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BbaxkraeB A.b. , Mykasxkanos H.K.
MesxyHapoaHbI YHUBEPCUTET HH()OPMAIIMOHHBIX TeXHOJIOTHH, AnMatel, Kazaxcran

AJI'OPUTM PELHIEHUS 3ATAYH 1O UCITPABJIEHAIO OIIEYATOK B TEKCTE,
INPUMEHSAEMBIN B IIOUCKOBbBIX CUCTEMAX C TIOJAEP)KKOU KA3ZAXCKOI'O
A3BIKA

AHHoTanusi. B cTarbe omuchbIBaeTCs MOAXOJA pEIICHUS M TMPUMEHEHHsS aJropuTMa
WCIIPABJICHUSI OMEYaTOK WM OIIMOOK B CIIOBAaX C MOJAJIEPKKOW Ka3aXCKOro f3bIKa, KOTOpHIE
JOMYCTUJIM JIIOAUM TpPHU BBOJAE TEKCTAa. ANTOPUTM pa3padaThiBaeTCs C IOMOIIBIO PACCTOSIHUS
Hamepay — JleBeHmTelHa M PEAAKIIMOHHOTO TMPEANHCAHUA JIsI TOMCKOBOM cucTtembl. Jliid
TOYHOCTH W PEJIEBAaHTHOCTH IOMCKa, TpeOyeTcsl TOUHbIE KIIOYEeBBIE 3ampochl. B cremike mroau
MOTYT 3a0BITh MEPEKIIOUNUTh PACKIAAKY, JOMYCTUTh opdorpadudeckrue Wik Apyrue BUABI OMTHOOK
Ipu Habope TEKCTa, U HEeJIb3s IOIYCTUTh YTOOBI 3TO MOBIUSIIO HAa KAYECTBO MOKMCKA HH(OPMALIUH.

KuaroueBble cjioBa: HCIpaBieHHE ONE€YaTKa B TEKCTE, MOMCKOBBIE 3allpoOChl, OIIUOKUA B
3ampocax, paccrosHue Jlamepay — JleBeHmTeliHa, pelaKIIMOHHOE MTPEIUCAHUE.

Beenenue

KonndectBo nH(pOpMAIIMOHHBIX PECYPCOB, TAKUX KaK HOBOCTHBIE CalThl, OJIOTH, TUIOIIAAKH
AIEKTPOHHON KOMMEPLIMHU C OHJIAMH MPOoJakaMH, 2JIEKTPOHHbIE SHIUKIIONEINH, HEIPEPHIBHO
pacret. CyIiecTByeT MHEHHE, YTO TIOMCKOBAst MAIlIMHA JUIsl CaliTa He SIBJIIETCS] BaXKHBIM 3JIEMEHTOM,
3aciy’KHMBaOIMM BHUMaHUS U TpaThl pecypcoB. Bo3MokHO, 3T0 npaBja B KAKUX-TO YaCTHBIX
curyanuax. OgHaxko B OOJIBIIMHCTBE CIy4yaeB MOMCKOBAsk MAIIMHA UTPAeT BaXXHYIO POJIb B
KU3HEHHOM LIuKJIe caiiTa. JlanHast paboTa mocBAIIeHa OTHOW U3 TIaBHBIX YaCTEH MOMCKOBOM
CHCTEMBbI — MPEIBAPUTEIBHON 00pabOTKe TEKCTOBOIO 3alpoca AJs YIy4leHHUs PeJeBaHTHOCTU
noucka. Heo6xoaumocTs npeiBapuTenbHOM 00paboTKH 3arpoca rnepesi BhIIOJTHEHUEM TOMCKa
00yCIIOBJIEHAa TEXHOJIOTMUECKOH 0COOEHHOCThIO ITOMCKOBOTO Tpoliecca: B OOJIBIIMHCTBE CIy4aeB
[IOUCKOBBIE MAIlIMHBI UCIIOJIb3YIOT TOJIHOTEKCTOBBIN IMOUCK, TI03TOMY Y€M TOUHEE BBIIIOJIHEH
3ampoc, TeM TouHee OyeT pe3ybTar.

[TpuHMn npeaBapuTenbHO 00pabOTKH TEKCTa MOYXKHO PEaIn30BaTh C MOMOIIBIO aIrOpUTMa
pPEIaKIMOHHOIO Mpeanucanus. Takke MOXXHO HNPUMEHUTh alrOpuTM paccrosinus JleBeHunTeiiHa
JUI OTIpeAeNieHUs] Pa3HOCTH MEXAY JIByMS IOCIIENOBAaTEeNbHOCTSIMH CUMBOJIOB. TpeOyercst Oa3a
JAHHBIX CYIIECTBYIOIIMUX CJIOB, YTOOBI BBIUMCIHUTENbHAs CHCTEMa TIOHMMAana, KakKhe CJoBa
CYLIECTBYIOT B €CTECTBEHHOM s3bIKe. EcTecTBEHHBIH f3bIK BKJIIOYAaeT B cedst Oosiee ThICAYU
pPa3NUYHBIX SI3bIKOB CO CBOMMM IpaBUJIaMU, CUHTAaKCUCOM M T.J. 32 OCHOBY BO3bMEM TpHU SI3bIKA:
Ka3axCKUM, PpyCCKHMM, aHTIMKcKkuil. Jltogum mpu HaOOpe TeKCTa JOMYCKAIOT Yalle BCEro ONTMOKH
CIIEYIOILETO XapaKTepa:

— CcaMblil pacIpOCTpaHEHHBI BapHaHT — MPOSIBICHUE YEIOBEYECKOTO (pakTopa — oreyaTka,
KOTOpPYIO BO3MOXKHO JOIMYCTUTH TJe yroaHo. Hampumep, «cermHs COHJIEUHBIH JeHbY». B
JAHHOM IIPEUI0KEHUH OIIMOKHU B CJIOBAaX CErOJHS U COJIHEUHBIH;

— CJIOBa W3 PYCCKOTO s3bIka, HaOpaHHBIC JATHHCKUMH OYKBaMH, WJIU HAa0OOpOT. 3a0buin
CMEHUTH pacKiaaKy kiaaBuarypsl. Hampumep, «Privety nnn «Ghbdtny Bmecto «lIpuBeTy;

— KAa3axCKHM TEKCT, HAMCAHHBIM B PYCCKOM packianke. Hampumep, «bIHrauiabD» BMECTO
«BIHFAMIIBI», UK «KOPKEM aH» BMECTO «KOPKEM JH.
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OcHoBHasi KOHIENIMS PeIeHNs 32Ja4H 110 HCIIPABJICHHIO OIeYaTOK

YroObl MOJNIyYUTh HYXKHYHO HWHPOPMALMIO, HAWTH OTBET, HEOOXOIUMO IPABUIBHO
copMyIHpOBaTh MOMCKOBOM 3ampoc. Pe3ynbTaT mowcka HampsMylO 3aBHCUT OT BBEACHHOTO IS
IIOUCKA TeKcTa. TeKCT sBisieTcss HabOpoM CJOB, a CJIOBa — IIOCIEI0BATEIbHOCTBIO CHMBOJIOB,
KOTOpasi MMEEeT olpezesieHHOe 3HaueHHe. [loCKosbKy MbICIUTEIbHAs AESITEIbHOCTb IMPOTEKAET
ObIcTpee pU3NUECKUX AECHCTBHM, IPU HAOOpE TEKCTa MOJIb30BATEIN MOTYT JOMYCTUTh OIINOKY UIIH
OIICHATKYy. Hama Oejab — II0 BO3MOXHOCTHU HaWTH U HCIIPABUTH 3THU OH_II/I6KI/I, YTOOBI pe3yibTart
IOMCKa Beerja Obl1 6oJiee pesieBaHTHBIM.

[TpeamnonoxuM, yTo UMeeTcs 06a3a JaHHBIX C MIJUIMOHAMH CJIOB U OJHO CJIOBO Ha BXOJ JUIA
TOro, 4ToObl HAWTU KOPPEKTHBIA MCXOAHBIM BapuaHT. Ilonck coBmaseHus myreM COMOCTABIICHUS
JJIMHBI HY>KHOTO CJIOBA C Ka)KAbIM CIOBOM B 0a3e NAaHHBIX, BBICUUTHIBAS CXOJICTBO MEKAY 5; U 5,
— CJIMIIKOM J0poras u goJirad orncpanus. W3Baeun JaHHBIC U3 ITaMATH 6I>ICTp€e, YEM BBIIIOJIHATH
TPYAOEMKHE BBIYMCICHUS IPU KaxJ0M 3arpoce. Bece neno B peanuzanuu 1aHHOrO (yHKIMOHANA.
Bmecro Toro 4roObl mepeOuparh MPOIEHT COBMECTUMOCTH C KaXKJIBIM CJIIOBOM B 0a3e JIaHHBIX,
MOJKHO Ipe/IBapUTEIbHO MOATOTOBUTH HA0OpP BO3MOXHBIX BApUAHTOB C IIOMOIIbIO AITOPUTMA
PECAAKIUOHHOI'O IMPCAINNCAaHUA W TMOUCKATh COBIAACHHA B HpOHHI{CKCHpOBaHHOﬁ baze JaHHBIX.
Ecnu pesynbraThl OT MNpEAbIAYIIMX JACHCTBUII HE YJIOBJIETBOPUTEIbHBI, MOXXHO PpAaCIIUPUTh
Auana3oH € IIOMOIIBbIO CMCHBI paCKIIalKu MCKIY KHpHHHHHGﬁ nu JIaTI/IHI/IIIGf/'I, BOCIIOJIb30BaThCA
CHOBa aJrOPUTMOM pEJAKLMOHHOIO IpPEINUCAHUus M IONbITaTbCi HAMTH coBmajieHus B Oase
JAHHBIX YK€ C IPYrOM pacKJIaIKON.

Ilepebupast BO3MOXHbBIE BapUaHTBl C MMOMOIIBIO PEJIAKIIMOHHOTO NPEANUCAHMs, TOIy4aeM B
pe3yabTaTe KaHIUIATOB JUIs UCIpaBiieHus. [ onpeneneHuss OqHOrO BapuaHTa, HyKJIaI0IIEerocs B
KOPPEKTHPOBKE, MOYKHO MCIIOJIb30BaTh MHOXECTBO BapMaHTOB Pa3HbIX METPUK U MOAXO0J0B. B
JaHHOU paboTe CpaBHUM TEOPUIO BEPOSITHOCTH C aJITOPUTMOM paccTosiHus JIeBeHmTeliHa.

AJIropuT™

JlucTaHuMsA peJaKTHPOBAHUSA MEXY IBYMs CTPOKaMH (peIaKIMOHHOE PACCTOSHUE) — 3TO
HauMeHbIIIee KOJMYECTBO ONepanuii BCTaBKU, y1aJeHHs] U 3aMEHbl OJJHOTO CUMBOJIa Ha APYrou Jis
IIPEBPALLEHUS OJHOWU CTPOKH B HHYIO [1].

Paccrosinne /lamepay-JleBeHmuTeiilHAa — 3TO pacCIIMPEHUE €HIE OJHOM omnepanuen
anroputMa pacctossHMsl JleBeHmTelHa. Onepauusi Ha3bplBA€TCS TPAHCIIO3MLIMEH, IEPECTAaHOBKA
PAIOM DPACIONIOKEHHBIX CHMBOJIOB MECTaMH. AJTOPUTM XOpOLIO paboTaer ¢ OJHOOAWTHBIMU
KOJUPOBKAMHM, HO HA HEKOTOPBIX SI3bIKaX JOIYCTMMO ONMMCAHUE TEKCTOB TOJIBKO C UCIOJIb30BAHUEM
KOJMPOBOK C MEPEMEHHON JJIMHOM cUMBOJI0OB, HantpuMep FOHukoz [2]. OH BBISIBIIIL, UTO NpU Habope
TekcTa 4/5 omubOoK SBISIOTCS TPAHCTIO3UIUAMH [3].

PepakuuoHHoe npeanucanue — 3TO MOPSIOK JECUCTBUN Ui MOJYYEHUS U3 OJHON CTPOKH
BTOpOW HamkparTdaimmMm obOpa3zoM. Yamie Bcero JaeicTBusi 0003HAuYalOTCS TakK, Kak yKa3aHO B
tabsuie «O003HaYCHHUS ONepaliii peIaKIIMOHHOr0 mpeanucanus» (Tadmuna 1) [1]. st onepanuit
BCTaBKH (insert) UCTONb3YIOTCs OYKBBI U3 ayihaBUTA A3bIKA, HA KOTOPOM TpeOyeTcst HAWTH CIIOBO.

Tapr6omuna 1 — O6o3HadeHHsI onepanuii peJaKIIMOHHOTO TTPEIMTUCaHUS

Onepanus | ITonHOe HA3BAHHE HA AHTVIHIICKOM ITo1HOE HA3BAHHE HA PYCCKOM
D Delete yIQTUTh

| Insert BCTABUTh

R Replace 3aMEHHUTH

T Transpose TPAHCTIO3UIIUS

M Match COBIIAJICHUE

K mpumepy, nnsa crpok «COJIEM» u «CAEM»

MOXHO IIOCTPOUTH HpGOGpEBOBaHI/Ie KakKk

mokaszaHo B Tabnuie «[Ipumep paboThl peaakIMOHHOTO mpeanucanus» (tadbmuia 2) [3]. Ilepsoie
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CHUMBOJIBI COBIAJAIOT, OOO03HayaeM OykBoii M, uyTto o3Hauaer Match (coBmameHue) corjacHo
tabmuue 1. Cnenyromue onepanuy — 3aMeHa, BCTaBKa, 3aTEM CHOBA JBa COBITA/ICHHS.

Tabnuma 2 — [Ipumep pa®oThl peAaKIIMOHHOTO MIPEATMCaAHUS

Onepanusi MIR|I MM
Koppexmmnoe cnoeo C|o|Jl |[E M
Cnoeo c owuoxou C A E | M

Taxke u3 ciopa COJIEM MOXHO NMOCTPOUTH pa3HbIe BapHAHTHI C OUTMOKAMH, HCIOJIB3YSI
peIakIMOHHOE Ipeanucanue (PUCyHoK 1).

| COJIEM
BcTaBka 3BameHa Ynoanenmne [lepecTaHOBKA
ACSJIEM ASJIEM __SJIEM BCJIEM
BCSIJIEM BSJIEM C_JIEM CIIDEM
COJIEMA COJIEA CSIIE__ CoJIME

Pucynox 1 - Jlemoncmpayus pabomol pedaxkyuoHHo20 npeonucanus

MoxeM cuuTaTh, YTO BCE ¢ HEOTPHUIATEIBHBI: €CIU JBE TOCIIEAOBATEIbHBIC OIEepaIiy
MO’KHO 3aMEHUTH OJIHOM, 3TO He yXyALIaeT OOIyIo LeHY (K MpuMepy, 3aMEHUTh CUMBOJ X Ha y, a
MOTOM C ¥ Ha z He JIydllle, 4eM cpasy x Ha z) [1].

OueBuAHO, CIIPABEUINBBI CIEAYIOLINE YTBEPIKICHUS:

d(sy,s,) = ||51| — |,

d(s,,s,) < w(s b) * |s,| + wla, =) * |s,|

d(s;,s,) =0e s, = s,

rae d(s,,5,) — paccTOsiHUE C TIOJICTAHOBKOW MEXy 5, U S5, |s| — mmuHa crpoku s [1].

OCHOBaHBIM MHMHYCOM SIBIISIETCSI TO, YTO JIrOpUTM Tpedyer O(M # N) omepauuil U TOYHO
TaKylo k€ MamsATh. UeM JUIMHHEe CTPOKa, TEM JOJIbIIE ONepanus OyAeT BBIMOIHATHCSA. JTO 3HAYMT,
4TO moTpedyercs nmpuMepHo 40 rurabaifT maMsTH I cpaBHeHHs (Baiinos mmHOM B 10° crpok [2].
Y4auTeiBasi, 94T0 00JACTHIO MPUMEHEHUS SIBISIETCS ITOMCKOBAs CHUCTEMa, JOJTOE BBIOJHEHHE HE
npuemsieMo. Ilo 3Toif mnpuumMHE MBI BBICTAaBUM OrPAaHUYEHHUS 10 JUIMHE KaXXIOro CIIOBA.
[IpenmnonoxuTenbHO OHAa OyJeT paBHA JUTMHE CaMOT0 JJIMHHOTO CIIOBA B 0a3e JTaHHBIX.

OnpeneneHne KaHAUAATA € IOMOIIBIO TEOPUIi BEPOATHOCTH — I10 KXJIOMY HalJICHHOMY
CIIOBY-KaH/JMJATy WIIEM 4YacTOTY MOBTOPEHHUs B 0a3e JaHHBIX W JIEIMM €ro Ha KOJIMYECTBO BCEX
CJIOB B 0a3e TaHHBIX, U BO3BpAIllaeM KaHJUAATa, I71€ NOJYYHIN MaKCHUMaJIbHOE 3HaYeHHUE.

CMeHa pacK/IaJKH TeKCTa — 3TO Npeodpa3oBaHKMe TEKCTa C KUPUIUIMLBI HA JIATUHUILY WIIH
HAa00OPOT B COOTBETCTBUHU C PACKJIAIKON Ha KJIaBUATYype (PUCYHOK 2).

JlonmyCcTUMO Halu4yhe HECKOJNBKHX PacKJIaJoK JUIsl OJHOrO MUCBbMEHHOro s3blka. Hampumep,
umerorest packinaakun MITYKEH u donernueckas (IBEPTBI) anst pycckoro sssika. QWERTY,
JIBopaka u Colemak nyist aHTIMIICKOTO sI3BIKA [4].
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KnaBuarypHasi packiiazika Ka3axCKOTO s3blka pa3palaTblBallaCh Ha OCHOBE PYCCKOH
packiaaku u 3akpervieHa crangaptom PCT KazCCP 903-90. Packnagka Ka3axckoro, pycckoro u
aHrIuicKoro (pucyHok 2) [4].

g )
(1 2 9|z 1 (la Hls F [lle 7 8 Y |l ¥ |llo K e h
Q w E R T Y u | o P

“n u y K E H r L w 3 X b

A S D F G H J K L
@ bl B A n P n i x 3
z X [ v B N M

A y c M n T b B 10 Ne

Pucynox 2 - Knasuamyphas packiaoka Ka3zaxckoz2o, pyccKo2o u aHeIUlCKo20 A3bIKa

JIi1si CMEHBI PACKIIAJIKU CO3/1aUM KOJUICKILUIO, KOTOpasl MPEACTABISCT U3 ce0s Mapy KIK4-
3Ha4yeHus (tabmuia 3).

Tabnuna 3 — Kosutekuust Kiitou-3Ha4eHUs! 111 CMEHbI pacKJIaaKu

Latin q w e r t y u i 0 p [ 1]
Cyrillic i 11 y |k e H r m |o |3 X |b
Latin Q |w [E [R [T |Y Ju [1 |o [P [{ |}
Cyrillic | |l |Y |K |E |(H | | (0O |3 |X |b
Latin a S d |f g h J k I ; '
Cyrillic i) BI B |a 1 p 0 hi§ hi§ K |9
Latin A S D |F G H J K L : "
Cyrillic ® | bl B |A |[IT |P o |J o |X |D
Latin z X cC |V b n m |,

Cyrillic s q c (M |m T b 0 10

Latin Z X cC |V |B N M | < >

Cyrillic A q C |M | T b b IO

Latin @ |# $ 1% |* |( ) _ +

Cyrillic o |1 H |F |Y |¥ |[K |6 |h

Latin 2 3 4 |5 |8 |9 0 - =

Cyrillic ) i H |F Y Y K o h

IIpenBapurennnasi o00paGoTrka TekcTa (KOPPEeKTHPOBKA TEKCTa) C  MOAJEPKKON
Ka3axCKOIr'0 s3bIKa PEIIACTCs C IOMOIIbI0 KOMIUIEKCA aJrOPUTMOB U IOAXOJOB Ul PELICHHUS
3amaun (pucyHok 3). JlaHHBIM MOAXOJA YYUTHIBAET CMEHY PAacKJIaJKH KIABUTATYphl, pa3IU4HbIE
BapHWaHThI ONICYATOK U T.A.
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Hauano

| Pa3nenuTb TEKCT Ha Crosa |

| | = HayankHoe 3HaYeHWe | ¢

TopMUpyem
MCMPEENEHHEIR TekET

Credyrowes cnoso

i < KOHeyHoe

JHaYeHWe OTgaem nonyYeHHsld TexcT

Teopus
Koney ﬁ SEpOAMHOCMIU

Komuuecteo & Daze
JaHHEIX Ka#I0To

TIDE0 HaloeHD

B BO? BrinonHAem 3anpoc e B[,

HaHIeHHOIO KaHIHIaTa
amropuTH || monyuaen :Le{‘fmr a Ko‘;?;gm
PEOaKLMOHHO D KEHAWZETEI Ha - i
npeanMcaHns KOPPEKTUPOEKY BCEX CJIOE B Daze
—| CoxpaHAsm QaHHOE CNoso | T JAHHEIX H BEO3EpaIacM
» » KaHOHIATa Iae
MeHReM packnanky HOTYVHHIH
4nA cnoea MAKCHMATEHOE
IHITCHHE.

Kanouoatel
HalLEeHsI?

False
EEina ni cueH
packnagku?

True

[INA 0aHHOro CNoBo He HaldeHs!
BaDPWEHTE! KOPDEXTHDOBKM,
B03EPELLAEM CNOEOD KK ECTh
[y

Pucynox 3 - Brnox-cxema aneopumma ucnpagnenus KOppekmuposKu mekcma

Ilaru aaropuTMa KOppeKTHPOBKHU TEKCTA (PUCYHOK 3):

1) BXOMHO TEKCT pa3jieNisieM Ha OT/eIbHBIC CIIOBA;

2) HayMHaeM nepedupaTh KaxI0e CIO0BO;

3) cHavana mpoOyeM HAiTH COOTBETCTBHE B 0a3e MaHHBIX 0€3 KaKUX-JIHO0 N3MEHEHHH,
9TOOBI HEe COBEPIIATH JMITHUX ONEPALUi B CIy4ae, €CIH CII0BO U3HAYAIIbHO BEPHOE;

4) ecnu HaXOJMM CJIOBO B 0a3e IaHHBIX, J100ABJIsIEM B HTOTOBYIO KOJIJICKIIUIO;

5) ecnau coBmajeHuss B 0a3e NAHHBIX II0 3TOMY CJIOBY HE HAaWCHO, BBIMOJHICTCS
JITOPUTM PEAAKIIMOHHOTO MPENHCaHus, Ha BBIXOJIE MOJIyyaeM Habop BO3MOXHBIX BapUaHTOB, IO
KOTOPBIM HIIIeM KaHM/IaTOB B 0a3e JaHHBIX CJIOB;

6) ecmu KaHOMOATBl HE HAWACHBI, MpOBepsieM, ObLIa I paHee CMEHa PacKIajKH,
HaTpuMep, C aHTIIMICKOTO Ha PYCCKHMA, Ka3axCKUil MM Hao0opoT. Eciu Oblia, MEHsIEM pacKIaKy,
TEM CaMbIM PacCIIMPHB JMANa30H MMOMCKa KaHAUAATOB Ha KOPPEKTUPOBKY. Jlanee Bo3BpamiaeMcss Ha
MPEBIAYIINNA IIar, CHOBa BBIMOJNHSIEM pPEIAaKIMOHHOE NPEANHCAHUEe W TIBITAEMCS TIONYYUTh
KaH/MJIaTOB HAa KOPPEKTUPOBKY;

7) ecnau moOCHe MPUMEHEHHs ajJropuTMa PEAAKIMOHHOTO MPEANUCAHUS KOJIUYECTBO
KaHJMJIaTOB PAaBHO HYJIIO, HCXO/IHOE CIIOBO BO3BpalllaeM B KayeCTBE KOPPEKTHOTO CJIOBA, TaK KaK B
0a3e JaHHBIX OTCYTCTBYET TAHHOE CJIOBO M KaHMIATHI Ha €r0 KOPPEKTUPOBKY;

8) eciu KaHAWJATHl HAWAEHBI M MPH TOM KOJMYECTBO KaHJIUAATOB OOJbILE OJHOTO,
BO3HHUKACT HOBas 3aJa4a. ONMpeeNuTh, KaKOW BapHaHT M3 MOJOOPaHHBIX KaHAUJATOB MOIXOIUT HA
KOPPEKTHPOBKY. Y HaHHOM 3aJauyd eCTh pa3JIM4Hble CIOCOObI pemieHus. B naHHON cTaTbe
PacCMOTPHUM TEOPHIO BEPOSTHOCTH, AITOPUTM paccTostHus lamepay-JIeBeHITeHA;

9) 1O MOJYYEHHBIM pe3yJibTaTaM CJOBa M3 KOJUIEKIMH KOHKAaTEHHUPYEM M BO3BpalllaeM
B Ka4eCTBE MPEeABAPUTEIHLHO 00padOTaHHOIO TEKCTA JIJIsl IOMCKOBON CUCTEMBI.

Cnenatp BBIOOp M3 TMOJYYEHHBIX KaHIAMJIATOB HAa KOPPEKTHPOBKY — 3a/ada HEMpPOCTasl.
JlaHHYI0 NPO0JIEMY MOKHO PELIUTh ¢ MOMOIIBIO PAa3JIMYHBIX METPUK M Jak€ C MOMOIIBIO TEOpUHU
BEPOSATHOCTH. Bompoc B TOM, Kakyo IelIb PECIeI0BaTh: CKOPOCTh MM TOYHOCTH?
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AHaJIN3 METO10B

Ecnu cpaBHuTh Teopemy baiieca u paccrositnue JleBeHmTeliHa, TO OTAAaTh MPEANIOYTEHUE
KaKOMY-JIMOO OJHOMY METOAy CloXHO. IlompoOyem CpaBHHTH TOYHOCTH M BPEMS BBITIOJHEHUS
(Tabmuna 4).

Tabmuma 4 — CpaBHeHHE paccTOsSHUSA JIeBEHINTEHHA W TEOPUU BEPOSTHOCTH B IMPAKTHYCCKOM
MIPUMEHEHHUHU Ha S3bIKE TPOTpaMMHUpPOBaHuUs python

Metpuka JleBeHureiiHa Teopus BepoATHOCTH

Text: xaipbl Text: xaipbl

Elapsed time: 0.2219 seconds Elapsed time: 0.2248 seconds

Pe3yabTaT: Kailblpibl Pe3yabTat: xaitnbl

Text: unTepkT Text: unTepkT

Elapsed time: 0.2866 seconds Elapsed time: 0.2897 seconds

PesyJabTar: nHTEpHET Pe3yJsbTaT: nHTEpHET

Text: kallbIpiIbl KyH alIMaThl Kajlackl Text: kaibIpibl KyH alIMaThl Kalackl

Elapsed time: 0.0004 seconds Elapsed time: 0.0003 seconds

PesynbTaT: KalibIpisl PesynbTaT: KalibIpisl

Elapsed time: 0.0002 seconds Elapsed time: 0.0002 seconds

PesyabTaT: KalbIpibl KYH PesynbTaT: KallbIpiasl KYH

Elapsed time: 0.0002 seconds Elapsed time: 0.0002 seconds

PesynbTaT: KalibIpibl KYH aJIMaThl PesynbTaT: KalbIpibl KYH aJIMaThl

Elapsed time: 0.0003 seconds Elapsed time: 0.0003 seconds

PesysbTaT: Kailblpibl KYH aIMaThbl PesyibTaT: KailbIpibl KYH aIMaThbl
Oanacsl Oaacsl

TecTupoBanusi MeToa MOA00PA KAHANIATOB

MHOXecTBO BapUaHTOB 3aBHCUT OT Oa3bl JaHHBIX clioB. UeM Oosblue cioB, TeM OoJjblie
BAPUAHTOB, ¥ TEM CJIOKHEE ONPEIAECIUTh TOYHO, YTO UMEII B BUAY IIOJIB30BATENb.

PaccmoTtpum mpo6Giiembl 06oux MeTofoB. Huke mpencTaBieH CHMCOK M3 BBEJEHHBIX JUIS
KOPPEKTUPOBKH CIIOB M MX BapuaHThl. Hampumep, /Ui clloBa xapail HAILIOCh 5 KaHIWJATOB Ha
Ka3axckoM s3bike. [Io MeTpuke paccTosHus JIeBeHITelHa, Y BCEX BApMAHTOB METPUKA BBIYMCIINIIA
OANHAKOBOC PACCTOSIHUC «l — ma OAUH CHUMBOIJI Ka)K}II)II\/'I U3 HUX OTIIMYACTCA OT HCXOIHOI'O».
Bei6op B aHHOM citydae OyAeT O4eBUIHO CiaydyalHbIM. Teopuell BEpOSTHOCTH B JAHHOM ciydae
OyZleT yuuThIBaThbCS, HAaCKOJBKO YacTO HCHONb3yeTcs B 0a3ze JaHHBIX 3TO cioBo. Ecim vactora
BBIIIIE, YEM Y OCTAJIbHBIX KaHIMJIATOB, &JITOPUTM MOAOEPET TO CIOBO, KOTOPOE UCIIONIb3YEeTCs Yallle
BCETO.

Hanpumep BapuaHThI:

Kapaii - {'apaif', 'caiait', "xacait', 'acait', 'rapaif’, 'araif’, "“xapait', 'varant', 'canait’, 'vianai’,

apa', 'raxait', 'kana', 'navan', 'masail', 'carait', 'capai', 'ajait', 'anait', xanait', 'anan', 'najam’,
'abait', 'kabax', 'rasait', 'araif', }

CyT _ {'Cy v’ c T', 'c T', va T', c T', vcyv, , ' YT'}

Kanam - { , 'namam', 'Oamam’, 'camam', 'iianam’, 'amam'}

Kare - {'xete', 'karep', 'ky1e', , 'Kade'}

Kanacei - { , "'Oamacel', 'nanacsr'}

Kapaii - {'capait', 'apait', 'rapait’, , rapait'}
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/candidates
Hanuwm oaHo cnoeo ¢ owmnbkoii
Kapai
Bbl BE@AM CI0BO: Kapait
KaHawaate!: {'capaid’, 'apaii’, 'Tapait’, 'kapait', "xapaii'}

Thank you!

Pucynox 4 - Bom ons koppekmupoexku mexcma (no06op KaHouoamos)

On Byn fyfksrns 03iHIH XakeA3PEIHE XeTKZAN

0N ByN HaHANEIKTE 83IHIH XKakEIHAAPEIHA KeTKi3gl

Pucynox 5 - Bom 0ns koppekmupoexku mexcma (ucnpasieHue npeoiodceHs,)

Text: On 6yn ;TyTksrns 031Hly MaKufapsHa HMeTKW3OW
[[*on', '6gn', ';fyfksrns', 'o03iHin', 'wakbipapeiHa', 'meTkusgu']] 6
CoEnafeHWe B 6a3e, KOPPEKTMPOBKa He Tpebyetca: {'on'}
on

CoenafeHWe B 6a3e, KOPPEKTMPOBKa He Tpebyetca: {'6yn'}
b6yn

B [OaHHOW# pacKNnajKe HW4Yero He HalW[eHo, CMeHa pacKnagku
Elapsed time: 8.9641 seconds

HasanblxThl

Elapsed time: 8.8002 seconds

831H1x

Elapsed time: 0.5850 seconds

KaxblHAApbLIHA

Elapsed time: 0.3734 seconds

KeTKisgl

Pe3ynbTar: 0N 6yn Ka=anbixThl 631H1x MaxbiHAApbHa KeTKi3gl

B Git P Run (=TODO @ Problems 3 Debug B Terminal @ Python Console
PucyHOK 6 - Konconw u 6pemMs 6blNOJIHEHUA KOPPEKMUPOBKU KanCOOZO cjloea

3akiroueHue

IIpoBenennas padora

B nanHoii cTaTthe OBUTM OMMCAaHBl OCHOBHBIE MOAXOJBI ISl PEIICHUS 33J]aul KOPPEKTUPOBKU
TEKCTa Ha Ka3axCKOM s3bIke. B uyacTHoOcTH, pacuiupeHHe Ka3axCKUMHU OyKBaMHU pelaKIIMOHHOTO
NpENICcaHusl U ero NpUMEHEHHe, pacliupeHne 0a3bl Ka3aXCKUMH CIIOBaMHM, aHAJIU3 U CPaBHEHUE
MeTpukH JIeBeHIITeiHa U TEOPUH BEPOSTHOCTH, CMEHA PACKIIAJKU TEKCTa, JEMOHCTpalus puMepa
Ha OJIOK-CXeMe€ M pe3yJbTaTOB HKCHEPUMEHTOB C Ka3aXCKHUMM CJIOBaMU U MPEUIOKEHUSMH,
HaIMCaHHBIMU Ha s3bIke python.

PesyabTaTsl

[Tocne cpaBHeHMsI TEOPHHM BEPOSTHOCTU U paccTosiHus JIeBeHITeliHa MOXKHO MOHSAThH, 4YTO
paccrosHue JleBeHmTeiiHa maer Oojiee peNEBAHTHBIM pe3ylbTaT, 4YeM TEOPHUS BEPOATHOCTH.
OpnHako, Kakylo Obl METPUKY HE HCIOJIb30BAIM Ui OIpPENETeHMs], pasHUIEH MEXIy ClIoBaMu
unmepHem M unmepHam OyAET OJIMH CUMBOJI, YTO JIEJIAeT ONpPEAEICHNE JOCTATOYHO CIOXKHBIM. J{71s
YIIy4IIE€HUSI TOYHOCTH JIOTIOJHUTENBHO HYXKHO YYHMTHIBATh KOHTEKCT 3ampoca. COOTBETCTBEHHO, B
0a3e TaHHBIX HYHO ITOCTPOUTHh KOHTEKCTHBIE 3aBUCUIMOCTH JJIs CJIOB.

I[lnanbl Ha Oynyiee

OneyaTky MOKHO MCHPaBIATh METOJAMHU HEYETKOrO0 MOMCKAa W JUHEUHBIM mouckom [5]. Ha
CETOHSIIHUN JIeHb HE CYIIECTBYET aJrOPUTMOB, KOTOphIe cMOTIHM Obl ¢ TouHocThio B 100 %
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OTIPEJIeNINTh, KaKOe CJIOBO MMEN B BHJy YENIOBEK, HO K 3TOMY HY)XHO CTpEeMHUTbCA. B0O3MOXKHO,
IPUMEHEHHE MAIIMHHOTO 00y4eHHUs B cepe JTMHIBUCTHKH ITOMOXKET CHeNaTh ONpPEJeNICHHuE TOTO,
4TO UMCJI B BUY YCJIOBCK B CBOCM TCKCTC, 0oJiee TOYHBIM.

Yarie Bcero NMpUMEHSIOTCS Pa3IUYHbIC BUJBI CTPYKTYP HEHPOHHBIX CETeH Ul MOBBIILICHUS
TOYHOCTH PACIO3HABaHUS, KOTOPbIE TPEOYIOT CIIONKHOTO JUIMTEILHOTO O0YyYEHUs U 3HAYUTEIbHON
oOyuaromieli BeIOOpKH [6]. PacriosHoBaHHE HEKOTOPBIX TEKCTOB MOXET OBITh OIPaHUYCHO 110
CIIO)KHOCTH, 10 aJ(aBHUTy, MO PACIOJOKEHHIO, OAHAKO KAayeCTBO KOPPEKTHPOBKH 3aBUCUT OT
KadecTBa oOy4yeHusi HeiipoHHoW cetu [6]. Ho ecth m oOparHas cTopoHa 3TOil mpoOiembl —
CKOPOCTh U II€HA IIpoliecca paclo3HaBaHUs omUOOK B Tekcre. OnHako paspaboTunku SHaekca
MOKa3aJIM Ha MpakTuke, npuMeHuB CatBoost, pa3paboTaHHBI X KOMITAHHEH, YTO MCIIOJIb30BAHUE
MAIIMHHOTO 00YYEHUsI YBEIMYMBACT TOUHOCTh KOPPEKTUPOBKH [7].

JIns ynydimeHnus: TaHHOTO (YHKIIMOHAJ A KaK YacTH IMOMCKOBOW CHCTEMBI MOKHO NPHMEHHTh
OLAP (online analytical processing) mo IaHHBIM TIOMCKOBBIX 3aIPOCOB JIIOJIEH, COBMECTHO C
MAaIIMHHBIM 00Y4EHHEM, a TAK)Ke HOPMAIHM3ALHUIO TEKCTa ¢ moMousio NLP.

B 10 xe Bpemst 0a3za cIOB JOJDKHA IMOCTOSIHHO aBTOMAaTH3HPOBAHHO CHA0KAThCSI HOBBIMU
CIIOBaMH, TaK Kak MOSBJISAIOTCS HOBBIE CJIOBa U CJIeHT. KpoMe Toro, Hy)KHO Y4HTBIBATh IEPEX0i Ha
JIATUHCKUM aﬂ(i)aBI/IT Ka3axCKoOro ss3blKa, IepeBoa 0asbl JAaHHBIX Ka3aXCKHUX CJIOB Ha JJATUHULY JJIA
pabOTHI ATOPUTMA, OTIMCAHHOTO B 3TOH CTaTheE.

CITMCOK JIMTEPATYPHI
1. bamamor M. U., Mup3zamoB A. M. PepaknnmoHHOE paccTOsSHUE C TMOJCTaHOBKOW //toshkent
shahridagi turin politexnika universiteti. — 2017. — C. 304.
2. Cupopkuna U. T'., Kuneer B. B. KogupoBka CHMBOJIOB IEpEeMEHHON JIMHBI B aJrOpPUTME
Hamepay—JleBenmreiina //Bectank YyBamckoro yausepcurera. — 2013. — Ne. 3.

3. Paccrosiaue JleBenmrenHa. [ DNEeKTpOHHBII pecypc] URL:
https://ru.wikipedia.org/wiki/Paccrosiuue JleBenmreitna. (nata oopamenus: 23.04.2021)
4. Packiagka KJIaBUATYPBI. [D71EeKTpOHHBIN pecypc] URL:

https://ru.wikipedia.org/wiki/Packianka kmaBuaTypsl. (qata oopamenus: 23.04.2021)

5. bonnapenko A. O. buGnuoteka Ay MCHpPaBICHHUs ONEYATOK C YYETOM KOHTEKCTa: JIUC. —
Cubupckuii penepanbubiil yausepcutet, 2020.

6. CamapoB A. IO., benptiokoB A. Il., MacioB C. I'. YTouHeHHE pe3yabTaTOB paclio3HaBaHMS
MareMaTH4eckux (opMysl ¢ UCHOJb30BaHHMEM paccTostHusl JleBenmreiina //BecTHuk
VY amyprtcekoro yHuBepcutera. MatemaTtuka. Mexanuka. Komnbrorepusie Hayku. — 2020. — T. 30.
—Ne. 3. - C. 513-529.

7. Canaxyraunosa K. U., JlebeneB U. C., Kpusuosa U. E. Anroputm rpagueHTHOro OyCTHHIa
JIEpEBbEB peIlIeHU B 3ajade WACHTUQUKAIMK OporpaMMHoro obecrneuenust //Hayuno-
TEeXHUYECKUH BECTHUK MH(OPMALMOHHBIX TEXHOJIOTHHA, MeXaHUKH 1 onTuku. — 2018. — T. 18. —
Ne. 6.

REFERENCES
1. Badalov M. 1., Mirzamov A. M. Redakcionnoe rasstoyanie s podstanovkoi //toshkent
shahridagi turin politexnika universiteti. — 2017. — S. 304.
2. Sidorkina I. G., Kileev V. V. Kodirovka simvolov peremennoi dliny v algoritme Damerau—
Levenshteina //VVestnik Chuvashskogo universiteta. — 2013. — Ne. 3.

3. Rasstoyanie Levenshtejna. [Electronic resource] URL.:
https://ru.wikipedia.org/wiki/Paccrosiune Jlesenmreitna. (date of the application: 23.04.2021)
4. Raskladka klaviatury. [Electronic resource] URL:

https://ru.wikipedia.org/wiki/Packnaaka_knaBuarypsl. (date of the application: 23.04.2021)
5. Bondarenko A. O. Biblioteka dlya ispravleniya opechatok s uchetom konteksta : dis. — Sibirskij
federalnyi universitet, 2020.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
16



| BAFJAPJIAMAJIBIK KAMTAMAHBI 93IPJIEY KOHE BIJIIM NHKEHEPUACBHI |

6. Saparov A. U., Beltyukov A. P., Maslov S. G. Utochnenie rezultatov raspoznavaniya
matematicheskih formul s ispolzovaniem rasstoyaniya Levenshteina //Vestnik Udmurtskogo
universiteta. Matematika. Mekhanika. Komputernye nauki. — 2020. — T. 30. — Ne. 3. — S. 513-
529.

7. Salahutdinova K. 1., Lebedev I. S., Krivsova I. E. Algoritm gradientnogo bustinga dereviev
reshenii v zadache identifikacii programmnogo obespecheniya //Nauchno-tekhnicheskii vestnik
informacionnyh tekhnologii, mekhaniki i optiki. — 2018. — T. 18. — Ne. 6.

bakraeB A.b., Mykaxanos H.K.
Ka3ak Tu1iH KoJIaiThIH i31ey Kyiesiepinae KOJAAHbLIATHIH MITiH/Ier] jKaHbLIBICTAP/bI
Ty3eTy 0OMbIHIIA ecenTepi ey aJropuTmi

AngaTna. Kazak TUTIH KOJIalThIH, MaKaiaga MOTIH/II €HT13y Ke31H/e co3/Iepaeri KaTenepMeH
KaHBUIBICTAP/IBI TY3€TY TOCUIICP] )KOHE alropuT™Mi cunatTaiiFad. AnroputM [lamepay-JleBeHmTeH
KAIIBIKTBIFBIMEH JKOHE 13/1ey JKyHeciHe apHallfaH peJaKIUsIIBIK HYCKAYJbIK apKbLIbl >Kacaiajbl.
I3neynin gonmmiri MEH ©3CKTUTr YIIH HAaKThl HETi3ri cypayiap KakeT. ACBIFbICTA ajgamaap
MEPHETAKTa OpHANACYBbIH ayBICTBIPYAbI, Tepy Ke3inae opdorpadusanbik Hemece Oacka J1a
KaTeIiKTepaiH Mmaiga Oonybl MYMKiH, OipaKk OYJ akKmaparTel i3]Iey camachlHa 9cep €TYIre JKOJ
OepMmey Kepek.

Tyiinai ce3mep: MotiHzmeri KareHi Ty3eTy, 137€y cypaylapbl, cypayiapiarbl Kareiep,
Jamepay — JIeBEHIUTENH KAIBIKTHIFBI, PEAAKLIHSIBIK HYCKAYJIbIK,.

Baktayev A.B., Mukazhanov N.K.
Algorithm for solving the problem of correcting typos with search engines supporting the
Kazakh language

Abstract. This article describes an approach to solving and applying an algorithm for
correcting typos and spelling mistakes which people make when entering a text in the Kazakh
language.

The algorithm is developed using the Damerau-Levenshtein distance and editorial
prescription for search system (engine). An exact keyword (query) is required for more accurate and
relevant search. In a hurry, people tend to forget to switch the keyboard layout, make spelling or
other types of mistakes when entering a text, and this should not be allowed to affect the quality of
information retrieval.

Keywords: correction of typos in text, search queries, query errors, Damerau-Levenshtein
distance, editorial prescription.
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Epxeraes H.M., Mykasxkanos H.K.
MexayHapoaHbI YHUBEPCUTET HHGOPMAITMOHHBIX TeXHOIOTHH, AnmaTsl, Kazaxctan

IPPEKTUBHOE XPAHEHUE HECTPYKTYPUPOBAHHBIX TAHHBIX

AHHOTaHI/ISI. B sroi1 cTaThe npeaACTaBJICHLI PE3YJIbTAThI U3YUCHHA TOI'O, KaK MOT'YT OBITE

WCII0JIb30BaHbl Pa3JIMYHbIE TUITBI MH(POPMALMK JUIsl XPAHEHUS HECTPYKTYPHUPOBAHHBIX JaHHBIX B

0a3e NMaHHBIX M Kiaccuyeckod (aitmoBoi cucrteme. Takxke OOBICHIIOTCS COBPEMEHHBIC METOIBI
XpaHEeHUsl JAHHBIX, MPEIBICTOPUS NPOOJIEMbl M KIIOYEBbIE OSJIEMEHTHI, BAaXKHBIC I O3TOrO
UCCIIEIOBAHMS: Pa3IMuHble METO/bl XPaHEHHs] HECTPYKTYPUPOBAHHBIX JaHHbBIX (IIPEUMYIIECTBA U
HEJ0CTaTKN), UCIOJIb3yEMbIE TUIIBI JAHHBIX U SKCIIEpUMEHTaIbHas cpena. Hama ocHoBHas 1esb —
HalTH > PEeKTUBHBII METOJ XpAHEHUSI HECTPYKTYPHUPOBAHHBIX JIAHHBIX.

KiueBble cioBa: 0a3za JaHHBIX, HECTPYKTYPHPOBAaHHBIC IaHHBIE, (AMIOBBI TOTOK,
3G HEKTUBHOCTD, IPOU3BOIUTEIBHOCTh

Beenenune
X0opo110 U3BECTHO, YTO OJHUM H3 PE3yJIbTaTOB OBICTPOro pocta MHTEpHETa CTall0 3HAYUTEIHHOE

yBenuueHue oObema HH(pOpPMalK, TEHEpUPYEeMOH M pacHpOCTPaHAEMOW OpraHU3alHSIMU
MIPAaKTUYECKH BO BCEX OTPACIAX M cektopax. [Ipobiiema He TOJNIBKO B TeHEpaluu JaHHBIX, HO U B UX
XpaHeHHH M JIOCTyne K HUM. MeHee H3BECTHA CTENEeHb MOTpeOHOCTH B OONbIIMX OObeMax
JOPOTOCTOSIIIUX ~ PECYpPCOB, KaK YEIIOBEUECKHX, TaK W TEXHHUYECKUX, OOYCIOBICHHOU
MPOUCXOIAIINM HH(POPMAITMOHHBIM B3pPBIBOM. DTH MOTPEOHOCTH, B CBOIO OYEpPEb, CO3/IAIN CTOJIb
e OOJIbIIYI0, HO B 3HAYUTEIHHON CTETNIEHU HEYJIOBIECTBOPEHHYIO MOTPEOHOCTh B MHCTPYMEHTAX,
KOTOpbIE MO>KHO HMCIIOJIb30BaTh JUIsl YIPABJICHUS TEM, YTO Mbl HAa3bIBAEM HECTPYKTYPUPOBAHHBIMU
naHHbIMU. CrenyeT Npu3HaTh, YTO TEPMUH HECTPYKTYpUPOBAHHBIE JIaHHBIE MOXKET O3HA4aThb
pa3Hble BEIIM B pa3HBIX KOHTEKCTax. Hampumep, B KOHTEKCTE CHCTEM PEISLMOHHBIX 0a3 JaHHBIX
3TO OTHOCHUTCS K JJaHHBIM, KOTOpBIE HENb3s XPaHUTh B CTPOKax M croibuax. BmecTo aToro rakue
JaHHbIe JOJDKHBI XpaHuThcsi B BLOB (0oibmioM ABOMYHOM OOBEKTE), YHHUBEPCAIBHOM THIIE
JAHHBIX, JTOCTYIHOM B OOJBIIMHCTBE MPOrPAMMHBIX CUCTEM YHPABJICHHUS PENSUOHHBIMU 0a3aMu
nanapix  (RDBMS). 3xece moa HECTPYKTYPHPOBAaHHBIMHM —JIAaHHBIMH TOHUMAIOTCS  (haifiibl
3JIEKTPOHHOMN MOYTHI, TEKCTOBBIE JJOKYMEHTBI, IPE3CHTAIMH, (ailiibl n300paKeHH U BUICO(aNIIbI.

C npyroil CTOpOHBI, CTPEMHUTENBHBIH POCT 00BEMOB JaHHBIX OOYCIIOBIICH AOCTIKECHHUSIMU U
Cephe3HBIMU NPEOOPA30BAHUAMU B TEXHOJOTHMH MAarHUTHOH 3amucu. CTOMMOCTh XpaHEHHS PE3KO
ynana ¢ 6onee yem 4 nosutapos 3a meradaiit B 1990 roxy mo menee uyem 0,001 mommapa 3a merabait
CETOMHS.

Cornacno wuccnenoBanuto, mnposeneHHomy IDC, Benymieil ¢upMoil MO HCCIEIOBAHUIO U
aHaIu3y pbIHKa HMH(GOPMALMOHHBIX TEXHOJIOTHI, 00BEM JaHHBIX, KOTOpble OyAayT coOupaTbcs,
XPaHHUTHCS M BOCIIPOU3BOAUTHCS MO0 BCEMY MHUPY, BbIpacteT co 161 skcabaiita B 2006 roxy mo 988

akcabaiit B 2010 roay (1 skxcabaiiT = 1018 GaiiT). J[Ba KIHOYEBBIX BBIBOJIA ATOTO MCCIICIOBAHUS:

e OCHOBHas 4acTh ITUX JAHHBIX OYJET B BUJIE U300PAKECHHM, CHITHIX OOIBIITIM
KOJINYECTBOM YCTPOWCTB, TaKMX Kak LHU(pOBbIE Kamephl, TenedoHbl € KaMepaMu, Kamephl
HAOJIOACHNST W MEAMIMHCKOE 00OpyJOBaHHME U BH3yalH3alMd. BoNbImas 4acTh 3TUX JAHHBIX
JOJDKHA XPAHUTBCS M YIPABIATHCS LEHTPAIM30BAaHHBIMU CHCTEMaMHM BHYTPU OpIaHU3aIUil.
WccnenoBanue nokasbiBaeT, yto K 2010 roxy, xoTs npeanpuatus OyAyT co3llaBaTh, COOMpATh U
TUpaxupoBath Todbko 30% mudpoBoi BceneHHol [3], uM mpuaercs xpaHutb Ooiee 85% Bcex
JAHHBIX U YIPABIATH UMH.

e bonee 95% 1udpoBoii BCeleHHON — 3TO HECTPYKTYpUpOBaHHbBIE TaHHBIE. COrlacHO

3TOMY HccnenoBannio, 80% Bcex XpaHUMBIX OpPraHU3alUAMU JaHHBIX HE CTPYKTYPUPOBAHBI.
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Oxumaercsi, 4TO 3Ta TEHIACHIMS pPOCTa COXpAaHUTCI W B OyaylieMm, MOCKOJIbKY IOTpedyeT
3 PEKTUBHBIX CIIOCOOOB XpaHEHUs, IOMCKA, CTPYKTYPUpPOBaHUS MU obOecredeHus: 0e30MacHOCTH
HECTPYKTYPUPOBAHHBIX JaHHBIX. OO0 aHAJIOTWYHBIX TEHJCHLUUSAX B OTHOIICHHHM BAXXKHOCTHU
00paboTKM HECTPYKTYPHPOBAaHHBIX JAHHBIX TAaKKe COOOIIMINM JPyrHe HCCIEA0BATEIbCKUE U
KOHCYJIbTAallHOHHBIE PupMBI, Takue Kak Gartner Group u Butler Group [4].

OueBHIHO, YTO HECTPYKTYPUPOBAHHBIC JaHHBIE — O3TO HAIla PEAIBHOCTb, U IOUCK
3¢ (HEKTUBHOTO METOAA XPAaHEHHsI NAHHBIX SBISETCS KIIFOUEBBIM aCIIEKTOM 3TOTO UCCIEIOBAaHUS U
OyIylmMx pe3yiabTaToB B A3TOH oOnacTu. B HacTosmiel ctarbe 00BSICHSIIOTCS COBPEMEHHBIE METOIbI
XpaHEHUS JaHHBIX.

Ceszannasi pa6ora

Cy1iecTByeT MHOXKECTBO HCCIIEI0BaHUN, OCHOBAaHHBIX HA TECTUPOBAHUH CHCTEM 0a3 JaHHBIX.
OpHa cTaThs, MPEACTaBIAIONIas COO0W XOPOIIYIO OTIPABHYIO TOUKY JUIsl Hamleld paboThl, 0COOCHHO
uHTepecHa: «Habop TecToB s 00pabOTKKH HECTPYKTYPUPOBAHHBIX AaHHBIX)» [2].

OCHOBHOW 1IENBIO aBTOPOB OBUIO cOOpaTh HaOOp pabOYMX HArpy30K, BBISIBUTH M HM3YYHUTh
IIUPOKUN CHEKTp MPUIOKEHUH A O00paOOTKM HECTPYKTYpPUPOBAHHBIX JIaHHBIX, BBIIBUTH HUX
KITFOUEBBIC XapaKTEPUCTUKH 0O0pa0OTKH M JTOCTyIA K BBOJY-BBIBOAY, @ TAKXKE COCTAaBUThH paboume
Harpy3Kkd, BOIUIOLIAIONIME JTH XapakTepucTUKU. [loaToMy, 4YTOOBI CIPOEKTUPOBATH CHUCTEMBI
XpaHeHUs JIJIsl ’TOr0 BAXKHOT'O Pa3BUBAIOIIETOCs Kilacca MPHIIOKEHUN, OHU CO3Jal0T Habop TECTOB,
KOTOPBIA MOXKET (DMKCHPOBATh UX XapaKTEPUCTUKH 00paOOTKU U BBO/Ia-BBIBOJIA.

[Taker Benchmark coctout u3 uersipex pabounx Harpy3ok:

e OOHapykeHue Kpas;

e [louck OIU30CTH,

e (CkaHHMpOBaHHE JAHHBIX;

e (CrnusHUE NaHHBIX.

beut cnenan BBIBOJ, UTO MPUIIOKEHUS, UCIOJNIB3YIONIUE HECTPYKTYPUPOBAHHBIE NaHHBIC IS
OM3HEC-TIPOIIECCOB, OYCHb MHTCHCHBHBI 110 BBOJIY-BBIBOAY M MPEIBSIBISIOT BBICOKHE TPEOOBAHUS K
cucTeMe XpaHenus [2].

Ho mpenBaputenbHbIe WCCIEAOBAHUS OCTABJISIOT BO3MOXHOCTH IPOJIOJDKUTEL IOJTOOHBIE
AKCIIEPUMEHTHI C HECTPYKTYPUPOBAHHBIMU JAHHBIMHU.

Hcropus ucciaenoBanui

B craenytomem paznene OyayT oOBSCHEHBI NMPEABICTOPUS U KIIIOUEBBIE 3JIEMEHTHI, Ba)KHbIE
JUISL 3TOTO UCCIENOBAHMS: pa3IMYHbIE METOJbl XPAaHEHUS HECTPYKTYPUPOBAHHBIX JaHHBIX
(mpenmMyIIiecTBa M HEJAOCTATKH ), UCIIOJIb3yeMbIe THUITHI IAaHHBIX U dKCIIEpUMEHTalIbHas cpeaa. Harmra
OCHOBHAs 11e7Tb — HalTH 2P PEKTUBHBIN METO]] XpaHEHUSI HECTPYKTYPUPOBAHHBIX JaHHBIX. B xo1e
ATOTO Tpollecca MBI TMPOBEAEM OOMIMPHBIA CPaBHUTEIBHBIM aHAIM3 HAa OCHOBE YETKO
ONpeJIeJICHHBIX TapaMeTPOB.

HccnenoBanne OCHOBAHO Ha CIEAYIOMUX METOJAX XpaHEHUS HECTPYKTYPUPOBAHHBIX
JAHHBIX:

e HecrpykTypupoBaHHbIE JaHHBIC B CPEC PEIAIMOHHBIX 0a3 TaHHBIX;

e HecrpykTypupoBaHHbIE TaHHBIC BHE PEISIITUOHHON CPEJIBI.

