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NMPOrPAMMHOE OBECINEYEHUE OANA APXUTEKTYPHOIO
NMPOEKTUPOBAHUA NHCONALIUU

baxaHoea E.P., cmydeHm, Jlockymosa A.A., cmydeHm, boposdura H.L. cmydeHm

Hosocubupckuli 2ocydapcmeeHHbIl apxumeKkmypHO-cmpoumerbHbIl yHusepcumem (CubecmpuH),
2. Hosocubupck, Poccus

Hegbedosa C.A. — cmapuwuli npernodasamerib kaghedpnsl UKI™

AHHOTaums. B paHHol cTaTbe paccMaTpuBaeTcAa KOMNbOTEpHOEe MoaennpoBaHue nHconaumm 30aHui, AN BbINONHEHUs], UCcnefoBarncs
€CTECTBEHHbIN YpOBEHb OCBeLlleHnA 3aCTp017IKI/I 1 noNy4yeHHble JaHHble, NO3BONAKT cAenaTtb Heobxoaumble BbIBOAbI A1 COOTBETCTBUS
HOPMaTUBHbIX TpeGOBaHVII?I. anIBe,D.eHO CpaBHeHUe Hanbonee BOCTpeGOBaHHbIX KOMMNbOTEPHbIX NMporpaMm u caenaHbl BbiBOAblI Ha
OCHOBaHWN 3KOHOMUYECKMX COBbITUI NOCNeaHero BpeMeHu.

KnioueBble crnoBa: apPXUTEKTYpHOEe NPOoeKTpoBaHue, MHconAauma NoMeLLEeHU, BuzyaribHOe nporpaMmmmnpoBsaHue

BeedeHue. B Hawe Bpemsl, Kak HUKOrga BaxHO cobnopatb Bce HOpMbl M TpeboBaHWs npu
CTPOMTENbLCTBE, K COXAalleHUO, He BCerfa Xenaemoe COOTBETCTBYeT AencTButenbHoctu. Ham crano
WHTEpPeCHO, Kak Xe pa3spgen «lMpoekTnpoBaHue TeHew» B gucumnnuHe: «HauvepTtatenbHaa reomMeTpus u
yepyeHney, MoXeT NoMOoYb B ByayLiem, B NpodeccuoHanbHOn AeATenbHOCTU. Bbino pelleHo paccMoTpeTb
BCE Ha MpuMMepe WHCONAUMM B COBPEMEHHOW apxXuUTeKType U nomnbliTaTbCA MnpoaHanM3npoBaTb
npeanaraemMblie nporpaMmmMmbl Ha COBpPEMEHHOM pblHKe, AOnd BU3yallbHOro npoekTupoBaHMA W pacyeToB
OCBELLEHHOCTU OKpYXaloLLen 3acTponku [1].

OcHoeHas Yacmb. VHconaums - ob6nydeHne npsiMbiMK CONTHEYHBIMU NydaMu 34aHUIA, MOMELLEHUA Y
TEPPUTOPUN, OKa3biBaloLLLee CBETOBOE, TEMNOBOE, YNbTpadnoneToBoe BO3AENCTBUE.

C yyeToM TpeboBaHUI K MHCONALUMU MPOEKTMPYIOT M 3acTpavBaloT ropofa, pasmeLlalT 3[4aHus Ha
reHnnade, noabuparT MX KOHCTPYKUMKU. B 3aBMCUMOCTM OT TOro, kakum obpa3om 3aaHue pa3MelLaeTcs Ha
3eMeNbHOM Y4yacTke, OPMEHTUPOBAHO MO CTOPOHaM CBETa M Kakue MpUHATHI 06bEMHO — NMNAaHMPOBOYHbIE
pelienns, byaeT 3aBUCETb BbINOMHEHME HOPMATUBHBLIX TPEBOBaHU MHCONSALMU U OCBELLEHHOCTM 0ObeKTa.

PasnunuatoT acTpoHOMUYECKYH0, BEPOATHYIO U (DAKTUYECKYI0 MHCOMALMIO.

AcCTpoHOMMYECKas MHCOMAUUS onpeaensieTcs BpalleHusmu 3emnu Bokpyr ConHua u cobcTBeHHOM
OCU, HAaKMOHEHHOW NMog, yriom 23,5° K aknunTuke. BepoaTHast MHCONALMA 3aBUCUT OT COCTOSAHMA aTMocdepbl
n obnayHoro nokposa. PakTUyeckas MHCOMAUUS 3aBUCUT OT OpUEHTALUMU U KOH(Urypauum 3acTpOViKM,
OKOHHbIX MPOEMOB, MOSIOXEHUSI PACYETHOrO NOMELLEHUS, HaNKOHOB U NOAXUIA.

JonxHbl cobntoaaTbCsi BCE HOPMbl OCBELLIEHNSA MOMELLEHWI ANA TOro, YTOObI Ty4n COMNHLA NPOHNKanu
Yyepes3 CBETOBbIE MPOEMbI B XUIble KOMHaTbl M 06nyyanu nx. K npumepy, Ha CerogHsAWHNUN AEHb B 34aHNUAX
6onbLUy0 Nfowaab 3aHMMaT OKHa, YTO MHOrAa MPUBOAUT K YPE3MEPHOM MHCONALMK, Kak CneacTeue, K
neperpeBy MnoMeLleHnss B netHee Bpems. CyllecTByeT HECKONbKO crnocoboB 60pbbbl C neperpesom:
BEHTUNALMA WNM CTekna, nornowarlme TennoBoe u3nydeHne. M1 HaobopoT, HeQOoCTaTOK OCBELLEeHUSA
NpMBOANT K NPOTUBOMNOSIOXKHbLIM Npobrnemam.

CyLecTByIOT pasHble MO Ha3HAYEeHUIO MOMELLEHUS, ANt KOTOPbIX MHCONAUUA Heobxoamma (aeTckune
cappbl, caHaTopMmM M T. A.), @ B HEKOTOpble COSIHEYHbIE Fy4M He [OMXHbl MPOHWKaThb (nabopatopum,
onepauMoHHble U T. A.). [MosTomy, Npu onpefeneHnn KommyectBa WMHCONSALMU HEOOXOOMMO YYUTbLIBATb
Ha3HayeHne NPOEKTUPYEMOrO 34aHuS.

Ona 3paHuin  ycTaHoBMEHbl TpeboBaHWMA K MNPOAOSIKUTESNIbHOCTUM  WMHCOMNSLMU  MOMELLEHVA B
COOTBETCTBUM C HOPMaTMBHbIMK AoKymeHTamy CaHlluH 2.2.1/2.1.1.1076 - 01 «[urueHnyeckue tpeboBaHus
K VMHCONMAUMM W COSHUE3aLUNTE MOMELLEHUA XMUNbIX U OOLLECTBEHHbLIX 34aHWA W TEPPUTOPUIN» U BCe
NpPoeKTUpYeMble 06bEKTbI [OMXHbI 0TBEYaTb 3TUM TpeboBaHuAM [2].

Ha atane dopmMupoBaHna apXWUTEKTYpHOro 3ambicia ob6bekTa oOfHa W3 T[faBHbIX 3ajavy -
onpefeneHne reoMeTpuyeckor hopMbl 3aaHns, NO3BOSISIOLLEN BbINOIHUTL BCE HOPMATUBHbIE TpeboBaHuMS.
[na apxWTeKTypHOro npoekTMpoBaHus opMbl 34aHua Obin pa3paboTaH MeTod, CMbICN KOTOPOro
3aK/loYaeTca B TOM, YTO COSTHEYHbIE Ny DOPMUPYIOT ONpeaenéHHbIi 06bEM 1 reoMeTPUL0 3aaHNA, Koraa
NX TPaeKTopusi COOTBETCTBYET COONIOAEHNIO HOPMATUBHBIX TPEBGOBaHWUIA MHCONALIMMN.

CyuwiecTByeT Takon Npubop Kak UHCOMAMETP, NOMb3ysACb UM MOXHO NMPUONMXEHHO peluaTb 3adauu
ONA NOCTPOEHMUS CXEMbI 3aTEHEHUSA TeppuUTopun OT 3aaHus. MpumeHas aToT Npubop, yckopsieTcs npoLecc
MPOEKTUPOBAHUSI U YMEHbLUAETCA PUCK cAenaTtb OWWOKY apxutekTopy. [naBHoe NpeuMyLLecTBO 3TOrO
npubopa — OH He 3aBUCUT OT MacluTaba YepTexa.

PasnnyatoT reomeTpnyecKme n aHepreTuyeckue MeTopl pacyeta MHCONAUNN.

"eomeTpuyeckne MeToAbl OTBEYAlOT Ha BOMPOCHI: KyAa, C KaKoro HamnpasfieHWs M Kakown nnoLwiagm
CeYeHMsl, B Kakoe BpPeMS OHSA M rofa U Ha MPOTAXEHWM KaKoro BPEMEHU MOCTynaeT (Mnu He MOoCTynaer)
MOTOK COJTHEYHBIX Ny4YeNn.
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OHepreTnyeckne MeToAdbl OMNPenensioT MAOTHOCTb MOTOKa, CO3[4aBaeMyld MM 0bOny4éHHOCTb U
9KCNO3ULMIO B STYUUCTBLIX MU 3PP EKTUBHBLIX eAnHULAX U3MEPEHUS.

Takxe xo4yeTcA cKasaTb O TOM, YTO C NMOMOLLbIO COBPEMEHHbLIX MPOrPaMMHbIX KOMMIIEKCOB MOXHO
BbIMOMHUTL aHanu3 OCBELLEHHOCTU Ha NpuUMepe TPEXMEPHOW MOAenu 3[4aHusA, HauTW ONTUMAIbHYIO ero
dopmMy, onpemnenutb Yron HaknoHa dacagHoW MOBEPXHOCTU MO HarnpasfeHulo MoTokKa Nnydyen Ansd
MOBBILLIEHUS UIN YMEHbLUEHUS] CTEMEHM COMHEYHOro obnyyeHuns. Pe3ynbTaTbl TPEXMEPHOro MoAEeNMpoBaHus
OCBELLEHHOCTU MOryT 3HAYUTENbHO MOBAUATL HA KOHMUIypauuio 34aHus, ero 3aTaxHoCTb, YBENUYNTb UK
YMEHbLUNTb OO BbEM BCEro 34aHNSA UK OTAENbHbIX 3/IEMEHTOB.

Ona 6onee peTanbHOro MW3yyYeHUs pacCMOTPenu CcuTyaumilo Ha npumepe pAByX, Haubonee
BOCTpebOBaHHbIX, MPOrpaMMHbIX MPOAYKTOB, MPEANOXEHHbIX Ha COBPEMEHHOM pPbIHKE apXMTEKTYPHOro
NPOEKTUPOBAHUA UHCONSALMMN.

MepBaa u3 Hux, ato CUTUC: Conapuc - GecnnaTtHaa nporpaMmma AN U3yYeHUs apXUTEKTYPHbIX
CBETOTEXHWYECKMX pacyeToB Mpu MOMOLWM KOMMBLIOTEPHONO MOAENUPOBAHUSA UMM «BPYYHYO» C
NCMNOMb30BaHWEM WHCOMALMOHHBLIX JUHeeK. [lporpamma no3BONSET HaM C JerkocTbio U MpoCTOTOM
nHTepdenca BO3BECTU 34aHNSA, UCMONb3Ys HYXHbIN MacwiTab, n paccuntatb nHconsuuo. 3D Bu3yanusaums
HarnsgHo NnokasblBaeT, Kak OyaeT nagaTb CONHEYHbIA NOTOK Ha NPEACTOSILLYIO U OKPYXaloLLyH 3aCTPONKY, U
6yneTt Nn cooTBETCTBOBATL MOSyYEHHbIN pe3ynbTaTt HopMaTuBHbIM TpeboBaHusaMm [3].

Autodesk Revit — 370 BTOpOW paccCMOTpPeHHbIN NpOorpamMMHbIN KOMMEKC Ans aBTOMaTU3upoBaHHOro
NPOEKTUPOBAHUSA, peanuaylowmid NPUHLMN MHPOPMaLMOHHOIO MOAENMPOBaHNA 34aHuin. B coBpeMeHHbIX
peanuax MOryT BO3HUKHYTb TPYAHOCTU C YCTaHOBKOW Kakow-nnbo u3 nporpamm komnaHum Autodesk, HO
YCTaHOBMB €€ 3apaHee M BOCMOMb30BaBLUMCbL NPOrpaMmoi, CMOIfM CpaBHUTb U caenaTtb BblBOAblI 3TUX
nporpamMMHbIX NPOAYKTOB, Kak HaduHawue nonb3osatenu. Ha Haw B3rnag, Revit yctynaet npeabigywien
nporpamme, Tak Kak BU3yanu3auusa pacyeTta UHCONALUN He MOXET AaTb NMOSIHOWM KapTUHbI Afs MOHUMAaHWUS.
BbicTpanBaemble COMHEYHbIE My4Yun, KOTOPbIE UMEIOT MPUBA3KY K TOYKaM, HUKaKUX BU3yanbHbIX TEHEW He
[OaloT 1 He NO3BONAT HarfsiAHO YBUAETb MOAENb MPOEKTUPYEMOro 06bekTa.

Ncnonb3ysa nporpammy CUTUC: Consipuc, paccMmoTpenu 6nusnexalimini paioH B Hallem ropoge,
KOTOpbI ABNSETCA MAOTHLIM NO 3aCTPONKE U COCTOUT U3 MHOTO3TaXHbIX 34aHUN.

Cpasy MOXHO OTMeTUTb, YTo MHTepdenc nporpammbl CUTUC: Conspuc oveHb NpoOCT U AOCTYneH
HaumHaloLeMy nonb3oBaTtento. CHavana, Heo6xoAMMO 3arpy3uTb NiaH MECTHOCTU, AN 3TOro UCMONb30BaH
CaMblii JOCTOBEPHbIA UCTOUHUK — «KapTbl», B AaHHOM cny4dae 2ruc. [locne yero Ha paccMmaTpuBaemMoMm
yyacTKe BO3BefeHbl Mofenu 34aHuin, AobaBneHbl OKHa C MOMOLLBI0 MHCTPYMEHTa «OKHa», BCe pa3mepbl
MOXHO BbICTaBMSITb U KOPPEKTMpoBaTh B paboyelt obnacTtu nHtepdeiica nporpamMmmbl, C XapakTepucTukamm
obbekTa.

Korpa Bce BbICTPOEHO, MOXHO MEePexoanTb K MOAENMPOBAHUIO PacyeToB, OTKPLIB HYXHbIM pa3fen B
nporpaMmme, aBTOMAaTMYECKW MNOABAAETCA nNpeanonaraemMas TeHb, KOTOpas BbICTPauWBaeTCa WCXOAA W
3afaHHbIX yCcrnoBuin. NOMEHAB, HyXHble MapameTpbl, 8 UMEHHO, ropof, Bpems W Ap., MOXHO YyBUAETb
KOHKpETHbIE M3MEHEHUs,, TO, KakK MOTOK COMHEeYHbIX Nyyen nonagaetr Ha 3aaHus. [pumep nonyyeHHbIX
nagawLLmMx TEHEN B YTPEHHEE BPEMS MOXHO YBMAETb Ha (pucyHke 1).

PucyHok 1 - CUTUC: Conspuc. PacyeT nHconsaumm B 8:00 no HCK

Pe3yanaTb| nagatoLwmx TeHen B BeYepHee BpeMd npeacraBlieHbl Ha (pmcyHKe 2)
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PucyHok 2 - CUTUC: Consapuc. PacyeT unconsaumm B 18:00 no HCK

Takxe, nocrne npoBefeHHbIX PacvyeToB M U3YYEHUA BCEX BPEMEHHbIX MPOMEXYTKOB, Mnporpamma
CUTNC: Conapuc noMoraeT BbIACHUTb, YTO HE BCE COOPYXeHusa npoxoaaT no Hopmam CaHluH. PeweHune
OaHHbIX NpobrnemM, BO3MOXHO elle Ha 3Tane MpOeKTUPOBaHUs, ANA 3TOro HeobX0OUMO KOpPPEeKTMpOBaTb
STaXHOCTb 3[4aHWN (YMEHbLUUTb KOIMYECTBO 3TaXEN PasfiMyHbIX CEKLUIA 30aHui), nubo U3MeHnTb 4acToTy
3aCTpOMNKU (paccTosiHMe MexXay 34aHuAMM), UK Xe NpoBecTy paboTy Hapj O6nULLOBKOM 34aHNI, HanpuMep,
ncnonb3oBaTh oTpaxatowme dacagpl.

B cBSI3n c cnoxumBlienca cuTyauuen B MUpe, CerofgHs, AOCTYMNHblI He BCe MporpamMmMHble NpoayKTbl,
NMosToMy WMeeTcA ocTpas HeobXoAMMOCTb B pPa3BUTUM U YCOBEPLUEHCTBOBAHWM OTEYECTBEHHbIX
NMH(OPMALMOHHbBIX NPOAYKTOB. A noka, MOXHO oTMeTuTb, 4to CUTUC: Conapuc umeet oyeHb NpocTomn u
yAO6HbIN MHTEPdENC, HO C KONTMYECTBOM OrpaHUYEHUIA.

3aknrodeHue. TyT Xe BaxXHO YMNOMSAHYTb, YTO TeOpWs, KOTOPYK Mbl U3yyaeM Ha npegmeTe
«HauepTaTtenbHana reomeTpua U YepyeHue», faeT NpeacTaBfieHne, Kak Ha MpakTUKe WCnosfb3oBaTb U
KOPPEKTMPOBaTb apXUTEKTYpPHbIE COOPYXEHUsl, B COOTBETCTBUM C HopMamn CaHluH. A Takxe, asnsaetca
HeoTbeMsiemMoi 6a30i, NCNoNb3yeMon B AanbHelwel npodeccnoHanbHom 4eATenbHOCTU.

Moasoas uTorn, MOXHO CKasaTb, YTO Ha COBPEMEHHOM 3Tarne 3KOHOMUYECKOWN XMU3HU, NepCreKTuBHoe
pa3BuTME apXWUTEKTYPHO-CTPOUTENBHOrO MpPOeKTUpoBaHus Poccum OyaeT 3aBUcCeTb  OT  YPOBHS
KOMMBbIOTEPHOW TEXHUKW WM OTEYECTBEHHOro MporpaMMHOro obecneyeHus, a MOCTaBfeHHble 3ajayn B
ApPXUTEKTYPHOM MPOEKTUPOBaHWM W CTPOUTENbLCTBE CTUMYMUPYIOT pas3BUTUE HOBbIX WHMOPMaLMOHHBIX
TEXHONOrnM.
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SOFTWARE FOR ARCHITECTURAL DESIGN INSOLATION

Bazhanova E.R., Loskutova A.A., Borozdina N.D.

Novosibirsk state university of architecture and civil engineering (Sibstrin),
Novosibirsk, Russia

Nefedova S.A. — senior lecturer of the department of ECG

Annotation. This article discusses computer modeling of the insolation of buildings, for implementation, the natural level of illumination of
the building was studied and the data obtained allow us to draw the necessary conclusions to solve regulatory requirements. A comparison
of the most popular computer programs is given and conclusions are based on recent economic events.

Keywords: architectural design, insolation of premises, visual programming
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BEB-NMPUNOXEHUE MO U3YYHEHUIO XKECTOBOIO A3bIKA

KondyHosa A.A., cmydeHm ep. 081075,
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Benopycckuli eocydapcmeeHHbIl yHUsepcumem UHgbopmMamuKku U paduoaniekmpoHUKU,
UHecmumym uHghopmayUOHHbIX mexHosnoaud,
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KyHuesuy O.FHO. — kaHd. rned. Hayk, doueHm

AHHOTauus. B pabore paccMoTpeHbl BOnpockl pa3paboTku MporpaMMHOro CpeAcTBa Mo U3y4YeHuo n paboTe C XEeCTOBbIM S3bIKOM.
lMpoBeAeH cpaBHUTENbHBIN aHaNU3 CYLLECTBYIOLUMX aHanoroB, BbISIBMEHbl MX MpeuMyLliecTBa U HefoCTaTKW, NpuBEOEHbl NpuUMepbl
3MeMeHTOB MHTepdelica co3AaBaemMoro NporpaMmmHoro cpeacTaa. [punoxeHune BktoyaeT obyyaroLye ypokn, TeCToBble 3aAaHuns, Moaynu
03BYYMBaHWS BBEAEHHOro TeKCTa, MepeBofja ero Ha XecToBbl f3blK. Pa3paboTka npoBogunack C MCMOMb30BaHWEM A3blka
nporpammMmupoBaHusi Java, perimBopkoB Spring, Hibernate, Vaadin. [na xpaHeHus nHdopmaLmm BCceX KOMNOHEHTOB BEG-NPUNOXeHWs
6bina co3paHa 6a3a gaHHbix B CYB[ MySql.

KntoueBble crnoBa. [TporpammHoe obecneyeHne, pa3paboTka NpuioXeHuil, XeCToBbIN A3blK, 06yYeHne NnL, ¢ HapyLUEHUSMU Cryxa.

BeedeHue. [Ona obweHns nopen ¢ HapyLEeHUsSIMK CriyxXa MCMoMb3yeTcs XEeCTOoBbIN A3blK. VcTopus
ero Ha4ymHaeTcAa C ApeBHOCTN U HEPA3pPbIBHO CBA3aHa C I/ICTOpI/IeI7I CaMux rmyxumx J'HO)J,eI‘/'I.

JKecToBbI 13blKk OCHOBAH Ha MUMUKE YenoBeKka u 3HaKax, Npon3BogMMbIX pyKaMu. XecToBble A3blkK B
pPa3HbIX CTpaHax oT/in4arTCAa U UMeloT cBOM Ha60p 3HakoB. )XKecToBble A3bIKU NpakTU4eCKn He3aBUCUMbI OT
3BYKOBbIX 1 pa3BUBaOTCA CBOUM NyTEM. TaK, NnoxXoXune B 3ByKOBOM BapuUaHTe A3bIKU, TaKne Kak 6pI/ITaHCKI/II7I
aHMNACKNA N aMEPUKAHCKUIA aHINIMACKUA, B XECTOBOM BapuaHTe COBEPLUEHHO He MOXOXMW. TOYHO Tak Xe
aBCTpMVICKMVI n HGMGLI,KI/II?I XeCToBble A3blKM COBEPLUEHHO pa3Hble, B OTIINYNE OT UX 3BYKOBbIX aHas10roB.

Tak, HanpumMep, PYCCKUIA XECTOBbIN A3blK — €CTECTBEHHbIN 53blK, UCNOMNb3YEMbI 19 KOMMYHUKaLMK
NI0ObMM C HapyLUEHUAMW CryxXa, NpOXuBaloLWmnMm Ha Tepputopun Poccniickon ®egepaumm U, 4aCTUYHO, Ha
Tepputopun psaga ctpaH CHI. Pycckuin XecToBbid A3blK, NPeamnosioXuUTeNbHO, MPUHAAIEXUT K CEMbe
(PpaHLYy3CKOro XecToBOro fA3blka, Kyfa TakXe BXOAAT aMepUKaHCKUi, HuaepnaHackuin, dnamaHackun,
KBeOGeKCKUin, MpnaHackuii n 6pasnnbckui xectoBble A3bikuy [1, ¢.11]

Celtyac genatTcs NonbITKM cO3[4aTb NMOHATHBIN UCKYCCTBEHHbIN XECTOBbIN A3blK, HEOOX0AMMbIN Ansi
MeXAYHapO4HON KOMMYHMKaLMW, MOXOXNUA NO NPUHLMMY Ha s3blK acnepaHTo. OgHako He4OCTaTKOM Takou
CTaHAapTU3MpPOBAHHOW BEPCUM SBNAETCA TO, YTO €e CroBapb CUIlbHO orpaHuyeH (go 1500 xecToB B
«crnoBape»). [Ona uM3y4eHua XeCTOBOro si3blka MOXHO BOCMONb30BAaTbCA CreunasibHon nuTepaTypon,
BMOoeoMaTepuanamMmm, NMorWTU Ha Kypcbl MO ero usyveHuto. OQHaKo COBpPEMEHHble TeHAeHUMW TpebytoT
MCMNONb30BaHNA Takoro obyyeHus napansenbHO C MPUMEHEHUEM WMH(OKOMMYHUKALMOHHBIX TEXHOSIOTUNA.
MoaTomMy KpalHe akTyanbHON ABNsSieTcA pa3paboTka COOTBETCTBYIOLUMX MPUNOXEHWUNA.

OcHoeHasi yacmb. Pa3paboTka NporpaMMHbIX CPEACTB AJ1s1 NUL, C HapYLUEHUsSMMX cnyxa BedeTcs
pPasnMyHbIMA KOMMNaHWAMW Ans pasHblX nporpamMmHbix nnatgopm. B Tabnuuax 1, 2 npepacraeneHbl
HEKOTOpblE M3 HUX C YKasaHWeM KpaTKOro OnucaHus, BblAENEHUA OnpenenieHHblX AOCTOMHCTB U
HEeOoCTaTKOB.

Tabnuua 1 - CpaBHEHWE NPUIIOXEHMIA MO M3YYEHUIO XECTOBOIO A3blka, paboTatolwmx Ha nnatdopme Android

Ne Ha3zBaHune Mnatdopma| A3bIK KpaTtkoe onvcaHue MpeumyliecTtsa HepocTtatkn
n/n | NpunoxeHus
1 A3bIK Android Pycck | Ons geten. MpocTton n | OrpaHnyeHHoe
XECTOB: un MoppepxuBaet MOHATHbLIN KONMYecTBo
Mow mup [2] OCHOBHbI€ XECTHbI. NHTEpgeNnc. A13bIKOB.
BecnnaTHoe ManeHbkas
ncrnonb3osaHue. | Gubnuorteka
MaTepuvasnos.
2 Pycckni Android Pycck | MpunoxeHne ana | becnnatHoe OrpaHnyeHHoe
XecToBbIli un n3yyeHus PYCCKOro | UCMOMb30BaHNE. | KONIMYECTBO
A3bIK [3] A3blka xecToB no3sonut | Cogepxut A3bIKOB.
Bam B urpoBsoii copme | 6onbLuyto
Bbly4nTb ancasut | 6GubnmoTeky
DaKTUIb, XECTbl, OCHOBbI | XECTOB.
rpamMmMaTuKm "
pacnpocTpaHeHHbIe
dpa3bl XA.
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Tabnuua 2 - CpaBHUTENbHAs XapaKTepuUCTUKa MPUNOXEHUA MO U3YYEHUIO XECTOBOro A3blka, paboTalolmx Ha
nnatgopme 1SO, Heckonbkux NnaTopMax U ABNALWMXCS BEG-NPUNTOXEHUEM.

Ne | HassaHue Mnatpo | A3bIK Kpatkoe MpenmywecTsa HepocTaTtku
n/ | Npunoxexus pma onvcaHvie
n
3 | SignSchool [4] | ISO Amepuka | Comepxwt Hanunune kavectBeHHbIX | OrpaHnyeHHo
HCKWIA fonbLuyto TECTOB. MpuATHBIN | € KONN4eCcTBO
6ubnuoteky cnos | uHTepdeic. A3bIKOB.
C  pasnuyHbimu | BecnnatHoe
MaTepuanamu, a | UCMonbL30BaHue.
Takxe
TEeCTUpOBaHMEM
4 Signily [5] ISO, Amepuka | Mo cytn | Copepxut knasuaTypy | lNnatHoe. He
Android | HCkui aBnseTcd XEeCTOB. coaepxur
KnaBuaTypom «rOTOBbIX»
XeCTOB, CNOB-X€eCTOB.
nossonsaer
COOTHOCUTb
6yKBbI "
COOTBETCTBYHLLM
€ UM XECTbl.
5 Spreadthesign Beb- Bonbwas | KpynHenwas B | bonbLion cnosapb | Aendetca
[6] caunt YyacTb Mupe 3HaK | A93blka C BU3YyasibHbIMU | TOSIbKO
A3bIKOB CnoBapb fi3blka C | MaTepuanamu. CMpaBOYHMKO
Mupa 6onee yem 300 BoamoxHocTe  paboThl | M, 6e3
000 3HAKOB. | HA BCex nnaTtdgopmax, | nporpamm
HoBble cCTpaHbl, | 3@ cyeT TOro, 4Tto | Ans
CrnoBa M 3Haku | ABMAeTcA Beb- | M3yyeHusn
npuxoasT npunoxeHnem. bonbLuo | XecToBoro
Kaxablv rog. € KOJIN4YEeCTBO A3bIKOB. A3bIKa.
6 | ASL American | Android/ | Amepuka | MpunoxeHue [MpocTo M NOHATHBIN OrpaHnyeHHO
Sign Language | ISO HCKWIA OCHOBaHO Ha | uHTepdgenc. € KONnmM4ecTBO
/ ASL Coach - KapTouKax, BecnnaTtHoe A13bIKOB /
American Sign Kaxpas M3 | UCnosnb30BaHue. OrpaHunyeHHo
Language [7, 8] KOTOPbIX € KOnMyecTBo
OTBEYaeT 3a OfHYy A3bIKOB.
u3 OykB ManeHbkas
andasuTa. 6ubnuoTeka
MaTepvanos.

YKa3aHHbIX HEAOCTaTKOB N BMeCTe C TeEM BKJl04aTb B cebs BbILLIEONNCAHHbIE npeunmMyuiecTtea.

(pyccKuin, aHrMUNCKUA 1 gpyrue).

Ha ocHoBaHMKM onncaHHbIX AaHHbIX MOXHO BbIAENUTL 06LLME HEAOCTATKM U NPEMMYLLLECTBA
CYLLIECTBYIOLLMX PELUEHNN.
Cpean HejoCTaTKOB OTMETUM:
— OrpaHNYeHHOE KONMMYECTBO NOAAEPXKNBAEMbIX S3bIKOB;
— paboTa TonNbKo Ha onpeAeneHHbIX nnatgopmax;

— OTCYTCTBME CTPYKTYPUPOBAHHOMN NPOrpaMmbl 06y4YeHus:;

— OrpaHu4yeHHble CrpaBO4YHUKN XECTOB;
— OTCYTCTBME TECTOBbIX 3agaHun.
B kauecTBe npenmyulecTB BblAENTUM!

— MPOCTON MHTepenc NPUNOXeHUH;

— Hanuuve BM3yanusauum XecToB;
— BecnnaTHoe pacrnpocTpaHeHue.
Takum 06pa3om, akTyarnibHON ABNsieTCA 3afada no pa3paboTke NPUIIOXeHNs, KOTopoe ByAeT NULLEHO

Mpexae Bcero HeoGXoAMMO OMPedenuTbCs C BUAOM MPUIOXeHUs U nnaTtdopmoii. [Ons pelieHus
[JaHHoro Bornpoca nogonaeT paspabotka Be6-npunoxeHusi. Tako TUM NPOrpaMMHOrO CPeacTBa NMo3BONUT
NMPUMEHSITb €ro Ha PasfnNYHbIX NnaTtdopmax, a 06a3aTenbHbIM YCIoBUEM OyAeT SABNATLCS TOJIbKO Hanuune
Gpay3epa 1 UHTepHET-COeaVNHEHNS.
Takxe HeobxoguMo cAenaTb BO3MOXHOCTb W3YYEHWUS] pasfiMyHbIX OUANeKTOB XECTOBOro A3blka

Mo Halemy MHeHUWo, BeG-MpUNoXeHne AOMXHO coaepXaTb yyebHble U TecToBble MaTepuanbl, a
TakXe UMeTb MOHATHbIN MHTepdeic 1 6ecnnaTHO pacrnpoCTPaHATLCS.
PaspaboTaHHoe MpunoxeHue npeanaraeT BO3MOXHOCTb MPOXOXAEHUS MONb30BaTeNnsiMu TECTOBbIX
3aaHui, U3yyeHne mMaTepuana ypokoB, O3ByYMBaHWE BBEAEHHOIO TEKCTA (C BO3MOXHOCTbIO COXpPaHeHUs
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«MOCTOSIHHBLIX (ppa3d»), NPUMEHEHUS 3SMEMEHTAPHOrO MepeBOAYMKa W3 TEKCTOBOro MNPEACTaBNEHUSA B
XecToBbl Habop, a Takke NpefocTaBnsieT AOCTYN K CNPaBOYHUKY CNOB. TakXe NPEeAnoXeH pexum Ans
agMVHUCTPUPOBAHUSA, NMPU MOMOLLY KOTOPOro MOXHO HanosHATb 6a3y AaHHbIX.

[ns xpaHeHus HOpMaLMK BCEX KOMMOHEHTOB Be6-NpunoxeHus boina paspabortaHa 6a3a faHHbIX
CO CTPYKTYpoOW, M3006paxxeHHoN Ha pucyHke 1.

I lesson v
fixed_words A i
] fixed id_lesson BIGINT(20) Tiemonmr ¥
id_picture BIGINT(20, intion V
id_pictu (20) description VARCHAR(255) id_content BIGINT(20)
my_picture VARCHAR(255) prev_picture VARCHAR(255) material VARCHAR (255)
word VARCHAR(255 itle \
wor (255) title VARCHAR(255) ftle VARCHAR(255)
| “language_id_language BIGINT(20) | | & |anguage_id_language BIGINT(20) | >
>
®: 4
t T j
] gesture_picture ¥ | | L__]_ Ir
id_picture BIGINT(20) : | ) A
| v
> my_picture VARCHAR (255) | | | lesson_materials
[ | | id_materid BIGINT(20)
4 —| I[ T num _order_in_lesson INT(11)
: : | | text_material VARCHAR(255)
| | l i > content_id_content BIGINT (20)
A : | | © lesson_id_lesson BIGINT(20) "] tests v
| gesture_alphabet v : 4 <
% ' id_test BIGINT (20)
id_letter BIGINT(20) | language v
’ | description VARCHAR(50)
Ietter VARCHAR(255) id_language BIGINT(20)
_ " W i S e e —I<g * recomendation VARCHAR(50)
¥ |anguage_id_language BIGINT(20) name_language VARCHAR(30) AT RE)
title VA
 picture_gesture_id_picture BIGINT(20) * j phrases v )
> - id_phrase BIGINT(20) | @ language_id_language BIGINT(20)
>
: phrase VARCHAR(45)
:] region v | >my_user_id_user BIGINT(20) T
id_region BIGINT(20) J' ] users Y > |
region_name VARCHAR(45) id_user BIGINT(20) }lz :
short_name VARCHAR(S) date_of_birth DATE | |
F————————— ; |
language_id_language BIGINT(20) [ —H< 0 email VARCHAR(255) : fm————————— i
> password VARCHAR(15) | |
Hl—————— |
+ sex INT(11) |
: "] news v — |  user_name VARCHAR(15) :
| id_news BIGINT(20) : user_type INT(11) 1
' body_news VARCHAR(125) | | | ©region_id_region BIGINT(20) A
' | = ] questions v
| date DATE
| | 7 id_question BIGINT(20)
— —j<g “src_picture VARCHAR(255)  B—4 T
material VARCHAR(255)
title VARCHAR(255) sl RECEI R s =2
I 1 question VARCHAR(255) |
region_id_region BIGINT (20) 1
o — 5 A A > test_id_test BIGINT(20) %
user_id_user test_progress v
N = i ] answers \
id_progress BIGINT(20)
id_answer BIGINT(20)
date_answer DATE
answer VARCHAR(255)
answer_question_id_answer BIGINT(20) Bo}— - — ——— — — — — — — -
correct BIT(1)
my_user_id_user BIGINT(20)
2 question_id_question BIGINT(20)
>

>

PucyHok 1 - CxeMa 6a3bl JaHHbIX pa3pabaTbiBaeMoro BeG-npunoxeHus

B xope pa3paboTku 6bi1 Npou3BeAeH aHanu3 CYLLECTBYHOLLMX MPOrpaMMHbIX peLleHuid ans
N3y4eHns XEeCTOBOro A3blka, a Takxe OblfIo NPeaAnoXeHo CBOe pelleHue B BUAe BeO-NpunoxeHus
«PantoLeaner».

PaspaboTaHHoe BEG-NPUNOXEHNE MOXHO UCMONb30BaTh Kak B KAYECTBE NOKaNbHOIO pecypca B
yupexaeHnax o6pa3oBaHusi, Tak B KAYeCTBE OTKPLITOro pecypca Ans obwenoCTynHOro nosib30BaHus.

