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Annomayusn. B pabote paccMaTpuBaIOTCs MIMPOKO MPUMEHSIEMBIEC Ha MTPAKTUKE paclpeaesieHHbIe CHC-
TEMBI, IPEIIOJIATAOIIIE XPaHEHHE, 00pabOTKY KPUTHICCKH BaXXHOH IS MPEANPHUATHH U YIPEKICHUH HH-
dopmarmu Ha mepuepur, aHATU3UPYETCS CHCKTP YSI3BHMOCTEH IO OTHOIICHHIO K HH(POPMAIHUOHHON
6e3onacHoctu (UbB) mpeanpusTaii, opranu3zanuii, yaeOHBIX 3aBEeICHUN U T. 1. B cTaThe mpoBeaeH moapoo-
HBIM aHAIM3 MPUMEHEHHS] MAaTEMaTHYECKOTO armapaTa TEOpUH MacCOBOTO 00CITY>KMBaHUs, UCTIOIh3yeMOTO
IUTS HCCIIEZIOBaHUH HH(DOPMAIIMOHHON 0e30MacHOCTH pacipeeicHHbIX cucteM. Lleau u 3aqauu mocrasie-
HBI TI0 pe3yJbTaTaM MPOBEJACHHOTO aHaIHM3a, KOTOPHIH TMOKa3al, YTO CYIIECTBYIOIIEE COOTHOIICHHE «pac-
mpeaencHHas MHPOKOMMYHHUKAIIMOHHAsT cucTeMa — yrpo3sl 11By» He B MONHOW Mepe OTpakaeT CBOWCTBO
JIOCTOBEPHOCTHU JIaHHBIX O cocTossHUM Wb /i KonmuecTBa 3JIeMEHTOB (JaTUYMKOB), YIaCTBYIOIUX B 0Oec-
nedenun b i naHHO MHPOPMAMOHHONW CHCTEMEI, M KOJMYECTBA KaHANIOB, 10 KOTOPHIM MOTYT MPUXO0-
JIUTh YTPO3bI JJIsl AaHHOI MHPOpMaIMOHHON cucTeMbl. Takum 00pa3oM, LIENbI0 TaHHOW paboThI SBIISETCS
pa3paboTka MaTeMaTHIeCKO MOJICIIH, OCHOBAHHOM Ha MapKOBCKHX CITyYaiHBIX MPOIECCaX U TCOPHH Mac-
COBOTO OOCITY>KHMBaHUs, KOTOpas MO3BOJISIET B JMHAMUKE BEPOSITHOCTHBIMU METOJAMH OIEHHUTHh aKTyallb-
HOCTh HH(GOpPMAIMH O BO3MOXHEIX Yrpo3ax B 007acTé HH(GOPMAIIMOHHON 0E€30MacHOCTH U MPHHATH YIpe-
JKIAIOIIKME MEPhl TI0 UX JIMKBUAANUU. MaTepuaiabl 1 MeToAbl. B OCHOBE HccleI0BaHUN JISKUT U, 3a-
KITFOYAOIIasics B TOM, YTO UMEETCsS HEKOTopas HH(POPMAIMOHHAS CHCTEMa, KOTOpask MOXKET IOIBEPraThCs
yrpo3aM B obnactu MHGOPMAIIMOHHONW 0€30MacHOCTH, YIPO3bl MOTYT TIOCTYNATh 10 HEKOTOPHIM KaHaJIaM.
Jlst MaTeMaTu4ecKkoro MOJECIUPOBAHUS OMUCAHHOW CUTYallud BBENEH Psii OTPAaHUYEHUH, C YUYETOM KOTO-
PBIX TIOKa3aHO, YTO JIOCTOBEPHOCTh JAHHBIX 00 MH()OPMAIIMOHHBIX yrpo3ax MOXKET OBITh HUCCIIEe0OBaHA HA
OCHOBE MAapKOBCKHX Ciy4ailHbIX mporeccoB. Pe3dyiabrarbl. C HCHOJIb30BAaHUEM MOJEIH TOCTOBEPHOCTU
KOMIUJIEKCHOTO KOHTPOJISl COCTOSIHUIM B MPOCTPAHCTBEHHO-PACIIpEIe]ICHHBIX crcTeMax Vb momyueHsr: 3aBu-
CHUMOCTH BEPOSTHOCTH JOCTOBEPHOCTH HH(MOpMAIMK 00 Yyrpo3ax OT WHTCHCUBHOCTH UX MOCTYIUICHHUS MPH
Pa3HOM KOJIMYECTBE MCTOYHHKOB yrpo3; 3aBUCHMOCTH BEPOSTHOCTH JOCTOBEPHOCTH MH(OpMAIHK OT Bpe-
MEHHU TIoJydeHus: u 00paboTku MHGOPMALIUK MPU Pa3HOM KOJIMYECTBE UCTOYHHKOB YIpO3; MUHUMAJIbHBIC
3HAYCHUS IEMEHTOB, KOTOPBIE HEOOXOIUMBI [T 00ECIICUCHHUS C BEPOATHOCTHIO HE MEHEe 3aJaHHOMU, TOC-
TOBEPHOCTH HMH(MOPMAIMY MPU M3BECTHOM KOJUYECTBE UCTOYHHKOB YIPO3 Uil Pa3HBIX 3HAYEHUH WHTCH-
CHUBHOCTH MX NOCTYIUICHUS U Jpyrue. 3akaw4yeHue. [lonydeHHble 3aBUCUMOCTH UMEIOT KBa3UJICHEHHBIN
XapakTep, U4TO TO3BOJSET MPOBOAUTH MPHUOIMKEHHBIE, HO JOCTATOYHO TOYHBIC PAcUeThl MPHU OIIEHKE YyKa-
3aHHBIX MAPaMETPOB, YTO MO3BOIUT 3PQPEKTHBHO OpPraHU30BBIBaTH Mepompusitusi mo Ub. PaspaboTannas
MOJIEJIb MTO3BOJIMT MTPOBOIUTH ONCPATHBHOC IJIAHUPOBAHHE CTPATETUH 3AIUTHl HHPOPMAIIHOHHOW CHCTEMBI
OT BO3MOXHBIX YIPO3, @ TAK)KE OCYILECTBIATh MOANEPKKY NPUHATUS PEIICHUM MO KOJIUYECTBY 3JIEMEHTOB
Wb B MEHAIOMHUXCS YCIOBUSX MPOTUBOCTOSHUS BHEIIHUM WH(GOPMAIIMOHHBIM BO3JCHCTBHSIM.

Knruessie cnosa: pactupenencHHas cucreMa, HHOOpMAIMOHHAS O€30IIacHOCTh, TEOPUS MAacCCOBOTO
00cIyKHUBaHUs, TOCTOBEPHOCTh HHPOPMALIUN

Jna yumupoeanus: Moneny 10CTOBEPHOCTH KOMITIIEKCHOTO KOHTPOJISI COCTOSIHUI B IPOCTPAHCTBEHHO-
pacmpeneieHHbIX cucTeMax HHpopMannonHoi 6e3omacHoct / A.B. Anannes, C.A. bapkanos, K.C. HBan-
nukoB, C.1. Moucees // Bectauk IOYpI'Y. Cepust «KoMmbloTepHbIE TEXHOJIOTHH, yNpaBiIeHUE, pajuo-
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Abstract. The paper considers distributed systems widely used in practice, which involve the storage
and processing of information critical for enterprises and institutions on the periphery, analyzes the range of
vulnerabilities in relation to information security (IS) of enterprises, organizations, educational institutions,
etc. The article provides a detailed analysis of the application of the mathematical apparatus of the theory of
queuing used to study the information security of distributed systems. The goals and objectives were set
based on the results of the analysis, which showed that the existing ratio “distributed infocommunication
system — IS threats” does not fully reflect the property of reliability of data on the state of IS for the number
of elements (sensors) involved in providing IS for this information system and the number of channels
through which threats to this information system can come. Thus, the purpose of this work is to develop
a mathematical model based on Markov random processes and queuing theory, which allows using probabilis-
tic methods to evaluate the relevance of information about possible threats in the field of information security
in dynamics and take preventive measures to eliminate them. Materials and methods. The research is based
on the idea that there is some information system that can be exposed to threats in the field of information
security, threats can come through some channels. For mathematical modeling of the described situation,
a number of restrictions are introduced, taking into account which it is shown that the reliability of data on
information threats can be investigated on the basis of Markov random processes. Results. Using the model
of reliability of complex monitoring of states in spatially distributed IS systems, the following were ob-
tained: dependences of the probability of reliability of information about threats on the intensity of their ar-
rival with a different number of threat sources; dependence of the probability of reliability of information
on the time of receipt and processing of information with a different number of sources of threats; the mini-
mum values of the elements, which are necessary to ensure the reliability of information with a probability
not less than a given one, with a known number of threat sources for different values of the intensity of their
arrival, and others. Conclusion. The dependences obtained are quasi-linear in nature, which makes it possi-
ble to carry out approximate, but sufficiently accurate calculations when evaluating these parameters, which
will make it possible to effectively organize information security measures. The developed model will allow
for operational planning of an information system protection strategy against possible threats, as well as
support for decision-making on the number of information security elements in changing conditions of con-
fronting external information influences.
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BBeaenue

CoBpeMeHHBIN YPOBEHb HHPOKOMMYHHKAIIMOHHBIX TEXHOJIOTHH, 00ECTIEUYMBAIOIINX BBICOKOCKOPO-
CTHYIO IIEpeAady I10 JIMHUIM CBSI3H IPU BO3MOKHOCTH JOCTYIIA K CHCTEME YEPE3 BBIUNCINUTEIBHBIE CUC-
TEMBI, B TOM YHCJIC HepCOHaHLHBIe, II03BOJIACT BOIJIOIIIATH B peaHBHOCTB BBICOKOB(l)(l)eKTI/IBHLIe pacnpe-
JCJIICHHBIC CUCTCMBI. OCHOBHBIM HpI/ISHaKOM pacnpeneneHHHx CUCTEM SABJIACTCA OTCYTCTBI/IC JIOKAJIBHO-
TO COCPENOTOYCHHS KOMIIOHEHTOB B OJTHOM (DM3MYECKOM MECTOIMONOKEHUH. J[OMOTHUTEIHHBIM CTUMY-
JIOM K Pa3BUTHIO TaKWUX PACIPENCICHHBIX CHCTEM CIyXKaT SIMUAEMUONIOTHYecKass 00CTaHOBKA, MPHBSI-
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3aHHOCTh y3KHX CIEIHMAINCTOB K MECTaM MOCTOSHHOTO NMPOXKUBAHUS, JIOKaIU3alHs IPON3BOACTBEHHON
0a3bl, UCIIOJIb30BaHUE O0JIAUYHBIX CEPBHUCOB U T. II.

B To ke BpeMsi Ha TpaKTHKE pacIpe/elIeHHbIe CHCTEMBI, TIPEIoaralnme XpaHeHue, oopaboTky
KPUTHYECKH BAKHOW IS IPEINPUATHI M yUpexAeH!H HHPOpMaiu Ha riepu)epruu, OTKPBIBAIOT IIEITBIH
CIIEKTpP YSI3BUMOCTEH IO OTHOLICHHUIO K nHpopMauuoHHoH Oe3onacHoctu (MB) npennpustuii, opranu-
3aluii, yueOHBIX 3aBe/ICHU U T. 1. [1]. B cBs3M ¢ 3TUM OJHOBPEMEHHO CO CTPEMHTENBHONW HHPOPMATH-
3alueit 001IecTBa, MPOMBIIIJICHHOCTH ¥ SKOHOMUKH Ha TIEPBOE MECTO BBIXOJSAT MPOOIEMbI HHPOPMAIH-
OHHOU 0€30MacHOCTH B paclpelesieHHbIX CHCTEMax CaMOro Pa3iMYHOro HazHaueHHs [2—4], KoTopble
MOTYT CBECTH «Ha HET» JIIOObIE MEPCIIEKTUBHBIE MTPOEKTHI ¥ (DYHKIIMOHHUPYIOIINE CUCTEMbI IPAKTUIECKU
B JIF000# OTpacii HApOTHOTO XO3IHUCTBA.

B uHTepecax moiydeHUs] KaueCTBEHHBIX, HAyYHO OOOCHOBAaHHBIX, & CaMOE IJABHOE, C60E6PEeMEH-
HBIX OPTaHN3ALMOHHBIX U TEXHUYECKUX PEIICHUH 1Mo obecrieueHnio 6e30nacHoCTH HH)OpMaIMY B pac-
MIpe/IeJICHHBIX cHCTeMaxX IMPOKOe MPUMEHEHNE HaXOJUT MaTeMaTHUYeCKHil anmnapaT TEOpUH MacCOBOTO
obcnyxuBanus (TMO), 0030p KOTOPBIX MPOBECH Aajiee Mo TeKkeTy. B padorax [5, 6] ¢ ncnoian30BaHu-
em TMO pemarores 331241 NOCTPOCHUS MOZIETIE MOHUTOPUHTA cHCTeM 00paOOTKM JaHHBIX MO MOKa3a-
TensaM nHpopManoHHoi 6e3onacHoctu. [lomydensl cooTHOMEHNS A7s1 HanboJiee BaXKHBIX XapaKTepu-
CTHK yKa3aHHBIX CHCTEM, B HaCTHOCTH, BEPOSTHOCTH YKCJIa HE BBIIBJICHHBIX BHI30BOB B MOMEHTHI OKOH-
yaHusi oO0cnyxuBanusi. B pabote [7] uccnenyercs TeXHOIOTHA «YMHBIHA 10M», @ UMEHHO NPOBOJIUTCS
cpaBHEHHE 00pabOTYMKOB JAaHHBIX MO TOKA3aTEN0 CPeIHEr0 BpeMeHH 00paOOTKH 3alpocoB B 3aBHCH-
MOCTH OT oObeMa 0a3bl 3HAHWH JKCIEpPTHOW cucTeMbl. [lo pesynbraraM HccieqOBaHUA MOTYYEHBI
(YHKIIMOHAIBHBIE 3aBHCHUMOCTH KOJIMYECTBA 3allPOCOB B OUEPEIN M BPEMEHH OXKWIAHUS OYEPEIH OT
00I11ero KOMMYeCTBa 3alpOCOB 3a HEKOTOPBII HHTEepBajl BpeMeHu. B padore [8] nccnenyrores Bompo-
CBhI BpEMEHHBIX 3aTPaT Ha BPEMsl MOJITOTOBKH CUCTEMbI HH(POPMAIIMOHHON 0€30MacHOCTH K (YHKITHO-
HUPOBAHUIO, BKJIIOYAIONIEMY ayTEHTH(QHUKAIIUIO MOJIb30BaTElNs, YCTAHOBICHHE COSAMHEHUS ¢ 0a30i
JaHHBIX, AeIU(QpPOBaHUE JaHHBIX, KAIIMPOBAHUE NPH 3ampocax K 0a3e NaHHBIX, 3arpy3Ky BUPTYyalb-
HBIX MaIlHH U T. 1.

Haunbonee OIM3KUMH 1O CMBICTY U COJICPKAHHUIO K MCCIICIOBAHUIO aBTOPOB SIBIISIIOTCS pabOTHI, B
KOTOpBIX IPH aHaIM3€ yrpo3 ¢ ucrnoiaszoBanueM CMO ompenensercd UX akTyaabHOCTh, B TOM YHCIIE
YUUTBIBAIOTCA Pa3sHOpoIHbIe yrpo3sl [9, 10]. B HeKoTOphIX paboTax OCyIIECTBICHA NPUBSI3KA K pealib-
HBIM MIPOTOKOJIaM, HaNpUMep, MPOTOKOITy ycTaHoBIeHHs ceccuit (Session Initiation Protocol, SIP) mex-
Iy JBYMSI TIOJIB30BaTENSIMH C OJJHUM MEKCETEBBIM SKPaHOM I10 MYTH CJIEIOBAHUS CUTHAILHBIX COO0IIe-
Huit [11]. B psage uccnenoBanmii 3¢hekt oT AeWCTBUI 3II0YMBIIUIEHHUKA TIPEJICTABIICH B BUJE CHUXKE-
HUSI MHTEHCHBHOCTU 00pabOTKM 3asBOK TOJIb30BaTelIel M TOBBIIICHUS HHTCHCUBHOCTH 00paboTKH 3asi-
BOK Ha HapyIeHue gocrymna [8, 12].

Iesu u 3a1a4un

OnHOBpPEMEHHO aHAIM3MPYs Ucnonb3oBanue Teopun CMO B chepe Wb u cymiecTByroIiee COOTHO-
IIeHne «pacrpeaeneHHas nHHOKOMMYHHUKAIMOHHAS crcTeMa — yrpo3bl Mb», MOXHO cienath BEIBOJ O
TOM, YTO OCTAETCSI HE B MOJHOM MEPE UCCIEIOBAHHBIM CBOMCTBO TOCTOBEPHOCTH JAHHBIX O COCTOSIHUU
Wb nns ompeneneHHOro KOJIMYecTBa dJIEMEHTOB (IaTIuKoB) N, ydacTByOImuX B obecneuennu Ub mis
JMaHHOH MH(OPMAIMOHHOM CHUCTEMBI, a TakKe JUIs KOJIMYSCTBA KaHAIOB M, 10 KOTOPBHIM MOT'YT ITPHXO-
JUTH YTPO3BI I JaHHOW MH(OPMAIIMOHHON CUCTEMEI. B CBOIO ouepent docmoseprocms nanusix o b
MH(OKOMMYHHUKAITMOHHOW CHUCTEMBI B TIEPBYIO OYepelb ONpeAeNseTCs] ycTapeBaHHeM WH(OpMAId O
TUIAX, BUJAX U HAMIPABJICHUSIX CYHIESCTBYIONUX HHPOPMAIIMOHHBIX YIPO3.

BBuny BEIIIIeCKa3aHHOTO B TaHHOW paboTe MpeuiaraeTcsi MaTeMaTHYecKas MoJiesh OlleHKH 3 dek-
TUBHOCTH TIPOBEJICHHSI MEPOIIPHUSITHI 110 TUKBUIAIMHA WH()OPMAITMOHHBIX YTPO3 UII HEKOTOPOW OpraHu-
3anuu. B ocHOBe Mozeu CTaBUTCA 11E/Ib B MOJYUYCHUH U Tiepeaade nH(OPMaIlUU O BO3MOXHBIX HH(OP-
MAaIlMOHHBIX yIp03ax Ha CaMbIX Pa3IMUYHBIX YPOBHSAX B YCIOBHUSAX JUIMTEIbHOrO BpemeHu. Iloa uadop-
MaIMOHHBIMH yTPO3aMU CIIEAYeT MOHUMATh KaK OTAENbHbIC YaCTHBIE KHOepaTaku, IPUXOIIIne OT OT-
JCJIbHBIX WCTOYHHUKOB, TaK M JIIOOBIC JA0JITOCPOYHBIC MPOCKTHI, CBSI3aHHBIC C YMEHBIICHUEM HUH(pOpMa-
LIMOHHOM 0€30TaCcHOCTH.

Takum 00pa3om, IeTbI0 JaHHOU pabOTHI ABIIETCS pa3paboTKa MaTeMaTUYECKOW MO, OCHO-
BaHHOW Ha MapKOBCKHX CIyYaiHBIX MpoIleccaXx M TEOPHH MAacCCOBOTO OOCIY>KHMBaHUS, KOTOpas ITO-
3BOJISICT B JMHAMHUKE BEPOSTHOCTHBIMH METOJAMHU OIEHUTH aKTyaJIbHOCTh MH(POPMAIIUH O BO3MOXK-
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HBIX yrpo3ax B 00JlacTH MH(OPMALMOHHOW 0€30MacCHOCTH M MPHUHATH YNPEXKIAOIUE MEPHI MO UX
JUKBUIALNY.

Jiist TOCTHKEHUSI eI HeO0XO0AUMO PEIIUTh CIIeTYOIIHe 3aaun:

1) pa3paboTaTh MaTeMaTHYECKYIO MOMAEIb, MO3BOJISIONIYIO OIICHUTHh BEPOSTHOCTH TOr'O, YTO HH-
(dhopmanys 0 BO3SMOXKHBIX HH()OPMAIIMOHHBIX YIpo3ax aKkTyalbHa, MM IPOBECTH OLEHKY JAOJNH aKTyasb-
HOH HH(OpMAIMK O BO3MOXKHBIX HH(OPMALIMOHHBIX yTPO3ax;

2) NOJTyYUTh YUCIIEHHOE PEIICHHE I OCHOBHBIX MApaMETPOB, XapaKTEPU3YIOIIUX CTEIEHb aKTy-
aIbHOCTH HHpOpMaLUU 00 MH)OPMAIIMOHHBIX YIpO3ax;

3) mpoaHaTU3UPOBATh MONyYCHHBIC PEIICHHUS, 1aTh PEKOMEHIANH 10 3P PEKTUBHON OpraHu3aluu
MEpONPHUATHH, CBI3aHHOH € JIMKBUAALUEH yrpo3 B 006JacT HHPOPMALMOHHON 6€30II1aCHOCTH.

MaremaTuueckasi IOCTAHOBKA 3a1a4H

B ee ocHOBe Oyzer nexaTh Hiesl, 3aKII0Yaomasics B TOM, YTO HUMEETCsS HEeKOTopasi WHPOpPMAaIlnOH-
Hasl cCUCTEeMa, KOTOpasi MOXKET MOJIBEPraThesi yrpo3aM B o0JacT HH(GOPMAIMOHHOW 0€301MacHOCTH, YT-
PO3bI MOTYT TOCTynath o M xananaM. J[aHHast cUCTEMa UMEET 3alIUTy OT BO3MOXKHBIX YIP0O3, KOTOpast
conepxut N sneMeHToB. [Ipu 0OHapy>keHUH Yrpo3bl 0 KaKOMY-TH00 KaHaly Kaxablid snement Ub co-
Oupaer uapopmanuo 00 yrpo3e U B TE€UEHHH KaKOTO-TO BpeMEHH 00padaThIBacT €€, BCICICTBHE YEro
NPUHUMAETCSI pellieHHe O JIMKBUIANWHU Yyrpo3bl. J[JIsl MaTeMaTn4eckoro MoICTMPOBAHMS ONTMCAHHON CH-
Tyalliy BBEJECM CIICAYIOIINE JIOMYIICHNUSI.

1. UcTtounnk nHQOPMAIMOHHON YIpO3bl 3apaHee HE U3BECTEH, M MPOLecC OOHAPYKEHHUS yrpO3bl
ka"anoMm Ub sBrnsercs ciydaitpiM. [Ipu 3TOM MOTOK COOBITHI, 3aKIIOYAIOMINXCSA B OOHAPYKCHUH
YIPO3bl C MOJTyYyeHHEeM U 00paboTKoi MHPOpMaLuu O HEM, PalMOHAIBHO CYUTaTh moTokoM llyac-
coHa [13, 14].

2. YauTbIBas IMHAMUYHOCTH BHEITHUX BO3/ICHCTBHI Ha MH()OPMAIIMOHHYIO CHCTEMY, PAIlHOHAIBHO
NPEANOJIOKUTD, YTO HHPOPMALHSL, TIOTyUYEeHHAs O KaXX10i 00HApy>KEHHOH yrpo3e, OCTaeTcs aKTyaIbHON
JIMIIL HEKOTOPOE BpEMsl, IIOCIIE Yero OHAa ycTapeBaeT M HEOOXOJUMO BHOBb NOJIYy4aTh aKTyaJbHYIO WH-
¢dhopmanrio 06 HCTOYHHMKE YIPO3bl. YUYHUTHIBAs IIyaCCOHOBCKHM MOTOK OOHapy>KeHHUsI MH(POPMAIIHOHHBIX
yrpo3, MOXKHO TPEATIONOKHTE, YTO MMOTOK COOBITHIA, 3aKITFOUYAIOIINXCS B MMOTEPSIX aKTYaJIbHOCTH HHPOP-
MaImu 00 yrpose, Takxke Oy/eT sBIsThcs NOTOKoM [lyaccoHa.

3. Ilpouecc obecnieuenuss b nHpopMannoHHONW CHCTEMBI UIMTCS TOCTATOYHO IJIUTEIBHOE BpEeMs
IUTSL TOTO, YTOOBI CITy4aifHbIM MPOIIECC, €ro OMUCHIBAIOLINM, IIEpPELIell B CTALIMOHAPHBIA PEXKHUM.

C yueToM moJoOHBIX JOMYLICHUN MOKHO MOAEINPOBATH JOCTOBEPHOCTH TaHHBIX 00 MH(pOpMaIHOH-
HBIX yTPO3aX Ha OCHOBE MapKOBCKUX CIIy9alHBIX mporieccos [13, 15].

Beenem cnenyromue 0603HaueHUs:

N — KOIMYECTBO 3JIEMEHTOB (JaTYMKOB), y4acTBytonmx B obecnieuennn Ub s nannoit nadopma-
LUOHHOHN CHCTEMBI;

M — KONMMYeCTBO KaHAJOB, IO KOTOPBIM MOTYT MPUXOIUTh YIpo3bl Al JaHHOW MH(OPMAIMOHHOM
CHCTEMBI;

A — HHTEHCUBHOCTH OOHApY>KEHHS, IOJIYUYEHHs U yCIeHoW 00paboTKH nHdopManru 00 OgHOH yr-
po3e, HHTEHCUBHOCTh MONMy4YeHus1 nHpopManuu o0 yrposax i HHOOPMAMOHHONW CHCTEMBI COTIACHO
TEOpeMe O CIIOKEHHUHU MTOTOKOB coObITHi [15] OyneT paBHa NA;

T, — cpenHee BpeMsl COXpaHEHUS aKTyaJbHOCTH MH(OpManuu 06 0OHapyKeHHOU yrpose, eciy Ka-
HAJIBI, IO KOTOPBIM BO3MOXKHO €€ MOCTYIICHNE, pa3HbIe, TO 3TO CPEAHEB3BEIICHHOE BPEMs, PACCUHTAH-
HOE Ha OCHOBE BPEMEHU aKTyaJlbHOCTH WH(OPMAINH, JJIsI K&KIOTO KaHaia MpONOpIHOHAIEHO X KO-
JIYECTBY;

T, — cpennee BpeMs 00paboTku HHPOpMALMK 00 Yrpo3e 10 MOMEHTA €€ JTUKBUAALH.

Ha ocHoBaHMM IBYX MOCJIEAHUX MAapaMETPOB MOXKHO ONPEACIUTh HHTEHCUBHOCTh OTEPH aKTyallb-
HOU MH(OpMAIMHX /ISl OTHOTO KaHama:

1

T, a T,
VYka3aHHbIE MapaMeTpbl CIIy’KaT MCXOIHBIMHA AAHHBIMH JUI1 MOCTPOEHUS MOZEIN ITOCTOBEPHOCTH
KOMIIJIEKCHOT'O KOHTPOJISl COCTOSIHUM B IPOCTPAaHCTBEHHO-pacnpeeiaeHHbIx cuctemax Ub.

“:
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Mopenn 10CTOBEPHOCTH KOMILIEKCHOTO0 KOHTPOJISI COCTOSIHU I

B IIPOCTPaHCTBEHHO-pacnpeejeHHbIX cucteMax Ub

Ilepeitnem k MoJenn, OCHOBAaHHOM Ha ClIydallHbIX MapKOBCKHX Ipolieccax. BBeaem cienyomnme
COCTOSIHUSA: S; — COCTOSIHUE, KOT/la MMeeTCs akTyalbHast nHpopManus o k kananax, k=0, 1, ..., M.
Tornma mpomecc Moxy4YeHUs U ycTapeBaHus WHPOPMAIMH IS STUX KAaHAJOB MOXHO CMOJIEITHUPOBATH
MapKOBCKMM IpoOliecCOM THOenu W pasMHOxkeHus [15], rpad cocTossHMII KOTOpPOro NMpUBEICH Ha
puc. 1.

0 +— | | e— «—| F g +— SM
1 2 k k+1 M
T,-T, T,-T, T,-T, T,-T, T,-T,

Puc. 1. 'pad cocTosiHMIN Npouecca Nony4YeHUs U yctapeBaHusi MHcopmMauum
Fig. 1. Graph of the states of the process of obtaining and obsolescence of information

OrmnpenennM BEpOSITHOCTH COCTOSHUHM Pj, UMEIOIIHE CMBICT BEPOSITHOCTH TOTO, YTO B MPOU3-
BOJIbHBIA MOMEHT BPEMEHH MMEETCS aKTyajdbHas HHQOpMauus o k KaHallaX, U3 KOTOPBIX BO3MOXKHBI
yrposel, k=0, 1, ..., M. Jlns 3TOro HaxouM BEPOATHOCTh OTCYTCTBHUS MHPOpPMALUMU A BCEX Ka-
HaJOB:

-1
M (NMT. —T))"
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a 3aTEM BCPOATHOCTH BCEX OCTABIINXCA COCTOSIHHH:
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Kak ObuTO cKa3zaHO paHee, OyleM CUMTaTh MH(POPMAIMIO TOCTOBEPHOM, eciii nHGOpPMAIUsI O BCeX
M xaHanax NOCTYIUIEHUS yTPO3 SIBISAETCA aKTyalbHONW. BEpOSITHOCTD ATOr0 paBHa
M
P = [Nx‘(];z _];1)] (3)
= .
M m
(NMT, -T,))

M1y

m=0

[Ipoananusupyem MOIyuyeHHbIE BEPOSTHOCTH MOJIYYEHHs TOCTOBEPHOH MH(OPMALMH B 3aBHCUMO-
CTH OT UHTEHCHUBHOCTHU OOHapY>KEHUsI, OJTYyUIEeHUS 1 00pabOTKU JOCTOBEPHOH MH(pOpMaru 00 yrpo3ax.
3TO CBSI3aHO C TEM, YTO BEPOSITHOCTh MOIYyYEHHs JOCTOBepHOU MH(popManmu Py, MOXHO HHTEPIPETH-
pOBaTh KaKk HEKOTOPBIH MOKAa3arTellb MOJHONH MH()OPMAIIMOHHOHN 3alUIEHHOCTH: YeM BHIIIE BEpPOST-
HOCTh OOHapYXeHUsI U 00pabOTKH aKTyalbHOH MH(OpMAIMU O BCEX BO3MOXKHBIX YIPO3ax, TEM BBILIC
3HAYEHUS] KPUTEPHsl 3alIUIICHHOCTH HH(OpMaunoHHON cucTteMbl. C qpyroi CTOpOHbI, MHTEHCUBHOCTD
oOHapyXeHusl, MOJMYYEeHHUs U yCemHoi 00paboTku nHpopManuu 00 yrpo3ax omHuM 3aemenToM Ub A
MOJKET CIYKHTh MOKa3aTesIeM CBOEBPEMEHHOCTH MOTy4YeHHUs HHpopMauu 00 yrpo3ax: CKOpocTs 00Ha-
PYXKEHHUSI yTpo3 MO BCEM BO3MOXHBIM KaHajlaM HampsMYIO BIHUSIECT Ha TMOJICp’KaHHE WMEIOIeics WH-
(dhopMaluu Ha aKTyaJbHOM ypoBHE U obecnieucHue Ub.

Ha puc. 2 npeacrasnens! rpaduku 3aBUCUMOCTH BEPOSITHOCTH IOCTOBEPHOCTH HHPOPMALUH 00 yT-
po3ax Pj; OT HHTEHCUBHOCTH A.

Kak Bugum u3 puc. 2, 10OCTOBEpHOCTh MH)OPMAIMU CHIIBHO 3aBUCUT OT CKOPOCTH (MHTECHCUBHOCTH)
oOHapyXeHus1 UHPOPMAIIOHHBIX YTPO3, a TAKXKE OT KOJMYECTBA HEOOXOJUMBIX AJISI TIOJTHOTO KOHTPOJIS
CUTYyallMU NPY NPUHATUM PEUICHUHN YKcia 3J1ieMeHToB cucteMbl Ub.

m!
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A&

Pm

Puc. 2. 3aBMcUMOCTb BEPOATHOCTU [OCTOBEPHOCTM MH(pOpMaLMK 06 Yyrpo3ax OT MHTEHCUBHOCTU A
npu pa3HOM KOfiM4ecTBe UCTOYHUKOB yrpo3 (N =12, T, =2 4, T, = 10 MuH)
Fig. 2. Dependence of the probability of reliability of information about threats on the intensity A
for a different number of sources of threats (V=12, T, =2 h, T;, = 10 min)

Bropoii cocraBnsromiei ciy XUt BpeMsi 00padOTKU MOTY4eHHONH HHPOPMAIIUK 10 MOMEHTA TIPHHS-
THUS PELICHUH Ha JIMKBHIAUUIO Yrpo3sl 1,. He MeHbIIyI0 poib UrpaeT BpeMs aKTyaJbHOCTH HH(OpMa-
i 7T,, HO 3TOT MapaMeTp SBJISETCS AK30I€HHBIM M UM YIPABIATH HEBO3MOXKHO. IIpuBeneMm 3aBucH-
MOCTh BEPOSITHOCTH JIOCTOBEPHOCTH WH(POPMALIMU OT BpEMEHH Iepeaadn nHpopManuu T, © OT KoJH4e-
CTBa UCTOYHUKOB MH(POPMAIMOHHBIX YTPO3, KOTOPBIH MIPUBEJICH Ha pHC. 3.

Pm o

0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Puc. 3. 3aBUCMMOCTb BEPOATHOCTU AOCTOBEPHOCTU UH(pOPMaLIMM OT BPEMEHU NMONyYeHUsi U 06paboTku
nHdopmauun T, (4) Npn pa3HOM KONMYECTBE MCTOYHUKOB yrpo3 (A =3, N=12, T, = 2 v)
Fig. 3. Dependence of the probability of information reliability on the time of receipt and processing
of information T, (h) with a different number of threat sources (A=3, N=12, T,=2h)

3aKOHOMEpPHO JIOCTOBEPHOCTh WHPOPMAIMH MAJaeT MPH POCTE BPEMEHU MONYyYEHHsI U 00padOTKH
MH(QOPMAaIIUH U KOJIMYECTBA HCTOYHUKOB MH()POPMAIIMOHHBIX YTPO3.
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Ha ocnoBannu mozenu (3) MOXHO paccuuTaTh MUHUMAILHOE KOJIMYECTBO AJIEMEHTOB 3alllUTHl WH-
(OpMaIMOHHOH CHCTEMBI OT BO3MOMKHBIX yrpo3 N, KOTOpO€ HEOOXOJMMO HCIOJb30BaTh JUIS TOTrO,
4TOOBI C BEPOSTHOCTBIO HE MeHee P, MOIepKUBATh B aKTyaJllbHOM COCTOSIHUM nH(opmaruio o M wuc-
TOYHUKAX yrpo3. g 3Tux ueneil HeoOXOAMMO pellaTh TPAHCIIEHAECHTHOE YPaBHEHHE OTHOCHUTEIIBHO
napameTpa N,, Buaa

(AT, ~T,)floor(N,,) |

m = PKP ’ (4)
M (MT, = T,)floor(N,y,))

M1y
m=0

riae yskus floor(x) oKpyrisieT apryMeHT 70 OJrKaiiero MeHbIIero 1esoro.

Pesynbrater pemenus (4) mo3BoNAT MIAHUPOBATh KOJWYECTBO 3MeMEHTOB cucteMbl Wb, kotopoe
HEO0XOIMMO HUCTIONB30BATh AJIS IIOIYYEHHsI JOCTOBEPHOU MH(POPMALUK [T 3aJaHHOTO YHCIIa HCTOYHU-
KOB MH(OPMALMOHHBIX YIPO3 TaK, YTOOBI UMEJIACh aKTyaslbHasi HHPOPMALHsI O BCEX BO3MOXKHBIX yIpo-
3ax C 3aJJaHHOW BEPOSTHOCTHIO. 3aBUCUMOCTH MUHHUMAJIBHOTO KoJudecTBa 3neMeHToB b N, xotopoe
HEeo0XO0MMO 1Sl 00ECIIeUeHus C BEPOATHOCTEIO He MeHee P, = 0,9 mocToBepHOCTH MHGOPMaLUK IIpH
M wucTodHUKaxX yrpo3 MpH Pa3HbIX WHTCHCUBHOCTSX IMOJYYEHUS HOBOH MH(OpMAaIMu A 0 HHX, Mpel-
CTaBJICHA Ha pucC. 4.

m!

i Mp °
37T :? L J
0 . 2=3 **
o s
- . *** A
- . * “
21 . " ‘?:4
™ A =
13 ° ***‘A‘
13 .o**“n
| .**“
5 o % A 4
g ¥ 4

1 3 5 [ 9 11 13 15 17 19

Puc. 4. MuHumanbHoe konuyecTBo 3anemeHToB UB NV, koTopoe Heo6xoaumo ans obecne4veHus
C BEepOATHOCTLIO He MeHee P, = 0,9 focToBepHOCTU MHbopmaumu npu M NCTOUHMKaX yrpo3
npu pasHbIX UHTEHCUBHOCTAX A (N =12, T, =2 4, T,, = 10 MuH)

Fig. 4. The minimum number of IS elements NV, which is necessary to ensure, with a probability
of at least P, = 0.9, the reliability of information with M sources of threats
at different intensities A (N=12, T, =2 h, T,, = 10 min)

Kaxk BugHO U3 puc. 4, 3aBucuMocth N(M) npakTUYeCKH JTMHEHHAs, YTO MO3BOJUT MONyYaTh aHAIIN-
THYECKHE 3aBHCUMOCTH METO/IaMHU PErPECCHOHHOTO aHAIN3a.

PaccmoTpum Teneps 0OpaTHYIO 3a7ady: ONpeaeTuM MUHIMAIFHYI0 UHTEHCUBHOCTh OOHAPYKEHUS,
HOJIy4eHHs U ycIelHoi o0paboTku nHdopManuu 06 ogHo# yrpose ogHuM snemenToM Ub A, KoTopble
HaIpPSMYIO ONPE/ENSIOT CBOCBPEMEHHOCTh MEPOIIPHUATHH 10 JIMKBUIAIUN WH()OPMAIMOHHBIX YTPO3, OT
MUHUMAIIEHOW BEPOSITHOCTH TOJIJIEPKUBAHUSI aKTYaIbHON MH(OpPMAUK O BO3MOXKHBIX yrpo3ax H, Kak
CIIeJICTBHE, JOCTOBEPHOCTH MHpOpMaLUU Py, Jis pemeHus 3Toi 3ajau Takxke HEOOXOAMMO pelIaTh
ypaBHEHHE OTHOCHTEIIBHO TapaMeTpa A, BHJa

(M@ -1)]"

_-p,. (5)
Ml % (Npr(T‘:i _Tn))
m!
m=0
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Ha puc. 5 npuBeneHbl 3aBUCUMOCTH MHUHUMAJbHONH MHTEHCHBHOCTH OOHAPYXKCHUS, MOJTYYCHHUS U
ycnemHoil 06paboTku uHbopmanuu 06 yrpose oxHuMm emeHToM Wb A, KOTOpbIE 0OecreunBaroT
J0CTOBEPHOCTh HH()OPMAIIMHU C BEPOSTHOCTBIO Py, OT 3HAUEHHS ITON BEPOSTHOCTH.

4

s AKR

Prp

0.3 0.37 0.44 0.51 0.58 0.65 0 ‘T'_’ 0.79 0.86 II“!H I
Puc. 5. 3aBMcMMOCTU MUHMMANbHOW UHTEHCUBHOCTU OGHapyXXeHUsi, NOJTy4YeHusi U ycnewHon o6paboTku
uHbopmMaumm 06 yrpose ogHUM anemeHTom UB A, ot BepoaTHocTn Py, (N =12, T, =2 4, T, = 10 MuH)
Fig. 5. Dependences of the minimum intensity of detection, receipt and successful processing
of information about the threat by one IS element A, on the probability P, (N =12, T, =2 h, T,, =10 min)

J1a modHOrO OmMcaHWA KapTUHBI B3aMMOOTHOILIEHHHA MEXIY CBOEBPEMEHHOCTHIO M JIOCTOBEPHO-
CTBIO TOTydaeMoi uH(popMamu 00 yrposax npuBeleM 3aBUCUMOCTh MEXIY CBOEBPEMEHHOCTHIO TOIY-
YyeHus1 ¥ 00paboTku HHPOPMALIUH, BEIPAXKEHHON B €IUHHALIAX BPEMEHH, KOTOPasi UMEET CMBICIT CPEIHETO
BpEMEHHU, HEOOXOJMMOr0 Ha MOJIy4eHUH HOBOM MH(opMaluu 00 HHPOpMaIMOHHOH yrpose T, KoTopas
CBA3aHa C MHTEHCUBHOCTBIO MOJIy4YeHHs 3ToH uHpopMmanuu popmynoi Ty, = 1/A,, OT BeposTHOCTH Py,
obecreueHuss HEOOXOIUMOM JOCTOBEPHOCTH. JTa 3aBHCHUMOCTD MIPUBEJICHA Ha puC. 6.

A
Txp, yacw

%} P

b
0

N=8 ... DPxp

04 J i "
0.2 0.28 0.36 0.44 0.52 0.6 (.68 0.76 0.84 0.92

Puc. 6. 3aBUCMMOCTN MUHUMAaNLHOrO BPEMeHU Ha NoslyYeHmne aKkTyanbHoi uHcpopmaummn ogHum anemeHtom UB 7,
oT BeposATHoCTU P, o6ecneyeHmns Heobxoaumoi goctosepHocT (M =20, T, =2 4, T, = 10 MuH)
Fig. 6. Dependences of the minimum time for obtaining up-to-date information by one IS element 7,
on the probability P, of providing the necessary reliability (M =20, 7, =2 h, T,, = 10 min)
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U3 puc. 6 BHUIHO, YTO JaHHAA 3aBUCHUMOCTD ABJIACTCA ONM3KOM K IMHEHHON U Ha MOPaKTHUKE €€ MOK-
HO TIOJIy4aTbh MCTOAaMU PCrpeCCUOHHOI0O aHaln3a.

3akiouenue

[TomydeHHbIe 3aBUCHMOCTH TaK)K€ MMEIOT KBA3WIMHEWHBIM XapaKTep, YTO TMO3BOJHUT MPOBOIUTH
HpI/I6HI/DKeHHBIe, HO JOCTATOYHO TOYHBIC pacquLI HpI/I OILICHKC YKaSaHHBIX napaMeTpOB.

Takum oOpa3om, MpeaCTaBICHHAS MOJIENb TO3BOJIUT IIPOBOJUTE ONEPATHBHOE TIAHUPOBAaHUE CTpa-
TErUH 3alIUThl HHOOPMAIMOHHON CHUCTEMBI OT BO3MOXKHBIX yrpo3 [16], a Takke OCYIIECTBISTH MOI-
JEPXKKY TPUHATHS PEIISHUH 110 KOJIMYeCTBY 3MieMeHTOB Vb B MEHSIOMIMXCS YCIOBUAX MPOTHBOCTOSIHHS
BHEIIHUM WH(POPMAIIMOHHBIM BO3JICHCTBUSM.
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ONTUMU3ALINA AITTOPUTMOB B NOJIOBOJIOMKE
HUMAN RESOURCE MACHINE MO YMCNY KOMAH[ 1 ONEPALIUNA

A.B. Konomeea', kopoteva_av@mail.ru
E.A. Kabuonbckuii?, evgkab@susu.ru
! lNepmckuli HayuoHabHbIU uccriedog8ameribCKUl MoUMexXHUYECKUl yHugepcumem,

BepesHukoeckull ¢punuarn, bepesHuku, Poccus
2 FOxHO-Ypanbckuli 2ocydapcmeeHHbIl yHugsepcumem, YensabuHck, Poccusi

Annomayus. Buneourpsl SBISIOTCA OJHUM M3 PacHpOCTPAHEHHBIX BHIOB COBPEMEHHOIO JIOCYTa,
a TaK)K€ OTHOCATCA K CUHTETUYECKOMY UCKYCCTBY KOJUIEKTMBHOI'O aBTOPCTBA. JIOCTATOYHO MHOIO HamMca-
HO O BpeJie KOMIIBIOTEPHBIX UTP, OJHAKO €CTh U UCCIEI0BAHUS, CBUIAETEILCTBYIOIINE O MOJb3€ HEKOTOPBIX
WX BUJIOB, B TOM YHCIIC PAa3JUYHBIX TOJIOBOJIOMOK. YacTh M3 HUX SIBISIOTCS BeChbMa CHEIH()UUSCKIMHU TIPO-
JIYKTaMH, B YaCTHOCTH, Pa3lINYHbIC CUMYJISITOPHI MporpammupoBanus. Lleas ucciaenoBanus. Jannas padora
TIOCBSIIEHAa ONTHMH3ANNN Hanbosee CIOKHBIX alropuTMOB B BHIeourpe Human Resource Machine B coot-
BETCTBUHU C NMPUHATHIMU B HEH KPUTEPUSIMU ONTUMaNbHOCTH. [Ipeanonaraercs, 4YTo peleHue Kaxxaou 3aaa-
YU TOJDKHO COAEPIKaTh He OoJiee 3aJaHHOTO YHCIIa KOMaH[ ¥ BBIIOJTHITECS HE OOJiee YeM 3a OIpeeicHHOE
KOJIN4ECTBO mIaroB. [l GombIeii yacTH 3a1a4 MOXKET OBITh HaWICHO peIIeHHe, OAHOBPEMEHHO yJIOBIIE-
TBOpsIOIIee 000UM KPHUTEPHUAM, OJHAKO HEKOTOPBIE TOJIOBOJIOMKH TPeOYIOT peau3aiy ABYX OTIEIbHBIX
anroputMoB. Beero B urpe 36 3amad pa3niu4HOrO THIIA M YPOBHS CIOKHOCTH, U3 HUX BBIOpaHo 6 mocra-
BUBIIIMX aBTOPY HAWOOJNBIINE TPYAHOCTH IPHU MPOXOXAeHUH. MaTepuaiabl M MeToAbl. B pabore omucel-
BaIOTCA UJECU U AITOPUTMBI PELIEHUS 3a/1ad Ha €CTECTBEHHOM S3bIKE, YJOBJIETBOPAIOILINE 3aJaHHBIM OIpa-
HUYEHUSM, a TAKXKe INPUBOJATCSA PE3yJbTUPYIOIIME 3HAUYCHUS KOJIMYECTBA KOMaHJA B KOJE U ONEpaluid B
MPOLIECCE €r0 UCMONHEHUA. TOUHbIE PelIeHUs] He MPUBOAATCS, OCKOJIBKY B CHIIy TPOMO3AKOCTH UTPOBOTO
SI3BIKA COOTBETCTBYIOIIUE ATOPUTMEI ¢ KOMMEHTapUSIMHU OKA3aJIHCh CIUITKOM OOBEMHBI st CTaThu. Kpo-
Me TOTO, TaHHAas CTAaThs IPU3BaHA JHIIb KOHCTATUPOBATh BO3MOXKHOCTh HAXOXKICHUS COOCTBEHHBIX OITH-
MaJIbHBIX PELICHUN paccMaTpUBaeMbIX Tol0BOIOMOK. Pe3yabrarel. [t AByX 3ajad U3 LIECTH PacCcMOT-
PEHHEIX B paboTe yAalIOCh MOMYYUTh allTOPUTMBI, YIOBICTBOPSIOMINE OTPAHUICHUSAM U 110 YHCITY KOMaHI,
U 10 KOJMYECTBY onepanuii. [l ocTaBIIMXCS YeTHIPEX 3a7iad pa3paboTaHo MO Mape ajJrOpUTMOB, KaXIbIi
13 KOTOPBIX YAOBJIETBOPSET OAHOMY M3 OTpaHWYCHHUH. 3ak/rouenue. [lo pesynbraTaM npojenaHHoil pado-
Tbl MO’KHO YTBEP)KIATh, YTO CYIIECTBYIOT KOMIIBIOTEPHBIE UTPBI, KOTOPHIE SBJIAIOTCS HE NMPOCTO pa3Bicye-
HUEM, a MOTYT MPEACTaBIATh COOOW BeChbMa HETMPOCTON MHTEIUICKTYalbHBIA BBI30B. HaxoXjaeHWe OmTH-
MaJIbHBIX PEIIeHUH B rojoBosioMkax Human Resource Machine okaszanocs BecbMa HEMPOCTHIM U HHTEPEC-
HBIM 3aHSATHEM, ITO3BOJIUBIINM M30aBUTHCA OT IIa0JIOHOB U MHAYE B3TJITHYTH HA HEKOTOPHIE KIACCHUYCCKHUE
3aJla4y MPOrpaMMHUPOBaHHUSL.

Knioueswie cnoea: Buaeourpa, rojJoBojoOMKa, NPOrpaMMUPOBAHUE, COPTUPOBKA, ONTUMU3ALIUS aJIrO-
puT™Ma
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COMMANDS AMOUNT AND EXECUTION STEPS OPTIMIZATION
IN HUMAN RESOURCE MACHINE PUZZLES SOLUTION ALGORITHMS
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E.A. Kabiolskiy? evgkab@susu.ru

" Perm National Research Polytechnic University, Berezniki Branch, Berezniki, Russia
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Abstract. Videogames are one of the most common forms of modern leisure, and also can be viewed as
a form of collective authorship synthetic art. We often hear about computer games health hazard, but there
are also studies indicating the benefits of some of their types, including various puzzles. Some puzzle video-
games are very specific products, in particular, various programming simulators. Aim. In this work we con-
sider the most complex algorithms optimization in the video game Human Resource Machine according to
in-game optimality criteria. It is assumed that each task solution should contain no more than a given num-
ber of commands and be executed in no more than a certain number of steps. For most problems, a solution
that simultaneously satisfies both criteria can be found, but some puzzles require two separate algorithms
development. There are 36 tasks of various types and difficulty in the game, we selected 6 of them that
proved to be the most difficult for optimization. Materials and methods. The issue describes chosen prob-
lems solving ideas and algorithms in natural language that satisfy both in-game optimality criteria, and also
provides the resulting values of code commands number and amount of execution operations. Exact solu-
tions are not included in the issue, because due to the game language cumbersome nature the corresponding
algorithms with comments are too ponderous for the article. In addition, this article’s purpose is only to
state the possibility and basic ideas of optimal solutions to the puzzles under consideration and not descri-
bing solutions themselves. Results. For two of the six tasks considered in the issue, we managed to obtain
algorithms that satisfy the limitations both in the numbers of commands and operations. For the remaining
four tasks, a couple of algorithms have been developed, one for each constraint. Conclusion. Based on
the results of this issue we can confirm that there are computer games that are not just for entertainment,
sometimes they can offer a real intellectual challenge. Finding optimal puzzles solutions in Human
Resource Machine turned out to be a difficult and interesting task, which allowed us to break patterns and
take a different look at some classical programming problems.

Keywords: videogame, puzzle, programming, sorting, algorithm optimization
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BBenenne

OpnHOM M3 pacHpOCTPaHEHHBIX U CTPEMHUTEIIBHO Pa3BUBAIOIIUXCS chep MHIYCTPUH Pa3BJICUCHUIA
B HACTOSIIEE BPEMs SIBJISIOTCS KOMIBIOTEPHBIC M KOHCOJIbHBIC BUACOUTPHI. KosmuecTBO 1uathopMm U
JKaHPOB HAa PBIHKE BEChbMa BEIMKO, a KaYeCTBO U COAEPKAHUE BUJCOUTP CYIIECTBEHHO BApbUPYIOT.
Hecmotps Ha Gosiee ueM NOIyBEKOBYIO HCTOPHIO CYIIIECTBOBAHMS BHICOUTP Kak (heHOMEHa U MPOIyKTa,
HCCJICIOBAHNUS, MTOCBSIICHHBIC MX MECTY B COBPEMEHHOW KYJbTYPE U BIUSHHUIO Ha YCJIOBEKa, ero (Gpusu-
YEeCKOe 37I0POBbE, CIIOCOOHOCTH U ICHUXWKY, aKTHBHO BEIyTCSA M B HacToslee BpeMs. Hanmaue croxer-
HOM, TpadU4eCcKOl 1 MY3BIKaJIbHOW COCTABIISIONINX, & TAKXKE aBTOPCTBA (XOTh M 3a4acCTYIO KOJUICKTHB-
HOTO) TO3BOJISIET CUUTATh BHUICOUTPHI BUIAOM MAacCCOBOH KYyJIBTYpHI, 00JaIafOIINM 3JIEMEHTaMH COBpE-
MEHHOI'O CUHTETHYeCKoro uckycctsa [1, 2]. [lToMuMo oTpULIaTENbHBIX MOCIEACTBUN YBICUCHUS BUIEO-
urpamu (yXyJIIIeHne 3peHus, MPoOIeMbl ¢ ONOPHO-IBUTATEIILHBIM aIlIapaToM, 3aBHCUMOCTB) HCCIEO-
BaTeNU BBIJCIIIOT U TOJOXKUTEIbHBIC UX BUAHI [3]. K HUM OTHOCST, B 4aCTHOCTH, TIOBBIIIIEHUE CIIOCO0-
HOCTH K KOHIICHTpAIIMH, YBEIMUECHUES CKOPOCTH PEaKIUH, Pa3BUTHE MaMATH, JOTMKH, CIIOCOOHOCTH pe-
maTh HECTAHJAPTHBIC 337a4Yl, BO3MOXKHOCTb OOyUYEHHsI BOOOIIE U M3YYCHHsS WHOCTPAHHBIX S3BIKOB B
gacTHocTH. Hampumep, B [4] ycTaHaBIHUBAETCS MOJIOKHUTEIIBLHOE BIUSHUAE UTPHI B TETPUC Ha MO3TOBYIO U

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 17
2022.T. 22, N2 4. C. 16-26



UHdopmaTrka u BbluMCNUTENbHAA TeXHUKA
Informatics and computer engineering

CepACYHYIO NESTEIbHOCTD, a B [5] 00CYyXIaeTcs MOJIOKUTEIbHOE BIUSIHUE KOMIIBIOTEPHBIX UTP Ha JIIO-
Jled, BBIHYXICHHBIX HAXOAUTHCS B u3oisinuu B nepuof nanaemun COVID-19. B [6] nmoaTrBepxaaeTcs
BO3MOJKHOCTD YJIYUIICHHS HABBIKOB aJITOPUTMU3ALNN Y YHALIUXCSA C TOMOIIBIO BHJICOUTPHI C 3JIEMEH-
TaMH MPOTPaMMHPOBaHKS. ABTOPHI [7] yCTaHABIMBAIOT KOMIIEKCHOE YIIydllIeHUE KOTHUTUBHBIX (YHK-
1uii s, 20 4acoB UIpaBIIMX B TOJIOBOJIOMKH, OCHOBaHHbIE Ha (hr3nke. C Halel TOUKU 3peHus: BUACO-
urpa Kak Jodast mHasi opma Jocyra MOXKET OBITh IPOCTO JACATENFHOCTBIO C MENBIO OT/IBIXA WIIH CIIOCO-
00M camMOpa3BHTHUS U camopeanu3alnuu. Eciyu Mbl TOBOpHM 00 Urpe Kak O Croco0e OTAbIXa, TO 3TO MO-
T'YT OBITb UIPBI COBEPIIEHHO PAa3HBIX )KaHPOB C MHTEPECHBIM CIOJKETOM, OPUTHHANBHON naeel, HeoObIu-
HOHU peayM3alieldl WM CTWIN3aleld, KaKk MUHUMYM NPHUATHON TpaQuKOi U My3bIKAIBHBIM COIPOBOXK-
neareM. Eciu ske Mbl TOBOpUM 00 WIpe Kak Croco0e caMOpa3BHUTHS, TO 3TO, BO-TIEPBBIX, O0YyJalOIIHe
UTPBI, KOTOpbIE B HACTOsIIee BpeMsl aKTUBHO BOBJICKAIOTCS B oOpa3oBaTeNbHBIN mpouecc [8, 9], a
BO-BTOPBIX, FOJOBOJIOMKH. McciieoBaHNs, MOCBSILEHHBIE TOJOBOJIOMKAM U UX PELIEHHIO, BEXYTCS TOC-
TAaTOYHO aKTHBHO, MPUYEM YacTh M3y4acMbIX HIP CYIIECTBYET KaK CaMOCTOsTelbHas (Gopma Jocyra
(mammpumep, cynoky [10], kpoccBopas! [11], mabupuntsr [12]), apyrue xe BOZHUKIN W MOTYYHIH pac-
NpOCTpaHEeHHEe UMEHHO B (popmaTe BuAeoUrpsl (Hampumep, cokoban [13, 14] u canep [15]). Eme oana
rpyIma BUASOUTP-TOJIOBOJIOMOK ITOCBSIIEHA PEIICHHUIO Pa3IMYHbIX 3a/1a4 IPOrpaMMUpoBaHus. IrpoBeie
IPOJIYKTHl TAKOTO POJA SIBISIOTCS HUIIEBBIMH, Pa3pabaThIBAIOTCS HEOONBIIMMHU CTYIUSMH U JJaKe
€AMHCTBEHHBIM aBTOPOM, UMEIOT HHAMBHIYAIbHBIA BU3yaJIbHbIN CTHIIb, PEATHU3YIOT COOCTBEHHBIN S3BIK
NPOrpaMMHUPOBAHUSL M TPEJIaraloT UrpoKy HaOOp 3afad yBEIMYHMBAIOLICHCS MO Mepe MPOXOXKICHHUS
CJIO’KHOCTH, KOTOPBIE MOTYT OBITh PElIeHbI pa3indHbIMU criocobamu. [Ipu 3ToM HaM He ynanock HaiTh
WCCIIEIOBAaHUS, MTOCBAICHHBIE pa3pa0OTKe alrOPUTMOB PEIICHHS TaKHX 3a]la4, OOHAPYKWIHChH JUIIb
o0CyXIeHHsI B UTPOBOM coodmiecTBe Steam u npoxoxkaeHus B Murepuer. Jlannas padora npusBaHa
BOCIIOJTHUTh 3TOT MPoOe, MOCKOJIBKY HEKOTOPHIE 33Jauil B TAKUX WIpaxX BeChbMa HETPUBHAJBLHBI H 3a-
CITy’>KMBalOT BHUMaHUSI.

