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AHHoOTanms. B crarbe npeacraBiena pa3paboTka METOAMKU U CO3JaHUE BeO-
NPWIOKEHUsT JJisi TeHepaly KOHTEHTa M cOopa CTAaTUCTUKUA OOy4YeHUs s
00pa30oBaTebHOTO TMPOrPAMMHOIO OOEeCleueHus: BUPTYaJdbHOM pPEaJTbHOCTH I10
Heopranndeckod xuMuu. KiroueBbIMH OCOOEHHOCTSMU pa3pabOTaHHOTO pEHIeHUs
SBIISIIOTCSL:

1. Pa3nenenue BeO-NPUIIOKEHHUS] HA MApKETHHTOBYIO U YNPABJISIONIYIO YaCcTU
JUISL  YIIOBIIETBOPEHUSI TOTPEOHOCTEH Kak MOTEHIMAIBHBIX TMOKYyIareiaeil, Tak u
HEIMOCPEACTBEHHBIX  IOJb30BaTENIC-UHCTPYKTOPOB. MapkeTnHroBass  4acTb
o0OecreynBaeT NPE3EHTALMI0 TMPOAYKTa, JAEMOHCTPAIMI0O BO3MOXKHOCTEH U cOOp
3aBOK, B TO BPEMs KaK YIPABILIIOWIAS YacTh IPEAOCTABISECT UHCTPYMEHTBI IS
CO3[laHMs, PENAKTUPOBAHUSA M PACHPOCTPAHEHUS BUPTYAIBHBIX XUMHUUYECKHX
AKCIEPUMEHTOB CPEAN YUAITUXCS.

2. MopaynbHast apXMTEKTypa BeO-NPUIOKEHHS Ha OCHOBE MHKPOCEPBHCHOTO
nmoaxona, obecreunBaromas THOKOCTh, MacIITaOMPYyeMOCTh W TEXHOJIOTHYECKYIO
HE3aBHUCUMOCTh OTHAEJIbHBIX KOMIIOHEHTOB. JTO TO3BOJSIET JIETKO pacCIIUpSATh
(YHKIIMOHAIBHOCTh CHUCTEMBI M aJalTHPOBATh €€ K MEHSIOMUMCS TMOTPEOHOCTIM
MOJIb30BATENEH.

3. IlpennoxkeHne MareMaTHYEeCKOM MOJIENIM MPEACTABICHUS XUMHUYECKUX
DKCIIEPUMEHTOB B BHAE rpada B3aUMOACHCTBUS OOBEKTOB, YTO IO3BOJISET
aBTOMATHU3UPOBAaTh MPOLECC MOMACIUPOBAHMS M OIEHKH JEHUCTBUI OOYy4arolIHXCS.
JlaHHBIN TOAXOA MaeT BO3MOXKHOCTh OOBEKTHMBHO aHAJIM3UPOBATH XOJ| BHIMTOJIHEHUS
AKCIIEPUMEHTOB U MIPEIOCTABISATh OOPATHYIO CBSA3b yUaIllUMCS.

4. Pa3paboTka MOIy/sl 3aJJaHU, OTBEUAIOIIETO 3a CO3/aHUE, PEAAKTUPOBAHUE
U TPYNIHUPOBKY BUPTYAJbHBIX XHUMHUYECKUX DSKCIEPUMEHTOB B paMKaX Y4eOHBIX

(6]
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KypcOB. DTO MO3BOJSET NPENnoaaBaressiM rioko GopMUpoBaTh yueOHbIE MaTepuabl,
aJanTUPOBaHHBIE MO MOTPEOHOCTH KOHKPETHOW ayITUTOPHUH.

[IpencraBieHHble B CTarbe pEIIEHUs HANpaBiI€Hbl Ha  MOBBILIECHUE
3 PekTUBHOCTU OOYYECHHUS XUMHUU C HCMOJIH30BAHMEM TEXHOJOTHI BUPTYyaJlbHOU
peampbHOCTH TyTeM oOecrneueHuss YyIOOHBIX HHCTPYMEHTOB IS  CO3/aHMS,
pacnupoCTpaHEHUs U aHAJIM3a BUPTYAJIbHBIX XUMUYECKUX SKCIIEPUMEHTOB.

Abstract. The article presents the development of a methodology and the
creation of a web application for generating content and collecting learning statistics
for virtual reality educational software in inorganic chemistry. The key features of the
developed solution are:

1. Dividing the web application into marketing and management parts to meet
the needs of both potential buyers and direct instructor users. The marketing part
provides product presentation, demonstration of capabilities and collection of
applications, while the management part provides tools for creating, editing and
distributing virtual chemical experiments to students.

2. Modular architecture of a web application based on a microservice approach,
providing flexibility, scalability and technological independence of individual
components. This makes it easy to extend the functionality of the system and adapt it
to the changing needs of users.

3. The proposal of a mathematical model for the representation of chemical
experiments in the form of a graph of the interaction of objects, which allows you to
automate the process of modeling and evaluating the actions of students. This
approach makes it possible to objectively analyze the progress of experiments and
provide feedback to students.

4. Development of a task module responsible for creating, editing and grouping
virtual chemical experiments within the framework of training courses. This allows
teachers to flexibly create educational materials adapted to the needs of a specific
audience.

The solutions presented in the article are aimed at improving the effectiveness
of chemistry teaching using virtual reality technologies by providing convenient tools
for creating, distributing and analyzing virtual chemical experiments.

KuiroueBbie ci10Ba: BHUpTyasJbHAas PEaJbHOCTh, XUMUYECKHE IKCIIEPUMEHTBHI,
MOZYJIbHASl apXUTEKTYpa, MUKPOCEPBUCHBIN MOAXO/, MOJIb30BATEIN-UHCTPYKTOPHI.

Keywords: virtual reality, chemical experiments, modular architecture,
microservice approach, instructor users.

BBenenue

[Iporpammusiii  mpoanykr ChemVision - VR/AR  nabGoparopuum  mo
HEOPraHUYECKOM XUMHM SIBISIIOTCSL CPEACTBOM JJi PELICHUs 3ajad, CBA3aHHBIX C
MPAKTUYECKUM IUKIOM 0OyueHusi. OHU MO3BOJISIOT CTY/IEHTaM:

[7]
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— IlpoBoauTh 3KCHEPUMEHTHI B 0€30MAaCHOM M KOHTPOJMPYEMOH cpefe, He
TpeOys HCIOJb30BAHMS PEAJBHOTO OOOPYIOBaHUS, PACXOJHBIX MAarepuajoB U
CHeluaIbHbIX TOMEILECHU;

— TlonayyuTs NPaKTUYECKUI ONBIT IPOBEACHUS IKCIEPUMEHTOB.

Opnako nans ero (yHKUMOHUPOBAHHMS HEOOXOAMMO HACTPOUTH KOHBeEHep
KOHTEHTa, a TaKXe CIPOEKTUPOBATh BEO-THIOTOP, KOTOPOE YIOBIETBOPUT BCE
NOTPEOHOCTH MOIb30BATEIIEH.

Heas ucciaenoBanusi — pazpaboTarb METOAMKY U CO3AaTh BEO-TIPUIIOKEHUE,
OpU TMOMOIIKA KOTOPOTO MOKHO T€HEpUpOBaTh KOHTEHT Mg 00pa3oBareabHOTO
OpPOrpaMMHOr0 OOecreueHuss BHUPTYaJbHOM pealbHOCTH, a TakXkKe IOoJay4daTh
CTaTUCTUKY OOy4EHHS.

@yHKIUM  BeO-MPUJIOKEHUS  —  CO37aBaTh  CIEHApUU  y4eOHBIX
OKCIIEPUMEHTOB,  (OPMHUPOBaTh  CTATUCTHKY OOydYeHUS H  COIEHCTBOBATH
npoasmxenus npoaykra ChemVision.

Tunsl mosinb30BaTesiei

BeO-npuiioxkeHue mpenHa3HaueHo ISl B3aUMOJIEUCTBUS C JBYMSI OCHOBHBIMHU
TUTIAMU TIOJIb30BaTENeH:

1. [ToTeHnmanbHble MOKyNATENH - 00pa30BaTEIbHbIE OpPraHU3AINH, T/Ie XUMUS
npernojaeTcs Kak ooieoOpazoBaTeabHas AUCIUILUINHA.

2. UHCTpYKTOpBI -  TIOJIb30BATENIM, HEMOCPEACTBEHHO  CBSI3aHHBIE  C
oOpa3oBaTelbHBIM TPOILIECCOM B KauecTBe InpemnojaBarencii. OHU 3aHUMAIOTCS
reHepalneil KOHTEHTa U aHAJTN30M CTaTHCTHKHU.

JIns yooBIETBOpEHUST MOTPEOHOCTEH 3THX JBYX TPYII IOJb30BaTesei, BeO-
PUJIOKEHUE OYJIET pa3/ieNieHO Ha JIBE€ OCHOBHBIC YaCTH:

1. MapkeTuHroBass 4acth - COJEPXKUT HMHQOpPMAIUIO, KOTOpas MOXET OBITh
WHTEPECHA MOKYyIaTesM (TpeOoBaHus, TPEUMYIIIECTBA BHEIPEHUS U T.1.).

2. Ympapastomas 4acTh - TO3BOJIIET HHCTPYKTOPAM YIPaBISATh MPOILIECCOM
o0yJeHHUSI.

Takum o6pa3om, BeO-mpuiiokeHHE OyneT aJanTHPOBAHO MO HYXKABl Kak
MOTCHIIMAJIBHBIX ~ TIOKyMarejaed, TaK W HEMOCPEACTBEHHBIX IOJIb30BaTENCH-
WHCTPYKTOPOB, BOBJICYCHHBIX B 00pa30BaTeIIbHBIN MPOIIeCC.

MapkeTHHIoBasi 4acTh

DOra 4YacTth OymeT TNPEeACTaBIATH COOOW JICHIAWHTOBYIO CTPAaHHILY CO
CIEAYIOUIUMU OJIOKaMHU:

— Header - HaBuraninioHHOE€ MEHIO, TTO3BOJISIONIEE MEPEUTH HA YIPABISIONIYIO
JacTh calTa.

— brok mpe3eHTanuM OPOAYKTa - COAEPXkKAIIUM BUAEO W (oTOMaTepuasbl,
JEMOHCTPHUPYIOIIHE BOZMOKHOCTH U OCOOEHHOCTH MPOrPAMMHOTO PEIICHHUS.
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— Biiok TekcToBOro omucaHus OPOAYKTA - OTBETHl HAa KIIFOUEBBIE BOIMPOCHI:
"Yro sto 3a mpoaykt?", "Ins dero o HyxkeH?", "Kakue pesynbrarsl JaeT €ro
BHeApeHue?"

— biiox mpensiokeHus Uil MOKymHaTenas - BKIIOYAET OOpaTHYKO CBA3b I
puoOpeTeHus MPOayKTa, MHPOPMAITUIO O IIeHaX, a Takxke GopMmy st opopmieHus
3aKasa.

— Footer - H>xHEee MeHIO ¢ UHPOpMaLMel 0 KOMIIAHUY, JIMLIEH3USAX U IPOUYUMHU
JEeTaIsIMU.

Takum o00pa3oMm, MapKeTHMHroBash 4YacTb BEO-NPUIIOKEHHUS OYHAET CIYXHUTb
BUTPUHOM  MPONYKTa, MPEAOCTABISAs  NOTEHUMAJIBHBIM  MOKYMAareiasiM  BCHO
HE0O0XOUMYI0 MH(OPMAIIHUIO JJI IPUHATUS PELICHHS O IPUOOPETEHUH.

Yupasiasomas 4acTb

VYropapnsromnias CTpaHWIla caldTa JIOJDKHA HE TOJBKO  YIOBJICTBOPSTH
MUHUMAJIbHBIM TPEOOBAHMSIM, TAKUM KaK BO3MOXXHOCTH 3apETUCTPHPOBATh YUCOHYIO
Ipymnmy, BEIAATh 3aJaHue, HO M 00Jieryars cOop MH(OpPMAIMHU O BHITOJIHCHUH 3aaHUS
yYEHHKaMH. B COOTBETCTBMM ¢ OSTUMH TPEOOBAHUSAMH YIIPaBJISAIONIAs TaHETh
MI03BOJIIET HHCTPYKTOPY.

Vopasngronasis 4acTh  SABISETCS TAHENbIO  YOPABICHUS  UHCTPYKTOPA,
MO3BOJISIOIIHNM eMYy:

— YOpaBISATh TPYNIIAMH MOIb30BaTeNCH;

— YOpaBIATH 33JaHUSIMU;

— B3aMMOJICCTBOBATH CO CTATUCTUKON O0yUYEHUS;

— MoXy4yarb MTOACPKKY OT COTPYIHHUKOB CIY>KOBI TOIACPKKH (B Cciydae
BO3HMKHOBEHHS TTPOOJIEM);

— 00y4aTbcsi B3aUMOJICHCTBUS C TTAHENbIO YIIPABICHUSI.

Takum o00pa3oM ympaBisiomas YacTh pPealn3yeTcs B BHJAE CIETYIONINX
MO YJICH:

3. Moaynbs 3amaHuii — MOJIyJIb TIO3BOJIAET CO3/7aBaTh, YAAIATb, H3MEHATH
3alaHus, TpynmupoBaTh uX B Kypchl. Co3maHue ©  HW3MEHEHHE KYpCOB
OCYIIECTBIISIETCS C TIOMOIIBIO OJIOKOB, KOTOPhIE O0BETUHSIOTCS B Tpad)bl COCTOSTHUM.

4. Moaynb y4ETHBIX 3allUCed TMOJIb30BaTEIEe W OpraHu3aluil — IO3BOJISIET
KJIMEHTaM U COTPYIHHMKAM KIMEHTOM UMETh YUETHBIC 3aITUCHU Ha cailTe.

5. Moaynb Tpymnm moiabp30BaTeNeil — MO3BOJSET CO37AaBaTh, YAAISITh, H3MEHSTh
Tpynmnel  O0y4aroOlmUXCsi, OpraHW3aluid W HWHCTPYKTOPOB. B Momyrne mOKHO
CYIIECTBOBaTh 2 cmocoba q00aBlIeHHsS YYaCTHHUKOB TPYMI (TPYMIBI MOTYT OBITh
3aperuCTPUPOBAHHBIMU M HE 3aPETUCTPUPOBAHHBIMU):

a. IIPUTJIALIEHHUE TIO CCHUIKE;
b.  pydHoe m00aBIECHHUE CIHCKA.
6. Monynp JIMIEH3UM — MOAYJb, MO3BOJISIIOMIUN MPOBEPATh JULECH3UIO

MOJIB30BATEIII: CPOK €€ JEeWCTBHS, KOJMYECTBO AKTHUBUPOBAHHBIX JIUICH3WH Ha
000py10BaHUMU.
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7. Monynb NOACKA30K — MOJEJb, IO3BOJSAIOIIAN CO34aBaTh UHTEPAKTUBHBIE
MOJCKA3KM I KaXJIOM YacTH caidTa ¢ MNOAPOOHBIM TEKCTOBBIM OMNHCAHUEM
(yHKIIMOHAJIa KHOTIOK (B MOACKA3KaX MOT'YT HAXOJIUTHCS TUIIEPCCHIIIKH U BUJIEO).

8. Monynb CTaTUCTUKU — MOJYJIb, MTO3BOJISIOIIUNA COOMPATh U aHATU3UPOBATH
CTaTHUCTHKY O0yUYEHUS.

9. Moaynp noOAJEpKKH — MOJYJb, MO3BOJSIOMIMA MOJIy4aTh HWHCTPYKTOpaM
OTBETHI CIIYKObl MOJJEPKKH Ha ONpeeiEHHbIE 3aTPYAHEHUS, BO3HUKAIOIIME IPHU
B3aMMOJIEUCTBUM C MpuiiokeHneM. OTBETbl Ha OCHOBHBIE BOMPOCHI JTOJKHBI 3apaHee
MPUCYTCTBOBATh B ATOM MOJyjie, 4YTOObl H30€XKaTh W3JIUIIHUX OOpalieHud K
CHEIHUANTNCTaM CITY>KObI MOIEPKKH.

HauGonpmuii Hay4HbIi HHTEpEC MPEACTABISIET MOYJIb 3aIaHUM.

Mopnyab 3axaHuni

Il co3maHus  BUPTYaJIbHOM XHMMHYECKOH Jaboparopuu  HEOOXOIUMO
BOCCO3/1aTh MOJICIIMPOBAHNE XUMHUYECKHX ImporeccoB. C 3TOH IIENBbIO CO3/IaHbI
CKPUIITHI CIICHAPHSI.

IlenecooOpa3Hee Bcero Juisl ICJIM  MOJACIMPOBAHHUS OKCIICPUMEHTOB B
BHUPTYaJIbHOM XUMHUYECKOM JIaOOpaToOpuu HE UCIIONB30BaTh MOJIEIUPOBAHUE KaXKIOrO
XUMHUYECKOTO TIporiecca, JUOO0 CO3[aHhEe XHMHYECKOTO [IBHMKKA, TO3BOJISIOINIETO
IPOBECTH BCE PEAKIMH, a BOCCO37aTh OCHOBHBIC METOJbI B3aUMOICHCTBHS
oOyuJarorerocsi ¢ 000py10BaHHEM U 000PYIOBaHUS C 000PYITOBaHUEM.

[TosTomMy meneBass METOAWMKAa MOJETUPOBAHUS TPOIIECCOB 3aKIIOYaeTCs B

CJIETYIOIIEM:

1.  Xumuueckue TMpolecchl MOTYT OBITh MpPEACTaBICHBI B BHIE Tpada
B3aMOJICHCTBHS.

2. I'padp moxer OBITH 3aJaH KaK BpPY4YHYIO, TaK M C ITIOMOIIBIO
aBTOMATU3UPOBAHHOM CHCTEMBI.

3. IIpu mr00oM BapumanTe 3amaHusi rpada OH JOJDKEH OBITh IPOBEPEH
BPYUYHYIO.

4. [Ipomiecc MoaenmpoBaHUs OCYIIECTBISETCS Ha OCHOBaHWMHU Tpada. B

MpoIIecce MOJICIUPOBAHUS YIUTHIBAIOTCS B3AMMOJIEHCTBUS MEXKIY: 00yJaronumcs u
00BbeKTaMH; O0ObEKTaAMH U 00BEKTAMHU.

JIns onucaHusi MaTeMaTUYECKOM MOJENIH PAacCMOTPUM 3KCIEPUMEHT, B XOJ€
KOTOPOI'O0 pacCMarpuBAECTCA peakUus HEUTpaau3auuu CcepHOM Kuciaorel H,S0,
mienoubto — NaOH. B xone skcriepuMenTa TpedyeTcst B3sTh TPOOUPKY, HATIOTHUTH €€
BOZIOM, 3areM BINTH B Hee H,S0,, nanee npoBECTH PEAKLIUIO HEUTPAINU3alluK BCHIIIAB
NaOH (PucyHok 1).

IIporiecc oOydeHus: moapasyMeBaeT oA COO0M MPOXOXKIECHUE 00y4yaeMoro o
1esieBomMy rpady (mocinenoBarenbHOCTh onepaiuii o0yueHus). B xome npoxoxaeHus
MOT'YT BO3HUKATh OIIMOKH, KOTOPBIE PACCMAaTPUBAIOTCS KaK OTKIOHEHHUs OT rpada,
IpU 3TOM TMOJB30BaTeNb JJIsI YCHEUIHOTO pEeIICHUs] 3aJaud JOHKEH HCIPaBUTh
OIKOKY U BEPHYTHCS K LIeJIEBOMY Tpady.
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O0603HauMM MHOXECTBO BepuwIMH rpada TpeOyemoro mapupyra kak U =
{uy, uy, .o, uy

Kaxnas BepmmHa (u*) 0003HaYaeT COCTOSIHUE KOHKPETHOTO 00BEKTa, KOTOPOE
B JAHHBI MOMEHT JIOJKHO UMETh IaHHOE COCTOSTHUE.

O6o03HaunuM MHOXECTBO pebep rpada TpeOyemoro wmapuipyra kak E =
{eq, ey, ..., e}

PeGpa 0603Haua0T B3aMMOJEHCTBUS 00Yy4aeMOro ¢ OKpYXaroluM MUPOM.

MuoxecTBO pebep rpada paxruueckoro mapupyra — Fy, = {f1, fo, <) fin)-

Paccmorpum mocTtpoeHme rpada OIKCIEpUMEHTa Ha TpUMEpe PeaKIuu
HeTpanu3amuu. HeoOxoawmple peakTUBBI W OOOpYIOBaHUE JUIsI TPOBEACHHS
skcniepumenTa: H,S0,(x), NaOH, npoOupka.

BriuT.
H2S04 B
H20

Yerp.
HanomnH

H20

Pucynok 1. I'pad TpeGyemoro mapmpyrta

I'pad TpeOyemoro mapumipyra SBISETCS IEJACBBIM IPU BBITIOJHECHUU 3aJIaHHS.
IIpu omnenuBanuu JgelcTBuUil  oOydaemMoro rpad (aKTHYECKOTO  MapIipyTa
CpPaBHHUBACTCS C 3TUM Ipad)OM U Ha OCHOBE OTKJIOHEHUs OyIeT JaHa OICHKA.

MaremaTnuyeckasi MoJieJib NOCTPOeHUs rpada yueOHOro IKCIepuMeHTa

U = {ul, u2, .., un}— MHOXECTBO OOBEKTOB YIIPaBJICHHUS, 3JICMCHTOB
yIIpaBJICHUsI, THCTPYMEHTOB YIIPABJICHUSI;
E = {el, e2, .., ek} — MHOXECTBO COCTOSSHUU OOBEKTOB YIIPaBICHUSI,

AIIEMEHTOB yMPABICHUS, THCTPYMEHTOB yIIPABICHUS;
O (U, E)={(U, E)}, U#£0, E+Q, e€E, u€U — OObEKT B HEKOTOPOM COCTOSTHUH
D = {dl, d2, .., do} — MHOXECTBO COCTOSHUI OOBEKTOB YIPABICHUS,
AIIEMEHTOB YIPABICHUS, MHCTPYMEHTOB yIPABICHUS;
P= {pl, p2, ..., pm} — MHOXECTBO IOJbH30BATEIICH;
HaiiTu:
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® (U, E, P) = (O, D, P), O£0, D+, P£0, 0€0, deD, peP — Cuenapuii,
cofepkauii MHGOpMalMI0 O mpouecce OO0ydeHUs B BUPTYaJdbHON XMMHUYECKOH
naboparopuu

Jlns xpanenusi rpada Obuta BeIOpaHa CTpyKTypa ciioBaps. [laHHbIN clioBapb
COMIEPKUT MH(DOPMAIIUIO O XUMHUUECKON peaklUi U COCTOUT U3 CJICIYIOIUX YaCTeM:

"oraph" - MaccuB, cofepIKalui OJUH OOBEKT, OITMCHIBAIOIINMN PEaKITHIO.

"before" - MaccuB OOBEKTOB, MPEACTABISIONIMX pPEAreHThl 10 pPEaKLUU.
Kaxxap1it 00bEKT UMEET CASAYIOIINE CBOMCTRA:

"name" - Ha3BaHue pearenrta (Hanpumep, "H2SO4", "NaOH")

"mass'" - macca peareHra

"red", "green", "blue", "alpha" - 3Hauenus uBetoBbrIX kKaHaioB (RGB) u
npo3pauHoctu (alpha) s Buzyanuzamnuum peareHra

"type" - Tun BemectBa (B 1aHHOM ciiydae "REAGENT" mis Bcex)

"agregate" - arperarHoe cocTosiHuE BemiecTBa (B manHoM ciydae "LIQUID"
TSl BCEX)

"reaction data" - 0OBbEKT C JAHHBIMHU O YCIIOBUSX PEAKIUU:

"time" - BpeMs npoTekanus peakuuu (20 eauHUIY)

"temperature" - TeMmmeparypa, MNpH KOTOpOM mpoucxoguT peakuus (20
IpajgycoB)

"after" - MaccuB OOBEKTOB, MPEICTABIAIONINX MPOAYKTHI peakiuu. CTpyKTypa
00BEKTOB aHAJIOTHYHA CTPYKType 00beKTOB B "before".

Taxum o0pazom, ciI0Baph OMUCHIBAET XUMHYECKYIO PEAKIIHUIO.

APXUTEKTYpa BeO-NPUIIOKEHUS

Tak kak [IO nmng BuUpTyaldbHOW pEaNBHOCTH CTPEMUTEIBLHO pa3BUBAETCS, B
OCHOBE AapXUTEKTypbl OyneT Jexarb OCHOBHOW TMPUHIMI: J00aBICHUE WU
yAy4lIeHHEe OTIACIbHBIX (YHKIUNA HHUKAaK HE JODKHO BIUSATh Ha OCTAJIbHbBIE
KOMIOHEHTHI. [log HEro OTIMYHO MOAXOAUT MUKPOCEPBUCHAS apXUTEKTypa. B Hamem
Cly4ae KaXIblii MOJYIh OyeT OTAENbHbINA cepBHC. [[pHHIMIBI, COTIIAaCHO KOTOPHIM
CIEAYET CTPOUTH apXUTEKTYPY:

1. MoaynsHOoCTh. Kaxknas dbyHKIMOHANBHAS 007acTh (MOMYIB) MPHIOKEHUS
peanu3oBaHa Kak OTAENbHBIM cepBuc. CepBUCHI HE3aBUCHMBI JIpYT OT Jpyra H
OTBEYAIOT 3a CBOK OW3HEC-TOruKky. MI3MEHEeHHs: B OJHOM CEpBUCE HE BIMSIOT Ha
OCTaJIbHBIE.

2. Cnabas cBs3aHHOCTH. B3ammoielicTBrE MEXTy CEpBUCAMH OCYIIECTBISETCS
yepe3 uyetko onpeaeneHHbie API.  CepBuchl He3aBUCHMBI B IUIaHE BbIOOpa
TEXHOJIOTUH, (PperMBOPKOB, SI3bIKOB mporpamMmMupoBaHusi. CepBUCHI MOTYT
MaciITadupoOBaTHCS HE3ABUCHUMO JIPYT OT Apyra.

3. ABToHOMHOCTh. Kaxnplii cepBUC pa3BepThIBaeTCs U  OOHOBISETCS
He3aBucuMoO. CepBHUCHI MOTYT HCIIOJIB30BAaTh pa3fiMyHble 0a3bl JAaHHBIX, OYeper
COOOIIEHUM U Apyrue MHPpacTpyKTypHbIe KOMIOHEHTHI. OTKa3 OAHOTO cepBUCA HE
MPUBOJIUT K MOJIHOMY OTKa3y BCETO MPUIIOKEHUS.
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4. T'ubkocth W MacmTabupyemoctb, JloOaBieHHMEe HOBBIX CEPBUCOB WIH
M3MEHEHHE CYIIECTBYIOIIMX HE BIMAET Ha paboTy ocTaibHON cucteMbl. CepBHUCHI
MOTYT MacIITaOUpOBATHCS TOPU3OHTAIBHO (YBETUUYEHUE KOJUYECTBA IK3EMILISIPOB)
WIN BEpTUKAIbHO (yBennueHue pecypcoB). CucrtemMa B LEIOM CTAaHOBUTCS OoJjiee
TMOKOM U aJalliTUBHON K U3MEHEHUSIM.

5. TexHonoruyeckass HE3aBUCUMOCTb. Ka)Iplii CEpBUC MOXKET HCIIOJIb30BATH
CBOM COOCTBEHHBIE TEXHOJIOTUU (S3bIKH, (PPEHMBOPKHU, OUOIMOTEKH). DTO MO3BOJISIET
noa0upaTh Hanbosee NOAXOAAIIME TEXHOIOTUH JJI peIIeHUs] KOHKPETHOM 3a1a4u.

E WoeHTrbKurauma Mogynke

none3oeaTeni YYETHLIX 3an1cen

¥
¥

Mogyne rpynn

Mogyne

Ml TMLEH 3K
oA
£
E % Mogyne o
8 APl 7 NOJCKA30K 7

U SOL DB
Mogyne

3a0aHNiA

Mogyne
CTATUCTHEMN

} Mogyne
CTaTUYECKUIA KOHTEHT NOAAEDHKN

A

Pucynok 2. ApxuTekTypa BeO-IIPHIOKCHUS
BuiBOaBI

B manHoO# cTaThe ObLIa MPEIOKEHA cXeMa IMOCTPOCHHMS, a TAKXKE apXUTEKTypa
MOJICUCTEMBI  Web-ThIOTOp 11 OOydeHHs XUMHUM Ha OCHOBe VR-TexHomorwui,
npeiokeHa cxema (PopMalbHOTO ONMUCAHWS XHMHYECKOW peakIuu Kak rpada.
[IpenyioxkeHO onmcaHue MOIYJb 3aJaHUM, SBJISIOIIUICS OCHOBHBIM JJIS T€HEPALMU
y4eOHOI0 KOHTEHTA.
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INPUMEHEHUE BUPTYAJIBHOM PEAJIBHOCTH JIJIS1 OBYYEHUS
3AMEHE TOPHEBBIX YIINIOTHEHUU HEHTPOBEKHBIX HACOCOB
CEKIHMOHHBIX

APPLICATION OF VIRTUAL REALITY FOR TRAINING IN REPLACING
MECHANICAL SEALS OF SECTIONAL CENTRIFUGAL PUMPS

bornanos /.M., [pyxunckas E.B.,
OI'BOY BO «Ydumckuit rocynapcTBeHHbIN HEPTIHON TEXHUUECKUN YHUBEPCUTETY,
. Yoa, Poccuiickas @enepanus
D.M. Bogdanov, E.V. Druzhinskaya,
FSBEI HE “Ufa state petroleum technological university”,
Ufa, Russian Federation

e-mail: danir 02@mail.ru

AnHoTanusa. PaccmarpuBaroTcsi BHABI  BUPTYaJbHOM  pEAJBHOCTH U
IPUMEHCHHE TEXHOJOTHH BHUpTyabHOW peanmbHocTH (VR) mims oOydeHus: 3ameHe
TOPLIEBBIX YIUIOTHEHUH IEHTPOOEKHBIX HacocoB ceKMoHHBIX ([JHC). AkTyansHOCTD
CTarbl OOYyCIIOBJIEHA TPYIHOCTAMH, C KOTOPBIMH CTaJKMBAIOTCS OOydYaroluecs mnpu
OCBOEHHUH ATOTO CJIOKHOTO M OTBETCTBEHHOT'O IPOIIECCa B peasbHBIX ycioBHsX. K
HUM OTHOCSITCS: OTPAaHUYECHHBIA JOCTYN K OOOpPYIOBAaHUIO, PUCKU, CBSI3AHHBIC C
paboToii Ha JEHCTBYIOIMX YCTAHOBKAaX, W HEAOCTATOK HammiaHOCTU. IIpencrabnen
VHCTPYMEHT, BBIIOJHEHHbIM B  TEXHOJIOTMHA BUPTYaJIbHOW pEaJbHOCTH U
MpeNHa3HAuYeHHBIM Il  MOATOTOBKH  CICIHAIUCTOB MO  OOCTY>KUBaHHIO
IEHTPOOESKHBIX HACOCOB CEKIIMOHHBIX. B TpeHakepe oTpabaThIBalOTCsl HaBBIKU IO
3ameHe TopueBbix ymiotHeHud IIHC. OmnmcaHbl OCHOBHBIE ATalbl co3laHus VR-
TpeHaxEpa Mo 3aMeHe TOPIEBOTO YIUIOTHEHUS [IEHTPOOEKHOTO HacOCa CEKIIMOHHOTO,
BKirouass 3D-momenupoBanue B Blender, mporpamMMHyto peanu3anyio Ha HUTPOBOM
nemxke UnrealEngine 5. Otmewaercs, uyto BHenpenue VR-Tpenakepa MoxeT
MOBBICHUTh KA4ECTBO TIOATOTOBKH CIEIHAINCTOB B HE(TEra3oBOM OTpaciu,
oOecrieuynBasi WX TNPAKTUYCCKUMH HaBBIKAMH B O€30MACHOW W pPEaTUCTHYHON
BUpTYyaJIbHOU cpenie. CaenaH BBIBOA O BO3MOMKHBIX IMPEUMYIIECTBAX UCIOIb30BAHUS
VR-tpenaxépa, Takux Kak O€30MacHOCTh MPOBEACHUS MPAKTUUECKUX 3aHSITUH,
SKOHOMMYECKass  A(PPEeKTUBHOCT W MPOMBIIUICHHAS  HAMNPaBICHHOCTh U
MEPCIEeKTUBAX  JlaJIbHEHMIIero  pa3BUTHSL M PACIPOCTPAHEHHUS  MOJOOHBIX
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WHCTPYMEHTOB OOyYeHHs /I TIOBBIIICHUS KBaJU(UKALUK CICIHAIUCTOB B
He(dTerazoBoi oTpaciu.

Abstract. The article discusses the types of virtual reality and the application
of virtual reality (VR) technology for training in replacing mechanical seals of
sectional centrifugal pumps (SCPs). The relevance of the article is due to the
difficulties faced by trainees in mastering this complex and responsible process in
real conditions. These include limited access to equipment, risks associated with
working on operating installations, and lack of clarity.

The article presents a tool implemented in virtual reality technology and
designed to train specialists in the maintenance of sectional centrifugal pumps
(SCPs). The simulator practices the skills of replacing mechanical seals of SCPs. The
main stages of creating a VR simulator for replacing the mechanical seal of a
sectional centrifugal pump are described, including 3D modeling in Blender and
software implementation on the Unreal Engine 5 game engine.

It is noted that the introduction of a VR simulator can improve the quality of
training for specialists in the oil and gas industry, providing them with practical skills
in a safe and realistic virtual environment. The conclusion is made about the possible
advantages of using a VR simulator, such as safety, cost-effectiveness and practical
focus, and the prospects for further development and dissemination of similar training
tools to improve the skills of specialists in the oil and gas industry.

Kiarwuesnbie cioBa: BuprtyansHas peansHocTh (VR), ToplieBoe ymioTHEHuUe,
BUPTYaJIbHBIA TpEeHaXkep, HEeHTpoOexkHbIM Hacoc ceknuoHHb (I[HC), oOydenwue,
HedTerazoBas OTpacib.

Keywords: Virtual reality (VR), mechanical seal, virtual simulator, sectional
centrifugal pump (SCP), training, oil and gas industry.

BBenenue

Hentpobexknwri  Hacoc  ceknuonHbii (IIHC) — 310  yCcTpOiCTBO,
UCIIONBb3YEMOE NI MEPEKaYKU PA3IUYHBIX TUIIOB KUAKOCTEH WIIA Ta30B U3 OJIHOTO
MecTa B JIPYroe IMyTeM MEXaHW4YeCKOTO BO3ACHCTBUA. DTH YCTPOWCTBA OOBIYHO
peo0pa3yroT AEKTPUIECKYIO YHEPTUIO B TUAPABINYECKYIO [1].

Kak mnpaBuiio, Hacocbl MPUBOASTCA B ACHCTBUE MEXaHU3MOM (BO3BPAaTHO-
MOCTYTATEIbHBIM WM BpAIIaTeIbHBIM) W TOTPEOISIOT SHEPTUIO NIl BBITIOTHEHUS
MEXaHUYECKOM paboThl, KOTOpas TmepeMemaeT padouyro JKHIAKOCTb.  ITO
00opyI0oBaHNE CIIOCOOHO TEPEMEIIaTh KUIKOCTH W3 30HBI HU3KOTO JABJICHUS B 30HY
BBICOKOTO JaBjicHHu [1].

Pabouee xoneco 51r000ro Hacoca MPUBOAMUTCS B JBUKEHHE JBUTATENIEM, KaK
MpaBUJIO, SJEKTpUUECKUM. Ban aBurarensi mepenaer SHEPrui0 Ha Bajl paboyero
KoJieca 4Yepe3 MEXaHUYeCKyr My(Ty, MO3TOMY Bajl Hacoca BBIHYXIEH «TOpYaTh
Hapy>Ky» uepe3 OTBEpCTHE B KOpmyce Hacoca. Uepe3 3To ke OTBepcTue U OyneT
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BBITEKATh IEpeKaunBaemasi KUIKOCThb, €CJIM HE HCIOIb30BaTh YyIUIOTHeHUs. Bcero
ObiBaeT 4 OCHOBHBIX BHJa YIUIOTHEHUH: CaJbHUKOBOE (HAOWBHOE), MaHXKETHOE,
MeXaHUYeCKoe (TOopIeBOe), 1ieNieBoe (JadupuHTHOE) [2].

TopiieBoe MEXaHWYECKOE YIUIOTHEHUE, SBIAECTCS TUIIOM  YIJIOTHEHUS,
MIPUMEHSIEMBIM BO BpAIlAOIIEMCs 000pyI0BaHUHU, ISl 00ECTICUeHUs] TePMETUIHOCTH
Bpal[alOIIMUXCSl BaJOB IIEHTPOOEKHBIX HACOCOB KOMIIPECCOPOB, XHUMHUYECKHUX
PEaKTOpOB, B T€X MECTax, IJle¢ HEOOXOAUMO MUHMMHU3UPOBATH YTEUKU U O0ECICUUTH
paznenenue cpen [3].

Ha nannbiif MOMEHT oOydJaromuecsi UMEIOT BO3MOXKHOCTh TOJIBKO IMaCCUBHOTO
HaOmrofieHust  mporiecca 3aMmeHbl  TopieBoro ymiaoTHenus I[[HC Bo Bpewms
MPOXOXKJACHUST 0030pHOM MPaKTHKU, HE TMOJNy4yas MPU ITOM MPAKTUYECKOTO OIbITA.
[Ipy >TOM UM HYXHO TOJYYHTh MNPOIMYCK HA NPEANPUATHE. ITO MOAYEPKUBACT
HEOOXOAMMOCTh B TIOMCKE AaJbTEPHATUBHBIX M Oojee 3(PPEKTUBHBIX METOJOB
oOy4deHus.

B 51Ol CBSI3M BHEAPEHHUE TEXHOJIOTUHM BUPTYaJbHOM PEAIBHOCTH B IPOLECC
00y4eHHsI OTKPBIBACT HOBBIC BO3MOXXHOCTH, TO3BOJISISL OOyJaroluMcsl IprHoOpeTaTh
MpaKTUYECKHWe HaBBIKM B 0€30MacHOW M KOHTponupyeMoi cpexae. Mcmonb3oBanue
VR- TpeHaxEpoB 11l CUMYISIIMM Tpoliecca 3aMeHbl TopieBoro yriotTHenus [THC
MOXXET OOeCTHEeUUTh BBICOKYIO CTENECHb PEAJMCTUYHOCTU U TMOTPYKEHHUS, YTO
criocobcTByeT  A(pdeKTHBHOMY  YCBOGHHIO  Marepualia u  (POpMHUPOBAHHIO
HEOOXOUMBIX MPO(eCcCHOHATBHBIX KOMIIETEHIINI PAOOTHUKOB PEMOHTHOTO IIeXa.

OCHOBHOM 1eNbI0 JTaHHOW PaboTHI sIBIsIeTCsT pa3paboTka u BHeapeHue VR-
TpeHaxEpa Mo 3aMeHe TOPIEBOT0 YINIOTHEHHS IIEHTPOOESKHOTO HACOCa CEKIIMOHHOTO,
o0ecrneynBarolero  WHHOBAMOHHBIM ¥ A(QQEKTUBHBIA  WHCTPYMEHT IS
PAKTUYECKOT0 0OYUYEeHHUS CTICIIMAINCTOB B 0€30MIaCHOM BUPTYaJIbHOM Cpeie.

Buenpenue BUpTyanbHOW pPEaqbHOCTH B MPOIECC OOY4YEHHUS OOCITYKHBAHHUIO
IIEHTPOOEIKHBIX HACOCOB CEKIIMOHHBIX 00YCIOBJIEHO HECKOIBLKIUMU (DAKTOpaAMH:

. NOBbIIIeHUEe 0e30macHOCTH 00y4eHusi: VR-TpeHaxEpbl MO3BOJISAIOT
oOyyatomuMcs  GOpMUPOBATh TMPAKTUUYECKHE HABBIKM B BUPTYaJIbHOU Cpee,
MCKITI0Yasi PUCKH, CBSI3aHHBIE ¢ PabOTON Ha peaTbHOM 000PYI0BaHUH.

. IKOHOMHYECKasi 3(PPeKTUBHOCTH: HCNOJIB30BaHHE VR-TexHONMOTHI
CHW)KAeT 3arpaThl Ha TNpUOOpeTeHHe U  OOCTy)KHWBAaHHWE JOPOTOCTOSIIETO
obopynoBaHus 111 00ydCHHS.

. AOCTYMHOCTh W TMOKOCTB: B OTIMYHE OT OOY4YEHHUS Ha pealbHbIX
IIEHTPOOSKHBIX HACOCaX CEKIMOHHBIX, JUIS MCHOib30BaHuA VR-TpeHaxépa
JOCTaTOYHO MMETh MOAXOAIIEEe TMOMEIICHUE, B KOTOPOM MOKHO pPa3MeCTUTh
KOMIbIOTep U VR-rapHuTypy. 9TO 3HAYUTEIBHO MOBBIIIAET THOKOCTh U IOCTYITHOCTD
oOydeHHs, TIO3BOJISII IIPOBOJUTH €ro B YIOOHOM MecTe, 0e3 HEeOOXOAMMOCTH
OpraHu3aluu JOCTYyNa K MPOU3BOJCTBEHHBIM IUJIOIIAIKAM.

. NpaKkTHYeCcKasi HANpPaBJIeHHOCTh: VR-TpeHaxépsl obecmednBaroT
peaNMCTUYHOE MOTPYKEHUE B MPOIECC 3aMEHBI TOPLIEBOTO YIUIOTHEHHUSI, CIIOCOOCTBYSI
3 bexTuBHOMY (POPMUPOBAHHUIO HEOOXOIUMBIX KOMITETCHIIUM M HABBIKOB.

Takum 00pazom, paspabotka u BHeApeHue VR-TpeHaxképa 1o 3ameHe
TOPLIEBOTO YIUIOTHEHUS! IIEHTPOOEIKHOIO0 HACOCA CEKIMOHHOTO MPEJCTaBIAECT COOOM

[16]
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MEPCIIEKTUBHOE HaIlpaBJI€HUE, CIIOCOOCTBYIOIIEE MOBHIIICHUIO Ka4eCTBA MOATOTOBKH
CHEUATNCTOB B HEPTEra30BOM OTpaCu.

Buabl BUPTYa/1bHOM peaibHOCTH

Bupryanenas peanbHoctb (VR) — 3To TexHonorus, KOTopas CO3HaeT
MMUTAILAI0 PEabHOW WJIM BBIMBINIUICHHON cpenbl. OHA TOTpy)KaeT IMOoJb30Bareis B
TPEXMEPHOE MPOCTPAHCTBO, BO3ACHCTBYS Ha €T0 3pEHUE, CIIyX, & MHOT/IA U Ha JAPyrue
OpraHbl YyBCTB (TaKTHJIbHBIE OILYIIECHUS, OOOHSHUE).

VR — »3T0 MOIHBIA HWHCTPYMEHT i1 (OPMUPOBAHUS MPAKTUYECKHUX
komneTeHnuii. OHa moBbImaeT 3(QQPeKTHBHOCTE OOYYCHHs, [elnaeT ero Oomee
0e30macHbIM M YBJIEKATCIbHBIM. XOTS IIOJI TOYHBIM ONPEICICHUEM BHPTYaJbHON
peanbHOCTH OOBIYHO TIOHWMAIOT TOJHYI 3aMEHy aylHOBU3YaJIbHBIX 3((EKTOB
peanibHOTO MHpa BUPTyalbHBIMH, B 0OJ€€ TOBCEJHEBHOM TOHUMAHUH JHO00E
MOHMMACTCS COYCTAaHUE BUPTYAIbHBIX JJIECMEHTOB C pealbHBIMA. UTOOBI TOYHEE
OTIPENETNTh BUPTYATbHYIO PEANBbHOCTh, €€ 3a4acTyl0 pa3[eisifoT Ha JOMOJHEHHYIO
peanbHOCTh (augmented reality, AR), cmemannyto peansHOCTh (mixed reality, MR) u
COOCTBEHHO BHPTyaIbHYIO peanbHOCTh (virtual reality, VR). UtoOsl u3bexarb
HEOIPE/ICICHHOCTH TEPMHHOB, 0Ooyiee IIMPOKOE TOHUMAaHUE  BHUPTYaTbHON
pEallbHOCTH Ha3BIBAIOT PACIIMPEHHOW peanbHOCThIO (extended reality), koTopas
00BEIMHSACT BCE TIEPEUHCIICHHBIC KIACCHI [4].

VR TpaHchopMupyeT oOyueHue, MIPeI0CTaBISS Oe30MmacHyto,
KOHTPOJIUPYEMYIO U PEATUCTHUHYIO CPENy ISl OTPAOOTKU MPAKTUUECKUX HABBIKOB.

[IpeumymecrBa VR:

. npakTuka 0e3 pucka: VR mosBoiser Oe3omacHO oTpadarhiBaTh
HaBBIKH, KOTOPBIE B PEATbHOCTU MOTYT OBITh OMIACHBIMH (HAmpuMep, XUPYpPrudecKue
orepanuu, paboTa ¢ OIacHBIMU BEIIECTBAMH).

. MOBTOPAEMOCTh: VR MO3BOJISIET MHOTOKPAarHO ITOBTOPSATH JIC€HMCTBUA,
noka He OyleT JOCTUTHYT aBTOMAaTHU3M.
o oOparHasi cBsi3b: VR-cuctemMbl MOTyT OTCIEXHBaTh JEUCTBUS

MOJIb30BaTENsl W TMPEJOCTABIATH MTHOBEHHYIO OOpaTHYIO CBSI3b, 4YTO YCKOPSET
MpoLecc 00yYeHUsI.

OcHoBanus 1js1 pa3padoTKn

B 2023 rony 8 VI'HTY kadenpamu «Mammnbpl 1 000pyaoBaHue He(TEra30BbIX
npombiciioB» (MOHI'TI) u «BeruncnuTenbHas TEXHUKA U UHKEHEPHAs KHOEPHETHUKA
(BTHUK) 3amymieH mpoekT mo pa3paboTke Habdopa TpPEeHAXepOB BHUPTYaTbHOUN
PEaTbHOCTH JUISI TIOATOTOBKH CIICIIMAIMCTOB MO PEMOHTY HE(PTENEPEeKaunBAOIICTO
obopynoBanus. B mepBom TpeHaxEépe peanmn3oBaH mporecc coopku u pazdopku [THC
c calbHUKOBBIM yruioTHeHneMm Ha npumepe [HHC 180-1900 [5]. Hauuas pabora
MpeACTaBIsieT co00i BTOpON TpeHaXEP M3 I3TOro HAOOpa U BBHIMOIHAETCS IO 3aKazy
kapeapst MOHI'TL.
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JIns  o3HaKOMJIEHHST C  YCTpOMCTBOM 1eHTpoOexHbix HacocoB (ITHC)
CylIecTBYIOT pasnnyHble VR — tpeHaxépsl Takue kak, EON-XR u iXRlabs [6, 7].
[Tpunoxenue EON-XR mpemnaraer 3D-monenu Hacoca, PyHKIIUU «PEHTIEHOBCKOTO
npencrasiaeHus (X-ray), TOJIOCOBBIE 3aMETKH, aHUMAllMd U BO3MOYKHOCTb JIETAJIBHO
paccMOTpeTh OTAENIbHbIE KOMIOHEHThl. OJHAKO B HEM OTCYTCTBYET IOJIHOLIEHHOE
OKpY’KEHHME, U HacoC MpelcTaBieH u3onupoBaHHO. B cBoro ouepenp, iXRlabs
MPEOCTABISAET JETaJU3UPOBAHHBIE WIUTIOCTPAlMM HAcOCa U €ro KOMIIOHEHTOB, a
TaK)K€ MO3BOJISIET €CTECTBEHHBIM 00pa3oM B3auMoneicTBoBarh ¢ 3D-Moxenbio. Tem
HE MEHee, B OTOM MPWIOKEHHUH OTCYTCTBYET YyueT TpeOOBaHUA TEXHUKU
6e30macHOCTH Mpu paboTe ¢ 000PYIOBAHUEM.

VR-tpenaxépst EON-XR wu iXRlabs, He mnpenocraBistoT HEOOXOIUMOIO
(dyHKIMOHANA 1711 0OyYEHHUs CIOKHOMY MPOLECCY 3aMEHbI TOPLIEBOTO YIIJIOTHEHHUS.
Kpome TOro, oHm He BOCHPOM3BOAST PEATUCTHUHYIO padOuyi0 Cpely PEMOHTHOIO
nexa U He o0ecrneyrBaroT COOJIOAeHUE HEOOXOIUMBIX Mep 0e30MacHOCTH, KpailHe
Ba)KHBIX MPH BBITTOJIHEHUH TAKOTO PO/Ia ONEPaIIHii.

IIpoexkTUpoBaHue

[TocTpoenbl auarpamMmsbl IESITENBHOCTH JJIsi TpeHa)xképa, COOpKU U pa30opKu
TOPLEBOTO YIJIOTHEHHUS.

CHavyana oOyyaroumuics JODKEH  BBINIOJHUTH  TPEOOBaHUS  TEXHUKHU
0e30MacHOCTH, HAJIETh OYKH U IIIJIEM, Jlajiee MPONTH B PEMOHTHBIN 11€X, pa3o0parh U
coOparb TOpLIEBOE VYIUIOTHEHUE M Jlajiee BBIBOASTCA PE3yJbTaThl MPOXOXKICHUS
TECTUPOBaHUS (PUCYHOK 1).

BbinonHeHWe TpeGoBaHHid OByyalowMics CucTemMa
TEXHWKN Gesce

3ATL CPeACTBO
WHOWBMAYanEHOR

3AWNTE

Qv LWnem

| =

anets Dpe;J,CTBD\
WHOWBMAYaNEHOR
JAWNTE

[ OTKpbITb ABEPD B
PEMOHTHEIN LEx
) 1

BrinonkeHs! i1
TpefioBaHNA TeXHUIM
Be0NacHOCTH?,

Paabopka TopLieBoro
YNNOTHEHUA

CBopka Topuepora
k\ YNOTHEHUA

QtobpaeHne
peaynsTaTos
nNpoxoxasHWs

TpeHamépa

®

Pucynok 1. /Ilnarpamma nedaTenbHOCTH I TPEHAXKEPa
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Ilo guarpamme pa30OpKHM TOPLEBOIO YIUIOTHEHHs CHayala OINpEAesseTcs
HY)KHO JIM YTWJIM3UPOBAaTh HCIOPYECHHYIO J€Tallb, JAJe€ BBHIOMPAECTCS MHCTPYMEHT
JUTSL U3BJICUECHHUS I€TAJIM U3 YIUIOTHEHUS U MTOTOM JAeTalb KIaAETcs Ha CTeJIaX U Tak,

MOKa YIJIOTHEHHUE He OyJ1eT pa3o0paHo MOJHOCTHIO (PUCYHOK 2).

O6yuvaowmica

Cucrema

Pa3bopka
TOPLEBOro YNfoTHeHUA

YKHO JT1 YyTUNU3NpoBaTb

netans? Her
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OpLIEBOr0 YNNOTHEHM

Pyku
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WecTurpaHHuk| (FaeyHblin KoY 5
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e
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fAetanu?

ViaBneyeHve getan
TOopueBoro
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MepemelieHne
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Pucynok 2. Jluarpamma neaTeIbHOCTH pa300pKH TOPLEBOTO YIJIOTHEHUS
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[lo numarpamMmme JesTENBHOCTH COOPKM TOPIIEBOTO YIJIOTHEHUS CHadaja
oTpenessieTcsl Hy>)KHO JIM cMa3aTh JIeTajlb, Jajee BHIOMPAETCS AeTajdb U WHCTPYMEHT
JUTsl €€ YCTaHOBKH B YIUIOTHEHHUE, YCTAHABIMBACTCS JCTalb U TaK, NMOKa YIJIOTHEHUE
He Oyzet coOpaHo (pUCYHOK 3).

OByualwHica Cuctema
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Pucynok 3. Jluarpamma nesatenbHOCTA COOPKH TOPIEBOIO YIUIOTHEHUS
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Peanusanus VR-Ttpenaxépa no 3amene ropuesoro ymiaornenus HHC

s peanuzauuu  VR-TpeHaxépa UCHoONb30BaH UrpoBoi nBkok Unreal
Engine 5 - MOILIHBIA MHCTPYMEHT AJI CO3JaHUSI MHTEPAKTUBHBIX 3D-NpuiioxeHuit ¢
NOJJEPKKOM BUpTyasibHOU peanbHOcTU. Unreal Engine npennaraer mmpokuit Habop
BO3MO)KHOCTE M MHCTPYMEHTOB JUIsl pa3pabOTKH, BKJIIOYAsi BCTPOEHHYIO CHUCTEMY
BU3yalibHOTO ckpuntuHra Blueprints Visual Scripting. Ota Bu3yanbHas cpena
MIPOrpaMMHUPOBAaHUS MO3BOJISET CO3/1aBaTh JIOTUKY MPUIOKEHUs 0€3 HEOOXOJUMOCTH
HalMCaHus KoJa Ha TPAJAUIIMOHHBIX A3BIKAX MPOrPaMMHUPOBAHMS, YTO 3HAYUTEIBHO
YIPOIIAET MPOLecC pa3pabOTKu.

CrnenytouuMm mmarom ctaino 3D-MmoxnenupoBanue B mporpamme Blender. B atoi
npodeccuoHabHON cpeAe sl CO3AaHusl TPEXMEPHON KOMIBIOTEPHOW Trpaduku
pa3paboTaHsbl AeTanu3upoBanHble 3D-Moenu HeHTpoOeKHOT0 HACOCa CEKLIIMOHHOTO,
€ro KOMIIOHEHTOB, TOPIEBOTO YIUIOTHEHUS W HEOOXOAMMBIX HWHCTPYMEHTOB JUJIS
npoBefieHus1 3aMeHbl. CMOIeNnupoBaHa OKpYyKarollas cpela - PEeMOHTHBIM IIeX, B
KOTOPOM MPOUCXOUT BUPTyaTbHOE O0yUYEHHE.

[Tocne coszmanus 3D-moneneil Hayanach mporpaMmmHasi peanusanus B Unreal
Engine. C wucnonb3oBaHHMEeM CHUCTEMBI BU3yaJbHOrO cKpuntuHra Blueprints Ha
JAHHBI MOMEHT peajn30BaHbl JIOTUKA B3aUMOACHCTBUS C OOBEKTaMH, IMPOIECC
pa3boOpKHu TOPIIEBOTO YIUIOTHEHHMS, a Takxke uHTepdeiic obydaromierocs. Blueprints
Visual Scripting mo3Bonuia co3laTh WHTYUTHBHO TMOHSATHBIA W PEaTUCTHUUHBIN
nporecc 00ydueHust 6e3 He0OXOAUMOCTH HATMCAHUS CII0XKHOTO MPOTPAMMHOTO KOAa.

e |

Pucynok 4. VR-tpenaxép no 3amene topiueBoro ymiotHenust [THC
BoiBoabl

[IpumeHeHue  TEXHONOTHM  BUPTyaJlbHOW  pealbHOCTH B OOy4YeHUU
CIELUAIUCTOB MO OOCIYKHUBAaHUIO IIEHTPOOEKHBIX HACOCOB CEKIIMOHHBIX OTKPBIBAET
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HOBBIE BO3MOXXHOCTH JJI MOBBIMIEHUS 3(P(HEKTUBHOCTH M 0€30MacHOCTH y4eOHOro
rporecca.

Buenpenne VR-tpenaxépa no 3amene TtopueBoro ymiotHenus I[HHC B
y4eOHBbII MpoIlecC SBISETCS BAXKHBIM IIarOM B HANpaBlI€HUH BHEAPEHUs
MHHOBAIlMOHHBIX TEXHOJIOIM B oOpa3oBaHue. J[laHHas pa3paboTKa TOMOXKET
MOBBILLIEHNIO KaY€CTBA MOATOTOBKH CIIELUAJIMUCTOB, 00ECIIEUNBas UX MPAKTUYECKUMU
HaBbIKaMU B 0€30MaCHOM M peallMCTUYHOW BUPTYyaJlbHOM cpede. JlanbHeiiiee
pPa3BUTHE U PACIPOCTPAHEHUE MOJOOHBIX HHCTPYMEHTOB OOYUYEHHSI MOXKET IPUBECTH
K 3HAYUTEIbHOMY  YIYUYUIEHUIO YpPOBHSA KBaJU(UKAIMKU  CHEIHUATNCTOB B
HedTerazoBoil oTpaciu.
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AnHoTanus. B ycrnoBusx uudpoBuzamuu 00pa3zoBaTENIBLHOTO IpoIlecca
BO3HUKAET HEOOXOIMMOCTh COBEPIIEHCTBOBAHUSA W M3MEHEHHUS METOAUYECKOW Oa3bl
oOyueHus y4eOHBIX 3aHSATUH 3a CUET BHEAPEHHs] HOBBIX TexHoJMoruil. OIHUM U3
TaKUX CPEICTB SIBIISIETCS MOINOJHEHHAs pPeajbHOCTh. lcmosb30BaHUE 3JIEMEHTOB
JIOTIOJIHEHHOW peajbHOCTH B TMpoIlecce OOy4YeHHs] CIIOCOOCTBYET PAa3BUTHIO Y
oOyyaromuxcss y4eOHOW MOTHBAIlMU, MPOCTPAHCTBEHHOTO, KPUTHYECKOTO U
AHAJTMTHYECKOTO MBIIIJICHUS, a TAaK)Ke (PYHKIIMOHAIBHON TPaMOTHOCTH.

[MomynsipHocTh cMapThOHOB M TUIAHIIETOB CpPeAd OOYYAIOUIUXCS SBISETCS
OHUM M3 (PAKTOPOB POCTA MHTEPECA K MCIOIB30BAHUIO JOTOJIHEHHON PEealbHOCTH B
y4eOHOM TIpoIiecce KaK MHCTPYMEHTY co3naHus 3G (eKTuBHONW oOydarome cpeasl u
MOMCKY WHHOBAIIMOHHBIX 00pa3oBaTeIbHBIX MPAKTUK C mnpuMeHeHuem AR-
TEXHOJOTHH. Pa3merienrne BUPTYaJbHBIX OOBEKTOB B KOHKPETHOM cpefie, B KOTOPOH
OHM W3HAYAJILHO OTCYTCTBYIOT, TIO3BOJII€T (OPMUPOBATH HOBBIE HEOOBIUHBIE
oOpa3oBaTeNbHbIE TMPAaKTUKU. B craThe mpoaHaInM3WpoBaHa CBS3b COBPEMEHHBIX
0COOEHHOCTEH 00pa3oBaHus ¢ MporeccoM IUpoBU3aUU. TakKe paccMaTpHUBAETCS
BO3MOXXKHOCTh M I1e7Ieco00pa3HOCTh BHenpeHus AR-TeXHOIOTMH B MPOIECC
oOyueHusi. 3a CcyYeT MPUMEHEHUS JIOMOJHEHHON pPEeaJbHOCTH MPOUCXOMUT TOJTHOE
norpykeHue B y4eOHbIN npeamet. [loka3an mpocToil mpuMep NpUMEHEHHUs JaHHOU
TEXHOJIOTUM B paMKax MIKOJBHOTO Kypca uHpopmaruku. [IpemsiokeHn BapuaHT
MCITIOJTb30BaHUS JTA0OPATOPHBIX PA0OT I U3YUEHUST aPXUTEKTYPhI KOMITBIOTEPA.

Abstract. In the context of digitalization of the educational process, there is a
need to improve and change the methodological basis for teaching classes through the
introduction of new technologies. One of these tools is augmented reality. The use of
augmented reality elements in the learning process contributes to the development of
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students' learning motivation, spatial, critical and analytical thinking, as well as
functional literacy.

The popularity of smartphones and tablets among students is one of the factors
in the growing interest in the use of augmented reality in the educational process as a
tool for creating an effective learning environment and searching for innovative
educational practices using AR technologies. Placing virtual objects in a specific
environment in which they are initially absent allows the formation of new unusual
educational practices. The article analyzes the connection between modern features of
education and the process of digitalization.The possibility and feasibility of
introducing AR technology into the learning process is also being considered.
Through the use of augmented reality, complete immersion in the educational subject
occurs. A simple example of the use of this technology within a school computer
science course is shown. An option is proposed for using laboratory work to study
computer architecture.

KawueBble cjoBa: 1udpoBuzanusi, JOMOJHEHHAs peadbHOCTh, AR-
TEXHOJIOTHsI, 00pa30BaTeIbHBIN MPOIECC, APXUTEKTYpa KOMITbIOTEPA.

Keywords: digitalization, augmented reality, AR technology, educational
process, computer architecture.

B coBpemennoMm ob61iecTBe mporecc MuGPOBU3ALUM ONPEAETUI HOBBIM JTam
TEXHOJIOTHYECKOro pa3Butus cepbl oOpazoBanus. [lostomy cuctema obOpazoBaHUs
JOJKHA 00€CTeUnTh MOATOTOBKY JIMYHOCTH K JKU3HM B COBPEMEHHYIO LU(POBYIO
amoxy. [IpaButenscTBO Poccuiickoit deaeparinu Bce OOJbIE aKIIEHTHPYET BHUMAHUE
rpaXJIaH Ha  HEOOXOAWMOCTh  HHM(PPOBOro  Momxoda TMpU  OOECIICUYSHUH
oOpasoBarenbHOro mporecca [6]. Hampumep, B 2016 romy craproBajd IPOEKT
«CoBpeMennas mudpoBasi oOpazoBarenbHas cpena B Poccuiickoit Deneparuny». B
paMKax peaju3aluy 3TOr0 MNPOEKTa NPEANoJaraeTcs MOAEPHU3UPOBATh CUCTEMY
poccuiickoro 00pa3oBaHUsS B COOTBETCTBUU C TPEOOBaHUAMH U(PPOBON IKOHOMHUKH.
CornacHO JaHHOW WHUIIMATHBE HEOOXOAMMO BHEAPSITH HU(PPOBBIE WHCTPYMEHTHI
y4eOHOM JESTEIbHOCTH.

B cBow ouepenp MaHHBIE CEPBHUCHI CIIOCOOCTBYIOT MPEOIOJCHUIO OaphepoB
TPAJAUIIMOHHON MOJIENTM OOY4YEeHHSI: BEIOOP CKOPOCTH OCBOCHHS Y4€OHOM MPOrpaMMBbl,
MeToZIoB U (opm o0OyudeHUsi, MOCTPOEHUE HWHIUBUIYaTIbHOTO OOpa30BaTEIIbLHOTO
mapmpyta [7]. Ecnmm oOpaTuThcsi K COBpPEMEHHBIM OCOOEHHOCTSM B 00JacTH
o0pa3oBaHUsl, TO MOKHO 3aMETHTh, YTO OOJBITMHCTBO M3 HUX CBSI3aHO C BHEPECHUEM
U(POBBIX TeXHONOTUN. PaccMOTpuM 3TH OCOOCHHOCTH W TPOCIEANM WX CBS3b C
1 poBU3ALIHECH.

1. MupuBupayanuszauus oOpa3oBaTeIbHOro IMpoiecca. B cooTBeTCTBUM C
TpeboBanueM «3akoHa 00 OOpaszoBanuu B Poccuiickoit @enepanun» CoBpeMEHHOE
oOydeHre B  CWIy  pa3HbIX OPUYUH  JOHKHO  CTaTb  MaKCUMAaJIbHO
nepcoHuuIpoBaHHbIM. CerogHsi rpymnnbl OOy4YalOIIMXCsS CTAaHOBATCS Bce Ooliee
HEOJTHOPOJHBIEC IO CBOEMY COCTaBy. B kiacce MoxHO BCTpeTuTbh U aetei ¢ OB3, u
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IPOCTO OOY4YaIOIIMXCS, KOTOpble TPeOYIOT MHAMBUAYAJbHOTO TMOAXOAA IMpHU
oOyuennu. 3aech HUPPOBBIE PECYpChl U TEXHOJOTMH TMO3BOJIIOT PEUIUTH
nojasisomee  OOnbIIMHCTBO — mpobiem.  Ilyrem  co3ganuss  mMQpPOBBIX
00pa3oBaTeNbHBIX IKOCUCTEM W BHEIPEHUS UX B MPAKTUKY BO3MOXKHO MOCTPOCHHUE
MOJJIMHHO WHIWBUYaJbHBIX 00pa3oBaTeNbHBIX MapuipyToB. OOyuarmuiics B
Ka)XJIOM KOHKPETHOM CJIydyae IMOJydaeT BO3MOXXHOCTh YUHUTHhCS B KOMGMOPTHOM JJist
Hero Ttemre. [udpoBuzauus oOpa3zoBaHus CIOCOOCTBYET TOMY, 4YTO MPOIECC
oOydenusi OyleT NOCTyNEeH B J000oe BpeMs U JH000H Kareropuu TpakJaH, BHE
3aBUCUMOCTH OT WX poOJa JeSITeJIbHOCTH WM Bo3pacTta. Pa3zButue 1HPPOBBIX
PECYPCOB U DKOCHUCTEM MO3BOJIAIOT BBICTPOUTH MHOTOYPOBHEBBIE KOJIA0OpAIIUU.
OcBoenue MUGPOBLIX KOMMYHUKAIIMOHHBIX CUCTEM JIJI HOBBIX TTOKOJICHUM SIBIISICTCS
OJTHUM M3 KIIFOUEBBIX (DAKTOPOB B Pa3BUTHH U COIUATIU3AIUY.

2. B3aumMocBs3b 00pa3oBaHus ¢ MPAKTUUYECKOH aesTenbHOoCThi0: OOpa3oBaHue
yacTo ObIBAa€T OTPE3aHO OT CyllecTBylolleld mnpaktuku. Ha ypokax oOyuarommecs
MOJIy4aroT OOJBIION 00bEM TEOPETUUYECKUX 3HAHUN, HO BCErJga BCE HMX MOTYT
NPUMEHUTh WJIU MPOBEPUTH HA MPAKTHKE. ITO MPUBOAMUT K TOMY, YTO BBITYCKHUKU
OKa3bIBAIOTCS HE TOTOBBI K PEajbHON JEATETLHOCTH B COBPEMEHHBIX YCIIOBHSIX. B
UTOTE UM TIPUXOIUTCS BCE PABHO 3aHUMAaThCs camMooOpa3zoBaHueM. BueapeHue
IU(POBBIX TEXHOJOTUM B MpOIEcC OOyUYECHHS TODKHO MHUHHUMHU3UPOBATH JTAHHYIO
npoosiemy. PaGoras ¢ 1udpoBbIMU MHCTpYMEHTaMH OOydaroluecs: yxe MOTydaroT
HE0OXOIMMbIE HABBIKH JJI KU3HEIEATEIbHOCTH B IU(POBOM MHpE OYIyIIEro.

3. Tetimudukanms oOpazoBanus: J{aHHBIM TpEHI TOSBUIICA B pPe3yjbTaTe
CTOJIKHOBEHHS, a 3aréM M B3aUMONPOHUKHOBEHMS] HWHIYCTPUH pPa3BICYCHUUN C
oOpa3zoBanueM. B cdepe paspieueHuil Iuaupyromee MECTO 3aHUMAaeT HIrpoBas
uHaycTpusi. CoBpeMEHHBIE KOMIBIOTEPHBIE HWIPHI MPEIOCTABISIOT TOTPEOUTENIO
BBICOKYIO CTETIEHb BOBIICUCHHOCTH B Tpolecc. B cBsa3u ¢ 3TuM HabmtogaeTcsi BEICOKas
MOTHBAIIMSI B HCIOJNB30BAaHUM HUIPOBBIX MEXaHHK B oOpa3oBaHuu. B pesynbrare
B3aMMOIIPOHUKHOBEHHUS TOSBIAIOTCS HOBBIE IM(POBBIE pPEeCypchl M MPUIOKECHHUS,
KOTOPBIC MO3BOJIAIOT 00y4aTh B UTPOBOM (hOopMe WIIM BHEAPATH B MPOIECC OOyUCHUS
UTPOBBbIE TpakTUKH. brnaromaps 3TomMy y oOydarommuecs: TMOBBINIAETCS MHTEPEC K
YYEHHIO.

CeroaHst yyuTelb HWHTEPECEH COBPEMEHHOMY IOKOJIEHHIO, KOTJa CIOCOOEH
MOKa3aTh UM WHTEPECHBIC U «HOBBIE» METOMbI M3yueHUs mpoOiembl. B HacTosiee
BpeMsi MIPUMEHEHUE TEXHOJIOTHH JOTMOTHEHHOW peanbHOCTH (AR) B oOpasoBaHuu
cTtaHoBUTCS Bce Oosee momymsipHbiM [1, C. 48]. OgHO# U3 TJIaBHBIX MPUYUH 3TOTO
SIBJISIETCSI BO3MOKHOCTb MOBBIIICHHS] YPOBHSI MOTHUBALUH O0YYaOIINXCS.

JlononHneHnHast peanbHOCTh (AR) — 3TO TexHonorus, KOTOpas TMO3BOJSET
n00aBIsATh BUPTYyaJdbHBIE OOBEKTHI W WH(MOpMaruio B peanbHbiid mup [2, C. 41].
[IpuMeHeHue NaHHOW TEXHOJOTHH B 0OPa30BaTEIBLHOM IMPOLECCE CTHPAET T'PAHUIIBI
MEXKJy PpPEalbHOCThIO U BHUPTYyaJIbHBIM MHPOM, CHOCOOCTBYs Oosiee TIIyOOKOMY
OCMBICJICHUI0O M TOHHMMAl0 H3y4yaeMoro marepuana, HHQPOpMAIUs yCBaUBaAETCS
obicTpee, aKTUBU3UPYET YMCTBEHHYIO NEATEeNbHOCTD oOy4Jarouuxcsi.
BuszyanusupoBaHHasi BUpTyalibHasi HHQOpPMAIUS CUHXPOHU3UPYETCS C PpPEabHBIM
MPOCTPAHCTBOM M BPEMEHEM, 3a CUET 4Yero MPOUCXOIUT IMOJHOE IMOrPYyXKEHUE B
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y4eOHBbIII TpeIMeT, CIOCOOCTBYS TMOBBIIICHHWIO TI03HABAaTEJIbHOIO HHTEpeca
IITKOJIbHUKOB.

Texnonorun AR 103BONSIOT 0OyYarONIMMCS MaHHUMIYJIHPOBATh OOBEKTaAMU
JOTIOJIHEHHOM PpEeaJIbHOCTU: TIE€pPEMEILEHHe, IOBOPOThI, W3MEHEHHE pazMepa —
COBepIIaeMble JEUCTBUS CIIOCOOCTBYIOT Pa3BUTHIO MPOCTPAHCTBEHHOTO MBIIIUICHUS,
IIO3BOJISIET BOCHPHUHATH M3ydaeMblil mpeamer B nonHod mepe [4, C. 10]. Ilpwu
WCIIOJNIb30BAaHUM  JIAHHOM  TEXHOJOTUM  TIEAaroroM OTKPBIBAIOTCS ~ OTPOMHBIE
BO3MOXKHOCTH [JIsl M3YyYEHMsI marepuaja B Oojiee JOCTYMHOM M MHTEPECHOM st
oOyuaroruxcst popme. Opranuzanusi y4eOHOTO 3aHSATUSI Ha OCHOBE YBJIEKATEIbHBIX
urp ¢ npuMmeHeHueM AR-texHonoruii, obiserdaet paboTy negarora npu oObSICHEHUU
HOBOTo marepuana, neMoncrpauu [5, C. 40]. OTmeTuM, 4TO OCBanBasi TEXHOJOTHIO
JOTIOJIHUTENIbHON ~ peallbHOCTH,  NEeAaror  MOBBILAET HE  TOJBKO  CBOKO
MH(GOPMALIMOHHYIO TPAMOTHOCTH, HO U 00YYaIOLIUXCS.

Buenpenne u akTHMBHOE WUCIONB30BaHHE TexHodorun AR B mpakTuke
IIKOJILHBIX 00pa30BaTEIbHBIX YUPEIKISHUN MMO3BOJISIET MOABEACHUIO O0YUYaOIMMUXCs K
HOBOM CTYNEHU pPa3BUTHUS, CTUMYJIMPOBAHUS U Iepexona K aOCTpakKTHOMY U
JIOTUYECKOMY MBIIUICHUIO. TeXHOJIIOTUU JTOTIOJHUTEIIBHOM PeajTbHOCTH 3HAYUTEIIHHO
pacumpsieT paMK{ MCTIOJb30BaHUS MPUHITUIIA HATJISIAHOCTH, OJIarojiapsi MpUMEHEHHUIO
rpaduKy, aHUMAIMK, MYIbTUIUIMKAIIMA B WHTEPAKTUBHOM PEXKHUME, UYTO TO3BOJISET
0oJiee JOCTYITHO TepeaaBaTh yueOHyo nHpopMaluo o0ydaeMomy.

PaccmoTrpum mpoctoit cnocob peanuzanuu AR-TexHOMOTMM TpPU U3YYEHUH
TEMBI B IIKOJIBHOM Kypce HHpopMaTHKU «KOMIIOHEHTHI KOMIIbIOTEpa U UX (PyHKIIMN.
JlanHblii  crmoco®  XapakTepu3yeTcs CO3/aHHeM BHUPTyallbHOM  Momenu  0e3
NpUCYTCTBUA (uznueckor Monenu. HeoOxomuMo Ha MarepualbHBIA 3aMECTUTENh
HAJOXUTh BUPTYAJIbHBIA 00BEKT C XapakTepusytomumu cBoiicteamu [3, C. 38].

[lenecooOpa3Ho 3TO OCYHIECTBISATH HA TAOOPATOPHBIX MPAKTUKYMAaX, KOTJa HET
KOMITBIOTEPHOTO 00OpYyAOBaHMsI, JTUOO TPU BO3HUKHOBEHUU 3arpyaHeHui. Bmecto
KOMIIOHEHTOB KOMIIBIOTEpA TaKMX KaK: KECTKUHN TUCK, ONepaTUBHAsA NaMATh, CETEBAs
Kapra U Jp., UCIIONB3YETCS JHUCT Oenoi Oymaru ¢ HAHECEHHBIMU CIEIUAIbHBIMU
MapKkepamu JOMOJHEHHONW peanbHOCTH. OOydJaronuiicss mpu MOMOIIM yCTPONCTBA
(TenedoH, TUTaHIIET) C MPOTPAMMHBIM OOECIIEYCHHEM CKAaHUPYET JUCT M IMOIydaeT
BMECTO MapKepOB peajbHble KOMIIOHEHThl KOMIbIOTEpa. J{efCTBUS OCYIIECTBISIOTCS
MEPEMEILIEHHEM MapKEepOB JOMOIHEHHON pPEaJbHOCTH, COOTBETCTBYS IpaBUiIaM
cOOPKHU CUCTEMHOTO 0J0Ka KOMITBIOTEPA.

JlauHbIi crtoco® MOMOXKET 00yJaroIUMCs HE CIIOMaTh YSI3BUMbIE KOMITOHEHTHI
KOMITbIOTEPA, Oosiee MOAPOOHO PacCMOTPETh KOH(MUTYpaluil0 CHCTEMHOro OJIoKa,
paclIMpUTh MPEJICTABICHUS IIKOJIBHUKOB O KOMIIBIOTEpPE, a TaK)K€ ONTHUMHU3UPOBATH
MO3HABATENIbHBIN Mpouecc. HecMoTps Ha OrpomMHBIM NOTEHUMAN, MNPEMJIAracMbId
TEXHOJIOTHEN JIOTOJIHUTEIIBHON PEAbHOCTH, OHA SIBISETCS JOBOJIBHO IPOCTOM B
WCIIOJIb30BaHUM U JOCTYITHA ISl AyAIUTOPUM BHE 3aBUCHUMOCTH OT Bo3pacTta. OmHaxo,
HECMOTpSI Ha TMPOCTOTY, TpeOyrTCs HOBBIE pa3pabOTKM M 3HAHMS B 001acTH
MozenupoBaHus. TemM He MeHee, MPU JIOJDKHOM Pa3BUTUU, JaHHAsT TEXHOJIOTHUS
MO3BOJIUT PACUIMPUTH MHOTHE 00pa30BaTeibHbIE MOTPEOHOCTH O0YHAIOLIUXCS.
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BoiBOABI

Takum 00pa3om, AOMOITHEHHAs PEaJbHOCTh — JTO TEXHOJOTHUS, KOTOpas
MPEIOCTABISAECT BO3MOXKHOCTb COEAUHATH BHUPTYAJIbHBIH MHUP C OKpyXKarouen
JNIEUCTBUTEIIBHOCTBIO B PEAJBHOM BPEMEHHU, TEM CaMbIM, IOBBIIIAS HHTEPEC K
M3YUYEHUIO IIKOJBHBIX IpeaMeToB. [naBHOe mnpenmyiecTBO TexHOIoruil AR
3aKJII0YAETCS B BO3MOXKHOCTH BU3Yyaju3alliyd y4eOHOro Marepualia, MpeaoCcTaBiIeHuUs
€ro Ha IIOHATHOM, JJI1 COBPEMEHHBIX JETeH, s3bIKe. JlaHHBIM BUJ TEXHOJIOTUMU
OTKpPBIBAET OTPOMHOE MPOCTPAHCTBO JJI TBOPYECTBA, COBEPILICHCTBOBAHUSA
KOPPEKIIMOHHOTO 00pa30BaHMsl, JIEMOHCTPAIIMM TOTO OMbITa, JOCTHXKEHUU U
IIPOLIECCOB, KOTOPBIE HET BO3MOKHOCTH MMOBTOPUTH B PEKUME PEATIBHOTO BPEMEHHU.
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npaktuueckoil koH(pepenuu. CtaBponoinb: U3natensctBo «AI'PYCy», 2022. C. 322-
325.
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AHHOTaums. B crarbe paccmarpuBaeTcs OIMH W3 CIOCOOOB BH3yaU3allUU
KHUJIKOCTH, KOTOPBIA MIPH €ro MPUMEHEHHH TO3BOJIUT MOJTYYUThH PSJl MPEUMYIICCTB:
yIydlIeHHe KavyecTBa BU3yalM3alldd JKUAKOCTH (B CpaBHEHWHM C  BOJIOH,
peaM30BaHHOW C TOMOIIBIO CHUCTEMBI YAaCTHI[), CHIDKEHHE PECYpPCOEMKOCTH (B
CpPaBHGHHWU C BBICOKO pEATUCTHYHBIMHU MOJETSMHU JKUAKOCTH Ha 0aze METOIOB
KOHEYHBIX DJIEMEHTOB).

Oco0oe BHUMaHUE YIEISETCsl HCIIONb30BaHUI0 rpaduueckoro aBrkka Unigine
JUIA  YTOPOINEHHUsS TpOIlecca HANHWCAHWS IIEHICPOB W CO3MaHHS HEOOXOTUMBIX
addekroB. PaccmarpuBaercs MHCTpyMEHT co3maHus meinepoB MaterialEditor. B
CTaThe OINMHCHIBAIOTCS, METOBI ONITHUMHU3AIIMH MTPOIIecca BU3YyaTH3aIH KUJAKOCTH. B
npeiaracMoM TIOAXO/IE paccMaTpWBaeTCs [BA BHUAA IOBEACHUS KHIIKOCTHU:
JBW)KEHUE )KUJKOCTH B COCYJIC U IBIDKEHUE JKUIKOCTH TIPH TIEPEITUBAHUH.

JIist kaxa0ro BUAA TOBENCHUS TPEIaraeTcs CBOS METOAMKA BU3YyalH3alldd
KUJKOCTH, BKIIOYAIONIasi B ceOs CKPUITOBYIO U TeimepHyio dactu. CkpunroBas
4acTh OTBEYaeT 3a 00paboTKy (u3MyYecKuxX MmokazaTeneld s MOACIUPOBAHUS
KUJKOCTH, a MEHepHAst — 32 OTPUCOBKY CJIOXHBIX JIEMEHTOB KUJIKOCTH M CO3/IaHHE
BU3YaJIbHBIX 3P (HEKTOB.

Cratpsi mpeAcTaBisieT OOMNBINONW HMHTEpEC JUIsl CIHEIUATUCTOB B 00JacTH
KOMITHIOTEPHON TpaduKu U pa3pabOTKu BUPTYaTbHBIX Cpel, a TAKKe IS BCEX, KTO
WHTEPECYETCS COBPEMEHHBIMH TEXHOJIOTHSIMU BU3YaTH3aAIUH.

Abstract. The article discusses one of the methods of liquid visualization,
which, when applied, will provide a number of advantages: improving the quality of
liquid visualization (in comparison with portico water), reducing resource
consumption (in comparison with water simulated realistically).

Special attention is paid to the use of the Unigine graphics engine to simplify
the process of writing shaders and creating the necessary effects. The article describes
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how to optimize fluid visualization by breaking its behavior into two main types:
fluid movement in a vessel and fluid movement during transfusion.

For each type of liquid behavior, a different visualization technique is
proposed, including scripting and shader parts. The scripting part is responsible for
processing physical parameters for fluid modeling, and the shader part is responsible
for rendering complex fluid elements and creating visual effects.

The article is of interest to specialists in the field of computer graphics and
virtual environment development, as well as to anyone interested in modern
visualization technologies.

KiwueBble cjoBa: Bu3yanuzalusi JKUJKOCTH, KOMIBIOTEpHas Tpaduka,
pa3paboTKa BUPTYaJIbHBIX CPEM, CKPUIITOBAs YaCTh, IIEHIepHAs YaCTh.

Keywords: liquid visualization, computer graphics, virtual environment
development, scripting part, shader part.

BBenenune

3D-monenupoBaHue JBHXKCHHS JKUJIKOCTH JJIsI KOMIBIOTEPHOW Trpaduku u
BUPTYaJbHOM peadbHOCTH TMPEACTaBIsAeT coOOM 3a7adyy C BBICOKOM CTEMEHbIO
BBIYHCIIMTEIILHON CIOXKHOCTBIO. B BupTyanbHON xuMuueckou saboparopuu (BXJT)
UCIIOJIB3YETCS HECKOJIBKO BHAOB JBUKEHUSA JKUJIKOCTH, U PEAJTUCTUYHOCTH €€
MOBEJIEHUS CYIIECTBEHHO BIHAET Ha S()PEKTUBHOCTH OOYYEHHS U BBIMOITHEHUS
HAyYHBIX SKCIIEPUMEHTOB.

3HAUMTETBbHYIO JIOJII0 BEIIECTB, UCIONb3yeMbiX B BXJI, mpeacrasisator coboi
xuakoctu. [Ipu Bu3yanuszanuu nporecca BbITOTHEHUS (PU3NKO-XUMHYECKOTO OTBITa
KHUJKOCTh MpeoOpa3yeTcsl U3 OJJHOTO arperaTHoOro COCTOSHUS B JIPYroe, MPOUCXOIUT
CMENIMBaHUE Pa3HBIX JKUAKOCTEH ¢ ToiydeHueM paznudHbix dddexroB. Hecmorps
Ha 310 peanuszanusa BXJI momkHa CTPOUTBCA C HMCIOJIB30BAHHEM OTPAHUYCHHBIX
BBIYMCIIUTENBHBIX PECYPCOB, UCHOJIb3YEMBIX ISl BU3YAIU3ALUU.

Ieaun u 3apaun

llenpto nmaHHOW pabOTHI SBISETCA TOBBINICHUE KA4eCTBA BHU3yaJU3AINH
MOBEJCHUS KUJKOCTU M ONTUMM3ALMS BBIYUCIUTEIBHBIX PECYPCOB B BUPTYaJIbHBIX
3D cpenax. Ilpennaraemplii B CTaTbe TOAXOJ OOECIEUUBAET IMOCTPOCHUE
BUPTYQJIbHBIX ~ XMMHYECKMX  JJaDOpaTopuii  Ha  OCHOBE  OIPaHMYEHHBIX
BBIYUCIIUTENBHBIX pecypcoB. Peanu3zanusi onuchiBa€MbIX MOAXO/OB BBIMOIHAIACH C
npuMeHeHue rpaduyueckoro apmwkka Unigine.