PaccmoTpum HEKOTOPbIE BO3MOXHOCTM pa3paboTaHHOro NPUNoXeHus.

Mocne aBTOpM3aLMKN Nonb3oBaTenb ByAeT nepeHanpaBnieH Ha rMaBHY CTPaHWULY C HOBOCTAMMW MO
BblIGpaHHOMY pernoHy.
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[na HaBuraumm no BeG-NpUNOXeHWto HeobxoaMMO UCMONb30BaTb MEHI0 B Llanke cTpaHuubl. [pu
HeobX0AMMOCTN M3YyUuTb MpPensioXeHHble YPOKM HEeOOXOAMMO HaxaTb Ha KHOMKy «Ypokuy. [locne uero
OTKPOETCA CTpaHMLa CO CMIMCKOM YPOKOB (PUCYHOK 2).

PantolLeaner Thasan  Ypown  Tew  Kabwwer  Opaw  Crosaps  Mepesonu ()
Ypok 1 ANOABUT Ypok 2 AHW HEAE/IN
B PamKax 43HHOMO yPOKa Bam BYAET NPEAACKEHO M3YUHTS 3NQABUT KECTOBOMD RIbIKE. B PaMKax A3HHOTO ypoKa Bam GyAeT NPEANOXEHO 3YUMTL AHM HEAM
Ypok 3 MECALLbI Ypok 4 YAC/A (uacTb 1)

PucyHok 2 - Cnucok ypokoB Be6-npunoxeHus «PantoLeaner» No N3y4eHmio XeCcToBOro A3blka

[na OTKpbITUA COOTBETCTBYIOLLErO ypoka HeOOX0oAMMO HaxaTb Ha KHOMKy «OTKpbITb», MOCIe 4Yero
OTKPOETCs caM MaTtepuan ans udyyeHus. Ha pucyHke 3 nzobpaxeH aneMeHT uHTepdenica, BKNOYaoLLMA
MEHIO NPUMOXEHUS, a TaKXe BapuaHT NpUMeHeHUs y4ebHOro 3agaHnsi B NpoLecce NPOXoXaeHust Kypca no
paboTe C XecToBbIM A3bIKOM.

Pa nto Leanel" InasHas Ypoku Tects Kabuner Opazbi Cnosaps Mepesoaumk 0

Ypok 2 AHW HEAE/IN

TOHEAE/IbHUK

> €

I |¢& |~ |~ |H

Tpasaz pyxa

TloHeDenbLHUK

PucyHok 3 - YuebHble 3apaHnsa Beb-npunoxeHus «PantoLeaner» no nsyyeHnto XecToBoro A3bika

Mpn HeobxoAMMOCTU MONYyYUTb AOCTYMHbIA CMMCOK TECTOB MOXHO HaxaTb Ha KHOMKY «TecTbl» B
wanke ctpaHuubl. Ecnn BbiGpaTh KHOMKY «OTKPbITb», TO ByAeT AOCTyrNHa CTpaHuua npeaBapuTenbHOro
npocMoTpa Tecta. Ha Hem oTobpaxeHa oOCHOBHas MWHdoOpMauus MO TECTOBOMY 3afaHuio, a TakKxe
nHdopMaLus NPOMAEHHBIX paHee NomnbITKax (PUCYHOK 4).

PantolLeaner foman  Ypown  Tew  Kaowser  Opasw  Crosaps  Mepesonw )

Tect 1 Andaeur

Tect cogepxut 6 Bonpocos.

Baww pesyneratsi:

Tect 32 2022-03-14 (50%)

Konayosa AA. 2022 .

PI/IcyHOK 4 - TecToBble 3aaHus Be6-I'IpVIJ'IO)KEHVIF| «PantoLeaner» no N3YYEHNIO XKXEeCTOBOro A3blka

10
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Mpw nepexofe Ha cTpaHuLy «Ppa3bl», NPeAoCTaBNAETCA BO3MOXHOCTbL BBOJA TEKCTA C AaNbHENLLIUM
€ro CoxpaHeHWem 1 03By4MBaHWeM. [JOCTYNHO TakxXe pefakTupoBaHue nocrne Bblibopa ¢pasbl unu ee
ypnaneHve. Ha ctpaHuue «CnoBapb» OOCTYNeH NpOCMOTP CNpaBoYHMKA hpas unm cnos no BblGpaHHOMY
A3bIKy. [lna nepeBoAa Ha HyXHbIN A3bIK OCTAaTOYHO BblIOpaTh A3blK, BBECTU TEKCT U HaXaTb Ha KHOMKY Ans
nepesoaa (pPUCYHOK 5).

PantolLeaner o el oo Bl e Rl e R A

[
|
|
|
|
[
L

H 0 T

PucyHok 5 - CtpaHuua nepeBoayrka Be6-npunoxeHus «PantoLeaner» no n3yyeHuio XXecToBoro a3blka

3aknmrodeHue. Pa3pabaTtbiBaeMoe web-npunoxeHve no M3yyYyeHuto u paboTe C XECTOBbIM A3bIKOM
«PantoLeaner» copepXxut cooTBeTCTBylOLIME Yy4yebHble, TECTOBble MaTepuasbl, npegHa3HayeHo Ans
LUMPOKOro Kpyra nuu, C HapyweHusamu cnyxa. NMpunoxeHve paboTaeT B OQHOM PEXWMMOB: PYKOBOACTBO
nonb3oBaTens UM agMUHUCTpaTopa BeG-NpunoxeHnsi. B kayecTBe NepcrnekTuB pasBUTMSA NPOrpPaMMHONO
CpefcTBa HaMu onpedeneHo pacluupeHue nonb3oBaTenen no reorpadmyeckomy npusHaky. Paspabotka
npoBoAmnack C WCMNONb30BaHMEM fA3blka NporpaMmmupoBaHua Java, dpenmBopkoB Spring, Hibernate,

Vaadin. [na xpaHeHnss tHpopMaLmmn BCeEX KOMMOHEHTOB BeO-NpunoxeHus bbina co3gaHa 6a3a gaHHbIX B
Ccyb[ My Sql.

CnucokK ucnonb308aHHbIX UCIMOYHUKOS:

1. YuebHoe nocobue Onsi obyyeHusi MepesodHUKO8 PYCCKO20 Xecmoeoeo si3bika 8 MpogheccuoHasnbHbIX 0bpa3osamerbHbIX
op2aHu3ayusix U obpa3zosameribHbIX Op2aHu3ayusix ebicuwezo obpasosaHusi | Cocm. B.[1. Kamuesa, O.0. AgpaHacneea, A.E.
XapnameHkos. — Mockea. — 2016. — 166 c.

2. A3bik  xecmos: Mol  mup  [OnekmpoHHbIl  pecypc] —  Pexum  docmyna:  https://play.google.com/store
/apps/details?id=com.technoland.my_world_2020_bishkek&hl=ru&gl=US — Jama docmyna: 01.04.2022.
3.  Pycckuti XKecmoebili S3bik  [OnekmpoHHbIl  pecypc] — Pexum Oocmyna: https://play.google.com/store/apps

/details?id=com.razeeman.study.russiansignlanguage&hl=ru&gl=US — Jama docmyna: 15.02.2022.
4. SignSchool [OnekmporHbIl pecypc] — Pexum docmyna: https://www.signschool.com/ — [Jama docmyna: 05.03.2022.

5. Knasuamypa SIGNILY [OnekmpoHHbIl pecypc] — Pexum docmyna: https://questhint.ru/klaviatura-signily/ — Jama docmyna:
05.03.2022.

6. Spreadthesign [OnekmpoHHbIl pecypc] — Pexxum docmyna: https://apps.apple.com/ru/app/spreadthesign/id438811366 —
Hama docmyna: 07.02.2022.

7. ASL American Sign Language [OniekmpoHHbIl pecypc]. — Pexxum docmyna: https://play.google.com/store/apps/details ?id=
tenmb.asl.americansignlanguagepro&hl=ru&gl=US. — Jama docmyna: 03.04.2022.

8. ASL Coach - 'American Sign Language' [9nekmpoHHbil pecypc] — Pexum docmyna: https://apps.apple.com/us/app/asl-
coach-american-sign-language/id385799946 — Jama docmyna: 20.02.2022.

UDK 004.42+376

WEB APP FOR LEARNING SIGN LANGUAGE

Koldunova A.A., Bakunov A.M.

Institute of Information Technologies of the Belarusian State University of Informatics and Radioelectronics,
Minsk, Republic of Belarus

Kuntsevich O.Yu. — PhD in Pedagogic Sciences, associate professor

Annotation. The article deals with the development of a software tool for studying and working with sign language. A comparative analysis of
existing analogues was carried out, their advantages and disadvantages were identified, examples of interface elements of the developed
software were given. The application includes training lessons, test tasks, modules for voicing the entered text, translating it into sign
language. The development was carried out using the Java programming language, Spring, Hibernate, Vaadin frameworks. To store the
information of all components of the web application, a database was created in the MySql.

Keywords. Software, application development, sign language, training for people with hearing impairments.
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YK 004.42+330.4

NMPOrPAMMHO-ANITOPUTMUYECKOE OBECIEYEHUE
ABTOMATU3ALNUU BU3HEC-NMPOLECCA CKITALCKOWU JIOTMCTUKHK
HA NMPEANPUATUN

Jlotiko M.A., cmydeHm, byuaee B.U. cmydeHm

Benopycckuli eocydapcmeeHHbIl yHUsepcumem UHgbopmMamuKku U paduoaniekmpoHUKU,
UHecmumym uHghopmMayUOHHbIX mexHosnoaud,
2. Munck, Pecnybniuka benapych

CkyOHsikos HO.A.— kaHO. mexH. Hayk, doueHm

AHHOTauus. B paGOTe nposoauUTCA nccnenosaHue np06r|eM aBToMaTusaumun 6|/|3Hec-npou,ecca CKIafICKOW NIOrMCTUKM Ha npeanpuaTum u,
Ha OCHOBe€ MOJIy4YeHHbIX pe3ynbTaTtoB uccnenosaHuda, pa3pa60TKa N NpakTundyeckoe npuMeHeHue anroputMmyeckoro U nporpammHoro
obecneyeHus ons aBTomatusauum 6|/|3Hec-npou,ecca CKIafiCKoON NorucTuku. B ctatbe paccMOoTpeH KOMMNEeKC BONPOCOB, CBA3a@HHbIX C
peweHnem np06r|eM|>| KOMMNbOTEPU3aummn 6M3Hec-npou,ecc03 CKJ1af,CKOMN NOTUCTUKM Ha npeanpuaTun.

KnioueBble cnoBa. [MporpammHo-anroputMmu4eckoe obecneyeHve, aBToMaTU3aLms, 6M3Hec-npouecc, CKnaackas nornctuka.

BeedeHue. BHeppeHne aBTOMATM3MPOBAHHBLIX WMH(POPMALIMOHHBIX CUCTEM SBMSETCA BaXHEWLUMM
ANIEMEHTOM YycChneLwHoro beHKLl,I/IOHI/IpOBaHI/IFl npenonpuaTna n KnioyeBblM aCnekToM CTpaTerun pasBnutna B
HacTosiee BpeMsi. OOQHON M3 BaXHENLIMX COBPEMEHHbIX 6A30BbIX YNpaBNeHYeCKNX TEXHOSOMMIA ABnsAeTcA
aBTOMaTu3aums 6u3Hec — nNpouecca CKNaacKow NMOrMCTUKN. B y3KoM cMbICiie MOHATUE NOrUCTUKA BKIIOYaeT
opraHusauuio, nnaHnpoBaHune n ynpasrneHmne TpaHCNoOpPTHbIMU, CH86)KeHHeCKI/IMI/I, CKnagcknmum onepaumnamm
n pas3nnyHbiMn  KOMMYHUKaUMAMU KOMMNAHUN. B LLUMPOKOM CMbICNie noa NOTNCTUKOM MOHUMaeTcs
opraHu3auusi B3aUMOJENCTBUS U COBMECTHOE MNaHMpOBaHWE pa3HOO6pasHbIX U Pa3HOPOAHbIX MO CBOEN
NPUPOAE XO3ANCTBEHHbIX MPOLLECCOB U CUCTEM. Bbirogbl OT NpaBuIibHOrO M 3PEKTUBHOIO BHEAPEHUSA U
MOOEPHMN3ALUN TaKUX CUCTEM MOTYT OblTb MHOrO3HaAYMTENbHbLIMU, TaK KakK BKJIOYAOT OAHOBPEMEHHO U
ynyyleHne KadecTBa MpeanaraeMblX YCnyr, 4TO OnaronpuaTHO CKaxeTcA Ha KnueHTckon 6ase
NPeanpuaTUs, M MUHUMU3AUUI0O U3LEPXEK Ha BbINOSIHEHME HEKOTOPbIX 3ajay, 4To, B CBOK o4epenp,
NpuBeaET K YBENUYEHMIO NpUbLIIN OpraHn3auun.

OcHoeHasi Yacmb. [1pn opMUpPOBaHNN CKNAACKOMW CUCTEMBI HYXHO MOMHUTb OCHOBHOMW MPUHLMIT:
TONbKO WHOVBMAYyanbHOE peLleHWe C Y4eTOM BCeX COMyTCTBYHOLWMX (PakTOpoB MOXET caenatb ee
peHTabenbHoW. YeTkoe onpegeneHne pabounx 3agay U TwaTtenbHbld aHanu3 nepepaboTku rpysa Kak
BHYTPW, TaK W BHE cKnaja SBNSETCA NPearnocbiikoi ero peHtabenbHon pabotbl. [og nornctunyecknm
MpOLLECCOM Ha CKrage MOHUMAaeTCH MocnefoBaTenbHOCTb JIOTMCTUYECKUX Onepauni, YNopsiAOYEHHbIX BO
BPEMEHU, KOTOpas MHTErpuMpyloT (pyHKUuM npuéma TOoBapoB, pa3MelleHusi, (hOpMUPOBaHMSA 3aKa3oB W
oTrpy3ku. lNocnegoBaTenbHOCTL NMPOLECCOB B CKMAACKOM JIOTMCTMKE MOKa3aHa Ha pucyHke 1. Bce ToBapbl
OOCTaBnslTCA B 30HY MNpMEMKM cknaga. [locne pa3srpy3kM npoucxoomut MpoBeEpka Ha COOTBETCTBUE
KOJNIMYECTBEHHBIX U KayeCTBEHHbIX XapaKTepucTMK ToBapa. [naBHOW 3apjadven Ha 3TOM 3dTane ABnAeTcs
BbISIBUTb: MOBPEXAEHMNSA, HEOOCTayy, HECOOTBETCTBUE YPOBHIO KayecTBa UM HEKOMIMIIEKTHOCTb TOBapoB. B
Cryyae BbISIBNIEHNA HEQOCTaTKOB, pabOTHWKK, OTBETCTBEHHbIE 3@ Onepaumio NPUEMKU TOBAPOB, AOSTIXHbI
OOKyMeHTanbHo odopMutb 3TOoT akT. [lopAanok npuémku ToBapa Ha CKnaj perfameHTupyeTca
OONMXHOCTHOW UHCTPYKUMEN pabOTHUKOB OTAENa NPUEMKU M HOPMATUBHBLIMU aKTamMm.

. Pasmewenue dopmuposaHue
MNpuém rosapos } Or1rpy3karosapa
XpaHeHue Tosapa 3aKa308

PI/ICYHOK 1 - MocnepoBaTtenbHOCTb npoueccos B CKJ1a[CKOMN NIOTUCTHKE

Mpouecc NPUHATUSA pPelleHus B CUCTEMEe MPOEKTUPOBAHUS U OpraHu3aumMu CKIafckoro XO3sIMCTBa
COCTOUT M3 Tpex OCHOBHbIX 4acTeil. Ha nepsom aTane HeobxoaumMo onpedenuTb LEnuM opraHusauum
CKNafICKOro Xo3AicTBa, NpoaHanM3npoBaTb NapameTpbl FPy30M0TOoKa U CKNaACcKMX onepauui, onpeaeniTb
KpuTepun 3ddekTUBHOro YHKLMOHUPOBAHUA. AHanuM3 anbTepHaTMBHbLIX BapuaHTOB BCEX HEOOXOAUMbIX
COCTaBNSAOWMNX [AONTKEH OCYLLECTBNATLCS B OMNPEeAeNeHHON nocnenoBaTenbHOCTU. BbiGop onTumanbHoro
BapuaHTa CUCTEMbl B LIe/IOM MPOM3BOOUTCH C YYETOM TEXHUKO-3KOHOMUYECKOW OLEHKU KaXAoro U3 HUX.
Mpouecc AeKOMMO3WUUM MNPOU3BOAUTCA Ha OCHOBE BbIOENEHUA OCHOBHbIX MOAMPOLEccoB Ha 6ase
OCHOBHOro Gu3Hec-npouecca. B npusenéHHoMm nprMepe npousBefeHa OeKoMmo3uums GusHec-npolecca
«YnpaBrneHWe CKMafckoi p[eATenbHOCTbiO», BblAENeHbl YeTblpe noArpouecca: NpuémMKa TOBapoOB;
pa3MelleHne U rpysonepepaboTka; hopMMpoBaHue 3aKa3oB; OTrpy3ka, cxemMa NpeacTaBreHa Ha pUCYHKe 2.
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PucyHok 2 - dnarpamma gekoMnosunumm 6usHec - npolecca «YnpasrieHne CKNaacKon AeaTenNbHOCTbIo»

AHanu3 6usHec-npouecca ckKradckol Jsiocucmuku. Jloructuyeckme otaenbl U UX COTPYOHUKK
KOMMNaHUW Ha perynspHoi OCHOBE 3aHNMAalOTCsl JOKYMEHTOOO0POTOM, pacyeTaMmm MapLLpPyTOB, MOCTPOEHUEM
JNIOTUCTUYECKMX CXEM [OBWXEHMS TPaHCMOPTHbIX CPeacTB, PerynupyloT YyTeYku TOBapoB W Py30B,
KOHTPONMPYIOT COOTBETCTBUE AaHHbIX HAKNagHOW Unu 3asiBKK Npu oTrnpaBke u npuemke. Co3pnaHve 3asiBKu
Mo TPaHCMOPTHOM NOTUCTMKE OOpPMNSAETCA cneumanbHbIM MPUMKaA30oM CO CTOPOHbI 3akasyuka. [pouecc
CKNaaCKom NOrUCTUKM (PYHKLMOHMPYET Ha BCEX CTAOMSAX ABUMXEHWA MaTepuasibHOro MoToka, HauuMHas oT
WCTOYHUKA CbIpbsi U 3aKaH4YMBasi KOHEYHbIM NOTpebUTENEM roTOBON TOBAPHOWN NPOAYKLIMK.

I1OKyMeHTOO60pPOT NOrMCTUYECKNX OMNepauuii cocTaBnsieTca COTPYOHWKOM B nporpamme Excel, Bce
OaHHble BHOCATCSI BPYYHYHO MO MOCTYMNSIEHNIO U pacHETy HEOOXOAMMbIX AaHHbIX.

Ha pucyHke 3 npeacraeneH anroputm AOKYMeHToo60poTa, KOTOpbI MOCTPOEH Ha OCHOBE aHanusa
npegmeTHon obnacTu. MoCcTPOEHHbIN anropuTM AOKYMEHTOO60pOTa BKITHOYAET NPOLLECCHI MOyYeHNs 3asaBKU
N perncTpaumm HaknagHom no BXoAsaLmMM ToBapam. [JJoKyMeHToo60poT CKIaacKow NMOrMCcTMKM HaunHaeTes C
MOCTYNJSIEHNsI 3anpoca Ha 3asBKY CO CTOPOHbl 3aKa34yuka, fganee NpoucXoauT MPOLECC CO3AaHus 3asBKMy,
cbopa MaTepuanbHbIX LEHHOCTEM M MX pacyeT, WM co3haHue ToBapa. [anee cospgaHHasa 3asBka
oTnpaensieTcsl Ha yTBepxaeHue. Ecnn 3asiBka He Obina yTBepXAeHa, TO MPOLIECC CO34aHusi 3asiBKU
npoucxoauT 3aHoBo. Ecnu 3asiBka Obina yTBepXAeHa, TOMPOWUCXOAUT pydyHOE 3amnofiHeHWEe [AaHHbIX
MOCTYNMBLLErO TOBapa M AaHHbIX TPaAHCMOPTUPOBKW, W, NMOCNE 3TOro, Co3paeTcs HaknagHasa. MocnegHum
3TanoM ABMSETCA OTNpaBKa M yTBepXAeHue HaknagHon. Ecnu HaknapHaa He Obina yTBepXAeHa, TO
MPOLLECC PyYHOro 3anofiHEHMS AaHHbIX MOCTYMUBLLETO TOBapa WM AaHHbIX TPAHCMOPTUPOBKM MEPEXOAMUT B
npoLecc pefakTUpoBaHMA W, HaknagHaa co3gaeTca 3aHoBo. Ecnu HaknagHaa 6bina yTBepxAeHa, To
HaknagHas oTnpaBnseTcsa 3aKa3ynKy U ToBap TPaHCMOPTUPYETCs Ha cKnag,

HeobxopumocTb pa3paboTku NporpaMMHOro CpefcTBa CBA3aHa C POCTOM YMCNEHHOCTU COTPYAHUKOB
B [Ba pa3a 3a ABa roga, B TOM 4uUCre U orc-MeHeoXepoB, KOTopble paboTaloT B pasHbIXx oducax, 4To
co3paeT TPYAHOCTM OpraHM3aumm npouecca yyeTa 3asBoK OT COTPYAHUKOB OpraHu3auun Ha npuobpeTteHune
UK noslyyeHne Co ckiaga MaTtepuanbHbIX LeHHOCTEN. POCT YACNEHHOCTU COTPYAHWKOB CBA3aH C TEM, YTO
6osblLIOE KONMMYECTBO 3asBOK obpabaTbiBaeTcsi BPYYHY, CYLLECTBYET PUCK COBEPLUEHMS OLIMOOK npu
3anofiHeHMN HaknagHoW, 4YTo BefdeT K Oonblwum  MaTepuanbHbiIM U BPEMEHHbIM 3aTpaTaM Mo
OOKYMEHTO060pOoTY.

B pesynbTate BHeApeHUs Takoro MporpaMMHOIO MPOAYKTa MNaHMpPYeTcs CHU3UTb TPYLAOEMKOCTb
onepaLmit, CBSI3aHHbIX C y4eTOM MaTepuanbHbIX LLeHHOCTEN Ha cKnage, BeAeHNe OTYETHOCTU MO 3aKynkaMm 1
OTNpaBKam ToBapa CTAHOBUTCS LIEHTPaNM30BaHHbIM M NPO3pPayHbiM, @ TaKXe COKPaTUTb 3afeCTBOBaHWe
COTPYAHWUKOB [OJ151 3aMOSTHEHUST 3aSIBOK, YTO YMEHbLUUT NPOLEHT owWnboK npy hopMMpOBaHUMN HaKNaaHoOM no
c6opy 1 oTrpy3ke ToBapa.
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PucyHok 3 - AnropuTm flokymeHToob0opoTa No peanu3auum ToBapa Ha cknag,

Ha pucyHke 4 npeactaBneH anroputm [OKYMeHToobopoTa nocfnie BHeapeHust NporpaMMHOro
CPEeACTBa, @ UMEHHO: MOJSlyYeHbl 3asBKU M peructpauvu HaknagHoum no Bxogawwmm ToBapam. [pouecc
JOKYMEHTOO60pOoTa CKNaACKoM NOMMCTUKN HaYMHAETCs C MOCTYMNEeHWs 3anpoca Ha 3asBKy CO CTOPOHbI
3aKasuuka, garnee npoucxXoauT NpoLecc cosfaHus 3asiBku, cbopa maTepuanbHbIX LEHHOCTEN U UX pacyeT
NMPOWCXOAMT aBTOMaTU3MPOBAHO, C MOMOLLbIO FOTOBLIX 3anucel B 6a3e AaHHbIX U NPorpamMMHbIX YHKLWNA.
CospgaHne ToBapa Takxe npoucxoauT npu nogaepxke 6asbl AaHHbIX NporpamMMHOro cpeactea. [anee
CO3[1aHHOW 3asiBKe BbICTABMNSETCS HEOOXOAMMBLIN CTaTyC U ee MPOCMOTP, U YTBEPXAEHME MPOUCXOAUT B
pexume peanbHOro BpeMeHW yepe3 Beb-npunoxeHue. B crnydvae, ecnu 3asBka He Obina yTBepXAeHa,
BbICTaBMAETCS HEOOXOAMMBIN CTATyCc MO AOKYMEHTY U NMPOLIECC CO3[aHUs 3asiBKM MPOUCXOAUT 3aHOBO. B
cnyyae, ecnuv 3asBka bbina yTBepXaeHa, MPONCXOANT aBTOMATUYECKOE 3anoSfIHEHNE AAaHHbIX MOCTYMNMUBLUENO
TOBapa W AaHHbIX TPAHCMOPTMPOBKN M3 6a3bl AaHHbIX, U, MOCE 3TOro, CUCTEMA aBTOMATUYECKN reHepupyeT
HaknagHyto B ¢opmat Excel. lNMocnegHum atanom ABMAETCS MPOCMOTP WM YTBEPXOEHWE HaKNagHoMW B
pexuMe peanbHOro BpeMeHu Yepe3 Beb-npunoxexue. B cnyyae, ecnu HaknagHaa He Gbina yTBepXAeHa,
OaHHble MNOCTYMMBLUEro TOoBapa M fAaHHble TPaHCMOPTMPOBKU peaakTMpytoTca B BEO-NPUMOXEHUU W
HaknagHylo HeobGxooMMo rnepereHepupoBaTb. B cnydvae, ecnu HaknapgHaa Obina yTBepXAeHa, OHa
OTNpaBnsieTcsl 3akas4nky, MMbO OH CaMOCTOSITENBHO €€ BbIrPyXaeT, M TOBap TPAHCMOPTMPYETCA Ha ckrag,

[aHHbIn nporpaMMHbIA  NPOAYKT Obin  pa3paboTaH Ha A3blke nporpammupoBaHus  C#.
PaspabaTtbiBaeMoe NporpaMMHOE CPeACTBO OCHALLEHO MHTYUTUBHO MOHATHBLIM U YAOOHbLIM MHTEpPENCOM,
4yTo obrieryaeT u yckopsitoT paboTy C AaHHbIM NMPOrpamMMHbIM NpoaykToMm. MporpaMmmHoe cpeactso Obifio
NpPOTECTUPOBAHO C UCMONb30BAHUEM METOAOB «6Enoro» U «4epHOro» ALWLMKOB U pa3paboTaHHbIX Ha KaxXabli
NYHKT cneumdukauum TectoB. PaspaboTka KOMNOHEHTOB Benack ¢ ucrnonb3oBaHnem CASE-cpeacts BPWin
(ansa onpepenenus cneumndmkaumin TpeboBanuin) n ErWin (ana nonyvyeHms CXeM AaHHbIX).

PaspaboTaHHOe NporpaMmMHOE CpeCTBO NO3BOMAET BbIMOSHATL Crieaytowmii hyHKLMOHan:

— (opMMpOBaTb 3asABKM HA 3aKyMKy MaTepuarbHbIX LLEHHOCTEN, HE0HX0AMMbIX Ans paboThbl;

— OTCRnexmBaTh CTaTyC 3as8BOK M yTBEPXAATh UX;

— peructpupoBaTb TOBap, NPULLIEALINA HA CKNag,;

— perucTpmpoBaTb OTMYCK TOBapa CO CKNaaa;

— co3paBaTb OTYETHI N0 3aABKaM U OTMYLLEHHOMY TOBapy.
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PucyHok 4 - AnropuTM AOKYMEHTOO60pOTa Mo peanusaumm ToBapa Ha ckilaf, ¢ MOMOLLbI0 BEG-NPpUNoxeHus

3aknroyeHue. [porpaMMHOe CpeAcTBO MpefHasHayeHo Ans  aBToMaTu3auun  AesiTeNIbHOCTU
[OKYMEHTO060pOoTa CKIMaACKON JIOMMCTUKM CO CTOPOHbI COTPYAHMKOB OTAena o6CnyXuBaHus, B YaCTHOCTU
MeHezXepa Mo 3akynkam u ohuc-MeHeLXepoB.

Mcnonb3oBaHne pa3paboTaHHOrO  MPOrpaMMHO-asIrOPUTMUYECKOro  obecrneyeHuss  nos3BonsieT
YMEHbLUUTb TPYAOEMKOCTb BbIMOSIHEHMS TMpoLecca yyeTa MaTepuasibHbIX LEHHOCTENW Ha ckrage
NpeanpusiTUs, MOBLICUTL MPOM3BOAUTENBHOCTL MpoLlecca AOKYMEHTOOG0pPOTa, YMEHbLUNTL A0S0 PYYHOro
TpyAa 1 NPOLEHT oLWMB0oK Npu 06paboTke AOKYMeEHTaLUN.

Cnucok ucnosib308aHHbIX UCMOYHUKOS:

1.AgpaHacbesa, H.B. JToeaucmuyeckue cucmemsbl U poccutickue pegpopmel | H.B. AgpaHacbesa.- M.: @uHaHCbl u cmamucmuka,
2009. -147 c.
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SOFTWARE AND ALGORITHMIC SUPPORT OF BUSINESS PROCESS
AUTOMATION OF WAREHOUSE LOGISTICS AT THE ENTERPRISE
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Institute of Information Technologies of the Belarusian State University of Informatics and Radioelectronics,
Minsk, Republic of Belarus
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Annotation. The paper studies the problems of automating the business process of warehouse logistics at the enterprise. Based on the
performed research, algorithmic and software have been developed for practical application. The article considers a set of issues related to
solving the problem of computerization of warehouse logistics business processes in an enterprise.
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Y[OK 004.8

UCKYCCTBEHHbIA UHTENNEKT B NOUCKOBbIX CUCTEMAX: OB30OP
COBPEMEHHOI'O COCTOAHUA TEXHOIOIA

Jlykwa B.H., cmydeHm ep. 981063, SlanméHok H.B., cmydernm 2p. 981063

Benopycckuli eocydapcmeeHHbIU yHUsepcumem UHGoOpMamuKu U paduo3r1eKmpoHUKU,
UHecmumym uHghopmMayUOHHbIX mexHosoaud,
2. Munck, Pecnybniuka benapycb

CaseHko A.l. — mazaucmp mexH. HayK

AHHOTauus. B pa60Te npeacrtasneH 0630p COBpPEMEHHOro CoCToAHUNA TEXHOMNorumn NCKYCCTBEHHOIo MHTENJIeKTa, KOTOpble NCNONb3YKTCA B
NMOUCKOBbIX CUCTEMaX ONA paHXUpoBaHUA pe3ynbTaToB NOUCKa, 06p660TKVI €CTeCTBEHHOro A3blka B MOUCKOBbLIX 3anpocax, ronocosoro
noucka n noucka no |/|306pa>KeHvuo. npe,qCTaBﬂeHbl pe3ynbTaThbl nccneaoBaHun, [OKa3biBaOLWMX SCDCbeKTI/IBHOCTb N NepCneKTUBHOCTb
NCnonb3oBaHUA UCKYCCTBEHHOIo UHTeNIeKTa B MOUCKOBbIX CUCTEMAX.

KnioueBble cnoBa. lMoucKoBble anropuTMbl, MOWCKOBBLIA 3aMpOC, PEneBaHTHOCTb, MalUMHHOEe OByyeHue, MOWCKOBbIE CUCTEMbI,
MCKYCCTBEHHbI MHTENIEKT, FOfI0COBOW MOUCK, MOUCK N0 U306 paxeHuto, paHXnpoBaHue pe3ysibTaToB 3anpoca.

BeedeHue. CoBpeMeHHble MOUCKOBbIE CUCTEMbl B 3HAYUTENbHOW CTEMeHW nonaralTca Ha
NCKYCCTBEHHbIN MHTENNEKT Ana paboTbl, 1 3HaHNEe TOro, Kak paboTaeT UCKYCCTBEHHbIN MHTENNEKT B MOMCKeE,
MOXET MOMOYb JNyudlle paHXupoBaTb Beb-calTbl. VICKYCCTBEHHbI WHTENNeKT B TOWUCKe OTBeYaeT
NpaKTUYeCKn 3a BCe: OT TOro, Kakue pesynbTaTbl MOUCKa Bbl BUAUTE, A0 TOr0, Kakme CBA3aHHble TeMbl OyayT
NPeAnoXeHbl Ans [OMNONMHUTENbHO K3y4veHusi. CerogHs CoBpeMeHHasi MOMCKOBasi CUCTeMa He MOXEeT
YHKLMOHMpPOBaTb 6€3 CNOXHOro MCKYCCTBEHHOMO MHTENseKTa.

NCKYCCTBEHHbBIN MHTENNEKT — STO OOWMA TEepMWH, OMNUCLIBAKOWMIA PSAA  MHTENNEKTyanbHbIX
TEXHOSIOrMI, CMOCOGHbIX Y4YMTLCA U COBEPLUEHCTBOBATbCA CaMOCTOATENbHO, TBOPYECKM MOOoXoouTb K
peweHntio 3aga4y [1]. MOXHO BblAENUTb CreayllmMe COBPEMEHHbIE TEXHOSOrUW, UCMONb3yowWwme
WCKYCCTBEHHbIA MHTENNEKT: MallMHHOE 0by4yeHne; rnybokoe obyyeHne; HEMPOHHbIE CETU; FOSIOCOBOIN MOUCK;
KOMMbIOTEPHOE 3peHUNE; pacno3HaBaHue N300paxeHuin; reHepauus ectectBeHHoro siabika (NLG); obpaboTka
ectecTBeHHoro sisblka (NLP) n gp. Bce aTn TexHonormm cuntaroTcs UCKYCCTBEHHbIM MHTENNEKTOM, XOTS U
npegHa3HayveHbl A5t AOCTUXEHUS pa3HbIX pPe3ynbTaToOB M Hax0OATCA Ha pa3HblX YPOBHAX 3penoctu. Ho,
TEM HEe MeHee, BCE 3TW TEXHONOrUM OOBLEAMHSIET TO, YTO MALUUHbI C WCKYCCTBEHHBbIM WHTEMNEKTOM
cnocobHbl 0by4aTbCcA 1 coBepLUeHCTBOBaTbCA 6€3 NOCTOAHHOrO BMeLlaTenbCcTBa YernoBeka. Kak Tofnbko 3Tu
MalluHbl 6yayT 06yYeHbl NoabMKU, OHU CMOryT paboTtaTb aBTOHOMHO WM MpoAonXaTb obyyaTbCsi HA CBOMUX
pe3ynbTaTax, CO BPEMEHEM CTAHOBSICb BCe Ny4lle U ny4ywe. 3To 0O6YCoBIEHO TEM B TOM YuCIie TEM, YTO
TEXHOMOMMN UCKYCCTBEHHOTO MHTENNIEKTA HAXOAAT 3aKOHOMEPHOCTU B AaHHbIX, @ 3aTEM MCMOMb3YyT 3TH
3aKOHOMEPHOCTU AnA AaribHENLWEro MporHo3npoBaHns. MpUMEHUTENbHO K MOWMCKOBLIM CUCTEMaM Takue
MPOrHO3bl MOryT BKINOYaTh B cebs:

— KakoW NpPOAYKT MoJib30BaTeSb 3aX04ET KYNUTb B CEAYHOLLMIA pa3;

— KaKOW KOHTEHT Nonb30BaTefNb XO4ET NONYy4UTb Jaee;

— YTO Nonb30BaTesb NbITAETCA HAaNUcaTb, U Kakol S3bIK, CKopee BCcero, byaeT cneayroLwmm;

— YTO Nonb30BaTesb NbITAETCA CKa3aTb, U KAKOB Hanbornee BEPOATHbLIV NpaBUSIbHBIN OTBET.

Korga cmctembl C MCKYCCTBEHHBIM MHTENSIEKTOM AENatoT MPOrHO3bl, OHU y4YaTca Ha 3TUX MPOrHo3ax,
4yTOObl CO BPEMEHEM CTaAHOBUTbCA elle Gonee «ymMHeex». [pumep Takoro NMpUMEHEHUs UCKYCCTBEHHOO
uHTennekTa - yHkuma Smart Compose B Gmail. Yxe Heckonbko neT Ha3ag Gmail mor npegyragpiBatb
npocTtele pasbl U CcrnoBa, KOTopble MNosfb3o0BaTenb cobupanca BBecTU crnegylowmmu. CerogHn
WCKYCCTBEHHbIA MHTENNeKT Smart Compose Tak XOpOLWO M3y4us MUnvMapabl 3NEKTPOHHbIX MUCEM, YTO
TeNnepb MOXET 3aKOHYMTb 3a Bac UeSfible npeanoxeHus. bBonee Toro, TOT Xe TUM TeEXHOMOrMu
WCKYCCTBEHHOTO MWHTENSIEKTA CeAYac HaCTONbKO pas3BUT, YTO YXE MOXET nucatb Lenble cTaTbu
CaMOCTOATENbHO [2].