Onucanue rosoBooMku Human Resource Machine

[IpekpacHBIM TPUMEPOM HTPHI-TOIIOBOJIOMKH JJIsl MPOTpaMMHUCTOB siBisiercss Human Resource
Machine ot 3Be3nno#t crynuu Tomorrow Corporation, asropoB World of Goo u Little Inferno. 3to cty-
IWsl, KOTOpasl CO3JaeT MaleHbKME IIEAEBPHI, 00Nafarouiie JOOONBITHBIM CIOKETOM, OPHTHHAIBHOM
ujieel, HemaOIOHHBIMA UTPOBBIMU MEXaHUKAMH, CAMOOBITHON TpauKOH, OTIUYHBIM MY3bIKaJIbHBIM U
3BYKOBBIM compoBokeHueM. Hy u B cimydae Human Resource Machine u ee npomomkenus 7 Billion
Human — 370 eme u pasHooOpasHbie 3a1a4n-TOJIOBOJIOMKH Ha MporpammupoBanue. [lpuuem camoe nH-
TepecHOe 3aKJI0YaeTCsl B TOM, 4TO 33JIa41 MOYKHO HE IMPOCTO PEIINTh,  PEIIUTh B COOTBETCTBUU C JIBY-
Ms pa3IYHBIMUA KPUTEPUSMH ONITUMAILHOCTH. M eclii HaXOKJeHHE NMPOU3BOJIBHOTO PEIICHHS BIIOJIHE
JOCTHKMMO, TO ONTHMHU3ALMS B YAaCTH 3a/1a4, COOCTBEHHO, U SBJISIETCS TOJIOBOJIOMKOM U MPENCTaBISET
co0oli BecbMa HeTpUBHAJIBbHBIN Npouecc. Beero B urpe 36 3aga4 Bo3pacTaroleil CI0KHOCTH, Mpeanoia-
raroIuX pa3paboTKy alropuTMa MpeodpazoBaHusi HAOOpa BXOJHBIX JIAHHBIX B BBIXOJHBIC B COOTBETCT-
BUU C ONpEACICHHBIMU TPeOOBaHUAMH. 25 3ama4y 00pa3yloT CHOKETHYIO JIMHUIO Urpbl, a 11 sBusrorcs
HeoOs3aTeNbHBIMU U1l IPOXOKAEHUS (OOHYCHBIMU) B CHJIy CBOEH MOBBIIICHHOH cioxHocTH. EctecT-
BEHHO, YeM OOJIbIIIe HOMEpP 3aJ1a4M, TEM BBIIIE €€ CIOXHOCTh B TEOPETHYECKOM U MPHUKIATHOM IUIaHE.
C TouKHM 3peHHs MPOrPAMMHPOBAHUS BCE 3a/Ia4H JIOCTATOYHO MPOCTHIE U HAXOXKICHUE MX PEIICHUS Ye-
JIOBEKy, 00JIaAalonieMy HEKOTOPBIMU HAaBBIKAMU MPOrPaMMUPOBAHMA, HE TPEACTABISECT CYIIECTBCHHOM
cnoxxHoctd. Hanbosee HeTpUBHANBHBIM MOMEHTOM HUIPHI SIBISETCS ONTUMH3ALUS COOTBETCTBYIOIIUX
ANTOPUTMOB («HCIBITAHHUS ONTHMHU3AIUIY): KaXKas 3a7a4a MOXKET ObITh pellieHa ¢ OTPaHUYCHUSIMH Ha
KOJINYECTBO KOMaH/ B KOJIE M HA YMCIIO ONEpaLuil B Mpoliecce BHINOIHEHU Koaa. s qactu 3anad yna-
€TCs HalTH PELIeHHUs, YIOBICTBOPSIOLINE 000UM OTPaHUYCHUSIM, ISl APYTHX MPUXOJUTCS pa3padaThl-
BaTh AJTOPUTMEI, YAOBJIETBOPSIOMINE KaXIOMy OIpaHHYCHHUIO B OT/ACIBHOCTH. B JaHHOI craThe pac-
CMOTpEHBI JIUIIb T€ 337a4k, ONITUMH3AIINS KOTOPHIX TOTpeboBalia CYIIECTBEHHBIX YMCTBEHHBIX YCHITHM.
Bce pemenusi, 0 KOTOpBIX anee MOWAET pedb, HAWICHBI aBTOPOM CaMOCTOSTENIFHO, XOTsI HH()OPMALHIO
00 anropuTMax penieHrs HEKOTOPBIX 3a/1a4 ¥ OCOOCHHOCTSIX WX peallu3alliid BHYTPUUTPOBBIMH CPEJICT-
BaMH TpUIuUiock Mckath B MHTepHeTe. COBOKYIHOE BpEeMsl, IPOBEJCHHOE aBTOPOM B UTPE, — OKOJIO
45 gacoB. EcrecTBeHHO, HaNOOJIBIINM HHTEIICKTYaJIbHBIM BBI30BOM CTaJIM HEKOTOpPBIE OOHYCHBIE U T10-
CIICHUIN CIOKETHBIM ypOBEHb, O HUX M MOWUAET pedb Aajiee. 3aMETHM, YTO BHYTPUUTPOBOM SI3BIK IPO-
IrpaMMHPOBaHUsl JIOCTATOYHO TPOMO3/IOK, a HAIMYKE TOTOBOTO PEIICHHs MMOTEHIMAIBHO JIMIIACT YHUTA-
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TeNs YAOBOJBCTBUSL HAXOXKICHUSI COOCTBEHHOIO, TOITOMY MBI OyZIeT M3/1arath JUIIb UACI0 U alrOpPUTM
peLIeHHs ¥ IPUBOANUTE PE3YIbTAaThl pAOOTHI COOTBETCTBYIOLIETO AJITOPUTMA.

PaccmoTtpum pemiennss 6 HamOojee CIIOXKHBIX C TOYKH 3pEHUS ONTUMHU3alMU ypoBHed Human
Resource Machine. 3to 5 6onycubix 3anau («Uucna ®udonauum», «CopTUPOBKA TPex», «YMOPAI0-
yuBatenby, «I[loapeiB uncen» n «dabpuka NPoCTOTHI») U MOCIEIHS CIOKETHAs 3aa4da «Tax COpTH-
POBKUY.

1. Yncaa ®dudoHayum: Il KOKAOTO 3HAYCHUS HA BXOJE BBIBECTH MOCIEIOBATEIBHOCTH YHCEI
dubdoHauyn, ero He NpeBblnarnuXx. Mcnsitanue 00beMa: UCIOJIb30BaTh HE OoJiee 19 KoMaH[I, UCTIBITA-
HUE CKOPOCTH: BBITIOJIHUTH He OoJiee ueM 3a 156 omeparuii.

ABTOpCKOE pelieHue: apa aropurMa, 18/172 u 28/96.

Unes pemieHus, yAOBIETBOPSIOIIETO UCHBITAHUIO 00beMa, 3aKIIOYAETCsl B TOM, YTO IOCIEIOBa-
TEJNBHOCTh YMCE HAUMHAETCS HE C ABYX €AMHHIL, a ¢ eOUHUIBI 1 Hyms (Tadu. 1). Kaxnoe ciaenyromiee
3HAYECHUE TMOJy4aeTcsl Kak CyMMa JBYX NpPEObIAYIIMX. byneM BBIBOAWTH 3HAUYEHHE B MEPBOM CTPOKeE,
€CIIM OHO MEHBIIE MOJIYYEHHOr0 Ha BXOJAE YKCia. AJTOPUTM yOaeTcsl peain30BaTh, HCHOIB3Ys 18 KO-
MaHJl, OJTHAKO TIPH 3TOM YHCJIO OTIEepaluii mpeBbImaeT Tpedyemble 156 3a cueT He0OXOAUMOCTH pacyeTa
TEKYIIIEeTo 3JIeMeHTa i + 1-ro mara ¢ nepe3anuchbio TeKyIero aieMeHTa i-ro I1ara B S4elKy mpeablyIie-
ro 3JeMeHTa i + 1-ro mara.

Tabnuua 1
WUpes anroputma BbiBoga uncen ®PnboHa4yum c 18 komaHgamu
Table 1
18 commands Fibonacci number output algorithm idea
Bxon 19
Howmep miara 1 2 3 4 5 6 7 8
Texyumuii 3JIeMeHT 1 1 2 3 5 8 13 21
BriBoJ Teky1iero anemMeHTa + + + + + + + —
[Ipeapiaymuii sneMeHT 0 1 1 2 3 5 8 13

Unes pemieHws, yIOBIECTBOPSIONIETO HCITBITAHHIO CKOPOCTH, 3aKJIFOYAETCSl B TOM, YTOOBI Cpa3y BbI-
BECTH 00€ TepBbIe €IMHMIIBI, a MOCIEAYIONINe 3HAUCHNS BBIBOAUTD, Yeperys aieMeHTH (Tadi. 2). Ilpu
9TOM YBEJIMYMBAETCA KOJTUYECTBO KOMAH] KOJA, TaK KaK MPUXOJUTCS CUUTHIBATH U BBIBOJUTH 3HAUECHUS
13 pa3HBIX SYEEK, OHAKO YMEHBIIAETCS YMCIO ONEPALUii 33 CUET TOTr0, YTO HE HY>KHO MOCTOSHHO 3aIlH-
CBIBATh TEKYIUI 3JIEMEHT MOCIEI0BATEILHOCTH B STUENKY, U3 KOTOPOU IPOUCXOIUT BBIBOJ.

Ta6nuua 2
Upesa anroputma BbiBoAa uncen ®uboHauyum ¢ 96 onepaumamm
Table 2
96 steps Fibonacci number output algorithm idea
Ne mrara Onemenr 1 Onemenr 2 Bxon
0 1 (BBIXON) 1 (BBIXOM)
1 2 (BBIXOM) 1
2 2 3 (BBIXON)
3 5 (BBIXON) 3 19
4 5 8 (BBIXON)
5 13 (BBIXOM) 8
6 13 21>19

2. CopTupoBKa Tpex: JIs KOKIBIX TPeX BXOAHBIX 3HAUEHUI BBIBECTU UX B IMOPSIKE BO3PACTAHMS.
UcnpiTanne odvema: Ucmons3oBath He Oonee 34 KOMaH[, UCTIBITAaHUE CKOPOCTH: BBHIMOJIHUTH He Oojee
yeM 3a 78 onepauui.

ABTOpCKOE pelieHue: aBa aroputma, 34/126 u 63/74.

[lo HameMy MHEHHMIO, 3TO 3ajja4a C CAMBIMHU CJIOXHBIMHU 33JaHUSIMH ONTUMH3AIMH B urpe. [Ipuyem
HE MOTOMY, YTO UX JEHCTBUTEIBHO CIOXKHO PEAM30BaTh, a IOTOMY YTO CaMH ONTHMAJIbHBIE METOIBI
peleHHs HECKOJIBKO UCKYCCTBEHHBI, IO3TOMY JI0 HUX CIIOXHO JI0yMaThbes 0e3 mojcka3ku. Kpome Toro,
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aHaJIM3 KOHTEHTa LEHTpa coolmiecTBa Steam MoKa3al, YTO ajJrOpUTMa, YIOBIETBOPSIOLIET0 000UM 3a-
JaHWSM ONTHMU3ALMH, TIOKA HE HAlJCHO.

Urak, paccmarpuBaemas 3a/1a4a SIBISICTCS YACTHBIM CIIy4aeM 3aJjaud COPTHPOBKU. TpPU pazInuaHbIX
yrcia AalT 6 BO3MOXKHBIX MOPSIKOB PACIIONIOKEHHS, IS UX YIOPSAOYCHUS B HAUXYIIIEM clyvae He-
00xoanMo Tpu cpaBHeHUs (Tadi. 3).

Ta6bnuua 3
KonuuyecTtBa CpaBHeHUA onsa COPTUPOBKU TpeX IaNeMeHTOB
Table 3
Comparison quantities for sorting three elements
ITopsimok
Ne pacnoiof[KeHHﬂ CpaBHeHMs [UTs1 yIOPSIIOYEHUS
JBa cpaBHEHUSI:
1 123 — BTOPOM MEHBUIE TPETHETO;
— TepBbIi MEHBIIIE BTOPOTO (2 3HAYUT, ¥ TPETHET0, IOCIE0BATEIHLHOCTh
YHOpsSI0YeHA)
JBa cpaBHEHUSI:
) 132 — BTOPOU 0O0JIbIIIE TPETHETO — MEHsIEM X MecTaMH (Tonyuaem 1 2 3);

— MEpBBII MEHbILIE BTOPOTO (@ 3HAUUT, U TPETHEr0, MOCIE0BATEILHOCTD
YHOpsSa0YeHa)

Tpu cpaBHeHuS;

— BTOPOM MEHBUIE TPETHETO;

3 213 — MepBbIi 0OJIbIIE BTOPOTO;

— MepBbI MEHBILIE TPETHETO, 3HAUNT, MEHsIEM MecTaMu 1 U 2 MecTamMu
(momydaem 1 2 3, mocie10BaTENbHOCTD YIIOPSA0YCHA)

Tpu cpaBHEHUS:

— BTOPO#i OOJbILIE TPETHETO — MEHSIEM HX MecTaMu (moiy4aeM 2 1 3);

4 231 — MepBbIi OOJIBILIE BTOPOTO;

— TIepBbI MEHBIIIE TPETHET0, 3HAUUT, MEHsIEM MecTaMu 1 U 2 MecTaMu
(mosryuyaem 1 2 3, nmocnenoBaTeabHOCTD YIOPsIIOUEHA)

Tpu cpaBHEeHHUS:

— BTOPOM MEHBUIE TPETHETO;

5 312 — MepBbIi OOJIBILIE BTOPOTO;

— IIEPBBIA OOJIbIIE TPETHETO, 3HAUUT, MeHsieM | 1 2 Mectamu (momydaem 1 3 2),
MeHsieM 2 U 3 MecTaMu, mosrydaeM | 2 3, mociieJoBaTeIbHOCTh YIOPSAOUYCHA)
Tpu cpaBHEHUS:

— BTOPO#i OOJBIIE TPETHETO — MEHSIEM HX MecTaMU (moiy4aeM 3 1 2);

6 321 — MepBbIi 0OJIbIIE BTOPOTO;

— MepBbIi OOJIBIIE TPETHETO, 3HAYUT, MeHsieM | 1 2 MecTamu (Tiosrydaem 1 3 2),
MeHsieM 2 U 3 Mectamu, mosrydaeM 1 2 3, mociieJoBaTenbHOCTh YIOPSAOYCHA)

EcrtecTBennas upes pemenus ciemyromas. CUuuTeBaeM BCe TPU BXOAHBIX 3HaueHHs. Ha mepBom
are CpaBHUBaeM BTOPOE M TPEThE 3HAYCHHUS, €CIIM BTOPOE OOJIbIIE, TO MEHsEeM MX MecTaMu. Ha BTo-
POM IIlare CpaBHHBaeM IIEPBOE U TPEThe 3HAUCHHUS, €CIIM NIEPBOE OOIbIIIE TPETHETO, TO MEHSIEM X MeEC-
tamu. M Ha TpeTheM IIare CpaBHUBAEM IEPBOC W BTOPOE 3HAYCHHUS, €CIIM TIEPBOE OOJIbIIE BTOPOTO, TO
MEHSEM MX MecTaMHu. B pesynbrare mosydaeMm yImopsiIodeHHYIO MOCIEA0BATEIFHOCTh, KOTOPYIO HEOO-
XOJTMMO OTIPaBUTH HA BBIXOZ. COOTBETCTBYIOIIEE aBTOPCKOE PEIICHHE COACPKUT 36 KOMAaH]] U BBITION-
Hsercs 3a 120 onepauuid, T. €. HE YIOBIETBOPSAET HU OJHOMY U3 UCIBITAHUI ONTUMU3ALIMH.

Mopaudukanus anropurMma Juisi HCIIBITAaHUST 00beMa pa3paboTaHa aBTOPOM, UCXOAS U3 CICTYIOIIHX
cooOpaxenuid. [10CKOIBKY [Isl COPTUPOBKH TPeX 3HAYCHUN CPaBHEHHH JOKHO OBITH J(BA WK TPH, HO
TIPH 3TOM YHCIIO KOMaHJI MPEBBIIIACT JOMYCTUMBINA TIpeJiell, HEOOXOIUMO BBITIOTHHUTH J[BA pa3a Mo J[Ba
CpaBHEHUS. ANTOpUTM MPUOOPETACT CIACAYIOIINIA BHI.

1. CauteiBaeM 1 COXpaHsIeM BCE TPU COPTHPYEMBIX 3HAUCHHUS.

2. CpaBHUBaeM BTOPOE U TPEThE 3HAUCHHE, €CIIU TPEThe MEHBIIIE BTOPOTO, MEHSAEM HX MECTAMHU.

20 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 4. P. 16-26



Konomeea A.B., Kabuonbckul E.B. Onmumu3sayus aseopummoe 8 20J1080J/I0MKe
Human Resource Machine no 4yucny komaHO u onepayul

3. CpaBHUBaeM NEPBOE U BTOPOE 3HAUCHHUSL:

— €CJIM BTOPOE MEHBIIIE TIEPBOT0, MEHSIEM UX MECTAaMH U IMEPEXOJUM K IIYHKTY 2;

— €CJIM TIepBO€ MEHBIIIE BTOPOTO, TO MTOCIEA0BATENBHOCTD YIOPSI0UeHa, IEPEX0IUM K MYHKTY 4.

4. BeIBOAMM yTIOPATOYEHHYIO MTOCTIEI0BATENEHOCTb.

JaHHBIA anropuTM ynaeTcs peaqu3oBaTh, UCHONB3YS 34 KOMaHABI, OJHAKO HEOOXOIMMOCThH BBI-
MIOJIHUTH YETHIPE CPABHEHUSI BMECTO TPEX MPUBOJUT K YBEIMUYEHHIO Yncia oneparmii co 120 mo 126.

Anroput™, oOecleYHBalONINKi COPTHPOBKY 3a 3aJaHHOE YWCIIO OMepaIyid, MpeACcTaBiIseT coO0O0H
aHaJM3 BapUAHTOB B Ta0J. 3 M OpraHU3alMIO BBIBOJAA COOTBETCTBYIOIINM oOpa3om. Jlyuieii ero mmo-
CTpalMel ABJSETCS ASPEBO PEIICHUH (CM. PUCYHOK). EcTecTBEHHO, pe3yIbTUPYIOLINI KO MOTy4aeTcs
rpoMo3akuM (63 KoMaH[IBI), @ KOMaHaa BEIBOJa GUrypupyeT B HeM 18 pa3. Tem He MeHee perieHue Ha
€ro OCHOBE I03BOJISIET OTCOPTHPOBATH HAOOP BXOJAHBIX MOCIEAOBATEIBHOCTEH 3a 74 omepaunu NpH Tpe-
OyeMBbIX 110 3a7aHuto 78.
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AHanuz 3HauyeHUN u opraHu3auus BbiBoAa B 3apaye «CopTMpoBKa Tpex»
“Sorting three” problem values analysis and output organization

3. YnopsiouuBarelib: U IBYX JaHHBIX CJIOB BBIBECTH IiepBoe B ajipaBUTHOM mopsiake. VcnbiTa-
HUEe 00beMa: UCTOJIb30BaTh He Oonee 39 KOMaHA, UCIIBITAHUE CKOPOCTH: BBIIOJIHUTH HE OoJiee yeM 3a
109 omeparuii.

ABTOpCKOE pelIeHHe: OAuH aaroputm, 36/108. B manHOi 3amade UMEET CMBICI OXapaKTepHU30BaTh
0COOEHHOCTH BXOJHBIX JTAHHBIX, TAK KaK MMEHHO OHM ONPEAEIIIOT CIEHU(UKY pElIeHHs. ANTOPUTM
JIOJDKEH 00paboTaTh OAHY Mapy aHIJIMHCKUX CIIOB, T. €. HET HEOOXOIUMOCTH OPraHU30BBIBATD ITUKIT JUIS
BBOJIa IaHHBIX. CIIOBa MOTYT OBITh KaK pa3HOMW, TaK M OAMHAKOBOHW JUIMHBIL. JlJisi 0003HaYCHHST OKOHYA-
HUS CJIOBA UCIIOJIB3YETCS HOJIB.

Unes pemienns 3akiro4aeTcsi B CUUTHIBAHUN OOOMX CJIOB, OPTaHU3AIMU CUETUYUKOB apecoB OYKB
JUISL KQKAOTO U3 HHUX U TOCIIEIOBATEILHOTO BBIYUTAHUS U3 TEKYIIeld OyKBBI IIEPBOTO CIIOBA COOTBETCT-
ByIoIIeil OykBbI Broporo cioBa. Iloka pasHocTs OykB HyneBas, T. €. OHH COBIAJAIOT, CUCTUYUKHU YBEIH-
yuBatoTcs Ha 1. Kak Tonpko momydmnace HONOXKUTENbHAs (OTpULIATEIbHASI) PA3HOCTh, BBIBOJUM BTOPOE
(mepBoe) cioBo. Ecnu nipu cuuThiBaHUM OYKBBI ITOTYYHITH HOJIb, BEIBOJMM KOPOTKOE CIIOBO.

ANTOPUTM pELIeHHUS 3a/1a4Ml CIICTYFOIIIHIMA.

1. CuuTsIBaEM NEpBOE CIOBO, 3alIUCBIBAEM €r0 MOCIENOBATENBHO B SYCHKH MaMATH, HAYWHAasA C HY-
neBoi. Homb ompenenseT KOHel MepBOro CIOBa, YBEIMYCHHBIN Ha 1 agpec COOTBETCTBYIONMICH STUCHKH
OTIpe/ieNIsieT Hayajio BTOPOTO CIIOBa.
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2. 3amucbIBacM BTOPOE CIIOBO B SYEHKH MaMATH, HAUYMHAsI C 3alIOMHEHHOTO Ha MPEIBbIAYIIEM IIare
azapeca.

3. 3anoMuHaeM aJipeca Hav4albHbBIX OYKB 000HX CIIOB.

4. CuuTbiBaeM TEKYyIIUI 3HAK IIEPBOTO CIIOBA:

— €CJIM 3TO HOJIb, TO NIEPBOE CIOBO KOPOUYE BTOPOTO, OTIIPABIISIEM €ro Ha BBIXOJ, aJlpec NepBoi OyK-
BBl HYJIEBOI1;

— €CIIK 3TO HE HOJIb, IEPEXO/IUM K 1ary 3.

5. CunTbIBaeM TEKYLINH 3HaK BTOPOTO CIIOBA.

— €CJIM 3TO HOJIb, TO BTOPOE CJIOBO KOpOYE MEPBOT0, OTIPABISEM €r0 Ha BBIXOJ, aJipec MepBoi OyK-
BbI U3BECTEH;

— €CJIM 3TO HE HOJIb, IEPEXOAUM K Iary 6.

6. CpaBHuBaeM OyKBBI IIEPBOTO M BTOPOr'O CJI0BA (BBIYMTAEM U3 OYKBBI IIEPBOTO CIOBA BTOPOE, IO-
Jy4aeM pa3HUILy UX MO3UIUN B TATHHCKOM al(aBUTe):

— €CJIM pe3yJbTaT HyJIeBOH, TO OYKBBI OJIMHAKOBBIC, yBeIMUMBacM Ha 1 ajpeca OykB 000OHX CIIOB U
nepexoauM K mary 4;

— €CJIM pe3yibTaT MOJIOKUTEIbHBIN, TO OyKBa MEPBOro CJIOBAa UMeEeT OONBIIMK HOMEp, 4eM OyKBa
BTOPOTO CJIOBA, T. €. IO aJihaBUTY TIEPBBIM OYZIET BTOPOE CIIOBO, OTIPABIISIEM €T0 Ha BBIXOJ, aJpec mep-
BOi1 OYKBbI U3BECTEH;

— €CJIM pe3yJbTaT OTpPHULATENbHBIH, TO OyKBa MEpBOrO CIOBAa MMEET MEHBIIUI HOMEp, 4eM OykBa
BTOPOTO CIIOBA, T. €. 10 ali)aBUTy TIEPBBIM OYIET TIEPBOE CIIOBO, OTHPABIISIEM €0 Ha BBIXOJI, aJpec Iep-
BOW OYKBBI HYJICBOH.

4. TloapbIB YHCeN: KAXKI0E YMCIO HA BXOJe pa30eiiTe Ha oTAenbHbIe IU(GPHI U BeIBeAUTE UX. Mc-
nbITaHHE 00bEeMa: UCTIONB30BaTh He Oolee 30 KOMaHI, HCIIBITAHHE CKOPOCTH: BBIIIOJIHUTH HE OoJiee ueM
3a 165 onepauuii.

ABTOpCKOE pelieHue: aa anropurma, 30/218 u 51/159.

Ha Bxoj mojarotcst Tpex3HauHbIe M JIBy3HAYHBIC YHCIA, a TaKKe MUGPHL. B nBYX suelikax mamsaTu
xpansTes yncna 10 u 100.

dopManbHO aNrOPUTM PEIICHUS 334a4H BECbMa He3aMbICIIOBaT.

1. ®opmupyeM HyJeBble CYETUYNKH KOJMYECTBA COTEH U JECSITKOB.

2. [locnenoBaTenbHO yMeHbIIaeM BXoAHoe 3HaueHue Ha 100 u yBenu4rBaeM Ha €IUHHILY COOTBET-
CTBYIOIIMH CYETYMK [0 JOCTMXKEHHs ABy3HauHOro umcia. Eciiu mepBoe ke BBIYMTAHHME NAeT OTpHUILA-
TEJNbHBIN pe3yNbTaT, TO YUCIO ABYy3HAUHOE, IEPEXOIUM K IMYHKTY 4.

3. BbIBOIMM CUETYHK COTEH, €CJIM OH OTIMYEH OT HYJI.

4. IlocnenoBaTenbHO YMEHbLIAEM JBYy3HayHOE 3HayeHre Ha 10 v yBenMuMBaeM Ha €AMHUILY COOT-
BETCTBYIOILUI CUETUHK 10 JOCTHXKEHUS OHO3HAYHOTO YHCIIA.

5. BBIBOIUM CUETYHK JIECATKOB, €CJIM OH HE HYJIEBOW WIIM €CIIH YHCIIO ObIIIO TPEX3HAYHBIM.

6. BeiBonum octaBurytocst nugpy.

JaHHas 3aaua sIBJISICTCS MIPEANOCIIEAHEH 3a1aueii MOBBIIIEHHON CIIOXKHOCTH B UT'PE, U PEaIr30BaTh
AITOPUTMBI, YJOBJIETBOPSIONINE OTPaHHMYEHUSIM Ha YHCIO KOMaHJ M Omlepaluii, 0ka3ajoch BechMa He-
npocTo. JIONOJHUTENBHYIO CIOKHOCTh MPENCTABISET HEOOXOMUMOCTD ONPENENUTh, CIEAYET JIU BBIBO-
IUTH HYJIEBOW CUETYHMK AECATKOB Ha mmare 5. B cimydae anropurTma, yIOBIETBOPSIOLIETO HCIBITAHHIO
o0beMa, JaHHas MPOBEPKa peaqnu3yeTcsl CASAYIOIIM 00pa3oM: HyJI€BOM CUETUUK JECATKOB BBIBOAUTCS,
€CJIM Pa3HOCTh HYJIEBOI'O CUETUMKA JECATKOB M CUETUMKA COTEH OTpHIATeTbHAs (T. €. CUETYHK COTEH
MOJIOKHUTEIIbHBIN).

AJropuTM, yIOBIETBOPSIOINN HCIIBITAHUIO CKOPOCTH, HECKOJIBKO cioxHee. OH mpennosiaraet om-
peneneHue mopsaKa 4ucia: Tpex3HauHble, IBy3HaUHble U 0fHO3HauHble. OJITHO3HAYHBIEC YMCIIa HE 3aIH-
CBIBAIOTCS B TIAMSATH, JUIsl HUX HE (QOPMHUPYIOTCS CUETYMKH JCCATKOB U cOTeH. [IJisi NBYy3HAUHBIX YHCEI
(dhopMupyeTCsl TONBKO CYETYHK AeCATKOB. OHAKO YMEHBIICHUS YHCIa ONEpalui 3a c4eT SKOHOMUHU
Ha CYETYMKaX OKa3aJloCh HEJAOCTATOYHO, MOATOMY IMPHUXOAUTCS BBIIIONHITH BRIYUTAHUE U3 TEKYIIETO
3HAYEHUS JABYX COTEH/IECATKOB 3a OJMH IIMKJI U MOCIIE Ka)KAO0TO BEIYUTAHUS MPOBEPSTH MOJOKHUTEb-
HOCTB pe3ynbTaTa. [Ipu 3TOM CyIIecTBEeHHO BO3pacTaeT HE TOJBKO YHCIO KOMaHA anropurMa (1o 51),
HO M CKOPOCTH €ro paloThl; pe3yIbTHPYIOLIUI anropuTM BBINONHAETCS 3a 159 onepauuii mpu Tpe-
OyembIx 165.
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5. ®adpuka NpoOCTOTHI: A KAXKIOTO YHCIa Ha BXOAE BBIBEIUTE €0 MPOCThIE MHOKHUTEIH B TIO-
psnke Bo3pactaHus. McnbiTanne oObeMa: MCHONB30BaTh He Oosiee 28 KOMaHA, UCHBITAHUE CKOPOCTH:
BBITIOJTHUTD He OoJiee ueM 3a 399 omneparuii.

ABTOpCKOE pelieHue: apa anropurma, 24/452 u 46/360.

ANTOpUTM, COOTBETCTBYIOLINHA UCTIBITAHUIO 00BEMa, UMEET CIEAYIOINN BHI.

1. CuntbiBaeM BXOAHOE 3HAUYCHHE, 3aMIMCHIBAEM €0 B IIAMSTh.

2. IIpoBepsiem, HE paBHO JIM TEKyIlIee 3HAYCHHE B TTAMSTH €IUHUIIE:

— eCJIM TeKyllee 3HaueHHe PaBHO €AMHUIIE, CYUTHIBAEM CIIEAYIOIEe BXOJHOE 3HAYCHHE;

— €CJIH TeKyllee 3HaueHue OO0JIbIIe eIMHHLIBL, TIEPEXOIUM K Iary 3 aaropurma.

3. ®opMupyeM HAUMEHBITUNA BO3MOXKHBIM MHOXXHUTEb YHCIIAa — NBOMKY, 3alHCHIBAEM €TI0 B I1a-
MSATb.

4. IlocnenoBaTenbHO BBIYMTACM M3 YHCIA B MaMATH TEKYLUIMH MHOXXUTENIb OO JOCTHKECHHUS HYJIS
WM OTPULIATENIFHOTO pe3yibTara:

— €CII pe3yibTaT OTPUIATEIbHBIN, JAHHOE YUCIIO Ha TAHHBIH MHOXKUTEIb HAIeJI0 HE JIeJIUTCS, YBe-
JUYUBacM MHOXKHTENb Ha | ¥ mepexoauM B Havajo mara 4;

— €CJIM Pe3yJIbTaT HyJIEBOH, TO YHCIIO JEUTCA HAa MHOXHTENb HALIENO0, IEPEX0AnM K mary 5.

5. BeIBOAMM TEKYILIUA MHOKUTEIb.

6. Haxogum pe3ysibTar OT A€NeHUs JaHHOTO YKCia Ha JaHHBIA MHOXKUTENb!

— ¢opMHUpyEM CUETUHK;

— TIOCJIeTOBATENbHO BBIYUTAEM TEKYIIWH MHOXKUTENb U3 TEKYIIETO YUC/A U YBEINYMBAEM CUETUHK
710 JOCTMXKEHHUS HYJIEBOIO Pe3yibTara;

— MOJYYEHHOE 3HAYCHUE CUETUMKA ONPEAEISAET PE3yIbTaT JEIICHUS;

— 3aMeHseM TeKyIllee YHCIIO B MaMsITH Ha 3HAaUCHHE CUETYHKa,

— IIepexOAMM K IIary 3 aaropurMa.

AHanu3 BXOAHBIX 3HAYEHUI MO3BOJMI YCTAHOBHUTH, YTO OHM HE MPEBOCXOIAT ABaaUATH. Toraa
ujesl auropuTMa, COOTBETCTBYIOLIETO HMCIBITAHUIO CKOPOCTH, COCTOUT B YCTAaHOBJIEHHH, SIBJIAETCS JIN
JaHHOE 3HAa4YeHHEe U3 CIHMCKa MPOCTHIX YKCEN OT ABYX IO JIEBATHAALATH ACTUTENIEM MOJJaHHOTO Ha BXOJ
qucia.

AJNTOpUTM, COOTBETCTBYIOLIUIA UCTIBITAHUIO CKOPOCTH, UMEET CICAYIOIUI BU/.

1. ®opmupyeM CHOHCOK MPOCTHIX YHCET OT ABYX 10 19, 3amuchiBaeM HX B A4YEHKH ¢ ajpecam, Ha-
YHHAS ¢ HYJIS U BO3PACTAIONIUMH Ha €ANHUILY.

2. CuuTblBaeM BXOAHOE 3HAUCHUE, 3aMKCHIBAEM €TI0 B IAMSTb.

3. YcraHaBinuBaeM ajpec TeKyIIero MpoCcTOro MHOKHUTENS HYJIEBBIM (JIBOMKA).

4. IIpoBepsieM, HE PaBHO JIM TEKyIllee 3HAUYCHHE B TAMSITH €UHUILIE:

— eCJIH TeKyllee 3HaueHHe PaBHO €AMHUIIE, CYUTHIBAEM CIIEAYIOIIee BXOJHOE 3HAUCHUE;

— €CJIH TeKyllee 3HaueHue OO0JIbIIe eIMHHLIBI, IIEPEXOUM K IIary 5 aaropuTma.

5. YcraHaBnMBaeM CHETYHK, MOKA3bIBAIOIININ LIETYIO YacTh OT ACJICHHU JAaHHOTO YHCIia Ha TaHHBINA
MIPOCTONH MHOXKHUTEb.

6. IlocnenoBaTenbHO BBIYMTAEM M3 YHMCIA B MaMATH TEKYIIMH MHOKHUTENb IO NOCTMXKEHHS HYJIS
WM OTPUIIATENIFHOTO Pe3ysIbTaTa, YBEJIHMUMBas CUETUHK IIEJION JacTu:

— eCII pe3yibTaT OTPUIATEIbHBIN, JAHHOE YUCIIO HA TAHHBIH MHOXKUTENb HAIeJIO HE JeJINTCS, YBe-
JUYUBACM a/Ipec MHOXKUTENS Ha | U mepexoauM K mary S;

— €CJIN pe3yNbTaT HyJIEBOM, TO YUCIIO ACIUTCA HA MHOXKUTENb HALENO0, IEPEXOIUM K Iary 7.

7. BBIBOJIUM TEKYIIHI MHOXXHUTENb.

8. 3anucheiBaeM 3HaYCHHE CYETYHKA HA MECTO YUCIIA, U1 KOTOPOTO MIYTCS MPOCTHIE MHOXKHUTEIH.

9. IlepexoauMm k mary 4 anropurma.

6. JTa:k COPTHPOBKM: OTCOPTHUPYHTE KaKIYIO BXOJHYIO ITOCIEOBATENBHOCTh B MOPSAKE BO3pac-
TaHWSI U BBIBEIUTE pe3ylbTar. McnbiTanue oObema: MCIoNb30BaTh He Oornee 34 KOMaHJ, UCIBITAaHHE
CKOPOCTH: BBIIOJIHUTE He Oosee ueM 3a 714 onepanuii.

ABTOpPCKOE pelIeHue: OJUH anroputM, 33/706.

Wnes pemenns COCTOUT B pa3dOUEHHH COPTHPYEMOTO MAacCHBa Ha TOJIOBHYIO M XBOCTOBYIO YaCTH,
MpUYEM TOJIOBHAS YacCTh ABJSIETCS YK€ OTCOPTHPOBAHHOM; B XBOCTOBOM YaCTH WIETCS MUHHUMAJIbHBINA
9JIEMEHT, MEHAETCS] MECTAaMH C TEPBBIM JIEMEHTOM XBOCTOBOM YacTH, MOCJE YEro IOJOBHAs YacTh YA-
JUHSAETCS, @ XBOCTOBAasi YKOpaunuBaeTcsi Ha 3TOT aneMeHT. Crieruduka anropuTMa, yI0BIECTBOPSIOMIETO

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 23
2022.T. 22, N2 4. C. 16-26



UHdopmaTrka u BbluMCNUTENbHAA TeXHUKA
Informatics and computer engineering

000MM UCTIBITAaHHSM, 3aKJIFOYAETCSH B COPTUPOBKE MAacCHBa B MOPS/IKE YOBIBAHUS U BBIBOJIEC €TO 3JIEMEH-
TOB, HAUMHAsl ¢ «XBOCTa». OH UMEET CIAEAYIOIIUN BU].

1. CauteiBaeM MacCHB, MOJISKAUNA COPTHPOBKE, B KAUECTBE MHICKCOB 3aMEHSIEMOT0, MUHUMAJTb-
HOTO ¥ TEKYIIIETO PJIEMEHTOB OIpeIesieM HHACKC MOCIEIHETO JIEMEHTa MACCHBA, 3aIOMUHAEM €TO.

2. YMeHblllaeM UHIEKC TEKYIIEro 3JIEMEHTa Ha 1, CpaBHUBAEM PE3yNbTaT ¢ HyJIeM:

— €CJIM Pe3yNIbTAT OTPUIIATEIBHBIN, TOCTUTHYT MOCIEIHNAN JIIEMEHT MacCHUBa, MIEPEXOINM K IIary 4;

— MHA4e MepexoauM K mary 3.

3. CpaBHMBaEM 3HAYEHUE TEKYIIET0 U MUHUMAJIBLHOTO 3JIEMEHTOB:

— €CJIM TEKyLIee 3HAYCHHE MEHbIIEC MUHUMAIBHOIO, IEPEONPEACIIIeM UHACKC MUHUMAIBHOTO 3Je-
MEHTa Ha TEKYIIUHA U IEPEXOANM K IIary 2;

— MHAYe MepexouM K mary 2.

4. MeHsileM MeCTaMH 3aMEHSEMBIH W MUHHMAJILHBIN 3JIEMEHTHI, BBIBOJINM HaWACHHBIH MHHUMAJIb-
HBIN DJIEMEHT.

5. YMeHbIIIaeM CUYETUYHK 3aMEHSIEMOT0, MUHUMAIBLHOTO U TEKYIIETO JIEMEHTOB Ha 1, mepexoaumM K
miary 2 anropurMa.

3akiaouenue

B cratbe paccMOTpeHBI aBTOPCKUE ONITUMHU3UPOBAHHBIC aJITOPUTMEI IIECTH HAaOOoIIee CIOXKHBIX 3a-
naq urpsli-ronoBoiioMkd Human Resource Machine. OnTuMuzanyst B COOTBETCTBUH C TIPABHIIAMH UTPHI
BBIITOJIHAJIACH I10 KOHquCTBy KOMAaHJ KoJda U onepaum‘/'l, HpOI/ISBO}II/IMLIX B Hpouecce €I'0 BBIIIOJITHCHUS.
YacTh ONTHUMAJIBHBIX PEIICHUN YIOBIETBOPSIET 000MM TpeOOBaHUAM, T. €. 00SCIICUUBACT 3aJaHHOE YHC-
JIO OmepaIuil mpu 3aJaHHOM KOJMYECTBE KOMaH]l, OCTAbHBIE MMOTPeOOBaIH pa3padOTKY JIByX Pa3iidy-
HBIX aaroputMoB. OTMETHM, YTO B UTPOBOM COOOIIECTBE Steam MOXKHO HAHTH U JAPYTrHUe BapUaHTHI pe-
IICHHS TeX XK 3a]1a4, BO3MOXKHO, C €III¢ MEHBIIIMM KOJIMYECTBOM KOMaH/I/Oepalnii, OJHaKO aBTOp MPH-
JIEPKUBACTCSI MHEHHSI, 9YTO COOCTBEHHOE PEIICHUE TOJOBOJIOMKH MPUHOCUT TOPa3I0 OOMbIe YIOBIe-
TBOpPEHUS, 4YeM dyxoe. KpoMe Toro, yCTaHOBIEHO, UTO JaKe JUISl CaMbIX CIIOKHBIX 33a7a4 B UTPE peallb-
HO OTBICKaTh ONTHUMAJIbHBIE PEIICHHUs, HE MpuOeras K KOMMPOBAHHUIO UY)KOT0 Kojaa. Takum oOpazom,
JTake TIPOCThIE 3a/1a4M 0 MIPOrPaMMHUPOBAaHUIO MOTYT UMETh CIIOJKHBIE pPelleHUs], TpeOyoIIue HeCTaH-
JAPTHBIX TIOJIX00B Y HHHOBAIIMOHHBIX UJEH, YTO HE TOJBKO MPUHOCUT MAaCCy HHTEIUIEKTYaIbHOTO yI0-
BOJIBCTBUS U y,Z[OB.HeTBOpeHI/IH oT HOJ'Iy‘-IeHHBIX pa60Tanm1/Ix peHJeHI/Iﬁ, HO U ITO3BOJISICT UCIIOJIB30BATh
ux, HaHpI/IMep, B KaQ4ECTBEC OJINMMIINAAHBIX SaHaHHﬁ.
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Annomayus. B nanHo# pabote Qopmymnmpyercs 3amada NMPUMEHEHHUS BEPOSTHOCTHBIX aBTOMATOB
¢ OJIOKMPOBKOW JUISl MCCIICIOBAHUS CIIOXKHBIX T'MOPUAHBIX MH()OPMALMOHHBIX CHCTeM. JleicTBHTENBHO,
B OOJIBIIMHCTBE 3a/1a4 MPUXOIUTCS UMETH JIEJIO C BIMSHUEM PA3IMYHBIX CIyYaiHBIX ()aKTOPOB, K KOTOPBHIM
MOXXHO OTHECTH HEHa/IC)KHBIC 3JIEMEHTHI JJICKTPOHHOTO O0OPYNOBAaHUS, NMEPUOJMUYECKH BBIXOJSIINE W3
CTpoA, CHy‘IaﬁHLIe pCakuuu JINL, TPUHUMAIOIUX PCHICHUA, BEPOATHOCTHBIC KoJIeOaHus JIUTCIBHOCTU BBI-
MIOJTHEHUS PA3IUYHBIX 3TAloB padOT, COCTABIAIOIIMX HccienyeMblil mponecc. Ilenb mccaegoBaHus 3a-
KIIFOYaeTCsl B HEOOXOIMMOCTH MOBBIIIECHUS 3((EKTUBHOCTH YIIPABICHUS aBTOMAaTH3UPOBAHHBIMU HMH(OpMa-
[IMOHHBIMH CHCTEMaMH Ha OCHOBE MOJIeNiell IMUTAIIMOHHOTO OOCITY>)KMBaHUS C OJIOKUPOBKOW. MaTepuaJibl
U MeEToAbI. PaCCMOTpI/IM OCHOBHBIC TIPHUHIOMWIIBI, IIOJIOKCHHBIC B OCHOBY METOAAa BCPOATHOCTHO-
aBTOMAaTHOTO MOJIeNHUpOBaHUs. Meron 0a3upyeTcs Ha TEOPHH aBTOMATOB, 3aKJIFOYAIOIIEHCs B UCIIONb30Ba-
HHUM pe3yJIbTaTOB MAIIMHHOTO 3KCIIEPUMEHTA NPH CO3/IaHHH CIIOXKHBIX CaMOOPTaHM3YIOUIMXCS MH(pOpPMa-
IIMOHHBIX CHCTEM, a TaK)KE€ B CHCTEMax aBTOMAaTH3allM{ NPOM3BOACTBEHHBIX HpOILECCOB. BeposTHOCTHO-
aBTOMaTHas MOJIesIb MH()OPMAIIIOHHOW CUCTEMBI NIPEACTABIIET COOOH HE YTO MHOE KaK arperaTHBHYIO MO-
JIeNb TIPU pa3apoOJICHUN CUCTEMBI Ha CaMble MEJKHE OJHOMEpHbIE arperaTbl. OCHOBHBIMH ITOHATHSMU aB-
TOMAaTHOTO MOJICTMPOBAHUS SBISIOTCS BEPOATHOCTHBIA aBTOMAaT W CHCTEMa BEPOSTHOCTHBIX aBTOMATOB.
Pe3yabrarsl. B pesynbrare vccieoBaHus MOJTydeHb! TaONUIBI YCIOBHBIX (PYHKIMOHAIBHBIX HEPEXOH0B U
Ha ee OCHOBE IPOAaHATM3UPOBAHBI aBTOMATHI ¢ OJIOKMPOBKOH o0cmykuBaHus. JlokazaHa UX 3G HEKTHBHOCTD
Ul aBTOMATU3UPOBAHHOM MH(MOPMAIMOHHON CHCTEMBI CIOKHOW CTPYKTyphbl. 3akiiodyenue. Pabota cuc-
TEMBI 3aKJITI0YAeTCA B BEIOOPE COBOKYITHOCTH PETYIHUPYEMBIX MapaMeTPOB MM COBOKYITHOCTH HMCIIBITHIBAEC-
MBIX BapHaHTOB. JIJIs 3TOTO MPUHUMAIOT PEIIeHUE, M0 KaKOMY MOKa3aTesio 1elecoo0pasHo CyauTh 00 d¢-
¢exTuBHOCTH paboThl MH(GOPMAMOHHOW cucTeMbl. [lociie AToro perraercs BOIpoc 0 TOM, 3a CYET KaKoro
N3MEHEHHS PEKMMa paOOTHI CHCTEMBI, €€ CTPYKTYPBI HJIM 3HAYCHUH MapaMeTpoB MOXKHO JTOOMTHCS MAaKCH-
ManbHOM 3 dexTrBHOCTH. Peub umet o BEIOOpE COBOKYMHOCTH PEryJIMPYEMBIX ITApaMETPOB MIIM COBOKYTI-
HOCTH HCTIBITBIBAEMbIX BapHaHTOB. [loka3arens 3peKTHBHOCTH pabOThI CHCTEMBI SIBISIETCS] IETEPMUHHUPO-
BaHHOW (pyHKIMEH peryiaupyeMbIX mapaMeTpoB. JTa (YHKIHS Ha3bIBAcTCs 1IEJIEBOW MM KpUTEpUEM (-
(exTHBHOCTH cucTeMBl. Jlanee, n3 3alaHHOTO MHOXKECTBA 3HAUYCHHWH COBOKYITHOCTH PErYJIMPYEMBIX Iapa-
METPOB BBIOpATh TaKyl0 COBOKYNMHOCTh 3TUX 3HAUEHHH, IPH KOTOPOI! 1eneBast QyHKIHS IPUHIMAET MUHH-
ManbHOE (MaKCHMalbHOE) 3HAUYCHHE.

Knrwoueewie cnosa: apromar, arperaTsbl, 3HaHHUSA, MOJICJIN, UIMHUTAIH, CUCTEMa, COCTOSIHHE, TTapaMeTpEI,
yIpaBiieHHue
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Abstract. In this work the task is formulated and the method of reconfiguration of systems of organiza-
tional management on the basis of synthesis of the functional structure having an impact on an appearance
of all system considerably defining an order of its functioning, integrating in a whole of means of technical
and mathematical, program and information support is offered. The research objective consists in need of
increase in effective management of organizational systems on the basis of complex development, imple-
mentation and application of funds of automated management of its elements. Expert systems on the basis
of declarative programming languages are applied to synthesis of similar structures. Materials and me-
thods. As the tool for definition of the knowledge base about the field of restructuring of structure of mana-
gement calculation of expressions and language of a predicate logic, that is a logic theory of first order is
used. Then, the problem of reconfiguration of hierarchical structure of management system can be presen-
ted doubly. First, as a problem of definition of the changes of the known rational hierarchical structure
providing minimum loss from the arisen functional failures. Secondly, as a problem of creation of new ra-
tional structure which provides optimum use of the resources used in the course of achievement of definite
purposes in the changing conditions. Results. As a result of a research, on the basis of de Morgan's law
the factors influencing a system status of organizational management in general are defined. The necessary
structure of solvable tasks of all hierarchical structure is defined by extent of influence of different factors
on characteristics of structure of management. Conclusion. The operation of the system is to select a set
of adjustable parameters or a set of tested options. To do this, a decision is made on what indicator it is
advisable to judge the effectiveness of the information system. After that, the question of how to change
the operating mode of the system, its structure or parameter values can achieve maximum efficiency is re-
solved. It is about choosing a set of adjustable parameters or a set of tested options. The system perfor-
mance indicator is a deterministic function of the controlled parameters. This function is called the target
or performance criterion of the system. Further, from a predetermined set of values of the set of adjustable
parameters, select such a set of these values, at which the objective function takes the minimum (maximum)
value.
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BBeaenue

WNudopMaiimoHHble CHCTEMBI, IMOAJEKAIINE HCCISIOBAaHUIO, BEChMa pPa3HOOOPa3HBI IO CBOCH
CTPYKTYpE, CIOKHOCTH, KOHKPETHOMY HA3HAYCHHWIO W O0JIafaroT OoNbImIMM pazHooOpazmeM. OHaKo
€CJIM OTBJIEYBCS] OT KOHKPETHOI'O MPOU3BOACTBEHHOI'O CMBICIIA TPOLIECCOB, MPOTEKAIOIIMX B CUCTEMAX U
X OTACIIBHBIX ysnax, TO JJOTUYCCKHUC U BBIYUCIIUTCIIBHBIC HpaBI/IJIa q)YHK]_[I/IOHI/IpOBaHI/ISI 3JICMCHTOB
cucTeM OyayT HE CTOJIb pa3HOOOpa3Hbl. Bo MHOTMX Cilydasx, Ka3ajJoch Obl, COBCEM pa3HbBIC «I10 KOH-
KPETHOMY CMBICTY» DJIEMEHTHI (DYHKIIMOHUPYIOT Ha OCHOBAaHUM OJHUX U TeX K€ 3aKOHOB. JTO Jaer
BO3MOXHOCTb NPU TMOCTPOCHUU ABTOMATHBIX MOJENEH CIOKHBIX CHCTEM BBIICIHUTH OINPEAEIICHHOE,
CPaBHHUTEIHHO HEOOIBINIOE KOIMYECTBO CTAHAAPTHU3UPOBAHHBIX aBTOMATOB (BEPOSITHOCTHBIX U JAETEp-
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MI/IHI/IpOBaHHLIX), TaK 9YTO NOCTPOCHUC MO,I[eJ'Ieﬁ JAOBOJIBHO HIMPOKOI'0 KjlaCCa CUCTCM OKa3bIBACTCA BO3-
MOZKHBIM JIMIIb C ITOMOIIBIO OIIPEACICHHOI'O Ha6opa aBTOMATOB 3THUX THUIIOB [1]

IlocTanoBKa 3a1a4un aBTOMATHOIH MHTepPHpeTALMHA

Pazbepem paznuuHbie criocoObl aBTOMATHON MHTEPIIPETAIMN MOJICICH Pa3IU4HbIX Y3JI0B HHOP-
MalOHHBIX cucTeM. [Ipu 3TOM HEKOTOphIE Y3Ibl OyIyT KMHTHPOBATHCS B BUJE OTICIBHBIX aBTOMa-
TOB, APYrHe — C MOMOILBI0 HEOOJBIINX BEPOSITHOCTHO-aBTOMATHBIX cucteM. [IpenBapurensHoe u3y-
YeHHE OTAEIbHBIX CBOWCTB THUIIOBBIX y3JI0B HH()OPMAIIMOHHBIX CUCTEM AAET BO3MOXKHOCTH IEPEUTH B
JanbHEHIeM K OMUCAHUIO TIOCTPOCHHS MOJENEH ITOBOJIBHO CIOKHBIX cucTeM. OgHUM H3 Hanboiee
XapaKTEePHBIX CBOWCTB MHPOPMAIIMOHHBIX CHUCTEM SIBJISIETCS MOCTYIUICHHE HA BXOJ CUCTEMbI HEKOTO-
pPBIX TpaH3aKIUil, KOTOpbIE B KaXXIOM OTACIbHOM CIIyda€ MOTYT HMMETh Pa3IMYHbIA KOHKPETHBIN
cmbici. Kak u3BecTHO, mpaBuia (OpMUPOBAHUS BXOISIIMX ITOTOKOB MOTYT OBITH JOBOJIBHO Pa3HO00-
pasHbeiMH [2].

Ha mpakTrke akTHBHBIC M TACCUBHBIE 3aJICPIKKH TPAH3AKIUK BHYTPH WHQOPMAIIOHHBIX CHCTEM B
nporecce X QYHKIIMOHUPOBAHUS, KaK MPABUIIO, COMPOBOXKIAIOTCS BIMSIHUEM PA3IHMUYHBIX CIIelU(rye-
CKHUX 0COOCHHOCTEH: OJIOKMPOBKH, PE3epPBUPOBAHMS U JAp. PaccMOTpuM omucaHue Mojelei psjaa cuc-
TeM, 00JaIaloNX TAKUMUA OCOOCHHOCTSAMHU. [IomyTHO KOCHEMCS IOCTPOCHUS HHINKATOPOB, CIYXKAIUX
JUIsL ONPEACICHUS Pa3IMYHBIX HECIy4YalHBIX XapakTepucTuk Mmoneneil. Iloctapaemcs oTpasuTh ABe
CXOJIHBIE OCOOCHHOCTH CHCTEMBI: OJIOKUPOBKY Ha 0OCTYKMBAIOUIMI MEXaHH3M U Ha MOCTYIJICHUE TPaH-
3aKkTOB. Pa3zbepeM ciydaii, KOr/ia TPaH3aKThl, IOCTYNUBIINE B CUCTEMY ¥ 3aCTaBIIME OOCITYKUBAIOLIHHA
MEXaHH3M 3aHATHIM, HE IOKUAAIOT ee, a 33JepXKUBaroTCs, 00pa3ys odepenb. [IycTb mpoMexxyTKku Bpeme-
HU MEXAY MOMEHTAMH MOCTYIUICHUS MOCIEI0BATENbHBIX TPAH3aKTOB — B3aUMHO HE3aBHCHUMBbIC OJIMHA-
KOBO pacope/iejeHHbIE CyYyallHble BEIMYMHBI, peaIu3alii KOTOPhIX MOXHO paccMaTpUBaTh KaK peau-
3allill HEKOTOPOW ClTydaifHOW BenuduHbl §. CrenaeM Takoe e MPEeIoNoKeHHe U OTHOCHTEILHO JJTH-
TEJIHHOCTEH 00CTYyKHBaHMA, CUUTAS UX PEeATH3ALMAMH CIIy4aiiHOM BennduHsb! 1. Odepenp mpeamnosara-
€TCsl HeorpaHu4eHHOH [3].

s Toro 4ToOBI MOJIHOCTBIO OXapPaKTepU30BaTh CHCTEMY B KaKIbli MOMEHT BPEMEHHU, HE00XO-
JUMO 3aJIaHHe TPEeX €€ BPEMEHHBIX XapakTepucTHK. OHM MOTYT OBITH BHIOpaHBI, HAIPUMED, CIEAYIO-
UM o6pasom: 1) mMpoMexyTOK BpEMEHH OT MOMEHTa ¢t O MOMEHTAa MOCTYIUIEHUS O4epEeTHOro TpaH-
3aKTa; 2) MPOMEXKYTOK BpEMEHH OT MOMEHTa t 0 MOMEHTa OKOHUYAHUS 00CITy>)KHBaHUSI TOTO TpaH3aK-
Ta, KOTOPBIA 00CITy>KHBaETCSI B MOMEHT t; 3) KOJTUYECTBO TPAH3aKTOB, OKHIAIOIINX B OUYEPEIH, B MO-
MEHT BpEMEHHU L.

