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AnHoTanusi. HaydHo-HccneqoBaTeIbCKUNA MPOCKT TOCBSAIIECH aKTYalbHOW Mpodiieme
nru(poBU3aIUU TOITUBHO-IHEPTETHYECKOT0 KoMILIeKca. Llenpio mpoekTa SBIsSeTCsS ONTHMHU3A-
[[Usl ¥ aBTOMAaTU3anus Mpon3BoAcTBa. OOBEKTOM UCCIICIOBAHMSI SBISETCS CICIYIOIAsi CUCTEMA:
pa3pabaTbiBaeMasi CKBaKMHA HAa ByKTBUIBCKOM ra30KOHJIEHCATHOM MeCTOpoxkaeHuu, CocHOrop-
CKHI razornepepaldaThIBAIOIINKA 3aBOJI, @ TAK)KE HUTKH Ta30IIPOBOJIOB, IO KOTOPHIM TPAHCIIOPTH-
pyeTcst NPOIYKIUs CO CKBOKMHBI HA 3aBO/I.

JIOTIONMHUTENBHYIO 3HAUUMOCTh M AKTYaJIbHOCTh MPOEKTY NPHUIAET TOT (aKT, YTO
07.05.2018 r. [Ipe3unentom PO Obit moamnucan yka3 «O HAIIMOHANBHBIX HENSX U CTPATErHYECKUX
3amauax pa3Butus Poccuiickoit deneparuu Ha nepuoa 10 2024 rogay», B . 11 KoToporo roBopur-
csl 0 TPeoOpPa30BaHUM TPHUOPUTETHBIX OTPACICH 3KOHOMHKH, BKJIFOUAs YHEPTETHUCCKYIO WH(pa-
CTPYKTYPY, TOCPEICTBOM BHEAPEHUS U(POBBIX TEXHOJIOTHIA U IJIATGOPMEHHBIX PEIICHUI.

Pabora HocUT HaydyHO-HCCIIEIOBATENbCKII XapakTep. B xo1e mpoBeeHHOro aHaIN3a aB-
TopaMu OblIa pa3paboTaHa KOHICIIUS CO3JAHHUS W IOCICIYIOIIEr0 BHEAPEHUS IU(POBOTO
JIBOMHUKA BBIMICYITOMSHYTOM TEXHOJOTHYECKON 1enodyku. L{udpoBoi MBOWHUK B TaHHOM IPO-
€KTE€ — 3TO MOJICIb PeaTbHOr0 (PU3UYECKOTO OOBEKTA, CO3/IaHHAsI HA OCHOBE PEalbHBIX CTATH-
CTHUYECKHX JIaHHBIX O HEM, YYUTHIBAIOIIAsl Mellbyaiiline aetain (0T CBOMCTB MaTepuaia, u3 Ko-
TOPOTO M3TOTOBJICH OOBEKT, JI0 COCTaBa IIEMEHTHOTO PacTBOPA, UCIIOIL3YEMOTO MPH 3aKperiie-
HUU 00CaTHOM KOJIOHHBI), BOCIIPOU3BOIAIIAS (PU3UIECKUE TTPOIECCHl B PEKUME PEATBHOTO Bpe-
MEHH, a TaKXe Jarollas BO3MOXHOCTb CMOJAEIIMPOBATh ABAPUIHYIO CUTYAIUIO U OLICHUTH €€ MO0-
CJeNCTBUS, HE Mpuberast K UCTIHITAHUSAM Ha PEaTbHOM O00BEKTE.

KoHmenus moMoKeT CHU3HUTH 3aTpaThl HA UCIBITAHUS, 00CITy)KMBaHUE, PEMOHT HedTe-
ra3oBoil HHQPACTPYKTYPHI TyTEM CBOEBPEMEHHOTO OOHAPYKEeHUS Te(DEKTOB U X yCTPAHEHHUS.

Hayuno-uccnenoBaTenbCKuil MPOEKT UMEET OMPEICIICHHYI0 HAYYHYI0 U SKOHOMHYECKYIO
3HAYUMOCTh, MOKET OBITh TOJIE3€H KOMITAaHUSIM, KOTOPhIE TUIAHUPYIOT ONTHUMU3HPOBATH CBOE TIPO-
W3BOJICTBO ITyTE€M BHEIPEHHUSI COBPEMEHHBIX ITU(PPOBBIX TEXHOJIOTHIA B TPON3BOICTBEHHBIH MPOIIECC.

Kurouessble cioBa. [{udpoBuzanus, ontuMusanus, aBToMaTu3ans, iuGpoBoil ABOWHUK,
KOHIICTIIHS, MOJIEIIb.

B nocnennee Bpems NposiBIsieTCS] TEHASHIUS YBEJIMUEHHs KOJIMYECTBA aBapuil Ha 00bEK-
Tax HedrerazoBoro komrekca. [lociaeacTsust Takoro pojaa aBapuii BeCbMa Cepbe3HbI: HKOJIOTH-
YeckHue KatacTpodbl, TpaBMbl U THOEIh paboyero mepcoHana, MOJIOMKA O0OpYAOBaHUS, BBIXO
U3 CTpOs TPYOOIIPOBOJOB — BCE ATO MPHUBOJIUT K 3HAUUTENBHBIM 3aTparaM (PUHAHCOBBIX, MaTe-
pPHATBHBIX U YEJIOBEYECKHX pecypcoB. JIsl CHMXKEHHUs pHUCKa 3THX (aKTOPOB, aBTOPaMHU ObLI
pa3paboTaH JaHHbII TPOEKT.

[HudpoBoit 1BONHUK — 3TO BUPTYyajdbHas MOJEb, KOTOPasi BOCIPOU3BOAUT TEXHOJIOTHYE-
CKHH ITPOLIECC KaK OTJEIbHOW €QVHMIIBI, TaK U LEJNOro NpeanpusIThs. [BOMHUK NO3BOJIAET BbI-
ABJIATH MPEINOCBUIKH, KOTOPHIE BEAYT K BO3MOYKHBIM HEIOJIaJKaM U aBapusM. B neHtp ynpas-
JICHUS IPUXOJIAT CBOJKH O paboTe 000pyI0OBaHUS U CUCTEM IOCPEICTBOM CIYyTHUKOBOTO MHTEP-
HeTa, IPOUCXOAMUT MOCTOSIHHASI CUMYJISIIIUS TEXHOJIOTHYECKOI0 MpoIecca B pe3ysibTaTe KOTOPOn
pacCcUUTHIBAETCS BEPOATHOCTh BBIXOJA U3 CTPOS TOTO MM MHOT'O 00OPYAOBaHMS B CpeAHECPOU-
HOM mepcriekTuBe. Ecnu mokazarenn BBIXOASAT 3a paMKM HOPMBI, CHCTEMa OIOBella-
€T OIepPaTUBHO-PEMOHTHBIN MEPCOHAJ, YTOOBI OH MPHUHST Mepbl. Takke cUcTeMa MoMOraeT Io-
N00paTh palOHABHBINA PEeXKUM PAOOTHI.
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Bonpias gacTh SKCIUTyaTalluOHHBIX 0OBEKTOB PACTIONIOKEHA HA 3HAYUTEITHHOM PaCCTOS-
HUU OT LIEHTPA YIPaBIEHUS U HAXOAUTCS BAAJIM OT TPAHCIOPTHOM HHPpacTpyKTyphl. [losBnser-
¢Sl HEOOXOAUMOCTh TUCTAHIIMOHHOTO aBTOMAaTHU3UPOBAHHOTO yrpaBieHUs U HabmoneHus. Lud-
POBbIE IBOMHUKH MIPU3BaHbl B 3HAUUTEIBHON MEpPE PELIUTh TaHHYIO 337a4y.

Hcxons u3 BblIeCKa3aHHOTO, LIEIbI0 JAHHOTO MPOEKTa SBIIAETCS ONTHUMM3AIMSI U aBTO-
MaTH3alus MPOU3BOACTBA, YTO MOJpa3yMeBaeT MoJ coO0N yBeTUYeHHE MPOU3BOIUTEILHOCTH U
CTaOUIM3alMI0 KayecTBa MPOIYKIIMK; SKOHOMHIO SHEPrOpEeCypCOB U IOBBIIICHHUE HAJIEKHOCTU
000py/I0BaHUsl, MUHUMHU3ALIUIO BIMSIHUS YEJIOBEYECKOro (hakTopa, MyTeM HHTErpalld COBpe-
MEHHBIX [U(POBBIX PEIICHUN B YMpPaBICHHE TEXHOJIOTMYECKUMH MPOLIECCAMH CIOXKHBIX MPOU3-
BOJICTBEHHBIX CHCTEM OypeHHs, pa3paOOTKU M HKCIUTyaTalud He(TEra3oBbIX MECTOPOXKICHHIA.
OObexkToM UCCeIoOBaHMs SBJSIETCS CIEAYIOIIas cUcTeMa: JeHCTBYIOMIAs CKBaXKHHA Ha ByKTbUIb-
CKOM Ta30KOH/JIEHCATHOM MecTopoxaeHuu, COCHOropckuil rasomnepepadaThIBalOIIMi 3aBOJ, a
TaK»e HUTKHU ra30MpOBOOB, 10 KOTOPHIM TPAHCIOPTUPYETCS MPOAYKIIMS CO CKBAXKMHBI HA 3aBO/I.

Jyig peanuzanyy NOCTaBICHHON 1EIM aBTOPaMHU PEIIAOTCS CIEAYIOIINE 3aJaun:

1) 0630p U3BECTHBIX TEXHOJIOTHH M TEXHOJIOTMUECKUX PELIEHUM, UCTIOIb3YEMbIX MIPH CO-
3JIaHUU U UCII0JIb30BAHUU U(GPOBBIX JIBOITHUKOB;

2) BHEApPEHUE WHHOBAIIMOHHBIX LU(POBBIX TEXHOJOTHUI B CHCTEMY «CKBa)KMHa-
TpyOOIPOBOI-Ta30nepepadaThIBAIONINI 3aBOIY;

3) sKOHOMHUYECKOEe 000CHOBaHHE HEOOXOIMMOCTH MTPUMEHEHUS U(POBOTO ABOMHUKA.

[Ipennaraemasi KOHUEOIHMS BHEAPEHUS [IUPPOBOTO ABOWHUKA BKIIOUAET B ce0 KOMILJIEKC
MEPOMPUITHIA, KOTOPBIE, M0 3alyMKE aBTOPOB, JOJLKHBI MPUMEHITHCS OJHOBPEMEHHO. B 3TOT
KOMIUIEKC MEPOIPHUATHI BXOJAT co3/laHue U(PPOBOro ABOMHHUKA CKBAKUHBI, IU(POBOTO JABOM-
HUKa HUTOK ra30IpoOBO/Ia, a Takke Uu(POBOro ABOMHMKA razonepepadaThIBarOIIero 3aB0O/1a.

Ha stane no0sruu undpoBbie TBOMHUKYU, OMIEPUPYST MACCUBAMM OOJBIINX JAHHBIX B COT-
HU TepabaiiT, MOMOTalOT BBIBISATH BOZMOXKHBIE ITPOOIEMBI ITPH AKCIUTyaTaIllMM CKBa)KWH, y4acT-
KOB TPyOOIPOBOJIOB M TEXHOJIOTHUYECKUX YCTAHOBOK, BBIJaBasi PEKOMEHIAINH M0 UX PELICHUIO.
Mogenu MalIMHHOTO OOYYEHHS MMOMOTAIOT ONTUMHU3UPOBATH PEKUMBI PabOTHl 000PYAOBaHUS.
JlaHHBIE CO CKBaXKMH IMOCTYNAIOT B IU(POBOIl ABOMHHUK, HA OCHOBE KOTOPOTO MCKYCCTBEHHBIN
MHTEJJIEKT KKIYI0 MUHYTY MIEPECUUTHIBACT THICSYM BapUAHTOB SKCILTyaTalliu U BBIOUpPAET OI-
TUMaJIbHBINA PEKUM YIIPABICHUS MECTOPOKICHUEM.

Ho mpexxae yem MpUCTYNMUTH K IKCITyaTallid MECTOPOXKJIEHUS HEOOXOAMMO MPOBECTH
Te0JIOTUYECKHE H3BICKAHUS, YTOOBI OOHAPYKUTh 3aJ€XKH YIIeBOJIOPOAOB. [ 3TOTO HYXKHO
CMOJICTTUPOBATh U MPOAHAIU3UPOBATH s MporieccoB. OCHOBHBIMHU HAIIPABICHUSIMHA HCIIOIB30-
BaHUs U(QPOBBIX TEXHOJIOTHI HA dTare M0ObIUYM CKBAKUHBI SBIISIOTCS: 1) HAKOIUICHUE, XPaHe-
HUE U CHCTEMAaTHU3alus reosiornueckoil napopmannn; 2) oopaboTka reosioruaeckoi nHpopma-
IIUU JUUISl OTIFICAHUS, CPAaBHEHUS, KJIACCU(DUKAIIMH T€OJIOTHUECKUX O0OBEKTOB M ITPOTHO3UPOBAHUS
ux cBoicTB. [IpeamnonoxuTenbHO OyAyT MCIONB30BATHCS CIEAYIONIME MPOTrPaMMHbBIE MAKEThI
st co3manus mudposeix kapt: ['MC-cuctemsr (Arcinfo, Maplinfo, ArcView, ArcGIS, GeoGraf);
[1O nns moctpoenus kapt B u3onmnusx (Surfer); CAIIP (AutoCad); BekTopuzatopsl (EasyTrase,
CorelDraw).

B pesynbTare co3naHus MUQPPOBOro JBOWHUKA CKBAKUHBI OMPEIEIISIOTCS 30HBI HAKOILIe-
HUS ¥ TEHEepaIiH YTIeBOAOPOAOB; MPOTHO3UPYIOTCS (a30BbIi M KOMIIOHEHTHBIN COCTaB YIIIEBO-
JIOPOJIOB; OTIPEAEIISIOTCS 00bEMBI IPUPOTHOTO Pe3epByapa, XapaKTEPUCTUKH KOJIIEKTOPOB, 00b-
€MBI MUTPAIMH YTIEBOJOPOIOB; OIEHHBAIOTCS MPOTHO3UPYEMBIE PECYPCHI; BHIOMPAIOTCS TIEPBO-
ouepeaHble 00BEKTHI TS JATBHEHIINX MCCIIeIOBAaHUM, BBISIBICHUSI 00BEKTOB IMIOMCKOBOTO Oype-
HUS;, aHATM3UPYIOTCS TPeoOpa3oBaHUs MOPOI-KOJUIEKTOPOB; MPOMCXOIUT OIEHKA T'e0JIOTHYe-
CKHX W IPOU3BOJICTBEHHO-TEXHOJIOTHYESCKHX PHUCKOB.

BropeiM armeMeHTOM Haleil KOHIENIMM SBIsSEeTCS MU(POBONM TBOMHHK Ta30MpoBOA,
cBsi3bIBarOIIero BykTeuibckoe mectopoxaenue u CocHoropckmii I'TI3. B aroit cdepe cymie-
CTBYIOT OT€YECTBEHHBIE Pa3pabOTKH, TAKHE KaK ONMTOBOJIOKOHHAS CHCTEMa MOHUTOPHHTA TPYy0O-
npoBosia (OCMT) «OMET'Ay». Texnonorus OCMT «OMEI'A» mo3BoJisIET perucTpupoBaTh Imry-
MBI ¥ TIOMEXHU, TEMIEPATYPHBII PEXUM, a TakkKe BUOpallMu BAOJIb TpyOompoBoda. JlaTumku
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YCTaHOBJICHBI U€pe3 KaXIbIe 5 KM, YTO IMO3BOJISACT MPEAOTBPATHTH yTEUKY Mpoaykra. Heobxo-
JUMOE 000pYJIOBAHHE COCTOUT M3 BOJIOKOHHO-OITHYECKOrO0 Kaless JaTdhKa, JIOTHCTHYCCKUX
Mojylieid, cepBepa ¢ 0a30i JaHHBIX M aBTOMATH3UPOBAHHOTO pabodero Mecrta omeparopa.
[TpuHIIMTT PabOTHl JAHHOW CHUCTEMBI 3aKJIFOYACTCS B CICAYIOIIEM: CUTHAI 00 OMacHOM BO3JICH-
CTBHUHM TIOCTYMAET C KaOes-IaTdyuka Ha JIOTHCTHYECKUH MOIYJb, Jajiee 4epe3 CeTh Iepenadu
uH(popMaIKs MMOCTymaeT OT MOJYJIS Ha cepBep ¢ 0a30il JaHHBIX, IJie 00paOOTaHHBINA CHUTHAII
oToOpa)kaeTcsl Ha pabodeM MecTe ormepaTopa, UCXOJs M3 MOJTYYEHHBIX JaHHBIX OIepaTop IMpH-
HUMaeT pelleHue. B JaHHON TEXHOJIOTHMU MPUMEHSETCS MCKYCCTBEHHBIH MHTEIUICKT, KOTOPBIH
MO3BOJIsICT (DUIBLTPOBATh OTPOMHBIN MTOTOK MH(MOPMAIIMH, MOJYUYSHHON C JaTUUKOB M BBIICISACT
MOTCHIMAIBHO omacHble Mg TpyoomnpoBoga. OCMT «OMEI'A» MokeT ompeneisaTh XapakTep
MIPOUCXOAAIINX COOBITUI TaKWX, KaK JBHU)KCHHUE aBTOMOOWJIS WJIM 4YeJIOBEKa, paboTy C MHCTPY-
MEHTOM M TEXHHMKOH, yTeuky U T. A. OCHOBHBIC XapaKTCPUCTHUKH 3TOW CHUCTEMbI CJIEAYIOIINE:
YYBCTBUTENBLHOCTh yT€UeK OT 5,9 M°; onpeseseHne akyCTHUECKOTO MOJIs: aMILTHTYIBI, YaCTOTHI
u Gaspl curHana; ompeaeieHue HECKOJBKHUX YTEUYeK OJHOBPEMEHHO;, TOYHOCTh OOHAPYXKEHUS
BO3JICUCTBUS — | M; MPOTSHKEHHOCTh TPAcChl TPYOONpPOBOIa, KOHTPOIMPYEMasi OJTHUM MOYyJIEM
— 100 xm; TouHocTh m3Mepenus Temmeparypbl — 1°C. OCMT «OMEI'A» MoskeT 06ecrneunTsh
0e30macHbIil TPAHCIIOPT CBIPHS, a TAK)KE KOHTPOJIUPOBATH BECh IMPOIECC TPAHCIIOPTUPOBKU U
KOHTPOJIS Ka4eCTBa.

Tperuii 3JeMEHT HaIIEro KOMIUIEKCHOTO MPOEKTa — CO3JaHue HHU(POBOro IBOMHHKA
CocHoropckoro rasomnepepabdareiBaroniero 3asojga (CI'TI3). CymecTByeT He0OX0IUMOCTh CO3/1a-
HUS HE TOJIbKO 3D-Monenn 00beKTa, HO M MOJCIIH ITPOILIECCOB P peaM3aluy IPoeKTa. ABTO-
paMu IIPOEKTa MpeIaraeTcsi pelieHue, OCHOBAHHOE Ha MPOrPaMMHOM 00ECTIEUeHUHN aMepUKaH-
ckoii ¢upmel Bentley Systems. IIporpammuoe obecnieuenue Bentley Bkirouaer B ceOst cepBHUC
Bentley iTwin, ucmoas3yeMblil 1u1si TPOBEPKH, CpaBHEHUS U cOOpkU 3D-Moaenn, 4acTu KOTOPOr
CO3J1a0TCS KakK ¢ nmoMombio cropoHHuX npoayktoB (AVEVA, TEKLA), Tak B ¢ OMOIIBIO pe-
menunii Bentley Systems. ITpunosxxenue ProjectWise uconb3yeTrcs s YIIpaBIEHUS HHKEHEPHO-
TEXHUYCCKUMH JaHHBIMH, a TaKXKE€ IMO3BOJIACT OPTaHM30BaTh COBMECTHYIO PAaOOTy CHEIUaIH-
CTOB, YYaCTBYIOIIIUX B pa3pabOTKe JTBOMHUKA, pACCPEIOTOUYCHHBIX 110 BceMy Mupy. s momenu-
pPOBaHUsS CTPOMTEIIBCTBA M CO3JaHHUS PAaOOYMX IMAKETOB IS IIAHUPOBAHUS U YIIPABIICHHS IIPH-
Mensercs komiuiekc SYNCHRO. B Oyaymem mis ymuoit skcmutyatamuu CI'TI3, ero TexHuue-
CKOT'0 OOCITY)KMBaHHS M KOHTPOJISI aKTHBOB ITU(DPOBOI JBOMHHUK IJIAHUPYETCS MPUBI3aTh K CH-
creme AssetWise ALIM (cucTreMa >KH3HEHHOTO IHMKJIA aKTHBOB, OOBEIMHSIONIAS YIIPABICHUE
JIOKYMEHTaMH, JaHHBIMA M (pu3ndeckol KOH(MHTypaluel ¢ MPOBEPEHHBIM MEXaHU3MOM KOH-
TpoJis u3MeHeHui). B pesynbrate nudposuzanuu CI'TI3 nmoreHnmmanbHOE BpeMs IPOCTOsI CHH-
xkaetcst Ha 10-15 %, a Tpymo3aTpathl Ha pa3padoTKy JokyMmeHTanuu Ha 5—10 %, Takke mporHo-
3UpyeTcs yBeIUYEHHE TEMITOB CTpouTenbcTBa Ha 10 %.

OO0beM MHBECTHIIMI MPEAnonaraeT BCI0 CTOMMOCTh TIpoekTa B pasmepe 78.414.000 pyo.
Taxoii 3ampoc MPOU3BOIUTCS B CBA3H C BBHITOJHOCTHIO MTPOEKTa HU(POBOTO TBOMHUKA IS CaMO-
0 MHBECTOPA, T.K. UHBECTUIIMU B CHCTEMY U €€ BHEAPECHHE Ha IIPOU3BOACTBE OKYIArOTCs 3a 15
JIET ¥ B JAJIbHEHIIIEM TOMOTYT COKPATHTh BIUSHUE YETOBEYECKOTO (PaKTopa Ha TEXHOJIOTUH MO-
HUTOPUHTA Ta30IPOBO/IA, a TaK)Ke COKPATHUT 3aTpaThl CAMOTO UCIBITaHUsA TpyOompoBoa 3a 70
net Ha 162.882.000 py6. BHenpenue TexHonoruu nudpoBoro IBOWHUKA MOAPA3yMEBAET BIIOXKE-
HUS MHBECTOPOB M CIOHCOPOB. Ha Ka)x7oif cTaguu SKCIUTyaTallid JaHHOW TEXHOJOTHUU OYIeT
pa3HbIil YPOBEHb 3aTPaT M, COOTBETCTBEHHO, OKYMAaeMOCTh M MEPeXo]l K MpUOBLTEHOCTU OyneT
UMETh MOCTETEeHHbIN TeMn. HaM HeoO0X0oauMo paccuuTaTh Calba0 JEHEKHBIX TTOTOKOB OT WHBE-
CTUIIMOHHOW W OTNEPAIMOHHON NIeATEbHOCTH, CBSA3aHHBIX C JaHHBIM IPOEKTOM TI0 CPaBHEHHIO
K M37epKKaM dKCIUTyaTalli CUCTEMbI 0e3 TU(PpOBOTO JBOMHUKA.

Uror 3arpar BHeApeHUS W AanbHEMIIen sKcruTyaTanuu cuctemsl 3a ron — 13.658.000
pyo.

[IpoekT HampaBlIeH Ha YMEHBIIICHHUE PAcX0I0B, HE HA IMPHUBJICUCHUES TTPHUOBLITH.

BbIBOA: IPOEKT SABNSIETCS PEHTAOCNIBHBIM, T. €. YCIIEIIHBIM ISl BHEIPSHHSI.
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AHAJIM3ATOP CUT'HAJIOB HA OCHOBE
IMPOI'PAMMHO-ONIPEJAEJISAEMOI'O PAJINO

AnncumoB Cepreit AjiekcaHApOBHUY, CTYJICHT
OBepckoBa Jlapbst MuxaiisioBHa, CTYyIEHT
I'pomoB [Imutpuii AnekcanipoBud, CTYACHT
babun /Imutpuii Onerosud, CT. MpenoaaBaTelb
E-mail: kinzhal553@gmail.com

Uysamickuii rocyaapcTBeHHbli yHuBepcureT uMeHu M.H. YiabsHoBa
r. Uebokcapsel, PO

AnHoTaunusi. B pabore mpejicraBieHa Mojieab MPOrPAMMHO-OMPEICIIIEMOTO PaIuo Ha
OCHOBE 0TJIa10uHOM 1atel LImeSDR B nporpamMmmuom unctpymentapun GNU Radio, ciocoOHast
NPUHUMATD U HCCIIEIOBATh PA3IUNYHBIC XapaKTEPUCTUKH CUTHAJIA.

Ha cerogusimauii neHp camoi Jydmield Mo OOJIBIIMHCTBY XapaKTEPUCTHK (U3UUECKOM
CpezoH Imepeadn NaHHBIX SBJSIFOTCS BOJOKOHHO-ONTHYECKas JTUHMs cBsizu [1, 2]. B cuy crpe-
MUTETBHONH MOJepHU3aNK NU(POBOI TEXHUKH M AJIEKTPOHUKHU B IOCIENHEe BpeMsi Habmroma-
IOTCSl 3HAYMTENBHBIC TIOCTHKECHUS B 001acTH paaro. Ha ceromHsHui JeHb MOIIHBIC BBIYHCIIH-
TEJIbHBIE PECYPCHI MPEIOCTABIAIOT BO3MOXKHOCTh PEAM30BaTh TaK Ha3bIBaEMbIE MPOTPAMMHO-
onpenenseMsie paanocucremsl (Software-defined radio miu SDR) 3amerias anmapatHbie pagno-
CHCTEMBI Ha 0a3e HEOOXOAWMBIX B TaKUX CIIydasX KOMIIOHEHTOB (MOIYJSTOPOB, CMECHTEJCH,
¢wibTpoB U T. 1.) [3, 4]. [Ipy HEOOXOOUMOCTH TaKWE YCTPOMCTBA MOTYT HCIIOJIB30BaThHCS
U B DJICKTPOIHEPIeTHKE, HANpHUMEp, sl cHHXpoHH3auuu o npotokoidam NTP (network time
protocol)— mporokon cuuxponusanuu Bpemenn u PTP (precision time protocol) — mporokon
TOYHOTO BpeMeHH [5].

Paagno Ha mporpaMMHOM ypOBHE — BBICOKOIIEPCIIEKTUBHOE HAIPABJICHUE, MPEIOCTABIIS-
foliee 0e3rpaHMYHYI0 CBOOOMY ISl aHAJIM3a CUTHANIA U B3aMMOJICHCTBHS C PaIHOyCTPOICTBAMHU.
Ha nannsiit MomeHT Bokpyr SDR BbIcTpanBaeTcs orpoMHOe cooOIIecTBO Jo0uTenei u npodec-
CHOHAJIOB, TOT]Ia KaK COBCEM HEIABHO 3Ta TEXHOJIOTHS Oblja IOCTYIHA JUITh N30paHHBIM.

SDR — 370 Takoro poja Bapuanus KOHCTPYKIIMU pajuoNpHUEMHUKA, IPU 3TOM HEKOTOpas
4acTh €ro OCYIIECTBIIEHA MporpaMMHBIM 00pa3oM. SDR maeT BO3MOKHOCTH OTCTPAaHUTHCS OT
UJIeN PelICHHUs] KOHCTPYMPOBAHUS Y3KOCIELHAIN3UPOBAHHBIX, CIOXKHBIX MTPHEMOIEepeIaTunKOB
U oOpamarses s 6onbmeit gactu 06padorku curHansl CPU (L1 uimu meHTpaibHbIN mporiec-
cop) o0bryHOr0 KoMmbtotepa 1 FPGA/CPLD (IVTUC wiu nporpamMmmupyemast JTIOruueckast HHTe-
rpajgbHas MUKpOCXeMa) Ha IiaTe.

KmoueBbie cioBa. [Iporpammuo-onpenensiemoe paano, GNU Radio, ananusarop cur-
HAJIOB, KOHCTEJUIALIMOHHAS TUarpaMma, mpeoopazoBanue Oypoe.

B nanHoil pabote mpoBoAMTCS HCCIEIOBAaHUE IO OOHAPYKEHUIO U aHAINU3Y MCKaKEHUI
paarocHurHana o KOHCTEUISIIMOHHON nuarpamme. KoHcremnsimuonHas quarpaMma npeicTaBiis-
eT co0oil rpaduK pacroyIOKEHUsT CUMBOJIOB Ha aMIUTUTYIHO-()a30BOM MIIOCKOCTH, GpopMuUpye-
MBI C HaKOIUIEHHUEM 3a omnpenaeneHHoe Bpems. Kak mpaBuio, quarpaMma paccMaTpUBaeTCs Kak
HEKUI KaYeCTBEHHBIN, a HE KOJMYECTBEHHBIM MapameTp, MO3BOJIAIOIINNA OLIEHUTh XapakTep Hc-
Ka)KEHUI BXOJIHOTO paguocurHana. OHa MO3BOJSET YIPOCTUTh OOHAPYKEHNE HEKOTOPHIX BHUJIOB
WMCKOKEHHUI CUTHAJIA: TAyCCOBCKUMU ITyM, KOTOPBIN BBITJIAINAT KaK Pa3MbIThIE TOUKH CO3BE3/IHS;
HEKOTepPEHTHAs OJTHOYACTOTHAs HHTePPEPEHIINS BBITIIAIUT KaK KPYTd BMECTO TOUKH CO3BE3IHS;
(ha30BbIC UCKAKECHUS BBITJISAAT KaK CUTHAIBHBIC TOYKH, PACTIPECICHHBIC TIO KPYTY, 3aTyXaHUe
CUTHAJIa BBITJISIIUT TaK, YTO TOYKH, HAXOISAIIUECS MO yIiIaM, OKa3bIBAIOTCS OJIMKE K IIEHTPY, YeM
JIOJDKHBI ObITh. Takke mpu HEOOXOIUMOCTH MOKHO BBIBECTH TpauiKk BOJOIMAIa CIIEKTpa, CIeK-
TPOrpaMMy U OCIHIIJIOTpaMMy. AHAJIN3 IIyMa U 3allldTa OT Hee UMEIOT 3HaUeHHUe AJIsi cOOIto1e-
HUS METPOJIOTHYECKUX XapPaKTEPUCTUK PA3IUYHBIX YCTPOUMCTB [6].
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Options QT GUI Range QT GUI Entry
ID: top_block ID: gain_rx ID: analog_fi..._bandwidth_rx
Title: Signal anahyzer Label: RX gain Label: RX analo...width [MHz] LimeSuite Source (RX)
Author: Anisimov S.A. Default Value: 0 Default Value: 20 Device Serial:
Generate Options: QT GUI Start: 0 File:
Stop: 70 RF Frequency: 100.1M N
= QT GUI Entry Sample Rate: 4M v smf:oi‘:‘ S
ID: baseband_rx Oversample: Default
QT GUI Label Label: Rx bassband [MHz] NCO Frequency: 0 | :m;m’;:’:"ﬂ: 1o
ID: ssmple_rats . Default Value: 100.1 Calibration BW: 4M Update Rate: 10‘
Label: Sample rate [S/s] QT GUI Entry LNA Path: Auto{Default)
Default Value: 41 2% nco, freq_ex Analog Filter BW: 20M
Label: RX NCO [MHz] QT GUI Entry Digital Filter BW: 2M
Default Value: 0 ID: digital_f..._bandwidth_nc Gain (dB): 0
Label: RX digit...width [MHz]
Default Value: 2

Puc. 1. Cxema anammsaropa curnana B8 GNU Radio

3nadenus, BBeaennsie B 0mokax QT GUI Entry, QT GUI Range, QT GUI Label BriBo-
nsaTcs Ha Ostoke LimeSuite Source (RX), T. €. 3TO BU3yalibHBIC YIPABIISAIONIKE OJIOKU, KOTOPbIC
CIIy’KaT JJisl IJIABHOTO PETyJIMPOBAHUA 3aJaHHON BETMYMHBI. 3/1eCh BBOJSATCS 3HAUCHUS JUCKpe-
TU3AIHH, YCHJICHUS, TPOITYCKHAs! CTOCOOHOCTh aHAJIOTOBOTO M IU(PPOBOTO (DUIBTPA U 3HAUCHUE
OCHOBHOI1 moJ10ckl. Bu3yanbHble 0J10KH HE UMEIOT KOHHEKTOPOB, OHU IIPOCTO CO3/IAI0T 3HAUYCHUE
nepemennoit s npoekta GNU Radio. Curnan ot storo 6ioka nepemaercs Ha QT GUI Sink
¢ ObicTpeiM TIpeoOpazoBanueM Dypwe. B 3ToM Onoke BbIOMpacM OKOHHOE CIUIaKUBAaHUE IS
yMeHbIIeHus dQdexTa pactekanus crekrpa. Ipdext pacrekanus AP (auckperHoe mpeodpa-
3oBanue Dypbe) BO3ZHUKAET B pe3ynbrate auckperusanuu [IBII® (auckpeTHO-BpeMEHHOE Ipe-
obpa3oBanne Dypbe) OrpaHMUECHHOTO BO BPEMECHHM CUTHAJa Ha OOKOBBIX JITIECTKAX CIIEKTpa
OKOHHON (PpyHKUIMU. UTOOBI YMEHBIIUTH pacTeKaHHe, HEOOXOAMMO YMEHBIIUTh YPOBEHb OOKO-
BBIX JICTIECTKOB CIEKTpa. YPOBEHb OOKOBBIX JICTIECTKOB CIIEKTPa U CKOPOCTh UX YOBIBAHUS IO
YacTOTE 3aBUCHUT OT CTENEHH IIAJKOCTH HUCXOAHOU ¢yHkiuu. [loatomy miast ymeHbleHus 3¢-
(ekTa pacTekaHuss HEOOXOIMMO U3MEHHTh OKOHHYIO (DYHKITHIO, YOpaB CKauKy B HaYaJle U KOHIIC.

Cursan npoxoJauT 4yepe3 aTTeHI0ATOp U MPEAYCHIUTEIb. JTH KOMIIOHEHTHI MpeaHa3Ha-
YEeHBI [Tl MACIITA0MPOBAHUS CUTHAJIA JIO TE€X YPOBHEW, KOTOPHIC OCTaIbHBIC KOMIIOHEHTHI U Y3-
JIbl aHATU3ATOPBI CIIOCOOHBI BOCIIPUHUMATH. Y CTAHOBKM aTTEHIOATOpPa MOTYT MOMOYb ONTHMH-
3UPOBATh COOTHOIICHHE CUTHAJ/IITYM. 3aT€M CUTHAJ IPOXOJIUT Yepe3 MOJ0COBOM (HUIIBTp, TTOCIIE
ATOrO MOMajaeT B MUKIIEp. BoIxoq MuKIepa sSBIsSETCS CYMMOM M pa3HUIIEH 4acTOT TeCTUpye-
MOI'0 CHUTHaJIa M 4aCTOT MECTHOro rerepoAauHa. Korjma 3TOT cMelIaHHbI BBIXOJIHOW CUTHAN K-
BUBAJICHTEH 3HAYCHUIO IpoMexyTouHOM dactoThl (IF wiu intermediate frequency), To mpoucxo-
AT OT(GUIBTPOBBIBAHUE TYTH MPOXOXKICHHS CHUTHAJA, IMOCJIE Yero ATOT CMENIaHHBIA CHUTHAI
npoxoauT uepe3 ¢unbTp IF 1 mpogomkaer cBoit myTh. B 3TO camoe Bpems aHaIM3aTOp CUTHAIOB
UACHTU(PUIIMPYET YacTOTYy CHTHala, YTO MO3BOJSET BCEW M3MEPHUTENbHOM cucreme «Oecroko-
UTBCS» 00 OAHOW NuIIb aMruikTyae. Ho mepen Tem, Kak 3aeCTBOBATh CIEIYIOMIMNA (UIBTP,
MUKIIep HampasjsieT curHain Ha Ananoro-lludposoit IIpeodpasosarens (ADC umu analog-to-
digital converter) ms mpeoOpa3oBaHus aHAIOTOBOTO CUTHAIA B 1M(poBoii hopmar. Teneps, Ko-
IJIa CUTHAJI TIPOIIENT MPOIEAYPY CMEIICHUS W €ro YacTOThl WIACHTU(DHUIIMPOBAHBI, CaM CHUTHAI
npeoOpa3zoBaH B nudpoBoii dopmar — Tenepb OoH npoxoauT uepe3 ¢unbtp IF. Bo3mokHOCTH
KOHTPOJIMPOBAThH IMOJIOCY Tporryckanus ¢puibTpa IF maer peruaru ympapieHUs THIIAMH U3MeEpe-
HUH, KOTOpble TpeOyeTcs OCYIIECTBISATh, COOTBETCTBEHHO M TIONydYaTh JKeJaeMble JlaH-
Hele. [locne punptpa IF curnan npoxoaut uepes undpossie neTekTopsl. LlndppoBbie 1eTeKTOPHI
OTIPEICNISAIOT AMILTUTY/Y TECTUPYEMOTO CUTHAJA M0 BpeMeHU (TIPOIO0KUTEHHOCTH) Pa3BEPTKH.
BaxaeimmmM nmpenMyImecTBOM UG POBOTO aHAIH3aTOPa CUTHAJIOB TIepe]] aHAIOTOBBIM SBIISETCS
CIIOCOOHOCTH TIEPBOTO BHIOWPATh JaHHBIE, YTO OTOOPAKAIOTCS HA DKPaHE.

C pa3BUTHEM TEXHOJOTHN W CUCTEM CBSI3U CHEKTPaJbHBIA aHAIM3aTOP CTAHOBUTCS BCE
Oomnee BOCTpeOOBAHHBIM yCcTpoWcTBOM. Cero/iHs Ha PHIHKE MOKHO HAWTH Pa3UYHBIC MOJEIH.
['maBHBIC MX OTIWYHS — 3TO MeHa W (QyHKIHOHAT. CI0KHOCTh KOHCTPYKIIMHM TPaIHIIHOHHBIX
TPaHCHUBEPOB CYIIECTBEHHO BhIIIE, 4yeM Yy SDR, He ToBOps yke 00 OTCYTCTBUH Y MEPBBIX KaKOii-
1100 THOKOCTH, TaK HEOOXOAMMOM B COBPEMEHHBIX YCIOBHUSIX OBICTPO U3MEHSIIONTUXCS CTaHIap-
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ToB. [loaTomy mepexon k apxutekrype SDR Hen30exeH, U B CBSA3HM C 3THM aHAJIU3aTOP CIIEKTpa
HIOCTPOCHHBIH Ha 0Tan04HOi tuiate Lime-SDR-USB umeer Goubiime nepcreKTHUBEL.
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MPOEKTUPOBAHUE HH®OPMAIIMOHHON CUCTEMBI
«YTIPABJIEHUE OXPAHOM TPYIA»

AnTtonoB IOpuii HukonaeBny, MarucTpant
AnppeeBa Banentuna BnagumupoBHa, 1-p nea. HaykK, KaHJl. TEXH. HAyK, Ipod.