OO0mree onucanue MOIX010B

Jns Bu3yanu3alMu B KOMIBIOTEPHOM NpOrpaMMme MPUMEHSIOTCA —Tak
Ha3zbiBaeMble «ieiepo». llleliaepsl, B KOMIbIOTEPHOU rpaduke, 3TO MPOrPaAMMBbI,
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KOTOpBIE PACCUUTHIBAIOT OCBELICHHUE, LIBET U JAPYTUE MapaMeTpbl BO BpeMsl peHAepa
3D cuen. Illeligepsl BBINOJHAIOT CBOIO pPabOTy B COOTBETCTBUU C PEHAEP-
MalrIaifHOM — MOCJEA0BATEIbHOCTRIO ATANOB PabOTHI MIEHIEPOB B (puHANIE KOTOPOU
MOJIy4aeTcs TOTOBOE U300paxKeHHeE.

vertex array framebuffer

(4

vertex shader triangle assembly rasterization fragment shader testing and blending

1. 2.3}
{3.2,4)
{4,2, 7}
£7: 4.3}

element array uniform state

Pucynok 2. Knaccuueckuil penaep-nairiaitn

[Tpu pa3paboTke Wrp 3a4acTyi0 PEIaKTUPYIOT TOJBKO JBa MIeHaepa — IIenep
BepIIMH U (pparMeHTHbIN mekaep. B Unigine Ay ynpoieHus HanmucaHus el 1epoB
npumensercss Material Editor — Oubnmoreka BHU3yallbHOTO MPOrpaMMUPOBAHUS,
OCHOBaHHas Ha cucreMe HoA. Takum o00pa3oM, HCHOJIB3yd CHUCTEMY HOJOB,
o0ecreynBaeTcsi BOSMOXKHOCTh CO3/1aBaTh HEOOX0UMbIE BU3YyaIbHbBIE A (PEKTHI.

Pesynerarom pabGotel B material editor siBiasiercs mieimep, KOTOPBIN JTOJDKEH
OBITH CBsA3aH C HOMOM Marepuana. Homa marepuana uMeeT clieyroliue mapaMeTphbl:
albedo, metalness, roughness, specular, normal, ambient occlusion, emission u
octanpHble. Takke, eciau marepuan sBisercs alpha blend (mpo3paunbiM), TO
nobaBisieTcss TapaMeTp Hempo3padyHoOCTH - opacity. B cmywae ¢ alpha test
nobasisieTcs mapameTp opacity clip threshold - mopor o6pe3ku Henmpo3payHOCTH.

CymiecTByromue MOAX0Abl K BU3yalU3ally KUIAKOCTH TPEOYIOT 3HAUUTEITbHBIX
BBIYMCIUTEIBHBIX pecypcoB. IS ONTUMU3AIMN BBIYUCIUTENBHBIX PECYpPCOB
MpenaraeTcs CIeIyOIIHA MOIXO].

Onucanmne npeajgaraeMoro moaxoaa

OCHOBHBIM TPEIMETOM BH3yaJM3alK B BUPTYaJIbHOUW JTAOOpAaTOPUU SBISETCS
KUJKOCTh. B 1esX oNnTUMHU3alii MOBEACHUE KUAKOCTA ObUIO pa30UTO HA 2 BUOA —
1) nBu>XeHHE KUAKOCTU B cocyle (B TOM 4HUCIE, KUNEHUE), 2) ABUKEHUE KUJIKOCTU
npu nepeanBaHur. Kakablil BUJ JBUKEHUS COCTOUT W3 JBYX YacTEW: CKPHUIITOBAs
4acTh — B3aWMOJCUCTBYET C JBMKKOM TMPWIOKEHHs, 00pabarbiBaeT (U3MUECKHE
MOKa3zaTeNu JJIsi MOJIEIMPOBAHUS KUJKOCTH; HIEHAepHass 4acTh — B3aUMOJICHCTBYET
CO CKpHUNTOBOM YACThIO U OTPUCOBBIBAET YACTH KHUJKOCTH, KOTOPBIE€ CIIOKHO
paccuuTaTh Ha MPOLIECCOPE, a TAKKE CO37aET HEOOXOAUMBIE BU3YyalibHbIE 3(DPEKTHI.
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Material

Opacity
Albedo
Metalness
Roughness
Specular
2 Microfiber
Normal World Space
> Translucent
> Ambient Occlusion

Final
Emission

Material ®——g piaterial

Velocity
) Auxiliary
) Auxiliary Clip Threshold
> Blur
D Refraction Screen UV Offset
> Depth Offset
) Vertex Offset Tangent Space
' PostEffects Clip Threshold
2> Shadow Clip Threshold
) Shadow Opacity

Pucynoxk 3. [TapameTpsl Honbl «Material»
CKpHNTOBasi YaCTh BU3YAJIH3aLHH KHIKOCTH

Jnst peanuzanuu 3¢ dexra IBUKEHHUS KUJIKOCTH BHYTPU HEKOTOPOTO 00bEMa
UCIIONB3YETCSl  CIENYIONIMII METOA: CO3[aeTCsid BHUPTyaJbHOE TeNo OObEKTa,
npeacTapisionee coool «KOpoOKy», 3adarollyro Oojee TOYHBIA pa3Mep Tena,
KOTOPBIN CUMUTHIBAETCSI CKPUIITOM. 3aT€M PACCUMUTHIBAETCS BBICOTA CTONOA >KUIIKOCTH
B OTHOCHUTEIBHBIX KOOpAHMHATaX [Jisi OLEHKU 3alOJHEHHOCTH E€MKOCTH (KOTopas
OyIeT 3aBUCETh OT MOJOXKEHHUSI 00BbEKTa B MPOCTPAHCTBE). 3aT€M 3HAYEHHE BBICOTHI
nepeaaeTes Ha meaep s otoopakeHus. Ha 3Toil BhICOTE co3aeTcss MEIl YPOBHS
xugkoctd (MY), koTopelii B JanbHEWIIeM OyaeT HEOOXOAUM I CJICTYIOIIErO
s dexra.

Hnst peanuzanmu dddexTa nepenruBaHus KUIKOCTH TPEOYEeTCsl €Ile Ha JTare
MOJIETTUPOBAHUS CO37aTh €MKOCTh TakuM 00pa3oM, 4ToObI ObUT M3BECTEH TOUYHBIN
auameTp orBepcTus. Ha ocHOBe 3TOro nuamerpa reHepupyeTcs Menl NepeavuBaHUs
xuakocTtu ¢ Tononorueit «seep» (MII) (Pucynok 4).

[Ipu nepenuBaHuM HEOOXOAWMO HAKJIOHUTH OJHY M3 €MKOCTEeH (HMcXomHas
emkocth ME), npu stom nBa mema MY u MII conpukocHYTCS M BEpUIMHBI MelIa
MII, koTopble OKazamuch HHUXKE IUIOCKOCTH MY OyayT SBIATHCS TOYKAMHU
nepenuBanus (TII). Ecnu Takux Todek OoJbliie, 9eM ABe, TO IS KaXKI0H Mmaphl TOYCK
OyIeT MOCTPOCH MENI YETHIPEXYTOJbHON TOTOJIOTHH, TNIE JBE BEPXHHE TOYKU — ITO
TII, a umwxuue Touku (TII-2) — 3T0 mMpoexkumu maHHBIX Touek Ha MII ueneBoi

emkoctu (IIE). Takum oOpa3oM CTpOMTCS TEPBBIM YpPOBEHb Mella MEpeIUBaHUS
(MII).
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| | ‘ | I |
| [ f

Pucynok 4. OkpyxHOCTb ¢ Tonosiorueit «Beep»

/
{

Bropoit yposenbr MII ctpoutcst kak npoekuus TII-2 (TII-3) na LE, nanee
aHAJOTMYHBIM 00pa3oM CTPOUTCA MEII YEThIPEXYroidbHOW Tomonoruu. Takum
oOpa3zom, 2 ypoBHia MII Qopmupyor Mem mnepenuBaeMon >KHIKOCTH, KOTOpPas
BHU3yalibHO niepesBaerca u3 UE B LIE.

st moctpoenust Tpetbero ypoBHss MII TII-3 mpoenupyeTcs Mo HalpaBICHUIO
crakana Ha MY wu, Tak ke, Kak W B MNOPEIbIAYIIUA pa3, CTPOITCS MeIl
YEeThIPEXyroJbHOM TOmoNOoruu. JlaHHBI ypOBEHb MpeAcTaBiseT co0oil 3 dexT
NEPENUBAHUS JKUJIKOCTH MO CTEHKE €MKOCTHM M aKTyaJleH TOJIbKO ISl EMKOCTEH CO
CTEHKAMH, NEPIEHIUKYIIAPHBIMHU JIHY.

CxeMy MOCTpOEHHsSI MeEIIa NEPENUBAaHUSA KUIKOCTH MOMXHO MPEACTABUTH
cnenyromumM odpazom (PucyHok 5).

.- 00BEKT EMKOCTH

. - MY
Eﬂ - M
\ . Mr (ypoBseHs 1)

. - M (yposeHs 2)

. - M (yposeHs 3)

Pucynok 5. Cxema meliia neperuBaHus KUIKOCTH
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IleiinepHast 4acTh BU3YAJIM3ALMH KHIKOCTH

Ha Bxome mieiizep XKUAKOCTHM B cocyae mojiydaeT mosuiuio (plane pos) u
HopMmasth (plane normal) muockocTu, BIOAL KOTOPOM 0Ope3aeTcs 0OBEKT KUIKOCTH.
Taxke mieiinep NpUHUMAET CIEAYIOMIME MapaMeTphl: IBeT >kuakocTu (albedo),
Henpo3padyHocTh (opacity), wunHaekc otpaxenus (IOR), »xecTkocTh Marepuana
KUJIKOCTU (roughness), METAJUNIMYHOCTh MaTepuayia *KUJIKOCTU (metalness), cTeneHb
addexra Openens (Fresnel power), crenens kunenus (boiling intensity), TaiauHr
addekra xkunenus (boiling tiling). Takke HCHOMB3YIOTCS TEKCTYPHI U MapameTphl,
KOTOpBIC B TOTOBBIM BHJIC MPUCYTCTBYET B ABMXKe Unigine — noise.texture (TeKcTypa
myma), water detail n.texture (Texctypa Boasl), GameTime (Bpems).

[TapameTp opacity, ¢ TOMOIIBIO KOTOPOTO BU3YaJTU3UPYETCS BBICOTA KHUIAKOCTH
B COCYJIC, PACCUMTHIBACTCS C TIOMOIIBIO CIICTYIOIICH hopMyIie:

opacitymar = Step(—(VertexPositionobjectspace — plane,,s + boiling)
- plane_normal) * opacity,

rie boiling = noiseginGametime) * 0.005 * boiling_intensity,

VertexPosition — TmolokeHHEe BepTekca B IMPOCTPAHCTBE  OOBEKTAa,
IPEIOCTABISIEMOTO BEPIIUHHBIM IICHICPOM.

[TapameTp specular, KOTOpBIH yIpaBIsSeT CTEICHBIO OTPaKaeMOCTH Marepuasa,
ynoOHee BCEro peryimmpoBarb, ymnpariss BenuuanHor IOR (MHaeke oTpa)keHus), Tak
KakK JaHHbIE 00 3TOW BEJIMYMHE MOXKHO TOJIYYUTh U3 CIIPAaBOYHUKOB. PaccunTriBaeTCs

0 ClIeAyroIeil popmyie:
(10R—1)2
IOR+1

0.08
[TapameTp normal paccuuTtbeIBaeTCs MO cleAyome Gopmye:

normaly,,,; = (IsFrontFace? water_detail_n: (0f,0f,1f)) + boiling,

rne IsFrontFace — BayTpennsis dynkuusa Unigine, mo3BONSAIONIas MPOBEPUTH,
Kakas 4acThb TOJUTOHAa oOpabarbIiBacTCs B JaHHBIA MOMEHT — BHYTPEHHSS WIIU
BHEIITHSIA.

[TapameTp emissive oTBeyaeT 3a AG(EKT MPETOMIICHHS JTy4ell B KUIKOCTH.
PaccumntsiBaetcs no ciemyromien hopmyre:

emissive = Refraction(normal) * (1 — Fresnel(normal)
rne Refraction — BHyTpennss ¢ynkmus Unigine s pacuera MpeoMIeHHOTO
nyya;

Fresnel — BayTpennss pynkaust Unigine s pacuéra rapdexra Openens.

Albedo, metalness, roughness mOIKIIFOUAIOTCS HEMOCPEACTBEHHO K HOJE
Material.

J{ns BU3yanuzanuuy AKUJIKOCTH NPU NEPETUBAHUU CO3AE€TCS IEUIEp, KOTOPbIN
MPOCTIMPYET TEKCTYPY HA TCHEPUPYEMBI MEII U MIePEBUTACT €T0 10 BepTukKamu. J{is
ATOTO TEKCTypa TPHUILUIAHAPHO TMPOCIUPYETCS Ha TMOBEPXHOCTh, C TOMOIIBIO
BHYTPEHHEN byHKIMT Unigine — Triplanar.
HagxonemeiinepnonyyaercineaytomuenapameTpst: tiling, opacity, speed, normal,
normal_strength, albedo, roughness, metalness.

Speculary,,; =

f resnelPower)
)
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JIBmKeHHe  KMIKOCTHM  ymopaBisercss — napamerpom  offset,  koTopwiid
paccuuThIBaeTCs MO cienyomen popmyre:
of fset = (0.5f;0.5f; —GameTime * speed)
HaknanpiBaemble TEKCTypbl oOpacity ¥ normal cMemaroTcss C TMOMOUIBIO
napametpa offset. Albedo, metalness, roughness moakiIrOUarOTCst HEMOCPEACTBEHHO K
Hone Material.

CpaBHeHHe OAX010B K C031aHUI0 3¢ deKTa nepeiuBaHus JKUAKOCTH

[Tockonbky paccmarpuBaercss Tpaduka s NPUIOKEHUS BUPTYaJbHOU
pEasbHOCTH, TO MOAXO K IMOJHOW CUMYJIALMU KUIAKOCTH HE MPUMEHUM MO NPUYUHE
BBICOKOU PECYPCOEMKOCTH.

[TosToMy ocTaeTcs TONBKO 2 BapUaHTa: MPEIJIOKEHHBIA aBTOPAMHM CTaTbU
BApUAHT C OTPHUCOBKOM MeIla W MoAxod ¢ reHepanuei yactull. Ha Pucynok 6
HAIISTHO BUIHO MTPEUMYIIECTBO MEPBOTO MOAX0AA C BU3YaTbHOU TOUKH 3PEHUS.

Pucynok 6. CpaBHeHuUe nponecca nepenrBaHus (BbIIMBAHUS ) KUIAKOCTH

BriBoabI

B 3axnroueHue ciemyer OTMETHTh, YTO MPEIOKEHHBIH METOM BHU3YyaJTU3alUH
KHUJKOCTU C WCIOJb30BaHHEM Tpaduyueckoro aBmxkka Unigine OTKpHIBa€T HOBBIE
BO3MOXKHOCTH IS ONTHUMHU3AllMA W YIYYIICHHUS KadecTBa BHU3yaJIU3alluu B
BUpTYyadbHBIX 3D cpenax. PazOueHue moBeaeHus KUAKOCTH HA J1BA OCHOBHBIX BUA U
MPUMEHEHUE COOTBETCTBYIOMIMX METOJWK BH3yalM3allM TIO3BOJSET JOCTUYD
3HAYUTEIILHOTO CHIDKEHUS PeCypcoEMKOCTH 0e3 MOoTepu KauecTBa U300pakeHus1. ITO
JieaeT BO3MOXKHBIM HCITOJIb30BaHHE Oo0Jee PEaTMCTHYHOW JKUAKOCTH B paMKax
MPWIOKEHUN BUPTYaJTbHON PEalbHOCTH, YTO TIO3BOJIAET 00eceuuTh 00ee BRICOKUI
YPOBEHb TOTPY>KEHUS B CPAaBHCHHUH C METOJOM CO3MaHUS >KUIKOCTH W3 YaCTHIL
(mapTHUKIOB).

Takum  o0Opa3oMm, pacCMOTPEHHBIM METON  BU3YyaldHW3alldd  >KHIKOCTH
MpencTaBsieT cOO0N MEPCTIEKTUBHOE HANIPABICHHUE ISl TAIBHEUIITNX HCCIICIOBAHUI
1 pa3paboToK B 00JIACTH KOMITBIOTEPHOU TPaQUKU U BUPTYATHHOW pealbHOCTH.
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INTPUMEHEHHE KOMILJIEKCHOM AJITEBPBI J1JIs1 ®OPMUPOBAHUS
BECOB HEMPOHA HA ITPUMEPE JATACETA UPUCBHI ®UIIIEPA

APPLICATION OF COMPLEX ALGEBRA FOR THE FORMATION OF
NEURON WEIGHTS USING THE EXAMPLE OF THE IRIS FISCHER
DATASET

AxosneB A.C., I'mausarymumma B.M., [llask6epos O.B., I'oponkosa A.P.,
OI'BOY BO «Y dumckuit rocynapcTBeHHbIA HEPTIHOM TEXHUYECKUN
YHUBEPCHUTET,

r. Ya, Poccuiickas deneparus
A.S. Yakovlev, V.M. Giniyatullin, E.V. Shayanberov, A.R. Goronkova,
FSBEI HE «Ufa State Petroleum Technical University»,

Ufa, Russian Federation

e-mail: rtst5632@yandex.ru

AHHoOTanusa. Ha Texymuii MOMEHT BpEMEHU HEUPOHHBIE CETH MPOHUKAIOT BO
Bce c(epbl XKU3HU 4YEJIOBEKAa, M TEM CaMblM OYEHb BaXXHOU 3ajauell sIBIsieTCA
WCCJICIOBAaHNE M W3yYeHWE NPHUHIMIIOB pa0OThl HEWPOHHBIX CETEH, a Takke eé
BHYTPEHHETO YCTPOWCTBA.

JlaHHast cTaThs MOCBSIIECHA PEIICHUIO 3a/1a4M KJIacCU(PUKALIMK JaTaceTa UPUCHI
duirepa npu MOMOIIH HEUPOHHOW CETH ¢ KOMIUIEKCHBIMU BecaMu. Mcronbp3oBaHue
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KOMILUIEKCHBIX BECOB CMOXET YBEJIUYUTh 3(PQPEKTUBHOCTH M CKOPOCTh padOThI
HEUPOHHBIX CETEH.

B xome pabGotel Obuta pa3paboTaHa OmHOCIOWHAasT HEWpPOHHAsT CETh C
KOMIUIEKCHBIMU B€CaMH, KOTOpas YCHEIIHO pelwia 3aaady Kiaccudukauuum ¢
ToyHocThl0 100%. bbulo npoBeneHO cpaBHEHHE € OOBIYHOW BELIECTBEHHOMH
HEHPOHHOH CEThI0, B XOZE€ KOTOPOTO BbISIBIICHA MOBBIIIEHHAS (PYHKIIMOHAJIBLHOCTD Y
KOMIUIEKCHOM HEMPOHHOM CETH.

Ha rtexymuii MOMEHT NONYyYMIIOCh JIOCTUYb MOBBIIIEHUE 3()PPEKTUBHOCTU
pabOoThI 110 CPABHEHUIO C OOBIYHBIMU HEUPOHHBIMH CETSIMH, UTO MOKA3bIBAET HAIMYUE
NOTEHIlMajla HEUPOHHBIX ceTell naHHoro Tumna. CTaBUTCA 1LIeJb MO JaJIbHEUIIEMY
UCCJICIOBAaHUIO HEMPOHHBIX CEeTe C KOMIUIEKCHBIMH BecaMu U pa3paboTke
IPOrPaMMHOIO MPOAYKTA MO UTOTY UCCIIEOBAHMS.

JlaHHbI TpPOrpaMMHBIA MPOIYKT IMO3BOJUT MOBBICUTH CKOPOCTh pabOTHI U
TOYHOCTh HEMPOHHBIX CE€TEH MPH pelIeHUE PA3IMYHOTO THIIA 3aay.

Abstract. At the moment, neural networks penetrate into all spheres of human
life, and thus a very important task is to study and study the principles of neural
networks, as well as its internal structure.

This article 1s devoted to solving the problem of classifying the Iris Fischer
dataset using a neural network with complex weights. The use of complex weights
can increase the efficiency and speed of neural networks.

During the work, a single-layer neural network with complex weights was
developed, which successfully solved the classification problem with 100% accuracy.
A comparison was made with a conventional real neural network, during which
increased functionality of a complex neural network was revealed.

At the moment, it has been possible to achieve an increase in work efficiency
compared to conventional neural networks, which shows the potential of neural
networks of this type. The goal is to further study neural networks with complex
weights and develop a software product based on the results of the study.

This software product will improve the speed and accuracy of neural networks
in solving various types of tasks.

KiiroueBble  €10Ba: HCKYCCTBEHHBIM  MHTEIUIEKT, HEWPOHHBIE  CETH,
KOMIUIEKCHBIE YHCIIa, HEHPOH, KilacCuuKaIius.

Keywords: artificial intelligence, neural networks, complex numbers, neuron,
classification.

Heliponnas cets (HC) mnpeamonmaraer mareMaTHYeCKyr0 MOJENb, KOTOpas
MOKET 00yyaThCsl HAa TaK Ha3bIBaeMbIX jAaracerax. Kaxplii HCKyCCTBEHHbIM HEUPOH
MOJIy4aeT CUTHAJIBI OT TOAKIIOYEHHBIX HEHpPOHOB, 3areM oOpalaThiBae€T UX U
OTOPABISAECT CUTHAJI JIPYTMM TMOAKIIOYEHHBIM HedWpoHaMm. '"Curaan" - 3TO
JNEUCTBUTEIIBHOE YHMCJIO, a4 BBIXOJAHOM CHUTHAJ KaXJOTN0 HEWPOHA BBIUYUCISIETCS C
HCIIOJIb30BAHUEM HEKOTOPOH HETMHEUHOU (PYHKIMHU OT CYMMBI €r0 BXOJIHBIX JaHHBIX,
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Ha3blBaeMol (yHkumer aktuBauuu. Cuia CUTHalIa MOpU KaKIOM TOAKIIOYEHUHU
ompeeNsieTCsl BECOM, KOTOPBIM KOPPEKTUPYETCs B IIpoliecce ooyueHus [1].

HC MoOXeT cOCTOATh M3 BXOAHOTO, CKPBITBIX M BBIXOJHOTO CJIOEB, CKPBITBHIX
CIIOEB MOXKET OBITh MPOU3BOJBHOE KOJIMYECTBO, B TOM YHCIE MX MOXET HE OBITh
BoBce. Cnenyet paznuyath HC ¢ onHuM CKpBITEIM ciioeM U ogHocnoiHbie HC. Croit
HC — 5T0 oaMH WM HECKOJIBKO HEWPOHOB € OOIIMM BXOJIOM U BbIXOAOM. Yaiie Bcero
B HEMPOHAX HCIOJB3YIOTCS BEIIECTBEHHBIE BECA, HO B HEKOTOPBIX CIyYasiX MOTYT
HCIO0JIb30BaTh M KOMILIEKCHBIE Beca [2].

Hcnonp30BaHre HEUPOHOB C KOMIUIEKCHBIMU Becamu B sfapax HC sBisercs
NEPCIEKTUBHBIM M0 PsIAY NPUUYKH. BO-MEpBBIX, KOMIUIEKCHO-3HAYHBIA HEMPOH MOXKET
pemiarh JMHEWHO HE pa3/esiuMble Mpo0iIeMbl B UCKOMOM N-MEpHOM MPOCTPAHCTBE, B
OTJIMYMU OT BEUIECTBEHHOIO HEHUpOHA. BO-BTOpBIX, CyIIECTBYET MHOXKECTBO
peanbHBIX 3ajJlady, KOTOpbIE HAXONATCs B OOJACTH KOMIUIEKCHBIX YMCENl U I UX
pemieHust TpeOyeTcsi HMCIOJIb30BaTh KOMILUIEKCHYIO aire0py, HampuMmep, CHIIoBas
ANEKTpOTEXHUKA [3].

PeanuzoBana HC ¢ koMIIeKCHO-3HaUHBIMU HeWpoHamu. JlJisi JaHHOW 3ajadu
Obl1  BbIOpaH Habop pnanHHbIX HMpucelt @wuiuepa, kotopbii coctoutr u3z 150
HK3EMIUIIPOB, 10 50 3K3eMIUISIpOB U3 TPEX BUIOB: UpuC meTuHUCTHIN (Iris setosa),
upuc Bupruackuii (Iris virginica) u upuc pasnousetHbiit (Iris versicolor). U3BectHo,
YTO KaXAbId SK3EMIUIAP HMEET YEThIpE XapaKTEPUCTUKH, 3aMEpPSIEMBIE B
CaHTUMETPAaX C OJHUM 3HAKOM IIOCJE 3alsiTOi, TO €CTh B MWUIMMETpax: IJIMHA
HapYyXHOH JOJIM OKOJIOIIBETHHMKA, IIMPUHA HAPYKHOW JOJIM OKOJIOLBETHUKA, IJIMHA
BHYTPEHHEW JI0JIM OKOJIOLIBETHUKA U IIMPUHA BHYTPEHHEN JOJIU OKOJIOI[BETHHKA [4].

Jist o6ydyenus ucnosnpzoBasiack HC ¢ 0o1HUM KOMIUIEKCHO-3HAYHBIM HEHPOHOM.
Bxonubie manHbie MacmTaOupoBaHbl B Auanas3oH [-1; 1]. PaGouwnii xon mepuenTpoHa
COCTOUT W3 CKAJISIPHOTO IPOU3BEICHMS BXOJSIIEIO BEIIECTBEHHOTO BEKTOpa Ha
KOMILUIEKCHBIII BEKTOp BECOB, JIMHA BEKTOPOB YETHIPE HHAEKCA, CMEIICHHE HE
ucnons3yercsi (popmyma 1). Ha tekymuit moment Beca HC momOupatorcs myTtém
MIOJTHOTO Ttepedopa.

wy +ivy
wy + 1v,
w3 + ivg
Wy +1vy

(X1; X2; X35 Xg) * =p+iq (1)

B xoMmrmiekcHo# anreOpe OTCYTCTBYET oOIEpalds CpaBHEHHUS, CpPaBHUBATh
MO>KHO TOJIBKO MOJY/JIH KOMIUICKCHBIX YHCEI, B CIACACTBUE 3TOTO (DYHKIIMS aKTHBAIIUN
— 3TO CyMMa KBaJpaTOB KOMITOHEHT (KOpEHb HE H3BJeKaercs). Takum oOpazoM
MCXOTHOE N-MEPHOE BEIIECTBEHHOE MPOCTPAHCTBO MpeoOpazyeTcsi B KOMIUIEKCHOE
npocTpancTBo Re/Im.

[37]



NHHOBAIIMOHHBIE TEXHOJIOI' HA OCHOBE MATEMATUYECKOI'O MOJIEJIMPOBAHUN]
N MCKYCCTBEHHOI'O UHTEJUIEKTA B TOK POCCUMCKON ®KAEPALIV

1.0

0.5 4

0.0

—0.5 4

_10 -

_1.5 -

T T T T
-1.5 -1.0 —0.5 0.0 0.5

Pucynok 1. Paznenstoniyue okpyxHOCTH

['eomeTpudeckass wuHTEpHpeTamus pe3yabTaToB (PUCYHOK 1) comepx uT
KOHILIEHTPUYECKHE OKPYKHOCTH — O3TO KOMIUIEKCHBIE YHCIIA, MOAYIb KOTOPBIX
OMHAKOB, W TOUYkH — HTO0 Re/lm koopAMHATBI CKAJISAPHOTO MPOU3BEIACHUS
HK3EMILIIPOB O0y4arolie BHIOOPKH Ha BEKTOp BecoB. Kak BUIHO U3 MONYYEHHBIX
pesyasraroB, HC pazmenuia mpocTpaHCTBO Ha MATh 0OJAcTei, TpU M3 KOTOPBIX
3aHSUIA SK3EMIUISIPHI JaTaceTa u JIBE MyCThIE.

Coznanue  cino€B M3 KOMIUIEKCHO-3HAQUHBIX  HEWPOHOB  MOTpeOyeT
JIOTIONTHUTENbHBIX BBIYMCIUTEIBHBIX 3arpaT W 0oyiee CIOKHOW HHTEpIpETaIluu
pe3ynbraToB [J].

Cnenyer orMmeTuTh, uTO Iris setosa (000O3HAYEHHBIH KpAacHBIM IIBETOM)
SIBJISICTCS JIMHEMHO pa3eIMMbIM KJIacCOM [6], YTO XapaKTepU3yeTCs €ro OTAajIeHUEeM
OT Jpyrux kiaccoB Ha rpacduke. [Ipubmmkasch K IIEHTPY, MOXXHO 3aMETHTh
JIOTIONTHUTENbHYI0 IMYCTyl0 007acTh, B JAaHHOM cliydae €€ MOXHO CUYUTaTh
puHaJIeKaIiei k kinaccy Iris setosa (pucyHok 2).

Mexny kmaccamu Iris versicolor (0003HaueHHBIM 3€J€HBIM IBETOM) U Iris
virginica (0003HAYEHHBI CHHUM I[BETOM) TAKXKE MPUCYTCTBYET JOMOJHUTEIbHAS
myctasi oonacte (pucynku 3-4). bonee moapoOHBI aHaTU3 MOKa3al, 4TO B HEW HE
MOT'YT HPHUCYTCTBOBAaTh AK3EMILUIAPHI, TaK KaK MIMPHUHA JAHHOM IMJIOCKOCTU MEHBIIE,
4eM Iar M3MEPeHWi Jaracera, TeM caMbiM JaHHYIO O0JacTh MOXXHO 3aMEHUTH
pa3feNAIoNnie KpUBOM, MPUHAISKAIIEH K OMHOMY M3 KJIACCOB, B ITAHHOM CJydae K
Iris virginica.

KBanparnanas mepa OIu30CcTH 0OCYKIaeMbBIX K3EMIUIIPOB K pa3Ielsromen
JUHAA MHHUMAaJIbHA, XOTS MX B3aWMOpPACIONOXKeHHWe W Ha rmiockoctd Re/lm u B
HCXOJHOM MPOCTPAHCTBE BXOJIOB TAKOBBIM Ha3BaTh HENb34 [7].
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Pucynok 2. LleHTp pa3aensommux OKpy>KHOCTEN
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Pucynok 3. Pazaensromas okpy>kHOCTb Mexk 1y Iris versicolor m Iris virginica

beuto mpoBeneno cpaBHenne komiuiekcHo HC ¢ BemectBennoit HC [8]. Ilpu
OJIMHAKOBOW TOYHOCTH Kiaccudukanuu, B BeuectBeHHONM HC CKpbITHIN cloil uMeeT
10 nelipoHoB, B TOke Bpemsi B komiuiekcHoM HC Bcero nuib oauH HEWPOH. DTO
MoKa3biBaeT, 4To KoMiuiekcHbie HC TpeOyroT MeHbIe PecypcoB BBIUHMCICHUM, YeM
BEILIECTBEHHBIE, TPU OJJMHAKOBON 3(D(PEKTUBHOCTH.
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PucyHok 4. @parmMeHT pa3faenstomnei OKpyKHOCTH
BriBojbl

Takum oOpa3zom, Oblla co31aHa HEWPOHHAasE CE€Tb C  EIWHCTBEHHBIM
KOMITJIEKCHO-3HAUHBIM HEWPOHOM, KOTOPHIM Ha pabodyeM Xoie MPOU3BOJUT MEHBIIIEE
KOJIMYECTBO BBIUMCIICHHI, YEM BEIIECTBEHHASI HEMPOHHAS CETh.

KBanparnunas Pa3neIuMOCThb Hpucos Oumepa JTE€MOHCTPUPYET
CYILLIECTBOBAHWE KBaJPAaTUYHbIX PA3ACISAIOMINX JUHUNA U Pa3IeisiolNX KOPUIAOPOB.
[TonydyenHble pe3ynbTaThl CTABIT HEOOXOAUMOCTH JOIMOIHUTEIHLHOTO HCCIIETOBAHUS
KOMIUIEKCHBIX CJIOEB HEUPOHHBIX CETEH.
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BBISIBJIEHUE CKPBITBIX CBOMCTB OBBEKTOB 'EOCOIIMAJIBHOM
CETU C IPUMEHEHUEM I'EHEPATUBHbBIX MOAEJIEN

IDENTIFICATION OF HIDDEN PROPERTIES OF GEOSOCIAL
NETWORK OBJECTS USING GENERATIVE MODELS

barayosa A.C., benoszepoB A.E.,

OI'BOY BO «Ypumckuii rocyiapcTBEHHbIN HEPTAHON TEXHUYECKUI YHUBEPCUTET,
r. Ya, Poccuiickas @enepanus
A.S. Bagauova, A.E. Belozerov,

FSBEI HE “Ufa state petroleum technological university”, Ufa, Russian Federation

e-mail: anna.s.ovsyannikova@mail.ru, belozerovae@yandex.ru

AnHoTanus. Benercs pa3paboTka reocoruanbHON CETH, KOTOpash MO3BOJUT
clenaTh OpraHU3alMio MyTEIIeCTBUN M ITAHUPOBAHUE J0cyra Oojiee yIOOHBIMHU 3a
CUeT MEXaHHW3MOB COIlMAJIbHOM AKTHUBHOCTH moJbk3oBaTellie. OIHUM M3 TaKUX
MEXaHU3MOB SIBJISICTCS TEXHOJIOTUSI MHTEIJICKTYaJIbHOTO TETHPOBAHMUS.

TexHoMoTHs MHTEIUIEKTYaIbHOT'O TETUPOBAHKS TIOIpa3yMeBaeT MPUBIICUCHHUE K
IPOIIECCy HE TOJIBKO BIIAJEIblIeB OOBEKTOB, HO U IMOJb30BaTEICH CUCTEMBI, M CaMy
cucreMy. JlaHHBI TOAXOJ OCOOCHHO aKTyaJeH Ui OOIINECTBEHHBIX MECT U
00BEKTOB, y KOTOPHIX HET BiaJCiblla WIM €IUHCTBEHHOTO YIPABIISIONIETO, TaK Kak,
IUIS. TOTO 4YTOOBI OOBEKTHI MOIAAajd B MEXaHM3M MOMCKa IO Teram, HeoOXOIHUMO
MPaBUJILHOE U OTBETCTBEHHOE UX 3aIIOJHECHHUE.

B nanHoOi#1 cTaThe paccMaTpuBaeTCA OJWH M3 METOAOB TETMPOBAHMS Ha OCHOBE
conuanbHOro noaxoja. Ilokazana BO3MOKHOCTh KOPPEKTHOTO BBISIBIICHUS CBOMCTB Y
o0bekTa Tonbko Ha ocHOBe GPT u maHHBIX 3TOTO KOHKPETHOTO 00BEKTa, TO €CTh 0e3
00JIBIIIOr0 00BbEeMa JJAHHBIX 110 BCEM 00BEKTaM.

Pa3paboran MexaHU3M BBISBICHHUS CKPBITBIX CBOMCTB OOBEKTOB C ITOMOIIBIO
reHepatuBHoi mozaenu GigaChat. IlpuBeaena monens mpomrta. OmnucaH aaropuTM
B3aUMOJICHCTBUSI TE€OCOIMAIBbHOW CeTH C TeHepaTuBHOM Mojenbio GigaChat.
[IpuBeeHa CTPYKTypHas cxeMa MeToa.

Pa3zpaboTaHHbIll METOJ] MCTIOIB3YETCS MPU CO3/IAHUU T€OCOIMAIILHOMN CETH U, B
YaCTHOCTH, MOOMJILHOTO TIPUJIOKEHUS.

Abstract. Geosocial network is being developed, which will make travel and
leisure planning more convenient due to the mechanisms of social activity of users.
One of these mechanisms is intelligent tagging technology.
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Intelligent tagging technology involves involving not only the owners of
objects in the process, but also the users of the system and the system itself. This
approach is especially relevant for public places and objects that do not have an
owner or a single manager, since in order for objects to get into the tag search engine,
they must be filled in correctly and responsibly.

This article discusses one of the tagging methods based on a social approach.
The possibility of correctly identifying the properties of an object is shown only on
the basis of trained GPT and data from this particular object, that is, without a large
amount of data on all objects.

The mechanism has been developed to identify hidden properties of objects
using the generative GigaChat model. The promt model is given. The algorithm of
interaction of the geosocial network with the generative GigaChat model is described.
A block diagram of the method is given.

The developed method is used to create a geosocial network and, in particular,
a mobile application.

KioueBble cjioBa: reocoryanbHasl CeTh, CBOMCTBA OOBEKTOB, TETHPOBAHUE,
HEHPOCETEBbIE TEXHOJIOTMHU, UCKYCCTBEHHBI UHTEIIIIEKT.

Keywords: geosocial network, properties of objects, tagging, neural network
technologies, artificial intelligence.

Pa3zpabateiBaemasi reoconumanbHas ceThb (nmaimee — Cetb) Oasupyercss Ha
JEIEHTPATU30BaHHOM  ClOoco0€  HAKOIUIEHHWS  HMHPOpMAlMM, YTO  TO3BOJIUT
00BEIMHUTH B OJHOM cepBHCcEe HHPOPMAIIUIO 00 MHTEPECHBIX MECTax U 00BbEKTaxXu
ceNlaTh OpraHU3aIlMIo MyTEIIeCTBUI U TUIaHUpOBaHUE Jocyra 6ojee ynooHbMu |1,
C. 81].

Cerp peanmsyer (QyHKIHOHAN 0a30BeIX cymHOcTed: OO0bekT, MecTo,
CoOwiTHe, Jlenta u np. Mecto — 310 reorpadguieckoe MecTo 6€3 KOMMEPYECKOIo
BIIQJICIbIIA, HAmpuMep, peka win nemepa. OO0BEKT — 3TO 3aBEJEHUE, UMEIOIIEe
IOpUIMYECKOT0 BIIajeblla, Hampumep, kade wmiu kuHoTteatp [2, C. 92]. Husa
pacIIpeHrs BO3MOKHOCTEH HAKOTUICHUS U MOUCKAa MH(POPMAIIUKA BBOJIUTCS TTOHSITHE
Ter. Ter B3aumojieicTByeT ¢ cymuocTsiMu O0bekT, Mecto, [lonb3oBatens 1 OT3bIB.

TerupoBaHue — JaBHO U3BECTHBIA W YJOOHBI MEXaHU3M, C T[OMOIIBIO
KOTOPOTO KIacCU(DUIIMPYETCs] M JIETKO HaXOAWUTCs HykHas wHpopmamms. OIHAKO
KJIACCUYECKUN TIOJIXOJT K TETUPOBAHUIO HE pabdOTaeT B CHUTYyaIlMH, Korja y OOBEeKTa
HET BJIAJIETIblIA U €r0 MPOJBUKEHUEM HUKTO HE 3aHHUMAETCH.

Jns Toro d4YtoObl 00ECHEeYUTh MAKCUMAJbHOE TMOKPHITUE TETHPOBAHUEM
MyOTUKYEeMBIX 0OBEKTOB, K MPOIIECCY PEUICHO MPUBIEKATH MOJIH30BATEICH CHUCTEMBI
u camy cucremy [3, C. 269]. IlpenycMOTpeH OJWH MEXaHU3M TETUPOBAHUS,
WHUIUUPYEMBIA TIOJIB30BATENIeM, W YEThIPE MEXaHW3Ma, WHHUIIMHPYEMBIE CEThIO

(pucyHok 1).
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‘ Termposanue ‘
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BbisiBneHMe
Bnagensua

‘ NpeanoxeHne caohicrs

‘ CrnpaBouHMK

Al -7 52 B3 54

PI/IcyHOK 1. MexaHu3MBbI TCTUPOBAHUA

Meton Al 3akiro4aeTcss B TOM, YTO IMOJIB30BATEIM MOTYT NMPOCMAaTPHUBATh U
n00aBIATh Teru camocTosaTeNbHo. B metome bl peanusyercss moabop TeroB u3
CIIpaBOYHMKA Ha OCHOBE Kareropun oOBekTta. B Metome b2 Cerb mnpemiaraer
noJib3oBaressiM 106aButh Ter [4, C. 98]. Meton b4 oGecneunBaeT CBOEBPEMEHHYIO
pOBEPKY U OOHOBJIEHUE ycTapesiiel nHpopmanuu [5, C. 93].

Merton b3 3akitouaercsi B BBISBICHUU CKPBITBIX 3aKOHOMEPHOCTEH U CBOMCTB
00beKkTOB. ECTh J1Ba BO3MOXKHBIX MEXaHU3Ma JIJIsi ATOTO: HEHPOCETEBbIE TEXHOJIOTUU
U IPUMEHEHHE UCKYCCTBEHHOTO MHTEIJIEKTA.

[IpumeHneHne HEWpOCETEBBIX TEXHOJIOTMH Ha OCHOBE aHaiHu3a OOJBIINX
JAHHBIX — CKOpPEE BCEro JYYIIMA TOIXOJ K PEIICHUIO 3a/ayd, MO3BOJISIONIUN
CTpPOUTh THUOKYIO, aJanTHPYIOLIYIOCS MOJelNlb, HACTPAWBAEMYIO IOJ KOHKPETHYIO
cutyanuto. Kpome Toro, aTa Mozens Moriia Obl aHAJIU3UPOBATH UMEHHO JaHHBIE U3
Certu. OgHako, TOCTPOCHUE KOPPEKTHO pabOoTaromiel Moenu moTpedyeT OrpoOMHBIX
PECYPCOB C TOYKH 3pPEHUSI TMPOCKTUPOBAHMS, PA3BUTHS MOJEIH M amnmapaTHOTO
oOecrieueHusi. A, caMoe TJaBHOE, JUIsi TECTUPOBAHMS U TOCTPOCHUS MOJIETHU
TpeOyeTcst peasibHO padoTaromiasi CeTb, KOTOPOU MOKa HET.

Bropoii monxonm — 3TO TpUMEHEHHE, TaK Ha3bIBAEMOr0, HCKYCCTBEHHOTO
untesiekta (GPT), To ecTh reHepaTMBHBIX MOJENe, OOYYEHHBIX HA OrPOMHOM
o0beMe dYenoBedecKux 3HaHWU. [IpenMyiecTBo 3akitodaeTcs B TOM, YTO MOXKHO
HCIIOJIb30BaTh YK€ CYIIECTBYIOIIYIO MOJIEJb, JIUIIb HEMHOTO IMOJCTpauBas €€ IMoJ
ce0s1. To ecTp HE HYKHBI CepBEpbI, MPOSKTUPOBIINKH, TECTOBBIC TAHHBIE — BCE yKE
BCTPOEHO W MOJKHO TMOJY4YUTh JOCTYIl 3a OYeHb HU3KYI IuiaTy. Hemoctatkom
ABIIIETCS TO, YTO 9Ta MOJEJh OOyueHa Ha OOIIEYEeNIOBEUECKUX 3HAHUAX, a HE Ha
KOHKPETHBIX JaHHbIX Hamieil CeTu.

['enepatBHBIE MOJETM TMONMYYWJIA TOMYJIsipHOCTH Tociie Beixoma ChatGPT
kommanun  OpenAl. Celiuac cymecTByeT OOJBIIIOE MHOXKECTBO  MOJICIICH,
paccmotpensl: ChatGPT, Claude, Yandex GPT u GigaChat.

ChatGPT — camas u3BecTHas Ha CETOJHSIIHHKA JIEHb MOJESTbL JJIT 00pabOTKH
€CTECTBEHHOT'O SI3bIKa M IeHepanuu TeKCToB. [lia nocrtynma HyxkeH VPN, He umeer
oecrutatHoro API.

Claude paszpaboran kommanuer Anthropic, co3maH cHemuaabHO JJIs
0€30MacHOr0 B3aUMOJICUCTBUSL C YEJIIOBEKOM, CIEHUATM3UPYETCSd Ha HalNUCaHUU
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Ooonpmnx crateil. Ha nanubeiii momeHT He umeer AP, a anmg gocrtyma kK yary
HeobOxoaum VPN.

Yandex GPT — paspaborana xommanueil SHaeKC, MOAXOAUT st pabOTHI ¢
pycckosi3piuHbIMU TekcTaMu. Pabotaet 6e3 VPN, Het 6ecruiatnoro APL.

GigaChat — monens ot COepOaHKa, OTIMYHO pabdOTAaET C PYCCKOS3BIYHBIMU
tekctamu. [Ipenocrtasnsier Oecruiatubiii Tapud miis API, VPN He TpeGyeTcsi.

JUist mony4yeHus: KayeCTBEHHOI'O pe3yJibTara C TMOMOIIBI0 T'€HEpaTUBHOU
MOJICNId OYE€Hb BAXKHO TMOATOTOBUTH MPABUIBHBIA TpoMT ((PpopMamu30BaHHbBIN
cnoBecHbli 3anpoc Kk GPT), T.e. moapoOHO cpopMylIHpoBaTh 3ampoc U OIHUCATH,
KaKUM JO0JKEH ObITh OTBET.

[IporectupoBano ©Oojee cTa TPOMTOB Pa3HOro oObeMa U C Pa3TUYHBIMU
crnoco0aMu MOCTAaHOBKH 3aJ]auM, MOJYYEHBI OTBETHI OT Bcex cerel. MccnenpoBanue
Benoch Ha ocHOBe aHHbIX 2['MIC no 3HakoMbIM 00BEKTaM, MPEI0KEHHBIE CBOMCTBA
JUTSL KOTOPBIX MOKHO OLICHUTH JINYHO. [0 pe3ynbraTtam MoJieIMpoBaHusl ONPEAeICHO:
YandexGPT naer He ouenb KoppekTHbIN pe3ynbTaT, Claude renepupyer noapoOHbIi
otBeT, ChatGPT u GigaChat narot xopoiue, O4eHb TOX0KHE OTBETHI (PUCYHOK 2).

Y Hac ecTb 06BLEKT, KOTOpbIA Ha3biBaeTcA: «baxeTne», BOT ero KpaTkoe onucakue: «balukupckasn ceTb
nexkapeH» 1 nonHoe onucaxue: «Cyacrbe pagom! Ceexan sbineuka. Ha 3aka3.». O6beKT NpUHaANEXUT K
Kateropuu «Ena u HanuTku». Y Hero ecTb «5» 0T36iBOB: «OueHb yioTHas nekapHal Kpacusbli
MHTEPLEP,yA0OHbLIE MATKME IMBAHUMKN, MOXHO CMOKOMHEHbKO U BKYCHO NOeCTb. Pajia,uTo pAioM OTKpbinack
Takas nexkapHsa», «YiotHoe kade. lNpusetnuebie ynbibuuBbie 1@B04KM- Npoaasibl. OueHb nNoHpasunacs PoM-

6aba. U cynep 4To eCTb CKMaKKU Ans CTyAeHToB. Eue u GoHycHble KapThbi», «MakCUManbHO NPUATHLIA
NepcoHan 1 BKyCHaA BbINeYKa, BCeM PeKOMEeHAYI0.», «Bceraa 3axoXy 3a BKYCHOW BbINEUKON, BEXNUBLIA
nepcoHan», «Xopowan KynuHapua. Bcé BKycHoe u ceexee. 51 J0BONEH U ceMbe HpaBuTcA. COBETYIO BCEM».
Wcxons u3 Bcel 3ToM MHGOPMALVK, NPEANONOXY, Kakue CBOWCTBA Nyullie BCEro MO Obl ONUCATL AaHHBIA
06bekT? OTBeT Alal B BUAE CrMcKa CBOMCTB. Kaxaoe CBOWCTBO AOMKHO COCTOATL U3 OIHOIO UNU ABYX CIoB

. "Csexasn sbineuxa"
. "YiotHas atMocdepa"

[1 Viornanarmocpepa | [ =4
2. Mpusetausbiii nepcoHan 2

3. BKycHas Bbineuka ) ) 3. "Mpusetnusbiit nepcoHan”
4. Cknaku v 6oHyCHbIe KapTbl BKYCHbIV, CBEXW, YIOTHbIA, NPUBETAMBbIN NEPCOHan, xopolee obcnyxusaHue, 4
5

5. PasHoobpasue MeHIo pa3HoobpasHan Bbineuka, NpuATHas atMocdepa, yaobHoe pacnonoxerue

+ + — -|-J

ChatGPT Claude YandexGPT GigaChat

. "PasHooBpasue npogykumu"
. "MocTynHbie ueHbl"

obbekT “bBaxerne”?

Pucynok 2. OtBetst GPT
C yd4eroM OrpaHMYEHUU MO BO3MOXXHOCTSIM CHUCTEM B KayeCTBE NpPETEHAECHTa s

pemienus 3a1a4 BeiOpan GigaChat.
Pazpaborana monenb npomTa (pUCYHOK 3).
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1 2

-

[V Hac ecTb 06beKT)|[KoTopbii Ha3biBaeTca: «Baxetnen,)

[M nonHoe onucaHue: «CyacTbe paaoM! Ceexan Bbineyka. Ha 3akas.».| 4
OBbeKT NpUHAANEXUT K KaTeropuu «Eaa M HaNUTKK»,
Y HEero ecTb «5» OT3bIBOB: | 6

«O4eHb yioTHaA nekapHa! Kpacuebin MHTEpPbep,yoobHble Markue 7
AWBaHYMKM, MOXHO CNOKOMHEHDLKO W BKYCHO NoecTb. Paga,yTo papoMm
OTKPbINach Takaa NeKapHAa»,

«YroTHoe Kade. NpuBeTAUBbIE YNbiGYMBBIE AEBOYKM- NpoAaBLbl. OYeHb
noHpasKnacb PoM-6aba. W cynep 4To eCTb CKMAKM ANA CTYOeHTOoB. Ewe 1
BOHYCHbIE KapTbi»,

«MaKCHMManbHO NPUATHLIMA NEPCOHAN M BKYCHaA BbiNeYka, BceM
peKoMeHAayo.»,

«Bceraa 3axoxy 3a BKYCHOW BbINEYKOM, BEX/MBbBIN NepCcoHany»,
«Xopowan KynMHapus. BCE BKYCHOe 1 CcBexee. A 0OBONEH W CEMbe
HpaBuTCcA. COBETYIO BCEMY.

Mcxopa us Bceid 3TOW MHOOPMAaLMK, NPEanONOXM, KaKUe CBOMCTBa Nyywe (8
BCEro Mornu 6bl ONMCaTb AaHHbIA 0BBEKT?
OTBeT gan B BUAE CNMCKA CBOWCTB. Ka)aoe CBOMCTBO OO/MKHO COCTOATD U3 |9
OQHOro MK ABYX CNOB.

5

Pucynoxk 3. Mognenb npomTa

[TpoMT comepKuT:
. BBognyto nadopmarmuio 1o 3amaqe.
. HaumenoBanue oObexTa.
. KpaTtkoe onucanue o0bekTa.
. [lomHOE ommcanue 0ObEKTA.
. BBognyto nHpopMaruio 1mo KaTeropusiM, K KOTOPbIM MPUHAJICHKUT OOBEKT.
. KonmmaecTBO MMEIOMIUXCS OT3BIBOB IO OOBEKTY.
. CMcok Bcex OT3bIBOB.
. Boripoc x moaenmu.
. Onucanue popmata asig 0TOOpakeHHsI pe3ybTaTa.

CtpykTypHas cxema Metojia b3 mpejcraBieHa Ha pucyHKe 4.

Hns conpsixenust Cetu ¢ GPT ucnons3yercss APL. 3anpockl Ha onpejeneHue
coiictB k GigaChat ¢opmupytorcas cepBepHoit moacuctemoir Cetu. Ilocme
MOJIyYEHHUs OTBETA 3aIlyCKAETCs] MEXaHU3M COLMAIIBHOTO OMpOca JJis TECTUPOBAHUS
BBISIBIICHHBIX CBOMCTB JIFOJIbMU.

O 001NN b LN
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MeocoumansHan ceTk
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Android NpUNo¥eHue
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3anpock

APl

‘.. _GigaChat__.

1

APl
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GigaChat
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Pucynok 4. CtpyktypHas cxema metoaa b3

BuIBOaBI

B pamkax co3maHus reocouuaqbHOM ceTH pa3pabaThiBalOTCS MEXaHU3MbI
terupoBaHus. llokazaHa BO3MO>XHOCTh NMPUMEHEHHUS T€HEPATUBHBIX MOJENEH MJIs
KOPPEKTHOTO BBISBICHUSI CBOMCTB MO OJHOMY OOBEKTy TOJbKO Ha ocHoBe GPT u
JAHHBIX 3TOTO KOHKPETHOTO OO0BekTa. Pa3zpaboTaH MeToA BBISBICHUS CKPBITHIX
CBOMCTB OOBEKTOB C TOMOIIBIO TeHepaTuBHOU Mojienu GigaChat.
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HUHTEPHET-TEXHOJIOT'MM B OBPABOTKE JAHHbBIX
ANCTAHIIMOHHOI'O 30HANPOBAHMUSA 3EMJIN

INTERNET TECHNOLOGIES IN THE PROCESSING OF EARTH
REMOTESENSING DATA

BaxurtoB /.M., AtHabaeB A.D.,
OI'BOY BO «YduMckuii yHUBEpCUTET HAYKU U TEXHOJIOTUI»,
r. Ya, Poccutickas denepanus
D.M. Vakhitov, A.F. Atnabaev,
FSBEI HE «Ufa University of Science and Technology»,
Ufa, Russian Federation

e-mail: zehiro@yousoro.ru, aaf1981@mail.ru

AHHOTanMs. DKCIIOHEHIUAIBHBIN pocT 00beMa JaHHBIX HAOMIOAeHH 3eMiIu B
peXHME PeaTbHOTrO0 BPEMEHHU MPEACTABISET COO0M CEPhe3HYI0 HAYYHYIO MpoOIemMy ¢
TOYKH 3PCHHS HM3BJICYCHUS IIeHHOW WHGOpMAIMd U3 OOIMMpPHOTrO Habopa JTaHHBIX.
AKTHBHOE pa3BUTUE HWHTEPHET-TEXHOJOTHIM TPUBHECIO PEBOJIOLHMI0 B 00JaCTh
JTUCTAHIIMOHHOTO 30HIUPOBAaHUS 3€MJIH, TJI€ MOCTOSHHO MEHSIOIMMMACS JaHamadT
UHTEPHET-TEXHOJIOTUN TEepeprcoBaJl CTaHAAPTHBIE METOAbl cOopa, XpaHEHHS,
aHajgM3a U paACMpOCTPAHEHHUs [IaHHBIX, IOJYYEHHBIX CO CIIyTHHUKOB, OOPTOBBIX
m1arGopM U Ha3eMHBIX AaT4uKoB. CIOXKHBIC alTOPUTMBI 00PaOOTKH CITyTHUKOBBIX
CHUMKOB TpEOYIOT 3HAYUTEIHHOW BBIUUCIUTEIHHOW MOIIHOCTH, YTO OOJerdaercs
Omaromapss 00JAYHBIM BBICOKOTIPOM3BOAUTEIBHBIM BBIYMCIUTEIBHBIM KIIACTEpaAM U
rpadudeckum mpomeccopam (GPU). Takue manOBammm, kak RT-ALDEO, aktuBHO
UCIIONIBE3YIOMINN 00yJaroniue KOMIIOHEHThI, 3HAYUTEIHLHO MOBBIIAIOT 3 (PEKTUBHOCTD
00pabOTKM MaHHBIX B PEXKHMME PEAJTbHOTO BpPEMEHH. bymyliee MMCTaHIIMOHHOTO
30HJUPOBAHUS TECHO CBS3aHO C HEMPEPHIBHBIM PAa3BUTHEM HHTEPHET-TEXHOJIOTHMA,
KOTOpBIE, B CBOIO O4Y€peab, OTKPHIBAIOT HOBBIC TOPH3OHTHI JJIs aHaIW3a U
MPOTHO3UPOBAaHUS siBICHUM Ha 3emiie. B nmaHHON cTarhe paccMmarpuBaeTcs, Kak
WHTEPHET-TEXHOJIOTUA MOTYT PEIHTh 3Ty mpoodiseMy. OOnauHble BBIUMCICHUS
MPEIOCTABIISIOT MacIITaOMpyeMble pENICHHs] ISl XpaHEHWs [aHHBIX, a TaKKe
BO3MOXKHOCTU 00pabOTKM 1O TpeOOBaHUIO, TMO3BOJISASL HCCieAoBareNsiM Oosee
3¢ (HEeKTUBHO MOTyYaTh TOCTYI K TAHHBIM U aHAJTU3UPOBATh UX.
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Annotation. The exponential growth of real-time Earth observation data
presents a major scientific challenge in terms of extracting valuable information from
a vast data set. The rapid development of Internet technologies has brought a
revolution to the field of Earth remote sensing, where the ever-changing landscape of
Internet technologies has redrawn standard methods for collecting, storing, analyzing
and disseminating data from satellites, airborne platforms and ground-based sensors.
Complex algorithms for processing satellite imagery require significant processing
power, which is facilitated by cloud-based high-performance computing clusters and
graphics processing units (GPUs). Innovations such as RT-ALDEO, which actively
utilizes learning components, significantly improve the efficiency of real-time data
processing. The future of remote sensing is closely linked to the continuous
development of Internet technologies, which in turn open new horizons for analyzing
and predicting phenomena on Earth. This paper discusses how Internet technologies
can address this problem. Cloud computing provides scalable data storage solutions
as well as on-demand processing capabilities, allowing researchers to access and
analyze data more efficiently.

KuaroueBblie cJioBa: HHTCPHCT-TCXHOJIOTUH, AUCTAHIIMOHHOC 3O0HIUPOBAHHC
3€MJII/I, 001auHbIE BBIYUCIICHUA, JaHHbBIC, THHOBAaIl s, 00J1aYHbBIE HJIaT(l)OpMLI.

Keywords: Internet technologies, remot sensing of the Earth, cloud
computing, data, innovation, cloud plat forms.

BBenenune

B o6nactu AMCTaHIIMOHHOTO 30HAUPOBAHMS 3eMJIU MPOU3OIILTIA PEBOTIOLUS U3-
3a MOCTOSTHHO MEHsIolerocs Janamadra WHTEpHEeT-TexHonoruii. HoBble mHTEpHE-
TEXHOJIOTUM W3MEHWJIU CIOCOOBl cOOpa, XpaHEHHWs, aHaIM3a W PacHpoCTpaHEHUs
0opIIIOT0 00BbEeMa JaHHBIX, MOJYYEHHBIX CO CIIYyTHHKOB, OOPTOBBIX IUIaTGOpM H
HA3eMHBIX TaTYNKOB.

O0beM JaHHBIX, TOTYYAaE€MBbIX C TMOMOIIBI0 JUCTAHIIMOHHOTO 30HIWPOBAHMUS
3emiH, pacter B reomeTpuueckoil mporpeccur. COBpEMEHHbIE CITYyTHHKOBBIE
cucteMsbl, Takue kak Landsat u Sentinel, ekeJHEBHO MPEIOCTABISIIOT H300PAKCHUS C
BBICOKUM pa3pellieHueM, TeHepupys TepabailThl TaHHBIX. Takoe yBeIM4YeHHEe 00beMa
JAHHBIX CO3Ma€T KakK MpOOJeMbl, TaK W BO3MOXXHOCTH IS OpTraHU3aluil u
uccienoBateneid. TpaaullMOHHBIE METONBI XpaHEHUsS, W3BICYCHHS W 00paboTKH
JAHHBIX Ha JIOKAJBHBIX CEpBEpax CTAHOBITCS Bce Oosee TPOMO3IKUMHU H
JIOPOTOCTOSIIITUMHU 10 ME€pPEe YBEIUYEHUsSI 00bEMOB TaHHBIX [4].

OOnavyHple BBIUMCICHUS CTaldM KIIOUYEBBIM PEIICHHEM JTUX MpoOJeMm.
OO6naunpie TUTATGOPMBI TPETOCTABISIOT OTPOMHBIE BO3MOXKHOCTH XpaHEHUS U
00paboTKHM TaHHBIX [0 TPEOOBAHUIO, MTO3BOJISASI OpraHu3aluiaM 3(HPEKTUBHO XPAHUTD,
MOJTy4aTh JOCTYNM K OONBIIMM MacCMBaM [aHHBIX W aHAJU3UPOBaTh MX. lakue
cepBuchl, kak Google Earth Engine u mmardopma OTKpBITBIX JaHHBIX Amazon,
MPEIOCTABIISAIOT MACIITAOUPYEMBIE TUIATHBIC PEIIEHUS, KOTOPHIE YIPOIIAIOT TOCTYT K
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JTAHHBIM HAOJIOIEeHHs] 3eMJIM U JIeJIal0T UX JOCTYIHBIMU ISl O0jiee MUPOKOTo Kpyra
OJb30BaTEJICH.

Tabnuua 1. Beinenenue QyHKIIMOHATBHBIX BO3MOXKHOCTEHN 001auHbIX miardopm [2]

O06J1auHbIi cEpBUC Onucanue Briroasr
Xpanunuiie CITyTHUKOBBIX
CHHUMKOB cioeB | JlocrynHas atdopma TIst
[TouckoBas cucrema ’ Hoctyn bop .
Google TEOMPOCTPAHCTBCHHBIX JAHHBIX W | KPYITHOMACIITAOHOTO aHayM3a
g HAYYHBIX aJITOPUTMOB OOBEMOM B | JAHHBIX HAOIIOJCHHS 3eMIIU
neradanT
OKOHOMUYECKH s¢dexTuBHOE
I'mbkoe w  mMacmrabupyemoe
[TnaTdopma pelieHue Il XpaHEHUsS apXHBOB
obnayHoe XpaHWIUIIE JUTSt
OTKPBITBIX  JAHHBIX TTAHHBIX JUCTAHIIHOHHOTO
Pa3IUYHbIX HaboOpoB
Amazon 30HIUPOBAHUS 3eMJIM M YIPABICHUS
TeOMPOCTPAHCTBCHHBIX JTAHHBIX ML
OGmaunpiii HAOOP WHCTPYMEHTOB | YTIPOIIEHHbIE paboyue MPOIEeCChI
HpocrpancrsennsLe TUTST aBIICHUS me anlzl};l\:unn u ;ms[p - I/IHTeraHI/II/I p)l:HHI)IX
cepuchl  Microsoft yrp > BIBY P
Azure aHajM3a  TEOMPOCTPAHCTBEHHBIX | HAOMIOMCHUSI 3e€MJIM B TIPHIIOKEHUS
JTAHHBIX MIPOCTPAHCTBCHHON aHATUTUKHU

CIO’KHBIC alITOPUTMBI, HCIIOIB3yeMbIe JIJIT 00PabOTKH CITYTHUKOBBIX CHUMKOB,
JacTo  TpeOYyIOT  3HAYWTEIBHOH  BBIYMCIAUTCIBHOW  MomHOCTH.  OOJjauHbIe
BBICOKOTIPOU3BOIUTEIHHBIC BBIYHUCIIUTEIbHBIC KJIaCTEPHI MPEIOCTABISIOT
UCCJIEIOBATENsIM JIOCTYNl IO 3alpocy K MOIIHBIM IpoieccopaMm. [paduueckue
nporeccopsl (GPU), KoTopbie MO3BOJISIOT BHINOIHATH CIOXHBIE 3a/1a4M, TaKHe Kak
KjIaccuukams M300pakeHud, OOHApy)KeHHE H3MEHEHWHW M aHalIu3 BPEMEHHBIX
psgoB Ha OonbliMX HaOoOpax JaHHBIX. A, TaKXkKe YCTpaHAeT HEOOXOIUMOCTh B
JIOPOTOCTOSIIEH BBICOKOITPOU3BOAUTEILHON BBIUUCIUTEIBHOW HHQPACTPYKType Ha
MecTe, Jenas 0oyee JOCTYITHBIMU MEePeI0BbIE METOIBI 00paOOTKU TaHHBIX.

[TosiBnenue BeO-matdopM MHTEPHEUCOB MPUKIATHOTO MPOTPAMMHUPOBAHUS
(API) um3menuno cmocoObl 00paOOTKM W aHanmM3a JaHHBIX HAOMIOACHUS 3EMIIH.
Jlannbie mnardopmbl mpeasaraloT ynoOHble HHTEP(HENCH U TOTOBbIE MHCTPYMEHTHI
JUTSE TaKuX 3a/ad, KaK BU3yalu3amus H300paXKeHHWH, W3BICUCHUE NPU3HAKOB H
MPOCTPAHCTBEHHBIA aHAlM3, KOTOpPBIE OOJET4YaloT UCCienoBaTesisiMm paboTy ¢
OonpmmMu  HaOOpamMu  JaHHBIX W BBINIOJHEHHUEM  CJIOXKHBIX  aHAJM30B.
UccnemoBatensM U HECNENMAINUCTaM HCIIONB30BAHUE TAKUX HWHCTPYMEHTOB, HE
TpeOyIOT OOMIMPHBIX 3HAHUHN B 00JIACTH MIPOTPAMMHUPOBAHHUS, YTO YCKOPSET MPOIECC
W3BIICYCHMS IICHHOW HH(OPMAITUH TIO0 TAHHBIM HAOIIOACHUS 3eMIIH.

Wtak, WHTEPHET-TEXHOJIOTHH CO3Jajdd CpPeay JUIsi COBMECTHOW pabOThI B
o0JacTH WCCIEAOBaHMM, CBA3aHHBIX C Habmomennem 3emiu. OHIAWH-TIATHOPMBI
MO3BOJIAIOT ~ HWCCJENOBATeNIIM W3  pPa3HBIX  YUPEXKACHHA W MECTHOCTEH
OecrpensaTCTBEHHO OOMeHuBaThbcsl AaHHBIMHA [1]. CHCTeMBI KOHTPOJIS BEpPCHIA,
o0ecIeunBaloT IeJIOCTHOCTh JTAHHBIX, OTCJICKHUBAs U3MCHEHUSI B HA0OpaxX TaHHBIX, B
TO BpeMs KaK CpEJCTBA KOMMYHHKAITUH, TAKUE KaK BUICOKOH(EPEHIIMH M OHJIAIH-
JTMCKYyCCHOHHBIE (POPYMBI, CIIOCOOCTBYIOT COBMECTHOW paboOTe HaJ MPOEKTaMH B
pEXUME peaTbHOTO BPEMEHH, YCKOPSISl HAYyIHBIN MTPOTPecC.
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Bynyiiee nuUCTaHIIMOHHOTO 30HAMPOBAHUS TECHO CBS3aHO C HEMPEPHIBHBIM
pa3BUTHEM HHTEPHET-TeXHONOruM. JlocTuxkeHuss B 00JacTH aHaiau3a OOJBIIUX
00bEMOB  JITaHHBIX, HMCKYCCTBEHHOTO WHTE/UIEKTa © MAIIMHHOTO OO0y4YeHUs
PacKpbIBAIOT elle OONbIIUM MOoTeHIMal JaHHbIX Habmonenus 3emuu [3]. Tlo mepe
JaTbHEUIIero pocTa CKOPOCTH U MPOIMYCKHOM cocoOHocTu HTepHeTa 00padoTka 1
aHaJiu3 MOTOKOB JIAaHHBIX B pEXUME, OJIM3KOM K peajbHOMY, CTalu PEallbHOCTHIO, U
3 PEKTUBHO OTCICKHUBAIOT HKOJOTHUUYECKHE COOBITHS M JTUHAMUYECKHUE SIBICHUS Ha
3emuie.

Ceromns pagapsl U Jla3epbl CTaIM HE3aMEHUMBIMU HWHCTPYMEHTaAMU IS
nucTaHioHHoro 3oHaupoBanus 3emiu (/133). HayuHbiii mporpecc OTKpbUT HOBBIC
BO3MOXXHOCTH [IJI1 M3Y4Y€HUs TUIAHEThl M3 KOCMOCA, YTO MPHUBEIO K IIHUPOKOMY
BHepeHuto /133 B paznuunbie cdephl AeSTEIHHOCTH YEIOBEKA.

133 npencrapnser co0ON KOMIUIEKC METOJOB M TEXHOJIOTMH, HaIpaBICHHBIX
Ha mnonydyeHue HHPopMmanuu o 3emiie U €€ OKpyXKalouledl cpeie ¢ NOMOUIbIO
KocMu4eckux anmnapaTtoB. CIyTHUKOBBIE CHUMKH, pajilapHble JaHHBIC M JIa3epHBIC
U3MEPCHHS TIO3BOJIAIOT YYEHBIM M CICIUAIMCTaM pPa3HbIX 00JlacTe Toydarh
IIEHHYI0 WH(OpPMAIIUIO O COCTOSHHUH IJIAHETHI, TMHAMUKE MPUPOIHBIX MPOILIECCOB U
AHTPOTIOTEHHOM BO3JICHCTBUMU.

B cenbckom xo3siictBe /33 wucnonb3dyeTcs A MOHUTOPUHIA COCTOSIHUS
MIOCEBOB, OIEHKH BJIAXKHOCTH IOYBBI, BBISIBICHUS MPOOJIEMHBIX 30H W 3a00JeBaHUN
pacTeHUil, a TakXKe M1 ONTUMHU3ALUMU CUCTEMbl OpOIIEHUS M IUIAHHUPOBAaHUS
CEeJIBCKOXO35UCTBEHHBIX Pa0OoT.

B cdepe wmonutopunra okpyxatomeid cpensl 33 npumensercs s
OTCJIC)KUBAHUSI M3MEHEHHUI KJIMMara U MOTOAHBIX YCJIOBUM, KOHTPOJIA 32 JIECHBIMU
MAacCMBaMU U BBIPYOKaMHU, HW3YyUYEHHs JIGAHUKOB M TOJSIPHBIX IIAMOK, aHalu3a
3arps3HEHUS OKPYKAIOMICH CPe/Ibl U IPEAYNIPEKICHUS CTUXUMHBIX OCICTBU.

B xaprorpaduu u reogezun JI33 uicnonb3yeTcs AN CO3MaHUS TOYHBIX KapT U
3D-Moneneit MecTHOCTH, OOHOBJIEHHS TOMOrpadUYeCKUX [aHHBIX, TUIAHUPOBAHUS
CTPOUTENBCTBA W HWH(QPACTPYKTYPHBIX MPOEKTOB, a TaKXke JMJII MOHHUTOPUHTA
reoJIOTHYECKUX Mporieccon [1].

[Tomumo storo, /133 HaXOOUT MPUMEHEHUE B MOUCKE IMOJE3HBIX UCKOMAEMBbIX,
KOHTPOJIE 3a TpaHUIAMU M MOPCKHMH aKBaTOPUSIMH, IUIAHUPOBAHUU TOPOJICKUX
MIPOCTPAHCTB U apXeoJIoTM4YecKuX uccienoBanusax. Jlanuesie /133, momyuyeHHbIE C
MIOMOIIIbI0  COBPEMEHHBIX KOCMHYECKHMX  allllapaTroB, OTIUYAIOTCS  BBICOKOM
O00BEKTUBHOCTHIO M TOYHOCTHIO.

COyTHHKOBbIE CHUMKHU TMIO3BOJIAIOT OXBAaTUTh OOJBIIME TEPPUTOPUH 3a
KOPOTKHII TPOMEXKYTOK BpPEMEHHU, YTO O00ECHEYMBAET KOMIUIEKCHBIH MOHUTOPHUHT
M3y4aeMbIX 00BEKTOB. PerymsipHas cheMKa OHHX U TE€X KE TEPPUTOPUN TO3BOJISET
OTCJIC)KUBATh JMHAMUKY H3MEHEHHUl B TpocTpaHCTBe W BpemeHU. Jlanueie [133
CTaHOBSTCS Bce Oojiee AOCTYHNHBIMH JJIS IMHPOKOTO Kpyra IOJb30BaTelel, YTO
CTUMYIUPYET pa3BUTHE HAYYHBIX UCCICAOBAHUN U MPAKTUYECKUX MPUIIOKECHUH.

CnytaukoBbie naHHble ¢ RADARSAT, TerraSAR-X, SRTM, EOSDA, ERS,
Sentinel, Landsat u npyrux cnythukoB /(33 momoratot ¢pepmepaM ONTUMHU3UPOBATH
CBOIO paboTy, moBbIas 3(PGHEeKTUBHOCTh U peHTA0eIbHOCTh. J[33 cTaso MOITHBIM
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MHCTPYMEHTOM, KOTOPBIM MOMOTAET JIydYllle MOHMMAaTh IJIAHETYy, pellaTh 3aJaddl B
pa3nuuHBIX cdepax AeATEeIbHOCTH 4YelOBeKa M TMPOTHO3UPOBATh HW3MEHEHUS B
OKpYXKaroIleu cpene.

C pasButuem TexHOJOTUH BO3MOXHOCTH J[33 OymyT TONBKO pacHIMpSThCS,
OTKPBIBasi HOBbIE TOPU3OHTHI JIJIS1 UCCIIEAOBAHUI U MPAKTUIECKOTO IPUMEHEHus [5].

Pazpaborannoe I['K «PockocMoc» wmoOuinbHOe mnpumnoxkenue «Ludposas
3eMJs» - BBICOKOTEXHOJIOTUYHBIN HHCTPYMEHT PaOOThI CO CITyTHUKOBBIMU CHUMKaMHU
3emnu. «udposas 3emmsi» Ha 0a3ze OC Android u 10S, npegocraBiseT IOCTYI K
OOIIMPHOMY apXWBY M HOBBIM TOCTYIUICHUSM CITyTHHKOBBIX CHHUMKOB 3€MIIH.
[lpunoxxeHre TMpencTapiseT CcOOOW IEHHBIM WHCTPYMEHT Kak JJii PSAOBBIX
MOoJb30BaTENeH, Tak © JiIs TpodeCcCHOHAIOB B OONACTH JUCTAHIIMOHHOTO
3oHupoBanus 3emuu ([133).

OyHKIMOHATBHBIE BO3MOXHOCTH TpuioxeHus « [ {udposas 3emisy»:

— IHUPOKHUN BBIOOp CHUMKOB. [lOMCK MO WHTEpECyroIeMy pEeruoHy, nare
ChEMKHU, TUIY CEHCOPA U IPYTUM MTapaMeTpaM;

— JIeTallbHAas BU3YaJIM3aIIUA.
BBICOKOM paspemieHun (1o 70 cwm)
NPUMEHEHUS Pa3InIHBIX (QUIBTPOB;

— 3aKa3 I‘COI/IH(i)OpMaIII/IOHHI)IX IMPOOYKTOB.

00paboOTKy ® JOCTaBKy CHHMKOB
VHIUBHUyaIbHBIX TPEOOBAHUI;

[IpocMOTp CHYTHUKOBBIX HW300paKEHUU B

C BO3MOXKHOCTBIO MaCHITa6I/IpOBaHI/I$I Hu

dopmupoBaHUE 3aKa30B Ha
B pa3IMuHBIX (QopmaTax €  y4eToM

— MOHHUTOPHHI M3MEHCHU. HOI[HI/ICKa Ha YBCIOMIICHHA O ITOABJICHHUH HOBBIX

CHUMKOB MHTEPECYIOIICH TEPPUTOPUHU
«lIudpoBas 3emisa» —
crienuanucTtoB B obmactu /133,

SIBJISICTCSI
Kaprorpaduu,

HE3aMEHHMbIM HMHCTPYMEHTOM  JJIst
3eMJIEYCTPONCTBA, CEIBCKOTO

XO03SIICTBA, JIECOMOJIb30BaHUS, HAYYHBIX cOTpynHuKkoB, MUC u ap.

Tabnuma 2. IlpeumymectBa u Hemoctarku mnpuiokenus «Ludposas 3emmus» B

30HJAMPOBAHUM 3EMJIIU

IIpenmyiiectsa

Henocratku

OHepaTI/IBHHﬁ AOCTYIL K CIITYTHUKOBBIM
CHMMEKAaM U3 JIF000H TOYKHU Mupa.

HGKOTOpHe q)YHKI_II/II/I, TAKHUC KAaK 3aKa3 IpOAYKTOB
U TIMOAINMCKAa Ha YBCAOMIICHUA, MOI'YT OBITE
JOCTYIIHBI TOJIBKO ITO MJIaTHOM MOJIIMCKE.

ITocTossHHOE OOHOBIIEHHE KAaTaJIOra CHUMKAMU
C HOBEMIIHNX CIIYTHUKOB.

B npuiiosxeHun MOryT ObITH IIPEJCTABICHBI HE BCE
TUIBl CIYTHUKOBBIX CHUMKOB, JOCTYIHbBIE Ha
PBIHKE.

JlaHHBIE TIPENOCTABISAIOTCA U3 JIOCTOBEPHBIX
nuctouHukoB - I K «Pockocmocy.

Jlns  HEKOTOphIX  TOJb3oBaTeneil  uHTepdeiic
IIPUJIOKEHHUSI MOYKET MOKA3aThCsl CIIOKHBIM.

HIupoxuit cnextp GyHKIME i1 paboThl CO
CHMMKaMHM, OTBEYAIOMIMNA MOTPEOHOCTSIM Kak
JobuTenel, Tak U NpoQecCHOHATIOB.

OyHKIIMOHANT 00pabOTKY CHUMKOB B MPUJIOKEHUN
MOXET ObITh OrpaHMuYeH [0 CpPaBHEHHUIO C
npogeccuonanbHbIM T10.

[TonsTHBIN MHTEpdElic U y1oOHas HaBUTAIIHSL.

Jlnis paGoThl MPUIIOKEHUST TPeOyeTCsl TOCTOSIHHOE
NOJKJIIOUEHUE K UHTEPHETY.

[Tpunoxxenne noctynHo kak s Android, Tax
u s 10S.

Ha naHHBI MOMEHT NMpPUJIOKEHHWE OXBATHIBAET HE
BCE TEPPUTOPHH 3EMIIH.

[TpocMOTp CHUMKOB C BBICOKUM Pa3periecHueM
(mo0 70 cm).

Wntepdeiic mpunoxkeHus AOCTYNEH TONBKO Ha
PYCCKOM SI3BIKE.
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Heo6xomuMo oTMETUTH, YTO MHTEPHET-TEXHOJIOTUU UTPAIOT BAXKHYIO POJb B
aHallu3e JaHHBIX JUCTAHIMOHHOTO 30HAWpoBaHMS 3emid. Macmrabupyemoe
XPaHWINILE JAaHHBIX U BBIUUCIUTEIbHBIC MOIIHOCTU MO 3aMpoCy, MPEIOCTABIsEMbIC
Nutepuerom, o0OsieryaroT HCCieIOBaTeIsIM JOCTYIl K JIaHHBIM HAONIONCHUSIM U3
KocMoca U ux aHanu3. [IocKobKy HHTEPHET-TEXHOJIOTUH TTPOJOJIKAIOT Pa3BUBATHCS,
MBI MOXKEM OXHUJaTh elle Oojiee MHHOBAIMOHHBIC PEIICHUS U UX NMPUMEHEHUE B
JUCTAHIIMOHHOM 30HJAMPOBAHUU 3€MJIM, KOTOPOE MPUBEACT K JydllleMy MOHUMaHUIO
Halllel IIaHeThl U OyJIeT CIOoCcOOCTBOBATh O0jiee YCTOMYHMBOMY OYIyIIEMY.

Benp mocTossHHO pacTymuii 00beM JaHHBIX 30HIUPOBAHUA 3eMIU U UX
OTIEPATUBHBIN XapaKTep CO3/AAI0T CEPhEe3HbIC MPOOJIEMBI JIJIsl TPAJIUIIMOHHBIX METOJIOB
00paboTku. TpagulMOHHBIE METOJIBI YACTO HE CIPABJISIOTCS C MOCTOSHHBIM MTOTOKOM
uH(OpMaIlUK, YTO TPHUBOAUT K 3aJepKKaM B aHAJIU3€ M TOTCHIMAJIbHOW TOTepe
BaXXHBIX COOBITHUH.

Jlns petieHus 3TUX 3a7a4d B KaYECTBE PElICHUs MPE/JIOKeHa HOBasi HHTEPHET-
TEXHOJIOTHS TI0JI Ha3BaHUEM «AKTHUBHOE OOyueHHUE B PEXKUME PEaTbHOTO BPEMEHH
s auHamuuaeckoro Haomonaenus 3emiin» (RT-ALDEO) [3]. RT-ALDEO ucnons3yet
BO3MOXKHOCTH MAIIIMHHOTO OOY4YeHUs M TOAKIIOYECHUs K VHTEpHETY B pexume
peaslbHOTO0 BPEMEHM ISl CO3JIaHUS HEMPEPBIBHOTO IIMKJIa OOpaTHOW CBS3M JIS
00pabOTKN JaHHBIX HAOJFOMECHUS 3EMIIH.

B ocnoe RT-ALDEO nexar ajroputmbl MalldHHOTO OOy4Y€HHUs, KOTOPBIC
HENPEPHIBHO AHAIM3UPYIOT TOCTYMAIOIINE JIaHHBIE M KOPPEKTUPYIOT IMapaMeTphl
00paboTku B pexkume peanbHoro BpeMenn. RT-ALDEO 6onee 3¢gphekTUBHO ¥ TOYHO
oOpabarbiBaeT OoyblIMe OOBEMBI JIAHHBIX, COKpallas 3aJep>KKd ¢ TOBBIIIAS
TOYHOCTH aHaim3a. Mcmonw3ys ckopocTs u ruOkocTh MuTepHETa, RT-ALDEO MOXeT
oOpabaThiBaTh TOTOKM JAaHHBIX B PEKHUME pealbHOTO BpPEMEHH, OOecIieunBas
CBOCBPEMECHHBIM aHAIW3 UM pEarupoBaHHE HA KPUTUYECKHE COOBITHUSA. ITOT
WHHOBAIIMOHHBIN MOAXOJ] MOTEHIIMATHFHO PEBOJIOIMOHU3UPOBATl METOABI 00pabOTKU
M aHaJIM3a JAHHBIX 30HIUPOBAaHUA 3eMITH, U A3P(HEKTUBHOMY MPUHITHIO PEIICHHUM s
yAy4YIIEHUs] PEe3YJIbTaTOB B TaKWX OO0JacTIX, Kak Ooppba €O CTUXHUUHBIMH
0eCTBUAMH, KIMMATUYECKHUE UCCICIOBAHUS U MOHUTOPHHT OKPYXKAIOIIEH CPEIbI.

Monenp MamuHHOTO 00yYeHHs M3HAYaIbHO 00y4daeTcs Ha OCHOBE apXWBHBIX
TAHHBIX HAOIOMCHHS 3eMJIH, KOTOphIE ObLTH ITOMEYeHBI. MoJienb onpeaeseT oomme
YepThl U 3aKOHOMEPHOCTU B JAHHBIX, TAKUE KaK JIECHBIE MOXKapbl, HABOJHECHUS WUIIU
M3MEHEHHUS B CEIBCKOXO03MCTBEHHOM 3€MJIENOJIb30BAHUU.

[Io Mepe MmoOCTYIJIEHUST HOBBIX MOTOKOB AAHHBIX CO CIYTHHKOB M HA3€MHBIX
JNaTYUKOB uvepe3 MHTepHET OHM mepenaroTcs B LIEHTPAIbHBIM y3en oO0paboTKU B
pexUMe peabHOrO BpEMEHHU. 3aTeM 00y4YeHHasi MOJIeNb aHAJU3UPYET MOCTYIAIOIINE
JAHHBIC JIJIS1 BBISBIICHHS JIFOOBIX MIOTEHITMATBHBIX COOBITHH, TPEOYIOINX BHUMAHHS.