OTH TpH XapaKTEPUCTHKH, OYEBUIHO, 00pa3ytoT MapKOBCKUI BEKTOp cUCTeMbI [4], cleoBaTeNbHO,
ABTOMAaTHYI0 MOJIENIb CUCTEMbI MOKHO MTOCTPOUTH U3 TpeX aBTOMATOB A4, A5 U A3, COCTOSIHUS KOTOPBIX
OTOXIECCTBUM COOTBETCTBEHHO C TPEMsl 3TUMH BPEMEHHBIMH XapaKTEpUCTHUKaMU. byaem cuurtarh, 4yTO
NPH 3HAYCHUH BBIXOTHOTO CHrHana X (t) aBromara A;, paBHOM 1, 4epe3 OJHY €JMHHUIY BPEMCHH (B
MoMeHT t + 1) mocTymuT ouepeanoii Tpansakt. Jamee, x,(t) = 1 auiIs B TOM cilydae, eciau 00CTyKH-
BAIOIINI MEXaHWU3M CBOOOJIEH B MOMEHT t WM OCBOOOIUTCS K MOMEHTY BpemeHu t + 1. BrixomHoit
curaai xs(t) paseH 1, eci B MOMEHT t B OYepEId HMEIOTCS TPAH3aKThI.

Ha ocHOBaHMM Takoro BEIOOpa COCTOSHUSI aBTOMAaTOB W 3HAYEHUI BBIXOJHBIX CHTHAJIOB CHCTEMY
(hyHKIMI BRIXOAOB [5] MOXHO MpEACTaBUTh B BUe Taom. 1.

Ta6nuua 1

Cucrtema pyHKUUM BbIXOJOB
Table 1

System of functions of outputs
1

x4 (t) a;(t) <1

X, (t) a,(t) <1

x3(t) az(t) >0

CTpyKTypHBI Tpad MoIenn H300pakeH Ha pUCYHKE.
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CTpyKTypHbIN rpac moaenu
Network diagram of execution of rules of expert system

Marpuma andaBuToB [6] UIMeeT BHI, TPECTABICHHBIN B Ta0. 2.

Tabnuua 2
Martpuua ancdaBuToB
Table 2
Matrix of alphabets

A A
H A
i H

@ o|w

Tabnuia ycinoBHbIX (yHKIHOHANOB nepexonoB (TY®DII), ycraHaBNIHMBaOIAsS COOTBETCTBUE MEXKITY
BBICKA3bIBaHUSIMH U (PYHKIIMOHAIAMH, TTPEJICTABIICHA B CIIeAyIoMIeM Bue (Tadu. 3).

Tabnuua 3
Tabnuua ycnoBHbIX PYHKLUOHANOB NepexonoB
Table 3
Table of conditional functionalities of transitions
a; () >1 a(t) <1
Ay
a(t)—1
A az(t)>1 az(t)Sl/\xl(t)+X3(t)>0 az(t)Sl/\xl(t)+x2(t)=0
2 a(t)—1 n 0
Az Uy (t) + x(t)

B xauecTBe BekTOpa HayaJbHBIX COCTOSIHHUM MOXKHO BBIOPATh JI0OOBIE TPH YHCIA, U3 KOTOPHIX IEp-
BOE — MOJIOKUTENBHOE 1IeJIOe, @ BTOPOE M TPEThe — HaTypaibHble. VICKiIIOUeHne NPEeACTaBISIOT JINIIb
TaKkue TPU YHCIa, TAC TPU MPOU3BOJILHOM IMEPBOM BTOPOE PaBHO HYJIO, a TPEThE OTIUYHO OT HYJIS.
CMBICT TaKOro MCKJIIOUEHHS BIOJIHE SICEH: KOTZla B OYEPEAr MMEIOTCS KIMEHTHI, OOCITYKUBAIOIIUN Me-
XaHU3M HE MOXKET NMPOCTauBaTh [7].

[ockonbky B paboTe pacCMOTPEHHOM CHCTEMBI YUaCTBYIOT JIB€ HE3aBUCUMEIE CITyYaifHbIC BEJUYH-
HBI £ U 1), TO 33]aHUE CUCTEMBI PACIIPEACICHNUN CITyYallHBIX BEJIMYMH MOXKET OCYIIECTBIATHCS CITOcOO0OM
0710KHPOBKH. 13 Bcex BO3MOXKHBIX CIIOCOOOB OJOKUPOBKHU BBIOEPEM JBA.

3anaHue cucTeMbI pacnpeneeHuii cIy4ailHbIX BeJTUYUH CIIOCO00M OJIOKUPOBKHU

Broxuposka exoosawe2o nomoka mpanzaxkmog. B KaxIplii MOMEHT BpeMEeHH ¢ BXOJISIINIA MTOTOK, HA
KOTOPBIN HE JACWCTBYET OJOKHPOBKA, MOXKET OBITH 32a0JI0KHPOBAH B TEUCHHE MPOMEXKYTKA BPEMEHH CITy-
YalHOW JIUTENHHOCTH Y C BeposITHOCTHIO P (0 < p < 1) mnm He 3a0J0KUPOBaH C MPOTHUBOIOIOKHOMN
BEPOSTHOCTHIO. [I1s1 onpeiesieHHOoCTH 0003HAYMM Yepe3 T ABOMYHYIO CIIyYailHyI0 BEJIHUYHHY C pacrpe-
JEIICHUEM {1— D, p}. B MoMeHT okoHUaHHMs IeHCTBUSI OJIOKUPOBKH Ha BXOJ IMOCTYIAET OYEPETHON KIIU-
€HT, U JaJiee CHCTeMa MPOJI0KaeT (yHKIIMOHUPOBATH HOPMaJbHO [8].

FBrnoxupoexa obcayscusaioweco mexanusma. brokupoBka (BBIXOA U3 CTPOS) MPOUCXOIMT MOCTE OT-
paboTKK OOCTYKUBAIOIIMM MEXAaHHU3MOM CITy4alfHOTO KOJNMYeCTBa [3 pabouyux equHuIl BpeMeHu [9].
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Bpewms nmpoctost B 3Ty BenuuuHy He BXoAuT. Ilocne BrIXoa MexaHu3Ma U3 CTPOsl B TEUCHUE CIyIaiHOTO
BPEMEHHU O MPOMCXOAUT €ro BOCCTaHOBIEHHE (peMoHT). [lanee mponomkaercst 00CIy>KUBaHHE TPAH3aKTa,
IIpepBaHHOE B MOMEHT BBIXO/]a MEXaHH3Ma U3 CTPOSI.

Haiinem maTemaTrueckoe oKulaHHE MPOMEXKYTKA TPOCTOsI 0OCTYKUBAIOIIET0 MEXaHU3Ma Tpu OT-
CYTCTBHHU OJIOKMPOBKH (B HCIIPAaBHOM COCTOSIHUM). 3aMETUM, YTO BBUIY BO3MOKHOCTH BBIXOJA U3 CTPOS
MeXaHH3Ma TOJILKO B paboueM COCTOSHHMH Ka)Ibli U3 TaKUX MTPOMEKYTKOB OyJIET 3aKaHUYUBATHCS JIUIIb
MPU TIOCTYIUICHHH HOBBIX TPAH3aKTOB B CUCTEMY, HO HE NPH MPEKPALICHUU JEHCTBHsI OJOKHPOBKH 00-
CITy>KUBAIOILETO MEXaHU3Ma.

OcCHOBHas YacTh MOJIENH COCTOUT M3 miectu aBTomMaroB [10], koTopeie 0b6o3HaUMM A4, A,,..., Ag.
ABTOMaTHl MHIUKATOpa (MX TpU) 0003HaUYMM OykBoil U ¢ COOTBETCTBYIOIIMM HHAeKcoM. Kak Bcerna,
MIOCTPOEHNE MOJIENIN HAYHEM C OTpeAeNICHIs] KOHKPETHOTO CMBICIIA COCTOSIHHUIM aBTOMATOB.

[Monoxum: a,(t) — MPOMEKYTOK BPEMEHH, OCTABIINICS B MOMEHT BPEMEHH ¢ O MOMEHTA MOCTYTI-
JICHHSI OYEePETHOI0 TPaH3aKTa; a,(t) — MPOMEXYTOK BPEMEHHU, OCTABIIMICS OT MOMEHTa t 10 MOMEHTa
OKOHYaHHs 0OCITy>KUBaHMS OYEPEIHOI0 TPAH3aKTa, €CIM B MOMEHT t MMEETCSl HEKOTOPBIA TPaH3aKT,
MOCTYNHBIIKK Ha 00CITy)KMBaHUE, HE3ABUCHMO OT TOTO, SBJSETCS OOCITYKHBAIOLIUII MEXaHU3M B JaH-
HBIA MOMEHT HMCIPaBHBIM WIIM HET, B MPOTUBHOM ciydae a,(t) =0; az(t) — KoIu4ecTBO TPaH3aKTOB,
OXXHJIAIOMINX OOCITYy)KMBaHHS B MOMEHT BPEMEHH t; a4 (t) — MPOMEKYTOK BPEMEHH, OCTABIIHICS OT MO-
MeEHTa t 10 MOMEHTa OKOHYAHUsI OJOKUPOBKU BXOASALIECTO MOTOKA, €CIM B 3TOT MOMEHT JIeHCTBYeT 0J10-
KHPOBKa, B IPOTUBHOM ciiydae a4 (t) =0; ag(t) — 3HaUueHre KaueCTBEHHOW KOMIIOHEHTBI OJIOKHPOBKH
00CITy>KMBAIOILIETO MEXaHW3Ma B MOMEHT BPEMEHH t, €CJIM B 3TOT MOMEHT JeHCTBYeT OJIOKUPOBKA, TO
as(t) = 1, B mpotuBHOM ciydae as(t) = 0; ag(t) — 3HaYCHHE KONMYESCTBEHHONW KOMITOHEHTBI OJIOKH-
POBKHM OOCITY>KMBAIOIIET0 MEXaHM3Ma B MOMEHT BpEeMEHH ¢, T. €. IPOMEXYTOK BPEeMEHHU OT MOMEHTa ¢
JI0 MOMEHTA OUEPEHON CMEHBI KAUEeCTBEHHOT'O COCTOSHUSI OJIOKUPOBKU MEXaHU3Ma; U (t) — HAKOIUICH-
HOE 3a MMPOMEKYTOK BPEeMEHH OT Hayasa ()yHKIHOHUPOBAHMS MOJIEJIN O MOMEHTa £ CyMMapHOE BpeMs
IPOCTOSI OOCITY)KHBAIOIIEr0 MEXaHW3Ma B HCIPAaBHOM COCTOSIHUM; U,(t) — HAaKOIUIGHHOE 3a JTOT XKe
MPOMEKYTOK BPEMEHH CYMMapHOE KOJMYECTBO MPOMEKYTKOB HE3aHATOCTH OOCTY)KHMBAIOIIETO Mexa-
HHU3Ma; U3 (t) — MpUOMIKEHHOEe 3HAYCHUE MAaTeMAaTHYEeCKOTO OKUIAHUS JTHTEILHOCTH IPOCTOST 00CITy-
KHUBAIOLIET0 MEXaHU3Ma B HCIPABHOM COCTOSIHUH, MOJYYCHHOE IYTEM YCPEIHEHHS N0 HPOMEXYTKY
Bpemenu (0,t — 1).

Takoe 3ajaHue COCTOSHUI aBTOMATOB JIOIIOJHUM CJIEIYIOLIUMU 3aMEUaHUSIMU.

1. BBugy TOro, 4to Mo NPUHIATOMY YCJIOBHIO 337adyd B MOMEHT OKOHYAHUS NEHCTBUS OIOKUPOBKU
Ha BXOAALIMHA MOTOK Ha BXOJA CHCTEMbI BCEr/a MOCTYMAeT TPAH3aKT, MIPU HAIWYUU 3TOH OJIOKMPOBKU
MIPOMEKYTOK BPEMEHH JI0 MOCTYIUICHUS OUePEIHOTO TPaH3aKTa ONpeesieTcs COCTOSTHUEM aBToMarta Ay,
a He COCTOSIHMEM aBTOMara A; IMocjelHee B pacCMaTPUBAEMOM CIydae TepseT CMBICT M MOXET OBbITh
BbIOpaHo nmpou3BoibHO [11, c. 203-211].

2. IlockonbKy HO YCJIOBHIO 3afaydl MpPEAIoJiaraeTcs, YTO B KaXIbli MOMEHT BPEMEHH, KOrJa Ha
BXOJISIIIUIA TTOTOK HE JCHCTBYET OJIOKHUPOBKA, IMOCIEIHSS MOXET HACTYIHTH C OJJMHAKOBOW BEPOSITHO-
CTBIO, [UISl OIMCAHUS 3TON OJIOKMPOBKH JTOCTATOYHO BHIOPATH JHIIbL OJHY BPEMEHHYIO XapaKTEPHCTHKY.
JleHCTBUTENBHO, 3Ty XapaKTEepPUCTUKY MOXHO 33JaTh TaK: B MOMEHT JICHCTBUS OJIOKMPOBKH OHa COBIa-
JIaeT cO 3HAYCHUEM MPOMEXYTKAa BPEMEHH, OCTABIIETOCsS JJO OKOHYAHHUS JICHCTBUS OJIOKMPOBKH, B MPO-
THBHOM CiTydae paBHa Hymo [12]. B kadecTBe 3TOl KOMIIOHEHTHI B MOJICTH (PUT'YpUPYET COCTOSIHUE aB-
Tomata A4. C OIOKMPOBKOHM 0OCITYKHUBAIOIIETO MEXaHU3Ma JeJI0 00CTOUT coBepiieHHO uHavye. CocTos-
HHUe OJIOKUPOBKH U COCTOSHHE €€ OTCYTCTBHS HACTYNAIOT WM HE HACTYMAalOT B 3aBUCHMOCTH OT TOTO,
CKOJIBKO BPEMEHH TPOIIIO ¢ MOMEHTA HACTYIUICHHS WM OKOHYAHUS OJIOKUPOBKH, TIO3TOMY JUISI TTOJTHO-
TO OIUCaHUsl OJIOKHPOBKU OOCITY>KUBAIOIIET0 MEXaHW3Ma HE0OXOJUMO BBECTH JIBE BPEMCHHBIC Xapak-
TEPUCTHKH: KAaUYECTBEHHYIO U KOJIMYECTBEHHYIO, KaK 3TO CIEJIaHO B paccMaTpUBaeMOW MOJENN MyTeM
no0aBneHNs aBTOMATOB As 1 Ag.

3. B xaxplii MOMEHT BpEMEHHU OOCTYKHMBAIOIINH MEXaHU3M MOXKET HaXOAUThCA, OyIydH HUCTpaB-
HbIM [13], mnbo B pabodeM cOCTOSTHHH, JIMOO B COCTOSHUH MPOCTOSI, THO0 OBITH B HEUCTIPABHOM (3a0J10-
KHPOBAaHHOM) COCTOSHMM. Hac WMHTepecyroT NHUIIb NPOMEXYTKH BPEMEHH HPOCTOS OOCTYKHBAIOLIETO
MEXaHU3Ma B UCHPABHOM COCTOSHUH. Takue MpPOMEXYTKH MOTYT MMETh IPOU3BOJIEHYIO LIEIOYHCIIEH-
HYIO JUTUTENBHOCTh. B mporecce (GyHKIIMOHUPOBaHUS MOJIENTH aBTOMAT U; sIBIIsieTCsl HAKOIHUTENIEM KOJIH-
YecTBa €AMHHILl BPEMEHH, KOT/1a 00CTY KUBAIOIINIA MEXaHU3M MPOCTanBaJl B HCIIPABHOM COCTOSIHWH, a aB-
ToMat U, — yncna mpoMexyTKOB BpEMEHH HETIPEPhIBHOIO HAXOXKACHUS MEXaHU3Ma B 3TOM COCTOSHUHU.
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W3 ycrmoBus 3aaun moka He SICHO, KaK JIOJDKEeH JeHCTBOBATh TPAH3aKT, KOTOPHIH MPHOBLT B MOMEHT,
Korja OOCITYy>KABAIOIUI MeXaHW3M ObLIT 3a0JIOKMPOBAaH W B CHCTEME HE OBUIO HH OJHOTO TpaH3aKTa
(B TOM YHCIIe YaCTUYHO OOCIY)KEHHOI0), T. €. JIOJDKCH JIM OH HAXOAMTHCS B OYEPEAM 10 IPEKpaIICHUs
JlecTBUS OJIOKUPOBKHU MJIU MOCTYIIUTEH K 00CTY>KUBAIOIIEMY MEXaHU3MY U MPOJOKATH OKUAHUE TaM.
C TOYKHM 3peHUs COJIEp)KaHMsI ATH JIBa CIydasi HEPa3IMYMMBI, TaK KaK Oe3pa3IMyHoO, TN MMPOUCXOIUT
naccuBHas 3aaepkka [14]. OqHako ¢ TOUKH 3peHUs AlITOPUTMUYECKOTO OMMCAHUS MOJIEH 3/1€Ch UMEeT-
Cs CYIIIECTBEHHAS Pa3HHUIIA, HAIIPUMED IS ONIPeICTICHUST COCTOSTHUM aBToMaTtoB A, u Az. CienoBarems-
HO, TIPA TIOCTPOSHUM MOJETH HEOOXOIMMO MPHUHATH OJHY UX 3THX BEpCHUU 3a UCTHHY. byaem mpumep-
JKUBATHCS TOTO MHEHHS, YTO B YKa3aHHOM CIIydae OXKHAAHHE MPOUCXOAUT HETOCPEICTBEHHO B 00CITY-
’KHBAIOIIEM pudope, a He B ouepeau [15].

O0603HauUM BBIXOJIHBIC CHT'HAJIBI aBTOMATOB Aq, A,,..., Ag OYKBOH X C MHAEKCOM, COOTBETCTBYIO-
M HOMEpPY aBTOMAaTa, U yKa3aHHeM Ha MOMEHT BpeMeHH. BhIXOIHbIE CUTHAIIBI aBTOMATOB HHIUKATO-
pa 0003HAYUM TaK ke, KaK BHYTPEHHUE COCTOSHHSI STUX aBTOMATOB.

Ilycth x4 (t) — curHan, NpUHUMAIOIIMKA 3HAYCHHE | B MOMEHT, MPEANICCTBYIOUIUI MOCTYIICHHUIO
TpaH3aKTa Ha BXOJ[ CUCTEMBI BCJICICTBUE €CTECTBEHHOTO TEUSHHS BXOSIIETO MOTOKA (2 HE BCIICACTBHE
npeKpaiieHus OJIOKUPOBKH 3TOTO MOTOKA), U 3HaueHHe 0 — B MPOTUBHOM Cilydae; X, (t) — CUrHal, paB-
HBIH 0, KOTJIJa B MOMEHT t OOCITY)KHBAIOLTHN MEXaHW3M CBOOOJCH, 1, KOrga OH 3aHAT, HO OCBOOOJHUTCS
yepes eAMHUILY BPEMEHHU, U 2 — B OCTaJIbHBIX ClIydasx; X3 (t) — CUTHaJ, paBHbIM 1 IpW HAJIMYUU B OYe-
penu xoTst Ob1 ofHOTO TpaH3akTa u 0 — B IPOTHBHOM ciydae; X, (t) — curHain, paBHbii 0, Korjga OJIOKU-
POBKa BXOJISIIIETO TOTOKA OTCYTCTBYET, 1, KOTJa AeicTBUEe OJOKMPOBKH Yepe3 SANMHHIYy BPEMEHU 3a-
KOHYHTCS, U 2 — B OCTaJIbHBIX CITy4asx; Xg(t) — CUTHAJ, COBNAAIONIMN B KaXKIbIii MOMEHT BPEMEHHU C
KaueCTBEHHON KOMITOHEHTOW OMUCAHUS OJIOKHPOBKH OOCITYKMBAIOIIETO MEXaHU3Ma, T. €. C COCTOSIHU-
eM aBToMata As; Xg(t) — CUrHAN, MPUHUMAIONIWIA 3HAUCHUE |, eCITH 10 OYepEHO CMEHBI KaueCTBEH-
HOM KOMITOHEHTHI OTIFICAHSI 3TOM OJIOKUPOBKH OCTAETCS TOYHO OJHA CAMHHIIA BpeMEHH, U 3HaueHue (0 —
B IIPOTUBHOM CJIy4ae.

[ToctpouM cuctemy QyHKINN BBIXOOB JUIsl TBOMYHBIX CUTHANIOB (Ta0I. 4).

Ta6bnuua 4
Cucrtema pyHKUUMN BbIXO/OB
ANs ABOUYHbIX CUrHANoB
Table 4
The system of function of outputs
for binary signals

1
x1(8) a®)=1
x5(t) asz(t) >0
x5(t) as(t) =1
X6 (t) ag(t) =1

Jnist aBTOMaTOB WHAWKATOPa (DYHKIIMU BBIXOJIOB YK€ OMPEICIICHBI ITyTeM MPHHSATHS MPEIIONI0XKe-
HUsI 00 MX TOXAECTBEHHOCTH COCTOSIHUSIM COOTBETCTBYIOIIMX aBTOMATOB. JIs yNpOILEHHsS 3amucu
TY®II BBeneM NpoOMEXyTOUHbIC BEIWYMHBL: Yq(t) — BeaWuyuHA, paBHas 1, ec’iM B MOMEHT BPEMEHHU
t + 1 70yDKEH MOCTYNUTH TPAH3aKT 32 CUeT MPEeKpaIeHust JeHCTBYsI OJIOKUPOBKH, U paBHas O — B po-
THUBHOM cilydae; Y, (t) — BeIuuuHa, paBHas | B TOM cilydae, ecld B MOMEHT BpeMeHH t + 1 oOciry-
KUBAIOLIUH MEXaHU3M CIIOCOOEH MPHUHATH OJAHOTO TPaH3aKTa, BKIOYAs U TOT CiIydail, Korjaa qercT-
ByeT OJIOKMPOBKA ATOr0 MexaHu3Ma, u 0 — B OCTaJbHBIX ciydasx; Z (t) — cyMMapHOe KOJHYeCTBO
TPaH3aKTOB, HAXOJSIINXCS B OYEpeld B MOMEHT t JTMOO MOCTYIMAIONUX B CHCTEMY B 3TOT MOMEHT
BPEMEHH B MOPSJIKE HOPMAaJbHOTO TEYEHHS BXOMASIIEI0 MOTOKA MIIM BBUAY MPEKpalleHus AeHCTBUS

OJIOKUPOBKH.
J1J1s BBIYMCIICHUS 3HAYCHUH TIPOMEKYTOUYHBIX BEJTUUMH UMEEM CIICIYIOIIne (GOPMYIIbL:
1 mpux,(t) =1,
y1(6) = {0 i
npu x,(t) # 1;
(t)—{l npu x,(t) = 0 unn x,(t) = 1uxs(t) =0, 0
Y28 =10 npu x,(t) = 2 unu x,(t) = 1 u xs(t) = 1.
32 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Bripaxkenue st y, (t), Kak HETpyJHO YOEIUTHCS, MOXKHO NlepenucaTh B 6osee mpocToM BHIE:

(1 mpux,(t) +xs5(t) <1,
y2(t) = {0 npu x, (t) + x5(t) > 2, 2)
NJIn
¥, (t) = 1 — max{0, min{1, x, (t) + x5(t) — 1}}. 3)
TY®II npencrasnsieTcs: B BUae Tabm. 5:
Tabnuua 5
TY®N
Table 5
TUFP
A a1>1/\X4=0 a1>1/\X4=OVX4=1 X4=2
! a; —1 g 0
_ _ z>0A(a, <1 Ax5 = z=0A(a, <1Ax5 =
a,| 2>1Va=1Ax=1 =0Va,=0Axs=1) =0Va,=0Axs =1)
a, +xs—1 n 0
As max{0,a; +x; +y1 — ¥,}
A a4>0 a4=0
N a, —1 Ty
4 as =0Ax, =0 as;=0Ax, >0 as =1
5 0 x6 1_x6
ag > 1Axs = > _
=0Vag>1Vxs = 36_1/\{5_ ag=1Axs=1 ag=1Axs=1
A =0Ax, =0
ag—1 ag B o
Uy u; + (1 — x:)max{0,1 — x,}
U z>0 z=0
2 u, + max{(0,1 — x,)} (1 — x5) u,
Us uy: max{1,u,}

PaccMmoTpuM mony4deHHBINH BapUaHT MOApOOHEe.

Aemomam A;. Eciu B MOMEHT t GIIOKHPOBKA BXOJISIIIIETO MOTOKA HE NEHCTBYET M JIO0 MOCTYILICHHS
O0UYEpPEAHOr0 TPAaH3aKTa OCTAETCS MIPOMEKYTOK BPEMEHH, NMPEBBIIAIOIINYN €TUHULLY, TO ECTECTBEHHO, YTO
COCTOSIHME aBTOMATa 3a €IMHUYHBIN TPOMEKYTOK BpEMEHH YMEHBIINUTCS Ha €AUHUILY, T. €.

a;(t+1) =a;(t) —1npux,(t) =0ua,(t) > 1. @)

Ecnu B MOMEHT t Takke He OBUTO OJIOKUPOBKH, HO BpPEMsI, OCTaBIIIeeCs 10 TOCTYIJICHHUS TPaH3aKTa,
PaBHO €UHUIIE, TO B CICAYIOIIEH MOMEHT BPEMEHH TPAH3AKT NOCTYIUT U O MOCTYIUICHUS 0YEPEIHOTO
OCTaHETCsl CIy4yalHbI MPOMEKYTOK BPEMEHH, COBMAJAIOIINM C OJHOW M3 peann3alui cily4ailHON Be-
JINYHHBI &,

CoBepIlleHHO TOT ke pe3yabTaT OyAeT, eClI B MOMEHT BpeMeHHU t IelCTByeT OJOKHpPOBKA Ha BXO-
JSIIIMNA TIOTOK M JI0 OKOHYAHHSI €€ JACHCTBUS OCTAaeTCs OJHA €AMHHIA BpeMeHH (X4 (t) = 1) He3aBHCUMO
OT cocTostHUsl aBToMaTa A;. Eciii B MOMEHT t Ha BXOJSIIHIA MOTOK JIEHCTBYET OJIOKUPOBKA U JIO OKOH-
YaHUS 3TOr0 NEUCTBUSI OCTAETCS MPOMEKYTOK, MPEBBIIAIONINN €IUHUILY BPEMEHU, UTO MOKET CIYyYUTh-
Csl TOT/Ia M TOJIBKO TOT/Ia, Koraa X4 (t) = 2, TO Ha OCHOBAHHWH CJIICITAHHOTO BBIIIE 3aMEYaHHUsI COCTOSTHHE
aBromMara A, MOXHO BBIOPATh MPOM3BOJIBHO. ITO OCYHIECTBUMO TIPH TIPEINOTIOKEHHUH, 9TO a4 (t) = 0.

Aemomam A,. UTo KacaeTcs U3MEHEHHs COCTOSIHUS 3TOT0 aBTOMAaTa, TO BO3MOXKHBI TPH Pe3yJIbTara:

1) cocTosiHME aBTOMATa YMEHBIIIMTCS HA BEJIMYHHY, IPOTUBOIMOIOKHYIO 3HAUCHHIO CUTHaNa X5 (t),
T. €.

ay(t+1) = ay(t) — (1 — x5(t)) = ax(t) + x5(t) = 1; ®)

2) HauHeTcs OOCITy’)KMBaHHE OUYEPEHOTO TpaH3aKTa, T. €. B MOMEHT t + 1 cocTosHHe aBTOMaTa
COBIAAACT C OJHOM U3 pealln3alvil ciIydaliHON BEIWYNHBI 1);

3) B MomeHT t + 1 0OCITyKHBalONUii MEXaHU3M IIOMaJIeT B COCTOSTHUE MpOocTos (Oymaydu HCIpaB-
HBIM WK HET), T. €. a,(t + 1) = 0.
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[lepBblii U3 MEPEUUCICHHBIX PE3yIbTaTOB BO3MOXEH B ABYX ClIydasx: KOTrJa 0 OKOHYaHHS o0pa-
0O0TKH OOCITy)KMBa€MOT'0 TPaH3aKTa OCTACTCS MPOMEKYTOK, OOJIBIINIA OJHOW €IWHMIBI BpeMeHH (TIpH
HAJIMYWU WM OTCYTCTBUM OJOKHPOBKH), U KOT/Ia TIPU HAJMYUK OJIOKUPOBKH 3TOT MPOMEXYTOK PaBEH
e/IMHUIIC.

BTopoii pe3ynpTaT UMeeT MECTO TakXkKe B IBYX CIIydasx: KOI/ia IPU OTCYTCTBHU OJIOKHPOBKH OCTa-
TOYHOE BpeMsi OOCITYKMBaHUS HE MPEBBIIIACT SAUHUIIBI B STOT MOMEHT BPEMEHH MTPOU30UET MOCTYTI-
JICHHE TpaH3aKTa, €CIM TaKOBBIE UMeEIOTCsA B odepenu (z (t) > 0), a taxke korga yciosue z (t) > 0
HaJIMYUs WM NOCTYIUICHHUsI KITMEHTOB MPU HE3aHATOCTH oOcmyxuBaroiiero mpubopa (a,(t) = 0) co-
HPOBOXKIaeTCsl MHPOpMALUei 0 HATMYUK B MOMEHT t (X5(t) = 1) nmeiicTBust GIIOKHPOBKU Ha OOCITYKH-
BaIOINil MEXaHU3M.

Tperwuii, HyIeBOH, pe3ynbTaT UMEET MECTO TOXKE B JIBYX CIy4Yasx: KOIJIa TP OTCYTCTBUH OJIOKH-
poBkH (x5(t) = 0) u daxruueckoii (a,(t) = 0) wim oxuparomieiics (a,(t) = 1) HezansToctu o6CIy-
JKHUBAIOIIET0 MEXaHM3Ma HET BO3MOXKHBIX MPETCHACHTOB Ha obOcmyxuBanue (z (t) = 0) u xorga Hesa-
HSTOCTh MEXaHW3Ma M OTCYTCTBHE 3asBOK Ha OOCIYKHBAHUE COTPOBOXKIAIOTCS HATMYHEM B MOMEHT t
OJIOKMPOBKH MEXaHU3MA.

Aemomam Az. VIcXxoauM W3 OCHOBHOTO MpPUHIMINA (OPMHUPOBAHUS OYEPEAN H3JIOKECHHOTO BBIIIE.
B atom ciydae konmdecTBo mpuObBaromux Tpan3aktoB (0 wimu 1) coBmamaer co 3HAYCHHEM CYyMMBI
x1(t) + y (t). B MOMEHT BpeMeHHU t M3 OYepead MOXKET yObITh (151 OOCTY)KUBAHHUS) OJUH TPAH3AKT
WY He YOBITh HU OJTHOTO. DTy BEJIMYMHY 0003HAUUM depes Y, (t).

Takum o0pazom, numeeMm

az(t +1) = max{0, az(t) + x; () + y1(t) — y2 (D)}, (6)
KOTJ]a TaKo€ YOBITHE IPOUCXO/IHUT.

Aemomam A,. Eciiu B MOMEHT t Ha BXOJSIIMI TOTOK JeiicTBYeT OiokupoBKa (a4 (t) > 0), To B mo-
CIIeTyIOUIMH MOMEHT BpeMeHH t + 1 ee ocraTouHas UIMTENEHOCTh YMEHBIIUTCS Ha €AWHHILY, B IPO-
TUBHOM Cllydyae B MOMEHT t + 1 OmokupoBKa OyJeT OTCYTCTBOBAaTH C BEPOSTHOCTHIO, paBHOU (1 — p),
WIN C BEPOSTHOCTHIO P HAYHETCS HOBBIA OJIOKMPOBOYHBIH MEPHOJ, IPUYEM €0 OCTATOYHAS JITHTENb-
HOCTh B 3TOM CJIy4ae COBMAJET ¢ OAHOM M3 peanu3auuii ciydailHoi BennunHbl y. CiaenoBaTensHO, pU
a,(t) = 0 HOBOe cocrosiHMEe aBTOMara A, MOXHO H300pa3dTh B BUJE MPOU3BEIACHHS TY CIIydalHbBIX
COMHOXXHUTEJICH T U ).

Aemomam As. Ecnmi B MOMEHT t Ha OOCITY>KUBAIOIIMI MEXaHW3M OJIOKMPOBKA HE JICHCTBYET
(ag(t) = 0) u aror Mexanusm cBobojeH (x,(t) = 0), TO ecTeCTBEHHO, YTO B MOMEHT BpeMmeHH t + 1
OJIOKUPOBKH Takxke He OyzaeT. Ecam mpu oTCyTCTBUM OJOKMPOBKH B MOMEHT t W 3aHSATOCTH OOCITYKH-
BAOIIETO MEXaHMW3Ma OCTaTOYHOE BpeMs 0e30J0KHPOBOYHOTO Teproaa paBHo eaunuie (xq(t) = 1), To
B MOMEHT t + 1 HacTynuT HOBBIH miepuo]] 6JokupoBaHus. Eciii e mpu 3TOM 0cTaToyHOe 0e30JI0KUpO-
BOYHOE BpeMsi 0oJibllie eAUHUIIBI (Xg(t) > 1), To O10KHpOBKa He HAcTymaeT. B 9ToM citydyae moBoe co-
CTOsIHHE aBTOMaTa As MOXHO 3amucaTh Tak: as(t + 1) = x4(t).

Ecnu B MOMEHT t JieiicTByeT O10KMpOoBKa 00cmykuBanus (as(t) = 1), To cocTosHue aBTOMaTa Ag
B MOMEHT t + 1 mpuMeT 3HaYeHHE, MPOTUBOIOIOKHOE 3HAUCHHIO CHTHana Xg(t), T. e. as(t +1) =
=1—x4(t).

Asmomam Ag. PaccMOTpUM cityyaid, KOT/Ia COCTOSIHAE aBTOMaTa He n3MeHsercs. OueBHIHO, YTO 3TO
MPOMCXOMT TOJBKO TOTJa, KOTJIa B MOMEHT t OTCYTCTBYET OJOKMpOBKa oOcayxuBanus (xs(t) = 0),
00CiTy)KHBarOLIMI MexaHH3M mpoctauBaeT (x,(t) = 0) u ocraro4yHasi 4acTh 6e30JI0OKHPOBOYHOTO Iie-
puoza 6osplie Wik paBHa eauHuie. CienoBatebHo, ag(t + 1) = ag.

B JByX OCTaNbHBIX CIy4asx COCTOSIHAE aBTOMAaTa MOKET YMEHBIIUTHCS Ha €IUHUIY. DTU CIydau
TaKue:

1) GrokupoBKa 00CTyKHBaHUS UMeeT MecTo (X5(t) = 1) u ocraroyHoe BpeMsi OIOKHPOBOYHOTO
HePHO/Ia MPEBBIIIACT SIUHUILY;

2) 6ioKkMpoOBKa He aeicTBYeT (X5(t) = 0), obcmyxuBaromuii MexanusM 3ausaT (x,(t) > 0) u ocra-
TOYHBIH 0€30JI0KUPOBOYHBIHN MEPUOJT TIPEBHIIACT CAMHUILY.

Ecnu B MOMeHT t GJIOKMpOBKa MEXaHU3Ma UMEET MECTO M €€ OCTaTOYHasl [UINTEILHOCTD PaBHA €I1-
HUIIE, TO B CIEIYIONUI MOMEHT BpeMeHH ¢t + 1 HacTymaeT 0e30J0KHPOBOYHEIH MEPHO U €r0 0CTATOY-
Hasl JUIMTEIBbHOCTh COBIIAJIAET C OJJHOU U3 peanu3alni Clly4yailHOW BEJIMYUHBI (L.

ITpu orcyrcTBum OJ0KUpOBKH (X5(t) = 0), 3aHsTOCTH MexaHu3ma (X, (t) > 0) u ocratouHoM Ge3-

34 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 4. P. 27-37



Benoycoe B.E., flopogheee [].B., ModenupoeaHue aemomamu3upoeaHHbIX UHHOPMaYUOHHbLIX
Mosxapoea J1.A. cucmeM Ha OCHOge 8ePOsIMHOCIMHbLIX a8MOMamoe...

OJIOKMPOBOYHOM BPEMEHH, PABHOM €IMHHIIE, B MOMEHT ¢t + 1 HaunHaeTcsi OJIOKMPOBKA U €€ OCTATOYHOE
BpeMsI COBIIAIacT C pean3alell Cy4aiiHOW BEJIMYMHBI Q.

Asmomam U;. Ha oCHOBaHUM ONpeeNIeHUs] COCTOSHIE ITOT0 aBTOMATa JIOJKHO YBEJINYUBATHCS HA
S/IMHUILY JIUIIb TOTIA, KOT/Ia O0CITYKHBAIOIIMA MEXaHH3M MPOCTauBaeT, He OyIydH 3a0JI0KUPOBaH, T. €.
no0aBieHus SAMHUIBI K Uq () HE MPOUCXOAUT, KOTAA JeUCTBYeT OnokupoBka (x5(t) = 1) unm obcmy-
KUBAIOIINI MEXaHU3M 3aHAT (X, (t) > 0). DTO MOXHO y4ecThb, MPUOABIISISL K «CTAPOMY» COCTOSIHHIO aB-
TOMaTa TaKoe BBIPAKEHHE, 3aBHUCSIIEE OT X, U X5, KOTOPOE PaBHO €IWHHIIE BO BCEX CIIydasx, Kpome
yKa3aHHbBIX. HeTpyHO yBHJIETh, YTO IMEHHO TAKHM BBIPAXKCHUEM SIBIISIETCSI TIPOU3BEICHUE

(1 — x5(6)) max{0,1 — x,(¢) }. (7)

Aemomam U,. Ilo onpenenaeHuIo COCTOSIHUE 3TOr0 aBTOMaTa B MOMEHT BpPeMEHH ¢ JOJDKHO COBIIA-
JaTh C KOJMYECTBOM IIPOMEKYTKOB HE3aHATOCTH OOCITY>KMBAIOIETO MEXaHW3Ma MPH OTCYTCTBUH OJI0-
KUPOBKH. Takue MpoMe)yTKH MOXKHO TIOACYUTHIBATH JINOO TI0 UX HavajaM, JIMOO Mo UX KoHIaM. BriOe-
pem nocienuuit cnoco6. CrnepoBarenbHO, GYHKUHMOHA ATl ONpeNesieHUs Uy (t) JOKeH OBITh COCTaB-
JIeH TaK, YTOOBI OH MOJCYUTHIBAJ KOJIMYECTBO MEPEXOJ0B OOCIYKHBAIOLIETO MEXAaHU3MA U3 COCTOSHHS
MPOCTOS TIPY UCTIPABHOCTH 3TOT'O MEXaHU3Ma B KaKoe-TH0o Jipyroe coctosiHue. O4eBUIHO, YTO, €CIIU B
MOMEHT t UMEIOTCSl TPAH3aKThl, KOTOpPBIE JTUOO HAXOIATCS B OYEPE]IH, JIMOO MOCTYIAIOT B CHCTEMY H3-
BHE M0 TOW WM JPYrod MpU4uHE, T. €. Korjaa z (t) = 0, HHTepecyroUrii Hac Mepexo/] MPOU30UTH He
MOXKET M eJMHHIA K U, (t) He nmpubaBisercs. B npotusHoM ciyuae (z (t) > 0) k u,(t) exuHuna mnpu-
OaBIsETCST TOTAA M TOJNBKO TOT/A, KOTJAa MEXaHW3M mpocramBaeT (X,(t) = 0) u GIOKHPOBKH HET
(x5 (t) = 0). Umeem

Uy (t + 1) = uy(t) + max{0,1 — x,(t) } (1 — x5(t)). (®)

Aemomam Us. BpraucnuTh npuOIMXeHHOE 3HAYEHHE MAaTEMAaTHUECKOTO OXKHUAAHUS IEePHOAa Mpo-
CTOSl MEXaHU3Ma B MCIIPABHOM (HE3a0JIOKMPOBAHHOM) COCTOSTHIH MOYKHO, Pa3JelIiB CyMMapHOE BpeMsi
npeObIBaHUS MEXaHU3Ma B TOM COCTOSIHHHU 32 KaKOW-TO JOCTATOYHO OOJIBIION MPOMEXYTOK BpeMeHHU T
Ha KOJHMYECTBO MPOMEKYTKOB HEIPEPHIBHOTO NMPEOBIBAHUSA €r0 B MCIIPABHOM COCTOSIHUH 3a TOT K€
nepuosa BpemMenn T. UToObl B Hayalle MAIIMHHOW peanu3anud (QyHKIMOHHUPOBAHHUS MOJIEIH, KOTIa
eme U,(t) = 0, He MPOUCXOAMIO aBTOMATHYCCKON OCTAHOBKM MPH JCICHHH HA HYJb, TPHMECHSIEM
CHUMBOJ max.

HauanbHoe cocTosiHMEe aBTOMAaTOB MHIAMKATOpa — HyseBoe. J{JIsi ocTaabHBIX aBTOMAaTOB MOYKHO BbI-
OpaTh NPOU3BOJIbHBIC HAYABHBIE COCTOSIHUS, COOTBETCTBYIOIINE PEATLHO BO3MOXKHOW CUTYaIlHH.

3ak/0ueHue

Takum 00pa3oM, cxema peIIeHUs 3a1a4y C TOMOIIBI0 MOCTPOCHHOW aBTOMATHOW MOJIENN TaKoBa.
Ipexae Bcero MpUHUMAIOT PEIICHHE, TI0 KAaKOMY MOKa3aTelio, B JAHHOM Cllydac B CBETE TpeOOBaHMH
pelraeMoi 3amadu, Lenecoo0opasHo cyauTh 00 3hdekTuBHOCTH PabOThl MH(POPMAIIMOHHONW CHCTEMBI.
IMocse aToro perraeTcst BOMPOC O TOM, 3a CYET Yero, 3a CUST KAKOro U3MEHEHHS pekuMa paboThl CHCTe-
MBI, €¢ CTPYKTYPBI WM 3HAUCHHIA MapaMeTPOB MOXHO JOOUTHCS MakCHUManbHOU () (deKkTHBHOCTH. Peub
HJIET O BHIOOPE COBOKYITHOCTH PETYIUPYEMBIX TAPaMETPOB MJIH COBOKYITHOCTH MCIBITBIBAEMbBIX BapHUaH-
ToB. [lokazarens 3((eKTHBHOCTH pabOThl CUCTEMBI SIBIISIETCS IETCPMUHUPOBAHHOW (YHKIIUEH peryiu-
pyeMBIX TlapamMeTpoB. ITa (YHKIUS HA3bIBACTCS IENCBON MM KpUTepueM 3(P(HEKTHBHOCTH CHCTEMBI.
By neneBoii GyHKIMK 10 HAaYajIa HCCIIEIOBAHNS HEM3BECTEH. B MPOTHBHOM Ciiydae He MOTPeOOBaIOCH
Obl MPUMEHECHUE MMHUTALMOHHBIX METOMOB. Peiienue 000 3a1auyd UMUTALMOHHOTO MOJICITMPOBAHUS
3aKIII0YACTCS] B TOM, YTOOBI M3 3aJaHHOTO MHOKECTBA 3HAYCHHU COBOKYITHOCTH PEryJIUPyeMbIX Mapa-
METPOB BBIOPATh TAKYI0 COBOKYITHOCTh 3THUX 3HAUCHHM, MPU KOTOPOH IejeBas (YHKIUS MPUHAMACT
MHUHHMMAaJIbHOE (MaKCHMAalIbHOE) 3HAYEHHE.
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Annomayusn. Jns noBbimeHus: 6e30MacHOCTH U 3(QQEKTUBHOCTH OTPAOOTKH IMOJETHBIX 3aJaHUi He-
o0xoauMa JOCTOBepHas HWH(GOPMAIMsI O BBICOTHO-CKOPOCTHBIX Mapamerpax BosaymHoro cyaxa (BC).
B cBs3u ¢ 3TUM 3amaya u3ydeHHs OCOOCHHOCTEH M COBEPIICHCTBOBAHUS XapaKTEPHCTUK CYIIECTBYIOIINX
U3MEpPHUTENIEH NaHHBIX APAMETPOB SBJIAETCS BIONHE akTyanbHOH. Ilenb nccnenosanusi. Paccmarpuaetcs
3a/1a4ya OICHKM pa3IM4usl MOKAa3aHWN HCTHHHOW BO3XyHIHON ckopocTH BC MexaHHMUeCKHM yKaszaTeleM H
cucteMoii Bo3aymHsIx curaanos (CBC). Martepuaibl 1 MeToabl. [IpoaHaan3upoBaHbl METOBI H3MEPEHUS
UCTHHHOW BO3QYIIHOM CKOPOCTH, MpUMeHseMble Ha coBpeMeHHbIX BC. YcraHoBNeHO, 4TO, HECMOTpPs Ha
HaJm4yre HoBeHIuX paspadborok, CBC, paboTtaromas B KOMIDIEKTE ¢ IPUEMHUKaMU BO3IYLIHBIX AAaBICHUH
U TeMIIepaTypsl TOPMOXKEHUS, a Takke M JaTYWKAMH YIJIOB aTaKd M CKOJIBKCHHMS, SBISIETCS B HACTOAIICE
BpeMs HanOoJiee pacupoCTPaHEHHBIM N3MEPHUTENIEM NCTUHHOW BO3IYIIHON CKOPOCTH. Mcnomne3yroTcs Tak-
K€ U MEXaHWYECKHE yKa3aTelld, BKII0YaeMble B COCTaB KOMOMHUPOBaHHKIX yka3zarteneil ckopoctu (KYC).
B cooTBetcTBUE ¢ (pU3MKOH ABICHUN, UMEIOIIUX MECTO IIPH MOJIETE, Ui BRIYUCICHUS UCTUHHOM BO3AYyII-
HOH CKOPOCTH HEOOXOAMMO 3HATh TeMIlepaTypy Bo3Ayxa Ha Beicote nosnera. B CBC arta Temneparypa om-
pedensieTcss Mo u3MepseMoil TemnepaTtype TopMmoxeHus. B cocraBe KYCoB HeT HMKakuX H3MepHUTENeH
TEMIIepaTyphl, B X KOHCTPYKLHUIO 3aKJIaIbIBACTCS 3aBUCUMOCTh TEMIIEPATypHI OT JaBJICHUS, UMEIOIIas Me-
CTO I MEXXIYHApOAHOU cTaHmapTHON aTMoc(epsl. [I0HATHO, 9TO 3TO MPUBOIUT K HOSABICHUIO METOMYE-
CKOHf morpemrHocT! u3MepeHus. PesyasraThl. [lonyuena ¢opmyna, MO3BONSIOMIAS OIPENEIATh pasInuue
noka3aHuit Mexanndeckoro ykasatens u CBC. Iloka3aHo, 4To maHHas pa3HOCTH ABIAETCS (yHKIHEH TeM-
nepaTypsl TOPMOXKEHUS (TEMIIepaTyphbl HApYKHOTO BO3[yXa), OJHOTO M CTAaTHYECKOTO JaBJICHHH Ha BBICO-
Te noJieta IIpoBeeHb! YUCIEHHBIE UCCIEN0BAHNS, TO3BOJISAIONINE OLEHUTh KOMHMYECTBEHHOE PACXOKACHUE
MOKa3aHUH. Y CTaHOBJICHO, YTO Pa3HOCTH MOKa3aHUI MOXKET JOCTUTATh B IKCIUTYaTAllMOHHBIX YCIOBUIX He-
CKOJIBKO JIECATKOB M/C, YTO JIOCTATOYHO 3HAYMMO. 3akJirodeHue. [lomydeHHbIE pe3ynbTaThl MOTYT OBITH
MCIIONIb30BaHbI IIpH 3KcIutyaTanuu BC, a Takke 1 npu COBEPIIEHCTBOBAHMH AITOPUTMHYECKOro obecrieue-
HU OOpTOBOM HM(POBOH BBIYMCIUTEIBHON CHUCTEMBI, SIBISIOMIEHCS IEHTPAIBLHBIM 3BEHOM MIJIOTa>KHO-
HaBUTAI[HOHHOTO KOMIUIEKCA.

Knrwuegwie cnosa: NCTUHHAS BO3AYIIHAS CKOPOCTb, CHCTEMA BO3AYIIHBIX CHUTHAJIOB, MEXaHMYECKUH
yKa3aTellb, pa3HOCTb MOKa3aHUH, METOANYECKask NOIPEIIHOCTh

Jna yumupoeanua: O pa3nuuny NOKa3aHUH MCTHHHOM BO3IYNIHOW CKOPOCTH MEXaHWYECKUM yKa3a-
TENIeM B cucTeMOi Bo3nymHeIx curHainoB / B.M. [Tandepos, C.B. [Tandepor, A.M. Xarotun, H.A. Tpennn //
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ABOUT THE DIFFERENCE IN THE INDICATIONS OF THE TRUE AIR SPEED
BY THE MECHANICAL INDEX AND THE AIR SIGNAL SYSTEM
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Abstract. Reliable information about the altitude and speed parameters of an aircraft (AC) is required
to improve the safety and efficiency of flight missions. In this regard, the task of studying the features
and improving the characteristics of existing meters of these parameters is quite relevant. Purpose of
the study. The problem of estimating the difference between the readings of the true airspeed of an aircraft
by a mechanical indicator and an air signal system (ASS) is considered. Materials and methods. Methods for
measuring true airspeed used on modern aircraft are analyzed. It has been established that, despite the availa-
bility of the latest developments, SHS, operating in a set with air pressure and stagnation temperature re-
ceivers, as well as angle of attack and slip sensors, is currently the most common true airspeed meter. Me-
chanical indicators are also used, which are included in the composition of the combined speed indicators
(KUS). In accordance with the physics of the phenomena that take place during flight, in order to calculate
the true airspeed, it is necessary to know the air temperature at the flight altitude. In SHS, this temperature is
determined from the measured stagnation temperature. There are no temperature meters in the composition of
the KUSs, their design is based on the dependence of temperature on pressure, which takes place for the inter-
national standard atmosphere. It is clear that this leads to the appearance of a methodological measurement er-
ror. Results. A formula has been obtained that makes it possible to determine the difference in the readings of
a mechanical indicator and SHS. It is shown that this difference is a function of the stagnation temperature
(outside air temperature), total and static pressures at flight altitude. Numerical studies have been carried out to
estimate the quantitative discrepancy between the readings. It has been established that the difference in rea-
dings can reach several tens of m/s under operating conditions, which is quite significant. Conclusion. The re-
sults obtained can be used in the operation of the aircraft, as well as in improving the algorithmic support of
the onboard digital computer system, which is the central link of the flight and navigation complex.

Keywords: true airspeed, air signal system, mechanical indicator, reading difference, methodological
error

For citation: Panferov V.1, Panferov S.V., Hayutin A.M., Trenin N.A. About the difference in the indi-
cations of the true air speed by the mechanical index and the air signal system. Bulletin of the South Ural
State University. Ser. Computer Technologies, Automatic Control, Radio Electronics. 2022;22(4):38-47.
(In Russ.) DOI: 10.14529/ctcr220404

BBenenue

AKTya.HBHOCTL BOIIPOCOB IMOBBIIICHUA TOYHOCTHU U3SMEPCHUA BBICOTHO-CKOPOCTHLBIX IMMapaMETPOB JICTa-
TENBHBIX armapaToB (JIA) moguepkuBaeTcst B OONBIIOM KOJHUUYECTBE paboT, Hampumep, B padorax [1-9].
B cBs13u ¢ 3THM BechMa BaXKHBI KaK KOJIMYECTBEHHO-KAUeCTBEHHBIN aHAIIN3 MPUYMH BO3ZHUKHOBEHUSI T10-
TPEIIHOCTEN M3MEPEHHs, TaK U CIIOCOOBI TIOBBIMICHHUS YPOBHS KOMILICKCHPOBAHUS W WHTETpalu HHAOp-
MAlMOHHO-U3MECPUTCIIbHBIX CUCTEM CaMOJICTA, 4 TAKXKE U pa3pa60TKa HOBBIX ITPUHIOXIIOB USMEPECHUA.

Metoabl n3MepeHusi HCTHHHOH BO3AYIIHOM CKOPOCTH

Kax u3BecTHO, OTHIM U3 BEICOTHO-CKOPOCTHBIX MapaMeTpoB Bo3ayitHoro cynaHa (BC) asisercs ero
WCTHHHAsI BO3yIIHAs cKOpPocTh. OOBIYHO /115l ee u3Mepenus ucroib3yrTes KYCol (KOMOMHUPOBaHHBIC
yKa3aTell CKOpPOCTH) M cucTeMbl Bo3aywHbIX curtaioB (CBC). Ilpu stom KYChl «pemator» 3agauy
oTIpe/ieNIeHUsI UICTUHHOM BO3IYIIHOM CKOPOCTH TOJIBKO IO CHTHAJIaM IIOJIHOTO M CTaTUYECKOIro J1aBje-
HUH, GOpMUPYEMBIM C TIOMOIIBIO TPUEMHHUKOB Bo3aAyIHbIX aasienuit (I1B/I). Knaccnueckum CBC no-
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NOJHUTENIFHO HYXHa eIlle U MHpOopMaLus O TeMIepaType TOpMoKkeHus. Y coBepuieHcTBoBaHHble CBC
UCIIOIB3YIOT, KPOME TOT0, €Ill€ M JaTYMKHU YIJIOB aTakh M CKOJIBKEHHS, 3TO MO3BOJIAET ONPEIEIUTh I10-
JIO’)KCHHE BEKTOpPa UCTUHHOW BO3MYIIHOW CKOPOCTH OTHOCHUTEIHHO MPOA0iIbHOM ocu BC B yMEHBITUTH
MOTPELIHOCTH U3MEPEHUS MTOJIHOTO U CTATUYECKOIO JaBJICHUM.

W3BecTHBI Takke W HOBBIC pa3pabOTKH KaK COOCTBEHHO M3MEPHTENICH MCTHHHOW BO3JIYIIHON CKO-
pocty, Tak 1 CBC B nienom [10-16]. Tak, Hanmpumep, XOpoOIIO U3BECTHO [CM., Hanpumep, 17], 94To Tem-
nepaTypa Hapy»KHOIo Bo3ayxa I depe3 TeMIeparypy MOJHOCTBIO 3aTOPMOKEHHOIO OTOKA I1gpp BBI-

YHCIISIETCS 110 cenytouen popmyie:
k-1 ,

TZTTOPM_ZkRW ’ M

IJie W — HCTHHHAS BO3JYIIHAS CKOPOCTB; kK — MoKaszareib aauadatel; R — razoBas MOCTOSTHHAS.
Hetpynno Bunets, uro ypaBHeHue (1) MOKeT OBITH IEPEIUCAHO B CIEAYIOIEM BHIE:

2k
w=\/ﬁR(TTOPM -T). ()

Kak 3t0 ormeueHo B pabote [10], B coorBeTcTBUU ¢ popMyioii (2), usmepsst T U Tropy » MOKHO

OTIpEeACTUTh U UCTHHHYIO BO3AYIIHYIO CKOpocTh JIA. OgHaKo Bce 3TO OCIOXKHSETCS TE€M, UYTO Ompee-
JIUThH TEMIIEPATYpy HE3aTOPMOKEHHOI'O IOTOKA 0€3 TOro, 4To0bI XOTsI OBl YACTHYHO €T0 HE 3aTOPMO3HUThH
npocto Henb3s. Kak ykazano B [10], MOXXHO yCTpaHUTBCSI OT HEOOXOAMMOCTH U3MEPEHHUS TEMIIEPATYPHI
MIOJTHOCTHIO HE3aTOPMOKEHHOTO TIOTOKA Ha BBICOTE I0JIETa, €CIIM ONPENeNsITh TEMIIEPAaTypy B ABYX TOU-
Kax TPUEMHUKA C Pa3HBIMU YHCIOBBIMU 3HaUCHUSIMHU K03 (PUITMEeHTOB TOpMOXKEHHUS (C pa3HBIMU CTEIe-
HSIMH 3aTOPMO’KEHHOCTH HaOeraromiero moToka).