E-mail: gyx@li.ru

Camapckuii Tocy1apCTBEHHBIM SKOHOMUYECKU YHUBEPCUTET
r. Camapa, PO

AHHOTanus. B cTatbe paccMOTpeHBI BONPOCH! MPOSKTHPOBAHUS MHPOPMALIMOHHON CH-
CTeMbl «YTIpaBJIeHUE OXPaHOU TpyAa», U3ydeHa MpeaMeTHas: 001acTh U BHIIOJHEH 0030p aHAJIOo-
TMYHBIX CUCTEM U UX CPaBHUTEJIBHBIN aHAJIN3, TIO3BOJIHMBIIHNI BBISIBUTH OCHOBHBIC HEIOCTATKH —
OTCYTCTBHUE peXHMa 00yueHHs] U HACTPOUKH (PyHKIIMOHAJIA MO TPeOOBaHUS OPraHU3aIUH, TIPO-
IpUeTapHOE MPOrpaMMHOE obecriedeHre U T. 11. [lermaercst BBIBOJ, YTO HEOOXOANMO pa3paboTarh
IporpaMMHOE OOEeCIeYeHHe, MO3BOJISIONIEE BBHIIOIHATh TaKHE ONEpaluy KaK B3auMOJCHCTBUE
«KIIMEHT-CEPBEP» MaKeTa MporpaMm ¢ 0a30il JaHHBIX, BHECEHUE B CUCTEMY OOYUaIOIIUX MaTepH-
aJIoB, MH(OPMAIIMU O TECTAX M MHTEPIPETAIIMH UX POXOKICHHUS, TaHHBIX MTOJIL30BATENICH U p.

Pa3paborannas mHQOpMaIMOHHAS MOJENb BHU3YaJH3HPYET IMPOIECCHl PEIaKTHPOBAHHS
UHPOPMALIUU B CIIPAaBOYHHUKAX, TPOXOXKICHNUS TECTUPOBAHMS, a TAKXKE MOJICUCTEMY TOATOTOBKU
U reyaty pa3nuunbix otyeros B MIC.

K OCHOBHBIM BO3MOKHOCTSIM CHUCTEMBI OTHOCSITCSI JIOTHYECKOE Pa3HECEHHE TECTOB IO
rpymnmnaM, HaBUTaIMs MO TECTY, MPHUBA3KA K TecTaM OO0YYalolIMX MaTepHajoB B BUAE (ailyioB U
€r0 MHTEPIPETALNH JJIsl BEPHOTO TIOHUMAHHUS PE3yIIbTaTOB MPOXOXKACHUS TECTa, IPUBS3KA K OT-
BETY €ro Beca, COXpaHEHHE PE3yNIbTATOB TECTHPOBAaHMs B 0a3e JaHHBIX Ul MX AajbHEHIIero
aHanm3a.

Hcnonp30BaHue CHUCTEMBI BBHIBOAUT OICHKY YPOBHS IOJATOTOBKM IEPCOHANIA HA HOBBIH
Ka4eCTBEHHBIN YPOBEHb, MO3BOJIIET YIPOCTUThH KaK MPOBEACHNE TECTUPOBAHUS, TaK M pacimd-
POBKY €r0 pe3yJIbTaToB.

KiioueBsbie ciaoBa. Undpopmanuonnas cucrema (MC), 6a3a ganusix (bJl), ynpasnenue
oxpanoii Tpyna, OC «MS Windowsy, TectupoBanue, 00ydeHHeE.

Vcnonb3oBanue MHGOPMAMOHHBIX TEXHOJIOIMH BO BCEX OOJIACTSX UEJIOBEUECKOM aes-
TEJIBHOCTH, B TOM YHCIIE B TPYIOYCTPOWCTBE, B OimKaiiiee BpeMs MpuBeneT K GOPMHUPOBAHUIO
MHUPOBOI'O PbIHKA KaJpOB, MMO3BOJIAIOLIETO Ha caiiTe paboronaTens MPONTH OHJAMH TeCTHpOBa-
HUE NI TIOCTYIUIEHUS Ha paboTy, KOTOpOe BXOJWUT KaK CYIIECTBEHHAs 4YacTh B YIPaBIICHHE
OXpaHoH TpyAa.

B Hacrosimee BpeMst umMeeTcst O0JIbIIOE KOJTUYECTBO MPOTPAMMHBIX CPEACTB TECTHPOBA-
HUS 1 00yueHust. O630p CyIIECTBYIOLIMX CUCTEM M CPaBHHUTENbHBIN aHAIN3 MIPOrpPaMMHBIX pe-
IICHUH BBISIBUJI UX OCHOBHBIC HEJTOCTATKU:

— OTCYTCTBYET PEXXUM O0YyUEHHUS;

— HEBO3MOXHO A0paboTaTh PyHKIHOHA 0]l TpeOOBaHMS OpraHU3aLNN;

— HET UCXOIHBIX TEKCTOB MPOTPAMM.

Kpome Toro, MHOTME CHCTEMBI SIBISIOTCS IUIATHBIMH, T. €. UCHOJb3YIOT MPONpUETaApHOE
porpaMMHOe oOecTrieueHue.

Taxkum obpazom, HeoOxoauMo pazpadorars nHpopmannonnyw cucremy (UC), ynosie-
TBOPSIIOIIYIO CJIEIYIOIIUM TPeOOBaHUSAM:

— «KJIMEHT — CEPBEPHOE» B3aNMOCHCTBHE TTaKeTa MPOrpamMMm ¢ 0a30i JaHHBIX;

— BHECEHHE B CHUCTEMY O0yYaroIluX MaTepUaJIOB;

— BHECEHHE M U3MEHEeHUe HH(POpMaIUU O TecTax;

— BHECEHHE U U3MEHEeHHe NHPOPMALUU HHTEPIIPETALUH TPOX0XKIEHUS TECTOB;
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— BHECEHHE JIaHHBIX 10JIb30BaTENCH;

— BeJIEHHUE JKypHaJa MPOXOXKJIEHUIN TECTUPOBAHNUS;

— (opmupoBaHuEe U BBIBOJ PE3yJIbTATOB PAOOTHI CUCTEMBI C YUYE€TOM HCIOJb30BaHUS

pa3HBIX BAPHAHTOB COPTHPOBOK U (PHIIBTPOB.

[Ipu npoexTHpoBaHUM CUCTEMBI pa3paboTaHa MHGOPMAIIMOHHAS MOJIENb, KOTOpas Mojie-
JHUPYET MpoLecc MpeoOdpa3oBaHusl JaHHBIX B WH(POPMALIMOHHOW CUCTEME U TOSICHSET, Ha OCHO-
BaHUU KaKUX BXOJHBIX JTOKYMEHTOB M HOPMAaTHBHO-CIIPABOYHON HHGOpPMAIMKM MPOUCXOAUT
¢ynkuonnpoBanre MC u nomyyeHne BBIXOIHBIX JaHHBIX [ 1].

Mozenb BU3yalu3upyer:

— Ipoliecc peJaKTUPOBaHUA MH(GOPMALMU B CIIPABOYHUKAX, TAKHX KaK CIUCOK MOJb30-

BaTeneil, paboTamux B MPOrpaMMe, CIIUCOK TECTOB M MX JaHHBIX, CIIMCOK Pa3iny-
HBIX 00y4aloUIMX MaTepUasos;

— TMpolecC IPOXOXKACHUS TECTUPOBAHUS M0 BHECEHHBIM PaHEE TECTaM;

— TMOJACHUCTEMY MOATOTOBKH U Ie4YaTH pa3iandHbix oryeToB B UC.

B kadecTBe MHTErpUPOBAHHOM cpelbl Pa3pabOTKH U S3bIKa MPOrPAMMHPOBAHUS BHIOpaH
«Visual Studio C#». Bei6op 00ycrioBieH ruOKOCTbIO MIIAaTHOPMBI, SBIISIONMIECHCS OCHOBOI Cpepbl,
OTPOMHBIM Ha0OpOM BO3MO>KHOCTEH, IPEAOCTABIISIEMBIX €10 JJISl PEHICHHs OOJIBIIOTO JAUana3oHa
3aj1a4, a TAaK)Ke PaCIpPOCTPAHEHHOCTHIO ATOTO sA3bIKa [2].

B pesynbrate paspadborana UC nns HeOONBIINX MPEANPHUIATAN, KOTOpas MO3BOJISET 3HA-
YUTEILHO COKPATUTh BpeMsl Mmpuema Ha paboTy couckareneil, a Takxke BpeMs oOydeHus mepco-
Hana npeanpusatus. Ona pyakuuonupyet B Bepcusix OC «Windows 7», «Windows 10» cemeii-
crBa «MS Windowsy, a Takxke Ha cepBepHBIX Bepcusix 3toi OC.

K 0CHOBHBIM BO3MOKHOCTSIM CUCTEMBI OTHOCSITCS CIICAYIOIIHE:

— JIOTMYECKOE Pa3HECEHHE TECTOB I10 TPYIIIIaM;

— MpUBA3KA K TeCTaM 00y4YaOIIUX MaTepualioB B Bue (aiinos;

— Ha3HAuCHUE TECTY Pa3NUYHbBIX JIOTIOTHUTEIBHBIX CBOWCTBA;

— TMpUBS3KA K OTBETY Beca, UYTO JaeT BO3MOXXHOCTh HACTPAaWBATh PE3YJIbTATHI MPOXOK-

JICHUS TECTa;
— TPUBS3KA MHTEPIIPETAMH K TECTY IS BEPHOTO IMOHUMAHUS PE3yJIbTaTOB IMPOXOXKIC-
HUS TECTa;

— HaBUTrauys 1o TecTy;

— COXpaHEeHHe pe3y/lbTaToB TecTHpoBaHus B b/l Ans nanbHeliero aHamusa.

Vcnonp30BaHne CUCTEMBI TIO3BOJISIET BHIBECTH OIEHKY YPOBHS IMOATOTOBKH COMCKATENEH
U COTPYAHMKOB NPEANpPUATUI HA HOBBII KaueCTBEHHBIH ypOBEHB, YIIPOCTHTh KaK MPOBEICHUE
TECTUPOBAHUS, TaK M paciin(pOBKY PE3yIbTaTOB TECTHPOBAHMUSA, T.€. CYIIECTBEHHBIM 00pa3oM
BJIMSTBH Ha yIpaBJIEHUE OXPaHOH TpyJa MpeanpusTUs.

Marepwuainsl IpoIeTaHHONW PabOTHl MOTYT IPUMEHATHCS JUIS JaTbHEHIIIETO NCCIIeIOBAHMUS
u pa3pabotku UIC B cepe 00ydeHus: 1 TECTUPOBAHUS 3HAHUN JJIS MaJIbIX Npeanpustuii PO.
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ABTOMATHM3AIIAA BUSHEC-ITPOIIECCA CTPOUTEJBLHON KOMITAHUM
IIYTEM UHTEI'PAIUN UTHO®OPMAIIMOHHBIX CUCTEM

benoBa Beponuka AnaTonbeBHa
E-mail: belova-veronika@internet.ru

VYpansckuii @enepanbublii yHuBepcuTeT uMeHu nepBoro [Ipesunenra Poccun b.H.Enpunna,
r. ExkarepunOypr, P®

AHHoTaums. B crathe paccMmarpuBaeTcsi aKTyaJbHOCTh AaBTOMAaTH3alMd OH3HEC-
nporeccos. [IpencraBieH 0630p TEXHOJIOIMH O aBTOMaTH3alMK Ou3HEc-mpoueccoB. Mcceneno-
BaH OM3HEC-TIpolece Mepesaul 00beKTa MOKYNaTeIo U UMEoHMecs: HH(POPMaIOHHbIE CHCTe-
Mbl B CTPOUTENIBHOM KOMIAHUU. BbIsABIEHBI Ipo6iieMbl B pabOTE KOMIIAHUM U HPEAJIOKEH BO3-
MO>KHBIM BAPUAHT PELICHUS.

KuroueBblie ciioBa. ABromaru3anus 6U3Hec npolecca, HHGOpMallMOHHbIE TEXHOJIOTUH,
MHTErpalus CUCTEM, CTPOUTENBCTBO, KKX.

BBenenue

XXI Bek — Bek MH(POPMALMOHHBIX TEXHOJIOTHM, TPEOYIOUINI COBEpPIIICHCTBOBAHUS OU3-
HEC MPOIIECCOB U SKOHOMHUHU TPYAOBBIX pecypcoB. Ha mepBbIii miaH BBIXOAST HOBBIE TEXHOJIO-
TUH, MO3BOJIAIONINE OPraHUW30BBIBAThH Ipoliecc 0e3 ydactus yenoBeka. Llenpio aBTOMaTu3anuu
ABJIIETCS 3aMEHA PYYHOT'0 YEJIOBEUECKOI0 TPy/la U ONTUMHU3aLUs OU3Hec-IpolLecca.

['maBHBIE TOCTOMHCTBA ABTOMAaTU3aLIUU MTPOLIECCOB:
CKOpOCTh BBITIOJIHEHHSI OTIepaIui.
[loBbIlIEHNE KAUECTBEHHBIX IMOKa3aTeNeH.
[ToBbIlIEHHE TOYHOCTH YIIPABJICHUSI.
[TapannenbHOE BBINOJHEHNE HECKOJIBKHX 3a/1a4.
YBenuueHne CKOpOCTH NPUHATHS perieHust. [1]
O030p TeXHOJIOTHI 10 ABTOMATH3AIUM OU3HEC-TIPOLECCOB
CymectByeT OoJbllloe  pa3HOOOpa3ue TEXHOJOTMM 10 aBTOMAaTW3aluu  Ou3Hec-
npoiieccoB. PaccMoTpuM HEKOTOpPBIE U3 HUX.

1. ERP (EntERPrise Resource Planning) cuctemsr. [Ipeanasnauens! s 00pabOTKH
Ou3Hec-onepanuii opraHu3ali U 00eCredeHrs B PeKUMe pealbHOro BPEMEHH IIIaHUPOBAHUS,
MIPOU3BOJICTBA U OOCTY>KUBAHUS KIIMEHTOB. [2]

2. CRM (Customer Relationship Management) cuctemsl. [TpukiagHoe mporpamm-
Hoe o0ecriedeHue JUIsl OpraHu3alui, mpelHa3HauyeHHoe JIJIsl aBTOMAaTH3al[ul CTPAaTEeruil B3auMo-
neiictBus ¢ kireHTamu. OcHOBHBIE (PyHKIMU: cOOp, XpaHEHUE U aHATTU3 UHPOPMAIIHH O KIHEH-
Tax.

3. PM (Project Management). CucteMsl yrpaBlieHUs] TPOSKTaMH MO3BOJISIFOT OTCIIe-
JKUBaTh, KAKUM 00pazoM peann3yercs U (GUHaHCUPYETCs MPOEKT, MPOTHO3UPOBATH PE3YJIbTAThl U
HCIIOJIb30BAHUC PECYPCOB, ACTICTUPOBATh 3ala4U U CTaBUThb I[eI[J'IafIHBI.

4. BPMS (Business Process Management System). Dto Bua nporpaMMHOTro obecrie-
YCHMUA, paCCManI/IBaIOH_[I/Iﬁ 6H3HGC-Hp0HeCCH KakK OIIPEACIICHHYIO, OT'PAaHHUYCHHYO BO BPpCMCHU
MOCJICA0OBATCIIBHOCTh 3TAIlOB, HA KAXXAOM M3 KOTOPBIX €CTh CBOMU 3adda4v U oqepquHmﬁ Kpyr
OTBCTCTBCHHBIX JIHII. MOFyT (I)YHKLII/IOHI/IpOBaTB KaK CaMOCTOATCIBHO, TaK M B CBA3KEC C
CRM/ERP/ECM.

HccnenoBanme

CTpouTeNnbCTBO — OJJHA U3 CaMbIX HEMPO3PAUYHBIX OTpacieil. buzHec-mporeccsl JOBOJIBHO
CJIOKHBIC U 3aIlyTaHHBIC. HNmenno IMO3TOMY BO3pacTacT HOTpC6HOCTL KOHTPOJHUPOBATHL BCC IIPO-
TECChI U 3aJa4YM HA KaXXIO0M DTAll€ U BBISABIISITH OIINOKK Ha paHHeI\/'I CTaguu, Koraa ux UCIpaBJic-
HHUEC €1IC HE CTOUT 0O0JIBIINX JCHET.
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CrpoutenbHasi OTpaciab CHIBHO OTCTAET MO YPOBHIO Pa3BUTHUSL OT OCTAJIbHBIX OTpACICH,
TakUX Kak putein u joructuka. CormacHo ®exnepanbHomy 3akoHy oT 30.12.2004 N 214-03
(pen. ot 02.07.2021) «O6 yyacTuu B I0OJICBOM CTPOUTEIHCTBE MHOTOKBAPTUPHBIX JOMOB U HHBIX
00BEKTOB HEJBUKUMOCTU U O BHECEHUU U3MEHEHUI B HEKOTOpBIE 3aKOHOIaTeNbHbIE akThl Poc-
cuiickoil @eneparuny 3acTpONIIUK 00s3aH MepeaTh YYaCTHUKY JOJIEBOTO CTPOUTENHCTBA 00b-
€KT He I03/IHEee CPOKa, KOTOPBI IPETyCMOTPEH J0roBopoM. TakuM o0pa3oM, CTPOUTENIbHbIE
KOMIIAaHUM 3aUHTEpPECOBaHbl MepefaTh 0ObEKT COOCTBEHHHMKY KaK MOXHO ckopee. Taxke uem
MO3KE€ CPOK cl1auu 00BEKTa, TeM OO0JIbIe MPUOBLUIH TEPSET KOMITaHUSI.

Ha ceronnsmnuii n1eHp ar06ast KoMrnanus TpeOyeT pa3BUTHS, B TOM YHCIIE B TEXHUYECKOM
riane. Tak, MHOTHE KOMIIAaHUU BHEJPSIOT B CBOIO paboOTy MH(OPMAIIMOHHBIE CUCTEMBI C IENIBIO
VIIYYIICHHS TIOKa3aTesield CBoei paboThI.

B pamkax nanHO# pa®oThl 0OBEKTOM HCCIIEIOBAHUS SBISETCS CTPOUTENbHAST KOMITAHUS.
B kaudectBe mpeamera uccienoBaHusi ObLT BIOpaH Ipolecc nepefadyd 00beKTa MOKyHaTelo U
uMeroIuecs: UHHOpMaIOHHBIE CUCTEMBI B CTPOUTEIHLHON KoMITaHui [3].

Jliia BBIsIBIIEHUS TTPOoOJieM OBbLIO MPOBEACHO MHTEPBBIO CO CTEUKXOJJIEPAMH, Y4aCTBYIO-
MU B pacCMaTpUBaeMoM OHu3Hec-Tiporiecce. Pe3ynbraTsl HHTEPBBIO MPEACTaBICHBI B Ta0MI. 1.

Tabnuua 1
Pe3ynbTaThl HHTEPBBIO CO CTEHKXOJIAEPAMU
Crefikxod- [IpoGema [ToTpebHOCTH
Aacp

3axa3umK ® Tepsier mpHOBLTH M3-3a TPOCPOUECHHBIX ®  YMEHBIIUTH MOTEPIO TPHOBLTH

CHUCTEMbI o
CPOKOB IOJIMCAHNS aKTa IEPBUIHON * VCKOPHTb IPOLECC 3aIHCH
IIPUEMKH KJIIMEHTOB Ha NIEPBUYHYIO [IPU-

eMKY

* Bnazgers akTyaabHOU UHPOP-
MalMen o ATanam cIadyu 00b-

€KTOB
Menexep * He ycneBaeT 0OAHOBPEMEHHO UCKATh HO- * VYcneBarb BBINONHATH IUIaH pa-
OTAC]Ia IIpo- BBIX KJIMEHTOB U KOHTPOJIUPOBATH MPO- oot
Alask LECC 3alUCH Ha IIPUEMKY ® 3anuceIBaTh KIMEHTOB Ha Mep-
* KuueHTbI HE OTBEUalOT Ha Tele(OHHBIE BUYHYIO IIPUEMKY
3BOHKH B pabouee Bpems ® Pa3fensaTs B CUCTEME 3aIIUCH
* HexBarka cBOOOJHBIX MECT B CUCTEME Ha MEPBUYHYIO U TIOBTOPHYIO
13-3a [IepeceueHus 3arucell Ha NepBruY- MIPUEMKY
HYIO0 1 TIOBTOPHYIO IPHEMKY * HanoMuHaTh KJIMEHTY O

Ha3HA4YCHHOMU 3alluCHU

Kmnent ® BomnHyeTcs 0 TOM Ha KaKko# cTauu * TlonyuaTh HHPOPMAITUIO 00
KOMIIaHHH CTPOMTENILCTBA €r0 KBapTHPa JTanax rOTOBHOCTH 00BEKTa
* He MOXeT caMOCTOSTEIBEHO 3aICaThCS * CaMOCTOSTENBEHO BEIOUpATh
Ha NPUEMKY 4epe3 MOOMIEHOE MPUII0- JIaTy ¥ JCHb 3aIMCH Ha IIPUEM-
KEHue Ky
* DBowurcs oTBevyaTh Ha HE3HAKOMBIE HOME- * OTMEHSTH 3aIUCh B JIIO00E
pa BpeMsi Oe3 3BOHKA MEHEIDKEpY

* B paOouee BpeMs 3aHAT U HE MOXKET I10-
3BOHHUTH MEHEKEPY JUTS OTMCHBI 3aIlH-
cu
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Teneps paccMoTpuM Kakue HHGOPMALMOHHBIE CUCTEMBI HCIIOIb3YIOTCS B KOMITAHUH.

1. WNndopmanmonnas cucrema ynpasienus Odoo. IIpencrasnser coboii ERP cu-
CTEMY C MOJYJbHOM apxurekTypol. Kaxablii Moaynb MoxeT paboTaTh CaMOCTOSITEIbHO, Kak
oTAenpHas mporpamma. Bce MOmynu TapMOHHMYHO MHTETPUPYIOTCS, CO3[aBasi €AMHOE IIEIoe.
bnaronaps TakomMy MOJIXOJy MOKHO MOAKJIIOYATh JOMOJIHUTENIBHBIE MOLYJIU IO Mepe HEoOXo-
TUMOCTH. DTO obecreunBaeT ObICTPOE BHEIPEHHE W OBICTPOE pa3BUTHE MH(DOPMAIMOHHOW CH-
cremsbl [4].

2. MoOwibHOE TPUIIOKEHUE U KIUEHTOB. B (pyHKIIMOHAN TPUIIOKEHUS BXOIUT:
omnara ycuyr JKKX, OpoHupoBaHMs TapKOBKH, 3aKa3a JAONOIHUTENbHBIX YCIyT, HHPOPMHUPOBA-
HUS )KWIIBLIOB O B&KHBIX HOBOCTSIX U JIp.

IIpennaraemoe pemenne

B xauecTBe pemieHHs BBIABICHHBIX MPOOJIEM MHOIO OBLJIO BBIOPaHO aBTOMATH3HPOBATH
Ou3Hec-TpoLece MMyTeM MHTETPUPOBAHUSA UMEIOIUXCS MHPOPMALMOHHBIX CUCTEM B KOMIIAHHH.
[Tocne BHeApPEHHS JAHHOTO PEIICHHs KIMEHThI CMOTYT MOJIy4aTh HH(pOpMAIUio yepe3 MOOUIIb-
HOE MPUWIOXKEHHE O CTaJUM FOTOBHOCTU O0BEKTa, BUIETh ATy €ro Clayu, Moaydarb yBeJOMIIe-
HUSL O TOTOBHOCTH OOBEKTa, CAMOCTOSITENIbHO 3alUCHIBATHCS U OTMEHSATH 3alUCh HA MPHEMKY
0o0bexToB. [Ipennonaraercs, 4To JaHHBIM (YHKIIMOHAN JOJDKEH 3aMEHMTh MEHEDKepa oTielna
IPO/IaX Ha dTare 3alKiCy Ha MMPHEMKY 00BEKTOB, JIaB UM BO3MOXKHOCTh KaueCTBeHHEe paboTaTh
C MpoJakaMu, TEM CaMbIM YBEJIMYUB NPUOBLIb KOMIIAHUU.
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PA3PABOTKA TH®OPMAIIMOHHOM CUCTEMBI «IIOPT®OJIAO YUAIIUXCS»

bensieB Aprem AnekceeBuu
Email: belart1200@mail.ru

PybuoBckuii unayctpuanbHbiii ”HCTUTYT (prman) PIBOY BO «Anraiickuit
roCyJ1apCTBEHHbIN TeXHUYECKUU yHUBepcuTeT umenuu M.U. [Ton3zyHnoay»
r. Pybuosck, P®

AnHoTanus. B nanHoi cTtaThe paccmaTpuBaercs pa3zpaboTka MHGOPMAIMOHHON CHCTE-
Mbl «[lopTdhonuo ydammxcs», npegHa3HaYCHHON ISl yyeTa W aHaiu3a pe3yJbTaTOB JOCTIKE-
HUH ydamuxcs B 00pa30BaTeNbHBIX yupekaeHUsX. Onucanbl 00bEKT, IPEIMET, eTb U 3a1a9u
uccienoanus. [IpuBeseHa xapakTepucTUKa FOTOBBIX MTPOrPAaMMHBIX MIPOJYKTOB U 0OOCHOBaHHE
MPOSKTHBIX PEIICHWH Mo BHaaM oOecrieueHus. Pa3paboTka MHPOPMAIMOHHON CUCTEMBI OCY-
niecTBisuIach ¢ momomplo «1C: Ipeanpusrue 8.3». OHa MO3BONHUT COKPATHTH BpeMsi 00pabOTKH
U TIOJTyY€HUE JAHHBIX, MMOBBICUTH CTENICHb JOCTOBEPHOCTH 0OpabarkiBaeMoii WH(pOpMammu, uc-
KIIFOYUTH MOSIBICHHUE OMIMOOK, a Takke ObICTPO M CBOEBPEMEHHO (DOpPMHPOBATH HEOOXOIUMBIC
OTYETHI.

Kurouesble cioBa. PazpaboTka, nnpopmannoHHas cucreMa, 6a3a JaHHBIX, TOPTHOINO
yUanmxcs, TeXHHYECKoe odecIieueHne, mporpaMmuoe ooecreuenue, 1C.

Kak u3BectHO, mopTd0s1no — 3T0 N0oA00PKa, KOJJIEKIUS padoT, KOTOPbIE AEMOHCTPUPYIOT
oOpa3oBaTenbHbIe TOCTIKEHUS yuatierocs. Vcnonb3oBanue HOBBIX (hOpM MOPT(HOIHO CBA3AHO C
MPUMECHEHUEM COBPEMCHHBIX MH(POPMAIIMOHHBIX TeXHOJOTHH. [103TOMYy COBpEMEHHBIN YYCHHK
JOJKeH BIIAZeTh HaBbIKaMU WH(GOPMAIMOHHBIX TexHoJoruil. Co3znanHoe MOpTHOINO C MOMO-
IIBI0 PA3JIMYHBIX KOMITBIOTEPHBIX MPOTPAMM, MO3BOJIUT YYalIeMyCsl HArJISIIHO OTPa3uTh JUHA-
Muky u cBou goctuxenus. C 2011 roga npaktuuecku Bce 0011e00pa3zoBaTeNbHbIE YUPEKICHHUS
JOJKHBI (DOPMUPOBATH MOPT(HOIHO YICHUKA, HAYUHAS C HAYAJILHOH IIIKOJIBI.

B wmyHunumansHOM O10/DKETHOM 00I1IeoOpa3zoBaTesibHOM  yupexaeHun «Kagerckas
cpennsisi obeoOpaszoBarenbHas mkosia Ne 2 umenun M. C. barpakoBa» Bcs uHpopManus o J0-
CTH)KEHUSX YJaIlIUXCs BEAETCS BPYUHYIO Ha OyMa)KHBIX HOCHUTEIISIX.

AKTyaJTbHOCTh pa0OThI 3aKJIFOYAETCS B CO37aHUU MH(pOopManMoHHON cuctembl «IlopTdo-
JMO yYalluXcs», KOTOpasi MO3BOJIUT CHCTEMAaTU3UPOBATh BCE YUeOHBIE M BHEYUEOHBIEC JOCTIKE-
HUS y4aIllerocs, OlEeHUTbh MHANBUIYAJTbHBINA MPOTPECC YYallerocs B TOW WM MHOW 00JIacTH U
ONpPEETUTh UHANBUYAIbHBIE HHTEPECHI yUaIlerocs.

O6nextoMm uccnenoanus seisiercss MBOVY «Kanerckass COLLL Ne 2 umenu M. C. Batpa-
KOBay.

[IpenmeToM uccie0BaHMs SBISETCS MPOLECC yuyeTa U aHaju3a pe3ysIbTaToOB JOCTUXKe-
HUH yJamuxcst 00pa3oBaTeIbHBIX YUPEKICHUH.

[{enbto uccienoBanus sBisieTcs pa3padoTka HHPOPMALIMOHHONW CUCTEMBI YUeTa U aHaJIH-
3a pe3yJabTaTOB JOCTUKEHUN ydalUuXCsl.

Jlis nocTrkeHUs MOCTaBICHHOM 1IeNTM HE00XO0AMMO PELIUTh CAEAYIOLUE 3a4a4u:

— HW3Y4MTb MaTepHal IO TEME UCCIIEN0BAHUS;
—  BBIIOJHUTH 0030p MPOTPAMMHBIX MPOTYKTOB;
— OCYIIECTBUTbh 0OOCHOBaHHE IMPOEKTHBIX PEIICHUI IO BUJIaM O0eCTIeueHus;

— paspabotarh nHbopMarronHyto cuctemy «lloprdomano yqammxcs.

[Tepen pa3paboTKoil HH(OPMAIIMOHHON CUCTEMBI LIEJECO00Pa3HO PACCMOTPETh BAPHAHTHI
BHEJJPEHHUS CYIIECTBYIOIIUX MPOrPaMMHBIX PEIICHUN, KOTOpble MO3BOJMWIM Obl aBTOMATH3UPO-
BaTh BEJICHUS MOPT(HOINO YUALTUXCS B IIKOJIAX.

«Konctpykrop noprdonuno ydyenuka (online)» moaaep:kuBaeT MHOTOMOIb30BATEIbCKYIO
paboTy 1 MO3BOJISIET yUyaIeMycsl M €ro POAUTENSIM co3/1aTh caMuM noptgoinuo [1]. Koncrpykrop
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UMEeT JIPY’KECTBEHHBIM M WHTYUTHUBHO TOHSATHBIN wHTepderic. [laxe ydamumecs HadaabHON
MIKOJIBI 06€3 MpobJIeM MOTYT CO3/1aTh CBOE COOCTBEHHOE MOPT(HOIIHO.

OCHOBHBIMU pa3jiejlaMUd JAHHOTO KOHCTPYKTOpa SIBIAIOTCS: « TUTyIbHBIN JucT», «Moi
Mup», «Most yaeba», «Mos obiecTBeHHast paboTtay, «Moe TBopUYeCTBO», «MOU JOCTUKCHHSI,
«OT3bIBBI U MOKETAHUY.

JlaHHBIM TIPOMYKT SBIISICTCS OECIUIATHBIM, HO €CTh PUCKHM YTEUKH JIaHHBIX. Tak Kak B
nopT¢h oo OyAeT BKIIOYEH IMUPOKUNA CIIEKTP JAHHBIX 00 OLEHKaX M MOCEIIaeMOCTH, KOTOPHIMU
MOTYT BOCIIOJIb30BaThCsl MOILIEHHUKU. bojiee Toro, mpyu oTCyTCTBUM UHTEPHETA, BOCIIOJIb30BaTh-
Cs1 JAaHHBIM KOHCTPYKTOPOM CTaHOBUTCS

4portfolio.ru ABJIETCS OecrutaTHBIM KOHCTPYKTOPOM nopTQoaro [2].
3aperucTpupoBaHHBIE IMOJI30BATEIN MOTYT CO3/1aBaTh CBOM MOPTQOINO, AOCTYIHBIC IS
npocMotpa, riae ectb WHrepHer. C NOMOIIBIO JAHHOIO KOHCTPYKTOpAa MOXHO CO3[aBaTh
pa3iauyuHble BUIbI MOPTQOINO: TOPTHOIUO A TUUHBIX IIesied, MOPTHOINO0 CBOUX JOCTHKEHUH,
nopT(OINO OT3BIBOB U Pa3IMYHBIX JOKYMEHTOB. [losib30BaTenn MOTyT:

—  JIEeMOHCTPUPOBATh CBOM YCIEXU U JOCTHKCHHUS B HATJIATHON U KpacoyHOU (opme;

—  KOHTPOJUPOBATh JOCTYH K Pa3IMYHBIM pa3JielaM CBOEro nmoprdono;

—  mHcaTh KOMMEHTapuu K CTpaHU4YKaM MOpPT(HOJIMO IPYTHX MOJIb30BaTENeiH;

— 0o0warkces ¢ Ipy3bsIMU U KOJUJIETaMU, BCTYIIaTh B MHTEPECYIOLUE COOOIIECTBA;

—  JICJIUTHCSI CBOMMH MBICIISIMHA U UJIEIMH.

OCHOBHBIM  HEJOCTAaTKOM  SIBISIETCSI TO, YTO TIpPU OTCYTCTBUM  HHTEpHETA,
BOCTIOJIb30BaThCSI KOHCTPYKTOPOM OYJIE€T HEBO3MOXKHO.

Jpyrum BapuaHTOB CO3/aHUSI MOPTQOIHO SBISETCS aBTOMATH3UPOBaHHAs CHCTEMaA
«CeteBoii ropon. OOpaszoBanue» [3]. B Heil oOecmeunBaeTcss pa3HOYPOBHEBBIH JOCTYN K
pa3nuyHON mKoJIbHON nHpopManuu. [TopTdonro MoryT co3naBath u ydeHUKH, U niegaroru. [1o
YMOJYaHUIO CO3/1al0TCs ueThipe pasnena: «lloprper», «loctmxenus», «Komnekropy, «Paboune
MaTepuaIb».

[Ipoananu3upoBaB MPOrpaMMHBIE MPOAYKTHI, ObLIO MPUHATO PEIIEHHE O pa3paboTKe
COOCTBEHHOW WH(POPMALMOHHON CHUCTEMBI, NpPEIHA3HAYCHHOH JUIsI BEICHUS DIIEKTPOHHOTO
noptdonuno ydamuxcst B MBOY «Kagerckas COLL Ne 2 umenu M. C. barpakoBay.

HNupopmannonnas cucrema «lloprdonro yyammxcs» npeaHa3HaueHa ajs:

— XpaHeHMs, O0OpaOOTKM M aHaiM3a JaHHBIX 00 ydJammxcs o00pa3oBaTEbHOTO
YUPEXKICHUS;

— ydeTa M aHaJlu3a JOCTHMKEHUH ydaluxcs;

—  (QopMupoBaHUs PEUTHHIOB yYalIUXCA 34 yYaCTUE B PA3IMYHBIX MEPONPUATHUSX;

—  3KcnopTa c(OpMHUPOBAHHBIX TOPT(OINO U OTYETOB.

Ha naHHBII MOMEHT CyIIECTBYET MHOI'O Pa3IMYHBIX cpell pa3paboTku, Takue kak 1C,
Microsoft Visual Studio, PyCharm, Visual Basic, Delphi. Onn umeroT kak npeumyinecTsa, Tak u
HepoctaTku. Ho g pa3paboTku mHGpOpManMoOHHON cuctembl BblOpaHa minaTdopma «1C:
[Tpeanpustue 8.3», no3Boistonas GopMUpoBaTh pasinyHble (QYHKIMOHAIBHBIE perieHus [4].
[TosryueHHBbIE pelIeHnss MOKHO MCIIOIb30BaTh B Pa3IMUHbIX chepax AesITeIbHOCTH.

Ha cerogusmnuit gens «1C: Ilpeanmpusitue 8.3» sBisercss Haubojiee H3BECTHOM
cucreMoi ynpasieHus B Poccun.

Ha Bei6op CYB/] [5] BnustoT paznuunble KpuTepuu. DPPEeKTUBHA JU BHYTPEHHSS MO-
JIeNb JTaHHBIX, MOAJEP>KUBAETCS JIM OHA CUCTEMOM, CIIOCOOHA JIM ONMUCHIBATH KOHIIETITYaJIbHYIO
cxemy. bonpmmucTBO CYBJl OCcymiecTBIsAIOT paboTy ¢ pelsiuoHHON Mojaenbsio. 1o MySQL,
PostgreSQL, Oracle BD u npyrue. OHu HCTIONB3YIOTCSI B TOM cilydae, Korjaa HeoOXoJIuMo co-
3/1aBaTh HEOOJIBIINE U30JIMPOBAHHBIE CHCTEM C HECIOXKHOM CTPYKTYpOH JaHHBIX, C HEOOIBIIMMU
0o0beMaMU JIaHHBIX U HECIIOKHBIMH 3aIPOCaMH.

Jlns XpaHeHus! NaHHBIX B puiioxkeHnu BeiOpana cooctBenHas CYB/] 1C. Ona pa3spabo-
taHa pupmoit «1C» U ABISETCS YaCThIO MIATPOPMBL.

[Tocne 3amycka mporpamMmbl BBIBOAMTCS IJIaBHas (opma, KOTOpas MpeJCcTaBlIeHa Ha
puc. 1.
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['maBHas ¢popmMa mporpamMmbl COAEPIKUT MEHIO, COCTOAIIEE M3 YEThIpEX MyHKTOB: «I aB-
Has», «OcHOBHas paboTa ¢ JaHHBIMUY, «OTUeTh», «CIIPaBOUHUKH.

€. = HKon.. (1C:Mpeanpuatue, yuebnan sepcua) (O
ke [MaeHoe !':LT OcHoeHan pabota c OTyetkl CrnpaBoqHiEN
_‘) \'? JaHHEIMK |

Yuawmecs  Kpysam  MeponpuaTtia

Puc. 1. 'naBHas ¢popma nporpamMmel

ITynkt meHroo «CrpaBoYHUKH» colepkUT noameHio: «lIpeamers», «CoTpyaHUKN»,
«KpyXKH U CIIOPTUBHBIE CEKLUN», «BuUabl MEPONIPUATUI», «YPOBEHb MEPONIPUATHIY, «Pe3yib-
TaTbl MEPOIIPUATHI, «barib».

[TynkT meHi0 «OcHOBHasi paboTa C JaHHBIMUY» COAEPKUT TaKUE MOAMYHKTHI: «Yyalue-
cs», «Kpyxkn», «Meponpuarus».

[ToanyHKT MeHIO «Ydaluecs COACPXKHUT JHYHYI0 WHpopManuoo 00 yuyeHuKax, HHpop-
Maluoo 00 UX POUTENIX U AoCTHKeHUsX. Paznen «loctuxkeHus» conepKuT BiIaaku: «Oaum-
nuanel», «Hayunsie xoHdepenuun», «KoHKypc Hay4yHbIX paboT», «BbicTaBKa Hay4dHO-
TEXHUUYECKOT0 TBOpUECTBay, «lccinenoBarenbekas e TEIbHOCTDY, «MIHTEIEKTyanbHbIE UTPBI»,
«[leuarnsie pabotel B CMUW», «CniopTuBHBIE HOCTIKEHUNY, «I10», «bamiby.

