normalized data, excluding the last column.
Then, a proximity matrix (prox_matrix) is extracted from the Random Forest model, reflecting the
similarity between objects.

Next, the optimal number of clusters is determined using the elbow method [1]. For each value of k
from 2 to 10, the sum of squared distances within the cluster (WSS) is calculated. Then, the derivative and
second derivative of WSS are computed. The optimal k is determined as the first value of k at which the
second derivative of WSS becomes negative.



HAyI—IHbIM Sokolova E.V. Intellectual analysis of scientometric indicators of russian computer science 50
PE3 5} ’ IbTAT journals // Research result. Information technologies. - T.8, Ne3, 2023
DeSCRIRAES

nnnnnn T3

Data clustering is performed using the optimal number of clusters (optimal_k) with the help of the
cutree function, and the result is stored in the variable cluster_assignments. The clusters are added to the
normalized data as a new column called "Cluster.”

Then, a data frame wss_df is created containing WSS values for k from 2 to 10. A wss_plot is
generated using ggplot2, showing the relationship between WSS and the number of clusters (k) and
highlighting the optimal k with a red dot.

Finally, box-and-whisker plots are created for the values of the silhouette width in each cluster,
displaying the distribution of values for each cluster.

As aresult of executing this model, the user receives cluster labels, the optimal number of clusters,
and corresponding plots.

RESULTS
The comparison of forecasting results indicates the relative similarity among all the methods used.
Often, the difference between values is around 0.2-0.3 units, occasionally reaching 1 unit for journals with
initially high values in the Science Index journal ranking and a sharp positive change in recent years (see
Figures 1-2).
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Fig. 1. Comparison of intelligent model prediction results (Predicted value/Object)
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Fig. 2. Comparison of forecast accuracy of the intelligent model (Predicted value/Object)
Puc. 2. CpaBHeHHE TOYHOCTH MTPOTHO30B MHTEIIEKTyalbHOM Mozaenu (IIporuozupyemoe
3HaueHne/O0beKT)

Furthermore, based on the obtained Mean Squared Error (MSE) values, it can be concluded that the
auto.arima model demonstrates the best performance among the forecasting models. Comparing the MSE
values, it can be noted that the MSE for auto.arima is 7.55, whereas for the nnetar model, this value is 7.62,
and for the ETS model, it is 8.17 [7].
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Based on these results, it can be assumed that the auto.arima model provides more accurate forecasts
with values closer to the actual data (which are currently unavailable). This may be attributed to the
advantages of the automatic ARIMA model selection method, which considers various combinations of
model parameters and selects the optimal model most suitable for the time series. However, it is essential
to note that without actual data, it is not possible to fully assess the quality of the models and claim that the
selected model is optimal or correct.

To determine the optimal number of clusters, the EIbow method (WSS) was used, which is based on
the sum of squares of distances within clusters. The goal was to choose a number of clusters after which an
increase in the number of clusters no longer significantly reduces the sum of squares of distances.

Based on the obtained values, it can be observed that the reduction in WSS slows down after choosing
4 or 5 clusters (see Figure 3). After this point, the decrease in WSS becomes less substantial. Therefore, in
this case, the choice was made for 4 or 5 clusters as the optimal number, considering the data structure and
volume. Ultimately, clustering was performed with 4 clusters.
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Fig. 3. Variation of the sum of squares of distances within clusters with respect to the number
of clusters (Sum of squared distances within the cluster/Number of clusters)
Puc. 3. Ismenenne cyMMbI KBaJIpaTOB PACCTOSTHUS BHYTPH KJIACTEPOB OTHOCUTEIHHO YUCIIA KIAaCTEPOB
(CymMma KBazipaToOB pacCTOSHUM BHYTpH KilacTepa/KonndecTBo KiacTepoB)

The evaluation of the quality of the intellectual models for analyzing journal bibliometrics indicates
that both the forecasting models and the clustering model are of high quality and can be successfully applied
in future practical tasks.

The results obtained from the forecast based on the analysis of a journal's Science Index rating suggest
that the majority of journals among the well-established ones in the field, provided they maintain their
existing editorial policies, will either maintain their current indicators or experience minor changes.
However, six journals have been identified with predicted growth and another six journals with expected
significant decreases in their indicators.

It is worth noting that for these six journals with predicted growth, the forecast indicates an increase
in their indicators at the level of 0.35, which is less significant compared to existing results but substantial
when compared to the industry average. On the other hand, for six journals, a significant decrease in their
indicator is forecasted in the range from -0.2 to 1 (see Figure 4). This may be attributed to changes in the
journal's research focus, competition with other publications, or issues affecting the quality of publications.
Such declines can have a substantial impact on the status and influence of these journals within the scientific
community.
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Fig. 4. Projected change in the journal's index in the Science Index ranking for 2022 relative
to the current year 2021
Puc. 4. Ilporno3upyemoe U3MeHEeHHE MTOKa3aTes )KypHaia B peiitunre Science Index na 2022 r.
OTHOCHUTEINBHO Tekymiero 2021 r.