Mpb1 HauHEM ¢ OOBSICHEHUS ATUX METOJIOB, KAXKIOTO MPEUMYIIECTBA U TOOOYHBIX (D PEKTOB.

A. Hecmpyxmypuposannvie 0annbie 8 peayuoHHOU cpede

Crnop OOBIYHO BO3HHUKAET OTHOCUTEIBHO TEMBI PESAIUOHHBIX 0a3 JaHHBIX W JaHHBIX
O0onpmux ABOMYHBIX 00bekTOB (BLOB): mHTerpupoBaTh Oonblive ABOWYHBIE OOBEKTHI B 0a3y
JTAHHBIX WX XPaHUTh MX B (aimoBoil cucteme? Kaxmplii METON MMEET CBOM NMPEHMYIIECTBA H
HEJO0CTaTKH.

XpaHeHHe HEeCTPYKTYPHUPOBAaHHBIX JAHHBIX, TaKUX KaK H300paxeHus, ayauodainel u
ucnonHseMbie (aitnel B 0a3e MaHHBIX C TUINUYHBIMH TEKCTOBBIMH W YHCIOBBIMHU JaHHBIMU,
MO3BOJISIET BaM XPAaHUTh BMECTE BCIO CBA3aHHYIO MH(OPMALIMIO JUIsl TaHHOTO 00beKTa 0a3bl JaHHBIX
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(puc. 1). 1 sroT moaxod mo3BOJSET JIErKO MCKaTh M u3BIekarh AaHHble BLOB; Bbl mpocto
3alpaliBacTe  COOTBETCTBYIONIYID  TEKCTOBYIHO  HH(OPMAIUIO. OpHako  XpaHEHHE
HECTPYKTYPHUPOBAHHBIX JaHHBIX MOXKET 3HAUUTEILHO YBEIMYUTh Pa3Mep Balux 0a3 JaHHBIX.

Basa aaHHbIx

Tabnvua < Tabnvua

Tabnuua Tabnvua

Pucynox 1 - Cpeda 6a3zvi 0auHbIX ¢ HeCMPYKMYPUPOBAHHBIMU OAHHBIMU 6HYMPU

Tabnuma-1. XapakTepucTHKy 0a3bl JTaHHBIX

XapaKkTepuCTUKU 0a3bl TaHHBIX
Hasznayen Pasmep ¢ Komnuectso KoiecTEo Bpems
ue 0a3bl | HECTPYKTYpHUpOBaH | MOJb30BaTEl BLOB-3amuceit PE3EPBHOTO
JAHHBIX HBIMH JJAHHBIMH e KOIIMPOBaHUs
LMS/CM ~ ~5000 | ~ 7000 daiinos
1 S =12TIb CTyneHTOR pazmepom ot 100 25 muH.
' K6 no 15 Mo

OcHoBHbBIE nmpeumMymecTea UCIoJIb30BaHusl 3TOro Meroaa:

e Korza naHHble XpaHiTcs B 0a3e JaHHBIX, pe3epBHAs KOMUS SABJIsIETCs coracoBaHHOM. Her
HE00XOAMMOCTH B OT/IEIBbHOM MOJUTHKE PE3EPBHOIO KOMUPOBAHHUS;

e Korna nanHble XpaHsTcs B 0a3e JaHHBIX, 9TO YacTh TpaH3akuuu. Tak, Hampumep, OTKaT
BKJIIOYAET BCE TPATUIMOHHBIC omepaiu ¢ 0a30il JaHHBIX BMECTE C ONepalysMU C JTBOMYHBIMU
naHHbIMU. OOBIYHO 3TO JeNaeT KIMEHTCKOEe pelieHne Oojiee HAASKHbBIM U C MEHBIINM
KOJIMYECTBOM KOJA.

OcCHOBHBIE HEIOCTATKH HUCIO0Jb30BAHHUS ITOI0 METOAA:

e XpaHEHUE HECTPYKTYPHUPOBAHHBIX NAHHBIX II03BOJIECT 3HAYUTEIBHO YBEIUYUTH pasMep
0a3 JaHHBIX;

e PesepBHOE KOMMPOBAHKME M BOCCTAHOBIIEHUE MOXKET 3aHATh MHOT'O BPEMEHHY;

e [IpoGieMsl ¢ MPOU3BOIUTEIHLHOCTHIO MOICUCTEM BBO/1a-BBIBO/IA;

b. Hecmpyxkmypuposannsie 0anHvle 6He pelsiyuoHHOU cpedbl

PacnipocTpaHeHHONM  albTEPHATHBOM  BBIIICONMCAHHOMY METONY SBIISIETCS  XpaHEHUE
JIBOWYHBIX (paiijoB BHE 0a3bl JaHHBIX C MOCIEIYIOLUIMM BKJIIOUYEHHEM B KadeCTBE JAHHBIX B 0azy
TaHHBIX MyTH K (aitny nnmu URL-anpeca oObexTa.

OTOT OTHENbHBIA METOJ XPAHEHHs] MMEET HECKOJIBKO IPEHMYILECTB II0 CPAaBHEHUIO C
uHTerpanueil manHpix BLOB B 0a3e maHHBIX. DTO HECKOJBKO OBICTpee, MOTOMY YTO UYTEHUE
JAHHBIX M3 (ailylIoBON cHUCTEMBbI TpeOyeT HEMHOIO MEHbIIE HAKJIAIAHBIX PacXxol0B, YEM UTECHHE
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JTaHHBIX W3 0a3bl JaHHBIX. A 0e3 OOJBIIMX JBOWYHBIX OOBEKTOB 0a3bl JAaHHBIX, KaK MPaBHIIO,
MEHBIIIE.

OpHako HaM HEOOXOMMO BPYUYHYIO CO31aTh M MOIICPKUBATEH CBSI3b MEXIy 0a30il JaHHBIX U
(aiinamMu BHeIIHEH (ailIoBOH CHUCTEMBI, KOTOPhIE MOTYT PaCCHHXPOHHM3UpOBaThCcs. Kpome Toro,
00OBIYHO HaM TPeOyeTCs YHUKAIbHAsI CXeMa UMEHOBaHUS Wi XpaHeHus ¢aitioB OC, 4ToObI 4eTKO
UIEHTU(DUIIMPOBATH MTOTEHIIMATIBHO COTHU WM Jaxe Thicsuun (aitmoB BLOB [1].

Xpanenue aanHeix BLOB B 0a3e maHHBIX yCTpaHs€T 3TH MPOOJIEMBI, MO3BOJSAS XPAaHHUTH
nanabie BLOB BMecTe ¢ COOTBETCTBYIOIIUMU PENSIIMOHHBIME JaHHBIMHU (puc. 2).

Basa gaHHbIX
Tabnuua @

J—) Tabnnua
Tabnuvua —> Tabnuvua

Pucynok 2 - Cpeda b6aswi 0annvix 6e3 HeCmpyKmypupo8anubix OGHHbIX GHYMpPU

Tabnuua <«

B tabnune 2 y Hac Takas e cpefia 0a3bl JaHHBIX, Kak U B Tabnuue 1. EquacTBenHoe otinune
COCTOWT B TOM, YTO MbI HCKIIOYaeM TMapy TaOJMI], KOTOPBIC COJCpIKAT HECTPYKTYPHUPOBAHHBIE
JnaHHbIe BHYTpU (pusmdeckoro (aiina 6a3el naHHBIX. PazHuiia Gonee yeM odeBHIHA: pa3Mep Oa3bl
JTAHHBIX TIPY OJJMHAKOBOM KOJIMYECTBE MOJI30BATEIICH COCTABIISICT MOJOBHHY OT ITEPBOHAYAIBHOTO.
JlaBaiiTe moapoOHee pacCMOTPUM MPEUMYIIIECTBA ATOTO METO/IA.

Tabnuua-2. XapakTepucTUKH 0a3bl JAHHBIX

XapakTepucTuku 0a3bl TaHHBIX
Pa3mep ¢
Haznauenue HECTPYKTYPH KonnuectBo KomrecTso Bpewms
PYKTYPHP . BLOB- pe3epBHOTO
0a3bl JaHHBIX OBaHHBLIMH MM0JIb30BaTeNeH o
3anucen KOIUPOBAHUS
TAaHHBIMU
~ 5000
1. LMS/CMS ~6Ib 0 11 mumn.
CTYJICHTOB

OcCHOBHBIE HEIOCTATKH HUCIO0JIb30BAHHUS ITOI0 MeTOAA:
e Korza nanHele XpaHsTcs BHE 0a3bl JaHHBIX, pE3E€PBHAs KOMUS HE COTIACOBAHA;
e HecTpykTypupOBaHHBIE TaHHBIE HE SBIIIIOTCS YACThIO TPAH3AKIIUH.

OcHOBHbBIE NpeuMyutieCTBa MCIOJb30BAHUA 3TOI0 Me€TO/1a:

e XpaHeHHE HECTPYKTYPHPOBAHHBIX JaHHBIX 3a MpezenaMu 0a3bl JaHHBIX MOXKET CHHU3UTh
pa3Mep 0a3 JaHHBIX U CHU3UTH MPOIYCKHYIO CIIOCOOHOCTH BBOJa-BBIBO/A;
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e PezepBHOE KOMUPOBAHKME U BPEMsI BOCCTAHOBIICHUSI MOT'YT 3aHSTh MEHBIIIE BPEMEHHU

C. I'ubpuodHvlll cnocod XpaneHnusi HeCmpyKmypupO8aHHbLX OAHHbIX

[IpoGnema ¢ mepBbIMH JIBYMsI METOJAMM 3aKJIIOUYAETCS B TOM, YTO Mbl HE 3HaeM, Kak
(hakTHUUECKU pa3Mep MaHHBIX BIUSET HA MPOU3BOAUTEIHLHOCTh 0a3bl JaHHBIX. Pe3ybTaThl OKa HE
TOBOPSAT HaM, €CTh Jin pa3Hulia B Xxpanenuu BLOBS: 10 Kb, 1 Mb, 100 Mb u 1. 1.

OcHOBHBIE TTOCTABIIMKH 0a3 JaHHBIX TENEph MOACPKUBAIOT THOPUIAHBINA CIIOCOO XpaHEHUs
HECTPYKTYPUPOBAHHBIX JaHHBIX. B 3TOM ciydyae maHHbIE HAXOAATCS «BHE» Cpellbl 0a3bl TaHHBIX.
Ho rmaBHOe mpemmymiecTBo 3akitodaeTcss B ToMm, 4T0 BLOB 00BEKTH HAXOASTCS B YCIOBUSIX
TpPaH3aKIMOHHOW COrIacoBaHHOCTU 0a3bl JaHHBIX (puc. 3).

m
w
w

o) B

Tabnuua < Tabnuua | !

J_) Tabnuua [ —
Tabnuua —> Tabnuvua

Pucynox 3 - l'ubpuonwlii cnocob xpanenus HecmpyKmypupo8anHviX OAHHbIX

B Hamem ciaydae MCNONB3YIOTCS T€ THUIBI JJAHHBIX, KOTOpBIE MpeaaralTcs B HOBOM Bepcun
SQL Server 2008. Hcnonb3zoBaHue 3TOl HOBOH TEXHOJOTUU (DAKTHUUYECKU JE€JIaeT BO3MO>KHBIM
TMOpUIHBIA METOJI XpaHEHHs] HECTPYKTYPUPOBAHHBIX AAHHBIX. Spo 6a3bl JaHHBIX MOAJIEPKUBAET
HOBBIM TN JAHHBIX ¢ UMeHeM filestream.

KitoueBbIM acreKkToM HCCleIoBaHMsl SBJSIETCS BbIICHEHHE 3(P(GEKTUBHOCTH 3TOTO METOAA
XpaHEeHHS JaHHBIX.

JKCIepUMEHTAJIbHASA cpea
JlJ1 5TOr0 MBI HACTPaMBaEM TECTOBYIO CPEAY CO CIEIYIOIIMMHA KOMIIOHEHTAMHU:
[Tponieccop: AMD X2 3.0 Ghz 4 I'b;
dusnyeckas NamsTh,
®daiine! 06a36! qaHHBIX Ha C;
KomnoneHnr ¢aitnoBoro noroka Ha aucke E;
Hucku C: u E: Ha oTnenpHbIX Qu3ndeckux auckax SATA;
e SQL Server 2008 R2 u KJINEHTCKOE NPHIOKEHUE I HACTPANBAEMOI'0 TECTUPOBAHMUS
HaXOJATCS Ha OTHOM KOMIIBIOTEPE;
Ha crnenyromux nuarpaMmMax mokasaHo CpeHee BpeMs 3arpy3KH JUIs CIETYIOIINUX YCIOBUMA:
e  daiin pazmepom 10 Kb, nmoBropsercs 3 paza ans kaxaoro uaMepenus (puc. 4);
e  @aiin pazmepom 1 MB, noBTopsiercs 3 pasza i KaXI0ro u3mMepenus (puc. 5);
e  @aiin pazmepom 10 Mb, moBTopsiercst 3 pasza ajst Kak10T0 u3Mepenus (puc. 6);
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PesyabTaTsl aas ¢aiiaa pasmepom 10 Kb
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Pucynox 4 - Pezynomamol coxpanenus ¢aiina pasmepom 10 Kb enympu 6a3vl 0aHHbIX U
Gaiinosou cucmemul.

B sToM wu3MepeHuWHM BBl MOXETE YETKO YBHUICTh HaKJIAJHBIE pPACXOAbl U BIHMSHUE Ha
MIPOU3BOIUTENILHOCTD, BbI3BAHHBIE UCIOIB30BaHUEM (DaiiIOBOrO MOTOKA Ha “MajlieHbKue” (ailibl.
Bpemst npu xpaHeHUHM BHYTpH 0a3bl JaHHBIX ObUTO Kaxabli pa3 menpme 10 mmumcexynn. C
JPYToil CTOPOHBI, BpEMs XpaHEHHsI ¢ UCMONIb30BaHHEM (ailioBOro moToka B 4-5 pa3 OoJbIie.

PesyabTaTsl A ¢aiiaa pasmepom 1 Mb
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Pucynox 5 - Pezynomamot coxpanenus ¢haiina pasmepom 1 MbB enympu 6azvl OaHHbIX U
¢aiinosoii cucmemboi.

[Ipu o6beme nanubix 1| Mb TpagunvonHsiit 1BoUYHBIN (aitsn 1 (HaiioBbIi MOTOK AEHCTBYIOT
OJIMHAKOBO, U Pa3HUIIA MKy HUIMH — MaKCUMYyM Ha OJIMH pa3 ObIcTpee.
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PesyabTaTsel aas ¢aiiaa pasmepom 10 Mb
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B Varbinary (10 MB) 1046 1392 936

B Filestream (10 MB) 246 481 253

Pucynox 6 - Pezynomamut coxpanenus ¢haiina pasmepom 10 MB enympu 6a3vl 0anHulx u
Gaiinosou cucmemul.

Korna ucnons3yrorest daitner pasmepom 10 Mb, xpanenne naHHBIX B TpaJAWLMOHHOM (haiiie
0a3bl JAHHBIX MPOMCXOJUT HAMHOrO MejyuieHHee. OCHOBBIBASICh Ha 3TUX HM3MEPEHHSIX, MOKHO
CKa3aTb, 4TO Oosee 3PEeKTUBHO HUCIIOJIb30BATh (PailIoBBIM MOTOK, KOT/1a TUIIMYHBIA pa3Mep (aiina
coctapisieT okojo 1 Mb unu 6onee. Ecnu ¢aitnbsl umeror HeGombIoi pazmep (siBHO MeHee 1 MbB),
TPaIUIMOHHOE XpaHWIWIIEe paboTtaer syume. [Ipu w3MepeHNMH BpeMEHU MbI OOHAPYKWIH, YTO
yJaJIeHue CTPOK Ha OCHOBE (pail;IoBOro MOTOKA MPOUCXOAUT HAMHOI'O OBICTpEE, YeM IPU XpaHECHUU
BHYTpH TaOJIHIIBL.

3akJ/oueHue

B uccnepoBanuu mnpejcTaBieHa TUNOTe3a O HE3(P(PEKTHBHOCTH CYIIECTBYIOIIMX METOJOB
XpaHEHUs U U3BJICUEHUS HECTPYKTYPUPOBAHHBIX JaHHbIX.

HoBplit crioco6 ncnomnb3oBanus ¢GailioBoil cMCTEMBI IIPU COrTIACOBAHHOCTH 0a3bl JAHHBIX ObLI
XOpOIIEH BO3MOXKHOCTBIO OMPOOOBATh HOBYIO TEXHOJIOTHIO B PA3HBIX 00JIACTSIX XPAaHECHHS JaHHBIX.
ITpumepsr TecToB coxpanenus ¢ainoB pazmepamu 10 Kb, 1 Mb u 10 Mb B peanpHbIX cpenax
MH(OPMALIMOHHBIX CUCTEM MOTYT OTHOCHTHCS K (hoTorpadusM mosjbp3oBaTenel, (aiiam pestome,
HeOoNIbIINM O(UCHBIM JIOKYMEHTaM, BUAEO - U ayauodaiinaM. Pe3ynbTaTsl HCCIEIOBaHUS MOTYT
HCIOJIb30BaThCSA JUISl MOJEIMPOBAHUS CUCTEMBI U YETKOTO OIpe/iesIeHHs MOTPeOHOCTEN B XpaHEHUH
naHHbIX. [IpenMyiecTBo 3akiarodyaercs B IONYYEHMM MaKCUMAaIbHOW INPOW3BOAUTEIBHOCTH Ha
OCHOBE aIllapaTHON U MpOoTrpaMMHON MHPPACTPYKTYphl. Takxke B cUCTEMax, B KOTOPBIX MPOOIEMbI
C IIPOU3BOJUTEIBHOCTBIO YK€ CYIIECTBYIOT, 3Ta MOJIEIb MOKET IIOMOYb BBIIBUTH Y3KHE MECTa U
HaWTH croco0 UX yIy4lIUTh.

Pe3ynbrathl HccnenoBaHUsS MO3BOJISIIOT CO3[aTh MOJENb TECTHUPOBAHUS CHCTEMBI JUIS
XpaHEHUs1 HECTPYKTYPUPOBAHHBIX NaHHBIX. JladpHEHIIME IIard Mo YJIYYIIEHUI0 — pealln3aius
3TOW MOJENU B peaJbHBIX Cpefax, IJle BaXXHbl HECTPYKTYpUPOBAHHBIE JaHHBIE (MJIATPOPMBI
3JIEKTPOHHOTO O0YYeHHs, COLMANbHbIE CETH, MOpPTalbl XpaHEeHUs BHAeo M T. A.). Ilocie atoro
HACTOsIlee HCCIEN0BaHME MOXKET CTaTh OQHUIMAIBHOM METOAOJOrMeH aHajlu3a CHCTEMBI C
MOTPEOHOCTSAMU B HECTPYKTYPHUPOBAHHBIX JaHHBIX. COBpPEeMEHHbIE TEHICHIMH [3] MOKa3bIBAIOT
HaM, YTO WWW CTaHOBUTCS IJI00aJIbHBIM XPaHWINIIEM Ul BCEX BUIOB JaHHBIX, I/ie IpeodIasaoT
HECTPYKTYpPUPOBAHHBIE JAHHBIE.
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H.M. Epkeraen, H.K. Myka:kaHoB
KypblibIMcbI3 1epeKkTepai THIMAIL caKkTay

AngaTna. byn makanana KypbUIBIMCBI3 JIepeKTepIl MajaiMeT 0a3achbiHAa JKOHE KIIACCHKAIIBIK
GdalnaplKk JKyiene cakray YIIiH caH TypJii THUOTETi JEpPEeKTepli MaijanaHy OOWBIHIIA 3epTTEY
HOTHKeJNepiH yYchbIHaMbI3. O COHBIMEH KaTap JIepeKTep/li CaKTayAblH 3aMaHayH o/icTepiH, (GOHIIBIK
TApUXThI JKOHE HETri3ri ajeMeHTTepAl Tycinaipeni. Ocel 3epTTeyre KaThICThI: KYpbUIBIMIAIMaraH
MOJIIMET/II CaKTayJbIH OpPTYPJIi dicTepi (apTHIKIIBUIBIKTApbl MEH KEMIIUTIKTEP1), KOJIIaHbUIATHIH
MOJIIMET THUITEpPl KOHE OSKCIEPHUMEHTTIK opTa. bizmiH 0acTbl MakcaT — KypbUIBIMJIAIMaraH
JepeKTepAl caKTayAblH THIM/IL 9/iCiH Taly.

Tyiiinai ce3mep: MomiMeT KOpbI, KypbUIbIMIAIMaraH MANiMeT, (ailingap arblHbI, THIMIUTIK,
OHIMILIIK.

N.M. Yerketayev, N.K. Mukazhanov
Efficient storage of unstructured data
Abstract. In this article we present the research findings on the use of different types of
unstructured data stored in a database and the classic file system. It also explains modern data
storage methods, background history and key elements. The issues relevant to this research:
different methods of storing unstructured data (advantages and disadvantages), the used data types
and the experimental environment. Our main goal is to find an efficient method for storing
unstructured data.
Keywords: database, unstructured data, file stream, efficiency, performance.
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REPRESENTING A LOGICAL DATA MART IN THE HADOOP ECOSYSTEM

Abstract. This article reveals the concept of a logical data mart within the Hadoop Big
Data ecosystem, which is used in production for analytical purposes and business decision
making. The article provides an in-depth look at the modern approach to processing Big
Data, and clearly demonstrates the use of logical data marts with the help of diagrams and images.
Upon completion of the work, a conclusion is made about the work performed, including a
summary of the main ideas of the article.

Keywords: technology, logical data mart, data warehouse, information processing,
advantages, Hadoop

Introduction
Today, due to the desire to provide the best service on the market, many large enterprises turn to
modern technologies, introducing them into their work processes. To achieve this goal, you need to
have valuable information that can be extracted from any area of interaction with the client and
other parties, and then, based on data analytics, make an important decision for the
business. Sources of this information can be Internet resources, corporate information (archives,
transactions and databases), as well as readings from reading devices, such as cellular sensors,
etc. Since such sources have recently become very popular, whole terabytes of raw information are
formed.

Such a large amount of data is referred to among the IT community as Big Data,
which comprises a growing bulk of both structured and unstructured data generated every second
[1]. To accomplish the task of processing Big Data, traditional data analysis tools will not be
enough, therefore, new technologies for storing large amounts of data have been developed, which,
in turn, make it possible to create logical data marts that allow enterprises to consolidate all the
data they have.

A prime example and a key project for Big Data processing is the Apache Software Foundation
project named as the Apache Hadoop ecosystem. The Hadoop project is optimized for running
on virtual machines and scales easily, making it suitable for any business handling data
volumes in excess of a terabyte. Therefore, it is the best option to develop such a tool as a logical
big data mart within the Hadoop ecosystem, which allows you to link a huge amount of
information from different sources into a single view without creating a single physical storage.

Concept of logical data marts

Big Data technologies are intended to offer methods and other means for transmitting massive
volumes of data to big IT infrastructures. However, the sheer amount of data available today might
not be the only issue. In enterprise and other serious applications, you often work on large
amounts of data with a dynamic and fluid structure, as well as disparate collections of data.
There are problems the solutions for which are unknown in advance, and the researcher needs
software to examine the raw data or the outcomes of equations based on it without a
programmer’s assistance. One way to get such a tool is to create a logical data mart.
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Figure 1 - The areas of Big Data application

To explain the definition of a logical data mart in the context of this article, it is important to
first clarify what it is. A logical data mart is a collection of decomposed subsets of data in the form
of sliced arrays of thematically narrowly oriented information tailored to the needs of a particular
user community (Fig. 1) [2]. The data mart enables the user to get answers to critical market issues
and greatly expands the possibilities of learning from the company's data.
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Figure 2 - Conceptual view of logical data marts’ information structure

In traditional modeling, any object in the physical world can be represented as a single multi-
argument table. A data source is a set of minimally redundant, collectively stored interconnected
tables.

A data source table may be designated as part of a knowledge resource to which a community
of users requires online access. As a result, the data mart has access to each source through the data
source table, is "aware" of its structure, and is able to request data from the source structures,
consolidate it in a single structure, automatically merge data from various sources and present it to
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the user (Fig. 2). The customer, in turn, will send questions to which an exact answer must be
supplied, rather than a list of searched terms, to the data mart, which the latter interprets as a logical
expression.

The key functions of a logical data mart can be distinguished from the above:

1) the logical data mart should be able to retrieve any data from any source upon request.

2) it should be able to index weakly structured sources, such as file storages, and create a
structured semantic description for each document found in them.

3) the user should be able to "ask questions™ to the logical data mart, which should have the
most accurate, not approximate answers to such questions.

4) the user should not have to be concerned with the data's exact location or configuration.

5) the logical data mart is not required to store all data in one storage.

The logical data mart must "talk™ with the user in his language to "understand™ the context of
the questions, so a formalized explanation of the subject area is needed. If a company deals with
pipelines, metering systems, and readings, for example, these concepts should be used in the
technical model that the system uses.

Logical data mart in Hadoop

The processing of big amounts of digital information is one of the problems that stands in the
way of even the largest IT-companies. It is very hard to perform analytics via big data marts using
the standard methodologies and software tools due to a large size and complexity of computational
tasks. It is very difficult for a single machine to efficiently deal with very large datasets. Therefore,
the past decade has seen a rapid development of the big data technologies in many areas of our life.
Distributed computing technology has been the subject of development for many modern IT-
companies. Using scalable cluster computing systems instead of single powerful machines is the
thing which has been invented with the aim to deal with big data.

In addition to the challenges of data processing and methods of extracting useful information,
the storage of large amounts of data marts is a fundamental issue. Notwithstanding a large amount
of data storage architectures that have been developed over the years, in today's world where
petabytes of data are generated every day, there is still a growing need for many organizations to
rethink their approaches to data storage in favor of new, highly scalable systems.

Rather than providing a project-oriented or subject-area-based data center, more organizations
are adopting the idea of a data center or data pool, where data is collected and stored based on
source networks. The advantage of this strategy is that it allows you to remodel and build data marts
whenever you choose, depending on your needs. The Hadoop Big Data framework can handle
conventional batch systems as well as provide a near-real time decision support (2 seconds to 2
minutes after data delivery) or near-real time event-handling (100 milliseconds to 2 seconds - the
time taken to make an action since data delivery) [3].

Two technologies are enough to use logical data marts in the Hadoop ecosystem - one for data
storage, and the second - for data analytics (a tool with which we will access the data mart and “ask
questions”). The technology for storing data is a file system called HDFS (Hadoop Distributed File
System), the second technology used for data analytics is Apache Spark.

Both of these technologies use the principles of distribution and data parallelism. The data
parallelism model can be considered to address the big data challenges, it means that large-scale
data may be broken into little subsets, which further can be processed independently from each
other. Each subset may have various numbers of data samples and each subset may or may not
include redundant data samples. Then, a particular data analysis algorithm is performed
independently in local machines (or computer nodes) and conducted over each little subset. Finally,
the results of processing of each subset are combined to generate the final result through a single
combination part.

The distributed method differs from the traditional one, which explicitly executes the data
mining algorithm over a dataset on a single computer. As we can assume, the computation time for
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the traditional single-machine approach increases greatly when the dataset size becomes very big,
but the distributed approach can easily solve this large-scale dataset issue [4].

The Hadoop Distributed File System (HDFS) enables data to be stored on a large number of
connected storage devices in an easily accessible format. In this way, we can say that a single
logical data mart is stored as a set of split parts in a distributed file system. A "file system" is a
mechanism that a computer uses to store information so that it can be found and used.

The HDFS has an architecture including master and slave. The HDFS cluster has a name-node,
which is the main server (master) that controls the file system spaces and clients' access to files. In
addition to the name-node, there is a variety of data-nodes (slaves) that handle the storage
connected to the nodes they operate on, usually one per node in the cluster. The HDFS creates some
separate logical spaces in a file system and enables user data storage in folders. A file is broken into
one or more blocks, and these blocks make up a data-node package. Operations over the file system
(opening, closing, and renaming files and folders) are performed by the name-node. The data-nodes
are used for processing read and write operations over the files on the clients’ request.

In addition to the technology for storing a logical data mart, it is equally important to have a
technology which provides the functionality to use this logical data mart and perform analytics.
However, there is a problem related to the distributed manner of storing files in the HDFS — one of
the big data problems. It is the need to manually partition the chosen data and assign separate
computer nodes (or processors) to execute the analytical task over the partitioned subsets. To deal
with this problem, Spark technology has been invented. For parallel processing purposes, this can
be called a new generation of computing methods.

Apache Spark is a general-purpose cluster-computing system distributed through open-source.
With implicit data parallelism and fault tolerance, Spark provides an architecture for programming
whole clusters originally generated at the University of California, AMPLab of Berkeley [5].

To use Spark, developers write a driver program that executes their application's high-level
control flow and launches multiple parallel operations in RAM, which greatly increases the speed of
computational operations. Spark has the functionality that allows us to read distributed logical data
marts from HDFS by creating dataframes. A dataframe in Spark is a distributed data set grouped
into designated columns. Conceptually, it is like a table in a relational database. In a usual sense,
DataFrame is a copy of a logical data mart in the HDFS, which is used for performing SQL-like
operations over the data and making some analytics, i.e., it is used for “asking questions” to a
logical data mart. Moreover, Spark is used for processing big amounts of raw data and creating
logical data marts from these data with their further storage in the Hadoop Distributed File System.

Conclusion

To summarize all the information presented, the demonstrated logical data mart is a convenient
and optimal tool in the Big Data ecosystem that combines the functional power of business
intelligence systems with the ability to process massive amounts of data. The article illustrates the
main features of a logical data mart, which is used to aggregate data from various sources into a
single entity. The Hadoop technology has grown in popularity because of its benefits such as rapid
data processing for creating logical data marts and storing of large volumes of data, demonstrating
high performance of the experiment conducted in this study.
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Caraauesn P.T.*, Illaiikemenesn I'.T.
IIpeacraBiieHne JOru4ecKoii BATPHHBI JAHHBIX B 3kocucTteme Hadoop
AHHOTanus. B 1aHHOI cTaTbe pacKpbIBaeTCs NOHIATHUE JIOTUYECKON BUTPUHBI JAHHBIX BHYTPU
DKOCHUCTEMBI  OOIBIIHX JAaHHBIX Hadoop, KOTOpasas MNPUMCHACTCA B IIPOU3BOACTBEC  IJIA
AHATTMTHYECKUX LIeJIeH U MPUHATHS Ou3Hec-pemeHus. B craTbe mpeacTaBieH yriayOJeHHBIN B3I
Ha COBpCMCHHBIfI Ioaxon O6pa6OTKI/I OO0JIBIINX JaHHBIX, a4 TaKXC HArJIIAHO IIPOACMOHCTPUPOBAHO
NPUMCHCHUC JIOTMYCCKUX BUTPUH JaHHBIX C HCIIOJIB30BAHUEM CXCM U H306pa)I(eHHfl. B
3aBCPLICHUM ITPCACTABJICH BbLIBOI O BBITTOJTHEHHOH pa60Te, BKJ'IIO‘laIOH_[I/Iﬁ B ce0st COBOKYITHOCTb
OCHOBHBIX HJICH CTaThH.
KiioueBble ciioBa: TCXHOJIOTHUA, JIOTHYCCKAaA BHUTpHUHA [AJAHHBIX, XPAaHWJIHUIIC OAHHBIX,
obpaboTka uHdGopMaluy, mpeumyiiectsa, Hadoop.

Caraaues P.T.*, lllaiikemenes I'.T.
Hadoop 3xo:kyiiecinae JOTHKAJBIK AepeKTep KeCiHIICiH YChIHY

Anparna. byn makamaga Hadoop yikeH nepekTep 3KOXYWECIHIH JIOTHKAIBIK JIEPEKTEp
KECIHAICIHIH TYKBIPBIMAAMachl alllbUIAAbI, O OHAIpiC OaphIChIHAA aHATMTHKAIBIK MaKcaTTa KOHE
ickepu miemriMaep KaObulnay VIOiH KOJMAAaHbUTaAbl. Makanaga YIKEH JAepeKTepiAl ©OHICYIiH
3aMaHayd TOCUII TePEeH KapacThIPbUIFaH, COHBIMEH KaTap chbi30ajiap MEH KeCKIHAEp/Il MmaiaanaHbIn
JIOTUKABIK JEepeKTep KECIHIICIH KOJJaHy HaKThl KepceTinreH. JKyMbIC asKTalfaHHAH KeuiH
MaKaJIaHBIH HET13T1 WAesUIapbIHBIH )KUBIHTHIFBIMEH KOCA, OPBIHIAIFAH KYMBIC TYPaIbl KOPBITHIHIBI
Kacalbl.

Tyiiin ce3aep: TeXHOIOTHSIIAD, JOTUKAIBIK JEPEKTEP KECIHIC, MATIMET KOMMACHI, aKapaTThl
OHJIeY, apTHIKIIBLIBIKTap, Hadoop
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MexayHapoaHbI YHUBEPCUTET HHPOPMAITMOHHBIX TeXHOIOTUH, AnMatsl, Kazaxcran,

COBPEMEHHBIE CIIOCOBbBI B3JIOMA U 3AIIUTHI 1O

AuHoTammsi. B crarbe mpencTaBieHbl OCHOBHBIE OTJIMYHS JIMIEH3HMOHHOTO TPOAYKTA OT
KOHTpa(akTHOM KOITMH, TaKKe OBUTH pa300paHbl CIIOCOOBI M METO/BI 0OOPOHBI MPOIYKTa, TTOMHMO
3TOrO MPEJCTABJIEH CIHCOK MHCTPYMEHTOB, NMPUMEHIEMBIX B3JIOMIIMKAMH (XaKepamu) Ui B3JIOMa
nporpaMM, ¢ KpaTKUMH OIMHMCaHWsAMH. KpoMe TOro, B CTaThbe BBl MOJKET€ HAWTH HEKOTOPbIE W3
OCHOBHBIX METOJIOB B3JIOMa INpPOAYyKTa. B mpollecce ucciemoBaHus BHUMaHHWE ObLIO OOpamieHo Ha
CTATHCTHKY NMPUMEHEHHS TUPATCKOro mpoaykra B ctpanax CHI', npemocrasiennyto komnanuein BSA
(Business Software Alliance), ocuoBannoii B 1988 romy, KOoTOpas MpEICTaBIsSECT HMHTEPECH
KPYIHEWIIHX B MHpPE Pa3pabOTYMKOB MMPOTPAMMHOIO OOECIICUEHHS M BeleT 00ps0y ¢ HapyIICHUSIMU
aBTOPCKHX IPaB Ha MPOrpaMMHOE 00eCIieueHne, CO3aBaeMoe WIEHAMH 3TOW OpraHuzanuu. Mtorom
HCCIIEIOBAHMsl CTalM PEKOMEH/IAINK 110 MCIIOJIB30BAHUIO TIPOAYKTOB Ul 3amuThl [10 ¢ omucanuem
Ka)KI0T0 U3 HHUX.

KioueBble cioBa: B3joM, KubOepsamura, auieH3us, paszpadorka [1O, cmocoObl 3amuThl
JAHHBIX, aHAIM3 PBIHKA IPOTPAMMHOT0 00eCIICUeHUS

Beenenne
[To manaeiM BSA [1], monst mpuMeHeHHs TUpaTcKoro mporpamMmmuoro obecriedenns B CHIT mocturaer
85%. D10 3HauuT, yTO MpakTuyecku 9 u3 10 Konumil mpoayKTa JIMIIAIOT MPOU3BOAUTENS BbIrOAbL. s
ctpan EBponsl 1 AMepuku 3Ta nudpa HAMHOTO HUXKE: TaM paclpoCTpaHEHUE KOHTPAa(PaKTHBIX KOMUMN
TOXKE JIMIIAET KOMIAHUK OLIyTUMOW 4acTH MPUObUIM, HO 3TO HE MPHUBOJIUT K KPU3UCY B MX OHU3HECE.
DTO NPOUCXOAUT M3-3a TOTO, YTO OOJBIIMHCTBO 3aMaJHbIX KOMIAHWM OYEHb JAaBHO HA 3TOM DPBIHKE,
OTYACTH MO3TOMY OHU MPUBBIKIM K TaKOro poja yObITKaM, a MOJb30BaTENIN B OOJBIIMHCTBE CIy4yaeB
MPEANOYNTAIOT O(UIIMATBHBIN IPOAYKT, MpeocTaBisieMblil camoit komnanueil. B CHI' nonb3oBarenu
MPEINOYNUTAIOT «OeCIIaTHBIN» WIIM JEIIEBBIM MPOAYKT, He oOpalasi BHUMaHUS Ha TO, YTO MOKYHaroT!
opUIMANBHBI NPOAYKT WM MUPATCKYIO BepcHio. B pesynbrare KOMMaHUM TEPHST KOJOCCAJIbHBIE
yOBITKH, @ MaJIEHbKHE U CPEJTHUE CTYAUU MIPOCTO HE BBIKMBAIOT B TAKUX YCIOBHSIX.

C nupaTcTBOM MOXHO OOpOThCS pazHbIMU criocoOaMu. CaMblil pacipoCTpaHEHHbIM U3 HUX —
9TO 3alUTa MPAaBOMEPHBIX METOJOB. DTO 3HAYMUT, YTO TAKOrO POJa HApyIIEHUs ABTOPCKUX IpaB
JOJDKHBI OBITh TPAaBWJIBHO OIMCAHBI B 3aKOHE, W TOCYJapCTBO JOJDKHO B paMKaxX 3THUX 3aKOHOB
IIpeCIe0BaTh B3JIOMINMKOB M TIPUBIEKAaTh HMX K OTBETCTBEHHOCTH. Ho ecimm B34Th B mpuMep
Kazaxcran, To y Hamero rocygapcrBa €cTh JOCTaTOYHO IPYTUX MpoOJIeM, W 0 TaKuUX JeTalei
IIPAaBOOXPAHUTENIBHBIM OpPraHaM I0Ka HET JAena.

OnuH U3 caMbIX MOMYJISIPHBIX CIIOCOOOB OOPHOBI C MUPATCTBOM — 3TO SKOHOMHUYECKUI METO/I.
OH 3aKiIr04aeTcs B TOM, YTO Li€Ha MIPOAYKTa OIMyCKAeTCsl TaK HU3KO, YTO CTAHOBUTCS OJIM3KOM K LIeHE
MUPATCKOTO TPOAYKTa. B OCHOBHOM, €CIiM MOJB30BATENIO MPEUIOKUTH JBa NPOAYKTa B BHIE
MUPATCKOW M OQUIMATBHON BepCHU MPUMEPHO B OJAMHAKOBOM IIEHOBOM CETMEHTE, TO OH IPEANOYTeT
npuobpectu opUIMATBHBINA MPOAYKT BMECTO MUPATCKOM Komuu. HecMoTpst Ha 3TO, S5KOHOMHUYECKast
BOIfHa HE BCEM IPOM3BOIUTEINSAM MPOAYKTOB MOAXOIUT OJMHAKOBO, TaK KaK C€0ECTOMMOCTh IPOAYKTa
4acTO B HECKOJBKO pa3 MpPEBHILACT LEHY, 3a KOTOPYIO MPOJAIOTCS MUPATCKUE BEPCUH, U UL
IIPOM3BOJIUTENS HET CMBICTIA IIPO/IaBaTh NMPOAYKT B YOBITOK cebe. B Takux ciaydasx MpoM3BOAUTENN B
OCHOBHOM HCIIOJIB3YIOT MPOIYKTHI IPYTHX KOMITaHUH, KOTOPBIE HALIEICHBI Ha 3aIUTY OT JIF0OOTr0o poja
B3JIOMa U HEJIETalbHOTO KonupoBaHus. D(QeKTuBHas 3amuTa Kak IpaBUiIo HAMHOTO YMEHbBIIAET PUCK
MOTepH NPUOBUIM KOMITAHUY TP aTAaKe B3JIOMIIMKOB.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021

33



| PA3PABOTKA ITIPOT'PAMMHOI'O OBECIIEYEHUS U UHKEHEPUS 3HAHUM |

Ha rpaduxe nmxe (puc. 1) omucanbl 0ObEeMBI MPOAAXK XOPOIIO 3AIIUIIEHHOTO M IUIOXO
3alUIIEHHOr0 NpoaykTa. OYeBUIHO, YTO, €CIM MPOAYKT HE 3aIlUIIEH J0JDKHBIM 00pa3oM, MUpaThl ¢
JIETKOCTBIO 000MIyT 3amuTy W OYyIAyT MpoJaBaTh HPOAYKT JEIIEBIE, YeM IMPOU3BOIUTENb, U B
pesyabTare OyAyT JUAMPOBATh MO MPOJakaM, TeM CaMblM yMEHbLIas MpHUObLIL NMpousBoautens. B
cllydae, €M MPOAYKT 3alIMIIEH KaK MOJI0KEHO, TO MUpaTaM OyeT HEpPOCTO B3JIOMATh €ro. JTO JacT
IIPOM3BOJIUTEINII0 BpeMsl Ha TO, YTOObI HOJY4YUTh HAMEUEHHYIO NPUObUIbL M NPOJOJDKATH Jallbllle
OCTaBaThCsl HA PHIHKE.

4 TpHOLL, §

* >
1 T2 t, MecaIkl

.
T

— - [JIOXO SAllHWERHBIH NPOAYKT
e = XOPOILO 3AIMHIUEHHEBIN NPOAYKT
Tl - ppems BanoMa ILIOXO ZallHINEHHOTO NPOAYKTA

T2 - ppeMs B3fioMa XOPOIUO 3AIHIEHHOTO NPOAYKTA

PucyHOK 1 'ﬂuHaMulleCKa}Z 3A6UCUMOCNTb npu6bl/zu om cmeneru sauuleHHocmu npodykma

Croco0bl 1 MCTOJBI 3allIUThI MMOCTOAHHO PAa3BUBAIOTCA, UX KOJIUYCCTBO YBCIWMYMBACTCA, 4@ CPOK
B3JIOMa TMPOJYKTa B OONBIIMHCTBE CIy4aeB 3aHMMAeT OT HENENH 0 IIECTH MecsieB. VMMmenucs B
HUCTOPUM CIIy4yau, KOrJa B3JaMbIBalIX €€ HE BBILICAUIYIO B IIPOJAXKY UIPY U PACHPOCTPAHIINA €€ 10
TOT0, KaK HAUMHATNCH MPOJIaXH OT Mpou3BoAuTens. Hike moiaeT peysb o ToM, Kak n3bexaTs 3TOTo.

[Tepeiinem k 006CyX)AEHUIO MTEPEAOBBIX cpencTB 000poHsI [10.

[lepeyeHb OCHOBHBIX CUCTEM 3aIUTHI:

— Cd-Cops;

— LaserLock;

— StarForce;

— SafeDisk;

— SecuRom;

— TAGES;

— Denuvo Anti-Tamper [3].

IMponykter «Cd-Cops» u «TAGES» roToBbl MOJHOIEHHO MPOTHBOCTOSTH KOMHUPOBAHHUIO, HO
aOCOIFOTHO HE B COCTOSIHHH MPOTUBOCTOATH AU3acceMOiepaM, JaMIepam 1 OTJIaJIHKaM.

Camasi HajJie)KHas 3allUTa M3 CIHCKa Bbime — 3T0 «Denuvo Anti-Tamper». OHa HCIOIb3yeT
peuicHusd, ACJIa0InC €€ B3JIOM HPAKTUYCCKHU HCBO3MOXKHBIM. HpI/IHI_II/IH paGOTLI Denuvo JA0CTAaTOYHO
CJIOKEH: 3alIUTa LUKJIWYHO NMEePEeHOCUT (hailiibl MPOAYKTa B ONEPATHUBHYIO MaMsITh C )KECTKOTO JUCKA U
obpatHo. Omepauus TOBTOpSETCS HECKOJBKO pa3 B TeueHHE MHUHYTHL. 3a yac paborel Denuvo
MEPEHOCHUT YacTh Kojaa Tyaa u oopatHo 150000 pa3. YacTts koma, KOTOpasi IEPEHOCUTCS, HAXOIUTCS B
OJTHOM OJIOKE maMsATH. BerieacTBrue JaHHBIX AEHCTBUI OJOK MaMsATH MOABEPTracTCs ONacCHOCTU CrOPETh
WJI BBIMTH U3 CTPOSI.
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Pa3paboTtunku cucremsl 3amutbl «Denuvo Anti-Tamper» okaszanuch HE Tak MPOCTHI, YTOOBI
IIPU3HABATH, YTO UX 3allUTa BCE BPEMs JEKOAUPYET U 3alIM(PPOBBIBACT KOJ 3aILUIIEHHOIO IPOAYKTA.
OHM mpoBeNHM TECTHl, HA KOTOphIE OBUIM MPHUIJIALICHBI >KYPHAIMUCTBI, YTOOBI MX KJIHMEHTBI U BCE
ocTalibHBIe YOemmmuch B OezomacHocTu «Denuvo Anti-Tamper» mis xecTkux AuckoB Tuma SSD.
PesynbpTaThl TEeCTa MOKa3aiM, YTO MX 3aIMTa HE HAHOCUT Bpena >KECTKUM AUCKaM. [laHHBIN TecT ObuI
LIMPOKO PAaCIpPOCTPaHEH B MHTEPHETE.

Ho mnonp3oBaTenu nOpoAyKTOB C JAaHHOM 3alIMTON pe3ynbTaToB He npuHaad. OHu
CaMOCTOSITEJIPHO TIPOBEIM HE3aBUCHUMBIA SKCHEPUMEHT, KOTOpBIM moKas3an, 4uro 3a 40 MUHYT
MCTOJIB30BaHUS MPOAYKTa ¢ 3amuToir Denuvo, mporpamma mposena omnepauuii Ha 30 rurabGaiit, yTo
OYEHb MHOT'O I HAaKOMMTENs 3a Takoe KopoTkoe BpeMs. Kak uzBectHo, y SSD orpanndenHoe Bpems
KHU3HH, IOITOMY JAHHBIE OTIEPAIMK 3HAYUTEIBHO MPUOIU3ST CPOK €0 CIYKOBI K KOHITY [4].

Jlanee omMcaHbl HapaMeTpbl JMLEH3MOHHOIO MPOAYKTa, IPeLIaraeMoro H3roTOBUTENEM, B
COIOCTABJICHUH C KOHTpa(paKTHON KOTHEH:

— JIMLIEH3UOHHBIE HPOAYKTHl INPEUMYLIECTBEHHO IMPOAAIOTCA Yepe3 ClelUalbHble MHTEpHET-
IJIOLIA/IKH, HEKOTOPbIE KOMIIAHUU MPOAAIOT MPSIMO y ce0s Ha cailiTe;

— Ha YIIaKOBKE MOJJIeIbHBIX AUCKOB OTCYTCTBYIOT TojIorpaduueckue Hakaenku;

— B CJIy4ae, €ciid Ha KYIUICHHOM JMCKE €CTb METKU IPOM3BOIMUTENS, HO HEBBICOKOIO KaueCTBa
(MOTEepTOCTH, HEMOJIHAs MeYaTh, APYroi IBET MeYaTH U.T.J.), TO 3TOT JUCK — HeslerajabHas konus [2];

— CTOMMOCTb JIMLIEH3MOHHOM MPOAYKIMH Ha MOPSIIOK BBIIIE;

— KJIFOYEBOE OTIIMYHE MUPATCKOW KOMUH B TOM, YTO Ha OOpaTHON CTOPOHE AMCKA OTCYTCTBYIOT
Ha3BaHUE OPraHU3aLUU-U3TOTOBUTENS M HOMEpa JIULEH3UH [5].

[IpuBeneM cnMCOK MHCTPYMEHTOB, KOTOPbIE HAaUOOJIEEe YacTO UCIOJIB3YIOTCA B3JoMIMKamMu. Mx
MOKHO OOBEIMHUTh B HECKOJBKO TpYHNN: OTIaJ4YMKH, Au3acceMOiephl, CpelICTBa CIEKKH 32
JEeHCTBUSIMH MPOTrpamMMBbl, CpPECTBA MACCUBHOTO aHallW3a, IPOYre YTHIIUTHI [6].

CriocoObl  B37IOMa  NPOJYKTa: MOOUTOBOE KOMMPOBAHUE, HMYJIHUPOBAHUE, OTIATUUKH,
u3acceMOIIephl U JaMIIEPHI.

[ToGuTOBOE KOMMPOBaHKWE — 3TO KOMMPOBAHUE IMCKA JIJIsl pACIPOCTPAHEHHs! KOITUH.

Meroa smynupoBanus (aHria. emulation) UCTOIB3YETCs, KOT/Ia XaKep 3HAET CIOoco0 MOTydeHus
HE KOMHUPYeMOH METKH Ha JTUcKe (METOoJl MOJydeHHsI HH(pOpMaIui 0 HECTaOMIIBHOM YYacTKe JIUCKa), a
METO/]I AN3acCeMOIMPOBAHUS — HE CaMblil YA0OHBIN CIIOCO0 MOTY4YEHUsI JaHHBIX O IpOrpaMMe.

Craenyrommii sTam B3j0Ma — 3TO MCIOJB30BAaHME TAKMX MHCTPYMEHTOB, KakK OTJIATUUK,
au3accemMOiep M JaMIiep, KOTOpble MPUMEHSIIOTCS B TOM Cy4yae, €ClIM CKONHUPOBaTh MPOIYKT HE
MOJTYYHJIOCh, U O 3alIUTEe NMPOJYKTa BCE €Ille HUYEero Hen3BecTHO. IHCTpyMeHT oTiajka mpuMeHseTcs
JUIS 3allyCKa MpOrpamMMbl «IIOIIAroBO» € II€JIbI0 HAaWTH Opelllb B 3aIIMTe, JUIS 3TOTO0 HCIOJIb3YIOTCA
CrelMalbHbIE TMPOrpaMMbl, Ha3bIBa€Mble «OTIAAUYUKOM». Jln3zacceMOnIMpoBaHME — 3TO MEPEBOJ
MpOrpaMMbl Ha $I3bIK MporpamMmupoBaHus «AccemOiep». Jlammep — Ooiiee MPOABUHYTHIN €HOCOO
ananu3a [10, rie TpaHciaupyeTcst CoepKUMOe ONepaTUBHOM MaMATH Ha MOMEHT Hadajia UCIIOJHEHUS
IPOTPaMMBI.

3akioueHue

JIunensupoBanue [10 u ero B3MOM — 3TO CXBaTKa MEXIY pa3padOTYMKaMU MPOTPAMMHOIO
obOecrieueHNsT W XaKepaMH-B3JIOMIIMKAMK, WHBIMH CJIOBaMH ITHpaTaMH, KOTOpas Bps] JK Oyaer
3aBepleHa B CKOpoM BpemeHu. Cynas Mo CTaTUCTHKE, OMUCAHHOW B CaMOM Hauaje CTaThbU, MOXHO
TOYHO CKa3aTh, YTO CTOPOHA Pa3pabOTYMKOB TEPIHUT OOJIbIINE YOBITKA W3-32 aKTUBHBIX HAMaJICHUN
CTOPOHBI B3IOMIIIUKOB. HO CTOMT OTMETUTH, UTO Ha HEKOTOPHIX y4acTKax (PpoHTa pa3pabOTUMKH MOKa
He Buuenu mnopaxkenus. I[losroMy, ecnum Bama 1ejlb — 3allMTa OPOAYKTAa OT JEUCTBUU
3JI0YMBIIIJICHHUKOB, TO CJIEIyeT OOpaTHTh BHHUMAaHHME HAa TaKHe NPOAYKThI, kKak «Denuvo Anti-
Tamper» u «StarForce». K aumM mpumaratorcs codctBeHHbld SDK, KOTOpBIN ympormiaer mporecc
BHEJPEHUS 3aIIUTHI B MPOJYKT, & TAK)KE BCE MHCTPYKIIMHA U PEKOMEHIAINH B IETAJISX.

Hecmotpss Ha Bce 3TO, Maxke HCIONb30BaHHUE €I€ HE B3JIOMAaHHOTO CpEACTBA IJISl 3aLUThI
MPOJYKTa HE 3HAYUT, YTO HE HAMIYTCS HOBBIE CITIOCOOBI M CPEICTBA B3JIOMA.
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Beiicenoexk E.B., ly30aes H.T.
BarpapiamanbIk skacakTaMaHbl 0Y3y/bIH KOHE KOPFay/AblH 3aMaHayM daicTepi

Anaarna. Makanana quieH3usJIaHFaH OHIM MeH KOHTpa]akTIIiK KeulipMe apachlHIaFbl HET13T1
albIpMaIIbUIBIKTap KENTIPiJreH, COHBIMEH KaTap eHIMJII KOpFay 9JICTepl MEH TocUIaepi TaslJjaHfaH,
OyFaH Koca, Kpekepiep (xakepiep) Oarmapiamanapasl Oy3y YIIIH TIaijajaHaThiH KbICKAIla
cumarTamaiapsl 0ap Kypajiaap Tisimi Oepinren. byran Koca, Makanaga eHimai Oy3yablH Keioip Herisri
omictepiH Taba anacei3. 3epTTey OapbIChIHAA oyieMzaeri eH ipi OarmapiiaManiblK —JKacaKkTama
KacaylibUTapJblH MYIICNepiH OUIIIpeTiH JKOHE aBTOPIBIK KYKBIKIEH KypeceTiH 1988 KbLibl
kypeutrad BSA (Business Software Alliance) yceiaran TMJ] ennepi apachlHIa KapaKIIbLUIBIK OHIMI1
naiganany CTaTUCTHUKACHI €CKEePLIi, OChl YHBIM MYIIENEpi jKacaraH OarapliaMaiblK jKacaKTaMaHbIH
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OY3bUTYBL. 3epTTey HOTHXKECIHIE OaFaapiaMalibIK )KacaKkTaMaHbl KOPFay KypalJapblH Maiganany KoHe
OJIap/bl TaHBIN, OLTY Typasibl KEH YChIHBICTAp Oepiii.

Tyiiin ce3gep: xaxepiik, KuOep KOpFaHBIC, JHUIICH3MA, OarmapiaMaiblK jkKacaKrama xacay,
JepEKTEPIi KOpFay dicTepi, OaraapiiaMalibIK jKacaKTaMa HapbIFbIH Talay

Beisenbek Y.B., Duzbaev N.T.
Modern methods of hacking and protection software

Abstract. The article delineates the main differences between a licensed product and a
counterfeit copy, also analyzes the ways and methods of protecting the product. Additionally, it
presents a list of tools with brief descriptions used by crackers (hackers) to crack programs and some
of the basic methods of hacking a product. The research hinges on the statistics on the use of pirated
products among the CIS countries provided by BSA (Business Software Alliance), set up in 1988,
which represents the interests of the world's largest software developers and fights against copyright
infringement on the software created by its members. As a result, the study presents some comments
on the nature of the analyzed software protection products and suggests recommendations on their use.