[TonnyHkT «KpyXKU» CONEPIKUT PACIIUCAHUE KPYKKOB U CIIOPTUBHBIX CEKIIUM.

[ToanyHKT «MeponpHsTUs» COAEPKUT UHPOPMALIUIO O MEPOIPUATHIX, B KOTOPBIX MpH-
HUMAaJIA y4acTHE ydaluecs.

ITyHKT MeHIO «OTYeTB» MO3BOJIAET IOJB30BATENI0 COCTaBUTh OTUeThl: «CHucKM yda-
muxcs», «PERTUHTY ydacTus B MEPONPUATUAX Y, «AHAIIU3 Pe3ybTaTOB y4acTUsl B MEPONPUSATH-
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INPUMEHEHHME RPA TEXHOJIOI'NU JJIA ABTOMATU3AIIUN
BU3HEC-ITIPOLHECCOB, OCHOBAHHBIX HA CUCTEMAX YIIPABJIEHUSA
B3AMMOOTHOIIEHUI C KJIMEHTAMHU

beparoruna Anacracust AHapeeBHA

VYpanbckuii rocy1apCTBEHHbIN YHUBEpCUTET UMeHU TiepBoro IIpesunenta Poccun b.H. Enbuuna,
r. ExkatepunOypr, P®

KiaroueBbie ciaoBa. RPA, CRM, aBromarusamus, OusHec-mpoiecc, podoT, cucrema,
nporpamma.

busnec-npouiecc — 3TO COBOKYNHOCTb B3aMMOCBSI3aHHBIX MEPONPUATUN WU padoT,
HAIpaBJICHHBIX HAa CO3/IaHUE OIPENEICHHOTO MPOIYKTa WM YCIYTH JUIsl moTpeOuTenei. IT1o
KOMOWHAIMS HECKOJBKHUX BAaXKHBIX CTYNEHEH, MOMOTAIOUIMX pEealn30BaTh BECh IMOTEHIUAIL.
VYrpasieHue OU3HEC-TIPOIIECCOM COCTOHMT M3 YETBIPEX ITAIOB, 33 MPOXOXKICHUEM KOTOPBIX Cie-
IST MEHEDKephI-yrpaBieHIbl. CTaTbsd TMOCBSIIEHA TEME Pa3BUTHS aBTOMAaTH3allMH OW3HEC-
IPOIIECCOB € MOMOIIBI0 TexHoJoruu RPA (robotic process automation), KOTOpbIE YaCTHYHO WA
MOJTHOCTBIO MPOTEKAIOT C MCIOJIB30BAaHUEM CHCTEM YIIPABJICHUS B3aMMOOTHOIICHUSIMU C KIIHEH-
tamu CRM (Customer Relationship Management). B nanHo# craThe IpOBeeH aHAIU3 MPEAMET-
HOW 00JIaCTH M ONMCAHBI OCHOBHBIE TEHJICHIIMU B cepe aBTOMATHU3AIMK OU3HEC-TIPOIIECCOB, a B
0COOCHHOCTH TEHJCHIMH «poOOTH3MpOBaHHOW aBTOMaTH3amuu» (RPA), Ha OCHOBE KOTOpBIX
chopMyIHpoOBaHa BBISIBIEHHAsI MHOIO Mpo0OJieMa M MPEAoxKeHo pemeHue. VccmempoBanue mpo-
BEJICHO Ha OCHOBE COBPEMCHHBIX MCTOYHHUKOB, TAKUX KaK KPYIHBIX aHAIUTHYCCKUX ArcHTCTB
Gartner. brarogapsi 1OoCTyITHOMY M3J0KEHUIO U pa3HOOOpa3WI0 MCTOYHUKOB JTAaHHAS CTAaThs OYy-
JIET UHTEPECHA YUTATEIISIM C JIFOOBIM YPOBHEM OCBEIOMIICHHOCTH B TEME aBTOMATHU3allMU On3HEC-
IPOIIECCOB, OT T€X, KTO TOJBKO HAYMHAET 3HAKOMUTHCA ¢ RPA, 1m0 yXe ONMBITHBIX MpencTaBUTe-
JIeH ATOTO HAIIPABIICHHUS.

RPA aBTomMaTu3auus 4 ee TpeHbI

Robotic Process Automation (RPA) — poGoTu3upoBaHHasi aBToMaru3anusi OW3HeEC-
IIPOLIECCOB, Takas aBTOMaTH3alus Oa3upyercs Ha NPUMEHEHUHU MPOTPAMMHBIX POOOTOB, KOTO-
pbie paboTaroT ¢ monb3oBarenbckuM uHTepdeiicom (GUI) Bamux cuctem. [1] [Ipu s3Tom poboTsI
Moryt paboraTh u ¢ API, eciau cuctemsl ero npenoctasisioT. J[Ba riaaBHbIX 3¢ (deKTa oT BHEApe-
HUsSL poOOTH3ALUN — TOCPEACTBOM YCTPAHEHHUs 4EJI0BEYECKOro (pakTopa W M30aBICHUS COTPYA-
HUKOB OT BBIIIOJIHEHUS! PYTUHHOW paboThl, OJarofaps 4eMy OHM OO0JIbIlle BpEMEHHU YAENsoT 0o-
Jlee KpeaTUBHBIM 33/1a4aM U MOBBILIEHUIO CKOpocTH paboThl, RPA obecneunBaer OusHecy cHHU-
JKEHUE 3aTpaT W noBbImeHue dPdekTuBHOCTH padounx mporeccoB. Omnpoc Deloitte cpenu 400
KpYNHEHIINX KOMIIAaHUH, IT0Ka3all, 4To 63 % opraHu3anuii He BEIIOJIHWIN B CPOK IPoeKThl RPA.
Jns Tex, KoMy 3TO yJnajaoch, CPOK BO3BpaTa MHBECTHIMI OKa3zaics OoJiee JJIUTENbHBIM, YeM
oxunanocs. B uccnenosanuu EY Tarke roBoputcs, uro 30-50 % NpoOeKTOB MO BHEIPEHUIO
MpOrpaMMHBIX pOOOTOB TeprAT Heyaaudy [9]. Yamie Bcero 3To CBsA3aHO C TEM, YTO 3aKa3UHKHU
npuMeHsIoT RPA-cuctemsl He IO Ha3HAYEHUIO, IIBITASICH C €€ TIOMOIIBIO PEIUTh BCE 3aa4l UH-
terpanu. Ho camast Gosnbias mpoGiema CeroHs 3akio4aeTcs B TOM, YTO Y MHOTUX KOMITaHUA
HEKOTOpPBIE MPOIIeCcChl (PYHKIIMOHUPYIOT TOYHO Tak ke, kak 20-30—40 net Hazan [2]. B Takom
ClIydae Mpesk/Je 4YeM aBTOMaTHU3UPOBATh TO, YTO U TaK YCTapeso U HapalluBaTh AOMOJIHUTEIbHbBIE
npo0JIeMbl, Ha4aTh CTOMT C MepeHaIa Ik OU3HEC-TIPOIIECCOB KOMIAHUH.
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Puc. 1. Teunenumu RPA

BrisiBiieHHas npodJiema

IIpobnema — 6GU3HEC TMPOIIECCHI, KOTOPBIE MPOTEKAIOT MOJHOCTHIO MK yacThyHo B CRM
cucreMax TpeOylOT MHOIO BPEMEHU U PECYpCOB Ul aBTOMATH3alMHU C UCHoJb30BaHHeM RPA.
Jl1s KaXXJ10r0 Takoro mpoliecca 3aKa3uyuky YT K CTOPOHHUM BEHJ0paM, WM HAIPSIMYIO K KOM-
HaHUSM, MPEOCTaBISIIOIUM IUIaT(OPMBbI JUTs pa3pabOTKH, MIATAT pa3paboTyMKaM, 3a CaMOro
po0oTa, B HEKOTOPBIX CIy4asix €Ille U 3a JIMLEH3UI0 U Ou3Hec-aHanuThkam. [lomumo noporosus-
Hbl U SHEPro3aTPAaTHOCTH, TAKUE PEIICHUS MPUBOJAT K JIUIIHUM OIPaHUYCHUSM U3-32 CTOPOHHE-
r'0 B3aMMO/JICICTBHS C CUCTEMaMH.

IIpensiaraemoe pemeHue
B kauectBe peuieHus npo0iaemMbl TpyAHOCTH aBTOMaTu3aluu ousHec-npoueccoB B CRM cucre-
Max, s X0uy IpPEeUIOKUTh PAaCCMOTPETh BO3MOXKHOCTh MHTerpauuu RPA mnardopmsl, a Tounee
ee ¢pyHkumnoHana, ¢ roroBbiM CRM pernieHnemM B kKauecTBE OTACIBHOTO MOJTYJIA.
e RPA mnardopma npoaaet aunen3uto CRM cucreme
e (CRM peanuzyet B cBOel cucTteMe OTAEIbHBIA MOJYJIb, C JOCTYIOM KO BCeMy (DyHKIIHO-
HaJy 11aT(OpMBI
e Knuent, npuoOperiminii TapuHbIN IUIAaH C MOBBILIEHHBIM (YHKIIMOHAIOM, MOXET HC-
I10JIb30BATh JAHHBIA MOJYJIb.

Ha oToencHoOM

KOMMbKOTEpE

N

CRM cepBep
/OQ Ha cepeepe
,) E——
. i
CRM + RPA Studio

RPA cepBep Ha komnbloTepe

nonb3oBartenA

.38

Puc. 2. RPA + CRM
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[TocpencrBom muTerpanuu ¢ CRM cucreMoit, cozmaercs oOIuii cepsep, OTBEUAIOIIUNA 1
3a paboty CRM cuctemsl 1 3a myonukanuio u peaiausanuio RPA po6oTos.

[Ipenmnonaraercs, 4YTo JaHHOE PEICHUE MTPUBEAET K

® T[IOBBIICHUIO YPOBHS oOcBegoMieHHOCTH 00 RPA  TexHonmorum y KIHMEHTOB-
nosib3oBareneit CRM cucrem

® CHIKECHHMIO 3aTpaT KIMEHTOB Ha pa3paboTKy aBTOMATU3UPYIOIIUX pOOOTOB

® YIPOINEHUIO IMpolecca pa3paboTku, O6iaaroaaps MpOCTOTE MOIYYEHHUS! OCTYyINa K cpele
pa3pabOTKU U PErysIpHON TEXHUYECKON OIEPKKU

e noBbiieHUIO NMpuOBITH CRM cuctem

® BO3MOXXHOCTH PACHIMPUTH (PYHKIIHOHAN pa3pabaThiBaeMbIX poOOTOB 3a CUET BHEIPEHUS
B0 MHOTO(yHKIIMOHANTEHYI0O CRM cpeny

® CHI)XEHMIO BPEMEHHBIX 3aTpaT Ha pa3pabOoTKy aBTOMATHU3HPYIOIIUX pOOOTOB
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AHAJIN3 MUTPAIIMA B CTPAHAX EBPOIIEMCKOI'O COIO3A

beunkoBa Mpuna EBrenneBHa, CTy/IeHTKa
[TepcreneBa Haranbs [1aBnoBHa, KaHA. 3KOH. HAyK, JIOL.
E-mail bechikova.irina@gmail.com

Camapckuii rocy1apCTBEHHbIM SKOHOMUYECKUM YHUBEPCUTET

AnHoTanus. CTpaHa KOHEUYHOIO Ha3HAYEHUs JUIsl MUTPAHTOB, Hampasisironuxcs B EB-
pOITy, MOXET MEHSATHCS B 3aBUCHMOCTH OT pa3iMyHbIX (pakropoB, Takux kak: BBII Ha mymry
HaCeJIeHUs, MEXIyHapOAHAasE TOPrOBIISl, YPOBEHb TPYIOCIIOCOOHOTO HACEJICHUS U YPOBEHb 0e3-
paboturisl u np. Llenb 3ToM cTaThM — MOKAa3aTh, KaK OCKEHIIBI BHIOMPAIOT CTPAHBI HA3HAYCHUS,
Ha OCHOBE CXOJICTBA MEX]ly €BPOIEHCKMMU CTPAHAMM C ITOMOILBIO KJIacTepHOro ananusa. Kia-
CTEpHBIM aHAJIN3, IPUMEHSIEMbI B JAHHOM CTaThe I IPYNIIMPOBKU CTPAH HA3HAUYECHUS, MPEJ-
CTaBJIsIET cOO0M METOJOJIOTHIO KiIacCU(UKAIMK JaHHBIX, UCIIOJIB3YEMYIO Ul pa3JesieHus 00b-
eKkToB (B HameM ciydae ctpan EC-28) Ha HECKOIBbKO IPYII ¢ UCHOJb30BaHUEM Ha0Opa mepe-
MEHHBIX Kjactepusanuu. KiacrepHslil aHaIN3 mpeacTaBisieT co00l OJMH W3 BBICHIMX YPOBHEH
ONKMCATENIBHBIX MOJIETIEN TPYIITUPOBKH CTPAH.

B pabote Ha ocHOBE OQHUIIMANBHBIX CTATUCTHYECKUX NAHHBIX E€BPOMEHCKHUX CTpaH ObLI
MIPOBEJICH KJIACTEPHBIN aHanu3 (PaKTOpPOB, BIUSIONINE HA MIOTOK MUTPAHTOB B CTpaHbl EBporieii-
ckoro coro3a B 2018 r.

AHanM3 TOKa3bIBa€T, YTO IMPUHUMAIOIIME CTpaHbl B EBpore MOXHO CrpynmnupoBath
B TPH KJIacTepa: CaMble MOIYJISIPHbIE CTPAHbI HA3HAUEHHUS C BBICOKUMU YKOHOMHYECKUMHU TOKa-
3aTelsiMU, BEAYIINE CTPaHbl HA3HAUCHUS, HOBBIC CTPAHbI Ha3HAYCHUS (TTepu(epruiiHbIc 1 HAUMe-
HEe YKOHOMUYECKHU Pa3BUTHIE CTPAHBI.

KuarwueBblie cjioBa. MurpaimoHHbie MpoOUECChl, MUTPAHThI, KIACTEPHBIN aHAIN3, JEMO-
rpadusi, TIPUHUMAIOIINE CTPAHBI.

W3ydas BOmpoc MEXIyHApOAHONH MHUTPAIH, MOKHO BBISIBHUTH B3aUMOCBSI3b MEXKJY Ieo-
rpagu4ecKuMH NIEPEMEIICHUSAMH, U TTPEAMIESCTBYIOIIMMHA UM U3MEHEHUSIMH B MUPE, TAKUMH Kak
BOIHBI, TOTUTHYECKHE KOH(MIUKTHI, JeMOrpadUuecKuil pOCT U U3MEHEHHE OKPYKAIOIIEH CPeIbI.

PoiHKM Tpyna sIBIAIOTCS OJHUM W3 OCHOBHBIX MEXaHW3MOB, MPOIYLHPYIOUIUX MHUTpPa-
I[IMI0, BBI3BAHHYIO PA3TUYMSIMH B YPOBHE 3apab0THOM TIaThl B Pa3HBIX CTPAaHAX.

s mpoBeneHrs KJIACTEPHOTO aHaiM3a OBLIM PacCMOTPEHBI (HaKTOPHI, XapaKTepU3YIO-
1IMe MpHUBIeKaTenbHOCTh cTpaH EC ¢ TOUKM 3peHuss MUTpAIUH, KOTOpPbIE MPeICTaBICHbI B Ta0-
nune 1. JlanHble 11 MpoBeieHUs aHalu3a ObUTH B3sITa C cailiTa DkoHOMUK/[aTa, KOTOpbIe omnepa-
TUBHO MPEAO0CTaBIsIET SKOHOMHUECKHE U (PUHAHCOBHIE TAHHBIE.

Tabnuna 1
@DaxTOpBl, NCIOJIB3YIOUIMECS B KIACTEPHOM aHAJIN3€e
Ne Paxkrtop HanmeHnoBaHue nepeMeHHbIX En. nsmepenus

X1 | GDP BBII Ha nymy Hacenenus nomn. CIIA

X2 | Trade MexayHaposHas TOprosist (cymma skcropta U | % ot BBII cTpanst
MMIIOpTa CTPaHbl)

X3 | AgeDep VYpoBens TpynocrnocodbHoro Haceiaenus (ot 15 mo | %  or  obmero
64 ner) HACEJIEHUs CTPaHbI

X4 | Govt Pacxozapl Ha koHeuHOe moTpediieHue obuiero npa- | % ot BBII crpansl
BUTEJIbCTBA

X5 | SelfEmp KonuyecTBo caM0O3aHATHIX JIHUI] % ot paboueii cu-

JIBI
X6 | FDI [Tpsimble THOCTpPAHHBIE HHBECTULIMN % ot BBII ctpansl
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X7 | Unemp YpoBeHb 6e3paboTHIIBI % ot paboueil cu-
JIBI
X8 Life Osxuaemasi IpOJOJKUTEIILHOCTD KU3HU rong
expectancy
X9 | Health care | Pacxombl Ha 31paBoOOXpaHEHHE % ot BBII cTpansl
costs

KnacrepHblii aHanus, paccMaTpuBaeMblii B JAaHHOW CTaThe A TPYNIUPOBKU CTPaH
Ha3Ha4YeHUs], IPEJICTABISIET CO0O0M METOOJOTHIO Kilaccu(UKaIMK JaHHBIX, OCHOBaHHYIO Ha EB-
KJIMJIOBOW METPHKE PAcCTOSIHUS MEXIy 0ObeKTaMu. JlaHHAs METpuKa MpUMEHSETCS s pa3ze-
neHust o0beKTOB (B HamieM ciaydyae cTpad EC-28) Ha HeCKOIbKO TPYIII € UCIIOJIb30BAaHUEM HA0O0-
pa mepeMeHHBIX Kiactepusanuu. OObeIuHeHne B KJIACTEPhl OCYIIECTBISUIOCH C TIOMOIIBIO Me-
tona Bapna.

[TpoBeneHHbIN aHAIM3 MO3BOJIMI crpynnupoBars crpanbl EC B 3 kinacrepa. IlepBona-
YaubHO JJIA aHanmu3a paccMaTpuBaiuchk Bce ctpanbl EC (28). [To3xke Obutn uckimodensl Kump,
Maubra n JltokcemOypr n3-3a uX HEOOIBIIOTO KOJUYECTBA HACEICHHS, YTOOBI M30eXKaTh CUCTe-
MaTHUYECKON OLIUOKHU MPU MOJICTUPOBAHHH.

Jis yTOYHEeHHsT XapaKTePUCTUKU PE3yNIbTAaTOB KIacTepU3alnu ObLT HCIOIB30BaH METOJ
K-cpenHux, 1eIpi0 KOTOPOro SABJISIETCS pasjeicHrne HAOMOICHUI Ha ONPEAeIEHHOE KOINIECTBO
KiacTepoB. D((HEeKTUBHOCTh MPOBEACHHON KIacCU(UKAIMU OLIEHUBAETCSI C TIOMOIIBIO JHCIIEp-
CHOHHOTO aHaiu3a. B Xxome JUCIEpCHOHHOTO aHalu3a HWCKIIOYEHBI cieaylnme (akTopsbl:
MEKyHApO/IHAsl TOPTOBIIS, KOJIMYECTBO CAMO3AHATHIX M MPsIMble HHOCTPaHHbIE MHBECTHINU. 1o
JaHHBIM (aKTOpaM BHYTPUTPYIIOBAs AUCIEPCUS 3HAYUTEIHHO MPEBBIIIANIa MEXIPYIIOBYIO.
Pe3ynbpTaThl MTUCHIEPCHOHHOTO aHAIHM3a CBHJETEIBCTBYIOT 00 3()(PEKTUBHOCTH TPOBEICHHOMN
Kiaccudukanuu. B nanHom ciiydae ¢ 10CTOBEPHOCTHIO 95 % MOXKHO MPUHATH THIIOTE3Y O Hepa-
BeHCTBe aucnepcuil. [loaromy pazdbuenue crpan Ha 3 kiacTepa CTaTUCTUUECKH 000CHOBAHO.

Jlist XapakTepUCTUKH Ka)XI0TO KJacTepa ObLTM MPOaHAIM3UPOBAHBI CPEIHUE HOPMHUPO-
BaHHbIE 3HAUEHUS TOKa3aTesied, BIUSIOMNUX Ha KOJIMYECTBO MUTPAHTOB O KAXKIOMY KIIacTepy.
B pe3ynbrate nosnyueH peMTUHT cpeTHUX 3HaUYeHUH (Talm. 2).

Taobmuma 2
Cpe,I[HI/IC HOPMHUPOBAHHBIC 3HAYCHUS noxkasarejiei yCHOBHﬁ, OMPEACIIAOIMINX
KOJMYCCTBO MUTPAHTOB B IIPOLCHTAX OT 06]].[61"0 HACCJICHHUS 110 KAXKAOMY KJIACTCPY

® Cpennee 3nauenue |Cpegnee 3Hauenue |Cpeanee 3Hauenue| Panr ana | Paur mns | Panr qns
aKTop JUTst KacTepa 1 JUISL KJacTepa 2 Is kmactepa 3 |kimactepa 1 |kimacrepa 2 |kmactepa 3

GDP -0,358514 -0,78799 0,714732 2 3 1

Govt -0,087785 -0,37311 0,744499 2 3 1

SelfEmp 1,310116 0,02700 -0,418124 1 2 3

Unemp 2,059683 -0,37870 -0,344592 3 2 1

Life

expectan 0,832807 -1,06869 0,655805 2 3 1

cy

Health

care 0,145382 -0,49425 0,658705 2 3 1

costs

Cymma 12 16 8

paHToOB
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HaunnyumuMm mo 3HaueHHIO CpeHUX MOKa3aTesei SBISIETCS 3 KIIacTep, MOCKOIbKY, YeEM
MCHBIIIC 3HAYCHUC peﬁTHHFa CpCOHUX, TEM 60JIBIJ.I€ KOJIMYCCTBO MUTPAHTOB. B JAaHHOM KJIaCTCpC
HauOOoJIbIIKE 3HaYCHHS 110 OOJIBIIMHCTBY MOKa3aTelei, KpoMe ypoBHS 6€3pa0oTHIIbI.

ITocnennee mecto 3aHuMaet kiiactep 2. HanMenpiie 3HaueHus B JaHHOM KJIacTEPE OT-
MEUEHBI 110 TToKa3aTeNsiM: ypoBeHb 0e3padoruiibl 1 BBII Ha nymy HaceneHus.
CocraB KJ1acTepoB MpeACTaBiIeH B Ta0IuIe 3.

Tabmuma 3
CocraB KJIacTepOB IO MOKA3aTEsIM YCIOBUH, ONPEACIISIONIUX KOJIMYECTBO MUTPaHTOB 3a 2018 r
Yucno cTpad B
No knmactepa P CocraB kiacrepa
KJIacTepe

1 4 I'permst, CrioBenus, Ucnanws, Mtanmst

5 11 bonrapus, Pymeinug, Xopsarus, [lonbumie, Benrpus, JlatBus,
JlutBa, CnoBakus, Dctonus, Yexus, [lopTyranus.

3 10 Opaanusa, BenmukoOputanmsi, bembrus, ['epmanus, OuHIIH-
nust, ABctpusi, Hunepnannel, IlIBenus, Hauus, Upnannus

TakuMm o0pa3zom, pacrpeaencHue eBPONEHCKUX CTpaH IO MOKa3aTessM, XapaKTepHu3yro-
LIMM [PUBJIEKATEIIBHOCTD C TOUYKH 3PEHUS MUTPAlMK HEOTHOPOIHO.

Kiactep 1, ctpanbl KOTOPOro MOXHO OXapaKTepU30BaTh KaK HOBbIC CTPAHbl HA3HAYCHUS,
BKurovaet ['penuto, Crnosenuto, Mcanuto, Utanwuro.

CrpaHbl 3TOro KjacTepa XxapakTepusyrorcs cpeaauM yposHeMm BBII Ha nymry HaceneHus,
YpOBHE pacxo0J0B Ha KOHEYHOE NOTpeOICHIE Ha MTPABUTEIHCTBO, BHICOKUM YPOBHEM 0e3paboTH-
1Ibl. DTH CTPaHbI HE BXOAAT B YHUCIIO HanOOJee MPEANOUYTUTEIbHBIX HANPaBACHUN I TPaKIaH
TPETbUX CTPAH; OJHAKO YMCIO MUTPAHTOB, MPOXKUBAKOIIKUX B cTpaHax Kiacrepa 1, yBennuuBa-
ercs. Ecnu paccMOTpeTh TOJIBKO MOTOK MUTpaiuu mosojexku B Mcnanuto u Uranuio, MOXHO
0XKHMJIaTh, YTO 9TU cTpaHbl momnaayT B Kiacrep 3 mpu paccMOTpeHHHM IPYTHX COLHAIBHO-
SKOHOMHUYECKUX MEPEMEHHBIX.

Knactep 2, oOpa3oBaHHBIi 1epudepHitHBIMI/MEHEE SKOHOMUYECKH PAa3BUTHIMHU CTpaHa-
MU (C TOYKH 3pEHUS] MPUBIEKATEIHHOCTH I MUTPAHTOB), BKIOUaeT bomrapuro, Pymbrauto,
Xopgsatuto, [lonsmry, Benrputo, Jlateuto, JIutBy, CrnoBakuto, Ictonuto, Yexuto u [lopryranuro.

Ctpanbl, CTpyIIUPOBAHHBIE B 3TOT KJIACTEP, MEHEE SKOHOMHUYECKH d()PEKTUBHBI, YeM
CTpaHbl, BKJIIIOYEHHBIC B JIBa APYrUX KJIACTEpa, UMEIOT camble HU3KKE 3HadeHus BBII na nymry
HaceJIeHUs!, TPOJOJIKUTEIbHOCTD )KU3HU.

Krnacrep 3 Brurogaer B ce0si Beylne SKOHOMUYECKH Pa3BUThIE CTpaHbl B Mupe: Opan-
nuto, BenukoOpurtanuto, bensruto, I'epmannto, @unnsaauio, Actputo, Hunepnannei, 11IBe-
uuto, lanuro u Upnanauto.

CrpaHbl, CrpynnupoOBaHHbIE B 3TOM KJIacTE€pe, UMEIOT JIydlllne SKOHOMUYECKUE MOKa3a-
TeNH, Takue, kak Beicokuil BBII Ha nymy HaceneHusi, HU3KUN ypoBeHb 0€3pabOTHIIbI, BBICOKAs
MIPOJIOJKUTENIbHOCTD KU3HU.
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METO/] BCTPAUBAHHUSA CJIOB C OTPUILIATEJIBHOM BBIBOPKOM

bokan Manuna EpxaHKbI3bI
E-mail: bokanmadina98@gmail.com

Kazaxcrancko-bputanckuii TeXHUYECKUN YHUBEPCUTET
Pecniy6nmka Kaszaxcran, Anmarst, 050000

AnHotanusa. OJIHUM W3 CaMbIX M3BECTHBIX aBTOPOB MeTojia siBiiseTcss Tomac MuKooB.
Ero nporpamMMHoe obecriedeHue U METOJ TEOPETUYECKOTr0 NMPUMEHEHMs SIBJISIOTCS OJHUMH U3
OCHOBHBIX JJISl HAIlIEr0 CEroJHSAIIHEro paccMoTpeHus. CTOUT OTMETUTb, YTO OH OoJjiee MaTeMa-
TH4yecku opueHTHpoBaH. Cam aBTop, Tomac MukosoB, umen 001bllIe OTHOLIEHUS K MAaTEMATHKE,
U €ro METOJI KacaeTcs MPEKIE BCEr0 MaTeMaTHYECKOIO PELICHUs ISl TEOPETUYECKOro, a 3aTeM
IIPAKTUYECKOI0 PELIEHUs JUIsl CO3JaHUsl 3TOr0 U METOJa, KOTOPbIM MbI aHanu3upyeM. [lnoTHbie
BEKTOpHBIE IPEJCTABICHHS CIIOB B IOCIEIHEE BpeMs MPUOOpEIH MOMYJISPHOCTh B KauecTBE
byHKIni GUKCHPOBAHHOM JTUHBI VIS aJTOPUTMOB MAIIMHHOTO O0Yy4eHUs, M cucteMa MUKoIo-
Ba B HACTOSILEE BPEMsI IIUPOKO MCIIONB3YeTCsl. MBI HCCaenyeM OAMH U3 €r0 OCHOBHBIX KOMIIO-
HEHTOB, OTPHUIIATEIbHYIO BRIOOPKY, U TpeuiaraeM 3 ()eKTUBHBIC pacTpeieICHHbIE METOIbI, KO-
TOpBIE MO3BOJIAIOT HAaM MaclITaOUpoBaTh, YTOOB! yKa3aThb U HUCKJIIOUUTh BO3MOXHOCTb IOTEpU
BEPOSITHOCTH IPHU AHAJIOTMYHOM 3HAa4deHUHU. ['0BOps O pa3BUTUM HEWPOHHOW CETH, HE CTOMUT 3a-
ObIBaTb O MaTEeMAaTU4ECKOM 0a30BOM TEOpHUH MOHMMAaHUS BEPOSTHOCTU BbIOOpa ciioBa. Kpome
TOTO, 3TOT METOJ COKYCHPOBAH HA OJHOM JICHCTBHM B IIMPOKOM CMBICTIE Il 00pabOTKH pac-
IIO3HABAHUS BBILLIECYIIOMSHYTOTO BEKTOPA UM CJIOB.

KuroueBbie cioBa. ['paduku, orpunarensHas BRIOOPKA, METOJI BCTpAaWBaHUs CIIOB, To-
Mac MukonoB, oOyueHue, Maremaruyeckass 0a3oBas TEOpHs, MOCIIEAOBATEIbHOCTh, MaTpUIla,
BEKTODBI.

NEGATIVE-SAMPLING WORD-EMBEDDING METHOD

Erzhankyzy B. M.
E-mail: bokanmadina98@gmail.com

Kazakh British Technical University
Republic of Kazakhstan, Almaty, 050000

Abstract. One of the most famous authors of the method is the person Thomas Mikolov.
Its software and method of theoretical application is one of the major ones for our consideration
today. It is better to pay attention that it is more mathematically oriented. The author himself had
more to do with mathematics and his method concerns first of all a mathematical solution for a
theoretical, and then a practical solution for creating this and the method we are analyzing.
Dense vector word representations have lately gained popularity as fixed-length features for ma-
chine learning algorithms, and Mikolov’s system is now widely used. We investigate one of its
main components, Negative Sampling, and offer efficient distributed methods that allow us to
scale to indicate and exclude the possibility of probability loss in a similar value. Furthermore,
this method is laser-focused on a single action in the broad sense for processing the recognition
of the above-mentioned vector or words.

Keywords. Graphs, negative sampling, method of word embedding, Thomas Mikolov,
train, mathematical basic theory, sequence, matrix, vectors.
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Introduction

It is better to start with the fact that with the development of computer technology, name-
ly computers began to turn in the 20th century from 1920 computers into full-fledged personal
computers. Vivid examples that we can observe in the 1960s 1. With the development of com-
puter technology, there was an urgent need to enter texts, as computers became not only a means
of calculus, but also text input and search. Embedding itself can be understood as a translation of
text into the language of the computer itself. Accordingly, there is only an open and closed gate
for the processor architecture. That is, the supply of current and its absence. Hence the existence
of 1 and 0 modes. The easiest way that can come to mind is the orientation of words by numbers.
After all, combinations can be made up to 01 to the power of 26 to subtract 1. But this method in
itself is considered extremely inconvenient and takes up productivity. And with the existence of
programming languages and explanation through the writing of certain formulas of action, and
we are talking about single actions that reduce the load on the constant computing power of the
processor itself. This way we find more acceptable ways for embedding. Today we will talk,
strictly speaking, about the implementation of this method for embedding and about the conven-
ience of recognizing and using the formulas below in the present tense. It’s vital not to forget
that the important formulas and people involved in the evaluation of the method will be impact-
ed. It is critical to consider that the transition to this way of embedding use the existing search
engines such as google and Yandex in their search engines, where the much-needed ability
methods of word recognition the actual cell servers by the processor in place. In this article we
will answer the questions. What is this method? How is it applied and where? What formulas
exist? Graphs and an illustrative demonstration of the translation of a word into a programming
language that we understand. These and many questions that you would like to find answers to
may be present in this article. [1, c. 25] Let's move on to getting acquainted with the method it-
self and its application in practice.

Acknowledgements

In the first part, it is worth considering conditional probabilities and these include words
from the corpus of the letter w and the letter d. In this case, the probability of loss of p(d/w; 0)
will be considered

1) argmax IT[IT p(diw;6)]

0 WET ext

in the practical equation shown, D(w) is a set of contexts of the word w and its corre-
sponding resulting probability. Generation that allows you to find out the subsequent possibili-
ties. The alternative for this equation is tracking :

2) argmax Il  p (d/w; 0)
0 (w,c)ED
In this case, D is a set of all available pairs of words from a given context that we extract from
the selected text. This method is an alternative for the first one with high possibilities for accurate
calculation, since we have a basic set in the form of D, which allows us to perform an exponential
calculation.

Main body

Meanwhile, Mikolov introduced a new negative sampling system that would be much
more efficient based on probability and resource capacity. This method of negative sampling is
based on the theories of the probability of loss or skip-gram . It is worth considering this formula
below [2, c. 20].

1) Here are a couple of (w , d ) words from the context under consideration. Was it taken

from the relevant database? It is worth denoting them as follows ( D =1 | w, d) this will be the
probability that (w . d ) obtained not mediocre from an array or corpus of words.
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2) Definitely, thenp (D =0|w, d) will be the probability that (w, d ) is not obtained from
the data of the actual case itself. As before, we assume that there are parameters 6. governing the
distributionp (D =1|w,d).

3) Throughout the computational process, we believe that the words and and contexts are
taken from separate arrays or dictionaries, so that the vector associated with the word "airplane”
will be quite different from the vector associated with the context of the word "aircraft”. This
follows from the very logic of context separation, from the vector itself. Existing points in their
places and the probability of their loss. Depending on the location of the points, we introduce
variables into the corresponding formula, whereas vectors and their relationships may remain
completely different in one case or another. One of the reasons for prompting this question is the
separation of the word by its direct meaning and the context for comparison. Finding points and
vectors. For example, an airplane is an aircraft and an airplane. Words having the same motivat-
ed context and vector. In this case, all the words will be shared in the probable context of D. In
this case, it is rather possible to assign a low probability. In practical application, the theory itself
will look like this: IT (aircraft | aircraft ), which will subsequently lead to a low value of V -V,
where we can assume the impossibility. Such questions appear everywhere and we proceed from
the fact that the fact is that we divide a word into a direct meaning and in context, and then we
perform a matching operation.

Our real task in the future is to answer this question and build steps to improve this meth-
od in order to maximize the probability loss. Let's imagine the given in the formulas below. To
demonstrate our actions. Maximizing our actions is necessary in order for the code to be viable
and adapted to work in a negative sample.

argmax I p(D=1lw,d;0)

6 (w,c)ED
—argmaxlog I H(D=1w,d;0)

0 (w,c)ED
zargmax II log p(D = 1|w, d; 6)
6  (wc)eD

The rate in this equation p (=1 |d, w; 0 ) the datum can be shown by referring to soft max
p(D=1w,d;0)=1%1+e """
And the corresponding definition of the solution looks practical as follows :
argmax X logl% 1+e¥"W
0 (wc)eD

In this case, it is indicative that the problem has a trivial solution, if we establish 6 from here we
can conclude that p (D = 1 | w, ¢; 6) = 1 for a pair of each, otherwise we will proceed from (w ,
d) . This is not difficult to achieve given the set value of 6 and in such a way that vc = vw and vc
- vw = K for each subsequent standing vc , vw, where K is a sufficiently large number (in a prac-
tical sense, we can get a probability of 1, but only as K = 40. In a general sense, an indicative
solution is also necessary for theoretical understanding. The loss of words with the practical and
meaning of the vector can be very different and it is worth taking into account without fail. And
in order to have a sufficient understanding of the indicator, a decision is needed regarding the
probability itself. The loss of words with a similar meaning and in general words in general in
context or vectorial basically has a direct relationship to the probability of loss. The practice in
this case is quite easy to show. It is obligatory to have a tool or other mechanism that would not
allow existing vectors to have the same value. Prohibiting similar combinations (w , d ). A good
way for this representation exists and it looks like this for existing pairs ( w, d ), for them p (D =
1| w, d; 0) must have a low value for them. For those cases where pairs do not exist, we can
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achieve the goal by referring to the generation of a set of D' random pairs (w , d ), we can assume
that they are not true.(the name of this set "negative sampling™ actually comes from a set of D'
randomly selected negative examples). In this case, the goal of optimization is to select or use
another language to generate negative possibilities.

argmaxIIp(D=1d,w;0)II,(D=0|d,w;0)
6 (wd)ED (w,C)ED’
zargmaxI1o(D=1lc,w;0) T (1-p(D=1d,w;0))
0 (w,d)ED (w,d)eD’
=arg max X log p(D = 1|d, w; 0) + X log(1 — p(D = 1|w, d; 60))
6 (w,d)ED (w,d)ED’

=argmax X logll+evecvw+X log(l1-1%1+e¥"W)
0 (W,C)ED (W,0)ED’
=argmax X log 1% 1+e™™+ X log(1l-1%1+e"™W)
0 (wdeD w,d)eD’

—argmax X log 1% 1+e""W+ X log(1%1+e"*"™")

0 (w,d)eD (w,d)eD’
If we let to be o(x)=1 % l+e—x we will have answer like this:
argmax X logl%1+e™™W+ X log(1%1+eY™™W)
0 (wd)eD (w,d)eD’
=zargmax X logo(ve - vw)+ X logo(—ve - vw)
0 (wd)eD (w,d)eD’

following a certain method of construction, there is a difference and it is extremely clear-
er and easier to master, from Mikolov. The most striking difference we want to show you to
readers is that we represent the goal in general for the corpus D U D' at the same moment they
represent it as follows in one example (w, ¢) € D and k examples (w, cj ) € D' following a cer-
tain example of construction D' following the basic law of construction in the negative sampling
method. [4,c.30]

In particular, a negative sample k Mikotow and other related scientists have created a me-
thodical method to perform the task D' k times erected more than D, and for each of the existing
(w, d) € D, we create k samples (w, d1), . .., (w, dk), where cj is shown later in relation to its
distribution across anagramme. , raised to a power is necessary to derive the indicator 3/4. This is
equivalent to extracting samples from the given case (w, d) in D' from the unigram distribution
(w, d) ~ pW(W) peontexts(c) ¥ % Z, where pwords(w) and pcontexts(c) are the one-program distri-
butions of words in this equation and the contexts of this represented word and, respectively, that
Z is the normalization constant in the verbal sense in the equation. In the work of Mikolov and
other scientists, each context is in a vector in the existing equation - this is the represented word
(and all words are displayed as contexts for probability derivation), therefore we assume that
pcontext(x) = pwords(x) = count(x) % |Text| [6,c.130]
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5.1 Remarks for topic And the corresponding definition of the solution looks practical as fol-
lows:

1) The main significant difference in this case, from the skip gram model described in the
skip gram topic, is that the main formulation in this section does not model p(djw), but ra-
ther a specific model compatible with the distribution of w and d.