Takaa cnocobHOCTb K OOy4YeHWo [enaeT WCKYCCTBEHHbI WHTENNekT 06onee MOLHbIM, 4YeM
TpaAMUMOHHOE NporpaMMHoe obecrneyeHune, CyllecTBoBaBLLee A0 Hero. IMEHHO MO3TOMY WCKYCCTBEHHbIN
WHTENNEKT ABMAETCA OCHOBOMOSAaraoLwmm Ansa nobor NoMCKoBOWM CUCTEMBI, UCMONb3YEMOW CEFOAHS.

CerogHsALWHNA NOUCK CRULLKOM CROXEH ANSA NoAerd UM TPaaMUMOHHBLIX MaluuH. o pesynbTatam
uccnenoBaHWa YCTaHOBMEHO, 4To Tonbko Google obpabatbiBaeT komoccasnbHble 63 000 nouckoBbIx
3anpocoB Kaxayt cekyHay, unu bonee aByx TPUINIMOHOB MOUCKOBbLIX 3anpocoB B rog [3].

[axe camas Gonbluas KoMaHaa nogeit He cmorna 6bl achdekTMBHO obpaboTaTb Takon o0b6bem
noucka. M TpapuumMoHHoe nporpaMmMHoe obecneyeHne, KOTopoe He MOXET HaxoauTb 3aKOHOMEPHOCTU B
OaHHbIX U fienaTb NPOrHo3bl, TaKXe He CpaBnsieTcs C 3Tow 3a4aqein.

Be3 uckyccTBeHHOro MHTENNeKTa NpefoCcTaBnAaTh TOUHbIE Pe3ynbTaTbl MONCKA B PEXMME peanibHoro
BPEMEHM C TAKON CKOPOCTbIO M MacliTabom, Kak B ceTu VHTepHeT KpaiiHe TpygHas 3ajada. MIMeHHo
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NO3TOMY CErOfHSA MCKYCCTBEHHbIN MHTENMNEKT MOXET ObiTb MPUMEHUM NMPAKTUYECKU B KaXAOMW 4acTu
NMOWCKOBOW CUCTEMBI, MPY PELLEHNM TaKUX 3aad, Kak:

— WHAEeKcaums cTpaHuL, onybnmMkoBaHHbIX B VIHTEpPHETE, Y MOHUMaHWNE X COAEPXaHWS;

— WHTeprnpeTaLms NOMCKOBLIX 3anpoCcoB MNyTeM NOHUMaHWS YENOBEYECKOro A3bIKa;

— COMoCTaBfEeHNE 3arnpoCcoB C Hanbonee TOYHbIMU U Ka4eCTBEHHLIMU pe3ybTaTamMu;

— OLEHKa 1 NepeoLeHKa KayecTBa KOHTEHTA AfA MOCTOAHHOIO yy4lleHns pe3ynbTaToB NoucKa.
®dakTuyecku, pes3ynbTaT Noucka B TaKUX CUCTEMax ABNSAETCA NPAMbIM Pe3ybTaTOM pPELLEHUN,
NPUHATBIX UCKYCCTBEHHBLIM MHTENMNEKTOM. 1A Ny4Ylero NOHUMaHUsi acNeKTOB NPUMEHEHNSI UCKYCCTBEHHOIO

WHTENNeKTa B MOUCKOBLIX CUCTEMAX pacCMOTPUM peLLaeMble 1 3TOro 3a4auu.

lMouckoeble pelimuHau. NONCKOBbIE CUCTEMbI YaLLle BCErO MCMOMb3YIOT UCKYCCTBEHHBLIN UHTENNEKT
ONs1 paHXupoBaHus BeO-CTpaHuL, BUAEO U OPYroro KOHTEHTA B pe3yrnbTaTax noucka.

Google (1 gpyrne NoMCKOBbIE CUCTEMbI TAKXe) NosiaratoTCs Ha CINOXHbIN UCKYCCTBEHHBIN MHTENNEKT,
4yTOGbI ONpeaennTb, Kak KOHTEHT ByaeT paHXupoBaTbCs. ANropuTMbl, UCMOMNb3yeMble 3TUMKU CUCTEMaMU
WCKYCCTBEHHOI0 WHTENNeKTa, MMeT MHOXECTBO MpaBwusl, Onpeaenstowmx MpUoOpUTETHOCTb PasfnyHbIX
(haKTopoB, OT TUMOB KJIIOYEBLIX CJIOB B BALLEM KOHTEHTE [0 NOJfb30BaTeNbCKOro onbiTa Ballero canta.

BmecTte aTM ¢hakTopbl MOMOralT WUCKYCCTBEHHOMY WHTEMNEKTY MOMCKOBOW CUCTEMbI ONpeaensaTb,
KaKue CTpaHuLbl NoKa3bliBaTb B OTBET HA Ball MOUCKOBLIN 3anpoc.

B 1o Bpemsi kak Google AaeT ykaszaHusi 0 TOM, YTO BaXHO AJ11 ero anropuTMOB, HUKTO 3a npeaenamMmu
KOMMaHUM He MMeET MOJTHOrO NPEACTABMIEHMS O TOM, KaK 3TW anropuTMbl NPUHUMaLOT pelleHns [4].

Ha camom pene 6onbluaf 4acTb COBPEMEHHOrO MOMCKOBOrO MapKeTMHra CocpefoToyeHa Ha ToMm,
YTOObI Y3HATb Kak MOXHO 6onblLUe O TOM, Kak paboTaeT 3TOT UCKYCCTBEHHbIN MHTENNEKT, YTOObl KOMMNaHUK
MOFfM PaHXMUpoBaTb KOHTEHT B pe3ynbTaTtax noucka.

lMoHumaHue nouckoebix 3anpocos. COBpeMeHHble MOWUCKOBble CUCTEMbl [OMXHbI MOHUMaTb
€CTECTBEHHbIN YenoBeYvyecknin A3blK, YTOObl HAXOAMTbL MNOMb30BATENAM HYXHYI UM MHopMaumio. [pyrumu
cnoeamu, 4Tobbl NpefoCcTaBMTb BaM NpaBUiibHbIA KOHTEHT, MOMCKOBbLIE CUCTEMbI AONXKHbI MOHMMaTb, YTO Bbl
cnpaluvBaeTe B Nepeyto ovepenp. [N 3Toro ncnosb3yTca Moaynu no obpaboTke ecTeCTBEHHOroO A3bika
(NLP) — obnactM MCKYCCTBEHHOrO MHTENNEKTa, MOCBALWEHHONW OOYYEHMIO KOMMbIOTEPOB MOHMMATb Haluy
nnuceMeHHyto pedb. M Google, n Microsoft ucnonbaytotr NLP, 4yTobbl NOHMMaTb CBOMX MOfb30BaTenen.
WccneposaHve BallMHITOHCKOro yHmBepcuTeTa paccmoTpeno AHOEKC, YeTBEPTYIO N0 BENUYMHE NMOUCKOBYHO
CUCTEMY B MWpe, U OTMETUNO, YTO Yy Hee TakXe eCTb HeKoTopble nepefosble npunoxeHns NLP wn
MaLUMHHOro 06y4eHus [5].

PaspaboTunku AHgekca obHapyXunu, 4YTo MOryT B3ATb BCe NpeablayLimMe NOMCKOBbIE 3aNpoChl CBOUX
nonb3oBaTenen K UCMNOnb3oBaTb MX AN ontumMu3aumm  Oypywmx nouckoB. Co3gaB  9Tu
NnepcoHann3npoBaHHble pe3ynbTaTbl MOMCKA, OHW YBENUUNIN PENTUHT KITMKOB NpumepHo Ha 10% [6].

Search Engine Journal Takxe yka3sbiBaeT, 4YTo nouck Google Mcnonb3yer HEKOTOpble U3 TEX Xe
NpaKkTuK, ONTUMMN3NPYSA pe3yribTaTbl NMOMCKOBOW CUCTEMbI Ha OCHOBE HeAaBHWX MpefbloyLinmxX 3anpocoB U
MO3BOJIAS MONb30BATENAM BbIMOSIHATL MOMCK TOJIBKO Mo boTorpacum (49 3TOro yXxe ncnonb3yerca gpyras
obnacTb uckycctBeHHoro nHtennekrta). CerogHa Google npoaBuHynNCcs B NOHMMaHWM MOMCKOBBLIX 3anpocoB
Ha HECKONbKO FMraHTCKMUX CKaykoB Brneped. Vcnonb3ys npeaBapuTenbHO 06YYEHHYH A3bIKOBYH MOAESNb
BERT, nouckoBas cucrema KOMMaHWM Tenepb MOHMMAaEeT MOfHble npenyioXeHnsa. 3OTO MNO3BONAET
npeanonoxuTb, 4To BERT MoOXeT NnoHMMaTb KOHTEKCT MOMCKA, @ He TONbKO KIto4eBbIe CITIOBa B HEM [6].

Mpumep ogHol U3 cxem 06paboTKmM 3anpoca Ha eCTECTBEHHOM A3blKe NpeACcTaBneH Ha pUcyHke 1.

Koumposib kayecmea. PaHee HekoTopbiM crieumanuctel no SEO ypaBanocb o6MaHbiBaTb
MOWCKOBbIE CUCTEMBbI C MOMOLLBIO COMHUTESNbHBIX MPUEMOB, KOTOPbIE U3BECTHbI KaK «4epHble MeToabl SEO».
K HMM OTHOCATCHA arpecCvMBHOE HaMOJTHEHME KITHOYEBbLIMMW CIIOBaMW, MacKMpOBKa, HEBUAMMBIA TEKCT U TakK
hanee. HesaBucumo OT mMeToda, Y HuX Obina opHa uUenb: 0bbirpaTh Kaxayl CTpaHuLy pe3ynbTaToB
nouckoBon cuctembl (SERP). BedycnoBHO, 3T0 HaHOCWUMO yulepb MOMCKOBbIM CUCTEMaM, MOTOMY YTO
CTPaHuUbl, KOTOopble BbIN B BEPXHEN YacTu UX pe3ynbTaToB, HE0BsI3aTeNbHO ObINM C KOHTEHTOM CamMoro
BbICOKOIO KayecTsa.

B HacTosiLee Bpems koMnaHUn 06HOBWIM CBOWU anropuTMbl U UCMOMb3YIOT UCKYCCTBEHHbIA UHTENNEKT
ONs OTAeneHns BbICOKOKAQYECTBEHHOrO KOHTEHTa OT HU3KOKadecTBeHHOro cnama. Kaxpoe ns atmx
«M3MEHEHUIN anropMTMa» NoTEHUUanbHO OKa3biBAaE€T OrPOMHOE BIINSIHUE HA TO, KaK KOMMAaHWUM paHXupyloT
CBOWN KOHTEHT 1 CTpaHuLpl B noucke [6].

lonocoeoll Nouck u NoucK no u3obpaxeHuro. ONOCOBON MOUCK U MOUCK U30OpaxeHuih — 3To
HOBblE BO3MOXHOCTW MOMCKA, KOTOPbIe CTann BO3MOXHbIMU Takxe 6narofgaps MCKYCCTBEHHOMY UHTENNEKTY.
TexHONorMm WMCKyCCTBEHHOIO WMHTENNekTa, TakMe kak NLP, ctanM HacTonbko NpOABUHYTBIMW, YTO OHMU
OENCTBUTENBHO MOrYT MOHMMAaTb YErIOBEYECKME TOSloca B PeXUME pearibHOro BPEMEHU, Hanpumep, npu
ucnonb3oBaHnm Google Assistant. 3Tn cucteMbl Ha 6a3e UCKYCCTBEHHOIrO WHTEMNEKTa MOryT MOHUMaTb
YeNoBEYECKYHO peyb, a 3aTeM NepeBOAMTL MX B pe3yfbTaTtbl noucka [7].

TexHONOrMmn UCKYCCTBEHHOTO MHTENNEKTa AJ1si Pacrno3HaBaHUsi U306paXxeHun, MOryT onpeaensiTb, YTo
n3ob6paxeHo Ha Wu300paxeHun, a 3ateM opMynupoBaTb MOWCKOBLIN 3anpoc M NpefocTaBnsATb
peneBaHTHble pe3ynbTaTbl MOUCKa NO 3TOMY U306paxXeHMuIo.
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CermeHTaumna OnpegeneHue
HMA 3 TokeHmsaumn —p " oA —> IeMmaTUIaLMA

npeanoXxXeHW JacTel pedn
Cton-crnoga
PaspelweHue e MMeHoBaHHbIE e Cpynnel MapcuHr
KopedpepeHUMH CYLUHOCTH CYLUECTBUTENBHbBIX 3aBMCUMOCTEHN

PucyHok 1 - Mpumep cxembl 06paboTky 3anpoca Ha eCTECTBEHHOM A3blke

3aknrodeHue. VICKyCCTBEHHbIV UHTENNEKT MEHAET ONTUMM3ALUMI0 MOUCKOBbBIX CUCTEM, NMOCKOSbKY OH
No3BONSET OQHOBPEMEHHO aHanM3upoBaTb W MHTEPNPETUpPOBaTb COOUpPaAEMble MOMCKOBLIMU CUCTEMAMMU
OaHHble AN NpefocTaBfieHNs Nonb3oBaTensamM 6onee Ka4eCTBEHHbIX Pe3ybTaToB.

Ecnn KomnaHuM XOTAT M3BNEeYb BbIrOAY M3 3TON «PEBOSIOLUM UCKYCCTBEHHOIO WHTENNEKTa», UM
HeobxoaMMOo paboTaTb Hapj, ynyylleHMEM TOro, Kak OHM NPefoCTaBaAoT KOHTEHT CBOUM nonb3oBaTtensm. C
TOYKM 3PEHUA MapKETWMHra, Yyem Oosnblue Nonb3oBaTeNM CMOTryT YAOBMETBOPUTL CBOU MOTpebHOCTU, TeM
60onbLUe NOUCKOBOro Tpacduka 6yaeT NpUXoanTb Ha CalTbl MOUCKOBBLIX CUCTEM.
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AHHoOTauuss. B pabote npepactaBneHo Beb-npunoxeHne AN aBTOMaTU3auMM OpraHM3auuM U COMPOBOXAEHUS  AWMIOMHOro
npoekTupoBaHus Ha kadeppe NCuT UNT BI'YUP. MpunoxeHne no3sonseT Nonb3oBaTensM ynyymTb B3aMMoAencTeme Apyr ¢ ApyroMm,
aBTOMaTM3MPOBaTh MPOLIECC YTBEPXAEHNSA TEM AUMMOMHbIX NPOEKTOB, BEAEHNA COOTBETCTBYIOLLIE OTYETHOCTM BCEX 3TaNOB AUMIIOMHOIO
npoeKkTMpoBaHusA. Beb-npunoxeHne npegHasHayeHo ANst UCMOMb30BaHUA CTyAeHTaMu, PyKOBOAUTENAMM AUMIIOMHOIO MPOEKTUPOBaHWUS,
KOHCyfNbTaHTaMu oT Kadpeapbl 1 OTBETCTBEHHBLIMW 32 ANUNIOMHOE NPOEKTUPOBaHMe.

KnioueBble cnoBa. ABTomMaTu3auus npoueccos, gMnyioMHOE NpoeKTupoBaHue, npeaguniioMHaa npakTtuka, opraHu3auua auniioMHOro
npoeKTnpoBaHua, 3]'IeKTpOHHbII7I XypHan, co3jaHune oT4eToB.

BeedeHue. ABToMaTM3aLMsA MPOLECCOB Ha CEroAHSILLHUA OeHb SBNSeT cobo ogHy M3 KOHLEenuuin
yNpaBneHnss TemMu WM WHbIMU  OEWCTBUSIMU, OTNMYUTENbHaAs 4epTa KOTOPOW — UCMosfib30BaHue
WH(OPMALMOHHBIX TexHonorMn. ABToMatTuM3auusa npegycMatpuBaeT LWMPOKoe npumeHeHne OBM wu
nporpaMmMHoro obecneyeHnss n obecneuvBaeT ynpaBneHne MHGoOpMauuen, pecypcamm U OEWCTBUAMMU C
MUHUMAanbHLIM y4YacTUeM YenoBeka B AaHHbIX npoueaypax nubo 6e3 TakoBoro B npuHumne. [naBHas
3afava, KoTopas cTaBunachb B AaHHON paboTe — pa3paboTka NporpaMMHOro CpeacTsa Afsi aBToMaTu3aumm
npouecca auniomMHoro npoektupoBanus (A1) Ha kadenpe WHGPOPMAUMOHHBIX CUCTEM U TEXHOMOrui
MHCTUTYTa MHOPMaLMOHHbIX TEXHONOrMN Benopycckoro rocyaapCTBEHHOO YHUBEPCUTETA MHAPOPMATUKK 1
paanoaneKTPOHUKN.

MpencTtaBneHHoe B paboTe NporpaMMHOE CpPeACTBO aBTOMaTM3auuy AUMIIOMHOIO NpOEKTUPOBaHMUS
npefHa3HavyeHo Ansd ynpoLweHWs opraHu3auuMm 1 MnpoBefeHus npouecca npeaavnsiioMHOW MNpakTUKKM 1
OVMIIOMHOMO MPOEKTUPOBaHMA ANA pyKoBOAUTENEN OUMMOMHbIX MpPoOeKToB u ctyaeHToB. OHO [ONXHO
NO3BONUTb YyYLLINTb KOMMYHMKaLMKN Y4aCTHUKOB MpoLuecca, asToMaTu3anpoBaTh NpoLEeCcC YTBEpXAeHUS TeM
OVMITIOMHbIX MPOEKTOB, BEAEHUS COOTBETCTBYIOLLLEN OTYETHOCTU BCEX 3TAMNOB ANMIIOMHOIO NMPOEKTUPOBaHUA.

Beb6-npunoxeHve peluaeT crnepyowme 3a8aqun:

— obecneyeHre 3aLmMTbl AaHHbIX NOSIb30BaTENEN 3a CHET CUCTEM ayTEHTUUKALMKN 1 aBTOpU3aLmu;

— pasrpaHunyeHue npaBs AOCTyNa K ornpeaeneHHbIM QYHKLMAM 1 nogcuctemam (Moaynsm);

— ynpasneHue AaHHbIMY NoNb30BaTens;

— aBTOMAaTMYEeCKOEe CO34aHue OTYETHON JOKYMeHTauuu;

— B3aUMOJAEWCTBUE CTYAEHTOB U pyKOBOOMTENEN;

— yBe[AOMIIEHUE NoNb30BaTenew;

— co3[aHve n noareepxaeHne 3anaBoK Ha pykosoacTso AIM;

— B€OEHVE 3MEKTPOHHOIO XypHasia KOHTPOJSIbHbIX TOYEK BbINonHeHusa A[1;

— Ha3Ha4yeHue KOHCYIbTaHTOB OT Kadbeapbl A1l BHELLIHUX PYKOBOOUTENEN 1 ap.

OcHo8Hasi 4acmb. [lpunoxeHne WMeeT uYeTbipe YpPOBHA [OCTyna: OTBETCTBEHHbIM 3a [l
(apMuHMCTpaTOop), pyKOBOAUTESNb AMMIIOMHOMO NPOEKTa, KOHCYNbTaHT OT Kadeapbl Y CTYAEHT-OUMITOMHMK.

ltaTHble COTPYAHMKM Kadeapbl MMMOPTUPYOTCA B 6a3y AaHHbIX PYKOBOAWUTENEN C yKa3aHUEM
KOJIM4YeCcTBa AMMNSIOMHbIX MPOEKTOB, PYKOBOAUTb KOTOPLIMW OHWM MOTYT B TedeHue y4yebHoro roga. Cnucok
CTYLAEHTOB BbIMYCKHOrO Kypca, Takxe umnoptupyetca B 6a3y AaHHbIX CTyAeHTOB. B ponu cTypeHTta B
MPUNOXEHUN MOTYT 3aperucTpyMpoBaTbCsi TOSIbKO MONb30BaTeNMW, KoTopble 4yucnatca B 6ase paHHbIX
BbIMYCKHOrO Kypca (ana u3beraHnsa npeaHaMepeHHbIX WU HenpeaHamMepeHHbIX owubok). [locne
pervctpaumn (BBeOEHUSA LONOMHUTENBHBIX KOHTAKTHBIX OAHHbIX: 9NIEKTPOHHON NOYThl, TenedoHa ond CBs3u
W napona Ans AOCTyna B NPUIOXeHUE) CTyAeHT 0603Ha4YaeT cBoe MECTO MPOXOXAEHUS MpeaanniioMHON
NpakTMKM (COrnacHoO 3aKJ/IlYEHHOro [0roBopa), MpeanoYyMTaemMyro Temy OWMIIOMHOINO TMpoeKkTa W
npeanosiaraeMoro pyKoBOAMTENS U3 YUCa LUTATHbIX COTPYAHUKOB UMW BHELLHMX pyKoBoAWTeNen. OKkpaHHas
dopma 3anpoca cTyAeHTa npeacTaBneHa Ha pucyHke 1. Mpu BbIGope WTAaTHOro CoTpyaHnKa Kadeppbl B €ro
NIMYHOM KabuHeTe, a TakXe Ha €ero 3MeKTPOHHYH MOoYTy MPUXOAUT 3asiBKa Ha PYKOBOACTBO AUMSIOMHbLIM
NMPOEKTOM AaHHOro ctydeHTa. penopaBaTenb [OMXEH NMO0 OTKMOHUTL 3asBKY, NMb0 NoATBEpAUTb, C
BO3MOXHOCTbIO M3MeHeHuss Tembl [T (B oboux cnydasx CTyAeHT nonydaeT yBegomrenus). LUtaTHble
COTPYOHVKN Kadheppbl aBTOMaTUYECKN HAa3HAYaloTCA KOHCYNIbTaHTaMy OT Kadpeapbl 1 TakKKe OCYLLECTBAIT
3aWunTy OTYeTa MO MPeaavnyIoMHON npakTuke. Mpu BbibOpe CTYAEHTOM BHELLUHEro PYKOBOAMTENS €My
NPUXOAMT YBEAOMIIEHMNE O HanMUMM 3asBKU OT CTYAEHTa Ha YKa3aHHY CTYAEHTOM 3IEKTPOHHY0 noyTty. o
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CCbIfIKE B YBEAOMJIEHUM BHELUHUNA PYKOBOAUTEMb [OJIXEH 3aperncTpupoBaTbCA B MPUIIOXEHUM, yKasaB
HeobxoaouMyto uHcopmauuio. lMocne 4Yero BHELWHWA pykoBoauTENb NMGO NpUHUMAaEeT 3asaBKy, nmbo
OTKJIOHAET. B cnyyae, ecnv oH NpuvHMMaeT 3asiBKy Ha PyKOBOACTBO AUMIIOMHBIM MPOEKTUPOBAHWEM — OH
oXxupaaeT onobpeHuss oT oTBeTCTBeHHOro 3a [l (mocne npouenypbl Bepudukaumu aaHHbiX). Takxe ans
CTYLEHTOB, YbW PYKOBOOUTENN ABMSIOTCA BHELUHUMU OTBETCTBEHHLIN 3a [ Ha3HauyaeT KOHCYNIbTAHTOB OT
kadeapb! (BO3MOXHO aBTOMAaTUYECKOE Ha3Ha4YeHWe AJ1sl BCEX CTYAEHTOB BHELLHEro pyKOBOAUTENSA OAHOro
onpefesieHHoro LWTaTHOrO COTPYAHWKA kadegpbl Ans ynobctBa KOMMYHMKAUUM  PYKOBOOUTENS U
KOHCynbTaHTa). MakcumanbHoe KONMUYECTBO AWUMSIOMHbIX MPOEKTOB TMof  PYKOBOACTBOM — BHELUHMX
PYKOBOAMTENEN TaKXe OrpaHMYeHO onpefesieHHbIM 3Ha4YeHVWeM, 3afaBaeMblM OTBETCTBEHHbIM 3a [f.
Mocne NpUHATUA M BO3MOXHOIO peaakTUpOBaHWs 3asiBKM MOXHO aBTOMATUYECKU CreHepVpOoBaTh 3asiBlieHne
Ha Temy [OWMJIOMHOrO NpoekTa W pykoBoguTensa. OkpaHHas dopMa opMUpPOBaHUS 3asiBREHUs
npeacTaBneHa Ha puUcyHke 2.

MecTo NpoXoXAeHNA NPaKTUKN

Mpumep
FopoA NpOXOXAEHUA NPAKTUKKN
Bpecr

Tema gMNAOMHOro NPOEeKTa

Be6-npunoxeHne asTOMaTU3auMm AUNAOMHOI0O NPOEKTUPOBaHA

® CoTpyaHuk kadeap BIYWUP
O BHEWHWIT pyKOBOAWTEND

BribGepuTe pykosoauTena B

OTnpasnTb 3aNpoc

PucyHok 1 - MNpumep co3paHus 3anpoca CTyAEHTOM Ha PYKOBOACTBO AVMNIIOMHBIM MPOEKTOM

2021

©WO PykosoguTtens

PykoBoAWTEnb He 13 B

Orkpimite «GDocument.docs X
YuéHaa cTenemb, 36aHUe PYKOBOAMTENS

23123 Bbi cobupaetec oTKpbITs:
[ GDocument.doc

senatowmics: Jokyment Microsoft Word 97-2003 (40,0 KB)
Mpumep w3 https://localhost:44370

MecTo pa6oTel pyKkoBoaUTENS

loMKHOCTS PYKOBOAMTENS
Kak Firefox cnepyer obpaborars 31ot daiin?
1231 : :
= @_OIKprTh B Word 2016 (no ymonuanuto) v

Pa6ounii Homep TenedoHa (JomawHuii) pykosoauTens (@) CoxpaHuts daiin
i [] Buinonwate asTomatiueckm ana Bcex paiinos gaHHoro TMna.

Crax pa6oTl pyKOBOAUTENS

MoYTOBEI MHABKC M AOMALHWIT 33PEC PYKOBOANTENR "

123123
Homep MO6WABHOrO TenedoHa pykoBoAMTENS b

+375292445215 v )

2
-~
«
. m— ] wll ‘!\-J

PI/IcyHOK 2- [Npumep reHepupoBaHns 3asBNeHNsa Ha TEMY OUNJIOMHOIo NpoeKTa n pykoBogutena

MNpv BXoAe B NINYHbIA KaOUHET OTBETCTBEHHOTO 3a [ oTobpaxatoTcsa crieayowye BKagKu:

— Bknagka «3asiBKu Ha perucTpauuioy» npeHasHadeHa Ansa noATBepXaeHUsa perucTpauyn BHELLIHUX
pykoBoguTenei. Mocne noaTBepXAEHWUs PerucTpauuy BHELHEMY PYKOBOAMTESO Ha YKa3aHHyl MouTy
oTnpaBnsieTcs NoATBEPXAEHME perncTpaunmn. B 3asiBke oTobpaxaeTcsi Bcs MHdopMaums 0 pykoBoauTere.
MMeeTcsl BO3MOXHOCTb peakTMpOBaHNA AaHHbIX B 3aABKe.

— Bknapgka «basa wTaTHbIX pykoBoauTenen» npefHa3HauyeHa AN BHECEHUS W pedaKTUpoBaHUs
nHcpopMaLuM Mo pyKOBOAMTENAM, SBNAIOLMMCSA COTPYyAHUKaMu kacheap yHUBepcUTeTa.

— Bknapgka «ba3a BHeLLHNX pyKoBoauTenen» npeaHasHadyeHa Ans peaakTupoBaHusl MHopmMaumm
Mo BHELUHUM PYKOBOAUTENSAM.

— Bknapgka «Ba3za koHcynbTaHTOB OT Kadheapbl» NpefHa3HayeHa AN BHECEHUS] U peaaKTUpoBaHUs
nHopMaLuM Mo KOHCyNbTaHTaM oT kadeapbi.

— Bknapgka «basa cTyOeHTOB» npeAHasHa4yeHa O BHECEHUA U pefakTUpoBaHusi MHdopMaLmmn no
CTyOeHTaMm BbiMyCKHOro Kypca.
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— Bknagka «KypHan KOHTPOSbHbIX TOYEK BbIMONHEHWSA AMMNIIOMHOMO MPOEKTUPOBAHUA» COAEPXUT
uHdopmauuo o BblnonHeHun [T BceMu cTyaeHTamMu W pe3ynbTaTbl UX OLEHKU PYKOBOAUTENSAMU C
BO3MOXHOCTbIO MX pefakTupoBaHusa. CTpyKTypa nHgopMauum XypHana KOHTPOSbHbIX TOYEK BbINOMHEHMWS
Il npenctaBneHa Ha pucyHke 3.

— Bknagka «OTYéTbl 1 NpuKasbl» NpeaHasHaveHa ans (opmMnpoBaHMsa OTYETOB O Hauane u KoHue
NPeaaMniIOMHON NPaKTUKM U MPOEKTOB MPUKA30B MO COOTBETCTBYIOWMM (hOpMaM U COOEPXUT KHOMKU:
«OTYéT 0 Havane npakTUKW BeuvepHen opmbl nonyyeHuss obpasoBaHuss (BPO)», «OTYET O Hauane
NpakTVKM 3a04HON opMbl nonydeHns obpazoBaHusa (3PO)», «OTYET 06 OkOHYaHMKM MpakTMkm BDOvy,
«OT4YET 06 okoH4YaHuM npakTukn 3PO» - TO Xe camoe, Tonbko ansa cryaeHToB 3P0, «Mpukasz o MM BPOy,
«Mpukas o MNAMN 3dO0», «Mpukas o MNAM 3PO», «[Mpukas o MAOM 3PO».

— Bknagka «O6bsABneHus» npegHa3HadeHa [NA CO3[aHUA, PefakTUpOBaHWA U yaaneHus
obbABNEHNIN OT 0TBETCTBEHHOrO 3a 1. O6bABNEeHNA MOryT coaepXaTb CCblkK, dannbl n T.4. O6baABNeHus
oTOOpaxaloTcs B NNYHbIX kKabuHeTax CTYAEHTOB M pyKoBoauTenen. Takke BO3MOXHOCTb CO3[aHMNA CBOUX
obbABNEHNN umetoT pykosoamTenu Arl.

MNepeas Bropas TpeTba Hopmo-

KOHTPONLHAEA TOYKA KOHTPONbHAA TOYka KOHTPONbHAA TOYKA xowTpos 120 PK Jawmra
Iaugra MAN Cuewxa Ouenxa: 70 Oyesxa + Ouerea DueHxa: + Aara
Aara: 01.12.21 Aara: 200121 Aara: 20.02.2) Aara: 2001.20 Aarx Aara

11.052Y 11.04.21

PucyHok 3 - Npumep aneKTpoHHOro XypHana KOHTPOJbHbIX TOYEK BbINOHEHNSA

Jwnarpamma BapnaHTOB UCMNonb30BaHusi [1] BE6-NpunoxeHns npeacraBsieHa Ha pUcyHke 4.

<extend> /" 3kcnoprs
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CTyAeHToB

i <extend> :
Pepaktuposartb ' ;== -<extend> -
NWYHBIE AaHHbIe y
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- .<extend>. L. -<extend>--.

Pepaktuposatb YcraHoBka ponei
nonb3oearenen none3osarenen

AamuHucTpaTop

3kenopt
AaHHbIX

PucyHok 4 - lnarpamma BapuaHTOB UCMOSIb30BaHUs! BEG-NPUIIOXeHMs
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ApxnTekTypa pa3paboTaHHOro MPUIIOXEHWUS MPOUIIIOCTPUPOBAHA C  MOMOLUbI0  AvarpaMmmbl
KOMMOHEHTOB, KOTOpasl NpefCcTaBneHa Ha pucyHke 5.

2]

«Component»
Mogaynb
ynpaeneHus

2] %]

<Components
Moayns oTnpaexku
e-mail coobueHu#

«Component»
BeO-knuent

2] £]

«Components «Component»
Cepeep b1 bubnuorexa ansa
ornpaeku e-mail

Co00ueHUH

2]

«Components
Cepeep
BeO-NpuNoXeHua

2]

«Component»
Mogyns 3Kkcnopra
[OaHHBIX

PucyHok 5 - [lnarpamma KOMMNOHEHTOB NPUIIOXEHUs

3aknroqyeHue. Pa3paboTaHHoOe BEG-NPUNoXeHne No3BoNUT aBTOMaTn3npoBaTh NPOLLECC OpraHM3auum
n conpoBoxaeHusa npouecca [l kak ans orBetcTtBeHHoro 3a I, tak u gna pykosogutenen LI un
CTYOEHTOB, @ TakXe MaKCMMasibHO WCKIIIOUUTb OLIMOKKM «4enoBeveckoro cpaktopa» npu HasHa4yeHUM
pykosogutenen IO n ytBepxaeHun tem [l1. lMomMuMmMo TOro, nmonHOCTbO aBTOMATU3UPYETCA MNpoLEecc
CO30aHuNsi OTYETHOW AOKYMEHTaUMM Mo npepamniioMmHon npaktnke n O n xop [ N0 KOHTPONbHLIM TOYKaMm
BbIMNOSIHEHNSA OMMIIOMHOIO NPOEKTa.

Cnucok ucnosib308aHHbIX UCMOYHUKOS:

1 About the Unified Modeling Language Specification Version 2.5.1 [OnekmpoHHbili pecypc]. — Pexum Aocmyna:
https://www.omg.org/spec/UML/ Jama docmyna: 01.04.2022.

UDC 004.42+004.91+65.011.56+378.14

AUTOMATION OF THE DIPLOMA DESIGN AT THE UNIVERSITY
DEPARTMENT.

Mazur A.G., Savenko A.G.

Institute of Information Technologies of the Belarusian State University of Informatics and Radioelectronics,
Minsk, Republic of Belarus

Savenko A.G. — Senior Lecturer, Master of Engineering Sciences
Annotation. The paper presents a web application for automating the organization and maintenance of graduation design at the
Department of ISIT IIT BSUIR. The web application allows users to improve interaction with each other, automate the process of

approving themes of graduation projects, maintaining appropriate reporting of all stages of graduation design. The web application is
intended for use by students, graduate project supervisors, consultants from the department and those responsible for graduate design.

Keywords. Process automation, diploma design, undergraduate practice, organization of diploma design, electronic journal, report
generation.
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YOK 004.771

CUCTEMA YOAJIEHHOIO YNPABJIEHUA YCTPONCTBAMU HA BA3E
MUKPOKOHTPOIJIIEPA ESP32

MapuHosuuy [.A. Y, yyawutics HAT,
AHdpelivyk A.O. 2, npenodasameris QUCUUNIUH crieyuanbHo20 UUKa,
Cuuko B.A.2, cmapuwuti npenodasamerb kaghedps MCuT

YupexoeHue obpa3sosaHusi «HavuuoHarnbHbIl demcKuli mexHonapk» 1,
Benopycckuli eocydapcmeeHHbIl yHUsepcumem UHgbopmMamuKku U paduoanieKmpoHUKU,
unuan MuHckull paduomexHuyeckuli Konneox 2,

Benopycckuli eocydapcmeeHHbIl yHuUsepcumem UHgbopmMamuKku U paduoanieKmpoHUKU,
UHemumym UuHGopMayUOHHbLIX MeXHoMoaul 3,

2. Munck, Pecnybnuka benapych

Cuuyko B.A. — mazucmp mexH. Hayk

AHHOTauus. B crtatbe paccmMoTpeHbl ocobeHHOCTU mpoTokona obmeHa coobuwennamu MQTT. PaspaboTaHbl OCHOBHble (DYHKLIMM
ynpaBneHuss MUKpokoHTpornepom ESP32. [lMpepnoxeHa mopenb cucTeMbl yAaneHHOro ynpasBneHus ycTpolcTBamm Ha 6ase
MUKpPOKOHTpornnepa ESP32 ¢ pazapaboTkoi KNMMEHTCKON 1 CepBEPHON YacTu BED-NpUnoxeHus.