Keywords: hacking, cyber protection, license, software development, data protection methods,
software market analysis.
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PEKOMEHJIATEJbHASI CUCTEMA JIJISI OHJIAMH-MATA3HUHOB C
HUCITOJIb3OBAHUEM MAHIMHHOI'O OBYYEHMUSA

AHHoTtanus. Cpeay MHOXECTBAa TOCIEAHUX TPEHJOB HMHTEPHET-MApKETUHTA MOXKHO
OTMETHTh PEKOMEH/ATEbHBIE CUCTEMBI. PeKOMEHIaTeIbHbIE CUCTEMBI — OCOOBIC MPHIIOKCHHS,
HaTpaBJICHHBIC Ha MPOTHO3UPOBAHHE HMHTEPECOB M TOTPEOHOCTEH BEPOSATHBIX TOKyMaTeien
WHTEPHET-Mara3uHoB, SIBJSFOIIMECS KOM(OPTHBIM HHCTPYMEHTOM BBIOOpa TpU TPUOOPETECHHU
NPOAYKTOB W TPEAJIOKCHUH B OHJIAHH-Mara3wHax. [IpUHIMNANBHO BaXHBIMH (hakTopamu,
BIVSIFOIIMMH  Ha pPa3BUTHE PEKOMEHIATEIbHBIX CEPBUCOB, SIBIIIOTCS II0JIb3a M yI0OCTBO
OJTHOBPEMEHHO U JAJisl MOTpeOuTens, U [Uisl MHTepHeT-marasuHa. llomp3oBaTenb, mpexzae Bcero,
MoJry4yaeT y100CTBO HHTYUTHBHOTO BbiOOpa. /[ Mara3uHa OTKpPBHIBAIOTCS TAaKUE BO3MOKHOCTH, KaK
YBEIIMYCHUE CPEIHEr0 4YeKa W BBIPYYKH KOMIIAHWH, AalbTCpHATHBHAs HABHTAIMSI BO BCEM
MHOKECTBE TOBapoOB M TojydeHHe HH(popMamuu o kiueHtax. COBpeMEHHbIE PEKOMEH/IAaTEIbHBIC
CEpBHCHI MOBBIIIAIOT HAMOJHEHHOCTh OHJANH-KOp3uH Ha 12-60%, 4TO OOBIYHO 3aBUCUT OT
pOoGUIBHON HATIPABICHHOCTH PO TYKIIHH.

KiroueBble cioBa: koiutabopaTuBHas (QWIbTpaLusi, TMOPUIHBIE CUCTEMBI, B3BELICHHBIH
naksion oaun (Weighted Slope One), mozxens baiteca, kiactepHast MOJIEIb.

Beenenune

Mpl )xuBeM B MUpe MHGOPMaLMOHHOTO 0ouusi. BeiOop — 3T0 TO, ¢ UeM BcTpedaercs 0o
YeJIOBeK KaXIbl JieHb. [Ipy HaaMuuu BCEBO3MOXKHBIX BEPOSTHOCTEH B 00S3aTEILHOM MOPSIKE
nosiBisiercss mpobiema BbIOOpa OAHOM W3 albTEPHATUB: KAKOM MPOAYKT MPHOOpECTH, Kakou
KMHOQHUIBM TOCMOTPETh, KaKo€ MY3bIKAIbHOE IPOU3BEIACHUE IOCIYIIaTh, KaKyl 3aMETKy
MpoYuTaTh M T. A. PekoMeHJaTenbHble CHUCTEMbl — 3TO KOMIUIEKT HPOTPaMMHBIX CPEICTB U
CIOCO0OB, TPU3BAHHBIX IOCOAECHCTBOBATH OIPEICICHHOMY IOJB30BATEI0 B BBIOOpE MEXIY
pa3HbIX 00BEKTOB [1].

OO6nacTh NCHOIB30BAHUS PEKOMEHIATENIBHBIX CUCTeM MHOrooOpasHa. Haubonbliee 3HaueHue
OHM UMEIT JUId MHTEepHEeT-Mara3uHoB. IlepcoHanu3anusi oOHJIAWH-MapKEeTHHra CUMTaeTCs
OTIUYUTETFHBIM TPEHAOM mocienHux aecsatkoB yetT [2]. Ilo ouenkam McKinsey, 35% noxona y
Amazon u 75% y Netflix npuxoautcs Kak pa3 Ha peKOMEHAyeMble MPOAYKTHI, U JaHHBII IPOLEHT,
CKopee Bcero, OyleT pacTu. AKTHUBHO IMPHMEHSIOTCS pPEKOMEHJAaTelbHble CHCTEMbl W Ha BeO-
caiTax, MPOU3BOIANINX MW MyOJUKYIOMNUX KOHTEHT [3].

BoJIbIIMHCTBO KJIMEHTOB MHTEPHET-MarasMHOB, CKOpee BCEro, B OYAYIIEM CTOJKHETCS C
HCIOJIb30BaHUEM MOJOOHON MporpamMMbl, KOTOpasi MOKET JaTh HaM JIMYHBIM COBET M MOMOYb B
npuHsaTuu pemieHnit [4]. [loucku HOBBIX METOJIOB CO3JaHUS TMOAOOHOM MPOrpaMMBI SIBISFOTCS
KJIFOUeBOM 3ajauel Toil oOjacTu HayKd, KOTOpas 3aHHUMaeTcs pa3padOTKON pPeKOMEHaTeNbHbBIX
cucTeM. A 3ajaya caMoil CHCTeMbl — rapaHTHPOBATh COOOIIECTBY MOJIb30BaTeNEH MpeI0CTaBICHUE
JOCTYITHOW WH(POPMAIIUU ¥ KaYeCTBEHHBIX COBETOB [5].

B cBia3u ¢ moOBceMECTHBIM BHEJIPEHHWEM OHJaiHa M HaJu4ueM OOJbIIOro obbema
CTaTHUCTUYECKUX JIaHHBIX O MPEANOYTCHUSX MOJIb30BaTeNel HayuHble paOOTHUKH BCETO MHpa CTaJIU
AaKTUBHO 3aHUMAThCS pa3pabOTKON ITHX AJTOPUTMOB B MOCIEIHUE JABAALATh-TPUAIATH JIeT [6]. A
BCJIE/ICTBHE MIMPOKOM MPUMEHUMOCTH 3TU MPOrPaMMBbI OKa3aJIMCh JOCTATOYHO 3(h(PEKTUBHBIMHU.

B Hacrosmieil crtatbe TOBOPUTCA O BENYIIUX PEKOMEHIATENIBHBIX METOAAX, a TaKXKe
MIPUBOISTCSL TPUMEPBI CaMBIX CBEKHX pa3paObO0TOK B AaHHOW oOiactu. llenp Hamei paboTel —
crenarb 0030p BEAYIIMX PEKOMEHIATEJbHBIX aJrOPUTMOB, paccka3aTh O MPHUHIHUIAX crocoda
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KOJUTa0OpaTUBHOW (WIBTPAIIUU, O CHUCTeMax (QWIbTpalMk Ha 0a3e cojepkaHuss M Ha 0ase
UHQOpPMAIMK O TIOJNB30BATENAX, ITO3HAKOMHTH YHTATElIsl C JOCTOMHCTBAMH M HEJOCTATKaMH
KaX10ro U3 crnocoboB. Hanbosee BaKHBIM MPH 3HAKOMCTBE C JAHHBIMU Pa3paOOTKaMU SIBISETCS
MOHMUMAaHUE TOTrO, KaK MX 4Yallle BCEro HCIOJIb3YIOT, BElb BCE HOBEHINME pa3pabOTKH B JAaHHON
00JIaCTH HAINPaBJICHBI HA YJIYYIICHUE HMEHHO 3TOT0 napamerpa [7].

JInst co3maHusi PEeKOMEHIATENbHBIX CHUCTEM CYIIECTBYET HECKOJIBKO METO/OB, KOTOPHIE B
OCHOBHOM 0a3upYIOTCs Ha KOJUTa0OpaTUBHOM (puibTpanuu:

e OubTpanys, OCHOBaHHAs HA CX0)KECTH TOJIb30BaTeNeH;

e OubTpanys, OCHOBaHHAs HA CX0XKECTH 00BEKTOB (TIPEIMETOB);

e OybTpanys, OCHOBaHHAs HAa MOJICIIH;

e Monenn balieca;

¢ PerpeccuonHast MOJIEIb;

e KitacrepHast MoJienp;

e Takoke 10OCTaTOYHO PacCIPOCTPAHEHBI METObI, OCHOBAaHHBIE HA (DaKTOPHU3AIIHH;

e Heorpunarenbuas Mmatpuunas daxropusais (NMF);

e Cunrymsproe pazinoxenue (SVD).

KoanaboparuBHas puiabTpanusi

KomnabopaTtuBHas GuiIbTpanuss — 3TO CIIOCO0, MO3BOJISIONINNA MPEIYra bIBaTh HEU3BECTHHIC
MIPEINOYTEHHUs MOJIb30BaTeNsl Ha 0a3e MOMYJSIPHBIX OIICHOK U/WUJTU TIOBECHUS MHBIX MOJIb30BaTeNel
(Segaran 2007). [danHblii crioco® Oa3upyeTcsi Ha TPEICTABICHUA O TOM, YTO TIOJIH30BATEIIH,
UJCHTUYHO OLICHUBIIUE OJHU MPEAMETHl CUCTEMbI, UMEIOT MPEAPACIOI0KEHHOCTh HJICHTUYHO
OLIEHUBATh M MHBIE MIPEMETHI CHCcTeMBbI. Ellle 01HO JOmyIIeHne COCTOUT B TOM, YTO IMOJIb30BATEIIH
Jal0T CXOXKHE OLEHKH IMpeAMETy CUCTeMbl IO MapLUalbHOM IIKane, K NpUMeEpy, OLEHHBas
KUHOPWIBM OT OJHOM NI0 JecsiTH 3Be3a Ha BeO-caiite imdb.com (puc. 1). JlanHoe nomyiieHue
ABISICTCS BAXXHBIM, OJHAKO HE BO BCEX CHUCTEMax €CTh BO3MOYKHOCTh COOMpaTh OLIEHKU
nosib3oBareneil. B 3Tux ciaywasx mnpubOeraroT K CKpbITOMY cOOpy HHGMOpMalMM U OILEHKE
MOBEJICHUsI, K IpUMeEpy, 3alUChiBas MPOCMOTPEHHBbIE pPOJIMKM Ha YouTube u pexomeHays
CBSI3aHHBIC C HUIMU MaTepuaibl [8].

Dallas Buyers Club (2013) s 93
DA[ [ AS 117 min - Biography | Drama | History -
i 22 November 2013 {USA)
BUYERS
Your rating: | s v v v o o o e o 9
C LU B a,o Ratings: B,0/10 from 146 639 users Metascore: B4/100
Akl TO Reviews: 252 user | 389 critic | 47 from Metacritic.com
q? In 1985 Dallas, electrician and hustler Ron Woodroof works
around the system to help AIDS patients get the medication
L " [ — they need after he is himself diagnosed with the disease.

Director: Jean-Marc Vallée
Writers: Craig Borten, Melisa Wallack

Stars: Matthew McConaughey, Jennifer Garner, Jared Leto
See full cast and crew »

Contact the Filmmakers on IMDbPro »

+ Watchlist « Watch Trailer Share...

Won 3 Oscars. Another 48 wins & 29 nominations. See more awards »

Pucynox 1 - Ipumep oyenxu gurvma na cavme imdb.com
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KonnabopatuBHas ¢uibTparuss OOBIYHO JENWTCS Ha JABa moaxoaa. IlepBeIM, W cambIM
pacnpocTpaHEHHBIM, CUUTAETCS MOAXO0, Oazupyrouuiics Ha OIM30CTH (CXO/ICTBE) MOIb30BaTENCH.
Ero cymHocTs 3akiiouaeTcss B aHaJIM3€ MPOLUIBIX OIEHOK WM TOBEICHUS I0JIb30BaTEI,
HCCIIEIOBAHUE APYTUX I0JIb30BATENICH, UMEIOMIMX CXO0XKYI “UCTOPHUIO” M COCTaBJICHHE MPOrHO3a
JUTSl HEM3BECTHBIX O1leHOK [10].

B o0ObruHOl cuTyanuu o0pa3yercss MaTpulla «I10JIb30BATEeIU-TIPEAMEThI», CMBICT KOTOPOMH
3aKJII0YAETCSl B OLIEHKAaX OMpPEACNICHHBIM IMOJIb30BATEIEM OIPEACICHHOr0 npeamMera. Te siueiiku, B
KOTOPBIX HET 3HAYCHMIA, CYMUTAIOTCS HEM3BECTHBIMU, TO €CTh 3asIBJICHHOMY IIPEIMETY MOJIb30BaTENb
HE BBICTABUJI OLICHKY, 3HAYHT, BEPOSTHEE BCETO, HE BOCIIOIB30BAJICS 3TUM IpeamMeToM (Tabdm. 1).

Tabnuua — 1 [Ipumep MaTpHIIbI «I10JB30BATEIU-TIPEAMETHD)

“Manmackuit
KITy0 “YenoBek- “Bouik ¢ “12 ner “Free-to-
MOKymaTeJe nayk” Yomn-crputr” |  pabcTBa” play”
[Tonmp3oBarens 1N 5 3 5 - -
[Tonp3oBarens 2N 4 - 4 - 5
[Tonmp3oBarens 3N - 1 5 2 -

Jnst  ompeneneHuss OJIM30CTH  TMOJIB30BATENEH HCHOJB3YETCS HEKOTOPOE KOJIUYECTBO
pa3IMYHBIX AITOPUTMOB, TAKUX KaK:

e MaHX3TTEHCKOE PACCTOSHUE;

e EBKIIMI0OBO pacCTOsTHHUE;

¢ Koappunment xoppensuu [Tupcona.

MaHX3TTEHCKOE PAcCTOSHHUE, WM PACCTOSHUE TOPOACKUX KBapTajJOB CUUTACTCS OJHHUM W3
0a3MCHBIX CIIOCOOOB BBIUYUCIICHHUS TUCTAHIIUN MEX Ty 2-Ms Toukamu (1):

d(userl,user2) = X}_,|userl, — user2,| 1)

20e

userl, user2 — norvzosamenu u ux OYeHKuU,

N — KOUUeCmeo npedmMemos 6 mampuuye.

JlaHHBIN TOAXOJ] SBIAETCS HEAOCTATOYHO TOYHBIM IPH HEOOJBIIOM 3aIOJIHEHWH MaTPHIIBI,
HO €ro MPEUMYIIECTBO B IPOCTOTE U OBICTPOI CKOPOCTH BBITOTHEHHUS.

EBKIMAOBO paccTOsHUE COAEPXKHT KBajapaTHble KopHH (Teopema [ludaropa) wu
PacCUUTHIBACTCS C TIOMOIIBIO COOTBETCTBYOMICH (hopMyIib (2):

d(userluser2) = J2_ (luserl, —user2,|)? 2

20e
userl, user2 — noavzoeamenu u Ux OYeHKU,
N — KoaUuYecmao npeomenos 6 mampuuye.

Kak u paccrosiHMe TOpOJICKMX KBapTaloB, A3TOT CHOCOO COAEPKHUT TPYIHOCTU MPHU
HE3aIN0JTHEHHOM MaTpuIle, HO HECIIOKEH B pa3paboTKe M JiemieB B BoimoaHeHuu [ 10].

bonee Tounblii MeTon ompeneneHHs] OIU30CTH BOIUIOIIEH B KOA(PGUIMEHTE KOppeNsluuu
[Mupcona (3):
L luserl;—userl)(userd; —uzerl)

corr(userl, user2) =

©)

I'EP_D'::uarll- —uzeri )® I'E?_D'::usrﬂl-—:u'arl}""
R - Al -
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20e
userl, user2 — nonvzoeamenu u ux OUeHKU,

N — KoUYeCmeo npeomemos 6 mampuye.
userl v user? — cpeHAA OLeHKA NOLZ0BATEIEeH

3unauenue corr(userl, user2) moxer ObITh OT -1 10 1, rme -1 COOTBETCTBYET abCOIIOTHOMY
HECOBIIA/ICHUIO TI0JIb30BaTeNeH, a | — abCOMOTHOMY COBIAICHHIO.

Mertoapl, Oazupyronmecss Ha CXOJCTBE IIOJIb30BaTeNiei, MOTYT OBITh TOJE3HBI — OHHU
WHTYUTHBHO TOHSATHBI X IPOCTHI B ipuMeHeHun [10].

B3Bemennblii Hakion oquH (Weighted Slope One)

OmHuM W3 caMbIX  JCHCTBEHHBIX  alTOPUTMOB B IMPEIMETHO-OPUEHTHPOBAHHOU
KOJTaOOpaTHBHON (PUIBTpAIIMM CUMTAECTCS METOJ B3BemIeHHbIH HakiaoH oamH (Weighted Slope
One). Ero cymHocTh 3aKiIO4YaeTcss B MOUCKE Pa3idvdil OLCHOK MEKAY HapaMd SJIEMEHTOB U
IIPUMEHEHUN JAHHBIX PA3JIMYUi N7 BBIYUCIICHUSA HUCKIoueHui [16]. Borumcnenue paznumunii

MEKIY MPEeIMETaMH POU3BOJAUTCS C MIOMOIIBIO COOTBETCTBYIOIMIEH hopmyIibl (4):
USBT; — USET;
E —t ]

dev, :.lja?"E-"'n'[__l-'I:X:' bgth(_ﬁ,‘[.j(ﬁ}} (4)

L.y =
20e

both(5, ; (X)) — uucno nonvsosamenet, OYyeHUSWUX U i-i, U j-ti dReMeHm,;
USEr — oyenxu noib3oeameis,

[TporHo3upoBaHue OILICHKH MPEIMETa PACCUUTHIBACTCS clenytonmM oopasom (5):
P[HSE'T'}-} — E[Eg.jn_*._[_I:;(riav_l-_l-+ul-}fcr1rr:'.!I:_‘.'_I.-_l-(.ii'}}
E[Egl:uj_[j:: bﬂrhl\_";'j'.[l\..-'i’:l:l

()

20e
both(5, ; (X)) — uucno nonvsosamenet, OYyeHUSWUX U i-ii, U j-ti dReMeHm,;

USer — oyenku nonvzosameis,

BsBemennniii HakiioH oauH (Weighted Slope One) cumrtaercs 3amedarenbHbIM CIHOCOOOM
pa3paboOTKHU peKOMEHJATelNbHbIX cucTeM. MMmes HeBbicOkHe TpeOOBaHUS K MaMATH M OOJBIIYIO
CKOpOCTb pPalbOTBl, OH JEMOHCTPUPYET BBICOKYIO 3(PQPEKTUBHOCTH NpPH HAIUYUM OOJIBIIOrO
KoJIM4YecTBa nojb3oBareneid. OpHaKo, CIOXKHOM 3afauyeil JUist 3TOro Meroja sBiIseTcsl mpobiema
XOJIOTHOTO CTapTa, KOTopas, B OOLIEM, OTHOCHUTCS KO BCEM HPEIMETHO-OPUEHTUPOBAHHBIM
MeToAaM KosmaGopatuBHOM ¢uusTpamuu [11]. Pon anroputmoB Scope One npumensercs B
HEKOTOpBIX TMOMYJSPHBIX cepBHcax, Takux kak hit flip, BeOcaiit pexkomennanuit DVD u Value
Investing News, HOBOCTHOM mopTail ()OHIOBBIX OUPK.

Bropoii 60mb110i#1 rpynmnoil MeTo10B KOJIabopaTUBHON (UIbTpALUH SIBJIsSIETCA (DUIbTpaLns,
Oasupyromasics Ha Mojieni. PaccMoTpum HekoTopsie u3 Hux [11].

Mogean baiieca

OaHuM U3 caMbIX TOMYJSPHBIX KIACCU(PUKATOPOB SIBISIETCA HauBHBIA OallecOBCKUM
knaccupukarop. C ero MoOMOIIBIO CO3JIAIOT PEKOMEHJAIMN KaKHX-TO OOBEKTOB. B ero ocHose
HaxOJUTCS BEPOSITHOCTHAs MOJieib Teopembl baiteca [11]. Jlmst paGoTsl 3TOro anroputMa HYKHO
crenarb Mojenb baifeca ans KaKAOro mojib30BaTeNsi, KOTOPHIM M3ydas Kakue-TnOo OOBEKTHI, Ha
OCHOBE COZAEP)KaHUS JaHHBIX OOBEKTOB (JUIsl KWHOKAPTHH 3TO MOTYT OBITh apTHUCTHI WIN JKaHPHI,
JUIE HOBOCTEH — TJIaBHBIC TEKCThl U pyOpHKH). s HaxoxaeHus Oosiee BEPOSTHON KaTeropuu
HYXKHO ONpEAEINTh OTHOCUTEIbHBIE BEPOSITHOCTU IMPHUCIOCOOJIEHHUS KAaKOro-HUOyap IpeaMera K
Mr000# KaTerOpUU M BBIOPATh KaTETOPHIO, HMEIOIIYIO0 CAaMYIO OOJIBIIYIO BEpOSATHOCTH (6):

cat = argmaxP(c)[1 P(o;|c) (6)
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Kaacrepnas monennb

OIHUM U3 CaMbIX MOMYJSAPHBIX AJITOPUTMOB B KJIIACTEPHOM aHAIU3e CYMTACTCS Crocod K-
cpenaux. OH HCIONB3YeTCs TPU JCTCHUN 00BEKTOB MIIM TIOJB30BaTENICH Ha TPYIIBI — KJIACTEPHI,
dbopMupyroluecss Mo HEKOTOPHIM OOIIMM IMpH3HAKaM, KOJMYECTBO KOTOPBIX 3a/aeTCsl 3apaHee.
CymHocTh MeTOZla — B CllydailHOM BbIOOpe K-IIEHTpOB KilacTepa M COKpPALICHHH CYMMapHOTO
KBaJPaTUYHOTO OTIAJCHHUS II0JIb30BaTeIe WM OOBEKTOB OT IeHTpa kiactepa [11]. Orto
PacCUUTHIBACTCS C TIOMOIIBIO COOTBETCTBYOMICH (hopmyiib (7):

d= E:{ E::'J.-EK[x}' _ui) (7)
20e
k — KoJu4decmeo 6€Km0p06;
u— UEHMP MACC 6EKMOPO6 U3 MHOIMCecmea Kiacmepoe K.

dakTopuzanus MaTpHIL

Crnioco0s! KoJ1ab0paTUBHON (UIBTPAIIMM JOBOJBHO HATJISIHBI M MPOCTHI, HO C MOMOIIBIO
(dakTopu3alMi MaTPUIl WHOT/A MOXKHO TIOJIYUYUTh TOpazao OOJbIle PE3yJIbTaTOB, HAIPHUMED,
JTaHHBINA CITOCOO MO3BOJISIET OOHAPYKUTH HEKOTOPHIE CKPBITBIC MOMEHTBI, 00 TUHSIONTNEC O0BEKTHI
U moJib30Baresieii. Ho Hy)KHO MOMHHUTB O TOM, YTO 3TO MaTeMaTHYECKUI CIIOCO0, U ISl TOJTyUYCHUS
aJICKBaTHBIX PE3yJIbTaTOB OTPeOyeTcst HacTpoiika qaHHoro merona [11].

Llenpto HEOTPULIATEIBHON (DAKTOpPH3AIMKM MATPUI[ CUMTACTCS PA3JIOKCHHE MATPHUIbl Ha
MIPOM3BEJICHNE 2-yX NPYruX MaTpuil. B cioydae peKoMeHIATeIbHON CHUCTEMBl HavajdbHas MaTpHIIA
Oy/leT CUUTAThCS MATPHICH «II0JH30BATEIH-O0BEKTHI», a 3HAYCHUS B SUCHKAX — OIICHKAMHU
JAHHBIX TOJh30BaTENICl BCEBO3ZMOXKHBIX O0BEKTOB. ECIM HEKOTOPHIX OIEHOK HET, TO C TOMOIIBIO
(hakTopH3aIMK BIIOJIHE BO3MOXHO MOJy4Y€HUE JAHHBIX HEAOCTAIOUINX OIIEHOK.

MatemMaTH4eCKH 3TO PACCUYUTHIBACTCS TIPU ITOMOIIHU TIOTYICHHS KBAAPATUIHON MOTPEITHOCTH,
BBIYHCIICHHS TPaJIMEeHTa OT Hee U nostydeHus 3HaueHus matpuil P u Q: (8)(9)

2 _ K 2
i = (Tf,j - =1 Pf,}'qz',jj (8)
20e
I — peanbHoe 3HAUEHUE UCXOOHOU MAMPUYDL,
P u g — 3Hauenus npeononazaemvix mampuy P u Q
new —
Pixe = P T 20e;q,; ©)
EW —
Qrj = Gy T2@e ;P
20e
ple¥u gy — Hogvle sHauenus 6 mampuyax P u Q

2ae — epaduenm u3 K8aOPaAmuiHoU OuuoOKu
3rtot MeTon TpedyeT OompIoro yucna uteparuit (>5000) 1ist MoTy4eHHUst BEPHBIX UTOTOB.

IIpo6s1eMbl CylIeCTBYHOIIUX MOAX010B

e Heoocmamok ungopmayuu o noivzosamensx

OcHoBHas Macca IoJIb30BaTeIel Pa3InYHbIX CEPBUCOB HE JIIOOUT BHICKA3HIBATh CBOE MHEHHE
0 KaKuX-TMO0 MpeMETaxX U BBICTABIATH UM OIEHKH, U3-3a YeTO0 TOYHOCTh MPOTHO3a YTPAYUBACTCS.

e Hosvie nonvzosamenu

Jannas mpoOemMa TakKe SIBISETCS CEPhE3HOW — HOBBIM IMOJB30BATENh HE MPEIOCTABISET
J0CTaTOYHO HWH(MOpPMAIMK AN CO3/IaHUs KAa4eCTBEHHBIX PEKOMEHIAIUU JJIs HEro, IMO3TOMY
pekoMeHanuu (GOPMUPYIOTCS WM M3 W3BECTHOTO B IIEJIOM KOHTEHTA, WU HE (POpMHUPYIOTCS
BOOOIIIC.
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e [lo00envuble oyenku

Ha MHOrMX momynsipHbIX HOpTajax €cTh ONpeesIeHHbIE MOIb30BaTeNN, KOTOPHIE OCO3HAHHO
3aBBIIIAIOT WM 3aHUKAIOT OLEHKU BCEM OOBEKTaM CHUCTEMBI, IPOABUTAs T€ WJIM UHBIE MPOAYKTHI,
YTO MENIaeT paboTaTh PEKOMEH IAIIMOHHBIM JITOPUTMAM.

e Macumabupyemocmuo

[Ipyn yBenuueHHH KOJMYECTBA IOJIb30BaTeNei M OOBEKTOB CHCTEMBbI BO3PACTaeT BpeMs
BBITIOJIHEHUST aJTOPUTMOB ISl KaXKJIOTo Mojb3oBareins. OTYacTH 3TO pELIACTCS YIyqlICHHEM
anropuTMoB (Hampumep, a1 Meroxa weighted slope one HyXHO TONBKO HaOMIOIATH 3a
OTKJIOHCHHUSIMH MEK/1y MapaMH JIEMEHTOB M OOIIMM KOJIHYECTBOM 3JICMEHTOB).

B urtore MoHO cka3aTh, UTO BCE CYIIECTBYIOIIME METO/Ibl UMEIOT KaK IUIIOCHI, TAK U MUHYCBI.
OpHE METOJIbI BHIMTPBIBAIOT MO BPEMEHHBIM 3aTparam, JAPyrue — M0 TPeOOBaHUSAM K MaMITH U
TOYHOCTH, HO JJISl TaHHOW pabOoThI ObLIO MPHUHSITO pElIeHHe BBIOpATh CIOCOOBI, Oa3upyroluecs Ha
CTaTHCTUYECKUX BhIUMCIEHUAX. Co3MaHue KiacCMpUKaTopa HE BCErAa MPUBOJUT K HYKHBIM
pesynbratam. Hanpumep, BakHbIE TEKCThI HE BCET/a MOMAJAl0T B aHOHCHI, a BEAYIIHE HOBOCTEH He
Jal0T TeTH K 00BbeKTaM HOBOCTH. OlLeHMBaHHME KaXXAOTO HOBOCTHOTO KOHTEHTA, MPOYTEHHOTO
M0JIb30BaTeJIeM, HE BCEr/ia JaeT BEPHOE 3aKIIIOUEHHUE O ero MPeOYTECHUIX.

[ToaTomy 111 co3paHMsl PEKOMEHAATEIbHOM CHCTEMbl ObUIO MPHUHITO pPELIEHUE BHIOPATh
METO/]I TOMCKA CXOKHUX JIFoJIel uepe3 B3BelleHHbI HakiIoH oauH (Weighted Slope One).

ITocTanoBKa 3agauu

Chopmymnupyem 3anauy. Jomyctum, y Hac OyaeT OOJIbIIOE KOJUYECTBO Mojib3oBatenein U =
{uy,u,y,... ,u, }, 6onpmoe kommyecTBO 00beKTOB P = { p;, P, , ... , P, } ¥ MaTpHLA peUTHHTOB R =
(r;;) pasmepan xm, e i € 1...n,j € 1... m. BepoATHbIMHU 3HAYEHNUSIMH PEHTUHIOB MOTYT OBITH

yucia ot 1 (He HpaBuTcs) 10 S5 (HpaButcs). Eciu monb30Baresns i He OIEHMIT JIEMEHT j, TO Ha MECTe
T;; 3HAUCHHE Oyner nmycrytouM. ONUCaHHYIO MaTpUIly PEUTUHIOB MOXKHO IPEICTaBUTh B BUJE

Tabuiel (Tadm. 2). O603HauMM dYepe3 r“m. Halll TPOTHO3 OTHOCHUTEIBHO TOTO, KAKYIO OIICHKY

IOJIb30BaTEIb 1 ITOCTABHT NNpOAYKTY J Hama 3agada npeaAcKa3aTb, KAKHMC OILICHKU Tz',_;l' JOJIDKHBI

CTOATH Ha MCCTEC IPOITYCKOB B MAaTpUIIC, TO €CTh paCCUUTATh ‘]""I:-J}-.

Tabnuua — 2 [Tpumep MaTpPUIBI «I10TB30BATEIU-TTPOAYKTHD»

ITponykThl IIpoaykr 1 | Ilpoaykr2 | Ilpoxmyxt 3 | Ilpomykr 4 | Ilpomyxr 5 | Ilpoaykt 6
Ilonw3oBarens 1 2 4 5 3 4 ?
Ilonn3oBaTens 2 1 ? 1 4 5 ?
Ilons3oBaTens 3 3 4 ? 1 4 ?
Ilonn3oBarens 4 ? ? 4 2 ? 2
TToas3oBarens 5 ? 4 5 3 ? ?

3ateMm I KQOKAO0Tr0 ITOJB30BAaTCId U Ha OCHOBE CHPOTHO3HMPOBAHHBIX OLCHOK r' HaM

Lj°
HYXHO C(i)OpMI/IpOBaTI) crMcok u3 N MMPOAYKTOB, KOTOPBIC COOTBETCTBYIOT IMPECAINIOYTCHUAM
MOJIL30BATECJIA U KOTOPBIC CIIC UM HC OLICHCHBI. Coucok stux N MMPOAYKTOB 0003HaYUM qcpes3 N-

MEPHBIH BEKTOP ( Py » Py_s v pfq)' TakuMm oOpa3om, MaTeMaTHUECKas 3a/1a4a 3BYYUT TaK:

Hano:
U= {u,,u,,..,u, } — MHOXECTBO [10JIb30BaTEICH,

P={p.ps, P} — MHOXKECTBO IPOLYKTOB,
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R = (r;;) - MaTpuua peiTHHIOB pa3Mepa n X m, I€ Ha MECTeE ¥, ; OYIET CTOATH YMCIIO, €CIU
NOJIb30BATeb 1; OLCHWI NPOAYKT p; W IYCTO B HHOM ciyyae. N — tpebyemoe ducio
pEKOMEH 1AL, KOTOPbIE HY’KHO IOJIYYUTh OT CUCTEMBI.

TpeOyercs HaiiTu: [{ns 1aHHOTO NOJIB30BATENS U; HAUTH N-MEpPHBINA BEKTOD ( Py Digr o s P
), TZie IPOIYKTHI P, , k € N eme He OIlEHEHBI THM I0JIH30BATENIEM, TO €CTh B MaTPHILIEC PEHTHHIOB

R = (TEJ ) mycto Ha mecre 1’ a TaKXe MPOCIEAUTh, YTOOBl 3TU MPOAYKTHl HAHOOJIEE TOUYHO

Lig?

YAOBJICTBOPSUTM TPEINOYTCHHUST II0JIb30BATENsl, TO €CTh IPOTHO3HBIC PEHUTHHTH *r“m-k ObLIH
HanOOJIBIIINMHU.

Pemenne:
B3Bemennsiit HakinoH oquH (Weighted Slope One)
Brruuciienue pazinuuuii MEX 1y TpOAyKTaMH TPOU3BOIUTCS C TOMOIIBIO COOTBETCTBYOIICH
dopmysl (10):
dev = I:"K._fl Z.‘.LE EU[;{_;}(TH,E;{ - T:A,_;I':] (10)

20e
|U='a.~}'| — YuCI0 norv3oeamerell, OYeHUGUIUX U i,~Ui, U j-1 INeMeHm;

{U;, ;3 — nabop nonesosameneti, oyenusuiux u iy-ii, u j-i 21emenm,

U — oyeHKuU nonb3o8ameis.
[Iporuo3 oleHKH mpeaMeTa pacCUUThIBaeTCs clneayomum oopasom (11):

1
o = Zjes,~ndevy; + 1) (11)

S ER N

20e

{5, — {i.}} — 6ce anemenmul, oyenennvie norvzoeamenem u, Kpome 21emMeHma i,

|5, — {i, }| — npedcmasniem xonuuecmeo snemenmos, oyeneHHvIX nOIBL3I06AMENEM U, KPOME
onlemMenma i,

T ; — DEUmuH2 noib306amens u Oisi JIeMeHMA j.

Hrak, ciporHo3upyeM HEOLIEHEHHBIE TOBAPHI M0JIb30BATEIEM 1L;.

ITocne co3zganus mMporuo3a HEOOXOAUMO cOCTaBUTh cUCOK Top N (N-MepHBI BEKTOp) JUIs
PEKOMEHTALHIA.

HToro, ecTs BCe MPOrHO3bI Ul BCEX MPOAYKTOB, KOTOPBIE M0JIb30BATENb 1 ; €ILI€ HE OLIEHUIL.

Teneps cocraBum crircok TOp N (N-MepHBbIi BEKTOD):

1. [Tycts peittunru Oyayt ot 1 10 5.
2. Ecau mporaos 6osbI1e 5, MBI MOCYUTAEM, UTO 3TO 5.
3. HyxeH numuT pekoMeHaaui, moctaBum 3.5.

[Tocne atoro no6asum B crucok Top N (N-MepHBIH BEKTOp) BCE MPOAYKTHI C IPOTHO30M OT
3,5 10 5 u OyzemM peKOMEeHJ0BaTh ATOT CIMCOK C MPOAYKTaMHU JUIS OJIb30BATEIS U ;.

3akiir0oueHue

B Hactosimeli pabore paccMOTpPEHBI TNIaBHbIE PA3HOBUIAHOCTH PEKOMEHAATENbHBIX CHCTEM H
OCHOBBI MX co3faHus. [IpuBeneH ACTaNbHBIA TEpeUeHb QJITOPUTMOB KOJUTA0OPATHUBHOM
(bubTpanuy, MoKa3zaHbl METO/IbI OIIEHKH CBOMCTB CX0KHUX OOBEKTOB.

B kaudectBe oOCHOBHOro croco6a pemeHduss 3aJadd  BbIOpaH Cmoco0, OCHOBAaHHBIM Ha
KOJIJTaOOpaTHBHOM (UIBTPAlMM W PEATM30BaHBl METO/AbI, Oa3upyroluecs Kak Ha OJIM30CTH
MoJIb30BaTesel 1 00BEKTOB, TaK U Ha (PaKTOpU3ALMHM MCXOAHBIX NaHHBIX. Haumyumwuii pe3ynbTar
MIPOAEMOHCTPHUPOBAJ METO]I B3BELICHHBINH HakinoH oauH (Weighted Slope One).

PaGora moker OBITH TNPOMODKEHA ITyTEM COBEPIICHCTBOBAHHUS Oa3WMCHBIX aJTOPUTMOB,
MIPOBEICHUSI JKCIIEPHUMEHTOB C TIIOCTPOCHHUEM JIPYTMX THOPUAHBIX MOJAEeH, NpUMEHEHHUs
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HO63.BO'—IHBIX MCTaJaHHBIX JJIA CO3JaHus CUCTCM, OCHOBAHHBIX Ha I/IH(i)OpMaI_[I/II/I O IMOJIB30BAaTCIIC, U
CHCTEM Ha 0a3e KOHTEHTA.
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Haiiza6aesa JI., AnambioaeB b.A.

MammnHaJdbIK OKBITYIbI KOJIAHY aPKbLJIbl HHTEPHET-IYKeH1epre apHAJIFaH YChIHBIC Kyiieci

Anparna. VHTepHET-MapKEeTUHITIH COHFbl TEHJACHUMSAJIAPBIHBIH apachlHAa YCBIHBIC
xKyuenepin Oemyre Oonaapl. ¥ CHIHYIIBI XKyHenep — OWI MHTEpHET-AYKEHACP/IH Tayapiiapbl MEH
KBI3METTEPIH CaThIll ally Ke3iHAe TaHJayIblH BIHFAWIbl Kypasibl OOJBIN TaOBLIATHIH HHTEPHET-
OYKEHJIEP/AIH oJIeyeTTI KIMEHTTEPIHIH KbI3BIFYIIBUIBIKTAPEl MEH KaKETTUIIKTEepiH Oosrkayra
OarbITTaJIFaH apHailbl KOChIMIIAIAP. ¥ CHIHBIC KbI3METTEP1 MaiAaaHyIlbl YIiH e, THTepHET-IYKEeH
YIIiH Jie TTaiJael j)KOHE BIHFAMIbI 00NTybl ©Te MaHbI3ABL. EH alpIMeH KOJIaHYIIBIHBIH BIHFAIIBI
KOHE MHTYUTHUBTI Tanjaybl Oap. CoHbIMEH KaTap JyKeHre Oapy Ke3iHJe opTalla YeK IMeH KipicTi
WIFalTy, TayapiapJblH adyaH TYPiHAEr! aJbTepPHATHBTI HABUTALMS KOHE TYTHIHYLIBUIAD TYpajbl
JepeKKe3l aKmapaT MYMKIHIIKTEpiH amaasl. by, onerre eHiMHIH npoduiaiHe 6aliIaHbICThI, OYTIHTI
TaHJa 3aMaHayH YCBIHBIMJIBIK KbI3BMETTEpD OHJIAWH-AYKEH apOanapbhlHbIH KypambiH 12-60%-ra
apTTHIPAIBL.

Tyiiinai ce3mep: OipieckeH cy3y, TMOpPHATI Xylenep, efiieHreH kenoey, baitec momen,
KJIaCTEPJIiK MOJIEIb.
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Naizabayeva L., Alashybayev B.A.
A recommendation system for online stores using Machine Learning

Abstract. Recommender systems can be singled out among the latest trends in Internet
marketing. Recommender systems are special applications focused on predicting the interests and
needs of potential customers of online stores, which are convenient tools for choosing when buying
goods and services in online stores. It is fundamentally important that recommendation services are
useful and convenient for both the user and the online store. The user, first of all, has the
convenience and intuitiveness of the choice. At the same time, the store opens up such opportunities
as increasing the average check and revenue per visit, alternative navigation in the entire variety of
products and a source of customer information. Today, modern recommendation services increase
the content of online shopping carts by 12-60%, which usually depends on the profile of the
product.

Keywords: collaborative filtration, hybrid systems, Weighted Slope One, Bayesian model,
Cluster model.
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International Information Technology University, Almaty, Kazakhstan

MONITORING OF STATIONARY SOURCES OF POLLUTANT EMISSIONS IN
ALMATY

Abstract. The article introduces a system concept for analyzing the Almaty's air basin.
Air pollution monitoring plays a key role in environmental issues. However, in order to
develop an environmental information system, it is necessary to conduct a careful analysis of
natural events in order to determine their direct impact on the state of the environment, in this case
the atmosphere. To assess the degree of pollution, emissions must be measured at specific
intervals in specific locations across the settlement, depending on the study approach used. To
numerically implement the data obtained, a model for determining the amount of pollutant
concentration should be used, which will lead to a numerical expression representing the
atmospheric conditions in a certain industrial region. The purpose of the project is to
programmatically implement the above operations, namely to develop software based on a
specific appropriate mathematical model that allows for the calculation of pollutant
concentrations and, on that basis, the complex index of atmospheric pollution. To analyze and
make specific decisions related to reduction of pollution levels, it is necessary to track the
dynamics of changes in the atmospheric pollution index over long periods of time, which
necessitates the creation of a database to record measurements as well as the ability to view them
visually at any time, for example, on a map.

Keywords: monitoring, contaminated substances, atmosphere, emission, air area,
industry, gray dioxide, nitrogen oxide, ecology

Introduction

The indicators of particular pollution and discharges of pollutants per unit of gross domestic
product, which reflect the environmental efficiency of the national economy, have significantly
deteriorated in the Republic of Kazakhstan over the last decade. As a result, the industrial sector of
Almaty in 2010-2020 has undergone significant changes. Anti-dumping and import
substitution policies were implemented, as well as measures to reorganize inefficient and
idle production facilities, consequently providing support for small enterprises. The number of
industrial enterprises increased 3.5 times during this period, including small ones - 4.6 times.
The specificity of the environmental situation in Kazakhstan is that there is a high proportion of
physically worn out and obsolete production facilities and technologies; only according to official
data, the deterioration of production capacities of most industrial enterprises exceeds 70%. There
is a portion of the Almaty region's industrial companies in Almaty, some of which have been
redesigned for warehousing and passive manufacturing. There are factories for metalworking
and mechanical engineering, fruit canning, meat canning, dairy, textile, fur, and other factories
in the city. In addition, there are sewing, shoe, knitwear factories, and a cotton-spinning
mill, household chemicals, building materials, industrial and household boiler facilities. The
priority sectors are the construction industry, the electric power industry, the processing
industry, and mechanical engineering. The main sources of pollution are CHPP-1 and CHPP-2
near Almaty's northwestern border, an asphalt and bitumen plant, AZTM, AHBK, a fruit canning
plant in the city's central and western districts near Ryskulov Street and west of Seifullin. In
addition, there is such a "pollutant™ as a machine-tool company and an elevator located in the
city's northern section. Almaty is home to more than 350 businesses, all of which have an
impact on the city's air area. Furthermore, a huge number of diverse small enterprises have
recently developed not only in the industrial zone but also across the
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city, with a total impact of emissions comparable to that of industrial giants, thereby determining
the current level of air pollution.

Requirements for developing the system. Input and output data.

Environmental requirements: The Atmosphere Monitoring system must run on personal PCs
that are running Windows 7, Windows 8, or Windows 10. A database management system (DBMS)
must be deployed on a server that is accessible to all users' PCs via common network protocols.

Requirements for software development and life cycle:
-conducting the trial operation of the system;

- elimination of possible problems in the system;

- further modification and improvement of the software product.

System requirements:

-getting weather data by location;

-storing the input data;

-viewing the stored data for a certain period of time;

- inputting the incoming data;

-calculation of the pollutants’ concentration;

-calculation of the index of atmospheric pollution for one pollutant;
-calculation of a complex index of atmospheric pollution for five main pollutants;
- displaying a graph for calculating the air pollution index;
-printing a graph for calculating the air pollution index.
-visualizing it all on the map.

The input data for this program will be the following:

- from the very beginning, it is necessary to determine the number of stationary sources of
pollution of the investigated industrial facility, since, depending on the area of the settlement, the
number of sources of pollution may vary;

number of pollution sources

1: 2mfs

1
2 Itants:

3 CH20 (mgfm3)
4

story
; stoy

ruswoncar vweather

23455

Figure 1 - Input of the number of pollution sources

-the initial wind speed is obtained from OpenApi services;

number of pollution sources ~

Initial wind speed: 2km/h

Figure 2 - Initial wind speed
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-data on measurements of the main pollutants, which are obtained by measuring special
devices (gas analyzers, aspirators);

Number of pollutants:
CO (mg/m3) 502 (mgim3) NO2 (mg/m3) CH20 {mgfm3) CBH50H (mg/m3)

Figure 3-Input of pollutant measurements

- The date and history of the weather are obtained using OpenApi services;

Historical Weather

Ilﬂ 3 4|5 EI

Date Sumemary Temp Tamp Bunrizn Bunaat Humidity “WVielbiity Wind Speed Wind Gust kon
High Low
21 [ 1 ads
1 ?1.]', o Clear throughoul the day. Ta66 5018 o #0130 o 1] 531 TR -0
i Al PN i
202005 [ bra- R 21200
2 Pastly cloudy theoughout the day. 6723 4737 e . 049 10 4,65 B2 {ﬁ
3 ?‘;‘21.05. Mosiy cloudy throughoud The day. | 6143 4348 i&dm 100 PM 05 el 4.48 &l G
i R L 1 1
4 005 i iy b SREMOCN BN 603 4375 CEI0 201000 082 oeE 530 11.86 {3
1 vering AN P .
202005 Q3200 200a00
5 i3 Chpar throughoul tha day, L0 =014 A P D44 i 457 B3 ﬂ.

Figure 4-History of weather by dates

- coordinates of the source of pollution:

O Almaty Kazakhstan

lat: 43.2220146, long: 76.8512485
Today: ...
Temp High: ..., Low: ..., Current: ...

Figure 5 - Obtaining the coordinates of the pollution source
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[M MKPOPaitoH - 1 Anmars] l

MuKpOPanoH- 4 1 Anuatw, Kasaxcran
MUKPOPaROH-1 Anuars, Kasaxcra

ATbipay MUKPOPaNoH 1 Anmar

MHKPOPANOH 1 Anmare: aynans:, Hyp-Cynras, Kasaxcras

5 MUKPOPAHOH T Anmate, Kasaxctar

owered by Google

Kapra  CnyThHuk MUKPOPAWOH

Figure 6 - Finding a location

The output information includes calculated values for atmospheric pollution indices for a
specific substance, as well as a complex atmospheric pollution index for five major air pollutants,
which can be used to draw conclusions about the state of the surface layers of a specific object
under study and, as a result, take appropriate measures to reduce the pollution levels.

Almaty Kazakhstan ok
ME S32200046, ooy T8 BA12484 :
' Tt Zoow:
Kepra Y T .a Todsy Survine
O Temp S6ch . Low ., Curent
; o
o b eind soeed. nh
o A c
o2 amber of polutants
0
u Historical Weather

1 B ] 3| a l 5 l 6|

| )
Cwte Smsmary Yoy Vo Sursiea Bunset Mamadly VDbty Wl Sgeed Wirnd Outl on

n Low
o vy gt ~ &
S o B e ‘ &
% : ~ S P mluss . Q
0 4+ .34

o ‘ -~ ~ - Q
- " : &

Figure 6 - Program interface
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Description of the designed system algorithm

One of the most crucial stages in the establishment of an information system is the
development of the proposed system's algorithm. It is the foundation of a detailed plan for resolving
the issue. The stage of building an algorithm is sometimes considered as a supplementary action
performed just prior to programming. In reality, because the logic of the future program is specified
at this point, the successful development of an algorithm saves numerous blunders.

In our case, the Atmosphere Monitoring information system operates according to the
following algorithm:

1) Launching the program;

2) Input of initial data: concentration of substances according to measurements, number of
pollution sources and their coordinates;

3) After entering all the required data, the program calculates the concentration of substances
Q for each pollutant;

4) Based on the obtained Q value, the atmospheric pollution index is calculated for each of the
impurities;

5) Output of the value;

6) Saving the calculated values to the database;

7) Displaying the polygon on the map at the user's request;

8) Derivation of a comprehensive air pollution index for the last 6 months and for the last 12
months.

This algorithm is also described in a block diagram in Figure 7 for easier understanding:

output value
air pollution index

calculation of

Text>4, ibstance concentration| Apprpve?

Notify
i

Figure 6 - Block diagram

Software implementation of the project. Devices and software utilized in the project's
software implementation

The Atmosphere Monitoring program has partially implemented the algorithm mentioned
above. This software was created using JavaScript, the Visual Studio Code 2020 environment, and
the SQL Server 2020 database. The project was built via the npm package manager. The package
manager that comes with Node.js is called Npm. Node has long been a popular tool among
JavaScript developers for exchanging tools, installing modules, and managing dependencies. | used
third-party software such as bootstrap, redux, google-maps, and react-router using npm. Requests
for HTTPS are made locally. I utilized the React js package to make dealing with JavaScript easier
and more flexible. React is a JavaScript library for creating user interfaces that is a free source.
Facebook, Instagram, and a community of individual developers and organizations work together to
build and maintain React. Single-page and mobile apps may both be built with React. Its main
advantages are great speed, simplicity, and scalability. React is frequently combined with other
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libraries for designing user interfaces, such as MobX, Redux, and GraphQL. | used Redux in my
situation. For JavaScript applications, Redux is a state management library.

Conclusion

Air pollution monitoring is a large enterprise with a significant impact on environmental
issues. However, in order to develop an environmental information system, it is necessary to
conduct a careful analysis of natural events in order to determine their direct impact on the state of
the environment, in this case the atmosphere. In our situation, we look at the primary stationary
pollutants, which include factories, various types of factories, heat and power plants, and other
industrial facilities that emit dangerous pollutants into the atmosphere on a regular and continuous
basis. To analyze, identify the characteristics of concentrations for a specific time of year, make
forecasts, and make certain decisions to reduce the pollution levels, it is necessary to track the
dynamics of changes in the atmospheric pollution index over long periods of time, which
necessitates the creation of a database to record measurements and the ability to view them at any
time.
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Meiipambaiiyasl H., [1y36aes H.T.
AJMaThI Kajachl 00HBIHINIA JIACTAY B 32TTAP WLIFAPBIHABLIAPbIHBIH
CTALMOHAPJIBIK AepeKKoe3/1epiHe MOHMTOPUHT KYPri3y

Anparna. Makanajga HIBIFapbIHABUIAD CTATHUCTUKACHI JKOHE AJIMAThl KaJlaChIHBIH KYPFaK
OacceiHIHIH >Kalmbl JKaFdailblHa Tangay OepinreH. Aya OacceWHIHIH Karnaibl OOMBIHINA,
Kazakcran PecnyOnukacel CraTUCTHKa areHTTITIHIH JkoHe Ausnmarbl Kaiacel CraTucThka
JenapTaMeHTIHIH ecen 0epy MaliMeTiHe CYHeHe OTBIPHIIN, OapiibIK CTAllMOHAPIBIK AEPEeKKo3aepAeH
aTMoc(epallblK ayara JacTayllbl 3aTTap LIBIFAPBIHBIIAPBIHBIH JKANIbl KbUIABIK Kesiemi 2020
#b1Ibl 47,016 TonHa. JKDO 3aybITTapbIHBIH HETI3T1 JacTaylibulapbl KYKIPT TUOKCUIL, a30T OKCHI1
OHE KaTThl 3aTTap Oouibln TaObUIaabl. OHBIH YCTiHE Ma3yT, OMTYMHHO3/bI KOHE KOHBIp KeMip/i
XKary KesiHjae arMocdepara KYKipT AUOKCHAI KOI MeJmepae OoesiHe I, al OMTyMUHO3bI KOMIPIl
KOJIJaHFaH/a a30T OKCUIIHIH LIBIFapbhUIYbl J1a KypT aptaibl. COHABIKTAH TaOWFM ra3 €H TUIMI
Oaslama OoubITl caHanaabl. Herisri cTarmuoHapibIK JacTaylibl 3aTTapblH TaJaybl XKYPri3uIei:
3aybITTap, OPTYPJIi TUNITET] (habpuKanap, KbUTy JIEKTpP CTAaHIMIAPHI )KOHE TYPAKTHI XKOHE Y3/IKCI3
aTMocepara 3USHABI JacTaylllbl 3aTTapbl LIBIFAPAThIH YKcac OHIIpICTIK Hblcanmap. Jlacrany
JICHIeiH aHBIKTAy YIIIH HIBIFApBIHABUIAD TaHJAIFaH 3€pTTEy oJiCHaMachlHa OalIaHbBICTBI el
MEKEHHIH Oenrini Oip kepiepinae 6enriii 6ip yakbIT apajbIFbIH/Ia ©JIIICHE/ 1.

Tyiiinai ce3nep: Gakpuiay, nacTaHraH 3aTrTap, aTMocdepa, IbIFapbIHIbIIAp, aya OacceiiHi,
OHJIIpIC, CYp TUOKCU]I, 30T OKCHJI1, SKOJIOTHSI.

Meiipamoaiiyasnt H., /ly30aes H.T.
MOHUTOPHUHT CTAIMOHAPHBIX HCTOYHUKOB BHIOPOCOB 3arpsI3HAOIINX BeLECTB I.AJIMATBI

AHHoTanusi. B craThe mnpenocTaBieHa CTaTUCTHKA BBIOPOCOB M CHAENaH aHaiu3 OOILero
COCTOSIHUSL BO3AyIIHOro OacceiiHa ropoma Anmartbl. [lo oruerHeiM maHHbIM AreHtctBa PK mo
CTAaTUCTUKE M JemapTamMeHTa CcTaTUCTHKU T.AnMartbl, B 2020 Toay cyMMapHBIA TOJIOBOH 0O0BEM
OMHCCUH 3arps3HSIOIMX BEIIECTB B aTMOC(HEpHBI BO3AYX OT BCEX CTAllMOHAPHBIX HMCTOYHHKOB
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coctaBui 47016 ToHH. ['maBHBIMU 3arps3HAOMKUMU BemiecTBaMu oT TOL sSBASIOTCS AMOKCHUI CEphl,
OKCHJ a30Ta W TBepAble BemiecTBa. [Ipuyem mpu COKUTaHUM Ma3yTa, KAMEHHOTO M Oyporo yris B
aTMocdepy BeIOpachiBaeTCsl OOJIBIIOE KOJIMYECTBO TMOKCHA CEPHI, a MPU UCIIOJIb30BAHUN KAMEHHOTO
YIJIA pe3KO BO3PACTAIOT €IIe W BBIOPOCH OKcHa a3oTa. [lodTomy sydmieil anbTepHATHBOM SBIISETCS
npupoaHbIi ra3. [IpoBeneH aHanM3 OCHOBHBIX CTAI[MOHAPHBIX 3arps3HUTENICH: 3aBOMBI, (haOpUKH
Pa3IMYHOTO POJIA, TEIUIOPHEPTOLUECHTPATH M TOMY IOAOOHBIE MPOMBIIUICHHBIE OOBEKTHI, KOTOPHIC
COBEPIIAOT BHIOPOCHI BPEIHBIX 3arPs3HSIIONIMX BEUIECTB B aTMOC(EPY C MOCTOSHHON U HEMPEPHIBHON
JUTMTEIIBHOCTRIO. {711 ompeneneHus ypoBHsI 3arpsi3HCHUS] B 3aBUCUMOCTH OT BBIOPAHHOW METOIUKH
WCCJICIOBAHMS TPOU3ZBOMATCS 3aMEPhl BBHIOPOCOB B OINpPEACICHHBIC TPOMEKYTKH BpPEMEHU B
OTpe/IeJICHHBIX MECTaxX HACEJIICHHOTO ITyHKTA.
KiroueBble cjIoBa: MOHHMTOPHHI, 3arps3HSIOIIME BEHIECTBa, arMocdepa, BhIOpoC,

BO3YILIHBINH OacceiiH, MPOMBINIIEHHOCTh, TMOKCUJI CEPbl, OKCH]T a30Ta, SKOJIOTHS.