B [11-13] npennoxena Buxpesas CBC, pemaromas te xe 3agaun, 4to U kinaccuueckas CBC, on-
HAKoO pabOTaeT OHAa B KOMIUIEKTE C OPUTHHAJIBHBIM BUXPEBBIM JATYUKOM a’pOJUHAMHYECKOrO yIiia U
WCTHHHOM BO3AYIIHOM CKOPOCTH CO BCTPOEHHBIM MTPUEMHUKOM CTaTHYECKOTO AaBiieHus. B aTom ciydae
HET HUKAaKOM HEOOXOOMMOCTH B OIPENENICHUH TEeMIepaTypbl TOPMOXCEHHUS, TaK KaK BCE BBICOTHO-
ckopocTHble apameTpsl JIA Beramcisiores u 6e3 Hee [11-13]. B BuxpeBoM naTuuke UCTONB3yeTcs -
(exT 00pa3oBaHUs U IEPUOAMUYCCKOTO CPBIBA BUXPEH 3a TellaMH, YCTAHOBICHHBIMH CHECIHAILHBIM 00-
pa3oM B HaOeraromieM BO3AYIIHOM IOTOKE. TakuMm 00pa3oM I'eHepUpYIOTCS MEPHOANIECKUE UMITYIIbCHI
JaBJICHHSI, KOTOPBIE PAaCIPOCTPAHSIOTCSA MO MOTOKY, 00pasysl Tak Ha3blBaeMble BUXPEBBIC JOPOKKH
Kapmana. [Ipu 5TOM yCTaHOBJICHO, YTO YaCTOTHI UMITYJILCOB JaBIICHHS SBISIOTCS QYHKIMSIMA UCTUHHOM
BO3IYIIHON CKOPOCTH M U3MEPSIEMOT0 a’dpOJAUHAMUYECKOTO yIia, YTO U MO3BOJISIET ONPEAENIUTE 3TH Ta-
pametpbl. OHAKO B JaHHOM Cllyyae MMEETCs Takasi OCOOCHHOCTh, YTO JHANa30H paboyMx CKOpOCTeH
BHUXPEBOT0 JaT4YMKa a3pOJUHAMHUYECKOrO yIila ¥ UCTUHHOM BO3AYIIHOW CKOPOCTH OIPaHUYEH 03BYKO-
BBIMH CKOpocTsimMu Tosreta [11-13].

B BrIIepaccMOTPEHHBIX CITydasx MpU U3MEPEHUH BHICOTHO-CKOPOCTHBIX IMapaMeTpPOB UCIOIB3YIOT-
cs1 1100 BBIHECEHHBIE B HaOeTaroIuii BO3AYIIHBINA MOTOK M BBICTYMAIOLINE 3a OOIIMBKY (rozemspka JIA
NPUEMHHUKH BO3AYIIHBIX JABJICHUA U TEMIIEPAaTypbl TOPMOXKEHHS, TUO0 KOMOMHUPOBAHHBIE BUXPEBBIC
JATYUKU. DTO HapyIlIaeT adpOAMHAMUKY CaMOJIeTa, IPUYEM B CYIIECTBEHHONW Mepe MPH ero MaHEeBPHPO-
BaHWH, ¥ TPUBOANT K BO3HUKHOBEHHIO METOAMYECKHUX M MHCTPYMEHTAJIBHBIX MOrpenrHocteit [14-16].
BosmoxkHocTs coznanusa CBC camoinera ¢ HEBBICTYNAIOIIUMHI MPUEMHUKAMHU TIEPBUYHON MHPOPMAaLIUH
MOSIBJIACTCS IIPHU MOCTPOEHUH €€ Ha OCHOBE HOHHO-METOYHOTO JaTYMKa adpOAHMHAMUYECKOIO yria U Uc-
TUHHOW BO3AYIIHOM ckopocTH [14—16]. B nanHOM ciiydyae m3MepeHrne HCTUHHON BO3IYIIHOM CKOPOCTH
OCHOBaHO Ha ONpEJeNIEHUH WHTepBaja BPEMEHH MpPOJieTa HOHHOW METKH OT TOYKHM €€ T'eHepaiuu 10
MecTa pa3MeIICHUs IPUEMHBIX JIEKTPOA0B. MIOHHAS METKa — 3TO HEKOTOpast JIOKaJbHask 00JIACTb C SPKO
BBIPOKEHHBIM JIEKTPOCTATUYECKUM 3apsiioM, GOpMUpPYEeMBbIM 3a CUET MOHH3AINHU BO3AyXa C MOMOIIBI0
MUHHATIOPHOTO UCKPOBOT'O Pa3psATHHUKA.

Kax u B cmyuae [11-13], ecniu Takoil AATYUK AOMONHUTH OIPUEMHUKOM CTATUYECKOTO JABJICHUS, TO
MOYKHO OIPENeNINTh BCE HEOOXOIMMBIEC BBICOTHO-CKOPOCTHBIE MapaMeTphl camosnera. [Ipuuem amst uc-
KITIOUCHUSI BIMSIHUS YTIIa CKOJIBKEHHS Ha paboTy KaHaia yriia aTaki Ha caMoJjieTe HeOOXOAMMO UCTIONb-
30BaTh JiBA MOHHO-METOYHBIX JIaT4YMKa, YCTAaHABIMBACMBIX Ha MPABOH M JIEBOW CTOPOHAX (IO3EisDKa.
[Ipu 3TOM CilenyeT OTMETHTD, YTO AMana3oH padounx ckopocteit anst CBC, paboTatomiell B KOMIUIEKTE €
MOHHO-METOYHBIM JAaTYUKOM a3pPOJUHAMHUYECKOTO yria U UCTUHHOM BO3AYIIHOM CKOPOCTH, B OTJINYHE
ot [11-13] He orpaHuyeH 103ByKOBBIMU CKOPOCTSAMH TOJIETA.
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Kak B BuxpeBoi, Tak 1 B nonHo-MeTouHoi CBC Temmeparypa Ha BBICOTE HOJETa MOXET OBITh OII-
peaeneHa Mo U3MEPEHHOW MCTHUHHOW BO3AYIIHOW CKOPOCTH MOCPEACTBOM PEIICHUS CIENYIOIIEro Helu-
HEWHOT'O ypaBHECHUSL:

W2

T= . 3)
2k w? Gk
—R|| ——+1 -1
k-1 2RT
[lonsATHO, 4TO 371€CH ClIEAYyEeT MPUMEHHUTh YMCICHHBIA METOA PEIIEHHs, YTO, OYEBUIAHO, B OOIIEM
ycnoxHseT anroputMudeckoe obecnieuenre CBC 1o cpaBHEHUIO ¢ KIIACCHYECKUM BapHaHTOM.
ITo u3BecTHOM TeMmepaType Ha BBICOTE TOJIETa U CTATHYECKOMY JaBJICHUIO MOXKET OBITh Ompeere-
Ha U TUIOTHOCTh BO3[yXa B JaHHOH Touke arMocdepsl, a 3aTeM u npudopHas ckopoctb BC u uucno Maxa
[11-14]. OTtHOCHTENBHAS BBICOTA M BEPTHKaJIbHAS CKOPOCTh B TakuX CBC BBIUUCHSIOTCS OOBIYHBIM 00-
pa3oM M0 CTAaTUYECKOMY JABIEHUIO C KOPPEKLHEN OKa3aHUW MO yrjaM aTakd U CKOJIbKeHUs. B uenom
ocoOeHHOCTH anroputMuyeckoro odecneuenus Takux CBC ykazansl B pabotax [11-14].

IlocTanoBka 3agaun

B nacrosmee Bpemst CBC, pabortaromas B komiuiekte ¢ [IB/], mpueMHHKOM TeMIiepaTypsl TOPMO-
KEHHUS U JaTIYMKaMHU YTJIOB aTaKH U CKOJIBXEHHUS, SIBIISIeTCs HanOoJjiee pacpoCTPaHEeHHBIM U3MEPUTETIEM
WCTUHHOMN BO3IYUTHON CKOPOCTH (@ TakKe M BCeX BBHICOTHO-CKOPOCTHBIX MapaMeTpoB), KpOME TOTO, UC-
MOJIB3YIOTCSl TAKXKE W MEXaHWYEeCKHE yKa3aTelnd WCTHHHOM BO3AYIIHON CKOPOCTH, BKJIIOYAaEMBIE B CO-
craB KYCos. Ilpumenenne KYCoB 00bsicHsAETCS TeM, YTO MEXaHWYECKHUE YyKa3aTeJ WCTHHHOW BO3-
IOYIIHOW CKOPOCTH, KaK M BCE MEXaHHMUYECKHE a3pPOMETPUUECCKHUE TPUOOPHI, SBIAIOTCS BEICOKOHAICKHBI-
MU TIprOOpaMu MPSIMOTO ACUCTBUSA, OHU HE TPeOYIOT HUKaKUX UCTOYHHUKOB MUTaHUA, TaK KaK paboTaoT
Ha SHEpruu u3MepsieMoil cpeapl. Kpome Toro, oHM XapakTepHU3yIOTCsl aOCOMIOTHON MOMEX0YCTOHYHBO-
CTBIO (ITOMEXOHEBOCIPUMMYHBOCTEIO). [Ipu 3TOM, KOHEUHO, MOHATHO, 4TO Moka3zanusa CBC sBisrorcs
Ooyee TOUHBIMU. TeM HEe MEHee MEXaHWYecKue NPHOOpHI, KaK HaM MpEACTaBISETCS, 00sS3aTEIBHO
JIOJKHBI OBITH Ha TF0O0M BO3IYIITHOM CYAHE, KAKUM OBl COBEPIICHHBIM OHO HU OBLJIO, 110 KpaiiHel mMepe,
OHH JOJDKHBI MCIIOJIB30BATHCSI B KAUECTBE pe3epBHBIX MpuOopoB. IlosTomMy paccMoTpuM 0COOEHHOCTH
M3MEpEHNsI HICTUHHOM BO3AyIIHON ckopocTH ¢ noMoiupio KYCos n Beimeynomsaytsix CBC.

OOBIUHO NJIS1 OTIPEACIICHNS UCTUHHOM BO3IYIIHONW CKOPOCTH W JeTarenbHoro ammapara (JIA) uc-

MOJB3YIOT CleNytollee cooTHoueHue [17]:

=
w= —2k RT —Ap +1 -1 5 (4)

k-1 Pct
e Ap=pg—PpPer = Pjun — AMHAMAYECKOE NABICHHE HAa BBICOTE IIOJICTA (pa3HOCTh MEXAy TOIHBIM

P M CTaTHYECKUM Pt JaBICHUSAMM).

Kak BugHO 3T0 M3 dopmynsl (4), 11 BEIYMCICHUS UCTUHHON BO3IYLIHOH CKOPOCTH HEOOXOIUMO
3HaTh TEMIIEpaTypy BO31yXa Ha BbIcOTE Iojera. OAHAKO B I10JIETE HENOCPEICTBEHHO CHCTEMOM BO3-
nymHslx curianoB (CBC) uzmepsieTcs He TeMIiepaTtypa Hapy»KHOTO BO3[yXa, a TeMrepaTypa TOpMOoxke-
HUA T7opyg » TOITOMY €CTB CMBICII BBIPA3HUTh BBIICIIPABEACHHYIO 3aBUCHMOCTD 4epe3 I1opy -

[Moncrapnss cootHomenue (1) B popmyiy (4), MoIydum, 4To

(k=D)/k
——+1 -1
k-1)/k
2k o Per 2k e | (2 )
T ToPM GOk g oM T — . (5)
- Ap - Pcr
—+1
Pcr
JannHast ¢opMysia M UCIONB3YeTCs B COCTaBE alropuTMuyeckoro obecreueHus tunoBbix CBC,
MPUYEM B HEH TIOCTATOYHO JETAIBHO OTpa)kaeTcs (M3MKa SBJICHUN U MPOLIECCOB, MMEIOIIUX MECTO IIPU
MOJIETE BO3AYIIHOIO CYy/AHA.
IToguepkueMm eme pas, uTo u3 (4), B YaCTHOCTH, CIEIYET, YTO JJIsA ONPEICICHUS HCTHHHOW BO3MYIII-
HOH CKOpPOCTH HEOOXOJMMO 3HATh KaK CTaTHYECKOE, TaK U JUHAMHYECKOE JABJIICHHUE, a TAKXKE U TEMIIe-
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paTypy Ha BeIcoTe nosera. OHaKO B COCTaBE MEXaHUUYECKUX yKa3aTeJIed HCTUHHON BO3AYIIHON CKOPO-
CTH HET HUKaKHX M3MEpPUTENIEN TeMIEepaTypsl, TEM HE MEHEE TEMIEpaTypy Ha BBICOTE IOJIETA B COOT-
BETCTBUU C QU3NKOHU (cM. popmyiy (4)) HEOOXOMMO, KaK-TO YUUTHIBaTh. B 3TOM ciyuae mpuHUMaeTcs
CJIe/yIOllee YIPOILICHUE: B KOHCTPYKIMIO MEXaHMUYECKUX M3MEpHUTENeH 3aKiIaJblBacTCsi 3aBUCHUMOCTh
TEMIIEpaTyphl OT JaBJICHHSA, UMEIOLIasi MECTO AJIsi MEeKAyHapoaHoH craHmapTHoi atMocdepsl (MCA).
[ToHsITHO, YTO 3TO MPUBOAMT K MOABICHUIO METOJUYECKOIN MOTPEITHOCTH U3MEPEHHs, TaK KaK TeMmIiepa-
Typa aTMOc(epHOTo BO3yXa HENpeaAcKa3yeMo MEHSAeTCs Kak B TEUCHUE CYTOK, TaK U B Pa3IMIHOE Bpe-
MS TO/1a, IPUYEM O-pPa3HOMY B Pa3HBIX MYHKTaX M Ha pa3HBIX BeicoTax. [losToMy nHTEpecHO ObLIO OB
3HATh, HACKOJBKO 3HAYMMa 3Ta METOAUYECKAsl MOTPEIIHOCTh, KAKUX BEIMYMH MOXKET JOCTHraTh pas-
HOCcTh nokazannit CBC 1 MexaHH4ecKoro yka3aTeds.

Pemenne 3agaun
Kak u3BectHo [18, 19], 3aBHcHUMOCTh TeMIlepaTyphl OT AaBieHus, nMeromas mecto At MCA, ume-
eT BH]

rT=288,1| Lt | 7[R}
101325) | g

3neck Y — IpaJMeHT TeMIepaTypbl, a g — YCKOpeHHEe CBOOOTHOTO JaBIEHUSI.

(6)

Kak a3t10 cnenyer u3 (6), mo arMocepHOMY JaBJICHHIO HA BBICOTE IOJIETA MOYKHO OIPEICIUTh H
temnepatrypy MCA nmms 3Toro citydas, T. €. ¥ y9eT TeMIIepaTyphl Ha BBICOTE TOJIeTa I MEXaHHIECKUX
PUOOPOB TAKKE CBOJMUTCS K U3MEPEHHUIO CTATHUECKOro (aTMocepHOro) AaBieHus 3a 6optom. [loaro-
MY HCIIOJIb3yeMasi B MEXaHUYECKUX YKaszaTellssx GopMylia JUis BEIYMCICHHSI HICTUHHOM BO3IYITHON CKO-
POCTH TIPEACTABISAETCS CIESTYIOIIAM 00pa3oM:

(kD)/k
we |2 Rl [ 224 1| |7 =881 Lo |1 [ 2R
k-1 Pcr 101325 g
(kD)/k
_ | 2K giogs [ Per|p[XR)[ A,y ~1/. (7)
k-1 101325 ) | g )|\ per

@opmyna (7) sBAsSETCS PE3yNbTUPYIOUIEH T'pagyHpOBOYHON 3aBUCHMOCTBHIO JJISI MEXaHUYECKOTrO
yKazarteyst HCTUHHOM BO3AYIIHOM ckopocTH, Bxosmiero B coctaB KYCos. Kak Bunno u3 (7), 31eck Bce
CBOJUTCS K U3MEPEHUIO CUTHAJIOB CTATUYECKOTO U MOJHOTO IABJICHUH Ha BBICOTE MOJIETA.

CpasuuBas popmynsl (4) u (7), HETpYZAHO YBHIETH, YTO OOBEKTHBHO CYIIECTBYET pa3iiHyKe MOoKa-
3anuit CBC u MexaHWYEeCKUX yKaszaTelled UCTUHHOW BO3MYIIHON cKOopocTH. [loaToMy mHTEpecHO ObLIO
OBl HcClle10BaTh, KAKOB KOHKPETHO BUJI 3TOTO PA3IHyMsl B 3aBUCHMOCTH OT JACHCTBUTENILHON TeMIepa-
TypBl aTMOC(EpPHOI0 BO3AyXa, Kakhe YHMCICHHBIC 3HAUCHUS MOXET NMPHHUMATh 3Ta BenuuuHa. [lpu
3TOM, KOHEYHO, MOHATHO, 4To Noka3anus CBC sBnsgiorca Oonee TOUHBIMH, IIOCKOJIBKY B HUX YYHUTHIBA-
eTcs peanbHas TeMIepaTrypa Ha BBICOTE MOJIETa, a HEe Ta, YTO MMEET MECTO B CTAaHAAPTHOM aTMocdepe.

Kak 3710 ciemyer u3 BBIIICH3I0XKEHHOTO, pa3Inyle MOKa3aHuH MexaHnnueckoro ykaszarens u CBC
MOJKET OBITh BBIYHCIICHO I10 CIEAYIONIeH hopmyiie:

(k—1)/k

Aw= |-2E Ruogg .| P |p[ R (AP —1|-
k-1 101325 g Dot
(k-1)/k
2 A
2 R T | 1] 21 . (8)
k-1 Pct

Kax Bugno u3 gopmyisl (8), Aw sBnsgercss GpyHKIHUEH TeMrepaTypbl TOPMOKEHUS Tropy (TEMIIE-
paTypbl HAPYXKHOTO BO3/yXa), IOJTHOTO pp; U CTATUYECKOTO prr AABIECHHH Ha BBICOTE MOJIETA.

Ha puc. 1 ans pa3nuaHbIx aOCOMIOTHBIX BHICOT MOJIETa IPUBEACHBI KPUBBIC 3aBUCUMOCTH Pa3HOCTH
MOKa3aHU MEXaHWYECKOro yKas3aTessl UCTUHHOM Bo3ayliHo ckopoctu u CBC ot TemmepaTyphl Ha-

pYXHOTO BO3ayXa: BepxHsis KpuBast A BeICOTEI 4000 M; cpenuss — 1 BeicoThl 7000 M; HHXKHSSA KpH-
Bast — 1u1st BBICOTHI 10 000 M. [Ipu 3TOM AeiiCTBUTEIBHOE 3HAUCHNE NCTUHHOMN BO3AYIITHOW CKOPOCTH OBI-
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10 pasHo 800 km/4. Kak BuznHO 13 puc. 1, ¢ yBeanyeHHEM BBICOTHI MOJIETa PA3HOCTh MMOKA3aHUH YMEHb-
maetcd. Kak u3zsectHo, B MCA Ha BeicoTe B 4000 M Temneparypa Bo3ayxa pasHa 262,1 K, Ha BwIicoTe
B 7000 M — 242,6 K, a na Beicote B 10 000 m — 223,1 K. Kak BuaHo u3 puc. 1, npu Takux 3HaUYE€HHUSIX
JICHCTBUTEIBHBIX TEMIEpaTyp aTMOC(EpHOro BO3[yXa Pa3sHOCTh MOKAa3aHWH paBHA HYJIO, YTO TaK U
JIOJKHO OBITb.

30

20

107

-10

PA3HOCTE NOKAZAHHWA, MiT

-20

-30

e

40 ] 1 I i 1
200 220 240 260 280 300 320

TEMNEPATYPa HApyY®HOra Eozgyxa, K

Puc. 1. PasHocTb noka3zaHuin mexaHu4veckoro ykasatensi u CBC npu w = 800 km/u
Fig. 1. The difference between the readings of the mechanical pointer and the SHS at w = 800 km/h

Ha puc. 2 s neiicTBUTENBHOTO 3HAYEHUS] HCTHHHOW BO3AYIIHOW cKkopocTy B 600 KM/4 TIpUBEIECHBI
KpHUBBIE 3aBUCUMOCTH Pa3HOCTH MOKa3aHUN MexaHudeckoro ykaszarens 1 CBC ot TemnepaTypsl Hapyxk-
HOTO BO3/yXa mpH abcomoTHOM BhicoTe nojera B 4000 M — BepxHsis kpuBast; B 7000 M — cpeHsisi Kpu-
Bas 1 B 10 000 M — HIKkHS KpuBast. Kak BHIHO U3 puc. 2, o0Inas KapTHHA pa3iniyuil MPaKTHYCCKH He
M3MEHNIACh, YMEHBIIMIIOCH TOJBKO YHUCIOBOE 3HAYECHUE PA3HOCTH MOKA3aHHM.

a0 ! ; ! T !

i

PEZHOCTE NOKAZAHHKW, M

-

i I I i 1
200 220 240 260 280 300 320
TEMNEPaTypa HapyxHoro Bozayxa, K

Puc. 2. PasHocTb noka3aHun CBC n MexaHu4yeckoro ykasatens npu w = 600 km/4
Fig. 2. The difference between the readings of the SHS and the mechanical pointer at w = 600 km/h
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Ha puc. 3 npuBeneHsl KpHBBIE 3aBHCHUMOCTH PA3HOCTH IMOKA3aHWN MEXaHHYECKOTO yKazaTels U
CBC ot temnepatypsl Hapy>KHOT'O BO31yXa MpH a0comoTHON BbicoTe nosieta B 4000 M — BepXHsst KpH-
Bas; B 7000 M — cpenuss kpusast U B 10 000 M — HykHAA kpuBad. [Ipu 3TOM AeiicTBUTENBHOE 3HAUEHHE
WCTUHHOHN BO3AYIIHOW ckopocTh Obiio paBHO 400 kM/4. Kak 3/1ech cieyer OTMETUTh, pa3HOCTh MOKa-

3aHUI YMEHBIINIACH IO CPABHEHHUIO C YCIOBUSIMH PHC. 1 MPUMEPHO B [Ba pasa.

PAZHOCTE NOKAZAHHA, M/C

20
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1 1 i 1
240 260 2a0 300
TEMMOERATYRA HARYMHOMD BO20Y XA, k.

i
220

320

Puc. 3. PasHocTb noka3zaHui mexaHudeckoro ykasatensa n CBC npu w = 400 km/4
Fig. 3. The difference between the readings of the mechanical pointer and the SHS at w = 400 km/h

Ha puc. 4 npuBeneHsl KpHUBBIE 3aBHCHUMOCTH PA3HOCTH IMOKA3aHWN MEXaHHYECKOT'O yKazaTels H
CBC ot TemnepaTypbl Hapy>KHOTO BO3AyXa IpHu aOcoIoTHOH BbicoTe moJiera B 7000 M, HO mpu pa3nny-
HBIX 3HAYCHUSX UCTUHHOM BO3AYIIHOW CKOPOCTH MOJIETa: KpUBasi, MoOMeUYeHHas rumocukamu, — 400 km/d,
KpHUBasi, MOMEYCHHas Kpectukamu, — 600 kM/4, a KpuBas, moMeucHHas 3Be3foukamu, — 800 km/4. Kak
BUJIHO U3 PUC. 4, C YBEIUYCHUEM CKOPOCTH T0JIETa Pa3HOCTh MMOKA3aHUH YBEIHMYMBACTCSL.
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U Pa3fINYHbIX CKOPOCTAX nosfeTta

Pa3HocTb nokasaHuin CBC 1 MexaHu4eckoro ykasarerns Ha BbicoTe B 7000 m

Fig. 4. The difference between the readings of the SHS and the mechanical pointer

at an altitude of 7000 m and different flight speeds
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BrIBOABI

[Tomydena dopmyna [uist onpeeneHns pa3andus MOKa3aHui MEXaHUIECKOTO YKa3aTessl U TUIIOBOM
CBC, paboraromieii B KOMIDIEKTE ¢ MPUEMHUKAMH BO3IYIITHBIX TaBICHUN U TEMIIEPATyphl TOPMOKCHISL.
Y CTaHOBJICHO, YTO JIaHHAs Pa3HOCTh IOKA3aHHUH SABJISICTCA PYHKIHMEH TeMIIEpaTypbl TOPMOKEHHS (TEM-
TepaTypbl HAPYIKHOTO BO3IyXa), MOJHOTO M CTATUYECKOTO JaBJICHUH Ha BBICOTE moiieTa. [Ipudem c yBe-
JIMYCHUEM BBICOTHI MIOJIETA U C YMEHBIIEHUEM JCHCTBUTEILHOTO 3HAUCHUS UCTUHHOW BO3IYIIHON CKO-
POCTH pa3HOCTh MTOKA3aHUN YMEHBITIAETCS.
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Annomayusa. Yactorno-cenexktuBHele CBU-ycTpoiicTBa SBISIOTCA HEOTHEMIIEMOI 4acTblO aHTEHHO-
(umepHOTO TpaKTa CUCTEM PAaJUOJOKANNN U PaTUOHABUTAIIUN, a TAKXKE APYTUX HHPOKOMMYHUKAITHOHHBIX
cucteM cBs3u. HamboubIiee pacpocTpaHeHUE B YKa3aHHBIX CHCTEMaX MOJYUIITH ITOJIOCHO-TIPOITY CKAFOIITHE
¢unbTpel. OHE 00ECTICYNBAIOT TIEPBUYHYIO CEJICKIHIO TTOJIE3HOTO CUTHANIA B CMECH ero ¢ mymom. llep-
CICKTHBHBIM HampaBieHHeM KoHCTpyupoBaHHs CBY moioCHO-pOIycKaommx (GUIBTPOB SBISETCS HUX
MHOT'OCJIOIHOE HCITOJTHEHHE C NMPUMCEHEHHEM MOJOCKOBBIX M IICICBBIX PE30HATOPOB. B HacTosmiee BpeMs
takas koHCTpykius CBY monocHo-mponyckamnumx GuisTPoOB 10 KOHIAa He uccieaoBana. Iean ucciieno-
BaHusl. L{enpro HacTosMIEH PaOOTHI SBISETCS IKCIEPUMEHTAIBHOE UCCIEI0BAHNE TTOJIOCHO-TIPOITYCKAIOIINX
(bUITHTPOB HA OCHOBE MHOTOCJIOWHOM MOJIOCKOBO-IIENIEBON TEXHOJIOTUU WX MOCTpoeHwus. [Ipu 3Tom sKcrie-
PUMEHTAILHOMY HCCJICIOBAHHUIO TIOJUIeKAT MX aMIUIUTYAHO-YaCTOTHBIE XapaKTEPUCTHUKH, B TOM YHCIE
3JIEMEHTBI MATPHUIIBI pacCessHUs — KO3 PHUIUEHT oTpakeHHsI U KO3 (HUIIMECHT TIepeadyn B AUANa30HE Yac-
ToT. MaTepHaabl H MeTOABL. B paMKax HACTOSAIMIETO HWCCIENOBAaHUS MPOBEICHO KOMITBIOTEPHOE MOJICIIH-
pOBaHKE TOJOCHO-TIPOITYCKAMIIUX (DMIBTPOB B MPOTPaMME BIICKTPOJANHAMIYECKOTO MOJICIAPOBAHMUS, T/IC
OBLTH TTOJOOPaHBl OCHOBHBIC TEOMETPHUYCCKHE Pa3MEPBI AIIEMEHTOB TOMOJIOTHH (PUIBTPOB U MPEIBAPUTEIIh-
HO HWCCIICIOBaHBI MX aMIUIMTYIHO-9aCTOTHBIC XapaKTePHCTUKU. [Ipu 3TOM OCOOCHHOCTBIO HCCIICAYEMBIX
MOJIOCHO-TIPOITYCKAOIINX (DUIBTPOB SBJSIETCS NMPUMECHEHHE B WX KOHCTPYKIHMH OTedecTBeHHOro CBU-
MaTepHuajia Ha OCHOBe ciioeB ¢ropomiacta — DAD-4]/], 9To COOTBETCTBYET MpOrpaMMe HUMIOPTO3aMelle-
Hus. [lo pe3ynpTataM KOMIBIOTEPHOTO MOJAEITUPOBAHUS OBbUIM H3TOTOBIEHBI MAKETHl IOJIOCHO-
MIPOITYCKAONINX (QUIBTPOB M MPOBEICHO MX 3KCIIEPUMEHTATBHOE MCCIEAOBaHNE TIPU UCIOIB30BaHUU BEK-
TOPHOTO aHaJM3aTopa memneil B auamna3zone 9acTtoT 1o 2 ['Ti. PesyabraTsl. [lo pesynsraTtam sKCepuMeH-
TaJbHOT'O MCCIIEIOBaHUs ObLIO OTPECIEHO XOPOIllee KaUeCTBEHHOE U KOJMUECTBEHHOE COTJIACOBaHUE TEO-
PETHUUECKHUX W OKCIIEPUMEHTAIBHBIX JaHHBIX. TaK, MaKCUMaJIbHOE OTKIOHEHHE 3HAYCHUS aMILTUTYIbI KO-
3¢ ¢unreHTa mepenady, MOIyIeHHOTO IO Pe3yIbTaTaM KOMIBIOTEPHOTO MOJCIHPOBAHUS, OT PE3yIbTaTOB
JKCIIEpUMEHTa cocTaBisieT He Oonee 0,53 nb; MakcuManbHOE OTKIOHCHHE T'PAHUI] TTOJOCH MPOIYCKAHUS
cocraBisiet He Oonee 30 MI'm (3 % OTHOCHTENBPHO LEHTPAIFHOW YacTOTHI). 3aKJI04eHHe. Pe3ynprars
SKCIICPUMCHTAIBHOTO HCCIICOBAHUS JTOKA3bIBAIOT BO3MOXHOCTh pa3padorku U nmpumeneHus CBY momoc-
HO-TIPOITYCKAIOIMHUX (DHITBTPOB HA OCHOBE MHOTOCIOWHON TIOJIOCKOBO-IIEIEBOH TEXHOJIOTHH.

Knroueevie cnosa: MHOTOCIOWHAS MOJIOCKOBO-IIENICBass TEXHOJIOTHA, TOI0COBOH (hribTp, CBU-m3me-
peHust

Jlna yumupoeanusn: DKCIIEPUMEHTAIbHOE UCCIICAOBAHUE MOJOCHO-TIPOIYCKAOMINX (HUIBTPOB HA OC-
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EXPERIMENTAL STUDY OF BAND PASS FILTERS
BASED ON MULTILAYER TECHNOLOGY
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Abstract. Frequency-selective microwave devices are an integral part of the antenna-feeder path of ra-
dar and radio navigation systems, and other infocommunication systems. Band pass filters are the most
widely used in these systems. They provide primary selection of a useful signal mixed with noise. A promi-
sing direction in the design of microwave band pass filters is their multilayer design using strip and slot res-
onators. At present, such a design of microwave band pass filters has not been fully investigated. Purpose
of the study. The purpose of this paper is an experimental study of band pass filters based on the multilayer
strip-slot technology of their design. At the same time, their amplitude-frequency characteristics, including
the reflection coefficient and the transmission coefficient in the frequency range, are subject to experimental
study. Materials and methods. The computer simulation of band pass filters was carried out in electrody-
namics simulation program, where the main geometric dimensions of the filter topology elements were se-
lected and their amplitude-frequency characteristics were preliminary studied. At the same time, a feature of
the studied band pass filters is the use in their design of domestic microwave material based on fluoroplast
layers — FAF-4D, which corresponds to the import substitution program. Based on the results of computer
simulation, prototypes of band pass filters were made and their experimental study was carried out using
a vector network analyzer in the frequency range up to 2 GHz. Results. According to the results of the ex-
perimental study, a good qualitative and quantitative agreement between theoretical and experimental data
was determined. Thus, the maximum deviation of the gain amplitude value obtained from the results
of computer simulation from the experimental results is no more than 0.53 dB; the maximum deviation of
the bandwidth limits is no more than 30 MHz (3% relative to the center frequency). Conclusion. The results
of the experimental study prove the possibility of developing and using microwave band pass filters based
on multilayer strip-slot technology.

Keywords: multilayer strip-slot technology, band pass filter, microwave measurements

For citation: Darovskikh S.N., Fomin D.G., Dudarev N.V., Klygach D.S., Vakhitov M.G. Experi-
mental study of band pass filters based on multilayer technology. Bulletin of the South Ural State Univer-
sity. Ser. Computer Technologies, Automatic Control, Radio Electronics. 2022;22(4):48-55. (In Russ.)
DOI: 10.14529/ctcr220405

Beenenne

B nacrosimiee BpeMst U3BECTHBI pa3iIMyHbIe BUABI HOsOCHO-TIponyckatomux CBY-¢unsrpos. Onu
OTIIMYAIOTCS JIPYT OT APYyra CBOMMH MaccorabapUTHBIMH XapaKTEPUCTUKAMH, KOHCTPYKTUBHBIM HCIION-
HEHHUEM, TEXHOJIOTHUEI M3TOTOBIEHUS, & TaKkKe yI0OCTBOM HACTPOMKHU M PETYIHPOBKH OCHOBHBIX DJIEK-
TpudecKkux napameTpoB. LlInpoko U3BEeCTHHI CBOMM MPUMEHEHHEM Ha MPaKTUKE CIENYIOIINe BUABI MO-
JIOCOBBIX (DMIIBTPOB: BOJHOBOAHBIC (GHUILTPHI [l], MOJIOCKOBBIE/MUKPONOIOCKOBBIE (GHUIBTPHI [2—06],
(GWIBTPBI HA COCPENOTOUCHHBIX AeMeHTax [7] u mp. [8—10]. OnHuUM K3 NEPCHEKTUBHBIX HAMpaBICHUN
KOHCTPYHUPOBAHHSI TIOJOCOBBIX (DMIBTPOB SIBISIETCS] IPUMEHEHWE MHOTOCIOWHOH IOJIOCKOBO-IIENIECBOM
TEXHOJIOTMH, OCHOBaHHOW Ha COOJIOIEHUH TPEX OCHOBHBIX MPUHIIMIIOB: MPUHIUI O€CKOHTAKTHOM dIIEK-
TPOMArHUTHOW CBS3M, MPUHIIUI MHOTOCIOMHOCTH, NMPHHLXI MOAYIbHOCTH mocTtpoenus [11-14]. Ha-
CTOSIILIEE HCCIICIOBAHUE SIBISIETCS JIOTUYECKUM NPOJOIKeHHEM paboThl [14], B KOTOpoil mpeacTaBieHo
TEOPETUYECKOE HCCIICIOBAHUE TTOJIOCHO-TIPOIYCKAOINX (DUIBTPOB HA OCHOBE MHOTOCIIOWHON MOIOCKO-
BO-II[EJIEBOI TEXHOJIOTHH, B TOM YHCJE MPH OTHO-, IBYyX- U TPEXMOAOBOM DPEKUMAaX «BO3OYKICHUS»
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HICJICBOr0 pe30oHaTopa B COCTABC MX KOHCTPYKIHH. HGHLIO HaCTOHI].ICfI pa6OTI:I SIBIISICTCS OKCIICPHUMCH-
TAJIbHOC HCCJICAOBAHUC TTOJIOCHO-IPOIMYCKAIOMIUX (1)I/IJ'ILTpOB Ha OCHOBE MHOTOCIIOMHOI II0JI0CKOBO-
I].IeJ'IeBOfI TCXHOJIOI'NH.

1. MeToabl ucciaenoBaHus

B pamkax HacTosmiero mcclieZoBaHHS MPOBEACHO KOMIIBIOTEPHOE MOAEITUPOBAHUE B IIPOrpaMMe
AIIEKTPONUHAMUAYECKOTO MOJIEIUPOBAHUS, T/Ie OBLIN MOT00PaHbI OCHOBHBIE TEOMETPHUECKHIE Pa3MeEpPhI
SIIEMEHTOB TOTIOJIOTHH (PUIIETPOB M MPEABAPUTEIHHO HCCIIEAOBAHBI MX aMILTUTYIHO-9aCTOTHBIE XapaK-
TEPUCTUKHU. VcClie0BaHMsI BBITTOJHEHBI TPH MCIIOJIB30BAHUK CYIEPKOMITBIOTEPHBIX pecypcoB FOkHO-
Ypansckoro rocyaapctBeHHoro yausepcuteta [15]. I1o pesynpraraMm KOMIBIOTEPHOTO MOICITHPOBAHMS
OBLITM M3TOTOBJICHBI MaKeThl (PMIIBTPOB C MpUMEHeHHeM oTedecTBeHHBIX CBU-marepuanoB, Takux Kak
DOAD-4]], 1 IpoBeIeHO WX HKCIIEPUMEHTAIBHOE UCCIEIOBAHNE MTPH HUCIIOIb30BAHUH BEKTOPHOTO aHa-
nu3aropa Ieneid. B Hactosmieit paboTe OBLIM HCCIENOBaHBI TPH THNA KOHCTPYKIIMU TIOJIOCHO-
npomyckarmux ¢GuisTpoB (IIID): 1 — ¢ pexuMoM «BO30YKICHHUS NEPBOH (OCHOBHOI) MOJIBI IIEJIEBO-
r0 pe30HaTopa, 2 — C PSKUMOM «BO30YKIACHUS» IIEPBOM U BTOPOH MOJI LIEJIEBOTO pe3oHaropa, 3 — ¢ pe-
JKUMOM «BO30YKICHHS» IIEPBOW, BTOPOH M TPEThel MOI IIENeBOro pe3oHaropa. IIpum 3ToM ocHOBHas
MoJla LIENEeBOro pe3oHaropa B cocraBe kKoHCTpykuuu I1I1® No 1 coorBeTcTBOBana yacrore — 1000 MI'L,
B coctaBe KOHCTpyKuuu IIIID Ne 2 — 660 MI'u, B coctaBe koHCTpyKuuu IITID Ne 3 — 500 MI'u. Len-
TpajbHas 9acToTa Bo Bcex ciaydasx — 1000 MI'. OcHOBHBIE pa3Mephl s KaKI0W HCCIIeAyeMOi KOHCT-
PYKIUH MTPUBEICHBI B Ta0M. 1.

Tabnuua 1
MapameTpbl OCHOBHbIX 31IeMEeHTOB KOHCTpyKuui MNe
Table 1
Parameters of the main elements of BPFs designs
apamer Koncrpyknus Koncrpykuusa Koncrpykuusa
pamerp TITID Ne 1 T No 2 T No 3

Marepuan GAD-4]], TonmmHa 1 MM, OTHOCUTEIBHAS
[TapameTps! MOITOKKH JIUDJIEKTPUYECKask MPOHHUIIAEMOCTb €, = 2,5, TaHTE€HC yIyia
OUAIEKTpUYecKuX moteps tg & = 0,018

Pasmep AuIeKTpieckoro 130x 130 200 x 120 220 x 140
OCHOBAHUS, MM

JIiiHa MoJI0CKOBOTO Pe30HATOPa, MM /

JNIEKTPUYIECKast JUIMHA Ha IEHTPaIbHON 45/79,6 49/86,7 50/88,4
gacrTorte, °

[IupuHa MOJIOCKOBOrO pe30HaTopa, MM / 5/33.5

BOJIHOBOE compoTusienne, Om

JlnHa 1eaeBoro pe3oHaropa, Mm /
JNIEKTPUYIECKasl JUIMHA Ha YacTOTe 102/180,5 160/186,9 205/181,4
OCHOBHOU MOJIBI IIIEIEBOTO PE30HATOPA, ©

upuHa mieneBoro pesoHaropa, Mm /

0,3/55
BOJIHOBOE compoTusienne, Om

Kommnbrotrepusie Mogenu uccienyeMbix kKoHcTpykuuid [1I1®, ucmonszyemble Ipu KOMITBIOTEPHOM
MOJIEJIMPOBAHUH, @ TAK)KE MaKeThl, M3TOTOBIIEHHBIE HA UX OCHOBE, IPUBEIEHBI Ha pHc. 1-3.
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T
0 50 100 (mm)

a)

Puc. 1. KoncTtpykuus MMN® Ne 1: a — KoMnblOTEpHaA MoAerib B NporpamMmmMe 3neKTpoauHaMmU4ecKkoro
moaenupoBaHus; b — makeTt
Fig. 1. Design of BPF No. 1: a — the computer model in electrodynamics simulation program; b — the layout

:
0 50 100 (mm)

Puc. 2. KoncTpykuus MM® Ne 2: a — KoMmnbloTEpHaA MoAerib B NporpamMmmMe 3neKTpoauHaMmU4ecKkoro
MogenupoBaHus; b — maket
Fig. 2. Design of BPF No. 2: a — the computer model in electrodynamics simulation program; b — the layout

0 50 100 (mm)
a) b)

Puc. 3. Konctpykuus MMN® Ne 3: a — kKomnbroTepHasa MoAernb B NporpamMmme 35eKTpoanHaAMUYECKOro
moaenupoBaHus; b — makeTt
Fig. 3. Design of BPF No. 3: a — the computer model in electrodynamics simulation program; b — the layout
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2. PesyabTaThl

Pe3ynbraTel TEOPETUUECKOTO M SKCIEPUMEHTAIBHOTO HCCIEAOBAaHUM DIEKTPHUECKUX XapaKTepH-
CTHK paccMarpuBaeMbix kKoHCTpyKuuit [111®D npuBeneHs! Ha puc. 4-6, a Takxke B Ta0MI. 2.
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Puc. 4. 3aBucumocTtb koadpdpuumeHTa orpaxeHus (S11) u koaddpuumeHTa
nepeaauu (S21) ana koHcTpykuum MNP Ne 1 B AnanasoHe yactor oo 2 My
Fig. 4. Dependencies of the reflection coefficient (S11) and transmission
coefficient (S21) for the BPF design No. 1 in the frequency range up to 2 GHz
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Puc. 5. 3aBucumoctb koadcpuumeHTa orpaxeHus (S11) u koadbdpuumeHTa
nepeaauu (S21) ansa koHcTpykuum MNP Ne 2 B guanasoHe yactotr o 2 My
Fig. 5. Dependencies of the reflection coefficient (S11) and transmission
coefficient (S21) for the BPF design No. 2 in the frequency range up to 2 GHz
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Puc. 6. 3aBucumocTtb koadpdpuumeHTa otpaxeHus (S11) u koaddpuumeHTa
nepeaauu (S21) ansa koHcTpykuum MNP Ne 3 B gnanasoHe yactotr o 2 My
Fig. 6. Dependencies of the reflection coefficient (S11) and transmission
coefficient (S21) for the BPF design No. 3 in the frequency range up to 2 GHz
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Ta6bnuua 2
Pe3ynkTatbl uccnegoBaHumn
Table 2
Research results
Koncrpykuusa | Koncrpykums | Koncrpykuus
Hapamerp TP Ne 1 TITID Ne 2 TITID Ne 3
[Tonoca nponyckanus no ypossto —3 ab, I'T1g (0,41-1,63)/ (0,38-1,48)/ (0,38-1,69)/
(Teopus/FKCIIEPUMEHT) (0,4-1,6) (0,37-1,48) (0,37-1,69)
3aryxaHue Ha IICHTPaJIbHOM YacToTte, 1b 0.62/0,68 1,08/1,61 125/1.5
(Teopust/3KCIEpUMEHT)
[onoca nporryckanus mo yposaro KCBH < 1,9, [T | (0,51-1,55)/ (0,44-1,47)/ (0,43-1,72)/
(Teopusi/F3KCIEpUMEHT) (0,49-1,58) (0,41-1,54) (0,41-1,77)

W3 npencTaBieHHBIX rpaUUeCKUX 3aBUCUMOCTEH M TaOJIMYHBIX JAHHBIX CJICAYET, YTO TEOpPETHYE-
CKHE€ PE3yAbTAThI, MOJYICHHBIC C TTIOMOIIBIO0 KOMITBIOTEPHOTO MOJACIMPOBAHMS, a TAK)KE JAHHBIC DKCIIE-
PUMEHTAILHBIX UCCIIEAOBAHUA HAXOIATCS B XOPOIIeM Ka9eCTBEHHOM U KOJMYE€CTBEHHOM COTJIACOBAHUU.
Otkinonenmne kodhdunmeHTa nepeaadn Ha NEHTPaIbHON JacToTe coctapiseT He Ooinee 0,53 nb; orkio-
HEHHE TPaHMIIBI MTOJIOCKHI MPONycKaHus coctapisier He 6onee 30 MI'1 (3 % OTHOCHTENBHO IEHTPATBHON
yacToThl). OTKIIOHEHHE T'paHUIlbl MONoCk npomyckanus no ypoHio KCBH menee 1,9 cocranser ne
6omnee 70 MI'tt (7,2 % OTHOCHUTENBHO MEHTPAIHLHONW YaCTOTHI). DTO CBA3aHO C HAMYHEM JOTOTHHUTETh-
HBIX TIOTE€Ph Ha KOAKCHAIBHBIX Ka0elsiX, HCIIOIb3YEeMbIX TIPH DKCIIEPUMEHTAIBHBIX UCCIenoBaHusIX. Ha-
JUYUE NOMOJHUTEIBHBIX MOTEPh YMEHBIIAET YPOBCHh OTPAKCHHON MOIIHOCTH U MPUBOAMT K YITyHIIe-
auro KCBH.

3akinoueHne

B pabore mnpencraBieHbl TEOPETUUECKOE M JKCIEPUMEHTAIBHOE HCCIIENOBAaHHUSA IOJIOCHO-
MPOMYCKAOIUX (HUIBTPOB Ha OCHOBE MHOTIOCIOHHOM IHOJOCKOBO-ILENIEBOW TEXHOJOTHH, pealn30BaH-
HBIX Ha oredyecTBeHHOM CBY-marepnane GAD-4]1. TeopeTndeckue pe3ynbTaTsl NOTYUYEHBI IPU UCIIONb-
30BaHUM MPOrPaMMBl YHUCICHHOTO IEKTPOAMHAMUYECKOTO MOAETUPOBaHU. DKCIEPUMEHTAIbHbBIE pe-
3yNbTaThl MOJyYeHbl HA MaKETaX HCCIEIYyEMBIX MOJIOCHO-IIPOMYCKAIOMNX (UIBTPOB MPHU HCIOIb30Ba-
HUU BEKTOPHOTO aHanu3aropa nernei. [lo pesynpratam ucciieqoBaHuil NOTYYEHB! YaCTOTHBIE 3aBUCHUMO-
CTH S-TlapaMeTpOB UCCIENyeMbIX (QUILTPOB, KOTOPBIE HAXOSATCS B XOPOIIEM KaYeCTBEHHOM W KOJUYe-
CTBEHHOM COIJIaCOBaHUM. TakuM 00pa3oM, BOBMOXHOCTh «BO30YKIIEHHS» MHOTOMOJIOBOTO PEKUMA IIe-
JIEBOTO PE30HATOPa B COCTABE MHOTOCIOHHBIX KOHCTPYKIMH MOJOCHO-TPOITYCKAIOUINX (UIBTPOB 3KC-
MepUMEHTAIbHO TTOATBEPKACHA.
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Annomayus. Tlpobiema o0pabOTKHM TaHHBIX, MOJYYEHHBIX IPH JUHAMHYECKUX U3MEPEHUSX, — OJHA
U3 LEHTPAJbHBIX NMpobiieM B u3MepuTeiabHol TexHuke. Leab ucciaenoBanusi. CtaThs MOCBSIICHA MOJEIIH
M3MEPHUTENLHOM CUCTEMBI U METOJy 00pabOTKU Pe3yJbTaTOB JMHAMHUYECKUX M3MepeHuit. [loaTomy akry-
ANIBHOU 3aJa4eil sBIseTCs pa3paboTKa anropuTMaMu 00pabOTKH pe3yNIbTaTOB IHHAMHYECKUX M3MEPECHHH.
Marepuaasl 1 MeTOABI. B 3T0if crarthe mpemaraetcsi MOAeNb M3MEPUTEIBHONW CHCTEMBI 0e3 00paTHBIX
cBsi3ell ¥ MeTox 00pabOTKH JaHHBIX, ITOJYYCHHBIX NPH JHMHAMHYECKUX M3MEPECHHUAX Ha OCHOBE KOHEYHO-
pa3HOCTHOTO moaxoxa. OCHOBHBIE NMPEANOCHUIKH MAaTEMAaTHYSCKOH MOJIEIH 3aladyd AUHAMHYCCKHX H3Me-
pEHHI, CBSA3aHHOI ¢ IPOLECCaMH BOCCTAHOBJICHHS BXOJHOIO CHI'HAJIA B YCJIOBHSX HETIOJHBIX U 3aLIyMJICH-
HBIX HMCXOIHBIX JAHHBIX, 3aKJIIOYAIOTCSA B CIEAyloeM. M3HayaabHO M3BECTHAa (YHKIHUS 3aIIyMIICHHOTO
BBIXO/IHOT'O CHTHaja. BoccTaHOBJIEHHE BXOJHOTO CUTHaja OCYIIECTBISIETCS C MOMOIIBIO MEPEeAaTOYHON
¢ynkuum natunka. [lepenatounas GyHKIUs AaT4MKa NpeAcTaBieHa B BuIe AU depeHInaIbHOro ypaBHe-
HUS. DTO ypaBHEHHE ONHUCHIBAET COCTOSIHME JMHAMHUYECKOW CHCTEMBI B peajbHOM BpeMeHu. [Ipearaemas
BBIYMCIIUTEIIbHASl CXEMa METOJa OCHOBaHA Ha KOHEYHO-Pa3HOCTHBIX aHAJOrax Mpou3BoAHbIX. Ha ocHoBe
CaMOpeTyJISIpU3UPYIOIIET0 MOAX0Aa Obljla IOCTPOSHa YUCIeHHast MO JaTuuka. [Ipobiema ycToiduBo-
CTH MeToja peleHust TuddepeHHaIbHBIX YPaBHEHHI BRICOKOTO MOPSIIKA TAKXKe SIBISIETCS OJHOW U3 LeH-
TPAJIBHBIX MPOOJIEM 00pabOTKU TaHHBIX B CHCTEMaX aBTOMATUYECKOr0 YIpaBieHHs. bbut nonydyeH HeoOxo-
JMMBII YpOBEHb TOYHOCTH Onarozapsi 0000IICHHOMY KBa3HONTHMAaJIbHOMY MOAXOAY K BBIOOPY mapamerpa
peryssipusanuu. IomyueHHble pe3yabTaTbl. OCHOBHOM LENBIO BHIYMCIHTEILHOTO SKCIIEPUMEHTa OBUIO 110~
CTPOCHHUE YHCIICHHOTO PELICHUs paccMaTpuBaeMoi 3anaun. CTaHAapTHBIC TECTOBBIC (PYHKIMH paccMaTpHBa-
JIMCh KaK BXOJHBIC CHTHAJIBl. B kadecTBe BXOJHOIO CHrHalla IOJaBajicsi TECTOBBIA CHTHAJ, MOACIHPYIOLINHA
¢u3nueckuii pouecc. bouta HaiieHa GyHKIMS BBIXOAHOTO CUTHAJIA C TIOMOIIIBIO TIPEIOKEHHOTO YHCIICHHO-
ro Meroja, HaiilieHHas (GyHKUMs Obula 3alIymieHa aJuTHBHBIM nrymMoM B 5 %. 3akiouenue. [lo 3amrym-
JICHHOMY CHTHaJly ObUT BOCCTAQHOBJICH BXOJIHO# curHail. OTKIOHEHHE BOCCTAHOBJIEHHOTO CHI'HAJIA OT UCXOJ-
HOTO BO BCEX JKCIEPUMEHTax coctaBuiio He Oomnee 0,05, 9To rOBOPUT 00 yCTOMUMBOCTH JaHHOTO METOa
OTHOCHTEJIFHO 3allIyMJICHHBIX JIaHHBIX ¥ BO3MO)KHOCTH MCIIOJIb30BaHMs JaHHOTO MOJX0/a B JTUHAMUYECKUX

U3MEPEHUSIX.

Knrwuesvie cnosa: JAUHAMHWYCCKUE U3MCPCHHS, KOHCUHO-PA3HOCTHAsA CXEeMad, METOAbI peTylidpu3alinu,
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METHOD FOR RECOVERY OF THE INPUT SIGNAL
IN DYNAMIC SYSTEMS BASED ON A DISCRETE MODEL
WITH THE EXCLUSION OF CORRECTING FEEDBACKS
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Abstract. The problem of processing data obtained during dynamic measurements is one of the central
problems in measuring technology. Purpose of the study. The article is devoted to the model of the meas-
uring system and the method of processing the results of dynamic measurements. Therefore, an urgent task
is to develop algorithms for processing the results of dynamic measurements. Materials and methods. This
article proposes a model of a measuring system without feedback and a method for processing data obtained
from dynamic measurements based on a finite difference approach. The main prerequisites of the mathe-
matical model of the problem of dynamic measurements associated with the processes of restoration of
the input signal under conditions of incomplete and noisy initial data are as follows. Initially, the function
of the noisy output signal is known. Restoration of the input signal is carried out using the transfer function
of the sensor. The transfer function of the sensor is presented as a differential equation. This equation de-
scribes the state of a dynamic system in real time. The proposed computational scheme of the method is
based on the finite-difference analogues of derivatives and the self-regularizing approach was built a nu-
merical model of the sensor. The problem of the stability of the method for solving high-order differential
equations is also one of the central problems of data processing in automatic control systems. Based on
the approach of generalized quasi-optimal choice of the regularization parameter, the required level of accura-
cy was achieved. Results. The main goal of the computational experiment was to construct a numerical solu-
tion of the problem under consideration. Standard test functions were considered as input signals. As an input
signal, a test signal was applied, simulating a physical process. The function of the output signal was found
using the proposed numerical method, the found function was noisy with an additive noise of 5%. Conclu-
sion. The input signal was restored from the noisy signal. The deviation of the reconstructed signal from
the original in all experiments was no more than 0.05, which indicates the stability of this method with re-
spect to noisy data and the possibility of using this approach in dynamic measurements.