2) Thomas Mikolov, Ilya Sutskever, Kai Chen, Gregory S. Corrado and Jeffrey Dean. They
are connected in the creation of works and the promotion of the theory of negative selec-
tion in the field of the probability of words falling out and the main works for search en-
gines and individual tasks for the processor . In promotion with quite successful results in
the field of neural information processing systems 26: 27th Annual Conference on Neural
Information Processing Systems 2013. Proceedings of the meeting held on December 5-
8, 2013, Lake Tahoe, Nevada, USA States, pages 3111-3119, 2013.

Transition from theory to an indicator of understandable practice
Having understood the theoretical meaning and structure and solved the problem of the

probability of falling out in a negative selection by example, we decided to show readers the
main practical steps for understanding a negative selection in the simplest ways below. For ex-
ample, the word "Train™ or any word. To show how the code works. Below is the code itself and
the graph. As we can see there are some side of the code that we can use whatever make word in
computer language. Negative sampling: [7]
epochs = 10000
print_every = 1000#In skip-gram middle word becomes the input which predicts #surrounding
words(targets)
#Every time one_hot_auto() is called fresh batch is generatedmid_hot, sur_hot, labels =
one_hot_auto()
for i in range(epochs):#Forward prop to get hidden layer

z_midl = fc_inp_word(torch.Tensor(mid_hot))

z_sur = fc_targ_word(torch. Tensor(sur_hot))

#Initialize a 1d matrix of Os to store dot products between each
#row of first hidden matrix embedding input with second hidden
#matrix embedding target words
#This score forms the basis for optimizationdot_u_v = torch.zeros(mid_hot.shape[0], 1)
for j in range(len(z_midl)):
dot_u_v[j, :] =z_midl[j, :] @ z_surfj, :]

#Sigmoid activation applied to dot products of vectors
desired_logits = dot u_v
sig_logits = nn.Sigmoid()(desired_logits)

#Back prop and stepping
optimizer.zero_grad()
loss = criterion(sig_logits, torch. Tensor(labels).view(sig_logits.shape[0], 1))loss.backward()
optimizer.step()
if 1 % print_every == 0:
print(loss.data)
#Scheduled one_hot_auto() to generate fresh random pairs
mid_hot, sur_hot, labels = one_hot_auto()#Prints losses
tensor(0.6029)
tensor(0.0674)
tensor(0.0146)
tensor(0.0060)
tensor(0.0029)
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tensor(0.0022)
tensor(0.0011)
tensor(0.0008)
tensor(0.0003)
tensor(0.0003)

Thus, we find out that it is also possible for the processor to recognize words by single
actions with the calculation of a certain probability of loss. In the future, it is worth considering
that in the vector, if we are talking about a linear vector, there is a certain array of letters forming
a verbal composition through a prepared sample. This saves resources and has only advantages.
For example, processing an array is more than a single action, unlike processing by a processor
with several actions to create its own calculation and refer not to existing letters. Thus, during
negative processing, the processor runs in information referring to an existing array, which is
stored in a certain way [3, c. 20]. This all greatly reduces the load not only on the processor, but
also on the service itself. In this case, we are talking about the existing advantages.

Basically, we will allude to the method of selection with a square. A square in which the
current supply and its absence are located on the left side. A certain sequence creates the proba-
bility of memorizing the most convenient ways of marking letters. 1A and 1B in this case con-
tiguously create 1 "a" and 1"b". Given the matrix, we can imagine a complete working software
system for our own word recognition and the probability of a semantic hit on the graph. Next, it
should be borne in mind that it is the negatively excluding probability that is the main meaning
for a negative selection in embedding. The main idea is to eliminate duplicate values, which clut-
ters up the code and loads it with unnecessary calculations. Having completely analyzed the top-
ic, we can see that by eliminating such a scenario in advance, we can finally come to the most
convenient computational method [4, c. 20].

Nevertheless, the general indicator is the very concept of an array from where the basic
information for processing comes from. Without understanding the array, it is impossible to im-
agine a general semantic selection for words. Arrays can be quite different, but the classic way of
the indicator in square brackets with the form of processing the prepared combinations mainly in
the language itself can look like this [a, b, c, d, e, f, g, etc.]. Thus, we create a word by selection
and exclusion in negative processing in the simplest way, which is the concept of embedding. Do
not forget that the code is extremely large, however in this work we have examined the main ex-
amples for a complete understanding of the working state of the codes and the method of non-
reactive selection [5, c. 30].

The existing algorithm. An algorithm is a basic principle in programming and in life. An
algorithm is a certain sequence of actions. For example, when processing, first of all we refer to
an array or resource. After accessing the resource, we proceed to identifying variables, for exam-
ple, and from here we proceed from the negative selection method to prevent the repetition of
certain probabilities D, which we presented above.

Conclusion

It is worth saying that the main analysis for understanding the general features of this ar-
ticle is given with the concepts of practical examples with references in the form of theoretical
material. In general, the method of negative selection itself was mainly presented in 2013 [9].
Speaking about the development of the neural network, do not forget about the mathematical
basic theory of understanding the probability of word selection.[10] In this context a deep theory
is related to as a neural network. It is also crucial concentrating on the real application of the
code in practice. We apply practical code referring to the developments. The method of negative
selection serves to indicate the possibility of probability loss in a similar value and excludes it.
Also, this method is deeply focused on a single action in the general sense for processing the
recognition of the above proposed vector or in a linguistic context [12, c. 10].

For an approximate understanding, we started calculating existing points in relation to
each other and considered vectors. In the presented abstractness, we would talk about a square
that could show us several adjacent points with similar meanings. We must definitely exclude
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other existing points that are not related to our selection. Often speaking about this method,
many forget that the main task of this negative selection method is to create certainty in the an-
swer in the recognition itself.
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METO/AbI OHEHKH YTOMJIEHUA ABUALIMOHHOI'O CHHELIIUAJIMCTA

by3aeBa Enena AnekcanapoBHa, aClIUPAHT
bynaroBa Anacracus EBrenbeBHa, acCnupaHT
EBceBuues Jlenuc AnekcanapoBuy J011., KaHJI. TEXH. HAyK
E-mail: buzaeva6373@mail.ru

VYIbSHOBCKUI MHCTUTYT I'PAKIaHCKOW aBUALUU UMEHU
I'maBHOrO Mapmana aBuanuu b.I1. byraesa
r. YIbpsHOBCK, PO

AHHOTaUMsA. YTOMJISIEMOCTD — 3TO CI0KHOE U MHOT00Opa3HOe SBJICHUE, KOTOPOE MOXKET
OKa3bIBaTh KaK MPSIMOE, TaK U KOCBEHHOE BiIMsHUE. HecMoTps Ha TO, 4TO yTOMIISIEMOCTD SIBJISIET-
Cs peaKUurel MpOU3BEIECHHOTO TPY/IA, BBIICISIOT HECKOJBKO CTaJAUM, HECYIIMX MPSIMYIO YIpo3y
3JI0POBbIO: HAYMHAIOLIAsICA, JIETKasi, BhIpaKeHHas, Tshkenas. Kak npaBuiio, JaHHbIE CTaJAUU CO-
IMPOBOXAAKOTCA HM3MCHCHHUCM KOMIIJICKCA (bH3HOJIOFI/IqCCKI/IX, CY6’beKTI/IBHBIX Hn IICHUXOJIOTHYC-
ckux nokasarene. [locine 1950-x rr. BIusHUE YTOMJIEHUS HA MPOU3BOJUTEIBHOCTD TPY/ia MPU-
o0peiio ocoboe 3HaueHue. XoTs yTOMISIEMOCTh Ha0IIi01aeTcsl BO Beex cdepax, B JaHHOU padbore
Oyzner paccMaTpUBaThCSl TOJIBKO YTOMJISIEMOCTh aBUAI[MOHHBIX CHELMAIUCTOB. ABHMALUs OTHO-
CHUTCS K OTPACIISIM MOBBIIIEHHOTO PUCKA, HA KOTOPBIE 3HAYUTEIBHO BIHSIET YTOMISIEMOCTh, OCO-
OeHHO 3TO KacaeTcs 0e30MacHOCTH TpyAa U APQPEKTUBHOM pabOThl. YTOMISEMOCTh SIBIISETCS
CYIIECTBEHHBIM (DAaKTOPOM, KOTOPBI CHUKAET TPYAOCTIOCOOHOCTh aBUAIIHOHHOTO CIICIHATIUCTA.
[Tpumepro 70 % HecyacTHBIX CIyyaeB CO CMEPTEIbHBIM UCXOJOM MPOUCXOAMUT U3-3a YeJIOBEUE-
ckoro ¢akropa, u3 Hux 15-20 % CBsS3aHO C YTOMIISIEMOCTBIO IKHITaXKA.

OcHOBBIBasACh Ha M3YyYEHHOH JIUTepaType, B JaHHOW padoTe Aaercs olpelesieHUe ycTa-
JIOCTH, PAaCCMAaTPUBAETCSl 3HAYMMOCTH MPOOJIEMBI, 00CYXIAIOTCS METOJbl OICHKH YTOMJICHHUS
aBUALIMOHHOI'O CHelMannucTa. B 3akiroueHue cTatbu JaroTcs HEKOTOPbIe peKOMEHJaluU i Oy-
JIYLIUX UCCIEAOBAHUIM MO 3TOW TEME.

KiroueBble cjioBa. YToMIIeHHE, aBUAlMsl, aBUALIMOHHbBIE CIEIIMATIUCThI, Pab0TOCIOCO0-
HOCTb, BHUMAHHC, pCaKIUA.

[locnencTBus anuTenbHOro pabodyero BpeMEHU B aBHAlLlMU, KOTOpbIE BIIEPBBIE OBLIN
yIOMsHYTHl B Hauane 1920-x IT., npuBeaH K pa3padoTke rpaduka eXypCTB JETHOIO COCTaBa.
[Tockonbky B paboTe aBMAlIMOHHOTO CIEMUAINCTA YaCTO BCTPEHAIOTCS JUIMTEIbHBIE MEPHOIbI
JIeKYpCTBa, HENpPeACKa3yeMble yachl padOThl, HApyIIEHHE IUPKaJHbIX PUTMOB U OTCYTCTBHE Ka-
YECTBEHHOI'O CHA, YTOMJISIEMOCTh SIBJIIETCS OJIHOM M3 IiaBHBIX mpobsieM. Korna aBuannoHHble
CHEUAJINCTBl JOJTO JIMIIEHBI CHA, MPOUCXOIUT 3aMENJIEHUE CKOPOCTU PEAKIMH, MOSBIISIOTCS
po0JIeMbl C MaMATHIO U YBEIWYUBAETCS BEPOSTHOCTH COBEPLIEHUS OLIMOOK, KOTOPHIE MOTYT
IPUBECTH K HECYACTHBIM ciydasiM [ 1, . 56].

C nenpio onpeaeneHuss ONTUMAIbHBIX METOAMK I MCCIEAOBAaHUS YPOBHSI YTOMIICHHUS
ABUAIMOHHBIX CIEIMATUCTOB ObUIO MpoBeneHo uccineaoBanue Ha 6aze ®PI'BOY BO YnbsHOB-
CKOr'0 MHCTHUTYTA I'Pa)XJaHCKOM aBHAllMM UMEHM IJ1aBHOTO Mapiaina aBuanuu b.I1. byraesa.

C 1enpio OLEHKH YTOMJIIEMOCTH aBMAllMOHHOT'O MEpcoHaia Obula HalucaHa MporpamMma
B cpeae VisualStudio, mpencrasstomnias codoit cOOpHUK MUMPOBBIX BEPCHI TECTOB MPOBEPKH
BHUMaHMA U peakiuu. [lepes Hauanom HMccienoBaHHUsS KaKJOMY HCIBITYeMOMY HEOOXOIMMO
OBLIIO 3aMOJIHUTH AHKETY, yKa3zaB (paMHIIUIO, MMs, BO3pPACT, CBOE COCTOsSIHME (ycTaj/He ycTal)
U BpeMs POXOXKAeHUs Tecta (yrpo/Bedep u ap.) (puc. 1).
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Puc. 1. Aakera ucmpITyeMoro

[Tpu npoBeneHuN nucciie0BaHus ObLIIN UCIOIb30BAHBI CIIEIYIOIIUE TECTHI.

1. Tect «Tabnuma LlymnbTey.

Ha sxpane nosBisiercst Tabauna ¢ yucinamu ot 1 g0 25 B ciyvaitHom nopsiake. Heo6xo-
JUMO IOCJIEZIOBATEIBHO MPOLIEJIKaTh MBIIIBIO BCE 3TH uncia oT 1 g0 25.

OCHOBHOI ITOKa3aTeb — BpeMs BBIMOJIHEHUS, a TAKXKe KOJIMYECTBO OLIMOOK OTAEIBHO IO
Kax10# Tabiuiie. HopManbHBIM pe3yabTaToM CUMTaeTCs mpoxo Tabumist 3a 3040 ¢ [4, c. 88].

2. Tect «Cuet no Kpenenuny».

CyTb METOJIUKH COCTOUT B TOM, YTO UCHBITYEMOMY TpeOyeTcs MOCIe10BaTENbHO IPOU3-
BECTH CJIOKEHME IMPEJICTABICHHBIX B TaOJIMIIE B IECATH psAAax mapbl HUQpP, paCHOI0KEHHBIX OJ1-
Ha HaJ JAPYrod, U BHECTH PE3YJbTAT CIOKEHHS MOJ STUMH IH(PpaMH, HO C OTOpAChIBAHUEM Je-
CSITKOB — €CJIM IOJIyYUBILIEECS YUCIIO OKaXeTcsh Oonbliue aecsaTu. To ecTh, eciau MpH CI0KEHUU
y Bac MOJIY4YHJIOCh 17, TO pe3ynbTaT clieyeT BHECTH TOJIBKO 7.

OreHka pe3ysabTaTOB OMbITAa IPOBOJAUTCS 110 CKOPOCTH €0 BBIIOJIHEHUS U YUCITY OIINOOK
3a UccielyeMble IPOMEXKYTKH BPEMEHH.

3. Tect MroHcTepOepra.

Cpenu OyKBEHHOT'O TEKCTa MMEIOTCSA CJIOBa. 3ajiadya — KaK MOXXHO OBICTpee CUUTHIBAs
TEKCT, HalTH 3TH cioBa. OLieHUBaeTCs KOJINYECTBO HAaWJECHHBIX CJIOB U KOJMWYECTBO OIIMOOK
(mpomyIleHHbIC ¥ HEMPaBIIBLHO BBIICICHHBIC CII0Ba) [3, C. 22].

4. KoppextypHas npo6a «Konbua Jlangonstay.

dopma CoAepKUT cllydalHbIil HA0Op KOJIell ¢ pa3pblBaMu, HAPaBICHHBIMU B pa3IMyuHbIE
CTOpOHBI. VMcbITyeMblil TPOCMAaTPUBAET PsiZl U BBIYEPKUBAET ONPEIECICHHbIE yKa3aHHbIE B WH-
CTPYKLUHU KOJbla. Pe3ynbTaTel NpoObl OIIEHUBAIOT MO KOJIWYECTBY MPOIMYIIEHHBIX (HE3aYepKHY-
TBIX) 3HAKOB, a TAK)X€ [10 BPEMEHU BBIIIOJHEHUS 3aJaHHUS.

5. Tect «Peakiusi Ha IBHXKYIUICS OOBEKT.

Bo Bpems TecTupoBaHus HEOOX0IMMO HaxaTh Ha KHONKY «[loiiMaTe» B MOMEHT mnepece-
YEHUs! IBIKYLLIUMCS KBaJIpaToOM JIMHUN. B TecTe onieHuBaeTcsi KOJIM4eCTBO OLIMOOK.

6. Tect «Peakuus Ha U3MEHEHNE LIBETAY.

OObyuaromiemycst naercs 3afanue Ha Bpems. [Ipu cMeHe 1BeTa naHenu ¢ JKEeIToro Ha 3e-
JIEHBIH, UCTIBITYyeMOMY HE0OX0uMo HaxaTb KHOIKY «l[loiimate». Beero naercs 5 mombiTok 1uist
BBINOJIHEHUS 3a1aHus. OIEeHUBAeTCsl BEPHOCTh U CKOPOCTh pearupoBaHus Ha N3MEHEHHE 1[BETA.

7. Metoauka orcuera 15 c.

B yme HeoOxonumMo otcuuTtath 15 ¢ 1 HaxaTh KHOIKY «['0TOBOY.

JlanHast MeTOAMKA MO3BOJIAET OLICHUTHh HE TOJIBKO BHMMATEIBHOCTH MCIBITYEMOIO, HO
U OIICHUTD €r0 BOCIIPUATHE BpeMeHu [2, €. 12].

B kauecTBe mpumepa peanu3alM MPOrpaMMbl Ha pHC. 2 TpUBEIEH HHTepdeic mpo-
IpaMMBbI C OTKPBITOH (popMOi BeIoTHEHUs TecTUpoBaHus «Tabmuna [lynsTe».
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Tect "Tabnuua WynbTe"

HExMUTE "HBUATE TECT" 1 BaifepuTe 3HAUEHNRA NO NopAAKY 1.2, 3, ., 25
3 15 12 ] 1%

4 z 1 5 6 Ouwnbkn: 0

Puc. 2. Tect «Tabnuma Llynere»

[Tocne mpoxoxaeHust TecToB GOpMUPYETCS CBOJHASA TaOyHIla PE3yIbTaTOB C UTOTOBBIM
BpPEMEHEM MPOX0XKAeHUs. JlaHHbIe Pe3yIbTaThl MOXKHO BBITPY3UTh K ce0e Ha KOMIIBIOTED.

B nanbHeiiiem noigyuyeHHbIe JaHHbIE OYIYT MCIOJIB30BAHbI AJIsl pa3pabOTKH allfOPUTMOB
U IIPOrpaMMBbl JUIsl OLEHKH YTOMJIEHHSI aBUAllMOHHOTO CIIELMAIUCTA, MPEICKa3bIBAIOIIEH yTOM-
JIeHHE aBUALIMOHHOTO CIIEIUAINCTA.

bubnuorpaduueckuii ciucox

1. Unbun, E. II. Ilcuxodusmonmorusi coctosHUil uenoBeka : ydyeOHoe mocobue /
E. Il. Unbun. — Canxkr-IlerepOypr : Ilutep, 2016. — 412 c.

2. Kupoii, B. H. ®usunonoruueckue MeTOAbl B ICUXOJOTMU : ydeOHoe mocobue /
B. H. Kupoii. — Poctos-Ha [{lony :000 «IBBP», 2017. — 224 c.

3. JleonoBa, A. b. [lcuxonornyeckue TEXHOJIOTUM YIPABICHUS COCTOSIHUEM YEJIOBEKA :
yuebHoe nocobue / A. b. Jleonoa. — Mocksa : Cmeici, 2015. —423 c.

4. Hukanos, B. B. MeTosl TecTupoBaHus B ICUXOJIOTHH : yuyebHoe nocodue / B. B. Hu-
kaHoB. — CankTt-IletepOypr : Peus, 2003. — 139 c.
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3ABUCUMOCTDb PABOTOCIIOCOBHOCTH OT PA3JIMYHbIX TUIIOB
NHOOPMAINMOHHBIX JIUCIIVIEEB HA PABOYEM MECTE
ABHAIIMOHHOI'O CIIEUAJIUCTA

BynaroBa Anacracust EBrenbeBHa, acnupanT Kadeapbl aBUAlMOHHOW TEXHUKU
by3aeBa Enena AnekcanapoBHa, acniupaHnT Kadeapbl aBUAIMOHHON TEXHUKU
EBceBuueB Jlenuc AnekcanapoBuy, KaHJl. TEXH. HAYK, JOLI.

E-mail: bulatova26nastya@gmail.com

VY bSHOBCKMI MHCTUTYT IpakJAaHCKOM aBuanuu uM. ['maBHoro mapiunana apuanuu b.I1. byraesa
r. YabpsaHoBCcK, PO

AHHOTauMs. DKCIUTyaTallMoHHas cpena B cdepe aBumanuu u3mMeHuynBa. OHa pearupyer
Ha TEXHOJIOTMYECKUE N3MEHEHUs M KOMMEPUECKUe YCIOBHA, B TO BpeMs Kak (PU3MOJIOTUS Yelo-
BEKa ocTaeTcsi Hem3MeHHON. OTHUM U3 BEPOSTHBIX (YHKIMOHAIBHBIX HAPYIIEHUH B COCTOSIHHU
OpraHu3Ma 4YejioBeKa SIBJISIETCS yTOMJIEHHE, MOJAPOOHO HM3ydaeMoe CIEeLUAIUCTaMH B paMKax
IIPOrpaMMBbl 10 HaJ30py 3a UCIIOJIIb30BAHMEM MEXAHU3MOB KOHTPOJISI YTOMIJIEHUS, KOTOPOE MO-
’KET BO3HUKHYTh M3-3a MPOAOJDKUTEIBHON pabOThl aBUALIMOHHBIX CHEIMAIMCTOB NP JIUTENb-
HOU JKCIUTyaTanuy HH()OPMAIIMOHHBIX AHCIUIeeB. TeM He MeHee, CYIECTBYIOIINE TUCILICH, OT-
JMYAsICh MO Pa3HOOOPA3HBIM XapaKTEPUCTUKAM, TAKUM KaK TUIT MaTPUIIbl, pa3pellieHue U Tuaro-
HaJIb 3KpaHa, MOT'YT OKa3bIBaTh pa3sHOE BIUSIHNE HAa paOOTOCIOCOOHOCTh U POPMUPOBAHUE YCTa-
JIOCTH y ABUAIMOHHOI'O CIIELMAINCTA, COOTBETCTBEHHO. B naHHOI pabore mpu momouu mpo-
IrpaMMHOIO MPO/YKTa, paspaboraHHOro HaMu Ha si3bike C# B cpene Unity3D u MeToauKu OleH-
KU CKOPOCTH PEAKILIMH, [0 Pe3yIbTaTaM CEepUU SKCIEPUMEHTOB OBLIM MOJYYEHbl SMIMPUUECKUE
JaHHBIC B BUAC CPCAHHUX 3HAUYEHWH KauyeCTBA BBLITTOJTHECHHUS TECTa, B 3aBUCUMOCTH OT THIIA JUC-
IUIES] M €T0 COOTBETCTBYIOIIMX XapaKTePUCTHK. OKUIAETCs, YTO ITO MO3BOJIUT OLEHUTh 3aBUCH-
MOCTb U COCTAaBUTHb PCKOMCHIAALUN IJId MPUMCHCHUA AUCIIICCB C YYCTOM IMOBBIIICHHA pa60T0-
CHOCOOHOCTH aBUAIMOHHOI'O IIEPCOHAIA.

KiroueBblie ciioBa. Apuanus, TUCILIEH, NEPCOHAN, pab0TOCIIOCOOHOCTb, YTOMIICHHE.

C Touku 3peHHs] MporpamMMbl MO YIPABIECHUIO CBSI3aHHBIMU C YCTAJOCTbIO PHUCKaMHU
(FRMS — Fatigue Risk Management System) yromiieHue — COCTOSIHHE, BO3SHUKAIOIIEE MIPU JTUC-
OanaHce Mexny (PU3MUYECKMMHM M YMCTBEHHBIMH Harpy3kaMu IpPU OCYIIECTBICEHHHM BCEX BHIOB
JeSITeIbHOCTH B COCTOSIHUM OOJJPCTBOBAHHUS U BOCCTAHOBJIEHHEM I10CIIE ITHX Harpy3ok. B aBua-
MU BeJleTcsl paboTa Mo MOJIEPHHU3ALUH SKCITyaTUPYEMBIX TEXHUUECKUX CPE/ICTB, BKIKOYAsl MH-
(dopMalMOHHbBIE JUCIUIEH, TaK Kak paboTa aBHAaJUCIETYEPOB M HEKOTOPBIX JPYTUX CIELHATH-
CTOB HampsMyl0 ¢ HUMHU cBsi3aHa. Kak mpaBuio, npumenstorcs xuakokpucramindeckue (2KK)
mucrien pupm NEC, Garmin, Arnav System.

C yyeTroM aHaiu3a JUTEPaTypHBIX UCTOUHUKOB OMPEJIETIECHO, YTO €CTh MHOXKECTBO METO-
JUK JJI OLEHKN CKOPOCTH PEAaKIMHU — Pa3sHOBUIHOCTH CEHCOMOTOPHOM pEakLUU U OJHOTO U3
npohecCHOHANBbHO BaKHBIX KauecTB. B maHHOI paboTe mpUMEHSJICS aBTOMAaTU3MpPOBaHHBIN Ba-
PHAHT OLEHKH pEeaKIMM YeJIOBeKa Ha JBIKYIIUHCS OOBEKT NMpH MOMOIIM HAKMCAHHOIO HAMHU
CIICIMAIM3UPOBAHHOTO MPOTPAMMHOTI0 MPoAyKTa Ha si3bike C# B cpene paspabdorku Unity3D.

B nccnenoBanuu npuHAIM yyactue 5 yenoBek B Bo3zpacte 20 jeT, He UMEIOLINX MpodieM
C LIBETOBBIM BOCHpuUsATHEM. PaccTosiHME MEXIy SKpaHaMH U Y4acTHHKaMM cocTaBisuio 60 cwm.
[lepen HayaIoM SKCIIEPUMEHTOB /1aBajaCh YCTAHOBKA UCKIOYUTEIHLHO HA TOYHOCTh pearupoBa-
HUS, 4TO 00ECTIEYMBAJIO HETIPOU3BOIBHOCTD MPEXKICBPEMEHHBIX HIIM 3aI1a3/bIBAIOLINX PEaKIIHA,
I/le HapaCTaHHE KOJIMYECTBA MPEXKIEBPEMEHHBIX PEaKIUil TOBOPUT O COCTOSHUU MOBBILIEHHON
BO30Yy/IMMOCTH, a YBEIMUYCHHE YMCIIA 3aMa3/bIBAlOIINX PEaKIUi — MpU3HAK MpeoliajaHus Ipo-
IIECCOB TOPMOXKEHHsI. ANTOPUTM pabOThl MpPOrpaMMbl MoKa3zaH Ha puc. 1, a uHTepdeiic mpo-
IrpaMMbl TECTUPOBAHHUS [TOKA3aH Ha puUC. 2.
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Puc. 2. UnTtepdetic mporpaMMbl TeCTUPOBAHHS

Metoauka npeaHa3HadeHa JUIsi OIEHKHW TOYHOCTH JUHAMUYECKOTO Tila3oMepa u OamaHca
OCHOBHBIX HEPBHBIX mporieccoB. B Tecte Ne 1 o neHTpy sKpaHa pacroiaraercs 1ejib — KpacHbIN
Kpyr. HcnbiTyeMOMy mpejiaraercss OCTaHOBUTD ABWKYIIUKCS MPAMOJIMHENHO IO JKpaHy ClieBa
HAmpaBo OOBEKT B BUJIEC CHHEH BEPTUKAIBLHON YepThl B MOMEHT MepecedeHus ¢ eibio. MecTto
[IOSABJIEHUA OOBEKTAa Ha OKpaHC W Ha4dYajlo €ro ABMXKCHUA 3aJar0TCAd aBTOMATHYCCKH, a OTKIIMK
(ocTaHOBKA TUTAHKH) OCYIIECTBIISETCS C MOMOIIBI0 KHOTIKH KJIaBHATYpPHI «1Ipodem». B tecte Ne 2
B KQYCCTBC ABMIXXYIICTOCA o0BexTa OBLI OpsAMOYTOJIBHUK, B KAYECTBC L CJIN — BEPpTUKAJIbHAA 4YCp-
ta. [I[porpamMmma cuuTaer OTKJIOHEHHWE OCTAHOBJIEHHOTO JIBIDKYIIErocs OOBEKTa OT TMOJIOKEHUS
nenu. 3HadeHne OepeTcs 1Mo MOIYJII0 M MepeBOAUTCS B mpolieHThl, Te 100 % coOTBETCTBYIOT
TOYHOMY TIOTMAJaHHIO B 11eNb, a 0 % — HemonaaaHuto. TecThl BRIMOMHSINCH HA TUIIAX TUCILICEB
C pa3HbIMHU XapakTepucTukamu (Tabi. 1), rie Bce JUCIUIen COOTBETCTBYIOT HOPMATHBHBIM Tpe-
OoBaHUsSAM, KpoMme quctuies Ne 2 ¢ XyIIIIMH XapaKTePUCTUKAMHU.
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Tabmuma 1

XapaKTepUCTHKH TUCILIEEB, FCIIOIb3YEMBIX B CEPHHU IKCIIEPIMEHTOB

XapakTepucTUKH JUC-

Homep nucmuies

est 1 2 3 4
Tun matpuipt LCD LCD LED LCD
(IPS) (IPS) (T TN)
Jluaronais 3KpaHa 15,6 13,3 32,0 32,0
(mrotim)
Pa3pemenne 1920x 1920x 1920 1440%9
1080 1080 %1080 00
Yacrora oOHOBIICHHS 59 59 60 75
(')

dparMeHT pe3yJbTaToB IKCIEPUMEHTA (KOJUYECTBO MOBTOPEHHIA B MOMBITKAaX paBHO 20)
MOKa3aH B TaOJ. 2; Ha puc. 3 MOKa3aHa 3aBUCMMOCTh KaueCTBa BBIIIOJIHCHUS OT THIIA JAWCILIES.
WTOTOBBII pe3y/bTaT MONBITKU ONPELISIICS KaK cpeHee apu(MeTHIecKoe 3HaYCHHUE.

Tabnuna 2
PesynbpTaThl SKCIEPUMEHTA C UCIIOJIb30BaHUEM auciuies Ne |
TecT Ha peakiuo Ne 1
Howmep Howmepa nomnsiTok Cpen-
HCIIBI- 1 2 3 4 Hee 3HaueHue,
TyeMOTO %
1 74,70 82,35 76,80 81,60 78,86
2 85,30 86,55 82,55 84,15 84,64
3 82,05 86,20 84,10 83,05 83,85
4 73,17 78,55 72,25 77,70 75,42
5 78,60 70,10 78,00 70,05 74,19
Tect Ha peakiuo Ne 2
Howmep Howmepa nomneiTokx Cpen-
UCIIBI- 1 9 3 4 HEe 3H§1quHe,
TyeMOTO Yo
1 79,45 78,55 86,90 81,55 81,61
2 80,35 82,95 82,55 86,15 83,00
3 83,55 74,45 80,45 88,05 81,63
4 81,40 85,70 80,45 86,80 85,59
5 71,10 77,45 81,90 71,35 75,45

84,00%
82,00% -

80.00%

78.00% -

76.00% -

74,00% -
72,00% -

70,00%

LCD (IPS). 15.6° LCD (IPS), 13.3” LED. 32.0°

LCD (TN), 32,0°

Puc. 3. 3aBucUMOCTb KauecTBa BBEIIIOJHEHUS TECTOB OT THIIA I/IH(l)OpMaL[I/IOHHOI‘O JUCILIICA
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Bo-niepBbix, Hanmyumiee kadecTBo BhimoaHeHUs Ob110 y KK (IPS) mucrutes (15,6°). Bo-
BTOpBIX, yBenuueHnue nuaronanu cpenu JKK (IPS) pucnneeB moBbImaeT KauecTBO BBHITOTHEHUS,
SBIISIETCS. OTPAHUYEHHBIM, T. K. 1ajiee HAUWHAETCS MPOLIECC PACCESTHUSI BHUMAHUS UCIBITYEMOTO,
4yro noATrBepxkaeHo Ha aucmesx Ne 1, Ne 3. B-tpetbux, y KK (TN) gucmiies kauecTBo BBIIIOJI-
HEHUS XYK€, HECMOTpsl Ha HauOOJBIIYI0 YacTOTY M HauMEHbIIee pa3pelieHue. B-ueTBepThIX,
IIPY paBHOM JuaroHaiy sKpaHa (32°) mpeuMyIecTBO y CBETOAUOHBIX AUCIIIIEEB.

Jlucmiien OKa3bIBalOT MPSMOE BIMSHUE HA JESATEIbHOCTh aBUAI[MOHHBIX CIIELUATINCTOB.
[Mpenmourutensubl XKXK (IPS) nucninen ¢ Gonbiieit auaronansio (ontuManbHoe 3HaueHUE 20°).
CBetoanoHbIe TUCIUICU IPUMEHUMBI B cdepe aBHAIlMOHHOM 0€3011acHOCTH, I/1e TPEOYIOTCS SIp-
KHe, HachIIeHHbIE 11BeTa. HecMoTpsi Ha yuyeT HOpMAaTHBHOM 0a30if OCHOBHBIX XapaKTEPUCTHUK,
HY>KHBI YYeT U OLIEHKA TEeXHOJIOTUU U3TOTOBJICHUS IKpaHa, ONPEICIISIONIYIO pa3pelieHue, Bpems
OTKJIMKA, OJHOPOJHOCTb CTPYKTYPHI.
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PA3PABOTKA HECTAIIMOHAPHOM MOJIEJIA ITPOILIECCA
MU POJIN3A YIVIEBOJOPOJHOI'O CbhIPbA

bynaeB Atop AnekceeBuu
HonranoBa Upsna OsieroBHa, KaH/l. TEXH. HAYK, HAYYHBIH COTPYIHUK
Honranos Uropp quaﬁHOBHq KaHJl. TEXH. HayK, JIOI.
E-Mail: aiurbunaev@gmail.com

HammonaneHbliil nccnenoBarebCkuii TOMCKUN MOJIMTEXHUYECKUI YHUBEPCUTET
r. Tomck, PO

AHHoTauus. B Hacrosmeil pabore npeacTaBieHa METOAMKA MTOCTPOSHHS MIEPBOTO MPH-
ONMVDKEeHUs JUIsl HEeCTAllMOHApHOM MaTeMaTH4ecKodl Mojenu mpolecca Muposin3a OeH3MHOBOM
(dpakuuu ¢ y4eToM HaAKOIUJICHHsSI KOKCa B TEUCHHE MEXPEreHEepPallMOHHOTO IHKia. JlaHHas Mo-
JIeJIb TI03BOJIAET NPOTHO3UPOBATH BBIXOJBI LIEIEBOM MPOAYKLIUU: 3TUJICHA U NPONMIIEHA, SBIIAIO-
LIUXCS CBIPbEM IIOJIMMEPHOM IIPOMBIIIJIEHHOCTH, TP PA3JIMYHBIX 3HAUYCHUAX YIPABIISAIOLIUX I1a-
pameTpoB.

Tem He MeHee, OOOYHBIE PEAKIMM HENPEAEIbHBIX YIIIEBOJOPOAOB C 00pa3oBaHUEM
apOMaTHYECKHUX BELIECTB C MOCIEAYIOIEN UX MOIMKOHIECHCALUEN IPUBOIAT K OTJIOKEHHIO KOK-
ca Ha BHYTPECHHHX CTCHKax 3MEEBHMKAa PEAKTOpa IUponM3a. BenencTsue 3TOro yMeHBINACTCS
IUIOILA/b MTOTIEPEYHOr0 CEUEHHsI 3MEEBHKA, a TAKXKE BpeMsl IpeObIBaHUS PEaKLIMOHHOTO MIOTOKA B
anmapare. B cBoro odepenp CHHYKAIOTCS BBIXOJIBI IEJIEBBIX MPOJYKTOB, T. €. CHIDKAeTCs Y dex-
TUBHOCTH Iporecca. Takum o0pa3oM, MOJIeNb MO3BOJISET TAKXKe MPOTHO3UPOBATh CKOPOCTh PO-
CTa €10 KOKCa U, COOTBETCTBEHHO, JJINTEIBHOCTh MEKPETEHEPALMOHHOIO IUKIIA.

[ToMuMO 3TOro, B MOJENM TAKKE MMEETCS MEXaHW3M ydeTa T'MIPOJUHAMHYECKOH CO-
CTaBJIAIOIICH PEAKTOpa MHMPOJIN3a, KOTOPBIM PEAIM30BaH KaK pacdeT IOTEPh HA MPEOJOJICHUE
TUAPOJANHAMUYECKUX COIPOTUBJICHUM, BOSHUKAIOIIMX IPU IIPOXOXKACHUNA PEAKLHOHHBIM I1OTO-
KOM 3MEEBHKA PEaKTopa.

Taxoke npencTaBiieHbl pe3yJbTaThl CUMYJISIMK C HOMOILBIO pa3pab0TaHHOI'O MOAEIHPY-
IOLIETr0 KoMIulekca. B pesynbrare ObLIM HaiiieHbl 3aBUCUMOCTH BBIXOJOB LI€JIEBOM MPOIYKIIUU
OT YIIPaBJIAIOLIUX TapaMETPOB.

KioueBbie cioBa. [Iuponns, HecTaluoOHapHOE MOJEIMPOBAHUE, KOKCOOOpa30BaHHE,
onTUMU3aIMsL, OEH3MHOBAsT (PpaKIysl.

Ha naHHBII MOMEHT OCHOBHBIM CITIOCOOOM IOJyYEHHsI OJICPUHOB SIBIISETCS MpPOLecC MU-
poJin3a, B X0J1€ KOTOPOro YIJIEBOJOPOIHOE ChIPhE MOABEPraeTCs HarpeBy /10 BHICOKMX TeMIlepa-
Typ NpU OTCYTCTBUU JOCTyNa KACIOpoJa. B pe3ynpTaTe MOJIEKyIIbl, BXOIALIME B COCTaB ChIPbS,
MOJIBEPTaloTCsl pacnany v JIeruIpupOBaHUIO.

Tem He MeHee, 3()(peKTUBHOCTD Mpollecca YMEHBIIAETCS ¢ TEYEHUEM BPEMEHHM, BCIE-
CTBUE OTJIO)KEHHS KOKCa B pe3ysbTare MOOOYHBIX IpoueccoB. Takum o0pa3oM, YMEHBIIAIOTCs
BBIXO/bI LIEJIEBBIX MPOAYKTOB. [Ipy NOCTH>KEHNN ONPEEIEHHOTO 3HaYEHHsI COAECpKaHMsI KOKCa B
peakTope paboTa yCTaHOBKH NMUPOJIN3a OCTAHABIUBAETCS U IPOBOJUTCS €T0 BBIKMT.