ABTOPJIAp TypAaJibl MAJIIMeT:

Meiipamoaiiyabl Hyp:kan «KoMIbroTepiiik MHXKEHEPHUS KOHE aKHapaTThIK KayilCi3mik»
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UCCJEIOBAHUE BO3MOXKHOCTEN MIPUMEHEHMS HU3KOOPEUTAJIBHBIX
CIIYTHHMKOB JJIsA PAIMOMOHHUTOPHUHT A B PECITYBJIMKE KA3ZAXCTAH

AHHoTanusi. B crathe paccMaTpuBaIOTCS BOINPOCH  OMpEJCNICHUs KOOpIWHAT U
JUINTEIBHOCTH HAXOXICHHUS HU3KOOPOMTAIBHOIO CIyTHHKA HaJ Teppuropueil PecmyOnuku
Kazaxcran u uHTEpBalbl €ro MOSBIEHUS, a TaKkke MeToAbl opueHTauu MKA ¢ nenpio co3ganus
CUCTeMbl PAaJUOMOHUTOPUHIA HA OCHOBE HHU3KOOPOUTAIBHOTO CIIyTHUKA Ui OMpeesIeHuUs
KOOpJMHAT HAa3€MHBIX MCTOYHUKOB paguousinydeHus. lccrnemoBaHus MPOBOAMINCH C IMTOMOIIBIO
MpPOrpaMMbl IO MOJEIUPOBAHUIO JBMKEeHHs chyTHuka Ha opoute 3emnss «TPACCA-OMUP.
PesynbTarel maHHON paboThl OyAyT HpeaOCTaBleHbl B KaueCTBE PEKOMEHIALUN i CO3AaHUS
CIYTHHUKOBOM cucTeMbl paaioMoHuTOpUHra B Pecy6onuke Kazaxcras.

KiioueBble ci10Ba: paJvOMOHUTOPUHT, HHU3KOPOUTAIBHBIN CHYTHUK, MOJEIUPOBAHUE,
KOOPJMHATHI, MaJIbIii KOCMUYECKUH anmapar, JaTuukK

Beenenue

VYBenn4yeHne noTpeOHOCTH B TENEKOMMYHHUKAIIMOHHBIX YCIyrax MPUBENO K POCTY KOJIHMUYECTBa
pagnosnekTpoHHbix cpeacts (POC) Bo Bcem mupe, B Tom umcie U B Pecnyonmuke Kazaxcrah.
Opranuzanys HOBBIX HAa3€MHBIX pAJUOCETEN CBSA3aHA B IIEPBYI0 OYEPEIb C IIOJYyYEHUEM
PaZAnovYacTOTHOIO pecypca, BBIIEICHHEM U KOHTposieM KoToporo B PecnyOnmke Kazaxcran Ha
HaIlMOHAJILHOM ypPOBHE 3aHUMaeTcs MMHUCTEPCTBO IUGPOBOrO pPa3BUTHUSA, HWHHOBALMM U
aIPOKOCMHUYECKOW  TpoMmblliieHHOocTH  [1-2]. B Hacrosimiee Bpemsi  pagMOMOHUTOPHUHT
WCIOJIb30BaHUS PaJAMOYaCTOTHOIO CIEKTpa C LENbI0 BBISIBICHHUS HECAHKIIMOHWPOBAaHHBIX
MCTOYHUKOB pAaJUOM3IYyYEHUN Ha pa3IMYHBIX YacTOTaX, a TakKkKe KOHTPOJIb JIETUTUMHO
neiictByromux POC  ocymiecTBiasieTcss € HCHOJB30BAHUEM HA3€MHOIO  PaJMOKOHTPOJIBHOTO
o0opynoBaHus. YUUThIBas OONBIIYI0 TEPPUTOPHUIO CTPaHbl, pa3HOOOPA3HBIN JTaHIIIAPT U HU3KYIO
IUIOTHOCTh HACEJEHHUs, a TaKKe MHOKECTBO KPUTHYECKH BAKHBIX OOBEKTOB IMPHUPOTHOTO U
TEXHOTCHHOT'O XapakTepa, pa30pOCaHHBIX 10 BCEW TEPPUTOPUHU HAIECH CTpaHbI, OOJIBIION HHTEPEC
NPEJCTABISET MCCIEOBAHUE TPUMEHEHHS HU3KOOPOUTAIBHBIX CITyTHUKOBBIX CHCTEM IS
KOHTPOJISI MapaMeTpoB UCTOYHUKOB paguousnyuenuid (MPU) u mecroomnpenenenus POC cucrem
CBSI3M U BELIaHMs B PA3JIUYHBIX JUANa30HAX 4acToT.

JlanHble mpoOieMbl CBONCTBEHHBI CTpaHaM C OOJBIION TEpPPUTOPHEH, TakuM, Kak
PecnyOonuka Kazaxcran. /[Ing pemenuss mnpobiem mNOBbIIEHUS 3(GQGEKTUBHOCTH CHCTEMBI
PaZlMOMOHUTOPUHTA PaJUOYaCTOTHOTO CIIEKTpa LEJIecO00pa3HO TPOBEJCHHE HCCIEI0BAHHM
BO3MOXXHOCTH TPHUMEHEHUS HHU3KOOPOUTAIBHBIX MajblX KOCMHYECKHX allapaToB B KauecTBE
IIYHKTOB PaJMOMOHUTOPHHTA.

HuskoopOuTtajbHbie CIyTHUKOBBIE CHCTEMBbI /ISl PATMOMOHUTOPHHIA
Cucrtembl ¢ ucnonp3oBanneM MKA uMeEOT psig mpeuMyliecTB, IJIaBHBIM W3 HUX SIBIISETCS
OXBaT OOJBLION TEPPUTOPUM 3EMITH, a TaKke ObIcTpas pe3yinbTaTHBHOCTH [3-4]. CryTHUKOBBIC
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B AKNAPATTHIK )KOHE KOMMYHUKALUSIBIK )KEJLIEP )KOHE KUBEPKAVIIICI3AIK M

CHCTEMBl MOXXHO HCIIOJIb30BaTh C HEOONBIIMM KOJMYECTBOM CIYTHHUKOB WM OOJBIIUMHU
CIIlyTHUKOBBIMHM TPYNIIMPOBKAaMH Il HENPEPHIBHOIO MOHHUTOPHMHIA PAaJUOYaCTOTHOIO CIEKTpa B
rno0anbHOM Macmrabe. Manble CHYTHHKH JIOJDKHBI OBITh OCHAIIEHBI IOJIE3HOW HArpy3Kou
PaZlMOMOHUTOPUHIA, KOTOPas MOXKET HCIOJIb30BATHCA Ul NpHEeMa, OOHapyKeHUs U 0o0paboTKU
pPaZAMOCUTHAJIOB, M3JIy4aeMbIX ¢ HoBepxHOcTH 3emiu. Ha pucynke | mpexacraBineHa KoOHLENLUsS
CHCTEMbI PAJJMOMOHUTOPUHIA HA 0a3€ MalbIX CIIyTHUKOB.

Pucynox 1 - Cnymuuxosas cucmema MOHUMOpUHea Ha OA3e MAIbLIX CHYMHUKOS (UCMOYHUK.
Hawkeye 360 (https://www.he360.com))

CnyTHHKOBasi CHUCTeMa PaJMOMOHUTOPHHIAa HMMEET DSl CYIIECTBEHHBIX MPEUMYIIECTB IO
CPaBHEHHUIO C CYIIECTBYIOIIEH HAa3eMHOM cUCTeMOW MOHUTOpUHTra. CHCTeMa CMOXET BBITIOJHATH
MOHUTOPHUHI PaJIMOCUTHAJIOB M I€0JIOKAIIMI0 UCTOYHMKOB MOMeX U3 kocMoca. [lo mepe nBukeHus
CIIYTHHUKA I10 Op6I/IT€ MMPUHHUMAIOTCA paguOCUTrHalIbl OT HAa3€MHBIX NEPEAATUUKOB, 3aTCM CUTHAJIbI
o0OpabaTeIBaroTCs TMOO HETMOCPEICTBEHHO Ha 0OpTY, TUOO OTMPABISAIOTCS HA HA3EMHYIO CTaHIIHIO
PAOAUOKOHTPOJIA. B 3aBucmMocTH OT KOJMYECTBa CIIYTHUKOB B CHCTCMC MOXET OBITH
OJTHOCITYTHHKOBAS HJIM MyJTbTUCITYTHUKOBAs apXUTEKTYpa, Kak MOKa3aHO Ha PUCYHKe 2.

OJIHOCTIYTHHKOBAs apXUTEKTYpa MyIbTHCITYTHUKOBAS apXUTEKTYpa

Pucynox 2 - Apxumexmypuol cucmem paouomMoHumopuHea

OauH HU3KOOPOUTANBHBIA CIIyTHHUK MOXET OXBaThIBaTh OOJBIIYIO IUIOHIAb M PETYISIPHO
MPOBOANTH KOHTPOJb JUIsl JOCTHXKCHHS TIOOANbHOTO oxBara. [[Jisi BBIMOTHEHHS TEOJIOKAIIUU
HE00XOIMMO BBITIOJHUTH HECKOJIBKO HE3aBUCHMBIX U3MEPEHUN B pa3HbIX BPEMEHHBIX MHTEpBajax,
9TO0Bl  CHUHTE3UpOBaTh A(P(GEKTHl CHTHAIOB, TOJYYCHHBIX HECKOJIBKUMH  CIYTHUKAMHU.
[IpenmyIiecTBO apXUTEKTYPhI C OTHUM CITyTHUKOM 3aKJIFOUAeTCs B MaJIbIX 3aTpaTax Ha CUCTEMY.
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IIo cpaBHEHMIO C OJHOCIIYTHUKOBOM apXUTEKTYpOH, MHOTOCIIyTHUKOBAs apXUTEKTypa UMEET
JYYIIYIO0 NPOU3BOAUTEIBHOCTD [UIsI MOHUTOpPUHIA criekTpa. OgHaKko uMeeTcs U psij HELOCTaTKOB.
Tak, mia oOecrieueHWsT TOYHOW OLIGHKM TapaMeTPOB CHTHAJa HEOOXOIuMa CHHXPOHHU3AIUS
CHUCTEMHBIX 4YacCOB MEKIYy HECKOJIBKHMHU CIyTHHKaMH. Kpome TOro, CTOMMOCTBb CO3/aHusl TaKOH
CJIOKHOM CUCTEMBI OYEHb BBICOKA.

IIporpamma yist MoeJIMPOBAHUS KOCMHYECKHUX ANMApPaToOB

Jlisg npoBeAeHUsT UCCIEAOBAHUNM OpPOUT MalbIX CIYTHHKOB CHUCTEMBl PaJMOMOHHMTOPHUHIA
obuta BeiOpana nporpamma « TPACCA-OMMUP» , xoTopas MOXKET MPOU3BOIUTH MOJAEITHPOBAHNE
JBIKEHUS cryTHHKa Ha opoute 3emiu. [Iporpamma co3pana crenuanmucramu ITOO «HCTHUTYT
KOCMHMYECKOW TEXHUKH M TEXHOJIOTHi» [14] HA OCHOBE W3Y4YEHHS PA3IMYHBIX CYIIECCTBYIOLIUX
3apy0OeKHBIX aHAIOroB [6-8].

JlanHasi mporpaMma IO3BOJISIET JUJISl 3aJJaHHOTO BPEMEHHOI'O MHTEpBaJIa C 3aJaHHBIM I1IaroM
[0 BPEMEHHM pACCUMTHIBATH IMOJIOKEHHUE CIYyTHHKA Ha opOuTe (BBICOTY, IIUPOTY U AOITOTY
MOJICTYTHUKOBOHM TOYKH), a TAKXKE PSJI COMYTCTBYIOMIMX NapamMeTpoB: L-0005109KH, OCBEIIECHHOCTH
CIYTHUKA, MPSMON BHUIUMOCTH CIYTHHKAa W3 TOYKM Ha TIOBEPXHOCTH 3€MIIM, IapameTpoB
TF€OMarHMTHOI'O TOJIS U JIp.

BXOnHBIMM NTaHHBIMH JUIS MOJETUPOBAHUS TPACCHI SIBISIIOTCS MapaMeTphbl, 3a/1aBacMble B
CEpBHCHOM MEHIO MPOrpaMMbl (BpEMEHHOW MHTEpBaJ, 1Iar M0 BPEMEHH, TPaHUIlbl pailoHa BeIOOpa
napameTpoB TPACC Ha PUCYHKE 3).

85,0513

My Napare oo Orofipaxesme.

Haseawe frvand Haano (27092020 00:00:00,000 Tparas: pafiona no uwpore Kepra Crymew
Uhpora 4325 Koweu 128.09.2020 15:0000.000 89 89 Toruwsa mewse 5
Domrora 7.3 Uar scex. [0 Tparass pakora o somroTe
Bpemacofomis (25 ce 2020000000 (3~ e =3 ) )

0 Towa MO Coymes - UNKNOWN [mre— 2 Mo paona

Pucynox 3 - Humepdeiic npoepammol

HauanpsHble ycnoBus mexayHaponHoro ¢opmara TLE (Two-Line Element set), BeiOupatotces
u3 Qailyia, MECTOIOJIOKEHHE KOTOPOIo Tak)Ke YKa3bIBAeTCsl B JUAJIOTOBOM OKHE Iporpammsel. Huke
NpUBEJeHbI Kilaccuyeckue u TLE-anmeMeHTsl OpOUTHI CIyTHUKAa — WX Ha3HaueHue, (QU3ndecKuit
CMBICII.

TLE (a66p. ot anrn. Two-Line Element set, AByXCTpO4HBI Ha0Op 3JIEMEHTOB) —
JIBYXCTPOYHBIA (opMaT [aHHBIX, MPEACTABISIONIMN CcO00W HA0Op AJIEMEHTOB OPOWTHI JIA
cnytauka 3emun. @opmatr TLE Obu1 ompenenen rpynnupoBkoii NORAD u, cOOTBETCTBEHHO,
ucnosb3dyercss B NORAD, NASA u npyrux cucremax, KOTOpbI€ HCHOJIb3YIOT JaHHBIE TPYIITUPOBKU
NORAD pans onpeneneHust MoJIoKEeHHsI HHTEPECYIOINX KOCMUYECKUX 0OBEKTOB.
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Mogens SGP4/SDP4/SDP8 mosxer ucnonb3oBaTh Gopmar TLE nist BeIYHCICHHS TOYHOTO
MIOJIOKEHUS CIIYTHUKA B OIpeielieHHoe BpeMs. Vcnonbp3yemas mporpaMMa NpUMEHSET 3Ty MOJENb
TUI. MOJICTTUPOBAHMS IBMKEHUS JII000T0 CITyTHHKA IO OpOHTe 3eMIIH.

Jlns MonenupoBaHus ObUTM Hcmojb3oBaHbl TLE nanneie cnyrnuka KazSTSAT [13].
KazSTSAT — »To Mamblii KOCMHMYECKHH amnmapar Hay4YHO-TEXHOJIOTMYECKOTO Ha3HA4YeHUs,
CIYTHUK MCTAaHIIMOHHOTO 30HAUpoBaHus 3emin. OH 0azupyercs Ha HOBoi miatdopme SSTL-X50
Earthmapper u ocnamen cencopom SSTL SLIM-6 (pa3pemenue 22 Merpa, HMIMPUHA IOJOCHI
cbeMkd 0koj0 600 kM). C MOMOIIBIO 3TUX JaHHBIX MPOrpaMMa MPOMOJICIMPOBAIa BCE TOUKHU
nposieta Haj Tepputopueii Pecnyonuku Kasaxcran 3a mepuon ¢ 01.12.2020 mo 08.12.2020 (cm.
pPHCYHOK 4).

Tpacca Msobpamenwe Hactpodxm  Cnpasxa
— B L 0 2 o 3 e 3 03 30 07 09 O 51 00

4 aex 2020 05:41:45 (GMT)
45.9 ° QW, 77.33 © BA, 599,6 kn

Hasomee Aovaana | Heano 01122020 |[000000000 | fpesmpsiranouspore  Kapra Crymem v
Wpora ax | Koweu 08122020 |[0000:00.000 40 55 Tonwea nesst 5

Doroma %8 | Warscex. 150 Tpaenss pafiona no somrote
Boemacoforn |25 wos 2020000000 [~ e (=3 1 45 87

[0 TowaMcO 2328 10W,8288° B0 Coyrex  KAZSTSAT [ Usneyxasasms 4 Moarsa paiora O

Pucynox 4 - Mooenuposanue cnymnuxa KazSTSAT

B mporpamme Oblia mpuUMeHEHa OOJACTh CUUTHIBaAHHS TO TeppuTopuu PecnyOnuku
Kazaxcran. Ota obmacTe HaXOAUTCS B AWana3zoHe 3Ha4eHW koopauHat ot 40° mo 55° ceBepHoit
mUpOoTHL U OT 45° 10 87° BOcTOUHOU monTOTHL. bhiNa cozmana tabnuua rpanui Tepputopun PK u
BBINMMCAHBI TOYKH MPOJIETAa BHYTPU TPAHHIIBI.

Tak, nanpumep, 01.12.2020 cnytHuk Haxomwics Hapn Ycrb-Kamenoropckom c 05:19:30 o
05:20:45 (75 cexynn), ¢ 06:55:00 mo 06:57:15 (135 cekyna) mpoJieTas B HanpaBieHun oT Kocranas
1o Axrobe, ¢ 16:13:00 no 16:14:00 (60 cexyna) 6bu1 Hax YcTh-KameHoropckom, ¢ 17:48:45 mo
17:50:15 (90 cexynn) mpoasurajics ot Kemsuiopasl 10 Aktobe. B 3TOT J1eHb CIyTHUK CHavaa
MpoJieTan HaJ BOCTOUHOM yacThio Kasaxcrana, u uepe3 1 uac 35mMunyT oH cHOBa nponeTuT Hax PK,
HO TOJIPKO HaJ| ceBepHOM yacThio. Yepes 9 yacoB 18 MuHYT criyTHHUK cHOBa mposeTuT Hag BKO. 1
gyepe3 1 yac 35 munyT on Oyner Haj Kei3putopanHckoit obnacteio. ToroBoe BpeMst 6 MuH. Takum
obOpasoM, cnytHHK B cpeaHem Oyaet Hax PK 4 pasza mo 90 cekyna. 3a 3T0 BpeMs HEOOXOIMMO
MIPOBECTH MAKCUMAJIbHOE KOJIMYECTBO M3MEPEHMI MapaMeTpOB CUTHAJIOB M HEOOXOJUMBIX YTIIOB
1Tt 60J1€€ TOYHOTO OTNPECIICHUSI MECTOHAXO0XIeHUs uckombix IPU.

Cucrembl cTA0MIU3AIMH U OPHEHTHPOBAHUS

Jlns onpeneneHus koopauHaT Mectononoxenuss MPU HeoOXoaummo 3HATH TOYHBIM yroi
Mexay HarmpasieHrneM Ha MIPU u Hanpasienunem Ha 1ieHTp Macc 3emuu [3,5]. UToOb! onpeneauTsb
HampaBJICHWE Ha IEHTP Macc 3eMJd, Ha CHOYyTHHKE HEOOXOAMMO pPa3MECTHTh  CHEIHATbHOE
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obopynosanue. Cpeay BO3MOXKHBIX BAPHAHTOB 000PYIOBaHMS: TPaBUTAIIMOHHAS [ITAHTa, 3BE3/IHBIN
natyuk, GPS naT4ymku, CIyTHUKOBBIN aKCEIEPOMETP.

JlocTOMHCTBaMM IPaBUTALIMOHHON LIITAHTH SIBJISIOTCS OTHOCUTEIBHAS IIPOCTOTA, ICLIEBU3HA U
HAJEKHOCTh KOHCTPYKIMH. A HemocTarkamMu — Jaedopmanus MTaHTH OT HEPABHOMEPHOIO
TEIUIOBOTO HAarpeBa COJIHEYHBIMU JIydaMH, MIPOUCXOASILIAsl B TEUEHUE IKCILTyaTallui, U HEBBICOKAs
TOYHOCTH OpHeHTanuu [12].

3Be3aHbIi qaTuuk (Actpogartdynk) GoTorpadupyeT yuacToK 3Be3HOTO HeOa U OTpeessieT Ha
OCHOBE OOPTOBOr0 KaTajiora HampaBjeHHE ONTHYECKON Ocu mpubopa B JaHHBIH MOMEHT BPEMEHHU.
JIOCTOMHCTBO 3TOr0 BapuaHTa 3aKJIIOYAETCsl B BBICOKOM TOYHOCTH, a €0 IJIaBHBIM HETOCTAaTOK —
OoJpII0N Bec mpudopa.

GPS natunku — mpueMHHKH, KOTOpbIe HCHONb3yloT cuctemy GPS s mpenocraBieHus
uH(pOpMallUd O MECTOIOJIOKEHUH, CKOPOCTH U BpeMmeHH. [lpemmyiecTBa 3TOro BapuaHTa:
JIellIeBU3HA, NPOCTOTAa MCHOJIb30BaHUSA. [JIaBHBIM €ro HEIOCTaTKOM SIBJISIETCS YSA3BHUMOCTh K
AKCTPEMalIbHBIM aTMOC(EPHBIM YCIOBUSIM.

CnyTHUKOBBIN aKceJlepoMeTp ABJIETCS OTpEEIIAIOIUM HABUTAllUOHHBIM,
CTaOWIM3alMOHHBIM U OPHUEHTHUPOBOYHBIM MPUOOpPOM AJisi KOCMHUYECKHUX ammapartoB. K
JIOCTOMHCTBAM MOKHO OTHECTHM CPaBHUTEJIbHO HU3KYIO II€HY, BBICOKYIO HAaJIeKHOCTb,
9Heprod(pPpeKTUBHOCTh, Manble radapuThl U Maccy. HemoctatkoM JaHHOTO YCTPOMCTBA SIBISIETCA
HU3Kas 4yBCTBUTEILHOCTD, HU3Kasi BpeMEHHAs CTaOMIIbHOCTh HampaBliieHus riiaBHoi ocu [10-11].

VYuutbiBasg, 4TO BEC HM3KOOPOMTAJIBHOIO CIyTHUKA JIOJDKEH OBITh Maj, IpaBUTALIMOHHAsS
IITaHTa WU CHUCTEMBI CO CIIyTHHKOBBIMHU aKCEIepOMETpamMH ObLIM Obl JIyYIIUM pEIICHHEM, HO
JaHHBIE CHCTEMbl HMEIOT HEBBICOKYIO TO4YHOCThb. GPS nmaTumku omnuparoTcs Ha HM3MEPEHHbIE
3HAuYeHUs, pe3yiabTaT OyAeT C OMNpeNelICHHBIMU MOTPEIIHOCTIMU. 3BE3AHBIA JaTUUK HMEET
MIPEUMYIIIECTBA HaJ TPEMS BILICYTIOMSHYTHIMU YCTPOUCTBAMU IO TOYHOCTHBIM XapaKTEPUCTUKAM.

3aki0ueHne

IIpumenenne nporpammsl « TPACCA-OMMUP», no3sossromen Npon3BoAUTh MOJIETUPOBAHNE
JBUKEHMS CIIyTHHKA Ha opOuTe 3eMiM, JacT BO3MOXKHOCTb OINPEAENATh ONTUMAIbHBIE PEKUMBI
MIPOBE/ICHUS] M3MEPEHUH MapaMeTpoB CUTHaJIOB HazeMHbIX MPU ¢ moMomipio HU3KOOPOUTAIBHBIX
MKA, 4T0 nOBBICUT 3P PEKTUBHOCTH CUCTEMBI PaIHOMOHUTOPUHTA.

OnHuM u3 nokazarenedt 3p(PeKTUBHOCTH CHCTEMBl PAJMOMOHUTOPHHIA SIBISIETCS TOYHOCTb
oTpesieNIeHUs] MECTOHAXO0XKACHNUSI UICTOYHUKOB paAuon3TydyeHuil. J{1s mOBbIIEHNs TOCTOBEPHOCTH
omnpenenenus koopauHat MPU yraoMmepHbIMH MeTOAaMU HEOOXOIMMO NPUMEHEHHE CIEeUaIbHBIX
puOopoB opueHTalMu. M3 paccMOTpEeHHBIX BapHaHTOB CUCTEM OPHUEHTAlMU CIIyTHHKA Haubosee
MOJIXOASIIUM SIBJISIETCS 3BE€3HBIN JaTUMK, XOTS OH U UMEET CPaBHUTEIBHO OOJBINON Bec, HO €ro
TOYHOCTHBIE XapaKTEPUCTUKH HEoOXoAuMbl st  Oosnee d3(PexkTuBHON pabOThl CHUCTEMBI
PaaMOMOHHUTOPHHTA.
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AittmaramoOeroB A.3., Kynakaesa A.E., Koitmsbi0aii C.C., Konmmoex UK.
Ka3zakcran Pecny0imkacbinia paIMOMOHUTOPHHT YIIiH TOMEH OPOUTAJIBIK CIIyTHUKTepi
KOJIIaHY MYMKIH/IKTEepiH 3epTTey

Anparna. Makanazia TeMeHri opouTtanslk cnyTHUKTIH Kazakcran PecriyOnukachkl ayMarbIHbIH
YCTiHJIE KOOPIMHATTAPBIH XOHE OOy Y3aKTHIFBIH aHBIKTAY >KOHE OHBIH Maiiia 00y apalbIKTaphbl,
COHJIali-aK KepycTi paArocayiie Ko3AepiHiH KOOPAUHATTAPbIH aHBIKTAy YIIIH TOMEHI1 OpOUTAIBIK
CIYTHHK HETi31H/Je DPaJHOMOHUTOPHHT >XYHeciH Kypy MakcatbiHnma MKA Oarmapmay omicrepi
Kapacteipbiianbl. 3eprreyiep "TPACCA-emip" xep opOUTAChIHIAFbl CIYTHHKTIH KO3FaJbICHIH
Mojienbiey Oar/apiiaMachlHbIH KeMeriMeH >Kyprizuial. Ockl KyMbICTBIH HoTmxkenepl Kazakcran
PecnyOGnukacelHa pagMOMOHUTOPUHITIH CHYTHHUKTIK JKYMeCIH Kypy YIIIH YCBIHBIMJAp peTiHJe
KapaJaJpsl.

Tyiiinai  ce3mep:  pagMOMOHUTOPHHI, TOMEH OpOUTANBIK CIIYTHHK, MOJEJbJEY,
KOOpJUHATTAp, Killll CIIyTHUK, CEHCOP.

Aitmagambetov A.Z., Kulakayeva A.E., Koishybai S.S., Zholshibek 1.Z.
Study of the possibilities of using low-orbit satellites for radio monitoring in the Republic of
Kazakhstan

Abstract. The article discusses the position and duration of low-orbit satellites over the
territory of the Republic of Kazakhstan, the intervals of their appearance and methods of orientation
pa to create a radio monitoring system based on low-orbit satellites to determine the coordinates of
terrestrial radio sources. The calculations were carried out using the program for modeling the
satellite movement in the Earth orbit "TRASSA-OMIR". The results of this work will be provided
as recommendations for the creation of a satellite radio monitoring system in the Republic of
Kazakhstan.

Keywords: radio monitoring, low-orbit satellite, modeling, coordinates, small satellite,
Sensor.
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MexayHapoaHbIld YHUBEPCUTET HHGOPMAITMOHHBIX TeXHOJIOTHH, AnMmaThl, Kazaxcran

AHAJIN3 METOJIA BPUJLJIIOOHOBCKOM PE®JEKTOMETPUHA B BOJIOKOHHO-
OINITHYECKUX JIMHUAX CBA3HU

AnHoramusi. OnHOM U3 npobsieM obecniedeHus: HaneKHOCTH U ponroBedyHoctn OK (OK —
ONTUYECKUH Kabesb) SBISETCS CPAaBHUTEIHHO BBICOKASI XPYIKOCTh ONTHYECKOTO BOJIOKHA, KOTOPOE
YYBCTBUTEIHHO K PA3IMYHOrO poja BO3ACUCTBUAM M Harpy3Kam: Biare, TeMIieparype, MUKPOU3Tuo
am ¥ paguaru. C TedeHneM BPEMEHH T10]] BO3CHCTBIEM BHYTPCHHHUX W BHEITHUX (hakTopoB B OB
(OB — onruyeckoe BOJIOKHO) TPOUCXOJIUT Pa3BUTHE MHUKPOTPEUIWH, TMPHUBOAIICE K
BO3HHKHOBEHHIO OOpHIBOB. OgHUM W3 Hamboee NEePCIEKTUBHBIX IOJIXOA0B K H3MEPECHHUIO
HaTsDKHBIX BOJIOKOH C MPAKTHYECKOM TOYKM 3pEHUS SBISICTCS HCIIOIB30BaHHE METOJa
OpWILTIO3HOBCKOH peduiekromeTpun. B qaHHO# paboTe mpuBeeH aHAIN3 MeToAa pedieKToMeTpun
B BOJIOKOHHO-OITHYECKUX JIMHUSAX CBSI3H.

KutioueBble €J10Ba: BOJIOKOHHO-OIITUYECKAS CBS3b, CETh, OPHILTIO3HOBCKAs pedIeKTOMEeTpus,
ONTUYECKUH Ka0eh, MUKPOTPEIIUHBI.

Beenenue

B xome TtemmepaTypel MOHTaXa W BHYTPH OJKCIUTyaTalliM BOJOKOHHO-ONTHYECKUX
3aKJIIOYEHUE JIMHUWA CUJIbI CBA3M Ha OITOBOJIOKHO problems BO3IEHUCTBYIOT —ompenenseT
MEXaHWYeCKHe Harpy3Kd, H3-3a 4Yero OHO MW3HAIMBAETCS paHbIE, YeM HCTEKaeT CHUTHOB
rapaHTUIHBIA 3aBHUCHUMOCTb CpPOK €ro oO0ciykuBaHHs. be3yclioBHO, B CUTHOB XOJ€ IMPOKJIAIKU
BOJIOKHA OTITOBOJIOKHA MH)KEHEPHI CTApPAIOTCSl TOMUMO MAaKCHMAalbHO CUTHOB 3aIIUTUTH KaOelb OT
theory BHEHIHMX MOTYT Harpy3oK M MOBPEXKICHHN, HO dTa TEIUIOBBIMH 3alUTa HE OINpEIeICHUs
OesrpanuyHa. BcrencTBue TemmepaTypbl MPEBBIMICHUS TETUIOBBIMH TPENEIbHBIX HArpy30K IMpHU
gold Bo3zeiicTBuM Ha personik kabesb MOTYT TakKe MOSABUTHCS COOJIIOIEHUEM MUKPOIIOBPEXKIECHUS
u Ha hartog o0oyiouke maiifia ONTHYECKOro BOJOKHA. MocTax CmycTs pedieKToMeTpe HECKOJIBKO
JeT, TOJ JeWCTBUEM eMIepaTypHbI BHEHNIHMX abstract MEXaHMYeCKHX W TeMIepaTypHBIX
pednekTomeTp (HaKTOpPOB, OHU CHIIBI YBEIUYUBAIOTCA. A JOCTUTHYB 3aBHCHUMOCTH CEp/IIEBHHBI,
OHHU TIPEAYNPEANTH BHI3BIBAIOT HEOOpATHMOE SitnOV TOBHIMIEHHE YHOK 3aTyXaHWs cUTHama. M ms
MEXMOJIYITFHOM OIpeAeNieHus: personik MUKPOTPEIIMH B ONTOBOJIOKHE MOMHMO MPUMEHSIOTCS
MIOMHMO pa3IMYHble METOJAbl JIMIIb paHHed TaHnapTHble auarHoctuku BOJIC. microbending
Haubonee BOJNIOKHA pacHpOCTpaHEHHBIH METOJ — J3TO OpUIUTIOPHOBCKAs  ONTHYECKOTO
pednexkromerpus. C3akiodeHne TaHAapTHbIE barnoski onrTuueckwe pedrekToMeTphl, KaOelb
pabotarorrie mo microbending TPUHIMITY aHaTU3a OOOJOYKY PEIEEBCKOTO BOJIOKHA PACCESHHUS,
OILIEHUBAIOT KaOEJH JINIIh TAHJAPTHBIE COCTOSTHUE CEP/IIICBIHBI SICHBIM ONTHYECKOTO KeJle BOJIOKHA
U TIO3BOJISIIOT TO3TOMY JIOKAJIHM30BaTh OMNPEIENSET IMOBPEXKAECHUE, HO HE MPEeaylnpeauTh €ro.
O6apHocku OtTiauynMe TOPJIOB OPMIUTIOOHOBCKOTO paccesiHUS OT TMPOMCXOAUT PENEEBCKOTO
reflectometry cOCTOMT B TOM, YTO IpU OPUILTIOPHOBCKOM pedIEKTOMETpPE YacTOTa PacCesHHOTO
HanOollee CBETa HIDKE MEHSETCs, TaK Kak paccesHhe signal MPOUCXOIUT Ha MEKMOIYTHHOM
MEPEeMEHHBIX BO BpeMeHH optical (mykTyanusx oOecreunBaromie ToKa3aTels MPeTOMIICHUs,
determination BBI3BaHHBIX, COOTBETCTBEHHO, TEIUIOBBIMH WM barnoski BHYTpUMOJEKYISIPHBIMH
signal konebanusmu. [Ipu peneeBCKOM JOCTUTHYB PacCEsTHHH MCCIEAOBAaHUS CBET PACCEHBACTCS HA
brillouin 3amopo’keHHBIX B 3apy0OeKHas BOJOKHE (IYKTyalHMsaX paBHA MOKa3aTeNsl HCTOJIb30BaHUE
MPEJIOMIICHUS, U TTOITOMY Ka0eJld 4acTOTa OCHOBE PACCETHHOTO CBeTa He peIeKTOMETPe MEHsIETCs

(puc. 1).
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Pucynox 1 - Cnexmp paccesnnozo 6 sonokne céema (ucmounux:: lzmer (https://www.izmer-
Is.ru))

W Onaromapss U3MEHEHHMIO YacTOThl PACCESHHOI'O CBETA, KOTOPBIM MPOUCXOIUT, KaK ObLIO
CKa3aHO paHee, H3-3a TEMIIEPAaTypbl WM BHEMIHUX (PU3MYECKHX CONPOTUBJICHUM, MOXKHO
JIOKaJIM30BaTh B NepByro ouepenp Te ydacTku BOJIC, koTopble HaxoIATCS MO MOBBIILIEHHBIM
MEXaHHYECKUM HaTspkeHueM. Ilpu paccMoTpeHuM Bompoca O TOM, KaKk MEHSETCS HATsHKEHUE MpH
MOBBIIIEHUN TEMIEpPaTyphbl, ObUIO OIpPENEIeHO, YTO Yy ONTHYECKOrO0 BOJIOKHA €CTh CBOM
TEMIIEpaTyPHBIN AUATa30H dKCIuTyaTanuu (tabim. 1):

Tabnuna 1 - TemnepaTypHbIi JUaNa30H YKCILTyaTalliid BOJIOKHA

Onrtuyeckoro kabess, npeHa3HaueHHOro JJIs MOA3EMHOM NMPOKJIAAKH ot -40 o 50°C
Ontruueckoro kabdens, mpeAHa3HauYeHHOTO I MPOKIAAKKA Ha MOCTaxX ot -50 10 50°C
U 3CTaKagax

Ontruueckoro kabdens, mpeaHa3HauYeHHOTO ISl BO3IYIITHOM oT -60 1o 70°C
IPOKJIAJIKU

J111 BHYTpHOOBEKTOBBIX Kalene ot -10 o 50°C

Kabenu cocTosiT U3 ONTHYECKUX BOJOKOH, CEpAEUHHMKA KOHCTPYKLIMU M3 MOAYJIS WU Ha
OCHOBE LIEHTPAIbHOTrO OTO(OHA, apMupyromeid u 3amuTHOW oOomouku. Kabenn HapykHOU
MPOKJIAJKU COJEPXKAT BHYTPUMOJYJIbHBIA TUAPO(OOHBIN 3aMONHUTENb, a TaKXe TUIPOPOOHBII
arJIoMoOpUT WM BOJOOIOKHPYIOIIKE JAeTanu (JIMHHUHM, JIEHTHI U T.I1.), 00ECIIEYHBAIOIINE 3aIIOJTHEHUE
0€3BO3YIIHOTO TMPOCTPAHCTBA B 3aUTHONW 000JOYKE M MEXKMOAYydbHON obmactu. KaGenw,
IIpeIHa3HAYEHHbIE U1 TPOKJIAJKA BHYTPU 3/JaHUH, IO KOJUIEKTOpaM M TOHHENSM, HMEIOT
HapyXHYyI0 000JO0YKYy M3 MaTepualia, HE pacHpOCTpaHSIONIEro roperue. Bece BHYTpHOOBEKTOBBIE
Kabelnu M3rOTaBIUBAIOTCS C OO0OJOYKOH, HE PpacHpOCTPAHAIOLIEH TOpeHHe, W OTIMYAIOTCS OT
kabenel Hapy>KHOW MPOKJIATAKNA OTCYTCTBHEM THAPO(OOHBIX 3aMOTHUTENCH, MEHBIITUM JUATIa30HOM
pabouux Temreparyp U OTPaHUYEHHOM CTOHKOCTBIO MO OTHOLIEHHWIO K BHEIIHUM BO3ACHCTBUSM.
Kabenu obecrnieunBaioT BO3MOXHOCTh MPOKJIAIKKA U MOHTa)ka Ipu Temneparype 10 munyc 10° C.
IIpu MoHTaxe kalenell M B HEKOTOPBHIX CIy4asX B IPOLECCE MX JKCIUTyaTalluu (BEpTHKAIbHbIC
CErMEHTBI), IOMHUMO TEMIIEPATYpPhl, HA HUX JCHCTBYIOT CHJIbI HATSHKEHHSI, CIIOCOOHBIC TPHUBECTH K
nepopmanuu map B KaOensxX Ha OCHOBE BHUTOM Hapbl TNPOBOAHMKOB U MEXaHUYECKOMY
MOBPEXKICHUIO BOJOKOH B BOJOKOHHO-ONTHYECKHX Kabensx. [loaTomMy OIHUM M3 OCHOBHBIX
TpeOOBaHUH, MPEIBSBIAEMBIX K MOHTaXY Hapsay C COONIIOJICHHEM paauyca H3ruda, sBISETCS
coOIIoIcHHE TIpeIeIbHO AOMYCTUMOM CHIIbI HATSHKEHUS Kabenei.

HccnenoBanue mokasano, YTO CHJa HATSHKEHUs KaOeneil rOpU30HTANIbHOM U MarucTpalbHOM
MOJICKCTEM BO BpeMsi MOHTaXa U B Mpoliecce HKCIUTyaTallii He JOJHKHA OBITh OoJee:
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— 110 H — ans 4-mapHbIx kaOeneil HA OCHOBE HEIKPAHUPOBAHHOU U
SKPaHUPOBAHHOM BUTOM Mapbl IPOBOJHUKOB;

— 220 H wnu cienuduKkamyy mMporu3BOAUTENS B CIydae, €CJIM OHU OoJiee
YKECTKHE, JIUIS BOJIOKOHHO-ONTHYECKUX Kabesield BHYTPEHHETO MPUMEHEHHUSI C
KOJINYECTBOM BOJIOKOH 2 U 4;

— 2700 H nnu cienudukanuy mpou3BOIUTENS B CIIydae, €Clid OHU Oojiee
YKECTKHE, JUISl BOJIOKOHHO-ONTHYECKUX Kabesell BHEIIHETO MPUMECHCHHS.

Taxxe Ob1 mpomsBeneH pacder OK Ha Kaxaod CEKIHMH, pPe3ylbTaThl KOTOPOTO
[IPEACTaBICHBI HIDKE (Tabi. 2).

Tabnuia 2 - Pe3ynbpTaThl pacyeToB HATSKEHHS ONTHYECKUX Kabenen

Ceximan JlmuHa.M Hatskenus, | Haxnon, |Harmkenms, | OTkioHeHse, | Hatmxenus, | CyMMapHoe

xH pagdassl | kH paTHAHEL kH HAaTDKEHHE,
A-B 250 0,10 1,47 1,47
BB 1,57 3,49 3,49
B-C 160 0,17 4,51 4,51
Cc-D 100 5,01 5,01
D-E 20 5,11 511
BE 0,79 7,87 7,87
E-F 60 8,16 8,16
BF 0,52 10,88 10,88
F-G 200 0,13 11,65 11,65

[Ipu kax10¥1 U3MEPEHNH CHEKTP HATSKEHHs BoJokHa brillouin oTHocuTenbHas OaiiIaHbIC TOYHOCTh
OTpaHUYMBACTCS 1Zmer BeTMUYNHON calbICThipMaibl oTHomeHus curHain/mym. ins BOTDR (fibers
pednexkrorpamma) oHa muketaHI| paBHa = 0.5 %. Jlanasie coOmoneHneM 1Udpbl paccCMOTPEHUS
B3SThI U3 XapaKTEPUCTHKH PUCYHKe pediiokTorpammsl MeHsercss AQ8602. 13 storo cieayer, 4to
M3MEHEHUE TeMIIepaTyphl jensen BojiokHa Ha +10°Moryt C, yuuThiBas, 4To vrmb 4acToTa O3TOMY
paccessHHOTO CBeTa M03TOMY M3MeHsieTcsi co theory ckopocThio nopsiaka 1 pedaexromerpe MI'/°C
(Taxke puc. 2), pacCeHUs MPHUBOIUT K cHelU(UKAIUU MMOTPENIHOCTH B U3MEPEHUH ONTHUYECKOTO
HaTsokeHus jensen ~0.5%.

2 A2 &

(=]

& B

H3menense gactoTer, MI 11

-40 -2 0 20 40 60

Temmepatypa,°C

PuC_yHOK 2 - 3asucumocms wacmomawi PACCEeAHHOc0 ceema om memnepamypsvl 60J10KHA
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Kak 0b110 cka3aHO paHee, OpUILTIOIHOBCKUN PEQIICKTOMETp OIMpEIesieT HaTSHKEHUE BOJIOKHA

Ha OCHOBE YaCTOThl OOpaTHOIO paccesHusi, HO, OKa3bIBAETCs, IMOIPEIIHOCTh YBEIMUYUBAECTCS IPU
Ka)KJIOM U3MeHeHuHU TemnepaTtypsl Ha £10°C, uTo nenaer u3MepeHue HETOUHbIM (puc. 3).

60
40
20

0

20 9 10 11 12 13 14

-40

Temnepatypa, °C

-60

-80
NorpelwHocCTs, %

PucyHOK 3 - 3asucumocme memnepantypsl 60J10KHA OM NOSPEULHOCNIU USMEPEHUU HAMANCEHUS

3akiaouyeHue
B mpouecce wucciemoBaHusi TaKuX XapaKTEPUCTHK OINTOBOJIOKHA, KaK TeMIeparypa H

HaTAXKCHUC, OBLIO BBISIBJICHO, YTO MCTO[ 6pI/IJ'IJ'II-03HOBCKOI71 pe(bHeKTOMeTpI/II/I He crocobeH JaTb
TOYHYIKO BCJIMYMHY HATAKCHHA H3-3a Cro IOrpC€mHoOCTH, Ha KOTOPYIO BJIMACT HN3MCHCHHC
TEMIICPATYPHI. Ho »stot (I)aKTOp HC YUYHUTBHIBACTCA IIPHU OLICHKC KAa4YCCTBA BOJIOKHA, M3 KOTOPOIro
HM3rOTaBJIMBACTCS ONTUYECCKHUM KaOeb.
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Kemean0exoB B.JK., [Toxyano M.
TaambIKTI-ONTUKAJBIK 0aijIaHbIC KeJliljIepinaeri OpuLI0IH
peduexkTomMeTpus JAICIH Tanay

Angatna. OnNTUKaIbIK KaOenbIlH CEeHIMAUIIT MeH OepiKTIrH KamTamachl3 €Ty
npobnemManapelHbIH Oipi — QpTYpili ocepiep MeH JKYKTeMeJepre ce3iMTal OINTHKAJIbIK
TANIIBUIBIKTBIH ~ CANBICTBIPMAIIBI  TYpJ€ JKOFapbl  CBHIHFBINITBIFBI:  BUTFAJ, TeMIepaTypa,
MUKPOOYHBIMIIAp KOHE CAyJIeNeHy. YaKbIT 6Te KeJle 1IIKi ’KoHEe ChIPTKbI (haKTOpJIapAblH dCepiHEH
OM-zne MHUKpOKpakTap AaMbll, Y3UIICTepAiH maiiga OomybiHa okenedi. KepHey TammbIKTapbiH
NPAaKTUKAJBIK TYPFBIIAH OJIIIEYAIH €H MepCHeKTHUBaIbl TocunaepiHiH Oipi — bpumuiosn
peduekTomMeTpus OMICIH KoNmaHy. by JKyMBICTa TalIIBIKTBI — ONTHKANBIK OaifiiaHbIC
KeJnepinzaeri pedaeKToMeTpus 9/1iCiH TaaaalMBbI3.

Tylinai ce3aep: TalIIBIKTHI-ONTHUKANBIK Oailnanbic, >xemi, bpummosn pednexromerpus,
OITUKAJIBIK KaOeb, MUKPOXKAPBIKTAP.

Kemelbekov B.J., Poluanov M.
of the brillouin reflectometry method in fiber-optic communication lines
One of the problems for ensuring the reliability and durability of the OC (optical cable) is the
relatively high fragility of the optical fiber, which is sensitive to various influences and loads:
moisture, temperature, microbending and radiation. Over time, under the influence of internal and
external factors, microcracks develop in the OM, leading to the appearance of breaks. One of the
most promising approaches to measuring tension fibers from a practical point of view is the use of
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the Brillouin reflectometry method. This paper presents the analysis of the reflectometry method in
fiber-optic communication lines.

Keywords: fiber-optic communication, network, brillouin reflectometry, optical cable,
microcracks.
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Typoexona K.7K.
MexayHapoaHbIH YHUBEPCUTET HHGOPMAITMOHHBIX TEXHOJIOTHH, AnmaThl, Kazaxctan

AHAJIN3 TIPUMEHEHUA BILIA B CETSIX CBSI3U ITPU UPE3BBIYAMHBIX
CUTYAIUAX

AnHoTanusi. B n1anHO# cTaThe pacCMOTPEHBI CTPYKTYpPHI aBapuiHBIX ceTeil Ha 6aze BITJIA
JUTSL Ype3BbIYAMHBIX cuTyanuii. [IpoBeneH 0030p OecpOBOAHBIX TEXHOJOTHHA W TIPEIICTABIICHBI
CXEMbI OpraHW3alliy CeTEel Ha OCHOBE PACCMOTPEHHBIX TEXHOJOTUH JIsi oOecriedeHHs! CBSA3H B
30Hax OexctBusi ¢ ucnosb3oBanueM BIIJIA. ITocTtpoena Tabmuiia XapaKTepUCTUK OECTIPOBOIHBIX
TEXHOJIOTUIl M TMPOBEACHBI pPAacYeThl OCHOBHBIX 3HAYEHUI, C IMOMOIIBI0 KOTOPBIX MOCTPOEHBI
rpadguku 3aBUCUMOCTel apameTpoB ceteid ¢ BITJIA.

KuroueBble cioBa: O6ecrioTHBIN JetaTenbHbIA anmapat (BITJIA), 6azoBas cranmus (BC),
uype3BbvaitHas cutyanus (UC), 6ecipoBoHas CBSI3b, OECTIPOBOIHBIC TEXHOJIOTHH

BBenenue

VYcraHoBNIeHHE HAAEKHOW M THOKOW aBapHWITHO-CIIAcaTeIbHON CBSI3M SIBIACTCS OIHOM W3
KJTFOUEBBIX 3a/1a4 TOUCKOBO-CMAacaTeIbHBIX CIIYKO B Cllydae CTUXUMHBIX OeCTBUIl, 0COOEHHO B TeX
cutyarusax, korga OazoBeie cranuuu (BC) paspymensl W He MOryT (QYHKIIMOHUPOBATH.
[IpumeHeHne B cucTeMax CBs3U OECHUIOTHBIX JietaTelabHbIX ammapaToB (BITJIA) cranoButcs
MePCIEKTUBHBIM METOJIOM CO3AaHus OecipoBOAHBIX ceTeit ais UC.

Cetu cBsI3M MMEIOT CYUIECTBEHHOE 3HAu€HUE JUIsl aBapHHO-CIacaTelbHBIX padOT B ciyyae
CTUXUUHBIX O€ACTBHI, B OCOOEHHOCTH, KOT/la TeIEKOMMYHUKAIIMOHHBIE COOpPYXEHUS (HaIpumep,
6azoBbie cranmmu (bC) cerell COTOBOM CBSI3M) OKa3bIBAIOTCS pa3pyllieHbl. B HacTosmiee BpeMs
CYILIECTBYIOIINE METOJbl OPTaHMU3AIMU CBSA3H HE MOTYT MOJHOCTHIO OOECHEYUTh MOKPBHITHE 30HBI
oenctusi, rae npowmsonuia YC. Taxke 3T MeToAbpl HE 00JamaroT HEOOXOAMMOW THOKOCTHIO,
KOTOpasi OTpaHUYUBAETCS] OKpY’Kalollel cpefo, pernbe)oM MECTHOCTH U MOTOAHBIMU YCIOBHUSIMH.
Jlyia peofoaeHusl ATUX TPYAHOCTEH XOPOUIMM PEIIeHHUEM SIBISIFOTCS OSCHIIOTHBIE JIeTaTellbHbIe
anmapatsl (BIIJIA), koTopble MOTYT HCTIONB30BaThCs B KauecTBe JeTatomux bC nis obecrnieueHus
0ecTpOBOTHOTO MOKPHITHSI TEPPUTOPUH, HA KOTOPOIl MPOU3OILIO CTUXUHHOE Oe/ICTBHE, TOCKOJIBKY
WM TIPUCYIIH TaKUE TMPEUMYIIECTBA, KaK THOKOCTh M MOOMILHOCTH [1].

PaccmoTtpuM pasznnuHble CTpyKTyphl aBapuiiHbix ceteld Ha 6aze BIIJIA mpu UC (Cwm. Puc. 1):

- Cyenapun 1: Cyenapuii c akmuenvimu nazemuvinu bC

becnimiioTHbIE eTaTeNbHBIE allllapaThl MOTYT B3aUMOCHCTBOBATH C YIIEIEBIIUMU 0a30BBIMH
CTAaHIMSIMH ISl o0ecreueHus: OecrpoBOJHOTO OOCTY>KMBaHUs HA3eMHBIX YCTpOWCTB. B sTom
Cilydae TpaeKTOpHs T0JIeTa U TUIAHUPOBAHUE CBS3U MOTYT OBITh COBMECTHO OMTUMHU3HPOBAHBI JIJIs
MOBBIIICHUS TPOU3BOAUTEIBLHOCTH.

- Cyenapui 2: Cuyenapuii 6e3 bC

Kpynnomacmrabusiii BITJIA moxeT ucnonb3oBatbes kak Jjeratomas bC mist obecrieueHus
0eCIpOBOIHBIX COEAMHEHUI C MOMOIIBI0 MHOTO3BEHHOTrO coemuHenus Device-to-Device (D2D)
JUISL paclIMpeHus 30HbI OKPBITHS. Kpome Toro, koHCTpyKIms npuemonepenatanka bBITJIA moxer
OBITH MCITOJIBL30BaHA JJIs1 TTOBBITIICHUS HAACKHOCTH [3].

- Muozo3zeennaa pempancnayua BIIIA

OO6men nHpopManuel MeXTy 30HaMu OeACTBUS U 3a UX mpeaenaMu kak B CiieHapuu 1, Tak
B Cruenapun 2 MoXeT OBITh peajr30BaH C MOMOIIBI0 MHOTr03BeHHOW petpaHcisinun BIUJIA, B
KOTOpPOW ONTUMalbHble To3unuu 3aBucaHusi BIIJIA Moryr OBITh TONYYEHBI C HEOOJBIION
CJIOKHOCTBIO.
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Cuexapuu 1

‘CueHapum 2

Pucynox 1 - Cmpykmypa asaputinvix cemeti ¢ nomowvio BIIJIA npu YC

Oprann3oBaTh 0ECIPOBOIHYIO CETh CBS3UM MOYKHO C IOMOIIBIO PAa3HBIX TEXHOJOTUM, TAKUX,
KaK CeTU COTOBOM cBs3u, TexHonorun WiMax, Wi-Fi u ceTu cmyTHUKOBOI1 CBSI3H.

[Ipu opranumzamuu cetu coToBoi cBs3u ¢ momornisio BITJIA, BITJIA moakmrouarorcst K
cymiectByromeil cotoBoit cetu cBsizu 2G/3G/4G (Cm. Puc. 2). BIJIA, pacnonoxeHHbIE B 30HE
JEHCTBUSI OCHOBHOW CETH, TIOJIKJIFOYAIOTCSI K COTOBOM ceTu Hampsimyro, a BIIJIA, naxonsuecs BHE
30HBI OCHOBHOM CETH, NMOAKIIOYAIOTCS K CETU € MOMOILBIO CBSI3U ApYr ¢ ApyroM tuna D2D. Takum
obpazom BIIJIA BHe 30HBI OCHOBHOH ceTH TepemaeT WHPOPMAIMIO Yepe3 IMOAKIIOYCHHBIH K
ocHOBHOM cetu cBsi3u BIIJIA, co3naBast 3BeHbs.

Pucynox 2 - Cxema opeanuszayuu cemu comogoii cesazu ¢ nomowwto bI1JIA

[Tpu opranuzanun WiMax cBsizu ¢ momotbio bBITJIA moruka moakirOdeHus Takas ke, Kak U B
CETH COTOBOH CBSI3M C OJHUM HcKItoueHueMm: BMecto bC coTtoBoii cetn nucnonb3yercss bC WiMax
cetu (Cm. Puc. 3) [4].
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Pucynok 3- Cxema opeanuzayuu WiMax cemu ¢ nomowwro bIIJIA

ITpu opranuszanuu Wi-Fi cetu ¢ momomrsio BITJIA, BITJIA noaxmoyatores k cetn Wi-Fi [6].
Tak kak 30Ha nokpbiTHs ceti Wi-Fi HeOonbmast (10 100m), a ycTpoiicTBO Manbix pazmepoB, Wi-Fi
npreMo-TiepeIarolee YCTPOUCTBO MOXKET Tepemenarbes 1o 3emiie BMecte ¢ BITJIA, obecnieunBas
HenpepriBHYIO cBs3b (CM. Puc. 4).

Pucynok 4 - Cxema opeanusayuu Wi-Fi cemu ¢ nomowwto BILJIA

IIpn opranmuzanuu cnytHukoBoil cetn BIIJIA moakirodaroTcst K CYIIECTBYIOLIUM
CIIyTHUKOBBIM ceTsM cBsi3u. Mcnons3yrores cpennue BIIJIA 8000M, koTopele jeTaroT ropasno
Bbie cpeaHux BIIJIA 3000M, U MOKpBIBaIOT CBS3bIO OOJBIIME 30HBI, HIKE OyIyT NMPUBEICHBI
COBETYIOIIHME pacyeThl MOKPHITHS CBs3bI0 (CM. Puc. 5). Takas cxema paccuntana Ha oOecrieueHue
CBSI3bI0 YIAJIEHHBIX TEPPUTOPHIL, Iie oaKiItoueHue kK bC HEBO3MOXKHO WIH TPYAHOIOCTYIIHO.