It was also found that journals not included in the RSCI tend to show slower growth. This is directly
related to the change in the calculation of the Science Index rating from the spring of 2023. However,
inclusion in RSCI is not necessarily a guarantee of growth at the moment. Noticeable growth has been
observed primarily in journals that are either classified as Category 1 in the HAC or classified as Category
2 in HAC and are also included in RSCI simultaneously. It can be assumed that such dependencies will
become less relevant in the near future due to the recent change in the calculation of the Science Index
rating, to which the scientific community has not yet fully adapted.

During clustering, the journals were divided into four groups or clusters, with numbering unrelated
to their means. The largest cluster, Cluster 4, included 25 journals with the lowest average Science Index
rating within the cluster. These journals rarely even belong to HAC Category 3 and RSCI. Moving down
in terms of the number of journals included, Cluster 1 contained 14 journals. It also included journals with
unremarkable Science Index ratings, which are more likely to belong to HAC Categories 1-2 but are not
part of the RSCI journal list. Both Cluster 4 and Cluster 1 journals share a relatively slow publication pace,
but Cluster 1 journals have a higher proportion of rejected articles.

Clusters 2 (9 representatives) and 3 (11 representatives) had more similarities. However, all the
journals that combine high Science Index ratings, RSCI inclusion, and HAC Category 1 were placed in
Cluster 3, setting it apart from the others. Journals in these categories often reject a larger proportion of
submitted articles compared to Categories 1 and 4 and require a significantly longer time for publication,
which may be due to a more rigorous peer-review system (see Figure 5).

1.00 1.00 °
0.75 ‘ 075 »
0.50 0.50 i
0.25 . 025 ! }—_‘—‘ I
é; H 24 I
* %

0.00 0.00 =

1 2 3 4 1 2 3 o

a) Sciecne Index b) Number of articles



—r

HAyI—IHbIM Sokolova E.V. Intellectual analysis of scientometric indicators of russian computer science 53
PE3 5} ’ IbTA journals // Research result. Information technologies. - T.8, Ne3, 2023

=============== I
1.00 1.00
0.75 0.75
0.50 0.50
0.25 3 0.25 h
0.00 . . 0.00 B — .
1 2 3 4 1 2 3 4
¢) Inclusion in the HAC list d) Inclusion in the RSCI core
1.00 1.00 }
0.75 0.75
L : 0.25 /_A_\
— T = T ] é
0.00 0.00
1 2 3 4 1 2 3 4
e) Publication period (days) f) Percentage of rejected articles

Fig. 5. Structure of values of journals included in clusters by indicators
Puc. 5. Ctpykrypa 3HaueHU# KypHAIOB, BXOSAIINX B KJIACTEPHI, O MOKA3aTEeJISIM

In the context of forecasting, it is anticipated that the indicators of journals from Clusters 4 and 2 are
likely to decrease, while Cluster 3 may remain relatively stable. On the other hand, Cluster 1 and some
Cluster 3 journals are expected to experience growth.

CONCLUSION

The conducted forecasting and clustering of scientometric indicators for Russian journals specializing
in the field of informatics have shown relative stability within the industry. This segment of scientific
publications is not as numerous compared to some other fields, which affects the assessment but also
implies that there is room for new journals in this area. Overall, it is recommended to strive for journal
inclusion in the Higher Attestation Commission (HAC) and especially in the Core of the RSCI journal list.

Increase in the number of publications doesn't always lead to improved scientometric indicators, and
vice versa. Therefore, it's necessary to find a balance between the quantity of publications and the quality
of their content. Maintaining a reasonable time from submission to publication that is convenient for authors
IS important.

There are journals with high Science Index ratings and a short time to publication, but they also have
a significant proportion of rejected works. Achieving such status requires rigorous selection and a
commitment to maintaining high publication quality. It's important to strike a balance between a quick
review process and rigorous academic selection to attract high-quality and impactful research that
contributes to journal metrics.

Author plans to continue working on this research, expanding the scope to consider additional factors
and indicators influencing journal development and reflecting its position in the competitive publishing
market. This will provide a more comprehensive understanding of the dynamics of scientific journals in the
field of informatics and offer valuable insights for journal editors, publishers, and the broader scientific
community.
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AHHOTAUA