Pa3pabaTbiBaeMast MOJielIb OCHOBaHA Ha CXeMe MpeBpallleHuH, npeicTaBieHHoN Ha puc. 1.
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Ks &
K4 K
—b\ ArlKaHbl |7(2—?>| HadTeHbl
1 K11 K.10
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’ AnKeHbl |
K K12 K114
K12
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Ka K3 K9 K7 & Ke
K
ATKWHBI |’<—3>| Apomatuyeckue YB }
P -8
K13
K14 Tonuapomatu4eckue
Kokc VB

Puc. 1. ®opmann3oBanHas cxeMa IpeBpamieHui

JluHaMuKa KOHLEHTpalMi KOMIIOHEHTOB CHUCTEMbI OMMCBHIBAETCS cUCTEMOM IuddepeH-
LAAJbHBIX YPAaBHEHUH, IPaBble YaCTH KOTOPBIX SABISAIOTCS CYMMOH CKOPOCTEH COOTBETCTBYIO-

IMX PEaKIUii:

dc; | dc;

” — U= ZW = Zai,j . I<j,t,l . HCZ,t,lﬁZ'ja (1)

riae Ci — KOHIIEHTpalis KOMITIOHEHTa | B 3aIaHHON TOYKe, MOJIb/JI, Czt) — KOHIIGHTPAIUS KOMITO-
HCHTA Z B 33JJaHHOU TOYKE, MOJIB/JI, @ij — CTEXHOMETPHUYCCKUI KOI(PPHUIUCHT KOMITIOHEHTA | B
peaKiuu |, fzj — CTEXHOMETPHUYCCKHI KOA(PPHUIIMEHT KOMIIOHEHTA Z B PEaKIUH J, U — JTHHEHHAs
CKOPOCTh PEaKI[MOHHOTO TMOTOKa, M/C, | — KoopauHaTa 1Mo JJMHE peakTopa, cM,  — KoopauHaTa
0 aCTPOHOMHYECKOMY BpEMEHH, C.

MeTo/10M KOHEYHBIX Pa3HOCTEH U3 ypaBHEHUS | BHIBOJIUTCS SIBHOE BBIPAKECHUE JIJISI KOH-
[ICHTpAIlMK KOMIIOHCHTA | B 3aJaHHON TOYKE:

1

Cier = (%) ' (2 w - i Cipsr,i-1 (E + i) ' Ci,t+1,l)a )
rae Al — mar uHTerpaun 1o JUIMHE peakTopa, cM, At — mar HHTerpaIiy Mo aCTPOHOMUYECKOMY
BpEMEHHU, C.

JJIst OTIeHKHM aJIeKBAaTHOCTH MOJTy4EHHOW MO OBLIO IPOBEICHO CPAaBHEHUE PACUCTHON
TOJIIIMHBI CJIOS KOKCa C TaKOBOW, HAKOMUBILICHCS B TEUEHHWE OJHOTO MEKPEreHEPAaIlMOHHOTO
[MKJIa Ha JeucTByomeM npeanpustur. OIHAKO, HA TPOU3BOJICTBE HE PETUCTPUPYETCS cama
TOJIINHA, HO UMEIOTCS KOCBEHHBIC MOKA3aTeNH, M0 KOTOPHIM MPOBOJIUTCS OlleHKa. K TakoBbIM
OTHOCSITCS TIeperaj JaBJICHUS MEXITY BXOJIOM U BBIXOJIOM M3 3MEEBHKA MUPOJIN3a, a TAKKE KO-
JMYECTBO HAMPABIEHHOTO HA BBDKUT TEXHUUYECKOTO BO3ayXa. TakuM 00pa3oM, 3HaAUEHUSI CKOPO-
CTel pocTa TOJIIIMHBI CJI0sT KOKca coctaBuiu 2,31 - 107 u 2,27 - 107" MM/c COOTBETCTBEHHO, TO-
rja Kak pacueTHOe 3HaueHue coctaBuio 2,314 - 107 mm/c. [TorpemnocTtu cocrasuiu 0,17 % u
1,93 % cootBercTBeHHO. PacueTHOE pacnpenenenne Kokca peicTaBlIeHo Ha puc. 2.

25 le—7

= = N
=) 8] <)

ToNWuHa C/I0S KOKCa, MM

o
n

0.0

0 1000 2000 3000 4000 5000 6000 7000
JOnuHa 3meeBuKa, cMm

Puc. 2. Pactipeenenrie TOMIMHBI CI0S KOKCA 110 AJTMHE PeakTopa MUpoIn3a
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MoO>XHO cKa3aTh, 9TO MOOOYHBIE MPOIECCH YCHIMBAIOTCS OJMKE K BBIXOAY M3 PEaKTOpA.
JlaHHOe SBIICHHE MOKHO OOBSCHUTH TE€M, YTO 00pa3yeTcst JOCTaTOYHO OOJIBIIOE KOJIUYECTBO HE-
HpE/EIbHBIX YTIIEBOIOPOOB U apOMATUYECKUX COCAMHEHHUH, KOTOPhIE BCTYNAIOT B PEAKLIUH T10-
JUKOHJICHCAIIUU C 00pa30BaHNEM KOKCOTEHHBIX BEIIECTB [2].

[TomuMo 3TOTO, OBUIM YCTAaHOBIICHBI 3aBHCUMOCTH BBIXOJHBIX KOHIIEHTpAIMK JTHIICHA
U TIONHJICHA OT TEMIIEPaTyphl BEACHHUS MpoIlecca U AaBJICHHUS Ha BXOJE B peakTop nmupoiusa. Pe-
3yJbTaTHI IPEJICTABICHBI B Ta0M. 1.

Tabmuna 1
3aBUCHMOCTH BBIXOJHBIX KOHIICHTPAIIHIA I[EJICBBIX MTPOAYKTOB OT TEMIICPATypPhI
Temmnepartypa, °C OTHIIEH, MOJIB/TT [IponmteH, MOJIB/ 1T
780 0,18 0,06
800 0,71 0,25
820 2,52 0,92
840 8 3,11
850 13,38 541

Tem He MeHee, OECKOHEUHOE MOBBILIEHHE TEMIIEpaTypbl HEBO3MOXKHO. OCHOBHOH IpH-
YUHOW SIBJISIFOTCS OTPAaHWYCHUS, HAKJIaAbIBaeMble CBOMCTBaMHM MaTepHuaja 3MeeBHKa. TakuM 00-
pazoM, HEOOXOUMBI JOIIOJTHUTEIbHBIC TTapaMeTphl ONeHKH A((HEKTHBHOCTH TIpoIriecca s Io-
MCKa ONTUMAJIbHOM TEMIIEPaTyphl.

[Ipu mOBBIIEHUHM JAaBJICHUS HA BXOJIE€ B PEAKTOP MHUPOJIM3a TAKKE PACTYT BBIXOIHBIC
KOHILIGHTpAallUX 3TUJIeHa U nponuieHa. OJIHaKo B JAHHOM CJIy4ae pOCT MPOUCXOAUT PABHOMEPHO
Ha JUana3oHe OT MUHUMAJIbHO JomyctuMoro 3Hadenus a0 0,5 Mlla, Torga kak npu mpeBsbliiie-
Huu 3Hauenus 0,5 MIla oH 3HaUMTENIBHO BO3pacTaeT.

Tabnuna 2
3aBHUCHUMOCTH BBIXOJHBIX KOHIICHTPAITUH IIEJIEBBIX MPOAYKTOB OT JIaBICHUS

Jasnenue, MIla | DtuineH, MOJIb/1 [TponuneH, Mosb/J

0,3 1,94 0,69

0,4 2,64 0,92

0,5 3,47 1,2

0,6 7,16 2,73

0,7 12,71 5,06

Tem He MeHee, OECKOHEYHOE MOBBIIIEHUE TABIECHUS TAKKE HEBO3MOXHO, MOCKOJIBKY
SHAYUTCIIbHO YBCIWMYHBAIOTCA 3aTpaThl TOIJIMBA HA HArpcB napocmpLeBoﬁ CMECH B KOHBECKIIHU-
OHHOI1 30He. Takum 00pa3zoMm, Kak U B CiIy4ae TeMIepaTypHOI 3aBUCMOCTH HEOOXOAMMbI NHbIE
napamMeTpbl OLICHKHU 3(1)(1)6KTI/IBHOCTI/I mnmponecca, mIOMUMO BBIXOAOB IPOJAYKTOB, JJI ITOUCKA OII-
TUMAaJILHOTO 3HAUEHUS 1aBJICHUS.

HccnenoBanne BBHIIOTHEHO 3a cyeT rpaHta Poccuiickoro mayunoro ¢onma Ne 21-79-
00233, https://rscf.ru/project/21-79-00233/

bubnuorpaduyeckuii cnmcok
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OB30P BO3MOKHOCTEH HHCTPYMEHTOB ABTOMATHU3UPOBAHHOT'O
TECTUPOBAHMS WEB-IIPUJIOKEHUN

BonkoB Makcum AHJipeeBUY, CTYIEHT,
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Kapenora Pus AnekcannpoBHa, 3aB. Kadeapoi
E-mail: riya2003@mail.ru

HTU (¢punman) Yp®@V, r. Huwxuwuii Tarun, PO

AHHOTanMsA. ABTOMAaTU3aIlUs TECTUPOBAHUS MO3BOJISIET 3HAYUTEIBHO COKPATUTH 3aTpa-
Thl KOMITAaHUI-pa3pabOTYNKOB, COKOHOMUTH BPEMs M PECYPCHI, paCX0JlyeMble Ha TECTUPOBAHHUE,
CHHM3HUTh PUCK BBIITYCKa Ha PHIHOK HEKAYECTBEHHOTO MPOJyKTa. B maHHO# cTatbe paccMaTpuBa-
IOTCSl MHCTPYMEHTBl TECTUPOBaHMS BEO-IIPUIIOKEHUHN, MPU KOTOPOM IPOUCXOIUT MOJIPOOHas
IMYJISIHS TI0JIb30BaTeNbCcKOM cpenbl. [IpuBoautes cpaBHenue Selenium WebDriver, Puppeteer
u Playwright mo HeCKOIBKUM KpUTEPHUAM.

KawueBbie cioBa: end-to-end TectupoBaHue, aBTOMATU3UPOBAHHOE TECTHPOBAHHE,
web-tectuposanue, Selenium WebDriver, Puppeteer, Playwright.

B coBpemennom mupe nporpamMmmuoe obecrieuenue (I10) ucnonp3yeTcs mpakTUYEcKu BO
BCex cepax KU3HH: OOJBIINE CYMMBI TPATATCS Ha pa3paboTKy pa3HOOOpa3HBIX MPOrpamMMm, BOC-
TpeOOBaHHBIX B MPOMBIIUICHHOCTH, OW3HECE, WHIYCTPUH Pa3BICYCHUH, 0Opa30BaHUH U ME/IH-
uHe. 3aja4a CHWKEHHS CTOMMOCTH pa3paboTku [10 M ynydmieHHs KadecTBa BBITYCKACMOM
NPOIYKIUH SIBJIAETCS OJHOM M3 HanOoJiee aKTyaJbHBIX B MHIYCTPUH MH()OPMALMOHHBIX TEXHO-
JIOTHH.

ABTOMaTH3aIMA TECTUPOBAHUS MO3BOJISIET 3HAYUTEIILHO COKPATUTH 3aTPaThl KOMITAHUIA-
pa3paboTYMKOB, COKOHOMUTB BPEMsI U PECYPChI, pacXOlyeMble Ha TECTUPOBAHUE, CHU3UTh PUCK
BBIITYCKA HAa PHIHOK HEKAYECTBEHHOTO MPOMYyKTa. [103TOMYy TEXHOJOTMH aBTOMAaTH3allUH TECTHU-
poBaHHs HAOUPAIOT BCe OOJIBIIYIO MOMYJISIPHOCTh CPEIM KOMITAHU, CBSI3aHHBIX C pa3paboOTKOM
NPOTPaMMHBIX MPOTYKTOB. ABTOMaTH3UPOBAHHOE TECTUPOBAHNE 3aKJIFOUAETCS B HAIMCAHUU aB-
TOTECTOB — MPOrPaMM, HATPABJICHHBIX Ha BBIMOJHEHUE 3aJI0)KEHHBIX B HUX TECTOBBIX CIICHAPHU-
eB. braromapst aBToTecTaM pa3pabOTYMK MOXKET MO MCTEUYECHHIO KOPOTKOTO TEPHO/A BPEMEHH
HOJY4UTh UH(POPMAIIKIO O TOM, ObUIH JI OOHAPYKEHBI B XOJIC BBIMOJHCHUS TAHHOTO CLICHAPHS
OIIMOKY HMJIH XK€ TeCT NPOWeH ycrnenrHo. /s pa3paboTKH U 3aIycKa aBTOTECTOB HCIOIB3YIOTCS
CIeUabHBIC CHUCTEMbl aBTOMAaTH3HPOBAHHOTO TECTHpPOBaHMs. [ JTaBHO# Weeil aBTOMaTH3HPO-
BAaHHOT'O TECTUPOBAHUS SIBIISIETCS MOJTHASI 3aMEHA YeI0BeuecKoro Tpyaa. [IporpaMMuct oauH pas
CO3JIaeT MPOTrpaMMy, KOTOpasi MPOBEPsIeT MOArOTOBJICHHBIC 3apaHee TECTOBbIE clieHapuu. [lanee
CIIEHapUH TOJBKO MOJACPKUBAIOTCS B aKTyallbHOM pabouem cocTossHuH. COo37aHue TakUX IMpo-
rpamMM TO3BOJISICT CHU3UTh MPUCYTCTBUE PYYHOrO TECTUPOBAHUS B KH3HEHHOM IUKIIE pa3pada-
teiBaeMoro [10 [1].

B nanHOI craThe paccMmaTpuBalOTCS HHCTpyMeHThl end-to-end TtectupoBaHus BeO-
NPUIIOKEHNUH Yepe3 yrpaslieHHe JeiicTBusiMu Opaysepa. End-to-end TectupoBanmue — 310 mpo-
1[eCC TECTHUPOBAHHUS, IPH KOTOPOM HPOUCXOIUT MOJAPOOHAS IMYJISIHS TOTb30BATEIBCKOM CPEIbl.
B wacTHOCTH, TIepe/1 HAMU CcTOsIIa 3a7a4a POBECTH TECTUPOBAHUE YaCTH BEO MPUIIOKEHHS.

Selenium WebDriver

[TepBBIM MPOEKTOM, MOJYYHBIIMM IIHPOKOE PACIpPOCTpAaHEHUE B OOJACTH aBTOMATH3H-
poBaHHOTO TecThpoBanus, siBysieTcs Selenium WebDriver. Ero pa3pabotka Hauanace B 2004 .
Selenium WebDriver — sTo nporpammHas OubamoTeka Juis ynpasieHus Opaysepamu. /s ee uc-
TI0JTb30BAHMUS C IIETF0 TECTUPOBAHUS TPEOYIOTCS HHCTPYMEHTHI JIJIsl KOHTPOJISI TECTOB. DTO HE0O-
xoguMo Tak kak B Selenium WebDriver nHe 3amokeH (QYHKIIMOHAT NPOBEACHUS TECTOB.
WebDriver npencraBnsier co00il ceMEUCTBO ApaiBEpOB I PA3TUYHBIX Opay3epoB M HaOOp

53


mailto:riya2003@mail.ru

KJIIMEHTCKUX OMOJIMOTEK /I 3THX JAPaliBEepOB HAa Pa3HBIX S3BIKaxX MporpamMMmupoBanus (puc. 1,

[2]):

Mpoekr Selenium
- \ p . - -

Javaclientlibrary > Apatieep gna Firefox

v

apatisep gna IE

v
v

.Netclient library

Apatisep gna Safari

v

v

Ruby client library

Apaiisep gna Android

v
v

Python client library

Apaneep ana i0sS

——L[ apatisep gna Chrome

yacTb npoekTa Chromium

——L[ Apatisep gna Opera

Opera Software

v
v

JavaScriptclientlibrary

r

1[ PHP client library ]——)

r ~

Perl client library =

YHuBepcanbHbll MHTepdelic WebDriver

|

Haskell client library =

Puc. 1. Cocras Selenium WebDriver

Selenium WebDriver orpanu4mnBaeTcsi BO3MOYKHOCTBIO € IIOMOIIBIO S3BIKOB IIPOrPaMMHU-
pOBaHMs ONMKCATh ICHCTBHs Opay3epa HEOOXOIUMBIC Ui MPOBEICHUS TECTa, HO KOHTPOIb Te-
CTOB (HaIrpuMep, OTCIICKUBAHKE ITara Ha KOTOPOM IPOBAJIMIICS TECT) OH HE 00CCIICYHBACT.

Puppeteer

CymiecTByIOT 1 00Jiee COBpEMEHHBIC aHAJIOTH MOJOOHBIX MPOEKTOB, Hampumep, Puppet-
eer. DToT npoekT co3aan kommnanuedr Google B 2012 r. Ero ocodeHHOCTHIO siBisieTcst pabora ue-
pe3 BCTpOCHHBIN B Opay3ep mpotokos devtools, obecneunBaromuii 60siee ObICTPOE BHIMOJHCHUE
TecToB 1o cpaBHeHuto ¢ Selenium WebDriver, a Taxke Bo3MoxHOCTh paboThl B headless-
pexume. B pexume headless TecTrl BBIMONHSIOTCS 63 OTKPBITHS OKHA Opay3epa. ITO MO3BOJISET
BBITIOJIHSITH TECTHI Ha cepBepe 0e3 rpaduueckoro okpyxenus. Ho y atoro gpeiiMBopka ecTh He-
CKOJIbKO OTpaHW4YeHHH. EMMHCTBEHHBIM O(QHUIMAIBHO MOJACPKUBAEMBIM SI3BIKOM SIBJISIETCS Ja-
vaScript. CyriecTBytoT HeoHIIHaIbHbIE TOPTHI Ha sA3bIKH Java, Python, C#. Ho riaBHbIi MUHYC
JTAHHOTO TIPOEKTA 3aKJII0YaeTCs B TOM, YTO MOJICPKUBAIOTCS TOJIBKO Opay3epbl, OCHOBAaHHBIE Ha
texHosorusix Chromium. KoHTposb TeCTOB OH Takke He obOecreyuBaeT ¥ TpeOyeT I 3TOro
CTOPOHHUX HHCTPYMEHTOB.

Playwright

B 2020 r. xomnanueit Microsoft 6puta Hauata pazpabotka ¢peiimBopka Playwright, npu-
3BaHHOT'O MCIPABHUTh HEJJOCTATKU CYIIECTBYIOIINX aHaIoroB. KirroueBoii ero 0cOOCHHOCTBIO SIB-
JsieTcst paboTa CKPUIITOB B M30JIMPOBAHHBIX Cpe/laX, Ha3bIBAEMBIX KOHTEKCTaMH. B oTimume ot
HpeAbIIyIIMX HHCTPYMEHTOB Opay3epsl Ha ocHoBe Chromium, GeckoView (Firefox) u WebKit
(Safari) mocraBnsrorest BMecTe ¢ ppeliMBOPKOM. ITO MO3BOISIET HE TPATHTH BPEMsI Ha yCTaHOB-
Ky, HaCTpOHKY M OOHOBJIEHHE Opay3epoB O HOBBIX BEPCUM (JIOCTATOYHO YCTAaHOBHUTH U OOHOB-
JSTh caM ¢ppeiimMBopk). [Tpu kax oM 3amycke CKpunTa co3aércsi HOBBI «KOHTEKCT» Opay3epa,
B KOTOPOM HE COJCP)KUTCS HUKAKUX JaHHBIX KPOME CTaHIapTHBIX HACTPOCK Opay3epa u 3ajaH-
HBIX B CKPHIITE TECTa MapaMeTpoB (€CTh BOZMOXKHOCTb COXPAHSTh JaHHBIE KOHTEKCTa IS TO-
cremyromiero ucronb3oBanus). Playwright kax u Puppeteer paboraer uepe3 ObICTPBIN TPOTOKOIT
devtools u pabotaer B headless-pexxume o yMOIYaHUIO, HO B OTJIIMYHE OT KOHKYPEHTa O(HIIU-
anpHO ToanepxkuBaet Java, Python, C# u JavaScript u obecnieunBaeT MOANEPKKY BCEX TPEX CO-
BPEMEHHBIX JIBI)KKOB Opay3epoB. Playwright He TpeOyeT MOMOTHUTENEHBIX WHCTPYMEHTOB IS
KOHTpOJIsE TeCTOB. B HEM yike ecTh (QYHKIIMOHAI JJIsi TPOCMOTPA UTOTOB TECTA U OTCIICKHUBAHHSI
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JTamna, Ha KOTOPOM IpoBaliuics TecT. Takxke OH MPelocTaBisgeT OOIMIEKOHTEKCTHBIM MepexBaT
CEeTH IS 3arJIyIIKU U UMUTALMU CETEBBIX 3alIPOCOB.
B tabnuue npeacrasieHo Oosee AeTaabHOE CPABHEHHE YKA3aHHBIX BbIIIE HHCTPYMEHTOB.

Tabmuia
CpaBHCHI/Ie HWHCTPYMCHTOB aBTOMATU3UPOBAHHOTO TCCTUPOBAHUA Web-HpI/IJ'IO)KCHI/Iﬁ

Kpurepun cpaBHEHUS Selenium Puppeteer Playwright
l'on wnavanma paspa- | 2004 2012 2020
00TKH
[Moanep:kuBaecMbIe Java, Python, C#, | Toasko JavaScript JavaScript, Java, Py-
s3pikd  mporpammu- | Ruby, Perl, PHP, u thon, u .NET C#
pPOBaHUS JavaScript
TpeboBanust s pa- | HeoOxomumo  ycra- | Heobxomumo — ycra- | Heobxonumo — ycta-
60THI [3] HoBUTh Java, Eclipse | HoButh Node.js u | HoBUTH Node.js

IDE, Selenium | 6pay3ep Chromium

Standalone  Server,

HpaiiBepa 6pay3epos,

a TaKoke Opaysepsl
[ToxnepxuBaeMbie Windows, Linux, u | Windows, Linux, u | Windows, Linux, u
omepannonnsie  cu- | Mac OS ([ns Safari | Mac OS Mac OS
CTEMBI Hyxaa Mac OS)
[Moanep:kuBaecMbie Chrome, Firefox, IE, | Chromium Chromium, Firefox,
Opay3epsl Edge, Opera, Safari and WebKit
Tun pacnpoctpane- | OTKpeITBI ~ ucX0A- | OTKpBITBIE ~ ucxoA- | OTKPBITBIA  HUCXOJ-
HUS UCXOJIHOI'0 KOJla | HBIHA KOJI HEIA KOJI HEIA KOJI
ITonnepxka bonpmiast mnone3oBa- | [Ipoekr cymecrByer | Tak  Kak — IIPOEKT

TenbCcKas 0a3za, Xo- | JOJIbIIIE, yem | Playwright oTHOCH-

pomasi odpuUaNTbHAS

Playwright, HO moJb-

TCJIBbHO HOBBII‘/‘L TO

JIOKYMEHTAIH, a | 30Barenbckas  0as3a | MOJJICPKKH Cco0OIIIe-
TaK)Ke  CYIIECTBYET | MEHbIIE  Y€M Yy | CTBa MEHbIIE YeM Yy
MaTHas mojyepxkka | Selenium. Taxke | Selenium u

MHOTHE T0JIb30BaTe-
a1 U pa3paboTUUKH
ATOr0 MPOEKTa Iepe-

Puppeteer. ¥ npoekra
€CTh XOpoIlasi JOKY-
MEHTalHs

xosT Ha Playwright
Pexum paboter 6e3 | Her Ectp Ectp
OTKPBITHS OKHa
Opaysepa (headless)
Cpennee BpeMms BbI- | 3.66 2.22 3.19
MOJIHEHUSI (B CEKYyH-
nax) [4]
CrangaptHoe otkio- | 0.65 0.41 1.23

HeHue (B CeKyHIax)

[4]

B pesynbrare mpoBeeHHOr0 aHaau3a JOCTYMHON MH(OpPMAalMKd MOXKHO CAENaTh Cledy-
I0IIMe BBHIBOIBI. Selenium siBisieTcst XopomuM BEIOOPOM ISl TECTOB, TaK KaK 3apEKOMEHIOBaH
BpEMEHEM, UMeeT MaKCUMaJIbHYIO MOJIEPKKY Opay3epoB. Ero Munycamu sIBISIFOTCS OTCYTCTBHE
(dyHKIMOHAMA JUIsI KOHTPOJISL TECTOB, a Takke OoJiee HU3Kas CKOPOCThH BBIMOJIHEHHUS TECTOB I10
CPaBHEHUIO C JIOCTYITHBIMU aJIbTEPHATUBAMH.
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Puppeteer nmpemyiaraer MakCUMaIbHYIO CKOPOCTH BBITIOIHEHHS TECTOB, HO OTPaHHMYNBACT-
Csl TOJIBKO TOAIEPIKKOI Chromium, u Taxke Hy>KIaeTcs B HHCTPYMEHTaX KOHTPOJISI TECTOB
Playwright siBisiercst caMOIOCTaTOYHBIM PELICHHEM JUIsl BBITIOJHCHUSI U KOHTPOJS Te-
CTOB, @ TAaK)X€ MOJACP)KUBAET OCHOBHBIC TEXHOJOTHU Opay3epoB M BO3ZMOXKHOCTb UX OOHOBJIE-
HUSL
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OCOBEHHOCTH PEAJIMBAIIUN UHO®POPMAIIMOHHOI'O PECYPCA
«CAMOKATBI HA YIIMIAX I'OPOJA»

I'aeB Erop AnekceeBuu, yuamuics
E-Mail: egor.gaev05@yandex.ru
Mseivpuna Hatanbs BacuinbeBHa, yuureis
E-Mail: mymrina-natalya@mail.ru

MBOY «Cpennsist o6mieo0pazoBarenibHas mkoja Ne73y,
I'O «"opon Jlecnoit», PD

AnHotanus. Celiuac Ha COBPEMEHHOM JTalle JII0JIel 0XBaTujla HOBOE BESHUE — MHUKPO
MOOWJIBHOCTB: MEPEBIKEHUE HA KOPOTKUE PACCTOSHUS Ha KOMIIAKTHBIX TPAHCIIOPTHBIX Cpea-
cTBax. B mocnenanee Bpems Bce Oojiee MOMYJISIPHBIMU CTAHOBSITCS CAMOKAThbl, OCOOEHHO 3JIEK-
Tpuueckue. Menonb3ys pecypc «CaMOKaThl Ha yaulax ropoaa», MOXKHO IIO3HAKOMHUTBCS ¢ UCTO-
prel BO3HUKHOBEHHsI CAMOKAaTOB, IIOCMOTPETh BUbI CAMOKATOB, KOTOPHIEC UCIIOJIB3YIOTCS B I'O-
pone. A Takxke calT couepkut npasuia [IJ1/] mo ucnonap30BaHUIO JAHHOTO BUJA TPaHCIOPTA.
3aKkpenuTh NOJYyYCHHYIO HH(POPMAITUIO MOKHO BBITIOJIHHUTH 3aaHUs IO TEME IPOEKTA.

Tpancnopt aenaet mojaeil moOuibHee. B mocnennee Bpems Bce Ooljiee MOMYNISIPHBIMU
CTAHOBSATCA CaMOKaThl, OCOOCHHO 3JIeKTpuyeckue. B HacTosiiee Bpemsi MOXHO HAWTH MHOTO
pa3HbIX TUIIOB CAMOKATOB, KaX/IbIii CO CBOUMHU OCOOCHHOCTSIMH, U YCIIOBHUS, KOTOPhIE OHH MOTYT
MIPEIUIOKUTH, TI0 MX HCIIOJIb30BAHUIO CTAHOBATCS BCE 0O0JIEEe BICUATIISIFOIINM C KaXKIBIM JTHEM.
VYuuThiBas 3Ty CUTYalMIO, OYEBUAHO, YTO HEKOTOPHIE KO 3a/1al0TCSI BOIIPOCOM, MOXHO JIM HC-
MOJIb30BaTh UX CAMOKAT Ha JIOporax OOIIEero MoJIb30BaHUSI.

IIpeacraBiieHue nMpoexKTa

st pa3paboTk MHPOPMAITMOHHOTO pecypca ObUI 3aperuCTPUpPOBAH JIOMEH M BBIOpaH
cepBep Ul pa3MelieHus caifta. J{ins pa3paboTku caiiTa HCIOJIB3YeTCsl CUCTEMa YIPaBIIEHUs CO-
nepxuMbIM caiita WordPress. beutn ycranosnens! minaruasl Clearfy Pro- ontumuzanust paboTerl
caiita, Elementor myst Bu3yanbHo#t paboTsl ¢ caiitom, Quiz And Survey Master- marus ist co-
3/1aHUS] BUKTOPUHBI.

CamoKaTbl Ha ynuuax ropoaa Famian Wctopes  Came KReer Koirraxmid

SHoiA E3AbL HA

Puc. 1. [Tpouecc pazpaboTku caiita «CaMOKaThl Ha yIUI[aX rOpoJia»

Paspaborannbiii uHTepHET-pecypc «CaMoOKaThl Ha YJIHMIAX TOpoJa»» HMEET CCHUIKY
http://cs23964-wordpress-97uw8.twl.ru/ u mpenHa3zHayeH Uil U3y4eHHs HH(POPMALIUH 110 CaMO-
KaTaM ¥ 3JIEKTPOCaMOKaTaM, JJIsl M3y4eHHsI TPABUIT JOPOKHOTO IBMYKEHHS [0 CaMOKaTaM U Mpo-
BEPKM CBOMX 3HaHHMH. B cOCTaB mporpamMMbl BXOJST CIEAYIOIIME MOJIYJIH: TOJIb30BATEIbCKUM
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UHTEpQEiic, ITaBHOE MEHIO, MHTEPAaKTHBHAs KapTa, CripaBoYHas HH(OpMaIus, KOHTaKTHast (hop-
Ma, MOAYJIb OIITUMH3AlIUN caura.
NubopMarMoHHbIi pecypc paboTaeT Ha JIF0OOM yCTPONCTBE, MMEIOIIMM BBIXOJ B HHTEP-
HeT. MoryT ucnosb30Bathes Jio0bie Opay3epsl Chrome, Opera, Yandex.
BxomHble naHHBIE: BBOJ OTBETa HA BONPOCH BUKTOPHHBI. BBIXOIHBIE TaHHBIE: BHIBOJ
pE3yIIbTaTOB BUKTOPHHEI.

1 Grragaiine pebyc
= P B
I v gt
) h d'. -
1220

= &

=

x

Puc. 2. DnemMeHTsI UTpHI

Pecypc MOET OBITh HHTCPECCH HC TOJIbKO IIKOJbHUKAM, HO U B3POCJIbIM.
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2. 0630p MoJenen CaMOKaTOB [DneKTpOHHBIN pecypc]. URL:
https://gyrorating.ru/elektrosamokaty/ vybiraemdetskij-elektrosamokat-obzor-neskolkix-
modelej/ (nata obpamienus: 30.01.2022).
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YUCJEHHBIN PACYET OJHOM rlgMoz[HHAMHqECKoﬁ
MOJEJIN CEPJEYHOI KAMEPBI

I'adypoBa Anus PadaunnosHa,
E-Mail: gafurova.aliya@inbox.ru

Kazanckuii HallMOHAJIBHBIA MCCIIEI0BATEILCKUN TEXHUUECKUN YHUBEPCUTET
umenu A.H. Tynonesa — KAU,
r. Kasaus, PO

AHHoTanusi. B Hacrosiiiee Bpemsi MoJenupoBaHHe pabOThl CEPIEeYHO-COCYAUCTON CH-
CTeMBI SBJSIETCS aKkTyalbHbIM. CO3/1aHUE aJeKBATHBIX MOJIENCH MO3BOJIMT BHECTU CBOM BKIIAJ
B PELECHUH Psiia BaXXHBIX MPOOJEM: pa3BUTHE TUATHOCTHYECKUX METOJIOB, Pa3BUTUE TEXHOJIO-
THH 110 CO3JIaHHUIO M TECTUPOBAHUIO CEPJICYHO-COCYAUCTHIX MPOTE30B, Pa3BUTHE TEXHUKU OTepa-
[IMOHHBIX BMEIIATENIbCTB, 3a/1a4M MO pa3paboTKe M TECTUPOBAHMIO BHEIIHUX YCTPONCTB, HEOO-
XOJIMMBIX 3aMECTUTh HEKOTOPbIE (PYHKIIMH CEPJICTYHO COCYIUCTON CUCTEMBI.

Jlna onucanusi paboOTHI ceplilla B CEPACYHO-COCYAMCTON CHUCTEME CYIIECTBYET MHOXKe-
cTBO Mojelneit. B paboTe paccMaTpuBaeTcsi reMOAMHAMUYECKAsk MOJIENb OJTHOKAMEPHOTO CepAla,
UMEIOIIETr0oCs y MPOCTEHIINX OpraHu3MOB. MOJIeNIb COCTOUT M3 HECTAIMOHAPHOTO OOBIKHOBEH-
HOTO JU(PEPCHIIMATHFHOTO YpaBHEHUS BTOPOTO TOPSAKAa W HaYalbHBIX yCIIOBUH, YCTaHOBJICH-
HBIX B XoJi¢ paloThl. PerieHne maTeMaTHuecKOd MOJENH pealn30BBIBAJIOCH MeToI0M PyHre-
KyTThI 4-r0 MOpsiiKa Ha CETKE C MOCTOSTHHBIM T1arom. /st 3Toro MaTemMarndeckas Moaeb Oblia
cBezieHa K 3anadye Komm cucreMsl auddepeHnnaibHbiX ypaBHeHUH 1-To poga. AIroOpuT™M METo-
na Pynre-KyTTel 111 TeMOIMHAMHYECKOM MOJIENIN CEpJIeYHOM KaMephbl ObLII peaqu30BaH B Cpelie
MaTeMaTH4YeCKOr0 MOJICTUPOBaHUs MakeTa npukiIaaHbix mporpamm MATLAB. Io 3amanHbIM Ma-
pameTpaM ToCTpoeH rpaduk reoAnHaMUK. B Xoze paboTsl ObUTH TIPOBECHBI JIMHSHHBIN U JIO-
rapuMUUECKUil perpecCHOHHbIE aHAU3bl PELICHUS JAaHHONW MOJETH. JTO MO3BOJMIIO CIENaTh
BBIBOJI, YTO THUIIOTE3a BEPHO OMHKCHIBAET MPOLIECC pabOTHI CepIeYHOIN KaMephl.

KuroueBble cioBa. Cepaeunas kamepa, rTeMOAMHAMHYECKAs MOJAEIb, YHUCIEHHOE MOJe-
mupoBanue, meroa Pynre-Kyrrsr, MATLAB.

1. 'emoauHaMu4yeckasi Moje/ib CepAedyHoil Kamepbl. B mocienHue roapl akTHBHOE
BHEJIPEHUE B MEJIMLIMHY METOJI0OB MaTeMaTH4YECKOT0 MOJeNpoBanus [1—2] u co3nanue aBToma-
TU3UPOBAHHBIX, B T. Y. KOMIIBIOTEPHBIX CUCTEM, 3HAYUTEIBHO PACIIMPUIA BO3MOKXHOCTH JHa-
THOCTHKH U JIeUeHHUs 3a00JI€BaHHIA.

B nannoit pabote paccmaTpuBaeTCsi TeMOIMHAMUYECKasi MOJIETTb OJTHOKAMEPHOTO CEep/Ilia,
UMEIOIIETOCsl Y MPOCTEHIINX OpPraHu3MoB. MoJielb OMUCHIBAETCA CHUCTEMOW OOBIKHOBEHHBIX
muddepenmanbHbIX ypaBHeHuii [3]:

e MO pr) 0

O TORAC IS 2
R 20, 1) (1) )
R, 2 g 0)-py (0 (4
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Cucrema muddepennmanbabix ypaBHeHUH (1)—(4) MOXeT ObITh CBelIeHA K OJHOMY He-
cTauMoHapHOMYy auddepeHnanbHOMY YpaBHEHHIO BTOPOTO MOPsIKA C MOCTOSIHHBIMH KO3 du-

nueHTamu [4]:
(L+1,)—52+(R+R, + Rl) () +(Ct+C, )Vl(t):C—O—F(t) (5)

B ypasuenun (5) V, (t) — MOJUISKALUK OIpeNieNICHNI0 00beM cepleuHoil kamepsl, |, u |,— ko-

d2V() v

sdunmentsr nnepunn xamep, C, u C, — xoaddumments pactsokumoctn Kamep, R, u R, —

CONPOTHBIIEHHUE KaMep, R, — KOIQYUIMEHT CONPOTUBICHUS MEKKAMEPHOTO TIOTOKA, % -F (t)
2

COJCPKHUT (PYHKIMHU, KOTOPBIE OINPEIEIISIOT BHEUIHEE BIUSHHUE, 00YCIOBIEHHOE COKpPAICHUEM
MBI cepaua. byneM cuutarb, 4yTo JUIs MYyJIbCUPYIOIIEH pabOThl cep/ia peuieHus] ypaBHEHUS
JTAHHOM MaTeMaTHYeCKOW MOJEIH JOJDKHBI OBITh KOJICOTIOIIMMCS OTHOCUTEIBHO HEKOTOPOH To-
PU30HTAJIBHOM MPSMOM U OrpaHU4YeHHBIMU. [103TOMYy B pamMkax runoTe3bl JaHHON MOJENH, Ipa-
BBIC YaCTH ypaBHEHHUSI (5) JODKHBI OBITh BBIHYKJIEHHBIMU KOJICOAHUSMHU.

VYpaBHenue (5) UMeeT TpU pexrMa PelIeHU B 3aBUCHMOCTH OT KOPHEH ero xapakTepu-
CTHUYECKOI'0 ypaBHEHMs (pa3iMyHble JEHCTBUTEIbHBIC, COBIAAAIOIINE JIEHCTBUTENIbHbBIE, KOM-
TJIEKCHO COTIPSKEHHBIE):

(1,+1,)d* +(R +R,+R,)d +(C;*+C,")=0 (6)
HavanpHbie yciioBusi 3agaBanuch C yueToM TUIa KOpHEW ypaBHeHus (6), obecreunBaio-
MIUX KoJieOaTebHOe pelIeHne ypaBHEHUs (5), T. €. KOMIUIEKCHO COTPSDKEHHBIE!

~ 0.5
(0)=C. 5532 *®
. | .
.~ (2-0.25).0.25 ()

Vi(0)=C =G, + 0.25° +4

rze C,,C, —const .