KntoueBble cnosa. [TporpammumpoBaHne MUKpoKoHTposnepos, npotokon MQTT, mukpokoHTponnep ESP32

BeedeHue. B coBpeMeHHOM MMpe TEeXHONOrMW MPOABMHYNIUCL OO0 TaKOro YPOBHSA, YTO MOXHO
yNpaBnsaTb pas3nUYHbIMM  cUCTeMamu ypaneHHo. Bce 6Gonblie nwogen HyxaaeTcda B ynpaBeHuu
ycTponcTBaMm 6e3 NpuBaA3KK K onpeaeneHHoMy MecTy. [JOBOSIbHO YacTo NpUXoauTCSa roTOBUTb Npe3eHTaumnm
N BbICTaBMATb WX Ha Bceobuiee o0003peHMe. B cBsA3M C 3TMM BO3HMKaeT npobnema, cBA3aHHaA C
BO3MOXHOCTbIO YMNpaBfieHUs CMEHOW CnangoB Ha aKpaHe ypaneHHo. CyulecTByeT annapaTHOe pelleHue
3TOro Bornpoca - m3nyeckne nynbTbl AN ynpaBneHsa npe3eHTaumei, Ho NOCTOAHHO X ¢ COBON HOCUTb He
BCerga ecTb BO3MOXHOCTb. [1pOeKTHOE peLleHne No3BOMMT PELLUTb AaHHYI0 NpobnemMy nyTemM nporpaMmmHon
opraHu3auum nepegaymn pyHKUMIA NynbTa MOBUNIBHOMY YCTPONCTBY.

Ha paHHbI MOMEHT CyLLecTBYET ABa TuMa NporpamMm As1si ynpaBneHns npe3eHTaumuen: ¢ MobunbHbIM
npunoxeHnem n c Be6-ynpaenexHnem. OgHako, y HUX eCTb BecoMble HegocTaTkm. OauH U3 rnaBHbIX — LeHa
3TUX MOOMUNbHBLIX MPUNOXeHWA. BonbLMHCTBO KA4yeCTBEHHbIX pelleHUn Ha MOBWUNbHbLIX YCTpOMCTBaxX 3a
MCnonb30BaHMEe NOSTHOro yHKLUMOHana TpebyeT KynuTb nnaTHyto Bepcuio. BTopbiM HepgocTaTkoM siBnseTcs
TMN BblbpaHHoro noakntoyeHus: Bluetooth n WIiFi mogem. [JanbHOCTb pacnpoCTpaHeHUst curHamna He
npeebiwaet 10 MeTpoB, YTO MOXET SBNATbCA Npobnemon B Gonblunx ayautopusix. Tpetun — IP-agpec.
Mopaenstowee GOMbLUNMHCTBO PELLEHWIN UCTIONb3YET UMEHHO €ro AN COEAMHEHUs MeXAay YCTPOWCTBaMM,
YTO CHMXAEeT ypoBeHb 0E€30MacHOCTM AaHHbIX Ha yCTponcTBax. [pumMepamu Takux nporpamm SBASAOTCA:
Remote Control Presentation, i-Clickr PowerPoint Remote, Clicer, Remote for PowerPoint Keynote.

B pamkax npoekta 6bina nocTaerneHa 3agada paspaboTaTb MNpUOXeHUe Ans MOOWUIbHBbIX W
KOMMbIOTEPHBIX CUCTEM ANS ynpaBfeHus YCTPOMCTBaAMU Yepe3 MHTEpPHEeT Ha pacctosHuu. Kpome Toro,
npegsiaraemoe NpPoekTHOE peLleHne NO3BOSUT YNPOCTUTb U PacipoCTPaHUTb 3TY TEXHOMOMNIO Ha 6osbLUYHO
ayamTopmIo.

OcHoBHasi yYacmb. [nA peanusauumum npeanaraeMon CUCTEMbl YAAneHHOro  yrnpaBneHusi
yCTpomcTBaMu BbInn NPUMEHEHbI ClieaytoLmMe NporpaMmMHbIE CPEACTBa:

— cpepfa BusyarsnbHoi pa3paboTtku npunoxeHuin ana OC Android «App Inventory;

— TekcToBbIM pegaktop VS Code ¢ BO3MOXHOCTbIO MOAKIIOYEHNS PasfnyHbIX MiaruHoB, YTO AaeT
BO3MOXHOCTb paboTaTh C pasHbIMM S3blKaMu NPorpaMmupoBaHnsa ansa paspaboTtku noboro IT-npoaykra;

— PlatformlO - nnatdopma ¢ OTKpbITbIM UCXOAHbIM KOAOM Ha fA3blke Python, yaobHas ans
pa3paboTKn NPOEKTOB «MHTepHeTa Bewen» (1oT);

— A3blK NporpaMmmupoBaHus Python;

— MQTT (unn Message Queue Telemetry Transport) — ynpoLlleHHbI CEeTeBOW MNpPOTOKOI,
pabotatowmii nosepx TCP/IP, opueHTUpoBaHHbIN Ha OOMeEH COObLEeHNAMM MeXay YCTpoOMCTBaMu No
NPUHLMNY N3gaTenb-noanmcyuK.

OcHoBHbIMM 0cobeHHocTsiMU npoTokona MQTT MOXHO OTBETUTb. ACUMHXPOHHOCTb, KOMMaKTHblE
coobLeHus, paboTa B yCNOBUSIX HECTAOWUNbHOM CBA3M Ha NMNHUK Nepefayn faHHbIX, NoAAepXKa HECKONbKMX
YpOBHelW kayecTtBa obcnyxuBaHus (QoS), nerkas uHTerpaums HoBbIX YCTPOWCTB. BblenepeuncnenHble
OOCTOMHCTBA MO3BOJISAT NMPUMEHSATL ero B cuctemax M2M (MawwnHHo-MalwmHHoe B3aumogencteme) u lloT
(MpoMBbILWNEHHbIN VIHTEPHET BELLEN).

O6MeH cooblueHuamu B npotokone MQTT ocywecTBnsieTca mexay KiveHtom (client), KoTopblii
MoxeT OblTb usgatenem wunu nognucynkoM (publisher/subscriber) coobuieHuin, n 6pokepom (broker)
coobueHuin (Hanpumep, Mosquitto MQTT). Msgatenb otnpaensieT gaHHble HA MQTT 6pokep, ykasbiBas B
coobLeHnn onpedeneHHyto Temy, Tonuk (topic). MognucumMkn MoryT nomnyyaTtb pasHble AaHHble OT
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MHOXECTBa u3gaTenen B 3aBUCUMOCTU OT NOAMUCKN Ha COOTBETCTBYIOLWME TONUKU. Bpokep MoxHO co3aaTb
Ha Beb-pecypcax, Ha NepcoHanbHOM KOMMbOTEPE, HA MUKPOKOHTPOMSEPE U T.M.

B npoekTe oH peanu3oBaH Ha ypnaneHHoMm cepsepe. B Koge nporpammbl MOXHO M3MEHATb Bpems
obmeHa paHHbIMKU. CnegyeT yy4ecTb, YTO MUKPOKOHTPOSNEp OTCbiNaeT AaHHble Kaxable 2-3 CEeKyHAbl, Tak
yTo, ecnu ByaeT NoTeps AaHHbIX OAHOW Nepeaayn, To cbos He npon3onaerT.

B kauvectBe annapatHou nnaTtdopMbl MNpoekTa Obina uMCNonb30oBaHa Cepua Heaoporux
MMWKPOKOHTPOSNEPOB C HU3KUM SHepronoTpebneHmem - ESP32, koTopble npeactaBnsaoT cobon cuctemy Ha
Kpuctanne ¢ uHterpuposaHHbiM Wi-Fi n Bluetooth koHTponnepamu.

OcHoBHOEe yCTpoNCTBO, pa3paboTaHHOE B paMKax MpOeKTa, BKMo4aeT Takue OCHOBHbIE KOMMOHEHTbI:

— T[nata Espresssif ESP32 Dev Module, koTtopasa umeeTr MukpokoHTponnep ESP32, uyactoty
240MTu, dprnow namate 4MB 1 RAM 320 KB, a takxe BcTpoeHHbIn mogynb WiFi, oHa aBnseTca nydywein ns
n3BeCTHOM B arduino uno.

— umdpoBON AaTUUK BNaxHoOCTM n Temnepatypbl DHT11, cocTosawmin n3 Tepmmctopa u eMKOCTHOTO
JaTumka BraxHoctu. Jatuuk copepxuT B cebe AL ans npeobpa3oBaHus aHanoroBbiX 3HaYeHWUN
BMaXHOCTN N TeMnepaTypbl.

— ®oTopesuctop.

— DC-moT0op (MOTOp NOCTOAHHOIO TOKa). dnekTpoasuratens paboTaeT TOIbKO Ha MOCTOSAHHOM TOKe
OT 3N1IEMEHTOB NMUTaHWUS.

— Csetogmop - LED (guopn, nsnyyatoLumim cBeT).

B nporpammHom koge ana o6paboTku nokasaTenen aaTyukoB, dpoTopesncTopa, ceetoamoga u DC-
MOTOpPOB Mcnonb3yeTcsa 6ubnuoteka “DHtesp.h”.

MHTepdenc BbiBoAa AaHHbIX NpeAcTaBieH Ha PUCYHKe 2.

920AM T A4 & &

Temnepartypa
0

CeeT: 0

CKOPOCTb BeHTUAATOpa

0

3BYK

" A3 NKM
v >

PucyHok 2 - iHTepdeinc BbiBoAa BbIXOOHbBIX AaHHbBIX Ha CMapTdoH

M3 npunoxeHus co cmaptdoHa NpPUXoasT AaHHble 06 M3MEHEHMU pexuma CBeToaMoaa, CKOpPOCTb
paboTbl BEHTUNATOPOB, MOMIOXEHWM Kypcopa Ha 3KpaHe W YpOBHA FPOMKOCTW. Hanpumep: nameHeHue
nonoxeHusa kKypcopa Bnpaso/ BHM3/ Bneso/ Beepx - "DPR/jXpl" / "DPR/jYpl" / "DPR/fXmn" / "DPR/jYmn";
Haxatne neBol kHomkon wMbiwn - "DPR/sololeftclick”; pgBonHoe HaxaTue neBOW KHOMKOW MblIlK -
"DPR/doubleclick"; MuHumanbHas/ makcumanbHas rpomMkocTb -"DPR/soundOff'/ "DPR/soundOn";
yBenuyeHne/ ymeHblleHne rpomkoctn - "DPR/soundPUp" / "DPR/soundDown"; pexum csetoguoga —
“DPR/light”; ckopoctb DC moTopos - “DPR/speed”.

YcTponcTBO BbIBOAUT UHGOPMALINIO O pexumMe paboTbl B NPUNOXeEHWEe Ha CMapTdOHe.

B tenedoH yepes npotokon MQTT nocTynaroT cnegyrome 3HaueHms:

— Tewmnepatypa u3 pasgena "DPR/temp”;

— BnaxHocTtb n3 Ttonuka " DPR/vlazh";

— YpoBeHb ocBeLLeHHOCTM U3 Tonuka " DPR/svet";

— CKopocCTb BpalleHUs BEHTUNATOpa.

B nporpamme ansi MMKpPOKOHTpoOSiepa peanu3oBaHbl Takue Mosib30BaTeNbCkue pyHKLUUN Ans
yNpaBNeHUs MUKPOKOHTPOSISIEPOM:

— scanWIFI() ana noucka okpyxatowmx WiFi ceten;

— WIFi_Other_Connect() ans nogkntoveHus nydweni cetn WiFi n3 3apaHee 06bsIBNEHHbIX;

— WiFi_Connect() ans nooknoyeHns K CETU yka3aHHOW B Ka4eCcTBe apryMeHTa (pyHKunu;
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— callback(char* topic, byte* payload, unsigned int length) ans nonyyeHns 3Ha4YeHN U3 TONUKOB, Ha
KOTOpble NoAnMcaHbl Nonb3oBaTeny;

— BrokerConnection() ana nogknioyeHns K 6pokepy, NCnonb3yeTcs Nnocrne paspbiBa COEOUHEHNS;

— setup() ocHoBHasa yHKUMA AN NnaTbl, B KOTOPOW ONpeaensaTCca HayarnbHble HaCTPOWKY;

— loop() pyHKLMS ANns nnaTbl, B KOTOPOW LIMKIMYECKM BbINOMHATCA OENCTBUS;

— [nfA ynpaBneHusa KOMMNbTepoM:

— subscribe(client: mqtt_client) nogkntoyeHne TONMKOB A8 NOMYYEHUNA AaHHbIX;

— on_message(client, userdata, msg) ona nony4yeHma 3Ha4€HUin U3 TOMUKOB;

— run() 6eCKOHEYHbIN UMK ANs HenpepbiBHOW paboTbl MporpamMMbl.

Mpn npoekTMpoBaHWM YCTPOWUCTBA CMNpOeKTUpoBaHa M pa3paboTaHa cxema MOOKIIOYEHMS BCEX
annapaTHbIX KOMMOHEHT, KOTopasi NpeACcTaBneHa Ha puUcyHke 3.

Mutanne 3.3 BonbTa NocTynaeT Ha nnaty yepes3 usb kabenb. [JaTtunk TemnepaTtypbl U BAAXHOCTM
NOAKIOYEH Yepe3 pa3beM (MUH-KOHHeKTop) 14. doTopesucTop noaknyeH Ha 36 pasbem C LWMPOTHO-
UMMYSIbCHOM MOAyNsiLMen U MNOATSHYT Yepe3 pe3ucTop K 3emre. MoTtop nogknioyeH Ha 25 pa3bem C
LUMPOTHO-UMMYNbCHON Moaynsaumnen. CeeToanop NOAKoYeH Ha pa3beM 33.

PucyHok 3 - Cxema nogkstoyeHnst yCTPOWCTB Ha MOHTaXHOW nnarte

3aknmoyeHue. Pas3paboTaHHas annapaTHO-MporpamMmHasl cuctema npepocTaBnseT BO3MOXHOCTb
yAANEeHHOro ynpaBrieHWs pasfnuyHbIMKU  YCTPOMCTBaMK, WCMonb3oBaTb, obGpabaTbiBaTe M NepefaBaTb
JaHHble, pacrnofioXeHHble B YAAneHHOM [JaTa-LeHTpe, BHE 3aBMCUMOCTM OT MECTOHaxoXAeHus
nonb3oBarens.

Cnucok ucnosib308aHHbIX UCMOYHUKOS:

1. llpocmo o npomokorne MQTT e |loT [OnekmpoHHbIl pecypc]. — [OnekmpoHHbIU pecypc] — Pexum 0Oocmyna:
https://zen.yandex.ru/media/id/5e16ce1278125e00blea677e/prosto-o-protokole-mqtt-v-iiot-5e25713ee6e8ef00b2d8938e Hama
docmyna: 08.04.22

2. Espressif ESP32 Dev Module [OnekmpoHHbili pecypc] — [OnekmpoHHbil pecypc]. — Pexum docmyna:

https://docs.platformio.org/en/latest/boards/espressif32/esp32dev.html Jama docmyna: 08.04.22
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Y[OK 004.42+004.925

NPOrPAMMHOE CPEACTBO ANA BU3YAIIbHOIO
NMPOrPAMMUPOBAHUA LULEMOEPOB

Memenuua 4.C., cmydeHm epyninbi 881071,
CaeseHko A.l., cmapuwut npernodasamernb kaghedpbl UCuT

Benopycckuti eocydapcmeeHHbIl yHUsepcumem UHgbopmMamuKku U paduoaniekmpoHUKU,
WHecmumym uHghopmayUOHHbIX mexHosoaud,
2. Munck, Pecnybniuka benapycb

CaseHko A.l. — Mmazaucmp mexH. HayK

AHHOTauus. B paboTe npeacTaBneHo NporpaMMHOE CPeAcTBO AJ1sl BU3YarbHOro MporpaMMuUpOBaHns WenaepoB, npeaHasHavyeHHoe
OnA aBTOMaTu3auumu Mpouecca BU3yanbHOrO ONUCAHUS LUEWAEPOB TEXHUYECKUMM XYAOXHUKaMU M NporpaMMuUCTaMmu C LENbH
YCKOpEHUs1 npouecca NpoToTUNUpoBaHus. Mcrnonb3oBaHWe AaHHOrO CpPeAcTBa TEXHUYECKMMMU XyL0XHUKaMW MO3BOSIUT YMEHbLUUTb
B3aUMOAJENCTBUE XYOOXHUK — MpOrpaMMUCT B npouecce paboTbl Haf NPOEKTOM, T. K. MporpaMMHOe CpeacTBO He TpebyeT oT
nonb30BaTensa 3HaHUA NPOrPaMMUPOBAHUS UM UHBIX CeLMMUYEcKnX HaBbIKOB. ITOroM NporpaMMupoBaHus LWenaepa CTaHeT 3KCnopT
B GLSL-koZ, COBMECTUMBIi C 6OMbLUMM KOJIMYECTBOM UrPOBbIX ABUXKOB.

KnioueBble cnosa. [porpaMmMmypoBaHme LWenaepos, BU3yasnbHoe onvcadne, GLSL-kopg,

BeedeHue. Pa3Butre TEXHONOMMIN BEAET HE TOMbKO K YNPOLLEHNIO TpyAa COBPEMEHHOTO YenoBeKka, HO
N K NOBbILLEHNIO KavecTBa cdepbl pa3eriedeHnin. KomnboTepHble Urpbl 1 rpadmka B KuHemartorpage AaBHO
CTanuv npuereKaTenbHbl HE TONbKO ANA AeTe, HO 1 ans ropa3no bonee wvpokon ayamtopuun. MoTtpebutens
npeaobsaBnaeTr Bce 6Gonblwe TpeboBaHUW K KavyecTBY UMGPPOBOro KOHTEHTA, YPOBHK MOAENMpPOBaHUSA
n3o6paxeHuin, KayecTBy AeTanu3aumm rpaguyeckux nsobpaxexun. CospemeHHas IT-ccpepa gaBHO BbiLNa
3a npegernbl peleHns cyrybo MaTteMaTu4ecknx 3agay.

Llenpep — aT0 nporpamma, BbINOMHAWLWAACS Ha rpacdunyeckom npoueccope Bugeokaptbl (GPU). Ha
BXOA Lendepa nodalTCsa BXOAHble [AaHHble, coaepxawme WHGOopMauuio O KoopavHaTax BepLuuH,
NosIMroHax, HopMmansax, oceelweHun, Leete BeplmnH, UV(TEKCTypHbIX KoopanHaTtax) v T.4. 3agaya wengepa
NPUHATb 3TV AlaHHble, 06paboTaTh, U NoAaTb Ha BbIXOA, KOHEYHbIN pe3ynbTart [1].

OcHoeHasi Yacmb. OOHUM K3 OCHOBHbLIX MOHSATUMI MpPOrpaMMuMpoBaHus wenpepoB aensetca 3D
mogenb (pucyHok 1). OHo BKntoyaeT B cebsl ABa OCHOBHbIX MYHKTA: BepLUMHa U TekcTypa. Kaxaas BeplinHa
MMEET CBOM KOOPAMHATHI, @ TakkXe Hopmarsb. BeplumHbl o6beanHeHbl B MONUIOHbI Npy nomolm pédep, a
MONMWUroHbl, B CBOK o4epedb, 0Opa3ylT nNonuroHanbHytld ceTky (mesh). TekcTypa — 3To npocToe
n3o6paxeHne, KOTOPOEe PacrnofioXeHO Ha Moaenn B cooTBeTcTBum ¢ UV-kKoopanHaTamm.

3d model Mesh Texture

PucyHok 1 - 3D-mopensb

UV koopauHaTbl - COOTBETCTBME MEXAY KOOPAMHATaMM Ha NOBEPXHOCTM TpExmepHoro obbekTa (X, Y,
Z) v KoopamHaTtamu Ha TekcType (U, V) (pucyHok 2). 3HaueHua U n V o6bluHO namensitotca ot 0 po 1. T.e. y
Kax 0N BEPLUMHbI MOAENWN eCTb CBOM COOTBETCTBYHOLLIME KOOPANHATBI HA TEKCTYpE.

Llenpep BbINONHSAETCS ANSl KaXAOW OTAENbHON BepLUUHbI/MMKCENs otaenbHo. Mpyu 3TOM OH MmeeT
MHOpPMaLMIo TONbKO O TOW BepLUMHe/MMKcerne KoTopyto ceinvac obpabaTtbiBaeT. T.e. BO BpeMs HanvcaHus
lenaepa Mbl He 3HaeM, Kakoro LiBeETa COCEHSIS BEpLUMHA/MNKCESTb.

Pas3nuualoT NMKCenbHbIN 1 BEPTEKCHbLIN LLENLEPDI.

BepTekcHbIn wWwenaep — wenaep, obpabaTbiBaloLLMIA AaHHbIE O BEpLUMHE U 3aTeM nepenaroLnin ux B
NUKcenbHbIN Wenaep. Kakne gaHHble Wenaep nepeaact, MOXET 3agaTb NporpaMmMucT. BepTekcHbIn wenaep
BbIMOJTHAETCS paHbLLE, YEM NUKCESNbHBIN, @ 3aTeM, N3 HEro NepeaatoTcs AaHHbIEe B MMKCENbHbIV Lenaep.
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P[X,Y.Z] <-> P[U,V] U

PucyHok 2 - CooTBeTCcTBME KOOpAMHAT (X, Y, Z) 1 (U,V).

74

lMocne nepepaynM BEPTEKCHbIM LUENAEpPOM AaHHbIX O BepLUMHe, 3TU [AaHHble WHTepnonupyloTcs
(crnaxuBaloTcsl) Ana KaxAoro KOHKPeTHOro nukcens. T.e. ecnv NUKCenb CTOMT POBHO MeXAY BepLUMHaMu
A (4epHas) u B (6enas), uBeT 3TOro NuKcensa 6yaeT BbiCYMTaH KaK CPeAHWI OT 3TUX ABYX BepLUMH(cepblit),
TakK Ans Kaxaoro napameTtpa [2].

MukcenbHbIN Wenpep - wenaep, NPUHUMALWMA UHTEPNONMPOBAHHbIE AaHHble OT BEPTEKCHOro
wengepa, u Ha X OCHOBE BbIYNCNAIOLWMIA LIBET OS5 KaX[0ro oTaenbHoro nukcens [2].

AnropuTm paboTbl Wenpepa:

— war1. lNpuem BXOAHbIX AaHHbIX.

— war2. O6paboTka Ux Ha BePTEKCHOM LLenaepe.

— war3. MHTepnonaumsa gaHHbIX.

— war4. lNepeaaya AaHHbIX MUKCENbHOMY LLUEAAEPY.

— warb. O6paboTka AaHHbIX Ha NUKCenNbHOM Lwenaepe.

— war6. BblBOA KOHEYHOro pesynbTaTta(u3obpaxeHus).

MoMMMO BbiLLIENEepeYnCTIEHHBIX, CYLLECTBYIOT eLle ABa Buaa LIenaepoB: reomeTpuyeckue (paboraroT
C uenbiMy NPUMUTMBaMM MOAENM) U NOBEPXHOCTHbIE (surface - ynpoleHHbin Bug wengepa B Unity 3D, B
OCHOBHOM MCMONb3yHLWMIACA Ansa paboTbl C OCBELLEHNEM).

Ha pucyHkax 3 n 4 nokasaHa ynpolleHHass Mofenb rpauyeckoro KoHBenepa, Kotopasd YCIOBHO
OenuTca Ha aBe Yactu: obpaboTka reomeTpum n 06paboTka parMeHToB (NUKcenen).

PucyHok 3 - O6paboTka reoMmeTpum (BEPLUMHHBI Lenaep)

Ha nepBoi1 cTagun rpacmyeckoro KoHBenepa BbIMONHAETCH Npeobpa3oBaHne KoopaMHaT BepLUWHBI,
nepeBof, BepLUMHbI B TMPOCTPAHCTBO OTCEYEHWsl, pacyeT OCBelLeHUsl, MPUMEHEHUE MaTepuarsos,
onpeferieHne LBeTa KaxAoW BeplUMHbl C YYETOM BCEX WCTOYHMKOB CBEeTa U reHepauusi TeKCTYPHbIX
KoopauHat. [locne BbIMOMHEHUS 3TUX OMnepauuii HacTynaeT KOMMOHOBKa NpumutuBa. B aToit yactu
KOHBeiiepa BepLLMHbI TPYNNUPYIOTCS B TPEYroNbHWUKKM U NOAaTCs B pacTepusaTop.
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PucyHok 4 - O6paboTtka hparMeHTOB (MUKCENbHBIN Leraep)

PactepusaTtop penuT TpeyronbHWK Ha cpparmeHTbl (MMKcenu), Ofsi KOTOpbIX WMHTEPMNONUPYTCH
TEKCTYpHbIE KOOpAMHATBI U LBEeT. 3aTeM Af1si Kaxaoro parMeHTa npoucxoauT BbINOSIHEHWE CReayoLMX
onepauuin: nNpoBepka MPUHALJIEXHOCTU TNUKCENs, HarloXeHWe TeKCTyp (3afjaHHble pnga dparmMeHTa
KoOpaMHaTbl TEKCTYpPbl ONPEAENsItoT MHTEPMNONUPOBAHHBIN LBET U3 3/IEMEHTOB TEKCTYPHOIO N306paxeHns —
TeKcenen, 3HayeHne 3Toro LBeTa KoMObuHMpyeTca ¢ uBeToM hparmeHTa), npuMeHeHue 3peKkToB TymaHa,
anba-tecT, Tect wabnoHa (stencil-test), TecT rnybuHbI, CMeLIMBaHNE, OU3EPUHT U JIOTMYECKME ONepaLum.
Mocne ob6paboTkm Bcex 3TMX METOAOB MONyYeHHbI dparMeHT nomewiaetcs B Bydep kagpa, KOTopbIi
BMOCNEeACTBUN BbIBOAUTLCS Ha 3KpaH. [3]

CyLLecTByIOT TakMe A3bIKM NPOrpaMMUpPOBaHNSA LLIENAEPOB:

— GLSL - BbicOkoypoBHEBbINV A3bIK NporpammMmmnpoBaHua ana OpenGL;

— HLSL - BbICOKOYpOBHEBBIN 53bIK NporpammunpoBanus ans DirectX;

— CG - BbICOKOYPOBHEBBIN A3blK NPOrpaMMMpPOBaHUsi, B 3aBUCUMOCTM OT CUTYaLun KOMMIUINpyeTcs
nopg, HLSL/GLSL. Vcnonb3yetcsa B Unity.

J1i0601 S13bIK MPOrpamMMMpPOBaHUsi, HA KOTOPOM MULIYTCA Wwenaepbl, aBnsetca C-nogo6HbIM, HO B TO
Xe Bpems 6onee rmMbkum B nnaHe paboTbl ¢ nepemeHHbiMU. Ero ocHoBHas 3apgada: BbIMUCIEHUA C
nnaearwLWen 3anaTon, maTpuuamu 1 Bektopamu. MakcumanbHas 3ddeKTUBHOCTb M CKOpPOCTb paboThl
LenaepHoOn NporpamMmmMbl 3aBUCUT OT psga YCNOBUN, @ UMEHHO:

— nporpamma [o5xHa 6biTb MPOCTOM U KOPOTKOW;

— 4YeM MEeHbLLE BbIYUCNEHUI, TEM ObiCcTpee ByaeT paboTtaTb;

— YeMm bonee nuHenHana nporpamma, Tem 6bicTpee byaeT paboTtaTthb LIenaep;

— He NPMBETCTBYETCA MCNOMb30BaHWE HENMMHENHBLIX ONEPaTOPOB: LIMKIIOB U YCIOBUIA.

Tunbl AaHHBIX, UCMONb3YEMbIe NPU NOCTPOEHUM NPOrpaMM LLENAEPOB, AENATCS HAa KAaTEropuu:

— uenouncneHHble n nornyeckue (bool, int, half), ncnone3ayTca 4OCTAaTOYHO PEAKO;

— cnnaeatowen 3anaTou (float, double);

— BekTopsl (float2, float3, float4, double3, bool2 u T.n., unn vector<float, 3>);

— wmaTpuubl (float2x2, float3x3, float4x4, double2x2, int4x3, unu matrix<float, 2, 2> n 1.n.);

B A3bike cywecTByeT onepatop «Todka». OH no3BossieT paboTaTb C BEKTOpaMu U MaTpuLaMu.

Bce nepemeHHble, ¢ KOTOpbIMU paboTaeT wenaepHas nporpaMmma, AenATCs Ha LWeCTb BUAOB:

1) BXOoAHbIE NapaMeTpbl BEPTEKCHOrO LUenaepa;

2) NHTEpPNONUPOBaHHbIE BXOAHbIE NapaMeTpbl MMKCENbHOrO Wenaepa;

3) TEeKCTypHbIEe CaMMIEPHI;

4) nepemeHHble, KoTopbiM GPU aBTOMaTMyeckun npucBamBaeT 3Ha4YeHME (BCTPOEHHbIE MEPEMEHHBIE);

5) BpeMeHHble NepeMeHHbIE NOMb30BaTENS;

6) BxogHbIE NapameTpbl, NepefaHHble U3 OCHOBHOM NMPOrpaMmbl.

C yuyeToM BbILWIEN3NOXEHHOrO ObINO pa3paboTaHO MporpaMMHOE CPeacTBO st BU3YarnbHOMo
NporpaMMmnpoBaHns LLEWAEPOB, NMO3BOSAOLIEE YMEHBLUUTL B3aMMOLENCTBUE «XYOOXHUK — MPOrPaMMUCT» B
npouecce paboTbl Haf MPOEKTOM, T. K. NMPOrpaMMHOE CpeacTBO He TpebyeT OT mnonb3oBaTenst 3HaHWA
NpOrpaMMmnpOBaHMS UK UHbIX CMEeLM(UYECKMX HAaBbIKOB.

PaspaboTka nporpaMMHOro cpefcTBa ocyLlecTBnaAnach Ha si3blke C++.
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B xope pa3paboTku peanv3oBaHbl CReayoLme Moaysu:

— Ul - oTBeyaeT 3a OTpUCOBKY, B3auMOOeNCTBME C UHTepencomMm nonb3oBaTend u rpadom,
CTPOMMbIM B NpoLecce Co3[aHusa Wenaepa.

— Generator - reHepupyeT GLSL kog no nony4YeHHOMY B XO4€ UCMOSb30BaHUA nporpaMmbl rpady.

— Render - oTprcoBbIBaeT Kpyr/kBagpaTt C MCMONb30BaHNEM 6A30BOro UM CreHEPUPOBAHHOIO
wenpepa.

— Serialisation — coxpaHsaeT onucaHue rpada B dann, cuntbiBaeT U3 ¢ainna onucaHue rpaca n
co3faeTt Heobxoanmble 06 bEKTbI HA OCHOBE 3TOr0 ONUCaHus.

— Utils - Habop yTUNUTHBIX METOAOB U CTPYKTYP.

Cxema B3anmofencTBus Moaynen nporpaMMHOro CpeAcTea NpeAcTaBieHa Ha PUCYHKe 5.

» Utils +

A
Render T

¥

— Serialization £ (0] Generator

PucyHok 5 - Cxema B3anmopencTamsa moaynen nporpaMmmMmHOro cpeacrea

B ocHoBe pa3paboTku LIeiaepoB rexat mMaTemaTuyeckue anropuTmbl obpaboTtku rpadpos. pad
wengepa npencraensier cobon rpaduyecknin MHTEphenc Ha OCHOBE Y3J10B, KOTOpbIA MO3BONSET
An3aiHepam 1 XyaoxHuKam fo6aBnaTb U NoaknYaTh y3nbl Ana co3gaHusa wengepa 6e3 HeobxoammocTu
nucatb kakon-nubo koa. OcHoBHas maes 3akn4vaeTcs B cneaylowem: rpad wenpgepa — 310 rpadumyeckoe
npeacraeneHne dparMeHTHoro wengepa (B gaHHom crnydae GLSL). Kaxpgbim y3en B 3ToM rpade
npeactaenseT coboi TekcTtoBbii 6nok B koge GLSL. Hanpumep, ysen Multiply npuHumaet gBa uucna c
nnaBakoLLen 3anaTon NnMbo BeKTopa U BbiAaeT pe3ynbTaT X NepeMHoXeHus. B 3Tom cnyyae ncnonbayercs
NPOCTON TEKCTOBbIN hbopmaT Ansl yKa3aHus y3rnoB, BMECTO ONMCaHMA Kaxaoro y3na Knaccom. Takon noaxon,
UMeET npeumyLlecTBa: y3nbl MOryT OblTb peanu3oBaHbl ObICTPO, M Y3Mbl MOryT ObiTb W3MEHEHbI WK
pobaeneHbl 6e3 nepekoMnunauMn ABWXKA. Y3nbl U CCbIIKM CTPOMMOro B MPOLLECCE CO3haHus Lenaepa
rpacpa — 3TO gaHHble. [1ns ux onmMcaHusl UCMOoNb3YKTCA CTPYKTYpbl. Ha pucyHke 6 npuBenéH nceBookop,
anroputma obxopa HOLoOB LWenaepa.

function resolve node (node) :

let input code = ""

let this code = node.code
store_oufputs(node) // create variables for each output
for i in node.inputs:

if i.connected node is resolved:

replace (this code, i, i.connected output)
else:

input code += resolve node (i.connected node)
replace (this code, i, i.connected output)
return input code + this code

let output = resolve node (master node)
PucyHok 6 - Cxema B3aMmMopencTBna Moayrnen nporpaMmMHOro CpecTea

[nsa reHepaumn koga Heobxoaoyma «BXOAHasA» Touka, HauuHasi ¢ KoTopow byaeT obxoautbesa rpad.
Mo nuHUKM cBSI3M onpepdensieTcs Hof, C KOTOPbIM OHa CBfi3aHa M AnfA TOro HoAa TakK Xe HaWTu C KOTOpPOM
CBA3aH TOT (T.e. 06XOAMM CMeXHble BepLUMHbl rpada nocnepoBaTenbHo). Takum obpa3om, M3HavanbHo
Joxoaum Ao Hofa 6e3 cBsi3el Ha BXOAE 3anuCbiBaeM €ro Kop, B CTPOKY, M Tak Moka He BepHeMcsi 0bpaTHO K
Hope BbiBOAA LiBeTa, U, COOCTBEHHO, MONyYyaeM Kofl, ONUCaHHbIA rpacom.

WHTepdbeic nporpamMMHOro cpefcTBa MOX0X Ha W3BECTHblE UM PaCcnpOCTPaHEHHbIE pefaKTopbl
wenaepos. Pabouas obnacTte npeacrtaBnsieT cobon ceTky, cneea — obnacTb NpeAnpocMoTpa, BBEPXY —
rmasHoe MeHw. [lobaBneHune y3noB rpada wenaepa oCyLLEeCTBNSETCA NOCPEACTBOM KOHTEKCTHOrO MEHI0
(HaxaTne npaBoW KHOMKOW MbIlWK U BbIGOp BMAA y3na) (pUCyHOK 7).
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¥ NodeEdi tor

PucyHok 7 - [JobaeneHue y3nos

Mpu pobaBneHun TekcTyp B rpac uUcnonb3yeTcs AvanoroBoe OKHO, MO3BOMSOWEee 3arpyXxaTb
TEKCTYpbl U3 (haiinoB. Kaxaplil nuKcenb reoMeTpuyeckoro oGbeKTa OKpallMBaeTCs COOTBETCTBEHHbLIM
LiIBETOM TeKCTypbl. Ha Bbixoge nonyyaeTtca addeKT 06GbeMHON TEKCTYPbl, KOPPEKTHO BOCMPUHUMAaEMbIN
3puTenem. Ha pucyHke 8 nokasaHo, Kak TeKCTypa NpUMeHeHa K reoMeTpumn o6beKTa.

PucyHok 8 - MpumeHeHne TeKCTYpbl K 06BbEKTY

3aknrovyeHue. OaHON U3 BaxXHeNLWNX YHKLMIN NPOEKTa ABNSETCS 3KCNopT pa3paboTaHHOro wenaepa
B GLSL-koa. ViIMeHHO 3Ta BO3MOXHOCTb MO3BOSISIET COBMELLATL CO3[aBaemMble B MporpaMmme Lenaepbl ¢
pasnnyYHbIMKU HacTpUBaeMbIMU ABUXKaAMU. OTAENBHO CTOUT YNOMSHYTb, YTO UCMNOMb3oBaHue gaHHoro MNMC He
TpebyeT HanMuMsa UHTEPHETa N YCTAHOBKM KaKoro-nnbo AONOHUTENBHOrO NporpaMMHOro obecneyeHus.