KntoueBoe HoBmiectBo RT-ALDEOQO 3akmioyaercss B aKTUBHOM OOydYaromiem
komrnoHeHTe. Korma mojenb CTalKuBaeTcsi ¢ HEONpPENENCHHBIMU JaHHBIMHU, OHa
3ammycKaeT JABYCTOPOHHHI mpoliecc oOMeHa aaHHbIMU. CucTtema BbIOMpaeT Hanbosee
WH()OPMATUBHBIE TOYKH JAHHBIX M3 BXOMSIIECTO MOTOKA M OTHPABISET WX TPYIIIE
AKCIIEPTOB — JIFOJEH JIJIi MAPKUPOBKHU B PEKUME PEaIbHOTO BPEMEHH.
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MeTky, NpenoCTaBlE€HHbIE HKCIEPTOM, MEpenarTcss oOpaTHO B MOJENb
MalIMHHOrO 00y4eHHs, YTOObl OHAa MOIVIa aKTMBHO M3y4yaTb M COBEPILIEHCTBOBATH
CBOM BO3MOXXHOCTU. brarogaps wuTepaTuBHOMY mpoueccy, OOy4deHusi MOJAEIb
MOCTOSIHHO aJalTUPYETCsl K HOBBIM IIA0JIOHAM JaHHBIX, MOBBIIIAsI CBOKO TOYHOCTH C
TE€YEHUEM BPEMEHHU.

BHenpeHue TeXHOJIOTMH aKTUBHOTO OOy4eHHs ¢ OOpaTHOM CBSI3bIO B PEXHUME
peaspHOr0 BPEMEHM HEOOXOJMMO, TaK KaK IO3BOJISIET MOJAENW MpUHUMAaTh Ooee
¢ (exTUBHBIE pelIeHusl B YCIOBUAX HEONpeaeIeHHOCTH NaHHbIX. Kpome Toro, gaer
LHEHHYI0 HMHQOpMaluio g pa3paboTKu Oojee TOYHBIX W HAJEKHBIX MOJENEH.
MHuorue npuioxeHus s 30HAMpoBaHus 3emiu (Hanpumep, «udposas 3emisn»)
TpeOyloT HemensieHHoW uHpopmanuu. beicTpoe oOHapyXeHHE JECHBIX IO0XKapoB,
U3BEPKEHUIN BYJIKAHOB U BHE3AMHBIX HABOJHEHHUI MOMOraeT NMpeJoTBPAaTUTh TMOelb
JOZIeH U CBECTH K MUHUMYMY MaTepHuaibHbIN yiiepo.

Tpaauionuble MeTonbl 00paOOTKM JAaHHBIX YAacTO CBSI3aHBI C 3aJEpP)KKaMH,
KOTOpbIE 3aTPYIHSIOT CBOEBPEMEHHO peEarupoBaTh Ha BO3HHUKIIME MPOOJIEMBI.
AKTHBHOE OOy4YeHHE B PEXHME pPEaJTbHOIO BPEMEHU pEIIaeT JaHHYI0 Mpoliemy,
NPEIOCTaBIsAs aHAJIU3 KPUTHUYECKUX COOBITUN MPAKTUYECKU B PEKUME PeasbHOro
BpeMeHU. bonbimne o00beMbl JaHHBIX HAOMIONEHHUS 3eMJM MOTYT CO3/1aBaTh
npoOsieMbl. AKTHBHOE o0OydeHue (GOKycupyeTcsi Ha HauOojiee Ba)KHBIX TOUKaX
JaHHBIX, KOTOpblE MOIYT OBITb aHHOTHPOBaHBl YEJIOBEKOM, OINTHUMHU3HUPYS
UCIOJIb30BaHNUE HKCIEPTHBIX PECYpPCOB U MOBbIMIAS 3(PPEKTUBHOCTh KOHBEHEPOB
00pabOTKH JaHHBIX.

HenpepriBHOE 00yueHHE TapaHTUpYET, UYTO MOENb aJalnTHPYeTCs K HOBBIM
CIEHApusM M I1a0JIoOHaM JaHHbBIX, KOTOPO€ MMEET pellalollee 3HaueHue s
MOHUTOpPUHIA JIMHAMUYECKUX IPOIECCOB HAa 3eMie, U MOTYT OBICTPO MEHSTHCS.
Nudpactpykrypa MHTEpHETa MO3BOJISET JIETKO MACIITAOMPOBATH 3Ty TEXHOJIOTHUIO
JUIs1 00pabOTKM PacTYIIMX 00ObEMOB JIAHHBIX HaOMIONCHHS 3eMin. B3aumoselicTeue B
pEeXHMME pealbHOr0 BPEMEHU [JAeT BO3MOXHOCTh IVI00AIbHOM CETH H3KCIEpPTOB
COBMECTHO paboTaTh HaJl COBEPIICHCTBOBAHUEM MOEIIH.

Takum o00pa3om, akTHBHOE OOydye€HHE Ha OCHOBE JAMHAMUYECKUX IOTOKOB
JaHHBIX 30HAMPOBAHMS 3€MJIM  SIBIAETCS 3HAYUTEIbHBIM  JOCTHKEHHEM B
TEXHOJOTUSAX 0OpabOTKM JaHHBIX C HCHOJb30BaHMEeM HMHTepHeTa. DTOT MOAXOA,
COYETAIONIMK MaIlIMHHOE OOyYeHHE C COBMECTHOW PabOTON B peKHMME pPeaabHOTro
BPEMEHM, MOXET pPEBOJIIOLMOHU3UPOBATh METOJbl MOHUTOPHUHTA M IOHHMaHUs
IIOCTOSIHHO MEHSOIIENCS CUCTEMBI 3EMIIH.

BriBoabl

B 3akitoueHun  oTMETHM, 4YTO  OBICTpPO  pa3BHBaOIIasci  00JacTh
JUCTAHIIMOHHOTO 30HAMPOBAHUS 3€MJIM CTABUT MEPE/] YUYEHBIMHU CEPHE3HYIO 3ajauy,
W3BJICKATh IIEHHBIE CBEJICHHMS U3 PACTylIero oObeMa JaHHBIX, MOCTYMNaloUUX B
pexuMe peasibHOro BpeMeHH. Takas 3aj1aya mpuBena K pazpadoTke MHHOBAIIMOHHBIX
METO/IOB 00pabOTKM JaHHBIX uepe3 MHTepHET, TakuxX Kak HWHTErPUPOBAHHOE
oOydyeHHe U aKTUBHOE OOy4YyeHHEe B pEXKUME pealbHOro BpeMeHH. JlaHHbIE
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TEXHOJIOTUM CHOCOOCTBYIOT COBMECTHBIM HCCIIEOBAaHUSAM MU YIPOLIAIOT 00pabOTKy
JAHHBIX, MPEIOCTaBIsAs MCCIENoBaTeasiM Oosee TOUYHbIE U OOOOILIEHHBIE MOJEIH.
HoBble MHTEpHET-TEXHOJIOTMU HE TOJIBKO MNPENyNpeKJAI0T CIOKHOCTH 3EMHOU
CUCTEMBI C OECHpeleIeHTHOMTOYHOCThIO, HO W NOTEHUUAJbHO MOTYT IMPUHECTH
OLLYTUMYIO MOJb3y OOIIEeCTBY. MeTonbl 30HAMPOBaHUS 3€MJIM C MCIOIb30BaHUEM
MHTEPHET-TEXHOJIOTUM, OT OBICTPOro U 3((HEKTUBHOTO PEarupoBaHUs HA CTUXUIHbIE
0eCTBUA 10 ONTHUMH3ALMN METOJIOB BEJIEHUS CEJIbCKOTO X0341CTBa JIJIsl 0OeceueHus
MPOAOBOIBCTBEHHOM 0€30MaCHOCTH HACEIICHHUS.
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AnHotranus. CraThbsd TOCBAIEHA pa3paboTke IUGPOBOTO aACCHUCTEHTA,
MPEIHA3HAYEHHOr0 ISl KOHCynbTauuu noJsb3oBarenerd ERP-cuctem. ERP-cuctembl
(Enterprise Resource Planning) urpaior KJIHOYEBYIO POJb B YIPABICHHH OHU3HEC-
npoueccaMu npeanpustuil. OpgHako, BHeapeHue U ucnosibzoBaHue ERP-cuctem
TpeOyeT BBICOKON KBamu(UKaIlMU M 3HAHUI CO CTOPOHBI Mojib3oBaTeneil. B craTee
paccmaTpHBaeTCsl KOHIENus HU(PpoOBOro acCUCTeHTa, KOTOPbIN OyaeT o0ecrneunBaTh
KOHCYJIbTUPOBAHUE TMOIb30BATENIECH 110 TUIIOBBIM OOpPAILIEHUSAM TEM CAMBbIM MOBBIIIAS
3G ()EKTUBHOCTh  B3aUMOJEUCTBUS C  CUCTEMOM W yMEHbIIas  HArpys3Ky
KOHCYJIbTAaHTOB. B paMkax cTtaTbu MpoBOAMTCS 0030p CYLIECTBYIOUIUX PEUICHUH IO
0o0paboTke oOpalleHUi BBIICIAIOTCS HMX NpEeuMylIecTBa W ocoOeHHocTu. Takxke
paccmaTpuBaeTCsl MOJIeNIb OM3HEC-TIPOLIecCa «KAK €CTh» U MpeIIaraeTcsl peuieHue Ha
JEMOHCTpAIlMU MOJEIN «KakK OyJeT» M MpeACTaBlIeHa MOJENb HEMPOHHOU CETH, Ha
OCHOBE KOTOpOHM pa3palaTbhIBaeTCsi MporpamMma - seq2seq, CocTosmias U3 ABYX
OCHOBHBIX  OnokoB: encoder u decoder. OO6cyxnaroTcs IPEUMYIIECTBA
UCIIOJIb30BaHUsT LHU(PPOBOrO AacCUCTEHTa, TaKWe KaK COKpalleHHe BpEMEHU Ha
oOydeHHe TMOoIb30BaTeNeH, YIyUllleHHe KauyecTBa OOCTY>KUBAHUS KIUEHTOB, a TaKKe
COKpallleHHue 3aTpaT Ha Moaluepxkky u ooOciyxuBanue ERP-cuctem. B wurore,
paspaboTka 1udpoBoro accuctenra koncyinpranta ERP-cuctem npencrasnsier codoi
NEePCIEKTHBHOE HAIPAaBJICHUE, CIOCOOCTBYIOIEE IMOBBIIEHUIO A((PEKTUBHOCTH
PaboTHI IPEANPUIATHI U YIYUIICHUIO TTOJIH30BATEIILCKOTO OMbITa IIpH padoTte ¢ ERP-
CUCTEMaMHU.

Abstract. The article discusses the development of a digital assistant to help
users of ERP systems. These systems are essential for managing business processes
in enterprises, but their implementation and use require high qualifications and
knowledge from users. The article introduces the concept of a digital assistant that
can provide advice on common requests, increasing efficiency and reducing the
burden on consultants. It provides an overview of existing solutions and highlights
their benefits and features. A business process model is considered, and a solution
based on a "as-is" model is proposed, along with a neural network model that forms
the basis for a seq2seq program. The program consists of two main components: an
encoder and a decoder. The benefits of using a digital assistant, such as reduced
training time for users, improved customer service quality, and reduced support and
maintenance costs for ERP systems, are discussed. This makes the development of a
digital assistant for ERP systems a promising area that can contribute to increasing
the efficiency of businesses and enhancing the user experience when using ERP
systems.

[56]


mailto:karina_sh00@mail.ru

NHOOPMAILIMOHHBIE TEXHOJIOI'MU B HAYKE, OBPA3SOBAHIU 1 ITPOU3BOJICTBE

KuaiwueBbie ciaoBa: ERP-cuctema, uudpoBoit accucTeHT, TeXHUUYECKas
MOJJIEPKKa, OM3HEC-IPOLIECC, TOJIb30BATEb.

Keywords: ERP system, digital assistant, technical support, business process,
user.

CoBpeMeHHBII OM3HEC CTal0 HEBO3MOXKHO MPEACTaBUTH 0€3 MCIOJIb30BaHUS
MH(OPMAIIMOHHBIX T€XHOJOTUA. OAHON M3 TaKUX KIIOYEBBIX TEXHOJOTUU, KOTOpas
MOMOTAeT KOMIIAHUAM MOBBICUTH 3()PEKTUBHOCTH CBOEU JESITEILHOCTH, SBISETCS
cucrema ynpasienus npennpustuem (ERP). ERP-cucrembr naTerprpytoT B cede Bce
OCHOBHbIE OHW3HEC-MPOUECChl KOMIIAHUM, aBTOMATH3UPYIOT HUX M 00€CIeurBarOT
eANHBIA JOCTYyN K AaHHBIM. [IpeanpusaTust 4acTo CTaJKUBAIOTCA ¢ HEOOXOIUMOCTHIO
oOecrieueHus: HaEXKHOM U >PGEeKTHUBHON TexHUYecKol mnoanepxku cBoux ERP-
cucteM. Cmyx0bl TexHuueckod mnoaaepxkku ERP-cucrteM exeqHeBHO MNONyYaroT
0OJIBIIOE KOJMYECTBO OJHOTUITHBIX BOIPOCOB OT OW3HEC-NOJIb30BATENICH, TEM
caMbIM, KOHCYJbTaHTaM TOMAJEPKKH MPUXOAUTCS BPY4YHYIO 00pabaThiBaTh
oOpamieHust KiaueHTOB. PaGora (GyHKUMOHANBHBIX CHEIUAIMCTOB COCTOUT U3
MHOKECTBA PYTHMHHBIX OIIEpallMii: YTOYHEHME 3ampoca, MOJYYEHHs] HEIOCTaroLIEH
uHboOpMalMK, TMpPOBEICHHE OOBEMHOI'0 aHaju3a B  YUYETHBIX CHUCTEMax,
dbopMupoBaHue 00paTHOM CBsI3U. B CBSI3U C 3TUM MPOUCXOAUT HAKOIUIEHHUE 00HEMOB
pelraemMbIX 3a7a4, YTO IPUBOJAUT K UX JUIUTEIILHOMY BBIITOJIHEHHUIO.

Pa3paboTka Mogenu OuzHEc-Tpolecca «KaK €eCTb» C HCIOJIb30BAHUEM
crannapta IDEFO (pucynok 1) [1].

YkasaHus
DNOMm#HOCTHEE WHCTPYKLIAK VeTaE

SAREKI—
FaboTa oTaena TexHUYeckon

—Tlporpammtoe obecnedeHne| nonfepxi ERP-cucTem

|

Mons3osarenu BolumcnuTeneHan TEXHWUKA

DECNy#eHHbIE 3aREKH—

Pucynok 1. Moaens IDEFO «kak ectb»

Juarpamma 1a€t cienyroliee npeacTaBieHue o Ou3Hec-mpolecce:

1. Otnen TEXHUYECKOW MOAACPKKH PYKOBOJCTBYETCA HWHCTPYKIUSAMU
PYKOBOJICTBA M JTOJDKHOCTHBIMU MHCTPYKIUSIMH. OCYIIECTBIISIET CBOIO JIESTEIBHOCTh
B COOTBETCTBHH C Y CTaBOM.
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2. Otnen TEXHUYECKON MOANEPKKH MCHOJIB3YET YEIOBEYECKHE PECYPCHI U
KOMIBIOTEPHBIE TEXHOJOTMM B KayeCcTBE MEXaHW3Ma BBITIOJIHEHUS OW3HEC-
MPOLIECCOB.

3. OTtnen  TEeXHUYECKOW  NOAJNEPXKKM B KAayeCTBE  BXOMSUIETO
WHPOPMAIMOHHOTO TIOTOKA TOJy4YaeT 3ampochl OT WHHUIIMATOPOB, HEUCIIPABHOE
o0opyAoOBaHHe, HY X AAlOIIeecs B 3aMEHE WJIM PEMOHTE

4. OTnen TEXHUYECKOW TMOANEPKKH B KadeCTBE MCXOJSIIErO TOTOKa
nH(pOpMaIU UMEET 00CITYKEHHBIE 3asBKHU MOJIb30BaTENEH.

JIns HaATISIAHOTO TPENCTAaBJICHUS OW3HEC-Mpollecca Ipoiecca o0paboTKU
oOpalieHuil TeXHUYEeCKOW MOIJCPKKA HUKE TPEJCTaBlieHa auarpaMma B HOTAI[UU
ERC (pucynox 2) [1]:

1. Tlonwp3oBarens co3gaeT oOpalleHHe, IOCIe€ Yero OHO TMOoMajgaeT K
AUcTieT4epaM, KOTOPBIE pacpeIeIsIFOT 3asBKH 110 TPYIIaM

2. 3asBKa momnaaaeT Ha (YHKIMOHAIBHOTO WCIIONHUTENS W TOT PEIIaeT ee,
IPEIOCTaBIIsS MOJIb30BATENI0 HEOOXOIUMYI0 HH(OPMAIIHIO

3. Ilonp3oBarenp MPOBEPSIET PEIICHUE 3asBKU U JIaeT OOpaTHYIO CBS3b: JUOO
BCE XOPOIII0, JINOO0 3asIBKY HEOOXOIUMO 10padboTaTh

4. Tlocne ogoOpeHus MOJIb30BATENS, 3asBKa 3aKPbIBACTCS CIICIIUATHCTOM.

-
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Pucynok 2. lnarpamma B HoTanuu ERC
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W3 mpumepa cxembl OM3HEC MPOLECCAa MOXKET MOKa3aThCs, YTO MPOLECC He
TPYIOEMKHUN, HO MPU MOCTYIUICHUU OOJIBIIOTO KOJWYECTBA 3asBOK MOTYT BO3HHKATh
TPYAHOCTH, Kak Hpu O(OPMIICHHHM 3asBKH (IUCHETYEpPbl 3arpyKeHbl OOJIbLIIUM
MIOTOKOM BOMPOCOB), TaK M MPU PEIICHUU oOpamieHus (KOJIMYECTBO COTPYIHHKOB
TEXHUYECKOU TMOAACPKKH OTPAHUUYEHO, a 3assBOK MHOT0), B CBSI3U C 4eM BpeMs Ha
pelieHre 3ajad y TEXHUYECKOW NOJAJIEPKKU YBEIMUYMBAETCS MPONOPLIUOHAIBHO
KOJIMYECTBY HEYJIOBJIETBOPEHHBIX MOJIb30BaTENIEH.

B cB3u ¢  BBIIIEIEPEUUCICHHBIM, BO3HHUKAaE€T HEOOXOJAMMOCTh B
UCIIOJIb30BaHUU TU(PPOBOTO aCCUCTEHTA, KOTOPBIM CMOXKET B3ATh Ha ceOsi (PyHKIUU
OTBETa Ha TUIIOBbIE oOpalieHus nojas3oBareneit ERP-cucrem.

Ha poccuiickoM pbiHKe elie HEeT NpsIMOro KOHKYpeHTa pa3padaTbiBaeMoro
IPOJIYKTa, HO UMEIOTCS CMEXKHBIC U YK€ BHEAPEHHBIC [IU(POBHIC TOMOIIHUKU

1. Hudposoit momomuuk QUBO. Cnyx6a cHadxenuss HIIMK nmonydana
OOJIBIIOE  KOJIMYECTBO OJHOTUIIHBIX BOMPOCOB OT TMOCTaBIIMKOB, a CIyx0a
MOJIICP>KKU BPYUHYI0 00pabaThiBasia 00pallleHus COTPYIHUKOB KOMIaHUH. B cBs3u ¢
yeM ObUT BHEAPEH «IIU(PPOBOM MOMOITHUKY» Ha 6a3e nuanoroBoi cuctembl QUBO B
KOPIOpAaTHBHBIN caiiT B (popmare yaT-60Ta. B nmporpamme co3gaHbl aBTOMAaTHYECKUE
JIMAJIOTOBBIE CIIEHAPWU [IJISl YTOUHEHUS HEeJO0CTaole MHPOpMaluM, UCCIeI0BaHNE
npoOJieMbl, OTBETOB Ha BOINPOCH M BBHIMOJHEHUS JCHCTBUM MO pa3pelieHuIo
uHIuaeHTa [3].

2. CepBuc 10 TeHepalMud OTBETOB CIIYKObI MOAIEpkKU — «Jlomopecy.
Cneunanuctel rpymnnbl BkoHTakTe pa3paboTaiii COOCTBEHHBIM CEpPBUC, KOTOPBIN
aBTOMAaTHUYECKH TF€HEPUPYET TPU BapHaHTa OTBETA IMPH IMOCTYIUIEHUS OOparieHus B
TEXHUUYECKYIO TOAJIEPKKY. ATEHT MOIACPKKU BbIOMpaeT HaubOoyiee MOJIXOISIIUN
OTBET M HAaIpaBIIIET WMHULMATOPY 3ampoca. Eciam He oAMH OTBET HE MOIAXOJUT,
oOpallleHre HaIpaBIsSETCs CICIUATUCTY IMOIICPKKH [2].

3. Takue pemeHusi, kak IUPOBOH acCUCTEHT TexHosora [5], nudpoBoi
MOMOITHUK KOHCTPYKTOpa [6], BUpPTyaJdbHBIM omepaTop [7] W mp., HaIpaBiCHBI Ha
pelieHne  KOHKPETHBIX  y3KO  CHEIUaJu3MpOBAHHBIX  3a7ay, TOrjga  Kak
MOTEHIUATBbHBIMA  TOTPEOUTENIIMU  MPOAYKTa  SBISIIOTCS — NPEANPUSITHUA,
rncnons3ytomue ERP-cuctemsi.

Huxe mnpencraBneHa CcpaBHUTENbHAS XapaKTEpPUCTHKA KOHKYPEHTOB H
pa3pabaThIBa€MOro npoaykTa B Tadmiuie 1.

N3 npencraBmennoit Tabmumpbl  BuaHO, uto "llmdpoBoit  accucteHT
koHcynbTaHTa ERP-cucrem" wumeer mnpeumymectBa B uHTerpanuu ¢ ERP-
cuctemMamu, (yHKIIMOHATIBHOCTH, AaBTOMATH3AaIlMU TMPOIECCOB, HAIEKHOCTH U
0e30macHOCTU. DTH XapaKTePUCTUKH JIENAI0T ero Oosiee YPpPEeKTUBHBIM U YIO0OHBIM
st pabotel ¢ ERP-cucteMamum 0o CpaBHEHMIO € JAPYTrUMU aHaJOTMYHBIMU
MPOAYKTaMHU.
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Tabnuua 1 — CpaBHHUTENBbHASA XapaKTEPUCTUKA KOHKYPEHTOB

ONTHMAJIbHOM PabOTHI U
TOYHOCTH JaHHBIX

cucreme QUBO, menee
MHHOBALMOHHBII OAXO0.

XapakTepucTuka BupryanbHbiii Hudposoii accucTeHT
udposoii accucreHT ACCHCTEHT Ha 0a3ze " osopec"
KoHCyJbTaHTa ERP- JHATIOTOBOIl CHCTEMBI
CHCTEM QUBO
IHoTpednTean K Paznunbpie komnanuu 1 | PaznudHbie KOMIaHUH U
OMIIaHUH,
nenonb3yromue ERP- OpraHu3aliy B OpraHu3aIx
CHCTOMBT 1 3aBUCHMOCTH OT
MHTETPaliH
HyXJarolyecs B
TEXHUYECKOU MOJIePIKKe
Huterpamus ¢ ERP-
cucTEMaMu B Oyaymiem, na Her Her
Crnenmaausanms Ha
TeXHUYECKOM
nognep:xkke ERP-
CHCTEM Ha Her Bo3MoxxHO
Brbicokasi TOUHOCTH U
crenuaIu3npoBaHHbIe
OTBETHI Ja Bo3MoxHO Bo3MoxHO
CroumocTh 3aBUCHUT OT
KOH(Urypanuu u 3aBHUCHUT OT MOAEITH 3aBHCHUT OT MOAEIH
MaciiTaba BHEAPESHUsI JIMLIEH3UPOBAHHUS JIMLEH3UPOBAHKS
Texnomornyecxkue Hcnone3yer nepenoseie HUcnons3yer 6a3oBbIe
peleHust texHonoruu MM s OcHoBaH Ha quanoroBoit | texnonoruu MU, orpaHnyeHHbIE

BO3MOXXHOCTH

HanexxHocTh U

OOecnieunBaeT BHICOKHI

OOecnieunBaer

unHTtepdeiic s
noabp3oBareneit ERP-
CUCTEM

HACTPOEH 0]
KOHKpETHbIE TpeOOBaHUS
3aKa34yuKa

0e30MaCHOCTh YPOBEHb HAaJIEXKHOCTU U 6e30MacHOCTb U I'apantupyer 6e30macHOCTb U
Oe3onacHOCTH B paboTe C | HaJIeXHOCTD B HaJIS)KHOCTb TIPH BHINOIHEHUH
nmanaeiMu ERP-cructem 00paboTke uHpOpMaIK | orneparmil

IHosab30BaTEBCKUH Nmeer ynoOHbIN 1 Nmeer ciennanu3npoBaHHbII

uHTepdeiic UHTYUTUBHO MOHATHBIN Wnrepdeiic Moxer ObITh | MHTEPQENC U1 KOHKPETHOM

obJacTu

udposoii accucteHT KoHCynbTaHTa ERP-cuctem mnpencrarmsier coboi
IPOrpaMMHOE pelIeHHEe, OCHOBAHHOE HA MCKYCCTBEHHOM HHTEIICKTE M MAIIUHHOM
0o0Oy4eHHH, KOTOPOE MOMOTAET IMOJIb30BATEISIM B PEHICHUU TEXHUYECKHUX MPOOJEM,
CBSI3aHHBIX ¢ QpyHKIMoHHpoBaHueM ERP-cuctembl. OcHOBHBIE GYyHKIHH HUGPOBOTO
ACCUCTEHTA BKJIIOYAIOT:

o MIOMOIIH TTOJIK30BATENSIM B PEIICHUN TEXHUYECKUX MPOOJIEM U OIMIMOOK
pu ucnoiib3oBanuu ERP-cucremsr;
. IIPEJOCTABIICHUE WHCTPYKIMM M PEKOMEHJAMK 1O HACTPOMKE U

UCIOIb30BaHuI0 pyHKMoHana ERP-cuctemsl.

B mpoekte peanuzoBaH 1U(POBON ACCHCTEHT HAa OCHOBE HCKYCCTBEHHOTO
WHTEJUIEKTa, MpEeJHA3HAYCHHBIM [JIs OomepaTUBHONW OOpabOTKU MOJIb30BATEIBCKUX
3aIpOCOB OT OM3HEC-TOJIb30BATENCH.

ABTOMAaTHYECKUE JUAJIOTOBbIC CLEHApUU JUIsl YTOUHEHHUS HEJAOCTarouen
nH(popMaIK, UCCIEOBAHUE MPOOIEMBbI, OTBETHI HA BOMPOCHI CIOCOOHBI 00ECTIEYUTD
OBICTPBII OTBET MOJH30BATENIO U CHU3UTh PYTUHHYIO HAIPY3Ky Ha KOHCYJbTaHTOB. B
ciyyae, eciau Iu(pPOBON aCCUCTEHT HE MOXET OTBETHTh Ha BOIPOC, 3alpoc OyaeT
MepEeBEICH Ha TEXHUUECKOTO CIICIHAIIUCTA.
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Takum o0O0pa3oM, TEXHUYECKHMH CHELHUAIUCT CMOXKET Oornee MOoAPOOHO
yIayOUThCsS B CIOKHYIO 33/ladyy OT KJIMEHTAa U TOCBSITUTH PEUICHUIO MPOOIEeMbl HE
OTBJICKAsACh HA THIMMH3UPOBAHHBIC OOpAIICHUS.

Huxe Ha pucyHke 3 npencrapieHa cxema Ou3Hec-npouecca «kak oyaer» [1].

VHWumaTop oBpauienms

LiuhpoBoit acCUCTEHT

ABTOPM20BaTLCA B CUCTEME NO NoAaYe 3aRB0K|

l

WHAumaTop 0BpaleHus

104rOTOBHTS PELUEHIE N0 0DPALLSHNHD

WHnuuatop obpaweHus H

OnucaTh cyTs npodnems!

Bonpoc pewaem
3CCUCTEHTOM?

Het

Mposepxa pelexus

Peluerie og00peH0?

P Wcnonuutens 3anBku
" Y X

- z MOAroTOBUTS pelLeHie Mo 0OPALLEHNID | o Her.
MpuHATS & padoTy obpalLeHle

Aucnetyep yTeepaun?

Pucynok 3. Cxema Gu3Hec-mpoIiecca «kak 0yaer»

[Tons3oBaTtens OyAeT 3axoAWTh B NPWIOKEHHE 110 T0JaYe  3asBKH,
aBTopu3oBaThcs. [lanee eMy OyneT mpeaoCTaBICHO IUAIOTOBOE OKHO C ITU(MPOBBIM
ACCUCTEHTOM, TJI¢ TOJb30BATEb yKaXeT CyTh mpoOiemsbl. [ludpoBoii accucteHT
MPEJIOKUT TIOIH30BATEI0 PEIICHUE, JETaJbHO OIKCaB, KaK MOXHO YCTPaHUTh
HemoyiaaKy. B ciywae, eclii acCUCTEHTY HE yAaeTcs HaWTU OTBET B 0a3e JaHHBIX,
BONIpPOC OyJeT aapecoBaH B JUCIETYCPCKYIO M Jlajie€ HANpPABICH COTPYAHHUKY
TEXHUYECKOU MOAAEPKKHU.

B pas3pabotrke wncmonp3oBaHa TEXHOJOTHS Sequence-2-sequence. Seq2Seq
(Sequence-to-Sequence) —  MojJenb  MOJy4aeT HA  BXOJ  HEKOTOPYIO
MOCJICIOBATEIHLHOCTD CIIOB (HapuUMep, BOTIPOC), AaHAM3UPYET €€ U, 3aTeM, Ha OCHOBE
paHee Cco3JaHHOTO 00001eHuss (Tociae TPEHUPOBKHU), MpPeoOpa3yeT B HOBYIO
MOCJICTIOBATEIHHOCTb.

Mogens Seq2Seq cocTouT M3 ABYX OCHOBHBIX OJ0KOB: encoder u decoder.
(pucyHok 4):

o Ha sSYEHKH PEKYppeHTHOW ceTu encoder momaercs ucxomHas ¢pasza
pazouras no cioBam: «How are you?»;
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o Encoder o0OpaOatbiBaeT €€ W Ha BBIXOJE IMOJYYA€T HEKOTOPYIO
3aKOJJUPOBAHHYIO MOCIE0BATEILHOCTD Z;

o Decoder, momumo wuHbopmanuu ¢ Bbixojna encoder-a, mnoiay4aeT
ATAJIOHHBIM OTBET HAa KOTOpoM oOyuaercs: «I am finey;

o B Tporecce OOydeHHs NEKOAep MEHsSEeT CBOM Beca TakuM o00pa3om,
4TOOBI MPHU TONYYCHUH MCXOIHOTO BOMpPOCAa HA BXOM, B HJealie, BBAATh HAa BBIXOJ
ATaJIOHHYIO dpazy;

o npu oOydeHuu ¢pasza 0OpamisIETCs CTApTOBBIM C TOMOBBIM Terom. B
naHHoM cinydae <BOS> — rer Hauana u <EOS> — Ter okoHYaHUs.

Encoder
|' 4

) == = == =m

Encoder
Reccurent Layer

One-hot Yector

Decoder
0 Output Layer

Duecoder
Reccurent Layer

e Decode
Decoder
i Embedding Layer

One-hot Wector

Decoder

Pucynok 4. Mognens Seq2Seq

JIJist moCTpoeHUsT MOJIETH, KOTOpasi CMOKET OTBEYaTh Ha BOMPOCHI, YCIOBHO
Oynyt paboTaTh /B MOJENH: TPEHUPOBOUYHas W pabouas. Cama HelpoHHas CETh
oaHa 1 Ta xxe. OTIMYne TOIBKO B CIIOCO0E HCIIOIb30BaHus [4].

BriBoabI

Takum 00pa3om, [HPPOBOM aACCHCTEHT HAa OCHOBE HCKYCCTBEHHOTO
WHTEJJICKTa MOXKET CTaTh MOIIHBIM HHCTPYMEHTOM JJIsi YJIYYIIEHUS TEXHUUYECKOU
nojjepku mnoib3oBareneit  ERP-cucrem. Ero mnpumeneHue wuMeeT OoJbIue
MIEPCIIEKTUBBI U MOYKET 3HAYHUTEIIBHO TOBBICUTH d(DPEKTHBHOCTH pabOThI CHCTEMBI
NoJIepKKU. BaxkHO clieoBaTh peKOMEHAAIMSAM U TIIATEIbHO IIAHUPOBATH MPOIIECC
BHEJIPEHHUSI, UTOOBI IOCTUYb MAKCUMAJIBHOTO A PeKTa.
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AHHOTAUMA. PBIHOK MHTEPAKTUBHBIX JOCOK 3HAUYUTEIBHO pacTET. OTOT
MHCTPYMEHT UIMPOKO IIPUMEHSETCA IPH B3aWUMOAECHCTBUM NPENOJAABATEIEN C
YYCHUKaMH W COBMECTHOW palboTel mpodeccruoHanoB Ha pabdouem Mecte. OH
o0ecrneynBaeT ObICTPOE U MHTYUTUBHO MOHSATHOE aHHOTHUPOBAaHUE, OJTHOBPEMEHHBIN
JOCTYIl HECKOJBKHX YCTPONCTB K €AMHOW BUpTyasibHOUW pgocke. OOBbeM pbIHKA
MHTEPAKTUBHBIX IOCOK OOBACHSETCS POCTOM yNaJIeHHOW paboThl U 00yUYeHUsl B MUPE.
B a10i1 0651acTu cyniecTByeT MHOXKECTBO MCCIIeIOBaHUM U OonpocoB. CTaTUCTUUECKUE
nanaele CRM cuctemsl Inclient 06 ynaneHHol paboTe B MUpe MOKa3bIBaIOT, UTO C
2005 roma YMCIO COTPYOHUKOB, paboTaromMX U3 Joma Bblpocio Ha 159%.
WNHTepakTUBHBIE IOCKH MPEACTABICHBI B BUIE€ 00JaUHbIX pEUICHUN JIJIsi KOMIIbIOTEpa
U MOOWIBHBIX YCTPOMCTB. MOOMIbHBIE BEPCHM MO3BOJIAIOT IMOJIb30BATENSIM MMETh
JOCTYI K MHTEPAKTUBHBIM JJOCKaM B JI000€ BpeMsi. ITO 0COOCHHO BaKHO B YCIOBUSAX
yIaJIEHHOM paboThl U JAMCTAHIMOHHOTO OOy4eHus. MoOubHbIE YCTPOWCTBA
ABIAIOTCS AP (EKTUBHBIM HMHCTPYMEHTOM [IJIsl PEIICHUS I[IUPOKOTO CHEKTpa
TeXHUUYECKUX 3amad. OHM 00ecrneunBaloT MOOMIBHOCTH, JIETKOCTh HCIIOJIB30BAHUS,
yI100CTBO M IIUPOKHI (QyHKIMOHAI. MOOWIbHBIE YCTPOMCTBA MNPEAOCTABISIOT
J0CTYyN K MH(OPMAIMK, BO3MOKHOCTh ISl pa0O0ThI C Pa3NTUYHBIMU MPUIIOKEHUSMU,
cOOp W aHanmu3 JaHHBIX, a TaKXKe YIPOIIEHWE M ONTHUMHU3ALMIO IPOIECCOB B
TEXHUUYECKOH cepe. B cBsA3M € 3TUM, OHU CTAaHOBATCA HE3AaMEHUMbBIM UHCTPYMEHTOM
11t poeCCUOHATIOB B 00JIACTH TEXHUKH.

Abstract. The interactive whiteboard market is growing significantly. This tool
is widely used when teachers interact with students and professionals work together
in the workplace. It provides fast and intuitive annotation, simultaneous access of
multiple devices to a single virtual whiteboard. The volume of the interactive
whiteboard market is explained by the growth of remote work and learning in the
world. There are many studies and surveys in this area. The statistics of the Inclient
CRM system on remote work in the world show that since 2005 the number of
employees working from home has increased by 159%. Interactive whiteboards are
presented in the form of cloud solutions for computers and mobile devices. The
mobile versions allow users to have access to interactive whiteboards at any time.
This is especially important in the context of remote work and distance learning.
Mobile devices are an effective tool for solving a wide range of technical tasks. They
provide mobility, ease of use, convenience and wide functionality. Mobile devices
provide access to information, the ability to work with various applications, data
collection and analysis, as well as simplification and optimization of processes in the
technical field. In this regard, they become an indispensable tool for professionals in
the field of technology.

KiroueBble cj10Ba: MHTEpaKTUBHAsA JIOCKa, MOOWIBHOE MPHUIIOKEHUE,
IJIAaHUPOBaHUE, OOIIHI JOCTYII, PEKUM PEATLHOTO BPEMEHH.

Keywords: interactive whiteboard, mobile application, planning, sharing, real-
time mode.
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NutepakTuBHass nocka — 93T0 3((EKTUBHBIA YHUBEPCAIBbHBIM HHUPPOBOI
WHCTPYMEHT, MPEAOCTABISIOMMNN (YHKIIMOHATBHBIE BO3MOXHOCTH (hU3UUYECKOU
JOCKM B BHUPTyallbHOM mpocTpadHcTBe. OHa wHCHONb3yeTcs Uil  OOBSICHEHUS
KOHIIEMIIUH, BU3YyaJU3allMu UJeH, MO3TOBOTO IITypMa, MpeACcTaBiIeHus UHGOpMaIuu
U TPUHATHUS KOJUIETHAJbHBIX pemieHuil. [IpumeHeHHe WHTEPAKTUBHOM JOCKHU
0COOCHHO Ba)XHO MpH ynaieHHo ydebe u pabdote [1]. IIpeumyiiecTBo gaHHOTO
WHCTPYMEHTA 3aKJI0YaeTCsd B CIOCOOHOCTH TMOAJCPKUBATH COTPYIHUYECTBO U
KOMMYHUKAIIMIO B PEXUME PEaJIbHOTO BPEMEHU MEXKIY YYaCTHUKAMU, HE3aBUCHUMO
OT UX TeorpauyecKoro pacroioXeHus. Pa3BUTHE TEXHOJIOTHUM, POCT YAaJleHHOU
paboThl U BUPTYaJIbHBIX BCTPEU MPUBEIM K MAaCCOBOMY PaclpOCTPAHEHUIO OHJIAWH-
JOCOK.

CymiecTByeT MHOXECTBO  JOCTYNHBIX IJIaThOpM U TNPUIIOKEHUH ¢
(GYHKIIMOHAIBHBIMA BO3MOKHOCTSIMM WHTEPAKTUBHOM JOCKH, Ha4MHasi OT 0a30BBIX
OecriaTHBIX OMIMHA W 3aKaHYMBas TPOABUHYTHIMU PEHICHUSIMH KOPIOPATHBHOTO
YPOBHS, TMpejlararolidMU IIUPOKUMA CHIEKTP (PYHKIMHA, BKIIOYAasi COBMECTHOE
UCITIOJIb30BAHUE DKpaHa, JOKYMEHTOB, BUPTYaJIbHBIX (POHOB, MPSIMYIO TPAHCIISIINIO U
MHOTO€ JIpyroe. OTH MPOrpaMMHBIE pEIICHHs HampaBieHbl Ha IJITAHUPOBAHUE,
COBMECTHYIO pabOTy ¥ BU3YyaJIU3AIHIO IMPOIIECCOB.

OgauM w3 pemieHUd  OOmmIeH  JOCKM — SIBISIETCS  «KaHOAH-TT0CKay,
NpeCTaBysiomas coOOW HMHCTPYMEHT [UIsi yNpaBiIeHUss pabodyuM MPOIECCOM Ha
UHAUBUAYaJTbHOM W KOMaHIHOM YpOBHAX. OHa MO3BOJSET BU3YaIM3UPOBATH ATAIlbl
paboThl, OTOOpaXkass MCIOIHUTENEH U CPOKM MOCTaBIEHHBIX 3anady. OJHaKo, Takoe
pelieHre npeaHa3HayeHo A pa3OueHHs] NMPOeKTa Ha 3ajJayd M He TMOIXOAMUT st
oOCyXXJIeHUsI TPeACTosNIeld paboThl U CIOCOOOB pEIIEHHUs, a TaKKe OrPaHUYEHO
(YHKIIMOHAJILHBIMH BO3MOXKHOCTSIMU: OTCYTCTBYIOT BO3MOXHOCTH CO3JJaHUSI CXEM,
TaOJIUI] ¥ PUCYHKOB.

K cymecTByromuM pemieHusM BU3yalu3allii TakKe OTHOCHUTCS Oenasi JI0cKa
Microsoft Whiteboard. /lanHoe npuiokeHHE SBISETCS MHCTPYMEHTOM ISl 3aIUCH
ujeld W KOHIICNIIMA Ha BHUpPTyaldbHOU gocke [2]. OcHOBHBIE (YHKIIMOHAIbHBIC
BO3MOXkHOCTH Microsoft Whiteboard 3akmrouarorcst B BH3yanu3alud W XpaHECHUHU
uHpopmanuu. CylecTBeHHBIM HEOCTATKOM MPUIIOKECHHS SIBISETCS MPUBI3aHHOCTH
K Cpele TMPOBENCHUS COOpaHMs: HCIONB30BATh JOCKY YIOOHO TOJBKO B Ciydyae
aBTOpM3alui  akkayHTa Microsoft, ocymecTBisis oOIIeHHEe WMEHHO TaMm,
MOCPEACTBOM 3BOHKA MJIM MECCEHIKEPA.

B HacToslee Bpemsi CyIIECTBYIOIIME PpEIICHHUS HWHTEPAKTUBHOM TOCKHU
MOJIB3YIOTCA CIPOCOM, HO HMMEIOT CBOM HEIOCTAaTKH, MOATOMY OBUIO MPUHSITO
perieHre pa3paboTaTh MOOWIIBHOE MPUIIOKEHWE, MO3BOJISIONICEe BHU3YaJTU3UPOBATH
nHQOPMAIIMIO I BCEX YYACTHHKOB COOpaHHS B PEKHUME PEalbHOTO BPEMEHHU.
QOYHKIHUOHAJIbHBIE BO3MOXXHOCTU TaKOTO PEIICHUS MO3BOJISAT COKPATHTh BpeMsl Ha
MPUHATHE  KOJUICTHANBHBIX — PEIIeHUN, OO0CeCreYnB OJHOBPEMEHHBIA  JTOCTYI
HECKOJIBKHX YCTPONCTB K €AMHOM TOCKE.

MoOwibHOE TpWIOKEHHE ObUIO pealM30BaHO MPU MOMOLIUM  CPEIbI
AndroidStudio Ha s3bIKE pOrpaMMUpoBaHus Java, C UCMOIb30BaHUEM 0a3bl JAHHBIX
Firebase [3]. Bo3MOXHOCTH MPHIIOKEHUS: aBTOPU3AIMS U PETUCTPAIIMS Yepe3 HOMEp
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teneoHa W TMOATBEPXKACHUS COOOIIEeHHUsT (CMC-KOI), A0OaBICHHE H300PAKECHUS
MoJIb30BaTeNs (PUCYHOK 1).

Pucynok 1. Uatepdeiic aBropusaiiuu MOOUIEHOTO MPUIOKEHHUSI

Pa3zpaboranHoe mnpuiokeHHe HMMEET BO3MOXHOCTh [100AaBICHUS TOCOK JJis
KaXJ0ro TOJb30BaTelNs, B KOTOPHIX MOXHO PHUCOBaTh PYYKOM, MHCATh TEKCT H
CTUpPaTh U300pakeHHs (PUCYHOK 2).

Pucynok 2. MaTEpdeiic mmaBHOro MEHIO U JJOCKH MOJIb30BaTeIs

[ToMuMO TIEPEUHMCIICHHOTO, IIOJIh30BAaTEIb MOXET JO00AaBIATh YYaCTHHUKOB B
KOKIYI0 TOCKY (PUCYHOK 3).
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JobaBuTb yacTHMKa

AMUTPHIKA BypKUH

ApTém

Pucynok 3. UnTepdeiic no6aBieHnst yuacTHUKA B IOCKY

[Tonp3oBaTenu, 3aperucTpUpOBaHHbIE B MOOMIIBHOM MPUIIOKEHUH, MOTYT OBIThH
n00aBIeHBl B JOCKY B POJIM yYacTHHKA, PUCOBAaTh M THcarh B Hel TekcT. [lpu
BOMPOCAX, TOJb30BATENb MOXKET BBIJEIUTh HEMOHATHYIO YacTh CXEMbI PYYKOH
Jpyroro 1BeTa (MmajJuTpa IpeacTaBieHa B BUJE YETHIPEX I[BETOB: YEPHBIM, KPACHBIH,
CUHMUM, 3€JICHBII).

BuiBOABI

Hcnonb3oBanre MOOMIBHOTO TPUIIOKEHUS WHTEPAKTHBHOW TOCKHU TO3BOJIAT
COKpAaTUTh BpEeMs Ha TMOUCK pEIICHUSA IS BU3yalIM3allud WHPOpPMAIUU BCEM
y4aCTHHUKaM BO BpeMsi COOpaHUs B PEKUME PEaIbHOTO BPEMEHH.
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PA3PABOTKA HHCTPYMEHTA ®OPMUPOBAHUS
U NPEJCTABJIEHUSI AHAJIMTHYECKOMW OTUETHOCTH
IHEHTPA XUMHNYECKOM NOJJIEP)KKHN ADC HA OCHOBE Bl

DEVELOPMENT OF A TOOL FOR THE FORMATION AND
PRESENTATION OF ANALYTICAL REPORTS OF THE NUCLEAR
POWER PLANT CHEMICAL SUPPORT CENTER BASED ON BI

I'porynenxo T.A., byitnos I1.B.,
OI'bOY BO «/BaHOBCKHI TOCYAapPCTBEHHBI YHEPIeTUYECKUN YHUBEPCUTET
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T.A. Grogulenko, P.V. Builov,
FSBEI HE «Ivanovo State Power Engineering University
named after V.I. Lenin», Ivanovo, Russian Federation

e-mail:tanyagrogulenkol @gmail.com

AHHOTanMsA. DJIEKTPOIHEPIUsi UTPAET OTPOMHYIO pOJIb B COBPEMEHHOM MHpE
U HMMEET MHOXXECTBO BaKHbIX (GyHKUMHA. OHa SBISETCS OCHOBHBIM HCTOYHHKOM
SHEPIUM U1 paA3JIMYHBIX CEKTOPOB JKOHOMHUKH, TAKUX KAaK MPOMBIILICHHOCTD,
TPAHCTIOPT, MH(POPMAIIMOHHBIE TEXHOJIOTHH, 3PaBOOXPAHEHHE U MHOTHE JApYyTHUE.
AtomHubie anekTpocTtadiuu (ADC) 3aHuMaroT o0coboe MeCcTo B TPOU3BOICTBE
anekTpuyecTBa. OHU UCMOJB3YIOT ANEPHYIO SHEPTHUIO, MOTYYAEMYIO IyTEM pacliaja
PaAMOAaKTHBHBIX aTOMOB, YTOOBI CO3/1aBaTh TEILJIO, KOTOPOE 3aTeM IpEeBpaIlaeTcs B
anekTpuuectBo. OnHako, ADC Takke COMpsKEHbI C HEKOTOPHIMU MpoOIeMaMHu U
OMACHOCTSIMU, TAKUMU KaK BO3MOXXHOCTh SJIEPHOTO aBapUHHOTO BBIOpOCA U
npoOJIeMbl C YTHIM3AlMEH PaJMOaKTUBHBIX OTXOM0B. [l0aTOMYy BakHO OOeCnedyuTh
6e30macHOCTh (PYHKIIMOHUPOBAHMS CTAHIUH, JIJIsl 3TOro co3natorcs pasnuynbie MC ¢
MIPUMEHEHUEM COBPEMEHHBIX TEXHOJOTHM, MOMOTAOIINE YEIOBEKY OTCIICKHBAThH
MPOLIECCHI, MPOTEKAOUINE B IPOU3BOACTBEHHOM IIUKJIIE

KauectBo Boabl, mpumensemoi Ha ADC B KayecTBe TEIUIOHOCUTENS U
XJIAJJaTeHTa SIBISIETCS BaXXHBIM (HaKTOPOM, BIHSIONMM Ha J((PEKTUBHOCTH U
0e30macHOCTh pabOThl CTAHIMHU. BOAHO-XMMHUYECKHH PEXHM MPEACTaBIACT COOOM
COBOKYITHOCTh XMMHMYECKHX XapaKTEPUCTHUK BOAbl. Ha MaHHBII MOMEHT OCHOBHOM
npobnemoii Benenns BXP na cranmmsx AO «Konmepn Pocaneproarom» siBnsiercs
HU3Kasi CKOPOCTh MPHUHSITUS PEUICHUN BCleACTBUE XpaHeHus uHpopmaiuu o BXP B
JOKaJNbHbIX 0a3zax, a TakKe OTCYTCTBHUSI JIOCTYHHBIX (HhOpM MpeACTaBICHUS
uHbOpMAaITIH.

JIns perieHus: BBIABICHHOM MNpOOJEMbI CO3JaH WHCTPYMEHT, MO3BOJISIONIUN
KOHCOJIUUPOBATh U aHaIU3upoBaTh MHPopmanuio o BXP Bcex aTOMHBIX CTaHUIUM
Poccun B eauHOM XpaHWIUIIE U NOPEAOCTABIATH pPe3yJbTaTbl B JIOCTYIHOMU
BU3yalibHOU (opme. B kadecTBe OCHOBHOM (hOpMBI MIpeacTaBieHUsT WHPOpMAIUU
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BbIOpaHbl HMHTEPAKTHBHBIE TI'papUKHA, THUCTOrPAMMBI W JIMHEHYaThle HarpamMmbl,
coOpaHHbBIE B €AMHYI0 BHU3yalbHYIO MaHeNb. BpiOpaHHas ¢opma NpeAcTaBICHUS
YOPOUIAET BOCHPUATHE OOJBIIMX OOBEMOB JAHHBIX U TO3BOJIIET CBOEBPEMEHHO
MPUHUMATh OOOCHOBAHHBIE PEIICHUS.

Abstract. Electricity plays a huge role in the modern world. It is the main
source of energy. Nuclear power plants (NPP) occupy a special place in the
production of electricity. They use nuclear energy produced by the decay of
radioactive atoms to create heat, converted into electricity. However, NPP are also
associated with some problems and dangers, such as the possibility of a nuclear
emergency release. Therefore, it is important to ensure the safety of the operation of
the stations, for this purpose various information system are being created using
modern technologies that help people track the processes occurring in the production
cycle

The quality of water used at NPP as a coolant and refrigerant is an important
factor affecting the efficiency and safety of the plant. The water-chemical regime is a
set of chemical characteristics of water. Now, the main problem of conducting WCR
in the Rosenergoatom Concern is the low speed of decision-making due to the
storage of information about WCR in local databases and the lack of available forms
of information presentation.

To solve this problem, a tool has been created that allows consolidating and
analyzing information about the WCR of all Russian NPP in a single repository and
providing the results in an accessible visual form. Interactive graphs, histograms and
bar charts assembled into a dashboardare chosen as the main form of information
presentation. This form simplifies the perception of large amounts of data and allows
you to make informed decisions in a timely manner.

KiwueBble cjioBa: ATOMHas 3JIEKTPOCTAHIUS, BOJHO-XUMHUYECKUU PEKUM,
cUcTeMa MOJJICPKKU MIPUHSITHUS PEIICHUS, BU3YyalU3allusl, aHAUIUTHUKA TaHHBIX.

Keywords: Nuclear power plant, water-chemical regime, decision support
system, visualization, data analytics.

Ycrpanenne TpoOieMbl  HECBOCBPEMEHHOCTH TPHUHSITHS — PEHICHHH 110
BOIIPOCAaM BEIEHUS BOAHO-XUMHUYECKOTO PEKUMA SIBISECTCS OQHON U3 MPUOPUTETHBIX
3agad B AO «Konuepn Pocaneproatom». Cornacno m.1.2.2 Tlpukaza Pocrexnanzopa
or 03.10.2018 N 486: «bezonacHocts AC pocturaercss 3a CuUe€T Kaye€CTBEHHOTO
MPOCKTUPOBAHMSI, KOHCTPYUPOBAHUS M H3TOTOBJICHUS OOOpPYIOBAaHMSI, Pa3MEIICHUSA,
coopykenuss u Okcmryatarun  AC  TOCpPEACTBOM  COOJNIOJEHUST TpeOOoBaHUI
denepanbHbIX 3aKOHOB, (DerepatbHBIX HOPM M TPABWI B 00JIACTH HMCIIOIH30BAHUS
aTOMHOU >Hepruu, POpMHUPOBAHUS U MOAJEPKAHUS KYJIbTYpbl O€30MaCHOCTH, yUueTa
OMbITa HKCIUTyaTalliM W COBPEMEHHOTO YpPOBHSI pa3BUTHUS HAyKW, TEXHUKA U
IIPOU3BOJICTBAY.
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HecBoeBpemeHHasi KOpPEKTUPOBKA KOHIIEHTPALIMU IPUMECEN BOJbI, TPUBOIUT
K U3HOCY 000PY/JI0BaHUS U, KaK CJICJCTBUE, ABAPUMHBIM CUTYAIIUSIM.

Paccmorpum nenouky peakuuii st kuciopopaa. [lpu orcyretBum Kuciaopoaa
(panuonu3 BOJbI MOJABIIEH ), MPUCYTCTBUE a30Ta B BOJE MEPBOr0 KOHTYpa MPUBOIUT
K 00pa3oBaHMIO aMMHaKa, MOCKOJIBKY BOJIOPOJl BCErja MPUCYTCTBYET BCIEACTBUE
paanoyn3a BOJbl 1 XUMHUYECKUX JOOABOK.

[Ipouecc B3anmMoOAEHCTBUSA a30Ta C PAAUOIUTUYECKUMU Ia3aMHU MO IE€UCTBUEM
MOHU3UPYIOIIETO U3IYyUYECHUS, IPU HAIMYUHU B BOJIE€ KUCIOPOa, MOXKHO MPEICTABUTH
B Bue 1enoyuku (1).

N, + 3H, + 2H,O — 2NH4OH,
2NH4OH + 1,50, — 2HNO;, + H,O + 3H,, 2HNO; + O, — 2HNO; (1)

[Tpu GonbIINX MOTJIONIEHHBIX 103aX U3JIYYEHUs MPOIECC UIET 10 00pa3oBaHUs
KOHEUYHOTO MPOAYKTA, TOITOMY OH 3alMChIBACTCS B BUJIE OAHOU peakiuu (2).

2N, + 2H,0 + 50, — 4HNOs3
(2)

OOpazoBaBmiasicsi a30THas KHCIOTa YBEJIMYHUBAET CKOPOCTh KOPPO3UHM U
YCKOPSIET HAKOTUICHUE OTIIOXKEHUI Ha nmoBepxHocTu TBOJIoB, a Takxke cHuxaet pH.

[IponyKThl KOppO3WHM YaCTUYHO B3aWMOJIEMCTBYIOT C a30THON KHUCIOTOM C
obpazoBanueM Fe(NO3)3 — HutpaToB (3),KO0TOpbIE THAPOIUIYIOTCS IO peakiuu (4)

Fe,Os; + 6HNO; — 2F€(NO3)3 + 3H,0O
(3)

4)

FG(NO3)3 +3H,0 — FG(OH)3 + 3HNO3

OOpasyromiasicsi TUAPOOKUCH jKene3a (IPOMEKYTOYHOE COCIMHEHHE TIPH
PKABJIEHUH ) MOXET OTKJIAJbIBATHCSI HA BHYTPEHHEN MOBEPXHOCTU 000PYA0BaHUS.

CkopocTh pocTa 3TUX OTI0KEHUN MPONOPIUOHATbHA KOHIEHTPALIUU Keje3a B
BOJi€ (QHAJIOTMYHOE COOTHOILIEHHWE CIPABEMJIMBO M [l JPYTHUX XUMHYECKHUX
anemeHToB [7, 10]), cmemoBaTenbHO, HEOOXOAMMO KOPPEKTHPOBATH BO3HUKAIOIINE
OTKJIOHEHUSI 3HAYEHUH IMOKa3aTeliel OT HOPMbI CBOEBPEMEHHO, HE JOMYCKaTh pOCTa
KOHIIEHTpAI[MN TPUMECE B BOJE M H30eraTh UIMTEIHHOTO COCTOSHUS OOBEKTa
yIpaBJeHUs BHE JUara3oHa HOPMaJIbHbIX 3HAUEHUH.

B mHacrosmee Bpemsi wuHbopmarmonnble cuctemMbl ADC  Konmepna
OCYLIECTBIISIIOT CaMOCTOSITEbHBIM COOp AaHHBIX B JokajabHble bJl, U3 KOTOpBIX
MPOU3BOUTCS BHITpYy3Ka ¢aiiinoB B popmate *.dbf. daiinm BeITpy3KHu 3arpyxkaercs B
MpujioKeHue, pazpadoranHoe Ha 0aze MS. KpoMe XpaHeHUs AaHHBIX, TPUIOKEHHE
M03BOJIIET (POPMUPOBATH ABTOMATUYECKUE CTAaHAAPTHBIE OTYETHI, TPOTOKOJBI. Takxke
MpeyCMOTpPEHA BbITpy3Ka oTnaeibHbIX napameTpoB B EXCEL ¢ nenbro npoBeaeHus
HEOOXOJUMBIX pacy€ToB U mocTpoeHus rpaduxoB. Ha ocHoBaHMM TpeAcTaBICHHON
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OTYETHOCTH JIMIlY, NPUHUMAIOLIEMY pEUIeHUs, MPEeAOCTaBIseT HH(pOpMaALUIO B
LEHTpaJIbHBIN amnmnapaT o TpeOyromuxcs n3meHenusax B eaeHnn BXP. Ha pucynke 1
MpEeACTaBIEHAa MOAEIb TEKYIIETro npouecca Beaenus BXP.

OTKOppEKTHPOBARHEIS SHATHHA

PesynbTatsl MTATHOTD

1300paToPHOTD XMIMECKOro Coobmerns o6
KOHTPOA. PesynsTars! wrataore ommbKe aﬁ 5
ABTOMATHYECKOTO RHMITECKOTO dopmara/Tina ¢ : -
KOHTponA. JonoMHNTE B bR 3anonHeRHEI: YE3saHHEM monsi —
nona B B MS e
ACCESS Jannrre SHATEHHI
o2 B 7S KOpPpeKTHBI? 4 |
C[’Dp).m!:msme L4 3arpyska JaHHRX [Tposepra X %
ncxox:ikue::mm Pailr ¢ i St < 192
1 I 2 5 2 | 3 | J2 I Brtop
Eod[;;tan 2 Coobmerme 08\ ) mpunoweris ma
: yomemEo a00TEI C JaHERIMK
3BEPIIEHIN 3 |
BrifparHoe npunokeHne NpOBEPEN
3 BriSpannei = a Ynpaenemueckne
ACCESS 02 Bastiop — 02 Hagopyammia, npeacTasIeHHad B 0TaETe pemeEnE
Tpoec
—] mpuinges prose \ 8
oTuETE I -
i | 3 | —M 0 i VIIPABIeHIECKER >
T pemerwii o BXP
B Brirpyxennse B . g Hegopyama,
Bi ; OaEHBIE B SICTABNEHAAE
— ﬁzﬂ Hposeiiem:e — Toctposmmz ;srpa Guxe Hagopmams of
EXCEL & Excel pacuéros rpadusa 00BEKTE YOPABNeHIa B
- EnSparHoii hopue
3 | [} | 10 |

Pucynoxk 1. Ilpouecc Benenuss BXPB Horaruu IDEF3

O06beM HcXOmHOW HMH(pOpPMAIMHU, TOPSAOK Tepedadyd JAaHHBIX OIpeeIseTcs
[Tonoxenuem PJ] 30 0207-00 "O nopsiake nepenayr aTOMHBIMUA CTAHIIMSIMU JTaHHBIX
10 BEJICHUIO BOJHO-XUMHYECKOTo pexuma' [9].

OcHoOBHOU (QopMOI 0TOOpaKEeHUs JAHHBIX O COCTOSIHUM OOBEKTa YIpaBICHUS
SABISIETCATA0INIIA, HAaOOpPHl 3HAUCHUM IIOKa3arejleld KadecTBa CO  CTAaHIUH
dbopMupyrOTCS 10 MadJIOHY (PUCYHOK 2).

Mecan Bona KMITL [TuTarensHad Boaa Bona kontypa
roJa oxnakneHns CY3
X, Cl, Cwu, X, 0, pH Cl,
MxCmienm | mxr/ mv® | mir/ as® | meCwmiem | Mer/ am® MKr/ M’
Hopma

Pucynoxk 2. [1IabnoH TaGauIIBI 3HAYSHHI TAPAMETPOB KaYeCTBA BOJIBI

B npumewyanun k Tabnuue, NPUBENCHHOM HA pUCYHKE 2, YKa3bIBalOTCS
pe3yJIbTaThl JIOMOJHUTEIBHOTO JUAarHOCTUYECKOTO XHWMHUYECKOTO KOHTPOJSA IIpU
OTKJIOHEHUSIX HOPMUPYEMBIX [MOKA3aTEIEH.

CornacHo nMCCIeA0BaHMUIM B 001aCTH KOTHUTUBHOW TICHXOJIOTHH, TAaOJIWYHAS U
TekcToBasg (opma mpeacTaBieHUuss HHPOPMALMKA HE SIBISETCA ONTUMAJIbHOU H
3aTPYIHSET MPOLECC BOCIPHUITHS U JAJBbHEUIIEro NPUHATUA peumeHuil. M3ydyeHue
JTUTEpaTypbl MO3BOJIUIIO BBIIBUTH OCOOCHHOCTH BOCIIPUSATUS UHPOPMAIUU:

1. Ha 80% BbIpacTaeT >kejlaHue NpouecTb MaTepUa, €CJIM OH CHAOXKEH
[IBETHBIMU KapTHHKaMH [2];
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2. Ha 3239% nyunie BBINOJHSAIOT 331aHUE PECTIOHICHTHI, IE€HCTBYIOIINE 110
MHCTPYKLIMH C KAPTUHKAMU U TEKCTOM [4];

3. JIrogu nomusAT 10% ycnsimannoro, 20% npountannoro, u 80%
YBUJIEHHOTO [3];

4. B 60000 pa3 ObicTpee BOCIPUHUMAETCS BU3yallbHAsi HHPOpMaLUs 110
CpPaBHEHUIO C TEKCTOBOM [1].

Hcxoas u3 nmepedrciaeHHbIX UCCIIeIOBaHUN, MOKHO ClIeJaTh BBIBOJ, YTO IS
MOBBILLIEHUST CKOPOCTH BOCHPHUATHS HHPOpMAUUU cleAyeT MHHUMHU3UPOBATh
KOJMYECTBO TEKCTa WU TAOJIMILl U U3MEHHUTHh (POpMY MpeACTaBieHUs OONbIIEeH 4YacTh
uHpopmanu 00 00bEKTe yIpaBlieHUs Ha rpaduyYecKyIo.

Brei6op QopMmbl mpeacTaBlieHHs] 3aBUCUT OT IMpeAMETHOM obnactu, dopmara
JaHHBIX W Uenu Bu3yanuzauuu. Ha ocHoBe kHuru “I'oBopu Ha sA3bIKE guarpamMm’
Jxuna Kenssuel [6] u  omucanus ngaHHbIX nporecca BXP  (tabmuma 1)
dopmMupyrotcst TpeOoBaHuA K TUIaM rpadpuyeckux Gopm npeacTaBiIeHUs.

Tabnuua 1. lanusie nponecca BXP

HaumeHoBaHue Tun

HanmeHoBaHMe noka3aTesnel kauecTBa 00beKTa YIpaBIeHUs! JuckperHsie

3HaveHus NokasaTesel KauecTBa 00bEeKTa YIpaBIeHUsI HenpeprIBHBIE BpeMEHHbBIE
3HaveHus HOPMBI NTOKa3aTesel KauecTBa JHucKpeTHbIe

Koopaunatsl cTaHimu ['eorpaduueckue
HaumenoBaHnue craHuuu JuckperHble

Tun sHeprodiioka JuckperHbie

Pesxxum pa0boThl 3HEprodIioka JuckperHbie

g npunsatus pemieHud no BeaeHuo BXP nuny, nmpuHUMaromeMy pemeHus
HeoOxoauMa uMHMOpMaIUs 0 TUHAMUKE 3HAYEHUM MoKa3aTejell KayecTBa, CBOJHAS
uHbOpMAaIIMs MO CTaHIUSM U DHEPro0JOKaM C IIEJIbI0 BBISBICHUS TEHACHIUN
3HAYCHHUH B 3aBUCUMOCTH OT TeKyImiero BXP u reorpadudeckoro nmonoxenus. Kpome
TOTO, NIl OTCICKHBAHUS OOIIEH CUTyalud Mo cTtaHuusM KoHIepHa MpoBOIUTCS
CPaBHUTEJIbHBIN aHAIU3.

Hcxons w3 mepedyrclIeHHBIX MOTPEOHOCTEH M COIMOCTABJICHHS TaOIHUIBI 2 C
KHUTOM [6], MOXHO cJenaTh BBIBOJ, YTO HauOosee moaxodsmield Qopmoi
MpeacTaBieHrs OyIeT MHTEPAKTHBHBIM JamiOop., BKIIOYAIONIMN B ceOsi HaOOpbI
BU3yalu3allMii B BHUJAE JMHEHHBIX JUArpaMM, OTOOPAKAIIHUX JHHAMHUKY
MoKaszarelieil KauecTBa OOBEKTa VYIPABICHHS, KOJOHOK W THCTOTpaMM JJIs
OTOOpaKEHUsI PE3YNbTATOB CPABHUTEIHHOTO aHAIM3a KOJIWYECTBA OTKJIOHEHUU OT
HOPMBI Ha CTaHIMSAX WIM OHHEProdjokax. Bo3MOXKHO UCHOIB30BaHUE KapThl,
MoKa3bIBaroIIel reorpaduyueckoe pacmnonoxenne ADC KonmepHa.

CoBpemennsiil peiHOK [T mpemiaraer 0oibioi HAOOpP THUIOBBIX MPOEKTHBIX
pemernii (TTIP), Ha OCHOBE KOTOPBHIX MOMXKET OBITh CHPOSKTHPOBAaHA COOCTBEHHAS
cuctema. Mcxoas u3 GyHKIIMOHATBHBIX (TpeOOBaHUS K TOCTYITHBIM BU3YyalU3aIHIM),
HeyHKIIMOHANBHBIX (TpeOoBanus mo coBMmectumocTu TIIP u uHbOpManmoHHOrO
koHtypa Koninepna (OC — AstralLinux SE)) u peiHOUHBIX TpeOoBaHUM (poccuiickoe
TIIP, Bxoaut B peectp otedectBeHHOro II0), BeiOpana Bl-cuctema Annekc
Datalens [5]. Ona oOsamaer psigoM MNPEUMYIIECTB: HE HMMEET OrPAHUYECHUU 110
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KOJIMYECTBY MOJIb30BaTENCH M 00BbEMY XpaHUMBIX JAaHHBIX; UMEET BBICOKMH KIAcc
3alUIIEHHOCTH JAHHBIX; OTKPBITBIA KOJA W TOJHBIA JOCTYN K JOKYMEHTAllUd Ha
CHCTEMY, YTO TIO3BOJISICT MPOIIEe M OBICTpee WHTETPUPOBATH €€ ¢ MH(OPMALMOHHON
Cpelloll opraHu3alnMM;, O€CIUIaTHBIM JOCTyn, He TpeOyrowuil o00s13aTeabHON
JOTIOJIHUTENIPHON TIOKYIIKM KOMIIOHEHTOB; MPOCTOTa HMHTETPAllMU C WCTOYHHKAMU
JaHHBIX, B KaueCTBE KOTOPHIX B pa3pa0dOTaHHOW CHCTEME BBICTyMAaeT eauHas 0asza
NAHHBIX, CHpPOEKTUpoBaHHas Ha ocHoBe poccuiickoi CYB]J[ PostgresPRO. Ha
pUCYHKE 3 TpelcTaBlieHa MOJElIb CUCTEMBbI C yKazaHueMm ucnoisibzyemoro 110 u
MPOTOKOJIOB B3aUMOJIEHUCTBHS.

Obaako

AHanHTHYe CKast HTTPS

[aHelb

Aunere

Bl-nHcTpyMeHTH > ~
opay3ep

v ANTERC

HaGop nanueix

Cepsep

Kauent

l’lHTErp&HI!OHHE\F{ mHa

API

; iCepsephas

= ; I T

% ; AP TCP/IP nanubic;

o . > . Postgres Pro Aunexe

B | e Cepsep Pl ]\ dpawep i

= i i + [IK agmunncTpatopa 1 AJMuEECTpaTOp

Jpatisep: psqlODBC(64 bit)
HacTpoiika nepeaaun TeroB 4epes Ko

B ailie
C:NGDEVICES\OPC2SQL'settings\tags. json

Pucynoxk 3. Mojienb cUCTEMbI MOJICPKKH IPUHATUS PEIICHUIN 110 BEACHUIO
BXP

Ha pucynkax 4 — 6 mpeacTaBieHbl NPUMEPHI BU3Yyalu3alvil, CO3MaHHBIX IJIA
MOAJEPHKKU IPUHATHUS pelIeHu! 1o BeneHuo BXP.

'l 0’ LienTp Xumuueckoi Moppeprxkkn A3C
RAara  15.10.2023-31.10.2023 Bnox
Cranums v Cocronmme
Xnopua-uoH Xnopua-voH ®TOpPUA-HOH ®TOpUA-HOH
utoro megawa  woro e Anama
2 0,10 1 0,05
MaccoBas KOHUEHTPaUMs XNOPUA-MoHa DTOPUA-MUOH
MaccoBas KOHUEHTPALUA XNOPUA-HOHA Maccosas KOHUEHTPaUUA GTOPUA-HOHA
28 OxTabps 2023 C6 I
. = ukeiiHuiA TReHA
IKCNOHEHUMANBHMIA TPEHA ©,1122
Maccoean KOHUEHTDAUMNA XAOPHA-HOHA 0,10

Pucynok 4. Yacte ananutnueckoit nanenu LIXII
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CpaBHUTEeNbHbIW aHaNU3 KONWYECTBa OTK/IOHEHWIA noka3aTenem
BXP no craHuuam

BEANAKOBCKAA
BMNWMBWMHCKARA
BENOAPCKAA

KATIMHMHCKAS

Pucynox 5. IIpumep Bu3yan3anuy CpaBHUTEIBHOIO aHAIN3A KOJIMYECTBA
OTKJIOHEHU U

KAPTA

i Toukm

® [56.84083,61.3219...
...................... cramronckas  RECE i AR . -y o0s0ns 50 055
[67.46528,32.4833...
[52.09278,47.9538..
- [68.05028,166.538...

Ot 4 A

Pucynok 6. Kapra ¢ pacnionoxenunem A2C

BriBoabl

B xone uccrnenoBanusi ObUTH CAENIaHBI BBIBOABI O BAXXHOCTH WH(OPMAITMOHHON
nonepxkku nporecca Benenus BXP. [lpaBunbHblit cOop U mpencTaBieHue JaHHBIX
00 00BEeKTe ympaBICHUS OYCHb BAXKHBI MPU TPHUHATHU pemeHnid. C MOMOIIBIO
BHU3YyaJIU3alMA MOXKHO OBICTPO ONPEEIUTh TEHACHIIUU U 3aKOHOMEPHOCTH B JJAHHBIX,
KOTOpPBIE MOTYT OBITh HE3aMETHBI MPU OOBIYHOM TPOCMOTpPE TAOIHI] Wi TPadUKOB.
OT0 MOXET NMOMOYb BBIOpaTh HanbOosee MOAXOJAIIEE PEIICHUE WU OOHAPYKHUTh
HOBbIE BO3MOXKHOCTH. KpoMe Toro, BU3yanu3zanus MOXKET yIy4dllluTh KOMMYHUKAIIHIO
MEXKJy pa3IMYHBIMM  YYaCTHUKaMU TIpoOIlecca TMPUHSTHS  pPEIICHUM, Jenas
uHpopmanuio Oonee  JOCTYmHOM  1Jii BCEX 3aMHTEPECOBAHHBIX  CTOPOH.
AHanuThueckas MaHeslb — OAWH U3 CaMbIX MOIMYJISAPHBIX CIOCOOOB MpPEACTaBICHUS
unpopmannu 00 oObekre ynpasieHus. lIpencraBieHue AaHHBIX XUMHUYECKOTO
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KOHTpOJsE B (opme nambopaa crnocoOCTBYET MOBBIIICHUIO CBOEBPEMEHHOCTH U
TOYHOCTHU IPUHUMAEMBIX PELIEHUN 110 BopocaM BeaeHus BXP.
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VJIK 004.9

BUPTYAJIbHBIA TPEHAKEP 1O U3YUEHUIO AHTJIOSA3BIYHBIX
HE®TEI'A30BbIX TEPMHWHOB

VIRTUAL SIMULATOR FOR STUDYING ENGLISH OIL AND GAS TERMS

XKapunos 10.A., Ubarymnun M.O.,

Wuctutyt Hedrenepepadborku u Heprexumun GI'BOY BO YI'HTY B r. Canasare,
yi. ['yOkuna, 22 0, r. CanaBat, Pecniybnuka bamkoprocran, Poccus, 453250
Y.A. Zharinov, ML.F. Ibatullin,

Institute of Oil Refining and Petrochemistry FSBEI HE USPTU in Salavat, Gubkin
Str., 22b, Salavat, Republic of Bashkortostan, 453250, Russia

e-mail: ibatullinevil@gmail.com

AHHoTanusA. B Hame BpeMs BuUpTyanbHas peanbHOCTh (VR) cTaHOBUTCS BCe
OoJjiee akKTyalbHOM M BOCTPEOOBAHHOW TEXHOJIOTHEH, HAXOJs NPUMEHECHHUE B
pasnmuuHbIX cdepax >Ku3HU ueiaoBeka. OpHOM M3 TakuxX 0O0JacTedl SBISIOTCA
oOpa3oBaHH€ W TPEHUHTH, TJI€ UCIOJb30BaHHEe VR MOXXET 3HAYMTENbHO MOBBICHUTH
3G (PeKTUBHOCT, O0O0Y4YEHUSI U COBEPIIEHCTBOBATH MNPUOOPETEHHE CHEIMATbHBIX
3HaHUM. BupTyanpHass peaJbHOCTh MO3BOJSET CO3/1aBaTh CpeAy, B KOTOpPOH
oOydaeMble MOTYT MPHOOpETaTh U Pa3BUBATHh MpaKTUUYECKHWE HaBbIKU. Pa3zpaboTka
BUPTYAJbHBIX TPEHAXKEPOB JIs1 00yUeHUsT HEPTEra3oBbIM TEPMUHAM Ha aHTIHHCKOM
SI3bIKE TIPEJICTABIACT COOOM OJHO W3 HANpaBJICHUH, B KOTOPBIX IpuMeHeHHe VR
MOXET OBITh OCOOEHHO TIOJIE3HBIM. JTO TIO3BOJISIET CO3AaTh WHTEPAKTUBHBIE
CIIEHAPHH, TJ€ CTYACHTBHI MOTYT MOTPYKaThCS B BUPTYAIbHYIO Cpelly HEPTEra3oBoii
OTpaciii, 0OCBaNBaTh TEPMHUHOJIOTHHN HA aHIJIIMICKOM SI3bIKE U YIIYYIIaTh CBOU HABBIKU
B PCIIICHUM 3aJ1ad, CBS3aHHBIX C 3TOM cepoi. B maHHOW cTaThe paccMaTpUBAIOTCS
MOTEHIINAJT BUPTYaTbHON peaJbHOCTH B 00pa30BaHUM, OCOOEHHOCTH €€ MPUMEHEHUS
JUIsE  co3MaHus OOydYalImMX MporpaMM W TPEHAXEPOB, a TakkKe KOHKpPETHas
TEXHOJIOTUSI Pa3pabOTKU BUPTYaTbHOTO TPEHAXKEpPA MO M3YUYCHHIO HE(PTETa30BBIX
TEPMUHOB Ha AHTJIMUCKOM si3bike. (OcoOyl0 3HAYMMOCTh MMEIOT MPEUMYIIECTBA
JAHHOIO IIOAXO0Ja, a TakKe€ BO3MOXXHOCTM €ro JaJbHEWIIErO0 pa3BUTUS U
IIPUMEHEHHS.

Abstract. Nowadays, virtual reality (VR) is becoming an increasingly relevant
and in-demand technology, finding application in various areas of human life. One of
these areas is education and training, where the use of VR can significantly increase
learning efficiency and improve acquiring specific knowledge. Virtual reality allows
learners to create an environment in which they can acquire and develop their
practical skills. The development of virtual simulators for teaching oil and gas terms
in English is one of the areas in which the use of VR can be particularly useful. This
allows students to create their interactive scenarios where they can immerse
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themselves in the virtual environment of the oil and gas industry, master
terminologies in English and improve their skills in solving problems related to this
area. This article examines the potential of virtual reality in education, the features of
its use for creating training programs and simulators, as well as a specific technology
for developing a virtual simulator for studying oil and gas terms in English. The
advantages of this approach are of particular importance, as well as the possibilities
for its further development and application.

KiroueBble ciioBa: BUPTyalnbHbIA TpeHAXKEP, 00yUeHHE CTYIEHTOB, ITPOBEPKA,
BUPTYyaJlbHasl PEAIbHOCTh, TEPMUHBI.

Keywords: virtual simulator, student training, testing, virtual reality, terms.

OOyueHHne CTYJIEHTOB aHTJIMMCKOMY SI3BIKY C HMCIOJIb30BAHMEM TEXHOJOTHI
BUpTyanbHOU peanbHOcTH (BP) mpemocrtaBnser yHUKaJIbHBIE BO3MOKHOCTH JIJIs
2 PeKTUBHOTO W 3axBaThIBAIOIIEr0 oOOpa3zoBarelibHOro mnpoiecca [1]. OmHo wu3
NPEUMYIIECTB HUCMOJb30BaHusg BP B 00yd4eHMM aHTVIMICKOMY SI3BIKY 3TO
BO3MOXKHOCTb TPAKTUKH PA3roBOpPHONW peud. BuprtyanbHble ClIEHApUH MOTYT
BKJIIOUYaTh B ceOsl cUTyalluu OOIIeHHS, TaKh€ KaK IO€3KH B aHIJIOTOBOPSIIYIO
CTpaHy, OOIlIEHHE B PECTOPAaHE WM CUTYallMH Ha paboTe. ITO MO3BOJSET CTYICHTAM
TPEHUPOBATH HABBIKU PA3TOBOPHOM PEUM B MPAKTUYECKUX YCIOBHUAX.

CornacHO AaHHBIM HCCleOBaHUS [2], OKUIAETCS, YTO PHIHOK BUPTYabHOM
peanbHOCTH B cdepe oOpa3zoBaHus BeipacTeT ¢ 25,85 mupa nomtapos CIIA B 2024
roay a0 67,02 mupna nomnapos CIIA k 2029 rony, npu cpeHErogoBOM TEMIIE POCTa
21% B Tteuenwe mnporHozupyemoro nepuoaa (2024-2029 rr.) (pucynok 1). 3a
MOCJIETHUE HECKOJIbKO JIET TeXHoiorus VR momyumna mmpokoe MNpU3HAHHME U
BHeJpeHre. HemaBHUE TEXHOJIOTMUECKHE IOCTIXKEHHUS B 3TOM 00JIACTH OTKPBUIU
HOBBIC TPEANPHUATUS M HAYald BHEAPATH MEPEIOBON OMBIT OOYYEHHsS] B KPYMHBIX
YHUBEpCHUTETAX, KOJUIeIKaX M IKodax. VR  TexHonorum mnpenocTaBisieT
CBEPXBO3MOKHOCTH B OOYUYCHHUH, a TAK)Ke 00JIErv4aroT JOCTYII K oOpazoBaHuto [3].

Virtual Reality (VR) Market in [Teprog secaegosamma
Education

Market Size in USD Billion
CAGR Pasuep pemxa (2029) USD 67.02 nmmeapaa gotapos CIIIA

USDET.02B 7
CAGR(2024 - 2029) 21.00%

- Canenit BricTpopacTymmit CeEepHas AMepHEa

Pasuep pemxa (2024) D 25.85 Mapa aomtapoe CIIIA

Prmox
Canenit Bonsmofi PeHok CepepHaz AMepHEa

UsSD25.858 (CHOEEEIE HIPOKH

[
Microsoft
[
2024 2029 SAMSUNG

Jor Intelligence A

(OMeta

*0TEa3 0T OTESTCTESHHOCTH: OCHOEHELR HIDOKH 0TCOPTHPOEAHE: & MPOHIEOTEHOM MOPEIR:

Pucynok 1. Temn npupocta peinka VR-TexHonoruit B 00pa3zoBanuu
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Pa3paboTka BHpPTyaJIbHOIO TpeHaxépa 1O OOYYEHUIO aHIJIOS3BIYHBIM
He(TerazoBbIM TEpMUHAM  SIBJIIETCA  aKTyaJbHOM 3aayed B  KOHTEKCTE
YCOBEPIIEHCTBOBAaHMSI Y4EOHOI0 Mpoliecca.

C nomo1pto TpeHaXEPa MOKHO MOBBICUTh BHUMAHUE U MHTEPEC CTYJIEHTOB K
U3YYEHUIO  QHIJIMACKOrO  s3blKa, YTO  TIOMOXET  CTyIAEHTaM  YCBOHUTH
CHEIUANIU3UPOBAHHYIO JIEKCUKY B He(TerasoBol oTpacid M B JajbHEHIIEM
HCII0JIb30BaTh TEPMHUHBI B CBOEH KOMMYHHUKAIIMKM HAa aHTJIMMCKOM SI3bIKE.

Bupryanbnbiii TpeHaxEp ObLT peanu3oBaH npu nomoinu aeuxkka UnrealEngine
Ha si3bIKe nporpammupoBanus Blueprint.

Cozmana 3D Mojens OUTYMHOM YCTaHOBKH, KOTOpas BKJIIOYaeT B ceO0s
CIeIyIOIIMe MOJIEJN: BOJOKOJBIEBOM BaKyyMHBI Hacoc, TpyOa, 3aaBHXKKa
KJIMHOBAsA, IMPKYJSLMUOHHBIM HAcoC, KIiamnaH 3alopHbId, LEHTPOOEKHBIM Hacoc,
MHOTOCTYIEHYAThIii HAcOC, Tra3004YMCTHAS KOJOHHA, TEIJIOOOMEHHUK, KOJIOHHA
pexTudUKaMoOHHas!, CenapaTop, BAHTOBOM KOMIIpeccop (PUCYHOK 2).

> ® 3 @ pi

Pucynok 2.3D moaens 6utymHOM ycTaHoBKHU B mporpamme Unreal Engine

OcHOBHOW  3ajmaueld  TpeHaxk€pa  SABISAETCS  M3YYEHUE  AHIJIOSA3BIYHBIX
He(dTera3oBbIX TEPMUHOB. J{Ji 5TOT0 HEOOXOIUMO aTh MOIH30BATEII0 BO3MOKHOCTh
nepeMeniaTbcsi Mo KapTe, HAaBOAUTHCS HAa OOBEKT W CMOTPETh 3HAYCHUS CIIOBa Ha
PYCCKOM $3bIKE, a IOTOM HA AHIJIMKACKOM s3bIKe. s 3TOro Ha BCE 3JIEMEHTHI
HeoOxonuMo 100aBuTh KOMIOHEHT LineTrace. 9T0 KOMIIOHEHT, KOTOPBIH BBIMTYCKAET
U3 [UIeMa JIMHUI0, KOTOpasi TpU MO aHUH Ha OOBEKT TMOJICBEUNBACT €ro (PUCYHOK
3).