B nanHO#l 0030pHOM cTaThe pPacCMATPUBAIOTCS KOHIICMIIMU, TEXHUYECKHE OCOOCHHOCTH W
MEePCHEKTUBBI pa3BUTUA TexHoJaoruu NoSQL, noguepkuBaroTcs €€ NpeuMyLIECTBa IO CPABHEHUIO
¢ oOpryHbIME Oa3zamu 1aHHBIX SQL. ba3er nanubix NoSQL npuBieknu BHUMaHUe Oaarogaps cBoen
cnocobHoctn d3(h(hekTHBHO 00padaThIBaTh OTPOMHBIE O0BEMBI HECTPYKTYPHPOBAHHBIX H
MOJIyCTPYKTYPHUPOBAHHBIX JaHHBIX. ABTOPBI MPOBOIAT KPAaTKHUM aHATIN3 KITFOYEBBIX XapaKTEPUCTHK
0a3 mamHepix NoSQL wdepe3 wactudHOe cpaBHeHWe ¢ Kiaccmdeckonr SQL. B cratbe
paccMaTpuBaroTCs npenMyiiecta Texnonaoruu NoSQL 1o cpaBHEHHMIO ¢ TpaIUIIMOHHBIMU 0a3aMu
nanHelx SQL, Takue Kak MOBBIIMIEHHAs MPOU3BOAUTENBHOCTH, YIPOLICHHOE MOJEIHPOBAHHE
JIAHHBIX, TIOBBIIICHHAs] MaCIITAOUPYEMOCTh | MOACPKKA paclpeelieHHbIX cpell. B 3akiroueHue
MIEPEYUCIICHbl OyAyIIue TMepCreKTHBhl TeXHOMOTnH NoSQL ® pocT WuCmonmp3yeMocTd B
COBPEMEHHBIX MPUIIOKEHHSIX, OPUEHTUPOBAHHBIX Ha OOJBINE JaHHBIE.

KiroueBble ciioBa: nH(pOpMaLus; aHAIUTHKA; UHTEPHET; XPaHWIMILE; KIIOYM; 3HaUYCHMS; 0aza
JaHHBIX; TpadoBas 0a3a /JaHHBIX; pacmpeleleHHas 0a3a JaHHBIX; TOPU3OHTAIBHOE
MacIITabupoBaHIE
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Abstract

This review article examines the concepts, technical features, and future developments of NoSQL
technology, highlighting its advantages over conventional SQL databases. NoSQL databases have
gained attention due to their ability to efficiently process huge volumes of unstructured and semi-
structured data. The authors provide a brief analysis of the key characteristics of NoSQL databases
through a partial comparison with classical SQL. This article discusses the benefits of NoSQL
technology over traditional SQL databases, such as improved performance, simplified data
modeling, increased scalability, and support for distributed environments. Finally, the future
prospects of NoSQL technology and its increasing use in modern big data applications are listed.
Keywords: information; analytics; Internet; storage; keys; values; database; graph database;
distributed database; horizontal scaling
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BBE/[EHUHE

B mocnexnnue roapl HaOMIOAACTCS 3HAYUTEIBHBIA POCT MCIOJIB30BaHHUSA TexHojorun NoSQL
Omaromapst ee crmocoOHoOcTH o00pabaThiBaTh OOJbIINE OOBEMBI HECTPYKTYPUPOBAaHHBIX JAaHHBIX H
o0ecreunBaTh BRICOKYIO MAaCIITA0UPYEMOCTh U IPOU3BOIUTEIHLHOCTD. [[pOorpaMMUCTBI 3aMHTEPECOBAHBI B
ucnoip3oBaHuu TexHonorun NoSQL, mockosibky oHa obecrieunBaeT TMOKOE MOJAETUPOBAHUE JAHHBIX,
0oJiee OBICTpPBIC IUKIIBI Pa3padOTKHU U TOPU3OHTAIBHYIO MaciITabupyeMocTh. basel nanabix NoSQL Takke
HNOJJIEP)KUBAIOT PA3IMYHbIC TUIIBI JAHHBIX M XOPOIIO MOJIXOJAT JUIsl TAKUX CIIy4aeB HUCIOJIb30BaHUs, KaK
AQHAIUTHKA B pEAIbHOM BpPEMEHHU, CHUCTEMbl YIPABIEHUS KOHTEHTOM U TMPWIOXKEHUS C OBICTPO
MEHSIONTUMUCS TpeOOBaHMSAMHU K JdaHHbIM. ba3bl maHHbix NoSQL wucmonb3yooTes pasiTundHbIMU
opranmzanusiMd B Poccuu, BKIIIOYash TEXHOJIOTUYECKHME KOMIAHHM, CTapTalbl, T[OCYAapCTBEHHbIE
YUPEKIICHUS, UCCIICIOBATCILCKUE WHCTUTYTHI M TPEANPHUATHS B PA3IUYHBIX CEKTOPaX, TaKUX Kak
(GUHAHCHI, TEICKOMMYHHUKAIIMU, JJIEKTPOHHAs KOMMEPIUS W MPOU3BOJCTBO. B HHCIO H3BECTHBIX
KOMIaHui, ucnonb3yromux 6a3sl ganubix NoSQL B Poccun, Bxoasar SAunekc, Mail.Ru Group, CoepOank,
lNaznpowm, Poctenexom u BKonTtakre. NoSQL (uro o3nauyaeT «He Tolbko SQL») — 3T0 KaTeropusi cucrem
0a3 JaHHBIX, KOTOPHIE OTIUYAIOTCS OT TPAJAULMOHHBIX PEISIHOHHBIX 0a3 naHHBIX. basbl qanubix NoSQL
HEe ObUIM M300pETeHbl OJHHUM YEJIOBEKOM, a BO3HUKIM KaK OTBET HAa TPeOOBaHUS COBPEMEHHBIX BeO-
NPWIOKEHUH ¥ OOJNBINMX JAaHHBIX. Pa3iudHble KOMIAHUU W Pa3pabOTYMKH BHECIH CBOM BKJIAI B
pa3paboTky 6a3 ganubix NoSQL, Bximrouas Apache Cassandra, MongoDB u CouchDB.