B pesynbtaTe 6bi10 pa3paboTaHO MporpaMMHOE CPEACTBO AJ1l BU3YyanbHOIO MporpaMMmnpoBaHus
LenaepoB, KOTopoe NpakTU4eckn He TpebyeT OT nosib3oBaTens 3HaHUs NpPorpamMMupoBaHust U obnagaet
YAO06HBIM MUHUMANUCTUYHBIM UHTEPENCOM 1 CAEPXaHHbIM, AENOBbIM CTUIEM OOOPMITEHMS.

CnucokK ucnosib308aHHbIX UCMOYHUKOS:
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Savenko A.G. — Senior Lecturer, Master of Engineering Sciences

Annotation. The paper presents a developed software tool for visual programming of shaders, designed to automate the process of
visual description of shaders by technical artists and programmers to speed up the prototyping process. Using of this tool by technical
artists will reduce the interaction between the artist and the programmer in the process of working on a project, since the software tool

does not require programming knowledge or other specific skills from the user. The result of shader programming will be export to GLSL
code, compatible with many game engines.

Keywords. Shader programming, visual description, GLSL code

30



58-5 HayuHass KoHgbepeHyus AcniupaHmos, MazucmpaHmoe u CmydeHmoe bI'YUP, MuHck, 2022

YK 004.4+004.056
CUCTEMA TMbPUOHOIO LLIN®POBAHUA/OELLN®PPOBAHUA OAHHbIX

OxmueHko M.T1., cmydeHm ep.881072

Benopycckuli eocydapcmeeHHbIl yHUsepcumem UHgbopmMamuKku U paduoaniekmpoHUKU,
UHecmumym uHghopmMayUOHHbIX mexHosoaud,
2. Munck, Pecnybniuka benapych

lMpsHuwHukoe H.A. — HavyansHuk OTUC UNT BI'YUP

AHHOTauusA. B cTaTbe paccmatpuBatoTcsa Kpuntorpaduyeckme MeToabl U cpeacTsa obecneverus MHgopmaunoHHoi 6e3onacHocTy, a
Takxe anroputMbl CUMMETPUYHOI0/acCUMETPUYHOIO LndpoBaHus, ahEKTUBHOCTL KOTOPbLIX 06beanHsieTcs B cucteMe rmbpuaHoro
WwincppoBaHus/aelIngpoBaHna AaHHbIX. OnMcbIBaeTCA apxUTEKTypa rMGpuaHON KpUNTOCMCTEMbI, OCHOBHbIE KOMMOHEHTbI, UX OTHOLUEHWS U
KaK OHV B3aUMOLEWCTBYIOT APYr C AAPYTrOM.

KnroueBble cnoBa. Kpuntorpadus, rubpuagHas Kpuntocuctema, WMdgpoBaHue, anroputM, MoAybHas apxXuTekTypa; UHopMaLoHHas
6e30MacHOCTb, MH(OPMAaLMOHHbIE TEXHOSOTUU.

BeedeHue. CoBpeMeHHble MeToAbl HakonneHus, o6paboTkn wHdopMauun cnocobcTBoBanmu
NOSIBIIEHMIO YIPO3, CBA3aHHbLIX C BO3MOXHOCTbLIO NOTEPU, pacKpbiTUs, MoaudUKaLMM OaHHbIX. BaxHenwen
XapaKTepUCTUKOM 060 KOMMNBIOTEPHON CUCTEMbI HE3ABUCMMO OT €€ CIIOXHOCTM U Ha3HaYeHWsl CTaHOBUTCSA
6e30nacHOCTb LMpKynupytowen B Hel MHdopmMaumn. MHgpopmaumoHHas 6e30nacHOCTb — 3TO COCTOsIHUE
3aWmLLEeHHOCTM o6pabaTbiBaeMbIX, XpaHUMbIX U nepefaBaemMbix B UTC paHHbIX OT HECAHKLIMOHUPOBAHHOIO
Aoctyna, Mmoamdukaumm, a Takxe COCTOsTHME 3aLLMLLEHHOCTM MHOPMaLMOHHBIX PeCypcoB OT BO3AENCTBUM,
HanpaBneHHbIX Ha HapyLLeHne ux pabotocnocobHocTy [1].

OcHOBHble 3apayun 3almMTbl MHGOPMAaUMK: LESIOCTHOCTb; KOH(UAEHUMANbHOCTb; OOCTOBEPHOCTD;
obecneyeHre onepaTMBHOCTN AOCTyNa.

HasHauyeHvne cpeacTB 3alumTbl LLENOCTHOCTU — rapaHTMpoBaTh, YTO NPUHATBHIE AAHHbIE B TOYHOCTM
COOTBETCTBYIOT OTNPAaBIEHHbIM N He coaepXaT U3bATUIA, AOMOMHEHUA, NMOBTOPOB N U3MEHEHU B nopsaake
cnepgoBaHus dparMeHToB. MoXeT KOHTPONMMpOBaTbCH LENOCTHOCTb CErMEHTOB AaHHbIX, TaK U AaHHbIX B
LenioM, a Takxe NoToKa AaHHbIX. [JononHuTensHon yHKUMEN COOTBETCTBYHOLUMX CPEACTB MOXET ABMAATLCA
N BOCCTaHOBJIEHNE NCKaXEHHOW MHOpMaLMK.

HasHaueHne cpenctB obecneveHns KOHOUAEHUMANbHOCTU - 3almUTUTb MHOPMaUMI0 OT aTak.
MHdpopMaLumoHHas 6e30MacHOCTb CTankMBaeTCA C BHELWHUMW U BHYTPEHHUMMW MNpeaHaMepEHHbIMU
yrposamu, HanpaBfeHHbIMU Ha XULLEeHNEe AaHHbIX.

OphekTUBHbIMU CPEACTBaMU 3alUThbl, KaK OT BHELUHWX YrpO3, Tak U OT BHYTPEHHWX, ABMAAKOTCS:
BBEJEHME CUCTEMbl Maponiei nonb3oBaTenen, npuUMeHeHne n[nsa o0cobo BaxHoW MHdopmMaumm
KpunTorpacduyecknx METOO0B 3alUMThl (LUNpOBaHNE), YCTAHOBKA CUCTEM 3aLUMUThbI OT yTevek nHdopmMaumu,
3awmTa nHpopmMaLmmn OT KONMPOBaHMS.

HasHauyeHue cpepncts obecneyeHuss [OCTyNnHOCTM - obecneynTb CBOEBPEMEHHbIA AOCTYnN
nonb3oBaTtenen kK Heobxoaumon um mMHdopmaumm u pecypcam UHOPMaUUOHHON cucTeMbl. 3agada
obecrneyveHnss LOCTYMHOCTM - KOMIMJEKCHasnA, ANA ee pelleHusi MPUMEHSAIOTCA Kak MeToabl 3awwmTel oT HCL,
Tak u cneumann3npoBaHHble MeTOAbI 3aLUMTbl OT pa3pyLUatoLLMX NPOrpaMMHbIX BO3AENCTBUN.

OcHOBHble 3apayn, pellaemMble B paMkax MHEAOPMAaUMOHHON 6e30MacHOCTM MO OTHOLLEHUIO K
pabotocnocobHocTn UTC, nomxHbl obecneunBatb 3alwmTy OT:

— HapyweHus QYHKLMOHWPOBaAHUA TENEeKOMMYHMKALMOHHON CUCTEMBbI, BblpaxatwLleroca B
BO3JENCTBMM Ha MH(POPMAaLMOHHbIE KaHasbl, yNpaBneHusa 1 yganeHHon 3arpy3ku b;

— paspyLleHus BCTpaMBaeMbIX U BHELUHWX CPEACTB 3alUMThl;

— HEeCaHKLMOHMPOBaHHOIO AOCTyNa K MH(POPMaLMOHHBIM pecypcam, NMPUBOAALLMX K YTEYKE AaHHbIX,
HapyLUEHWIO LIEeNMOCTHOCTU  OaHHbIX, W3MEHEHMI0 (PYHKUMOHMPOBAHMA MOACUCTEM  pacnpepneneHns
nHdopMauun, OCTYNHOCTM 6a3 AaHHbIX.

TengeHuun pasBUTUS UHEAOPMALMOHHBLIX TEXHOMOMMWA Aal0T BCE OCHOBaHWMA caenaTtb BbiBOA O
MOCTOSIHHOM BO3pacTaHWM Pponv KpunTorpaduyeckmx MeTOOOB NPU pelleHun 3agady ayTeHTuduKaumm
B pacrnpeferneHHblx cucteMax, obecneyeHnss CEKPeTHOCTM AaHHbIX MPU KX Nepepaye no OTKPbITbIM KaHanam
cBs3n. OcHoBy KpunTorpacduyeckux MeTOAOB COCTaBNsAeT Kpuntorpaduyeckoe npeobpasoBaHus
nHdopmMaLum, MPON3BOAMMOrO Mo onpeaeneHHbIM MaTeMaTUYeCKUM METoAaM, C LIENbIo NCKITIOUYUTL AOCTYN
K [AaHHOW MHOPMaLMK MOCTOPOHHMX MONb30BaTesfiel, a TakxXe C Lenbl obecneyeHnss HEBO3MOXHOCTM
6GECKOHTPONbHOIro N3MeHeHus nHdopmadum [2].

MNpuMeHeHne KpunTorpaduyeckux MeToAoB 3almMTbl obecrneymBaeT pelleHMe OCHOBHbLIX 3apad
NHOpMaLMOHHON 6e30nacHoCTH:

—  KOH(MOEHUMANBHOCT;

—  CKpbITMSA UHOpPMaLUM OT HEaBTOPU30BaHHbIX MNOJIb30BaTENEN;

— npepoTBpaLLeHNe N3MEHEHUA MHOPMaLLMK NPpU Nepeaaye unmn XxpaHeHuu;

— LEnoCTHOCTb;
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—  MAEHTUPULNPYEMOCTb.

Mpobnembl 3aWwnTbl KOH(PMAEHLMANBHOCTU M LENOCTHOCTU MHOpMaLMM TECHO CBA3aHbl MeXAy
cobom, NOSTOMY MeToAbl PELLUEHNA OAHOW U3 HUX YacTO NPMMEHUMbI AN peLleHns Apyron.

OcHoeHasi 4acmb. PaspaboTka KpunTorpaduyeckux CUCTEM CTPOMTbCA Ha HECKOSbKMX
dyHaamMeHTanbHbix npuHumnax. OaumH u3 Hux - npuHumn Kepkroddpca, cormacHa KoTopoMy B
3acekpeyeHHOM BuAe AEepXMUTCS TOMbKO OnpefeneHHbin Habop napamMeTpoB anroputma, Ha3blBaeMblii
KNIOYOM, a camM anroput™m WuppoBaHMA [OMXEH WMETb OTKPbITbIM  UCXOAHbIM  Koa. Cuctembl
WwndppoBaHusA/gelwmdpoBaHna faHHbIX HEO6X0AMMO CTPOUTb Tak, YTobbl MX KpunTorpaduyeckass CTopoHa
6bina n3BecTHa N eANHCTBEHHbIM HEU3BECTHbIM 3IEMEHTOB SIBAANCA KPUNTOrpachnyecKknin Koy, KoTopbli
NCNonb3yeTcsa B JaHHON cucTeMe.

KpunTorpaduyeckas cuctema CocTouT U3 CreayroLmx KOMMOHEHT:

— NpocTpaHcTBa:

a) OTKPbITbIX AaHHbIX M;
b) kniouen K;
C) 3aWmndpoBaHHbIX AaHHbIX C;
— (PYHKLMK:
a) wudpoBaHua aaHHbiX: Ex: M — C;
b) pewundposaHua gaHHbIx: Dy : C — M.

MMbpuaHOW KpUNTOCUCTEMOW MPUHATO HalbiBaTb crnocob nepepaum 6Gonbworo ob6bema
3aWndpoBaHHbIX OaHHbIX, NPU KOTOPOM [AaHHble LWWUGPYTCA CEKPETHbIM KIIH0YOM C MNPUMEHEHMEM
CMMMETPUYHOrO anropmutma, a cam Ko nepefaetcs 3awmdpoBaHHbIM aCUMMETPUYHBIM Wndpom. Takow
cnoco® nony4yun LWMPOKOE pacrnpoCTpaHeHUe 3a TO, YTO OH BKMw4YaeT B cebs npeumyllecTBa Kak
CMMMETPUYHON, TaK U acummeTpudHon Kpuntorpacduun[3]. Bonbwon 650K AaHHbIX LWKNEPYeTca O4vYeHb
ObICTPbIM CUMMETPUYHBIM arIrOPUTMOM, @ KN4 WNdpoBaHUs NepeaaeTcsl HaoeXxHo 3awmndpoBaHHbIM C
MOMOLLbI0 aCMMMETPUYHOrO anropuTma, U 3To pellaeT npobnemMy pacnpefeneHus Kioyen, CBONCTBEHHYHO
TOSIbKO CUMMETPUYHBIM MeTofam. Cxema rmbpuaHoN KpMNToCUCTEMbI NPEACTaBIIEHa Ha PUCYHKe 1.

OTKpHITHIT KaHaT CBS3K

OTKphIThIE JaHHBIE
meM

Indpopanne JaHHBIX
Ek:M— Cm

Kpunrorpamma
cm = Ek(m)

Jlenmdpopanye JaHHBIX
Dk : Cm— M

OTKpBbIThIE JaHHbIE
m = Dk(c)

CexperHbiii ko4 k 1s
muQpoBaHHA TaHHBIX

[lInppopanue Koda
Ekl : k— Ck

Kpunrorpamma
CEKPETHOTO KIIHoYa

JleumdpoBanue Kioua
Dk2 : Ck— k

3akphIThiit K104 k Jlns
JemmppoBaHHs TaHHBIX

meM
3

ck = Ekl(k) meM

i

3aKpbIThIH K04
k2

I'eHepatop Kioueii s
ACHMMETPHYHOIO
mHpoBaHUs

['eHepaTop CeaHcOBBIX OTKPBITHI K04
KImoveit k kI

OTKpBITBIH K04
kI

PucyHok 1 - Cxema rubpuaHoi kpuntorpacmyeckon CUCTEMDI

[1ns NoBbIWEHNA KPUNTOCTOMKOCTU B rMGpuaHoN Kpuntorpadmyeckon cucteMe Ans Kaxaoro ceaHca
CEKPETHOW CBSI3N FEHEpUPYETCH CBOWM CEKPETHBIN KIoY AN CUMMETPUYHOIO LWMpPOBaHMS, Ha3biBaeMbIii
COOTBETCTBEHHO CEaHCOBbIM. BblGop pa3mepa Kpuntorpaduyeckux Kiuyeid ans CUMMETPUYHOrO U
acMMETPUYHOTO  LIMGPOBaHMSA  OCYLLECTBNAeTCA TakuM obpasom, 4YTobbl UMX  MOTeHuMarbHas
KPWMNTOCTOWKOCTb K aTake Mo MeToy NoSiHoro nepetopa BO3MOXHbIX BapuaHTOB Gblfia CONOCTaBUMON.

B cnyyae, ecnu OTKpbITbI M 3aKPbITbI KIOYM aCUMMETPUYHOTO LWMGPOBAHNA MCMONb3YTCH
HEeOZHOKPaTHO, TO MX KPUMTOCTOMKOCTb AOMXHa OblTh CYLIECTBEHHO BbILIE, YEM Y CEAHCOBOIO CEKPETHOrO
KIoya CUMMMETPUYHOrO LINPOBAHUA, TMOCKOSIbKY NpU  AUCKpeaWUTauuu, 370YMbILSIEHHUK  MOMyYnuT
BO3MOXHOCTb pacluMdpoBbiBaTb NepefaBaeMble CEaHCOBble CeKpeTHble KIIYM U COOTBETCTBEHHO
3alundpoBaHHbIe Ha UX OCHOBE AaHHbIE.

ApXUTEKTYpa T[UGPUAHON KPUMNTOCUCTEMbI OMUCHIBAET OCHOBHLIE KOMMOHEHTbl CUCTEMbI, WX
OTHOLIEHWs1 W KakK OHW B3aWMOAEWCTBYIOT ApYyr C APYromM. ApXUTEKTYpa CHyXWT YepTexoM,
NpefocTaBnsAlWMM abCTpakuMio ANs YrpaBfieHUs CIIOXHOCTbH CUCTEMbl, OMUCHIBAIOLLIMM OTHOLLEHUS
(CTPYKTYpYy) M MexaHU3M B3aUMOAEWCTBUA Mexay KomroHeHTamu. [NpenctaBnsieT coGoi
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CTPYKTYpMPOBaHHOE peLleHne, KOToOpoe OTBeYaeT BCEM IKCMyaTauUOHHbIM U TEXHUYECKMM TpeboBaHNAM,
yuuTbiBasi Np1 3TOM YCTAHOBMEHHYIO Nf1aHKy Npon3BoANTENbHOCTU M 6€30NacHOCTH.

MaBHas Lenb Npu NPOEKTUPOBaHUWN — BbisiBEHWe TPeboBaHWIN, KOTOpble BAMSIOT Ha CTPYKTYpY
npunoxenusi. [MpogymaHHas apxuTekTypa CHUXaeT OU3HEC-PUCKM U  TeXHUYECKUe W3AEPXKKU.
MogaynbHas apxutekTypa, Manasi CBA3HOCTb W BbICOKasi COMPSXEHHOCTb NO3BONAT NUCaTb NMporpammMHoe
obecneveHve obnapatowme 60NbLION TMOKOCTbIO K U3MEHEeHWsAM K GomnblUMM NPOLEHTOM MOBTOPHOrO
NCNonb30BaHUA Koaa.

MopynbHas apxuTekTypa nporpamMmmHoro obecnevyeHus AOCTUraeTcsl C NMOMOLLBI0 AEKOMMNO3ULUN.
Cuctema foennTtbCa Ha KpyrnHble MOACUCTEMBI, KOTOpble B 06LMX YepTax onucbiBaloT ee paboTy. Nocne
nomnyyeHHble NMOACUCTEMbI aHaNU3MpylTCa WM BblAendaAwTca B nogMoaynu nubo obbekTbl. Heobxoammo
cobnopatbh orpaHuyeHne B 2-7 Moaynen Ha OAMH nepapxuyeckui yposeHb. Moaynu BblAensaloTca NCXOAs
13 Tex 3apady, koTopble peluaet cuctema. lNogsagaym, KOTopble MOryT pellaTbCa He3aBUCUMMO APYr OT apyra,
ABNAOTCA KOHEYHOMN Lenbio pa3bueHuss rmaBHou 3apayvn. Moaynb co3paeTcs € Lenblo pelleHus nuilb
O[HOW 33484 1 BbINOSTHEHNS COOTBETCTBYIOLEN (PYHKUUN. BaxHenwen MeTpmMkon xopoLuen 4eKoOMno3numun
6ynet manasi CBA3HOCTb KoAa MeXAy MoAynsiMu, KOTopas NMo3BOMAET JIErKO BHOCUTb HYXHble U3MEHEHUS,
He 3a60TACb 0 3aBUCMMOCTSAX. M BblcOKasi CONpsi)XEHHOCTb BHYTPW CaMux MOAynen, CBMAETENbCTBYIOLAA O
doKyce Ha OOHON KOHKPETHOM 3agade. [N M3MEHEeHMS BbICOKO COMPSIXEHHOro Moayns [onxHa ObiTb
TONbKO OfHa MpuyMHa. XOpoLwoO CMPOEKTUPOBAHHLIN MOAYSb peanuayeT Nub OA4HY (OYHKLMIO, KOTOPYH
BbIMOSIHAET TONIbKO BHYTpu cebs. MNopgumHsaeTtca npuHumny Input Process Output (IPO) — nonyynB oguH
Habop AaHHbIX OH BO3BpaLLaeT TOXe TONMbKO OAMH HAabop BbIXOAHbIX AaHHbIX. Pe3ynbraT paboTtbl Moayns
onpeenseTca TOMbKO BXOAHbIMW JAaHHbIMU U uMHAM(dEepeHTeH K pabote apyrux mogynen. O6meH
nHdopmauuen ¢ opyrumu MoaynsaMmm MMHUMU3NPOBAH.

ApxuTekTypa pa3pabatbiBaemMon cuctembl «mbpupHoro wndpoBaHus/aeinpoBaHnsa OaHHbIX»
NpeacTaBneHa Ha pUcyHke 2.

CHeTeM2 TROpHRIHOTO
WHGPOBAHIA JendpOBIHIR
TAHHBIX

/

p———

IoacrcTesa Data
enervption/decryption

N—

TlogeHcTeMa Web-
implementaton

Kaace
encryption/decryption

Knace interaction
components

Knace database

| —

A 4

Kaaec asymmetric Kaace function

algorithm

- /

set

PucyHok 2 - ApxutekTypa rubpuaHoi KpuntocucTembl

Cuctema «I'mbpugHoro wndpoBaHusa/gendpoBaHna AaHHbIX» AEKOMMNO3MpPYeTCs Ha MOACUCTEMBI:
Data encryption/decryption u Web-implementaton.
B noacucteme Data encryption/decryption BblgenstoTcsa cnefytoLime Knaccehbi:
— encryption/decryption;
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— function set;
— asymmetric algorithm;
— interaction components.

Knacc encryption/decryption peanudyetr anroputMm wudpoBaHus, KOTopbin 6a3upyeTca Ha
MaTeMaTU4ecKnx yHKUMAX. PYHKUMOHANbHO WNdpoBaHME NOXOXe Ha AelndpoBaHne, No STOW NpUYMHe
BbiAeNATb AelwincppoBaHme B OTAENbHbIN Knacc He crepyeT. Knacc ABnAeTcA 3aKOHYEHHbIM M MOXeT
NCNonb30BaTbCSA MOBTOPHO.

B knacc function set BblgensioTca cnegyowme nogMoaynu:

— reHepaums Knoua;

— reHepaums nceBaocnyyaniHbix nocneaoBaTenbHOCTEN;

— YCTaHOBKa TEKYLLEro KIo4a;

— npeobpa3oBaHue Knova B He06X0AMMBbIN Ana anroputma By,
— nopjaya v HaKomMneHne BbIXOOHbIX AaHHbIX;

— 3anncb BbIXOAHbIX AAHHbIX B MPOMEXYTOUHbIN Bydep.

[aHHble, NnpefocTaBnsemMble Ha BXOA, U NofyYyaeMble Ha BbIXOAe nofakTca B GUHapHOM BUae n ans
X XpaHEHUsI He HYXHO WCMoNb30BaTb crneuuasnbHble CTpyKTypbl. Kny 3aBucuMT OT  anroputma
wudppoBaHusa. OH UMeET onpeaeneHHble anropuTMom WndpoBaHusi TpebosaHus. Mpeobpa3oBaHue Kro4a
B HEOOXOAMMBIN BUA — 3TO AeTanv UMMNAEMEHTauun KOHKPETHOro anroputma wmdposaHusa. Know Bceraa
NnocTynaeT Ha BXOA B hopmaTe CTPOKU 3aKoampoBaHHOW B baseb4.

Knacc asymmetric algorithm peanuayet anroput™ wngpoBaHus/aewndpoBaHng Kioya, KOTopbli
6a3npyeTcst Ha OAHOCTOPOHHUX MaTEMaTUYECKMX (DYHKLMAX.

B noacucteme Web-implementaton Bbigensetcs  knacc database, ob6ecneuuBaroLmin
B3aumofencTeue ¢ 6a3oi [aHHbIX, B KOTOPOW XPaHATCA MOMnb30BaTeNbCKUe [aHHble, KOTOpble
ncnonb3yTca Npy aBTopusauum B cucteme «mbpuaHoro wndpoBaHusa/aeindpoBaHns AaHHbIXY.

B3anmopgenictene knaccos npoucxogut B interaction components. [Onsa uTeHusA/3anncy AaHHbIX
ncnonb3yeTcs CTaHAapTHble YHKUUM cpefbl pa3paboTKu.

3aknroveHue. [pefctaBneHHoe — nporpammMHoe — obecneyenusi  «Cuctema  rubpupHoro
WwuncppoBaHMA/gelwndpoBaHia  AaHHbIX»  HamnpaBneHHO Ha  obecrnieyeHue  KOHpMAEHUMaNbHOCTU
nHpopmauum nyteMm LWMdpoBaHUA nepefaBaeMbiX W XPaHWMbIX AaHHbIX. [MBpugHaa KpunTocucTemMa
pa3paboTaHa C Uuenblo obecneyeHUss CEKpPeTHOCTW MepefaBaeMblX [aHHbIX, WX ayTEeHTUYHOCTU U
LeNOCTHOCTW.
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ABTOMATU3NPOBAHHAA CUCTEMA BUOEOHABINIOAEHUA C
NMPUMEHEHUWEM HEUPOHHbLIX CETEWU ONA PACINMO3HABAHUA
OBBEKTOB

lNpubbimko M.4., cmydeHm 2p.882471

Benopycckuli eocydapcmeeHHbIl yHUsepcumem uHghopmamuku U paduosaieKmpoHUKU,
2. Munck, Pecnybniuka benapycs

lllsedosa O.A. — macucmp mexH. HayK

AHHOTauus. B paHHOM paboTe npefcTaBneH peanu3o0BaHHbIM KOMMNMEKC cucTembl 6e3onmacHocTv NpepnpuAaTus. YHUKanbHOCTb
pa3paboTaHHON aBTOMaTU3MPOBAHHON CUCTEMbI 3aKJTH0HaEeTCs B UCMOMIb30BaHNN TEXHOMOMMNIN Ha OCHOBE HEMPOHHBIX CETEN, YTO NO3BONSAET
o6opyaoBaHuto ucnonb3oBaTh 3 eKT «nybokoro 0byyeHusi». C Lenbio LOCTUXEHUST MaKCMMaribHOro adhdekTa B BONpoce obecrneveHus
6e3omnacHOCTN Ha OxpaHseMOM O6bekTe, Npou3BefeHa WHTEerpauus CUCTEMbl KOHTPOMS W YNpaBrieHus AOCTYNOM C MpUMeHeHnem
6romeTpuyecKx TEXHOMOTUM B efuHylo cuctemy 6esonacHoctn npeanpuatua. C yyeToMm HebnaronpuATHON 3MUMAEMUONOTNYECKOW
06CTaHOBKM B aBTOMAaTM3MPOBaHHYI0 CUCTEMY MHTENPMPOBAHO TEMIOBU3MOHHOE 0bopyAoBaHMe, MUCMofb30BaHNe KOTOPOro no3sonseT
OCYLLECTBMATL TEPMOMETpUYECKME MEeponpuAaTUS Npu nocewieHun npeanpusatusa. lNpeumyliectBa [aHHOW CUCTEMbI: KOHTPOMb
LLeNOCTHOCTU OXPaHAEMOro NepuMeTpa, UCKMIoYeHNe HeCaHKLIMOHMPOBAHHOMO AOCTYNa, UCKNOYEHNE NMPOTUBOMNPaBHbIX AENCTBUN TPETbUX
1L, opraHn3auums yyeta paboyero BpemeHm, opraHusaums npounaktnyeckux meponpusatuin (COVID).

KnioueBble cnoBa. BugeoHnabniopeHve, 6e3onacHocTb, AOCTYN, ynpaBrieHne, HelpoceTb, pacrno3HaBaHue, peructpaums, natpynb,
anropuTM, MOHUTOPUHI, W3MepeHue, obyuyeHue, knaccuduumpoBaHue, HabniopeHue, cnexexue, usobpaxeHue, 3awuTa, ceTb,
BueoKamepa, pafjap, KOHTponnep, npoueccop, cepsep, 06bekT, ABUXEHNe, MapLIpyT, HTerpaumsa, nporpamma, ColorVu, AcuSense,
DarkFighter, DeeplLearning.

BeedeHue. BuaeoHabniofgeHne sBNsSieTCa KoYeBbIM CpeacTBOM No obecneyeHnto 6e30nacHOCTU U
nony4yeHnto onepaTuBHoOM MHGopMaLm. 3a4acTyto YacTHble oMa, KBapTUpbl, MPON3BOACTBEHHbIE OOBbEKTDI,
CKIaiCKue MOMELLEHMA M MHOroe Apyroe HyXxpaeTtca B YCWIIeHHOW oOxpaHe. YenoBeyeckuin paktop wu
6onblUMe 30HbI HAbMIAEHUS NPUBOAAT K TOMY, YTO YENOBEK-OMNEpaTop He Bcerga cnocobeH ycneanTb 3a
o6bekToM UK obecneunTb [OMXKHOE KayecTBO  MOHMTOpUHra. ABTOMaTM3MpOBaHHasi CcUCTEMA
BMOEOHAONIOAEHUS C NPUMEHEHMEM HEMPOHHBIX CETEN ANA pacno3HaBaHWs 06bEKTOB NpeacTaBnseT cobon
MOMHOLEHHbIA BbICOKOTEXHOMOMMYECKUA KOMMMEKC, pellarwmui 3agadm no obecneveHnto 6e3onacHoCcTm
NpeanpusiTusi Ha BHYTPEHHEN 1 BHELLHEN TEPPUTOPUSX MO NEPUMETPY OXPaHAEMOro oobekTa.

OcHoeHasi yacmb. CTpyKTYpHO CUCTEMa KOHTPOMSA W yrnpaBneHus OOCTYNOM, MHTErpMpoBaHHas B
HaCTOsILLYI0 aBTOMATM3MPOBaHHY0 CUCTEMY, NoApPa3aenseTca Ha Ba OCHOBHbIX 6noka: 650K opraHusaumm
yrnpaBfeHusi Bbe3[40M/Bble310M TPAHCMOPTHbIX CPeAcTB, ONoK opraHusauum ynpasreHus npoxogamu
COTPYOHMKOB 4Yepe3 KOHTPOJIbHO-NponyckHorW NyHKT (manee - K1) oxpaHsiemoro npegnpuaTtusa. briok
OpraHus3auun ynpaefeHus Bbe3A0M/Bble3J0M TPaHCMOPTHbIX CpeacTB coctout m3 2-x |P-Bupeokamep
(HanmeHoBaHue |P-Bugeokamep - Hikvision iDS-2CD7A26G0/P-IZHSY), 2-x KoHTponnepoB Bbe3aa/Bble3na
(HanmeHoBaHue koHTponnepoB - Hikvision DS-TME402-TPC), tepmuHana ynpasneHus (HaMMeHoBaHue
TepmuHanoB - Hikvision DS-TPE104) n KOHEYHOro WCMOSTHUTENBHOIO YCTPOWCTBA — aBTOMATUYECKUN
wnarbaym. Bnok opraHu3aumu ynpasneHus npoxogamu coTpyaHukoB 4epes3 KM coctout m3 1-nn IP-
BMAEOKAMEPbI C BO3MOXHOCTbIO U3MeEpPEHUS TeMMNepaTypbl 1 06Hapy>XeHWs BO3ropaHuin (HaumeHoBaxme |P-
Buaeokamepsbl - Hikvision DS-2TD1217-3/PA), 2-x TepMuHanoB AOCTyna Ha BXOZ M BbiXxod, (HaumMeHoBaHue
TepmuHanoB pocTtyna - Hikvision DS-K1T341) u pacnawHoro TypHuKeTa (HaMMeHOBaHue TypHUKeTa -
Hikvision DS-K3Y501).

YnpaeneHnve cuctemon ocyulectenser Onepatop M3 MNyHKTa yMApaBfieHUs, pPacrnofyioXEHHOro B
aAMUHUCTPATUBHOM 3[aHUKN Ha TeppuTopun npeanpuatusa. MNMepumeTpanbHoe BUAEOHabNoAeHNe CoCcTounT
n3 14-tn IP-Bnpeokamep ¢ MHTENNEeKTyanbHON BO3MOXHOCTbIO pacro3HaBaHUs 06BbEKTOB (HaMMeHoBaHWE
IP-Bupeokamep - Hikvision DS-2CD2647G2) n 3-Xx CKOPOCTHbIX pPOBOTU3NPOBaHHbLIX MOBOPOTHbIX |P-
BMOEOKaMep C BO3MOXHOCTbI pacno3HaBaHUsi OOGBHEKTOB U MPUBA3KOM K HUM Ha MPOTAXEHWM BCErO
MapLupyTa nepemelleHus (HaumeHoBaHue |IP-Bugeokamep - Hikvision DS-2DE4425IW-DE).

ABTOMaTU3MpoBaHHasi CUCTEMa BWOEOHAONOOAEHUSS C MNPUMEHEHMEM HEWPOHHbIX CceTen Aans
pacno3HaBaHWA OOBLEKTOB peluaeT 3aJauyv Mo OCyLecTBNeHuto 6e30nacHocTU nepumeTpa OXpaHAEMOMN
TeppuTopun. KOHTPOSb LIENTOCTHOCTY NEPUMETPA OCYLLECTBIIAKT OXpaHHbIE pafapbl B KONu4ecTse 3-X WTYK
(HaumeHoBaHve papgapoB - Hikvision DS-PR-1-60), nossonswowme OOHOBPEMEHHO BeCTM LudpoBoe
HabnioaeHve 3a 32-ms uensmn B pexume «Online», a Takxe NpoekTUpoBaTb NPeAnonaraeMblii MapLUpyT
nepeaBnXxeHuss obbekta HabnwogeHus. OXpaHHbIi pagap YHKUMOHUPYET MpY MOMOLUM 3NEKTPOHHOM
TEXHOMornm OpMMPOBaHMS JNiydya BKYNEe C WHTENNEKTyanbHbIMU anroputMamu rny6oko obpaboTku
CUrHana, 4YTto AaeT BO3MOXHOCTb OMpeaensTb MECTOMONOXEHNE U NepPeaBUXEHNE HabnoaaeMbIX Lienen ¢
BbICOKON TOYHOCTbIO. [py OBHapyXeHUU MoMbITKM HECAHKUMOHMPOBAHHOrO AOCTyMna CUrHam TpPeBorun oT
OXpaHHOro pafapa nepefaeTcs Ha MOBOPOTHY BuAeokamepy (HaumeHoBaHue IP-Bugeokamepb Hikvision
DS-2DE4425IW-DE), a Takxe B MyHKT ynpaBneHus. Takas KoH(urypaumsa no3BoSISET akTMBUPOBaTb
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MrHOBEHHYIO 3anuCb BUAEOU300paxeHns 1 TEM CaMbiM OCYLLECTBUTb MAEHTU(MKAUMIO N BU3yanusauuio
obbekTa HabnogeHns onepaTtopoM NyHKTa ynpaesneHus. Metoamka yHKUMOHNPOBaHWSA OXpaHHOro pajapa
(HanmeHoBaHue pagapa - Hikvision DS-PR-1-60) npeacrasneHa Ha pucyHke 1.

Trre R

PucyHok 1 - MeToauka dyHKLMOHUPOBaHUA OXpaHHOro pagapa

YnpaeneHve aBTOMaTU3NPOBAHHOW CUCTEMON BUAEOHAONIOAEHUsI OCYLLECTBNAETCS MOCPEeACTBaMm
ucnonb3oBaHus uudposoro IP-eugeopeructpatopa (HaumeHoBaHue |P-Bugeopeructpatopa - Hikvision
DeepinMind 1ds-7732NXI-14/X (B)). O6wee ynpaBneHWe KOMMMEKCHOW cucTeMon 6Ge3onacHocTu
OXpaHsieMoro npeanpuaTUst  OCYLLEeCTBNSIETCA  MocpeacTBaM  UCMOSb30BaHusA  pabouyen  cTaHuum
(HaumeHoBaHue pabouyen ctaHuum - HikCentral-Workstation/64).

®yHKUMOHanNbHasas  cocTaBnsilowas  aBTOMAaTU3UPOBAHHOMW  CUCTEMbl  BuAeoHabnopeHus
npegycMaTpvBaeT OpraHu3auuio AONroBpeMEHHOro XpaHeHust MHopMaumm - apxXmMBuMpoBaHne B CUCTEME.
DYHKUMIO apXMBUPOBaHMSA BbLIMOMHAET CepBep XpaHeHus AaHHbIX (HauMeHoBaHWe cepBepa XpaHeHusi
AaHHbIX - Hikvision DS-AT1000S/288).