[Iepexnrouenne MexAy SA3bIKAMH PEaJW30BaHO C NOMOULIBIO TPUITEPA HA
MOJHATHE MTPEIMETOB B BUPTYaJIbHOU CPEAE.

[Tocne 3amycka BHPTYaJIbHOTO TpEeHaXXEpa IOJIB30BATENb NONAJAET HAa
BUPTYaJbHYIO JIOKAIIMI0 OWTYMHOW YCTAHOBKHM, T/l MOXET HadaThb H3y4YeHUE
AHTJIOA3BIUHBIX He(dTera3oBblXx TepMHHOB. (CHayala CTYAEHT YBUIUT CJIOBO Ha
AQHTJIUHCKOM SI3bIKE (PUCYHOK 4).
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Pucynok 3. Yactp peanuzoBaHHOro koaa komnonenra LineTrace

R e S

a3BaHHe 00BbEKTa Ha aHTJIMMCKOM SI3BIKE

= L |

PI/ICYK 4.

[locne HakaTusi HAa KHOMKY MOJHSTHS TPEIMETOB, MOJIb30BATENIb CMOXKET
MIOCMOTPETh NEPEBOJ] TEPMHUHA HA PYCCKOM SA3BbIKE (PUCYHOK 5).

Pucynok 5. Ha3zpanue o0beKkTa Ha PyCCKOM SI3bIKE
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BoIBOaBI

Hcnonp3oBaHue BHPTYaJdbHOTO TPEHAXEpPA IO H3YYECHHUIO AHIJIOS3BIYHBIX
He(Tera3oBbIX TEPMHUHOB MO3BOJIUT MOBBICUTH BHUMAHHE W HMHTEPEC CTYIEHTOB K
W3YYCHHIO AaHIVIMMCKOrO A3bIKA, YTO IIOMOXKET CTYIAEHTaM JIy4dllle YCBOHWTH
CHEUANTM3UPOBAHHYIO JIEKCUKY B HE(PTEra30BOM OTpACIIH.

Jluteparypa

4.  BuptyanpHas U JIONOJIHEHHAs pealibHOCTh B 0OpazoBanuu // SportZania
URL: https://sportzania.ru/about/publikatsii/virtualnaya-realnost-v-obrazovanii/ (nata
obpaimenus: 04.03.2024).

5. Buprtyanbnas peanbHocts (VR) B aHanmze pasMepa W J0JIM pBhIHKA
oOpa3oBaHusd — TEHAGHIMM pocta U  mporHo3sl  (2024-2029 rr.) //
Mordorintelligence URL: https://www.mordorintelligence.com/ru/industry-
reports/virtual-reality-vr-market-in-education (gata o6pamienus: 04.03.2024).

6.  BuptyaibHas peanbHOCTh B yueOe — yYUTh YUUTHCS, KaK B HACTOSIICH
xu3Hu // Globalcio URL: https://globalcio.ru/discussion/32509/ (nata oGparieHus:
04.03.2024).

VIIK 004.421

ITPOTPAMMHOE OBECIIEYEHME U1 @OPMUPOBAHUA
NHANBUAYAJIBHOI'O IIVIAHA ITPEIIOJABATEJISA YHUBEPCUTETA

SOFTWARE FOR FORMULATING UNIVERSITY LECTURER'S
INDIVIDUAL PLAN

3axapsn ['.A., lllynnees A.B., Huzamosa I".®.,
OI'BOY BO «Ypumckuii yHUBEpCUTET HAYKU U TEXHOJIOTHII,
r. Yda, Poccuiickas ®@eneparnus
G.A. Zakharyan, A.V. Shundeev, G.F. Nizamova,
FSBEI HE «Ufa University of Science and Technology»,
Ufa, Russian Federation

e-mail: zakharyan.george@mail.ru, artem_shundeev(@mail.ru,
nizamova_guzel@mail.ru.

AHHoTanmusa. OCHOBHOM 3aadedl WCCIEOOBAHUS SBIISETCS ONTHUMM3AIINS
MPOIIECCa COCTABICHUS UHIUBUYAIBHOTO TUIaHa pabOThI MpernojaBaresei B BhICIINX
y4ueOHbIX 3aBeleHUsX. [ moCTUKEHHUsI 3TOM Leld ObUIM MCIOJIb30BAHBI METOBI
pa3pabOTKU MporpaMMHOro obecneueHust Ha 0ase si3blka mporpamMmmupoBanusi Python
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u ¢peitmBopka PyQt5, a taxxe Oubmmorexku DocxTemplate, partial, jsonu sys.
Peanm3yemoe mnporpamMmmHoe oOecriedeHrne OKHO TO3BONUTH TMPENoaBaTessamM
3¢ (PEeKTUBHO IJIAHUPOBAaTh CBOIO Y4YeOHYIO, HAy4YHYH0 W OpraHu3alUMOHHO-
METOAMYECKYIO JeSATeNbHOCTh. B paMkax wucciemnoBaHUs ObUT MPOBENCH aHAJH3
npoOsieM, BO3HHUKAIOMIMX TPH COCTaBICHHHM WHIMBUAYAJIbHOTO IUTaHAa pPabOTHI
npernojaBaTeneil, W BBIABICHBI TpeOOBaHMA K (YHKIHMOHATY MPOTPAMMHOTO
oOecrnieueHus 1Jig UX perieHus. /s HarmsAHOTO TpPEeACTaBICHHUS TMPUHIIUIA PaOOThI
porpaMMHOro obecrieueHus, Obuta paspadorana monens Hotaruu IDEFO ¢ aByms
YPOBHIMH JEKOMIO3UIINH. B cTaThe Takke OMUCHIBACTCS MpoIece paboThl CO3MaHMs
UIIP IITIC npenonaBareneM U JAEMOHCTpalMedl SKpaHHBIX (OpM MPHUIIOKEHUS MPU
pabore c¢ [IIO. PesynbraTel wHCCIeNOBaHHS IMOKa3ajdd, dYTO pa3paboTaHHOE
nporpaMMHOe oOecrnieueHue aBsieTcst 3Q(HEKTUBHBIM CPECTBOM JIJIsi aBTOMAaTH3AIIH
nporecca IJIAHUPOBAHHWS AKTUBHOCTEW TpernojaBaTeneii. OTo CHOCOOCTBYET
MOBBIICHUIO HX TPO(hecCHOHANBHON >(PPEKTUBHOCTH M COKPAIIEHWIO BpPEMEHH,
HEOOXOMMMOTO  JJII  COCTaBJCHHS]  WHAWBHUIYAJIBHBIX  IUIAHOB  PaboOTHI
JlarHOGTIPOrpaMMHOE00eCTIeUeHUEOBLTO0I00PEHOIPETIOIABATEIbCKUMCOCTABOM.

Abstract. The main objective of the study is to optimize the process of
drawing up an individual work plan for teachers in higher educational institutions. To
achieve this goal, software development methods based on the Python programming
language and the PyQt5 framework, as well as the DocxTemplate, partial, json and
sys libraries were used. The implemented software should allow teachers to
effectively plan their educational, scientific, organizational and methodological
activities. As part of the study, an analysis of the problems that arise when drawing up
an individual work plan for teachers was carried out, and the requirements for the
functionality of the software for their solution were identified. To visually represent
the principle of operation of the software, an IDEFO notation model with two levels
of decomposition was developed. The article also describes the process of creating an
IPR teaching staff by a teacher and demonstrating the screen forms of the application
when working with software. The results of the study demonstrate that the developed
software is an effective tool for automating the process of planning teachers'
activities. This helps to increase their professional efficiency and reduce the time
required to draw up individual work plans. This software has been approved by the
teaching staff.

KiroueBble c¢j10Ba: MHIMBHUIYaIbHBIN TUIaH, madmoH, PyQtS, ¢dopmupoBanue
JIOoKyMeHTa, yaeOHas pabora, DocxTemplate, mpenogaBarenbCKuii COCTaB.

Keywords: individual plan, template, PyQt5, document formation, study work,
DocxTemplate, teaching staff.

BBenenue

OgHuM  ©M3  OCHOBHBIX  JIOKYMEHTOB,  peINIAMEHTUPYIOIIMX  padoTy
MpernojiaBaresis BBICIIETO YYEOHOTO 3aBEACHUs, SIBISETCS WHIWBHUAYaJIbHBIN IJIaH
pabotel npenogasatens (MIIP IIIIC), koTopelil coctaBisieTcs MpenojaBaresieM Ha
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MPENCTOSIINUNA y4eOHBII roJl HA OCHOBAHUM TOJOBOTO IJIaHA Kadeapbl U BKIIOYAET B
ce0s pa3nuuHble BUIBI palbOT: ydyeOHas, ydyeOHO-MeTOAMYECKas, HayyHas,
OpraHu3alMOHHO-METOANYECKas, BOCIIUTATENbHAS, npodoprueHTaMOHHAs.
[InanupoBanue paboOT, COCTABIAIOMIMNX BTOPYIO MOJIOBUHY JHS, BBINOIHIETCS CTPOIO
B COOTBETCTBUU C HOPMAMH BPEMEHH, YTBEP>KAECHHBIMH B KOHKPETHOM YYEOHOM
3aBeneHuu [1, 2]. [Ipu 3TOM HEOOXOAMMO KOPPEKTHOE 3alOJHEHHE BCEX IIAHOBBIX
MoKazaresieil: Bce 3HAuYe€HHUs [JOJDKHBI OBITh pacCuuTaHbl B COOTBETCTBUU C
TpeOOBaHUSAMH HOPM BPEMEHHU M HE JOJDKHBI COEepXkarh OMOOK. sl mOBBIIEHUS
KauecTBa M ympoiueHus mnpouecca noaroroBku HWIIP IIIIC 6wuto pa3paborano
OporpaMMHOE  OOecIieYeHHe, KOTOpOe TO3BOJIIET HAa OCHOBE BBIOpaHHBIX
(MIaHMpyeMbIX) TpernoaaBaTesieM BHAOB JCSATEIbHOCTH pPAacCUUTaTh IOKa3aTelu
BTOPOW IIOJIOBUHBI JHS WU CT€HEPUPOBATb TEKCTOBBIM NOKyMeHT «lomoson WIIP
[ITIC» B cooTBETCTBUU C 1IA0JIOHOM, IPUHATHIM B YHUBEPCUTETE.

Jnst pa3paboTku mporpaMmHoro obecrneuyeHusi Hcnojib3oBaiuch Python u
PyCharm Bmecte ¢ PyQt5 qnst GUIL I'paduueckuii untepdeiic cozgan B Qt Designer
JUISL ONTUMAJIBHOTO MacliTaOupoBaHus M ynoOcTBa wucnonb3zoBanus. WUIIP TITIC
npeacrasieH B ¢opmare doc u Moxer ObITh oTpenaktupoBaH B MS Word. [lns
3aMoJIHeHUSI UCTIONB3YI0TCs pyHKIMu 6ubnuorexku DocxTemplate[3, 5].

YyeOHoe mnpusoxeHue pazpadboraHo st 3GGEKTUBHOrO TUIAHUPOBAHUS U
yueTa paboyero BpeMeHu mnpemnojaBarenei. [loap3oBaTenb BBOAUT OOIIYIO TOIOBYIO
Harpy3ky (Hampumep, 1487 yacoB) u ydyeOHy0 Harpysky (Hampumep, 894,7 dacoB).
OcraBiieecs BpeMsi pacrlpelelisieTcss Ha BBIMOJIHEHHE pPa3IMYHbIX BHUIOB padoT,
COCTAaBISIIOIIMX BTOPYIO TMOJOBUHY [JHA mpenoaasarensa. [lnaHupyemble BHIBI
NESTENBbHOCTH BKIIOYAIOT Y4YeOHO- M OpraHU3allMOHHO-METOAMYECKYI0 padorty,
HAy4YHO-UCCJIEIOBATENIbCKYI0 M BOCHHUTarelbHyl0 pabory. [lomb3oBarens MoOXeT
BbIOMpATh HEOOXOMUMBIE BUIBI pa0OT M YKa3bIBaTh KOJIWYECTBO €AMHHMI] (HAIIpUMED,
KOJMYECTBO  3aJaHui, mnyOoiukKanuid © T.J.). [IpuinokeHne aBTOMATHYECKU
PACCUUTHIBAET KOJMYECTBO YaCOB, HEOOXOAMMOE [Jisi BBITIOJIHEHUS BBIOPAHHBIX
paboT, U oToOpakaeT CyMMapHOE BpeMs B BepXHEW dacTh »dkpaHa. Taxxke
OTOOpa)KaeTcsi KOJIMYECTBO 4YacOB, OCTaBIIMXCS He3alUIaHWPOBaHHBIMHU. Bech
IIPOLIECC OCYIIECTBISIETCS B HMHTEPAKTHUBHOM pEXUME: IMPU KaXIOM H3MEHEHUU
IIOJIb30BATEIbCKUX  JAHHBIX  [PUJIOKEHUE  aBTOMAaTHYECKHM  IEPECUHUTHIBAECT
pacnpenenenue BpeMmeHu. [locie 3aBeplieHMs IUIAHUPOBAHMS I1OJIb30BATENIb MOXKET
COXpaHUTh CBOIl IJIaH B TEKCTOBOM JOKYMEHTE COIVIACHO YCTAHOBJICHHOMY LIAOJIOHY
y4eOHOTO 3aBEICHHUS.

PaccMmoTpuM mpumep cOCTaBiIEHUS MHAMBUAYAJIBHOIO IJIaHA MPENOIaBaTes ¢
UCIOJb30BAHUEM Ppa3padOTaHHOTO MpPOrpaMMHOr0O obecreueHus. Ha r1maBHOH
SKpaHHOHN (opMe MPUIIOKEHUS JIJIsl BBOAA JOCTYIHBI J1Ba MO «YueOHas paboTa» u
«Bcero». JlaHHBIE O KOJIMYECTBE YaCOB, BBOAWMBIX B 3TH MOJS, IOCTYNAKOT
MpernofaBareslfo  OT CHelHaiucTa Mo ydeOHo-meToamueckor pabote. Ilocme
3allOJIHEHHUST 3THX JBYX IMOJIeH, IporpaMma aBTOMAaTHYECKH PAaCCUUTHIBAET
OCTAaBIIMECS Yachl, KOTOPbIE HEOOXOAMMO PacIpeleIuTh Ha OCTaJIbHbIE BUABI PaOOT.
Nudopmanmsi o0 ocratke HAXOAUTCA B JIEBOM HIKHEM YIIy 3KpaHHOU (opMbl
MIPWIOXKEHNUS U OOHOBJISIETCS MPHU KaKI0M U3MEHEHUU BBIOPAHHBIX BHAOB padoT. Bo
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BKJIaJIKe «AyauTopHas paboTa» MpernoaaBaTellb BHIOMPAET T€ MYHKTbI, KOTOPbIE OH
IUIAaHUPYET BHECTU B CBOM MHAMBUAYAJbHBIN IUIAaH U YKa3bIBAET KOJIMYECTBO YaCOB,
3aIJIAaHUPOBAHHOE HA JAaHHBIA BUJ JEATEIbHOCTH (PUCYHOK 1).

YueGras paGora Beero
YuebHo- n OpraHM3aLmMoHHO-MeToanyeckan pabota 544.0
Hayho-nCcnenosatensosas pagota L ]
BocminarensHas patora L ]
Pafota  Opr pafota  HAP WCTyReHTOR  BocwaTensias padota
- ~
ToAroToBKa K 3AHATHAM:
T TR T T ) 1z
AT ST TS e
K npaKTHueckiH (CeMMHapCKHM)BaHSTHSIH,
o Ty s 2
o HoeoMy (ANA NpenoaaBEaTens Kypcy
T P (SR S 1
e e
WEsEnemT e 0
MpoEepKa HHAMEHYaNbHEX
[ pomaun sk crynewTos Crell |
3a0uH0i hOpMEI OByueHN
MpaBeeHme AaNONHHTENLHEIX KOHTYTALHi,
= —  Pe—
OcCTaToK: [372.0 TeHepHposaTS AOKYMeHT

Pucynok 1. [Ipumep 3anonnenue paszaena "AynuropHas padora"

[Tpu 3amoHEHWHM WHJIWBHIYaJIBHOTO IUIaHA, KOJUYCCTBO YAaCOB, KOTOPOE BBEI
nperojaBarejb B BBIOPAHHBIA IMYHKT, IEPECUMTHIBACTCS B COOTBETCTBUHU C
YCTaHOBJIICHHBIMH TPHKa3aMd ¥ HOPMATHBHBIMH aKTaMd Kod(HUIIMEHTOM st
JAaHHOTO BUAA TPYIOBOW MesATENBHOCTH. [locie 3Toro Bce paccuuTaHHBIE HOPMBI
BPEMEHH CKIAJBIBAIOTCS W OTOOpaKaroTCsl B BEPXHEH YacTH JKPaHHOH (HOPMBI
HANpOTHB COBETYyIOIIero paszmena. [Ipum HeoOXoAMMOCTH, TMpenoAaBaTelhb MOXKET
100aBUTh K KAaKOMY-TH0O BUY paloT JIF000€ KOJIUYECTBO YacoB 0€3 YMHOKEHHUS Ha
K03 (DHUITMEHT, COOTBETCTBYIOIIUM ATOMY MYHKTY. JlaHHas (yHKIUS MOXET OBITh
HeoOXouMa ISl CBEJICHHS OCTaTKa 9acoB K HYI0. J[J1s1 3TOTo KemaeMoe KOJIMIECTBO
4acoB TpeOyeTcs HamucaTh B (PUTYPHBIX CKOOKaX IOCTEe YK€ BBEISHHOIO yucia 0e3
npobena (pUCYHOK 2).

r MogroToBka coobLenni 1 AOKNafoB
Mo HaY4HO-METOAMYECKHH
NyBANKELUMAM B CieuMansHoi 1 coobenne {10k
nuTepatype
Ha MeTOAMYECKOM 1 HayJHOM 1 coofiueHne
cemuHapax kadeapel
Ha HayuHO-MeToMuecKoi l:l
t KOHDepeHUMI R =D

Pucynoxk 2. [Ipumep ucnonb3zoBanus GpyHKIMOHATA GUTYPHBIX CKOOOK

B paznenax «HUP npenonaBarens u ctynentoB» u «BocnmurarensHas padora
Yy HEKOTOPHIX BHUAOB paOOT MPUCYTCTBYIOT YCIOBUS, HM3MEHSIONME KOI(P(DUIIUCHT
JAHHOTO BHJIA JIeSTeNbHOCTH. Hanpumep, eciy nmpenonaBaTeipb ABISETCS KypaTopoM
IPYIIBI CTYAEHTOB 1,2 Kypca, To Ko3(pUIMEHT 10 JaHHOMY BUAY AesiteabHocTd S0.
Ho ecnu npenongaBarens KypupyeT CTyAEHTOB 3 Kypca U crapiie, To KodhPuuueHt
n3mMeHuTcsa 10 20. I3MeHUTh TaHHOE YCIOBHME MOXKHO C MOMOIIBIO BBINAJIAIOMIETO
CITMCKa, BBIOpAaB HEOOXOUMbBIN BapHuaHT (PUCYHOK 3).
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nEI,ElITITEIBKE W nNpoBejeHne KOHKypcoB
¢ afuTypreHTamu

1 MeponpuaTHe l:l . cyaes ~

PafoTa B kauecTee =
S ron Py =

KypaTopa rpynnel

Pucynox 3. [Ipumep uCronb30BaHUs yCIOBUSA

[Tocme Toro kak Bce pasfenbl OyAyT 3aloNHEHBI, a OCTAaTOK paBeH HYIIO,
IperogaBareb MepeXoquT K (OPMHUPOBAHHIO HMTOTOBOTO JOKyMEHTa. B mpaBom
HIDKHEM YIITy 3KpaHHOW (DOPMBI pacroioxeHa KHomka «[eHepupoBaTh JOKYMEHT.
[Ipy Ha)kaTMKM Ha HeEe MOSBISICTCS JAUAJIOTOBOE OKHO, TJC TPEINOIaBaTeib MOXKET
BBIOpaTh MyTh B TAIKY, TJI¢ HEOOXOAMMO COXPaHUTh (aiil, a TAaK)Ke BBECTH Ha3BaHUE
utoroBoro ¢aima. Jlagee mpu HaKaTMM KHOMKH «Save» (ailnm coxpaHseTrcs B
dopmare .doc o ykazaHHOMY ITyTH (PUCYHOK 4).

B BuiBepute daiin ana coxpanenna ? x
Look in: C:\Users\zakha\OneDrive Pafiouwi ¢ _t_patternlyeportgeneration window oA EE
iy My Computer Name Size Type Date Modified
AT
5 akha _pycache_ Fil..der 16.04.2..4 12:17
@ [# Application.py 20..iB pyFile 15.04.2.41403
@ Application.ui 45..iB uiFile 15.04.2.41403
o checkboxes_info_tabl.json 26,..KiB json File 21.01.2..4 17:34
o checkboxes_infe_tab2.json 12,..KiB jsen File 21.01.2.417:24
o checkboxes_info_tab3.json 14,..KiB jeon File 21.01.2..417:34

o checkboxes_info_tabd,json 11, KiB json File 21.01.2...4 19:45
EJ mainApplication.py 17,.. KB pyFile  26.02.2...419:21

File name: |Mﬂnmamnyanbnb|ﬁ nnaH| ‘ | Save

Files of type: | All Files (*) ~ Cancel

Pucynox 4. CoxpaHeHHE UTOTOBOTO JOKYMEHTa

Paznen «Y4eOHO- M OpraHU3alMOHHO METOIUYEecKass pabdoTa» B HUTOTOBOM
nokyMeHnTte (PucyHok 5).

[Tpunoxenue «®PopmupoBanue UIIP ITIIIC» no3BonseT cokpaTUTh BpeMsl Ha
CO3/IaHME WHAMBHUAYAJbHOTO TUJIaHA TMPEINo/aBaTeasi W ONTHMH3UPOBATH pPadoTy
npenojasareneid [6]. Panee mpu coznaHuyu MHAMBUAYAIBHOTO IUIaHA MPENOaBaTeNs
OOBIYHO HCTONB30BaNUCh cTaHmapTHeie cpeactBa MS Office: Word u Excel. B
tabmuiy Excel Bpy4dHyro 3anuchIBaIuCh MJIaHUPYEMBIE BUIBI PAOOT M MX KOJIHMYECTBO
yacoB. [locie cocTaBieHus miaHa ¢ HEOOXOAMMBIM KOJMYECTBOM YacoB B TaOIuILIe
Excel, mpenogaBatens BpydHYIO MEPEHOCHI BCE MYHKTHI MHAWBUIYAJIHHOTO TJIAaHA B
Word pokymeHnT u odopmisn ero mo mabnoHy. JlaHHBIM mpoliecc 3aHUMA
ONpeIeIEHHOE KOJIMYECTBO BPEMEHH Yy MPEIOIaBaTes.

B rpaduyeckom Bume omucarh pabOTy MPOrpaMMbl MOXKHO TPH TTOMOIIH
¢dynkuuonansHoir moaenu IDEFO [4]. OcHoBHBIM mpoiieccoM siBhsieTcsl OJOK
«DopmMupoBaHUE HHAWBUIYAJIbHOTO IIJJaHA MPENojaBaTeis», KOTOPBIM Ha BXOI
MoJIyyaeT JaHHble O «YueOHONl Harpy3ke mnpenoaaBateneity, «llman paboTs
kadeapsl, pacnopspkenuss no kadeape» u «Coucok mnpernoaaBaTeneil kadeapbiy.
Vopapnsironmye  MexaHu3Mbl Uit (D)OPMUPOBAHUE  WHIWBHAYAJbHOIO  ILJIaHA
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npenonasarenss — 310 «lIpukasel 1 HOpMaTUBHBIE aKTbD», «HOpMBI BpemMeHn». A B
ponu «MexaHH3MOB) BBICTYNAIOT 3aMeCTUTENb 3aB. Kadeapbl No yueOHoU padore/
Cneunanuct no YMP, npenopaBarens u nporpamMmmHoe obOecrneueHue. B naHHom
ciyyae Crnenmanuct no YMP Ha3zHauaeT o0liee KOJMYECTBO HArpy3Kd Ha KakI0ro
npenogasarens kadenpsl. [lpenonaBarens popMupyeT cBO MHAMBUIYAJIbHbBIN ILJIaH,
pacrpenensss Harpy3Ky MO pas3JIM4HbBIM BHAAM JEATEIBHOCTH B COOTBETCTBUU C
HOpPMaMH BpeMEHHU. A MporpaMMHOE 00€CIeYeHHE — 3TO T€ UHCTPYMEHTHI, KOTOPbIE
UCIOJNB3YIOT B paboTe BCE€ YYAaCTHUKM Ipoliecca.
chopmupoBaHHbIf «HIMBUAYaNBHBINA IJIaH» AJI1 OJHOTO MpenojaBaTelis (PUCYHOK

6).

Ha BeIXOZmE moOnyyaem

2.-VUEGEHO- TI-OPTAHIT3AITTIOHHO-METOJIMUECKA A PABOTAY

o

Ne- G Kon-eo{Cpox-enl- |Bug-oraer-| Otmerxa-o-
il Bugsr pabots ] - | Tpunreqanme]
/nc HacOBENoIHeHMA] HOCTHL EBERINOIHCHHHY
1o K- nekunAam-no-Hosomy-(ana- 48 02 B = - -
"~ Inpenoparartens) Kypcy= | reuenme: B i B
oy g _| B-Teue- -
2o [K-nexkyuaM-no-uMtaemomy-kypeys | 800z hme-Tonal o o o]
an K- NpakTH4eckuM-(ceMmuHap- 5.00 B-Teve- - - |
"~ [ckum)3aHATHAM ¢ " |Hue-ropa i i [~
. K- NpakTuecKkm-(CeMuHapcKum)- 6.0n B-Teue- - - s
BaHATMAM-T Hue-rofa
- K- H ol B-teue- o = -
5z [K-nabopatopHeim-pafoTamz 90z R o o o
_ [MpoBeneHne pononHUTENEHLIX: B-Teue- b )
iy KoHCYNbETaumi & 200 Hue-roga - i fo-(aKTya
72 Ha-gunnomuyio-paboTty-(npoekT ) 4.0z Beue: o fo o
" |hnerona
s b 2 = _| BTeue- = - |«
8z |B-2acepanuax-kacdeapbi 24 0x Hve-Tona o o o
o HayuHo-MeToauueckmnx-« 12.0¢ B-Teue- % - .
"~ [kondepeHumnsx, -cemuHapax-(Ges-< " |uue-roga B
. ] ) .| BTeve- PKP
10z |YuebHyo-paboTyx 40.0z ilieirona o [o PeP-PIPrC:
i ] B-Teue- v ke PKPe-
11z|Hayunyro-pabotyz 120049 eana o o PeP-PIPrC:
- : B-Teue- s R PiP-
12z[HayuHyo-paboTy cTyaeHTORD 180.04 ba el PeP-PYPrC:

T

Pucynok 5. ®parment chopmu

Yuefinan arpya#a kagespe

TMphkassl ¥
HOPMATHEHLIE
anTel

Hﬂe-roual

o

OB;lHHO}O Q:I[OKYM;)HTa UIIP IIIIC

Hopmsi Bpemenn

Mnax pafioTel
Katpeapel,
PaCNOPSKEHIUA

no katenpe

Cnmcok npenofiasatened kateapel

3amecTHTens 388
kathenpe no
yuefitoi patote/
CneumanmeT no
YMP

Npencpasatent

(GopMupoBaHKe HHIMBUIYANLHOTO NNaHa NpenofaBaTens

ViKnuBuyansHell nnas -

[Mporpammxos
ofiecneenne

NODE: M QopMuUpoBaHUe MHAMBUAYANLHOTO NNnaHa npenofasatens "V
A0 ]
Pucynok 6. IIepBrbiii ypoBeHb AekoMno3uiinu Mmoaeau IDEFO
JUist  Jydimero  MOHWUMAaHUS — MPOUCXOIANIUX — MPOIECCOB  HEOOXOIMMO

ACKOMIIO3UPOBATh 010K ((CDOpMI/IpOBaHI/Ie WHAWBUAYAJIBHOI'O IINIaHA IIPCIIOAaBaTCIIsA»
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Ha CBS3aHHBIE MEXKy COOOM mojmporeccsl. B 1aHHOM citydae mpouecc 1eauTcs Ha 2
OCHOBHBIX Jrama: «PacnpenemeHne  Harpy3ku IO IPENoOAABATENsIM» U
«DopmMupoBaHUE MHIUBUAYAIBHOTO IUIaHa». Ha aTame pacnpeneneHus Harpy3Ku IO
npenojaBaresisiM  BXOAHBIMM  JTAHHBIMU  siBIsieTcs  «YueOHOWl  Harpyske
npenogaBareneit» u «[lman paboTel kKadenpel, pacrnopstbkeHuss 1o Kadempey.
Mexanuzmom siBnsiercs Crnenuanuct nmo YMP u mporpamMmmHoe obOecriedeHue.
Cneunanuct no YMP pacnpeznensier Harpy3ky Mexay HpernoaaBareiasiMu Kadeapsl ¢
yuetom Hopm Bpemenu, I[lpukasoB u pacnopsbkenuii no kadenpe. Jlanee,
uHpopmarus mo YueOHON Harpy3ke MpernojaBaresis NepeaaeTcss Ha BTOPOM 3Tarl, rie
OPOUCXOUT  HEMOCPENCTBEHHOE  (OPMUPOBAHHE  WHIWBUIYAJIBHOIO  IJIaHa
npenogaBarens.  MexaHM3MaMu  SIBISIETCS  NpOrpaMMHOe  oOecrieueHue U
PENOJABaTeNb, HEMOCPEACTBEHHO €ro ucnoip3yromuil. KoHTpons Tak ke
ocyuiectsisiercss Hopmamu Bpemenu, [Ipukazamu u pacnopspkeHUsIMH 1O Kadenpe.
Pesynsrarom pgestenpHOCTH sBiAeTCS MHAMBUAYaNbHBIA IJIaH NPENOAABATENS
(pucyHnok 7).

HopMb! Bpemem
TpHKassl v : =

HOPMATHBHEIE |
aKTkl

Yuelixan Harpyaka kathespe!

(% Harpy3kH 110 Np TenAm

[nax pafioTsl kadenps!,
PACTIOPREHNA NO katheape

YueGHan Harpy3Ka npenogaeatens

Crmcox
npenc/aeaTenei

Katpenpel DOPMHPOBIHHE KHOMBUAYANLHOIO NNaHa

Vnamenayanbhuii nnan
»

3aMecTUTENb 388,
kathenpe no
yuebhoit pabiote/
CneumanucT no
YMP

Mpencpaeatens
Tporpammxoe ofiecneuctne

NODE: TITLE: NUMBER:

(DopMleOBaHme WHAVBWOYaNbHOrQ NnaHa npenogasarena
A0 —
Pucynox 7. Bropo#i ypoBens aekommosuiiuu moaenu IDEFO

BriBoabl

[IpunoxxeHrue MPOTECTUPOBAHO B TEKYLIEM YYEOHOM IOy [JIsl COCTaBICHUS
UITP TIIIC, momb3oBaTeny TMOJOXHUTEIBHO OTMETHJIM YIOOHBIH W HMHTYUTHBHO
MOHATHBIA  Tpaduyeckuii uHTEpPeEic, OTCYyTCTBME HEOOXOMMMOCTH PYYHOTO
3aMOJHEHUS JOKYMEHTAa M BEICHHS pPACueTOB C MCIOJIb30BAHUEM JIPYTHUX
MPOTrPaMMHBIX CPE/ICTB.
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INPOI'PAMMHOE ITPHJIOXKEHHUE MOHUTOPHUHI'A
TEXHOJIOTMYECKUX NAPAMETPOB [IPOU3BOJICTBEHHOM
YCTAHOBKHA

SOFTWARE APPLICATION FOR MONITORING TECHNOLOGICAL
PARAMETERS OF A PRODUCTION INSTALLATION

N6parumos P.[1., ®aiizymnuna U.N.,
Nucturyt Hedgrenepepadborku u Heprexumun @PI'6OY BO YTHTY B r. Canasare,
yi. I'yOkuHa, 22 6, r. CanaBar, Pecriyonuka bamkoprocran, Poccus, 453250

[87]



NHOOPMAILIMOHHBIE TEXHOJIOI'MU B HAYKE, OBPA3SOBAHIU 1 ITPOU3BOJICTBE

R.D. Ibragimov, L.I. Faizullina,
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AHHOTauus. B cOBpeMEHHOM MHUpE JaHHBIC UTPAIOT BCe 0o0Jiee BaXKHYIO POJIb
B VYNPAaBICHUH TPOM3BOACTBEHHBIMH TpolieccaMd. OHU TIO3BOJISIIOT HE TOJBKO
OTCJIC)KMBATh TEKYIIIEE COCTOSTHUE 000PYI0BaHUS M TEXHOJIOTHIECKUX MPOIIECCOB, HO
U TIPEICKA3bIBaTh BO3MOXKHBIE COOM, ONITUMHU3UPOBATH MIPOU3BOJICTBCHHBIC OTIEPAIIHH
U yJIy4IlIaTh KA4eCTBO MPOIYKIIMU. B KOoHTEeKCcTe HedTenepepadaThIBaromero 3aBo/a,
MOHHWTOPUHT  JTaHHBIX IPOW3BOJCTBCHHONW YCTAHOBKH CTAaHOBUTCS  BaKHBIM
MHCTPYMEHTOM JUIsl TIOBBIMIEHUS 3(P(EKTHBHOCTH W 0€30MacHOCTH MporeccoB. B
CTaThe PACCMATPUBACTCA BAXXHOCTH MOHHUTOPHMHIA TEXHOJOTHYCCKHX JdaHHBIX U
COXpaHCHHUS MX B 0a3ax JaHHBIX, TaK KaK JaHHBIA IPOIECC SBIIICTCS OIHUM W3
CaMbIX 3HAYUMBIX JJIs1 3(P(HEKTUBHON padOThI B MPOMBINUICHHOCTH. ONHMCBHIBACTCS
pOJIb MOHUTOPUHTA B OTCJIC)KMBAHWUU PAOOTBI 00OPYIOBaHUS, MPOU3BOJICTBECHHBIX
IIPOIIECCOB M KayeCTBa MPOYKIIUU, & TAK)KE 3HAUCHHE 0a3 TaHHBIX IS JIOCTYITHOCTH,
HAQJIGKHOCTH W 3ammThl WHPopMmaruu. Takxke paccMaTpuBaeTCs, Kakas poJb
OTBOAMTCS He(TEra3oBoll OTpacid B MUPOBOH SKOHOMHKE, KOTOpas 0OecreuynBaeT
DHEPreTHUYECKYI0 O€30MacHOCTh W pa3BuTHE HHOpacTpyKTyphl. [t ycnemrHo#
paboThI HeTEera3oBbIX pe T PUSITHIA HEOOXOAMMO UCTIOJTB30BaHUE
aBTOMAaTHU3UPOBAHHBIX CHCTEM VIPABICHUS TEXHOJIOTHYECKUM Tporeccom (ACY
TII). MOHHTOPHHT U XpaHEHUE TEXHOJIOTHUECKHUX TAHHBIX KPUTUUYECKU BaXKHBI JIJIS
YCIIENTHOW paboThl B TMPOMBIIIICHHOCTH, OOCCIeUnBasl JIOCTYIMHOCTh W 3alIUTy
uHdOpMaIHH.

Abstract. In today's world, data plays an increasingly important role in
managing production processes. They allow you not only to monitor the current state
of equipment and technological processes, but also to predict possible failures,
optimize production operations and improve product quality. In the context of an oil
refinery, plant data monitoring becomes an important tool to improve process
efficiency and safety. The article discusses the importance of monitoring
technological data and storing them in databases, since this process is one of the most
significant for effective work in industry. Describes the role of monitoring in tracking
equipment performance, production processes and product quality, as well as the
importance of databases for the availability, reliability and security of information. It
also examines what role the oil and gas industry play in the global economy, which
ensures energy security and infrastructure development. For the successful operation
of oil and gas enterprises, it is necessary to use automated process control systems
(APCS). Monitoring and storing process data is critical to successful industrial
operations, ensuring information availability and security.
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KiarwueBble cjoBa: IIporpaMMHOC IMPUIIOKCHUC, MOHUTOPHHI, IIPOU3BOACTBO,
TCXHOJIOTUYCCKUEC IMapaMETPbl, KOHTPOJIb.

Keywords: software application, monitoring, production, technological
parameters, control.

Hedrerazopas oTpacinp 3aHUMaeT BaXHOE IMOJIOKEHUE B MUPOBOM IKOHOMUKE,
urpas KIIOYEBYIO poJib B OOECIEYEHUM JHEPreTHYeCKOW O€30MacHOCTH, Pa3BUTHHU
uH(ppacTpyKTypsl U (popmupoBanuu OrojxeToB cTpaH. HedrerazoBbie pecypcbl
OPEACTaBISIOT COOOW 3HAYUTENBHBI HWCTOYHUK DHEPrUH, HCIOJIB3YEMbIH B
Pa3IUUHBIX OTPaACIAX DKOHOMHUKH, TAaKUX KaK TPAHCHOPT, MPOMBIIUICHHOCTh H
KOMMYHaJIbHOE X035IUCTBO.

['maBHbIE 3aauM B JTaHHOM cdepe BKIIYAIOT B cedsi 100b1uy, nepepadoTKy,
TPAHCIIOPTUPOBKY U MPOJAXKY MPUPOJAHOTO MOJE3HOT0 UCKonaeMoro. Bee atu 3anaun
BBITIOJIHSIFOTCSI  HA  MPOMBIIUICHHBIX — MPEANPHUATHAX, KOTOpbIE HE  MOTYT
(GYHKIIMOHUPOBATH 0€3 YCTAaHOBOK, MPOM3BOICTBEHHBIX IIEXOB U, YTO CaMO€ Ba)KHOE,
0€3 COOTBETCTBYIOIIETO 000PY/I0BaHUsI, HA KOTOPOM YCTaHABIMBAIOTCS TEXHUUYECKHE
napaMeTphl B COOTBETCTBUHU C YCTAHOBJICHHBIMHU cTaHAapTamu. KOHTpOJb 3a dTUMH
napaMeTpaMu JI0JDKEH MPOU3BOJUTHCS B aBTOMATH3MPOBAHHOM pexkume. [[s 3amau
JAHHOM MpPEeaMETHON 00JacCTH CTalli MCIIOJIb30BATHCS AaBTOMATU3UPOBAHHBIE CUCTEM
yopaBiieHUs:  TexHosiorndeckuMm  mpoueccom  (ACY  TII). CnemoartenbHO,
HEO0OXOJIMMO PacCMOTPETh PHIHOK JaHHOM MpeaMeTHOM obnactu [2].

Poct poccuiickoro pbhlHKa aBTOMATU3UPOBAHHBIX CHCTEM  YIPABICHUS
texHosiornyecknumu npoueccamu (ACY TII) sBasieTcs oAHUM U3 OCHOBHBIX TPEHIOB
B COBPEMEHHON MPOMBIIUIEHHOCTH U TEXHOJOTMYECKOM Pa3BUTHHU. ABTOMAaTU3ALMS
CTaHOBHTCS Bce O0Jiee 3HaUMMOM M BOCTPeOOBaHHON BO MHOTUX OTPACIISIX, TAKUX KaK
MIPOU3BOJICTBO, SHEPTeTUKA, TPAHCIIOPT U Apyrue [1].

Poccuiickuii pprHok ACY nocTeneHHO yBEIUYMBAET CBOIO JIOJIO U MPUBJIEKAET
BHUMaHHE KaK POCCHUHCKHUX, TaK M 3apyOEKHBIX KOMIIAHMHA. DTO CBSI3aHO C
HECKOJIbKUMH (akTopaMu. Bo-mepBbIX, aBTOMAaTH3alusi TIO3BOJSET TOBBICUTH
3¢ (HEeKTUBHOCTH MTPOU3BOJICTBA U CHU3UTH 3aTPaThl, YTO SIBISECTCA BAXKHBIM (haKTOPOM
B YCJIOBHSX KOHKYPEHTHOM 3KOHOMHUKU. Bo-BTOphIx, BHenpeHnue ACY MOBBIIIACT
HAJeKHOCTh U 0E30MACHOCTh TEXHOJOTWYECKUX IPOLIECCOB, YTO OCOOEHHO
aKTyaJIbHO B OTpaciiiX C BBICOKMUMH TpPeOOBaHHMSIMHU K Oe3omacHOcTH. PaccMoTpum
o0BeM, TMHAMHKA, a TaKXKe CTpyKTypa poccuiickoro peinka ACY TII (pucyrok 1)
[1].

MOHUTOPHUHT TEXHOJOTHMUECKUX JAAHHBIX U COXPAHEHUE ATUX JAaHHBIX B 0azax
JNAHHBIX SBJISIOTCS KPUTUUYECKH BaXXHBIMU acrekTtaMu sl 3¢ (eKTuBHOM pabOThI B
pa3UuHbIX cdepax MOPOMBIIIJIEHHOCTH. BeaeHue MOHUTOpPUHTA TMO3BOJSIET
OTCIIe)KUBaTh PpabOTy 00O0pYyAOBaHUS, MPOU3BOACTBEHHBIX MPOLECCOB U KayeCTBO
BBIITYCKAEMON MPOAYKIHUU. IDTO TO3BOJISAET OBICTPO BBISBISATH MOTEHIMATIbHbBIC
poOJIeMbl WM OTKJIOHEHHS] OT YCTAHOBJIEHHBIX HOPM M CTaHAAPTOB, YTO MO3BOJISET
MPUHSTH MEPBI 110 UX YCTPAHEHUIO [4].
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CAGR 8 2018-2025 Ir.:
12%

541 .
so1

431 429 19 -

T 15 B

107 119 1 3

316 294

Pucynok 1. Cratuctuueckue ganuble poccuiickoro peiaka ACY TII

CoxpaHeHue JaHHBIX B 0a3ax JaHHBIX oOecrHedyrBaeT JOCTYMHOCTh U
HaJe)KHOCTh MHpopmanuu. bmarogapst 06a3aM MaHHBIX MOXHO JIETKO XPaHUTh
OoJblliie 00bEMBI JTAHHBIX, CTPYKTYPUPOBATh UX U OOCCIEUYUTh OBICTPHIN TOWCK U
IoCTynn K HeoOxonumon mHpopmanuu. Kpome Toro, 0a3sl JaHHBIX 00ECIEUHUBAIOT
3alMUTy HMHQPOpMAIMU, TaK Kak JaHHbIE MOTYT OBITh 3alllMINCHBI IMAPOJISMU,
mudpoBaHUEM U JIPYTUMH METOJaMH, 00ECTICUMBAIOIIMMHU KOH(PUICHIIMAIBHOCTh U
1IEJIOCTHOCTh JAHHBIX [3].

Paccmotpum J€KOMITO3UIH IO Ou3Hec-mpolecca «MOHUTOPUHT
TEXHOJIOTHYECKUX JAHHBIX MPOU3BOJACTBEHHOW YCTAHOBKUY (PUCYHOK 2).

Granpapr «Okasahue
nonL3oBATENSM yenyr
T 1 canaun

TexHonoruyeckne
napametpel
CoeanHeHue ¢ cesepom OPC —

Mepenaua
Mey ada
cepsepa paHHLX

A1

Mepenava
YNaKoBAHHbIX
CoxpaHeHne fanHsix & pakHGX

opmare " json”

A12

OTobpakeHne AaHHLIX B

$

A13

Cneuuanwer | MK (OC Cneu1anipuposarHHan
YUTWC | Linux) nporpammd-HTeptheic

Pucynok 2. /luarpamMmma nexkommosunuu OusHec-mporecca «MOHUTOPUHT
TE€XHOJOTHYECKUX JTAHHBIX TPOU3BOJACTBEHHON YCTAHOBKU

Hainee paccMoOTpuM JIEKOMIIO3ULIAIO0 npoiiecca «MOHUTOpPUHT
TEXHOJIOTUYECKUX JaHHBIX IPOU3BOJCTBEHHON YCTaHOBKM» Ooiiee neranbHO. Ha
nuarpamme npexactaBieHsl Tpu (GyHkiuu: «CoeaumHeHue ¢ ceppepom  OPCy,
«Coxpanenue AaHHbIX B (hopmare json» u «OTOOpakeHUE JAaHHBIX B KIMEHTCKOM
MIPUIIOKEHU .
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Pa3pabarbiBaeMoe mporpaMMHOE TMPHIOKEHHE TMO3BOJSET Ha JTame IYCKO-
HajaJ04YHbIX paboOT Oojee YHNPOIIEHHO MPOU3BOAUTH HACTPOMKY cucteMbl. OHO
Oyner:

— YCTaHABIMBATHh CBSI3W MEXKIY KIHMEHTCKUM YCTPOHCTBOM M CEpPBEPOM,
ucnoib3yromumM oTKpbIThIM npoTokon cBsizu OPC (OLE for Process Control). Otot
MIPOTOKOJI MO3BOJIIET OOMEHUBATHCS JAHHBIMH MEX]y Pa3TUIHBIMU YCTPOMUCTBAMH H
MIPUIOKEHUSIMU B IIPOMBINIIEHHON aBToMaru3aunu. Coenunenue ¢ cepsepom OPC
MO3BOJISIET KIMEHTCKOMY YCTPOWCTBY TMOJy4yaTh JaHHBIE OT CEpBEpa, OTMPABIATH
KOMaH/Ibl M1 KOHTPOJIUPOBATh MPOIIECCHl HAa YAATECHHBIX YCTPOHCTBAX.

— 3amuchIBaTh WHGOPMAIMIO B YAOOHOM JJIsi MallMHBI M YeJoBeka (opmare.
JSON (JavaScript Object Notation) siBiIsieTcsi Jerko 4uTaemMbiM (popmaTomM oOMEHa
JTaHHBIMH, OCHOBAaHHBIM Ha s3bIke mporpammupoBaHus JavaScript. CoxpaHeHue
nanabiX B (hopmare JSON mo3BONISET JIETKO XpaHUTh, NepeaaBaTh U 00padaThIBaTh
UHPOpPMAIIMI0 B CTPYKTYpUPOBAHHOM BHJE, YTO JENaeT WX JOCTYINHBIMH IS
JanbHEHIIero aHanu3a u 00paboTKu.

— TOKa3blBaTh HMHQPOPMAIMIO TIOJIH30BATEII0 Ha JKpPaHE €ro yCTPOWCTBA.
KnueHTckoe mpuiiokeHHne sBISETCS BEO-TPHIIOKEHUEM, M €ro 3ajadell sBISETCS
NOJTyYeHHE JaHHBIX U3 MCTOYHHKA, HX 00paboTKa M OTOOpa)XCHHE IOJIH30BATEIIO B
ynoOHOM it Boctipusitus Buje. OToOpakeHne NaHHBIX B KJIMEHTCKOM TPUIIOKEHUU
JaeT BO3MOXKHOCTB TIOJIB30BATENISIM CJIEIUTHh 32 COCTOSHUEM CHUCTEMbI, IPUHUMAThH
pelieHrss Ha OCHOBE MOJYYEHHOM HH(OpMalnuu M KOHTPOJIMPOBATH IMPOIECCH B
peaJbHOM BpEMEHH.

PazpabGaTpiBaeMOe TpOrpaMMHOE  TPIJIOKEHHE HMMEET PpsAl  BaKHBIX
PEUMYIIECTB:

— OBICTPBI JOCTYH K JaHHBIM, oOecreuyrBash HENPEPhIBHOE U HANIEKHOE
COeIMHEHUE ¢ O00OPYAOBAaHMEM M YCTPOMCTBaMHU Ha MPOHM3BOJCTBE, YTO IMO3BOJSET
OBICTPO MOTYYaTh aKTyaJbHbBIE TAHHBIE O TIPOU3BOACTBEHHBIX MPOIIECCaX.

—addexTuBHOE XpaHeHWE AaHHBIX. HWHopmaius o0 MNPOU3BOJICTBEHHBIX
IpoIeccax XpaHUTCS B CTPYKTYpPUPOBAaHHOM U JIETKO JOCTyMHOM (opmare. ITo
yhopoImaer Impolecc aHaiau3a UHGOpMalUU, TO3BOJSET OBICTPO U3BJIEKATh
HeoOXoIMMbIe JaHHBIC U 00ecTeurnBaeT ya00HOe B3aUMOJICHCTBIE C 0a3011 TaHHBIX.

— BU3yalu3alnus MHPOpMAIMU O NMPOU3BOACTBEHHBIX IpolEeccax B yI0OHOM
IUIA TIOJIb30BaTelNs BUJE. DTO Oo0ecreurBaeT ONepaTUBHBIA KOHTPOJb HaJl padOTOM
MIPOU3BOJACTBEHHBIX YCTAaHOBOK, a TaKXke YyIO0OHOE TMPHUHATHE YNPaBICHUECKUX
pelleHui Ha OCHOBE MOJIYYEHHBIX JaHHBIX.

Hcnonp30BaHue JaHHOTO MPOTPAMMHOIO IMPHIIOKEHUS MO3BOJSET MOBBICUTH
3¢ (HEeKTUBHOCTh MPOU3BOACTBEHHBIX MPOIIECCOB, YIYUIINTh YIpPaBICHUE pecypcamu
Y COKpPATHUTh 3aTPaThl HA IPOU3BOICTBO.

BriBoabI

Hcnonp3oBanue JaHHOTO PEIICHHS TMOMOTaeT YBEIUYUTh 3S()PEKTUBHOCTH
MMPOU3BOACTBEHHBIX MPOLIECCOB, ONITUMU3UPOBATH YIIPABICHUE PECYPCAMU U CHU3UTh
W3JIEP>KKU Ha MPOU3BOJICTBO. DTO CIIOCOOCTBYET YBEIUUYEHUIO MPOU3BOIUTEIBHOCTU
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KOMIIAaHUU U MPUJAET €l KOHKYPEHTHOE MPEUMYILECTBO Ha PbIHKE. TakuM 00pa3om,
JAHHOE MPHUJIOKEHHE MO3BOJISET ONTUMU3HPOBATH YIIPABICHUE MPOU3BOJCTBEHHBIMU
IpoLeccaMH, TOBBICUTH 3(PQPEKTUBHOCTh pabOThl MOPEANPHUSATHS U OBICTPO
pearupoBaTh Ha U3BMEHEHMSI B IPOU3BOJICTBEHHOM LIUKIIE.
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AHHoTanms. VccnenoBanus, MpeaCcTaBlICHHbIE B TaHHON CTaThe, 3aTParuBaoT
Ba)KHBIE AaCHEKThl THAPOJMHAMHYECKUX HCCIEIOBAaHUNA B KOHTEKCTE pa3padOTKu
He(TEera3oBbIX MECTOPOXKJIECHUWA. ABTOpbI 00paljal0OT BHUMAHHE Ha 3HAYUMOCTH
MOHUMAaHUS KOJUIEKTOPCKUX CBOMCTB CKBaXMH M M3MEHEHUM, TPOUCXOAIIUX MOCTe
MPOBEJICHUS KAMTAIILHOIO PEMOHTA U TUIYHIEHUS. DTO UMEET BaXKHOE 3HAUEHUE IS
ONTUMM3ALUN MPOU3BOACTBA HEPTH U Taza. OZHUM U3 KIIOUEBBIX BBIBOJIOB CTaThbU
ABJIAETCS TO, YTO 3(P(HEKTUBHOCTh AOOBIUM HE(PTH W raza 3aBUCUT HE TOJIBKO OT
YCIEIIHOTO BBIMOJHEHUS TEXHUYECKUX pabOT, HO M OT YMEHHUs aJanTHpPOBaTh
CTpaTeruu J0OBIYM HA OCHOBE [JAHHBIX THIPOJMHAMHYECKUX HCCIEAOBAHHM.
Pe3ynpTaThl aHalv3a 3aBUCUMOCTEH MMapaMeTpOB CKBOXHH OT BpPEMEHHM MOCIIe
npoBefieHUss paboT MO3BOJISAIOT OoJjiee TIyOOKO MOHATH JOJATOCpPOUHbIE A(DPEKTHI
KAIUTaJbHOI0 PEMOHTA M TIIYLIEHHUs Ha KOJUIEKTOPCKUE CBOWCTBA. Takou aHamu3
ABJIETCS KJIIOYEBBIM JUJIi  Pa3pabOTKU ONTHUMAJIbHBIX CTpaTErwil yrpaBieHUs
n00bIYeii, HaMpaBICHHBIX HA MAKCUMU3AIMIO BbIPAOOTKH HePTH U raza. ABTOpPHI
CTaThbM OOpallaloT BHMMAaHHE Ha Ba)KHOCTh KOMIUIEKCHOTO MOAXOJa K aHAIH3y
JAHHBIX, BKJIIOYAIOUIETO HCIOJb30BAaHUE TUAPOAMHAMUYECKUX MOJEIeH U
CTATUCTHUYECKUX METOJO0B. DTOT MOJXOJl CUUTAETCS BAXKHBIM WHCTPYMEHTOM JUIs
OpUHSTHS OOOCHOBAHHBIX pEIICHW B 0O0JacTH pa3pabOTKU M OIKCIUTyaTalluu
HeTera3oBbIX MecTOpokAeHUH. [10CTOSIHHBIN MOHUTOPMHI M aHalIW3 NapaMeTpoB
CKBaXUH SBJISIIOTCSI HEOOXOIAMMBIM YCIIOBUEM Ui obecrneueHus: 3P(PEeKTUBHON U
yCTOMUMBOM pabOThl MECTOPOXACHUNA. B 1enomM, cTatbs moguepkuBaeT BaKHOCTh
riyOOKOr0 MOHMMAaHUSl KOJUIEKTOPCKMX CBOMCTB CKBAKMH M MX HM3MEHEHUH Mocie
INPOBEACHNUS PEMOHTHBIX pabOT Ul ONTUMHU3ALUU IPOU3BOJCTBA HE(PTH U rasa.
Kpome TOro, ona momuepkuBaeT HEOOXOIHMMOCTb HCHOJIb30BAaHUS KOMIIJIEKCHOTO
HOJAX0/a M MOCTOSHHOTO MOHMTOpPUHIA AJISl MPHUHITHSA OOOCHOBaHHBIX PELICHUI B
obJyacTu pa3paboOTKH MECTOPOKICHHU.

Abstract. The research presented in this article addresses important aspects of
hydrodynamic studies in the context of oil and gas field development. The authors
emphasize the significance of understanding well reservoir properties and changes
occurring after major repairs and shut-ins. This is crucial for optimizing oil and gas
production. One of the key conclusions of the article is that the efficiency of oil and
gas extraction depends not only on the successful completion of technical tasks but
also on the ability to adapt production strategies based on hydrodynamic study data.
Analyzing dependencies of well parameters over time after the completion of works
allows for a deeper understanding of the long-term effects of major repairs and shut-
ins on reservoir properties. Such analysis is crucial for developing optimal production
management strategies aimed at maximizing oil and gas recovery. The authors of the
article highlight the importance of a comprehensive approach to data analysis,
including the use of hydrodynamic models and statistical methods. This approach is
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considered an important tool for making informed decisions in the field of oil and gas
field development and operation. Continuous monitoring and analysis of well
parameters are necessary conditions for ensuring effective and sustainable field
operation. Overall, the article underscores the importance of understanding well
reservoir properties and their changes after repair works to optimize oil and gas
production. Additionally, it emphasizes the necessity of employing a comprehensive
approach and continuous monitoring for making informed decisions in the field of
field development.

KaroueBble cioBa: KouiekTopHbIe CBONWCTBA CKBAYKUH, KAlTUTAIbLHBI PEMOHT,
TJIYIICHWE, ONTUMU3aIus, J00bda HedTH ©  Ta3a, THIPOJIUHAMHYECKOC
UCCIICIOBaHNE, CTPATETUHU JOOBIYH.

Keywords: Well Reservoir Properties, major repair, shut-in, optimization, oil
and gas production, hydrodynamic study, extraction strategies.

CoBpemeHHas HedTerazoBas IIPOMBIILICHHOCTh CTAJIKUBACTCS C
KOMIUICKCHBIMH 3aJladaM¥, TPEOYIOIIUMHU TIOCTOSSHHOTO COBEPIICHCTBOBAHHUS U
pasButHs. OQHON U3 KIIOYEBBIX 00JIaCTEl B 3TOM KOHTEKCTE SIBJISICTCS MCCIICIOBAHUE
ra30KOHJICHCAaTHBIX CKBaXKHMH, COJAEpPXKAIIMX CMeCh rasa W KoHjeHcarta. IIporecc
UCCJICIOBAHUS TOJOOHBIX CKBAXXWH TIPEJCTABIsAET COOOM CIIOXKHYIO 3ajauy,
BKJIFOYAIOIIYIO B CE0S yUeT pa3IMUHbIX MapaMeTPOB IS KaXK0i ¢da3bl B CKBOXKHHE.

WNHuTerpanys WHHOBAIIMOHHBIX TEXHOJIOTHH M METOJIOB, a TaKXe NMPUMEHEHHE
UCKYCCTBEHHOTO HWHTEJIJICKTAa, CTAHOBSTCS KIIOUYEBBIM (PAKTOPOM B TIOBBIIICHUHU
TOYHOCTH, dDPOEKTUBHOCTH M DKOJOTHUYECKOM Oe30macHOCTH HedTerasoBbIX
HUCCJICJOBAaHUU CKBaKHH.

OnHYM W3 BaXXHBIX HANPABIICHUHN B JAHHOW OOJIACTH SBJISETCS HCIIOIb30BAHHUE
MHOTO(]a3HBIX TOTOKOMEPOB. DTHU YCTPOMCTBA CIIOCOOHBI U3MEPATH MOTOKU KaXKIOU
da3wl (raza, >KHJIKOCTH, KOHJIEHCATa) HEMOCPEJACTBEHHO B CKBa)XKMHE, OOecrednBas
0oJiee TOYHBIE JaHHBIE O COCTAaBE M MPOM3BOJIUTEIBHOCTU CKBAXUHBI. [IpuMenenue
MCKYCCTBEHHOTO MHTEJUIEKTAa B aHAJM3€ JaHHBIX OT MHOTO(a3HBIX TMOTOKOMEPOB
mo3BoJisier Ooisiee AH(PEKTUBHO yHPaBIATH IMPOIECCOM JIOOBIYM M IPOTHO3UPOBATH
€ro mapameTphl.

JpyruM BaXKHBIM WHHOBAIIMOHHBIM DEIICHUEM SIBISIETCS HMCIOJb30BaHHE
ra3oBbIX XpoMmaTtorpadoB sl aHaTM3a COCTaBa Ta3a W KOHACHcaTa. JTO IMO3BOJSET
MoJIy4ath O0ojiee TOYHBIC TaHHBIE O CBOMCTBAX CKBAKUHBI U €€ MTPOU3BOAUTEIBHOCTH.
[IpumeHeHne WCKYCCTBEHHOTO WHTEIJIEKTa B aHAJW3€ JaHHBIX OT Ta30BbBIX
xpomatorpadoB  TO3BOJIIET  aBTOMATHU3UPOBATh  Mporecc  00paboTku U
WHTEPIPETANNN PE3YIHTATOB, COKpAIIasi BPeMs U yBEIMYNBAs TOYHOCTb.

JIOoTIOTHUTENTBHO, BHEAPEHUE OECITPOBOIHBIX CUCTEM MOHHTOPUHTA TO3BOJISCT
orepaTopaM TOJy4aTh JAaHHBICE O COCTOSHHH CKBOKHHBI B pEaJbHOM BPEMEHHU, UYTO
MMOMOTAeT ONEPATHBHO pEarupoBaTh HAa W3MEHEHHs B TIPOIECCE HCCICIOBAHUS.
[IpumeHeHne MCKYCCTBEHHOTO WHTEJUICKTa B aHAJM3E JTaHHBIX OT OECTPOBOIHBIX
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CUCTEM MOHUTOpPUHTa OO€CleuYrBaeT aBTOMATU3MPOBAHHOE VyIpaBICHUE U
ONTUMH3ALUIO MPOLIECCA IKCILTYaTAIIUN CKBAKHUH.

I'mapoamHaMuyeckue HCCIEAOBAHMS TAKKE BKJIIOYAIOT HUCIOJb30BAHUE
reopu3M4eCKUX METOJOB, TaKUX KaK CEHCMHUYECKHE, TpPaBUTAIUOHHBIE U
AJEKTPUYECKUE METOMAbI, I HWCCICIOBAHUSA T'€OJIOTUYECKOIO0 COCTaBa BOKPYT
CKBaXXUHBI. [IprMEHEHME HCKYCCTBEHHOIO MHTEUIEKTAa B aHAIW3€ JAaHHBIX OT
reopu3MYECKUX METOAOB MO3BOJSIET 00Jiee TOUYHO MHTEPIPETUPOBATH MOJTYUYEHHBIC
CBEJICHUS U JiesaTh 00Jee 000CHOBAHHBIE BBIBOJIBI O CTPYKTYpE U CBOMCTBAX IUIACTA.

Kpome Toro, ¢ uUCHOJb30BaHMEM KOMIIBIOTEPHBIX MOJEJIEH  MOKHO
MOJEIMPOBATh MPOILIECCHI, MPOUCXOS[IINE B Ta30KOHJCHCATHBIX CKBAXKUHAX, UYTO
MO3BOJISIET ~ ONEpPAaTOpaM  MPOTHO3UPOBATH  MPOU3BOAUTEIBHOCTh CKBAKHUH U
OIICHUBATh Pa3JIMUHbIC CIICHAPUU PA3BUTHS, CIOCOOCTBYS MPUHATUIO OOOCHOBAHHBIX
pELIeHUI OTHOCUTENIBHO UX JaJTbHEUIIEeH SKCIUTyaTalluH.

NuTepnperanusi JaHHBIX TUAPOJMHAMUUYECKUX MCCIEAOBAHUI Ha TaKuxX
CKBOXMHAX TMPEJCTABISIET COOOH CIOXKHYIO 3a/ady, TPeOyIOUIyl0 MPUMEHECHHS
CIIEIUAJIBHBIX TOJX0JI0B U MeToJIoB. OCHOBHBIE OCOOEHHOCTH WHTEPIpPETAIIUU
JAHHBIX BKJIIOYAIOT CJICAYIOIEE:

* HepaBHOMepHOE pacmpenelieHue JaBjieHUs B Iiacte. B pesynbrare
MHOTOCTaJIMMHOTO  THAPABIMYECKOTO0  pa3pbiBa  Iulacta  oOpasyercs  psn
TUAPABIMYECKUX TPEIIWH, 4YTO NPHUBOAUT K HEPABHOMEPHOMY PpACIPEACIICHHUIO
JNABJIEHUsT B IUIacTe. OTO YCIOXKHAET MpOLEcC HHTEPIpPETAaluu JAaHHBIX
TUAPOMHAMHYECKUX HCCIEOBAaHUMN U TpeOyeT MPUMEHEHHs CTIeIIMAIbHBIX METOIOB,
TaKUX KaK MOJIEIMPOBAaHUE PACIPEICIICHUS 1aBICHUS B ILIACTE.

* Dddext "0mpkHeTro" M "HansHero" BiausHU. [Ipu rugpaBIMdecKOM pa3phiBe
wiacta  ¢GopMHUpPYeTCsl 30HAa BBICOKOW TMPOHUIAEMOCTH BOKPYT  CKBa)KHHBI,
Has3bpIBacMas 30HOM OJMKHEro BIHMSHUA. BHe 3Toit 30HBI hopMupyeTcst 30Ha HU3KOU
IPOHMIIAEMOCTH, WM3BECTHAs KaK 30HA JajbHEro BIUAHUA. JJI1 WHTEepmpeTanuu
JTAHHBIX TUAPOAMHAMUYECKUX HMCCIEJOBAHUN HAa TaKWX CKBAXKWHAX TPeOyeTcs ydyer
s dexTa OIMKHETO U JAITBHETO BIUSHUS C UCTIOIB30BAHUEM CIICIIMAIBHBIX MOJIEIICH.

* IlpucyrcTBHE MHOXECTBAa THAPABIWYECKUX TpEeWMH. ['HapaBauyecKkui
pa3pblB IJlJacCTa HAa TOPU30HTAJIbHBIX CKBaXXMHAX MPUBOAUT K OOpa30BaHUIO
MHOJKECTBA THAPABINYECKUX TPEIIUH, YTO YCIOXHSIET HHTEPIPETALMIO JAHHBIX
TUAPOJAMHAMUYECKUX HMCCIENOBaHUM. JlJIsl OLIEHKM XapaKTEPUCTUK THIPABIMYECKUX
TPELIMH UCIIOIB3YIOTCS CIIENUATIN3UPOBAHHBIE METObI, TAKUE KaK aHAJIN3 CKBAXKHUH C
MCIIOIb30BaHUEM IIIACTOBOM CEMCMUYECKOU HHTEP(PEPOMETPHH.

*  Heob6xomumocTh  ydeTa  W3MEHEHHsS]  NPOHUIAEMOCTH  IUIACTA.
['mpapaBnuueckuii pa3phiB IIACTa TPUBOJUT K M3MEHECHHIO TPOHUIIAEMOCTH ILJIaCTa B
30H¢ ONMXKHEr0o W  JalibHero  BhusAHMA. JlJIss  WHTEpHpeTanuud  JaHHBIX
TUAPOJMHAMUYECKUX HCCIIE0BaHUN HEO0OXOAMMO YUYUTHIBATH 3TO HU3MEHEHHE H
MIPUMEHSATH COOTBETCTBYIOIINE MOJEIH.
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NuTepnperaunss  AaHHBIX ~ TUAPOAMHAMUYECKHX  MCCICIOBAHUWA  Ha
TOPU30HTAJIBHBIX CKBAXXWHAX C MHOTOCTAJUUHBIM THAPABIMYECKUM Pa3pbIBOM
Ijacta NpPEeACTaBIseT CO0OM CIOXKHYIO 3adady, TpeOyIOllyl0 HCHOIb30BaHUS
CIELUANIM3UPOBAHHBIX  MOJAX0A0B M MeTonoB. OCHOBHBIE  OCOOEHHOCTHU
MHTEPNPETAUM JTAHHBIX HAa TAaKUX CKBAXMHAX BKJIIOYAIOT HEPABHOMEPHOE
pacripefiesieHue JaBiieHus B 1uiacte, 3(P¢ekT ONMKHEro MW MalbHETO BIIUSHUS,
MPUCYTCTBUE MHOXKECTBA THAPABIMYECKUX TPEIIMH U HEOOXOJAMMOCTh yueTa
W3MEHEHUA TMPOHULAEMOCTH Tacta. s pemieHuss 3TUX 3a4a4  MPUMEHSIOTCS
CICLIMAIM3UPOBAHHBIE  MOJIEIM W METOJbl, TakKhue€ KaK MOJEIIMPOBaHUE
pacnpeneneHus JaBji€HUd B IUIAaCT€ M aHAJIU3 CKBAXKHUH C HCHOJIb30BAaHUEM
IUIACTOBOM celicMuYecKoil HHTep(epoMeTpHH.

Jns  [IaHUpoOBaHHUS — TUAPOJAMHAMMYECKHUX  HUCCIEIOBAHUWA  CKBaXUH
UCIIONB3YIOT KOMIBIOTEPHYIO MOJ€Nb. Bcero mnpu IMiaHUpOBaHUU MPOBOIAT S
ATaIoB.

Oran 1: Ouenka BO31€HCTBUS KATUTAILHOI'O PEMOHTA

HccnenoBanusi HauMHAIOTCS C OLEHKHM BJIMAHUS KalUTaJIbHOIO PEMOHTA Ha
KOJUICKTOPCKHE CBOMCTBA CKBXXKHWH. AHAIM3UPYIOTCA HU3MEHEHUS CKUH-(aKTOpa,
POBOJIUMOCTH TPEIIMHBI W JJIMHBI TPEIIMHBI J0 M TIOCJIE TPOBeAcHUsS PpadoT.
Pucynku 1-3 1OeMOHCTpUPYIOT 3aBUCHUMOCTH OTHOUIEHHWW 3THUX NapaMeTpoB KO
BpEMEHU MexXay TruapoanHamMuyeckumu uccinenoBanusamu (I'IM). Kpome Toro,
ONpENIEeNICHbl JUHUU TPEH[a, OIMHUCHIBAIOIIME BIIMSHUE KAaIllMTaJbHOI'O PEMOHTA Ha
napaMeTpbl CKBaKMH IO BPEMEHHU.
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Pucynok 1. CteneHHas 3aBUCUMOCTb MapaMeTpa OTHOIIEHUH CKHUH-(aKTOpa 10
u nnocie KPC ko Bpemenu
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Tpeuunbl 10 1 nociie KPC ko Bpemenu
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Pucynok 3. CtenenHas 3aBUCUMOCTD ITapaMeTpa OTHOIICHUH TOIYTUHBI TPEIIUHBI
1o u nnocie KPC ko BpeMeHu

Ortan 2: AHaJIU3 3aBUCUMOCTEN MMapaMEeTPOB OT BPEMEHU

Ha BTOpOM 3Tame cTposiTCs 3aBUCUMOCTH IapaMETpPOB CKBa)XUH A0 W IMOCIE
KalUTaJIbHOTO PEMOHTA OT BpeMeHH. PaccMaTpuBatOTCsl U3MEHEHUS, POU30LIEIITNE
MOCJI€ TIYIIEHUS, C YYETOM MPOBEJICHHBIX TUAPOJIUHAMUYECKUX UCCIEIOBAHUM.

3aBUCUMOCTh CKUH-()AaKTOpa CTeTICHHAS:

y=0,8067x0,0562,

3aBUCHUMOCTb MPOBOJUMOCTH TPEUIUHBI CTEIICHHAS:

y=0,0648x0,7103,

3aBUCUMOCTb MOJYAJIMHBI TPEUIUHBI CTENIEHHAS:

y=0,2663x0,2322.

Ortan 3: Pacuet mapametpoB '/ Ha peHTUHTOBBIX CKBaXKMHAX

Tpetuit sTanm BkIOYaeT B ceOs pacdyeT HapamMeTpoB THAPOJUHAMHYECKUX
HCCIIEIOBAHUM HA CKBaXXMHAX, BXOJMIIMX B PEUTHHI, C Y4E€TOM WX HCTOPUHU
MPOBEACHUS TUJIPOJAUHAMUYECKUX MCCIEAOBAaHUNW U KaMUTAJIbHOIO PEMOHTA B
tabmuue 1.

[97]



NHOOPMAILIMOHHBIE TEXHOJIOI'MU B HAYKE, OBPA3SOBAHIU 1 ITPOU3BOJICTBE

Tabnuna 1. XapakrepucTuke CKkBaKuH pekoMeHaoBaHHbIX 151 ['JINC

2 8,0845 7,401 6,568 5,183 1,666
3 5,935 6,292 5,785 3,836 1,461
4 7,374 10,207 9,636 8,529 1,619
5 56,375 15,793 15,123 13,873 1,209
6 8,345 9,329 8,189 6,306 2,196
7 1,807 9,326 8,201 7,076 2,318
8 7,057 3,333 2,920 2,400 0,941
Oran 4: HacTtpolika THAPOAMHAMHYECKON MOAENH
Ha YETBEPTOM JTare IIPOU3BOJUTCS HACTpOMKa [apaMeTpoB

FHHpOHHHaMquCKOﬁ MOACIN HAa OCHOBC PACCUUTAHHBIX XAPAKTCPUCTUK TPCUIMH H

CKHH-(PaKTOpPOB B TabuIIE 2.

Tabmuma 2. [IpoekTHBIC U pacCUUTaHHBIC TOKA3aTENIN JOOBIUN

CyTtoK C
NpoBoanmocCTb NonypnuHa
CKBa*kKMHa CKnH * nocnegHero
TpewmHbl, MA*m | TpewmHbl, m
ranc
1 -4,71 71,3 35,6 2035
2 -4,28 16,3 54,4 1414
3 -7,23 1060 220 2496
4 -6,08 148 239 2486
5 -7,03 2150 168 3168
6 -7,23 1970 209 1845
7 -6,72 309 129 1729
8 -6,24 177 81 2496

Ortam 5: Pacdet oxumaemMoii IEHHOCTH HH(POPMAIIHH

CkBaxmHa | Jobblya 3a Becb [o6blYa No paccynMTaHHbIM PasHuua B 06bIuN,
nepuog, paboTtbl napameTpam, MaH m3 MIH M3
CKBaXWHbI NO
CTapbiMm OaHHbIM,
MAH M3 B10 B50 B90
1 1,148 4,925 4,629 4,191 0,699
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3aKIIOUYUTENbHBIN 3Tall BKIIOYAET pacyeT 0°KMJIaeMOM LIEHHOCTH MH(pOpMaluu
(EMVwi) nocne npoBeAeHUs] THAPOJUHAMUYECKUX HCCIEAOBAHMM, YTO IMO3BOJISET
OLICHUTH () PEKTUBHOCTH MPOBEJECHHBIX UCCIEAOBaHUMN B TabIuIe 3.

Tabnuua 3. CpaBHEHUE PEUTUHTOB.

. [Toteps B Pentunr
Pevitunr
N00BIYM Ta3a U CKBaXMH Ha .
CKBaXUH PacuerHbiit
No ra3oBOro No OCHOBE
pacyeTHbIM ko3 puLreHT
KOH/JIeHcaTa, KOMILJIEKCHOTO
METOJ0M
MJTH PYyO. napamerpa

1 2 1 1
2 6 2 4
3 4 3 5
4 3 44,144 4 8 0,227
5 5 36,529 5 3 0,225
6 7 35,716 6 6 0,223
7 8 28,447 7 2 0,213
8 1 21,117 8 7 0,212

B wurore, pe3ynbTaThl TUAPOJMHAMUYECKHX HCCIEIOBAHUNA Ha CKBa)KWHAX
MOCJ€  KANUTAIBHOTO PEMOHTAa C [JYIIEHWEM IOJYEPKUBAIOT  BaXHOCTh
IUTAHUPOBAHUS W aJanTaiuu  crTpaTerwii  AoO0bau. KOMIUIEKCHBIM — TOIXO/,
PacCCMOTPEHHBIN B aHAN3€, MOXKET OBITh HCTIIOJIB30BAH JIJI ONTUMU3AINH TIPOIIECCOB
n00baM W o0OecreueHus YCTOWYMBOCTH pPa0OThl CKBAKWH B JOJITOCPOYHOU
MEPCIIEKTUBE.

BoiBOABI

BaxxHo oTMeTHTh, YTO BCE TMEPEYHCICHHbIE WHHOBAIlMU B OO0JACTH
WCCJICIOBAaHUS  Ta30KOHJEHCATHBIX CKBAXHUH TakKe  yICNSAIOT  BHUMaHHUE
HKOJIOTHYECKON  0€e30MacHOCTH, YTO CHOCOOCTBYET CHW)KCHHIO HETATUBHOTO
BO3JICHCTBUS Ha OKPYKAIOUIYI0 CPEeAy U YMEHBIICHUIO PHUCKOB 3KOJIOTMYECKHUX
npoOsieM. Hcrmonb30BaHME MCKYCCTBEHHOTO MHTEIJIEKTA B ATUX TEXHOJIOTHAX
no3Boysier Oosiee 3PHEKTUBHO pearupoBaTh HA BO3HHMKAIOIIUE DSKOJOTUYECKHE
YTPO3bl 1 MUHUMHU3UPOBATh UX MMOCIICICTBHS.

[99]



NHOOPMAILIMOHHBIE TEXHOJIOI'MU B HAYKE, OBPA3SOBAHIU 1 ITPOU3BOJICTBE

Jlureparypa

l. HembsinoB B.B., CasenbeBa E.A. I'eocTaTucTrka: Teopust U MpakTUKa /
nox pex. P.B. ApytionsiHa. — M.: Hayka, 2010. — 327 c.

2. Kpemenenkuit M. U., Unatos A.U., I'ynse [I.H. Nudopmanronnoe
o0OecrieyeHue M TEXHOJIOTMH THAPOJAMHAMUYECKOTO MOJACIUPOBAHUS HEPTIHBIX U
ra3oBelx 3ayexend. MockBa-lbkeBck: HMHCTUTYT KOMIBIOTEPHBIX HCCIIEAOBAHUM,
2011.-896 c.

3. [IpaBuna pa3paboTku HEPTAHBIX U TA30HEPTAHBIX MECTOPOKICHUH.
Munnedrenpom. M., 1987.

YK 004.946

PASPABOTKA IIU®POBLIX JIBOMHUKOB J1JI51 ®OPMUPOBAHUSA
IKOCUCTEMBI « YMHBIN KAMITYC YYHUT» HA BA3E I'IC-
TEXHOJOI'H
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AHHOTanusA. JlaHHas cTaThkd paccMaTpUBAECT MPUHIUIBI MPOECKTUPOBAHUSA
U(POBBIX ABOMHUKOB 3aHUA M COOPYKEHMI Y (DHUMCKOTO YHHUBEpPCUTETa HAyKU U
TEXHOJOTHI Il co3JaHusd SKocucTeMbl "YMHBIM kKamnyc YYHuT" Ha ocHoBe
reonHdopmaronsbix cucteM (I'TMC). OnuchiBaeTCs TEXHONOTHS W ATambl CO3AAHUS
U(POBBIX TBOWHUKOB 3MIaHUW W coopyxkeHui. [IpuBomATCS TpUMEpHl YCHENTHOTO
ucrnonb3oBanus 1HU(PpPoBbIX JBoMHMKOB Ha 0Oaze ['MC-texnomoruit. Iludpossie
nBoMHUKN U ['MIC-TexHOoIOruu urparoT BaKHYIO pOJib B 3TOM MPOLECCE, MO3BOJISS
CO3/1aBaTh BUPTyaIbHBIC MOJIEIHN YHUBEPCUTETA JJIA O0see TOYHOTO U 3 (HEKTUBHOTO
yOopaBi€HUs  pecypcamu, IIJIJaHUPOBaHWSI  pacrlpeiesieHuss u  oOecredeHus
6e3onacHoct. OcHOBHasi 1edb HUGPOBOrO ABOMHUKA 3aKIIOYAETCSd B pa3pabOTKe
MPOJYKTa U 00ECTICUeHUH HEMPEPHIBHON PabOThI peaibHOr0 00bEKTa HA MPOTIKEHUU
€ro >KM3HEHHOro 1ukia. OnuceiBaeTcs npoiecc pazpadoTrku 3PpGHeKTUBHON MoJenu
yOpaBi€HUs  pealibHbIMM  OObeKTamMu.  MeTogonoruss  BKJIOYAaeT  BBIOOD
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TEXHOJIOTUYECKOTO CTeKa, COOp M aHajiu3 J[aHHBIX, BEKTOPU3AIMI0 OOBEKTOB U
CO3JlaHUE TPEXMEPHON Mojenu. Pe3ynbTaTbl INOKA3bIBAIOT YCIEIIHOE CO3[aHHE
TOYHOW MOJAENN Y4eOHOro Kopmyca, CHnocoOHOH H(P(EKTUBHO MOAAEPKUBATH
(YHKIIMOHMpPOBAaHUE peabHOr0 00bekTa. IloayyeHHbIE BBIBOIBI IOAYEPKUBAIOT
BaXHOCTh IU(POBBIX ABOMHMKOB B COBPEMEHHOM OOpa30BaHUU ISl ONTUMM3ALUU
yIpaBJIEHUs U TUIAHUPOBAHUS PECYPCOB, YTO MOXKET OBbITh MOJE3HBIM JJISl CO3IaHUS
COBPEMEHHBIX YMHBIX KaMITyCOB.

Abstract. This article explores the principles of designing digital twins of
buildings and structures at the Ufa University of Science and Technology to establish
the "Smart Campus UUNIT" ecosystem using geoinformation systems (GIS). It
describes the technology and stages of creating digital twins of buildings and
structures, providing examples of successful implementations based on GIS
technologies. Digital twins and GIS technologies play a crucial role in this process,
enabling the creation of virtual university models for more precise and efficient
resource management, distribution planning, and security provision. The primary
goal of a digital twin is to develop a product and ensure the continuous operation of
the real object throughout its lifecycle. The article outlines the process of developing
an effective model for managing real objects, including selecting a technological
stack, data collection and analysis, object vectorization, and creating a three-
dimensional model. The results demonstrate the successful creation of an accurate
model of the educational campus capable of efficiently supporting the operation of
the real object. The findings underscore the importance of digital twins in modern
education for optimizing resource management and planning, which can be beneficial
for establishing modern smart campuses.

KiaroueBble caoBa: nudposoit neoitnuk, ['MC-texHonoruu, nudposusarms,
IPOCTPAHCTBEHHBIC JaHHBIC, YMHBIN KaMITyC, TPEXMEpHasi MOZICIb, YKOCUCTEMA.

Keywords: digital twin, GIS technologies, digitization, spatial data, smart
campus, three-dimensional model, ecosystem.

BBenenue

B mnactosiiee BpeMs HaOmomaeTcsl MOBBIMICHHBI WHTEPEC K MPUMEHEHHUIO
u(POBBIX HMHHOBAIMA B pa3NU4YHBIX cdepax, B TOM UHKCIe B OOpa30BaHUMU.
Buenpenne coBpeMEHHBIX WH(DOPMAITMOHHBIX TEXHOJOTHA Ha MPEAMPUATHUIX
CIIOCOOCTBYET M3MEHCHHMIO OW3HEC-TIPOIIECCOB C TENBIO0 CO3/aHus OOHOBJICHHBIX,
Oonmee yCTOMYMBBIX Mojenedt kommnaHuid. OJHUM W3 TIOAXOMOB K  TaKOH
TpaHchoOpMalMK  SBISETCS HCIONB30BAaHUE IUGPOBBHIX JTBOWHHUKOB, KOTOPHIE
MPEACTABISAIOT OO0 BUPTyalibHbIe KOMUU (PU3NUECKUX OOBEKTOB WIIU MPOLIECCOB.
Ot uHCTpyMeHThl, Bkmtodasg [MC-texHomoruu, WrparT KIOYEBYHO pOJIb B
ONTUMU3AIMU YIPABICHUS W TMPUHITUU PEIICHUH, B TOM 4YHUCJIE B CO3JaHUU
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BUPTYaJbHBIX MOJENEH YHUBEPCUTETOB sl Oosee 3((PEeKTUBHOrO pacnpeneiaeHus
pecypcoB u obecrieueHus: 6€30MaCHOCTH.

OCHOBHOH 11eTbI0 MU(PPOBHIX TBOHHUKOB SIBISETCS pa3paboTKa MPOAYKTOB U
o0OecrieueHue HEMPephIBHOTO  (PYHKIIMOHMPOBAHHUS pEANbHBIX OOBEKTOB Ha
NPOTSOKEHUW WX JKU3HEHHOTro IuKima. Ilyrem cosmaHusi BUPTyalbHBIX MOAENeH Ha
OCHOBE MAaTeMaTU4YeCKOTO MOJCITUPOBAHUS CBOWCTB M TOBEACHUS OOBEKTOB, ATH
TEXHOJIOTUH MO3BOJIAIOT 3(PPEKTUBHO NOAAEPKUBATH UX pabOTOCIIOCOOHOCTbD.

CyuecTBy 01U ONBIT NPUMEHEHUs! HU(PPOBBIX IBOHUKOB

[moGanpHBIM OMBIT TOKA3bIBACT AKTYaJIbHOCTh ITOCTABIICHHBIX IPOOJIEM.
Hanpumep, B CToHOOPACKOM YHHBEPCHTETE NMPUMEHSUIM TEXHOJOTHIO "IH(PPOBOTO
JBOMHMKA" B IPOCKTaX, CBI3aHHBIX C apXUTEKTYPOU U MHXKeHepuer. KomeHnrarenckas
IITKOJIa MOPCKOW MH)KCHEPUH TAK)KE BKJIFOUMIIA MAaTEPHAJIBI O ITU(POBBIX JTBOMHUKAX B
CBOM Y4YCOHBIC TTPOTPAMMBI, CYMTAs UX BAKHBIMU JIJII paOOTHI B OTPACIIH.