KPATKHH AHAJIU3 ITIEPCIIEKTHBI TEXHOJIOTHH NOSQL

1. I'nbxocTh CXEMBI:

bazel manubix NoSQL mnpemnararor ruOKyr0 MOJENb JIaHHBIX, IMO3BOJISIONIYIO pa3paboTUMKaM
XPaHUTh U U3BJIEKATh JAHHBIE, HE IPUICPKUBASCH [IPENONPEIEICHHOMN cXeMbl. Takast THOKOCTh yUHUThIBAET
MEeHsIIoIMecs: TpeOOBaHUS K JaHHBIM U o0JierdaeT ObICTPYIO pa3paboTKy U UTepaluto, uto aenaet NoSQL
UJCANbHBIM JUIsl THOKOM pa3paOOTKU U MPUIIOKEHUH OOJBIINX JaHHBIX.

2. MacmtabupyeMocTb U BBICOKAsl TPOU3BOAUTEIBHOCTB!

bazb1 nanubeix NoSQL npeHa3HaueHs! 4711 FTOPU30HTAILHOTO MAaCIITAOUPOBAHUS, TO €CTh OHU MOTYT
o0OpabatbIBaTh O0JIbIINE 00BEMBI JAHHBIX, PacTIpeIesisi UX 110 HECKOJIBKUM CepBepaM WIH KiacTepam. ITo
o0ecreyrBaeT BHICOKYIO MPOIYCKHYIO CLIOCOOHOCTh 3allMCH U YTEHUS, 4To JenaeT 0a3bl JaHHbIX NoSQL
XOpOIIO MOAXOASIIUMU /111 0O0pabOTKU OTpPOMHBIX padOYUX HArpy30K M OOCIIYy>KMBAHMS MPUIIOKEHUN
peaIbHOTO BPEMEHHU.

3. Penumkanus 1 JOCTYIIHOCTD JAHHBIX:

bonbmmHcTBO 623 maHHbIX NoSQL mpemnaraioT aBTOMATUYECKYIO PEIUIMKAIUIO JIaHHBIX,
rapaHTHUpPYs, YTO JAHHbIE PETIMIMPYIOTCS HA HECKOJBKO Y3JI0B Il 00ecleyeH sl 0TKa30yCTOMUYUBOCTH U
BBICOKOM JTOCTYNHOCTHU. JTa GYHKLHUS IPEIOTBPAILAET €JUHbIC TOYKH OTKa3a U 00eCIIeUnBaET BCTPOECHH YIO
M30BITOYHOCTh, TAPAHTUPYS JOJITOBEYHOCTH JAHHBIX U OecriepeOoiiHoe 00CTyKUBaHUE.

4. 3anpoc Ha THOKOCTB:

ba3er manabpix NoSQL ncrnons3yoT pa3inyHbie MOJIETH 3alpOCOB, TaKWE Kak 0a3bl JAHHBIX «KITHOY-
3HaUEHUE», «IOKYMEHT», «CeMEeNCTBO CTOJ01IOB» U «rpad». Kaxnas Monens mpejiaraer yHUKalbHbIE
BO3MOXXHOCTH 3arpoca, MOJXOSIINE Ui KOHKPETHBIX MAa0JIOHOB JOCTyNa K JAHHBIM M CIICHApHEB
ucnoibs3oBanus. basel nanubix NoSQL gacto o6ecnieunBaroT 3(hPEeKTUBHBINA MOKUCK MO KII0YaM, HIMPOKHE
BO3MOKHOCTH BBIITOJTHEHUS 3aIIPOCOB M MOJJIEPKKY CIOKHBIX CTPYKTYp JaHHBIX [1].

5. PacnipenieneHHas U 0TKa30yCTOWYUBAs apXUTEKTYpa:

ba3br nanabix NoSQL co3aaHbl ¢ yueToM pacnpeaeneHHoNn apXUTeKTypbl. OHM UCTIONB3YIOT TaKHe
METO/Ibl, KaK CETMEHTHPOBAaHUE U CEKIMOHUPOBAHUE, U1 PACHpENeiICHMs TaHHBIX II0 HECKOJIbKHUM
cepBepaM, oOecmeunBasi TOPU3OHTaNbHOE MaciiTabupoBanue. Kpome toro, 6a3bl manHbix NoSQL
MpeHa3HAYEHBI 11 KOPPEKTHOM 00paboTku cOOEB cepBEpOB, OOECHIEUMBasi BHICOKYIO JOCTYITHOCTh U
OTKa30yCTOMYUBOCTb.