Pucynox 5 - Cxema opeanuzayuu cnymuuxogoti cemu ¢ nomowwio bI1J/IA

V Ka)K[[OI\/'I CXEMBI OpFaHI/I3aI_[I/II/I CBA3HW €CThb CBOM AOCTOMHCTBA MW HCAOCTATKH, KOTOpLIe
NpuBeIeHbI B Tabmuie 1.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
70



B AKNAPATTHIK )KOHE KOMMYHUKALUSIBIK )KEJLIEP )KOHE KUBEPKAVIIICI3AIK M

Tabnuma 1 - XapaktepucTuku 0€CIIPOBOIHBIX TEXHOIOTHIA

Cxema opraHuzaumuu JlocTouHcTBA HenoctaTku
CBAI3H
CeTH COTOBOH CBS3U Jlerkocth  mocTpoeHHsi  ceTH, | Bo3aMoxHbIe IOMEXHU oT
HU3KHE  3a/epKKH, BbICOKas | moBpexaeHHbIX bC  cotoBoil
CKOpOCTb Iepe/iaur JTaHHbIX. CETH.

Cetn WiMax cBsi3u

CkopocTh Tepelayd  JaHHbBIX,
30Ha MOKPBITUS, BO3MOXKHOCTH
MMOCTPOCHHSI CETH C IIOMOIIBIO
MoOunsHOH WiMax.

Heo0OxonumMocTh UCHOIb30BaHUS
COOTBETCTBYIOIINX MpUeMo-
nepeJaroInX yCTPOUCTB.

Ceru Wi-Fi cBszu JlerkocTe mocTpoeHus ceru, | Manas 30Ha HOKpBITHSL.
CTaOMIIBHOCTb.
Cetu criyTHUKOBOM cBsizu | JlanbHOCTh  JI@HCTBUS  CBSI3M, | 3a/€PiKKH, CJIO’)KHOCTb

30Ha NOKPBLITHUA CCTH.

IIOCTPOEHHUS CETH.

Ha ocnoBe mpumenenusi ¢popmynsl padotsl [10] ObuM mocTpoeHs! TpadUKu 3aBUCUMOCTH

napamerpos cereii ¢ BIIIA. Ucnons3yst popmyist dyps =+/2+Ry-hy+hi +2-Ry-hy + hiu

Nenna = Sec/Semna » TAC

h, — BBICOTA MMOABEMA HA3EMHOW aHTECHHBL, M;

h, — BbICOTa MOABEMA OOPTOBOI AHTEHHBI, M;

d; ns — IPEAEIbHAs NAIBHOCTD MIPSIMON BUIUMOCTH, KM;

Sz — miomans nokpeitus BC, m?;

Senna — WIomans nokpbitust BIUIA, m?;

Ngna — KommdecTBo BIUIA;

R, — pamunyc 3emmn (R3 = 6400 xM [ BBICOKHX PagMoyacToT), ObUIM pacCUUTAHbBI
MakCHUMalIbHasg HallbHOCTL CBI3M ¢ mnomoinplo BIIJIA u Bo3MmoxkHOe kommdectBo bBIIJIA,
MoKphIBaromux 1omaas paiiona YC. Takum oOpa3zoM, ObUIM MOCTPOEHBI TpadUK 3aBUCUMOCTH
TUIOMIA/IA TIOKPBITUS CBsI3M OT BhICOTHI moneTta BITJIA u rpadux 3aBucumoctu kommuectsa BITJIA

oT BeIcOTHI oJieta BITJTA.

12000
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s

8000

6000

4000

[Tromans IIOKPBITHS CBA3BIO, M

2000

10

20 30 40 50 60 70

Bricora noJjiera, M

80 90 100

Pucynox 6 - I paghux 3asucumocmu vicomot nonema BII/IA u 30161 nokpvimus c6:23vi0
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Pucynox 7 - I'pagpux 3asucumocmu konuwecmea om svicomwi notema bIL/IA npu niowaou
nokpoimus cesazvio 1000 m2

3akioyeHue
[IpoBenenHoe uccieoBaHe MOATBEPKAAET LiesecoodpazHocTh npuMeHeHus BIIJIA B cersax

cBs3u ipu UC. AHanM3 CTPYKTYPHBIX CXEM OpraHHU3aIMH OECIIPOBOJHBIX CETEH C UCMOIb30BAHUEM
BITJTA moxa3an BO3MOXXHOCTb TIOCTPOCHHSI Pa3HBIX BAPUAHTOB CXEM, OOECIICUMBAIONIUX CBS3BIO
30Hy OezactBus. M3 netanbHOM XapaKTepUCTUKU OECHPOBOAHBIX TEXHOJIOTMH MOXKHO MOHATH, B
KaKUX CilIy4asX HPUMEHSTh ONpPEIECNCHHbI BHUJI CBA3M. Takke ObUIM NPOBEIEHBI pacueThl U
nocTpoeHsl rpaduku 3aBucumocteit napamerpos cetei ¢ BIIJIA, koTopble OyayT MoJIe3HBIMU TIPU
HCCIEAOBAHUM  ONPENEICHHOTO palioHa WIM MECTHOCTH M TO3BOJIAT CHAENaTh  AHAIU3
sKoHOMHUYecKOM 3 pextuBHOCTH puMeHeHus BITJIA B UC.
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Typoexosa K. K.
TeTenme xxarnaiinap kesinge 6aitjansbic skeaijiepinge [TY A-HbIH KOJIAHBLIYBIH TAJIay

Anparna. byn Makanana TeTeHIIe »KaFjaiiapra apHaJlFaH MWJIOTCHI3 YIIy amnmaparTapblHa
HET13/IeJITeH anaTThIK XKeIIepaiH KypbUlbIMAaphl TaakbulanFaH. ChIMCHI3 TEXHOJOTHsUIapFa IOy
KacalbIHFAH »JKOHE YINy ammapaTrTapblHbIH KOMEriMeH amaT aiMakTapbelHia OaiIaHbICTHI
KaMTaMachl3 €Ty YIIIH COJ TEXHOJIOTHsUIapFa HETi3eNTeH >Keluiepal YHbIMIACTRIPY CXeMalaphbl
yCbIiHbUTFAH. CBIMCBI3 TEXHOJIOTHSIAp CHUIATTaMalIapbIHBIH KECTeCli KYPbUIABl JKOHE OJapiblH
KOMETIMeH TAyeNUTK IpaduKTepl CabIHbII, MAHBI3bl MOHEPIHE ECENTEYIIEp KYPri3uil.

Tyiiinai ce3mep: mumnorce3 ymy anmaparrapbl (IT¥YA), 6asansik cranums (bC), amarTeik
xarnait (AXK), chIMCBI3 OaiilaHbIC, CHIMCBI3 TEXHOJIOTHSIAP.

Turbekova K.Zh.
Analysis of the use of UAVS in emergency communication networks
Abstract. This article focuses on the structures of emergency networks based on UAVs for
emergency situations. It presents a review of wireless technologies and schemes for the organization
of networks based on such technologies to ensure communication in disaster areas using UAVS, a
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table of characteristics of wireless technologies, and calculations of the major values, with which
dependency charts are built.

Keywords: unmanned aerial vehicle (UAV), base station (BS), emergency situation (ES),
wireless communication, wireless technologies.
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Al-Farabi Kazakh National University, Almaty, Kazakhstan

COMPETITIVE INTELLIGENCE AND DECISION-MAKING ALGORITHM USING
MACHINE LEARNING FOR INDUSTRIAL SECURITY

Abstract. The purpose of this scientific article is to show what competitor data analytics can
do with machine learning and neural networks. In this study, we analyzed data on potential partners
of the Department of Defense Office of Hearings and Appeals (DOHA) of the USA and obtained a
trained algorithm that can help in making decisions based on keywords, which can minimize
reputational risks. The published dataset of the Department of Defense Office of Hearings and
Appeals (DOHA) of the USA was selected for analysis of the initial data, which displayed the
results of the screening of potential partners along with a text justification. This is the reason why
we used Recurrent Neural Network (RNN) instead of Convolutional Neural Network (CNN).
Neural networks are a very important part of machine learning. As a result, we have developed a
trained machine learning model for recommending the best partners, that is, more proven partners,
both professional and reputable. In addition, the developed machine learning model does not allow
working with an organization of bad partners who could act in bad faith and carry reputational
risks.

Keywords: Competitive Intelligence (Cl), Data Analysis, Recurrent Neural Network (RNN),
Convolutional Neural Network (CNN), Machine Learning (ML)

Introduction

If we talk about competitive intelligence (CI), we can easily find that Cl is a systematic
collection and analysis of information from multiple sources, as well as a coordinated CI
program. This is the act of identifying, collecting, analyzing, and disseminating information about
products, customers, competitors, and any aspects of the environment necessary to support
managers in making strategic organizational decisions. ClI means understanding and learning
about what is happening in the world outside of business to improve your competitiveness, i.e.
learning as much as possible about your external environment, including the industry as a
whole and the relevant competitors.

Key points:

Competitive intelligence is a legal business practice, as opposed to industrial espionage,
which is illegal.

The main focus is on the external business environment.

This is the process of collecting information, converting it into intelligence, and then using it
in decision-making. Some CI professionals wrongly emphasize that if the information collected is
not usable or actionable, it is not intelligence.

Another definition of CI sees it as an organizational function responsible for early
identification of risks and opportunities in the market before they become apparent (“early signal
analysis™). The term CI is often seen as synonymous with competitor analysis, but competitive
intelligence is more than competitor analysis; it encompasses the entire environment and
stakeholders.

Dataset & Preparation

Finding the right dataset is not always easy. As mentioned earlier, there are more datasets in
today’s world that one person can handle. Nevertheless, finding the right one that fits your idea can

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
75




| NHTEJUIEKTYAJIBHBIE CUCTEMBbI |

be challenging. We also ran into some problems while searching for data. The main issue was that
some of the datasets hadn’t had the features we were looking for. Suffice it to say that such a dataset
could not exist without us tweaking it a little bit. And that is exactly what we did. We found a very
interesting dataset about Industrial Security Clearances on Kaggle and quickly began the data
cleaning process. This data contains dates, case numbers, decisions, and decision summaries for
over 20,000 cases submitted for review between late 1996 and early 2016. Industry contractors that
work for or with the United States Department of Defense and come into contact with secret or
privileged information must submit documents for a background check by the government as a part
of their contractual obligations. Any employee who fails to get the necessary clearance will not be
allowed to work.

Employees may however appeal their decision; in this case the decision will be reviewed and
finalized (or reversed) by the Department of Defense Office of Hearings and Appeals (DOHA).
This dataset contains summaries of the deliberations and results of such hearings and provides a
window into getting security clearance to work as a defense contractor in the United States.

In this research, we looked for answers to the following questions:
e What percentage of appeals were overturned or upheld?
e What percentage of appeals resulted in favorable decisions?
e What were the reasons for decisions to be overturned?
e Can a model be built to predict decisions based on the decision text i.e., an auto-classifier?
[1].

We decided to analyze the criteria for selecting suppliers for defense orders for the US

Department of Defense, as well as the possibility of appealing against negative results. After our
analysis, conducted with the help of machine learning, we determined by what criteria you can get
a favorable outcome and become one of the suppliers of defense orders.
The data consists of 5 columns: Date - date of the appeal hearing; Decision Digest - a free text field
describing the keywords of the appeal; Decision Identifier - the type of leadership (e.g. financial,
foreign influence, security, etc.) to which the appeal relates; Favorable Decision - a binary variable
indicating the outcome of the appeal, i.e. favorable, which is rendered in favor of the party, or
unfavorable, which leads to the rejection of the decision on security; Clearance Upheld - a binary
variable indicating whether the decision made before the appeal was upheld by the Court of Appeal
or rejected. “Yes” indicates that the judge's decision was upheld, "No" indicates that the judge's
decision was overturned.

B C D E F G

>

1 N casenum date digest keywords Favorable decision |Decision upheld
2 0/15-08250.a1 07/28/2017 [The Judge’s adverse findin|Guideline C; Guideline B No Yes

3 1/15-03801.a1 07/28/2017 |Applicant argues that the J Guideline B No Yes

4 2|15-07971.a1 07/26/2017 |Applicant's appeal brief colGuideline F No Yes

5 3/15-03098.a1 07/26/2017 |The Board cannot conside]Guideline F No Yes

6 4]14-04693.a1 07/26/2017 |Applicant contends that his|Guideline F; Guideline E No Yes

7 | 5/16-00844.a1 Q7/25/2017 |Applicant claims the two uill Guideline F No Yes

8 6|15-07009.a1 07/25/2017 [Applicant was charged wit|Guideline E No No

9 7|15-03162.a1 07/25/2017 |The Judge stated that any|Guideline K; Guideline E No Yes

10 8/16-00757.a1 07/24/2017 |Despite Applicant’'s argumd Guideline F No Yes

Figure 1 — Dataset file preview details

Figure 1 shows the file consisting of decision text from Security Appeal hearings at the US
Department of Defense. The decisions are classified by:
e Keyword — the security guideline under which clearance is sought such as Financial,
Foreign influence etc.
e Favorable decision - whether the Appeals decision was favorable (security clearance
granted) or unfavorable (security clearance rejected).
e Decision upheld - whether the original decision was upheld or not [1].
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Figure 3 - Percentage of favourable decisions

It's evident that the majority of the cases heard by the Appeals court result in unfavorable
decisions i.e. the security clearance is rejected. Almost 68% of the cases heard are rejected, which
would reinforce the notion that obtaining a security clearance is a difficult task! Moreover, from the
first chart, it appears that the period from 2003 onwards has seen a marked increase in the number
of appeals that the court is receiving. We found, that with the increased volume of cases, the rate of
rejection has increased, spiking to 37.6% in 2014 and 2015.
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Figure 4 - Statistics about data [1]

Considering the increased volume and rate of rejection, it might be indicative of a more
lenient process for appeals, where the court has been receiving more and more cases without merit.
The subsequent set of charts looks at exploring the upheld decisions - visualization of the number
upheld and overturned decisions by year, the proportion of upheld and overturned decisions, and the
percentage of upheld decisions by year. Almost 1 out of 3 cases heard by the Appeals court is
upheld. From the first glance at the numbers, it seems like there might be a relation between the
types of cases that are upheld and the decision itself (favorable or unfavorable). Decisions
overturned spiked in 2014 and 2015 at 38%, also the years in which the Appeals court received its
highest volume of cases.

Percentage of decisions upheld
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Figure 5 - Percentage of decisions upheld

Decisions overturned spiked in 2014 and 2015 at 38%, also the years in which the Appeals
court received its highest volume of cases. It might be worth cross-tabulating overturned decisions
with the outcome of the decision (favorable or unfavorable).

ML algorithms & RNN

In this part of the paper, we will discuss the data manipulation process which is the first step
after planning that a Data Scientist undertakes. So, we followed good practice and prepared our
datasets. Some of the things done include deleting the unwanted features. Some of the features were
tedious and removing such redundant data gave us a better view of the important features that we
were to use for our algorithm. Then dropping the entries that had missing values or fixing them
where it could be done. Unfortunately, some of the entries had a lot of missing values and there was
no way to predict them without losing the main goal of our project. We say this because there are a
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lot of algorithms out there for fixing missing values and finding patterns to predict what those
values could be, but for the purpose of simplicity, we just dropped those entries and moved on to
the next step.

Neural networks are one of the most popular machine learning algorithms currently. Over
time, it has been conclusively proven that neural networks are superior to other algorithms in
accuracy and speed. With various options like CNNs (Convolutional Neural Networks), RNNs
(Recurrent Neural Networks), AutoEncoders, Deep Learning, and so on, neural networks are
slowly becoming to data scientists or machine learning practitioners what linear regression was to
statisticians. Thus, it is necessary to have a fundamental understanding of what a neural network is,
what it consists of, what its scope and limitations are. This article is an attempt to explain the neural
network, starting with its most basic building block, the neuron, and then delving deeper into its
most popular options like CNN, RNN, etc.

A neural network that has more than one hidden layer is commonly referred to as a deep
neural network. Convolutional neural networks (CNN) are one of the variants of neural networks
widely used in the field of computer vision [3]. The name comes from the type of hidden layers it
consists of. Hidden CNN layers are usually composed of convolutional layers, merged layers, fully
connected layers, and normalization layers. Here it simply means that instead of using the normal
activation functions defined above, the fold and merge functions are used as the activation
functions.

Recurrent neural networks, or RNNs as they are called in short, are a very important variant
of neural networks widely used in natural language processing. In a conventional neural network,
the input is processed through several layers, and the output is made with the assumption that two
consecutive inputs are independent of each other. This assumption, however, is incorrect in a
number of real-world scenarios. For example, if someone wants to predict the price of a stock at a
given point in time or wants to predict the next word in a sequence, the dependency on previous
observations must be considered. RNNs are called returnable because they perform the same task
for each element of the sequence, with an output that depends on previous computations. Another
way to think about RNNs is that they have a "memory" that collects information about what has
been calculated so far [3]. In theory, RNNSs can use information in arbitrarily long sequences, but in
practice they are limited to looking at just a few steps. RNNs take full advantage of the context of
sequential data and offer an effective and scalable model for several learning problems related to
sequential data. RNNs have enabled significant progress in the fields of text processing, speech
processing, and machine translation [4]. Network traffic is made up of packets, and the payloads in
the packets appear in the form of data streams. When analyzing the semantics of payloads, we
employ an RNN model to classify them. RNNs learn feature representations from training data by
storing previous states. In the training phase, the RNN model identifies specific sequences that can
distinguish normal communications from anomalous communications. RNNs can also directly
process data streams; thus, RNN scans support end-to-end attack detection [4].
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Qutput

Input
Figure 6 - RNN with an input, output and hidden layer

Figure 6 shows the architectural structure of the Recurrent neural network with an input layer,
a couple of hidden layers and an output layer. RNNs have proven to be very successful in natural
language processing, especially with their variant of LSTM, which is capable of looking back
longer than RNNS.

Implementation of RNN

The data [1] consists of 5 columns: Date - date of the appeals hearing and decision; Digest -
free text field describing the appeals decision; Keywords - identifies the type of guideline (such as
Financial, Foreign Influence, Security, etc.) that the appeal relates to; Favorable Decision — a binary
variable indicating the outcome of appeal i.e. favorable, which is ruled in favor of the party or
unfavorable, which results in a rejection of security clearance; Decision Upheld — a binary variable
indicating whether the decision made prior to appeal was upheld by the Appeals court or rejected,
“Yes” indicates that the judge's decision was upheld, "No" indicates that the judge's decision was
overturned; Exploring favorable decisions - visualization of the number of favorable and
unfavorable decisions by year, the proportion of favorable and unfavorable decisions, and the
percentage of favorable decisions by year.

Cross tabulation of favourable decisions and decisions upheld
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Figure 7 - Statistics about data [1]

Figure 7 shows cross-tabulation which confirms that out of 7,264 (6,932 + 332) decisions
overturned, a majority (95% - 6,932 out of 7,264) were initially rejected applications, which were
then appealed and overturned in favor of the party. Surprisingly, 5% of the appeals that were
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initially ruled upon positively were later overturned in the Appeals process and security clearance
was rejected. Similarly, out of 14,610 (14,508 + 102) cases that were upheld, 99% were unfavorable
(security clearances were rejected). Out of 21,440 decisions that were initially ruled upon
unfavorably, 32.3% of such cases (roughly 1 out of 3) were overturned and resulted in a security
clearance being granted. Interestingly, an initially favorable decision that goes to the Appeals court
is overturned in 76.5% of the cases.

EMBEDDING_DIM = 58

model = Sequential()

model.add(Embedding(vocab_size, EMBEDDING_DIM, input_length=max_len))

model.add(Bidirectional(6RU(units=32, dropout=8.15, recurrent_dropout=08.15)))

model.add(Dense(2, activation='sigmoid'))

model.compile(loss='binary_crossentropy', optimizer='adam', metrics=['accuracy'])

history = model.fit(X_train_pad, Y_train, batch_size=128, epochs=10, validation_data=(X_test_pad, Y_test), verbose=2)

Figure 8 - Implementation of Bi-directional RNN with embeddings being trained with Keras

Figure 8 presents a bi-directional RNN that can predict the outcome of whether or not the
decision was upheld based on the text of the decision. With a forward RNN model, the accuracy
achieved was only in the range of 60% - 70%. Bi-directional RNNs seem apt for this application
since the decision text involves several double negatives and indirect references. In our
implementation, we have chosen to use “sigmoid” as an activation function, because the final result
must be between 0 and 1. In addition, we used “Adam” as an optimizer. Adam is an adaptive torque
estimation, another optimization algorithm. It combines both the idea of motion accumulation and
the idea of weaker renewal of weights for typical signs. So, at the end of calculations, the result will
be demonstrated in accuracy as a metric.

model loss
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Figure 9 - Graph of result with a comparison train and test datasets by epochs
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Terminal: Local +

2021-04-19 16:25:12.161718: I tensorflow/core/platform/profile_utils/cpu_utils.cc:112] CPU Frequency: 2599996000 Hz
Epoch 1/10
2021-04-19 16:25:15.6179408: I tensorflow/stream_executor/platform/default/dso_loader.cc:49] Successfully opened dynz
2021-04-19 16:25:16.286869: I tensorflow/stream_executor/platform/default/dso_loader.cc:49] Successfully opened dynz
137/137 - 205s - loss: 0.5526 - accuracy: 0.7279 - val_loss: 0.4395 - val_accuracy: 0.7899
Epoch 2/10
137/137 - 203s - loss: 0.2985 - accuracy: 0.8885 - val_loss: 0.1439 - val_accuracy: 0.9557
Epoch 3/18
137/137 - 233s - loss: 0.1235 - accuracy: 0.9618 - val_loss: 0.1398 - val_accuracy: 0.9595
Epoch 4/10
137/137 - 159s - loss: 0.1506 - accuracy: 0.9567 - val_loss: 0.1024 - val_accuracy: 0.9710
Epoch 5/18
137/137 - 158s - loss: 0.1045 - accuracy: 0.9717 - val_loss: 1.3445 - val_accuracy: 0.6965
Epoch 6/10
137/137 - 156s - loss: 0.1227 - accuracy: 0.9642 - val_loss: 0.8940 - val_accuracy: 6.9761
Epoch 7/10
v 137/137 - 156s - loss: 0.0888 - accuracy: 0.9723 - val_loss: 0.0950 - val_accuracy: 0.9694
£ Epoch 8/10
g 137/137 - 154s - loss: 0.0822 - accuracy: 0.9738 - val_loss: 0.0900 - val_accuracy: 0.9787
== Epoch 9/16
A 137/137 - 154s - loss: 0.8778 - accuracy: 8.9765 - val_loss: 0.0899 - val_accuracy: 0.9719
£ Epoch 108/10
“% 137/137 - 153s - loss: 0.8698 - accuracy: 0.9777 - val_loss: 0.0888 - val_accuracy: 0.9719

Figure 10 - Results of each epoch in console

Figure 10 shows the result of RRN for 10 epochs with mean 0.8129 accuracy, which is really
not a bad result. It can be upgraded and finetuned in the near future by better data preparation with
more efficient text analysis algorithms.

Conclusion

As a result, we analyzed data on the refusal or acceptance of commercial partners for
cooperation with the Department of Defense Office of Hearings and Appeals (DOHA) of the USA.
Classifications of the Decision Outcome (Favorable/Unfavorable decision) and Appeal Outcome
(Upheld/Overturned decision) dataset have helped us understand the logical result of the decisions.
In this regard, the main data is in the text form, so it was decided to use RNN since Recurrent
Neural Networks are better suited for working with text than CNN, that is Convolutional Neural
Networks [4].

Finally, we have implemented the RNN ML model with 0.8129 accuracy using the Python
Machine Learning tools: numpy, pandas, sklearn, tensorflow and keras. The Recurrent Neural
Network Machine Learning Model with high accuracy confirmed the correctness of our research.
This RNN ML model can predict answers with not bad accuracy to the question: “Confirm or not
confirm commercial partners to work with?”” by keywords, digest, and text analysis. We can save
this learned RNN ML model to reuse it in next projects or companies. We can apply our solution
with this RNN ML model, already trained on this data, to aid decision-making in other ministries,
enterprises, companies, etc. Based on the analyzed data, we propose a trained model for weeding
out unfavorable partners to Kazakhstan organizations or government agencies.

Since Cl is a process associated with collecting information, transforming it into intelligence
data, in our case, using our enterprise RNN ML trained model helps commercial and government
organizations in decision-making, to defend themselves from unscrupulous partners, espionage,
information data leakage, and minimize the reputation risks.
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A3zanoB H.II. Xa6upos P.P., 9mipoB V.E.
KonkypeHnTHasi pa3Be/ika M IPUHATHE PEIEHUI ¢ IOMOIIbI0 MAIIMHHOTO 00y4YeHUs 1JIA
olecreyeHus: NPOMBIILTIEHHOH 0€301ACHOCTH

AnHoTaunus. llenp 3ToMl HayyHOHl cTaThu MoOKa3aTb, Ha YTO CIIOCOOHA KOHKYpEHTHas
pa3BelKka M aHaIM3 JAHHBIX C OMOIIbIO MAlIMHHOIO OOy4YeHHUs U HEMpPOHHBIX ceTeil. B naHHOM
UCCIIEOBAaHUM Mbl IPOAHAIM3UPOBAIM JAaHHbIE O IIOTCHIMAIBHBIX IapTHEpax YIIpaBJICHUA
cinymanuid u anemsuuid MunucteperBa o6oponbl CIHA (AOXA) u nmomydwsin oOy4eHHBIN
QJITOPUTM, KOTOPBIM MOXKET IIOMOYb B NIPUHATUH PELICHUI Ha OCHOBE KJIKOYEBBIX CIOB U KOTOPBIN
M03BOJISIET MUHMMHM3UPOBATh PEMyTAallMOHHbBIE PUCKHU. B KauecTBe aHamm3a UCXOAHBIX JaHHBIX ObLI
BbIOpaH OMyOJIMKOBAHHBIM HAaOOp AAHHBIX YTpaBlieHUs CIyHNIaHUN M aneussnuii MuHucTepcTBa
o6oponsl CIHA (JIOXA), B KOTOpOM HapsIy C TEKCTOBBHIM OOOCHOBaHHUEM OBLIHM OTOOpaKEHBI
pe3yJIbTaThl CKPUHHUHTA TOTCHIIMAIBHBIX MapTHEPOB. MIMEHHO 1O 3TOM NMpUYMHE MBI UCIOIb30BAIN
Pexyppentnyto HeliponHyto cetb (RNN) Bmecro CBeprounoii HeiipoHHoi cetu (CNN).
HeiipoHHble ceTn - O4YeHb BakKHAas yacTh MAIIMHHOTO oOyueHHs. B pesynabTare Mbl pa3paboTanu
00yUYEHHYI0 MOJIeJIb MAIIMHHOTO 00Y4YeHHUs Il PEKOMEHIalluy Jy4IlNX MapTHEPOB, TO €CTh OoJiee
IIPOBEPEHHBIX MAapTHEPOB, KakK Mpo(ecCHOHANbHBIX, TaK U aBTOPUTETHbIX. Kpome TorO,
pazpaboTaHHasi MoOJ€Ib MaIIMHHOIO OOy4YeHUs HE TIO03BOJIIET paboTaTh OpraHU3alUsIM C
HEOJaronpuATHBIMM TapTHEpaMH, KOTOpbIE MOTYT JIeHCTBOBAaTh HEZOOPOCOBECTHO M HECTH
penyTaluOHHbIE PUCKH.

KiroueBbie cinoBa: KoHkypeHTHasi pa3Benka, AHanu3 JaHHBIX, PekyppeHTHass HelpoHHas
cetb (RNN), Ceprounas Heifponnas cetb (CNN), MammnHoe oOyueHue.

A3zanoB H.II. Xa6upos P.P., Omipos VY.E.
OHepkacinTiK Kayinci3aikTi KaMTaMachI3 eTy YIIiH MAIIMHAJBIK OKBITY/IbI KOJIIaHA
OTBIPBIN, 03ceKere KadlIeTTLIIKTI OapJay »koHe memimM KadbLigay

AnaaTna. by FeIIBIME MaKaJaHbIH MaKCaThl MAIIMHAIBIK OKBITY MEH HEMPOH/IBIK KeNIiaepIi
KOJIZIaHa OTBIPHIT, Oocekere KadineTTi Oapiay MEH JEpeKTep/l TaiiayFa KaOljaeTTl eKeHIH KOpCeTy.
byn 3eprreyne 6i3 AKII Kopransic munuctpmirinig (JAOXA) TeiHIaynap MeH aneuisiuusiap
O6JIIMIHIH 9JICYyeTTI CepiKTecTepl Typasibl IEePEKTEpi TAIAAAbIK KOHE KIJIT CO3/Iepre Heri3ereH
menriM  KaOblliayra KOMEKTECEeTiH XoHe Oelenil Toyekenaepli asaiiTyra MYMKIHIIK OeperiH
OKBITBIJIFAH AJITOPUTM alabIK. bactanke nepekrepai tanaay perinae AKII Kopranbic MunucTpiri
(JIOXA) TteiHmaynap MeH amnelusnusuiap backapMachIHBIH >KapHsUIaHFaH MOIIIMET IKUBIHTBIFBI
TaHJAJIbl, OHJIa MOTIH/IIK HETI3IEMEMEH KaTap JICYEeTTI CepIKTECTEP/IiIH CKPUHHUHTTIK HOTHIKEIEepl
kepcetingi. Jlom ocwel cebenti 013 KOHBYJIbCHIBIK HeWpouablK xkeniHiH (CNN) opsbHa
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KaiitananateiH  Hedpouablk ckenmiHi (RNN) xommanmbik. HeHWpoHIBIK Kenmijep MalluHAIBIK
OKBITYJIBIH 6T€ MaHbI3/IbI Oeiri Oosbin TaObuiaasl. HoTrokecinae 613 €H TaHaaysbl cepikTecTepi,
AFHU KOciOM »oHe Oenensi CepiKTecTepAl YChIHY VIIH MAalIMHAIBIK OKBITYIBIH OKBITBUIFaH
MoJieITiH kacanblK. COHBIMEH KaTap MalllMHAJIBIK OKBITYIBIH JaMbIFaH MOJIENI JKOCBIKCBHI3 OPEKET
eTe aJaThlH XKoHe Oejeri Kayin-Karepre Aymiap OONaThIH KOJAHWCBI3 CEPIKTECTEPMEH YibIMaapFra
YKYMBIC 1ICTeYTe MYMKIH/IIK OepMen/Ii.

Tyiiinai ce3nep: bocekere kabinerti 6apnay, AepeKkTepai Tanaay, KaiTaaaHaThlH HEUPOHIBIK
xeni (RNN), kouBynbcusutbiK, HepoHABIK kel (CNN), MalInHaIBIK OKBITY.
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SPEAKER RECOGNITION USING DEEP LEARNING

Abstract. This paper discusses a transition from the traditional methods to novel
deep learning architectures for speaker recognition. The article aims to compare the traditional
statistical methods and new approaches using deep learning models. To articulate the
difference in the discussed approaches it furthermore describes several recent methods of
optimization and evaluation techniques. The review covers datasets used, results, contributions
made toward speaker recognition, and limitations related to it.

Keywords: Speaker recognition, convolutional neural network, deep neural network, voice
identification, recognition systems

Introduction
Speaker recognition is the process of voice identification among a given set of speakers from a
speech signal. Speech signal conveys information about the speaker’s physiological properties [2],
as well as behavioral aspects like accent and involuntary transforms of acoustic parameters [1] and
several widely known application domains of speaker recognition. A user authentication in the bank
sector is one of these applications. In February 2016 UK high-street bank HSBC [11] and its
internet-based retail bank First Direct announced that it will offer its biometric banking software
to access online and phone accounts using their fingerprint or voice [4] to their 15 million
customers. Another application domain of growing popularity is home assistance.

The field of speaker recognition can be divided into speaker identification and
speaker verification. It may be either open-set or closed-set [5]. The aim of speaker
identification is to determine whether the voice of an unknown speaker matches one of the other
speakers in a dataset, where the number of speakers could be very large. Speaker verification, on
the other hand, is the process of determining who is speaking from known voices in the
database. If the population of recorded voices is fixed, it is an open set. In contrast, closed-set
verification is a case when new recordings of people can be added without having to redesign the
system [6].

There are two types of systems commonly used in speaker recognition: text-dependent and
text-independent. Text-dependent systems understand the content of the speech. Usually, the
content is short utterances. In text-independent systems, there is no restriction on the spoken
text. Forensic speaker ID is an example of text-independent applications [7].

Later in this article, we will discuss common traditional systems of speaker recognition such
as GMM-UBM, GMM-SVM, and their limitations, as well as the use of deep learning technologies
that have significantly advanced speaker recognition performance.

Feature extraction

The speech sound is a time-variant expressing various types of information, including text,
speaker identities, acoustic features, emotions, etc. Speech may be observed in the time domain and
frequency domain [4]. The most commonly used tool for visualizing speech is a spectrogram which
describes the frequency spectra of consecutive short-term speech segments as an image. In
the image, the horizontal and vertical axes represent time and frequency. The concentration of
each point in the image is the magnitude of a distinct frequency and time. But for statistical
modeling, spectrograms are not the best way [4]. One of the reasons is that the frequency
dimension is too high. For the 1024-point fast Fourier transform, the frequency dimension is 512.
Another reason is high correlation of frequency components with each other after FFT. A more
compact illustration of
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speech is obtained by using cepstral representation. Mel-frequency cepstral coefficients (MFCCs)
are used to get features of speech. Figure 1.1 shows the technique of extracting MFCCs from a
frame of the speech signal. In the figure, s(n) corresponds to a frame of speech, X(m) is the
logarithm of the spectrum at frequencies determined by the mth filter in the filter bank, and MFCCs.

0, =XM_, cos [i (m —%%)]X{m],i=1...,F‘ (1.1)
e = [e,0,.,0p Ae,Ao,..,. Aoy, Ade, Ado,.. Alo,] T (1.2)

X log 4 DT

MW"” H (k) 1<m<M
i .

Hy(k): the 15th triangular filter J\A Il

Filter bank (SN AMALXOON,

Figure 1.1 - Procedure of extracting MFCCs from a frame of speech. Refer to Eg. 1.1 and Eq.
1.2 for o,and o respectively [4]

In Figure 1.2, the symbols A and A4 represent the velocity and acceleration of MFCCs,
respectively. Denoted as e is the log-energy, an acoustic vector corresponding to s ().

One of the widespread approaches is the use of short-term spectral features: Mel-frequency
cepstral coefficients (MFCC), perceptual linear prediction (PLP), linear predictive cepstral
coefficients [1]. They are used due to their high performance and relatively low computational
complexity [1].

Some recent DNN works suggest speaker recognition from raw waveforms using
Convolutional Neural Networks (CNNs). Instead of using standard hand-crafted features, networks
learn low-level speech representations from raw waveforms. That allows to better get significant
narrow-band characteristics such as pitch and formats. ResNet-base, VGG-M based trunk CNN
architectures are used for spectrogram inputs [5].

Probabilistic Models

One category of statistical learning methods is distinguished as latent variable models that
intend to relate a set of observable variables X to a set of latent variables Z based on the number of
probability distributions. A parameters of the probability functions are evaluated by maximizing the
likelihood function with respect to model parameters [5].

@\\.
OO ®

Figure 2.1 - A hierarchical Bayesian representation for a latent variable model with
parameters, latent variables Z, observed variables y and hyperparameters. The shaded node
denotes observations. The unshaded nodes mean latent variables [5]

Based upon the hyperparameters , model parameters are represented by a prior density
p(A]@) . Having the model parameters, the speech training samples x are generated by a likelihood
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function p(¥| A1), which is marginalized over discrete latent variables by

p(x|4) = Z; p(xl4) (1.3)
through a continuous latent variable by

p(x10) = [ pZlA)dz (1.4)
The conditional likelihood with discrete latent variables is expressed by
p¥lxA) =2 p(V.4)=2X; p¥lxd).p(Zl4) (1.5)

Unsupervised, supervised, and semi-supervised models can be adaptably performed and
constructed by optimizing the corresponding likelihood functions in an individual or hybrid style

[5].

The probabilistic methods are complex for real-world applications. There is a variety of
approximate inference algorithms that can solve the optimization problem, but they are generally
hard to derive. Indirect optimization over the evidence lower bound (ELBO) is implemented as an
analytical solution [5]. There are different latent variable models such as Gaussian Mixture models
(GMM), joint factor analysis (JFA), probabilistic linear discriminant analysis (PLDA), factor
analysis (FA), a mixture of PLDA. The GMM-UBM system is a direct generative approach for
speaker verification tasks. In this method, the training phase is preceded by the estimation of s
speaker-independent universal background model (UBM), using a large voice data of several hours.
The UBM is where

A upy = {wup T} oy (1.6)
C is the quantity of Gaussian components, w , is the prior of i-th Gaussian component,
ismeanand £ . -covariance matrix. Each speaker is an adaptation from UBM.

i-vector system is the high dimensional GMM supervector in a total variability (TV) space.
It reduces the supervector into low dimensional factors [1]. Concatenated means of GMM are
presented as

M=m+ &y (1.7)
where ¢ is a low-rank factor loading matrix and m - channel. Mis a supervector of speech
utterance with feature vectors.

Deep Neural Networks

Deep Neural Networks are trained to discriminate between speakers, map variable-length
utterances to fixed-dimensional embeddings that are called x-vectors. Although most speaker
recognition systems are based on i-vectors, x-vectors used like i-vectors bit built on DNN
embedding architectures [6] are used in novel publications. For visual comparison there are i-vector
and x-vector pipelines shown in Figure 3.1

*

L i-vector

speech feature
extraction

Figure 3.1 - The i-vector pipeline [7]
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i-vector

;

x-vector

Al

speech feature
extraction

Deep Neural Network

Figure 3.2 - The i-vector and x-vector pipelines [7]

The x-vector system is based on a framework for speaker recognition. The system is
composed of a feed-forward deep neural network that maps variable-length speech segments to
embeddings that are called x-vectors [8]. Those vectors are classified by trained Gaussian
classifiers. The network is implemented using the nnet3 neural network library in the Kaldi Speech
Recognition Toolkit [3]. The recipe is based on the SRE16 v2 recipe available in the main branch of
Kaldi [8].

The d-vector was developed using multiple fully-connected neural network layers and X-
vectors which are based on the Time-delayed neural networks (TDNN) that are popular in recent
years [7].

Evaluation metrics
For closed-set speaker recognition, accuracy (recognition rate) is the usual performance
measure [4].

RECGQ‘TIL'I'L'GTI rate = #of c::-r'rac.rracc-.gniri::-n (18)
Total #of trials
Other popular measures include the false rejection rate (FRR), the actual decision cost
function (DCF), the minimum decision cost function (min DCF), and the equal error rate (EER).
Their principles are very similar.

The definition of FAR and FRR are the following:
False reject rate (FRR) = Miss probability =

# of trug—speakers rejected (1 9)

Total #.0f true—speaker trials
# of impostors accepted (2 1)

False acceptance rate (FAR) =

Total # of impostors attempts

Concepts of FAR, FRR, ERR are explained in Figure 4.1. They use the distributions of
speaker scores and impostor scores of two speaker verification systems which are System A and
System B.

Number of’
Occurrences

Impostor System B
Scores

4 “4—— Speaker Scores
Distributions 7 \

/ Distributions
\

Figure 4.1 - Distributions of true speaker scores and impostor scores of two speaker
verification systems. EER, FAR, FRR of two systems [4]
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Some results of the comparison and advancements on i-vector based and x-vectors speaker
recognition techniques are presented in Table 1.4 for better understanding.

The primary performance measure for the Conversational Telephone Speech (CTS) Speaker
Recognition Challenge (CTS SRE) in 2019 was a detection cost described as a weighted sum of
false-reject (miss) and false-accept (false alarm) error probabilities. The CTS Challenge primarily
normalized the cost function for a decision threshold 0 [3]

c norm (ﬂ) =P m:’ss(ﬂj + JBXP fﬂ(ﬂj’ (22)
where fis
_ c fa 1-p target
= b4 i
JB € miss E tar get (2 3)
where ¢ .. - is the cost of a missed detection and C fa - the cost of a false alarm.
P, .rge:1S the @ priori probability that the test segment speaker is the specified target speaker. The
primary cost metric, C,,;.., for the CTS Challenge was the average of normalized costs
calculated at two points along the detection error trade-off (DET) curve [3], with ¢, ..=C . =
LP pgee=00LandP .. ... =0.005
Table 1.1 Recent results of EER i-vectors and DNN methods
Year Datasets Evaluation Results
2018 VoxCeleb 1 consists of over | GMM-UBM 15.0
Results for VoxCeleb 1| 100,000 utterances for 1,251
verification [9] celebrities, extracted from videos | I-vectors+  PLDA | 838
uploaded to YouTube [9]. CNN - 1024 102
CNN + Embedding 7.8
2018 Test VoxCeleb2 VGG-M 5.94
Results for verification on | VoxCeleb2 consists of over 1
the original VoxCeleb2 test | million utterances for over 6,000 | ResNet-34 4.83
set [10] celebrities. The dataset is
reasonably gender-balanced, ResNet-50 3.95
where 61% of the speakers are
males
2020 VoxCeleb 1 ResNet34 (TAP+NYS) 3.81
Verification  performance
on full utterance (NS:| VoxCeleb?2 ResNet34 (TAP+NYS) 2.08
Normalized softmax; TAP:
Temporal Average Pooling)
[12]
2020 VoxCelebl test set E-TDNN 4.65
E-TDNN (Densely
Connected Time Delay
Neural Network for
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Speaker Verification) [13]
2020 VoxCelebl test set D-TDNN-SS 1.22
Meta-Learning for Short
Utterance Speaker
Recognition with

Imbalance Length Pairs

[13]

Conclusion

This paper has provided a brief review of Probabilistic Models and deep learning techniques

for speaker recognition. Deep learning techniques such as CNN have been the subject of much
research in recent years. This research considers limitations of traditional techniques and forms a
base to evaluate the performance and limitations of the current deep learning techniques. Further, it
highlights some promising directions for better speaker recognition systems. It is still a non-trivial

task

when recognizing or verifying speakers in poor acoustic conditions. The paper also compares

several model deep learning approaches for speaker recognition tasks, their evaluation metrics and
datasets.

10.

11.

12.

13.
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JxanbioexoBa C.T., Toaran6aeBa I'.A., CapcembaeB A.A.
Pacno3znaBanue ropopsiniero ¢ moMoumb0 rjayookoro o0y4eHust

AHHoOTanusi: B 3T0if craTthe 00CyX)maeTcs Mmepexoa OT TPAAWIIMOHHBIX METOJOB K HOBBIM
apXuUTEKTypaM TiayOoKoro oOyudeHus i pacrno3HaBaHusi roBopsuiero. OH HampaBlieH Ha
CpaBHEHUE TPAJUIMOHHBIX CTATUCTUYECKMX METOJOB M HOBBIX IMOJXOJIOB C HCIOJb30BaHUEM
Mozeneit riyookoro o0ydyenus. Takxke onucaHbl HOBEHIIME METOJbI onTUMU3AIK. V3-3a pa3HbIX
MOJIXO/I0B CYIIECTBYET HECKOJIBKO METOAMK OICHKH. B 3To0ii cTaThe mpencTaBieH 0030p METOA0B
ri1y0oKoro o0yueHus: U o0Cy>KIaeTcsl HeJaBHsA JTUTepaTypa, B KOTOPOH 3TH METO/IbI UCTIOIb3YIOTCS
Ut pacrio3HaBanus peud. O030p OXBaTBHIBAET MCIOIB3yeMble 0a3bl TaHHBIX, PE3YJIbTAThI, BKIIA]] B
pacrno3HaBaHHe PEUU U CBS3AHHBIE C STUM OIPaHUYCHHUS.

KiroueBble c¢JIoBa: paclio3HaBaHHWE TOBOPSINEro, CBEpTOYHAS HEWpPOHHASI CETh, IITyOoKas
HEHpOHHAs CeTh, UACHTU(UKAIIHS 110 TOJIOCY, CUCTEMbI paCcliO3HABAHUSI.

MxanbioexoBa C.T., ToaranoaeBa I'.A., CapcembaeB A.A.
TepeH OKbITY apKbLIbI COMJICYIIIHI TAHY

AngaTna: byn Makanaga ceiseymriiepai TaHy YUIiH A9CTYPIl 9ICTEp/ICH jKaHa TEPEH OKbITY
ApXUTEKTypachlHa KOIly Typaibl aiWTeuiafbl. OJ TEPEHIETUIreH OKBITY MOJCNbICPIH KOJIaHa
OTBIPBIIN JISCTYPJII CTAaTUCTUKAJIBIK OMICTED MEH »aHa TOCUIIAEPIi CalbICThIpyFa OarbITTalIFaH.
CoHBIMEH KaTap OHTaWJIAHABIPYIILIH COHFBI 9icTepi cunarTanrad. COHai-aK opTypIIi Tociigepre
OaillaHbICTHI OaranayneiH OipHeIIe omicTeMeci Oap. bysr Makanama TepeH OKBITY dicTepiHe IOy
Kacanaapl JKOHE Ceiyieyqi TaHy YIIIH OCBl TOCUIIEpAl KOJJIaHATBIH COHFBI 9JIeOHeTTep
tankpuianaael. oy maiinananpuFad MoliMeT 0a3achlH, HOTHDKEIEPIi, Coiieyli TaHyFa KOCKaH
YJIECTEPIH JKOHE OChIFaH OAWIaHBICTHI NICKTEYJIEP I KAMTH/IBL.

Tyiinai ce3nep: ceieyliHi TaHy, KOHBOMIOIMSUIBIK XKYHKe *KyHecl, TepeH KyHKe xKyiecl,
JaybICTBI COMKECTEHIIPY, TaHy KyHenepi.
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REVIEW OF LICENSE PLATE RECOGNITION USING OPTICAL CHARACTER
RECOGNITION

Abstract. With the development of technologies and population increase the need in License
Plate Recognition systems becomes more and more urgent. The police forces, park
management, traffic control employees use LPR to improve their work. LPR system captures
the image from digital camera, then makes pre-processing, character segmentation and character
recognition. This paper is the survey of the OCR techniques and phases, the LPR application
areas with a brief description of algorithms and methods applied by other researchers.

Keywords: License Plate Recognition (LPR), Optical Character Recognition (OCR),
ANPR (Automatic Number Plate Recognition), OCR algorithms, CER (Character Error Rate)

Introduction
Optical Character Recognition (OCR) is the data mining of text from image and then
transforming the text for editing or searching.

License Plate Recognition (LPR) is an image processing mechanism used to
recognize vehicles by their license plates. LPR was invented in 1976 by the UK Police Research
Branch. The first test systems were deployed on the Al road and in the Dartford tunnel. The
first arrest on finding a stolen car was made in 1981 [1]. Creation of an effective LPR system is
one of the most dynamic research spheres that has such applications as traffic control and
optimization, car park management, border control and law enforcement.

The detection and extraction of data from a number plate is the most important part of
the LPR system that influences its overall accuracy. The performance can be hindered by the
presence of noise, rough illumination, blurring, foggy conditions and unclear light. Most LPR
algorithms usually consist of four steps: image capture, number plate detection, character
segmentation and recognition. Character segmentation methods depends on the input image size,
various lightening conditions, license plate location. Therefore, it is irrational to exactly conclude
which method really shows the highest performance.

Literature review

The section focuses on the works previously done by several researchers. Optical
character recognition is a broad topic that has its own history. In 1929, almost a century
ago, Gustav Tauschek received a patent for an OCR method in Germany. The Tauschek
machine was a mechanical device that used templates and a photo detector. The problem of
automatic vehicle number plate recognition has been explored since the mid 90’s.

Survey on OCR

The works of Sarika Pansare et al. [2] and Sukhpreet Singh [3] familiarize with
approaches used for the design of OCR systems. Venkata Rao et al. [4] give the comparison
techniques and explain the phases of OCR. Noman Islam et al. in their work [5] demonstrate
the types of OCR systems: handwriting and machine printed character recognition. The table of
major phases of OCR gives the description and approaches used in OCR which has a wide sphere
of applications [4][5] such as banking, medicine, transportation, etc.
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Algorithms

Most articles in optical character recognition on license plate use Convolutional Neural
Network to extract features and recognize the vehicle number.

Michael Reynaldo Phangtriastu [6] describes the difference between neural network and
support vector machine in OCR by comparing some feature extraction techniques and their
combination.

Joseph Tarigan [7] tries to define the performance of Genetic Algorithms in improving the
learning rate, the number of hidden neurons and the momentum rate on Back Propagation Neural
Network.

Anuja P. Nagare [8] uses Back Propagation and Learning Vector Quantization techniques for
character recognition of license plate image.

The table of Chirag Patel in [9] gives a comprehensive description of 15 works featuring OCR
methods, their type and success rate. The table clearly presents the number plate detection rate and
image size from several papers.

The work of Narendra Sahu et al. [10] reviews the performance examination of optical
alphabet identification and also briefly explains the manuscript processing steps and their potential
difficulties.

The paper of Nur- A- Alam et al. [11] shows the method for detecting and recognizing
vehicle number plates in Bangladesh. The images of the vehicles are caught, and the number plate
districts are recovered by the template matching method. After segmentation, CNN recover the
features of each character categorizing the vehicle city, type and number.

The work of S ‘ergio Montazzolli Silva [12] proposes the Automatic License Plate
Recognition system and uses 5 different datasets to show the results.

Stuti Asthana et al. in their work [13] describe the back-propagation algorithm using two
hidden layers that provides for high accuracy.

Humayun Karim Sulehria et al. [14] apply such methods as Back-Propagation Network, Feed-
Forward Neural Network, Maximum Entropy and Hough Transform, and compare them to the
proposed method.

Two tables in [15] from Divya Gilly accurately describe and compare different License Plate
Recognition systems and License Plate Detection systems.

Phases of OCR

Optical character recognition is the complex process of actions that are usually called phases.
According to Figure 1 they are:

Image acquisition - the digital image of the text is collected using a scanner or a camera,
which can be subject to digitization, binarization and compression.

Preprocessing — a set of techniques such as thresholding and noise removal, used to improve
the quality of the image. It is important because its defects could affect the recognition rates.

Character segmentation - breaking a segment image into component characters. There are two
types of segmentation: explicit and implicit.

Feature extraction — identification of different features from characters, following
segmentation. These features help to identify the character.

Character classification - the process of relating the character features to a corresponding
class. The character classification techniques may be statistical, structural, syntactic.

Post processing is done to perfect the accuracy of an optical recognition system. Natural
language processing, linguistic and geometric contexts are applied to fix errors.
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Figure 1 - Main phases of OCR

OCR techniques

Matrix matching

Matrix matching interprets a character within a pattern and compares it with a library of
character templates.

Fuzzy logic

A fuzzy system receives data input from sensors and concludes findings based on it. Findings
usually serve as the base for a control system.

Feature extraction

The aim of feature extraction is to select such features that increase the recognition rate. Here
each character is introduced like a vector of features.

Structural analysis

Structural analysis recognizes characters by checking the horizontal, sub feature, and sub
vertical forms of the image.

Neural networks

This technology simulates the neural network of the human brain. A neural network tests the
pixels of the image and relates them to the existing index of character patterns.

Application in LPR

Automatic License Plate Recognition ensures automated access to the number plates for
database systems that contain data about vehicle movements.

Parking

Automation and security include payment for parking without a ticket, car theft prevention,
parking access automation, determining the car location.

Access Control

The permission of access to resources based on the users’ personalities and fellowship in
different groups. License plate recognition provides automation access to vehicle control with
enhanced security, car park administration for logistics and events control.

Traffic Control and Optimization
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License plate recognition is especially applied to detect the speed of a moving vehicle. LPR
notes the average speed of cars and mitigates the hurry during traffic jams.

Border Control

Represents the country’s border security from illegal cross border traffic, contraband and
terrorism. It helps to decrease the level of violent crime and raise the social security.

Law Enforcement

License plate recognition contributes to quick recognition of stolen cars based on current
backlist, issuance of fines for red light passage and overspeeding.

Comparison of studied works
Table 1 below presents metrics from other researchers’ work with their progress. It represents
character error rate (CER), character recognition rate (CRR) and accuracy.

Table 1 - Metrics comparison

Works CER/CRR Accuracy
[16] Chinese license plates — 98.5%
[17] LPRNet — 95 %
[18] Bangladesh license plates 1 — 99.6%
[11] Bangladesh license plates 2 90.9% 98.2%
[19] Efficient NN 90.93% —
[20] UK number plate — 98.9%
[21] Greece LPR 95 % —
[22] Practical LPR 95.6% —
[23] UK binary character 97.3% —

Conclusion

The research paper aims at general familiarization with the OCR and LPR systems based on
all collected information. It considers the basic principles of OCR work, the works of other
researchers and their proposed methods.

This article is one of the most important stages preceding presentation of the dissertation
paper focusing on the development and comparison of OCR models using neural networks.
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Cagneposa /I.K., Capcem0baeB A.A.
Tan0anapabl ONTHKAJIBIK TaHY/AbI NAMIAJaHY apKbLIbI HOMipJiep Oerinepin
TaHyFa 10y MaKaJachl

AngaTna. TexHONOTHUSHBIH KapbIIITaIl JaMybl XaJIbIK CAHBIHBIH apTYBIMEH HOMIpPIEpP/Il TaHy
JKYHeNepiHe JEereH KaXeTTUIIK — eH o3ekTi moacene. [lommmeiiep, casbak OackapMachl, KOJ
KO3FaJIBICBIH 0acKapy 3 >KYMBICHIH JkakcapTy ymiH LPR maiimanamansl. LPR xylieci caHmbIk
dboTokaMmepasaH KecKiH Tycipedi, cofaH KeliH aiaplH ajna  eHJeydi, TaHOamapisl
CerMEHTAIMSUIAY bl JKOHE TaHOanmap/ sl TaHyAbl Ky3ere aceipanbl. byn makanma OCR omictepi men
Kanamaapeid, LPR KockiMmanapeiH kepceTeTiH Ooibiln TaObLIaAbl jKoHE 0acka 1a 3epTTeyIliiep
KOJIJIAaHATBIH aJITOPUTMIEP MEH 9JIicTepre KhICKAIIa IOy KacallbIl, CUIIaTTama Oepe/ii.

Tyiiinai cesmep: Hemipnepai tany xyienep (LPR), tan6anapasr ontukansik Tany (OCR),
OCR anropurmaep.

Caneposa /I.K., CapcembaeB A.A.
O030pHAast cTaThsl PACNO3HABAHUSA HOMEPHBIX 3HAKOB € MCIO0JIb30BAHHEM ONTHYECKOI0
pacno3HaBaHUsl CHMBOJIOB

Annorauus. C pa3BUTHEM TEXHOJIOTHH M YBEIIMYCHUEM HACEICHUS MTOTPEOHOCTh B CUCTEMaX
pacrio3HaBaHMs HOMEPHBIX 3HAKOB CTaHOBUTCS Bce Ooniee u Oonee akryanbHOW. [lonumius,
yIIpaBJIeHUE TapKaMH, YIpPaBIeHHE JOPOKHBIM IBIDKEHHEM HUCTHonb3ytoT LPR mis ymydmenus
cBoelt paboTsl. Cucrema LPR 3axBarbiBaeT n3o0Opaxenue ¢ HuppoBoil KaMepbl, 3aTEM BBIIOIHSIET
MpeaBapUTENIbHYI0 00pabOTKYy, CErMEHTAMI0O W paclio3HaBaHWE CHUMBOJOB. JlaHHas cCTaThs
npeacTaBisier coboit 0030p, KOTOpbIM mokas3biBaeT Metonabl U 3tanel OCR, o0nacti npumMeHeHus
LPR wu onpaer xpaTkoe omnucaHue ajaropuTMOB U  METOAOB, TNPUMEHSEMBIX JPYTMMH
HCCIIeI0BATEINSIMHU.

