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YIK 621.311

M.I. FALLIUPOB, JI.1II. AKYYPHUH, 2.P. TAFAEB, U.B. IPOKO®bEB
Hnemumym negpmenepepadomru u negpmexumuu @I'EOY BO « Y pumckuii cocyoapcmeenHoiii

Heghmanol mexHuueckull yHugepcumemy, 2. Carasam

PASPABOTKA YYEBHO-UCCJIIEJOBATEJBCKOI'O
KOMIIVIEKCA MO ANCHUITIJIMHE
«MVYJIBTUATEHTHBIE CUCTEMBbI

NCKYCCTBEHHOI'O UHTEJIJIEKTA»

Knrouegvle cnoséa: MynbTHAreHTHBIE CHCTe-
MBI; HEHPOHHAs CEeTh; Y4eOHBIH CTeH[; HU(PPOBOH
JIBOMHHUK; 3JIEKTPOIHEPIreTHKA.

Annomayus. B crarbe paccMarpuBaeTcs pas-
paboTka >HEPronHMOPMAIIMOHHOTO KOMIUICKCA C
3JIEMEHTaMH UCKYCCTBEHHOTO MHTEIIIEKTA JITIS JFC-
TQHIIMOHHOTO OOY4YEHUS B OONACTH 3JIEKTPOIHEP-
TeTUKH W DJIEeKTpoTexXHWKH. Llems wnccnemoBanHms
3aKIIOYAeTCS B CO3JaHUH y4eOHO-HCCIIeI0BATENb-
CKOTO KOMITIEKCA TSI M3yYEHUS] MYJIBTHAT€HTHBIX
CHUCTEM C BO3MOXXHOCTBHIO YIAJIEHHOTO BHIMOJIHE-
HUS J1aOOPaTOPHBIX padoT.

B npouecce nccienoBanusi MpoBeieH aHAIIN3
Hay4YHO-TEXHHUYECKOW JIMTEPaTyphl W MNATCHTHOU
nHpopmarnmu. [lpu paspaboTke HEHPOCETEBOTO
QITOPUTMa MCIOIB30BaHbI METOJ 00YUYeHUs C yuu-
TEJIEM U PerpecCHOHHBIN aHAIIN3.

PesynbsraTtom wnccnenoBaHusi cTaj CO3IaHHBIN
MIPOTPaMMHBIH KOMIUIEKC, BKJIFOYArOi 1udpo-
BOW JBOWHHK JTa0OpAaTOPHOTO CTEHAA, HWCIOIHU-
TEIbHYIO CHUCTEMY W MOJieJIb HEWPOHHOU CceTH.
Pa3zpaborannast MoJieNb MO3BOJSET OCYIIECTBIIATH
MOHHUTOPUHT COCTOSHHS J1a00OpaTOPHBIX CTEHIOB U
MIPOBOJINTH JIMArHOCTUKY BO3HHKAIOIIUX MPOOIEM
Ha OCHOBE TEKYIIUX IMOKa3aHUH.

BBenenune

AKTyanbHOCTh pabOTbI: B COBPEMEHHOM MHUPE
CII0KHOCTh M U3MEHUYUBOCTb CHUCTEM YIIPABIICHHUS
IIOCTOSIHHO BO3PACTAOT. TpPagUIIMOHHBIE METOIbI
NPUHATUSL PELIEHUN YK€ HE CIIPABISIOTCA C MHO-
TOKPUTEPUAILHBIM aHAIM30M OOJNBIINX 00BEMOB
naHHBIX. IMEHHO 1Mo3TOMy 0COOYIO aKTyaJbHOCTh
MPHOOPETAIOT MYJIBTHAreHTHBIE TEXHOJOTHH Kak
MHHOBAIIMOHHBIN MHCTPYMEHT PELICHHS CIOKHBIX
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3a/1au.

['maBHOE MpPEeUMMyIIECTBO 3TUX TEXHOJOTHM —
CHOCO6HOCTI) K caMOOpraHn3aliui U aaallTUBHOMY
B3aUMOJIENCTBUIO.

Llenpro maHHOW cCTaThU SBISETCS pa3palboT-
Ka MHHOBAI[MOHHOTO Y4eOHO-HCCIIe0BATENECKOTO
KOMILIEKCA € AJIEMEHTAMH UCKYCCTBEHHOI'O MHTEJI-
JIeKTa IS TIPOBENEHUs JTabopaTOpHBIX PaboOT o
JucuuIuinie «MynbTHAreHTHBIE CUCTEMBbI HCKYC-
CTBEHHOT'O UHTEILJICKTa».

MarepuaJjbl 1 MeTOIbI

HccenenoBanne mpoBoamiioch Ha Oa3e jgabopa-
topun MHcTUTyTa HedTeXMMUU M HedTenepepa-
o6otku B T. CanaBare. B pabore MCHONB30BATUCH
¢usnueckue creHapl Komnanuu «J1adCucy:

— «Mogenb 3MEeKTPUYECKOM CHCTEMBI C y3-
JoM KomIiekcHoi Harpy3km» (MIC-KH-CK);

—  «ABTOMaTH3aIMsl AIEKTPOIHEPreTUICCKUX
cucrem» (A9C-CK).

O6opyoBanre ObLJIO PACIIUPEHO PEaIbHBIMU
W BHPTYaJbHBIMH OOBEKTaMHU JJIEKTPOIHEPreTHU-
YECKMX CHUCTEM C PETYIHPYEMbIMU IapaMeTpaMu
U COBPEMCHHBIMHU CpEICTBAMH YIPABJICHUS pe-
KUMaMH JTEKTPOCHAOKEHHS.

OcHoBHbIE (DYHKIIMOHATBHBIE MOJIYJIH BKITIO-
YaroT:

—  MOMIYJb TUTAHWUS,

—  MOIyJNb TpexdasHoU ceTu;

—  MOJYJIH BBIKITFOUaTENeH;

—  MOZIYJIb JIMHUH JEKTpOIepeadH;

—  MOJYJTb aKTUBHOW HATPY3KHU;

—  MOMIYJIb POJOIBHON KOMIICHCAIMH.

Jlannast koHburypanus o0ecreunBacT HMH-
TalMI0 Pa3IMYHBIX PEKUMOB HArpy3Kd M MHHU-
MU3AIHI0 TI0TePh B JIMHUSIX JIIEKTPOCHAOKCHUSI.
CtpykTypHasl cXema KOMILIeKca TIpe/ICTaBlieHa
Ha puc. 1.
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Paznen: MaremaTuueckoe MO TMPOBAHUE H YU CJIEHHbIE METO/IbI
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Puc. 2. BHemHui BUI UQpPOBOTO TBOMHAKA

CTE€HAA «MHTEJIJICKTYAJIbHBIX CUCTEM OAUAarHOCTHUKHU

OJICKTPOIHEPTECTHUUCCKUX KOMIIJIEKCOB»

Jabeparopa cTeRT
sHnTe I cRTYRISHME CHETEME

EOMMIERCOR -

Nadapatopmadi cremy
slETertexTvaTLEME CROTEMM
OORIEPAKH EPHRETIE pemem o —
METHPTHAMR CHETEM B
IEETPOIHERTETHES =

L

NEpEITE

PeECasEILTARTION
OETRaTopy

OIPENN COCTOANMEE

CETRMEATREOR PaboTa
creia

JNaboparopam crema
«hlmrertexmyamime coctensn | |
CPESCTEY VPRSI PeRuae

CHCTEM 11::rp-ucl.liiunm-

gessmEmmmEmnm oo -e s

OdniHbs, NOMSEHHES 63 WAHPOBEX
neodrkos PO S N, I, U Un, fc

R

Puc. 3. ®ynkunonanbHas cxeMa UHTEIIEKTYyaJbHOU CHCTEMBI

JpyrumMu rpynmaMu - CTyA€HTOB-MarucTpaH-
TOB ObLIM pa3paboTaHbl BUPTyajbHbIE HU(PPOBBIE
JBOWHHUKH, OCHOBaHHBIC Ha PeabHBIX (PU3NICCKUX
cTeHaax. Buemnuii Bua uHTepdeiicoB mpeacTas-
JIeH Ha puc. 2, 3 u 4.

Hama rpynma paspaboTana MynbTHAareHT-
HYIO CHCTEMY Ha OCHOBE HHTEIICKTYaJ bHOTO all-
roputMa Juis paboTel ¢ NU(QPOBBIMU JBOHHHKA-
MU Ja0OpaTOpHBIX CTEHJIOB M cOOpa JaHHBIX W3
OnbIMOTeKH.
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Nabbl ¢ UA

Maficpatoges |
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Maticpanogus 2
ﬂ Py

FlaGopanopun 3
(CCTSAS DatOTAT B PS8

Matopaopus | Peausesyags wet

afopatipes § Pesismag wet

CbiiA PaFTITAT: YEOENTBORMTENLHG

Puc. 5. Buemnuit Bun uaTEepdeiica

Pa3paboTka BKIIIOUana CIeAyIONIe TAIbL:

— CO3[aHHe aJropuTMa IMporpaMMbl;

— aHaJu3 NapaMeTPoOB CTEH[IOB;

— BbIOOp fA3BIKA W Cpedbl MPOrpamMMHUPO-

— pa3paboTKa MyJIbTHAreHTHON CHCTEMBI;

— oOy4eHue HEHPOHHOH ceTH.

Ha nepBom »sTame Obuia co3mana (yHKUHO-
HanpHas OJIOK-CXeMa ajropurMa IMpOorpaMMBl
(puc. 3), xoropas Jerna B OCHOBY JalibHeHIIei
pa3pabOTKH CUCTEMBI.

[Iporpammuoe obOecrnieueHrne (GyHKITHOHHPY-
eT CIeAYIOMUM 00pa3oM: cobmpaeT maHHBIC (TOK,
HaIpsHKCHHE, CONPOTUBIICHUE) C TpeX ITU(GPOBBIX
JIBOWHHUKOB, aHAJTM3UPYET MapaMeTphl 4epe3 UCKyC-
CTBEHHBIH WHTEJUICKT, BBIJACT PEKOMEHIAIIUH Olle-
paropy U OICHKY COCTOSIHHsSI CTE€HJa, 0ToOpa)kaer
pe3yNIbTaThl B NOJIB30BATEILCKOM HHTEepdeiice.

B mpornecce pa3paboTku cHawana MpOU3BOIM-
v cOop U aHanu3 (PU3NYECKUX MAapaMeTpOB CTCH-
JIOB 7151 00Oy4eHHsI HeHPOHHOM ceTH. 3aTeM BhIOpa-
u Python xaK OCHOBHOM SI3bIK IPOTPaMMHUPOBAHUS
(c ucnonb3oBanueM PyCharm) W UHTETPUPOBAIH
HeoOxoauMble Ouonmuorexku: IensorFlow, Keras,
PyQt5, Matplotlib. Ocoboe BHUMaHHE YISIWIH
pa3paboTKe  B3aMMOJCHMCTBYIOIIMX  HEHPOHHBIX
ceTel, o0ecreYnBalOIUX CBSA3KY C APYTUMH HC-
CJICZIOBATEIIbCKUMM  KOMaHAAaMHU. 3aBepIIarOLIIM
9TaloM CTAJIO HAMMCAHUE IPOTrPaMMHOIO KoJa U
obydeHrne HEHPOHHOW CETH, YTO TIO3BOJHIIO CO3-
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JaTh KOMIUIEKCHYIO CUCTEMY PabOThI C JaHHBIMU,
crocoOHy0 3(()EeKTHBHO B3aMMOIEHCTBOBaTh C
JIPYTUMH HCCIIEOBATEIbCKUMH TPYIIIAMH depe3
MHTETPUPOBAHHBIC HEHPOHHBIE CETH.

Pe3yabTarsl

Ha puc. 5 mokazan untepdeiic mporpaMmMHOTO
o0ecrieueHusI MyJbTHATEHTHON CHCTEMBI.

[IporpamMmHOe obecrniedeHne coOHupaeT aH-
HBIE C TpexX UU(PPOBBIX JBOMHUKOB (TOK, HaIps-
JKCHHUE, COMPOTHBIICHUE), aHAIU3UPYeT HMX uepe3
uckycctBeHHblid uHTeiektT (MU) m orobpaxkaer
pesynbraTel B MHTEp(eiice, BbAaBas peKOMEH/a-
LUK OIIepaTopy.

[Ipu paspaborke mpowusBenu cOOp Quuvec-
KHX [apamMeTpoB Uil oOyueHHs HEHPOHHOH ceTw,
BeiOpamu Python ¢ PyCharm W WHTETpUpPOBAIN
oubmmorexu TensorFlow, Keras, PyQtS5, Matplotlib.
Pazpabotanm B3ammoneHCTBYIOMMUE HEHPOHHBIE
CeTH IJIS CBSI3U C APYIMMH KOMAaHIAaMH, CO3AaJH
KOIl M OOYyJIIIA CUCTEMY, C(HOPMHUPOBAB KOMITJIEKC-
Hyto mardpopmy st dGQPEKTUBHOTO B3anMOCH-
CTBHS C UCCIIEIOBATEIILCKIUMH TPYIITIAMHU.

Oo6cy:xnenue
Uccnenosanust mynbsruareHTHbIx cuctem WA

B DJIEKTPOSHEPIreTHKE MOATBEPAMIN SPPEKTUB-
HOCTh Pa3pabOTaHHOH NporpamMMbl JUIsI MOHHTO-
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pUHTa ¥ XpaHeHus nokazanuii. CucreMa mo3BossieT
MOJy4aTh JETalbHBIC JaHHBIE O paboTe KaKAoro
9NIeMEHTa CTEeH/a U (POPMHUPOBATH OOIIYIO OLIEHKY
COCTOSIHMSI YCTaHOBKH.

[lonydyeHHsle  pe3yabTarbl — CIIOCOOCTBYIOT
YAYYLICHUIO TOATOTOBKM CIICLUAIUCTOB HHKE-
HEPHO-TEXHUYECKUX HANpPaBICHUH M OTBEYAIOT
MOTPEOHOCTSIM  AIIEKTPOIHEPIETHUECKON  OTpaciu
B KBaJM(PULUPOBAHHBIX Kaapax.

mwiekc Ha 0asze crenma 'K «lanCen» mig monro-
TOBKH CTYICHTOB IT0 HAIPABICHHUIO « DIECKTPOIHEP-
TeTHKa W JJIEKTPOTEXHUKay. KoMIuteke peamusyer
obyuenue B Tpex (hopmarax: OYHOM, JTUCTAHI[HOH-
HOM U CMEIIAHHOM C aKI[CHTOM Ha MpPUMCHEHHE
HCKYCCTBEHHOTO WHTEIUIEKTAa B DJICKTPOIHEpre-
THKe, BKJIIO4Yass paboTy C aKTUBHO-aalTHBHBIMU
CETAMU.

B cocraB koMIuiekca BXOAUT IMOJHOE Y4eOHO-

METOJIUYECKOe OOeCreueHre Ui MPOBEICHUS Jia-
0OOpaTOPHO-TIPAKTUICCKUAX PA0OT 10 TUCITUILIHHE
«MynbTHAreHTHBIE CHCTEMbl HCKYCCTBEHHOTO WH-
TEJUIEKTa» BO Bcex (popmarax oOydeHusI.
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Heghmsinot mexnuueckuil yuugepcumemy, 2. Carasam

BHEJIPEHUE HEMPOHHBIX CETEN B
YYEBHO-UMUTAIIMOHHBIN KOMIIVIEKC HA
BA3E MIPOTPAMMHBIX U TEXHUUYECKHUX
CPEJICTB «<OBEH» J1JISI AIAIITUBHOT' O
YIIPABJIEHUS TEXHOJOTUYECKUMU
IMPOLIECCAMMU

Krnrouesvie cnosa: aBTOMaTU3UPOBAHHBIE CH-
CTEMBI YIPABIICHUS, HWMHTAIMOHHO-MOACIUPYIO-

Ui KOMIUIEKC; HEWpPOHHBIE CeTH; 00opymo-
Banne «OBEH»; [IWI-perynstop; mmdpoBoi
JIBOMHUK.

Annomayus. B cratbe paccMarpuBaeTcs co-
BPEMEHHBIN TMOIXO0J K MOCTPOSHUIO HHTEIEKTY-
albHBIX CHCTEM aBTOMAaTHYECKOTO YIIpaBJIEHUS,
OCHOBAHHBIX HAa BHEAPEHUU HEHUPOHHBIX CETEH B
y4eOHO-UMHUTAIMOHHBIN KOMILJIEKC Ha 0as3e mpo-
rpaMMHBIX M TexHH4eckux cpeacrs «OBEH».
OnuceIBalOTCST OCOOCHHOCTH pPa3padOTKU  y4eO-
HO-MMHUTAIMIOHHOTO KOMIUIEKCa, BKJIIOYas apXH-
TEKTypy Iepegaud AaHHbIX depe3 OPC-cepsep n
aJITOpUTMBI alaTUBHOTO yrpasinenus. [Ipencras-
JIGHbl PE3yJbTaThl SKCIEPUMEHTOB B BHUJE MPO-
rpaMMHBIX pElIeHWNA MO aJanTHBHOM HacTpoOMKe
I /I-perynsaTopoB € HCMOJIb30BAaHUEM HEWPOH-
HbIx ceredl. IlomydyeHHBIN pe3ynabrar IO3BOJIAET
3HAYUTEIHHO YIYYIINTh TUHAMHYECKHE XapakTe-
PUCTHKH CHUCTEMBI: CHU3WUTH IE€peperyinpoBaHue,
YMEHBIIUTh CTAaTHYECKYI0 OIMIMOKY W COKpaTHUTh
BpeMs CTaOWIM3aluy. DTO TOJOKUTEIBHO BIHSET
Ha MEePeXOHbIE MPOIECCHl U CITOCOOCTBYET MOBBI-
LIEHUIO TMPOU3BOAUTEIBHOCTH TEXHOJIOIMUYECKOTO
polecca.

BHenpenue HeWpoceTeBBIX alTOPUTMOB C
OTEYEeCTBEHHBIM  OOOpYIOBaHWEM  KOMITAHUHU
«OBEH» B y4eOHO-UMUTAIIMOHHOM KOMILIEKCE
MIPEACTABIIACT COOOW 3HAYNTEIBHBIA Iar B CTO-
pPOHY pa3BUTHS IUPPOBOH TMPOMBINLICHHOCTH.
B ycroBWSIX TOCTOSHHOTO pocCTa TpeOOBaHHWH K
Ka4eCTBY, HAJC)KHOCTH U DKOHOMHUYECKOH d(hdek-

TUBHOCTHU YIPAaBJICHHUSI COBPEMEHHBIC aBTOMATH3H-
poBanHble cuctembl ympasinenus (ACY) wurparor
KIIIOUEBYIO POJIb B oOecredeHnn Oecriepe0oiHo-
ro (yHKIMOHMUPOBAHUSI TEXHOJOTHYECKHX TPO-
LIECCOB, COKpAIICHUH BPEMEHH pPEakUuH Ha W3-
MEHEHHUS M TMOBBILICHHH OOIIEH YCTOMYMBOCTH
MPOM3BOACTBEHHBIX cHCTeM. l3MeHeHuWe Kiaccu-
YECKMX METOJOB pPErylupoOBaHMs, OCHOBAHHBIX
Ha JKECTKO 3aJaHHBIX alrOpUTMax, B HHTEJUICK-
TyallbHBIX CHCTEMaX C HEHPOCEeTEeBOW KOPPEKIIH-
el TI03BOJIIET HE TOJBKO MHHHUMHU3WPOBATh BIUS-
HUE CITydaliHBIX (DaKTOpOB M OMMOOK omeparopa,
HO ¥ CYIIECTBEHHO TMOBBICUTh J(PPEKTHBHOCTH
ympasienns [1].

Hetipornaple ceTm MOIETHPYIOT padoTy de-
JIOBEYECKOTO MO3ra, OCHOBBIBasICh Ha OWOJIOTH-
YEeCKMX NpUHIHINAX (QYHKIMOHUPOBAHUS HEWpPO-
HOB. DTH CETH COCTOST U3 OOJBIIOr0 KOJMYECTBA
HCKYCCTBEHHBIX HEHPOHOB, O0BEJMHEHHBIX B CIIOH
1 B3aMMOJICHCTBYIOIIMX MEXay cOOOH depe3 Be-
coBble KOd(duimentel. [lyrem oOyueHus Ha pas-
MEUEHHBIX JIaHHBIX HEHPOHHBIE CETHU CIIOCOOHBI
CaMOCTOSITEJIbHO BBISIBISITH 3aKOHOMEPHOCTH, [ie-
JaTh MPOTHO3BI U MPUHUMATH pemieHus. B pamkax
MIPOBOAMMBIX HMCCIIEOBAaHUM JAJIsl aHalu3a dKCIie-
PUMEHTAIFHBIX JTAaHHBIX MPEIIaracTcs MPUMEHUTh
HEHPOHHYIO CeTh C OOPaTHBIM PACIPOCTPAaHEHHUEM
JUTS  OIEHKH A(PQPEKTUBHOCTH YIPABICHUS TeX-
HOJIOTHYECKUM TMPOIECCOM B HMHUTAIIMOHHO-MO-
JenvpyronieM Komiuiekce «CucTtemMa aBTOMaTH-
YECKOTO YTPaBIEHUS» HA OCHOBE MPOTPAMMHBIX
n texamueckux cpeacts [10 «OBEH». Mwmwura-
[UOHHO-MOJICJIMPYIOIIUI  KOMIUIEKC —H300pakeH
Ha puc. 1 [2].

[Iporiecc oOyueHus: HEHPOHHOW ceTH C 00-
paTHBIM PAacHpPOCTPAHEHUEM SBISIETCS KIIFOUEBBIM
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Puc. 1. UmuranmonHo-moaenupyromumii kommieke «OBEH»
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Puc. 2. Tpenapt u monodpantusie kodhduruents! L [T ]-perymsatopa

32 CYET CHELUAJBHOIO auropurMa oOydyeHus, B
KOTOPOM OIIMOKa PacHpOCTPaHsSETCs] OT BbIXO-
HOTO CJIOS K BXOAHOMY. ODTOT METOI HO3BOJISET
ONTUMM3UPOBATh IapaMeTpbl CETH, 4YTOOBl MHU-
HUMM3UPOBaTh OIIMOKY MEXIy MpelcKa3aHus-
MU MOJAEIU W UCTHHHBIMHM 3HAUECHUSIMHU LEICBOU
IepEMEHHOM.

PaccMoTpuM OCHOBHBIE Iiaru mporecca o0y-
YeHHUsl HEUPOHHOM CETH ¢ MCIIONb30BaHHEM 00par-

Ne 4(166) 2025

HOTO paclpOCTPaHEHMUS.

1. Ilpsimoe  pacmpoctpaHeHue. Bxomubie
JAHHBIE TIEPEAaroTCS 4Yepe3 CeTh CJIOH 3a CIOoeM.
Kaxxgprit crmoit mpeoOpa3yeT BXOIHBIE NaHHBIE C
MTOMOIIIBIO (PYHKITMI aKTHBAIlMK W TIEpefaeT uX Ha
BBIXOJ] CIIEAYIOIIEMY CIIOIO.

2. Bpmwucnenme ommbOku. Ilocme mpsimo-
IO pachpoCTpaHEHHWs CeTh JelaeT TIpejcKa-
3aHMAA. 3areM BBIYUCIACTCS pPasHHUIA MEXIY




HAYKA U BU3HEC: IIYTHU PASBUTHUA

Paznen: Maremaruueckoe MOJEJTHPOBAHUE U YHCJTCHHbIE METOAbI

[#e [t Yew Hevigete Code Refector Ryn Jooh Y5 Windew RHelp Y - MNPy - Aderiniirater

* Ede [dt View MNavigete Code Refactor Run Jools VOS5 Window Help My - Ope pry - Adenerestratos

M pythonPrject |
B Pt

o1 o - [WEEH

g
L3
L

> 1 Extesnal Librasies
¥ W Sorabches and Consoles

- -] *
a0 G-1 O@®
im

B EOMF UT-B 4 ipace Python 17 (pythenBroject!] s
AP o o F 4 G s B

— o x
fcaGG-m QOW®
im

2000 4 Prihen Conole @ Problems B Teminal O Sevvons

T CRIF UIF-8 dspaces Pythan 1.7 (pythenPraped]) T
L K 4 )

Puc. 4. Pesynbrar padotsl nporpammsr OPC

MIpe/ICKa3aHUsIMU MOJIENId W UCTUHHBIMU 3HAYCHH-
SIMH TIEJIEBOM TTEPEeMEHHON ¢ TIOMOIIBI0 (DYHKIIUN
OTEPh.

3. OOparHOE pAaCIpPOCTPAHCHHUE  OIIUOKH.
OmmbKa, BBIYHCICHHAS Ha MPEABLIYIIEM IIare,
pacrpocTpaHsieTcs: Ha3all 4epe3 CeThb Ui BBIYHC-
JICHUs] TPaMeHTOB (DYHKLIUH [OTEPh MO OTHOIIE-
HUIO K TapaMeTpaM CETH.

4. OOHOBIEHHE BECOB. |pajMEeHTHI, BBHIYMC-
JICHHBIE Ha MPEIbIAYIIEM IIare, UCIONb3YOTCS IS
OOHOBJICHUSI BECOB CETU C IMOMOILBIO ONTHMH3A-
[IMOHHOTO AJITOPUTMA, TAKOTO KaK TPaJMCHTHBIN

CIIyCK. DTO MO3BOJISICT YMEHBIINTh OLIHOKY C KaX-
N0 uTepanueit o0yyeHusl.

5. TloBropenue. BrlmienepeunciaeHHble Maru
MIOBTOPSIFOTCS. MHOTOKParHO 1O TeX II0p, IIOKa
omubOKa Ha oOydwaromeM HaOope TaHHBIX HE JO-
CTUI'HET YIOBJIETBOPUTEIHHOTO YPOBHS WM IIOKa
He OymeT BBINIOJIHEH JPYrol KpHUTEpPUH OCTa-
HOBa [3].

V4eOHO-UMHUTAIIMOHHBIN KOMILIEKC «CHcTemMa
ABTOMATUYECKOTO YIIPABJICHUSY, DPa3pabOTaHHBIHN
Ha 0aze obopynosanust «OBEH», peanusyer npun-
LUI 3aMKHYTOTO KOHTYpa YIPaBJICHUS C HCIOJIb-
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30BaHHEM HEHPOCETEBBIX AIrOPUTMOB. B pamkax
3TOr0 KOMIUIEKCA JaHHbIE, MOJydyaeMble C JaT4H-
KOB, TEpeAaloTcd Ha IEHTPaIbHbIM KOHTpOIJIEp,
IJC OCYLIECTBISIETCS TNepBUYHAs 00paboTKa WH-
¢dopmanuy, myTeM NpeoOpa3oBaHMs aHAJIOTOBBIX
CUrHaJIOB B LudpoBbIe. 3ateM 3Ta HWHPOPMALHS
HaIpaBJseTCsl B HEMPOCETEBYI0 MOJAEIb C IOMO-
mpio OPC-cepBepa, kKoTopasi, 00ydasich Ha OCHO-
BE HCTOPHYECKUX IaHHBIX, CHOCOOHA B PEKUME
peanbHOTO BPEMEHHM KOPPEKTHPOBaTh 3HAYCHUS
koadpunmentoB [11][-perymaropa, 9ro MmO3BOIS-
eT yAy4IIUTh TUHAMHKY CHCTEMBI M 00ECHeunTh
OoJee TUTaBHBIN MEepexo/ B CTAIlIOHAPHOE COCTOS-
HUEe 0e3 pPEe3KUX CKayKoB YIMPaBIAIONIMX CHUTHAa-
noB [4]. TpeHmsl, oTpaxkarouiue TOBENCHUE CH-
CTeMbl ¢ TOAOOpaHHBIMH KO3 duIeHTaMH
[N -perynsTopa, moka3aHsl Ha puc. 2.

Ha puc. 3 mokasan pesyasrar pabOTBI ca-
MO Tporpammbl, HamucanHoi B PyCharm nis
nonabopkun  koddpdunmento  gns  [TUA-pery-
JSTOpA.

[lepenaua jaHHBIX ¢ caMOro y4eOHOro cTeHza
B OporpaMMy ocCyllecTBisieTcs: ¢ nomoiupo OPC-
cepBepa, HamucaHHOTo Taxke B PyCharm, Kak 1o-
Ka3aHo Ha puc. 4.

Pa3zpaboTka maHHBIX NpOrpamMM IPHUBOIUT K

3HAYUTEIBHOMY COKpAIICHHUIO BPEMEHH DETYIH-
POBaHMA, YMEHBIICHUIO IEPEPETyIUPOBaHUS U
CHMJKCHUIO CTATHYECKOH OIIMOKH, YTO B MTOTE
CIOCOOCTBYET TOBBIIICHUIO HAJAECKHOCTH U JIOJTO-
BEYHOCTH 00OPYIOBAHHUS.

BHenpenue HeMpOCETEBBIX aIrOPUTMOB B
y4e0HO-MMHUTALMOHHBII KOMIUIEKC C HCIOJIb30-
BanueM oOopynoBanuss «OBEH» nemonctpupyer
3HAYUTEJIBHBINA TIOTEHLUAN JUIS TOBBILICHUS Kaue-
CTBA YIPABJICHHUS B aBTOMAaTH3UPOBAHHBIX CHUCTE-
Max. brarogaps aganTuBHOH KOPPEKTUPOBKE KO-
¢unmenToB TN I-perynsTopoB ¢ UCIONB30BaHUEM
HEHPOHHOHN CETH YAeTCsl CYLIECTBEHHO YIYUIINTh
JUHAMHYECKHAE XapaKTEPUCTUKH CUCTEMBI: CHH-
3UTh NEPEPEryINPOBAHNE, YMEHBIINUTh CTATHYEC-
KyI0 OIIMOKY M COKPaTUTh BPeMs PETYJINPOBAHUS.

Bce 510 cmocoOcTByeT yAydIIEHHIO OC-
HOBHBIX  XapaKTEPUCTUK  IEPEXOJHOTO  IIPO-
mecca, 4ro, B CBOK OYEpPEb, MO3BOJIAET IOBBI-
CUThb  IPOU3BOJUTENIBHOCTh  TEXHOJOTMYECKOTO
rporecca.

OTOT MOAXOA pacIIMpsieT MEepCIeKTHUBBI paz-
BUTHSI U(POBON NPOMBIIUIEHHOCTH M CHOCO0-
CTBYET INPAKTHUECKOMY BHEAPEHUIO HHTEIUIEKTY-
aJbHBIX CUCTEM YIPABIECHUS B PEAJbHOE IPOU3-
BOJICTBO Ha 0a3e OTEYeCTBEHHOTO 000PYI0BaHMSL.
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Unemumym nepmenepepabomru u nepmexumuu @IEOY BO « Yhumckuii eocyoapemeennulil

Heghmsinol mexHuueckuil yuugepcumemy, 2. Carasam

INPUMEHEHHUE UCKYCCTBEHHOI'O
UHTEJIJIEKTA IJISA ABTOMATU3ALIMUA
INNEPEKJIIOYEHUSA HA BKIIIOYEHHUE
PE3EPBHbBIX HCTOYHHUKOB IIMTAHUA

Kniouegvie cnoséa: HaneKHOCTb; HEHPOHHAS
CEeTb; PE3EPBHBIM MCTOYHUK IUTAHUS; 3SJIEKTPO-
cuabxenue; Keras; Feedforward; TensorFlow.

Annomayus. B coBpeMeHHOM MHpE CTaOMIIb-
HOE 3JIeKTpOoCHAOKeHNE UTpaeT KIIOYEBYIO POJb B
o0ecrieueHur HOPMAIILHOTO  (DYHKIIHOHUPOBAHHUS
KaK JOMallHUX, TaK M MPOMBIIUICHHBIX CHCTEM.
[lepebon ¢ momayeil 3MEKTPOIHEPTHH CIIOCOOHBI
BBI3BIBATh CYIECTBEHHbIC (DMHAHCOBBIC YOBITKH H
MPUBOIUTH K cO0SIM B paboTe KPUTUUECKU BaKHBIX
00beKTOB MH(PACTPYKTyphl. BHenpenue peseps-
HBIX UCTOYHHMKOB MHUTaHU — 3(PPEKTHBHOE perie-
HUE ISl TIOBBILICHUS] YCTOWYMBOCTH K TEepeOosM.
Jnst MmakcumanbHO 3QQEKTUBHOTO MCIIOIb30BAHUS
9TUX MCTOYHUKOB HEOOXoAauMa pa3paboTKa MHTEI-
JICKTyaJbHbIX CHUCTEM, CIOCOOHBIX IPOTHO3HMPO-
BaTb M aBTOMATH3MPOBATh 3allyCK PE3EPBHBIX TIe-
HEpaToOpoB B OTBET HAa M3MEHEHUS B MOTPEOICHUH
WJIN BBIXOJ U3 CTPOS. OCHOBHOT'O MCTOYHHKA.

Lenp mccnenoBaHus — pacCMOTPETh U HUCCIIE-
JI0OBaTb BO3MOYKHOCTU MOZEJIMPOBAHUS HOBEHIIEH
pa3paboTKK (BUPTYAIBHOTO TpEHAaXKepa) WU MpH-
MEHEHUSI HEUpPOHHOW CeTH MJis aBTOMAaTU3alWU
BKJIFOYCHHUSI PE3EPBHBIX HUCTOUYHHKOB Ha TpaHCcop-
MaTOpHOM MOJCTAaHIMU. AKTYalbHOCTh pabOTHI
MIPOIUKTOBaHA BO3PACTAIOIIUMH TPEOOBAHUSIMU K
HAJCKHOCTH M OecnepeOOMHOCTH 3IeKTpocHa0-
KEHHUS, 0COOEHHO B YCIIOBHAX JKCIUIyaTalllH, I7e
HEOOXOOUMO YHEATh 0coboe BHHUMaHHE oOecrie-
YEeHHUIO cTabMIbHON paboThl. [ pemenus 3a1auu
BKJIIOUEHHS PE3EPBHBIX MCTOUYHUKOB MUTAHUS ObI-
Jla WCIojb30BaHa TpocTas Feedforward HefpoH-
Hasg ceTh (MHOTOCJIOWHBEIN IEPCENTPOH) C OTHUM
CKPBITBIM CJIOEM C HCIOJIb30BaHHEM OMOIMOTEK
Keras n TensorFlow.

'mmoresa: TpaauIIMOHHBIE CHUCTEMBI YIpPaB-
JICHUsl pEe3epPBHPOBAHHMEM, OCHOBaHHbIE Ha (UK-
CHUPOBAHHBIX IIOPOIOBBIX 3HAUEHUSX M peIeHHOU

Ne 4(166) 2025

JIOTHKE, 00IaJal0T OTpaHNYEHHON aJalTHBHOCTHIO
K M3MEHSIOIINMCS PeKUMaM pabOThI AJIEKTPOCETH
W HE CITOCOOHBI 00ECIEUNBaTL IMPOTHO3HPOBAHUE
aBapuUMHBIX cuTyaluid. B To ke Bpemsi HelpoHHas
ceTh oOydaeTcss Ha MaHHBIX DJIEKTPOCETH (TaKUX
KakK HanpspkeHHe, TOK, 4acTOTa, aKTHBHAs U peak-
THUBHAsi MOIIHOCTh M IIpouee) M CIOCOOHA Mpej-
CKa3bplBaTh HEOOXOAMMOCTh TEPEKIIOUCHHsT Ha
pe3epBHBIC MCTOYHUKM HAa OCHOBE aHalu3a JMHa-
MHUKH 3THUX IapaMeTpoB. JTO, B CBOIO OYepelb,
MO3BOJISIET CYLIECTBEHHO IOBBICHTh HAJCKHOCTD
ANEKTPOCHAOKEHNSI U CHU3UTH BEPOSTHOCTH BO3-
HUKHOBEHHSI aBapHul.

Meroapl HUCCIEIOBaHUS: H3Y4YE€HHE JUTEpa-
TYpPHBIX UCTOYHUKOB, CPDAaBHEHUE, aHAIIU3 JaHHBIX,
CIICHAPHBIA aHAIHM3 B LENSIX MOTEHI[MAIBHBIX Ba-
pUAHTOB Pa3BUTHAL.

JlocTUrHYTBIE pE3yNbTaThl: B CTaThe OOOCHO-
BaHAa HEOOXOIMMOCTH HWCIIONB30BaHUS W IIOCIHIe-
IyIOIIeH pa3paOb0TKH BHPTYaILHOTO Jab0paTopHO-
T'O CTeHJa, CIIOCOOCTBYIOIIETO YMEHBIIICHNIO YHCIIa
OmMKOOK, JIOMyCKAEMBIX aBTOMAaTHYECKHUM BBOJOM
peszepBa (ABP). IlpousBeneH MoOUCK W aHAIU3 CY-
HIECTBYIOUIMX aHAJIOTOB MPOTPaMMHOTO MPOIYKTa,
co3faH 1abopaTopHbBI TpeHaKep ¢ MPUMEHEHUEM
nckyccrsenHoro unremnekra (MHU), xoropslii uc-
nojb3yercs B mpouecce oOydenus B WHcTuTyTe
HedTenepepabotkn U Hegrexumun OI'BOY BO
«YT'HTY» na xadenpe «2nekTpooOopyoBaHUs U
ABTOMATUKHU MTPOMBIIUICHHBIX TPEATPUITHID.

BBenenue

OpnHolt w3 HamOoyee TMEPCIeKTUBHBIX 00-
snacreit npuMmeHeHuss I B sHepreTuke sBisieTCst
ynpasieHue sHeprocuctemamu [1-9]. braromaps
WCTIOJIb30BAHUIO alTOPUTMOB MAIIMHHOTO 0O0y4e-
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CBeTUNLHMK Ha

Asapuitmoe

CBeTUNLHUK

nusn

Muranue
ot ceTn

Puc. 1. PaGora tpex cBeTuibHUKOB OT ceTH 220 B

Hust UM MoxeT aHATU3UpOBaTh JaHHBIC O MOTpe-
OJICHWU W TIPOU3BOJICTBE SHEPTHH, MPEICKA3bIBATH
MUKOBBIC HAIPY3KH U TPUHUMATh PEIICHUs] 00 OrI-
TUMAITbHOM PpaclpeelIeCHUH SHEPTUU JJIsi MaKCHU-
MansHOH 3 dexTuBHOCTH. Takke MM moxeT om-
peneNaTh ONTHUMAaNbHBIE TTapaMeTphl paboThl 000-
PYZIOBaHUsI, YIPABIATH MPOIIECCOM IMPOU3BOJICTBA
U IPOrHO3UPOBaTh OyIylue U3MEHEHHUs OTpedIie-
HUSA SHEPTHUH. DTO0 1IOMOraer COKpaTUTh 3aTpaThbl Ha
MPOU3BOJACTBO YHEPIUH U YIIYUIINUTH €€ KaYECTBO.

ITocTaHoBKa 3agaun

B xoHTekcTe ympaBieHHsI pPE3epBHBIMH FHC-
TOYHHKAMH IMUTAHUSI HEHPOHHBIE CETH MOTYT OBITh
HCIOIL30BaHbI I aHAJIW3a JaHHBIX O COCTOSHUH
ANIEKTPOIHEPTETHYECKOW  CHCTEMBI, TIPEICKa3bI-
Bas, KOTJa CIIEyeT BKIIOYUTH pPE3epPBHBIC HCTOY-
HUKHW TATaHus. JJI9 pemeHus 3amadn BKITIOUCHUS
PE3CpBHBIX HMCTOUYHWKOB THTAHHUS WCIOIh30BaHA
HEUPOHHASI CETh C OAHUM CKPBITHIM CIIOEM C HC-
Mmojb30BaHueM Ouonuorek Keras wm TensorFlow.
CucremMa MOHUTOPHHIA IOCTOSIHHO COOMpAaEeT 3Ha-
YCHMsI BXOJHBIX TapaMeTpoB (HampspKCHUE, 4Ya-
CTOTa, Harpy3Ka u Japyrue). A i oOy4yeHus Heu-
POHHO# CETH HMCIOJIb30BaH HA0OP CUHTETUYECKHX
JIAaHHBIX, CT'€HEPUPOBAaHHBIM HA OCHOBE aHaju3a
paboThI ANIEKTPOCETEH.

Hudposrie 1BoITHUKHI

[udposble NBOWHUKH 1a00OPATOPHBIX YCTAHO-

21

BOK TIO3BOJISIFOT MPOBOAUTH J1aDOpaTOpHBIC 3aHs-
TAS B JUCTAHIIMOHHOM (opMaTe C HCIIOJb30Ba-
HueM online noctyna depes cetb WuTepHer. OH
HCIIOJIB3YCT CIICHUAJIM3UPOBAHHLIC AJITOPUTMBI U
METObl 00pa0OTKK JaHHBIX IS aHAU3a TOKa U
HaNPsDKCHHS, TOCTYMAONIMX OT BBOJHBIX JHHUU.
OTO TMO3BOJSET BBIABISATH Pa3UYHBIC ITOBPEK-
JICHHUSI CUCTEMBI DIIEKTPOCHAOKEHUSI yCTAHOBKHU.
HudpoBoit ABOWHUK MOXKET OBITh JIETKO WHTETPH-
pOBaH C CHCTEMOW YIIpaBleHHUS Ja00paTOPHOTO
CTeHJIa, YTO CHIDKAET PUCK TOBPEXKICHHS CHCTe-
MBI B 00eCTIeYUBAET HEMPEPHIBHOCTL PAOOTHI AJICK-
TpUYECKOH ceTH. B mporiecce BBITIONHEHUS 1a00-
paTopHOi paboTHl ¢ MU(POBHIM JABOWHHUKOM 00-
ydaromuecsa y4darcd BUACTb W peUIaThb HpO6HeMI)I,
KOTOpBhIE MOTYT BO3HHKHYTbH B JajbHeHmeil pabo-
T€ Ha MPOU3BOJICTBE.

ApXuUTeKTypa HelipOHHOI ceTH

WNudopmarimoHHO-HABUTAIIMOHHAST ~ CUCTEMa
(MHC) cocrout U3 Tpex CIOEB: BXOTHOTO, BBIYKUC-
JINTEIBHOTO U BBIXOAHOTO.

BxoaHoii cnoit npuHUMAaeT AaHHBIE O Iapame-
Tpax IMEKTPUIECKOTO pexuma (TOK, HaNpsDKeHHE,
MOIITHOCTD | JIp.).

BrraucnutensHbIN CIIOH BBITONHIET 00paboT-
Ky JJaHHBIX C HUCIIOJb30BAaHUEM HEHPOHHBIX CBSI3el
" (PyHKIHMIA aKTHBAITUH.

BrixogHo# €0l BbIIAET yHpaBISIONINE CHUT-
HaJIbl JUIsl YCTPOWUCTB PE3EPBUPOBAHUS U PEICHHOMN
3aIUTHI.
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KonnyecTBO HEHPOHOB B KAXKIOM CIIO€ OIpe-
JISJISICTCSl UCXOMS M3 CIIOKHOCTHU 33Jlaud U 00beMa
oOy4atoriell BBIOOPKH.

Jus obyyennss MHC wucnonb3yroTcs pasiny-
HbIE AJITOPUTMBI, TaKHe KaK aJrOpUTM OOpaTHOTO
pacnpocTpaHeHUs OIMTUOKH.

BrisiBiena oOpasoBarenbHasi HEHHOCTH JKC-
IJIyaTalyy, aHalu3a M YIPaBICHHUS CaHUTApHO-
anueMuonorudeckoit ciyxosr (CIC).

W3yuenne coBpeMEHHBIX TEXHOJIOTHA: 00-
YUAIOIIMECS] 3HAKOMSATCS C COBPEMEHHBIMHM TEX-
HOJIOTHSIMH MOJICTTUPOBAHUS, MAITUHHOTO OO0ydYe-
HUS ¥ TTA(GPOBBIX TBOWHUKOB.

[IpoBeneHrne HaydHBIX HUCCIEAOBAHUN: KOM-
IUICKC MPEeNOCTaBIsAeT IuIathopMy JUlsl TpOBee-
HUS WUCCIICNIOBaHW B 00JacTH TMOBBIIICHUS Ha-
JIEKHOCTH, 3(P(OEKTUBHOCTH ¥  YCTOWYMBOCTHU
padoter COC.

Pa3paboTka HOBBIX QJITOPUTMOB U METOJIOB:
oOydJaroluecss ¥ HCCIIe0BaTelId MOTYT pa3pada-
THIBaTb HOBBIE QJITOPUTMBI U METOJbI YIPABICHUS
COC Ha OCHOBE WCIOIB30BAHUS ITU(PPOBBIX ABOK-
nukoB u UHC.

B memom maHHBIA 1a00paTOPHBIA KOMILIEKC
MIpe/ICTaBIsAeT CO0OH TepefoBOe pelIeHne s
MTOJITOTOBKM BBICOKOKBATH(DHIIMPOBAHHBIX CIIETIH-
aHMCTOB B OONACTH 3JIEKTPOIHEPTETHKU W IPOBe-
JICHUS TIEPCIICKTUBHBIX HAYYHBIX MCCIICIOBAHMM.

Onucanue padoThl CHCTEMbI OCBEIIEHHS

Cucrema OCBCIICHHUS COCTOMT M3 TpEX OCHOB-
HbIX CBCTHUJIBHUKOB, IMMOAKIIHOYCHHBIX K 3JICKTPO-
cetu. Kaxnplii CBETUIBHUK npeaAHa3Ha4YCH JId
o0ecrieyeHuss OCHOBHOIO OCBCIICHHA B IIOMC-

LIEHUU.

JI1s1 mOBBIIIEHNS] HAEKHOCTU CUCTEMBI TIPEI-
YCMOTpPEHa CUCTEMa aBTOMATUYECKOIO IEPEKIIIO-
YeHHsI Ha pe3epBHOE MUTAaHHE OT MCTOYHHWKA Oec-
niepeboiinoro mutanus (UBII) mpu mpomagaHuu
OCHOBHOTO THTaHW Ha TpaHCHOPMATOPHOU MOA-
CTaHIIMM WJIM BO3HMKHOBEHUM aBapUWHOW CHUTya-
nuu. Cuctema ocHamieHa snemeHTamu MU, npen-
Ha3HAYCHHBIMH IS MOHUTOPUHTA  COCTOSTHHS
CBETUJILHUKOB U aBTOMATUYECKOTO TMEPEKIIOUCHUS
Ha pe3epBHOE MUTaHHUE.

Jlornka pa0doThI cHCTeMbI

Cuctema UM B naHHOM ciyyae HACTPOEHA HE
Ha HoJep)KaHue ONTHMAIBHOTO YPOBHS OCBELICH-
HOCTH IIPU €IUHUYHBIX OTKa3aX, a Ha o0ecredyeHune
MUHHMMAJIBHOTO aBAPUWHOTO OCBEIIEHHS TOJIBKO
IIPU TIOJTHOM BBIXOZIE M3 CTPOsl OCHOBHOIO OCBE-
HICHMS.

3ak/oueHue

OnucaHHasi cucTeMa OCBEUICHUS MPEICTaBIIA-
eT co0Ol KOMIIPOMHCC MEXAy SKOHOMHEH JJIeK-
TPOdHEpPTruu U obecrnieueHueM Oe3onmacHoctu. Hc-
nonb3oBanue MU ana aktuBanuu UBII Tonbko npu
MIOJTHOM OTKa3¢ OCHOBHOTO OCBELICHHUS MO3BOJISET
MIPOTUTH CPOK CiyxObl Oarapeit MBIl u cHM3nTh
3arpatbl Ha 3aekTposHepruto [10-15]. Onnako
Takasl JIOTMKa padOThl MOXKET MPHUBECTH K 3HAYHU-
TEJIbHOMY CHIDKCHMIO YPOBHSI OCBEILEHHOCTH IIPH
BBIXOJZI€ U3 CTPOSI OIHOTO WJIN JABYX OCHOBHBIX CBE-
THJIBHUKOB, YTO MOXKET ObITh HEOE30I1aCHO MJIM HE-
yAOOHO B HEKOTOPBIX CUTYaIlHAX.
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O.M. BAIIIUPOBA, C.A. MUP30OEB, PA. KOPHUJIAEB
Unemumym nepmenepepabomru u nepmexumuu @I'EOY BO « Yhumckuii eocyoapemeennulil

Heghmsinot mexnuueckuil yuugepcumemy, 2. Carasam

HUHTEJIVIEKTYAJIBHASA CUCTEMA
NAEHTUO®OUKALIUU 3ATASOBAHHOCTHU
JJIA OBECIIEYEHUSA BE3OITACHOCTH

IJIEKTPOYCTAHOBOK

Kniouesvle cnosa: 0e30macHOCTb; 3ara3oBaH-
HOCTb; CHCTEMA; DIEKTPOYCTAaHOBKA.

Annomayus. DNEKTPOYCTAHOBKH LLIMPOKO MPHU-
MEHSIOTCS B DHEPreTHUKE, NPOMBIIIICHHOCTH U
TpaHCIIOPTE, MX HaJEeKHas paboTa HANMPSAMYIO BIIH-
sleT Ha CTaOWJILHOCTh TEXHOJOTHYECKHX MpoIiec-
COB ¥ 0€30IaCHOCTb MEPCOHAA.

Lenpto crarbu sBIsieTCss pa3paboTKa WH-
TeJIEKTYaIbHON CUCTEMBI HUACHTHPHKALTTH
3ara3oBaHHOCTH, OpPHUEHTHPOBAHHON Ha  TO-
BBIILICHHE YPOBHsSI 0O€30IaCHOCTH AJIEKTPOyCTa-
HOBOK.

3ajaun: MpoaHAJIN3HPOBATh CYIIECTBYIOIINE
METOIBl M TEXHHUYECKHE CPEACTBA OOHAPYKECHUS
3ara3oBaHHOCTH, IPUMEHSAEMbIC B CHCTEMax obec-
MEYCHNS IPOMBILIUICHHON M 3HEpreTHdeckon Oes-
OMAaCHOCTH; ONPENENUTh THUIBI T'a30B U WX IIpe-
JENNBHO JONyCTHMBIE KOHIIEHTPALUH, TPEACTaB-
JSIOIIMEe HauOOJbLIYI0 OHNACHOCTh B KOHTEKCTE
paboTBl  ANEKTPOYCTAHOBOK; pEaln30BaTh ajro-
PUTMBI 00pabOTKM W WHTEPIIPETAIH CEHCOPHBIX
JMaHHBIX C MPUMEHEHHEM METO/NO0B MCKYCCTBEH-
HOTO HMHTEJUICKTa Ui MJCHTU(PHUKALUU OIAaCHBIX
YpOBHEH 3arazoBaHHOCTH; OLEHHUTh J(PQEKTHUB-
HOCTb NPEAJIOKEHHON CHCTEMBI 10 CPaBHEHHUIO C
TpPaJMIIMOHHBIMA METOJJaMH KOHTPOJISl 3ara3oBaH-
HOCTH.

l'mnotesa: mpemnaraemas cucrema OyneT oc-
HOBBIBAaTbCSI Ha MHCIIOJIB30BAaHUM COBPEMEHHBIX
CCHCOPHBIX TEXHOJIOTHH M aJrOpUTMOB 00pabOTKH
JaHHBIX C JJIEMEHTaMH HCKyCCTBEHHOTO HHTEI-
JIEKTA, YTO MO3BOJIUT CYLIECTBEHHO MOBBICUTH 3(-
(DEeKTMBHOCTb KOHTPOJII U CHHU3UTH BEPOSTHOCTD
ABAPUUHBIX CUTYaIUH.

JocturayTsie pe3ynbTaThI: pe3ynbra-
TOM SIBIIIETCS CO3JAHHBIM IU(PPOBON JTBOWHUK
Ha 0aze B3pBIBO3AIIUINEHHOTO J1a0OPATOPHOTO
CTEH/IA.

BBenenue

OpanM U3 (GakTOpOB pHCKAa MPH IKCILTyara-
LIMU DJIEKTPOYCTAHOBOK SIBJISIETCS 3ara3oBaHHOCTH
OKpyKatolei cpepl. [1oBbIIeHHAs KOHIIEHTpAIUS
TOPIOYMX, TOKCHYHBIX WJIM B3pPBIBOONACHBIX Ta30B
MOJKET MPUBECTH K aBapUHHBIM CUTyaIUsIM, TOXKa-
paM Wi B3pbIBaM, 0COOCHHO B YCIIOBHSX HaJTMUUS
HMCTOYHUKOB UCKpeHHs [1]. B cBs3u ¢ 3TUM akTy-
aIBHOW 3a/aueil SBJISETCSl CBOEBPEMEHHOE OOHa-
PY’KEHHE OIACHBIX ra30BbIX KOHIICHTPALUH BOITU3U
aneKkTpoobopynoBanus [2].

TpaauIIMOHHBIE CUCTEMBI T'a30BOTO KOHTPO-
7, KaK TPaBWJIO, SBIAIOTCS TACCUBHBIMH U HE
00JTa]afoT JIO0CTATOYHOW WHTEIUIEKTYaIbHON THO-
KOCThIO. OHM 3a49acTyr0 HE YYHTHIBAIOT KOMILIEKC
(hakTOpOB OKpyXaromen cpeasl, UMEIOT OTpaHu-
YeHHbIE BO3MO)KHOCTH TIO aJanTalliil K W3MEHSIO0-
IIMMCST YCJIOBHSM W HE CIIOCOOHBI K CamMoOCTOfA-
TenpHOMY TpHHATHIO pemieHuid [3]. [loaTomy He-
00XOIMMO BHEAPHUTH MHTEIICKTya IbHbIE CHCTEMBI,
CIOCOOHBIC B pEaIbHOM BPEMEHU aHaIH3HpPOBAThH
JAaHHBIE C Pa3JIMYHBIX JAaTUYMUKOB, BBIABIATH ONac-
Hble TEHJICHIIMM U OIEepaTHMBHO pearupoBaTh Ha
BO3MOJKHBIE yrpo3bl. OgHMM H3 (aKTOpoB pu-
CKa TpPHU IKCIUTyaTallMM 3JIEKTPOYCTAHOBOK SBIIA-
€TCsl 3ara3oBaHHOCTh OKpyXkarouieil cpensl [4].
[loBbIlIIeHHAsT KOHIIEHTPAIUSI TOPIOYMX, TOKCHY-
HBIX WJIM B3PBIBOOIIACHBIX T'a30B MOXKET NMPHUBECTH
K aBapUUHBIM CHUTYallHsIM, TOXKapam WA B3pBI-
BaM, OCOOCHHO B YCJOBHSAX HAJIWYHUSI WCTOYHH-
KOB HUCKpeHHUs [5]. B CBs3W ¢ ITUM aKTyaabHOMH
3a/adeil  SIBISETCS CBOEBPEMEHHOE OOHapyxKe-
HUE OIACHBIX Ta30BBIX KOHIIGHTpAIWid BOMU3N
AMEeKTpoobopymoBaHUS [6].

B 5TOM KOHTEKCTE Ha NEPBbIN MJIAH BBIXOAUT
HEOOXOMUMOCTh BHEAPEHHUS HHTEIUICKTYaJIbHBIX
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Puc. 2. Beibop mapameTpoB B IporpamMme

CHCTEM, CIIOCOOHBIX B PEabHOM BPEMEHHU aHAJH-
3UpOBaTh JaHHBIC C PA3IMYHBIX JATYUKOB, BBISIB-
JISITH OIIACHBIE TEHACHLUH U ONEPAaTHBHO Pearupo-
BaTh Ha BO3MOYKHBIE yTPO3HI [7].

Pa3pa0orka MHTe/JIEKTYaJIbHON CHCTEMbI
UACHTH(PUKALMH 3ara30BAHHOCTH

PaspaboTka onuchiBaeMOro IU(PPOBOIO JIBOM-
HUKa BBINIOJIHEHA Ha 0a3e B3PHIBO3AIIMIICHHO-
ro 7abopaToOpHOTO CTEHJa, AKCIUTyaTHPYyEeMOTo B
WuctutyTe HedTenepepaboTku u  HedTeXxuMun
®OI'BOY BO «YITHTY» (1. Canagar) [8].

[MpuHnun pgeWcTBUS J1aOOPATOPHOTO CTCH-
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Ja 3aKIIoYaeTcsi B aBTOMAaTHYECKOHW CUTHANH-
3allMM O HaJMYUM WM OTCYTCTBHM 3ara3oBaH-
HOCTH BO3IYIIHOH CpeAbl TMpPH €ro aKTUBAlWH.
OnHako CyIIECTBEHHBIM OIpaHHYCHHEM JIaH-
HOTO CTEHJA SIBJISIETCS OTCYTCTBHE (YHKIIHO-
HaJIbHOW THUOKOCTH, a HMEHHO HEBO3MOXHOCTb
BbIOOpa THIIA Ta3o0aHajIM3aTopa U OOHApyKHUBae-
MBIX Ta30B.

Pa3zpaboTtka mmdpoBOro ABOWHWKA YCTpaHA-
€T JaHHoe orpaHuyeHue. Ilomp30BarenbCKuil MH-
Tepdeiic pazpaboOTaHHOTO TPOTPaMMHOTO obec-
MIEYCHHUS IPENOCTABISIET BO3MOXHOCTb BbIOOpa
pa3IMYHBIX THUIIOB I'a30aHAIM3ATOPOB U 3aJaHUS
napaMeTpoB Jjsi OOHAapy)KEHHUs KOHKPETHBIX Ia-
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Puc. 3. Beibop mapamMeTpoB B IporpamMme

30B. BHenpenuwe naHHOrO MNPOrpaMMHOIO MPO-
JIYKTa CHOCOOCTBYET TIOBBHIIICHUIO KayecTBa 00-
pPa30BaTeNBHOTO IMPOIecca, a TaKKe YBEIUYMBACT
YPOBEHH YIOBIETBOPEHHOCTH CTYICHTOB 3a CUET
BO3MOYXHOCTH HWHTEPAaKTUBHOTO H3YYEHHUS IPHH-
[IAIIOB PabOTBI CHCTEM MOHHTOpPWHTA 3ara3oBaH-
Hoctu [9]. Paspaboramnoe mporpamMmHOe obOec-
TIeUCHUE TPEACTABISIET COOOH JKCIEPTHYIO CH-
CTEMY, pEalM30BaHHYIO C HCIOJb30BaHUEM HEH-
POHHOM CEeTH W HANMCAHHYIO Ha SI3BIKE TPOTrpaM-
MupoBanusi Python. OOyueHne HEHPOHHOU CceTH
OCYIIECTBISIIOCh TI0 METOMy TPAAMCHTHOTO CITy-
CKa, KOTOPBIN SIBISICTCSI OMHUM M3 Hamboyiee pac-
MIPOCTPAHECHHBIX AJITOPUTMOB ONTHMHU3ALUU B 00-
JIACTH MAITMHHOTO 00y4eHus [10].

CyTh IaHHOTO METOMAA 3aKIIOYaeTCSd B MUHU-
Mu3alnuu (QyHKIUM OMIMOKH ITyTEM BBIUMCIICHUS
IpajleHTa U KOPPEKTUPOBKU BECOBBIX KOAPPUIIH-
EHTOB CBs3ed HelipoHHOU ceTu. Mcmonb3oBaHue
IPaJUeHTHOTO CITyCKa TI03BOJIMJIO JIOCTHYb BBI-
COKOM TOYHOCTH IPOTHO3HPOBAHUS, COCTaBUB-
meit 93 %.

Pa3paboranHas cucTemMa BBITOJNHSICT aHAN3
u (hopMHpyeT TMPOTHO3 YPOBHS 3arps3HEHUS TPE/I-
MpUATHS W OMIDKAWIero HACEJICHHOTO ITyHKTa
Ha OCHOBE CIICAYIOMNX BXOIHBIX IapaMETPOB:
YUCJICHHOCTh TIEPCOHANA; BEPOATHOCTH B3PHIBA
3JIEKTPOOOOPYIOBAaHUSl TPH 3ara30BaHHOCTH I10-
MEIICHUS, O00bEM YTCUKH; MaKCUMAaJbHBIH BO3-

27

MOXHBIA 00BEM YTEUKH; HaIpaBJICHHE BETPa;
CKOpPOCTh BeTpa; Muddy3us; THI U pa3Mep MoMe-
IICHUS.

CI/ICTeMa YUUTBIBACT Pa3JINYHbIC KaTCropuun
MTOMEIIeHUH, KOTOPbIE MOTYT OBITh 3aJ]aHbl IOJIb-
30BaTejieM B COOTBETCTBHM C XapaKTePUCTUKAMU
KOHKpPETHOTO 00BEKTa.

[Iporuo3upoBanue 3arps3HEHUs] C TIOMOIIbIO
JJAHHOW SKCIEPTHOW CHUCTEMBI MO3BOJSET CylIle-
CTBEHHO IIOBBICHTh KA4eCTBO M OIEPATUBHOCTh
MIPUHSATHS PENICHUH B YCJIOBUSAX YPE3BBIYAMHBIX
CUTYyallWii, YTO, B CBOKO OYepeib, CIIOCOOCTBYET
MTOBBIIIICHUIO YPOBHS MPOMBIIIJICHHON 0e3011acHO-
cTi. DPPEKTUBHOCTH CHCTEMbI HAIIPSIMYIO 3aBUCUT
OT PETyJSPHOTO OOHOBJICHHS W TIOMOTHEHHS 0asbl
TAHHBIX IS 00eCTIeYeHHsI aKTYaIbHOCTH M HaJIeXK-
HOCTH TIPOTHO30B.

3aK/oueHue

B xozxe BbimosHEHHMsT pabOThI pelieHa 3a-
JaJa, CBsi3aHHAs C OOECHEeYCHHUEM IPOMBIIIICH-
HOW 0€30MacHOCTH Ha OOBEKTax, MCHOJIb3YIOMINX
ANEKTPOYCTaHOBKH. Pa3paboTaHa KOHLENIUS WH-
TEJJICKTYyaJbHOM CHUCTeMBl WACHTH(UKAMKU 3a-
ra3o0BaHHOCTH, CIIOCOOHOH B PEKUME PEaTbHOTO
BPEMEHHU BBISBIATH NPEBBILICHUE NPENEIBHO 0-
MYCTUMBIX KOHIEHTpPAIM{ Ta30B, IPEICTaBIISIO-
UX NOTEHUUAIbHY0 yrpo3y [11].
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[Ipoananu3upoBaHbl CYIIECTBYIOIIHE METO/BI
ra3oBOr0 KOHTPOJS, ONpPEAETICHbl THUIBI Haubomee
OTACHBIX TA30B U X BIMSHHUE Ha PaldOTy JJIEKTPO-
yCTaHOBOK. Ha OCHOBe 3TOro ocCymiecTBieH BbI-
00p CEHCOPHBIX KOMIIOHEHTOB M TPEIJIOKEHA
ApXUTEKTypa CHUCTEMbI, BKJIIOYAIOLIasl MOAYJIH
cOopa, o0pabOTKM W aHanmW3a JaHHBIX. Peanmu3a-
LUl AJITOPUTMOB C HCIIOJIB30BAaHUEM METOIOB HC-
KyCCTBEHHOTO MHTEIUIEKTA I103BOJIMJIA IOBBICUTD
TOYHOCTb JTMarHOCTUKH M COKPAaTUTh BpeMs pe-
aKIUM CUCTEMbl Ha BO3HHKHOBEHHUE OIACHBIX CH-
Tyanuit [12].

[IpoBeneHHOE TECTUPOBAHUE TOATBEPIHIIO
paboToCIIOCOOHOCTh Pa3pabOTaHHOTO TPOTOTHUIIA

U POJAEMOHCTPUPOBAIO €ro MPEUMYIIECTBA I10
CPaBHEHHUIO C TPATUIMOHHBIMH CHCTEMaMH TI'a30-
BOr0 MOHUTOpHUHra. [lojyueHHbIE Pe3yybTaThl MO-
Ka3bIBAIOT, YTO BHEAPCHHUE IMOJOOHBIX HHTEIIICK-
TyaJbHBIX PEIICHUH CIIOCOOCTBYET TOBBIIICHUIO
YPOBHSI aBTOMATU3alui ¥ OE30IaCHOCTH Ha IPO-
MBIIIEHHBIX 00bekTax [13].

Paspaborannas cuctema MOXET OBITh HC-
MOJIb30BaHA B KAa4eCTBE OCHOBBI IS CO3Ja-
HUS  TOJHOIICHHBIX  MPOMBINUICHHBIX — peliie-
HUH, a TaKkXke MOXEeT OBITh MaclTadhupoBaHa
JUI TIPUMEHEHUS B JPYrux o0nactsaxX, IJe He-
00XOIUM  HETPEPHIBHBI KOHTPOIb 3ara3oBaH-
HoCTH [14].
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Unemumym nepmenepepabomru u nepmexumuu @IEOY BO « Yhumckuii eocyoapemeennulil

Heghmsinol mexHuueckuil yuugepcumemy, 2. Carasam

COBEPHIEHCTBOBAHHUE BOJOOBOPOTHOI'O
Y3JA IPOU3BOACTBA 39TUJBEH30JIA
U CTUPOJIA

Knrouesvie  cnosa:  aBTOMaru3alus,  BO-
JIOOOOPOTHBIN  y3eJ; CHCTEMa; CTUPOJ; OSTHII-
OeH301.

Aunomayusi. ABTOMAaTHU3UPOBAaHHAs CHUCTEMa
OLIEHKH KauyecTBa BEACHUS TEXHOJIOTWYECKOTO pe-
KHMa TPeCTaBIsieT co00il uaeto, KoTtopasl Mmpu-
BOJUT K SKOHOMHYECKH S(PQEKTUBHBIM CTpareru-
SIM DKCIUTyaTallidl B PEeXHME PEallbHOIO BPEMEHH,
BKJIIOYasi COKpAIIEHHE HEPEeHTA0eIbHOIO0 HCIOJIb-
30BaHMUsI BOJIbI, DHEPTHH U MEPEPHIBOB B 0OCITYXKU-
BaHHU.

Ilens 1 HOBU3HA PabOTHI — MOKa3aTh IOJE3-
HOCTBH CHCTEMBbI aBTOMATH3aIlMU KaK CUCTEMBI IO/~
JePKKH TIPUHATHUS PEICHUH ISl TEXHOJIOTHYECKO-
ro pexuMa BOIOOOOPOTHOTO y37a IPOU3BOACTBA
STUIOEH30J1a U CTUPOIIA BOJIBL.

3amaua — CMOAEIMPOBATH IIPOTPAMMYy, KOTO-
past OBICTPO M IUIABHO NEpEMeIacT JaHHbBIE MEKITY
MYHKTaMH, TaKKe YCTpaHseT Oapbepbl, CO3maH-
HBIE TPaJUINOHHBIMUA HHKCHEPHBIMH (DYHKITHSIMHU,
yIIydIIaeT COTPYIHHYECTBO U pabodyme MPOLEecCHl,
MO3BOJISIET pemIaTh MPOOIEMBI.

I'mrore3a:  aBTOMAaTH3MpOBAaHHAs  CHUCTEMa
OLICHKM Ka4eCTBa BEICHHS TEXHOJOTHYECKOTO pe-
KMMa O00ECIEeYUT MHTETPAINI0 CHCTEM, YITyYIIUT
yIpaBJIeHHE JaHHBIMU U MOBBICUT 3()(EKTUBHOCTD
COBMECTHOM paboThl. COBEpLICHCTBOBAHHE BOMO-
00OpPOTHOTO y351a TPENOCTABISIET BO3MOXKHOCTH
JUIs. TIPOTHO3MPOBAaHUSl U ONTUMH3ALUU B peallb-
HOM BpeMeHH 17151 3 (HEeKTHBHOTO MPUHATHUS peLie-
HUI B BOJOOOOPOTHOM Y3Ji€ MPOU3BOACTBA JTHII-
OeH3071a U CTHPOJIA BOJBI.

JlocTUrHYTBIE pe3yNbTaThl: PE3yJIBTATOM SIB-
JSIeTCSl TOCTYI K KPUTUYECKH BaKHBIM CHCTEMam
1 “HPOPMALMH O MPOU3BOAMTEILHOCTH U PHCKaX
OT/ICTBHBIX aKTHBOB, YTO YIy4YlIaeT peIICHUS
[0 TJIAHUPOBAHUIO KallUTAJOBJIOKEHHUW, CHIKA-
eT puUCKM M o0ecreynBaeT IIOCTaBKy Oe3omac-
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HOM ¥ HAIEXKHOMW BOILI KIIMEeHTaM. B 23Toit

cTatbe  pa3paboTaHa  CTPyKTypa  aBTOMarH-
3UpPOBAHHOM CHCTEMBI OLEHKH KadecTBa BO-
J00OOpPOTHOTO  y371a  MPOM3BOACTBA  JTHII-

OeH307a W CTUpONa JUIS JOCTIDKCHUs Oojee
BBICOKOI  OmepanoHHON  3(PPEKTUBHOCTH  Ha
ocHoBe Python.

BBenenue

IIpuMeHeHue MHTEUIEKTyaIbHbIX TEXHOJIOTHH
1 OONBIIUX JAaHHBIX MPOJOIKAET PACTH, YBEJINYH-
BaeTcsd M MX MOTPEOHOCTh BO BHEAPEHHUU aBTOMa-
TU3UPOBAHHOW CHUCTEMBI OLIEHKH KaueCcTBa BeIECHUS
TEXHOJIOTHYECKOTO pPEeKnuMa, KOTOpas CBSI3bIBAET
ot TexHonoruu. C TOMOINBIO CO3IaHHON TIpO-
rpaMMbl «ABTOMAaTH3UPOBaHHAS CHUCTEMa OLIEHKU
kagectBa» (ACOK) orciexuBaroTcsi TPEeHIbI CO-
OBITHI 1 0KHM/1aeMO€ TIOBEACHNE CHCTEMBI C TTOMO-
III0 MOHUTOPWHTA JIAaHHBIX JAaTYUKOB B PEXHUME
peanpHOTO BpemeHH. llepconanm MokeT BBITION-
HATH pacyeThl BOJHOTO OallaHca U MUHUMAJIBLHOTO
HOYHOTO pacxoia. Bel MoXkeTe TIOHATh M CPaBHHUTH
MTOTEPH BOJBI MEXAY Pa3TUIHBIMH 30HAMH, BKITIO-
Yas pas3/ieleHne MEXAYy pEaTbHBIMH TOTEPSIMH,
KOTOPBIE MTPOUCXOIST U3-3a YT€UEK M OTHOCHUTEINb-
HO TIOCTOSIHHBI B TEYEHHWE IHs, W KaKYIIMMHUCS
MOTEPSIMH, KOTOPBIE CIIEAYIOT 3aKOHOMEPHOCTSM,
aHAJIOTWYHBIM 00meMy cropocy. Peskoe wim He-
MIPEpHIBHOE YBENUYCHUE pacxXofla WM CHUKCHHC
JIABIICHUSI, HE OOBSCHAEMOE HUYEeM JpyruMm (Ha-
pUMep, MOKapoM HIIM OCOOBIM COOBITHEM), TaK-
K€ MOTYT yKasbIBaTh Ha HaJM4HME€ HOBOH YTEUKH.
ACOK aBTOMaTH4eCcKH PacCUUTHIBACT OXKHUJIAEMbIE
3aKOHOMEPHOCTH M IMPOTHO3BI IS KaXKA0Tr0 AaT4H-
Ka U 30HBI C TIOMOIIBIO MCKYCCTBEHHOTO MHTEJIEK-
Ta U CTATUCTUUYECKUX aIrOpuT™MOB [1-9].
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Puc. 1. ABTOMaTI/ISI/IpOBaHHaSI CHUCTEMA OLICHKHN Ka4€CTBA BEACHUA TEXHOJIOTMYECKOTO PEXMNMA

ABTOMaTl/l3I/lp0BaHHaH CUCTEMA OLICHKH
KayecTBa

Konnenmuss ACOK monydaeMbIX OaHHBIX C
TEXHOJIOTHYECKOTO PEKUMa BKIIOYAET CIIeIyIOIINe
KOMITOHEHTBI: COOp M XpaHEHHWe JaHHBIX, aHAIHN3 U
BH3yaJIN3anyvs AaHHBIX, 00OpaTHAs CBA3b U KOPpEK-
THPOBKa, 0€301TacHOCTh M KOH(HIECHIINATHLHOCTE,
MacHITadMPyeMOCTh M alalTHBHOCTh, UHTETPALIUs
C JPYrUMH cucTeMaMH (BO3MO)KHOCTh HHTErpa-
MU C APYTUMH CHUCTEMaMU TPEATPUSATHS), TTOJb-
30BaTeNbCKUN MHTEpQeiic. DTa KOHIETIHSI MOXET
OBITh aJaNTUPOBaHA U JETAIM3UPOBaHA B COOTBET-
CTBUHM C KOHKPETHBIMU TPEOOBaHUSMHU M YCIOBUS-
MU UCTIOJIh30BAHUS HA TIPEIATPHUSTHH.

ACOK MOxeT aBTOMaTHYECKHU 3aIlyCKaTh OIIO0-
BEIIEHMS B peaJbHOM BpPEMEHHU, KOI/la JAHHBIE JaT-
YHKa BBIXOAAT 332 PaMKH OXUAAEMOro pabouero
noBezieHus1. OObEMBI, MOTEPSHHBIC B KaXIOM CO-
OBITHH, aBTOMAaTHYECKU BBIYMCIISIOTCS, YTO TO3BO-
JISIeT OomeparopaM YMpaBisTh STUMU COOBITHSIMHU C
MOMOIIIbI0 OOHOBJIEHUH cTaTyca, KiacCHU(HKaIUi
KaTeropuii ¥ KOMMEHTapUeB, yiIydllas BpeMs pea-
THPOBaHUsI U 00CITy>KUBaHUE.

OnTuMH3aIKs HaCOCOB COOTBETCTBYET 3JHEP-
ro3QeKTUBHOCTH, JJISI OYUCTKH M PACTIPEIICIICHHS
BOJBI TpeOyeTcsi MHOTO SHEPTHU. DHEPro3arparkl
9acTO COCTAaBISIOT A0 35 % OT OOIMX pacxoaoB

Ha SKCIUTyaTaldi0 M TEXHUYECKOe OOCIy)KHBaHUE
YCTaHOBOK, a DHEPIusi HACOCOB MOYKET COCTABISTh
10 60 % ot o01ero noTpeOIeHHs NEKTPOIHEPTUH
BopiokaHasoM. ITockonbKy cIipoc Ha BOAy HpOAOII-
KaeT pacTd, BO3HHUKAET HEOOXOAMMOCTH TpHMe-
Hernuss ACOK, 4To0bl MOBBICUTE 3()(HEKTHBHOCTD
paboThl CHCTEMbI BOJOCHAOKEHMSI 3a CYET ONTHU-
MU3AIHMNA [TPOU3BOAUTEIILHOCTH HACOCOB U, TAKUM
00pa3oM, MUHHMH3AIUH TOTPEOICHUS] DHEPTUH.
C momompio ACOK omeparopsl 1 HHKEHEPHI MO-
I'YyT IOHUMATh JIaHHBIE O TIPOU3BOUTEIBHOCTH Ha-
COCOB, BBITIOJIHATH MOJICIIMPOBAHUE B Pa3IHYHBIX
YCIIOBHSAX JKCIUIyaTallid W INPHHAMArTh OOOCHO-
BaHHbIE PELICHUS [0 TEXHUYECKOMY OOCIyXHBa-
HUIO U MOAEpHHu3aiuu HacocoB. OTciexuBas pa-
0oune TOYKM B PEAJbHOM BPEMEHH C IIOMOIIbIO
ACOK, omeparopbl MOTyT HMIIOPTUPOBAaTh JaH-
HBIE O MPOU3BOAMTEIBHOCTH HACOCOB U CPaBHU-
BaThb HKCIUIyaTalIOHHbIC JaHHBIE C KPUBBIMH Ha-
COCOB, YTOOBI OTOOpa3UTh, HACKOJIBKO XOPOILIO
pabouast TOuKa COOTBETCTBYET TOYKE HAWITyUIlleH
s dexruBHOCTH. OHM MOTYT CpaBHHMBaTh padboTy
HAcOCOB 3a MCTOPUYECKHE MEPUOIbI BPEMEHH, U3-
BJI€Kas JaHHBIE O HAcOCax 3a pa3HOE BPEMs, UTO-
Obl yBHIETb, MEHSCTCS JIM MPOHM3BOAUTEIBHOCTD.
Bnaronaps mHTErpanmu JIErkOAOCTYIHBIX AaHHBIX
SCADA wnu Jpyrux TeleMeTpUYEeCKHX JAaHHBIX
ACOK moxet paccunTbiBath 3()HEKTHBHOCTD, MO~
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TpeOIsieMyI0 DHEPTHIO M MOTEHIUANbHBIC 3aTPaThl
Ha HEd(P(HEKTUBHOCTH, YTO MOXET ITOMOYb OIepa-
TOpaM OIpPEAETUTh MPUOPUTETHbIE HACOCHI IS
BMEIIaTeNIbCTBA U MPEJOCTaBUTh IOJACKA3KH IS
yCTpaHEHHsl MpoOJiIeMbl, TOBbIMAas YHeprodddex-
TUBHOCTH TIPU OJHOBPEMEHHOM CHIKEHHH 3aTpar
Ha SHEPTHIO M BEIOPOCOB YIJIEKUCIIOTO Ta3a.

Viydinenue ymnpaBieHHs IaBI€HHEM, COKpa-
[IeHNEe OTKIIOYEHU W YIydIlIeHHe BPEeMEHU pea-
IMPOBaHMs, HaJIW4Me O€30IaCHOr0 M HAIEKHOIO
BOJOCHAOXKEHUs SIBIISIIOTCS  CaMbIMH  Ba)KHBIMU
(hakTOpamu U1 KIMEHTOB.

C nomompio nporpammel ACOK moryT OBITH
oOHapy>XeHBbI OIMIMOKH B CETEBBIX COOBITHAX, Ta-
KHX KaK YTEUKH, pa3pbIBbl U OTKa3bl CUETUUKOB.
Ucnons3ys ACOK, Hanpumep, H3-3a CHUKCHUS
JaBJICHUS U3-3a pa3pblBa, COKpAILAaeTCs BpeMs pea-
THUPOBAHMSI, YIy4IIaeTcsi 00CIy)KUBaHUE U CHUKa-
IOTCSl AKCIUIyaTallMOHHbIe pacxonsl. Vcmonbssys B
KaueCTBE OCHOBBI OIIEPATHBHYIO THAPABINYECKYIO
MOJIENIb B peajJbHOM BPEMEHH, KOTOpasi MOCTOSTHHO
OOHOBIIAETCS C TPAHUYHBIMH YCIIOBHSMU OT JaTUH-
KOB, OIIEPATOPbI MOTYT JIETKO TOHSTH 00IacTH HU3-
KOTO WJIM BBICOKOTO JABJICHHUS M 30HBI C BHICOKUM
YPOBHEM BO3pacTa BOJbl WJIM HH3KHM YPOBHEM
XJIOpa, 4TO TMO3BOJISIET Oojee aKTHBHO YNPaBISThH
cucreMod. B ciydae u4pe3BhIYAHOTO COOBITHS,
TAKOTO KaK pa3pbIB TPyObl, IOKAPHBINA MOTOK HIIH
BHE3aITHOE OTKIJIIOYEHHE Hacoca, OIepaTropbl Mo-
TYT JIETKO OIPENEeNUTh MOCIEICTBUSA 10 BCEH cH-
creme. B crmyyae paspeiBa TpyOBl omeparopsl Mo-
YT JOTOJHUTEIHHO OMNpPEJEeNUTh HauMEHbIINe
CerMeHTHl M ONKalIue KiamaHbl, KOTOpHIE He-
00XOIIMMO 3aKpbITh, YTOOBI CBECTH K MHHUMYMY
MIepepsIB B 0OCITYKUBAHUH.

MOHUTOPHHT ¥ TPOTHO3MPOBAHHE KavyecTBa
BOIBl B pe3epByapax M IO BCEHl CETH MOXKET IIo-
MOYb KOHTPOJINPOBATH JIIOOOH IapaMeTp KadecTBa
BOJbI, IPEAYNPEKIATH 00 AHOMAJIBHBIX CUTYaLUIX
1 KOHCYJIBTHPOBATh Bac O JIy4yIlIUX Mepax Io obec-
MIEUYCHUIO M YJIYUIIEHUIO KauyecTBa BOXBL. YIIyd-
LICHHWE NpolLecca NPUHATHS PELIeHHH C IOMO-
upr0 ACOK BomocHaOXeHUS MOXKET OOBEIUHUTH
BCE HMCTOYHUKM [AQHHBIX B €IMHOE COBMECTHMOE
pelieHye, 4ToObl JIyyllle HOHSATh MPOU3BOAMTEIb-
HOCTh cBoei cucteMbl. [locne Toro, Kak IaHHbBIE
OyayT mepenaHbl, MOSBUTCS OECUMCICHHOE MHO-
KECTBO BO3MOXXHOCTEW Ui YIyYIIEHUS Paboumx
MIPOIIECCOB, IMOLIArOBBIX MHCTPYKIHMHA W MOJENH-
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POBaHUsI, YTO TPEIOCTABUT OKCILTYyaTAIIHOHHBIM
U HMHKCHEPHBIM OTJACTaM YIyUIICHHYIO BHJIU-
MOCTh CHCTEMHBIX JaHHBIX W HJCH, KOTOpPbIC MO-
MOTYT UM MPUHATH K HAWIYYIIEMY PEIICHHIO MPO-
OJIEMBL.

3aKkjIoueHue

Pemenrie o BHenpeHUHM BapHaHTa Ha OCHOBE
ACOK 00ycioBineHo HEOOXOOUMOCTBIO cTaTh 0O-
nee peHTabenbHOW OpraHu3aunueil, ONTUMH3HPO-
BaTh OTEpallH, YIOBICTBOPATH PaCTyIUe MOTpeOd-
HOCTH Y CHUKATh PUCKH.

B xoze BbimonmHeHUs: paboThl paccMOTpeHa U
MpoaHaJM3UpPOBaHa JCHCTBYOMIAs CHCTEMa YIpaB-
JICHHUsI U KOHTPOJIS 32 BEICHHEM TEXHOJIOTHYECKO-
r0 peKUMa BOJAOOOOPOTHOTO y3Jia B IPOHM3BOJICTBE
sTHnOeH301a U ctupona. sl TOBBIIICHUST HaJIeXK-
HOCTH M 3QPEeKTUBHOCTH (DYHKIIMOHUPOBAHHS BO-
JIOOOOPOTHOTO y3/1a TpemIokeHa M 00O0CHOBaHA
MOJIEJIb YCOBEPIIEHCTBOBAHHONW aBTOMAaTU3UPOBAH-
HOW CHUCTEMBI OLIEHKH Ka4e€CTBa TEXHOJIOTHYECKOTO
pexuma. B pamkax mpoekra peanM30BaHbI Clle-
JYIOLINE MEPOTIPUATHS:

— pa3paboTaH yCOBEPILIEHCTBOBAHHBIM ayro-
puT™M cbopa, 06pabOTKH U aHaM3a NaHHBIX C UC-
[I0JIb30BAHUEM COBPEMEHHBIX CPEACTB aBTOMATHU-
3aLuH;

— TPEUIOKECHA CXeMa WHTErpalid HOBBIX
CPE/ACTB KOHTPOJIS U JTMarHOCTUKU B CYILECTBYIO-
LIYIO apXUTEKTYPy CUCTEMBI;

— OmnpeneneHbl KIIOYEBHIE MMapaMeTphl, BIIHU-
SIOIME HA CTaOMJIBHOCTh M HAJEKHOCTh PaOOTHI
BOJI0OOOPOTHOTO y3I1a;

— TmpoBeneHa oOueHKa 3()(HEeKTHBHOCTH Tpe.-
JIO)KEHHBIX PpEIICHHWH, TOKa3aBIas YyIy4lIeHHe
TOYHOCTU JTUArHOCTHUKH OTKJIOHEHHH M CHUKECHUE
BpPEMEHHU PEaKIMU Ha W3MEHEHUs] TEeXHOJIOTHYec-
koro pexxuma [10-14].

Peanuzanust pa3paboTaHHONH CHCTEMBI I1O-
3BOJIMT TOBBICHTH OOIIWI YpOBEHb aBTOMAaTH3a-
UM TEXHOJIOTUYECKOTO Ipoliecca, CHU3UTh BIIUS-
HHUE YesioBedeckoro (haktopa U obecrednTh Oolee
cTabWIIbHOE KadecTBO MNpoayknuu. Kpome Toro,
JOCTUTHYTOE CHW)KEHHE PHUCKOB aBapUUHBIX CHU-
Tyalluii W TIOBBIIIEHHE HHEProdpeKTUBHOCTH
B paMKaxX BOJOOOOPOTHOTO Yy3lIa CIIOCOOCTBYET
o0IeMy yIy4IICHHIO 3KOJOIMYECKHX U SKOHOMHU-
YEeCKHUX II0Ka3aTesIel MPOU3BOACTBRA.
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Heghmsinot mexnuueckuil yuugepcumemy, 2. Carasam

MOJEPHU3ALIUA ABTOMATU3UPOBAHHOM
CHUCTEMBbI YITPABJIEHUA
TEXHOJOI'MYECKHUM NPOUHECCOM

Kutouegvle cnosa: aBTOMaTn3WpoOBaHHAs CH-
CTeMa; TEeXHOJOTHYECKHH TPOIECC; yIpaBICHHUE;
YCTaHOBKH TPaHYIUPOBAHHS TUIACTHKATOB.

Annomayus. AXTyaTbHOCTh TEMBI: HEOOXOIU-
MOCTh MOBBIIICHUS 3PPEKTUBHOCTH MTPOU3BOICTBA
IJIACTUKATOB, YIYYIIICHHE KauecTBa I'PaHys, CHH-
JKCHHE SHEPro3aTpar.

Lenp paboThl — pa3paboOTKa U COBEPIICHCTBO-
BaHUE AaBTOMATH3UPOBAHHOH CHCTEMBI YIIpaBIIe-
HUSl TEXHOJIOTUYECKUM IPOIECCOM Ha YCTaHOBKE
IpaHyJIMPOBAHUS IIACTUKATOB.

3agaun:
aHAJIN3 CYIIECTBYIOIIEH CHCTEMBI,

—  BBISBIICHHE HEJOCTATKOB;
MIPEUIOKEHUE MEPOTIPUATHI TI0 MOJICPHH-

3a1u;

— pa3paboTka WM YAy4IIEHHE alropuTMa
YIIpaBJICHHUSL.

l'unore3a: ecau BHEAPUTH YCOBEPLIEHCTBO-
BAHHYIO aBTOMAaTH3UPOBAHHYIO CHCTEMY YIIpaB-
JICHUs, OCHOBaHHYIO Ha ajgantuBHoMm [IMJI-
pETyIUpOBaHNUM, HWHTEIUICKTYalIbHOH 00paboTke
JIAHHBIX OT JATYMKOB, NPEJUKTUBHON AMATHOCTH-
Ke, TO 3TO MPHUBENET K MOBBIIICHUIO CTA0MIBHOCTH
TEXHOJIOTUYECKOTO IPOLIECCa, CHUKEHUIO IOTEPh
CBIpbsl, YIYUYLICHUIO Kau€CTBA FOTOBOM IPONYKIIHH
A YMEHBIICHUIO 3HEprosarpar IpU TpaHyIUpOBa-
HHUM TUIACTUKATOB.

JlocTUrHyTBIE pe3ynbTaThl: NMPOBEAEH aHAJIN3
CYLLECTBYIOUICH aBTOMaTU3UPOBAHHONM CHUCTEMBI
YIOPABICHUS YCTAHOBKU TI'PAaHYIUPOBAHUS ILIACTHU-
KaTOB, BEHISBIICHBI €€ KJIFOYEBBIE HEMOCTATKH (HU3-
Kasi TOYHOCTb PEryJUPOBAaHUS TEMIIEPATyPHBIX
PEXMMOB, OTCYTCTBHE aJalTaIlH TOJ] KOJIeOaHus
XapaKTEPUCTHUK ChIPbsl, py4Hasl KOPPEKLUs [1apame-
TpoB omeparopom). llpeasnoxeno BHEIpHUTH ajar-
tuBHble [TN][-perynstopsl TeMneparypsl U aaBie-
HUS, MOAM(MUIMPOBATH alTOPUTM YIPABICHHS C
Y4ETOM IEPEXOJHBIX MPOLECCOB C INPUMEHEHUEM

SCADA-cucrtem.

BBenenue

CoBpeMEHHOE TPOM3BOJCTBO CTPEMHUTEIHHO
pa3BUBAETCS B CTOPOHY aBTOMATH3allU, 0COOCHHO
B c(hepax, CBA3aHHBIX C epepabOTKON MOIMMEPOB.
OnHUM W3 BaXHEWIIMX 3TANoB NepepabOTKH SB-
JIIETCSl TPaHYJIMPOBAaHUE TUIACTHUKATOB, 00ECIICUH-
Balollee Mojy4yeHue nonydadpukaToB ¢ 3adaHHBI-
MU XapaKTEepPUCTUKAMH ISl TOCIEAYIOMIET0 HWC-
MTOJTb30BaHMSI B TIPOU3BOJICTBE HM3JIEITHIA.

OT CcTaOWMIBPHOCTH M TOYHOCTH YTIPABICHUS
MPOIIECCOM TPaHYJIMPOBAHUS 3aBUCHT Ka4eCTBO
KOHEYHOH MPOAYKIINH, IKOHOMHYHOCTH IpoIecca
1 YpOBEHb OTX0M0B. OMHAKO B OOJBITMHCTBE CITY-
YaeB CYIIECTBYIOIIME AaBTOMATH3UPOBAHHBIE CH-
CTeMBI yMPABIECHUS TEXHOJOTHYECKUM TPOIIECCOM
(ACY TII) Takux YyCTaHOBOK OOJamarOT PsIOM
HEJOCTaTKOB: HEJOCTAaTOYHas aJalTUBHOCTh K W3-
MEHEHUSIM CBIPbsl U YCIIOBHH, ycrapesiiee 00opy-
JIOBaHUE, OTpaHUYEHHbIE BO3MOYKHOCTH MOHHTO-
puHTa U AuarHoctuku [1-4].

B ycioBusiX KOHKYpeHLIMH M pocTa TpeboBa-
HUI K 3Hepro’pQeKTUBHOCTH MPOU3BOICTBA CO-
BepiieHcTBoBaHue ACY TII ycTaHOBKM TIpaHy-
JIUPOBAHMSI CTAHOBUTCS Ba)KHBIM HaIpaBICHHUEM
MTOBBIIIICHHS ITPOU3BOICTBEHHON A(h()EKTUBHOCTH.

Onucanue TeXHOJOTHY€CKOI0 nmpomecca

[Ipounecc  rpaHynupoBaHUs  IUIACTUKATOB
BKJTFOUACT B ceOs HECKOIBKO OCHOBHBIX CTAIHI:

— TIOAT0TOBKA U IoJayda ChIPbs;

— IUIABJICHHE W TOMOTCHH3aIlMs Marepuaia
B 3KCTpYyJEpE;

— (¢opMoBaHHUe U pe3Ka paciuiaBa B I'paHyJIibl;

—  OXJaXIIEHUE, CYIKa U TPAHCIOPTUPOBKA

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Mathematical Modeling and Numerical Methods

T
Lol i B BTO1 ., 223 BTOZ ,, 223
acthve n
BPOT 00 BPO2 00
; ik
TCU1
LT
. O,
40,0 50,0
Teuz Tcuz
o 0.0 o +0,0
L mE | Granulator |
mm +10,0 mm +10,0 mm +10,0
om 9.3 F o 10,0 F mm 100 T
y 27 X 60 A 60
i g 3
Extruder

Overview

Puc. 1. OOmas naHens ynpaBlieHUs

TOTOBOH IPOAYKLHH.

Jis kaxxaol cranuu TpeOyIoTCs TOUHBIE Tapa-
METpBI yNpaBJIeHUs: TeMIeparypa, AaBjIeHue, CKO-
POCTh BpALIEHUS IIHEKAa, PAcXoll OXJIAKIArOIIECH
BOJIbl U CKOPOCTh IIOZAUH.

[Ipu pazpabdorke ACY TII nHeoOxoammo mo-
JEPKUBATh TEXHOJIOTUYECKUE MapaMeTphl B OMNTH-
MaJbHBIX JHara3oHaX, YYUTHIBaTh YCTOHYHUBOCTH
CHUCTEMbl K BO3MYIIAIOIIUM BO3AEHCTBUAM (U3-
MEHEHHE CBOWNCTB CBIpbs, Mepemnajbl TemIlepary-
pBI OKpy»Katomien cpensl u ap.). Takxke B ACY TII
HY)KHO YYMTBIBaTh BO3MOKHOCTH OIEPATUBHOTO
BMEIIATENbCTBA OIEpaTopa, IMPOLEcC apXHBaLUU
W BH3yallM3allMu JaHHBIX, AUArHOCTHUKY HEHCIpPaB-
HOCTEH U aBapUUHYIO 3aILUTY.

Crpykrypa n apxurexkrypa ACY TII

VYpoBHEBasi CTPYKTypa CHCTEMBI
CIIEIYIONTIM 00pa3oMm.

ITosneBoii ypoBEeHb — JaTUMKU TEMIIEPATYpHI,
JABJICHUS, BIIAXXHOCTH, 4YaCTOTHBIE Mpeodpaso-
BaTeM, WCIOJHUTEIbHBIE MEXaHW3MbI (HACOCHI,
MIPUBOJIBI).

YpoBeHb yNpaBlI€HUs — HPOrpaMMUPYEMBIN

BBITTIAANUT

Ne 4(166) 2025

36

noruyeckuit xkontpomep (IIJIK), obpabarsiBato-
LU CUTHANBl U YTIPaBIIAIOMUN HCIIONHUTENbHBI-
MU yCTpOHCTBaMH.

VYpoBeHb BU3yalu3aluu U AUCTIETYEPU3ALIH —
SCADA-cuctema n HMI-nanens oneparopa.

CocraB 000py0BaHUSL:

— koutpomiep: OBEH IIIK;

— JaTYMKH: TepMOIaphl, TEH30JaTYMKH, pac-
XOJOMEPHI, SJHKOAEPHI;

— TIPHUBOIBI: YAaCTOTHO-PETYJINPYEMBIE 3JIEK-
Tponsurarenu (Danfoss);

— wuHTepdeiic: cencopuas HMI-manenp.

MexaHu3M paﬁOTbI aBTOMaTI/l?.I/IpOBaHHOﬁ

CUCTEMBI YIIPABJECHUA TEXHOJIOIHNICCKUM

MmpoIeccoM YCTAHOBKHU I'PaHYJIUPOBAHUSA
IJIaCTHKATOB

B nporpamme «Temperature Controly (puc. 2)
BBICTABJISIFOTCSI HEOOXOAMMBIE 3HAYCHUS TEMIlepa-
TYpBl IUIsl TiepepaboTKu KoMno3unuu. Haxumaem
Ha KHOTIKY «Ilyck» Ha Bcex Tpex 30HaX, 4TOObI Ha-
qajcs HarpeB.

[Ip 5TOM HEOOXOANMO TEPHOAMIECKH KOH-
TPOJIMPOBATh 3HAUCHUS TEMIIEPATyp CHCTEMBI
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Puc. 2. OKHO KOHTPOJISA U PETYIUPOBAHUS TEMIIEPATYPHI

OXJIXKJICHUS M HarpeBa (Ui CHCTEMbI OXJIAXK]Ie-
wua Ty, = 10-50 °C, nns cucreMbl HarpeBaHMs
Tyacna = 200 °C). s monmydyeHus TpaHya HEOOX0-
JUMO TOJCOCIUHUTH PaJAUANIbHBIA TPaHyIATOP K
(unpepe IKCTpynmepa, 3aKpenuB ero OIOKHpPYIO-
MM MEXaHW3MOM. UTOOBI BKIIOYUTH TPaHYISTOP,
HY)KHO 3alTH B «System Login», BBECTH JIOTUH U
MapoJib, 3aTeM 3alTH B HACTPOWKH SDKCTpylepa U
HaXarb rajouky B rpade «PamuanbHbIi TpaHy-
JIATOp», TIPH 3TOM Ha DKpaHe TOSBUTCS MaHelb
YIpaBICHHUs CKOPOCTHIO BPAIIEHUS PEXYILIUX HO-
el TpaHynsaTopa, ee HyKHO BKJIIOYHUTH JI0 3aropa-
Hus uHaukaropa «Ilyck».

[Tocne Toro kak Temmeparypa BO BCEX 30HaX
JKCTpyZAepa MOJHIACH IO YCTAaHOBJIEHHBIX 3HAYe-
HUH, MOJKHO 3aChINaTh CyXYyl0 KOMIIO3UIIMIO B 3a-
IPY304HBIA OyHKEp ¢ MarHWTOM Ui MPeaoTBpa-
LIEHUS BO3MOXKHOTO TOMAJaHUs METaJUTMUYECKUX
MPEAMETOB BOBHYTPb IKCTPYAEPA.

Pa3pabGorka ajaropurmMon
aBTOMATH3MPOBAHHOI cHCTeMbl YIIPaBJIeHUs
TeXHOJIOTHYEeCKUM MPOIeCCOM YCTAHOBKH
rpPaHyJIUPOBAHMS TIACTUKATOB

Jns  TeMmeparypHOro peryjaupoBaHUsl HC-
nons3yeM 1IN /I-perynupoBanre ¢ aBTOHACTPOii-
KO Ha OCHOBE MOJEIU IIEPBOrO MOPsJIKA C 3aras-
IbIBaHUEM. AJITOPUTM afalTUPYETCs MO HU3MEHe-
HHE XapaKTEPUCTUK paCILIaBa.

37

VhpaBieHue CKOpPOCThIO TMOJaud M IIIHEeKa
OCYIIECTBIISIETCSI C TIOMOIIBIO IpeoOpazoBaress
gactoTel (IY), perymupyemoro mo ycraBke IMpo-
M3BOANUTENBHOCTH. CHHXPOHU3AIUS TTOJ]a4l U TEM-
MepaTypsl MPeoTBpaIlaeT eperpeB Wik He0rpeB
MaTepuaa.

Ha ¢unanbHOM »dTame naHHBIE OT JaT4dKa
BIQXKHOCTH CPAaBHMUBAIOTCS C JONMYCTHMBIM 3Hade-
HUEM: TaKUM 00pa3oM OCYIIECTBISCTCS KOHTPOJb
BJIaYKHOCTH FOTOBOW mpoaykuuu. [Ipu oTkiioHeHNH
CUCTeMa KOPPEKTHPYET TEeMIIEpaTypy U CKOPOCTh
OXJIAXKICHUSI.

Takxe cozmanHot Hamu ACY TII mpowusso-
JUTCSI TIPOTHO3 OTKAa30B HAa OCHOBE aHAJM3a OTKJIO-
HEHWU CHUTHAJOB W CTAaTHCTUKH (BHOpAITHs, TOK,
TeMIiepaTypa oOMOTOK JIBUTATEIICH).

Pa3paboTka mporpaMMHOTO 0OecTIedeHHs TIPO-
Benena B cpene OBEH IIIIP u SCADA TRACE
MODE. CoziaHsl 1onb30BaTebckue HHTEpQerch
JUIsL BBOJIA YCTaBOK, OTOOpaKeHMs aBapvii U rpa-
(uKoB.

B cucreMy 3a10%keHbl MEXaHU3MbI aBAPUIHOU
OCTaHOBKH, OJIOKMPOBKHU IO MPEBBILICHHUIO Tpefie-
JIOB TIApaMETPOB, PE3EPBHBIC AITOPUTMBI YIpPaB-
JeHHUs W 3amuTa o0OpYIOBaHHs OT IeperpeBa U

HepErpy3KH.

3akJjoueHue

B pabote paccMoTpeHa u peann3oBaHa 3aj1ada
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noBbILeHHS d()(PEKTUBHOCTH pabOThl YCTaHOBKH
IpaHyJIMpPOBAaHUs MJIACTUKATOB 32 CYET COBEPIICH-
CTBOBaHHUS aBTOMAaTM3MPOBAHHOI CHUCTEMBI yNpaB-
JIEHHsI TEXHOJIOTHYECKUM MTPOIIECCOM.

Ha ocHoBe aHanM3a CyIIeCTBYIOIETO TEXHO-
JIOTHYECKOro Ipoluecca W JeHCTBYIOIEH CHUCTe-
MBI YTIPaBJICHUS BBISBIECHBI €€ OCHOBHBIE HEIO-
CTaTKM: OrpaHUYEHHAas TOYHOCTb PEryJINPOBAHUS
TEMIEPATyPHBIX PEXKHMOB, OTCYTCTBHE aJalTHB-
HOCTM K W3MEHEHHUSIM XapaKTePUCTHK CBIPbS, a
TaK)K€ HENOCTaTOYHBI YPOBEHb BH3yallM3allUd U
JTMArHOCTHKH.

C uenpio ycTpaHEHHUS YKa3aHHBIX IPOOIeM
Obula paszpaboTaHa yCOBEpIICHCTBOBAHHAS —ap-
xutekrypa ACY TII, Bkirouaromias NpUMeHe-
nue anantuBHoro [TU/I-ynpaenenus. Pa3paboran
uHTepdeiic oneparopa B SCADA-cucteMbl IS
yAOOHOTO KOHTPOJSI M YIPaBICHUS MPOLECCOM.

[IpoBenernHoe MomenupoBanue pabOTHI CHCTe-
MBI B YCIOBHSIX PEAIbHBIX TEXHOJOTHYECKHX OT-
KJIIOHEHWH TI0Ka3ajo YIydllIeHHEe MapaMeTpoB
CTaOMIIBHOCTH TIpOIlecca, MOBBIIIEHHE KauecTBa
TOTOBOM TPOIYKIIMH M CHUKEHHE 3HEpronorped-
JICHUS.

Takum 00pa3om, MmocTaBiIeHHAs 1IEIb JTOCTHUT-
HyTa, a TUIOTe3a O TOM, YTO COBEPIIEHCTBOBAHHE
ACY TII no3BosnsieT TOBBICUTH 3()(HEKTUBHOCTD H
CTaOMIIBHOCTH IIpoliecca IPaHyIupOBaHHUs MJIaCTH-
KaToB, MMOATBEPHKICHA.

Pa3paborannas cucreMa MOXET OBITH BHEIPE-
Ha Ha aHAJOTMYHBIX MPOU3BOACTBEHHBIX YUACTKAX
Y aJIanTHpPOBaHa MO APYTHUE MPOIIECCH TiepepadoT-
KM IOJINMEPOB, YTO OTKPBIBAET MEPCHEKTUBBI IS
TMaTBHEHIINX WCCISIOBAaHNN W BHEAPEHUS MHPPO-
BBIX TEXHOJIOTHMH B XUMHUYECKOW M Tiepepadarhl-
BAaIOIICH MPOMBIIUICHHOCTH [5—12].
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A.P. UBPATUMOB, M.I. BAIIIMPOB, O.I' BOJIKOBA
Unemumym nepmenepepabomru u nepmexumuu @IEOY BO « Yhumckuii eocyoapemeennulil

Heghmsinol mexHuueckuil yuugepcumemy, 2. Carasam

METOJOJOI'MYECKHUE ACIIEKTbBI
PASPABOTKHU BUPTYAJIbHBIX TPEHAKEPOB
JJIA OBYYEHUA TEXHUYECKHUM HABBIKAM:
HA ITPUMEPE IPOBEPKH N OBCJIY KUBAHUSA
JATUUKOB IEPEMEHHOTI'O IEPEITAJIA
JABJIEHUSA

Kurouegvle cnosa: BUpTyanbHas pealbHOCTD
(VR); natumk TEpEeMEHHOTO Iiepemnaaa JaBJICHUS
(ITIIX); sedTsAHAS OTpACIb.

Annomayus. llens wucciemoBaHUs 3aKiIroda-
eTcs B pa3pabOTKe METOJOJOTUU co3maHus VR-
TpeHaxkepa JyIst OOyUIeHHS CTYICHTOB TEXHUYECKIM
HaBBIKaM Ha MpHUMeEpe MPOBEPKU U OOCITyKUBaHUS
JaTynKa TepeMeHHOro nepemnana JaBieHus. Jlns
JOCTHIXCHUA TOCTaBJIEHHON e 6I)IJ'II/I PCUICHBI
CIIEYIONIUE 3a0a4H:

— TMPOBEJCHHE aHANIN3a CYIIECTBYIONUX TEX-
HOJIOTUH pa3pabOTKU BUPTYaIbHBIX TPEHAXKEPOB;

— BBIOOpP ONTUMAIIEHOU CpeNbl pa3paboTKy;

— TPOEKTHUPOBAHHE IOIH30BATEIHCKOTO CIIe-
Hapwsi B3aUMOJCHCTBUS;

— Cco3JaHue TPEeXMEPHBIX Mojenel 00opyao-
BaHUS;

— peanm3aiys adropuTMOB (PYHKITMOHUPOBA-
HUS CUCTEMBI.

B ocHOBy uccnenoBanus MOJOKEHA THIIOTE3a
0 TOM, YTO HCIIOJIb30BaHUE V' R-TpeHAXepOB 0bOec-
neunBaeT 3PGEKTUBHOEC OCBOCHHUE IMPAKTHUECKUX
HABBIKOB Pa0OTHI C BEICOKOTEXHOJIOTUYHBIM 000pY-
JAOBAaHUCM ITPpU MUHUMAJIBHBIX 3aTparax U prUCKax.

Mertoznbl ucclieOBaHUS BKIIIOYANIM aHAJIU3 Ha-
YYHOH JIUTEpaTypbhl, MOJCIMPOBAHUE MPOIECCOB,
TEeKCTypupoBaHue 3D-00bEKTOB, POTPAMMHPOBA-
HUE JIOTUKH pabOThl TpEeHakepa U MHOTO3TAITHOE
TECTUPOBAHHE.

B pesymerare Obi1 co3maH VR-TpeHakep,
o0ecreunBaroNnii MOTrpyKeHHe 00ydaeMbIX B pe-
AMMCTUYHYIO Cpely A OTpadOTKHM HaBBIKOB pe-
MOHTa W OOCIYXHBAaHHSA JaTYUKOB TMEPEMEHHOTO
nepernana AaBieHus. TpeHaxep yCIenIHo MpoIIeln
TECTHPOBAHUE U IMTOATBEPIIII CBOO 2 (HEKTHBHOCTH
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B TIOATOTOBKE CIEIUAIUCTOB sl He(dTera3oBoit
OTpPACIIH.