6. ITonnepxka HECTPYKTYPUPOBAHHBIX U MOJXYCTPYKTYPUPOBAHHBIX TaHHBIX:
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ba3er nmanHbix NoSQL mpeBOCXOMHO CHPaBISAIOTCA € 00pabOTKOW HECTPYKTYPUPOBAHHBIX H
MOJIYCTPYKTYPUPOBAHHBIX JAHHBIX, TaKUX Kak JTOKyMeHThl JSON, XML unu aBouyHbI KOHTEHT. OHU
o0ecreunBarOT THOKOCTh XpaHCHHs] W HHIEKCHPOBAHHUS JTHX Pa3HOOOpa3HBIX (OpPMATOB JaHHBIX,
103BoJIsAsE 9Q(PEKTUBHO HAXOAUTh U AHATU3UPOBATH CII0KHBIE CTPYKTYPHI JaHHBIX.

7. Tunbl 6a3 nanabIx NoSQL

- JIOKyMEHTOOPHUEHTHPOBAaHHbIE 0a3bl JaHHBIX (Hampumep, MongoDB)

- Cronbuarsle 6a3bl JaHHBIX (Hanmpumep, Apache Cassandra)

- ba3el naHHBIX «KITI0Y-3HAUCHHUE)» (Hanmpumep, Redis)

- I'padoBrie 6a3bl qaHHBIX (Hampumep, Neod))

CPABHEHHUE bA3bI IAHHBIX NOSQL U BA3bI /IAHHbBIX SQL

1. Moaenb nanubiX. bazel nanHbix SQL KMCMONB3yIOT CTPYKTYPUPOBAHHYIO U MPEAONPEICICHHYIO
cXeMmy ¢ TaOJHuIaMH, CTPOKAMH M CTOJIOIaMH, Toraa Kak 0a3bl JaHHbBIX NoSQL HCrmonb3yroT THOKYIO U
JMHAMUYECKYIO MOJICb JaHHBIX, YaCTO OCHOBAaHHYIO Ha Mapax KJII0Y-3HaueHHUe, JOKYMEHTaX, rpadukax
WM XPaHWJIUINAX C IIUPOKUMHU CTOJIOLIAMHU.

2. Macmrabupyemocts. ba3er  gamHbix NoSQL mnpemHasHadeHbl s TOPU30HTAIBHOTO
MacIITaOMpPOBaHUs, YTO O3HAUAET, YTO OHU MOTYT 00pabaThiBaTh OOJBIINE O0BEMBI IAHHBIX U BBHICOKYIO
Harpy3Ky Tpaduka Ha HECKOJIbKHX cepBepax. bas3pl nanubix SQL 00pIYHO MacIITAOUPYIOTCS BEPTHKAIBHO,
TpeOys 0oiee MOIIHOTO 00OPYIOBAHHUS 110 MEPE POCTA JIAHHBIX.

3. T'ubkocth cxembl. ba3pl ganubix NoSQL obecmeunBaioT rHOKOCTH CXEMBI, MO3BOJISS JIETKO
N00aBIISATh, U3MEHATDH U yJAIIATH MOJIS B MOJIENIN JAHHBIX, HE 3aTparuBasi CyIIEeCTBYIONIME TaHHbIE. bazam
nanHbix SQL TpeOyercst mpemornpenesneHHas cxema, a U3MEHEHHsS MOTYT MoTpeboBaTh MoaupUKauu
CXEMbl U MUTPAllUU JAHHBIX.

4. S3p1k 3anpocoB. ba3sl gqanHbix SQL ncnonb3yroT s3Ik 3anpocoB SQL, craHgapTU3UpOBaHHBIM
S3BIK JIJISL YIIPABJICHUS TaHHBIMU M MaHUMyJIupoBaHus uMu. basbl manaeix NoSQL wacTto mmeroT cBou
COOCTBEHHBIE SI3BIKM 3alPOCOB, KOTOPHIE MOTYT pa3lU4aThbCs B 3aBHCHUMOCTH OT THUIa 0a3bl JaHHBIX.
Hekotopsie 6a3b1 nanHbix NoSQL Takxke noanepkuBaroT 3a1pockl, 1o100HbIe SQL.

5. CootBerctBue ACID. ba3pl ganHbix SQL o00b14HO cooTBeTcTBYIOT TpeboBanusiM ACID
(aTOMapHOCTb, COTJIACOBAHHOCTB, M3OJIALMSA, JOJATOBEYHOCTh), YTO OOECHEYMBAET COIVIACOBAHHOCTh M
HaJIeKHOCTh aHHbIX. ba3bl qaHHBIX NOoSQL 1o ymonyaHuio 06ecrieunBaloT UTOTOBYIO COTJIACOBAHHOCTb,
OTJaBast IPUOPUTET BBICOKOM TOCTYITHOCTH M MacIITabUPyeMOCTH, @ HE CTPOTOM COTJIACOBAHHOCTH.