B TocymapcTBEeHHOM yHHBEPCHTETE YHUMUTO, NpH ydacTHH HarmoHambHOTO
WHCTUTYTa aBHAIIMOHHBIX HccienaoBannii 1 BBC CIIIA, npousBenu JeMOHTaX |
CKaHUpPOBaHHE JABYX CaMOJETOB C Ienblo co3manus 3D-momenu. PykoBoauTens
Koncoprimyma mu@poBBIX JBOWHHMKOB TOAYEPKHYJ, YTO OTa WHHOBAIMOHHAsS
METOAMKA OTKPHIBAET HOBBIE BO3MOXHOCTH JJIs1 00ydeHus cTyaeHToB[3].

B MoCKOBCKOM TOCYyIapCcTBEHHOM YHHUBEPCHUTETE TI'eoJe3UH U Kaprorpaduu
OBLIT OCYIIIECTBIIEH MPOEKT 1o Ha3BaHueM "L{udpoBoii 1BOMHUK", KOTOPHIN HalleIeH
Ha pa3paboTKy I1MGpPOBOKM MOAETHW TopojJa C IMPUMEHEHHWEM TEOTEXHOJIOTHN U
JIOTIOJTHEHHOW PeabHOCTH. DTOT MPOEKT HAINPABIICH HA pEIIEHUE 3a]1a4, CBI3aHHBIX C
OM3HECOM M TOPOACKHMHU CITy)0amu [4].

B VuuBepcutere Hayku € TEXHOJOTHH HWMEHH KOpOJIs AOIYIiasl ObLI
paspaboTtan 1M(poBON JBOWHHUK KaMITyca YHHUBEPCHUTETa IS OIEHKH BHIOPOCOB
Tpancniopra. OCHOBHas IIeJib WHUIIMATUBBI - OIEHUTh MpoOJieMbl ypOaHW3alUUU U
M3MEHEHHUS KJIMMara Mepei BHEIPEHUEM PEIlIeHU B peaabHOM Mupe [5].

IIpuHUMIIBI ¥ MOAXOAbI K CO3AAHUI0 U(PPOBLIX IBOMHUKOB

AHanu3 TpeaMeTHOM  00MacTH  TMO3BOJMII  ONPEACIUTh  HEOOXOTUMBIC
TEXHOJIOTHUHU JJIsi CO3AaHus IU(POBBIX JBOWHUKOB yueOHBIX KoprycoB Y YHuT B
BUJIE TpeXMepHbIX Mopenel. [Ipu BbIOOpPE TEXHOJNOTHI YUWUTHIBAINCH PAa3THYHbBIC
dakTophl, BKIOYas (PYHKIIMOHAIBHOCTh, TMPOU3BOAUTEIBHOCTh, JIOCTYITHOCTH
pPECYypCOB ¥ BO3MOXKHOCTH WHTerpamuu. Jlns 3Tod 1enw Obutn  BBIOpaHBI
pacrpocTpaHEHHbIE HHCTPYMEHTHI pa3padoTku reonHpopmannonubix cucteM (I'NC),
KOTOpPBIE BKJIFOUAIOT B CeOsl MakeT Mg padoThl ¢ reorpaduuecKuMU JaHHBIMH, UX
aHaliM3a, a TaKXe HWHCTPYMEHTHI JUIsl CO3/IaHUsl U OTOOpa)KEHUS TPEXMEPHBIX
MOJIEJIEN.

[Ipouiecc co3nanust Mozieneld BKIIOYAET TPU KIIFOYEBBIX Tarna:

1. CO60p 1 aHaIM3 MPOCTPAHCTBEHHBIX TAHHBIX;

2. BekTopuzanusi 0ObEKTOB C YKa3aHUEM UX aTPUOYTOB;
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3. Coznanue 3D Mozenu Ha OCHOBE aTpUOYTUBHON MH(GOPMALIMH.

B crarpe ommceIBacTCA METOAMKA CO3AaHUS MOZENM, HCIONb3ys OAWH W3
yueOHbIX KopnycoB YYHuT B kadectBe mpumepa. Ha mepBom »Tame mpoucXOnuT
cOOp M aHaIMW3 HMCXOAHBIX NaHHBIX. JlJIst 3TOro TpeOyrTCS pPA3NMYHbIE MPOEKIUU
o0BeKTa, 0TOOpaXXarolle KaK €ro BHEIIHWW BUJ, TaK U BHYTPEHHEE YCTPOWCTBO C
TEXHUYECKUMU  JeTalIAMHU. JIOTIONHUTENBPHO K MPSMOYTOJBbHBIM  IPOEKIUSAM
UCIIOJIb3YIOTCS HAIIAIHbIE U300pa’KEHUsI COOPYKEHUSI U €ro YacTeil B MEPCHEeKTHUBE.
Jlyume Bcero st 3TOr0 MHONOMAYT YEPTEKH, MPOEKTHBIE JOKYMEHTBHI U JIPYTHE
aHAJOTMYHbIE Marepuaibl, KOTOpbIE JOCTYNMHBI Ha OymMaxHbIX HocuTensx. Ocoboe
BHUMAaHUE CIEAYyeT YIEIUTh TAKUM JJIEMEHTaM, KaK CTEHbI, OKHA, IBEPU U JIECTHHUIIBIL.
[Ipumep yacTu yepTexa, ¢ KOTOpoi OepyTcsl JaHHBIE, IPEICTABIECH HA PUCYHKE 1.
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Pucynoxk 1. YUeprex BecTUOIONS MEPBOTO ATa)xa

Ha BTopoM sTame maHHble mpeoOpa3yroTcs B BEKTOpHBIM (opmar. Kaxmbiii
ATaXX NPEJCTaBICH B BHUJE MOJUTIOHA, KOTOPBIM Aanee pa3OuBaeTcs HA pa3jiMdHbIC
DIIEMEHTHI, TaKWe KAaK CTEHBI, CTYNEHH, JABEpU, OKHA U T.J. JJId KakIoro oObeKTa
YKa3bIBAIOTCS €r0 XapaKTEPUCTHKHU, TAKUE KaK THUIT TOMEIICHUs, 6a30Basi U KOHEUHAs
BBICOTA, KOPITYC, 3TAX M IUIOMIAJAb. BEKTOPHU30BaHHBIN MEPBBIN 3TaX MPEACTABICH HA
pPHUCYHKE 2.

CHNNNNT SN 18
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PucyHnok 2. BekTopr30BaHHBIN MEPBBINA 3TAXK

C ucnonb3o0BaHHEM AHAJIOTMYHOIO MOAXO/Ia CO3/laHa BEKTOpHAsl 3JIEKTPOHHAS
KapTa Bcex JTaxke yudeOHoro kxopmyca YYHwuT. Ha Tperbem stame mpoucxomut
dbopMHUpOBaHUE TPEXMEPHOW MONIETHM HA OCHOBE aTpuOyTHMBHOW WHQOpMAIUH.
OCHOBHOE OTIIMYHUE 3TOrO H3Tama 3aKIIYaeTcss B J00aBICHUU JOMOJHUTEIbHOU
KOOpAMHATHI Z, KOTOpas yKa3bIBa€T BBICOTY OOBEKTOB. DTH 3HAUEHHS BBICOT TaKKe
W3BJIEKAIOTCS U3  HWHXECHEPHBIX  YEPTEKEHM, BKIIOUEHHBIX B  MPOCKTHYIO
JOKYMEHTALUK) TMPU CTPOUTENBCTBE 37aHHs. DparMeHT TPEXMEPHOU MOIEIHN
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MEPBOro dTa)ka y4eOHOro KopIryca MpeCTaBlIeH Ha PUCYHKE 3, KOTOPBIA OCHOBaH Ha
YepTeke BECTUOIONS MEPBOro dTaxka (PUCYHOK 1).

Pucynok 3. ®parment 3D mMonenu nepBoro sTaxa yudeOHOro Kopryca

B pesynbrare npoBeneHHbIX paboT OblIa CO3/laHa TOYHAs TpEXMEpHas MOJENb
y4eOHOT0 KopIyca, MpeJCTaBlIeHHas Ha PUCYHKE 4.

Pucynoxk 4. lludposoit aBoitnuk yueoHoro kopmyca YYHuT

BuiBoabI

[Hudbposuzamnus He TONBKO yimydmaeT 3h(PEKTHBHOCTh YIPaBICHUS KaMITyCOM,
HO W PACIIUPSET BO3MOXKHOCTH OOyYECHHS M B3aMMOACHCTBUS MEXKIY CTyIACHTaMH,
mpernofaBaresisiMu M TniepcoHasioMm. OHa CHOCOOCTBYeT pa3BUTHIO WHHOBAIUA U
MOBBIIICHUIO KadecTBa oOpa3zoBaHMs, oOecmeunBasi Ooiee THOKYIO ajanTanuio K
MU3MCHSIIOIIMUMCST TTIOTPEOHOCTSIM U TPeOOBAHHSIM COBPEMEHHOTO OOpa3oBaHMUS.
OkocucreMa HU(POBOrO JBOMHHKA KaMIyca CTAHOBUTCS OCHOBOHM MAJi CO3[aHUsA
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MHTEJUIEKTYallbHBIX M YCTOMUYMBBIX KamIiycoB Oynymiero. IludpoBoii nBONHUK
Kamiryca, ocHoBaHHbIM Ha ['MIC-TexHONOrusx, mpeacTaBisieT coOOl BUPTYyaJIbHOE
OTOOpaKEHUE PEATBHOIO KaMIIyca, COIEprKallee MPOCTPAHCTBEHHBIE JAHHBIE O €r0
reorpa)u4ecKkoM paclOJIOKEHUH, pasMmepax, ¢GopmMax M pasMELICHUM 3[aHHM,
COOPYXEHHUI U IPYyTUX OOBEKTOB.
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AHHoTaumMs. B Hacrosiiee BpeMs CTOMT OCTpPBI BOMpoc 00 akTyalau3aluuu
uHpopMaluu, HEoOXOaUMOM Jisi paboThl dKclepTaMm, CclIeAoBaTessiM U T.JA. C
npuMmeHeHneM  IT-TexHonoruid, MHUHUMHU3UPYS  TOpoOJeMbl U YBEIUYHUBAas
BO3MOXKHOCTh TPUMEHEHUSI WX OpraHaMH MPaBOOXPAHUTEIBHON N1€ATeNbHOCTH,
skcriepramMu B cepe Oe3omacHOCTH HMHPOPMAIMOHHBIX TEXHOJOTHH, a TaKkKe
JKCIIEPTaMU B TOCYIApCTBEHHBIX  CyNeOHO-OKCHEPTHBIX  yupexiaeHusx.Ha
CETOAHSIIHUM JIeHb OJHUM U3 BaXXHEWUIIUX HAMpaBICHUN TrOCYIapCTBEHHON
NOJUTUKU SIBJISIETCS Pa3BUTHE MPABOOXPAHUTEIBHOW JESITENIbHOCTH C BHEIPEHUEM
MH(GOPMAIIMOHHBIX TEXHOJOTHUH M CHUCTEM, UCKYCCTBEHHOTO MHTEJIEKTa U METOJ0B
aBTOMAaTU3UPOBAHHOTO NPUHATUS pelieHud. HHpopmanuoHHbIE CcHCTEMBI |
TEXHOJIOTUU MO3BOJISIOT COKPAaTUTh U ONITUMHU3HUPOBATH Pa0OTy MPaBOOXPAHUTENIbHBIX
OpPraHOB M HKCIEPTOB, MOBBICUTh KaU€CTBO MX pabOThl B MpodeccuoHalIbHOM cdepe.
Bce 310 00BSCHSET aKkTyaJbHOCTH paccMarpuBaeMod TeMmbl. B crTarbe He TOJIBKO
onucaHbl cymecTtBytoue [T-TexHonoruu, NEepCrneKTUBbl UX  Pa3BUTHS B
IPaBOOXPAHUTENIBHON U CYIeOHO-IKCIEPTHOM NEATEIbHOCTH, HO WU IpeACTaBIcHa
MOJI€JIb aBTOMAaTU3UPOBAHHON CUCTEMBI OJACPKKU MPUHATHUS PELICHUH.

Abstract. Currently there is an acute issue of updating the information
necessary for the work of experts, investigators, etc. with the use of IT-technologies,
minimizing the problems and increasing the possibility of their application by law
enforcement agencies, experts in the field of information technology security, as well
as experts in state judicial institutions. Today, one of the most important directions of
state policy is the development of law enforcement activities with the introduction of
information technologies and systems, artificial intelligence and methods of
automated decision-making. Information systems and technologies allow to reduce
and optimize the work of law enforcement agencies and experts, improve the quality
of their work in the professional sphere. All this explains the relevance of the topic
under consideration. The article not only describes the existing IT-technologies,
prospects of their development in law enforcement and expert activities, but also
presents a model of automated decision support system in law enforcement.
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KuarueBbie cioBa: uHGOpPMAIMOHHBIE TEXHOJOTHUU, aBTOMATHU3UPOBAHHbBIC
MH(OpPMAIIMOHHBIE CUCTEMBI, MPABOOXPAHUTEIbHAS JEATEIIBHOCTh, UCKYCCTBEHHBIN
MHTEJUIEKT, IPaBO.

Keywords: law, information technology, automated information systems, law
enforcement, artificial intelligence, information technology.

BBenenune

B coBpemMeHHOM MuUpEe OIrpOMHYIO pOJb WrpaloT HHPopManus U
uHpopManoHHbie TexHojoruu (nanee, WT). Jlroboe SKOHOMUYECKH pa3BUTOE
rocyaapctBo BbiOupaer UT B kauecTBe OCHOBHOI'O HaIpaBlIeHHs] pa3BUTUS cepbl
upoBbIX TexHoNoru. OpHeHTalus Ha 3HAHMS, WHHOBAIMH, BHUPTYyaJIU3alMs
Cpellbl, MHTErpallMsl, a TAK)KE MEKCETEBOE B3aMMOACIHCTBUE - SIBISIOTCS OCHOBHBIMU
YCIIOBUSIMH BCECTOPOHHETO PA3BUTHUSA JIIOOOTO COBPEMEHHOIO FOCYyAapCTBa.

B mHacrosmee Bpems u B Poccum yBenuumBaeTcss 1u(ppPOBOE pazBUTHE
rocygapctBa u obuiectBa. MT ucnonp3yrorcs uist yaydIleHUs KauyecTBa KU3HU B
[EJIOM U YCJIOBUH;—IIPEANPUHUMATENBCKOW JESITeNbHOCTU. Takke OONBIIUMHCTBO
YCTPOUCTB (HOYTOYKH, MOOWIIbHBIE Teae(OHbl W T.J.) AOCTYNHBI HJis JIIOOOU
KaTeropuud TpaxkaaH, CJIEA0BaTEIbHO, pPACTET WHTEHCUBHOCTH WCIIOIb30BaHUS
TEXHUYECKUX CPEACTB M TIOBBIIIAETCS KOMIIBIOTEPHAs T'PAaMOTHOCTb HACEJICHUS
CTpaHbl U MUPA B LIEJIOM.

CeroaHst ye HUKOMY HE HYXHO J0Ka3bIBaTh, 4T0 WT, HECOMHEHHO, SABISIIOTCS
HOJE3HBIMM JJI 4YeJOoBeKa M 00IlecTBa, HO MPH TOM HE CTOUT 3a0bIBaTh U MPO
«0OpaTHYIO CTOPOHY MeJajan» IpU UCIOIb30BaHUM JAHHBIX Te€XHOJIOTUH [1].

C KaxIOplM JHEM pacTeT M KOJIMYECTBO MpecTymsieHud B  cdepe
nHdopmaInmoHHou 6e3omnacHocTy U UT.

B cBi3u ¢ 3TUM HY)XHO MNOBBILIATH 3(PPEKTUBHOCTH NPABOOXPAHUTEITBHON
JESITEIbHOCTH B 3HAYUTEIBHOW CTENEHH, TaK Kak OT 3TOr0 3aBUCUTKAYE€CTBO
MHPOPMAIIMOHHOW MOJAEPKKH M paboTa caMHMX NPaBOOXPAHUTEIBHBIX OPraHOB B
LIEJIOM TIPH PacCiIeJOBaHUU PECTYIICHUH.

NupopManoHHbIe TEXHOJIOTHMU B IPABOOXPAHUTEIBHOM 1eATEIbHOCTH

UT — 3To COBOKYITHOCTH MPOIECCOB cOOpa, XpaHeHUs, 00pabOTKM U mepeaayn
HEO0OXOIMMOM /ISl TPAaBOOXPAHUTEIBHBIX OPraHOB WH(GOPMAIIMH, OCYIIECTBISIEMBIX C
MOMOIIIbI0 KOMIIBIOTEPHBIX CPE/ICTB.

JlesTeTbHOCTh TIPABOOXPAHUTEIBHBIX OPTraHOB BKJIIOYAeT B Ce0sS OCHOBHBIC
Buael UT:

— 00paboTKa JaHHBIX B TPOIECCE PEHICHUS XOPOIIO CTPYKTYPUPOBAHHBIX
3ajaady,

— pEllIeHHE CJIOXKHBIX 3aJlad B paMKax JEATENbHOCTH JKCIEPTHBIX CHUCTEM,
KOTOpbIE OCHOBAaHbI HA UCIIOJIb30BAHNWE UCKYCCTBEHHOIO UHTEIIJIEKTA,

— mporuecchl POpMUPOBAHHUSI YTIPABICHUYECKON OTYETHOCTH,

— BBIpaOOTKA U MPUHSITHUS YIPABICHYECKUX PEIICHUM U T.]1.
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HUT - st0 ocHoBa uHpopmanmoHHbIX cuctem (nanee, MC) B moboil cdepe
nesaTenbHOCTH. OCHOBHBIMHM 3J€MEHTAaMU JaHHBIX CHCTEM SABIISIOTCS: YEJIOBEK M
JaHHBIE O HEM, KOMIBIOTEp, 0a3bl JaHHBIX, BCE MPOrPaMMHOE OOecHevYeHHe,
KOMITBIOTEPHBIE CETH M BapHaHThl MX MCHOIb30BaHUsA, T.€. BCA HHpopMauus o0
oowekrax MC, xotopasi ocraBisieT uHGOpMalMoOHHbIE (IIU(GPOBBIE) CIIENbI, BaXKHbIE
JUISl IPABOOXPAHUTENIHON AESITEIbHOCTH.

B cBs13u ¢ TeM, 4TO BajkHasl pOJib B aHAJTUTUUYECKON JIEATETIbHOCTH U 00paboTKe
OTPOMHOI0  KOJIMYECTBa MH(GOPMALIMK OTHAETCS KOMIBIOTEPY, CErOoJHsA Yalle
HCIIOJIb3YIOT aBTOMATHU3UPOBaHHbIE HH(pOpMaLMOHHbIE cucTeMbl (nanee, AUC).

B mpaBooXpaHUTENBHOW  JEATEIBHOCTH  TPHUMEHSIIOTCS  pa3IudHbIC
AWC(Tabauma 4).

Tabnuma 1. AUC, npumeHsieMble B TPaBOOXPAHUTEIbHOM IESITEIbHOCTH.

Ne AUC @Oyuxuuun AUC

1 | ABTOMaTHU3MpOBAHHbIE CUCTEMBI | ABTOMAaTH3alMsl  ONepanuil  ympaBiieHUS
o0OpaboTku ganHbIX (nanee, ACO/) JeSITENIbHOCTHIO MIPaBOOXPaHUTENbHBIX

OpraHoB (CTaTHCTHKA, aHAJIU3 pabOThI)

2 | ABTOMaTH3UpPOBAHHBIE Pabota ¢ yci10BHBIM HOMCKOM KOHKPETHOMN
MH(OPMALIMOHHO-TIOMCKOBBIE CHCTEMBI | HHPOpPMAIIMK TIO0 OMpPENIEJIEHHOMY 3ampocy.
(manee, AUIIC) Hampuwmep, AUIIC «ABTOIIOUCKY,

«Anspomopty, «Kpumunan-N», «Hacunue» u
T. 1.

3 | ABTOMaTU3UpOBaHHbIE BBon, cucremaruzaiys, XpaHeHUE U BbI1aua
UH(GOPMaLIMOHHO-CIIPAaBOYHbIE UHPOpMALUK CIIPABOYHOIO XapakTepa I0
cuctemsl (manee, AUCC) 3anpocy cotpynHukoB. Hampumep, ANCC

«Kanpei», «CBonkay, «I'py3si-2K».

4 | ABTOMaTU3MpoOBaHHbIe paboune Mecta | Hanmnume y Bcex COTpYTHHMKOB KOMILIEKCA
(manmee, APM). HEO0OXOUMOTO 000pyIoBaHUs "
IPOrPaMMHOTO obecrieueHus JUTST
MPOBEJICHUS CIIEJICTBEHHBIX, JKCIEPTHBIX U
OPYTUX MEpONpUSITUHA, B paMKaX CBOHX
JIOJIKHOCTHBIX 00s13aHHOCTEH.

5 | ABTOMaTU3UpPOBAaHHbIE CUCTEMBbI | ABTOMaTHU3UPOBAHHOE pearupoBaHHE Ha
ynpasienus (nanee, ACY). OIpENCICHHbIC BHUJbBI MPECTYIUICHUH U
npaBoHapymienuil. [Ipumepom  sBisiercs

ACY «JlexypHas 4yacTby.
6 | OxcneptHbIe cuctemsl (aanee, IC). Kommiekcet  OBM, 0OCHOBOMl  KOTOpPBIX

SIBJISICTCS HCKYCCTBEHHBII HWHTEILICKT.
Hanpumep, 3C  «ABTO3KC»,  «biok»,
«Cropym».

7 | Cucrtemsl MO AJIEPKKHU NPUHATUA | YUYET JIMIl 1O DJIEMEHTaM BHEIIHOCTH,
peuieHui U aBTOMATU3UMPOBAHHBIE | KOTOPbIE  BKJIIOYAKOT  JBE  OCHOBHBIE
HMH(OPMAIIMOHHO-PACTIO3HAOIIINE Pa3HOBUJHOCTU:  CO3JaHHbBIE IO  THUIY
cuctemsl (nanee, AUPC). «CyOBEKTUBHBIN MOPTPET» U UCIOJIB3YIOIIHNE
mynpTUMeana daimsi [2], [3].
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AHanuzupys Tabnauily 1 MOXKHO caienarh BbIBOJ, UTO Ha cerofgHsAmHuil neup NUC
AKTUBHO HCIIOJIB3YIOTCSl COTPYAHUKAaMHU IPABOOXPAHUTENbHBIX OpPraHoB. OTH
CUCTEMBI TOMOTAlOT YMEHBIIUTh KOJIUYECTBO BPEMEHH, HEOOXOAUMOE s
3alOJIHEHUSI BCEH JOKyMEHTaluu, oOpabOTKM OrpoMHOro o0beMa MH(GOpPMALMH U
paccieloBaHUE IPECTYIUICHUN «I10 TOPSYUM CIIeIaM».

Opnnako He Bce cdepsl cynedHol AesTeabHOCcTH uenoib3yoT AUC.

OpHoli M3 OCHOBOMoOJIAraroUx cdep OpH pacclieJOBaHUM MPECTYIUICHUN
ABJISIETCS MPOU3BOJICTBO CYAEOHBIX SKCIIEPTH3.

BosmoxnocTn npumeHennss AUC B npousBoacTBe CyleOHBIX IKCIEPTU3 U
COCTABJICHHH 3aK/JII0YEHHS IKCIIEePTa

Cynebnble skcneptusbsl (manee, CD) - 3TO mpolieccyaidbHble JI€WCTBHUS,
COCTOSIIIIME W3 TMPOBENCHMSI HCCICAOBAHMM M Ja4d 3aKIIOYEHUS HKCIEPTOM 10
BOMNPOCaM, pa3pellieHre KOTOPbIX TpeOyeT crHelHalbHbIX 3HAaHUI B 00JIACTH HAyKH,
TEXHUKH, UICKYCCTBA HJIK PEMECIa U KOTOPbIE MOCTABIEHBI MIEpe]] IKCIIEPTOM OPTaHOM
WIM JIMIOM, HWMEIOIIMM TpaBO Ha3HauaTh CyAeOHYI0 DJKCHepTu3y, B MLEeJsiX
YCTAHOBJIEHUSI OOCTOATENbCTB, MOICKAIIUX TOKA3bIBAHUIO 110 KOHKPETHOMY JIEIy, a
TaK)Ke MIPU MPOBEPKE COOOIIECHUSI O IIpecTyIieHuu [4, 5].

3axiroueHue dKCIepTa SBISETCS CPECTBOM JAOKA3bIBAHUS B CYJI€ U OT AAHHOTO
JOKYMEHTa 3a4acTyl0 3aBUCUT HCXOJ CyAeOHOro pa30ouparesibcTBa W IMPUHSATHE
pEIIeHHs TI0 PaccielyeMOMYy JIeTy.

O¢pdexruBHocTh npoBeneHuss CD 3aBUCUT OT HECKOIBKUX (DAKTOPOB: HAIUYUS
MeToandeckord 6a3pl, APM skcnepra, KOMIIETEHTHOCTH COTPYIHUKOB, a TaKke OT
BpPEMEHH, 3aTPAu€HHOT0 Ha MPOM3BOICTBO IKCIEPTH3 U 3arpy’KEHHOCTU JKCIEpTa B
IEJIOM.

YMEHBIIUTH 3arpy’KEHHOCTh JKCTepTa ¥ MHHHUMH3UPOBATh OIIMOKUA TIpU
IIPOU3BOJCTBE AKCIEPTH3 MOMOTYT TOJBKO aBTOMATHU3UPOBAaHHBIE WH(GOPMAIIMOHHBIE
CUCTEMBI, TO3BOJIAIOIINE YACTMYHO YMEHBIIUThH IMPOIECC COCTABIEHUS CaMOTro
3aKJTIOYCHUS, a TakKe YIPOCTUTH pacueThl W 00paboTKy OoJybIIoro odbemMa
UH(GOPMAIIMU TIPU UCCIIETOBAaHUU.

Ha nanubpiii MomeHT Bemytcsi paboTel 1o cosmannio AUC nmms cyneOHBIX
sKcrepToB. [IoMHOCTHIO aBTOMATU3UPOBAHHON MH(GOPMAIIMOHHOW CUCTEMBI B JaHHOU
NPEeIMETHON 00JIaCTH TIOKA HE CYIIECTBYET.

Mogesib aBTOMAaTH3UPOBAHHON CHCTEMbI OAACPKKH NPUHATHS PellIeHul

Cucrtema MOIeIMPOBAIACh B HECKOJIBKO ATAIOB:

1) IlpoBenieH aHaM3 MecTa SKCIEPTHBIX U MPABOOXPAHUTENBHBIX OPraHU3aANI
B CTPYKType 3KcnepTHo# padotel POLICO mpu Munrocte Poccun, a Taxke moaxoaoB
K COBEpPUICHCTBOBAHUIO YNPABICHHUS OKCIIEPTHBIM MPOLECCOM, KaK OCHOBHOIO
HAaNpPAaBJIEHUS UX AEATEIbHOCTH.

2)3yuenbl BO3MOKHOCTHU IIPUMEHEHUSA METOJOB 51 MOJIeJIen
MHTEJUIEKTYaJbHOIO aHajlu3a JAaHHBIX K MAacCUBaM JaHHBIX, C KOTOPBIMU pabOTaroT
skcneptel POLICO npu Muntocte Poccun u ompenenieHne UX OCOOCHHOCTEH ¢
YYETOM BEAOMCTBEHHOW KOMITOHEHTHI.
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3) OGocHOBaHBl MOAXOABI K HCIOJIB30BAHUIO METOJOB HHTEIIEKTYaJIbHOIO
aHajgu3a JaHHBIX B LENSAX COBEPIICHCTBOBAHUS YIPABICHUS SKCIEPTHOM pabOThI
P®IICO npu Munrocre Poccun.

4) Pa3zpaboTaHbl METOAMKU OLUEHKH 3(P(HEKTUBHOCTH METOJOB OOHAPYXKEHUS
AHOMAJINH B JAHHBIX AKCIIEPTHBIX OpTraHU3AIHIX.

5) PazpaboTansl MojieNId aHAJIM3a JAHHBIX O XOJIe 00pa30BaTeILHOrO MpoIlecca
skcniepTHO  paborel POIICOD mnpu Muniocte Poccunm Ha OCHOBE METOJOB
OoOHapyXeHUs aHOMAJIUM.

6) Pa3zpaboTran caM OPOTOTUI aBTOMATHU3UPOBAHHON CHCTEMBI MOJJEPKKU
OPUHSATHS PEIICHHUS [0 YIPaBICHUIO MPOIECCOM MPOU3BOJACTBA OIKCIEPTU3 Ha
npumepe PbY POICO npu Musnrocre Poccun.

3a ocHOBYy Oblla B3siTa MYJIbTHAreHTHAasT MOJAENb C OMNPEAEICHHBIM
KOJIMYECTBOM areHTOB, B3aUMOJCHCTBYIOIIUX MEXAYy coOoii. B3auMonelicTBre MoxKeT
OBITH TPEJCTABICHO IEMOYKOW: <cpema — (PYHKIUU MYJIBTHAreHTHONW CHCTEMBI
(manee, MAI'C) - ponu areHTOoB — OTHOIICHUS MEXJy areHTaMu — O0a30BBIC
KOMITOHEHTBI B CTPYKTYphI MAI'C — Mmogudukarmm>.

CnenoBarenbHO, B CHCTEME CTpPOrO MOIJEpKUBaeTcs (opmMupoBaHue
UCXOMHBIX (YHKIIMH arcHTOB, Kpyra OOS3aHHOCTEH KaXJIO0r0 W3 HUX U HX
00s13aTeNbCTB; TaKke (GOPMHUPYIOTCS HCXOAHBIE M Pa3BUBAIOIIUECS CTPYKTYpbl Ha
OCHOBE BBIJICJICHHBIX (YHKIIMH M HCCICIOBAHME aJ[CKBAaTHOCTH OTHX CTPYKTYP
XapakTepy peliaeMbIX 3aJad B ONPEICICHHBIX MPOOJEMHBIX 00JacTIX B
COOTBETCTBYIOIIECH MpeIMEeTHOI 00IacTH.

BaxxHbIM 37€MEHTOM TpHU CO3AaHUU MYJIBTHATCHTHOW CHUCTEMBICTAN SA3BIK
KOMMyHUKaluu areHToB — Agent Communication Language, onpenenstomui TUITbI
COOOIIeHUH, HEOOXOAMMBIE [Jisi B3aUMOOOMEHa MEXIy areHtamu. B pamkax
napajurMbl  KOMMYHUKAIIMM MEXKIY AareHTamMH, KOoIlepanus MeXAy HHUMU
nocturaerca 3a cueT ACL, si3plka KOHTEHTa M OHTOJIOTHH, KOTOPBIE OMPEEISIOT
HaO0op 0a30BBIX KOHIIEIIIUH, UCIIOIB3YEMbIX B COOOIIEHUIX Koonepauun. OHTOIOTUs
3nechk BoicTynaeT cmHoHMMOM moHATHS API (Application Programming Interface),
T.€. OHa ONpeJeNsieT KOHKPETHBIN NHTep(eiic MHTEIEKTyalbHbIX areHTOB.

Ha TexHudeckoM ypoBHE KOMMYHHKAIMS MEXIy areHTaMu MPOUCXOIUT 3a
CUeT Mepefayu COOONICHUW HCIONB3YSl TPAHCIOPTHBIM MPOTOKON HIXKHETO YPOBHS
(SMTP, TCP/IP, HTTP, IIOP). AnsrepnaruBamu Kk ucnonb3oBanuto ACL sBuseTcs
psan Aapyrux s3pIkoB, Takux kKak s3bikd B/ (SQL), Distributed object systems
(CORBA wu ap.), Service languages (e-speak ot Hewlett Packard, BizTalk or
Microsoft u ap.) u Web languages (XML, RDF, DAML).

Eme omnoit ansrepnaruBoii ACL sBisercas CORBA ORB, pa3spaGoranHbiii
yke ynommHaBmmiics Object Management Group. Bcs  (QyHKIIMOHAIBHOCTB,
npenoctasimsieMass CORBA noctymaa m Ha si3bike JAVA, myrem komOuHarmu Java
RMI, Java RMI servers, Jini, Java event servers u IpyTux.

Pa3paboTka WHTEIEKTYadbHOM CHUCTEMBI Ha OCHOBE MYIBTHAT€HTHBIX
TEXHOJIOTUH TIO3BOJIUT JOOUBATHCS TAKUX PE3YIIETATOB, KAK:

. pEIIeHNE CIIOKHBIX 3a/1a4, HE aBTOMATH3UPOBAHHBIX PaHEE;

. pe3yJbTaThl  pEeUIeHUs MPEBOCXOAST KAaueCTBO, COIMOCTAaBUMOE C
pelIeHUEM YeJIOBEKOM;
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. HavyajbHOE  pelieHue  cTpoutcss  APPeKTUBHO  (JIMUHEHMHO  WIH
MOJIMTHOMUHAJIBHO);

. M3MEHEHHMSI B IOCTAHOBKE 3aJ1a4uM NMPUBOJAT JUIIb K aAaNTAlMKA PELICHUS
«Ha JIETY»;

. NOJAepKUBAETCs padoTa MO COOBITUAM B PEKHUME PEATLHOTO BPEMEHH;

. o0OecrneynBaeTcss BO3MOXKHOCTh pEIICHUs] 3aJaud B JAHAlOre C
M0JIb30BATEJIEM;

. BBIUMCIIEHUSI JIETKO pachapajuielieHbl i PELICHUsS CBEPXCIOXKHBIX
3a/ad.

BriBOABI

Ha cerogusimiauii aeHb B «mpodecCHOHANbHONW KOJUICKIIUKM» COTPYIHUKOB
IPaBOOXPAHUTEIBHBIX OPTaHOB HMMEETCS OOJBIIOE KOJIMYECTBO Pa3sHOOOPa3HBIX
ABTOMATU3UPOBAHHBIX HMH(POPMAIMOHHBIX CHCTEM, TO3BOJISIOMUX 3P (PEKTUBHO
IIPOBOJUTH MHOTHE CJICJICTBCHHBIC MEPONPHUATHS, BECTH TUAJIOT C TPaKIAHCKUM
HaceJICHUEM.

B TOX€e BpeMst Hy>)KHO y4eCTh TO, YTO C KaXKJIbIM T'OJIOM TEXHUYECKUM TIPOrpecc
pacTeT M COBEPUICHCTBYIOTCS MH(OPMAIIMOHHBIE TeXHOJIOTHH. [loaToMy HY)XHO He
TOJIBKO TOCTOSSHHO  ynydmate cymecTtByomue AWMC, HO U co3masarh
NPUHIMITHAIBHO HOBBIE PELICHUSI U MOJIEIU ONTUMU3AIMU PAaOOUUX TIPOLIECCOB.

[IpumepoM TakuX pelIeHUH CTAHET aBTOMATU3MpPOBaHHAs WHOOPMAIMOHHAS
cucTemMa CyneOHOTO IKCIEPTa, MO3BOJISIONIAs YMEHBIIUTh BpEeMsl, 3aTpadylMBaeMoe Ha
UCCJIEIOBAaHUE, YAYYIIUTh KAa4eCTBO M TOYHOCTh CaMUX HCCIEAOBAHUA U
MUHUMU3HPOBATH OLIUOKU MPU COCTABICHUU 3aKIIIOUCHUSI.
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AHHoTaumMs. B 1aHHOW crarbe oOCyX7maeTcs akTyalbHas mpoOiieMa
yBEJIMUEHUS 00bEMOB JAHHBIX M MOTPEOHOCTh B MX ONTHMHU3WPOBAHHON Iepeaaye B
KOHTEKCTE CUCTEM YIPABJICHHsI MarucTpaibHBIMU TpyOorpoBogamu. MccrnemoBanue
HAMNpaBlI€HO Ha OIIEHKY BO3MOXXHOCTEW CHWXEHHS Tpaduka JaHHBIX 32 CYET
UCITOJIb30BaHus anroput™Ma Xaddmana mist dddekruBHoro cxkarus. [IpenmoxenHas
METOAMKA CXKaTUs JaHHBIX 0€3 IMOTepb, MO3BOJSAET HE TOJIBKO COKPATUTh O0BEM
NepeaaBaeMbIX JaHHBIX, HO U COXPaHUTh UX MCXOJHOE KaueCTBO, YTO KPUTUUYECKU
BaYKHO JIJIS1 TOYHOTO MOHUTOPUHTA U KOHTPOJIS 32 pabOTON CHCTEMBI.

B craree mpencraBieHbl TEOpeTHYECKHE OCHOBHI anroputMa Xaddmana,
KOTOPBIH sBIIsieTCS 3P(HEKTUBHBIM HHCTPYMEHTOM JIJISl COKaTHS JAHHBIX 0€3 ToTeph, U
WUIIOCTPUPYETCSl €ro MPUMEHEHHE Ha MpUMEpe MPOU3BOJICTBEHHOTO OOBEKTa
MarucTpajibHoro HedtenpoaykronpoBoga «Bockpecenck-IIpuboit». Pesynbrars
MIPOMBIIIJIEHHOTO 3KCIIEPUMEHTa MOATBEPKAAIOT 3HAYUTEIBHOE COKpalleHue o0bEMa
JAHHBIX M YBEJIMYECHHE KPATHOCTU CXaTUs, YTO B COBOKYIHOCTH TO3BOJISIET
YMEHBIINUTh HAarpy3Ky Ha CUCTEMBbI Mepefadyd JAaHHBIX U MOBBICUTH UX MPOMYCKHYIO
CIIOCOOHOCTS.

3aKao4eHue CTaThbd TMOJYEPKHUBAET 3HAYMMOCTh BHEAPEHUS ajIropuTMma
Xaddmana B cucteMbl yrpapieHUs UHOPACTPYKTYPHBIMH OOBbEKTaMH, TAKUMH Kak
MarucTpajibHble TpyOompoBojbl. [IprMeHeHHWE JaHHOMW TEXHOJIOTUH HE TOJIBKO
ONTUMU3HUPYET 00paOOTKY U Mepeady JaHHbIX, HO U MOBBIIIAET OOIIYI0 HAJEHKHOCTD
u 2G(PEeKTUBHOCTh CHUCTEMBI, OOecIieunBasi €€ CTAOMJIBHOCTH MPH TOBBIIMIEHHBIX
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Harpy3kax. B 3akimouMTeNbHOM YacTW NPENJIOKEHBbl HANpaBlICHUsA Oyaylux
UCCJIEeI0BaHUM, KOTOPbIE MOTYT CIIOCOOCTBOBATH JajdbHEMIIEMY COBEPIICHCTBOBAHUIO
CUCTEM YIPABJIECHUS YUYUTHIBAs PacTylIue OOBbEMBbI TaHHBIX.

Abstract. This article discusses the pressing issue of increasing data volumes
and the need for their optimized transmission within the management systems of
main pipelines. The study aims to evaluate the potential for traffic reduction through
the use of the Huffman algorithm for effective data compression. The proposed
lossless data compression method not only reduces the volume of transmitted data but
also preserves their original quality, which is critically important for accurate
monitoring and control of system operations.

The article presents the theoretical foundations of the Huffman algorithm,
which is an effective tool for lossless data compression, and illustrates its application
using the example of the Voskresensk-Priboy main petroleum product pipeline
production facility.

The results of the industrial experiment confirm a significant reduction in data
volume and an increase in compression ratio, collectively reducing the load on data
transmission systems and enhancing their bandwidth.

The conclusion of the article highlights the importance of integrating the
Huffman algorithm into the management systems of infrastructural objects such as
main pipelines. The application of this technology not only optimizes data processing
and transmission but also increases the overall reliability and efficiency of the
system, ensuring its stability under high loads. The final part suggests directions for
future research that could further improve management systems considering the
growing volumes of data.

KiawueBble ciaoBa: ckarhe [aHHBIX, aJroput™M XaddmaHa, CHCTEMBI
yIOpaBICHUs TPyOONpoBOAaMHU, ONTHMHU3aIMsA Tpaduka, cxatue O0e3 TOoTepb,
HaIEKHOCTh MH(PPACTPYKTYPHI, YBETHUECHUE IPOITYCKHON CIIOCOOHOCTH.

Keywords: data compression, Huffman algorithm, pipeline management
systems, traffic optimization, lossless compression, infrastructure reliability,
bandwidth enhancement.

BBenenue

B coBpemenHoM wMupe, TA€ OOBEMBI JAaHHBIX PACTYT C KaXABIM JTHEM,
BAXHOCTH UX d(PPEKTUBHON N SKOHOMUIHOM Tepesjaur He MOKET OBITh HEOOIICHEHA.
DTO0 0COOEHHO aKTYyaJIbHO JJIsi KPUTHUYECKU BAKHBIX MHPPACTPYKTYPHBIX OOBEKTOB,
TaKMX KaK MarucTpajbHbIe TPYOONPOBOABI, TAE€ HAJIEKHOCTh U JOCTOBEPHOCTH
nepeaaBaeMor HHPOpPMAILMKM HANPSIMYIO BIUSET Ha 0€30MaCHOCTb U d(PPEKTUBHOCTH
pabotbl Bcell cuctembl. OJHAKo, MO MEpe YBEJIMYECHHS OOBEMOB COOMpaeMbIX
JAHHBIX, TPAJUIHUOHHBIE METOJbl MX IMepeJayd CTaJIKUBAIOTCA C CEpPbE3HBIMU
TPYAHOCTSIMU, CBA3aHHBIMU C TPOIMYCKHOM CIOCOOHOCTHIO KAaHAJOB CBSI3U W
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BpEMEHEM, HEOOXOIUMBIM AJid UX 00pabOTKU U mepenadr. B 3ToM KOHTEKCTE MOUCK
coco0OB ONTHUMU3ALUHU TpapuKa KaHAIOB CBSI3U CTAHOBUTCS aKTyaJIbHOU 3a/1a4eil.

B npouecce nOpoOeKTHPOBaHUS CHCTEM  YIPABICHUS MarucTpajbHBIMU
TpyOOINPOBOJAMHU CTOMT 3ajJadya BbIOOpa ONTUMAJBLHOITO METOJA CHKATWs JaHHBIX. B
3aBUCUMOCTH OT cHeuu@ukd paboThl CUCTEMBbI, TPEOOBAHMUS K CHKATHUIO MOTYT
CyuiecTBeHHO ominuarbesi. C OIHOM CTOPOHBI, MUMEIOTCS ClieHapuu, TpeOyroliue
MOYTU MTHOBEHHOW MEpenayu JaHHbIX, I7I€ MPUMEHEHUE BeuBieT-npeoOpa3oBaHUui
MOXKET OBbITh OnpaBaaHo Ojaromaps MX CHOCOOHOCTH 3(@PEeKTUBHO paboTarh B
YCIOBUSX peanbHOro BpeMeHu. BeliBneT-npeoOpa3oBanus, XOTh U BHOCST HEKOTOPYIO
noTepro HHPOpPMALMHU, TO3BOJISIOT JOCTUYL 3HAYUTENIBHOTO YPOBHS CXaTus U
OBICTPOTHI  00pa0OTKH, YTO KPUTHYECKH BaXXHO B CHCTEMaX, TpeOyIOIUX
HEMEJICHHOM peakuuu [1].

C napyroil CTOpOHBI, CYHIECTBYIOT CUTYallMH, KOT/a OMEPAaTUBHOCThH JIOCTABKU
JAHHBIX HE SIBJSETCS ONMpeNeNsomuM (PaKTopoM, U BO3MOKHO HAKOIJICHUE JaHHBIX
nepen ux oTnpaBkod. B Takux cimydasx, kpaiHe BaXKHO, YTOOBI MPOLIECC CHKATUS ObLI
0e3 morepb, TaK Kak KaXIplii OUT HHPOpPMALUU MOXKET OBbITh KPUTHYEH IS
KOPPEKTHOTO MOHMTOPHMHIAa M YIpaBieHUs cucreMod. VIMeHHO 3aech alroputm
Xaddmana nposBISET CBOM JTyUIIUE KauecTBa.

eanb uccaenoBanus

Llenpto gaHHOTO WCCIEAOBAHMS SIBISIETCS OILIGHKA TMOTEHIMAaja CHWKCHUS
o0bema Tpaduka B CUCTEMAX YNPaBICHUS MarucTpajbHBIMU TPYOOIPOBOIAMHU Yepe3
ckarue 0e3 MoTepb aKKyMYJIUPOBAHHBIX JTAHHBIX.

B pamMkax gaHHOro WHCCI€IOBaHHWS OCHOBHOW 3a/adyeil SIBISICTCS aHaJu3
3 PeKTUBHOCTH CKaTHs O€3 IMOTEPh A aKKyMYJIMPOBAHHBIX JTAHHBIX C IIEJIBIO
CHIW)KEHMs TpaduKka B CHCTEMax YIMPaBICHUS MaruCTPaJbHBIMU TPyOOIPOBOAAMH.
OTo mpeArnoiaraeT He MPOCTO YMEHBbIIEHHE 00beMa MepedaBacMbIX JaHHBIX, HO U
COXpaHEHHE UX TIOJHOW LIEHHOCTU M TOYHOCTH JJIsl OOeCIeYeHUs] HaJeKHON pabOThI
CUCTEMBI.

TeopeTnueckue 0OCHOBbI

Anroputm Xaddmana — 9ITO METOH CXKaTWs JaHHBIX 0€3 TOTepb,
paspaborannbiii JpBunom Xabdmanom B 1952 rogy. OcHoBHas ujesi aiaropurMa
3aKJTFOYAETCS B MCIOJB30BAHUH MIEPEMEHHON IITMHBI KOJA IS MPEICTABICHUS 9acTO
BCTPEYAIOIINXCS CUMBOJIOB 00JIee KOPOTKMMH KOJIaMH, a PEIKMX CUMBOJIOB — Ooree
JUTMHHBIMA Kojamu [2]. Takum o0pa3oM, alrOpuUTM CTPEMHTCS MUHUMHU3HPOBATH
oOmee KOMMYeCcTBO OWT, HEOOXOJUMBIX I TPEACTABICHUS HWCXOJHOTO Habopa
TaHHBIX.

[Ipomecc paboThI anropuT™Ma MOKHO Pa3AeuTh Ha HECKOJIBKO 3TAIOB:

1. Ha mepBOM 3Tame onpeaenseTcs 4acToTa MOSBICHUS KOKIOTO CUMBOJIA (MITH
WHBIX JJAHHBIX) B UCXOHBIX JaHHBIX.
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2. CuMBonbl (MM WHBIE JaHHBIE) YHOPSAJOYMBAIOTCA IO YacTOTE B BHUJE
JUCTHEB JI€peBa, HAUMHAs C HAUMEHEee YacThbIX. 3aTeM, JBa HAUMEHEE YacThIX
CUMBOJIA OOBEIMHAIOTCS B OAMH Y3€J, Ybsl 4acTOTa paBHA CyMME€ YacTOT JABYX €ro
IouepHUX 3ieMeHToB. IIpouecc moBTopsieTcs, moka He OyAeT MOCTPOEHO MOJIHOE
TEPEBO.

3. Kaxxiomy CUMBOJIYy NPUCBAMBAECTCS YHUKAJIbHBIA KOJI B COOTBETCTBUM C
IyTEM OT KOPHS JIepeBa /10 COOTBETCTBYIOLLIEIO JIUCTA: ABUKEHHE BJIEBO 0003HAYAET
out "0", a ABM>KeHHe BopaBo — Out "1".

4. VlcxonHble JaHHBIE KOAMPYIOTCS C HMCIOJIb30BAHUEM IIOJYUYEHHBIX KOJIOB
CUMBOJIOB, YTO NMPUBOAUT K YMEHbILIEHHUIO 001Iero 0obema 1aHHbIX [2].

Bri6op anroputma Xaddmana s cxxaTHsl TaHHBIX B CHUCTeMaXx YINpaBICHUs
MarucTpajibHbIMU  TpyOOmpoBOAamMH  OOYCJOBJIEH  €ro  CHOCOOHOCTBIO K
3HAYUTENIbHOMY YMEHBIIEHUIO pa3Mepa rnepeaaBaemMoil HHpopmanuu 6e3 norepb. 1o
0COOEHHO Ba)KHO, KOT/a TpeOyeTcsl COXpaHeHHUE MOJIHOTHI U TOYHOCTHU AaHHBIX, TAKUX
KaK MOHHUTOPUHI W VIPABIECHHWE KPUTUYECKH BAXKHBIMU HHPPACTPYKTYPHBIMU
00BEKTAMHU.

Pe?,y.]'leaTI)I MNPOMBIINVICHHOI'O 3KCIIEPUMEHTA

Jns onenku 3¢d¢eKTUBHOCTH anroputMa XaddmaHa Kak MeToda CKaTHus
TAHHBIX BbIOpaH MIPOU3BOACTBEHHBIN 00BEKT MarucTpajibHOrO
Hedrenpoaykronpooga (MHIIII) «Bockpecenck-IIpuboit». JlaHHBII 00BEKT
0o0OpyIOBaH JaTyvMKaMu AaBieHus (5 eauHHI]), paboTaIoIMMU C YacTOTOM Ompoca
100 T'u, TOYHOCTP NPEAOCTABISAEMBIX MAAHHBIX JO & 3HAKOB IIOCJIE 3aIlATOM.
KonuyecTBO JaHHBIX MO KaXKAOMY JAaT4YUKy cocTaBisieT 59962 uwucen. Pesynbrarsl
IpPUBECHBI B Ta0IHIlE 2.

[Iponiecc MOArOTOBKM JAaHHBIX M MX MOCIEAYIOIIAsl KOMIIPECCUSI BKIIOYAET B
ce0s1 HECKOJIBKO KJIFOUEBBIX ITAIOB:

1. [TepBoHavanbHOE MOKa3aHUE C AaTYUKAa GUKCUPYIOTCS KaK UCXOAHBIC TOYKU
JUTs1 BOBMOKHOCTH JJaJIbHEUIIEr0 BOCCTAHOBIICHUS.

2. Kaxxnoe mocnenyroniee MOKa3aHUE C  JAaTYUKOB  CpPaBHHUBAETCA C
MPEeabIAYIuM, U (QUKCUpYETCS WX pasHHIA. DTOT MOJXOJ IMO3BOJISET COKPATHTh
KOJIMYECTBO YHUKAJIBHBIX 3HAYCHUH, TOCKOJIBKY B OOJIBIIMHCTBE CIIy9aeB U3MEHEHUS
MOKA3aHUM SIBISIIOTCS HEOOJIBITUMU.

3. Ilocne mnosiydyeHusi cepuu PA3HOCTHBIX 3HAYEHHM, JaHHbIE MOJABEPTHYTHI
o0paboTke ¢ moMoIpio anroput™ma Xaddmana.

Jlnst HarnmsigHOCTH PabOThl alNropuTMa MOCTPOCHO nepeBo XaddmaHna 1o
YaCcTOTE TMOBTOPSIONIMXCS 3HAYCHUM HaA MPUMEpPE JAHHBIX MO JaT4yuky Ne5 (pHucyHOK
1). D10 nmepeBo WILTIOCTPHUPYET, Kak anroput™M XaddmaHa MUHUMH3UPYET OOIIUN
00BEM MaHHBIX, TPHCBaMBasi HaMOOJIEe YACTO BCTPEUAIOIIUMCS 3HAYEHUSM CaMble
KOpOTKHE Konbl. Takum o0pa3om, 3HaueHue (0, KOTOpoe SIBISETCS CaMbIM YacThIM,
MOJYYHJIO CaMbIid KOPOTKHM Kox 1.

[IpucBoennsie koabl XapdmaHa KaKIOMY YHUKAJIBHOMY  3HAUYCHUIO
npeAcTaBieHbl B Tadnuie 1.
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Tabnuma 1. CooTBETCTBUME YHMKAJIbHBIX 3HAYEHUM IAaTYUKOB UM UX KOAOB IO
anroputMmy Xapdmana

YHUKaIbHOE 3HAYECHUE Kon Xappmana KOHH%CTB?
MMOBTOPEHUI
-4.76289254 010000 |
0.00345722 010001
-0.00230481 01001 30
0.00230481 0101 92
0.00115241 011 6701
-0.00115241 0 6819
0.0 1 46317

ITpoMesKyTOUHBET
(12545)
-0.00115241 IIpoMexy TOMHBIT
(6819) (6726)

ITpoMeAyTOTHBIT 0.00115241
(125) (6701)

IIpomexyTOHBI 0.00230431
(33) 92)
IIpomesyToIHBI -0.00230481
3) (30)

Pucynok 1. [lepeBo Xaddmana no nanabiM gararka NoS

0.00345722
2)
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TaOnuia 2. Pe3ynprarel NpOMBIIIIIEHHBIX UCIIBITAHUN

O6bem OoneM
KonuuectBo | maHHBIX "
Ne | Homep | ucxomHbIx MHKAILHLIX | HocTe O6bém nepeBa | Kparnoct
/T | 1aTYMKa | JTaHHBIX, y /IbHb . Xaddmana, OUT | b CKATUSL
St 3HAYEHUU | cHKarus,
out
1 1 40 272151 7352 6.86
2 2 16 110976 2984 16.84
3 3 1918784 13 83816 2392 22.26
4 4 7 94105 1080 20.16
5 5 7 80594 1080 23.49
Cpemnee 17.92
apuMeTHIeCKoe:

AHanu3 pe3yabTaToB MPOMBIIIICHHBIX UCIIBITAHUNA, OTOOpaKEHHBIX B TaOIUIIE
2, IEMOHCTPUPYET 3HAYUTEIILHOE COKpallleHHe 00bEMa JAHHBIX MOCJE MPUMECHEHUS
anroputMma Xaddmana mis kaxaoro u3 garunkoB Ha MHIIIT Bockpecenck-ITpu6oii.
3naueHust koddduimenta cxarus koneobmorcs ot 6.86 mo 23.49. Cpenuuii
ko3 purmeHT cxarus, paBHbId 17.92, monTBepkaaeT, yTo ONTHUMH3ALMS Mepeaadu
JAHHBIX C TTOMOIIBI0 anropuTMa XaddmaHa MOKET 3HAUUTEIHHO CHU3UTH HArpy3Ky
Ha CUCTEMBI Nepeaul TaHHbBIX.

B pamkax paGoThl ¢ JaHHBIMH, TTOTYYEHHBIMHU OT MpeoOpa3zoBaresieil 1aBleHus
MarucTpajipHoro  Hedrenpoayktornposoga  "Bockpecenck-Ilpuboit",  BaxkHO
OTMETUTh, YTO JaHHBIE CHUMAIOTCSA C IpeoOpa3oBareiieil NaBleHUS 4Yepe3 paBHBIC
IPOMEKYTKM BpeMEHH. B cleHapusx, KOrJa HWHTEpBaJbl MEXIYy HW3MEPECHUSIMHU
BapbUPYIOTCA U TPEOYyeTCS OTMETHTh TOYHOE BpEMs M3MEPEHHs, K BPEMEHHBIM
MapKepaM TakKe MOXKET ObITh MPUMEHEH aHAJIOTHYHBIN MOAXOJA C HUCIOJIb30BAHUEM
anroputMa Xaddmana. [lo anamorun ¢ JaHHBIMHU TTOKa3aHUM, MyTeM HaXOXKICHHS
Pa3HULIBI MEXKY BPEMEHEM NPEABIAYLIETO U TEKYLIErO CHATHS JaHHBIX, IOJYy4YEHHbIN
HA0Op BPEMEHHBIX METOK MOXET OBITh CXaT C WCIOJb30BAHUEM aJITOPUTMA
Xaddmana, dYTO  TO3BONSIET  JIOMOJHUTEIBHO  ONTUMHU3UPOBATh  Tpaduk
TEXHOJIOTUYECKOU MH(DOpMAITIH.

BriBoabl

WNurerpanus anroputma XadhdmaHa B CUCTEMBI YIIPaBICHUS MaruCTpaIbHBIMH
TPyOOIIPOBOJAMH J0Ka3aja CBOI MPUMEHUMOCTbh, J[aHHBIN anroputm obOecreuynBacT
HE TOJIBKO COKpaleHne o0bEMa JaHHBIX, HO W MOBHIIIAET MPOMYCKHYIO CIIOCOOHOCTh
CeTH sl KPUTHUYECKM BaXHbIX omnepaunii. I[IpuMeHeHwe »sToro wmeroga K
HaKOIUICHHBIM JAHHBIM TMO3BOJIIET 3(G(PEKTUBHO pa3rpy3uTh KaHAJbl CBSI3H,
MUHUMU3HPYS PUCK KOH(IIMKTOB M 3aJ€pKeK B TMepeaaue AaHHBIX, TPEOYIOIIUX
MOMEHTAJIbHOTO pearupoBaHusi. IJTO 00ECNEYMBAET YCTOMYMBOCTH CHCTEMBI K
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BBICOKMM Harpy3kaM W TapaHTHUPYeT CBOEBPEMEHHOE OOHOBIIEHHE OIEpPaTHUBHBIX
JAHHBIX, MOBBILIAS HAJEKHOCTh BCEH MHPPACTPYKTYPHI.

Takoll moaxod K YNpaBICHHUIO JAHHBIMU OTKPBIBAET IYTh K Pa3BUTHIO Ooiee
COBEpIIEHHBIX M aJaNTUBHBIX CHUCTEM YIPABJICHHS, CIOCOOHBIX CIPABIATHCSA C
MOCTOSIHHO PacTylIUMU 00bEMaMU MH(POPMALUU, MPHU TOM IOAJIEPKUBAsT BHICOKHE
cTaHAapTel  Oe3omacHOCTM M 3(P(EKTUBHOCTH  pabOTBl ~ MarucTpabHBIX
TPYyOOIIPOBOJIOB
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KOMIIBIOTEPHOW HayKe, JaHHBIA MOJXO0J MOXET OKa3aThCs KpaiHe MPOJTYKTHBHBIM
JUISL CTYJICHTOB, CTAJIKUBAIOUIUXCSL C TPYJAHOCTSIMUA B OCBOCHUU 0a30BbIX KOHIICTIIUH.
MinecraftEdu  mpegoctaBiasier  yHHMKaJdbHbIE  BO3MOXHOCTH Ui CO3JaHUs
00pa3oBaTeIbHBIX CLIEHAPUEB, KOTOPHIE HE TOJBKO YBIEKATEIbHbI, HO U CIIOCOOHBI
Pa3BUTh KPUTHYECKOE MBIIUICHUE U TI1yOOKOE€ TMOHMMaHWE Y4eOHOro Martepuara.
Cratbsi aHaNMM3UPyeT KaK KadeCTBEHHbIC, TaK MU KOJIWMYECTBEHHbIC JaHHBIC s
OIICHKM BIUSHUS TeHMHU(PUIUPOBAHHBIX METOJIOB Ha oOyueHue. Pesynbrarhl
MOKA3bIBAIOT YIYUIIEHHE YCBOCHHUS Marepuajga M YyBEJIMYCHHUE MOTUBAIUU Y
CTYJICHTOB, 4YTO MOJATBEP)KJIAET MOTEHIHAT TredMHU(UKAIMU B 00pa3oBaTEILHOM
npouecce. B uccienoBaHMM TakXKe  OOCYXKIAIOTCA TEXHUYECKHME  aCHEKThl
ucnonb3oBanuss  MinecraftEdu, Bkirowass co3maHue UWHIAWBUYATU3UPOBAHHBIX
00pa3oBaTeIbHBIX CIIEHAPUEB, @ TAKKE BO3MOXHBIC MPEUMYIIECTBA U HEIOCTATKU
NPUMEHEHMs] TaKoro ToAXoJa B oOpa3oBaTeIbHOM TMpakTHKe. PekoMmeHparuu,
IPEIJIOKEHHBIE HAa OCHOBE PE3yJIbTaTOB MCCJEAOBAHUS, MOTYT MOMOYb Y4EOHBIM
3aBEJICHUSM ONTHUMHU3UPOBATh HCIOJIB30BaHUE TeUMHUGUKAIMN JJI  JTOCTHKEHUS
oOpazoBarenbHbIX 1eneil. HccnenoBanume mnoauepkuBaeT, urto Minecraft Edu
SIBJISIETCS. HE TOJIBKO WHCTPYMEHTOM JIJIi BOBJICUCHHS CTYJCHTOB, HO M MOIITHOM
oOpa3oBareiabHOM TIATHOPMOIA, CIIOCOOHONW HKCTEHCHBHO HCIONIB30BATHCA IS
Pa3BUTHS AHATMTUYECKUX U aAJTOPUTMHUYECKHUX CIHOCOOHOCTEH ydYammxcs. ITO
MOKa3bIBa€T BAXKHOCTh JalbHEHIIMX HCCIEeNOBaHUA B oOsacTu redMuuKanuu
o0pa30BaHus, HAMPABICHHBIX HA ONTUMU3AIMIO YY€OHBIX MPOIIECCOB U MOBBIIICHUE
KayecTBa BBICIIETO 0O0Opa30BaHUs B TEXHUYECKUX TUCHIUTLITNHAX.

Abstract. The research presented in this article evaluates the effectiveness of
gamification in teaching logical operators using the Minecraft Edu educational
platform. Given the importance of logical thinking and algorithmic skills in modern
computer science, this approach can be extremely productive for students who face
difficulties in mastering basic concepts. Minecraft Edu provides unique opportunities
to create educational scenarios that are not only exciting, but also capable of
developing critical thinking and a deep understanding of educational material. The
article analyzes both qualitative and quantitative data to assess the impact of gamified
methods on learning. The results show an improvement in the assimilation of the
material and an increase in motivation among students, which confirms the potential
of gamification in the educational process. The study also discusses the technical
aspects of using Minecraft Edu, including the creation of individualized educational
scenarios, as well as the possible advantages and disadvantages of using such an
approach in educational practice. The recommendations proposed based on the
results of the study can help educational institutions optimize the use of gamification
to achieve educational goals. The study highlights that Minecraft Edu is not only a
tool for student engagement, but also a powerful educational platform that can be
extensively used to develop students' analytical and algorithmic abilities. This shows
the importance of further research in the field of educational gamification aimed at
optimizing educational processes and improving the quality of higher education in
technical disciplines.
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lefimudukanss B mociaegHee BpeMsl TMoOJNydwia mpusHaHue B cdepe
oOpa3oBaHusA, TI/I€ WIPOBbIE MPUHUUIIBI  HMCHOJB3YIOTCS s OOy4YeHHs.
Hcnonb3oBanue Urp AJjis MOTUBALIMM YyYAUTUXCS U YIIYUIIEHHUsS] OOyYEeHHs] CTAHOBUTCS
BaXXHBIM 3JIEMEHTOM IeJaroruku. Jlornueckue omnepaTropbl UIParOT BaKHYIO POJIb B
Pa3BUTHH AHAJTIMTUYECKOTO MBIIIJIEHUSI U CIOCOOHOCTH K JIOTMYECKOMY MBIIIJICHUIO.
N3yyeHue JNOrMYECKUX OINEepaTOpOB HE TOJBKO MOMOTaeT pemaTh MpoOieMbl, HO
TaK)K€ IMOATOTaBIMBAECT K M3YUYCHHIO MNPOTPAaMMHUPOBAHMUS M HUHOOPMAIMOHHBIX
texHojoruid. Minecraft Edu — 310 oOpa3oBarensHass Bepcust urpbl Minecraft,
aZanTUpOBaHHAsA JIJIsl y4eOHBIX 1eseil. JTta ardopma npeaocTaBiIsieT BO3MOXKHOCTH
JUIsL cO3/1aHMsl 00pa30BaTENbHBIX CIEHAPUEB W PA3BUTHS KOMIETEHIUN YyYalluXcs.
llens  nmaHHOrO  WCCENOBAaHUA  3aKiIlOYaeTcss B OHEHKe  3(P¢eKTUBHOCTU
reiimupukany y4eOHOro mnpoluecca Mpu H3YyYEHUH JIOTHYECKHX ONEepaTopoB C
ucnosb3oBanreMm tuargopmel Minecraft Edu. Awnanu3 pe3ynbTatoB MO3BOJIUT
BBISIBUTh TPEUMYIIECTBA W HEJOCTaTKH JaHHOTO TOAXO0Jlda U  MPEJIOKHUTH
PEKOMEHJAIMY JJI €T0 ajJbHEHIIIero NpUMeHEeHUsI B 00pa30BaTebHON IPAKTUKE.

Crynentsl, wu3ydamomue 0a3oByl0 HHPOpMATUKYy Ha TEpPBOM  Kypce
YHUBEPCHUTETA, CTAJKUBAIOTCS C PSAOM TPYJHOCTEH B YCBOGHHMM MaTepuasa, yale
BCEr0 — C HEIOCTAaTOYHOW MOTHBAllMe W OTCYTCTBMEM HHTEpeca K Y4eOHOMY
nporeccy. OcoOOEHHO TO KacaeTcsl TAKUX BaXKHBIX HAMpaBIICHUN, KaKk HHPOpMATHKa,
IPOrpaMMHUPOBAaHUE, CTPYKTYPUPOBAHKE TAHHBIX U alITOPUTMHU3ALINS, KOTOPHIE TECHO
neperieTaloTess Mexay cobor. I[loHnmaHuwe anropuTMHU3allUd UTPAET KIIOUYEBYIO
poiib B Pa3BUTUU CTYJEHTOB Kak OyAylmuMx CIHENUaIUCcTOB B  o0yactu
MH()OPMAIIMOHHBIX TeXHOJOTHH. VMcmonp3oBanne redMupUKAIMA B IJICKTPOHHOM
O00y4YeHUHN YUUTHIBAET UHTEPECHl U MOTPEOHOCTH CTYJEHTOB, MMO3BOJISIET COBMECTHUTD
UX TEpPCOHAJbHBIC LENIH C LENIMU OOYy4YeHMs, YCHJIMBAET MOHMMAHUE CTYyJIEHTaMU
3HaYUMOCTH OO0y4yeHus i cBoero Oynyuiero. Bueapenue reiimudukanuu B
AJICKTPOHHOE OOYYECHHE CIOCOOCTBYET IIOBBIIIICHUIO MOTHBAIIMH, BOBIICUCHHIO
CTYJ€HTOB, MX OOJbpIIEHl  YJOBJIETBOPEHHOCTHM OT IHpouecca oOydeHMs,
(bOpMHUPOBAHUIO COCTOSHHSI «ITOTOKa» U T.1. [7].

JI1s Hayana cienyeT OTMETUTD, YTO JIto0asi UrpoBasi AEATeIbHOCTh MOYKET HECTH
B ce0Oe 1enbp BHE camMoil urpbl. Ha riaBHON OCHM HaxOIWUTCS OpraHu3alus u
COAEpKAHUE, MEXAY KOTOPBIMH M HPOUCXOAUT UIrpoBas JesATeabHOCThb. Hrpa
HAaXOAUTCS Ha MOJIOCE COACPMAHMS, YTO CBSI3aHO C TEM, YTO IENAror B IMpoLecce
UTPbl OCTAHABIIMBAET MpollecC OOYUYEHUSI U BO3BPAIACTCS K HEMY IMOCIE OKOHYAHUS
MOCJI€ OKOHYAHUSI UTPOBOM JesTeNbHOCTH. ['eiiMudukanus ke, B CBOIO OuYepelpb,
HAaXOJIUTCS Ha MOJitoce opraHu3anuu [8]. B maHHOMy ciiydae Bce MPOLECCHl UAYT

[120]



NHOOPMAILIMOHHBIE TEXHOJIOI'MU B HAYKE, OBPA3SOBAHIU 1 ITPOU3BOJICTBE

napajjieNbHO ¢ UTpOH, “colep:kaHue ypoka” He 3aTparuBaercs reimudukaiueit, Ho
MPOUCXOIUT MOTUBALIMA YUAILIMXCS, AaKTUBU3ALUS UX IE€ITEIbHOCTH (PUCYHOK 1).

O6pa3oBarensHanA MIPONPAKTHKA

OpraHMIawums reRAMUdMKaLma Mrpa Cogepwanue

Pucynok 1. Cxema oTpakeHusi Mecta reiMudpuKauu B 00pa3oBaTeIbHOM MPOIECcCe.

Yacto moHATHS «urpa» MU «reimMudukanus» TMOJMEHSIOT, 4YTO CBS3aHO C
MEpPeBOJIOM H3THUX TMOHATUM HAa AHIVIMMCKUU s3bIK: game (urpa) u gamification
(retimudukanus). [lo 3Tol mMpuuKMHE ClieyeT pacCMOTPETh CYIIECTBEHHbIE OTINYUS
urpsel ot reiimudukanuu. Huxe npeacrasnena Tabnuua 5, koTopas COAEpKUT B cebe
CITMCOK BBIJICJICHHBIX OTIMYUI [9]

Tabnuna 5. OTnuYUTeNbHBIE YePThI UTPBI OT TeUMHUPUKALIUN

Urpa I"elimuduxanms

Nwmeet ueTkue npaBuia u 1enu Nmeercs Habop 3aaHuil, 3a BHIIOJHEHUE
KOTOPBIX JAa€TCsl Harpaja B BUJe 0aylios,
3HAYKOB

Hmeercs BEpOSTHOCTh MOPAXKEHUS YPOBHU MO>XXHO BBINIOJIHATH HECKOJIBKO Pa3,
T.€. HOPaKEHUE HEBO3MOXKHO

BHyTpeHHss Harpaza (yI10oBJIE€TBOPEHHE) OT Hmeercst BEpOSITHOCTh BHYTPEHHET O

porecca Urpbl HarpaxJeHus (HalpuMep, yI0BIETBOPEHUE

MIPU AOCTHIKEHUHU TTOCTABJICHHOM 11€JIH)

Co3znanue Urpsl MpeACTaBIsAeT co00# CIoKHBIN | BHenpenue reiimudukanuu sBisieTcsi He CTOJIb

n I[OpOl"Oﬁ Imponecc CJIOKHBIM U IOPOI'M
ConepmaHHe MCHACTCA B 3aBUCHUMOCTH OT OIeMEeHTHI HI'PbI I[O63BJ'I$[IOTC$[ 0e3 HCKaKeHUs
CIOJKETa UI'PbI COACPpKaHUA

OCHOBBIBasICh Ha BBIJICIICHHBIX IPEUMYIIECTBAX, HEIOCTATKAX, a TAK)KE OIBITE
BHEJIpCHUsI TeHMU(DUKAMK CIEAyeT PACCMOTPETh BO3MOXKHYIO CXEMY aJanTaiuu
reiMuukanum B 00pa3oBaTeIbHOM Mpolecce (PUCYHOK 2), TPEIIOKEHHYIO
aBTopamu «A Practitioner’s Guide to Gamification of Education» [10].

Onpeae-

AcHHE O Cooa Hpes- l.llp.«.ll:c.-
weaenodl 1?:“': e ':‘) = Tidxa- “:Mc;"-
AVAHTO- 3 Ypipe 1LHS pecyp-

e LTS OB refsn-
pin . daskacuin
KOHTCRCTH

Pucynok 2. Bo3moxkHas ananranus reimudukanu B 00pa3oBaTeIbHbIN MPOIIECC
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Ha nmnepBom »dTame o0Oy4deHUs] CTyAEHThl 3HAKOMSTCA C  OCHOBaMU
QIrOpUTMHU3AIMA  —  TPOILIECCOM  BBIpAXKEHUS  pEHIeHUWM  3aJad  yepes
Mocje0BaTeNIbHbIE IIaTd WM  ONEpaldd, HEeOOXOAUMbIe JJIsi  JOCTHXKCHUS
KOHKPETHOTO pe3yibTaTa. ITO (PyHIaMEHTaIbHOE 3HAHHE, KOTOPOE€ HEOOXOIUMO
YCBOUTh TMOJIHOCTBIO, YTOOBI OOJIErYUTh TOCJEAYIONIee W3YYCHUE IAUCIUILINH,
CBSI3aHHBIX C TOYHBIMU Haykamu. OJIHaKO, CTYJEHThI CTAIKHUBAIOTCS C TPYAHOCTSIMU
B OCBOCHUHU 0A30BBIX MOHSTHUN MPOrPAMMUPOBAHUSI U OTCYTCTBHUEM IMPAKTHUYECKOTO
OTIbITA CO3/IaHUS aJITOPUTMOB.

Bo-niepBbIX, MHOTHE CTYACHTBI CTAJIKMBAIOTCA C TpoOieMoi abctpakiuu. Mm
CJIO)KHO TEPEUTH OT KOHKPETHOU MpoOJsieMbl K (OPMYJIUPOBKE €€ pelieHus B BUJC
aIropuT™Ma, OCOOCHHO €CJIM Y HUX HEJOCTAaTOYHO OIMbITa B JAHHOW 0OJaCcTH, YTO
4aCTO XapaKTEPHO JIJIsl IEPBOKYPCHUKOB.

Bo-BTOpBIX, NI CO3MaHUSI aJrOPUTMOB HEOOXOJAMMO PAa3BUTOE JIOTMYECKOE
MBIIJICHHE, KOTOPOE, K COXKaJ€HUI0, HE BCErJa MPUCYTCTBYET Yy BCEX CTYJEHTOB
NepBOTO Kypca. AHaJIW3 MpoOJeM Ha yPOBHE OTACIBHBIX IIIarOB MOXKET OBITh
CJIOKHBIM JIJI51 HEKOTOPBIX U3 HUX.

Hakonern, HemocTaTouHOE TMOHUMAHHUE KOHIICTIUN, TaKUX KakK JCKOMITO3HITUS
3a/1a4, YCJIOBHBIE OIEPATOpPbl, MUKIbI W JAPYTHEe, MOXET CTaTh MPErpajor mpu
W3YYEHUHU WU CO3/IaHUH JITOPUTMOB.

CdopmupoBarh JOTHYECKOE MBIIUICHUE C HYJS TMPEACTABISETCS CTYACHTaM
BeCbMa CJOXKHOM 3amadeil. OCOOEHHO B KOHTEKCT€ TOTO, YTO CYIIECTBYIOIIHE
METO/IbI OOy4eHMsI CKJIOHHBI CKOpee K 3allOMHUHAHUIO MaTepuana, 4YeM K €ro
JIOTUYECKOMY OCMBICIICHHIO M Pa3BUTHIO MBICIUTEIBHBIX IpolieccoB. Hamra craTes
HaIleJIeHa Ha pelleHue ATOW MpoOJeMbl MyTeM rediMu@uKanuu yueOHOro rmpoiiecca.
OTO MOAXOA TMO3BOJUT CTYACHTAM HE TOJBKO ycBamBaTh WHGOPMAIUIO, HO U
pa3BHUBATh JIOTHUYECKOE MBIIIUICHUE, YMEHUE CO3/1aBaTh aJITOPUTMBI, a TAK)KE periaTh
3ajaun Ha Oojee abcTtpakTHOM ypoBHe. bmarogaps redMmudukanuu y4eOHOTO
nporecca MOXKHO JOOWTHCS TOBBIIMICHUS MOTHBAIMK CTYJIEHTOB, YIIYUIICHHS
YCBOGHHMsSI ~ y4eOHOTO  MaTepuaia,  pa3BUTHS  KPEAaTUBHOTO  MBIIUICHUS,
CTUMYJMPOBAHUS COTPYAHHYECTBA M KOMAHIHOW paOOThl, MOBBIIMICHUS YPOBHS
BOBJICUEHHOCTH U YY4€OHOUM MPOIYKTUBHOCTH.

Jlns anexkBaTHOM OILIGHKM BIHSHUS TeHMH(pUKAIMU Ha yd4eOHBIH IpoIiecc,
UCIIOJIb3YEM KaK KayeCTBEHHbIC, TaK M KOJIMYECTBEHHbIE MeToAbl. KauecTBEeHHBIN
moaxon OyaeT BKIOYaTh B ceOs HAOMIONEHHWE 3a YYallUMHCS BO BpEMs
B3aMMOJICUCTBUS ¢ 00pa3oBaTeIbHBIMU CIieHapusiMu Ha ocHoBe Minecraft Edu. Oto
MO3BOJIUT YBUJIETh PEAKIUIO CTYJIEHTOB, HMX YPOBEHb 3aMHTEPECOBAHHOCTH,
AKTUBHOCTU M 3MOIIMOHAJIbHBIE peakluu B Tmpoiecce yueObl. KonnuecTBEeHHbIN
METOJ] MPEANojaracT aHajlu3 pe3yJbTaTOB TECTUPOBAHUSA IO TEME JIOTUYECKUX
OTIEpaTOPOB JIO M TIOCIIE MCTIOIb30BAHUS TeUMU(PUITMPOBAHHBIX YYCOHBIX CIIEHAPHECB.
DTO MO3BOJUT HAM MOJYYUTh HU(PPOBBIE TAaHHBIE O CTEIIEHU YCBOEHUS Marepuala u
M3MEHEHHUSIX B 3HAHUSIX CTYJICHTOB MOCJE BHEAPECHUS TeiiMudukanmm.

Pa3paboTka oOpa3oBaTeNbHBIX ClLIEHapHeB OyJeT HampaBlieHa Ha CO3/laHHE
WHTEPAKTUBHON U yBJIEKaTelIbHOW oOyyaroiieit cpeanl Ha mnatdopme Minecraft Edu.
Ot1u cueHapuu OyayT BKIIOYATh B ce0s pa3HOoOpa3Hbie 3a7ja4l U UTPOBBIC 3aJaHUs,
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CHEIHMaTbHO CHPOEKTUPOBAHHBIE IJISI HM3YyYEHUS M TMPAKTUYECKOTO MPUMEHEHHUS
JIOTHYECKHUX ONepaTopoB. MBI PEeIyCMOTPUM Pa3HBIC YPOBHU CIOKHOCTU M METOIBI
oOyueHus, 4TOOBI aJanTHPOBaTh MAaTEpHall TMOJ pa3HbIe THIBI YYAIIUXCS H UX
WHANBHyalIbHbIE MOTpeOHOCcTH. Kaxknpli cuenapuii OyneT cOamaHcHpoBaH, 9TOOBI
MOJJICP)KUBATh ~ WHTEpPEC CTYACHTOB ©  o0ecrnedynBaTh WM  BO3MOXXHOCTH
CHUCTEMaTHYEeCKOr0 M TIyOOKOro u3ydeHus TeMbl. s reiiMudukamus mporecca
oOyueHus MpearnonaraeT co3aanue cepsepa Minecraft, Ha KOTOPOM CTYIEHTHI MOTYT
MPOBOJAUTH MPAKTUYECKUE 3aHATUS W, B TO )K€ BpeMs, YAEHSATh CBOOOTHOE BpeMs
urpe. DTo MOMOXKET Pa3BUBATh MX JIOTHYECKOE MBIIUICHHE, TaK KaK CTPYKTypa UTPbHI
Minecraft npeamnonaraer 6J104YHOE CTPOUTEILCTBO, IJ€ KaXIbIM OJIOK MPECTaBIsSCT
co0oit yacTh OO0dbIION KOHCTpYKIMH. CTyIEHThlI MOTYT CO3/1aBaThb 0a30BbIe
peIleHus1, UCTIONB3YsI OTU OJIOKH.

Yro6sl HayaTh Ucnonb3oBaTh Minecraft Education, He HyHO OBITH reliMepOM.
OrpoMHOE KOJIMYECTBO OOYYAIOIIMX MAaTEPUATIOB MOMOXET HayaTh CBOE HM3ydCHHE
yxke ceiiuac. Minecraft siBnsiercs uaeanbHOM minatdopmoit st redMubuUKanun
OOy4eHUs] OCHOBaM alNTOPUTMHU3AIMHA W TPOTPAMMHUPOBAHUS IO HECKOJIBKUM
PHYNHAM

1. BusyanpbHOCTP M HMHTEPAaKTHUBHOCTH: Minecraft mpemocTaBisieT urpokam
OTPOMHBIA OTKPBITHIA MUP, KOTOPBIA OHH MOTYT CBOOOJHO HCCIIEIOBaTh, CTPOUTH U
U3MEHSTh. DTOT BHU3yaJIbHBIH W WHTEPAKTUBHBIN acHeKT JenaeT oOyueHue Oolee
NPUBJIEKATENIbHBIM U TO3BOJSIET CTYIEHTaM HArJISIHO BHUIETH PE3yJbTaThl CBOUX
JIEHCTBUMH.

2. T'mbkocts u TBOpuecTBO: B Minecraft urpoku HMET BO3MOXXHOCTH
co37aBaTh COOCTBEHHBIE MUPBI, CTPOUTh PA3IIMYHBIE CTPYKTYPhI U MEXaHU3MBI. JTO
CIIOCOOCTBYET pa3BUTHUIO TBOPYECKOTO MBINIJICHUS U TIO3BOJISIET CTyACHTaM
DKCIIEPUMEHTUPOBATh  C  PA3JIUYHBIMU  QITOPUTMAMH W TPOTPaMMHBIMU
KOHCTPYKIIHSIMHU.

3. Bonwmmoe coobmecTBo U pecypchl: Minecraft umMeer orpoMHOE COOOIIECTBO
UTPOKOB M Pa3pabOTYMKOB, YTO O3HAYAET HAJIMYUE MHOXXECTBa 0Opa30BaTENbHBIX
MaTepuaoB, y4eOHBIX MPOEKTOB M MOJOB, KOTOPbIE MOXHO HCHOJB30BaTh JJIs
oOydeHHs MPOTPaMMUPOBAHUIO U aJITOPUTMaM B UTPE.

4. TlporpammupoBanue Ha s3bike OyokoB: B Minecraft moctymen pexum
pa3pabOTKH C WCTOJIB30BAHUEM IPOTPaMMHUPOBAaHMs Ha OJI0OKaX, TakuxX Kak Scratch
nmu Blockly. Dto ynpomaer nporiece HanmvcaHus KoJja JJIT HOBUYKOB U IIOMOTAeT UM
ObICTpee OCBOUTH OCHOBBI TPOrPAMMUPOBAHHUS.

5. Mynerumieep u  Koutabopamms: Minecraft mommepKuBaeT  peKUM
MHOTOTIOJIb30BATENILCKOM UTPBI, YTO MO3BOJIAET CTyJIEHTaM paboTaTh B KOMaHJE,
OOMEHHMBATBHCS HWIESIMH UM COBMECTHO CO3/aBaTh MPOCKTHI, pa3BUBAs HABBIKU
KOMaHJTHOU paboThl 1 KOMMyHuKammw [11].

Crangaptapiii Minecraft He Bcerma MOAXOAWT I TeWMH(PUKAUA y4eOHOTO
nporecca, MO3TOMY TpeJiaraeTcsi OTKPBITH CEpBEP C MOJaMH, KOTOpBIE SIBHO
JIEMOHCTPUPYIOT MPOIIECCHl CO3AaHMs pa3NIuYHbIX Ilenoyek. Hampumep, cymecTByoT
Techno-cOopku, HaleneHHbIE HA AaBTOMATHU3AIMIO M CO3JaHHE 3aBOJIOB, KOTOPHIC
TpeOyIOT OT HWIPOKOB PAa3BUTOTO JIOTUYECKOTO MBIIUICHUS [UIsI OpraHu3alun
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MpaBWIBHBIX I€Ned NOCTaBOK MW Npou3BojacTBA. OpraHuzaunus Takol cOOpKuU
MO3BOJIUT CTYJEHTaM IOCTENEHHO pPa3BUBaTh CBOM MBICIUTENIbHBIE MPOLECCHl OT
IpOCThIX 10 OO0Jiee CIOXKHBIX, OCBaWBas NPHUHLMIBI JUHUA NPOU3BOJACTBA U
aBTOMAaTHU3aLIUH.