BBenenue

B coBpemennom mupe, Te HeTIHAS OTPaCb
CTPEMHTENBHO Pa3BUBAETCS, BO3pAacTaeT HEoOXo-
JUMOCTh BHEIPEHHs] HHHOBALIMOHHBIX TEXHOJIOTHH
Uil TIOBBIIEHHUS 3()()EKTUBHOCTH TMPOU3BOJCTBA,
CHIDKCHHUSI 3aTpar W oOecredeHHsi 0e30MacHOCTH
onepauuii [1]. IlpumepamMu pazau4HBIX COBpE-
MEHHBIX TEXHOJOTHH SIBISIOTCS HCKYCCTBEHHBIN
naTemnekt (MW), mammHaHOE OOy4YeHre U OBICTPO
pa3BuBaromrecs MUQPPOBBIE TEXHOJIOTHH, KOTOPHIS
OXBAThIBAIOT BECh MPOU3BOACTBEHHBINA IIUKII.

Cpenn TEepCIIEKTHBHBIX HampaBleHUH IU(-
poBH3aIUK 0cO00E MECTO 3aHUMAET BUPTYaIbHAs
peansHOCTE (VR). DTa TEXHONOTHS OTKPHIBACT
HOBBIC TOPH30HTHI B PEHICHUM 3aJlad, CBS3aHHBIX
C TPOCKTUPOBAaHUEM, OOyYEHHEM MepCOHANa, MO-
HUTOPUHIOM CJIOKHBIX TPOLECCOB U 0OecneyeHu-
€M HaJIeKHOCTH UHPpacTpykTypsl [2]. Hanpumep,
BUPTyalbHAasi pEalbHOCTh MOXKET 3HAYUTEIBHO
yOpPOCTUTHh cOOp, aHAIW3 W BU3yaJIM3alMUIO IaH-
HBIX, YTO OCOOCHHO Ba)KHO B YCJIOBHSIX, IJie 00b-
eMbl HMH(OpMaluu JOCTUTalOT OrPOMHBIX Mac-
mraboB. Kpome TOrO, BHpTyallbHas peaabHOCTh
AKTUBHO BHEIpSIETCS B 0Opa3oBaTelbHBIC MPOIleC-
CBI, OCOOCHHO B TEXHMYECKHX AMCIUIUIMHAX, TIIE
TpeOyeTcsi OCBOCHHE CIIOKHBIX MPAKTUIECKUX Ha-
BBIKOB [3]. OmHUM W3 aKTyadbHBIX HANpaBICHUI
ABISIETCST pa3pabOTKa BUPTYalbHBIX TPEHAKEPOB
U1t 00ydeHHss paboTe C BBICOKOTEXHOJIOTHYHBIM
0bopymoBaHUEM.
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TpeRaKRep

Puc. 1. Crpykrypa pa3paboTku TpeHaxepa BUPTYalbHON peaIbHOCTH

B naHHOH craTthe paccMaTpUBAeTCS METONO- JIOTHS CO3[aHHs VR-TpeHaxkepa il OOydeHHs
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CTYACHTOB TIPOBEPKE U OOCIYKMBAHMIO JaTYMKa
MIEPEMEHHOr0 Iepenaja naBieHus. Takue ycTpou-
CTBa IIMPOKO NPUMEHSIOTCS B IPOMBIIUICHHOCTH,
OJTHAKO WX OOCITy)XKHBaHWE TpeOyeT CIeIHabHBIX
3HAHUU W HaBBIKOB.

Brui10op cpennl pa3padoTku

[Tpu BBIOOpE Cpelbl pa3paboTKH MPOrpaMMHO-
ro o0ecreueHus] yUYUTHIBAIKCh CICAYIOUIHE OCHOB-
HBIC XapaKTEPUCTHKH:

— COBMECTHMOCTbH C ammapaTHbIM obOecrieue-
HUEM;

— THOKOCTH B
3D-cuen;

— wmHTepdeiic U yao0cTBO paboTHI ais pas-
paboTunka;

— WHTYWTUBHO TIOHATHAas cpefma s 00y-
YeHHS,

— HaTu4due KOMITOHEHTOB, TTO3BOJISTIO-
IMX peaJn30BBIBATh (DM3MUECKOE COAEpIKaHWE
3ajad;

— IPOM3BOAUTEILHOCTH M PEATU3M.

Cpean  COBPEMEHHBIX  HWHCTPYMEHTATBHBIX
Cpe/CTB co3laHusi BHUPTyalbHbIX cpex (Unreal
Engine, Quest3D, CryEngine, Amira, Unity3D,
Alternativa3D w n1p.) TpPOBEIEH KOMILICKCHBIN
ananu3. [lo pesynbraram cpaBHHUTENBHOTO aHAIH-
3a mporpamMMmHbIi komiieke Unity 3D nponeMoH-
CTPUPOBAJ ONTHMAIBHOE COYETAHHE TEXHHUUECKUX
XapaKTePUCTHK M HSKOHOMHUYECKOH 3{deKTuBHO-
ctu. KiroueBbIMH TpenMyIeCcTBaMH BBIOpaHHOMN
1aT(OPMBI SBIISIOTCS:

— IIUpOKas TOAJEP)KKa OINMEPanOHHBIX CH-
creM (Windows, Mac OS X, Linux);

— BO3MOXKHOCTH Pa3BEPTHIBAHHS HA MOOWIIb-
HEIX maTdopmax (Android, Apple iOS);

— COBMECTHMOCTb C WTPOBBIMH KOHCOJISIMU
(Wii, PlayStation 3, XBox 360);

— BCTPOCHHBIN (U3UYECKU TBUKOK PhysX;

— IOJJCPKKA COBPEMEHHBIX VR-rapHUTyp
(Oculus Rift, HTC Vive);

— pas3BUTasg CHCTEMa BH3yaJIbHOTO TpOrpam-
MHUPOBaHUS;

— HaJIMYHMEe CHEUUAIM3UPOBAaHHBIX HHCTPY-
MEHTOB JUIsl 00pa30BaTeIbHBIX PUIIOKEHHUH.

CO3JaHMU U HaCTpOﬁKe

O0mast MeTo10J10TUsl Pa3padoTKu
BHPTYaJIbHBIX TPEHAKEPOB

CxemMa TEXHOJIIOTHH pPa3pabOTKH TpeHaKe-
pa BUPTYaIbHOW pPEaNbHOCTH TMPUMEHUTEIHHO
K 3aJadaM CO3/IaHUsl BHPTYallbHBIX J1aboparo-
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puii Ui oOydeHMs TEXHWYECKHM HaBBIKaM Ha
npuMepe IPOBEPKH M  OOCIY)KHMBaHMS HaTYHKa
MepeMEHHOTO Tepernaja JaBICHNS BKIIOYAeT He-
CKOJIBKO KJFOYEBBIX OTAIOB, IPEACTaBICHHBIX
Ha puc. 1.

OCHOBHBIMH JTallaMH TEXHOIOTHUH SIBIISIOT-
cst [4]:

— cOop W aHanM3 JaHHBIX 00 MOACIHPYEMOM
TEXHOJIOTUYECKOM OOBEKTE;

— pa3paboTKa MOCIeI0BaTeIbHOCTH TOJIb30-
BaTEJILCKOTO CLICHAPHUS ICHCTBUS CUCTEMBI;

— CO3JaHMe TPEXMEPHBIX MOJIeNeiH U BBI-
MOJIHEHUE TEKCTYPHUPOBAHWUS;

—  pa3paboTKa aJlrOPUTMOB;

— peamm3alMs M TECTHPOBAHUE IIPOTrpaM-
MHOTO 00€CIICYCHHUS.

Peanuzamust yka3aHHBIX 3TamoOB IPOEKTUPO-
BaHMS BHPTYAJBHOTO TPEHAKEPHOTO KOMILIEKCA
MPENIONaraeT BBIMOIHEHNE CIEAYIONIUX KOMIIO-
HEHTOB.

Coop u aHaIU3 TaHHBIX 00 MOJeTUPYyEMOM
TeXHOJIOTHYEeCKOM 00beKTe

Ha »srane cOopa n aHanu3a JaHHBIX OCYIECT-
BIISICTCSI  KOMILICKCHOE HCCIIeIoBaHKue Mpubopa
MIEPEeMEHHOTO Iepernaja JaBICHUsI, BKJIFOYAIOIICe
M3yYEeHUE €ro KOHCTPYKTHBHBIX OCOOCHHOCTEH,
MIPUHIIAIIOB  pa0OThl, TEXHUUYECKUX XapaKTepH-
CTHK W YCIIOBHH SKcruryararuu. Ocoboe BHHMa-
HUC VYJETSeTCS TEXHOJIOTHUECKUM perilaMeHTaM
W HOPMATHBHOHM JOKYMEHTAIUH, YTBEPXKIAFOIUM
MOPSIIOK  TTPOBEPKU, OOCITY)KUBAHUST H 3aMCHBI
puodopa.

Pa3pa60TKa mocjaea0BaTreJIbHOCTH
MOJIb30BaATEJIbCKOI0 CHCHApUs
JeHCTBUA CHCTEMbI

Pa3zpaboTka mocCnenoBaTeNbHOCTH — B3aUMO-
JNEUCTBUS TIOJB30BaTeNl OCYLICCTBISIETCS B CO-
OTBETCTBUU C TPUHIUIIAMH TIOIIAroBoro (Gopmu-
poBaHus MPodecCHOHANBHBIX KoMreTeHImi. Ciie-
Hapuil CTPYKTYpUpPOBaH Ha YETHIPE B3aHUMOCBS-
3aHHBIX MOAYIS, OOECIIEYMBAIOIINX JIOTHUECKYIO
3aBEpIICHHOCTh Y4eOHOTO IpoIiecca.

[lepBoIit MOMYTh TIpEACTaBISAET COOON MHTEP-
(helic MHUTIMATTN3AIINNA CUCTEMBI, KOTOPBIH TIpeIo-
CTaBJISIET TIONB30BATEIIIO CTApTOBBIM HWHTEp(deiic
TpeHakepa, METOANYECKHe yKa3aHus 1Mo padote ¢
TPEHAXEPOM, TEXHHUECKYIO JOKYMEHTAIHuio U 0Oa-
30BbI€ HACTPONKHU CUCTEMBI.

BTopoii Monyib BKIIIOUAET MOATOTOBUTENbHBIN
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v Trigger Zone With Conditions (Script) @ 3 i
Script TriggerZoneWithConditions
¥ Objects To Be Destroyed 8
Element O ® outerwear @
Element 1 ™ pants @
Element 2 @ Helmet @
Element 3 @ Model.007 @
Element 4 @ glasses ®
Element 5 @ Mechanical_Gloves @
Element 6 @ sac @
Element 7 G Model.009 @
v Sockets L?_r
Element 0 A Socket MultiMeter (Transform) @
Element 1 A Socket Walkie-Talkie (Transform] &
Element 2 2. Socket Yokogawa EJAT10E (Tran @
Element 3 A Socket fluck-probs (Transform) &
Element 4 A Socket Wrench 22 (Transform) @&
Element 5 A Socket Wrench 10 (Transform) @
Element 6 A Socket Screwdriver (Transform) @
[E=mEN
¥ Required Objects In Sockets 7
Element 0 @ MultiMeter @
Element 1 W Walkie-Talkie ®
Element 2 @ Yokagawa EJAT10E ®
Element 3 W fluck-probs @
Element 4 @ kduch 22 ©]
Element 5 @ kiuch 10 ®
Element & @ Screwdriver o]
[ESE
Naxt Scena Name 3 Control room
Trigger Zone ID 1

Puc. 2. Anroputm nepexojia Ha CIEAYIOLYIO CLEHY

3Tall, peaJM30BaHHbII B BUPTyAJIbHOM MOJENH I10-
MEIIEHHsI KOHTPOJIBHO-M3MEPHTENLHBIX MPUOOPOB.
Ha nannoMm 5sTare monp30Barenb 03HAKaMIMBAETCS
C TEXHWYECKMM 3aJ[aHHEM Ha JIIEKTPOHHOM Tep-
MUHaJe, KOMIUIEKTYeT CpeACTBA WHAWBHIYaTbHON
3allUThI, BKJIOUYAs CHELUUAIbHYIO OJIEKIY, Cpel-
CTBa 3alUThI TOJIOBBI, 3pEHUSI, PYK U HOT, a TaKXe
rmonoupaeT HEOOXOMUMOE TEXHOJOTHIeCKoe 000-
PYAOBaHUE, TAKOE KaK IIEPCOHAIBHOE JbIXaTeIbHOE
YCTPOMCTBO, CJIECAPHO-MOHTAXXKHBIA HHCTPYMEHT,
CpEeIICTBA CBSA3HU, KOHTPOJIbHO-U3MEPUTENbHBIC TPU-
OOpBI U pe3epBHBIA ATYUK MEPEMEHHOTO Tepera-
J1a JaBJICHMUSL.

Tperuil Momynb COAECPKUT MPOLEAYPY CO-
[JIJACOBAHMSI, BBIIIOJIHEHHYIO B ONEPATOPHOM 3aji€.
B pamkax naHHOro MOAyns MOJIb30BATENb OCY-
LIECTBIISIET NMPOBEPKY Hapsia-I0MyCcKa, CONIacoBa-
HUE TEXHOJOTHYECKUX IapaMeTpoB, OQopMieHHUE
pa3pemunTeNbHON JOKYMEHTAUHN U MTOJTyueHHe 1ie-
JIEBBIX YKa3aHUMU.

YeTBepThlii MOIyNTb OXBaThlBaeT pabodylo
30HY TEXHOJOrHYecKoro oOwekTa. Ha aToMm srtame
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BBIITOJIHAKOTCA TMOATOTOBUTCIIBHBIC MCPONPUATHUA,
BKJIFOYAIOIME BU3YaJlbHBI KOHTPOJb U IPOBEPKY
napameTpoB cpensl. Jlajgee cIeqylOT OCHOBHEBIC
orepauu: 00ecToYrBaHue 000PYIOBaHHS, JIEMOH-
TaX HCEHUCIIPABHOT'O Yy3Jla U MOHTaX HOBOI'O IIpH-
Oopa. 3aBepIIaroNIuM JTAOM SIBJISTIOTCS ITYCKO-
HaJ1aI0YHBIC pa6OTI)I, BKIIFOHAIOIIME HUCIIBITAHUC
Ha TePMETHYHOCTh, MPOBEPKY METPOJIOTUUCCKUX
XapaKTEePHUCTHK W BBOJ[ 00OPYIOBaHUS B JKCILTya-
TaIHIO.

Co3nanue TpexMepHbIX MojieJiei 1
BbINOJIHEHUE TEKCTYPUPOBAHUS

Ha ocHOBe COOPMHPOBaHHBIX TEXHHYECKUX
TpeOOBaHMH ¥ WCXOJHBIX TaHHBIX OCYIIECTBIIS-
eTcs pa3paboTKa TPEXMEPHBIX Mojelieli 00ObEKTOB
C UCIIOJB30BAHUEM CIICIIMAIN3UPOBAHHOTO IIPO-
rpaMMHOTO O0ecredeHus ISl CO3JaHus U pelak-
tupoBanus rpaduku (Blender). B mepByro ouepens
BBITIOJTHACTCS TOCTPOCHUE BBICOKOIETATH3NPOBAH-
HBIX MOJENeH, XapaKTepU3YIOIIUXCS MOBBIIICH-
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Puc. 3. Peanu3oBaHHEbIE CIIEHBI

HOM TOJHWTOHAJIBHOCTBIO. OTH MOJAETH CIy)XKar
OCHOBOM ISl T€HEpallud TEKCTyp HopMallel, Ko-
TOpBIE TTO3BOJISIOT UMHUTHPOBATH CIIOKHBIE JETAIN
MTOBEPXHOCTH TPH CHWKEHWH BBIYHCIUTEIHHON
Harpys3KHu.

Jlns  oOecrieueHHsT ONTHUMAJBLHOIO OajaHca
MEX/Iy KadeCTBOM BH3YaIHM3aIllMd W TIPOU3BOAH-
TENBHOCTBIO BBITIONHSETCS TOATAITHOE yMEHBIIIe-
HUE KOJHMYECTBA IIOJIMTOHOB B 3aBUCHMOCTH OT
TpeOyemoro ypoBHs aeramu3amuu [5]. Ha cie-
IYIOIIIEM 3Tarie CO3aroTCsi 0a30BBIE TEKCTYpPHI C
HCTIOJIB30BaHUEM TpaUuecKuX peaakTopos. s
KaXIOW MOIENM HACTPauBaIOTCS MaTepHalbl,
BKJTIOYAIOIINE KaK OCHOBHBIE TEKCTYPbI, TaK U TEK-
CTYpbl HOpMaJiei, YTO MO3BOJSIET JOCTUYD peasu-
CTHUYHOTO OTOOPa)XEHUS TIOBEPXHOCTEH.

Pa3zpadorka anropurmoB

AIII‘OpI/ITMI:I, OTpaxaromue OpraHnu3aliuOHHO-
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MIPOM3BO/ICTBEHHBIE MEXaHM3MbI (PYHKIIMOHHPOBA-
HUS CUCTEMBI B TPEHAXKEPE BUPTYAIbHON peasibHO-
CTH, TIPEIICTABISIOT COOOW KOMIDIEKC JIOTHYECKUX
W MaTeMaTH4eCKHX MOJeJel, BOCIPOU3BOISIINX
peasibHble MPOU3BOJICTBEHHBIE MPOIECCHI € BBICO-
KO# cremnenpto Aetanm3anuu [6]. OHE 0XBaTBIBAIOT
Kak IOCIIeIOBATEILHOCTh OMepaliid, BBIMOIHSC-
MBIX MOJIb30BATENIEM B PAMKAaX 3aJIaHHBIX CIICHAPU-
€B, TaK W B3aMMOJICHCTBUE BUPTYaAIbHBIX 00HEKTOB
C y4eToM (M3MUYECKUX U TEXHUYECKUX MapaMeTPOB
obopynosanus. [Ipu 3TOM anropuTMmbl obecreuu-
BalOT KOPPEKTHYIO HMHTAIUIO YIPABICHYCCKUX
pelIeHnH, TEXHHYECKHUX TPOIISTyp U KOHTPOJIBHBIX
MEPOIPHUATUHN, YTO TO3BOJIIET CO3/aTh IEIOCTHYIO
U WHTEPAKTHBHYIO cpeay Juis oOydeHus. Takoin
MOAXOM CcIocoOcTBYeT (opMupoBaHHI0 Tpodec-
CUOHAJIBbHBIX KOMIICTCHIIMI TMOJb30BaTes, obec-
MeYrBasi TMOTPYKEHUE B YCJIOBHUS, MaKCHMaJbHO
NpUOIIDKEHHBIE K PEalbHBIM MPOU3BOACTBEHHBIM
nporeccam. Ha puc. 2 mpezacraBiieHa peain3anus
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ajNropuT™Ma Mepexoja Ha CIEAYIOUIYIO CUEHY IMpU
BBINOJHEHUH OIPEJEIEHHBIX YCIOBHI U MOCIIEN0-
BaTEJILHOTO Cpa0aThIBAHUS MPEIBIIYIIUX TPUTTEP-
HBIX 30H.

Peanmzanus u TECTUPOBaAHUE
nmporpammMHoOro odecneueHHst

Co3/ianuie U HaMoJHEHUE CIIEHBI BUPTYAIbHO-
o TpeHaXKepa OCYLUECTBIAECTCS IIyTEM HUMIIOpTa U
pacctanoBku 3D-Mojenel B cpexy pa3paboTku, KO-
TOpBIE OBUIN MPEBAPUTEIBHO CO3JJAHbI B COOTBET-
CTBHUHU C TEXHHYCCKUMMH Tpe6OBaHI/I$[MI/I IMPOCKTA.
Ha JJAHHOM 3Tall€ BBIMOJHACTCA UHTCIpalusa MOae-
neil 00opynOBaHUs, MHTCPAKTUBHBIX JJIEMCHTOB U
OKpYKEHHS] B €AMHYIO Cpemy, TJe KaKIblii 0OBEKT
HACTPanWBaeTCs C y4eTOM €ro (yHKIMOHAIHLHOTO
Ha3HAUYEHUS W B3aUMOJCHCTBHS C IOJH30BATEIIEM.
[Tocne 3aBepuieHHs HANOTHEHUS CICHBI (pHC. 3)
peanmu3yIoTCsl aTOPUTMBI JIOTHKH PaOOTHI 000py-
JOBaHUs, GU3NIECKUE B3AaUMOICHCTBUS U TIOTH30-
BaTeNnbCKUi uHTEpdeiic, GopMupys 3aBepiIeHHBINA
IIPOTOTHUI TPEeHaXKepa.

TectupoBaHue  BUPTYyalbHOTO  TpEHaXKEpa
MIPEJICTABIIIET COOOW MHOTOATAITHEIN IMpoliecc, Ha-
MPaBJICHHBIA Ha BBIABICHUWE W yCTPaHEHHE OLIU-
00K, a TaKKe MPOBEPKY COOTBETCTBHS CHCTEMBI
3aJaHHBIM TpeOoBaHMsAM. B pamkax TecTupoBa-
HUS IPOBOJIUTCS aHAIN3 pab0OTOCIIOCOOHOCTH BCEX
KOMIIOHEHTOB TpPEHa)Kepa, BKIIIOYasi KOPPEKTHOCTD
otoOpaxkeHust 3D-moneneil, (QyHKIMOHAIBHOCTD
HWHTCPAKTUBHBLIX 3JICMCHTOB H yI[O6CTBO IIOJIB30-
Batesibckoro uHTepdeiica [7]. Ocoboe BHUMaHUE
yAEJSIETCSl OIIEHKE MPOU3BOAUTEIILHOCTH CUCTEMBI,
IIJTaBHOCTH aHI/IMaHI/Iﬁ U OT3BIBYMBOCTU YIIpaBJIC-
HUs depe3 VR-obopynosanue. [Ipu HeoOxommumo-
CTH OCYIICCTBIISIETCS] BO3BpAT Ha JIF00OH U3 ATAIoB
TEXHOJIOTUU Pa3pabOTKH TMPOTrpaMMHOTO obecrtie-

yenust (I1O), Oymp TO nmopaborka 3D-mopenei,
WCTIpaBlICeHHE MPOTPAMMHBIX OIIMOOK WK YIIyd-
IICHUE I10JIb30BATENILCKOTO MHTepdeiica, 4TO IM0-
3BOJSIET JIOOMTHCS TOJHOTO COOTBETCTBUSI Tpe-
Ha)Xepa MeasIM OOyUYeHHUS U DKCIUTyaTallMOHHBIM
TpeOOBaHUSIM.

3akjoueHue

B crarpe paccmoTpeHa MeTomosiorus paspa-
OOTKM BHPTYaJbHOTO TpEHaKepa sl OOydeHHS
CTYICHTOB TEXHUYECKUM HaBBIKAM Ha MpPUMEPE
MPOBEPKU M OOCITYXKUBAaHUS JaTdyuka IEepPEeMEH-
HOTO Tiepenajia AaBieHus. B ycrmoBusx crpemu-
TETFHOTO PAa3BUTUSA MHUQPPOBBIX TEXHOJIOTHA U
HeTSHONW OTpacid BHEAPCHUE WHHOBAITMOHHBIX
pelIeHUi, TakuX KaK BUPTyaJbHAsl pPeEajbHOCTh
(VR), craHOBHUTCS KITIOYEBBIM (HaKTOPOM ITOBBI-
meHusT 3(QPEKTUBHOCTH 00pa30BaTEIHLHOTO TIPO-
1ecca u MOATOTOBKH BBICOKOKBaTH(UIIMPOBAHHBIX
crequaiucToB. Ee ncrosib30BaHue MO3BONISIET 3HA-
YUTETHHO YIyUYIINTh OOy4YeHHE U TTOITOTOBKY Tep-
COHaJIa, a TAKXXE MUHUMU3HUPOBATH 3aTPAThl U PU-
CKH, CBSI3aHHBIE C IIPOCKTHPOBAHUEM, HKCILTyaTa-
el 1 6e301acHOCTBIO.

[lepcnekTuBBI pa3BUTUSL BUPTYaJIbHOU peab-
HOCTH B He(DTEra3oBoil OTpaciu OTKPHIBAIOT HOBBIC
TOPU30HTHI 1S JanbHeHIIel HHTerpaluy ¢ UCKYyC-
CTBCHHBIM HWHTEIICKTOM, OOJIBITUMH JaHHBIMH U
00JIAYHBIMH TEXHOJIOTHUSIMU, YTO, B CBOKO OYEPE/Ib,
MO3BOJIUT KOMIAHUAM emie Oonee 3PPEKTHBHO
aJanTUPOBAThCS K BBI30BAM COBPEMEHHOT'O MUDA.
VYuurhiBas IOCTOSHHOE pasBUTHE VR, MOKHO
MIPEANOI0KHUTh, YTO €€ HCIOIb30BaHUE CTAHET OC-
HOBOW JJIsi MHHOBAallMOHHBIX M3MEHEHUN B OTpac-
JIM, TIOMOTasi KOMITAHUSIM UATUA B HOTY ¢ TII00aih-
HBIMHM TpEHJIaMU M OOecredynBas UX YCTOWYUBBIN
POCT B YCJIOBHSIX BBICOKOW KOHKYPEHIIUU.
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T'A. KOBAJIEHKO, A.I' COJIOJOB

DI'BOY BO «llosonxcckuil 20cy0apcmeenHblil YHUBEPCUMEn MeleKOMMYHUKAYULL

u ungpopmamuruy, 2. Camapa

AHAJIN3 CYIECTBYIOHIUX METOJ10B
IHONCKA UHOOPMALINHN

Kutouegvle cnosa: aHanm3 AaHHBIX; U30BITOK
nHpOpMaIK; WHTEPHET;, KOMITBIOTEpHOE OO0ydUe-
HHE; MAIIHHHOE 00yUJeHue.

Annomayus. llouck wHbOpPManuu B COBpE-
MEHHOM OOIlIecTBe SBISIETCS OJHON W3 Hambolee
CYIIIECTBEHHBIX Mpo0iieM. B cTarhbe mpoBeaeHO HC-
CJIC/IOBAHUE YPOBHS PAa3BUTHUS M BIUSHUS KOMITbIO-
TEPHBIX TEXHOJIOTHI Ha KHM3Hb YenoBeka. Exeron-
HO 00beM WH(POPMAIMK B MUPE HEYKIOHHO PaCTET,
9TO JIeNaeT BONPOC XPaHEHUS M CHUCTEMaTH3allUH
JaHHBIX B YCJIOBHSX OOJNBIIOro oObeMa HH(pOpMa-
LMW aKTYaJIbHBIM U B TO e BpeMs CIOKHBIM. Cre-
JaH aHaiM3 Hambosiee BOCTPeOOBAaHHBIX METOAOB
roricka WHpopManuu. 3aada UCCIeTOBaHHS — T10-
HATh, KaK 00bEeM HWH(OpPMAIUU BO3JEHCTBYeT Ha
METOZBl aHaln3a MaHHBIX. JlJI1 MOaTBEpKIeHUS
TUTIOTE3hI OOpaOOTKM MAaHHBIX OBLIO IPOBEIECHO
WCCIIeZIOBaHNE B BHJIE aHKETHPOBaHUA. Pe3ynsraTsl
TIpEeICTaBIICHEI B Ta0I. 1.

[Ipobnema miepen3ObITKA JaHHBIX H3BECTHA
Kak WH(QOPMAIIMOHHOE IEPEHACHIIICHHE WU HH-
(hopMaIMOHHBIH 1ITyM, BO3HUKAET U3-32 3HAYNTEIb-
HOoro oObeMa HMH(OpPMALUK, KOTOpas EXEIHEBHO
CO3JaeTCsl, HAKATUIMBACTCS M PACIpPOCTPaHSIETCS B
coBpemeHHoM mupe [1]. [Ipu sToM nannas ungop-
MaIusi He Hy)KHa JUIs pEIIeHUs] KOHKPETHBIX 3a/1ad,
HO 3aTparuBaeT UMEIOIIHICS PeCypcC.

OCHOBHBIE aCIIEKTHI, TTOBIUSBIINE HA TIOSBIIE-
HUE TIPoOIeMbl Iepen30bITKA JaHHBIX.

1. C pa3ButueM mI00ambsHON WHpOpPMAaIH-
OHHOI CETH KOJIMYECTBO JAHHBIX, KOTOpPHIE OOIIe-
CTBO TMPOU3BOIUT M TMOTPEOIAET, SKCTIOHEHITHAIb-
HO BO3pPAaCTaeT, 0COOEHHO C YYETOM COITHAIbHBIX
ceTen.

2. MHOXeCTBO JaHHBIX CTAHOBHUTCSI YCTapPEB-
OIMMH WX TPOCTO OECIOJEe3HBIMH B KOHTEKCTE
aHaNM3UPYEeMON 3aJa4M, TEM CaMbIM YCIIOKHSIS
MpoIIecC W3BJICUECHUS TOJIE3HOW HH(POPMAIIHH.

3. OOpaboTka W aHajau3 OOJBIIOTO O0bEMa

JAHHBIX TPeOyeT MpPUBJIECUECHUSI COBPEMEHHBIX BbI-
COKOTEXHOJIOTUYHBIX JIOPOTUX BBIYHCITHTEILHBIX
PECYPCOB M CO3JIaHHMsI CTICIIMAIN3UPOBAHHBIX METO-
JIOB aHaJn3a.

4. B mupe uHpOpManMoOHHOTO M30BITKA CTa-
HOBHTCSI TPYIHO MPUBJIEYb U yAEp)Karh BHUMaHHUC
noJb3oBareis. [leperpykeHHOCTh XapaKTepHu3yeT-
Csl CHW)KGHHEM BHUMAaHUS, MOHMKEHUEM 3(dek-
TUBHOCTH 00pa0OTKH HOBOW WH(OPMAIIUH.

5. bonbpmoi 00beM JaHHBIX BIEYET 32 COOOH
YA3BUMOCTb HH(POPMAIOHHBIX PECYpPCOB B BOIIPO-
cax NpUBaTHOCTH U Oe3zomacHocTH. C UX POCTOM
HEM30€KHO BO3pacTaeT MX LEHHOCTb MJs 370-
YMBIIUICHHUKOB, YTO YBEIWYMBACT PHUCK YTEUEK
nH(pOpPMAIMK U COBEpIICHUS KHOeparak.

UTOoOBI TIOHSTH, KaK MOWCK HHGPOpPMAITUU 3a-
TparuBaeT Hallly >KU3Hb, ObUIO MIPOBEICHO AHKETHU-
pOBaHUe cpe/in CTYACHTOB. Beero B onpoce npuHsi-
70 ydactue 73 ctyneHTa u3 notoka «upopmarnka
W BBIYHMCIIMTENILHASI TEXHUKa» TPEThero Kypca. Pe-
3yNIBTaThl IPEACTABICHBI B Ta0I. 1.

Koneuno, ompoc HeOonbIION, HO OH JaeT
MPEACTaBICHUE O TOM, YTO CTYJACHTHI HE 3aHHMa-
10TCst 00pabOTKOM OOJBIIOTO 00BEMa JAHHBIX, XOTS
C CaMUM TIOHSITHEM 3HAKOMBI.

Pemenne npobnembl nepen30bITKa JaHHBIX 3a-
qacTylo TpeOyeT pa3BuTus 3()(PEKTUBHBIX METOIOB
¢wipTpanyu, aHagM3a M MHTEpIpeTauud HHOp-
Malyy, a TaKkxke 0o0jJee OCO3HAaHHOI'O HMCIIOb30Ba-
HUSI TEXHOJIOTHMH U MH(GOPMALK B ITOBCETHEBHOM
xm3HU. HecMmoTpss Ha TO, YTO AKTHUBHO pa3BU-
Barouuicst MUp I7T-TeXHOIOTHI TO3BOJISET PEUIUTh
JaHHBIE IPOOJIEMBl TEXHUYECKUM ITyTEM, YBEJINYHU-
Basi BBIYHMCIIMTEILHYIO MOITHOCTh C MIPUMEHEHUEM
KJIaCTepU3aIliK, TEXHOJOTHH MeHH-QpedMOB MM
OOJILIINX BBIYUCIUTEIHHBIX MAIUH, COXPaHsCT-
Csl TOCTOSIHHAST HEOOXOAMMOCTh B TPOTPaMMHOM
o0ecrieueHNH, KOTOpOe MO3BOJHIO0 Obl 3ddexTus-
HO 00pabaTbIBaTh U CHCTEMaTH3HPOBATh OOJIbIINE
o0beMbl MH(OPMALlMM B MaKCHUMaJIBHO CiKaTble
CPOKH.

B pasubix cdepax KU3HH OOIIECTBA M HAYKU
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Taoauna 1. Pesynsrarsr onpoca

Bompoc OtBer Hroro
CTaTUCTHYECKHI 13 %
WuTennexryanpHblil 21 %
Kakne metonpl moncka nH(GopManuy Bel 3HaeTe?
CMeIaHHbIi 41 %
Huxkaxoit 25 %
Ja 79 %
3HAKOMO BaM ITOHSITHE «OOJIbIINE JaHHBIC) ?
Her 21 %
Ja 27 %
Br1 3arnManiics 00paboTkoi OOJBIINX TAaHHBIX
Her 73 %

WCTIONB3YIOTCA pa3IMYHbIe METOIbI aHaju3a IaH-
HbIX. Hanbonpimmii wHTEpEC MpencTaBisieT METON
MAaIIMHHOTO 00y4YeHUsI.

MarmuaHoe 00ydeHHe — 001acTh UCKYCCTBCH-
HOTO WHTENJIEKTa, HallpaBlieHHAass Ha pa3padoTKy
QITOPUTMOB, CIIOCOOHBIX CaMOCTOSITEIBHO pa3BU-
BaThCs MyTEeM aJanTallly K MOCTYMAaIUM HOBBIM
MaHHBIM [1]. AmanTarus IpOUCXOAUT MO0 METOaM,
MIO3BOJISIIOIIMM KOMITBIOTEpaM H3BJIEKATh 3aKOHO-
MEPHOCTH U3 JJAHHBIX ¥ Ha UX OCHOBAHUU CTPOUTH
MIPOTHO3BI.

upoxoe pacnpocTpaHeHHE METOAO0B MaIllUH-
HOTO O0y4YeHHs 00OCHOBaHO BO3MOKHOCTBIO aBTO-
MaTH3alllMHl 3aja4 MPOTHO3MPOBAHUS W TMPHHSATHUS
pemeHnii B yclnoBusx Oonpmux o0beMoB HMHGDOp-
Maiuu. B mporecce mocTpoeHHs 3aBUCUMOCTEH
MEX/Ty TIPEI0CTABICHHBIMH IS aHAJIH3a TaHHBIMU
KOMITBIOTEPHAsI CETh YYHUTCS O00O0OIIAaTh M CHUCTE-
MaTH3UpPOBATh JIaHHBIE, CTPOHTH JIOTHYECKHE IIe-
TTOYKH.

AJNTOPUTMBI MAIIMHHOTO OOYYEHUS CIIOCOOHBI
pacro3HaBaTh €CTECTBEHHYIO YEIOBEYECKYIO peub,
OINTHYECKU PACIIO3HABATH CUMBOJBI, (DMIIBTPOBATH
CIaM, OHH JK€ JIXKAT B OCHOBE MHTEIUICKTYaJIbHBIX
MIOMCKOBBIX CHUCTEM. Mcxoas u3 KolnmvecTBa, Kade-
CTBa M XapakTepa IMOJy4aeMbIX JaHHBIX, PE3Yiib-
TaTbl WHTEJUICKTYaJIbHOTO aHaJIn3a HCIOIb3YIOTCS
uiss GOpPMHUpPOBaHUSI THOKOW TEpPCOHATU3UPOBAH-
HOHM CHUCTEMBl pPEKOMEHJANMK Ha Takux riardop-
Max, kak YouTube, Google, eBay, Bing, O30H, WB
Y UHBIX.

Ha mpakTuke BBIIENSAIOT CIEIYIONIHE METOIbI
MAaIIMHHOTO 00yuYeHus [2].

1. Kontpommpyemoe oOydeHHe, MpeIo-
Jlararoliee IpeloCTaBleHNe MalliHE HEKOTOPBIX
BXO/HBIX JaHHBIX W HauOoJee MPearnOYTUTENb-
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HBIX BBIXOJHBIX JAHHBIX WM MeToK. Llenb Takoro
00y4eHHs COCTOMT B M3yYEHHUH OOIIETO IMpaBHia,
OTOOPaXKAIOIIETO B3aWMOCBS3b MEXKIY BXOTHBIMH
JaHHBIMU W pe3ynbTartoM. [lomydeHHbIC 3HAHUS
MallliHa MPUMEHsIET Ha MPaKTUKEe MOBCEMECTHO, K
KXKJI0H TIOCIIEYIOIICH UTEpalluu 00yYCHUSI.

2. Hexontponupyemoe o0y4eHue, 3aKIH04a0-
mieecss B MCKIIIOYEHUH BBIXOAHBIX METOK M3 TPO-
necca oOyuenus. MlHTemekTyanpHas MalluHa MPH
9TOM JIOJKHA CAMOCTOSATENILHO OOHApYXHUTh B AaH-
HBIX CTPYKTYPY, BBIIBUTH CKPBITBIE 3aKOHOMEPHO-
CTH W TaTTEepHbI. Takoil MeTox 00yueHHs IOJIe3CH
[IPY PEICHUH 3a/1a4l OOHAPY>KEHHsI HEOUCBHIHBIX
11a0JIOHOB B JTaHHBIX. AJITOPUTMBI, 00y4EHHbIE Me-
TOZIOM HEKOHTPOJIMPYEMOTO OOy4YEeHHsI, CITOCOOHBI
(hopMHupoBaTh COOCTBEHHBIC BBHIBOABI Ha OCHOBE
[I0JIy4aeMbIX UMH HA0OPOB JaHHBIX.

3. OOyuenue B JEHCTBHH, OCYIIECTBIIEMOE
MpU B3aWMOACUCTBHM HWHTEJUIEKTYallbHOTO TIPO-
IrPaMMHOTO OOECIICYCHUSI C TUHAMUYHO M3MEHSIO-
nielicsi “HGOPMALMOHHON cpeliold, B KOTOPOH He-
00XOIMMO BBITIOJTHUTH OIMPEACTICHHYIO 3a/1a4y.

4. TlonmynpaBnsiemoe oOy4yeHue, Npearnosa-
raoliee NpucyTCTBHE cyObeKTa «YUYHUTeby», KOTO-
pBIi CTaBUT mepel MalIMHOW 3agady. 3ajgada Ipu
9TOM XapaKTEpU3yeTCsl HEMOJIHOTON BXOIHBIX JaH-
HBIX U OTCYTCTBHEM 3apaHee M3BECTHBIX MpeIo-
YUTAEMBIX BBIXOIHBIX JIAHHBIX.

5. TI'mybokoe oOy4yeHne — o0nacTp MaIllWH-
HOTO OOyuYeHMs, OIHMPAIOIIASACS HAa HPUMEHEHHE
CTPYKTYPHO CIIO)KHBIX MHOTOCJIOMHBIX HEWPOH-
HBIX ceTed. B oTimyue oT mpeablaylux METOA0B
MAIMHHOTO O0y4YeHHMs, I[€ MCIOIb30BAINUCH OT-
HOCHTEJILHO TPOCTO CTPYKTYPUPOBAHHBIC OJTHO-
CIIOIiHBIE HEHPOHHBIE CETH, NpPU TIyOOKOM O0Y-
YCHUU HCIOJB3YIOTCS TaK Ha3blBaeMbIC IITyOOKHE
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HEHUPOHHBIE CETH, UMEIOIIHE OOJIBIIIOE KOJINYESCTBO
CJIOEB, YTO TIO3BOJISIET UM IPOBOJIUTH OoJiee IOJI-
HBIl aHaIMU3 JaHHBIX, OCHOBAaHHBIA Ha HEpapXH-
YECKOM MpeCTaBiIeHUH HHDOpMaIruu. DTO MpH-
BOJIUT K IOCJIEIOBATEIILHOMY YCJIIOXKHEHUIO TIPEJI-
CTaBJIeHUs] HH(OPMAIMH U CO3/IaHUI0 OOJIee CIIOK-
HBIX BEICOKOYPOBHEBBIX IPU3HAKOB.

['myOokoe mammHHOE 00ydeHHe aKTUBHO TPH-
MEHSETCSl BO MHOTUX cepax HayKH H OOIIecTBa.

1. B o0macTtu KOMITBIOTEPHOTO 3pEHUS TITy-
Ookoe oOydeHHWe MPUMEHSIOT IJIsi OOyYeHUS CH-
CTeM pacro3HaBaTh 00pa3bl U 0OHAPYKHUBATh 00B-
€KTbl Ha KaJape, CErMCHTUPOBATH 1/1306pa>1<eH1/151,
aHAJIM3UPOBATh W HUHTEPIPETUPOBATH BHU3yalIbHBIE
JAaHHBIC, CO3/IaBaTh WLIOCTPALMU [0 TEKCTOBOMY
OIMCaHHIO.

2. B cdepe 00paboTKH €CTECTBEHHOTO SI3bIKA
IyOOKO OOy4YCHHBIC HEHPOHHBIC CETH IO3BOJISIOT
3¢ (eKTUBHO pacro3HaBaTh M MEPEBOAUTH Peub B
TEKCTOBOE TPE/CTABICHHE HA Pa3HBIX S3bIKAaX, Te-
HEPHUPOBATh, AHATM3UPOBATh U U3MEHATH TEKCT 110
3arpocy MOIb30BaTEIs.

3. B cdepe pexiiaMmbl 1 MapKeTHHTa TITyOOKOE
oOy4deHre TO3BOJSIET CO3/1aBaTh PEKOMEH/ATEINh-
HbI€ CHCTEMBI ISl TPOTHO3MPOBAHHWS TOIH30BA-
TENbCKUX TPEATIOYTEHHH W TePCOHATHM3AINHA HO-
BOCTHOM JICHTBI.

TpaJII/IHI/IOHHBIe METOJAbI aHaJIM3a HAHHBIX Ha-
MIpaBJIeHbl Ha MPOBEPKY yXke CHOPMYyITHPOBAHHBIX
TUIIOTE3, B TO BpEMs KaK LEJIbK0 TEXHOJIOI'MU HH-
TEJUICKTYaJIbHOTO aHan3a JaHHBIX SBJSICTCS aB-
ToMaTu3zanus IMnpouecca BBIABICHUA HCOUCBUIHBIX
B3aMMOCBSI3€H U 3aKOHOMEPHOCTEH, YTO MPEICTaB-
nsieT ee Oonee A3PPEKTUBHBIM CPEICTBOM TEPBUY-
HOTO aHaju3a.

HecMotpst Ha o4eBHIHOE MPEUMYIICCTBO HH-
TEJUIEKTYaIbHOTO aHaIN3a JaHHBIX B YCIOBUSIX HE-
CTPYKTYPHPOBaHHOTO WH(GOPMAIIMOHHOTO MacCHBa,
JAHHBIN METOJ He JIMIIEH OTPaHWYSHHU U 0COOCH-
HOCTeM ucnosib3oBaHus. HemocTaTok 3Toi cucTe-
MBI B TOM, YTO OHa pearupyer Ha Jro0o0il Bamr 3a-
MpOC TIPEIOKEHUEM PEKIIaMHOTO THIIA, BbIIaBas
BaM OOJIBIITOE KOTMIECTBO criama. OCHOBHOM TIpo-
OeMOl MPH pean3aliid CUCTEMbl HHTEIICKTY-
QIBHOTO TIOMCKA SIBJSIETCS| CIIOKHOCTH Pa3padoOTKH
CUCTEM, HUCIIOJIb3YIONIUX TEXHOJIIOTHUIO UHTEIICKTY-
anpHOrO aHanu3a. CII0KHOCTh CUCTEMbI 000CHOBA-
Ha MHOTOOOpa3ueM JUCITUIUINH, 33J¢HCTBOBAHHBIX
[P MPOCKTHUPOBAHUN MeTO/a aHaiu3a. Cpeau HUX

MaTeMaTHyecKas CTaTHUCTHKA, UCKYCCTBEHHBIM HMH-
TEJJIEKT, TeopHsl 0a3 JaHHBIX W MHbIE. Peann3anus
MOAOOHOW CHUCTEMBI SIBISICTCS  JIOPOTOCTOSIIIUIM
PECYPCOEMKHM TPOLECCOM U TpeOyeT 3HAYMTEIIb-
HOT'O KOJIMYECTBA CIELUAINCTOB Pa3HbIX HAy4HBIX
oOacTeii.

HenpeprsiBHO  BO3pacratomuii  o0beM  He-
CTPYKTYPHPOBAHHBIX aHHBIX U MOTPEOHOCTh B UX
CBOEBpEeMEeHHON 00paboTKe OOyClIaBIMBAaeT TEH-
JEHIUIO K MPUMEHEHUIO TEXHOJOTUH MHTEIEKTY-
AITBHOTO aHallM3a BO BCEX OOJIACTSIX HAyKH, B TOM
YUCJIE HE CMEXKHBIX C aHAUTUKOW NaHHBIX [3].
Kax wm mroboii mabuparomuii MOmyasIpHOCTE Me-
TOJ paboThl ¢ MH(OPMAIUCH, UHTEIUICKTYaIbHbIN
aHAJIM3 HWMEeT psJl OrPaHUYEHUH, HaJIOKEHHBIX
criennpuKoi n3yuaemoit cepsl.

B yacTHOCTHM, MHTEIICKTYyaJIbHBI aHau3
JaHHBIX CBsSI3aH C pPa3paboTKOW MpPOTrpaMMHOTO
o0ecrieueHusl, TMOCKOJIbKY TEXHOJOTMYECKOe pas-
BUTHE COBPEMEHHOro oOmiecTBa 00ycCIaBiIMBacT
TEHJICHLUUIO K YCIOXHEHUIO HH()OPMALMOHHBIX
CUCTEM, BKIIOYAIONINX Bce Ooubliiee W OObliee
KOJIMYECTBO PA3JIMYHBIX 1O CTPYKType U (DYHKIIH-
SIM  CJIO)KHOYCTPOCHHBIX MonyJjed. YCIoXKHEHUE
WH(OPMAIIMOHHBIX CHCTEM, B CBOIO O4Yepelb, MPH-
BEJI0 K HEOOXOIMMOCTH pa3BHWBaTh IPOTPaAMMHOE
o0ecrniedeHre B CTOPOHY YCHJICHHS OTKa30yCTOM-
YUBOCTH KOHEYHBIX NPOMyKTOB. [laHHBIE O CcO-
CTOSIHAUM TIPOTPaMMBbl, IMyOJIMKyeMble BO BpeMms
paboTHl MPUIIOKEHUS, AaHAIM3UPYIOTCA Ha TPEea-
MET HESBHBIX 3aKOHOMEPHOCTEH, MPUBOIALINX
K HapymeHHio (YHKIMOHAIBHOCTH MPOTPaMMBbI,
MOJTyYEHHUIO HeaJeKBaTHOTO pe3ysbTara WM IOJ-
HOMY OTKa3y NpOrpaMMbl, U IO3BOJSAIOT OTKOp-
PEKTHpPOBaTh MPOTrpaMMHBIN KOJ ellle B Ipolecce
OTJIAJIKU.

HauOonee mnepcreKTUBHBIMU HaNpaBIICHHS-
MU Pa3BUTHUSI METOJA WHTEIIEKTYalbHOIO aHaJu-
3a JIaHHBIX SIBJISIOTCS Pa3paboTKa MPOrpaMMHOTO
oOecrnieueHms, paclio3HaBaHNUE €CTECTBEHHOTO SI3bI-
Ka 9ar-00TaMH W BUPTyaJbHBIMH aCCHCTEHTAMH, a
TaKKe MNEPCOHANIM3UPOBAHHAS CUCTEMAa PEKOMEH-
narui Ha miatgopMax OHIaH-Mara3uHOB U ITOHC-
KOBBIX CHCTEM.

BrIBon: pa3BuTHE HE CTOMT Ha MecTe U padoTra
¢ OonmpuM 00beMOM HH(MOpPMALIUH (KaK CTPYKTY-
PUPOBaHHOM, TaK ¥ HE CTPYKTYPHUPOBAHHOM) BBIXO-
AT Ha mepBbld mnan. U amst paboThl ¢ Takoil WH-
(dopmarneii HEOOXOUMBI pa3HbIE METOMBI.
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CIIyTHUKOBAsl CBSI3b; TEXHOJIOTHH; YIPO3BI; YSI3BU-
MOCTH.

Annomayus. ClyTHUKOBAsI CBsI3b UTPACT KJIIO-
YEBYIO POJIb B IVI00AIbLHOM MH(PACTPYKTypE, MOJ-
JICP)KUBAsi KPUTHUYCCKU BAXKHBIC NPUIOKCHHUS, Ta-
KM€ KaK TeJeMEIWIIMHA, (DMHAHCOBBIC OIEpaluu
U HalMoOHajbHas oOopoHa. OJHAKO POCT Yrpo3s,
BKJIIOUasi KuOepaTaky M MepexBaT JaHHBIX, TpeOy-
€T WHHOBAI[MOHHBIX MOJXO0J0B. B maHHOW craThe
MIPEJICTABIICHO HCCIICIOBAaHUE METONOB Oe3omac-
HOCTH CITyTHUKOBOU CBSI3U Ye€pE3 WHTETPAIIUIO TEX-
HOJIOTUU OJIOKYEWH W TayCCOBCKHX IIPOIIECCOB,
KOTOpBhIE TO3BOJISIIOT MOBBICUTH  0€30MaCHOCTh
CIIyTHUKOBOH cBs3M. B pamkax wucciiegoBaHus
ObLTa TIOCTaBJIE€HA 3a/1adya HCCIE0BaTh MPHMEHe-
HHE TayCCOBCKOTO TpoIiecca I OIeHKH d(hdek-
TUBHOCTH  OJIOKYeHH-pemeHnid. MccnemoBanme
JIEMOHCTPUPYET, Kak HWCIIONb30BaHUE OloKJerHa
obecreunBaeT 3aluTy JAHHBIX OJlaromapsi Hen3Me-
HSEMOCTH, JIELEHTpaIN3aNy 1 po3payHocty [1],
a MPUMEHEHHUE rayCCOBCKUX MPOIECCOB MOBBIIIACT
3P PEKTUBHOCTH OOHAPYKECHUS U MPEIOTBPAIICHHS
yrpo3. [laHHOE UCClieIoBaHKE MTOKA3bIBACT, YTO HH-
Terpanuu OJOKYCHH-TEXHOJIOTHI C TayCCOBCKUMU
MpOIeCcCaMu  CIIOCOOHA HE TOJNBKO MOBBICUTH 0€3-
OIACHOCTh, HO M ONTUMU3UPOBaTh PabOTy CIYT-
HUKOBBIX CHUCTEM CBSI3H. JTH BBIBOJIBI MOTYT OBITh
WCIIOJIB30BAHBI JIJISl Pa3pa00TKH HOBBIX CTaHAAPTOB
3aIUTHI.

BBenenue

COBpeMeHHLIe CITYTHUKOBBIC TEXHOJIOT'UU SB-

JIIIOTCS. OCHOBOW T100anbHOM cBs3u. OpHaKko pH-
CKH, CBSI3aHHBIC C OE€30MAaCHOCTBIO, TPEOYIOT HO-
BBIX MOAXOJI0B. B faHHO cTarbe paccmarpuBaeTcs
MPUMEHEHUE TEXHOJIOTUU OJIOKYCHH ISl 3allUThI
JTAHHBIX CITyTHUKOBOU CBSI3H.

C YCKOpPEHHBIM TPOTPECCOM B 00JACTH KOM-
MBIOTEPHBIX TEXHOJOTUI M CUCTEM Iepeliadn JaH-
HBIX CITyTHUKOBAas CBS3b BBIACIWIACH KaK CTpa-
TErMYeCKd BaKHAsT W WHHOBaIMOHHas cdepa B
cexkTtope WH(POPMAIMOHHBIX TEXHOJOTHH Omaro-
JIaps ee KIIOYEeBBIM XapaKTepUCTUKaM. OTH Xa-
PAKTEpUCTUKH BKIIOYAIOT B ceOS CIOCOOHOCTH
oOecrieynBaTh MOOWIIBHOE COEIWHEHHE Ha JUIWH-
HBIE TUCTAHIINH, CTOMMOCTHYIO 3(()EKTHBHOCTH
MIpH peanu3alid MacCOBOM W ITUPOKOBEIIATENb-
HOM TpPAHCIISIIMYA, BCECTOPOHHEE IOKPBITHE TEp-
PUTOPHI M YHHUBEPCAJIbHOCTb B IPUMCHCHHH.
C 1OMOIIBI0 CIYTHUKOBBIX KOMMYHHUKAI[HOHHBIX
CeTeH CTAHOBATCS JOCTYIHBIMH Tiepeada W Ipu-
€M JIaHHBIX Ha TI00aJIbHOM YpPOBHE, MO3BOJISS 110~
JIY4UTh JIOCTYIl K MHTEpPHET-pecypcam, uppoBo-
My TEJCBUJICHUIO, TEJIC(OHHBIM YCIIyraM, pajuo
U TOJJICPKHUBas Pa3HOOOpa3HbIC TIPa)JIaHCKUC
u oOopoHUTenbHbIe 3amaud. COBPEMEHHBIC BBI-
COKO3(D(PEKTHBHBIE CITyTHUKOBBIE CHCTEMBI, W3-
BecTHble Kak HTS, NpencTaBWd 3HAYUTEIBHOE
pacmpenre (yHKIMOHANA TPU OJTHOBPEMEHHOM
CHIKCHMM II€H Ha IIMPOKOMOJOCHBIC CBSI3U [2].
OTH WHHOBAIIMH TPEIOCTaBAT HOBHIE BO3MOXKHO-
CTH JJIA TIOBBIIEHHWS KadecTBa W 0Oe30macHOCTH
YCIIYT, KPUTHYECKH BAXKHBIX IS TEIEMEIHUIINHEI,
(bMHAHCOBBIX OTeparyii, MUCCHI TOWCKa M CIia-
ceHus, paboOTBl CEHCOPHBIX CETeH W CHCTEM [0-
CTaBKU MYJIETUMEIUIHOIO KOHTEHTA, OTBETCTBCH-
HBIX 32 OCHOBHYIO JOJIIO TEHEPUPYEMOTO B CETH
Tpaduka [3].

ApXuTEKTypa CIyTHUKOBOH KOMMYHHKAIIMOH-
HOM CeTu IpeJICTaBlIeHa Ha puc. 1.
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Puc. 1. Cxema apXHUTEKTypbI CITyTHUKOBOH CETH

Taoauna 1. CtpaTeruu 3alUTH B CHCTEMaX CITyTHUKOBOW CBA3U

Ne i/t MeTo/1bl Onucanue

Hcnonp3oBanue Kpunrorpaduueckux aaropuTMoB (Hanpumep, AES) s 3amu-
1 udposanue naHHBIX .

THI TIepeIaBaeMON HH(OPMAIHN

IIpoBepka monb30BaTeNs ¢ MPUMEHEHHEM HECKONBKUX YPOBHEH MOATBEpIKie-
2 MeuorodaktopHas ay TeHOUKALHS poBep P P p

HHs I0CTYyTIa
3 Aynnt 6€3011acHOCTH PeryinsipHble TPOBEPKH AJISI BBISIBICHUS U yCTPAHEHHS YSI3BUMOCTEH
4 MOHUTOPHHT HHIUACHTOB Cucrema oOHapyKEHHS yTpo3 ISl CBOEBPEMEHHON PEaKINK Ha aTaKu
5 Pe3epBHOE KommpoBaHHe Co3nanue KONUH JaHHBIX I IX BOCCTAHOBIICHMS ITPU cOOSIX MIIM aTakax

Mepsl Uit TIPENOTBPAICHUS TEPETrPy3KH CITyTHHKOBBIX CeTell M30BITOYHBIM
6 Samura ot DDoS-arak P p P perpy y

Tpadukom
7 Odusnyeckas 0€30MaCHOCT 3amuTa 060py0BaHUS OT MOBPEXKICHUN 1 HECAHKIIMOHUPOBAHHOTO JJOCTyTa

OnacHocTn AJIsl CMIYTHUKOBOTI'O
KOMMYHUKAIIUOHHOI'O oﬁopyszalmﬂ

BoznetictBust Ha 0€30MaCHOCTH  CIOCOOHBI
KPUTHYECKH 3aTPOHYTh (YHKIMOHHMPOBAaHHE KOC-
MHUYCCKUX aIlliaparoB, BbI3bIBAA IIOTCPIO YIIpaB-
JICHUs, KOMIIPOMETAIUIO JaHHBIX W CHUIKCHUC
HazexxHocTH cBs3u [4]. OOpBIB CBA3M BeneT K
3HAYUTEIHHBIM HETaTUBHBIM TOCIEACTBHAM IS
Ype3BBIYAIHO BaXKHBIX 3a/ad, BKIIOYas obec-
rmedyeHne  OE30MacHOCTH  TIOJIETOB,  BBITIOJIHE-
HHE 3amaq ro0anbHON HaBuTamuu U AH(EeKTHB-
HOCTh Muccuid SAR  (TIOMCKOBO-CITACaTEIIBHBIX
oTIeparyii).

B pamkax yxpereHus 3amuThl KaHAJIOB
CIIyTHUKOBOHM CBSI3M W TPOTHBOJACHCTBHUS ITOTCH-
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OUAIBHBIM ~ YIpo3aM  pa3pabOTYMKH  BHEAPSIOT
MHOKECTBO MEp MO TOBBIIIEHUIO 0E30MacCHOCTH.
K rtakum mepam oTHOcATCS KpunTorpaduyeckoe
mmdpoBanue mepenaBaeMoil mH(pOpMaLuH, Be-
pUQHKaLUS yYAaCTHUKOB CETH, HEIPEPBIBHBIN
aHAJIN3 COCTOSHUS CETEeBBIX IOAKIIOUEHHH Ha
MpeaMeT OTKIIOHEHHH, oOecrieueHne (QU3HYEeCKOH
HEBOCIIPUMMYNBOCTU CITyTHUKOB K BO3/EHCTBU-
SSM ¥ WHTETpals TEXHOJIIOTHH PaCHpEIeICHHOTO
peectpa (6moxdelH) [5]. DTH cTpareruu mpu3Ba-
HBI TapaHTHUPOBaTh COXPAHHOCTh U HETPOHYTOCTb
JAHHBIX, TIPENYNPEKAaTh HEaBTOPH3UPOBAHHBIH
JIOCTYT M TapaHTUPOBaTh O€30TacHOE MpOoJIeraHne
nH(pOpMAIMM 110 CITyTHHKOBBIM KaHajam. Kiro-
YeBble CTPATErMU MOIAEP)KaHUA OE30IIaCHOCTH B
KOHTEKCTE€ CIIyTHUKOBOW CBSI3M M MX 3HAYMMOCTb
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JUISE YBEPEHHOTO W 3all[ATHOTO OOMEHA JIaHHBIMU
B paMKax KOMMYHUKAllMOHHON HWH(PACTPYKTYpPhI
omucafsl B Tabm. 1.

MeTtonuka npuodJIMKeHHOT0 onpe/e/eHns
(pyHKIMH Nepegayn CBA3U

[IpumeHeHue rayccoBckoro Iporecca s
oteHnBaHUS 3()(HEKTUBHOCTH OIOKUCHH-UHHOBA-
IUH CIIOCOOCTBYET ONTUMU3AIUN (DYHKIIMOHAb-
HBIX BO3MOXXHOCTEW CETH, TIOBBILICHUIO €€ Ipo-
W3BOJUTEIBHOCTH W TapaHTUPYET NOBBIIICHHYIO
CTOHKOCTh O€30MacCHOCTH TPU HCIIONB30BAHUH B
CEKTOpE CITyTHHUKOBOM CBS3H [6].

JlemMa yTBepKIaeT, 4TO KOT/Ia Mbl pacCMaTpH-
BaeM KOJUJIEKLIMIO rayCCOBBIX CIy4alHBIX BEKTOPOB
X = (X, X;, ..., X,), MTHICKCHPOBAaHHYIO HEKOTO-
pbIM MHOKeCTBOM mHAekcoB I = (1, 2, ..., n), TO
COOTBETCTBYIOUIMI €l CTOXaCTHMYECKUI IpoLecc
X = {Xp}ter 0Opasyer rayccosckuii mportecc.
3710 03Hauyaet, 4To [yIi JI000ro BeIOOpa BpEeMEH-
HBIX TOYEK W3 HHAEKCHOI'O MHOXKECTBa COOTBET-
CTBYIOILICE PACHPEACICHUE COBOKYITHOCTH CITydaii-
HBIX BEJMYUH OyJIeT MHOTOMEPHBIM HOPMaJIbHBIM.
B obparHoii cutyanuu, eciiv CTOXacTHUECKUI mpo-
necc X = {Xq}ter sBusercs rayccosekum, sto
MoAipa3yMeBaeT, 4To Jro0as BBIOOPKAa BEKTOPOB
X = (X, X, ..., X,) u3 mpouecca MOTIUHSI-
eTCs CBOWCTBAM TayCCOBCKHX BEKTOpPOB, 00-
nmanas MHOTOMEPHBIM  HOPMallbHBIM  pacipe-
JIEJIEHUEM.

l'ayccoBckuil mpouecc ONUCBIBACTCS 4epes
(YHKIIMH MaTeMaTHYECKOTO OXKHMAHUs M KOBapua-
UM, TPUMEHsIEMbIE K HA0OpY HE3aBUCHMBIX Iepe-
MEHHBIX W MHOTOMEPHBIM THIEPIPOCTPAHCTBAM
npusHakoB. Korma 3amaHa B3aMMOCBSA3b MEXAY
MEPEMEHHBIMU, OHH JIEMOHCTPUPYIOT JIMHEHHYIO
KOPPEJSIHIO, CIIE0BATEIHHO:

fGO =) w, (1)

rme ¢(x) — M-mepHas 6asucHass (GYHKIUS B CITYT-
HUKOBOM KaHane cBasu u w~N(0, ). Cpen-
Hg (YHKOHUA 7(X) ¥ KOBapUAIMOHHAS (QYHKIUS
k(x, x") BEIpaXKaroTCs CIEMYIONIMM 00pa3oM:

m(x)= B[/ (x)]=p(x) E[¥]= 0.
k(x.x) = E[(/ (x)= m(x))(/ (x')= m(x))] =
o(x) E[ww' Jo(x')= @)
o(x) Z,0(x).

OunennBanue mapamMeTpoB
TPAHCMUCCHUOHHOI'0 KaHaJ1a

HomyctnMm, cymectByeT n o0pa3nos X = (X,

X5, ..., X,), cormacao ¢opmyne (1) pesyiasrarom
OymerT:

f = [bl(l)J bZ(l)r ,bn([)]T, (3)

B KOTOPOM:
b"(0) = kI (K + 6f1,) 7y, 4)
u k= K(X X*) = [k(xl, x*),k(xz, X*), ceey (5)
k(xm X*)] T;

e X« — rayccoBa QyHKIMS Sapa.
CrnenoBarenbHO, IOTyYaeM:

() = e (- D). o)

[TapameTpsl CHOYTHHKOBOTO KaHajla MOXKHO
OTIPEICNTUTh, UCTIONB3YSl CIIEAYIONLYI0 Gopmyiy:

b"(i) = sgn(kT (K + o21,) " y). (7)

Takum o0Opazom, Mbl (HhOpMHPYEM YpaBHEHHE,
MPEACTABISIIONICe METOJ ONPEICIICHHUST BETHMYMHBI
mapameTpa b(i) B paMKax CIlyTHHKOBOH CBS3H. DTO
YpaBHEHHE JITaeT BOBMOXXHOCTb arpOKCHMUPOBATH
mmapameTp b(i), UCTIONB3ysT BEKTOP HAONIONCHUN U
JIOTIOJTHUTEILHBIC JJIEMEHTBI, BKJIFOYas BEKTOpP K,
Marpuiy K ¥ XapakTepUCTUKH IIyMa s,

3akJjoueHue

B crarbe mnoka3aHo, YTO MHTErpanusl TeX-
HOJOTHU OJIOKYEHH M TayCCOBCKHX IIPOLIECCOB
CYIIECTBCHHO MOBbIMIAET O€30MacHOCTh CIIyT-
HUKOBOHN CBs3W. I[IpyMeHeHHe TrayCcCOBCKHX IIpo-
LECCOB 103BOJsieT 3()()EKTUBHO OLICHUBATh Ia-
pameTpbl cucTeMbl. brokueilH obecneunBaer
3alUTY JaHHBIX, JEIEHTPAIN30BaHHBIN KOHTPOIb
JocTylla M 3alIUTy OT HECaHKIHOHMPOBAHHBIX
N3MEHEHHWI, a TayCCOBCKUE MPOLECChl MO3BO-
JIAIOT BBIABIATH AHOMAIUMU W IPEJCKa3bIBaTh
[IOBEJICHUE CHUCTEMbI B YCJIOBUSAX BBICOKOH Ha-
rpy3ku. IlpuMeHeHHe raycCOBCKHX HpPOILIECCOB
MO3BOJISIET S(PQPEKTUBHO OLEHMUBATH IMapaMeTphI
CUCTEMBI.

Pesynbrarel uccnenoBaHus JE€MOHCTPHUPYIOT,
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4qTo HpeHHO)KeHHBIﬁ noAxod CHHUIXACT PHUCK KH- CHCTEMaMU. JTH MCTOABI MOTYT OBITh HCIIOJIB30-
GepaTaK, MOBBINIACT HAACKHOCTH TIICpCAayn AaH- BaHbI JIsA pa3pa60TI<H HOBBIX CTAaHAAPTOB 0e3-
HBIX U ONTUMH3UPYCT YHIPABJICHUC CIITYTHUKOBbLIMU OITIaCHOCTH CHYTHHKOBOﬁ CBA3U.
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O.A. TOPIIIHHA, JI.B. CMUPHOBA, K.O. CBETYC
DI'BOY BO «Maznumozopcruil 20Cy0apCcmeeHublll MeXHU4eCKUl YHUGEPCUmem

umenu I'H. Hocosay, e. Maznumozopck

NPUMEHEHHWE TEOPUU KOHCTPYKIHIMOHHOI'O
PUCK-AHAJIN3A K OTPEAEJEHHUIO
BJAUAHUA OKAJIMHBI HA HAT'PEB 3AI'OTOBOK
B IIEYHAX U UX KAYECTBO

Kniouesvle cnosa: xpaeBble 3amaud; Mare-
MaTH4YECKOE€ MOJEJIMPOBAHUE; HECTALNOHAPHBIC
MIPOLIECCHI; TEMIIEPATYpHOE TI0JIe; TEOpUsl KOH-
CTPYKIMOHHOIO PUCK-aHAJIN3a; YpaBHEHHUE TEIUIO-
MIPOBOJTHOCTH; YUCIIEHHBIE METO/IBI.

Annomayus. llenbio paOoThl sIBIsICTCS pelie-
HUE 3a/laud BIUSHUS OKAJIMHBI Ha HarpeB 3aroro-
BOK B Me4ax M oOpeTaeMble MMH KadeCTBEHHBIC
XapaKTEepUCTUKH, ITOCTPOEHHE MaTeMaTHYecKon
MOJIENIA 3TOro Tporecca. i ee JOCTHXKEHUs 1o-
CTaBJIEHBI 33/1a41: N3YYUTh BOPOCHI BIMSHUS OKa-
JIUHBI HA HAarpeB 3aroTOBOK B I€YaX, paCCMOTPETh
MaTeMaTHYeCKHe METOABI PEILIeHHUS IOTy4YeHHON
KpaeBoil 3a/1add, TOCTPOUTHh MaTeMaTHYECKYIO
MOJIENIb HarpeBa 3aroTOBKH B ME€YH C yYETOM BIIH-
SHUS OKaNuHBL. B paboTe MCmoiap30BaHbI METOIBI
MaTeMaTH4eCcKoro MOAEIMPOBAHUS U TEOPUU KOH-
CTPYKLIMOHHOTO pHCK-aHanu3a. Pe3ynbraTsl ncce-
JOBaHMS [TO3BOJIMIIM BBISIBUTH KIIFOUEBbIE (DAKTOPBHI,
OIIPENEISIIOIINE BIMSHUE OKAJIMHBI Ha IPOLECC
Harpesa. B wacTHOCTH, OBIJIO MOKa3aHO, 4TO TOJI-
LIMHA OKAJHMHBI M €€ TEIUIONPOBOAHOCTb WIPAIOT
KIIIOUEBYIO pOJib B ()OPMHUPOBAHMU TEMIIEpaTypHO-
ro noist. Mozenb Takke HMOATBEPXKIACT, YTO y4YeT
CUMMETPUHU TEMIIEPAaTypHOIO MOJs HE OKa3bIBaeT
CYIIECTBCHHOTO BIMSHHS Ha Pe3yJbTaThbl HCCIie-
JIOBAaHUS.

MeTto/ TEmIOBBIX MOTEHIIUATIOB — 3TO MaTeMa-
TUYECKUM METOJ, KOTOPBIA MCHOIB3yeTCs IS pe-
LICHUS KPAeBbIX 3a/1a4 ¢ MOJBUKHBIMU TPaHUIIAMHU.
B nannom mMerone 0CHOBHOE€ BHHUMAHHE YICISIETCS
q)YHKHI/IHM, Ha3bIBAEMBbIM TCIIJIOBBIMU IIOTCHIIKA-
JlaMH, KOTOpPbIE TO3BOJISIFOT OMHUCAaTh pacrpesese-
HUE TeMIIepaTyphl WK TEIJIOBOTO IMOTOKA B HCCIIe-
JIyEMOU CHUCTEME.

PaccMOTpHuM cieyIonyto KpaeBylo 3a1ady:

aT, . a°T,
at b gx?’

HavaJIbHBIC YCJIIOBUA

Ti(x,0) = To(x), b—n(t) <x=b,

To(x,0) = Ty(x), O0=x<=b—n(t),

T'paHUYHBIC YCIIOBUA

Tl(bJ t) = F(t),
Tl (b - ??(f); t) = TZ (b - ??(t); t);
Ty (b —n(6),t) _  0T,(b —n(t),t)
Ky dax -k dx ’
aT,(0,)
ax 0

JlanHast kpaeBas 3aJada MOXKET OBITh pelIeHa
METOIOM TEIUIOBBIX MOTEHIMANOB. Tak Kak pera-
emasi 3a/1a4a SBJISETCS CMEIIaHHOM 3a1a4eil Terio-
MPOBOJHOCTH (Ha TpaHUNax ollacTeil 3aJaHbl 3Ha-
4eHHs (YHKIUI U UX TPOU3BOAHBIX), TO PELICHHE
HEOOXOIMMO UCKaTh B BHJIE CYMMBI TEIJIOBOTO T10-
TEHILIMaa TBOWHOTO CJIOS VISl TOM 4YacTH MOBEpX-
HocTH JIAmyHOBa, rie 3aaHo 3Ha4YeHHe (YHKIINH,
W TEIJIOBOTO MOTEHIIMANA MPOCTOTO CJIOS AJsl TOH
YacTH TIOBEPXHOCTH, T/I€ 3aJaHbl IPOU3BOIHEIEC HE-
W3BeCTHBIX (PyHKUMH [5].

B cuiny BbIlIECKa3aHHOTO pELICHUE 3a7aqn
OyZieM HCKaTh B BH/IEC:

T,(x, t) =
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_ (x=b)? b—1(0)

t S el S b— (r)— 2
L [ (x—b)l 4D B . (f)I_K_?l@Q_ .
f 3 ,ul(r)dr + zazﬁ 0 ’
(t—1)2 0
(x b+q(1')] . i
a f 4af(t-1) k 1 2 T
: i v, (T)dt + 1% 3[1 — ?27 @ ]l 2a2(t—1) ,
2\/% Vt_l— 2\/% (t—T)E 2al(t—r)
0 0
b —52 k]_ kz
1 To(§) SE- AT+ vy () + S va(0) +
—] 4ait df; 2
2a;\T vt .
b-n(0) k, b n(7) {:J—H((T)!)
a3(t—t 1y (D)dt =
_ 3/2 2
T,(x,t) = 4a2\/_ (t—1)
b
¢ E_(x4 bz?&i) k, E_gb—%%)t—ﬂz
(12 aZ T \f_ *
vy(T)dT + dajNm
2T Vi—1 2(0) b-1(0)
° b (0)
£ X To (@) (b — n(1) — &)dE — ——2— f
a, 143D o 0 (&) (b —n(x) —&d¢ taae
+ o (T)dT +
2&0 Vt i _ED_H(T)_ilz
b ) To@l 5t (b —n() - §)dE;
- x_
1 QIGRE -
2a\ Vi b n@)?
2 b-1(0 b—n(t )I i

4(12\/_ f )
Hcnonb3yss cBOMCTBa TEMJIOBBIX IMOTEHIIMA-
70B [5], HaliieM cucTeMy ypaBHEHHU IS OTpee- pa(t)

JIEHUS! HEU3BECTHBIX (PyHKLUH v, WL, Vo, Lo: vo(Ddr +
b-n(0)
. 7122((1:) ) 1 f T, (s)fz_fi_fdg
a ] 4aj(t-t [ 0 a3 )
- v1(D)dt — py () = 4azvnts )
2\/5 VE—1
(x—=£)? Torma cucreMa HMHTErpajbHBIX YpPaBHEHHI
F(t) — To(8) l_ 4att g £; tuna Bonmsreppa mpumMer BU:
1x/_
_H(D) £ — gz(t)
t 5 a, l 4ai(t—1)
a ) 1@ v (D)dt —
o [ 29w, (ryar ) = @
2\/% 5 (t _ T)E 0
t t py(t) = @4(1),
a v1(T) de + az Vz(f) ¢ 20
Z\Eo Vt—rt 2\/5 Vi T e n(@) I_r;?mﬁl(ﬂdr —
2V (t— T)g
_(-n()? 0
a, I 4ai(t-1) t t
+ Uy (T)dt = a; v1(7) a Vz(T)
Vit — T+
2\/50 b=t Z\ED N 2\/E \/f—T
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_((r)?
a, l 4az(t—T)

2&0 Vi—1

o (DT = Py (t).

t

kia, 1 [1 EC) ] N
Z\E (t - r)% 2ai(t — 1)
O ky k,
| 4ai(t=ny, ()dt + —vl(t) + —vz(t) +
(b-1@®)°
fb 00 SHES
4’(12\/— )
p2()dt = @3(2),
bh— (b-—n(m)” (o)’
f n(t )I 4a3(t-7) y, (1)d1 +
4&2\/_ (t _ 1_)2
H2(t)
22 — @,(0).
M3BECTHO, 4YTO CHUCTEMA  HMHTETPAIbHBIX

ypaBHeHuil tuna Bonsreppa II poma, ecin Hewus-
BECTHbIC (DYHKIMHM HEMPEPHIBHBI, BCETNAa HWMEIOT
€IIMHCTBEHHOE pEeIlIeHHEe, KOTOPOE MOXKET OBITh
HalJIEHO METOJOM TIOCIIE0BaTENbHBIX TPHOIHIKE-
Huti [3; 4].

Jns onpeneneHus wieHOB (yHAAMEHTAIbHBIX
(DYHKIIMOHAJIBHBIX TIOCJIEI0BATEILHOCTEH, Tpeaes
KOTOPBIX €CTh PCIICHUC CHUCTEMbI YCTBIPEX HHTEC-
rpajbHbIX ypaBHeHuil Tuna Bosbreppa II pona,
MOXHO MCIOJIb30BaTh CIEIYIOLINE PEKypPEHTHbIE
COOTHOUICHUS:

=@,(t) —

_ni@D
a, l 4al{r T)

2T ) VE—1
H2,,, = 2@4(t) —

_(b—n())?
! b n(0) | 43Dy, (1)dr,
— N3/2
2a2v'1r0 (t—1)

Mg,y

vy, (T)dr,

2n+
f Lt = (0, ,.,(0) =

2
G (t) — ’Vznﬂ(t)
2k
I‘Jle Ll'n(t) - k1a2+\k’:a1
_(b-n(@)?
(t) I 4a(t—T) ( )d
7)dT —
@, 2\/— - Uz,
t
__ i)
i n( ) I 4‘11& T)]u (T)dl——
Zﬁo (t— )
a; G (r)
———dt; G,(t) =
km/_ Vit
t
PO ey [1 __r@ ]*
3 2T (t—r)% 2a2(t — 1)

N’
l T 4a?(t— r)]u (Ddt —

(b-n(1)”

b—n( )l +ad60 , (1)dr.

4a2\/_f )

Bblpa)KeHI/Ie SABIACTCA HHTCTpaJIbHBIM YypaB-

HeHueM AOens, pelieHne KOTOPOTO  HMMEEeT
Bun [1; 2]:
1 d kl',,l('.f)
v t T
2n+1( ) = TE dt m

TakuM 00pa3oMm, C HCIIOIB30BAHHEM PEKYp-
PEHTHBIX COOTHOILEHHUH OIpEneNnsieTcs peLleHne
MOCTaBIeHHON 3anaud. lIpuMeHsss moiyyeHHYIO
MOZICTIb, MOXKHO  BBIYMCIHMTH TEMIIEpaTypHbIC
oSl W KOJNMYECTBEHHO OLICHUTH BO3JCHCTBHUE
OKaJMHbl Ha TMpOLecC HarpeBa 3aroTOBKU B
nevax.

Hcnons3yeMplii  METOA  TEIUIOBBIX IOTEH-
LMaJOB  TakXe I03BOJET  pemarb  3a4a-
Y4 C HEJWHEWHBIMH TPaHUYHBIMH  yCIIOBU-
amu. Takke MoOAETb MOXKET OBITh HCIOJIb30-
BaHa JUId ONTUMH3AIMM PEKUMOB HarpeBa, MH-

HUMH3ALMU  BIWSHUS OKaJIMHBI M  TIOBBILIE-
HUS  D(Q(PEKTUBHOCTH TEXHOJIOTHUYECKUX  TPO-
LIECCOB.
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MOIEJIUPOBAHUE CUCTEMbI
ABTOMATHYECKOI'O YITPABJIEHUA
TOIIJIMBHBIM Y3JIOM CUCTEMbI
PO3KUT'A IIEYH

Kniouesvie cnosa: apromaruzalys; NaTdvK;
MOJICpHM3aLUs; IepeJaTodyHas (QyHKIHS; cUCTeMa
po3xura.

Annomayus. B wHacrosiiiee Bpems maporie-
perpeBateid KPUTHYECKH BaKHBI B He(TEXHMU-
YECKOHW MPOMBIIIIEHHOCTH U B IIEJIOM B ITPOMBIIII-
JICHHOCTH, 3HAYUTENILHO MOBbIIIas 3()HEKTHUBHOCTD
1 SKOHOMHUYHOCTH SHEPTOCMKHX TEXHOJIOTHIECKUX
npoueccoB. OHM yBETWYMBAIOT TEMIIEPATypy Ha-
CBIIICHHOTO Mapa, YTO MO3BOJISECT CHU3UTH 3aTpa-
TBI, TOBBICHTH MTPOU3BOAUTENLHOCTh U YMEHBILIUTD
BO3/IEHCTBHE HA OKPY’KAIOUIYIO CPENY.

[leperpetslii map, mosydaemslii B maporepe-
rpeBarelisix, 4acTo HUCIONb3YeTCsl JUIA TakuX IMpo-
LeccoB He(TEXUMUH, KaK muponu3. Takxke map uc-
MOJIB3YIOT M B YCTAHOBKAX KOMIIPECCHH.

Llenp crarhu 3akioyaeTcs B HCCIENOBAaHUU
1 pa3paboTke MOAEPHU3UPOBAHHON CHCTEMBI aBTO-
MaTH4eCKOI0 PETYJIMPOBAHUS TEMIEpaTypbl 000-
POTHON BOIBI BOIOOOOPOTHOTO Y3JIa, MHHUMH3U-
pyroliell MpUCYTCTBHE YeJOBEUECKOro Qakropa B
Mpoliecce pPeryJIrpoBaHUsA TEMIEPaTyphl. AKTY-
aIbHOCTh PabOTHI 3aKIIIOYAETCS B aHAIM3E CyIle-
CTBYIOILICH CUCTEMBI PEryIHpPOBAHHUS, BBISIBICHUH
€€ HeJ0CTaTKOB, MpenIokeHa MOJEPHU3HPOBaH-
Has CHUCTEeMa C OmpeelicHHeM ee TPeOOBaHWH H
npenmyniectB. Takke OyaeT MpoBeneHa OLEHKa
3¢ PEeKTUBHOCTH U 0OOCHOBAHHOCTH TPUMEHEHHUS
MPEISIOKEHHON CHUCTEMBI, MPOAMKTOBaHHAS BO3-
pacralomuMu  TpeOOBaHUSAMH K HAJIEKHOCTH U
OecriepeOOITHOCTH AIEKTPOCHAOKEHUS, OCOOCHHO
B YCJIOBUSIX 3KCIUIyaTalllu, Iie HeoOXOAMMO yrie-
JSATH 0c000€ BHUMAaHUE 00€CIICUeHHIO CTaOUIbHOM
paboTEHL.

l'unore3a: npu MOBBILEHMH TEMIEpPaTyphl
CIJIBHO BBIIIE HOPMBI CPadaThIBAIOT OTCEKaTelHu,
MEePEKPhIBasi X0/ Ta30BOTO TOIUIMBA, YTO MPHUBOIUT
K cOpocy TtommBa B armocdepy. TpyOomnposor,

[peAHa3HAuYCHHBINA Ui cOpoca rasa, OTKphIBAETCS
C IOMOIIbIO BEHTWIsSI BpyuHylo. Perymmposanue
TEMIIEPATYPbl IPOUCXOAUT 0€3 KOPPEKLMHU 10 TEM-
neparype.

B paGote npeasiaraemM aBTOMaTU3UpOBaTh UME-
IOIIyIoCcsl cucTeMy. PekoMeHJyeTcs 3aMEeHUTh 3a-
MOPHYIO apMaTypy Ha TpyOONpoBOJEC TOIUIMBHOTO
rasa, yCTaHOBHThH JaT4WK pacxoxa. Ha tpybompo-
BOJZIC BbIXOJa IIapa YCTAaHOBUTL JAaT4YUK TEMIICpa-
TypBl A KOPPEKTUPOBKM PAcXoia TOIUIMBHOTO
rasza. Taxxke npegjraracTcsa yCTaHOBUThL aBTOMATH-
YEeCKYI0 33JBHXKKY Ha TPyOONpoBO., MpeaHa3Ha-
YeHHBIN A7 cOpoca raza B arMocdepy.

Meroapl HUCCIeqOBaHUS: H3Y4YEHHE JUTEpa-
TYpPHBIX UCTOYHHMKOB, CPAaBHCHHE, aHAIMU3 JIAHHBIX,
CIICHApHBIA aHaNU3 B LEJISAX MOTEHLMAJIbHBIX Ba-
PHAHTOB Pa3BUTHUS.

JlocTurHyTele pe3ynbTarhl: B CTaThbe OOOCHO-
BaHbl HEOOXOAMMOCTH MCIIOJIb30BAHUS U IIOCIIE-
JyIollee MPUMEHEHHE CHCTEMbl aBTOMAaTHYECKOIO
YIIpaBJICHHUS] KOMITJIEKCa 0OOPOTHOTO BOIOCHAOXKe-
Hus. B pesynbrare mowcka kod3(h(GUIMEHTOB ObUIO
YCT@HOBJICHO, YTO HaWjydllee peryJupoBaHuUe
o0ecreunBaroT KOAQQHUIUEHTHI TPOIOPIIHOHAIb-
HOM W HHTErpajlbHOM COCTaBIISIIOLIEH COOTBET-
ctBeHHo: K, =0,22; K; =0,51.

BBenenue

OpHoli w3 HamOoyiee TMEPCIEeKTUBHBIX 00-
JIACTeH MPUMEHEHUS aBTOMAaTHYCCKHX CHCTEM
ynpasieaus (ACY) B TPOMBIIUICHHOCTH SIB-
JIETCS €€ TPUMEHEHHE B CHCTEMaX IIOJYYCHUs
neperperoro napa [1-9]. CoBpemeHHOE POU3BOI-
CTBO XapaKTEPH3YyeTCsl POCTOM 00BEMOB U HCITOIb-
30BaHUEM IMIEPEJOBBIX TEXHOJOTHH, 4YTO JeiaeT
BHenpenue ACY HeoOxoammbiM ycmoBueMm. ACY
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o0ecreunBalOT 0E€30MaCHOCTh TEXHOJIOTHYECKUX
MPOIIECCOB, MUHUMH3HUPYIOT BIUSHHE YeOBE-
4ecKoro ¢akTopa.

ITocTanoBKka 3agaun

[TapomneperpeBarensHas Tedb HCIONB3YETCS
JUTS TIEperpeBa HACKIIIEHHOTO Mapa BBICOKOTO JIaB-
JIeHHs, TIOCTYTAIOMIET0 C TieYell MHpoiu3a THla
SRT-1I, no temneparypsl 500-530 °C ¢ mocnemnyro-
el mojadeii ero Ha mapoBbie TYPOWHBI KOMITpeC-
COpPOB: IIMPOra3oBbli, IPONUJICHOBBIA W HAcoc,
MOJIAFOINIMI TMTATENIbHYIO0 BOAY B OapalaHbl, 3a-
KajouyHo-ucnapurenbubie annaparsl (3UA) neueit
nuponusa. [Ipu noBwIIIeHUH TeMIepaTypsl CUIBHO
BBIILIE HOPMBI CPa0aThIBAIOT OTCEKATENH, IEPEKPHI-
Basi X0/ Ta30BOTO TOIUIMBA, YTO MPHBOIUT K COPO-
Cy TOIUIMBA B aTtMocdepy, M03ToMy HEOOXOIUMO e
aBTOMATU3HPOBATh.

PacuerHo-rpajdpuueckasi yactb

B nmamnHOl paboTe OCYMIECTBISICTCS MOIEP-
HU3alMs CUCTEMbl aBTOMAaTHYECKOTO PO3XKHIa Io-
pEeNIoK Tedn, KoTopasi pacuIupseTcs A0 KacKagHOW
aBTOMaTH4ecKkoil cucremsl peryiaupoBanus (ACP)
C KOPPEKTUPOBKOH 1o TeMmeparype. Tpyoorposos,
npeaHa3HaYeHHbIN A cOpoca ra3a, OTKpPBIBAETCs
C TIOMOIIbIO BEHTWJIS BpydHylo. PerymupoBanue
TEMIIepPaTypbl IPOUCXOAUT 0€3 KOPPEKIHHU 110 TeM-
neparype.

Henocrarku Texymieil cucreMbl aBTOMAaTH-
3allUM: HEHAJIe)KHOE YIpaBlIe€HUE, MPUCYTCTBHE
YeJI0BEYeCcKoro (pakropa, MOpajbHO YyCTapeBlIce
o0opy/noBaHHe.

[Ipeanaraercs 3aMEHHUTH 3alOPHYIO apMarypy
Ha TpyOONpOBOJE TOIUIMBHOTO Ia3a, yCTAaHOBUTH
natyuk pacxona. Ha tpyOompoBone Bbixoma mapa
YCTaHOBUTh JATYMK TEMIEPaTyphl IJIsi KOPPEKTHU-
POBKH pacxoza TOILIMBHOIO rasa. Taxke mpea-
raeTrcs yCTaHOBHTH aBTOMAaTHYECKYIO 3a/IBIDKKY Ha
TpyOONpOBO, MpeHa3HauYeHHBIN a7 cOpoca rasza
B atMocdepy. s 3Toro HeoOX0IUMO yCTaHOBUTH

JMATYNK TEMIIEpaTypbl Ha TpPyOONpoBO/IE BBHIXOIA
napa W3 Tedu, 1moxodparb PeryisaTop M BHEIPUTH
B CYIIECTBYIOIINH KOHTYP TIPH YCIIOBUH, YTO JaT-
YUK JABJICHUS Ha TPyOOIPOBOIE ra3a 3aMeHSeTCs
Ha JaTYUK pacxoja.

Kackagnast cucremMa aBTOMaTHYECKOTO YIIpaB-
nerust (CAY) COCTOMT W3 HECKONBKHX KOHTYPOB
pETYIHUPOBaHUS, KaXbli U3 KOTOPHIX PETYIUpPYET
CBOIO TEXHOJIOTUYECKYIO (OCHOBHYIO WJIM BCIIOMO-
raTreibHyI0) BEJINYHHY.

Baxupim ycrmoBueM B kackanHbix ACP sB-
nseTcs  TO, 4YTO CTAaOWIMBHPYIOIIME  KOHTYp
JOIDKeH o0najgaTh BPEMEHEM pPETyJIMpOBaHUS,
MUHHMAQJIBHO B TSTh pa3 MEHBIIUM, 4YeM Bpe-
Msl PEryNHpOBaHMS IO KaHATy KOPPEKTUPOBKH.
A 3ama3aplBaHME JOJDKHO Pa3indarhCsi MUHUMYM
B 7-10 pas.

B pesynbrare momcka kKod(hQUIMEHTOB OBLIO
YCTaHOBJIEHO, YTO HAWIydIllee peryInpOoBaHUe
obecreunBaroT Kod(OPUIHEHTH TPOMOPIIHOHATH-
HOW W HWHTETpajbHON COCTaBJISIONIEN COOTBET-
ctBenno: K, = 0,22; K, =0,51.

[Nokaszarenu KauecTBa PEryJHpPOBaHUS: BpEeMs
perynupoBanuss — 4 MHH., CTCICHb 3aTyXaHUs —
0,998, nepeperynuposanue — 0,2776.

3aKkjoueHue

CMmozmenupoBaHHas aBTOMAaTU3UPOBAHHAS CHU-
CTeMa PEryJaupOBaHMs MO3BOJSIET HPOIUTH CPOK
CIIy’)KOBI CHCTEMBI OOOPOTHOTO BOJOCHAOKEHUS
NpPOU3BOJCTBA ATWIEHAa W mnponuieHa [10-14].
Paccuurano, uto mnpu wucnonszoBanuu I[1A]I-
perynaropa cuUcTeMa HEyCTOWYMBA, TaK Kak CTe-
[ICHb IIOJMHOMA 3HAMEHATeNs paBHAa JABYM, a
romorpad ormbaeT TpW KBaapaHTa. B Takom ciy-
yae momnbITaeMcs Haiith  kodddunumentsr I1U-
peryasitopa MeTtonoMm mepedopa. B pesymbrare
MoucKa KO3(PQHUIMEHTOB OBbIJIO yCTAHOBJICHO, YTO
HaWJIyylllee perylupoBaHHe OO0ECIeUnBAIOT KO-
3¢ PHUUMEHTH NPONOPUUOHATIBHON W HWHTErpalib-
HOW COCTaBIsAmOIIEH cooTBeTcTBeHHO: K, = 0,22;
K, =0,51.
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NCCIUEJOBAHHUE CPEA UCITOJTHEHUSA
JAVASCRIPT-KOJA IIPU PEAJTU3ALIUU
CEPBEPHBIX ITPUJIOKEHUH

Kutouesvle cnosa: apxutektypa; MpOU3BOIHU-
TENBHOCTh; CEpPBEpPHBIC NPUIOKEHHS; CPEIbl HC-
nostHeHust;, Bun, Deno, JavaScript;, Node.js.

Annomayus. B naHHOW cTaThe MNpejcTaBlieH
KOMITJIEKCHBII aHaJIM3 COBPEMEHHBIX Cpel HCIIOJN-
HeHus JavaScript-kofa JUis CEpBEPHBIX MPUIIOKE-
HuM. PaccMOTpeHbl apXUTEKTYpHbIE 0COOEHHOCTH,
MIPOM3BOIUTENBHOCT W CLEHapUu TPUMEHEHUs
Node.js, Deno, Bun u npyrux JavaScript-runtime.
[IpoBeneHo CcpaBHUTENBHOE TECTUPOBAHUE IIPO-
M3BOAUTENBHOCTH NPU TUIIMYHBIX CEPBEPHBIX Ha-
rpy3kax, Bkiouas o0pabotky H7TTP-3anpocos,
oreparuu ¢ (aiioBoil cuctemoit u padory c Oa-
3aMH JaHHBIX. MccremoBaHue Takke OXBaThIBAET
aCmeKThl 0e30MacHOCTH, MacITabupyeMoCcTH |
SKOCUCTEMBI KaXJI0H cpeibl UCIONHEHUs. Pesynb-
TaThl TIOKA3BIBAIOT 3HAYUTEIFHOE pa3zHooOpasne
XapaKTEePUCTHK W MPEUMYIIECTB Pa3NUYHBIX CPE,
YTO IO3BOJISET Pa3paboTUMKaM BHIOMpaTh HawmbO-
Jiee MOIXOSIIee pelIeHrne B 3aBUCUMOCTH OT KOH-
KpPETHBIX TPEeOOBaHUI IPOEKTA.

AKTyaJ'IbHOCTB HCCJIeJ0BAaHUSA

JavaScript, u3HauanbHO pa3pabOTaHHBIA Kak
SI3BIK JJIS1 KIIMEHTCKOW 4acTH BEO-IPUIOKEHHH, 32
MocjenHee ACCATHICTHE MPEBPaTWIICS B YHUBEP-
CAJIBHBIN SI3BIK IPOrPAMMMPOBAHMS, IIUPOKO HC-
TTOJTB3YEMBIH M JIJIT CepBEpPHOU pa3paboTKH. DTo-
My CIIOCOOCTBOBAJO MOSIBIEHHE Pa3IUYHBIX CPEX
WCToNHeHus (runtime environments), TIO3BOJISIO-
X 3amyckars JavaScript-xon BHe Opaysepa [1].
B Hacrosmiee BpeMsi pa3pabOTUHKU UMEIOT BBIOOD
MEX/y HECKOJIBKUMH KOHKYPHPYIOUIUMH CpelIaMu
WCTIOJIHEHHS, KaXKJas M3 KOTOPhIX 00Nanaer yHu-
KaJIbHBIMU XapaKTepPUCTUKAaMH, MPEUMYIIeCTBaMU
U OTpaHUYCHHSIMHU.

AKTyanpHOCTb

HUCCICa0BaHUA 06yCJ'IOBJ'IC-

Ha CTPEMHUTENBHBIM Pa3BUTHEM OKOCHCTEMBI
JavaScript n ToSABIEHHEM HOBBIX Cpell HUCIOJHE-
HUsA, TakuX Kak Deno u Bun, KOTOpbIE IO3ULU-
OHHPYIOTCS KaK aJlbTepHAaTHUBbI TPaJUIMOHHOMY
Node.js. Pa3paboTdunkaM ¥ apXUTEKTOpaM IIpO-
rpaMMHOTO o0ecrieueHHuss HeoOX0ANMO TOHUMaHHUE
0COOCHHOCTEH KaXJOW Cpelbl Al MPUHATHUS 000-
CHOBaHHBIX PEIIEHUI MpPH MPOEKTUPOBAHHU CeEp-
BEPHBIX MPUIOKEHUH [2].

Llenpf0 HaHHOTO WCCIENOBAHHUS  SIBISACTCS
CPaBHUTENBHBIN aHAJIN3 COBPEMEHHBIX CpeJ HC-
nonHeHus JavaScript-kofa ¢ TOYKUA 3pPEHUST UX ap-
XUTEKTYpbI, MPOU3BOAUTEIHHOCTH, 0€30MacCHOCTH
1 9KOCHCTEMBI JIJISl BBISIBJICHNS WX CHUJIBHBIX M Cla-
OBIX CTOPOH B KOHTEKCTE pa3pabOTKU CEPBEPHBIX
HNPUIOKEHHUH.

MeTom0J10Tusl MCCJAET0OBAHUS

HccnenoBanne mnpoBOAMIOCH B HECKOJIBKO
JTAaroB.

1. O6G30p nuTeparypsl — aHaNIW3 Hay4YHBIX
myOJMKanui, TEXHUYECKOH JTOKYMEHTAIlMh U pe-
JIEBAaHTHBIX HCCIEAOBaHUM 1o Teme JavaScript-
runtime.

2. OmnpeneneHue KpPUTEPUEB CpaBHEHUS —
BBIJIETICHHE KITFOYEBBIX XapaKTEPUCTUK IS OICH-
KH CpeJl NCTIOTHEHNS.

3. DKCHepuMEHTAIBHOE TECTHPOBAHUE — Pa3-
paboTKa W MPOBEJCHUE CEPHH TECTOB ISl OLIEHKU
MIPOM3BOIUTENBHOCTH CPEJ] UCTIOTHEHNS B Pas3ind-
HBIX CLIEHAPHSIX.

4. AHanu3 pe3yiabTaToB — 00pabOTKa M WH-
TepIIpeTalys MOJyYCHHBIX JTaHHBIX.

Jns 9KCHEepUMEHTAIBHOTO — TECTUPOBAHMUS
ObUTH pa3paboTaHbl HACHTUYHBIC TPUIOKEHHS JUIS
KaXX0M cpesibl HCIOJIHEHUs, peasn3ylolne ciie-
JYIOIUE CIIEHAPHUH:

— obpaborka HTTP-3anpocoB (REST API);

— ormepanuu ¢ (haliIoBOi CUCTEMON;

— pabora c 6a3amu naHHBIX (SOL u NoSQL);

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Mathematical Modeling and Numerical Methods

— TmapauieNnibHas 00paboTKa JIaHHBIX.

TectupoBaHue TPOBOAMIOCH HA CTaHAAPTH-
3MPOBAHHON ammapaTHOW KoHuUrypamuu: S-sjep-
HBIl Tpoueccop [ntel Xeon E5-2670, 32 I'b RAM,
SSD-naxonutenb, onepauuonHas cuctema Ubuntu
22.04 LTS.

PaccmoTpuM coBpeMeHHBIE Cpeibl HCIOIHE-
Hus JavaScript.

Node.js, co3mannbiii Paitanom Jlamem B
2009 r., sBisieTcss HanOoIee 3PENIo W MIMPOKO HC-
MOJIb3yeMOo# cpenoit ucnomHeHust JavaScript mis
cepBepHBIX TpmwiIokeHuin [3]. B ocHoBe Node.js
TEKUT OBUKOK V'8 oT Google, KOTOPBIN TaKkXe HC-
moJnb3yeTcst B Opaysepe Chrome.

ApxurexktypHo Node.js TIOCTpOEH Ha OJIHO-
MOTOYHON MOJENIU C COOBITUHHBIM LUKIOM (event
loop), ut0 OOecrieunBaeT HEOIOKUPYIOUIUH BBOJ/
BBIBOJ M BBICOKYHO IapaJUIeIbHOCTh 00pa0dOTKU
3arpocoB 0e3 SBHOTO HCIOJIb30BaHUS MHOTOIIO-
touHoctu [4]. Oto menmaer Node.js ocoOeHHO 3(-
(beKTUBHBIM JUIS TPHIIOKESHUN C BBICOKON HHTEH-
CUBHOCTBIO BBOZIA/BBIBOJIA, TAKMX KaK BeO-CepBEPHI
u API

Node.js mmeer OOMMPHYIO SKOCHCTEMY Ta-
KeTOB, JOCTYNmHBIX uepe3 npm (Node Package
Manager), KOTOPBIH SBISCTCS KPYITHEUITUM pe-
MTO3UTOPHUEM TIPOTPAMMHBIX ITaKeTOB B Mmpe [5].
ITo cocrosiuto Ha 2024 T. npm comepKuT Oojee
3 MIJUIMOHOB TMAaKETOB, YTO 3HAYUTENILHO YIPOIIa-
eT pa3paboTKy NPWIOKEHUH 3a CYET MOBTOPHOTO
HCIIOJIb30BAHUS TOTOBBIX PEILICHHU.

OcHOBHBIE XapaKkTepucTuku Node.js:

— wucnons3oBanue CommonJS sl MOITYIb-
HOH CHUCTEMBI,

— ¢okyc Ha 0OpaTHOW COBMECTUMOCTH;

— TOANep)KKa HATHBHBIX MOAyNeH dYepes
N-API,

— pa3BUTas 3KOCUCTEMa HHCTPYMEHTOB IS
MOHHTOPHWHTA U MPOMUITHPOBAHUS.

Deno, Taxxe co3manueidi Paitianom Jlazem B
2018 1., mpencTaBisieT coOOM MOTMBITKY WCIIPABUTh
apXUTEKTypHBIE HemocTatku Node.js [6]. Deno mo-
CTpOEH Ha s3bIKe Rust ¢ MCTIONB30BaHUEM JIBHKKA
V8 u mpemmaraer Oojiee COBPEMEHHBIN TOAXOA K
ucrnioaeHuto JavaScript n TypeScript Ha cepBepe.

B ommmuue ot Node.js, Deno nmeeT BCTPOCH-
HYIO TIOJIEPKKY TypeScript, NCTIONB3yeT MOMYJIH
ECMAScript (ES) u npeqyaraer yCHJIECHHYIO MO-
JieJib 0€30IIaCHOCTH C SIBHBIMU Pa3pelIeHUS MU JJIs1
JIOCTYIa K CUCTEMHBIM pecypcam [7]. Deno Takxe
BKJIFOYa€T BCTPOCHHBIC MHCTPYMEHTHI JUJISl TECTH-
poBaHus, (hopMaTUPOBaHUS KOAA U TUHTHUHTA.

KitroueBbie ocobennoctu Deno:
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— OTCYTCTBHUE IIEHTPAJIN30BaHHOTO MEHEKe-
pa nakeToB (ucnonb3oBanue URL s uMIiopra);

— TecovyHMIa 0e30MaCHOCTH C CUCTEMOH pas-
peLIeHu;

— HaTuBHAas noxaepxka TypeScript;

— HUCIONb30BaHME Mopyned ES
CommonJs,

— BCTPOCHHBIE YTHJIMTHI JIJIsl pa3pabOTKH.

Bun, npeacraBnennsii B 2021 1., sBIS-
€TCs OAHOM M3 HOBEHIIMX Cpel HUCIOJHEHUS
JavaScript, pa3paboTaHHOW ¢ aKIIEHTOM Ha TIPO-
W3BOIUTEINBHOCTD [8]. Bum WCIONB3YeT IBHKOK
JavaScriptCore (13 WebKit), a ue V8, n Hanmcan
Ha s3bIKe Zig JJId ONTUMalbHON MPOU3BOAUTENb-
HOCTH.

OcHoBHasg 1nenb Bun — 00eclIeYynTh Mak-
CHUMaJbHO OBICTPYIO 3arpy3Ky U HCIIOJIHEHHE
JavaScript-xona, a Takke MPeIoCTaBUTh WUHTETPH-
pOBaHHBIM HAOOp HMHCTPYMEHTOB JUIA pa3pabort-
KM CEpBEpHBIX MNpuioxkeHui [9]. Bun BKIO4aeT
BCTPOCHHBIM MEHEDKEp MAaKETOB, TPaHCHWIEDP U
TECTOBBINA (hpeHMBOPK.

XapaktepHsble uepThl Bun:

— BBICOKash CKOpPOCTh 3amycka H BBIIIOI-
HEHUS;

— COBMECTHUMOCTD C DKOCUCTEMOU npni;

— BCTPOECHHBINH WHCTpyMeHTapuit (bundler,
TpaHCTIHJIep, MEHEKep TTaKeTOB);

— ONTHMHU3UPOBAHHAS MPOU3BOIUTEIHFHOCTD
JUTSI TATTMYHBIX CEPBEPHBIX OTIEPAITHIA.

[ToMmuMO Tpex OCHOBHBIX CpEI HCIIOJHCHHUS,
CYUIECTBYIOT U JPyTHE PEIIeHUs], 3aCITyKIBAIOIINE
BHUMAaHUS.

1. Electron — cpexa ansi co3maHusi Kpocc-
1aTOPMEHHBIX JICCKTOMHBIX MPUIOKEHHUH C HC-
nonb3oBanueMm JavaScript, HTML wu CSS [10].
Xots Electron 4aie acconuupyeTcs ¢ AECKTOIHBI-
MU TPUIOKEHUSIMU, €ro apXUTEKTypa BKIIOYACT
cpeny ucnonaHenus JavaScript na ocHose Node.js.

2. NWjs (panee node-webkit) — eme opnHa
mwiardopma sl pa3padOTKHA JECKTOIHBIX MPHIIO-
JKEHUH ¢ UCIIOJIb30BaHUEM BeO-TexHomorui [11].

3. GraalVM — ynuBepcanbHas BUPTyalbHas
MaIlllnHa, KOTOpas TOAJEPKUBAET BBITIOJHEHNE
JavaScript Hapsany ¢ IpyTHMHU S3BIKAMHU TIPOTpaM-
mupoBanus [12]. GraalVM mnpemiaraetr BBICOKYIO
MIPOM3BOIUTENBHOCTE W WHTEPONepadbeIbHOCTh
MEXKY SI3bIKAMHU.

PaccMoTpuM  apXUTEKTypHBIE OCOOCHHOCTH
CpeJ] UCTIOJIHEHUS.

Haunem ¢ Moperneli BbIOJNIHEHUS U 00padoOT-
KM BBOJIa/BbIBOJa. Bce paccMarpuBaeMbie Cpeibl
WCIIOIHEHUS HCIIONB3YIOT ACUHXPOHHYIO MOJEIb

BMECTO
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Cpena ncnonaeHns [Ipoctsie 3ampockl JSON-3ampockl 3ampock! ¢ madnoHn3anuei

Node.js v20.9.0 38,500 24,700 12,300
Deno v1.41.0 42,100 26,900 13,500
Bunvl.1.0 57,800 36,400 16,900

Puc. 1. Pe3ynsrarsl TectupoBanust H7T1TP-cepsepa

00pabOTKK BBOAA/BBIBO/IA, HO C HEKOTOPHIMHU pa3-
TUYUSMU B peanuzanuu [13]:

Node.js wucnionbzyer OuOMMOTEKY [ibuv yis
a0CTpaKIMi ACUHXPOHHBIX OTEpalliii BBOJa/BbIBO-
Jla Ha pa3jMyYHBIX OINEPAMOHHBIX cuctemax. Co-
ObITHiiHBIA LMK (event loop) Node.js ynpapusiet
BBITIOJTHEHHUEM KOJIODKOB U 00eCTIiedyrBaeT HEOIOKH-
pytouiee noseneHue [14].

Deno ucrnosbp3yeT MEXaHHU3Mbl aCHHXPOHHOTO
BBOJIa/BBIBOJIA SI3bIKA Rust uepe3 OnOmmoTexy tokio,
qT0 oOecmeunBaeT Oonee 3hGHEKTHBHOE HCIONb-
30BaHHE CHCTEMHBEIX pecypcoB [15]. Moxens BHI-
nonHeHusT Deno Takke OCHOBaHA Ha COOBITHHHOM
IIUKJIE, HO C OoJiee CTPOTHM KOHTPOJIEM JIOCTYIIA K
CHUCTEMHBIM pecypcam.