2. Pe3yabTaThl M BbIBOABI. PemieHne matematuueckoit monenu (5), (7) peaan3oBbiBa-
aock MeTogoM Pynre-KytTel 4-ro nopsinka (MPK4) Ha ceTke ¢ mocTosiHHBIM 1m1arom. J{is aToro
3anava (5), (7) O6bna cBeneHa k 3agade Komm cuctems! nuddepeHIManbHbIX ypaBHEHUN 1-ro
pona [5]. Anroputm MPK4 11 reMmoinHaMuyeckoi MOAETH cepieuHON Kamephl OblT peann3o-
BaH B CpeJie MaTeMaTHUeCKOro MOJIETMPOBaHus nakera npukiagabeix nporpamm MATLAB. beutn
NOJIy4EHbI YUCICHHbIE peIleHus] U IpaduK U3MEHEHUs CPEIHEro JAaBJICHUs CepJeUYHOM KaMepbl
OT BPEMEHH B 3aBUCUMOCTH OT 3aJIaHHBIX [apaMeTPOB U BHEIIHETO BIUSHUS:

Puc. 1. I'paduk gaBneHns reMOAMHAMUYECKOW MOACIN CEPACUHON KaMePhl
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3aMe4eHO, YTO NPH YBEIHMYCHUH 3HAYeHHH (YHKIMH, KOTOpas ONpEAeNseT BHEIIHEe
BIIMSIHUE, aMIUTHTY/Ja KOJIeOaHui NaBiIeHuid Toxe yBenuuuBaercs. ClienoBaTelibHO, COKpPAICHUE
MBIIIII cepAla yBeanyuBaercs. Takke, B Xolie paboThl ObLIM NPOBEICHBI IMHEHHBIN U J0Tapud-
MHYECKHI PEerpecCUOHHbIC aHalM3bl Tpaduka pemieHus qaHHoW moxenu. [lomydeHo, 4to cpen-
Hssl omMOKa anmpoKcuManuu coctapisuia menee 2,3 % npu nomycrumoid ve 6onee 10 % ; kpu-

Tepun Puniepa NpoBEepKH aJEKBATHOCTU MOJEIN BBINOIHWINCH, CTaTUCTUYECKUE MapaMeTpPhl
perpeccuu 1 KOppessiiuu, pacCUUThIBaeMbIe 10 t - KpuTeprio CThIOJIEHTA U JOBEPUTEIbHBIX UH-
TEpBAJIOB KaXXJOT0 U3 MOKa3aTesel, 3HaYuMbl U C(HOPMUPOBAIIUCH MO BIAUSHHUEM CUCTeMaTHye-
CKOT'0 JIEMCTBYIOIIETo (pakTopa. ITO MO3BOJIMIIO CAETATh BBIBOJ, YTO TUIIOTE3a BEPHO ONMHCHIBAET
mporuecc paboThl CepIeYHOM KaMephl.
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MOJEJIUPOBAHMUE TEIIVIOBBIX NIPOIECCOB B CPEJE SIMULINK
JJIsA TH KEHEPHOI'O OBPA3OBAHMUA

I'oman Buktop BanieHTHHOBHY, TOLIEHT
E-mail: Victor.Goman@adpoly.ac.ae

[Tonmurexunueckuit UHCTUTYT AOy-/{abu — THCTUTYT NpUKIaAHBIX TEXHOIOTHH,
AOy-J1abu, O0bennHEHHBIE ApaOCKue DMHUPATHI

AunHoTanus. B paGore paccMOTpeH TMOAXOJ K MOJIECIMPOBAHHIO TEILUIOBBIX MPOIIECCOB B CPEIE
MATLAB-Simulink. Omcan mporecc co3manust MOIEINEH, IPHUBEIEHBI TUIIOBbIE MOJIEIN TEIIOBBIX IIPO-
[IECCOB: CBOOOIHOM U BBIHYKIEHHON KOHBEKIMH, CTAIIMOHAPHOM U HECTAI[MOHAPHOMN TEILIONPOBOIHOCTH,
Maccoreperoca. Pe3ysbTaThl JaHHOM pabOTHl MPEUMYIIECTBEHHO MPEIHA3HAYEHBI U MOJIECITHPOBAHUS
TEIUIOBBIX MPOIIECCOB B 0OpA30BaTEILHOM TIporiecce B cepax IMEKTPOTEXHUKU M DIIEKTPOIHEPTETHKH,
XMMHYECKHX U METAJUTYPrHYECKUX TEXHOJIOTUM, CTPOUTENLCTBA M APYTUX. MOJIeIH MOTYT OBITh TOJIE3HBI
JUTSL OpPraHU3alliyi BUPTYaIbHBIX Ja00paTOPHBIX paboT. BO3MOKHO PpHMEHEHHE PE3YIbTATOB PabOTHI IS
HAy4YHBIX ¥ HHXKEHEPHBIX PacUY€eTOB.

Beenenue

B 2020 romy mup cTonkHysCs ¢ OecHpeleleHTHON CHUTyaluel, oOyCIOBICHHON MaHAeMHEH.
EctecTBeHHO, 3TO ApaMaTHYECKH OTPA3UIOCh U Ha cepe 00pa3oBaHMs, HOTHOCTHIO MIEPEIICAIEro B OH-
naiiH. HecMoTpst Ha cTpeMHTENBHO pacTyinyto npumepro ¢ 2012 roxa nomynsipHOCTh €-learning, crons
CTPEMHTENBHBIA TIepexo]l MOPOAMI Maccy MpobieM. Bech KoMIUIeke BOIPOCOB, CBA3aHHBIX C YCKOPEH-
HBIM IIEpeXo/I0M Ha e-learning u peanuszanuo 06pa3oBaTeIbHOIO MPOIECCA B HOBBIX YCIOBHUSIX HOJIYYHIT
Ha3BaHue pandemic pedagogy.

[lepeHoc Jeknui U MPAaKTUYECKUX PabOT B OHJIAHH C KMCIOJB30BAHUEM CEPBUCOB BUJICOCBSI3U U
CEPBUICOB OpraHH3aIli KOMaHIHOW pabOThl OKazajcs BIIOJHE pemIaeMoi 3amaveld, XOTs H MoTpedoBa
KOJIOCCAIbHOTO HANpPsDKEHUS KaK OT YHUBEPCUTETOB, TaK U OT KOHKPETHBIX IPENoAaBaTeNei.

T'opazno crnoxHee okazaics BOMPOC C peau3aiueii 1a0opaTopHbIX padoT, TPEOYIOIUX JA0CTYIa
K pa3inyHoMY 000pyIoBaHHIO. PeleHus 1o yaaaeHHbIM Ja00paTopusiM pa3InyHbIX BUIOB CYILECTBYIOT
JOCTaTOYHO JaBHO M UMEIOT BBICOKYIO 3(h(heKTUBHOCTH. B KaduecTBe mpuMepa MOKHO MPUBECTH PELICHUS
u3 cepbl MEXaTpOHHKH M TPOMBINUIEHHOH aBToMaTtm3auuu [1, 2]. OgHako mporyckHas crnocoOHOCTb
yIAIEHHBIX Ja0OpaTOpUil JOBOJBHO HH3Kas W OHU TPEOYIOT TEXHMUYECKOH MOMICPKKH, YacTO B BHJIE
riepcoHaia B 1abopaTtopuH, 4To B ycJIoBHsX pandemic pedagogy He Bcersia BO3MOXHO.

VYka3zaHHBIX HEJOCTATKOB JIMIIEHHI BHUPTyaJbHBIE Jaboparopuu, Hampumep [3, 4, 5]. Oanako B
clly4ae OTCYTCTBHS TOTOBBIX BHPTYaJbHBIX JJAOOPATOpUH, UX CO3JaHKME 3aiiMET 3HAYMTEIbHBIA CPOK. B
3TOM Clly4yae ONpPaBIaHHBIM SBJISIETCS MCIOIB30BAaHUE TEXHOJIOTHI MOAEIMPOBAHUS M MPOIPAMMHBIX I1a-
keToB, Takux kak MATLAB-Simulink. B aTom ciiydae He TOJNBKO aHAIN3 Pe3ysibTaTOB MOJICIUPOBAHHS,
HO U TIPOILIECC CO3JIaHHS BUPTYaIbHOW MOJIEIIM MOXKET SIBIISIThCS YacThlO y4eOHOTo mporecca. [Iposee-
HHE 3aHATHHA U TEXHUYECKasl MOJEP)KKA B TaHHOM CJIy4ae BO3MOXKHBI B OHJIAHH (hopmax.

IMpumenenne MATLAB umin MATLAB B cBsizke ¢ Simulink mmmpoko pacipocTpaneHo B 06pa3o-
BaTeNbHON mpakthke. Hanpumep B paborax [6, 7, 8, 9, 10] onucano npumenenune Simulink B cdepe
3JIEKTPOTEXHUUECKOT0 00pa3oBanus, a B padorax [11, 12, 13] B chepe TerioTeXHuKu. JloNOIHUTEILHBIM
JOCTOMHCTBOM Tojaxoaa siBisiercsi To, uto MATLAB-Simulink npumMensiercst B pa3paboTKe CIIOKHBIX
TEXHUYECKUX CHCTEM B COOTBETCTBHHU C MOJEIICOPUEHTHPOBAHHBIM MoaxoAoM [14], a Takxke B Hay4dHOU
JesTeabHOCTH. Harmpumep, MoJieni, paccMOTPEHHBIE B JAHHOW paboTe, MPUMEHSUIUCH JJIsl UCCIIeIOBAHUS
B3aUMOCBSI3aHHBIX 3JIEKTPOMArHUTHBIX U TEIUIOBBIX MPOLIECCOB B JIMHEHHBIX aCHHXPOHHBIX 3JIEKTPOJIBU-
rarensx [15].

MeToambl u 00Cy:KaeHHe

B nannoii paboTe paccMOTpEHBl MOAEH TUIIOBBIX TEIIOBBIX MPOLIECCOB: CBOOOAHOM M BBIHYX-
JICHHOW KOHBEKIIUH, CTAI[MOHAPHON M HEeCTaIllMOHAPHOW TEIUIONPOBOJIHOCTH, MaccolepeHoca. PaccMor-
pEHHBIC B JIaHHOW paboTe M MHOXECTBO JIPYTHMX MOJEJCH, a TaKKe COMPOBOAMTENLHBIE MaTEPUAIIbI J0-
CTyHHbI B peniozutopuu [16]. Monenu cTpounuch Ui U3BECTHBIX PELICHUH THIIOBBIX 3a]1a4 TeIIoooMe-
Ha, PAaCCMOTPEHHBIX B KJIaccuueckoi aureparype [17, 18, 19, 20, 21, 22, 23].
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1. JInst neMOHCTpanyy MoAX04a PACCMOTPUM HPOCTYIO 33aa4y pacueTa pachpeaeseHIs TeMIepa-
Typ B MHOTOCJIOWHOH CTEHKE MPH CTAllMOHAPHOW TEeIUIoNepeiaye ¢ TPAaHNYHBIMU YCIOBUSMHU TPETHETO

pona (puc. 1).

5)

Puc. 1. Tennonepenaya yepe3 MHOTOCIONHYIO CTEHKY

I[Hﬂ TpeXCHOﬁHOﬁ CTCHKH MOKHO NPUMCHUTH U3BCCTHBIC BBIPAKCHUA IJIA BHIYUCIICHUA TCIIJIOBO-
ro notoka uepes crenky Q (1) u remmeparyp (2):

T,-T
Q= ®
1 + h + h, + h, + !
OySq M-S Xy0S, Ay Sy a5,
1 1
T1:Tc1_Qpr'—.; T12 :Tl_Qpr' hl ;T4:Tc2+Qpr'—; T23:T4+Qpr'%; (2)
393

(X(?Z : SCZ

B ¢opmynax (1) u (2): Ol u O, — KOO)GHUUMEHTHI TEMIOOTAAYH C TIOBEPXHOCTEN CTEHKH, Tcl
" TC2 — TeMIlepaTypbl OMBIBAIOIINX CTEHKU CpPEJ; T1 u T4 — TeMIlepaTypsl Ha MOBEPXHOCTSX CTEHKH;
le u T23 — TEeMIIepaTyphl Ha TPAHUIIAX MEXKITy CIIOSMH; Scl, Scz — IUIOIIAAN BHEIIHUX MOBEPXHO-

CTeﬁ; S S — CpC€AHUC ILI0Maan CJIOCB, 7\.« }\.« — KO3 HUIMCHTHI TCIIIOIIPOBOAHOCTH CJIOCB, . —
193 —CP 10 /v p

tosmuHbl cinoeB. Simulink-monens st pacdera no (1) u (2) moka3ana Ha puc. 2.

2. B ciydae HecTalMOHApHOW TeIUIONEpeIay C Y4EeTOM TEIUIOBBIICICHUS B y4acTKaX M Macco-
HepeHoca MOYKHO 3aIlHcaTh B OMEPATOPHOM BHUJIE aNNPOKCHMUPOBAHHOE KOHEYHBIMU PA3HOCTAMH AUQ-
(epeHnnaIbpHOe ypaBHEHHE Terionepeaydn mo ocu X [23]:

@)

a 1 P 1
T=(5 (T 4T, -2T)-v-— (T, -T )+ ——) —
hy h ¢ -M;" p

B dopmyne (3): a — xoaddurmeHt TemmnepatyponpoBoAHOCTH, N — miar Mo KOoOpauHATe X;
M —wmacca, C — TEIJIOEMKOCTh, P — MOIIHOCTh TEIUIOBBIICICHUS, | — TeMIiepaTypa, p — ormepaTop
Jlammmaca. Beipaskennio (3) coorBerctByer Simulink-momens Ha puc. 3, sBsromascsas 6a30BBIM OIIOKOM
JUISL TIOCTPOGHHS MOJICIH C JIFOOBIM YHCIIOM CJIOEB.

OOnenuusis naHHbIC ONOKH, KaK TMoka3aHo Ha puc. 4, momyuum Simulink-moaens anst mectu
y4acTKOB, JIBa M3 KOTOPBIX SIBJISIOTCS MOBEPXHOCTHBIMH, T. €. HX TEMIIEPATypPbl 3a/IaHbl, @ HE PACCUUTHI-
BAIOTCSI, YTO COOTBETCTBYET I'PAHUYHBIM YCIIOBHSM TEPBOTo poja. [Ipu HE0OXOIMMOCTH MOKHO JIETKO
YIIPOCTUTH MOJIEIb, 33]1aBasi HyJIEBbIC TIOTEPH H/WIH HYJIEBYIO CKOPOCTb JBIKCHHSI.
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hzflambdaz™53) — Productd
Rtepld * .
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MalphaZz™5c2) . -
Product?
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Puc. 2. Simulink-mozens pacdera TEIIOBOTO MOTOKA Yepe3 TPEXCIOMHYIO CTEHKY
¥ PACIPE/ICIICHHUsI TEMIIEPATYP 10 CIOSIM

Gainid

1 T
r@ T w1
In

Gaini2 T1_0 tegrator
T1_0

Gainis

Ti
(G o—»{)

Ti-1 v |
= >

w

Froduct2

Puc. 3. Simulink-mozens [y1st BBIYMCIICHHS TEMITEpaTypbl IPH HECTALIMOHAPHO# Teruionepeaaie

3. Ha puc. 5. npusenena Simulink-monens st BeraucieHust K03QGHIHEHTa TEIUIONPOBOAHOCTH
Ha TIOBEPXHOCTH KOHTAKTa yYacTKOB C Pa3HOM TeMnepaTypoil. 3aBHcUMOCTh KO3()()UIIMEHTOB TEILUIONpPO-
BOJIHOCTH OT TEMIIEpPaTyphl MIPHUHSATA JIMHEWHOM (4), HO B IPUHIIMIIE MOXET OBITh 3aMEHEHa 0oJiee CIIOXK-
HO#. JIJIsT COCTaBHOTO Tella ¢ TPAHUIICH CIIOEB, PACIIONOKEHHON MEXTy ToOUYKaMH 1 U 2, ISl BRIYUCICHUS
k03(uIeHTa TEIUIONPOBOIHOCTH NMPUMEHSETCS CPEAHEreOMeTpUIecKoe ycpeaHenue koadduimuenton
TETUIONPOBOIHOCTH HA TPAHMIIAX YYacTKOB (5), ¢ YUETOM pa3jIM4YHBIX Pa3MEPOB COCEIHUX YYacTKOB B
HarpasjieHHu Terutonepenayn [23].

A(Ti)=ho £b-T, (4

_7‘1’7‘2'(hl+h2)
2 oh A, +hn ®)
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Puc. 4. Simulink-moenib HecTaIMOHAPHOM MEPEIav ¢ YIETOM TEIIoNepeHoca
¥ TIOTEPb JUISl HECKOJIBKHX YYaCTKOB

B2 * ot
Products

T2
i,

h1 &
=D

hz

Froduct

Froduct?

“i
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B
L
B

*

L

Fr

oducts

Puc. 5. Simulink-monens st BeruMcaeHUst KO3 GUIMESHTA TEIUIONPOBOAHOCTH Ha TOBEPXHOCTH KOHTAK-
Ta Y4acTKOB C Pa3HOM TEIJIOMPOBOJAHOCTHIO MPH HEOJAWHAKOBOM IIIare Mo KOOpAWHATE
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IIpu ucnonb3oBaHUM MOJIENEN, COIEPKAIIMX MTOAMOIENb, TOKA3aHHYIO Ha PUC. 5, pellaeTcs He-
JMMHEHHAs crcTeMa YpaBHEHHH, KOA(PPHUIMEHTHI TEIIONPOBOJHOCTA COOTBETCTBYIOT TEKYIIUM TEMITepa-
TypaM y4acCTKOB, YTO MOBBIIIAET TOYHOCTh MOJICTTMPOBAHNUS, HO CHUXKAET OBICTPOACHCTBUE MOJICIIU. YUYeT
HEJIMHEHHOW TEIUIONPOBOJAHOCTH aKTyaleH B MOJECIAX, OObCAUHSIIONINX PAa3IMYHbIC BHJBI (PU3NICCKUX
MPOIIECCOB, & TAKXKE B CIyYasX, KOTJa TEIJIOBbIe PEXKUMBI UCCIECIYEMOr0 00bEKTa MOTYT CHIBHO H3Me-
HAThes. CllelyeT 3aMETHTh, YTO B TAKOW MOJIEITU MOSIBIISIOTCS anredpandeckue KOHTYphI [24]. Bo MHOTHX
ciydasx Simulink paccunTeIBaeT X aBTOMATHYECKH, HO HHOT/Ia HEOOXOAMMO MPUMEHEHHUE CIICIIMATBHBIX
Mep, HalpuMep, BBOJIA B KOHTYP MAJIOH MOCTOSIHHON BPEMEHH HITH YHCTOTO 3aIa3/IbIBaHusI.

4. Tlpu pacuete cBOOOTHON M BBIHYXJICHHOHN TEIUIOOTJAaYM HA OCHOBE M3BECTHBIX KPUTECPHAIb-
HBIX ypaBHeHuii [17, 18, 19, 20, 21, 22] moryT ObITh HCIIOJIL30BaHBI MOJICIIH HA pUC. 6-8. Mojenb Ha puc.
6 OCHOBaHa Ha 000O0ILECHHON 3aBUCHMOCTH (6).

]

Te —
) lambda_m .
lambda_m(Tm = ‘PE
Math %
Functic-n'I‘L
1T gL R e : >
wm Gr_m™Fr_m | MATLAR Je.n o
Gain wm{Tm) W 1 Function = I m=
n
Te [ w Husselt I Math  Produst!
— Function2

Te Froduct Product2

Tt ath
Function3

L

273

L'3
charact
razmer Math
&h

L]

Yy

Function

GrPr

3

power 3

Puc. 6. Simulink-monens mist pacyera ko3 buIMeHTa TSIIOOTAAYH TPU CBOOOTHOM KOHBEKIIMU
Nu, =c-(Gr-Pr), (6)

B 6iioke MATLAB function peanusoBana 3aBUCHMOCTb KO3 (HUIIMEHTOB (6) OT peKUMa JBHKE-
HUA (T.€. OT npousBeneHus kpurepues ['pacroda Gr u [pararis Pr) ¢ momMompro JTOrHYeCKUX yCIOBHH.
B dopmyite (6) ¢ u n - cnpaBouHble K03 dunreHTs!, 3aBucsiue ot npoussenenus (Gr-Pr),, Nu — kpu-
tepuii Hyccenbra.

Ha puc. 6 B 6moke lambda_m(Tm) ucrons3yercs 3aBucHMOCTh KO3 (HUIMEHTa TEIIOMPOBOIHO-
CTH BO3JlyXa OT Cpe/IHel TeMIiepaTypbl HOrpaHu4HOro ciost cpenpt 1, (7), B 6:1oke vm(Tm) 3aBHCHMOCTD

K03 duUIMeHTa KHHEMaTHYECKON BA3KOCTH Bo3ayxa oT 1. (8).
A, (T,)=5,586-10"°-T +0,025. ©)
v, (T,)=7,33-10" -T2 +9,737-10°-T_ +1,356-10"°. (8)

[IpousBenenue kpurepre Beuucasgercs mo (9):

3
Gr.pr -+ 981 2/
273+T, v

m

(T,-T,)-0,722 ©)

B dopmyne (9): / — onpenensiomuii pasmep; T, — TemmepaTypa NOBEPXHOCTH 00bekTa; T, —

TeMIiepatrypa cpelbl BHE 30HBI, OXBAYCHHOW MPOLIECCOM KOHBEKIMHU. VIckoMyro BelnnunHy — K03 um-
€HT TeIJIO0THauu o onpenenum mno gopmyne (10).
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a=—2n (10)

[TpuHIHUITEI TOCTPOCHUS MOJICTICH Ha pHC. 7 U 8 MOAPOOHO HE pacCMATPUBAIOTCS, T. K. OHH T XKe,
YTO | JUTSI MOJIEIH Ha pHC. 6.
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Table (2-0)

Length Productd

of channel

Puc. 7. Simulink-moaens s pacyera KoahHIMEHTa TEMIO0TAAYH
P BBIHYKICHHOW KOHBEKIIMK B TPyOaxX WM KaHalax

B cnywyae mpuMmeHeHHs yKa3aHHBIX MOeENell KaKk COCTaBHBIX YACTEH CIOXHBIX JTHHAMHUYECKHX
TEIUIOBBIX MOJEJICH ClIeyeT UMETh B BUY, YTO TEOPHS MOJA00MS COOIIOAAETCS TOJBKO B CTAIIMOHAPHOM
peXHMe, ITO3TOMY, PACCUMTHIBAS JUIS KXKAOW TEKyIIeH TeMIepaTyphl B XOJIe TEIUIOBOTO MEPEXOIHOTO
nporecca Kod(h(HUIUEHT TEIUIOOTauH, CIIeAyeT TOHUMaTh, YTO B OOIIEH AMHAMUYECKOH TEIIOBOH MO-
JIeJTN TIOJIMOJIETTh yueTa KOHBEKIINH SBIISIETCS CTATUYECKOM.

Te i e
T
: o lambda_z I:I
lambda_c{Te)
. [ ] -
Re c.n ]
Te L T ) o ®
L % - al ]
Tc wel Tc) u > Nu_c..-x g
! NEAEEEERIN B hath  Froduet] —j 3 Oteplootd
v Ll Ll : Ll i
R Funct Funetionz L
P : neen n Product2 Products
speed L Mu_wall
Froductz I:I
L alpha
charact
razmer
[Length)
g
e
B L 5
Productd

wyidth
Puc. 8. Simulink-moaens it pacyera TEIUIOBOTO MOTOKA TEIUTOOTAAYH
pu BeIHYXaeHHO# (forced) KoHBeKIMH B CiIydae TIOCKOM CTEHKH
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3akiaoueHue

OcHoBHast cepa PUMEHEHHST OTMCAHHBIX MOJIEIEH — MPOBEICHHE BUPTYAIbHBIX JJAOOPATOPHBIX
paboT 1O TEIIOTEXHHUKE, MOJCTUPOBAHHIO TEXHUUECKUX CHCTeM, ocBoeHue cpeasl MATLAB-Simulink.
Bo03MOXHO TpUMEHEHHE Pa3pabOTaHHBIX MOJAETICH KaK 3JEMEHTOB CIIOMKHBIX MOECH DIIEKTPOTEXHOIIO-
TMYECKUX, JICKTPOMEXaHUYECKHX, TEIUIOIHEPTETUICCKUX CUCTEM, a Takxke 3aaHuid. [TonHblii Habop MO-
JieTIel IMEeeTCs B OTKPBITOM ocTyiie [16].
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AnnoTtamus. Berpoennsie Bo3mokHOCTH UNity He Bcerna mo3BOJISIIOT peajn30BaTh B3a-
UMO/ICHCTBHUE C JIIOOBIMH ONEpallMOHHBIMU cucTeMaMu. [IpruMeHeHne B TaKUX CIIydasiX TOTOBBIX
pELICHHI OT CTOPOHHUX Pa3pabOTUYMKOB OBIBAET HE LEIeco00pa3HO BBUAY M30BITOUHOTO (YHK-
nuoHana. B craree mpemiokeH BapHaHT peaM3alliid HATUBHOTO IUIArMHA, MO3BOJISIOIIETO I10-
JY4UTh JOCTYI K (ailJIoBOi crctemMe ycTporcTBa Ha 06ase Android st BEIOOpa MOJIb30BaTENb-
ckux mn3o0paxkeHuil. [IpencraBnena Giok-cxema, WILTIOCTPUPYIOIIAs JIOTUKY PaOOTHI IUIarvHa,
NPUBECHBI IPUMEPHI JINCTUHTOB C KOJIOM pPeaTn3aluu.

KiroueBbie ciaoBa. Unity, HaTuBHBIN I1ardH, Java, BEIOOp H300paXkeHHMi, pa3paboTKa
IUTarvHA.

[pu pa3paboTke mpusiokeHuid U urp Ha UNity BcTpedaroTcs CUTyaluu, KOTaa HeIoCTa-
TOYHO pPecypcoB U (hyHKI[MOHAJIa UTPOBOTO JIBUXKKA M BO3HUKAET HEOOXOIUMOCTb B HCIOJIb30-
BaHUH CPEJCTB U BO3MOXKHOCTEH omeparmonHon cucreMbl (OC), moa KOTOPYIO BeIeTCsa paspa-
6otka. Harmpumep, ucrnonb3oBanne MukpooHa win GpoHapuka, padora ¢ push-ysenomieHusmu
npu paspadotke mox Android He moanepkuBaetcst Hampsmyto [1]. st perieHuss BOSHUKIINX
po0JeM MOKHO BOCIIOJIb30BaThCs TOTOBBIMU peleHussMu B Asset Store u Github mm ke pas-
paborare coOcTBeHHBIN IIaruH. Kak mpaBwiio, mpu HEOOXOAMMOCTH HHTETPAIlMH TOYEUHBIX
(YHKLIMOHAJIBHBIX BO3MOXKHOCTEH MIaT(OpPMBI, UCIOIb30BaHUE TOTOBBIX PELICHUN Heleneco-
00pa3HO MO MPUYMHE HATMYHS B HUX OOLIMPHOTO, JOMOJHUTEIBHOTO (YyHKIIMOHATA, HE TpeOye-
MOTO JJIsl pEIIeHUs TEKYIIMX 3a/1a4.

B mporuiecce pa3paboTku 0AHOTO U3 MPOEKTOB BO3HMKIIA MOTPEOHOCTH B MOJIYUYEHHUH JI0-
crymna K (ailyioBoil cuctemMe ycTpoicTBa Ha 0ase omeparnnoHHoit cuctembl Android asist BeiOOpa
M0JIb30BATEIbCKUX M300paxkeHuil. [1pu nzyuenun opunumanbHoi nokymeHtanun Unity BbISCHU-
JIOCh, YTO UTPOBOM JIBMXKOK MOJAEPKHUBAaeT (PYHKUIUHU BBOJA U BBIBOJA, €T BO3MOXHOCTH BbI-
3BaTh BUOPALIMIO YCTPONCTB ¢ BUOPAIIMOHHBIM 000pYy/I0BaHUEM, U3MEHATh OPUEHTALIMIO SKPaHa,
a TaKKe UMeeT JOCTYI K BCTPOCHHBIM MHAMKaTOpaM akTUBHOCTH [1]. Ilpu Oonee rirybokom usy-
YEHWH BO3MOXKHBIX CITIOCOOOB PEIICHUS 3aJaud Ha pa3IMYHBIX TeMaTHUECKUX (opymax B ceTH
UHTEpHET ObLJIO MPUHATO pellieHHe pa3padoTaTh MJIATMH Ha s3bIKe Java, KOTOpBIN peanus3yeT He-
obxoaumelid GpyHkmoHan. B Unity MOKHO HCIIONB30BATh /1BA PA3HBIX THIA MOAKIIOYAEMBIX MO-
NyJel: ympaBisieMble MOAKIIOYaeMble MOAYJIM W HaTHBHbIE MiaruHbl (Oubmuorekn). Cremys
TEPMUHOJIOTHH HATUBHBIC TUIATMHBI — 3TO OMOIMOTEKM MAIIMHHOTO KOJa, CIICHU(UYHBIC IS
wiatopmbl. OHM MOTYT MOJYYUTh JOCTYI K TaKUM (YHKIMAM Kak BbI30BbI OC M CTOPOHHHX
OuOIMOTEK KOJ1a, KOTOPhIE B TPOTUBHOM ciiydae Obuti Obl HenocTymHbl it Unity [2].

Jlna peanuzanuu miaaruHa ucnoibizoBanack Android Studio. OHa mo3BossieT paboTath ¢
s3pikamu Java u Kotlin, B HOBBI, TycTO# npoekT ObLT 100aBIeH HOBBIH Moaynb «Android Li-
brary» u B 5TOM MOJTyJIe pean30BaH Ki1acc ¢ PYHKIIMOHAJIOM IIarHHa.

[TpuHmn pa®oTsl muarnHa ais BeiOopa u3o0pakeHui U3 QailioBoil cuctemsl cMapTdho-
Ha Tpe/cTaBleH Ha pucyHke 1. CTOMT OTMETHUTh, YTO IUTarMH BBI3bIBAacTCs M3 ckpunta B Unity,
M03TOMY OH COAEPKHUT IMyOIMUHBIN MeTOJ, TOUKYy BXxoza. Kak BUIHO U3 OJIOK-CXEMBI, /ajee co-
3/1aeTCcs HaMEpeHUe, KOTOPOe MOAOUPaeT BO3MOXKHBIE, YCTAHOBJIEHHBIE NMPHIIOKEHUS, U pea-
JM3alUy 3a1poca Ha OTKPBITUE U BBIOOP M300pakeHN .
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Ecnm monb3oBatens BeIOpas PoTo, TO MPOUCXOIUT KOMMUPOBAHUE TYTH JI0 3TOTO (paiina, B
MPOTUBHOM cCllydae MPHJIOKEHHWE BO3BPAIACTCS Ha TJIABHBIN 3KpaH. [|Jiss BO3MOXHOCTH TOCIIe-
nyrorieit oopadotku ororpadum 6e3 ymepda ajiss OpUTHHATBLHOTO M300paXKeHUs, HE0OXO0MMO
co31aTh ee Komuio. Tak Kak JaHHBIN MPOIECC CYMTACTCS JOCTATOYHO PECypCco3aTpaTHBIM, JTaH-
HYIO YacTh CIEAYET BBIINOJHATH ACHHXPOHHO, YTOOBI N30€kKaTh HEMOHATHBIX JUIS MOJIb30BATENs
3aBUCAHUN MTpuiIokeHus [3].

Havano

Bbi3oB nnarvHa

OTKpbITL
cpefctea
Bbibopa thato

:

Ckonvposarthb
nyThk K chainy

BepHyTk Unity
oLInbKY

doTto BbibpaHo?

Y

Co3pate Konvw B
OVpeKkTopuK
NPUNOXEHU

[= KoHewn

Mepepats NyTb
Yes—ips-| HOBOrO chaiina s
Unity

)

Puc. 1. brok-cxema paboThI I1aruHa

BepHyTb Unity

Konua cosgaHa?
OLINBKY

Peanuszanus kmacca, B KOTOPOM BBIIIOJIHSAETCS aCHHXPOHHOE COXPAaHEHUE IPEJICTaBICHO
HUXKe (CM. TUCTHUHT 1).
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Jluctunr 1. Knace ¢ gyHKIIMOHAIOM MIarnHa

class CompressTask extends AsyncTask<Void, Void, Void>
{
protected void onPreExecute ()
{
super.onPrekExecute () ;

}

//Meron doInBackground BREIIOJHSETCS B (QOoHE
protected Void doInBackground (Void... voids)
{
try
{
//3anmuce B Bitmap M3 MHOJYYEHHOJN CCEUIKM Ha MCXOOHOE mM300pa-—
XKHMIEe
InputStream imageStream =
getContentResolver () .openlInputStream (imageUri) ;
selectedImage = BitmapFactory.decodeStream(imageStream) ;
OutputStream fOut = null;
File copyImage = new
File (getExternalFilesDir (Environment.DIRECTORY PICTURES), FILE NAME) ;
//CoxpaHeHnmne konmuu B OJIOKE try
try
{
//OTKPEBAEM HOBEIM [IOTOK HA B3ammch
fOut = new FileOutputStream (copylImage) ;
//CxmuMmaeM 1o 85% OTHOCHMTENBEHO MCXOOHOI'O (ariia
selectedImage.compress (Bitmap.CompressFormat.JPEG, 85,
fout) ;
path = copylImage.getPath () ; //monyuaen myres 1isd mnepena-—
yy B Unity
fOut.close(); //3akpeBaem MoTox
} catch (IOException e)
{

e.printStackTrace () ;

}

catch (FileNotFoundException e)

{

e.printStackTrace () ;

}

return null;
}
//MerTon onPostExecute BREIBEIBAETCS IIOCJE OKOHYAHMS PAaBOTE

doInBackground m nepenaer nyTs B Unity

protected void onPostExecute (Void aVoid)
{

super.onPostExecute (aVoid) ;

//IepBeli napaMeTp - OOBeKT Ha CIeHe, Ha KOTOPOM CKPMUIT;
//BTOpOi napaMeTp - BEIBEBAEMEII METOM;
//TpeTuit napaMeTrp - CTPOKa, KOTOPYK HEOOXOOMMO NepelaThb

UnityPlayer.UnitySendMessage ("ScriptManager", "GetAddress",
path);
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ITo 3aBepiicHHMIO KOmMMpOBaHUs (aiima BeI3BIBAcTCS craHaapTHBI meTox UnityPlay-
er.UnitySendMessage(String s, String sl1, String S2), koTopslii MPUHUMAET TPHU IMapaMeTpa:
Ha3Banue GameObject, Ha KOTOPOM PaCIOIOKEH CKPHIIT  KOTOPbI HEOOXOMMO BBI3BATh; UMSI
METO/1a; CTPOKa, KOTOPYIO HE0OX0AUMO mepenaThb. JaHHBI METO MOCIEAHUM MapaMeTpOM Iie-
penaer myTh, K HOBOMY (Qaiiiy.

[Tocne peanu3anuu miarnHa ero HeoOxoaumMo ckommwpoBath B AAR-daiin u ummnop-
tupoBath B UNity. [lis BbI30Ba MmiarnHa ucmos3yercs kiaacc ChoiceForAndroid, B koropom pe-
QIM30BaH METOJ, MPEICTaBICHHBIN HIDKE (CM. TUCTHHT 2). J[aHHBI METOH BBITIONIHSCT CIMH-
CTBCHHYIO 3aJ1a4y - BbI30B IUIarHHA.

Jluctunr 2. MeToj1 BBI30BA IJIarMHA

public void SelectedPhoto ()
{
_pluginActivity = new AndroidJavaOb-
ject ("com.avg.selectimage.SelectImagePlugin");
AndroidJavaClass ajc = new AndroidJa-
vaClass ("com.unity3d.player.UnityPlayer");
_pluginActivity.Call ("photo");
}

B nanHO# craThe paccMOTpeH mpuMep pa3paboTku miarkHa aist Unity, mo3BoJsomnero
HOJIy4aTh TOCTYI K (aiiloBoil cucteme ycTpoiicTBa Ha Oa3e onepannoHHOM cuctembl Android
JUIs BBIOOpA MOJIB30BATEIbCKUX HM300pakeHnil. VIcmonb30BaHME IUIAarMHOB IO3BOJIET PacIId-
PUTH BO3MOXHOCTH pa3pabaThIBA€MOro MpoAyKTa U J100aBUTh B HErO HEOOXOAUMBINH (PyHKIIHO-
HaJl

bubnunorpaduueckuii cnucox

1. Unity - PykoBoactBo: Ilmarmuer  [Daekrtponnsiii  pecypc]. —  URL:
https://docs.unity3d.com/ru/530/Manual/Plugins.html

2. Unity - Manual: Android mobile scripting [Dnexrtponnsiii pecypc]. — URL:
https://docs.unity3d.com/Manual/android-AP1.html

3. Bitmap |  Android Developers [Onekrponnsii  pecypc]. —  URL:
https://developer.android.com/reference/android/graphics/Bitmap
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AnHoTanud. Vcnonb3oBaHue METOIOB MAIIMHHOTO OOYy4YEHUs IS aHAIM3a JaHHBIX,
HETPEPHIBHO TEHEPUPYEMBIX B OOJIBIITNX 00bEMaXx MPH MPOU3BOICTBEHHOM IIHKIIE COBPEMEHHOTO
MMPOMBIINIJICHHOT'O NPCAIIPUATHSA, ITO3BOJICT KAYCCTBCHHO YIYYIIUTh NPOUCCCHI NPUHATUSA PCUIC-
HUH U TUTAHUPOBAHMS TEXHUYECKOTO 00CITyKUBaHUs 00opynoBanus. CBOEBpEMEHHOE YIIpaB-
JICHUC OCHOBHBIMU CPCACTBAMH IMO3BOJIACT ONITUMU3UPOBATL HC TOJIBKO paCXOoAbl OT HE3aIlJIaHU-
POBaHHBIX MPOCTOEB, HO M MTPOTHO3UPOBAHKUE PAOOTOCIIOCOOHOCTH, & TAKXKE COCTOSIHUE OTJIEIb-
HBIX Y3JIOB U KOMIUIEKTYIOIIMX. B cTaThe IpUBENECH CPAaBHUTEIBHBIM aHAIW3 MOJEIEH MAaIlNH-
HOTO OOyUeHHUS JIJIsl KJIacCU(PHUKAIIMH OTKA30B IMapKa MPOMBIIIIICHHOTO 000pY/I0BaHMs Ha OCHOBE
MacCcCUBa UCTOPUYICCKUX JaHHBIX.

KarwueBble cjioBa. AHanu3 JaHHBIX, TPOPHIAKTHYECKOES OOCITYy)KMBaHUE, MAIIWHHOE
oOydeHwue.

[Iporaoctryeckoe 00CTy)KMBaHHE OCHOBAHO HA aHAJIN3E JOCTYITHBIX HCTOPUIECKUX JTaH-
HBIX Ul IIPOTHO3UPOBAaHUS OYyIyIIEro 0TKa3a 00OpYAOBaHUS C LIETbI0 YIPEXKIEHHUS U CBOEBpE-
MEHHOT'0 yCTpaHEHMsI NOTEHIIMAJIbHOW aBapUWHOM CUTYyallly C MMOMOUIbI0 TEXHUYECKOIO 00CTy-
*KUBaHUA. JIaHHBIA MMOIXOA MO OOCIIY’)KHUBAaHUIO OCHOBHBIX CPEJCTB MOBBIIAET 3()(HEKTUBHOCTh
¥ COKpaIaeT BpeMs He3aIUIaHUPOBAHHBIX MMPOCTOEB 000PYIOBaHHS, YTO HEMOCPEICTBEHHO BIIH-
SI€T Ha UTOTOBBIE PACXObl U CE0ECTONMMOCTh IPOU3BOJICTBA.