6. Bapumantel ucnosibzoBanusa. baszpl manHbeix SQL Xxopomio moAXOAST ISl TPWIOKEHUH €O
CTPYKTYPUPOBAHHBIMH M CJIOKHBIMU CBSI3IMH, TPEOYIOIIMX CTPOTOM IEJIOCTHOCTH JIaHHBIX, TAKUX Kak
TpaH3aKIMOHHBIE CUCTEMBI U MPHIOKEHUS, UCTIONb3YIolue (ruHaHCOBBIE JaHHBIE. ba3sl maHHBIX NoSQL
4acTO MCHOJB3YIOTCS B  CIEHApUAX C OONpIIMMH O0bEMaMU HECTPYKTYPUPOBAHHBIX WM
MONYCTPYKTYPUPOBAHHBIX JIAaHHBIX, OOpaOOTKON JaHHBIX B pEATHLHOM BpPEMEHH ¢ BBICOKHMH
TpeOoBaHUsAMH K MaciTadbupyemoctu [2]. Ha pucyHke mpejcTaBieH KpaTKUil aHaIU3 CPAaBHEHHS Pa3HBIX
TEXHOJIOTH.
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Puc. KpaTtkuii ananu3 cpaBHEHHS pa3HbIX TEXHOJIOTUI
Fig. Brief comparison analysis of different technologies

BaxxHo oTMeTHTB, UTO 3TO 00IIME XapaKTEPUCTUKHU, U CYIICCTBYIOT Pa3IM4HbIC THUIBI 0a3 JTaHHBIX
NoSQL, xaxnas U3 KOTOpPbIX UMEET CBOM CHIIbHBIE U cladbie cTOpoHbl. Beibop Mexny SQL u NoSQL
3aBUCHT OT KOHKPETHBIX TPEOOBAHUI U XapaKTepa pa3padaThiBAeMOT0 MPHIIOKEHUS UITH CHCTEMBI.

HEKOTOPBIE PACIIPOCTPAHEHHBIE OILIIHBKH ITPU ITEPEXO/IE OT A3 IAHHBIX SQL
K BA3AM /IAHHbBIX NOSQL
Crnenyer 3Hath, 4To ycnemHbii nepexon or SQL k NoSQL tpebyer moHUMaHUs pa3iuuuidl MEXITY
STUMH TUTIaMH 0a3 IAHHBIX U COOTBETCTBYIOIIECH aanTally MOX0/1a TPOrpaMMHCTa.

1. UrnopupoBanue moaenupoBaHus AaHHbIX. baszbl nanHbIX NoSQL TpedyroT apyroro moaxona k
MOJIEIMPOBAHMIO JaHHBIX 10 cpaBHeHUIO ¢ SQL. HecriocoOHOCTE pa3paboTaTh COOTBETCTBYIOLIYIO MOIENb
JTAHHBIX MOXET MPUBECTH K MpobiieMaM ¢ MPOU3BOJUTEIBHOCTHIO U HE3(P(PEKTUBHBIM 3aripocam.

2. Upe3smepHOE HCIIONb30BAHUE JACHOPMAIU3aluu. XOTS B HEKOTOPBIX Clydasx JIEHOpMaIU3alus
MOJKET YJIYYIIUTh IPOU3BOAUTEIBHOCTh 3alIPOCOB, UPE3MEPHOE €€ MCIOJIb30BaHUE MOXKET IPUBECTU K
M30BITOYHOCTH JaHHBIX W YBEJIMUYEHUIO CIIO)KHOCTH. BaxxHO HailTu OamaHC M TIIATENBHO B3BECUTH
KOMITPOMHCCHI.

3. IIpenebpexenne nnaexkcanueit. bassr nanubpx NoSQL 4acTo nmpeaocTaBisioT rHOKMe BapuaHThI
CXEMBbI, HO 3Ta TMOKOCTb MOXKET IPHUBECTU K MpodiIeMaM C MPOU3BOJUTENILHOCTHIO, €CIM MHIEKCHI HE
ucnonb3ytoTes agdexTuBHO. [IpaBuiabHas MHIEKCAIMs UMEET pellaroliee 3HaueHHe sl ONTHUMU3ALUU
IIPOU3BOJUTENIBHOCTH 3aIIPOCOB.

4. He yuurbiBaercs Macmtabupyemocts. basel  manHbix  NoSQL  u3BecTHbl  cBOei
MaclITabupyeMOCTblO, HO BaXXHO IUIaHMpoBaTh Oynymmit poct. HecmocoOGHOCTh pa3paboraTh
MacIITabupyeMyl0 apXUTEKTypy MOXKET IPUBECTH K TPYAHOCTSAM IPH YBETUUYEHUH 00beMa JaHHbBIX MU
paboueii Harpy3KH.