Bun npumeHsAeT ONTUMHU3UPOBAHHBIN MOJXO.
K aCHHXPOHHOMY BBOJIY/BBIBOJIY, HCIIOJIb3YSI BO3-
MOXKHOCTH OIEPAIMOHHON CHUCTEMBI HANPSIMYIO
yepe3 sA3bIK Zig [16]. DTo mo3BosseT 1ocTudb 0o-
Jiee BBICOKOH TPOM3BOUTEIHLHOCTH TIpH (DariIoBbIX
oreparusx U CETeBOM B3aUMOJICHCTBHH.

VYrnpaBneHue NmamsAThiO B Cpelax HCIOTHEHUS
JavaScript XpUTHYECKH BaKHO IS TPOU3BOIU-
TENILHOCTH CEPBEPHBIX TPUIIOKECHUH, OCOOCHHO
MpU JUTUTETbHOM padore.

Node.js (V8) wucnomp3yeT TeHepalnoHHYIO
cOOpKy Mycopa ¢ KOMITaKTU(UKAIUeH i dpdex-
TUBHOTO YNpPaBJIEHUS MaMATbIO. V'8 MOCTOAHHO
COBEPIICHCTBYET JTOPUTMBI COOPKH Mycopa JUIs
MUHUMU3AIUH T1ay3.

Deno (tarxke V8) HacmemyeT MperMyIIeCTBa
cOopmmka Mycopa V8, HO 100aBisIeT JIOMOJIHU-
TEJIbHBIC ONITUMU3AIMKM Ha YPOBHE Rust-00EPTKH.

Bun (JavaScriptCore) ucrnoib3yet ruOpUIHbIHI
MOAX0 K cOOpKe Mycopa, KOTOPBI MOXeT odecrie-
YUBaTh MCHBIIUE TAay3bl MPH OMPEICICHHBIX CIIe-
HapHsIX UCTIOJIB30BaHUs.

Mopenu 0e30MacHOCTH CYIIECTBEHHO pa3iiv-
YAIOTCS MEKAY CPElaMK UCTIOTHEHHS.

Node.js penocTaBisieT MOTHBIN JOCTYI K CH-
CTEeMHBIM pecypcaMm 0e3 BCTPOCHHBIX OrpaHHue-
HUH, 9TO TpeOyeT OT pa3padOTYMKOB 0COOOTO BHH-

MaHHs K O€30MIaCHOCTH.

Deno peanusyeT Mojenb pa3peuieHuil, Tpe-
OyIoLIyI0 SIBHOTO YKaszaHUs JOcTyna K (aioBoi
CHCTEME, CETH U JIPyTMM CHCTEMHBIM pecypcam.
OTO 3HAYUTEIBHO CHUXKAET PHUCKH BBIIOTHCHUS
BPEIOHOCHOTO KOAA.

Bun 3aHuMaeT NPOMEXYTOUHYIO IO3ULHIO,
npeasarasi ONuMOHANIbHBIE MEXaHU3Mbl OrpaHuye-
HUSL I0CTYyIa K CHCTEMHBIM PECypCaM.

CpaBHUTENBHBIN aHAIU3 IPOU3BOJUTEIBHO-
CTU U METOIMKA TECTUPOBAHMUSA: Ul OLIEHKU IIPO-
M3BOJIUTEIBPHOCTH OBUTH pa3padOTaHbl TECTOBEIC
CIICHAPUH, IMUTHPYIOIINE THUIIMYHbIC 3aJIa4 Ccep-
BEPHBIX NMpHIokeHwi [17]:

1) HTTP-cepBep — obpadorka 10 000 mapan-
JIENTBHBIX 3alIPOCOB € PA3IMYHON CIIOKHOCTHIO;

2) ¢aiinoBple olepauu — YTCHHE/3alHCh
¢aiinos paznuunoro pasmepa (1 Kb — 100 MB);

3) pabora c 0a3oit nanubix (BJl) — BeIONTHE-
HUE TUMMYHBIX 3anpocoB k SQLite u MongoDB;

4) BBIYMCIHMTENbHBIC 3312491 — AITOPUTMBI CO-
PTHPOBKH U 00paOOTKH JTAHHBIX.

s TecTMpOBaHMS MCIOJIb30BAINCH HMHCTPY-
MeHTBl Apache Benchmark, wrk m cobcTtBeHHBIC
CKpHUTITHI OeHuMapkuHTa [18].

Pesyabrarel TectupoBanusi HTTP-cepsepa

IIpu TectupoBanuu mnpocroro HTTP-cepBepa
OBUTH TIOJYYCHBI CIICIYIOIIUE Pe3ybTaThl (3arpo-
COB B CEKyHIy) (puc. 1).

Pesynbrarsl MOKa3bIBAOT, 4TO Bun JIEMOH-
CTPUPYET HAWIYYIIyI0 NPOU3BOAUTENBHOCTh NPHU
obpabotke HTTP-3ampocoB, npeBocxons Node.js
Ha 50 % u Deno Ha 37 % 11 NpOCTHIX 3alIPOCOB.

Pe3yabrarhl TeCTUPOBaHHUS
¢daiinioBbIX onepaumii

[Ipu TecTupoBannu onepanuii ¢ GaitToBoi cu-
CTEMOW OBUTH TIOMYYCHBI CIEAYIOIINE PE3YTbTaThI
(omeparuii B cexyHy) (puc. 2).
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Cpena ucnonseHus Yrenne (1MB) 3anuce (1MB) Urenne/3anucs (10MB)

Node.js v20.9.0 15,200 8,300 720
Deno v1.41.0 16,700 9,100 810
Bun v1.1.0 21,500 12,400 1,050

Puc. 2. Pe3ynbrarsl TeCTHpOBaHUS (PaiiyIOBBIX OMEpannit

Cpepna ucnonsesnsa SQLite (3anpocos/c) MongoDB (3ampocos/c)

Node.js v20.9.0 12,300
Deno v1.41.0 11,500
Bunvl.1.0 14,700

9,800
8,900

8,600

Puc. 3. Pe3ynbrarsl TecTUpoBaHUs padOTHI ¢ Oa3aMu TaHHBIX

Cpena ucnonsenns bazoBsiil pacxon mamsat [Tox marpyskoii (1000 req/s)

Node.js v20.9.0 42 MB
Deno v1.41.0 68 MB
Bunvl1.1.0 31 MB

187 MB

210 MB
163 MB

Puc. 4. Ucrnonp3oBanne maMsTi

Bun Ttaxxe moxaszall HaWIy4yllIUe Pe3yJbTaThl
pu padote ¢ (alIoBoil CUCTEMON, YTO OOBSICHS-
€TCsl ONITUMHU3UPOBAHHBIMU HATUBHBIMH IPUBSI3Ka-
MU U MCNOJNb30BaHUEM si3bIKa Zig [19].

Pe3yabrarhl TeCTUpPOBaHUS PAGOTHI
¢ 0a3aMu JaHHBIX

IIpn pabore ¢ 0GazaMM [JaHHBIX PE3YIbTAaThI
OBUIN MEHee OIHO3HAYHBIMU (pHC. 3).

Node.js mokazal XOpollHe pe3yabTaThl IpH
pabore ¢ MongoDB Gnaromapsi 3pelocTH ApaiiBe-
POB M ONTHMHU3ALUSAM, B TO BpeMs Kak Bun Iuau-
posai nipu padote ¢ SQLite [20].

Hcnoan3oBanue MaMATH
BakHBIM ~ aclieKToM  MPOM3BOIUTEIHHOCTH

CEPBEPHBIX TPWIOKEHUN sBIIeTCsT 3P (PEKTHB-
HOCTB HCITOJIB30BAHUS TTaMATH (puc. 4).
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Bun  neMoHCTpupyeT HAuUMEHBIIMI  pac-
X0l TaMsITH Kak B 0a30BOM COCTOSIHUM, TaK
U TOI Harpy3Koi, YTO SBISICTCS 3HAUYUTEIb-
HBIM TPEUMYIIECTBOM MJII CEPBEPHBIX MPHUIIO-
skenuit [21].

JKocucTeMa U HHTerpalus

1. JloctymHOCTH OMOMMOTEK U (PpeiMBOPKOB.

DKOCHUCTEMa UIPAET KPUTHUYECKYIO POJIb B BbI-
0ope Cpesl UCTIONMHEHMSI 1T pa3paboTKu cepBep-
HBIX MPUIOKECHUH [22].

Node.js obnanaet Hanboee Pa3BUTON IKOCH-
CTEMOI C MWIJIMOHAMH TAKETOB B 7pmi, BKIIOYAS
nomyisipHele GppeiiMBopku Express, Nest.js, Fastify
U MHOXECTBO CICIHAU3UPOBAHHBIX OMOIHO-
Tek [23].

Deno wMeeT pacTyllyl0 SKOCHUCTEMY C CO0-
CTBEHHBIM peecTpoM Moayneit (deno.land/x),
HO TakXe TMOIJICPKUBACT WCIIONB30BAHUE Npi-
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nakeToB uepes npm-compatibility layer [24]. Cy-
LIECTBYIOT HaTuBHBIE (peliMBopKku anst Deno, Ta-
kue kak Fresh u Oak.

Bun obecneunBaeT BBICOKYIO CTEIEHb CO-
BMECTHMOCTH C  7IPM-3KOCUCTEMOM, 4YTO TO-
3BOJIIET ~ MCIIOJIB30BaTh  OOJBIIMHCTBO  CyIe-
CTBYIOIIMX MakeToB [25]. Bun Takxe HMeEET
COOCTBEHHBIE ONTHMU3UPOBAHHBIE OMOIMOTEKH U
(hpeitMBOpKH.

2. Wuterpauusi C CyLIECTBYIOLIUMHU CHUCTE-
MaMH.

BO3MOXXHOCTE MHTErpaluyl C CYLIECTBYIO-
OIMMH  CUCTEMaMH U TEXHOJOTUSMH  SIBIISCTCS
BaXXHBIM (haKTOPOM JJIsi BBIOOpA Cpejibl MCIOTHE-
Hus [26].

Node.js umeer HambOoliee IMHPOKHE BO3MOXK-
HOCTH WHTErpanuu Onarofapsi 3pejiocTH U pa3Ho-
0o0pasuio JOCTymHBIX OnoOanorek. CylecTByIOT
KOHHEKTOPBI MPAKTHUECKU IS BCEX MOMYJSPHBIX
0a3 TaHHBIX, CEPBUCOB M MPOTOKOJIOB [27].

Deno obecrieunBaeT XOpOIIyI0 HHTETPALUIO C
BeO-CTaHJapTaMd M COBpeMeHHbIMH AP/, HO Mo-
XKET MOTpeOOBaTh JOMOIHUTENBHBIX YCHUIMH TPH
HUHTETPald C HEKOTOPHIMU YCTapeBIIUMH CHCTE-
Mamu [28].

Bun ctpeMuTca K TOJHOW COBMECTUMOCTH C
Node.js API, ato obnerdaeT MHTETPAIUIO C CyIIIe-
CTBYIOIIIMMH CHUCTeMaMH [29].

3. HucTpyMeHTHI pa3paboTKH.

KauecTBO M JIOCTYITHOCTh UHCTPYMEHTOB Pa3-
paboTKN 3HAYMTENBHO BIHSAIOT Ha 3QPEKTUBHOCTH
pa3paboOTKH M MOJEPIKKH TPUITIOKESHUH.

Node.js nmeer Ooratblii HabOp HHCTPYMEH-
TOB JUIS pa3paOOTKH, OTIaIKd, NPOQHUIMPOBAHUS
W MOHMTOPHHTA, BKJIIOYAsl MOMYJSIpHBIE PELICHUS,
Takue Kak PM2, nodemon, nvm ¥ WHTETPALHIO C
ocHoBHBIMU [DE [30].

Deno BKIIIO4YaeT MHOXECTBO BCTPOEHHBIX WH-
CTPYMEHTOB, TaKuX Kak (opMmartep Koja, JUHTEP,
TECTOBBIH (PEHMBOPK M KOMIMIISATOP OMHApPHBIX
(hatimos [31].

Bun Tmipemyaraer HWHTETPHUPOBAHHBIM HAO0OpP
HHCTPYMEHTOB, BKJIIOYAs IIaKETHBIM MEHEIXKep,
Oammep, TpaHCIHJIEP M TECTOBBIA (PEHMBOPK,
YTO YNPOIIAET HACTPOWKY TMpoekTa u workflow
paspabotku [32].

Ha ocHOBe NpOBEJCHHOTO aHaNM3a MOXKHO
BBIJICNIUTh HanOoee MOAXOASNINE CLEHAPUH TIPH-
MEHEHUS ISl K&KAOH CpeJibl UCTIOHEHHUSI.

1. Node.js nanbonee MOAXOOUT Uil CIEIYIO-
LIUX CLICHAPHUEB:

— KOPIOpaTHBHBIE MPWIOKEHHS C JOJTO-
CPOUYHON MOJEPAKKOM;

— TPOEKTHI, TpeOylolue IUPOKOro Habopa
CYIICCTBYIOIIMX OHOJINOTEK;

— CHCTEMbI C BBICOKMMH TPEOOBAHHMSIMU K
CTaOMIIBHOCTHU U TPEACKa3yeMOCTH;

— MHUKPOCEPBHUCHAsl apXHUTEKTypa C MHOXe-
CTBOM B3aMMOJICHCTBYIOIINX CEPBHUCOB.

2. Deno ontumaleH I CIEIyIOUIEro:

— TIPOEKTHl C BBICOKHMHU TPEeOOBaHUAMHU K
0e301aCHOCTH;

— pa3paboTka c ucronb3oBanueM IypeScript;

— TPWIOKEHUs, TPeOyIoIne COOTBETCTBHSA
COBpEMEHHBIM BeO-CTaHAAPTAM;

— CIICHApHWH U YTHINTHI KOMAaHIHON CTPOKH.

3. Bun nanbonee >(HEeKTUBEH B CICTYIOIIHX
ClTydasx:

—  BBICOKOHAIPY>KCHHBIC CEPBHUCHI C JKECTKH-
MU TPeOOBaHUSIMU K MPOU3BOAUTEIHLHOCTH;

— TPUWIOKEHUS C OrPAHUYCHHBIMH pecyp-
camu (serverless functions, edge computing);

— TMPOTOTUIIUPOBAHWE U OBICTpas paspa-
00TKa;

— 00paboTka O0NBIINX 00BEMOB JJaHHBIX.

IlepcniekTHBBI pa3BUTHS

AHanu3 TEHJEHIMN pa3BUTHUS CPEJl HUCIIOTHE-
HUs JavaScript TOKa3pIBaeT HECKOJIBKO KITFOUEBBIX
HaIlpaBJICHUM.

1. TloBblllieHHE MPOU3BOAUTEIBHOCTH: BCE
Cpe/bl UCIIOJHECHUSI aKTUBHO pabOTarOT HaJl OINTH-
MHU3alKed MPOU3BOAUTEIBHOCTH, OCOOCHHO B KOH-
TeKcTe serverless u edge computing [33].

2. VYnyumeHue OS30MaCHOCTH: PacTET BHUMA-
HUE K BCTPOCHHBIM MEXaHHM3MaM O€30MacHOCTH U
HU30JsIUH Koja [34].

3. Wurerpauus ¢ WebAssembly (WASM): Bce
OCHOBHBIE CpEZbl HCIIONHEHUS YIy4IIAKT IOJI-
nepxxkky WASM pans  BbICOKOIPOU3BOAUTEIIBHBIX
BhIUKCIIeHUH [35].

4. COmmkeHHe DKOCHCTEM: Halmomaercs
TEH/JCHIUS K OOJbIIEH COBMECTHMOCTH MEXIY
pPa3TMYHBIMHA CpeaM{ HCIIONHEHUS W YHHU(UKa-
MY TTOAXOA0B K MOIYIBLHOCTH [36].

5. Creuuanu3anust TI0J KOHKPETHBIE CIIe-
Hapui — pa3BUTHE CIEHHUATU3UPOBAHHBIX CPEI
WCTIOJHEHUS JUIsl KOHKPETHBIX 3ajlad, TaKuX Kak
serverless, edge computing n loT [37].

BriBoabI
[IpoBeneHHoe uccnen0BaHUE MOKA3BIBACT, YTO

COBpPEMEHHBIC CpeAbl UCHONHEHUs JavaScript nis
CEPBEPHBIX NPHJIOKECHUH MPEAIaraT 3HAYNTEIb-
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HOE pa3HOoOOpa3We apXUTEKTypHBIX MOIXOOB,
MIPOM3BOIUTENBHOCTH W  (DYHKIIMOHAIBHBIX BO3-
MOXKHOCTEW. Node.js ocTtaeTcst HamOojee 3peron
W TIMPOKO WCIIONB3YeMOH Cpefod ¢ OOMmmMpHON
OKOCHUCTEMOM ¥ TIPOBEPEHHON CTAOMIBHOCTHIO.
Deno npennaraetT COBPEMEHHBIH TMOJIXOJ C aK-
IEHTOM Ha O0€30IaCHOCTh M COOTBETCTBHE BEO-
CcTaHjapraMm. Bun BbIACISIETCA BIEYATISAIONIEH
IMPOU3BOAUTCIBHOCTEIO U HWHTCIPUPOBAHHBIM Ha-
0OpOM MHCTPYMEHTOB. BBIOOp Cpesibl UCIIOIHEHUS
JOJKEH OCHOBBIBATHCA HA KOHKPETHBIX Tpe6OBa-

HUSX TIPOCKTA, BKIKOYAs TPOU3BOJUTEIHLHOCTD,
0€301acHOCTh, SKOCUCTEMY U JOJITOCPOUHYIO MOJ-
JIEPXkKKY. B HEKOTOPBIX CIy4asix ONTHMAJIbHBIM Pe-
IIEHHEM MOXKET OBITh MCIIOIBh30BaHNE HECKOIBKIX
Cpell WCIIOJIHEHUS /ISl Pa3IMYHBIX KOMIIOHEHTOB
CUCTEMBI.

PazButue cpen ucnonnenus JavaScript npo-
JOJDKaeTCcsl OBICTPHIMH TEMIIaMH, YTO oOerIaeT
JanbHEeHIIee yaydlieHHe TPOU3BOAUTEIFHOCTH,
0e301macHOCTH M yI00CTBa pa3pabOTKH CEPBEPHBIX
TIpIIOKEeHHUI Ha JavaScript.
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'orsoy Bo «Canxm-Ilemep0Oypeckuii 20cy0apcmeenuvlil YHUGEPCUmMem meieKOMMYHUKayuil
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’000 «BK», 2. Cankm-Ilemepbype

NCITOJBb30BAHUE UCKYCCTBEHHOI'O
UHTEJJIEKTA ITPU AHAJIN3E CUCTEM
BE3OIIACHOCTH OBJAYHOM
NHO®PACTPYKTYPBI

Kurouesvie crnosa: alropuTMBbI TIIyOOKOTO 00Y-
YEHMsI, METO/IbI MAIIMHHOTO OOYyYeHWs; OOMadyHbIe
BBIYHCIICHUS; OOHAPYKEHNE aHOMAJIHH.

Annomayus. B HccinenoBaHHM pPacCMOTpPEHA
npobiieMa OOHapy)KeHHsI aHOMaJIui, O00YyCJIOBJICH-
HBIX Yalllé BCEro BPEIOHOCHOHN /eATelIbHOCTHIO
37I0YMBINIJICHHUKOB. PemieHne naHHOW MpOOIeMBI
Ha OCHOBE CTaTHCTUYECKUX METOJOB SBIAETCS
HU3KOA(PPEKTUBHBIM B cllyyae 00pabOTKH BBICOKO-
pa3MEpHBIX JaHHBIX NPU BHICOKOM YPOBHE 3alllyM-
JICHHOCTH, YTO TPUBOJUT K TMOBBIIICHUIO YaCTOTHI
JOXHBIX cpabareiBanuil. llenpro wmccnemoBaHus
SIBIISIETCS] @HAJIM3 METO/IOB UCKYCCTBEHHOTO MHTEJI-
nekta (MW) m mpUMEHUMBIX apXUTEKTYp MOJAETEH,
IIPH UCTIOJIb30BAHUN KOTOPBIX MOJKHO CHU3HTH Ya-
CTOTY JIOKHBIX OOHAPYKCHH aHOMaTHi TPHUMCHH-
TEIBHO K 00JauHbIM cucTeMaM. lIpoBereH o030p
KaK OTEYECTBEHHBIX, TaK W 3apyOexHBIX ITyOnH-
karuii. OOOCHOBaHO TPUMEHEHWE MOCIeH TIIy-
0okoro oOy4eHUs, HHTETPUPYIOIIUX KOHTEKCTHBIC
JaHHBIE, a TaK)Ke BHEIPEHHE KOMIUIEKCHBIX Mep
0e301acHOCTH sl YAYYIIeHUs] TIPOU3BOTUTEIHHO-
CTH TIpU OOHApyXCHMM aHOMalMi. PaccMoTpeHbI
pasnuuHble MeTonsl o0yuenus moapenei MU, npu
3TOM 00O0CHOBaHO, YTO OOyuYeHHE C TOAKPEIJICHHU-
eM siBisieTcss HanOosnee 3()(EeKTUBHBIM METOIOM.
Wsyuensl peanbuble npumepsl npuMmenenus MU B
OOJIaYHBIX CUCTEMAaX.

[Ipumenenne 00TAYHBIX TEXHOJOTHH OTKPHI-
BA€T MHOXXECTBO BO3MOXHOCTEM I yCTOWYH-
BOTO (PYHKITMOHMPOBAHUS OpTraHU3aIUil BBUAY
TaKUuX IMPCUMYIICCTB, KakK MaCHITa6I/IpyeMOCTB u
aariITUBHOCTL C TEXHUYECKOM TOYKH 3p€HuUA, a
TaKke JKOHOMHYecKas 3(PdeKkTUBHOCTH Ipu ee
BHeApenuu [1]. B cuny Toro, uro B obOnake pas-

MEIIAIOTCS KaK MPHJIOKEHUs], Tak U 0a3a aHHBIX,
MOTPeOHOCTh B OOECIeUeHHH HX Oe30MacHOCTH
CTaHOBHTCSl TEPBOCTENEHHOW 3anmaudeir. Kubep-
yrpo3bl B BHJE YTEUCK JAHHBIX W HECAHKIMOHU-
POBaHHBIM JOCTYN K HHUM SBJSIFOTCS OCHOBHBIMHU
npobieMamMu, KOTOpble MOTYT MPHUBECTH K CEphe3-
HBIM (PMHAHCOBBIM IOTEPSM U YBEJIWYECHHUIO PeIy-
TalMOHHOTO pucKa. [lepcoHaNbHbIC TaHHBIC JKEPTB
MOIIIEHHUYECKHUX OIepalyii IOIBEPraloTcs ara-
KaM, cOopy, 00paboTKe, UCTIOIH30BaHUIO B (DUTITHH-
re, BHIMOTarelibCTBE, MOJAMEHE JTUYHOCTH [2].

Cuctempl OOHApYKCHHS aHOMAJIH, OCHOBAH-
vele Ha MW u npenHa3HayeHHbIE JiS CBOEBpe-
MEHHOTO BBISIBIICHUSI yIpo3 0e30MacHOCTH, MOKa-
3BIBAIOT BBICOKHE PE3YJBTaThl B PEHICHUH 3aJ[aqu
Kiaccu(ukanuu cereBbix arak [3]. JlaHHbie cH-
CTeMbI TIO3BOJISIIOT (POpPMHUpOBATH MATTEPHBI JaH-
HBIX, KOTOpBIE MOTYT YKa3bIBaTh Ha MOTCHIHAIIb-
HBIE YTPO3bI, COOM B pabOTe WM MOIICHHHYECKHUE
neictBus [4]. Hcmonb3yss METOABI MAIIMHHOTO
u TIyOOKOro oOy4YeHHUs, CUCTEMBbI OOHAPYKEHHS
aHomanuii Ha ocHoBe MM Moryr aHamu3upoBaTh
OTPOMHBIE OOBEMBI JAHHBIX M BBLIBISTH aHOMa-
iy 6osee TO9HO U 3(P()EKTUBHO, YeM TPaIHIIHOH-
HbIE METOJIBI [5].

Bwmecte ¢ aTiM nipu 0OHapyXeHUH aHOMAaJHN
¢ nomouipto MM BaXHO MHHMMH3HPOBATH KOJIHU-
YEeCTBO JIOKHOTIOJIOKUTENBHBIX — Cpa0aThbIBaHUM.
B pabGote [6] aBTOpHI yTBEp)KIAIOT, YTO Pa3BUTHE
(bunmpTpanu  JTOKHOIIONIOKHUTEIBHBIX CcpabaThiBa-
HUIl Ha OCHOBE aHaIM3a BPEMEHHBIX XapaKTepu-
CTHK TOTCHIUAIBHBIX aTaK IT03BOJHUT TOBBICUTH
3G PeKTUBHOCTL JIeTeKTOpoB. OCHOBHBIM (DaKTO-
pOM, CHOCOOCTBYIOIIUM MOBBIINICHHIO YaCTOTHI
JIOKHBIX cpabaThIBaHUH B cHCTEeMax OOHapyXEeHUs
aHomanui Ha ocHoBe MU, siBnsieTcs yM AaHHBIX,
KOTOPBIM BKJIIOYAaeT MMOCTOPOHHIOI HH(OPMAIUIO
U ciydaiiHble BBIOpPOCHI, 00yciaBiHMBalOLINE He-
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KOppeKTHyI0 Kiaccupukanuio. OOydeHre MOJenn
NN 6e3 Hanmumsi HOCTyna K KOHTEKCTHBIM JaH-
HBIM TaK)Ke MOXKET MPHUBECTH K OITHOOYHO HICH-
TU(QUIUPOBAHHBIM HOPMAJIbHBIM, HO PEIKHM CO-
OBITHSAM, TAKUM Kak aHOMaJuu [7].

[Ipobnema mOXKHBIX cpabaTbiBaHU B 0O0Nad-
HBIX CHCTEMax OOYCIIOBJICHA OJHOBPEMEHHBIM
B3aMMOJICHCTBEM MHOXECTBA  IOJb30BaTENCH,
NPUIOKEHUH M JAaHHBIX, YKa3blBas Ha CTOXAaCTH-
Yyeckyio mpupoay naHHoro mpormecca [8]. Co-
BpEMEHHBIE METOABI OOecredeHHst Oe30MacHOCTH
JaHHBIX B oOlake, Takue Kak MHOTO(axKTopHas
ayTeHTU(UKAIUs, BEICHUE KYypHAJIOB CETCBON akK-
TUBHOCTH, CKBO3HOE IIU(POBaHUE, pa3rPaHUICHUC
JOCTYyTa, SIBISIOTCS MHHHMAalIbHO TpeOyeMbIMU
arpuOyTaMH 3alIUThI, OJHAKO WX WCIIOJIH30BaHUE
HE rapaHtupyer oOecrnedeHHe TpeOyeMoro ypoB-
Hs1 0€30IaCHOCTH BBHy HEOOXOIMMOCTH aHaIn3a
B pealbHOM BpeMEHH OOIBIIOro o0beMa JaHHBIX
Y CBOEBPEMEHHOTO pearnpoBaHusl Ha yrpossl [9].
Hcxons w3 aroro, Tpedyercs MpoaHATH3UPOBATH
M3BECTHBIE METOJIbI, WCIIONIb3yeMbIE B CHCTEMax
obHapyxeHus: aHoMaymii Ha ocHoBe WU, u BBIsI-
BUTH KITIOUEBBIE (PAKTOPBHI, COCOOCTBYIOIIUE JOXK-
HBIM cpa0aThIBAHUSM TIPU UX UCIIOJIb30BAHHH.

O030p HAyUHBIX HCCJIeI0BAHUIT
B 00;1acTH 00HAPY/KEHHS AHOMAJIHH

Anroputrmbel MammHHOTOo 00ydenust (MO),
Takhe KaK MaIllUHBl OMOPHBIX BEKTOpoB (SVM),
Cly4allHble Jleca W KJIacTepu3anus Kk-CpeIHHX,
MIPOIEMOHCTPUPOBAIH 3HAUYNUTEIFHBIA yCIIeX B BBI-
SIBIICHUM aHOMAaJlIMil ITyTeM aHaju3a 3aKOHOMeEp-
HOcTell B OompImmx Habopax maHHBIX [11]. Metoxn
SVM dopMupyeT ONTUMaIbHYIO THIIEPIUIOCKOCTD,
KOTOpasi pasfiefisieT HOpMalbHbIE W aHOMAallbHBbIC
TOYKH JTaHHBIX, B TO BpeMs KaK CIyd4ailHble jieca
RF ¢ 1enpi0 TOBBINICHUS TOYHOCTH OOHapyKe-
HUSI MCTIONB3YIOT METOJ aHCaMOJIEBOrO OOy4eHHUSI.
Tpanchopmepsl, IpUMEHsIEMbIC JJIs1 OOIBIIUX SI3bI-
KOBbIX Mojened LLM, u ceTu ¢ NOIrOBPEMEHHOU
KpatkocpouHoid mamsTeio (LSTM) B HacTosimee
BpeMsl SIBJISIOTCS nepeaoBbiMu Mozensimu MU 00-
Hapy>KCHHUS aHOMalWil BO BPEMEHHBIX psaax U
MIPOCTPAHCTBEHHBIX MaHHBIX [12]. OOHapyxeHHe
AHOMAJIMH C TIOMOIIBI0 TPaHC(HOPMEPOB OCYIIECT-
BIISIETCSI HA OCHOBE PEKOHCTPYKIIMU BXOAHBIX JaH-
HBIX W OIIGHKHW 3HAYEHWs OIIMOKH ITOIy9eHHOTO
pesynbrara [13]. C apyroii croponsl, cetu LSTM
MOTYT YIaBIWBaTh BpPEMEHHBIE 3aBHCHMOCTH U
JOJTOCPOYHBIE 3aKOHOMEPHOCTH, HYTO JeNaeT MX
WJeabHBIMA JUTS TIOCJIEIOBATENIbHBIX JaHHBIX.
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Brenpenue mnopcucteMbl OOHapy)KEHHUS aHO-
Manmii Ha ocHoBe MM B cuctemy Ge3omacHOCTH B
o0Jrake MO3BOJIUT PEeaTn30BaTh MPOIECC HHTEIICK-
TyaJbHOTO MOHHMTOPHWHTA, ITOCTOSHHO aJalTHPYIO-
IeTocsl K M3MEHSIOMMNMCS YCIIOBUSAM M TEXHUKaM
35oyMbIIeHHUKOB [ 14]. Hampumep, B pabote [15]
WCCIIEZIOBATEeN TIOAYEPKUBAIOT TOTEHIHAT 00b-
eMHeHUs] 0OHapY)KeHUsI aHOMAJIMii Ha OCHOBE Ma-
IIMHHOTO OOY4YeHHsI C CHCTEeMaMHU OOHapy KECHHUS
BTOp>KeHUH (IDS) 115 ynmydIeHus BO3MOKHOCTEN
oOHapykeHHsI 00JIauHBIX (PEHMBOPKOB, OJHAKO
HEOOXOOMMO TMPOBOJUTH AHAIU3 arak He TOJBKO
Ha KOMITOHEHTHI 3alUTHl JaHHBIX, HO U Ha CaMH
komnoHeHTel MO. B paborax [16; 17] obcyxna-
eTcs CTPYKTypa Al MHTErpauudd OOHApYKEHHS
aHomanuit Ha ocHoBe MU ¢ cuctemamu ympasie-
HUs wHQOpMAIUEl U COOBITHAME 0E30MaCHOCTH.
brnaromapst BriIrOYEHHIO OOHApYKEHHS aHOMAJHN
Ha ocHOBe MM nmaHHBIE CHCTEMBI MOTYT IOBBICHTH
TOYHOCTBH WX OOHAPY)KEHHsI, a TAK)KE BBISBISITH HE-
JMUHEHHbIE 3aKOHOMEPHOCTH IIPH aHallu3e COObI-
THH O€30MMacHOCTH, YTO IO3BOJSET A(HPEKTUBHO
0OHapyXMBaTh Yrpo3bl Ha paHHEM 3Tare 3KCIUTY-
aralui COOTBETCTBYIOIIMX YS3BHUMOCTEH M CBOE-
BpPEMEHHO pearnupoBarh Ha HUX.

B nmanHOM wMccienoBaHHMM IPOAHAIM3MPOBA-
HBI aJTOPUTMBI k-Onmkadmux coceneit (k-Nearest
Neighbors — kNN), noxaibHbI YpOBEHb BBIOpOCa
(Local Outlier Factor — LOF) n u3011pyrOIIEro
neca (Isolation Forest). CornacHO CpaBHHUTEIBLHO-
My aHaJu3y ClieJIaH BBIBOA O TOM, YTO QJITOPUTM
Isolation Forest sBasiercs Oolnee MPEANIOYTHTEIb-
HBIM pEIEHHEeM, TaK KaK HMeeT OoJjiee BBICOKHE
3HAYEeHUsI MO0 METPHKaM KadyecTBa Tpu pabdore ¢
MHOTOMEPHBIMH JTAHHBIMH.

Hcrionp3oBanre KOHTEKCTHOW WH(OPMAIIHH
C TeIbI0 OOHAPYKEHUS aHOMAIUK CITOCOOCTBYET
MTOBBIIIICHUIO TOYHOCTH HA OCHOBE BBISIBIICHUS BpE-
MEHHBIX 3aKOHOMepHocTel, (GopMHUpoBaHUs TPO-
(uitell moBeIeHHs OIb30BaTeNeH, yueTa BHEITHAX
(aktopoB u npyrux ganueix [18]. Ilepcrextus-
HBIM METOJIOM B KOHTEKCTHOM aHallu3e IaHHBIX
SIBIIIETCSL  MCTIOJIb30BAaHUE MeTofla OOHapyKeHus
KOHTEKCTHBIX ~BBIOPOCOB, KOTOPBIH YYHTBHIBACT
MPUYMHHOCTH (POPMHUPOBAHUS TOUEK JAaHHBIX. Pea-
nu3anust o0bsicaumoro MU (XAI) B 3anade BbIsIB-
JICHHSI aHOMAJIMH MMO3BOJISIET MOHSTh, KAKUE TOYKU
JaHHBIX BHOCST HauOonbIuuii BKiIag B popmuposa-
Hue npusHaka. [Ipu ucnons3oBanum TpaHchopme-
poB B pabote [19] npennoxeH TpeHupyeMblii Mexa-
HU3M BHUMaHHA U1 (HOPMHUPOBAHHS OOBICHEHUN
T-TAME. Cyunocts T-TAME 3akitodaercsi B HC-
MTOJTE30BAaHUH TPOMEKYTOYHBIX KapT TPHU3HAKOB,
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W3BIICUEHHBIX M3 HECKOJBKUX CJIOEB MarucTpaib-
HOH cetu. [laHHBIE KapThl MPU3HAKOB HCIOJIB3Y-
I0TCS sl OOy4eHHsT MHOTOBETBEBOW Hepapxuye-
CKOW apXWTEKTYphl BHUMAHHUA JJISI CO3MaHUS KapT
00BsICHEHWH, CreMM(UIHBIX I Kilacca 3a OIHWH
MIPSIMOM TIPOXOJ], YTO yKa3bIBa€T Ha BBICOKYIO 3(h-
(hbeKTUBHOCTHh TIPUMEHEHHS JaHHOTO METOJa B pe-
AITBHOM BPEMEHHU.

JpyruM H3BECTHBIM METOZOM SABJSETCS aHa-
JIU3 CIIMSHUS KOHTEKCTHBIX JTaHHBIX W3 HECKOJb-
KO HCTOYHHKOB KOHTEKCTHOH wuH(popmanuu. Pa-
O0ora [20] moka3bIBacT, 4YTO MPU OOBEAMHECHUU
1abJIOHOB  IOCTYNA TIOJIb30BATENEH, CHUCTEMHBIX
KYPHAJIOB U JaHHBIX CETEBOI0 TpaduKa HCIOJIb-
30BaHME MEXaHW3Ma BHUMAaHHs IO3BOJSIET pac-
LIMPUTh HUH(POPMATUBHOCTH O IOBEACHUM CHUCTE-
MBI Ha OCHOBE IMapayijieIbHOTO MHOTOMOAAIBLHOTO
aHaJIM3a JTaHHBIX, YTO TAK)XE IO3BOJISET CHU3UTh
4acTOTy JIOKHBIX cpaOaThIBaHUHM TPU JETEKTHPO-
BaHWUU aHOMAJINH.

[Ipobnembl MoOIIEHHHYECTBA TPU HCIOIH30-
BaHWU OaHKOBCKHMX KapT TOKa3ald, YTO TPaBOHA-
pYLIeHUs B JaHHON cdepe SBIAIOTCA Cepbhe3HON
yrpo3oil  ycHemHoro (QyHKIMOHUPOBaHUs OaH-
KOBCKOW cHCTeMbl. B KauecTBe ajlropuTMOB IITy-
Ookoro oOydeHHsT OBUTH PAacCMOTPEHBI MPOCTast
MIOJTHOCBSI3HAS CETh M TOJIHOCBSI3HBIN MEpLENnTPOH
Pymensxapra ¢ pasHelMH Iapamerpamu. Pesynb-
TaThl IOKa3aJH, YTO aJrOPUTMBI [ITYOOKOTro 00yye-
HUSL JEMOHCTPHPYIOT Oojiee BBICOKYIO CKOPOCTb
paboTel U Oosee mpHeMieMble 3HAYCHUS METpPHU-
KM TOYHOCTH [0 CPAaBHEHHIO C alrOpUTMaMH
RandomForest, CatBoost, LogisticRegression [21].

B rubpuaHoii Monenu aBTOSHKOAEpP OTBEYa-
€T 3a BBISBIIEHUE MPOCTPAHCTBEHHBIX aHOMAJHMH B
TMaHHBIX, a Moaenb LSTM — s ydeta BpeMEeHHBIX
3aBUCHMOCTEH B TOCJEIOBATEIHHOCTH WX TOSB-
nenns [22]. JlaHHBIH METOJ TO3BOJISIET 00pabdaThI-
BaTh HecOaJaHCHpOBaHHBIE HAOOpPHI MAaHHBIX, Ta-
paHTHpys OOHapyK€HHE MOIICHHHYECKHX CXEM B
BUJIE OTPEIEIEHHBIX aTTEPHOB.

BaxxHo 3aMeTHTh, 4TO C LEJIBIO peann3alnuu
aJanTUBHOCTA K HOBBIM JaHHBIM Monenu WU
JOJDKHBI HMMETh BO3MOJKHOCTH — «IOOOYUCHHS».
Haubonee s ¢dexTHBHBIM METOAOM UIS peann3a-
LUK JaHHOTO Tpolecca sABIeTcs: 00ydeHUe ¢ MoJ-
kpemienneM (RL), B paMKax KOTOPOTO MOZAEIH
00y4aloTCcsi Ha OCHOBE B3aMMOJCHUCTBHS CO CBO-
el cpemolt W mony4eHuss oOpaTHOW CBS3M Ha OC-
HOBE pE3YJbTaTOB COOTBETCTBYIOIINX JEHCTBHU.
Wnrtepecern meton Windows Deep Transformer
O-Networks (Windows DTQN), IOCTpOCHHBIA Ha
ocHoOBe cTpyKTypsl DTON. Windows DTQON mnpen-

CTaBsieT coOOM YNMyYIIEHHYIO apXHTEKTYpy, KO-
TOpasi yCTpaHsieT MpoOIeMy 3aBBINICHUS OICHOK
B DON 3a cuer yMmeHbIIIEHUs] pa3dpoca 3HaYeHUH
O, TeM cambIM TOBBIIIAsT KA4ECTBO BXOIHBIX JIaH-
HBIX W TIOBBITIAA 39(P(hEeKTHBHOCTH OOYUEHHUS TPaHC-
hopmepos.

B pesymerare mpOBEAEHHOTO OSKCIIEPHMEHTA
OBUTO TIOATBEPKIEHO, YTO MpeJiaraeMas cxema
MPEBOCXOUT YACTUYHO HAOIIOJaeMbIli MapKOB-
CKHMH MPOLIECC MPUHATHUS PEILICHUMN.

CpaBHHTENBHBIE PE3YNBTaThl IO TAKUM IO-
KazaTeJsiM, KaK 4acToTa JIOKHBIX CpadaThIBaHHH,
TOYHOCTH W ITIOJIHOTA B PaMKax MPOBEIEHHBIX JKC-
MEPUMEHTOB, TOKa3bIBAIOT, YTO MPH HCIOIb30Ba-
HUHM TpaHC(HOPMEPOB B COUYETAHMM C KiaccHUuec-
kuMu Mozesimu UM mocturaercsi camblil HU3KUHA
YpOBEHb JIOXKHBIX cpabarbiBanuii — 3,87 %, Ha
BTOPOM MECT€ WAYT TpaJullMoHHbIe Monenmu N —
4,28 % u 3aMbIKalOT peHTHHT aHcamOleBble Me-
togsl — 5,07 %. Takum oOpa3om, HnpuUMEHEHHE
THOPUIHBIX TpaHCHOPMEPOB IS pPEHICHUS TIPO-
OJIeMBI JIOKHBIX Cpa0aThIBaHUU SIBIISIETCS Oolee
paIOHATBHBIM PEIICHUEM.

Ilo moxazarenmio TONMHOTHI CHOBA JHAMPYIOT
QITOPUTMBI TITYOOKOTO OOYYEeHHS CO 3HAYCHUEM
94,78 %, mokaspiBasi cBOK 3()(HEKTUBHOCTH B 00-
Hapy>XCHUU OOJNBIIMHCTBA MCTUHHBIX aHOMAJINH.
3a HUMU CIenyIOT aHcaMOJeBble METO/bl CO 3Ha-
yenueM 93,67 % u TpamunmonHsle metoasl MO
co 3gauenneM 93,15 %.

Hcxonss W3 BBILIECKA3aHHOTO CIEIYET, YTO
YeM HIDKE 3HAUCHHE KOJIMYECTBa JIOKHOIIOJIOXKHU-
TENbHBIX CpabaThIBAaHUH, TEM BbILIE 3HAYCHUE TOY-
HOCTH, YTO CIIOCOOCTBYET OOINEMY TOBBIIICHUIO
TOYHOCTH TIpU OOHapykeHuu aHomanuii. Kpome
TOTO, YeM HIDKE KOIWYECTBO JIOKHOOTPHIIATENb-
HBIX Cpa0aThIBaHWW, T€M BHINIE 3HAYEHHE IOJHO-
TBI. TakuM oOpa3om, Hamboiee 3PPEKTUBHBIC CH-
CTeMBl OOHApYXEHHS aHOMAJIUH MHUHUMHU3HUPYIOT
HE TOJBKO JIOKHOIOJOXKUTEIbHBIE, HO H JIOKHO-
OTpHIIATENIbHBIC CPa0ATHIBAHUS, TEM CaAMbIM YIyd-
mas noiHoty. [lpuMeHeHne THOPHIHBIX TpaHCc-
¢dbopMepoB, aganTUBHO OO0ydYyaeMbIX Ha OCHOBE
MeTona oOydeHHUs ¢ moAkperuieHueM Windows
DTQN, nnst cpen o0nauHbIX BBHIYUCICHUH, T BbI-
COKasi HaJIeKHOCTh U TOYHOCTb UMEIOT peliaroliee
3HauUeHHe, SBISETCs Haubonee palMOHaIbHBIM
peleHreM.

CHmKeHHe 3HaueHHs YPOBHS JIOKHBIX cCpa-
0aTeIBaHU B CHUCTeMax OOHapyXEeHUs aHOMAalUi
Ha ocHOBe MU moBbIlIaeT 3HaueHHE ypoOBHS Oe3-
OITAaCHOCTH JAaHHBIX B CHCTEMaX, HCIIONB3YIOIINX
oOyraduHbIe BhIUMCIEHUS. Pe3ynbraThl TOKa3bIBAIOT,
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YTO TpPUMEHEHHE THOPUIHBIX TpaHCc(HOpPMEpPOB B Ui pelICHHs] AaHHOW 3a/laydl 3HAYUTEIBHO Mpe-
COYETaHHU C METOJIOM O0yUEHHS C MOJKPEIUICHHEM  BOCXOISAT TPaAUIMOHHBIE MeToabl MO.
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INPUHIUIIBI TIPOEKTUPOBAHUS
INOJIB3OBATEJIBCKOI'O HUHTEP®ENUCA
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TTOJTB30BATEILCKUNM WHTEPQEHC; TPUHITUIIBI TTPOCK-
TUPOBAHUS; ITUPPOBON TMTPOIYKT.

Annomayus. B crarbe paccMaTpuUBaeTCsl BO-
poc mpoekTupoBanus nHTepdeiica. Llens nccie-
OOBaHUA — IOHATH BOIIPOC OPUCHTHUPOBAHHOCTHU
0JIb30BaTEIbCKOTO MHTep(elica u ero padory. 3a-
Jada —HucCCJIeA0BaTh NPUHIUIIBI, KOTOPLIC HCO6XOZ[I/I-
MO cOOMIOaTh NMpH MPOSKTUPOBAHUU WHTEpeiica,
a TaKKe ero BIMsAHUE Ha paboTy NPOrpaMMHO-
ro obecrniedeHusi. MeTogoM HCCIeIOBaHHs BBICTY-
MWJIO AaHKETUPOBAHUE CTYJAEHTOB. Pe3ynbrarsl BBI-
pakeHbI B TaONHIIE U BBIBOZAX.

Bormpoc mpoektupoBaHus wHTEpdEiica CIoX-
HBIN ¥ aKTyaJIbHBIA. [locMoTpHrTE, KaK MHOTO TTH()-
POBBIX TIPOAYKTOB Ha PBIHKE, KOTOPHIE HE TOJb-
3yI0TCsl crpocoM. Bosnmkaer Bompoc, a mouemy?
O)II/IH H3 OTBETOB KPOCTCA B TOM, UTO IIPOCKTHUPO-
BaHHE HE CTalo (pyHIaMEHTAIbHOW M PaBHOIPAB-
HOM 4acThIO TUIAHWPOBAHUS TPOJYKTa U €T0 pa3pa-
OOTKH.

I'maBHBINA BOIPOC NPOEKTUPOBAHUS — 3TO OPU-
SHTHUpOBaHuE Ha yenoBeka. [lonumars ero morpeo-
HOCTH, KCJIaHUSI, MOTUBAIIMIO JIJISl UCTIOIh30BaHUS
npoaykTa. [IpofyKT AOIKEH yUUTHIBaTh TOUKY 3pe-
HUS TIONB30BATENsl, a 3HAYMT, OBITh KEIAEMBbIM U
MIPaKTHYHBIM, a €Ille SKOHOMHUYECKH OIPaBIaHHBIM
YU TeXHUYECKH MpuemieMbiM. Ecim mpoaHanmmsu-
poBarh paboOTy H3BECTHBIX OpPEHIOB, TaKMX Kak
«Apple», MBI yBUANM, YTO OHH OPHEHTHUPYIOTCS Ha
OTpeduTeNsl, YIYUTHIBAs BCe MEJKHE HIOAHCHI pa-
0OTHI TIOJTB30BATEIILCKOTO HHTEpdeiica.

Jlns Toro 9ro6bI MPOAYKT OBIT BOCTpeOOBaH,
HEOOXOJIMMO YYHTBIBATh MPHHIUITBI MPOEKTHPOBA-
HUS TIOJIb30BaTeNbCKOro HHTepdeiica. OcHOBHOM
MIPUHIMIT TPOEKTUPOBAHUS — 9TO 00MEH HH(pOopMa-
nueid. Takue MPUHIMITBI TPOEKTUPOBaHHs 0OMeHa
MIPEJICTABIISIOT OO0 OOIICTPUMEHUMBIC TPABUIIA,
KOTOpBIE PELIalOT BOMPOCHI MOBEACHUS, (OPMBI U

HanoHeHnsA. OHU COAEHCTBYIOT MTPOEKTHPOBAHUIO
MOBEJICHUST TIPOAYKTA, IOJJICPKUBAIONIETO  TI0-
TpeOHOCTH B IEINsX MOJNb30BaTeNed, CO3MaI0T TO-
JIOKUTECJIBHBIC BIICYATIICHUSA OT IPOCKTUPYEMOIO
MpoayKTa. IT0 HAOOp MpPaBUJI, OCHOBAaHHBIX HA Ha-
X HEHHOCTAX KaK MNPOCKTUPOBHIMKOB W HAIIEM
ombiTe. B OCHOBE JIEKUT YBEPEHHOCTH B TOM, YTO
TEXHOJIOTHS JOJDKHA CIYKUTh UHTEJIEKTY ¥ BOOO-
pakeHHI0, a He Hao00poT. ONBIT B3aUMOIACHCTBUS
YeJoBeKa C TEXHOJIOTHEH IOJKEH CTPYKTYPHpPO-
BaTbCsi B COOTBETCTBHU C €r0 CIIOCOOHOCTSAMH K
BOCIPHUATHIO U TTO3HAHHIO.

[IpuHNIUTE paboTarOT Ha HECKOIBKHUX YPOB-
HSX JETAIN3alNN: OT OOIIel MPaKTHUKU MPOEKTH-
pOBaHUS B3aMMONEHCTBHUS /O KOHKPETHBIX TOA-
pobHocTtelt mHTEpdetica. ['paHUIBI MEXKITYy ITHMH
KaTeropusiMi pa3MbIThl. CaM¥i TPUHITAITET MOXKHO
YCIIOBHO Pa3/IeUTh Ha CICAYIONINE KaTerOPUH:

— KOHIECITYaJIbHBIC TPHUHIMUIIBI ITOMOT'arOT
OMNpPENeNTh, KakK JOJDKSH BBINIAACTh HU(POBOI
NMPOAYKT M KaK OH BIIMCBIBACTCA B IIII/IpOKI/Iﬁ KOH-
TCKCT HUCIIOJb30BaHUA, HCOGXOHHMLIﬁ I10JIB30BAa-
TEJISAM,;

— TOBEJCHYECKHE NPHHLMUIBI ONUCHIBAIOT,
KakK MPOAYKT AOJKEH BecTH cels (B 00IIeM U KOH-
KPETHBIX KOHTEKCTAaXx);

— TNPUHUUNBI MHTEPPEHCHOrO YpPOBHS OIH-
ChIBalOT AP PEKTUBHBIE CTPaTETHH OPTraHU3aIINH,
HaBUTAIlNH, TIepeaayd HH(OOPMAIIH U ITOBEICHUSI.

BoNbmMHCTBO MPUHIMIIOB MPOEKTHPOBAHUS
B3aMIMOJICHCTBUS W BH3yalM3aluu WHTep(eiica
nMeeT Kpocc-TutaTdopMeHHyIo mpupoay. Hekoro-
pble WIaTGOPMBI, TaKHe KaK MOOHMIIBHBIC YCTPOM-
CTBa, BCTPOCHHBIE CHUCTEMBI, TPEOYIOT 0CO0OTO
BHUMaHMs U3-3a OTPAHUYECHHUI pa3Mepa dKpaHa,
crioco0a ynpasJieHHsI H KOHTEKCTa UCIIOIb30BaHHUSI.

OnHa W3 1eneil, KOTOPBIM CITy)Kar MPUHIIH-
bl TPOCKTHUPOBaHHA, — 3TO OINTUMHU3AlIHWA OIIbI-
Ta TIONB30BaTeNsl BO Bpems oOMeHa HH(popMa-
UM C TPOAYKTOM, YTO O3HA4YaeT MHUHHMH3AIUIO
paboThI.

Pacnipoctpanennoii u o0OmenpuHsaToil popmoit
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MNPOCKTUPOBAHUA SABJIAIOTCA HIa6J'IOHI)I, KOTOPBIC
MPEACTABISIOT COO0M CPeACTBO Ul COXPaHEHHS
MOJIE3HBIX PEIleHUH M3 00JAaCTU MPOEKTHPOBAHUS
1 UX 0000IIEHHS C LETbI0 PELICHUSI aHAIIOTHYHBIX
3aga4. Jta padoTa no GpopManuzanuy 3HaHUH mpo-
EKTUPOBIIMKOB U COXPAaHEHHWIO YIaYHBIX PEIICHUH
CIIY’)KUT CIIEYIOITUM TIEeIISIM:

— COKpAIIlEHUIO0 BPEMEHHU MPOEKTUPOBAHUS H
o0BbemMa pabOTHI B HOBBIX IPOEKTAX;

— TIOBBIIIEHUIO Ka4eCTBa PEIICHUN;

— yHOpomIeHW0 oOMeHa WHpOpMannued Mex-
Iy TIPOEKTUPOBIUKAMH U pa3paboTunKaMu;

— TOBBIIIEHHIO MPOPECCHOHATHLHOTO YPOBHS
IIPOCKTUPOBILHKA.

[I1abnoHBI MPEACTABISIFOT ONTHMAaJIbHOE B3a-
UMOJICHCTBHE JUIsl TIONIb30BaTeNsl W Kiacca JeH-
CTBHﬁ, AJI1 KOTOPBIX OHU NPpE€AHA3HAYCHBI.

[1aboHBI MPOEKTHPOBAHUS B3aUMOACHCTBHUS
KIaccu(UIMPYIOTCST KaKk HepapXuieckas CTPyK-
Typa, pa3essisich M0 YPOBHSIM: OT CUCTEMHOTO 10
OT/AENBbHBIX BHDKETOB wuHTepdeiica. IllaGmonsr
MOTYT TIPUMEHSTHCS B Pa3NIUYHBIX YPOBHSIX Opra-
HU3alUU PabOTHI.

1. CruneBble mAaOIOHBI TPUMEHSIOTCS Ha
KOHIICTITYaJTbHOM YPOBHE M TIOMOTAIOT OIIPEIEIUTh
o0miee KpeAao MPOAyKTa B OTHOIIEHHH IIOJIB30-
BaTels.

2. CrpyKTypHBIE WIA0JIOHBI peEmIaloT 3a7a-
YH, OTHOCSIIHMECS K pasMelleHHI0 HHYOpMALUKN 1
(hyHIaMeHTaIbHBIX 3JIEMEHTOB Ha dKpaHe.

3. TloBeneHueckue mMaOIOHBI PEIIAIOT CIIEKTP
3aaa4, CBA3aHHbIX C KOHKPETHBIM B3aHMOILeI>‘ICTBH-
€M C (byHKIII/IOHaHI)HI)IMI/I HIIn I/IHq)OpMaIII/IOHHI)IMI/I
JNIEMEHTaMH.

dopmupoBaHue BHYTPEHHEr0 Karajora Iia-
OJIOHOB — OJIHAa M3 CTOPOH OOY4YEeHHUsS] MPOCKTUPOB-
muka oOMeHy uHpopmanuei.

PaccmoTpuM HekoTOpBIE M3 MPHHIUIIOB (hop-
MUPOBaHUS TPWIOKEHUS JUIS CO3IAaHUS WHTEP-
(eiica.

1. KomrmbioTep BBHITTOMHSET pabOTy, a YEIOBEK
TyMaer.

WneanbHoe pasnmeneHne Tpyaa B IHQPOBYIO
OIIOXY BHOJIHE OUCBUAHO: KOMITBIOTEP HOJIXKCH BbI-
MOJHATH Pa0OTY, a YeNIOBEK JODKeH ayMmarh. Yemno-
BEK Ha CaMOM JIeJie He HYKIAeTCsl B IOMOIIH 10
yacTh MbInuieHnst. [1o cnocoOHOCTH BBISBIATH IIa-
6J'IOHI)I 1 TBOPUYCCKH PEIIATh CJIOXKHBIC 3a/1a4l MBI
MOKa HE MMEEM KOHKYPEHTOB B MHPE MHKPOCXEM.
Ham nyxHa momomip B paboTe Mo yHpaBlICHHIO
nHpOpMaeld B TaKUX ONEpalusaX, Kak BBIOOpKa,
aHaJiN3, OpraHu3alus ¥ BHU3yaJbHOE MpeacTaBlie-
nue uHpopmanun. C NpUHATHEM pELIeHUH Ha oc-
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HOBE 3TOW MH(OPMAIUH JIydllle BCETO CIPaBISIOT-
Cs JIFONIU.

2. Ecnu monp3oBaTeib CUATACT HYKHBIM BbI-
MOJIHUTH JAEWCTBUE, TO TNPHJIOKEHHUE JOJIKHO €ro
JefiCTBHE 3aIIOMHHUTb.

Kaxnpiii pas, Korma Baie NPUIOKEHHE OKa-
3bIBAETCS MEepes BHIOOPOM, 0COOEHHO KOTrJa BBIOOD
npeasaraeTcs chenarb I0Jb30BaTeNi0, MPHIIOKe-
HUE JI0JDKHO 3allOMHHATh HH(POPMALIMIO MEXAY 3a-
myckamu. BMecTo BBIOOpa JKECTKO 3amporpamMMu-
POBAaHHOI'O 3HAYCHMS 10 YMOIYAHUIO IPUIOKECHUE
MOXET MCIIOIb30BaTh MPEABIIYLIYI0 HACTPOUKY.
BmecTo Toro 4ro0BI 3aCTaBIATH [10H30BATENS BbI-
Ouparp, MPUIOKEHHUE JTOJHKHO CaMO BBIOpaTh 3Ha-
YeHHe, KOTOPOe IOJIb30BaTelb YK€ BHIOpaji B IO-
CIEeHUN pa3 M MPEAOCTAaBUTh €My BO3MOXKHOCTH
W3MEHHTH €r0, €CIH IMPEANOIIoKEeHHE ObUIO OIIU-
604HO.

3. Pemenue mo BbIOOpY TEXHMUYECKOH ILIat-
(hopMBI Tydllle NIPUHUMATh OPU YYaCTHH MPOCKTHU-
POBILMKOB B3aUMOAECHCTBUS.

VY NpoayKTOB UMEeTCsl CIOCO0 MPEACTaBUTHCS
nojib3oBaresiM. [lmardopma u cTuib mpencras-
JICHHSI TECHO CBSI3aHbBI: Pa3HbIC allapaTrHble IIaT-
(¢opMbl CHOCOOCTBYIOT Pa3HBIM IOBEJCHUYECKUM
no3unysM. [IprioskeHre coruansHoi cetu, pado-
Talolee Ha CMapT(oHE, ITOIKHO MOAJEPKHUBATH
IpyrHe BUAbI B3aUMOACHCTBHS C I10JIb30BATENIEM
U YPOBHHU B3aUMOJICHCTBUS, YeM INPHIOKEHHE CO
CTPaHWYHBIM MaKeTOM, padoTarolee Ha HacTOIb-
HOM KOMITBIOTEPE C OOJIBIINM SKPAHOM.

4. OnTUMHU3UpPYITE MOHOMOJbHBIE MPUIIOKE-
HUS JUIS TTOJTHO3KPAHHOTO pPeKnMa.

[Ipunoxenue MOMKHO TOAJIEPKUBATH H3MeE-
HEHHUE pa3MepoB M HOPMAJIBbHO paboTaTh B JAPYTHX
9KpaHHBIX KOH(QUTYpaHIX, HO HHTEep]elc ToKeH
OBITH ONTHMHU3UPOBAH JUIA ITOJIHOOKPAHHOTO HC-
I0JIb30BaHMSL.

5. MoHomnoneHble  MHTEPHEHCH  JOIKHBI
MPUACPKUBATBCS KOHCEPBATHBHOTO BH3YaJbHOTO
odopmIIeHHS.

[lonp3oBarens noaroe BpeMst BUAUT MOHO-
[I0JIbHOE MPUJIOKEHHE, TI03TOMY HEO0OXOIMMO IIO-
CTaparbCsl NPUNIYLINTh LBETa M TEKCTYPbl B BU-
3yanbHOM odopmieHuu. Ilanurpa nBeToB NOKHA
OBITh KOHCEPBATHUBHA.

6. IlocTpoenne BpeMEHHBIX MPUIOKEHUIH
YUHTBHIBAET TaKUE COCTABIAIONINE, KaK MPOCTOTA,
HaIVISTHOCTD U MTOHSTHOCTD.

[IponykT ¢ BpeMEHHBIM CTWJIEM TIPEACTaB-
JICHHUSI TPUXOOUT M YXOAWUT, MPEACTABISAS OIHY
(YHKIMIO C OTpaHWYeHHBIM HaOOPOM COTPOBO-
KIAIOMIMX DJIEMEHTOB yhpasieHus. [Ipunoxenue
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Tabauna 1. Pesynsrars! onpoca cTyIeHTOB

Bomnpoc Pesynbrar onpoca
CTaNKHBAIKCh T BBl C HEIOOHBIM II0IB30BATEILCKAM HHTEP(EHCOM B pasinuHbix kusHenHsix | Aa | 91
CUTyanusx? Her | 1
CrankuBasich ¢ HEyOOHBIM IOJIb30BATENILCKUM HHTEp(eiicoM mpu paboTe ¢ MPHUIOKESHHUSIMH, BbI Ha | 87
HePEXONIIN Ha JIPYroi aHajor? Her | 5
Jda | 50
Br1 co3naBanu cBoe nporpammuoe obecrieuenue (I10)?
Her | 42
Ipu cosnanmu cBoero 11O, CTONKHYBIIMCH CO COKHBIM HHTEpdeiicom, Haxomuu Gonee yroGusi | A2 | 33
aHayor? Her | 15

AKTUBU3MPYETCS 10 Mepe HeOOXOAMMOCTH, MOSBIIS-
€TCsl, BBIIIOJIHSIET CBOKO paboTy, a IOTOM HCUYE3aeT,
MO3BOJISIST  TIOJIB30BATENIO TMPOJOIKUTH HOPMAJh-
HYI0 JeATelIbHOCTh. [IpuiokeHue He 3ajepKuBa-
€TCSl Ha DKPaHE MPOAODKUTEILHOE BPEMs, IOJIb-
30BaTcJib HC HOJ'Iy‘-IaCT BO3MOXHOCTB I/I3y‘-II/ITI) €ro.
DJeMEHTBI YIIPaBIICHUS JOJDKHBI MPEICTABISATHCS
YETKO U OJJHO3HAYHO 0€3 pUCKa OIMIMOKHU WU IyTa-
HUIBL, @ caM UHTep(helC TOIKEeH OBbITh TMOHSATHBIM
Y TIPAKTHYHBIM.

UToObI TMOHSATH, HACKOJIBKO BOIIPOC IMOIB30-
BaTeNIbCKOTO HMHTepdeiica SBISETCS BAKHBIM IS
CO3aHMs MPUIOKEHHUM, CTylneHTaM MoToka «JH-
(hopMaTka W BBIYHCIUTENIBHAS TEXHUKa» OBLIO
MIPEIIOKEHO  3alOMHUTh aHKETY, BCET0 OBLIO
omporieHo 92 crymeHTa. PesynsraThl MpUBEICHBI
B Ta0m. 1.

He Bce ompammBaembie paboTanum ¢ co3ma-
muem [10. Kak Mbl BUIUM, CTYAEHTBI, 00ydasch
y)K€ Ha TPETheM Kypce, €llleé HE HUMEIOT IPaKTH-

KM CO3[aH¥sl TporpaMMHOro obOecrneueHus. U3
92 yenosek 50 crtymeHtoB co3maBaiud 10O, uto
coctaBuger 54 %. Ha ocHOBaHWMM 3TOro aHKETH-
pOBaHUS MBI BHIUM, YTO BOIIPOC CO3TAHUSI M HC-
TTOJTB30BAHMS TTOJTB30BATEIILCKOTO WHTEpdeiica ak-
TyaJleH.

[Ipoananu3mpoBaB OTHOIIIEHUE TTOTB30BATENICH
K paborte uHTepdelica, MOXKHO cHeaTh CIEIyI0-
[Ue BRIBOABL. Eciiu mpuaepKuBaThCsi XOTs OB Tie-
PEYHCIEHHBIX MPUHIIAIIOB B MPOCKTHPOBAHUU WH-
Tepdeiica, TO MPOIYKTHI, KOTOPHIC BBITYCKAOTCS,
CMOTYT YJOBJIETBOPHUTH MOTPEOHOCTH IMOJIb30BaTe-
51, [Ipy mpoekTUpOBaHUH HE HYXKHO MpeHeOperarh
nHTepdericoM, Belb HEYIOOHbIC 3JIEMEHThI YIIPaB-
JICHUS Y MOSBIISIONINECS B HSIIOAXOMSIUN MOMCHT
JIUAJOrOBbIE OKHA Pa3lpa)kaloT —I0JIb30BATENsl.
HyxHo o0si3aTenbHO mpopabaThiBaTh BCE MOAPOO-
HOCTH U yOEIUTHCS B TOM, YTO B3aWMOJIEHCTBHE C
MIPOYKTOM COOTBETCTBYET IEJISM, 3aadaM W TI0-
JKEJIAaHUSM I10J1b30BaTEIs.
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PASPABOTKA BUPTYAJIBHOI'O TPEHAKEPA
AJA IMOATI'OTOBKHU JIEKTPOTEXHHUYECKOI'O
N JIEKTPOTEXHOJJIOI'MYECKOI'O ITIEPCOHAIJIA

Kniouesvle cro6a: acMHXpOHHBIN AJEKTPOIBU-
rarejlb; BUPTYJIbHbBI TPEHAXKEP; KOMILIEKTHOE
pacnpenenuTeIbHoe YCTPOHCTBO; MOJIENb; 00yde-
HUE; MPOLECC; TEXHOIOTHH.

Aunomayus. B Hactosiiee BpeMsl BUPTyallb-
HBIE TPEHaXXEPHI CTAHOBSTCS BCe Oojee MOIyJsp-
HBIMH WHCTPYMEHTAaMH OOy4eHHsI, KOTOpbIE MTO3BO-
JISTFOT MOJyYaTh 3HAHUS B HHTEPAKTUBHOHN (opMme.

OfHUM W3 TEPCIEKTUBHBIX  HAMpaBlICHUH
MPUMEHEHUSI BUPTYAIBHBIX TEXHOJOTMH SIBIISICT-
Csl CO3/IaHKME BUPTYAIBHBIX TPEHAKEPOB, KOTOPHIC
MO3BOJISIIOT MOJICJIMPOBATH peallbHbIE CUTYAIlUH H
mporieccel, obecrieunBas Oe3omacHyo u dhdek-
TUBHYIO Cpely sl oOydeHHs. ABTOpaMu TIpel-
JIOKEH METOJ| aBTOMaTH3MPOBAHHOTO IOCTPOCHUS
BUPTYaJIbHBIX TPEHAXKEPOB UL U3Y4YCHUS HU3KO-
BOJIBTHBIX W BBICOKOBOJIBTHBIX 3JICKTPOYCTAHOBOK,
KOTOpPBIC OTKPLIBAIOT HOBBLIC BO3MOXHOCTHU JJId
npodeCcCHOHAIbHON TMOATOTOBKH CIHEIHANCTOB,
MO3BOJIAA UM OCBAaMWBATh MPUHIMUIIBLI pa6OTI)I, TCX-
HUYECKOTO OOCIY)KMBaHUSl, MUHUMH3UPYS PUCKU
MOBPEKACHUS JOPOTOCTOSIETO OOOPYIOBAaHHS H
TpaBMUPOBaHUs MepcoHana. Takoil moaxon mpeno-
CTaBJIIET BO3MOXKHOCTh MHOTOKPAaTHO TOBTOPSThH
yueOHbIC CUTYAllUH W aHATN3UPOBATh OIITHOKH.

O0ocHOBaHa HEOOXOJAUMOCTh HCIONIb30BAHUS
1 pa3paboTKH BHPTYaIIbHOTO TpeHaXkepa, CIoco0-
cTByIOero ApQPeKTUBHOMY OOYYEHHIO W yMEHbB-
IICHUIO YHUClIa OIIMOOK, JIOMYyCKAeMBIX IPH pe-
MOHTE aCHHXPOHHBIX JJIEKTPOJBUTATEIICH U sSYCeK
KOMIUIEKTHOTO PacTpe/IeIUTENIbHOTO yCTPONCTBA,
a TaKKe COKpAIICHUIO PACXOJ0B, BO3HUKAIOIINX
BCJIEICTBHE JAHHBIX OLIMOOK.

Lenpio paboTHl SABIAIOTCS OOOCHOBAaHUE W
pa3paboTka BUPTYaJbHOTO TpeHaXkepa I o0yue-
HUS BBITIOJHEHHUS COOPKH, Pa30OpPKH M MOAKIIIO-
YeHHUs! Tpex(Pa3HOro aCHHXPOHHOTO 3JIEKTPOJIBUTa-
TEJISl ¥ SIYEeK KOMILJIEKTHOTO PaCHpeleInTeIbHOTO
yCTpOMCTBA.

Jns moCTHKEeHUS IIOCTaBIIEHHOW IIETH BbI-
TIOJTHEHBI CIICAYIONINE 3a/laun: MpoaHaIN3UpPOBaH
PBIHOK BHPTYaJIbHOM peasbHOCTH, IPOU3BEIE-
Hbl TOMCK W aHallu3 CYIIECTBYIOIIUX aHaJIOroB
MPOrpaMMHOTO TPOAYKTA, OCYIIECTBIECH BBIOOD
CpeACTB pa3pabOTKH, CO3[JaH BHPTYaJbHBIH Tpe-
Haxep.

MerToznpl: aHaU3 CYIECTBYIOINX HHCTPYMEH-
TOB Pa3pabOTKHU U MOAETUPOBAHHE.

['unoTe30i1 siBnsieTCS NaHHBIA BUPTyaJIbHBIN
CUMYJISITOp, INpEJHA3HAUYCHHbIH A7 OOy4YeHus H
MOBBIILICHUS KBaJM(HUKALUU HOBBIX U JIEHCTBYIO-
mux paboTHUKOB. Pa3paboTaHHBIN BUPTyalbHBINA
CUMYJISITOP MOYKHO aJaNnTHUPOBAaTh K CKOPOCTH YC-
BOGHUsI MHGOPMALMM M YPOBHSIM I[OHUMAaHUI U
ocBoeHusi Marepuana. Co3maHHass IporpaMma Mo-
JKeT OBITh HCIIONIb30BaHa ISl MPOTHO3MPOBAHUS
BO3MOJKHBIX TIPOOJIEM DKCIUTyaTallid U aBapUHHBIX
CUTYyaIMi BO BpeMsl IKCILTyaTalli HU3KOBOJIBTHBIX
1 BBICOKOBOJIBTHBIX 3JIEKTPOYCTAHOBOK.

CeroHs pPBIHOK MMMEPCHUBHBIX TEXHOJOTHMA
SIBIIIETCSL CaMbIM OBICTPOPACTYIIMM B MHpPE, OT-
KpbIBasi HOBBIE TOPU3OHTHI JJIsi TOJBh30BaTENeH
W TpeanpuHuMarernei. PasmMep MHpPOBOTO phIHKA
BHPTYQJIbHOW PEaThbHOCTH OIEHWBACTCS IOYTH B
$40 mapa B 2024 1. [6].

B oOydennn Bce damme W dYaiie HCHOIB3YIOT
BHPTyaJIbHBIE TPEHAXEPHL. VX MOMynsIpHOCTh MOX-
HO OOBSCHUTH HECKOJIBKMMH (akTopamu. [Ipexme
BCEro OHM 00eCIEeYMBalOT 0E30MACHOCTh MPH H3Y-
YEHUU U OTPabOTKE CIOXKHBIX HABBIKOB, T OIINO-
KM MOTYT TIPUBECTH K KaTaCTPOPHUUECKHM II0-
cnencteusiM. [lonp3oBaresin MOTYT 0OydaThbest 0€3
CTpaxa HaBpeIUTh cebe wiu apyruMm Jioasm. [lo-
STOMY BUPTYaJIbHBIA TPEHAXKEP aKTUBHO BHEIPSICT-
Csl B IPOU3BOJICTBEHHYIO U 00YUaIONIYI0 OTPACIIH.

Co3nanue BUPTYyalbHOIO TpEHaXKepa — 3ada-
4a, TpeOyromass KOMIUIEKCHOTO TIO/IX0/Ia M UCTIONb-
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Puc. 1. Maker npoekTa sSTYeMKH KOMIUIEKTHOTO PACIPENETUTENBHOIO YCTPOMUCTBA

30BaHMS CICIHAIU3UPOBAHHOTO MPOTPAMMHOTO
obOecnieuenus. [lepen Hauanom paboOThI KpaiiHe
BaXKHO OMPEACIUTHCS C MHTETPUPOBAHHON Cpenoit
pa3pabotku. Pa3paboTka BUPTyalbHOTO TpEHAXKE-
pa BKIIFOUaeT B ceOs HECKOIBKO KITFOUEBBIX aCIICK-
TOB, TaKMX KaK CO3JaHHE TpapuuecKoro HHTEp-
(etica, mMonmenmpoBaHue (UIUYECKUX MPOIECCOB
Y B3aUMOJICHCTBHE C TOJH30BATEIIEM, KAKIBIA U3
KOTOPBIX TpeOyeT OTHeIbHOro BHMMaHUs. [y mx
peanm3anuy ObUTH BHIOPAHBI CIEAYIONINE CPEACTBA
paspabotku: Unity, Blender, SQOLite.

Cozmanne BHUPTYaJbHOTO TpEHAXKEpa HAYH-
HaeTcs ¢ pa3padOTKH TPEXMEPHOH MOJEITH KOM-
IJICKTHOTO PACTIPEACIIUTEILHOTO YCTPOMCTBA |
Tpex(a3HOr0 aCHHXPOHHOTO 3JICKTPOJBUTATEIIS.
Blender nonnepxupaer (U3NYCCKUE CHUMYJISIUH,
Takue KaK JBUKCHHE, CTOJIKHOBEHHUS U B3aUMO-
IEeNCTBUSA OOBEKTOB. Moneln M aHUMAalUH, CO3-
JIAaHHBIE B TIPOTPaMMe, MOXKHO SKCIOPTHPOBATH B
MOMYJISIPHBIE MTPOBBIC JIBUXKKH, Takue kak Unity,
YTO JIeTIAeT €ro MOAXOJSAIINM WHCTPYMEHTOM ISt
pabotsl [1-2].

Unity — 3TO MOUIHBIA UTPOBOW ABUKOK, HC-
MOJTB3YEMBIM  JIISL  CO3/aHWsl Pa3IMYHBIX WHTE-
PaKTUBHBIX W BHPTYAJIbHBIX NpuiokeHuid. OH
MTOJIICP)KUBACT IMUPOKUN CIIEKTP S3BIKOB TIPO-
TPAaMMHPOBAaHUS W TpeayiaracT OOTaThlii BBEIOOP
WHCTPYMEHTOB ISl CO3MaHus rpaduku, Gu3suku u
anuMaruu. Kpome TOro, OH JIeTKO HHTETPUPYET-
Csi C Pa3sTUYHBIMHA YCTPOWCTBAMH BBOJA-BBIBOIA,
TAaKUMH KakK JOKOMCTUKM M IIJIEMbl BUPTYaJIbHOU
peanbHOCTH.

HakoHnern, HEoOXOAMMO TPEAYCMOTPETh CH-
CTeMy YIIpaBlieHUs] 0a3aMu JaHHBIX JUISI XPaHEHUS
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nH(popMaIK 00 WHCTPYKIHMAX, DKCIUTyaTallud W
pesynbratax oOydeHus. C moMmomipo 0a3bl JaH-
HBIX MOXHO 3((EeKTHBHO yHpaBISATh YYETHBIMU
3aIMCsMU TIOJTH30BATENCH U COXPAHATh PE3yabTaThI
TECTOB.

[Ipu momormn Metomonoruu [DEF(0 OvlH co-
CTaBJIEHBI KOHTEKCTHAs W JAETaJM3UpYIOIIas aua-
rpaMMBbI 00111er0 OH3HEeC-TIpoIecca.

Jexommozumus moxenu /DEF(0 mpormecca co-
CTOMT U3 TpeX (QYHKIHMW: MPUEM JTOKYMEHTOB, Op-
raHmu3anuia 06y‘-ICHI/I$I, BblJIadya AJOKYMCHTOB O IIO-
BBIIIICHUHU KBaHI/I(I)I/IKaHI/II/I.

B nmanHOM OuM3Hec-mpolecce BaXKHOH CTyIe-
HBIO SIBJISIETCS MPOBEACHHE MHCTPYKTa)ka IO TeX-
HUKEe O€30MaCHOCTH, CIIyIIaTeNd MONIy4aloT HH-
(hopMauio 0 MOTEHIMAJIBHBIX PUCKAX, CBA3aHHBIX
C paboToil ¢ BNEKTPUUECKUM OOOpYZOBaHHEM, a
TaK)Ke W3ydYaloT OCHOBHEIE TpaBHja 0e30IacHOC-
TH, KOTOpBIC TIOMOTYT TIPEIOTBPATHTh HECYACT-
HBIE CITy4al ¥ TPaBMBI.

CrnenmyromuM »TaroM sIBIISIETCS OOy4EeHHE C
MTOMOIIIBIO BHPTYAJIBHOTO TpEeHaxepa. JTa WHHO-
BallMOHHAs METOJIMKA II03BOJIIET OOyd4aeMbIM B
Oe30macHO W KOHTPOJIMPYEMOH cpeie MOJeNu-
POBaTh pas3jIMYHBIC CUTyallMd, C KOTOPBIMU OHHU
MOTYT CTOJKHYTbCS TpHU paboTe C 3JIeKTpude-
CKUM 00OpyaoBaHueM. BHpTyalibHbIH TpeHaXep
MPEIOCTABIsAET BO3MOXKHOCTH  IOTPEHUPOBAThH-
Cad B NPHUHATHUU pemeHHﬁ, YBUACTL NOCICACTBUA
CBOMX JIEHCTBHUH, YTO 3HAYMTEIHHO YBEIUYHBAET
YpOBEHb YCBOEHHUS MaTepHalla U CHUXKAeT PUCKU
BO BpeMsl peasibHON PabOTHI.

Hanee uner stan oOyueHus padore c 0Oopy-
JIOBaHUEM TIO/I PYKOBOJCTBOM crenuanucra. O0-
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Puc. 2. MakeT TpexMepHOH MOJENHN dIEKTPOIBUTATEIS

ydaeMble MOJy4aroT NPAaKTHUECKUEe HABBIKH, ydar-
Csl TIPaBWJIBHO OOCIY>KHBAaTh M 3KCIUTyaTHPOBAThH
ANIEKTPUYECKHE YCTAHOBKH, a TaKKe MOHUMAaTh MX
KOHCTPYKTUBHBIE OCOOCHHOCTH M TPOOJIEMBI, KO-
TOpBIE MOTYT BO3HHUKHYTH B TIpOIECCe pPadOTHI.
Becwr mpomecc oOydeHus 3aBepIiraeTcsi UTOTOBON
MPOBEPKON 3HAHWM W HABBIKOB, YTO I1O3BOJISAET
OIIEHUTh CTENEeHb yYCBOEHHUS MaTephana M TOTOB-
HOCTh CIHEIHAJINCTOB K Oe30macHoi padore cC
ANEKTPOOOOPYIOBAHUEM.

BHewHni BUJ TpEXMEPHBIX MOJENEH SYEHKH
KOMIUJIEKTHOTO PacHpeaeTuTeIbHOTO yCTPONCTBA
U Tpex(}azHOro aCMHXPOHHOTO AJIEKTPOJBUTATEIS
IpejcTaBiieH Ha puc. 1 u 2.

Jis MHTErpaluy pe3yabTaToB BHPTYaIbHOTO
TpeHaxkepa B BeO-CalT MOXKHO HCIONB30BaTh AP/
(unTepdeiic NPUKIATHOTO TMPOrpaMMHUPOBAHMS),
KOTOPBIH MMO3BOJMUT OTHPABISATH JAHHBIE O PE3YIlb-
TaTax TPOXOXKJCHHSI BUPTYallbHOTO TpeHaXkepa U
mporpecce IOJb30BaTelsl HETMOCPEICTBEHHO Ha
cepBep BeO-caiita. CHadanma HEOOXOmAMMO paspa-
0oTtarh (YHKIHOHA B BHUPTYaJIbHOM TpEHaXepe,

KOTOpBIN OyneT cobupars U 06pabaTsiBaTh Pe3yib-
TaThl, TAKHE KaK BpPEMs BBITIOJIHEHUs, (paMuIuio,
WM ¥ OTYECTBO, jaary. [locne 3Toro gaHHbIe MOTYT
ObITH oTnpaBieHbl B ¢popmare JSON uepe3 HTTP-
3ampocsl K BeO-caiiTy. Ha cTopone cepepa HyXHO
co3aarh 00pabOTUUK, KOTOpBIA OyaeT MpUHUMATh
9TH JaHHBIE, 00padaTHIBaTh UX U COXPaHATH B Oase
JaHHBIX [3—5]. 3aTeM MOXHO HUCIHOJIB30BaTh ATH
pe3ynbTaThl Uil OTOOpaKeHHsT Ha JIMYHOW CTpaHu-
L€ TT0JIb30BATEIISI.

ObocHOBaHa HEOOXOOMMOCTb  HCIIOJIB30Ba-
HUSL M Ppa3pabOTKU BUPTYAJIbHOTO TpPEHAXEPA,
CIOCOOCTBYIOIIETO CTaHAAPTH3AMHA OOY4YeHHUS U
YMEHBIICHUIO YUCIa OMIMOOK, AOIYCKaeMbIX IPHU
MOATOTOBKE K PEMOHTY KOMILIEKTHOTO pacHpee-
JIMTEIBHOIO YCTPOMCTBA U K NMPOGMIAKTHYECKOMY
OCMOTpPY aCHHXPOHHOTO DJICKTPOJBHUTATEIIS, & TaK-
K€ COKpAIICHHIO PAcXOJI0B, BO3HUKAIOUIMX BCIIE]I-
CTBHE JaHHBIX OIIHOOK.

IIpoanann3upoBaHbl PeIHOK BUPTYaJbHOU pe-
QIBHOCTH M CYUIECTBYIOIIME OW3HEC-TPOLECCHI,
pa3paboTaH BUPTYalbHBINA TPEHAXED.
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PA3PABOTKA 3D-MOJIEJIEN TEXHUYECKHUX
¥Y3J10B HA BAHATHUAX 110 UHXXEHEPHOUN
N KOMIIBIOTEPHOU I'PA®UKE

Kniouesvle cnosa: neranb; KOMIIOHEHT; MeXa-
HU3M; TapajiebHOCTh; COOCHOCTh; TEXHMUYECKUN
y3€I1; yCTaHOBKA.

Annomayus. llenb AaHHOM CTaTby 3aKiIIOya-
€Tcs B TOBBIIICHHM YPOBHSI MPaKTHYECKOH MoA-
TOTOBKHM CTYICHTOB TpU pazpaboTke 3D-moneneit
TEXHUUYECKUX Y3JI0B B TIpa)UuecKkoM pPEaaKkTope
Kommac-3D Ha 3aHATHSAX TO MH)KEHEPHOW U KOM-
neloTepHOl rpaduke. OCHOBHBIC 33/1a4W MCCIE0-
BaHUS: OCBOMUTDH MPAKTHUECKHE NMPUEMBI pabOTHI C
porpamMmoit; pa3zpaborars 3D-Monenu u3AeIuil B
Komrac-3D 1o UCXOHBIM YepTeKaM U BBITIOTHUTH
COOpPKY TEXHMYECKHX Y3JIOB; MPOaHAIN3UPOBATH
OIIMOKM, IOMYIICHHbIE MPW BHITIOTHEHUH Tpadu-
YeCKUX 3aJaHuM.

B pabote Ob1I0 BEIABUHYTO MPEATIONOKCHHIE O
TOM, YTO B paMKax IPOBEIECHUS 3aHATHH CTYICHTHI
CMOTYT TOBBICUTh YPOBEHb CBOEH MpPaKTUYECKOU
[OATOTOBKY, IPOAHAIN3UPOBATh  IpaduuecKue
pa®oThl JpPYrHMX YYacTHUKOB, MHHHMMH3UPOBATH
OmuOKN TIpu pa3paboTke 3D-mopeneil TexHmUec-
KMX y3710B. [Ipy BbINONHEHUH HCCIENOBaHUS MIPU-
MEHSUTUCh TEOPETUYECKHE METOJbl, OCHOBAaHHBIC
Ha NPUHIMIIAX KJIACCMYECKOM MEXaHUKH, MaTeMa-
THYECKOTO aHajM3a, CHUHTE3a, MOICIHPOBAHUS H
ap. Ilo pesynbraraM npoBeAEHUS 3aHATHHA CTYHCH-
TaMH OBIJIM OCBOEHBI MPAKTUYECKHUE MPUEMBI pa-
00THI ¢ rpadMuecKuM PEeJaKTOpOM, MO HCXOAHBIM
yeprexaMm paspadoransl 3D-mMopeny H3ACTUHA B
Komnac-3D u BbimonHeHa cOOpka TEXHUYECKHUX
Y3JI0B, TIPOAHAIN3UPOBAHBI OIMOKH, JTOMYILEHHbIC
[IPU BBINIOJTHEHUH 3aJaHUH. AHAJIN3 THCTOIPAMMBI
pe3ybTaToB MPOBEJCHUS MPAKTHUECKUX 3aHITHN
rokasaji, 4to mpu paspaborke 3D-mopesneit Tex-
HU4ecKkux y370B Ne 1-3 ycpenHeHHBIH MOKazaTelnb
KAa4eCTBA BBIIOJHEHUS 3aJaHUN Pa3HOU CTENEHU
CJIOKHOCTH TOBBICHIICS € 82 110 94 %.

Ha cerogusimunii neHp co3manue 3D-Mopenei
Pa3NUYHBIX JeTajel, KOMIOHEHTOB, COOpPOYHBIX
€IMHUL], KOPITyCOB, Yy3JIOB, LIETOCTHBIX KOHCTpPYK-
LUUH ¥ APYTHX CIIOXKHBIX TEXHHYECKUX 3JIEMEHTOB
AKTUBHO HCIOJB3YETCS B MAIIMHOCTPOUTEIHHOM,
KEJIe3HOOPOKHOM, HeTera3oBoil M Ipyrux Ot-
pacisx.

TexHu4YeCcKkHui y3ea — 3TO 4acTh MAllIUHBI, Me-
XaHMW3Ma MJIM yCTAHOBKH, COCTOSIIAS U3 HECKOJNb-
KHX 0oJiee MpOCTHIX AeTajei.

Jns BeImonHeHHsT rpaduveckux pabdoT Hamu
Obuta BeIOpana nporpamma Komnac-3D, ob6nanato-
asi COBPEMEHHBIM TOHSITHBIM HHTEpdeiicoM, J0-
CTaTOYHBIM (DYHKIIMOHAIOM U OBICTPOICHCTBUEM.

[Ipu pazpabotke 3D-mMofenu TEXHHYECKO-
ro yzma Ne 1 (puc. 1) crymeHTamu ObutH IOOaB-
JeHbl B COOpPKY TpPH OpPUTMHAIBHBIX M IIECTh
CTaHJIAPTHBIX JieTajied. BBINONMHEHBI Onepanuu
«CoocHocthy, «llapamnenpHOCTEY M «CoBHame-
Hue» [1-6].

Hns pazpabotkn 3D-Momend TEXHUIECKOTO
y3ia Ne 2 (puc. 2) cryneHTaMu ObUTH JT0OaBICHBI
B COOpKY NATh OpPUTHHANIBHBIX U JIBE CTaHIApTHbIC
nerand. Beimonnens! omnepaunun  «COOCHOCTBY,
«[lapannensHOCTE» U «COBHAICHUE.

Ilpn paspabotke 3D-MomenH TEXHUYECKO-
ro y3na Ne 3 (puc. 3) cryneHramu ObutM 100aB-
JeHbl B COOPKY CeMb OPHTHMHAJBbHBIX JeTajei.
Boeinonnens! onepanun «CoocHocTh» u «CoBna-
nexuey [1-6].

Ha puc. 4 nmpuBenena rucrorpamma pe3yib-
TaTOB MPOBENEHUS MPAKTUUECKUX 3aHATHH, OT-
paxkaromiasi yCpeAHEHHBIH TII0Ka3aTelb KauecTBa
BBITIOJIHEHUST 3aJlaHUl pa3HON CTENeHU CIOoXK-
HOCTH.

AHanu3 TUCTOTpaMMBbl pe3yJbTaTOB IIPOBE-
JICHUSI NPAKTUYECKUX 3aHATUH 10 MHXEHEPHOH U
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Puc. 1. 3D-mozpens TexHndeckoro ysmna Ne 1

Puc. 2. 3D-monens TexHngeckoro y3ma Ne 3

KOMITBIOTEPHOHN Tpaduke MOoKaszaj, 4To IMPH pa3-
pabotke 3D-Mojenelt TeXHUYECKUX y3i10B Ne 1-3
YCpeIHEHHBIH TOKa3aTelb KaueCTBa BBITOJHECHUS
3aJJaHAN Pa3HOIl CTENEeHH CIOKHOCTH TIOBBICHII-
cs ¢ 82 10 94 %. CTyaeHTBl CMOIVIM Ka4yeCTBEHHO
BBINIOJIHUTE Tpaduueckre paboThl U IMOKa3aTh XO-
poume pesynbrathl. OnHaKo B paborax MpH BbI-
MTOJTHEHUH HEKOTOPBIX CIOKHBIX Oreparuii cOOpKH

Ne 4(166) 2025

CTyJleHTaMH OBbUTH JIOMYIIEHbl HE3HAYUTEIbHBIC
OIIMOKHW, KOTOPBIC TPHUBEIN K CHUKCHUIO JIaH-
HOTo ToOKa3areis. Bplen3noxkeHHbll Marepual
[IO3BOJIUT CTYJAEHTAaM TIOBBICUTh YpPOBEHb CBOEH
MIPaKTUYECKOW TIOATOTOBKH, a TPH TOCTOSHHON
pabore B rpaduyeckoM penakTope — YIyUIIUTh
Ka4eCTBO pa3paboTku 3D-mojenel TeXHHUUECKHUX
Y37I0B.
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96%
94%
92%
90%
B8%
86%
B4%

82%
80%
78%
76%

N 3d — Mmogens TexHMYecKoro yana Nol
N 3d — Mogens TeEXHUYeCKoro yana No2

3d — Mogens TEXHWYECHOTO y3na N3

Puc. 4. 'ucrorpamma pe3ysibTaToB MPOBEACHUS MPAKTUYECKUX 3aHATUI

Cnucok 1uTepaTypsbl
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2024. — Ne 10 (160). — C. 37-41.
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B.B. llIBenoBa // Hayka u 6usHec: mytu pazsutust. — 2024. — Ne 9(159). — C. 31-34.
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MNOCTPOEHUE MNPOD®UJIEN
CATEJIJIMTOB MHOT'OCATEJIVIMTHBIX
INVIAHETAPHO-IEBOYHbIX ITEPE TAY

Knroueguvie crnosa: nmaHeTapHO-LEBOYHBIE pe-
IOYKTOPBI; IIUKJIONIAIbHBIE TIEPEAYH.

Annomayus. B crarbe ONUCHIBAETCS METOUKA
MOCTPOCHUST TPO(HIS CaTeNTUTOB MHOTOCATEIN-
JUTHON TIepenadu, MOCTPOeHHOW 1o cxeme 2K-V
YUUTBIBaroniass Ha4aJIbHOC IMOJIOKCHUC DSKCICHTPU-
KOBOro Baja. IIpemyioskeHHBI MOAXOA IO3BOJISIET
OIMUCBhIBATh BCC CATCIUIMTBI OJHOBPEMCHHO, 4YTO
YHPOILAET pacyeT CHIL

BBenenue

[1maneTapHO-IIEBOYHBIE PELYKTOPHI, TAKXKE U3-
BECTHBIE KaK IUKIOWAAIBHBIC PEAYKTOPHI, TPE-
CTaBJITIOT COOOW YHUKAIBHBIH THII MEXaHHUECKUX
nepenay, KOTOPBIA Hallell IUPOKOe MPUMEHEHHE
B Pa3IUYHBIX OTPACISAX MPOMBINUIEHHOCTH OJaro-
Japs CBOMM BBIJAIOIIMMCS XapakTepuCTHKaM [7].
OTH PEeayKTOpbl HCIONB3YIOT CaTeuIuThl C LH-
KJIOWAATBHBIM MPOQUIIeM H 000MMYy € POJMKAMH
(ueBkaMu) AN TEpenadyd KPyTSIIEr0 MOMEHTA.
dopma carennuTa obecrneyrMBaeT MHOTOMAPHOCTD
3arervieHus (onucano B padore [5]), 4ro oOyciaB-
JIUBAET psj JTOCTOMHCTB 3TUX peaykTopoB. K HuM
MOYKHO OTHECTH: BBICOKOE NEPEAATOYHOE YHCIO
(mo 100 B omHOW CTyINEHHW), KOMIIAKTHOCTh, CIIO-
COOHOCTP K TIeperpy3Kam M TOYHOCTH [2].

CymecTByeT MHOXXECTBO CXEeM ILIaHeTapHO-
[IEBOYHBIX PENyKTOpOB. B maHHOW cTartbe Oymem
paccMaTtpuBath cxemy 2K-V mo kiaccudukarim
KynpsiseBa [3]. Cxema m3obpaxkena Ha puc. 1.
Takass mepemada COCTOMT W3 IPeIBAPUTEIHHOMN
IJTAaHETAPHON CTYTEHH, BKIIIOYAIOIIEH COIHEYHYIO
mectepHio (1) u careuuTsl (2), a TakKe HUKIOU-
JAJIbHOM CTYTIEHH, BKJIIOYAOIIEH 3KCIIEHTPUKOBBIE
Banel (5), caremut (3), oboiimy c nieBkamu (4) u
BBIXOZIHOM Ba (6).

OOBIYHO HCITIONB3YIOTCS IEpeaadt, UMEIOIINE
nBa [1] wmm Tpu [6] carenmnura. OMHAKO UX MOXKHO
BBIIOJIHATE U C OOJIBIINM YHCJIOM CATEJIJIUTOB, YTO
MO3BOJIUT YBEJIMYUTh HATPY30UHYHO CIIOCOOHOCTB.
Takue nepenaun Mbl 0003HAYMM KaK MHOTOCATElI-
JINTHBIE.

[Ipu ananu3e Takux mepenad BO3HUKAET BO-
MpOC: KaK MOCTPOUTHh MPO(HIL CaTEIUTUTOB MHO-
rocareJuIMTHON mnepenaun? TpaaULIMOHHO 3TOT
BONIPOC peIIajcs 3a CYeT TOro, 4TO (paKTHYECKH
pacCUMTHIBAJICS OAUH CATEJUIUT, & OCTAJIbHBIE MO-
Jy4alluch 3a CYeT ero moBopora. OJHAKO Takoi
MTOJIX0/] HEYJ0OeH TpW pacyeTe CHJI: MPHUXOAUTCS
paccMmarpuBarh TOJIBKO OJIMH CaTE€JUIUT €IMHOB-
pemenHo. Korma caremmmroB ctaHeT Oosbie, 3TO
MIPUBEACT K YCIOKHEHUIO YCIIOBUW pPaBHOBECHS.
IToaTomy akTyaneH TakoM MOAXOJ, KOTOPBIMA TMO-
3BOJIUT OIMHUCKHIBATH BCE CATEIUIUTHI OJHOBPEMEHHO.
OH paccMOTpeH B 3TOi cTaThe.

CuHTe3 caTelJINTOB
MHOTOCATE/UINTHOM Mepenavyn

Kaxxaplii caTe/uyiut HaxoauTCA Ha CBOEH 4acTH
AKCIIEHTPUKOBOTO Bajia — JKCIeHTpuke. Paccmo-
TPHUM TIOJTyYe€HUE YPaBHEHUU NPOGUIS caTeIUInTa,
YUHUTHIBAOIINX HadaJlbHOE TIOJOKEHHE DKCICH-
Tpuka. /{11 3TOro Hy>)KHO HAlTH ypaBHEHUE, OIU-
CBIBAIOIIIEe KOOPJIMHATY IIEHTpPa IIeBKU B CHCTEME
KOOpJIMHAT careiuiuTa. Bocmnonb3yeMmcs cxemoi
repenaqn, n300pakeHHou Ha puc. 1. Ha »To#t cxe-
Me 00oiiMa W CaTeUINT Tepefadu IMPEACTABICHEI
UX YCJIOBHBIMU IEHTPOUIAMHU (CTPOTO TOBOPS, ITO
HE COBCEM IICHTPOUIBI, TAK KaK HAIpaBJICHHUE 00-
KaTKH CaTeNIuTa U 000NMBI HE COOTBETCTBYET Ha-
MPaBJICHUIO OOKATKH IIEHTPOU MpHu s = —1, KuHe-
MaTHYECKOE OTHOIICHHUE, CBSI3aHHOE C pa3Mepamu
LIEHTPOUI, COITIACHO KOTOPOMY OTHOLICHHUE YIJIOB
MOBOPOTA UEHTPOU] PABHO OTHOIICHUIO PAJUYCOB,
OyZIeT BBIMIONHATHCS BCeraa), 1 — eHTpouaa caTel-
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Puc. 1. IInanerapHo-11eBOYHBIN peayKTop 1o cxeme 2K-V: 1 — conHeuHas mecTepHs; 2 — CaTeIuT
SBOJBBEHTHOW CTYIICHH; 3 — CAaTEeJUTUT IUKIOUJAIEHON CTyNeHH; 4 — 000#Ma C TIeBKaMU;
5 — DKCHEHTPUK; 6 — BEIXOJHOW Ball

nuTa, 2 — UEHTPOUAa 000HMBI (IEHTPOUIbI H300pa-
JKCHBI HEe B Maciurade), 3 — neska. CareyuiuT JBH-
JKeTCsl MOCTYNaTeNbHO MO0 OKPYXHOCTH PaglyCcoM
e (9KCLCHTPUCHUTET Mepeiaun) M0 4acOoBOH cTped-
K€, €ro MOoJO0XKEHNE ONPEAEISAETCs YITIOM [T0OBOPOTA
Z,¢, TAC z, — MEPEJATOYHOe HHCIO Mepeadn
(umcmo 1eBok). OOoiMa, Tak Kak caTeJUIMT OOKa-
THIBAETCS IO HEH, NOBOPAYUBAETCS HA YIoJ SO IO
4acoOBOM CTpeEJIKE BOKPYI cBoero IlieHrpa. Ilapa-
METp S OIpenesseT HalpaBieHue BpauieHus. Eciau
s = 1, To TOBOPOT MPOUCXOANT IO YACOBOH CTpe-
Ke, eciu s = —1, TO MOBOPOT MPOUCXOJUT MPOTUB
YaCOBOW CTPEJKU. YCIOBUMCS TaKXkKe, YTO TOBOPOT
JKCIEHTPUKA UMEET HadyaJIbHOE 3HAYECHUE ().

CskeM C 2JeMEHTaMHU Iepefadyd CUCTEMBbI
koopauHat. Bcero mx Tpu: momBHMXHas cucTeMa
KOOPAMHAT CaTeJUINTA X,),, HEMOJBUXKHASL CUCTEMA
KOOPAMHAT PENyKTOpa Xg)y U CUCTEMA KOOPAUHAT
00OHMBI X ),.

ITepeBog KoopaMHAT W3 OJHOM CHCTEMBI B
JpYTYI0 MHPOUCXOJUT C TIOMOIIBK) MAaTpHIl Iepe-
xona A, TEPEeBOAAUIMX BEKTOP M3 CHCTEMBI
KOOpJIMHAT j B CHUCTEMYy KOOpAWMHAT i. DTH Ma-
TPULBI B OJHOPOAHBIX KOOPAWHATAX HMEIOT
CIEeAYIOUIMN BUA:

cos(sp) sin(sp) O
4y =| —sin(s@) cos(s@) 0|,
0 0 1
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1 0 —esin(:pq)+q)m}
4,,=10 1 —ecos(:Pq) +q)02]
0 0 1

[Tonoxxenue 1LeHTpa MepBOW LIEBKU B CHUCTE-

Me KOO%)I[I/IHaT X|V; OIpEIeNseTcss paJnyc-BEeKTO-
1
pom rc( :

TJIE @, — IMAMETP OKPYKHOCTH, Ha KOTOPOM Pacrio-
JIOKEHBI TIeBKH. [lepeBojis BEKTOp B CHCTEMY KOOP-
IUHAT X,),, TOTYIAM rc(z). Y4uTeIBas, 4T0 CHHYC —
HedeTHas (QYHKIHS, a KOCHHYC — YeTHasl, BRIHECEM
3a TPUTOHOMETPUIECKYIO (PYHKITHIO:

ssin[q)]—esi.n(:FqH—q)O:]

2) _  _
ro = dypdyr, =

905(¢}_9305[:p¢+%:)

[ |'t:|:a ] |"t:1::

1
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Puc. 2. Cxema niuaHeTapHO-IIEBOYHOH mepenaqn: 1 — catemuuT; 2 — oboiima

Torna Bektop C (B JeKkapTOBOM cucTe-
M€ KOOPAMHAT), OMNHUCHIBAIOIINI  KOOPAMHATHI
LEBKM B CHCTEME KOOpAMHAT caTeumTa (JUIs
ynpouieHusi 3anucu ganee omyctum (1) B Bepx-
HEM WHJEKCE), BbIpaxkaeTcsl ciueayromed ¢op-
MYyJIO0i:

c. Tpssm(f]—esm[:Pf+f0:]
C: C = =
. a

! aT"T"cos(f]—ecos[:F.=‘+.=‘{,2]

Iae ¢ — mapameTp, 3aJarolIfil TOUKY CcaTellIuTa,
too ¢aza okcueHtpuka caremmra. Dop-
myna gns  C  momydeHa W3 (OPMYINBI IS
rc(z) 3aMEHOM ¢ Ha f. DTO CHelTaHo, YTOOBI
pasnuuaTh KHHEMATUKY Iepe/ladd U OMHCaHUe ca-
TeJunTa. TOUKY HUKJIONIBI ¥ CaTEJNINTA B OJHOM I10-
JIOKEHUU HKCIIEHTPUKOBOTO Bajia OymyT MOITydaTh-
Cs1 I3MEHEHUEM TTapaMeTpa ¢, a YIIIOBOE IMOJOKCHHE
AKCIICHTPUKOBOTO Baja W caTeluiuTa OymeT 3ama-
BaThCS MAPaAMETPOM (.

91

Jlist mosrydeHusl MOJIHOTO TIPOMIISE CaTe/IUTa
¢ MOJDKEH M3MeHAThes B mpenenax ot 0 go 2z, OT-
MeTuM, 9To Tipu § = 1 BexkTop C OMUCHIBAET AU~
KIJIOH]TY, @ TIpH § = —1 — runonukionay. Beinenum
KOO(GUIMEHT YKOPOUYECHHUS! LUKIOUABI A, YUHTHI-
Bas, 4TO e = a, M2z,

a z
P
cos(f+1y) -—— cos{:P.f+ Tys ]
“p
Y1o0bl IOJNYYHTH TOYKY CATEJUINTA, HAJI0
TOYKY UMKJIOUIBI CMECTUTh B HAIpPaBICHUH

HopMasid N K OTOH IMKJIOUAE Ha pacCTOSHUE
d,/2 [4]. YpaBHEHHS HOPMalld HMEKOT CIENyIO-
LIUH BUA:

x ¥
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Puc. 3. CareuiuThl ¥ LIEBKHU TIAHETAPHO-LIEBOUHBIX Tiepenad ¢ AByMs (a), Tpems (0), 4eTbIpbMst (B),
BOCEMBIO (T) caTeIUTUTAMHI

L . oa
«’C3+Cf = ?P\f1+ A —2sheos(z,t+1y).

e z, = z, — 5. lIpeobpasys N, nomyuum:

sin (#) — Asin [pr-f— to ]

N\ _\/1+?3—23lcos(zcr+fm]

N, —scos(f]+lcos[zpf+ foz]

\,1 +A7 —2shcos(z,t+1y)
TouKa caTeiuIuTa ONMCHIBAETCS YPABHEHHEM:
dp
P = C + TN

92
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3a cuer pa3HOH HauanbHOW (ha3bl SKCLUEHTPH-
Ka MOXXHO 3a/1aBaTh pa3Hble caTeJuMThl. Paccmo-
TPUM TIepesady, B KOTOpOH z, careumrtoB. Homep
CareJuInTa, pacCMaTPUBAEMOTO B JIAaHHBIH MOMEHT,
o0o3HaunM i. Torma ero HauanpHas ¢aza fy,; Oymer
OTIPEICIATHCS (POPMYITOH:

27r(i—1)
lyoi = .

Jns npuMepa BO3bMEM  MHOTOCaTeJUIUT-
Hble mepefayn ¢ mapamerpamu a, = 100 mm,
z,=24,d,=8 mm, A = 0,7, s = 1. Konnuecto
careutoB Oymer 2, 3, 6, 8. Mcmomb3ys momy-
YeHHBbIC BbIE (HOPMYJBI, MOCTPOUM HPOQPHIH
carennutoB. OHM M300pa’keHbl Ha pHUC. 3, Kaxk-
IBIIi CaTEeJUIMT BBIIEJIEH CBOMM IBeToM. Ha pu-
CyHKe Takke o0o3HaueHBl IieBkH. IIpodmmm ca-
TEJUINTOB IIEPEBEJCHbl B CHCTEMY KOOPIMHAT
penykTopa.
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B nanHO# crarbe Oblla paccCMOTpeHa METOJHM-  BaTh CaTEJUIUThI C yY4ETOM HX B3aHMHOIO pac-
Ka MMOCTPOCHUs poduiIeld caTeJUINTOB Ui MHOTO-  TMOJIOKEHHsl. DTO OCOOCHHO BaXKHO TIpU yBe-
CaTEeJUINTHBIX  IUIAHETAPHO-IIEBOYHBIX Tepejad, JIMYEHHHM YHCla CaTeIUTOB, YTO II03BOJISET IO-
cienys cxeme 2K-V o knaccudukanuu KyapsiBiie-  BBICUTH Harpy304HYIO CIOCOOHOCTB TiepeiayH.
Ba. [IpennoxeHHbI MOAX0/ MO3BOJISAET YUUTHIBATH [TpuBeneHHble mpuMepsl npoduiel carenu-
HayaJlbHOE TIOJIOKECHUE SKCICHTPUKOBOTO Bajla M TOB JUIs Mepeldad C Pa3IMyHBbIM KOJUYECTBOM Ca-
OIMCHIBaTh BCE CAaTEJUIMTHl OJHOBPEMEHHO, YTO  TEJUIUTOB JAEMOHCTPHUPYIOT 3(PQPEKTUBHOCTH Mpel-
3HAUUTEIBHO YIIPOILAET pacuyeT CHJI. JIOKEHHOTO MeTozAa. Pe3ynbTaTbl HcCleOBaHUS

Pa3zpabGorannble ypaBHEHHMA Ui NpoQmis MOrYT OBITh MOJE3HBI AJs JanbHEHIIeH onTHMU-
CaTeJJINTOB W HOpMaJieil K HUM IMO3BOJIAIOT MO- 3allMd M Pa3paOOTKH IUIAHETapPHO-LEBOYHBIX pe-
JeIUpoBaTh KWHEMAaTHKy Ilepelayd M OINUCBI-  JTyKTOPOB.
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O IPUMEHHUMOCTMU «BBIBEPHY ThIX»
HUKJIOUJAJDBHBIX ITIEPEJIAY B
INNTIAHETAPHO-HEBOYHBIX PEAYKTOPAX

Kniouesvle cnosa: mnaHeTapHO-LIEBOUHBIE pe-
IOYKTODPbI; IIMKJIOWAAIbHbIE TIEPEAAUH.