Tpebyemblii pasamep XpaHWUnuLLa cucTemMbl BuaeoHabnwoaeHus - 158.445 Th.

B cnyyae OTK/0YEHUs] CUCTEMbI OCHOBHOMO 31EKTPONUTAHUS Ha TEPPUTOPUN OXPaHSIEMOro o6beKTa,
NnpeaycMOTPEHO pe3epBHOE 3IEKTPOMUTAHME 3a CYET UCMONb30BaHUs MCTOYHMKOB 6ecnepeboiriHoro
nutauua (ganee - VBI). B aBTomaTtusmpoBaHHon cucteme mcnonblyetca 11 UBI. Bpema aBTOHOMHOWN
paboTbl B COOTBETCTBMM C TEXHUYECKMMU XapakTepucTukamm coctaenaet: MBIM Ne1 - 1.32 u., Bl Ne2 -
1.19 4., UBIMT Ne3 - 1.7 4., MBI Ne4 - 0.8 u., UBIM Ne5-7 - 4.7 4., UBIM Ne8 - 0.21 4., MBIM Ne9 - 1.02 u.,
MBI Ne10 - 0.8 u., UBIM Ne11 - 1.7 u.

OxpaHsiembli 06beKT nNpeacTaBnseT coboi OTKPbITYIO MIOCKYI0 TEPPUTOPUIO, HA KOTOPOW UMeeTCs
aAMUHUCTPaTUBHOE 34aHue, MOCTPOMKM U HECKOSNbKO aBTOMOOWIBbHBLIX CTOAHOK. Cxema pacrnonoxeHus
npeacTaBneHa Ha pUCYHKe 2.

B yacTtu kacatollencs opraHM3auumn CeTeBOro B3anMoaencTeusi (ceteBomn uHTepdeliic), obopynosaHue
MOAKMYaeTca Mo CETEBOMY MPOTOKONY nepepayn AaHHbix « TCP». OpraHusauums nepepadv nakeTtoB Ha
TPaHCMOPTHOM YPOBHE OpraHn3oBaHa C WCMONb30BaHNEM CETEBOro NpoTokona nepegayvm gaHHbix « TCP».
MpyknagHoM ypoBeHb OpraHN30BaH NOCPeACTBaM UCMONb30BaHMA criegytowmx npotokonos; RTSP, SNMP,
HTTP, HTTPS, UPnP, EHome 5.0 (npoTokon pa3pabotaH komnaHuei Hikvision).

CnpoekTupoBaHHasi aBTOMaTM3MPOBaHHaa CUCTeMa BUAEOHabN0AEHNS C MPUMEHEHNEM HEWPOHHBIX
ceTeln Ansa pacnosHaBaHus 06BbEKTOB (PYHKLIMOHMPYET Ha OCHOBE NMPUMEHEHNSA NPOrpaMMHOro obecneveHus
(nanee - T10O) HikCentral professional ver. 2.0.1. OanHoe [1O no3Bonser nNpov3BECTU WHTErpaumio
KOMMOHEHTOB CUCTEMbI KOHTPONSA W yMpaBneHus [OOCTYNOM COBMECTHO C 3fIEMEHTAMUM CUCTEMbI
BMOEOHAONIOAEHUS - B eMHOE LieNnoe, YTO CYLLEeCTBEHHO MO3BONSET ONTUMKU3MpoBaTb paboTy OnepaTtopa
NyHKTa ynpasneHus. B HacToflwem npoekTe nNpov3BefeHa peanusaumsi Cnegyrlimx BO3MOXHOCTEN:
n3MepeHve TeMNepaTypbl TeNna YenoBeKa, KOHTPOSb HanM4msa pecnnpaTopHON Macku Ha nvue, Nnpuea3ka u
crnexeHve 3a 006beKTOM HabnioAeHuss B 30HE KOHTPONS, KOHTPOMb OCTaBmeHHbIX (6e3 npucmotpa)
npeamMeToB, pacrno3HaBaHue NnL, pacrno3HaBaHWe PermcTpaumMoHHbIX 3HAKOB aBTOMOBUNBLHOIO TpaHcnopTa,
pacrno3HaBaHWe U Knaccudukauma o6bekToB HabnoaeHUs No KaTeropysam, opraHu3aumsa naTpynnpoBaHus
Nno ypoBHAIM B Tpex nnockoctax (PTZ), 6buomeTpuyeckuin JOCTYn Ha Tepputoputo npeanpustusi. Bce
peann3oBaHHblE TEXHWYECKWE COCTaBMsAOLWME MOCTPOeHbl Ha 6a3e TexHOoMorun, yHKLMOHMPYEMBIX MO
NPUHUMNY anroputmoB rnybokoro obydeHus. B HacTosweM MpoekTe MNPUMEHSTCA TEXHonormm c
ncnonb3oBaHneM HenpoHHbIx ceTen: ColorVu, AcuSense, DarkFighter, DeeplLearning.

ColorVu - TexHonorms AonosIHATENBHOMO TEMOro OCBELLEHMSA, KOTOPasi 4aeT BO3MOXHOCTb Nepeaayn
LBETHOrOo M306paxeHus Oaxe B TEMHOE Bpems CyToK. Buaeokamepbl, MMeloLMe B CBOEM COCTaBe
TexHonoruto ColorVu, addeKkTBHO CnpaBnalTCA C TakMMK 3agadamu, Kak rnybokoe pacrno3HaBaHue
heTanen obbekTa HabniogeHUs B YCNOBUSIX HEAOCTATOYHON BUAMMOCTU. Bupaeokamepbl ocHaweHbl LED-
NOACBETKOW, YTO MO3BOSIAET OCYLUECTBAATbL KAYECTBEHHYH LIBETHYI CbEMKY KPYrfOCYTOYHO B BbICOKOM
paspelleHun. HemanoBaxHow ocobeHHocTbio TexHonornn ColorVu aABnsieTcs NpUMEHEHWE «anroputMoB
rny6okoro obydeHns» Ans TOUYHOW Knaccudukaumm Lenen (4enoBek/TpaHCNOPTHOE CPEACTBO), a TaKxe Ana
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MaKCMMasbHOro UCKITIYEHWS Pa3nnyHbIX JTOXHbIX TPEBOT, BbI3BaHHbIX HELleNeBbIMY 06 bEKTaMM (KUBOTHbIE,
ocajku, ABneHus npupoapl u ap.).

AcuSense — TexHomnorus rnybokoro BuaeoaHanu3a Ha 6ase NpUMEHEHWNs «anropuTMoB ryboKoro
0byueHnay», KoTopas ucrnonb3yeTca AN AeTeKuun uenen n knaccudpukauum no kateropuam «4Yenosek»,
«TC» unn «Opyroe». TexHonorms cnocobCTBYET CHUXEHUIO YnCha FIOXHbIX Tpesor. Mpu Mcnonb3oBaHum
TEXHOMOrMM ¢ NPUMMEHEHNEM anrOpUTMOB «anropuTMOB ry6oKoro oby4yeHmsa» NCXOA4HbIN CUrHan NpoxoauT
yepe3 HEeCKONbKO crnoeB 06paboTkM wuHdopMauuu, B pel3ynbraTe 4ero anroputm TpaHcgopmupyeT
YacTUYHOE MOHUMaHWe (NOBEPXHOCTHbIA YpPOBEHb) B OOLLYD 3aKOHOMEPHOCTb (rnMyboKWMA ypOBEHb), Ha
OCHOBE KOTOPOW U MPOUCXOAMT BOCMPUATNE U3yvaemoro obbekTa.

DeeplLearning — TexHONOrnsi, OCHOBaHHasi Ha MPUMEHEHUWN «anroputMoB rNyO6oKoro obyyeHus».
Ocob6eHHOCTb A@aHHON TEXHOSIOrMM 3aKm4vaeTcsl B TOM, YTO OHa He TpebyeT BMelLaTenbCTBa onepartopa,
MOCKOJIbKY ONUPAETCA Ha UCKYCCTBEHHbIM MHTENSEKT C Lefbl0 CaMOCTOSITENBbHOIO n3BnedYeHust yHKUUN, To
€CTb camoobyyeHme.

DarkFighter - TexHonorus, kotopas cnocobHa obecneunTb YeTkMe LBeTHble M306paxeHus Kak B
OHEBHOE BpeMs CYTOK, TaK U B YCIOBUSIX TEMHOIO BpeMeHu cyToK. B kamepax ¢ TexHonorven DarkFighter
NCNoNb3yTCA crneuunanbHble AaT4nky pa3mepoM Y2 AloMa, KoTopble CnocobHbl o6ecneynTb HaunyuLwyo
CBETOYYBCTBUTENBHOCTb, BbICOKOE COOTHOLUEHUE CUrHamn/LymMm M yBENWYEHHbIN LUMPOKUA OUHAMUYECKUIA
Avana3oH. MNnowaabe 0gHOro NMKCensa AaHHOW MaTpuLbl NpakTUYeCcKn B ABa pa3a 6osblue, YeM y MaTpuupl
CTaHAapTHOrO TuMa, YTO SBASETCS OOHVMM W3 CaMblX [NaBHbIX YCMOBUIA BblAa4yn KayeCTBEHHOro
n3obpaxeHusi B yCroBMAX Nioxon Buoumoctu. B Bupeokamepax ¢ texHonoruen DarkFighter ucnonbsyior
acdepuyeckylo NMH3Y Anst  yMeHblleHus abeppauuin  u3obpaxeHusi. OCHOBHOM  OCOGEHHOCTbIO
acepuyeckux JNUH3 OT CTaHOapTHbIX TUMOB CepuyecKux Wnu MAOCKUX JMH3 SABASETCA Hanuuune
noBepxHocTH cBoboaHon dhopmbl. [laHHast ocobeHHOCTb cnocobeTByeT 6onee To4YHON (DOKYCUPOBKE CBETa C
LUenblo panbHenwero yeenuyeHus kadectsa usobpaxenus. DarkFighter pewaet npobnemy abeppauun
n3obpaxeHus u ynyywaeTt Ko3adrLUUEHT NPONycKaHWa CBETa, YTO B Pe3yrbTaTe 3HaYUTENbHO yBENNYMBAET
KayecTBO M306paxeHns Npu yCrnoBmsax ninoxom BUAMMOCTH.
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O PeKTUBHOCTb (PYHKLMOHMPOBAHNA aBTOMATM3MPOBAHHON CUCTEMbI BuaeoHabnogeHuss B obnactu
obecrneyeHns 6€30MacHOCTM OXpaHAEMOro NpeanpuATMa NPSIMO NPOMNOPLMOHANbHO 3aBUCUT OT HAAEXHOCTH
(bYHKLMOHMPOBaHUST BCEX Y3M0B U MEXaHW3MOB, MPUMEHSIEMbIX B CUCTEMe B Lenom. Ha ocHoBaHuu
MPUHLMMNOB HaAEXHOCTU ObINM yYTeHbl BCE acneKTbl NPUMEHEHUs nokasaTernen HageXHOCTWU, ucxoas us
KOTOPbIX MONy4YeHa BepoATHOCTb 6e30Tka3HoM paboTbl NpMMEHsieMbIX Y3110B 1 MexaHuamos P(t) = 0.72.

3akmodeHue. CrnpoekTMpoBaHHas aBTOMaTU3MPOBaHHasA CMCTEMa MO3BOMMA MNOBLICUTb YPOBEHb
6e30MacHOCTU  OXpaHAEMOro npeanpuATMA C  WUCMONb30BaHWEM  HeWpoceTeBOro  0bopynoBaHwus,
OCYLLECTBMATb KPYrfOCYTOYHbIA MOHUTOPUHI BHYTPEHHEW W BHELLHEW TEPPUTOPUN, BECTU y4yeT pabouyero
BPpEMEHN COTPYLOHWKOB MpeanpusTusi, OpraHu3oBaTb OecnpensiTCTBEeHHbIM  npoe3n,  Cnyxe6Horo
aBTOTpaHcnopTa.

JononHuTensHoO CTOUT OTMETUTb, YTO MWHTErpauus MpUMEHSEMbIX TEXHUYECKMX CUCTEM C
peann3oBaHHbIMU pelleHnsaMn B obnacTtu obecneveHns 6e3onacHOCTM NpeanpusaTusi, No3sonuna obpecTtu
BbICOKMN YpOBEHb OXpaHbl OObEKTa M OpraHu3oBaTb eauHyH CcucTeMy 6e30MacHOCTM C  peLleHneEM
aKkTyanbHbIX 3agay: obecriedyeHue LIeNoCTHOCTU OXPaHAEMON TEePPUTOPUM, UCKIIOYEHME BO3MOXHOCTM
HEeCaHKLUMOHWPOBAHHOIO AOCTyna, MOBbILEHWE YPOBHs 6e30macHOCTM paboTHMKOB  MpeanpuaTus,
UCKIIIOYEHNE MPOTMBOMNPABHbLIX OEWCTBUMN MNPOTUB COOBCTBEHHOCTU OPUAMYECKOrO NuLa, MWCKIHYeHne
HapylweHnn oOLEeCTBEHHOrO MopsAaKa, OpraHu3auus yyeTa BpemeHu npebbiBalowlero nepcoHana,
opraHuM3auusi y4yeTa BpemMeHu npebbiBalolero aBTOTPAHCMOPTa, OpraHusauusa npogunakTUYecKmx
mMeponpuaTun npotue COVID, c60p u xpaHeHWe [aHHbIX AnA AanbHenero aHanmaa.
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Annotation. This paper presents the implemented complex of the enterprise security system. The uniqueness of the developed automated
system lies in the use of technologies based on neural networks, which allows the equipment to use the “Deep Learning” effect. Considering
the unfavorable epidemiological situation, thermal equipment is integrated into the automated system which enables to carry out
thermometric measuring when visiting the enterprise. The advantages of this system are such as the following: monitoring the integrity of
the protected perimeter, exclusion of unauthorized access, exclusion of illegal actions of third parties, organization of time tracking and
organization of preventive measures (COVID). The designed automated system makes it possible to increase the security level of the
protected enterprise using neural network equipment, carry out round-the-clock monitoring of internal and external territories, keep track of
the working hours of the enterprise employees and organize unhindered passage of official vehicles.
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MOHWUTOPUHI PECYPCOB BbIYUCITUTENIbHON CETU ANA
QPDEKTUBHOIO PACINPEAENIEHUA HATPY3KU

CeesepuH K.M., cmydeHm 2p. 951004

Benopycckuli 2ocydapcmeeHHbIl yHUsepcumem uHgopmamuku U paduosanekmpoHUKU,
2. Munck, Pecnybniuka benapyco

lMapamoHoe A.U. — kaHd. mexH. HaykK, doueHm

AHHOTauusa. BbinonHeH aHanus I'Ip06J'IeMbI SQJQ)eKTVIBHOCTI/I pacnpeneneHna Harpy3km B BbIYUCIUTENBHON CEeTU. PaCCMOTpeHbI
anropuTtMbl 6aJ‘|aHCI/IpOBKI/I. I'Ipe,cu'loera MO,qMCbMKaLLMFl anroputmMma 68]'IaHCVIpoBKVI Harpy3kum Ha OCHoOBe I/IH(bOpMaU.I/IVI o TeKyU.teVl
3arpy>xXeHHOCTN BbIYUCIIUTENbHbIX Y3J10B. I'Ipe,u,noero nporpaMmmMHo-anropuTMunyeckoe obecneveHue gns MOHWUTOPUHIa pecypcoB
AOCTYNHbIX Y3N0B. OnwncaHa APXUTEKTypa NporpaMmMHOro Komnriekca u 0ocobeHHOCTH I'IpOFpaMMHOVl peannsauuun.

KnioueBble cnoBa. MOHUTOPWHS, pecypcbl KOMMbIOTEPA, CETEBLIE PECYPChI, BLIMUCIUTENbHAs CETb, CEPBEP, pacnpeaesieHne Harpysku,
anroputm, 6anaHcMpoBKa, cyeT4MK npoussoauTensHocTu, PDH, nporpammHoe ob6ecneyeHune, ctpecc-tect, Round Robin, Windows,
Win32 API, C++11.

BeedeHue. B cBA3M C MaccoBbiM pacrnpoCTpaHeHUeM pacrnpefeneHHbIX BblYUCIUTESNbHbIX CUCTEM
cTana aktyanbHolu npobnema mx acdekTMBHOro ucnosib3oBaHms. OQHNM U3 acnekToB AaHHOW npobrnembl
aBnseTca  a(pdeKTMBHOE nNNaHMpoBaHWe W pacnpefeneHve 3agad  BHYTPU  pacnpepeneHHblX
BbIYMCITUTESIbHBIX CUCTEM C LUeJIbio onNTUMnU3aumm UnCnosib30BaHMA pPeCypcoB W COKpalleHUA BpeMeHU
BbluncneHmsa. BecbmMa 4yacTto BO3HUKaET cutyauua, npu KOTOpOI7I 4acCTb BbIYUCIIUTENIbHbBIX pPeCcypcoB
npocTamBaeT, B TO BpeMsl KakK Apyras 4acTb pPecypCoB MeperpyxeHa u B o4vepean mmeeTcsa GonbLuoe
KONMnM4ecTBoO oOXupgawuwmx cBoero ucnosfiHeHUA 3apad. ﬂ,J‘Iﬂ onTuMn3aunm uncnonb3oBaHUA pecypcos,
COKpaLlLlleHNss BpeMeHn o6CnyXuBaHWs 3amnpocoB, FOPU30OHTANbHOrO MaclTabupoBaHus (OMHaMM4eckoe
pobaeneHne Unu yganeHne yCTponcTB), a TakxXe obecneyeHns 0TKasoyCToOMYNBOCTU (pe3epBrupoBanus) [1]
NPUMEHSIETCS METO[, PaBHOMEPHOro pacrnpefeneHvus 3aAaHuii  Mexay HEeCcKOSIbKUMM  CeTeBbIMU
yCcTponcTBaMn (Hanpumep, cepBepamu) HasblBaeMbli 6GanaHCcMpoBKa Harpysku, WM BblpaBHUBaHUE
Harpy3ku (Load Balancing).

OcHoeHas 4acmeb. Npobnema 6anaHCUpPOBKY BbIYUCUTENBHOWM HArpy3ku pacnpenenéHHon CUCTeMbI
BO3HMKAET MO pa3finyHbIM NPUYNHAM, B YMCIE KOTOPbIX:

— CTPYKTypa BbIMUCIUTENBHOIO KOMMJIEKCa (Hanpumep, Knacrtepa) HeOfHOpoaHa, T.€. pa3Hble
BblUMCNUTENbHbIE Y3Ibl 0611a4atoT pa3HON NPOU3BOANTENBHOCTLIO;

— CTPYKTypa MeXy3M0BOro B3aMMOAENCTBUSA HEOAHOPOAHA, T.K. IMHUM CBA3U, COEAMHSIIOLLME Y3Ibl,
MOTYT UMETb Pa3fINYHble XapaKTEPUCTUKN MPOMYCKHOWM CNOCOBHOCTY;

— CTPYKTypa pacnpeneneHHoro npuioXeHusi HEOAHOPOAHA, Pa3fUYHbIE NTOrMYeCcKne NpoLEecchl
TPeOYT pasfnyHbIX BbIMUCIUTENBHBLIX MOLLHOCTEN.

Mpy NosiBNEHMM HOBbLIX 3a4aHU NporpamMHoe obecrneyeHne, KoTopoe OTBeYaeT 3a 6anaHCMpOoBKY,
OOIMXHO MPUHATH pELleHNe O TOM, Ha KaKOM BbIMUCIUTENIBHOM Yy3ne criefyeT BbIMOSHATbL BblUYMCIIEHUS,
CBSI3aHHble C 3TUM HOBbIM 3apaHvem. Kpome Toro, 6GanaHcvMpoBKa mnpegnonaraet MnepeHoc 4actu
BblUMCIIEHUA C Haubonee 3arpyXeHHbIX BbIYUCIUTENbHbLIX Y37I0B HA MeHee 3arpyXeHHble y3nbl. [pu
BbIMNOSIHEHNM 3afay npoueccopbl 06MeHMBalOTCA MexXay COOoM KOMMYHMKALMOHHbIMK cooblieHmsamn. B
Cry4Yae HWU3KMX 3aTpaT Ha KOMMYHUKaLMIO, HEKOTOPbIE NMPOLEeCCopbl MOryT MpocTamBaTb, B TO BPEMS Kak
ocTanbHble 6yayT neperpyxeHbl. Takxe 6yayT HeuenecoobpasHbl 6onblune 3aTpaThl HA KOMMYHUKALUIO.
CnepoBatenbHo, cTpaternsa 6anaHCUMpOBKM AOSXHA ObiTb TaKOW, YTOObI BbIYMCIUTENbHBIE Y3Mbl Obin
3arpy>xeHbl OCTaTO4YHO PaBHOMEPHO, HO U KOMMYHMKALMOHHAA cpefa He A0nXHa 6biTb Neperpyxexa.

B 60onbLlUMHCTBE cnyvaeB 6anaHcMpoBKa UCMONb3yeTcA AN AOCTUXEHUA crepyrowmx uenen [2]:

— CMpaBeAnMBOCTb - HYXHO rapaHTMpoBaThb, YTobbl Ha 06paboTKy KaxAoro 3anpoca BblAensinuch
CUCTEMHbIE PECYPCbI 1 HE AONYCTUTb BO3HUKHOBEHMA CUTYaLLMIA, KOraa oguH 3anpoc obpabaTtbiBaeTcs, a Bce
ocTanbHble XAyT CBOEN ovepeau;

— 3 eKTUBHOCTb — BCE CepBepbI, KOTopble 06pabaTbiBalOT 3anpochl, AOMXHbI ObiTb 3aHATbI Ha
100%; xenaTenbHO He AonyckaTb CUTyauun, Korga ouH U3 CepBeEpOB MPOCTanBaeT B OXUAaHMM 3anpocoB
Ha 06paboTKy (B peanbHOM NpaKTUKe aTa Lieflb JOCTUraeTca Aaneko He Bceraa);

— COKpalleHWe BpPeMEHU BbIMOSTHEHMS 3anpoca - HYyXHO obecneyntb MUHUMANbHOE BpEMS MexXay
Hayanom obpaboTku 3anpoca (Unm ero NOCTaHOBKOW B ovepeab Ha 06paboTKy) 1 ero 3aBepLUEHWS;

— COKpalleHWe BpEMEHM OTKIINKA - HY>XXHO MUHUMI3MPOBATL BPeMs OTBETa Ha 3anpoc.

BaxHO YETKO MOHMMATb, B KAKUX CUTYaLMsIX U NpU KaKUX Harpyskax anroputm éyaet addekTMBHbIM
ONA  pelleHuss MOCTaBfiEHHbIX 3afjad, W MNpu YBENUYEHUW HArpy3ku anroputM [OSIKEH COXPaHsiTb
paboTocnocobHOCTb. MMo3TOMY OYeHb XenaTenbHo, YToObl anropuTM GanaHcupoBky obnafan CBOMCTBaMU:
npenckKasyemocTb; paBHOMeEpHas 3arpy3ka pecypcoB CUCTEMbI U MacLUTabupyemMocTb.
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Ha cerogHsi M3BecTHO M NPUMEHSIETCA AOCTATOMHO MHOro anroputMoB 6anaHcmpoBku. OgHuUM M3
caMbIX NONYNSAPHbIX U MNPOCTbIX B peanu3auumn asnaetca Round Robin. BMmecTe ¢ Tem 3TOT anroputm nmeet
U uenbii psag CywecTBEeHHbIX HeaocTaTKoB. Hanpumep, utobbl pacnpeneneHue Harpysku Mo 3STomy
anroputMy oTBeYasno YNOMSHYTbIM Bbille KpUTEPUAMM CNpaBeanMBOCTU U 3D(PEKTUBHOCTU, HYXHO, YTOObI Y
Kaxaoro cepsepa Oblnl B HanM4mMm yCAOBHO OAMHAKOBbIN Habop pecypcoB. Mpu BbINONHEHMM BCEX onepaLuui
Takxe [OMXHO OblTb 3a4eiiCTBOBAHO OOUHAKOBOE KONMWYECTBO pecypcoB. B peanbHoOW npakTuke 3tu
ycnosus B OONbLUMHCTBE Cly4aeB OKa3bIBAlOTCS MNPAKTUYECKM HeBbINOMHUMbIMKU. Ero mopepHusaumven
asnsetca Weighted Round Robin. CyTb ycoBepLueHCTBOBaHWI 3aKmo4aeTca B TOM, YTO Kaxaomy cepsepy
npuceanBaeTCcs BECOBOW KO3((MUUNEHT B COOTBETCTBUM C €r0 NPOU3BOOUTENBHOCTLIO U MOLLHOCTbIO. OTO
nomMmoraeT pacnpefenstb Harpy3ky Gonee rubko: cepsepbl ¢ 6onblivMm BecoM obpabatbiBaloT 6onblue
3anpocos. OgHaKo Bcex Npobnem ¢ 0TKa30yCTONYMBOCTLIO 3TO OTHIOAL HE peLuaeT.

Mpyn npoekTMpoBaHuMKM pelleHus 3apadn OanaHcMpoBkM OyaemM npepnonaratb, YTO BCe 3afauu
OOMHAaKOBbl, TO €CTb Kaxaas 3ajaya, Kotopas nogaeTcs Ha OAWMH BblYWUCIUTENbHbIA y3en, notpebyeTr ot
Hero oIMHaKoOBOE KONMMYECTBO CUCTEMHbIX PECYPCOB.

B ocHoBe npepnoxeHHoro nopxopa k 6GanaHCMpOBKe MOfOXeHa crnegywolwaa runotesa: 3agady
OOIXEH nosyyaTb BblUYMCIUTENBHBIA Y3€N C HaUMEHbLLEN 3arpy>XeHHOCTbI0 Ha LEeHTpanbHbIA MpoLeccop
JaHHbIN MOMeHT. Takum obpa3om, npegnonaraeTcs, YTO Harpy3ka OyAeT pacnpepeneHa paBHOMEPHO Mo
BceM y3nam. O6LLyto cxemy anroputmMa MOXHO YBMAETb Ha pUCYHKe 1.
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PucyHok 1 - O6Luas cxema anroputma 6anaHcMpoBKu

IOna Toro 4to6bl MUHUMM3MPOBATb 3aTpaTbl Ha OOLEHME MexXay y3namu U npu 3TOM MONy4YUTb
[OCTaTOMHO YAOOHbLIN AN B3aMMOQEWCTBMS YpPOBEHb abCTpakuuu Oblnu MCMoNb3oBaHbl CTaHAAPTHbLIE
COKeTbl onepaunoHHon cuctembl Windows. B kauecTBe npoToKona TpaHCMOPTHOrO ypoBHS 6bin B3AT TCP,
Tak KaK OH OCYLLIeCTBISET NOBTOPHbLIN 3anNpoc AaHHbIX B CriyYae noTepu AaHHbIX U yCTpaHsaeT AybnupoBaHue
npv NONy4YeHNN ABYX KONU OQHOMO NMakeTa, rapaHTUpysa TEM CaMbIM LLeNMOCTHOCTb NepefaBaeMbIX AaHHbIX U
yBeOOMIIEHNE OTNpPaBUTENS O pe3ynbTaTax nepegayum [3].

40



58-5 HayuHass KoHgbepeHyus AcniupaHmos, MazucmpaHmoe u CmydeHmoe bI'YUP, MuHck, 2022

B onepaumoHHoin cucteme Windows cyuwiectByeT 3 cnocoba nonyyntb CBEAEHU 06 UCMONb3YeMbIX
pecypcax:

1. OcHoBaHHbIN Ha NpumeHeHun API, KOTOpbIA CTAHOBUTCA AOCTYMNEH MOCne NOAKIOYEeHN
3aronoBoyHoro ¢ana windows.h [4];

2. Cuetuunku nponssoamutensHocTn PDH (performance data helpers) [5];

3. WHcTtpymeHnTapui ynpasneHus Windows (WMI).

B kauectBe crnocoba nonyyeHus OaHHbIX O pecypcax BblOpaHbl CHETYMKM MPOU3BOAUTENBHOCTU
(ucnonb3oBaHue 6ubnuotekm pdh.h). 3toT API npepoctaBnsaeT eauHbln MHTepdenc pnsg nonyyeHus
OCHOBHbIX CHETYMKOB MPOU3BOAMTENBHOCTU, YTO AAeT BO3MOXHOCTb ObICTPOro pacluMpeHus KonvmyecTBa
NnoAnepXnBaeMbIX METPUK U YCITOXHEHUS anroputMa 6anaHcupoBKM.

UT06bl Ha «3acopATb» KaHan CBA3U MeXAy KIMEHTOM U CEpPBEPOM, KITMEHT OTNpaBnsaeT MHopMaLmio
0 Harpy3ke ¢ nepuogomM B 1 cekyHay. CUETUMKN NPOU3BOAUTENIBHOCTU TakXe 0OHOBMAOTCA pa3 B CEKyHAY.

Mpyn TecTMpoBaHMU MNONYYEHHON CUCTEMbl OAMHAKOBbLIMW 3afavamu Habnioganocb paBHOMEpPHOE
pacnpegeneHve Harpysku Mexgy BCeMW MNOAKMYEHHbIMU y3namu. [Npu TecTupoBaHuW pasfuyHbIMU MO
CMOXHOCTM 3ajadyamMu Habnioganucb pasnuuus B Harpy3ke Ha BblMUCIUTENbHbIE Y3rbl, 06yCnoBeHHbIE
TeM, 4TO 3ajava cuuTaeTca Hepenumon. [pu CTPeccoBOM TECTUPOBaHWW Obinl BbISIBNIEH [NaBHbIN
HepocTaToK 6anaHCMpOBKM Ha OCHOBE Harpy3kuM Ha y3Mbl: KOrga 3apjayvy CTaHOBUTHCHA CIMLLIKOM MHOTO
6anaHCUpOoBLUMK MOXET yCneTb OTNPaBUTb HECKOSbKO 3a4ay OQHOMY BbIYUCIIUTENBHOMY Y31y M3-3a TOro,
4yTO MHopMauna 06 akTyanbHON Harpy3ke Ha BbIYMCIUTENbHbBIN y3en elle He npuwna. Takylo cutyaumo
Harnsg4HoO MOXHO BMAETb Ha PUCYHKe 2.
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PucyHok 2 - Cxema o6MeHa coobLLeHUMI cepBepa W BYX KITMEHTOB

MporpamMMHbIN KOMMMEKC A7 MOHUTOPUHIA PECYPCOB BbIMUCIIUTENBHON CETU pa3paboTaH Ha A3blke
nporpammupoBanusa C++, Cc npumeHeHnem craHgapta fA3bika C++11. Mcnonb3oBanacb CTaHOapTHas
6ubnnoteka WabnoHOB, Kak yaobHble KOHTEMHEPbl ANA XPaHEHUsl AaHHbIX, @ TakXe TakuMe Kfaccbl, kak
std::thread n std::mutex ons opraHusaumm MHOrOMNOTOYHOCTW.

Monb3oBaTenbCKMn MHTEPAENC MPOrPaMMHbIX MOAYNEN MNOCTPOEH C UCMOMb30BaHME CpeacTs
Win32 API. OaHHoe API 6biio BbibpaHO NOTOMY, Kak OHO NPeAOCTaBfSIET BO3MOXHOCTM pa3paboTku
NMepBOro YpOBHs, HE 3aBUCALLEN OT ynpaBnsemon cpeabl BbiNofHeHus, Takonm kak .NET wnmn WInRT.
Bnarogapsa atomy Win32 aBnseTtca ontumasnibHOM MnaTtdopMoi Ans NpUioXeHuin, KoTopbiM TpebyeTcs
CaMblii BbICOKMI YpOBEHb MPOU3BOAUTENBHOCTM U MPAMON [JOCTYN K CUCTEMHOMY obopyaoBaHuio. Takxe
6bINK NCMOSIb30BaHbI TAKUE CUCTEMHbIE OOBEKTHLI KaK COKEThI.

[MporpamMmmHOe cpeACcTBO cepBepa COCTOUT N3 TPEX MOAYIEN:

1. BanaHcMpOoBLUUK, KOTOPLIN pacnpenensieT 3agaqm Mexay KnmeHTamu;

2. MeHepxep pecypcoB, KOTOpbIi COBUpaeT cBeAeHUs1 OT KIIMEHTOB (Y310B) 06 UX 3arpy>XeHHOCTU U
06HOBNSAET UHTEPENAC;

3. Cepsep, cnywatowmii u obpabaTbiBaloLniA BXOASALLME COeANHEHNS.

[MporpamMmMHOe cpeACcTBO KNMEHTa TakXe COCTOUT U3 TpEX Moaynen:

1. «PaboTHUK», KOTOPbLIN BbINOMHAET NONE3Hy0 paboTy (3anyckaeT NpoLecc Ans BbINOMHEHNE
NOCTaBfIEHHOW 3aJayn, CNEAUT 3a €€ BbIMOSIHEHNEM);

2. «Cbopuyk nHdbopmaLumn», KOTopbI CObUpaeT NokasaHus ¢ AaTYNKOB npoussoautenbHocTy pdh.h;

3. «KnueHT», cnywatowmin kaHan cBA3un u Aobasnsowmii 3agady B odepeab paboTHUKY.
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Bce mopynu paboTtatoT napannenbHo, Kaxabli B CBOEM MOTOKe. [fA CMHXpPOHM3auuu focTtyna K
OOLWMM [aHHBIM UCMONb3YETCA MbIOTEKC. KOMMYHUKALMM MeXAY KITMEHTOM U CEPBEPOM MPOUCXOOUT C
NCNonb30BaHNMEM COKeTOoB, KoTopble npepocTtaenser Win API. B npouecce paboTbl npunoxeHus
yCTaHaBNMBAETCA MOCTOSIHHOE COEAMHEHWE, MO KOTOPOMY MnepefalTcs COoobLleHMa Mexay CepBepoM U
knmeHToM. O6Las CTpykTypa COOOLUEHUS COCTOUT M3 OBYX MONEn: pa3Mep TEKCTOBOro coobuieHus (4
6anTta) n TekctoBoe coobuleHne (n 6anT). TekcToBoe coobLieHne BbiBaeT Tpex TUMNOB: 3aJava, pe3ysbTaTt
BbINOSIHEHNST 334ayM W [aHHble [AaTYMKOB. TWMM TEKCTOBOrO COOOLLUEHUs onpepensieTcsa no nepBoMy
kntodyeBbiM cnioBam « TASK», «RESULT», « COUNTER». Janee nayTt Heobxoanmble AaHHbIE B BUAE TEKCTA.

Ha pucyHke 3 npefcTaBneHa CTpyKTypa NporpaMMHOro Komnsekca.

Client1 el R Client3
Server

> = -

Client2 Client4

PucyHok 3 - ApxutekTypa noCTPOEHHO MOAEeNN B3auMOAENCTBMA NPOrPaMMHbIX KOMMNOHEHT

B xoge npoBegeHWs TeCTUPOBAHMA W 3KCNEPUMEHTOB MWCMONb30Baniocb 5 KOMMbIOTEPOB pa3HbIX
MoLHocTen nog ynpasneHmem Windows 10, 0O4MH 13 KOTOpPbIX ABNAETCA CEPBEPOM, OCTalbHbIE — KIINMEHTHI.
[Ons Harpy3ku ucnonb3oBanacb peKypCuMBHas peanusaums HaxOXAEeHUs 4feHa nocrnenoBaTenlbHOCTU
®uboHayum BBMAY NPOCTOTbI peanu3auun M JNIErKOro KOHTPONMPOBAHWUSI CROXHOCTM 3a4aun 3afaHvem
HOMepa uyneHa.

3aknrovyeHue. B xopge aKcnepuMMeHTa Obiflo yCTAHOBMIEHO, YTO pa3paboTaHHbI NpPOorpamMMHbIN
KOMMMEKC CnpaBnseTcs C MOCTaBIeHHOW 3ajadveit u npu crabunbHon paboTe BCeX Yy4YaCTKOB MOBbILLAET
NpoV3BOANTENBHOCTb BbIYUCNUTENBHOW ceTU. OAHAaKO B XoAe SKCMnyaTaummn obHapyXunock, YTo BO3HUKAKOT
Cryyan HeCBOEBPEMEHHOCTW MoAayn AaHHbIX O TeKylleW Harpyske OT KIMEHTOB, MO MpUYMHE 4Yero
ouyepefHas 3afaya MOXeT ObITb pacnpefeneHa ¢ y4eTOM yCTapeBLUMX AaHHbIX.