TexHonornveckass cOoOpka MOApa3yMeBaeT, YTO UIPOK HM3HAYAIBHO HE MOXKET
co3JaBaTh Cpa3y camble Jy4lIue, OBICTpble U NPOU3BOJIUTEIbHBIE MAIIUHBI U
arperaTbl; UX HEOOXOJMMO OTKPBIBaTh C Pa3BUTUEM M UCCJIEIOBAHUEM B MUPE UTPHI.
Kaxxnas HOBasi TEXHOJIOTHS M UTEpalUsl IPUBOJAT UTPOKA K CO3JIaHUIO 00Jiee HOBBIX
U COBEpPUICHHBIX MEXAaHU3MOB, 4YTO 3aCTaBIsi€T €ro IMOBTOPHO MEPECTpauBaTh
aBTOMATHU3alMI0 JIOTUCTUYECKUX IIEMOYEK CBOEro NpPOM3BOJICTBA, aBTOKpadTOB U
aBTONEepepabOTOK PecypcoB. DTOT MOCTOSHHBIA IIUKIMYECKUN POCT, CleIOBaHUE 32
HOBBIMH OJIOKAMH U YJTy4YIIEHUSIMU, 3aCTaBIIIET UTPOKa OoJiee TIIyOOKO MOrpy3UThCs
B UIPY U pa3BUBaTh CBOIO JIOTUCTHUYECKYIO LIEMOYKY TaK, YTOOBI KaXKJblil 3JIEMEHT
CTaJl HE3aBUCUMBIM, M 3aMEHa MPOX0Iuia MeHee OOJIE3HEHHO.

OTOT MOAXO0J TO3BOJISIET MIPOKY CTPYKTYpHpOBaThH CBOM OJloku Ooiee
OCO3HAHHO U OOBEKTHO-OPUEHTUPOBaHHO. [Ipu wHcmonb30BaHUUM  OOBEKTHO-
OPUEHTUPOBAHHOTO MOAXO0Ja JUIsi KOPPEKTHOTO B3aMMOJACHCTBUSL OJIOKOB MEXIY
co00l UTPOK CTAJIKUBAETCSA ¢ HEOOXOIMMOCThIO MCHOIB30BATh PAAUOCTOYH, TO €CTh
JIOTUYECKYIO0 aKTepaluio, 4YTOOBbl IepefaBaTh CHUTHAJIBI MEXAYy OJOKamMu, 4TO
NPUBOJUT K U3YUYEHHUIO aJITOPUTMOB U OYJI€BOM anreOphl.

Huxe (pucyHok 3) HaxXxoauTcsi MpUMEp CXEMbI CO3JaHUS YCKOpHUTENeW s
MEXaHU3MOB. B 3Toil cxeMe HUCIonb3yTes YeThipe OCHOBHBIX OJ10Ka. [lepBbIit 010K -
nomrma, KOTopas 3aKauMBaeT JKUIKOCTh B  OJOK  JUCTWUISIUMU.  3aTeM
TUCTWITUPOBAHHAS  KUAKOCTh MPOXOJUT 4Yepe3 cieayrolmuid OJok - OJIoK
HAaIlOJHEHUs, KOTOPBIA COYETAaeT Ja3ypuT M AUCTUWUIMPOBAHHYIO BOAY IS
MOJIy4eHHs XJjiajgareHta. [lodydeHHBI XJaJareHT MOXKeT OBITh HMCIOJIb30BaH IS
CO37aHMs YCKOPUTENeH NJisl mepepadaThIBAIONIUX MEXaHU3MOB.

Pucynok 3. [Ipumep cxeMbl CO3/1aHUs YCKOPUTEEH JJIs1 MEXaHU3MOB

BoIBOALI

B xome wuccrnemoBaHus OBLIO yCTAaHOBIEHO, YTO TeHMHUKAIMSA y4eOHOTO
mpoiiecca Mpu HM3YyYECHHUH JIOTUYECKHX OIEpPaTOpPOB C HCIOIb30BaHUEM ILIAT(HOPMBbI
Minecraft Edu  ageMoHcTpupyeT  3HAauuTeNbHbIE  MPEUMYILIECTBA  IEpe.
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TPaJAMIIMOHHBIMU METOJaMU OOyUCHHUS. Y4Jaluecs, 3aHsIThie TeUMHU(PUITIPOBAHHBIMU
o0pa3oBaTeIbHBIMK CIICHAPUSIMHE, TPOSBIAIOT OOJiee BBICOKHI YpPOBEHb YCBOCHHS
Marepuala u 00JbIIYI0 MOTHUBALIUIO K O0YyUEHHUIO.
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AHHOTanMA. B crarbe MogHMMAETCs BONPOC O BAXKHOCTH MCIOJIb30BaHUS
COBPEMEHHBIX WH(OPMAIMOHHBIX PEIICHUWH, BKIIOYas BEO-IPUIIOKEHUS, B cdepe
OpraHu3alydyd MEpONpUITHI. ABTOpPBl OTMEYAIOT HEOOXOAMMOCTH KOMILIEKCHOIO
MOJX0/1a K IJIAHUPOBAHMIO, JIOTUCTUKE, MAPKETUHTY U (DMHAHCOBOMY YIPABICHUIO B
o0nacT  MBEHT-MEHEI’KMEHTa. BHenpenue BeO-NPWIOKEHUH  NPUBOAMT K
YAYUYIIEHHK) MPOLECCOB IpHEMA  3aKa30B, AaBTOMATU3alUU  IUIAHUPOBAHUS
MEpOTNPUATUN, CHI)KEHUIO PUCKOB M OOECIEUYEHHIO KIMEHTaM YIO0OHOro AocTyna K
uH(pOpMAaLKI U 0OPaTHOH CBSI3U.

OcHOBHast ujesl CTaThbU 3aKIIOYAETCS B TOM, YTO BEO-NIPUIIOKEHUS SIBISIOTCS
MOIIIHBIM HMHCTPYMEHTOM JiJisi TOBBIIEHU 3(P(HEKTUBHOCTH OU3HEC-IIPOLIECCOB,
yAy4YIIEHUs] B3aUMOJIEWUCTBHMS C KIMEHTAaMU W JIOCTHXKEHHS KOHKYPEHTHOTO
OperMyIlecTBa. ABTOpPHl TOAYEPKUBAIOT, YTO BHEApPEHUE BEO-NMPUIOKEHUN B
OpraHM3aluy MEPONPUATUN HE TOJBKO PACIIMPSET CHEKTP MPEIOCTABISIEMBIX YCIYT,
HO M CIIOCOOCTBYET ONTUMU3ALNKI BHYTPEHHHUX MPOLIECCOB U CO3AAHUIO YHUKAIBHOTO
KJIMEHTCKOIO OIBITA.

Ha npumepe xommnanuu "I'Bo3mp" M aHanmu3e CymIECTBYIOIIUX BeO-peCypcoB B
UHAYCTPUU OpraHu3allMiid MEPONPHUATHIA aBTOPhI JAEMOHCTPUPYIOT, KaK YCIEIIHO
MHTETPUPOBAHHBIC BEO-MPUIIOKEHUSI MOTYT YAYUIIUTh paOOTy KOMIIAHUHU, 00OTaTUTh
KJIMEHTCKUM OTBIT U MOBBICUTH €€ KOHKYPEHTOCTIOCOOHOCTb.

B pabore paccmarpuBaroTcsl IIard, MNPEANpPUHATBIE s pa3paboTKH U
BHE/IPEHUS BEO-IIPUIIOKEHUS, a TAKXKE JJIs Iepexo/ia KOMIIaHUH Ha YPOBEHb 3PEJIOCTH
2 no cucreme CMMI ¢ ucnonp30BaHAEM yKa3aHHOTO HHCTPYMEHTAPUSI.

Abstract. The article raises the issue of the importance of using modern
information solutions, including web applications, in the field of event management.
The authors note the need for an integrated approach to planning, logistics, marketing
and financial management in the field of event management. The introduction of web
applications leads to improved order acceptance processes, automation of event
planning, risk reduction and providing customers with convenient access to
information and feedback.

The main idea of the article is that web applications are a powerful tool for
improving the efficiency of business processes, improving customer interaction and
achieving a competitive advantage. The authors emphasize that the introduction of
web applications in the organization of events not only expands the range of services
provided, but also helps to optimize internal processes and create a unique customer
experience.

Using the example of the company "Gvozd" and the analysis of existing web
resources in the event management industry, the authors demonstrate how
successfully integrated web applications can improve the company's work, enrich
customer experience and increase its competitiveness.

The paper discusses the steps taken to develop and implement a web
application, as well as to transition the company to maturity level 2 on the CMMI
system using these tools.
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KiroueBble  ciaoBa:  BeO-IpUIIOKEHUE, ~ OpraHU3alMs  MPA3IHUKOB,
aBTOMaTu3auus, 3pPexKTUBHOE yrpaBiIeHUE, XpaHEHUE NH(POPMALIUH.

Keywords: web application, organization of holidays, automation, effective
management, information storage.

B coBpeMeHHOM Mupe opraHusanus MEpPONPUATHNA CTAHOBUTCS HEOTHEMIIEMOU
4acThIO MOBCEAHEBHOM XKU3HU o01iecTBa. [IpodreMa 3akiirouaercst B TOM, YTO Kaxaas
3a/1aya, HauYMHAs OT KOMMYHMKAIMU C 3aKa3YUKOM JI0 TPOBEIACHUS MEPOIPUSTHUS,
TpeOyeT OOJbIIOro KonudecTBa HMHCTpyMeHTOB. CornacHo wuccnegoBanuio B.H.
Tapronusi, W.I. TIpouenko m E.A. MajoBoil, MpPakTUYECKU [JIs KaXIAOW 3a1a4yu
HY)KHa CBOSl TporpaMma WIH CalT, 4YTO OCJOXHSIET U 3aTATUBaeT IPOIECC
opraHuzainuu meponpustaii [1]. B yclnoBusiX CTpeMUTENTBHOTO Pa3BUTHS TEXHOJIOTUI
U nudpoBuzanuu OM3HEC-MPOIIECCOB, BHEIPEHUE COBPEMEHHBIX MH(POPMAIIMOHHBIX
pelieHui  CTAHOBUTCS  BaXXHBIM  aCIIEKTOM  TOBBIMICHUS  3(PHEKTUBHOCTH
JIeSITEIbHOCTH OOJBITMHCTBA KOMITAHUM.

Opranuzanuy, OpUCHTHUPOBAHHBIC Ha Oymyliee, JOKas3ajdd, YTO TIIATEIHHO
yKOpeHsieMasi KyJabTypa yhpaBieHUs 3(PQGEeKTUBHOCTBIO SIBISETCS HEOOXOIUMBIM
KJTFOYEBBIM ~ OM3HEC-TIPOIIECCOM, TIO3BOJIAIONIMM JIOCTUYbh IPEBOCXOJACTBA  HAJl
AQHAJIOTMYHBIMU KOMIIAHWUSAMH M KOHKYPEHTaMH Ha BCEX pPBIHKax IMpU JHOOBIX
skoHOMUYeCKHX ycioBuax [2]. Komnanus "I'Bo3ap" sBisieTCss OOHUM W3 TaKUX
areHTCTB, KOTOPOE€ OKa3bIBAET IIMPOKUWA CHEKTp YCIYr IO OpraHu3aluud Hu
IIPOBEICHUIO MEPONPUITHH — OT KOPIIOPATUBHBIX BEUEPHUHOK JIO CBaJCOHBIX
IIEPEMOHUM, a TaKXKe CTPEMUTCS K peryiasapHomMy oOydeHuto u pocty. C ydeTom
CTPEMUTEIBLHOTO Pa3BUTHS HHPOPMAIITMOHHBIX TEXHOJIOTHUH U UX BCE OONBIIIEH poIu B
COBPEMEHHOM OH3HECEe, BHEIPEHHUE BEO-TIPWIOKECHUS B JEATCIBHOCTh KOMIIAHUU
"I'BO31B" CTAHOBHUTCS BaXKHBIM IIIAarOM JIJIsi aBTOMAaTH3aIlid OW3HEC-MPOIIECCOB U
MOBBIIICHUSI KOHKYPEHTOCIIOCOOHOCTH Ha phIHKE. Beb-pecypc BakeH i 000
OopraHu3alii, OCOOEHHO TOH, KOTOpas IPOJBHIaeT Ha PBIHKE CBOW TOBaphl WIIU
yciyru [3]. OTnuuuTenbHOW YePTOM YCHEUIHBIX MPa3qHUYHBIX ar€HTCTB CTAHOBUTCSA
KPCaTHBHBIM  TIONXOA K  MEponpuaTHsSIM ©  3(PGEKTUBHOE  HCIOIb30BaHUC
COBPEMEHHBIX TEXHOJIOTU, 0COOEHHO B 00acTh BeO-pa3padoTku. Beb-npunoxkenue
JUISL aBTOMAaTH3allMu OU3HEC-TIPOIECCOB B OpPraHU3alliyd MNPa3THUKOB CTAHOBUTCS
MOIITHBIM ~ MHCTPYMEHTOM  JUIi  TOBBIMICHHS  A()PPEKTHBHOCTH,  YIYUIICHUS
B3aUMOJICCTBUS C KJIMEHTAMH U JIOCTH)KEHHS KOHKYPEHTHOTO NPEHMMYIIECTBa Ha
PBIHKE.

Poib BeO-npritokeHUI B OM3HEC-TIpOIIeccax OPraHU3aIMH IIPA3THUKOB:

- YAy4IICeHUE KIUEHTCKOTO OMbITa: BEO-MPUIIOKEHHUS IO3BOJISIOT CO3/1aBaTh
MHTEPAKTHBHBIC 1 HHTYUTHBHO TIOHATHBIE HHTEP(DEHCHI, UTO JCIaeT IPOoIecc BEIOOpa
1 OpOHHMPOBaHHMS ycIyT Oosee yToOHBIM U BH3YaJIbHO-TIOHSITHBIM TSI KITHEHTOB.

- ONTHUMM3AIMS OIEPAIIMOHHBIX TMPOIIECCOB: BHEAPEHHE BEO-TIPUIOKCHUN
yIpoIaeT BHYTPEHHHUE OIEpallfy, TaKWe KakK yMpaBICHUE 3aKa3aMu, TUIAHUPOBAHUE
MEPONPUATUI U B3aUMOJCHCTBHUE C MIEPCOHAJIOM.
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- IOBBILIEHUE IP(HEKTUBHOCTH MAPKETUHIA: BEO-NPUIIOKEHUS IPEIOCTABISAIOT
MHCTPYMEHTBHI [UIsl aHaliu3a JAHHBIX M TIOBEACHUS KJIMEHTOB, 4YTO I103BOJSET
CO3/1aBaTh IEPCOHAIM3UPOBAHHBIE MAPKETHUHIOBbIE CTPAaTerMM M YAy4dllaTh
B3aUMOJICUCTBUE C AyIUTOPUEN.

- YKpEIUICHHE  KOHKYPEHTOCIIOCOOHOCTH:  KOMIIAHWH,  OCHAILEHHbIE
COBPEMEHHBIMU BEO-MPUIOKEHUSIMHU, NPEIOCTABISIOT KIMEHTaM YHUKAJIbHBIA U
COBPEMEHHBI OIBIT, YTO CHOCOOCTBYET NPHUBICYEHUIO HOBBIX KIHEHTOB U
YAEPKAHUIO CYIIECTBYIOIINX.

BeO-npuiioxxenne g komnanuu  "I'Bo3ab" HE TOJIBKO IPENOCTaBISET
UHCTPYMEHTHI [IJIsl OHJIAWH-B3aMMOJEHCTBUS C KIMEHTaMH, HO U TO3BOJSET
ONTUMM3UPOBATH ONEPAIIMOHHBIEC MPOIECCHI, YIYUIIUTh MAPKETUHIOBbIE CTPATErHH U
o0ecrneynTh  YHUKaJIbHBIM  KIMEHTCKUH  ombIT. OnrtuMuzanuss BHYTPEHHHUX
OMEpalMOHHBIX TPOIECCOB KOMIAHUU CTAJI0 KIIOYEBBIM PE3yJAbTaToM, CHUXKas
TpyOo3aTpaTbl Ha yHOpPaBIECHUE 3aKa3amMH, KOOPAWMHALMIO MEpPONpHUITHH U
B3aMMOJICIICTBUE C MepcoHanioM. BHenpeHue cucTteMbl OHJIAWH-OpPOHUPOBAHUS U
YIPaBICHUS MEPONPUATUIMH YCKOPUJIIO BECh IIUKJI MPOBEJACHUS MPA3AHUKOB, YTO
IPUBEJIO K MOBBIIEHNUIO 3PHEKTUBHOCTH PAOOTHI KOMIIAHUH.

[IpakTuyeckas 3HAYMMOCTh TMPOEKTAa TaKXe MPOSBHIACH B  CO3/IaHUU
YHUKAJIbHOTO KJIMEHTCKOTO OIbITa, MOJIEPKUBAEMOI0 IEePCOHAIU3UPOBAHHBIMU
pEelICHUsIMU ¥ B3aUMOJEHCTBUEM uyepe3 BeO-mpuioxeHne. KomOuHuUpoBaHMe
yn00CTBa MCIOJB30BaHUS M HWHHOBAIIMOHHBIX (YHKIMH TPUIIOKEHUS CIenano
xoMrianuio "['Bo3/b" puBIIEKATEIBLHOM I COBPEMEHHBIX TOTPEOUTEIEH.

OnHUM M3 KIIOYEBBIX 3TANoB pPa3pabOTKU BEO-NIPHIOKEHUS Il KOMITAHUH
ABIISIETCS 0030p CYIIECTBYIOUIUX pEIIeHU B TaHHOM obnactu (Tabmuma 1). JlaHHbIM
0030p HampaBieH Ha BBISBICHUE TEPEIOBbIX TEXHOJIOTHH, WHCTPYMEHTOB U
(YHKIIMOHAJIBHBIX BO3MOKHOCTEH, KOTOpBIE HCIIONB3YIOTCS B cdepe OpraHusanuu
Pa3HUKOB. AHAJIN3 CYIIECTBYIOIINX PEIIEHUIN TOMOT BBIICIIUTD JIYUIIHE TPAKTUKH,
ONPEETUTh MOTEHUHUAJIbHBIE MPEUMYIIECTBA U HEAOCTAaTKU KOHKYPEHTOB, a TAK¥Ke
copmupoBath 6a3y aJis pa3paboTKH BEO-TIPHIIOKCHUS.

[Ipu 0630pe anamoroB BeO-pecypcoB B cdepe OpraHuzalid MEpOTPUSITHIA
ObUIM BBISBICHBI PA3JIMYHBbIE MOAXOAbl K MPEJCTaBICHUIO HWHGPOpMAIUU U
B3auMozelcTBUI0 ¢ nocerureasiMu. CdopMynupoBaHbl BBIBOABI O OanaHce U
TapMOHUU MEXAY KpEaTUBHBIM JU3aMHOM, YETKOW CTPYKTYpOoll HH(pOpMAIIUH,
MHTEPAKTUBHBIMU 3JIEMEHTAMM M JIETKOCTBIO HAaBUTallUW; NpU pa3pabOTKe ClEeqyeT
nu30eratb ONPEJCJICHHBIX OIIMOOK, TaKUX Kak U3JMUIIHAS [eperpyKeHHOCTh
KOHTEHTOM WM YycTapeBlIas HH(OpManus, W YAEIUTh BHHUMAaHUE KIIFOUEBBIM
AIIeMEHTaM, TaKUM Kak (opMbl 00paTHOM cBsizu. PeryisipHoe 0OHOBIEHHE KOHTEHTA,
COOTBETCTBHE JIM3aiiHa U KOHTEHTa TeMaTuke OM3Heca, a Takke cOaJaHCHUPOBAHHOE
WCIIOJIb30BAaHUE BHUJEO IIOMOTYT CO3[aTh IPUBJIEKATEIIbHOE BEO-NPUIOKEHHE,
CIIOCOOHOE YCIIEIIHO KOHKYPUPOBATh U YIOBIETBOPATH MOTPEOHOCTU KIMEHTOB.
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Tabnuma 1. IlpeumymiecTBa M HEJOCTAaTKM CYLIECTBYIOIIMX AaHAJOTMYHBIX BeO-

pecypcoB
Ha3panwue IIpenmymiectBa HenocraTtku
Benymas u3 Yo Hannuue Omoka HecopasmepHbie
3HAKOMCTBa, NOPTQonHo, (HOTO | KHONKH IIEJIEBOr0  JICHCTBHS,

c MEpPOIPUATUH, peranuu
BEIIYLIEH; HaJnu4ue
npeAIoKeHus OpOHUPOBaHUS Ha

M30BITOK BHUICO, YCTapEBIIHE
OT3bIBBI U JAW3aliH, KOTOPBIH,
XOTS ACCOLIUMPYETCS C BECEIIBIM,

MIpOBEZICeHNE HOBOT'OJHUX
MEpONPUSTHM; HECKOJIBKO
BapHAHTOB CIIOCOOOB CBS3U

HO HE BCErga COOTBETCTBYET
COBPCMCHHBIM TCHACHUHWAM WJIN
KJIIACCUKE. CalT CKJIOHEH K
Oonee WHPOPMATHBHOMY, YeM
(bYHKIIMOHAIEHOMY, XapaKTepy

OO6uupHbIiI CIIEKT
YCIIYT, WHTEPAKTUBHOE
B3aUMOJICHICTBUE YEPE3 TECT IS
pacuera CTOMMOCTH, CTHJIbHBIN

Bugeo Ha  mepBom
9KpaHe HHU3KOrO KadecTBa W
n30BITOK HHpOpMAIUN

Event-areurctBo

U COBpPEMEHHBIM JM3aiiH, a
TaKxKe noptdonuo c
napTHepaMu W3BECTHBIX
OpraHu3aluii.
Opranuzarms IIpopaborannas Spxuit xpacHei (PoH;

TEMaTHYECKUX KOMAHIHBIX UTP | CTPYKTypa; IPUMeEPhI BOIIPOCOB, | HAJIHUHE KHOTIOK 0e3
KoTopple Oynyr Ha  Wrpe; | IepeHamnpaBIeHUS K
HeCTaHJapTHBIE aHUMAIINY; | CIEeTyIoIeMy mary, HE
TEMaTH4ECKOE paclpelesieHue | MOJIepKUBAETC aKTyalbHOCTh
Urp uH(OpMaIUH

Jlo peanuzanuu BeO-NpuiioKeHus: opranusaius "['Bo3ap" akTUBHO MpHUBIIEKaIa
ayIUTOPHUIO Yepe3 COLHAIbHbIE CEeTH M PEKOMEHJAIMH KIUEHTOB, KOTOpBIE YXkKe
BOCIIONB30BAJIUCH  yciyramu. OjHako, TMpollecC 3alucH KIMEHTOB M yd4eTa
MPENICTOSIIIUX MEPONPUATHI OCYIIECTBISUICS BPY4YHYI0 Ha Oymare W B TaliuIax
Excel. Oto mpuBoauino xk HeymoOCTBaM Kak Jisl KIIMEHTOB, TaK W ISl COTPYIHUKOB
opranm3anuu. OTCYTCTBHE€ €IMHOTO H YIOOHOTO TIPENCTABICHUS YCIYT C
HaAIPaBICHUSIMH U [IEHAMH 3aTPYIHSIIO MPOIecC BEIOOpa U OPOHUPOBAHUS IPOTPAMM.
Opranuzanus pabourx MPOLECCOB 0 pa3pabOTKU BEO-TPUIIOKEHHS TPEICTaBICHA
Ha UML auarpamme (pucyHok 1).

Mounck uHopmMaLmnn o ycnyrax u
MEPONPUATUAX YEPE3 CoUManbHble CeTU U
OT 3HaKOMbIX

'yYHOE BeleHue Dassl AaHHbIX KINeHTOR
W MeponprATHIA Ha Bymare W 8 Excel

I'In,u,awa 3aABOK Ha OpraH1u3auuto
MeponpuaTHil Yepes TenadoH UMK NMMYHOE]
obpaledue

MpoBeAeHNe KOHCYNETALMA KNMEHTOS
TIMYHO UNK Mo Tenediony

—

AgmuHncTpatop

flonyyeHue KOHCYNETaLMMA NO YCnyram
BpOHMPOBAHUMID MPK NUYHOI BCTPEHE Nk
no Tenedory

OpraHuzalns MeponpUATURA Ha OCHOBE
PYHHbIX 3anucei

Pucynok 17. Opranuzanust paboyux mpoueccoB A0 pa3paboTKu
BEO-TIPUIIOKCHUS
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BHenpenne — BeO-IpWIIOKEHHS  MO3BOJIMJIO  CTPYKTYPUpPOBaTh  JIaHHBIE,
COKpPAaTUTh BpeMsI Ha KOHCYJIbTAallMUM KIMEHTOB M MPENOCTaBlIeHHE HMH(POpPMALH, a
TAK)Ke YIY4YILIUTh BU3yaJbHOE BOCHPUATHUE IpelaraeMelx yciyr llocne BHenpeHus
BEO-IPUJIOKEHUST AMarpaMMa HMCIOJIb30BaHUSl BKIIOYAET 3 TPYIIbI MOJb30BaTENEH
(HeaBTOpU30BAHHBIN MOCETUTEND CaiiTa, aBTOPU30BAHHBIN KJIUEHT U aJMUHUCTPATOP)
C pa3rpaHnyeHreM (YHKIIMOHAIBHBIX BO3MOKHOCTEHN (PUCYHOK 2).

Pucynok 2. JluarpamMmma MCToab30BaHUS

Ha »stane mnpoextupoBaHusi OBLI CO3MaH Ju3aiiH HMHTEp(EHCOB ¢ ydeTOM
ocobennoctert UI/UX nu3alina ©  ApyruX HCCIENOBaHHWM, TOCBSIIEHHBIX
BOCIIPUATHIO HMH(POPMAIMHM TI0JIb30BaTeIeM BeO-CepBHCa, TaK KaK KaXKIbIi I[BET
o0JaaeT YHMKaJIbHON YHEPTeTUKONW U BO3JICHCTBYET Ha IMOJIb30BaTEICH MO-pPa3HOMY.
Hampumep, cuHUil BBI3BIBAET YYBCTBO CIIOKOMCTBUSI, & KPACHBIA — MOYKET BbI3bIBaTh
SpKUE SMOIIMOHAJIbHBIE PEaKIUU WIK TPUBOAUTH K OBICTPOH YTOMIISIEMOCTH
HaOmonaromiero [4]. He MmeHee BakHOM 3a/1adeii SBISIIOCH — 0TOOPa3uTh Gpunocoduto
U JICSATEeIbHOCTh KOMIaHUM «I'BO3/Ib» 3a CUET CPENICTB BhIpa3uTeIbHOCTU. Hanpumep,
spkue xkuBble (ororpaduu (pUCYyHOK 3) OpraHUYHO CMOTPATCS B KpPacOYHOM
paspaboTaHHOM HHTEepdelice ¢ aKIEHTOM Ha IMMPOKHH CIIEKTP 3MOIMI YeJOBEKa B
OajaHce ¢ MOHOXPOMHBIM YEPHBIM IIBETOM.

OETCKUE
NPA3OHUKU

- NPA3NHAKK. B TBOEM FOPONE)
i HE TOJIGKD,

Pucynok 3. Jlu3aiin raBHOTO SKpaHa v 0J0Ka «JI€TCKUE MPa3THUKU»
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BHenpenne — maHHOTO — BEO-IPMIIOKEHHS  MPENOCTABISET  KIHMCHTAM
BO3MOXXHOCTh OpOHUPOBAaHMS YCIYT OHJIAWH, YIPOCTUT MPOIECC IUIAHUPOBAaHUS U
BbIOOpa ycIyr [Uisi Mpa3IHUKOB, oOnagaeT yaoOHbIM uHTepdeiicoM  amns
B3aMMOJICHCTBUSA C KIUEHTAMHU W TPEIOCTaBICHUS HWHPOPMAIMA O OCTYITHBIX
ycayrax. Kpome Toro, coxpaHuT O€30MaCHOCTh [JAHHBIX TMOJb30BaTelled U
KOH(UICHIIMATBHOCTh HH(POPMALIUH.

C Touku 3peHusi Ou3HEca, BHEIPEHUE JaHHOTO BEO-TIPUIIOKEHUS SBISCTCS
WHCTPYMEHTOM JUIsl aBTOMATHU3AIlMd M ONTHUMHU3AIMHA IPOIIECCOB OPOHHPOBAHUS U
KOHCYJIbTUPOBAHUS KJIMEHTA, YTO SBJISETCA 3HAYUTEIBHBIM JTalloM B  XOJe
TUTAaHUPOBaHUs Tipa3aHuka. [ kommanuu «I'BO31b» COOCTBEHHOE BEO-TIPHIIOKEHUE
SBIIICTCS YacThlO IIepeX0/la Ha HOBBI ypPOBEHb OpraHW3allUd KOMITAHUH.
OnpenenuTs YPOBEHB 3PEIOCTH KOMIIAHUH MOXKHO C ITOMOIIBIO Pa3IUYHBIX METOIUK
U WHCTPYMEHTOB aHayim3a. Hampumep, MOXHO HCHOJIB30BaTh MOJEIU 3PEIOCTH,
takue kak wMoaenb CMMI (Capability Maturity Model Integration), kotopas
OILIEHUBAET 3PEJIOCTH MPOIECCOB B OPraHU3aIMH 110 IIIKaJie OT HaYaJIbHOTO YPOBHS 10
ONTUMU3UPYIOIIETO [5].

JIJIsi KOMIIaHWM, 3aHUMAIOIICHCST OpraHU3aIMell Mpa3IHUKOB, BHEIPEHUE BEO-
NPWJIOKEHUS SBISETCS KIOYEBBIM HHCTPYMEHTOM B 3TOM mpoiecce. OHO T03BONISIET
KoMIianuu "T'BO3/b" CTPYKTYpHUPOBATh CBOW IPOIIECCHI, YITYUIIUTh KOMMYHHUKAIIHIO
BHYTPU KOJUIEKTHBA U C KJIMEHTaMH, a TaKXe MOBBICUTH YPOBEHb OOCITYKHBaHUSI.
VY4uuTeiBas, 4YT0 COTPYIAHUKH JAHHOM OTpaciy 00Jalal0T TBOPYECKUM MBIILICHUEM U
4acTO CKJIOHHBI K HECTPYKTYPHUPOBAHHBIM METoZlaM paboThl, BHEIPEHUE CTPYKTYPhI U
MOBBILIICHUE YPOBHS OPTaHU3AIIMOHHOW 3pPEJIOCTH SBISETCS KIIIOYEBBIM TS
obecnieueHus 3 PEKTUBHOTO YIIPABICHUS U TIOTyYSHUS TPUOBLIH.

Buenpenune BeO-puUIOKEHHUS SBISIETCS HEOTHEMIIEMOM 4YacThIO Tpolecca
nepexoja komnanuu "['Bo3ap" Ha HOBBIN ypoBeHb 3penoctu — 2 o cucteme CMMIL
DTOT UHCTPYMEHT CIIOCOOCTBYET CUCTEMATH3AIIMHU TIPOIIECCOB, MOBBIIICHUIO KaueCTBa
00CITy>)KMBaHUS KJIMEHTOB M YAYYIICHHIO 3()(PEKTUBHOCTH PpabOThI, YTO IO3BOJISET
KOMITAaHUU OCTaBaThCsl KOHKYPEHTOCITOCOOHON U YCIIEITHO Pa3BUBATHC.

BriBoabl

Buenpenune BeO TpHIOKEHHs JJIS KOMIIAHWW IO OpPTaHU3AIMH TPa3THUKOB
«I'BO3B» CIOCOOCTBOBAJIO:

1) onTumuzanuu ~ OW3HEC-TIpollecCOB;,  pabOTBl € JaHHBIMH O
OpOHUPOBAaHMAX W KIMNEHTaX B IICHTPAIM30BaHHOW 0a3e JaHHBIX COKpaTuja
BpEMEHHBIC 3aTparbl HA 00pa0dOTKy MH(OpPMAIIMU, YTO TOBBICHIIO OTEPATUBHOCTH U
TOYHOCTh pa0OThl COTPYIHUKOB;

2) MOBBILIEHUIO yA00CTBA IJIA MOJb30BaTENIel; KIMEHThl KOMIAHUU MOTYYUIIN
Oonee OBICTpBIH W YIOOHBIM JOCTYH K ycilyram u WHopMmaruu. YiydiieHue
MOJIb30BATEILCKOTO OMNbITAa W BO3MOXXHOCTh OHJIAWH-OPOHUPOBAHUS MO3BOJIMIH
VAYYIIATH KAY€CTBO OOCIYKMBAHUSI U YJIOBJIETBOPEHHOCTh KIMEHTOB;
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3) NPUBICYEHUIO HOBBIX KIMEHTOB M YBEJIMYCHUIO MNPUOBLIM KOMIIAHUHU.
HacTtpoiika KOHTEKCTHOW pEKJIaMbl W YBEJIMYEHUE BHUIUMOCTH B IOUCKOBBIX
CHUCTEMaX MPUBEIHU K YBEIIMUCHHIO YuCia 0OpallleHnii 1 OpOHUPOBaHUH.
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AHHOTaumus. B nanHOW paboTe mMOKa3aHO, YTO, HCIONB3yS TPOUYHBIC
MOpOroBbie (DYHKIIMM aKTUBAIIUU, B SIBHOM BHJE, MOXHO JI000H HaOOp JaHHBIX
MOXHO TIPEJICTaBUTh JIMHCWHO  pa3JeiMMbIM, IIOKa TOJIBKO I 3aja4
knaccudukaruu. Ilporeaypa o0ydeHUsT HEUPOHHBIX CETEH «JIeIbTa TPABUIIO» ObLiIa
MU3MCHECHA COOTBETCTBYIOIIUM OOPa30M B BapUAHT «JIEJbTa MPABUJIO C YCCUCHUEM).
Kaxxnpiii u3 HEWpPOHOB pasjeiisieT 00yJarollyr0 BBIOOPKY Ha IIEJIEBYIO KaTETOPHIO,
o0o3nauvaercss kak TRUE, mnporuBononoxuytro, o6Go3nauaercs kak FALSE wu
IPOMEXKYTOUHYI0, 0003Hauaercs kak ZERO. Dk3eMIuisipbl BBIOOPKH, TOIABIIHE B
ICJICBYI0 W TPOTHUBOIIOJIOXKHBIC KATETOPHHM, CYHUTAIOTCSA OIO3HAHHBIMA W B
JTaTbHEUIITNX BBIYMCICHUSAX HE Yy4acTBYIOT. Crleayromnuii HeHpoH paboTaeT TOJIBKO ¢
SK3EMIUIIpaMHM, MmomnaBmuMu B kateroputo ZERO. Takum o0pa3om rapaHTHpyeTCs
CXOAUMOCTh QJITOPUTMA, JICTEPMUHUPOBAHHOCTH OOCCIICYMBACTCS OTKAa30M OT
UCIIOJIb30BaHUsI TEHEPaTOpOB clydailHbIX uuncend. [IpuBeneH moapoOHBIN Mmpumep
oOyuenust Ha natacete forest. B oOyueHHON HEHPOHHON CETH MMEETCA TOJIBKO OJMH
CJIOW HEHWpOHOB, pPAa0OOTAIONIMX IOCJIENO0BATEIbHO, a BMECTO BBIXOJAHOIO CJOSA
UCIIONIB3YIOTCS TIpaBuja Jjormdyeckoro BeiBoja Bujaa ifelseif. Ha maru maracerax
IPOJEMOHCTPUPOBaHA BO3MOXKHOCTh TE€pPEHOCA OIMIMOOYHBIX SK3EMIUIIPOB U3
TECTOBOM BBIOOPKM B OOydYamIlyl0 C IepeoOydyeHreM. B pesymbTaTe MOXKHO
no6uthes 100 MPOIIEHTHOTO paclio3HaBaHUS TECTOBOM BHIOOPKH.

Abstract. In this paper, it is shown that using ternary activation threshold
functions, explicitly, any data set can be represented linearly separable, so far only
for classification problems. The "delta rule" neural network training procedure has
been changed accordingly to the "delta rule with truncation" option. Each of the
neurons divides the training sample into a target category, denoted as TRUE, the
opposite, denoted as FALSE and the intermediate, denoted as ZERO. The sample
instances that fall into the target and opposite categories are considered identified and
do not participate in further calculations. The next neuron works only with instances
that fall into the ZERO category. Thus, the convergence of the algorithm is
guaranteed, determinism is ensured by the rejection of the use of random number
generators. A detailed example of training on the forest dataset is provided. In a
trained neural network, there is only one layer of neurons working sequentially, and
instead of the output layer, logical inference rules of the form if else if are used. On
five datasets, the possibility of transferring erroneous instances from a test sample to
a training one with retraining is demonstrated. As a result, you can achieve 100
percent recognition of the test sample.
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KuroueBble ciioBa: HelipoHHAs ceTh, (DYHKLHS aKTHUBAllMU, TPOMYHAs JIOTHKA,
JeNbTa-IIPaBUIIO, JaTaCeT.

Keywords: neural network, activation function, ternary logic, delta rule,
dataset.

HeBocnpon3BoaguMoCTh pe3ysbTaTOB pabOThl HEUPOHHBIX CETEeH MOXKET OBIThH
KPUTUYHON B MPUHSITUU KU3HEHHO BAXKHBIX pelieHUuN. OCHOBOW «YEPHOTO SIIUKA,
KOTOPBIM OHU TPEACTABISIOT, SBJISCTCS NPUMEHEHUE CIyYalHBIX HavYaJbHBIX
NpUOJIMKEHU BEKTOPOB BeCOB 00OydeHUs. [IOCKOJBKY COBpEMEHHBIE apXUTEKTYpPhI
MOTYT COJEpP’KAaT COTHU U THICSYU 00y4ae€MbBIX DIJIEMEHTOB, PE3YJIbTAaT BBIYUCIICHUS
CTAaHOBUTCSI HEMPO3PAUYHBIM M 3aTPYIHUTENICH U KaKoW-Iu0o mHTepnpeTanuu [1,
2]. C HakorIeHWEM JaHHBIX JIJii 00paOOTKH pacTeT HENpeCKa3yeMOCThb CII0XKHBIX
CTPYKTyp HehpoHHBIX ceTeit [3]. McnpaBieHne BO3ZHUKAIONIUX OMIMOOK B KaKOM-TO
MOMEHT MOET JOCTUYb MPEACIHbHON TOUKH, KOT/Ia y)Ke MOTPEOyeTCs HEJOCTUKUMOES
KOJIMYECTBO BPEMEHH U PECYPCOB.

Ilenb HacToOfAIIETr0 WCCIEAOBAaHUSA COCTOSIa B pa3paboTKe alropuTMma
o0ydeHUs HEUPOHHBIX ceTel. MoauduirpoBaHHas poreaypa 00ydeHus MmoJydusia
Ha3BaHUE «JIeNbTa-MpaBwio ¢ peaykiuen». Co BpemeH Po3eHbiarra u3BeCTHO, YTO
KJIACCUYECKOEe JIebTa-IPAaBUJIO TAPAHTUPOBAHHO CXOJIUTCS HA JIMHEHHO pa3JaeIMMbIX
MHOkecTBax [4]. IlokaxkeMm, 4YTO ¢ TOMOIIBIO TOPOTOBBIX TPOWYHBIX (DYHKITUN
akTUBaNUu [5] ar000H JaTaceT MOXKHO NPHUBECTH K JIMHEWHO pa3lieMMOMY BUIY
(pucyHok 1).

Pucynok 1. O0yyatomas BbIOOpKa B N-MEPHOM MPOCTPAHCTBE
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Beenem  monsTHE — paspensmoumero  kopuaopa. B reoMmerpuyeckou
UHTEpIpeTaluu oOydaromias BbBIOOpDKAa — 93TO pa3MEIIeHHbIE B N-MEPHOM
MPOCTPAHCTBE PA3HOIBETHBbIE TOUKU (pucyHOK 1). [[BeT TOYEK CUMBOJIU3UPYET
MPUHAIEKHOCTh K HEKOTOPOMY KJACCy, KOOPAMHATHI 3aJal0TCSl BXOJHBIMHU
napaMeTpaMm 3K3eMIuIsipa Habopa gaHHbIX. OYEBHUJIHO, YTO BCETJa MOXKHO HAWTH
TAKOM Pa3EIAIOIIAN KOPUIAOP, UYTO «IIPABEE» €ro «IIPaBOW CTEHKU» PACIOJIOKEHO
HEKOTOPOE KOJMYECTBO TOYEK OJHOIO IIBETA, HA30BEM 3TO MHOKECTBO «IICJIIEBBIM)
KimaccoM.  «lIpOTMBOMONOXKHBIM»  KJIACCOM  HA3bIBAE€TCSI  MHOXKECTBO  TOYEK
OJIMHAKOBOTO I1IBETA, PACIOJOKEHHBIX <JIEBEE» <JICBOM CTEHKW» pa3feisIONIero
KOpHUA0pa.

Pazpenstomumii kopumop dopmanuszyercss ¢ MOMOIIBIO YpaBHEHHS MEPBOTO
nopsiika (3TO Beca yeauHEHHOro HelpoHa). CkalasipHOE NPOU3BEICHHE BEKTOpa
BXOJIHBIX MMAapaMETPOB Ha Beca HeWpoHa NaéT NpoOHOE 3HAYCHHE, JJIsI IK3EMILISIPOB
LeJIeBOro kiacca oHo Oombiie +1, B TepmuHax TpouuHod joruku 310 TRUE,
Koaupyercst +1, SK3eMIUISIpbl MNPOTUBOIOJIOKHOTO KJIacca HMMEIOT CKaJApHOE
npousBegeHre Menninee -1, 3to FALSE, konupyercs -1. CkansipHoe Nnpou3BeIeHUE
BCEX OCTaJbHBIX OK3EMIUIAPOB HaxondTcs B amanasone [-1, +1[, »3To
HeonpeaeneHHocth ZERO, kogupyercst 0. Takum 00pa3om, pasaesonmi KOpUuaop
OTCeKaeT OT Habopa JaHHBIX HEKOTOPOE KOJMYECTBO OHK3EMIULIPOB. Jlpyrumwu
CJIOBaMH, OJMHOYHBIA HEHUPOH TapaHTUPOBAHHO PACIO3HAET CTPOKH OOydaromiei
BBIOOPKM Kak MpUHAIJICKANIUE K «CBOEMY» LIEJIEBOMY KJaccy, K «CBOEMY»
IPOTUBOMOJIOAKHOMY KJIACCy U HEONIO3HAHHOMY UM KJIaccy.

Heono3nanueiii kimacc — ecTh yceueHHas (peayluupoBaHHas) 00ydarormas
BbIOOpKA U1 creayroiero Helipona. [locnenoBarenbHo ycekast pasmep oOydaromieit
BBIOOPKH, 32 KOHEYHOE KOJIMYECTBO IIIaroB MOKHO TOJYYUTh MATPHUILY BECOB
HEUPOHHOI'O CJIOS, 3TOT CIIOM COAEPKHUT JOCTATOYHOE KOJMYECTBO HEUPOHOB, Ha
BBIXOJIe OH (DOPMHUPYET N-MEPHYIO TPOUUHYIO (PYHKITHFO.

PaccmoTrpum mpouenypy oOydeHHsSs HEMpPOHHOH CeTH Ha TpuMepe Habopa
nanubeix forest. ComepXuUT MaHHBIE AMCTAHIIMOHHOTO 30HIUPOBAHUS JIECUCTOMN
MECTHOCTH B HeKkoTOpoM paioHe Smonuu. Mmeercs 198 cTpok ¢ 27 BXOIHBIMH
napameTpaMu, MPUHAIICKAITUME K 4eThipeM kiaccaM d, h, o u s:

- s (;tec Sugi);

- h (mec Hinoki);

- d (cMemIaHHbBIN TUCTBEHHBIN JIEC);

- 0 (Apyrue HenecHbIEe 3€MJIN).

B kauecTBe aTpuOyTOB BBICTYNAIOT CIEKTPAIbHbBIE JAHHBIE.

Hartacer pazgenuM Ha oOydaromyro, 178 crtpok u TectoByro 20 CTpOK
BEIOOpKU. B oOyvaromieit Beibopke k kimaccy d mpuHamiexuT 48 cTpok, K Kiaccy h
NPUHALIEKUT 44 CTPOKHM, K KIACCy O MNpUHALIEKUT 34 CTPOKH, K KiIaccy s
MPUHAIEKUT 52 CcTpoKu. IlepBblii HEMPOH LEIEBBIM KJIACCOM MOJAraeT KJacc s U
orcekaeT oT Hero 50 crtpok. IIpOoTHBOMONOXKHBIM KiIacc — 3TO KJIAcC O OT HETO
oTrcekaercst 27 CTpoK. YcedeHHas oOydaroias BbIOOpKa JUisi BTOPOTO HEWpoHa
coaepxuT 48 crpok kinacca d, 44 ctpoku kiacca h, 7 cTpok kjacca 0 U 2 CTPOKHU
kiacca s. Brtopoii Helipon B ueneBoMm kiacce h otcekaer Bce 44 cTpoku, B
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MIPOTUBOIIOJIOAKHOM KJlacce 0 oTcekaercs 2 cTpoku. OOyyaromias BEIOOPKA TPETHETO
HelpoHa coaepxuT 48 cTpok kiacca d, 5 cTpok kiacca 0 M 2 CTpPOKHM Kiacca S. JTa
BBIOOpKA JTMHEHHO pa3/ieuMa B TEPMUHAX TPOUYHOM JOTUKH.

[IpencraBneHHass HEWpPOHHAsA CETb HMMEET BCErO OJWH CIIOW HEHMPOHOB, OH
cokpamaetr 27-MM MEpHOE€ NPOCTPAHCTBO BXOJa 10 3-X MEpHOro (pucyHok 1),
(YyHKUIMU aKTUBAIlMM HEHWPOHOB TPOUYHBIE MOPOroBble. BMECTO BBIXOIHOIO CiOA
(dopMupyeTcst MPaBUIIO JIOTHYECKOI0 BbIBOJIA CIEAYIOIIErO BUIA:
€CIIU CKaJIsIpHOE MpousBeneHue 1 HeiipoHa < -1, Toraa 3To Kiacc o
MHa4e eCliv CKaJSIpHOE NpousBeaeHue | Helipona > +1, Toraa ato kiace s
MHAaYe eclii CKaJiipHOE Mpou3BeeHne 2 HelipoHa < -1, Torja 3To Kjiacc o
MHaYe eclii CKaJIipHOE Mpou3BeeHue 2 HeiipoHa > +1, Toraa 3To kiacc h
MHAYe eclii CKaJisipHOE Mpou3BeaeHue 3 HeiipoHa < -1, Torna 3To Kiace s
MHaYe eclii CKaJIsipHOE Mpou3BeeHue 3 Heilpona > +1, Toraa 3to kiacc d
MHayYe 3TO Kjacc O.

x1

Pucynok 2. 2D npoekuus nepBbIi-BTOPON HEUPOH

Ha pucyHke 2 npuBeneHa AByXMepHasi MPOEKIUS BbIXOJAA HEMPOHHOIO CIIOA.

ITo ocum x1 OTHOXKEHBI CKaJNApHBIE MPOU3BEICHUS NEPBOrO HEUPOHA, MO OCH X2

OTJIOXKEHBI CKaJiIpHble MpousBelieHus BToporo HeilpoHa. Kmacc d oOo3nauen

«3€JICHBIMU CHEXKMHKaMM», Kiacc h 0003HaUeH «IypIypHbIMU KBaJ[paTaMu», KJ1acc O

0003HaYeH «CUHUMH Kpyrammu», Kjacc S 0003HAUYEH «KPACHBIMU TPEYTrOJIbHUKAMU.
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N3 pucynka BumHO, uto B auamnas3oH |-1, +1[ mo ocu x1 momamaror 2 sk3emruisipa
KJlacca s (KpacHbIE TPEYrOJIbHUKH), 7 SK3EMIULSIPOB Kjacca o (cuHue kpyru). Bee
AK3EMIUTAPHI Kiacca d (3eJeHble CHEXMHKHU) MonajarT B auamnas3od |-1, +1[ mo ocu
x1 1 ocu X2 (B enmHMYHBIN Ky0). Bee ax3emmuisapsbl kinacca h (myprnypHble KBaapaThl)
pacrnionoxkensl «ieee» +1 mo ocu x1 m «Bbiue» +1 nmo ocu x2. Ha pucynke 4.3
MIPUBEJICHA JBYXMEpHAasi MPOCKIUsS YCEYEHHON BBIOOPKH 1Jisi BTOpOoro HeipoHa. Ilo
ocM X2 OTJIOKEHBl CKAJISpHBbIE MPOU3BEJACHUS BTOPOro HEWpoHa, MO ocu X3
OTJIOKEHBI CKAJISIPHBIC MPOU3BEJECHUS TPEThero HeilpoHa. M3 pucyHka ciepyer, 4To
BTOPOU HEUPOH OTCEKAET BCE AK3EMILISIPHI Kiacca h - mypmypHbie KBaipaThl 00JIbIIIe
+1 1o ropu3oHTaIU, U 2 K3EMILISIpa Kiacca O - 2 CHHUX Kpyra MeHnblie -1. Tperuit
HEHUPOH OTCEKaeT BCE AK3EeMIUIIphl kiacca d - 3eeHble CHexuHKe Oousbine +1 1o
BEPTUKAIM, 2 DK3EMIUISPHI Kjlacca S - 2 KpacHBIX TPEyrojibHUKa MeHbie -1, u 5
AK3EeMIUISIPOB KJlacca O - 5 CHHMX KPYroB B auanasone |-1, +1[.

[Ipouiecc 0OyuyeHUs HEMPOHHOW CETHU C HCIMOIB30BAHUEM JeNIbTa-MpaBuiia C
PEAYKIIUEeH — ATO TPOIEeCC ACTEPMUHUPOBAHHBIM U TAPAHTUPOBAHHO CXOISIITUAKCS.
Hanpumep, mist oOyuaromieid BbIOOpKHM Habopa JaHHBIX forest MOXKHO TMOJYYUTH
HEHPOHHYIO CETh, KOTOpasi HE UMEET OITMOOK Ha TECTOBOM M 00yuarolieil BLIOOpKax
MyTeM MEePEeHOCca OMMOOYHBIX IK3EMILISIPOB U3 TECTOBOUW BHIOOPKH B 00ydaronyto. B
pe3yibTaTte TMepBOro OOyUYeHUs] MMEETCS HEWpOHHas CeTb W3 BOCHMHU HEHPOHOB,
cojepykaias JB€ OIMMOKM Ha TeCTOBOM BhIOOpKEe (dK3eMIuisipel Ne 12 u 92).
[lepeHocuM 3K3eMILIAPHI B 00y4aron[yo BHIOOPKY B KOHEI, TpoBoauM 00yuyeHue. Ha
BTOPOM OOYYEHUU KOJMYECTBO HEHPOHOB COKPATUIOCH O CEMH, Ha TECTOBOM
BbIOOpKE wuMeeTcss onaHa omuoka (Ax3eMmiap Ne 10). CooTBeTcTByrONIUN
OIIMOOYHBIN JK3eMIUIIp TMEepeHOCHTCs B oOydwaronrylo BbIOOpKYy. Ha TpeThem
00Oy4eHHH KOJIMYECTBO HEMPOHOB BHOBb BO3POCIIO 0 BOCHMH, IIPU 3TOM KOJIUYECTBO
OomMOOK Ha TECTOBOM BBIOOpKE oOcTanoch paBHbIM 1 (Ok3emrusip Nel25). B
pe3ysbTaTe YETBEPTOTO, IOCIEIHEr0o OOyueHHs CTPYKTypa HEHPOHHOW ceTu
COJICP)KUT CEMb HEHWpPOHOB, Ha TECTOBOW M oOydJaromield BBIOOpKaxX OMIMOOK HE
cojepkutcs. IHTEpeCcHBIM BOIIPOCOM SIBIISIETCS Mepa OJIM30CTH HEHPOHHBIX CETEH C
omuoOkamu u 6e3 [6].

Pa3zpaboTannas mpomenypa oOy4eHHs] rapaHTHPOBAaHO cxonutcsa. B tabmurel
MPEACTABIEHbI 5 1aTaceTOB JJIsl KOTOPBIX yIaJOCh IOBECTH MPOLEHT PACHO3HABAHUS
tectoBoil BbIOOpKH 10 100%. B mepBoMm cTonbiie kpaTkoe Ha3BaHWE JaTaceTa U
CCBUIKA Ha HEro, BO BTOPOM CTOJIOIE KOJMYECTBO OMMOOYHBIX HEHPOHOB 00yUEHHOMN
HelipoHHOU cetn. [lepeMernasi onmMOOYHbBIE K3EMIUISPBI U3 TECTOBON B 00YUJAIOIIYIO
MOXHO JOOUTHCSI CTONMPOLIEHTHOTO pAaClO3HaBaHUSI TECTOBOWM BbIOOpKH. Jliid
natacetoB glass, kahraman wu forest mortpeGoBancs omun mepenoc (8, 1 u 2
OIMMOOYHBIX HK3EMIUISIpAa COOTBETCTBEHHO), a i nmaraceToB ecoli m seeds mo 3
nepeHoca.
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Tabnuua 1. Pe3ynbratel 00ydeHus

KosmmuectBo KommuectBo
Bri6opka N

o1nOoK HEHPOHOB
forest 2u3 21 5
https://archive.ics.uci.edu/ml/datasets/Forest
+type+mapping 0wu3 19 5

2 u3 22 4
seeds 3u320 5

1 usz 17 4
https://archive.ics.uci.edu/ml/datasets/seeds Owusz 16 4
kahraman 1 u3 27 6
https://archive.ics.uci.edu/ml/datasets/User+
Knowledge+ Modeling 0 u3 26 7

11 u3 35 25
ecoli 3u324 21

1 u3 21 24
https://archive.ics.uci.edu/ml/datasets/ecoli 0 u3 20 23
glass 8 uz 22 30
https://archive.ics.uci.edu/ml/datasets/glass+
identification Ou3 14 31

O4eBUAHO, YTO B MPEACIBHOM ClIy4ae, IEPEeMECTUB BCE IK3EMILISIPhI TECTOBOM
BBLIOODKA B OOYyYaroIlyt0, MOXXHO TapaHTHPOBaTh aOCOIMIOTHYIO 0€30mHUO0YHOCTH
oOyuenns. OmHako oOy4yass HEHPOHHYIO CEThb Ha IOJHOW BBIOOPKE, BO-TMEPBBIX,
MOXXHO TONAacTh B CHUTYallMIO MEpeoOydeHHs, a BO-BTOPHIX, Ha JACHCTBUTEIHHO
OonpImMx nmaracerax w3 kareropuu BigData, moBTopstoniuecs nmepeoOydeHus MOTYT
OKa3aThbCid Ype3MEpHO 3aTpaTHbIMU. Kpome Toro, HEOoOXOAUMO TOTIOJHUTEIHHO
M3YUYUTH MPOTHOCTHYECKYIO CIIOCOOHOCTh 00CYK/IaeMbIX HEUPOHHBIX ceTeit [7].

BriBoabI

Jlist 3amay KnaccupuKanmuy Co37aH IETEPMUHUPOBAHHBIN aITOPUTM OO yICHHUS
HEWPOHHBIX CETEH, KOTOPBIN CXOAUTHCS Beeraa. VMcrnonp30BaHne TPOMYHOU JIOTUKU B
SBHOM BHJ€ TpU OOyUYeHMH HEWpPOHHBIX ceTed omnpaBnaHo. HeiiponHas cetb,
oOydyeHHass TakuM oOpa3oM (QOopMalbHO SBJISIETCS OJHOCIONHOM, T.K. Ha BXOJ
KaXXJIOr0 HEMpOHa MOJAI0TCS MMEHHO SK3eMIULIpbl 00yuaromieil Beioopku. OgHako
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HEUPOHBI pabOTaIOT MOCIEIOBATENbHO, €CIM TEeKYIUM HEHPOH BB HE HYJIEBOU
pe3yabTaT, TO pe3yJIbTaThl Ppa0OTHI MOCIEAYIONUX HEHPOHOB UTHOPUPYIOTCS.

baaropapuocru

PabGora BhimonHeHa mnipu mnojAep:kke TrpaHTa «OTKpbITasg OuOIMOTEKA
wideLearning a1 moMCKa apXUTEKTYpbl HCKYCCTBEHHOM HEUPOHHOM CETH C
MCIIOJIb30BAaHUEM JIUCKPETU3UPOBAHHBIX CBEPTOYHBIX CJIOEB M KOMIUIEKCHO3HAYHBIX

anreop» goroBop Nel9T'YKomMUC12-D7/76725 23.05.2022 r. ot ®Donna
COJICUCTBHS PA3BUTHIO MAJIBIX (HOPM MPEANPHUATHI B HAYYHO-TEXHHYECKOU cepe.
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AHHoOTamus. B Hame BpeMms OpraHu3alMHd CTAJKUBAIOTCS C TOCTOSIHHBIM
pocToM 00bEeMa JaHHBIX, YTO IMOBBIIIAET BEPOSTHOCTh BO3HUKHOBEHHS OINUOOK W
cO6oeB B pabore 0a3 MaHHBIX. TpagUIIMOHHBIC TIOAXOABI K MOHHUTOPHHTY U aHAIU3y
JAHHBIX YacTO HECMOCOOHBI oOecreunTh 3(PheKTHBHOE pearupoBaHKe, OCOOCHHO B
YCIIOBHSAX HEOOXOIWMOCTH TOCTOSHHOTO TMOAJCP)KaHHUS CTAOMIBHOM paboThI
cucteMbl. OTCYTCTBHE CPEICTB JUISI OIEPATUBHOTO BBISIBJICHUS AHOMAJIHHA MOXKET
NPUBECTH K CEPHbE3HBIM TOCIEACTBUSAM, BKIIOYAs TOTEPIO AHHBIX U HEIOCTYITHOCTH
yCIOyr JUisl TIOJb3OBarelei. YTpara JocTynma K HWHQOPMAIMH MOXET HaHECTH
HETOTPAaBUMBIN yIepO OW3HECy, BKIIIOUasi MOTEPIO TOBEPHS KIMEHTOB, (DMHAHCOBHIE
YOBITKY ¥ TIOAPBIB PEIyTalliu KOMMaHuu. Takum o00pa3omM, BO3pacTaeT MoTpeOHOCTh
B WHHOBAIMOHHBIX PEIICHUAX JJIS HAJIEKHOTO MOHHUTOPUHTAa U OOECIeYeHUs
6e3omacHoCTH 0a3 TaHHBIX.

Ham cepBuc mpennaraer mpoctoe u 3()PEeKTUBHOE pElICHUE I KOHTPOIS
cocTosiHusl 0a3 JaHHBIX, WCIOJB3Ysl TMEPEAOBbIE TEXHOJOTUU MCKYCCTBEHHOTO
WHTEIUIeKTa. MBI aBTOMaTHYECKH OOHApYy)KMBaeM aHOMalluu W cOom, cooOImas
CHeIuaInucTaM O HEOOXOJUMOCTH HE3aMEeUTMTEILHOTO BMemarenscTBa. [Ipu sToMm
Halll CEpPBUC TpeajiaraeT HECKOJbKO BapHaHTOB peHIeHWuH s OBICTPOTO
BOCCTaHOBJICHHS 0a3bl TAHHBIX 1 MUHUMHU3AIIUU BO3MOXKHBIX YOBITKOB JIJIsI OM3HECA.

Hama mmardgopma ocHOBaHa Ha TTyOOKOM aHalv3€ MAaHHBIX M aJTOPUTMAax
MalIuHHOTO OOYYeHHs, YTO OOECMeYrBACT TMOBBIMIEHHYIO TOYHOCTH BBISBICHUS
AHOMAJINW W HAJIC)KHOCTh PAOOTHI CHCTEMBI.
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Abstract. Nowadays, organizations are faced with a constant increase in the
volume of data, which increases the likelihood of errors and failures in the operation
of databases. Traditional approaches to data monitoring and analysis are often unable
to provide an effective response, especially when there is a constant need to maintain
stable system operation. The lack of funds to promptly identify anomalies can lead to
serious consequences, including data loss and unavailability of services for users.
Loss of access to information can cause irreparable damage to the business, including
loss of customer trust, financial losses and damage to the company's reputation. Thus,
there is an increasing need for innovative solutions for reliable database monitoring
and security.

Our service offers a simple and effective solution for monitoring the state of
databases using advanced artificial intelligence technologies. We automatically detect
anomalies and failures, informing specialists for immediate intervention. At the same
time, our service offers several solutions to quickly restore the database and minimize
possible losses for the business.

Our platform is based on deep data analysis and machine learning algorithms,
which provides increased accuracy in detecting anomalies and reliability of the
system.

KiwueBble ciaoBa: MOHUTOPHWHI, ©0a3bl JaHHBIX, OIMMOKH, cOOWH,
aBTOMaTH4YeCKasl peakiins, OMOBEIICHUE, aBTOMAaTH3aIH.

Keywords: monitoring, databases, errors, failures, automatic response,
notification, automation.

BBenenune

B coBpemeHHoM mupe, e KOMIaHUHM 3aBUCAT OT CBOMX 0a3 JaHHBIX KakK OT
KU3HECHHO BaKHBIX PECYpCOB, OOecredeHHe HMX CTaOWIBHOW pPabOThl CTAaHOBHUTCS
aKkTyanbHOM 3amadeil. OpHako, Jaxe TP MaKCMMajdbHOM BHUMAaHUU K
UHOPACTPYKTYpe H MpOIlecCaM YIpPABICHHs, TEXHUYECKHEe cOOM W aHOMAJMU B
pabore 0a3 MaHHBIX OCTAIOTCS HEM30C)KHBIMU W MOTYT TPHUBECTH K CEPHE3HBIM
MOCJIE/ICTBUSIM.

Hcropuueckne mpeneneHTsl, Takue kak nHOuACHT ¢ Knight Capital Group B
2012 romy, SIBIAIOTCS >KUBBIM HAIIOMHMHAHHEM O KaTacTpO(UUECKHUX MOCIEICTBUAX,
KOTOpBIE MOTYT BO3HHKHYTh W3-32 HEIOCTATOYHOTO MOHHTOPHHTAa W TO3IHETO
pearupoBanus. [lotepu B pasmMepe COTEH MIUIIMOHOB JIO/JIAPOB W yrposa
O0aHKpPOTCTBa KOMIIAHWUHW SIBJISIOTCS JIMIb BEPIIMHOW aiicoepra B KOHTEKCTE
MOTCHIIMAIBHBIX YIIEpOOB, KOTOPBIE MOTYT HAaHECTH TEXHUYECKHe cOOM B cHCTEMax
yrpaBieHus 0a3amMu JTaHHBIX.

Kpome TOrO, B KOHTEKCTE COBPEMEHHOTO 3aKOHOJATEIICTBA, TPEOOBAHHS K
3alllUTe TEpPCOHATBHBIX JIAHHBIX CTAHOBSATCA BCe Oonee CTpPOruMHU. YTedka
uHpopmanuu u3-3a cO6osi B pabore 0a3 JaHHBIX MOXKET MPUBECTH K CEPbE3HBIM
CaHKIIMSIM M YTPO3aM JIJIsl KOMITAHHWA, OKa3aBIIMXCS B IIEHTPE TAKUX MHITUICHTOB.
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B 3TOM KOHTEKCTE BO3HMKAET HEOOXOAMMOCTb B pa3pabOTKe MHHOBALMOHHBIX
pelieHrud I HENPEepPhIBHOIO MOHUTOPUHTAa U OOECHEUYEeHHUS HAJe)KHOCTU U
CTabuUIbHOCTA paboThl 0a3 maHHbIX. [logxod, OCHOBaHHBIM Ha MEPEJOBBIX
TEXHOJIOTHSIX MCKYCCTBEHHOIO MHTEJIEKTa M MAIIMHHOTO OOy4YeHUs, NpPEACTaBIseT
co00l TMEepCIeKTUBHOE HAMpaBICHUE IS PEIICHUs MOAOOHBIX mpobiieMm. MmeHnHo
31€Ch 3apoKIaeTcsl Halla UAes CO3/[aHMs CEepBUCA, CHOCOOHOrO aBTOMAaTHYECKU
BBISIBJIATH aHOMAJIUU M cOOU B paboTe 06a3 JaHHBIX, ONEPATUBHO pearupoBaTh Ha HUX
1 MUHUMU3HUPOBATH BO3MOXKHBIE PUCKH JJIsI KOMITAHUH.

B naHHOW cTarhe MBI paccCMOTpUM  TPOOJIEMATHUKy HEIOCTATOUYHOIO
MOHHUTOPUHIa M OOpa0OTKM JaHHBIX B KOHTEKCTE COBPEMEHHOU OW3HEC-Cpelbl,
BBISIBUM OCHOBHBIE€ BBI30BBI M YIpO3bl, C KOTOPHIMH CTAJKUBAIOTCS KOMIAHUU, U
OPEACTaBUM KOHLIETIMIO HAIIEr0 WHHOBAIMOHHOTO CEpPBHCA, HANPABICHHOIO Ha
pElIeHHE 3TUX MPOOIIEM.

CymecTByonue aHaJI0TH

1. DataDog: 310 oOnaunas miatdopma, MNPEIOCTABISAIONIAS TPOTYKTHI s
MOHUTOPUHTA PabOTHl CEPBEPOB, 0a3 JIAaHHBIX U B I[EJIOM CETEBOM MH(PPACTPYKTYPHI.
CrouMoCTh cepBUCa MOHUTOPHUHTA 0a3 TaHHBIX HaunHaeTcs ot 6510 pybneit B MecsIl
3a OMWH XOCT 0a3bl JaHHBIX. OJHAKO, JAaHHBIM CEPBUC OPUEHTUPYETCS JIUIIL Ha
aHaJiu3 ONTUMAJIbHOCTH 3aPOCOB K 0azaM JaHHBIX, a TAKXKE Y ATOTO PEIICHHS €CTh
CIIO)KHOCTH ¢ omuiator u3 Poccuiickon denepanum.

2. NewRelic: 310 eme omHo o0lagyHoe MporpaMMHOE OOeCIeUYeHHE,
MO3BOJISIONIEE OTCJIC)KUBATh B3aUMO/JICHCTBHE c M0JIb30BaTEJIEM u
IIPOU3BOAMTEIIFHOCT, TIPOrpaMMHOro obOecredeHuss. OIHUM U3  MpelaracMbIxX
IIPOAYKTOB SIBJISICTCS MHCTPYMEHT JJISI MOHUTOPUHTA 0a3 JTaHHBIX, KOTOPBIH, KaK U B
ciyyae ¢ DataDog, opueHTHpyeTCs Ha aHAJIU3 ONTHUMAJIbHOCTH 3alpocoB K 0azam
naHHbIX. CTOMMOCTh HaunHaeTcs oT 9207 pyOiieit B MecsIl 3a OQHOTO IMOJIb30BaTeIsA B
nakere «Standardy, pu 3ToM AesTenbHOCTH Ha TeppuTopun Poccuiickoit deneparuu
MIPUOCTAHOBJICHA.

3. Prometheus: 310 GecruiaTHOE MPOTPAaMMHOE TIPUIIOKEHUE NI MOHUTOPHHTA
¥ OTOBEIICHU O coObITHAX. OHO 3amMMCHIBAET METPUKH B 0a3y JTaHHBIX BPEMEHHBIX
PSAIOB M 00s1a/1aeT THOKMMHU 3aITPOCaMU U OTIOBEIIEHUSIMU B PEATbHOM BPEMEHH.

YHUKAJIBLHOCTH HAILIETO pemicHus

— IloBblllIeHHAass aBTOMAarHW3alusl Ipouecca MoOHUTOpuHra: Hamre pemenue
MpeayIaracT CO3JaHHE IOJb30BATENIbCKUX CIEHAPUEB PEarupoBaHUs Ha PAa3JINYHbIC
MPUYMHBI BBIXOAA W3 CTPOS CepBUCAa 0a3bl JaHHBIX, HEMPEPBIBHBIA MOHUTOPHUHT
cocrosiHus Bl mpu moMomy TEXHOJIOTHM HCKYCCTBEHHOTO WHTEIUIEKTa W MOIYJIb
pEeKOMeHJAIuUK sl BOCCTAHOBJIEHHUS ITaTHOTO (GyHKUHOHUpoBaHusi b/l Ha ocHOBe
aHaJIN3a METPUK U JIOTOB.
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— Monyns MMMyHHOM cucTeMbl: Hama cucrtema OCHOBaHa Ha TEXHOJIOTMHU
MCKYCCTBEHHOIO HWHTEJJIEKTa JJis MpEeACKa3aHus BO3MOXHBIX MpodiIeM ¢
6e3onacHocThio. CucTeMa camooOydaeMa U aJaTUBHA K HOBBIM CUTYaIUsIM.

— JlokanbHoe pas3BeprbiBanue [10: Hame mnporpamMmHoe oOecneueHue
pa3BOpAaYMBAETCS Yy 3aKa3yuka, YTO MCKIIOYAET Yrpo3y OTKIIOUEHHS U
KOMITIPOMETAIMN KOH(PHUASHIMAIbHON HH(OPMALIMK 3aKa3urKa.

IIpennaraemoe pemenue

Harme perreHye HampaBlIeHO Ha pEIICHHE MHOXECTBA KIIIOUEBBIX MPOOJIEM, C
KOTOPBIMH CTAJIKUBAIOTCS IOJIB30BATEIIU TIPU YIPABICHUU M OOCITy)XKHMBaHUU 0a3
JTAHHBIX

1. CokpaieHne BpEeMEHH IMPOCTOS cepBepoB 0a3 gaHHBIX: Hamie pemrenue
npesaraet 3 PeKTUBHBIC MEXaHU3MBl MOHUTOPUHTA U 0OHAPY)KCHUS aHOMAJIUH, 4TO
MI03BOJIICT ONIEPATHBHO PEarupoBaTh Ha MOTEHIIMAIBHBIC YIPO3bl U COKpAIaTh BpeMs
IPOCTOSI CEpBEPOB. Bwinmensis 3Ty mnpoOiieMy, Mbl OCHOBBIBAEMCS Ha JaHHBIX U
CTaTHCTHKE W3 OTKPBITBIX MCTOYHHKOB, KOTOPBIC MO3BOJISIOT HaM TOHSTHh Ba)KHOCTH
STOM MPOOJIEMBI JIJIs ITOJIH30BATEIICH.

2. OOpaboTka HENpPEABUICHHBIX OIMMHOOK M cocTosHMi: Ham cepBuc
UCIIOJIb3YeT HWHHOBAIMOHHBIE METOABI IIOCTPOCHHS HMMYHHOM CHCTEMBI H
HEHPOCETEBBIX AJITOPUTMOB [IJII OIIEPATHBHOIO pearupoBaHUs Ha IPOUCIICCTBHS U
IpeACKa3aHusl IOTCHIIMAJBHBIX Yrpo3. OITO TO3BOJISIET COKPATHTh CpeaHee
KOJIMYECTBO OTKAa30B OT HENPEABUICHHBIX (PAKTOPOB M YBEJIMYUTHh KOJTHMYECTBO
JIEeTEKTUPYEMBIX COOBITHIA.

3. beicTpoe pearnpoBaHue Ha npowuciiecTBus: Hare pernienue obecrieunBaeT
OBICTpOC pearupoBaHHE HA MPOUCIICCTBHUS BO BpeMsS OIIMOOK WM NalACHHI
KJIacTepoB 0a3 JaHHBIX OJIarojapsi MHTETPAIMKM CHUCTEMbI, CTIOCOOHON aHAJIU3UPOBATh
OombIIol 00beM TpadHKa U 00OHAPYKUBATh NPOOJIEMBI 3apaHee

4. AHanu3 METPHK KIacTepoB 0a3 JaHHBIX: Hamn cepBHC IpegocTaBiseT
KOMIIaHUSM BO3MOYKHOCTHh HHTEIPUPOBATH HAIly CUCTEMY B UX HHPPACTPYKTYPY, UTO
mo3BojsieT 3(G(PEKTUBHO aHAIM3UPOBATH METPUKH W TIOBEACHUYCCKUE TATTCPHBI
mmoJib30BaTesieii. MBI ymporaeM MmpoIecc BbIBOIa KACTOMHBIX METPHUK ITOJTb30BaTEIs
u pemaeM mpobieMy TpaHcdepa meTpuk ¢ Prometheus, 4To memaer aHanu3 JaHHBIX
0oiee 3((EKTUBHEIM H YIOOHBIM JIJIS IIOJIH30BaTEIICH.

Harme pemenne HampapieHO HE TOJIBKO HA CTAOMIBHOCTH PabOTHI 6a3 TaHHBIX,
HO M Ha MOBbIMIeHUE d()PEKTUBHOCTH M OS30MTaCHOCTH OM3HEC-TPOIECCOB KOMITAHUM
B IIEJIOM, YTO JICJIAeT €ro 3HAYMMOM YacCThI0 COBPEMEHHON MHPPACTPYKTYPHI.

Texnuueckoe pelicHue MPOCKTAa

TexHuyHas KOHUEMIMS MPOEKTa COCTOUT U3 TPEX MOAYJEH, 00ecneurnBaroInX
MOKPBITUE BCEX BOBMOXHBIX OLIMOOK Y aHOMAJIUA:

1. UzBectHbie ommbku (Mactepckasi clieHapueB): DTOT MOAYIb 3aHUMAETCS
OTCJIC)KUBAHUEM M3BECTHBIX OIIMOOK, KOTOpbIE MOTYT BO3HHUKHYTh BO BpeMs
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cTaOmIbHOM paboThl cucteMbl. OH Takke 0OpadaThIBaeT OMpPEACICHHBIC TPUTTEPHI,
KOTOpBI€ TMOJb30BaTeIb XOUeT OTCIEKHBaTh. Hampumep, 3TOT MOAYIb MOXKET
00HAPYKUTh HAILIBIB MMOCETUTENICH Ha peCcypc 3aKa3zuuKa, MpeaynpeanuB COTPYTHUKOB
KOMIIaHUHU O BO3POCIIEH HAarpy3ke Ha cepBepa U MPEeAJIOKUB PEIICHUE I CHUKCHUS
Harpy3KHu.

2. HemspectHpie ommbOku (AncamOmm ML-Mmozaeneit): 3TOT MOAYy/Ib OTBEUYaAET 3a
oOHapy)KeHHE HEOXKHIAHHBIX OIMMOOK, KOTOphIe HE OBUIM MpenBuaeHBL. Hampumep,
€CM OIMH U3 CEPBEPOB BHE3AMHO IME€pecTaeT OTBeYaTh, MOAYIb OBICTPO
OOHApy)XMBAeT ATy CHUTYyallMI0 W MPEANPUHUMAET HEOOXOIUMbIC IEUCTBUS IS
BOCCTaHOBJICHHS Pa0OThI CUCTEMBL.

3. HWmmynnas cucrema (CamooOydaromiasicss MyJIbTHareHTHasi CHUCTEMa):
JlaHHBIM MOIYIIH IPEAOTBpPAIlaeT HECTAOMILHOCTH paboTHI KnacTepoB 0a3 gaHHBIX. C
MOMOIIIbI0 ME€XaHU3Ma CaMOOOyUYeHMsI W aHaJIM3a MOBEACHHS, OH CTPOUT CIIOXKHbBIC
B3aUMOCBSI3U MEXJYy OIIMOKaMH M UX HUCTOYHHUKAMHU, OOECIeYuBasi BBICOKYIO
YCTOMYHUBOCTH U HAJIEKHOCTh paOOThI BCEH CHCTEMBI.

Jlns  obecnedeHus yaoOHOrO ©  HMH(DOPMATHUBHOIO B3aMMOJICHCTBHS C
MOJIb30BATEIISIMU, TUIAHUPYETCs Hcnoib3oBanue LLM-momenu, kotopas Oymer
IPEAOCTABIATh JOTOJHHUTEIBHBIE KOMMEHTApUH M PEKOMEHJAIlMH, ITOBBIIIAs
YPOBEHB OOCITY)KMBAHUSI M YJIOBJIETBOPEHHOCTH IMOJTb30BaTEIICH.

IIpeumyiecTBa BHIOPAHHOIO TEXHMYECKOT0 pPelieHus

— YHUBEpCAIBHOCTh JUII MHOXECTBA OTpacieil: ApPXUTEKTypa peuieHHs
MO3BOJISIET €T0 JIETKO MHTETPUPOBATH C PA3IUYHBIMU 3aKa34MKaMH C MUHUMAJIbHBIMU
M3MEHEHHSIMHU B HACTPOHKaAMHU.

— Jlerkas wmacmTabupyeMocTh: PemieHue serko Macmrabupyercs s
YBEITMYCHHUS MOITHOCTH 0€3 0COOBIX YCHIIWH W M3MEHECHHH B apXUTEKType MpPOEKTa
Onaromapsi cuCTeMe KOHTCHHEPH3aIUH.

Nmerouuiics 3aaeJ1 1Jisl peajin3aliu MpoeKTa

Komanma  ycmemHo — mpoBella  HAay4YHO-HCCIENOBAaTENbCKUE  padoTHI,
JEMOHCTPUPYIOLIUE TOTCHUMAJI JaHHOW KOHLIENUMWU. bblia mpoBeneHa OlEHKa
MIPUMEHUMOCTH PA3JIUYHBIX HEUPOCETEBBIX MOJEJIEH U BBISBICHO HECKOJIBKO
apXUTEKTyp, KOTOpble HG(EKTUBHO pemialoT TOCTAaBICHHBIC 3aJadyd. OTH
WCCJICIOBAHUSI BBI3BAIIM HMHTEPEC CO CTOPOHBI OW3HECAa W Jajli OCHOBAHWS ISt
JanpHenIenl pa3paboTKU MPOEKTA.

BriBoabI

Ham mnpoexr ceiyac Haxoautcss Ha craauu PRE-SEED wu rotoButcs K
JAJIbHEUIIEMY  Pa3BUTHIO. MBI  TPEACTaBIsIEM  HWHHOBALIMOHHYK)  CHCTEMY
MOHHMTOpHUHTa 0a3  JaHHBIX, OCHOBAaHHYK) Ha TMEPEAOBBIX  TEXHOJIOTHUIX
HCKYCCTBEHHOr0 HHTe/UIekTa. Hamra koMaHja mpoBena HaydHbIE HCCIEAOBaHUSA,
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JEMOHCTPUPYIOIIKE TIOTEHIIMAT JaHHOW KOHIENIUU. MBI CTpeMHMCS CO3/1aTh
VHUBEPCAJIBHBIA W JIETKO MacIITaOUpPyeMbli WHCTPYMEHT, CHOCOOHBIM TOBBICHUTH
3 PeKTUBHOCTH U OE30MaCHOCTH OM3HEC-TTPOIIECCOB.
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ASTUDY ON THE IMPLEMENTATION OF LVDS-USB CONVERSION
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INPEOBPA3OBAHMUSA LVDS-USB C UCITIOJIB3OBAHUEM FPGA
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Abstract. Data acquisition systems used PCI as the receiving interface, and the
received data was either sent to monitor or computer via FT245BM USB interface.
We propose an LVDS-USB conversion system that receives and stores data at high
speed using LVDS interface under control of reconfigurable FPGA and transmits the
stored data to the computer in the high speed data transmission mode of USB2.0. To
this end, the control parameters of SDRAM used as data storage were determined.
That is, we have solved the clock frequency selection problem of SDRAM, the
memory refresh problem of SDRAM, and the single read/write clock number
selection problem for SDRAM(i.e., the read/write cycle setting problem). Based on
this, we chose the SDRAM device and designed the SDRAM controller. We designed
a system that controls the LVDS interface for high-speed data reception, data storage
for SDRAM, and EZ-USB interface control to provide USB high-speed data
transmission to the upper computer. And the designed system is implemented on
FPGA. Finally, we performed functional simulation of the HDL model of the
designed SDRAM controller, verified its performance using SignalTap, and analyzed
the resource consumption relationship of the FPGA.

AnHotanms. [Ipenpiaymuye vccieoBaHUs M3ydaidl CUCTEMBI cOOopa JaHHBIX,
kotopeie mepenatorcs [IK ¢ pa3audHbIMH THUTIaMH JAHHBIX. DTH CHUCTEMBI cOopa
naHHbix ucnonb3oBadu PCI B kauecTBe mpuemHoro uurepdeiica, U MOIydEHHbIE
JaHHble OBbUIM OTHpPABICHBl HA JUCIUIEH WIM TepeAaHbl KOMIBIOTEPY Uepe3
unrepdeiic USB FT245 BM. Msl npemnaraem cuctemy npeoOpazoBanust LVDS-
USB, koTopasi mo3BoJisieT OBICTPO MOIYyYaTh U XPAHUTH JIAaHHbIE C UCIOJIB30BAHUEM
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untepdeiica LVDS mnon xontponem pexoHpurypupyemort FPGA, nanssble,
XpaHsIuecs, NePeJaTcsa KOMIBIOTEPY B pexuMe ObicTporo nepenaun naHHbix USB
2.0. [nsa storo ompeneneHsl napamerpsl ynpasieHus SDRAM, ucnons3zyembie B
KayeCTBE XpaHEHUs AaHHbIX. Mbl pemuid mpoOieMy BbIOOpa TaKTOBBIX YacTOT
SDRAMa, npoGiembl ¢ BOCIPOU3BEACHUEM NAMSATU U MPOOJIEMBbI C OTHUM BBIOOPOM
TaKTOBBIX YacoB uTeHus i1t SDRAM (1. e. mpobiiemsl ¢ Urenue/3anuch). Ha ocHoBe
3TOro Mbl BeIOpanu yctpoiictBO SDRAM u npoextupoBanu koHTposuiep SDRAM.
MBI NpOEKTUPOBAIM CUCTEMY, KOTOpash NPOU3HOCHUT YIpaBlIeHHE HHTepderncomM
LVDS, xpanenue nanubeix aias SDRAM, kontpons untepdeiica EZ-USB, koTopblii
oOecrieunBaeT ObIcTpyto mnepeaayy aaHHblx USB Ha Bepxuuii kommbiotep. U
NpOeKTUpOBaHHasl cuctema Obuia peanu3oBaHa B FPGA. Hakonel, Mbl BBITIOJHUIIU
¢yHKIIMOHAIBHOE MojenaupoBanue Monenn HDL npoexTupoBaHHOTO KOHTpoILiepa
SDRAM, mnposepuin paboty ¢ ucnoiab3oBanueMm SignalTap u mpoananu3upoBaiu
OoTHOIIeHUs noTpedneHus: pecypcoB FPGA.

Keywords: data acquisition system, FPGA, LVDS, SDRAM, USB.
Kuarwuessble ciioBa: cuctema coopa nanueix, FPGA, LVDS, SDRAM, USB.

One of the high-speed data acquisition systems is typically the PCI HADS. The
PCI HDAS uses synchronous DRAM as data storage to solve large and fast storage
requirements and has implemented synchronous logic control on SDRAM with
FPGA[1,P. 822-825], [2,P. 4925-4928], [3,P. 1-7]. The data of SDRAM is read by the
top computer page by page after data collection is completed. SDRAM with storage
capacity of 8Mx16bits can store data for at least 1.2s.As a data acquisition system, a
real-time image data acquisition system consisting of image sensors, FPGAs,
SDRAM, and computers has been considered [4, P. 5374-5376]. The image signal is
smoothed, filtered by an FPGA, and then converted to 30-bit RGB format and stored
in SDRAM. Next, there is a high-speed pulse data acquisition system consisting of an
EP2C8Q208C8 FPGA, FT245BM USB interface, an ADC8364, memory AM29LV
and peripheral circuits [5, P. 110-114]. The system samples the real-time pulse wave
signal collected from the sensor through processing and is sent to the acquisition
system. In the literatures, controller design is carried out using finite state
machine(FSM) according to the relationship of internal operating state of SDRAM
[1, P. 822-825]. According to the configuration and operation principle of SDRAM,
two FSMs were used for synchronous logic control. Another configuration of the
SDRAM controller is the multi-port SDRAM controller [2, P. 4925-4928]. In the
literatures, we used a PCI interface or a USB interface that does not require any
programming as a transfer interface to transfer stored data to a upper computer. We
also designed two FSMs or multi-port controllers to configure the SDRAM controller
that is necessarily required if SDRAM is used. As a result, the FPGA resource
consumption has increased and it has become difficult to expect the performance
characteristics to meet our requirements.
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We use SDRAM as a memory to receive and store data from the LVDS
interface. Then, the controller must be configured to suit the characteristics of
SDRAM. The clock frequency selection, the memory recovery, and the single
read/write clock number selection(i.e., the read/write cycle setting problem) must be
solved.