AnHomayus. B naHHOUM cTaThe paccMmarpuBa-
eTCsl KOHIENIHS «BBIBEPHYTHIX» ITUKIOUAATBEHBIX
repeay B IUIaHETApPHO-IIEBOYHBIX peaykropax. Ta-
KHe TIepe/iadn MpearoaraloT IpuMeHeHne UL~
KJIOWJAIBbHBIX U TUIONMKIONIATIBHBIX CaTeJIINTOB
B HECTaHJAPTHBIX KOHOUTYPAIHSX, TIE CaTeITHTHI
pacronaraloTcsi CHapyKW WJIM BHYTPU II€BOYHO-
ro KoJIeca, 4YTO MPOTHBOIOIOXKHO TPATUIIMOHHBIM
cxemaM. IIpoBeneH CHHTE3 «BBIBEpHYTBIX» Iepe-
Jla4 C UCIOJIb30BaHUEM MapaMeTPUUECKUX YpaBHE-
HUH U1 mocTpoenus npoduieid careanutos. [Ipo-
AQHAJIM3UPOBAHBl CHJIOBBIC XapaKTEPUCTUKU TaKUX
nepesaad, NoKa3aHO MX CXOICTBO € TPaAULMOHHBI-
MU IepeadaMu B IUIaHE PACHpPEACICHUs! CUl, UTO
MOATBEPKAAET UX MOTEHIMAIbHYIO IPUMEHUMOCTD
B Pa3JINYHBIX MEXaHU3MaX.

BBenenune

B MammHOCTpOEHUHM HCMONB3YIOTCS pa3ind-
Hbl€ BAapUAHTHI IUIAHETAPHO-LIEBOYHBIX PEAYKTO-
POB: SIHUIMKIONIATBHBIE C MEXAaHW3MOM Hapaj-
JENBHBIX KPUBOIIMIOB [2], ¢ NPOMEXYTOYHOU
IJIaHETapHOM cTymneHslo [6] u apyrue [3]. Otn
nepenadn 001aJaroT PAJOM TOCTOUHCTB: BBICOKUH
yAETbHBIM MOMEHT, KpPYTHJIbHAs KECTKOCTb, OOJIb-
IO THMAITa30H MepeIaTOIHBIX YHCel [4].

HauOonee wdacto B 3THX Iepepadax Hc-
[OJIb3YEeTCA SHULIMKIOWAAIBHBIM CaTeJUIUT, KO-
TOpBII OOKaThIBae€TCS IO O0OWME ¢ IIeBKaMH.
B mexoropeix paborax [5] ymomuHaercss Bapu-
aHT THUMONUKIONWAANBHOW Tepefadn, B KOTO-
POl caTeJUIUT HaxXOMUTCS CHAapyXXH OOOWMBI C
neBkaMu. OJHAKO B TEXHHMKE DPEIKO HX MOXHO
BCTPETUTb.
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BozHnkaer Bompoc: BO3MOXKHA JIM Tiepeaa-
4a ¢ SMUNUKIOUIATBHBIM CaTeJUIMTOM, KOTOPBII
OBl HaxOIWJICSI CHApYXXHM IEBOYHOTO KoJieca, Kak
B Tepeqaue ¢ TUIMOIMKIOUIATHHBIM CATeIUIUTOM?
Wnu, HAao060poT, BO3MOXKHA JIM Tiepenada C THIIO-
LIUKJIOUJAIBHBIM CaTeJUIUTOM TaKasl, 4YTO CaTeUIUT
Haxoawics Obl BHYTpU IeBOUHOTrO kKosieca? Takue
nepegadyd Moriii Obl UMETh OOJBIIYHO HArpy304-
HYIO CIIOCOOHOCTH MPH COXPAaHEHUH MPOCTOTHI U3-
roToBieHus. Hampumep, y mepenad ¢ THIOMUKIIO-
WIATBHBIMHA  CaTeJUTUTaMu  OOIbIe HArpy304Hast
CIOCOOHOCTH [5], HO MX CIIO)KHEE M3rOTaBINBATh,
TaK KaK BBIXOIHOW BaJ JIOJDKEH OBITh BHYTpPHU ca-
temmuTa. llpeanoxennas nepemada mo3Bossia Obl
pa3MeCTUTh IIEBOYHOE KOJECO CHApY)KH CaTeIH-
Ta, 9T0 o0Jleramiio Okl ee n3roroBienue. [loaTomy
AMEETCSI CMBICT B TOM, 4TOOBI PacCMOTPETh BO3-
MOXKHOCTB CO3JTAaHUST «BBIBEPHYTOM) MEpeIadm.

Cunres «BBIBCPHYTBIX»
HUKJIOUIAJBHBIX Iepeaay

TunnyHasi cxema IUIaHETapHO-IIEBOYHOTO pPe-
IyKTOpa TpuBejaeHa Ha puc. 1. PemykTop coctout
M3 SKCIEHTpUKoBOro Basa (1), Ha KOTOPOM B OIO-
pe Ha DKCIIEHTPUKOBOW YaCTH YCTaHOBJICH IIHKIIO-
AOaTBHBIA careunT (2). CaTre/umuT 3areruisieTcs ¢
oboiiMoit ¢ 1ieBKamu (3), SABIAIOMICHCS aHAJIOTOM
SMUIMKIIA B TUTAHETAPHOM PEIYKTOpe. DKCIEHTPH-
KOBBIH BaJl SIBISETCS BXOJHBIM BaJIOM PEIYKTOpA.
[Ipu ero BpameHWH CaTeIIUT M3-3a TOTO, YTO 3a-
LEIUISICTCS ¢ I[IEBKaMM, HAauYMHACT MEIJICHHO IIO-
BOpaYMBaThCSl BOKPYT CBOCH ocu. DTO BpallCHUC
nepegaeTcss MeXaHu3MOM Iepenadu BpaieHus (4)
Ha BBIXOHOH Bal pemykropa (5).

[TapameTpsl nepenayu, UCIOJIb3yeMbIe I e
MIOCTPOCHHSI, IEPEYUCIICHBI B Ta0. 1.

Paccmorpum mnoctpoenue npoduins carerm-
Ta. JlJ1 3TOTO Hai/IeM TPAeKTOPHUIO IIEBOK B CHUCTE-
Me KoopaumHaT careruuta. OHa 3a/laeTcs rmapame-
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Puc. 1. TunmygHas cxeMa IUIaHEeTapHO-IIEBOYHOTO PEAYKTOpa: | — BXOIHOMN Ba;, 2 — CaTeIUINT;
3 — obolimMa ¢ 1IeBKaMu; 4 — MEXaHU3M TIEPEIavr BPAICHHS;, 5 — BHIXOIHOM Baj

Taoauuna 1. [TapameTps! MUKIONIATHHON Tepenadn

HazBanue O6o3Ha4yeHne PazmepHoCTh
JlenuTenbHbIi quamMeTp 000WMbI a, MM
Yucio 1eBok z, -
OKCIEHTPUCHTET e MM
Jlnamerp 11eBOK d, MM
[Tapametp, onpenernstromuii GopMy ITUKIOUIBI (SMH- WU THIIO-) s
KoaddunmeHT yropodeHus IIKIOUIBI A=2zela,

TpuueckuM Bextopom C [3]:

. c, _ %sin[f]—esin(_}f]
C, ’
! ﬁcos[f]—secos(:pf]

2
rie ¢ — napamerp, 3alalollydil TOYKY CaTesuIUuTa U
SIBIISIOLIUICS. SKBUBAJICHTOM yTJia TIOBOPOTA BXOJ-
HOTO BaJla Iepe/layH.
Haiinem skBunucTanty K 3Toi KpuBoi. O0bI4-
HO €€ CTpOST BHYTpb caresmuta. OHAaKo 3TO He
€IMHCTBEHHBI JOCTYNHBIM BapuaHT. OKBUIU-
CTaHTy MOYKHO HalpaBUTh B JPyroM Harpaslie-
HUM, U3-32 YE€ro CaTeuIUT IMPUMET COBEPLICHHO
apyryto ¢opMmy. DKBHUAWUCTAHTY MOIYy4alOT CMe-

menueM Tpaektopun C Bponb ee HopMmaid N,
KOTOpasi 3aJjaeTcs IapaMeTpU4YecKUMH YpaBHe-
HUSIMH:

s[—sin[.f] +}hssin(:pf])

N A —2hcos(-1
Vo[ \/ cos(z.t) ‘
N, s[—cos(f]+lsin[:ipf])

\{1 +1 —2hcos(z,7)

TIe z; = Z, — § — YUCIIO BBICTYNOB (3yObeB) Ha ca-
TeJUIuTe. DTO ypaBHEHHE HOpPMaJll B Pa3IUYHBIX
paborax, Hanpumep [1], ucnonp3oBanoch A HO-
JYYCHUS! TaK Ha3bIBAEMbIX «OOBIYHBIX» IHMKIIOU-
JanbHBIX Tepenay — HaM JKe HeoOXOOMMO MOAH-
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VY e 1

Puc. 2. [Ipoduns caremmra SMUNUKIONAATHHON (a) ¥ THIOMUKIONAATBHOMH (0) It HOpMaTbHON
(¢ = 1) u BeIBepHYTOM (€ = —1) mepemaun

¢unupoBath ee Uil TOJMYYECHUS «BBIBEPHYTON
nepeaayn.

Hanpasnenue HOpMasn 3afaiuM C  IIOMO-
mpio napamerpa c. Korma mapamerp ¢ mpuHUMa-
eT 3HadeHue 1, To HopMmajib OyaeT HampapicHa
BHYTPb SHHUMKIOUABI U HAPYKy THIIOLMKIOWUIBI.
Korma —1 — nHaoGoport. Ilpu Takom BeIOOpE ma-

pamerpa MOJy4YaeTcs, 4YTO OOBIYHBIC LHKJIO-
HAajgbHbIE Tepeladyd COOTBETCTBYIOT ¢ = 1, a
«BbIBepHYTHIe» ¢ = —1. Ilocne mpeoOpazoBaHUs

NOoJIy4um:
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s [—sin ()+Assin (zpr])
\{1 +27 —2hcos(z.1)

cs(—cos[f)+lsin (pr])

- \{1 +1F —2hcos( z.t)

[Ipodunu careanuToB OOBIYHBIX Iepenady U
nepeaad, MONTYyYEHHBIX «BBIBOpPAYMBAHUEM», H30-
Opakensl Ha puc. 2. Ha puc. 2a nzoOpaxena 3mu-
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Puc. 3. Cxema paccunThIBa€MOH IUKIOWAATHHON TIepeiaddl M IPHIIOKCHNST MOMEHTa K 00oiime:
1 — caremnut; 2 — 1eBKa

LMKIoWanbHas mepenada (s = 1) ¢ mapamerpa-
mu a, = 90 mm, z, = 16, d, = 10 mm, A = 0,35. Ha
puc. 20 u300pakeHa THITOIMKIONIaIbHAas TIepea-
4a (s = —1) ¢ mapamerpamu a, = 90 mm, z, = 16,
d, = 10 mm, A = 0,3. Tlpodunu carennmuros momy-
YeHBl B pe3ybTare OTHOAHWS IIEBKH, TBHKYIICH-
cs o Tpaekropun Bekropa C. Taxke Ha pUCYHKax
oTMeueHbl BEKTOphl C U V.

CuiioBOii aHAIM3 Mepenayu

CumnoBoit pacder rnepeaadyud MOXHO CIeNaTh 110
cnoco0y, TpeaioKeHHOMY B pabote [1] mist HOp-
MaJbHBIX Tiepenad. OcoOeHHOCThIO TaHHOTO CIIO-
co0a SBJIAETCS TO, 9TO OH IMOAXOIUT | [Tl «BBIBEP-
HYTOI» Mepeayn, Tak KaKk B HEM IPY BBEIYHCICHUN
CWJI UCTIONB3YIOTCS KOOPAMHATHI TOUYEK ITUKIOH-
Ibl, a He careyuTa. brmaromaps stomy (GopMyssi
JUISL pacueTa CHJ OyAyT OAMHAKOBBI JUII HOPMAaJlb-
HBIX TIepenad W Ui BBIBEPHYTHIX. PaccMmoTpum
nepenady ¢ mapamerpamu a, = 120 mwm, z, = 24,
d, =2 MM, A = 0,4 ¥ IPUIOKUM K ee 000iiMe MO-

»
meHT 100 H-m. Cxema Takoli nepenauu u3o0paxe-

Ha Ha pHC. 3, OTMEYEH NPHIIOKECHHBIH K 00OiMe
Bparmaronmii MoMeHt 7, catemuT — 1, 1eBKu — 2.
Pacmipenenenne cun mo meBKaM 3TOM Tepenadn
MIpUBEIEHO Ha pHC. 4.

3aK/oueHue

IIpuBeneHHbIE BBIIE YPABHEHHs I103BOJISI-
IOT TOCTPOUTH «BBIBEPHYTYIO» ITHKJIOHIAIBHYIO
mepemady. PacrpeneneHue il B Hel dKBHBAJICHT-
HO pacIpeelIeHHI0 B HOPMAaJbHOH Tepeaaue, Io-
9TOMY TakKWe Teperadyd MOKHO TIPUMEHSTH B pas-
JUYHBIX MEXaHW3MaX, TJe Ba)KHO HaIrpaBIeHne
nekerns. ClieyeT OTMETHTh, YTO XOTh M pac-
npeiesieHne CUJI OJIMHAKOBO, y BBIBEPHYTOH Iepe-
Jla4U €CTh HEIOCTATKU.

1. Masas KpuBHU3HA 3y04aThiX BBICTYIIOB Ca-
TEJUINTA, U3-3d YEr0 HAa HUX BO3HHUKAIOT BBICOKHE
KOHTAKTHbIE HampsukeHus. HemocTaTok 4acTH4HO
YCTPAHSIETCSI TEM, YTO 3TH BBICTYIIBI MOXHO Cpe-
3aTh, TAK KaK OHU MaJIO BJIMSIOT HA HArpPy304HYIO
CIIOCOOHOCTE.

2. MIX MOXHO CHHTE3UPOBATH TOJBKO MpPHU
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Puc. 4. Pactnipenenenue cui 1o 1eBkam

MaJjblX 3HAUCHHUSIX KOA(PPUIMEeHTa yKopodeHus wmukionnas! (A < 0,5).
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AHTOJOI'vsA NIPUBOPOB
IHHPEOBPA3OBATEJIEU BUBPALIUU

Kurouesvie cnosa: BuOpanus;, BuOporepe-
MEIeHne; BUOpoIpeoOpa3oBarenb; BHOPOCKO-
pOCTh, BHOPOYCKOpPEHHE; JIaTUUK;, H3MEPCHHUE;
perucrpanusi.

Aunomayus. llenpto uccnenoBaHus SBISETCS
aHaNM3 IpUOOPOB IJIsi U3MEPEHHS MapaMeTPOB BU-
Opauuu, npejaraeMblX Ha COBPEMEHHOM pPBIHKE, B
TOM YHCJIe BTOpHYHOM. B Xo1e paboTs! ObLI mpoun3-
BeZIeH 0030p MCTOYHUKOB, PACCMATPUBAIOIINX KOH-
CTPYKLUUHU TaKUX NPUOOPOB, HA3bIBAEMBIX BHOPO-
npeoOpa3oBaTesIMU HJIH JaTYMKaMH BUOpaIMu, UX
NPUHIUIAANBHBIE OTINYMs, Ha3HadeHue. [lpuse-
JieHa JIJaKOHWYHas Kiaccudukanus npuoopoB.

KpaTko mepednciieHbl OCHOBHBIC XapaKTepH-
CTUKH JIaTYMKOB U (UPMBI-IIPOU3BOAUTEIN IIPO-
IYKIIAA JUIST BUOPOMMATHOCTHKH (KaK COBPEMEH-
HBIC, TaK W pabOTalOIINe UIUTEIBHOE BpeMs U HE
TepsroIre BOCTpeOOBaHHOCTH). PesynbraTsl aHa-
JH3a TOKa3bIBAIOT, YTO ACCOPTHUMEHT MPHOOpOB
U COOTBETCTBYIOIIETO MPOTrPaMMHOro obecrieue-
HUA JOCTATOYHO IIHMPOK, YTO ITO3BOJIACT BbI6paTI)
3¢ peKTUBHBIE ¥ SKOHOMHYHBIE CpEINCTBa BUOPO-
JUAarHoCTHUKH.

[Iporecc oleHKM BEIMYMHBI BUOPAIMH BKITHO-
YaeT PErucTPaIfio OJHOTO U3 €€ OCHOBHBIX Mapa-
METPOB, MOCICAYIONIYI0 00pabOTKy MOTYYCHHBIX
JIAHHBIX, UX MpeoOpa3oBaHKue B TpeOyeMbld mapa-
METp BHUOpalMM W JallbHEeWIlee MpeCcTaBIeHUe
pe3yIbTaToB B HEOOXOMUMOM (opMe ¢ TTOMOIIBIO
MIPOTPAMMHOTO O0ECIICUCHHUS.

[IpakTrka ompeneneHruss BUOpAIMHA TIOKA3bI-
BaCT, YTO NPAKTUYCCKU BCC MAHUITYIALIWU C IIPU-
60paMI/I, YYBCTBUTCJIIBHBIMU K HM3MCHCHHUIO BCJIU-
YHUHBI BI/I6paHI/II/I, IMPOUCXOAT Ha HM3ydacMOM HJIN
UCIBITYEMOM OOBEKTE, Ha €ro MOBEPXHOCTH, T.C.
KOHTaKTHO.

K stum mpormeccaMm MpoSBISIETCS MOBBIIICH-
HOC BHUMaHHE yxke Oosiee 50 JeT: M3MEHSIOTCS
MIPUHIIAIIEL pa0OTHI MPUOOPOB, COBEPIICHCTBYIOTCS
TEXHOJIOTUU WX HM3TOTOBJICHUS M KOHCTPYKIHU. B
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CTaThe MpeJICTaBICH 0030p TaKUX MPUOOPOB — JaT-
YUKOB BUOpaluu (BUOpoIpeoOpaszoBareseii).

Hcropust pa3BuTHS JaTYMKOB BUOpALIMN BKITIO-
YaeT HEeCKOJIBKO 3TaIoB:

— HEOOXOIUMOCTh IOCTOSHHBIX OIpesese-
HUI BETMYUHBI BUOpaLlUHy;

— TOSABJISIOTCS INEPBbIE MEXaHUYECKUE TPH-
0OpBI, B KOTOPBIX BUOpauus npeodpasyercs B Ipy-
rue (U3MUecKrue BETUYMHBI, HAPUMEp, JICKTPU-
YECKHE;

— 10 Mepe IIMPOKOTr0 NPUMEHEHUs Ha Ipak-
THKE (PU3MYECKHX 3aKOHOB IOSBIISIFOTCSL BUOpOIIpe-
00pazoBaresy, UCHONb3YIOIINE 3TH 3aKOHBI, IOSIB-
JSIIOTCA JaTYMKW, YyBCTBUTENBHBIC K Pa3IMYHBIM
rmapamMeTpaM BHOpaIuu — BUOPOCKOPOCTH M BHOPO-
YCKOPEHUIO;

— COBEpIICHCTBOBAHWUE KOHCTPYKIMU TIpH-
0OpOB M3MepHTENeH, YMEHBIICHUE HX Ta0apUTOB U
Macchl, yBeIHUEHHE YYBCTBUTEIILHOCTH;

— K MOCHeIHEeMYy dTaly pa3BUTHUS CIEIyeT
OTHECTH MOSIBJICHUE TIPUOOPOB, BOCIPUHUMAIOIINX
CUTHaJl OT JIaTYMKOB Ha OCHOBE IPOLECCOPOB, H
KOMIIBIOTEPHBIE TEXHOJIOTHH.

[Mpunnun pa®oTel JAaTYMKOB BUOpaLUMU OC-
HOBaH Ha pa3iaMyHbIX (pusndeckux sddekrax: Ha-
npuMep, NPUHUMN PabOThl JAaTYMKOB BHOpALIUH
3aKJII0YAeTCs B M3MEPEHUHM (PU3NYECKUX BEIMYUH
(yckopeHwmst, CKOPOCTH M CMEIIEeHHUs) U UX Tpeod-
Pa30BaHUM B JIEKTPUUYECKUE BEIMUUHBI (HAIpsKe-
HHE ¥ TOK) [ 1-4].

CoBpeMeHHBIC TaTYNKH BHOPAITUU pa3IMdaroT
IO MIPHUHITUIIAM UX PaOOTHI.

1. TIpezonmexrpudeckue. [Ipu BubOparuu Ko-
nebaHus OT HCCIIeIyeMOoro OoOBeKTa MepenaroTcs
Ha Tbe3037eMeHThl. Ha ux o0kiankax mosiBisercs
ANIEKTPUYECKOE HANpsHKEHHE, BEIMYMHA KOTOPOTO
MPSMO MPOMOPIMOHATIBHA YCUITHIO.

2. Onruueckue (nazepusie). [IpuHimn pabo-
Thl OCHOBaH Ha JIOMJIEPOBCKOM CJIBUTE 4acTOT Jia-
3€PHOTO M3JYYCHHS, KOTOPOE OTPa)kaeTcsi OT MOJ-
BIKHOTO OOBeKTa. Eciam AaTdumky HanpaBUTh Ha
uccnenyeMblii 00bEKT B COCTOSIHUU MTOKOS, TO JUIH-
HBI HICXOJJHOTO M OTPAKEHHOTO Jy4a OyIyT paBHBI.




HAYKA U BU3HEC: IIYTHU PA3SBUTUA

Pa3zgen: MamuHbl, arperatsl 1 NpoLecchl

Puc. 1. Jlarunx Bubpockopoctu: | — cexTop; 2 — KOpIyc; 3 — MarHuT; 4 — KaTyImka; 5 — CEeKTop;
6 — BuHT; 7, 9 — npyxunbl; 8§ — mryuep; 10 — kpbimka; 11 — noamunuauk; 12 — mrekkep;
13 — ¢manern; 14 — coemMHUTENBHBINA KaOeTh

Ecnmu oOwbexT BHOpHpYET, TO JIa3epHBIA IaTYHK
(ukcupyeT M3MEHEHHUs W TepenaeT ux B (PUKCH-
pyromuii mpudop, B KOTOPOM OHHU TipeoOpa3yroTcs
B IIapaMeTphl BUOPAIINH.

3. BuxperokoBble. beCKOHTaKTHBIN THII TPH-
OOpOB, U3MEPSIONINX XaPAKTCPUCTUKN KOJICOAHMIA,
KOTJla M3y4YaeMblli OOBEKT TPOITYCKAET DIICKTPU-
yeckui TOK. B xome pabotsl mpubop Bo30yxaaeT
KoJeOaHHsl B KaTylIKe, BO3ZHHUKAIOUIEE 3JICKTPO-
MarHUTHOE T0Jie B3aUMOJICHCTBYET C HM3y4aeMbIM
MpeAMETOM. DJEKTPOHHBIH OJIOK MONy4aeT HYX-
HBIC JJAHHBIE M NPeo0pa3yeT UX B XapaKTEPUCTHKH
KoJIcOaHuH.

4. WunykuwoHHble. JlaT4MKu TakKoro THIIA
BOCIIPUHUMAIOT MEXaHWYECKHUE KojeOaHHs U mpe-
00pa3yloT MX B JJEKTPUYECKUN TOKOBBIA CHUTHAI,
MOTaIAI0NIM HA OOMOTKY TpaHcdopmaTopa, aa-
Jiee YCWJICHHBI CO BTOPUYHON OOMOTKH TOHAeTCs
Ha U3MEPHUTENBHBIN TPHOOp.

Onrryeckne (UKCATOpbl BHOpAITMH HE pac-
MPOCTPAHUIIUCh W3-32 CIIOKHOCTH TPaHCIOPTH-
POBKM U HACTPOMKH, CIOKHOCTH YCJIOBHUU H3Me-
PEHHUSI U MOHTaXa.

IIpakTuka u3MepeHuil Mokasaia, 4ro, IpUMe-
Hsisl QIEKTPOHHBIC BUOpONpeoOpa3oBarTelin, MOKHO
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MOJYYHUTh 3HAYUTENLHO OONBIIYIO0 HHPOPMAIIHIO.

['maBHBIM TIPEUMYIIIECTBOM JICKTPOHHBIX Mpe-
oOpazoBareneil SBISETCS YCTAHOBKA B Pa3IHUHBIX
qacTsaxX 00bEKTa U3MEPEHUSs], IPU 3TOM BTOPUYHBIH
peructpupyroumii npuOop OyaeT HaXOAUTHCS AMC-
TAHIIMOHHO, HA PACCTOSHUM JUTMHBI KaOens Jardyu-
ka. [logoOHble MPHOOPBHI HIMPOKO NPUMEHSIOTCS
P CO3/IaHUU aBaPUIHON CUTHAIIM3allUU U CUCTE-
MBI OTTOBETIIEHUS.

CoBpeMeHHbIE TaTYUKH BUOPAIUH JEIATCS Ha
JIBA OCHOBHBIX THIIA: TI0O KOHCTPYKIIMU M YyBCTBH-
TENBHOCTH K TapaMeTpy BHOpamuu (IaT4uKu BH-
OpPOCKOPOCTH U MATYUKH BUOPOYCKOPCHHUS).

K 1maBHBIM CBOHCTBaM NaTYHKOB-BHOPOIIPEO-
OpaszoBaresiell OTHOCST UX YYBCTBUTEIBHOCTD, JINa-
Ma30H YacTOT M PE30HAHCHYIO YacTOTY.

OOBIYHBIN JTaTYUK BHUOPOCKOPOCTH COCTOUT
W3 MarHmra, B MOJIe KOTOPOro IepeMeliaeTcs Ka-
TyIIKa C TPY3UKOM, B KaTyIIKe OyIeT HaBOIHUTHCS
anektpoaBkymas cwia (QAC), npsamo mpomop-
[MOHAJIbHAS CKOPOCTH TICPEMEIICHUSI KAaTyIIKA B
MarHuTHoM moje (puc. 1).

JloCTOMHCTBOM TakuxX MNPHOOPOB SBISIFOTCS
CTaOMJIBHOCTh IapaMeTPOB W HECJOXKHAs KOH-
CTPYKIUS, HEJIOCTaTKaMH — HEIINPOKHUN JHara3oH
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Puc. 2. Bubpomnpeodpaszosarens JJH4: 1 — kopryc; 2 — Ibe30KPUCTAILT; 3 — TPY3HK; 4 —KOJIAY0K;
5 —raiika; 6 — BBIBOZ; 7 — TpyOKa

U3MepeHni W Oonblias macca, u3-3a HeynoOCTBa
MOHTaKa Ha 00BEKTE M JIOCTATOYHO KPYIHBIX pas-
MEpPOB IMIOBCEMECTHO HE MPUMEHSIOTCS.

KoncTpykuusi npubopa mpexncrasinsier coOoi
cnenyromiee (puc. 1). Coenuuenue naryuka ¢ 0110-
KOM (UIBTPOB BTOPUYHOTO M3MEPHUTENSI OCYLIECT-
BJISIETCS C TIOMOILBIO SKPAaHUPOBAHHBIX ITPOBOIOB.

B narumkax, 4yBCTBUTENBHBIX K YCKOPCHHIO,
MOJYYHIX MPUMEHEHUE TOTYTPOBOTHUKOBBIC dJIe-
MEHTHI (ITb€30KPHUCTAILIBI).

N3-3a KOHCTPYKTHBHBIX OCOOEHHOCTEH W pa-
OOTBI TaKue MPUOOPHI pa3IEIIIN Ha TThe30aKcee-
POMETPBI U EMKOCTHBIC JIATYNKH BUOpAIIny.

[Tse30akcenepoMeTp COCTOMT W3 KOpIyca, B
KOTOPOM YCTAaHOBIICH ITbE€30KPUCTAILT C 3aKPEIIJICH-
HBIM Ha HEM TPY3UKOM.

Kopnyc BocmpumHMMaeT BuOpaiuio, Trpy3uk,
BO3JICHCTBYSl Ha KpucTaill, aedopmupyeT ero,
Ha OOKJIajgKaX TMOSBISACTCS DICKTPHUECKUH TOK,
MPOTNIOPLMOHANBHBI  BUOPOYCKOPEHUIO OOBEKTa
(puc. 2).

[Ipe30akcenepomMeTpbl  00JaAIOT  IIUPOKUM
JTUAIa30HOM YacTOT, MaJIBIMH TabapuTaMu U Mac-
COH, BBICOKOW YYBCTBHUTEIILHOCTBIO.

K HemocTaTkaM OTHOCAT HHU3KYIO MOMEX03a-
HIMIEHHOCTh, BOBMOYKHOCTb PE30HAHCA B JHANa30-
HE YaCTOT U OTHOCHUTEIHLHO OOJBIIY0 CTOUMOCTb.

CpaBHUTENHLHO HENABHO TOSBIINCH TPEXKO-
OpIWHATHBIE BHOpOMpPeoOpa3oBaTeNid, B KOTOPHIX
YCTaHOBJICHBI ME30KPUCTAIITBI, 00CCIICUNBAIOIIUC
U3MEPECHUA B TPEX B3aUMHO MNCPIICHAUKYIAPHBIX
HampapieHuAX. Takue MpUOOpPHI MPUMEHSIOTCA B
cUCTEeMax CTallMOHAPHOTO MOHUTOPHHTA ¢ MHOTO-
KaHAJIBHBIMHU IU(POBBIMU U3MEPHUTEISIMHU.

HI)G?)O:‘)HGKTPI/I‘IGCKI/IC JaT4YuK BECbMa 4YYyB-
CTBUTENIBHBI K IIPOLECCAM BOKPYI HUCIBITYEMBIX
MallliH, B COCOMHUTEIBHBIX KaOensX MOSBISIOTCS
HABOJAKH, MCKa)XalolLUe ToJlydyaeMble AaHHbIE, 3a-
3eMiIeHue PUOOPOB U SKpaHUPOBaHUE Kabesel He
Bcerga A((EeKTUBHO, TOPTOMY B JAaTYUKH BCTpa-
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MBAIOT YCHIUTENb, YTO JAaeT BO3MOXXHOCTHh YBE-
JIMYUTh JITMHY KaOenss W IOMEXO3allUIEHHOCTh
npuboOpoB.

[IpuMeHeHne eMKOCTHBIX JaTYMKOB BHOpAIUu
TOJPKO HauuHaeTcs. VX MOsBIeHHE TECHO CBs3a-
HO C pa3BUTHUEM MHKPORJIEKTPOHUKH, HA KPUCTAI-
JIe MUKPOCXEMBI YCTaHABIMBAIOTCS BCE AJIEMEHTHI
pubopa, MPeACTaBIIONIIE CO00H KojebaTenpHbIe
KOHTYpBI, C KOTOPBIX CHHMAETCS DIIEKTPHYECKUN
CUTHAJI, TPOTIOPIIMOHATIEHEIN BUOpAINK 00BEKTA.

JoctomacTBa TIPUOOPOB: BO3MOXKHOCTH PETH-
CTpAallii CBEPXHU3KO-YaCTOTHBIX BUOpAIUi, dake
¢ 0 I'm, u BBICOKasT YyBCTBUTEIHHOCTh. HemocTat-
ku: HeBbIicOkMui muana3oH 200—1 000 't u cimox-
HOCTh TapPUPOBKH.

[MpumeHeHue BUOPOJMATHOCTUKH B Pa3iiny-
HBIX cepax ACSATEIBHOCTH IMMOKA3aj0, YTO IhE30-
akceynepoMeTphl  (BUOpompeoOpa3oBaTeu BHOPO-
YCKOPEHUSI) COCTABJISIFOT CaMYI MHOTOYHCIICHHYIO
TPyNIly JaTYUKOB W SIBISIOTCS OCHOBHBIMH ISt
OIpeieIeHNs BUOPAIUY B HACTOSIIIEE BPEMSI.

OTH prOOPHI UMEIOT BBICOKHE IKCILTyaTallH-
OHHBIE TTApaMEeTPhl, MaJIbId BeC W TadapuThl, MPO-
CTOTY KpeIIeHHs Ha OOBEKTe, a MOydYeHHbIE JTaH-
HBIE JIETKO MPeoOpasyroTcs B KMHEMaTHYeCKue U
TUHAMAYCCKHAE BEIIMIUHEI [4-5].

Bompmryto n3BecTHOCTL IPHOOPETTH BUOpOTIpE-
obpazosarenu cepun JIH 3aBoga «BubGporpubdop»
(r. TaraHpor), MOSIBUBILKECS OJHUMH M3 MEPBBIX U
BBIIYCKAIOIIUECS 10 CUX T1OP.

BubpormnpeoOpa3oBareb Mbe303JIEKTPHUSCKUN
JIH-4 pabortaer kak mnpeoOpa3oBaTeiib MEXaHH-
YeCKHUX KojeOaHul 00bEeKTa B DIIEKTPUUECKUE CUT-
HaJbl, KOTOpPbIC NPOTOPIHMOHAIBHEI YCKOPESHUIO
KoJieOroIIerocs 0obekTa (puc. 2).

Takumu npubOpamMu KOMIUIEKTYFOTCS Pa3iind-
HbIE M3MEpUTENbHbIC MPHOOPHI, elle padoTarolIre
Ha DIIEKTPOHHBIX JIAMIIaX M TOJYIPOBOIHHUKAX, B
TOM YHCJIE JIeTeHIapHBIA H3MEpPUTENh BUOpAIH U
myma BIIIB-003 1 MHOTHE €ro MOAH(UKAIIHH.
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Puc. 3. Bubpompeodpazosarenu AP37 (39T) u BK-310 (Bukonr)

JlaTyuK TIMPOKOTONOCHBIN: JTUAITa30H YacTOT
0 + 12500 T'u, pasmepsl — 18x17x14 MM, macca
Bcero 13 .

[IpuGop JAH-4 pencrapieH Ha puc. 2.

B ocHoBe paboTHl mardmka — MPSMOM IHE30-
anekTpudeckuii 3pdext. Ha mpe3osmeMenTs nei-
CTBYET Harpy3ka OT Ipy3HKa, Ha UX OOKJIaJKax Io-
SABIACTCSA SHGKTpI/I‘IeCKI/Iﬁ TOK, BEJIMYMHA KOTOPOI'O
MIPOTOPIIMOHAIbHA YCKOPEHHIO0 00BbekTa [6—7].

Jlarunku, nipeasiaraeMble B HACTOSIIEE BpPEeMs
MPOM3BOAUTEIISIMU, OTIMYAIOTCS TEM, YTO pas3pa-
OOTUMKH TPUOOPOB OPHEHTHPYIOTCS Ha cdepy ux
MPUMEHEHUS, Yalle BCEro OHM YHHUBEpCAJIbHBIC.
Takne npuOOpPHI TO3BOJSIOT pelIaTh pa3IUYHbIC
4acTO BCTpEYAIOUIMECs 3aJadd 10 KOHTPOJIO CO-
CTOSIHUSL 000PYIOBaHHS.

OTteuecTBEeHHAs TTPOMBIIIIIEHHOCT BBITyCKAeT
B HacTofIlee BpeMs OOJIBIITYI0O HOMEHKIIATYPY BH-
OpompeoOpaszoBareneil pa3HOil TyBCTBUTEIHHOCTH,
Ha3HA4YEHUs, CIIOCOOOB KpEIUICHHUSI U TabapuToB.

Cpenu 3TUX TTPUOOPOB MHOTO TTOXOXKHUX TIO TTa-
pameTpaM, MOITOMY TpHBEAEM HamOojee H3BECT-
HBIE OTEUECTBCHHBIC (HUPMBI, TaBHO paboTarorime
Ha pBIHKE TUATHOCTUYCCKUX TNPUOOPOB M TIPO-

rpaMMHOTO 00ecTIeYeHUsI.

Opnna u3 Takux pupm — OO0 «Texuexon» [§].

3A0 «DnexTpoHHBIE TEXHOIOTMH U METpo-
nmoruueckue cuctembl — 30T paspaborano nernoe
CEeMEUCTBO MpPUOOPOB, B KOTOpOM Oojee aecsTKa
JIaTYNKOB 00IIero Ha3HaYeHus [9].

HIIIT «BuKoHT» cnienmanusupyercs Ha BBIITY-
CKe BUOpoIpeoOpa3oBareneil pa3IMyHOro Ha3Haue-
HUSl, BKJIFOYAsi TPEXKOMIIOHEHTHBIE, UMU KOMILIEK-
TYIOT CBOM TIPHOOPHI U Apyrue m3rorosutenu [10].

Bubpomnpeobdpazosarens BK-310 — mpe30amek-
TPUYECKHUN aKCEeJIepPOMETpP CO BCTPOEHHOM 3JIeK-
TpoHHKOH (puc. 3).

AO3T «Jluamex 2000» siBisieTcs OIHHM U3
M3BECTHBIX OTE€YECTBEHHBIX MPOW3BONUTENEH MpPH-
00poB U mporpaMmmHoro obdecrneueHus [11].

Poccuiickuii TpoU3BOAUTENb Y4eOHOTO 000py-
JOBaHHS, JICKTPOHUKH W TMPOTPAMMHOTO oOecrie-
yeHust — Releon [9].

Taxke  cymecTByeT  TIpynma  KOMIAHUN
ZETLAB, OO0 «9TMC» u «3ETIIAb» [12]. IIB®
«BubpouenTp» — pa3paboTUHK MEKTPOHHBIX LHU)-
POBBIX BHOpOM3MEpHUTENEH, TaTYMKOB U MPOrpaM-
MHOTO obecreueHus [13].
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Paznes: Po6oThl, MexaTpoOHHKa U POGOTOTEXHUYECKHE CHCTEMBbI

VK 629.585

H.B. XAPUTOHOB, B.U. PYBLIOB, H.U. LIIYBAJIOB
DI'FOY BO «Mockosckuii 20CyoapcmeeHtblil mexHu4ecKull yHugepcumem
umenu H.D. baymana (nayuonanvhvlil ucciedosamenscekuil ynusepcumen)y, . Mockea

HPOEKTUPOBAHHUE U U3I'OTOBJIEHHUE
MAKETA T'HBPUIHOI'O ITOABOAHOI'O
JUATHOCTHYECKOI'O POBOTA JJIA
OBCJIIEJOBAHHUA KOPITYCA CYIHA

Kniouesvle cnosa: anauTUBHOE TNPOTOTHUIIU-
pOBaHME; TepMETUYHOCTb; THOpHUIHAs CHUCTEMa
yOpaBiCHUS; IMArHOCTHKA CYIOBOTO KOPILyCa,;
o0beMHass KOHCTPYKLHS; MaHEBPEHHOCTb; IOJ-
BOJIHBII POOOT.

Annomayus. llenp ucciaenoBaHuss — CIPOEK-
TUPOBATh MakeT poOoTa /Ui AMAarHOCTHKH I1OBO-
JTHOM 4acTu Cy/Ha.

3azaun UCCIEOBaHUsA: U3YUUTh COBPEMEHHbBIE
KOHCTPYKIMH CHEIUAIN3UPOBAHHBIX POOOTOTEX-
HUYECKUX CPEJCTB JUISl NMOJBOJHOW AMArHOCTUKH,
MIPOBECTH CPABHUTENIbHBIM aHAIN3 HCIOIb3yEeMbIX
KOHCTPYKLHH, pa3paboTaTh KOHCTPYKIIMIO, OIH-
caTh HCIOJIb3yeMbIe TEXHOJOTHM JJsl MPOU3BOJI-
CTBa MaKeTHOTO o0pasIia.

lunote3a wuccienoBaHus: TUOPUIHBIA TOA-
BOJIHBIA POOOT ¢ 0OBEMHON KOHCTPYKILMEH W KOM-
OMHUPOBAHHBIM PEKUMOM YIIPaBICHUS (aBTOHOM-
HbIM U Ka0EIbHBIM) OOECHEYHT COMOCTABUMYIO
C JIOKOBBIM OCMOTPOM TOYHOCTH JTHATHOCTHKH
KOpIIyca CylHa IPU COKpAIIEHUM BPEMEHH Ipo-
BeAieHUsT padOT M CHMKEHUHU SKCIUTyaTallMOHHBIX
3aTpar.

Mertozpl HMCCIIENOBAHUSA: aHAJIMTHYECKUH 00-
30p JIMTEpaTyphl, CPAaBHUTEIbHBIA aHAIN3, pa3pa-
00TKa KOHCTPYKILIHH, CO31aHIE MaKeTa.

JlocTurnyTtele pe3yabTaTrbl: B XOA€ CpPaBHU-
TEJILHOTO aHalM3a BbUIBICHBI CYLICCTBEHHBIC
[IPEUMYIIECTBA ONPENEICHHON KOHCTPYKIMHU JUIS
peLICHNS TOCTABICHHBIX 3a1ad.

B pamkax HacTOSILEro HCCIIEIOBAHUS MPO-
BeIeHBI 0030p M CPaBHUTEJIBHBIA aHAJIN3 CYLIECT-
BYIOIIIUX KOHCTPYKLUMH TOJBOJHBIX JUarHOCTH-
YECKMX POOOTOB — TeNeyIpaBisieMbIX, aBTOHOM-
HBIX ¥ THOpWAHBIX cucTeM. OLEHEeHbl UX KIIO-

IIPUMEHEHHUSI U CTOMMOCTh IKCIUTyarauuu. Ha oc-
HOBE TOJIyYCHHBIX JaHHBIX pa3padoTaH KOHLENTY-
QJIbHBIA MakeT TMOPHUIHOIO armnapara, pa3padoTaH
ero uM¢poBOH ABOMHHUK, MOCIE YETrOo H3rOTOBJICH
OTIBITHBIA O0Opasel Ui NperBapUTEeIbHOTO HCIIbI-
TaHUA.

BBenenune

[MomBonHast poOOTOTEXHUKA OOBEIUHSIET Me-
XaHUKY, SJCKTPOHUKY, THIPOJUHAMUKY U HUCKYC-
ctBennbiil naTeuiekT (MW) i pemenus 3aaa4 mno
00CITy’)KMBaHUIO ¥ MOHUTOPHHTY TOABOJHBIX O0B-
ekxtoB [1]. [IpumeHeHre poOOTOB JIsl TUATHOCTHKHU
0e3 BBIBOJIA CY/IHA B JIOK IO3BOJIIET B Kpardyauiimue
CPOKH BBIBIATH KOPPO3UIO, TPCIIUHBI U IPYTHE
MOBPEXKICHUS C TTIOMOIIBIO YABTPA3BYKOBBIX JaTYH-
KOB U BUJCOKaMep, CHIDKAsI TPOCTOU U 3aTpaThl HA
TeXHUYECKOe 00CIyx uBanue [2].

Onucanue 0CHOBHBIX THIIOB
MNPUMEHACMbBIX pOﬁOTOB

TeneynpapnsieMble HeoOHWTaeMble ammapaThl
(THA) olGecrnieunBaroT JOKaJbHYIO JMArHOCTUKY
C BBICOKOTOYHBIM BHJICOKOHTPOJIEM B pPEajbHOM
BpeMenu [3]. YmpasiieHue 1o kadeito rapaHTHpyeT
CTaOMIIBHYIO TIO/Iauy MUTAHUS | Tiepe/iady JaHHBIX.
B cocraB o0opynoBaHHs BXOISAT KaMepbl BBICOKO-
TO paspelieHus], YJIbTPa3BYKOBBIC TOJIIIHHOMEPHI
W MHCTPYMEHTHI JJISi OYHCTKH KOpIyca, 4TO TIO-
3BOJISIET JIETaJbHO OOCIIEAOBaTh CBApHBIE IIBHI,
BHHTO-PYJIEBBIE TPYIIBI U KATOAHBIE SJIEMEHTHI.
OCHOBHBIC OTpaHMYCHHUS — JUIMHA KaOenms W yda-

YCBBIC XAPAKTCPUCTUKH: MAHCBPCHHOCTH, aB- CTUEC ome€paropa, 4TO YBECJIUYHBACT 3aTparbl Ha 00-
TOHOMHOCTDb yHpaBJICHU, YHUBEPCAJIBbHOCTD CIIy’)KMBaHUEC.
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Puc. 1. Buemnuit BuI mprMepa TeNeynpaBIsieMoro HeOOUTaeMOTo anrmapara

Puc. 2. BHemrHmii BU puMepa aBTOHOMHOTO HEOOMUTaeMOT0 amrapara

ABTOHOMHBIE HeoOHuTaemble ammapaTsl (AHA)
OTCJIEKMBAIOT KOPIYC IO 3aJaHHOMY MapIipy-
Ty 6e3 ydactus omepatopa [4]. Mcrnonb3ys coHap
u nupodunorpad, oHH GopMupyrT 3D-Mojmeib
CymHa U OBICTPO OOCIEAYIOT OOIIMPHBIC Y4YacT-
ku. KiroueBble orpaHuyeHHs — TOBBIILICHHBIN
PUCK CTOJKHOBEHHH B CTECHEHHBIX YCIOBHSIX WU
OTCYTCTBHE BO3MOXKHOCTH JJII TOYEYHOH Juar-
HOCTHKH.

['mbpuanple ammapaThl COYETAIOT AaBTOHOM-
HBIH pPEXHM C BO3MOXKHOCTBIO OIEPATUBHOTO
repexosia Ha KabeJabHOEe YIpaBIeHHE IS JIeTallb-
HOTO OcMOTpa Je(eKTOB M OCHAIIEHBl MaHWITY-
JIATOPaMH JUIS BBITIOHEHUS MENKHX DPEMOHTHBIX
omeparmii  [5]. Takwe cucteMbl 00ecIEeUnBaIOT
BBICOKYIO YHUBEPCAIBHOCTh M 3(PPEKTUBHOCTD,
OJTHAKO TPEOYIOT CIIOKHOW WHTErpaliiy, Ha-
CTpOIKM 000pyHOBaHUS W KBAIM(DUITUPOBAHHO-
ro IMepcoHaja, 4TO YBEJINYMBAET MX CTOMMOCTH
BHEJPEHUS.

Ha nemMOHCTpallMOHHBIX WILTFOCTPAIUSX BBI-
JIEJIEHBl TP KJIIOYEBBIE KOHLEMIMM KOHCTPYKLHN
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IIOJIBOJTHBIX POOOTOB:

— 00beMHBIE;

—  TOPIEIOBU/IHbBIC;

—  IJIOCKHE.

Bri6op THIia poboTa 3aBUCHT OT KOHKPETHBIX
3aj1au:

— THA obecnieunBatoT MaKCUMaJIbHYIO JIETa-
JIU3AIHIO TTPU JIOKAIEHOM 00CIIeIOBaHUM;

— AHA »sbdexTuBHBI Ul PEryasipHOTO MO-
HUTOPHHTA OONBIINX CY/IOB;

— TUOpUIHBIE CHCTEMBI ONTHUMANBHBI I
KOMIUIEKCHBIX MHUCCHH, TPeOyIONMmMX Kak o0ciemno-
BaHUS, TaK U PEMOHTHBIX PaloT.

Jlns obecriedeHnss THOKOTO YIIpaBICHHS W
WHTETPAIMA Pa3HOOOPa3HBIX IATYMKOB M CHCTEM
ympapieHus Obuta BeIOpaHa THOpHUIHAs 00beMHas
KOHCTPYKIIHS POOOTOTEXHUYECKOTO KOMILIIEKCA.

OnucaHue TEXHHYECKOI0 32/ 1aHUSl HA
pa3paldoTKy KOHCTPYKUMHU podoTa

I[J'I?I MPOBEACHUA NPOYHOCTHBIX W SHEPICTHU-
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Puc. 3. BHemnnit Buj npumepa rTuOpUIHON CHCTEMBI

Puc. 4. BHemHmit Bu pa3pab0TaHHONW KOHCTPYKITHH

Puc. 5. Cxpemnsromue pedpa

YECKUX PACUYETOB MPHUHATO PEIICHUE B3SITh 32 OC- — 00ecmeynTh JOCTAaTOUHYIO0 MOIHOCTH JIBU-
HOBY CJICJIYIOIIME XapaKTePUCTUKKU pa3padaTbiBac- rareiicii Koyiec Ui MPEOJOJICHUS TPEesTCTBUI
MOH CUCTEMBI: r<ry

— Macca He Ooiee 5 Kr; — obecmeunts v =1 M/c;

— MHUHHMAaJbHOE JO0OOBOE COIIPOTHBIICHUE; obecrieunts ~ rabaputel  He  Oonee
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Puc. 6. [TnaneTapHbIil peayKTOp

N _ N

Puc. 7. Hecymas 6amka

Puc. 8. Kponmireitn TypOHHBI

500x500x500 mm;

— o0ecneynTh JOCTAaTOYHYH IPOYHOCTH IS
MOTPY’KEeHUS Ha IyOWHY 10 15 METpoB, pU 3TOM
o0ecreunB Je1IeBU3HY IIPOU3BOJICTBA;

— Marepuaj KOpIyca IOJDKEH OBITh JIErKO
oOpabarTbIBaeMm;

— o0ecneynTh IepMETHYHOCTh BHYTPEHHHX
IOJIOCTEH podoTa;

— obecneynTthb
ynpaBieHHs POOOTOM.

B kadecTBe OCHOBHOrO Marepuana Kopiyca
poboTa MPHUHAT IUIACTHK B CBSI3U C OTCYTCTBHEM
MOABEP)KEHHOCTH KOPPO3UHM U HEOOXOIUMOCTH
CHIDKEHHUSI Macchl podoTa.

B koHCTpyKIIMM OCHOBHOM Hecymiedl da-

BO3MOXXHOCTh FI/I6pI/I,I[HOl"0

Ne 4(166) 2025

108

CTU NPUMEHEHAa IIIACTUKOBas TPyOKa IUaMeTpoM
110 mm (puc. 4).

OrmopHbIe CTOWKH W3TOTOBJICHBI W3 TPYOBI
muameTpoM 20 MM M JKECTKO CBSI3aHBI C KOPITY-
COM TpeMms TomnepeuHsiMu pebpamu (puc. 3).
Ha onopuble CTOHKM CMOHTHPOBAaHBI KpOH-
LITEHHB! IUIAHETAPHBIX KOJIECHBIX PEILyKTOPOB
(puc. 6).

K BepxHell yactu kopiyca 3aKperieHbl [IBE
[IPONOJIbHBIE Hecyue 0anku (puc. 7).

K mnepenmeli wactm Hecymux Oanok wyepes
KpPOHIITEHHBI (puC. 8) BMOHTHUPOBAHBI TYPOHHBI
(puc. 9).

[Tpon3BOACTBO MakeTa BBIIOJIHEHO METOIOM
aAJUTUBHOTO TMpOTOTHNUpOBaHus (3D-meuarn).
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Puc. 9. Typbuna

Puc. 10. Buzyanusanust neraieii konecHoro peaykropa B Ultimaker Cura

Cravama B CAD-cuctemax (AutoCAD, SolidWorks
U Ap.) ObuIa CO37]aHa TOYHAsI TPEXMEPHAst MOJCIb C
3aJJaHHBIMU T€OMETPUYECKUMHU U (PYHKIUOHAIBHBI-
MU MapaMmeTpamu. 3aTeéM MOJENb dKCIOPTUPYETCs
B IIporpaMMy ciaiicep, rae ¢opmupyercs g-code
g niedatd. [locnoiiHoe HapamuBaHHE OCYIIECT-
BIISIETCS 3@ CUET IKCTPY3UU TEPMOIUIACTUYHOIO Ma-
Tepuana. {7 M3roTOBIEHUS KOPIYCHBIX 3JIEMEH-
TOB BbIOpaH PETG, oOnafaroiiuii ONTHMAaTbHBIM
COUYETAaHUEM IIPOYHOCTH U KOPPO3UOHHOU CTOMKO-
CTH, a JUIs 3y0UaThIX Mepeiad UCIoIb30BaH HEHIIOH
C HU3KUM K03 (PUIIMEHTOM TpeHHs, 4YTO 0OecIeyuu-
BAET BBICOKYI H3HOCOCTOMKOCTB.

3aKkjIoueHne

IIpoBeneHHBIN CpaBHUTENBHBIN aHAINW3 pa3-
JUYHBIX KOHCTPYKTHUBHBIX PELICHUH TO3BOJIHII
OIIPEICTUTh ONTHMAIBHYIO ApPXUTEKTYpy Makera
pobota. Ha ero ocHoBe pa3paboTaH ONBITHBIH 00-
pasell 1 BhIOpaH KOMIUIEKC MaTepHajioB U TEXHOJIO-
r'Ui, oOecreunBaImXx TpeOyeMble MPOYHOCTHBIC
1 JKCIUTyaTallOHHbIe XapakTepucTuku. [Ipensapu-
TeJbHBIE UCTBITAaHUSI ONBITHOTO 0o0pa3la MoATBep-
I COOTBETCTBUE TEXHMYCCKHM TpeOOBaHUIM
W YKa3bIBalOT Ha IMEpCIEKTUBRY AalbHEWIIEen 1opa-
OOTKH 1 MacIITaOUPOBAHUS KOHCTPYKITHH.
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NMHHOBALUU: BHEJIPEHUE CUCTEM
POBOTOTEXHHUKH B I'EOJOI'MAN

Kniouesvie cnosa: aBromarmsamms; Oe3orac-
HOCTh;, TCOJIOTHs;, TOPHOMOOBIBAIOIIAS IPOMBIIII-
JICHHOCTb; MCKYCCTBEHHBIH HHTE/UICKT; Ka4eCTBO
MPOAYKIMH; MAIIMHHOE OOydYeHHUE, NPOU3BOIM-
TEJNIBHOCTh; POOOTOTEXHHUKA; COKpAIIICHUE 3aTpaT.

Annomayus. CTaThs TOCBAIIEHA HCCIEAOBA-
HUIO TMPUMEHEHUS POOOTOTEXHHUYECKUX CHUCTEM B
00JIaCTH TE€OJIOTUU C aKIICHTOM Ha TOPHOI00BIBAIO-
LIYI0 TPOMBIIICHHOCTh. B Helt 00cykaaroTes mpe-
MMYIIECTBA U OTPaHUUYEHUS BHEAPEHHUS POOOTOB,
TaKWe KakK MOBBIIICHHE OC30MaCHOCTH, YBEINYCHUE
MPOU3BOAUTEILHOCTH, CHIIKCHHE 3aTpar U yiyd-
IICHUE KayecTBa MPOMyKIMU. Takke paccMOTPEHBI
BBI30BBI, C KOTOPHIMH CTAaJIKHMBAeTCS 3Ta 00J1acTh,
BKJItOYasi HEOOXOAMMOCTh II€PBOHAYAIBHBIX HHBE-
CTULMM W aganTanuio TexHosiorui. IloguepkuBa-
€TCs, YTO Pa3BUTHE HCKYCCTBEHHOIO HMHTEJLICKTA
M MAalIMHHOTO OOYYEHHUSI OTKpPbIBAET HOBBIC I'OPH-
30HTBI JUIS CO3JAaHWS aBTOHOMHBIX M aJalTHBHBIX
poOOTHU3UPOBaHHBIX perieHui. OXKumaercs, uTo B
OyIylleM HUCIIOJIb30BaHHE POOOTOTEXHUKH B TOP-
HOJIOOBIBAOIIEH OTPACIM MPUBEACT K 3HAYUTEINb-
HbIM U3MEHCHMSIM B OpPTaHU3allMU IMPOLECCOB J0-
OBIYM U MEePePaOOTKH TOJIE3HBIX UCKOIACMBbIX.

Llenp maHHOM CTAaThM 3aKJIFOYACTCS B UCCIIEIO-
BaHWUU TPUMEHEHUS POOOTOTEXHUYECKUX CHCTEM
B 00JIacTH reosioruu (¢ 0COObIM aKIIEHTOM Ha Top-
HOJIOOBIBAOIIYIO MTPOMBIIIUIEHHOCTE). Pabora Ha-
[leJIeHA Ha aHAllU3 MPEHMYIIECTB U OrPaHUYCHUH
BHEJPEHHUSI POOOTOTEXHUKH, a TAKXKE Ha BBISABIIC-
HUE IHOTCHIMAJIbHBIX HAIPABICHUI IS JajabHEMH-
IIETO PAa3BUTHSI U ONTUMH3AIHK MTPOILECCOB T00BI-
YU ¥ MePepaOdOTKHU MOJIC3HBIX HCKOMACMBIX.

PoGoToTexHrka B 00J1aCTH T€OJIOTHH OTKPHIBA-
€T HOBBIC TOPU3OHTHI ISl aBTOMATU3AIMH U YIyd-
meHus 3QQGEKTUBHOCTH Pa3HOOOPa3HBIX IPOIIEC-
COB. ABTOHOMHBIE POOOTH3UPOBAHHBIC YCTaHOBKH
MNPUMEHSIIOTCS Ul OCYILIECTBJIICHUSI KapTorpa-
(¢upoBaHUs Kak MOBEPXHOCTH, TaK M IOA3EMHBIX

111

cTpyKTyp. OCHOBHOE NMPEUMYILECTBO 3TUX CHCTEM
3aKITIOYaeTCsl B UX CIIOCOOHOCTH cOOMpPAaTh TaHHBIC
B YCJIOBUSIX, TIOTEHIIMAILHO OMACHBIX JUIsl YeJIoBe-
Ka, TAaKUX KaK y3KHe Telephl, TyOOKHe paciuey-
HBI U HEOJIAroNpHUATHBIE TIOTOJJHBIE YCIIOBHS.

Kpome Toro, poOOTHI, OCHAIICHHBIC MaHUITY-
JSITOpaMH, criocoOHbl 3 dekTuBHO coOupars pas-
JUYHBIE O00pa3lbl T'€OJIOTHUECKUX MAaTepHasoB,
BKJIFOYAsl T€, KOTOPhIE MOTYT NPEACTABISATh YIPO-
3y U 3IOPOBBSl M KM3HHU YEIIOBEKa. DTO 3HAYH-
TEJBHO CHU3WUT PUCK ISl OMEPAaTOPOB U ITOBBICUT
YpOBeHb 0€30MaCHOCTH B XO/I€ MCCIIEIOBATEIhCKIX
paboT. PoboTH3npoBaHHBIE CHCTEMBI TaKK€ MOTYT
OBITH OCHAIIICHBI CTIEINATM3UPOBAHHBIMY JTaTINKA-
MH ISl MOHUTOPHUHIA CEHCMUYECKON aKTUBHOCTH,
W3MEHEHUI B TPYHTOBBIX YCIIOBHSIX W YPOBHSI 3a-
rpsizHeHus. Takue TexHoNIornu 00eCeYnBaloT He-
MIPEPBIBHBIN U TOUHBIH COOP JaHHBIX, YTO CIOCO0-
cTByeT Oosiee TIIyOOKOMY TOHHMAHUIO TUHAMUKH
OKpY’KAIOLIEN CpPEBL.

B xoHTeKCTe TEO(PU3UUECKUX HCCICIOBAaHUN
poOOTEl 3PPEKTHBHO pa3MEIIAIOT U COOUPAIOT
JaHHBIC C CEICMOMETPOB, YTO MOBBILIAET KaYECTBO
U HAJCKHOCTh HCCIENOBATEIbCKUX PE3YJIBTaTOB,
03BOJIsIsl 0OJIee TOYHO MHTEPIPETUPOBATH TaHHBIC
W yIydIarh TporHO3bl. HakoHer, aBTomMaruzanus
MIPOIIECCOB JOOBIYHM MOJIE3HBIX UCKOIAEMBIX C HC-
MOJTb30BaHUEM POOOTH3UPOBAHHBIX CHUCTEM TIO-
3BOJISIET BBITIONMHATH 3aja4dM, Takue Kak OypeHwe,
B3pBIBHBIE Pa0OTHI M TPAHCTIOPTUPOBKA PYIBI, YTO
HE TOJBKO TOBBIMIAET 0€30MacHOCTh MPOBOANMBIX
orepanuii, HO W 3HAYUTEIHHO YIy4IIaeT OOIIYIO
3¢ (EeKTUBHOCTD MPOLIECCOB 100bIun. B uTore BHE-
JpeHre POOOTOTEXHUYECKHUX PEIICHHH B T€OJIOTHIO
co3JaeT yciuoBus Ui Oonee GezomacHOro, dpdek-
TUBHOTO M TOYHOTO BBITIOJTHEHUS MCCIEAOBATEIb-
CKHUX M JIOOBIBAIOIIUX orepanui [3].

[Togzemuble poOOTHI, NpeAHA3HAYCHHBIC IS
00CITy’)KMBaHUSl NIAXT, BBICTYIAIOT BaKHBIMHU HWH-
CTPYMEHTaMH JJIsl TPOBEPKH COCTOSIHUS IIAXTHBIX
KOHCTPYKIIUH, pEMOHTa O0OpYHOBaHUS M IPENOT-
BpAlllEHUs] aBapUMHBIX CHTyallud. OTH BBICOKO-
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TEXHOJIOTUYHBIC CHUCTEMbI CHOCO6HI)I CYHICCTBCH-
HO IMOBBICHTH O€30MacCHOCTh Ha TPOU3BOJCTBE,
MUHUMU3UPYSI PUCKH, C KOTOPBIMU CTAJIKUBAKOTCS
COTPYAHUKH, M, CJIEAOBATEIbHO, OOJErdarT HuX
TPYAOBBIE MPOLECCHl. TakuM 00pa3oM, MOXKHO C
YBEPEHHOCTBIO yTBEPKIaTh, YTO POOOTOTEXHHUKA
MIpeJICTaBIsAeT COOON akTyaahbHOE HaIlpaBlieHHE B
cthepe TeoJOrHH, MO3BOISIONIEE YIYYIIUTh YCIIO-
BHS TpyZla W TIOBBICHUTH OOIIYI0 I(PPEKTHBHOCTH
paboTEHL.

B nannoli cTarbe OyaeT pacCMOTPEHO HCIIONb-
30BaHHEC pO6OTOTeXHI/IT-IeCKI/IX CUCTEM HWMCHHO B
obiacTi AOOBIYM TOJNE3HBIX HCKomaeMbiXx. Cpe-
I KITIOYEBBIX HAaIpaBlIeHU TMpHUMEHEHHUs pobo-
TOB B 3TOM O6HaCTI/I MOKHO BBIJCIIUTH HECKOJIBKO
ACTICKTOB.

Bo-niepBbiX, poOOTHI CIIOCOOHBI 3HAYUTEIHHO
ONITUMM3HMPOBATh MPOLECCHl OypeHusi U IMpoBele-
HUs B3pBIBHBIX paboT. Vcmonk3oBaHue aBTOMA-
TU3UPOBAaHHBIX OYPOBBIX YCTAaHOBOK ITO3BOJISET
MUHUMH3UPOBATh KOJIMYECTBO PAOOTHUKOB, HAXO-
JIIIUXCS B OTACHBIX 30HAX, IMOBBIMIAS TEM CaMbIM
o0mIyr0 0e30MacHOCTh. DTH CHUCTEMBI TaKKe Tpe-
JOCTABIISIOT HMCKIFOYATENBHYI0 TOYHOCTH BBITION-
HEHUS Omepanuil W JUIUTEIhHBIA CPOK CITYKOBI,
AMes TOTPEOHOCTh B TEXHUIECKOM OOCITYKHBaHUH
JUIIh B PEIKHUX CITydasx. JDTO CIIOCOOCTBYET yBe-
JMYEHUIO TIPOU3BOAUTEIHHOCTH U 3PPEKTUBHOCTH
TOPHOIOOBIBAIOIINX TPEATIPUATHH.

Bo-BTOpBIX, aBTOMaTU3NPOBAHHBIE TPAHCIIOPT-
HBIE CPEJICTBA UTPAIOT KIIFOUEBYIO POJIb B MPOIECCE
TPaHCIIOPTUPOBKH PYIbI OT MecTa J0OBIYH JI0 Tie-
pepabaThIBaOIIMX 3aBOJOB. ABTOMAaTH3aLUs JaH-
HOTO TIpoliecca MO3BOJISIET COKPATUTh TPAHCIOPT-
HBIC 3aTPaThl U CYIICCTBEHHO YMEHBIIUTh OIIHOKH,
BO3HHKAIOLINE M3-32 YEJIOBEUECKOTo (pakTopa, 4To
B HWTOTE MOBBIIIAET HAJEKHOCTh M KaueCTBO BBI-
TTOJTHSIEMBIX OTIEPaIni.

B-Tperbux, BHeapeHHE pPOOOTOTEXHUYECKUX
JJIEMEHTOB B TOPHOAOOBIBaroIIee 00OpyIOBaHHE
MTO3BOJISIET OCYIIECTBISTh MOHUTOPHHT COCTOSTHUS
MeXaHU3MOB. Takwe CHCTeMBl MOTYT TPOBOAWTH
MUArHOCTHKY JeTalieil Ha MpenMeT MCIPaBHOCTH,
YTO Ja€T BO3MOXHOCTH OICPAaTUBHO BBIABIATHL U
YCTpaHATh HEUCIIPABHOCTH, TEM CaMbIM IIPEAOT-
Bpamias aBapyuu 1 HCIPOU3BOJACTBECHHBIC IIPOCTOMU.

Kpome Toro, Henb3st HE YMOMAHYTH O IpPHUMeE-
HEHUU POOOTOB B I'eOJIOTOPA3BEAKE. ITH CHUCTEMBI
MOTYT HCIIOJIb30BAaThCA AJIA UCCIICAOBAHUA TPYAHO-
JOCTYITHBIX MECT, a Takxke il cOopa o0pa3loB H
KapTHPOBAaHUSI MECTOPOXKACHUN. Takum 00pa3om,
pPOOOTOTEXHMKA paclIMpsieT TOPU30HTHI TEOJOTHU-
YECKMX HM3BICKAaHWH M CO37aeT HOBBIE BO3MOXKHO-
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CTH JUISI OTKPBITHS paHEe HEU3BECTHBIX MECTOPOXK-
JIEHUH TOJIE3HBIX UCKOMaeMbIX [1].

[IpeumymiectBa  MpUMEHEHUS  POOOTOTEX-
HUYECKHX CHUCTEM B TOPHOJOOBIBAIOLICH Mpo-
MBIIUICHHOCTH  SIBIISIIOTCS  3HAUUTENIBHBIMH U
MHOTOTPAaHHBIMH, BJIHSISI HAa Pa3jIMYHbIC ACHCKTHI
ITPOU3BOJICTBEHHON JIESATEILHOCTH.

Bo-nepBbix, moBBIIEHHE O€30TACHOCTH CO-
TPYAHUKOB OCTAaeTCsi OAHUM W3 KIFOYEBBIX (hak-
TopoB. PoOOTHI, CIOCOOHBIE BBITIOIHITH BBICOKO-
PHUCKOBBIE OIE€palii, CYIIECTBEHHO COKpAIIaloT
BEpOSATHOCTH TpaBMaTHU3Ma M aBapUi Ha MMPOU3BO/I-
CcTBE. DTO OCOOCHHO KPUTHYHO B YCJOBHSIX TIOA-
3eMHBIX IIaXT, IJie yrpo3a OOpyIIeHHH U JPYTUX
aBapUHHBIX CUTYaIMi TpeACTaBIseT COOOH MOCTO-
STHHYTO TIpOOJIeMy.

Bo-BTOpBIX, yBeNWYEHHE TMPOU3BOJUTEIBHO-
CTH SIBISCTCS BECbMa BaKHBIM acIlleKTOM, HETo-
CPE/ICTBEHHO BIUSIOIIMM Ha JOXOAHOCTH TpE.-
OpUATHSL. ABTOMAaTH3alWsl MPOIECCOB AOOBIYH H
nepepadoTKH PyAbl MO3BOJSIET CYIIECTBEHHO IO-
BBICUTh OOBEMBI PalOOTHI 32 CYET HEMPEPHIBHOTO
(DYHKIIMOHMPOBAHHUS CUCTEM B TEYCHHE CYTOK.
PoOoTu3npoBaHHBIE YCTAaHOBKH HE ITOJIBEPIKEHBI
(hm3nyeckoil yCTaloCcTH M TPEeOyIOT TEXHUYECKOTO
oOCITy)KMBaHUS JTUIIb B PENKHUX CIydasx, obecrie-
YiBasi CTAOMIIFHBIE W BBICOKHE ITPOM3BOICTBEHHBIC
MTOKa3aTeIu.

B-TpeTpnx, CHIDKEHHE HKCIUTyaTal[HOHHBIX 3a-
TpaT SIBISICTCS €IIe OJHWUM 3HAYMMBIM MpEUMYIIIe-
CTBOM pOOOTH3aMK B TOPHOU OTpaciu. Brempe-
HUE POOOTOTEXHUYECKHX PEIICHUH CIOCOOCTBYET
COKpAILICHHIO YHCJIa HEOOXOANMBIX YeJIOBEYECKUX
pPECYpPCOB U ONTHMHU3AIMH HUCIIOIB30BaHUS Marte-
pHAaIOB M DHEPTUH, YTO, B CBOIO O4Yepellb, CKa3bl-
BaeTcsa Ha o0uiel SKoHOMHUYECKOi 3 dekTUBHOCTH
MIPOM3BOACTBA.

HakoHern, ynydimeHue KkadecTBa MPOAYKIUU
WTPaeT BAXKHYIO POJIb B Pa3BUTHH JIOOBIUU ITOJIE3-
HBIX HUCKOMaeMmbIX. POOOTH3MpPOBAHHBIE CHUCTEMBI
00eCreunBaOT BBICOKYIO TOYHOCTh M CTaOWMIIb-
HOCTH BBITIOIHEHUS] OTEpaIfif, 9TO TOJOKUTENb-
HO BIHMSET HA Ka4eCTBO JOOBIBAEMON pPyAbl M KO-
HEYHOU TPOIYKITUH. ITO CIIOCOOCTBYET CO3ITAHUIO
KOHKYPEHTHBIX MPEUMYIIECTB HAa MHPOBOM PBIHKE
Y TIOBBIIIACT HHTEPEC MOTPeOUTEICH K MPOIYKTaM,
MOJYYEeHHBIM C HCIIOIb30BAHHEM COBPEMEHHBIX
TexHoyoruu [2].

HecmoTpss Ha oOueBUIHBIE MPEUMYIICCTBA
BHEJIPCHUSI pOOOTOTEXHHUYECKUX CHCTEM B TOPHO-
JOOBIBAIOIIYI0 MPOMBIIUIEHHOCTh, 3TOT MPOLECC
COIMPOBOXKIACTCS PSAAOM 3HAYUTEIBHBIX MPOOIEM.
OCHOBHBIE ~ CJIOKHOCTH BKJIIOYAaIOT HEOOXOIH-
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Paznes: Po6oThl, MexaTpoOHHKa U POGOTOTEXHUYECKHE CHCTEMBbI

MOCTb 3HAQYUTCJIBHLIX NEPBOHAYAJIbHBIX HWHBECTU-
LU, agantanuio poOOTU3MPOBAHHBIX YCTAaHOBOK
K CHeru(uuecKuM YCIOBHUSM padOThl B IIAXTax,
a Takke oOecrieueHHe HaJeKHOW CBS3H U yIpaB-
JICHUS] STUMH CUCTEMaMHU B YCIIOBHUSX TOA3EMHOU
Cpebl.

Tem He MeHee pa3BUTHE TEXHOIIOTUH HCKYC-
CTBEHHOTO HWHTEIUIEKTa M MAIIMHHOTO OO0ydYeHUs
OTKpPBIBA€T HOBBIE BO3MOKHOCTH [UIS CO3JAHUS
0ojice aBTOHOMHBIX W aNalTUBHBIX POOOTH3HUPO-
BaHHBIX pemreHnd. OXumaeTcs, 4To B Oymyriem
WCTIONIb30BaHNE POOOTOTEXHUKH B TOPHOTOOBI-
Baloliel oOTpaciu OyleT pacTd, YTO NPUBEIET
K 3Ha4YUTCJIIbHBIM HW3MCHCHUSAM B OpraHu3aluu
MPOIECCOB JOOBIYM W TepepaboTKHU  TOJIE3HBIX
HCKOIIa€MBbIX.

Hcnonb3oBanne poOOTOTEXHUUECKUX CHUCTEM
B TOPHONOOBIBAIOIICH MPOMBIIUICHHOCTH TIpel-

CTaBIIIET COOOW KITFOYEBOH IIar K TOBBIIIEHUIO €€
s dexTuBHOCTH M Oe3omacHOCTH. PoOoTOTeXHMKA
Mpe/yIaraeT pemieHns s MHOXXECTBAa AaKTyallb-
HBIX TIPOOJIEM OTPACIH M OTKPBIBAET MEPCHEKTHUBBI
JUISL €e JaJIbHEHIIero pa3BuTHs. XOTs BHEIPECHUC
POOOTH3UPOBAHHBIX CHCTEM TpeOyeT 3HAYHTEllb-
HBIX I/IHBCCTI/IHHﬁ u yCHJ’IPIﬁ, HaIlpaBJICHHBLIX HA HUX
aJanTaIyi, MOTCHIUAIbHBIE BBITOJBI, BKIIFOYAs
MOBBIIICHHE TPOU3BOIUTEIILHOCTH, COKpAICHUE
3aTpar W yAaydilleHHue YCJIOBHUU TPYyJla, ONpaBJbIBa-
IOT OTH 3arparbl. B panbHeiieM MOXXHO OXUIATh
MPOIOJDKEHUE TPEHNIa Ha YBEIUYEHUE WCIIONb-
30BaHUS POOOTOTEXHUKHM B TOPHOMOOBIBArOIICH
MTPOMBIIIUIEHHOCTH, YTO TPUBEAET K CYIIECTBEH-
HBIM WU3MEHEHHSIM B OpPTaHU3aIlMU IPOIECCOB J0-
OBYM W TIepepabOTKU IOJNE3HBIX HCKOITAeMBIX,
co3/aBasi BO3MOXXHOCTH JUIA YCTOHYHMBOTO pPOCTa
CeKTopa.
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MOJIEJIb MHOTOKPUTEPUAJBHOM
OIITUMU3ALIUNU CTPYKTYPBI U
HAPAMETPOB BHYTPULEXOBOI'O
TPAHCIIOPTHOI'O MAPILIPYTA

Krrouesvie cnosea: BEKTOpPHBIM KpuUTEpHil oI-
TUMM3ALUH; MHOTOKPUTEPHUAIbHAS ONTHMHU3ALMS;
TEOPETUKO-MHOXECTBEHHAs MOJIC)Ib; TPAaHCHOPT-
HBII MapuIpyT.

Annomayus. B pabore paccMOTpeHBI BOIPO-
Cbl MHOTOKPUTEPUAIBHON ONTUMM3AIMH MpoLecca
NepeMENIeHNs TPy3a B paMKax NMPOU3BOACTBEHHO-
ro mnoapasnenenus. Ilponecc TpaHCIIOPTHPOBKU
rpy3a sIBISETCS HEOThEMJIEMOI YacThbiO MPOU3BO/-
CTBEHHOTO TIpollecca Ha MAaIlMHOCTPOUTEIHHOM
npennpuatuu. llenslo craThu sABiIAETCS paspa-
00TKa MOJENIH ONTHMHU3AIMH IapamMeTpoB BHY-
TPHIIEXOBOTO TPAHCIIOPTHOTO MapuipyTa. 3aaada-
MH HCCIICIOBaHMS SIBISIFOTCS aHalu3 (aKToOpoB,
BIMSIONNX Ha 3()(EKTHBHOCTh pean3alii BHY-
TPHULEXOBOTO TPAHCIOPTHOTO MapmpyTa, Gop-
MHUpPOBaHHE BEKTOPHOTO KPUTEPHUS ONTHMHU3ALIUU
JUIS  BHYTPUIEXOBOTO  TPAHCIIOPTHOTO  MapIil-
pyra, QOpPMHUpPOBaHUE TEOPETHKO-MHOKECTBEH-
HOM MoOJlenn BHYTPHUIEXOBOTO TPAHCIIOPTHOTO
Mapuipyta. B pabore npencraBiena mopens oIl-
TUMM3ALUU [1apaMETPOB BHYTPULIEXOBBIX TpaHC-
MOPTHBIX OIEpaLUi, peaqu3yeMbIX B paMKax OT-
JENbHBIX  MPOW3BOIACTBEHHBIX  IOIAPA3CICHUN.
OnpeneneHsl MHOXKECTBA IIENEBBIX IIOKa3aTesel
1 [apaMeTpPOB YIPABIEHUS, a TaKKe I'PDaHUYHbIE
ycinoBusi  peanm3aiuuu  Mozpend.  OnTHMH3anus
TPAHCHOPTHBIX OINEPALMi U TPAHCIOPTHBIX MapIl-
PYTOB MNPOM3BOAUTCS HAa OCHOBE CIEAyIOLIe-
ro MHOXCECTBA IEJECBBIX IOKa3aTeJel: BEeJINYH-
Ha OIEPAalMOHHBIX 3aTpaT; TPYIOEMKOCTh pea-
JU3alUK KOMILIEKCa JEHCTBUI MO MEepEeMEIEHUI0
Ipy30B; TOKa3zaTeldd SPQPEKTUBHOCTH HCIOIb30-
BaHUS TPAHCIOPTHOTO CPEACTBA B IpoOLEcce Ie-
pemenieHust Tpysa; oOmias macca TpPaHCIOPTHU-
pyemoro rpy3a; oOmas UIMHa TPaHCHOPTHOTO
MapupyTa.
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BBeaenue

[Iporiecc  BHYTPHIIEXOBOTO  TepeMEIICHUs
TPy30B SIBISIETCS HEOTHEMIIEMOM YacThIO IPOU3-
BOJICTBEHHOTO IIpOIlecca Ha MAaITUHOCTPOUTENb-
HOM TpenanpusTui. IH(HEeKTUBHOCTh BHYTPHUIIEXO-
BOH TPaHCIIOPTHOW CHCTEMBI KaK 3JEMEHTa IIpO-
W3BOJICTBEHHOW CHCTEMBI MAIIHHOCTPOUTEIHLHOTO
MPENPUATHS 3aBUCUT OT YPOBHS ONTHMHU3AINN
Ka)XJIOTO TPAHCIOPTHOTO MapuipyTa, peain3yemo-
ro B paMKaxX COOTBETCTBYIOLIETO IPOW3BOJICTBEH-
Horo mofapasnenenus [1; 2]. B ycnoBusx pbHOY-
HOW SKOHOMHKH 3aJja4a ONTHMHU3AIHMN [1apaMEeTPOB
MIPOM3BOJICTBEHHOIO TPOIIECcca, YacThbl0 KOTOPOTO
SIBIISIFOTCS.  TPAHCTIOPTHBIE OMeEpaluy, CTaHOBHUTCS
O0COOCHHO aKTyaJIbHOI [3].

Jus moBbieHust 3(Q(HEKTUBHOCTH TMPOU3BO-
CTBEHHOW JCATENbHOCTH MPOMBIIUICHHOTO Tpe.-
MPUATHST HEOOXOIUMO TIOCTpOeHHE IPPEKTUBHBIX
LETOYeK TOCTaBOK B paMKax IPOU3BOACTBEHHOM
CUCTEMHI [4; 5].

CtpemuTeNbHOE pa3BUTHE IUPPOBBIX TEXHO-
JIOTHH SIBJSIETCS] KITFOYEBBIM (PaKTOpOM JUIsl paspa-
00TKH ¥ BHeApeHus O0onee 3(pPEeKTUBHBIX METOIOB
MPOSKTHPOBAHKUS M aHAIN3a JIOTHCTHYECKUX CHU-
CTEM, a TakKe WX yIrpaBieHus [6—S8].

[Ipumenenne MUQPPOBLIX TEXHOJOTHI B JIOTH-
CTHUYECKOW CHCTEeME JIJIsl pEIIeHHs 3a/1a9 OTHMHU3a-
MU TPAHCTIOPTHBIX TMOTOKOB B paMKax OT/ENBbHBIX
MTPOM3BOJICTBEHHBIX  TOJPA3EIICHUH  ITO3BOJISET
MTOBBICUTH 3(PPEKTUBHOCTD TIpoIiecca TPAHCIIOPTH-
POBKH TPY30B U CHU3UTH TPYAOEMKOCTb dTara IJa-
HupoBanus [9; 10].

OnTumu3aiysi BHYTPHIIEXOBBIX TPaHCIOPT-
HBIX OTIepAIlfid SBIISETCS MOITHBIM HWHCTPYMEHTOM
JUTSL COKpAIIICHHUs TIPOU3BOACTBEHHBIX IOTEPh, pac-
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Paznen: Texnosnorus MAIIMHOCTPOCHUSHA

CMAaTpUBaeMbIX B PaMKax KOHLEILHH OepeXIMBO-
ro Npou3BOACTBA. Mojenn ONTUMM3AIMHM TpaHC-
MOPTHBIX NOTOKOB M KaJeHJapHOE IJIaHUPOBAHHE
TPAHCIIOPTHBIX ONEPALUi MOIY4YHIIN IIUPOKOE pac-
IIPOCTPAHEHHUE HA BCEX JTallaX MPOU3BOICTBEHHO-
ro npouecca [11-14].

B pamkax maHHOW pabOTBl PaccMOTPEH BO-
MIpOC ONTHUMM3AIMKU TPAHCIOPTHBIX MAaplIPyTOB,
peanu3yeMbIX B paMKax CTPYKTYpHOIO IOApa3le-
JIEHHs1 — IPOU3BOJICTBEHHOTO 11exa. Llenbio paboThl
SIBIISIETCsl TIOBBIIeHNE 3(P(QEKTUBHOCTH MPOIIECCOB
IUTAaHUPOBAaHUS W YNPABIECHHS TPAHCIOPTHBIMU
BHYTPHUIIEXOBBIMH ITOTOKaMH.

TeOpeTHKO-MHO)KeCTBeHHaﬂ MOJI€J1b
BHYTPHUIEX0BOI'0 TPAHCIIOPTHOI0O Mapupyrta

TeopeTuKo-MHOXKECTBEHHAsT ~ MOJENIb  1-TO0
TPAHCIIOPTHOTO MAapuipyTa, peaau3yeMoro B paM-
Kax m-0il TPAaHCIOPTHOM ONEpalUH, UMEET clie-

JIyIOUIYIO CTPYKTYDY:

TrRtp,, = {(ELF|ELGRE = ), VigRe,
(PMenITRt | PMenlTRt = (),
(TrILRE | TrIR = 0)3,

rne 1rRt,; — TEOPETUKO-MHOKECTBEHHAsI MOJEIb
#-T0 TPAHCIIOPTHOTO MaplIpyTa, pPealn3yeMoro B
paMKax m-Oi TPaHCHOPTHOU OIlepanuu; Elm,TrRt
MIOAMHOXECTBO JIEMEHTOB, (YOPMHUPYIOLIUX CTPYK-
Typy #-r0 TPaHCHOPTHOTO MapIIpyTa, peausye-
MOT0 B paMKax m-OW TPaHCIIOPTHOW OIepanuy;
v, MaTpula MapaMeTpoB B3aWMOCBSI3U Jie-
MEHTOB /-I'0 TPaHCIIOPTHOTO MapuIpyTa, peaan3y-
€MOr0 B paMKax m-Oi TPaHCIOPTHOW OmNepaluy;
PMenm,TrRt — MOJMHOXKECTBO MapaMeTPOB yIIpaBiie-
HHUs IPOLECCOM peanu3aluu {-ro TPaHCIOPTHOIO
MapuIpyTa, BBIIOJIHIEMOIO B paMKax 7/1-OM TpaHc-
IIOPTHOH oOllepanuu; Tr],,,,mt — IOAMHOXXECTBO 1I€e-
JIEBBIX TOKA3aTeJIEH f-r0 TPAHCIOPTHOIO MaplLIpy-
Ta, peaJiM3yeMoro B paMKax m-oll TpaHCHOPTHOU
onepanuu.

Omnpenenena cieayomas CTpyKTypa MOJIMHO-
JKEecTBa DJJIEMEHTOB, (OPMUPYIONIMX CTPYKTYpYy
£-r0 TPAHCIOPTHOI'O MAapIpyTa, PEaIu3yeMoro B
paMKax m-0i TPaHCIIOPTHOM ONEpalin:

fas

ELR = (T?"SCmn|TTSCmn € (MTTSC):OP)},

rne 7rSc,,, — MHOXKECTBO MapaMETPOB, XapaKTEPH-
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3YIOIIUX #-bI TPAHCHIOPTHBIA MapILpyT, peannsy-
€MbIl B paMKax m-OWi TPaHCHOPTHOM oOmepanuu;
(Mg, "), — GasoBasi MaTpHIIa TPAHCTIOPTHBIX
YYacTKOB, peaJin3yeMbIX B pPaMKax m-OW TpaHc-
[IOPTHOH OTEpalyH.

Marpuna napaMeTpoB B3aUMOCBSI3U 3JIEMEH-
TOB {-T0 TPAHCIOPTHOTO MapLIpyTa, peanusye-
MO0 B paMKax m-O¥ TPAaHCIOPTHOW Ollepanuu,
MMeeT BU:

(v;::gt)u (V;:ﬂ‘gt)n
. (V;::gt)u (v;:ﬂ‘gt)zz
VITRt —
mt TrRt TrRt
(vrrp )1(j—1} (vrrp )2(1—1}

(VB )1; (VIR )25
(v'i'?:;gt)(i—ljl (v-}“:,’:gt)u
V)i-1)2 (Ug;gt)iz

(i-1)

LT XY XY »

v (I -ng- @OIEDig-1

(v;::gt)(i—l)j (v%‘rgt)ij

rae (vT,PT"Rt),-j napameTp, XapaKTepU3yIoLIun
B3aMMOCBS3b i-T'0 TMPEIIECTBYIOIIEr0 TPAHCIOPT-
HOTO y4YacTKa M j-IrO MOCIEIYIOLIEro TPaHCIOPT-
HOTO Yy4YacTKa, pealn3yeMbIX B paMKax f-ro TpaHc-
MOPTHOTO MapuIpyTa.

Hapaverp (v, ); € [0; (z — D],
(vT,pTrRt),-j € N, 171e z — KOIMYECTBO MMyHKTOB, B KO-
TOpBIE AOCTABISIETCS IPy3 B MpoIecce peaan3anun
{-r0 TPaHCIIOPTHOTO MapuIpyTa, INT. 3HAYEHHE Ma-
pameTpa (vT,ApT’Rt),-j = (0 xapakTepusyeT OTCYTCTBHE
B3aUMOCBSI3U MEXIY I-bIM W j-bIM IIYHKTaMU B
paMKax 7-ro TPaHCIIOPTHOTO MapiipyTa. 3HaYeHHe
nmapamerpa 1 < (vp,p" ); < (z — 1) xapakrepusyer
HAJIMYHME B3aMMOCBSI3U MEXIy IYHKTaMH B paM-
Kax {-ro TPaHCIIOPTHOTO MapLIpyTa U ONpeneiisieT
MOPSIAKOBBIM HOMEP UX CJIEIOBaHMS.

Omnpenenena cieayromas CTPyKTypa HOAMHO-
JKECTBA [1apaMETPOB YIIPABJICHUS #-bIM TPAHCIOPT-
HBIM MapuUIpyTOM, peali3yeMbIM B paMKax m-ou
TPAHCIOPTHOHN OIIEPaLNH:

Pm[" € (MEMen

a 1]

PMenTTRt = {(Pm;f"’”
(VERE )i

(V;T?é?n)mk ' (Mé’aﬂgen)

PrTr )

PrTr
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(U{’Men)T?’Rt

- (PmI" pmIm =

(UJPMen TrRt

(U{’Men)TrRt . Pm’{?“ Joee

(U}PM en)TrRt . Pm’i"r’

TrRt
Pm[" € PMen[;FE, (vfMem) " =1,

b -
e Pm; — i-blii mapameTp YyIpaBJIeHHs IPO-
LIECCOM pealu3aluyd TPAHCIOPTHOIO y4YacCTKa;
M. PMen~ PrTr

Mgy ) — MHOXECTBO TMapaMeTpoB YIpaB-
JICHUSI TMPOLIECCOM peaju3allud TPaHCIOPTHOIO

PM.

yaactka; (Vyp,  )m — MaTPULIA COOTBETCTBUS Ma-
paMEeTpoOB YIPABIECHUSA IPOLECCOM IEPEMEIICHUS
TPY30B M0 #-My TPaHCIOPTHOMY MapIIpyTy, peaju-
3yeMOMY B paMKax m-Oi TPaHCIOPTHOW ONEpaluy;
( PMen)T}Rt ( PMen)TrRt 0V ( PMen)T)Rt 1 -

Yj Vi Yj J-b1i
rapamMeTp COOTBETCTBHUs -0 IapaMerpa ympasie-
HHUsl IIPOLIECCOM IIEPEMEILEHUs Ipy3a -My TpaHC-
IIOPTHOMY MAapUIPYTY.

ITonMHOKECTBO LENEBBIX IOKa3aTeleld f-ro
TPAHCIOPTHOIO MapuUIpyTa, Peaju3yeMoro B pam-
KaxX m-0i TPAHCIIOPTHOM ONEpALMH, UMEET Clle-

AYIOLIYIO CTPYKTYPY:

T?,IT?"Rt — (TrIPTTT

TriP’T" e (MPTTT)T”)'

(VTVR r)mt }a
Trl
(VER e - (M) =
(v}'ﬂ)TrRt
. (T?‘IiDrTr T?,IPrTr) —
i
(UJTT‘I)T?"RC

— (vIrf)TrRt . T?,IfrTr' F ot

(‘L?}T” )TrRt -Tr Ifnrﬁ',
TrRt
TTIPT‘T?" = TTIT‘!"Rt (DJTTI) — 1’

Prir .o o
rne Trl; "~ — i-bIil 1leNIeBOM MOKa3aTelb, XapakTe-
pU3YIOLIMH TpoLecc peaau3aludyd TPaHCIOPTHO-
Priim Trl
ro mapuipyta; (Ms,, ) — MHOXECTBO LIEJICBBIX
IoKa3aresed, XapakTepu3yMMUX MpoLecc TpaHC-
MOPTUPOBaHUS TPY30B B paMKaxX MPEANPUATHUSA;
Prir
(Vire )y — MaTpHIa COOTBETCTBUS LEJIEBIX I10-
KaszaTelleld, XapaKTEepU3YyIOIIMX IIpoLecc Iepeme-
LIEHUSI TPY30B, {-My TPAHCIOPTHOMY MAapIIPYTY,
peain3zyeMoMy B paMKax m-0M TPaHCIIOPTHOM ore-

paumu; (V Trl)TrRt( jTrI)TrRt — O v ( jTl )TrRt =1 ] BIif
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IapaMeTp COOTBETCTBUSA i-T'O IIEIEBOIO IOKa3aTe-
I, XapaKTEpU3YIOILEro IPOLECC IEPEMEIICHUs
rpy3a, -My TPaHCIIOPTHOMY MAapuUIpyTy, peajn3ye-
MOMY B PaMKax #1-Oi TPAaHCIIOPTHOM Oollepanuu.

IlocTanoBka 3agauu ynpapjieHUsi
napaMeTpaM BHYTPHIEX0BOTI0
TPAHCHOPTHOIO MapLIPpyTa

OnpeneneHa cienyrouas CTPYKTypa BEKTOP-
HOTO KPUTEpHUS ONTHMM3AINU TSI BHYTPHIIEXOBO-
IO TPAHCIIOPTHOTO MapUIpyTa:

Fi".’::]"'r'R(U}STTR) — ((OPEX;:?TTR)T(U”TTRJ,
(Ti.j;:TTR)T(UIGTrR) ((K )IQTT'RJT(UIST?"RJ,
((I{ )IGT‘:*R) (UJSTT‘R), (Lj;i{:'R)sjr(UISTTRJ )’

ISTFR . .
rne Fy;~" — BEKTOPHBIM KPUTEPUH ONTHMH3a-

LMY BHYTPULIEXOBOTO TPAHCHOPTHOTO MapIIpyTa;
U™ _ MuoxkecTBO napamMeTpoB YHPaBICHHS LIS
ONTUMM3ALMN BHYTPHULEXOBOTO TPAHCIIOPTHOIO
ISTFR

mapuipyra; (OPEX;"""), — Benu4uHa onepanu-
OHHBIX 3aTpaT, BO3HUKAIOIIUX B pe3yJbrare pe-
aIM3aliK 7-TO0 BHYTPHULEXOBOTO TPaHCIIOPTHOTO
MapuipyTa, BBIIIOJTHIEMOTO B paMKax j-Oi BHYTpHU-
LEXOBOW TPaHCIOPTHOM omepanuyd B Tpeaenax
S-TO TIPOM3BOJCTBEHHOIO MOJPA3/EICHUs, MHH.;
(TSJIST”R), — BEJIMYMHA TPYIOEMKOCTH peaiu3a-
LUK 7-TO BHYTPHIIEXOBOTO TPAHCIIOPTHOTO MapIi-
pyTa, BBIOJIHAEMOIO B paMKaxX j-Oi BHYTpHU-
LIEXOBOM TPAaHCIOPTHOW oOIepaluu B IpeAesax
S-TO TIPOM3BOJCTBEHHOTO TMOJPA3IEICHNS, MHH.;
(K )S]]ST’R), — ko3 duruent 3phekTHBHOCTH HC-
MOJTb30BaHMSI TPAHCIOPTHOTO CPEACTBA IO Tpy-
30MOJbEMHOCTH B TIPOIECCE peaNnu3aluyd F-0ro
BHYTPHUIIEXOBOTO  TPAaHCHOPTHOTO  MapuipyTa,
BBINOJIHSAEMOIO B paMKax j-Ol BHYTPHLIEXOBOU
TPAHCIOPTHON OINEpaluu B Ipenenax s-oro Impo-
W3BOJCTBEHHOTO ITONPa3CIICHNUS,; ((Kej)sjlsm)r
k03P GUIeHT 3(PGEKTHBHOCTH 10 BPEMEHH JIO-
CTaBKM TIpy3a 7-I'0O BHYTPHILEXOBOTO TPAaHCIOPT-
HOTO MapuipyTa, BBIIIOJHIEMOIO B pPaMKax j-Oi
BHYTPHLIEXOBOH TPaHCIIOPTHOM ollepanuu B Ipe-
Jenax §-ro MPOM3BOACTBEHHOIO MOAPAa3/EICHUS;
(Lik,Z]STrR)W — 3HAYCHHE JUIMHBI 7-TO BHYTPHULEXO-
BOT'O TPAaHCIIOPTHOTO MapLIpyTa, BBIIOJHSIEMOIO B
pamKax j-0il BHYTPHIIEXOBOW TPaHCIIOPTHOW oOIe-
pauuu B mpeaesax s-ro MPOU3BOACTBEHHOIO TOJ-
paszeneHusi, M.

MHOXECTBO MapaMeTpoB YIpaBICHHUS HUMEET
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Puc. 1. Monens onTuMu3anuy BHYTPULIEXOBOTO TPAHCIIOPTHOTO MapILIpyTa

CIIEIYIONIYI0 CTPYKTYPY:

ISTrR
ikn

)sir) (T,

UI STrR

={({@

((Typelsr™

)sjr)g' ((MJIE?{TR

I STrR
ikn

)sjr)g:
)sjr)z}’

rae ((l,-k,,IST"R)Ajr)g — TMapameTp, XapaKTepu3yro-
I JUIUHY g-TO BHYTPHUIIEXOBOTO TPaHCIOPT-
HOTO YydYacTKa, pealu3yeMoro B Tpeienax j-ou
BHYTPHUIIEXOBOH TPAHCIIOPTHOW ONEpaIuH, BBI-
MOJIHSIEMOW B TIpezeiaX S-TO MPOU3BOACTBEHHOTO
MOJIPA3JIeICHUs] C TPUMEHEHHEM TPaHCIIOPTHOTO
CpeICTBa i-rO TUMA k-OW TPYIIBI 1-TO HAUMEHO-
ISTFR
Banust, M.; (M, )g)g — IAPAMETP, XapakTepu-
3yIOIIUM 0OIIyI0 Maccy Tpy3a, MepeMernacMoro
B paMKaxX g-TO BHYTPHUIIEXOBOTO TPAHCIIOPTHOTO
y4acTKa, peaqu3yeMoro B Ipejeniax j-oi BHYTpPHU-
LIEXOBOM TPAHCIOPTHOM OIepalvu, BBINOIHAEMON
B TIpenenax s$-ro IPOW3BOJICTBEHHOTO MOjpasJie-
JICHUSI ¢ TPUMEHEHHEM TPAHCIIOPTHOTO CPEeACTBa
[-T0 THMa k-OW IPyMIMbl 1n-OT0 HAUMEHOBAHUS, T.;
((Typeiknlsm)sj,)g — TapameTp, XapaKTepU3YIOINi
TUTI TPAHCIIOPTHOTO CPE/ICTBA, NMPHUMEHIEMOTO B
Mpoliecce peaiu3alfii BHYTPUIEXOBOTO TpaHC-
HOPTHOTO MapIIpyTa; ((Type,—anSTrR)sjr)g napa-
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METp, XapaKTepU3yIOIIUi olliee BpeMs mepeme-
LIEHUS Z-OM MapTHUU TPAHCIIOPTHOM MapTHUHU Tpy3a
B paMKax 7-r0 BHYTPHIIEXOBOTO TPAHCIOPTHOIO
MapuipyTa j-Oi BHYTPULEXOBOW TPaHCIOPTHOMI
OTIepaliy, BBHIMOJHIEMOW B IpeAenax $-ro IMpo-
W3BOJCTBEHHOIO MOAPA3/EJICHUs] C MPUMEHEHUEM
TPAHCIOPTHOTO CPEACTBA i-TO THUMA k-0 TPyMNIIbI
1-0r0 HAaMMEHOBAHHS, MUH.

OnpeneneHsl CIEAyOUIME T'PaHUYHBIE YCIIO-
BHS pean3allii MOJEIIN:

" (OPEXET™®), < OPEX'ST™R — OPEX{3*,
1(TIST?"R)T < TIST?"R _ Ti%TI}'R

=

((KG )IST?"R)T

((K )IST?"R)T

STrR

(((K )ISTTR r')mina
(((K )ISTTR r')mina

rne OPE. — o0I1asi BEJIMYMHA OTICPAI[HOHHBIX
3arpar, BO3HHUKAIOIIAs B paMKaxX BHYTPHIIEXOBOU
TPAHCIIOPTHOH cucTeMbl, py6.; OPEX; 0" "

o0I1asi BEJMYMHA OINEPAIlMOHHBIX 3aTpar, BO3HH-
KalOIUX B pE3y/bTaTe pealu3aluy IMOTrPy304HO-
pasrpy304HBIX Omepaluii B paMKax BHYTPHIIEXO-
BOH TPAHCIIOPTHON CHCTEMEI; pyo.; 5" _ penn-
YrHA OOIIEH TPYAOEMKOCTH BBITOJHEHUS TpaHC-

=
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MOPTHBIX Ollepanui,

BHYTPHULEXOBOU
ISTiR

peanu3yemMbIXx B paMKax
TPAHCIIOPTHOM  CHUCTEMBI, 4.;
Trvo — o0Ias BeJUYMHA TPYJOEMKOCTH BBI-
MOJTHEHHS TOTPY304YHO-pa3rPy304YHBIX OIEpaluni,
peann3yemMblX B paMKaxX BHYTPHUIEXOBOH TpaHC-
IIOPTHOM  CUCTEMBI, 4.; (((I(efG)stSTrR)r)mm

MUHUMAaJIbHOE 3HaueHHe Koddduienra 3¢ dek-
TUBHOCTH TI0O BPEMEHH JOCTaBKH Tpy3a 7-TO BHY-
TPHUIIEXOBOTO TPAHCTIIOPTHOTO  MapuIpyTa,
MOJHSAEMOI0 B paMKax j-OM BHYTPHLIEXOBOMU
TPAaHCIOPTHOM onepanuu B Ipenesaax s-ro Mnpous-

BOCTBeHHOTO noapasnenennst; (((K,) 1STRy

sj r)min -
MHHHMAaJIbHOE 3HadeHue kodddurmenta dhdek-
TUBHOCTH HCIIOJIb30BaHMs TPAaHCIOPTHOTO CpE-
CTBa MO TPY30NOABEMHOCTH B IIpoLlecce pea-
JIU3alUM  #-TO BHYTPHIIEXOBOTO TPAaHCIIOPTHOTO
MapuipyTa, BBIIOJHAEMOIO B paMKax j-o
BHYTPHLEXOBOM TPAHCIIOPTHOW OINEpaluu B Ipe-
JIeJ1ax §-To MPOU3BOACTBEHHOTO MOAPA3/IEIECHNUS.
Mogens  oNTMMH3allMM  BHYTPHIIEXOBOTO
TPaHCHOPTHOTO MapiipyTa umeer Bua (puc. 1),
e (OPEXSJ-W“g)ISTrR — mapamerp, XapakTepHu3yko-
UMM BEIMYMHY OINEpallMOHHBIX 3aTpaT Ha BBI-
IaTy 3apa0OTHOM TMJIaThl MPOW3BOACTBEHHOMY
paboueMy, peanu3yroleMy 7-blii BHYTPHIIEXOBOU
TPAHCIOPTHBIM MapIIPYT, BBIIOJIHAEMBIH B pam-
Kax j-Oi BHYTPHULEXOBOW TPaHCIOPTHOW omepa-
uuu, pyo.; (OPEX;/-"”’)[ST’R — mapameTp, Xapakre-
pU3YIOINI BEJIMYMHY OINEPAalMOHHBIX 3aTparT Ha
aMOPTHU3aIMOHHBIE OTYHUCICHHUS Ha TPAaHCIOPTHOE
CPEICTBO, MPUMEHSIEMOE B IPOIIECCE peaTnu3aluu
7-TO BHYTPHIIEXOBOTO TPAHCIIOPTHOTO MapIIpy-
Ta, BBIIOJHAEMOIO B PaMKax j-Oi BHYTPULIEXOBOI
TPaHCIOPTHOH onepammn, py6.; (OPEX,” YSTR_
apaMeTp, XapaKTepHU3YIOUINH BEIMYHHY OIepa-
LUOHHBIX 3aTpaT Ha PEMOHT M OOCIyXHBaHHUE

BbI-

TPAHCIIOPTHOIO CPEACTBA, NMPUMEHSIEMOIo B TIPO-
Lecce peanu3aldy 7-T0 BHYTPHIIEXOBOIO TpaHC-
MTOPTHOTO MapuIpyTa, BBIMOJHAEMOIO B paMKax
J-OH BHYTPHIIEXOBOM TPAHCIIOPTHOM OIlE€paLuu,
pyo.; ((liknlsrrs)sj,)g — mapamerp, XapaKTepH3yONIHi
TPAHCIIOPTHBIA YYacToK, M; (f,, )5 — HapaMerp,
XapaKTepU3yIOMNKA CPEeTHIOI BEIHMYMHY pean-
3aliy TIOTPY30YHO-PAa3TPy30YHON OTeparyd, BBI-
MOJIHSIEMOM B paMKax j-Oi BHYTPULEXOBOW TpaHC-
MOPTHOW oOmepanuy, MUH.; MgISTrS — mapamerp,
XapaKTepHU3yIOIUi O00ILIyl0 Maccy TpaHCIOPTHU-
pyeMoro rpys3a B paMKax g-TO TPaHCIIOPTHOTO
y4acTka, T.; [, STS apaMeTp, XapaKTepU3yIOINN
JUTMHY g-TO TPAHCIIOPTHOIO y4acTka, M.; G; € na-
pamMeTp, XapaKTEpU3YIOIIHN TIPy30M0AbEMHOCTh
TPAHCIIOPTHOTO CPENCTBA, MPUMEHSEMOIO B IIPO-
Lecce pealnu3ally j-T0 TPAaHCIOPTHOIO MapIIpy-
Ta, T; (/""" - apaMeTp, XapaKTepH3yIOLIUH
MUHUMAaJIBHOE BpEMs IEpEMELIEHUs] TPaHCIOPT-
HOW MapTHH, MUH.