Lenpto Hacrosimeil paboTHI SBISETCS MPUMEHEHHE METOJ0B MAIIMHHOTO OOydYeHHs Ha
MacCHB€ JIaHHBIX 00 O0TKa3ax 00OpyAOBaHMs Ui IPOBEIEHUS CPABHUTEIBHOIO aHAIM3a U MPU-
MEHHMOCTH UCTIOJIB3YEMBIX MOJIEIEH B paMKaX MPOTHO3UPOBAHHS TOTEHIIUATBHBIX OTKA30B.

Hccnenyemblit HAO0p AaHHBIX colepkUT 14482 cTpoku, 25 onucarenbHbIX NPU3HAKOB U
1 neneBoit mpusHak [1]. OnucarenpHbIe MPU3HAKKA COJIEPIKAT TAHHBIC O TEJIEMETPUH 000PYI0Ba-
HUS U CBOJIHYIO MH(OPMALIMIO 00 OIIMOKaxX, CYUNTHIBAEMbIE CUCTEMOM MOHUTOPHHTA. DTambl pa-
0OTBI C JAHHBIMH:

1) 3arpyska BeIOOpKH U3 (haiina CSV;

2) BBIOODP MPU3HAKOB JJIsl O0YUYCHHUS i TECTUPOBAHUS,

3) MOAroTOBKA JaHHBIX:

3.1) Hopmanu3anus JaHHbIX B uHTepBaje [0; 1];
3.2) panaoMu3anys 3HaYCHUH PU3HAKOB,;
3.3) pa3zaeneHue Ha 00YYaIOIIyIO U TECTOBYIO BIOOPKY B mpornopiusax 80:20;

4) o0y4eHne MOJIeIeH Ha MOArOTOBJICHHBIX TaHHBIX (00ydaroIeil BHIOOpKE);

5) TecTupoBaHKe MOJIeIel Ha TECTOBOW BBIOOPKE.

Jlnst aHanmu3a JaHHBIX UCITIOJIb30BaHbI CIIEAYIOUINE MOJEIH U3 MPOTrpaMMHON OMOIMOTEKH
sklearn [2]:

1) nepeBo pemenuii (DecisionTree) — MeToa NMPUHATHS PEHICHHH O KiIacCU(PHKALUH

00BEKTa K OJTHON U3 KaTeTOPHIA;

2) cnydaiineiii nec (RandomForest) — MeTon KCIOJIb30BaHMS aHCAMOJISI PEIIAIOIINX Jie-

PEBbHEB;
3) Meron OomoOpHBIX BEeKTOpOB (Support vector machines) — Habop KOHTpOIUpPYEMBIX Me-
TOJIOB 0OYYEHUS, NCTIOIB3YEMBIX JIJIsI KITACCH(DHKAIINM;
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4) wnausnblii Baitec (Naive Bayes) — BepOSTHOCTHBIN KIacCH(PHUKATOP, OCHOBAHHBIN Ha
pUMEHeHHH TeopeMbl baiieca 00 yclOBHON HE3aBHCHMOCTH MEXIY KaXKIOH mapoid
MIPU3HAKOB TP 33IaHHOM 3HA4YCHUH IEPEeMEHHOMN Kilacca;

5) wuckyccrBenHas HeriponHas ceth (Neural network) — mozens MHOTOCIIOIHOTO mepcer-
TpoHa (MCToib3yeMasi KOH(QUTYpalusi ¢ IBYMsI CKPBITBIMHU CIIOSIMH IO JIBA HEHWPOHA,
aktuBarop ReLU) s kinaccupuKanuu METOIOM OOpaTHOTO PaclpOCTpaHEHHS
OIINOKHU;

6) croxacTuyeckuii rpagleHTHBIN ciyck (Stochastic gradient descent) — ureparmoHHbIiH
METOJ IS OIITUMU3AINH [IEIeBOM (DYHKITHH.

JIsisi OLIEHKH TECTUPOBAHMS MCIIOJIb30BaHBI CICIMATIbHbBIC MapaMeTpbl (METPUKH): BpEMs
o0ydenus (c), Bpems tectupoBaHus (c), momanb nox kpuoir (AUC), TouHOCTh KiTaccuduka-
mun (CA), F-mepa, ToYHOCTh MOJOXHTEIbHBIX Hcx0m0B (Precision), momxora (Recall), mora-
pudmudeckast motrepst (logloss) Pe3ysabraTel TeCTHPOBAaHUS TAHHBIX MOJEIEH Ha TECTOBOM BbI-
OOpKe IpeICTaBICHbI B Ta0M. 1.

Tabnuna 1
MeTpuku MOzIeIel MAaIlIMHHOTO 00YYeHHUs
Monenb Bpewms Bpems  re- AUC | CA | F-mepa | Precision | Recall | logloss
00y4YeHHUsi | CTUPOBAHHS

DecisionTree | 0,41 0,03 0,97 10,94 (093 0,93 0,93 0,18
RandomForest | 7,24 2,92 055 10,59 [054 0,61 0,59 0,68
SVM 0,53 0,13 0,37 [ 052 |0,46 0,49 0,52 0,69
Naive Bayes | 0,03 0,01 093 (091 |091 0,91 0,91 0,29
Neural 1,19 0,01 092 (091 |091 0,91 0,91 0,33
network
SGD 0,13 0,01 0,50 10,54 [0,38 0,29 0,54 15,83

Kak BumHO U3 Ta0i. | HawmydIike pe3yabTaThl OKa3biBaloT Moaenu DecisionTree, Naive
Bayes, Neural network ¢ tounoctsio kinaccudukaimu 6onee 0,9. Moaenun RandomForest, SVM
1 SGD moxa3bIBalOT MEHbBINYI0 TOYHOCTh Kiaccudukamuu (mMenee 0,6). Ilpu momomu metona
Staking (koMOMHMpOBaHUE MOJIENICH C IETbIO YIYUIICHHS Pe3ybTaTa) MOXHO TOBBICUTH TOY-
HOCTh WTOTOBOM Mojenu. Pe3ynbTaThl TeCTHPOBaHHs KOMOWHanuu Mojeneit RandomForest,
SVM u SGD npuBenens B TadmI. 2.

Taobmuma 2
MeTpHrki KOMOWHHUPOBaHHON MOJIEIH
Mopeinb Bpems Bpemss tectu- | AUC | CA | F- Precision | Recall | logloss
00y4YeHHusi | poBaHUs Mepa
Stack 189,33 4,21 097 (093 1093 |0,93 0,93 0,21

W3 Tabn. 2 BUIHO, YTO pe3yabTaT KOMOMHUPOBAHUS «CIAOBIX» MOJIENIel TaeT UTOrOBYIO
TOYHOCTh Kiaccudukamuu 6oiee 0,9, uTo cpaBHUMO ¢ Oojee TOYHBIMU MOAEIAMHU U3 Talmd. 1.
OpHako nostyueHHast TOUHOCTh TPeOyeT OTHOCUTEIbHO OOJIBIIMX BPEMEHHBIX 3aTpaT Ha o0yde-
Hus Mojienu (6osee 3 MUH).

Hccneoosanue svinonneno npu gunancosoii noooepacke 13 «Hayka», 6 pamxax npoex-
ma FSWW-2020-0014.

bubnuorpaduyeckuii ccox
1) [Mopran Kaggle. Predictive Maintenance. [Dnektponnsiii pecypc]. URL:
https://www.kaggle.com/datasets/calpara/predictive-maintenance. Mara oOparieHus
(25.04.2022).
2) bubmmoreka Scikit-Learn. O6yuenue ¢ yantenem. [Inekrponssiii pecypc]. URL:
https://scikit-learn.ru/category/supervised_learning/. Jlata oopamenust (25.04.2022)/
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OIEHKA TEXHUYECKOI'O COCTOSAHUA I'NIPABJIMYECKUX
CUCTEM VIETATEJIBHBIX AIIITAPATOB C HCIIOJIb3OBAHUEM
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Camapckuil HallMOHAJIBHBIN UCCIEA0BATEIbCKUI YHUBEPCUTET
umenu akagemuka C.I1. Koponesa, r. Camapa, PO

AnHoranusi. CTaThsl TOCBSAIICHA MU3YYCHHIO BO3MOXXHOCTEH HCIIOJIB30BAHMS BOJIIOIIH-
OHHOTI'O MOI[GJII/IpOBaHI/ISI IJIA OLICHKHW TCXHHUYCCKOI'O COCTOSHUS FI/IIIpaBJII/I'-IGCKI/IX CHUCTEM JICTa-
TeIbHBIX ammaparoB. C HCHOJb30BaHUEM HEHPOHHBIX CETEH IMPOJEMOHCTPUPOBAHA BO3MOXK-
HOCTbh JAMArHOCTUKM TEXHUYECKOTO COCTOSHUS THUIPABIMYECKOT0 HACOCa, MCIOIB3YyEeMOIo s
yIpaBIeHUS 3aKPhLUTKAMHU.

Kuarwuessbie ciioBa. HelipoHHast ceTh, HacoC, THAPABINKA, THATHOCTHKA.

OpHUM M3 TOKa3aTesnel, XapakTepU3yIOIIUX COCTOSIHUE 0€301TaCHOCTH TIOJIETOB, SIBIISCT-
Csl HaJIKHOCTh BCEX TEXHUYECKUX CHCTEM JIeTaTeIbHbIX allapaToB, B T. Y. TUAPABINYECKON CH-
CTEMBI U €€ arperaros.

ABHAIMOHHBIE THPABINYECKUE CHUCTEMbl SKOHOMHYHBI B YCTAHOBKE, OTHOCHUTEIIBHO
IPOCTHI B 00CITY)KMBAaHUU U, YTO HanOoJiee BaXKHO, MOTYT 3(PPEeKTHBHO paboTaTh Jaxke B CaMbIX
CJIOKHBIX YCIOBMSX rosieta. [1o 3Toii npuunHe B COBPEMEHHBIX CaMOJIeTax UCHOJb3YIOTCS TU-
paBIMYECKHE CUCTEMBI Il pab0Thl MHOTMX Ba)KHBIX IS [IOJIETa KOMIOHEHTOB. Tak, Harpumep,
ATO MOXKET OBITH NMEpPEMEIICHNE U TPUBEACHUE B JICHCTBHUE MIACCH, 3aKPBUJIKOB U TOPMO30B. bo-
Jiee KpyIHbIE CaMOJIEThl B 3HAYUTEIbHON CTENCHH I10JIaratoTCsl Ha 3TH CUCTEMBI JUIsl YIPaBICHUS
MOJIETOM, CIIOMJIEPOB U PEBEPCOPOB Tsru [ 1].

OpnnHako, HECMOTpPsL Ha BCE MPEUMYILECTBA U JOCTOMHCTBA THIPABINYECKUX CUCTEM B Ca-
MoJieTaX, He0OOXOJUMOCTh OLIEHKH MX TEXHHUYECKOTO COCTOSHHS, CBOEBPEMEHHOT'O BBISBIICHUS
MOJIOMOK U TMPeNyNpeKACHUs aBapUMHBIX CUTYaIMi BbIIBUTAeT Ha MEPBbIN MIaH IpolieMy mo-
ucka Hanbonee 3p(EeKTUBHBIX METOJIOB M NMPUEMOB JTUArHOCTUKHU. B Hacrosiiee Bpemst 1uist pe-
HIEHUs TOJOOHBIX 3a/1a4 HAWIy4IIUM 00pa30M 3apeKOMEHA0BAIN €0l METO/Ibl HBOJIIOIMOHHOTO
MOJIEJTMPOBAHUS, OCHOBAaHHbIE HA HEWPOHHBIX CETSIX U TEHETUYECKUX aIrOpUTMax.

OBOJIIOIIMOHHBIE MOJICIMPOBAHUE SIBIISIOTCS 101001aCThI0 MCKYCCTBEHHOTO HMHTEIUIEKTa
(MN) n mmmpoxo UCIONB3YIOTCS B CIOKHBIX 3aJjauyaX ONTUMM3ALMU U JJIs1 HENPEpbIBHONW ONTHUMHU-
3alMU. DBOJIIOLIMOHHBIE BBIUUCIIEHHUS UCIOJIB3YIOTCS Ul PEUICHUs 3a/1ad, B KOTOPBIX CIMIIKOM
MHOTO MEPEMEHHBIX JUIsl TPAJAULMOHHBIX aJropuTMOB. KOMITBbIOTEpHI, BBITOJIHSIOLUINE IBOIIOIH-
OHHBIE BBIUMCIICHUS, 3aIlyCKAlOT TAKHE HBOJIOLMOHHBIE AJITOPUTMBI, KAK T€HETUYECKUE AITOPUT-
MBI, 3BOJIIOIMIOHHOE IPOrPaMMHUPOBAHUE, FTEHETUUYECKOE MPOrPaMMUPOBAHUE U MOJIENIN UHTEIUIEK-
Ta pOsi, TAKUE KaK ONTUMHU3AIINS MypaBbUHON KOJIOHHHU WK ONITUMHU3ALus post yactul [3, 4, 5].

Cy1iecTBYIOT TpaJULIIMOHHBIE MOAXOAbl K MOJAETUPOBAHUIO CIIOKHBIX CHCTEM, KOTOpBIE
peaIn3yloT IOCIEA0BATEIbHYI0 TEXHOJOTHI0 MHOTOYPOBHEBOM JIEKOMIIO3ULIUU, YCPEIHEHUS
U YIIPOULIEHMSI, BBIJICTICHUS psAJla CYyLECTBEHHBIX (KIHOYEBBIX, C HAUOOJIBIIUM BECOM. ..) XapaKTe-
PHUCTHK, BBISIBIIEHUSI OCHOBHBIX 3aKOHOB U 3aBUcUMOcTell. Ha nX ocHOBe U cTposATcs Moaenu Ais
yIpaBieHUsl, MOHUTOPUHTA, TPOrHO3UPOBAHUS [6].

Takum 00pa3oM, HcClieOBaHUE BO3MOKHOCTEH MCHOJIB30BAHUS BOJIIOLMOHHBIX METO-
JIOB, TIPEJCTABIISIIOIINX COOOM MEPCHIEKTUBHOE HANPABIEHUE WHTEIEKTYyaJIbHOM 00paboTKU 1U-
arHOCTUYECKON MH(OpPMAIUU PA3TUYHBIX TEXHUUECKUX CHUCTEM, SBISETCS HA CETrOIHAIIHUN
JI€Hb BaXXHBIM HAyYHO-TIPAaKTUYECKUM 3aJJaHUEM, HEOOXOAMMOCTh PELIEHUS KOTOPOro u 00y-
CJIaBJIMBAET BHIOOP TEMBI JAHHOM CTaThU.

76



B pamkax mpoBogumoro uccienoBaHusi OyJeM paccMaTpuBaTh AMArHOCTUKY TEXHHUYE-
CKOI'0 COCTOSIHUSI TUAPABIMYECKOT0 HACOCA, UCIIOJIb3YEMOTO JIJIsl YIIPABIICHUS 3aKPbUIKAMHU.

YcTpoiicTBa n3MepeHus: KOOpIUHAT U MapaMeTPOB TEXHOJIOTHUYECKUX O0OBEKTOB SIBIISIIOT-
Csl HEOThEMJIEMOM COCTABIIAIOMICH CTPYKTYPhI AJEKTPOMEXAHUUECKUX CUCTEM aBTOMATHYECKOTO
yhpaBieHus: TypOoMexaHu3Mamu camolieta. B cBolo ouepenb AaT4YMKU, MPETOCTABISAIONINE UH-
dbopMaIuio 0 TEXHOJIOTUYECKUX KOOPJMHATAX HACOCHBIX YCTAHOBOK, SIBIISFOTCS JOCTATOYHO JIO-
POTUMHU U BO MHOTHX CIy4asiX MX HEBO3MOXXHO CMOHTHUPOBATh WJIM 3aMEHUTH 0€3 BMelIaTellb-
CTBa B THUIPABINYECKYIO CETh. JlJiT YMCHbBINICHUs KOJIHYECTBA JATYUKOB B CHUCTEME OOIIMPHO
MPUMEHSIETCS TeOpHsl OLICHINUKOB. OHUM U3 MyTeil TEXHUYECKON peanu3aluy MOCIeAHUX SBIIS-
€TCsl MPUMEHEHUE UCKYCCTBEHHBIX HEMPOHHBIX CETEH, KOTOPhIE HA OCHOBE YK€ M3BECTHBIX M3-
MepsSIeMbIX KOOPJIWHAT MO3BOJISIOT OLIEHUTh 3HAYEHUS OPYTUX MapaMeTpoB, HAIIPUMEp, HAIOpa,
IPOM3BOIUTENFHOCTH HACOCA, €r0 MEXAaHMYECKYI0 MOIIHOCTh, KOA((OUIMEHT MOJE3HOrO Iei-
CTBHUS, JaBJICHUE B TUAPOCETH U 1p. [7].

Tak KaK CTaTHYECKHUE XapaKTEPUCTUKHU [EHTPOOCIKHBIX HACOCOB alMIPOKCHMHPYIOTCS T1a-
pabosiamMu, ypaBHEHUE 3TUX XapaKTEPUCTUK OyJeT BBIVISIETh CIEAYIOMUM 00pa3oMm:

w 2 2
H = Hon () = ayQ?,
rJie W — CKOPOCTh BPAICHUs HACOCa,
Wy — HOMHHAIIBHOE 3HAYCHUE CKOPOCTH;
Hyy — Harop npu HyJIEBOH 110Aa4€ 1 HOMUHAJIbHON CKOPOCTH;
(¢, — THJPABINYECKOE CONPOTHBIIEHHE HACOCA.

CraTuveckue XapaKTePUCTHKH THIPABIMYECKON CETH TAaK)KE alpOKCHMHUPYIOTCS Tapa-
Oonamu:

H = Hp, + aQ?,
rae H,,, — Harmop npu HyJIeBO# Moja4ye Hacoca.

Eciau npuHATH, 4TO IUIOMIAH CEYCHHUS S HAIIOPHOTO M BCACHIBAIOLICTO TPYOOIPOBOIOB
OJIMHAKOBBI, & CIIOKHBIC TIEPEXOIHBIC TPOIIECCH B HACOCE M TPYOOIPOBOIAX AMMPOKCHMHPOBA-
HBI MOJIENbIO 1-r0 mopsijka, To auddepeHnnaibHoe ypaBHEHHE, OMKMChIBAIOIIee HAcOC, OyaeT
BBITJISIIETH TaK:

%Q + sz(a + acl,)Q2 s? = Z—?wz — s%H,,,,
rzie M — Macca )HIKOCTH B HAcOce M TPyOOIpoBOIax;
g — yCKOpeHne cBOOOTHOTO MaIeHUs;
I — IUIOTHOCTH JKUIKOCTH.
MOMEHT Ha Baly Hacoca OMPEIENISIETCS CIIEAYIONUM COOTHOIIICHUEM:
pgQH
M, =——
nw
rzae 11 — K03 PpUIHMEHT NOoJe3HOTo IeHCTBUS HAacoca.

JInst co3maHusi MCKYCCTBEHHON HEWPOHHOM CETH, KOTOpas MO3BOJIUT MPOBECTH JHATHO-
CTHKY TEXHHUYECKOTO COCTOSHHSI HACOCa HE0OX0oanmMa HH(POPMAIUI 0 MaCCHBaX pabOvYnX TOUEK
KITJ1 #, nanopa H, npousBoanuTenbHoCTH Q MM APYroi KOOPAMHATHI, HATPUMEP MOIIHOCTH P,
Ha Pa3HBIX CKOPOCTSAX paboThl Hacoca. TOYHOCTh MATYMKA, KOTOPBIA OIEHMBAET €ro 3HAYCHHE
s TpebyeMoi paboueil TOYKH, 3aBUCHT OT KOJHYECTBA pabOYMX TOUYEK, 3AT0KCHHBIX
B HEHPOHHYIO ecTh. [l monydeHus: He0OXOAUMBIX pabOYMX TOYEK IENeco00pa3sHO HMCIOJb30-
BaTh KaTaJOXHbIE XapaKTEPUCTHKH HACOCOB.

B pabote ¢ HEHPOHHBIME CETAMH BaKHO MX MaTeMarndeckoe ommcanue. OOiee ypaBHe-
HH€, ONKChIBaIOIIee paboTy HEMPOHHOMN CETH, MMEET CIICTYIOLTHIA BUI:

i = C(th((HW11 + Pwy, + bl)/al)wl + th((HW21 + Pwy, + bz)/az)wz +
th((HW31 + Pwy, + b3)/a3)W3 + th((HW41 + Pw,, + b4)/a4)w4 + th((HW51 + Pwe, +
b5)/a5)W5 + th((HW61 + Pwg, + b6)/a6)w6 + th((HW71 + Pw,, + b7)/a7)w1 +
th((HW81 + Pwg, + bg)/ag)WB + th((Hwim + Pwy,, + bn)/an)wn + b),
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rae C — kodhGHUIMEeHT HaKIOHA TMHEWHON (YHKIIMH aKTUBAIINH,
th — akTuBanMOHHAs PYHKIIMS HEUPOHA,;
Wi1, Wi2,..., Wim — BeCOBBbIE KOA((HUIIMECHTHI CHHAIITUYECKUX CBS3CH;
P — notpebGisiemast akTHBHAsI MOIITHOCTE;
bi — cMemeHre HEHpoHa;
ai, az, ..., ai— ko3 duireHTh HaKI0OHA GYHKIIUK TUIIEPOOTMUYECKOro TaHreHea tansig.
CrtpyKkTypa HEWPOHHOW CETH ISl IUArHOCTUKH TEXHUYECKOTO COCTOSIHHUSI Hacoca Mpe/-
CTaBJIEHA Ha puc. 2.

H(k)—=>
H(k - )—> O\ )
o(k)—=> ﬂ
(k —1)—> : BBIXOTHOIH
HellpoH

Qk —1)—>

Bxoasr

HeHPDOHHOH CKpBITBIE CIIOH

ceTH HEeIIpOHOB
Puc. 2. CtpykTypa HEHTpPOHHON ceTH

CeTh MMeET 5 BXOJOB, JBa CKPBITHIX CIIOS HEUPOHOB C aKTHBAIIMOHHBIMH (DYHKI[HSIMHU
THIIA TUIIEPOOIMYECKOTO TAHT€HCA M OJMH BBIXOJHON HEHPOH C JMHEWHON (yHKIIMEH aKTHBa-
uuu. Jlns K-ro TakTa KBaHTOBAHME BXOJHBIM BEKTOPOM HeiiponHoil cetu sisercs X (k) =
[H(k), H(k—1),0k), ok —1),0(k — 1)]T, a Ha BBIXOJIC CceTH (OPMHUPYETCS OICHKA MPOU3-
BopUTeNbHOCTH Hacoca Q(k), KoTopas IIO3BOJSIET CeNaTh BBIBOJ O €I0 TEXHHUYECKOM COCTOSI-
HUH.

Takum 06pa3oM, IMOABOJS MTOTH, OTMETHM, YTO HCIIOJIB3Ys 3BOJIIOIMOHHOE MOIEIHPO-
BaHHME MOXXHO OICHHBATh TEXHUYECKOE COCTOSHUE TUAPABIMYECKUX CHCTEM JIETATEIbHBIX arlla-
paroB. B crarbe Ha mpuMepe HEMpPOCETEBOro MOIEIMPOBAHMS OINMCAH IPOLECC AUATHOCTHKH
TEXHHYECKOTO COCTOSIHUS THAPABIMYECKOrO HACOCA, MCIOJIB3YEMOTO Ul YIIPABICHUS 3aKPhLI-
KaMH.

INpenmaraemast MOJIENb TIO3BOJIUT PACIIUPUTH (YHKIIMOHAIBHBIE BO3MOKHOCTH CHCTEM
yIpaBieHUsT TypOOMEXaHW3MaMH CaMoJIeTa, a TaKKe OyaeT CrocoOCTBOBAThH MOBBIIICHHIO WX
HaJICKHOCTH U peau3anii SHEProd(Q(HEKTUBHBIX aITOPUTMOB YIIPABJICHHS.
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OTHOWEHUE HACEJIEHHWSI K BHEAPEHHIO HHOOPMAITHOHHBIX
TEXHOJIOI'MM B MEJUIIUHCKYIO ITIPAKTUKY
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OcunoBa AHacTtacusa AJIeKCeeBHa,
®denoroBa Codbst KoHCTaHTHHOBHA,
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SpociaBckuil rocy1apCTBEHHBIN MEIULIMHCKUI YHUBEPCUTET
r. SIpocnasip, PO

AHHoOTanus. B coBpeMeHHOM MHpe HU OJMH YEeJIOBEK He MOXKET 00OMTHUCH 6€3 KOMIIBIO-
Tepa. Pa3BuTHe 00IIecTBa OJHOCTHIO 3aBUCUT OT MH(POPMAIIMOHHBIX PECYPCOB U TEXHOJIOTHIA,
a TaKkke WX KadecTBa. MemunuHcKas cdepa He sBIsAeTCS HCKIoueHueM. 29 nexabps 2021 r.
BCTYNHWJIO B cuily pacrnopsbkenue [IpaBurensctBa Poccuiickoit ®@enepanuu «O0 yTBEpKISHUN
CTpaTernuecKoro HampaBlieHusi B oOsactu 1udpoBoil Tpanchopmanuu 3apaBooxpaHeHus». C
3TOr0 MOMEHTA BCE YUPEKACHUS 3APABOOXPAHECHUS JOJKHBI B TUIAHOBOM IOPSAKE MEPEXOIUTH
Ha MOJHYI HHpopMaTH3anuio. Takol pe3oHaHC BO3OYAMS HMHTEPEC HE TOJIBKO y PabOTHHKOB
MEIMIMHCKON c(hephl, HO U y OOBIYHBIX Jitojel. Kak TeopeTuku, Tak U MPAKTHKHA aKTUBHO 00-
CYXKIAIOT AOMYCTUMOCTh TaKOTO SIBJICHHs. MHOTHE BpayH elle MUIIYT AMarHo3bl Ha Oymare, uTo
3aHMMAaeT OOJIBIIOC KOJMYECTBO BPEMEHU, W OCTaBISCT MH()OPMAIMIO TOJBKO B OJHOW MEIH-
UHCKOM opranu3anuu. Hembicnum cOop pocToBepHOM MH(MOpManuy mo 3a6071eBaeMOCTH Hace-
JICHUS CTPAHBI, BEIb CYIIECTBYET OOJIBIIIOE KOJIUYECTBO OTJAICHHBIX CEJl, JAHHBIE KOTOPBIX Pe-
KO y4uuThIBatoT. [Ipyu Hanuuum oO1miel cucTeMbl, CTATUCTUUECKUE JaHHBIE M0 KOJIUYECTBY 3a00-
JIEBIIUX JAaHHOU OO0JIE3HBIO, POXKICHHBIX, YMEPIIUX JIIOACH OyAeT SIBIASATHCS aOCOJIIOTHO JI0CTO-
BepHOU. [losToMy perieHre faHHOM MPoOIeMbl HEOOXOAUMO B OIMKaIIEH TepCIEKTUBE.

KiaroueBbie ciaoBa. Meaunuaa, nHGOPMAIMOHHBIE TEXHOJIOTHH, OTHOIICHHE ITIOJICH,
3/[paBOOXpaHEHHE, JJIEKTPOHHAs 0a3a, MHTEPHET, €uHas TocyJapcTBeHHas MHQPOpPMAIMOHHAsS
CHUCTEMA 3/IpaBOOXPAHEHUS.

WNudopmatuzanus 31paBOOXpaHEHUs] — MPOLECC CO3/AaHUs, PA3BUTUS U MAaCCOBOTO IPH-
MEHEHUS] UH()OPMAIIMOHHBIX CPEICTB U TEXHOJOTUH, 00eCIeUnBarOIINX JTOCTHKEHUE U TOJIep-
KaHHWe YpOBHS MH(GOPMHUPOBAHHOCTU CYOBEKTOB 37paBooxpaHeHus. OTHOLIEHHE JII0eH K J1aH-
HOU mpobseMe HeoJHO3HAUYHO. OHO MpPOSIBIISIETCA B HEJAOBEPUM K MYOJUYHOCTH U JOCTYITHOCTH
JTAaHHBIX 0 ce0e U CBOEM 370pPOBbE, K TEXHUYECKOMY OCHAIIEHHIO OOJBHUIL M MOJIUKIMHHUK, KOM-
NBIOTEPHON I'PaMOTHOCTH Bpauedl. BO3HUKAIOT cropbl O HaaMuMK OyMa)KHbIX HOCHUTENEH HH-
dopmanuu: ojHa KaTeropus JUI] yBEpEeHa B TOM, YTO TPaJUIIMOHHBIE METOAbI XPaHEHUS JAHHBIX
OoJiee HaZEXKHBIC, APyrasi — UTO, 3aMOJIHEHHE OyMa)XHBIX HOCUTEJIEH 3aHUMAaeT OOJIBIIIOE KOJIH-
4eCTBO BpeMeHH. MHEeHMEe I'paxk/laH Mo JaHHOMY BOIPOCY PEryJIMpyeT HalpaBiIeHUE Pa3BUTHUS
3/1paBOOXPaHEHUS.

Omnpoc npoBoAMIICS Ha MPOTSHKEHUU 2 MecsueB cpenu aun 25—40 net pas3HbIx cdep aes-
TEIbHOCTHU MOCPEICTBOM HCIIOIb30BaHUS Ty (POPMBL.

Omnwupasich Ha pe3ysIbTaThl OMPOCa PECIIOHIEHTOB, Mbl IPUILIN K TOMY, 4TO 95 yenoBek
SBJISIIOTCS paOOTHUKaMU B cepe 3apaBooxpaneHus (45,67 %), 6 yenoBek — cryaeHtamu (2,88
%), 8 uenosek sABIsOTCA O6e3paboTHbIMHU (3,84 %), 99 yenoBek — paboTaloT He B chepe 3apaBo-
oxpaunenus (47,59 %).
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PO 3AHATUN

I ctyaeHT
paboTHUK
3/1paBOOXPaHEHNA

=pabounit

6e3paboTHbI

Puc. 1. lnarpamma. Pos 3aHATHII pECIOHIEHTOB

BoNbIIMHCTBO PECTIOHACHTOB 3alKChI-
BAIOTCS K Bpauyy 4epe3 CauT MEIMIIMHCKOU
opranuzanuu — 63 ven. (30,4 %), Hukormaa
HE 3aluCBhIBAJNCH Yepe3 HHTEepHEeT — 59
yen. (28,3 %), Ha equHOM MOpTaje rocyc-
ayr — 41 gen. (19,6 %), Ha pernoHaTILHOM
MeauIuHCKOM noprtaine — 36 yen. (17,4 %),
Ha JIpyrux cairtax — 9 ven. (4,3 %).

MUCNO/TIb3OBAHUE TOCYCNyr

3anuco K Bpavy

Ha Apyrux caTax s
I
Ha eAMHOM NopTa/e...

yepes canT...

0 20 40 60 80

Puc. 2. luarpamma. Bujsl 3anucu k Bpauy

BonbIIMHCTBO PECTIOHAEHTOB HE I0OBEPSIIOT CAalTy rocyc-
fa ayr — 109 uen. (52,2 %), ocTaigbHblEe UCHOIB3YIOT 3TOT
wer  CaUT IS pereHust cBoux mpoodiem — 99 gen. (47,8 %).

Puc. 3. luarpamma. Mcnonb3oBanue caiita
Tlocycayru mist pemienus npobiem

boapmuHCTBO PECIIOHACHTOB  CYHMTAIOT,

OCHALLEHUE

4TO KaOMHETHl Bpauel OCHAIIEHbl KOMITbIOTEPHBIM Ad
obopynoBanueM — 140 uven. (67,4 %), B HEKOTO-

pbIx MecTax — 54 uen. (26,1 %), He OocHaIIEHBI —

14 uemn. (6,5 %).

OTHOWEHUE K KOMMbIOTEPU3ALIUUN

nosbilaeT
3amegnser
3aTpygHaeT

oTB/IEKAET

He
NO/THOCTbIO

Puc. 4. luarpamma. OcHalieHre KaOMHETOB
KOMITBIOTEPHOU TEXHUKOU

BoNBIIMHCTBO PECTIOHIICHTOB TIOJIArar0T, YTO
KOMIIbIOTEpH3aIs MOBbIIaeT 3()(eKTUBHOCTD
pabotsl — 131 uen. (63 %), 3ameisieT paboTy —
68 uen. (32,6 %), 3arpyauser pabory — 5 uedn.
(2,2 %), oTBNekaet oT paboTel — 4 yen. (2,2 %).

Puc. 5. Jluarpamma. OTHOLIEHUE PECTIOHIEHTOB

K KOMITBIOTEpHU3aAllun
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BONBIIMHCTBO PECHOH/ICHTOB CYUTAIOT, YTO OLUEHKA
9NEKTPOHHOE OCHAICHHE HAXOAUTCS Ha CpeIHeM
ypoBae — 99 yen. (47,8 %), Ha xopomem ypoHe — 50

1
yel. (23,9 %), na orianunoM yposue — 18 yen. (8,7 %), 2
Ha ypoBHe HMXe cpenHero — 36 uen. (17,4 %), Ha mio- 3
XOM ypoBHE — 5 yeil. (2,2 %). 4

m5

Puc. 6. luarpamma. OrieHka
AJIEKTPOHHOTO OCHAIIICHUS

Taxum 00pa3oM, pe3yibTaThl UCCIESTOBAHUS MTOATBEPANIN HAIy TUIIOTE3Y: JIOAU HEO-
HO3HAYHO OTHOCSTCS K MH(pOpMATU3aLUU 3/1paBOOXPAHEHHsI. BOJIBIIMHCTBO PECIIOHIEHTOB MO/~
JIep’KUBAIOT COBPEMEHHBIC TCHJICHIIMH B MEIUIMHCKON cdepe. OHM MPU3HAIOT HEOOXOAMMOCTD
YCOBEPLIEHCTBOBAHUSA METOJMK pabOThl C MAlMEHTOM M OCHAIIEHUS HE TOJBKO OTAEIbHBIX
YUPEKACHUH, HO Y BCel Cephbl B COBOKYITHOCTH.

bubnuorpadudeckuii cnucox
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WCCJIEJIOBAHUE MO/IEJIEH CBEPTOYHBIX HEWPOHHBLIX CETE
JJ1sA OITPEJAEJIEHUSA ABEPPAIIUA HA OCHOBE
KO2®PUIUEHTOB ITOJIMHOMOB IIEPHUKE

Nsaes Jamup [layksiToBuu
E-mail: slicenbeat@gmail.com

Camapckuil HallMOHAJIbHBIN MCCIIEA0BATEIbCKUN YHUBEPCUTET
umenu akagemuka C.I1. KopoineBa
r. Camapa, PO

AHHOTauMs. 3a7a4a aHajau3a BOJIHOBOTO ()POHTA HIMPOKO MCCIENYETCs, a MOTyYCHHbIE
pe3yNbTaThl MPUMEHSIOTCA B MEIUIMHE U acTpOHOMUHU. OJIUH U3 BO3MOXKHBIX MHCTPYMEHTOB,
IIOMOTalOIIMX PEIINTDh JAAHHYIO 3a/layy, — METO/bI aJalTUBHON ONTUKU. Ves naHHON TeXHOJ0-
UM 3aKJII0YAETCS B TOM, YTOOBI U3MEPUTH MOMEXH U UCIPABUTh UX 10 TO'O MOMEHTA, KaK CBET
JIOCTUTHET ONTHUYECKOro ycTpoiicTBa. OIUH U3 KIIIOUEBBIX 3JIEMEHTOB AJalTUBHOM ONTUKH —
JaTYUK BOJHOBOTO (PPOHTA, KOTOPBIA OTMEYAET MCKAXKEHHsI U3 MOIy4eHHOro ()pOHTA H3IIyde-
Hug. OgHaKO MAaTYMK HE JUIIEH HEIOCTAaTKOB: OH JOPOTOCTOSIIHI, CJIOKHBIN 110 CBOEMY CTpOe-
HUIO U peanu3anuu. CaMmoe riIaBHOE — OH CIOCOOEH AOMYCTUTh OMIMOKY B aOeppallMOHHBIX U3-
MEpPEHHUSX: MOTPEIIHOCTh PabOThl JaTUMKAa MOXKET MOBIUATh Ha MOIPEUIHOCTh CaMOW CHUCTEMBI.
MeTtoapl aHanM3a BOJTHOBOTO ()POHTA, B OCHOBE KOTOPBIX JIEKUT padoTa ¢ M300pakeHUsAMHU, HE
TpeOyIOT JOMOIHUTEILHOIO HHCTPYMEHTAPHS U COCPEAOTOUEHbI Ha UCCIIETyEeMbIX N300paKeHU-
ax. OIMH U3 TaKUX METOAOB — MallMHHOE o0y4yeHue. B xoae naHHOW paOoThl ObUIM CpaBHEHBI
pa3IuYHbIE apXUTEKTYphbl cBepTOUHBIX HeHpoHHBIX ceteil (CHC) g 3amaum pacro3HaBaHus
abeppauuii Ha ocHOBE K03 duimeHToB MHOrowieHoB LlepHuke mo Habopy n3obpaxkeHuil GHyHK-
IIUH paccesiHusl TOYKU. B pe3ynbprare oOyueHust ceTeil ObLUTH MOTy4eHbI 3HAaUCHHs cpenHeit abco-
JOTHOHW omuOku B muamasone 0,024-0,032. YcraHOBIEHO, YTO IOAXOM, OCHOBAHHBIM Ha HC-
nonbs3oBannn CHC, mo3BoJseT MpakTHYECKH TOYHO OIPEENsATh 3HAueHUs Kod(pduuneHToB
Llepuuke. B nanpueiimem kaxkaas U3 Mojelieid MOXKeT ObITh MCIOJb30BaHa Ui PELICHHs pac-
cMaTpuBaeMoi abeppallMOHHON 3a1a4H.

KawueBble ciaoBa. MeToasl aJanTHUBHOM ONTHKH, a0eppaluyd BOJHOBOTO (pOHTA,
(GyHKIMS paccessHusl TOUKH, MHOTOWIeHb! LlepHuke, cBEpTOUHbIE HEUPOHHBIE CETH.

Beenenue

C ydeToM TOro, 4TO MHCTPYMEHTHI IITyOOKOr0o 00y4eHHMs, B YaCTHOCTH HEWPOHHBIE CETH,
JIOBOJIbHO YHUBEPCAJIbHBI, MOKHO 3aKJIIOUNUTh, YTO OHM HAILIUIM CBOE MPAKTHYECKOE MPHIIOKEHNE
U B 3ajlaye, KOTOpas paccMaTpUBaeTcs B JaHHOM pabore, — pacrno3HaBaHue aGeppauuid. [leii-
CTBUTEINILHO, MCCIIEIOBAHMUS, TTPOBOIMBIIMECS HA CTHIKE ONTUKH (aHamu3a abeppaliuii) u riyoo-
KOTO 00y4eHUs, CyILIECTBYIOT.

B pab6ote [1] nemoHCTpUpyeTcss OECCEHCOPHBIN METOJl aJalTUBHOW ONTHUKHU, UCIOJIb3Y-
IO cBepTOouHyto HelpoHHyto cetb (CHC) nnst mosyueHust abeppaiiuii BOJTHOBOTo (poHTa,
BBIpaXXEHHBIX B BU€ KodppuumenToB LlepHuke, U3 NMCKaKEHHBIX U300paXeHUI.