KiroueBble cioBa: ONTHYECKOE pPACMO3HABAHWE HOMEPHBIX 3HAKOB, OINTHYECKOE
pacrio3HaBaHHe CUMBOJIOB, aJITOPUTMBbI ONITUYECKOTO paclio3HaBaHMsI, YaCTOTa OUIMOOK CUMBOJIOB.
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RESEARCH ON THE EXISTING IMAGE CLASSIFICATION METHODS

Abstract. Image classification is a topical issue in data science, which is applied in many
areas. It is the process of getting classes of information from a multichannel bitmap using
specific rules. There are three approaches to image classification - supervised, unsupervised
and object-based. Support Vector Machines, Artificial Neural Network, Decision Tree,
Convolutional Neural Network are the solution methods used for image classification.
Choice of the classification approach depends on the way an analyst interacts with the computer.
The whole process boils down to image stack acquisition, preprocessing and classification.

Keywords: image processing, Support Vector Machines, Artificial Neural Network, Decision
Tree, Convolutional Neural Network

Introduction
The problem of image classification consists in getting the image as an input and outputting its
class or a group of probable classes that best characterize the image. For people, this is
completely natural and simple. It is one of the first skills from birth. On the contrary, the computer
"sees" only the pixels of the image, which have different colors and intensity. The classification
process falls down into the following steps: preprocessing of digital data, feature extraction,
selection of training data, decision and classification.

Supervised classification uses spectral signatures obtained from training samples. It means
that the user can select sample pixels in an image and use them as references for the classification of
all other pixels.

Unsupervised classification finds spectral classes (or clusters) in the multi-image without
the analyst’s intervention. The computer uses special techniques to determine the related pixels
and group them into classes.

Object-based classification segments an image by grouping pixels based on their
spectral characteristics and generates objects with different geometries.

At the same time, it is hard to determine and classify an object, because of the
variation between the images of same class, viewpoints, scales or background clutter.

Image classification solves various problems in  such areas as medicine,
environmental change, education, agriculture, object detection and security.

Related work

The paper by Sunayana G. Domadia [1] describes supervised and unsupervised image
classification techniques by implementing and analyzing their accuracy and time. The author
uses the k-means algorithm based on a minimum distance while other algorithms are
based on probability distribution.

Desheng Liu et al. [2] explain the advantages and the limitations of an object-based approach
in image classification, in comparison with a pixel-based approach. Their conclusion is based on the
differences in the classification functions and classification units.

The paper by Abass Olaode [3] identifies dimension reduction and clustering algorithms as
the main classes needed in unsupervised image classification.

Le Hoang Thai [4] describes image classification in terms of the process of implementing
Artificial Neural Network together with Support Vector Machine.
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Farhana Sultana [5] explains the use of different Convolutional Neural Network architectures
for image classification.

The paper by Majid Shadman Roodposhti [6] shows the assessment techniques which do not
depend on the test data. It compares the efficiency of using deep neural networks (DNN) with the
well-known random forest (RF) technique.

Image classification process

The stages of image classification are digital data, preprocessing, feature extraction, selection
of training data, decision and classification, classification output and accuracy assessment. As
demonstrated in Figure 1, the first stage is about downloading image files from the web. Then
damaged and non-image files, small images should be removed, large images should be
downscaled, and the remaining part should be encoded in RGB. The third stage is the determination
or computation or finding out the characteristics from the image sample. The next stage describes
the choice of the specific attribute that best characterizes the pattern. Then in the decision and
classification stage the detected objects are classified into predetermined classes by applying an
appropriate method. This method compares image sample with the target one. The classification
output is the prediction result with a suitable label attached to the object. The last stage, called
accuracy assessment, describes the recognition of probable sources of errors. Also, it is used in the
comparison as a detector.

( Digital Data )
v

( Preprocessing )
v

( Feature extraction )
v

( Selection of training data )

C Decision and classification )
v

( Classification output )
v

( Accuracy assessment )

Figure 1 - Image classification steps

<

Application
Image classification is applied in different areas such as:
 Automatic control in production applications;
« Assisting humans with identification tasks such as a species identification system;
« Control processes for industrial robots;
« Event detection for visual observation or people counting;
« Interaction tasks for human-computer interaction devices;
» Modeling objects or environments, such as medical image analysis or topographic modeling;
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+ Navigation by an autonomous vehicle or a mobile robot;
« Organizing information for indexing image databases and image sequences.

Most popular classification methods

Convolutional Neural Network (CNN) is the most famous model applied in image
classification. The main advantage of CNN is that the model understands the image on the local
level. A small number of parameters significantly reduces the time and the amount of data needed
to train a model.

Support Vector Machines (SVM) are the supervised learning models, where the algorithm
builds hyperplanes to divide the data into classes. SVM is accurate in high dimensional spaces and
uses memory effectively because of a subset of training points in the decision function.

Acrtificial Neural Network (ANN) is a computing system that comes from biological neural
networks. ANN have adaptive weights on the way between neurons, that can be regulated by a
learning algorithm. To improve the model, this algorithm learns from the observed data.

Decision Trees (DT) is a supervised learning technique, that can train samples and create a
decision tree. DT consists of levels called root nodes, sub-nodes and leaves. The nodes are
connected by branches that show the classification direction.

Benefits and drawbacks
Table 1 below presents a comparison of the benefits and drawbacks of various image classification
methods.

Table 1 - Classification methods comparison

Advantages Disadvantages

automatically detects the important

Convolutional Neural Network features, computationally efficient, high computational cost

(CNN) highly accurate
effective in high dimensional spaces, | not suitable for and takes a long
Support Vector Machines (SVM) memory efficient, less risk of training time with large data sets,

overfitting depends on noise

parallel processing capability, a
distributed memory, very efficient
for large data sets, robust to noise in
the training data

Artificial Neural Network (ANN) high computational cost

requires less effort for data
preparation during pre-processing,
does not require normalization of
data

Takes longer time to train a model, a
small change in data can cause a
large change in the structure

Decision Trees (DT)

Conclusion

In this paper we have analyzed the supervised, unsupervised and object-based approaches to
image classification. We have defined the most popular classification methods and have figured out
their benefits and drawbacks. This will help researchers choose the most suitable classification
method according to their requirements.

Convolutional Neural Networks and Artificial Neural Networks are most suitable and popular
methods for solving image classification problems. One of their common disadvantages is high
computational cost, but the benefits of using them are much greater.
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Caneposa /I.K., CapcembaeB A.A.
Koananbicrarsl OeliHesiepai KikTey daicTepiH 3epTTey

Anparna. Keckinaep/i xiKTey — KOITEreH cajanap/ia KOJAaHbUIAThIH JePEeKTaHyaFbl ©3€KT1
TakbIpbIll. By HaKTHI epexkenepii KOoJJaHa OTBHIPHIN, KON OJAKThl PacTPIbIK KapTagaH akmapaT
any npoueci. Keckinai KikTeyaiH yu 9fici 0ap: OakplIaHATBIH OKBITY, OaKblIayChl3 OKBITY JKOHE
00BbeKTUTIK. ONapAbIH KOJAAHBUTYbl KIacCU(UKAIMS Ke31H e TaaAaylIbIHBIH KOMIIBIOTEPMEH 63apa
opekerrecyiHe OainaHbICTbl Oomajbl. [IporecTiH OapiblFbl KECKiHAEp CTETiH ally/aH, ajblH aia
OHJIEY MEH XIKTelyleH Typajbl. Tipek BEKTOPJIBIK MalllMHajap, >KacaH/abl HEHPOHMBIK Kemiep,
HIEMIM aFamTapbl, KOHBOJIOMSUIBIK HEUPOHIBIK JKEIIEp — KeCKIHAEP 1 XKIKTEY dJIicTepi.

Tyiiinai ce3nep: KeckiHai ©HIEY, TIpeK BEKTOPJIBIK MaIIXHANAP, )KacaH/Ibl HEMPOHIBIK e,
LIEIIIM aFallbl, KOHBOJIOLMSUIBIK HEHPOHIBIK HKeJll.

Caneposa /I.K., CapcembaeB A.A.
HccnenoBanue cymecTBYIOMMX METOAOB KJIACCH(PUKALIUYA N300paKeHUH

AnHoTauus. Knaccudukanus n3o06paxeHuil siBiseTcs akTyaJbHOM TeMOH B HayKe O JIaHHBIX,
KOTOpasi MPUMEHSIETCS BO MHOTHX 00JacTaX. JTO MpOIecC MOJIyYeHHs KJIAacCoB MH(popManuu u3
MHOTOKaHaJIbHOTO PACTPOBOTO H300pa)K€HHs C HCIOJB30BAaHUEM OIPEAEICHHBIX IpPaBUIL.
CymecTByeT Tpu MeToja Kiaccuukanuum u3o0pakeHHid: oOydyeHue ¢ yuureneM, oOyueHue Oe3
yautenass U oObeKTHbIH. VIX mpuMeHeHue 3aBHCHUT OT TOro, Kak aHAJUTHK B3aHMMOJCHCTBYET C
KOMIIBIOTEPOM BO BpeMs Kiaccupukanuu. Bech mpolecc COCTOMT U3 MOJNyYeHHs CTeKa
M300pakeH, mpenBapuUTeNbHON 00paboTKU U Kiaccupukanuu. MalinHbl OMOPHBIX BEKTOPOB,
UCKYCCTBEHHasl HEHWPOHHAsl CETh, JIEPEBO DEIIECHUM, CBEPTOYHAs HEWPOHHAs CETb — BCE ITO
METO/IbI KJIacCU(UKALIMU N300paKeHUI.

KiroueBbie ciioBa: 00paboTka n300pakeHU, MalllMHbl OMOPHBIX BEKTOPOB, UCKYCCTBEHHAS
HEUPOHHAs CETh, IEPEBO PEUICHUI, CBEPTOUYHAS HEUPOHHASI CETh.
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YHUBEPCHUTETI.
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Abstract. This work shows the current architectures of convolutional neural networks for
diagnosing medical images in the lungs and brain, the algorithms are implemented in the Python
programming language using the libraries for working with neural networks. It presents the results
of comparing time and resources needed for model training which demonstrate a higher accuracy of
early diagnosis achieved by using the current architectures of convolutional neural networks.
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Introduction
The main purpose of this work is to identify relevant architectures for the possibility of early
diagnosis of pulmonary diseases and building fast, low-cost models in a modern programming
language.

About CNN in medicine

Neural networks are nonlinear systems that allow of much better classification of data than
the commonly used linear methods. When applied in medical diagnostics, they make it possible to
significantly increase the accuracy of the method without reducing its sensitivity.

Diagnosis is a special case of classification of events, highly valuable in relation to those
events that are not present in the training of a neural network set. The advantage of neural network
technologies is manifested here - they are able to carry out such a classification, summarizing
the previous experience and applying it to new cases.

Machine learning techniques help efficiently analyze medical images, namely, when
identifying tumors in CT scans, magnetic resonance imaging (MRI) and positron emission
tomography (PET).

The advantages of automatic processing of medical images are obvious:

1. Faster diagnosis of diseases.

2. Convenience of using software tools.
3. Reduced data error rate.

About data sets

Pneumonia is one of the most frequent causes of mortality among older persons and children.

According to WHO, in 2017, the cause of death from this disease was globally diagnosed in
15% of cases among children up to 5 years. Diagnosing pneumonia is challenging, as beyond
radiographic analysis such a diagnosis requires confirmation by the medical history data. In X-ray
images pneumonia usually manifests itself as a region or regions of increased opacity [6]. However,
its diagnosis is difficult due to a number of other conditions in lungs such as fluid (pulmonary
edema), bleeding, volume loss (atelectasis or collapse), lung cancer, post-radiation or surgical
changes.

In order to help radiologists diagnose pneumonia, North American Radiological Association
(RSNA) in collaboration with the US National Institutes of Health, Thoracic Society radiology and
MD.ai organized a discovery competition on diagnosing pneumonia from X-rays on the Kaggle
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platform. The supplied dataset contained 26,684 unique X-ray images, containing 3 classes of labels
(without pathology - 29%, with pathology, but without darkening - 40%, with darkening - 31%). All
images with blackouts were marked as rectangular areas indicative of pneumonia. The images were
divided into training (23,115), validation (2569) and test (1000) samples. To reduce the impact of
retraining the obtained models on a test sample at the first stage, at the end of the competition, the
organizers added a closed test part containing an additional 3000 images.

RetinaNet

The architecture of the convolutional neural network (SNS) RetinaNet consists of 4 main
parts, each of which has its own purpose:

1. Backbone is a core network used to extract features from an input image. This part of
the network is variable and its basis may include classification neural networks such as ResNet,
VGG, EfficientNet and others;

2. Feature Pyramid Net (FPN) - a convoluted neural network built in the form of a
pyramid, serving to combine the merits of maps of features of the lower and upper levels of the
network, in which the former have a high resolution, but low semantic, generalizing ability; and the
latter - vice versa;

3. Classification Subnet - a subnet that extracts information about object classes from
the FPN, solving the classification problem;
4. Regression Subnet - a subnet that extracts information about the coordinates of

objects in the image from the FPN, solving the regression problem.
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Figure 1 - Architecture of RetinaNet s backbone-network ResNet

Backbone part of the network RetinaNet

Given that the part of the RetinaNet architecture that receives the image and highlights
important features is variable and the information extracted from this part will be processed in the
next stages, it is important to select the appropriate backbone network for the best results.

Mask R-CNN as a backbone for RetinaNet

Mask R-CNN develops the Faster R-CNN architecture by adding another branch that
predicts the position of the mask covering the found object, and thus solves the instance
segmentation problem. The mask is simply a rectangular matrix, in which 1 at some position means
that the corresponding pixel belongs to an object of a given class, 0 - that the pixel does not belong
to such an object.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
106



UHTEJJIEKTYAJIJIbI ’KYWEJIEP |

This ensemble of two architectures diagnoses pneumonia with a high accuracy.

Figure 2 - Mask R-CNN results in chest-x-ray pictures

VGG16

VGG16 is a convolutional network for image extraction which is one of the most famous
models sent to the ILSVRC-2014 competition. It is an improved version of AlexNet, which replaces

the large filters (size 11 and 5 in the first and second convolutional layers, respectively) with several
3x3 filters one after the other.
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Figure 3 - Architecture of VGG16

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021

107



| NHTEJUIEKTYAJIBHBIE CUCTEMBbI |

The input of the convl layer is RGB images with the size of 224x224. The images then
go through a stack of convolutional layers that use filters with a very small 3x3 receptive field
(which is the smallest size for getting an idea of where the right / left, top / bottom, center is).

One of the configurations uses a 1x1 convolutional filter, which can be represented as a
linear transformation of the input channels (followed by non-linearity). The convolutional step is
fixed at 1 pixel. The spatial padding of the input of the convolutional layer is chosen so that the
spatial resolution is preserved after convolution, that is, the padding is 1 for 3x3 convolutional
layers. Spatial pooling is done using five max-pooling layers that follow one of the convolutional
layers (not all convolutional layers have subsequent max-pooling layers). The max-pooling
operation is performed in a 2x2 pixel window with a step of 2.

After the stack of convolutional layers (which has different depths in different
architectures) there are three fully connected layers: the first two have 4096 channels, the third has
1000 channels (since the ILSVRC competition requires to classify objects into 1000 categories;
therefore, one channel corresponds to a class). The last is the soft-max layer. The configuration of
fully connected layers is the same in all neural networks.

(b)

Figure 4 - VHH16 results in chest-x-ray pictures

Unfortunately, the VGG network has two major drawbacks:
1. Very slow learning speed.
2. The network architecture itself is too heavy (disk and bandwidth issues appear)

Due to the depth and number of fully connected nodes, VGG16 weighs over 533 MB.
This makes the VGG deployment process a tedious task. Although VGG16 is used to solve many
classification problems with neural networks, smaller architectures are preferred (SqueezeNet,
GoogLeNet, and others). Despite its drawbacks, this architecture is a great building block for
learning, as it is easy to implement.

U-Net

The U-Net convolutional network was designed with medical imaging in mind. It
achieves high accuracy and uses small datasets.

The network is trained end-to-end on a small number of images and outperforms the
previous best method (sliding window convolutional network) in the ISBI competition for
segmentation of neural structures in electron microscopic stacks.

Using the same network that was trained on transmission light microscopy images, U-Net
ranked first by a large margin in the 2015 ISBI competition for cell tracking in these categories.

U-Net conforms to the codec architecture. The encoder is gradually decreasing
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spatial dimension by combining layers, and the decoder gradually restores the object detail
and spatial dimension. There are also fast connections from encoder to decoder to help the decoder
better reconstruct the object details.
The network does not have fully connected layers and only uses the valid
part of each convolution, that is, the segmentation map contains only the pixels for which
the full context is available in the input image. For high-quality segmentation Unet
increases the amount of data by deforming the existing images.
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Figure 5 - U-Net architecture

Each blue square corresponds to a multichannel feature map. The number of channels is
shown at the top of the rectangle. The x-y dimensions are shown in the bottom of the left edge of
the rectangle. White rectangles represent copies of the map properties.

The U-Net consists of a declining part (left side) and an expanding part (right side).

The tapering part corresponds to a typical convolutional network architecture. It consists
of the repeated use of two 3x3 convolutions (convolution without indentation), followed by the
ReLU activation function. Then comes a downsampling layer with a 2x2 filter and step 2 to
compact the feature map. At each step of downsampling, we double the number of feature channels.

Nl

Chest X-ray Image Area to be segmented (U-Net) Segmented image
(a) (b) (c)

Figure 6 - Lung segmentation using U-Net before training the convolutional neural network: (a) the
original chest X-ray image, (b) a mask of lung structures segmented through U-Net, and (c) the
final segmented image of the lungs.
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Opaszanun A., Mypcaaues JI.E., Ceprazuna A.C.
AKTyaJIbHbIe CBEPTOYHbIE APXUTEKTYPbI HEHiPOHHOM CeTH Il AUATHOCTHUKH MeJIMIHHCKHX
H300pakeHui

AHHoTanusi. B nanHON paboTe TMOKa3aHbl aKTyalbHbIE aPXUTEKTYpbl CBEPTOYHBIX
HEHPOHHBIX CeTed M JUAarHOCTUPOBAaHUS MEIULMHCKUX H300pakeHUM B 00JacTH JIETKUX H
TOJIOBHOTO MO3ra. AJITOPUTMBI peaM30BaHbl Ha S3bIKe MporpaMMupoBanus Python u npu momoru
II0JIE3HBIX OMOIMOTEK 1151 pabOThl C HEMPOHHBIMU ceTAMU. IIpencTaBiieHbl pe3yabTaThl CpaBHEHUS
BpEMEHH M pecypcoB aisg oOyuenuss mozeneid. Ilo pesymbraram ObLI cienaH BbIBOA O Oosee
BBICOKOW TOYHOCTH PaHHEro JUarHOCTHPOBAHMS C MOMOIIbIO aKTyaJIbHbIX Ha CErOJHSIIHUN JIEHb
ApPXUTEKTYp CBEPTOYHBIX HEHPOHHBIX CETEH.

KutroueBblie ciioBa: cBepTOUHbIE HEHPOHHBIE CETH, MEUIIMHCKUE N300paXKeHMsI, THEBMOHUS,
Python, oOHapyxeHHe o0beKTa.

Opasamn A., Mypcaiaues /ILE., Cepra3una A.C.
MennunHaJbIK KeHiHIIK TMAarHOCTUKAFA APHAJIFAH KOHBOJIOUMSJIBIK,
JKYHKeJIK KeJIl apXUTeKTypPachl

Anparna. byn okyMmpicTa ©KIe MEH MM ailMarblHJaFrbl MEIUIMHANBIK KECKIHAEPIl
JMArHOCTHKANayFa apHaJIFaH KOHBOJIOIUSUIBIK JKYHKE OJKETUIepiHIH Kasipri apXUTEKTypachl
KepceTuireH, anroputmzaep Python Oarnapnamanay TiniHAE KoHE KYIHKE XKeNJIEPIMEH KYMBIC ICTey
YIIiH Taianel KiTamxaHanap/sl KOJJIaHa OTHIPHIN XKYy3ere achlpbiianbl. OKy YiTiIepi YIIiH yaKbIT
MIEH pecypcTapibl CABICTBIPY HOTHOKeNepl KenripuireH. HoTmxenep OONBIHIIA KOHBOJFOIUSIIBIK
KYWKe KeNJIepiHiH Ka3ipri apXUTEKTypachlH KOJJAaHa OTBIPHIN, €pTE JUArHOCTUKAHBIH KOFaphI
JIOJIITT TYpaJibl KOPBITBIH/IBI )KaCcaJI IbI.

Tyiiinai ce3nep: KoHBOMIONUSIIBIK JKYHKE Keiiepi, MEAUIIUHAIBIK OeiiHesey, MHEeBMOHHUS,
Python, o6bekTiHI aHBIKTAY.

ABTOpJIap TypaJjbl MAJIiMeT:

Opa3zanun A3umxaH «MaTeMaTUKaIbIK KOHE KOMITBIOTEPIIIK MOJENbAey» KadeapachlHbIH
MarucTpaHThl, XaJlbIKapaJblK aKIapaTThIK TEXHOJOTUSIAP YHUBEPCUTETI,.

MypcaaueB Jloypen Epaxmeryibl, «MaTeMaTUKaIbIK *KOHE KOMIIBIOTEPIIK MOJEIBICY
KaeapachIHbIH MarucTpaHThl, XalbIKapaiblK aKIapaTThIK TEXHOJIOTHSIIAp YHUBEPCUTETI.
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PREDICTING BASKETBALL RESULTS USING DEEP LEARNING ALGORITHMS

Abstract. With the development of information technology and an ever-expanding statistical
base, the possibilities for forecasting are expanding, and the dependencies of the calculated
indicators on the result are considered. In this article we compare 3 most widely spread game result
prediction models, and namely, Support Vector Regression, K-Nearest Neighbor model and
the Linear Regression model in terms of their prediction accuracy and experimentally demonstrate
the advantages of the latter.

Keywords: deep learning, machine learning, prediction models, regression technique, data
analysis

Introduction

Today, there are many new basketball metrics used by fans and analysts around the world to
compare and measure players. For example, there is a Player Performance Rating (PER) that
considers achievements such as field goals, free throws, 3 pointers, assists, rebounds, blocks
and interceptions, and negative results such as missed shots, turns and personal fouls. Some of
these advanced basketball metrics, such as PER, are great for measuring a player's
performance in a basketball game. Yet, does this mean that the player will bring success to his
team? May be. But the only way to see if a player succeeds is his victory. Many sports betting
fans are interested in predicting the results. It is also the subject of sports analytics. Since for the
most reliable forecast it is necessary to consider and correctly analyze a large complex of sports
characteristics, the use of various Al methods is quite logical.

When developing your own software tool, where you can consider all the nuances of the
problem like the prediction result of the game being solved, you should adjust it for
yourself. However, it is obvious that this path requires much more effort and time. But it is also
obvious that the result obtained will be more accurate. Naturally, to go down this path, you need not
only to have sufficient qualifications in the field of artificial intelligence, but also to program well
yourself. Also, it is necessary to know about deep learning, machine learning, the prediction
models like Linear Regression, Support Vector Machine, and k-Nearest Neighbors Regression
Model etc., to use them for predicting the result of a basketball game.

Data analysis and exploration

Analysis of the source data. Data Preparation is a very laborious iterative process that takes up
to 80% of all resource and time costs in the Data Mining life cycle and includes the following tasks
for processing the initial ("raw") data [12]:

e Data examining - choice of highlights (or indicators) and objects, considering their
significance for the purposes of Information Mining, quality, and specialized imperatives (volume
and sort).

e Data cleansing - expelling typos, erroneous values (for illustration, a number in a string
parameter, etc.), lost values (Lost Values or NA), barring copies and diverse depictions of the same
protest, reestablishing uniqueness, judgment, and coherent associations.

e Feature Generation - creation of the determined highlights and their change into vectors
for the Machine Learning show, as well as introduction of changes to enhance the precision of
machine learning calculations.
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e Integration - consolidating information from different sources (data frameworks, tables,
conventions, etc.), counting their conglomeration, when unused values are calculated by summing
data from a set of existing records.

e Formatting - syntactic changes that do not alter the meaning of the information, but are
required for modeling devices, for sorting cases in a particular arrangement or expelling superfluous
accentuation in content areas, trimming "long" words, adjusting genuine numbers to integrability,
etc.

Model Selection and Testing

To improve the accuracy of predictive models, it is necessary to apply appropriate machine
learning methods. Depending on the nature of the business problems under consideration, different
approaches are used, considering the types and volumes of data. This section introduces the
categories of machine learning. There are such algorithm models used in building a prediction
program as:

e Linear Regression

e  Support Vector Regression

e K-Nearest Neighbour

Linear Regression. Linear Regression is meant to predict continuous numeric variables. In
expansion, the adjusted adaptation of straight relapse actualized within the Deductor analytical
platform also allows of solving the classification problem.

Linear Regression is maybe one of the foremost well-known and popular calculations and
insights in machine learning.

Predictive modeling is essentially concerned with decreasing model errors or, in other words,
making predictions as accurate as possible. We will borrow calculations from different areas,
counting measurements, and utilize them for this reason.

Benefits of Linear Regression:

e The quickness and ease of obtaining the model.

e Interpretability of the show. The straight show is straightforward and justifiable for the
examiner. The gotten relapse coefficients can be utilized to judge how a specific calculation
influences the result, and to draw extra valuable conclusions on this basis.

e Wide appropriateness. Numerous genuine forms in financial matters and trade can be
depicted by direct models with adequate exactness.

Knowledge of this approach. For Linear Regression, typical problems (for example,
multicollinearity) and their solutions are known, tests for assessing the static significance of the
resulting models are developed and implemented.

SVM. SVM is a supervised learning algorithm used to solve classification problems. Here the
most thought-of the strategy is to exchange the beginning vectors to a space of higher measurement
and hunt for an isolating hyperplane with the biggest hole in this space. Two parallel hyperplanes
are developed on both sides of the hyperplane isolating the classes. The isolating hyperplane will be
the hyperplane that makes the most prominent remove to two parallel hyperplanes. The calculation
accepts that the more noteworthy the contrast or remove between these parallel hyperplanes, the
smaller the normal blunder of the classifier will be.

Advantages of SVM:

e Fast classification method.

e The method is reduced to solving a quadratic programming problem in a convex domain,
which usually has a unique solution.

e The method allows for more confident classification than other linear methods.

Disadvantages of SVM:

e They have a long learning curve, so in practice they are not suitable for large datasets.
Another disadvantage is that SVM classifiers do not work well with overlapping classes.
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The important concepts in SVM are as follows:

e Support vectors - The data points that are closest to the hyperplane are called support
vectors. The dividing line is defined using these data points.

e Hyperplane - It is a decision plane or space that is divided between a set of objects that
have different classes.

e Margin - This can be defined as a gap between two lines at the data points of a cabinet of
different classes. It can be calculated as the perpendicular distance from the line to the support
vectors. Large margins are considered good margins, and small margins are considered bad ones.

The main purpose of SVM is to subdivide datasets into classes to find the maximum limit
hyperplane (MMH), and this can be done in the following two steps:

e First, the SVM iteratively generates hyperplanes that best separate classes.

e It will then select the hyperplane that separates the classes correctly.

K-Nearest Neighbour. KNN stands for k Nearest Neighbor or k Nearest Neighbors - it is one
of the simplest classification algorithms, sometimes used in regression problems. Due to its
simplicity, it is a good example from which to start exploring the field of Machine Learning. This
article describes an example of writing the code of such a classifier in Python, as well as visualizing
the results obtained.

The allocation issue in machine learning is the issue of allotting a question to one of the
predefined classes based on its formalized highlights. Each of the objects in this issue is referred to
as a vector in an N-dimensional space, each measurement in which may be a depiction of one of the
object's qualities. Let us say we need to classify monitors: the measurements in our parameter space
will be the diagonal in inches, the aspect ratio, the maximum resolution, the presence of an HDMI
interface, cost, etc. The case of text classification is somewhat more complicated, for this purpose
the term-document matrix is usually applied.

Literature Review

The articles discuss the most interesting trends in machine learning and artificial intelligence
formed at the beginning of 2018 outside of specific mathematical methods for optimization,
processing, and analysis of data. There is an increasing attention of researchers to the question of
methodologies, or metamodels (from the English metamodel): the principles of using, combining,
and choosing specific models and methods of machine learning. A long-term progress in the
development of machine learning methods has spawned not only a variety of mathematical,
software, and even hardware solutions designed for predictive and generative data analysis tasks in
various fields, but also encountered many difficulties and obstacles along the way.

The main difficulty that a person faces in the process of getting to know the field of machine
learning is a huge number of disparate methods, each of which has its own features, area of use and
benefits. However, this diversity sometimes baffles sophisticated researchers. With the development
of mathematical and algorithmic methods it becomes more and more difficult to navigate well in all
the nuances of the applied algorithms. Unfortunately, the methodological base lags far behind the
rapid process of developing new learning algorithms, and the process of choosing a trainable model
sometimes comes down to a simple search.

Despite the rapid development of machine learning in the last decade, artificial intelligence
remains a very vague concept. It includes many subject areas, from time series prediction to
generating plausible images on a specific topic. Machine learning methods, which form the
computational basis of artificial intelligence technologies, remain highly specialized for each
specific task.

Support vector machines - the concept of the algorithm is, as in the case of logistic regression,
in the search for a dividing plane (or several planes), however, the way to search for this plane in
this case is different - a plane is searched so that the distance from it to the nearest points -
representatives of both classes — is as long as possible, for which methods of quadratic optimization
are usually applied.
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Lazy classifiers (Lazy learners) - a special kind of classification algorithms, which, instead of
pre-building a model and then, based on it, making decisions about assigning an object to a
particular class, hinge on the idea that similar objects most often have one and the same class. When
such an algorithm receives an object for classification as an input, it searches among previously
viewed similar objects and, using information about their classes, forms its prediction regarding the
class of the target object.

In their article "Machine learning approaches to predicting basketball game outcomes"
Sushma Jain and Harman deep Kaur discuss the difference between the execution of the NBAME
model with conventional machine learning classifiers and show that the NBAME demonstrates the
next expectation exactness rate (74.4%). To illuminate the inadequacies of SVMs, Pai et al. and
Kaur et al. utilized SVMs combining separate choice rules and fluffy rules, to create unused
prescient coordinate result models. The result illustrated that the models accomplished higher
precision than did the routine SVMs.

In article of Chenjie Cao entitled "Sports Data Mining Technology Used in Basketball
Outcome Prediction™ the author focused on two machine learning models, SVM and hybrid fuzzy-
SVM (HFSVM) to predict NBA games. Their dataset is restricted to the regular season 2015-2016,
which is split into training and test sets. The hybrid Fuzzy-SVM model combines the advantages of
the fuzzy model and the SVM for a basketball match result prediction. They claim to have been able
to get better game results in terms of their accuracy, it is observed that this study, with its 79.2%
accuracy rate achieved by using the suggested CNFS model, has the highest accuracy rate among all
the studies.

You can see that classification algorithms can have a variety of ideas in their basis and, of
course, for different types of problems they show different efficiency. So, for problems with a small
number of input features, rule-based systems can be useful, if it is possible to calculate some
similarity metric for the input objects quickly and conveniently using lazy classifiers. As for the
problems with a very large number of parameters, which are difficult to identify or interpret, such as
image or speech recognition, neural networks are becoming the most appropriate classification
method.

Experimental part

There is a process of creating prediction models below with math statistics like the mean
squared error, the mean absolute error and the variance score. So according to the metrics of each
model, we will have a chance to select the best prediction model.

Figure 1 illustrates the process of creating the Linear Regression model:

# Create the Linear Regression model

linReg = linear model.LinearRegression()
linReg.fit(x_train, y_train)

linReg.predict(x_test)
y_lin pred = linReg.predict(x_test)

print('Score: ¥.3f" % linReg.score(x_train, v_train))

print({'Mean squared error: X.3f" % mean_squared_error{y_test, y_lin_pred))
print('Mean Absclute error: %.3f' % mean_absolute error(y test, y lin pred))
print({'Variance score: ¥.3f" % r2_score(y_test, y_lin_pred))

Score: @.918

Mean squared error: 1.887
Mean Absolute error: B8.761
Variance score: 2.888

Figure 1 - Linear Regression Model
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Figure 2 shows the creation of the Support Vector Regression model with math points

# Create the Support Vector Regression model

svr = SVR(kernel="rbf', gamma=1le-3, C=158, epsilon=8.3)
svr.fit(x_train, y_train.values.ravel())

y_svr_pred = svr.predict(x_test)

print(’'Score: %.3f"' % svr.score(x_train, y_train))

print{"Mean squared error: %.3f" % mean_squared error(y_test, y svr pred))
print('Mean Absclute error: %.3f' % mean_absolute_error(y_test, y_svr_pred))
print('vVariance score: %.3f" % r2_score(y_test, y_svr_pred))

Score: 8.936

Mean squared error: 1.562
Mean Absolute error: 1.838
Variance score: 8.814

Figure 2 - Support Vector Regression Model

Figure 3 demonstrates the creation of the k-Nearest Neighbors Regression Model model with
math points.

# Create the k-Nearest Neighbors Regression Model

knn = neighbors.KNeighborsRegressor(n_neighbors = 7, weights = ‘uniform')
knn.fit(x_train, y train)

y_knn = knn.predict(x_test)

print('Score: %.3f" % knn.score(x_train, y_train))

print(“"Mean Squared Error: %.3f" % mean_squared_error(y_test, y_knn))
print('Mean Absclute error: %.3f' % mean_absolute_error(y_test, y_knn))
print('Variance Score: X.3f' ¥ r2_score(y_test, y_knn))

Score: 8.823

Mean Squared Error: 2.132
Mean Absolute error: 1.215
Variance Score: @.747

Figure 3 - k-Nearest Neighbors Regression Model

After testing 25% of the information (the rest of the information is being prepared for
training), the chosen models showed the following results:

Model Mean Squared Error Mean Absolute Error Variance Score

0 Linear 1.020 0.761 0879
1 Support Vector 1562 1.038 0814
2 k-Nearest Neighbors 2132 1215 0.747

Figure 4 - Selected models

And, definitely, the winner of these models is the Linear Regression Model which has a lower
root mean square error (the lower the better), and a higher estimate of variance (the higher the
better). This does not mean that the other two models - the Pivot Vector and k-Nearest Neighbors
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Regression can be ignored, because they still have very impressive results, but not as strong as the
Linear Regression Model.

Prediction
There are several datasets of 2017 and 2018 seasons. So here the prediction will be about the
individual player win share.

Wins shares are predicted with Linear Regression model
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Figure 5 - Win Share Linear Regression

Based on the predictions of the Linear Regression Model (Figure 5), James LeBron "LABron™
came out on top! The model predicted his lead in the NBA with 14.81. However, in fact, LeBron
(14 winning shares) came in second after 2017-2018. MVP James Harden (15.4 winning shares)
was second in the forecast. Not a bad forecast! Karl-Anthony Towns and Anthony Davis came in
3rd and 4th, respectively, in both the linear regression prediction and the last NBA season.

Wins shares are predicted with Support Vector Regression moded
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Figure 6 - Support Vector Regression

Win share predictions using the support vector regression model.

The Support Vector Regression Model produced unusual results which are shown in Figure 6.
Based on the predictions of this model, LeBron (15.5 winning shares) came out on top again, while
Harden came in second (15.4 wins). The most exciting result of this was that the model accurately
predicted Harden's winning shares! He led the 2017-2018 NBA season with 15.4 winning shares, in
line with the projected value. André Drummond, who was not in the top 10 players with predicted
payoff using a Linear Regression model, came in third in terms of payoff using a Support Vector
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Regression Model. Towns and Davis made the list of predictions, while Stephen Curry and Kevin
Durant didn't even make the top ten.

Wing shares are predicted with k-Nearest Neighbars Regression model
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Figure 7 - k-Nearest Neighbors Regression

Win predictions using the k-Nearest Neighbors Regression Model

Winner share predictions using the k-Nearest Neighbors model were much less accurate
than those of the previous models. For this model (Figure 7), Harden's predicted winning shares
were the highest at just 12.3. Another bizarre result of the projected values was that LeBron, Russell
Westbrook, Giannis Antotokumpo, and Davis were all associated with 12.24 winning shares!

Conclusio

In conclusion, the experimental comparison of the three prediction models has proved
that the Linear Regression Model has got a high variance score, minimum scores in error tables and
high calculation speed. The Linear Regression Model is also transparent and understandable for the
analyst. Based on the obtained regression coefficients, one can judge how a particular factor affects
the result and draw additional useful conclusions on this basis. Besides, there are many real
processes in the economy and business that can be described with sufficient accuracy by Linear
Regression Models for which typical problems (for example, multicollinearity) and their solutions
are known, tests for assessing the static significance of the resulting models are developed and
implemented.

REFERENCES

1. Regression Tree Model for Predicting Game Scores for the Golden State Warriors in the
National Basketball Association [Electronic resource] URL: https://www.mdpi.com/2073-
8994/12/5/835/htm (accessed: 16.05.2020)

2. Regression Techniques  you should know [Electronic resource] URL.:
https://www.analyticsvidhya.com/blog/2015/08/comprehensive-guide-regression/  (accessed:
14.09.2015)

3. Building My First Machine Learning Model | NBA Prediction Algorithm [Electronic resource]
URL.: https://towardsdatascience.com/building-my-first-machine-learning-model-nba-
prediction-algorithm-dee5c5bc4ccl (accessed: 9.07.2020)

4. K-Nearest Neighbors Algorithm  Using  Python  [Electronic  resource] URL:
https://www.edureka.co/blog/k-nearest-neighbors-algorithm/ (accessed: 20.11.2020)

5. Implementing SVM and Kernel SVM with Python's Scikit-Learn [Electronic resource] URL:
https://stackabuse.com/implementing-svm-and-kernel-svm-with-pythons-scikit-learn/
(accessed: 24.04.2020)

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
118


https://www.mdpi.com/2073-8994/12/5/835/htm
https://www.mdpi.com/2073-8994/12/5/835/htm
https://www.analyticsvidhya.com/blog/2015/08/comprehensive-guide-regression/
https://towardsdatascience.com/building-my-first-machine-learning-model-nba-prediction-algorithm-dee5c5bc4cc1
https://towardsdatascience.com/building-my-first-machine-learning-model-nba-prediction-algorithm-dee5c5bc4cc1
https://www.edureka.co/blog/k-nearest-neighbors-algorithm/
https://stackabuse.com/implementing-svm-and-kernel-svm-with-pythons-scikit-learn/

L UHTEJJIEKTYAJIJIbI ’KYWEJIEP |

duimxan A.M.
TepeH OKbITY AJIrOPUTM/IEPiH KOJIAHA OTHIPbII, 02CKeTO0J HITHKEJIEPiH 00Ky

AngaTna. byn Makanaga akmapaTThIK TEXHOJIOTHSIIAPIBIH JaMYyBIMEH XKoHE YHEMI ocim Kele
JKaTKaH CTaTHCTHKAJIBIK 0a3zaMeH 0oJDKay MYMKIHIIKTEP1 KEHEHWIIN, €CENTeNTreH KOpPCETKIITEPIiH
HOTIDKETe TOYeNIIiri eckepinerini kaszpurraH. CoHpaii-aKk HOTIDKEHI Ooipkay OapbIChIHAA
OoJDKayIbIH OpTYpJli 0acka MOACNbIEPIH KOJJAHYBIMBI3 KEpeK KoHe OoJpkay MOJIeTiHIH
HOTHKECIHJIE KO ynaiiapsl 6ap MOJENb/li TaHAAY YIIIH OJap/bl CATBICTBIPAMBI3.

Tyiiinai ce3mep: TepeH OKBITY, MAIIMHAJIBIK OKBITY, 0OJDKAy MOJEIbIACPi, perpeccus oici,
JepeKTepal Tanaay.

dJjimxan A.M.
IIpornosupoBanue pe3yJibTATOB UIPhI B 0aCKeT00JI ¢ HCII0Jb30BAHHEM AJITOPUTMOB
rJ1y00KOro o0yueHust

AHHOTanus. B cratbe roBOpuTCsS 0 TOM, UYTO C Pa3BUTUEM MH(POPMALMOHHBIX TEXHOJOTHH U
MIOCTOSTHHO ~ TIOTIOJHSIFOIIEHCS ~ CTaTUCTHYECKOW ~ 0a30if  pacmmpsiroTcs ~ BO3MOXKHOCTH
IIPOTHO3UPOBAHUS, YUUTBIBAIOTCS 3aBUCHUMOCTH PAaCCUMTBIBAEMBIX IIOKAa3aTeled OT pe3ynbTara.
Ham Heo0X0oauMo UCTIONb30BaTh pa3Hble MOJIEH MPOTHO3UPOBAHUS, U MBI CPAaBHUBAEM UX, YTOOBI
BBIOpATh Ty MOJIEJb, KOTOpasi 1a€T BO3MOKHOCTh IOIY4YUTh HAN0OJIee TOUHbIC PE3YIIbTAThI.

KiroueBbie cioBa: riyookoe o0ydyeHue, MallMHHOE 00y4YeHHe, MOJIENIH MTPOrHO3UPOBaHMUS,
METOJ PErpPECCUM, AHAIIN3 TaHHBIX.

ABTOp TypaJibl MIJIiMeT:

Jjimxan Ablaiixan MambITXaHyIbl, «KOMIBIOTEPIIK HWHXXEHEPHUS >KOHE aKMapaTThIK
Kayinci3aik»  KadenpachlHBIH ~ MaruCTPaHThl, XalbIKApaIbIK aKMapaTThIK  TEXHOJOTHUsIIAp
YHUBEPCUTETI.

Caenenust 00 aBTope:

dJimxaH Adaiixan MaMbITXaHyJbl, MarucTpant kadenpsl «KomnbroTepHas UHXEHEPUS U
uHbopMallMOHHas  0e30MacHOCTb»,  MEXAYHapOAHBIH  YHMBEPCHUTET  HMH(POPMAlMOHHBIX
TEXHOJIOTHH.

About the author:
Alimkhan Abaikhan Mamitkhanuly, master student, Department of Computer Engineering
and Information Security, International Information Technology University.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
119



| NHTEJUIEKTYAJIBHBIE CUCTEMBbI |

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES
ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

Vol. 2.Is. 2. Number 06 (2021). 120-127

Journal homepage: https://journal.iitu.edu.kz

https://doi.org/10.54309/1JICT.2021.06.2.016

YK 004.8 Axapipbex KA., Carpiéaninesa P.K.

Me:x1yHapoAHbIN YHUBEPCUTET HH(OPMALIMOHHBIX TeXHOJI0Tul, AnmaTsl, Kazaxcran
AHAJIN3 ITPOLLECCOB IIVTAHUPOBAHUA U PEINEHUSA ITPOBJIEM B JIOTUCTUKE
C IOMOIIBIO UHTEJUIEKTYAJIbHOU CUCTEMBI

AHHoTanus. C UHTEIUIEKTYaJIbHOW CUCTEMOI KOMIIaHUSI SKOHOMUT BpEMS Ha IJIaHUPOBAHUU
MapuIpyToB FOpPOACKON TUCTPUOYLIMU U AEHbI'M Ha O€H3MHE U 3apIulatax. B cratee mpencTaBieHbl
YaCTUYHBIE PE3yNbTaThl MCCIIEOBAHUS, CTAaBIIME OCHOBOW pa3pabOTKM HHTEIUICKTYaJbHOU
CUCTEMBl aBTOMAaTH3alMM TPaHCHOPTHOW Joructuku. Cucrema npennasHadeHa e FMCG-
CEKTOpa, UHTEPHET-Mara3uHoB, pUTEHIIEPOB, TUCTPUOBIOTOPOB U BCEX APYTUX CEKTOPOB, I/I€ €CTh
OTJeN TPaHCHOPTHOH soructuku. MccinenoBaHue NpoOBENEHO JUIsl TOro, 4TOOBI MOHATh, Kak
YCTPOEHBI INPOLIECCHl B KPYIHBIX KOMIIAHUAX, KaKH€ IPOOJIEMbl B HUX €CThb U KaK Mbl MOXKEM
YIAY4IIUTh NOJI0KeHHUe fen. /i pemeHust npodiaeM ¢ MOMOLIbI0 HHTEIUIEKTYalbHOW CUCTEMbI ObUI
IIPOBEJIEH ONPOC JUPEKTOPOB IO JIOTUCTUKE, B X0JI€ KOTOPOT0O OBLIM ONpe/eeHbl crenupuka ux
paloThl, npeAnouTeHus U npodieMsl B npouecce. Kpome Toro, Oblia mpoBeaeHa padboTa «B MOJE»
— ObUI IpOBE/IeH 00X0J1 MO TOYKaM BMECTE C BOJAMTEISIMM U 3a(PUKCUPOBAHO BpeMs, KOTOPOE UM
TpeOyeTcsi IUIsl BBINOJIHEHUS 3aKa3a. MHOTME KOMIIAHWM TEpHSAT 3HAYUTEIbHBIE (DHMHAHCOBHIC
U3JCPKKU IOTOMY, YTO HE MOTYT OINTHUMHM3UpOBaTh pabouee BpeMs COTPYIHUKOB OT/ena
JIOTHCTUKHU. Bply coOpaHbl JaHHBIE, IPOAHAIM3UPOBAHBI COMIACHO IIPOIiEcCy, Jaee OblI IOCTPOECH
MapIIpyT, 3alyLEHbl KypbEPHI 110 TUM MaplIpyTaM U CHOBA IIPOBEJEH aHAJIU3.

KuiroueBblie €10Ba: MHTEIUIEKTYyaJIbHAs] CUCTEMA aBTOMATH3alMU TPAHCIIOPTHON JIOTHCTHKH,
aBTOMaTHU3alMs TPAHCIOPTHOM JOTMCTUKH, aBTOMATH3allUsi OW3HEC-TNPOLIECCOB B TPAHCIOPTHOU
JIOTHCTUKE, MOZIEIb OU3HEC-TIPOLECCA UHTEIUIEKTYalIbHON CHCTEMBI B JIOTUCTHKE.

Beenenue

WHTennextyanpHas cuUCTEMa — 3TO TEXHUYECKas WIM CHENUAIN3UPOBaHHAs CHCTEMA,
KOMIIETEHTHAsl B PELIEHUU MPOoOJieM, TPaJUIIUOHHO CUUTAIOLIUXCS TBOPYECKUMHU, OTHOCSILIUXCS K
OTIpeJICJIECHHOMY TPEeIMETHOMY JHara3oHy, MHPOpMalus O KOTOPBIX XPaHUTCS B MaMATH Takou
CTpyKTypbl. CTpyKTypa MHTEJUIEKTYalbHOW CHCTEMbI BKJIIOYA€T TPU OCHOBHBIX OJoKa!
uHbOpMallMOHHYIO 0a3y, pemiarenb M HHTEIUIEKTyalbHBIH uHTepdeiic. B mocneanue romawbl
TPAHCIOPTHAsI JIOTUCTHKA MEPEX UIa MHOTO COLUAJIbHBIX, SKOHOMHYECKMX W TEXHOJIOTMYECKUX
n3MeHeHud. Takue mpeoOpa3oBaHUsl 3HAUUTENBHO BIUSIOT HA BCIO JIOTMCTHYECKYIO IIETIOYKY OT
MIPUHATHS 3aKa3a J0 paclpeaeseHus 3aka30B KineHTam [1].

AKTyaJbHOCTh paboThI onpeznensercs HE00XOAUMOCTBIO COBEpPILIEHCTBOBAHUS
MHCTPYMEHTAapUsl CUCTEMbl NOJAEpXKKU TpuHATUA pemeHui (nanee — CIIIIP) B norucruke,
SBJIAIOILENCS OJTHUM M3 TJIaBHBIX HANpPaBICHUI MHBECTUPOBAHUSA, TaK KaK BIIOKEHUS B JIOTHCTUKY
OTIPEIEIISIOT BO3MOXKHOCTH mojaepkku ouzneca. CIIIP ucons3yroTest ais onpeeneHns BIUsSHUS
CTpaTeTHYECKUX BONPOCOB B 0O0JACTH JIOTUCTHKH M ompejaereHus Haubonee 3(deKTUBHBIX
MIPOLIECCOB, KOTOPBIE JOJDKHBI BBINOJHATHCS M3-32 CTPATErMUECKHUX BOMPOCOB C HAWBBICIIUM
MIOJIOKUTEIIbHBIM WJIM HETaTHBHBIM BIIMSIHUEM Ha JOTMCTHKY. CeroaHs JOTMCTHKa CTaja
HEOTHEMJIEMON YacThiO JIFOOOTO OM3Heca. JIOrMCTHKON Ha3bIBAE€TCS MHOTOCTYIIEHUYATHIN MPOIIECC,
KOTOPBIN yIpaBiiseT MaTepUalbHBIMU U MH(POPMALMOHHBIMU MOTOKaMHU B cepax MpOU3BOJICTBA U
obpamienus. [log morucTukoi noapazyMeBaeTcst OpraHu3alys U KOOpIUHALKS IPOLIECCOB 3aKYIOK,
TPAHCIOPTUPOBKH MPOAYKIHH, ONTUMH3AIMS HU3JACPKEK BCeX (PYHKUMOHAIBHBIX OOsacTen
HPENIpUATHS, KOTOpble HEN30€KHBI Ha JTH0OOM IPOU3BOJCTBE. JIOrHMCTHKA TO3BOJISET PACCMOTPETh
COBOKYITHOCTb BCEX 3BEHBEB ITPOU3BOJICTBEHHOIO IIPOLIECCA KAK EUHYIO CUCTEMY.

HHTennexTyanpbHas CUCTEMa aBTOMAaTH3allMM TPAHCIIOPTHOM JIOTHUCTUKH AA€T BO3MOXHOCTh
aBTOMATUYECKOT0 IJIAHUPOBAHUS C OTIPABKOM MapIIpyTa HapsIMy0 BOAUTENIO [2].
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CucremMa COCTOMT M3 MHOMKECTBA MOJYJICH, KOTOpbIE CIEMU(PUUHBI ¥ HACTPAUBAIOTCS IO
TpeboBaHus KiueHTa. JlaHHas (QYHKIUS TTOMOTaeT B KOPOTKOE BPEMs TIOJrOTOBUTH MPOEKT TOJIBKO
C TeMHU TpeOOBaHUSAMHU, KOTOPbIE HY)KHBI KJIHMEHTy. B cucreme omnpenenstorcs BUAbl KypbepoB,
JIOCTaBOK W TPAHCIIOPTA, B y4eT OepyTcs pabodyee BpeMs Ha TOYKe, IepephiBbl Ha 00e. Mcxoms us
3TOT0, CUCTEMY MOYKHO HACTPOHTH 0] OH3HEC-TIPOIIECC, KOTOPBIH MOXKENACT YBHICTh KIIUCHT.

PacripesieieHie BpeMEHH IO COTPYAHHKAM CTPOUTCS HA OCHOBE allOPUTMOB, KOTOPBIE
YUUTHIBAIOT MPOOKH, XapaKTEPUCTHKH 3aKasa (HampuMep, Ui IEPEBO3KH 3aMOPOKEHHBIX
NPOJYKTOB TPeOyeTCsl MAIIMHA C pepUKEpaTOpOM) U (OPC-MAKOPHI, €CITH KIIHEHT MEPEHEC BPEMs
WM OTMEHHI 3aKa3 [3].

MapuipyT coTpyIHHKA CTPOUTCS Ha KapTe, M JIOTHCT MOXET B PEAIbHOM BpEMEHH Ha0JII01aTh
3a TPOrPeccOM WM BHOCHTH KOPPEKTHPOBKH. Kpome TOro y COTpYIHHKA €CTh BO3MOXHOCTH
OTMEYaTh MPOrpece y ceOs, YTO MO3BOJISAET MEPeIaBaTh KIMEHTY HH(MOPMAIIMIO O TOYHOM BPEMEHH
JOCTaBKH.

Bo BTOpOM paserne onuceiBaeTes mpodiiemMa B PepUITHH, KOTopast Oblila OOHapyKeHa [pU
W3Y4EHUU pabOThl COTPYAHUKOB TPAHCIIOPTHOM JIOTUCTUKU BO BPEMSI COBMECTHOT'O Bble3za. B aTom
’Ke pasjielic NPEeJOCTaBISIOTCS PEKOMEHIAlMM M PEIICHHs 110 IUIAHHPOBAaHHWIO Mapmipyra. B
TPEThEM pa3jiesie MPEIararoTCs BHIBOIBI KACATEIBHO MPOBEICHHOTO HCCICIOBAHUS.

ABTOMATH3aIMsl OM3HEC-TIPOLECCOB MPeANPUITHS

FMCG u npyrue KpynHble KOMIAHMM 4acTO HE MOTYT CIPOrHO3MPOBATh BPEMs JIOCTABKHU.
N3-3a 5TOr0 MHOTHE 3aKa3bl OKa3bIBAIOTCS IIPOCPOUYCHHBIMH, YTO OrOpYaeT KIMEHTOB U BIUSAET Ha
BO3BpAT 3aKa3aHHBIX TOBAapOB. Y MHOIMX MPEANpPUATUN YpPOBEHb CEpBUCA U KauecTBa MONAJaHUs B
3asIBJICHHBIE BpEMEHHBIE OKHA cocTaBisieT MeHblie 80%.

Celiuac Ha pBIHKE YK€ CYIIECTBYIOT CEPBUCHI JUJISl ONTHMU3ALMU JOTHCTUKH: «Maxoptray,
«lenuBepatop» u SAP. Ho onm mmbo HemocraroyHo rubkue, auM00 J0porue (CTOMMOCTb
BHenpenus: SAP Haunnaercst ot $400 Thicsiu). OnuchiBaeMOe B IJAHHOM CTaThe PELICHUE SBISIETCSI
aJIbTEpPHATUBHBIM NPOJYKTOM JUIs J1I000ro BUa Ou3Heca.

Pabota «B mose» nmomoria 0OHapyXUTh HECKOIHKO HEOUEBHIHBIX BEIIICH:

— BOJIUTEJIN YacCTO BBIOMPAIOT MAPIIPYT «Ha IJ1a3», JaKe €CIIU OH He ONTUMAJICH;

—IOpO’KHasl CUTyalllsl TOCTOSIHHO MeHsercs (Hanpumep, uz-3a JTII), mostomy HykHa
CHUCTEMA, KOTOpasi CMOXET MPEACKa3bIBaTh €€ N3MEHEHNS;

— HE00XO0/IMMO PEryJSIpHO OOHOBIISATh M KOPPEKTUPOBATH MAPLIPYTHI MEXKY 3aKa3aMH.

Ilens BpIE31a — 3TO UCCIIEJOBAHHUE NMPEANPOCKTHOW CTaguM, T. €. U3YYEHHE ONTHUMAIbHOIO
nepeBoja TEKyllell paboThl COTPYIHUKOB TPAHCHOPTHOM JIOTUCTUKH B HHTEUIEKTYaJbHYIO
CUCTEMY.