First, the clock frequency should be determined reasonably. The data rate from
the LVDS interface is 80MBbyte/s=640Mbps, and the size of one frame is
10241024 pixels. Each pixel consists of 8bits of R, G, and B. The time taken to
transmit one frame data consists of a row scan time interval consisting of 1024 pixels,
a row blanking interval, 1024 row scan times, and a column blanking time as follows

T, =T, +T,)x1024+T, (1)

where, Tr is the time to transmit one frame data, T, is a one-line scan time
interval consisting of 1024 pixels, T, a row-by-line blanking interval, T, is a 1024
row-by-line scan time, and T is a column-by-line blanking time.
The one-line scan time is determined as follows.
T =1024/ f oy« =37.925185 )

To store 1024 pixels of 24bits of a line in SDRAM during the row blanking
period, the clock cycle of SDRAM must satisfy the following conditions.

T, x1024 <T,, 3)
Hence, the operating frequency fqx of the SDRAM must be chosen to satisfy
f, >128MHz 4)

We have chosen a MT-series SDRAM with capacity of 32MWords, which can
provide a performance of 133MHz with a performance class of 75.

Second, SDRAM must perform memory refresh in a certain period, unlike
SRAM. Since SDRAM must complete one memory refresh in Ty, the one-line

refresh time Ty, 1s as follows.

T
Tlmr = n_mr (5)

On the other hand, since one read and write of SDRAM is completed only at
the clock of n, cycles, one read and write time Ty 1s as follows when the duty cycle
Of SDRAM iS TCLK-

Tow = Tow "Ny (0)

Then, if we denote the number of memory refreshes as npn,, the real memory
refresh time Tim: of SDRAM is as follows:

T.=n,T,-n (7)

To satisfy the memory refresh characteristic for SDRAM, the actual memory
refresh cycle Trme must satisfy the following relation with the memory refresh cycle
Twmr, which is the characteristic parameter of SDRAM.

T, <T, (8)

Hence, considering (5), (7), (8), the number of memory refreshes np is
determined as following when one-line refresh period of SDRAM is Ty and one
read/write period is Ty.
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[t ,
-] ©

t/w

Here [x] is the minimum integer value of x.

The MT48LC32M16A2 SDRAM performs memory refresh in units of n,=8192
lines. And the memory refresh period is T=64ms. Thus, the memory refresh period
Time 18 7.813us from Eq.(5). Hence, by determining the number of memory refreshes
based on (9), np 1s determined as 7, 3, and 2. For nyw 519, ny, is 2, and the number of
consecutive read and write bytes is 1024, which is equal to the number of data in a
line. Thus, nu is determined by selecting 7, 3, and 2. The actual memory refresh
period of SDRAM is Tm=63.913ms, which satisfies the memory refresh
characteristic.

We design an SDRAM controller using an FPGA. The SDRAM controller is
designed to enable the reading and writing of SDRAM with a single FSM to design a
SDRAM controller that satisfies the SDRAM specification while consuming the
minimum resources of the FPGA. To do this, we determine the appropriate read and
write cycles.From the write-on characteristics of SDRAM, the clock required for
writing SDRAM data is

Ny, =Ngep +(Nyq = 1) +Nyg +Nep (10)

Here nrcp=3, nwr=2, ngp=3. Thus, if ny¢=512, n,=519.

On the other hand, from the SDRAM readout behavior, the clock required for
SDRAM data readout is

N, = Ngep + Mo + (N =3) +Ngp (11)

Here ncy=3. Thus, n,¢=518 if n=512.

Hence, to design a FSM that can be read and write together, the clock is
determined by the following expression.

New = Max{Ny, N;} (12)

For nyw¢=512, n,¢=512, we set nyw=519 from (12).

In the case of data writing on SDRAM, data transfer from the LVDS interface
is synchronized with the rising edge of the RXCLK clock frequency frxcix(27MHz),
and data writing on SDRAM is synchronized with the rising edge of the SDRAM
clock frequency fux(133MHz). We construct an asynchronous biport FIFO as a write
buffer. The data width and storage depth of FIFO are set to 512x24bits. When the
data stored in SDRAM is read, the operating frequency of SDRAM is fux(133MHz)
with which data reading is synchronized. On the other hand, the read data is
synchronized with fircix(48MHz) under the control of the GPIF of EZUSB and sent
to the buffer of EZUSB. Thus, memory buffering is needed due to the difference of
the read frequency of SDRAM and the operating frequency of EZUSB. The storage
depth of read FIFO is set to 512 and the storage width to 24bits.Based on this, we
construct the SDRAM controller model with write FIFO, read FIFO, auto-read-write
control logic, and command generator.

The EZ-USB FX2LP is used to provide high-speed transmission rates, as data
stored in SDRAM must be delivered to the upper computer over 160Mbps with USB
ports. Data from SDRAM is read by GPIF of EZ-USB and sent to USB port. The data
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converter, which performs the function of converting 24-bit data to 16-bit data, is
designed with FSM and implemented with FPGA. Hence, the low-voltage differential
signal transmission system is constructed (Figure 1).

B o o e e B o e e e ol
i data recefver SDRAM controller !
— mxclk i E
= 12b[23:0] wrclk —w wrclk ;
—»{ hsyne vt el umreq CLK :"'
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i DO e
GPIF | data corverter CS _.:,.._
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IFCLK T@_clk out clk || rdclk T _%*
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RDY1 ree—act :
o — i

Figure 1. Configuration of LVDS transmission system

We chose the RXCLK clock frequency frxcixk at 27MHz using the
DS90CR286A receiver to provide a high-speed data transfer of 80 MB/s. Considering
the operating frequency of MT-family SDRAM required to store data at a
transmission rate of 80MB/s, memory capacity of read and write buffers, number of
required I/O pins, and package topology convenient for implementation, we selected
EP3C16, a Cyclone III FPGA of the PQFP package with an operating class of 8.
FIFO is constructed using the FIFO mega function provided by the FPGA
development environment Quartus II. Based on this, the data storage model was
described in Verilog HDL and implemented in Cyclone III FPGA. To implement the
EZ-USB transmission system, EZ-USB software design and super-programming
were implemented.

First, we described the SDRAM controller in HDL and verified the
performance simulation using the FPGA development environment Quartus II. From
the functional simulation, we can verify that the SDRAM controller's initialization
module, data read/write module, memory refresh module, and command generation
module perform their functions correctly. Next, we have verified the dynamic
behavior of data reception, storage, and data transfer operations to EZUSB modeled
with HDL and implemented with FPGA. The verification was carried out using the
SigalTap Il Logic Analyzer of Quartus II development environment. To perform the
test, the clock signal of SDRAM was set as the clock source to be tested, and the
RAS, CAS, WE signal of SDRAM and WR_REQ of WR_FIFO were selected to test.
As the test result, it can be verified that the write-on command signaling for SDRAM
is done correctly, the read-on command, and the memory replay command signaling.
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On the other hand, the operating frequency fcixk=133MHz of SDRAM was
chosen, so the theoretical storage time for storing 16Mx32bits of data is t =1.192s.
The measured storage time measured is t=1.2s.

The following table 1 shows the comparison of the characteristics of the
proposed method and the previous method.

Table 1. Comparison of the characteristics of the proposed method and the
previous method

transm data operatin
Frame ission storage perating LE memory
method . storage . speed :
size rate . . time (s) number (bit)
(MB/s) size (bit) (MHz)
proposed 1024x% 16Mx
method 1024 80 39 1.192 133 1826 319488
previous 720x EMx
method 576 40 16 1.2 40 2663 17184

From the table, we can see that our data storage controller uses less FPGA
resources and stores data exactly from the LVDS interface with a frame size of
1024%1024 pixels and a transmission rate of 80MB/s.

We consider the data rate by EZ-USB. Considering the extra time by the
software from the completion of GPIF operation to the start of the next operation, the
theoretical time taken to transmit data of one packet(512bytes) at a clock frequency
of firclk=48MHz is t=23.3us. Hence, the USB data rate is 168Mbps. The software
measured USB data rate provided the required transmission rate of 160Mbps.

Findings

In this paper LVDS interface is used as a receiving interface for high-speed
data reception, and an LVDS-USB conversion system that stores SDRAM and
transfers data to USB port under the control of FPGA is configured and constructed.
The control parameters of MT48LC32M SDRAM used as data storage are
determined reasonably and, based on this, an SDRAM controller model is
constructed. And high-speed data transmission of USB2.0 using EZ-USB FX2LP is
implemented. A control model for LVDS reception, storage, and USB transmission is
configured and implemented with EP3C16 Cyclone III FPGA.
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ACORRECTION METHOD FOR CAMERA LENS DISTORTED
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Abstract. In general, the image obtained with a digital camera is distorted due
to the distortion caused by the optical lens.

This distortion has nonlinearity.In the case of wide angle lenses, the
nonlinearity is very strong. Lens distortion consists of radial distortion, decentering
distortion andtangential distortion.

In previous studies, many methods have been investigated, such as the
estimation of the polynomial distortion model for radial distortion, to eliminate this
image distortion.

In this paper, we propose a neural network-based distortion image correction
method without using mathematical model. The neural network-based distortion
correction method can achieve high accuracy for mapping between the distorted
image and the original image. The training data set, which fully includes the
nonlinear characteristics105 of lens distortion, was constructed and the structure of
the neural network was set up and trained with multilayer feedforward neural
network. The distorted real image was corrected using this trained neural network.
Finally, experiments show that the proposed method achieves better accuracy of
image correction compared to the previous methods for distorted images with
different resolutions.
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AnHoTanms. Kak nmpaBuio, n3o0paxeHnue, noiay4yeHHoe U3 Lu(ppoBoil kKamepsl,
HCKa)XXCHO M3-3a MCKAKCHUS, BBI3BAHHOIO OINTHUYECKOM JIMH30M. DTO HCKa)XCHHE
AMEET HEJMHENHOCTD. J[JIs1 IUPOKOYTOJIbHOW JIMH3BI HEIMHEWHOCTh OUYE€Hb BBICOKA.

Uckaxenne oOOBEKTHMBA COCTOMT W3 HCKAKEHUS W3IYyUYCHHs, HCKaKEHUs
LEHTPAJIbHOTO PA3/ICJICHNS U UCKAKECHUS KOHTAKTA.

B npenpiaymux uccienoBaHusiX ObLIO MCCIIEIOBAHO PsJl METOJIOB, TAKUX KaK
OIICHKA MOJIEJIH MOJIUHOMHUAIBHOIO UCKAXEHUS Ha PauaibHBIX UCKAKEHHUSIX, YTOOBI
YCTPAHUTh ATO HCKaXEHUE M300pakeHus. B 3ToH cTaThe Mbl MPEITIOKHIA METOJ
KOPPEKIIUM HCKAKECHHBIX HW300pa)KEHW Ha OCHOBE HEWpPOHHOW ceTm 0e3
UCIIOJIb30BaHUSI MaTEMATHYECKUX Mozeineid. Kak ucnpaBUTh MCKaXKEHHE HA OCHOBE
HEUPOHHOW CETH, MOXKET JOCTHYb BBICOKOM TOYHOCTH COIIOCTABICHHUS MEXKIY
UCKOKEHUEM M HMCXOJHBIM H300pakeHueM. Mbl CTpoUM HaOOp JaHHBIX, KOTOPBIN
COJICP)KUT TIOJTHOCTBIO HEJIMHEWHBIE XapaKTePUCTHUKU HCKAXKEHUs OOBEKTHBA, U
CTPYKTypa HEWPOHHOM CeTH YCTaHABIMBACTCS M OOydeHAa MHOTOCJIOMHON CETH.
Uckaxennas ¢asza amuiupoBaHus ObllJa HU3MEHEHAa C UCIOJB30BAHUEM JTOU
oOydyeHHON HeWpoHHOW ceTu. HakoHen, SKCIEPUMEHTHI TMOKa3ald, 4YTO A
UCKOKCHHBIX W300paKEHUN C PA3TUYHBIMH PE30JIOIMUSMU TpeJlaraeMblii METO
uMeeT Oojiee BBICOKYHD TOYHOCTh KOPPEKIMH HW300pa)KeHUsI 10 CPAaBHEHHUIO C
MPEIBITIYIIUMA METOIAMHU.

Keywords: Digital camera, optical lens, lens distortion, distortion correction,
neural network, fish eye lens.

KiawueBble ciaoBa: 1udpoBas kamepa, OINTHYECKas JIMH3a, MCKaKEHUE
00BEKTHBA, HCKAKEHNE UCKAKCHUsI, HEHPOHHAS CETh, phIOHAS TIIa3Has JIMH3A.

Wide-angle lenses are used in many applications such as remote surveillance
and monitoring, mobile robot navigation, human detection and tracking, face and eye
tracking and so on.

The image acquired by the camera is distorted because of the distortion caused
by optical lens. The property for optical lens distortion is different along to the
optical systems.

There are many lens distortion models and distortion correction methods.
Radial distortion models are commonly used in literature for modeling the lens
distortion. [1, P. 189-193] In [3, P. 3-80 ], image pixel coordinate was used to express
lens distortion. In [6, P.2441-2449], the distortion parameters were estimated by
calculating the homography. In [7, P. 1574-1606], a detailed analysis of high-order
models is presented, including polynomial and division models. In [4, P. 3601-3631],
the author reviewed on distortion models for wide-angle lenses. In [5, P. 094104-
094117], the authors presented an accurate and flexible method to calibrate intrinsic
parameters of a camera together with lens distortion. In [2, P. 223-230], the authors
proposed a unified and simple correction method, performing well for both
photographic and projective imaging systems. In [8, P. 573-580], the authors
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proposed an adaptive piecewise low order mapping correction method based on
single grid pattern.

In this paper, we propose a method to remove distortion in images with
nonlinear lens distortions by using neural network.

The lens distortion occurs due to the physical structure of an optical system.
Hence, Image is distorted because of the distortion caused by optical lens.

The lens distortion involves radial distortion, decentering distortion and
tangential distortion, and then radial distortion is foundational.

The distorted image has nonlinearity. There is not the distortion in the center.
The more the pixel coordinates in the image move away from the image center, the
more severe the distortion is.The degree of image distortion depends on the
coefficients of the higher order equation represented by the model for distortion, and
this distortion characteristic takes the form of a curve. The types of distortion curve
have the barrel distortion in the negative values and the pincushion distortion in the
positive values.

The algebraic form of the nonlinear geometrical transformation model
(NGTM) for system to remove the distortion is used [2, P. 223-230].

The coordinates of a point of the correction pattern(ideal output) is (X, y),

(.Y is the detected image coordinates of (%)
Then the algebraic form of the NGTM is given by:

:=§:§:kux y'

i=0 j=0
N N-i

=D > kXY

i=0 j=0

Where N denotes the order of a polynomial andk;, k; are the undetermined

ij?
coefficients of a polynomial.

Generally, if the points (x;, y;)and (x;,y;) show intersection of the i-th

ij >
horizontal line and the ] -th vertical line of pattern, respectively, then the distortion
model can write as follows:
X;j = f(Xij9 yij)a y;j = g(xija yij)
Where i=123,...m, j=123.,n and M, N are the number of horizontal and

vertical grid lines in the image. The functions " and 9 are fitted grid points in the
ideal image to grid points in the distorted image.

The neural network could achieve a high precision of mapping between the
distortion image and the original image adaptively without mathematic model. The
number of hidden layers and neurons in the neural network must be determined to
adequately represent the nonlinear characteristics of the lens distortion.

We use the structure of multilayer feedforward neural network, and the cell of
the input layer and the cell of the output layer are composed of two cells,
respectively. The numbers of neurons in each hidden layers are (60, 45, 30, 15),
respectively. Connection between the layers is fully connected and the connection
between the neurons of each layer is not.
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The loss function of the neural network is the mean squares error (MSE). 1.e.
1 5
E(w) = EZH d; —y(X;;w) ||
i=1

Where d, is an ideal output (x,y)" and y(x,;w) is the result by the neural

network.

We used LM (Levenberg-Marquardt) algorithm for the optimal solution.

The training data set is constructed from pairs of corresponding control points
in the ideal image (undistorted image) and the real image.

The training data set adequately represents the nonlinear nature of the lens
distortion and must be able to remove the distortion not only at the grid point but also
at any point.

We obtain a real image many times for calibration patterns with an arbitrary
number of rows and a number of columns.We obtain pairs of control point
coordinates of thousands of ideal images and corresponding distorted image control
point coordinates.

Resultingly, the training dataset consists of thousands of control point pairs
and this dataset is utilized during the training process to remove the distortion.

The pixel coordinates use the normalized coordinates.

If the coordinate of a pixel is (X, ,Y,), then the normalized coordinate (X,Y) ofa

pixel is as follows:

x=2r —W= _W/2x0.9 y= Y _h/2><0.9
w/2 h/2

5

Where w and h denote width and height of the image.
The activation function is tanh( X) .

The experiments were done using the MATLAB, which is run on a standard
personal computer with 2.93GHz processor, 2GB RAM and Windows 7 ultimate
system.

We experiment with the resolution of the image is 2448%1536 pixels. The
testing environment has the same network structure for training stage.

Generally, if the number of the hidden layers is increased, then the
performance is better. However, it can be seen from the experiments that when the
number of hidden layers is increased to more than 4, the performance is not better
than 4 times the number of hidden layers.

Hence, the network structure consists of 1 input layer, 4 hidden layers and 1
output layer. The hidden layer1 has 60 neurons, the hidden layer2 has 45 neurons, the
hidden layer3 has 30 neurons, the hidden layer4 has 15 neurons. Each layer performs
normalization of the data and the activation function uses tanh(x).

By performing corrections to distorted images obtained with the fisheye lens,
the resulting RMSE for the horizontal and vertical lines of the image is.

RMSE of corrected image by using the GPF is 0.653—1.247 pixels in the
horizontal direction and 0.360—1.893 pixels in the vertical direction, but doesn’t
involve the full field. RMSE is 0.349—-0.825 pixels in the horizontal direction and 0—
0.877 pixels in the vertical direction for the FOV division method, but involves the
boundary discontinuity. The enhanced FOV division method has not the boundary
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discontinuity and involves the full field, but the RMSE increases to 1.109-3.931
pixels at the marginal field [2, P. 223-230].The accuracy of our method is 2.62e-16 —
1.47e-15 pixels in the horizontal direction and 1.24e-17 — 2.25e-14 pixels in the
vertical direction and involves the full field. This our method doesn’t require
brightness correction as previous works [2, P. 223-230].

We also found that for real images, the brightness correction is required in [2,
P. 223-230], but for images calibrated by our method, no brightness correction is
required

In our experiment, the distorted images that are captured by the camera with
wide-angle more than 170 degrees and resolution up to 3200x2400 are corrected and
the experimental results are compared with piecewise method [8, P. 573-580]. Table
1, Table 2, and Table 3 show MAE and RMSE for the corrected images.

Table 1. Small field with high resolution

Coordinate offset errors
(67 corrected intersections)

[8] Average | Average

(pixel) (pixel)
MAE-H 0.711 4.0830e-8
MAE-V 0.562 5.4083e-8
RMSE-H 0.892 2.6450e-8
RMSE-V 0.754 3.4761e-8

Table 2. Medium field with high resolution

Coordinate offset errors
(114 corrected intersections)
[8]Average Average
(pixel) (pixel)
MAE-H 1.731 5.4525e-13
MAE-V 1.369 3.9441e-13
EIMSE' 2.199 6.7328¢-13
{{,MSE' 1.776 7.0509¢-13
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Table 3. Large field with high resolution.

Coordinate offset errors
(194 corrected intersections)

[8]Average .

(pixel) Average (pixel)
MAE-H 1.216 0.0074
MAE-V 0.911 0.0107
RMSE- 1.651 0.0031
H
SUSE- a7 0.0047

As shown in Table 1, Table 2 and Table 3, the results corrected by using proposed
method have smaller correction errors (MAE and RMSE) than previous work [8. P.
223-230].

Findings

Generally, many researchers have been used the mathematic models to
eliminate the image distortion in terms of the radial distortion, widely.

We proposed a method to remove image distortion by using neural network
without knowing the mathematic models. First we determinated the neural network
structure to express sufficiently the nonlinear properties of the lens distortion and
obtained the dataset for training of the neural network, and then the neural network
was trained by using the training data. After the training step, the distortions of the
real images removed in terms of the neural network trained, so that the correcting
accuracy for distortion was improved.

The experimental results show that the proposed method has better accuracy of
image distortion correction than previous works.

This neural network can be applied to correct the distorted images with various
resolutions acquired by the cameras.
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AHHOTanudA. B nanHol Hay4yHOU paboTe paccMaTpuBaeTcs pa3paboTKa Kiacca,
MpEeAHA3HAYEHHOTO JUIsl YNPOIIEHUsT B3auUMOJEHCTBHS C 0a3aMH JIaHHBIX B
npwiokeHusx Windows Forms, wucnonssytomux texHomoruto ADO.NET wu
npoBaiiiep OLE DB. HecMoTpss Ha mosBI€HHE HOBBIX TEXHOJIIOTHMH JOCTymHa K
nanabiM, ADO.NET (ActiveX Data Objects .NET) ocraercs axTyaabHbIM
MHCTPYMEHTOM OJiarojjapsi CBOoe€il HaJeXHOCTH, TMOKOCTH M IIMPOKON MOIJIEPKKE
pasznuuHbix 0a3 gqanHbix. OnHako, ucnonbs3oBanre ADO.NET HanpsiMmyo MOXKET ObITh
CIOXXKHBIM M TpeOoBaTh HamMCaHWs OOJBIIOr0 KoJIWYecTBa Kkoma. Paspaborka
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YHUBEPCAJIBHOTO KJIacca MO3BOJSET CKPBITh CJI0KHOCTh TEXHOJIOTUU U MPEJOCTaBUTh
paspaboTurikaM yaoOHbIi uHTEepdeiic 11 paboTsl ¢ 6a3aMu JTaHHBIX.

B pabore mnpencraBieHO KOMIUIEKCHOE MCCIEJOBaHME U pa3paboTKa
YHUBEpPCAIBHOTO Kjacca JiJisi paboThl ¢ 0a3zaMu JaHHBIX B MpuioxkeHusx Windows
Forms ¢ ucnons3oBanuem ADO.NET. Pa3pa®oTaHHblil KJlacC OTIMYAETCS BBICOKUM
YPOBHEM T'MOKOCTH M MPOU3BOAUTENBHOCTH. VcTioap30BaHnE pa3pabOTaHHOIo Kiacca
MO3BOJIIET ~ CYIIECTBEHHO  YNPOCTUTh  HpoLecc  pa3padOTKU  MPUIIOKEHUH,
paboTaroiux ¢ 6a3aMu JTaHHbBIX, COKPAaTUTh BpeMs pa3pabOTKU U MOBBICUTH KAYECTBO
koma. Kmacc MoxkeT OBITh HCIONB30BaH KaK OIBITHBIMH DPa3paOOTUMKaMH, TaK U
HauMHAKOIMMUA Tporpammuctamu. Kiacc pa3paboran ¢ y4eToM MPUHIMIIOB
O00BEKTHO-OPUEHTHPOBAHHOTO  MporpaMMupoBaHus. [IpoBemeHa — omTHUMH3AIHs
POU3BOAUTENBHOCTH Kiacca s obecriedeHus: 3pHEeKTUBHOW paboThl ¢ OOJIBIIMMU
00BbEMaMU JAaHHBIX.

Abstract. This research paper discusses the development of a class designed to
simplify interaction with databases in Windows Forms applications using ADO.NET
technology and the OLE DB provider. Despite the emergence of new data access
technologies, ADO.NET (ActiveX Data Objects .NET) remains a relevant tool due to
its reliability, flexibility, and broad support for various databases. However, using
ADO.NET directly can be complex and require writing a significant amount of code.
The development of a universal class allows hiding the complexity of the technology
and providing developers with a convenient interface for working with databases.

The work presents a comprehensive study and development of a universal class
for working with databases in Windows Forms applications using ADO.NET. The
developed class is distinguished by a high level of flexibility and performance. The
use of the developed class allows significantly simplifying the process of developing
applications that work with databases, reducing development time, and improving
code quality. The class can be used by both experienced developers and novice
programmers. The class is designed taking into account the principles of object-
oriented programming. Performance optimization of the class has been carried out to
ensure efficient operation with large amounts of data.

KiroueBble cjioBa: 0a3bl JaHHBIX, YHUBEPCAIBHBIN KiIacc, JOCTYI K JaHHBIM,
00BEKTHO-OPUEHTUPOBAHHOE TTPOTPAMMHUPOBAHKE, Pa3paboTKa MPHIOKESHUIA.

Keywords: databases, universal class, data access, object-oriented
programming, application development.

ADO.NET - »10 Habop kiaccoB, mpeaoctaBimsiembix tmiatdopmoir .NET
Framework nmms goctyma k manmHeiM u ynpaBieHus uvmu. ADO.NET mno3Bomser
pa3paboTuuKaM TOAKIIOYAThCA K Pa3WYHBIM HMCTOYHHKAM JIAaHHBIX, BBITOJHSITH
KOMaH/Ipl, MOJly4aTh U MaHHUIYJIUPOBATh JAHHBIMH, a TaKXX€ OOHOBIATH JIAHHBIC B
HCTOYHHUKE [1].

Ponis ADO.NET B pazpabotke npuioxxenuit Windows Forms:
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1. Hoctyn k manHbeM: ADO.NET no3Bonser moAkIo4aTbCs K Pa3InYHbIM
tunam 0a3 ganHbIX, BKItoyas SQL Server, Oracle, MySQL, PostgreSQL, a Takxe k
TEeKCTOBBIM (aitnam, XML-¢aiinaM u ApyruM UCTOUHUKAM JTAHHBIX.

2. Bomonnenune xkomaHa: C momomibto ADO.NET mMoxHO BbIMOIHATE SQL-
3aMpoChl, XpaHUMbIE TIPOLIEYPHI U IPYTUe KOMaH bl Ha 0a3e JaHHBIX. DTO MO3BOJISET
MoJIy4aTh JIaHHbIC, U3MEHSTH JIaHHBIC, CO3JaBaTh M YAAJSATh TAOJMIBI U JIPyrue
00BEKTHI 0a3bl JaHHBIX [2].

3. Ilonmyuenme wu wmanunymauus pgaHHeiMa: ADO.NET npenocrasisieT
pasznuuHble 00BEKTHI JUIsi paboThl ¢ NaHHBIMM, Takue kak «DataSet», «DataTabley,
«DataRow» u «DataView». OTu 0OBEKTHI MO3BOJISIIOT MOJNy4YaTh JAaHHbIE U3 0a3bl
JAHHBIX, 00pa0aThIBaTh MX B TaMSTH, (QUIBTPOBATH, COPTUPOBATH U BBITIOIHSITH
JpyrUe OINepaluu.

4. CssspiBanne paHHelx: ADO.NET no3Bonsger cBA3bIBaTh JaHHBIE C
AJIEMEHTaMH TOJIb30BaTenbckoro wuHTepderica Windows Forms, Ttakumu Kak
«TextBox», «ComboBox», «ListBox» wu «DataGridView». D9T0 103BOJISIET
ABTOMATUYECKU OTOOpakaTh JIaHHBIC M3 0a3bl JTaHHBIX B dJEMEHTaxX MHTepdeiica u
OOHOBJIATH JaHHbIE B 0a3e JaHHBIX TPH HM3MCHEHUHM 3HAUYCHHM B JJIEMEHTax
uHTepdeiica.

5. O6pabotka omubok: ADO.NET npenocTtapisier MexaHU3MBI 11T 00pabOTKH
OLIMOOK U UCKITIOYEHHH, BOSHUKAIOLIUX MpH padoTre ¢ 6a30il TaHHBIX.

[Tpeumymectra ucnonp3oBanust ADO.NET B Windows Forms:

1. T'ubxocth: ADO.NET nogaepxuBaeT MUPOKUM CIIEKTP UCTOUYHUKOB JTaHHBIX
U TI03BOJIsIET paboTaTh ¢ HUMH €IMHOOOPa3HO.

2. IpouzBogutenbHocTh: ADO.NET ontumusupoBan aiis paboTel ¢ 0azamu
JAHHBIX U 00ECIIEYNBACT BHICOKYIO MPOU3BOIUTEIHLHOCTD.

3. Macmrabupyemocth: ADO.NET mo3BosisieT paspabarsiBaTh MPUIIOKCHHUS,
paborarorue ¢ 6azaMu JaHHBIX JII0O0TO pasmepa.

4. Unrerpammss ¢ .NET Framework: ADO.NET sBnsercs yacteio .NET
Framework u Jierko HHTErpUpyETCs ¢ IPYrUMH KOMIIOHEHTaMU T1aTdopmsbl [3].

AKTYaJIbHOCTh Pa3padoTKH OTAEJbHOr0 KJjacca JJsi B3auMOJAeHCTBUS ¢
0a301 JaHHBIX

Hy6nupoBanue koma mnpu wucnonb3oBannu ADO.NET B paspabotke
MPWIOKEHUA MOXKET CO3/1aBaTh PSJ  CEPhE3HBIX TNPOOJIeM, BIMSIONIMX Ha
3¢ (HEKTUBHOCTH, KAUECTBO U MOIIECPKUBAEMOCTh MPOEKTA.

OO6mme uccneaoBaHus 1Mo AyOJIUPOBAHUIO KOJA:

«The Impact of Duplicate Code on Software Quality» (Nagappan et al., 2013).
HccnenoBanne moka3ano, 4To AyOnMMpoBaHWE KoJa HETaTUBHO BIHSIET HA KadueCTBO
MPOrpaMMHOTO  O0ECTIeUeHHUs, YBEIUYHMBAs KOJIMYECTBO OIMUOOK, YCIOXKHSISA
MOHMMAaHUE KOJa ¥ MOBKINIAs 3aTPAThHI Ha TOAICPKKY.

«A Large-Scale Study of Duplicate Code in Open Source Projects» (Beller et
al., 2019). B uccnenoBanuu 6s110 TpoaHanu3npoBaHo 440 OTKPHITOTO MPOTPAMMHOIO
obecrieueHHs 1 0OHApPYKEHO, UTO B cpenHeM 15% kopa sBisitoTcst nyonukaramu [4].
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[IpoGnemsl, cBs3anHble ¢ ucnoiab3oBanueM ADO.NET, koropble Moryr
MIPUBECTHU K TyOIMPOBAHUIO KOJIA:

1. [Ha6nouusiii koa: ADO.NET tpeOyer HamucaHusi OOJBIIOTO KOJIWYECTBA
mabJOHHOTO KoAa [UIsl MOJKIIOYEHUs K 0a3e [aHHBIX, BBINOJIHEHHS 3amlpocoB,
00paboTKH pe3ynbTaToB U 0OPabOTKH OMKMOOK. DTO MPUBOAUT K TyOIUPOBAHUIO KO/
B Pa3HbIX YaCTIX MPUIOKEHUS.

2. OrcyrctBue adcrpakuun: ADO.NET npenocrasnser Hu3koypoBHeBbId API,
KOTOPBIN HE CKPBIBAET CIOKHOCTh pabOThl C Oa3aMU TAHHBIX. ITO MOXKET IPUBOJUTH
K 1yOJMpOBaHUIO KOAQ, TaK KaK pa3pabOTUYMKH BBIHYXIAEHBI pPEali30BbIBATh OJHU U
T€ kK€ (PYHKLIHUH B pa3HBIX YACTAX MPHUIIOKEHHUS.

3. PabGora ¢ pa3HbIMU TuUnaMu 0a3 AaHHBIX: TPU HEOOXOIUMOCTU PabOTHI C
pa3HbIMU TUNaMU 0a3 JaHHBIX, pPa3pabOTYUKU MOTYT JyOJIUpPOBaTh KOJ, YTOOBI
aJanTUPOBATh €r0 K 0OCOOEHHOCTSIM Ka)/10r0 TUIa 0a3bl TaHHbIX.

Pemenus g camkenust nyonuposanus koga B ADO.NET:

1. Hcnonp3oBaHHWE YHHBEPCAIbHBIX KJIACCOB: pa3padOTKa yHHUBEPCATbHBIX
KJIacCOB M03BOJIAET CKPBITh clokHOCTh ADO.NET u npenocraButh pa3paboTynkam
ynoOHbIN uHTepdeiic a1t paboThl ¢ 6a3aMu JJTaHHBIX.

2. UcnonwzoBanue ORM (Object-RelationalMapping): ORM-dpeitmBopkw,
takue kak Entity Framework unmum NHibernate, mo3Bomisitor abcTparupoBarbesi OT
0COOEHHOCTEH KOHKPETHOH 0a3bl JaHHBIX U paboTaTh C JAHHBIMHU KaK C OOBEKTaMHu.
OTO CyHIECTBEHHO CHUXKAET JyONMpoBaHUE KOAA.

3. Mcnonb3oBanue 1mabnoHOB npoekTtupoBanus: 111abnoHbl mpoeKTHpOBaHMS,
takue kak Repository, Unit of Work u Data Access Object, moMoraroT opraHu30BaTh
KOJI IOCTYyTa K IaHHBIM U CHU3UTD JyOJIMpPOBaHUE.

Tounyro  oOLIEHKy  BpeMEeHH, 3arpaydBaeMoro  pas3paboT4MKaMu  Ha
nyonmupoBanue koaa B koHTekcte ADO.NET, Haiitu cioxkHo. OnHaKo, UCCISTOBAHUS
MOKAa3bIBAIOT, YTO NyOJHpOBaHHE Ko/Ia MOXKeT cocTaBiaTh oT 10% mo 30% obimiero
o0beMa Kozma. OTO O03HAYaeT, 4YTO pa3pabOTYUKU MOTYT TPATUTh 3HAYUTEIIbHOE
KOJIMYECTBO BPEMEHU Ha HANKMCAHUE U MOAJEPKKY 1yOIMPOBAHHOTO KOJA.

Pa3pabotka kiacca

Knacc «Base» pacmomaraercss B mpocTpaHcTBe uMeH «Pa3pabarpiBaemoe
MIPUJIOKEHUE)» U UCTIOJIB3YET CICAYIOIINE TUPEKTUBBI:

1. System: mpegocTapisieT 0a30BbIC KJIACCHI M TUIIBI JaHHBIX.

2. System.Collections: mpegoctasisieT nuHTEpHEUCH M KI1acchl s paboThI
C KOJUTICKITUSIMHU.

3. System.Data: npenocrasnset noctyn k kiaccam ADO.NET st paboTsl

¢ 6azaMu JTaHHBIX.

4. System.Data.OleDb: npenocrasmsier moctyn k kimaccam OLE DB mus
paboThI ¢ Oa3amMu TaHHBIX.

5. System.Windows.Forms: mpemocraBiasier Kiacchl sl CO3JAaHUSA
ITOJIB30BATEILCKUX HHTEP(EHCOB.
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ITons xnacca:

1. Conn: o0wsekt «OleDbConnectiony», npencraBisitoniuii coeAuHeHrue ¢ 6azon
nanubix. CTpoka monakiroueHusi Oepercss u3 (Qaina koHQUTypanuu TPUIOKEHUS.
Hactpoiika nogkmtoueHus (pucyHok 1).

2. Command: o0wvexkr «OleDbCommand», mnpeacTapiasomuid KOMaHLY,
BEITIOJTHSAEMYIO Ha 0a3e TaHHBIX.

3. Reader: o0bext «OleDbDataReader», mnpemocraBnsomuii noctyn K
pe3yabTaraM BBITOJTHCHUS KOMaH/IbI.

4. Adapter: oowekt «OleDbDataAdapter», ucmonb3yemblil 1J1s1 3aMOJHEHUS
o0wekToB «DataTable» u «DataSet».

CMHXPOHW3MpOBaTh <> lNepentv K koay  Moaudwmkatop aoctyna:  Internal -

NapaMeTpbl IPUNOXEHMA NO3BOAAKT AMHAMUUECKA COXPAHATE M U3BNEKATh MapaMeTpbl CBOFCTB U APYIve AaHHBIE ANA NPUIOXKEHUA. HarpuMep, NpUioxXeHue
MOKET COXPaHATbL MONb30BaTENLCKME NapaMETPbl LIBETOB M M3BNEKATb MX NPH CNEAYIOLEM 3anycke. [loNONHWTENbHbIE CBEJEHMA O NapaMeTpax MPUAOKeHWA

Wma Tun OBnacTb. 3HaueHuve

Provider=Microsoft ACE.OLEDB.12.0;Data

» DatabaseConnectionString | (CTpoka nog... MpunoxeHue Source=|DataDirectory|\BaseOfProjects.accdb

* ~ ~

Pucynok 1. Hactpoiika cTpoku mojakiroueHus: 6a3bl JaHHBIX B
pa3zpabarbIBa€MOM IPOEKTE

Crnenyromuii KoJi COAEPKUT 0OBABICHUE TTOJIEH Kilacca:

private OleDbConnection Conn = new
OleDbConnection(FormationOfTemplates.Properties.Settings. Default DatabaseConn
ectionString);

private OleDbCommand Command;

private OleDbDataReader Reader;

private OleDbDataAdapter Adapter;

MertonapIkitacca:

1. SetCommandText(string command)

Onucanue:

- METOJl MPUHUMAET CTPOKY ¢ SQL-koMaH/10i1 B KauecTBe mapaMeTpa;

- OTKPBIBAE€T HOBOE COCIMHEHUE ¢ 0a30H JTaHHBIX;

- co3maet 00bekT «OleDbCommand» ¢ mepenanHoOil KOMaHAOW M TEKYIIHUM
COCIMHECHUEM;

- BBITIOJIHAET KOMaHAy ¢ momoisio Mmerona «ExecuteReader» m coxpansier
pe3ynbrar B 00bekTe «OleDbDataReadery;

- Bo3Bpamaer o0wvekT «OleDbDataReader» ¢ pesynpraramul BBITOTHEHUS
KOMaH/IbI.

Ucnonb3yercs s BeinmoaHeHuss SQL-3ampocoB, BoO3Bpalamolux Habop
nanubix, Hanpumep, <«SELECT». PesynbraThl 3ampoca MOXHO 00paboTars,
ncnonb3ys Metonbl o0bekTa «OleDbDataReader», Takue kak «Read», «GetStringy,
«Getlnt32y.

Peanuzanms meToma kiracca B mpoOrpaMMHOM KOJIE:

public OleDbDataReader SetCommandText(string command)
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{
Conn.Open();

Command = new OleDbCommand(string.Format("{0}", command), Conn);
Reader = Command.ExecuteReader();
return Reader;

}

2. ReadksDataTable(string command)

Onucanue:

- METO/I MPUHUMAET CTPOKY ¢ SQL-KOMaH/0if B Ka4eCTBE MMapameTpa;

- coznaet o0bekT «OleDbDataAdapter» ¢ nepenanHoil KOMaHION U TEKYLIUM
COCTMHCHHEM;

- coznaet myctoit oonekT «DataTabley;

- 3amonHsieT «DataTable» pesynpraramMu BBITIOTHEHHS KOMaHABI C TIOMOIIBIO
merona «Filly oobekra «OleDbDataAdaptery;

- BO3BpAIlaeT 3aroIHeHHbIN 00beKT «DataTabley.

Hcnonw3yercs A TOMYYeHHS MAHHBIX U3 0a3bl JaHHBIX B BHJIE TaOJHIIbI,
KOTOpasi MOXKET OBITh CBsI3aHA C DJIEMEHTaMH TMOJb30BaTEIbCKOTO HHTEpdeiica,
Hanpumep, «DataGridViewy.

Peanu3amus meTona kiacca B MpoOrpaMMHOM KOJIe:

public DataTable ReadksDataTable(string command)

{

Adapter = new OleDbDataAdapter(string.Format("{0}", command), Conn);

DataTable dataTable = new DataTable();

Adapter.Fill(dataTable);

return dataTable;

}

3. ReadksDataSet(string command)

Onucanue:

- ananornyHo «ReadksDataTable», HO 3amomHseTr W BO3BpamaeT OOBEKT
«DataSet», KOTOpBIN MOXKET COMEPKaTh HECKOIBKO TAOJIHIL.

Hcnonb3yercs 1uisi momydeHUs AaHHBIX W3 0as3bl JaHHBIX B BHUAE Habopa
Ta0JINII, 9YTO MOXKET OBITh TMOJIE3HO TpHU PAbOTE CO CIOKHBIMH 3alpPOCaMU WA TPU
HEO0OXOIMMOCTH 00BEAMHEHUS JAaHHBIX U3 HECKOJIIBKUX TAOIHII.

Peanuzanms meToma kiracca B mpoOrpaMMHOM KOJIE:

public DataTable ReadksDataTable(string command)

{

Adapter = new OleDbDataAdapter(string.Format("{0}", command), Conn);

DataTable dataTable = new DataTable();

Adapter.Fill(dataTable);

return dataTable;

}
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4. ReadksBindingSource(string command)

Onuncanue:

- METOA NPUHUMAET CTPOKy ¢ SQL-KOMaHI0M B Ka4YeCTBE MapameTpa;

- co3maer myctoil oOvekT «DataSet» u q00aBisieT B HEro MycTyro TaOJIUIly
«DataTabley;

- coznaet o0bekT «OleDbDataAdapter» ¢ nepenanHoil KOMaHIOM U TEKYLIUM
COCTMHCHHEM;

- 3amonHseT «DataTable» pesynpraraMu BBITOTHEHHS KOMaHABI C TTOMOIIBIO
metoza «Fill» oobekra «OleDbDataAdaptery;

- co3maetr o00bekT «BindingSource» W ycTaHaBIMBaET €ro CBONCTBO
«DataSource» paBabIM 3anonHeHHOMY «DataTabley;

- Bo3BpaiaeT o0bekT «BindingSourcey.

Hcnonw3yercs sl TPUBA3KK JAaHHBIX W3 0a3bl JaHHBIX K JIIEMEHTaM
noJjbp30BaTeNbckoro uHTepdeiica, Takum kak «TextBox», «ComboBox», «ListBox».
«BindingSource» mpenocTaBiseT ynoOHBIH MEXaHU3M JJisi HaBUTALMU TI0 JaHHBIM,
(GuIBTpanu, COPTUPOBKU ¥ OOHOBJICHHSI TAHHBIX B 0a3¢ TaHHBIX.

Peanu3amus metona kiacca B mporpaMMHOM KOJIe:

public BindingSource ReadksBindingSource(string command)

{

BindingSource bindingSource = new BindingSource();

DataSet dataSet = new DataSet();

DataTable dataTable = new DataTable();

dataSet.Tables.Add(dataTable);

Adapter = new OleDbDataAdapter(string.Format("{0}", command), Conn);

Adapter.Fill(dataTable);

bindingSource.DataSource = dataTable;

return bindingSource;

}

5. Update(string updateCommand, string[] parameters, ArrayList values)

Onucanue:

- MeToN TpuHUMaeT CTpoky ¢ SQL-koMaHmolW OOHOBIEHHS, MACCHUB HMEH
rapaMeTpoB U KOJUISKITUIO 3HAYCHUH ITapaMeTpOB;

- OTKPBIBAET HOBOE COCIMHEHHE C 0a301 JTaHHBIX;

- cozgaetr oObekT OleDbCommand’ ¢ mepegaHHOW KOMaHAOW U TEKYIIUM
COCIUHCHHUEM;

- n100aBlsgeT mapamMeTphl C COOTBETCTBYIOIIMMH 3HAYCHHUSAMH B KOJUICKIIUIO
«Parameters» oobekTa «OleDbCommandy;

- BBITIOJTHSCT KOMaH Iy OOHOBJICHHUS ¢ MOMOIIbI0 MeToaa «ExecuteNonQueryy;

- 3aKpBIBACT COCIUHCHHE C 0a30H JaHHBIX;

- BO3BpaIiaeT KOJUYECTBO 3aTPOHYTHIX CTPOK.

Ucnonb3yercs mist BeimonHeHuss SQL-komMaHa, M3MEHSIONIMX JaHHBIC B 0ase
nanubeix, Hanpumep, «INSERT», «UPDATE» u «DELETE». Wcnonb3oBanue
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mapamMeTpoB  TO3BOJsieT  mpeAoTBpaTtuTh  SQL-MHBEKIIMM W YIYYIIUTH
MIPOU3BOUTETHHOCTD.

Peanmuzanust MmeToma Kiracca B IpOrpaMMHOM KOJIE:

public int Update(string updateCommand, string[] parameters, ArrayList
values)

{

int executeNonQuery;

try

{
Conn.Open();

Command = new OleDbCommand(updateCommand, Conn);
for (int 1 = 0; 1 < parameters.Length; i++)
{

Command.Parameters. AddWithValue(parameters[i], values[i]);

}

executeNonQuery = Command. ExecuteNonQuery();
Conn.Close();
return executeNonQuery;

}

catch

{
Conn.Close();
return O;

}
b

IIpumep ucnonb30BaHUA KJacca B pa3padarbIBaeMoM NPHJI0KEHUH

OOmsiBIeH 3K3eMIsIp Kiacca «Base» B HCIOIB3yeMOM TPOCTPAHCTBE WMEH
npuinoxkenus Ha Windows Forms:
Base FormBase = new Base();
HcnonszoBan wmeton «ReadksDataTable» mis oToOpakeHHsT ITaHHBIX B
anemeHTe ynpasineHus «ComboBox» ¢ TabauIel 6a3bl JaHHBIX:
DataTable project = FormBase.ReadksDataTable("SELECT
[KonIIpoekra],[IIpoext] FROM IlIpoektsr");
projectComboBox.DataSource = project;
projectComboBox.DisplayMember = "[Ipoekt";
projectComboBox.SelectedIndex = -1;
projectComboBox.ValueMember = "KoalIpoekra";
Pesynbrar BeinoiaHeHUs Koaa (PUCYHOK 2).
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]

®opmMuposaHue WabnoHoB

NoN¥HOCTb
Paspa6otan

HedTerasoBbiit KOMNNEKC
PamMunua

[a30XMMHYECKUIA KOMNNEeKC

JNonxHOCTb
MNMposepun

TTOapaSHen A

Tutyn Pamunua

NoNXHOCTb

Tom H. KoHTp.

0603HauyeHue damunus

(O) TekcToBas yacTb (O) TekcToBas yacTb C BEAOMOCTBIO rpathnyecKoil YacTu

C®O0PMWPOBATb

Pucynok 2. OtoOpaxeHue TaHHbIX B a1eMeHTe yrpaieHus «ComboBox»
AHaJau3 pa3padoTaHHOI0 KJjacca

[Ipeumyiecrna:

-YIIpOIIAET B3aMMOJAEHCTBUE C 0azaMH JaHHBIX, CKpbIBas AeTanu paboOThl C
ADO.NET u OLE DB;

- IPEAOCTABIISIET HA0OP METOIOB JJI BBHITTOJTHEHHS TUIIOBBIX OIEpaInii;

- YIIy4IIa€T YUTAEMOCTh U MOAAEPKUBAEMOCTD KOJIA.

Henocrarku:

- KJIacc OTpaHHueH ucnojb3oBaHueM texHosnoruu OLE DB;

- OTCYTCTBHE MOAAECPKKU TPAH3aKIIHII;

- HCOOXOIMMOCTh 00PaOOTKN UCKITIOUCHUH.

BriBoabI

Pa3zpaborannpiii Kimacc SBISETCS YIOOHBIM HMHCTPYMEHTOM JUIsl Pa3paboTKu
npwiokennid Windows Forms, B3ammonelcTByrOmmx ¢ 0a3amMu JaHHBIX dYepe3
ADO.NET u OLE DB. On npenocraBisieT HaOOp METOAOB JJisi BBIOJIHEHUS
TUTIOBBIX OTEpaIliid, YMpoIas Mpoiecc pa3padOTKH W yIydlias KadecTBO KOja.
Opnnako, HEOOXONMMO YYHMTHIBATH OrpPaHUYEHHUs Kjlacca W MpU HEOOXOAMMOCTHU
pacmmpATh ero PyHKIHOHATHEHOCTS.
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Abstract. Clear and standardized pathology business reports are essential for
the diagnosis and treatment of patients as a basis for disease management. Despite the
widespread use of pathology business reports as a basis for cancer, disease diagnosis
and clinical care in hospitals, there are still cases where there are documented and
free text formats such as bibliography. It also results in different results in perception
depending on the writer, as pathologists describe clinical findings in different ways.
Therefore, when the pathology business report is used as the basis of clinician
treatment and tumor research, it is a very important requirement to be easily
interpreted and to be able to quickly detect important parameters. The aim of this
study was to standardize the pathology business report based on SNOMED CT to
improve the efficiency of data analysis of pathology business reports as required by
the Big Data era. In addition, the time course of sample generation that affects the
quality of pathology, such as pathology sampling, is analyzed, and the time of sample
generation that has not been reflected in previous pathology business reports or has
been empirically defined is accurately determined using standardized pathology
business reports to improve the quality of the test.

AHHOTanusA. SICHBIM W CTaHJAPTU30BAHHBIN MATOJIOTHYSCKUN OHM3HEC-OTYET
SIBJISIETCSI OCHOBOW JIJIA YCTAQHOBJICHWSI JUArHOCTUKW TAIIMEHTOB U JICUCHUS
3aboneBanuii. HecMoTps Ha TO, 4YTO MATOJOTHMYECKHE OM3HEC-OTYETHI IIHPOKO
HCTIONB3YIOTCSI B KauyeCTBE OCHOBBI ISl OMYyXOJIeW, JIWAarHOCTUKH OOJe3HeH u
KJIMHUYECKOW 3a00Thl B OOJIbHHUIIAX, BCE €Ie CYIIECTBYIOT B BHJE JTOKYMEHTOB M
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CBOOO/HBIX TEKCTOBBIX ()OPM, TAKMX KaK JOKyMEHTh.. Kpome Toro, mockoibKy
DKCIIEPThl B IATOJOTHM OIHKCHIBAIOT KIWMHUYECKUE PE3YAbTaThl IO-Pa3HOMY, OHH
MIPUBOAT K PAa3IWYHBIM pE3yabTaraM B BOCIPUATHU B COOTBETCTBHM C ABTOPaM.
[lo3TOMYy OY€Hb BaXHO, YTOOBI KIMHHMLIMCTHI MOINIM JIETKO MPHUHATBI U OBICTPO
OOHapyXUTh Ba)KHbBIE IMAPAMETPHhI, KOTJIa OHU UCIOJB3YIOTCS B KaU€CTBE OCHOBBI IS
TEPAIIEBTUYECKON ACATENBHOCTH M HCCIENOBaHMK omyxonu. llensro  3Toro
UCCIIEIOBaHUsl ObUIO CTaHAAPTH3aLUs INAaTOJIOIMYECKOT0 OM3HEC-0TYETa Ha OCHOBE
SNOMEDCT nns  noBbllieHHs  3(QQEKTUBHOCTH  aHaiIM3a  JaHHBIX IS
MAaTOJIOTMYECKUX OU3HEC-OTYETOB B COOTBETCTBUU C TpPeOOBaHUSIMU K JIOXE
Oonpmux gaHHBIX. Kpome Toro, Bpems aHanmza Ipolecca Mpou3BOjAcTBa oOpasla,
KOTOpBIM BIMSET Ha KayeCTBO MaTOPU3MOJIOTMYECKOrO aHajiu3a, TaKUX Kak
narou3noIoruyecKasi BbIOOpKa, U He ObLIO BKJIIOYEHO B MPEABIAYLIUME OTYETHI O
NaToJIOTMM, M BpeMs MPOU3BOACTBA 00pa3lioB, KOTOPbIE OBUIM AMIUPUUYECKHU
OTNpEZeNIeHbl C WCIOJb30BAHUEM CTaHAAPTU30BAHHBIX MATOJIOTUYECKUX OHU3HEC-
OTYETOB, YTOOBI YIYUIIUTh KAYECTBO TECTUPOBAHUS.
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Motivation

The Electronic Health Record (EHR) system has been applied as the
mainstream system of the Health Information System (HIS) for decades by storing
vast amounts of data in digital format, but studies on the loss of clinical and health
data in large EHR systems have shown that EHR has insufficiently recorded various
treatment data such as diagnosis, admission, specialist treatment, hospitalization, and
medication [1, P.1144-1145].

In the literature [2, P.1-2], many cases have been reported in which loss of data
in HIS leads to errors in medication and damage to other patients. The missing data is
also a major impediment to large data research in the health sector.

In [3, P.80-82], it has been shown that the treatment data of patients lost are
widespread in EHRs, and thus do not provide complete accuracy in machine learning
to perform prediction and classification tasks. The main reasons for missing data in
health care organizations were the format of documents and the unstructured data
format.

In [4, P.40-42], one of the main causes of missing data in HIS is treatment data
written in unstructured text format and listed them. Based on the analysis of these
previous studies, it was found that the main reason for missing data in HIS was that
the primary source of treatment data was dependent on the format of the home and
was not completely standardized.
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As an initial source of data, the pathology business report consisted of specific
procedures and pathological findings performed by the pathologist, assistant. The
standardization of pathology business reports is incomplete in the sense that the
pathology business reports have unstructured features and, consequently, are only
partially performed in EHRs. The standardization of partial pathology business
reports requires that not only EHRs but also all subjects who can operate in all HIS
should be interchanged.

In this paper, we formalize SNOMED CT-based pathology business reporting,
analyze the time of sample preparation on the performance of pathology testing, the
characteristics of a normalized pathology business reporting dataset compared to a
non-standardized pathology business reporting dataset are evaluated based on a
machine learning algorithm.

Standardization of SNOMED CT-based pathology business reports

The SNOMED CT (Systematized Nomenclature of Medicine Clinical Terms) is
a clinical health care terminology that aims to provide systematization,
computerizability, and consistent, clear and effective clinical documentation [5].
Since the first SNOMED CT was published in January 2003, updated versions have
been released twice a year.

In SNOMED CT, the description is not a text definition of the concept but a
label that describes the concept, of which SNOMED CT contains only
4000.SNOMED CT can be used as interface terminology and is interconnected with
International Primary Care (ICPC-2), International Care Practice Classification
(ICNP), LOINC, as well as WHO classifications (ICD-10 and ICD-O of International
Classification of Diseases).

LOINC is used to specify a question (e.g., 29308-4: "What is the diagnosis?"),
and SNOMED CT is used to specify the answer (e.g., 3723001: "arthritis"). In
addition, the provision of a script to convert SNOMED CT into OWL (Web Ontology
Language) representation has enabled the use of SNOMED CT in general data
management tools .

For standardization of pathology testing, it is necessary to ensure that the test
referrals and reports contain all the necessary information and specify the standard
parameters that should be included in the recommendation and reporting. These
parameters should consist of the minimum data sets necessary for the pathologist to
document and report the report.

These essential datasets are the basis for patient diagnosis, future treatment,
and tumor registration.We defined the standardized parameters for pathology
business reporting as follows.

[Definition] The five-member set of the following characteristics is called
the standard code (STANDARD_CODE).

STANDARD_CODE ={KR, SI, MD, PP, TA} (1)
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The KR (Kind of Report) is the information that refers and reports the
examination of the relevant specimen to make a definitive diagnosis of the patient’s
disease. The specimens included biopsies (so-called biopsies), cytology (spontaneous
secretions, punctures, etc.), and surgical material.

SI (Sample) is information about sample type, sample status, sample size,
number, hardness, appearance, appearance, sampling area, staining type, and method
of staining. Species of specimens include biopsy, cytology, and surgical material. The
specimen condition reflects the specimen’s condition, including the exact extent of
resection of the specimen taken for examination, and the presence of carcinomatous
infiltration of the resection tip.

The MD (Method) reflects how to perform the test on the captured object.

PP (Purpose) represents the purpose of referring to a corresponding test. This is
of great significance in the histological and cytological diagnosis of the patient’s
disease.

TM (Time) is the time information of the examination, which means whether
the operation was performed before the examination, when it was performed, and the
time of the procedure. From the above parameters, we obtain the minimum set of
parameters necessary to generate the corresponding report. In the pathology business
report, standardization is achieved by applying SNOMED CT to the donor site,
sampling method and staining name in SI and MD of STANDARD_ CODE.

The characteristics of the proposed formulation are as follows.

* Ontology based on the formalization of pathology information that provides
sharing and reuse of domain knowledge defines the pathology domain knowledge,
which provides knowledge sharing that can be exchanged between various
applications in a machine learning approach.

» Using SNOMED CT to represent pathological symptoms data smooths the
integration of HSI and pathological systems. This maximizes the data analysis of the
pathology monitoring system for less missing data and improved data analysis.

 Standardized pathology business reports allow time-based analysis of the
pathology team’s sampling process for pathology examination of patients to obtain
useful statistical results.

* Pathology business reports with standardized data facilitate content retrieval
for quality control of the test. For example, two pathology business reports of the
same disease used in two different hospitals can be numerically retrieved and
compared by comparing the SNOMED CT terms and codes.

Time estimation algorithm for sample preparation using SNOMED CT

The time management of sample preparation performed during pathology is
very important to reduce the overall time of pathology and to ensure the accuracy of
pathology diagnosis. Time-consuming may prevent other patients from receiving
necessary medical care due to lack of medical personnel and may not increase
diagnostic accuracy in pathological examination. Pathological reports that record the
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time to initiation and the time to completion of the preparation may be of great help
in discovering inefficient processes associated with time management.

We propose a sampling time estimation algorithm according to the pathology
business report made by SNOMED CT.

The output of this algorithm is the maximum, minimum, and average time of
sample preparation obtained for all patients who underwent pathology within a
certain period of time (e.g., 1 year).

Input: sample set (sample id, sample startTime, sample endTime) /* Sample
data set (sample id for each sample manufacture data, sample manufacture start time,
sample manufacture finish time)*/

Output: max duration[SCTID], min_duration[SCTID], avg duration[SCTID]
/*

Maximum sample fabrication time, minimum sample fabrication time, and
average sample fabrication time for each sample preparation state. */

Data structure: SCTID: A variable for storing the SCTID of sample data

Sample duration[SCTID]: List hash table for each manufacturing state of each
sample data.

Total duration[SCTID]: A list to store the total manufacturing time of each
sample data.

1 Begin

2 Foreach recordl € sample set do

3 Foreach sam_state € record do

4 SCTID -~ sample SCTID

5 If(SCTID ¢ sample duration[SCTID])then

6 Add SCTID to sample duration[SCTID]
7 End

8 Sample duration[SCTID] — sample endTime- sample startTime
9 end

10 End

11 Foreach record2 e sample duration[SCTID] do

12 Total duration[SCTID] =0

13 Max duration[SCTID] = min_duration[SCTID]= duration[0]

14 // Manufacturing time of first-sample manufacturing state in record
15 For i~ 0 to length of record do

16 Total duration[SCTID] ~ total duration[SCTID]+duration][i]
17 If(duration[i] > max_duration[ SCTID])then

18 Max duration[SCTID] ~ duration[i]

19 End

20 if(duration[i] < min_duration[SCTID]) then

21 min_duration[SCTID] ~ duration[i]

22 End

23 End

24 Avg duration[SCTID] - total duration[SCTID]// length of record
25 End
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26 End

We performed the same sampling process and pathology diagnosis process on
two datasets(500 items) to compare the normalized and non-standardized pathology
business reports, and evaluated them using the C5.0 machine learning algorithm. The
first dataset is normalized pathology business reports, the second dataset is non-
standardized pathology business reports, and the datasets are divided into
training/testing sets. To avoid generalizing the results from the single split, we
conducted experiments at the ratios of 70:30 and 80:20 training/test.

We evaluated the pathology business reports by including the range of
accuracy, sensitivity, specificity, and precision, such as Egs. (2), (3), (4), and (5).

In the expressions, TP, TN, FP, and FN represent positive, positive, negative,
and negative, respectively.

TP+TN
Accuracy = (2)
TP+TN+FP+FN
Sensitivity = TP PN 3)
Specificity = TP 4)
Precision = (5)
TP+FP
B
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Figure 1. Experimental results: General measurement method, 70:30

S
S

I

I
SRS J'
BIEE N
BIEE N
BIEE N
BIEE N
BIEE N

accuracy  sensitivity  specificity  precision

m normalized pathology reports m non-standardized pathology reports2

Figure 2. Experimental results: General measurement method, 80:20

As shown in Figures 1 and 2, the performance of the pathology business report
model including the sampling time appears to be better than the pathology business
report model without sampling time according to the measurement method
considered. As the most common evaluation index, accuracy was estimated overall
efficiency, and as a result, the normalized pathology business reporting dataset (85%
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and 92%) showed better accuracy compared to the non-standardized pathology
business reporting dataset (77% and 85%) for the split ratios 70:30 and 80:20.

Also, for the evaluation index sensitivity, the normalized pathology business
report dataset showed better performance, and the specificity was the same or higher
for both datasets. Accuracy was shown to outperform the normalized pathology
business report dataset at both training/testing ratios as a positive predictor.

The results of the laboratory analysis show that the standardized pathology
business reporting model can improve the quality of pathology examination by
reducing the loss of data for patients and having a rich dataset such as sample
preparation.

Findings

We formalized SNOMED CT-based pathology reporting, analyzed the time of
sample preparation on the performance of pathology testing, and evaluated the test
characteristics of a standardized pathology reporting dataset against a non-
standardized pathology reporting dataset based on a machine learning algorithm.

The proposed pathology model has been shown to optimize hospital resources,
provide better care for patients, and enable detailed statistical analysis of pathology
reports.

Specifically, the following conclusions were drawn from the test quality
evaluation of pathology diagnosis between the pathology report dataset containing
time information in the preparation and the pathology report dataset without time
information in the preparation of the samples.

The high quality of pathology is highly dependent on the preparation of
specimens, and for all types of tests requiring pathology, the time of sampling is
important to improve the quality of health care in the hospital.
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AHHOTanus. B kadecTBe HOBOTO pelieHus sl yIydllleHus Tporiecca
UCCJIEIOBAaHUSl TMapaMETPOB TE€OMArHUTHBIX TEH30PHBIX TMOJIed ObUT MpPeIIoKEeH
NOJXO/, OCHOBAaHHBIM Ha ONTUMH3ALMU XPaHEHUs JaHHbIX. B paMKkax 3Toro momxozna
npejcTaBieHa THOpUIHAS CTPyKTypa Oa3bl NaHHBIX JI XpaHEHHUs IapaMeTpoB
reoMarHuTHOro nojsi. OHa BKIIOYAET B ce0s PENAIMOHHYIO MOZAENb ISl XpaHEHUS
METaJaHHBIX, KOTOpas  Yy4YMTHIBACT HAIpaBiIeHHE TNPUOOPOB  HAOIIONCHHS,
pacmoyoKeHUe 00CepBaTOpUid, THUIN XPAHUMBIX JTAHHBIX, a TAaKKEe WHTEPBAJIBI MX
noinydeHus. Takke B pamMKax HOBOW THOPHIHOW CTPYKTYyphl OblIa IpeaioKeHa
KOJIOHYaTasi CTPyKTypa ©0a3bl JaHHBIX, KOTOpas CIIOCOOCTBYET YBEIHUYCHHUIO
IIPOU3BOAMTEIHFHOCTH 00PabOTKH JaHHBIX. J[Js1 oOecriedeHus MEHTPaTU30BaHHOTO
pasMeleHus: pe3yIbTaToB UCCIIEIOBAHUN U OMEPAaTUBHOTO JOCTyNa K HEOOXOIUMBIM
JAHHBIM pa3paboTaHa cClelnuaibHas CTPYKTypa KaTaJloroB JaHHBIX, B KOTOPOM
HCIOJB3yEeTCS HMepapXHuecKas CHUcTeMa Jupekrtopuil 1o 1mpotokony FTPc
JICKOMITO3UIIMEH TIO0 TOoAaM U MecsAlnaMm HaOmioneHui. Takke OBUIO HMCKIIIOYEHO
XpaHEHHE TEeX MapaMeTPOB, KOTOPHIE MOTYT OBITh ONEPATUBHO BBIUMUCIEHBI TMPHU
MOMOIIY OMOMUOTEUHBIX (YHKIUH, YTO ONTHUMH3UPYET Pacxoll o0bema THUCKOBOTO
XpaHUIuIa. BaXHBIM 53JEMEHTOM pEIICHHUS CTaj0 WCIOJIb30BaHUE OWMHAPHOTO
dopmara Apache Parquet, KOTOpBIfi TO3BOMWJI CYIIECTBEHHO  YITYYIIIHUTh
MIPOU3BOUTEIHHOCTh PaOOTHI ¢ aTpUOYTUBHBIMU MMapaMeTpaMu TEH30PHOTO IOJIS 32
caer Oomee OwicTporo oOpameHuss K Kdmy u Oonee ObICTpod 00pabOTKH
KOMITbIOTEpOM. DTOT Qopmar obecreunBaeT AG(HEKTUBHOE XpaHEHUE IaHHBIX U
MO3BOJISIET BBIMOJHATH CJIOXKHBIE OMEpalMd C HUMH B KOpOTKHE cpoku. Kaxmoii
MAarHUTHOM CTaHUWUM TpucBauBaeTca CBOM XML-IOKyMEHT, U3 KOTOPOTO B CBOIO
ouepenb Boirpyxkaercs cexuuss CDATA ¢ HeoOXOMUMBIMH JAHHBIMH O TEH30PHOM
ToJje.
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Abstract. As a new solution to improve the process of studying the parameters
of geomagnetic tensor fields, an approach based on optimizing data storage was
proposed. As part of this approach, a hybrid database structure is presented for
storing geomagnetic field parameters. It includes a relational model for storing
metadata that takes into account the direction of observation instruments, the location
of observatories, the type of stored data, and the intervals at which they are retrieved.
Also as part of the new hybrid structure, a columnar database structure was proposed,
which helps to increase data processing performance. To ensure centralized
placement of research results and prompt access to the necessary data, a special
structure of data catalogs has been developed, which uses a hierarchical directory
system via the FTP protocol with decomposition by years and months of
observations. It was also excluded from storing those parameters that can be quickly
calculated using library functions, which optimizes the consumption of disk storage
space. An important element of the solution was the use of the Apache Parquet binary
format, which significantly improved the performance of working with attribute
parameters of a tensor field due to faster cache access and faster computer
processing. This format provides efficient storage of data and allows you to perform
complex operations with it in a short time. Each magnetic station is assigned its own
XML document, from which the CDATA section with the necessary data about the
tensor field is in turn downloaded.

KarwueBble cj10Ba: reOMarHUTHBIC JaHHBIC, TCH30PHOC II0JIC, MCTAIaHHBIC,
OoubIINE JaHHBIC, 6I/IHapHBIC JaHHBIC.

Keywords: geomagnetic data, tensor field, metadata, big data, binary data.
BBenenue

JlaHHbIE 0 TEOMArHUTHOM TI0JI€, COOMpaeMble HAOMIOAATETbHBIMH ITYHKTAMH |
MAarHUTHBIMUA CTaHUUSMH B PEAJIbHOM BPEMEHHU MOMOTAIOT OTCIIEKUBATh U3MEHEHUS
B F€OMarHUTHOM IIOJI€, @ TAKXE BBIIBUTh 3aKOHOMEPHOCTH €0 MPOCTPAHCTBEHHO-
BPEMEHHOTO  pacmpeielieHus. ITo  HeoOXOoauMo  Jis  MPOTHO3UPOBAHMS
reo(u3nvecKoil 0OCTAaHOBKU U KOPPEKTUPOBKU PaOOTHI HABUTAIIMOHHBIX CUCTEM.

[IpoGnema B TOM, 4TO B HACTOAIIEE BpEeMs MPOrpaMMHOE oOecredeHue st
XpaHeHus W OoO0pabOTKM TEeOMArHUTHBIX JAaHHBIX HEIOCTATOYHO 3(P(HEKTHUBHO, U
UCCIIEIOBATEeNId BBIHYXKJICHBl aHAIM3UPOBaTh TAKUE JAHHbIE IyTEM CKauWBAHUS
pEe3yJIbTaTOB HAONIONEHUN K3 PENO3UTOPUEB T€OMArHUTHBIX JIAHHBIX, KOTOPbBIE
OpraHU30BaHbl I100ATBHBIMU U PETMOHATIBHBIMU IIEHTPAMU MO COOPY r€OMarHUTHBIX
JTaHHBIX [1].

Ucnone3yromuiics B HacTosmee Bpemsi obmenpuHsateiii popmar LAGA2002
obnmamaeT psAaoM MpoOiaeM, BCIEACTBHE KOTOPHIX TpeOyeTcs pa3paboTka HOBOTO
MOJIX0Ja K OpraHu3alliyd XpaHEHUs TEeOMArHUTHBIX JaHHbIX. OJHON U3 Takux
npobneM sABISETCS H30BITOYHOCTH (PopMara, MOCKOJIBKY B HEM HCIOJIb3YeTCs
MHOXECTBO TEXHUYECKHMX CHUMBOJIOB, YacTO [MOBTOPSIOUIMECS METa/laHHbIE,
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NoBTOpsIOWasAca HWHGOpPMALMs, 4YTO NPUBOAUT K TOMY, YTO Ba)kxHas s
uccnenoBareneit uapopmaius cocrapnser auib 30% oT obmiero o0beMa AaHHBIX.
TaxXe CTOUT OTMETUTh, YTO HCIOJIB3YIOTCS HHU3KOCKOPOCTHBIE MPOTOKOJBI IS
nepenayn JaHHBIX, oTcyTcTBYeT APl nns momkimroueHust BeO-CEpBHUCOB, a TaKXKe
CHU)KEHA MPOU3BOJUTEIBHOCTh IPOIrPAMMHBIX CPEACTB B CBSI3U C HEOOXOIUMOCTHIO
00paboTku OonblIMX 00BEMOB JAaHHBIX. [0OBOW apXMB MHUHYTHBIX 3HAuU€HUN IS
nmapaMeTpoB TEH30pHOTrO Tojisi 3aHuMaer o0bem B 40 Mb, a BbimondHEHUE
OJTHOTIPEIMKATHOTO 3alpoca K JAHHOMY apXUBY 3alMeET B cpenHem 70 c.

Brimeonucannble  mpoOieMbl, BO3HUKAIOUIME NpU MNpUMEHeHuu ¢dopmara
LAGA2002 npuBogaT K HEOOXOAMMOCTH COBEPIIEHCTBOBaHUA (opMara XpaHEHUs
JaHHBIX TEH30pHOro monis. Jlig pemeHuss JaHHOM 3ajaud  mpejuiaraercs
UCIIOJIb30BaHNE HOBOIO TMOpHUIIHOTrO (hopmara ajig XpaHEHHUsS JAHHBIX MAarHUTHOIO
MOJIs, BKJIFOYAIOIIETO B ce€0si TPU B3aUMOCBSI3AHHBIX KOMIIOHEHTBI M HUCIIOJIb30BaHUE
NPAaBWJI CCbUIOYHOMN LETOCTHOCTH, 0ObEIUHSIONINX UEPAPXUUECKYIO, PEISLIUOHHYIO U
KOJIOHYATYI0 MOJIeNIM JaHHBIX. Takke mpejuiaraerca KOMOMHHUPOBATH OWMHApHBIE U
TEKCTOBBIC JaHHbIE. JlaHHBIE pelIeHUs] MPUBOIAT K YBEJIMYEHHUIO CKOPOCTH OTKIIMKA
POrPaMMHBIX CPEJCTB U CHUKEHHSI 00BEMOB MCIIOIB3YEMON MaMATH.

IIpencrasiieHUe MeTAAAHHBIX

JIns omnucaHuss METaJaHHBIX IIPEMJIaraeTcsl WCIONIb30BaTh PEIALHUOHHYIO
MOJIEJIb, TPEACTABICHHYI0 HECKOJBbKMMH CYIIHOCTSIMU (puUcyHOK ). B kadectBe
POIUTENBCKUX CYIIHOCTEH BBICTYIAIOT CIPABOYHUKHU C MapaMeTpamMu 00CcepBaTOpHid,
B TO BpeMs Kak D3K3eMIUIIpbl JOYEPHUX CYIIHOCTEH MPEACTABISIIOT Cco00M
KOHKPETHYIO MAarHUTHYIO CTaHIIMIO C OIpeNeNeHHBIM Ha0OpOM TMapaMeTpoB.
CymHOCTH CBA3aHbI APYT C IPYrOM OTHOLIEHHEM «OIMH KO MHOTHM.

Obsearvalory Data Type
LAGAcode (PK) » id (PK)
Mame Mame
Latitude
Data Scurce
Longtitude
¥* id (PK)
Elevation
Mame
Sampling Speed
Time Interval Type Senszor Position
Data Type (FK) » id (PK)
Data Source (FK) Mame
Sensor Position (FK)
Measurement Type
Measurement Type (FK)
» id (PK)
Mame

Pucynok 1. Mogenb MmeTagaHHbIX
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CymHocTts Observatory npeaHa3HaueHa JJisi CBEJICHUM O MAarHUTHOM CTaHIIUU.
Ee wunentupukarop — LAGA-kon, KOTOpBIA OrpaHHyYeH 3-Msi CHMBOJAMU U
[IPUCBANBACTCA KaXIOW CTaHLMM, 3apETUCTPUpPOBAHHON B ceTu. [lomHoe Ha3BaHUU
oOcepBaropuu ykasbiBaetcsi B mosnie «Namey». Ilons «Latitude», «Longtitude» u
«Elevation» HeoOXonMMBI ISl ONPENENeHNUs MECTONONOKEHNS CTAaHIIMUA U SBIISIOTCS
LIMPOTOM, JOJATOTOM M BBICOTOM Ha YpPOBHE MOps COOTBETCTBEHHO [2]. Ilome
«SamplingSpeed» coaepkut ckopocTh OLMGPOBKU NOJTYUEHHBIX JAHHBIX TEH30PHOTO
nonsi. Ilone «TimelntervalType» ompeaensier oguH W3 JIByX BHJIOB COXpaHEHUs
JAaHHBIX B 3aBUCHMOCTH OT IIara AUCKPETH3alUUU. ITO MOTYT ObITh MTHOBEHHBIE
3HaYeHUs JTMOO0 CpeTHUE 3HAYSHUS 32 ONPEICICHHbIA HHTEPBAJL.

Cymnocte  «DataType»  yka3plBaeT Ha  JIONYCTUMBIA THUI  JAHHBIX
reOMarHuTHOro noisigs. HaumeHoBaHMe Bemylied OpraHu3aluy  yKas3bIBaeTCS B
cyuHocTu «DataSource», a HarpaBleHHEe U3MEPUTENIbHBIX TPUOOPOB - B CYIIHOCTH
«SensorPosition». Takke HEOOXOAMMO YYHUTHIBATH, KaKUE THUIBI MapaMeTpoOB
r€OMarHUTHOTO TOJsi coOMparoTcss o0cepBaTOpUEH, UYTO YKa3bIBAE€TCA B CYIIHOCTH
«MeasurementType».

BBeneHue Takoro poga MeTaJaHHBIX MMO3BOJIAET COKPATUTh 3aTpaThl MaMSTH,
o0ecrneynTh €IUHBIM JOCTYN K JaHHBIM BO BCEX 00CEpBATOPHUSAX CETH, a TaKKe
NpeIOTBPATUTh AyOnupoBaHue MHGOPMALIUU.

Onucanue CTPYKTYPbI KATAJIOTOB

B OonblivHCTBE ciiydae pe3ylbTaThl HAOMIOIEHUN B T€OMAarHUTHBIX CTAHLUSX
pa3MemalTCs COMIACHO HEpapXUYeCKOW CUCTEME UPEKTOPUHM, YTO MOXKET OBITh
obecnieuerHo mporokosiom FTP. KopHeBbIM 3J€MEHTOB B JaHHOM cCiydae Oyaer
BBICTYNaTh Karajol C Ha3BaHHMEM MAarHUTHOM CETH, HMXKE [0 HepapXuu
pacrmoyararoTcsi KaTaJorH, COOTBETCTBYIOIIME TOAYy HAaOMIONCHUMA, KaxAbId U3
KOTOPBIX JIEKOMITO3UPYETCS Ha KaTaJorH ¢ pe3yJbTaraMu HaOIIONCHUI 110 MECAIIaM.

daiinoBas CTPYKTypa JOKHA OBITH APEBOBUIHON M MOXET OBITH OMHCaHa C
nomotnisio ¢opmata XML (Extensible Markup Language). B Takom cmyuae Bce
pe3yabTaThl HAOIIONEHNUN JODKHBI OBITh MpPEACTaBIeHBI OTAeIbHBIM XML-(daitnom ¢
JAHHBIMU TEH30PHOTO TMOJA ISl KaKJA0M MarHUTHOW cranuuu [3]. B wutore mis
MOJTYYCHHsI JTaHHBIX HEOOXOMMMO OyIeT MpPeNOCTaBUTh KO COOTBETCTBYIOIIEH
oOcepBaTopuy W MHTEpPECYIOMMK rojx HaOmoneHuil. Takoe IEHTpaIM30BaHHOE
pasMeleHne JaHHBIX O00JerdaerT K HHUM JOCTYN, a TakKKe MOBBIIIAET CKOPOCTh
BBITIOJIHEHUS IPOrPAaMMHOTO 3apoca.

Onucanue HOBOM CTPYKTYPHI JAHHBIX T€OMAaTrHUTHOTO MOJISI

[TocrostHHO pacTymuii 00bEM MAHHBIX TEH30PHOTO T€OMArHUTHOTO IMOJS B
Cllyyae TMPUMEHEHHUsI TEKCTOBOTO (popMara MPUBOAUT K CEPbE3HOMY IOBBIIICHUIO
BPEMEHHM OTKJIMKY, YTO CTaBUT IIOJi COMHEHHE 1eJeCO00pa3HOCTh MPUMEHEHUS
Takoro popMara JIaHHbIX (BpeMsi OTKJIMKAa COCTABISIET 8 C, BMECTO PEKOMEHI0BaHHBIX
C TOYKH 3PEHUSI SPTOHOMUKH MPOrPaMMHOI0 obecrieyeHus 3 c).
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[Ipexxne Bcero HEOOXOAMMO BBIIEIUTh HECKOJIBKO JIMIIHUX MapamMeTpoB,
XpaHEHHE KOTOpBIX M30bITOYHO. K Takum mapamerpam OTHOCATCS, HampuMmep,
MOPSAJIKOBBII HOMEP JHsI, KOTOPbI MOXKET ObITh BHIYMCIIEH OMOIMOTEYHON (yHKIMEH
[4]. Tak:ke Hed(DPEKTUBHO XpaHUTh JaTy M BpeMs PErUCTpALMM apaMeTpoB
TEH30PHOTO MOJISI IS KaXXJIOW CTPOKH, YTO peIIaercs ucnoib3oBaHueM XML-
¢opMmara c 1aToil B KaueCTBE BPEMEHHON METKH.

Hanee nHeodxonumo BeiOpath cTpykTypy CYB/I. B ciydyae maHHBIX TEH30pHOTO
T€OMarHUTHOIO TOJISI UMEETCS MaJlo€ KOJMYECTBO CTOJOLIOB, YacThle Olepanuu
BBIOOPDOK M KpynHble OOHOBIEHHA JaHHbIX [5]. Bce »3TO0 mnomyepkuBaeT
3¢ (PeKTUBHOCTh  HCHONB30BaHUA  KOJNOHOUHBIX CVYBJ[. DOt 0a3sl  JaHHBIX
00ecreynBaloT BBICOKYI0 CKOPOCTh M TMOKOCTH BBINIOJIHEHHUS 3alpOCOB, COXPaHSs
npeumyiiectsa SQL u coorBercTBys TpeboBanusM ACID. JluneiiHoe yTeHue ¢ AucKa
OpU Takoll CTpyKType aenaer oOpaboTKy daiina Oosee mpeackazyeMoi, uTo
MOBBILIAET CKOPOCTh BBIMOJIHEHHS 3apocoB 3a cueT Oosiee >PGEeKTUBHONU pabOThHI
Ko1Ia.

Taxke UMeeT CMBICI PacCMOTPETh B KayeCTBE MCIONb3yeMoro (opmara s
XpaHEHUs JaHHBIX TeH30pHOro mois Apache Parquet, mockonbKy OH MO3BOJISET
YIPaBIsATh CXKaTHEM JaHHBIX B cronOmax. Takxke ero OmHapHbI popmar coxpaHsieT
JaHHBIE B BUJE, YAOOHOM JJIsi OOpaOOTKH C TOYKM 3PEHUS] CHUCTEMbI, YTO YCKOPSET
pabory ¢ naHHbIMHM. Parquet Takke MO3BOJIIET M3BJIEKATh TOJBKO HEOOXOAMMBIE
CTOJIOIBI TpPU  BBIIOJHEHUH 3allpOCOB, YTO TOBBIAET I[POU3BOAUTEIBHOCTD
00pa0OTKM aHHBIX U YKOHOMUT MeCTO Npu XpaHeHUH. [laHHble B popmare Parquet
IPEICTABICHBl CXEMOW JOKYMEHTA, ONMMCBIBAIOIIECH CTPYKTYpY HaHHBIX, U CaMUMH
r€OMarHuTHBIMU JTaHHBIMU. J[JI1 XpaHEHUs HUCHONb3YIOTCA 5 CTOJIOLOB: OIWH JUIS
BPEMEHHOM METKH M OCTAJIBHBIE ISl KOMIIOHEHTOB T'€OMAarHUTHOrO nosist. Takke Ko
BCEM CTOJIOIIaM MPUMEHSIETCS aJITOPUTM CXKATHUS EZip.

HHTerpanmus npeasioxKeHHbIX pemeHun

WNuTerpanus BBIMICONMCAHHONW CTPYKTYpPhI JAaHHBIX MpEACTaBIeHa Ha OOIIeiH
cxeMe (pucyHok 2). B kauecTBe KOpPHEBOTO 3JE€MEHTA HCIOJb3YETCS PENSIUOHHAs
CTPYKTypa METaJIaHHbIX, NIPEACTABICHHAs B MIEPBOM pasjeiie crarbu. [lanee Kaxmon
MarHuTHOM cTaHiuu BeiAensercss XML-gokyment ¢ LAGA-komoM B KayecTBe
unentudukaropa. B cBoto odepensr B kaxaom XML-mokymeHTe comepkarcst OJI0KA
CDATA nns kaxaoro roja HaOJMIOACHHMM, B KOTOPBIX HAXOJATCS TI€OMarHUTHBIC
JaHHBIC B OMHApHOM BHJEe B popmare parquet.
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Observatory Data Type
LAGAcode (PK) » id (PK)
Name Name
Latitude
Data Scurce

Longtitude '

» id (PK) |
Elevation H

Name ;
Sampling Speed ' D xml| MarmmrEaz
— ! CTEHIHR
Time Interval Type Sensor Position !
: xml
Data Type (FK) » id (PK) !
Tox
Data Source (FK) Name
Sensor Position (FK)
Measurement Type

Measurement Type (FK)

» id (PK)

Name
MeTazannbIe
........................................ ¥ il
Cxema JoKYMeHTa
Haszamue | | Tun nassex ‘ MeTanamsee
L. J

s
Comepmmoe cTonfma

Komorounan B

‘BPE'?-!E'HH’_‘{}EE‘THE{| | Cronfen 1 ‘ . ‘ CronSen N |

! ! !