[JaHHbIn NPOEKT MOXET NPUMEHATLCA B Pa3fINyHbIX CUCTEMAX pacrnpefeneHHoro BbiNoSIHeHNA 3a4au,
TakMXx Kak 00paboTka CepBepHbIX 3anpocoB, KOMMbIOTEPHbIE BbIYMCIIEHNS, CO3[AaHME  CIOXHbIX
MaTemaTnyecknx mogenen. Kpome TOro, MpoOEKTHOE pelleHue MOXEeT MCMoMb30BaTbCA AfA NPOBEPKU
NpoV3BOANTENBHOCTU Pa3MNYHbIX anroputMoB HanaHCMpoBKU.

CnucokK ucnonb308aHHbIX UCIMOYHUKOS:

1. High Availability [OnekmpoHHbIi pecypc] — pexum docmyna: http://www.linuxvirtualserver.org/HighAvailability. html

2. Dynamic Load Balancing and Scheduling [BrnekmpoHHbIU pecypc] - pexum docmyrna:
https://web.archive.org/web/20051103023103/http://wwwcs.uni-paderborn.de/cs/ag-monien/RESEARCH/LOADBAL/

3. [poepammHas crieyugukayusi MpoMmMoKoI08 KOMMYHUKayul [OneKkmpoHHbIl pecypc] — pexxum docmyna: https://rfc.com.ru/

4.psapi.h header [OnekmpoHHbIl pecypc] - Pexxum docmyna: https://docs.microsoft.com/en-us/windows/win32/api/psapi/

5.Using the PDH Functions to Consume Counter Data [OnekmpoHHbIl  pecypc] - Pexum  docmyna:
https://docs.microsoft.com/en-us/windows/win32/perfctrs/using-the-pdh-functions-to-consume-counter-data

UDC 004.45+004.75
MONITORING OF COMPUTER NETWORK RESOURCES

Severin K.M.
Belarusian State University of Informatics and Radioelectronics, Minsk, Republic of Belarus
Paramonov A.l. — PhD in Computer Science
Annotation. An analysis of the efficiency of load distribution problem in a computer network is carried out. Balancing algorithms are
considered. A load balancing algorithm modification based on information about the current workload of computing nodes is proposed.

Software and algorithmic solution for monitoring the resources of available nodes is proposed. The architecture of the software package and
software implementation features are described.

Keywords. Monitoring, computer resources, network resources, computer network, server, load distribution, algorithm, balancing,
performance counters, performance data helpers, software, stress test, Round Robin, Windows, Win32 API, C++11.
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YK [004.89:004.85:004.421:004.58]+519.688

AOANTUBHbINA NOCK NO TIOTMYECKUM BbIPAXXEHUAM B
MHO®OPMALIMOHHO-INMOUCKOBbBIX CUCTEMAX

LllepcmHes A.C., cmydeHm GeekBrains !,
CaseHko A.I"., cmapuwuti npernodasamerb kaghedpbl MCuT 2

OO0 «AumuPekcl pynn ben» %,
HHcmumym uHgbopmayUuoHHbIX mexHooauli benopycckozo 2ocydapcmeeHHO20 yHUsepcumema
UHGbopMamuKu U paduo3/1eKmMpPOHUKU 2,
2. Munck, Pecnybnuka benapych

CaseHko A.l. — Mmazaucmp mexH. HayK

AHHOTauusa. B paﬁoTe npeacraesneHbl uccnegoBaHua mopenen u anropuTMoB Nnoucka Mchopmame B I/IHQ)OpMaLIMOHHO-I'IOI/ICKOBbIX
cucrtemax. I'Ipose,qu aHanu3 cyuwecTByolunux npoﬁneM N nogxoanoB K MOWUCKY MHQ)OpMaLI,VII/I. Pa3pa60TaHbI N onucaHbl. MoAaenb
opraHusauun paHHbIX, Mopgesib NnoarotoBkuU U 06p860TKM AaHHbIX, anroputT™M TOKeHU3auun AOaHHbIX I/IHq)OpMaLl,I/IOHHOVI CUCTEMBbI,
apanTUBHBIA MOWUCKOBBIN anroputM no 3anpocy, coctoAwemMy Uu3 Jornyeckmx Bblpa)KeHMVl. npOBeﬂeH aHanus 3qu)eKTI/IBHOCTVI
npeanoXxeHHbIX mozenen n anropuTtmMos. Pa3pa60TaHa I/IHQ)OpMaLIMOHHO-I'IOI/ICKOBaH cucrtema.

KnroueBble cnoBa. AganTuBHbIN MOUCK, NOUCKOBbIE anroputMmbl, MoaeNb opraHnsauun AaHHbIX, rpaq)osaﬂ 6a3a faHHbIX, NOUCKOBHIN
3anpoc, iorn4yeckue BblipaxeHud, peneBaHTHOCTb, MallMHHOe 06yquMe, I/IHCbOpMaLI,MOHHbIe CUCTEMBbI.

BeedeHue. Tlouck wuHdoOpmauum  SABNSETCS  BaxXHOM  3apjaden  npakTudeckn — nobon
aBTOMaTU3UPOBaAHHOWN CUCTEMbI, CBA3aHHOW ¢ 06paboTKOM TEKCTOBOWM MHopMaumn. B HacTosiee Bpems
yXe CcyLlecTByeT MHOXECTBO METOAO0B MOUCKA, CUCTEMATU3NMPOBAHHBIX CreaywmMm 06pa3omM: MeToabl Ha
OCHOBE KIIOYEBbIX CMOB; MeToAbl Ha ocHoBe MeTpuk (Hdamepay, JleBeHwTtenHa, Xakkapa v ap.);
accoumaTuBHble MeToabl (bunbTp Brnioma u MeToapl HeveTKoro xewwmnposaHus KopHbnioma n Yapukapa);
MeTOAbI NocnenoBaTenbHOro novcka (bonepa-Mypa); nouckoBble AepeBba 1 Ap.

Kputepuammn kKayectBa mnoucka B MHGOPMaUMOHHO-NonckoBbix cuctemax (MMNC) moryt aBnsTbeA
TOYHOCTb, MOSIHOTa MOWCKa, BbinageHne n F-mepa, a Takxe GbICTPOAENCTBUE MOUCKOBbLIX anroputmMoB. K
COXaneHuo, NMOHATWE CTerneHUn COOTBETCTBUS pe3ynbTaToB MOMCKA M MX MOSIHOTA, T.e. penieBaHTHOCTb,
ABNAeTCA CyObEKTMBHBIM MOHATUEM, W 3aBUCUT OT KOHKPETHOIO YENoBEKa, OLEHMBAKLWLErO MofyYeHHble
pe3ynbTaTbl. Takxe crnegyeTr OTMETUTb, YTO OOMOMHUTENbHBIM KPUTEPUEM, BAUSIOLUMM Ha KayecTtBO U
3P PEeKTUBHOCTb paboTbl MOUCKOBbLIX anropuTMoB, siBAsieTcsl MMOKOCTb M yao6cTBo hopmynupoBaHus
MOMCKOBOro 3anpoca. Ecnn gna ontumu3aumu CylwiecTBYOLWMX anroputMOB MOUCKA B OCHOBHOM
UCMNOMb3YIOTCA Pa3nMYHOro pofda YNopsAaodvMBaHWe [AaHHbIX (OT COPTMPOBKM Aa@HHbIX, A0 CIIOXHbIX
WHAEKCUPYIOLMX CUCTEM), TO AfS 3afaHus KpUTepueB Camoro Mnoucka, MpakTUYEeCKM HET HUKaKnX
pekomMeHaauun wunu ontumusauuin. B ocHoBHOM MBKOCTb (DOPMUPOBAHUSA MOMCKOBBLIX 3anpocoB
onpefenseTcs HETOYHbIM COBMageHMEeM CUMBOMOB MU MOCnenoBaTenbHOCTEN CUMBOMOB MpPY MOMCKE
noacTpoku B ctpoke [1, 2]. Kpome Toro, cnegyet OTMETUTb, YTO pPas3fnyHble MOMCKOBLIE anroOpUTMbl MO-
pasHoOMYy BOCMPUHMMALOT Npoben (kak pasgenutenb Mexay KIoyYeBbiMU CIOBaMM): HEKOTOPbIE 3aMEHSIOT
ero fiorm4yeckum onepatopomMm «W», HekoTopble — norundeckum onepatopom «UJTN», opyrue xe BoBce He
MCMNOMb3YIOT JIOTMYECcKmx onepaTopos [3].

lMouckoBble anropuTmbl UCNONb3ylowwme norndeckme onepatopbl (AND - normyeckoe ymHoxeHne, OR
- norunyeckoe crnoxenne, NOT - nornyeckoe oTpuLaHue) u ux KoMOMHaumMm oTHocATCA K ByneBon moaenu
noucka. Takas mogenb (pOpMUMPOBaHWA MOWCKOBOro 3arpoca Mo3BOMSET Moflydyatb 6oriee TOYHble W,
COOTBETCTBEHHO, peneBaHTHble pe3ynbTaTbl. OgHako 6yneBa MOAenb TakXe MMEET U psaf HepocTaTkos [3].
OcHoBHbIMM HepocTaTkamu cywiectByowmx UMNC aBnsetca vMx nNponpueTapHOCTb M HEBO3MOXHOCTb
N3MeHEHNs NOBEAEHMS NOUCKA Mo, KOHKPETHYO NPeAMETHY0 06/1acTb, OrPaHNYEHHOCTb MO BO3MOXHOCTAM
MCNoNb30BaHNA JIOrMYECKUX ONepaTopoB U ONUCaHHbIE Bbille HEAOCTATKM OyneBoi Moaenu noncka.

OcHoeHasi Yacmb. C TOYKU 3peHus uHdopmauuoHHon mogenu UIMNC, HeobxoaMmo peanu3oBaTb
CMOXHbIA MOUCK Ha OCHOBE JIOrMYECKMX BblpaxeHui. B gaHHOM cniyyae Lenecoobpas3Ho XpaHWTb AaHHble
MH(OPMALMOHHON CUCTEMbI B BMAE CBSI3EN MeXAy CYLUHOCTSMW, MpU KOMOMHMPOBAHMN KOTOPbIX MOXHO
[0oBUTbCSA HYXHOro Kputepus novcka. Camy CyLUHOCTU OOSMXHbl OMUCHIBATb KaK MOXHO MEHbLUMIA 06bem
nHdopMauun gns Toro, YTobbl obecneunBaTh MEHbLLYHO FPaHYNSIPHOCTb W, CrefoBaTenbHO, NPeaoCTaBnATb
6onee TouHble pe3ynbTaTtbl. CBA3M [OMXHbI ObITb OAHOCTOPOHHUMU M HaMpaBfiEHHbIMW, @ UX KOJIMYECTBO
OOIMXHO ObITb MUHUMASBHBIM.

Monb3oBatenb UMNC moxeT He obnagatb HEOOXOQUMbIMW KOMMeTeHuuamMu ans opMupoBaHus
TOYHOro MOMCKOBOrO 3anpoca M MOHUMaHMSA npegMeTHon obnactu 3anpoca. OTcioga  BO3HMKAET
Heob6X0AMMOCTb peanusaumm afanTUBHOMO NMOUCKa, C TOM TOYKM 3pEHUs], YTO MOAENb OpraHM3aunn AaHHbIX
JONMXHa «oby4yaTbCA» M HakanauMBaTb Takxe AaHHble, oTcyTcTByowme B UIMC, HO Heobxoammble ans
nonyyeHus peneBaHTHoro pesysbTata. Mogenb opraHnsauum gaHHbix MC uenecoobpasHo peanv3oBaThb B
BuAae rpada ¢ NocrionHom opraHnu3aumnen aHHbIX.
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MNpyvmep TakoWn opraHu3aumu OaHHbIX B pa3pe3e OAHOro MOWCKOBOro AOKyMeHTa npeacTaBfieH Ha
pucyHke 1.

OBobmenme OBobmerna Obobmenua kpuTepHes

#1 N-ro | Y N-ro =
s i rorcka N-ro ypoBHa
(naHHEIE MONY4EeHHEIE B
T pesvisTare obyuennsa HIIC)
non
& & v
O6obmenna KpUTEpHEE
060k 0505 O60f Gbobimema
rei Py 5 B 40 egmoro) TTOMCKA [TEPEOTO YPOBHA
VPOEHT VPOEHR VPOEHR VPOEHR (Ha.HHLIE TMONYHUEHHEBIC B
~— % T~ pesymsTare obyuenna UIIC)

Cnon 1

| Kpurepuit Kpurepnit (Kpurepuit | Kpurepmit [Kpurepuit\  Kputepun roucka
momcka #1 noHCKa 72 TOHCKE 3 noncxa 74 moucka#L) (napmsre BHecenHbIe B UTIC)
Criont 0
TlomcKOEBIT JOKYMEHT
TloncKoEbIit (obwexT moucka) g UTIC

JOKYMEHT

PucyHok 1 - MNpumep rpadoBor mogenu opraHn3aumm AaHHbIX B pa3pe3e 04HOro NONCKOBOro AOKYMEHTA

Kak BMOHO u3 pucyHka 1 Ha caMOM HMXEM YPOBHE HaxoauTCs y3en C MHdopmMauuen o NoMCKoBOM
DokymeHTe. [laHHbIN y3en CBA3aH C y3naMun KpUTepueB NOMCKa OAHOCTOPOHHEN CBA3b0. B cBOW ovepeapb
y31bl KPUTEPUEB CBSI3aHHbI CO CreyoLwumM crnoemMm 0606LLeHM AaHHbIX B 60onee LWMpoKne rpynmbl MOHSATUN.
[aHHoe 0606LLeHNe NO3BONUT anirOpUTMy NOMCKa HaXoaMTb JOKYMEHTLI Mo 6onee LMPOKUM MOHATUAM KX
KpuTepueB. Tak Xe Ha OAHOM YC/IOBHOM Cioe CBA3U MeXAy Y3namu 3anpelleHbl, YyTobbl NpesoTBpaTuThb
UMKIMYHOCTb Mpu noucke. Takum 06pa3om, NMOCNONMHOCTb OpraHvM3auun AaHHbIX U HanpaBreHne CBA3eWn
MEeXAyY CIosiIMKU, OTCYTCTBME CBSI3EN MEXAY Yy3namMu O4HOro Cros NpeaoTBpalLaldT nepeceyeHune SnLLHUX
MOMCKOBbIX JOKYMEHTOB U MPW UCMONb30BaHMK CIOEB 0600LLEHNIA NO3BONSAIOT cAenaTb NOUCK aAanTUBHbIM,
a pe3ynbTaThbl peneBaHTHbIMU. MONCK OCYLLECTBNAETCS B HanpasneHun oT BepxHero cnos (N) K HUXHeMmy, a
pe3ynbTaTbl MoOUCKa Takxe 6yayT cogepxaTtb MHPOPMaLM0 OAHOTO BEPXHETO Cos (HYS1EBOrO).

PaccmoTpyM npumep WCMNONb30BaHMA MpenJyioXeHHOW Mogenu B MHAOPMaLMOHHO-MOVUCKOBOWN
cucteme 6ubnMoTekn. MNMOMCKOBbIM JOKYMEHTOM MOXET ABMATbCA KHUra C ONpenenéHHbiM Ha3BaHWEM.
Torga KpuTepusMM novcka MoryT ObiTb hamunua aBTopa, rof, u3gaHusi, U3LATENbCTBO, KOSIMYECTBO
CTpaHuy u T. A. OTM [AaHHble M3HavanbHO 3aHOCATCS U XpaHATcs B 6ase paHHbix. O606WweHusMu,
NonyyYeHHbIMU MpU 06y4YeHNM MHEPOPMALMOHHO-NONCKOBOW CUCTEMbI, HAaNPUMep, ANA TaKoro KpUtepus Kak
rog M3paHus mMoryT 6biTb cregytowme: 0606LeHe NEPBOro ypoBHA — «Mepuop, BTOPON MUPOBOW BOWHbIY,
0606LLEHNEM BTOPOro YPOBHS — «COBETCKUIA Nepuoay» U T. A. Takum obpa3om, He 3Hasi ONpeaeneHHoro roga
N34aHus, HO 3Has, YTO KHWUra HanMcaHa aBTOPOM B COBETCKOM COO3€ WU BO BPEMS BTOPOW MUPOBOI BOMHBI
B pe3ynbTaTe 3anpoca «Kynana AND coBeTckuii nepuoa» Mbl MONyYNM penieBaHTHbIE pe3ynbTaTbl MOMCKa.

MomMumMoO 3apgayn HEMOCPEACTBEHHO MOWCKA AaHHbIX, NEPBOCTEMNEHHbLIM SABMAETCA WX MOArOTOBKA,
obpaboTka u 3arpy3ka B rpadoByto 6a3y AaHHbIX. BxogHbIMU AaHHbIMKM OyAyT MOUCKOBLIE LOKYMEHTbI U
CMUCOK KpuTepues ux noucka. OHW JOMKHbI ObITb MaKCMManbHO KOHKPETHBLIMK AnA TOro, YTobbl anroputmy
obyuyeHua 6a3bl gaHHbIX (hopmMupoBaHNa 0606LLEHNIA KPUTEPUEB MOUCKA) BbINO MPOLLE BbISIBUTb HYXHble
0606LLEHNA 1N KNaccChl, K KOTOPbIM AaHHble KPUTEPUM OTHOCATCH. BbIXOAHLIMU AaHHBIMU ABMAAIOTCA CaMu
KpUTEPUU TMOUCKA, a TakKxXe CNUcoK o6O06LLEHUA, K KOTOPbIM [AaHHble KpuTepum OTHocATca. [ns
bopMMpPOBaHUST TaKMX BbIXOAHbLIX AAHHbLIX, HAa NMEPBOM 3Tarne HeobXoAMMO AOMOMHUTL KaXAblii BXOAHOWN
KpUTEPUI KaKUM-NMBo ero onpefeneHveM Unn XapakTePUCTUKON Ha ecTecTBEHHOM fA3blke. Ha BTOpom
aTane nofy4YeHHOEe M3 CTOPOHHEro WCTOYHMKA AaHHbIX OMMCaHWe Ha eCTECTBEHHOM fA3blke HeobXoaMMo
pa3buTb Ha OTAENbHbIE YacTU M BbIOpaTb U3 HUX KIHOYEBbIE NTEKCEMbI (TOKEHU3UPOBATh).

Ona MawwuHHoro o6yyeHuss 6asbl AaHHbIX  MHEOPMALMOHHO-MOUCKOBOW  CUCTEMbI  MOXHO
ucnonb3oBaTb 6UGNMOTEKY 06paboTku ectecTBeHHbIX TekcToB NLTK [4]. BasoBas Mopenb noaroToBKM
AaHHbix ana UMC npepcTtaBneHa Ha pUcyHke 2.
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PucyHok 2 - Bazoasa mogenb nogrotoBku AaHHbIX ans UMNC

,D,J'Iﬂ nony4yeHmna TOKeHOB (KHIOHeBbIX neKceM) N3 onncaHuAa Kputepmes NOUCKa Ha €CTeCTBEHHOM
A3blKe n CBA3aHHbIX (o3 KaxXabiM Kputepunem NMoucCKa HeOGXO,El,I/IMO BbINOJIHUTb cnenyLulyto
nocrneaoBaTenbHOCTb AeNCTBUM (anrOpuUTM TOKEHU3auMN AaHHbIX):

— war 1. Bxoasiwee onucaHne pa3bueaeTcs Ha MMeHHble rpynmbl (CoBOCOYeTaHust). Bbibupatotcs
CchnoBoOCO4YeTaHuA, B KOTOPbIX UMA CyLLEeCTBUTENIbHOE ABJIAETCA BGpLIJI/IHOI7I, TO eCTb rJ1aBHbIM CJ10BOM,
onpeaensaoLLMM XapakTePUCTUKY BCEN COCTaBNAOLLEN;

— war 2. BbINONHWTE LMK NO BCEM MONYYMBLUMMCSA MMEHHbBIM rpynna u Kaxay pa3buTtb Ha CrnoBa;

— war 3. 3 nony4YeHHbIX CIOB UCKITIOUYUTb BCE «CTOM-CIIOBa», BCE 3HAKM NyHKTYyaLuu;

— war 4. Ha 3aknwountenbHOM Lware opmupyeTcs OuulieHHass UMEHHasa rpynna, Kotopasa u
nonapet B 6a3y AaHHbIX KaK 0AHO U3 0606LLEeHNIA.

MouckoBoK 3anpoc MOXEeT BKMoYaTb B ce0s OCHOBHbIE NIOrMYeckue onepauuu, Takue, kak U, UINK,
HE, a Takxe onepauuto rpynnupoBKu ¢ npuoputetoM. MNMpouecc novcka npeacraensieT cobon ob6xop rpada.

OpHako, npexae Yem genaTb 06xog no rpady HeobxoamMmo npeobpa3oBaTh BXOAsLLEE BbipaXeHne B
ON3BIOHKTUBHYO HOopMarbHyto dopmy (OH®P). B kauectBe nornyecknx nuteparnoB BbICTyNalT KpUtepum
noucka. OH®P nozsonut npeobpazoBaTb Nt0O0E BXOAsLLEE JIOTMYECKOE BblpaXeHue B BUA, OU3HIOHKLMK
KOHBIOHKLMA NIUTEpasioB, YTO NMO3BOSIMT NPOU3BECTU MUHMMWN3ALMIO NIOTMYECKOrO BbIPaXEHNs N YyCKOPUTb
anroputM noucka (3a c4YeT YMEeHbLUEHMS KONNMYECTBa JTOTMYECKNX NUTEPAnoB) U AACT BO3MOXHOCTb pa3buTb
anropvTMm Ha Tpu aTana:

— npeobpa3oBaHWe WUCXOAHOro BblpaxeHusa B OH®. [Ona 3toro HeobxoAumo 3akoaupoBaTb
Kputepum noucka B norn4eckum nitepan (Hanpumep, (kputepuii 1 A kputepumn 2) v
(kpuTepumn 3 A kputepui 2));

— TMOWCK BCEX AOKYMEHTOB, KOTOpble AOTXHbI 0611afaTh HECKOIbKMMU KPUTEPUSIMU OOHOBPEMEHHO,
Mpu 3TOM eCinn KpUTEpUM HaxoguTca Ha 6onee BbICOKOM YPOBHE arperauuu, To BHavarne Heobxoaumo HanTu
BCE KPUTEPUMM Ha CaMOM HU3KOM CIIO€ CBf3aHHble C TEKyLUM. TO eCTb BbIMOSIHAETCA LMK MO BCEM
KOHBIOHKTVBHBIM FpynnaMm u ¢opMupoBaHMe 3anpocoB Asflsi obxopa rpada ¢ y4eToM BKIIHUYEHUS] BCEX
KpUTEPUEB MOVCKA;

— obbeanHeHMe BCex pe3ynbTaToB Mpeablayllero 3Tana W yaaneHue  BCTpeYaloLmxcs
nybnukaTtos [5].

ANroputTM  paHXupoBaHWA pe3ynbTaToB Moucka. [na pelweHus npobnembl  paHXUpoBaHMSA
pe3ynbTaToB MOMCKOBOrO 3anpoca npepfaraeTca  WCMonb30BaTb alroputM  MOACKA30K, KOTOPbIv
NPeLOCTaBMT NOMb30BATENO AOMOSNIHUTENBHYIO MHOPMaLMO (OCHOBBIBAsACb Ha MOMYYEHHbIX pe3ynbTaTax
novcka) pnd paHXWpoBaHMSA MOCAe MEepBOM MTepauuMu noucka. ITO MO3BOMUT MOMb30BaTeNo Mnpu
nocreayLwemM yTOYHEHNM MOMCKOBOIrO 3anpoca MCMosib30BaTh YXE MOMyYEeHHY UHGOPpMaLuo, HanpumMep
BblbpaTh Yalle BCTpevalolmecs B pe3ynbtaTte KpUTepumn nomcka n Takum obpasom nonyynTb pesynbTaT B
HEKOTOPOM paHXWpOBaHHOM BUAE.

[ns peanu3auum gaHHON MAeun B NPeaioXXeHHON MOLENUN MOCH e KaX[0ro NoMCKOBOro 3anpoca MOXHO
opMUpOBaTb CMNCOK «MOACKA30K», COOPMMPOBAHHBIN U3 Y31I0B HEMOCPEACTBEHHO CBA3AHHbIX C y3amu
pe3ynbTaToB Moucka. [locne 4yero BbINOAHWTL MOACYET KONMMYECTBA KaxAoro M3 y3foB M yXe BbldaTb
pe3ynbTaT NoNb30BaTENo B paHXUPOBaAHHOM BUAE.

MpeanoXeHHbIn MexaHW3M «MNOACKa30K» Obln MpoBepeH B Xo4e aKcriyataumn Ha npumepe UMC
npeanpusiTusi, peanusytoLlen Nouck COTpyAHUKOB MO UX KOMMeTeHUusiM. B pesynbTate pabotbl npu
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MoncKoBOM 3anpoce, umetowem Bug «language AND database», 6yayT nonyyeHbl ABa COTPYAHUKA, Kak U
0XMAarnoch - Ha pucyHke 3 n306paxeHbl XenTbiMu Kpyramu. Janblue anroputm BoibepeT BCe KOMMNETEHUUN,
KOTOpble CBA3aHHbI C COTPYAHMKAMM - HA pUCyHKe 3 n3obpaxeHbl 3eneHbIMU Kpyramu.

— Py
F S, s "\

[Iarguage :I I:datat-ase :I

\ J \ J
. o . -

java I: kotlin :I python mysql mssql mongodb

CoTpyaHKE
Med

CoTpyaHKE
Me3

PucyHok 3 - Mpumep rpacha pe3ynbtaToB noucka

[anee nocne nopcyeTa KOnMYecTBa BCEX KOMMETEHUMN (KpUTEPUEB MOWUCKA) anroputm BbloacT
pe3ynbTaTbl NoAcdeTa BeplIMH KpuTepueB noucka. 3atem nwobyi M3 3TUX BEpPLUMH (KOMMNETEHUUN),
npeanoXeHHY Kak noacka3ky, noJsib3oBaTeslb MOXET UCNOoNb30BaTh ANA YTOYHEHNA MONCKOBOIo 3anpoca u
COOTBETCTBEHHO paHXNpOBaHUA NCKOMbIX COTPYOHUKOB.

3aknrodyeHue. bnarogaps npeanoxeHHOW  Mogenu  paHXupoBaHuWe  pe3ynbTaTtoB  MOXHO
OCyLUEeCTBNATbL AaXxe C y4eTOM 3Ha4YMMOCTU Kputepumnes NonUcKa, ABHO HE 3aJaHHbIX B MOUCKOBOM 3arnpoce.

BaxHol 3agayelt npu paspaboTke Modenu aganTUBHOIO Noucka siBnsieTcs ee ObICTPOAENCTBUE, T. K.
HeobxoamMmo obpabaTbiBaTb OOMbLUON 06BEM [AaHHbIX 33 NPUEMSIEMOE BPeEMS OXWUAAHWUS MOfb30oBaTens.
Ilns oueHKn nNpeanoXeHHbIXx Mogenen 6bin npons3BefeH aHanus3 GbICTPOOENCTBUSA, AABLUUIA NpUeMneMble
pe3ynbTaTbl MpW YNCIE CroeB Ao Tpuauatu [6].
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VJIK 629.33(075.8)

CUCTEMA BUBPOAKYCTUYECKON OUATHOCTUKN OBUTATEJEN

LImypo C.A. cmydeHm gp. 881971

Benopycckuli eocydapcmeeHHbIl yHUsepcumem uHgopmamuku U paduosaieKmpoHUKU,
2. Munck, Pecnybnuka benapycs

CmeuweHko [1.l1., kKaHO. mexH. Hayk.

AHHOTaums. B paboTe nprvBeaeH aHanu3 CyLECTBYIOLLMX METOAOB BUOPOAKYCTUYECKON ANArHOCTUKN ABUraTenen BHyTPEHHETO CropaHus.
MpvBOAUTCA OonMMcaHue papa cucTeMm ANs BUOPOAMArHOCTUKM MeXaHUYecKux yCTpoMcTB. [MpeanoxeHo pa3paboTaHHOe YCTPOWCTBO
BUOPOaKyCTUYECKON ANArHOCTVKU ABUraTenen.

KnioueBble cnoBa. Bubpoakyctuka. [uarHoctuka. Osuratens. Jatumku. CTpykTypHas cxema. MeyaTHasa nnata Mogyns.

BeedeHue. OpHUM U3 OCHOBHbIX aKTyanbHbIX HanpaeneHuni B obnactm akcnnyaTaumm
aBTOTPaAHCNOPTa Ha CerofHsLLHNA MOMEHT SIBNSIETCA 3aa4a NOBbILLEHUS] HaAEXHOCTM NOABUXHOIO COCTaBa
nyTemM KOMMNEKCHOMW OLUEHKU COCTOSIHMSA Y37I0B Ha OCHOBE BpeMeHHOro cbopa [uarHoCTUYEeCKUx
napameTtpoB. OpHUM U3 NEPCrneKTUBHbIX METOAOB TEXHUYECKOW [MArHOCTUKM ABASIETCA MeToq
BMOPOAKyCTUYECKOW [MArHOCTUKM, KOTOpbIA MO3BONSET MNpU  COOTBETCTBYIOLLEW PErnCTpUpyloLLEN
annapatype obHapyxuBaTb pa3BuTMe OedeKTOB MallMH U MeXaHUM3MOB Ha paHHeM a3Tane. Hambonee
OTBETCTBEHHbLIM Y310M TPaHCMNOPTHbLIX CPEACTB ABMAETCS ABUraTenb.

BubpoakycTuyeckas AMarHoCTMKa - pasfgen TeXHUYecKOM AWarHOCTMKM, BKIHOYaloLWM Teopuio U
MeToAbl OpraHusauuMuM MpPOLECCOB Pacro3HaBaHMSA TEXHUYECKMX COCTOSHUA MalWH U MeXaHU3MOB Mo
ncxogHou nHdopmauum.

BrnbpoakyCTMYeckum curHanom o606LLEeHHO Ha3blBalT U3NYEecKne BeNUYMHbI, XapakTepuaylowme
MexaHudeckne konebaHus (BUOpaUMOHHbIE, aKyCTUYeckue, TUApOaKyCTUYECKMNE), COMpoBOXAatoLme
(byHKUMOHMPOBaHNE TexHMYeckoro obbekta. [lpu 3TOM XapakTEpUCTMKM UCCNedyemMoro curHana,
copgepxalwume MHpoOpMaLMio 0 napamMeTpax TEXHUYECKOro COCTOSHUSI OOBbeKTa, MPUHATO Ha3biBaTb
OMarHocTMYecKMMn Mpu3Hakamm coctosHusA. [logcuctema u3mepeHuss nocTtasnser MHopmaumio o
COCTOSIHMM O0OBbEKTa B pexnme (hyHKLMOHMPOBaHUsI, codepxallyoca B BUOpoakycTuyeckom curHane. OHa
COOEPXMT MEepBUYHble npeobpa3oBaTeny BMOPOaAKyCTUYECKMX MPOLECCOB B UX  3NEKTPUYEcKne
3KBMBANeHTbl, ycunutenu, Hopmanuaatopbl, ¢unbTpbl. CocTaB 6roka cbema nepBUYHOM MHopMaLmm
BKJ/IlOYAET MHOrokaHanbHble UupoBble perncTpaTopbl, MpegHa3HayeHHble And  A0NroBPEMEHHOro
XpaHeHus uHdopmMauun B LEeNsxX NOCNeayoLWwen OLEHKN TEHOEHUMN N3MEHEHNS TEXHNYECKOTO COCTOSIHUA.
MpuHATbIE CUrHaMNbl C AAaTYMKOB CMHXPOHHO 3anuCbiBalOTCH BO BPEMEHHOM peXvMe B BUAE aMMAUTyAHO-
YaCTOTHOrO CMeKTpa C MocCneaylowen apxveauMen u panbHelen aeTanbHOW NpopaboTKON CUrHanoB.
OanbHenwnin  aHanu3  MOMYYEHHbIX  CUrHaNoOB  BO3MOXEH C  UCMOMb30BaHMEM  pPasfiU4HbIX
crneunanm3npoBaHHbIX SKCNEPTHbIX MPOrpaMm.

OcHoeHasi yacmb. CyllecTBylOWME METOAbl BUOPOAMArHOCTUKM 3aKJloYalTCs B OnNpeaeneHuun
obLLEero YpoBHsi MeEXaHUYECKNX KonebaHui, aHanuae CnekTpoB BUGpauuii (aHan13 kak camoro crnekrpa, Tak
N ero U3MeHeHusl BO BPEMEHW), BOSIH KonebGaHui, ¢as3oBbIX YrNoB KonebaHuii, cnekTpoB orubatoLlen
BbICOKOYACTOTHOW BuOpaumn u ap. COBOKyMHbI aHanu3 3TUX NapamMeTpoB U CpaBHeHWe C 6a30BbiMU
XapaKTepuCTMKamMu, MOSTyYEHHBIMU 3KCMNEPUMEHTaNbHO UM Ha OCHOBE TEOPETMYECKUX UCCMELOBaHUN, He
TONbKO MO3BOMAET MPOrHO3MPOBaTb COCTOAHWE Yy3Mna, HO W yKasblBaeT Ha TUM  UMEKLLENncs
HeucnpaBHocTu [1].

OcCHOBHbIE MeTOAbI BUOPOAKyCTUYECKON AUArHOCTUKMU:

1. Meton nuk-paktopa. Pusmnyeckas ocHoBa MeToda MpoCTa - NPOBOAUTCH CpaBHEHME oOLero
YPOBHS (06bIYHO - CpegHeKBaApaTMUHOro 3HaYeHust curHana (CK3)) BubpocurHana co 3Ha4eHMem aMmnnnTy g,
BbI6pOCOB (NUKOB).

2. MeTon cpaBHEHWst MOLUHOCTM CUrHana B 4acTOTHbIX Auana3oHax. Wpgea paHHoro metopda
[OCTaToOYHO MPOCTa M 3aKs4aeTcs B TOM, YTO, BbliOpaB Heobxoaumble AnanasoHbl YacToT, HYXXHO MPOCTO
CPaBHMTb MOLLHOCTU CUrHana, nosly4YeHHble C NOMOLLBIO Mbe30aKkCcenepoMeTpa nNpu TEKYLLEM U3MEPEHUN C
3a[aHHbIM YPOBHEM MOLLHOCTU AJ19 3aBe40MO UCMPaBHOIO 3f1eMEHTa YCTPONCTBA.

MpakTMka MOHWUTOPWMHIa W aHanusa BWOpaLMi anekTpopsBuratesiel, HacocoB, KOMMPECCOPOB,
MYNbTUNIMKATOPOB, PeAyKTOPOB M APYroro AMHaMmmn4eckoro o6opyaoBaHusi MoKasbiBaeT, YTO CNEKTPanbHbIN
cocTaB B HMU3KoYacToTHoW obnactu (Huxe 1000 lu, a uHorga u go 3-5 kW) MoOXeT ObiTb HacbIWEH
BbICOKOYPOBHEBbLIMW COCTaBMISIOLMMN, HE CBA3AHHbLIMU C COCTOSIHUEM 3fieMeHTa ycTpoiicTBa. Obecneuntb
Ananas3oH namepeHnuii cebie 10 klMu, a yawe Bcero u Bbiwe 3-5 KMy, HA peanbHOM 06bekTe NpaKTUYeckn
3aTpyaHeHo. CnefoBaTenbHO, MeTon MOXeT OblTb MPUMEHEH TONMbKO TaM, FAe Ha KOHTPONMpYyeMbIX
3fleMeHTax MnpoBeAeHa COOTBETCTBYHLWLAA, [OCTAaTOYMHO TLlaTenbHas MNOAFOTOBKA MECT YCTaHOBKMU
BUOPOAATUMKOB.
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3. MeTtog namarHoCTMpOBaHUS MO CrekTpy BMOpockopocTu. B aTtom MeTome npepgnonaraercs
ncnonb3oBaTh A5 AMarHoCTUpoBaHNs AedeKToB «0bblUHbIE» CMEKTPbI BUOPOCKOPOCTH.

CywiectByeT pag cuctem ans BubpoanarHOCTUKN MeXaHUYECKMX YCTPONCTB.