3aKkjIoueHune

[lo pesynbraraM NpPOBENEHHOIO HCCIEI0BA-
HUSL c(OPMHpPOBaHA CTPYKTYpHas MepapxuyecKas
MOJIeTIb O0OBEKTa HCCIEeNOBaHUs, KOTOpas MOCIy-
KHJIa OCHOBOW JJisl pa3pabOTKH KOMIUICKCHOM
ONTUMM3ALUOHHON MOJEINH, MO3BOJAIOLIEH OIpe-
JIeNsITh ONTUMAaJIbHbIE 3HAYECHHs LEIEBBIX IOKA3a-
TeJI€H Ha pas3JIMYHBIX YPOBHSX ympasieHus. [[ns
Ka)JIOTO 2JIeMEHTa CTPYKTYPHOW Mopaein OObeK-
Ta YIpaBlIeHUS CPOPMUPOBAHBI MHOXKECTBA IIe-
JIEBBIX IIOKA3areseil, IapamMeTpoB YIPAaBICHUS,
FPAHUYHBIX YCIIOBUN pea3allid MOAENH, a TaK-
K€ OIpeNeNeHbl CTPYKTypbl MAaT€MaTH4YECKUX
MOJEJIEH.
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YHugepcumemy, 2. Mocxea

3AJAYA TOJABOPA CT}’YKTYPHOPI CXEMBbI
B XOAE NPUKNJOYHOU ONEHKHN KPUTEPUEB
HAAEXHOCTU TEXHUYECKOU CUCTEMBI

Kniouesvie cnosa: nUarHoCTHKA;
HAJe)KHOCTH; CTPYKTypHAs cXema.
Annomayus. AKTyaabHOCTH pPaOOTHI: H3yde-
HUE BOMPOCOB HAAEKHOCTHU DJIEMEHTOB, W3ENUil
U CHCTEM B XOJIe peaju3aluy y4eOHOoro mporecca
B TEXHUYECKOM BY3€ OIpelesseTcs YIydlleHHeM
KayecTBa TOATOTOBKHM CIHELHUAIMCTOB MalluHO-
CTPOUTENFHON OTpPACiH, CIOCOOCTBYET JIydyIIeMy
[IOHMMAaHHUIO 3aKOHOMEPHOCTEM IOCTPOEHUs TeX-
HOJIOTUYECKHUX TMPOLECCOB, ONTUMHU3ALUHN OLIEHKH,
JUArHOCTHKH, SKCITyaTallid U PEMOHTA H3ENusl.
Lenp paboTsl — chopMUPOBATH YMEHHE CPaB-
HUTEJIBHOTO aHaJIM3a Pa3JInUHBIX CTPYKTYPHBIX
COEAMHEHMH IJI1 AUATHOCTUKU U KOHTPOJISI HAJexK-
HOCTH TEXHHYECKHUX CHUCTEM Ha 3Tale HMPUKHI0Y-
HOTO pacyeTa CTyIEeHTaMU TEXHUYECKOIo By3a.
MerTonel HccaeI0BaHNA:
— aHaJM3 HaJIe)KHOCTH UCXOIHOIN CHCTEMBI;
— oOompezeNicHHE TMoKa3arejle HaJeKHOCTU
IIPU MUHUMAJILHOM YHUCII€ PE3EPBHBIX JIEMEHTOB;
— CpaBHEHME IOKazaTelel HaJeKHOCTU CH-
CTEMBI ISl BBIOOpa ONTUMAIILHON CTPYKTYPBHI.
Pesynbrarel: momoOpaHbl CXEMHBIC 3aJadqH,
MPEACTABISIONINE B SIUHCTBE 3JIEMEHTHI 0a30BBIX
U clie[HajbHBIX TUCHUIUIMH B Y4eOHOM mpolecce,
KOTOpBIE MO3BOJIAIOT OLEHUTH ONTHUMAJIBHBIA BH]
CTPYKTYPHOT'O COETUHEHHUSI.

KpUTEpUHU

Jns obecriedeHnss HaAEKHOTO (DYHKIIMOHU-
POBaHMS MANIMHOCTPOHUTEIBHOTO KOMIUIEKCA He-
00XOIMMO TOCTOSIHHO COBEpIIEHCTBOBATh KOH-
CTPYKIIUIO W TEXHOJIOI'MIO NPOM3BOJACTBA MalIUH
1 MEXaHHU3MOB, paSpaGaTBIBaTI) U BHCAPATH MCPO-
OpUSTHS TI0 TOAJCPKAHUIO PabOTOCIIOCOOHOCTH
MalllMH B SKCIUTyaTaluu.

Tak Kak 3aJa4u KOHTPOJIS, TUATHOCTUKH, TI0-
BBIIICHHUSI WM COXpPaHEHUs PaboTOCIOCOOHOCTH
TEXHUYECKOM CHUCTEMBI CTOST Mepe]] MHKCHEPOM
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Ha TpaKTHKe, TO Mepe] OOy4yarolmMMHUCA TEXHH-
YEeCKOro By3a B XOJ¢ y4eOHOro mporecca CTaBHT-
cs 3ajlada MHTETPUPOBAHUS HAJEKHOCTH CHCTEM
W UHCTPYMEHTapus AUCLUIUIMH MaTeMaTH4eCcKOro
LUKJIa. DJIEMEHThl TEOPUH BEPOATHOCTEH, MaTeMa-
TUYECKOM CTATUCTUKH U JTUCLUILINH 110 U3yYEHHUIO
HAJE)KHOCTH MEXaHMYECKHX CHUCTEM, KOHTpOJIS U
JUAarHOCTHKH BO B3aUMOCBSI3U MO3BOJISIFOT CTPOUTH
MaTeMaTHYeCKHe MOJEIU TEXHUYECKOH CHCTEMBI
JUTSL OLIGHKU KpUTEpHUEB HaAexxkHocTH [ 1; 2].

MHOro4YMCICHHBIE HCCIICAOBaHUS B 00JACTH
Ha/IeKHOCTH IOKA3bIBAIOT, YTO OOJbLIas 4acTh OT-
Ka30B CIIOXHBIX CHCTEM CBsI3aHa C HENOCTAaTOUYHBIM
y4eToM (pakTOpoB Ha FTanax MPOEKTUPOBAHUS CHU-
CTeM, YTO OTpeneisieT HeOOXOMUMOCTh TITyOOKOTO
M3yYeHHUS TEOPUH HANEKHOCTH B TEXHHYECKOM
By3€, 3HAYUMOCTh NPHOOPETEHHS HABBIKOB MpPU-
MEHEHHUsI 0a30BbIX 3HAHUH O KPUTEPHUSIM HaJeK-
HOCTH.

[lokazarenn HaAEKHOCTH TEXHMYECKHUX CH-
CTEM BBbIpaXkaroTcs 4epes3 MoKa3aTesd HaJleKHOCTH
MIOJICUCTEM, KOTOpBIE, B CBOIO OY€pEb, COCTOST U3
JOpyrux 0a30BBIX KOMIIOHEHTOB.

OpnHOM M3 4YacTHBIX 3a/a4 JUArHOCTHKH TEX-
HUYECKUX CHCTeM SBISieTCS 3ajada mnopbopa
CTPYKTYPHBIX CXEM JUIS BBIUTPHIIIA B HAJEKHOCTH.
Bri0op cxeMHOro peuieHusi NpeacTasisieT coOoi
CJIOKHYIO MHXEHEPHYIO 3ajaqy, TPeOyIOLyl0 KOM-
IJIEKCHOTO aHAJIMN3a.

Bonbiioit Bkjaj B pa3BUTHE TEOPUHM CTPYK-
TYpHOTO pPE3epBUPOBAHUS BHECIH POCCHHCKHE
ydeHbIe: BEPOSTHOCTHBIE METOMBI OIEHKH HaJeXK-
HOCTH pe3epBupoBaHHbIX cucteM (b.B. I'menenko,
IO.K. bensieB), knaccudukanusi BUIOB pe3epBU-
poBanusi (M.A. YmiakoB), HOBbIC MOAXOABI K OII-
tumuzanun  pesepsupoBanus (A.M. IlonoBko).
K coBpemMeHHBIM HCCIIEOBaHUSAM OTHOCSTCS 3a-
Jla4yyl MOMCKA HOBBIX MOJENell OIEHKH HaJeKHO-
cTi A Temioro pesepBupoBanust (B.M. JleBuw,
B.A. Kosnos), meToarka BeIOOpa pe3epBUPOBAHUS
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IMomcmeTess:
BEETMOTHART

HACTHMEC
JAnATH

CHeTeME:
BBITTOTHARDT

CAMOCTOATEIbHME

COEPaiHE

Puc. 1. Uepapxuueckue ypoBHU ATl CTPYKTYPHBIX CXEM

CI0#HOCTE CHCTEMBI

* YIICIIO JIeMeHTOR
= BpeMs paboTH!
CHCTEeMEI

Bivx crictemsl

* BOCCTAHAB/INBAEMAS 1T
HeBOCCTAHABIIHBAEMAS.
JUIITeNBHOTO I KOPOTKOTO
BpeMeHII paboThl

ITpaxTireckas
peamsaiig

* BOIMOKHOCTE HCIMOIB30OBAHIA
CTPYKTYPHOTO, HATPY30UHOTO,
BpeMeHHOTO pe3epRHIPOBAHIA

Puc. 2. VcxonHble faHHBIE AJIS1 HOCTPOEHUS CTPYKTYPHOH CXEMBI

TUTSL KOCMUYECKUX CHCTEM, SKOHOMHYecKast 3 pex-
THBHOCTB Pa3HbBIX THIIOB PE3E€PBHUPOBAHMSL.

MOJKHO BBIIEIHUTH CIEIYIOINEe OCHOBHBIC HC-
XOIHBIC JaHHBIC AJISI MPOEKTHPOBAHUS ONTHMAllb-
HOM CTPYKTYypHI (pHC. 2).

OnTuManbHOW CUUTAETCS TaKash CTPYKTYpHas
cxeMa, KOTopas MMeeT MHUHHUMAJIbHOE YUCIIO 3e-
MEHTOB M YHOBIETBOPSIET TpeOOBaHMSAM HaJeK-
HOCTH.

Pemas 3agaqy mogbopa onTUMaiIbHOM CTPYK-
TYpHOH CXeMbl, HEOOXOIMMO MPOBECTH CPaBHU-
TENbHBIA aHAJIU3 KPUTCPUEB HAAEKHOCTH CHUCTEM
IIPU Pa3IMYHBIX BHIAX CTPYKTYPHOIO pe3epBHPO-
BaHMSI.
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CdhopmynupyeM OCHOBHBIE 3Tarbl paboOThI MO
BBIOOPY ONTUMAIIBHON CTPYKTYPHOM CXEMBI:

— paccuMTaTh IOKAa3aTeIM HAAEKHOCTH HC-
XOJITHOM CHCTEeMBI (BEpOATHOCTH 0€30TKa3HOH pabo-
161 P(f), cpenHee BpeMs 10 TIEpBOTO OTKas3a M JIp.);

— pas3paboTarh aJropuT™M CHHTE3a OITH-
MaJIBHOW CTPYKTYypbl WJIM aJITOPUTM IOCIIEI0Ba-
TEILHOTO TIOBBIIIICHUS HAJAC)KHOCTH DJIEMEHTOB [3].

B kauecTBe HCXOIHBIX TaHHBIX MOTYT OBITh
MPeACTABICHBI:

— pa3NMYHBIC CXEMbl PE3EpPBUPOBAHUS OJHU-
HAKOBOW Pa3MEPHOCTH, TO €CTh OJMHAKOBOTO KO-
JMYECTBA OCHOBHBIX OJJIEMEHTOB M PE3EPBHBIX
3JIEMEHTOB U OJMHAKOBOW HA/ICKHOCTH;
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Puc. 3. IIpumeps! pa3snuyHbIX CXEMHBIX PEIICHUN

— 3aKOH pacmpeeNeHus BpeMeHH 0e30T-
Ka3HOW pabOThl DIEMEHTOB CHCTEMBI (IIPEIo-
JlaraeTcsi, 4YTO BCE DJIEMEHThl CHCTEMbI HMEIOT
OJIMHAKOBBIM 3aKOH paCHpenesieHHs] BPEMEHU 10
0TKa3a).

3a KpuTepuil KauecTBa pe3epBUPOBAHUS MPU-
HUMAETCsI BBIMTPBIII HAJIE)KHOCTH. BhIMrphIIeM
HaJIe)KHOCTH HA3bIBACTCS OTHOIICHUE KOJIUYECT-
BEHHON XapaKTEPUCTUKHU HAJCKHOCTU PE3EPBUPO-
BAHHOTO YCTPOMCTBAa K TOM K€ KOJIMYECTBEHHOM
XapaKTEepUCTHUKE HEPEe3ePBHUPOBAHHOTO  yCTPOWA-
CTBa WJIM YCTPOMCTBA C IPYTMM BHJIOM PE3€pPBUPO-
BaHUSI.

HeoOxoauMo cpaBHHUTH XapaKTEPUCTUKH TI0
HAJe)KHOCTH M OTPEAETUTh BEIMYUHY BBIUTPHINIA
Ooree HaIEKHON CHCTEMBI TI0O OTHOUICHHWIO K Me-
Hee HaJexHoW. Hampumep, BBIMIPBII CHCTEMBI
[0 BEPOSTHOCTH OE€30TKa3HON paboOTHl OIEHHMBA-
ercs no Benmuune G(¢) = (P,(¢))/(P4(?)), tne P,(2),
P5(f) — BeposiTHOCTH 0€30TKa3HOW PabOTHI cHCTe-
MBI C Pa3IM4YHON CTPYKTYpHOHU cxemoH [4].

Pacuer BeposTHOCTH 0€30TKa3HOW pabOTHI
CHUCTEM TIOCIIEIOBATEIbHO-TTIAPAIIIEIIEHON  CTPYK-
TYPHI C HCTIONIb30BAaHNEM aHATUTHYECKUX METOIOB
TpeOyeT TMPHUBIEYEHUSI TPOTPAMMHBEIX CPE/ICTB,
0co0eHHO TIpH OONBIINX 3HAYCHHUSIX OCHOBHBIX H
pe3epBHBIX dreMeHTOB. DopMyIbl [UId pacdera xa-
PaKTEepPUCTUK HAJACKHOCTH BCTPOCHBI B PA3IMUHEIC
IIpOrpaMMHBIE TMPOAYKTHI, HO TOJBKO HEMOoCpe-
CTBEHHasl paboTa ¢ HUMHU MOMOXET CTYACHTY TeX-
HUYECKOTO By3a OLIEHHUThH BEC Ka)/J0ro rapamerpa
MIpH OLIEHKE Ha/IeKHOCTH.

PezepBupoBanue ocraercs cambIM OIEpaTHUB-
HBIM H JICHCTBEHHBIM CPEJICTBOM OOCCIICUCHUS
TpeOyemoil HagexHocTH cucteM. CymiecTByeT
MHOTO Pa3HOBUIHOCTEH coeauHeHuil. B nanHoit
paboTe cpaBHHBaeMble CTPYKTYpHI: oOliee U pas-
JIETbHOE TIPU TTOCTOSIHHO BKITFOYEHHOM pe3epBe U
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o crocoOy 3aMerieHust (Harpy>KeHHbI, HeHarpy-
KECHHBIN), CKOJIB3fIIEE PE3epPBUPOBAHME, IPOOHOE
pe3epBHUpOBaHHUE.

Meroauka peieHus 3a1a4nd CUHTe3a CTPYKTY-
PBL CHCTEMBI IIOCTPOEHA HA CJIEAYIOIIUX HOCIE0-
BaTEJIbHBIX ILIArax:

— aHaNM3 HAaJEeKHOCTH HCXOIHOW CHUCTEMBI
(paccMOTpHM TOCIIENOBATEIILHOE COSIMHEHUE die-
MEHTOB);

— OomnpenelneHUE TIOKazareled HaJeKHOCTH
npyu MUHUMAJIbBHOM YHCJIE PE3CPBHBIX 3JICMCHTOB
(BeposiTHOCTH 0€30TKa3HOW PabOTHI);

— CpaBHEHHE IOKa3aresledl HaJle)KHOCTU CH-
CTEMBI ISl BBIOOpa ONTUMAIILHON CTPYKTYPBHI.

B kxayecTBe mapaMeTpoB AJisi CPABHEHHSI MOXK-
HO BBIJCIUTH OCHOBHBIE (BEPOSTHOCTH O€30TKa3-
HOW PaboTbI, cpeHee BpeMs 0 MEPBOTO OTKa3a,
WHTEHCUBHOCTb OTKa3a M BOCCTAHOBJICHUS) U JO-
MOJHUTEINIbHBIE (CIIOXKHOCTh OOCITYKUBAHUS, UHC-
JI0O PEMOHTHBIX OpWTajl, CTOMMOCTh JyOIHPOBaHUS
TTOJICHCTEM H T.II.).

IIpoBenem OLIEHKY HAJEKHOCTH 110 KPUTEPUIO
BEPOSITHOCTH 0e30TKa3HOH paboThl TPH EIUHBIX
YCIOBHUSIX JUISI BCEX CHCTEM: BEPOSITHOCTH 0O€30T-
Ka3Ho paboTsl 31emeHTa — 90 %; KOIUYECTBO
JJIEMEHTOB — 5; Bpemsi BoccTaHoBieHus — 100 4.
Taxyxe MOXKHO YUYUTBIBATH BPEMA BOCCTAHOBJICHUS,
MEpUOA aHANN3a U T.1.

CTpyKTypHBIE CXEMbI 3TUX BUIOB PE3EpPBUPO-
BaHMsI MIPEJCTABICHBI B Ta0MI. 1.

BbmMrpeim Hafie)KHOCTH MapajuIebHOTO COe-
JUHEHUSI OTHOCHTENBHO MOCIIEI0BATEILHOTO OTHO-
IO M TOTO € KOJMYECTBA SJIEMEHTOB OJMHAKOBOH
BEpOSATHOCTH 0e30TKazHO# pabotsl p(f) = 0,9 co-
CTaBJSICT G(t) =P napannem,ﬂoe(t))/ (P HOCJ‘IeHOBaTCJ‘[LHOC(t)) =
0,999/0,590 = 1,69.

Bonee HarmsiHOE TIOATBEpXKICHHE JIAET Tpa-
(udeckoe TpeicTaBlIeHUE BEPOATHOCTEH Oe30TKa3-
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Tadsmna 1. PacueT kputepreB HaJEKHOCTH NP PA3INYHBIX CXEMHBIX PEIICHUSIX

CrpyKTypHas cxema

OrieHKa BeposITHOCTH 0e30TKa3HO# paboTh

TTocnenoBarenbHOE COCMHEHUE

P(t) =09-09-0,9-09-0,9 =
=~ 0,590

HapannenLHoe COCAUHCHUC

O ,' 1} O
(2] P(t)=1-0,1-0,1-0,1-0,1-0,1
3 |
L3 ] == (0,999
3
L= T

5
L3 |
IpobHoe pesepsupoBanue 2/3, /=5, h =3, p()=0,9 P.(t) =
© ? TR Ciph i T (- DIC/pl()
P(t) =

BIRIEIEIE

2o Cip§Ti(0) Th_o (-1 ¢/ ph ()
B.(t) = 0.991

MocTukoBas CTPYKTYypa, OTHOCUTECJIbHO 3JIEMEHTA «3»

1

4
P
-

&/

P(t) = p3(1 — q1q2) - (1 — quqs)

+q3(1 = (1 = pypa) (1 — p2ps))

Iycts p;(1)=0.9, i = 1,2,3,4,5.
P.(t) = 0.978

PasmenbHOEe pe3epBHpOBAaHHE 3aMENICHHEM, HArpyKeHHbBIH pe3epB
(ropstumii)

}tfl\ /\3;’\

ITycte pi(t)=0.9,1 = 1,2,3,4,5.
n

p( - [ a-a-pem
i=1

P.(t) = 0.882

Cucrema ¢ IpUBEJIEHHOH CTPYKTypoii

P.(t) = (1 -9192) "p3-
(1 - q49s).
Ilycts p;(1)=0.9,1 = 1,2,3,4,5.
P.(t) = 0.882
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Cxorp3siiee pe3epBUpOBaHUe

IIyets pi(t)=0.9,1 = 1,2,3,4,5.

o— 1t H2H3H4H0°

my = 1— YHCTIO Pe3epBHEIX
3IEMEHTOB, N — YICIIO0 OCHOBHBIX

al1eMeHTOB. Ecin BpeM SKCILTya-

Tanuu =100 4, To A = 0,001 i.
yac

NG
— aAmt n-t
P() = e iy
i=0

P.(t) = 0,941

OOmiee  pe3epBHpPOBAHHE
(XOJI0IHBIH)

3aMEIICHUEM,

HEHarpyKeHHBbI  pe3epB

ITycts p;(1)=0.9,i = 1,2,3,4,5.

[ s — & |

n = 3 — 9HUCII0 OCHOBHHIX 37e-
MeHTOB, m = 1 — KpaTHOCTE pe-
3epBHPOBAHIL.

Ecmn BpeMA 3KCIITYaTalHn

=100 1, To A = 0,001 —.
yac
P.(t) = e—Ant ym Ayt
C

i=0 il »

P.(t) = 0,965

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0 .

IMocnenoBatensHoe

CoeINHeHe COeHHeHne

IMapannensnoe

PazgensHoe
3aMEIIeHITeM

JpoGHoe

pesepBHpOBaHITe

Puc. 4. 3naueHne BEpOSITHOCTH OE30TKA3HOW PabOTHI

HOW pabOTBI CHCTEMBI: caMasi HU3Kasi HaJeKHOCTb
y TIOCJIEJOBaTEILHOTO COEAUHEHNs, HaWBBICILIAS
HaJCKHOCTh Yy MapajuleNbHOTO COCOUHEHUs (To-
psiduee pe3epBHPOBAHME), OCTAJIbHbBIE CTPYKTYypHBIE
COCIMHEHHs JAI0T CpeaHue Iokasarenu. OgHako
IIpH OLEHKE HAJEKHOCTH CIENyeT YYHTBIBATH U
Iapyrue (akTopbl: IPOCTOTY B pealu3alldd U MHU-
HUMAaJIBHYI0 CTOMMOCTB IIOCIIENOBATEIBHOIO CO-
eIMHEHUs, MaKCUMaJIbHbIE 3aTpaThl MPU TOPTIEM
pe3epBUPOBAHNHM U MHUHUMANBHBIH MPOMEXKYTOK
BPEMEHH ISl TEePEeKITIOUeHMs], YCPeTHEHHbIE 3Ha-
YeHHs JIAaHHBIX I1apaMeTpoB IO JAPYTHUM COEAU-
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HEHUAM.

ITosnydyeHnsle pe3ynbTaTbl MO3BOJISKOT CTPO-
UTh TpapUKU BEPOSITHOCTEH 0€30TKa3HOU pabOThI
CHUCTEM, CPaBHUBATh MX IO HAJECKHOCTU U OIpe-
JISNIATh BEJTMYNHY BBIMTPHIIIA OOJIee HAJe)KHOW CH-
CTEMBbI IO OTHOLICHUIO K MEeHee HaaexkHOol. Pacue-
THI CJEIyeT MPOBOAWTH MPU PA3IUYHBIX 00BEMax
BBIOOPOYHOM COBOKYITHOCTH W OIIEHWBATh CXOMH-
MOCTh TIONYYEHHBIX TOKa3arejed HaJeKHOCTH K
VCTUHHBIM 3HAUYEHUSM.

B ycnoBusix Bo3pacTarolieil CI0XXKHOCTH CO-
BPEMEHHBIX TEXHHYECKHX CHCTeM IpoliieMa
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oOecrieueHus] HaJeKHOCTH TPUOOpeTaeT 0coOylo  JOIDKEH 00eCleUUTh COBPEMEHHBIM MHKEHEP, YTO
3HAYMMOCTh. Poccuiickasi IIKoJda HMMEeT 3HAauu- ¥ ONpelessieT 3HAYMMOCTh (OPMHPOBAHHUS yMe-
TEeNbHBIC JOCTHKCHHS B TEOPHH PE3CPBHPOBAHUS, HHUH MO BONPOCAM KOHTPOJSL M JTUATHOCTUKHU TEX-
Mepexol OT TEOPETUYECKUX K TNPHUKIAJHBIM HC- HHMYECKHX CHCTEM Ha dTane 0Oy4eHHs B TEXHHYEC-
CIICIOBAHMSAM HAJIGKHOCTH B BEK LM(POBH3AIMUA  KOM BY3€.
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HA A3HU3H, EH. MUPOHOBA, A.C. CHBUPKHWHA
Pazanckuti unemumym (¢unuan) @IAOY BO «Mockosckuil nonumexnHuyeckuil

YHugepcumemy, 2. Mocxea

OLHEHKA PUCKOB JJA IUATHOCTUKHA
IHAPAMETPOB HAJAEKHOCTMU B ITPOLHECCE
MNPOEKTUPOBAHUA TEXHUYECKOM
CUCTEMBbI

Kuntouegvle cnosa: nuarHocTuka; KOHTPOJb;
MIPOCKTHAS JNESATEIBHOCTD; (DYHKITHS PHCKA.

Aunomayusi. AXTyanbHOCTH pabOTHI: TIEepen
WH)KEHEPOM BCerJa CTOMT 3ajada Inpeodpas3oBa-
HUSL TEXHUYECKOM CUCTEMBI JIJIs YCOBEPILIEHCTBO-
BaHUsI M YHUHUKauuu. [IpoekTHas nesTenbHOCTD
B TEXHUYECKOM By3e sIBIIsCTCS 0Oa3oil st op-
MUPOBaHUSl AHAJUTHYCCKUX, OPIraHU3AIUOHHBIX,
ynpaBieHYECKUX (QYHKIMH Oyayllero nHxeHepa —
KOHKYPEHTOCIIOCOOHOTO CIEIMAINCTA.

Lenp paboTei — 000CHOBAaTH 3HAYUMOCTH
OlleHKH (DyHKIIMHM PUCKa B BOIMPOCAX KOHTPOIS U
JMUArHOCTHKHM HAJEKHOCTH TPHU IPOCKTHPOBAHUU
TEXHUYECKUX CHUCTEM.

Mertonbl BcciaeI0BaHus: UCCIeoBaHue (yHK-
LMW PUCKa TPOBOAMUTCA HA OCHOBE CPaBHUTEIHHO-
ro aHaJIn3a KOHTPOJbHOM 1 yCOBEPIIEHCTBOBAHHOM
CHUCTEMbI OTHOCUTCIIbHO OCHOBHBIX KPUTCPHUEB Ha-
JIEKHOCTH.

Pesynbrarel: mpezicTaBlieH MaTeMaTH4YeCKHN
anmapar JUisi MccieoBaHus (QYHKUUM pUCKA TNPH
Pas3siiMYHbIX YCJIOBHUAX pean3aluu AJUarHoCTHU-
KM TEXHHYECKOM CHUCTEeMBI (pPacCMOTPEHBI CHUCTe-
MBI C BOCCTaHOBJICHHEM M 0€3 BOCCTaHOBJICHUS,
C pe3epBUPOBAHMEM U 0€3 yueTa AyONUpyrOIUX
JJIEMEHTOB).

[IpoekTHas AEATENFHOCTh B BBICIIEM YUeOHOM
3aBeJICHUM HalleJIeHa Ha Pa3BUTHE Y CTYJCHTOB ca-
MOCTOSITENILHBIX HCCIIEIOBATEILCKUX HABBIKOB, UTO
croco0cTByeT (DOPMHUPOBAHUIO TBOPUYECKHUX CITO-
COOHOCTEH M JIOTHYECKOTO MBIIIJICHHS, a TaKKe
(DYHKIIMOHAJILHOM TPaMOTHOCTH. DTO IMPEAINoJia-
racT YMCHUEC NMPUMCHCHUA TCOPETHYCCKUX 3HAaHUN
AJId peHICHHA KOHKPETHBIX IMPAaKTUYCCKHUX 3ajad.
KitoueBble »1eMEHTHI HPOEKTHOM JesITeTbHOCTH
BKJIIOHAIOT aHaJlu3 HpO6HCMI)I, MOCTAHOBKY ILI€JIN,
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BBIOOP METOJIOB JTOCTIDKEHHS 3TOM 1€, cOop u
00paboTKy 3TOM MH(pOpPMAIIMH, a TAKKE €€ aHAJIH3,
CHHTE3, OIEHKY pe3ylbTatoB W (opmMupoBaHue
BBIBOJIOB.

[IpoekTHast NEATENBHOCTh WUIPAET KIIIOYEBYIO
POIb B pa3BUTHU MPO(HECCHOHATLHBIX YMEHHMA, TaK
Kak, OyIy4d MHHOBAallMOHHOH, OHAa HAlleJIMBaeT CO-
BPEMEHHBIX CTYJICHTOB HE TOJILKO Ha 3aIIOMHUHAHUC
3HAaHWH, HO ¥ Ha Pa3BUTHE HABBIKOB, HEOOXOINMBIX
JUTSL YIYUIICHUST PealbHBIX TIPOIIECCOB C UCTIONB30-
BaHHUEM COOTBETCTBYIOIIUX TEXHOIOTHH.

[IpoexkTupoBaHre TEXHUYECKON CHUCTEMBI SIB-
JIeTCsl OHOM W3 Hambojee peann3yeMbIX 3anad
B XOJl¢ TIPOEKTHON AEATEIHHOCTH B TEXHHYECKOM
By3e. Oco3HaHHE PHCKOB, CBA3aHHBIX C pabOTON
TEXHUYECKOM CHCTEMBbI, a TaKKe HCIOJIh30BAHUE
CTyIE€HTaMHM 3HAaHWHA M HABHIKOB, MOJYYEHHBIX B
X0/l H3YyYeHHUs TEOpUH HAAECKHOCTH M JPYTHX
MPEAMETOB, UTPAIOT Ba)KHYIO pojib B (opmupoBa-
HUM TPOQECCHOHATBHBIX KOMIETEHIIMH BBITYCK-
HUKa TEXHUYECKOT'O By3a.

[IpencTaBuM OCHOBHBIE STalbl OLIEHKH PUCKa:

— pa3paboTKa CTPYKTypHOH CXEMbl TEXHH-
YECKOH CHCTEMBI, OTKa3 KOTOPOW TPUBOIWI OBI K
pucky (He Ooee 3aJaHHOTO);

— OlpeleNieHne ToKazaTellell HaJeKHOCTH
HCXOIHOM CHUCTEMBbI, CYMMapHBIA PUCK U3-3a €€ OT-
Ka3a W aHAJIOTWYHBIE TIOKA3aTeI HOBOH CHCTEMBI C
Y9E€TOM YCOBEPIIIEHCTBOBAHUS;

— pa3paboTKa CTPYKTYPHOH CXEMBI CHCTEMBI
JUTS TIOJYYEeHHS ONTHMANBbHOTO Pe3ylbTara, PUCK
KOTOpPOM MeHbIIIe UCXOAHOM (C Hamepes 3alaHHBIM
K02 PUIIHEHTOM);

— OlLIEHKa BIHUSHUS BOCCTAHOBJIGHHS Ha Ha-
JEKHOCTh M PUCK CHCTEMBI (CiIydail orpaHUYeHHO-
IO ¥ HEOIPAaHUYEHHOTO BOCCTAHOBJIEHHUS);

— OmpeneneHUe BEPOATHOCTH OE30TKa3HOM
paboThI U TEXHOTEHHBIN PUCK CHCTEMBI.

PaccmoTrpum psia yacTHBIX 3a/1a4, KOTOpBIE TTO-
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+ Pa3paboTarh CTPYKTYPHYIO CXeMy TeXHHIeCKOH CHCTeMEI, 0TKA3
KOTOpOi IPHBOIHT OFI K PHCKY, He G0lIee 3a1aHHOTO

J

* HecnemoBarh 3aBHCHMOCTE TEXHOTEHHOIO PHCEKa
@}GM{O]{]&}QOBB}I}I}I HeBOCCTAHABIHBASMOH CHCTEMBI OT BpeMeEHH

. Hponecm aHaIH3 (b}f]-l](lfﬁ]{ PHCKa BOCCTAHABIHBASMOH CHCTEMEI

~

v

+ CTaTHCTHYeCKHH aHATH2 QYHKITHH pHCKa

Puc. 1. 3agaun onieHKkH QYHKIIUU PHUCKa

Taoauna 1. McxoaHbsle JaHHbBIE

CTpyKTypHas cXeMa CUCTEMBI (TIOCIIeI0BAaTEIbHOE COCANHEHUE SIIEMEHTOB)

[ 1 2 3 4]

n=4 Yucno 31eMEHTOB CHCTEMBI
Cpennee Bpemst 0€30TKa3HOI paboThI i-ro dMeMeHTa, i =1, 2, 3, 4

T;
T, =3 rona, T, = 15 net, T; = 6 net, T, = 10 et
Puck u3-3a oTkasa i-ro snemenra, i = 1, 2, 3, 4

7, YCIL. eIl
r =10, r, =100 000, r5 = 40, r, =1 000

t=1ron Bpewmst HenpepbIBHOM pabOThI CHCTEMBI

m =100 KoadduumeHt ymeHbIIEHNS pHCKa B pe3yJIbTaTe MOBBIIICHUS HA/IC)KHOCTU CHCTEMBI
CpenHee BpeMsi peMOHTa i-1o JieMeHTa, i = 1,2, 3, 4

T,;, 4ac
Ty=1,T,=240,T3=2,T,, =48

HpHobuTe Ha3nauenHslii (MEpBBIM PEMOHTHPYETCS 3JIE€MEHT C OONBIINM PHCKOM, MOIHOCTBIO OTPaHUICHHOE

HOPUTET
pHop BOCCTaHOBJICHHE)

MOTYT B JUArHOCTHKE HAJEKHOCTH MPOCKTUPYE-
MOUM TEXHUYECKOH CHUCTEMBl B paMKaxX MPOSKTHOU
JESATEIbHOCTH.

3amaga 1. Pa3paboTarh CTPyKTypHYIO CXeMy
TEXHUYECKOH CHCTEMBI, 0TKa3 KOTOPOM MPUBOIMI
OBl K pUCKy (He Oonee 3amanHOTO). VicXonHbIE TaH-
HBIE TIPEJICTABICHbI B Ta0I. 1.

JI7s OllEeHKM pHUCKAa HCXOAHOM CHUCTEMBbI He-
00XOAMMO OTIPENIeTUTh MOKa3aTeIN HaAe)KHOCTH B
rpejieNax 3aJaHHOTO BPEMEHH: BEPOSATHOCTH 0e3-
OTKa3HOH paboThI; CpemHee BpeMs 10 TEPBOTO OT-
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Ka3a; MHTEHCUBHOCTb OTKA30B.

Pe3ynbraThl pacueToB XapaKTepUCTHK HAJEeXK-
HOCTU II0 pe3yibraTaM 3KCILIyaTallud 4yepe3 TOof
MpeACTaBICHbI B Ta0MI. 2.

Tak kak pUCK CHCTEMBI Uepe3 roj dKCILTyaTa-
uun paseH R(1) = 4 946, To crnemyrommii 3Tan B
pELIEHNU TOCTaBJICHHOW 3ajjau 3aKirodaercd B
pa3paboTKe CTPYKTYpHOM CXEMbl CHCTEMBI, PUCK
kotopoid B 100 pa3 MeHbllle pUCKa HUCXOAHOU CH-
CTEMBI, TO €CTh KOHTPOJIbHOE YUCIIO pucka — 49,46.
Tak xKax mpuUOpPUTET OOCTYKMBAaHUS Ha3HAYCHHBIH,




HAYKA U BU3HEC:

IIYTHU PABBUTUA

Pa3nen: Metoab! H puGOPLI KOHTPOJIS H AMATHOCTUKH MaTepHAJIOB

Taoauuna 2. YucnoBsle XapaKTEPUCTHKH HAJCKHOCTH

[Toxazarenu HaIEKHOCTH UucnoBbie 3HAYCHUS
4
ACHCT = Z Ai , Tae 1
i=1 ;I“CHCT ~0,67 e
1
A==
i
T ! 1
= ~1,5roxm
CHCT J‘{CHCT
PCHCT B e_’lcucr't = 0,51
4
1 — e_;a'cm:Tt
R(t) = Zrili— R(1)=4946
i=1 AC[’[C’[‘

Taoauua 3. [TapamMeTpsl CTPYKTYpHOU CXEMBI

Ne n/m R n/m R n/m R n/m R
1 1/0 1/0 1/0 1/0

2 1/0 1/1 12 12

946 366 10 32

3 1/0 1/0 1/0 1/0

4 1/0 1/0 1/0 11

Taoauna 4. AHanus cucrem

Vcxonmas crctema 1 0,94 0,88 0,82 077 | 067 1063 |05 |055 |05l
YCOBEPUICHCTROBAHHAA | | 0,95 0,9 0,85 082 078 074 |067 |063 |06
CUucrema

TO B TaOJUIIE MPEIICTABICHBI PE3yJIBTaThl YCUICHUS
TEX AJIEMEHTOB, KOTOPbIE 00JalaloT HaHOOIBIIUM
puckom. J[ist 3TOro mapasuienbHO K 3JIEMEHTY IOJT
COOTBETCTBYIOIIIUM HOMEPOM JI00aBISIETCSI PaBHO-
HAJCKHBIA K HEMY 3JIEMEHT. #/m — KOIWYECTBO
OCHOBHBIX U JyOJIHPYIOIINX IEMEHTOB, R — PHUCK
CUCTEMBI. 3HaYeHHS OCHOBHBIX MapaMeTPOB CTPYK-
TYpPHOU CXEMBI TPEICTABICHbI B Ta0I. 3.

3HaueHus QYyHKITUH BEPOSTHOCTH 0€30TKa3HOM
paboTHI CUCTEMBI OTHOCHTEIHHO BPEMEHH C IIIaroM
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0,1 B nuanazone 0 o 1.

HarnsimHoe mpefcTaBlieHUEe JUHAMHKH H3ME-
HeHHUs (PyHKIMU BEPOSTHOCTH HMCXOJHOH M yCO-
BEPIIICHCTBOBAHHOW CUCTeM — Ha pHcC. 2 (och ab-
CIIUCC — £, JIET).

PesepBupoBanue MO3BOJISET 3HAYUTEIBLHO TI0-
BBICHTh HAICKHOCTh TEXHHYCCKOH CHCTEMBI, HO
MPUBOJUT K YIOPOKAHHIO TEXHHUKH W €€ TMOcIe-
JyIolIel SKCIUTyaTalnud. B mareMaTHueckux Mo-
JIeTSIX MOYKHO JIMarHOCTHPOBATh PabOTy CHUCTEMBI
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3Ha4eHnA ¢yHKumK P(t)

0,5

Puc. 2. 3nayenust pyHKIUH BEPOSITHOCTH

1200 il
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%N Pl 050094
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Puc. 3. 3nayenust pyHKIUH BEPOSITHOCTH

Y CIPOTHO3UPOBATh PUCK BBIXO/A U3 CTPOS C yde-
TOM pa3HOM KPaTHOCTH pEe3epBUPOBAHMSA, HO Ha
IpakTUKEe dalle peanusyercd XyOnupoBanue. Pe-
3epBUPOBAaHUE 3aMEIICHHEM JIaeT MaKCHUMaJbHBIN
BBIUTPBIIT HAJIEKHOCTH, HO I MpPaKTHYECKOH
peanmzanuu HEOOXOAMMO YCTaHOBHTH aBTOMAT
KOHTPOJISI COCTOSIHUSI CUCTEMBI M KOMMYTAIMH TIpU
oTkaze paOoraromeil cucrembl. OTpuuarenbHast
CTOpOHA JaHHOTO PE3CPBUPOBAHUSI — CHUKECHUE
MIPOU3BOAUTEIILHOCTH CUCTEMbI M3-3a TOTO, YTO pe-
3epPBHBIC IEMEHTHl HAXOIATCS B PEXKHUME OKHAA-

pasom [3]:

R(H) 1-e™
Rt nll—e™)

Ecin Bce »nmeMeHTBI CHUCTEMBI pPaBHOHAJI-
©XKHBI, TO (YHKIUS pUCKA TPEACTABISCTCS B
BUJIE:

G, (2, J?):

1— e—m"_r‘ n

HUS 0O 3aMeleHns. Pemenne maHHOM 3aIadd I10-

‘Rc(r) = A

Z/Lri .

i=l

3BOJIUT TEHUTH A(D(PEKTUBHOCTL PE3epPBUPOBAHUS
KaK CpEeJCTBa TOBBINICHUS HAIE)KHOCTH W CHUKE-
HUS PUCKA TEXHUKH.

3amaua 2. MccnemoBaTh 3aBUCHMOCTD  Te€X-
HOTEHHOTO pHUCKa (PYHKIMOHUPOBAHUS HEBOC-
CTaHABJIMBAaEMOW CHCTEMBbI OT BpemeHu. IIpose-
CTH aHanu3 (QYHKIMHA PHCKa BOCCTAHABIMBACMOM
CHCTEMBI.

Puck cucremsl Re(?) (Re(t)* — mpubmmkeH-
HOC 3HAYCHHUE) MOXKHO OMPEICIIUTh OTHOCUTEIHHO
BEpOSTHOCTA O€30TKa3HOW pabOThl CHCTEMBI (Be-
POSITHOCTH OTKAa30B) M HMHTCHCHBHOCTH OTKa30B
CUCTEMBI:

UL P

R, [I]: 1
T  j=l

HX 3aBHCUMOCTb HaXOIUTCS CJICAYHOIINM 00-
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[IpeamnonoxuM, 4YTO JAaHa CUCTEMa CO CJe-
JOYIOUIMMHU HCXOAHBIMU JIAHHBIMH: YHCIIO 3IIEMEH-
TOoB cuctembl n = 10; BpeMs HempepbIBHOH pabo-
161 7= 1 000 yac; nomyctumbiii puck R =5 000 yc-
JIOBHBIX enuHMI (yci. ell.). PacueTsl mpoMexyTou-
HBIX 3HAYEHUH KPUTEPHUEB HA/IC)KHOCTU (Ha OCHOBE
Excel) npencraenensl B puc. 3.

3aBUCHUMOCTb Rc(?) Tpu pasIMyHBIX 3HAYe-
HUSIX 7 B Bujae rpaduka JaeT BO3MOXKHOCTbH Ka-
YEeCTBEHHOI0 aHajiu3a. PUCK Bo3pacTaer ¢ yBenu-
YEHHEM BPEeMEHM (yHKIMOHMPOBAHMS CHCTEMBI /.
Taxk, Hanpumep, ¢ yeamaeruem ¢ 1 500 mo 12 000
yacoB puck ysenuunBaercs ¢ 150 go 800 ycios-
HBIX SJIMHUIL.

CrnenoBarenbHO, TIO Mepe YBEIMUYCHHS Bpe-
MEHH paboThl CHCTEMbl TEXHOT'CHHBIH PHCK ee




HAYKA U BU3HEC: IIYTHU PASBUTHUSA

Paznesn: Metoabl u NPpUGOPHI KOHTPOJIS H AHATHOCTHKH MaTePHAJIOB
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Puc. 4. I'paduk dpynkum prucka

(YHKIIMOHMPOBAHUSI BO3pacTaeT M CTPEMUTCS K
CTaOMIILHOMY YPOBHIO, KOTOPBIH COOTBETCTBYET
CpeIHEeMY 3HAYECHHUIO PHUCKA.

KnroueBbIMH MTOKa3aTeNsIMH HaICKHOCTH BOC-
CTaHABJIMBAEMbIX TEXHHYECKUX CHCTEM SBISIOTCS
HapaboTKa Ha OTKa3, QYHKLHMSI TOTOBHOCTH M KO3(-
(PUIMEHT TOTOBHOCTH. DTH IMOKAa3aTeNd, Kak Ipa-
BWJIO, 3aBUCAT OT MHTCHCHBHOCTH OTKa30B M BOC-
CTQHOBJICHHH JJIEMEHTOB CHCTEMBI, BPEMEHH HX
OecriepeOoitHON paboTHI, a Tak)Ke THTA M YaCTOTHI
pesepBupoBanus. [lpn ananmse kosddunmenTa ro-
TOBHOCTH, HHTEHCHBHOCTH OTKa30B, IOIyCTHMOTO
pHCKa, pHCKa OT/ACNBHBIX JIEMEHTOB M PUCKa BCEH
CHCTEMBI MOXKHO HCIIOJIb30BaTh JBOIHOE HEPABCH-
CTBO JUISl OLICHKU:

n n
Kty A7 107 < R(O<£Y A1, -107.
i=l =l

Puck cucteMbl MOXXHO TIPHUOTU3UTEIIHHO OIIe-
HUTh Kak cpenHee apu(MeTHIecKoe BCEeX IMOIy-
YEHHBIX OIIeHOK. ECIIM TeXHOTeHHbIA PUCK MEHbIIIE
JIOTTYCTUMOTO YPOBHS, TO TaKas CHCTEMa TOIUTCS
TUTST DKCTUTYaTaIliH.

B xome wuccrenoBanms (GyHKIMUA pHUCKA IS
JUArHOCTUKHN HAACKHOCTU HpOGKTI/IpyeMOﬁ BOC-
CTaHaBJ’IHBaeMOﬁ CUCTEMbBI MOXHO cCacjarb HE-
CKOJIBKO BELIBOJIOB:

— BpeMs HapaOOTKH Ha OTKa3 BOCCTAaHABIIU-
BaeMOii pe3epBUPOBAHHON CUCTEMBI HE 3aBUCHUT OT
Mpoliecca BOCCTAHOBIICHUS U COOTBETCTBYET Cpe/I-
HEMY BpPEMEHH 0€30TKa3HOW pabOThl aHAIOTHYHOU
HEBOCCTAHABIMBAEMON CUCTEMBI;

— PpHCK BOCCTaHABIMBAaEMOH Hepe3epBUPO-
BaHHOW CHCTEMBI MOXXHO JIETKO paccyuTarh C I0-
MOIIIBI0 TIPOCTHIX JBYCTOPOHHUX OIICHOK W pac-
cMarpuBaeMas CHUCTeMa COOTBETCTBYeT TpeOoBa-
HUSIM TIO YPOBHIO PHICKa;

— JUTATETHFHOCTh TMEPEXOAHBIX IPOIECCOB B
CHCTEME HEBEJIMKA; KoTJa o01Iee BpeMs (hyHKITHO-
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HUPOBAHUS COOTHOCHTCS C HapaOOTKOM Ha OTKa3,
(byHKIHS 1 K0OQPHUIHEHT TOTOBHOCTH COBMAIAIOT;

— IS BBICOKOHA/ICKHOW CHUCTEMBI PUCK BO3-
pacTaeT JNWHEHHO C TEYEHHWEM BpPEMEHH W OIIpe-
JeNIAeTCS WCKIIOYNUTENBHO HAJEKHOCTBIO 000py-
JOBAaHHs, ITIOYTH HE 3aBHCA OT MHTCHCHUBHOCTHU €€
BOCCTaHOBJICHUSI.

3amaga 3. CTaruCTHYECKUH aHAIU3 (QYHKIHN
pHcKa.

@DYHKIUIO PUCKA CIEAYET YUUTHIBATH KaK IpU
KOHTpOJIE, TaK M MpPU JAWATHOCTUKE HAICKHOCTH
B Mpollecce CTAaTUCTUYECKOW 00pabOTKH JaHHBIX.
Paccmotpum 3amady 0 IPUHITAN WIK OTKIOHCHUH
W3ACTHHA: LeJb KOHTPOJS HAICKHOCTH 3aKiIiova-
€TCsl B TPOBEPKE THUIOTE3Bl O TOM, YTO YPOBEHBb
HAJe)KHOCTH HE HIDKE YCTAaHOBJICHHOTO IIOpOTa.
[TockombKy KOHTPOJH HAIEKHOCTH OCHOBEHIBACT-
Csl Ha WCIBITAHWW BBIOOPKW, TIPU TIPHUHSATHU pe-
MIEHUH BO3MOXKHBI JBa THITA OIMIMOOK: a) OIHOKa
MEepPBOTO pofia — KadyeCTBEHHAsl MapTHs OTKIOHA-
eTcsl (BEepOSITHOCTDh ITOW OIMTMOKW HA3BIBACTCS PH-
CKOM JIJIsl TIOCTaBINWKa); 0) ommOKa BTOPOTO po-
Jla — HEKa4eCTBEHHAas MapTHs NpHUHUMaeTcs (Be-
POATHOCTH STOW OIIMOKK HAa3bIBAETCS PUCKOM IJid
3aKa3YnKa).

YMenue MMpaBWJIBHO OLICHMWBATH COOTHOILICHUC
o0beMa mapTHid, KOJH4YecTBa Je(EKTHBIX M3,
a TaKXKEe TPUEMOYHBIX M OpPAKOBOYHBIX 3HAUYCHUU
KOHTPOJIUPYEMOTO MapaMeTpa MO3BOJIUT MUHHMU-
3UpOBaTh PUCK MPUHATHSA OIIMOOYHBIX DPELICHUH
KakK B y4eOHOM TpoIiecce, Tak U B MPo(eCcCHOHAb-
HOM JIeATEIBHOCTH.

[IpodheccnonanbHble KOMITETEHITHH, (OPMH-
pyeMbIe B TIpPOIECCe M3YYEHHUS TEOPETHUYECKHX WU
MPaKTHYECKUX ACTEeKTOB YIPABICHHS PHUCKaMU
MIpH AMAarHOCTUKE HAJIe)KHOCTH TEXHUYECKUX CH-
CTEM, BKJIIOYAIOT B CEO0sl MUPOKHUH CIIEKTp YMEHHIA
n crnocobHocteld. Co3maHue ITOro KOMIUIEKCa OcC-
HOBAHO Ha 3HAHUM OCHOBHBIX MOHATHH OymTyIIHMU
WHXEHEepaMH, UX CIIOCOOHOCTH MPOBOUTH BEPOSIT-
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HOCTHBIC U CTATUCTHYCCKUE PACUHCThI B CTaHOApT- YCCKHEC M 3KCICPUMCHTAJIbHBIC JAHHBIC C UCIIOJIb-
HBIX YCJIOBUAX, NaBaTb OCMBICICHHOC TOJIKOBAHHUE 30BaHMCM COBPEMCHHBIX KOMIIBIOTCPHBIX TCEXHO-
PE3YIbTATOB PACUCTOB U O6pa6aTBIBaTB OMIIUPpH- JIOTHH.
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VIK 621.643

U.A. [IOTPEBHAA, C.B. MUXAHJIOBA, A.C. ®VYEKU

Qunuan I'FOY BO « Tiomenckuil undycmpuanvrulil

YHUeepcumeny, 2. HM.’):‘CH@@CIPWIOSCK

AHAJIN3 TPUMEHEHUASA
HOJIUDTUJEHOBBIX TPYB JAJIA
TPAHCHOPTUPOBKU HE®TU U

HE®TEIIPOAYKTOB

Kuwouegvle cnosa: HedTh; Tepekadka; IOIHU-
STHIICHOBBIN; CTaJIbHON; TPAHCIIOPTUPOBKA; TpyOa;
TPyOOIIPOBO/I.

Annomayus. CamMbIM TOINYJISPHBIM MaTepua-
JIOM JJIS M3TOTOBJICHHS HE(TENPOBOIOB SBISET-
Csl CTallb Pa3IMUYHBIX MAapoOK, HO CTalbHbIE TPYOBI
HUMEIOT OOJBLION HEJOCTAaTOK: OHHU TIOABEPKECHBI
KOpPpO3UM M 3po3ud. B TO Bpemsi Kak TpyObl W3
MOJMATHIICHa HE TMOABEPraroTcs KOPPO3WH, YTO
MOXET CYIIECTBEHHO YIYYIIUTb TEXHOJIOTHYEC-
KM€ TIpOLECChl 10 TPAHCIOPTHPOBKE HePTH H
HedTenponykToB. Llenp — paccMmoTpeTh mpuMe-
HEHHE TPYO W3 MOJUATHIICHA C LENBI0 TPaHCIIOp-
TUPOBaHUS IO HUM HedTenpoaykroB. B ocHo-
BE METoJla MBI PaccMaTpuBaeM IPUMEHEHUE He-
METAJUIMYECKUX MaTephaioB. Pesymbrar: 1isi BbI-
Oopa Marepuasia He(TernpoBoma ObUIM TPOBEIC-
Hbl WCIBITAHWS HA BBISABICHUE DPa3pyIICHUs BHY-
TPEHHUX CTEHOK TPyO (TuapoalOpa3wBHBIN U adpa-
3uBHBIN n3HOC). [Ipy uccnenoBaHNy paccMOTPEHBI
TPyOBI M3 CTaH, acOECTOIEMEHTA, CTEKIIOILIACTH-
Ka, OeToHa, kepaMukH, nomuBrHIIXI0opHaa (IIBX)
¥ TIOJUATHIICHA TOBBITIIeHHOU TTpounocTy (ITIBIT).
W3 mpoBeneHHBIX WCIBITAaHUH OBUIO BBISBIICHO,
YTO MEHEee CKIIOHHBIMH K U3HOCY SBIISIOTCS TPYOBI
n3 IIOBII. IlpeumyiiecTBaMHu MOJIUATUICHOBBIX
Tpy0 (IIT) sIBIsIFOTCS: TONTOBEYHOCTD, CPOK CITYK-
051 oxos10 50 JeT, CHoCOOHOCTh K THOKOCTH, YCTOM-
YUBOCTH K aOpa3uBam.

BBenenue

Tpy6st u3 mommdTiiieHa (I19) (puc. 1) umeror
BBICOKYIO KOPPO3HUHHYIO CTOWKOCTh K arpeccuB-
HBIM BEIIECTBaM B MIPOAYKIIUHU, KOTOPAs TPAHCIIOP-
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THpyeTCs 1mo HuM [ 1; 2].

[IpomykTel KOppO3MH HE MPUKPETUISIOTCS
ko BHyTpeHHed crenke IIT, 3a cuer uero mpo-
IMyCKHasi CIOCOOHOCTh NaHHBIX TPyO HE YMEHb-
maercs Ha MPOTSHKEHWH BCEro CpoKa JKCILTya-
TaIuu.

CpenHuii CpoK CITy’KOBI TPYyO W3 CTaH Il He-
¢rerazoBoro Tpancnopra cocrasuser 10-15 jer, a
TpyO U3 MoJMATHICHA — OKoyIo 50 JeT W 3aBUCHUT
OT MHOTHUX (PaKTOPOB, TAKHX KaK YCIOBHsI IIPH KC-
Ioryaranuy (MPUMEHsSIEMbIE JIaBICHUE, TeMIlepa-
Typa U XUMHYECKHI COCTaB TPaHCIOPTHPYEMOTO
MaTepuaia), KauyecTBO MCIIOJIb3yEMOI0 MarepHa-
na i TpyO, KauecTBO CTPOUTEIbHO-MOHTAXKHBIX
pabort [3; 4].

Bbicokass KOpPpO3MOHHasi CTOMKOCTb — HE
enuHcTBeHHOE npeumyuiectso IIT. Taxxe mpe-
nmymiecTBamMu [IT SBISIOTCS MONTOBEYHOCTH (Kak
OBLIO BBIIIE CKa3aHO, CpoK ciyxObl [IT paen 50
rogam), CrocoOHOCTh K THOKOCTH (J1aeT BO3MOX-
HOCTHh CAMOCTOSITENIbHO M3THOAThCS B HY)KHOM Ha-
MPaBJICHUH B 3aBUCHMOCTH OT IPOQHIIS TPAHIIECH),
MIPOITyCKHAasi CIIOCOOHOCTH (M3-3a OTCYTCTBHUS BO3-
MOXKHOCTH TPHUKPEIUICHUS MEeXaHHYEeCKUX MpH-
Meceill K CTeHKaM), CTOWkocTh K abpasmBam (I1T
MMEIOT BBICOKYIO IUIOTHOCTH, Onaromapsi KOTOpOn
IIT mmeroT BBICOKYIO YCTOWYHUBOCTH K abpazmBam
B TPAHCIIOPTHPYEMOM MPOAYKTE IO CPAaBHEHHIO C
TpyOaMu U3 IPYTUX MaTepHalioB), a TAKXKe TO, YTO
OHM OKa3bIBAIOT COMPOTHUBIIEHHE K «yTEUKam» TO-
koB (mnst [IT He HyXHBI CTaHIIUW DIEKTPOXHMH-
geckux 3aBomoB (IX3), B OTIMYHE OT CTAIBHBIX
py0 (CT) [5].

VY IIT umeercs psi HEIOCTAaTKOB, TAKUX Kak
OrpaHWYeHHAas paboyas TeMIieparypa, Kotopas Cy-
XKaeT 00JacTh NMPHMEHEHHUsl NaHHBIX TPyO; orpa-
HUYEHHAsl CTOMKOCTh K HEKOTOPBIM XMMHYECKHUM
BellecTBaM; HeOOoJbIIas MPOYHOCTH IO CpaBHE-
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Puc. 1. IIpomsicniosas gotorpadust odmero suaa I1T

Ta6auua 1. Paboune xapakrepuctuku 1T

Mapka ITapamerp 3HaueHue
Pabouee naBienune Ot 0,25 no 1,6 MIla
[Mocrostnuast o 40 °C, kpaTrkoBpeMeHHas
MakcuMmainbHasi pabodast TemMIeparypa o
10 80 °C
Hapyx#sr1ii auamerp Ot 16 10 1 200 MM
11980
TonmuuHa cTeHoK ot 2 10 69 MM
SDR (craHpapTHBIH pa3sMepHBI KOd(p(UIMEHT) — OTHOLIEHHE o1 9 10 26
BHEIITHETO THaMeTpa TPyOBbl K ee CTEHKe A
IpounocTsb He 6onee 80 MIla
Pabouee naBnenue Ot 0,25 1o 2,25 MIla
[ocrosaras no 40 °C, kpaTKOBpeMEHHAs
MakcumanbHasi pabodast Temreparypa o
10 80 °C
Hapy>xHb1it tuamerp Ot 16 o 1200 mm
15100
TonmuHa cTeHOK Ot 2 1o 75 mm
SDR (cranmapTHBII pa3MepHbId KOI((GHUINEHT) — OTHOIICHHE 019 110 26
BHEILIHEr0 IMaMeTpa TPyObl K €¢ CTEHKE A
[Ipounocts He 6onee 100 MIla
Pabouee naBnenue Ot 0,25 o 1,6 MIla
[locrosinHas no 40 °C, kpaTKOBpeMeHHas
MakcumainbHasi pabodast Temreparypa o
10 80 °C
Hapyx#slii nuamerp Ot 16 no 1200 MM
1963
TommuHa creHOK Ot 2 10 57 Mmm
SDR (craHnmapTHBII pa3MepHBI KOI(Q(UIMEHT) — OTHOIICHHUE
Ot 9 5o 26
BHEIITHETO {MaMeTpa TPyOBl K ee CTEHKe
[Ipounocth He Gonee 63 MIla

HUIO CO CTAJIbIO, YTO MOXKET CHU3UTH NPHUMCHCHHUC K I[C(i)OpMaLII/IHM npu OOJBIINX Harpys3kax HJin
IIT B YCJIOBHUAX BBICOKOT'O JABJICHUSA; CKIIOHHOCTH Ipu KPpUTHUYHO BBICOKUX TEMIICparypax; CKJIOH-
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H Tpy6bi 3 acbecrouementa
E 301 ./_ TpyOibi M3 CTEKNOBONOKHA
% 251 :
=

20

15+ Beonnbie TpyGb

10 Kepamuyeckme Tpy6ol

i & y6m 3 N8

' Tpybs wa M3BN
1 1 1
0 200000 400000 600000 >
KOMWYECTBO LIMKNOB

Puc. 2. Pe3ynbrarsl UCTIbITaHKUS Ha TUIPOaOpPa3UBHBIA H3HOC

CraneHan TpyGa ToNWMHOM 6,25MMm

3od T
2od T
15d +

Pagwyc
cruba

10d +

7%
14%

6d 1

2 4 6 8 10 12 14 16

Bpema go norepm
repMETHYHOCTH Y

Puc. 3. Pe3ynbrarsl ucnbiTaHus Ha aOpa3uBHbIA H3HOC

HOCTh K HEOONBIIOMY pa3pyIIeHHI0 TIPU BO3-
IeHcTBUM  yabTPadUOIETOBOTO HW3IYUYEHHS, YTO
TpeOyeT 3amuThl pu MoHTaxe [IT Ha OTKpBITOM
BO3IyXe.

Mownrax IIT ocyiiecTBisercs mo TeM e 3Ta-
namM, uto U CT. Ilpu monTaxke u gemonrtaxe IIT
HEOOXOAMMO TIIATEIIEHO TPOBEPATh MX HA HAJH-
Yhe MEXaHMYECKUX TIOBPEKICHHN U JIe(hOpMAaIIHIA.

Ucnonw3yercss nBa crocoba coenunenus [1T
MEXJTy COOOM.

1. HepazOupaemble COEAMHEHUS, KOTOPBIC
MPUMEHSIOTCS ISl TOJITOBPEMEHHOT'O MCIOIb30Ba-
Hus HedrenpoBona. [IpousBonmsarcs mpu moMornu
CBApOYHOIO arapara WIH JICKTPUYCCKUX MYQT,
KOTOpBIC HAJICBAIOTCS HA 00a CTBHIKYEMBIX TOpPIA U
MPOTPEBAIOTCS MO BBICOKOH TeMIeparypoil. IToT
croco0 oOecreunBaeT MPOYHOCTH U TEPMETHU3a-
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LU0 COEANHCHHUS.

2. Pasbupaemble (BpeMEHHBIC) COCTUHCHUS:
(mantieBoe mim pactpyOHoe. llpumensitorcs mis
BpeMeHHoro Hedrenposoza. 1103BosIOT Jierko u B
KOPOTKOE BpEMs OCYIIECTBIISATh PEMOHTBI, a TaKXKe
MIPOM3BOAUTH 3aMEHY MTOBPEXICHHOTO y4acTKa He-
(hrenposoga.

Yacto wncnonb3yeMble MapKd IOJIMITHIICHA
st Tpy6: 11980, 113100, I1263.

B T1abn. 1 mpuBemeHsl paboume XapakTepH-
ctukd 1T pazauuHbIX Mapok.

s BeiOOpa Marepuana HeTenpoBoaa ObUIN
MPOBEJCHBl HCHBITAHUS Ha TUAPOAOpPa3HUBHBIN
(puc. 2) m abpaszuBHBIA (puc. 3) H3HOC (BBIABIC-
HUE pa3pylleHus BHYTPEHHUX CTEHOK TpyO). B mc-
CJIEJIOBAaHUU Y4acTBOBAIM TPyObl M3 cTaiu, acOe-
CTOIIEMEHTA, CTEKJIOIUIACTHKA, OETOHA, KepPaMUKH,
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[IBX u II9BII.

W3 mpoBeneHHbIX UCTBITAHUH OBIJIO BBISBIIC-
HO, YTO MEHEee CKJIOHHBIMH K H3HOCY SIBISIOTCS
TpyOsl u3 I1OBII, ocraibHble TPYOBI MPOSIBHIH
cebs HaMHOTO XyJKe.

[T c¢ wmapxoit 19100 oTtHOCATCA K Kiac-
Cy BBICOKONPOUYHBIX TPyO0 W CUHTAIOTCS Kaue-
CTBEHHEE, TaK KaK MCKIIOYal0T BO3MOXXHOCTh
pacTpecKuBaHusI TpPyOBI, 3a CYET 3TOTO TPYyOBI
nmanHoW Mapku mommdtmwieHa (I19) pexomenmy-
eTCsl MPUMEHATDH IS HalOpHBIX cucteM. s u3-
roroiieans [IT ¢ mapkoit I1980 wucmomw3yercs
BTOpHYHO TiepepaboTanubrii 110, m3-3a wero IIT
cUuTaloTcsi MeHee mpouHbiMu, udem IIT ¢ wmap-

xoii 119100.
BriBog
B 3axmouenue ormeruMm, uyro IIT moryr

YCIIEIIHO TPUMEHATHCS B HE(QTSIHOW W Ta30BOH
MIPOMBILIUIEHHOCTH B KayecTBE MAarucTpajbHOTO

He(Tera3onpoBoja.

O¢dextuBHocts  npumenenust [IT  o0y-
CIIOBJICHA  BBICOKMMH paboylMMM  XapakTepu-
CTHKaMH, YCKOPCHHBIM M TIPOCTBIM CTPOUTEIb-
CTBOM, OTHOCHTEIBHO HH3KOH  CTOMMOCTBIO

TPpyO0 M MOHTa)Xa M JOJITOBPEMEHHBIMH CPOKaMHU
CITyKOBI.
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YIK 574.58

E.B. HIENIEJIBKEBUY, T1I. YY/IMHOBA

Qunuan I'BOY BO «Ygumckuil ynugepcumem Hayku u mexuoaocuily, 2. bupcx

BJAUAHHUE CTOYHBIX BO/J HA
IKOJOI'MYECKOE COCTOAHUE BOAOEMA

Kniouesvle cnosa: OunoTecTupoBaHUE; T'HIPO-
OMONIOTHYEeCKNI aHAIN3; TUAPOXUMHYECKHN aHa-
JIN3; UHAEKC TOKCUYHOCTH; CTOYHbIE BOBI.

Annomayus. CraThs TIOCBSINEHA OIpere-
JICHUIO BIUSHHUS TOPOACKHX CTOKOB Ha BOAHYIO
aKocucTemMy peku benoil Ha OCHOBaHMM THUAPOXU-
MHUYECKUX TIOKa3arenei u ouorectuposanus. [Ipo-
BEICHBI aHAJIN3 OMOJIOTUYECKONH OYHCTKU CTOKOB,
aHanM3 mpod BOIbI Ha coaepikaHue 13 moxasare-
7€l 1 UHJEeKca TOKCUYHOCTH.

Lenp paboThl 3akiIroyaeTcsi B U3yYCHUU BIIH-
SIHUSI CTOYHBIX BOJ HA 3KOJOTMUYECKOE COCTOSIHHE
pexu benoti . bupck Pecrry6nmku bamkoprocTaH.

3amauy MCCIeOBaHUs: ONPENeIUTh KaueCTBO
OYMCTKM CTOYHBIX BOJ bamkomMMmyHBOnOKaHana
bupcka Ha 0CHOBE THAPOOHOIOTHUECKOTO aHAIM3a
AKTMBHOIO WJjIa U OMOTECTUPOBAHUS, [IPOBECTU T'H-
JIPOXUMHUYECKHI aHaIN3 P00 BOZBI BHIIIE M HIDKE
cOpoca CTOUHBIX BOJI.

I'mnoresa nccnenoBanus: cOPOCH KOMMYHAaIb-
HO-OBITOBBIX BOJI UTPAIOT ONPENEICHHYIO POJIb B
(hopMHpOBaHMM Ka4yeCTBEHHOTO W KOJIWYECTBEHHO-
IO COCTaBa MMOBEPXHOCTHBIX BOJ.

Mertonpl: XUMUYECKUI aHalIu3 BOJBI, THAPO-
OMONIOTMYECKUI aHalu3, ONpelesIeHHe OCTPOro
TOKCHYECKOr0 JACHCTBHS MPOO BOABI C MOMOLIBIO
TecT-00bekTa nHpyzopuu Paramecium caudatum.

Pe3ynbrarsl 1 BHIBOABI: HANWYHME AOCTATOUYHO-
ro KOJIMYeCTBa KOJIOBPAaTOK M MH(Qy30puil cBuze-
TEJICTBYET O 3HAYUTEIBHOU cTeneHu (popmMuposa-
HUSl akTUBHOro uia. CocTosHME Hiia MO MIOBOMY
HH/IEKCY TOBOPUT 00 YIOBJIETBOPUTEIBHOM OUMCT-
ke. [IpoOsI BOIBI BBINIE M HIDKE COpOCa CTOYHBIX
BOJI HE TIPEBBINAIOT 3HAUEHUS NPEAETHHO [0-
myctumoii konnentpamuu (IIJK), xpome obreit
JKECTKOCTH, COIep)KaHus jKele3a W MapraHma. Pe-
3yJBTaThl OMOTECTUPOBAHUS MTOKA3aJIH, YTO HCCIIe-
JlyeMbIe TIPOOBI He 00JIaZaf0T BHICOKOW CTEIEHBIO
TOKCHUYHOCTH.

MaTCpI/IaJ'IBI 1 MCTOAbI HUCCICOOBaHMI, OT60p
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mpo6 u XpaHeHwe nposoawinch coracHo 'OCT
P 59024-2020 «Boma. O6mue TpeOoBaHHS K OT-
0opy 1po0». AHaIU3bI BBIOIHLIN B XUMUYCCKON
naboparopuu  «IKOJIOTUYECKOTO  MOHUTOpPWHTA
OKpy»Karoliei cpenb» bupckoro duiuana YYHuT.
Hcnonp3oBaii aToMHO-a0COPOIIMOHHYIO CIIEKTPO-
METpHI0, POTOMETPHIO, TUTPOMETPHUIO, TTOTCHIIUO-
METpPHIO, TpaBUMETpUI0. KOMHueCTBEeHHYIO OIICHKY
rapaMerpa TeCT-PeaKIMH, KOTopas XapaKTepu3yeT
TOKCHYECKOEe JICHCTBHUE, TPOBOIMIN IyTeM pacde-
Ta COOTHOIIEHUS YWCIa KIETOK WHQY30puid, Ha-
OIomaeMBbIX B KOHTPOJIBFHOW M MCCIIENyeMOH Tpo-
0ax. KoHIIeHTpaIuio KJIEeTOK MaHHBIX MPOCTEUIITHX
ompenesiii mpu oMo ¢oromerpa «buorec-
Tep-2M» TOACYETOM KIIETOK IO/ MHKPOCKOTIOM TI0
obmenpuasITOl MeTomuke. Ilepen mpoBeneHHeM
OMOTeCTHPOBAaHUS TPOBOAWIM TIPOBEPKY TOTOB-
HOCTH B3BECH KYJIBTYphI K aHAIU3y IO JIByM Iapa-
METpaM: YyBCTBUTEIHLHOCTH K MOJIEILHOMY TOKCH-
KaHTY ¥ CTETICHU BBIXOJa B KOHTPOJIBHYIO MPOOY.

Pesynbrarel mccnenoBaHusA: THUAPOOHOIOTH-
YECKUH aHallu3 aKTUBHOTO WA SIBISICTCS OJHUM
W3 CaMbIX OIEPATHUBHBIX CIOCOOOB KOHTPOJS pa-
0OOTBI  COOPYXCHUH OHOJOTHYECKOW  OUYHCTKH,
Bkiovatomieil ouodunsrper [3]. Ilpu usydenun
BHJIOBOTO COCTaBa a’pPOTEHKOB OBUIM BBISBICHBI
0eCII03BOHOYHbBIE OpPraHM3Mbl M3 YETHIPEX Kilac-
COB, BXOJSIIIME B COCTaB Tpex TUIOB. KopHEHOX-
KW COCTAaBIISIIOT JIBa BU/Ia, HH(Y30pHUHU — JIBa BUJA,
KOJIOBPATKH — JBa Bufa. J[MHaAMUKa YMCIEHHOCTH
MUKpPOOPTaHU3MOB II0 CE30HaM TO/ia BapbHPYET
CIIEIYIONUM 00pa3oM: 3WMOW YHCIEHHOCTH BO-
PTHIIEIUTBI, aAWHETHl W TIEJIOMHUKCA HEOOJbINas —
1 Oamr Acnuaucka W (DUIOAMHA BCTPEUAOTCS
penko (2 6aiia). ITo OOBACHACTCS HU3KUM TEMIIC-
paTypHOM pEXHMOM OKpYXKarolliel Cpesbl.

OCEHbI0 YHUCICHHOCTh BOPTULICIUIBI U aH-
HEThl HEMHOro yBenuuuBaercs (2 Oamra). Ywc-
JICHHOCTh aMe0d W poTapuil OIICHMBaeTCs B 3
Oaimta, acnuaWcKa W (PUIOMUHBI — OYCHB PEIKO
(1 6aimn).

BecHoll 4rcneHHOCTP MHUKPOOPTaHM3MOB Ha-
YHHAET PACTU: BOPTHUIEIUIBI, aCIHIUCKH, aJMHETHI
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u unonuHbl BeTpeyaroTcs dacto (5 6ayuios), me-
JIOMHUKCBI, apIieiuibl — Hepeako (3 Oama).

JleToM nWMHAMHMKA YUCIIGHHOCTH OpTaHM3-
MOB BO3pacTaeT: BOPTHIIEIUIA BCTPEYAETCS YaCTO
(5 GamnoB); amuHeTa — oueHb 4acto (7 OayIOB);
¢unonuaa — maccoBo (9 OamnoB); acmuanucKka —
o4deHb JacTo (7 6aIoB); IMEJIOMHUKCA — OYCHD YaCTO
(7 6amnoB); apremta — gacto (5 0aoB).

OOHapy»XeHHbIe OpPraHU3Mbl aKTUBHBIE W Ha-
XONIATCS B TIOABIDKHOM COCTOSIHMH, OHWOIICHO3 aK-
TUBHOTO WJIa CTaOWIBHBINA, WMEETCS HECKOJIBKO
Tporudeckux ypoBHel, paboTtaet 3(h(heKTUBHO.

KpoMe KOJHMYECTBEHHOTO ydYeTa YHCIICHHO-
CTH MHUKPOOPraHU3MOB OBLIM IpOaHAIU3UPOBa-
HBI J103a WJja 10 00beMY U BECY IS ONpPEICIICHUS
HJIOBOTO MHJEKca, pH, temneparypa. MnoBsiil un-
nekc B Tedenne 2024 r. u3MeHsIICS B mpenenax ot
109 mo 198 cM/T. MakcHMAasbHOE cpenHee 3Ha-
YeHHe JaHHOTO TOKa3aTellsi OTMEYEHO B SHBape —
164 cM’/T, MHHAMAJIBHOE B aBrycre — 131 oML
B teuenue roga 3HaueHust pH MEHSIOTCS HE3HAYU-
TeIpHO, B mpexaenax ot 7,1-7,9. DTo roBoputr 00
YCTOWYMBOCTH cpeabl. Temiieparypa H3MEHSIETCS
B mpenenax 6—19 °C. Buemmnuit Bua ocaaka O6ypo-
KOPUYHEBBIH, UTO COOTBETCTBYET HOPME.

HccnenoBanusi mokasareneii THIPOXUMUYEC-
Koro aHanmusa npo0® Boxael peku bernoit mpoBoau-
JIUCh Ha JIBYX Y4YacTKax: BBIINIC W HMKe cOpoca
cTouHbIX BOx Ha paccrosHuu 500 merpos. OO6-
masi KECTKOCTh MPoO0 BOABI peku benoit BeIie
U HWKE cOpoca HE OTIMYACTCS, COCTaBIISCT
9,9 0X, uro mpeBbimaer HopmatuBbl [IJIK Ha
2,9 wmr/av’ (CaullnH 2.1.3684-21). Bomopox-
HBIM TI0Ka3are/ib HAXOAMTCS B HOPME, COCTABIIACT
7,7 en. pH u Hmwke cOpoca CTOKOB HabOmaeTcs
crnabolenoyHas peakus Bousl 8,3 ex. pH. Odmast
MuHepanu3aus coorserctByet [1J1K u coctaBnser
532 MF/I[M3 U HUXKe cOpoca CTOYHBIX BOJ —
700 MF/,E[M3. Xnopun-uon cocrasmser 90,3 MF/J:LMS,
nocie copoca crokoB — 97,4 MI/aM’. AMMOHHMIA-
non — Mmenee 0,1 MF/,I[M3. Hurpar-uon cooret-
cTByeT 5,3 MI/IM’ 1 cynbdaruon — 200,1 Mr/an’,
a HIDKe CTOKa JaHHbIe MTOKa3aTelH B JiBa pa3a 00Ib-
me. Comeprkanue Maraus coctasmio 40,5 MF/ILM3,
Kajnpmust — 128,3 MF/,IIM3, HIKe cOpoca cTo-
KOB MarHmii cocraBuil 42,5 MI‘/)IM3, KaJblui —
130,3 Mr/nM3, yto coorBerctByer IIJIK. Hu-
TPUT-UOH COCTaBJISCT BbIIe CcOpPOca CTOKOB
3,054 wmr/mv’, uro [IPEBBIIIACT HOPMY Ha
0,054 MF/L[M3, HIDKE CTOKOB TIPEBBIIACT Ha
0,07 mr/mv’. XKeneso Bbime cOpoca mpeBbILIACT
Ha 3,82 Mr/;[M3 (4,12 Mr/L[M3), HIDKE CTOKOB — Ha
4,83 Mr/L[M3 (5,13 MF/):[M3). Mapranen cocrasis-
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et 0,16 MF/I[M3, HE3HAUYUTEJIbHO TPEBBILIAET HOP-
My, HI)KE€ CTOKOB MNpPEBBIIIAET B JIBA paza. XUMH-
yeckoe mnorpedienne kuciopona (XIIK) Beie
copoca 2 Mroz/L[M3, yto coorBercTByeT I[IJIK, a
nocine copoca 31 MFOz/ILM3 MIPEBBIIIACT 3HAYCHUE
HOpPMBI Ha 1 MFOZ/,I[Ms. OcranbHble MOKA3aTeau OT-
JIMYAIOTCS HE3HAYUTEIBHO.

K OmonHANKaIMOHHBIM MCCIIEIOBaHUAM OTHO-
CSITCS y4YeT 4acTOThl BCTPEYAEMOCTH BHUJIOB U M3Y-
YyeHue (PU3MOJIOTMUECKUX CBOMCTB, U3MEHEHHE KO-
TOPBIX MOXKET CBUIETEIHCTBOBATh O MPUCYTCTBUU
3arpsi3HEHMA, U HEKOTOPbIe HEBO3MOXKHO OTpese-
JUTh XUMUYecKuMu metomamu [1]. st omeHku
TOKCUYHOCTH CpeJlbl HCIIOJNIb30BAIM PEaKLUI0 Ha
MIPUCYTCTBHE BEIIECTB, NPEACTABISAIOMINX OIac-
HOCTh AJisi uHQy30opuit-tydenek. [Ipu nzmeneHun
BHEIIHUX YCIOBUH M3MEHSETCS TaKCUC BO M30exa-
HUE BpEAHbIX BO3/eHCTBUI. MaccoBoe nepemeriie-
HUE OpPraHU3MOB B BEPXHHUE CIIOH KHUJKOCTH — 3TO
Ba)KHAsi OCOOCHHOCTb MOBEACHUYECKOH pEeaKLuu
OPOCTEHIINX MPU OMOTECTHPOBAaHMM. YeM BbIlIe
TOKCUYHOCTh, TE€M MEHbIIAs 071 HHY30pHUi
IepeMelaeTcss B UccleayeMyto npoly 1o cpaBHe-
HUIO ¢ KoHTposieM. IIpu mpoBeneHun uccienosa-
HUI 1O OMOTECTUPOBAHUIO HPOBEPSIETCS MPUIOJ-
HOCTb KyJIbTYpbl Paramecium caudatum coriiacHO
Meroauke [2]. bbuto mpoBeAeHO CpaBHHUTEIHHOE
OMOTeCTHpPOBaHNE TOBEPXHOCTHBIX BOJ BBIIIE U
HUXKe cOpoca cTouHbIX Boi. IlpoBommmu mposep-
Ky MO JIByM TapamMeTpaM: IO YyBCTBHUTEIbHOCTHU
K MOJIEIbBHOMY TOKCHKaHTY; 110 XapaKTepy BBIXOJa
B pa30aBySOIIy0 Cpely. B HMCXOmHOW KymabType
CpeiHee 3HaUYEHHE MOKazaTelsl MpuOopa COCTaBH-
no 161 m g mpoBepku HHKe cOpoca CTOUHBIX
BOJI 3HaUeHue — 78. MHIeKC TOKCHYHOCTH AJIs pac-
TBOpa Ccynb(ara Mean, KOTOPBIH SBISETCS MOJEIIb-
HBIM TOKCHKAHTOM Ul KyJBTYpbl Paramecium
caudatum, ycraHoBneH Ha ypoae 0,63 U BO BTO-
pom ciydae 0,64, 4TO MOKAa3bIBAET, YTO KYyJbTypa
mpurogHa Ais OuoTrectupoBaHus. Beixom Tect-
obwekra B cpeny JlosmHa-JIO3MHCKOTO TIO PE3yiih-
TaTaMm U3MepeHuil cocTaBisieT 65 %.

IIpy nanpHeleM NPOBENEHUH HKCIEPUMEH-
Ta OCYIIECTBISIOCH OTNpEAeJIeHHE HHJEKCa TOK-
CHUYHOCTH TTPOo0 BOJBI BEIIIE U HIXKE cOpoca CToY-
HBIX BOJ. MHIEeKC TOKCHYHOCTH MPOO BOABI BHIIIE
cOpoca crounbix Boj cocraBui 0,49 u coorBer-
CTBYET YMEPEHHOU CTEIIEHU TOKCUYHOCTU. MHIeKe
TOKCUYHOCTH HWXKe cOpoca cocraBun 0,71, 4to
COOTBETCTBYET YMEPEHHO-BBICOKOM CTENEHH TOK-
cuuHocTd. [IpoGa Bomel Bblmie cOpoca CTOUHBIX
BOJ sIBJIsIeTCsI OoJiee ONaromnpusTHON Cpemoi Iuis
Paramecium caudatum.
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Hcxons u3 pe3ynbraroB HCCIEIOBAaHUS, MOXK- 4) comepKaHWE XUMHUYECKHX BEIIECTB B FC-
HO CHENaTh CICIYIOUIUE BHIBOIBI: ciemyembix mpobax Boabl cooTBeTcTByeT [IJIK,
1) ananmm3 cocTaBa OpraHM3MOB IOKa3aJ BU- KpPOME OOIIeW KECTKOCTH, COACPKAHUS Kele3a U
JIOBOE M KOJIMYECTBEHHOE MOCTOSHCTBO; Maprasiia, KJacC BOJBI HOCUT 3aMETHBIN CyabQar-
2) 3Ha4YeHHWe J103blI WA M0 00BEMY U BeCy sSIB-  HBIH Xapakrep;
TSETCsI CTAOMIIBHBIM JIJISl OYMCTHBIX COOPYKEHHUIA; 5) mo pe3ynbTaraM OMOTECTUPOBAHUS HCCIIC-
3) cocTosiHHE Wia 10 WIOBOMY MHJIEKCY TOBO-  JyeMble MpoObl HE 00JalaloT BBICOKOH CTENEHBIO
pHUT 00 YIOBIETBOPUTEIHLHON OICHKE; TOKCHYHOCTH.
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PASPABOTKA INPOLUEAYPbl OHEHUBAHUA
HEOIIPEJAEJEHHOCTHU PE3VYJIbBTATOB
U3MEPEHU BECOB JIABOPATOPHBIX

QJIEKTPOHHBIX

Kutouesvle cnosa: OIOMKET HeOpeaesIeH-
HOCTH; BECHI JTaOOpaTOpHBIC JIICKTPOHHBIC, Ka-
nuOpoBKa; KOA(G(GUIMEHT O0XBara;, OLCHUBAHUC
HEONPEEICHHOCTH;, paCIIUpEHHAsT HEOIpeaecH-
HOCTb.

Annomayus. B ctarbe npejcTaBieHa Mmocieao-
BaTCJIbHOCTL IPOUCAYPbl OUCHHUBAHUA HCOIIpEAC-
JICHHOCTH PE3yJIBTATOB M3MEPCHHI BECOB Jiabopa-
TOPHBIX MEKTPOHHBIX. [IpeoxkeHHas nporenypa
MO3BOJISIET TOBBICUTH JIOCTOBEPHOCTh U OOOCHO-
BaHHOCTh PE3YJIbTaTOB U3MEPEHUH, YTO OCOOSCHHO
Ba)XHO B Ta0OPaTOPHBIX UCCIIEIOBAHUSX.

Lenp crathu — pa3paboTKa MpOLEAYypHl OIle-
HUBaHUS HEONPEAEIECHHOCTH Pe3yJabTaTOB U3MeEpe-
HHAU TIpY MPOBEACHUH KaJTHOPOBKH BECOB Jlabopa-
TOPHBIX JICKTPOHHBIX.

Js moCTHKEeHMS MTOCTaBJICHHON IIeld HEeoO0-
XOJIMMO PEIINTh PSIJT 3a/1au:

—  ONPEIENHTH ATAMbl U TOCICI0BATEILHOCTh
JEWCTBUIA TIPH KaJIMOpPOBKE BECOB JIAOOPATOPHBIX
AJIEKTPOHHBIX;

— OHpeaAcinuTb BUABI HCOMPECACICHHOCTH IIPpU
M3MEPCHHUU MACChI;

— paspaborarh mpoueaypy OLCHHUBAaHHUS He-
OIPENICIICHHOCTH PE3yJIbTaTOB U3MEPCHHIA.

l'mmoresa wuccnenoBaHus: TOYHOCTh U JOCTO-
BEPHOCTh PE3YJIbTaTOB M3MEPEHUM, MOTYYSHHBIX C
IIOMOIIIBIO BECOB, UMEIOT OOJIbIIIOE 3HAYCHHE IS
MPUHATHAS O0OCHOBaHHBIX pemieHnid. OgHAKO He
BCETJ]a YYHTHIBAECTCS HEOIPEIEIIEHHOCTh M3Mepe-
HUH, 9TO MOXKET MPUBOAUTH K OMIMOKAaM B MHTEP-
MpeTanny JaHHBIX.

HayuHnble MeTOzbI, UCIIONIB30BAHHBIC B JAHHOU
cTarbe: 0000IEHHE, CHHTE3 W CTaTHCTUYCCKUH
aHAJIN3 CepUHU HAOIIOMCHHIM.

OCHOBHBIM PE3yJbTaTOM pPaOOTHI SBISETCA
YCTAHOBJICHHE TIOCJICOBATEILHOCTH  OIICHUBA-
HUA HCONPCACIICHHOCTH I/I3MepeHI/II71 npu Kajiu-
OpoBKe BecOB Ja0OpaTOPHBIX AJIEKTPOHHBIX, YTO
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MTO3BOTUT C(OPMHUPOBATH OIOMKET HEOIPEaescH-
HOCTH.

BBenenue

JlaGopaTopHble 3JIEKTPOHHBIE BECHI IIHUPOKO
MIPUMEHSIOTCS B Pa3iUYHBIX cdepax, TakuxX Kak
XUMUs, (papMarieBTHKA, MATEPUAIOBEICHUE U APY-
rue. JInsi MoJydeHUs] HOCTOBEPHBIX M HAJEKHBIX
pe3yNbTaTOB M3MEPCHUN OlCHUBAHKWE Heompesie-
JICHHOCTH Pe3yJIbTaTOB U3MEpPEHHI BECOB JIabopa-
TOPHBIX 3JEKTPOHHBIX SBIISCTCS aKTyaJIbHOU 3aj1a-
Yeil B COBPEMEHHBIX HAYYHBIX UCCIICOBAHUSAX.

PaspaboTka nporeypsl OLICHUBAHHS HEOIPE-
OCJIICHHOCTHU ITIO3BOJIMT ITOBBICUTH KA4YE€CTBO W Ha-
JSKHOCTh M3MEPEHUH, YTO, B CBOKO OYEpe/ib, YIIyd-
IIUT O6OCHOBaHHOCTB BBIBOJAOB, CACITAHHBIX HAa UX
ocHoBe [1].

O0BLEeKThLI 1 MeTOAbI HCCIETOBAHUSA

Bechbl kanmubOpyrooTcs ¢ IpUMEHEHHEM JTaJIOH-
HBIX KanMOpOBaHHBIX THPb, KOTOPBIE CIyKaT B
KadecTBe pabouero sranoHa. KammOpoBka mpous-
BOJIUTCSI Ha BCEM JIMala30HE B3BEITMBAHHS BECOB
MyTeM pa3OMBKM [Uala3oHa Ha JECSATh OMOPHBIX
TOYEK, B UYHCIE KOTOphIX oOs3arenbHo HMIIB 1
HIIB (MuamManpHas W MaKCHMajibHas IOIYCTH-
MBIE HAarpy3Kd COTJIACHO IIacIiOpPTy Ha BECHI), a
OCTaJIbHBbIC TOYKH KAJIMOPOBKU OIMPEIESISIFOTCS Kak
10-90 % ot HIIB ¢ marom B 10 %, nmubo kaju-
OpOBKa BECOB MPOU3BOAMUTCS B TOYKAX, YKA3aHHBIX
3aKa34uMKOM, HO B KOJIMYECTBE HE 0OJIee JISCATH.

[Ipu npoBezieHUN KaTHMOPOBKH BECOB JIOJIKHBI
OBITh COOJFOJICHBI OIPE/EIICHHbIC yCIoBHs. Tem-
reparypa OKpy»Karolero Bo3ayxa B MOMEIIECHUH, B
cootBerctBur ¢ 'OCT OIML R 76-1-2011, nomx-
Ha HaxOIUThCS B Tpeienax pabdodux Temrieparyp,
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DTanoHHaA TIpA

Y

Kamubpyemsie
BeCHl

Puc. 1. Cxema nepenauu npeoOpa3oBaHUs BXOTHON BEIIMYHHBI

yKa3aHHBIX B MapKHUPOBKE BECOB. [ paHMIIbI TeMIIE-
paryp MOryT ObITh BHIOpaHBI B 3aBUCUMOCTH OT Ha-
3HAYCHUs BeCOB. JlMana3oHbl BHYTPH 3THX TPAHMUIL
JOJKHBI OBITh HE MeHee [2]: 5 °C — my1s BecoB crie-
[MaJbHOro Kjacca TouHoctu; 15 °C — qis BecoB
BBICOKOT'O KJTaCCa TOYHOCTH.

W3MeHeHne TeMriepaTypbl 3a 4ac HE JIOIKHO
npesbimath 1 °C 11t BEeCOB CHELMAIBHOTO U BBICO-
KOT'O KJIACCOB TOYHOCTHU. B moMeIieHun He TOKHO
OBITh BO3IYIIHBIX TIOTOKOB M BUOPAIINH, BHI3BIBAIO-
X U3MEHCHUE MOKa3aHUK BeCcOB. Bechl TOKHBI
OBITh BKJIFOUEHBI B CE€Th DIEKTPONUTAHUSA, YIOBIET-
BOPSIFOIIYI0 METPOJIOTHYECKAM XapaKTePHCTUKAM
BECOB M OOOPYIOBaHHYIO 3aIIUTONW OT TEpernagaoB
HaIPSHKCHIIS.

Jns xammOpoBKH BecoB HEOOXOMWMO IPOBE-
CTH TOATOTOBKY. BeChl TOJKHBI OBITH yCTaHOBIIC-
HbI Ha TIPOYHOM JIADOPATOPHOM CTOJIC M BBICTABJIC-
HBI 110 ypoBHIO. [lociie pacnakoBKH BECHI JIOJIKHBI
OBITh BBIJICPKAHBI B MOMEIICHUH, IJIe OyJIeT IMpo-
M3BOINTHCS KaanOpoBka, He MeHee 12 vacos. [loa-
rOTOBKa BECOB K padOTe OCYHISCTBISIECTCS B COOT-
BETCTBUU C TPEOOBAHUSIMH JKCILTyaTallHOHHOW
JIOKyMeHTanuu. Bechl TOMKHBI ObITh BBIIEPIKAHBI
BO BKJIIOUCHHOM cocTosHHHM He MeHee 30 muH. Ile-
pen OIpeeieHueM METPOJIIOTUYECKUX XapaKTepH-
CTHK HEOOXOIMMO BBITIOIHUTH IPAayHPOBKY BECOB,
KaK OIMCAaHO B WX JKCIUIyaTAIMOHHBIX IOKYMEH-
tax. Ecnu rpagynpoBka MOXKeT OBITH BBITIONHEHA
KAaK BCTPOCHHBIM I'Py30M, TaK W BHEIUHEH Tupew,
TO HEOOXOINMO BBITIOTHUTH BHYTPEHHIOIO TPaIyH-
POBKY (BCTPOCHHBIM TPY30M).

[Ipu npoBeneHUH KaaTUOPOBKH BBITIOIHSIOT
OTIepalliy: BHEUTHUH OCMOTp, OIMpPOOOBaHHE, OIe-
HUBaHWE HeompeeieHHocTu. [Ipu npoBeneHuu
BHEIITHETO OCMOTPA JOJKHO OBITh YCTAaHOBJICHO:
COOTBETCTBHE KOMIUIEKTHOCTH BECOB JKC-
IIyaTalluOHHBIM JIOKYMEHTAM;

OTCYTCTBHE MEXaHHYCCKUX MMOBPEKICHUN
BECOB U ajantepa (Mpu ero HaJU4uu), MOBPEIKIC-
HUH JIAKOKPACOYHBIX ¥ METAJUIMYECKUX TOKPBITUH;
OTCYTCTBHE TIOBPEKIACHUN COCIUHUTEIb-
HBIX KaOeJeH;

OTCYTCTBHE CJIEJIOB KOPPO3HH;
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HaJu4Ire He0OXOIUMON MapKUPOBKH.

B skcrutyaranmmm TOmMyCcKaroOTCs HE3HAYUTEh-
HBIC TIOBPEKICHUS JAKOKPACOUHBIX M METaJlIu-
YECKUX TOKPBITHM, HE BIMSIONIME Ha HKCIUTya-
Tal[MOHHBIC KadecTBa BecoB. [Ipu ompoOoBaHuu
MPOBEPSIIOT (PYHKIIMOHUPOBAHUE BECOB B PEXKH-
Max B3BCLIMBAHUS, MPEAYCMOTPEHHBIX JKCILTya-
TAallMOHHOM NTOKyMEHTAlleH, a TakKe MPOBEPSIOT
(yHKIMIO BBIOOPKM Macchl Taphl. [lpu Hammuum
BCTPOCHHBIX WU TEPUPEPUNHHBIX JIOTIOIHUTENb-
HBIX YCTPOWCTB HMX pPabOTOCIIOCOOHOCTH TaKke
mpoBepsifoT.  KanmubpoBka BECOB IPOW3BOAWUTCS
OTIpeNieJICHNeM 3HAYeHWH, BOCTIPOM3BOAMMEBIX JTa-
JIoHHbIMU TUpsiMU. Ha puc. 1 npeacrasiena cxema
repeIayn IpeoOpa30BaHUs BXOIHON BETMIUHEI.

MonenpHOE  ypaBHEHHE  TpeoOpa3oBaHUS
BXOJIHOU BEJINYNHBI:

A= (m; +A.) — (ms + A), (D
e m, — OKa3aHus, CHATHIE C BECOB; A, — ITONpaB-
Ka Ha KOHEYHOE 3HaueHHUe JTUCKPETHOCTH OTCYeTa
BECOB OIIpeJeNIeTcss KaKk MaTreMaTh4ecKoe OXKH-
JlaHUE IMIpEeleJIOB OTKJIIOHEHUH IOKa3aHWW BECOB
+ ¢/2 u paBusiercs 0; ¢ — TUCKPETHOCTH OTCUYETa
BECOB; Mg — 3HAYCHHE, BOCTIPOU3BEICHHOC ITAJIOH-
HOW rupeit; A, — apeiid BoCIponu3BOAMMOrO 3HaYe-
HUS CO BPEMEHH TMOCJICAHEH KAIMOPOBKU C yUETOM
JIOITyCTUMOM IOIPEIIHOCTH 3TAJIOHHON THpH OlLe-
HuBaeTcs 3HaueHueM () ¢ MaKCHUMallbHBIM OTKJIOHE-
HUEM OT Hero + 6m/9, tae dm — npenen JAoImycKae-
MOH MOTPEIIHOCTU 3TAJTOHHOU TUPH.

OLEHKY BBIXOIHOM BEIMYMHBI A TOTy4aroT
MIpH TIOICTAHOBKE B MojenbHOoe ypaBHeHue (1)
OIIGHOK BXOJIHBIX Benn4uH. [lepeuncieHHpIM BXOI-
HBIM BEITMYMHAM COOTBETCTBYIOT CIICAYIONIUE HE-
OTIPENIETICHHOCTH: CHUCTeMaTHYecKas COCTaBJISIO-
masi HeONpe/IeTICHHOCTH, CBA3aHHAs C PAaCCEsHH-
€M TIOKa3aHWi; HEeONpeAeeHHOCTh KBAaHTOBAHUS;
HEONPEICIICHHOCTh KaJTHOPOBKH ATAJIOHHON THPH;
OTIPENIEIICHHOCTh BKJIaJa, 00yCJIOBJICHHOTO HECTa-
OMJIBHOCTBIO MacChl JTaJOHHOW TupH; Ko3(hu-
nueHT 4vyBcTBUTeNbHOCTH [3]. Cucremarnueckas
COCTABJISIONIAST HEOIMPENCICHHOCTH, CBSA3aHHAs C
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Puc. 2. CxeMbl Harpy>xeHusi BECOB B 3aBHCUMOCTH OT (hPOPMBI TIIAT(HOPMBI

Tadnaunua 1. Pe3ynpraTtsl MHOTOKPATHBIX U3MEPEHUI 3TaJOHHON THPH

n n3Mepenuii | Iloka3aHus Harpy)xeHHbIX BecOoB M, I

[Toxazanust pasrpyseH-
HBIX BECOB M, T

Pesynbrar B3BewmuBanus, m, =
M, — My,

paccesiHMeM TOKa3aHWW BecoB mo Tumy Au,(m,),
OIIpEJEIsAeTCA:

X (me; —m)?

2
nn—1) ®

qu (Tnc) =

Tae M, — cpeanee apuMeTndecKoe 3HaYeHUH, HH-
TUITIPYEMBIX BECAMU; /1 — YUCIIO H3MEPEHHH.
[lokazanmsi BECOB CHHUMAIOT, TOOYEPETHO
yCTaHaBIUBAsl dTAIIOHHYIO THPIO B TOYKAX Ha TIIar-
(hopme BecoB, Kak MmokazaHo Ha puc. 2. [1o pe3ymnb-
TaraM B3BelIMBaHWH GopMHpyIOT Tad. 1.
KonnyecTBo nMKIIOB B3BEIIMBAHUS (71) JOTK-
HO OOOCHOBBIBAaThCS Ha HEOOXOIUMOHN Heompese-
JICHHOCTH U BOCIIPOM3BOANMOCTH U3MEPEHUSI.

HeOHpCﬂeHeHHOCTL KBAaHTOBAHUA OHpC):[C-
JISACTCA:
q
un) =L 3)
c 2 \B

HeomnpeneneHHOCTh KaJMOPOBKH ATAJTOHHOU
rUpH (paciMpeHHas HeONpeJelICHHOCTh 13 CBUJIC-
TEIbCTBA O KAIMOPOBKE ITAJOHHOW THPH, AEJIEH-
Has Ha KOO(QUIIMEHT OXBara) ONpeACIsIeTCs:

Us

U(m,) = P (4)

e U; — pacmurpeHHass HCOHNPCACICHHOCTb (I/I3
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CBHJIETEJILCTBA O KaJMOPOBKE OSTAJOHHOW THPH);
k, — KO3 puIMeHT oxBara.

HeomnpeneneHHocTs BKIaAa, 00YCIOBICHHOTO
HECTAOWIILHOCTBIO MAacChl STAOHHOW THPH, OIpe-
nernsercs o gpopmyie:

U,) = 5m/(93), (5)

rae Om — Ipenen AOIMyCKaeMOW MOTPEeIIHOCTH 3Ta-
JIOHHOW TUPH.

Brman weompeneneHHOCTH  u(X;) KaKIou
BXO/IHOM BENWYMHBI X; B HEOIPEIEIEeHHOCTh U (A)
n3MepsieMoi BeIMYMHBI A (CyMMapHyIo Heompese-
JIEHHOCTb) ONpPEJEISIOT KaK MPOU3BEIeHUE KOd(-
¢unMeHTa YyBCTBUTEIBHOCTH C; HA HEONpeesIeH-
HOCTb BXOJJHOH BEJTMUUHBIL:

U; (D) = ;UK. (6)

Koa¢punmenTsl 4yBCTBUTENBHOCTH ¢; HaXo-
IIIT KaK YacTHBIC TPOW3BOIHBIC BBIXOIHON BEIH-
YUHBI 0 KaXKJIOM W3 BXOJHON BEIIMYWH, OIICHCH-
HBIC HpI/I 3HAYCHUAX BXOOHBIX BCIIMYNH:

of
L — _ 7
€ |8X1-| 2
st monenpHOTO ypaBHeHHs (1):

dA
am,

dA
== [5a,
C

Cmc =
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Tabauna 2. Kosphurment oxsara k 1y1st pasnoro yucia 3GpPEeKTUBHBIX CTENEHEH CBOOOIBI Vs

k 13,97 4,53 3,31 2,87 2,65 2,52 2,37 2,28 2,13 2,00

Ta6anna 3. Koopduument oxsara k 1j1st pasHoro COOTHOMIEHHS JOMUHUPYIOLIUX
HEOIPEICICHHOCTEH Uy/U

/ity 0-0,1 0,2 0,3 04

0,5 0,6 0,7 0,8 0,9-1

K 1,65 1,7 1,75 1,8

1,83 1,86 1,88 1,89 1,9

Tabauna 4. Brojpker HeonpeaeIeHHOCTH KaIuOPOBKH BECOB

. CranmaptHas
Bxoanas Or11eHKa BXOTHOM P Koadhdpumment Bxian
HEOIIPEICICHHOCTh Pacnpenenenue
BEIIMYKHA BCIIMYUHBI, T N YYBCTBHTENHEHOCTH | HEOINPEICICHHOCTH, T
BXOJHOW BETNYUHBI, T
m,. 1
A, 1
m -1
A, -1
3HaueHue DddexTruBHOC
Beixonnas o CyMMapHasl CTaHJapTHas bd . Koadpdpunment Pacimupennas
BBIXOJHOMN YUCIIO CTETICHEH
BEIIMYHHA HEOIPEICICHHOCTD, T oxBara HEOIPEICICHHOCTh
BEIIMYUHBI, T CBOOOIBI
A

dA

amg

aA

—b e = |aa
5

=—1. (®

Cms

[Ipr OTCYTCTBUHM KOppeNsiMid MEXIy BXOA-
HBIMH BEJIMYMHAMH CTaHJApTHas HEOIpPEACIICH-
HOCTb BBIXOJIHOH BEJIMYMHBI ONPEIEISeTCS:

U (D) = (9)

J*ug(rnc) +U2(AL) +UZ(m) +U2(AL).

[Ipy olEHMBaHMM HEONPEAETICHHOCTH pe-
3yJIbTaTOB MHOTOKpATHBIX u3MepeHuit GUM peko-
MeHAyeT Oparb B KadecTBe Kod(hduimeHTa OXBa-
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Ta KodpduuueHT u3 pacnpenencnus CTbroIeHTa
st ypoBHs nosepus 0,95 u adexruBHOrO UMcaa
crenenet cBobobl v,y [3; 4]. DbdexTnBHOE UHMC-
JI0 cTeneHel cBoOob! omperensercs no Gopmyrne
Bemua — CartepcBeiita u 1 MOIEIBHOTO ypaB-
HeHUs (1) MOXeT OBITh MPENCTaBICHO B CIEAYIO-
LIeM BUJE:

U (A) *
haCh el 1
)]. (10)

verp = (n— 1) I;UA an.

Koaddunment oxmara mns 3TOro 3HAYCHUS
V. ¢ BeposaTHOCTBIO P = 0,95 onpenensiercs o
Tad. 2.

Ecau nomunupyromeil coctaBisitonieil spisi-
€TCsl HEOIIPEIEIICHHOCTh BKJIa/a KaJINOPOBKU 3Ta-
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JIOHHOH THpH, KOAPPUIIMESHT OXBaTa MPUHIUMAETCS
PaBHBIM k.

B Tom cnywae, ecnmu cucremMarmyeckas co-
CTaBJIIONIAsl HeompeneneHHoctn uy(m,) — 0,
a u(m,) He ABIAETCS AOMHUHHpYIomeH, Kodhhu-
IUEHT OXBara ONPENENIeTCS W3 COOTHOIICHHS
JBYX HauWOOJIBIIMX HEONpe/IeIeHHOCTe 1o Tu-
ny B. Tak, ecnu u, < u;, tae u, U u; — AOMHHHU-
pYIOIIME HEOMPEACIICHHOCTH, TO KOA(PQPUIIUCHT
OXBaTa ONpeeNsercs Mo Tadia. 3 UCXOsd U3 COOT-
HOIICHHMS 1y/U.

PacmmpeHHyio HeomnpeneneHHOCTh PacCcyH-
THIBAOT:

U=k-UQ. (11)

ITo pesynbTaTtam pacueToB MapamMeTpPOB Kajiu-
OpoBKH (popMHupyeTCs OIOHKET HEOTPEeIeTIeHHOCTH
(Tabm. 4).

Pesynbrarel  KamnOpPOBKH BECOB O(GOPMIISIOT
MIPOTOKOJIOM KaTHOpPOBKH W CepTU(HKATOM yCTa-
HOBJICHHOH (POPMBI.

3ak/oueHue

Ha ocHoBaHMM mpeACTaBIEHHOM NpOLELY-
pBI KaTHOPOBKH BECOB Ja0OpPaTOPHBIX 3ICKTPOH-
HBIX W OLEHUBAHUS HEOINPENEIEHHOCTU pEe3YJib-
TaTOB HM3MEPEHU IIeJecoo0pa3Ho pa3padboTarh
METOAMKY KallMOPOBKM BECOB J1a0OpaTOPHBIX
AIEKTPOHHBIX.

Cnucok JIuTepaTypsbl

1. benas, M.H. K Bompocy o numesoii 6ezonacHoct / M.H. benas, E.C. IllaxoBa / Hayka u 6u3-

Hec: myTH pa3Buths. — 2021. — Ne 5(119). — C. 82-86.

2. TOCT OIML R 111-1-2009 TocymapcTBeHHasi cucrteMa oOOeCleueHHsl eIUHCTBA W3MEpeHHI
(CN). I'mpu kmaccos E(1), E(2), F(1), F(2), M(1), M(1-2), M(2), M(2-3) u M(3). YHacte 1. MeTposnoru-
YeCKUe U TeXHU4YecKue TpeboBanus [DneKTpoHHBINA pecypc]. — Pexum mocryma : https://docs.cntd.ru/doc

ument/1200086911?ysclid=18h2t4a74398360426.

3. Apxwunos, A.B. IloBepka u kanuOpoBka cpencTB m3MmepeHust Macchl. Yacth 1. HauanbHble cBe-
neHust 00 M3MepeHMH Macchl: yuyeOHoe mocobme / A.B. Apxunos, E.I. HUcakouu, B.A. KpanuBuna,

M.B. Censacknii. — M. : ACMC, 2013. - 112 c.

4. HwuxomnaeBa, E.A. Anroput™m pacdeTa HEONPEACICHHOCTH IMPH MPOBEIACHUN KaTHOPOBKH CPEIICTB
mmMepennii / E.A. HukomaeBa, A.B. Hukonaes // Bectauk Ky36acckoro rocymapcTBEHHOTO TEXHHUYECKOTO

yuauBepcuteTa. — 2017. — Ne 5. — C. 162-167.

References

1. Belaya, M.N. K voprosu o pishchevoy bezopasnosti / M.N. Belaya, Ye.S. Shakhova // Nauka i
biznes: puti razvitiya. — 2021. — Ne 5(119). — S. 82-86.

2. GOST OIML R

111-1-2009  Gosudarstvennaya

sistema  obespecheniya yedinstva

izmereniy (GSI). Giri klassov E(1), E(2), F(1), F(2), M(1), M(1-2), M(2), M(2-3) i M(3). Chast' 1.
Metrologicheskiye i tekhnicheskiye trebovaniya [Electronic resource]. — Access mode : https://docs.cntd.
ru/document/1200086911?ysclid=18h2t4a74398360426.

3. Arkhipov, A.V. Poverka i kalibrovka sredstv izmereniya massy. Chast' 1. Nachal'nyye
svedeniya ob izmerenii massy: uchebnoye posobiye / A.V. Arkhipov, Ye.G. Isakovich, V.A. Krapivina,
M.V. Senyanskiy. — M. : ASMS, 2013. - 112 s.