Keywords: dynamic measurements, finite difference scheme, regularization methods, transmission
function, dynamic measurement data processing algorithms, measuring systems, numerical method
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Beenenne

O PeKTUBHOCTH YIpaBIeHUS TEXHOJIOTHYECKUMH TIPOIIECCaMU HANPSMYIO CBsS3aHA C 00eCTieUueHU-
€M ONTUMAJIbHOCTU MapaMETPOB CUCTEMBI. TOYHOCTh KOHTPOJISL MU ONTUMU3ALUS TAPAMETPOB 3aBUCAT OT
TOYHOCTH OOpPaOOTKH JAHHBIX O COCTOSHUH CHUCTEMBI. B OBICTPOMPOTEKAIONINX SHEPTOEMKHUX TEXHOJIO-
TUYECKUX MpOolleccax COCTOSHUE CUCTEMbI U3MEHSETCSI B TEYEHUE KOPOTKOIO ITPOMEXKYTKA BPEMEHHU, U B
CHJIYy UHEPLIMOHOCTU U3MEPUTEILHON CUCTEMBI CPEJICTBA U3MEPEHUM MOKA3bIBAIOT HA BBIXO/IE UCKAXKECH-
HBIM CUTHAJI, CYIIIECTBEHHO OTJIMYAIOIIUNCSA OT HCTUHHOTO. J[pyruM (akTopoM, OKa3bIBAFOIIUM CYIIECT-
BEHHOE BIIMSHHE HA TOYHOCTh OOpaOOTKM MAHHBIX, SBISETCS 3aIIyMJICHHOCTHh JaHHBIX O COCTOSTHUH
CUCTEeMBI, CHOPMUPOBAHHBIX M3 PE3yJIbTaTOB M3MepeHwuid. [Ipobnema 3alyMIeHHOCTH B COYETAaHUH C
WHEPIUOHOCTHIO U3MEPUTENBHON CHCTEMBI CTAHOBUTCS OCOOCHHO OCTPOM IS JUHAMUYECKUX HU3Mepe-
HUU, BBITIOTHEHHBIX B MAJIBIA ITPOMEKYTOK BPEMEHH, KOT/[a TaXke HEeOOIBIION IITyM B UCXOHBIX JaHHBIX
MPUBOJIUT K CYIIECTBEHHOMY MCKKEHHUIO PE3YJIbTATOB X 00pabOTKH.
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[IpoGieme 00pabOTKM 3aNTYMIICHHBIX TWHAMHYECKUX CHUTHAJIOB IMOCBSIIEHBI PabOTHI MHOTHX HC-
cle/ioBaTeNel, Korjaa sl YMEHbIICHHS BIUSHHS TMOTPENTHOCTH MCXOMHBIX JIAHHBIX HAa KOHEYHBIH pe-
3yJIBTAT JIOOABISAIOT HOMOJHHUTEIbHBIE QUIbTpbl. Cpenn padoT, MOCBSAIICHHBIX ATON 00JIACTH HUCCIIEO0-
BaHus1, orMetuM pabotel A.JL. Illecrakosa [1-3], B.A. Becekepckoro [4], A.®. Bepnans [5], B.A. I'pa-
mosckoro [6, 7], T.H. Comomuenko [8-10], S. Engelberg [11], K. Ruhm [12, 13]. Benenune momoaHm-
TEIBHBIX (DUIBTPOB 3HAYUTEIIBHO YCIOXKHICT METObI 00pabOTKH MH(OPMAIIUY, IPU 3TOM XapaKTepH-
CTUKU (DUIBTPOB M3MCHSIFOTCS B 3aBUCHMOCTH OT YpOBHS Iyma. PemieHus 3amaun oOpabOTKH 3airyM-
JIEHHBIX JAHHBIX C TOMOIIBIO YHCIEHHBIX METOLOB IIPHUBOAATCA B padorax [14, 15].

B cBsi3u ¢ BBIIIIECKa3aHHBIM BO3HUKAET HEOOXOAMMOCTh CO3JIAaHHS W COBEPIIICHCTBOBAHMUS AJITOPHT-
MOB 00pa0OTKM 3alllyMJICHHBIX JHHAMUYECKHX H3MEPCHUH, HE TPeOYIOUIMX 3HAYMTEIBHON IMepeHa-
CTPOMKH NapaMeTPOB U3MEPUTEIILHON CUCTEMBI.

1. Moaesn u3MepUTeIbHON CHCTEMBI

O6paboTka pe3ynbTaTOB AWHAMUYECKUX U3MEPEHHN OCYIIECTBIISICTCS, HCXOAS M3 MOJENTH U3MEpU-
TeNnbHOU cucTeMbl. KoHIenus Moenu npeioxkena B padborax [1-3]. CTpykTypHas MOJENb ISl BTOPO-
ro mopsijika npezacrabicHa Ha puc. 1, tae U(t) — BxoaHoit curna, Ys(t) — BBIXOMHON CHUTHAJT AaTYHKa
¢ mymom, A(t) — mym, Ys(t) — Beixoanoi curnan moaenu, U™ (t) — BOCCTaHOBICHHBIN CUTHAIL.

apko(t) U™ (1)

Model sensor

& Sensor
A
' ag-ko(t)
b0
Ys(t)

Puc. 1. CTpykTypHas moaenb uameputenibHOM CUCTEMbI
Fig. 1. Structural model of the measuring system

Mojens U3MEpUTEIBHON CUCTEMBI BKIIIOYAET B ceOsi MOJIENIb AaTYHKA, BHIXOJ KOTOPOTO CBSI3aH C
€ro MOJHON AMHAMHUYECKON MOJIEIIBIO, I7Ie MOJACIUPYETCSl IPUHIMI paObOThl JaT4MKa C 3aJaHHBIMHU JH-
HaMUYECKHMHU XapaKTEePUCTUKAMH, ONIpeNIeIEHHBIMU K03 (QUIIEHTaMHt Ag, A1, Ay, Dy.

ITycts t — Tekymmii MoMeHT Bpemenw, t € [0; Q], rne Q — nepuoa uzmepenusi; U(t) — BXoHOM
curHai; Y5(t) — BBIXOJHOM CUrHaj garyuka ¢ mymoM; Ys(t) — BeIXOQHOM curHan mojenu; W — nepena-
TouyHast (PyHKUUS 1aT4nKa B oOpaszax Jlammaca.

CornacHo [16], auHamMuueckass MoJeNlb, UMUTHPYIOILAS MPUHLMI PaOOThI, OXBAaTHIBAETCS 00paT-
HBIMU CBS3SIMH C U3MEHSIeMbIMH KodQduumentamu kg, k. Kpurepuem Hactpoiiku KodppuineHToB 06-
patHbIX cBs3eit kg, kq CITy’)KUT OIM30CTh BBIXOJHBIX CUTHAJIOB JIATYMKA M €r0 MOJIe. Mojenb ¢ Kodg-
¢unmentamu kg, kq sBIsSETCS KOPPEKTUPYIOWMMHU (UIBTPaMHU IJsl BXOAHOTO M BBIXOIHOTO CHI'HAJIOB.
B sT0i1 MOzt BoccTaHOBIEHNE BXOJHOI'O CHUTHAIA OCYLIECTBIISIETCSl HA OCHOBE MEpeaaToOyHON (PyHK-
UM JIaTYMKa, UMEIOIIeH CIeyIoliee onepaTopHoe MpeICTaBlIeHHE, TOTYYeHHOE NIPU HCIIONIB30BaHHU
npsMoro npeodpaszoBanus Jlamnaca:

W) = —m =@

azp*+(a1—k)p+(ao—ko)  U(®)

CooTBeTCTBIE MOJIEIN U3MEPUTEIILHON CUCTEME MTOATBEPKAACTCA SKCIEPUMEHTAILHBIMH HCCIE0-
BaHISIMH, MIPEICTaBICHHBIMU B pabore [3].

OtMeTHM, 4To TiepeiaTouHast GYHKIUS TaTYUKa OyJIeT UMETh CIIETYFOIUI BUL:

W) = —pe—e =10 (1)

azp?+aiptag  U(p)’
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B Monenm, npemnmoxxenHoi B pabote [16], yMeHbIIeHHE BETUYUHBI TIOTPEITHOCTH OCYIIECTBISETCS
3a cYeT peryjupoBaHus 3HaueHUH ko3 duimeHnToB oOpatHoM cBsi3u ky, kq 1s obecrieueHus: OIM30CTH
Y5 (t) x Y5(0).

B pamkax nanHoi pa®oThl MPEIIOKEH METOJ, MO3BOJISIOUIMKA KOHTPOIMPOBATH MOTPEIIHOCTD, HE
ucnonb3ys koadduimentsl oOpaTtHbIX cBsizeit ko, ki, U BOCCTaHABIMBATH C TPeOyeMOHl TOYHOCTHIO
BXOfIHbIe curHabl U(t) Mo BBIXOAHBIM cUrHaiaM Y;(t) MpH pa3iM4yHBIX YPOBHSX 3alIyMJICHHOCTH H3-
MEPCHHBIX JaHHBIX.

2. MeToa UCKJIIOYeHHsT 00OPATHBIX CBsI3eil

[Tonaraem, 4TO U3MEpPEHHS MIPOBOIATCA TUCKPETHO, C UHTEpBAJIOM T. [Ipu mocTpoeHnn Moaenu uc-
noJb3yeM cieaytomue obo3nauenus: U(t) — BXOAHOW curHan naTduka; Yy (t) — BBIXOIHOW CUTHANI MO-
nemu 6e3 o6paTHeIX cBsseil; Ug(t) — BOCCTAHOBIIEHHBIN CUTHAIL, Qg, A4, Ay, by — KO3 GHUIMEHTEI, Ompe-
JETSFONINE TUHAMHIECKUE XapaKTePHUCTHKH UCXOIHON CHCTEMBI (pHC. 2).

Us(0)

v

Model sensor

U@

Puc. 2. Mogenb 6e3 o6paTHbIX CBA3eN
Fig. 2. Model without feedback

B nmannoit paboTe mpemiaraercsi HOCTPOUTh JUHAMHYECKYIO MOJIENb CHUCTEMBI, HCKITFOUAIONIy 0 00-
paTHBIE CBSI3M, B KOTOPOH YJIydIIeHHE JUHAMHUYECKUX XapaKTEPUCTUK CHCTEMBI PeIaeTcsi HACTPOUKOM
napaMerpa T.

OcHoBHas Hesl METO/a MCKIIOYCHHST 00paTHBIX CBSI3EU 3akitouaeTcs B ciemyromeM. Ha mepBom
3Tare OCYLIECTBIAIOT Iepexon OT mepenarouHor ¢yHkuuu (1) x auddepeHIManbHOMY YpaBHEHHIO,
CBSI3bIBAIOLIEMY BbIXOAHOM curHai Y;(t) ¢ Bxoanbim curnanom U(t). Ha BTopom aTane, HCHOIb3Ysl 1M0-
Jy4eHHOE ypaBHEHHUE, OCYIIECTBISIOT MIepeEX0/l K KOHEUHO-Pa3HOCTHOMY aHAJIOTy ATOTrO ypaBHeHus. Ha
TPEThEM dTarle OleHUBAIOT OTKIIoHeHUe Yy, (t) ot Ys(t). B ciryuae, xoryia orneHka OTKIOHEHHUsI HE TIpe-
BBIIIAET HEKOTOPBIH 33aHHBIA YPOBEHb TOUHOCTH, IPOLIECC UCKIIIOYECHUSI OOPATHBIX CBA3EH CUMTAEeTCS
YCIICIIHBIM.

OCHOBHBIE 3Talbl HCKJIFOUEHHST 00PaTHBIX CBS3EH COCTOAT B CIIECIYIOIIEM.

Oran 1. [ToctpoeHne Matemarnyeckoit Mozenu cBsizu Y (t) u U(t). s aToro mepeiiieM oT mepe-
natoynol pyHknuu (1) k muddhepeHnraibHOMY ypaBHEHHIO

aY"'+ a;Y' + ayY = b,U. )

Y4uuThIBask COCTOSIHUE M3MEPUTENLHOW CHCTEMbI B HadalbHBI MOMEHT BPEMEHH, TIOIydaeM Clie-
IYIOIINE HaYallbHbIE YCIIOBUSI:

Y(0) =r,Y'(0) =q. 3)

B 3amaue (2), (3) tpedyercs Haiitu Gpynkuuto Y (t). Cnenuduka 3amgauu (2), (3) 3aKiIr0daeTcs B TOM,
YTO B U3MEPUTENBHBIX CHCTEMAaxX MPH UCIOIb30BAHMH OOILENPUHSITHIX METOJOB MaJIblii YPOBEHb LIyMa B
CHCTEME OKa3bIBACT CYLIECTBEHHOE BIMSAHUE HA TOUHOCTh BOCCTAHOBJICHHUS CUTHAA.

Ortan 2. IlocTpoeHne KOHEUHO-Pa3HOCTHBIX YPaBHEHHUH M Mepexon K AMCKPeTHOW mojaenu (puc. 3,
rae U(t) — sxoxamoii curHai; Yy, (t) — Beixognoi curHan mopaenn; Us(t) — BOCCTAHOBIIEHHBIM CHTHAT,

aq 2a, aq a,
Co=7T "2 =0 —— + 2 KO3 (PHUIIUEHTBI, TO3BOJISIFOIINE U3MEHSTh THHAMUYECKUE XapaKTe-
BecTtHuk OYplY. Cepus «KoMmnbloTepHbIE TEXHONOMMU, yNpaBneHue, paguo3neKTpoHUKa. 59
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PUCTHKHM MOJIENHU 32 CYET M3MEHEHUs MapaMeTpa T U MepeiiTi Kk Mojenu 0e3 oOpaTHbIX cBsizeid). s
Q-0
sToro BBeneM Ha orpeske [0; Q] cetky G u3 (N + 1) y3710B ¢ I1aromM JUCKPETH3AMNH T = %:
. Q-0) ., T

G={trti=(-D =52, i=TN+1}
¥ FICTIONIb3yeM MHOXKECTBO AUCKpeTHBIX Gyukimii V = {v(t;) = v;}, 3anannbix Ha ceTke G. 3HAYCHUS V;
COOTBETCTBYIOT 3HaueHUsIM (QyHKIUH Yy, (t;) B MOMEHT BpEMEHH t;, TOT/Ia TEKYLIEMy MOMEHTY BPEMEHH
cootBerctByer yzent; = (i—1)t,i=1,N + 1.

Hcnonb3yst KOHEYHO-Pa3HOCTHBIC aHAJIOTH MPOU3BOIHBIX B y3JI€ t;:

' _ Vig17Vi _u _ Vig2=20iq+tV; . 5
v(ti)——r ,17(tl-)——r2 ,i=2,N,
TI0JTy9a€eM, YTO KOHEUHO-PAa3HOCTHBIN aHAJIOT YpaBHEHHU (2) B MOMEHT BPEMEHH t; MMEET CIIETYIONIMI BHIL:
Vit2—2Vi41+V; Vi+1— Vi _ P N Vi
= +a; . + agv; = bou;, i = 2,N, (4)
a Ha4YaJIbHBIC YCJIOBUS IPUBOIAATCA K BI/I,Hy

v; =y(0) =71, v, =1y'(0) + y(0) =g + .

a;

1
1
:
1
by '
1
1
1
1
1

Puc. 3. AuckpeTHas moaenb 6e3 o6paTHLIX CBA3en
Fig. 3. Discrete model without feedback

Oran 3. [locTpoeHre BBIYUCIUTEIBHON CXEMBI MOJICTUPOBAHUS BBIXOJTHOTO CHUTHANA, JOOHMBAsICH,
YTOOBI CUTHAI Y); TIPEANIOKEHHON MOJeNn (CM. pHc. 2) ObUT OJM30K K CUTHANY Yg MOJENN C KOPPEKTH-
pytomMu kodppunuentamu (cM. puc. 1). [ig BeunciaeHns: 3Ha4€HUs BHIXOJHOTO CUI'HAjla B MOMEHT
BpPEMEHH t;, , UCITIOJIb3YEM MOTY4YCHHbIE KOHEYHO-Pa3HOCTHBIE COOTHOIICHUS. Torna 3HaueHus Yy, (t;41)
OIPEIEIAIOTCS 110 CAEAYIOIIEH IBHON CXEME:

V=T, U, =Tq +71; 5)

2

Viyz = (bu; — (% - 2%) Vigr — (ao -2+ %) v;) T—z (6)

UzBecTHO, uTO A5 0OECTieYeHNs] YCTOMYMBOCTH KOHEYHO-PA3HOCTHBIX SIBHBIX CXEM OTHOCHUTEIBHO
IIyMa B MCXOIHBIX JaHHBIX HEOOXOAMMO HCIIONBb30BaTh PEryISApU3UpYIOLINe moaxoasl. B mpennarae-
Moi1 siBHOH cxeme (5), (6) mapaMeTpoM peryisipu3aiiui SBiIseTcd BeIU4MHA I1ara AucKpeTusanuu 1. Ta-
KOH MOJIX0/ K PEryJspH3alry B TUHAMUYECKUX CUCTEMaXxX MpeasiaracTcsi BIEPBbIC M MO3BOJSET MO/Ie-
JIMPOBATH BBIXOIHOW CHUTHAJI, TPU W3BECTHBIX M MMOCTOSHHBIX MApaMeTPax CUCTEMBI g, A1, A, B YCIOBH-
AX LTYMOB.

3. MeTox BOCCTAaHOBJIEHHSI BXOJIHOTO CHTHAJIa

B 3amaye BoCCTaHOBIICHMSI BXOJHOTO CHTHAJIA HAayajbHBIC YCIOBHS BBIMJIAAT CIEAYIOLIMM 00pa-
30M. Berxognoii curnan y = Ys(t) bopmupyeTcst Ha OCHOBE pe3ybTaTOB H3MEPEHUH, a BeJIMYHHA O CO-
OTBETCTBYET YPOBHIO IITyMa BRIXOJHOTO curHaia. KOHEUHO-pa3HOCTHEIN aHANOT ypaBHEeHHS (4) OTHOCH-
TEIBHO U; UMEET BUJL:

(az + a10)yip1 — (2az + a7 + ag7?)y; — azyi—1). (7

U3 ypaBHeHus (7) HAXOIUM U;, COOTBETCTBYIOINI BOCCTAHOBICHHOMY BBIXOAHOMY curHaiy Us(t).
Hanee ouennBatot otkinonenne Us(t) ot BxogHoro curHana mojaenu U(t). B cmydae, korja oneHka or-
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KIIOHCHUA HE IIPEBBINIACT HCKOTOpLIfI 3aJaHHBIN YPOBE€Hb TOYHOCTH, IMPOLECC BOCCTAHOBJICHUS CUTHAJIa

CUHTAETCS YCTICTITHBIM.
Bepudukanus pe3ynbraToB pabOThI MpeIaracMoro MeToia o0padoTKu MH(POPMAIUU OCYIIECTB-
JIA7aCh B BBIYMCIUTEIFHOM SKCIEPUMEHTE, MTPOBOJUMOM Ha OCHOBE MMHUTAIMOHHOTO MOJICIMPOBAHUSI.

Pesynbrarer sKcrieprMeHTa MPUBEICHBI B TAHHON padoTe.

4. BbIYHCIUTENbHBIH SKCTIEPUMEHT
OCHOBHOI IIEJTBIO BEIYACTUTEIIBHOTO SKCIIEPUMEHTA SBIISIach BEPUPHKAIHS MOJIEIH 0e3 00paTHBIX

CBsi3ell myTeM MozenupoBaHusi GyHKIHIO Yy, (t) BBIXOJHOTO CHTHAJa ¢ TIOMOIIBIO ypaBHeHuH (5), (6),
BBIOMpAs BEIWYMHY TapaMeTpa T. B kauectBe BXoaHoro curHana monenu U(t) MCHONB30BaNIUCh pas-
mnuHble QyHkiun. Janee, nobasmsst k dpynkuuu Yy, (t) anautuBHBIN m1ym, cpaBHUBAIM ¢ Ys(t). 3aTtem
Mo 3alyMJIGHHOMY cUTHay Yy, (t) BoccTaHaBimBaiu BXOMHOW curHan U™ (t) ¢ MOMOIIBI0 ypaBHEHHS
(7) u ouenuBanu otkinonenue U™ (t) ot U(t).

B nanHO#1 paGoTe mpuBeIeHbI pe3yNbTaThl IKCIICPUMEHTA ISl 3HAYCHHS MapaMeTpOB MOJACIH U3-
MEpHTEIHHON CHCTEMBI, TIPEICTABICHHBIE B TaOJIHUIIE.

MapameTpbl Mogenu
Model parameters

[Mopsinox ypaBHEHHS [lepenarounas GpyHKIUSI Mym U [TapameTpst
I ! 5 o sin (xt) T1=0L
0 T -
(T *p? + 2§ Typ + 1) § =03

B skcniepumente untepsan usmepenust [0; Q] cocrasisin [0; 1]. BeiGop BelUUHHBI 11ara JUCKPETH-
3allUM ABJISIETCS OCHOBOTIONATAIOUINM JJIs1 00ecreueHHs TpeOyeMOro YPOBHsI TOUHOCTH PEILCHHUS 3a1a4n
JTUHAMHYECKOTO W3MepeHus. [ BBIABIEHUS BIMSHUS BETMYMHBI IIara TUCKPETH3allMd Ha YPOBEHb
TOYHOCTH BOCCTAHOBJICHHS BXOJIHOTO CHTHaJla OBUIH MPOBEIECHBI BHIUYMCIHUTENBHBIE 3KCIIEPUMEHTHI C
pa3IMYHBIM KOJIMYECTBOM Y3J70B ceTku G. Ha puc. 4 mokasaH cMOJENMpPOBAHHBIM BBIXOJHOM CHUTHAN

Yy (t) ¢ xommuectBoMm y3moB cetku N = 1000.

5 X 105 plots at tau= 0.001
|
—— Yy |
4+ .Y ||
1
- 7Y6 I\
3 U
|
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/ ’\l :
\ |
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\) |
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= »
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|
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Puc. 4. PesaynbTathl MOgenupoBaHus BbixogHoro curHan Yy (t) npu N = 1000
Fig. 4. Yy (t) output signal simulation results at ¥ = 1000

U3 puc. 4 BUJHO, YTO IIPHU TAKOM KOJHNYCCTBEC Y3JIOB CCTKHU, KOTOPOC OMPCACIIACT MMapaMEeTp T, IIPO-
OECC BOCCTAHOBJICHHA BXOJHOI'O CUI'HAJIa ABJISACTCA HeyCTOfI‘IHBBIM.
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Ha puc. 5 mokazan cMmoaeinHpoBaHHBIN BBIXOJHOHN curHan Yy, (t) ¢ KOJMYEeCTBOM Y3JIOB CETKH
N = 1500.

plots at tau= 0.00125

1 —
——Y
09 r M
——-Y,
0.8 —,
u
0.7 |
0.6
0.5 >
P >
/// \\\
0.4 P N
p AN
Y AN
03 Y A\
7 AN
, A\
02Ff 7 N\
P4 N
L/ v N
0.1 , N
// N
v N
0 L 1 1 1 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Puc. 5. PesynbTathbl MOgenupoBaHus BbixogHoro curian Yy (t) npu N = 1500
Fig. 5. Yy (¢) output signal simulation results at N= 1500

Ha puc. 6 npezacrarieHa GyHKIMS BBIXOJAHOTO CUTHAlla Mojenu Oe3 oOpaTHbIX cBsizeit Yy, (t) u
Ys(t) c agnuruBHBIM mrymoM 5 % mpu N = 1500.

Output signals
P e e R froseese e

Qutput slgnals

3 ] 1 H i 1 1

03 04 05 0.6 0.7 0.8 0.9

Puc. 6. PyHKkums BbixogHoro curHan Yy (t) n Ys(t) ¢ 5%-HbiM aaAUTUBHLIM LLIYMOM
Fig. 6. Yy (t) and Y¢(t) output function with 5% additive noise
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ajiee OLIEHNBAIOCH OTKIIOHEHHE BBIXOMHBIX CUTHAIIOB Yy, (t) u Yo (t) ¢ 5%-HBIM aqIUTHBHBIM OM.
M S

OTKIJIOHEHHE BOCCTAHOBJICHHOTO CHTHAJIA OT HCXOHOTO He MpeBbiiiana 7 % ot ypoBHs Iyma (puc. 7).
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delta YM and Ys

0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Puc. 7. ®yHKLMA OTKNOHEHUA BbIxoaHoOro curHan Y (t) ot Y(t).

O6a curHana ¢ 5%-HbIM agAUTUBHbLIM LLYMOM
Fig. 7. Yy (t) output deviation function from Yg(t).
Both signals have 5% additive noise

Jlnst BoccTaHOBJIGHHS BXOJHOTO curHana U™ (t) K 3alyMJIEHHOMY BBIXOIHOM curHaiy Yy, (t) mpu-
MEHSIaCh KOHEUHO-pa3HOCTHOE ypaBHeHue (7). Ha puc. 8 n3o0pakeH BOCCTaHOBJICHHBIN BXOJHOW CHT-

nan U™ (t).
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Puc. 8. ®yHKLMA BOCCTaHOBNEHHOro BXxogHoro curHana U*(t) u U(t)

Fig. 8. Function of the reconstructed input signal U*(t) and U(t)
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Jlanee oleHHBANIOCh OTKJIOHCHHUE BOCCTAHOBJIIEHHOT'O CHTHANIA OT BXOJHOTO curHana mojenu U™ (t)
ot U(t). OTkiI0HEHHE BOCCTAHOBJICHHOTO CHTHAJa OT UCXOMHOT0 He mpeBbimiana 0,05 (puc. 9).

Error of input signal
0.05
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0.035 [
0.03
0.025 |-
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0.005 |-

0 1 1 L 1 L 1 L 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Puc. 9. ®yHKUMA OTKNOHEHMe BOocCTaHOBIeHHoOro curHana U*(t) ot U(t)
Fig. 9. Function deviation of the recovered signal U*(t) from U(t)

Pe3ynbrarel MIMHTAIIMOHHOTO MOJIEIMPOBAHUS CBUIETEILCTBYIOT O cienyomeM. MeToa Boccra-
HOBJICHHUSI BXOJJHOTO CHUTHAJIA, MIPEJIOKEHHBIA B padOTe, TO3BOJISICT BOCCTAHABINBATL BXOAHOM CHTHAI
C JOCTaTOYHBIM YPOBHEM TOYHOCTH IO 3alIyMJIIEHHOMY BBIXOJHOMY CHUTHATYy. ODKCIICPUMEHTAJIbHBIC
OLICGHKH MOTPEIIHOCTH HOJTYYEHHBIX PEIICHUN CBUACTENBCTBYIOT O JOCTATOYHOM YCTOHYMBOCTH METOAA
OTHOCHUTEJIFHO MOTPEUTHOCTH UCXOJHBIX TaHHBIX

3akiaouenne

B cTathe mpemioxkeHbl METOI UCKITIOYCHUST OOPATHBIX CBA3EH W METO]] BOCCTAHOBJICHUS] BXOJHOTO
CUTHAaJIa I10 SaIHYMJ'IeHHI)IM JaHHbIM, OCHOBAHHBIC Ha HCIIOJIb30BaHNHA TeOpI/II/I CUCTEM aBTOMATHUYCCKOI'O
YIIPaBIEHUS U TEOPHUH PETYIIIPU3ALUH.

OcHOBHas uzess METOJIOB 3aKJIIOYaeTCs B TOM, YTO IS YMEHBIIEHHS BIUSHUS IIyMa HUCXOIHBIX
JIAHHBIX Ha Pe3yJIbTaThl BOCCTAHOBICHHS BXOJHOTO CHUTHANIA UCIOJB3YETCsl PEryIIpU3HPYIOIINN alro-
putM. Ha ocHOBe mepexona K JUCKPETHONW MOJEIH CHCTEMBI MPEIJIOKEHHOI0 METO/1a OBLIH MPOBEICHBI
BBIYHUCIINTCIIBHBIC 3KCHepI/IMeHTLI 1 BBIIIOJIHCH CpaBHHTeJIBHBIfI aHaJIN3 peSy.]'IBTaTOB BOCCTAHOBJICHUA
BXOJIHOTO CHT'HAJIa ¢ TECTOBBIMU (QYHKIUSAMH. Pe3ynbTaThl SKCIIEPUMEHTA CBHICTEIBCTBYIOT O BO3MOXK-
HOCTH HCIIOJIb30BAHUS PETYIIIPU3UPYIONIETO aNrOPUTMA JUTs 33/1a4 TMHAMUYECKUX U3MEpeHuit, obecre-
YUBAKOLICTO I[OCTaTO‘IHBIﬁ ypOBeHb TOYHOCTU BOCCTAHOBJICHUA BXOAHOI'O CUTI'HAJIa OTHOCHUTECIIBHO pa3-
JUYHBIX YPOBHEH IIyMa UCXOHBIX JaHHBIX.
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PEANU3ALUUA BUPTYAJIbHOIO OCUUITIOTPA®A
HA BA3E MUKPOKOHTPOIJIJIEPA STM32

B.M. mumpues, dmitriewvm@gmail.com
J1.A. 'em6yx, lev.gembuh@mail.ru
A.E. CaxabymaduHoe, ale.xander.s@yandex.ru

Tomckuli eocyGapcmeeHHbIl yHUgepcumem cucmem yrnpasieHusi U paduos/1eKmpPOHUKU,
Tomck, Poccusi

Annomayus. B cratbe NpencTaBieHbl CTPYKTYpHO-(QYHKIMOHATIbHAS CX€Ma BHPTYAJIBHOTO OCIIHII-
norpacga, onucaHie MakeTHOH Iiatel, onucanue 61oka «COM-nopt». IIpencraBiaeHsl peskuMBbl paboThI
aHayoro-iudposoro npeodpazoparens u UART B mukpokouTposuiepe STM32. W3 npeacTaBieHHBIX pe-
KHUMOB pabOTHI BBHIOpaHB! ONTUMaNbHBIC 111 pabOTHl OJ0Ka BUpTyanbsHOro octmuiorpada. Heas uceie-
AOBaHHUSA: Pa3padOTaTh BUPTYaJIbHBIH ocummiorpad Ha ocHoBe MHUKpokoHTposuiepa STM32, npeminoxus
€ro CTPYKTYypHO-()yHKIHOHAIBHYIO cxeMy. Marepuanbl U MeToabl. [l pa3paboTKu CTPYKTYPBI BHPTY-
anpHOro ocumiuiorpada HeoOXOAUMO CIIPOSKTUPOBATh CXEMY €ro B3aUMOJIEHCTBHS C J1abOpaTOpHOW ycTa-
HOBKOM, BBIOpaTh ONTHMAIBHBI METOA Ul CHATHS HANpPsDKCHWH C TOYEK MAaKETHOM IUIATBl M CHOCO0 MX
nepeayn Ha KommboTep. Takxke HeoOxomumo peanu3oBarh 010k COM-mopTa U ero B3aUMOAEHCTBHE C
0JI0KOM BUPTYaJbHOTO OcHmuIorpada B cpeae MoaenupoBanus. PesyabtaTsl. Pazpabotana cTpykTypHO-
(yHKIMOHANbHAsT CXeMa IpPOrpaMMHO-aNIapaTHONW pealn3alii paboThl BHPTYaJbHOTO ocLiuIorpada.
Ornncanbl peXXUMBI paboThl aHanmoro-nudpoBoro npeodpazoparenss MUKpokoHTposuiepa STM32. OnucaHbl
pexxumsl nepenaun gqaHHbx Mo UART B STM32. Ilpeacrasien Gopmat nepenaBaembix 1o UART kampos.
Taxoke peanuzoBad 610k COM-mopTa M ero B3auMMOJEHCTBHE ¢ OJOKOM BHPTYaJILHOTO ociiuiorpada B
cpene monenupoBanusi MAPC. 3akiaiouenne. B pesynprare paccMoTpeHHs METOOB pabOTHl C BHYTPEH-
HUM aHaJOoTro-IHu(pOBEIM MpeodpasoBareneM MUKpokoHTposuiepa STM32 u merono paboTsl ¢ UART 6bin
CeNaH BBIBOJ, YTO ONTHMAIBHBIM PEKHMOM DPabOTHI SIBISETCS paboTa ¢ MCIIOIb30BAaHWEM TEXHOJIOTHH
IPSIMOTO JIOCTyNIa K MaMsATH. VIcHonb3oBaHWE BUPTYaJbHOTO OCHMIUIOrpada IO3BOJSIET CAeNaTh Oolee
yIOOHBIM 0TOOpa)kKEHUE aHAJOTOBBIX CHUTHAJIOB 3a CYET MCIIOJIB30BaHUS OOJIBIIOT0 MOHUTOPA KOMIIBIOTEPA.
Taxoke peanu3anys Ha KOMIIBIOTEPE MTO3BOJISICT PEa30BaTh (QYHKIMOHAI JUIsl CPABHEHUS! U XpaHEHHS MH-
(opMaru ¢ MHOXXECTBA KaHaJIOB M CIeJaTh YA0OHBIM MacIITaOMpoBaHue rpaduka 0ToOpaXxaeMoro curHa-
na. Mcnonb3oBaHHe BHYTPEHHHUX aHAJOTO-IU(POBBIX Mpeodpa3oBaresieii MUKPOKOHTPOJUIEpa MO3BOJISET
3HAYUTEIbHO COKOHOMHTH Ha MOKYIIKE PealbHOro ocuuiuiorpada.

Kniouegvie cnoea: BupTyansHbII ocrpiuiorpad, MUKPOKOHTPOJUIED, aHAJIOTro-1u(poBoi npeodpazo-
Barenb, UART, DMA, COM-niopT
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Abstract. The article presents a structural and functional diagram of a virtual oscilloscope, a de-
scription of the prototyping board, a description of the “COM-port” block. The modes of operation of
the analog-to-digital converter and UART in the STM32 microcontroller are presented. From the presented
modes of operation, the optimal ones for the operation of the virtual oscilloscope unit were selected. The aim
of the study. The main purpose of this work is to develop a virtual oscilloscope based on the STM32 mi-
crocontroller by proposing its structural and functional diagram. Materials and methods. To develop
the structure of a virtual oscilloscope, it is necessary to design a scheme for its interaction with a laboratory
setup, choose the best method for relieving stresses from the points of a breadboard, and a method for trans-
ferring them to a computer. Also, it is necessary to implement the COM port block and its interaction with
the virtual oscilloscope block in the simulation environment. Results. A structural-functional diagram of
the hardware-software implementation of the operation of a virtual oscilloscope has been developed.
The operating modes of the analog-to-digital converter of the STM32 microcontroller are described.
The modes of data transfer via UART in STM32 are described. The format of frames transmitted via UART
is presented. Also, the COM-port block and its interaction with the virtual oscilloscope block in the MARS
simulation environment are implemented. Conclusion. As a result of considering the methods of working
with the internal analog-to-digital converter of the STM32 microcontroller and the methods of working with
UART, it was concluded that the optimal mode of operation is to work using direct memory access techno-
logy. Using a virtual oscilloscope makes it easier to display analog signals by using a large computer moni-
tor. Also, the implementation on a computer allows you to implement the functionality for comparing and
storing information from multiple channels, as well as make it convenient to scale the graph of the dis-
played signal. Also, the use of internal analog-to-digital converters of the microcontroller can significantly
save on the purchase of a real oscilloscope.
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Beenenue

Onpeodenenue. BuptryanpHelii ocuwmiorpadg — 3To ocuuuiorpad, peann3oBaHHBIM Ha 0asze Ipo-
IrpaMMHOTO KOMILIEKCa, He MMerouii ¢pusndeckor peanusanuu. OH MO3BOJSIET 0TOOpa)XaTh CHTHAM,
MOJYYEHHBIN ¢ KaKOTO-TH0O YCTPOWCTBA MM AJIEKTPUYECKOH cxeMbl. [10 cpaBHEHUIO ¢ pealbHBIM OC-
muIorpagoM OH MMEeT 3HAYUTENbHO MEHBIIYI0 CTOUMOCTh M BO3MOXHOCTB €r0 MPOCTOH Moauduka-
uuu [1].

[oTpeOHOCTh B CO3[]aHUM BHPTYaIBHOI'O OCHMILIOTpad)a BO3HUKIIA B CBS3U C CO3JIAHUEM PEalbHO-
BUpTyanbHOH nadoparopuu (PBJI). PBJI — sTo naGoparopusi, B KOTOPOH 3KCIIEpUMEHTANbHBIC JaHHbBIC
MOJIYYaroT C PeabHOro 00BEKTa, a M3MEPEHHs IPOBOSITCS B BUPTYyallbHOM cpeae [2]. Ha nanHbiil MOMeHT
nono6Hast PBJI coznana Ha kadeape KOMIBIOTEPHBIX CUCTEM B ynpaBiieHHH U nipoektrpoBanuu (KCVYII)
TomMckoro rocy1apCTBEHHOTO YHHUBEPCUTETA CUCTEM yIIpaBieHus U paauodiekTporuku (TYCVYP).

LHenbto nanHoii paboTH siBIsieTcsl pa3paboTka BUpTyansHOro ocumiiorpada mis PBJIL [{ns e€ noc-
TH)KEHUSI HE0OXOIUMO CIIPOEKTHPOBATH CXEMY B3aMMOJICHCTBUS BUPTYaJbHOTO ocuuiuiorpada c yiado-
paTOpHOI yCTaHOBKOMW, BEIOpPATh ONTHUMAIBHBIN METOM JUIsl CHATUS HAIPSKEHH ¢ TOUeK MaKeTHOM Ija-
TBHI U CIIOCO0 WX IepeAay Ha KoMibioTep. Tarxke HeoOxoauMmo peanu3oBath 010k COM-nopta u ero
B3auMOJIeHicTBHUE ¢ OJIOKOM BUPTYyalnbHOro ocumiiorpada B cpeae mogenuposanus (CM) MAPC [2, 3].
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B nannoii pabote onucrIBacTCs CTPYKTYpa BUPTYaJIbHOTO ocIyuiorpada, peain3oBaHHOrO Ha 0ase
CM MAPC. IlpuBeneHa cTpyKTypHO-()YHKIIMOHAJIbHAs CXeMa J1adOpaTOPHON yCTAaHOBKM AJISI CHSITHSA
HaNpsDKEHUS ¥ er0 BU3yalM3aliy Ha BUPTyallbHOM octmuniorpade. [IpeacrasineHo onucaHne MakeTHOM
TUIATBl JUIsl TIPOBE/ICHUs dKcriepuMeHTa. OmNHCcaHBl pa3MyHbIE PEXUMBI OMpoca aHaIoro-Iu(poBoro
npeoOpasosarens (ALID), ncnonszyemoro i oUu(pPOBKY aHATIOTOBOIO CUTHAJIA C 3JIEKTPUIECKON CXe-
MBI, H BBIOpaH ONTHMAIIBHBIN pexuM orpoca. [IpoBeieHo cpaBHEHUE METOMIOB Tiepeiadd HHPOPMAIIUH T10
UART-USB anantepy FTDI. Co3nan nporpammusiii 610k B CM MAPC, peamuzytommit padoty ¢ COM-
noptoM. Onucan 6J0K BUPTyaJIbHOTO ociiiorpada u ero B3aumozericraue ¢ 6iokom COM-nopra.

1. Onucanne BUPTYAJIBHOr0 ocumiiorpada
Ha puc. 1 npeacraBnena cTpykTypHas cxema padoThl BUPTYaJIbHOTO ocHMILIOrpada, mocTpoeHHOTro
Ha 6aze PBJI [4].

Kowmmsrotep
STM32
CM MAPC
¥ i IIuHEBI yIIpaBaeHHS
Maketras | " 371, KITFOIaMH
IiaTa 7
USB-UART
2m. 3. | A UART ajanrep COM-nopt| |Ocrmtorpad
KIIFOY | |KITFOY L j (FTDI)
DMA

Puc. 1. CTpykTypHas cxema pa6oTbl BUpTyanbHoOro ocuunnorpacda
Fig. 1. Block diagram of the virtual oscilloscope

Pabora BupTyansHOro ocruuiorpada ocyiecTBiaseTcs mpu nmomoiny BHyTpeHHux AL otinamouHoi
wiatel STM32F7691-DISCO, MHKpOKOHTpOJUIEp KOTOpOi moctpoeH Ha Oa3e apxurektypsl Advanced
RISC Machine (ARM) [5]. Ilunsl, orBenennsie Ha ALl MUKpOKOHTpOIIIEpa, COENUHSIOTCS C TOYKAMH
oTpoca Ha MakeTHOH miate. [lanee curHaibl U3 TOYEK OIpoca, He mpeBbimaromue 3,3 B, mogaroTcs Ha
el AT, rae onn onudposeiBatoTes. 3aTeM onndpoBanHble 3HadeHUs n3 koaa ALl xoneepTupy-
I0TCA B BOJBTHI, MOCJIE YEro KOHBEPTHpPOBaHHbIE 3HadeHUs nepenatrorcss no USB-UART-amantepy
FTDI, umutupytomemy paboty COM-nopta, Ha komnbioTep [6]. B cBoio ouepens naHHbIe, IPUIIIEIINIE
Ha KOMIIbIoTEp, 00pabatriBatoTes O0jokoM «COM-niopT», peanuzoanabiM B CM MAPC [7]. Brocnen-
cTBHU 00paboTaHHBIE TaHHbIE BU3yanu3upytoTcs O1okoM «Ocmmiorpad» 8 CM MAPC.

2. MakeTHasi jiata

MakeTHasi miara NpeAcTaBIsAeT cOOOW 3IEKTPHUYECKYIO MPUHLIUIHAIBHYIO CXEMY, PEaTn3yIOILyIO
paboty Kakoro-nmubo ycTpoicTBa (Hanpumep, GUIbTP 4acTOT, BHIIPSMHUTENIb HAPSDKEHUS U T. 11.). Cxe-
Ma yCTpPOWCTBA MOJe/IeHa Ha OTAENIbHBIE YacTH IPH MOMOIIH JEKTPOHHBIX Kimrouel. Takum obpazom,
MMeeTCs] BO3MOKHOCTh BKJIIOYATh MIIM OTKJIIOYATh OT/IENbHbBIE YaCTH CXEMbI. DJIEKTPOHHBIE KITIOUH pea-
JIM30BaHbl MIPH MOMOILIM YIPABISIEMBIX MAJIOMOIIHBIX TPaH3UCTOPOB. JlaHHBIC TPaH3UCTOPHI OTKPHIBA-
I0TCS TIPH TOJYYEeHUH Ha CBOW 3aTBOp Hampsbkenus oT 1,5 no 3 B. CrmegoarensHo, ux paboToil BO3-
MOXKHO YIIPABJIATH IMPH TTOMOIIH MUKpoKOoHTposuiepa STM32 [8].

Tak kaxk Ha ALl MUKpOKOHTpOJIIEpa HENB3s MOaBaTh HANpsDKEHHE, TpeBblmatomee 3,3 B, B anek-
TPUYECKUX NMPUHLUIHAIBHBIX CXEMaX HCIIONb3YIOTCS COOTBETCTBYIOIIUE NENUTEIH Ui HOCTOSHHOTO
HanpspkeHus. (st Toro yto6s1 ALIIT Mor ynoBUTh OTpHIIaTeNIbHOE HANPSHKEHUE TPU NIEPEMEHHOM CHT-
HaJle, UCTIOJB3YIOTCS ONEPAIllMOHHbIC yCHIHTEeNU. [IpuHIUN UX paboThl 3aKII0YaeTCsl B CMEIICHUH Ha-
NPSOKEHUS. WK ero noHmwkeHny. Hanpumep, npuHuMast Ha Bxoz Hampsokenue —17 B, Ha Beixoge onepa-
LIMOHHBIN ycunurens BeigacT 3,3 B, mpu 17 B — 0 B, a mpu nyne — 1,65 B [9]. Cxema, npeacraBneHHas
Ha pHUC. 2, WUTIOCTPUPYET paboTy ONepalioHHOTO YCUIIUTENS IPU HAIIPsDKEHUH Ha Bxoae B 17 B.
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Puc. 2. Cxema paboTbl onepaLunMoHHOro ycunurens
Fig. 2. Operational amplifier operation diagram

3. Pexxumbl padotsr ALIIT

MuxpoxkonTtposuiep STM32F769NI ocnamen tpemsi 12-6utaeimu ALIL mocnenoBatenbHOTO mpu-
OmwkeHus, 16 KaHaJaMu U BO3MOXKHOCTBIO IIPOBOAUTH ONPOC KAHAJIOB B TPEX PeXHUMax: OJHOKPATHBIN
OTIPOC, HEMPEPHIBHEIN 0TMpoc U orpoc 1o npepriBanuio [10]. CymiecTBYIOT cleayomue pa3HOBUIHOCTH
kanajoB ALl B STM32: perynsipHble 1 UHXEKTUPOBaHHbBIE. PerynspHble KaHAJIbl HCIIONB3YIOTCS IS
OOBIYHOTO OIpPOCa C HOPMAJIBHBIM MPHOPUTETOM. VH)KEKTUPOBaHHBIE KaHANbI HCIONB3YIOTCS VIS Jie-
TEPMHHHUPOBAHHOTO BO BPEMEHHU ONpOca ¢ BHICOKUM IpropuTeToM. Ha Bpems ornpoca MHKEKTHPOBaH-
HBIX KaHAJIOB paboTa peryspHBIX KaHAJIO0B MPUOCTAHABINBACTCS.

Camo npeob6pazoanue ALLI B mporpaMme MOKET OCYIIECTBIISATHCS B TPEX PEKUMAX:

— PeXUM ompoca — B IporpaMMe BhICTaBisieTcsl komanaa Ha onpoc AL, BpeMst oxxuganus OKOH-
YyaHus onpoca (B MHJUTMCEKYHIaX) U yka3atenb Ha Oydep. [locie Toro kak 3HaueHHe curHana ObUIo 3a-
HeceHo B peructp paHHbix ALIL, npoucxoaut ero konuposanue B Oydep. HemoctaTku gaHHOTO pexku-
Ma 3aKII0YaroTCs B 00S3aTeIbHOM PYYHOM BBICTABJICHHM BPEMEHHM OKMAAHHS OKOHYAHUS OIpoOca,
a TaKKe B 3aTpaTax BBIYMCIUTEIBHBIX MOIIIHOCTEH Apa MUKPOKOHTPOIIJIEPa;

— pexum npepsiBanus — orpoc ALl nmpoucxoaut B HempepblBHOM pexume. Kaxenii pas, korma
ALII 3akaHunBaeT npeoOpa3oBaHUe NAHHBIX, IPOUCXOAUT NPEPhIBAHKE, IIOCIIE YEero B MPOrpaMMe IMpo-
WCXOJIUT KONMpOBaHUE MaHHBIX B Oydep. HemocraTkamu JaHHOTO pexXyMa SIBISTIOTCS 3aTPaThl BBIYMC-
JUTETBHBIX MOIIHOCTE! S7pa MUKPOKOHTPOJLIEPa;

— pexxuM padoTsl uepe3 DMA — B ganHoM pexume onpoc AL ocymectsnsiercs 6e3 yyacTus saapa
MHUKPOKOHTPOJUIEPA, C HCIOIb30BaHuEM KoHTposiepa DMA. Takum 00pa3om, JaHHBINA PEXXUM SBISETCS
ONTUMAJIBHBIM TIPU HeTpephIBHOM ompoce kaHainoB AlIll, Tak kak OH HE 3aIEUCTBYET PECypChl MUKPO-
npoleccopa 1 MUHUMH3HUPYET 3aJepKKy MeKAy npeodpasoBanusiMu kaHanos ALIT [11].

[Tockonbky 1711 pabOTHI BUPTYaJIbHOTO OCHMIUIOrpada B pealbHOM BPEMEHH C BBICOKOH TOUHOCTBIO
TpeOyeTcs BBICOKAasi CKOPOCTh MOJIyYSHHsI JTAHHBIX O HANpPSDKEHUHM ¢ MaKETHOH IIaThl, B KaYeCTBE OC-
HOBHOTO pekuma padotel AT Obut BRIOpaH pexum padoThl yepe3 DMA. Camo npeoOpa3oBaHue JaH-
HBIX MPOMCXOJUT B HEMPEPBHIBHOM pEXHUME, ¢ ucnonbzoBanueM AByx ALII, B kaxaoM M3 KOTOpBIX 3a-
JICICTBOBaH OAMH peryssapHbIN KaHai. Mcnons3oBanne nyx AIII mo3BosseT ycKOpUTh Ipolece Moiy-
YeHHs JAHHBIX O HANpPsHKEHHH C JBYX TOYEK MAKETHOM IUIaThl B OTVIMYHE OT HCIOJIB30BAaHHUS OJHOTO
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ANII ¢ aByms peryisipHbIMH KaHajlaMH, Tak Kak Heckonbko ALl mo3BonsioT paboTarh HE3aBUCHMO
JpyT OT ApyTa B OJHOKAHAIBHOM PEKUME.

4. Ilepenaya nannpix no UART

UART - 3to nmocnenoBaTenbHbIil nHTEpdeEiic nepenadn AaHHBIX, KOTOPBIA CIYKHUT A5l KOMMYHH-
Kalui MEXIy TU(POBBIMH YCTPOWCTBAMH.

B PBJI ans cBsi3u MUKPOKOHTpoJUIepa u Kommbiotepa ucrnois3yercs UART-USB-amanrep ot koMm-
nanuu FTDI. MakcumManbHas ckopocTb niepenaun ganHbix uarepdeiica UART — 12,5 Mowut/c [12].

[ockonbky nanneie o UART nepenatotcs B popme kaapoB, A5 mepeaddl JaHHBIX HEOOXOIUMO
paspabotats hopmar nepenasaemoro kaapa. Ha puc. 3 npeacrasnen ¢popmat kaapa, nepeaaBaeMoro ot
MUKpoKoHTposuiepa Ha COM-nopT.

3aronosok Homep kaHana, [aHHbie
Kanpa n=[1.2]
0xb5 0x11 0xn
h hg - T - T
2 GaiTta 1 Ganr 4 Gaita

Puc. 3. dopmaT nepegaBaemoro kagpa
Fig. 3. The format of the transmitted frame

Ha 3aronoBok xazpa otBesieHo 2 Oaiita. DT0 caenaHo Ui TOro, YToObI chOpMHUPOBATH YHHKAIBHYIO
HIeCTHAIATEPUIHYI0 KOMOWHAIINIO, KOTOPasi O3BOJIUT ONPE/ICIUTh Ha3HaueHHe Kaapa. [lepenava Ho-
Mepa KaHalla OCYILECTBIISIETCSI AJIsl TOT0, YTOObI IIOHUMATh, I KaKOTO KaHajla BUPTYaJbHOT'O OCLUILIO-
rpada npenHa3HayeHbl IPUHUMAEMble JaHHbIC. B f1aHHbBIE 3amuchIBaeTCs 3HaUCHUE HANpsOKEHUs Gop-
MaTa 4uciia ¢ IUIaBarOUIeH 3anTOM.

Ilepen Tem kak oTmpaBuTh 3HadeHue HanpsbkeHus ¢ AL, HeoOxoanmo mpeoOpa3oBaTh 3HaUCHHE
HaNpsDKEHUs, TOJIyYeHHOE B BUE HH(POBOro KOJa, B 3HAUYCHNUE HAIPSLKEHUS C IUIABAIOIIEH TOYKOH MO
dhopmyite

y = ADCcode- Vref
ADCres °’
rae ADCcode — nudposoit kox ALII ans nHanpspkenusi; Vref — onopHoe HanpspkeHHE MHUKPOKOHTPOJI-
nepa; ADCres — paspemenne ALl mukpokonTposuiepa. Tak Kak B MUKPOKOHTPOJUIEPE HMCIIONB3YEeTCs
12-6utHsiit AL, 3Hauenne ADCres pasao 4096 [13].

[locne nepecuera unppoBOro KoAa B HANPSHKEHUE MBI MOTyYaeM HanpsbkeHue B auanasone ot 0 1o
3,3 B, HO Tak Kak Mbl YMEHBIUIWIN HCXOJHOE HANPSIKEHHE C MAKETHOH IUIaThl C TIOMOIIBIO JEIUTEIs
HaNpsDKEHUs,, HAaM HEOOXOJMMO MEePEeCYUTaTh MOJYUCHHOE HAMPSIKEHNUE B MUCXOIHOE METOJIOM TPOIOp-
uu. Tak, HampuMep, Mbl MOMYYHIIN 3HaYeHue 2,7 B ¢ MakeTHOM M1aThl, IPU 3TOM MBI 3HAa€M, YTO MaK-
CHUMaJIbHOE 3HAUY€HUE HaIpsKeHUs cxeMsl paBHO 15 B. Torma mel conocrasnseM, 4to 3,3 B — 310 15 B
Ha cXeMe, COOTBETCTBEHHO 2,7 B Oynet x. OTcroaa Mel mosrydaem, 4To x paBHo 12,27 B.

Cyl1iecTBYyOT cieaytoliue crocoos nepeaayun nanHbix mo UART ¢ MukpokoHTposuiepa:

— mepenayda JaHHBIX B OOBIYHOM PEKUME — JaHHBIC NIEPEIAlOTCsl B pEKUME OJIOKUPOBKH, T. €. MHUK-
POKOHTpOJIIep OyzAeT OJOKHPOBaTH BCE OCTANbHBIC OINEpPALlMH OO TeX MOp, MOKa Mepefaya NaHHbIX He
OyzZer 3aBepieHa. DTOT METOJ MPUMEHSCTCS B ciaydae, eciiu ucnoib3yercs Tonbko UART u Huyero
OoJibllie, MHAYe ITO MOBIUSET Ha BCE OCTAJIBLHBIC OTIEPAIUH;

— mepelayda JaHHBIX B PEKUME MPEPBHIBAHHUS — B JAHHOM PEXHMME Iepeada MPOUCXOIUT B HeOIo-
KHUPYIOIIEM peXUMe WK B (POHOBOM pexkrMe. Tak 4To OCTaJIbHbIC MPOLECCH pad0Tal0T KaK HaJIo;

— mepeniada JaHHBIX B peskume DMA — naHHBIN pexyM paboTaeT MpUMEpHO Tak XkKe, Kak repeiada
JIAHHBIX B PEKUME MIPEPHIBAHMUS, OCYIIECTBIISIET IIepeiauy JaHHbIX B HEOIOKUpYoeM peskume. OTHaKo
B OTJIMYME OT PEeKMMa MPEpPhIBaHUS, KOTOPHIH HCHONb3YEeT PECypChl MPOLEccopa MUKPOKOHTPOIIEPa,
JaHHBIA pexuM ncnonb3yer 0ydhep DMA B 00xon mporeccopa. ITo MO3BOJSET COKPATHTL BpeMs Tiepe-
Jlady JaHHBIX [14].

B kauectBe pexuma nepepaun gaHHblXx 10 UART ¢ MUKpOKOHTpoJUIepa Ha KOMITBIOTEDP ObLT BbI-
Opan pexum nepeaaqn yepes DMA.
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5. COM-nopt

JU1d B3auMOJIENCTBUS MUKPOKOHTpPOJJIEPA ¢ KOMIbIOTepoM Hcnonb3yercss COM-nopr. Ha puc. 4
MIPEJICTABIICH TOMOJOTHYECKUi TopTpeT O1oka «COM-mopT», pazpaborannoro B8 CM MAPC. [Jlanubrit

0JI0K SBJIsIETCA BUPTYyaJIbHBIM HHCTpYMEHTOM [15].

CKopocTb
Mopt P
nepega4u
NaHHble, Mony4eHHbIA
nony4YeHHble
no FTDI COM nakeT AaHHbIX
— >

Puc. 4. Tononoruyeckun noptpet 6noka «COM-nopT»
Fig. 4. Topological portrait of the «COM port» block

JlaHHBIN OJNIOK BU3yaTU3UPYET MPOrPAMMHYIO
peanm3anuio mpueMa u nepegadn gaHaex ¢ COM-
mopra. Ha Bxom Oi0oka TPUHUMAIOTCS JAHHBIE C
mnatel FTDI. [lapamerpamu 610Ka SBISAIOTCS HOMED
MopTa W €ro ckopocTh. Ha BbIXOJ mepenaroTcs ma-
KETBhl JTAaHHBIX, B KOTOPBIX COJEP)KATCA 3HAUCHUS
HaIpsOKEHUS AJ1s1 pa3HbIX KaHAJOB.

IIporpamMMHuas peanmusanuss pabOTHI JTaHHOTO
0JI0Ka 3aKJIF0YACTCS B IIMKIMYHOM MPUEME MTaKETOB
NaHHBIX. B OJIoKe peain3oBaHbl PYHKIIUU TTOKAIPO-
BOTO pa30opa NMPUHUMAEMBIX JAHHBIX C WX pasfe-
JICHUEM TI0 KaHallaM, KOHBEPTAIHsI MPUHITHIX OaiT
B 3HAUYCHHUS C IUIABAIOIICH TOYKOMN, HAKOIUICHHS

JTAHHBIX, YCPETHEHUS HAKOIUICHHBIX JAHHBIX U TIepeIadnl COOOIICHUS Ha IPyToi OJI0K.
[Tocne Toro kak gaHHBIE OBUTH HAKOIUICHBI W YCPEIHEHBI, OHU MEePEIatoTCs Ha OJIOK BUPTYAIBHOTO

ocumiuiorpada (puc. 5).