Cuctema CTD-2160 HenpepbiBHO (C MHTepBanom He 6onee 0,5 c) cobupaeT n obpabatbiBaet no 16
kaHanom. M3 moagyna CTD-2160 yepe3 RS-485 nHTepdpenc Bca nHdopmauus o cocTosHUM o6opyaoBaHus
nepenaetcsa Ha komnbtotep unu B ACY Tl ana nocneaytowent o6paboTku.

OcHoOBHbIe NpenMyLLLeCTBa cucTeMbl Ha 6a3e mogyna CTD-2160:

— B OT/IMUME OT KIaCCUYECKUX OfHOKaHamnbHbIX BMOPOKIOYEN CO BCTPOEHHbIMU AaTyMKamu
BMGpaumm, ucnosib3oBaHMe MHorokaHanbHoro mopyna CTD-2060 no3eonsieT KOHTpPonMpoBaTb BUOpaLmio
UMEHHO B TOM MEeCTe, rge 310 Heobxoaumo, Tak kak Bubpoakcenepometpbl (IEPE nnu 3apsposbie) moryT
ObITb YCTAHOBMEHbI MPAKTU4ECKM B NI060M MeCTe, MakCUMarbHO 65IM3KO K UCTOYHUKY CUrHana;

— cuCTeMa MMeeT BCTPOEHHYIO annapaTHO-MporpaMMHYIo 3alimTy OT c60eB NUTaHusa (CoxpaHeHue
OaHHbIX U KOHUIypaLmmn Npu HapyLeHUn NUTaHus);

—  LUMPOKMIA pabounii TeMnepaTypHbIi guanasoH (oT -40 go +50 °C).

OcHoBHble HegocTaTkn cucTemMbl Ha 6a3e mopyna CTD-2160 oTcyTCTBrUE BCTPOEHHOO ANCHNES;

— OTCYTCTBME BCTPOEHHOr0 AnCnes

— oTcyTcTBME 6ecnpoBOaHOro MHTEpdenca nepeaayn aHHbIX;

— npuKnagHoe nporpammMHoe obecrneveHne NocTaBnseTcsa oTAeNbHO.

Hanee npusoautca onucaHne komnnekca «Maructpanb» (3AO «TexTtpaHc-O», r. CaHKT-
Metepbypr) [5]. OH npepHa3HayeH p[ns aBTOMAaTUYECKOro AMAarHOCTMPOBAHUS U MPOrHO3MpPOBaHUSA
TEXHWYECKOTO COCTOSIHUSI AM3enbHbIX OBuratenier. TexHuyeckue cpenctsa komnsekca «Maructpanby
OpraHn3oBaHbl TakKUM 06pa3oM, YTOObI MaKCUMarnbHO O6MerynTb U YNpOCTUTb TEXHOMOTMYECKUIA NPOLLEeCcC
obcnenoBaHusa An3ens, B TOM YUCIe COKPATUTb ANMTENbHOCTL 3TOro npoLecca.

OCHOBHbIM CpeACTBOM M3MepeHuii Bubpauuu ABMAOTCA BUOPOMETPbl C KOMIMSIEKTOM [OaTyMKOB
Bu6paumn. Huxe paccmotpeH Bubpometp CM-21 [6]. MNpeumywectea CM-21 3akntoyaloTca B TOM, 4TO,
OaHHble Npubopbl O4YEHb XOPOLLO KOHKYPUPYIOT ¢ Gonee AoporumMu npubopamMu M OHU OTIIMYHO MOAXOoAAT
ONa exXeOHEeBHOW MpOBEpPKU TEXHWYECKOro COCTOsiHWA obopynoBaHusa. BubpomeTp npoct u nerok B
NpUMEHeHNN, UMeeT Manble rabaputbl. Y A06HbIN nHTEpdENC Npubopa NO3BONAET UCMOMb30BaTb Ero Aaxe
Nnonb30oBaTeNnsam, He UMEILUM creunanbHOW NOAroTOBKN.

MopTaTuBHbIN  ManorabapuTtHbii  BubpomeTp BK-5M [3] npegHa3HauyeH pna  M3MepeHus
BMOPOYCKOpEHUsi, BUOPOCKOPOCTM U pa3maxa BUOponepemeLleHusi, U Nno3BONSAET MPOBOAUTL 3SKCMpecc-
OLEHKY YypoBHA Bubpaumn nboro paboTarwero npoMbIIeEHHOro arperata. M3mepsaeTr uvcTuHHOe
cpefHeKBagpaTU4eCcKoe 3HaYeHne BUOPOCKOPOCTH, pa3max BUbponepemMelLleHus,

PaspaboTaHHoe YCTpoWCTBO npeacTtaBnseT coboi NepeHOCHON AMarHOCTUYEeCKMIn KOMMnekc Ans
npeaABapuUTENIbHON OLIEHKM COCTOSHWUA MEXaHM3MOB ABUratefie BHYTPEHHEro CropaHvsa no napameTrpam
BMOpPOAKYCTUYECKOro curHana. Y CTpoUCTBO COCTOUT U3 KOMMIEKTa AaTYMKOB BUbpauun (4- kaHana), Aatymka
YacToTbl BpalleHus, JaTyuka TemnepaTypbl, AaTynka AeToHaumu, 6noka obpaboTku u perucTpauun
cuUrHanoB Ha 32-paspasgHoM MUKpokoHTponnepe u K (HoyTbyk), KOTOpbl nopkntoyaetTcs K Oroky
06paboTKK 1 permcTpaumm curHanos Yyepes nHtepdeic USB.

Ha ocHoBe cepuiiHbix pAatyunkoB Bubpaumm [OH-3 (nNpegHa3HayeHbl p[ns  npeobpa3oBaHus
MEeXaHU4YeCcKMX KonebaHui B 3NEKTpUYEeCcKUe CuUrHanbl, NponopLUOHanbHbIe YCKOPEHUIO Konebntowierocs
obbekTa), AaTunka o60poTOB, MHAYKLUMOHHOIO AaTyMKa TOMSIMBOMNPOBOAA BbICOKOIO AABMEHNS U 3BYKOBOM
KapTbl. Onsa 3anMcu n 06paboTkyM CUrHanoOB Ha HayanbHOM 3Tane B3ATa 3a OCHOBY MnpodheccroHanbHas
nporpamma Soynd Forge, koTopasi npefHa3HayeHa AN 3anucu pe3ynbTaToB U3MepeHus u paboTbl Co
3ByKamu. [puHATbIE CUrHanbl C AaTYMKOB CUMHXPOHHO 3anMCbiBalOTCA BO BPEMEHHOM peXMMe B Buge
aMNNTYQHO-4YaCTOTHOrO CNeKTpa C MOCNeayloLen apxmBauuen n ganbHenwen aetansHon npopaboTKoi
CWrHanos.

[anbHeniwnin aHanu3 cUrHanoB BO3MOXEH C WCMOSIb30BaHUEM pasfMYHbIX Crheunanm3mpoBaHHbIX
3KCMepTHbIX Mporpamm. PesynbTatbl uccrnepoBanui curHanos ¢ OBC ¢ ucnonb3oBaHMEM [AaHHOro
YCTPOMCTBa NPEACTaBNEHbI B BUAE CNEKTPA CUTHANOB B PEXUME peanibHOro BpeMeHM (pUCYHOK 1).

CucTtema BbINOMHAET HENPEPbLIBHYIO PErMcTpaumio napameTpoB BUOpaLmn no 4 KOHTPOSbHLIM TOUYKaM
OBC. na nonHoro aHanv3a COCTOAHNSA ABUraTens BbIMOJIHAETCA U3MEPEHNE U perncTpaumsa TemnepaTypbl
N YacToTbl 060OPOTOB, KOHTPOMb AeToHauuMu [laHHble COXPaHSIOTCS Ha BCTPOeHHoW SD kapTe namsitu
n3mepuTenbHOro 6510ka 1 MoryT 6bITb CUMTaHbI AN nocnepyoLwe obpaboTkn Ha MK yepes USB-nopT.

Ina akcnpecc-aHanu3a B UaMmeputenbHom 6roke npepycmatpuBaetcs XK-gucnnen gnsa BbiBoaa
MFHOBEHHbIX 3HAYEHMIN KOHTPOSIMPYEMbIX NMapamMeTpOB.

CTpyKTypHas anekTpnyeckas cxema yCTponcTBa NpeAcTaBiieHa Ha pUCYHKe 2.
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PucyHok 1 - Bugibl CneKTpoB CUMrHanoB BUOpOAMarHOCTMKK
HamepumensHsi 5
Hamyux ouﬁpauuu y[ﬁ/lumeﬂb Cuznansmsit Aamyux
il (Kawan 1) npouyeccop demonayuu
Hamepumensuud 2
Aamyux Budpayuu 3 gcunumens Popmupob HudykyuonHsIo
w2 (Kauan 2) cuenana damyux odopomof
HamepumensHug
HAamyux ':gﬂpauuu ycunumens
(Kauan 3) bnox ynpabnenua SD xapma namamy
MUKPOKGHMPOAALPHE
HamepumensHug
HAamyux ”t.}ZJpauuu ycunumens
B (Kanan 4)
Apaubep
unmeppeoca USB
Yeunumens -
Hamyux
Mennepamypy > npeodpazobamens
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bnox uHduxayuu
Knabuamypa
C{madunuzamop +5 B
6B Yaen Bkmovenus fobBuwawwud 17 8 Hanpaxenus +5 8 28
bamapes {omxmoverus) npeodpa3zobamens
NUMaHus HANPAXEHUS
a L Cmadunuzamop +338
—>

Hanpsixenuna +3,3 B

PI/IcyHOK 2- CprKTypHaﬂ ANEeKTpn4yeckKada cxema yCTpOVICTBa AnarHoctnposaHua apuraTtenemn

Ins naHHom pa3paboTku BbibpaH MUKpokoHTponnep STM32F103C8T6.
B kayecTtBe gatunkoB Bubpauun 1- 4 Beiopansl JH-3-M.
M3meputenbHbli KaHan Bubpaumm nocTpoeH Ha 6a3e AByX onepaunoHHbIX yeunutenei (OY).

Mepebin OY - BXOAHOW cornacyowmi yeunutens, BTopor OY - nHterpypyowmin yennurtens. Ons atmx

uenen BbibpaHbl Mukpocxembl TLV2472 (oga OY B ogHoM kopnyce). CurHanbHbIi npoueccop HIP9010 [3],
npegHasHayveH Ofisi obHapyXeHUss MOMEHTa, NpeawecTBYOWEro MOMEHTY AETOHAUUM B aBTOMOOGUIIbHOM
ABuratene. PaboTaeT ¢ gatunkom getoHaumm BM1. [ina goctyna k MMC ucnonb3syetca SPI- wuHa (MOSI).

B kayecTBe gaTumka getoHauun BbibpaH BOSCH 0261231168. [ns ycunenus n npeobpa3oBaHus

curHana ¢ gatymka temnepatypbl TE1 (Tepmonapa tun K) ncnonb3yetca mukpocxema AD8495 (DADS).

AJ'IFOpI/ITM onnucbiBaeT nocrnengoBaTesibHOCTb BbIMOJIHEHUA OI'IGpGLl,VII;I B 3aBUCMMOCTU OT AEUCTBUN
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Pa3paboTtaHHOe yCTpONCTBE BLINOMHEHO HA NeYaTHOM NnaTte, KoTopasi KPENUMTCA Ha CTOMKaX K 3agHeN
CTeHKe Kopnyca.

Ha nuueBor naHenun kopnyca ycTaHaBnvMBaeTCcs ANCMNEN.

[ns pa3paboTku neyaTHoro y3na ucnons3osanvcbk CAIP Proteus 8.10 n AutoCAD 2019.

BHelwHWIA BUA MOAYyNs nevyaTHOW nnaTtbl MPeACcTaBeH Ha pUCyHke 3.

PucyHok 3 - BHewwHuin BUA Moaynst neyaTHon nnatobl

3aknrodeHue. [lpumeHeHVMe YHUMUUUPOBAHHLIX MaTepuanoB B KOHCTPYKUWUW, OrpaHuyeHue
HOMEHKNaTypbl MPUMEHSIEMbIX AeTaner Mo3BONUNO YMEHbLUTb cebecToMMocTb pa3pabaTbiBaemMoro
n3penva, ynyywmnTb Nponu3BoACTBEHHYIO N SKCrlyaTauMOHHYKO TEXHONOINM4YHOCTb. Mo pe3ynbTataM TEXHUKO-
5KOHOMUYECKOro 060CHOBaHMA NPOM3BOACTBO CUCTEMbI ABMAETCA 3(PEKTUBHBIM.

K pocTtoumHcTBamM pa3paboTaHHOro YCTPOWCTBA CrieAyeT OTHEeCTU HU3KYH TPYAOEeMKOCTb MeToaa
BMOpPOAKYyCTUYECKON ANArHOCTMKM NpY €€ NCronb30BaHumM U MobunbHocTb. Cuctema paboTaeT ¢ gatymkamum
CEpUNHOro NPOM3BOACTBA M NMOCTPOEHA Ha AOCTYMHbIX 3NEKTPOHHbIX KOMMOHeHTax. lNMpumMeHeHne aaHHoOro
YCTPOMUCTBA W CUCTEMbI MO3BONSAOT BbINONHATL 6onee yrnyobneHHyl M KayeCTBEHHYK AMarHOCTUKY
pa3nuyHbix mexaHnamo [BC ¢ npumeHeHneM npuknagHbiX 3KCNEPTHbIX MPOrpaMm.

Cnucok ucnonb308aHHbIX UCIMOYHUKOS:

1. KoHmponb mexHu4yecko2o cocmosiHusi MObUsIbHbIX MawWUH 1o 8ubpayUoHHbIM napamempam [SrnekmpoHHbIl pecypc]: Pexum
docmyna: https://scienceeducation.ru/ru/article/view?id=9337

2. Uamepumens subpayuu [OnekmpoHHbIl pecypc]: Pexum docmyna: https://edrid.ru/en/rid/216.013.1242.html?page=7

3.CueHarnbHbIl npoyeccop obHapyxeHust demoHayuu 8 dguzamerne eHympeHHe2o ceopaHusi HIP9010AB [3r1ekmpOoHHbiIl
pecypc]: Pexum Odocmyna: https://kit-e.ru/dsp/signalnyj-proczessor-obnaruzheniya-detonaczii-v-dvigatele-vnutrennego-sgoraniya-
hip9010ab/
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SYSTEM OF VIBRO-ACOUSTIC DIAGNOSIS OF ENGINES

Shturo S.A. student gr. 881971
Belarusian State University of Informatics and Radioelectronics, Minsk, Republic of Belarus

Steshenko P.P. — PhD in Technical Sciences, associate professor

Annotation. The paper presents an analysis of the existing methods of vibroacoustic diagnostics of internal combustion engines. The
description of some systems for vibration diagnostics of mechanical devices is given. The developed device for engines vibroacoustic
diagnostics is proposed.

Keywords. Vibroacoustics. Diagnostics. Engine. Sensors. Structural scheme. Module
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YOK 621.313

ABTOMATU3NPOBAHHbIW CTEHA ANA VICI'IbIVTAHI/II7I
ACUHXPOHHbIX NNIEKTPOOBUI ATEJIEUN

SAxkyHosud A.A., cmydeHm ep. 881971

Benopycckuli eocydapcmeeHHbIl yHUsepcumem uHgopmamuku U paduosaieKmpoHUKU,
2. Munck, Pecnybrnuka benapyco

Winak U.N. — kaHO. mexH. Hayk, doueHm

AHHOTauus. B ctaTbe npuBefeHbl pe3ynbTaThbl, MOMyYeHHble B MPOLEcce CO34aHUs aBTOMaTU3MPOBAHHOrO CTeHpa Ansi
NpoBefeHUst WCMbITaHUN aCUHXPOHHBLIX 3nekTpoasurateneil. Pa3paboTaHHbli CTEHA MO3BOMISIET CBOEBPEMEHHO OOHapyXmBaTb
M3MEHEHUs B HOMUHambHbIX 3HAYeHUsX MapaMeTpoB ABWUratenen W npepynpeauTb nosieneHne pedekToB. ABTOpPOM [Aoknaga
BbINOSIHEHO ~CXEMOTEXHUYECKOEe MpPOeKTUpOBaHWe CTeHAa, pa3paboTaHbl anropuTt™M U NporpaMMHoe obecneveHue  ero
(bYHKLIMOHMPOBaHWS, a TAKKE KOHCTPYKLIMA NevaTHoro y3na 6rnoka ynpasneHus, ¢ npumMeHeHneM coBpemerHon CAIMP.

KnioueBble crnoBa: aBTOMaTW3UPOBaHHbIA CTEHA, WCMbITAHWUSi aCUHXPOHHbLIX 3NeKTpoaBUraTenei, HOMUHanbHble 3HAYEeHUs
napameTpoB Asuratenei, AedekTbl ANeKTpoABUraTenei, CXeMOTEXHUYECKOe NPOEKTUpoBaHWe, paspaboTka anroputMa u NporpaMMHOro
obecneyeHus, KOHCTPYKTOPCKOE NMPOEKTUPOBAHUE.

BeedeHue. JnekTpoaBuratenu WrpaloT UCKIIOYUTENIBHO BaXHyH pornb B peanu3aumu 3agad
NoBbIWEHNA NPOU3BOAUTENIBHOCTU TpyAa B pPa3fiMYHbIX OTpacnAax HapoaHoro XO3F|I7ICTBa, aBToMaTu3auum un
KOMMJIEKCHOW MeXaHu3aumu npou3BoACTBEHHbIX npoueccoB. Okono 70% o6béma BblpabaTbiBaeMoOM
3/1EKTPO3HEpPrM npeobpasyeTc B MEeXaHWYecKylo 3HEpruto 3neKTpoaBuraTensmMu, KoTopble NpuUBOAAT B
OBNXEeHUe pasfindyHble CTaHKNn N MeXaHU3MbI. Ll.I|/|p0Koe BHeApeHne 3J1eKTpu4yeckoro npmeoga BO BCe
OoTpacny MpPOMbILLIIEHHOro NPOM3BOACTBA M Bo3pacTatowme TpeboBaHNs K CTaTUMECKUM UM AMHAMUYECKUM
XapakTepuctnkam 3neKTpo,u,Bv|raTene|7|, npenobABnAT NOBbILLEHHbIE Tpe6OBaHI/IF| K NMpOBEpPKe N KOHTPOIIHO
ux napameTpoB. Bcé BblweckaszaHHOe O0OyCnaBnMBaeT WCKIYMTENbHYIO aKTyanbHOCTb pa3paboTku
aBTOMaTU3UPOBAHHbLIX YCTPOWCTB AN MPOBEAEHUS WCMbITAHUA aCUMHXPOHHBIX 3neKTpoaBuraTenen.
CospaHve Takoro o60pyaoBaHUs MOMOXET COTPYAHUKAM NPeAnpuaTAN CBOEBPEMEHHO OGHapyXuBaTb
N3MEHEHNA B 3HAYEHMSAX HOMUHalbHbIX NAapaMeTpoOB ABUraTenen u npeaynpeanTb nosereHne AedeKkToB.
Vcnonb3oBaHWe yKka3aHHbIX YCTPONCTB, MOMOXET CNPOrHo31MpoBaTh CPOKM BbIXOA4A U3 CTPOS ABUraTenen.

OcHoeHas Yacmb. [poBegeHNe UCTbITaHUIA ANEKTPUYECKMX MaALLUH HEOHXOAMMO NPOBOAWTL Ha BCEX
3Tanax MX XW3HEHHOro LMKMa: npu NpoeKTMpOBaHMK, B NpoLecce NpouM3BOACTBa, a Takke B npouecce
aKcnnyaTauuMn. Ha cTagum npoekTMpoBaHWA NPOBOAAT UCMbITaHUS MaKeTHbIX M OMblTHbIX 06pa3LoB
3NEKTPUYECKMX MALLMH AN NPOBEPKN COOTBETCTBUSI BbIXOAHbLIX MOKa3aTenen M XapakTepUCTUK MalUWHbI
TpebyeMbIM 3HaYEHUsIM.

WcnbiTaHus aneKTpMYeckmx MallMH Ha 3N1EKTPOMAaLLMHOCTPOUTENbHBIX 3aBoAax NPeacTaBsitoT cobon
YyacTb O6LLero TexHomornyeckoro npouecca. Heo6xoAMMOCTb MOBbILWEHWUA MPOU3BOAUTENIBHOCTU TpyAa
NpUBOONT K YCUNEHHOWN aBTOMaTU3aL MmN NPOM3BOACTBEHHBIX NMPOLECCOB. ATO B NOSHOW Mepe OTHOCUTCA U K
ucnbiTaHuaM. Tak, MOYTU Ha BCEX MALLMHOCTPOMUTENbHbIX 3aBOAAX UCMbITaHWUA NPOBOAAT Ha KOHBeWepax. B
nocrnegHue roapl Bcé Gonblue UCNbITaHU NpoBoAnTCA C npuMmeHeHnem OBM. Mpu atom 3BM He Tonbko
yNpaBnsieT UCMbITaHNAMM, HO U NMO3BOJISIET ONEPaTUBHO aHANU3MPOBaTb Pe3ynbTaTbl UCMbITAHWIA U Ha 3TOW
OCHOBE OCYLLECTBMATb YrNpaBleHWe KayeCTBOM W3rOTOBIIEHUSI SMEKTPUYECKMX MaLUUH. VICKNoUUTENbHYIO
BaXHOCTb MNpeacTaBnsioT cobon nepuoamyeckne WUCNbITaHUS SNEKTPUYECKMX MaluMH B npouecce
akcnnyaTauumm [1].

PasBntne MeTopoB UM CpeacTB  UCMbITAHWMIA  SMEKTPUYECKMX  MalUMH  perfamMeHTupyeTcs
rocyfapcTBeHHblMM cTaHpaptamn. OgHum w3  ocHoBononarawowmx gaensetca [OCT  7217-87 [2].
[anbHelillee pa3BWTWE CTaHAAPTU3aUMM METOAOB UCMbITAHUIA LWNOo Mo nyTu pa3paboTkM MeTohoB
N3MEepPEHN UNN UCTbITaHUA OTAENbHBIX NapamMeTpoB. CyLlecTBYOLME METOAbI ANArHOCTUKN TEXHUYECKOTo
COCTOAIHUA aCUHXPOHHBLIX 3NEKTpoABUraTeNnen cornacHo [2] npegnonaraloT OCYLLECTBMATb U3MepeHue
napameTpoB 3/1EKTPOABUIraTENS B Pa3fINYHbIX PEXMMAaX, B TOM YMCIIE NOA, Harpy3Koi.

Ina n3MepeHuss napameTpoB 3f1EKTPOABUraTeNs MoOA Harpy3koi B cxeMy pa3paboTaHHOro cteHfa
MPULLNOCh BKIOYUTL TOPMO3, WMUTUPYHIOLIMIA 3afaHHYl0 Harpysky Ha pABuratenb; npeaycMoTpeTb
namepeHne asHbiX TOKOB, 4acTOTbl BpalleHMs Bana W TemnepaTtypbl gsuraTtensa. [Ona aTtoro 6bunn
MCMNONb30BaHbl: AaTyMkM hasHbIX TOKOB, AATYMK TemnepaTtypbl, AaTunk obopoToB. Kpome aTtoro, Ans
N3MepeHns Harpyskn Heobxoaum AaTUMK MOMEHTA, U3MEPSIIOLLMIA MOMEHT ABUraTens.

PaspaboTaHHOoe aBTOpPOM YCTPOMCTBO MpeAHa3HayYeHO ANs CUYMTbIBAHUA U 06paboTKM BbIXOAHbIX
napamMeTpoOB aCWMHXPOHHLIX 3NEKTPOABUraTeNnein ¢ nocneayowen MHANKaunen nosnyyYeHHbIX pesynbTaToB.
CTpykTypHass cxema aBTOMATM3MPOBAHHOrO CTeHAA AN NPOBEAEHUS] UCMbITAHUA  aCMHXPOHHbIX
anekTpoaBuraTenein nNof Harpy3kon npeacTaBneHa Ha pucyHke 1.
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PucyHok 1 - Cxema anekTpuyeckas CTPyKTypHasi yCTponcTBa

,D,J'Iﬂ N3MepeHna Takux C|Z)I/I3I/I'~IeCKI/IX BENMIMYMUH KaK: 4acCToTa BpalleHuAd, I'IyCKOBOVI MOMEHT, cuna
Cba3HbIX TOKOB U HanpaxeHue, Temnepartypa WUCNbITyeMoro anekrtpoasurartend, ¢ nomMowbio OaT4yuKoB
CHUMAaKTCA HYXHble MoKasaTtesn W MnoJjiydeHHble [AaHHble OTNpaBnAlTCA B onok ynpasneHua. Bnok
yrnpaBfieHusi CHMMaeT W 3anucbiBaeT 5TV [aHHble; fanee OH COMOCTaBSSIET MOSyYEHHble OaHHbIE CO
3HaAYEHNAMK, 3anOXEHHbIMWU B NporpaMmme, W BblAaeT WHGOpPMaUMI0 Ha YCTPOWCTBO OToOpaxeHus
(aucnnen). bnok nuTaHWss obecrneymBaeT YCTPOWCTBO CTabUNU3NPOBAHHLIM MUTAHMEM. YCTPOWCTBO
TOpMOXeHUsi obecneynBaeT TpebyemMyto Harpysky Ha gsuratenb. MNocpeactBom 6r1oka KoMmyTaumm 6rok
yrnpaBfieHusi 3anycKaeT Ui OCTaHaBNMBAaET UCTbITYEMbIV ABUraTerb.

AOpom yCTPONCTBA, HECOMHEHHO, fBNSAETCA OnOoK ynpaBneHuMs Ha OCHOBE MWKPOKOHTpPOMnepa,
KOTOpbIA BbINOMHAET yHKUMOHaNbHY0 ponb MeHeaxepa. OcHoBol 6noka  ynpaerneHus siBRsSeTcs
MUKpPOKOHTponnep. bbin BbibpaH MuKpokoHTponnep cepun ATmega [3], apxuTekTypa KOTOpOro
npeacTaBneHa Ha pUCYHKe 2.
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PucyHok 2 - ApxutekTypa MMKpoKoHTponnepa ATmega328
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BbibpaHHbIi TN KOHTpOMepa nosib3yeTcs 60MbLIOoN NONyNAPHOCTLIO B MUpe Gnarogaps HEBbICOKON
ueHe, CTabunbHOCTU nNapamMeTpoB M BGOMbLIOMY KONMYECTBY MH(OPMaLMOHHbIX pecypcoB [4], koTopble
MO3BOMAOT OCBOWUTL €ro B KpaTyaniume Cpoku 1 ¢ HebonbLuMMy (OMHaHCOBBLIMY U3AepXKamMMu.

Ona ceA3n ¢ nepugepuinHbiIMM YCTPONCTBAMM B MUKPOKOHTPOMNEpe UCMNOosb3YTCA NopThl BBOAA-
BbiBOAA W Heobxogumble wuHTepdencbl. [nA MoaKNYeHUss [aTyuka TemnepaTypbl UCMOMb3yeTcs
nHtepcenc 1Wire. [Ina nogknoyeHnsa 0ATYMKOB C aHasloroBbIMW CUrHanamm (AaTyvk TOKa, HanpsXeHwus,
MOMEHTa U CKOpOCTW) ucnonb3yem BCTPoeHHbin AL n nopTbl BBOAa-BbiBoga. Knaesuatypa v gucnnen
Takxe NoAKnioYeHbl K nopTaM BBOAA-BbIBOAA.

MNepemeHHOEe ceTeBOe HanpsiXeHue noctynaeT Ha 6ok nNuTaHuA M npeobpa3yeTcs B MOCTOSIHHbIE
nuTalwme HanpsxeHus. Bnok KomMyTaumMum OCyLLEeCTBNAET BKITHOYEHUS-BLIKITIOYEHUS  UCMbITYEMOrO
ABuratens nocpeacTsom pene. [nsa 3awmTbl MUKPOKOHTPOMAepa OT BCMIECKOB UHAYKTUBHOMO HanpsiXeHus
6NOK KOMMYyTauMM BbIMNOSIHEH C WUCMONb30BaHMEM OMNTOMNapbl, ANA OCYLIEeCTBNEHUS ranbBaHUYECKOW
pa3BA3kW. Pene HenocpeAcTBEHHO yrpaBnsaeT COCTOSAHUEM UCMbITYEMOro afieKTpoasuraTens.

Becbma HenpocTbiM B MpoLlecce NPOEKTUpOBaHMSA OKa3ancsa Bblbop gaTumka Toka. CyulectByeT
MHOXECTBO METOA0B M3MepeHusa Toka [5,6], oAHaKO B MPOMBbILLEHHOCTN Hanboree LWMPOKO NPUMEHSAOTCSA
TPpU: Ha OCHOBE WCMOSIb30BaHUA TOKOBOIO LUYHTa, Ha OCHOBe adhpekTa Xonna u TpaHcdopmatopa Toka.
Camoi npocTon fABnAEeTCa Cxema U3MepPeHUss ToKa C MOMOLLUbIO WyHTa. [pyu 9ToM uamepseTcsa nageHue
HanpsaXeHUs Ha LWYHTe, MNocrfe Yero paccyuTbiBaeTcs 3HaveHue Toka. OCHOBHbIMWU HegocTaTkaMu 34ecb
ABNAIOTCA OTCYTCTBME rafibBaHUYECKON pa3Ba3ku U Hu3kuni K.

YKa3aHHble He[oCTaTKM CYLLLECTBEHHO OrpaHNYnBaloT UCMNONb30BaHNe TOKOBbLIX LWYHTOB. Cxembl Ans
N3MepeHMa ToKa Ha OCHOBe TpaHcopmaTopa ToKa, C NOMOLLBIO AaTunka Ha adpdekTe Xonna n nasmepeHus
HanpsaXeHNs C NOMOLLLbIO AENUTENSA HanpsaXeHNs NokasaHbl Ha PUCYHKe 3.

d~ . Do
TV ” & - 1
Us PV
S ‘ U PV
\T\\\/ RH
I
v |
L_H |
a) 0) B)

PucyHok 3 - Cxembl Ans namepeHust Toka 1 HanpsxXeHus Ha OCHoBe TpaHcdopmaTtopa Toka (a),
C NoMoLLblo AaTunka Ha addekTe Xonna (6) n genutens HanpsxeHus (B)

B pe3synbTaTe aHanvM3a JOCTOMHCTB U HEOQOCTATKOB [6] U3 AaTUYMKOB, MPUBEAEHHbBIX HA PUCYHKE, AN
n3mepeHusi Toka 6bin BbibpaH gaTunk Ha adpdekte Xonna - pucyHok 3 (6). Hanbonee npocTbiM MeToooM
N3MepeHnsa HaNpsXeHWs ABMNAETCA UCMOSIb30BaHME AENUTENSA HaNPSXEHUs - pUCYHOK 3 (B).

YCTponcTBO TOPMOXEHUSA NpeacTaBnseT cobon agsuraTenb NOCTOAHHOMO ToKa. [nsi ero ynpasneHus
ncnonb3yeTcsi MOCToBaa cxema B Buae H-mocTta v gpamnBepa kntoyen. [Ana ynpaeneHusa TpaH3ucTopamu
ncnonb3yem aparieep ynpasnenus. CurHanbl ynpaBneHus NoCcTynatT Ha ApaniBep U3 MUKPOKOHTposepa.
Cxema pa3paboTaHHOro ycTponcTBa TOPMOXEHUSI NPeACTaBNeHa Ha pUCyHKe 4.

Ynpabnaswwul cuzHan .
P [padbep H-Mocm

Kniyed

PucyHok 4 - ®yHKLUMOHanbHas cxeMa Topmo3a

Mpun BbIOOPE [AaTYMKOB OPWEHTUMPOBANIUCL B MEPBYD O4Yepedb Ha WCMOSb30BaHWE  LUMPOKO
pacnpoCcTpaHEéHHbIX B HAcCTosiLee BpeMSA MHOXECTBO [AATYMKOB CO BCTPOEHHbIM MWKPOMPOLLECCOPOM.
O6paboTka U3mMepeHnii HenmocpeAcTBEHHO B CaMOM [aTyMke MO3BONSAET YNYYLWMTb €ro XapakTepuCTUKMU.
O6Luan cxema Takmx [aTyumkoB [7], nokasaHa Ha pUcyHke 5.

Cam paTtyuk HaxoguTcsi nopg ynpaBfieHWEM MUKPOMPOLIECCOpa, 3TO MO3BOJSIAET MEHATb YPOBHU
BO3OYyXAEHUA Tak, 4YTO MEPEKYeHne AManasoHOB MPOUCXOOUT aBToMaTtuyecku. Kpome Toro, moryT
oTCnexmBaTbCs TEeMNepaTypa OKpyXatoLLen cpeapl U Apyrve napameTpbl, a TakxXe NpoM3BOAUTCA KOppeKuus
NnoKasaHui pgaTtymka C WUCMOSb30BAHWEM aHarioroBOro YCWNUTENS WX AaHHbIX, COXPAHEHHbIX B MaMATW.
Haunbonee LieHHas BO3MOXHOCTb, NPeAoCcTaBnsiemMasi MMKpPOMNpPOLLECCOPHOW 06paboTKol — 3TO BO3MOXHOCTb
MonyyYeHUss JNIMHEMHOTO CUrHana oT HEeNMHENHOro p[artyvMka npu foMoly Tabnuubl  COOTBETCTBUSA,
XpaHsLwencsa B naMmsatu. OTo NO3BONSAET CO34aBaTh AATYMKN C OYEHb HU3KOW HENTMHENHOCTLHO.
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PucyHok 5 - ApxutekTypa AaT4MkoB CO BCTPOEHHBIM MUKPOMPOLLECCOPOM

Ona peanu3aumu pa3paboTaHHOro aBTOMAaTU3MPOBAHHOIO CTeHAa Obina BbiOpaHa cOBpeMeHHas
anemMeHTHasi 6a3a, 1 NpoBenEéH pacyéT PyHKUMOHaNbHbIX y3roB. MoaTanHo 6binu pa3paboTaHbl anroputm
paboTbl 650ka ynpaBneHns u nporpaMmmHoe obecneyeHue [4] ona MUKpokoHTponnepa. OTnnyunTensHomn
0COBEHHOCTbIO pa3paboTky ABnAeTcA 3hPEKTUBHOE NCMOSIb30BAHME Pe3yNbTaToOB HAY4YHbIX UCCNEA0BaHUMN,
BbIMOMHEHHbLIX MO AaHHoW npobneme [9], nNpyu co34aHMM COBPEMEHHOro CTeHAa [Afsl OCYLLEeCTBReHus
MOHWUTOPUHra TEXHWYECKOTO COCTOSIHMSA aCUMHXPOHHbIX 3fIEKTPOABUraTene, a Takke onpeaeneHus
BIMSOLLMX Ha 3TO COCTOsIHME (paKTOPOB B YCMNOBMAX 3KCNyaTaumm.

3aknrovyeHue. KOHCTpyKuus 6noka ynpaeneHus 6bina peanu3oBaHa B Buae Hebonblioro 6noka. B
npouecce MpPOEKTUPOBAHWA TOMOMOrMM NevyaTHOM nnatbl M MevyaTHOro y3na Ha e€ ocHoBe Obina
ncnonb3oBaHa CUCTEMa aBTOMAaTM3UPOBaHHOro npoekTupoBaHusa Altium Designer.

OgHMM 13 MpenMmyLecTB CO34aHHOTO0 aBTOMAaTU3WPOBAHHOIO CTeHAA SABMSETCA CpaBHUTENbHas
NpOCTOTa €ro HaCTPOMKM N Hanagkm, a Takke BO3MOXHOCTb YNyULLEeHNs SKCMyaTaunoHHbIX XapakTepUCTmK
1 co3paHus 6onee CroXHbIX UHTENNEKTYanbHbIX CUCTEM KOHTPONS U UCMbITAHUS SneKTpoaBUraTenein.
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Annotation. The article presents the results obtained in the process of creating an automated stand for testing asynchronous electric
motors. The developed stand makes it possible to detect changes in the nominal values of engine parameters in a timely manner and
prevent the appearance of defects. The author of the report performed circuit design of the stand, developed an algorithm and software for
its operation, as well as the design of the printed unit of the control unit, using modern CAD.

Keywords. automated stand, tests of asynchronous electric motors, nominal values of motor parameters, defects of electric motors, circuit
design, algorithm and software development, design engineering.
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