4. Nikolayeva, Ye.A. Algoritm rascheta neopredelennosti pri provedenii kalibrovki sredstv
izmereniy / Ye.A. Nikolayeva, A.V. Nikolayev // Vestnik Kuzbasskogo gosudarstvennogo
tekhnicheskogo universiteta. — 2017. — Ne 5. — S. 162-167.

© M.H. benas, E.®. bapuesa, M. Kopmynosa, C.JI. ['aBpucenko, D.M. Hanbaunass, 2025

145

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Product Quality Management. Standardization. Organization of Production

YK 661.723:661.725:661.728

M.IO. KHAI3EB

OI'bOY BO «Kazanckuil HAYUOHAIbHBIL UCCIE008AMENbCKUN MEXHOLO0SULeCKULL

YHusepcumempy, 2. Kasano

UHHOBAIIMOHHBIE TEXHO/JIOT'MTYECKHUE
PEIIEHUS OJ51 OPTAHU3ALINU
MAJIOTOHHAXHBIX IPOU3BOJICTB
IJIYBOKOM IMMEPEPABOTKH TOJIYOJIA
B POCCUMCKOM MPOMBIIIIJIEHHOCTH

Krrouesvie cnosa: 0apOOTaXHBIA PEAKTOP;
OCH3WIIOBBIA CIUPT; OCH3WIXIIOPH[; BaKyyMHast
peKTH(UKAIHS; TOTYOL.

Annomayus. B crarbe NpeACTaBIEHbl UHHO-
BAI[MOHHBIE TEXHOJIOTMYECKHE pelIeHus, paspa-
0OTaHHBIE B paMKax IPOEKTa IO OpraHu3alUH
MaJIOTOHHA)XKHBIX TPOU3BOACTB IIIYOOKOH mepe-
paboTku TONyona B PsA LEHHBIX XUMHYECKHX
MPONYKTOB (OCH3MIXJIOpUA, OCH3HMJIOBBIH CIIHPT,
Oe3oitnas kucnora u ap.). Llens uccnenoBanus 3a-
KIII0YaJlach B pa3paboTKe YIYUIICHHOH KOHCTPYK-
1y 6apOOTaXKHOTO peakTopa Uit KUAKOPA3HOTO
paiuKaNbHO-LEHOTO XJOPUPOBAaHUS TOJyojda, a
TaKXXe YCTaHOBKM [UI BBIOENCHHUS OEH3UIOBOIO
CIMPTa U3 TMAPOIM3aTa OCH3UIXJIOPUAA METOAOM
BaKyyMHOM peKTU(HUKALUU B JBYX HACaIOYHBIX
KOJI0HHAX. OCHOBHBIE 3a/1a4K UCCIICIOBAHUS BKIIIO-
YaJy IPOEKTUPOBAHNE M CO3JaHHE TEXHOJIOTHYEC-
KOTO OOOpYIOBaHMSA Ui TMOJMYYEHHs YKa3aHHBIX
XUMUYECKHUX IPOAYKTOB C BBICOKOW UYHCTOTOM M
MaKCHMaJIbHO BO3MOYKHBIM BBIXOJIOM. Pesybra-
ThI pabOTHI MMOKA3bIBAIOT, YTO NPEATIOKEHHAsT KOH-
CTPYKIUsi 0apOOTaXKHOTO peakTopa U pa3paboraH-
Hasi yCTaHOBKAa BaKyyMHOW pekThukanmuu obdec-
MEYUBAIOT BBICOKYIO 3(P()EKTUBHOCTH MOITYyUCHHS
OeH3MIXJIoOpUAa U OEH3WIIOBOTO CIIUPTA U3 TONIYO-
Jla ¢ BBICOKMM BBIXO/IOM M COJIEPKAHUEM LIEJICBOTO
nponykra 10 99,99 %. Pa3paboranHoe obopynosa-
HUE MpeIHa3HaYeHO Ui UCIIOJIb30BAHUS IPU CO3-
JAHUU HOBBIX IPOM3BOACTBEHHBIX MOLIHOCTEH IO
mTyOOKOH TIepepabOoTKe TONyosIa Ha MPEANPUATHIX
POCCHUMCKON XMUMHUYECKON MPOMBIIIEHHOCTH, YTO
OyZIeT CIoCOOCTBOBATh HWMITOPTO3aMEIICHUIO, IH-
BepcudUKay HEPTEXUMHIECKOTO TIPOU3BOACTBA
U TIOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH POCCHH-
CKOM XMMHYECKOU IPOMBIIIIIEHHOCTH.
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BBenenue

OmHUM U3 KJIIOUEBBIX HANPAaBICHUN Pa3BUTUA
POCCUICKOM XUMUYECKOW IPOMBILIUIEHHOCTH SIB-
JIIeTCsl CO3[aHHe MAaJOTOHHAXKHBIX IPOU3BOJICTB
BBICOKO3HAYMUMBIX XMMHUYECKUX BEILECTB, KOTO-
pble MOXKHO TOJY4YHTh 3a cueT Ooiyee MTyOOKOH
nepepadOoTKH CyLIECTBYIOIIET0 HEePTEXHMHUUECKO-
ro chipbs. JlaHHOE HampaBlieHHE IMOJIHOCTBIO CO-
OTBETCTBYET CTPATETMYECKUM IEJSM Pa3BUTHUS
CTpaHbl, 0003Ha4eHHbIM B Ykaze llpesumenta PO
or 21.07.2020 Ne 474 «O HauMOHAJIBHBIX LEJIAX
pazButusi Poccuiickoii denepanuu Ha NEpUOI J10
2030 .» u T'ocymapcTBenHO# mporpamme «Hayu-
HO-TE€XHUYeckoe pas3BuTue Poccuiickoit ®Denepa-
nuuy. B paMkax peannsanuu 3THX nesei paspada-
THIBAE€TCS] UHBECTUIMOHHBIN NPOeKT «beH3nI0BbIN
KJIacTep», HallpaBJIeHHBI Ha KOMIUIEKCHYIO Tepe-
paboTKy TOJIyONa C MOJYyYEHHEM IIHPOKOTO CIIEK-
Tpa B3aUMOCBS3aHHBIX  XHMHUYECKHUX  COEAU-
HeHuii [1].

B 2024 r. Ob1IM IPOAOIKEHBI UCCIIEIOBAHUS B
pamMKax 3TOrO IpPOEKTa, MOCBSILEHHBIE CO3/1aHUIO
MHHOBAallMOHHOW TEXHOJOTUU U TEXHUUYECKOTO pe-
LIeHHS TS TITyOOKOH repepaboTKH TOJIyosa ¢ To-
JydeHHUEeM TMPOAYKTOB MAJOTOHHAKHOW XWMUU:
oemsmixiopuaa (bX), 6ensunosoro crimpra (BC),
OCH30MHON KHCIIOTHI, OeH30aTa HATPHS, CIIOKHBIX
3(hupoB OCH30MHON KHCIOTHI (B MEPBYIO OYepeab
OeH3MI0eH30aTa) M APYTHUX TPOU3BOIHBIX.

B mactosmiedt pabote mpeacTaBIICHBl Pe3yiib-
TaTHl ABYX 3HAYMMBIX TAIOB JJAHHOTO MPOEKTA.

1. Pa3paboTka HOBOWM KOHCTpYKIHMH OapOo-
TKHOTO PeakTopa Uil MPOU3BOACTBA OCH3MIXIIO-
pHia METOJIOM JKUAKO(A3HOTO pauKaIbHO-1IeTHO-
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Puc. 1. Cxema ycoBepIIeHCTBOBAHHOM KOHCTPYKIIUH 0apOOTaKHOTO PeaKTopa JJIs MOTyIEeHHUS
OeH3UIIXII0pUAa KUAKO(A3HBIM paJIMKaIbHO-LIEITHBIM XJIOPUPOBAHUEM TOJTyosIa (TIOSICHEHUS
B TEKCTE CTaThH)

IO XJIOPUPOBAHUSI TOJTYOJIa.

2. Co3ganue YCTaHOBKU Ul HM3BICUCHUS
OCH3IWJIOBOTO CITUPTa M3 THJPOIHM3ara OSH3MIXJIO-
puaa C MCHOJIh30BAHUEM METOJa BaKyyMHOM DPEK-
TU(UKaIUY.

Bap0ora:xublii peakTop

Ui onTMMmu3anMu  Ipouecca  IOJIyYeHHs
OcH3MIXJIOpHAa KUAKO(DA3ZHBIM PaIUKATEHO-TICTI-
HBIM XJIOPUPOBAaHHWEM TOIyojia OblTa pa3paboTaHa
yIy4IIeHHAs. KOHCTPYKIHS 0apO0TaXHOTO PeakTo-
pa-xynoparopa [2] (puc. 1). PeakTop npencrasisiet
cO0OH BEPTHKAIBHYIO MUIMHIPHYECKYIO EMKOCTb,
COCTOSIIIYI0 M3 HECKOJBKHX KOJIBIEBBIX CEKIUH
(3), coenunennbix ¢nanuamu (6). Koncrpyknus
BKJTIouaeT Kpeimky (1) m auume (2), a Takxke 4e-
THIpE OCHOBHBIE (DYHKIMOHAJIbHBIE 30HBI. B HIX-
HEH, CpefHel U NpeABepXHEN CEKIUSIX yCTaHOBIIE-
HBbl HE3aBUCHMBbIE TpyOdaTble TEIUIONepeIarome
MIOBEPXHOCTH B BHJE CIHPAILHOTO 3MeeBUKA (4)
Uil TIONACP)KAaHUST HEOOXOAMMOM TeMIlepaTyphbl
nponecca. Kaxnblii TEemI00OMEHHUK CHaOXeH
CHeTMaTbHBIMU TITYyTIepamMu (5) [Tt To1adu U OT-
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BOJIa TETUIOHOCHTEINS, 00ECIIeYNBAIONIUMH TepMe-
THUYHOE COECJUHEHUE CO CTEHKOM LIMJIMHIAPUYECKON
KoJbIeBON cekmmu (3) Omaromapsi TpOKIagKkaM U
MPWKUMHBIM TaiikaM. Ha kpermke (1) cMoHTHpO-
BaH BBIXO/IHOM mTynep (7) ans ra3000pa3HbIX MPo-
JOYKTOB PEaKUUM W HECKOHICHCUPOBAHHBIX MapoOB
KHUIKON (asbl. Mexy BepXHel LWINHAPHYECKOH
KoJbLeBOW cekuueil (3) u kpbimkoi (1) ycraHos-
JieHa mienieBast Tapenka (8), BbIMOMHsIomas QyHK-
LU0 OTOOMHMKA [T MTapOKUAKOCTHOW CMECH, BbI-
XOJISIICH U3 PeaKkIIMOHHOW 30HbI yepe3 mrynep (7).
B BepxHeil yacTh BepXHEHN MUINHAPUIECKON KOJIb-
neBoit cekmmu (3) mmeercs mrynep (9) st BO3-
Bpara CKOHJICHCUPOBAHHOM XHUIKOU (pa3bl B peak-
[IMOHHYIO 30HY.

TpeThsi UHUAMHIpUYECKas KOJNbIIEBas CEKIUS
(cunTas ¢ HIWKHEW YacTH 0apOOTa)KHOTO PEaKTo-
pa) obopymoBana mHepTHOU Hacankoit (10) U3 Ko-
nen Pamura, pa3menieHHOM Ha ceT4arod Taped-
ke (11) ams paBHOMEPHOTO pacipeeieHus OToKa.
B HmxHel yacTu peakTtopa MperycMOTpeHa crie-
LnManbHasg Tonasg Kamepa, oOpa3oBaHHAs THHUILEM
(2), Tpy6oit (13) u pacnpeaenuTeabHON MOIOH Ta-
penkoit (12). BBoz ra3oBoii ¢a3bl B peakHOHHYIO
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4 P-001
Nerkuwe pewecTea+sona

>

Ha peuwkn

ToeapHbii BC

Muranwe 1 8
—

MNap KoHgeHcaT

OuBeH3IuNoBLIA 3hup
>

P-003

Puc. 2. [IpuHnnnuanbHast TEXHOJIOTHYECKAst CXeMa BbIAEICHHUs] OCH3MIOBOTO CIIMPTa U3 IPOITYKTOB
ruaponnsa oemsmixiopuaa. £-001-004 — rermmoodomenankm;, V-001-002 — emxocTy;
P-001-003 — mHacockr; BCC-001 — BakyyM-co3iaroinas cucrema

30HY OCYHIECTBISIOT uepe3 mtyuep (14) mo tpyde
(13) uepes orBepcrus (15) B BepxHEH yacTH M0N0
tapenku (12). XKunkas haza BBOIUTCS ¢ TOMOIIBIO
mrynepa (16) uepe3 CKBO3HbIE OTBEPCTHS, 00pa3o0-
BaHHbIC naTpyokamu (17).

Konerpykuus peakropa mpeaycMmaTrpuBaeT
AHTUKOPPO3MOHHYIO 3aIIUTy BCEX BHYTPEHHHUX IO-
BEPXHOCTEH W DJIEMEHTOB: CIUpPaJbHbIE TEII000-
MEHHUKH, PACTIPENICNUTENbHBIE TAPEIKU U IpyTHe
KOMIIOHEHTBI MOKPBITH TeduioHoM. Takxke Tednon
WCTIONB3YeTCsl JJI1 W3TOTOBJICHUS BCEX YIUIOTHH-
TENBHBIX 3JEMEHTOB W Tpokiaaok. [IpomsBox-
CTBEHHAsT MOIIHOCTh yCTaHOBKU cocTaBisieT 400
TOHH OEH3WJIXJIOPH/IA B TOJ TIPU IByXCMEHHOM pe-
JKUME padoThI, UTO 00ECTICUHBACT BBITYCK OKOJIO
1 TOHHBI NIPOJyKTa 32 OJHY CMEHY. I eomeTpuuec-
KHE€ pa3Mepbl KaxJ0oW HWIMHAPUYECKOW CEeKIHUU
COCTaBJISIOT: BhIcOTa — 1 M, guameTrp — 1 M, 49TO
COOTBETCTBYET 001eMy 00beMy HHIUHAPHUECKOTO
KOpIyca M3 ueThlpex cekiuii — 3,14 M. [Ipu sTOM
pabounii 06beM peakTopa, YUUTHIBAS 3aHUMAEMOE
MIPOCTPAHCTBO TEIUIOOOMEHHBIMH 3MEEBHKAMH U
WHEPTHOU Hacalkoil, paBeH 2.4 M. [Ipouecc xi10-
pUPOBaHMSI TIPONOIDKACTCS 2,5—4 9 0 TOCTHKCHIS
HeoOxomumoit miotHocTH cmecH (0,96-0,98 F/CM3),
YTO COOTBETCTBYET conuepxkaHuro bX B momyues-
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HOM mponykuuu He MeHee 42 % 1o macce [3].

Ucnonnenue KOHCTPYKIIMN TUIWMHAPUYCCKOI'O
BEPTUKAJILHOTO Kopmyca 6ap0oTa)XHOTO peakTopa
B BUJC IIMIMHIPUYCCKUX KOJBIIEBBIX CEKIUHN (Kak
MUHUMYM YE€TBIpEX) MUMEEeT psij CIEeAYIOIUX Mpe-
HUMYLIECTB:

— KOHCTPYKIHMS CTaHOBUTCSI Ooliee PEMOHT-
HO-IIPUTOJHON — B Cilydae IMOJOMKH KaKOro-Ir0o
3NIEMEHTA CEKIIMM BO3MOXKHA 3aMEHA 3TOW CEKIUH
0e3 IeMOHTaXKa BCETO PEaKkTopa;

— KOHCTPYKLMS CTaHOBMTCSI Oojee YHHUBEp-
CAJIBHON U MO3BOJISIET U3MEHSTh YUCIO LMIMHAPH-
YECKHUX KOJIBLIEBBIX CEKIMH, BCTABISTH NMPH HEOO-
XOOUMOCTH MEXIy CEKLUUSIMH JOIOJIHHUTEIbHOE
MaccooOMeHHOEe 00OpymnoBaHUE (TapeiKd, CIIOH
HacaJKu | 1Ip.);

— He3aBUCHMas TpyOuaras Terionepeao-
1ras MOBEPXHOCTL B BHUJIE CIIMPAJIbHBIX 3MECBUKOB
MO3BOJISIET Oo0Jiee TOYHO PETYIHPOBaTh TeMIIEpa-
TYPHBI PeXHM BHYTPU peakTopa M Mpu HEeoOXo-
JUMOCTH CO3/1aBaTh HY)KHBI TEMIEPATYpPHBII
IpaJIMeHT 110 BBICOTE PEAKTOPa;

— KOHCTPYKIHS TOJIOW TapeiKH BBHIIOIHEHA
TakuM 00pa3oM, 4ToObl OTHOBPEMEHHO paBHOMEP-
HO pacmpeessiTh Ta30ByI0 U *KHUIKYI0 (asbl 1o ce-
YEHHUIO PeaKkTopa MpH BBOAE 3THX (a3 B PeaKLHOH-
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Tadaumna 1. Pe3ynbrar pacyera yCTaHOBKH JUISl BbIICICHHS OSH3WIIOBOTO CIIMPTA U3 MPOLYKTOB
THAPOIH3a OCH3MIXIIOpUIA

Homep notoxa 1 2 6 8 9 11 12 15
Temneparypa, °C 120 77 138 138 88 87 108 145
JlaBneHue, MM.pT.CT. 750 75 158 8 7,5-10 7,510 60 165
MaccoBblii pacxox, Kr/4 265 230 1101 253 535 235 543 18
Cocras, macc. %
0-XJIOPTOITYOI 0,2000 0,0000 | 0,0003 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
bensumxuopun 0,5000 11,0380 | 0,0099 | 0,0040 | 0,0043 | 0,0043 | 0,0000 | 0,0000
Bbensanpaernn 0,1000 2,2239 | 0,0001 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
bensunoBblii ciupt 90,000 19,9999 | 98,2360 | 93,3994 | 99,9957 | 99,9957 | 55,8645 | 6,0001
JinGen3unoBblid a¢up 6,3000 0,0000 1,7537 | 6,5965 | 0,0000 | 0,0000 | 44,1355 | 93,9999
Boma 2,9000 66,7382 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000

BC-cpipent BC JbD

IMpumeuanne: BC — 6ensminoBslii ciimpt, [|b3D — nuben3unoBslit a3¢up

HYIO 30HY;

— WCHOJNb30BaHWE WHEPTHOM Hacaaku (Ha-
npumMep, Konery Pammra) B Hauaje BepXHEH Io-
JIOBUHBl PEAKLUMOHHON 30HBI PEAKTOpa CIYXKUT
JUlsl TIOBTOPHOTO PAaBHOMEPHOIO pPacIpeeiIeHUs
ra3oBod W KHUJIKOW (a3bl 10 CEUCHHUIO PEaKTOpa,
YTO NPUBOAUT K YBEJIIMUYEHUIO IUIOMIAJNA KOHTAKTa
MEXIy ra30BOM M JKUAKOW (azaMu M HHTCHCHU-
(¢uKanMM OCHOBHOH Ta30KHIKOCTHOH peaKIuu
XJIOPUPOBAHUS TOJIYOJA.

YceraHoBka A1 BbIIeJIeHHUS
0€eH31JI0BOr0 CIIUPTA

[lomyueHHbIit B pe3yabrare KUAKOPA3HOTO
paJluKaibHO-IIETHOTO XJIOopHUpoBaHus Toiyoia bX
B OCHOBHOM (0oitee 55 %) MCTIONB3yIOT IS MOy~
gerust bC ruapommsom BX. [lomydeHHas B pesyib-
tate ruaponusza bX cmecs, momumo BC (~90 %
Mmacc.), comepxkut (% macc.): o-xioptoryon (0,2),
oerswixiopua (0,5), 6enzanpaerus (0,1), nudeH-
3us0BbIN 2¢up (6,3) u Bony (2,9). M3 momyueHHOM
cMmecu HeoOxoauMo BeiIenuTh bC ¢ conepkanuem
OCHOBHOTO KOMITOHEHTAa KOCMETHUYECKON YMCTOTHI
(99,99 %). CymecTByomme METOIbl BaKyyMHOH
pexrudukammu [4; 5] rugponuzara bX He mo3Bo-
JISIIOT TIONYYHTh LEJIEBOW MPOAYKT HYKHOIO Ka-
yectBa (comepxkanue bC He mpesbimaer 99,9 %).
B pamkax mpoekra Obuia pazpaboTaHa HOBas TeX-
HOJIOTMYECKas CXeMa, KOTopas NpuBeleHa Ha
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puc. 2.

OCHOBHBIMH OTJIMYHUAMHU TOH CXEMBI OT paHee
CYILLECTBYIOLICH [5] ABISAIOTCA CAEAYIOLINE: COCAU-
HEHUE JIByX HACaJOYHBIX PEKTU(PUKAIMOHHBIX KO-
nonH K-4 u K-5 «110 ocraTky» — KyOOBBIi POIYKT
konoHHBI K-4 sBnsieTcss muTaHWEeM Ui KOJOHHBI
K-5; mpoBenenne pextudukanym B komoHHe K-5
1oji ocTaTo4yHbIM jgaBieHueM 7,5-10,0 mMm.pT.cT.;
WCIIOJIB30BAaHUE BBICOKOA((DEKTHUBHOW  CTPYKTY-
pupoBaHHOU cerdaroil Hacaaku CY-tuma [6]; wc-
MOJTE30BaHME ATOTO THUIA HACAIKU B TPEX CEKITHIX
B Kaxmoii m3 xoimoHH K-4 u K-5 ¢ momaueit mura-
HUS B OTH KOJIOHHBI B TOYKY, DPAaCIIOJOXKEHHYIO
MEXJy BTOPOM M TpEThEH CEKLUMSIMHU, CUUTasd
CBEPXY KOJOHHBI.

JI1s TEXHOJIOrMYEeCKOM CXEMBbl, IPUBEIECHHOU
Ha puC. 2, ObUT BBINOJIHEH pacyeT HECKOJIbKUX Ba-
PHAHTOB, OAMH M3 KOTOPBIX NpHBEACH B Tabm. 1.
Kax BUgHO M3 JaHHBIX 3TOrO pacyeTa, BhIICICHUE
BC u3 runmponuzara bX ¢ ucnonb3oBaHueM 3TOM
CXEMBI II03BOJISIET TIONYYHTH IEJICBOW MPOMYKT
HYKHOTO KadecTBa ¢ cogepxanueM bC 99,99 %.

3akaouenue

[IpenmoxkenHass KOHCTPYKIHS 0apOOTaXHOTO
peakTopa JUid OCYIIECTBICHHS IPOIEcca KUIKO-
(ha3HOTO pajMKaIbHO-IETTHOTO XJIOPUPOBAHUS TO-
nyosa 1o OCH3UIXJIOpHA, a TaKXKe pazpadoTaHHas
yCTaHOBKA ISl M3BJICUCHUs OCH3HMJIOBOTO CITUPTa
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U3 TUIPOJIN3aTa OCH3WIXIIOPUIA METOJIOM BaKyyM-
HOU peKTU(UKAIMU B JIByX HACAJOYHBIX KOJIOHHAX
00eCcreunBaoT BBICOKO3(P(EKTUBHOE IMOTyYCHUE
LIEJIEeBON MPOAYKIMU M3 TOJYyoJa C BBICOKOM 4YH-
ctotoi (10 99,99 %) u ONTUMABHBIM BBIXOJIOM.
JlaHHBIC TEXHUYCCKHE PEHICHUS XapaKTePH3YIOTCS
YAYYIICHHBIMU JKCIUTYaTallMOHHBIMUA XapaKTepH-
CTHKaMH, BO3MOXXHOCTBIO BBICOKOIN CTENECHH aBTO-
MaTH3alH U HAJIS)KHOCTHIO PAOOTHI.

[IpumeHeHne MaHHBIX WHHOBAITMOHHBIX TEX-
HOJIOTHYECKUX PEIICHHUH MO3BOIUT CO3[IaTh OCHOBY
JUISL OpPTaHU3AIMH COBPEMEHHBIX MaOTOHHAKHBIX
IIPOU3BOJICTB TIIYOOKOH IMepepadOTKU TOJIyosa B
POCCUNCKOM XUMUYECKOU MPOMBIIIIEHHOCTH. JTO,
B CBOIO OYEpEe[lb, CIIOCOOCTBYET MMIIOPTO3aMellie-
HUIO, JUBEPCUPHUKAINH HE(YTEXUMUYECKOTO IPO-
HM3BOJACTBA M IOBLIIICHUIO A00aBIEHHON CTOHUMO-
CTH BBIIIyCKaeMOU MPOIYKIHUU.
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M.IO. KHAI3EB

OI'bOY BO «Kazanckuil HAYUOHAIbHBIL UCCIE008AMENbCKU MEXHOL0SULeCKULL

YHusepcumempy, 2. Kaszano

HUCCJEJIOBAHUE ITMHAMUKHA NOTPEBJEHUSA
XUMUYECKOHN NPOAYKIIMU JIMHEUKHN
CJIOKHBIX D®UPOB BEH30MHOM KUCJIOTHI
B POCCUMCKOM DKOHOMMUKE

Kuntouegvle cnosa: nuHamuika TOTpPEOICHHUS;
npomu3BonctBo B Poccmm; mporro3 go 2030 r;
CJIOXKHBIC 3(UPbI OCH30HHON KHUCIIOTHI.

Annomayus. OIHUM W3 KIIOYEBBIX Halpas-
JICHUM DPa3BUTUS XMUMHUYECKOH MPOMBIILIEHHOCTH
SIBIISIETCS.  yBEJIMYEHHWE TIPOM3BOJCTBA MAaJIOTOH-
HAKHOW XMMHYECKOM MPOAYKLWH ITyTEeM [TyOOKOH
nepepaboTKu HEPTEXMMHUYSCKUX PECYPCOB, BKIIIO-
Yas ToxyoJ. M3 Tomyona MOXHO MPOU3BOAMTE pa3-
HOOOpa3Hble XWUMHUYECKHE COCIWHEHUS, HaIlpH-
Mep, OCH30HHYI0 KHCJIOTY M €€ CIIOXKHBbIC d(PHPBI,
KOTOpBIE SIBISFOTCS IICHHBIMH XUMHYECKUMU TIPO-
nykramu. llems wccnenoBaHWs — KOMIUIEKCHBIN
aHaJIN3 JUHAMHKHU TIOTPEOICHUS CIIOKHBIX d(UPOB
oersoitaort kuciaothl (CIBK) B poccuiickoit sKko-
HomuKe 3a mepron 2019-2024 TT. st OTieHKH TIep-
CIEKTHB CO3/IaHUSl OTEYECTBEHHOTO MPOM3BOJICTBA
JAHHBIX XMMHUYECKUX BEIECTB. 3a/ladyll HMcCieso-
BaHUS BKJIIOYAIOT: aHAJIN3 COCTOSIHUS POCCHUCKOTO
peiaka COBK 3a mocnegnue mate JeT, u3ydeHue
00bEMOB MMIIOPTA, OMpPENEICHHEe OCHOBHBIX HM-
nopTepoB, cTpykTypsl norpednerus COBK B pas-
JIMYHBIX OTPACISIX SKOHOMHKH, a TaK¥Ke IMPOTHO3
norpednenus 10 2030 r. ['umore3a uccnenoBanus
3aKIIIOYaeTCs B TOM, YTO CO3/1aHHE COOCTBEHHOTI'O
npousBoactBa COBK B Poccun mo3soiut obecre-
YUTh BHYTPCHHUW PBIHOK Kaue€CTBEHHOW IPOAYK-
1Mel, COOTBETCTBYIOIIEH COBpPEMEHHBIM CTaHJAp-
TaM, a TaKKe CHU3UTh 3aBUCHMOCTH OT BHEITHHX
MMOCTaBOK. MeTOIpI MCCIeIOBaHMS BKITFOYAIOT aHa-
JIN3 JaHHBIX 110 00beMaM MMIIOPTa U MOTPEOICHIS
COBK, mporHo3npoBanne IWHAMHUKH CIIpOca IO
2030 r. Ha OCHOBE IKCHEPTHBIX OICHOK M aHaN3a
TEH/ICHIIMH Pa3BUTHUSI COOTBETCTBYIOIIMX OTpaciel
MPUMEHEHHS, a TaKXKe HM3YYCHUE CYIICCTBYIOIIMX
TexHojoruit mpomsBonctBa COBK. Pesymbrarhb
aHaJIM3a CBUJETENBCTBYIOT O 3HAYUTEIBHOM IIO-
TeHiane pocra norpedienuss COBK B Poccun,
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ocobeHHO B (papMmarieBTHUECKON, MaphroMepHO-
KOCMETUYECKOW M MMILEBOM IMPOMBIIIEHHOCTH.
B ycnoBusx Kypca Ha MMIIOPTO3aMEILCHHE pa3-
BUTHE OTE€YECTBEHHOTO Tmpom3BoiacTBa COBK
MPEJICTABIIICTCS TEPCIICKTHUBHBIM HAIPABICHUEM,
CIOCOOHBIM TOBBICHTh TEXHOJOI'MUECKYIH He3a-
BHCUMOCTh CTPaHbl W YIYYIIHTh 3KOHOMHUYEC-
Kyl0 3((})EeKTUBHOCTh UCIOIB30BAHUS ChIPhEBBIX

pecypcoB.

BBenenue

HacTositmass ctates mpomoimkaeT cepuio Imy-
ONMMKarwii, MOCBSIICHHBIX aHAIW3y MOTEHIIHAala
co3manusi B Poccuu COBPEMEHHOTO MPOM3BOICTBA
MOJIC3HBIX XHMMHWYCCKUX TIIPOAYKTOB Ha OCHOBE
MPOU3BOAHBIX TOJYOJIa — OJHOIO M3 OCHOBHBLIX
KOMITOHCHTOB JICTKOW apOMAaTHYECKOW  YIJIEBO-
JOPOJAHON (pakiuu HEYTESXUMUUYESCKOTO ChIPhSI.
PasBuTHe maHHOTO HAIpaBIECHUS HMEET OCOOYIO
AKTYyaJIbHOCTh, MMOCKOJIBKY CIIOCOOCTBYET TOBHIIIIC-
HUIO 3()()EKTUBHOCTH WCIOIH30BAHUS HMEHOIIUX-
Csl IPUPOAHBIX PECYPCOB M CHUKCHUIO 3aBUCHMO-
CTH OT UMIIOPTA CTPATETHYECKH BAYKHBIX XHUMHU-
YECKUX BEIIECTB.

B naByx mnpempiaymux myOnuKanmusx Obud
paccMOTpPEHbl MEPCIEKTUBBl opraHu3zauuu B PO
MTPOM3BOJICTBA JIBYX IEHHBIX XUMHUYECKHUX MPOAYK-
ToB — Oem3oitHol kucioTel (BK) [1] u Gen3oara
Hatpus [2]. B ganHOM uCCemoBaHUM BHUMaHHUE
YACNAETCs CJCAYIOIIEH TIpyIe MNPOAYKTOB TITy-
Ookoit mepepabotku Tomyonma — COBK, xotopsie
MIPEJICTaBIIAIOT COOOM Ba)kKHBIM KJlacc OpraHudec-
KMX COCAMHEHMI C IIUPOKUM CIEKTPOM IIPUMEHE-
HUA B pa3JIMYHBIX OTPACIIAX IMPOMBIINIJICHHOCTHU.

Jas  OLEHKM TMEepPCHIEeKTUBHOCTH  IOJyYe-
Husa COBK B Poccum B cTaThe MmpencTaBieH KOM-
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Puc. 1. O6vem numnopra COBK B Poccuto B 2022 1., T

IJIEKCHBI aHaMW3 TEKyIIero COCTOSHHS pPBIHKA
JaHHoW npoxaykuuu B P® 3a nocnenHue nsth Jiet
(20192024 rr.), mpoBencHA OIEHKA JKCIIOPTA H
HMMIIOPTA, BBISBICHBI OCHOBHBIC HMIIOPTEPHI, U3Y-
4yeHa cTpyKTypa notpediaeHuss COBK mo ocHOBHEIM
chepaM HUCIOJIB30BAHUS U MPOBEJCHA JIMArHOCTHU-
ka neH. [lo pesynsraTam aHanusa cjienaH MPOTHO3
temnoB pocra cipoca Ha COBK 1o 2030 1. u chop-
MYJHPOBAHBI BBIBOJIBI 00 3KOHOMHUYECKOU IIeJIeco-
oOpa3Hoctu opranuzanuu npousBoactea COBK B
Poccun, a Takke BBIJICIICHBI OCHOBHBIC (DaKTOPBI,
BIUSIONINE HAa Pa3BUTHE IAHHOTO HAIpPaBJICHUS.
Kpome TOrO, B CTarbe paccMOTpPEHBI OCHOBHBIC
TEXHOJIOTUH TIOJTYYSHHS CIIOXKHBIX 3(PUPOB OEH301i-
HOM KHUCIIOTHI, MX MPEUMYIIECTBA U OTPAaHUYCHHUS,
YTO TO3BOJIET OIEHUTh TEXHUYECKYIO0 TOTOBHOCTh
OTEYECTBEHHOW TPOMBINIJICHHOCTH K pealn3alui
MTOTOOHBIX TIPOCKTOB.

JAuHaMuka noTpedeHus CJI0KHBIX I(PUPOB
0eH30iiHON KHCJI0THI B PD B 2019-2024 rT.

B mnacrosimee Bpems mpousoactBo COBK
(B TOM uHuclie WX OCHOBHOI'O MPEACTaBUTENS
Oensunbenszoara) B Poccum oTcyTcTBYyeT, mO-
TpeOnsieTcss TOMBKO MMIIOPTUPYEMBIH TPOAYKT.
Cymmapnoe notpednenue COBK B 2022 . B PO
coctaBmwio 93,5 T, U3 KOTOpHIX OoJee ABYX Tpe-
Teit (60,7 T) mnpuxomurcs Ha OeH3MIOEH30aT

(puc. 1).
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CTpykTypa norped/aeHust CJI0KHBIX 3(pupon
0EeH30HOH KHCJIOTHI

Cnoxubie 3pupbl OCH30HHOW KHUCIOTBI TMPH-
MEHSIIOTCSL B IIEPEUMCIICHHBIX HMXKE OTPACIiX poc-
CUICKOM SKOHOMHUKH:

1) Oensunanerar: mapproMepuss U KOCMETO-
norust (UCKYyCCTBEHHBIH >KaCMHUH); THIIEBast MPoO-
MBILUICHHOCTh (OTAYIIKH); JaKOKpacodHasi U Xu-
MHUYECKasi MPOMBIIUICHHOCTh (PacTBOPUTEND JUIS
alerara ¥ HUTpara LEJUIIIO03bl, HAaTYypaJbHBIX H
CHUHTETHYECKHX CMOJI, Macell, JIAKOB, IOJIHpPOJIEH,
[IEYaTHBIX KPACOK U CPEACTB AJISl CHATHS JIaKa);

2) OeH3mIOeH30aT: MEIUITMHA (TIperapar mpo-
TUB DKTOIMAPa3UTOB, BXOJUT B COCTAaB Oab3aMOB
«IlIepy» u «Tomy»); uHCEKTOpeNneneHT (B TOM YucC-
JIe CPEJICTBO TIPOTUB KOMapOB); BETEPUHAPHSI;

3) OensunOytupar: mapdroMepusi U KOCMe-
TOJOTUSl (MCKYCCTBEHHBIM JKacMHH); MHILNEBas
MPOMBIIUICHHOCTh  (OTAYIIKH);  HaTypaJbHBIHA
OeH3mnOyTHpaT oOnagaeT XapakTepHbIM (pPYyK-
TOBO-LIBETOYHBIM, CJIMBOBBIM 3allaxoM, CIaJKHM,
IPYLICBUIHBIM BKYCOM;

4) OeH3WIMETAKpUIaT: XUMHUYECKash Hpo-
MBILJICHHOCTb  (MCIIOJIB3YeTCSl B HPOM3BOIACTBE
NOAM3(QUPHBIX U aKPUJIOBBIX CMOJ, KOMIIO3UTOB,
MIOKPBITHH, KJI€EeB M IT'€PMETHKOB, 100aBKa Il MO-
JU(UKAUKY PE3UHbI); TEKCTHWJIbHAsI MPOMBIIIJICH-
HOCTb; KOCMETOJIOTHsI U nap(roMepus;

5) OEH3WIHWKOTHHAT: MEIUITMHA (Cocymopac-
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Puc. 2. O6bem norpednenns bb B 2019-2024 rr, T

HIUPSIOITUE ¥ 00€300JIMBaIOIINE CPEJICTBA);

6) OCH3WICAIMIIUIAT: KOCMETOIIOTHS W Tap-
(hromepust (crnaOblit Oanp3aMHYECKHiA 3amax, Io-
[JIOTHUTENb YIBTPAPHOICTOBBIX JIyUei);

7) OeH3WIIIMHHAMAT: MEIUIMHA (aHTHOAKTe-
pHagbHOE, MPOTHBOTPHOKOBOE CPEIICTBO).

B crenyromem pasmerne 6omee moapobHO pac-
CMOTpEHBI 00JIACTH TPUMEHECHHS W IOTpeOIeHMe
Hamboee BOCTPeOOBAaHHOTO U3 3TOH JTMHEHKH MPo-
nykToB — OeHsmnoen3oara (bb) (puc. 1).

Oco0enHocTH MoTpedaeHuss U 00J1aCTH
NnpuMeHeHusi 0eH3WI0eH30aTa

['maBHBI NPOLYKT UCCIELYEMONU JIMHEHKU
COBK — OensmiiOeH30aT — HaXOOHUT HaUOOJBIIEE
MPUMEHEHUE B KOCMETHUYECKON MPOMBIILICHHOCTH
u B MeaunuHe. B kocmeruke Bb ucnonssyercs B
OCHOBHOM B COCTaBe IYLIUCTHIX BewiecTB. Ilpu-
MEpPOM 3TOr0 MOTYT CIY’KUTh COCTaBbl KOMIIO3H-
WA TyIIUCTBIX BEIIECTB, NMPUBEICHHBIE B pado-
tax [3; 4]. Kpome Toro, bb Haxomut mpumeHe-
HHME B MPOU3BOJCTBE nomaja. B meaunuue bBb wuc-
TTOJIB3YETCS B COCTaBE Ma3eBBIX M AOMYILCHOHHBIX
dopm dapmanesruueckux mpenaparoB [5-10], a
TaKKe CPENCTB IS JICUCHHS PA3INIHBIX JepMaTo-
30B [11-13]. U3BecTHO Takke WCIOIH30BAaHUE
Bb B cocraBe pa3nuyHBIX Ae3MHQUIHMPYIOMINX
xommo3uiwmii [14; 15].

Cpenu apyrux npumeHneHuit bb HeoOxomaumo
yKa3aTb Ha €ro HCIOJb30BaHUE B COCTaBE IICHE-
TpaHTa Uil JIFOMUHECHCHTHON Je()eKTOCKOINHA B
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ABUAIIMOHHOM W aBTOMOOWJIBHON TIPOMBIIIICH-
Hoctu [16]. Hampumep, pa3paboran meHETpaHT
B BHIE cMecH crleayromero cocraBa (% wmacc):
3-benun-5, 6-6enzoxymapun (1,8-2,0), N-penun-
-0y TUIIMMHUT-4- TUMETUIIAMUHO-HA(TATIeBON  KHC-
sorel (1,0-1,2), MONMATHICHDIIUKONCBBIE 3(DUPBI
XKHUpHBIX Kucinor ¢pakuun C10-C18 (5,0-7,0),
xuakuil napapun (16,0-24,0), Bb (ocranbHoe),
MPOAYKT 00JIaaeT TIOBBIINICHHOW YYBCTBUTEIb-
HOCTBIO K MHUKpOAC(PEKTaM C pPACKPBITHEM MEHEe
1 MKM.

Kunkuit CUUHTUIATOP, colepKalui
(% wmacc.) bb (84,0-87,0), mapramun (12,5-15,0),
1,3,5-tpudenmn-2-nupazoma  (0,4-0,7), mMoxer
OBITh WCIIONB30BAaH [UISI PETUCTPALMK  KOCMHU-
YeCKuX m3nydeHu [17].

B npombinuienHoctu bbb monywator peakiiu-
el OeHzoara HaTpHs C OCH3WIXJIOPUAOM B TIPHU-
CYyTCTBHUHM OCHOBaHUs. I3BecTeH Taxkxke Crocod
noiyuenus: bb myrem stepudukanmmn OeH30iHOM
KHCJIOThI OCH3WJIOBBIM CIIUPTOM B HPUCYTCTBUU
MPOU3BOMHBIX NHPUIWHA B arneronutpuie. llom-
poOHO TexHojorusi npousBojacTBa bb omucana B
pabote [18].

B 2019-2024 rr. norpebnenue bb B poccuii-
CKOM HKOHOMHKE YBEIMUYUIOCH U, MO OLCHKE, B
2024 r. romkHO ObUTO KOCTUTHYTH 92,8 T (pHC. 2).

Opnaxo B 2023 1. cipoc Ha bb ymenbsmmiics
Oonee ueM BrBoe U noctur 37 T. B Tabn. 1 npuse-
JIeHBI TaHHBIE TT0 00beMy moTpebienus: bb B PO B
HaTypaJIbHOM W CTOMMOCTHOM BBIPKEHHUH TIO pa3-
JIUYHBIM cepaM UCTIOITH30BaHUSI.

Ne 4(166) 2025
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Taoauna 1. O6sem motpebienus Bb mo HanpaBiIeHUSIM HCTIONB30BAHUS

Macca, T CTOMMOCTBD, THIC. JOJI.
HampaBneHue 1cnosib30BaHust
2022 2023 | 2024, 1 xB-1 | 2022 2023 | 2024 1 kB-n
dapmarieBTHIECKas MPOMBIIUICHHOCTb 63,2 18,0 32,0 206,9 47,9 79,0
[TapdromMepHO-KOCMEeTHYECKas! IPOMBIIIIIEHHOCTh 11,0 18,1 14,3 36,5 60,7 41,1
[Ipon3BoaCTBO MECTUINIOB 21,6 0,5 96,8 1,5
[Tnactudukaropst 3,1 5,2
IIpouee 0,7 0,4 0,0 18,4 22,2 2.5
Bcero 99,6 37,0 46,3 363.,8 132,3 122,6

Amnanu3 HanpapieHU# ucnois3oBanusa bb mo-
Ka3bIBaeT, YTO OCHOBHON Cepoil ero npuMeHeHus
SIBISIETCSL  (papMarieBTUYeCcKasi MPOMBIIUIEHHOCTb,
KOoTOpasi cocraBisieT B cpeaneM 60 % ot oOrmiero
oOBbeMa TToTpeOIICHNS.

[Ipomsomno pacmmpenne chep moTpeOIeHUS
bb 3a cuer pocra cnpoca co CTOPOHBI TPOU3BOU-
TeNel NMeCTUIMI0B M IiacTudukatopos: B 2022 1.
JUTS. TIPOM3BOJICTBA 3TOM MPOIYKIIMU OBLTO MCTIONb-
3oBaHo 21,6 T u 3,1 T bb, uro cocraBuio 21,7 %
u 3,1 % oObema ero moTpeOJICHUs] COOTBETCTBEH-
HO, OJTHAKO B MOCJIEAYIOIINE TO/bl 3aKyIKH B 3THX
cdepax MpeKpaTuiInCh.

[Mvpokuii nuana3oH MMIOPTHBIX LeH Ha bb
ompezensiercs o0beMaMH IOCTaBOK, cdepoil mo-
TpeOJIeHHs], CTENICHbIO OYMCTKU 3aKyIaeMOro Ipo-
IyKTa, CTPAaHOW ¥ KOMITAHUEH-ITOCTABIIUKOM.
B 2024 r. MuHuManpHas uMmnoprtHas ueHa Ha bb
Obuta Ha ypoBHE 2 235 momin./t (MOKymaTemb —
000 «Apamc Kemukanc», nocraBmuk — Tianjin
Dacals Chemical Co., Ltd., Kurait). Makcumaib-
HBI ypOBEHBb IeHBI cocTaBwi 12 135,2 momn./t
(moxymatens — OO0 «Pycmenropry», mOCTaBITUK —
United States Pharmacopeial Convention, CI1A),
YTO SIBJIAETCS IPUMEPOM MOCTAaBKU MPOIYKTa peak-
THUBHOTO Ka4eCTBa.

AHaJIU3 JaHHBIX 0 JHHAMUKE
norpedienusi COBK

OcnoBHoll cripoc Ha COBK B oTpacisax npo-
MblieHHOCTH PO B 2022 1. mpuxoauics Ha KOC-
Metosoruio U napgromeputo (59,6 %), cenbckoe
xo3sictBo (22,1 %), dapmanertuky (10,2 %),
XUMHYECKYI0 TPOMBITIIIEHHOCTh (4,5 %), mpodne
cextopsl (7,7 %).

OrcyrcrBue mpousBogacTBa COBK (mpexne
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Bcero bb) B P® ocraBnseT mMOTHOCTBIO OTKPHITYIO
HUITY JUIS 9KCTIOPTA 3THX MPOIYKTOB TIPH YCIOBUH
MIPOM3BOJICTBA BBICOKOKAUECTBEHHBIX MaTepHaIOB.
Kpome TOro, BBITYCK KaueCTBEHHOW MPOMYKITUH
OTEYECTBEHHOTO TPOM3BOJCTBA YMEHBIINT 3aTpa-
ThI Ha JIOTHCTUKY M TO3BOJHT CHHU3UTH cebecTou-
MOCTb MPOIYKIUH.

Kypc Ha nmmnopro3amenienue B PO Oyner siB-
JIATBCS CTUMYJIOM B pa3BUTHU cep NMPUMEHEHUS
bb. HauGonpuine Temibsl pocTa MO HCIOIb30Ba-
Huro BB B Ommkainme roasl OKUIAIOTCSA B MUILE-
BOH, KOCMETHYECKOW U (papMaIleBTUIECKON OTpac-
JISTX TIPOMBITIUIEHHOCTH.

[lo oKcmepTHBIM OIleHKaM, MOTpebieHne
COBK B PD k 2025 1. coctaBut 117 T B HaTypab-
HOM BBIPQXEHHH CO CPETHETOJOBBIM TEMIIOM PO-
cra 7,8 % u 49 miH py0. B JCHE)KHOM BBIPOKCHUH
CO CPETHETOMOBEIM TeMIioM pocTa 4,7 %.

VXon psiia WHOCTPAHHBIX OPEHIIOB M TIIAHBI
[0 HapallMBaHUIO TPOU3BOJCTBA OTEUECTBEHHBIX
KOMIIaHUH B mapproMepHOH M KOCMETHYECKOW OT-
pacnu OyayT crocoOCTBOBATh YBEIMYCHHUIO PHIHKA
CDOBK B P® B Ommkaiiiiue roasl.

Uro kacaercs bb, npoBeneHHoe ucciaenoBaHue
MapaMeTpoB KadyecTBa ATOW MPOAYKLHH, BIIHSIO-
IIMX HA JUHAMUKY WX TOTPeOIeHUs] B POCCUHCKON
SKOHOMHKE, TIO3BOJIMJIO CHENAaTh CIEIYIOIIHEe OC-
HOBHBIE BBIBOJIBI.

bb MemunuHCKOTO KadyecTBa BXOAWT B TIEpe-
YeHb KXU3HEHHO HEOOXOIMMBIX W BKHEHUIINX Jie-
KapcTBEHHBbIX mpenaparoB Poccun u BcemupHoi
opranuzanuu 3apaBooxpanenus (BO3), moatomy
OCHOBHOM cQepoil MmoTpeOneHus sBISETCS Mpo-
M3BOJCTBO (papMcyOCTaHIMIA: B IEPBOM KBapTaje
2024 . — 69,2 %. B 2022 1. 3HaUNTENBHO paCIIU-
pHIICSA CHPOC CO CTOPOHBI MPOU3BOAMUTENEH MECTH-
LUIOB M TIACTU(HUKATOPOB, BCIEACTBHE YETO HX
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Taoauna 2. Temnsl pocta cripoca Ha bb Ha epuox 1o 2030 1. 1o OCHOBHBIM chepaM ero
HCIOJB30BaHus, %

Temr pocta, %
Hanpasnenne ucnonb3oBanus
2026 x 2022 2030 k 2022
Crpoc Bcero 110,0 179,0
dapmaneBTHYECKas IIPOMBIIIIIEHHOCTh 96,5 166,0
[MaphromepHO-KOCMETHYECKast MPOMBIIIIICHHOCTh 192,7 294.9
[Tpon3BOCTBO MECTHUIINIOB 121,6 180,0

nons B morpebnennn bb mocturna 21,7 % u 3,1 %
COOTBETCTBEHHO.

Cpenu noctaBmukoB bb momunupyer Kuraid.
Opnako 3a mepuon 2022-2023 rr. 00beM TOCTa-
BOK M3 3TOH CTpaHbI COKPATWJICS B JIBa pa3a, OIS
3TOH cTpaHbl B 00I1IeM oO0beme umnopra bb cau-
3miachk ¢ 95 % 10 61 % B cBsI3U ¢ 3aKyIIKaMu Tpo-
nykra B Mcnannu u B Unnnu. 3akynku bb B aTnx
ctparax B 2023 1. coctaBwiu 5,2 T u 8,9 T co0T-
BETCTBEHHO, B pe3ynbrare yero Mcnanust oxBatuia
14 % oOwvema noTpebieHus 3Toro npoaykra B Poc-
cun, a Uaans — 24 %.

B 2020 r. xomnanusa «Angamc Kemukancy Ha-
YaJjia aKTMBHO 3aHMMaThcsi umnoprom bb u npoxna-
JKe aKTHBHBIX (papMalleBTUYeCKUX CyOCTaHIIUN U
BCIIOMOTaTEJIbHBIX KOMITOHEHTOB JIJIs (hapMaIleBTH-
ku. B 2023 r. 3Ta xoMIaHus 3aHsAja JOMUHHUPYIO-
e mo3uiuu B cepe morpednenust bb — 48,6 %.

B 2023 1. 3HaumTeNbHO HapacThiaa OOBEMBI
(c 2,63 T mo 14,1 1) poccmiickas xommanus «Kema
Kmaby», 3akymaromas bBb mms myxn mapdromep-
HO-KOCMETHYECKOH TMPOMBIIIUICHHOCTH, W 3aHsIa
noito B chepe nmotpedienus bb B pasmepe 38,1 %.

OcHoBHBIMHA TTOCTaBIIMKaMu bb B 2022—
2023 rr. Obun ABE KUTalicKue KoMmaHnuu — Tianjin
Dacals Chemical Co., Ltd. u Hubei Greenhome
Materials Technology, Inc. Tak, B 2022 1. ux no-
JU B OOIIMX TOCTaBKaX JIAHHOTO IPOAYKTa CO-
crasmwn 54,2 % u 32,3 % coorBercTtBeHHo. On-
Hako B 2023 r. 3akynku y Hubei Greenhome
Materials Technology, Inc. mepecrany TpOU3BO-
IUTHCSI, €€ JOJs pachpeienuiack cpeau Oolee
MEJKUX UTPOKOB.

IIporuo3 TMHAMUKYU MOTpedIeHust
CJIOKHBIX 3UPOB OEH30ITHON KUCIOTHI

Ha nepuon a0 2030 r.

[IpoBeneHHbIC HMCCIENOBAHUS CYIICCTBYIOMICH
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muHamuku notpednennss COBK u bbb mo3Bommm
cleNaTh MPOTHO3 TUHAMUKH ToTpebnenuss bb Ha
nepuox 1o 2030 .

B mepuon mo 2030 r. poct cmpoca Ha bb
npopoikuTcs. OCHOBaHMEM ISl TAKOr'O IMPOTHO-
3a CHyXaT IUIaHbl Pa3BUTHs (apMaleBTHYECKOH
MIPOMBILUIEHHOCTH, KOTOpasl SABISAETCS OCHOBHOM
cdepoii npumenenus bb B mpowusBoxacTBe dapm-
cyOcTaHUMi (BXOOUT B MEpeueHb JKU3HEHHO He-
O0OXOAMMBIX W BaXHEWIUX JIEKApCTBEHHBIX TIpe-
napartoB Poccun m BO3). Cornacro «Crparerun
pa3BuTHS  (PapMareBTUIECKON MPOMBIIIEHHOCTH
P® na nepuon go 2030 r.», npuHsTOM 7 UIOHA
2023 1. (Pacmopsokenme IlpaButenbctBa PO
Ne 1496-p), mo 6a3zoBomy BapuaHTy K 2030 . 00B-
eM ToTpeOIeHnsT IEeKapCTBEHHBIX CPEACTB (hapMma-
LIEBTUYECKOW MPOMBINIIIEHHOCTH BO3PAaCTET OTHO-
cutenbHO ypoBHS 2022 1. B 1,66 pa3 (3 757 mupn
py0. mo cpaBuenwuio ¢ 2 250 mupna py6.). [TosTomy
cupoc Ha bb co cropoHs! dapmarieBTUYECKOM po-
MbIIeHHOCTH K 2030 T. Takxe MOXET BBIPaCTH
B 1,66 pa3. ITnmanupyemsiit k 2030 1. pocT BbIIY-
CKa MNECTHUIMJIOB (B TOM YHCIIE HHCEKTUIUIOB)
n 1actuuKaropoB yBenuuuT chpoc Ha BB co
CTOPOHBI IPOU3BOJCTB OTMEUEHHOW MPORYyKIUHU
B 1,8 pasza.

CaHKIIMOHHBIE OTpaHWYEHUs, BBEJCHHBIE B
OTHOIIIEHUH POCCUICKON IKOHOMHUKH PSJIOM CTpaH,
SIBIJIUCh  KaTaJIN3aTOPOM YCKOPEHHOTO Ppa3BHUTHUS
[IEJIOTO psila OTpaciielf, B TOM YHcie mapgromep-
HO-KOCMETHYECKOM NpOMBINIUIEHHOCTH. [losTomy
MOXKHO OXXKHJaTh pocTa crnpoca Ha Bb u co cro-
POHBI TIpoM3BOAUTENEH Tap(IOMEpPHO-KOCMETH-
4ecKoi mpomykuuu (Tad. 2).

B Tabn. 3 mpuBeneHa onenka cripoca Ha bBb
Ha nepuoxa g0 2030 . Mo HampaBJIeHUSIM €ro Hc-
nonp30oBaHKsl. C  ydeToM TMEpCHEeKTHBHBIX TEM-
MOB POCTa CIpoOca cO CTOPOHBI MOTpeOHTeNneH K
2030 r. cipoc Ha Bb nocruraer 178 T, uro Oymer
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Tadnuua 3. [Ipornosnas onenka cupoca Ha bb ma meprnon no 2030 .

IO OCHOBHEIM cepam ero

WCIIOIb30BaHHUS, T

Hanpasnenue ucnonb3oBaHus 2022 dakr. | 2023 ¢axr. Tlporaos (Gasopeit papmae)
2024 2025 2026 2030
Cnpoc Bcero 99,6 46,3 92,8 8,7 109,6 178,3
®dapmarieBTu4YecKasi IPOMBILIIEHHOCTh 63,2 32,0 52,4 57,5 61,0 104,9
ITapdromepHO-KOCMeTHUECKAs TPOMBIILICHHOCTD 11,0 14,3 19,3 20,4 21,3 32,5
[Tpou3BOACTBO MECTULINIOB 21,6 0,0 20,7 0,0 26,3 38,9
[Tpou3BOACTBO MIACTU(PHUKATOPOB 3,1 0,0 0,0 0,0 0,0 0,0
IIpouee 0,7 0,0 0,4 0,8 1,0 2,0
Tadauna 4. Ouenka cTpykrypsl ciipoca Ha bb Ha nepuon 1o 2030 . 1o ocHOBHBIM cepam
WCIONIB30BaHus, %o
IIporHo3 (6a30BbIil BapuaHT)
HamnpapneHnue ncnonb30BaHus 2023 daxkr.
2024 2025 2026 2030
Crpoc Bcero 100,0 100,0 100,0 100,0 100,0
DdapmarneBTHIECKas MPOMBIIUICHHOCTb 69,2 56,5 73,1 55,7 58,9
[TapdromepHO-KOCMeTHYECKas! TPOMBIILIIEHHOCTh 30,7 20,8 25,9 19,4 18,2
[Ipou3BoiCTBO MECTUIHIOB 0,0 223 0,0 24,0 21,8
[Ipou3BoACTBO MIACTUPHUKATOPOB 0,0 0,0 0,0 0,0 0,0
[Ipouee 0,1 0,4 1,0 0,9 1,1
BoItie ypoBHA 2022 1. B 1,79 pa3za. BriBoasl

[Iporaosupyembie TEHACHIINN Pa3BUTHS JHHA-
Muku notpednenust bb k 2030 r. mpaktudecku He
H3MEHSIT CTPYKTYpY CIpoca Ha 3TOT NPOIYKT: (ap-
MaleBTHKa COXPAaHUT IOMUHUPYIOIINE TO3UINN
(58,8 % obObvema moTpebiaeHust), Takxke KPyMHBIMU
MOTPEOUTENSIMA OCTaHYTCsl MPOU3BOACTBA MECTHU-
UUI0B W Map(roMepHO-KOCMETHYECKOH MPOAYK-
uuu (tadm. 4).

Jns ynosnerBopenus cipoca Ha bb co cro-
POHBI BHYTPEHHHMX MOTpEeOHUTENeHd M pedKcIopre-
poB k 2030 r. moTpedyeTcs yBEIWYUTh UMIIOPT Ha
79,1 % otHocurensHO ypoBHs 2022 L., 1OBEAsS €ro
nmo 178,3 . OcHoBHBIMU TOCTaBIIMKamMu bb ocra-
HyTCcsI KuTaiickue kommnaanu (opsiaka 80 % dhwuzu-
YeCKOTO 00bEeMa UMIIOPTA).

[IporHo3upyeMble CpPEAHEroJOBbIE HMMIIOPT-
Hble 1eHsl Ha bb BeIpacTyT OoT 2,37 momi/kr B
2024 r. no 2,65 momn./xr x 2030 .
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[IpoBeneHHOE B JaHHOH CTaTbe HCCIIEAOBA-
HUE TIO3BOJISIET cJeNaTh CIEAYIOIIUE OCHOBHBIC
BBIBOJIBL.

1. Poct cripoca na COBK (mpexne Bcero bb),
a TaKkke oOLIeMUpOBasi TEHACHIMS K MOBBILICHUIO
CTOMMOCTH XUMHMYECKOM HNPOLYKLUHUH Ipenonpere-
JSIIOT JajbHeiIee yBeJIMYEHUE LIEH Ha JaHHbIE
nponyktel. IIpu 3TOoM ypoBeHb 1ieH OyleT 3aBUCeTh
OT HECKOJIBKUX KIJIIOYEBBIX (DaKTOPOB: KauecTBa
MPONYKIINH, crielin)UKN HANpaBICHUI ee MpuMe-
HEHUS ¥ 00bEMOB TIOCTABOK.

2. Oxwupmaemslii poct crnpoca Ha COBK n
BB, a takxke HaOnromaemasi JUHaAMHKA pOCTa MM-
MOPTHBIX IIEH CBUICTENBCTBYIOT O BO3PACTAIOLICH
JUHAMHUKE MOTPEONCHUs IaHHOW NpPOAYKLUUU H
MOATBEPKAAIOT aKTyaJbHOCTh co3naHus B Poccun
COOCTBEHHOTO MPOU3BOJCTBA JAHHBIX XUMHUECKUX
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COCIUHCHUIA.

3. Pa3Butue OTEUECTBEHHOIO MPOU3BOJICTBA
COBK u Bb nMeer 3HaYUTENLHBIA NOTEHIIAAN JUIS
MMITOPTO3aMEIICHUS, YTO OCOOCHHO BaXXHO B yC-
JIOBUSX TEKYLIMX JIKOHOMHYECKUX peanuil. BHe-
JPEHUE COBPEMEHHBIX TEXHOJIOTUH M OpTaHW3alus
MTPOM3BOJICTBEHHBIX TIPOIIECCOB MOTYT CIOCO0-
CTBOBaTh CHIDKEHHIO CeOECTOMMOCTH IPOAYKIIUH,
nenasi ee KOHKYPEHTOCTIOCOOHOM KaK Ha BHYTPEH-

HEM, TaK U Ha BHCIIHUX PBIHKAX.

Takum o0pa3zom, co3ganue B Poccuum uM-
[IOPTO3aMEIIAIOIIEr0  MPOU3BOJACTBA  CIOKHBIX
3¢uUpoB OCH30WHOW KHUCJIOTHI MPEJCTABISAET CO-
0Ol TMEepCIeKTUBHOE HAMpAaBICHUE Pa3BUTHUS He-
(PTEXMMUYECKOH MPOMBIIUICHHOCTH, CIOCOOHOE
OKa3aThb TOJOXKHUTEIBHOE BIUSHHE Ha SKOHOMUKY
CTpaHbl M TOBBICUTH €€ TEXHOJOTHYECKYIO He-
3aBUCHMOCTb.
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U.C. PABUHA, 1.A. ETOPOBA , 1.B. ’KYKOBA

OI'bOY BO «Kazanckuil HAYUOHAIbHBIL UCCIE008AMENbCKUN MEXHOLO0SULeCKULL

YHusepcumempy, 2. Kasano

AHAJIN3 BO3MOKHBIX ITPOBJIEM IIPHU
INPOXOKAEHNN UHCIIEKTUPOBAHUS
HnPOU3BOACTBA MEANLIUHCKUX U3AEJIUU

Kniouesvle cnosa: 6€301aCHOCTb U KadeCTBO
MeaunuHckux nsnenuit (MHU); nHCHeKTHpoBaHKE
MIPOM3BOJICTBA; CHCTEMa MEHEIKMEHTa KadecT-
Ba (CMK).

Aunomayus. lenb paboThl — MpoaHaIM3UPO-
BaTb BO3MOKHBIE MPOOJIEMBI, BO3HUKAIOIINE IPH
MHCHEKTUPOBAHUN MPOU3BOJICTBA MEIUIIMHCKUX
H3JEIUil.

3azaun HCCIIEOBAaHUA: O3HAKOMUTBCS C Tpe-
0OBaHMSMH HOPMAaTUBHBIX JIOKYMEHTOB B 00IacTH
MHCIEKTUPOBaHUA Npou3BoacTBa MU M BBIABHUTH
OCHOBHBIE NPOOJIEMbI, BO3HUKAIOLINE y MPOU3BO-
JUTeNEN B X0J€ MHCIIEKTUPOBAHUS.

IIpoanann3upoBaHbl MPOLECCHI CHCTEMBI Me-
HEPKMEHTA KauecTBa IPU IPOU3BOACTBE MEAH-
OUHCKUX HW3JENNN, TMOAJEKale HWHCIEKTHPOBa-
Huto comtacHo Ilocranosnenuto IlpaBuTenncTBa
PD ot 9 despans 2022 r. Ne 135. BrisiBneHs! oc-
HOBHBIE TIPOOJIEMBI, BO3HHKAIOIINE IPH HHCIIEK-
TUPOBAHUH, U BO3ZMOXHBIE ITyTH PEIICHHUS.

Ha ceropnsmnuii 1eHb B pamMKax MOAAEpXKa-
HUSI BBICOKOTO YPOBHS KadecTBa M O€30MacHOCTH
BBIIIyCKaeMOW MPOAYKIUHU NMPOU3BOAUTENSIM MEAH-
LUHCKUX M3IEUil HE0OXOOUMO HMMETh HaJa)KeH-
HYI0O U KOPPEKTHO PabOTaloLIyl0 CHCTEMY YIpaB-
JICHHsI Ka9€CTBOM.

Cucrema ympaBieHHs] Kaue€CTBOM MEIUIIVH-
CKHX M3JEINM — 9TO KOMIUIEKC OPraHU3allMOHHBIX
CTPYKTYp, (YHKILMH, Ipouenyp, MpoLeccoB U pe-
CypcoB, 0OECHEYMBAIOIINN KOOPIUHHUPOBAHHOE
PYKOBOJICTBO M YIpaBICHHE KOMIIAaHUEH B 3TOH
o0acTu.

Cucrema 1O3BOJISIET AHAJIM3UPOBATh BaXKHBIE
IIPOLECCHl KU3HEHHOTO LMKJIA MEIULUHCKOIO W3-
Jlenusi, KOTOpbIE OKa3bIBalOT BIMSHHUE HA €ro Kaue-
CTBO, U CBOEBPEMEHHO pearupoBarb Ha yCTpaHe-
HHE HECOOTBETCTBUM IIPU BbISBICHUY HAPYILICHUMN.
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Jns npousBoguTeNe MEIUIMHCKUX M3JETUN
MOTCHIIMAIIBHOTO KJlacca pHUcKa 2a (CTepuiIbHbBIE),
20, 3 u JyUis IPOU3BOAUTENCH U3CIINN UHIUBUITY-
AJTBHOTO M3TOTOBJICHUS JIJISl UMILIAHTAIIUU WHCIIEK-
TUPOBAHUE TPOU3BOJICTBA SABJSICTCS OO0S3aTeIbHON
npouenypoit koutpons ¢ 2024 r. [lostomy mpen-
NpUSITUAM, CHOKYCHPOBAHHBIM Ha BBIMTYCKE IaH-
HOHM MPOAYKIHU, HEOOXOIUMO VICIUTh JOIKHOE
BHUMAHHE CUCTEME YIIPABJICHUS Kau€CTBOM.

Buenpenne CMK s uznenuii kiacca pucka
1 1 HecTepUJIBHBIX M3JEIUN Kiacca pUcKa 2a sB-
JIsieTCsl JOOPOBOIBHBIM, HO BHEJIPEHNE CHCTEMBI Ha
MNPEANPUSATUN JAET ONpPENEICHHbIE MPEUMYIIECTBA
[IpY BHECEHUU M3MEHEHUN B KOMIUIEKT pErucrpa-
IIHOHHOTO JTOCHE.

WNHcnekTrpoBaHUE OCHOBAaHO Ha BCECTOPOH-
HEW OIICHKE CHUCTEMBl YIIPABICHHS Ka4eCTBOM H
MIPOU3BOJICTBEHHBIX MPOIIECCOB MpeaAnpusTus. Nu-
CIIEKTUPOBAHHUE IPOU3BOACTBA MEIUITUHCKUX W3-
JICJIH HalpaBJICHO Ha OIICHKY KauecTBa, Oe3omac-
HOCTH ¥ 3(PQPEKTUBHOCTU MPOAYKIUHU, MPOBEPKY
CHUCTEMBI YIIPABICHUS KAa4ECTBOM, MOATBEPKIACHHUE
cootBercTBUsl TpeboBanusam ['OCT ISO 13485-
2017, a Taxxke Ha MOIy4YEHHE JOIyCcKa K Tocynap-
CTBEHHOH pErucTpalyy U BbIXOAY HA PHIHOK.

[Ipoueccel, paccmaTpruBaeMble B XOJ1€ UHCIIEK-
LIMOHHOM NPOBEPKU MPOU3BOACTBA, MPEACTABICHBI
Ha puc. 1.

I. Tlpormecc MpPOEKTHUPOBAHUS WU Pa3pabOTKH
OXBAaThIBAECT aHAJIMU3 MPOLETYP NPOECKTUPOBAHUS U
pa3paboTKH, BKIIIOUAs yrmpaBieHue puckamu. [1po-
M3BOIUTENH 00s3aH MOATBEPAUTH 0OE30MMaCHOCTh U
3¢ (GEeKTUBHOCTDh M3MCIHMs Ha BCEX dTamax IMpOou3-
BOJICTBA W HCIIOJIb30BAHMSI, BKIIIOYAsl OIEHKY PH-
CKOB U 00OOCHOBaHHE JIOIMYCTHMOI'O YPOBHS PUCKA.
Pesynbrarhl 3TOM OlGHKH, BKIIIOYAs HH(DOPMAIUIO
0 JIFOOOM OCTaTOYHOM PHCKE, JIOJKHBI OBbITH TIpe-
noctapiieHbl norpebutento. IlpoBepsieTcst coot-
BETCTBUE XapaKTEPUCTUK W3ACTUS 3asABICHHBIM
TpeOoBaHuAM Oe3omacHOCTH M 3(PHEeKTUBHOCTH
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Jorkymenmayued
U BanucAMU

Puc. 1. IIpoueccsl, olieHUBaeMble IPU HHCIEKTUPOBAHUH

IIPH €T0 MpenojaraeMoM mpuMeHeHun [1].

PaccmoTpuM  OCHOBHBIE TIPOOJIEMBI, KOTO-
pBhle MOTYT BO3HHKHYTh Ha JaHHOM 3Tame. Yacto
MIPOM3BO/IUTENN HE 0 KOHIA aHAJTU3UPYIOT BO3-
MOXXKHBIC OCTaTOYHbIE PHUCKH Ha pa3pabaTbiBacMoe
nznenve. M sBHO TNposBISETCsl HEXBaTKa KOMIIe-
TEHTHBIX COTPYIHUKOB HHKEHEPHO-TEXHUUYECKOTO
CeKTopa, KOoTopasi BEeleT K HEKOPpPEeKTHOW pa3pa-
0OTKE JOKyMEHTOB M YBEJIMYCHHUIO CPOKOB IPOLEC-
ca «IPOEKTHPOBaHUS U Pa3pabOTKm» [2].

II. Cucrema ymnpaBiaeHUs NOKyMEHTAalUEH U
3alUCSIMU B CHCTEME MEHEIKMEHTa KauecTBa Me-
JULMHCKUX HW3AEIMH BKIIOYaeT B ceds IPOBEPKY
COOTBETCTBUSI NPOEKTHON AOKyMEHTalUuu Tpedo-
BaHMSIM 0e30macHOCTH M 3PGHEKTHBHOCTH Ha BCEX
CTamusIX pa3paboTku. AHammM3 crernubuKammi
MTOATBEPKAAET OTpe/eTIeHNE MapaMeTpoB, YTO U3-
nenmue paspabortaHo s OezomacHoro u 3hdex-
TUBHOTO HCIIOJIb30BAaHUS, & CHCTEMa YIMpaBIECHUS
pUcKaMu O0OCHOBaHa W BKJIIOYAET YCTaHOBJICH-
Hbl€ KpUTEpPUH MPHUEMJIEMOTO YpOBHS pHCKa
(Bkrouass HMHCTPYKUHUIO [0 TPUMEHEHHIO U
creunUKaLnrm), pe3yibTarel BepupuKauud 1 Ba-
JTUAIMH, THOOPMALIUMIO O MAPKUPOBKE U IOKYMEH-
TaIUIO M0 YIPABIEHUIO puckamu [1].

Ha nanHoM »Tame ofHOW M3 OCHOBHBIX HPO-
O7eM SBISIETCS HENOCTaTOYHOE 3HAHHE COTPYI-
HUKaMHM NPEANpUATHH NpPaBWI M KOPPEKTHOIO
oopmiieHHsT TOKYMEHTOB U 3alMCEH, CBA3aHHBIX
C CHCTEMOH MEHEIKMEHTa KauecTBa, YTO BEIET
K HECOBIIAJCHUIO JaHHBIX B 3amucax. Takke oT-
CYTCTBHE TPAKTHUKH TPOBEPKH KOPPEKTHOCTH 3a-
IIOJIHEHHUS 3allUCEN U CUCTEMAaTH3alUM 3alucedl Ha
MPEINPUATHH MOXKET MPHUBECTH K 3aMEUaHUsIM U
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HECOOTBETCTBUSIM BO BpEMs IPOBEIEHUS MHCIIEK-
THPOBAHUS.

III. AynuT BKIIIOYAeT aHaIW3 MPOU3BOACTBCH-
HBIX MPOLIECCOB U BBIXOJHOTO KOHTPOJISI MEJULINH-
CKHX W3AENUi, BKIIOYas YCIOBHUS IMPOU3BOJCTBA
U MPOLECCHl CTEPUIN3AMU (U1 CTEPUIIBHBIX H3-
nemmit). [IpoBepsieTcss Hanu4Me TOKYMEHTAIH TI0
CTEpWIM3Aall{, 3alicedl MapaMeTpoB Mpolecca
JUI KaXIOM MapTHH, BaAIMJALMS MPOLECca M €ro
COOTBETCTBHE YCTAaHOBICHHBIM Iapamerpam. Tpe-
OyeTcs MOKYMEHTAJIbHOE IOJTBEPKIACHNUE YIpaB-
JISEMOCTH W KOHTPOJHUPYEMOCTH MPOU3BOJICTBEH-
HBIX MIPOIECCOB, a TAK)KE KOHTPOJIS HaJl KpUTHYEC-
KHMH TOCTaBIIMKaMHu. HeoOXoanMo moATBEpANUTH
HAJIMYHE CHCTEMBl MICHTU(PHUKAIUU W TPOCIEKHU-
Ba€MOCTH H3/ETHUI U IMPOLECCOB, a TaKKe UX CO-
OTBETCTBHE HOPMAaTUBHBIM TpeOoBaHUsAM. Bkitoua-
eTcs Takke MpoBepKa dPPEKTUBHOCTH BBIXOJHOTO
KOHTpPOJIsl, TapaHTUPYIOIIETO COOTBETCTBHE TIOTO-
BOHM MPOAYKIUU HOPMATUBHOM noKymeHTauu [1].

OcHOBHBIE TPOOJEMBI, C KOTOPBIMH MOYKHO
CTOJIKHYTBCSI Ha JAHHOM 3Talle, — 3TO OTCYTCTBUE
KOPPEKTHO BBICTPOEHHOM CHCTEMBI OTCIICKMBAHUS
MIPOAYKLIUU OT KOHEYHOI'O MPOLYKTA A0 HCXOJHOTO
CBIPbS M HA00OpOT; OTCYTCTBUE BAINAALUMN TEX-
HOJIOTHYECKUX MPOLECCOB M3TOTOBICHHS MPOAYK-
LIMU, KOTOpPBhIE HEBO3MOXHO OTCIEAWTH TPH MpPH-
eMKe mpomyKuuu [3]; OTCYTCTBHE KOHTPOJS BBI-
MMyCKaeMoN MPOIYKIUH, YTO SBISETCS CaMbIM
OOJILIIMM HECOOTBETCTBHEM TP TPOM3BOJICTBE
MPOIYKIIMK; OTCYTCTBUE KOHTPOJIA 3a HH(]pacTpykK-
TyPHOH CPeOM MPOU3BOJICTBA U KOHTPOJIS 34 KOH-
TPOJBHO-U3MEPUTENBHBIMU CPEICTBAMH, UYTO MO-
KET NPUBECTH K OTKJIOHEHHIO OT BBIPAOOTaHHBIX
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HOPM BBIITyCKa Ipoaykiuu [4; 5].

IV. Cucrema ymnpaBineHUsT KaueCTBOM MEIU-
LUMHCKUX W3CIUA JTOJKHA MMETh 3((EKTUBHBIC
MPOLETYyPbl KOPPEKTUPYIOIIUX U HPeaynpexaaro-
UX JEHCTBUM, a TaKXKE MOATBEPKACHUE HATUUUS
Mep, TPeAOTBPAIIAIOIINX PACIIPOCTPAaHEHUE HEKa-
YECTBEHHBIX MEIUIWHCKUX n3aenni. Heobxommumo
JIOKYMEHTAIILHOE TIOATBEPKJCHHE Pe3yIbTaTUBHO-
CTH ATUX AceicTBUi. OCHOBHAS MpodIeMa, KOTopas
MOKET BO3HHMKATh Ha JAHHOM 3Tame, — 3TO OTCYyT-
CTBHE aHall3a HECOOTBETCTBHH Ha MPEANPUATHU
¥ CBOCBPEMEHHOE pearnpoBaHue Ha HUX [5].

V. Omenka TPOIECCOB B3aMMOICHCTBUS C
NOTPEOUTENISIMU BKJIIOYAET TPOBEPKY HAIUUUS Y
NPOM3BOUTENS] MEXaHU3MOB OOPATHOM CBSI3H JUIS
OCYIIIECTBIICHUSI KOPPEKTHUPYIOUINX U MPETyIpekK-
narormx aercteuil. HeoOXoaumo J0KyMeHTaabHOe
MOATBEP>KACHUE aHAIM3a 3TOH 0OpaTHOW CBA3HM Ha
MPOTSHKEHUU BCErO YKU3HEHHOTO IUKIA MPOAYKTa
JUTS TIEPEOLICHKH PHCKOB M KOPPEKTHPOBKU CHUCTE-
MBI YIIpaBieHUs puckamu [1].

OcHoBHasi mpoOieMa, KOTOpas dYalle BCEro
BO3HUKAET B pPeasU3alliil JaHHOTO MPOIecca, — ATO
OTCYTCTBHE TPAMOTHO HAJaXCHHBIX WHCTPYMEH-
TOB cOopa OOpaTHOW CBSI3HM OT MOTPEOUTENS, UTO
MOYKET TPUBECTH K TOMY, YTO MPOW3BOAUTENH HE-
CBOEBPEMEHHO YIy4IIaeT W MOAU(DUIHPYET CBOIO
MIPOAYKIIHUIO.

BreiBon: morpeOutenu crpemsTcs mpuoOpe-

CTH TOBapbl M YCIYTHM BBICOKOI'O KadecTBa, COOT-
BETCTBYIOIIME WX TpeOoBaHUsSM M Oromkery. OHK
TOTOBBI IUIATUTH OOJIBIIE 332 Ka4€CTBEHHOE IIpel-
JIO)KEHHE, OJHAKO YCIELIHbII BBIITYCK TaKOIro Mpo-
IykTa TpeOyeT rpaMOTHOW OpraHm3aIluu OM3Heca
MU CTPOTOTO KOHTPOJSI TPOU3BOJCTBA B COOTBET-
CTBHM C HEOOXOIUMBIMH XapaKTEPUCTHKAMH —
BKYCOM, TEXHHUECKUMH MapaMeTpamMH U MpaKTHY-
HOCTBIO.

PeiHOK mpeanaraer pazHOOOpa3HbIE BapuaH-
TBI, PEOCTABISIS TIOKYMATesIM CBOOOAY BBIOOpA.
[IpenmymiecTBO moXydaT Te KOMIAHWHU, KOTOPBIC
CMOTYT JOKYMEHTQJIbHO MOATBEPIAUTH BBICOKOE
KauecTBO M 0€30MacHOCTh CBOETO MPOAYKTa uepes3
MEXIyHapoJHble cepTudUKarel. IT0 TpedyeT Ha-
JaKUBaHUA YPPEKTUBHOTO B3aUMOJCHCTBUS MEXK-
Iy TIPOIABLOM M IOKYIIaTeleM, 3aKa3uuKoM M HC-
[IOJTHUTEIIEM.

Cucrema MEHEDKMEHTa KadecTBa — 3TO 3(¢-
(beKTUBHBIM MHCTPYMEHT Ul NPENPHUITUS, KOTO-
PBII [TOMOTaeT YIy4IIUTh YNPABICHHUE KaueCTBOM
MPONYKIIMK, CHU3UTH 3aTpaTrhbl U COOTBETCTBOBATH
oxumannsaM KireHToB. Konnermus CMK moxer
BapbUPOBAThCS, HO B OCHOBE JIGKHUT OMpE/ICIICH-
Has ¢puocodus, BoruioniaeMas 4epe3 KOHKpETHbIC
MeXaHH3MblL. VIMEHHO TMO3TOMY TPOHU3BOIUTEISIM
MPOIYKIIMK HEOOXOIUMO aHAIW3UPOBaTh, MOAJEP-
KHBaThb M IOCTOSHHO COBEPILEHCTBOBATH JEHCT-
BYIOIIYIO CUCTEMY MEHEPKMEHTa KauecTBa.
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YK 62.5

C.A. YVIIUC, /[.A. CKBOPL]OBA, E.B. EPIIIOBA

DI'FOY BO «Mockosckuii 20Cy0apcmeeHnvlil MexHu4ecKull yHugepcumem
umenu H.2. baymana (nayuonanvhvlil ucciedosamenscekuil ynusepcumen)y, . Mockea

AHAJIN3 METOAOB OHEHKHN OCTATOYHOTI'O
PECYPCA HA MAIIUHE ITPU HEITPEPBIBHOM
JIUTBE 3ATOTOBOK

Kniouesvie cnosa: apromaruzalus aHAIU3a
rokasaresieif; MallMHA HENpPEephIBHOTO JIMThS 3a-
roroBok (MHJI3); mammaHOE 00yUeHHE; OCTATOU-
HBIH pecypc; dQDEKTHBHOCTD yIPaBICHHS.

Annomayus. AHanu3 MPOU3BOICTBEHHBIX TaH-
HBIX B PEXHME PEaJbHOTO BPEMEHH CTAHOBUTCS
KPUTHYECKH BaXHOH MH(OpMaLMei Ha pa3TuaHbIX
OTIEPalMOHHBIX YPOBHSX. B CBSI3W C 3THM MOBHI-
LIaeTCs aKTYaJIbHOCTh HCCIICIOBAHUS JaHHOW MpO-
Onemsl. Llenu cTaTby — NPOBECTH AETAJIbHBIN aHa-
73 TOKasaTeseld MPOU3BOJACTBEHHBIX MPOLECCOB,
paccMOTpeTh OCHOBHBIE NPOOJEMBI, CBS3aHHBIE C
paboTOCIIOCOOHOCTEIO O0OPYIOBaHUSA, W OIpee-
JUTh OCHOBHBIE METOJbl aHAJIN3a JAHHBIX B IPO-
MBILUICHHOCTH. 3a7a4n: OTMETUTh 3HaueHue Jlui-
THUXOB T'€OMETPUYECKHX IIOKa3aTeleld 3aroToBOK,
norydeHasIx Ha MHJI3, BBIACTUTS TOYHOCTH aHa-
JM3a OCTAaTOYHOTO pecypca 1o anemerTam MHJI3,
MIPOM3BECTH 0030p CYLIECTBYIONIMX METOJOB aHa-
Jv3a JaHHBIX. [WIoTe3a ucciueqoBaHus: MOCTPOCH-
Hasl CUCTEeMa ITO3BOJIMT MOBBICUTH 3()(HEKTUBHOCTD
OLICHKHU/TIPOTHO3UPOBAHHUSI OCTaTOYHOTO pecypca.
Meroabl ucciaenoBaHus: aHalW3 HAy4YHOW JUTEpa-
TYpBl M CTaHAApPTOB. JlOCTUTHYTBIE pPE3yJbTaThI:
MPOBEJICHHBIH aHAIN3 IOKa3aJ, YTO HHTETPalys
COBPEMEHHBIX METOJIOB aHalW3a JAAaHHBIX M aBTO-
MaTu3alus MPOM3BOACTBEHHBIX IOKa3aTeNe mo-
BhIIIAOT 3(P(PEKTUBHOCTh W HAIEKHOCTH PaOOTHI
[IPOM3BOACTBEHHBIX CHCTEM.

ObecnieueHrne pabOTOCITOCOOHOCTH 000PYI0-
BaHWA C MUHUMAJIbHBIMU 3aTpaTaMH SIBJISICTCSA akK-
TyaJIbHOM 3aja4eil s pasiM4YHbIX IPOU3BOACTB.
OCHOBHOUW TIPOM3BOJCTBEHHOW TPOOIEMOHN Jis
MalllMHbI HCHIPCPLIBHOTO JUTbHA 3arOTOBOK, KOTO-
pasi SIBJIIETCSl YCTAaHOBKOMU, MPEoOpasyroIien xKuJl-
Kyl CTallb B TBEPJbIC 3arOTOBKH 3aJJaHHOTO Ce-
YEeHHMsI, 3aKJIFOYAeTCS B TOM, YTO HA MOBEPXHOCTHU
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METHOW TpyOBl THIIB3Bl TOSBISIOTCS JC(hEKTHI,
HCKaxaromue mnpodwib ee BHYTPEHHEH MoJo-
ctu [1]. DTO HapylIaeT TEIUIOBOM PEXHUM, UTO, B
CBOIO OuYepe/lb, BIUSAET Ha KaueCTBO IOJy4aeMbIX
cIUTKOB. JleekThl MpOIyKIUK MPUBOIAT K Aallb-
HEHIIMM TpoOsieMaM MpH TIPOKATKe: CHUKEHHUE
KauecTBa NPOAYKUUH M KOJIMYECTBO Opaka oOT-
pHULIATENILHO BIMAIOT HA SKOHOMHYECKYIO 3(hex-
TUBHOCTHh TIpou3BojAcTBa [2]. Jpyroit mpobmemoit
SIBIISIETCSL OOJiee KOPOTKHM CPOK CIYKOBI MEITHBIX
THIIB3 KPUCTAJLTU3aTOPa, UCTIONB3YeMON B TMPOU3-
BozcTBe. JlaHHas mpobiema 4acTo CBSi3aHA C W3-
MEHEHHEeM TapaMeTpoB paboThl caMOW MalTuHBI
HEMpPEepBIBHOTO JINThS 3aroToBok. K Takmm mapa-
METpaM OTHOCSTCS TeMIleparypa IOCTYMAlOIIEeTo
pacCIJIaBJI€HHOTO MeTajlla, TEeMIIeparypa OXJIax-
JIAI0IIEe BO/IBI U IPYTHE.

Mexanudeckoe 000pyloBaHUE Ha TEXHOJOTH-
YEeCKHUX JIMHUSAX, BKIIOYas MallMHY HEMpepbIBHO-
ro nutkst 3arotoBok (TJI MHJI3), noxsepraercs
WHTCHCUBHBIM TEIUIOBBIM M HEPrOCHIIOBBIM BO3-
JEWCTBUSIM BO BpeMsl Pa3IUBKHU KHJIKOTO METaJlIa,
YTO MPUBOJMUT K OBICTPOH TMOTEepe paboTocnocoO-
HOCTH [l; 2]. DTO BBI3BIBAET MpPEKIEBPEMEHHBIN
BBIXOJ] U3 CTPOS JeTallell U aBapUiHBIE OCTAaHOBKU
JUHUA. MOHHTOPUHT TEOMETPUYECKUX TIapame-
TPOB 3aroTOBOK Ha METAJUTyPTHYECKUX 3aBOJax
WTpaeT KIOYEBYIO POJbh B OOECHeUeHHH KauecTBa
MIPOAYKIINH, ONTHMHU3AINN TPOU3BOACTBA, CHUKE-
HHAW TIOTeph W obecreueHnn Oe3omacHocTh. Kitro-
YeBBbIE ACTEKTHI, OMPEIENIAIONINE BaKHOCTh 3TOTO
MOHHUTOPHWHTA, CIEIYIOIIHE.

1. Obecneuenne KauecTBa MPOLYKIUH.

2. OnTtumuzanus TMPOU3BOICTBEHHBIX MPO-
LIECCOB.

3. CHmXeHHe TOTeph U yBEIWYEHHE IPOU3-
BOJIUTEJIBHOCTH.

4. ObecneyeHue 6€30MaCHOCTH.

[IpuMeHeHne MCKYCCTBEHHOTO MHTEJUIEKTa U
MAIIMHHOTO OOYy4YeHHs] B HPOMBILUICHHOCTH IIO-
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3BOJIsIET A(PEKTUBHO HCIOJIH30BATh JIAHHBIC IS
oOHapy>KeHHsI HeHCIIPaBHOCTEH, aHai3a KauecTBa
MPOAYKLUU U OIpPENeNeHNss OCTaTOYHOro CpoKa
CIIy’KObl 000pyIOBaHMS. AHAJIN3 OCTaTOYHOTO pe-
cypca anemenToB MHJI3 BaxkeH ans ynpaBieHUs
3aracamu, ONTHMH3AIHHA TPOU3BOJICTBEHHBIX IIPO-
[IECCOB W TIpeACKa3aHMsI CPOKOB BEHITIONHEHUS 3a-
ka3oB [3]. DTo TOMOTacT KOMITAHHMSIM H30ekKaTh
V3IUIIKOB WM HEXBATKWA 3allacoB, CHHU3UTHh W3-
JIEpXXKKM Ha XpaHeHWe W YIpaBICHHWE 3alacaMu,
MTOBBICUTH YIOBJIETBOPEHHOCTh KIMEHTOB U M30e-
JKaTh MMPOCTOEB TPOU3BOCTBA.

Omnpenenenne OCTaTOYHOTO pecypca
(Remaining Useful Life — RUL) — xitoueBas 3aj1aua
B JIMaTHOCTUKE M Tepexojie K OOCIYKUBaHHIO IO
cocrostauto (condition-based maintenance). TOCT
P MCO 13381-1-2016 ompenenser ero kak Bpems
JI0 HEepabOTOCIIOCOOHOCTH WM HEOOXOIUMOCTHU
pemonTa [4]. Ouenka RUL mO3BOMSET IUIAHUPO-
BaTb PEMOHTHI, ONTHUMH3UPOBATh OOCITYXHBaHUE
U PEeXKUMBI paboThl, N30eraTb BHEIUIAHOBBIX OCTa-
HOBOK, a TaKXe€ BBISBISATH (DAKTOPHI, BIHSIOIINC
Ha COKpaIlleHHe pecypca.

Hns mpornosupoBanust RUL ucnonb3yrorcs
JaHHBIE 0 paboTe 00OPYIOBAHUS, BPEMEHH PAaOOTHI
JI0 O0TKa3a M JIOMYCTHUMBIX 3HAYCHUSIX MapaMeTpOB.
CymiecTBYIOT pa3iu4Hble TOAXOABI: CTaTUCTHYEC-
Kasg omneHka ((QpyHKIUHM pacrpeneieHus BpPEeMEHU
JI0 OTKa3a), MPOTHO3 MmapaMeTpoB (MOIEIH Jerpa-
JalfK), MOJENIN perpeccuu (BBIJENEHHEe MpU3HA-
KOB M3 BPEMEHHBIX DPSJIOB) U aHAIU3 CXOXKECTU C
UCTOPUYECKUMU NaTTEPHAMHU.

ABTOMaTH3alMs aHalIM3a KaueCTBEHHBIX MpO-
W3BOJICTBEHHBIX MOKa3aTeJiell BakHa ISl BBISIBIIC-
HUS TCHICHUUH M YIy4IICHHS [TPOU3BOACTBEHHOM
nesitenbHOCTH. MES-cucteMbl (CHCTEMBI yIpaBiie-
HUSl TPOU3BOACTBOM) M ERP-cucteMbl (CHCTEMBI
VIpaBICHUS pecypcaMu TMPEANPUSITHS) SIBISIOTCS
MIOMYJISIPHBIMU WHCTPYMEHTaMH [JIsl aHaju3a JaH-
HBIX, oOecrieunBasi MOHUTOPHHT, OTCJICKUBAaHUE U
KOHTPOJIb TIPOU3BOJICTBEHHBIX MTPOIECCOB.

MES-cucTeMbl  TIPEIOCTABIISIOT JaHHBIC IS
MIPUHATHS PEIIEHUH B PEeXHWME pPeaJbHOrO Bpe-
MEHH M ONTHUMH3UPYIOT OH3HEC-TPOIEeCcChl, 00Ha-
pyXuBasi ¥ TPENOTBpaIias HEUCIPABHOCTH, CO-
Kpainas Opak u nmorpediacHue pecypcos [S].

ERP-cuctempl, UHTErpupys AAaHHbIE U IIPO-
LIECChl MPOU3BOJICTBA, AaBTOMATU3UPYIOT TUIAHUPO-
BaHHUE, paclpeselieHHe PecypcoB M yIpaBieHHE
3anacamu. Murerpamus ERP u MES co3paer co-
[JJaCOBAaHHBIA M ONTHUMH3UPOBAHHBIN IMPOU3BOJI-
CTBEHHBIH mpouecc, ymydmas 3(QQeKTUBHOCTh H
CKOpPOCTb BBITIOJIHEHUS onepanuii [5].
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SCADA-cuctemsr (Supervisory Control And
Data Acquisition) TakXe HCIONB3YIOTCS OIS aB-
TOMATU3AIMA KOHTPOJS U YIPABICHHUS TEXHOJIO-
FHYECKMMH TIPOIIECCAMH B PEaJbHOM BPEMCHH,
MIPEIOCTABIISAS ONEPaTopy MOMHYH HH(DOPMAIUIO
U cpencTBa Bo3AeicTBus Ha npouecc [6]. SCADA-
CUCTEMBI 00€CIIEYMBAIOT KOHTPOJIb U YIPaBICHUE
IIPOM3BOJICTBEHHBIMU TPOIIECCAMU  TIOCPEIICTBOM
B3aMIMOJICHCTBUSL C 3aBOJCKUM OOOPYIOBaHHUEM W
aHaJIM3a JTaHHBIX B peallbHOM BpeMeHH. ABTOMa-
THU3allMsl aHajgu3a IPOW3BOACTBEHHBIX IIOKa3aTe-
JIell JOCTUTaeTCs 3a CUeT WCIOIBb30BaHUS TaTdu-
KOB [oT, KOTOpBIE COOMPAIOT M TEPEIaloT ITaHHbBIE
0 (U3MYECKNX IapaMeTpax Iid TMOCeTyole-
ro anammsa. laraukm (mpeoOpaszoBareiu) mpeoo-
pasyroT (GHU3UYECKHE SIBJICHHUS B JICKTPHUCCKUC
HAMITYJIbCBI, @ TIPUBOJBI BBIMIOJHIIOT OOpaTHOE
JeiicTBre, oOecrieynBas aBTOMATH3AlMI0 B IPO-
MBIIICHHBIX MacITa0ax.

CucreMbl MOHMTOPWHTA, BKIIOYAIOIIUE cOOp
Y aHaIH3 JaHHBIX, IPEIHA3HAYCHBI 1JIs HEPEPhIB-
HOTO KOHTPOJISI KJIFOUEBBIX MPOHU3BOJCTBEHHBIX I1a-
pameTpoB. DPPEKTHBHBI MOHUTOPHUHT BKIIIOYAET
cOOp JaHHBIX, BU3yaJIM3allMI0, aHAJIN3, OIOBEIle-
HUg U uHTerpauuio ¢ ERP u MES. Jlns moHuto-
puHra ucnonssdytorcs MES, CMMS, EMS, WMS.
COop HaHHBIX OCYIIECTBIISIETCS C WCIOIH30BAHU-
eM mpotokosioB OPC, Modbus TCP, Siemens TCP,
Ethernet/IP, ADS, PROFINET, EtherCAT. 1lennto
MOHHTOpPWHTA SIBISIETCS CO3/IaHUE B3aMMOCBS3aH-
HOM TIPOM3BOJCTBEHHON SKOCHCTEMBI C OECIIOB-
HON HWHTerparueil. ABTOMAaTH3UPOBAHHYIO CHCTE-
My YIpaBICHUS TEXHOJIOTHUYECKUM TIPOIECCOM
(ACY TII) MOXHO TUpEACTaBUTH B BHUIE Tpex-
YPOBHEBOW CUCTEMBI.

AHanu3 Mpou3BOJICTBEHHBIX JAHHBIX B PEXKH-
M€ peajbHOr0 BPEMEHH CTAHOBHTCS KPUTHYCCKU
BaXHOW uWH(pOpMaIMeld Ha pa3inYHbIX Olepa-
LIMOHHBIX ypOBHAX. TEHICHIMS aBTOMAaTHU3HUPO-
BaHHOTO aHalM3a KAYeCTBEHHBIX IPOU3BOJCTBEH-
HBIX TIOKa3arelell HalpaBleHa Ha NPEIUKTUBHYIO
AHAIMTUKY, TJ€ CHUCTEMbl HE TOJIbKO COOOIIAOT
0 TOM, YTO MPOMW3OILIO, HO TaKXe MPOTHO3UPY-
0T Oymymue pesyiabTaThl W TPEANHCHIBAIOT Jei-
CTBUS TIO YAYUIIEHUIO. TOT TOAXO MPENIoaaraet
MpeaynpexaeHine NpodieM a0 WX BO3HHUKHOBE-
HUS ¥ ONTHMH3AIHIO OTepaIluii B peKUME peab-
HOTO BPEMCHU.

Obecnieuenne HaJEKHON M YPPEKTUBHON pa-
OOTBI MPOU3BOJICTBEHHOIO O00OPY/IOBaHUSI SIBJISCT-
Cs BAXHBIM (HAaKTOPOM IS POMBIIUICHHOCTH.
CylecTByIOIMe METO[bl MPOMUIAKTHYSCKOTO U
KOPPEKTHPYIOLIET0 OOCITYy)KMBaHHUSI 3a4acTylO OKa-
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3BIBAIOTCSl HEOCTATOUHO 3((EKTUBHBIMU B COBpE-
MEHHBIX YCJIOBHSIX, YTO MPHUBOIUT K YBEITUUCHHIO
3aTpar.

OueHb Ba)KHO OTMETHUThH 3HAYCHUE AUNTHXOB
reOMETPUYECKHX IOKa3zaTeJell 3aroTOBOK, IOJy-
yeHHbIX Ha MHJI3. Tounble u3mepenus u aHamus
9THX IIOKa3aTesieil MO3BOMIAIOT 3HAYUTEIBHO MOBBI-
CUTHb KayeCTBO KOHEUHOW NPOAYKLIUH U CHHU3UTDH
MIPOIICHT Opaxa.

Bbizenena TOYHOCTH aHaiM3a OCTaTOYHOTO
pecypca mo anmementam MHJI3. CBoeBpeMeHHOE
MPOSIBIICHUE aHOMAJIMH W TPOTHO3HPOBAHHE OC-
TaBIINXCS CPOKOB CIYXObI 00OpYHOBaHHS JOMY-
CKaroT TIPENOTBPALCHUE aBapUHHBIX TPOCTOEB H
CHIDKCHHUE 3aTpaTr Ha PEMOHT.

O030p CyNIECTBYIOIIUX METOAOB aHalln3a
JaHHBIX TIOKa3aJ, YTO HCIOJIb30BAaHHE COBPEMEH-

HBIX TE€XHOJIOTHH MAIIMHHOTO OOyUYCHHUS W aHaJIH-
3a OOJIBIIMX JAHHBIX MO3BOJSET 3HAYUTEIILHO I10-
BBICUTh TOYHOCTH IPOTHO30B U 3PPEKTUBHOCTH
YIPAaBJICHUS TPOU3BOJICTBEHHBIMHU MIPOIICCCAMH.

PaccMoTpeHbl aBTOMaTH3UPOBAHHBIC METOIbI
aHaJIM3a KaYeCTBEHHBIX MPOU3BOJCTBCHHBIX MMOKa-
3aresield, KOTOPhIC MO3BOJSIOT ONEPATHBHO pearu-
pOBaTh Ha W3MEHEHHS B MPOU3BOJCTBEHHOM IIPO-
1ecce W NMpPUHUMAaTh OOOCHOBaHHBIE PEIICHHS 110
€r0 ONTHUMH3AIIHH.

TakuM 00pa3oM, MPOBEICHHOE HCCIICI0BA-
HUE TI0Ka3aJ0, 4YTO HHTErpalusi COBPEMEHHBIX
METOJIOB aHallk3a JaHHBIX W aBTOMATH3AaIlvs Mpo-
W3BOJICTBEHHBIX TMOKAa3aTeNell SIBISIOTCS KITIOYe-
BBIMH (pakTOpaMu IS TOBBIMICHUS 3(PPEKTHBHO-
CTH W HaJEKHOCTH PabOTHl TPOU3BOJCTBEHHBIX
CHCTEM.
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O.B. BYJIbIT'MTHA

Qunuan ©I'BOY BO «Hayuonanvuwiii ucciedo8amenbCKuil

yuusepcumem « MOy, 2. Cmonenck

HEYETKHUHA BUODBPUCTUYECKUU
METOJ ®OPMHUPOBAHUS ITPOT'PAMMBI
CO3JJAHUA XUMHUKO-TEXHOJOTNYECKOU
CUCTEMBI IEPEPABOTKHU OTXO/10B
OBOTALIIEHUS PY/IbI

Kntouesvie cnosa: OWOIBPUCTUKH; THUOPH-
IM3alys; HeYeTKas JIOTHKA; YCIOBHAas ONTH-
mu3anus;  (OPMHUpPOBAaHHWE  HpOrpamMel;  Bat
Algorithm.

Annomayus. Jloructudeckue IOTOKH B XH-
MUKO-TEXHOJIOTHYECKOW  cucTeMe  mepepadot-
KH PYIHOTO CBIPbSl TOAPA3ZCISIOTCS Ha TMPSMbIC
(mBmwxeHne pecypcoB, moinyhaOpUKaToB M Ipo-
JIYKTOB IO I[ENH MOCTaBOK) U OOpaTHbIe (OTHpaB-
Ka OTXOJOB OOOTalieHHWss B XBOCTOXPaHWIHUIIA).
BBumy TOro, 4ro MHOTHE XBOCTOXPAaHUJIMILA
YK€ TIEPENOIHEeHBI, 0COOYI 3HAYMMOCTh MPHUOO-
peraer 3amada MOCTPOCHHUS CHUCTEMBI BTOPHYHOM
nepepabOTKH  HAKOIUICHHBIX  OTXOZOB, KOTOpas
JOJKHA BKJIIOYATh MHOKECTBO IPOU3BOJCTBECH-
HBIX U CKJIAJACKNX 00BEKTOB, 00BEIUHEHHBIX JIOTH-
CTHUYECKMMH TMOTOKaMH. Llenpio crarbu sBIsCTCS
pa3paboTKa SKOHOMHMKO-MaTeMaTHUYECKOTO METOJa
(hopMHupoOBaHUS TPOTPAMMBI CO3MAHUS TAKOH CH-
CTEMBI B paMKaX BBIJIEIIEMOT0 OMOKeTa U C
VIETOM  KEJIC3HOJOPOXKHON  WHOPACTPYKTYPHI.
C MaremMaTWuecKkodl TOUKH 3peHus, Tpelyercs
OTIPEJICNINTD «ONTUMAJILHBEIN» HA0Op B3aWMOCBSI-
3aHHBIX TIPOEKTOB (IO CTPOUTEILCTBY (hadpuKk, 1Mo
rmepepaboTKe OTXOMOB WM CKJIAAOB I XPaHCHHS
WX TIPOAYKTOB) B MHOTOMEPHOM IPOCTPAHCTBE
MIPU3HAKOB IO HECKOJIEKUM KPUTEPHUAM C YIE€TOM
Habopa orpaHndyeHuid. [lyis pelneHus TMOCTaBJICH-
HOM 3a/laud ONTHUMH3AIMKM OBLI TMPEAJIOKEH TH-
OpWAHBIN METON, OCHOBAaHHBIH Ha OMOIBPHCTHUKE,
BJIOXHOBJICHHOM HXOJIOKALIMEH JIETyYUuX MBbIIICH,
U HEUYETKO-JIOTUYECKOi cucteme. Pesynbrarel Te-
CTUPOBAHHS TOATBEPAUIN IEPCICKTUBHOCTh €ro
WCTIONB30BAHUS ISl PEUICHHUS MAacIITaOHBIX 3a-
Jlad  YCIOBHON ONTHUMHU3AIMU B IPOrPaMMHOM
MCHEKMCHTE.
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BBeaenue

HemanoBaxkHyto poib TpH YIIpaBI€HUH XH-
MHKO-TEXHOJIOTHYECKOH CHCTEMOH TepepadOTKH
PYIHOTO CBIPhSI UTPAeT OpraHU3aIusl JOTHCTHYEC-
KHX TIPOIIECCOB MO IMEPEMENICHHIO PECYpPCOB, TO-
my(haOprUKaTOB ¥ MPOIYKTOB MEXKIY €€ ydacTHHUKA-
Mu. Bce noructudeckre MoTOKH B TAKUX CHCTEMax
MOKHO pa3leluTh Ha J[Ba BUA:

— TpsMBIE TIOTOKH — TIEpEMEIIeHUEe MaTepu-
QIBHBIX M JHEPIeTHYECKUX PECypcoOB OT MECTO-
POXICHUH 0 MECT MX NepepabOTKH, XpaHEHUS U
MOTPEONCHHUS;

— oOpaTHble TIOTOKM — «BO3BPAaTHOE» [BU-
KEHHUE MPOIYKTOB, BOCCTAHOBJICHHE NOTPEOHUTEIb-
CKHX CBOWCTB KOTOPBIX HEBO3MOXKHO (TpeOyercs
0o ux nepepadboTka, MO0 yTHIM3aLus), IO Lern
MOCTaBOK.

Cpenu 0OpaTHBIX JIOTUCTHYECKHX TOTOKOB
0COOBII MHTEpPEC MPEICTABISAIOT T€, KOTOPBIE CBS-
3aHBI C OTXOJIAMH MPOM3BOACTBAa. B mepByro oue-
penb 3To 00yCIIOBIICHO TE€M, YTO MHOTHE XBOCTOX-
pPaHWIKIIA TOPHO-000raTUTEIILHBIX KOMOWHATOB
YK€ MEPECIIOTHCHEI. B 10 *)e BpEMs CTPOUTECIILCTBO
HOBBIX XBOCTOXPAHWJIHI TIPEICTABISETCS Hepa-
[MOHAILHBIM, MTOCKOIBKY B OyayIIeM OHH CTaHyT
HWCTOYHUKAMM DKOJIOTMYecKor omacHocTu. Ilep-
CTIEKTUBHBIM CIIOCOOOM PEIICHUS dTOU MPOOIEMBI
SBIIICTCST BTOPWYHAS TepepadoTka OTXOMOB (Kak
YK€ HaKOIUIEHHBIX, TaK M (OPMHUPYEMBIX B TIPO-
recce oboramieHns pyaHoTo coipbsi). CoznaHue Ta-
KHX TPOW3BOJICTB IMTO3BOJUT CHU3UTHh HArpy3Ky Ha
OKPYKaIOIIYI0 Cpely, a Takke 00ecreunuT IKOHO-
MUIO SKOJOTHUYECKHUX 3aTpar, yBenudeHune d(pdek-
TUBHOCTH JEATSIFHOCTH MPEIIPUATHN U YITydIle-
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Pasue.n: MaremaTu4ecKue u HHCTPYMEHTAJIbHBIC METOAbI JKOHOMUKH

Pymamoe Pyaroe Pyaroe Hedamoe
MECT OPOIK ISHHE MECTOpP O ICHHE MECTO PO IS HHE MECTOP O ICHHS
[ | i
FyoHoe y cupee < Honymuwiii 2az
Criagsr  |Kowyewmpam| OboratarempHas | | L
KOHICHTPATA | thadpura
[ Konyenmpant ==z ======= .
Konyenmpam + L 2 . '
Termto- Jazxmpo- Dadpuxa mo ®adpura ArnoMepanHoHHAS
37IeKTpo- - 2Rl TIEpepaboTke OK OMKOBAHHSA (padpuxa
ctammn [ | ROHUCHTPATA || PP{PZPEFPRPL) || AP=(AZAEARAL)
IPEOIPUATHAL | Mento Hpodvianu Or(mamun:*——; Aztevmepam
Ipodvigie h 4
Crenanet mpoaysron 47—t PadpEra mo mepenaaBre |4 Craags:
gt ! noay dadparaTos 1 mony dabpakaTos
. 2 RP=(RZRE.RR.RL -
DM=(OM,CM,QM,BM), ~ ) DI1<01,¢1,01,B1),
DN =(ON,CN,ONBN) __ podyrmus § _ DJ=(0J,CJ,QJ,B))
ITpogyiime [ g IIOTPEBUTEJIb L ¢ | Harvgadpixame

—————p HPAMBIE HOMOKU MATNEPULTOHBIX PECYPCOE (CHIPBE, NOTVHAGPURAMBL, HPOAVKitsl)
e IPAMBLIE NOMOKU FHEPZEMUNECKIX PECYPCOE (2413, MENT0- U ITEKMPOIHEP2UA)

» oOpamHBle NOMOKU MAMEPUATEHBIX PECYPCOE (OMX00BI HPOUSE00CMEa)

Puc. 1. JlorucTrdeckue MOTOKH B XUMHUKO-TEXHOJIOTHUECKON CHCTEME TepepadboTKu
OTXOJI0B 00OTAIEHUS PY/Ibl

HHUE UX peryTauuy.