Bt coBepiieH Bble3]] ¢ HECKOJIBKUMH BOAUTESIMHU, YTOOBI TOCMOTPETh, KaK OHU paboTaroT,
U CPaBHUTh UX pPEAIbHYI0 pabOTy Ha MPUBBIYHOM MapLIpyTe€ C T€M, KaK IUIAHUPYEeT MapuipyT
CUCTEMA, W BBIIBUTH OTKJIOHEHHMS U NAaJbHEWUINEH KOPPEKTHPOBKH HACTPOMKH CUCTEMBI. bblIo
C/IeIaHO TUTAHUPOBAHHME COTJIACHO MPUBBIYHBIM JJIs BoAUTENEH pailoHam. B To ke BpemMs UM ObLI0
CKa3aHO JIBUTaThCsl HE TaK, KaK 3allJIAHUPYET CUCTEMa, a KaK OHM CUUTAIOT HY)KHBIM, MOSICHSISI BCE
0CcOOEHHOCTH CBOETo BbIOOpa MapuipyTa. B uTore 0OCHOBHBIM MapamMeTpoM, KOTOPBIH HEOOXOIMMO
CKOPPEKTUPOBATh, OKA3alMCh BPEMEHHBbIE OKHA JIOCTaBKM B MarasuHbl, T. K. 6ojee 80% wu3 HHUX
COBEPIIECHHO HEKOPPEKTHO HACTPOEHBI U HE COOTBETCTBYIOT JI€HCTBUTENBHOCTH. BpeMeHHbIE OKHa
SIBJIAIOTCSI HEMIPABWIbHBIMH, T. K. HEKOPpeKTHasi HH(opmaius Obljla BHECEHA CAMUMH COTPYIHUKH
KOMITaHUH.

BpemeHHOE OKHO — 3TO OrpaHMUYCHHE, KOTOPOE HEOOXOIUMO BBINOJIHUTH MPU NOCTPOCHUU
Mapupyra. Hampumep, a1 BpeMEHHOIO OKHA 3aKa3a BBIIIOJHEHUE OrPAHUYEHHUS O3HA4aeT
JOCTaBKY B YKa3aHHOM JIMaNla30HE BPEMEHHU.

Bunno ¢aktuueckoe Bpemsi NPUOBITHS (3€J€HBIM) B TOYKY PSIOM C HAacCTPOCHHBIMU
BPEMEHHBIMH OKHaMH (KpacHBIM) M TO, KaKo€ BpeMsi PEKOMEHIyeT cuctema (CHHUM). MOXHO
3aMETUTh, YTO CUCTEMA HU Pa3y B CBOMX IJIAHAX HE OTKJIOHMJIACh OT 3aJlaHHBIX BPEMEHHBIX OKOH.
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CucremMa — 3TO MalIMHA, KOTOpas paboTaeT, MCXOIM M3 3aJaHHBIX el mapamerpoB. CoriacHo
napameTpam, KOTOpbIe 3a/[aBajli MallliHe, OHA U BBIBOAMT pe3yibTaT. Eciam 3amaHHbIe apameTpsl
HE COBNAJAIOT C PEATbHOCTBIO, JIIOAW MOTYT OKAa3aThCsl HE JOBOJBHBI PE3yJbTAaTaMH, KOTOPHIC
BBIJJAET CHCTEMa, HO CHCTEMa HE BHHOBaTa B TOM, YTO €W 3aJal0T W3HAYaJIbHO HETPaBHJIbHBIC

nmapamMeTpshl. B xoMmnanuu ObuIH 3aBCACHBI BPCMCHHBIC OKHA, KOTOPBIC OTMCUCHBLI B Ta6111/1ue 1.

Tabnuua 1 - BpemenHsle okHa

Hasanue pacnonoxeHus BpeMeHHble OKHa dakTHuyeckoe [Inanupyemoe
KJIMeHTa* olnepanuu BpeMs IPUOBITUS BpeMs IPUOBITUS
Knuent 1, anpec 1 08:00-12:00 6:30 11:02
Knuenr 2, anpec 2 09:00-12:00 8:02 11:39
Knwuenr 3, anpec 3 09:00-12:00 8:05 11:14
Knuenr 4, anpec 4 10:00-16:00 8:05 11:23
Knuent 5, anpec 5 09:00-13:00 8:23 12:21
KiuenT 6, anpec 6 10:00-16:00 8:26 12:37
Knuent 7, anpec 7 00:01-23:59 8:28 12:30
Krnuenr 8, anpec 8 10:00-13:00 8:28 12:51
Knuent 9, anpec 9 09:00-13:00 8:35 12:43
Kinuent 10, agpec 10 08:00-12:00 8:55 11:32

B oeIAaxX COXpaHCHUA KOHq)I/I)IGHIII/IaJ'IBHOCTI/I JaHHBIX KOMIIaHHMH, HAMMCHOBAHHUC KINCHTOB

KOMITaHHHU U UX aJIpecCa OBLIM U3MCHEHBI Ha CTaAaHAApPTHBIC HA3BAHUA.

Huxe npumep pexoMeHyeMbIX BPEMEHHBIX OKOH i BblllecTosiux Touek (Tabmuna 2).
PexoMeHzanuy 1o ToYKaMm JOJDKHBI 1aBaTh B MEPBYIO O4EpEAb BOJUTENN JOCTaBKH, T. K. HIMEHHO

OHHM BJIQJICIOT HAaMOOJbIIECH HHPOPMAIIHEH 0 0COOEHHOCTSIM B3aUMOOTHOIIIEHUHN C TOUYKAMH.

Tabnua 2 - PekomeHn1yeMble BpeMeHHbIE OKHA

Hassanue pacnosioxeHust KIMEHTa

PeKOMeH,Z[yeMLIe
BPEMCHHBIC OKHA Orcpannuun

Kmmenr 1, anpec 1 08:00-08:30
Kmmenr 2, anpec 2 08:00-08:30
Knuent 3, anpec 3 08:00-09:30
Knuent 4, anpec 4 08:00-09:30
Knuent 5, anpec 5 08:00-09:30
Knuent 6, anpec 6 08:00-09:30
Knuent 7, anpec 7 08:00-09:30
Knuent 8, anpec 8 08:00-09:30
Kimuent 9, anpec 9 08:00-09:30
Kimment 10, agpec 10 08:00-09:30

B Tabnuie 2 mokaszaH pe3ysbTaT, KOTOPBIM BBIJACT CHCTEMa MPU HOPMAJIbLHO HACTPOCHHBIX
BpEMEHHBIX OKHax. Ha pucynke 1 m300pakeH CKpUHIIOT CHCTeMBI. bblta cienana u coxpaHeHa B
CHUCTEME CHMYJISIUS TIaHUpoBaHWs Ha 17 wrons. Hacrpoiiku cuctembl He ObUIM M3MEHEHBI 3a
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UCKJIIOYEHHUEM BPEMEHHBIX OKOH B cUCTeMe. Eciu CpaBHUTH pealibHyI0 JIOCTaBKY C TOH, 4YTO
paccuuTana cucTteMa C TMpPaBUIbHBIMM BpPEMEHHBIMU OKHaMH, TO BHJHO, 4YTO CHCTEMa C
HEOOJIBIIMMH OTKJIOHEHUSIMH PEKOMEH/IYET TOT JK€ CaMblil MapuIpyT, YTO M B PEaJIbHOCTH MPOAeIall
Boautens. CleoBaTeNbHO, €CIM BCE BPEMEHHbIE OKHA BIIOCIEACTBUHM HACTPOUTH TaKUM 00Pa3oM,
TO MOXXHO OyJIeT M OOBEOMHATH 30HBI JOCTaBKM BOJIUTENCH, M B pe3yabTare MaKCUMallbHBIN
HEraTuB, KOTOpBIA OYyJEeT MOJIydeH OT TOPrOBOM TOYKH, OyAeT CBSI3aH C MPUE3IOM JIPYroro
BOJIUTEIISA, HO TIPETEH3MH K BPEMEHU JIOCTaBKH OBITh MPAKTHYECKU HE JOJDKHO, T. K. CHCTEMa CTPOTO
ClIeIyeT TEM BPEMEHHBIM UHTEpBaJIaM, KOTOpbIE €if 3a/1at0T.

B IlaBnonape Ha naHHbI MOMEHT 1o kareropuu BC pa3Bosky npousBogat 11 mammun. [lpu
HOPMaJbHOM IUIAHUPOBAHMM OHM U OYyIyT Pa3BO3UThH 3aKa3bl 10 TOYKAM Ha CBOEH TEPPUTOPHH.
Ectb 0cobeHHOCTH MaBIOJapCKOM pa3BO3KH, KOTOPBIX HET B IPYTUX rOpoax:

1. Camas rnaBHasi 0cOOGHHOCTH pa3Bo3a MOJOYHOW mpoxykuuu B [laBnomape — 37O
€KEIHEBHBIC 3aKa3bl U €XKEIHEBHAsI Pa3BO3Ka TOBapa Mo OOJBIIOMY KOJHUYECTBY TOoueK. [IpuBenem
npumep marasuHa «['anza» Ha yn. TkaueBa 12/7. DTOT Mara3uH 3aKa3bIBaeT MPOAYKIIUIO KaXKIIbIi
JIeHb, W €r0 CpPeIHWH YeK MO0 aHaIu3y OTdYeTa MO mpojakam okojo 20 Tteicsu TeHre. Ecmm
PYKOBOJICTBOBATbCSI CaMbIM MPOCTBIM METOJOM, YTOOBI ONTHMHU3HPOBATh JOCTABKY B JaHHBIN
MarasuH, To HeoOxoaumo yroBoputh TT, 4yTOOBI OHa 3aka3biBaja TOBapa B 2 pasa Oosbiie (B
cpenHeM Ha 40 ThICSY TEHTe), U B 3TOM CIy4yae BBIBO3 MOXKHO OYIET OCYIIECTBIATH HE 6 pa3 B
HeZeno, a Jullb 3 pasa. Ho ecnau mpoaHalu3upoBaTh CUTYAIMIO CO CTOPOHBI CaMOW TOProBOM
TOYKH, TO TIPUXOJIUM K CIIEAYIOIINN BBIBOAAM:

— Cpennuii uek — 20000 Tenre, 3To o4eHb Xopoiui 3aka3 s BC-kareropuu;

— BC-kareropuu — 3T0 HEOOJIBIINE TOYKH, I/I€ TOBAP XPAHUTCS OOBIYHO HA TOJIKAX WIH, B
cllydae TOBapa paccMaTpUBaeMoOil KOMIIaHUH, B XouoawibHUKax. Y 95% BC-kateropuu HeT aaxe
HEeOOJIBIIOro CKJIaza, YTOObl XPaHUTh 3allaCHOM TOBap, KOTOPHIN Moib3yeTcsa cupocoM. Bee monku
3a0uThl 0 mpenena. CreaoBaTenbHO, Jake eciau Obl TOYKa XOTela 3aka3aTh TOBapa B 2 pasa
Ooublie, 4eM 0OBIYHO, STOT TOBAP MPOCTO HerAe OyaeT XpaHuTh GU3NUecKu. BemencTeue 3Toro um
yI0OHO 3aKa3bIBaTh KaXK/bI JEHb.

2. Ecnu Touka 3aka3piBaeT KaKAbIH J€Hb, 3HAUUT, TaM TPOUCXOJHT TaK, YTO M JOCTABKa,
U TOPTOBBIM MpeACTaBUTEIh KOMIIAHUM MPHUXOAUT B TOUYKY Ka)IbIi JIeHb (KpOMe BOCKPECEHBS).
CrnenoBarenbHO, HEOOXOAMMO JIOCTaBUTh TOBAap B TOUKY KaK MOKHO paHbIE, YTOOBI TOPTOBBIN
MPEJCTaBUTEINb MPUILIENT HOCIE J0CTaBKU. M 3TO JOrMYHO, T. K. MaJIOBEPOSATHO, YTO TOYKA 3aX0YET
JIeTaTh 3aKa3 y TOProBOT0, KOT/Ia TOBAap, KOTOPHIA OBLT 3aKa3aH eIie BYepa, He MPUBE3IIH.

OOme UTOrM MO CHCTEME M TEeM NpPEeUMYIIEeCTBaM, KOTOpPbIE OHAa MOXET IMPEeAOCTaBUTh
oTAery Joructuku B [1aBnomape:

— s  [laBmomapa cucrema jgacT OoJbllle KAueCTBEHHBIX MPEUMYIIECTB, HEXEIH
KOJIMYECTBEHHBIX, T. K. TOPOA HEOOJBIIONW W KOJMYECTBO MAIIWH JOCTaBKH, yJacTBYIOIIUX B
IUTAaHUPOBAHMH, Takxke HeOosbioe. CrucreMa MOXKeT M0Ka3aTh KOJIMYECTBEHHYIO 3()(hEeKTUBHOCTD U
COKOHOMHTH 1—2 MamIMHBI MakCHMyM, HO TIpU 3TOM TEpPSETCS B3aWMOCBS3b BOIUTEIH-TOPTOBas
TOYKA, T. K. BpEMsI OTIPY3KH B TOUKY 3HAKOMOMY BOJHUTEINIO COCTABISET CYIIECTBEHHO MEHBIIIEe
BpeMs, YeM HE3HAKOMOMY, W HE3HAaKOMBIH BOJIWTENb €IIe OJHKCH MOTPATHTH JIOTOJHHUTEIBHOE
BpeMsl Ha MOWCK TOYKM U TPaBUIbHYI0 TapkoBKy. [lpu mepeBome 3TUX HaHHBIX B CYXYIO
MaTEeMaTHKYy IOJIyJaeTCs CICIYIOIIee: €CITU B KaX/I0i TOYKE TOCTABKU TEPATH TI0 5 JTUIIHUX MUHYT
u 6oJiee, TO CyMMapHO 3TO YBEJIMYUT BpPeMs TOCTaBKH Ha 2—3 yaca.

O6mme BBIBOIBI TO paboTe ¢unmana B [laBmomape ¢ cucTteMoi sl pacmpeiesieHus o
kareropuu BC MOXHO cienarts clieayromue:

— HEoOXOJUMO KaK MOXHO OBICTpee MPHUBECTH BPEMEHHbIE OKHAa CHUCTEMBbI B Mopsanok. bes
y4acTUsl KOMIIAHWH CAENaTh 3TO HEBO3MOXKHO, M JI0 CHUX IMOpP BO MHOTHUX TOYKAaX HEMPaBHIbHBIC
BpEMEHHbBIE OKHA JIOCTABKU;

— TOJBKO TIOCJE MPHUBEACHHUS BPEMEHHBIX OKOH B TMOPSAIOK MOXHO OyAeT TOYEeUHO
KOPPEKTHUPOBATh JOTOJHUTEIbHBIC, Oosiee TIyOOKHEe HACTPOWKH, YTOOBI eimie OOobIle TMOMOYb B
ONITUMHU3AINH MAPIIPYTOB ¥ MOBBIMICHUU KAY€CTBA JOCTABKH.
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Mnanmpyemeifd agpec

BpemMeHHbIE OKHA ONEpaLmK

Maanmpyemoe spema NprBeiTHa

[=] KanuaxGapos Cepw...(Foton 568AB14)  17.07.2019 001 me @

@ FoodMaster Maenogap 06:00
m PecnyBnuia Kazaxctau, MNaenogapckas ofnacte, r.Maenogap, ynTkauesa, gom M2 15/1 08:00-11:00 08:00
m PecnyBnuika Kazaxcran, MNaenogapckas obnacte, r.Masnogap, ynTkauesa, gom N2 12/7 08:00-11:00 08:09
m PecnyBnuka Kazaxcran, Naenogapckaa oBnacte, r.Mlaenogap, ynTkaqvesa, gom M2 5 08:00-11:00 08:21
m PecnyBnuka Kazaxcrau, Naenogapckaa oBnacte, r.Maenogap, ynTkadesa, gom M2 7 08:00-11:00 08:246
E PecnyBnuia Kazaxctas, MNaenogapckas obnacte, r.Maenogap, yn.Maipel, gom N2 21/1 08:00-11:00 08:36
m PecnyBnuka Kasaxcran, Naenopapckas ofnacte, r.Maenogap, yn.Makper, gom N2 27/1 08:00-11:00 08:43
E PecnyBnuka Kazaxcran, Naenogapckan obnacte, r.Maenogap, yn.Maipe:, gom N2 29 08:00-11:00 08:50
m PecnyBnuia Kazaxctau, MNaenogapckas ofnacte, r.Maenogap, yn.Maipsl, gom N2 41 08:00-11:00 08:56
m PecnyBnuia Kazaxcrau, MNaenogapckas obnacte, r.Nasnogap, yn.Maiipel, gom N2 31 08:00-11:00 0%:046
E PecnyBnuka Kazaxcran, Naenogapckan obnacte, r.Maenogap, yn.Makipe:, gom N2 4% 0%:00-12:00 0%:15
m PecnyBnuia Kazaxctau, MNaenogapckan ofnacts, r.laenogap, yn.bewxosna, gom N2 3/3 09:00-12:00 09:22
m PecnyBnuika Kasaxcrawn, MNaenogapckas ofnacte, r.Masnogap, yn.Bexxoxmba, gom N2 15 0%:30
m PecnyBnuka Kazaxcran, Naenogapckans oBnacte, r.Mlaenogap, yn.Bewwmsmna, gom N2 15/1 08:00-11:00 0941
m PecnyBnuka Kazaxcrau, Naenogapckan oBnacte, r.Maenogap, ynTkadesa, gom M2 971 09:4%
m PecnyBnuia Kazaxctau, MNaenogapckas obnacte, r.Maenogap, ynTkauesa, gom M2 3a 09:00-12:00 10:04
m PecnyBnuka Kasaxcran, Nasnogapckas ofnacte, r.Maenogap, yn.3atow, gom N2 61 0%:00-12:00 10:13
E PecnyBnuka Kazaxcran, Naenogapckan obnacte, r.Maenogap, ynMokmua, gom N2 25 09:00-12:00 10:22
m PecnyBnuia Kazaxctau, MNaenogapckan obnacte, r.Maenogap, yn.1 Man, gom N2 284/1 09:00-12:00 10:31
m PecnyBnuia Kazaxctau, MNaenogapckas obnacte, r.Masnogap, yn.1 Mas, gom N2 284 09:00-12:00 10:37
@ FoodMaster Maenogap 10:4%

Pucynox 1 - Hopmanvhvie pementbvle OKHA

Pexomennanust Nel mo uroram npoBeneHHbIX HaOmoaeHuid B [laBiaogape: BoguTenu ceifdac
OYEHb PaHO MPHUE3KAIT Ha cKiaf 3a ToBapoM (5.00-5.30), a Touku oTkpeiBaroTcs B 8.00, T. K. UM
rocJje MOoJIy4eHHUs] TOBapa HEOOXOIMMO €ro CaMOCTOATENBHO PACHPEACTUTh MO SIIUKaM, HCXOS U3
JOCTaBKH, Ha YTO BOJUTENM TPATAT OT OJHOTO O JBYX YacOB, B 3aBHCHMOCTH OT KOJIHYECTBa
3a8BOK. BO3MOXKHO, 4TOOBI COKOHOMUTH BpEMsl BOJUTENEH, CTOUT BBECTH B IITAT COTPYIHHUKOB,
KOTOpBIE OyIyT TOTOBHTH TOBAaphl JUISI HUX C YYETOM pacCIpeNleleHus MO TOPrOBBEIM TOYkaMm. B
KayecTBE aJbTEPHATHBBI MOXKHO JIOIUIAUMBATH 3a 3Ty pabOTy BOAUTENAM (OHM paboOTaroT MO
OTHOMY, TOTJa KaK KOHKYPEHTHI, 10 HaOJIOJEHUSM, BBIXOIAT HA MapmpyT IO ABOE, YTO
CYIIECTBEHHO YNpOIIAeT BBHIIOJHEHUE UX OO0SI3aHHOCTEH), T. K. MPEJBaPUTEIILHOE paclpeeieHue
TOBapa 1O TOYKAM SKOHOMHUT BpeMsl OTIPY3KH B caMmy TOYKy B 3—4 pasa, a 3TO CYIIECTBEHHAS
HSKOHOMHUSI BPEMEHHU.

Bot Bpems paGoThI BOAMTENS, €CIIM OH MpHEXas Ha OTpy3Ky k 5.30 yrpa:

— 5.30-6.00 — norpy3ka ToBapa A TOCTaBKH B OKOJIO COPOKA TOYEK;

— 6.00-6.20 — BpeMs OE3IKM K TIEPBOM TOUYKE TOCTABKH, KOTOpast OTKpoeTcs ToJbKO B 8.00;

— 6.20-8.00 — pacnpezneneHue ToBapa B Ky30Be aBTO 10 TOUKaM JJIsl y100CTBa OTIPY3KH;

— 8.00-13.00 — oTrpy3ka B TOYKH;

— 13.00-13.30 — Bo3BpareHue Ha 6a3y;

— 13.30-15.00 — cnmava aBTO, OTYETOB, JICHET U T. 1.

NTOI'O: Bogutens padoraer 9—10 gacos.

BriBoabl

B nmocnennwe roapl  TpaHCHOPTHAs JIOTUCTHUKA MEPEXHWIAa MHOTO  COIMAbHBIX,
SKOHOMHUYECKHUX U TEXHOJIOTHYCCKUX M3MeHEeHUH. Takue mpeoOpa3oBaHus 3HAYUTEIBHO BIUSIOT Ha
BCIO JIOTUCTUYECKYIO LIETIOYKY OT MPUHATHUSA 3aKa3a J0 paCIpeesICHHs 3aKa30B KIIMeHTaM. B cBsi3u
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C pacTymuM HWHTEpecoM K obOecrmeueHU0 d((EKTHBHOW JOCTaBKM 3aKa30B KJIMEHTaM,
IUTAHUPOBAHUE CTAJI0 BaXHBIM ACHEKTOM KOMIIAHUU C JIOTHCTUYECKUM OTIENIOM, a Takxke s
uccnenoBareneil. B Hactosieii ctarbe ObUIa paccMOTpeHa MpodeMa IIaHUPOBAHUS B KOMIIAHUH U
MyTU €€ pEIIeHUs, KOTOpble CTajdl OCHOBOM MpHU peanu3aliil HHTEJJICKTYyaJTbHOW CHUCTEMbI
OpuHATHS pemeHuid B Jnoructuke. [Ipemmaraemas apxutekrypa SOA Ha ocHOBe Opokepa
UCIOJIb3YET MOJIEb IMPOCIEKUBAEMOCTH, YTOOBI MPEAJIOKUTh CBOUM KIHMEHTaM JIOCTYH K ITUM
JTAHHBIM.

Cucrema MUHUMHU3UPYET 4eJOBEUECKH (akTOp NHpU IJIAHUPOBAHUHM JIOCTaBKM 3a CUET
HAaCTPOEHHOW CHUCTEMBI, T. €. IJIAHUPOBAHUE B IIEPCIIEKTHBE MOXKET 3alyCKaTh JI000H YeIoBeK, YbU
3HAHUS KOMITAHUA MOCYUTAET JOCTATOYHBIMHU IS ATOr0. Takke OHa MUHUMH3UPYET YeJIOBEUECKHA
(dakTop mMpu TUIAHUPOBAHHWH TOPSAKA JOCTAaBKUA TOBapa B TOYKU (IIPU MPABUIHBHO HACTPOCHHBIX
BPEMEHHBIX OKHaX, uTo Juig [laBmomapa o4eHb BayKHO).

Cucrema cMOKET OIEpaTUBHO ITOMOYb B Pa3BO3KE B Clly4ae IUNIAHUPYEMOT'O MJIM BHE3AITHOTO
OTCYTCTBHSI BOJIUTENSI (OTIYJbI, OOJIBHUYHBIE, OTIYCKA U T. JI.) WIK (PU3NUECKONH HEBO3ZMOXHOCTH
BBIBO3a MAILIMHOM (II0JIOMKA, PEMOHT U T. [1.).

C TOukM 3peHHs KadecTBa, OTIEN JIOTUCTUKA OyaeT Bcerja IoJydaTh ONEpPaTHUBHYIO
nHPOPMALIMIO C TIONIEH O TOM, KaK JIOCTaBJISIETCS TOBAap, YCIEBAET JIM BOAWUTENb PAa3BECTH BCE
BOBpEMsI U 3aT€M aHaJM3UPOBATh, BHIOMPAET JIM BOAUTENb ONTHUMAIBHBIA MapupyT uiau HeT. Ha
OCHOBE TIEPUOJAMYECKOTO aHallu3a «IUlaHupyeMoe / (akTU4ecKoe» MOMXKHO JOMOJHUTEIHHO
CKOPPEKTUPOBAaTh HACTPOWKH CHUCTEMBI, T. K. SKOHOMHS Jak€ OJHOW MHHYTHI Ha OIEpallHH,
koropas nosropsierca 30—40 pa3, — 310 3xkoHOMHUS 30-40 MUHYT BpEMEHH TUIAHUPYEMOM T0CTaBKH.

Cuctema OCHOBaHa Ha TMOTPEOHOCTSIX B MH(POPMALUHU CYIIECTBYIOMIMX OpPTaHU3aIMOHHBIX
¢byukuii. B OynymeM cucrema moctapaercs 3aJeiicTBOBaTh HMHCTPYMEHTHI, OCHOBAHHBIE Ha
W3MCHCHUSX W HWH()OPMAINMOHHBIX IMOTPEOHOCTSAX, KOTOPBIC IOMOTYT JIMIAM, MPHHUMAIOIIAM
pelleHus, aIanTUPOBaThCs B paboueli MpakTUKe AJis yIOBIETBOPEHHsI OyIylIuX moTpedHocTel [8].

B Oynymem Mbl HamMepeHbl PACHIMPUTH HCCIIEJOBATEIbCKYI0 PA0OTYy HHTEJUIEKTYalbHON
CUCTeMBl TPHUHATHUS pEIIeHWH B JIOTUCTUKE MO JIMYHOMY KaOWHETy BOAMTENEH, IO
MpeA0CTaBIeHHON 00paTHOM cBs3u. [InanupoBanue OyaeT TOMOJHEHO MaTEMAaTUYECKUM PellIeHuEeM
C YYE€TOM HECKOJIBKUX CLEHAPHEB.
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Anparna. MHTeuleKkTyanabl OJKyWeMeH KOMIIAHHMs KaJlalblK Tapary MapIipyTTapbiH
KOcrapiayra >xoHe OCH3MH MeH kanakbira akmanbl yHemzewni. JXyiie FMCG cekropsiHa,
WHTEPHET-AYKEHAEPTe, CaTyllbUlapFa, AUCTPUOBIOTOpIApFa JKOHE KOJIK JIOTHMCTHKACHl Oerimi 6ap
OapnblKk Oacka canamapra apHamrad. [llemrimai 20 mammHachkl O0ap IarblH KOMITAHHSUIAp 1A,
oNJieKalia Ken MariuHajmapbl Oap ipi KoMmmaHusmiap na koimana anmaasl. FMCG skykeciHig
KOMEriMeH KOMIaHHs Tayapiaplbl >KeTKI3y KYHBIH €Ki ecere TeMEHAETyre MYMKiHAiri Oap.
Kenteren KkommaHusuiap JOTHCTHKANBIK KBI3SMETKEPIEP/IH MKYMBIC YaKbITHIH OHTaWIaHIbIPa
aJIMaFaH/IbIKTaH JKbUIbIHA MUJUIMOHJAFaH Kapa)xaT KyMcaiIpl. Ipi KOMIaHusuIapia »YMBICTBIH
YHBIMIACTBIPBULYBI, ITPOIECTE MpoOIeMaap TybIHIAFaH JKaFai/1a, TIFbIPBIKTAH HIBIFY KOJIIapbIH
KakcapTyra OOJIaTBIHABIFBIH TYCIHY MaKcaTblHIA 3epTTey XKyprizunmi. Jlepekrep KUHAIIBI,
MPOIECKEe COWKEC TaJaHbl, COJaH KEWIH MapuIpyT CalbIHIbI, OCbl MapuipyTTap OOWBIHIIA
Kypbepiiep Ki0epii ®oHe KalTalaH Tarbl TaJIay KYPri3iimi.

Tyiiingi ce3mep: MHTEUIEKTYaN (bl KOJNIKTIK JIOTHCTUKAHBI aBTOMATTAHIBIPY XKYHECi, KOIiK
JIOTHCTUKACHIH aBTOMATTaHIBIPY, KOJIK JIOTHCTUKACBHIHIAFbI Ou3Hec-TporecTepIi
aBTOMATTaHAbIPY, JOTMCTUKAAFbl HHTEIUIEKTYaJ/1bl )KYHeH1H OU3HeC-TPOLECTiH MOJIEII.

Adyrbek Zh.A., Satybaldiyeva R.Zh.

Analysis of the planning and problem-solving processes in logistics using an intelligent system

Abstract. An intelligent system helps a logistics company to save time on planning urban
distribution routes and money on gasoline and salaries. The system is intended for the FMCG
sector, online stores, retailers, distributors, and all other sectors which have a transport logistics
department. The solution can be used by both small companies, which have up to 20 cars, and large
companies, which have much more cars. With the help of the FMCG system, the company can
halve the cost of shipping goods. Many companies annually spend millions on it because they
cannot optimize the working hours of their logistics staff. The articles presents the results of the
research into the processes’ arrangement in large companies, the problems emerging in the process,
and ways to improve the situation. In the course of our research we collected and analyzed data on
the process, then built the most optimal route, launched couriers along these routes and performed
the analysis again.

Keywords: intelligent system, automation of transport logistics, transport logistics
automation, automation of business processes in transport logistics, business process model of an
intelligent system in logistics.
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GAMIFICATION IN EDUCATION

Abstract. The rapid advancement of technologies and the growing amount of information
exchange provide new approaches to improving educational processes through various
methods. Gamification becomes one of those effective practices and stimulations to increase
motivation and engagement of learners in the educational environment. Given the importance
of education in contemporary academics and culture, this article examines how gamification is
being used in the learning process and provides a more precise picture of the results achieved so
far and how they were achieved.

Keywords:  Gamification, Game-based Learning, Education, E-learning, game
mechanics, game dynamics, game design

Introduction
It’s a proven fact that a country's development crucially depends on human resources. As it is
known, education is responsible for shaping a person; thus, the educational system plays
an important role in building a foundation for the nation's prosperity. With the higher literacy
rate, there is a reduced percentage of unemployment. To build a strong educational system, there
should be effective pedagogical methods, involving the rapidly advancing social networks and
technologies which have become an everyday routine of human life. With the emergence of new
blogs, services, social networking platforms and websites they are being frequently used for
knowledge purposes nowadays. Similarly, back to the early 2000s, computer adaptive games
were used for learning second languages at some schools [1].

But now with the development of high technologies such as the Internet, embedded systems
(10T), mobile gadgets, education is evolving even faster. With the massive use of high technology,
people are beginning to search more effective methods and tools for more effective teaching of both
children and adults. One of these methods is the gamification of educational processes.
Gamification is described by scientists in a variety of ways. But they all share the same opinion that
gamification is a non-game process in which elements of a game nature are included. These game
elements include the scoring system, leaderboards, in-game gifts, interesting stories, and
others. They are used to increase the motivation, engagement and quality of student learning, not
only in the educational environment, but also in other areas of life. The use of
gamification in the educational sector is gaining popularity, gradually proving its
effectiveness. As a result, many educators, educational institutions and even large
companies are incorporating elements of gamification into their learning processes. The
structure and design of games allows of implementing elements of gamification within
the learning method, and of an intuitive interpretation of the mechanics of game processes.

Definitions

According to Kapp [2] gamification is “the use of game theory, graphics and game-based
mechanics to encourage learning, inspire action, involve users and solve problems”.

Gamification is the use of game thinking, approaches, and elements in a non-game sense. In
both formal and casual settings, using game mechanics increases inspiration and understanding, in
other words gamification is the application of game elements and game thinking in non-game
practices. In gamification, games have some distinct significant characteristics such as:

e Users are employees or customers (for businesses), students (for educational institutions);
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e users complete and advance challenges/tasks against specified objectives;
e points are earned as a result of performing tasks;

e users pass through levels based on the points earned,

e the granted awards function as incentives for completing actions;

e users are ranked according to their accomplishments.

Game dynamics and game mechanics

Games that are entertaining include enjoyable experiences, and it appears that, far from
waning, interest in recreational games is still increasing. Fitocracy, Runkeeper, Nike+, Zombies,
Run! and other computer-assisted gamified services help to structure, endorse, and motivate fitness
practices [3].

It's also been proposed that commercial game players improve their problem-solving and
reading abilities, and that successful commercial games embody good learning values by allowing
gamers to participate effectively and reflectively while playing [4].

The game economy

Things Social capital
Cash Status
Prices Charity
Points Gifts Friends
Rewards Groups
Resources Contribute

Likes

Badges — Levels —

Fun Self esteem
Excitement Praise

Delight Mastery
Surprise Leadership
Discovery Conquest
Fantasy Access

Awe

Figure 1 - The game economy

The agents, items, components, and their relationships in the game are referred to as the game
mechanics. They describe the game as a rule-based structure that specifies what is present, how it
functions, and how players can communicate with the game environment. Game dynamics is the
emergent behavior that occurs as the mechanics are used in a game, and aesthetics are the players'
emotional responses to the game play [5].

Points, ranks, medals, trophies, virtual items, leader boards, and virtual gifts are all well-
known game mechanics. Rewards, rank, competition, self-expression, and others are game
dynamics components, according to Schonfeld. He depicts 47 different game dynamics elements

[6].

Gamification in education

An effective education environment can encourage contact with students and teachers,
reciprocity, fast feedback, collaboration among students, constructive learning strategies, time on
mission, appreciation for diversity, communication of high expectations and students’ different
learning styles [7].
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The key goal of education is to increase student performance, productivity, commitment,
happiness, and inspiration. The use of game mechanics and gamification will help accomplish these
goals.

Education management is a crucial component of the model which helps students to be
inspired, happy, effective, and efficient. The model shown in Figure 2 includes the following key
elements: management, game dynamics, critical factors, development phases, user experience
elements, game mechanics, gamification elements, and their impact on students.

Management
Elements of gamification .
Planning
Small tasks Organizing
Rule-based system Leading
Positive reinforcements Staffing
Clear and meaningful goals Controlling
Immediate feedback
Story behind
Rewards for accomplishing tasks :> Important factors
Voluntary participation Administration
Measurable progressive challenge Financial
Pedagogical
Design
Game dynamics Technological
. Human
Achievements A
Compeition Ganmification
Reward Learning material
Self-expressions
Altruism l
Status
_ﬁ Analysis IQ: Elements of user experience
Game mechanics v W.’eb a”alw'cs
‘ Planning m: Visual design
Effects of gamification Levels J' Project managements
Satitfaction Pglnts Accessibility
o Gifts Development User research
Motivation : .
Effectiveness Virtual goods ¥ Ul design
Engagsment K ’\: Badges ‘ Implementation ‘<: Content strategy
_— Leaderboards Usability evaluation
Knowledge acquisition ¥ ! :
Experionce Challenges - Interaction design
P | Evaluation m: Information architecture
Efficiency ‘

Figure 2 - The model of gamification in education

Impact of instructional content on learning outcomes

The lack of high-quality learning resources along with gamification would not improve
learning outcomes. Gamifying the education would not aid in success, if the material of education
does not assist students in learning [8]. This statement serves as a useful note for academics. High-
quality instructional material is needed regardless of technological or pedagogical advances.
Student learning experiences may be significantly influenced by attitudes and behaviors. While the
constructs (e.g., innate motivation) can differ across contexts, evidence of significant relationships
between student attitudes and behaviors and student learning outcomes has been found in the
educational literature [9]. Students who put in more cognitive effort, spend more time on task, and
have a constructive outlook toward a subject can theoretically see better results [10].

Conclusion

The results of this study confirm the hypothesis that gamification is gaining momentum in
education, especially among the younger generation as it helps to motivate and involve students in
learning.

This study also shows that gamification is not a panacea for everything, and it should be used
only when necessary.
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Hypramnes MK, Asimmm:kanoBa JI.M.
Binim Oepy canacsinaarbl reiMudpukanus

Anparna. TexHOJOTUSHBIH KApKbIH/bI aMybl JKOHE aKlapaT alMacyblH ecill Keje >KaTKaH
KeJIeM1 9pTYpJIl oicTep apKbUIbl OLIiM Oepy MpOLECTEepiH KaKcapTyFa kaHa MYMKIHJIKTEp alliajbl.
Ielimudukanus oOKywbUIapAslH OLTiM Oepy oOpTachlHa JiereH bIHTachl MEH OeJICeHALTITH
apTThIPAThIH TUIMJI TKIpUOenep MEH bIHTaJaHAbIpYJIapAblH OipiHe aliHanyaa. Ka3zipri ransmmaap
MEH MOJAEHM TONTap YIIIH OUIIMHIH MaHBI3ABUIBIFBIH €CKepe OTBIpbIN, Oyl Makaia
reiMupUKausSHbIH OKY IPOLECIHAE KOJAaHbUIAThIHbI )KalbIHAA 3epTTEi1 )koHe OacKka eHOekTepae
Ka3bUIFAH HOTIDKEJIEp MEH OJlapFa KOJI XKETKI3UINeH1 Typalibl HAaKThl TYCIHIK Oepei.

Tyiinai ce3nep: reiimudukanys, oibIH apKbUIbI O1T1IM Oepy, 611iM Oepy calachl, AJIEKTPOH IbI
OKBITY, OMBIH MEXAHUKACHI, OWBIH JUHAMUKACHI, OMBIH JU3A1HBI.

Hypramunes M.K., Asmmikanosa JI.M.
I'eitMmudukanus B 00pazoBaHuu

AHHOTauus. BpicTpoe pa3BUTHE TEXHOJOTUH M pacTymuid o0beM oOMeHa HH(OpManueit
OTKpBIBAE€T HOBBIC BO3MOXXHOCTH JUISI YIYYIICHHS OOpa30BaTENBHBIX IPOIECCOB C ITOMOIIBIO
pa3nuyHbIX METOAOB. ['eiiMudukanus cranoBUTCS OJHON U3 d(P(HEKTUBHBIX MPAKTHK U CTUMYJIOM,
KOTOPBIE TMOBBIIIAIOT MOTHBAIIMIO YYAIINXCS W MX BOBJICUEHHOCTh B 00pa3oBaTeibHYyIO cperny. B
9TOM paboTe uccienyeTcs, Kak rediMuQuKanns UCIoIb3yeTcsl B Ipolecce o0yueHus, gaercs 6onee
TOYHOE TIPEJICTABIICHHE O pPEe3yNIbTaTax, 3a)MKCUPOBAHHBIX B CTaThsX, © O TOM, KaK OHU OBUIH
JOCTUTHYTHI.

KiroueBble cioBa: reiimudukaius, urpoBoe oOOydeHHE, O0Opa3oBaHHE, JJIEKTPOHHOE
o0y4yeHue, UrpoBasi MEXaHWKa, UTPOBasi IMHAMHKA, UTPOBOM TN3aiiH.
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MexayHapoaHbI YHUBEPCUTET HH(OPMAITMOHHBIX TeXHOJIOTHH, AnMmaThl, KazaxcTan

BHEJIPEHUE CEPBUCHOM CUCTEMBI IT-AYTCOPCHUHT A

AHHOTanus. ITpon3BOIUTENPHOCTP MHOIMX OpraHU3allMil 3aBUCUT OT MX CIIOCOOHOCTH
3G GEeKTHBHO HCHOIB30BaTh cBoM cuctembl UWT-ycmyr. DTo moapasymeBaeTr HE0OXOAMMOCTH
ONTHMHU3ALMKA OTHOIICHWH MeXIy noctaBiiukoM MT-ycnyr m corpynHukamu opranusanuu. s
VIOpaBJICHUSI yCIyraMH HWCHOJB3yIOTC Tak HaseiBaeMble ITSM-cucremer. Ho BeiOpate w3
CYLIECTBYIOIIMX MJIM pPa3paboTaTh HOBYIO CHCTEMY — 3TO TOJBKO «BEpXylIKa aicOepray.
VYcnemnHo BHEAPUTh CUCTEMY U ClI€TaTh TaK, YTOOBI € MOJIb30BAJIUCh — OJIHA U3 KIIHOYEBBIX 33]a4
U BaKHEMHIIEe YCIOBHUE KU3HU CaMOM CUCTEMBI. B JaHHOM HMCCII€JOBAHUM MOKAa3aHO, KaK IPOLECC
BHenpeHust cuctembl UT-ycnyr «ASistay omHOW M3 ayTCOPCHHTOBBIX Kommanuii Ka3zaxcrana
aHAJM3UpPYyeTCs U MOJIEPHU3UPYETCSl HA OCHOBE pacdeToB 3¢ (GeKTUBHOCTH. PacueTsl mpousBeneHsbl
MIOCPEACTBOM IIPUMEHEHUS METOIUK OEPEKITMBOrO MTPOU3BO/ICTBA.

KiroueBble cjioBa: cepBHC, CEpBUCHAs CHCTeMa, ayTCOPCHHT, |T-ayTcopcuHr, OepexinBoe
npousBozctBo, Information Technology Infrastructure Library, Information Technology Service
Management

BBeaenue
Hanexnas pabora Bcet HWT-undpacTpykTypbl OOJBITHHCTBA KOMIIAHUM  OKa3bIBAET
CYLIECTBEHHOE BIHUsAHME Ha OJ((EKTHBHYIO U YCICHIHYI0 pealu3aluio Ou3Hec-cTpaTerui
KoMIaHuu. HemnpepbiBHOE KOMIUIEKCHOE Pa3BUTHE M YCIOXHEHHE CTPYKTYpbl OM3HEC-TIPOIECCOB
MPUBOJUT K 3HAYUTEIHHOMY TMOBBIIIEHUIO CJIOXXHOCTH YMPaBICHUYECKHX 3aJad U PECYpCOB,
3aJ1€iCTBOBAHHBIX JIJISI MX pelleHus. ITo Takxke kacaercsa UT-ycnyr npennpusituii [1].

ITepenoBoii onbIT opranuzanuu IT-mogpasneneHnii CBs3aH C KOHUEMNIMEH, YTO OCHOBHBIC
OUM3HEC-TIPOLIECCHI  COBPEMEHHOIO TMPEANPHUATHS, a TakkKe TEeXHHMYECKOe M MporpaMMHOe
o0OecrieueHre, TMPOLECChl KU3HEHHOTO IMKJIa HWH(GOPMAIMOHHBIX CHCTEM M IPOIECCHI
B3aMMOJICHCTBUS C Pa3TUYHBIMU COCTaBISIOMMME [T-HHPpacTpyKTyphl, B TOM YHCIe KOHEUHBIMH
MOJIb30BATENSIMHU, JIOJDKHBI paccMaTpUBaThbCi Kak OJHO 1ienoe. [IpuBeneHHYI0 KOHIIETIIHIO
peamusyer ITSM (ymnpasnenue IT-ycayramu, anri. Information Technology Service Management)
— mojaxoAd, npu kotopoMm IT-cimyxba siBisieTcs MOTHONPABHBIM 3JIEMEHTOM OW3HEC-CTPYKTYpPBI, a
HE BCIIOMOTaTeIbHOM ci1yxk00ii [2].

ITepenoBoit ombIT opraHuzamuu padoTel [T-mompasmeneHuii Kak IMOJHONPABHOTO YJICHA
ousHec-miporieccoB cobpan B ITIL (IT Infrastructure Library) — OuGnuoTtexke MHGPaCTPYKTYPHI
MH(OPMALIMOHHBIX TeXHONOTH. OHa UMEET TUIOBBIE MA0JIOHBI M MOJIETH, a TAK)Ke€ METOAOJIOTHH,
KOTOpBIE HEOOXOJIMMO BHEAPUTH M dP(HEKTUBHON OpraHM3anid padoThl HE TOJBKO |T-ciyx0
MPEANPHUATH, HO U BCEX 3aBUCUMBIX OT IT KOMIOHEHTOB.

[IpeumymectBa npumenenus ITIL w ITSM pana IT-moapazgeneHuid 3akiro4aroTcs B
BO3MOXXHOCTH  OpPraHW30BaTh dJ(PPEKTUBHBIA MEXaHU3M TMOAJMCPKKH U  COMPOBOKICHHUS
MH(OPMALIMOHHBIX CHUCTEM MPEANPUATHS, YMEHBUINTh KOJMYECTBO COOEB IMpHU MPEAOCTaBICHUH
HEOOXOJUMBIX CEpPBUCOB, KOHTPOIHMPOBaTh |T-uHGpacTpykTypy TUpH HU3MEHEHUSX, OIICHUBATH

3¢ pexTuBHOCTD U paboToCTIOCOOHOCTH | T-Cimy»)0, onTuMu3upoBath padoty I T-cimyx0 B iesmom [3].
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CymiecTByeT TIeNbIi KJacc MPOTPaMMHOTO OOecreueHus, KOTOpblii OTHOCAT K ITSM-
cucTeMaM, HarlpuMmep, TaKue CHCTEeMbl BbiyckaeT koproparus BMC. IT-agmuHUCTpaTOpHI 1O
BCEMY MHpPY PEIIAIOT CXOXHE 3aladi. B HEKOTOPBIX CIydasX BEpPHO HCIOJIB30BATh JIYYIIUE
MPAKTUKH M yXe TOTOBbIE CHCTEMbI, & B HEKOTOPBIX BEpHEe OyJeT HamucaTh CBOK YHUKAIBHYIO
cUcTeMy, KoTopass Obl WACaTbHO TOIXOIMIA IOJ BCE CcHenu(UUECKUe 3aJadydl KOMIIAaHUH.
Kazaxcranckas kommanus, npenocrasistomas | T-ayrcopcuHr BeIOpaia BTOPO MOIXO.

[Tocne HamwcaHusi CEPBHCHOM CcHUCTeMbl «ASISta» OTKpBITBIM ocTasicss Bompoc: «Kak
3(GGEKTUBHO BHEAPUTH JAHHYIO CHCTEMY CpPEIM HECKOJBKHUX THICSY KIMEHTOB KomraHuu?». Ha
MOMOIIL TMPUILIAa KOHIeNus OepexnuBoro mnpousBojactBa (Lean Production), oObenuHUBIIAS
pa3IMYHbIC METO/IbI OBHIIIEHUS () (HEKTUBHOCTH IMPOIIECCOB.

Pacuer 3¢ dexTnBHOCTH mNpouecca BHeApPeHHsl cepBUCHOW cuctembl |T-ayrcopcunra
MOCPeACTBOM NPUMEHEHUs TeXHOJIOTHii GepeKIUBOro NPON3BOACTBA

Ha cerogusimmHuii AeHb TEXHOJNOTHUS OEpEeXIMBOrO MPOU3BOJACTBA OTBEYAET TJIaBHOMY
3ampocy BCEX NPEINPHUITHA — TIOBBIIICHUIO 3()QPEKTUBHOCTH TPOIECCOB IMPH  YCIOBHH
OTPaHMYEHHOCTU pecypcoB. «bepexiiiBoe MPOU3BOJACTBO» MOApPa3yMeBaeT HE IMPOCTO
KpPaTKOCPOYHBIE MEpBI 10 COKPAILCHHUIO 3aTpaT Ha MEpCcoHall, apeHIy U COAEp)KaHUE CKIAJCKUX
MOMEIIEHUH M Jpyroe, a B MEPBYIO Ouyepellb — ONTHMHU3AIMUIO OU3HEC-TIPOIECCOB C IEIbI0
UCKITIOYEHUS JIMITHUX U HEHYXHBIX (PYHKIHA U TPOLEAYp, CO3AAOIINUX TOJIBKO JOMOIHUTEIbHYIO
paboTy, HO HE CO3/IAIIUX TOTIOTHUTEILHOW IEHHOCTH [4].

bepexxnuBoe MPOW3BOJICTBO HANpPaBIEHO HA YCTpaHEHHUE TMOTepb BO Bcex cdepax
NEATCIILHOCTH TPEINPHUATHS, HAaYWHAS C IMOCTPOCHHS B3aMMOOTHOIICHWW C TIOTPCOUTEISIMH. B
MPOEKTUPOBAHUM  MPOIYKIMH, BBICTPAUBAHUM 1iered  o0OecredyeHus, MPOU3BOJICTBEHHOM
MEHE/DKMEHTE, TPAHCIOPTHBIX M WHBIX orepanusax. L[enblo Takoro MTpPOW3BOJCTBA SBISICTCS
JOCTHKEHHE HAUMEHBIIUX TPyJdo3aTpaT, MUHUMAJbHBIX CPOKOB CO3/JaHUA  NPOAYKIIHH,
rapaHTUPOBAHHOW TOCTAaBKH TPOMYKIIMU MOKYIATEII0 B HA3HAYCHHOE BPEMs, BHICOKOTO KadyecTBa
MIpU HauMEHbIIeH cTouMocTu. [Ipu 3TOM Moz moTepssMU HEOOXOAMMO MOHUMATh JF000e JAecTBUE,
MIPH BBIIOJTHEHUH KOTOPOTO UCHOJB3YIOTCS PECYPCHI, HO HE CO3AAeTCs IEHHOCTD ISl TOTPeOuTeNs
npoaykiuu (KiueHTa) [5].

BepexnnBoe mpon3BOCTBO HALIETICHO HA COKpAIICHNE TIOTEPh (MIMEHHO MOTEPh, a HE 3aTpar).
BoiaensitoT HECKOJIBKO BUOB MOTEPh: OKUAAHUE, Ne(DEKTH U MepeAeNKU, TepeIBUKECHHUS, 3aachl,
M3THIIHSAS 00paboTKa, MepeMeInIeHne MaTepralioB, MEPEPON3BOICTBO. ITH MOTEPH YBEITUYNBAIOT
W3JIEP’KKH MPOU3BOJICTBA, HE 100aBIIAS MOTPEOUTENHCKOM IIEHHOCTH, IEHCTBUTENIBHO HEOOXOAMMOMN
3aKa34uKy [6].

OcHOBHOUM TIpoOIeCC, KOTOPBIM MBI OyneM aHaIM3UpOBaTh — ATO Tporecc BHenpenus UT-
cucteMbl «Asista». Ha mepBom sTarme paboThl OCYIIECTBIACTCS KApTUPOBAHHUE MPOU3BOICTBEHHBIX
MPOLIECCOB C IIEbI0 BHU3YAIHM3AIMH MOPSAKA OKAa3aHHs YCIYT MyTeM IMOCTPOSHUS KapThl MOTOKA
(cormacHO TEPMHUHOJIOTHU OepekIIMBOrO Mpou3BojicTBa). Hortamuio Oyaem umcronbszoBath BPMN
(anrn. Business Process Model and Notation), Tak kKak ¢ €€ MOMOIIBI0 OYEHb XOPOIIO
MIPOCMATPHUBAETCSI XPOHOMETPaXK MPOoIecca.

O603nauum ocHoBHBIe ponu: Corpynauk, Kimument, CRM-cucrema u BcriomoraTenbHas pojb
— JlokyMeHThI. Takke BBIHIIEM OCHOBHBIC OOBEKTHI IMOTOKA YIPABICHHUS: COOBITHS (B HaIIeM
cllydae — Hauajlo M OKOHYAaHHME Tpollecca), NeUCTBUS (HAmpuUMep: «BBIE3KAET K KIUEHTY») U
Joru4eckue oneparopsl (puc. 1).
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Pucynok 1 - Texywee cocmosnue npoyecca éneopenust HT-cucmemor «Asistay

OdheKTHBHOCTH OTOKA paccuuTaeM 1o popmyie:

TECI
TECH4ETn

Kad = * 1000 (1)

rae: Ko — xoadpdunment sdpdextuBHoctr noroka; LBCL] — cymmapHOe Bpems co3aHus
LIEHHOCTH Ha BCEX OINepalusax MnoToka; XTn — cymmapHoe BpeMsl OTEPh B IIOTOKE.

[Ipy ommcaHuM MOTOKAa CO3/1aHUS IIEHHOCTH, BKJIIOYAIOLIETO BCE ATAaIlbl MPEIOCTaBICHUS
YCIIyTH MOTPEOUTENIO WM ITPOU3BOJICTBA IPOAYKTA, BCE IEUCTBUS ACNATCSA HA TPU KaTErOpPHU:

1) necTBHs, KOTOpPbIE CO3/AIOT LIEHHOCTh Ul MOTpeOHuTeNs (3TO KIIIOYeBbIE NEHCTBUS, BO
BpEeMsI TaKUX JCHCTBUN «MEHSIETCS» CaM MPOIYKT WITH yCIyra);

2) nedcTBHs, KOTOpPbIE, C TOUKH 3pEHHsI MOTPEOUTENs, HE CO3/Al0T LIEHHOCTH, HO KOTOpBIE
HeJB3s yOpaTh U3 MPoIeccoB (My/1a MepBoro poaa);

3) neHcTBHs, KOTOpble HE CO3/JalOT ILIEHHOCTH, M TOITOMY MOTYT OBITh HEMEJIEHHO
HCKJIIOYEHBI U3 MOTOKA (My/1a BTOPOTro pojia) (JIMIIHUE JBHKCHUS, JTIUIIHSS TPAaHCTIOPTUPOBKA) [7].

B namem cinyyae eHHOCTbh IPUHOCST TaKue IEHCTBHS, KaK: «3alycKaeT 0aT-(aiiia Ha KaxJI0M
yCcTpoiicTBe» (MOMEHT, KOrja co3faercs sIpjblk Ha pabodyeM CToje KIMEHTa) M «PacKiIeuBaeT
HakJIeWkn» (MOMEHT, KOTJIa BHJIOM3MEHSETCS YCTPOMCTBO: Ha HEM TOSBISETCA Hakielka ¢
UICHTH(HUKATOPOM).

360 MmuHyT 360 MuHyT
Kad = #= 10090 = # 100% = 40%
360 mMuuyT + 538,65 MuHyT 898,65 MuHyT

Taxum o6pa3zom, Ha npouecc 3pdextuBeH Ha 40%, 4TO HE COCTABISIET Aa’Ke MOJIOBUHBI OT
3aTpayeHHbIX Ha HEro pecypcos. llocie mpoBeneHHOTro aHaln3a CTAJIO0 MOHATHO, YTO OOJbINast
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4aCTb BPpCMCHU YXOJUT Ha MCPCABUIKCHHA — IMPHUEC3] K KIMCHTY W BO3BPALICHUC B O(l)I/IC, U Tak
JIBAYXK/IbI.

HOTepI/I npu TMNCPCABMIKCHHU — DOTO HCHYXHBIC NCPECMCUICHUA MATCPHAIIOB, T'OTOBLIX
W3JIeJHi, IepcoHana u 000pyI0BaHus, KOTOPbIE HEe JOOABISIOT IEHHOCTHU MPOIIECCy.

JlenaeM BBIBOJ, O HEOOXOAMMOCTH COKpaTUTh BpeMsl Ha IepeaBrkeHud. [ns storo
COKpalaeM KOJIMYECTBO BBIE3/I0B K KJIIMEHTY C ABYX 10 ofHOro. COTpyAHUK BO3Bpamiaercs B opuc
TOJILKO JUISi TOTO, YTOOBI pacredyaTarh HAKICWKH. J[7as TOro, 4ToOBI COKPATHTh KOJIUYECTBO
BBIE3/I0B, OBLJIO MPEIIOKEHO JIBA BApUAHTA!

1. Ilpu cebe mMeTh meyararoliee YCTPOMCTBO, C IOMOIIBI0 KOTOPOTO MOXHO pacliedaraTh

HaKJIeHKy Ha 000pyI0BaHue ¢ UACHTU(PUKAIIMOHHBIM HOMEPOM,;
2. PacneuaTpiBaTh HaKJIEWKH C MIECHTH()PUKALMOHHBIMA HOMEpPAMH C 3aIacoM 70 BbIE3Aa K
KIIMGHTY.

[locne anamm3a pbIHKA IEYATAIOMIMX YCTPOWCTB OblIa BBISBICHA HEIEIECO00pa3HOCTh
MOKYNKH. bBONBIIMHCTBO TMOPTATUBHBIX  YCTPOMCTB, MpeAHA3HAUYEHHBIX s PadoOThl ¢
caMmoKJIesIIeiics Oymaroil, me4araroT TOJBKO B uyepHO-OermoM ¢opmare. s KOMIIAaHHH Ba)KHO
Hanuuue 1BeTHOM pacmeuyaTku. [loatomy mporecc Bbyiauu ID ycerpoiictBaM ObUT MOJHOCTBHIO
MIEPECMOTPEH, YTO OTPA3UIIOCH MPU COCTABICHUHU KapThl OYAYIIIETO COCTOSHUS TOTOKA (puC.2).