5. Henoorienka mpobieM COTJacOBaHHOCTH MJaHHBIX. baszbl gaHHbXx NoSQL, ocobeHHO
OPHUEHTHPOBAHHBIE Ha BBICOKYIO MAcCIITa0UPyeMOCTb, MOTYT oOecmedynBaTh Ooyiee ciiadble TapaHTUU
COTJIACOBAHHOCTH TI0 CPABHEHHIO C TPATUIIMOHHBIME 0a3amu JaHHBIX SQL. OueHb BaKHO TOHITH MOJIEITH
COIJIACOBAHHOCTU BbIOpaHHOM 6a3bl gaHHBIX NOSQL M cOOTBETCTBYIOIIMM 00pa3oM CIPOEKTUPOBATH
MIPUIIOKEHUE.
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6. HenoctaTounoe 3HakoMCTBO ¢ A3bikamu 3anpocoB U API. ba3bl nanabsix NoSQL yacto umerot
CBOM COOCTBEHHBIC S3bIKH 3anIpocoB U API, koTopsie MmoryT oTiumvarbes oT SQL. Hecmoco6HOCTh M3yYnTh
U TIOHATH T HOBBIC s3bIKH U API MoxeT npuBecT K He3(PPEKTUBHBIM UM HEBEPHBIM 3aIPOCAM.

7. Ilpeanonaraercs, uro NoSQL sBisieTcss yHMBEpCaJbHBIM pemieHueM: 0a3bl maHHbIX NoSQL
IIPEBOCXO/IHBI B OIPEAEICHHBIX CIy4asX MUCIOJIb30BaHUSA, HO MOT'YT IOAXOAUTH HE JUISl BCEX CLIEHAPHEB.
BaxxHO TIIaTENHHO OILGHUTH TPEOOBAaHUS KOHKPETHOTO MPHIIOKEHUS M BHIOPATh TEXHOJOTHIO 0a3bl
JIAHHBIX, KOTOpast JIy4Ille BCEr0 COOTBETCTBYET TEXHUYECKOMY 3a1aHuio [3].

NoSQL MoxeT pazianyaTbCs MO CI0KHOCTH B 3aBUCUMOCTH OT KOHKPETHOM TEXHOJIOTUU 0a3 TaHHBIX
U IPeIbIIYHIEro onbiTa padoThl ¢ 6a3aMu AaHHbIX. Hexotopbie 0a3bl 1anHbIX NoSQL 10BONIBHO IPOCTHI B
OCBOEHHUH, B TO BpeMs KaK Ipyrue Moryt ObITh TpeGoBaTenbHBl K 00ydeHuto. OgHako B 1eloM 0a3bl
nanHbiX NoSQL crpoekTupoBaHbl Tak, 4TOObI OBITh TMOKMMH M MacIITAOMPYEMBIMH, YTO MOXKET
00JerynTh paboTy ¢ HUMH B OINpPEAETICHHBIX CIIy4asiX HCIOIb30BaHUS MO CPABHEHUIO C TPAJAULIMOHHBIMU
peNSMOHHBIMU 0a3aMu TaHHBIX.

HEJIOCTATKH TEXHOJIOI'HH NOSQL

BaxxHo oTMEeTHTH, 4TO 0003peBaeMbIe HEJOCTATKA OTHOCATCS HE KO BceM 0Oazam maHHbIX NoSQL,
MOCKOJIBKY CYIIECTBYIOT Pa3HbIEC TUIIBI U PeaN3aluu C Pa3HbIMHU (PYHKIHUAMU U KOMIIPOMHUCCAMH.

1. OtcyTrcTBHE CTaHAAPTHU3UPOBAHHOTO s3blka 3ampocoB. B 06azax manabix NoSQL wacrto
OTCYTCTBYET CTaHJIAPTHU3UPOBAHHBIN S3BIK 3aMpOCcOB, TakoW kak SQL, 4TO yCIOXHSET BBINOJHEHHUE
CJIOKHBIX 3aIIPOCOB U aHAIIU3 JIAHHBIX.

2. OrpannuenHas noanepkka tpansakiui. basel ganaeix NoSQL mMoryT He oOecrieunBaTh MOJTHBIC
rapantuu Tpan3akiuii ACID (aromapHOCTb, COTIIaCOBAaHHOCTb, U30JISIIUSA, I0JATOBEYHOCTH ), YTO JIETIAET X
MeHee MOAXOASIIUMU JJIsl IPUITIOKEHUH, TPEOYIOIUX CTPOrON COTIACOBAHHOCTH JJAHHBIX.