Takum o00pa3oMm, BO3HUKAeT aKTyajbHas 3a-
Jada TOCTPOCHHS XUMHKO-TEXHOJIOTHYECKOH CH-
CTeMBbl MHOTOCTaJIMHHON TepepaboTKH OTXOI0B
oOoraieHust pynbl, Koropasi TpeOyeT CTpPOUTEIb-
CTBa MPOM3BOACTBEHHBIX M CKIAJCKUX OOBEKTOB
U OpraHu3alMM JIOTUCTHYECKHX IIOTOKOB MEX-
Iy HUMH.

ITocranoBka 3a1a4u (p)OPMHPOBAHUSA
NPOrpaMMbl CO3JAHUHA
XHMHUKO-TEXHOJIOTH4eCKOil CHCTEMBbI
nepepadéoTKH 0TX00B 000TaleHUs PYyIbl

XHUMHUKO-TEXHOJIOTHYECKAsh CHUCTEMa  Iepe-
paboTK OTXOMOB OOOTAlICHUs] PyAbl BKIIOYAET
OOJIbIIOE YHUCIIO YYACTHUKOB, CBS3aHHBIX MEXKIY
cO0OH CIOKHBIMH JIOTHCTHUECKUMH TOTOKAMH
(puc. 1). OcHOBHBIM CIIOCOOOM TIEpEeMeIIeHHs Ma-
TEpUAIBHBIX PECYpPCOB (CBHIPbs, MONy(hadbpHKaToB,
MIPOAYKTOB) SIBJISIETCS JKEJIE3HOMOPOKHBIA TpaHC-
MopT  (MCTIONB3YIOTCS  CHEIMabHble BaroHbl —
TYyMITKapbl WM Xommepsl). B 3Toi cBsA3M Kittoue-
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BBIM HAIpaBIIEHUEM TOBBIIIEHUS PPEKTUBHOCTH
00paTHBIX JIOTHCTUYECKUX TIOTOKOB BBICTYIIaET
MTOVCK HAWIYYIIIETO BapUaHTa pa3MeIlleHUs MTPOn3-
BOJICTBEHHBIX M CKIIAJICKUX OOBEKTOB, BXOJISIINX
B XMMHKO-TEXHOIIOTUYECKYI0 CHUCTEMY BTOPUYHON
nepepaboTKU OTXOJIOB, C YYETOM JKEIEe3HOHOPOK-
HOW HH(PACTPYKTYPHI.

Pemienne yka3aHHOW 3aja4yn  3aKIO4aeTCs
B Toa0ope IUIOMmAJ0K IOJA CTPOHUTEIBCTBO (pa-
OpUK IO IPOW3BOJCTBY OKATHIIICH, araoMepara
U TPOAYKTOB WX IEPEIUIaBKHU, a TaKXkKe CKIAJI0B
JUIST BpeMeHHOro XpaHenws. Ee maremarmueckas
MOCTaHOBKa (pucC. 2) BBITEKACT W3 KOHIEITYallb-
HOHM IOCTaHOBKH, KOTOpash MCXOMUT U3 HE0OXO-
JIUMOCTH  OTIPENICIICHUsT HauboJiee 3KOHOMHUYEC-
KM BBITOJHOIO BapuaHTa BO3BEACHUS OOBEKTOB
(Tpex (aOpuK W HECKOJbKUX CKJIaIO0B) IS JO-
CTYDKCHUS 1IEJIed MPOrpaMMbl CO3/IaHUS XUMHUKO-
TEXHOJIOTUYECKOH CHCTEMbI IEpPepabOTKH  OT-
XOJIOB C YYETOM OO/DKETHBIX M TPAHCHOPTHBIX
OTpaHUYECHU.

W3 puc. 2 cnemyer, 9TO TMOCTaBIICHHAs 3a-
Jaga CBOJIUTCS K TMOWCKY Habopa B3aMMOCBS3aH-
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@ opMHP OBAHH & MHOMECTER
mnom anok mo g habpuk
P*=(PP* AP*RP ¥

PP*={FP,.  PPx},
AP*={AP; APz},
RE*= {RP,' ..... RPS}

& opMI P OE2HH € MHOMECTER
LT OIIATOK 101 CEITAMEL
D*=(DI*__ DN%

DI*={D1I,..DlIz}

Ompe neneHn & TEXHHYeCKHY
Tpebo BaHHH K TI101Ta T aM
Z=(PZAZRI)

PZ=(PZ)... FZy),
AZ=(4Z) . AZy5),
RE=(RZ...RZI1z)

OmnpeneneHi & TEXHHY ECKHX
TpebOE aHHH K II0MIaTK aM
0=01..,0N)

01=(01)....0 Im).

ON=(ONy...ONm)

PP={PPy}, i=[[.59]. 5451,

AP={4P} j=[1355] 55252

OT1bop NnomWATOK, KOTOpEE
COOTEETCTEVHOT TpeboEaHRAM

Di={Diy}, kI=[1.TI]. YI=W I, O1b0p NNOmManek, KoTopEe
: COOTEETCIEVHOT TpeDoEaHHAM

P=(PP,4F.RF) RP={RE}. I=[1.56]. 56253 [ DMNAD N}, or=[L.IN], INSWN D=DI..DN)
OneHKa KAMHTANEHE X 23TpaT iy PP—PE |PP|=FE grDi—-Cl, |DI|=|CI OneHKa KamH TANEHE X 3aTPaT
Ha CTPOHTENL CTE 0 (abpur hs AP—AE, |AP|=4E : ) ) a . HA CTPOHTENRCTE O CKIAN0E
E=(PE,AE.RE) hy RP—RE, |RF|=|RE gn DN—CN, |DN|=|CN C=(CL,...,.CN)
OueHKa pHCKOE IPOEKTOE 0 hg PP—PR, |FF|=|FR av+r DI—=01, DI|=01 OueHK2 pHCKOE OPOEKTOE [0
CTpOHTENL CTEY (i abpuK fs: AP—A4R, |AP|=4R : . . } } CTPOHTENBCTEY CENAT0E
R=(FR, 4R RR) fiy RP—RR |RF|=RRR g2 DN—QN, |DN1=|QN QLN
Pacuer paccTosHHA 0T hz PP—PL |PP|=|PL gxv+p: DI—B1, |DI|=B] PacueT paccTosHHA 0T
XBOCTOXpaHMIHINE 00 dabpur hig AP— AL |AP|=|4L : $abpHK D0 CKIamoE

I=(PLALRIL) hg RP—RI, |RP|I=RL gaw DN—=EN, |DN|=BN B=(Bl,...BN)

O mp eTeTeHme HA LTI €70 BAp HAHTA
Habopa npoexToR (mporpaMMer) X7°

X=PP*4P*RP*DI*. *DN,
X=PP{4P-RP|"DI-.."DN

X7'= arg min £y (visk, dist, f(9).f(4), f5(x))

Puc. 2. Maremaruueckast mocTaHOBKa 3a/ia41 (hOPMUPOBAHUSI TPOTPAMMBI CO3/IaHHS
XMMHKO-TEXHOJIOTHYECKOW CHCTEMBI ITepepab0TKN OTXO/10B

HBIX TIPOEKTOB (T.€. IPOTPaMMBI) B MHOTOMEPHOM
IIPOCTPAHCTBE IPU3HAKOB II0 TPEM KpPUTEPHUIM
(COBOKYNHBIM KalMTaJbHBIM 3aTparaM, YpPOBHIO
PUCKOBaHHOCTH, NPOTSHDKEHHOCTH SKEJIE3HONOPOXK-
HBIX MyTEH, MO KOTOPBIM IPOU3BOAMTCS OCTAB-
Ka CbIpbsi M M0IXypaOpHUKaTOB [0 BO3BOANUMBIX
00bekToB). Takum 00pa3oM, OHAa OTHOCHUTCS K
MHOTOKPUTEPHAJILHONH  ONTHMHU3ALUH, KOTOPYIO
MOXHO PELIUTh IyTeM CBEICHHS K OIHOKpHTE-
pUanbHOM 3a7adye 3a C4YeT BBEACHHUS CHCTEMbI
OTpaHUYEHHH.

I'nOpuaHbBIi 0MO3BPHCTHYECKUI METON
peleHns MOCTABJIEHHON 3axa4u

KonuenTyanbHas 1OCTaHOBKAa peliacMon 3a-
Jaun He TpeOyeT HaXOKICHUS «CTPOTro OMNTHU-
MaJILHOTO0» Ha0opa MPOEKTOB Al (YOPMHUPOBAHUS
MIpOrpaMMBl, T.€. MO3BOJSET HCIOIb30BATH META-
IBPUCTHKH, KOTOPHIE CIIOCOOHBI HAXOAUTH OJM3KHUE
K TakOBOMY pelleHHs 3a npuemiemoe Bpems [1].
B mocnemnune roasl ocoboe pa3BUTHE MOTYUHIIH
OMODBPUCTUKH, BIIOXHOBJICHHBIE ITOBEICHUECCKH-
MU TMaTTepHaMH COLIMAJIbHBIX >KMBOTHBIX (B OOJb-
IIMHCTBE CIIy4yaeB OHU CBSI3aHBI C TIOWCKOM IIHIIH,
OXOTOM, MHUTpAITUeil, pa3MHOKCHHEM ), OOUTAIOIITIX
B pasHBIX cpefax (Ha3eMHO-BO3AYIIHOM, BOIHOM,
no4yBeHHOH). Takue aaropuTMbl OCHOBaHBI Ha TO-
MyJSIIMOHHOM TOJXOZe, KOTna Kaxkaas ocoOb Be-
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JeT ce0sl «IPUMHUTHBHO», a BCSI KOJOHHSA — «paz-
YMHOY» 3a CUET CIIEIHATBHOTO MEXaHW3Ma B3aUMO-
NEHCTBUS MEXAYy ¢ WICHAMH W/WIN C BHEITHEH
Cpeo.

Ha ceronusamnuil neHp u3BecTHo cBbie 150
AITOPUTMOB, KOTOPhIE MOJIEITUPYIOT KOJUIEKTHBHOE
MOBE/IEHHE JICTIEHTPAJIM30BaHHOW Ownoiorudec-
KO cHCTeMBbI (TaK Ha3bIBAEMBIH «POEBOW WMHTEIN-
JeKT», OoT aHrm. Swarm Intelligence) [2]. OmHako
COTJIaCHO TeopeMe «00 OTCYTCTBHH OeCIIaTHBIX
00e/IoB» HE CYyIIeCTBYeT YHHUBEPCAIBHOTO AaJro-
pUTMa, CIIOCOOHOTO «YCIIEIIHO» peIlarh JIObIe
3aJa4M TMOMCKa HaWIydmux peuieHuil [3]. Bridop
KOHKPETHOW OWO3BPUCTHUKU ONPEACISACTCS KOH-
LENTyalbHOH U MaTeMaTU4YeCKOM MOCTaHOBKaMHU
3aJlaudl U OCOOCHHOCTSIMU BBIMIOJHEHHS TTOUCKO-
BBIX OIEpaLIUM.

Jis pelieHus MoCTaBIeHHON 3aa4yu UCHOJIb-
30Basiach OMosBpucTHKa Bat Algorithm (BA), koto-
past BAOXHOBJIEHA 3XOJIOKAl[MEN JIETYYUX MBIIIEH,
UCIIONIb3YEMOU JISI OPUEHTALUA M OXOThI B YCIIO-
BUSX HU3KOH ocBemnieHHoctH [4]. Ee cyTh cocro-
UT B TOM, YTO JIETyYWE MBIIIA HU3IAI0T KOPOTKHE
(520 mc), rpomkue (mo 110 n1b) 3BykM BBICOKOI
gactothl (25-150 k['m) mist oOHapyxkeHUs JO-
OblYM Ha OCHOBaHUU Pe(ICKTOPHOIO aHaau3a
AXOCUTHAJIOB, OTPAXKCHHBIX OT OOBEKTOB OKpY-
JKAIOMIeW Cpepl, HAXOAAIIUXCS Ha PaCCTOSHUU
110 2040 M.
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Puc. 3. bok-cxema MmonmduIupoBaHHOTO BA-anropurMa

Kanonnueckuii  B4-anroput™M  NpenjgoxkeH
Xin-She Yang B 2010 . u sBIsieTcs pa3BUTHEM
METadBPUCTHUUECKUX aJTOPUTMOB pOS  YacCTHIL
(Particle Swarm Optimization) ¥ TapMOHUYECKOTO
noucka (Harmony Search). B ero ocHoBe JexuT
MOJIOKEHHE O TOM, YTO BCE JIETYy4YHE MBIIIN HC-
MOJIB3YIOT IXOJIOKAIMIO [T OTIPENIEIICHHsI paccTos-
HUS, OTIIMYAIOT A0OBIUY OT APYTHX OOBEKTOB OKPY-
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KAoIIEeH cpe/bl, CIOCOOHBI PEryIUPOBATh YACTOTY
U CKOPOCTh HCIYCKaHHsI UMIYJIbCOB B 3aBHCHUMO-
CTH OT OJM30CTH JKEPTBHI.

OddexTuBHOCT,  OONBIIMHCTBA  OHOIBPH-
CTHK 3aBHCUT OT «CBOOOJHBIX» TapaMeTpOB, IS
KOTOPBIX pPa3pabOTYMKaMH HE COPMYIUPOBAHBI
UYETKUE» PEKOMCHJIAINH, & JIUIIb 3a/1aHa 00JIACTh
ornpenencHus (OOBIYHO WX 3HAYCHUS BBIOMPAIOTCS
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MyTeM PYYHOTO WIJIM aBTOMAaTH3WPOBAHHOTO TIOJI-
6opa). TakoBeiMH mapameTpamu BA-anroputma
seisttorest o € (0,1) u y € (0,+ o0), ucnonb3ye-
Mble A U3MECHEHHSI TPOMKOCTH M CKOPOCTH HC-
MYCKAaeMbIX JICTYyYUMH MBIIIAMHA HMIIYJIBCOB IO
Mepe npuOImKeHuss K o0biue. HemnpaBuiibHbBIN
BBIOOp MX 3HAYCHUH OTpakaeTcsi HA CXOIUMOCTH
QITOPUTMA, JieNasi ee JIM00 CIHIIKOM MEUICHHOMH,
60 OBICTpOi (B pe3yipTraTe dYero CymecTBYeT
BO3MOXKHOCTb «3aCTpSITh» B JIOKAJIBHOM 3KCTpeE-
MyMe MJIM «II€PECKOYUTHY Yepe3 II00aIbHbINA 3KC-
TpemyM) [5]. s permenus 3Toi mpoOieMsl Tpe-
Jaraercsi KOppeKTUPOBaTh 3HAUEHUsI «CBOOOJHBIX)
[IapaMeTpoB Ha KaKIOH HTEpaluyd C HOMOLIBIO
CHCTEMBbl HEUETKO-JOI'MYECKOrO BHIBOAA IO AJIrO-
putMy JlapceHa, Ha BXOJ KOTOPOI AOHOJHUTEIBHO
MOJAIOTCS: YAAJCHHOCTh HUTepaluu (HOMep TeKy-
el uTepauuy, AeJeHHBIH Ha uX o0Iee YUCIo) U
JOJI UTepaunii, Ha KOTOPBIX MPOHUCXOAMIIO M3Me-
HEHME «TydIlei» no3uuuu (T.e. ylIydllaaoch 3Ha-
yeHue ¢puTHeC-QyHKIMN). brok-cxema Monuduny-
pOBaHHOTO BA-aaropuTma rnokaszaHa Ha puc. 3.
Jis  mpoBepkM aaeKBaTHOCTH T'HOPUAHOTO
MeTona (OPMUPOBAHMS IPOTPAMMBI  CO3IAHUS
XUMUKO-TEXHOJIOTHYECKOM CHCTEMBbI TmepepadoT-
KM OTXOAOB OOOTalleHusi pPyAbl MPHUMEHSIIACh
UMHUTaUUOHHast mponenypa. C HCHONB30BaHUEM
reHepaTopa CIy4aiHbIX uuces Obuio chopMHpO-
BaHO MHOXECTBO MPOEKTOB IO CTPOUTENBLCTBY (a-
Opuk oxoMkoBaHUs (20 BapuHaHTOB), arJIOMEpallUH

(20 BapmanToB) u mneperuiaBku (15 BapuaHTOB) u
IIATH CKJIAJ0B BPEMEHHOTO XPAaHEHUsS MX IMPOAYK-
ToB (20, 20, 25, 15, 15 BapuaHTOB COOTBETCTBEHHO),
XapaKTepU3yeMbIX HaOOpOM M3 TpeX NapaMeTpoB
(kamuTaTbHBIMU 3aTpaTaMy, YPOBHEM pPHCKOBaH-
HOCTH, TPOTSKCHHOCTBIO KEJIC3HOIOPOKHBIX Y-
TEH JUIs JIOCTaBKU ChIPhs U M0Jy(adpukaTos), a
TaKkKe OBLIM ONpEACICHBl OrpAaHUYCHUS 3aJ1auu.
B kadectBe (QurHec-pyHKIMM ~paccMmaTpuBall-
Csl DKOHOMHYECKUH 3((EKT OT peanu3aluu Ipo-
rpaMMbl C yY€TOM BIIMSHHUS HPOCKTHBIX PHCKOB.
C wucmonp30BaHrEeM pa3pabOTaHHOTO THOPHUIHOTO
OMOABPHUCTUIECKOTO METO/Ia OBIIT OMpeieNieH «KBa-
3UONTUMAILHEINY HAa0Op MPOEKTOB (ISl CTPOH-
TEILCTBA TpeX (abpWK U TATH CKIAIO0B), KOTOPHII
C JIOMYCTUMOM ISl MOMOOHBIX 3a/1ad TOTPEeITHO-
CTHIO OTIMYANICA OT «ONTHMAILHOTO», ITOyYeH-
HOTO B pe3yJbTaTe pyyHoro moadopa.

3aKJjoueHne

HayuHo-npakTHyeckass 3HaYUMOCTh  TPE-
JIOKeHHON Momudukanun BA-anroputma (IyTeM
BBEJICHUSI DJIEMCHTOB HEYETKOCTH) 3aKIIHo4yacT-
csl B BO3MOXKHOCTH €r0 HCIIOJNB30BAHUS JJISI pe-
IICHUSI KPYITHOMACIITAOHBIX 3a/lad  YCIIOBHOM
ONTUMH3AIMK B MPOrPAMMHOM MEHEKMEHTE
B YAacTH pAa3BUTHS HWHCTPYMEHTOB (hopMHpOBa-
HUS HAWIY4YIIEr0 COCTaBa B3aMMOCBS3aHHBIX
MTPOEKTOB.

Paboma svinonnena 6 pamkax eocyoapcmeenno2o 3adanusi, npoekm No FSWF-2023-0012.
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Abstract. The study aims to develop a univer-
sal, scalable data center management model. Prob-
lems to be solved are to analyze the overall data
center infrastructure, considering different ways of
its implementation, to analyze the most important
problems of resource management, to develop and
justify an integrated strategic method of resource
management. The study resulted in the develop-
ment of a universal model that can effectively man-
age different types of data centers. The hypothesis
of the research: suggests that introduction of a uni-
versal model for strategic planning and develop-
ment of data centers, taking into account modular-
ity, with scalability suitable for all types and sizes
of data centers, which leads to optimization of key
operational characteristics and affects all signifi-
cant hierarchical levels of characteristics, including
cross-system and global economic parameters.

Introduction

Modern data centers are complex infrastruc-
ture facilities designed for the centralized place-
ment of information technologies, including serv-
ers, databases, and network equipment. These
facilities can range from compact server rooms to
large complexes that provide continuous power
supply for critical systems and can consume energy
equivalent to that of small cities.

Data centers perform critical functions of stor-
ing, processing, and transmitting vast amounts of
information relevant to various areas of activity,
including banking, telecommunications, health-
care, as well as public and private organizations.
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The strategic development of data centers can be
divided into three key areas: consolidation, virtu-
alization, and energy efficiency. These areas play
a fundamental role in ensuring long-term progress
in this area and help to clearly define the paths for
further development of data centers, which in turn
contributes to their efficiency. Let's consider each
direction in more detail. The first trend, consolida-
tion, has two main aspects. The current landscape
is one of consolidation of smaller companies into
larger players, particularly in the data center space.
Large corporations such as Intel and HP are devel-
oping integration programs that allow smaller or-
ganizations to pool their information resources us-
ing advanced technology solutions. The second key
trend is virtualization. This approach is an effective
means of optimizing resources and increasing the
performance of data centers. Virtualization helps
reduce hardware and energy costs and ensures
more efficient use of available resources. It sim-
plifies the management and upgrade of data center
systems by allowing resources such as memory and
processing power to be distributed across physical
servers to optimize equipment use.

The third trend, maximizing energy efficiency
in data centers, is aimed at reducing energy costs,
which can be significant due to the large number
of servers. However, it should be noted that there
is a connection between these trends and environ-
mental as well as economic factors, since the effi-
ciency of data center operation directly affects en-
ergy and personnel costs. Recently, companies are
increasingly focusing on environmentally friendly
technology, which will not only help reduce energy
costs, but also protect the environment [1; 2].

The relevance of the article lies in the devel-
opment of a universal scalable data center manage-
ment model, in which consolidation, virtualiza-
tion and energy efficiency are global trends in the
strategic development of data centers. These areas
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Table 1. Data Center Management Models

Management model

Description

Warehouse type
to process data quickly

This model is characterized by the use of large premises for storing and processing large amounts
of data. It allows for the efficient management of large amounts of information due to the ability

Supercomputer Information
Center

Based on the use of supercomputers capable of processing a huge number of operations per
second, this model provides services that emphasize high-performance computing, with storage
services playing a secondary role

Public or private cloud

This model functions as a remote node, providing customers with data storage and processing
capabilities without having to purchase their own hardware and software

Colocation center

These centers provide space to house client equipment needed to store and process data

are aimed at reducing the costs of maintaining and
operating the IT infrastructure. Data center man-
agement should take into account these trends and
take measures to optimize economic costs during
their construction and operation. In recent years,
there has been a significant increase in interest
in the use of neural networks as a tool that is ac-
tively used in various fields to solve problems of
forecasting, classification and management. The
data center services sector is experiencing a phase
of intensive development and modernization. The
main problems in this area are related to the need
to improve the efficiency of data processing, re-
duce operating costs, and ensure environmental
safety and sustainability. Intensive development
of data centers requires strategic planning, which
is a key management activity necessary for effec-
tive strategic management. It requires managers to
have mastered modern management methods, to
be able to foresee developments and to adapt to a
rapidly changing environment. The term “strategic
planning” covers the management function associ-
ated with setting goals and developing strategies
to achieve them, as described by M.M. Alekseeva
and the decision-making tool that promotes inno-
vation and adaptation in organizations, according
to P. Lorange and E.G. MacKay. Effective strategic
planning allows the organization’s resources to be
aligned with long-term changes in the market envi-
ronment and the surrounding environment, thereby
meeting the expectations of stakeholders [3; 4].
Documentation of the strategic planning pro-
cess is critical; it defines the organization's goals,
strategies for achieving them, and optimal imple-
mentation timeframes. The resulting strategic
documents detail the organization's intended path,
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including competitive analysis and policy devel-
opment [5]. The principles of strategic planning
formulated by A. Fayol are the foundation of this
process. These principles promote a systematic
and adaptive approach to strategic planning, ensur-
ing not only the immediate satisfaction of organi-
zational needs, but also maintaining sustainability
and relevance in the context of evolving market
and environmental conditions [6]. A. Fayol em-
phasized the universality of these principles, appli-
cable both to corporate governance and to national
economic management. Later improvements by
R. Akov introduced the principle of participation,
which involves the inclusion of all members of the
organization and, if necessary, external experts in
the planning process [7]. This comprehensive par-
ticipation is critical for the comprehensive devel-
opment and implementation of strategic plans. The
scientific significance of the issue lies in the imple-
mentation of a universal model of strategic plan-
ning and development of data centers, taking into
account modularity, having scalability and suitable
for all types and sizes, leads to the optimization of
their key operational characteristics. This optimi-
zation affects all significant hierarchical levels of
characteristics, including intersystem and global
economic parameters. As a result, the achieved op-
timization effect will allow achieving a significant
change in the critical performance indicators of the
data center.

The main task solved in this article is to cre-
ate a universal model capable of effectively man-
aging various types of data centers and to imple-
ment a simulation model for an experiment on
integrating neural network systems into data center
management.
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Table 2. Data center management strategies

Strategy

Description

Data center consolidation

Consists of combining several data centers into one single, more efficient and powerful data
center. As a result, maintenance costs are reduced and the efficiency of the entire system is
increased

Load distribution

Includes distribution of data processing tasks between different servers, which improves
performance and meets high customer requirements. This approach ensures increased system
reliability

Optimization of data center
operations

The strategy is based on the use of advanced technologies and tools to enhance the performance
of data centers. This leads to faster data processing and reduced operational costs

Fake Failure Strategy

Consists of testing hardware failure scenarios to verify the system's ability to function in
emergency situations. This improves the data center's resilience to emergency situations

Data Center Responsibility

Involves delegating data center management to an external partner, which helps reduce

Transfer Strategy infrastructure support costs and increase service availability for customers
Data  Center Expansion | Includes gradual expansion of infrastructure to expand data processing and customer base,
Strategy which contributes to increased profitability and availability of services

Strategic data center management

In the process of solving this problem, ques-
tions arose related to the peculiarities of the re-
search methodology in such areas as strategic
planning and the implementation of artificial intel-
ligence in the field of management.

Nowadays, when data is becoming increasing-
ly valuable, its processing is of key importance for
many organizations and government agencies. Data
centers, which are an important part of informa-
tion systems, provide reliable storage and powerful
computing resources for data processing. However,
data center management is a complex task that re-
quires special strategies for efficiency and security.

There are different types of management mod-
els, each of which is developed taking into account
unique operational and strategic requirements, em-
phasizing the importance of both technological and
economic aspects of modern developments [8].
The most important data center management mod-
els are listed in Table 1 [7; 8].

There are many data center management strat-
egies that can be used in different situations. The
choice of a particular data center management
strategy depends on many factors, including busi-
ness needs, financial constraints, technical capabil-
ities, and many others. Table 2 lists the main man-
agement strategies.

It is very important to consider the economic
component when developing a data center man-
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agement strategy. The costs of construction, equip-
ment acquisition and maintenance of a data center
can significantly affect the profitability of a busi-
ness. Cost assessment and optimization is an inte-
gral part of the data center management strategy in
the economic aspect.

The development and success of a data cen-
ter management strategy directly depend on
economic factors. Table 3 lists their possible
relationships [5-8].

The economic situation directly affects the
strategic management of the data center and a suc-
cessful strategy must take these factors into ac-
count to ensure effective operation in the future.
Each data center requires an individual manage-
ment approach based on its unique characteristics
and type of operations. Further research in this area
will help optimize strategic decisions and improve
the profitability of data centers.

The implementation of artificial intelligence
and green technologies seems to be a key way to
achieve the main goals discussed in the article. The
conducted analysis of the available literature on
this topic [9; 10] allows us to conclude that the use
of ANN is promising and promises effective results
in the energy sector.

To solve the tasks, it is necessary to model
the control data flow, which is a critical element
in the functioning of a real data center. The para-
metric data flow in modern data centers plays a
key role in ensuring the stability, security and ef-
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Table 3. Relationship between economic factors and management strategies

Strategy

Factor

Budgeting

Financial planning is necessary to optimize the costs of developing and supporting data centers

Cost Reduction Strategies possible trade-offs

In the context of the economic crisis, data center management requires a review of costs and

Capacity planning

Anticipate future data center capacity requirements based on company growth and needs

Maintenance costs L
for emergency situations

Taking into account the increasing costs of maintaining infrastructure, software, and preparing

Scaling

equipment upgrades

Adapting data center management to business growth and scaling, requiring investment in

ficiency of their operation. This flow is a con-
tinuous collection and processing of information
related to operational parameters, such as equip-
ment temperature, energy consumption, processor
load, network connection status, and other critical
metrics.

Research on the implementation of artificial
intelligence in the data center infrastructure is fo-
cused on the integration of parametric data flow
monitoring and management systems with auto-
mated algorithms. These algorithms are able to
predict potential failures, detect deviations from
established norms, and optimize resource alloca-
tion. This approach ensures more efficient resource
management and increases the reliability of the
data center. Within the framework of this research,
two fundamental questions arise that require so-
lutions. The first fundamental question concerns
the development of a methodology for collecting
parametric data describing the operation of the
data center infrastructure. The uniqueness of this
question is due to the composition of parametric
data streams that play a central role in the manage-
ment of modern data centers. Managing parametric
streams in modern data centers involves analyzing
many types of complex data, covering parameters
such as energy consumption, equipment tempera-
ture, computing system load, data transfer rate, and
response time. These data have a number of math-
ematical and statistical properties, among which
temporal structures are of key importance. Time
series analysis becomes an important tool for iden-
tifying trends, anomalies, and periodic changes in
data streams, which often exhibit cyclical or sea-
sonal fluctuations.

In this context, special attention is paid not
only to temporal aspects, but also to correlation
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dependencies between different parameters. For
example, there is a direct relationship between
equipment temperature and its performance, as
well as between operational processes and en-
ergy consumption. It is also important to consider
such indicators as variance and standard deviation,
which allow us to estimate the degree of variabil-
ity of the parameters. These estimates are critical
for understanding the stability of the data center
and for identifying deviations from normal values.
Regression analysis is a key tool for modeling and
predicting the relationships between various pa-
rameters, such as the impact of increased load on
energy consumption. This technique allows us to
identify quantitative dependencies and estimate the
impact of one or more factors on the performance
of the system. Identification of outliers and anoma-
lies in the data is of particular importance in the
analysis process, since early detection of such de-
viations plays a critical role in preventing potential
failures. This, in turn, helps to optimize the opera-
tion of the infrastructure and maintain its stabil-
ity. To obtain comparable data during research, it
is necessary to implement a data collection system
using sensors and monitoring systems that provide
information in real time. This data should then be
securely stored in a system that supports structured
storage for subsequent analysis. Modern approach-
es such as big data analytics and machine learning
are proving to be extremely effective in processing
such large volumes of data, identifying patterns,
anomalies, and predicting future events. However,
in the absence of access to real data sources, re-
searchers may resort to alternative methodolo-
gies such as modeling. In this case, mathematical
models are built that simulate the behavior of real
systems using assumptions and data from sources
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such as equipment manufacturers’ documentation
or published research in the field. These models
can simulate the operation of systems under vari-
ous loads and assess the impact of external factors,
including changes in temperature or fluctuations in
power consumption. The second fundamental issue
that needs to be resolved in order to conduct re-
search on this topic is that the implementation of a
neural network should be implemented within the
framework of a model of strategic development
and data center management.

In this regard, there is a need to develop a
model of strategic development of a data center. It
is quite obvious that the requirements for this mod-
el are that the model should be universal for all
types of data centers, which means its mandatory
general applicability, modularity and scalability.

When creating an architecture for energy-ef-
ficient data center management using neural net-
works, there is a need to take into account scal-
ability, which is a key parameter for all subsystems
of the center. The architecture designed to gener-
ate training data sets based on parametric data of
the data center operation should contain methods
and elements that allow for possible changes in the
scale of operation of various subsystems. These
changes arise as a result of strategic planning and
development, which is achieved through a strategic
management model. The problem is the need to de-
velop such a management system architecture that
would take into account the overall modularity and
scalability of all subsystems, ensuring high adapt-
ability and management efficiency in the context
of dynamically changing requirements and strate-
gic goals for the development of data centers. As a
solution to this problem, it is proposed to develop
a data center management system that integrates a
scalable parametric data template used to train the
neural network and its automated interaction with
the management system.

The results of the study of this fundamental is-
sue allow us to draw the following conclusions: the
issue of energy efficiency optimization is a univer-
sal issue for all types of data centers and the prob-
lem of scalability in the context of strategic plan-
ning and management can be solved by introducing
global economic metrics, such as PUE (Power Us-
age Effectiveness) or CVAR (Conditional Value at
Risk), into the physical and mathematical model of
the data center, as proposed in studies of data cen-
ter energy efficiency templates [11]. These metrics,
according to the study, are widely used to make ec-
onomically sound decisions, which confirms their
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universality and the possibility of scalable use in
infrastructure management. Thus, the integration
of these metrics into the physical and mathemati-
cal model of the data center allows us to solve the
problem associated with the need to include ele-
ments of strategic management in simulation mod-
els. Based on the above, the study recommends
developing a simulation model of the data center
based on a physical and mathematical model, into
which global economic metrics are integrated.
These metrics are intended to assess the efficiency
of the data center infrastructure and allow for more
accurate modeling and analysis of key performance
and resource consumption parameters. This ap-
proach will provide a comprehensive assessment of
the data center's operation, taking into account not
only the technical but also the economic aspects of
its activities.

Interactive data center network
scheduling system

The evolution of strategic planning adapted to
the dynamic changes in modern energy distribution
and data management highlights the importance
of integrating strategic management principles to
improve system efficiency and sustainability. The
interactive integrated planning (IIPS) model is
an example of this, optimizing the interaction be-
tween data centers and distribution networks with
a focus on achieving carbon neutrality. The choice
of the data center energy-efficient resource sched-
uling (DCEERS) model developed by Hongkun
Chen and colleagues [12] reflects its adaptability
and effectiveness in managing energy consump-
tion and optimizing resource allocation in scalable
data center environments. The ability of DCEERS
to maintain optimal resource allocation in large and
complex environments highlights its usefulness for
interactive planning within the IIPS model. This
makes it suitable for solving the problems of en-
ergy-efficient and strategic management of distri-
bution networks and data centers aimed at achiev-
ing carbon neutrality. The integration of DCEERS
into the IIP framework not only addresses current
management challenges, but also contributes to
the achievement of broader sustainability goals by
providing reliability and flexibility in the planning
process in the face of future challenges. The syner-
gy between data centers and distribution networks
created by the IIP model contributes to the creation
of sustainable and efficient energy systems capable
of meeting the needs of rapid technological prog-
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Fig. 1. Simulation model diagram

ress. Thus, the architecture of the data center sys-
tem integrated with the distribution grid includes
three main components: distribution grid lines,
data center network and renewable energy sourc-
es. The data center mainly consumes electricity
through IT equipment such as servers and auxiliary
equipment including cooling and lighting systems.
In addition, the configuration of virtual machine
software is necessary to facilitate the online migra-
tion of data processing tasks between different data
centers. In the IPS model, the distribution system
operator plays a key role in the investment plan-
ning and operational management of the data cen-
ter and the distribution grid. Based on the region's
electricity and data needs, the DSO jointly opti-
mizes the configuration and management of system
resources, networks, and loads. By fully exploiting
the demand response potential of the data center
and the operational flexibility, the IPS model aims
to maximize the overall benefits of integrating the
data center into the distribution grid. The impact of
IPS on the carbon neutrality of the power system
is manifested through increased data center energy
efficiency, optimized data processing, reduced grid
losses, and improved coordination with renewable
energy generation to support carbon neutrality.
Based on the analysis performed, Figure 2 pres-
ents the fundamental framework for IPS between
data centers and the distribution grid. This frame-
work distinguishes between traditional stand-alone
scheduling elements and additional components.
These additional components are essential for IPS.
This model introduces the conditional value at risk
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(CVaR) indicator [12] to quantify potential losses
from uncertainties in order to minimize the sum
of systemic risks, investment and operating costs
when taking into account carbon emissions. Com-
pared with traditional risk measurement methods,
CVaR has such advantages as subadditivity, consis-
tency and sufficient prediction of final risks, which
makes it more applicable to engineering problems.
The scheme of the simulation model is shown in
Fig. 1.

Conclusion

The objective of the IPC is to reduce the over-
all capital and operating costs of the system. The
effectiveness of the final solution depends on tak-
ing into account the risk factors associated with the
uncertainty and variability of user data in the mod-
eling process.

The IPC problem for distribution networks and
data centers is formulated as a two-stage stochas-
tic optimization model based on CVaR [12]. In the
first stage, plans are developed and decisions are
made to reduce the investment costs of the system,
optimize the expansion of transmission lines, deter-
mine the location of the data center and the alloca-
tion of physical and software resources (including
servers, virtual machines, and cooling equipment),
and locate and determine the capacity of renewable
energy sources. The above planning scheme serves
as a set of known parameters for the second stage,
which is an operational modeling aimed at mini-
mizing the sum of annual operating costs and ob-
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taining carbon neutrality benefits. In this step, the
operating strategies of the data centers (including
the migration of the information load, the operating
modes of the servers, and the operation of the cool-
ing equipment) and the distribution network (in-
cluding the generation of renewable energy sources

and the purchase of electricity) are optimized for
each time period. The results of the second step
are used to adjust the objective function of the first
step in the form of “expected operating costs” and
“benefits from carbon neutrality” in order to clarify
and adjust the planning scheme.
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CUCTEMHBIE MEXAHUNU3MbI AJJAIITAIIUN
NPEAIIPUSATHUS K UBMEHEHUSIM HA
OCHOBE IM®POBOU MOJAEJIHN

Kniwouesvie cnosa: CUCTEMHBIM HOIXOI K
yIpaBIeHNIO; TH(PPOBAs MOIEb TIPEATIPUSITHS.

Annomayus. llenp cratbm COCTOMT B pac-
CMOTPEHHH BOIPOCOB aJallTalluil MPEAIPUSTHSI
K U3MEHEHHSM Ha OCHOBE IU(pPOBOil mMozpenu. B
CTaTbe MPENJIOKEH IMOAXONl K OTOOpakeHUIO pas-
JINYHBIX ACIMEKTOB JEATEIBHOCTH MPEIIPUITHUS
B KOMIUICKCHYIO mudpoByro moneib. C TO3HUIUU
CHUCTEMHOT0 TIOXOJa PACCMOTPEHBI MEXaHU3-
MBI Tepexofia MPEeANnpUsITUs KaK CUCTEMBI U3 OI-
HOTO COCTOSIHUSI B JIPYyroe Ha OCHOBE IU()POBBIX
MOJCICH.

HecraOunpHast ppIHOYHASI CUTYyallUsl BBIHYXK-
JaeT TPEANPHUSITHS TOCTOSHHO IPUCIIOCAOIH-
BaTbCd K HU3MCHCHHUAM, IPOUCXOAAIINM KaK BO
BHYTPEHHEH, Tak M BO BHEIIHEH cpene. B Takmx
YCIIOBUAX MOTYT BBDKUTH TOJIBKO MNPEANPUATHA,
KOTOpBIE B TIPOIIECCE M3MEHEHWH CHOCOOHBI CO-
BEPIIEHCTBOBATh ~ COOCTBEHHYIO  OPTaHU3AIUIO
u gestenbHOCTD [1-3]. PasButme mnpemmpusTis
B TMOJABIIAIONIEM OONBIIMHCTBE CIy4aeB HOCHUT
SBOJIIOIIMOHHBIA XapakTep. V3MeHeHus cpenbl, B
KOTOpO# (DYHKIIMOHUPYET TIPEANPHUSITHE, IPOHC-
XOIIAT HETPEPHIBHO. YMPaBIATh TUHAMHYHO W3-
MEHSIOITIMCST OM3HECOM CTaHOBHUTCS BCE TPyHHEE.
[loaTromy BBIpaOOTKa aJEeKBaTHOTO MeEXaHHU3Ma
aJanTauy K IMOCTOSHHBIM W3MEHEHHSIM SBIISCT-
Csl OIHOM M3 HamOoyiee TPUOPUTETHHIX 3a7a4 Me-
HE/DKMEHTA.

3a4acTyr0 pPyKOBOAMTEIM YIYCKAalOT MHOXe-
CTBO Ba)XHBIX AaCIEKTOB JEATEIBHOCTU MpPEaNpH-
SITUS, HAKOIUICHHAsh WHQOPMAIHS HCIOIb3yeTCs
Hea(p(peKTUBHO, OTrpaHWYEHUs] B JOCTYNE K HH-

3aHHOCTH, a PYKOBOAHUTEIN HE MOTYT OOBEKTHBHO
OIIEHUTH KJTFOYEBBIC TTOKA3aTeIN W Pe3yNbTaThl Jie-
STeTHbHOCTH. Bee 3T (pakTophl ABISIOTCS MPEAIIo-
CBIJIKAMH K OIHMCaHWIO, YIOPAIOYMBAHUIO, periia-
MEHTAIlMF W COBEPIICHCTBOBAHHUIO IESTEIHHOCTH
MIPENPUATHSL TIOCPECTBOM CO3MAaHUS IHPPOBOU
MOJIEJIH.

udposas mMomensb MpeanpusTHs, Kak MpaBH-
JI0, UIMEET MHOTOKOMITOHEHTHYIO HEepPapXHU4eCKYIO
CTPYKTYPY U MOXKET COCTOSITH U3 MHOXKECTBA B3a-
MMOCBSI3aHHBIX MOJIEEH Pa3In4HbIX THUIIOB, OT-
paKAIOIINX Ppa3IMYHbIC AaCHEKTHl ACATEILHOCTH
npeanpustusi. TakuMu MOHIENSIMH MOTYT OBITb:
OpTaHU3alMOHHAS CTPYKTYpa, web-CaiiT, JIOKalb-
Hasi ceTh, MPOrpaMMHOE M ammapaTHoe oOecrie-
YCHHUC, CTpaTrerud KOMIIAaHWU, 3HAHUA COTPYyO-
HUKOB, OM3HEC-TIPOIECChI, HH(POPMAIUOHHBIE pPe-
CYpChl U MHOXKECTBO Jpyrux. @parMeHT CTpyKTy-
pel POBOI MOJETH MPEANPHUITUS H300paKkeH
Ha puc. 1.

CocTaB MoJiesieli 3aBUCHT OT TOTpEeOHOCTEH
MPEANPHUSITHSL U OTIPENIENSCTCS EISIMA MOJICIHPO-
BaHms. Kaxmass Mmogens compepkuT Habop 00BEKTOB
" OIpeaCIACT CBA3U MCXKIAY HUMHU. OJIPIH U TOT XK€
00BEKT MOXKET BCTpPCUATbCA OJHOBPEMCHHO B HE-
CKOJIBKHX MOJIEINISIX M BKJIIOYATh B C€0S BIOKEHHYIO
Monenb. Takoil TOmXom ToMoraer pa3odparhbcs B
CIIOKHOW TIPEIMETHOM 00JacTH co cllabo CTPYK-
TYPUPOBAaHHBIMHU 3HAHHMSMH O HEH, MPemoCTaBIIss
BO3MOYKHOCTH JIEKOMIIO3UIIMH CIIOKHOW CHCTEMBI
Ha TPOCTHIE TOJCHCTEMBI, U paboraTh ¢ HH(DOP-
Maleil Ha pa3HBIX YPOBHSX a0OCTparnpoBaHUS.
TepMuH «MOAENUpPOBaHUE» 31€Ch NPUMEHSIETCS
B JIBYX CMbICIaxX. Bo-IepBbIX, MOJ MOIEIHPOBA-
HUEM I[TOHMMAIOT IPOLECC IOCTPOSHUS MOJEIN
KOMITaHUH. BO-BTOpBIX, TOA MOJAEIHPOBAHUEM

q)OpMaLII/II/I HEAOCTATOYHO  PCITIIaMCHTUPOBAHBI, MMOHUMAIOT MPOLECC HUCCICAOBAHUA MOACIN (bYHK-
6I/I3HCC-HpOHeCCLI HCIIPO3pavHbI, COTPYAHUKHU UOHUPOBAHUA MPCANPUATHA — UMHUTAIITUOHHOC
c1abo OpeaACTaBIAlOT CBOU JOJIKHOCTHBIC 00s1- MOJCIMPOBAHHUC.
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LUubposaa moaens
npeAnpuATHA

-

OpraHvsauuoHHble Mogenu BusHec- Mopgenu paHHbIX Moaenw
MOAENH npoueccos BbIYMCAWTENBHBIX
pecypcos
OpraHusauMoHHan BusHec-npouecchl [aHHble fNokanbHaA
CTPYKTYpa NpoW3BOACTBa KOHTPAreHTos BbI4MCMTENbHAA
npeanpyuATHA ceThb
BbuzHec-npouecchl 3HaHuMA Toprosoe
3aKYNOK COTPYOHWUKOB obopynosaHue

Puc. 1. ®parmenT cTpyKTypbl TU(POBOH MOACIH MPEATIPHITHS

CoritacHo pabote [4] mocTpoeHue nudpoBoit
MOJICTI TPEANPHUATHS 3aKI0YaeTcs B OTOOpaxke-
HUM Pa3lINYHbIX aClEKTOB JACATEIbHOCTH IPEeAIpH-
SITUSI B KOMILIEKCHYIO HU(DPOBYIO MOJIEb:

f(MO) — M, (1)

rae M - COBOKYIHOCTb PaCCMaTPUBAEMBIX aCIICK-
TOB JICATEIBHOCTH TPEANPUITHS, a M — KOMILJIEKC-
Has 1UQpoBas Mojeib 3Toro npeanpustus. Ckoo-
KM O3HAYawT, YTO [ — YaCTUYHO ONPEACIICHHOE
oTOOpakeHHUe, TPU KOTOPOM MOJIEIh B HEKOTOPOH
CTEIIEHU YIIPOIIEHA M OTPakaeT TOJIHKO 3HAYUMBIC
JUTSE OIU(PPOBKU XapaKTEPUCTUKU OPUTHUHAJIA.

1 M MOXHO ONPEAETUTh CIACAYIOMUM 00-
pazom:

M =M, My, . M), @)
M =M, M,, ..., M),

e M’ 1> M 25 ene M » — paccMarpuBaeMble aclleK-
THI JESTENTFHOCTH MOJIEIUPYEMOTO TPENNPHSITHS,
M, M,, ..., M, — udpoBBIE MOJEINA COOTBET-
CTBYIOIINX ACTHEKTOB JESTEILHOCTH MOJEINPYEMO-
TO TPEANPUATHS, 71 — KOIUYECTBO paccMaTpHhBae-
MBIX aCIEKTOB U MOJIENIEH.

HudpoBas Momenb MpenoCTaBIsSET BO3MOXK-
HOCTb HCCJIENOBaTh MPENNpPHUSITHE KaK COBOKYII-
HOCTh B3aMMOCBSI3aHHBIX JIIEMEHTOB C ONpene-
JICHHBIM HAa0OpOM TapaMEeTPOB, OTCIICKHUBATH
CIOXKHBIC HCOYCBUIHBIC 3aBUCUMOCTH MEXKIY
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OTACNBHBIMUA TIApaMETpaMU H  BBISBIATH  3a-
KOHOMEPHOCTH WX B3aWMMHOTO BiusHHS. [lo-
JMOOHBIH CHUCTEMHBIM moaxon [5] mo3BoMsIeT
y4ecTh KaXJbIil acleKT JEATEIbHOCTH IPEIIpH-
sSTiss ¥ CHOPMHUPOBATH CTPATETHIO AJalTaIllul K
H3MCHEHHUSIM.

C mo3unmu CUCTEMHOIO Moaxonaa [6] mepexon
MPEANPUATUS KaK CUCTEMbI U3 OIHOTO COCTOSIHUS
(HaYamIPHOTO WJIM TIPOMEKYTOYHOTO) B JIPyroe
(TIpoMeXyTOYHOE WM KOHEYHOE) MOYKHO 3amlucarhb
CJICIYIOLIUM 00pa3oM:

O0y— 0, — 0, — ... > O (3)

rne O, — IepBUYHOE COCTOSHUE TPEANIPHUITHS J0
Havana gesrensHoctd, O, O, U T.A. — IPOMEXKY-
TOYHBIC COCTOSHHA NPCAIIPUATHA B IIpoHECCE Oe-
ATENBHOCTH, (J; — KOHEYHOE COCTOSHHUE IpEeaIpu-
ATHS TIOCJIE 3aBEPLICHUS 1eATEIbHOCTH.

KaxoMy COCTOSHHIO NPEANPHUITHS COOTBET-
ctByer mudposas moaenb M(O,). Ilepen Tem, kak
NpeanpusiTie nepeusier B coctogue O;, CTPOUT-
cs mudposas monenb M(O,) m Ha Hel ampoOu-
PYIOTCSI U3MEHEHUS:

M(Og) = M(Oy) —» M(Oy) — ... > MOy,  (4)

rae M(O,) — mnepBUYHOE COCTOSIHHE LU(PPOBOM
MOJICTI TIPENNpUSTHS 10 Hayana JesTelIbHOCTH,
M(O,), M(O,) u T.1. — IPOMEKYTOYHBIEC COCTOSIHHS
uU(pPOBOI MO NPENNpPUsATHS B Mpolecce aes-
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TensHOCTH, M(O;) — KOHEUHOE cocTostHue T dpo-
BOI MOJENU MPEANpPUATHS TOCe 3aBEepIICHUs Je-
ATCIIBHOCTH.

[peanpusrue obnagaeT OrpaHUYECHHBIMH pe-
cypcamd, MO3TOMY HEOOTyMaHHBIE HKCTIEPUMEHTHI
MOTYT €ro moryouth. MHCTpyMEHTaIbHBIE Cpel-
CTBa TIO3BOJIIIOT CMOJICITUPOBATh CPa3y HECKOIBKO
MMOTCHUHAJIBHO BO3MOXHBIX BapUaHTOB pPa3BUTHUA
MIPENPUATHS C YIETOM MHOXKECTBA MapaMeTpoOB U
3aUKCHPOBATh HanOoJIee pallOHATHHBIA BapHaHT,
oOiaaromuii ONTUMATBHBIMHI XapaKTePUCTUKAMH,
KOTOPBIA B JMajJbHEHIIIEM MOXET OBITh BHEIPECH B
peanbHYI0 JAeATeNnbHOCTh mpeanpustus. llomoo-
HBI MEXaHHU3M TI03BOJISIET «3alNISTHYTh B OyIyIee»
U OIEPaTUBHO CKOPPEKTHPOBATh KYpPC Pa3BHUTHUS
OpraHM3allid B OTBET BHENIHHUM W BHYTPEHHUM
n3MeHeHUsM. [[eHHOCTh TaHHOTO TOAXO/Ia 3aKITHo-
YaeTcs B MUHHMHU3AIUN PUCKOB, CBSI3aHHBIX C HE-
OIPENICIICHHOCTHI0, BOSHUKAOIICH MTPH M3MEHEHUHU
OTICIBHBIX AJIIEMEHTOB MPEANPUATHS 0€3 ydeTa ux
BIUSHUSI Ha BCIO CHCTEMY B 1ejoM. Takum oOpa-
30M, HCIIOJIb30BAaHUE ITU(PPOBBIX TEXHOJIOTHH MO-
JIIMPOBAaHUs TTOMOIaeT CJieNaTh MPOLEcC pa3BH-
TUS KOMIIAHUU 0O0JIee TpeICKa3yeMbIM, a 3HAYHUT,
OoJiee ynpaBisieMbIM.

He cyuiecTByeTr 1ByX MOJIHOCTBIO OJUHAKOBBIX
HNPEANPUATUN: KAKI0€ NPEAIPUITHE YHUKAIBHO.

OTOT pakT He MO3BOJISET HCIIOIB30BATh CAMHOMK/IBI
MOCTPOCHHYIO LU(PPOBYIO MOAEIb Cpa3y HECKOJIb-
KUM TpeanpusaTHsM. [ KaKAoro MpennpusiTHs
HEOOXOMMO CO31aBaTh HOBYIO MOJIENb, KOTOpas B
MOJTHOM Mepe OyleT oTpaxarh cHenu(uKy CTpPyK-
Typsl W AEATENILHOCTH 3TOro mpeanpustus. He-
CMOTpsI Ha BBICOKYIO CIOKHOCTh W 3HauUTEIIbHBIC
(UHAHCOBBIC 3aTpaThl, aKTyaJbHOCTh MOCTPOCHHUS
W WccenoBaHus HUQGPOBOH MOmeNH st Tpel-
NPUATHSL TPYAHO TMEPEONeHUTh. [paMoTHO TO-
CTPOCHHAsI MOJICJIb HE TOJILKO OKyIaercsi, HO TaK-
KE MOXKET NMPUHECTH MPHOBUIb B JOJITOCPOYHOM
nepuoe.

Kak mnpaBuio, JIOTHYECKUM MPOIOIKECHHEM
MOCTPOCHUSI TUPPOBOI MOAETH TPEATIPUSTHSI SIB-
JISIeTCS PEUHKUHUPHHT OM3HEC-TIPOIIECCOB U pas-
paboTka aBTOMATH3WPOBAHHON WH()OPMAITMOHHOM
cucrembl. [locie Toro, Kak Ha OCHOBE MOJICIH CO3-
JnaHa MH()OpPMAIMOHHAS CHUCTEMa, HAKAIJIMBaeTCs
CTATUCTHKA MO PabOTe TOM CUCTEMBI, aHAIU3UPY-
orcs pesynbrarel. C yd4eTroM IpoaHaTH3UpPOBaH-
HBIX PE3YJILTATOB BHOCATCS KOPPEKTHBBI B HHUQ-
POBYIO MOENb, MO PE3yJbTaraM MOICTUPOBAHUS
H3MEHsIeTCsl cama cuctema. Takum oOpas3om, mpo-
LECC COBEPLICHCTBOBAHHS JEATCIBHOCTH TIpel-
HOPUATHST T€UET HENPEPHIBHO, COXpaHss LEHHOCTD
MPOILIBIX UHBECTULIHH.

Cnucok JInTepaTrypsbl

1. Tonmpart, 3.M. Llens. Ilpouecc nenpepsiBHOTO coBepiieHcTBoBanus / D.M. Tonnparrt, /1. Kokc ;

nep. ¢ aunt. — Munck : [omyppu, 2009. — 496 c.

2. Tonppart, 9.M. Lenb. Ilpouecc HempepsiBHOrO ynyumieHus. Llens-2. [leno He B BeseHbe /
O.M. Tonaparr, J. Koxkc ; mep. ¢ aari. — Mocksa : Makcumym, 2008. — 778 c.
3. Tongpart, .M. lens-3 / D.M. Tonapart, D. Illparenxaiim, K.A. Iltak ; nep. ¢ auri. — Kues :

Heobxonumo, HO HEe gocTtaTouno, 2009. — 250 c.

4. Susov, R.V. Transformation of High-Tech Manufacturing Business Processes Based on
Digital Models / R.V. Susov, A.N. Samoldin // AIP Conference Proceedings. — 2023. — Vol. 2549. —

P. 080036.

5. Hug, I Opranuzanus kak cucreMa: [IpUHIUIBI TOCTPOCHUS YCTOMYMBOIO OM3HEca DiBapjca
Hemunra / I. HuB ; niep. ¢ anri. — M. : Anbnnna busuec Byke, 2007. — 370 c.
6. Mwunbnep, b. Cucremusiit monxosn kK oprann3anuu yrpasienus / b. Munbnep, JI. EBenko, B. Pa-

monopT. — M. : Dkxoromuka, 1983. — 360 c.

References

1. Goldratt, E.M. Tsel'. Protsess nepreryvnogo sovershenstvovaniya / E.M. Goldratt, D. Koks ; per.

s angl. — Minsk : Popurri, 2009. — 496 s.

2. Goldratt, E.M. Tsel'. Protsess nepreryvnogo uluchsheniya. Tsel'-2. Delo ne v vezen'ye /
E.M. Goldratt, D. Koks ; per. s angl. — Moskva : Maksimum, 2008. — 778 s.
3. Goldratt, E.M. Tsel'-3 / E.M. Goldratt, E. Shragenkhaym, K.A. Ptak ; per. s angl. — Kiyev :

Neobkhodimo, no ne dostatochno, 2009. — 250 s.

183

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Mathematical and Instrumental Methods of Economics

5. Niv, G. Organizatsiya kak sistema: Printsipy postroyeniya ustoychivogo biznesa Edvardsa
Deminga / G. Niv ; per. s angl. — M. : Al'pina Biznes Buks, 2007. — 370 s.

6. Mil'ner, B. Sistemnyy podkhod k organizatsii upravleniya / B. Mil'ner, L. Yevenko,
V. Rapoport. — M. : Ekonomika, 1983. — 360 s.

© P.B. Cycos, 2025

184

Ne 4(166) 2025



HAYKA U BU3HEC: IIYTHU PA3SBUTUA

Paznen: Peruonajbuas u oTpacjieBas JKOHOMHKa

VJIK 332.1

V.B. CAT, B.K. CEBEK

DI'FOY BO «Tysunckuii eocyoapcmeennulil ynusepcumempy, 2. Kvizoin

OCOBEHHOCTH PABBUTHUA MAJIOT'O
N CPEJHEI'O ITPEAIIPUHUMATEJIBCTBA
B PECITYBJIUMKE TbIBA

Kniouesvle cnosa: rocynapcTBeHHas MOIIEPK-
Ka; MaJIo€ U CpeaHee MPeANPUHIMATEIBCTBO; 0CO-
OenHocty; Pecriyonuka TeiBa; GpakTopbl pa3BHTHSL.

Annomayus. Maiioe npelnpruHUMAaTelIbCTBO B
PecnyOnuke TeiBa Wrpaer BaKHYIO pojib B COIHU-
aJIbHO-3KOHOMHUYECKOM DPa3BUTHH peruoHa, sBis-
sICb UICTOYHUKOM 3aHATOCTH, JJOXOJIOB HAcEJIEHUsS U
nHHOBaluH. Llens cTaTebu — Mo pesynsraTaM Uccie-
JOBaHHS ONPEACIUTh PETHOHAIBHBIE 0COOCHHOCTH
Pa3BUTHSL MAJIOTO U CPETHETO MpEAIPUHUMATEIb-
CTBa M BiMsIOmIME Ha HUX (akropsl. ['umoresa
HCCIICIOBAHUS: ONPE/eICHNE PErHOHAIBHBIX AMC-
MIPONOPLUUI Pa3sBUTHS MaJOro U CPEIHEro mpen-
[IPUHUMATENIbCTBA. MeEToIbl MCCIIEAOBAHUSA: UL
BBISIBIICHUSI 0COOEHHOCTEH PEeCIyOIMKaHCKOTO Ma-
JIOTO U CPEIHEro MPeANPUHUMATENBCTBA IPOBEICH
KOMIUIEKCHBIM aHaJIM3 UX AEATEIbHOCTH C UCIIOJIb-
30BaHMEM JKOHOMHUKO-CTATUCTHUECKHX METOIOB.
3amada WCCIEOBAHMS — BBISBICHHE PErHOHANb-
HBIX OCOOEHHOCTEH pa3BUTUS Majoro Ou3Heca.
Pesynbrarsl uccnenoBaHus: Ha OCHOBE KOMILIEKC-
HOTO aHalu3a BBIABICHBI cliel(UUIecKre peruo-
HaJibHbIe (DAKTOPHI M MPUYUHBI TEPPUTOPHAIIEHO-
ro HEPaBHOMEPHOTO pa3BUTHs Mayuoro Ou3Heca,
c(OpMUPOBaHbI MPEIJIOKECHUS 10 HUX YUYETy IpH
pa3paboTKe MjaHa pa3BUTHA Majoro U CPEIHEro
MPEANPUHUMATEIILCTBA.

B Pecryonuke TriBa, Kak ¥ BO MHOTHX JIPYTHX
peruonax Poccuiickoit deaepaiiuu, pa3BUTHE Ma-
JIOTO ¥ CPEIHEro MpeANpUHUMATENbCTBA SIBIISIETCS
BaXXHBIM (PaKTOPOM SKOHOMHUYECKOTO POCTa U CO-
nManbHON crabminbHOCTH [1]. AHamm3 AUHAMUKA
M3MEHEHHs KOJIMYEeCTBa CyObEKTOB MaJIOTo U Cpeji-
HEro TMpearpuHIMAaTEIbCTBA MO3BOJSET OIICHUTH
3 PEKTUBHOCTL MEpP TOCYNAPCTBEHHOHW IMOIACPK-
KM, BBISIBUTH NPOOJIEMHBIE 30HBI U CKOPPEKTHPO-
BaTh CTPATETUIO Pa3BUTHs NPEANPUHUMATEIHCTBA
(tabm. 1).
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AHanu3 JUHAMHUKH HM3MEHEHHs KOJNYecTBa
CyOBEKTOB MAJIOTO W CPEIHEro MpeaIpHHUMA-
TenbcTBa B PecnyOnuke TeiBa 3a mepuox ¢ 2022
mo 2024 TT. mOKa3bIBaeT, YTO PA3BUTHUE MAJOr0 U
CPEHEro MpeANpPUHUMATENIBCTBA B PETHOHE HOCUT
HEpaBHOMEPHBINH XapakTep. MUKpONpEeANpUsATHS U
caMmo3aHsiTble Haubojee YyBCTBUTEIBHBI K H3Me-
HEHUSIM 3KOHOMHYECKON KOHBIOHKTYpBI, a Majble
U CpeIHHE TMPEeNNpHUsTUs IEeMOHCTPUPYIOT Ooiee
YCTOMYUBBII POCT.

Tax, 3a nepuog ¢ 2022 no 2024 rr. B Pecny-
O0nuxe ThiBa HaOMOmasach HEOXHO3HAYHasl AMHA-
MHKa U3MEHEHHS KOJTMYIeCTBa MUKPOTIPEAITPHUSITHH.
B 2022 1. ¢ukcupoBancs yMEepeHHBIH POCT YHCITA
MUKPOTIPENNPUATHH, OOYCIOBICHHBIH, B YaCTHO-
CTH, peaiu3alyell MporpaMM MOANEPKKH Hadu-
HAaWIIUX [peANpUuHUMAaTeNIed U YHPOIIEHHON Cu-
creMoi Hanorooomoxxenus [2]. Ognako B 2023 1.
OBUT OTMEYEH CIIaj, CBSI3aHHBIA C YCHUJIIGHUEM KOH-
KypeHLIMH, POCTOM H3/Ep)KEeK IPOU3BOJICTBA U
OTPaHUYCHHBIM JIOCTYNOM K (PUHAHCHPOBAHHIO.
B 2024 1. cutyauus crabunusupoBajach M Hame-
TUJIaCh TEHJICHIHMSI K BOCCTAHOBJICHHUIO Onaromaps
aJanTauuyl MHUKPONPENNPUATHI K HOBBIM JKO-
HOMHYECKUM YCIOBHSIM ¥ PACHIMPEHHUIO PHIHKOB
cObITA.

JluHamMuKa W3MEHEHHMsS KOJIMYECTBA MAJbIX
npennpuatuii B PecnyOonmuke TeiBa B paccmarpu-
BaeMBIl MTEPHO] XapaKTepu3yercs Ooyee cTaOuihb-
HBIM POCTOM TIO CPaBHEHHUIO C MHUKPOTIPEATIPHITH-
avu. B 2022 u 2023 rr. HaOmrogancs ymMepeHHBINH
pUPOCT, 0OYCIIOBICHHBIH peaju3anneil HHBeCTU-
LIMOHHBIX TMPOEKTOB M OCBOCHHEM HOBBIX BHJIOB
nestenbHOCTH. B 2024 T. TeMIBI poCcTa HECKOIBKO
3aMeJUINIINCh, YTO CBS3aHO C HACBIIIEHUEM OT/IEeINb-
HBIX PBIHKOB W YCHJIEHHEM aJMHHUCTPATUBHOIO
JTaBJICHUSI.

KonmnuectBo cpennux npenmpusaruii B Pecry-
Omuke TwIBa OCTaeTCs OTHOCHTENBHO HEOOIBIINM
U XapakTepusyeTcsd HHU3KOH BOJATUIBHOCTBIO.
B 2022-2024 rr. HaOMHOOAINCh, HE3HAYUTEIIHLHBIC
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Taoauna 1. KonmrgecTBo CyOBEKTOB MajloTo M CPEIHEro MPeNpUHAMATEECTBA U
caMo3aHATHIX rpakaaH B CuOupckoM (enepaibHoM okpyre (1o cocrosHuo Ha 31.12.2024 r)
(cocTaBiieHO aBTOpaMH Ha OCHOBE JaHHBIX EMMHOTrO peectpa cyObEKTOB MaJIOTO M CPEAHETO

npeanpuanMarensctea @HC Poccum)

Hanierosante cyGsexra PO KonngecTBo caM03aHATHIX MpakIaH, yell. Yucno cyosexros MCII, ven.
Bcero Camo3aHsATbIC 4181 Bceero IOp. nun nIt

Poccwuiickas deneparus 12743241 | 12111 159 632082 | 6588535 | 2260035 | 4328066
Cubupckuit penepanbueiii okpyr (CPO) | 1303 589 1243 735 59 854 651 803 229514 422 230
Pecmrybnmka Anrait 18 103 17 088 1015 9138 2453 6 682
Pecny6nmka TriBa 22 745 21725 1020 10 179 1470 8709
Pecny6nmka Xakacus 32 809 31098 1711 18 021 4549 13 464
Anralickuii kpait 148 799 141 957 6 842 79 055 26 870 52184
KpacHospcknit kpait 235 685 224 306 11379 113 108 40 444 72 657
UpkyTckas obnacth 174 822 167 122 7700 90 922 30259 60 643
Kemeposckas obnactb 149 180 142 620 6560 72 053 22767 49 280
HoBocubupckas obnacts 287 706 273 909 13797 152 164 62 616 89 543
Omckast o6nactb 150 897 145 113 5784 65 898 22 114 43 780
Tomckast 06macTb 82 843 78797 4046 41 265 15972 25289

KoNeOaHusl YHCICHHOCTH, CBS3aHHBIE C peayn3a-
Mel OTNEeNbHBIX WHBECTHIIMOHHBIX IPOEKTOB W
peopraiuzaiueil CymecTBYIOIUX PEANPUITHH.
Pa3Butne cpemnero Om3Heca B PErwoOHE CHEPIKH-
BaeTCs OrPaHUYEHHOCTHIO (PHHAHCOBBIX PECYPCOB,
KaJpOBbIM Je(UIIMTOM M HEPA3BUTOCTHIO HMH(PaA-
CTPYKTYPBHI.

B nocnennue romsl B PecnyOnmuke TrhiBa Ha-
OnrofaeTcsi 3HAUYUTENBHBI POCT 4YHCIA CaMmo-
3aHATBIX TpaxaaH. B 2022 r stor pocT ObLI
00yCIIOBJICH BBEICHUEM CIIEUAILHOTO HAJIOTOBO-
r'O PeKUMa JJIsi CAMO3aHATHIX U YIPOIICHHEM IPO-
uenypsl peructpaunu. B 2023 u 2024 rr. TenaeH-
LUl COXPaHWIIACh, YTO CBUACTEIHCTBYET O IOBBI-
[ICHHH HWHTEpeca HACEJCHHS K CaMOCTOSTEIbHOU
3aHATOCTH M Pa3BUTHIO Majioro omsHeca. Camosa-
HATBIE UTPAIOT BAXKHYIO POJIb B O0ECTICYCHUN 3aHS-
TOCTH HACEJICHUS U Pa3BUTHH Cephl YCIYT.

AHanu3 pa3BUTHA Majoro OW3HEca B pecIy-
OMKe CTAJIKUBACTCS C PSIOM  CcIlenupraecKux
(bakTOpoB, OOYCIOBIEHHBIX €€ OTIaJICHHOCTHIO,
CIOXHBIMHA KJIMMAaTUYECKAMU YCIOBUSAMH U OCO-
OCHHOCTSMH MECTHOM 3KOHOMHKH [3—5].

[IpuponHO-KIMMaTHYECKHE YCIOBHUS pECIy-
OJMKH PE3KO KOHTHHEHTAIBHBIE, YTO 00YCIOBJICHO
OOJILIIMMU KOJICOAHUSIMH TEMIIEpaTypbl, 3TO CO3-
JaeT MPEMSTCTBUS JIOTHCTUKY 110 OHOH (enepab-
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HOW aBTOMOOMJILHON OpOre, COCIUHSIONICH peru-
OH C JIPYTMMH CYOBEKTaMH CTpPaHbl. YIaJeHHOCTh
OT OmKalIield >KeJIe3HOW JOpPOrH COCTaBIISET
500 kM uepe3 ropubrii xpeder CasiHbl. Pe3ko koH-
TUHEHTAJIBbHBIM KJIMMaT W HEpPa3BUTOCTb TpaHC-
MOPTHOW WH(PACTPYKTYPHI BIUSIOT Ha IEpCIIeK-
TUBHBIE BUJBI SKOHOMHUYECKON JIEATEIBHOCTH, T
TpeOyIoTCsS COBpEMEHHBIE TEXHOJIOTHH, HAIpUMeED,
repepaboTKa TPOMYKIIUH CEIBCKOTO XO3SICTBA,
pa3BUTHE TypHU3Ma.

JoMuHMpytonieil OTpaciipio B 3KOHOMHKE pe-
CIyONUKH SIBISETCSA J0OBIYa TOJE3HBIX HCKOIIae-
MBIX (KaMEHHOTO YTJIS, IBETHBIX, ONArOpOJHBIX U
pPenKO3eMEeNbHBIX METAJIOB), T/I€ MaJlble TIPEATPH-
ATUS HE MPUHUMAIOT yYacTHs U3-32 KOHKYPEHIIUN
C KPYHHBIMH KOMIaHUSMH. OCHOBHBIE BHJIBI HKO-
HOMMYECKON JESATENBHOCTH MAaJbIX IPEIIPUATHI
CBS3aHbl C TOPIOBJEH, CEIBCKUM XO3SHCTBOM C
npeoOiiajaHueM >KWBOTHOBOJCTBA HaJ BBIpAIIU-
BaHUEM CEJbCKOXO3SIMICTBEHHBIX KYJIBTYp C Majol
nonel mepepaboTku Msica u Momoka. U3 22 %
CEJIbCKOXO03AUCTBEHHBIX YTOAMN MAIllHU COCTABIIA-
10T 5 %. [Ipu Benyuieil ponau >KMBOTHOBOJCTBA OT-
CYTCTBYIOT TIPEIIIPHUATHS 110 TiepepaboTKe MEepCTH,
LIKYp U KOKEBEHHOTO ChIpbsi. Hu3kas mIOTHOCTH
HaceJeHus, YIAJICHHOCTh OT KPYIHBIX SKOHOMHU-
YECKUX LEHTPOB OTPAaHUUYMBAIOT BHYTPEHHUU pBbI-
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HOK, YTO CTaBHUT pabOTy Mayoro Ou3Heca B BBICO-
KYIO 3aBHCHUMOCTH OT CYOCHIUI TOCYIapCTBa.

CommokynsTypHBIE (DaKTOPBI, CACPKUBAIOIIINE
Pa3BUTHE MAJIOrO MPEAPUHUMATEIBCTBA, CBSI3aHbI
C OKOHOMHKO-TeOTpah)uIeCKUMH, COLHATHHO-]Ie-
MorpaduueckuMu acniekramu. Hemoctarok xBamm-
(hUIUpOBaHHBIX KAJPOB, OTCYTCTBUE ITEPBOHAYATH-
HOTO COOCTBEHHOI'O KaluTaja M HEA0CTaTOYHas
UH(POPMUPOBAHHOCTH HACETICHUS O TIPUHUMACMBIX
Mepax OpraHaMu BJAaCTH JUIs BEICHUS MaJIOro Ou3-
Heca COBPEMEHHBIMU TEXHOJIOTHSIMHU CIEPKUBAIOT
MPENPUHAMATEILCKUE HHUIUATUBBI, OCOOCHHO
B CEJIbCKOM MECTHOCTU. B 3TOH CBsA3M HaceneHue
CEJILCKOM MECTHOCTU B OCHOBHOM 3aHUMAETCS Tpa-
JUIUOHHBIM BUJIOM Pa3BEICHUS JOMAIIHETO CKOTa
U HapOAHBIM MNPOMbICIOM. OTCYTCTBHE PBIHKOB
cObITa TMPOAYKIHUU >KUBOTHOTO TPOUCXOXKIICHUS
JIelaeT JOXOAHOCTh KPECThSIHCKUX U JIMYHBIX MOJ-
COOHBIX XO3STHCTB HU3KOM.

B cooTBeTcTBUU € rOCyqapCTBEHHOM MPOrpam-
Mol «Pa3BUTHE MaJlOr0 M CPEIHEro MpearnpuHH-
MatenbcTBa PecryOomuku TwiBay, yTBEpiKIeHHOM
12.10.2023 r., mpemycMOTPEHbI Mephl MOAJIEPK-
ku: oOydaromue Kypchl, CEMHUHAPBI, OpPTraHU3aIIHsI
Ou3Hec-MHUCCHI, CONEHCTBUE YYacTHUIO Majoro
CpeIHEero MpeaNpUHIMATEIHLCTBA B BBLICTABOYHO-
SIPMAapOYHBIX MEPOIMPHUATHUSIX, YBEIUUCHUE TPYHTO-
BOTO KamuTasia u jp. [6]. BmecTe ¢ TeMm, kak ObLIO
BBIIIIE OTMEYEHO, WH(POPMHUPOBAHHOCTh MPUHUMA-
EMBIX MEp TOJJICPKKH MaJioro OM3HEeca HHU3Kasl.
AkTHBHO peanusyroTcs ['yOepHATOpCKIE MPOSKTHI,
HaIlpaBJICHHbIC HA MOAJCPKKY HACEICHHUS, IPOKU-
BAIOIIETO B CeNbCKOM MecTHOCTH. Hepocrarounoe
pa3BUTHE TPAHCIIOPTHOM, SHEPreTUUECKON U Telle-

KOMMYHHUKAllUOHHOW ~ MH(QPACTPYKTYp  CHIDKAET
3¢ (eKTUBHOCTh NMPHUHUMAEMBIX MEP W KOHKYPEH-

TOCITIOCOOHOCTh ~ MAJIOTO  MPEIIPUHUMATEIbCTBA
pecIyOIuKy.
MUHHUCTEPCTBO SKOHOMHUYECKOIO  Pa3BHUTHS

u npomblinuieHHocTH PecryOnukn TeiBa B 2025 T
IUTAHUPYET YAENUTh BHHMaHHUE CJEIYIOIIUM Ha-
npasieHusM [7]:

— Ppa3BUTHIO WHHOBALMOHHBIX IPOEKTOB H
IU(pPOBHU3ALMU MAJIOTO U CPEAHEro NpeInpuHIMa-
TEJbCTBA;

— CTUMYJHMPOBAaHHUIO CIIPOCA Ha MPOAYKIHIO
MaJIOTO U CpeiHEero OM3Heca IyTEeM PaCILIUpPEHHS
HX JOCTYIIAa K TOCYJapCTBEHHBIM 3aKYIIKaM;

— COHCHMCTBUIO pa3BUTHIO KOOIEpaLUU MU
(OpMHUPOBaHUIO HOBBIX PHIHOUHBIX HAIPaBICHUM;

— CO3JaHMIO YCJIOBUH TEXHOJIOTHYECKOIO
Pa3BUTHS IPENPUATHUIH;

— COBEpILIEHCTBOBAHUIO MOJUTHKH B 00OJIACTH
HaJIOTOOOJIOKEHHSI M HEHAJIOTOBBIX IUIaTekeH;

— JIBTOTHOMY KpPEIUTOBaHMIO ISl BEJICHUSA
MpeINPUHUMATEIBCKON JeSITENbHOCTH B CEIbCKUX
TEPPUTOPHSIX, & TAKXKE B TEX BUJIAX OM3HEca, KOTO-
pBIe MEHEe Pa3BUTHI;

— aKTyaJM3allud CTPOUTENIbCTBA IKEIE3HOU
noporn Kemein — KyparuHo g pacmmpeHus
TPaHCHOPTHBIX BO3MOXXHOCTEH PeCITyONIUKH.

CucreMa rocynapcTBeHHOM MOAIEPIKKH Mallo-
ro OM3HECAa M CaMO3aHATHIX, PA3BUTHE PHIHOYHOM
HHPPACTPYKTYPBI, YIyUIIEHHE HHBECTHLHOHHOIO
KJIMMaTa U CTUMYJIUPOBAHHUE MHHOBAIlMOHHOM ak-
TUBHOCTH OYyIyT CIIOCOOCTBOBATH MallbHEUIIIEMY
Pa3BUTHUIO MAJIOTO U CPENHETO IPEANPUHUMATEIIb-
ctBa B PeciyOnmuke TriBa.

Cnucok JIMTepaTypsbl

1. Cesek, B.K. YnpaBienne 4enoBedecKuM KallUTAJIOM B YCIOBUSX MOAEPHHU3AINH SKOHOMHKH: MO-
Horpagus / B.K. Cesek, A.D. Uynbaym. — Kei3ein : M3narenscteo TysI'Y, 2023. — 80 c.

2. Ilocranosnenne IlpaButensctBa PecrryOmukn TeiBa ot 12.10.2023 . No 748 OO yTBepKACHUN
rocymapcTBeHHON TporpaMmbl PecrryOnmmku TriBa «Pa3BuTHE Majoro W CpeaHETO MPEANPUHAMATEIBCTBA
B PecrryOnmuke TriBay [DnektponHBIN pecypc]. — Pexum moctyma : http://pravo.gov.ru/proxy/ips/?docbod
y=&prevDoc=166149085&backlink=1&&nd=166152442&ysclid=mad4ugxdo6904455598.

3. Jonrak, b.A. OueHka BIUSHAS Mep TOCYIapCTBEHHOW IMOMIEPIKKH HA Pa3BUTHE MAJIOTO W CPEIl-
Hero npeanpuHuMarenbeTBa Pecriyonukn Teiea / B.A. lonrak, O.H. Monrym, A.O. Oron, C.A. Onnap //
Hayka u 6msHec: mytu pazsutus. — 2024. — Ne 11(161). — C. 136-138.

4. Cosmn, lIL.Y. Pa3BuTue manoro npeanpuHuMareiabcTBa B TyBe [DneKTpoHHBIN pecypc]. — Pexum
nocrtyma : https://cyberleninka.ru/article/n/razvitie-malogo-predprinimatelstva-v-tuve/viewer.

5. Cesek, B.K. Tpern peiaka Tpyga u 3aHstoctd B Poccun n Pecrybmmke Teia / B.K. Cegek,
A.A. Cepaaxuxkneit, L11.B. Kyynap / Hayunsie Tpyast BonbHoro sxonomnueckoro obmectsa Poccun. —

2024. —T. 249. — Ne 5. — C. 399-420.

6. Ilocranosnenue [IpaBurensctBa Pecnyonuku TeiBa ot 21.03.2024 . Ne 748 OO0 urorax aesiteib-

187

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Regional and Sectoral Economics

HOCTH MUHHCTEPCTBAa SKOHOMHUYECKOTO Pa3BUTHUS U MpoMbInuieHHOCTH PecryOnuku Teia 3a 2023 ron u
0 TPUOPUTETHHIX HAIpaBICHUSIX JesTenbHOCTH Ha 2024 1. [DnekTpoHHBIH pecype]. — Pesxxum moctyma :
http://www.npa.rtyva.ru/page/7137.html.

7. TlomBemeHbl UTOTH JEATEIBHOCTH MUHHCTEPCTBA YKOHOMHUYECKOTO Pa3BUTHS M MPOMBIIIIICHHO-
ctu PT B cdhepe manoro u cpennero npeanpunumareabctsa 3a 2024 ron // VIHBECTUIIMOHHBIA TOPTAT
PecniyOnuku ThiBa [DnekTpoHHbIH pecypc]. — Pesxum gocrymna : https://ituva.ru/news/327.html.

References

1. Sevek, V.K. Upravleniye chelovecheskim kapitalom v usloviyakh modernizatsii ekonomiki:
monografiya / V.K. Sevek, A.E. Chul'dum. — Kyzyl : Izdatel'stvo TuvGU, 2023. — 80 s.

2. Postanovleniye Pravitel'stva Respubliki Tyva ot 12.10.2023 g. Ne 748 Ob utverzhdenii
gosudarstvennoy programmy Respubliki Tyva «Razvitiye malogo i srednego predprinimatel'stva v
Respublike Tyva» [Electronic resource]. — Access mode : http://pravo.gov.ru/proxy/ips/?docbody=&prev
Doc=166149085&backlink=1&&nd=166152442&ysclid=madugxdo6904455598.

3. Dongak, B.A. Otsenka vliyaniya mer gosudarstvennoy podderzhki na razvitiye malogo i
srednego predprinimatel'stva Respubliki Tyva / B.A. Dongak, O.N. Mongush, A.O. Oyun, S.A. Ondar //
Nauka i biznes: puti razvitiya. — 2024. — Ne 11(161). — S. 136-138.

4. Soyan, SH.CH. Razvitiye malogo predprinimatel'stva v Tuve [Electronic resource]. — Access
mode : https://cyberleninka.ru/article/n/razvitie-malogo-predprinimatelstva-v-tuve/viewer.

5. Sevek, VK. Trend rynka truda i zanyatosti v Rossii i Respublike Tyva / V.K. Sevek,
A.A. Sereezhikpey, SH.V. Kuular // Nauchnyye trudy Vol'nogo ekonomicheskogo obshchestva Rossii. —
2024. —T. 249. — Ne 5. — S. 399-420.

6. Postanovleniye Pravitel'stva Respubliki Tyva ot 21.03.2024 g. Ne 748 Ob itogakh deyatel'nosti
Ministerstva ekonomicheskogo razvitiya i promyshlennosti Respubliki Tyva za 2023 god i o
prioritetnykh napravleniyakh deyatel'nosti na 2024 g. [Electronic resource]. — Access mode : http:/www.
npa.rtyva.ru/page/7137.html.

7. Podvedeny itogi deyatel'nosti Ministerstva ekonomicheskogo razvitiya i promyshlennosti RT
v sfere malogo i srednego predprinimatel'stva za 2024 god // Investitsionnyy portal Respubliki Tyva
[Electronic resource]. — Access mode : https://ituva.ru/news/327.html.

© V.B. Car, B.K. Cesek, 2025

188

Ne 4(166) 2025



HAYKA U BU3HEC: IIYTHU PA3SBUTUA

Pasnen: ®unancol

YK 368.3:005.6

U.I1. VUMAHOBA, I1.A. IOTAPEB, E.J]. IVHEBA

Unemumym nepmenepepadbomru u nepmexumuu @I'EOY BO « Yhumckuii eocyoapemeennulil

Heghmsnot mexHuueckull yHugepcumemy, 2. Carasam

PASPABOTKA ITPOI'PAMMHOI'O MOAYVYJIA
IHO ®OPMHUPOBAHUIO PACXOJ10B
HETOCYJAPCTBEHHOI'O HEHCHUOHHOI'O
CTPAXOBAHUA

Kniouesvle cnosa: aBromaruzalys pacyeTos;
HEroCyZllapCTBEHHOE TIIEHCHOHHOE CTpaxXOBaHHE
(HIIC); mporpaMMHbIii MOY/b; (PUHAHCOBBIE I10-
KazaTemH.

Annomayus. B craTtbe paccMaTpuBarOTCs Ipe-
MMyIIecTBa pa3paboTKH IMPOrpaMMHOTO MO
Ha margopme 1C:Ilpeanpustue mo cpaBHEHUIO C
ucnonb3oBanueM SAP B cdepe HerocyaapcTBeH-
HOTO TIEHCHOHHOTO cTpaxoBaHMa. OTMedarorcs
BBICOKasl aJalTHBHOCTb, TMOKOCTb, JOCTYHMHOCTD
U MpoCTOTa BHEApPEeHHMs perieHuil Ha 6ase 1C. Lle-
JIBIO MCCIICOBAHMSA SIBJSIETCS CO3JaHKE aBTOMATH-
3UPOBAHHOTO MOJYJSl AJISl pacueTa pacxoioB, CO-
OTBETCTBYIOIIETO TPEeOOBaHUAM IPPEKTHBHOCTH,
TOYHOCTH U aJanTHUBHOCTH. B pabore mpumeHeH
ONTUMM3UPOBAHHBIM TOAXO K OLEHKE (puHAHCO-
BBIX II0KA3aTeleil, a TECTUPOBAHUE IPOBEIECHO Ha
OCHOBE JaHHBIX KpPYIHOW CTPaxOBOM KOMIIAHHH.
PazpaboTtanablii MOIYTh CIOCOOCTBYET IOBBIIIE-
HUIO KayecTBa YNpaBJICHUS, yCKOPEHUIO aBTOMaTH-
3alluM M YIyYIICHUIO0 (PUHAHCOBOHW OTYETHOCTH.

BBenenue

B mocnennue romel B Poccuu Habmomaetcs
AKTHBHBIN MTPOIECC UMIIOPTO3aMEIICHHSI B pa3iiHy-
HBIX cepax SKOHOMHKH, B TOM YHCIIC H B 00JaCTH
nH(pOpPMATMOHHBIX TexHojorui. OcobeHHO 3Ta
TEHJICHIINs aKTyaJlbHa JIJIsl (PMHAHCOBOTO CEKTOpa,
I7Ile MHOTHE KOMIIAHWU HCIOIB3YIOT 3apyOeKHEIC
pemenus g OyXralaTepcKOTO y4eTa, yIpaBIeHUs
(mHaHCAMM M pacyeTa MEHCHOHHBIX HAKOIUICHHH.
OnHako 3aBHCUMOCTb OT HMIIOPTHOTO IIpOrpam-
MHOTO OOECIeueHHsl CO3/1aeT Psifi PUCKOB, CBS3aH-
HBIX C UIBMCHCHHUEM MCX(ILYHapOHHOﬁ IIOJIUTUKU U
HECTAOWILHOCTBIO B SKOHOMHKE. TakuMm 00pa3oM,
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pe3yJIbTaThl HAIEro MPOCKTa MOTYT 3HAYUTEIBHO
YIPOCTUTh TPOIECC aIMHUHUCTPUPOBAHUS HETO-
CY/IapCTBEHHOTO TICHCHOHHOTO CTpPaxOBaHHS, IO-
BBICUTH €r0 3((QEeKTHMBHOCTh M CHU3UTH 3aTpPaThl
KOMITIaHU#, YTO, B CBOI Ouepeib, OyIeT Croco0-
CTBOBaTh 0Oo0Jiee aKTHMBHOMY pPa3BUTHIO JTOTO CEr-
MeHTa peiHka B Poccuu [1].

OcHoOBHAafl YacTh

B Hactosmiee Bpemsi MHOTHE KOMITAHHUHM HC-
MONB3YIOT SAP ans ynpaBieHUs CBOMMHU OW3HeC-
npormeccamu, BKIodas pacdetsl HIIC. Onnako
paspaborka mporpammuoro momyast mist HIIC ma
wiarpopme SAP TpeOyeT 3HAYUTEIbHBIX 3aTpaT U
3aBUCUT OT BHEIIHHX (AKTOPOB, TAKHX KaK CTO-
HUMOCTb JIMIIEH3UM U JIOCTYIHOCTb TEXHUYECKOU
nojyiep Kk [2]. BreimonmHenne OwusHec-mpolecca
npeacTaBieHo B Buae auarpamMmmsl /DEF0, nzo0pa-
>KeHHOU Ha puc. 1.

Ha nmannbplii MOMeHT Oyxrajirep, moiyd4asl OT
oTAena KaapoB HH(POPMAIUIO O MOCTYIUICHUU Jie-
HEXHBIX CPEJICTB Ha COJNUAAPHBIA CYET U OT He-
rocyirapcTBeHHOTo TneHcnoHHoro ¢ouga (HIIMD)
WH(OPMAIIHIO O TIOCTYTUIEHUX ACHEKHBIX CPENICTB
Ha MMEHHOH cueT, coeduHseT ee B omuH Excel
(haiin, B KOTOPOM BPYYHYIO MIPOU3BOAUT HEOOXOIH-
MbI€ pacueThl Ha HETOCYAAPCTBEHHOE TIEHCHOHHOE
crpaxoBanue. [locne atoro rotoBeii Excel daiin
Oyxrairtep 3arpyxaet B cucremy SAP u ocyiecrt-
BJISIET €r0 IPOBOJKY B cucTeme BpyuHyro. [lanee
WTOTOBasi CyMMa IepeslaeTcsl B OTYET MO KOCBEH-
HBIM pacxofiaM, mocje 4yero (GpopmMupyercst Hajaor
Ha MpUOBLTL M 3aHOCHUTCS B JICKJIApAIMIO I Ha-
JoroBoi cimyxObl. Cxema mpolecca, Kak OH €CTh
ceifyac, pecTaBIeHa Ha pucC. 2.

Byxrantep momywaer oT oTAena KaapoB HH-
(dbopmarIo O TOCTYIUIEHUHM JIEHEKHBIX CpPEJCTB
Ha conuuapHelii cuet, a taxke or HIID nanubie

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Finance

Broamermek sozesc  Bmywpessne noanem
e

|

m peraavenT

__ Mmpopsasmn o osTymsems anmer m__
aoanaapmah s

_ Mmboparsmmn ¢ mocrynaesn senes w
cubr =

DOPMRPOBAHEE PACTOI0E N0

——dumanccoami oTaer .

Tekrapame —————

1

Cotpyamen
oTzem

SAPERP

L ——

Puc. 1. Inarpamma IDEF(0 Ou3Hec-npoliecca «Y4eT pacxoJ0B Ha HEroCylapCTBEHHOE IIEHCHOHHOE
CTPaxXOBaHUE»

Puc. 2. Jlexkommosuius GyHKIIHOHATBHOTO Oj10ka «Kak ecThy»

0 TIOCTYIUICHUSIX Ha uMeHHOU cuer [3]. Jlamee B
cucreMe 1C TIpoOBOAATCS aBTOMAaTW4YecKue pac-
YeThl TI0 HETrOCYAapCTBEHHOMY IEHCHOHHOMY
crpaxoBanuio. [locne sToro urorosasi cymma Ie-
penaercst B OTYET MO KOCBEHHBIM pacxonam, (op-
MUPYETCsl HaJOr Ha TNPUOBUIb, KOTOPBIH 3areM
3aHOCHUTCSl B JIEKJapaluio Uil HaJOTOBOM CITyX-
O0bl. Cxema TeKyLIero mpoluecca NpeacTaBieHa
Ha puc. 3.

PeanuszoBau MaHHBIA MOZYJb B
1C:Ilpeanpusatun, pacyeT MoJiel NeTaeTcsi TaKUM
obpasom: cremana uHTErpamus ¢ Excel, m TaM co3-
JaeTcss MOKYMEHT IO COTPYyAHHWKaM, B KOTOPBIH
BXoIAT ompeaeneHubie mons (PUO, mara pox-
JICHUsI, JlaTa HACTYIUICHUS TICHCHOHHOTO BO3pac-
Ta, Jlara YBOIBHEHUS, CTAX, CyMMa COJHIAPHOTO
W MMEHHOTO cuera). [lamee Mo 3TUM JIaHHBIM Jie-
JIAeTCsI aBTOMATHYECKHU pacuer Ooiee 15 momeit.
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Ha puc. 4 moka3aHo, kKaK BBIIVISIAT TIIABHOE OKHO,
B KOTOPOM MBI MO)KEM 3aIlicarh JOKYMEHT, a TaK-
K€ €ro TPOBECTH, TaM K€ €CTh KHOIKa 3arpy3KH,
9Ta KHOMKa KaK pa3 MOATPY)XaeT JOKyMEHT U3
Excel.

HerocynapcTBeHHOE TEHCHOHHOE CTPaxoBa-
HUE MO3BOJISICT TPakKaHaM HaKaIlIMBaTh CPEJCTBA,
KOTOpbIC OyJIyT BBIIIAYUBATHCS B BUJC IMEHCHOH-
HBIX BBITUIAT B OyayiieM. OCHOBHBIM HMCTOYHHUKOM
(dhopmuposanust pacxofos HIIC siBiisiroTcst B3HOCH
yuacTHUKOB [4]. Hanpumep, ecau B 2023 1. B HIIC
Y4acTBYIOT S5 MWUTMOHOB UYEIOBEK, U KaXKIbIN
n3 HUX BHocHT B cpenHeM 10 000 pyOmeii B rom,
TO 00U 00bEeM B3HOCOB MOXKHO PacCUMTarhb IO

(hopmye:

OO0wmwmii 00beM B3HOCOB = KonnyecTBo
y4acTHUKOB X CpemaHwuii B3HOC [6];
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Puc. 4. ['maBHOE OKHO (hOPMHUPOBAHUS PACXOIOB

O6mmit 006em B3HOCOB = 5 000 000 X
10 000 = 50 000 000 000 pyoOnei
(50 munmmapmoB pyoueit).

OTH CpeAcTBa 3aTeéM WHBECTHUPYIOTCS TICH-
CHOHHBIMH (pOHAAMU B pasiuyHble (PUHAHCOBHIE
WHCTPYMEHTHI, TaKWe KaK aKIMH, OOJUTAINu |
HEJBUKUMOCTB, C IICJIbI0 TIONyYeHus moxoxa [5].
Ecnu npenronioxuth, 4TO MEHCUOHHBIA (OHJ T0-
JydaeT CPEAHIOI0 TOXOAHOCTh Ha ypoBHE 6 % ro-
JIOBBIX, TO JOXOA OT MHBECTULIUNA MOXHO PacCyu-
TaTh CIACAYIOUIMM 00pa3oM:

Joxox ot nuBecTHIME = OOIIHI 00beM
HakorieHu X JloxogHocts [9];
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Hoxon ot uusectunmit = 50 000 000 000 x
0,06 =3 000 000 000 pyOneit
(3 Mumnapaa pyoneit).

3aKJjoueHue

DopMHEpOBaHNE PACXOIOB HETOCYIAPCTBEHHO-
rO TICHCHOHHOTO CTPaxXOBaHHWS SIBISICTCS BaXKHBIM
aCIeKTOM, TPeOYIOIMM KOMILIEKCHOTO TOIX0Aa |
yueTa MHOXKECTBa (DaKTOPOB, TaKUX KaK B3HOCHI
YYACTHUKOB, JOXOAHOCTh WHBECTHUIIMH M PACXOJbI
Ha ynpaejicHue. DPPEKTUBHOE YIPABICHHUE TICH-
CHOHHBIMH HAaKOIUICHUSIMU MMEET peliaroiiee 3Ha-
yeHue Jis oOecrieueHus: (GUHAHCOBOH Oe30IacHo-
CTH TpaxJaH B crapoctu [14]. B aToM koHTekcTe
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- Pacxone HNC 000000001 o1 29.04.2025 211555

Puc. 5. Apromarndeckuii pacder mojei

Trasson Cemoman GyafTect e CeaTy Gunnie: e faezd Pacut HIC Ol 3 mapeca

Mapawerpe: Mepwog: 01.04 2025 - 30.04 2025

MNepuca Sua nvge Cyumia
frees

50
L
2 80
25,50

Jann
2 150 820,30
Puc. 6. Otuer 3a nmepuon

WCTIONIb30BAHNE COBPEMEHHBIX HH()OPMAIMOHHBIX Ta B HCIONb30BaHHHU 1C TO3BOJISIOT KOMITAHUSM
cucreM, takux kak 1C:llpeanpusitue, mpennaraet  ObICTpee aAanTUPOBATHCS K M3MEHEHUSIM Ha PHIHKE
3HAYUTENbHBIE TMPEUMYIIECTBA MO CPaBHEHHWIO C W B 3aKOHOMNATENLCTBE, YTO CIOCOOCTBYET ITOBBI-
Ooree CIOKHBIMHU M 3aTPAaTHBIMHU PEUICHHUSIMH, Ta-  IICHWIO YPOBHS JKW3HM TIEHCHOHEPOB M YKpeTuie-
KuUMH Kak SAP. 'mOKOCTh, TOCTYITHOCTD M TIPOCTO-  HHUIO HoBepus k cucreme HIIC.
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BHEJAPEHUE BUJIEOKOHTEHTA B UAT-bOT
KAK MAPKETHUHI'OBASA CTPATEI'US:
NCCIEJOBAHUE DOPEKTUBHOCTH

Knrouesvie cnosa: BuneoxonteHt; UT-cexrop
9KOHOMHWKH;, MapKEeTHHIOBasi CTPaTeTHs; MOIb30Ba-
TEJILCKUI ONBIT; U(POBasi IKOHOMHUKA; 4aT-O00ThHI,
A/B-tectupoBaHue.

Aunomayus. B crarbe uccnenorana 3dgex-
TUBHOCTh BHEJPEHHS BHUICOKOHTEHTAa B 4aT-OOTHI
OpraHu3aldi KaK MapKeTUHIOBOM crpareruu. ['u-
MOTE30i HCCIIEIOBAHUS SIBISACTCS TOT (PAaKT, 4TO
3aMeHa TEKCTOBBIX MHCTPYKUHMH HA BUIACOKOHTECHT
YBEIUYUT SPPEKTUBHOCTE MApKETHHIOBOW Jesi-
TEJILHOCTH. B KauecTBe MeTona McClieoBaHuUs HC-
MoJIb30BaHO A/B-TectupoBanue. Pesynbrarel wmc-
CJICZIOBAHUSl TOKA3aJM, YTO KIIIOUEBBIC METPHKH,
TAaKMe KaK BOBJICUCHHOCTb I10JIb30BATENCH, IO
aBTOMAaTH3UPOBAHHBIX 3alPOCOB U YNOBJICTBOPEH-
HOCTb KJIMEHTOB, 3HAUUTEIbHO BO3POCIM IOCIE
BHEJIPEHUS BUICOKOHTEHTA B 4aT-00T.

BBenenue

B snoxy mudposoit TpanchopManuu Mapke-
TUHTOBBIC CTPATErMH aKTHBHO Pa3BUBAIOTCS, aJarl-
TUPYSICh K HOBBIM TEXHOJOTHSIM W TOTPEOHOCTSIM
norpedbureneii. CoBpeMeHHbIE MHCTPYMEHTHI, Ta-
KH€ KaK COI[MAJIbHBIE CETH, HCKYCCTBEHHBIN MHTEI-
JIEKT, KOPOTKWE BHJICOPOJMKH W TerMHpHUKaIus,
MTO3BOJISIIOT KOMTIAHUSAM 3(G(OEKTHBHO B3aUMOICH-
CTBOBAaTh C ayIUTOPHEH, MOBHIIIAS BOBICYCHHOCTh
" KoHBepcwuio [3].

Yar-00ThI cTamu OAHUM U3 KITFOYEBBIX HHCTPY-
MEHTOB aBTOMATH3alliH, OCOOCHHO B OaHKOBCKOH
chepe. OHu crnocoOHBI 00padaThIBaTh 3arPOChI
KJIMEHTOB, PAaclO3HAaBaTh M300pakeHHUsS M TOJIOCO-
BbIe COOOIICHUS, a TAKXKe MpeJiaraTb MepcoHaNH-
3UpOBaHHbIC penieHus. OIHAKO, HECMOTPS Ha HMX
MIPEUMYIIEeCTBa, CYIIECTBYET MPOoOieMa HelOBepHs
CO CTOpPOHBI MoJb30Barenci. OCHOBHAS MPUUKUHA —
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CIIOKHOCTb BOCTIPHSITHSI TEKCTOBBIX WHCTPYKLHH,
0COOEHHO TpH OONBIIMX 00beMax HH(POPMALUH
WM CJIOXKHBIX 3aIpocax.

Lenpio TaHHOTO MCCIENOBAHUS SIBISICTCS BHE-
JpeHHe BHJCOKOHTEHTAa B 4YaT-00T MOOHJIBHOIO
npuiokenus Anbga-banka n onenka ero 3¢ gex-
THBHOCTH KaK MapKETUHIOBOM CTPaTeruu.

MarepuaJjbl 1 METObI

CoBpeMeHHBIE TONB30BATEIM BCE dHalle OT-
JAI0T TPEAIOYTEHHE BHU3YyaJlbHOMY KOHTEHTY, KO-
TOPBIA JIeT4e BOCIPUHUMAETCS M 3allOMHHAETCS.
WccnenoBanusi MOKa3bIBAIOT, YTO YEJIOBEK 3aIlo-
MuHaeT 70 95 % uHbopMaluK, NpeaCTaBICHHON B
Buaeodopmare, mpotus 10 % mpu TEKCTOBOM BOC-
npusitun [1]. MapkeToioru Takke OoTMEYaroT, YTO
BUICOKOHTEHT d(PPEKTUBHEE yBETMUUBACT TpapuK
U crocoOcTByeT renepanuu uaos (ROI) no cpas-
HEHHIO C TEKCTaMH, H300paKEHUSIMU U TpapUKaMu.
HauOonee pe3ynbraTHBHBIMH B NPHUBICYCHUU IIO-
TEHIMAILHBIX KIUEHTOB SIBIISIOTCS BEOMHAPHI, KO-
TOpPBIE MTO3BOJISIOT OAPOOHO OOBACHATH MTPOILYKTHI
WM YCIYTH, a TAaK)Ke BUJCOPOIHUKH B COITUAIBHBIX
CeTsX, TIOMOTAIOINe HAXOJUTh HOBYIO ayJIuTO-
puto [2]. Ilpu 3TOM cpemHssi TPOTOKUTEIHLHOCTD
MIPOCMOTpa BUAEO B JI€Hb MPOJOIKAET PaCTH, YTO
MTOTYEPKUBACT €T0 MOMYJIAPHOCTh CPEIH TOIH30BaA-
teneil. OMHAKO B CyIIECTBYIOMIEH MPaKTHUKE OOJIh-
LIMHCTBO 4aT-00TOB MO-TIPEKHEMY MTPETOCTABISIOT
OTBETHI TOJIBKO B TEKCTOBOM (hopmaTe.

KopoTkuii BUACOKOHTCHT, TaKOW KakK KIIUIIBI
B COLMAIBHBIX CETAX, CTaJl MOUIHBIM HHCTPYMEH-
TOM JJISl TIpUBJICUCHHUS BHUMaHHUS ayquTopuH. Bu-
J€0aKTHBHOCTb, Oy[b TO CEHCOpHAs WJIM SMOLHO-
HasbHas1, o0nagaeT OoJbIIeH WHTEHCUBHOCTBIO 110
CPaBHEHHMIO C JPYT'MMH MapKETHHTOBBIMU HHCTPY-
MEHTaMH, 4TO T03BOJsieT 3(PPEKTHUBHO BHI3HIBATH
SMOIIMOHAIFHBIA OTKIIMK W MPHUBIIEKaTh BHUMaHUE
aynutopuu [4]. OcHOBHas LeNIb BUJICOKOHTEHTA —
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Tadnuua 1. CpaBHEHNE TEKCTOBBIX M BHICONHCTPYKIIUN

Ne Kpurepuit Texct Buneo
UYenoBek XyKe BOCIPHHHMAaeT U 3alOMUHAET
| Bocmpusitue  uH- | TekcroBylo uH(popmanmio. Ho Texer mosBomster | Bumeo (kapTuHKa + T0N0C) BOCIPpUHEMACTCS
(hopmarn MPEIOCTaBUTh OONBIIMN 00beM HH(MOPMAIMH M ee | Jierde u ObicTpee

TIOJTHOTY

O6bem uHpOpMa-

TpeOyetcst OombIION 00BEM TEKCTa IS OOBSICHE-

Wudopmanust cxuUMaeTcst 3a CUET BH-

2 3yaJM3allii, 4To JellaeT ee Ooiee KOM-
vy HUSI TIPOIIECCOB N N
MaKTHOH U MOHATHOIT
Buneopsn conmpoBOXIaeTcss  3BYKOBBIMHU
Busyansuele mox- | Mcmone3yloTcs  SMOA3HM,  BBIICIEHHE  SKHPHBIM .
3 sddexramu, 03BYYKOH, BCIUIBIBAIOIINMUI
CKa3KH mpruTOM, IEPEHOCHI CTPOK, MapKAAYHBI, TUIUTHHKN
KHOIIKAMH U HHTEPAKTUBHBIMH AJIEMEHTaMHU
Co3nanne Buaeo TpebyeT OoIbIle BpeMeHH,
Tpynosarparsl Ha | TpeOyeT MeHbIIE BpeMEHH W PECypCcoB UL CO31a-
4 pecypcoB M CHEIUAINCTOB  (MOHTAX,
co3maHmne HUSI U PeAaKTHPOBAHUS .
03BYYKa, rpaduKa, ClieHapHii)
Taoanna 2. [Ipumepsl HCIIOIH30BAHUS BUICOKOHTEHTA JUIsi OAHKOBCKOTO 4aT-00Ta
Ne HanmenoBanue Ha3nauenune
BupeomHCTpyKIIMM O  HCHONB30BAaHMIO OAHKOBCKMX TPOAYKTOB, MOXKHO TpEAJararh
HABHMIALIMOHHBIC PEIICHHs 10 MHTepdeiicaM MOOHIBHOIO MPHIOKEHUS/IECTKON IIaT()OPMBI,
1 | OOyuaromye poJIMKH | paccKasplBaTh [P0 pa3iMYHBIC pa3Jelbl M IO0Ka3blBaTh, KAaK MPOBOAUTH TE WIH HHbBIC
OllepallMOHHBIC JIGHCTBUSL: IIEPEBO/IBI, HACTPOWKa aBTOILIATEKEH, poriecc opopMIICHHS 3aKa3a
TUIATEKHOTO CTHKEPA, MOIydeHHe KBUTAHIIH 110 OKYIIKE M TaK Jajiee
. | Bugeoponuku, oOBACHAIOMINE yCIOBUS MCHOIb30BAHUS KPEAUTHBIX KapT, BKIAJOB WIH JpY-
OObsicHEHHE YCIIOBUH
2 Trux (I)I/IHaHCOBbIX NPOAYKTOB, MOI'YT IIOMOYb IOJIB30BATE/IAM JIYUIIE IMOHATH UX NMPEUMYIIECT-
00CITy)KHUBAHUSI
Ba U 0COOCHHOCTH
Ha ocHoBe aHamm3a MHTEPECOB IOIB30BATENsl 4aT-00T MOXKET MpeuIararth ITOMHMO YBEIOM-
Pexomenparm o .
3 o a JICHUH U TEKCTOBBIX PACCHUIOK MEPCOHAIN3MPOBAHHBIEC BUICO O HOBBIX MPOMYKTAX MM aKIUSIX,
MPOIYKTaM
pony YTO TOBBIIIAET BEPOSATHOCTh KOHBEPCHH M UX HCTIOIb30BAHHS
Omnncanye KadecTB TPOAYKTa/yCIyrH, JOHECEHHEe HH(GOpPMAlUu O BCEX MPEHMYIIECTBax
4 | PexyamHble pOIMKH PORYKT&/ yCTIYTH, Gbop peHMY
MIPOAYKTa/yCITyTH JUIS IIPHOOPETEHHUS OTpeOuTeIeM
5 WNvmmxessle ponmku | [loka3 nesTeTbHOCTH KOMIAHHM JUIS TIPUBICYEHHS WHBECTHINM, BHUMAaHUS MOTpeOHTEN,
KOMITaHUHT MOJTydeHHs KOHKYPEHTHBIX PEUMYILECTB

moOynnTh 3pUTeNs K AefcTBUIO, Oy/lb TO TIOKyIKa
MPOAYKTa WJIM BBITIOJHEHHE APYTUX 3ajaad, CIo-
COOCTBYIOIINX JOCTIKCHUIO OusHec-meneil. Ha-
MpUMep, WHTEPHET-Mara3uHbl W MapKeTIICHCHI
AKTUBHO HCIIOJIB3YIOT BUJIEO B KapTOUKaX TOBApOB,
nonoissas Gororpaduu poIrKaMu ¢ peKOMEHJalu-
SIMU OT TpoJaBuoB wiu 360-rpagycHeIME 0030pa-
Mu. Takue pemnieHus: yBeIMYMBalOT BpeMsl MPeObI-
BaHUs IOJIb30BATENs Ha CTpaHulle (duration time)
B cpenHeM Ha 18 %, a KaueCTBEHHOE BUAEO — JIO
40 % [5]. Kpome TOro, BEpOSITHOCTh COBEPIIECHUS
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MTOKYTIKHA BO3pacTaeT B cpenneM Ha 135 %. Anamo-
THYHBIA TTOJXO0J]] MO)KHO TIPUMEHHTH B 4ar-00Tax.
I/IHTCI‘paHI/IH BUJICOKOHTCHTA YIIYYIIUT I10JIb30Ba-
TEJILCKUHI OIIBIT, PCKJIaMHOC IPOABUIKCHHUE, IIPO-
JTaXKH, clieJlaB B3auMOJICHCTBUE 00Iee MHTEPAKTHB-
HBIM U 39()()EKTHBHBIM.