CmelyeHne kaHana A Ocumunnorpag1 CmeweHne kaHana b
Mp Ann Ann Mp
0 [ 0e+0 |10 B

5 Engeal ] ] | 57

e e | T ] ] ] 7 l Q=8 —eom

7 P T A f | 5

10 ., BlesDt | N.0e+02 [lhe+0p ple+0p ) | A0
YcuneHue A | Ycunenne B

g Bukn Bka PazeepTka BH2HPHBIE AHHHHH
CHHXpOHH3 auHa
2 . 10 e dx | 00e+00

J- -L :‘-:':-l: .I!:!l. E MeTkH ana rpadika

YpoBeHE CHHXpOHU3aLMN Mpaduk 1 dY D.000

I!III * ] ] * ] ]

-10 -5 0 5 10

Puc. 5. MaHenb 6noka BUpTyanbHoOro ocuunnorpacda
Fig. 5. Panel of the virtual oscilloscope unit

JaHHbIi OJ0K MO3BOJSIET 0TOOpaXKaTh OCUMIIIOIPAaMMBI [T IBYX CUTHAIOB. B O10Ke peann3oBaHbl
aBTOMaTHYeCKHH MaciTab 1Mo ocu X | 1Mo ocu Y, 3aJaHue ypOBHSI CHHXPOHH3ANUH, K03(h)(OUIIMEHTOB

YCUJICHHA U CMCIIICHUS CUTHAJIOB.
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[locne npuHATHS AaHHBIX OJOKOM Tpaduk M3MEHEHHS 3HAYCHHS HANPSOKCHUS B 3aBHCUMOCTH OT
KaHana OyzeT 0ToOpaKeH B OKHE BUPTYAIbHOTO ocLuuIorpada.

3axinoueHue

B nmannoil pabote mpeacTaBieHa CTPYKTYPHO-(YHKLIHMOHANBHAS CXeMa MPOrpaMMHO-anmapaTHOR
peanuzanuy padoTHl BUPTyanbHOTO ocipuuiorpada. Omucansl pexumMbl padotel ALl MUKpOKOHTpOJI-
nepa STM32. B kauecTBe ONTHMAIBHOTO pexkuMa OblT BEIOpaH pesxkuM pabotel ¢ DMA. Onwucansl pe-
xuMbl iepeayn JaHaeix 1o UART B STM32 ¢ npuBenenueM ¢opmara nepegaBaeMbIx KajapoB. B kaue-
CTBE ONTUMAJILHOTO pexkuMa nepeaayn JanHbeix o UART Obi1 BEIOpaH pexXuM Nepeaun JaHHBIX Yepe3
DMA. Taxxe nporpamMmHO peann3oBal 0ok COM-mopTa u ero B3aMOJICHCTBHE C OJIOKOM BUPTYallb-
Horo ocumutorpaga 8 CM MAPC.
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MOAUD®UKALIMKU ANTOPUTMOB ABTOMATU3UPOBAHHOW CUCTEMBI
YNPABJIEHUA OAUATHOCTUKOM

O.B. JloauHosckuti', loginovskiiov@susu.ru, https://orcid.org/0000-0003-3582-2795
[.B. r'unée?, denis.gilev@urfu.ru, https://orcid.org/0000-0003-1040-5696
1fO)KHO-ypaJ7bCKUL7 2ocydapcmeeHHbili yHusepcumem, YensbuHck, Poccus

2 Ypanbckuti pedeparnbHbIl yHUBepcumem umeHu nepeozo lNpesudeHma Poccuu

b.H. EnbyuHa, EkamepuHbype, Poccus

Annomayus. Ctaths MOCBAIICHA 3a/aue MOAU(UKAINN AITOPUTMOB CHUCTEMbI YIPABICHHUS TUArHO-
CTHKOM JUISl pa3iIM4HbIX chep HApOJHOTO X03iHCTBa. B MpoBeAeHHBIX paHee McCIeqOBaHMUsAX ObUIO ycTa-
HOBJICHO, YTO 3aj]jaya YIPaBJICHUS TUATHOCTHKOW SIBJISETCS BaYKHOM M HEOOXOAMMOH, MpH 3TOM AJIs e€ pe-
HIeHUs TpeOyroTCs HOBBIE 3()(PEeKTHBHBIE METOJIBI, TO3BOJISIOIINE C BEICOKOW TOYHOCTBIO OTHOCUTH OOBEK-
THI K TOMY WJIH HHOMY KJIacCy BHE 3aBUCHMOCTH OT UX BHYTPEHHEH cOCTaBIstomel. [Ipu 3ToM BBIIBUTAIOT-
Csl OCHOBHBIE TpeOOBaHMs K quarHoctuyeckuM cucremam. lleab mcciaenoBanus. Llensio nanHoi paGoThl
ABJISIETCS TOCTPOEHHUE MOAN(DHUKALNIT aNTOPUTMOB METOZIa KOMUTETOB JIsl pEIICHUS 3aJa4ll paclio3HaBaHUs
00pa3oB, a TaKkKe WX WIUIIOCTPaLs Ha KOHKPETHOM IPHMEPE THArHOCTUKH CTOPOXKEBBIX T'OJIOBHBIX O0JICH
IPU UHCYNBTE OT Apyrux. MaTepuajbl H MeToabl. MoanuKanus aaropuTMOB METO1a KOMHTETOB IIPOU3-
BOJIMTCSI HA OCHOBE IPE/CTABICHUsI CUCTEMBl HEPABEHCTB B MOJSIPHOM (popMe NMpH HCIIOIB30BAHUH ANTO-
pHUTMa IIOCTPOCHUS MUHUMAIBFHOTO KOMUTETa UCXOTHON cucTeMbl. [loka3piBaeTcs 3¢ (eKTHUBHOCTh KOHEU-
HO-IIIaTOBBIX aJITOPUTMOB, OCHOBAaHHBIX Ha MOHIKXCHUU PAa3MEPHOCTH MCXOIHOH 3a/aud, B TOM YHCIIE Me-
TOJl IPOEKTHPOBAHHUS HA IIOCKOCTh. JIOCTOMHCTBOM 3TOTO METOJA SIBJISETCS €r0 Majas BBIYHCIHUTENbHAs
CIIO)KHOCTB, a TaKXKe COJepKaHNE MUHIUMAJIHHOTO YHCIIa WICHOB KOMUTETAa CUCTEMbI HEPaBEHCTB. Pe3yJib-
TaTbl. Moau(pUKaLNY AITOPUTMOB METOIa KOMUTETOB IIPUMEHSIFOTCS JJIsl KOHKPETHO# 3a/1a4u AUarHOCTH-
KU TOJIOBHBIX O0JIeH, P 3TOM METOJ OKa3bIBaeTcs 3(h(PpeKTUBHBIM, O UM TOBOPST HU3KHE OIIMOKH pacro-
3HaBaHUs TIEPBOTO M BTOPOTO poja Ha TeCTOBOH BhIOOpKe. Takke nenmaercs BHIBOA, YTO 3a4ada JUarHOCTH-
KH MMeeT OOLIyI0 CTPYKTYPY BO BCEX 00JIacTsAX, B TOM YHCIIE TEXHHYECKOH, IKOHOMHIECKOH, ICUXO0JIOTH-
YeCKOH, KpUMUHAIMCTHYECKOH, B CBSI3M C YeM IPEIUIOKEHHBIE aJTOPUTMBI MOTYT OBITh IPUMEHEHBI U IS
YKa3aHHOTO psja 3a/1ad. Taxke BO3SMOXKHOCTh IPUMEHEHHUSI METO/Ja KOMHUTETOB KaK HEKOTOPOTO aHCaMOIIs
METOJOB, HA OCHOBE KOTOPOTO BO3MOJKHO CO3/1aHHE aBTOMATHU3UPOBAHHOM CHUCTEMBI YIPaBICHUS AUATHO-
cTuKoi. 3akodyeHue. [TomydeHHbIe pe3yabTaThl MO3BONAIOT YTBEPXKIATh, YTO HCIIOIB30BaHHE MOIUGH-
[IUPOBAHHBIX AJTOPUTMOB METOJIa KOMHUTETOB MO3BOJIIET OCYIIECTBIATH dPPEKTUBHOE YIIPAaBICHNUE IHar-
HOCTHKOW TOJIOBHBIX OOJIEH.

Knrwouesvie cnosa: nuarHocTuka, METOJ KOMUTETOB, 3aJadya pacloO3HaBaHUS 00pa3oB, MPOTHO3, aH-
caM0JIb METO/I0B

bnazooapuocmu: ABTOpPHI BBIpaKaroT OJaroJapHOCTh Hpodeccopy, MOKTOPY METUIMHCKHX Hayk
Enene PazymoBHe JleOeneBoii 3a mpenocTaBieHHyI0 6a3y HaHHBIX 110 TOJIOBHBIM OOJISIM M 32 TIOMOIIb B Me-
JULMHCKOM MHTEpIpeTalHu.

Hna yumuposanun: Jlornnosckuit O.B., I'mnés /I.B. Momudukannm airoputMoB aBTOMaTH3UPOBaH-
HOM cHcTeMbl ympasieHus auarHoctukoil // Bectauk FOYpI'Y. Cepus «KoMmIbroTepHbIE TEXHOJOTHH,
ympaBJeHue, paanoeKTponuka». 2022. T. 22, Ne 4. C. 76-84. DOI: 10.14529/ctcr220408
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Abstract. The article is devoted to the task of modifying algorithms of the diagnostic management sys-
tem for various spheres of the national economy. In previous studies, it was found that the task of managing
diagnostics is important and necessary, while new effective methods are required to solve it, allowing objects
to be assigned to a particular class with high accuracy, regardless of their internal component. At the same
time, the basic requirements for diagnostic systems are put forward. The aim of the study. The purpose of
this work is to construct modifications of the algorithms of the committee method for solving the problem
of pattern recognition, as well as their illustration on a specific example of the diagnosis of sentinel head-
aches in stroke from others. Materials and methods. The modification of the algorithms of the committee
method is based, on the representation of the system of inequalities in polar form, using the algorithm for
constructing the minimum committee of the original system. The efficiency of finite-step algorithms based
on reducing the dimension of the original problem, including the method of projecting onto a plane, is
shown. The advantage of this method is its low computational complexity, as well as the content of the mi-
nimum number of members of the inequality system committee. Results. Modifications of the algorithms of
the committees method are used for a specific task of diagnosing headaches, while the method proves to be
effective, as evidenced by low recognition errors of the first and second kind in the test sample. It is also
concluded, that the diagnostic task has a common structure in all areas, including technical, economic, psy-
chological, forensic, and therefore the proposed algorithms can be applied to the specified number of tasks.
There is also the possibility of using the committee method as a certain ensemble of methods, on the basis
of which it is possible to create some automated diagnostic management system. Conclusion. The results
obtained allow us to assert that the use of modified algorithms of the committee method allows for effective
management of headache diagnostics.

Keywords: diagnostics, method of committees, pattern recognition task, forecast, ensemble of methods

Acknowledgments: The authors express their gratitude to Professor, Doctor of Medical Sciences Elena
Razumovna Lebedeva for providing a database of headaches and for assistance in medical interpretation.

For citation: Loginovskiy O.V., Gilev D.V. Modifications of algorithms of the automated diagnostic
management system. Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic
Control, Radio Electronics. 2022;22(4):76—84. (In Russ.) DOI: 10.14529/ctcr220408

Beenenue

Bonpockl panmoHanbHOTO YIpaBieHUs] 00bEKTaMH COLMAIBHBIX U 9KOHOMHUYECKUX CHCTEM Hepas-
PBIBHO CBA3aHBI C JUAarHOCTUKON. B alekBaTHOM M AOCTAaTOYHO PaHHEM JMArHo3€ HY>KJAKOTCS HE TOJb-
KO OOJIbHBIE JIIOJH, HO U SKOHOMHYECKHUE, COLIMAIbHbBIE M MOJIUTUIYECCKUE CUCTEMBl U MHCTUTYTHI, KyJlb-
Typa, Hayka u TexHuka [1]. [Ipu 3ToM mporiecc TMarHOCTUKH MO3BOJISET HE TOJIBKO COCTaBUTH TEKYyIIee
COCTOSIHHE HCCIIENyeMOro 00beKTa, HO M YBUAETh JIEMEHTHI M B3aUMHBIC CBSI3H BCEX €0 MEXaHU3MOB,
YTO MO3BOJISIET JyYIlle TIOHUMATh, Ha YTO HEOOXOANMO HAIIPAaBUTh YCUJIME M BHUMaHHE, KaKue UMEHHO
yIpaBJIEHYECKUE PELICHUsSI IPUHAMATD. [[JIs 3TOro HEOoOXO MO HM3ydYaTh Kak caM MPOLEcC JHAarHOCTHU-
KH, 3aKJIIOYAIOIINICA B TEOPETHUECKUX acTeKTax, TaK U HEMOCPEICTBEHHO METO/Ibl, HA OCHOBE KOTOPBIX
BO3MOKHO IOCTPOEHHE UCKYCCTBEHHBIX TUAarHOCTUYECKUX CUCTEM.

Uzyuenne u popMupoBaHre rHOKUX TEXHOIOTHIA TUATHOCTHKH, BO-TIEPBBIX, MPEACTABIISIOTCS BAXK-
HBIMU JUIs1 O0Jiee TITyOOKOTO MOHWMAaHHUS IIPUPOJIBI HAYYHOTO TTO3HAHUS B LIEJIOM, & BO-BTOPBIX, TI03BO-
JSIIOT pelIaTh KOHKPETHBIE MPUKIIAAHBIC 3a/1a41, TEM CaMbIM yBEJIHUYUBask 3(P(GEKTUBHOCT YIPABICHUS
OpPraHHU3aLMOHHBIMU U TPOU3BOACTBEHHBIMH CTPYKTYpaMH.
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1. O030p uTEpaTYpBI

B nactosimee BpeMsi HanOosiee pa3BUTOI 00JIACTHIO SBISIETCS MEIMIMHCKAs JUarHOCTUKA, XOTA ca-
Ma JUAarHoCTHKa KaK HayKa IMOABUJIaCh COTHHU JICT Ha3aJ U pa3sBHBaJIaCb OJHOBPEMCHHO C XI/IMHeﬁ, ouo-
noruei, Gu3nkor U Apyrumu. CyIecTBYIOT pa3indHbIe BUJIBI TUATHOCTHK, KOTOPBIE MOXKHO Pa3JelUTh
1o 0o0acTsIM UX npuMeHeHus. Ha pucyHke yka3aHbl OCHOBHBIE TaKU€E BUIBI.

Jnarnocruka
DKOHOMHYECKAS Kpumunanucrayeckas TexHUuecKas
JF y
Conpanbuag INcuxonornyeckas

Buabl AMarHocTuku
Types of diagnostics

[Ipu 3TOM K nuarHocTHke B [2, . 8] BBIIBUTAIOTCS HEKOTOpPhIE TPEOOBaHHS, KOTOPBIE MOTYT CITy-
KUTH OOIIENONArafolMMH KO BceM e€ BHIaM. DTH YCIOBHS 3aKJIIOYAIOTCS B LEJICHANPABICHHOCTH, TO
€CTb TOYHOM 0TOOpE OOBEKTOB IJISi M3YyUYCHHUs, U HENPEPHIBHOCTH. TaKkKe NOJDKEH YUUTBHIBATHCS KOM-
TUIEKCHBIN MOJXOJ K JWAarHOCTHKE, IPU KOTOPOM OOBEKT paccMaTpUBaeTCs He Kak OTAeNbHas KOHCT-
PYKLMS, @ KaK HEKOTOPBIN KJIACTEP B3aUMOCBS3EH ¢ BHEIIHEN Cpeloi.

B [3, c. 11] auarHocTuKa onpenensercsl Kak «TJIaBHBIH MHCTPYMEHT OMNpEAENICHUS IPaHULl MEX-
Iy...». Ilpy 3TOM Kakux TpaHUIl ¥ MEXy YeM U YeM — YyTOUYHAETCS B 3aBUCUMOCTH OT TOTO, KAKOB CaM
00bekT muarHocTuky. [locie onpesenieHnst TpaHuIl U BBIIEICHUS] 00beKTa HEOOXOAMMO TIEPEHTH K cie-
JTYIOIUM 3TanaM: CpaBHEHHE, aHAJIU3, IPOTHO3UPOBAHKUE, HHTEPIPETALMS, KOHTPOJb 3a BO3JACHCTBHEM
Ha JUarHOCTHPYEMBIX PAa3IHUYHBIX JUATHOCTUYECKUX METOAOB.

CTouT OTMETHTH, UTO JUATHOCTHKA HE CTABHUT IIEJIBIO MOJIYICHHE HOBOTO 3HaHus [4, c. 12, 13], ona
npu3BaHa 3a()UKCUPOBATh TEKYIIEE COCTOSIHUE IO ONMPEAeIEHHBIM NapaMeTpaM U OLEHHUTh €ro C MO3H-
LM TIPEACTABICHUS 00 «UAeaIbHOM» COCTOSHUU. U, cienoBaTesnbHO, 1eb AUATHOCTUKU — OMHMCAHHE
COCTOSIHUS U TIPOTHO3UPOBAHUE CUTYyalH. M3 4ero GopMylIupyroTcs CleAyIoIne MOIX0Abl K JHATHO-
CTHKE:

— HOPMAaTHBHBIH, KOTOPBIN ONUPAETCS Ha TPAAULMOHHYIO KOHLIEIIUIO YIIPABIICHUS;

— CUTyallMOHHBIH, B KOTOPOM MPOIECC YIPABIEHHUS MPEACTABIAETCS KaK HENMpepbIBHAS LENb YHU-
KaJIbHBIX, HETTOBTOPUMBIX YIPABICHUYECKUX CUTYallUl, C KOTOPBIMH CTAJIKHUBAECTCS JTUII0, IPUHUMAIOIIEe
pelIeHue;

— MPOOJIEMHBIH, pacCMaTPUBAIOIIUI YIIPABICHYECKYIO CUTYAIMIO KaK YHHKAJIBHOE COYETaHUE MpO-
6J1eM, KOTOpbIe BOZHUKAIOT Ha Pa3IMYHBIX YPOBHSAX.

Be3ycnoBHO, HEOOXOIUMO YUHUTHIBAThH CHEU(UKY 00JacTH, K KOTOPOH OTHOCHUTCSI TUarHOCTHpPYe-
MbIi 00beKT. Tak, HanpuMep, Ui AMArHOCTUKU AEATEIBHOCTH MPEANIPHUATHS IPUMEHSIOT CIIeHHUANIbHBIC
MeToasl. Crienys [5], MX MOXKHO MOJpa3AeTuTh Ha CTpaTeruHieckue, OnepaTuBHBIE U METOBI CaMOIUar-
HOCTHUKH, yJIEJIsIsl IPH 3TOM 0co00e BHUMaHKeE TUIaHUPOBAaHUIO AMarHOCTUKU. Kak rmokasaHo B [6], Hema-
JIOBXKHBIM SIBJISIETCS] ONPEAETICHNE OXHMIACMBIX PE3yJIbTaTOB JUATHOCTUKU B BUAE (UKCAUU KOJIHYE-
CTBCHHBIX M KAa4YeCTBEHHBIX IOKa3zaTeliell 00bekTa, MPUUEM HEBa)KHO, YEJIOBEK ITO, OPraHW3alus WIN
CHCTEMa OTOILICHUSI.

Bcé BplmensnoskeHHOE MO3BOJISIET NPUITH K BBIBOAY, YTO, HECMOTPs Ha 0OJblIOE pazHOOOpasue
BUJIOB JMAarHOCTHKU B 3aBUCHMOCTH OT OTpaciieid, HeB3upas Ha UX crequduky, KoTopas OTACTIbHO U3Y-
YaeTcsl B KaXI0i 00J1acTH, BOPOCH TUATHOCTHKH MOTYHHEHBI (hopManbHOH Joruke. MHBIME crioBamMu,
CYITHOCTh JTMAarHOCTHKH MOKHO H3JO0XKHTh C IMOMOIIbI0 MaTEeMaTHYECKUX MOJeNed, UCHOJb3ys IpU
3TOM aBTOMAaTH3HPOBAHHBIE MPOLECCHI, YTO MO3BOJISIET (HOPMAIM30BATh U YIIPOCTUTH MPOLECC AUATHO-
ctupoBaHus. [Ipudém 3TO BO3bIMENIO CBOU IIIOABI B 9KOHOMHUYECKoH [ 7], menaroruyeckoii [8, 9], Texuu-
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yeckol [10], menuuunckod nuarHoctuke [11]. OCHOBOM MaTeMaTHUYECKUX ACIEKTOB JUATHOCTUKH CILy-
JKUT TEOpHs pacro3HaBaHus 00pa30B U COBPEMEHHBIE METOIBI MAITMHHOTO 00yueHus [12].

OCHOBHBIMH MaTEMaTHYCCKUMH MOJCISMH 3aJa4 paclo3HaBaHUsS 00pa30B, KOTOPHIC MO3BOJISIOT
pemath AMarHOCTUYECKHE MPOOJIEMBI, SBJISIOTCS NTUCKPUMUHAHTHBIA aHAIW3, TAKCOHOMUS, OICHKA H
BBIOOP MH(OPMATUBHBIX CHCTEM NPU3HAKOB, METOJ] KOMHUTETOB, METO]| ONIKANUIIINX COCEeH, a TaKkKe
HEKOTOpbIE CIeU(PUIESCKHE alTOPUTMBI, TAKHE KaK JIOTUCTHYECKAs PErpeccHs, CIlydallHBbIA Jiec, He-
POHHBIE CETH.

2. MaTtepuaJjbl 1 METOABI

[Ipobnembl IMarHOCTUKH, B YaCTHOCTH Au(hepeHIMaIbHOM, KaK TOKa3al aHaIu3 JIUTEPaTyphl, 3¢d-
(DEKTHUBHO CBOJATCS K MATEMAaTHYECKUM 3a/1a4aM pacrio3HaBaHus 00pa3oB. YacTo ais ux pelieHus mpu-
OeraroT K MOJENSM IMPHHATHSA PEIICHWH Ha OCHOBe KOHcHiIMyMma. [1o CyTH CTposITCSi HEKOTOpBIE pe-
LIAIOLIME NPAaBUJIA, KOTOPbIE MOJKHO MPEICTaBUTh B BU/IEC CUCTEMBl HEPABEHCTB, B OOJIBLIMHCTBE CIyda-
€B HECOBMECTHBIX. [/ moryyeHns: pemeHns TakuxX CHCTEM HCIIONB3YeTCsl METOA KOMUTETOB, Oiarona-
PsI KOTOPOMY IIOCTaHOBKA 3a/1a41 MOAUMUIUPYETCSI U CTAHOBUTCSI HEIPOTUBOPEUMBOH.

KomuTteToM HECOBMECTHON CHCTEMBI OTHOPOIHBIX CTPOTUX JTMHEWHBIX HEPABEHCTB

(cj,x)>0, j=L...,m,

1 2k+1
rae c; € R", x e R" HaspIBaeTCs TaKOE€ MHOKECTBO {x ey X ke }e R", 4TO KakJIOMy HEPABEHCTBY

CHCTEMBI YIOBJIECTBOPSIOT HE MeHee k+ | anemeHToB 3TOro Muoxectsa [13]. IlepBriMu MeTomamu mo-
CTPOEHUSI KOMUTETOB OBUIH UTEPALMOHHBIE METObI O0YUIEHHS MIEPCENITPOHOB 3a/1a4e JUCKPUMHHAHTHO-
ro asanuza, onucanuele B [14]. IIpu 3ToM omHMMH U3 cambIX 3QQEKTUBHBIX OKa3aJUCh KOHEYHO-
[IaTOBBIC AJITOPUTMBI, KOTOPHIE OCHOBAHBI HA MOHIKCHUH pa3MepHOCTH UcXogHou 3anaun [15]. Cpeau
HUX MOXKHO BBIICITUTH METOJ IPOEKTUPOBAHHS Ha TUIOCKOCTb.

OCHOBHBIMH JJOCTOMHCTBAMHU 3TOT0 METOJa MOKHO CUUTATh €ro IHUPOKOE MPUMEHEHHUE IS pelle-
HUSl KOHKPETHBIX 33734 JUCKPUMHMHAHTHOTO aHAJHW3a, B OCOOCHHOCTH H3-3a MAJIOM BBIYHCIHTEIBbHON
CJIO’KHOCTH, & TaKKe€ TO, YTO ITOJIyYCHHBIH B pe3yJbTaTe alrOPUTM COIEPXKHUT HE OoJiee m WICHOB, YTO
COOTBETCTBYET OLICHKE YHCJIa WIEHOB MHHUMAJILHOIO KOMHUTETa CUCTEMBbl HepaBeHCTB. Ha ocHOBe yka-
3aHHOTO MeToja ObUI NpeayokeH MOAW(UIMPOBAHHBIN ANTOPUTM, OCHOBAHHBIA HAa TPEICTABICHHUS
TOYKH B MOJIIPHBIX KOOPAMHATAX.

. 2.

Moougpuyuposarnnwiii areopumm. Ilycth UMeeTCs cucTeMa HEPaBeHCTB Haa R°:

(a;,h)>0, j=1....,m.

IIpexmonaraeM, 9T0 B MHOXKECTBE BEKTOPOB {a; : j =1,...,m} HET KOJIMHCAPHBIX Map M HYJIEBBIX
BekTOpoB. [IpencTaBnenne HepaBeHCTBA B HOISIPHOM (popMe MPON3BOAUTCS IO CIEAYIOIIEH cxeMe.

1. IlpeacTaBuM TOUKY @; B MOJISPHBIX KOOPIMHATAX MO (hopMyIaM

arcsin(a, / r;), ecma; >0,a;, 20;

*

¢; =m—arcsin(a;, /r;), ecmna; <0,a;, —mobdoe;
2n+aresin(a;, /'r;), ecmna; >0,a;, <0,
[2 | 2
Tae r; =4/a; +aj, #0.
2. Torna HepaBeHCTBO (a;, ) > 0 3anuiieTcs B BUJIE
(-1, (pj- +m/2), ecmu (p; €0, m/2);
(', 0))= {(+L,¢;-n/2), ecmg;e[n/2,3n/2);
(-1, (pj. —3n/2), ecmu (p; €[3n/2,2n);
(0}, 9}) = (=0, @} + ).
Takum o6pa3om, HepaBeHCTBY(a;, /1) > 0, 3aJlaHHOMY B JIEKapTOBBIX KOOPAUHATAX, B MOJSPHBIX KO-

o1 2 2
opauHaTax OyayT COOTBETCTBOBATH ABE MAPbl, Pa3CleHHbIC YepTOi: (G ;,¢;)[(07,97).
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1 2

IIpn srom Hepaserctso (+1,¢;)|(=L ¢7) Oyzaer onpenensTs MOMYIIOCKOCTb, COACPIKALLYIO BCE
Jy4d C yIiIaMd HOJSIPHOM ocu Oouiblie, 4eM (plj, HO MEHbILE, YeM (pf.. AHaJIOTUYHO HEPaBEHCTBO
(-1 (pb) | (+1, (p?) OyzeT onpenensiTh NOITYINIOCKOCTb, COACPIKALIYIO BCE JIy4d C YIIaMHu MOJSPHON OCH

MEHbIIIe, 9eM (pi- , M BCE JIy4H K TIOJISIPHOM OcH OOIIbIIe, YeM (pi- .

[IpencraBuB KaXKJ0€ HEPABEHCTBO MCXOJHOW CHCTEMBI B MOJISIPHON (hOpMe, MOIyduM MHOKECTBO
nap {(Gb, (pi-) v (G?, (p?) | jel}. YnopsmouuB mapsl 3TOr0 MHOXKECTBA M0 BO3PACTAHUIO BEIMYUHBI TI0-
JSIPHOTO YTJIa, TIOJIYYUM TIOCIIE0BATENBHOCTD TIap JJUHBL 2/ , COCTOSIIYIO U3 JIBYX TOJIOBHH, KOTOpPEIC

oo 1 11 2 2 2 2
OTJCIUM APYT OT Apyra 4epToit: (6, ¢ ),....(c; ,¢; )[(57, 9} ),...,(5] ,9; ).
N 2 1
Takast cTpyKTypa MOC/IE0BATEIBHOCTH I1ap CTAHOBUTCS TOHSATHOW M3 TOTO, 4TO ¢F =@, + 7T H
1 1 1
<op. <0, <..<0;
0<¢; <o, <..2@; <m.

Ecnu B mocnenoBaTenbHOCTH Map CMEXHBIE APl TAKOBEI, YTO MEPBBIN IIEMEHT MPEAIECTBYIOMICH
mapel paBeH +1, a epBhIil AIEeMEHT NOCTeMyIoIIel mapsl paBeH —1, To MbI Oy/IeM TOBOPUTH, YTO UMEET
MECTO TIOJIOKUTENbHAsI CMEHa 3HaKOB. B nmanmbHeleM, roBopsl O MOJOXKHUTEIHHBIX CMEHaX 3HAKOB, OY-
JIEeM UMETh B BHJIy Y BHEIIHIOIO MOJIOKHUTEILHYIO CMEHY 3HAKOB.

U3 reoMeTprieckux cooOpakeHU SICHO, YTO BCSAKas MOJOXKHUTENbHAS CMEHA 3HAKOB B IOCIIEI0BA-
TENBHOCTH T1ap OIpeNeNsieT KOHYC pPelleHuil HEKOTOPOil MaKCHUMalhbHOH COBMECTHOW IMOJICHUCTEMBI UC-
XOJTHOU CHUCTEMBI.

Jlaee MOKHO OOPAaTUTHCS K alTOPUTMY TOCTPOSHHS MUHHMAIbHOTO KOMHTETa UCXOIHOW CHCTe-
MBI, KOTOPBIH OBLIT Ipe/iokeH B padoTax [16]. CyTh 3TOro anroputMma 3aKiIfo4aeTcs B CICAYIOIEM.

1. Meronom cBepthiBanusi C.H. UepHrukoBa HaXoauM MHACKCH BCEX MUHUMAIBHO HECOBMECTHBIX

noxcucrtem cucremsr: 1,75, ..., T -

2. Ilo MHOXXECTBaM Ti . T2 yeeey Tp CTPpOUM HMHACKCHI BCCX MMHHUMAJIBHO HECCOBMCCTHBIC MOACUCTCMBbI

cucremsl: J,,J,,..., Jp .
3. BBoauM B pacCMOTpEHHE BEKTOPHI B; €R™, y xoropsix Ha /-M Mmecre crout 1, ecnu [ €J;,
u —1 B mpotuBHOM ciy4ae. [Tomyuaem 3anady 1eTOUYNCIEHHOTO POrPaMMHUPOBAHUS:
min (v +v, +...+v,);
VB +v,By +...+ Vv, B >0;
v=(vl,v2, ...,VS)Z 0;

V — LIEJIOYUCIICHHBII BEKTOP.

4. Ilyctb BEKTOp V = (171,72, ,173) € R’ — peuieHue 3a1a49d U jj, j,, ..., Jg — HOMEpa HEHYJIEBBIX
KOMIIOHEHT BEeKTOpa Vv . J{1s KakJol M3 MaKCHMaJIbHO COBMECTHOM MOJACUCTEMBI HCXOQHON CHCTEMBI C

HHIEKCAMU jjl’ J Jyr e Jj j, HAXOMMM IO OIHOMY PCIICHHIO: X, , X

,X. ,...,x; €R". Tormna MHOX€eCTBO
N J2 g

J

{x oo Xjps e X s X } Oyzer MUHHUMAaIbHBIM KOMUTETOM CHUCTEMBI.

et -

Vi Vig

st peanuzanyy MyHKTOB 1, 3, 4 IMEIOTCS XOpOIIO pa3paboTaHHbIE METOBI.

Ha ocHoBanmm yka3zaHHOTO BBIIIE aJTOpPUTMa IpeaaraeTcsl ajJrOpPUTM IONYYEHHUS BCEX MaKCH-
MaJIbHO COBMECTHBIX MOJICHCTEM CHCTEMBI IO U3BECTHBIM HHJIEKCAaM BCEX MHUHHMAJIbHO HECOBMECTHBIX
HOJICUCTEM.

[IycTh 3amanpl MHOXECTBO [ = {1, 2,..., m} U noaMHoxecTBa Homepos 11,715, ..., T » » COCTABIIAIO-
mux MHIT: 7, c/1,i=1,2,...,p.

HeoOxonumo HaliTH BCe TakKue pasluyHble MHOXECTBA J),J,,...,J 1 J = I , xaxxz0e U3 KOTOPBIX

80 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 4. P. 76-84



Jloeunoeckut O.B., Nunée /[.B. Modudghukayuu anzopummoe aemomamu3upoeaHHoU
cucmembl ynpaesieHust duazHocmukolu

He cojepkano Obl HU oxHOro u3 MuHoxects 1,7,,...,T »» » HO TOIIOJHCHHE XOTS OBl OJIHOTO M3 MHO-

xectB J|,J,,...,J; HOBBIM 211eMEHTOM U3 [ MPUBOIMIO ObI K HAPYIIEHUIO STOTO CBOMCTBA.
Beenem OunHapHbie HAOOPHI

o = (O, Oz vy Oy ) 5

i} 0, eculeT};
rae o; € E ,EZ{O’I}’aﬂz 1, ecmuleT

[Tomyuyum MHOKeCTBO HAOOPOB O, Uy, ..., OL » € E™ . OpranuszyemM MHOeCTBa
4 ={aeE"|o<a,}(i=12,...,p).

P
U3 Hux oOpa3yeM MHOXKECTBO A = Ui_l 4;.

Herpyano 3ameTuTh, 4TO €ClM B3ATh MPOW3BOJIBHBIN HA0OpP O € A, TO MHOXKECTBO HOMEPOB €ro
HYJICBBIX KOMIIOHCHT OyJeT CoepxaTh XOTs Obl 04HO U3 MHOKeCTB 11,15, ..., T, .

C npyroii CTOpPOHBI, €CIM B3sITh IIPOU3BOJIBHOE IOAMHOXKECTBO 7' < / Takoe, 4TO CyLIECTBYET I,
npu kotopoM I'DT;, u NOCTaBUTh €My B COOTBETCTBUE HAOOP az(al,az, ooy am) e E™, moctpoeH-
HBIH O MTPaBHITY

0, ecmuleT;
Otl =
I, ecnuleT,,
TO LeA.
HpI/IBeIIeHHBIe KakK y)Ke U3BCCTHBIC aHFOpI/ITMBI, TaK U OCHOBAHHBLIC HA HHUX MOIII/I(l)I/IKaHI/H/I, BO-
TIEPBBIX, JTOTIONHSIOT TEOPETHIECKHE OCHOBBI METOJa KOMUTETOB U, BO-BTOPBIX, MO3BOISIOT BHEIPUTH
WX B MAKEThI MPOTPaMM JUATHOCTHKH JIJIS PEIICHUS B TOM YHCIIe MEAWIIMHCKHX 3a/1a4.

3. lIpukiagHoii npuMep U o0cy:KaeHHE

Kak 0bUTO cKa3aHO BBINIE, METOJI KOMHUTETOB AKTUBHO NMPHMEHSETCS Ha MPAKTHKE YIS PEIICHUS
LIMPOKOTo psna 3amad. C HeNplo WIIIOCTpauud paboThl BhILIE ONMCAHHBIX aITOPUTMOB B cpene Ipo-
rpammupoBaHust Matlab Obuta perieHa KOHKpeTHas 3a7ada KIacCU(pUKaLUU CTOPOKEBBIX TOJIOBHBIX 00-
JIeH TIPY MHCYJIBTE OT BCEX OCTAJBbHBIX MIEPBHYHBIX TOJIOBHBIX OOJEH.

I'maBHOI 3ajmadeil WcciaenoBaHMs, B KOTOPOM y4YacTBOBAJIM W HEBPOJIOTH, SABJSIIOCH ONpEesieHHEe
YEeTKHUX, KIIMHHYECKH 00OCHOBAHHBIX CHUMITOMOB CHENM(UYECKONW TOJIOBHON OOIM, CBSA3aHHOW C HIlle-
MHYECKUM HHCYIbTOM. HeBposorn HaOmonanm 3a COCTOSHUEM ABYX IPYIII MAIUEHTOB — C TIEPBBIM HH-
CYJIBTOM U T€X, y KOI'0 OTCYTCTBOBAJIM KaKHE-INOO OCTpPhIe HEBPOJOTMUYECKHE HAPYLICHUS HIIH TSDKEIIbIe
paccTpoiicTBa (MHCYJIBT, OIYyX0Jb U TPABMBI TOJIOBHOT'O MO3ra, SIUIEICHS, IEMEHLUS U IPYTHUE Cephe3-
HBIE HEBPOJIOTHYECKHE U coMaThueckue 3abonieBanwmsi). llepBas rpymma HacuuThiBaiga 550 4esoOBEK,
BTOpasi, KOHTpoJbHast, — 192.

UccnenoBarenn KiaccUPpUUUPOBAIN Pa3MUHbIC TOJOBHBIE OOJIM, BO3HUKABILKE y MAIlMEHTOB W3
o0enx Ipymnn B TeUCHHE IoAa JI0 MOCTYIJICHUs B 0nHy U3 OonbHML ExaTepunOypra, a Takxke 3a HEEIIo
70 MHCYNbTa M B JAC€Hb MHCYJbTa. BbUIN BBIOENCHBI TPU THIIA TOJOBHBIX OOJEH: TOJOBHBIE 00N, YXKe
3HAKOMBIE MalUCHTaM; TOJIOBHBIE 0OJIM, KOTOPBIX HHUKOTJa He ObUI0 paHee (OOTM HOBOTO THUIA) U TO-
JIOBHBIE OOJIM ¢ U3MEHEHHEM XapaKTEePUCTUK (OTIMYAIUCH CHIHHON MHTEHCHUBHOCTHIO, BHICOKOM 4acTo-
TOH, MPOAOJKUTEIFHOCTHIO, CTAHOBWIIMCH MYJICUPYIOLUIMMHU, CONPOBOXIAINCH TOIIHOTOW, PBOTOH,
CBETO- U 3BYKOOOSI3HBIO, INI0XO MOJNABAINCH ACUCTBHIO aHAJIBIETHKOB). Jlanee ObuUIN MpUMEHEHBI pa3-
JIMYHBIE METOJBI CTATHCTHYECKOTO aHAIM3a, B TOM YHCJE METO/a KOMUTETOB. B aHHOH cTaThe MBI He
aKLEHTHUPYEeM BHUMaHHE Ha METUIIMHCKON IMMOCTAHOBKE 3a/1a4yM, TaK KaK 3TO BCEro JIMIIb MJUTIOCTPATHB-
HBII IpUMep pabOoThl YKa3aHHBIX BEIIIE aJITOPUTMOB.

OcTaHOBHMCS JIMIIb HA OLEHKE KauecTBa MOJyYeHHON Mojenu. Pe3ynbraTel nporuosa npeacrasiie-
HBI B Ta0I. 1 1 2.
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Tabnuua 1
MporHo3 meToga KOMUTETOB Ha 0Gy4yaemMon BbIOOpKe
Table 1
Forecast of the committee method on the trained sample
®akrt / IlporHos [IpucyTcTBHE MpHU3HAKA OTtcyTCcTBHE TPU3HAKA
3,9 %
[IpucyrcTBue mpu3HaKa 96,1 % ’
(ommoOka II posa)
15,3 %
OTcyTCcTBHE IPU3HAKA >0 84,7 %
(ommbka I poma)
Ta6nuua 2
MporHo3bl MeToga KOMUTETA HAa TECTOBOWN BbIGOPKe
Table 2
Forecasts of the committee's method on a test sample
®akr / [IporHos [IpucyrcTBHe npu3HaKa OTcyTCTBHE ITpU3HAKa
9,8 %
[IpucyrcTBre mpusHaka 90,2 % 00
(omm6ka Il poma)
18,5 %
OTcyTCcTBHUE PU3HAKA ’ 81,5 %
(ommoOka I poma)

B nenom Moziens qaeT XOopoIIue IpOrHO3bl, UMES BRICOKYIO CTEIICHh TOYHOCTH KJIACCH(UKAIIUH TO-
JIOBHBIX OOJIEH, TO €CTh OTJEIICHUSI CTOPOKEBOI TOJIOBHOM OOJM TIPU MHCYIBTaX OT APYTHX. A UMEHHO
81,5 % mpaBUIBHBIX PE3yIbTATOB, OLTHOKA IIEPBOTO pojaa cocTaBmia 18,5 %, a Broporo pona — 9,8 %.

TakuM 00pa3oM, MOXKHO CKa3aTh, YTO BBIIIE ONMCAHHBIC AIrOPUTMbI (H(HEKTHBHO PabOTAIOT IS
JIMAaTHOCTHKH CTOPO’KEBOH TOJIOBHOM 0OITH, a TaK KaK COTIACHO M3yUEeHHOU JIUTEpaType B IEJIOM 3a/1a4ya
JIUATHOCTHKH MMEEeT OOIIYI0 CTPYKTYpPY BO BCEX 001acTsAX, B TOM YHCIIE TEXHUIECKOH, IKOHOMHUECKOM,
TICUXOJIOTMYECKOM, KPUMUHAIMCTHYCCKON U MHBIX, TO MPEIJIOKCHHBIC aJITOPUTMBI BIIOJIHE BO3MOYKHO
MIPUMEHSATH U ISl YKa3aHHOTO psja 3a1ad.

BriBoabI

BbesycioBHO, pu MpUMEHEHUH yKa3aHHBIX aJITOPUTMOB Ha KOHKPETHBIX MPAKTHUYECKHUX 337adax B
pa3auuHBIX cdepax BO3MOXKHBI pa3jIMYHbIC CHUTYalldd, CBs3aHHBbIC cO crnenudukor obmactu. Moxker
OKa3arbcs, 4To paboTa MeTo1a KOMHTETOB He OylleT MMETh BBICOKHE PE3YNbTaThl KIacCU(PHUKALNU JTH00
B HEM He OyJIeT CMbICTIa, B TAKOM CJIy4ae MOKHO HCIIOJIb30BaTh METO/AbI MAIIMHHOTO 00Y4eHHs, TaKue
KaK KJIACTEPHBIN aHaJIU3, CIIy4YalHbIN JIeC, JOTUCTUYECKYIO PErPECCUI0, HEMPOHHBIE ceTh. Huuero HOBO-
rO Ha JAaHHBIM MOMEHT B 3TUX METOAAX HET, Y’KE XOPOIIO H3Y4YEeHbI BCE HX JOCTOMHCTBA U HEJOCTATKH.
Ho naxxe B 3TOM cilydae BO3MOKHO INPUMEHEHHE METOJIa KOMUTETOB KaK HEKOTOPOTrO aHcamOIIsl METo-
JIOB, Ha OCHOBE KOTOPOI'0 BO3MOKHO CO3/IaHHE aBTOMATH3UPOBAHHON CUCTEMBI YIIPABIEHUS AMATrHOCTH-
KO, KoTopast OyleT BKIIoYaTh B ceOsl BCE MEPEUHCIICHHbBIE BhILIe METOAbL. TakuM 0Opa3oM, HEOOX0au-
MO pa0boTaTh B HAmNpaBJICHUU TOTO, YTOOBI COCAMHUTH MOAETH B METOJ KOMHTETOB, IIPH 3TOM CTaHET
BO3MOXXHO ITOJTYYHUTh COANaHCHPOBAaHHBIN METOJ JMAarHOCTUKH, a TAK)KE MPOrHO3MPOBAHUS, KiIaccu(pu-
Kallii, MUHUMH3HPOBAB OIIWOKK TIEPBOI'O M BTOPOTO POJIA, TO €CTh CHU3HUTH MPOICHT HEBEPHBIX MpeE/-
CKa3aHMH.
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BopoHexckuli eocydapcmeeHHbili mexHu4Yeckul yHueepcumem, Boporex, Poccus

Annomayun. B 1aHHON CTaThe paccMaTPUBAETCS MEXaHU3M CTHUMYIHUPOBaHHA TpyAa PaOOTHHKOB,
BBIMOJTHAIONINX (PYHKIIMY HACTABHUKA B OPTaHU3AIIMOHHBIX CHCTEMaX, KOTOPBIE OCYIIECTBISAIOT MPOSKTHYIO
nesiTesIbHOCTh. Kak rmpaBuito, paboTHUK, BEITTOMHSS (GYHKIIMHM HACTaBHUKA, OTBJIEKAETCS OT CBOSH OCHOBHOM
JIESITENIFHOCTH U, CIEJ0BATENbHO, TEPSIET YacTh JOX0/1a, KOTOPBIH OH IMOTCHIMAIBLHO MOT OBI IIOJIyYHTh, €C-
m ObI OBUT 33/1efiCTBOBAH B peaIM3alliy MPOEKTa Ha CTO MPOLEHTOB. DTOT (haKT MOXKET AEMOTHBUPOBATH
pabOTHHKA BBIMOIHATH (DYHKIMH HAaCTaBHUKA IOJHOLEHHO M KadecTBeHHO. Llean ucenenoBanms. Vcxons
13 CKa3aHHOTO BBIIIE, LIEJIBI0 PAOOTHI ABJIAETCS pa3paboTKa TAKOTO MEXaHW3Ma CTUMYJIMPOBAaHUS Tpy/la Ha-
CTaBHHUKA, YYACTBYIOLIETO B PEATM3alMU MPOEKTa WIN padOTAIOUIET0 Ha MPEANIPUATHH, OCYLIECTBIIOEM
MIPOEKTHYIO AEATEIBHOCTh, KOTOPHI MOBBICUT 3aMHTEPECOBAHHOCTh HACTABHUKA BBIMOJIHATH CBOM (DYHKITHH
KadecTBeHHO. MaTepuaabl M MeToAbl. B mpencraBieHHoil paboTe OyneT paccMaTpHBaThCS CHUTyalus, B
KOTOpPOH YyYEHUKAMM HAaCTABHUKA SIBJISIFOTCS CTYAEHTBI, NIPOXOIAIINE IPAKTUUECKYIO IOATOTOBKY Ha IpE-
MPUATUAX WIH U3y4arolye y4ueOHbIe AUCIUIUIMHBI, TPAKTHYECKHE 3aHATHS KOTOPBIX MIPOBOJAATCS Ha Oase
HNPEANPUATHS, C KOTOPBIM 3aKJIYEH COOTBETCTBYIOIMK 1OroBop. I'TaBHOM 3aauell HACTaBHMKA SIBJIACTCS
OCBOCHHE CTYACHTaMH INpOQecCHOHATIBHBIX KOMIIETCHIUH, IpexycMOTpeHHbIX B OCHOBHOH mpodeccro-
HaJIbHOM 00pa3oBaTeNbHON IporpaMMe By3a. 3aMETHUM, YTO OCYIIECTBISTD IIPOIIECC HACTABHUYECTBA TOJIb-
KO B CBOOOJIHOE OT pabOThI BpeMs MAacTep HE MOXKET, TaK KaK OTIIMYUTEIILHON 0COOEHHOCThIO HacTaBHUYE-
CTBa SIBJIACTCS TO, YTO OOYYEHHE MPOHUCXOIUT B MPOLIECCE HEMOCPEICTBEHHON paboThl (Ha paboueM mecrte),
YTO JENAET 3Ty Hpoueaypy 3P (HeKTUBHON B IIaHE OCBOSHHSI IMEHHO IPAKTHYECKUX HABBIKOB. A 3TO, B CBOIO
ouepenb, ABIAETCS OJHUM U3 OCHOBHBIX ILTIOCOB HacTaBHU4YECTBA. Pe3yabTarhl. J[11 KOMIEHCAUU JOXO-
J1a, KOTOPBII HACTABHUK «TEPSET», OTBIECKAsCh OT CBOEH OCHOBHOM NEATENILHOCTH, IpEJlaracTcs BBECTU
CIIEAYIOLIYI0 CUCTEMY HaJ0aBOK. Bo-nepBbIX, BeCh MEPHOJ HACTABHUUYECTBA OH OYIET MOJydaTh KOMIICH-
cupyromyo Hagoasky. OHa uinn OyneT JeKIapupoBaHa PyKOBOJICTBOM, WM PaBHATHCA 3apabOTHOI miare,
KOTOPYIO HACTaBHUK OyJeT MOJy4aTh OT By3a. DTOT BapHaHT JOCTYIEH B CIlydae, €ClId MEXIy pabOTHH-
KOM, OCYIIECTBIIIIOIUM (YHKIUN HACTAaBHUKA, U BY30M 3aKIIOUCH TPYJOBOI JOTOBOP MU TPakIaHCKO-
IIpaBOBOM IOTOBOP. BO-BTOpPBIX, MOCIIE 3aBEPIUEHUS IPOLEAYPbl HACTABHUYECTBA HACTABHUK IIOJIYYUT CTH-
MYJIMpYIOIyI0 Han0aBKy. Ee BenmuunHa OyneT onpenensThesi KadecTBOM OOy4YeHHS! YIEHHKOB, TO €CTh MX
OILIEHKAaMH, TOJIyYCHHBIMH IO KaXJIOW N3 KOMIIETCHLUH, KOTOPEIMUA OHU IOJDKHBI OBIIIM OBJAAETh HOCIe
oOydenus. 3akJioueHue. V13 cka3aHHOTO BBIIIE CIETYEeT, YTO HACTABHHUK BECh IIEPHOJ HACTAaBHUYECTBA OY-
JIET TI0JIydaTh KOMIICHCHPYIOIIYIO €TI0 JONOJHUTEIbHBIC 3aTpaThl BPEMEHH HA/A0aBKYy, a IO 3aBEPILCHUH
IpoLeaAyphl HACTABHUYECTBA — CTUMYJIHPYIOIIYIO Ha/l0aBKY, 3aBUCAIIYIO OT Ka4eCTBA BBIIIOJIHEHUS! CBOMX
¢yukuuid. [Ipeanonaraercst, 4To nepBas JOJDKHA MOIIHUTHIBATh €r0 3aHHTEPECOBAHHOCTD BECh MEPUO]] Ha-
CTaBHUYECTBA K BBINOJIHEHHIO CBOMX 00s3aHHOCTEH Hanbojee KaueCTBEHHO C LIENbI0 MOJYYUTh IO 3aBEp-
LICHUH MPOLIEAYPhl HACTABHUYECTBA KaK MOYKHO OOJIBIIYIO CTUMYJIHPYIOUIYIO HaI0aBKYy.
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OPTIMIZATION OF THE MENTORING PROCEDURE
IN ORGANIZATIONAL SYSTEMS
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Abstract. This article discusses the mechanism for stimulating the work of workers performing
the functions of a mentor in organizational systems that carry out project activities. As a rule, an employee,
acting as a mentor, is distracted from his main activity and, consequently, loses part of the income that he
could potentially receive if he was involved in the implementation of the project for one hundred percent.
This fact can demotivate an employee, perform the functions of a mentor fully and efficiently. Aim. Based
on the foregoing, the aim of the work is to develop such a mechanism for stimulating the work of a mentor
participating in the implementation of the project or working at an enterprise carrying out project activities,
which will increase the interest of the mentor to perform their functions efficiently. Materials and me-
thods. The presented work will consider a situation in which the mentor's students are students undergoing
practical training at enterprises, or studying academic disciplines, practical classes, which are held on
the basis of an enterprise with which an appropriate contract has been concluded. The main task of the men-
tor is the development by students of the professional competencies provided for in the Basic professional
educational program of the university. Note that the master cannot carry out the mentoring process only in
his free time, since the distinguishing feature of mentoring is that training takes place in the process of di-
rect work (at the workplace), which makes this procedure effective in terms of mastering practical skills.
And this, in turn, is one of the main advantages of mentoring. Results. To compensate for the income that
the mentor “loses” by being distracted from his main activity, it is proposed to introduce the following sys-
tem of bonuses. Firstly, he will receive a compensating allowance for the entire period of mentorship. It will
either be declared by the management, or equal to the salary that the mentor will receive from the universi-
ty. This option is available if an employment contract or a civil law contract has been concluded between
the employee performing the functions of a mentor and universities. Secondly, after the completion of
the mentoring procedure, the mentor will receive an incentive bonus. Its value will be determined by
the quality of students' learning, that is, their grades obtained for each of the competencies that they should
have mastered after training. Conclusion. From the foregoing, it follows that the mentor will receive a bo-
nus compensating for his additional time spent during the entire period of mentoring, and upon completion
of the mentoring procedure, an incentive bonus depending on the quality of the performance of his func-
tions. It is assumed that the first should feed his interest during the entire period of mentoring to perform his
duties in the most qualitative way in order to receive, upon completion of the mentoring procedure,
the largest possible incentive bonus.

Keywords: mentoring, student assessment, stimulation, competencies

For citation: Perevalova O.S., Barkalov S.A., Balashova N.A. Optimization of the mentoring proce-
dure in organizational systems. Bulletin of the South Ural State University. Ser. Computer Technologies,
Automatic Control, Radio Electronics. 2022;22(4):85-95. (In Russ.) DOI: 10.14529/ctcr220409

BBeaenue

Heo0xoaumMocTh BO3pOXKICHUS WHCTHTYTAa HACTaBHUUYECTBa Oblia oO0o3HauyeHa [Ipesunentom PO B
2013 rogy, yTO MOBJEKIIO CTAHOBICHHUE U PA3BUTUE HACTABHUYECTBA B COBPEMEHHBIX KOPIOPATUBHOU U
oOpa3oBaTenbHON cpelax. 3a MPOLICIIINNA Mepro] chOPMUPOBAIOCH MHEHHE, YTO HACTABHUYECTBO MO-
KET ABJIISATHCA aKTyaJ'IBHBIM I/IHCTPYMGHTOM JJI TIOBBILIICHUA Ka4dyeCTBa OGpaSOBaTeJIBHLIX yCHYF, Mexa-
HU3MOM co3/1aHusl 3QQEKTUBHBIX COIMATBHBIX THU(TOB ¥ OJHUM M3 HHCTPYMEHTOB, KOTOPBIH ITO3BOJIUT
YCKOPUTb «TEXHOJIOTUYECKUN PHIBOK» B POCCUUCKONU SKOHOMUKE.

HactaBHWYeCcTBO Kak TEXHOJIOTHS aJanTanuy U OOy4eHHUsS XapaKTepU3yeTcs TeM, YTO HacTaB-
HUK, ABJIASACH IITATHBIM COpr,JJ;HI/IKOM opraHmauI/m, O6BI‘IHO BBIIIOJIHACT BECh prr 3a4a4 I10 BBEC-
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JIEHUIO0 CBOUX IOJOTICYHBIX B OPTaHU3AIUIO U UX 00yUEHHIO 0e3 0CBOOOXKIEHUS OT OCHOBHOI pabo-
ThI [1, 2].

WHCTpyMEHT HACTaBHHYECTBA 3HAKOM HaM ¥ Om3ok. OH OTpakaeT JaBHIOK TPAIUIHIO PabOTHI C
HAYMHAIONIUM U HOBBIM IEPCOHAJIOM U Bcerna (B pa3HOM CTEIEHHU) MCIOIB30BAJICS Ha POCCHUHCKHUX (CO-
BETCKHX) HpeAnpusaTusx. Ho Ha coBpeMEHHBIX MPEANPHUATHIX 3Ta TEXHOJIOTHUS HECKOJIBKO TpaHChop-
MHpOBajach, OHa OblIa CKpelleHa ¢ HTHOCTPAaHHBIMH aHaJoraMH | IPHoOpera pa3indHbie (hOPMBI, KOTO-
pBIe B HIeane MOJDKHBI 3aTparuBaTh BECh MepcoHaN npeanpusaTus. CeroaHss HACTaBHUYECTBO TIOMUMO
(yHKIMIA agantanui 1 0o0y4eHHs HOBHYKOB, TO €CTh IEPCOHANA, TOJBKO YTO MOJYYHBIIETO padOTy Ha
MPEANPHUITHN, TOJKHO 00y4aTh WIIM Pa3BUBATh Pa3IMYHBIC KATETOPUH JIIOJCH, NIPH ATOM MpeCieays
pasauuHbIC 1ENU (CM. TaOJIHILY).