1 )] )
Bunapriil kod ] Bunapmwil kod EBunapuwii rod ] ;

Pucynok 2. ['uGpuanas cxema npeacTaBieHUs] JaHHBIX TEH30PHOTO OIS

B3aumogeicTBue ¢ JaHHOM CTPYKTYPOU IMPOUCXOAUT B CIAEAYIOIIEM ITOPSIKE:
1)  Beirpyxatorcs meragannbsie o LAGA-kony;
2)  mo LAGA-kony npoucxoaut oopamenue k XML-daitny obcepBaropun;
3) w3 XML-¢aiina npu nomorru 3anpoca xPath BeIrpyxkaeTcsi KOHKpETHasT CEKIIHS
CDATA c uCKOMBIMH TaHHBIMU O TEH30PHOM M0JI€;
4)  BwIMONHSETCS (GUIBTPALHs, TPYNIIUPOBAHUE U arPETUPOBAHNUE PE3YIIHTATOB.

BoiBoaBI

Pa3paborana HOBas TuOpHIHAs CTPYKTypa Ui XPAaHCHHS TEOMArHUTHBIX
naHHbIX. [IpensioKeHHBIN MOAXOM COKpallaeT BpEeMsS pearupoBaHUsl CHUCTEMBI U
00bEeM XpaHUMBIX JAHHBIX 33 CUET YCTPAHECHUS JUIIHUX MapaMeTpoB, KOTOPhIE MpHU
HEOOXOAUMOCTU MOTYT OBITh BBIUMUCICHBI OHOMMOTEUHBIMU (QYHKUUSIMU U
WCIIOJIb30BaHMSI KOJIOHYATOM MOJAENH JaHHBIX. Takke MNpeioKeHHas CTPYKTypa
obOecnieunBaeT OoJiee ObICTpoe oOpalieHue K JUCKOBOMY K3IIy 3a CUe€T OMHApHOTrO
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(I)OpMaTa XpaHCHUA TCOMArHMTHBIX JAaHHBIX. B COBOKYITHOCTH HOBBIM MOAXOJ,
ONITUMHU3UPYET IPOLHCCC HCCICAOBAHUA TI'COMAIrHUTHOIO IIOJISA M IIO3BOJISACT ooinee
OIICPATUBHO IIOJIy4YaTb TC MM HHBIC anI/I6YTI/IBHBI€ SHAYCHHUA IIapaMCTPOB
TCH30PHOTI'O ITOJIA.
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Abstract. From the importance of problem in determining separately the
diffusion layer resistance in a solar cell that was being discussed seriously in the
evaluation of series resistance measuring and structure formation, we proposed a new
equivalent model to indicate more sufficiently the real structure of a solar cell. On the
basis of it, this paper has presented a new approach to determine the series resistance
(the diffusion layer resistance) information of a solar cell from the measuring data of
current-voltage characteristic.

AHHOTanmusA. W3-3a  BaxHOCTHM  TOPOOJEMBI  ONPEACICHUS  OTAENIBHO
conpotuBieHus AUG(Y3MOHHOTO CJIOS B COJTHEYHOM DIIEMEHTE, KOTOpas CEPhEe3HO
oOCyXJanach TpU OIEHKE W3MEPEHHUs IOCJIEI0BATEIbHOTO COMPOTHUBICHUS U
(dbopMUPOBaHUS CTPYKTYPHI, MBI MPEIIOKWINA HOBYIO SKBHUBAJCHTHYIO MOIETH IS
Oosee aneKBaTHOTO yKa3aHWS PeajbHOW CTPYKTYpHI CONIHEYHOTO 3yeMeHTta. Ha ee
OCHOBE B JJaHHOW CTaThe MPEJCTABICH HOBBIN MOAXOJ K OMpEACIICHUI0 nH(popMauu
O TIOCJIeIOBAaTE€IbHOM COIMPOTUBICHUU (CONPOTUBICHUN JUDPY3MOHHOTO CIOA)
COJIHEYHOTO JIEMEHTA U3 TaHHBIX U3MEPEHUN BOJIbT-aMIIEPHOUN XapaKTEPUCTHUKHU.

Keywords: solar cell, diffusion layer resistance, series resistance, resistance
information, equivalent circuit model.
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KuloueBble cj10Ba: CONHEUHBIA AJIEMEHT, COMPOTUBICHHUE AUPDHY3MOHHOTO
CJI051, TOCIEN0BATEeIbHOE COMPOTUBJIEHUE, WHPOpMaIMs O COMPOTUBICHUU, MOJEIb
SKBUBAJIEHTHOU CXEMBI.

Introduction

To improve decisively the maximum output of a solar panel, used as the power
source of utility satellites, it is primarily suggested the issue to measure and analyze
the characteristic of a solar cell more detailed and accurately. This paper focused on
establishing the methodology determining accurately the series resistance information
content, which affects the energy conversion efficiency of a solar cell and presented
the improved equivalent circuit model with a great significance in theory and
practice.

1. The series resistance in a solar cell

The simple equivalent circuit [1, 5, 7, 8, 9] (Figure 1). In this case, the equation
of current—voltage characteristic is as follows[1,2,3,5,6,7,8,9].

| = I{exp[%J—lJ— 1, (1)

There is a series resistance computing mode of the various pattern of electrode
structure, but the analysis data of unit structure of grid strip electrode, which is
widely used, were reported [8,10].

Rs
l

Figure 1. The simple equivalent circuit of a solar cell

Figure 2 shows the grid strip electrode structure of a solar cell and equivalent
resistance circuit in detail. In the Figure, R; is the resistance of contact strip, R is the
contact resistance between diffused region and electrodes(ohmic contact resistance),
Rs is the resistance of grid strip, Rais the resistance of diffused region for carriers
flowing to contact strip, Rs is the resistance of diffused region for carriers flowing to
grid strip, Re is the resistance of bulk region(substrate) and Ry is the contact resistance
of bulk region to bottom electrode(ohmic contact resistance). Rg is the resistance of
bottom electrode.
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Rs

Figure 2. Electrode structure and equivalent resistance circuit of a solar cell

2. Improved equivalent circuit model of a solar cell

In order to represent the actual structure more in detail, improved equivalent
model of a solar cell was proposed. Figure 3 shows the unit structural model and the
flow diagram which the photocurrent flows.

Here, it can be considered that there are no the photocurrent and the resistance
of diffusion layer in the elementary cells underneath the grid strip electrode.

Here, the half of interval between two adjacent grid lines is divided into n
elementary cells and then the simple equivalent circuit is applied to each of them
(Figure 1).

hv

arid electrode l l l
{ half width )

x* diffusion layer

p substrate

|
bottom electrode i

f equslul patts

Figure 3. The unit structural model and the current flow of a solar cell

The improvedequivalent circuit of a solar cell, which is composed of these
elementary cells (Figure 4).
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- - U
Rsn1
T s
|

\_ 1 Rsbn-

Figure 4. New equivalent circuit of a solar cell

In Figure 4, the subscripts from Itonstand for the elementary cells, which is
divided into the half of interval between two neighbor grids.RS,0 is the series
resistance corresponding tothe elementary cell underneath the grid strip, and includes
all the series resistance components(contact resistance, semiconductor bulk resistance
and so on) except for resistance of the diffusion layer. Thus, residual elementary cells
except for the elementary cell underneath the grid strip seem to be included only in a
resistance component of the diffusion layer. And series resistances of these
elementary cells, Rs;i(i=1,2,3,...,n-1) seem to divide resistance of the diffusion layer
Rs,dgiff, into equal n-1 elements.

1d,i(i=0,1,2,3,...,n-1) is the current flowing through p-njunction and is given

Iy, ZISJ{GXPLE§%}J"1J(2)

Here Ui is the voltage across p-n junction of the i™ elementary cell and 1S,i is
the saturation current through the i elementary cell.

Iph,i is the photocurrent of the i elementary cell and when the total
photocurrent is expressed as Iph, Iph,i is given by:
i =ln/n=1)  (i=1,23..n-1) (3)

p

by:

As the elementary cell underneath the grid strip electrode is covered with the
electrode, it is considered here that the photocurrent is not appeared.i.e. lpno=0.

Assuming that the outside voltage is U and the current through RS,0, 10=I, the
voltage drop across RS,0 is IRS,0. For each elementary cells the following current-
voltage relationship is expressed as
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U1:U0+I1Rs,1
, eU U, (5
Il = |1 — I2 = Iph,l — IS'1|:eXp(KTIJ_1:|_§;J
U, =U, + L,Rs,
, eU u, (6)
|2 = |2 - |3 = Iph,2 - IS'2|:eXp( ko_l_zj—lj|— RS;Z

Un-l :Un-z + In—lRS,n—l

, eU, u, (1
In_1 = |n71 — In = Iph,n—l — IS’”'II:eXp(TTIJ_l}_R—I

sh,n-1

3. The method for determining series resistance in a solar cell

Let’s mark the currents through allthe nodes and the voltages across all the
nodes of improved equivalent circuit of a solar cell as shown in Figure 5.
The current balance equation of i™" elementary cell is obtained by:

eU, U,
=1+ sei - Is’i{exp(ko_TJ_IJ_R_sh ®

Ui =U;,, + iR )

where 1,=0, lo=I.

When we set the value to Un; and obtain l,.; by equation 11, lpandUgby
equation 12 and U by equation 13, a point (U, 1) of current-voltage characteristic is
determined.

In w—p [l —_— [0l T — i Uh — [
| —

@ t1 Rttt
T |

Figure5. Current marks and voltage marks at the nodes of new equivalent
model

In the series resistance analysis, the current-voltage curve is obtained by
changing the value of Iy, Is, Rsh, Rso and Rs;j. And then the values which the sum of
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the square of the deviation is minimized are found by comparing with experimental
measuring results.

Example of the measured experimental data of a silicon solar cell sample used
in analyzing and estimating of the series resistance is as follows.

(U, D={(0.00,0.2108), (0.01,0.2079), (0.02,0.2075),  (0.03,0.2072),
(0.04,0.2068),  (0.05,0.2064),  (0.06,0.2061),  (0.07,0.2057),  (0.08,0.2054),
(0.09,0.2050),(0.10,0.2046), (0.11,0.2043), (0.12,0.2063), (0.13,0.2052),
(0.14,0.2041),  (0.15,0.2030),  (0.16,0.2044), (0.17,0.2017),  (0.18,0.1974),
(0.19,0.2084),  (0.20,0.2083),  (0.21,0.2070,  (0.22,0.2078),  (0.23,0.2094),
(0.24,0.2095),  (0.25,0.2100),  (0.26,0.2109),  (0.27.0.2103),  (0.28,0.2090),
(0.29,0.2089),  (0.30,0.2072),  (0.31,0.2082),  (0.32,0.2107),  (0.33,0.2108),
(0.34,0.2113), (0.35,0.2110), (0.36,0.2114), (0.37,0.2108), (0.38,0.2096),
(0.39,0.2086),  (0.40,0.2069), (0.41,0.2062), (0.42,0.2072), (0.43,0.2070),
(0.44,0.2054),  (0.45,0.2064), (0.46,0.2024), (0.47,0.2011),  (0.48,0.1948),
(0.49,0.1907),  (0.50,0.1861),  (0.51,0.1730),  (0.52,0.1629),  (0.53,0.1569),
(0.54,0.1282), (0.55,0.1065), (0.56,0.0789), (0.57,0.0439), (0.58,0.0015), (0.59,-
0.0467), (0.60,-0.1123), (0.61,0.1845), (0.62,0.2713)}

First, the value of parameter is decided approximately by simple method. And
then more accurate parameter, which the sum of the square of the deviation is
minimized by comparing with experimental measuring results, is decided by using
equation 1 with the change of value of 1, Is, Ryand Rg. The result is expressed as:

lon =0.21A lg =3.7-10"" A
RSh =481!) RS =007Q

Here, the sum of square deviation AZZ('m‘ Ici)2 is equal to 9.84-107. The

linear interpolation was applied between the actual measuring data.

Next, the parameters based on improved equivalent circuit were estimated by
equation 8 and 9. The result is obtained by:

|, =021A I, =3.7-10" A

R,, =400 Ry gt = 0.16Q2

Ry, =0.002Q  A=1.11-10"

Throughout the analysis result, the following conclusions can be obtained.

Firstly, the value of photocurrent and saturation current can be obtained rather
accurately by the simple equivalent circuit model, too. The value of the shunt
resistance is obtained as different value if it is determined by the different method,
but it does not affect greatly the change of the current-voltage curve.
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Figure 6. Current-voltage curve of the measuring value approximated by using
the preceding simple equivalent circuit.

Secondly, the estimation of series resistance based on the simple equivalent
circuit model is not correct. Only with equation 8 and equation 9 based on the
improved equivalent circuit model, it can be estimated separately and correctly the
diffusion layer series resistance component of among total series resistance
components.

- —

[Fle Edt View Measwe Curve Help Cak Data |

DB & +» vV X FL tPM ®  MNME [ AREA [500 TEMPERATURE [27.3

260mV

Area: 8.0 Temp:27.3

Rsh = 400 Ohm
Rs.diff = 0.16 Ohm
Rs.other = 0.002 Ohm
Eff. = 11.6% Is 0.037 nA
um = 0.00111

|Ready ¥=329.0mY I=208. 1mA P= 68.5mW |

Figure7. Comparison of the measuring data with the approximated current-

voltage curves current-voltage curve based on the simple equivalent model

------ current-voltage curve based on the improved equivalent model
ooooo actual measured value (impress a mark upon the measured curve)

It can be seen that influence of the diffusrd layer resistance in the measuring
curve appears seriously in the bending part.

Figure 6 and Figure 7 show the result of curve approximation obtained on the
basis of least square method by using the preceding simple equivalent circuit and the
improved equivalent circuit for measuring experiment data of the solar cell in the
example of the measured experimental data.
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As we can see here, current-voltage characteristics based on the improved
equivalent circuit model conforms to measuring points better.

Like this, when we consider the series resistance in two components, that is,
RS,diff related to the diffusion layer structure and RS,0, the sum of the residual
components, we can explain clearly the reason for the falling of conversion efficiency
in a solar cell manufacturing process for forming a 0.2~0.3um thin diffusrd layer
structure on the 2cmx4cm in area.

This is a reliable mean which makes the management of a solar cell
manufacturing process more scientific.

Findings

In this paper it has suggested as a main problem to distinguish the components
of series resistance information and determine the series resistance information,
which is one of the important parameters for deciding the conversion efficiency, and
has performed the research and analysis about it.

Especially, this paper has suggested improved equivalent model to show
separately the diffusion layer resistance and has derived more generalized current-
voltage characteristic equation on the basis of it. And the series resistance
information were analyzed and valuated throughout the measuring data of the Si solar
cell.

This is a significant product of study that enables to analyse separately the
diffusion layer resistance information among the series resistance components of a
solar cell and improve the yield in the manufacturing process better.
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Abstract. With the advent of e-government in recent years, many large-scale
information systems have been developed to realize it. The characteristics of these
systems are the high number of users and the increasing amount of information
resources managed, which has led to the growing research effort to achieve secure
access control. Today, there are cases where large-scale information systems
development methods use only static interfaces and only dynamic data style sheets
such as Web Excel. In this paper we describe a method for establishing secure
information resource access control in terms of permission setting for static interfaces
and dynamic data style sheet sending and data aggregation, based on a large-scale
information system that synthesizes static interface and web dynamic data style sheet.
The efficiency of access control should be such that the system administrator’s
authorization management costs are minimized, together with the security
performance. Therefore, we designed and implemented an optimized method to
minimize the burden of system administrators while ensuring information resource
management using attribute-based access control. The experimental results show that
our proposed method is improved compared to the previous access control methods
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in terms of authority management performance. The proposed method can be used in
any large-scale information system.

AHHoTamus. B mocnenHee BpeMs TOSABHINCH €-TIPABUTENBCTBO, M IS
peanuzauuu ero ObUIM pa3paboTaHbl OOUIMpPHBIE WH(GOPMALMOHHBIE CHCTEMBI.
XapaKkTepUCTHKU ATHX CUCTEM BKJIIOUACTCS YBEIMYCHHE YHWCIA TOJIb30BaTelel U
yIpaBIIeMbIX WH(OPMALMOHHBIX PECYPCOB, Ui KOTOPBIX CYIIECTBYET MHOTO
uccienoBaHui A obecnieueHus Oosiee 6e30macHOro KOHTpois aoctyna. CerogHst B
KpPYITHOMACIITaOHOM METO/E pa3BUTHS HH(POPMAIMOHHBIX CHUCTEM €CTh CIIy4Yadu,
KOTJIa WCIONB3YIOTCSI TOJMBKO CTaTWdeckue WHTEPPEHChl M HCMOIB30BAaHUE TOJBKO
UHTEepEHCOB TUHAMHUYECKUX THUIIOB JIAaHHBIX, TaKuX Kak BeO-Excel. B aToii crarbe
OIMCBIBAETCS CIOCO0 peanu3anuu 0e30MacHOr0 KOHTPOJIS J0CTyNa K HH(QOpMaIuu ¢
TOYKH 3pEHUsl pa3pelieHHs, JAWHAMUYECKOTO CTWJIS M arperaindyd JaHHBIX Ha
CTaTUYECKUX HHTEepdeiicaXx, OCHOBAaHHBIX Ha KPYITHOMACIITAOHBIX HH()OPMAITMOHHBIX
CHCTEMax, KOTOpPbhIE HCIOJB3YIOT KOMIUIEKCHBIC CTaTHueckne WHTep(deichl u BeO-
AUHaMH4YeCKrne Moaenn. D(HPEKTHBHOCTh KOHTPOJIS OCTYIA JOKHA OBITh CBEJICHA K
MUHUMYMY 3aTpaThl HapacXoJbl YIPaBJICHUS CHCTEMHOTO aJIMHUHHCTpAropa c
NPOU3BOAUTENBHOCThIO Oe3zomacHocTd. WMrak, Mbl paszpaborany M peasn30oBau
ONTUMU3WPOBAHHBIM  TMOAXOA  JJII ~ MHUHUMHU3aIMKd  OpeMEeHH  CHUCTEMHOTO
aIMUHHUCTparopa, Jake TpH  Oe30IMacHOM  YIpaBlIeHWHW HHpopManue ¢
HCTIONIb30BAHUEM KOHTPOJIS JOCTYyIa K aTpuOyTy. DKCIepUMEHTAIbHBIE PE3yIbTaThl
MOKA3bIBAIOT, YTO HAIl METOJ YJIy4IlIaeT YIpaBJIeHHS AOCTYIOM K 3(PQPEKTUBHOCTH
yIpaBJIeHHUs] MO CPaBHEHHWIO C TpenblIymumu MeTtonamu. Ilpeanmaraembiii meron
MOKET HCIIONIB30BATHCS B JIIO00H KpynmHOMacITaOHOW HH(POPMALIMOHHON CUCTEME.

Keywords: Accesscontrol, Informationsecurity, Indicator Management,
Attribute Group, Informationsystems.

KawueBbie ciaoBa: Kontpons goctyma, be3omacHocts uH(poOpManmw,
VYnpasnenue nokazarensimu, [ pynmna arpubytoB, UHdopMamioHHbIE CUCTEMBI.

Literature Review

In previous research, many access control methods and models have been
investigated. ABAC, model covers DAC, MAC and RBAC and ABACp extends
RBAC model are proposed. The core components of ABAC,model are users,
subjects, objects, user attributes, subject attributes, object attributes, permissions,
authorization policies, and constraint checking policies for creating and modifying
subject and object attributes.[1, P.16—18, P.40-47] Further research is being carried
out to use attribute-based access control model in electronic medical record system.
[2, P.5-8] The RABAC model, which combines the RBAC model and ABAC model,
is mentioned.[3, P.58-60] Recently, in cloud computing environment and the
multimedia services also have been studied for attribute-based access control. [4, P.7—
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10, 5, P.1-2, 6, P.1-6, 7, P.1-8] However, no research has been done on access
control methods in large-scale information systems using dynamic data style sheets.

Proposed Method

Proposed integrated access control system configuration is as follows.

—
v
Large-scale Information System Static Interfaces
v
4 —
Indicators 'Sy.stem . M~
S Permission yPermission Setting Dynamic Data Style
ndicator Settin
Management £ Integrated Access Control System Sheet Interfaces
v

System

Attribute Indicator
Database

User,; User, Users User,

Figure 1. Proposed integrated access control system configuration

In Figurel, the indicator management system is a system for unique
management of attribute information used in the overall systems, and it manages the
database for attribute indicator setting. A large-scale information system consists of
static interfaces and dynamic data style sheet interfaces, and it manages the
permission to read all function interfaces and the permission to use data within the
interface, depending on the user’s attributes. To achieve access control, we must set
the attribute relations in advance and set the information resource access control
policy for each attribute relation, which can be set according to the characteristics of
the system. Most information systems are multi-service environments, consisting of a
combination of sub-information systems, and can use multiple servers depending on
the system characteristics. In such cases, if the attribute indices are not unified, the
attribute-based access control model cannot be used. That is, the property indices that
are managed uniquely on all servers must be set to allow the access control
management of users for all service environments. In addition, in multi-service
environments, the system can be secured by coordinated authorization management
of users.

1) Attribute Relation Setting and Attribute Group Setting.

Information systems using role-based access control are unsuitable for large
information systems, although system administrators may have set the role of each
user due to the small size of the system and the small number of users. The attribute-
based access control model, unlike the role-based access control model, must take the
authorization set according to the initial attribute relation, which is the burden of the
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system administrator and gradually decreases as the system operates. In this category,
attributes can be classified into proactive, object, and environment attributes, and the
most relevant case is between individual proactive attributes, proactive attributes and
object attributes. In other words, the number of sets of relations between attributes is
just the number of access control policies.

The subject attributes can be set as user’s leading organ, department, job,
function, and section information, object attributes are set as “read” and “write” for
static interface, and “style sheet addition”, “style sheet data read”, “style sheet data
write”, “style sheet reference”, and “style sheet deletion” for dynamic style sheet
interface. To minimize the burden of system administrators, we set up a group of
attributes and apply the authorization policy. Then, the permission set by the attribute
group should only be granted the least common permission, and the additional
permission set should be based on the concrete attribute relation. Since there is a
hierarchy of attributes according to the characteristics of the indicators, we must set
the authority based on this, and at the same time, we must perform attribute grouping
to set the authority to enhance the ease of use of the system administrator.

2) Authorization Proxy Setting

In role-based access control, as well as attribute-based access control, the
authorization proxy problem arises because of the large number of users and their
high transaction throughput.We have analyzed the overall access control for an
information system in a smooth and uniform way, and it is relatively reasonable to
perform the key content of authorization proxy service as a layer of authorization.

The permission layer proposed in this paper is set as attribute layer, business
layer, operation set layer, and operation layer, and each layer has to be authorized to
ensure security and smoothness simultaneously. The authorization proxy service has
the advantage of being able to handle function flows continuously and quickly, but it
also has a very serious security problem. Authority proxy services are services that
system administrators and subsystem administrators delegate their authority, and the
proxy setting for the entire or sub-authority is also important, but should be protected
against the proxy authority. That is, the system administrator should not interfere with
the authority set by the subsystem administrators, and the subsystem administrators
should not interfere with the authority set by the system administrator. Therefore, in
authorization proxy services, the security performance depends on how the database
is designed according to the category of leader.

[194]



CUCTEMHOE ITPOI'PAMMUWPOBAHUE N TEXHUTYECKAA KUBEPHETUKA

Credential
} Authentication

[qeocee >| Default Attribute

User ID

A

Attribute PR > Attribute Group Access
Information Management Permission
System
Resource
Authorization Proxy

v Setting )

Authority

Managemen
anagement Attribute Proxy
Function Proxy

Operation Proxy

Default Authority |)

Figure 2. Access control flow using improved authorization proxy model

Thus, to allow authorization proxy to be authorized and to flexibly revoke
proxy rights without affecting the underlying system, we must completely separate
the database tables used by the system administrator from the database tables used by
the proxy.

3) Framework of AGABAC model

Figure 3 shows the access control framework of the AGABAC model. Users
registered in the system are assigned business permissions based on the attributes
assigned. That is, the system administrator must assign attributes to users before
using the system. According to the business characteristics, hierarchical and group
relations are constructed between attributes. As shown in the model, the system user
can optimize the authorization management for a large number of users using a large-
scale information system using attribute groups.If the number of leader attributes is
m, the number of object attributes is n, and the number of environment attributes is k,
the worst attribute relation number is mxnxk. If you set business rights without group
setting for this relationship, the system administrator’s burden becomes very large.
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Figure 3. The framework of proposed AGABAC model

4) Access Authority Policy on Information Resources

Information resources are classified into information system interface
resources and indicator data resources, and thus, folding authorization policies are
constructed. Information system interface resources can be classified into static
interface and dynamic style sheet interface. First, the permission set for static
interfaces can be done only by the system administrator, as in the role-based access
control model. However, the permission setting for dynamic style sheet interfaces is
different from the reading and writing permissions for data in a region or department,
such as modifying style sheet data and reading aggregated data. To do this, you must
set the leader in the area and department and reset the permission to read and modify
the form accordingly.

Given that the premise for performing attribute-based access control is that
attribute-indicator management, all transactions in a large information system are
based on the indicator, so that if the user does not specify the indicator available, it is
possible to launch a request-forgery attack to browse illegal data.

That is, we must set access policy for the indicator management system.The
access policy for this is set to be according to the attribute group.The system is large
and has a large number of users, and there is a large degree of positional variation,
and changing the attributes will automatically set the permissions to it, so that the
system administrator does not need to be involved.

The mathematical formulation of the access control policy is as follows.

ATTR(s) € SA; X SA» x ... x SAx
ATTR(0) € OA; X OAz X ... x OAn (1)
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ATTR(e) € EA; X EAy x ... X EA,

In formula (1), ‘S’ is subject, ‘O’ is object, E’ is environment.

SAx(1 <k <K), OAn(1 <m < M), EAy(1 <n <N) is earlier defined attributes
for subjects, objects and environments.

The Access control rule is as follows.

Rule: can_access (s, 0, €) «— f (ATTR(s), ATTR(0), ATTR(e)) (2)

the policy rule that determines whether the subject s can access an object o in a
particular environment e is a Boolean function of the attributes of s, o, e. Given all
attribute assignments of s, o, e, if the output of the function is true, access to the
object is allowed. Otherwise, the access is denied.

Finding

The access control method proposed in this paper uses an attribute-based
access control model, in which an attribute group is added to minimize the system
administrator’s authorization overhead, and in the authorization proxy, a function
proxy, an operation proxy and an attribute proxy are also used to ensure the system
utilization smoothness.

We present methods for coordinated authority management in a multi-service
environment, to improve the security performance of the system against information
resources, and to explicitly describe the prerequisites for using attribute-based access
control. We have developed the preconditions for designing a complete access control
system applicable to any large-scale information systems and proposed a method to
validate the validity of the authority set.Table 1 shows the performance evaluation
with other models.

Table 1. performance evaluation of proposed model in this paper

Access Control . Authority Proxy Authority
Model Setting Groups mode Validation
Role Hierarchy Least Authority
RBACIS, P.1-2] Setting Role Proxy Setting
Role Hierarchy Least Authority
ABAC,[1,P.16-18] Setting Role Proxy Setting
Role Hierarchy Least Authority
ABACg[1, P.40-47] Setting Role Proxy Setting
Attribute Attribute, Least Authority
AGABAC Hierarchy And Function, Setting Based on
Group Setting Operation Proxy Attribute Group
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AHHOTauMs. B KOHTEKCTE MOCTOSHHO IBOJIIOIMOHUPYIOMIETO KHUOEPYTrpo3aMu
nanamadTa ¥ MOBBIIICHHOTO BHUMAHUS K KHOepOe301acHOCTH, CTAaThs IIPEACTABISAET
coOOl 3HAYMMBIM BKJIaJ B 00JacCTH OIGHKH YSI3BUMOCTEH WH(OpMaIMOHHON
uHbpacTpykTypbl. [lpemnokeHHass MOJAENb HWHTErPAJbHONM OLEHKH HE TOJIBKO
NpuU3BaHa YAYUYIIUTh CYIIECTBYIONIME METOJbI aHAIM3a YSA3BUMOCTEH, HO U CTaBUT
CBOEH IIENBbI0 TIEPEXO OT PEAaKTUBHOTO K MPOAKTUBHOMY TOAXOAY B OOECIICYCHUU
kubepbe3omacHocT. B pamkax wuccrnegoBaHHsl BIEPBBIC MPENJIOKEH TOIXOI,
KOTOPBIN pacImIupsieT TpPaJullMOHHBIE 0a30Bble BEKTOPHl KOH(DHUICHIIMAIBHOCTH,
I[EJIOCTHOCTH U JOCTYITHOCTH HOBBIMH METPHUKAMU OTPAXKAET PEaJIbHbIC BBI3OBBI, C
KOTOPBIMU  CTaJKUBAIOTCS COBPEMEHHBbIE HMH(POPMAIMOHHBIE CHUCTEMBI. YUeT
aCIeKTOB, TaKUX KaK HECAHKIIMOHMPOBAHHBIM  JOCTyN, yTeYKa JaHHBIX,
MonudUKaIMs TaHHBIX, HECAHKIIMOHWPOBAHHOE HCIIOJNIb30BAHUE BBIYMCIUTEIBHBIX
PECYpPCOB, OTKa3 B OOCIY)KMBAHUHM W HapylieHHe (YHKITMOHMPOBAHUS TEXHUYECKHUX
CPEICTB, JacT BO3MOXKHOCTh C TIOMOIIBIO JIAHHOW MOJENH MPOTHO3UPOBATH U
MpeNoTBpAIlaTh TOTEHIMAIBLHBIE YTIPO3bl, TOBBIIIAS YPOBEHBb 3aIUIICHHOCTH U
CHIDKAs PUCKM JUIs OpraHu3aluid W noJib3oBareneid. Moaenp mnpeaycmMarpuBacT
aHaIM3 KakK OTICNBHBIX YSI3BUMOCTEHW, TaK W WX B3aMMOJACHCTBUS, YTO IO3BOJISICT
OIICHUTHh COBOKYITHOE BO3JICHCTBHE yrpo3 Ha 3alIUIICHHOCTh WHGOPMAIMOHHOMN
MHPPACTPYKTYPHI B IIEJIOM. DTO JIeJIaeT MOJCNb OoJiee afanTUBHON U 3(PGHEeKTUBHON B
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KOHTEKCT€ TIOCTOSHHO MEHSIOUIMXCA CLEHAapHeB arak Ha HHPOPMALUOHHYIO
UH(DPACTPYKTYDY.

Abstract. In the context of the constantly evolving landscape of cyber threats
and increased attention to cybersecurity, the article represents a significant
contribution to the field of vulnerability assessment of information infrastructure. The
proposed model for integral assessment is not only aimed at improving existing
vulnerability analysis methods but also strives to transition from a reactive to a
proactive approach in cybersecurity provision.

Within the framework of the research, a novel approach is introduced for
expanding the traditional basic vectors of confidentiality, integrity, and availability
with new metrics, reflecting the real challenges faced by modern information
systems. Accounting for aspects such as unauthorized access, data leakage, data
modification, unauthorized use of computing resources, denial of service, and
hardware disruption enables this model to forecast and prevent potential threats,
enhancing the level of security and reducing risks for organizations and users.

The model encompasses the analysis of both individual vulnerabilities and
their interactions, allowing for the assessment of the cumulative impact of threats on
the security of information infrastructure as a whole. This renders the model more
adaptive and effective in the context of constantly evolving attack scenarios on
information infrastructure.

KiroueBble cJioBa: HECAHKIIMOHUPOBAHHBIN JOCTYIl, YTeYKa JaHHBIX,
MoOAU(UKAIMS TaHHBIX, HECAaHKIIMOHUPOBAHHOE HCIIOIH30BAHUE BBIYUCIUTEIHHBIX
pPECYpCOB, OTKa3 B OOCITY)XKHBAaHHH W HapyIleHHWe (DYHKIIMOHUPOBAHUS TEXHHUECKHX
CPEICTB,  CHOCOOBI  3allUThI, OOBEKT  KPUTHYECKOH  MHOOPMAIMOHHOU

UHDPACTPYKTYPHI.

Keywords: unauthorized access, data leakage, data modification, unauthorized
use of computing resources, denial of service and disruption of technical equipment,
methods of protection, critical information infrastructure object.

3amura wWHOOPMAIMKM BKJIIOYAET CHUCTEMATHYECKOE BBIMIOTHEHUE Ppsna
MEpONPUATUN, OXBAThIBAIOIIMX IPABOBBIE, OPraHU3AlMOHHBIE W TEXHUYECKUE
acleKThl. OTH MeEpbl HalleJIEHbl Ha MpPeloTBpallleHUEe HECAaHKIMOHUPOBAHHOIO
noctyna K uHdopmanuu, €€ Ciay4yalHOro WJIM YMBIIUIEHHOTO HUCKa)XEHUSs, YTPaThbl,
OJIOKMPOBaHMSI, HEABTOPU30BAHHOTO KOMMPOBAHUS WM PACIIPOCTPAHCHHS, a TaKKe
3alUATy OT JIOOBIX JIPYTMX HENEralbHBIX JCHCTBUH B OTHOIIEHWH WH(OpMAaIuu.
JIONONHUTENbHO,  JTaHHbIE  MEPONPHUATHS  HAlpaBIE€Hbl HAa  COXpaHEHUE
KOHPUACHIIMATHHOCTH WHGOPMAIMK C OTPAHWYCHHBIM JOCTYNIOM M oObOecreueHne
mpaBa JIOA€H Ha JOCTyn K HMH(POPMAIMH, YTO HMEET KIIIOYeBOE 3HAUCHUE IS
nojjaepkaHusg  (QYHKIIMOHAIBHOCTH HM  OE30MacHOCTH OOBEKTOB KPUTHUYECKOM
undopmanronnoir unppactpykrypsl (KMU) [1, 2], obecneunBaromux OCHOBHBIE
orepalu rocyJapcTBa U SKOHOMUYECKYIO CTAOUIBbHOCTb.
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be3onacHocTh uMH(OpManMM O3HAYaeT 3alIMTy HMHPOpPMalMH, KOTopas
oOpabarbIBaeTcs C MOMOUIBIO KOMITbIOTEPHBIX TEXHOJIOT Ui WIH
ABTOMAaTU3UPOBAHHBIX CUCTEM, OT JIOOBIX Yrpo3, Oyib TO BHYTPEHHHUE WA BHEIIHUE,
CHOCOOHBIE HApPYWIUTh €€ IEeJIOCTHOCTh WM JOCTYIMHOCTb. OJTO ONPEACICHHE
MOJYEPKUBAET BAXKHOCTh MOAJACPNKAHUS 3AIUIIEHHOTO COCTOSIHUS MH(OpPMALMHU OT
pa3TUYHbIX HEOIArONPUATHBIX BO3AeHCTBUH [3].

Urto kacaercs ©Oe3zonmacHoctu KWW, 5310 ycinoBue, mpu  KOTOpPOM
MH(QPACTPYKTypa 3allMIIEHA HACTOJIBKO, YTO MOXKET HAAEKHO (PYHKIIMOHMPOBATH
JaXXe B YCIOBHUSX, KOTJa HAa HEE OCYUIECTBISIOTCS KOMIIBIOTEpPHBbIE araku [4-7].
Takum o0pasom, yuensiercs o0co00oe BHHUMAaHHME CIHOCOOHOCTH KPHUTHYECKOH
UHQPACTPYKTYpbl COXpaHSATh CBOIO PabOTOCHOCOOHOCTh M NPENOTBpPAILATH JIOObIE
[IOIIBITKH €€ necTaOMIN3alui.

B konrtekcte obecneuenus 6ezonacHoct KWU, cymiecTBytOT Tpu OCHOBHBIX
OPUHLUIIA, ONPEACIEHHBIX B  3aKOHOAATENIbCTBE. OTH  NPUHLUIIBI  CIy’KaT
byHIaMeHTOM 7151 pa3pabOTKU U pean3aluy Mep 1o 3aiuTe HHHOPMALIUN:

1. [TpuHIIMT 3aKOHHOCTH TOJIPa3yMEBAET, YTO BCE MEPHI MO 0OECTeUEeHUIO
0€30MacHOCTH JOJKHBI COOTBETCTBOBATh ACHCTBYIOLIEMY 3aKOHO/IATEIbCTBY;
2. [IpyHUMI ~ HENPEPBIBHOCTM UM KOMIUIEKCHOCTM ~ O3HA4YaeT, 4To

oOecrieueHue OE30MaCHOCTH JIOJDKHO OBITh HE TOJBKO MOCTOSHHBIM, 0€3 NmepephIBOB
BO BPEMEHH, HO U BCECTOPOHHUM, OXBAThIBAsi BCE ACMEKThI U YPOBHHU 3aIlIUTHI;

3. [lpuHn  npuopuTeTa  NPEJOTBPALEHUS  KOMIIBIOTEPHBIX  aTak
yKa3blBaeT Ha BaXXHOCTh MEp, HAIMPABICHHBIX Ha MPEIYNpPEKIECHHUE BO3MOMXKHBIX
KuOepyrpo3 ¥  MHUHMMH3ALMIO WX  BO3JEUCTBHS Ha  HMHQOPMAIMOHHYIO
UHPPACTPYKTYpy. OTO TMOApa3yMeBaeT AaKTUBHOE BBIABICHHE W YCTpaHEHUE
ySI3BUMOCTEH, a TaKke pa3paboTKy U BHEIPEHUE MPOAKTUBHBIX MEXaHU3MOB 3aIlIUThI
[8-11].

N3 3TuX mpuHIMIIOB cleAyeT KIIoueBas 3ajada B oomactu 6e3onacuoctu KUU:
HEOOXOUMOCTh CHCTEMAaTHYECKOTO YIPAaBICHUS YSI3BUMOCTAMH. JTO BKIIOYAET B
ce0s TOCTOSHHOE BBISIBIICHWE, OICHKY U YCTpaHEHHE YSI3BUMOCTEH, YTOOBI
MUHAMU3UPOBATh PHUCKUA TMOTCHIMAIBHBIX arak W 00eCHeuuTh YCTOWYUBOCTD
KPUTUYECKON HMHPPACTPYKTYPHI TEPE] JIUIIOM TTOCTOSTHHO MEHSIONIUXCS YTPO3.

KWW, dynxkumonupyromas Ha 0a3e ceTell AIEeKTPOCBA3U, BKIIOYACT B ceOA
pa3TuYHBIE KOMIIOHEHTHI U CTPYKTYpBI, oOecreunBaromye e€ paboTocrocoOHOCTh U
6e3omacHocTh. K TakuM 00BbeKTaM OTHOCSTCS:

1) naopmMaIMOHHbIE CUCTEMBI;

2) uapOpPMAITMOHHO-TEIIEKOMMYHHUKAIIIOHHBIE CETH;

3) aBTOMaTHM3WPOBAHHBIE CUCTEMBI yIpaBieHus cyorekToB KN,

OTH KOMIIOHEHTHI WTPAIOT KIIOUEBYI0 poib B ¢yHKuonupoBanun KUU,
obecrieunBasi HEMPEPBHIBHOCTh W 0€30MACHOCTh KPUTHYECKH BAXKHBIX IMPOIIECCOB U
CITyXO0.

Kak mokaspiBaeT aHamu3, OonbmHMHCTBO 00BekTOB KMU B 001mem ciyyae
MpeACTaBIsieT CcO00M TEepPPUTOPUANIBHO pACHpPEEICHHbIE CHUCTEMbl HHTEHCHUBHO
B3aUMOJICHCTBYIONIMX MEXAY COOOH KOMIIOHEHTOB, KOTOpPbIE OOMEHUBAIOTCS
O0onpIIMM O0OBEMOM JIaHHBIX B PEaIbHOM BPEMEHHU. DTO B3aUMOACHCTBHE TpeOyeT
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BBICOKOM CTETICHHM CHHXPOHHM3AIlMM W HAACKHOCTH, 4YTOOBI oOecrmeynBaTh
OecrniepeOoitHyr0 paboTy BCeX 3JIEMEHTOB cHUCTeMbl. Kpome TOro, Takue CHUCTEMBbI
9JacTO MOAKITIOUEHBI K TJI00aJbHBIM CETSAM, YTO YBEIMYMBACT MX YSI3BUMOCTBH TEpe]
BHCITHUMHU yrpo3aMd U TIOTCHIHUAIBLHBIMUA KuOeparakamMu. VIMEHHO MO3TOMY
BOXHOCTD 3alIUTHI DTUX 00BEKTOB HE MOXKET OBITh MEPEOILICHEHA, TIOCKOIBKY JIF000e
HapyIlIeHHEe B UX paboTe MOXKET MPHUBECTU K CEPHE3HBIM MOCIEACTBHUSIM. B CBSI3M C
9THM, 0c000€ BHUMAHHE VYACNACTCS CO3JaHUI0 MHOTOYPOBHEBBIX CHCTEM
0€30MacHOCTH, BKIIIOYAIOLIUX HE TOJBKO (PU3NYECKYIO 3aIIUTY OOBEKTOB U 3aAIIUTY
MH()OPMAIIMOHHBIX TEXHOJIOTHH, 0oOecreyuBaImmuX UX (yHKIHMOHHUPOBAHHE, HO U
BHE/IPEHHE MPOIIECCOB IO YIPABICHHUIO YI3BUMOCTSIMHU.

Teopust 3amuTel WHPOpPMAIMH — 3TO 007AaCTh, OOBEAMHSIONMIAS PA3TUYHBIC
TIOAXOABI U METOJOJIOTHH JJIs 3aIIUTHl JaHHBIX. OHA BKITIOUaeT B ceOs aHau3 yrpos,
pa3pabOTKy 3alUTHBIX MEXaHU3MOB U CTPATETHUM, a TaKKe METOIbl OOHAPYKCHUS U
peakiMu Ha WHIUACHTHI Oe3omacHOCTH. Cpenu KIIOYEeBBIX HANpaBICHHA B ITON
00JaCTH MOXHO BBIJICIUTDH CIEAYIONINE:

1) xpunrorpadus;
2) ymOpaBl€HHE TOCTYIOM U UIAEHTU(UKALIMS;
3) aHanu3 yrpo3 U OlleHKa PUCKOB.

OTH HampaBlICHHs TEOpPHH OOECTeueHUs OE30MacHOCTH HMH(OpMAIHH
MIOCTOSTHHO Pa3BUBAIOTCA U aJalTUPYIOTCS K MEHSIOMIMMCS YCJIOBHSIM M yrpo3am B
Mupe HH(OPMAIIMOHHBIX TEXHOJOTMH. B Hacrosiiee BpeMs B TEOPUH 3alllUThI
uHpOpMalMM, KaK YK€ YINOMHUHAJIOCh paHee, CTOUT 3ajadya IMOCTPOCHHS E€IMHOTO
MOJIXO0/Ia TI0 OIEHKE W YNPABICHUIO YSA3BUMOCTSAMHU, KOTOPBIM OyeT BKIIOYATh B ce0s
BCE€ acmekTbl MHGOPMAIMOHHOW  0€30MacHOCTH — OT TEXHUYECKUX JI0
opraHu3anoHHbIX. llens Takoro momxoma — co3manue AGQPEKTUBHOM M THOKOM
CUCTEMBI, CIIOCOOHOW HE TOJBKO pearupoBarb Ha TEKyIIHE YIPO3bl, HO U
IPOTHO3UPOBATh BO3MOXHBIE OyAylIue YSI3BUMOCTH. JTO TpeOyeT HHTerpaiuu
Pa3TUYHBIX KCTOYHUKOB JIaHHBIX, YIYUYIICHUS AaHAIUTHUYECKUX HHCTPYMEHTOB U
pa3pabOTKU HOBBIX METO/IOB OIIEHKH PUCKOB.

KntoueBbIM ~ 27IeMEHTOM ~ €OMHOTO  TOAXOJa  SABISAETCS  CO3JaHHE
MEXIUCIUIUIMHAPHON  Cpenbl, TAe  TEXHOJIOTHYEeCKHEe,  IOPUIUYECKHE U
VIOPaBIEHYECKUE aCMeKThl padoTaloT BMeEcTe id OOeCleYeHUs KOMIUICKCHOU
3amuThl MHGOpManuu. IJTO BKIIOYAET B cebsd pa3paboTKy YHUPHUIIMPOBAHHBIX
CTaHAApTOB M MPOIEAYP, KOTOPbIE MOTYT OBITh aJaNTUPOBAHBI K PA3TMYHBIM THIIAM
opraHu3anuii u crnenupuke uX AeSATETbHOCTH. TakKe BaKHBIM aCHEKTOM SIBIISETCS
oOydeHUE ¥ TIOBBIIIICHUE OCBEIOMIIEHHOCTH COTPYIHHMKOB Ha BCEX YPOBHIX
OpraHu3alnu, 4ToObl KaXIbIi MOT BHECTH CBOHM BKJIaJ B oOecreueHne 0e30macHOCTH
WH(OPMAIIMOHHBIX CHCTEM.

Brenpenune eanHOTO MoaxoAa TakKe MPEANoiaraeT aKTUBHOE MCIOIb30BaHUE
aBTOMATH3WPOBAHHBIX CHUCTEM JUIsi MOHHTOPUHTAa W aHaian3a Oe30MacHOCTH, YTO
MO3BOJISICT  OTEPATUBHO BBISABISATH M HEUTpaNM30BaTh yrposbl. MHTErparms
COBPEMEHHBIX TEXHOJOTHH, TAKUX KaK MaIIUHHOE OOYyYEeHHE, MOXET 3HAYUTEIIHHO
MOBBICUTh 3()PEKTUBHOCTh CUCTEMBI YIPABICHHS YI3BUMOCTSIMH, TMPEIOCTABIISISA
[TyOOKHE aHATUTHIECKUE PECYPCHI.
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O06001mast CyIlecTBYIONIME MOAXOAbl K aHAJIU3Y CUCTEM 3alllUThl HHPOPMAITUU
o0bexkToB KMUM, MOXHO BBIIEIUTh HEPAPXUUYECKYIO CTPYKTYpY, COCTOSLIYIO H3
HECKOJIBKMX ypoBHeW. Ha BepxHeMm ypoBHE HaxoAuTCs pa3paboTka HalMOHAJIBHOU
ctparerun Oe3omacHoctu KW, BkItouas 3akoHOJATENbHBIE M HOPMATUBHBIC aKTHI,
KOTOpBIE YCTAaHABIMBAIOT OCHOBHBIE PaMKH JJIsl 3allUThl HAa TOCYIapCTBEHHOM
ypoBHe. Clenyroonuidi ypoBEHb OTBEYAET 3a BHEAPEHHE CTAaHIAPTOB M MPOLELYP
yrnpaBieHus: 0e30MacHOCTbI0 HMH(OpMAIlMKM Ha YPOBHE OpraHu3aluii, BIaJCIOIINX
unu onepupyromux memMenramu KWW, D1o BkiItoyaeT amanTaluuio U MPUMEHEHUE
MEXIYHAPOJIHBIX M HAIIMOHAJIBHBIX CTAHIAPTOB, a TaKXe Pa3pabOTKy BHYTPEHHUX
NOJINTUK U Tipouenyp. TpeTuil ypoBEeHb KacaeTcsl MPAKTUYECKOr0 MPUMEHEHUS MEP
0€30MacCHOCTH, TAKUX KaK CUCTEMbl OOHAPYKEHHS W TPENOTBpAICHUS BTOPKCHUH,
CUCTEMBbl YIpPaBJICHUS HUHIIMJACHTAMU M CPEICTBAa IMHUQPPOBAHUS, a TaKXKe OOydeHHE
nepcoHana MW TMPOBEACHUE PETYISIPHBIX ayauToB Oe3zomacHoctu. Ha mocnemnem
YPOBHE MEpPApXUM HAXOAUTCS HCMHOJIb30BAHUE TEXHOJOTMYECKUX pEIICHUH U
WHCTPYMEHTOB JUISl 3allUuThl MH(OPMAIMOHHBIX PECYpPCOB W CHUCTEM, BKIIOYAS
npuMeHeHne (DU3NYECKUX U MPOTrPaMMHBIX CPEJCTB 3alllUTHI. JTa HepapxXuyeckas
CTPYKTypa CIIOCOOCTBYET CHCTEMHOMY TMOAXOAYy K 3amuTe uWHGOpPMAIUU U
VIOPABICHUIO  YIpo3amMu, TpeOys KOOpJAWHAIIMM ¢  COTPYIHHUYECTBA MEXIY
Pa3IMYHBIMUA  3aUHTEPECOBAHHBIMM CTOPOHAMM, YTO YKPEIUIAET YCTONYHUBOCTH
KPUTHUYECKOU MHPPACTPYKTYPHI K KHOEPYTpo3aM Ha pa3IUnYHbIX YPOBHSIX.

TeopeTndeckre acmeKkThl OLEHKH ysa3BUMOCTeW B kKOHTekcTe KWW BkitouaroT
pa3pabOTKy M NMPUMEHEHHE KOMIUIEKCHBIX IOAXOAOB JJIsS aHalii3a W YMEHBIIECHUS
PUCKOB, CBSI3aHHBIX C TIOTEHIHMAIBHBIMU yrpo3aMu Oe3omacHOCTH. OmHUM U3
KJIFOUEBBIX DJIEMEHTOB B JTOM MPOILIECCE SBIAETCA MHTErpajbHas OIEHKa
YSI3BUMOCTEH. ODTOT METOJl MPEIOCTaBIACT KOMIUIEKCHOE IIOHMMaHUE YPOBHS
0e30macHOCTH WMH()OPMAIIMOHHBIX CHCTEM, OOBEAWHSS pPa3UdYHbIC aCIEeKThl U
(baKTOpBI, KOTOPHIE MOTYT MOBIHATh HA UX YA3BUMOCTh. Tako¥ MmOIXo ] Mpearnoaract
HE TOJBKO aHAJIM3 OTIEJbHBIX YSI3BUMOCTEH, HO M OIIEHKY HX B3aUMOJACHCTBUS U
COBOKYITHOTO BO3JICKCTBHS Ha 3aIIUIICHHOCTh HH()OPMAITMOHHONH HHPPACTPYKTYPHI B
LIEJIOM.

[lepexonst oT 0OmMUX TEOPETUUYECKUX OCHOB oObOecreueHus O0e30macHOCTH
nHpopManuu K 0ojiee KOHKPETHBIM MPAKTUYECKUM aCMEKTaM, BaXXHO MOMYEPKHYTh
pOJIb MHTErpaJIbHOW OLIEHKH ysa3BHUMOcTeld B koHTekcre KUIM. D10 HampapieHue
JIOTIOJTHUTENIHHO PACIHIMPSAET BO3MOXKHOCTH 3aIlUTHl JTAHHBIX, YIIyOJsisi aHalu3 |
MPUMEHEHUE METO/OB, HANpPaBICHHbIX HAa MHWHUMHU3ALUIO YIPO3 M YCUJIEHUE
0€30ITacHOCTH B paMKaX MU(PPOBBIX CHCTeM. B 1aHHOM KOHTEKCTE, 0C000¢ BHUMAHHE
VACNSETCS HE TOJNBKO MICHTU(DHUKAIIMU OTACIBHBIX yA3BUMOCTEH, HO ¥ MMOHUMAHUIO
WX B3aMMOCBSI3€H, YTO MO3BOJISAECT 00ecTeunTh 0ojiee HAICKHYIO 3allUTy B OTBET HA
MTOCTOSTHHO U3MEHSIOIUKICS JaHamadT Kuoepyrpos.

[IpoBeaeHne WHTErpaibHOM OLEHKH B IEJIOM MPEANOaraeT MCIOJIb30BaHHE
Pa3JIMYHBIX METOJOB U MHCTPYMEHTOB, BKJIIOUasi aBTOMaTU3UPOBAHHbBIE CUCTEMBbI J1JIS
CKaHMPOBaHMS YSI3BUMOCTEH, aHalIuTUuecKue (HpEerMBOPKHU [Jisi OLEHKH PHUCKOB, a
TaKKe PYKOBOJACTBA MW CTaHAAPTHI 1O HWH(GOPMAIMOHHON  OE30MaCHOCTH.
NuterpanpHas oneHka ys3BUMOCTEH TpeOyeT MOCTOSHHOTO MOHUTOPUHIA U aHAIU3a
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MH(OPMALIMOHHON Cpelbl, a Takke I'MOKOCTM B NMPUMEHEHUU Mep Oe30MacHOCTH,
YTOOBI aJAaTUPOBATHCS K MOCTOSIHHO MEHSIOIIEMYCS JTaHAIAPTY yrpos.

B KOHTEKCTe MOBBIIEHUS YPOBHS 3aIUTHl UH()OPMALMOHHON OE30MacHOCTH,
0co00€ BHHMMAaHHE JODKHO YIEIAThCS pa3pabOTKE U BHEIPEHUIO KOMIUIEKCHBIX
MOJIXOJI0OB M CHUCTEM, CIOCOOHBIX K 3(P()EKTUBHOMY MOHUTOPUHTY U YIPABICHUIO
ya3BUMOCTAMU. OJIMH U3 TaKUX KOMIUIEKCHBIX MHCTPYMEHTOB — 0a3a JaHHBIX YIpo3
oezonacHoctu uHpopmanuu (BAY), paspaborannas denepalbHON CIYKOO0M MO
TEXHUUYECKOMY U 3KcopTHOMY KoHTpoito (DCTIK), mpencrasnser codoi KIIrOUeBOH
AJIIEMEHT B HAIMOHAJIBHOW cucTteMe 3amuThl uHpopmanuu. BIY akkymynupyer
JaHHBIE O MOTEHIMAIBHBIX YIpO3ax U YA3BUMOCTAX, UYTO MO3BOJIIET OpraHU3alusIM
OpOBOAUTH OoJiee TOYHYIO U ONEPATUBHYIO OLICHKY PHUCKOB, CBSI3aHHBIX C
UH(GOPMALIMOHHON 6€30MaCHOCTBI0. DTO 0OCOOEHHO Ba)KHO B YCJIOBHSIX, KOTJa Ipyrue
METOJIbl M HMHCTPYMEHTHI OIICHKA MOTYT HE Y4YUTHIBaTh HOBBIE M BO3HUKAIOIIUE
yIpO3bl, XapaKTepHBIE JI1 COBPEMEHHOTO LIMPPOBOTO MUPA.

B nocnenHee BpeMs 3HAUMTEIBHO BO3pPOCIO YHUCIO OTEUYECTBEHHBIX
IPOU3BOAUTENEH MPOrPAMMHOTO 00ECTIEYEHUS U 3aIUTHBIX CUCTEM, UYbH MPOAYKTHI U
YSI3BUMOCTH B HUX YacTO 3aHOCATCS M aHAJU3HMPYIOTCS UCKIounuTenbHo B B/Y. OTo
nenaetr bJIY ocoGeHHO IIEeHHBIM pecypcoM, TaK KaK OHA MPEJOCTABISIET YHUKATbHYIO
uHpOpMaIMIO, KOTOpask HE BCeraa JOCTYyNHA B JIPYTUX MEXIyHapoAHBIX 0azax
JAHHBIX.

Kpome Toro, B/IY Bemer peecTtp NHpOBEPEHHBIX PETYIATOPOM OOHOBJICHUU
0€30MacHOCTH, YTO 3HAYUTEIHHO YINPOIIAET 3aJady IO MOAJEPKAHUIO aKTyaJIbHOTO
COCTOSTHUSL 3alllUTHl JJIS POCCUUCKUX KOMIAHUH. OTH OOHOBIEHUS MPOXOIAT
IPOBEPKY HA COOTBETCTBHE TpeOOBaHUSAM OE30MaCHOCTH, YTO TapaHTUPYET
HAJICKHOCTh BHENIPSEMBIX ME€pP U MUHHUMM3ALMIO PUCKOB BHEAPEHUS BPEIOHOCHOTO
KOZIa WJIA CO3IaHUSI HOBBIX YSA3BUMOCTEN B pe3y/bTare OOHOBICHUS.

BAY Takke peryasipHO BBITYCKaeT OIOJUIETEHH YIPO3, KOTOPbIE€ MOTYT
UCIIOJIB30BaThCAd KaK WHJMKATOPhl TOBBIIICHUS PUCKA JJISI AKTUBOB, 3aTPOHYTHIX
yYKa3aHHBIMU YSI3BUMOCTSIMHU. DTU OIOJUIETEHH COAEpKaT MOAPOOHYI0 HH(OPMAIUIO O
HOBBIX M aKTyaJlbHbIX yrpo3axX, a TaKkKe pPEeKOMEHJalM [0 MUHUMHU3ALUU
BO3MOXKHOTO yIiepba OT WX peanu3anuu. PeryiaspHbii aHamu3 3TUX OroJUIeTeHEn
MO3BOJISIET ONEPATUBHO OTpakaTh aKTyaJlbHBIE YIPO3bl, KOTOPHIE MOTYT OBITh
pean30BaHbI.

BAY mpenocrasisier HaOOp JaHHBIX, KOTOPHI MOXKET OBITH UCIIOIB30BAH JJIS
MPOBEJICHNS HMHTETPAIbHON OICHKU ysI3BUMOCTel. Pa3paboTka TulOKoil MEeTOmMKH,
KOoTOpasi OygeT HCIOJIb30BaTh 3THU JAHHBIE, SBISETCS KIIOYEBOM 3ajauedd s
VAYUIIEHUST TPOIEecCOB KnOepOe30macHOCTH. JTa METOANKA TOJDKHA OBITH CIOCOOHA
aJanTUPOBaTh MPOIECC YIPaBICHUSA YI3BUMOCTAMHU K pa3IMYHBIM YCJIOBUSIM U
M3MEHSIOLIEICS PUPOJE yrpo3, UTO MO3BOJIMUT OpraHuzauusiM Oonee 3(pdexTuBHO
UACHTU(UITUPOBATH U YIIPABISATH YSI3BUMOCTSIMHU B CBOMX CHCTEMAX.

BonpmmueTBO ysi3BUMOCTEN, 3aHeceHHBbIX B BJIY umeror 0a3oBblid BEKTOp
ys3BuMocTd o CVSS 2.0 u CVSS 3.0, rae 6a30BbIM mapaMeTpoM SIBISETCS YPOBEHB
BIUSIHUST HA KOH(PUACHIMAIBHOCTh, UEJIOCTHOCTh W JOCTYNHOCTb. B pamkax
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MCCJIEIOBaHUsl BIIEPBBIE MPEIAraeTcs paclIMpUTh METPUKUA A0 LIECTH O0a30BBIX
METPHK, KOTOpPbIE ONMHCaHbI B Tabnuie 1.

Tabnuma 1. [lepeuenp paciiupeHHBIX 0a30BbIX METPUK

bazoBas metpuka [Ipenyiaraemoe pacuiipeHue METPUKU
KonduaenuuanbHOCTh HECaHKIIMOHUPOBAHHBIN JOCTYI (Hayee -
HCJD)
yTeuKa JTAaHHBIX (HapyiieHue
KoH(puaeHmanpHocTn) (naynee — Y1)
LlenocTHOCTD Moau(pUKAIUS (moameHa) JTAHHBIX
(mamee — MJ1)

HECAaHKIIMOHUPOBAHHOE HCITOJIb30BAHUE
BBIYUCITUTEIBHBIX  PECYpcoB  00BEKTa
(nanee — HUBP)

JIOCTYIHOCTH oTKa3 B obcnyxuBanuu (nanee - OpO);
HapyIICHUC (GYHKITMOHUPOBAHHMSI
TexHu4deckux cpencts (nanee — HOTC)

JlaHHbIE METPUKH HEOOXOAMMBI K PACCMOTPEHHUIO B CBSA3U C PACIIMPEHUEM
BUJIOB aTak, MPOBOAUMBIX Ha 00BeKkThl (B ToM uucie u KUUW), u ux uenei. Ecnu
paccMaTpuBaTh pOJIM B IPOIECCE HHTETPAIBHOM OLIEHKH YSA3BUMOCTEW MOTYyYUM
CXeMy, KoTopas OmIpeAeisieT BEePXHEYPOBHEBYIO JICKOMIIO3UIIMIO Ilepepacuera
0a30BOT0 BEKTOpA C YY€TOM HOBBIX METPUK Ha OCHOBE MaHHBIX u3 BI1Y (pucyHoxk 1).

NauHkie
0b yAzBMMOCTH npeaocTaEnAeT
a30BbIA BOY
BeKTOp
YAIBMMOCTH
MCNONE3YeTCA ANA
Mepepacuet NpefocTaEnAeT
Gazoeoro Aramimi
BeKTOpa Suenim
MCNONE3YeTCA ANA
PesynbTatel aHanuanpyeT
MHTEr pansHoi AEag:KTM“K
OLIEHKM L
MCNONE3YeTCA ANA
OmyeT no MCNONE3YeT B
pesynsTatam COOTEETCTENM C LENLID Opranuzatop
MHTErpanbHoi NPOEEAEHUA MHTETPANEHON OLIEHKH
OLIEHKM OLIEHKK

Pucynok 1. Ponu B nponecce HHTErpanbHON OLIEHKH YSI3BUMOCTEN B paMKax
nepepacuera 6a30BOro BEKTOpa
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Mertoanka AOKHA BKJIIOYATh MEXAHU3MBI JUIS aHAdU3a CBI3€M MEXIY
JAHHBIMA 00 yrpo3ax, OILICHUBaTh MOTEHIMAJIbHbBIE PUCKUM U YyCTaHABIMBATH
PEKOMEHyeMbI€ MEPBI 1O YCTPAHECHHIO BBISBICHHBIX YSA3BUMOCTEH. DPGHEKTUBHOE
HCTIONIb30BaHUE NaHHBIX M3 bJlY mo3BoiUT peann3oBaTh KOMIUIEKCHBIA MOIXOI K
yIpaBICHUI0 KUOEepOEe30MacHOCThIO, 0oOecreunBas 0osiee BHICOKUM YPOBEHb 3allIUThI
KPUTUYECKU BAXXHOU MHGOPMAITMOHHON MHDPACTPYKTYPHI.

[Ipu npoBeneHuss UHTErPATBLHONW OLUEHKH y3J1a MOTYT BO3HUKHYThH CIIEIYIOIIUE
KJIFOUEBBIE€ TTPOOJIEMBI, KOTOPBIE MBI TIpeJiaraeM PEIIuTh YKa3aHHBIM CIIOCOOOM, TEM
CaMbIM MBI 3aBEJIOMO OMNpPEAEISAEM KPYT JIOMYIIEHUH MOAEIN MHTErPATbHOM OLICHKH
y37a, TEM CaMbIM YTOYHUB 00JIaCTh UCCIEAOBAHUS, UTO YKA3aHO B TabnuIie 2.

Tabnuma 2. IlpobreMbl U pemieHus Ipu MPOBEICHUN HMHTETPAJbHOW OLEHKH y3Ja
MH(GOPMALIMOHHON HHPPACTPYKTYPHI

HaumenoBanue npoGiembl Bo3MoxxHOe pemenune

YHudunupoBaHHas OLEHKa, Py4YHOE MPHUHSITHE

OtcyrcTBHE 0a30BOr0 BEKTOPA YSI3BUMOCTH
pelieHne 0 KpUTUYHOCTH YSI3BUMOCTH

Benenne pomoimHUTENRHOM 0Oa3bl IaHHBIX C
«TPEHJOBBIMU  yA3BUMOCTSMH» Ha  OCHOBE
BBITTYCKAEMBIX OIOJUICTEHEH yrpo3

OtcyrcTBUE MOHATHUS «TPEHJIOBBIE
YSI3BUMOCTH

TpynHocts  pa3buenus ysa3BUMOCTH Ha | [I[pumMeHeHMe yCpeOHEHHBIX 3HAYEHUH IS
YTOYHEHHbIE KPUTEPUHN COXpaHeHus creneHu kputuyHoctu mo CVSS 3.0

B nomnonnenue k mpeuMyIecTBaM MHTETPAIBHON OLIEHKH YSI3BUMOCTEH Takke
CTOUT OTMETUTh TOTEHIMAJ JUIsi aBTOMaTH3allMM Ipollecca  YIpaBICHHS
ya3BUMOCTSIMU. VHTerpanbHas OIleHKa MOMKET 3HAUMUTEIBHO YAYYIIUTh HE TOJIBKO
UACHTU(PUKAIMIO W  yIOpaBiIeHUE  YI3BUMOCTSIMH, HO H  CIOCOOCTBOBAaTh
aBTOMaTH3allud TPOIECCOB MJisi OMpPENENIEHHBIX KJIACCOB YSA3BUMOCTEH, OCOOEHHO
TEX, KOTOpblE KIACCUPUIUPYIOTCS KaK MEHee KPUTUYHBIE. OTO TMO3BOJSET
OpraHu3aIsIM MacIITaOUPOBaTh CBOM YCHJIMSA IO KHOEpOE30IMacHOCTH, COKpalas
BpEMs pearupoBaHMS Ha Yrpo3bl M yiaydiias o0yt 3(QpGeKTUBHOCTh yIpaBICHUS
0e30macHOCThIO. ABTOMATH3AIlMs, OCHOBAaHHAS HAa JAHHBIX MHTETPATbHOW OICHKH,
JenaeT Tmpouecchl 0Oonee AKOHOMUYECKH dJ(PGEKTUBHBIMU U CTPATETUYECKHU
11e7€CO00Pa3HBIMH.

[Ipennaraemast METOAOIOTHS OIICHKH TAK)KE€ OCTAETCA B paMKax Ipe/jiaraeMbiM
OCTOK pykoBOACTBOM IO OpraHMU3alldd Npoliecca YIPaBI€HUS YA3BUMOCTIMHU,
MIPUBHOCS Ka4€CTBEHHbIC U3MEHEHUS B Tpolieccax 1-3 (pucyHok 2).
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1. MoHOTOPHAT
VHIEHMOCTEH 0
OneHKA HX

5. KoHTpOIE
YCTpaHeHHSA

VA3BAMOCTeil
- OpHMeHHMOCTH

‘-q-\..,q___ -

4. ¥YcTpaHeHHe
YH3BAMOCTel

2. Omenka
yA3BAMoOCTell

3.0Ompeneneane
METOOE H
OpHOPHTETOE
YcTpaHeHHH
YHA3BEMOCTel

Pucynok 2. Dranbl paboT Mo ynpaBieHUIO YSI3BUMOCTIIMU

KauecTBeHHBIC MI3MEHEHUS B MPOIIECCax MO YIPABICHUIO YI3BUMOCTSIMH:

1) Ha »Tame MOHUTOPUHIA YSI3BUMOCTEH M OICHKH WX TMPUMEHUMOCTU
UHTETpajbHasi  METOIMKA  OLIEHKM  I[O3BOJUT  KOJUYECTBEHHO  OMNPEICIUTh
IPUMEHUMOCTh HAMICHHBIX YSI3BUMOCTH;

2) Ha »JTame OLIEHKH YSA3BUMOCTEH OIpeAenseTcss YpOBeHb KPUTHUYHOCTU
yA3BUMOCTEN C MCIIOJIb30BAHUEM IPEAiaraeMbIX 0a30BbIX METPUK MPUMEHUTEIBHO K
uH(OPMAIIMOHHBIM CHCTEMaM opraHa (OpraHu3allii);

3) Ha JTame ompeAeNeHus] METONOB U MPUOPUTETOB YCTPAHEHHUS YS3BUMOCTEH
Onmaromaps ~ WHTETPAjJbHOM  OIEHKM  TMOJIy4aeTcsl ~ ONHO3HAYHAs  OILICHKHU
NPUOPUTETHOCTH YCTPAHEHUS YA3BUMOCTEH U BEIOMPAIOTCSI METOABI UX YCTPAHCHHUS.

BriBoabI

B pamkax uccrnenoBaHMsi BIIEPBBIE MPEIJIOKEH IOAXOI, KOTOPBIA paCIIUPSET
TpaJMIIMOHHBIE  0a30Bble  BEKTOPHl  KOHPUACHIMAIBHOCTHU, IEIOCTHOCTH U
JOCTYITHOCTH, J00aBJsisi HOBBIE METPUKH IJisi OoJiee TOYHOW OIIEHKH PHUCKOB. JTH
METPUKH BKJIFOUAKOT TAaKUE AaCMEKThl, KAK HECAaHKIMOHUPOBAHHBIA JOCTYII, yTEUKa
JAHHBIX,  MoAuW(UKauMs  JAHHBIX, HECAHKIHMOHUPOBAHHOE  MCIOJIb30BaHUE
BBIYHCIUTEIBHBIX  PECypCcOB, OTKa3 B  OOCIY)KMBAaHMM W  HapylIeHUE
(YHKIIMOHMPOBAHUS TEXHHUECKUX CPEICTB.

B nenom, 3¢ peKkTHBHOCTh MHTETPATILHON OLIEHKHU YSI3BUMOCTEH MPOSIBISIETCS B
VAYUYIIEHUW TPOIECCOB HACHTU(DUKAIMKM ¥  YOpPaBICHUS YyA3BUMOCTSIMU Ha
HECKOJIbBKUX ypoBHsX. IIpexne Bcero, wWHTErpajgpHas OLEHKA IO3BOJISIET
OpraHu3anusM Mojly4aTh Oojiee MOJHOE U MIyOOKO€ MOHMMaHUE Yrpo3, coueTas B
cebe aHanM3 YSI3BUMOCTEH HE TOJNBKO HAa YPOBHE OTIEIbHBIX aKTHUBOB WIIU
KOMIIOHEHTOB, HO U B paMKax Bceil ”H(GOPMAIMOHHON CUCTEMBI.
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C TakuM TIOMXOMOM WHTETpajbHAas OICHKA WHTETPUPYET pPa3INIHbBIC
ucrounuku maHubix (BAY, CWE, CVSS) u metomomorum, obOecreunBas Ooliee
IIMPOKUI KOHTEKCT I aHaJn3a YSI3BUMOCTEH. DTO MO3BONISET OIEHUBATh HE TOIBKO
BEPOSATHOCTD JKCIUTyaTallud KOHKPETHOW YSA3BUMOCTH, HO U TIOTCHIIMAJIbHBIE
MOCJIEICTBUS TAKOM SKCIUTyaTallMu AJis Bceil cucteMbl. Takoil moaxoa cnocoOCTBYET
BBISIBJICHUIO M TIPUOPUTH3AIMH YSI3BHUMOCTEH, KOTOPhIE MOTYT MMETh HaWOOJIbIICE
BJIIMSIHUE Ha 0€30MaCHOCTh OpTaHU3AINH.

[IpenocraBnsiss Oonee miyOokMe M OOOCHOBaHHbBIC JaHHbBIC, WHTErpajbHas
OIICHKA YIy4YIIaeT Ka4eCTBO TMPHUHATUS pEHICHUH B 00JIACTH  yIpaBICHUS
ySI3BUMOCTSAMHU. PerieHuss o pemeauauy MoryT ObITh OoJiee IiejeHanpaBIeHHBIMU U
3¢ (QEKTUBHBIMKM, OCHOBBIBASICh HAa OIICHKE KOMIUJICKCHBIX PHCKOB, a HE TOJBKO Ha
OTACIIBHBIX JIAHHBIX O KAXKIOW YSI3BUMOCTH.

[TyTem ompeaeeHus KIFOUEBBIX YSI3BUMBIX 30H U ONPEACIICHUS TIPUOPUTETOB B
YCTpaHEHUU YSI3BUMOCTEH, HMHTETpajibHas OlLIEHKa Mo3BoisieT Oojnee 3¢h(eKTUBHO
pacmpenensiTh pecypchl. JTO TIOMOTaeT CHHU3WUTh W3JCPKKH, CBA3aHHBIE C
yIpaBIeHHEM O€30MacHOCThIO, JeNas TMpolecchl 0Ooiiee IKOHOMUYHBIMH U
IeJIeHANPaBICHHBIMHU.
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STUDY ON THE REALIZATION OF THE BLACKBOARD-TYPE REAL-
TIME REMOTE LECTURE SYSTEM USING PRE-TRANSMISSION OF
LECTURE DATA AND SYNCHRONOUS SIGNAL TRANSMISSION

UCCJIEJOBAHUE PEAJIN3AIIMA CUCTEMBI JUCTAHIITMOHHON
JIEKIIMHU TUITA C IPUMEHEHHMEM 1OCKH B PEAJIBHOM BPEMEHHA
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«Yuupepcutetr umenn Kum Up Cenay, . [Ixenbstn, KH/P
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Abstract. Real-time remote lecture shows high education effect for the
exchange of animation, audio and presentations over network between teacher and
student in the determined period. In real-time remote lecture, however, the large
volume of exchanged data limits the number of subscribers, and in particular, high
resolution of presentation is not supported. In this paper, a real-time lecture system is
proposed, in which lecture content file in blackboard type lecture are made with
multimedia elements and is used in lecture. Teaching tools (e.g. pointer, marker and
eraser) and multimedia elements in lecture content file has display time-stamps, at
which corresponding elements should be displayed.

If lecture content files with static properties are loaded in server and client
beforehand and displayed with synchronization information, real-time lecture with
high resolution presentation may require small volume of transmission. Based on the
idea, in this paper, realization of blackboard-type remote lecture with dynamic frame
generation and reproduction of real-time lecture with index position transmission are
studied.

AHHOTanudA. [AucTaHIMOHHAsA JEKIHS B PEAJBHOM BPEMEHM HMEET BBICOKHUN
3 PeKTUBHOCTh OOYYEHHUS, MOCKOIBbKY YUUTENS] U CTYAEHTbl MOTYT MOAKIIOYAThCS K
CeTH B ONpeAeNiCHHOE BpeMs Ui MOMy4eHUss U1 OOMEHSTh BUACO, aynuo U y4eOHbIC
JaHHBIE.
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OnHako B peXHMe AMCTAaHIMOHHOW JEKIMU B pPEajJbHOM BpEeMEHH OoJbllas
nepesadya aHUMaluy, aylnuo U JIEKIMOHHBIX JAHHBIX, MOYKET MPHUBECTH K OrPaHUYEHHIO
yucia a0OHEHTOB, OCOOEHHO M K OTCYTCTBHE BBICOKOM Pa3pelIMMOCTH 3KpaHa
KOMIIBIOTEPOB.

Hama npennaraemasi cucrema JUCTAaHIIMOHHOW JIEKIIMM B PEAJILHOM BPEMEHU -
3TO CHUCTEMA, KOTopass cO3[4a€T JIEKIMOHHBbIE (ailibl B pPEKUME JOCKU C
UCIIOJIb30BAHUEM MYJBTUMEIUUHBIX JIIEMEHTOB M UCIOJb30BaTh B JIEKUUU B
pEaIbHOM BPEMEHH.

MynbTuMeuitHbIE 37€MEHTBI, TaKUE KaK yKa3aTellbHblE, MENbl, U, PE3UHKU
BKJIFOYEHHBIE B JIEKIIMOHHBIE (pailibl MMEIOT aTpuOyThl BpPEMEHU IMPE3CHTALMH U
OyayT O0TOOpa)kaThCsi CUHXPOHU3UPOBAHHBIMM Ha OCHOBE 3TOH HHpOpMalUUd O
BpEMEHH.

Ecnu npenBapuTenbHO 3arpy3uT M CHHXPOHM3UpYyeT (Gaiin JeKkuuid c
CTaTUYECKUMHU XapaKTEPUCTHUKAMU Ha CEpBEpe U KIMEHTEe, MOXET peaiu30BaTh
JEKIUA B pEalbHOM BPEMEHHU, HCIONb3yd BBICOKOKAYECTBEHHYIO IMOCOOMIO IS
HADSIAHOTO OOy4YeHUsi C Ype3BhIUAWHO HEOONBIIMMU KOJIMYECTBAMU TEpenadyu
JTAHHBIX.

W3 stux wuaed Mbl TMPEACTaBIsSEM METO/Abl pean3alii JUCTAHIIMOHHOTO
oOyyeHuss TUMa JOCKM TyTeM TeHepaluuu JIMHaMH4Yeckoro (Qperima u
BOCIIPOU3BEACHUS JUCTAHUMOHHOW JIEKIIMA B PEAJBHOM BpPEMEHHM C IIOMOIIBIO
nepenay HHIeKca.

Keywords: blackboard-type, remote lecture, real-time, synchronization signal,
index position.

KarueBbie ¢J10oBa: THUN JIOCKH, JUCTAHIMOHHAA JIEKIHS, PEATbHOE BPEMS,
CUHXPOHHBIW CUTHAJI, TTOJIOKEHUE UHJICKCA.

1 Introduction

Emergence of Internet and multimedia technology affects contemporary
education system greatly, which results in incredible advance. Remote lecture is in
fashion in everywhere in the world.

In real-time remote lecture teacher and students connect to the remote
education system at the predetermined period and interact with each other.

Cameras and microphones are attached to the computers on the network and
help to use the bidirectional dialog or electronic meeting in lecture. Compared with
non-real-time lecture, teachers directly take part in education.

In the past information exchange between teacher and student used only text.
Nowadays, owing to the development of network communication and multimedia
streaming technologies, teacher’s real-time video and audio data may be transmitted
without limit, which improves the remote lecture as good as conventional classroom
lecture [3, P. 1777-1780].
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In real-time remote lecture, multimedia data of video, audio, and text used by
teacher should be transmitted to the student in real-time [5, P.16-18]. Streaming
technology is used to receive and reproduce multimedia data in real-time without
downloading large volume of multimedia data beforehand. [6, P. 1-13]

In general, data categories and properties transmitted using streaming
technology through network in real-time remote lecture system are as follows [1, P.
327-359].

Table 1. Data categories and properties

Ne Category Property Size
Lecture content Teaching elements captured on teacher’s Less
1 computer screen during lecture which was edited | than
beforehand. Texts, images, and videos are 2MBps
contained (VGA signal).
2 | Audio Voice data of teacher in lecture 64kbps
Video Teaching actions of teacher captured by camera. 384kbp
3 In general, there is a certain limit in screen size S

and transmission rate. (e.g., 352X288 and 251ps)

Synchronization | Synchronization signal for audio, video and VGA | Several

data signal bps

5 Blackboard data | Teacher’s chalk information by touch screen on Several
line editing function bps

6 Pointer data Location information of mouse or pointer of Several
teacher bps

Several real-time remote lecture server programs and network meeting system
such as NetMeeting[4, P. 145-151] are used for remote lecture system, all of which
use screen capture/compression/transmission scheme. This demands on the network
transmission bandwidth and low resolution of multimedia data decreases the teaching
effect. The size of lecture content composed of teacher’s computer screen or
blackboard takes 70% of transmission volume [2, P. 7-18]. The source of screen
capture data is mainly multimedia files displayed on browser, i.e., lecture content
files. These files are made before the lecture and are much smaller than the real-time
screen data captured during lecture (1/300). If these static lecture content are loaded
on server and client beforehand and displayed in synchronization, real-time remote
lecture may be done with pretty small transmission volume.

In this paper a method for realization of blackboard-type remote lecture system
with lecture presentation files loaded on server and client beforehand and displayed
them in synchronization is proposed.

The paper is composed as follows: in section 2 non-real-time blackboard-type
remote lecture scheme is described. In section 3 indexing method of lecture content
according to the lecture topic and dynamic frame generation scheme by
synchronization signal transmission are proposed. In section 4, configuration of
server and client of blackboard type remote lecture system is described and section 5
evaluate and analyze the transmission volume of lecture content and lecture effect.
Section 6 gives conclusion.
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2 Realization principle of blackboard-type remote lecture
2.1 Generation of dynamic frame

In blackboard-type real-time lecture system, various lecture means, such as
blackboard, pointer, and chalk, and various multimedia elements, such as scribble on
the blackboard, text, picture, and video, are objectified and dispatched on the time
axis, and these are displayed on the screen by generating frames dynamically.

Blackboard-type distance lecture contents, LEC may be seen as a set of
objects.

LEC = { ob; | 0bi€OB, i=1,N } (1)
where data structure of object, data unit of lecture is

ob = {(pt, gv)l pt=(opt, apt), of = f(pt)} (2
where pt is object property, gf is presentation method, opt is data property, and
apt is presentation property.
Blackboard-type distance lecture browser, PLY is a mechanism that delivers
data to lecture with LEC.
PLY = { DO, GO, QA } 3)
Where QA is performance control unit, GO is object selector, and DO is object
output unit.

Student DO
interface : VO QA

ob* t

oo )

Figure 1. Principle of distance lecture browser

In figure 1, ob* is set of objects, t is synchronization signal and VO is voice.
QA, performance control unit, determines the time according to LEC, and generates
synchronization signal t and then sends it object selecter GO.

Using synchronization signal t from QA, GO selects obi that satisfies
starttime(obi) = t = endtime(obi) among objects(except audio) and sends them to
DO.

Using the transferred objects from GO, DO generates output data for students’
interface at present time. DO makes frames that is displayed on the screen and its
audio of explanation.

The whole process of lecture is controlled by QA, and according to the
synchronization signal t by QA lecture contents are displayed in students’ interface
sequentially.
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FH.  Index position transfer

If lecture files(*.BDL) are loaded on teacher’s machine(server) and students’
machines(clients) and synchronization for display is exactly determined, VGA signals
corresponding the lecture data need not be transferred in streaming type.

For this we are going to insert index position in lecture presentation for
synchronization between browser and server. Index position represents starting time
of individual lecture unit in lecture contents.

P=(T,M), 0=T=Tlec 4)
where T is starting point of logical lecture unit in lecture contents, Tlec is a total
performance time, and M is title for logical lecture unit which may be used for
teacher to change the lecture process according to the students’ status in lecture.
Then lecture content LEC” may be defined as follows.
LEC’=LEC U PS (5)
PS = {P;| Pi=(Ti, Mi), ISi=N, } (6)
where N is number of indices in LEC.
During lecture, P; data, pointed with mouse by teacher, is transferred to
browser instead of VGA data and on browser same frames as server are generated
dynamically with reference to Pi and displayed.

3. Realization of blackboard-type real-time distance lecture system

Server and browser in blackboard-type real-time distance lecture system are
composed of stream service system and network management system. Former is to
transmit video and audio data and latter is to transmit scribble and mouse data as well
as synchronization signal (Figure 2).

! Students’ data
Stream of image of

voice of teacher sS
Request f(’;ar lecture bync signal PLS
Browser i . NS )
Lecture data, sync L Scribble, | ggs
signal, presentation, mouse
effect signal information

Figure 2. Configuration of server

SS transmits teacher’s image and voice, US performs user authentication and
manages students’ machines in lecture.
PLS manages performance of lecture contents and processes effects.
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BBS extracts and transmits scribble and mouse data.

NS makes lecture-related data into packets and transmits to browser. And also
sends QA data and synchronization signal

Configuration of browser (Figure 3).

Stream of image of
voice of teacher

» | SC i

Lecture data, sync S il i

signal, presentation, yncsigna Sc] |

Server effect S|g:nal NC i
< : , » BBC |
Request for lecture Scribble, !

| mouse information

Figure 3. Configuration of browser

NC performs connection with, request to and reception from server.

SC receives video and audio of the teacher.

PLC performs lecture contents based on the performance starting signal and
index data from server.

BBC shows drawing according to data and effect from server.

4. Experiment and evaluation

The resolution of VGA is set to 1024*768. Table 2 shows the evaluation of
transmission volume during lecture.

Table 2. Transmission volume evaluation

Classification Video, VGA
audio(kbps) data(kbps)
Captured image transmission 64~384 64~1922
Synchronization signal 64~384 0.3~0.8
transmission

As can be seen from table 2, transmission volume of video and audio are equal,
but VGA image data size is much smaller. In conventional system, data transmission
volume depends on the resolution of VGA image, but in the proposed system it
doesn’t change.

Findings

In this paper a blackboard-type remote lecture system with generation of same
screen on server and browser using pre-transmission of lecture content files and
synchronization signal transmission is realized. This system enables the real-time and
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non-real-time remote lecture on the network with small transmission bandwidth of
1Mbps and supports high screen resolution on the browser as same as on the server.
Screen resolution does not change the network transmission volume.

Blackboard type real-time remote lecture system is widely used to the students
who are distributed and isolated in the period of special epidemic prevention through
which its effectiveness is verified

This system may be used to support real-time remote lecture on various
electronic browsers with small network bandwidth such as smart phone or tablet PC
as well as in e-classroom environment.
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