Mpouecc BHeapenns NT-cuctems! «Asistan

30 ceryna i 5 YT LwmnyTa 20 MHHyT 10 wHyT—24aca 20 MuHyT — 4 9aca 2 mikyTol
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Pucynok.2 - Byoywee cocmosinue npoyecca eneopenus HT-cucmemor «Asistay

Paccunraem korddunreHT 3 PeKTUBHOCTH MTOTOKA:

240 MuHyT 240 MuHyT
= #100% = —— = 1009% = 48%
240 mMmuayT + 2638,5 MHHYT 5085 munyT

Kad

Msbl monmyuaeM yBenuueHue 3PGeKTUBHOCTH Ha 8%. DTO HE Tak MHOTO B paMKaxX JaHHOTO
nporiecca, Ho o01ree BpeMsi IUKIJIa YMEHBITUIOCH Ha 1ebiX 45%.

Bpewms nukna = ZBCL 4+ ETn 2
Bpewms nukna (Tekyiiee coctosiHue) = 898,65 MUHYT
Bpewms nukna (Oyaymiee cocrosinue) = 508,5 MuHyT

Takum 00pa3oM, HCHONB30BAHUE HMHCTPYMEHTOB OEpEKIMBOTO MPOHM3BOJACTBA CHUBUT
YpOBEHb BpPEMEHHBIX IOTeph Ha BHEApPEHUE CepBUCHOM cucteMbl IT-ayrcopcunra myrem
UCKJIIOUEHUS IOTEPH BTOPOTO YPOBHSI.
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3akiioueHne

Pe3ynbTaThl IPOBECHHOTO MOCPEICTBOM IIPUMEHEHHUS METOJUK OCpPEKIMBOIO ITPOU3BOJICTBA
WCCIICTIOBAHMS 3aKJIFOYAIOTCS B IMOATBEPKICHUU HEOOXOIMMOCTH YIYYIICHUS CYIIECTBYIOLIETO
mporecca BHEIPSHHUS CEPBUCHOM cucTeMbl | T-ayTcopcunra.

BBISIBJICHa IICHHOCTH 3HaHI/II\/‘I O JAHHBIX MCTOAUWKAX H I/IHCTI)YMCHTaX COBpeMeHHOI‘O
OCpeKIIMBOIO  IPOM3BOJCTBA, KOTOPBIE MOTYT OBITh  HCIIOJIB30BAHBI  JUIS  ITOBBIIICHUS
3((HEKTHBHOCTH HE TOJBKO MPOAHATU3UPOBAHHOTO MPOIECCa, HO W BCEH NPOU3BOJCTBECHHOMN
CHUCTEMBI MNpEeANnpUsATHsa. Bce 3To AacT BO3MOXKHOCTh 3HAYUTEIBHO IOBBICHTH 3(()EKTHBHOCTH
MIPOU3BOJICTBEHHBIX MPOIIECCOB U YIYUIIUTh OPTraHU3aIUI0 TIPOIEcca OKa3aHUsI YCIIYT.
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Anumekanona JI.M., [lanapuna A.B.
IT-ayTcopcHHITIH cepBUCTIK KylieciH eHri3y

Anparna. KenrereH yHbIMAapIblH OHIMAUIT omapasiH IT-KbpI3MET JKkyHenepiH THIMIl
naiinanany KaOineriHe OainaHpICTBl Oonansl. bBynm mpoBaiinep MeH YHWBIM KbI3METKEpIepi
apachIHJIarbl KaThIHACTAPbl OHTAMIAHABIPY KaXKETTUIriH Oinnipeni. Kei3merrepai 6ackapy yiiH
ITSM nen aramatelH Xyhenep KoimaHbuiaabl. bipak Oap >kyiieHi TaHzay HeMmece jKaHa KYHeHi
xacay — Oy «aiicOeprtiH yiuel» raHa. JKyleHiH Heri3l MIHAETTepl MEH TIpUIUTIK Karaaniaapbl —
aTallFaH KYMeH1 COTTI eHri3y jKOHEe Maianany.

Bepinren 3eprreyne KasakCTaHHBIH ayTCOPCHHITIK KOMITAHHSUIAPBIHBIH Oipi «Asistay IT-
KbI3METTEp JKYHMECIH EHri3y IMpolieci THIMII €cenTey HEri3iHJe KYMBIC iCi TaJJaHbIN, KaiTa
KAHFBIPTHUIATBIHBI KOPCETINTeH. YHEM[I OHIIpiC OMICTEpiH KOJJaHy apKbUIBI ecernTeyiep
KYPri3uIIi.

Ty#inai ce3mep: cepBUC, KbI3MET KepceTy »KyHeci, ayrcopcuHr, IT-ayrcopcunr, yHemmui
enpipic, Information Technology Infrastructure Library, Information Technology Service
Management.

Alimzhanova L.M., Panarina A.V.
Implementation of an IT outsourcing service system

Abstract. The performance of many organizations depends on their ability to effectively use
their IT service systems. This implies the need to optimize the relationship between the IT service
provider and the people in the organization. The so-called ITSM systems are used to manage the
services. But choosing from the existing ones or developing a new system is only the “tip of the
iceberg”. Successfully implementing such a system and making sure that it is used effectively is one
of the key tasks and living conditions of the system itself.

This study focuses on the analysis and modernization of the “IT services system of Asista”, one
of the outsourcing companies in Kazakhstan, based on efficiency calculations made using lean
production techniques.

Keywords: service, service system, outsourcing, IT outsourcing, lean production, Information
Technology Infrastructure Library, Information Technology Service Management.
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MexyHapoaAHbIM yHUBEpCUTET MH()OPMAIIMOHHBIX TeXHONIorui, AnMatsl, Kazaxcran

YHPABJIEHUE NIPOIECCAMMU PABOTHI C IOCTABIHIMKAMMU HA OCHOBE ERP-
CTAHIAPTOB — I1OAXO/A BPM

AnHoTanus. D¢ppexktuBHOE BHeApeHUe cucteMbl ERP Ha myTu oT mokynaresst K OCTaBLUIUKY
MOXET 3HAYUTEIIBHO CHU3WTh MAaTe€pUajbHblE 3aTpaTbl M  KOJWYECTBO BPEMEHUM HA
MIPOM3BOJICTBEHHBIN Mpouecc. ITOT JokyMeHT mpeactaButr BPM  (Ympasnenue OusHec-
mpoIrieccamMmu) MoaxoJ K paboTe ¢ mocraBimkamMu Ha ocHoBe ERP-cranmapToB. PaGoune mporeccor
OTIpeNIeNIAIOTCA € Hcmosib30BaHMeM cranzapra BPMN (HoTauuss u Mojens OM3HEC-TPOLIECCOB),
MIPOEKTUPYIOTCS. M MOJEIHUPYIOTCS C UCHOIb30BaHUEM MHCTpymMeHTa BPM. Metpuku cobuparorcs
JUIsL yIpaBlIeHUs IIpoleccamMu. B MaHHOM cTaTbe paccMaTpUBAETCS BaXXHOCTb KOPPEKTHOU
HACTPOMKH Ipoliecca JOKYMEHTO000pOTa U MPABUIIBHOTO ONPEAEIEHUSI OTBETCTBEHHBIX 3a KaXkIyIO
OIIEpaLHIO C BXOAAIIMMHU U UCXOIALIMMH JOKYMEHTaMH, a TAaKXKE BBIACIAIOTCS KIHOYEBBIE aCIIEKThI
paboThI ¢ TOCTAaBIUIMKAMU IIPU MOJEP>KKE METOI0JIOTUH U MTHCTpyMEeHTOB BPM.

KuroueBsbie cioBa: Enterprise Resource Planning, mimanupoBaHue pecypcoB HpeANpHsTHSA,
yopaBiieHue OusHec-mpoleccaMu, pabora ¢ mnocraBiivkamu, Business Process Management,
MoieTTupoBaHue OusHec-mpoueccos, Business Process Management Notation

Beenenune
ERP — »5r0 mHpopmanmoHHas cucTeMa Uil IUIAHUPOBAHUS M WHTETPALMU BCEX IMOJICUCTEM
NpeaNpusATHs, BKIOYas (PMHAHCHI, 3aKYIKH, IIPOU3BOJACTBO, YEIOBEUECKHE PECYPCHl U MPOJAXKH.
OcnoBHas ¢ynkuus ERP 3akiarodaeTcst B MHTErpaluy Npoueayp MEXBEJOMCTBEHHOTO yIIPaBICHUS
u HUHOPMAIMOHHBIX cucTeM ympasieHus. ERP 3¢¢exkTuBHO CHMXKAET CTOMMOCTh LEHNOYKH
MOCTAaBOK, COKpAlllaeT BpeMs NPOM3BOJCTBA, YJIyYIIAeT KaueCTBO NPOAYKIHH, OOeCrednBaeT
Jydqiee 0OCIy)KMBaHHE KIMEHTOB M ypaBHOBEUIMBAET MPOTHO3HPYEMBIH CIPOC U MPEIOKEHHE.
Cuctema unterpauun ERP Biimrouaer B ce0si OCHOBHBIE IMOJPA3/CICHUS NPEIANPUATHS, KOTOPOE
HYKHO CBsI3aTh U HHTETpupoBartsb [1].

Bribop mocraBHIMKa W paclpenesieHHe 3aKa3oB  SABISIOTCS  HauOoliee 3HAYUMBIMU
npobiemMaMu U OTAeNa 3aKyHOK MPEANPHUITHS, U 3TH JABE MPOOIEeMbl MOTYT OBITh 3(PPEKTUBHO
UHTErpupoBaHbl B cucreMy ERP s onTuMm3anmum mporecca 3akynk. Bwibop momxomsmimx
IIOCTABIMKOB HE TOJBKO [A€T CYIIECTBEHHBIE BBITOABI JUISI KOMIIAHWH, HO TAK)KE€ IIOBBIILIAET
yIIOBJIETBOPEHHOCTH KJIMEHTOB. [Ipobiema BbIOOpa MOCTaBIIMKA SBISIETCS MPOOIEMOM TPYIIIOBOTO
pElIEHNs [0 MHOI'OYHUCIIEHHBIM KPHUTEpHUSM, a TaK)K€ HEONPEICICHHbIM M HETOYHBIM JIaHHBIM.
[TpousBonuTenu JOKHBI B3aUMOJECMCTBOBATH C TOCTABIIMKAMH, YTOOBI MaKCHUMH3HPOBATh
MPOM3BOAUTEILHOCTh 1 MUHUMHU3UPOBATH OOLIYI0 CTOMMOCTH BBIITyCKaeMOU MPOAyKIuH [2].

YnpasJienue o0usnec-npoueccamu (BPM)

ITporiecc — 3T0 HAOOpP B3aMMOCBSI3aHHBIX 3a7ad, KOTOpPbIE BMeCTe MPEoOpPa3ylOT BXOJHBIC
JTaHHBIE B BBIXO/IHBIE JAHHBIE, BHIMOIHIEMBIX YEITOBEKOM MIJIM MAlTMHOM.

VYnpasnenue OusHec-npoueccamu (BPM) — 5310 Habop MeTOJ0B, WHCTPYMEHTOB U
TEXHOJIOTHH, MCTONb3YEeMBIX ISl pa3paOOTKH, MPUHATHA, aHATU3a M KOHTPOJIS OINEPallMOHHBIX
ousHec-npoueccoB. BPM — »3T0 mnpoueccHO-OPHEHTUPOBAHHBIM MOAXOJ JUIA  yIyYIIEHUS
MIPOU3BOIUTENILHOCTH, KOTOPBIH O00BEIUHAET MH(POPMALMOHHBIE TEXHOJOTHH C METOAOJIOTUSMHU
poleccoB u ynpasienus. BPM oxBaTeiBaeT mtojiel, CHCTeMBbI, QYHKITUH, PEATNPUATHS, KTUSCHTOB,
IIOCTABILMKOB U APTHEPOB U MOPa3yMeBAET B3aUMOJCHCTBUE JIEIOBbIX JIOAEH 1
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MH(POPMALIMOHHBIX TEXHOJOTHH JJs1 CTUMYIHPOBaHHUA 3(()EKTUBHBIX, THOKMX W MPO3PAYHBIX
ousHec-mporeccos [3].

[Tpu BHenpenun BPM B opranu3zanuu, 4ToObl yIy4IIUTh POU3BOACTBEHHBIE MPOLIECCHI, MBI
JOJKHBI UCTIOJIb30BATh MPOEKTHBIN MOIXOA.

SAnpoM passepreiBanus poekta BPM sBisieTcss MoAeMpoBaHue MpoLecca, KOTopoe T0KHO
YUUTBIBATh U OIPEICINATh CIEAYIOIIME 3JIEMEHTh: 00BbEeM Ipolecca, 3alycK Mpoliecca, MpoLecce
JEATENIPHOCTH M WX B3aUMOCBSI3b, HOMEpa IMpPOIECCOB (M3MepuMble HUPPBI JCATEIBHOCTH).
HeoOxomumMble pecypchl M HX pacrpezeneHue (IpoJODKHTENBHOCTh IpoLecca, KOIHMYECTBO
COTPYIHUKOB, MaKCUMaIbHas Harpys3ka, KIo4eBbie mokazarenu ¢ dexkruBHocTu nporecca (KPI),
3aBepllieHHE Ipoliecca M TEXHOJIOIMYECKHE CBSI3M C JAPYrMMM IpoleccaMHu  (CUCTeMHas
MEPCIEKTHBA BCEX NPOIECCOB B KOMIIAHMM) JOJDKHBI OBITh 33aJOKYMEHTHPOBAHBI 10 Hauaia
BHEIPEHMsI aBTOMATU3ALIH.

Anamuz «AS-1S» («kak ectb») OM3HEC-TIpoliecca, BKIIOYAIOMMI B ceOst 0003HAUCHHE IIeTTH
npoiiecca, rpadpuueckoe MmpeacTaBieHue npouecca (¢ ucnonb3zoBanueM BPMN-HoTanuu u Moznenu
OusHec-mporeccoB), onucanue aestenbHocTH, KPI (kimoueBble mokazarenu 3(PQGEKTUBHOCTH) U
METPHUKH, a TAK)KE CCBUIKH Ha JPYTUe MPOLECCHI, TOJDKEH OBITh BBIMOIHEH B Hayane padoTsl [4].

Ha ocHoBe coOpaHHBIX NaHHBIX OyAeT CMOJEIMPOBAH MpoIecc ymyduieHus. OUHATbHBINA
npouecc HaszbiBaeTcs: «lIpomecc TO BE» («kak JOMKHO OBITB») — 3TO KOPPEKTUPOBKA LIEIIH.
IIpemiaraemas MoJiesib mpolecca JoJbKHa ObITh JTydlle uexoaqHoi. Hekoropele nucTpymenTst BPM
UMEIOT (DYHKITUIO MOJICITHPOBAHUS TIporecca [4].

Mogens Ou3Hec-mpolecca MOCTOSIHHO COBEPILICHCTBYETCSI U J0 OKOHYATEJIbHOTO HPUHSATHS
MOJKET MPETEPIIETh HECKOIBKO N3MEHEHUH.

Kapra npoueccoB cucremMbl

Kapra mpoieccoB — 3TO WHCTPYMEHT AJs IJIAHUPOBAHUS U YIPaBJIEHUS, C MOMOIIBIO
KOTOpOT0 YA00HO OnuChIBaTh TeueHue padboThl [S]. OHa BKiItoYaeT B ce0si MPOLECCHl yIIpaBIeHHUS,
OCHOBHBIE IIPOIIECCHI, BCIIOMOTaTelbHbIE MPOLIECCH], a TAKXKE KIMEHTA U MpeagaraeMble MpOayKThI.
VIMeHHO OCHOBHBIE OM3HEC-TIPOIECCHI (B JAHHOM Cilydae — TUIAHMPOBAHUE U pa3MelleHue 3aKasa,
pacuer mnoTpeOHOCTEl B TOBape, aHAJIW3 MPEJIOKEHUH MOCTaBIIMKOB, BBIOOP MOCTABIIMKA,
(hopMHUpOBaHHE TMOCTAaBKH, 3aKJIIOYEHUE JIOTOBOpA) M CO3AAIOT IEHHOCTh MpojykTa. OcTalbHBIC
MIPOILIECChl, KOTOPbIE HE SIBJIAIOTCS TJIABHBIMHM LIEHHOCTSIMHM, OTHOCSTCS K BCIIOMOTaTelIbHBIM (B
JaHHOM Cllydae — aHaJiM3 IIOCTaBIIMKOB, oOecreueHne Oe30macHOCTH JOoKymeHToB, IT-
obecrieyeHue, obOecreyeHne KOMMYHMKALIMM C TIOCTAaBIIMKAMH, IOJrOTOBKA MEHEIKEpOB).
LleHHOCTh TIPOAYKTa KJIMEHT ONpeAessieT caM dYepe3 ompeneieHHble TpeboBaHus. Hinke
IpeJCcTaBlIeHa KapTa mporeccos (puc. 1).

Mpoueccel ynpasnexus [ — KnneHTRI

MoTpe6GHOCTH KNueHTa

Vnpaenenue anasnenwevI KayecTBoM u YnpasneHus

yny
npoueaypamu pasoTei ¢ AOKyMeHTaMu

CKopocTh nocTaswmKamu
Aoky poTa

(sakynka)

OCHOBHbIe Npouecchl

FapaHTua kavecrsa P n " Pacuer
sakasa B TOBape

WHTerpupyemMocTs Bbi6paTh
AHET nocTaswmka

Bonee Huzkan NoCTaBWMKOB
CTonMMOCTB

Tk AOroBop)|
ApanTupyemocTs /
nporpammel

nocTaeku

dogaolol

ABTOMaTU3aUUA
npoueccos

L

BcnomoraTenkHble npoueccs!

(1adadtanow) Awwediodu oiAnner! 1oAsauoam sedoLoy ‘sunesuneldo

ol IT- O
Auanvey GesonacHocTH | | (Mporpamma, | [koMMyHUKauMit ¢
MocTaBsWMKoB AOKYMEHTOB, noj nocTaswmkamm

AOroBopos

Moarotoeka

Pucynox 1 - Kapma npoyeccog
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Tabmuma 1 — [Moanpouecch 6u3Hec-mpoiecca «PadoTa ¢ mocTaBuIIKaMm»

YKOHOMHUKA KOHE BACKAPYJAFBI CAH/IBIK TEXHOJIOTUSLJIAP [

Jlanee mpoaeMOHCTPUPOBAHBI MOAIpOIecCh Ou3Hec-mporecca «PaboTa ¢ MOCTaBIIMKAMM
(Tabm. 1).

IToampouecc OTBETCTBEHHBIN Bxonsmme Hexonsume
JOKYMEHTBI JIOKYMEHTHI
la | Msyuenne Crenmanuct otaena Otuer-Tabnuma Her
BHYTpEHHEH TUTaHUPOBAHUS COOCTBEHHBIX
CTaTUCTUKHU NPOJAK IpoAax
16 | M3yuenme BHemHeW |CrenuanncT oTAena Ot4er-Tabnuma Her
CTaTUCTUKU NPOJAX  |IJIAHUPOBAHUS IIPOAAX BHEIIHUX
HCTOYHUKOB
2 Pacuer Crienaiuct oT/aena Otuer-Tabnuna Tabnuna
moTpebHOCTEN B TUTAHAPOBaHUS COOCTBEHHBIX nmoTpebHOCTEN B
TOBape POJIAXK; TOBape
Otuer-Tabnuna
MIPOAAX BHEIIHUX
HCTOYHHUKOB
3 [Inanuposanue u CrienajucT oT/aena 3asBKa Tnan sakymok
pa3MelIeHne 3aKas3a TUIaHUPOBAHUS
4 BBon B cuctemy Cnenuanuct otaena | CnpaBOYHUK LEH [Ipatic-nmuctel
Mpaic-I1CTOB 3aKyIOK MIOCTaBIINKOB MOCTaBILMKOB
MOCTaBIIMKOB
5 Ananns CrernuanucT oTaea CrpaBoYHUK 1I€H CIIHCOK ITOCTaBIIHNKOB
MPEUIOKESHUH 3aKyIOK MIOCTaBILUKOB;
MOCTABIIUKOB U CymiecTByroIme
JIEUCTBYIOIINX KOHTPAKThI
KOHTPaKTOB
6 Bri6op nocraBumkoB | Cneuumanuct oraena | Ilepedens CHHCcoK NOCTaBLIMKOB
3aKyTIOK MOCTABIUKOB C paccTaHOBKOIA
MIPUOPUTETOB
7 dopmupoBaHUe Crneunanuct otgena | Ilepedyens I'paduk mocraBok
MOCTaBKU 3aKyIOK MIOCTaBILUKOB C
paccTaHOBKOM
MIPUOPHUTETOB;
Tabmuna
moTpeOHOCTEH B
TOBape
8 Hanpasnenue Crienanuct otaena | 3akasbl, IPUHATHIC YcraHoBNIeHHBIE
3aKas3a B OTHEN JIOTHCTUKHU MOCTaBILUKOM 3aKa3bl
3aKYTIOK
9 Hampasnenue 3akaza Crneumanuct otaena | 3akas3bl, IPUHATHIC YcTaHOBIEHHBIE
MOCTaBIIUKY 3aKYIOK MOCTaBIIMKOM 3aKa3bl
10 3akiroueHue Cnenuanuct oTaena Torosop Tlorosop
JIOTOBOpA 3aKyIOK

Moaenb 6usnec-npoueccoB «AS 1Sy
Co3manne MOJIENN CYIIECTBYIOIIEH opranu3anuu nporecca «AS-1S» («kak ecTh») MO3BOJISET
orpenenuTh Hed((EKTUBHBIE MECTa CYIIECTBYIOIIEIO Ha MOMEHT MOJENupoBaHMs mporecca [4].
Hwxe nzobpakena moaens ousnec-niporecca «AS-1S» (puc. 2).
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MEHE X EP OTAENA —)

L NRAHMPOBAHVR.

-MEHEQXEP OTAENA—
SAKYTIO.

MEHE AX EP OTAEMA—
noruc:

nocTABwmnK | [

Pucynox 2 - Mooenv «AS-1S»

Moaenb 6usnec-npoueccoB « TO BE»

[Tocne Toro kak OM3HEC-TIPOILIECCHI OMMCAHbl U CMOJECITHUPOBAHBI, MBI IPUCTYIIAEM K aHAJHM3Y
OM3HEC-TIPOLIECCOB, BBISIBICHUIO CIOKHOCTEH WX peau3alliy, a TaKKe K MOUCKY IyTeH perieHus
3THUX MPOOJIEM U TOBBIIIEHHIO 3(P(PEKTUBHOCTH peaTH3aluyl MPOIeccoB. I 3TOro MCIOIb3yeTCs
KayeCTBEHHBIH METOJl, NPH KOTOPOM H3MEPSIOTCS ToKazarenu 3(PQEeKTUBHOCTU: U3ydaeTcs
NOTPeOHOCTh BO BXOJ@X M BBIXOJaX M BBIBISIOTCS HEUCHONb3yeMbie BbIX0nbl [4]. [Ipu momorm
SWOT-ananm3a onpeAenstoTcss HeoOX0IMMble U3MEHEHUSI U yIy4IlIeHUs, TaKue, Kak J00aBIeHHe
taiimepos 1 KPI. Hwxke npesacraBnena moaens OusHec-npouecca «TO BE» (puc. 3).

—MEHE 1K EP OTAENA

SAKY|

MEHEQXKEP OTAEMA
/oK

normeTy

—MEHEAXEP OTAEMA—

NOCTABUWK]

Pucynox 3 - Mooenv «TO BE»

3aki04eHnne

IIpoexTsl B cepe BHEIPEHUS aBTOMATU3UPOBAHHBIX CUCTEM HA COBPEMEHHOM MPEANPUATHN
JABHO TEPECTaM BBIMVIAACTh YEM-TO CBOEOOpas3HbIM. Tak e, Kak W J1000# Ipyroil mpoexr,
BHEIPEHHE aBTOMATU3MPOBAHHON CUCTEMBbI TpeOyeT KOMIUIEKCHOW OIIEHKM KakK C TOYKH 3pEHus
3aTpar, TaKk W C TOYKHA 3PEHUS MOJOXKHUTEIbHBIX APQPEKTOB, KOTOphIE OYAYyT IMOJIy4YeHBI B
pesynbrare. B Hacrosmee BpeMs Ha pBIHKE MPOTPaMMHBIX INPOMYKTOB aBTOMAaTH3UPOBAHHBIX
CUCTEM MpPEACTABIEHO OrPOMHOE MHOXECTBO IPUKIAJAHBIX  PEHICHUH, IO3BOJISIFOIINX
ONTUMHU3UPOBATh OJIHU U T€ ke OM3HEC-TIPOLIECCHI.
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B nmanHO#l pabore OBUTM MpOAaHATM3UPOBAHBI MEPHI, HEOOXOJMMEBIE I YCIEIIHOTO
npoasuxkenusi ERP-cucrembl Ha phIHKeE.

[IpemyiaraeMplii METOJ, MHTYUTHBHO TOHSTEH M MPOCT B OCBOCHHH, HCIIOJIB30BAHUU U
MPUMEHEHUH KO MHOTMM BHJAaM IIPOLIECCOB, MOCKOJBKY HMMEeT TIpaduyeckoe NpecTaBICHUE,
o0Jjeryaroriee ero BOCIPUATHAEC WICHAMH KOMaH/IbI.
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Kymabaii P.OK., Aimmzkanosa JI.M.
ERP cranpaprrapbina Herizae/reH :keTkisyuijiepMeH »*ymbIc npouecin dackapy - BPM
TCchIi

Angarna. Tamnceipeic OepyunifieH xeTkizymrire aeWinri nporecre ERP-mi TtuiMal eHrizy
alTapipIKTall IIBIFBIHAAP MEH YaKbITThl a3aifiTyel MyMKiH. byn kyxar ERP cranpaprrapsina
HETi3JIeJITeH JKeTKI3ylIiepMeH kyMbic ictey nporecinae BPM (Business Process Management)
onmicin konmaHansl. JKymbic mnpomectepi BPMN (Business Process Notation and Model)
CTaHJAPTHIHBIH KOMETIMEH aHbIKTala1bl )koHe BPM KypallbIHbIH KeMeriMeH KYpacThIpbLIa/ibl JKOHE
MojenbaeHeai. MeTpuka mpouecTi Oackapy YIUIH SkuHamazsl. byn Mmakama >KymbIc NpoOLEciH
KEHIIACTeTiH xkoHe BPM omicHamanmapsl MeH KypalJapbhlHBIH KOJIJAaybIMeH Oenrim  Oip
orepauusuIapra KiM jkayan OepeTiHiH KOpCETeTIH >KOHE KETKI3yHIJIEpPMEH >XYMBIC MpOLecTepiH
JKY3€re achIpyIbIH HET13r1 acHeKTUIEpiH KOPCETETIH TamThIpMac 3JIEMEHT PETIHIE CHTI3y JKOHE
HIBIFApY KYKaTTapbIHBIH MaHbI3IbUIBIFBIH TSI
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Tyiinai ce3mep: KocimopelH pecypcrapblH Kocmapiay, Ou3Hec-Tporectepai Oackapy,
KETKI3YIIUIEPMEH JKYMBIC, OW3HEcC-TIpolecTepAl MOACNbICY, OW3Hec-TpomecTepai Oackapy
oenrinepi.

Zhumabay R. Zh., Alimzhanova L.M.
Supplier process management based on ERP standards: the BPM approach

Abstract. Effective customer-to-supplier ERP implementation can significantly reduce costs
and time. This paper introduces a BPM (Business Process Management) approach to working with
suppliers based on ERP standards. Workflows are defined using the BPMN (Business Process
Notation and Model) standard and are designed and modeled using a BPM tool. Metrics are
collected for process management. This article proves the importance of input and output
documents as an indispensable element that will facilitate the workflow, show who is responsible
for certain operations, and highlight the key aspects of implementing the process of working with
suppliers, supported by BPM methodologies and tools.

Keywords: Enterprise Resource Planning, business process management, work with
suppliers, business process modeling, Business Process Management Notation.
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UNIVERSITY MANAGEMENT: CASE STUDY OF IITU

Abstract. The paper considers the university management practices based on the case study
of IITU. It gives a review of the relevant literature to clarify the nature of educational and university
management. The research was conducted using both the desk and field research methods. Study of
the official documents allowed to reveal the practice and experience of the International
Information Technology University in the management field. Surveys and interviews were
conducted among teachers and students to understand how the university administration works.
Finally, it presents a big picture of the 1ITU education management and its assessment through the
eyes of its students and teachers.

Keywords: education management, university administration, university management, the
digital transformation, the digital environment, the digital readiness, International Information
Technology University

Introduction
According to the state program “Digital Kazakhstan”, educational management is one of the main
directions in the country's development. A Kazakhstani university as an integral part of the social
structure is influenced by the external factors one of which lately was the coronavirus
pandemic which seriously affected the educational process. The situation requires a deep
understanding of the causes and nature of the recent changes.

The paper explores the experience of university management, based on the case study of
International Information Technology University, in order to find optimal ways of transforming its
administrative system in the face of the current challenges. The original research of the IITU
students and academic staff needs and problems helped to find out whether they are ready to work
and study in the digital environment. Surveys of teachers and students on the IITU administration
practices have revealed their shortcomings, problems of communication and readiness for distant
learning and teaching.

University and education management

In Kazakhstan, according to the Law of the Republic of Kazakhstan "On Education”,
educational organizations are managed in accordance with the legislation of the Republic of
Kazakhstan, standard rules for the activities of educational organizations of the respective type and
the charter of an educational organization operating under the principles of one-man management
and collegiality [1].

The literature related to education management can be roughly divided into three areas:

-The first is the management of the educational process: training, education, or personality

formation.

-The second is the management of educational organizations.
-The third direction is the management of education systems [2].
Professional knowledge in management determines the educational managers’ awareness of

three different management tools:

-Organizations, management hierarchies, the main tool here is the impact on a person through
motivation, planning, organization, control, incentives.

-Culture of management, embracing values, social norms and attitudes, behavioral features [3]
developed and recognized by society, organization, group of people.
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-Market, market relations based on the balance of interests of the seller and the buyer.

The effectiveness of management in the field of education consists in the well-coordinated
functioning of educational organizations to provide quality education in a real economy through the
implementation of the idea of lifelong education, expansion of the students’ choice of educational
paths in the conditions of reduced mobility. At present, there is a growing interest in improving
management in the field of education under the State Program for the Development of Education of
the Republic of Kazakhstan for 2011-2020. The main goal in the field of education management is
the formation of a state-public education management system. The following objectives are set in
pursuit of this goal:

-Improving management in education, including the introduction of corporate governance
principles, the formation of a system of public-private partnership in education.

-Improving the system for monitoring the development of education, including national
educational statistics, in compliance with the international requirements.

In this regard, the state educational policy of the Republic of Kazakhstan is a complex of
interrelated measures covering changes in the structure, content and technologies of education and
upbringing, organizational and legal forms of subjects of educational activity, financial and
economic mechanisms, and the education management system per se.

The administrative practices of International IT University
The administrative structure of the university falls into four main sections as shown in the
table below.

Table 1. The organizational structure of International IT University

Section Consistence

The first | Vice Rector for Academic and Educational Activities, the Department of Academic
section Affairs, the Department of Postgraduate Education, the library, the Career Center,
and the Scientific Methodological Council.

The Vice-Rector for scientific and international activities, the Department of Science
second (NIR, SIS), the Dissertation Council (institutional body), the Department of
section International Cooperation and Academic Mobility. The work of the latter is mainly

related to international relations, including student exchange, contacts with foreign
partner universities, academic mobility programs, teacher internships abroad,
contracting.

The third | Vice-Rector for Innovation and Digitalization, Commercial Directorate, 11TU
section Innovation Center, Department of Technical Support and IT Support, and Center for
Educational Innovation and Smart Learning. These directorates and the IT Innovation
Center work with qualified IT specialists to create robots, introduce new
technologies, and improve the work of the IT Department. This department
cooperates with the best specialists in the development of the university and the
country's IT industry.

The Military Department, Legal Department, Department of HR and Documentation, the
fourth Operations Directorate for economics and financial analysis, the Department of
section Accounting and Reporting, the Department of Marketing and PR, the Administrative
Department. The fourth department is the organizational department of the university
which performs work related to personnel, accounting, advertising, law.

Compiled by the author on the basis of source [3]
The mission of 1ITU is the generation of knowledge and provision of training in the digital
age. 1ITU Vision - University 4.0 [3].
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Table 2. Strategic directions of 1ITU

University brand positioning and promotion

Purpose Tasks
Entering the Participation in university rankings;
ranking of world Digital marketing development;
universities Assistance in the spiritual modernization of youth;

Infrastructure development

Digital Excellence University

Purpose Tasks
Transformati Training for the digital age
onof IITU into a Development of digital learning systems
digital university Development and provision of digital services for stakeholders with the

formation of a digital footprint
Gaining the position of a leading digital university

Compiled by the author on the basis of source [3]

The 1ITU project team has been establishing contacts with the Higher School of Economics,
the Moscow Institute of Physics and Technology and since October 2019 the Moscow School of
Management Skolkovo to facilitate the process of its digital transformation. Thus, 1ITU began the
digital transformation of the university driven by the introduction of platform, data storage and
processing systems.

The state of JSC “IITU*

v The mission of ITU 1s the generation of
knowledge and traming of the digital age.
v" IITU Vision - University 4.0
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Figure 1 - The state of JSC “International IT University”

A survey and interview

To understand how the IITU administration works, there was conducted a survey among its
teachers and students. The main goal of the survey was to identify the problem areas in the work of
the university management and to find out whether the university students and teachers are ready to
work and study in the digital environment. The original research involves students’ feedback on
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IITU administration work, its shortcomings, problems of communication and readiness for working
in the digital environment.

Table 3. IITU students’ survey findings

Interview with students

Question’s Number Students Answers

area of category, %

students

Management | 38 The 4" 57.9%, - satisfied, 42,1 % - dissatisfied.

of university year- 81,6

Problems The dean is always engaged; ten applications should be filed to

with the retake an exam.

administration The administration staff don’t want to solve the students’ problems.
There is a need enable students to receive answers electronically and
automatically.

Digitalizaton 38 The 47 80% - ready to study in a digital environment

of the year- 81,6

university

Presented below are the results of the student survey based on the original research.
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Figure 2 - Survey of 1ITU students

The results of a comprehensive assessment of digitalization of 1ITU show that joint work with
Moscow universities has had a good effect on the digital transformation of management. The survey
shows that more than 60% of the Department of Economics and Business and 80% of the university
students are ready to work and study in the digital environment.

Teachers of the Department of Economics and Business participated in an online survey.
Everyone has a computer knowledge of above average capacity, and 66.7% of teachers voted that
they are ready to work in the digital environment.
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Interview
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Diagram 3. Interview with IITU teachers
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Diagram 2. Interview with IITU teachers
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Figure 5. Interview with [ITU teachers
Figure 4. Interview with [ITU teachers

Figure 3 - Interviews of the teaching staff of ITU Department of Economics and Business

Teachers rated the work of the Personnel Department at 6.4 out of 10. In their opinion, the
Personnel Department deals only with documentation, and this is only 1% of their work. This is
because IITU does not have online platforms, for example, for storing documents or for the
employee profiles.

Conclusion

Review of the relevant literature, examination of IITU administrative practices, surveys of and
interviews with students and academic staff members on the respondents’ satisfaction with the
university administration and digitalization practices bring us to the conclusion that there are
significant managerial flaws. Changes in the external economic environment in general and in the
system of higher education in particular revealed the deficiency of management practices in the
digital era, caused by the technological boom. Taking into account the provisions of the theory of
post-industrial society and the new paradigm of management, it seems erroneous to introduce the
principles of corporate governance in the formation of the educational management system at
universities. Analysis of the organizational structure of 1ITU, the functional responsibilities of the
highest management echelon, surveys and interviews with the stakeholders confirm the existence of
a vertical hierarchy that reduces the possibility of effective university management. Yet, the
digitalization processes at IITU are gaining momentum despite the problems caused by
administrative barriers. Subsequent digitalization should be based on the theoretical provisions of
change management, as the basis for the strategic development of the higher school and the
university administration.
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Bepabikynosa I'.M., Tesienoeprenona . A.
Yuusepcurerti 6ackapy: XATY npakrukacsel

AngaTna. Makana XanbIKapaliblK aKIapaTThIK TEXHOJOTUSIAp YHUBEPCUTETIHIH MbICATBIH/IA
YHUBEPCUTETTI Oackapy HpaKTHKacblHa apHajifaH. butiM Oepy ’KoHE YHUBEPCHUTETTI Oackapy
TaOUFAThl TYpaJlbl THICTI 9eOMETTEpre IOy KacalFaH. OJIICTEME KYMBIC YCTEIIHE JIe, JalallbIK
3epTTeyjepre 1€ HerizjenreH. XajblKapajiblK aKMapaTThlK TEXHOJIOTHsUIap YHUBEPCUTETIHIH
MEHE/DKMEHT CaJlachIHJIaFbl TOKIpUOECI MEH PeCMH KY)KAaTTapibl 3ePTTEY TOHKIPUOECCIH aHBIKTA/IbI.
YHuBepcUTET OKIMUIUIITIHIH JKYMBIC 1CTE€Y MPOLECIH TYCIHY YIUIH OKBITYLIBLJIAD MEH CTYIEHTTEP
apacblHIa cayallHamajiap MeH cyxOarrap ertkiziiai. CoHbiHAa OuUTiM Oepyi OacKapyablH KaJIbl
KOpIHICI KAJBINTACThI KOHE JKaIIbl Oackapy KyHeci OKYIIbLIap MEH MyFaliMICpAiH Ke3IMEH
OaranaH/Ibl.

Tyiinai ce3gep: OuriM Oepy MEHEIKMEHTi, YHHUBEPCUTET OKIMILLIIT, YHHUBEPCUTET
MEHEIUKMEHTI, IUQPABIK Tpanchopmarus, XalblKapadblK  aKMapaTThIK — TEXHOJOTHIIAp
YHHUBEPCUTETI.

Bepavikynosa I'.'M., Tonendeprenona /[.A.
MenenxxkmeHnT yHuBepcurera: npakruka MYUT

AHHoTanusi. CTaTbsi NOCBSIIEHA IPAKTUKE YIPABICHUS YHUBEPCUTETOM Ha IIpPUMEpe
MexnyHapoaHoro YHUBEpCUTETAa  HH(POPMAIIMOHHBIX TEXHOJIOTHUH. Haercs 0030p
COOTBETCTBYIOLIEH JINTEpaTypbl, pa3bACHAIOMIEH MPUPOLY YIpaBiIeHHs OOpa3oBaHUEM U
YHUBEPCUTETOM. MeTo0I0Tusl OCHOBaHa KaK Ha KAOMHETHBIX, TaK U Ha MOJIEBBIX UCCIET0BAHUSMX.
N3yuenne opuUUaNbHBIX JOKYMEHTOB MO3BOJWIO BBISBUTH NMPAKTHKY M ONBIT MeXIyHapOIHOIO
YHHUBEpcUTETa MH(OPMALIMOHHBIX TEXHOJIOTUH B cepe MeHemkMeHTa. Cpenn npenojaBaTeneid u
CTY/IEHTOB OBLIM MPOBEAECHBI ONPOCHI U MHTEPBbIO, YTOOBI MOHAThH, KaK PabOTaeT aJMHHUCTPALUS
yHuBepcutera. HakoHer, Oblsia ycTaHOBIIEHA OOIas KapTUHA YIPABICHHS 0Opa3oBaHUEM M JaHa
OLIeHKa O0IIel CUCTEeMBI YIPaBICHUs YHUBEPCUTETOM IJla3aMH CTYJICHTOB M IpeToiaBaTeliel.

KiroueBble cioBa: ynpasieHue oOpa3oBaHMEM, aJMUHHUCTpAlUs By3a, YIpaBlIeHUE
YHUBEpCUTETOM, IudpoBas TpaHchopmauus, MexayHapoansiii YHusepcurer MHpopMannoHHbIX
TexHomorui.
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RESEARCH AND DEVELOPMENT OF METHODS FOR THE TRANSITION OF
TRADITIONAL MARKETING TO DIGITAL FORMAT

Abstract. The article presents the basic concept of the transition to digitalization, which is
a new pivotal direction in the modern world, predetermining the competitiveness of states
and companies, as well as the quality of citizens’ life. Digital marketing will expand the capabilities
of enterprises and the economy, strengthen all its systems and components. All this confirms the
need to develop a methodology for the transition to multichannel digital marketing using the
wide opportunities provided by the modern infrastructure of the digital space with adapted
innovative technologies. Such technologies help promote more effectively a product or service on
the market thanks to their clear focus on the target audience, focus group research, and the
consumer reaction analysis followed by retargeting based on the developed customer profile. So,
this article aims to conduct theoretical research and develop a practical methodology for the
transition from standard to digital marketing approaches with the introduction of innovative
marketing tools.

Keywords: traditional marketing, digital marketing, promotion, targeting, positioning,
social networks

Introduction

The beginning of the 21st century was marked by economic growth and globalization, which
lead to various kinds of crises. Economic and social problems have come together in a complex
system of relations, the solution of which requires complex understanding, thinking and
the introduction of new technologies. The development and spread of the Internet have
significantly changed and continue to change the way people meet these challenges and the
way they make decisions. Life smoothly flows online. Marketing of a company is a very active
field of application of innovative digital technology thus making offline marketing less and
less effective. In accordance with this, such a direction as digital marketing, or “Digital
Marketing”, has been born and is rapidly developing. Its goal is to find various innovative
solutions that demonstrate efficiency and quick feedback between business, government
agencies, social services, and society. Digitalization is a new pivotal development in
the modern world, predetermining the competitiveness of states and companies, as well as
the quality of their citizens’ life. For instance, promotion of digital marketing will expand the
capabilities of enterprises and the economy, strengthen all its systems and components.

The main concept for the development of a project for the transition of
traditional marketing to digital format

The term “digital marketing” goes back to the 90-ies. Many companies began to try to move
away from the classics of promotion in marketing and find other recipes that could allow them to
spend less and get more. These tasks could be solved by digital marketing because it allows you to
reach both online and offline consumers who use tablets and mobile phones, play games, download
applications. This way, the brand can reach a wider audience, not limited to the Internet. In addition
to the above benefits, digital marketing can collect clear and detailed data. Almost all user actions in
the digital environment are recorded by analytical systems. This allows you to draw
accurate conclusions about the effectiveness of different promotion channels, as well as draw up an
accurate portrait of the buyer. Digital marketing has a flexible approach, since it allows you to
attract an offline audience to the online market, and vice versa. For example, using the QR code on
the flyer,
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you can direct the user to the site. And at the same time, thanks to the email newsletter, you can
invite subscribers to a seminar or another offline event.

The main advantage of digital marketing is the ability to build communication with the target
audience where they spend more time. Today it is online.

There are several tactics and tools that fall under the heading of digital marketing. This is the
company’s website itself and digital marketing channels - online promotion and customer
acquisition channels: SEO, online advertising, email marketing, sales funnel, content marketing,
teaser advertising, SMM, etc.

The goal of marketing has always been to meet with the target audience at the right time and
in the right place. A business that uses different digital marketing channels can interact with the
target audience much more efficiently and in a timely manner, thereby constantly increasing the
number of new customers and brand loyalty.

Marketing familiar to everyone has always involved huge resources of time and effort. It was
difficult and of course, very expensive to track the process of implementation, promotion, and sale
of the product. By contrast, digital marketing is simple, affordable, and incredibly effective. You
can use several channels at once to build communication links with potential customers. You can
communicate with them online, which allows you not only to quickly dispel all kinds of doubts
about the products, but also to promptly answer questions of interest, building the necessary trust.

Now there is no need for mass mailings and tons of print runs, which, as a rule, go to waste,
so digital marketing will significantly reduce the consumption of natural resources, while enhancing
the efficiency of disseminating and promoting information. It is enough to create an advertising
campaign, send it on the day of creation and immediately start tracking the effectiveness of its
implementation. The necessary changes are made immediately, making it even better and more
efficient.

Literature review

Digital marketing is the most effective step to success in any business; it is a completely
innovative approach to the client offering new tactics, strategies based on a deeper understanding of
user behavior in the network and in the market.

Digital marketing is developing faster than ever before around the world. In terms of
advertising volume, digital promotion costs are steadily increasing. For example, in the United
States alone, digital ad spending in 2020 was estimated at around $ 113 billion by 2020, double of
what it had been just five years ago.

In Kazakhstan, the digital market is developing in the same trend of steady growth. According
to the research company TNS Gallup, at the end of 2017 the volume of advertising on the Internet
amounted to 6 billion tenge, and in 2018 the volume of the digital advertising market reached 9
billion tenge. However, these figures reflect, as a rule, only quantitative changes. Accordingly,
questions arise about qualitative changes and what digital trends are most in demand today [1].

According to the monitoring of the advertising activity of the TNS agency, in 2017 the total
advertising market was at the level of 41 billion tenge, which is a 13% increase as compared to the
previous period. In 2018, this amount was already equal to 46 billion tenge, and even more is
projected for the future.

Even though in the share of the media themselves, television is the leader with coverage of
72% of the audience, Kazakhstanis watch TV less compared to the previous year (81%). Next
comes the Internet with 67% coverage [1].

If we talk about the advertising market from the point of view of an advertiser, it is logical
that the share of online advertising is growing the most. Major international players such as Google
(YouTube owner), Facebook and Yandex have the main money here. If we talk about the
distribution share, then about 75% and 25% go to Google and Yandex, respectively [2].

Most people in Kazakhstan watch TV, this is more than 49% of the time, but at the same time,
about 69% of advertisers' budgets are spent on television. The Internet is a different story. The share
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in the budget today is closer to 13%, and the share of consumption over time is more than 35%. At
the same time, Kazakhstani viewers spend about 197 minutes a day on TV, on the Internet they
spend about 153 minutes per user [3].

Another trend is the growing impact of influencers in the country. Now one of the most
popular lines in the budget of advertisers is the cost of bloggers and influencers. Affiliate
advertising among popular bloggers in Kazakhstan is becoming one of the sales tools. Today
blogging is a popular and profitable area that allows you to monetize this type of creativity not only
for small and medium-sized businesses, but also for large international brands.

So, the emergence of digital marketing, the adaptation of classical marketing tools to the
realities of Kazakhstan is unavoidable [4].

Thus, the relevance of research into digitalization of mechanisms for adapting classical
marketing techniques lies in the construction and implementation of business models that will
determine specific digital ways and methods. Promotion should be more effective, require less
investment and generate more income, which will significantly boost the companies’
competitiveness.

The scientific novelty of the research lies in the formation of innovative strategies and the
development of methods for the transition from the traditional marketing to digital through a
comprehensive theoretical and methodological study of the traditional promotion tools and
techniques and their digitalization.

Elements of scientific novelty:

v Indication of the major directions in the transformation of promotion strategies in the
digital economy;

v Testing foreign methods in the field of transition from traditional marketing to
digital and assessment of their impact;

v Exploration of the basic methods of functioning of traditional and digital marketing
based on the most innovative approaches in the context of the digital economy;

v Developing recommendations to improve the application of digital marketing

elements and strengthen the links between business and the environment.

Research methods and ethical issues

The main research methods will be theoretical and experimental methods based on the search
and scientific justification of the results of statistical data collected by the project team or provided
by the national statistical agencies. Comparative analysis will also be widely used in the study of
successful strategies for the development and implementation of digital marketing in different
countries and in the formation of recommendations based on foreign experience. Empirical methods
of marketing research will be widely used, namely, conducting quantitative and qualitative research,
as well as the desk and field research, including cabinet — collection and processing of existing data
from various sources and resources; field — quantitative — various types of surveys, etc.; qualitative
— observations, interviews, etc.; and statistical ones.

Considering the novelty of the scientific direction, the project group will unify the theoretical
definitions of digital marketing methods and tools and their classification, in order to form a logical
construction of a reasonable structure of a marketing strategy for the transition to a digital standard.
Also, statistical methods, methods of modeling and data visualization will be widely used.

Expected results

The section displays the following information:

1) the implementation of publications in peer-reviewed scientific journals (whether the results
of scientific research carried out within the framework of the project are expected to be published
and in which journal):

a) 1 article published, accepted for publication or submitted to a peer-reviewed scientific
publication included in the Social Science Citation Index or Arts and Humanities Citation Index of
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the Web of Science database, or having a Cite Score percentile in the Scopus database of at least 25
(twenty-five);

b) 2 articles in domestic or foreign journals recommended by the Committee for Quality
Assurance in Education and Science of the Ministry of Education and Science of the Republic of
Kazakhstan (KOKSON) for publication of the main results of scientific research.

2) there is no possibility of patenting the results obtained in foreign patent offices (European,
American, Japanese);

3) there is no possibility of patenting the results obtained in the Kazakh or Eurasian patent
office, of the conclusion of a license agreement about intellectual property.

4) the expected scientific and socio-economic effect: for the first time, a methodological guide
will be developed for the transition from traditional marketing to digital marketing.

5) the applicability of the obtained scientific results: the theoretical and practical results of the
developed project will be used in government bodies, enterprises, universities of economic
orientation, etc.

6) target consumers of the results obtained: domestic companies, state bodies of economic
management, universities of economic direction, enterprises, and other scientific organizations.

7) influence on the development of science and technology — the results of the project make it
possible to stimulate the development and growth of the country’s economy.

Conclusion

An analysis of the current situation with a proposal for innovative promotion methods,
strategies for business solutions will help bring the country's economy to a new level of
digitalization of the economy.

The theoretical significance of the study lies in the fact that the results of the study on the
development and transition to conceptually and technologically new methods of digital promotion
will ultimately contribute to the development of the country’s economy. The practical significance
of the study lies in the development of a set of transition measures and new opportunities and
alternatives to existing conventional methods of promotion, which will help attract the interest of
entrepreneurs who could bring economic benefits by successfully competing with traditional
approaches in business.
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Omaposa A.Ill., AnumzkanoBa JI.M., Tamrambimena A.3J.
JacrypJai MapkeTHHITI HUGPJBIK GopMaTKa aybICTBIPY JiCTePiH 3epTTey KIHe d3ipJiey
Annarna. [{udpnanasipyra kemry — OyJ1 Ka3ipri aieMJIeri xaHa *KoHe KaKETTi OarbIT, OFaH
MEMJICKETTEep MEH KOMITAHUSIIAP/IBIH OoceKere KaOimeTTiiri, COHAai-aK a3aMaTTapablH eMip cypy
camacbl Tayenmi. LludprblK MapKeTHHT KOCIMOPBIHAAPABIH JKOHE Kbl HKOHOMHUKAHBIH
MYMKIHIIKTEpiH KEHEWTeNi, OHBIH OapIbIK KYHelepi MEH KypaylbUIapblH HbIFaiTazasl. MyHBIH
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Oopi OeiliMIenreH WHHOBAIMSUIBIK TEXHOJIOTHSUIAphl Oap IUQPIBIK KEHICTIKTIH 3aMaHayd
MHQPaKYPBUIBIMBI YCBIHFAH KEH MYMKIHIIKTep/i MaliaaigaHa OTBHIPBIN, KONl apHaibl HHU(PIBIK
MapKETUHTKE KOUIY/IH 9ICTEMECIH d3ipiiey KaKETTUIITiH pacTaiiibl, OHBIH ILIiH/IE Tayap/bl HEMece
KBI3METTI HapbIKKa XBUDKBITYAaH OacKa, MaKCaTThl ayIUTOpUsSFa HAKTHl Hazap ayaapy, (okyc-
TOIITHI 3€PTTEY KOHE TYTHIHYLIBIHBIH 93ipJeHreH npoduiai Heri3iHae apsl Kapaid peTapreHTUHITICH
TYTBIHYIIBUTAPBIH peakuuschiH Tanaay. COHIBIKTAaH WHHOBAIMSUIBIK MapKETHHITIK Kypajaapbl
KCHIHCH €HTI3€ OTBIPBIN, MAPKETHHITIK KOMITAHUSIAPIAFbl CTAaHAAPTTHI TOCUIIEPACH HU(PIIBIK
dbopmaTKa KeIIyAiH TEOPHSUIBIK 3EpPTTEYJEpiH JKOHE TMPAKTHKAJIBIK OIICTEMECIH d3ipiey
KOcTapiany/a.

Tyiiinai ce3mep: mocTypmi MapKeTHHT, HUQPIBIK MAapKETUHT, >KBUDKBITBLTY, TaprerTey,
KaWFachIM, QJIEYMETTIK XKeJiiep.

Owmaposa, A.1ll., Anum:kanoBa, JI.M., TamrambiieBa, A.J.
HccaenoBanue u pa3padoTka MeTO0B Nepexoaa TPAAUIMOHHOI0 MAPKETHHIa B
nudposoii popmar

AkTyaabHocTh. [lepexon k uudpoBuzanum — 3TO HOBOE U HEOOXOAMMOE HAINpaBJiICHHUE B
COBPEMEHHOM MHpPE, OT KOTOPOTO 3aBUCHT KOHKYPEHTOCIOCOOHOCTH TOCYIAapCTB W KOMITAHHM, a
TaKKe Ka4eCcTBO JKM3HU Tpaxaad. [{udpoBoit MapkeTHHT pacIMPUT BO3MOKHOCTH MPEANPUATHN H
SKOHOMHUKHM B LIE€JIOM, YKPEHNUT BCE €€ CHUCTeMbl M cocTaBisitoue. Bce 3To0 monareepxaaer
HE0OXOIMMOCTh Pa3pabOTKU METOAMKH Iepexoja K MHOTOKaHATbHOMY H(PPOBOMY MApKETHUHTY C
MCIOJIb30BaHUEM MPEOCTABISEMBIX COBPEMEHHON MHPPACTPYKTYPOI HU(PPOBOTrO MPOCTPAHCTBA C
aJanTUPOBAHHBIMU WHHOBAIMOHHBIMH TEXHOJIOTUSIMU IIUPOKUX BO3MOXKHOCTEH, BKIIOYAIOUIUX,
[IOMUMO TMPOJABMXEHHUSI TOBapa WJM YCIYIM Ha PBIHOK, YETKOM HANpPAaBIEHHOCTH Ha LIEJIEBYIO
ayJIUTOPHIO, HCCeAoBaHUE (OKYC-TPYMI, aHAJIM3 PEaKIUd TMOTPEOUTeNss ¢ MOCISAYIONNUM
pETapreTMHroM Ha OCHOBE pa3paboTaHHOro mpoduns kiaueHTta. [losToMy mpenmonaraercs
MPOBEACHUE TEOPETHUUECKUX HCCIIENOBAHMM U pa3padOTKa MPAKTUYECKON METOIOJIOTUH Tepexoia
OT CTaHJApPTHBIX MOAXOJOB B MapKeTHUHTe K IuppoBoMy (opMary ¢ HIMPOKUM BHEAPEHUEM
WHHOBAIIMOHHOTO MAapKETUHTOBOTO HHCTPYMEHTAPHSI.

KiioueBble cii0Ba: TpaJWLIMOHHBIA MapKETHHT, HU(POBOH MapKETHHT, MPOJIBUKECHHE,
TapreTUpOBaHUE, TO3UIIMOHUPOBAHUE, COIIMAILHBIE CETH.
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