Taxoxe B pabote [2] uccrneayercs NpuMeHEHHE HEHPOHHBIX ceTel NI paclo3HaBaHUs
BOJIHOBOTO ()pOHTA MO KapTHHE HHTEHCUBHOCTU B (POKaIBbHOM 1IocKkocTU. B yacTHOCTH, B pado-
Te [3] pa3paboTaHHas HeHpOHHAas CeTh YCIEUIHO ONpeAeNseT TUIl adeppanuu (pemaercs 3aaada
KJIacCU(UKALMK), OJHAKO BEJIIMYMHBI PACMO3HAHHBIX KOA((UIMEHTOB HMMEIOT CYIIECTBEHHbIE
OTKJIOHEHHUS.

B pabote [4] paccMoTpeHO TpUMEHEHHE TIyOOKOro 00ydeHHUs JJisi KOMIICHCAIN abep-
pauuii BOJIHOBOTO (DpOHTA, MONYYEHHBIX NMPH aTMoc(epHO TypOyIeHTHOCTH, il OecrpoBO-
HOM ONTHKH.
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Takum o0OpazoM, KcToNB30BaHUe TIIyookoro odydenus, B yactHoctu CHC, — mepcrek-
TUBHBIA MeTOZ abeppalMoOHHOro pacno3HaBaHus U Koppekuuu. Mogens CHC MoxHO cripoek-
TUPOBATh TAKUM 00pa3oM, YTOOBI ONITUYECKAsl CUCTEMA HE HY>Kallach B BOJIHOBOM JIaTUHKE.

IlocTanoBka 3agauu

B nmannoii pabote mocraBieHa 3agada BekTopHOM perpeccun i CHC — ycTaHOBUTH
3HaueHus: koddduuuentoB llepHuke Ha OcHOBe H300pakeHUN (YHKIUU PACCESIHUSI TOUKH
(®PT). st oOyueHHsI U MOCIEAYIOIIEr0 CPaBHEHHS PE3YJIbTATOB BHIOPAHBI TPU M3BECTHBIC ap-
xurektypsl: VGG-16, ResNet-50, MobileNet. Tax:ke npetoskeHa coOOCTBEHHAsE apXUTEKTYPa.

Hcxonuwiii Habop naHHbIX coctonT u3 60000 TpexkaHaIbHBIX U300pAKCHHUN pa3MEpOM
128x128 mukceneit ®PT ¢ 10 cnyqaitapivu 3Hauenusmu (ot 0 1o 1) koapdunmenton LlepHuke.
Habop chopmupoBan npu momoury 6ubmmorekn Opticspy [5] mist si3pika mporpaMMUpOBaHUS
Python.

OPT — ¢dynxums, npeacrapisiomas coooi mpoduis OCBEIIEHHOCTH B TUNIOCKOCTH H300-
paKeHHUS TOUEYHOT'O UCTOYHUKA:

PSF (x¥) =[h(xy)[ =|#exp(io(x’y)) ]

rae 6(X,y') — dasosas abeppariist B IPSMOYIOJIbHOM CHCTEME KOOP/MHAT.

2
’

1)

@azoByro abeppaliio MOKHO IPEICTABUTh KAaK Pa3sIoKEHNUE BOJHOBOTO (PpOHTA IO Op-
ToroHainbHOMY Oasucy LlepHuke:

e(x',y’)zicizi(x’, y'), )

rae ¢, — koddduuuentsl LepHuxe,
Z. — mHorousnens! Llepauke.

Muorounensl L{epHuke MOKHO 3amucaTh 4epe3 MOJIIPHYI CUCTEMY KOOPIWHAT CIIeIy-
IOIIUM 00pa3oMm:

\/n+1R;“(p)\/§cos(mgo), m # 0, — 4eTHBIH,
Z(p.p)=1Vn+1R" (p)\/gsin(mgo), m =0, | — HeueTHBI, (3)

Jn+1R}(p), m=0,

rae M — CTENeHb ¢,
N — cTeneHs p,
0 — paauaibHas KOOpAMHATA,
¢ — yIJIOBasi KOOPJMHATA,
RY () — paguanbHble MHOTOUICHEI, ONPEIEICHHBIE KaK:

n

n—

3

& ~1)* (n—k)!
R:l (p) — ( ) ( ) pn—zk ) (4)
=0 k!(”*m —k)!(n_m —k)!
2 2
MHuorounens! Llepauke orpanndeHsl Ha oTpe3ke oT —1 10 1:
7 (p.p)| <L, (5)

Wuaekc | 3aBUCHT OT 3HaUYeHU# m u n. B ucxomHom Habope ®PT i OIIpElIEeNIEH B Ua-
na3oHe ¢ 4 no 13 BKIrOUMTENBHO. M, N — HEOTPULIATEBHBIE IIENIbIE YK CIIA, TpUYeM M =N .

Jns1 Bcex paccMaTpuBaeMbIX MOJIENIEH YCTAHOBIIEHBI CIIEIYIOUIUE TapaMETPBhI:

— Komnuecto snox: 200.

— Koadpdumment ckopoct o0yuenus: Se-6.

— Pasmep nakera: 32.
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— Ontumusarop: ontumuszanus Adam.
— @ynkrus notepb: MSE.
— Metpuku: MAE.

Pe3yabTaTnl 00yueHus mojgesiei
B Tabxn. 1 mpencraBnens! ucxoaubie mapamerpbl ooyuenuss CHC (konuuecTBo mapamer-
POB U CcpeJHee BpeMsl BBIIOJIHEHHsI OHOTIO Il1ara B 3110Xe), a TAK)Ke UTOrOBbIE OLIEHKH Ha TECTO-
BOM Ha0Ope JaHHBIX.

Tabauna 1
CpaBHUTEIBHBIC XaPAKTSPUCTHUKH JIJISl PA3JIMYHBIX aDXUTEKTYP
HazBanue KonuuectBo Cpenuee Bpemst MAE na tecto- MSE ua TectoBOM
APXUTEKTYPHI rmapaMeTpoB OJTHOTO TT1ara, Mc BOM Habope Habope
VGG-16 14850634 73 0,024342 0,001032
ResNet-50 24123018 79 0,031061 0,001618
MobileNet 3497930 53 0,032155 0,001754
Custom 17073446 22 0,031058 0,001776

W3 paHHBIX TaOMMIBI BUOAHO, 4TO Moneilb VGG-16 061amaer caMbIM HU3KAM 3HA4YEHHUEM
cpeaHel abcomoTHOM ommOKu. Xyamuit pe3yastat otHocutesibio MAE — y MobileNet. Pa3uu-
a MAE mexay Custom, MobileNet u ResNet-50 nesenuka.

Ecmu cpaBuuBath apxurektypbl Custom u ResNet-50, To yBumum, uro onenka MAE y
JTaHHBIX Mojenel mpakTudecku He oTnyaetcs (y Custom na 0,00003 meHsbIe), oJHAKO BpeMs
ob0yuennst ResNet-50 B 3,6 paza Beime. [l paccmarpuBaeMoil B JaHHOH paboTe 3aqauu apxu-
TekTypa Custom no cpaBuenuto ¢ ResNet-50 Oyner 6onee npeanoututensHoil. K ToMy ke y Mo-
nenu CUStom ecTh TEHOCHIMS K YMEHBIICHHIO CPEIHEH aOCOMIOTHOW OIMMOKH C YBEINYCHHUEM
YHCIia 3M0X.

3akiroueHue

TakuMm oOpas3om, B xojlie JaHHOI paboThl 0OydeHa HEWpOHHas CeThb HA OCHOBE Habopa
n3zo6paxenuit ®PT npu UCHOIB30BaHUM PA3IMUHBIX APXUTEKTYpP U IPOBEJEH aHAINU3 Pe3yJibTa-
ToB. [loaxon, ocHoBaHHbIN Ha Mcnoiab30BaHUM CHC, mMo3BOMsIeT MpakTHUECKU TOYHO OIpeje-
JSTh 3HaYeHus KodpPuuuenTos Llepuuke.

Custom oxazanachk camoii ObICTPOI Mozenbio (22 Mc/mar) u BTopoii mo Tounoctu (MAE
=0,031058) oTHOCHTEIIEHO METPHUKH CpeaHel abconmoTHON ommbku. HecMoTpst Ha To, uto Cus-
tom, ResNet-50 u MobileNet umeroT npuOIN3UTENEHO OMHAKOBBIC PE3yIbTaThl CpeHel abco-
JIOTHOW OIMIMOKH, B TAJTBHEHUINIEM CTOUT OTJATh NpeanouTeHre Custom B cuimy e€ ckopocTu o0y-
YEeHUS U BO3MOXHOIO YJIYyYIIEHHUs pe3yJbTaTOB MpPHU YBEIMYEHUU KOJIMYECTBa 3MoX. B cBoro
ouepens VGG-16 nokazana myqmmii pesyastatr MAE (0,024342).

B nanpHeMmmx muccnepoBaHUsIX, BO3SMOXKHO, CTOUT YBEITHUUTh KOJTMUECTBO UCCIIEAYEMbIX
kod(¢umeHToB. Takxke CTOMT MO3KcIepuMeHTUpoBarh ¢ runepnapamerpamu CHC u mocmor-
peTh, KaK MOJIENIU BeyT ceOsl C 3allyMJICHHBIMH JaHHBIMU.
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1 — IToBomKCKHUI TOCYIaPCTBEHHBIN YHUBEPCUTET TEICKOMMYHUKAUN U HHPOPMATUKU
2 — Camapckuit dhenepanbHbIi UcciaeaoBarenbekuit ieHTp PAH,
HNHcTuTyT nmpobiiem ynpaBieHuUs CI0KHBIMU cuctemamu PAH
r. Camapa, PO

AHHoTauus. [IpumeHenne coBpeMeHHbIX HH()OPMAIIMOHHBIX TEXHOJIOTHNA [T pa3perie-
HUS IPOOJIEMHBIX CUTYallui, B YaCTHOCTU MCIIOJIb30BAHUE CUCTEM IMOJACPKKU MPUHATHS pelle-
uuii (CIIIIP), ynpoiaer u o6yerdaer >kiu3Hb 4€JI0BEKAa, YTO OMPEACIIsAeT aKTyallbHOCTh BBIOpaH-
HOU TeMbl uccienoBanus. Llens pabotsl —pazpaborats CIIIIP B Bume BeO-caiita, OCHOBHOM 3a-
Jadeld KOTOporo sBJsieTcss MH(pOpMAIMOHHAS TOJIACPKKA aKTOPOB NMPH HHTEPCYOBEKTHBHOM
MOJXOJIe K YIPaBIEHUIO pa3pelleHrueM MpoOieMHbIX cuTyanuii. Haydynas HoBu3HA paboThI 3a-
KJIFOYAEeTCsl B TOM, YTO HUKOTJA paHee JIIOJSAM, OKa3aBLIMMCS B MPOOJEMHBIX CUTYyallUsiX, Tpe-
OyIOIUX CKOpEHIlero paspenieHus, He MpeA0CTaBsiach HU METoAndecKasi, HU HH(POPMAIOH-
Has noajepkka. PazpaboTka ocHOBaHA Ha TPUMEHEHUU TEOPUU MHTEPCYOBEKTUBHOIO yIIpaBiie-
Husa B.A. Buttuxa.

KiroueBbie cjioBa. IHTepCcyOBEKTUBHBIN TOIXOJ], aKTOP, CUCTEMA TOICPKKUA TTPUHS-
THUS peleHu, MPOOIEMHbIE CUTYAIIUH.

HHTepcyObeKTUBHBINA MOAXO0] K YIPABICHUIO pa3pelieHueM NPOOIeMHBIX CUTYaluil sB-
asieTcss 00BEKTOM MPUCTAIBFHOTO M3YYeHHs] HaydHbIM coobmiectBoM [1-3]. KapaunanbHbIM OT-
JMYHAEM HOBOT'O MOAXO0/A OT CYIIECTBYIOLIMX MEXaHU3MOB YIIPABJICHHUS SBJISAETCS TO, YTO pellie-
HUS 110 TIOBOJY BBIXOJIa U3 MPOOJIEMHOM CUTyallMM IPUHUMAIOT CaMU aKTOPbl — YYaCTHUKHU TIPO-
OJIEMHBIX CUTYallUi, a HE MPEICTaBUTEIH BBICILIEI0 MEHEIKMEHTA.

[Tocneanue uccneaoBaHus B JaHHOW 00JIaCTH MOKa3aiH, 4To Oosee 3pGEeKTUBHO MPHUHS-
THE pEIIeHUI OKa3bIBAaeTCs B TEX CllydyasiX, KOIJa yYaCTHUKHU OJHOW NMpOOJIEMHON CUTyaIuu
MpUHAJIEKAT K OJHOMY (popMalibHO OrpaHHYeHHOMY cooduiecTBy [4, 5]. Takoe orpanuueHue
CHOCOOCTBYET HOBBIIIEHHIO AOBEPUs BHYTPH TPYIIBI, YTO COKpAIAeT BpeMsl MPUHATHS perie-
HUS U TIOBBIIIAET JOTOBOPOCIOCOOHOCTh aKTOPOB. AKTOpBI JIErue BKJIIOYAIOTCS B Ipolecc 00-
CYXJIEHUS CUTYyalluH, CBOOO/IHEE KOMMYHULIUPYIOT APYT C IPYTOM, aKTUBHEE MOJIB3YIOTCS Cpell-
CTBaMU MH(POPMAIIMOHHOMN MOIIEPIKKH.

OnHUM U3 371eMeHTOB MHGOPMALMOHHON moasiepxKu sBisercs paspadorka CIIIIP, xo-
TOpasi MOXKET OKa3aTh aKTOpaM HMH(OPMAIMOHHO-METOINYECKYI0 MOIAEPKKY IPH YIpaBICHUU
paspelieHueM MpoOJIeMHBIX CUTyallUd C HCHOJIb30BAHUEM MHTEPCYOBEKTHBHOTO IOJAXOA.
CIIITP moxet ObITh peasin3oBaHa B Buje BeO-caiita. CTpykTypa BeO-caiiTa B 001IeM BUIE TIPE/I-
cTaBlieHa U onucaHa B [6]. B pazpaborannoii CIIIIP moxeT ObITh OpraHu30BaH JUYHBIA KaOMHET
aKTopa U, MOUCK HHGOPMaIUU 1O CaiTy.

['maBHas cTpaHulla caiiTa COOEPKUT CIEAYIOUINE OJIOKH:

o OpraHu3aIys AUCKYCCUH M0 Pa3pelIeHUI0 MTPOOIEMHBIX CUTYaIHil;
. UH(OPMAaLIMOHHbIE MaTepHallbl: HOPMATUBHO-CIIPABOYHBIE U MIPOYHE;
o NepeyeHb OTKPBITHIX, pa3pelleHHbIX, JUYHBIX, a TaKXK€ CO3/IaHWe HOBBIX MpO-

OJIEMHBIX CUTYaIUH.
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OcoOblIif UHTEpeC MpeACTaBIseT CTpaHUIla CO3JaHUs HOBBIX MPOOJIEMHBIX CUTYyallul, Ha
KOTOPOU aKTOPBI MOTYT CO3/1aTh HOBYIO WJIH OOCYAHTH YK€ CO3aHHYIO MTPOOIEMHYIO CUTYAIIHUIO

(puc. 1).

TnasHan MpobnemHsie cuTyauun Martepuane! PaspeweHnue npobnemHEIX CUTYaUMi ‘_ 9

Paznensi  Bce mocTol  Mou nocTel

Cosparb HoBbIl NoGT

KKX

@ 0 Jo Bbl NOAAMCAHb!
Hobpo noxkanoeaTs! O3HaKoMbTECh C (HOPYMOM W NPUCOBOVKARTEC

Puc. 1. Pa3perienue mpoOIeMHBIX CUTYaIAN

AKTOpBI MOTYT CO37aBaTh pa3Jielibl, JOOABIATh WIN MPUCOEAUHATHCS K YK€ CO3JaHHBIM
NpoOJEeMHBIM CHTYalMsM, OCTaBJISATh KOMMEHTapWH, ACTUTHCA TpadUyecKMMH MaTepHalaMHu,
(dbopMynHpOBaTh CBOU MEPCOHAIBHBIE OHTOJIOTUH U T. II.

B CIIIIP moryT OBITH MCHIOIB30BAHBI HECKOIBKO MPHEMOB, KOTOPHIE TIOMOTAIOT aKTOpam
UCKaTh OIMCaHMUE NMPOOJIEMHBIX CUTYallUi, IPOCMATPUBATh UX U y4acTBOBaTh B 0OCyxaeHHH. K
HUM OTHOCSITCS: COPTUPOBKA, MMOUCK M (puibTparms. OTMETUM, YTO 3TH OTIEPAIIMU BHITOIHSIIOTCS
3HAYUTEIbHO APPEKTHBHEE B TEX CIydasx, KOIJIa aKTOpbl NEHCTBYIOT B paMKax (OpPMalIbHO
OTpaHUYEHHOTO cOo00IIecTBa (BHYTPH CTyIeHYeCcKOo# rpymibl, ogHoro TCX u T. 11.).

CopTtupoBka M03BOJSAET OBICTPO U JIETKO MONYYUTh OOIlee MpeACTaBIeHUE O IpoOIeM-
HBIX CUTYallHsiX, pa3MEUIEHHBIX Ha caite. [lpm Hamuuum OOJNBIIOrO KOJIMYECTBA MPOOIEMHBIX
CUTyallui, aKTOp MOKET OpraHU30BaThb UX COPTUPOBKY IO TaKMM TPAAULIIMOHHBIM NapameTpam
KaK MONYJIspHOCTh, HOBU3HA, PEUTHHT WM KaTeropusi, 4ToObl HAWTH HYXKHYIO, a TaKXe Mo Ma-
paMmeTrpaM, cHenu(pUUECKUM U YHUKAJIbHBIM, COOTBETCTBYIOLIUM OIPEEIEHHBIM MPOOIEMHBIM
CUTYaIUsM.

1. CoprupoBka npoOJeMHbBIX CUTyallMid 1Mo peiiTuHraMm akropos. Ha pelTuHr uare
BCEro 00paIiaroT BHUMaHUE, KOTJja akTOp HE YBEPEH B BBIOOPE U XOUET JOBEPUTHCS OMBITY APY-
rux akTopoB. [103TOMy BaKHO y4MTHIBaTh B COPTUPOBKE M YHUCIIO MpOrosiocoBaBnx. Komnye-
CTBO OILICHOK JIOJDKHO OTOOpa)xaThbCsl B COYETAHUM CO CPEJHUM PEHUTHHIOM IPOT0J0COBAaBIIMX
aKTOPOB.

2. CoprtupoBka npobJeMHBIX CUTYyalMil o nomnyiaspHoctu. [lomoraer akropam, Ko-
TOpBIE HE Pa30UpalOTCs B MHTEPCYOBEKTUBHOM TEMATUKE U XOTAT YBHJIETh, UTO U KaK 00Cyxk/aa-
10T apyrue cyOowbekThl. [lonmynspHOCTh onpezensercs KOJIMYeCTBOM y4acTHil akTOpOB B 00CYX-
JICHUU.

3. CoptupoBka npoOJIEMHBIX CUTyalluii MO HOBU3HE. HekoTopble akTOpBI 3aXOTAT
YBHUJIETh B NIEPBYIO OYEpelb HEJABHO OMYOJIMKOBAHHBIE MPOOJIEMHBIE CUTYAIlMH M IPUHATH yda-
CTHE B HUX. BeposTHOCTH TOr0, YTO CUTYyaIUsl aKTUBHO OOCYXK/1aeTCsl TEM BBIIIE, YEM OHA HOBEE.

4. CoprupoBka npoOJIeMHBIX CUTYyallui MO0 KaTErOpusiM. DTO COPTUPOBKA MO JTFOOBIM
rapamMeTpaM, KOTOPbIE OTHOCATCSI TOJIBKO K KOHKPETHBIM KaTEropusiM. B HEKOTOpBIX ciydasx
BO3MO)KHA, HallpUMep, COPTUPOBKA MPOOJEMHBIX CUTyallui, KOTOpPbIE OTHOCATCA K pabouum,
JIOMAILTHUM WJIM TEXHUYECKUM KAaTETOPUSM.

87



KaxxnoMy akTopy NpeaocTaBisieTcsl BO3MOKHOCTD BBIITOJIHUATE AeicTBue «Ilonck B crimc-
ke». [lorck — 3T0 mpueM, KOTOpBIH IpeAcTaBisieT co0oil ObICTPHI M MPOCTON CIIOCOO yMEHb-
HIUTh KOJIMYECTBO MPOOJEMHBIX CUTYAIMH B CMCKE U 0TOOPa3UTh TOJIBKO T€, KOTOPbIE HHTEpE-
CYIOT aKTOpa 10 pAay napameTpoB. i moucka akTop MOXET UCIOIb30BaTh OYKBBI, HU(DPHI I
JPYTHe CUMBOJIBI.

QunpTparys NO3BOJSET OTOOPA3UTh MPOOJIEMHBIE CUTYAallMH ITyTEM ONpEeIeSICHHs] KpH-
TepueB (uinbTpa. [IpobiemHble cCUTyallMy, KOTOPbIE COOTBETCTBYIOT KPUTEPUSAM, OTOOPaXKarOTCs
B criucke. Kpurepuu MoryT OBITH 3a/1aHbl 10 HECKOJIBKMM IYHKTaM, 0TOOPa)KaloTCsl TOJIBKO 3a-
IIMCH, KOTOPBIE COOTBETCTBYIOT 3TUM KPUTEPHSIM.

['paMOTHOE MCTONIB30BAHUE U PeATH3ALMI COPTUPOBKHU, MOUCKA M (HIIBTPAIIMHN Ha caiTe
— OJIMH M3 CIIOCOOOB pa3pelnTh NPOOIEMHYIO CUTYALHIO, TOCKOIbKY XOPOLINH (GHIBTP OMO-
KET aKTOpy HAWTH MHTEPECYIOIIYIO €ro MpoOJIEeMHYIO CHTYallMI0 M MPHHATH Y4acTHE B €€ 00-
cyxaeHuu. CI0XKHOCTH BO3HMKAIOT B T€X CIIydasX, KOI/la YYaCTHUKHU IPOOJEMHBIX CUTyalui
UCIIOJIB3YIOT pa3Hble TEPMMHBI IS ONPEACIICHUs CXOKHMX IapaMeTpOB U IPUMEHSAIOT CUHOHM-
Mbl. Pemienuto 3ot mpoOieMbl MOCBSIIEHA Hallla JaibHENIas HaydHas pabora.
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PAZPABOTKA MOBUWJIBHOI'O INIPHJIOKEHUA 1)1 OBYUYEHUA
BOJIOHTEPOB ®UHAHCOBOM T'PAMOTHOCTH

Kanruna Upuna CepreeBHa, KaHa. TEXH. HayK, go1l., E-mail: ariaira@bk.ru
PaxumoBa Anuca EpxamamoBna, maructpant, E-mail: marinasuper1992@mail.ru
denoros Cepreii Anekcanaposud, ctyiaeHt, E-mail: serzh.fedotov@list.ru

3abaiikabCKUl TOCYIapCTBEHHBIN yHUBEpCUTET, I.Yurta, PO

AHHOTaUMA. 3HAHUS B 00JIaCTH (UHAHCOBON ITPAaMOTHOCTH aKTYaJIbHBI JIJISl BCEX TPYIIIT
HaceJieHHus. BooHTepoB (PMHAHCOBOW IPaMOTHOCTH IO TIPaBy MOXHO CYMTATh UCTOYHUKOM WH-
dbopmarnuu, ToATOMY Iporieccy 0Oy4eHUs] BOJIOHTEPOB B IaHHOW 00JIACTH CTOMT YIEIUTh 0C000¢e
BHUMaHUe. B ctathe maercs 0o00CHOBaHME pa3paOdOTKH MOOWUIBHOTO TpuioKeHus s dddek-
TUBHOW peayin3aliiy mporecca 00y4eHus: BOJIOHTEPOB MO porpaMmme GUHAHCOBON TPAMOTHOCTH.

KiaroueBbie cioBa. MoOOWIBHOE TPUIIOKEHUE, BOJOHTEPHI, (PMHAHCOBASI TPAMOTHOCTb,
nporpamMMa o0y4eHHs BOJIOHTEPOB.

B coBpemMeHHOM Mupe (PMHAHCOBO IPaMOTHBIM YEIOBEK 3a4acTyl0 MOXKET I103BOJIUTh Ce-
0e TO, UTO MOXXET OBITh HEJIOCTYIHO JJIs APYIHX Jrojed, KOTOpble He 00Ja1aT (prHAHCOBOM
IPaMOTHOCTBIO.

@duHaHCOBas IPaMOTHOCTh — 3TO JAOCTATOYHBIH YPOBEHb 3HAHUN U HABBIKOB B 00JacTH
(MHAHCOB, KOTOPBIN 1MO3BOJIET NIPABUIBHO OLICHUTh CUTYAIMIO Ha PbIHKE M NPUHATH (PUHAHCO-
BO Pa3yMHOE€ PEILICHUE.

®uHaHCOBasg rPaMOTHOCTb BaKHA JJIsl BCEX, HO MOTPEOHOCTU U, COOTBETCTBEHHO, OCO-
O6eHHOCTH 00yUYeHMsI pa3IMyaroTCs B 3aBUCMOCTH OT BO3pacTa, chepbl paboThl, ypOBHs 00pa3o-
BaHUS U MHOXECTBa pa3HbIX (pakropoB. OOyueHHe MOXKET NPOXOJUTh B BUJE PA3IMYHBIX MEpO-
OpUATUH, HampuMmep, TaKMX Kak (PUHAHCOBOE IMPOCBELICHHWE BOCHHOCTYXAlUX WiIM padoTa B
JETCKUX Jarepsx oT[blxa; BHUMAHUE YJENsieTcs U padoTe ¢ MaJIbIMU U CPEAHUMHM MPEANPUSATH-
SIMH, 1 paboTe ¢ 00pa30BaTEIbHBIMUA OpTraHu3ausamu [ 1].

B 3alaiikaibckoM Kpae OJHUM M3 KaHAJOB, UTPAIOIIUM OOJIBLIYIO POJib B (PUHAHCOBOM
NPOCBELICHUH HACcEJIeHMs Pa3HbIX BO3PACTOB, SBJSETCS MOJOJEKHAs OpraHu3aius, oOpa3oBaH-
Has Ha 0a3e ¢akyibTeTa SKOHOMHUKU U yIpaBiieHUs 3a0ailkaibCKOro rocyAapCTBEHHOTO YHH-
BepcUTEeTa MpU Nojaepxke otaeneHuss banka Poccun no 3abalikanbCckoMy Kparo CTYACHUYECKUN
BOJIOHTEpCKM oTpsip «Kanuram.

CBO «Kanutan» ¢ 2020 r. siBiseTcs OJHUM U3 KIIOYEBBIX 3JI€MEHTOB PermonanbHOro
neHTpa puHaHCOBOW TpaMOTHOCTH. OTpsii COCTOUT U3 32 BOJIOHTEPOB CTYJAEHTOB, KaXIBIA U3
KOTOPBIX TNepesl BCTYIJIEHUEM B OTPsiA MPOLIesl 00yuyeHue 1o NporpaMMe MoJArOTOBKU BOJIOHTE-
poB, BKJIroHaromiast B ceds 12 o0pa3oBaTeNbHBIX MOAYJIEH 1O OCHOBHBIM TeMaM (pMHAHCOBOIA
cdepsl ¢ 00s13aTeNFHBIM TECTUPOBAHHEM IO UTOT'Y 0230BOr0 00yUeHHUS.

Accouunanus pa3BuTus (puHaHCOBOM rpaMoTHOCTH (nanee AP®I') BbINONHAET 334a4u 110
MacIITaOMpOBaHUIO UHULIMATUB B cepe (GUHAHCOBOW IPaMOTHOCTH, 3aHUMAETCS MTOAJIEPKKON U
o0ydyeHueM BOJIOHTEPOB (puHaHCOBOTO mpocBemieHuss. CoBMecTHO ¢ oTaenennemM banka Poccun
Obuta pa3paboTaHa mporpaMMa HOJArOTOBKHM BOJIOHTEPOB (DMHAHCOBOTO MPOCBEIEHHS, BKIIIOYa-
I01as1 HECKOJIBKO ATAIlOB.

[Tocne MHTEPBBHIOMPOBAHUS BOJIOHTEDP BKIIIOYAETCS B €IUHBIA peecTp BOJIOHTEPOB (u-
HAHCOBOT'O MPOCBEIIEHU. DTO JaeT €My BO3MOXHOCTb OCYILECTBIIATh JAeSATeIbHOCTh M0 (pMHAH-
COBOMY TPOCBEIIEHUIO B (hopMaTe JIEKIUil, Mpe3eHTaI|i, UTP U APYTUX 00ydaromnuX Meponpus-
TUHN JIJIS1 pa3IMyYHBIX LIEJIEBBIX ayAUTOPHI, a TakKe MPUHUMAIOT y4acTUe B OpraHU3aluH U Mpo-
BEJICHUSI MEPOTIPUATUN B 00JIACTH MOBBIIICHUS YPOBHS (PMHAHCOBOM I'PaMOTHOCTH HAaCEJICHHUS.

JUis onTUManbHOCTH M YA0OCTBa IMpoliecca 00y4eHHs BOJOHTEPOB (PMHAHCOBOM I'paMoT-
HOCTH, TPEAINOJIaraeTcsi co3/1aTh MOOMIBHOE MPHIIOKEHHE, KOTOPOE MOCIYKHUT OTIIMYHON allb-
TepHaTuBOM caiita AP®I', Ha KOTOpOM B HAaCTOSIIUN MOMEHT MOKHO IpoiTH oOyuenue. Ha ce-
TOJTHSAUIHUM JI€Hb aHAJIOrOB JAHHOTO MPUIJIOKEHUSI HE CYIIECTBYET, OAHAKO €CTh MPOTrpaMMHOE
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oOecrieyeHue JUIst yrpaBieHUs] J0OPOBOIbLIaMHU (BOJIOHTEPAMH), KOTOPOE OTBEYAET 3a IUIAHUPO-
BaHHE, HA0OP M KOMMYHHKAITMOHHBIE MOTPEOHOCTH OPraHU3aTOPOB MEPOTNPUSITHI. DTO HEKHH
MHCTPYMEHT, KOTOPBIM TIOMOKET YIIPABIIATH CBOCH KOMAaH/IOM BOJIOHTEPOB HA MECTE.

Co3nanne MOOMIBHOTO OOY4YaIOLIEro MPUIIOKEHHS JJISi BOJOHTEPOB IUIAHUPYETCS Ha
IporpaMMHON maTdopme Ui MOOUIBHBIX ycTpoicTB — Android, pa3paboTaHHOM KOMIaHHEH
Google.

Mo6uipHOE IPUII0KEHUE COCTOUT U3 4 OCHOBHBIX Pa3ZelioB, KaX /bl 3 KOTOPHIX UMEET
CBOH (hyHKIIMOHAJ.

[lepBas akTuBHOCTH coaepkuT ¢parment LoginFragment, orBewarommuii 3a aBTOpHU3a-
muto. Ilpu 3amycke mpuiioKeHUsT HA SKpaHe OTOOpakaeTcsl CTpaHHIlA, KOTopas MoKa3aHa Ha
puc. 1.

AP W

Prorriasi i Asres
L

earmagrmm 110 1HF
D ombac s ehGEs

e S T Ll T i

Puc. 1. BHemnuii Bua npuinoxeHus

Ecnn nmosie30Barens He 3apETUCTPUPOBAH, B OTOM CIIy4ae OH CMOKET IIPOUTH NPOLELYPY
PErUCTpaLUH.

[Tocne aBropm3anuu mosib30BaTeNb nepeiaer B nepsbiil paszaen «[Ipoduns» (puc. 1).
B nannom pasnene pacnosnaratotcsi ocHOBHas MH(popmarus o Bosontepe: ®MO, nata poxaeHus,
yueOHoe 3aBezieHHe, ID BOOHTEpa M CIHMCOK CepTU(UKATOB, MOJIYUYEHHBIE 33 YCIELIHO MPOMH-
JIEHHBIE KYPCBHI.

OcHoBHble pa3zzensl «TectupoBanue» U «OOyueHue» MpeacTaBIeHbl Ha PUC. 2 COOTBET-
CTBEHHO.

Paznen «TectupoBaHue» COAEPKUT UTOTOBBII TECT, KOTOPbIM OyAeT aKTUBEH IOCJE TO-
o, KaK BOJIOHTEP NPOMIET Kypchl 10 12 TeMaTn4eckuM OJI0KaM.

ITpu Haxkatum kHOMKM «OOydeHHUe» MOSBIAETCS IKPaH ¢ MOJHOW MH(popManuen mpoi-
JEHHBIX KypCOB B IIPOLICHTHOM COOTHOILEHHMH, a TAKXKE, OCTABIINECS KYpPChI, KOTOPBIE CIEIYET
npoitu. Temarnueckue Kypcbl MOKHO MTPOXOJAUTH B JIFOOOM MOPSAJKE, a TAK)KE OCTAHOBUTD MPO-
necc oOydeHuss Ha KakoM-IMOO dTame, B 3TOM ClIy4ae pe3yjibTaT BOJIOHTEPA COXPAaHSIETCS.
CrpyKTypa KaXXJ10ro Kypca COCTOUT U3 TEOPETUUECKON YacTH, I/I€ BOJOHTEP U3Y4aeT OCHOBHYIO
uH(opMaluel Mo ToOMy WM HHOMY BUAY (PMHAHCOBOTO NMPOIYKTA M 3aBEPIIAIONINI TECT.
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Puc. 2. DxpaHbl IPUIOKEHUS

3aBepUIaroIMM Pa3/IeloM B IaHHOM NpUiIokKeHUU ABIsAtoTcs «KoHTakTh. 31€Ch Npea-
CTaBJICHBI CCHIJIKM Ha CalThl OCHOBHBIX NMapTHEPOB, TAKUX Kak Accoluanus pa3BUTUs (HUHAHCO-
BOM I'paMOTHOCTH, caT banka Poccun n np.

[Tomumo 3TOro, OBUIM paccMOTpPEHB! JNalbHEHIINE IYTH Pa3BUTUS pa3padaTbIBAEMOTro
IPUIIOKEHUS.

1. UHTerpanus MOOUIBHOTO MPHIIOKEHHS CO BHEITHUMHU 0a3aMu AaHHBIX (uepe3 API).

2. Peanu3zanus BO3MOXKHOCTH MOATPY3KH AKETHON MH(OpMAIIH.

3. IlpucBoeHme CTaTyCHOCTH BOJIOHTEPY, T. €. B 3aBUCUMOCTHU OT YPOBHS U PE3YJIbTaTOB
00y4YeHMs KaXKI0My BOJIOHTEPY IIPHCBAUBACTCSI ONPEAEICHHBIH cTaTycC.

4. Peanuzanus 1eHCTBYIOLIEro HHTepdeiica Ha pa3IUYHbIX A3bIKaX.

Taxum o6pa3om, BoJIOHTEP (PHHAHCOBOTO MPOCBEIIEHUS — 3TO YEJIOBEK, BeAyLIHi 100po-
BOJIBYECKYIO JICSITEIIbHOCTD JIJIsl TIOBBIIICHHUS (PMHAHCOBOM T'PaMOTHOCTH HaceleHHs Ha 0e3BO3-
ME3JHOM OCHOBE. DTO JIIOJM C aKTUBHOM I'pa)<1IaHCKOM mo3uuueil, npodeccuoHanbHas JesTelb-
HOCTb WJIM JINYHBIN OIBIT, 3HAHWS, YMEHHMS KOTOPBIX IO3BOJIAIOT y4acTBOBaTb B IIPOEKTax,
HaNpaBJICHHBIX Ha TMOBBILIEHHE YPOBHS (DMHAHCOBOH I'PaMOTHOCTH pa3lIMYHbIX TPYII Hacele-
HUs. YCUINS BOJIOHTEPOB HAIPABJICHbI HA MTOMOILB JIIOJSAM C LIEIbI0 OBIAJeTh 0a30BBIM HA0O-
POM 3HAHUIl 1 HABBIKOB, XapaKTEPHBIX Ui (PUHAHCOBO I'PaMOTHOTO 4enoBeka. COOTBETCTBEHHO,
co3JlaHH€e YAOOHOTO MOOMJIBHOTO TNMPHJIOKEHHs JIsi 00y4eHHs BOJIOHTEPOB (PMHAHCOBOHM TIpa-
MOTHOCTH — 3TO HE TOJbKO 3()(PEKTUBHBIA MEXaHU3M OO0y4YeHHE W aKTUBU3ALMM COIHAIbHBIX
MHULMATUB CTyJIEHYECTBA, HO M CO3JaHHE CHUCTEMBI CETEBOTO B3aMMOJEHCTBHS BOJIOHTEPOB,
B IIpolLiecce UX 00ydeHusl.
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I'abutoB Pycrem UnbaycoBud, kaHa. TeXH. HAYK, JO1I.
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KazaHckuil HaMOHAJIBHBIN UCCIIEN0BATEIBCKUN TEXHUYECKUN YHUBEPCUTET
umenu A. H. Tynonesa,
r. Kazans, PO

AnHoTtanus. Jlro6as aBToMaTu3upoBaHHass HHPOPMAIIMOHHAS CHCTEMa, TIPOCKTUPYyEMast
B paMKax IOCTaBJICHHBIX 3aJ]a4 pa3pabOTKH, MO/Ipa3yMeBaeT HAlOJHEHNE KaYeCTBEHHBIMU J1aH-
HBIMHA B MPOLIECCE MPSAMOr0 B3aUMOJECHCTBHS C MOJIb30BATENEM, & TAKKE JOIYCKAET HMIIOPT
JAHHBIX U3 Pa3HOOOPa3HBIX UCTOYHHKOB C MPEIBAPUTEIBHBIM (OpMATHPOBAHHMEM U KOHBEpTa-
uueit. Tak WM WHaYe, TpoLEeCC MOArOTOBKU JTAHHBIX HA 3KCIOPT U MOCIEAYIOLIUA UMIIOPT 3a-
CIIY’)KMBAIOT OTAENBHOTO BHUMaHUs KaK CPeIu aHAIMTHKOB, TaK U cpeau pa3paboTunkoB. Oc-
HOBHAs 4acTh PacCMAaTPUBAEMOI0 BOIPOCA CTPOUTCS HA CO3JaHUHM ONTHUMAJIBHBIX 3alPOCOB IO
BBITPY3KE JaHHBIX U MOCIENYIOLIEH 3arpy3Ke TaKOBBbIX B MPUHHUMAIOLIYIO cucteMy. To ecth u3
apXuBHpyeMasi, YHACJIeJJOBAaHHOW HH()OPMAIIMOHHOW CHUCTEMBI B pa3padaTeiBacMyro. B maHHOU
cTaThe pa3z0MpaeTcs OMBIT peaTu3aluu MeXxaHu3Ma Iepenadyl nH(OPMalUU