3. dyOnupoBaHue u JIeHOpManu3anus NaHHBIX. ba3el manHbix NoSQL dacTto JeHOpMaIu3yroT
JAHHbIE W JyOJUPYIOT HX B HECKOJbKHX JIOKYMEHTaX WM KOJUICKIMSIX IS ONTUMM3AIUU
MPOU3BOAUTENBHOCTH YTEHHUS. ODTO MOXKET MPUBECTH K YBEIMYEHHUIO MCIOJb30BaHUS JHCKOBOTO
MPOCTPAHCTBA U TOTEHIHUAIBLHONW HECOTJACOBAHHOCTH JAHHBIX, €CJIIM OOHOBJICHHUS BBITOJHSIOTCS
HEIPaBUJIBHO.

4. OrpaHuveHHbIE HHCTPYMEHTHI U 9KocucTema. [1o cpaBHEHHUIO ¢ PeNSIUOHHBIMU 0a3aMU JTaHHBIX
6a3pl JaHHbIX NOSQL yacTo umeroT MeHbIINi HaOOp MHCTPYMEHTOB U 3KOCHUCTEMHYIO MOJAEPAKKY, UTO
MOKET YCJIOKHUTh TAKUE 33]1a4l, KAK MOHUTOPHUHT, P€3€PBHOE KOIMMMPOBAHME U BOCCTAHOBJICHHUE, A TAK)KE
YIIPABJIIEHUE CXEMOM.

5. Henmocrarounast 3penocth W ctabuibHOCTh. Hekotopwie 6a3bl gaHHbIX NoSQL sBisroTcst
OTHOCUTEIIbHO HOBBIMH M MOTYT HE O0JagaTh 3pENOCThbI0 M CTAOWIBHOCTHIO 0OJiee YCTOSIBIIMXCS
PESAIMOHHBIX 0a3 JaHHBIX. DTO MOXKET MPUBECTH K TMOTEHIMAIBHBIM MpobjeMaM ¢ OIIHOKaMu,
MPOU3BOIUTEIILHOCTHIO M IIEJIOCTHOCTBIO JAaHHBIX [5].

6. bormee kpyras kpuBas oOyuenus. baszpl manHeix NoSQL dacto TpeOyroT OT pa3paboTUMKOB
M3Yy4YEHUST HOBBIX MOJIEJICH TaHHBIX M SI3BIKOB 3aIIPOCOB, YTO MOXKET OBITh 00JIEE CIIONKHBIM B TPYAO0EMKUM
10 CPaBHEHUIO C TPAUIIMOHHBIMU Oa3amMu JaHHBIX Ha ocHoBe SQL [5].

3AK/TIOYEHHUE

B naHHO#l 0030pHOI cTaTbe mpeacTaBie€H BCECTOPOHHUM 0030p TexHosmorun NoSQL, ee
TEXHUUYECKUX OCOOCHHOCTEH U NEPCIIEKTUB Pa3BUTH. B HeM MmoguepKuBaroTCs MperuMyniecTBa 6a3 JaHHbIX
NoSQL 1o cpaBHEHHIO ¢ TPaAULIMOHHBIMH cucTeMaMu SQL, mog4epKUBaOTCS UX MaclITaOUpyeMOCTb,
rHOKOCTh U MIPEUMYIIECTBA B TPOU3BOAUTENBHOCTH. POCT OONBIINX JaHHBIX U MOTPEOHOCTH B AHATUTHKE
B PEaJbHOM BpEMEHHM CO3JIal0T BO3MOKHOCTH Juis 6a3 mgaHHbIX NoSQL st adpdextuBHOM 00paboTKu
KPYIMHOMACIITAaOHbIX M OBICTPO MEHSIOIUXCS HAOOpPOB JaHHBIX. MHCTUTYTBI M HCCIEI0BaTEIbCKUE
opranusanuu Poccuu akTUBHO y4acCTBYIOT B M3YYCHUU U PAa3BUTUM TEXHOJIOTUN YIIPABJICHUS JaHHBIMU, B
toM unciie NoSQL. [ToreHimanbHoe COTPYAHUYECTBO MEKIY HAYYHBIMU KPYTraMu W MPOMBIIUIEHHBIMU
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napTHepamMu OOJIeryuT OOMEH 3HAaHMSIMH KM MOXKET INPHUBECTH K mporpeccy B pazpaborke NoSQL.
[Tockonbky 00BEM M CIOKHOCTb JaHHBIX MPOIOJKAIOT pacTH, TexHojorus NoSQL, BeposTHo, Oyner
UTPaTh PEHIAIONIYI0 POJIb B COBPEMEHHOM YIIPABIICHUM JAHHBIMHU M aHANUTUKE. [lepcriekTuBbl pa3BUTHA
NoSQL B Poccun MoryT 6bITH MHOTOOOEIIAIOIIMMU OJIaroaps pacTylieMy Cpocy Ha MaclTadupyemsble
pelieHus Ui YOpaBJI€HUS JaHHBIMM, IIPOLBETAIOLIEH SKOCHUCTEME CTapTamoB, aKaJeMHYECKUM
MCCJIEJOBAHMSIM U FOCY1apCTBEHHON MOIJEPIKKE.
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