Onnako, 4YTOOBI 3aBOEBATh JIOBEPHE TIOJb-
30BaTeisi, HEOOXOMUMO TIIATEIbHO aHAJIMU3HUPO-
BaTh LETEBYIO ayauTopuio. PasHbie BO3pacTHBIE
IPyNIbBl UMEIOT pa3in4yHble MpennodTeHus. Mo-
JIOJICKb TPEANOYNTACT JAWHAMUYHBIE W HWHTEp-

Ne 4(166) 2025



SCIENCE AND BUSINESS: DEVELOPMENT WAYS

Section: Management

Taoauna 3. Obmas cratucTika 1o creHaputo «OrobpakeHne cueToB/0amaHca»

KnroueBbie MeTpuku [lepsblit MecsL Bropoii Mecsn
KonmuectBo 3amnpocos 14 889 15 141
Jlons aBromaruzanum 82,5 % 85,4 %
Cpennsas oleHka creHapus (5-6asnpHas) 3,106 3,341
KonuuectBo oneHOK 378 434

Ta6.1mua 4. CTaTucTHKa 10 OTACJIBHOMY OTBETY, COACPIKAIICMY BUACOKOHTCHT

KitoueBbie MeTpuku OrtBer 6€3 BUIEO OTBeT ¢ BUAECO
KommuectBo 3anmpocos 1720 1769
JloJist aBTOMaTu3anum 98,2 % 98,8 %
Cpensss oLeHKa crieHapus (5-0ampHast) 3,048 3,611
KonnuecTBo oneHOK 54 62
AKTHUBHBIC (bOpMaTLI, B TO BpPEMA KaK I10KHJIbIC Pe3yJIbTaTbI

MOJIL30BATEIM ICHIT NPOCTOTY M HAIJISTHOCTb.
BuIEOKOHTEHT MOXET CTaTh KOMIIPOMHUCCHBIM pe-
[ICHUEM, YIOBIETBOPSIONIMM TOTPEOHOCTH 00eHnx
rpyII.

Hcnonb30BaHue HCKIFOYUTENBHO TEKCTOBBIX
HWHCTPYKIUIT B 4aT-00Tax UMEET paji HeJOCTATKOB
(tabm. 1). KnueHTs MOTYT HETIPaBIIILHO TOHIMATh
MIPEIOKEHHBIE WHCTPYKIIMH OOTOM, OCOOCHHO
€CJIM TEKCT OOBEMHBIM WM IIOXO CTPYKTYpUPO-
BaH. HeoueTsl B pefakType W JIOTUKE U3JI0KCHUS
MOTYT 3aMeJIuTh 00pabOTKy M ycBoeHHE HH(DOP-
Mallii, a B HEKOTOPBIX ClydasX MPHBECTH K e¢
MOJTHOMY HernoHuMaHuio. Kpome Toro, TeKcToBbie
MHCTPYKIUM YacTO TPeOyHT PY4YHOH HACTPOi-
KM HaBUTAIMOHHBIX IyTEH, 4TO TaKkKe J00aBIIsICT
o0beMa MH(OPMAIUK B COOOIICHUU U JIENIAeT €ro
rpomo3akuM. OJIHAKO CO3JaHHE TEKCTOBBIX WH-
CTPYKIIUI 3aHMMaeT MEHbIIIE BPEMEHH IO CpaB-
HEHUIO ¢ apyruMu popmaramu KoHTeHTa. g mx
MOJITOTOBKM  JTOCTATOYHO H3YYUTh MPOIYKTOBYIO
005IacTh ¥ COCTABUTh TEKCT, MOCJIC MPOBECTH €ro
penakTypy. B HEKOTOpBIX cly4asx MOXHO HC-
MOJIb30BaTh TOTOBbIC MaTepHalibl M3 0a3bl 3HAHUI
KOMIIaHHH.

Jlis peaymzanyii MapKeTHHTOBBIX M OW3HEC-
neneii B 0aHKOBCKOM 4YaT-00Te€ MOXXHO BHEIPHUTH
CJICIYIONIUE BHJICONPOAYKThI, MPEJACTaBICHHBIC B
Tabm. 2.
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Jns onenku 3(pPpeKTHBHOCTH BHICOKOHTEHTA
OBLT TIPOBEICH DKCIIEPUMEHT B YaT-00TE MOOWIIB-
HOTO TpriokeHusT Anbha-banka. B pamkax uccie-
JIOBaHUS OBLT BRIOPAH CIIEHAPHHA, CBSI3aHHBIHN C OTO-
OpakeHHEM CUYEeTOB M OanaHca. B oquH U3 0TBETOB
9TOTO CIEHapHs OBIJT MHTETPUPOBAH BHUICOPOIHUK,
YTOOBI CPABHHUTH €TO BIMSHUE Ha MOJb30BaTeNei ¢
TpaAUIUOHHBIMH TEKCTOBBIMU MHCTPYKIUAMMU.

[IpoBenenue A/B-tecTUpoBaHUS Jis OIpEC-
JICHHOW TpYyIIbl MOJIb30BATENEH MOKAa3aJ0 MOBBI-
menue d(GQGEeKTUBHOCTU JaHHOTO cleHapus. AHa-
JIU3 TIPOBOJIVJICSI HA OCHOBE JIAHHBIX 32 JIBA MECSIIA:
NepBBIA Mecsll — 0e3 BHJICOKOHTEHTa, BTOPOU — C
BHEJPEHUEM BHUACO W J0pabOTaHHOW JIOTUKOW.
CratucTika 1O KJIFOUEBBIM METPHUKAM CIEHapus,
a TaKXe 10 OTICILHOMY OTBETY C BHJCOKOHTCH-
TOM TIpeJICTaBleHa B Tabi. 3—4.

W3 maHHBIX TaOMUIBI BHIIHO, YTO TIPW HE3HA-
YUTETFHOM YBEIMYEHUH KOJIMYECTBA 3alpOCOB
JIOJIST OKOJIO WAEaNbHOW aBTOMAaTH3AIlMH BBIPOCIA
eme Ha 0,6 %. Taxke yBENWYMIOCH KOJIMYECT-
BO OIICHOK, OCTAaBJICHHBLIX II0JIb30BATCIAMU, IIPU
9TOM CTaJ0 MEHBINE HETaTUBHBIX OT3LIBOB. PocT
cpenneii ouenku (Voice of Customer — VOC) ca-
MOTO OTBETa 3a MECALl YBEJIMUYMWIICS Ha 3HAYCHUC
0,563 (¢ 3,048 nmo 3,611), 3TO CBUACTEILCTBYET O
TOBBIIICHUHN YAOBJICTBOPCHHOCTU KJIIMCHTOB. Yuu-
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Cpeawmin BOK

Puc. 1. U3menenue VOC B okTa0pe

Cpennwi BOK

Puc. 2. U3menenue VOC B HOAOpE

ThIBasi, 4To VOC n3mepsercst no 5-0anabHOH ImKa-
Jie, TakOl POCT MOXKHO CYHUTATh 3HAYUTEIHHBIM
ycnexoMm. [logpobnas mamaamuka VOC moka3aHa
Ha puc. 1-2.

Ob6cy:xneHue

BuneokonTeHT 00J1agaeT BBICOKOM MacIlTa-
OMpPYEeMOCTBIO M MOXET OBITh WHTETPUPOBAH B
pasnuuHbie cieHapuu. [loMUMO Yar-00TOB, BH-
JIEOKOHTEHT MOXKHO BHEIPATH B APYTHME pPa3aeiibl
npuwiokenus. Hampumep, moOmyasipHbIM peLICHU-
€M SBIISETCS WCIOJNB30BaHUE BUJICO B (Qopmare
«Story», KOTOpOE MOXET HATTISAHO OOBICHSTH, KaK
paboTaeT HAKOMWTEIbHBIA CYET, KOTJa IPOUCXO-

JISIT BBITUIATHI, YTO TaKO€ MUHHMAIBHBIA OCTaTOK,
POS-0060poT U ApyTrHe CIOXKHBIE TOHSATHUSI.

Buaeo ymydrmaetr BocmpusTHe HH(OpMa-
UM, TIOBBINIACT BOBJCUCHHOCTh IOJIL30BATEINCH
M CIOCOOCTBYeT pPOCTYy aBToMaTh3anuu. OIHaKo
ycrex 3aBHCUT OT TPaMOTHOTO TOAXOJA: BHICO-
KOHTCHT JIOJKEH OBITh yMECTHBIM, IOJE3HBIM U
aJIaNTUPOBAHHBIM  TMOJl TOTPEOHOCTH  IIEIEeBOH
ayJTUTOPHUH.

Pe3y.HBTaTBI HUCCJICOAO0BAaHUA ITIOKA3bIBAKOT, YTO
HUHTCrpanns BUJACOKOHTCHTA B 4ar-00Tel — OTO HE
MPOCTO TPEHJ, a CTPATerHYecKoe pelleHHe, KO-
TOPOEC TIOMOra€T KOMIIAaHUSAM COOTBETCTBOBATH
COBPEMCHHBIM CTaHAapTaM KOMMYHHKallMU H
YAYYIIaTh TOJIB30BaTEILCKUAN OTIBIT.
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PASPABOTKA CTPATEI'MHU PA3BUTHUA
NPOMBIINJIEHHBIX ITPEAITIPUATHUHAU
PECITYBJIMKHU KA3ZAXCTAH

Krrouesvie cnosa: pOMBIIIICHHBIC TPEATIPHU-
STHS, CTPATETHH PA3BUTHS; TN(DPOBU3AIIHS.

Annomayus.  AXTyaldbHOCTb HCCIEOBaHUSA
o0yciIOBI€Ha HEOOXOIWMOCTBIO BBISBICHUS CO-
BPEMEHHBIX MPOOJIIEM W TOUCKa MyTeH COBEpIIeH-
CTBOBaHHWS CTPaTeTWH Pa3BUTHUA IMPOMBIIUICHHBIX
npennpuatuii Pecrryonuku Kazaxcran. Ilomyden-
HBbI€ PEe3yJAbTaThl TO3BOJIAIOT anmpoOUpOBaTh pas-
JIUYHBIE COBPEMEHHBIE TTOAXOABI K CTPATETHIECKO-
My YIPaBJICHUAIO MPOMBITILICHHBIX MPEANPUATHI, B
TOM YHUCIIe B yCIOBHSX LuppoBu3anuu. Packpsi-
Thl OCHOBHBIC HANpaBICHHUS CTPAaTeTHH Pa3BHUTHUS
MIPOMBIIIUICHHBIX TPEATIPUATHIA C TENbI0 CO3TaHuUs
YCTOWYMBON M KOHKYPEHTOCIIOCOOHOH IPOMBIILI-
JICHHOW 0a3bl, KOTOpasi BKIIOYAET COTPYIHUYECTBO
rocy/apcTBa, OM3Heca U HayKH.

Ha ceropgnsmuunii nenp PecnyOnmuka Kazax-
CTaH CTPEMHUTCS K JHUBEPCUPHUKAIIMH YKOHOMUKH U
CHIKEHHUIO 3aBUCUMOCTH OT CBIPBEBOIO CEKTOpA.
Hns mocTukeHHs TOCTaBIEHHOM LENU ONpenesieHa
3aJlaua Co3/1aTh KOHKYPEHTOCIIOCOOHYIO CTPaTETHI0
Pa3BUTHS IPOMBINIJICHHBIX TPEANPHUATHI, HAPaB-
JIGHHYIO Ha Pa3BUTHE BBICOKUX TEXHOJIOTHH M MO-
JIEPHU3AINIO POU3BOACTB [1].

N3yueHre MUpOBOro OIbITA MMOKA3bIBAET, YTO
B OOJBIIMHCTBE CIIy9acB TOCYJapCTBEHHBIE CTpa-
TETUW PA3BUTHS TPOMBINUICHHBIX TPEITPUATHI
(hopMHpyYIOTCS, OMPAsCh HA JBA TOIXOA: Pa3BH-
THE MyTEM MNPUBJICYECHUS] BHYTPEHHUX UHBECTUIIUN
U pa3BUTHE 3a CUET MPHUBJICUEHUS BHEUIHUX HWHBE-
cruruit [2]. st MOCTHKEHHS TTOCTABICHHBIX TIe-
JIEW MPEINpUATUSIM U WHBECTOPAM MpeJiararoTcs
pa3IMYHbIe HAJIOTOBBIE M MHBECTUIMOHHBIE JIHIO-
Tbl. K HUM OTHOCSITCS TAMOXEHHBIE JIBIOTBI, KOp-
[OPATUBHbBIC MOIOXOAHBIE U 3EMEJIbHBIC HAJIOro-
BbIE€ KaHUKYIIbI, & TAKXKE JIOJITOCPOYHBIE 10TOBOPHI
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apeH/Ibl 3eMJIM JIJISl KOMITaHUW, HHBECTHPYIOMINX B
KJIIOUEBBIE OTpaciy.

B mepBom ciyuae mpeamnosiaraeTcs CO3gaHHe
B paMKaxX CTparerddl Pa3BUTHUSI MPOMBIIIICHHBIX
MPEeINPUATHH TPOAYKLIMU C J0OABICHHOH CTOH-
MOCTBIO. DTO TpennojaraeT HMCIHOIb30BaHUE Ha
MIPOM3BOJICTBAX BBICOKOPA3BUTHIX TEXHOJIOTHH, 1e-
JIOBEYECKHME W MECTHBIE PecypcChl (CeTbCKOXO3sii-
CTBEHHBIE, JIECHBIE, MOPCKHE pecypchl). Bo BTopom
clly4ae TOCYIapCTBO TPHUITIAIIACT MPEAIPUSTHS
CO3/1aBaTh MMPOM3BOJICTBA B IPOMBINIICHHBIX 30HAX,
npejyiarasi ©M 0a30BYI0 MHPPACTPYKTYpy (3emirsd,
BonocHaOKeHNe, TPAHCTIOPTHASI CUCTEMa, JIEKTPO-
SHEPTHs  T.11.).

[IpaBurenscTBo PecnyOnuku Kazaxcram mpu-
HSJIO pEUIeHHe MOWTH 1O MYTH TOBCEMECTHOTO
MIPUMEHEHUS Cpa3y JABYX MOAXOMIOB — MPUBJICYCHUC
WHOCTPAaHHBIX WHBECTHUIIMA U BHYTPEHHUX pPecyp-
coB crpaHbl. OZHUM U3 PE3YJIBTATOB TOCTHXKECHUS
JaHHOW LIeNu sABJsIETCSl cTaHoBIeHHE PecrmyOmuku
KazaxcTan ennHBIM LEHTPOM HMHHOBALMOHHOTO
pasBuTus cpeau ctpad LlenTpanbHoit A3uu.

OCHOBHBIM JApaiiBEepOM pPa3BUTHSI IKOHOMHUKHU
CTpaHbl TpH3HaHAa 00OpabaThIBarOIasl MPOMBIIII-
JICHHOCTb, Pa3BUTHE KOTOPOH OyleT AOCTHraThCs
nyTeM LU(GPOBU3AIMKM M TpaHCPOpPMalUH AeH-
CTBYIOIIMX TMpou3BOACTB [3]. OCHOBHBIMHU HUCTOY-
HUKaMHU TIPUBJICYCHHSI MHOCTPAHHBIX WHBECTHIIUN
B TPOMBIIUICHHbIC NOpeaAnpuatus PecnyOnuku
Kazaxcran B 2023 r. ctanun ®pannus, Hunepnan-
nb1, CIIIA.

[lepBbIM TIaroM K JOCTHXKEHHIO KOHKYPEH-
TOCTIOCOOHOM CTpaTernu Pa3BUTHS TMPOMBIIIICH-
HBIX TIPSANIPUSATHHA SIBISICTCS ONU(POBKA MPOU3-
BozncTBa. B Talmuiie mpencTaBieHBl OCHOBHBIC
0COOCHHOCTH BIUSHUSA ONU(DPOBKH TIPOU3BO-
CTBa TPOMBINUICHHBIX NPEANPUATHA Ha PBHIHOK
Tpyza.

Pe3ynbratoM Takoil NOJUTUKUA CTAJIO TO, YTO
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Taoauua 1. Bausane onupoBKH MPOMBIIUICHHBIX MPEANPUITHH Ha PHIHOK Tpyaa

Ne Do dexr

Onucanue

1 | Co3nanue pabounx MecT
HUMH

BHe,Z[peHI/Ie III/Iq)pOBI)IX IIPOAYKTOB U TEXHOJIOTUI Tpe6yeT TMPUBJICUCHUSA
CIICIUAIMCTOB, UMCHOIINUX MPAKTUYICCKUEC HABBIKM W 3HAHUS paGOTLI C

[ToTpeGHOCTE B HOBBIX HaBBIKAX M 3HAHMAX
COTPYAHUKOB

Heo0xoanMo HallMue HaBBIKOB LIH(POBOil PaMOTHOCTH

3 OnTumu3anus OU3HEC-MPOIEeCcCOB
TPUSITHSE

HpOI/ICXOZ[I/IT TOBBINICHUEC MPOU3ZBOAUTCIBHOCTU U 3(1)(1)CKTI/IBHOCTPI
TpyAa 3a CYET HaJAXKXUBAHUA B3aUMOCBA3U MCXKAY OTIACIaMHU IIPEa-

l’[ozmep)xka Pas3IMYHbIX MHHOBAIMOHHBLIX H

[To3BossieT co3/aBarh HOBbIE pabouMe MecCTa, CTUMYIHPYET Pa3BUTHE

4
Hay4YHbBIX WHULIMATUB 00pa3oBaHus U HAYKU
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Puc. 1. OcHOBHBIE MHIMKATOPHI phIHKA Tpyna Pecnyonmkn Kaszaxcran, 2024 .

B 2025 r. OpOMBILUICHHBIA CEKTOp 3aHST OJIHY
TPEeTh SKOHOMHMKH CTpaHbl, oOecreduBas 3aHs-
ToCcTh HaceneHus Oonee 12 % wyenoBek (puc. 1).
Ha npeampustusix ropHomoObIBarome  mpo-
MBILICHHOCTH pabortaer cBbime 300 ThicsAY
YeJIOBeK.

Ha npoMBIIUIEHHBI CEKTOp MPHUXOJUTCS
Oonee 26 % BHYTPEHHETO BajJOBOTO MPOIYKTa
(BBII) Kazaxctana, U3 HHX Ha TOpPHOZOOBIBAIO-
LIYIO MPOMBIIIJICHHOCTh M Pa3paboTKy KapbepoB —
14,1 %, Ha oOpabaThIBarONIUE TPOM3BOJCTBA —
12,1 % [4].

Ocobast poib B TIPUBIICUEHHH WHOCTPAHHBIX
WHBECTOPOB B CTpaHy oTBoauTcsi Kazaxckoi ro-
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CYAapCTBEHHON WHBECTHUIIMOHHON KOMITAHHH, KO-
TOpasi TMpeaaaraeT MIMPOKHHA CIEKTP YCIyr o
BOMPOCAaM HHBECTUPOBaHUS. B 1ensax co3maHus
OJaronNpUsSTHOrO HWHBECTUIMOHHOTO KIIUMara |
MOBBIIICHHS TPO3payHOCTH OusHeca I[IpaBuTelNb-
ctBo Kaszaxcrana BBeNO MpPUBJICKATCIbHBIC HH-
BECTHIIMOHHBIC MPOCKTHI M KOHTPAKTHI, KOTOPHIC
JIOTIOJTHSIFOTCS MICAPBIMU CTUMYJIAMH, TAKUMU Kak
HAJIOTOBBIC JITOTHI M TOCYIapPCTBEHHBIC TPAHTHI B
HarypansHOi (opme. TocymapcTBeHHAS WHBECTHU-
UoHHast kKopropanus KaszaxcTana BefeT akTyallb-
HBIN NEpeUYCHb PA3JIMYHBIX BUAOB HWHBCCTHIHNOH-
HBIX ITPOCKTOB U KOHTPAKTOB.

B 2024 r. B KazaxcraHe peajan3oBaHo B 00IIen
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Puc. 2. O0Ommii 00beM WHBECTHIIMH B OCHOBHOM KaITMTal TOPHOMOOBIBAIOIINX KOMITAHUH

cioxHocT 170 mpoekToB B 0OpabaThIBaroiem
CEKTOpe C 00IUM 00hEeMOM HHBECTULIUH 928 Mipy
tenre. ComnacHo miany, B 2025 r. B Ka3axcrane
Oyaer BBeleHO B 3kciutyaranuto 180 mpousBon-
CTBEHHBIX IIPOEKTOB, B TOM uucie [laBnomapckuii
oOmactHoOU 3aBoj (eppocruiaBoB, Kacranaiickuit
00NIacCTHOIW 3aBOJ| 3am4acTei il TPY30BBIX aB-
tomoOunei, KaparanamHckuii oOMacTHOW 3aBOA
0 HOPOU3BOJACTBY KOHHMYCCKHX CTaJIbHBIX 6a1ueH
BETPOTeHEPAaTOPOB, AJIMATUHCKHIA 0ONACTHOW 3a-
BOA TIO TmepepaboTKe TEIIOU3OJAIMOHHBIX Ma-
TEPUAJIOB.

OO0t 00bEM MHBECTUIIMHA COCTABIAET OKO-
mo 1,2 TpmH Tenre. JlaHHBIM MPOEKT OymeT Cro-
coOcTBOBaTh co3maHuto Oojyee 17 ThICSY paboumx
mecT. Ilo cocrossamro Ha 2020 1. 00mMH 0O0BEM
WHBECTUIIMH B OCHOBHOW KamuTajd TOPHOIOOBI-
BarolMx KommnaHui cocraBui 1 060 miapn TeHre
(puc. 2).

Ha ocnoBanum manHoro noaxoma PecryOnmka
Kazaxcran ompenensier OCHOBHBIE HAalpaBJICHUS
CTpaTeruu pPa3BUTHS TPOMBIIUICHHBIX TPEIIpH-
saTun [5]:

— VHHOBAIIUM W Hay4YHbIC UCCIICIOBAHMUS;

— pa3BHTHE 4YEJIOBEYECKOTO KalWTaja H II0-
BBIIICHUE KBaTU(PUKAIIMH PAOOTHHKOB;

— CO3JaHHE COBPEMEHHOTO0 HMHQPACTPYKTYp-
HOro 00eCIIeUeHHS;

— MOAJEpXKKAa MallbIX U CPEAHUX MPEANPH-
SITUH.

Paccmorpum cuTyaluro pa3BUTHs IPOMBILI-
nexHoro npeanpusTtus Ha npuMmepe AO HK «Kas-
Mymnaiil'az» (KMI'). O0miecTBO OBUIO OCHOBAHO B
2002 r. U WrpaeT KIYEBYH poiib B Hedreraso-
BoM cektope PecnyOnuku Kazaxcran. Kommanus
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yIpaBisieT aKTHBAMH Ha BCEX JTalax IPOW3BOJI-
CTBEHHOTO IIMKJIA: OT Pa3BEIKU M JOOBIYU YIJIEBO-
JIOPOJZIOB JI0 WX TPaHCIOPTHPOBKH, MEepPepadOTKU
U TPENOCTABICHUS CBS3aHHBIX CEpBUCOB. B Te-
YeHHne cieayrmux aecsatu et poct KMIT Oymer
obecrieueH Omarogapsi YBEIMYECHHUIO PECYpPCHOM
0a3bl, MOBBINICHUIO 3()(OEKTUBHOCTH MPOU3BOI-
CTBa, PACIIMPCHHIO IICTIOYKH JI0OABICHHON CTOM-
MOCTH, BHEIIPCHHIO HOBBIX TEXHOJOT'MH U CHHUXKE-
HUIO YIJIEPOIHOTO CIIe/a.

OfHMM W3 IJIaBHBIX MPUOPUTETOB CTPATEIH-
yeckoro HampasieHuss AO HK «KasMynaiil'a3»
SIBIIICTCSL MHTErPaIUsl TPUHIUIIOB yCTOHYHUBOTO
pPa3BUTHS B OCHOBHBIC OM3HEC-TPOIIECCHI, OCO3HA-
Bas CBOC BJHUSHHE HAa DKOHOMHKY, OKPYIKAFOIIYIO
cpeay U OOIIECTRO.

Crparernueckue nemu AO HK «KazMynaii-
Tas»:

— obecmeueHnue JTOCTAaTOYHOM  PECypCHOM
0a3bl I pocTa KOMITAaHUU;
— yBenuueHHe O(PPEKTHBHOCTH  IIETIOYKH

CO3JJaHUsI CTOMMOCTH;

— jnuBepcudUKanus OW3Heca W pacHIpeHre
MIPOIYKTOBOTO MOPThEs;

— YCTOMYMBOE pa3BUTHE C IOITAIIHBIM CHU-
XKEHUEM YIJIEPOJOEMKOCTH ITPOU3BOJCTBA.

Peanmzanust crpareruu TpeOyeT KOMILIEKC-
HOTO TMIOJXOAa, BKJIIOYAIOMIECTO COTPYAHUYECTBO
rocygapcTBa, OHM3HEca W HayKH JUIS CO3JaHHS
YCTOWYMBOM M KOHKYPEHTOCIIOCOOHOH IPOMBIII-
JICHHOMH 0as3bl.

Lenn ctparernu pa3BUTHUS MPOMBIIIIICHHOTO
MPEANPHUITHS JOJDKHBI BKIIIOUATh B cebs [0]:

— yBeIWYEHHE MPOU3BOJUTEIBHOCTH U 3-
(hbexkTuBHOCTH;
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—  IuBepcU(HKaLUL
JIYKIIHH;

— TIOBBIIICHUE KOHKYPEHTOCHOCOOHOCTH Ha
PBIHKE;

— YCTOWYHMBOE pa3BUTHE U COONIOAEHHE HKO-
JIOTHYECKHUX HOPM.

AHamM3 TEKYIIero COCTOSHHS MPEIIPUSITHS
BKJIIOYAET:

— OLIEHKY BHYTpEHHEH cpefbl (pecypcehl, Tex-
HOJIOTHH, KBATHU(HUKAIINS IIEPCOHAIIA);

— aHamM3 BHEIIHEH cpensl: (KOHKYpPEHTHI,
PBIHOK, U3MEHEHHS B 3aKOHOJATEThCTBRE);

— SWOT-amamu3 Ui BBIIBIIEHUS  CHIIb-
HBIX W CIa0BIX CTOPOH, a TaKXe BO3MOXKHOCTEH U
yTPO3.

B macrosimee Bpemsi oOpalOarsiBaromiasi mpo-
MBIIUIEHHOCTh CTPEMHTENBHO JBUKETCS OT IIPO-
CTOTO YpOBHS aBTOMATH3allMM K KOMILJIEKCHO-
My BHEIPEHUIO WHTEIUICKTYalIbHBIX pEIICHHN.
Panee Wunpyctpus 3.0 ¢oxycupoBanace Ha OT-
JeNbHBIX MPOM3BOACTBEHHBIX IpoLeccax M pa-
0ouMX CTaHUMSAX IS YIOBJIETBOPEHHS pas3pos3-
HEHHBIX MOTpeOHOCTEH. DTy MoAenb 3aMEeHSIIH
CIIOXKHBIE TPHJIOKEHUs, OCHOBaHHBIE Ha PYYHOM
WIM HMHTYUTHBHOM IMOAXONE C HCIOJIb30BAHUEM
MEPEIOBBIX TEXHOJOTMH W HMCKYCCTBEHHOTO HWH-
TeJJIEKTa.

KiroueBbIM acriekToM SIBIISIETCS CErofHs CO3-
JaHWe Tpolecca Mpo3pavyHoro cOopa MaHHBIX H
nepenadyl MHPOpPMAIMK O JACATEIbHOCTH MPOH3-
BOJICTBA B p&XHMME pealbHOro BpeMmeHu. Bce 3To
MO3BOJIUT O0ECTEeYnTh IMOHWUMAaHUE MPOU3BOJI-
CTBEHHBIX IPOLIECCOB M OCYIIECTBUTH CBOEBpE-
MEHHOE TPUHSATUE PEIICHHS.

OpnnHako, 9TOOBI ATOTO JOCTUTHYTH, HEOOXO-
IUMO PEelINTh TaKylo MpolneMy, Kak HeJ0CTaTod-
Has CBS3b MEXIy pa3iNdHBIMHA OTAENIaMH TIpPO-
MBIIJIEHHBIX Tpeanpustuii. Pemienue Bompoca
B3aMIMOCBS3M MEXIy BHYTPEHHUMH OTJIEINaMU
MIPOMBITIUNICHHOTO TIPEATIPUATHS 0OeCIIeduT Oojiee
a¢dexTuBHYIO Tepenady WHPOpPMAIUW, WHTETpa-
nuio (YHKIWAN, a Takke MOBBICHT MPO3pPavyHOCTh
JMaHHBIX. Bce 3TO, B CBOIO OdYepe/b, MOBBICHUT BH-
TUMOCTh 3aKa30B Ha MPEANPHUSITHA W YAYUIIUT
CBOEBPEMEHHOCTbH WX MCIIOJIHEHUS.

JlanHbIt mporiecc siBnsieTcst U(POBOI TpaHC-
(hopmaruield MPOMBINIIIEHHOCTH — 3TO TOBBIIICHUE
WHHOBAIIMOHHOCTH HOBBIX OHW3HEC-MoJeNei mpo-
MBILUICHHBIX NPEINPUATHH, COBEPIICHCTBOBAHUE
MoOJIeJIeld BBIPYYKH U TIPUOBUIH, a TaKXKe TEXHO-
JIOTMYECKUX MPOPHIBOB (32 CUET MOACPHUBALUH H
TpaHncopmaryn) [7].

acCOpTHMEHTa  TPO-
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B pamkax num¢poBoii TpaHchopManuu Hpo-
MBIIIJIEHHOCTH TPOMCXOIUT COBEPIIEHCTBOBAHNE
npousBoxcTsa. Ilox aTuM mpoueccoM NOHUMAETCS
HE 4TO MHOE€ Kak MpolLeaypa aBTOMaTH3alUK Mpo-
M3BO/ICTBA M ONTUMU3ALIUSA €r0 MPOU3BOJCTBEHHBIX
IIPOLIECCOB.

Pa3zpaboTka cTparernu pa3BUTHS MPOMBINI-
JICHHBIX MPEANpHATHI TpedyeT IITyOOKoro aHa-
nu3a. KomrmekcHbI TOAXOA CTpaTeruu pas3BH-
TUSL TpoMbInuieHHOCTH PecmyOnmkn Kazaxcran
3aKiIo9aeTcsd B MpopabOTKe M CO3JaHUHM yCTOM-
YUBOW, KOHKYPEHTOCIOCOOHOH 3SKOHOMHKH, KO-
TOpas OpUCHTUPOBaHA Ha  JUBEPCH(UKAIHIO
MIPOU3BOJICTBEHHBIX CEKTOPOB M MOJEPHU3ALNIO
TEXHOJIOTUH.

MopepHuszanysi IPOMBIIIIICHHOCTH IOAPa3-
yMeBaeT pa3BUTHE HAyKH, TEXHHKH, BHEIPECHHE
MIEPEJOBBIX TEXHOJIOTHH, BKIOUEHHE HAyYHBIX Me-
TOZIOB YNPAaBJICHHA. B ONpenenceHHoM CMBICIIE MO-
JEpHU3aLuUs NPOMBIIUICHHBIX MPEIIPHATHNH — 3TO
MIPOLIECC, KOTOPBI CTPOUTCS HA OCHOBE HAy4YHO-
TEXHUYECKOTo mporpecca. VIMEHHO 3TOT Moaxon
CEerofHs SIBJSIETCS] HEU30e)KHON TEHJCHLUEH B CO-
BPEMEHHOM MUpE.

YroOsl  criocoOCTBOBAaTh  OCYILIECTBIICHUIO
MOJIEPHU3ALMN MPOMBIIUIEHHOCTH CErogHs, He-
00XOIMMO HayaTh C COBEPILEHCTBOBAHUS HH(]pa-
CTPYKTYpBI, YBEITMUEHUS YETOBEUECKOTO KalUTaa,
BHEJIPEHUS] HAyYHO-TEXHUYECKUX MHHOBauui. MH-
(dpacTpyKTypa SBISETCS HE TOJIBKO BAKHOW OIIO-
POl COLMAIBHOIO U HKOHOMHYECKOIO PAa3BUTHS,
HO ¥ HEOOXOUMOM 0a30i JIsl MOJICPHU3AIINH TIPO-
MBIIIIEHHOCTH.

OCHOBHBIE aCHEKThl CTpaTerMd pa3BUTHUSA
MPOMBIIUICHHBIX Npeanpustuii B Pecnyonuke Ka-
3aXCTaH:

— IOJIEP)KKA CO CTOPOHBI IOCYylapcTBa pe-
aJIbHOI'O CEKTOpa YKOHOMUKH;

— pa3BUTHE NPOMBILIJICHHOW oOTpaciu B
CTpaHe, B YaCTHOCTH 00pabaThIBAIOIIEH MPOMBIII-
JIEHHOCTH;

— HeNpephIBHOE MPHUMEHEHHE MPHUPOTHBIX H
YEIJI0BEUECKHUX PECYPCOB;

— BHeApeHue UHU(POBBIX TEXHOIOTUH B IIPO-
WU3BOJICTBO MIPEANPUSITHI;

— Iy4lIEHWE B CTpaHe WHBECTULMOHHOTO
KiIuMaTa (Kak Al OT€YECTBEHHBIX, TaK M AJs 3a-
PYOEKHBIX UHBECTOPOB).

Ilens cTpareruu pas3BUTHA INPOMBINIIEHHBIX
NPEANPUIATUN  3aKII0YAaeTCsl B IIOBBILICHUH (-
(DEeKTMBHOCTH TNPOU3BOACTBA, CO3JAHMU HOBBIX
pabounx MecCT, a TaKkKe YBEIUUYEHHH IO BBI-
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COKOTEXHOJIOTUYHBIX TOBAapOB Ha BHYTPEHHEM M  BaTh YBEJIWYEHMIO YEJIOBEUECKOro KamuTana |
BHEIIHEM pbIHKaX. [ToMHMO 3TOTO, pa3BUTHE MPO-  OOECHEYCHHUIO JIOCTYINa K KayeCTBEHHOMY o0pa3o-
MBILIUICHHBIX TPeInpusTHiA OyneT crnocoOCTBO-  BaHUIO.
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10.4. LIUKOB

DI'FOY BO «Canxm-Ilemepbypackuil 20cy0apcmeeHHulil YHUSEPCUMEn NPOMbIULTEHHbIX

mexHonoauil u ouzaunay, e. Canxm-Ilemepoype

HPUMEHEHUE CETEHEHTPUYECKOI'O
HoOAXOIA ITPU YHHPABJIEHUU MPOU3BOJACTBOM
HA NPEANPUATUAX TEKCTUJIBHOH U
JET'KOW MNPOMBIINJIEHHOCTH

Kurouesvie crnosa: Unpyctpus 4.0; obmadnbie
CEpBUCHI; MPOMBIIUICHHbI MHTEPHET BELIEH; ce-
TEHEHTPUUIECKUI TIOIXO0J; TEeKCTUJIbHAS M JIeTKas
[IPOMBIIIIEHHOCTD; YIIPAaBICHUE ITPOU3BOJCTBOM;
UU(PPOBBIE TEXHOJIOTHH.

Annomayus. B crarbe mpenacTaBlieH MHHOBA-
LIMOHHBIA CETELICHTPUUYECKUI IOAXOJ K yIpaBie-
HUIO IPOU3BOJACTBOM MpPENNPUATHN TEKCTHIBLHON
U JIETKOH MpoMmbiieHHocTH. ObocHOBaHa HEOO-
XOOUMOCTh LU(POBU3ALMN  HPOU3BOICTBEHHBIX
MIPOLIECCOB HA OCHOBE BKIIIOUEHMSI B €AMHYIO HH-
(hOpMaLTMOHHO-TEXHUYECKYIO CETEBYIO CTPYKTYDY,
COZIEpIKAILyIO IaHHBIE O pecypcax, 000pyIOBaHUH,
Y4aCTHHUKAX, 3aKa3aX, MO3BOJSIOIIMX B PEATLHOM
BPEMEHH OPraHU30BaTh NIPOU3BOACTBO, ONTHMHU3H-
poBaTh OW3HEC-NIPOLIECCHI, ONEPATUBHO BBIIBISATH
U YCTPaHATh NpoOJIeMBl U «y3KHE MECTa» Ha BCEX
TEXHOJIOTMYECKUX ydacTkax. Llesnp uccienoBaHus
COCTOUT B Pa3pabOTKe COBPEMEHHBIX MOAXOJIOB K
IU(pPOBH3ALMU  TIPOU3BOACTBEHHBIX MPOIIECCOB
Ha OCHOBE TEXHOJOTWi KoHuenuuu «WHmycrpus
4.0», MpOMBIIUIEHHOTO WHTEpPHETa Bewlel, obmad-
HBIX CEPBUCOB, HCKYCCTBEHHOI0 MHTe/IekTa. Cre-
JIaH BBIBOJ O TOM, YTO NpPU BKJIIOYEHHM B KOHTYpP
CETELIEHTPUUECKOTO YIIpaBJIEHUs! TAPTHEPOB IpeI-
MPUATHS, KIIMEHTOB U MOCTABILUKOB OyZeT co3naHa
MOJHOLCHHAsT UU(poBas SKOCUCTEMA YIPABICHUS
MIPOMBILUIEHHBIM MPEANPUATHEM, CIIOCOOHAs orie-
paTtuBHO pelarh Jr00ble MPOONEMBl U BBI3OBHI B
OymymieMm.

BBenenue

AHnanu3 BHeApeHHs UUQPPOBBIX TEXHOJIOTHN
B 3KOHOMMKY M, B YaCTHOCTH, B IIPOMBIIICHHOE
MIPOM3BOACTBO, MOKAa3bIBAET, 4YTO HH()OPMALMOH-
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Hble ¥ UUQPPOBHIC TEXHOJOTMH, TIIOBBINIAS KOH-
KypeHTOCIIOCOOHOCTh, MAacIITa0MPYIOT BO3MOXK-
HOCTU TPEIIPUITHS, MMO3BOJSIS PACIIUPITH B TOM
YHUClie HUNIYy W Teorpaduio pean3aluu MPOAyK-
uud. BHenpeHue HCKyCCTBEHHOTO HHTEIICKTA U
CKBO3HBIX HHU(POBBIX TEXHOJOTHA B IIEJIOM IIO-
Ka3alld MHPY HOBBIE CIOCOOBI pabOThl M BEICHUS
Om3Heca. M TPOM3BOACTBEHHBIE MPEIAIPHUATHSL
CTalld pa3BUBaThCS M ONTUMHU3WPOBAThCA Omaro-
Japs TaKUM HOBIIECTBaM, YTO BHJHO W3 OITyOIH-
KOBaHHOTO IMPOTHO3a pa3BuTHs Poccum Ha mepuon
2022-2026 . (tabm. 1) [1].

CoBepIIeHCTBOBAaHUIO TPOU3BOACTBA TPEJ-
HNpUATUH JIETKOM M TEKCTUIBHOM ITPOMBIIILICH-
HOCTHM TIOMOTAlOT TOCYJapCTBEHHBIE MPOTPaMMBbI
«Pa3BuTHE MPOMBIIINICHHOCTH M TOBBIIICHUE €€
KOHKYPEHTOCIIOCOOHOCTH» [2] M  (enepanbHbIi
npoekT «CTpaTerus pa3BUTHUS JICTKON MPOMBIIII-
seHHoctu B Poccuiickoin ®Penepauuu Ha MepUOA
10 2025 oy.

[TnanupyeTcsi, 4TO MHOTHE TPEATNPUATHS Oy-
IyT OCHAIleHbl COOCTBEHHON 0a30i CBHIphS M HE-
O0OXOAMMBIMH ~MaTepuaiaMy Onarojaps peau-
3alliy TIPOEKTOB, HAIPABIEHHBIX Ha MH(PPOBYIO
tparcopmarmto. llmanupyercs cmpoc mpous-
BOJICTBA Ha OTEYECTBEHHOM PBIHKE C Y4E€TOM CO0-
CTBEHHBIX MAaTEpHAJIOB, YTO HEMAJOBAXHO IS
HaceneHus. Oxkmmaercs, uro Kk 2026 T. Bo3pacTeT
CIIPOC M3JIETUH JISTKOW MPOMBITIIEHHOCTH Ha 4 %
(tabm. 2).

Kak ormeuaer MunskoHompassutusa Poccun,
JUHAMHMKA pOCTa TPOM3BOJACTBA B JIETKOW IpoO-
MBITITIEHHOCTH B 2024-2026 IT. MPEeBBICUT ypo-
BeHb npou3BojcTBa B 2022 1. BHyTpennwuii crpoc,
B CBSI3U C BBIXOJIOM C POCCHMCKOTO PhIHKA MHOTUX
OpennoB B 2022 r., yBEIMYHMBACTCS, B TOM YHCIIC
ATOMY CIIOCOOCTBYET pa3BUTHE HHU(PPOBBIX KaHA-
JIOB COBITA MPOAYKINU (MHTEPHET-Mara3uHbl, Map-
KeTIulelicel U J1ip.). HeoOxoamMmocTh BHEIpEHUs
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Tadonauua 1. [luramuka npoMBITIDICHHOTO pon3BoacTBa 20222026 rT. [1] (mporHo3 cormamsHO-
SKOHOMHUYeckoro pa3Butus Poccuiickoit denepannu MUHIKOHOMPA3BUTHA)

No Hanpapnenus npouzBojcTsa 2022 | 2023 | 2024 | 2025 | 2026 | 2026/2022
1 [TpoMBIIIIEHHOCTH (BCErO) 0,6 3,6 2,6 2,2 23 11,1

2 J{oObIua TONIE3HBIX HCKOMTAEMBIX 1,3 -0,7 | 0,7 1,9 2,0 3,9

3 O0pabarbIBaroIIne MPOU3BOICTBA 0,3 7,2 3,9 2,5 2,6 17,1

4 Di1. sHEprHs, Ta3, map u JIp. 0,5 1,2 1,4 1,7 1,5 5,9

5 Bopocnabxenune, BOJI0OOTBEICHUE, YTHIIN3ALUS OTXOJ0B U JIp. -3,3 -0,7 | 2,0 2,0 2,0 5,4

UQPOBBIX TEXHOJIIOTHI B MPOIECC CO3IaHHS IPO-
IyKTa, HauMHAs OT MPOEKTUPOBAHUS, Pa3zpabOTKH
W 3aKaH4MBas COBITOM, ONpENeNsieTcs MOJUTHKOM,
HaIpaBJIeHHON Ha pa3BUTHE NPENNPUATHN OTpac-
JM B paMKax 4YeTBEPTON IMPOMBIIIJIEHHON PEBOJIIO-
unu «Mugyctpus 4.0».

Pa3zButne 1MAPOBBIX TEXHOIOTHIl 0OYCIIOB-
JMBAeT LENecOOOPa3sHOCTh HCIIONb30BAHUS €AU-
HOH BBICTPOCHHOW CHUCTEMBbI TEXHOJIOTHM B Ipymme
xomrtanuii. K Tomy ke, cuimpHast nudpoBast cucte-
Ma T03BOJIIET HE TOIBKO NMPUHUMATh ONEPATHBHO
YIPaBICHYECKNE PEIICHNs, HO U yBEJINYUBATH WH-
JUBUAYAIN3ALNIO PENTIOKEHUH, @ BMECTE C TEM —
KIIMEHTOOPUEHTHPOBAHHOCTh M KOHKYPEHTOCIIO-
COOHOCTb.

B HOBBIX HH(OPOBBIX YCIOBUSIX BO3ZHHKAIOT
BO3MOKHOCTh Y4acTHUs MOTPeOUTENs B CO3/l1aHUU
MIPOAYKTA, a TAaKKe BO3MOXHOCTh MOJYYEHHS OIle-
patuBHOH OOpaTHOM CBSI3M, YTO YBEIWYHMBACT W
CKOPOCTb NMPHUHSTHS aJ€KBAaTHBIX YIPABIECHUECKUX
pemeHnii. VHTepeceH ONBIT Tak Ha3bIBAEMOTO
«TIPO3PaYHOro PabdoyYero mpouecca, Korjaa JaHHbIe
13 HHGOPMALIMOHHOM CUCTEMBI IPEANPHUITHS B OH-
JaiH-popMare MOCTYHAIOT 3aKa3uuKy O CTCIEHH
WM IPOLIEHTE TOTOBHOCTH €ro 3aKa3a, a BO MHO-
TUX CIy4asX M BHJEO C KaMep, YCTaHOBIICHHBIX B
[IeXaxX, Ha KOTOPBIX 3aKa34MK BHIUT BECh NPOLECC
MIPOU3BOJICTBA.

«AHaJN3 TOKa3al, YTO HAa COBPEMEHHBIX
MIPEINPUATHSAX ¥ KOHIIEPHAX HAXOAWT MPUMEHEHHE
CETELICHTPUYECKUI TMOXO0/, IMO3BOJSAIONIMN MOBBI-
cUTh 3QPEKTUBHOCTh UX JesTelnbHOCTH. J[7sl pea-
JM3alMU CETEIEHTPUYECKOrO TMOAX0a TpedyeTcs
MOCTPOEHNE WHTETPALIMOHHOHN ILIaTQOPMBI, Tpel-
CTaBRJIAKONIEH Cc000M  MpOorpaMMHO-aNmapaTHyro
HHPPACTPYKTYPY U MO3BOJSAIOLIEH OPraHU30BBI-
BaTb OOMEH JaHHBIMU MEXKIY KOMIIOHEHTaMH HH-
(bpacTpyKTypsl TPEANpPUATHS, pPacHpeneIeHHBIMH
OPUIOKEHUSAMHA W HMHGOPMALMOHHBIMM CHCTEMa-
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MU Uil TIOJICP’KKH, MOHUTOPUHTA U YIPABICHUS
MIPOM3BOACTBEHHBIMU U OM3HEC-TIPOIIeCCaMH TIpe-
npusitusa» [3]. Takoll WMHAMBHUIYaTU3UPOBAHHBIN
OTKPBITBII TOAXOJ B 3HAUYUTEIBHOH CTENEHH II0-
BBILIAET JIOBEPUE M YBA)KEHHE KIMEHTOB K MPOMU3-
BOJCTBEHHOMY MpPEANPHUATHIO, IENaeT ero ymoo-
HBIM U HaJEXHBIM MApPTHEPOM, YTO OOECIEeUnBaET
€My KOHKYPEHTHBIE IPEHMYINECTBa NPH NPOYUX
PaBHBIX yCIIOBUSX.

B cBs3u ¢ atuM Oosbiiast udpoBast SKOCUCTE-
Ma, (hopmMHUpyeMasi B paMKax COBPEMEHHOTO Ipej-
MIPUSATHA WIN HECKOJIBKUX TPOMBINUICHHBIX Mpe-
MpUATHIA, Ooliee 1enecooOpa3Ha, MOCKOJIbKY JaeT
BO3MOYKHOCTh CO3/]aBaTh MHHOBAIIMOHHBIE CTapTa-
bl U M30eraTh MpHU STOM BIHMSHUS Pa3pyILAIONINX
WHHOBALIMH U TIOCIEJACTBHM, CBSI3aHHBIX C 3THUMHU
IpoLeccaMu.

MeToabl Hccie10BaHUSA

Js pOCCHUMCKUX TPOMBIIIJIEHHBIX MHPEIpH-
STHH TTUGPOBU3ANNS YXKE CTaja CPEIHECPOUHOM
tenneHueit. Haumnas ¢ 2017 1. mudpoBas Tpamc-
(dhopmanms mpeacTaBiIsLeT coOOW Crmoco0 IMOBBI-
meHus 3(QPEKTUBHOCTH KaK IPOU3BOJCTBCHHBIX,
TaK ¥ BceX OM3Hec-mpoieccoB. V3MeHss moaxon K
MMPOU3BOACTBCHHLIM IPOIECCaM U KPCAaTUBHO IIPpU-
MCHAA HOBBIC HI/I(l)pOBI)Ie TCXHOJIOTMH, KOMIIaHHNH
pa3palaThIBAIOT PSJl YHHKAJIBHBIX PELICHHUHA, HE
HUMCIOIIMX aHaJIOTOB B MHUPEC: OAaTYUKH JIs1 HPO-
MBIIJICHHOTO MHTEPHETA BEIICH U UHTEIICKTYallb-
HbIC TUIATQOPMBI JUIsi cOOpa M aHAJIM3a JIaHHBIX;
WHCTPYMEHTHI JIOTIOJIHEHHOW pPEaNbHOCTH, BHE-
JIPEHHBIC B IMPOU3BOACTBEHHBIC IPOLECCHI; MUD-
POBBIE JTBOMHHUKH ISl peaH3alMHd KPYIHBIX WH-
BECTUIIMOHHBIX TPOEKTOB U MHOToe npyroe. «llpu
CETEIEHTPHUECKOW OpraHu3aluu pabOTHUKH MO-
TYT CO37[aBaTh W HMCIIOIB30BaTh WHPOPMAIHAIO IS
MTOBBIIIICHUS KOHKYPEHTHBIX TPEUMYIIECTB 32 CUET
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Tadauna 2. /[unamuika npou3Bo/CTBA MPOIYKIMH JIETKOH MPOMBIIUICHHOCTH (0a30BbId CLieHapHid),
2023-2026 rr., B % K npeaspiayiemMy roay

ILran
JlesTeNbHOCTh 2023 .
2024 r. 2025 r. 2026 T.
TexkcTuibHOE POU3BOICTBO 0,8 4,0 3,8 3,7
TxaHHOE TPOU3BOACTBO 4.8 4.8 43 4.8
Koxxanoe npousBoicTBO 10,2 43 42 2,6

COTPYIHHYECTBA MaJbIX M THOKHX camMOyIpaBiisie-
MBIX KOMaHD [4].

Pa3paboTka COOCTBEHHBIX IOJXOJ0B K BO-
npocam 1UQPPOBOI TpaHCHOPMAIH  TTOMOXKET
MPEANPHUITHIO C BBICOKOTOYHBIM IJIAHWPOBAHU-
€M, KOHTPOJIEM BCEX IIPOLIECCOB IMPOM3BOACTBA,
yIpaBiCHUEM KaueCTBOM BBIyCKaeMOW MPOAYK-
LMW, BBIABJICHHEM W JIoKanu3anued Opaka. Hc-
MOJIb30BAaHUE CETELEHTPUYECKOTO MOAX0da OCO-
OCHHO BaYKHO IS TPOMBIIIICHHBIX MPEIIPUATHN
OTpaciiv, KOTJia ONEepPaTUBHOCTh U OOBEKTHBHOCTh
rH(pOpMAIMH OKa3bIBAIOT CYIIECTBEHHOE BIIHSHUC
Ha peanuzanuio OusHec-mporeccoB. «lIpumennu-
TENBHO K PEaTbHO JNEHCTBYIOUIMM OPTaHMU3aNUAM
W pBIHKAM CETEleHTPHUYECKas MOJENb yIpaBie-
HUS MOXKET OBITh pPealu30BaHa B TEX CHCTEMax, B
KOTOPBIX BBICOKA PONb MH(POPMALWU W T€HEPHPO-
BaHuUs 3HaHUi» [5]. BHenpenune coOCTBEHHBIX Me-
TOZIOB M MOJIEJIeH MO3BOJUT OBICTPO PearupoBaTh
HAa DJKOHOMHYECKHE TPYIHOCTH, ONTHMHU3AIHIO
pecypcoB U (MHAHCOBBIX IMOTEPb, MPEATIOYTCHUS
KIIMCHTOB U 3aKa34YHKOB.

Pesyabrarsl

C KaXIbpIM TOIOM Tepexoll K u(poBU3AINN
Oyzner Oosee BaxkeH It 9(Q()EKTUBHOCTH U Pa3BU-
TUS AESITEIbHOCTU MPOMBIIUICHHBIX IPEINPUSITHI.
[Inaaupyrorcs pocT TPHOBLIH, BUACHHWE HOBBIX
WHBECTUIINH, aHaIU3 peau3yeMbIX TEXHOJIOTHUN
xoukypentamu. C 2021 . B Poccum »hdexTuBHO
BHEJIPSIOTCS TIPOU3BOACTBEHHBIE METOIBI, CO3/1a-
IOII[E OTYETHOCTh 00 MCTOIB30BAHUU TEXHOJIOTH-
YEeCKOro TIporpecca, T.K. BOCTpEOOBaHHBIM CTa-
HOBATCS HHU(POBOE MOJACIHPOBAHHE, NMPOTHO3 H
OLICHKA IPHUHATHIX peuieHuil. 'ocynapcTtBoM npen-
naraetcs TMOAJEep)KKa Ha pa3paboTKy TeXHOJIOIHU-
YECKOT'0 OCHAILEHHS, TTOMOTalOIIEro AesITeTbHOCTH
KOMITaHU#, B pasMepe 19 muH py0. ¢ OKymaemo-
CTBIO B TPH TOfia.
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PasButne 1mudpOBBIX TEXHOJOTHH I Mpe-
HPUATUN JIETKOW U TEKCTWJIBHOM INPOMBIIUIEHHO-
cti TpeOyeT oOyueHUs pabOTBl C COBPEMEHHBI-
MU [IU(POBBIMH TEXHOJOTHUSMH U MPOrPAMMHBIM
oOecrnieueHneM. B pesynbrare ucciienoBaHUsS OIl-
peneneHo, 4ro HamOoyiee IEPCIEeKTUBHBIM TOJ-
XOIIOM K IU(POBHU3ANNN TPOIECCOB YIPABICHUS
MIPOU3BOJICTBOM SIBJIIETCSI CETELIEHTPUUECKUN MO~
xon. B oOmem Buae CTpyKTypa CHCTEMBI yIpaB-
JICHUs TPENNpUITHEM Ha OCHOBE CETEleHTPH-
YECKOro IMO/X0Jla COCTOMT M3 TpeX YpOBHEH yII-
paBIIEHUS: CTPATErMYECKOT0, TAKTUUECKOT0 U OIle-
pPaTUBHOTO, TPEACTABICHHOTO Ha puC. 1.

[Ipenmpusitne paccmarpuBaeTcs Kak ceTeBas
CTPYKTypa TPOHM3BOJICTBA, KOMIIOHEHTHI KOTOPOM
B3aUMOCBSI3aHBl W HETPEPBIBHBI NJIST TEXHOJIOTH-
yeckoro mporecca. llonarue ceTereHTpuuecKoi
CUCTEMBbI 00pa3yeT TMOHSITHE CETEHECHTPUYCCKON
CTPYKTYpBI, KOTOpasi TO3BOJSIET OPraHU30BaTh
cOop, anHamu3, o00pabOTKy NPOU3BOJICTBCHHOMN
nH(pOpMAIIMK OT BCEX BO3MOXKHBIX HCTOYHHKOB
U Ha OCHOBE HMCKYCCTBEHHOIO HMHTEIUIEKTAa B OH-
naitH-(popMare TpUHUMATh pemieHus O (QyHKIH-
OHMPOBAaHUHU MPOU3BOJACTBA. DJTO Kacaercs BCeX
TEXHOJIOTHYECKUX Omeparuii, pabdoTocrocoOHO-
CTH W TOTOBHOCTH OOOPYIOBAaHHS, HATUYHS TIep-
COHajia, ChIPbsi, MaTepHajiOB, 3aKa30B, PACUETOB
ce0CCTONMOCTH W JIUKBUAAINNHA «y3KHUX MECT» H
npobieM Ha mpousBoAcTBe. CeTereHTpudecKas
CTPYKTypa — 3TO CIHOCOOHOCTBH TMPEANPHUSTUIMHA
pacrnpenensTh HMHGOPMAIUIO I YBEJIUYCHUS
KOHKYPEHTOCIIOCOOHOCTH M YCTPAHCHHSI MAaJIbIX U
cpenuuii kommnanuil. CeTeneHTPUIHOCTh MO3BOJISI-
€T OpPTraHU30BBIBATH CHCTEMY YIPABJICHUS TaK, YTO
peanmusyercsl JKEJIaHHBIA PEKUM CUTYallMOHHOM
3aJ1a4u.

Ha ocHoBe mpoBeneHHOTO HCCIEAOBAHUA
MpEeAiaraeTcsi aBTOPCKOE OINPEACICHUE IOHSITHS
«CETELICHTPUYECKON CHUCTEMBbl» YIpPaBICHUS: Ce-
TELEHTPUUECKAsl CUCTEMA — 3TO MHTErPUPOBAHHAS
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Puc. 1. O0mias cxema CeTeIEHTPHUECKOTO YIIPABICHUS

UHPOPMAIIMOHHO-TEXHUUECKas CeTeBas CHCTeMa
VIpaBICHUS, OOBEAWHSIONAS B CIUHBIA KOHTYP
yIpaBICHHUS BCE DJIEMEHTHI, PECYpChl U 000pYy/I0-
BaHHWE TMPEANPUATAS HA OCHOBE TEXHOJOTHH WC-
KYCCTBEHHOTO MHTEJUICKTa W TMPOMBIIIJICHHOTO WH-
TepHEeTa BelleH.

[IpumeHeHne CeTeneHTPUIECKOTO MOIEITHPO-
BaHUS TIO3BOJISIET HE TOJNBKO OPTaHW30BaTh BBICO-
K03 GEKTUBHBIA TPOU3BOACTBCHHBIA TIPOIECC B
peaTbHOM BpeMEHH Ha OCHOBE CHHXPOHH3UPOBaH-
HOTO YIIpaBJeHHsI 000pYI0BaHUEM, TIEPCOHAIIOM U
pecypcamu, HO U OCYIIECTBUTH IMPOTHO3HPOBAHKE
pa3BHUTHSI OM3HEC-TIPOIIECCOB U MPOU3BOJCTBEHHO-
TEXHOJIOTHYEeCKUX omeparnuii. O0ecrieynBaroT Ta-
KO€ OHJIAIfH-yTpaBJiIeHne 00JauyHbIe CEPBUCHI, TPO-
MBIIUICHHBI HMHTEPHET BElIeH, KCKYCCTBEHHBII
WHTEIICKT, TEXHOJIOTUU Onok4erH. Jlamee BO3MOXK-
HO co3naHue S((EKTUBHBIX IICMIOYEK ITOCTABOK
MPOU3BEACHHON MPOIYKIIUUA HA OCHOBE CO3IaHHBIX
uudpoBbIX miatdopm [7].

Poccuiickum ~ NpPOU3BOACTBEHHBIM  TpeEa-
NPUSITUSM ~ HEOOXOJAMMO  YIIydIllaTh TEXHUYEC-
KHE aKTUBHOCTU IO BOIIPOCAaM MPUMEHEHUS CO-
BPEMEHHBIX [U(POBBIX TEXHOJOTUH U OTEYECT-
BEHHOIO  IPOTPaMMHOTO  oOecrieueHus.  IJTO
)K€ KacaeTcsi COBEPIICHCTBOBAHMSI ABTOMATH-
3UPOBAHHBIX CHCTEM YMPABICHUS TEXHOJIOTH-
YeCKOW  TMONroToBKoi mpou3BojactBa. Ocoboe
MECTO B CHCTEMaxX YIPaBICHUS IPOMBIILICHHBI-
MU TPEennpusTHsIMU 3aHUMaloT MES-cuctemsl
(Manufacturing Execution Systems), oOpa3yroriue
SIIPO  CETCICHTPUUICCKON CUCTEMBI W SIBJISIOIIH-
ecsi CBS3YIOIIMM 3BEHOM MEXIy CTparermdec-
KM YPOBHEM YIIPABIEHHS W IMPOWU3BOICTBEHHON
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eI TENBHOCTBIO.
3aKkjoueHue

CeTelleHTpUYECKOE yHOPaBICHUE TMPOU3BOJI-
CTBOM CTaHOBUTCSI HE TPOCTO HOBOH MH(OpMAIIU-
OHHOW CHCTEMOH IPOMBILIJIEHHOIO NPEAIPUSTHS,
a TPEACTAaBISAET LIEJIbIi MHHOBALMOHHBIM MOJXO.
K OpraHu3alid TPOW3BOACTBA. BHempeHme Ta-
KUX TEXHOJIOTHA TpeOyeT HE TOJIBKO COBPEMEH-
HOTO 00OpPYIOBaHUs, OCHAIEHHOTO IAaTYUKAMHU H
CHUCTEMaMH TPOMBINIJICHHOTO WHTEpPHETa BEIICH,
HCIOJB3YIOIMUMHU  00JIaYHbIe CEPBUCHI U COBpE-
MEHHOE TPOTpaMMHOE OOeCIieueHre, HO M TOJTo-
TOBKHM II€pPCOHAJIa, TOTOBHOCTH NPHUMEHSTh TaKWe
TexHONMOTHH. CEeTeNeHTPUIECKUH TOAXOA AaKTHB-
HO WCIIONB3YeTCsl HE TONBKO Ha TMPEATNPHUSATHIX
TEKCTUJIbHOM M JIErKOM IPOMBIIIJIEHHOCTH, HO U
B npyrux ortpacisax [9]. «/lanHBI momxon maer
BO3MOXKHOCTH 3()(peKTHBHO MPUMEHUTH HE TOJBKO
YIIpaBIeHUYECKHA KOHTYp CHCTEMBI, HO W TIOTECH-
Al CaMOOPTaHM3AlUN COIHAIHLHO-DKOHOMHUYEC-
KHX CHUCTeM (MHCTHUTYTOB) pa3MYHBIX YPOBHEU
CIIO)KHOCTH, a TaK)Ke OPTraHM30BBIBATh IEJIOCTHYIO
MH(OPMAIIMOHHYIO Cpely C BO3MOXKHOCTBIO MPH-
MEHEHHSI COBPEMEHHBIX WH(OPMAIIMOHHO-KOMMY-
HUKALIMOHHBIX TexHoJoruit» [10].

[Ipu BKIIOYEHUH B KOHTYp CETELEHTpHUYEC-
KOTO YIPABICHUSA MApPTHEPOB MPEANPUATUS, KIIU-
€HTOB Y IIOCTABIIMKOB OyleT co3/laHa TMOJIHO-
neHHas nu@poBas 3KOCUCTEMAa YIPABIICHUS TPO-
MBIIUICHHBIM ~ MPEANIPUSITAEM, CIIOCOOHAs Orie-
paTMBHO pemiarh JitoOble MPOOJIIEMbl M BBI3OBHI B
OyayIieMm.
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Abstracts and Keywords

M.G. Bashirov, D.Sh. Akchurin, E.R. Tabaev, 1.V. Prokofiev

Development of an Educational and Research Complex in the Discipline
"Multi-Agent Artificial Intelligence Systems"

Keywords: electric power industry; neural network; digital twin; training stand; multi-agent systems.

Abstract. The article discusses the development of an energy-information complex with artificial
intelligence elements for distance learning in the field of electric power engineering and electrical
engineering. The research aims to create an educational and research complex for studying multi-agent
systems with the possibility of remote laboratory work performance.

During the work, the analysis of scientific, technical literature, and patent information was
conducted. When developing a neural network algorithm, a teacher training method and regression
analysis were used.

The study resulted in creating the software complex, including a laboratory stand digital twin, an
executive system, and a neural network model. The developed model allows monitoring the laboratory
stands’ status and diagnosing emerging problems based on current readings.

M.G. Bashirov, A.M. Khafizov, A.V. Nikitin, L.V. Sushentsov

Implementation of neural Networks in an Educational and
Simulation Complex Based on ARIES Software and Hardware for
Adaptive Control of Technological Processes

Keywords: automated control systems; neural networks; PID controller; digital twin; ARIES
equipment; simulation and modeling complex.

Abstract. The article considers a modern approach to the construction of intelligent automatic
control systems based on the introduction of neural networks into an educational and simulation
complex based on ARIES software and hardware. The features of the educational simulation complex
development are described, including the architecture of data transmission via an OPC server and
adaptive control algorithms. Experimental results are presented in the form of software solutions
for adaptive tuning of PID controllers using a neural network. The obtained result makes it possible
to significantly improve the dynamic characteristics of the system: reduce overshoot, reduce static
error, and shorten stabilization time. This has a positive effect on transients and helps to increase the
productivity of the technological.

M.G. Bashirov, A.S. Khismatullin, 1.V. Bayazitov

Application of Artificial Intelligence to Automate
Switching to Backup Power Sources

Keywords: neural network; backup power supply; Feedforward; Keras; TensorFlow; reliability;
power supply.

Abstract. In the modern world, a stable power supply plays a key role in ensuring the normal
functioning of both domestic and industrial systems. Power outages can cause significant financial
losses and lead to failures in the operation of critical infrastructure facilities. The introduction of backup
power sources is an effective solution to increase resilience to interruptions. To make the most of
these sources, it is necessary to develop intelligent systems that can predict and automate the start of
backup generators in response to changes in consumption or failure of the main source. The purpose
of the study is to consider and explore the possibilities of modeling the latest development — a virtual
simulator and the use of a neural network to automate the activation of backup sources at a transformer
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substation. The relevance of the work is dictated by the increasing requirements for the reliability and
uninterruptible power supply, especially in operating conditions, where it is necessary to pay special
attention to ensuring stable operation. To solve the problem of turning on backup power sources, a
simple Feedforward neural network (multilayer perceptron) with one hidden layer was used using the
Keras and TensorFlow libraries. Hypothesis: traditional backup control systems based on fixed threshold
values and relay logic have limited adaptability to changing modes of power grid operation and are not
capable of forecasting emergency situations. While the neural network is trained on power grid data
(such as voltage, current, frequency, active and reactive power, etc.) and is able to predict the need to
switch to backup sources based on the analysis of the dynamics of these parameters. This, in turn, allows
significantly increasing the reliability of power supply and reducing the likelihood of accidents. The
research methods included the study of literary sources, comparison, data analysis, scenario analysis for
potential development options. The results are as follows: the article substantiates the need to use and
subsequent development of a virtual laboratory stand that helps to reduce the number of errors made
by ATS. The search and analysis of existing analogues of the software product was conducted, and a
laboratory simulator was created using Al, which is used in the training process at the Institute of Oil
Refining and Petrochemistry of the Federal State Budgetary Educational Institution of Higher Education
"USPTU" in the Department of "Electrical Equipment and Automation of Industrial Enterprises".

E.M. Bashirova, S.A. Mirzoev, R.A. Kornilaev

Intelligent Gas Identification System to Ensure the
Safety of Electrical Installations

Keywords: electrical installation; system; safety; gas contamination; system.

Abstract. Electrical installations are widely used in energy, industry and transport, and their reliable
operation directly affects the stability of technological processes and personnel safety. The aim of the
work is to develop an intelligent gas contamination identification system aimed at improving the safety
level of electrical installations. The objectives are to analyze existing methods and technical means of
gas contamination detection used in industrial and energy safety systems; to determine the types of gases
and their maximum permissible concentrations that pose the greatest danger in the context of electrical
installations; to implement algorithms for processing and interpreting sensor data using artificial
intelligence methods to identify dangerous levels of gas contamination; to evaluate the effectiveness
of the proposed system in comparison with traditional methods of gas contamination control. The
hypothesis suggests that the proposed system will be based on the use of modern sensor technologies and
data processing algorithms with elements of artificial intelligence, which will significantly increase the
efficiency of control and reduce the likelihood of emergency situations. The study resulted in creating a
digital twin based on an explosion-proof laboratory stand.

D.A. Gorshkov, A.M. Khafizov, A.S. Khismatullin

Improvement of the Water Circuit Unit for
Ethylbenzene and Styrene Production

Keywords: automation; system; water circulation unit; ethylbenzene; styrene.

Abstract. An automated process flow assessment system provides an idea that leads to cost-
effective operational strategies in real time, including the reduction of unprofitable water use, energy
use, and service interruptions. The purpose and novelty of this work is to demonstrate the utility of an
automation system as a decision support system for the process flow of an ethylbenzene and styrene
water production unit,

The objective is to create a program that moves data quickly and smoothly between points, also
removes barriers created by traditional engineering functions, and improves collaboration, improves
workflows, and enables problem solving. The hypothesis suggests that an automated process flow
assessment system will enable system integration, improve data management, and enhance collaboration.
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The improved process flow provides real-time prediction and optimization capabilities for effective
decision making in the ethylbenzene and styrene water production unit. Results achieved: The result
is access to critical systems and information on the performance and risk of individual assets, which
improves capital planning decisions, reduces risks and ensures the delivery of safe and reliable water to
customers. This paper develops a framework for an automated quality assessment system for the water
recycling unit of the ethylbenzene and styrene production plant to achieve higher operational efficiency
based on Python.

M.A. Djalilov, A.M. Khafizov, A.S. Khismatullin
Modernization of the Automated Process Control System

Keywords: control; automated system; technological process; plastic granulation plants.

Abstract. The relevance of the topic is based on the need to increase the efficiency of plastic
compound production, improve the quality of granules, and reduce energy costs. The objective is to
develop and improve an automated process control system for a plastic compound granulation plant. The
tasks include the analysis of the existing system; identification of deficiencies; proposal of modernization
measures; development or improvement of the control algorithm. The hypothesis suggests that if an
improved automated control system based on adaptive PID control, intelligent processing of sensor
data, predictive diagnostics is implemented, this will lead to increased process stability, reduced raw
material losses, improved quality of finished products and reduced energy costs during plastic compound
granulation.

The results are as follows: an analysis of the existing automated control system for a plastic
compound granulation plant was carried out, its key deficiencies were identified: low accuracy of
temperature control, lack of adaptation to fluctuations in raw material characteristics, manual correction
of parameters by the operator. It is proposed to implement adaptive PID temperature and pressure
controllers, to modify the control algorithm taking into account transient processes using SCADA
systems.

A.R. Ibragimov, M.G. Bashirov, O.G. Volkova

Methodological Aspects of Developing Virtual Simulators for
Training Technical Skills: A Case Study of Checking and Replacing an
Electronic Differential Pressure Transducer

Keywords: virtual reality (VR); the oil industry; differential pressure sensor (DPS).

Abstract. The objective of the study is to develop a methodology for creating a VR simulator for
teaching students technical skills using the example of checking and servicing a differential pressure
sensor. To achieve this goal, the following tasks were solved: analyzing existing technologies
for developing virtual simulators; selecting the optimal development environment; designing a
user interaction scenario; creating three-dimensional models of equipment; implementing system
functioning algorithms. The study is based on the hypothesis that the use of VR simulators ensures
effective development of practical skills in working with high-tech equipment at minimal cost and
risk. The research methods included analysis of scientific literature, process modeling, texturing 3D
objects, programming the logic of the simulator and multi-stage testing. As a result, a VR simulator
was created that immerses trainees in a realistic environment for practicing the skills of repairing and
servicing differential pressure sensors. The simulator has successfully passed testing and confirmed its
effectiveness in training specialists for the oil and gas industry.
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T A. Kovalenko, A.G. Solodov
The Analysis of Existing Information Search Methods

Keywords: computer learning; data analysis; the Internet; excess information; machine learning.

Abstract. The search for information in modern society is one of the most significant problems.
The article examines the level of development and impact of computer technology on human life. Every
year, the volume of information in the world is steadily growing, which makes the issue of storing and
systematizing data in conditions of a large amount of information relevant and at the same time difficult.
The analysis of the most demanded methods of information search is made. The purpose of the study is
to understand how the volume of information affects data analysis methods. To confirm the hypothesis of
data processing, a survey was conducted. The results are shown in the table.

D.K. Nguyen, Y.A. Dyrchenkova, Y.V. Sakharov

Research on Security Methods for Satellite Communication
Based on Blockchain Technology

Keywords: satellite communication; cybersecurity; blockchain; security; threats; vulnerabilities; data
protection; technologies; method.

Abstract. Satellite communication plays a critical role in global infrastructure, enabling essential
applications such as telemedicine, financial transactions and national defense. However, the growing
threats, including cyberattacks and data interception, demand innovative solutions. This paper explores
satellite communication security methods by integrating blockchain technology and Gaussian processes,
aimed at improving the security of satellite communications. The research set the following objective:
explore the application of Gaussian processes for evaluating the effectiveness of blockchain-based
solutions. The study demonstrates how blockchain ensures data protection through immutability,
decentralization and transparency, while the application of Gaussian processes enhances the efficiency
of threat detection and prevention. This study demonstrates that the integration of blockchain
technologies with Gaussian processes can not only enhance security but also optimize the performance
of satellite communication systems. These findings provide a basis for developing new security
standards.

O.A. Torshina, L. V. Smirnova, K.O. Svetus

Application of the Theory of Structural Risk Analysis to Determining the
Influence of Scale on the Heating of Blankets in
Furnaces and their Quality

Keywords: theory of structural risk analysis; mathematical modeling; boundary value
problems; numerical methods; heat conduction equation; temperature field; non-stationary
processes.

Abstract. The aim of the study is to solve the problem of the scale influence on the heating of blanks
in furnaces and the quality characteristics they acquire, to build a mathematical model of this process.
To achieve this, the following tasks were set: to study the issues of the scale influence on the heating of
blanks in furnaces, to consider mathematical methods for solving the resulting boundary value problem,
to build a mathematical model of heating the blank in a furnace taking into account the scale influence.
The work uses methods of mathematical modeling and the theory of structural risk analysis. The results
of the study allowed us to identify the key factors that determine the scale influence on the heating
process. In particular, it was shown that the scale thickness and its thermal conductivity play a key role
in the formation of the temperature field. The model also confirms that taking into account the symmetry
of the temperature field does not have a significant effect on the results of the study.
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A.S. Khismatullin, E.Ya. Kayumov, 1.A. Churbanov, N.S. Fedko

Simulation of the Automatic Control System of the
Fuel Assembly of the Furnace Ignition System

Keywords: sensor; automation; transfer function; modernization; ignition system.

Abstract. Nowadays, superheaters are critically important in the petrochemical industry and in
industry in general, significantly increasing the efficiency and cost-effectiveness of energy-intensive
technological processes. They increase the temperature of saturated steam, which reduces costs, increases
productivity, and reduces environmental impacts.

Superheated steam produced in superheaters is often used for petrochemical processes such as
pyrolysis. Steam is also used in compression installations. The purpose of the study is to examine and
develop an upgraded system for automatic temperature control of the circulating water of the water
circulation unit, minimizing the presence of a human factor in the process of temperature regulation.
The relevance of the study lies in the analysis of the existing regulatory system, the identification of its
shortcomings and creating an upgraded system with the definition of its requirements and advantages.
The effectiveness and validity of the proposed system has been assessed due to the increasing
requirements for reliability and uninterrupted power supply, especially in operating conditions where
special attention must be paid to ensuring stable operation. The hypothesis is based on the assumption
that when the temperature rises much higher than normal, the shut-off valves are triggered, blocking
the flow of gas fuel, which leads to the release of fuel into the atmosphere. The pipeline intended for
gas discharge is opened manually by means of a valve. Temperature control occurs without temperature
correction. In our study, we propose to automate the existing system. It is proposed to replace the shut-
off valves on the fuel gas pipeline and install a flow sensor. Install a temperature sensor on the steam
outlet pipeline to adjust the fuel gas flow. It is also proposed to install an automatic gate valve on a
pipeline designed to discharge gas into the atmosphere. The research methods are as follows: the study
of literary sources, comparison, data analysis, scenario analysis for potential development options. The
results are as follows: the article substantiates the need for the use and subsequent use of an automatic
control system for a circulating water supply system. As a result of the search for coefficients, it was
found that the best control is provided by the coefficients of the proportional and integral components,
respectively: KO = 0.22; K1 =0.51.

V.V. Chechetka, A.A. Ryndin

A Study of Javascript Code Execution Environments in the
Implementation of Server Applications

Keywords: JavaScript; server applications; Node.js; Demo; Bun; execution environments;
performance; architecture.

Abstract. This article presents a comprehensive analysis of modern JavaScript code execution
environments for server applications. The architectural features, performance, and application scenarios
of Node.js, Demo, Bun, and other JavaScript runtimes have been studied. Comparative performance
testing was performed under typical server loads, including HTTP request processing, file system
operations, and database operations. The study also covers aspects of security, scalability, and the
ecosystem of each execution environment. The results show a significant variety of characteristics and
advantages of different environments, which allows developers to choose the most appropriate solution
depending on the specific requirements of the project.

V.M. Burygin, V.N. Volkogonov
Using Artificial Intelligence in Analyzing Cloud Infrastructure Security Systems

Keywords: cloud computing; machine learning methods; anomaly detection; deep learning
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algorithms.

Abstract. The study considers the problem of detecting anomalies, most often caused by malicious
activity of intruders. The solution to this problem based on statistical methods is ineffective in the
case of processing high-dimensional data with a high level of noise, which leads to an increase
in the frequency of false positives. The purpose of the study is to analyze artificial intelligence (AI)
methods and applicable model architectures, the use of which will reduce the frequency of false
anomaly detections in relation to cloud systems. A review of both domestic and foreign publications
is conducted. The use of deep learning models that integrate contextual data, as well as the
implementation of comprehensive security measures to improve performance in detecting anomalies
is substantiated. Various methods for training AI models are considered, while reinforcement learning
is substantiated as the most effective method. Real examples of Al application in cloud systems are
studied.

T A. Kovalenko, A.G. Solodov
User Interface Design Principles

Keywords: interface; design principles; motivation; user interface; digital product.

Abstract. The article discusses the issue of interface design. The purpose of the study is to
understand the issue of user interface orientation and its operation. The task is to investigate the
principles that must be followed when designing the interface, their impact on the operation of
the software. The research method was a survey of students. The results are expressed in a table and
conclusions.

S.E. Kuzenko, L.R. Vahitova, V.V. Galkina

Development of a Virtual Simulator for Training Electrical and
Electrical Technological Staff

Keywords: asynchronous electric motor; model; process; virtual simulator; training; technologies;
complete switchgear.

Abstract. Currently, virtual simulators are becoming increasingly popular training tools that allow
you to gain knowledge in an interactive form.

One of the promising areas of application of virtual technologies is the creation of virtual simulators
that allow you to simulate real situations and processes, providing a safe and effective learning
environment. The authors proposed a method for the automated construction of virtual simulators for
studying low-voltage and high-voltage electrical installations, which open up new opportunities for
professional training of specialists, allowing them to master the principles of operation, maintenance,
minimizing the risks of damage to expensive equipment and injury to personnel. This approach provides
an opportunity to repeatedly repeat training situations and analyze errors.

The aim of the study is to substantiate and develop a virtual simulator for training in the assembly,
disassembly and connection of a three-phase asynchronous electric motor and cells of complete
switchgear.

To achieve this goal, the following tasks were completed: the virtual reality market was analyzed,;
existing analogs of the software product were searched for and analyzed, development tools were
selected, and a virtual simulator was created.

Methods included analysis of existing development tools and modeling.

The hypothesis suggests that virtual simulator is designed for training and improving the skills of
new and existing employees. The developed virtual simulator can be adapted to the speed of information
assimilation and levels of understanding and mastering the material. The developed program can be used
to predict possible operating problems and emergency situations during the operation of low-voltage and
high-voltage electrical installations.
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S.P. Lysy, O.V. Snezhkina, A.M. Volkov

Development of 3D Models of Technical Nodes in
Engineering and Computer Graphics Classes

Keywords: part; component; technical unit; mechanism; installation; alignment; parallelism.

Abstract. The purpose of this article is to increase the level of practical training of students in the
development of 3D models of technical nodes in the Compass-3D graphics editor in engineering and
computer graphics classes. The main objectives of the research are to master practical techniques of
working with the program; to develop 3D models of products in Compass-3D based on the original
drawings and assemble technical components; to analyze errors made when performing graphic tasks.
It was suggested that during the classes, students would be able to improve their practical training,
analyze the graphic work of other participants, and minimize errors in the development of 3d models of
technical components. The research was carried out using theoretical methods based on the principles
of classical mechanics, mathematical analysis, synthesis, modeling, etc. According to the results of the
classes, students mastered practical techniques of working with a graphic editor, 3D models of products
in Compass-3D were developed from the original drawings and technical components were assembled,
errors made during the tasks were analyzed. An analysis of the histogram of the results of practical
exercises showed that when developing 3D models of technical nodes No. 1-3, the average quality
indicator for completing tasks of varying degrees of complexity increased from 82 % to 94 %.

A. V. Chirkin

Construction of Satellite Profiles of Multi-Satellite
Planetary-Pinion Gears

Keywords: planetary cycloidal reducers; cycloidal gears.

Abstract. This paper explores the synthesis of multi-satellite planetary-pin gear transmissions, with
a focus on the 2K-V scheme as classified by Kudryavtsev. The methodology for constructing the profile
of satellites in a multi-satellite transmission, considering the initial position of the eccentric shaft, is
described. The proposed approach allows for the simultaneous description of all satellites, simplifying
force calculations.

A. V. Chirkin

On the Applicability of "Inverted" Cycloidal Gears in
Planetary-Pinion Gearboxes

Keywords: planetary cycloidal reducers; cycloidal gears.

Abstract. This paper explores the concept of "inverted" cycloidal transmissions in planetary pin-
gear reducers. These transmissions involve the use of epicycloidal and hypocycloidal satellites in non-
standard configurations, where the satellites are positioned outside or inside the pin gear, contrary to
traditional schemes. A synthesis of "inverted" transmissions is conducted using parametric equations to
construct satellite profiles. The force characteristics of such transmissions are analyzed, demonstrating
their similarity to traditional transmissions in terms of force distribution, which confirms their potential
applicability in various mechanisms.

V.V, Petrukhin, S.V. Petrukhin, A.E. Anashikina
The Anthology of Gears of Converters of Vibration

Keywords: vibration; the transmitter; vibration convertor; gauging; registration; vibration rate;
vibration acceleration; vibration.
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Abstract. The aim of the study is to analyze devices for measuring vibration parameters offered on
the modern market, including the secondary market. In the course of the work, a review of sources was
made that consider the designs of such devices, called vibration transducers or vibration sensors, their
fundamental differences, and purpose. The main characteristics of sensors and manufacturers of products
for vibration diagnostics, both modern and those that have been in operation for a long time and do
not lose demand, are briefly presented. The results of the analysis show that the choice of devices and
related software is quite large and allows you to navigate in choosing effective and economical vibration
diagnostic equipment.

D.V. Kharitonov, V.I. Rubtsov

Design and Manufacture of a Hybrid Underwater Diagnostic
Robot Prototype for Ship Hull Inspection

Keywords: underwater robot; ship hull inspection; hybrid control system; volumetric design;
additive prototyping; water tightness; maneuverability.

Abstract. The aim of the study is to design and fabricate a prototype of a hybrid underwater robot
for ship hull inspection. The objectives are to investigate architectures and technical specifications of
modern underwater diagnostic robots, compare the performance of remotely operated, autonomous,
and hybrid systems, design a prototype that satisfies strength, maneuverability, and water tightness
requirements, select suitable manufacturing technologies, and conduct preliminary testing of the
prototype. The research hypothesis is the assumption that a hybrid underwater robot prototype featuring
a volumetric structure and dual-mode control (autonomous and tethered) will deliver diagnostic accuracy
on par with dry-dock inspection while reducing operation time and overall costs. The research methods
included literature review, comparative analysis, and design development. The results are as follows:
the comparative analysis identified clear advantages of the proposed design for the defined tasks.
A conceptual prototype was developed, its digital twin modeled, and a physical prototype fabricated
for initial testing. In this study, we conducted a review and comparative analysis of existing underwater
diagnostic robot designs — remotely operated, autonomous, and hybrid systems. We evaluated their key
characteristics: maneuverability, autonomy of control, versatility of application, and operational cost.
Based on these findings, a conceptual hybrid robot prototype was designed, its digital twin developed,
and a physical prototype fabricated for preliminary testing.

R.A. Yafizova, A.P. Dvorsky
Innovations: Implementation of Robotics Systems in Geology

Keywords: robotics; geology; mining; automation; safety; productivity; cost reduction; product
quality; artificial intelligence; machine learning.

Abstract. The article is devoted to the study of the application of robotic systems in the field of
geology, with an emphasis on the mining industry. It discusses the advantages and limitations of
implementing robots, such as increased safety, increased productivity, reduced costs, and improved
product quality. The challenges facing this area, including the need for initial investments and
technology adaptation, are also considered. It is emphasized that the development of artificial
intelligence and machine learning opens up new horizons for the creation of autonomous and adaptive
robotic solutions. It is expected that in the future, the use of robotics in the mining industry will lead
to significant changes in the organization of mining and processing processes. The purpose of this
article is to explore the application of robotic systems in the field of geology, with a particular focus on
the mining industry. The article aims to analyze the advantages and limitations of the introduction of
robotics, as well as to identify potential areas for further development and optimization of mining and
processing processes.
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LN. Khrustaleva, L.G. Chernykh, O.D. Uvarova, S.N. Stepanov

A Model of Multicriteria Optimization of the Structure and
Parameters of an Intrashop Transport Route

Keywords: multicriteria optimization; transport route; vector optimization criterion; set-theoretical
model.

Abstract. The paper considers the issues of multi-criteria optimization of the process of cargo
movement within the production unit. The process of cargo transportation is an integral part of the
production process at a mechanical engineering enterprise. The aim of the work is to develop a model for
optimizing the parameters of an intra-shop transport route. The objectives of the study are to analyze the
factors influencing the efficiency of the intra-shop transport route; to form a vector optimization criterion
for the intra-shop transport route; to form a set-theoretical model of the intra-shop transport route. The
paper presents a model for optimizing the parameters of intra-shop transport operations implemented
within individual production units. Sets of target indicators and control parameters, as well as boundary
conditions for the implementation of the model are determined. Optimization of transport operations and
transport routes is based on the following set of target indicators: the amount of operating costs; labor
intensity of the implementation of a set of actions to move goods; indicators of the efficiency of using a
vehicle in the process of moving goods; the total mass of the transported goods; the total length of the
transport route.

LA. Azizyan, S.S. Karabanova, 1.S. Popov

The Task of Selecting a Structural Scheme in the Course of an
Estimated Assessment of the Reliability Criteria of a Technical System

Keywords: diagnostics; block diagram; reliability criteria.

Abstract. Relevance of the work: the study of reliability issues of elements, products and systems,
during the implementation of the educational process at a technical university, is determined by the
improvement of the quality of training of specialists in the machine-building industry, contributes to a
better understanding of the patterns of technological processes, optimization of evaluation, diagnosis,
operation and repair of products. The purpose of the study is to develop the ability of comparative
analysis of various structural compounds for the diagnosis and control of the reliability of technical
systems at the stage of estimated calculation by students of a technical university. The research methods
included analysis of the reliability of the source system; determination of reliability indicators with a
minimum number of redundant elements; comparison of system reliability indicators to select the
optimal structure.

The results are as follows: schematic tasks have been selected that represent elements of basic
and special disciplines in the educational process, which will allow us to evaluate the optimal type of
structural connection.

LA. Azizyan, E.I. Mironova, A.S. Sivirkina

Risk Assessment for the Diagnosis of Reliability Parameters in the
Process of Designing a Technical System

Keywords: risk function; control; diagnostics; project activities.

Abstract. The relevance of the study is due to the fact that the engineer is always faced with
the task of transforming the technical system for improvement and unification. Project activity at
a technical university is the basis for the formation of analytical, organizational, and managerial
functions of a future engineer, a competitive specialist. The purpose of the study is to substantiate the
importance of assessing the risk function in matters of reliability control and diagnostics in the design
of technical systems. The research methods include the study of the risk function is carried out on the

219

Ne 4(166) 2025



basis of a comparative analysis of the control and improved system with respect to the main reliability
criteria.

The results: a mathematical apparatus is presented for studying the risk function under various
conditions for the implementation of technical system diagnostics (systems with and without recovery,
with redundancy and without taking into account duplicate elements are considered).

LA. Pogrebnaya, S.V. Mikhailova, A.S. Fuchedzhi

Analysis of the Use of Polyethylene Pipes for the Transportation of
Petroleum and Petroleum Products

Keywords: polyethylene; steel; pipeline; transportation; oil; pipe; pumping.

Abstract. The most popular material for the manufacture of oil pipelines is steel of various grades,
but steel pipes have a major disadvantage — they are susceptible to corrosion and erosion. At the same
time, polyethylene pipes are not corroded, which can significantly improve the technological processes
for transporting oil and petroleum products. The study aims to consider the use of polyethylene pipes for
the purpose of transporting petroleum products through them. The method is based on the use of non-
metallic materials. Traditionally, oil pipelines are made of various grades of steel, but steel pipes have
a major disadvantage — they are susceptible to corrosion and erosion. At the same time, polyethylene
pipes are not corroded, which can significantly improve the technological processes for transporting oil
and petroleum products. The results are as follows: to select the pipeline material, tests were carried
out to detect the destruction of the inner walls of the pipes (waterjet and abrasive wear). The study
examined pipes made of steel, asbestos cement, fiberglass, concrete, ceramics, PVC (polyvinyl chloride)
and HDPE (high-strength polyethylene). From the tests carried out, it was revealed that HDPE pipes are
less prone to wear. The advantages of PT are: durability, service life of about 50 years, flexibility, and
resistance to abrasives.

E.V. Shepelkevich, T.P. Chudinova

The Effect of Wastewater on the Ecological State
of the Reservoir

Keywords: hydrochemical analysis; biotesting; hydrobiological analysis; toxicity index; wastewater.

Abstract. The article is devoted to determining the impact of urban sewage on the aquatic ecosystem
of the Belaya River on the basis of hydrochemical indicators and biotesting. The analysis of biological
treatment of sewage, analyses of water samples for the content of 13 indicators and toxicity index are
carried out. The purpose of the study is to study the impact of wastewater on the ecological state of
the Beloy River in Birsk, Republic of Bashkortostan. The objectives of the study are to determine the
quality of wastewater treatment Bashkommunvodokanal Birsk on the basis of hydrobiological analysis
of activated sludge and biotesting, to conduct hydrochemical analysis of water samples above and below
the discharge of wastewater. The hypothesis of the study suggests that municipal and domestic water
discharges play a certain role in the formation of qualitative and quantitative composition of surface
waters.

The research methods are as follows: chemical analysis of water, hydrobiological analysis,
determination of acute toxic effect of water samples using test subject of infusoria Paramecium
caudatum.

Results and conclusions: the presence of a sufficient number of rotifers and infusoria indicates a
significant degree of formation of activated sludge. The condition of the sludge according to the sludge
index indicates satisfactory treatment. Water samples above and below the wastewater discharge do not
exceed the MAC values except for total hardness, iron and manganese content. The results of biotesting
showed that the studied samples do not have a high degree of toxicity.
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M.N. Belaya, E.F. Barieva, M. Korshunova, S.L. Gavrisenko, E.M. Nalbandyan

Development of a Procedure for Estimating the Uncertainty of
Measurement Results of Laboratory Electronic Scales

Keywords: uncertainty budget; electronic laboratory scales; calibration; coverage coefficient;
uncertainty estimation; extended uncertainty.

Abstract. The article presents the sequence of the procedure for estimating the uncertainty of
the measurement results of laboratory electronic scales. The proposed procedure makes it possible
to increase the reliability and wvalidity of measurement results, which is especially important in
laboratory research. The purpose of the article is to develop a procedure for estimating the uncertainty
of measurement results during calibration of laboratory electronic scales. To achieve this goal, it is
necessary to solve a number of tasks: to determine the steps and sequence of actions when calibrating
laboratory electronic scales; to determine the types of uncertainty when measuring mass; to develop a
procedure for estimating the uncertainty of measurement results. The research hypothesis suggests
that the accuracy and reliability of measurement results obtained with the help of scales are of great
importance for making informed decisions. However, measurement uncertainty is not always taken into
account, which can lead to errors in data interpretation.

The scientific methods used in this article are generalization, synthesis and statistical analysis of
a series of observations. The main result of the work is the establishment of a sequence for estimating
measurement uncertainty when calibrating laboratory electronic scales, which will make it possible to
create an uncertainty budget.

M. Yu. Knyazev

Innovative Technological Solutions for Organizing Low-Tonnage
Toluene Deep Processing Facilities in Russian Industry

Keywords: toluene; benzyl chloride; benzyl alcohol; bubbling reactor; vacuum rectification.

Abstract. The article presents innovative technological solutions developed within the framework
of the project on organizing small tonnage production facilities for deep processing of toluene into a
number of valuable chemical products (benzyl chloride, benzyl alcohol, benzoic acid, etc.). The
aim of the study was to develop an improved design of a bubbling reactor for liquid-phase radical-
chain chlorination of toluene, as well as a unit for separation of benzyl alcohol from benzyl chloride
hydrolysate by vacuum rectification in two nozzle columns. The main objectives of the research
included the design and creation of process equipment for obtaining the above chemical products with
high purity and maximum possible yield. The results of the work show that the proposed design of the
bubbling reactor and the developed vacuum rectification unit provide high efficiency of benzyl chloride
and benzyl alcohol production from toluene with high yield and the content of the target product up to
99.99 %. The developed equipment is intended for use in creating novel production facilities for deep
processing of toluene at the enterprises of Russian chemical industry, which contributes significantly to
import substitution, diversification of petrochemical production and increase the competitiveness of the
Russian chemical industry.

M. Yu. Knyazev

Investigation of Consumption Dynamics of Chemical Product Range of
Benzoic Acid Esters in the Russian Economy

Keywords: benzoic acid esters; consumption dynamics; production in Russia; forecast until 2030.

Abstract. One of the key areas of development of chemical industry is increasing production of low-
tonnage chemical products via deep processing of petrochemical resources, including toluene. Toluene
can be further processed into a variety of chemical compounds, such as benzoic acid and its esters,
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which are valuable chemical products per se. The purpose of this study is to comprehensively analyze
the dynamics of benzoic acid esters (BAEs) consumption in the Russian economy over the period
2019-2024 for assessing the prospects of creating domestic production of the chemicals. The objectives
of the study include: analyzing the state of the Russian market of BAEs over the past five years,
studying the volume of imports; identifying the main importers, the structure of BAEs consumption in
various sectors of the economy, and forecasting the product consumption until 2030. The hypothesis of
the study is that the creation of own production of BAEs in Russia will provide the domestic market
with high-quality products that meet modern standards, as well as reduce dependence on external
supplies. The research methods include analyzing data on volumes of import and consumption of BAEs,
forecasting the demand dynamics up to 2030 on the basis of expert estimates and analysis of trends in
the development of the related industries, as well as studying the existing BAEs production technologies.
The results of the analysis indicate a significant potential for growth of BAEs consumption in Russia,
especially in the pharmaceutical, perfumery and cosmetics, as well as food industries. In the context of
import substitution course, the development of domestic production of BAEs seems to be a promising
direction that can increase the technological independence of the country and improve the economic
efficiency of raw material resources utilization.

LS. Razina, 1.A. Egorova, 1.V. Zhukova

Analysis of Possible Problems during Inspection of
Medical Device Production

Keywords: inspection of production; quality management system (QMS); safety and quality of
medical devices (MD).

Abstract. The objective is to analyze possible problems arising during inspection of medical device
production. The research tasks are to study the requirements of regulatory documents in the field of
inspection of MD production and to identify the main problems that manufacturers encounter during
inspection. The processes of the quality management system in the production of medical devices subject
to inspection in accordance with the Decree of the Government of the Russian Federation of February
9, 2022 N 135 are analyzed. The main problems arising during inspection and possible solutions are
identified.

S.A. Chupis, D.A. Skvortsova, E.V. Ershova

Analysis of Methods for Estimating the Residual Life on a Machine
during Continuous Casting of Blanks

Keywords: residual resource; continuous casting machine (CML); machine learning; automation of
indicator analysis; management efficiency.

Abstract. Real-time analysis of production data becomes critical information at various operational
levels. In this regard, the relevance of the study of this problem increases. The purpose of the article is
to conduct a detailed analysis of the indicators of production processes. To consider the main problems
related to the operability of equipment and identify the main methods, techniques and methods of
data analysis in industry. Tasks are to note the value of the Diptychs of geometric parameters of the
blanks obtained at the MNLZ; to highlight the accuracy of the analysis of the remaining resource by
the elements of the MNLZ; to review the existing methods of data analysis. The research hypothesis
suggests that the constructed system will improve the efficiency of estimating/predicting the remaining
resource. Research methods: analysis of scientific literature and standards. Results achieved: the analysis
showed that the integration of modern data analysis methods and automation of production indicators
increase the efficiency and reliability of production systems.
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O.V. Bulygina

A Fuzzy Bioheuristic Method of Forming a Program for Creating a
Chemical-Technological System for Processing Ore
Beneficiation Waste

Keywords: program formation; conditional optimization; bioheuristics; Bat Algorithm; fuzzy logic;
hybridization.

Abstract. Logistics flows in the chemical-technological system of ore processing can be divided
into direct (movement of resources, semi-finished and final products along the supply chain) and reverse
(sending waste to tailings dumps). Due to the fact that many tailing dumps are already overfilled, the
task of building a system for recycling accumulated waste, which should include many production and
storage facilities united by logistics flows, is of particular importance. The purpose of the article is to
develop an economic and mathematical method for forming a program for creating such a system within
the allocated budget and taking into account the railway infrastructure. From a mathematical point of
view, it is necessary to determine the “optimal” set of interconnected projects (for the construction
of waste processing plants and warehouses for storing their products) in a multidimensional space of
features according to several criteria, taking into account a set of constraints. To solve the given
optimization task, a hybrid method based on bioheuristics inspired by bat echolocation and a fuzzy
logic system is proposed. The testing results confirmed the potential of its use for solving large-scale
conditional optimization tasks in program management.

U.b. Enucmpamosa, H.I'. Iluxy3o

Pa3paGoTka MoJe i CTPaTern4eckoro yrnpasJieHusl
pecypcamu JaTa-neHTpa

Kniouegvie cnoéa: WMUTALlMOHHAsT MOJENb; HCKYCCTBEHHBIH HMHTEIUIEKT; CTPAT€rHYecKoe
ynpasnenue; nentp oopadorku ganusix (LHOM); sHeprosddekTnBHOCTS.

Aunomayus. lenplo uccrnenoBaHusl sBIsSeTCS pa3paboTKa yHHUBEPCAIbHOM MaciuTaOupyeMoin
monenu ynpasineHus L[OJl. PemaeMbiMu 3amauamul  SBJSIFOTCS aHaNM3 OOIIeH WHPPACTPYKTYphI
HO ¢ yderoM pasiMYHBIX CIIOCOOOB €€ peajH3aldy, aHalu3 BaXXHEWIIMX MPOOJIeM YIpaBICHUS
pecypcamu, pa3paboTka ¥ OOOCHOBAaHME KOMIUIEKCHOIO CTPaTerM4ecKOro MeTOojia yNpaBiCHHUS
pecypcamu. Pesynpratom nccnenoBaHusi crana pa3paOoTKa YHHBEPCAJIbHON MOJENH, MO3BOJIIOLICH
s¢dexTuBHO ynpaBiaTh pazauuHbiMu  Thnamu 1O/, I'mmore3a wuccnenoBaHMs: Mpennonaraercs
BHEJIPEHUE YHHMBEPCAJIBHOM MOJENU CTpaTernyeckoro IutanupoBanuss u passutus LOJ] ¢ yderom
MOJIYJIBHOCTH, ¢ MaclITa0UPyeMOCThIO, MOAXOASIIEH 111 BceX TUIoB U pasmepos IO/, yto mpuBomut
K ONTHMH3ALMM KJIIOYEBBIX OSKCIUTYyaTallHOHHBIX XapaKTePUCTHK W 3aTparuBaeT BCE 3HAYUMbBIC
HNEPapXUUCCKUE YPOBHHM XapaKTEPHCTHK, BKIIOYas KPOCC-CHCTEMHBIE U IVI00aJbHbIE SKOHOMHUYECKUE
apaMeTpsbl.

R.V. Susov

The System Mechanisms of Adaptation of the Enterprise to
Changes Based on the Digital Model

Keywords: digital enterprise model; systems approach to management.

Abstract. The purpose of the article is to consider the issues of adaptation of the enterprise to
changes based on the digital model. The article suggests an approach to mapping various aspects of an
enterprise's activities into a comprehensive digital model. From the perspective of a systematic approach,
the mechanisms of transition of an enterprise as a system from one state to another based on digital
models are considered.
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UV Sat, VK. Sevek

Features of Small and Medium Entrepreneurship
in the Republic of Tyva

Keywords: small and medium entrepreneurship; features; government support; development factors;
Tyva Republic.

Abstract. Small entrepreneurship in the Tyva Republic plays an important role in the socio-
economic development of the region, being a source of employment, income and innovation. The
purpose of the article is to determine the regional features of small and medium entrepreneurship
development and the factors influencing them based on the results of the study. Research hypothesis
suggests that determination of regional disproportions in the development of small and medium
entrepreneurship. Research methods are as follows: to identify the features of the republican small and
medium entrepreneurship, a comprehensive analysis of their activities was carried out using economic
and statistical methods. The objective of the study is to identify regional features of small business
development. The research results are as follows: based on the comprehensive analysis, specific regional
factors and causes of territorial uneven development of small business were identified, proposals for
their consideration when developing a plan for the development of small and medium entrepreneurship
were formed.

LP. Uymanova, PA. Lotarev, E.D. Luneva

Development of a Software Module for the Formation of
Non-State Pension Insurance Expenses

Keywords: non-governmental pension insurance; software module; automation of calculations;
financial indicators.

Abstract. The article discusses the advantages of developing a software module on the 1C platform.
An enterprise compared to using SAP in the field of non-governmental pension insurance. High
adaptability, flexibility, accessibility and ease of implementation of solutions based on 1C are noted.
The aim of the research is to create an automated cost calculation module that meets the requirements
of efficiency, accuracy and adaptability. The paper uses an optimized approach to evaluating financial
indicators, and testing was conducted on the data of a large insurance company. The developed
module helps to improve the quality of management, accelerate automation and improve financial
reporting.

E.V. Kislitsyn, V.A. Shahnazaryan

Embedding Video Content in a Chatbot as a Marketing Strategy:
A Study of Effectiveness

Keywords: marketing strategy; digital economy; IT sector of the economy; chatbots; video content;
A/B testing; user experience.

Abstract. The article examines the effectiveness of introducing video content into organizations'
chatbots as a marketing strategy. The hypothesis of the study is that replacing text instructions with
video content will increase the effectiveness of marketing activities. A/B testing was used as a research
method. The results of the study showed that key metrics such as user engagement, the proportion of
automated queries, and customer satisfaction increased significantly after the introduction of video
content into the chatbot.
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A.N. Silenko, R.Sh. Segizbaev

Development of a Strategy for the Development of Industrial
Enterprises of the Republic of Kazakhstan

Keywords: industrial enterprises; development strategies; digitalization.

Abstract. The relevance of the study is due to the need to identify modern problems and find
ways to improve the development strategy of industrial enterprises of the Republic of Kazakhstan. The
results obtained allow us to test various modern approaches to the strategic management of industrial
enterprises, including in the context of digitalization. The main directions of the development strategy of
industrial enterprises are revealed in order to create a sustainable and competitive industrial base, which
includes cooperation between the state, business and science.

Yu.A. Shikov

The Use of a Network-Centric Approach in Production Management at
Textile and Light Industry Enterprises

Keywords: production management; network-centric approach; digital technologies; industrial
Internet of things; cloud services; textile and light industry; Industry 4.0.

Abstract. The article presents an innovative network-centric approach to the production management
of textile and light industry enterprises. The necessity of digitalization of production processes based on
inclusion in a single information technology network structure, including data on resources, equipment,
participants, orders, allowing to organize production in real time, optimize business processes, promptly
identify and eliminate problems and "bottlenecks" in all technological areas, is substantiated. The
purpose of the research is to develop modern approaches to the digitalization of production processes
based on the technologies of the Industry 4.0 concept, the industrial Internet of Things, cloud services,
and artificial intelligence. It is concluded that when the company's partners, customers and suppliers
are included in the network-centric management circuit, a full-fledged digital ecosystem of industrial
enterprise management will be created, capable of promptly solving any problems and challenges in the
future.
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