OGBbeKTbI U Lien COBPEMEHHOI0 HacTaBHUYeCTBa
Objects and goals of modern mentoring

Ne
i OO0BEKT HACTAaBHUYECTBA Ilens HacTaBHMYECTBA
1 | xonpHUKH (CTApIICKIACCHUKN) [Ipodopuenrtauus

2 | CTyneHThl, IPOXOASIIUE NPAKTUYCCKYIO | YTayOieHue mpohecCHOHANBHOro o0pa3oBaHus (OBJa-
MOJIrOTOBKY WJIM H3y4alollue Y4eOHBIE |AeHHe MPOopecCHOHATBHBIMU KOMIICTCHIIUSMH) U TIOJI-
JWCUUIIMHEI, TIPAKTUYECKHE 3aHATUS KO- |TOTOBKa K BO3MOXKHOW Oyaymieil mpodeccrHoHaIbHOM
TOPBIX NPOBOZATCA HA 0a3e MPeANpHATHS | CHeUUAIN3AIIH

3 |HoBuuku (HOBBIN HIepcoOHAN) Ananranus B KOMIIAHUHM, YCKOPEHHOE OCBOCHHE HOPM
W TpeOOBaHMIA, BXOXK/ICHHE B IOJHOLEHHBIN pabounit
pexxum. [lepenaya npodeccrnoHansHOTO ONbITa

4 |PykoBoauTenu [lonroroBka K pa3BUTHIO YIPABIEHYECKOH Kapbepsl,
nepexoJ1 Ha 0oJiee BHICOKHE YPOBHH YIPABICHUS

Takxe He cToMT 3a0bITh 00 MHBaNKMmax u jaunax ¢ OB3. OHu MOryT BXOIUTH B JIIOOYIO U3 TpE-
CTaBJICHHBIX BBIIIIE KATETOPUI U OCOOCHHO OYIyT HYKJIAThCS B COIPOBOXK/CHUH IPU BCTPEUE ¢ YEM-TO
HOBBIM (MECTOM pa0OThI, Y4€OBI, TOMKHOCTHIO WIH APYruM). [loaTOMy B pamMKax WHKIIFO3UBHOTO 00Opa-
30BaHUsl HACTABHUYECTBO JIOJKHO 3aHUMATh 0CO00E MECTO.

W3 cka3aHHOTO BBIIIE CIEIYET, YTO LEJIbI0 HACTABHHUKA SBJISIETCSA BOCIIOJIHEHUE TOT'O UM HHOTO 00-
pasoBaTesbHOro neduiuTa y 00bEeKTOB HACTABHUYECTBA — YYCHHKOB. [103TOMY Ha IJIeUd HaCTaBHHKA
JIO’)KUTCSI OTBETCTBCHHAS, TIOYCTHAS U, B CBOIO 0Yepeib, 0OPEMEHUTEIbHAS 00SI3aHHOCTD yuuTens. Pyko-
BOJICTBY NPEINPHUATHS, OpraHU3aTOpaM MPOIEAyphl HACTABHUYECTBA HY)KHO TIOMHUTH 00 3TOM IIPH €¢
BHEJIPCHUU M OPraHU30BaTh €€ TaKUM 00pa3oM, YTOObI HACTABHUK OBLIT 3aMHTEPECOBAHHBIM JIUIIOM, a HE
MIPOCTO UCIOJHUTEIEM, OOPEMEHEHHBIM I'PY30M JOIMOJHUTEIBHBIX 00s13aHHOCTEH.

1. Ilesn onTHMHU3aUM TPOLEAYPHI HACTABHUYECTBA

B npencrasnennoit pabote OyaeT paccMaTpuBaThCs CUTYalHsl, B KOTOPOM HACTABHUK YYacTBYET B
peannzanuy NpoekTa(oB) WM paboTaeT Ha MPEANPHITHH, OCYILECTBIIAIONIEM NMPOCKTHYIO AEATENb-
HOCTh [3], a ero y4eHHKOM(amM) SIBISIOTCS CTYACHTHI, MPOXOJAIINE MPAKTHUECKYI0 MOATOTOBKY Ha
MPEeNNPUITUAX WIN W3ydarolue y4eOHbIe TUCIUILTUHBI, IPAKTUYECKUE 3aHATHS KOTOPBIX MPOBOAATCS
Ha 0a3e mpeInpusITHs, ¢ KOTOPHIM 3aK/II0YeH COOTBETCTBYIOLIHNI 1O0roBOp. | TaBHOM 3aiauell HaCTaBHU-
Ka SIBJSICTCS] OCBOCHHUE CTYJEHTAaMH NMPO(ECCHOHANBHBIX KOMIETEHIINN, IPeTyCMOTPEHHBIX B OCHOBHOM
npodeccuoHanbHOW 00pa3oBaTebHON MporpamMe By3a [4]. Byaem Ha3pIBaTh HACTAaBHUKOB OT OpTraHU-
3alliy MacTepaMH, OMHUPAsCh MPH ITOM Ha CyTh CIEIYIOLIETO OMpeeNeHHs, PeACcTaBIeHHOro B Buku-
cinosape (https://ru.wiktionary.org/).

Macrep — 3T0 npenoaasatens, padoTalomuil B MpoeCCHOHATBHOM yYMIUINE U 00yJaromuil y4da-
LIMXCSI MPUMEHSIEMBIM Ha MPAKTUKE HaBBIKAM B KaKOW-JIMOO OTPaciiv MK MPOQEeCcCHH.

Wrak, MacTep Aj1s1 OCYIIECTBICHHS NPOLEAYPhl HACTABHUYECTBA JOJDKEH OTBIEKATHCS OT BBIIOJI-
HEHUSI CBOMX OCHOBHBIX OOSI3aHHOCTEH, TO €CTh OT PabOTHI Hall MPOCKTOM(aMH), IIOATOMY OH TepseT
Y4acTh CBOETO J0XOJa, 3aBHUCSIIETO OT OOBEMOB BBINIOJHEHHOM MM pabOTHl WM OT €ro TPYJAOBOTO
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BKJIaJla (KaK OTMEYaJIOCh BBINIE, PACCMATPHUBACTCS CHUTYaIus, B KOTOPO MacTep 3aeiiCTBOBaH B pa-
0oTe HaJ IPOEKTaMu).

3aMeTHM, 4TO OCYIIECTBIIATEH MPOIECC HACTABHIUYECTBA TOJIBKO B CBOOOHOE OT PabOTHI BpeMs Mac-
TEep HE MOXET, TaK KaK OTIWYHUTEIHHOH OCOOCHHOCTHIO HACTABHUYECTBA SBIISETCS TO, YTO OOYyUCHHE
MIPOMCXOAMUT B MPOIIECCE HEMOCPEACTBEHHON PaboThl (Ha paboyeM MecTe), YTO JAeacT 3Ty MPOLEAYPY
3¢ )eKTUBHOI B IUIaHE OCBOSCHHUS UMEHHO NMPAKTHYSCKUX HABBIKOB. A 3TO, B CBOIO OY€pEelib, ABJISCTCS
OJIHUM W3 OCHOBHBIX IIJIFOCOB HACTaBHUYECTBA [5].

CrnenoBaTenbHO, 11 KOMIIEHCAIMH «ITOTEPSHHOTO» JI0OXO0Ja BCIIEIACTBHE OTBIEYEHUS MacTepa OT
€ro OCHOBHOHM paOOTHI MpEAsiaraeTcss BApUaHT pacueTa «IOTEPSHHOTO» JI0X0/a, CYTh KOTOPOTO 3aKIIIO-
YaeTCs B CIICIYIOIEM.

Heo6xoaumo ompenenuts 0110 BpeMEHH, KOTOPOE MacTep TPaTUT Ha MPOIECC HACTABHUYCCTBA, U
OIUIATUTH eMy 3To Bpems [6]. Jlonst BpeMeHn momkHa OBITh perIaMeHTHPOBaHa, TaK KaK MPH IpUMeHe-
HUM K MPOIIeype HACTABHUYECTBA HAYYHOTO MOJIX0/a — 3TO HEOOXOAMMEIN TapaMeTp, KOTOPBIN peria-
MEHTHPYETCS OPTaHU3aTOPaAMU ATOTO Iporiecca (PYKOBOJICTBOM MPEANIPUATHS, COTPYAHUKOM T0Ipase-
JICHUS TI0 YIIPABJICHHUIO YEJIOBEUCCKUMHU PECYpCaMH WU JPYTUM YIOJTHOMOYEHHBIM JIUIIOM) ITyTEM CO-
CTaBJICHUS IPOrpaMMbl HacTaBHUYeCTBa [1].

Wrak, nienp ctaThu — pa3pab0TKa MEXaHH3Ma CTUMYJIHPOBAHUS TPYyIa MacTepa, YIacCTBYIOIIETO B
peanu3anuu npoekTa(oB) WM padOTAIOMIEIO Ha MPEANPUITHH, OCYIICCTRISIONIEM MPOCKTHYIO Jes-
TEIBHOCTb.

2. Mopens cTHMYJIHPOBAHHUS TPYJa MacTepa

Paccmotpum cnenyromyto 3anady. Eciau 3HaeM 10110 BpeMeHH, KOTOpOE MacTep OTBJIECYEH OT Bbl-
IMOJIHCHHA CBOUX HCIIOCPEACTBCHHBIX O6$I3aHHOCTeI>'I, TO, UCXOJd M3 NPCANOJIONKECHUA, YTO HOTepHHHBIﬁ
JOXOJ HAaIpsIMYIO CBSI3aH CO BPEMEHEM OTBJICUEHHSI MacTepa OT €r0 OCHOBHOH paOOThbl, MOXHO HAWTH
BEJIMUYNHY J0X0/Ja, KOTOPYIO OH TEPSIET:

0 =04, (1)
rac Ql — BCJIIMYUHA «ITIOTCPAHHOT'0» MAaCTCPOM A0XO0Ja 3a onpeueneHHHﬁ MCCHIT,

(O — BenMUMHA J0X0/a MacTepa 3a ONpelesIeHHbII Mecsil (3apaboTHas IIaTa MacTepa);

d — nons BpeMeHHU, KOTOPOE MacTep OTBJCYEH OT BBIIOJIHEHUS CBOUX (YHKIHMOHAIBHBIX 00s3aH-
HOCTEH.

CrouT OTMETUTH, YTO B BeNMUYMHY (J MOXKET BXOJIWTH HE TOJNbKO 3apaboTHas miaTta. B Hee Moryt
OBITH BKJIIOYEHBI IOTEHLIMAIBFHO BO3MOXKHBIC IPEMHUHU WJIM APYTHe BUABI JOXOAA MacTepa, JOJIH OT KO-
TOPBIX OH TEPSET BCIEACTBUE yUacTHs B Mpoliecce HacTaBHUYecTBa. CrenoBaTeNnbHO, BennunHa ) 3ana-
€TCsl 110 COTJIACOBAHHUIO C PYKOBOJCTBOM IPEAIPUATHSI.

PaccMoTpum BapuaHTHI OIpeIeneHus 10U d:

1) ona 3amaercst opraHM3aTopamMy NpOLEAYPbl HACTABHUUYECTBA B IPOrpaMMe HACTaBHUUYECTBA;

2) ompenensieTcs 4acaMu 3aHITUH, KOTOpbIE HACTABHHUK JOJDKEH OTpaboTaTh MO y4eOHOMY IJIaHy
By3a. DTOT BapHaHT JOCTYIIEH B CIIydae, €CIM MEXKIY MacTEPOM U BY30M 3aKIJIIOUEH TPYAOBOM JOTOBOP
WM TPaKIaHCKO-IIPABOBOM IOTOBOD.

Jnst HanakuBaHuA 3G GEKTUBHON MPOLEYphl HACTABHUYECTBA HA MIPEANPHUSITHN A0JKHA OBITH BHE-
JIpeHa cucTeMa KOMIIEHCAlli OTEPSIHHOr0 10X0/a, TO €CTh CUCTEMA CTUMYJIMPOBAaHMS TPyAa MaCTEPOB
[7, 8]. Ucxoms n3 3TOro yTBEPIKACHHUS, IpEIaracTcs BBECTU JUII MacTEepOB Ha0aBKy, a €e pa3Mep cle-
JaTh AMHAMHYHBIM, TaK KaK BEJMYMHA HAJ0aBKH OYJET 3aBUCETh OT Pe3yJbTAaTOB MPOIEIYPHl HACTAB-
HUYECTBA, KOTOphIe OYAyT OLICHMBATHCS ONpeAcieHHBIM 00pazoM [9]. PaccMoTpuMm cxemy moiydeHus
Hazn0aBKH MacTepoM (puc. 1).

BapuaHTbl pacuera KOMIICHCUPYIOICH HAA0aBKK H, o, IPEACTABIICHBI HA PUC. 2.
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1 MecA1l . H corm )
2 Mecall . H o
3 MecqIl . H o
4 mecsil . H o
[
[

L
—
1 Mecim . H xovm T o CTHM

r1ie H .o — HTOTOBAS TPEMHUS;

H o\ — KoMITeHCHpYIOTIAas HanbaBka (1-ro Tuma);
H .1y — CTHMYTHpYIOINAA HafgbapKa (2-ro THIa);
71 — TIEPHOJI HACTABHUYECTBA, B MEC.

— #
~— H wror 11 H KOMIT +H CTHM

Puc. 1. Cxema nony4yeHus Hag6aBok mactepom [9]
Fig. 1. Scheme for receiving allowances by the master [9]

e D 4 h
B ciyuae, korna d 3agaercs
OpTaHU3aTOPaMU TPOLCAYPHI
HacTaBHUYECTBA B [IPOrpaMMe
HAaCTaBHMYECTBA,

B ciyuae, korja d onpesensiercs yacamu,
KOTOpBIE MacTep JIOMkKeH oTpaboraTk
1o yueOHOMY IJIaHy BYy3a,

4 A 4 )
OH IIPH 3aKJIKOYCHHH TPYAOBOI'0 J0roBopa
C BY30M OY/IeT NOITY4aTh ONPEACICHHYIO
3apabOTHYIO ATy 33 OTpabOTaHHEIE
0 y4eOHOMY TUIaHY BY3a 4achl. JTOT JOXOM
MacTepa B HalleH cxeMe CTHMYITHPOBAHNS
Oyaet paccMaTpuBaThes B KadecTse M.
. J \. J

* Jlnst noBeiteHus 3(h(GEKTUBHOCTH MEXaHH3Ma CTUMYJIHPOBaHHUs PEKOMEHIYETCs 3a1aBaTh MPOLEHT
BhIILIAT, paBHEIM 100 %.

pasmep H,,,, 331aeTC OpPraHu3aToOpOM
IpOLEAyPhl HACTABHUYECTBA
B IPOrpaMMe HACTABHUYECTBA
Ha JTarle ee MPOEKTUPOBAHHS
B BHJI¢ HEKOTOPOTO IponeHTa* ot O,

Puc. 2. BapuaHTbl onpegeneHusi KOMNeHcUpyloLien Hag6aBKu
Fig. 2. Options for determining the compensating allowance

Temepb paccMOTpPHM IPOIECC OMpPENENICHHsI CTUMYJIUPYIOIICH YacTH HaJg0aBKU MacTepoB Hpy.
3aMeTuM, 4TO JUIS BCEX BAPHUAHTOB, MPEACTABICHHBIX Ha PUC. 2, OHA Oy/JIET OJMHAKOBOM.

3. IIpoueaypa pacyera CTUMYJIMpYIOLIel HaA0aBKU MacTepa

Oran 1. Co3manue uaeanbHOTO TPOGWIS JTOJDKHOCTH, KOTOPOH oOydvaercss y4yeHuk. [Ipoduib
JOJKHOCTH ONpeAessieTcs HA0opOoM KOMIIETCHINH, KOTOPBIMU HEOOXOAMMO OBJIaIeTh, YTOOBI OOYUUTH-
Csl COOTBETCTBYIOLIEH AomkHOCTH [10].

Hrak,

P1={P1j},j€1;"’l, )
rae P; — ujieanbHblii NpOQUIbL JOKHOCTH;

P; j — OlICHKA COOTBETCTBYIOMICH KOMICTCHIIHIL

M — KOJMYECTBO KOMIETEHIMI B NPO(UIE JOMKHOCTH.

OcylIecTBIATh OIEHKY KOMIIETEHIHi MpenosaraeTcs Mo 4eThIPeXOaIbHON CHCTeMe, TaK Kak
VIMEHHO OHA HCIIOJIb3yeTCs B By3aX.

BusyanbsHo nmpoduiih J0/DKHOCTH I0JDKEH OBITH NPEACTABIEH B BUE JENECTKOBOM AUarpaMMEbl, Ha
JIEMECTKOBBIX OCSIX KOTOPOH I0JIKHBI GBITh HAHCCCHBI 3HAUCHHST, COOTBETCTBYIOIIHE P ;.
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Oramn 2. O0y4eHne ydyeHuKa (Mpoleaypa HACTABHMYECTBA). DTOT 3Tall JUTUTENBHBIA U HanOolee
BaXKHBII C TOUKHM 3pEHUs MpOLENypbl HacTaBHUYECTBa [6]. Ho B JaHHOM ciayyaeM Ha HEM 3a0CTPSTh
BHUMaHUe He OyJieM, Tak Kak caM Iporiecc 00yUeHHUs yxKe SBISIICS OOBEKTOM UCCIIeIOBaHUs B paboTax
[6,9,11,12].

Oran 3. Ouenka yueHuka. Ha sTom stane mpeamnonaraercst coctaBieHHe Mpouis yueHHKa, TO eCTh

OIICHKA CTEIICHH OBJIAJICHUS UM KaXI0H KOMITCTCHIIMH, BXOAIIEH B mpoduib gomkHocTH [13, 14].
Hrak,

PL:{pLj}a jEI;ms (3)
rae P, —npoduib y4eHHKa;
Py j — OLEHKa COOTBETCTBYIOIICH KOMIICTCHIIUN, BXOASAIICH B MPO(UIb TOIKHOCTH.

Busyanuzanus npumepa naeansHOro mpoduiis JODKHOCTH M Npoduiis y4eHHKa MpecTaBieHa Ha
puc. 3.

= |l n@a/IbHbIA NPOPUNL AOMKHOCTU (PUrypa 1) MNpodune y4eHuka (¢purypa 2)

5
1-a KOMneTeHumA

m-A KOMnNeTeHUuA 5 2-A KOMNeTeHUUA

4-a KoMneTeHuus

8-a KOMnNeTeHuuMA 7-2 KOMNETEeHUMA

Puc. 3. Anarpamma npgeanbHoro npoduns AOMKHOCTU U Npoduns yyeHuka
Fig. 3. Diagram of the Ideal Job Profile and Apprentice Profile

Oram 4. Pacder ctumynupytromieit HanoaBKu H .y,
n
HCTHM :W'ZQle; (4)
e=1

w=3S, / Sy, 5)
rae w — J0Jsl, KOTOPYO COCTaBISIeT IIIOImaab GUrypsl 2 ot Gurypst 1;

n
Z Q] e — BCIIMYHHA «IIOTCPSAHHOI0» A0XO4a 3a 11 MCCALICB;
e=l

1 — MPOAOIDKUTENEHOCTD TIEPHOJIa HACTABHUYECTBA,
S, —miomans ¢purypst 1 (cM. puc. 3), orpaHuuuBaroLIe naeanbHbli Ipodus npodeccuu;
S, — miowazns ¢purypsl 2 (cM. puc. 3), OrpaHUMBAIOLICH IPOGUIL YICHHKA.
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[Inomane Guryp 1 u 2 OynmeT ompemensThcs Kak CyMMa IDIomaniell TPeyroldbHUKOB, U3 KOTOPBIX
oHHU cocTosT (puc. 4, 5).

WMaeansHblil npoduns gomkHoctu (Gurypa 1)

Mpodunb yueHura (purypa 2)

5
1-a KOMNeTeHUmMa
5

m-A KOMNeTeHUUA > 2-4 HoMneTeHLuMA

5
3-A KOMNeTeHuuA

4-9 HOMNEeTeHuua

10-a HOoMNeTeHUmA 5-A KOMNeTeHuuA

5

9-A KOMMNeTeHUuA 6-A KOMNeTeHUumsa

5
8-1 HoMmneTeHumA 7-7 HOMmneTeHumsa

Puc. 4. CtpoeHue curypbl 1 ngeansHoro npoduns AOMMKHOCTU
Fig. 4. The structure of figure 1 of the ideal job profile

[Tnomanp ¢purypst 1 onpenenum o Gpopmysie (6)

m 1 . m—1

Sy =ZlSm- =5'Sm0“(zl Prj Pr(j+1) Prm 'Pn} (6)
1 )

Syi ZE'PU “Pp(j+1) - SIMA, (7

rae S,; — IUIOLW@AIb i-ro TPEYTroJIbHUKA, U3 KOTOPBIX COCTOUT (urypa 1;

P; j — CTOPOHA TPEYTOJIBHNUKA,
iy P7( .1y — OTO CMEXHBIE CTOPOHBI TPEYTOJMbHUKA. MIX 001I1ast Touka SBISETCS IEHTPOM JIeTIeCT-
15> Pr(j+)

KOBOM AMarpaMMsl, BU3yalH3UPYIOIEH HeanbHbIi Mpoduiib T0HKHOCTH;
0L — YroJl MKy CTOPOHAMH Py ;, Py ( ;1) TPEYTONBHHKA.

CTOUT OTMETHUTB, YTO BO BCEX TPEYTOIbHHUKAX YTIIbl MEXKY CMEKHBIMH CTOPOHAMH, OOIIEH TOUKOI
KOTOPBIX SIBIISIETCS [IEHTP JICTIECTKOBOM JHAarpaMMBbl, PaBHBI M HAXOAATCS 1Mo (hopmyie

o =360/m. (®)
[Ipeobpazyem popmymy (6), ucronsays (8), U MOTyIHM
n 1 . (360) (m]
S, =28, =_.sm[—)( > Pi; Prjen) t Prm .p“j_ )
il 2 m il

3ameTuM, 4TO, Ucxons u3 ¢popmynsl (7), Ha TUIOIMIAAb TPEYTOJILHUKA BIHSET JUIMHA CMEXKHBIX CTO-
POH U yroi MeXxay HUMH. Bce 3TH yriibl, Kak OTMEYajoch BBIIIE, PABHBI, CIEI0BATENbHO, pEIIatoliee
BIIUSIHUE HA BETUYMHY MJIOLIAAHN OKa3bIBACT JUTMHA CMEXHBIX CTOPOH. JTa JUIMHA B CBOKO OYEPEH COOT-
BETCTBYET OLIEHKAaM KOMIETEHINH HACaTbHOTO MPOQMIISL JOJLKHOCTH (2).
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Tenepp aHaMOrMYHBIM CHOCOOOM C YYETOM BCEX YKa3aHHBIX BBINIC 3aMEUYaHUI ONMpenesuM IUIo-
mans Gurypst 2 (cM. puc. 5) no popmyne

n 1 . (360) (m] )

Sy:ZSyi:?Sm — | ZpLj'pL(j+1)+me'pL1 ) (10)
i=1 m i=1
1 .

SinE'pLj'pL(j+1)'51na’ﬂ (11)

rae Sy, — IUIOW@b i-ro TPEYroJIbHMIKA, H3 KOTOPBIX COCTOUT (urypa 2;
Py j — CTOPOHA TPEYTOJbHHUKA;
P j> Pp(j+1) — 9TO CMEKHBIC CTOPOHBI TPEYTOMLHUKA. Ux obuiast Touka SBISAETCS LEHTPOM JICTIECT-

KOBOH JMarpaMMsl, BU3yaJIM3UPYIOIIEi Mpoduiib YIeHHUKA.

A leaNbHbIA NpodUAbL AOMKHOCTU (burypa 1) Mpodunb yueHura (durypa 2)
5
1-a HOMnNeTeHUMA
5

mM-A KOMNEeTeHUnA > 2-a HoMMNeTeHUKns

5
3-A HOMMEeTeHumA

4-a KOMNeTeHumA

5-A HOMnNeTeHUuA
5

10-a KomneTeHuMA

9-9 HOMNEeTeHUMA 6-4 HOMMETeHUMA

5

8-A HoMneTeHUMA 7-A HOMNeTeHUWA

Puc. 5. CtpoeHue curypbl 2 npochuna yyeHuka
Fig. 5. The structure of the figure 2 student profiles

Bepaemcs k popmyie (5). 3ameTnM, 9TO BeNUYrHA W OYJET 3aBUCETh OT YHCIHTEINS (GopMyIs (5),
CIIC/IOBATENBHO, OHA HAIPSIMYO 3aBHCHT OT OLICHOK KOMIICTCHLIMH y4CHHKA p ;, KOTOPBIC OH MOIYYUT

110 UTOTaM 00Y4EeHHUsI, TO €CTh POoLEeAyphl HacTaBHUUecTBA. OTCIOAA CIIEAYET, YTO BEJIMUMHA W 3aBUCHT
OT CTETECHH OBJIAJICHUSI YYCHUKOM HEOOXOJIUMBIMU KOMIETCHIMSIMH, & 9TO, B CBOIO OUepelb, HAMPIMYIO
CBSI3aHO C KauecTBOM OOyYeHHs, TO €CTh C Ka4eCTBOM BBITIOIHAEMBIX MacTepoM (QyHKIMH B mpolecce
HaCTaBHHYECTBA.

U3 Bcero aToro ciemyer, YTo 4eM Jy4lle YYCHHK OBiaaed npodeccued, TeM BbILe OYAeT Hepyy.
Ecnu ydyeHuK momyuyuT Mo KakIOW M3 7 KOMIIETEHLMH BBICIIYIO OLIEHKY, TO MACTEpP MOJIyYUT CTOIPO-
[EHTHYI0O KOMIICHCAIMIO «IIOTEPSIHHOTO» Jloxoja. Ecnmu ydeHWK oBnaneer mpodeccuer Wb Ha

(WIOO) %, TO OH HOJYYUT W HOJU KIIOTCPAHHOI'0» A0XOAa. CJIG,Z[OBaTeJ'H:HO, B MHTCpECAaX MacCTepa

MMPOBOJAUTH NPOLCAYPY HACTABHUYCCTBA KaK MOXXHO KaYCCTBCHHCC.

92 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 4. P. 85-95



lNepeeanosa O.C., bapkanoe C.A., Onmumu3sayusi npoyedypbl HacmagHu4Yecmea
Banawoea H.A. 8 Op2aHu3ayUoHHbIX cucmemax

Cucrema CTUMYJIMPOBaHUA MacTepa, PEeICTaBICHHAs BBIIIE, XapaKTepHa Ul cloydasl, Korja mac-
TEp UMEET OJHOTO YYCHUKa. DTa CUTyauus sSBISIETCS WACATbHOM C TOUKH 3PEHHS KauecTBa OOyUeHHs U
BEJIMUMHBI TPYyAO03aTpaT MacTepa, HO JocTaToyHOo peaxkod. Hanbonee TunmuyHbIM OyAeT ciaydail, koraa
MacTep SBJISETCSI HACTABHUKOM HEKOTOPOM I'PyIMIBl YYEHUKOB. Torna MexaHu3M CTUMYJIMPOBAaHUS HY>KHO
CKOppeKTHpoBaTh. BMecTo mpoduist ydeHuka OyeT HCIONIb30BaThCs IPOQUIL IPYIIbl YIEHUKOB Pg

PGZ{PGJ}JEIQM, (12)
The pg; — CPE/Hs OlEHKA TPYIITbl YIEHUKOB 110 j-f KOMIETEHIUH.

Omna OyzeT paccuuThIBaTHCS 10 hopmyIe

4
2.0 'fjk
pe; =——, (13)

4
2 Sk
1=

rae o, — oueHka (0aur), MOJNyYEHHBIH YYEHHKOM, O 6{5;4; 3; 2} (HammOMHUM, YTO HCHOJIb3yeTCs

YyeThIpex0ajibHast CUCTEMAa OLICHKN);
fx — KOIMYECTBO yYCHUKOB IPYIINBL, IIOJIYYHBIINX ONPEACICHHYIO OLICHKY I10 j-if KOMICTCHIINH.

Toraa momans GUrypsl, BU3yalusupyroeil mpoduib rpynisl y4eHUKOB S,., OyIeT OnpeaenaThes
CIIeIyIomUM 00pa3zoM:

n 1 . (360) (]
Sr:eriZE'Sln ’ szj.pG(j-H)_'_me'pGl > (14)
i=1 m i=1
B OCTAJIbHOM MCXAaHU3M CTUMYJIIHNPOBAHUA OCTAHCTCS HCU3MCHHDBIM.

3axinoueHue

HacraBHuuecTBO mpeamnonaraetT o0y4eHHe YUeHHKA HETOCPEACTBEHHO Ha pabodeM mecTte 0e3 oT-
pBIBa OT IMPOM3BOACTBA M C MUHUMAIBHBIMU AJISI OPTaHU3alUH, [0 CPAaBHEHHIO C APYTUMH METOAaMH,
¢uHaHCOBBIMHE 3aTpaTtaMu [15] U, 4TO HEMAJIOBaXKHO, 00ECIIEYMBACT MOCTOSHHYIO OOpaTHYIO CBSI3b Me-
Iy MacTEpPOM U YUEHUKOM, 4TO MO3BOJISET, BO-NIEPBBIX, YUCHUKY HE MOTEPSTH HUTh 3HAUHUMOCTH TPO-
necca oOydeHHs, a BO-BTOPBIX, MIOCTOSIHHO CTUMYJIMPOBATh €r0 OTBETCTBEHHOCTH HEMOCPEACTBEHHBIM
MIPUCYTCTBUEM «YUMTENs», TaK KaKk MacTep XOTS M MOXKET HaXOAMUTHCA Ha HEKOTOPOM PAaCCTOSIHUH, HO
B IIpeZeIIax OJJHOM OpraHu3alyH.

s obecrieyeHuns: KadecTBa NpOLEAYPbl HACTABHUYECTBA €€ YYaCTHUKH JTOJDKHBI OBITH B HEll 3aMH-
TEepPEeCOBaHbl. YUEHHUK SBJSETCS OCHOBHBIM JIMIIOM, B HHTEpPECaX KOTOPOTO MPOBOJHUTCA IMpOleaAypa Ha-
CTaBHHUYECTBA, TIOATOMY €r0 MHTepec oueBuicH. Llenbto ke maHHON paboThl ABIsIIACH pa3paboTKa Mo-
JIeNTY TIOBBIIEHUS! (MPOOYXKIEHH) 3aMHTEPECOBAaHHOCTH MacTepa.

Macrep Bech nepuoj HaCTABHUYECTBA OyAET MONyYaTh KOMIICHCHUPYIOIIYIO €rO JONOJHHUTENBLHBIC
3aTpaThl BPEMEHH HaJI0ABKY, a TI0 3aBEpUICHUH MPOIECyPhl HACTABHUYECTBA — CTUMYJIHPYIOUIYIO Ha-
0aBKy, 3aBHCSAIIYI0 OT Ka4eCTBa BBINOJHEHHUS UM cBoux (QyHknuil. [Ipenmnomaraercs, 4ro mepsas Haj-
0aBKa J0JDKHA MOJAMUTHIBATH €0 3aMHTEPECOBAHHOCTH BECh MEPHOJA HACTABHUYECTBA K BBIIIOJHEHUIO
cBOMX 00s3aHHOCTEW Hamboyiee KaueCTBEHHO C IIENBI0 MOJYYUTh MO 3aBEpPIICHUH MPOLEAYphl HACTaB-
HUYECTBA KaK MOXKHO OOJIBIIYIO CTUMYJIHPYIOILYIO HaI0ABKY.
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Abstract. The paper considers the main aspects of project management in a digital educational envi-
ronment. Particular attention is paid to solving the problem of improving the theoretical, methodological
and technological foundations of effective management of project activities of students in the digital educa-
tional environment of the university. The purpose of the study is to develop and theoretically substantiate
a model for managing students project activities in the digital educational environment of the university.
Materials and methods. The solution of this problem in the text of the article was carried out on the basis
of a structural analysis of project activities, as a result of which the structural components and functionality
were determined, an analysis was carried out for the compliance of the existing system with functional re-
quirements, measures for the effective management of students' project activities were developed and sub-
stantiated. Based on the study of the principles of building a digital educational environment, an analysis
and modeling of the project management process was carried out. The structure of the digital educational
environment of the university is revealed, presented as an open set of information systems designed to pro-
vide various tasks of the educational process. In order to ensure effective management of project activities
of students, an author's model of project management in the digital educational environment of the universi-
ty has been developed. The internal structure of the model is provided by theoretical-methodological, per-
spective-target, content-semantic, organizational-activity and integrative-evaluative blocks. The technology
for implementing the model for managing students' project activities in the digital educational environment
of the university, developed in the logical unity of content, procedural and organizational characteristics,
is presented. Results. Based on the analysis of scientific and methodological literature, the practice of higher
education, the current state of the problem of management of project activities of students is revealed.
The features of the digital educational environment of the university and its possibilities in the development
of the project culture of students are determined. A model for managing project activities of students has
been developed and substantiated, including methodological foundations, conceptual and categorical appa-
ratus, theoretical basis and content and semantic content. The technology of implementation of the model of
management of project activities of students in the digital educational environment of the university is pre-
sented. Conclusion. The introduction of digital technologies and digital tools, their use in managing an or-
ganization, in providing access to digital educational and methodological materials, in expanding the space
for creativity contributes to the transition to a model of a personalized organization of the educational pro-
cess. In turn, the digital educational environment is aimed at improving the quality of education and pro-
moting the educational results of students, controlling them and quickly evaluating them.
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Annomayusn. B pabote pacCMOTPEHBI OCHOBHBIC aCIICKTHI YIIPABICHUS MPOCKTHOHN NEATCIHHOCTHIO B
nudpoBoi obpazoBaTenpHOU cpene. Ocoboe 3HAYCHUE YICICHO PEMICHHIO MMPOOIEMBI IO COBEPIICHCTBOBA-
HUIO TEOPETUKO-METOIOJIOTHYCCKIX W TEXHOJOTHYECKUX OCHOB A((EKTUBHOTO YIPABICHUS HPOCKTHON
JIEeSITEFHOCTRIO CTYACHTOB B IIU(POBOI 00pa3oBaTenbHOM cpene yHuBepcuteTa. Lleap uccaenoBanus 3a-
KIIIOYaeTCs B pa3paboTKe U TEOPETUIECKOM 0OOCHOBAaHUHU MOJICIH YIIPABJICHUS MPOSKTHOM EATEIHHOCTHIO
CTYJCHTOB B IU(pOBON 00pa30BaTe/IbHON cpene yHuBepcuTeTa. MaTepuaiabl 1 MeToAbl. Perienue yka-
3aHHOU MPOOJIEMBI B TEKCTE CTAaThH MPOBEICHO Ha OCHOBE CTPYKTYPHOTO aHAlIM3a MPOEKTHOHN AeATeIhHO-
CTH, B pe3yJIbTaTe Yero OMpE/eNICeHbl CTPYKTYPHBIE KOMIIOHEHTHI U (YHKITMOHAJIbHBIE BO3ZMOKHOCTH, MPO-
BEJIEH aHallu3 Ha COOTBETCTBHE CIOKHUBIIEHCS CUCTEMBI (DYHKIMOHAIBLHBIM TPEOOBaHUAM, pa3paboTaHbl U
000CHOBaHBI MEPONPHATHS 10 3(H(PEKTUBHOMY YIPABICHUIO TPOSKTHOM AEATENIBHOCTRIO CTynIeHTOB. Ha oc-
HOBE HCCJICJIOBaHUS MPHHIUIIOB MOCTPOCHUS I(PPOBOI 00pa3oBaTeNEHON Cpedbl MPOBEICH aHATM3 U MO-
JIEIAPOBAHKE TPOIECcca YIIPaBICHUS IPOCKTHOM NesATeNbHOCTRIO. OmpeneieHa CTpyKTypa udpoBoii oopa-
30BaTEIBHOMN Cpelbl YHHBEPCHUTETA, KOTOPas BKIIOYAST COBOKYITHOCTh HH(POPMAIIMOHHBIX CUCTEM, HAIlpaB-
JICHHBIX Ha pealli3allii0 OCHOBHEIX 00pa3oBarenbHOTO mpomecca. C menpio odecredeHus 3PQPEKTHBHOTO
YIOpaBJICHUS TPOCKTHOW NESTEIHHOCTHIO CTYIACHTOB pa3padoTaHa aBTOPCKAsh MOJEIb YIIPABICHUS MPOCKT-
HOH NeATeNhbHOCThI0 B IIU(PPOBOI 00pa3oBaTeNbHON Cpejie YHUBEpCUTETA. BHyTpeHHEee CTpOeHHE MOJCIH
00ecreynBaloT MSATh OCHOBHBIX OJIOKOB: TEOPETHKO-METOI0JOTHUECKUN, MEPCIIeKTUBHO-IIEIEBOH, Coep-
JKaTeJIbHO-CMBICIIOBOM, OpPraHU3allMOHHO-AESITENIbHOCTHBIA W WHTErpaTUBHO-OLEHOYHBIN. [IpencraBneHa
TEXHOJIOTHUS PeaTM3alii MOJICIM YIIPABICHHUS MPOCKTHOM JEATCILHOCTHIO CTYJACHTOB B IIU(PPOBOK 00pa3o-
BaTENIFHON cpelle YHHBEpPCHTETa, pa3paboTaHHas B IOTHYECKOM €IMHCTBE COAEPIKAaTEeIbHOM, MpoIeccyaib-
HOM U OpraHU3allMOHHOMN XapakTepucTuk. Pesynabrarbl. Ha ocHOBe aHanu3a Hay4yHON U METOIUYECKOU JIK-
TepaTypsl, MPAKTHKH BBICIICTO 0Opa30BaHUS BBIIBICHO COBPEMEHHOE COCTOSIHHE IMPOOJIEMBI YIPaBICHUS
MIPOEKTHON AEATENBHOCTRIO CTyAeHTOB. OmpenereHsl 0COOCHHOCTH HU(PPOBOH 0Opa30oBATENBHON Cpeabl
By3a U ¢ BO3MOXXHOCTH B Pa3BUTHH NMPOSKTHON KYJIBTYPHI CTyJCHTOB. Pa3paboraHa u 0600CHOBaHa MOZETH
YIPAaBJICHUSI IPOEKTHON JESATENBHOCTBIO CTYJIEHTOB, BKJIIOYAIOIIAsl METOAOJOTHYECKHE OCHOBAHUS, MOHS-
TUHHO-KaTETOPHATBHBIN aImapaT, TEOPETHYEeCKHH Oa3uc W CoAepiKaTeIbHO-CMBICIIOBOS HAIOJIHCHUE.
[IpencraBneHa TEXHOJOTUS peajU3alUd MOJENU YNPABICHHUS MPOEKTHOW HESTENIbHOCTbIO CTYACHTOB B
nuGpoBol 00pa3oBaTEIbHON cpele YHHBepcUTeTa. 3akiw4yenne. Bueapenue 1udpoBbIX TEXHOJIOTHHA U
IU(PPOBBIX WHCTPYMEHTOB, UX HCIIOIB30BAaHHE B YIPABICHUU OpraHu3anueil, B 00CCIICYCHHUH TOCTyIa K
IU(PPOBBIM YUCOHBIM M METOJUYCCKAM MaTepHaaaM, B PaCIIUPEHUH POCTPAHCTBA IJIsl TBOPUECTBA COMCH-
CTBYeT Mepexoqy K MOJETH MepCOHATM3UPOBAHHOM OpraHm3anuu o0pa30BaTeNFHOTIO Ipouecca. B cBoro
ouepenp nUQpoBas oOpa3oBarenbHas cpelia HalpaBleHa Ha MOBBIIICHHE YPOBHS KauecTBa 00pa3oBaHMs U
coneiicTBrE 00pa30BATEIBHBIM Pe3yIbTaTaM 00YUAIOIINXCS, KOHTPOIHUPYS UX U ONICPATHBHO OI[CHHUBAS.

Knruessie cnosa: nudposas oOpa3oBaTenpHas cpena, MUPPOBBIC TEXHOJIOTHH, MPOSKTHAS JIEATCIb-
HOCTb, MOJIETIb YIIPABIICHUS
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Introduction

The development of the economy and society requires universities to implement not a traditional,
but a competency-based approach to teaching students. Students must master a variety of complex com-
petencies, learn to independently search for information, analyze it and apply it to solve various prob-
lems of their future professional activities. One of the possible tools for the implementation of the com-
petence-based approach is the project method [1, 2].

In modern conditions, digital technologies are used and implemented in almost all major spheres of
life. Obtaining new ways of implementing information and digital technologies on the world market
leads to the implementation of modern and optimal management mechanisms, which annually increase
their influence on the main spheres of the economy, as well as on education and the activities of educa-
tional institutions. It is important to note that the educational process in a rapidly changing environment
has the properties of continuity, orientation to socially significant aspects, personal certainty, and neces-
sarily takes into account all the needs and personal interests of students. Obviously, in such conditions,
optimal management decisions should be based on large amounts of data and promptly processed using
modern technologies. In turn, it is advisable for leading educational institutions in the process of their
main activities to take into account not only forecast changes, but also to actively implement innovative
processes in order to obtain distinctive features and competitive advantages [3-5].

Today, education is mainly in demand for various digital technologies (media platforms, electronic
resources, software, etc.), which are more focused on the implementation of high-level educational op-
portunities, which leads to an increase in the efficiency of the entire educational process, in where tea-
chers and students are at the center of networking. Modern digital technologies are aimed at solving
the main tasks of education that are not feasible or cannot be fully solved using traditional educational
tools and technologies. First of all, digital technologies in educational processes are aimed at creating
conditions for increasing and improving the quality of this process, at purposefully ensuring the optimal
functioning of the entire structural organization. These circumstances imply the targeted use of planning
systems based on digital tools; the use of electronic document management, which ensures the effec-
tiveness of the development process and management decision-making; creation of optimal conditions
for the implementation and management of project activities of students [6; 7].

Statement of the problem

Analysis of the work of the available scientific base for the development of effective management
of project activities of students in an educational organization [1-8] and the reflection of their own sci-
entific and pedagogical experience in the digital educational environment of the university made it pos-
sible to identify the contradictions that have developed in theory and practice:

— at the socio-pedagogical level — between the socially conditioned requirements of society to im-
prove the efficiency of the process of managing the project activities of university students and the in-
sufficient level of manifestation of project competencies of students (project knowledge and skills) in
this activity;

— at the scientific and theoretical level — between the complex nature of the implementation of in-
teraction in the implementation of the project work of 1st-2nd year students and the insufficient elabora-
tion of scientific and methodological materials and instructions.

— at the scientific and methodological level — between the complex nature of the process of mana-
ging the project activities of junior students of the university and the undeveloped scientific and metho-
dological support of this process in the digital educational environment of the university.

The problem of research follows from the above contradictions: what are the theoretical, methodo-
logical and technological foundations of effective management of project activities of students in
the modern digital environment of an educational institution. And the main task is to create and theoreti-
cally explain the developed scheme for managing the project work of students in the digital environment
of an educational institution.

In accordance with the set goal, the following tasks have been identified:

1. Based on the study of scientific materials, the practice of higher education, to reveal the current
state of the problem of management of project activities of students.

2. Determine the features of the modern digital environment of an educational institution and identi-
fy its possibilities in the development of the project culture of students.
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3. To develop and substantiate a model of management of project activities of students, including
methodological foundations, conceptual and categorical apparatus, theoretical basis and content and se-
mantic content.

4. To present the technology of implementation of the model of management of project activities
of students in the digital educational environment of the university, which ensures an effective process
of development of the project culture of students.

Analysis of the project activities structure

Project activity is an activity aimed at achieving a predetermined result, creating a certain unique
product or service. The concept of “project activity” is based on the concept of “project”. Common fea-
tures that distinguish the project from other activities:

1) focus on achieving specific goals with a specific beginning and end;

2) limited length in terms of time, cost and resources;

3) originality and uniqueness (to a certain extent);

4) complexity — the presence of a large number of factors that directly or indirectly affect the pro-
gress and results of the project;

5) legal and organizational support — the creation of a specific organizational structure for the dura-
tion of the project [7, 8].

Any project is implemented through a series of phases, has a beginning and end. The project life cycle
is a sequence of phases from the beginning to the end of the project, defined according to the needs
of the project management. All projects, as a rule, have the following phases within the framework of
the international project management standard [4, 5]:

1) initiation: identification of a problem situation, development of a project charter, identification of
stakeholders, team building;

2) planning: developing a plan, defining the scope of the project, creating the structure and scope of
work, estimating resources, defining the organizational structure and sequence of work, estimating the du-
ration of work, developing a schedule, estimating costs, developing a budget, defining and assessing
risks, developing a supply plan, developing quality plan, development of a communications plan;

3) execution: direct work on the project, stakeholder management, development of the project team,
formation of an attitude to risks, ensuring quality requirements, selection of suppliers, dissemination of
information;

4) management: management of project work, change management, management of the substantive
part of the project, management of basic resources (temporary, technical, human, etc.), management of
the entire project team, management of the strategic schedule of project activities, management of all
cost items for project implementation, management of possible and latent risks, management and
preservation of the quality of the educational process, management of the administrative part of the pro-
ject, management of communication processes, etc.;

5) results: the result of a task or a series of tasks, reflex, formulation of key findings and analysis of
the success of the project.

Project activity always has a number of limitations, which include the duration of the project; avai-
lability of the project budget; availability of resources for the project; factors related to the health and
safety of the project team; the level of acceptable risk in the project; possible consequences of the pro-
ject in the social sphere; regulatory documents that must be followed when performing work.

Project activity of students is a motivated independent activity focused on solving a certain practi-
cally or theoretically significant problem, formalized in the form of a final product. This product
(the result of project activities) can be seen, comprehended, applied in real practice. The main goal of
project activity is the independent acquisition of skills in the process of performing the assigned tasks,
the solution of which is possible by combining skills and knowledge from various fields of activity.

The result of such activities is the development of a project culture, which is defined as a social and
professional component of professional culture, including such components as: project-oriented self-
consciousness, professional and creative thinking, scientific and project skills of students and assuming
a fairly high level of implementation of project activities, scientific understanding of the used project
means and, as a consequence, the effectiveness of educational, scientific and innovative activities of stu-
dents (Fig. 1) [3-5].
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Fig. 1. Structural components of the project culture of students: 1-2-3 — project culture:
1 - project self-awareness; 2 — creative thinking; 3 — scientific and design skills

Project self-awareness as a structural component of project culture can be considered as the result of
an optimal synthesis of the professional qualities of a person, value orientations and scientific-project
(professional) knowledge / skills of students. This component can be traced in the process of a student's
attitude to the implementation of real project activities and is expressed in such target settings that are
aimed at comprehension, introspection and self-assessment of project activities and their results.

Design and creative thinking is an important component of design culture and involves the synthesis
of professional and personal qualities of students, professional and value orientations, scientific and de-
sign professional knowledge and optimal design abilities. Such thinking is aimed at finding innovative
opportunities for the implementation and application of scientific and project knowledge and professional
skills in the implementation of the main stages of project activities.

It is expedient to consider scientific and project professional skills as professional and personal edu-
cation, which is formed with the help of scientific and project knowledge and professional and project
abilities, based on value orientations in the field of future professional activity. These skills are neces-
sary for the practical implementation of project activities and assume, on the basis of the scientific prin-
ciple, to determine and implement meaningful, organizational-methodological and procedural-effective
means of project activities.

The development of a project culture is determined by the internal activity of the student's persona-
lity, his focus on transforming his views in relation to project activities and involves the restructuring of
the value-semantic sphere, the formation of a special system of values, meanings, motives, beliefs and
attitudes. In the logic of the idea of “cultural ascent and personal expansion” (L.S. Vygotsky), the deve-
lopment of a project culture is a consistent and phased implementation of students' aspirations for excel-
lence in the implementation of project activities. In other words, the staged nature of the corresponding
changes is manifested in the “ascent to the project culture” along the steps of the “hierarchical ladder”:
“subject project culture” — “specialized project culture” — “perfect project culture”.

Principles of building a digital educational environment

Within the framework of the national project “Education”, the Federal project “Digital educational
environment” is being implemented. The target model of the digital educational environment (DEE)
is also noted, the direction of improving the educational system is indicated — the implementation of
the educational process in the modern digital environment.
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Currently, the concept of “digital educational environment” (DEE) is actively used in the field of
education all over the world. Thus, the search engine Yandex gives 4 million results for the query “digi-
tal educational environment”, and Google — 1 billion 330 thousand for the query “digital learning envi-
ronment”. A brief analysis of the results allows us to see that DSP is mainly understood as “technical
solutions to support educational, teaching and scientific activities” (Suhonen) [9, 10], “an open set of
information systems designed to provide various tasks of the educational process” [3—5]. Consequently,
DEE presupposes the emergence and use in the educational process of various digital technologies and
digital educational resources as teaching aids. The digital educational environment provides ample op-
portunities for the implementation of diverse communicative and effective relationships.

The digital educational environment (DEE) is an open set of information systems designed to pro-
vide various tasks of the educational process. Openness means the ability and right of any user to use
different information systems as part of a DSP, replace them or add new ones. The environment is fun-
damentally different from the system in that it includes completely different elements: both coordinated
with each other and duplicating, competing and even antagonistic [11, 12].

Organizational principles for building a DEE:

1) the principle of unity is the coordinated use in a single educational and technological logic of va-
rious digital technologies that solve various specialized tasks in different parts of the DEE;

2) the principle of openness, i.e. freedom to expand DEE with new technologies, including connec-
ting external systems and interchanging data based on published protocols;

3) the principle of accessibility is the unlimited functionality of both commercial and non-
commercial DEE elements in accordance with the licensing terms of each of them for a specific user, as
arule. via the Internet, regardless of the connection method;

4) the principle of competitiveness, i.e. freedom to fully or partially replace DEE with competing
technologies;

5) the principle of responsibility is the right, duty and the ability of each subject, at his own discre-
tion, to solve the problems of informatization in his area of responsibility, including to participate in
the coordination of tasks for the exchange of data with related information systems;

6) the principle of sufficiency is the compliance of the composition of the information system with
the goals, tasks and abilities of the subject, without unnecessary tasks and data schemas that lead to ad-
ditional costs;

7) the principle of utility, that is, the formation of new opportunities and / or a decrease in user labor
costs due to the introduction of DEE.

Description of the project management model in the digital educational environment. In order to en-
sure effective management of students' project activities, an author's model has been developed (Fig. 2).
The presented model is built into the digital educational environment that has developed in the universi-
ty and is focused on the development of project self-awareness, creative thinking and scientific and pro-
ject skills of students. The internal structure of the model is provided by theoretical-methodological, per-
spective-target, content-semantic, organizational-activity and integrative-evaluative blocks. Let us give
a brief description of the indicated blocks of the model.

The theoretical and methodological block reveals the initial theoretical provisions and the author's
conceptual position in terms of constructing an integral process of managing the project activities of
junior university students. It is formed by two main elements: a) methodological approaches, b) project
theories, concepts, standards.

Methodological approaches reflect ontological ideas about the nature and specifics of the process
under study. The peculiarity of the choice of a set of methodological approaches lies in the fact that they
allow one to discover the essential side of the process of managing project activities of junior university
students (axiological, acmeological and anthropological approaches) and procedural (institutional, per-
sonality-activity, system-synergetic approaches) planes.

Project theories, concepts and standards capture the prevailing scientific views and requirements
for the project management process. This includes: theories of project activity and its development in
the educational environment; theories of professional and personal development and self-development;
the concept of personal and professional development of students in the educational process; research in
the field of organizing design, innovation, scientific and design activities in an educational institution;
project management standards (ISO 10006-97; PRINCE 2, etc.).
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The prospective-target block determines the strategic plan for the implementation of the author's
model and the general direction of the process of managing the project activities of students, which al-
lows you to get an idea of the initial foundations for designing the expected results. The goal of imple-
menting the model is formulated as using the potential of the digital educational environment of the uni-
versity to ensure effective management of the project activities of junior university students and the de-
velopment of their project activities.

The content-semantic block reflects the subject of activity that underlies the process of managing
the project activities of students, and the corresponding semantic content of the main directions of project
activities in the digital educational environment of the university. It represents the unity of theoretical con-
cepts and effective ways of implementing the design, innovation and scientific activities of students.

The organizational and activity block is characterized by the understanding that the management of
students' project activities is an extremely complex and phased process. At each of the stages in the stu-
dent's personal sphere, quite specific psychological neoplasms appear, indicating his progress towards
his “acme”. In accordance with this, the organizational and activity block is represented by several com-
ponents: procedural, organizational and methodological. The procedural component reflects the prolifer-
ation of the process of managing the project activities of junior university students and captures three
stages: motivational-cognitive, project-developing, professional-enriching. The organizational compo-
nent defines practice-oriented conditions that form a “comfortable” environment for the effective man-
agement of students' project activities and the development of their project culture. Practice-oriented
conditions reveal the strategy of students' ascent to the optimal level of project culture. The methodolo-
gical component provides an activity-based implementation of the project management of students and
is represented by the forms, methods and means of the digital educational environment of the university,
in accordance with the specifics and characteristics of junior students.

The integrative evaluation block allows you to assess the degree of correspondence of the obtained
results to the desired ones, and ensures the establishment of feedback. The corresponding grade is set on
the basis of the current / intermediate and final results of project activities, the justification of which can
be using the appropriate criteria and indicators that determine the level and process of development of
students' project culture. Among the main criteria it is possible to choose: a deep understanding of pro-
jects, creativity, the ability to apply scientific knowledge in design. The key indicators will determine
the optimal and effective combinations based on such indicators as: awareness of aspects of project
work, orientation on value attitudes, effective management abilities, digital knowledge and skills, such
personality qualities of students as: purposefulness, performance, self-control, confidence, efficiency.

The main levels of the implementation of student project culture are correlated with the project-
personal characteristics: creative, activity-based, scientifically grounded, normative, professional and are
determined taking into account the formation of the project culture through the manifestation of project
self-awareness, creative thinking, scientific and project skills.

Technology for project management in a digital educational environment

The technology for implementing the author's model for managing student project activities in
the digital educational environment of the university is developed in the logical unity of the content,
procedural and organizational characteristics of the process of developing the project culture of students,
presented as the goal and content of the process under study, participatory teaching methods and prac-
tice-oriented conditions [12—14].

The content characteristic is a set of goals and content of the development process of student pro-
ject culture, which are selected on the basis of the identified patterns and principles of the digital educa-
tional environment of the university.

Goal setting is a mechanism that brings together the results of a person's understanding of basic va-
lues, key motives, future professional qualities with alternative goals of professional development.
Therefore, the goal-setting process has a tiered nature and involves three main levels of goals: 1st level —
customers (the designer of the project task is the state and the business community), 2nd level — per-
formers (project group of students, project curators ) and the third level — consumers (participants in
the knowledge economy market).

The content of the technology is reflected in the developmental course “Development of project
competencies of students in the digital educational envi-ronment of the university”, a distinctive feature
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of which is differentiation, i.e. three independent sections (basic, advanced and creative) have been de-
veloped in accordance with the students' level of project culture. The sections are built on a modular ba-
sis, taking into account the experience of project activities, project competencies and individual charac-
teristics of students.

The transformative characteristic includes a number of technologies, approaches and forms of de-
velopment of the project culture of students. When implementing the author's model for managing stu-
dent project activities, it is advisable to use participatory teaching methods, which are represented by
five structural groups: a) methods of developing project self-awareness (situational role projects, mutual
learning, mutual observation, mutual reflection of project activity); b) methods of developing design
skills (game design, mutual compromise design, group consulting design); ¢) methods for the develop-
ment of creative thinking (situational analysis, project method, methods of psychological activation —
brainstorming, reverse brainstorming, synectics); d) methods of stimulating project activities (feedback,
rating, generalization of best practices in project activities); e) control methods (tests, project simulator,
portfolio, mutual control and evaluation of project activities).

The coordination characteristic reveals the essence and features of practice-oriented conditions,
which are developed on the basis of necessary and sufficient measures, and are designed to form an ef-
fective environment and an optimal environment for the high-quality implementation of the author's
model of student project management. A separate highlighted condition is purposefully directed at
the development of a certain component from the structure of the student's project activity. These condi-
tions are implemented in accordance with the levels (steps) of ascent to the project culture and presup-
pose the allocation of the subject, specialized and perfect level.

The first condition is an association of students, which is created within a certain university, and
stimulates the development of students' self-awareness in the process of project activities. This condition
presupposes the process of the formation of self-awareness, which takes place on the basis of the use of
various combinations of stimuli and fixes the dynamic changes that appear with the use of various methods
and techniques of project activity: exchange of experience in project activities; contests for the best
author's projects or developments; ratings of student projects; contests, for example, “project erudite”,
“guru-researcher”, etc.; evaluation of design work, originality and effectiveness of projects, etc. novelty
and effectiveness of projects, etc. The described activities realize the ability to assess the achievements
of students, depending on their results of project work.

The second condition is the development and implementation of a hierarchical system “mentoring —
tutoring — coaching”, which ensures the development of students' project skills, which are classified as:
analytical-informational, constructive-predictive, creative-activity, evaluative-reflexive and organiza-
tional-regulatory.

The third condition is the use of the principles of the development of students' creative thinking.
Based on the provisions of the nonlinear didactics of German teachers (S. Greif, L. Giinter, M. Herold,
H.-J. Kurtz, P. Koch, B. Landherr, H.W. Roth), the basic principles of the development of students' crea-
tive thinking in project activities are highlighted: 1 ) the principle of simplicity of basic samples and
self-similarity of design activities; 2) the principle of self-organization and orientation towards the goals
of project activities; 3) the principle of self-optimization and the dynamics of project activities.

The substantive, procedural and organizational characteristics of the technology of the author's
model of student project management are implemented in the digital educational environment of the
university. The digital environment of an educational organization presupposes certain ICT tools that are
systematized and meet the requirements of the Federal State Educational Standard, which is aimed at
more effective achievement of the results of student project management.

The digital environment should become a common field of interaction for all participants in this
process, an effective tool for managing the quality of project activities of university students. The sub-
stantive, procedural and organizational characteristics of the technology of the author's model of student
project management are implemented in the digital educational environment of the university.

It is important to note that the digital environment of any educational organization is based on
the use of ICT tools that meet the requirements of the Federal State Educational Standard, imply dynam-
ic changes in the internal environment of the organization and are selected taking into account the possi-
ble effective achievement of positive results of project activities. The digital environment should
become a common field of interaction for all participants in this process, an effective tool for managing

104 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 4. P. 96-108



Podpovetnaya Yu.V., Najmiddinov A.M., Model of project management in the digital
Ovsyanitskaya L.Yu., Podpovetny A.D. educational environment of the university

the quality of project activities of university students. Consequently, the openness of this environment,
which is based on ensuring the ability to use information systems by participants in the education pro-
cess, and also involves the direct replacement or adjustment of the composition of the components that
make up the content of the digital educational environment, should be attributed to the main principles
of the development of project activities of students in modern conditions.

In particular, the actual components of student project management in the digital educational envi-
ronment of the university are:

— information services for project training;

— partner's personal account;

— service for constructing an individual trajectory of a student;

— a service for choosing a project by a student (with a selection aid system, based on the student's
chosen development path);

— service of interaction of student teams;

— point-rating system for assessing the project activities of students, etc.

It should be noted that in accordance with modern trends in the modernization of higher profession-
al education, the dynamic development of the digital educational environment of the university is taking
place. The primary task of such an environment is the optimal and efficient provision of modern infor-
mation and communication services, as well as basic digital tools to all participants in the ongoing edu-
cational process. Taking into account this aspect, each educational organization has a goal and main task
to improve and modernize the information and educational university environment, which should be as
convenient and comfortable as possible for interaction and effective cooperation of all participants in
the educational process. To achieve this goal and solve the main problems, the educational organization
should be equipped with modern infrared technology and up-to-date software as much as possible.
Undoubtedly, this circumstance presupposes taking into account the existing level of competence of all
university employees, which allows the effective use of modern software tools in the educational pro-
cess [15].

Therefore, it is advisable to consider the university digital environment from the standpoint of
the effectiveness of the system of information and educational technologies and software resources,
which are designed to form a sustainable digital environment and ensure the effective implementation of
the process of managing educational activities at the university. In addition, for optimal and effective
management of the project activities of university students, the main participants in the educational pro-
cess need to navigate at a sufficient level in a wide variety of modern software products and information
and communication tools of education. Therefore, when choosing the optimal digital educational tools
and applications, it is necessary to take into account their main focus, which involves such key aspects as:

— the formation of professional tasks of project activities of students, their classification, implemen-
tation and obtaining specific results;

— development of measures to provide opportunities for targeted feedback of all project participants
and the project manager;

— focus on the optimal creation and effective sharing of digital products in the implementation of
project activities;

— systematizing the process of monitoring and evaluating the results of project activities, obtaining
a visual representation of the designed product, analyzing opportunities for further implementation of
project activities;

— the formation and improvement of the activities of virtual associations, within the framework of
which the effectiveness of project activities is analyzed as a whole for the entire association and for each
participant separately;

— implementation of electronic document management in project activities and organization of
the process of rapid exchange of information on project documentation based on electronic service faci-
lities.

We also need to point out the process of formation of a modern and effectively functioning digital
educational environment of the university, such criteria as: 1) the level of digital competence of teachers
in the implementation of project activities; 2) requirements and restrictions on the use of digital re-
sources in the process of managing students' project activities; 3) modern access to the use of digital
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technologies by students in project activities; 4) equipment and provision of the university with modern
electronic and digital resources; 5) project-oriented conditions for the use of digital tools by participants
in the project management process; 6) unlimited and uninterrupted access to digital resources, local net-
work and global Internet; 7) timely development and improvement of the information and technical
infrastructure of the digital educational environment of the university.

Conclusion

Based on the study of the principles of building a digital educational environment, an analysis and
modeling of the process of managing students' project activities was carried out. The structure of
the digital educational environment of the university is revealed, presented as an open set of information
systems designed to provide various tasks of the educational process. In order to ensure effective mana-
gement of project activities of students, an author's model of project management in the digital educa-
tional environment of the university has been developed. The internal structure of the model is provided
by theoretical-methodological, perspective-target, content-semantic, organizational-activity and integra-
tive-evaluative blocks.

It is substantiated that the digital educational environment of the university helps in solving the fol-
lowing management tasks:

— informational and methodological support of the educational process;

— rational planning of the educational process, optimization and its material and technical support;

— effective monitoring of the educational process;

— organization of work with information flows;

— optimization of the interaction of all subjects of the educational process;

— remote interaction with partner organizations;

— increasing the prestige of the educational organization.

With this approach to the digitalization of project activities, the functioning of an educational orga-
nization becomes a significant indicator that confirms the effective development, competitiveness and
demand in the educational services market. In this context, the digital educational environment of
the university plays the role of the main criterion for assessing the quality of education and the effec-
tiveness of management of educational activities.

It should be noted that digitalization of the process of management of project activities of students
does not replace traditional and proven project methods and management technologies, but acts as
an important and modern addition to obtaining the necessary information, providing visibility and opti-
mal choice to achieve the set indicators and positive results. The model for managing project activities
of students in the specific conditions of the digital educational environment of the university is designed
to provide the ability to systematically and efficiently identify problems in the process of managing pro-
ject activities, as well as promptly making optimal management decisions.
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Abstract. This article focuses on the issues of the practical application of the principles of business
process reengineering during the implementation of the project on improvement of the automated system
for operational control at the foundry of PJSC “UEC-UMPO” (Public Joint Stock Company “UEC-Ufa
Engine Industrial Association”) during the introduction of ERP Infor LN. The essence of the application of
the principles of “development of various versions of the project”, and “rationalization of horizontal links”
is described in more detail. Application of the principle “development of various versions of the business
processes” enables to implementation accounting of the division of one batch of castings into several parts
during technological operations. Application of the principle “rationalization of horizontal links” creates the
conditions for the formation of common information space for foundry management. This space is related
to engineering design issues, process engineering issues, and issues of implementation and management of
production processes. Even though reengineering involves “revolutionary” business process change, the use
of its principles in the evolutionary path of development is also economically effective and at the same time
reduces the risks of project failure. Thus, a simulation of the business process of management of finishing
operations during the manufacture of castings performed in BPMN 2.0 showed a reduction in the duration
of the processes by more than 15 %. Aim. Building a foundry management model in a single information
space of the enterprise using the principles of reengineering business processes in the aspect of the ma-
nagement of finished operations. Materials and methods. The application of the principles of reengi-
neering business processes to the management of finishing operations in the foundry, BPMN-modeling.
Results. With the application of the principle of rationalization of horizontal connections, it becomes possi-
ble to transmit data from the ERP system to the CAD system and vice versa. A single information space of
enterprise management is formed, which allows you to bring together all management functions. Conclu-
sion. In this regard, it becomes possible to identify “narrow” places in the management of the foundry and
take measures to eliminate them. To increase the level of information exchange between all divisions of the
enterprise, which will create a closed production control circuit and will significantly increase the efficiency
of using Infor LN.
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Annomayusn. B 1aHHOW cTaThe PacCMaTPUBAIOTCS BOIPOCH IIPAKTUYECKOTO NPUMEHEHHUS ITPUHIIUIIOB
PEHHXHHUPHHTa OM3HEC-TIPOLIECCOB IMPH pealn3alliil MPOEKTa 10 COBEPIICHCTBOBAHHMIO aBTOMATH3HUPO-
BaHHOW CHCTEMBI ONEPATUBHOTO YNpPaBJieHUs JuTeiHbIM mpousBoacTtBoM [TAO «OAK-YMIIO» (Ydum-
CKOE€ MOTOPOCTPOUTEIBHOE NMPOU3BOACTBEHHOE oObeauHeHue) npu BHenpeHuu ERP Infor LN. Ommcana
CYITHOCTh MIPUMEHEHHUS MPUHIUIIOB «pa3paboTKa pa3IMYHBIX BapHAHTOB MPOCKTay», «PallMOHATIN3AINS TO-
PHU3OHTANBHBIX CBA3ei». [IpuMeHeHne npuHIHNa «pa3paboTKa pa3IMYHbIX BAPHAHTOB OM3HEC-TIPOIIECCOB)
TI03BOJISIET PEAIN30BATh yUeT pa3AeieHHs OJHON MapTHH OTIMBOK Ha HECKOJBKO YAacCTEH IPH BBHITOJHEHUH
TEXHOJIOTHUECKHX orepanuii. [IpiMeHeHne NPUHINNA «pandoHATU3anNs] TOPU30OHTAIBHBIX CBSI3EH» Co3/a-
eT ycloBUsl Uil (POPMUPOBAHUS €IMHOTO MH(OPMALMOHHOTO MPOCTPAHCTBA YHPABICHUS JUTCHHBIM IIpO-
M3BOJICTBOM. DTO IPOCTPAHCTBO CBS3aHO C BOIIPOCAMH WH)KEHEPHOTO MPOEKTUPOBAHHS, TEXHOJIOTHYECKOTO
NPOEKTHPOBAHUS, peaM3alli U yIpaBJICHUs IPOM3BOJCTBEHHBIMH IpoleccaMu. HecMoTps Ha TO, 9TO
PEHHXKHHUPHHT TIPEAIIONAracT «peBOIOLNOHHOE» H3MEHEHHE OW3HEC-IPOLECCOB, MCIIOJIB30BAHUE €r0
NPUHIMIIOB HA JBOJIIOIMOHHOM IIyTH Pa3BUTHUS TaK kK€ SKOHOMHUYECKH 3()(EKTUBHO M B TO XK€ BpeMs
CHIDKAeT PHCKH MpoBaja mpoekra. Tak, MoaeaupoBaHue OW3HEC-Tpolecca yNpaBieHUs (UHHIIHBIMU
OTepaIusIMHi IpU U3TOTOBICHUH OTIUBOK, BhIodHeHHOe B BPMN 2.0, mokasano cokpamieHue mpomo-
JKUTEITBLHOCTH TIipolieccoB Oonee uem Ha 15 %. Llespb uccjeqoBaHus: TIOCTPOSHUE MOJCIN YIPaBICHUS
JUTEHHBIM HPOU3BOJACTBOM B €AMHOM HH(OPMAIMOHHOM IPOCTPAHCTBE NMPEINPUATHS C HCIIOIB30BAHUEM
NPUHIUIIOB PEHH)XWHUPHHTAa OM3HEC-TPOLIECCOB B acleKTe YNPaBJICHHS TOTOBBHIMU omnepanusmu. Mare-
puaabsl 1 MeToabl. [IpuMeHeHNe NPUHINIOB PEHMHXWHUPUHTA OM3HEC-TIPOLIECCOB K YIPABJICHHUIO OTIE-
JOYHBIMH paboTaMu JUTEHHOTO mpou3BojacTBa, BPMN-Monenuposanue. PesyabTarbl. C npuMeHeHHEM
NPUHIUIA PALMOHANIN3AMN TOPU30HTAIBHBIX CBS3EH CTAHOBHUTCSI BO3MOXKHOH mepenada naHHbIX U3 ERP-
cucreMbl B CAD-cuctemy n Haob6opot. @opmupyercs: equHoe MHGOPMAIIMOHHOE HPOCTPAHCTBO YyIIpaBIIe-
HUS TIPEINPHUATHEM, TI03BOJIsTIoNIee 00BEJMHUTE Bee (DYHKIMH yNpaBieHus. 3akaodenne. B cBs3u ¢ aTum
MOSABIISICTCA BO3MOYKHOCTh BBISIBUTH «y3KHE» MECTa B YIPaBICHUH JTUTCHHBIM MPOU3BOJICTBOM U IPUHSITH
MephI 10 UX ycTpaHeHHro. [IoBBICUTH ypoBeHb OOMeHa MH(OpMaIed MEXIy BCEMH IOPa3/eleHUSIMH
OPEIIPHUATHS, YTO CO3JaCT 3aMKHYTYIO CXEMY YIpaBICHHS IPOU3BOACTBOM M 3HAYUTENHHO IMOBBICHUT

s dexTuBHOCTH UcTioNb30BaHus Infor LN.

Knioueswvie cnosa: enunoe napopmamoHHOE MIPOCTPAHCTBO, Ou3Hec-mponecc, ERP-cucrema, UT-Tex-
HOJIOTUH, YHPABJICHYCCKHUE PCUICHUA, aBTOMATU3alluA YIIPABJICHUA, JINTEHHOE IIPpOU3BOACTBO, (bl/IHI/IIHHI)Ie

ornepanuu
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Introduction

The scientific interests of the authors of the submitted article concern the problems of automation
of the business processes of the machine-building enterprise, building models of the management system
of production business processes, adaptation of existing ERP systems to the conditions of real industries,
as well as business process reengineering.

Problems of improving the efficiency of activities, and the growth of competitiveness are acutely
facing industrial enterprises in the modern digital world. A good plan for the development of infor-
mation technology in the company involves the creation of a single information space, a single integra-
ted information system, which would allow bringing together all production management functions, all
activities of the enterprise and management levels, thereby setting an in-extensive control circuit by all
resources of the enterprise. The Uniform Information Space is a set of distributed heterogeneous data
repositories, where are standard rules of processing, storage, updating, retrieval, and information transfer
through which paperless communication between all stages of the life cycle is conducted work. The Uni-
form Information Space allows storage on a centralized basis of project data in a single system of con-
trol of engineering data, to provide collective interaction between enterprise subdividing and as much as
possible to use the processing power to reduce material costs and time.

IPL Consulting specializes in improving business processes and the introduction of corporate
information systems for industrial enterprises. Decisions are based on the best sectoral practices and
the application of reference models of management of world industry leaders. IPL Consulting is an Infor
partner with the status of Infor Gold Channel Partner provides a full range of services in the field of
implementing, maintaining, and technical support for INFOR products for industrial companies [1].
The choice of this vendor is due to the best functionality and technological informality of Infor solutions
for industrial enterprises of secondary and large businesses [2]. It should be noted that the Infor LN ERP
system is chosen as corporate by JSC “United Engine Corporation” (JSC “UEC”). JSC “UEC” is an in-
tegrated structure producing engines for military and civil aviation, space programs, gas turbine installa-
tions, etc. Currently, JSC “UEC” consists of the twenty-six largest engineering enterprises in Russia is
among largest engineering enterprises in Russia, one of which is the Public Joint Stock Company “UEC-
Ufa Engine Industrial Association” (PJSC “UEC-UMPOQO”). There is a pilot operation of an operational
management system for the execution of production orders In PJSC “UEC-UMPO”. The barcoding sys-
tem is implemented in the PTC (production and technological center) and integrated with ERP Infor LN.
In-shop management and dispatching based on ERP Infor LN are conducted by PJSC “UEC-UMPO”
Information Technology division and IPL Consulting teams. The implementation will allow the largest
Russian manufacturer of gas turbine engines to create a single information space for production man-
agement and production planning, to achieve an increase in labor productivity and cut any errors in
planning and accounting for production operations There is a foundry management automation project
via ERP Infor LN launched on PJSC “UEC-UMPO” [2].

Features of foundry production

One of the main procurement bases of the machine-building complex is casting production. Found-
ry production is concentrated on machine-building enterprises, and the performance of foundry work-
shops determines the performance of the machine-building enterprise. Foundry productions are charac-
terized by a complex management structure defined by the multivariance of the same processes. Such
a feature of the foundry is directly affecting all management levels [3].

An essential element of the foundry system is technology, i.e., a step-by-step defined process
of turning raw materials into the finished product. The production process in the foundry shops consists
of a large number of interrelated operations, but significantly different from each other of operations,
the execution of which is divided both in time and geographically (preparation of molding and rod mix-
tures, production of forms and rods, preparation of metal to smelting, producing liquid metal, pouring
and knocking forms, cleaning and hardware castings, control of castings and correction of defects).
The large nomenclature and volumes of the production of castings and a broad range of outflows pro-
duced by mass predetermine significant fluctuations in the complexity of molding and rod work. In al-
most all cast shops, several brands of alloys are used. For foundry shops, it is impossible to create reason
forms, rods, and liquid metal. Some operations in the manufacture of castings are performed in parallel
(for example, the manufacture of forms and rods), while others - are only sequentially (for example, fil-
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ling and knocking out forms, cleaning, and stubbing castings), which makes it difficult to synchronize
the operation of the main production sites of the workshops. As a result, casting goals are distinguished
by a variety of forms of production sites, various in their organizational and technological type.

The casting production processes are significantly different from each other by a set of operations de-
pending on the alloy brand, the interlacing method, the type of casting, and the specifics of the equipment,
as well as the required technical parameters of alloys and castings. In the simplified form of the circuit of
the casting process, or the process of manufacturing the casting is a mirror of materials, fresh and return,
forming a mixture set, and spilling the alloy obtained (with certain properties) in the form [4]. The Table 1
presents the technological stages of two types of casting, demonstrating their diversity.

Table 1
Technological process stages

Stages of the process

12

. Filling the form with alloy

Sand casting Chill casting
1. Chills preparation 1. Cores manufacturing
2. Flask preparation 2. Cores stripping
3. Cores manufacturing 3. Quality control of cores
4. Cores drying 4. Charge preparation
5. Preparation of cores 5. Alloy preparation
6. Quality control of cores 6. Preparation of the coquille for operation,
7. Molding form manufacturing assembly assembly, pouring
8. Charge preparation 7. Filling
9. Alloy preparation 8. Cores removing
10. Crucible preparation 9. Trimming
11. Alloy processing 10. Heat treatment

11. Marking

13. Quality control of the casting process 12. X-ray quality control
14. Removing molding 13. Final quality control
15. Cores removing 14. Cast verification

16. Initial quality control
17. Trimming

18. Casting cleaning

19. Correction of defects
20. Marking

21. Heat treatment

22. X-ray quality control
23. Final quality control

24. Cast verification

The successful functioning of the CTK AT requires large-scale changes in terms of the development
of modern technologies and the expansion of production, including the creation of the Uniform Infor-
mation Space (UIS) [3]. The UIS will allow to store of project data in a single system of engineering
data management, to provide collective interaction between departments and maximize the use of
the processing power to reduce material costs and time. The UIS creation will solve the problem of re-
gistration data exchange between the production system and system and the process design system.
Within the UIS creation were applied the principles of business process reengineering [5].

In this work, we consider the practice of reengineering principles using the example of the business
process of operational management of the finishing operations execution in a foundry.

The description of the existing process of management

by finishing operations in the foundry

Finishing operations are performed in two sections: the finishing operations section and the control
section Fig. 1. It is a process of final processing and testing of castings. The finishing operations man-
agement is performed to ensure the effective functioning of the foundry.
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Fig. 1. Titanium Casting Workshop Production Chain Scheme

A block of castings arrives at the finishing operations site, which then undergoes the procedures of
knocking out, separating the glacial-nutrient system, and stripping. Next, the castings arrive at the con-
trol site, where they undergo warping control, X-ray, and luminescent control. If correctable defects are
detected at any control site, the casting is returned to the machining area, where the necessary operations
to correct the defect take place. Suitable castings arrive at the site of finished products. At each stage,
casting is followed by the production order. If the correctable rejection is detected the control section
generates an act of fault detection, which is transmitted to the general foreman of the machining.
The foreman issues replaceable jobs to certain groups depending on the type of defect. If the casting
declared unfit generated the act of rejection, then this act with the defective product is transmitted in
the pantry of defective products. Rejection acts are transferred from the pantry of ready casts to the bu-
reau of quality control (BQC). The BQC generates a report on rejection and indicates there the reasons
for rejection. Further, the report of rejection was transferred to the production and dispatch management
bureau (PDB). Finish operations are managed by workers of PJSC “UEC-UMPO”: general foreman,
workload coordinator, head of the workshop, and foreman of dispatch bureau [6].

The existing process identified the following shortcomings:

— the management staff receives the results of plant operations with a delay of one day;

— information system does not allow a full-featured accounting of the separation of parts batches
(a part of a batch is issued, and a part goes for correction);

— there is no full-function accounting of rejection;

— IS for recording the production progress and technology and construction engineering IS are not
integrated.

These shortcomings significantly reduce the effectiveness of the management of the aluminum al-
loys foundry complex (AAFC). The existing system is not able to support the effective functioning of
the foundry in terms of modern technologies development and expansion of production nomenclature of
the positions [7]. This problem shows that the management of foundry production, including finishing
operations, needs in improving. It is proposed to apply the principles of business process reengineering
to solve the problem.

Applying the principles of business process reengineering

According to the definition by M. hammer and J. Champy [8, p. 10—11] business process reengi-
neering (BPR) is defined as the fundamental rethinking and radical redesign of business processes to
achieve dramatic improvements in critical contemporary modern measures of performance, such as cost,
quality, service, and speed.

To improve the management of the finishing operations, offer to use the following principles:

* Horizontal compression business processes.

The implementation of this principle is achieved in the transition from the formation of a production
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order (hereafter PO) for the batch to the formation of PO on the casting that will allow taking into ac-
count the division of the batch in case of detection of a correctable defect in the part of the batch.

* Decentralization of responsibilities (vertical compression business processes).

The implementation of the principle of vertical compression will allow the decision makers in BQC
to select and transmit independently information to CAD systems for future planning.

* The logic of the implementation of business processes.

With the implementation of the tasks of the accounting division of the batch, accompanied by
the opening of the new PO, there is the possibility to analyze the progress schedule in parallel with per-
forming operations for the defect’s correction. In the existing system, the implementation of the sche-
dule analysis is performed after closing the PO to the batch.

* The development of various versions of business processes.

The proposed information system is provided for the execution of business processes in different
scenarios: the batch may separate, and part of the blanks can be found fit, some may return to the correc-
tion of the defect, and some may be considered defective.

* Diversification of business processes.

The process focuses on the production of mass products must be conducted equally for all inputs
leading to agreed outputs: the separation of the batch should be considered.

* Rationalization of horizontal connections.

Work is performed in the place where it is most appropriate. This principle is shown in the im-
proved process of transferring information from the ERP system to the CAD system at the point where it
is more appropriate to do so.

Using the above principles of business process reengineering will change the process of finishing
operations management. BQC staff will be able to generate the report in electronic form. The separation
of the batch will be considered: the technological Bureau can create a new PO for the act of fault detec-
tion, which will transfer to PDB for accounting operations on defect correction. We will consider using
the principle of development of various versions of business processes and the principle of rationaliza-
tion of horizontal connections in more detail.

The principle of development of various versions of business processes allows implementing batch
separating owing to the detection of defects during the passage of the control operations. This fact cau-
ses the need for the development of various versions of business processes [9, p. 74-77].

The proposed information system allows considering the separation of the batch.

There are three scenarios for the implementation of the business process:

1) defects are not detected; the whole batch is found to fit;

2) adjustable defect is detected, castings with adjustable defect return to the correction;

3) unrecoverable defect is detected; casting is recognized as defective.

For the possibility of accounting for the progress of the production of castings operations, it is
necessary to provide all three scenarios. The proposed system solves the problem of considering the se-
paration of the batch by creating a new PO for each casting in which an adjustable defect is found.
The technological bureau opens a new PO, further PO is transferred to PDB for accounting operations
on defect correction

The process of batch separation is illustrated by a dynamic model of control of finishing operations
management Fig. 2. If a defect is verified the possibility of elimination of the defect is checked. If we
remove a defect, then a new PO is created and operations on defect elimination are executed.

Applying the principle of rationalization of horizontal connections allows transferring data from the
ERP system to CAD systems and back [10]. Such communication consists of the automated transfer of
standard information in the form of:

1) material master records;

2) specifications for materials;

3) process charts to materials that contain a list of operations and their duration.

4) changes in the existing product technologies.

Statistics of rejection must come directly to the scheduled system of foundry production that will al-
low the identification of “bottlenecks” of the process and take measures for their elimination. In the of-
fered system the BQC employees can create the report on rejection in the automated mode [11].
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Results

To measure the results of improvement of business processes of finishing operations management
in foundries were simulated the proposed and the existing processes were. The simulation was based on

the BPMN model Fig. 3.
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Fig. 3. The fragment of a BPMN model. The shift-day tasks formation

During the simulation, 1500 pieces were used that allow setting the ability of the offered system to
cope with the planned load. The duration of the operations process and the probability of the activated
output branches of an exclusive gateway are defined based on expert data [12]. The simulation showed
that the process duration will be decreased: the average spent for passing by one nomenclature position
of all operations of the process will decrease for 3 minutes and 3,8 seconds. The total time for the 1500 po-
sitions will make: in the existing process — six hundred hours, in offered — five hundred hours. The dif-
ference for 1500 the nomenclature positions will be one hundred hours.

The comparison of results showed that the offered model will allow performing operations on fini-
shing operations management faster than the existing [13].
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Conclusion

As part of the interaction of the Department of Automated Management Systems of the Ufa State
Aviation Technical University, PJISC “UEC-UMPO” and IPL Consulting there is underway work of
forming a structural model of the casting process, developed models of intra-workshop planning (manu-
facturing execution system level), accounting for the production and support of decision-making in op-
erational management on the methodology of structural modeling and process modeling [14]. Also,
the model of the component composition of the alloy charge was developed, in which all reference
books are presented as existing ERP Infor LN and newly created. The conducted research demonstrates
that the introduction and adaptation of Infor LN in the enterprises of the class of PJSC “UEC-UMPO” is
an urgent task.

The need to apply the principles of reengineering business processes to create a single information
space of an enterprise is obvious. This makes it possible to adapt the existing system to other conditions.
Increase the level of information exchange between all enterprise divisions, which will create a closed
loop management loop and will significantly increase the efficiency of using Infor LN. The access of
managers and specialists of the enterprise to the necessary reliable information in real-time will increase
the quality of management decisions [15].

The applying principle of horizontal relations rationalization will create conditions for the formation
of the Uniform Information Space. ERP-system allows quality statistics but using only the ERP system
to solve the problem of rejection reduction is impossible. Planning of foundry production in PJSC
“UEC-UMPQO” is conducted with the CAD system. This system does not allow to realize the finishing
operations management. The creation of the UIS (Uniform Information Space) will allow the integration
of the data of CAD and ERP systems and to quickly make management decisions in case of changes in
production.

The systems integration will allow avoiding errors due to re-enter data and reducing production
preparation time.

The double-side data exchange between ERP and CAD systems can be conducted both in real-time
and batch mode at regular intervals manually.

Thus, the execution of horizontal communications the principle will allow to reveal of “narrow”
places of process and to make management decisions on their elimination.

The described technique is verified by conducting a simulation of the proposed and existing processes
with the performing execution of dynamic analysis. The results apply to the PJSC “UEC-UMPO”.
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Annomayun. 1lpu NpeneeHTHOM YIIPaBICHUH aBTOMATH3MPOBAHHBIMH HACOCHBIMH KOMILIEKCAaMHU
HEOOXOIUM yUYeT XapaKTepPUCTUK TMHAMHYECKHX MPOIECCOB C IENBI0 YMEHBIICHHS WIIN MOJHOTO yCTpaHe-
HUS Pa3lWYHBIX HECTAIlMOHAPHBIX T'MIPABIMYECKUX INPOLECCOB, B TOM YHCIIE KaBUTAI[MH. B craThe pac-
CMOTPEHBI YCJIOBHSI BOSHHKHOBEHHS B HACOCHBIX KOMILIEKCAX JIOKAIBHBIX KOJIEOaHUH TUAPOANHAMHYECKO-
TO XapakTepa, CHOCOOCTBYIOMNX BOZHUKHOBCHHIO MJIM aKTHBU3AIMU YKa3aHHBIX HEXeJaTebHBIX Ipolec-
COB, C ITIOCTPOCHUEM ANHAMUYECKHX MOJIENEH Ha OCHOBE METO/A 3JICKTPOAHAIOTUH U IPUMEHCHUEM KpHTe-
pHUEB yCTOMYMBOCTH TEOPHH aBTOMATHYECKOTO yrnpasieHus. OCylIeCTBIEHO NOCTPOCHUE MaTeMaTHYECKON
MOJIETIH JIOKAJIBbHBIX TNHAMHYECKHUX IPOLECCOB, aHAN3 YCIOBHH YCTOWYMBOCTH M CTEIEHU KoJieOaTenbHO-
CTH, MX YHCJIEHHOE MojenupoBaHue. OnpenencHue NaHHBIX YCIOBHH MPEJOCTaBISET AONOIHUTENIBHYIO
nHpopmanuio 1yt 000CHOBAaHHOTO BBIOOpA MPELEASHTOB NPU aBTOMAaTH3MPOBAaHHOM YIIPaBICHUU HACOC-
HBIM KoMmIuiekcoM. Ileib Mcciief0BaHuUsA: ONpEACICHUE YCIOBHH YCTOMYMBOCTH JIOKAJIBHBIX IMHAMHYE-
CKHX TPOLIECCOB NPHU MPEIEACHTHOM YIIPABICHUN aBTOMAaTH3UPOBAHHBIM HACOCHBIM KOMITJIEKCOM C YIETOM
KaHala Oailmaca Ha OCHOBE MOJICIMPOBAHMA C HCIOJIb30BAHHEM METOJA 3JIEKTpOaHaIoruu. Marepuasisl
U MeToabl. /{114 IpoBeieHNs UCCIIeOBaHMs OB MCTIOIb30BaHbBl METOIBI MAaTEMATHYECKOTO MOJIEITUPOBA-
HUS, B YaCTHOCTH METOJ 3JICKTPOAHAIOTHH, METOAbI TEOPUH aBTOMATHYECKOTO YIIPABICHUS C HCIIOJIB30Ba-
HHEM aIlapara IMepelaTouHbIX (YHKIMH, METOIbl YHCICHHOTO MOJCIMPOBAHMS C NPHMEHEHHEM IIpo-
rpamMHoro komrutekca SimInTech. Pe3yabrarsl. OcyiiecTBieHO OCTpOCHNE ANHAMUYECKONH MOJIETH Ha-
COCHOTO KOMIUIEKCa C Y4eTOM KaHaja Oaifllaca Ha OCHOBE METO/A 3JIEKTPOAHAIOTHU. DTO MO3BOJIMIIO TIPO-
BECTH aHAJIM3 yCTOWYMBOCTH M CTEIIEHH KOJIeOATENbHOCTH Mpoliecca NepeKadynBaHus )KUAKOCTH C UCTIOJb-
30BaHUEM METO/IOB TEOPHH aBTOMATHYECKOTO yNpaBieHus. [lomydyeHHbIe B aHAINTHYECKOM BHIE YCIIOBUS,
HaXOJAIINECs B 3aBHCHMOCTH OT CTATMYECKHUX M JUHAMHUYECKUX IapaMeTPOB HACOCHOTO KOMIIIEKCa, OIpe-
JIEITUIIN TPaHULBl 00IacTel Ha HAllOPHO-PACXOIHOM XapaKTEPUCTHKE C ONPEIEICHHON CTENEHbI0 YCTOWIH-
BOCTH U KO0JICOATEIbHOCTH AMHAMUYECKUX IPOIECCOB. 3akJIoueHHe. Pe3ynbTaThl McCIEOBaHUS 1O3BO-
JISIOT OINPENEeNIUTh YCIOBUSA, IPU KOTOPHIX B HACOCHBIX KOMIUIEKCAX HAa OCHOBE IICHTPOOEKHBIX HACOCOB,
OCHAILICHHBIX KaHaJoOM Oaifllaca, BO3HHUKAIOT JIOKAJbHBbIE KOJEOAaTENbHBIE IPOLECCHI, CIIOCOOCTBYIOIIUE
BO3HHMKHOBEHHUIO WIIM aKTHUBHU3AIMM HEXKETATeIbHBIX T'MIPOAWHAMHMYECKUX MpoIeccoB. /laHHBIE yCIOBHA
TIO3BOJISIIOT OCYIIECTBIATh (POPMHUPOBAHUE M WCIIONB30BaHHE 0a3bl MPELEACHTOB IPH YIPABICHUU PEXH-

MaMH pa6OTLI HACOCHBIX KOMIIJICKCOB C YUCTOM q)aKTopa KOJIeOATEIbHOCTH.
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Abstract. The precedent management of automated pumping systems requires consideration of
the characteristics of dynamic processes in order to reduce or completely eliminate various non-stationary
hydraulic processes, including cavitation. The article considers the conditions of local hydrodynamic oscil-
lations in pump complexes, which contribute to the emergence or activation of these undesirable processes,
with the construction of dynamic models based on the electric analogy method and the use of stability crite-
ria for the theory of automatic control. A mathematical model of local dynamic processes was built, stabi-
lity conditions and degree of oscillation were analyzed, and their numerical modeling was carried out.
The definition of these conditions provides additional information for the reasonable selection of precedents
in the automated control of the pump complex. Research objective: Determination of conditions for stabi-
lity of local dynamic processes in case management of the automated pump system taking into account
the bypass channel based on modeling using the electric analogy method. Materials and methods. To con-
duct the study, methods of mathematical modeling were used, in particular, the method of electric analogy,
methods of the theory of automatic control using the apparatus of transfer functions, methods of numerical
modeling using the SimInTech software complex. Results. A dynamic model of the pump system was built
taking into account the bypass channel based on the electric analogy method. This allowed an analysis of
the stability and degree of vibrancy of the fluid pumping process using methods of automatic control
theory. The conditions obtained in analytical form, depending on the static and dynamic parameters of
the pump complex, determined the boundaries of the regions on the pressure-flow characteristic with
a certain degree of stability and oscillation of dynamic processes. Conclusion. The results of the study
make it possible to determine the conditions under which local oscillatory processes occur in pumping
complexes based on centrifugal pumps equipped with a bypass channel, which contribute to the emer-
gence or activation of undesirable hydrodynamic processes. These conditions make it possible to create
and use a base of precedents when controlling the operating modes of pump systems taking into account
the oscillation factor.

Keywords: pump complex, bypass, cavitation, automated system, precedent approach, electrical analogy,
dynamic model, oscillation

For citation: Lutov A.G., Novozhenin M.B., Shevtcov I.LK. Simulation of dynamic processes during
precedent control of the automated pump system taking into account the bypass channel. Bulletin of
the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Beenenue

[Ipu mperieieHTHOM yIIpaBlIEHHH aBTOMAaTH3UPOBaHHBIMH HacocHbIMU KoMmriuiekcamu (HK) [1, 2],
peaN3yIONMMH TEXHOJIOTUYECKHE MPOLECCHl NEPEKaunMBaHMsl KUAKOCTEH BO MHOTHX OTPAaCisIX Mpo-
MBILIIJICHHOCTH, HEOOXOMM y4eT ycloBuil Bo3HUKHOBeHMsI B HK HexkenaTenbHbIX TUHAMUYECKUX TPO-
[[ECCOB, B YACTHOCTH KoJieOaTeIbHBIX, HATMYNE KOTOPBIX MPUBOIUT K TIOSBIICHUIO Pa3IMYHOTO poJia He-
CTAallMOHAPHBIX THUAPABIMYECKUX IporieccoB. Cpenn TaKUX MPOLECCOB HAMOOJBIIHNKA yIepO BBHI3BIBAET
KaBuTauus [3—5], KOTOpas CIy’KUT UCTOYHUKOM pa3pyLIeHHs padOYMX OPraHoB, IIyMaMm, BHOpaLUH U
MyJbCAIMSIM JIaBJIEHUS B CUCTEME U, KaK CJIEACTBUE, CHIDKEHUIO MPOU3BOAUTEIHHOCTH, YMEHBIICHUIO
KII[, moBbIlIeHHIO W3HOCA U YMEHBIIEHHIO cpoka ciryx0b1 HK. KaBuraius npeacrasiser co0ol cepb-
€3HYIO MPoOJIeMy B CBSI3H C TPYAHOCTHIO ONEPATUBHOIO KOHTPOJISI €€ BOSHUKHOBEHHS U 0OecrieyeHus
Oe3KaBUTAMOHHBIX pexkuMoB padoTsl HK [6], koToprie BKiIOYaOT B ce0sl OOUH MM HECKOJBKO HACco-
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Jlromoe A.I"., HoeoxxeHuH M.B., ModenupoeaHue duHamuyecKkux npoyeccoe npu npeyedeHmHom
Lllesyoe U.K. ynpaeJsieHuu aemomMamu3upoeaHHbIM HaCOCHbLIM KOMIT/TIEKCOM...

COB, a TaK)Ke BCACHIBAIOLIMNA U HaNopHbIe TpyOompoBoasl. OcHOBHOE pacipocTpaneHue noixyuamnn HK
¢ neHTpobexxupiMu Hacocamu (LIH) mo mpuunne mMaccoraGapuTHBIX MOKa3aTesei, BEICOKOH MPOU3BOIM-
TEILHOCTH B CIIOCOOHOCTH MEePEKAYUBATh 3aTPSA3HEHHBIC CPEIIBI [7].

B [1, 8] mpeacTaBneHbl pe3yabTaThl UCCIEAOBAHUSA YCIOBHI BO3HUKHOBEHHUS KOJeOaTeIbHBIX
MPOIIECCOB MPHU aBTOMAaTU3UpoBaHHOM ynpasieHud HK npu momoniu nmperenenToB 0e3 yueTa KaHa-
na Oaiinaca. Crioco0 peryJupoBaHUs METOJOM OalNacUpoOBaHUs, IMyTeM MEPermycKa YacTH KHUIKO-
CTH BO BCACBIBAIOLIYIO JINHUIO HACOCOB, MPEAOCTABIISIET TOMOJHUTENbHBINA KaHan ynpasienus HK ¢
MOMOIIBIO YIPaBIsIEMOH 3aJIBUKKH. JTO YBEIMYMBAET IMPOCTPAHCTBO BO3MOXKHBIX cocTosiHud HK
KaK JIMHAMUYECKOTO 00BEKTa U, COOTBETCTBEHHO, PaCIIUPSET BO3MOXKHOCTH YNpaBICHUSI U (HOPMH-
POBaHUS NOTEHUUATIBHBIX PELEISHTOB IPU BEIOOPE pallMOHANBHBIX (0€3KaBUTALIMOHHBIX) PEKUMOB
ero paboTHI.

OrmpeneneHre yCJIOBUM BOSHUKHOBEHHUS KoJjiebaTeNbHBIX mporieccoB B HK mms pasnudanbIx crmoco-
OOB peryiaupoBaHUs, B TOM YKCIE U METOJOM OallacupoBaHUs, MOCTPOCHUE TPaHHUI] KoieOaTenbHON
YCTOMYMBOCTH Y, B KOHEYHOM HTOTE, MPEOCTABICHNE JIOTIOJHUTEIHHON KOppEeKTHpYIoeld nHpopma-
UK 17151 000CHOBAaHHOTO BBIOOpA MPELEJCHTOB NPH aBTOMaTU3UpoBaHHOM ynpasineHun HK sBisercs
BKHOM U aKTyaJIbHOM 3a7auei.

Hanopno-pacxoanast xapakTepucTHKa onpezenseTr n3MeHenue pexxuma padotsl HK. Touka nepece-
YeHMsI XapaKTEePUCTUKU CEeTU (C yBeNMYeHHEM pacxoaa () MpOUCXOIUT yBelndeHue U Harmopa H) u xa-
paxtepuctuku LIH (c yBenndeHnem pacxozia yMeHbIIAETCSl HAMOP) Ha3bIBaeTcs paboueit Toukoi. M3me-
HEHHE TIOJIOKEHUsI padoyei TOUKH MPUBOAUT K U3MEHEHHUIO pexkuma pabotsl HK.

C menpio UccieoBaHus IHHAMUYECKHX TporeccoB B HK Ha ocHOBe METO/IOB TeOpHH aBTOMaTHYe-
CKOTO YIpaBJICHUs] IPUMEHUTEIBHO K JIMHEHHBIM cucteMaM [9] HeoOxoanma nuHeapusauus HPX B 06-
nactu paboueil Touku. Beenem B paccmorpenue anddepeHIraIbHble CONPOTUBICHUS Il OMHCAHUS
JMHAMHYECKUX MPOLIECCOB B OKPECTHOCTSX padoueil Touku HPX:

dH
Cdec >0’ uH: IH <0,
dQ o) dQ Q

rae H, — nanop, passusaembiii I[H; H, — Hanop ruapasnuyeckoit cetn; Q — pacxojl KMJIKOCTH B

cucreme; R, — muddepeHnranbHOoe CONPOTHBIEHHE CETH; R, — mu(depeHnranbHoe CONPOTUBIEHHE
H (puc. 1).

H
A
R
Hom
N
D D
d

Puc. 1. HPX LIH (1) n ceTn (2)
Fig. 1. Pressure and flow characteristics
of centrifugal pump (1) and network (2)

B ciiyuae mpuMmeHeHUs NEpeyCKHOIO KaHala Kak CPeACTBa YHPABICHUS PEXUMOM PabOTHI pac-
CMOTPHUM CXEMY NapajjieIbHOIO BKIIOYECHHUS, IPEICTABICHHYIO Ha pHC. 2.
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Fig. 2. Diagram of the centrifugal pump activation in the pump system

CtpyKTypHas cxema aBTOMaTU3MPOBaHHOM cucteMbl ympasnerus HK ¢ mpumenennem mnpereaeHT-
Horo nonxona [10] mpeacrasnena Ha puc. 3.
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\ Biiok —! ! .
OpPMHPOBAHHA
(Oneparop (bopmup
KOPPEKTHPYIOLIHX AU, o
4 CHTHAJIOB Brnok OLECHKH [
T MTPOHU3BOAUTENIBHOCTH |—H—
2 J
| Q—‘
bnok Beibopa  [*+—H—] Birok noncka BIIOK OLIeHKH
npeneneHTa  |«—Q— pelleHnsd  |@———hv——— KaBUTAUHOHHOTO fe——H——
f 0o0béma Ha HC s
P
_________________* _________________________________________________________________________________ Yy _.
- Pesynerarer ;
' 3HaucHus Y Biiok o0yucHus baza !
' S MOJIC/IMPOBAHUA B CPCAC IMapamerper HK HC .
' FUPS Turbomachinery CFD P !

Puc. 3. CTpyKkTypHasa cxema cMcTeMbl aBTOMaTU3MpoBaHHoro ynpaenenus HK
C NpMMEeHEeHUeM npeLeaeHTHOro noaxoaa
Fig. 3. Block diagram of the pump system automated control system
using the precedent approach

Ha puc. 3 umerotes cnenyromme odo3nauenus: H — Hamop, pa3suBaemblii UH; O — pacxon, pas-
BuBaeMbld [IlH; ® — yacrora Bpamenusa [HH; o — yros oTKpbITHS 3aJIBUXKKH Ha MEPEMYCKHOM KaHalle;
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hv — o0beM kaBuTauuy; J — 3HAUEHUE KPUTEPHS OLIEHKU OTKIOHEHHUS MPOU3BOAUTENBLHOCTH (KpUTe-
pHil OLIEHKH TPOU3BOJIMTENBLHOCTH); P — mpereneHt; P” — 3akioueHne 0 MPUTOAHOCTH IMPEIIE/ICHTa;
w — Beca HacTpoKH HeliponHoii cetn; H', Q' — Teopernyeckue 3Ha4eHust Haropa u pacxona L[H B Ho-

BOI1 paboueil TouKe; U(?), Ug — YIPaBJISOIMUE BO3JCHCTBUS 10 YAaCTOTE BpAIICHUS U YINIy OTKPBITHA
3aBIKKH, hopmupyemsle 3agatunkom; AU, AU, — KOppeKTHpYIOIIUe BO3AEHCTBUS 110 YacTOTe Bpa-
LIEHUA U YIUIy OTKPBITUSA 33[IBYKKHU HA IIEPEIIYyCKHOM KaHaJle COOTBETCTBEHHO.

MaremaTH4yecKoe MOJeIUPOBAHUE

Meron anexTpoananoruu [11], KOTOpHI MOTYYHI MIUPOKOE PACIIPOCTPAHEHHE TaKXKe U MPH Mo/Ie-
JUpOBaHUM TuapaBindeckux npoueccoB B HK [12-14], uenecoobpa3sHo MCIONB30BaTh I TOCTPOCHUS
JMHAMHYECKOW MOJIEITH Tpoliecca epeKaunBaHus KHUJKOCTH C LENIBI0 aHaTN3a BOSHUKHOBEHHsI KojeOa-
TEJBHBIX MPOLIECCOB.

B pesynbraTe npuMeHeHus JaHHOTO Moaxoaa Oblia moiydeHa cienyromas moaens HK (puc. 4).

Rux Rs ——C| |Re

Puc. 4. Mogenb HacocHoro Komnrekca,
NOCTPOEHHasi Ha OCHOBe MeToAa 3fieKTpoaHanorum
Fig. 4. Model of the pump complex,
built on the basis of the electric analogy method

Ha puc. 4: E — anexTpruyecKuii SKBUBaJIEHT Haropa, pa3suBaemoro L{H; / — sanexTpuyueckuii 3KkBUBa-
JeHT pacxoma; R., R, R, , R; — SKBUBAJIEHTHI IHIPABINYECKUX TU(PPEPEHIMATBHBIX CONPOTUBIIE-
HHUH ceTH, HEeHTPOOEKHOT0 HAcOca, BCACHIBAIOILEIO (BXOAHOr0) TpyOoIpoBoaa, Oalnaca ¢ peryiupye-
MOW 3aIBIKKOU (COOTBETCTBEHHO); C — MTUHAMUYECKUH 3JIEMEHT (DJIEKTPUYECKasi eMKOCTD), OTpaKaro-
LM yIpyrue CBOWCTBA KMIKOCTH U AJIEMEHTOB KOHCTPYKIIMHM HACOCHOTO KOMILIeKca; L — AuHaMude-
CKUH 3JIeMEHT (MHIYKTUBHOCTB), OTPAKAIOIINI HHEPIIMOHHOCTh MOTOKA KUAKOCTH [12].

Ha ocnoBanuu 2-ro 3akona Kupxroda monens HK npumer Bup cnegyromiero ypaBHeHuUs 3JIEKTPU-
YEeCKOH LienH B KOMILIEKCHOW (opme:

R

RBX +.7c 'R6
R.Cio+1

R +7Rc

R.Cio+1

E(jo)=1(jo)-

+ Ry, + joL | )
+ R;

BrimonuauB npeodpazopanue Jlamraca k oneparopHoi Gpopme 3anucu ( p = jo ), nocie apudmeTr-
YECKHUX MPeoOpa3oBaHMM MOJYUUM:

(Ryy (R.Cp+1)+R, )R6 +(Ryy +Lp)-((Rox + R5)(R.Cp+1)+ RC)

E(p)=1(p)- 2
(p)=1(p) (Ry + Rs)(R.Cp+1)+R, @)
HroroBsiii B 001ICH Mepe1aToOuYHON (YHKIIMH:
Wpy= 1) _ (Rux + R5)(RCp+1)+ R, &)
E(p) (Ry (R.Cp+1)+R,)Rs+(Ry +Lp)-((Ryy +Rs)(R.Cp+1)+R,)
BecTHuk KOYpl'Y. Cepus «KoMnbloTepHbIE TEXHONOMMU, yNpaBneHue, pagvuo3neKTpoHuKa. 123
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AHaJIM3 yCTOMYHBOCTH THHAMMYECKHX MIPOLECCOB
YcToiurBOCTh TMHAMUYECKOH CHCTEMBI, ONMCHIBAEMON B OKpeCTHOCTAX pabdoueit Toukn HPX nepena-
TOYHOH (yHKIMEH (3), onpeensercs mapaMeTpaMu ee 3HaMEHATENS — XapaKTePUCTUIECKOTO MOJMHOMA!

P*[CLR, (Ryy + Rs) |+ p[ C(R5Ry R, + Ry R, (Ry + Rg )+ L(Ry + Rs +R,) |+

HH" ‘'C

+[ RsRyy + RsR, + Ry Ry + Ry R + RR R, |- (4)

IIH" “BX
K cucremam BTOpOro mopsijika MpUMEHUM KPUTEPUH HEOOXOAWMOTO M JOCTATOYHOTO YCIIOBHS YC-
TOWYMBOCTH — MOJOKHUTEIBHOCTh BCeX KOAPPHULIMEHTOB XapakrepucTuieckoro ypasaenus [9]. Koag-

(1)I/ILII/ICHT npu p2 ABJISAICTCA 663}’CJ'IOBHO ITOJOXKHUTCIIbHBIM. Torua JUIA YCTOI‘/JI‘II/IBOCTI/I CHCTEMBI HEOOXO-
JUuMa IMOJIOKUTCIBHOCTh OCTAJIbHBIX KOB(b(i)I/IHI/IeHTOB XapaKTECPpUCTUICCKOT' O IOJIMHOMA.

VYcnoBue yCTOHYMBOCTH IS CPEAHEro KodduureHTa:

C(RsRy R, + RyyR. (R, +R5))+ L(Ry, +Rs +R.)>0. (5)

BX™"C IH™ C
[Ipenmonaras, uyto 3HaueHue L, oTpakaroliee HHEPIIMOHHOCTh MMOTOKA KUAKOCTH, JOCTATOYHO Ma-
JI0, TO BTOPBIM clIaraeMbIM B (5) MOYXHO TpeHeOpeyb:

C(RgRy R, + Ry R, (R, +Rs))>0. (6)
Kpowme 3toro, ecnu yuects, uto C >0, T0o ycnoBue (5) NpuMeT ClIeAyIOIUi BUA;
RsRy R, + R, R, (R, +Rs)>0. (7)
3unavenus Hanopos LIH u cetn onpenenum no rpadpukam HPX [15]:
Hy, =H,—a0% H, =b0. (8)
B atom ciy4ae 3Hauenus auddepennpanbabix conporusienuii LIH u cetn OynyT:

dH dH

R, =——=-2a0; R,=——=2b0, 9

w =0 O R.=— 0 Q ©)

a 3HaueHUs1 K03(HPUIHESHTOB:
H,-H H
VYuuTeiBas T0, 4TO B paboueii Touke H,, = H = H, moay4um cleayoomee HepaBeHCTBO:
RsR
H>H0—1&Q. (11)
2R, +R;

IIpun Ry =co (Gaiinac 3aKpsIT):
H>H0—R;X 0. (12)

Ycnosue (11) onpenenser KonedaTeIbHY0 IPaHHIly YCTOMYUBOCTH U BbiaessieT ooactu HPX pas-
JUYHOW CTEMeHU KoyeOdaTeabHOCTH THApaBinudeckux mporeccoB HK B okpecTHocTH paboueil TOUKH
(puc. 5). O6nacth, pacHoONOKEHHAS BBIIIE TPAHUIBI YCTOWYUBOCTH, COOTBETCTBYET YCTOWYHMBEBIM IIPO-
1eccam, HIKe — HEYCTONYHMBBIM («B MAJIOM).

[TomoxxuTenbHOCTh 3HAYEHUI CBOOOIHOTO YIIeHA XapaKTEPUCTUIECKOTO ypaBHEHUs (4) mepenaToy-
HOW (DYHKITUH HCCIIEyeMON CHCTEMBI 00eCTIeunBaeTCs YCIOBUEM

R.Rs +R.R,, +RsR, + R Rs +R, R >0. (13)
[Tonaras ans ynoOcTBa BBIKIAJIOK, 4T0 Ry =k(R, + Ry, ), rae 0 < k < oo, oay4nM HEpaBEHCTBO
(I+ k) Ry + k(R + Ry, ) > 0. (14)

Hcnonp3ysi, aHaTOTHYHO BBIIEU3I0KEHHOMY, MTOTydeHHBbIE paHee BeipakeHus (9), (10), u c yuetom
Toro, uro H,, = H = H, nony4nm:

>0 0 Tk 15
2 1+k 4 (13)

VYcnosue (15) onpenensier anepuoANYECKYIO TPAHUILy YCTOMYMBOCTH M cOOTBETCTBYIoIME obnact HPX
(puc. 6). O0nacTy, pacHoIOKEHHBIE BBILIE JAHHBIX TPAHUL, OyIyT 00JIaCTSIMU YCTOHYMBOCTH, U, COOTBETCT-
BEHHO, HA000POT: 00JIACTH, PACTIONOKEHHBIE HIKE TAHHBIX TPaHHMIL, OyIyT 001acTIMHU HEYCTOWYNBOCTH.
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N3meHeHue BTOporo KoadduumneHTa

Hanop H.m
2

[ L It - =)

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 B85 8§
Pacxon Q, mic™2

HPX UH Rb=0.001 Rb=3938
Rb=10 HPX CETHU

Puc. 5. HanopHo-pacxogHaa xapakTepucTuKa LleHTpobGexHoro Hacoca
c Kone6aTenbHbIMWA rPaHULLAMM YCTOWYMBOCTMU NPU PasNMYHbIX 3HAYEHUAX
conpoTuBneHus 6annaca R),

Fig. 5. Pressure and flow characteristics of centrifugal pump with oscillatory
stability limits at different values of bypass resistance R,

N3merenne CBOﬁO,ﬂHOFO HneHa

Hanop H.m
=]

L T I S - R

=)

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 B85 9§
Pacxon @, mic"2

HPX LH Rb=0.001 Rb=3938
Rb=10 HPX CETU

Puc. 6. HPX ueHTpoGexHoro Hacoca ¢ anepmoau4YecKMMU rpaHuuLamMmu
YCTOMYMBOCTM NMPU pasfiMyHbIX 3HAYEHUAX CONPOTUBIeHus 6annaca R),
Fig. 6. HP centrifugal pump with aperiodic stability limits at different values
of bypass resistance R,

AHaJIU3 CTeNeH! K0J1e0ATeJIbHOCTH JTMHAMHYECKUX IPOLEeCCOB
[IpuBenem nepenatounyro ¢yHkimio (3) kK 00001MEHHOMY BHIIYy TEPEAATOYHON (PYHKIIUH BTOPOTO
MOPSIIKA C YUETOM ITOJIMHOMA YMCIUTEIIS U COOTBETCTBEHHO:

by [ by
—| —p+l1
W(p)zl(p): bp+by  _ ag\hy _ K(Tip+1) 16)
E(p) a2p2 +ap+ag aipz +ﬂp+l T22p2 +28hL,p+1
ay a4
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rac
by=R, +Rs+R,; an
b =R.C(R,, +Rs)

— K03(GUIMEHTHI YUCTUTENS IepeAaTOYHON QyHKINY;
ay =Rs(Ry +R.)+ Ry, (Ry + Rs +R.);
a; = R,C(Ry R + Ry, (R + R5))+ L(R,, +Rs +R,); (18)
a, =R.CL(R, +Rs)

— K03(¢GUIMEHTHI 3HaMEHAaTeIIs epeIaTOYHON QYHKINY.
VYuuteiBas npeoOpa3oBaHus

PR
ao ) 1 bo B

rp=%2, =% (19)
20 do

287, =L; g=—A

a 2{a,-a, ’
MOJYYMM CIIEAYIOIIUE 3HaYeHHUs MapaMeTpoB nepeaaTounoil Gpyukmmu (16):
R, +Rs+ R,
K= ;
Rs(Ry +R.)+ Ry, (Ry +Rs +R,)
e R.C(Ry +Rs)
1~ 5
R, +Rs+R,
R.CL(R,, +R;) ' (20)
Rs(Ry +R.)+ Ry (R + Rs +R.)
. R.C(RyRs+ Ry, (Ryy + Ry )+ L(R,y +Rs +R,) |
2y(Rs (Ryy + R.)+ Ry (Ryy +Rs +R,))- R.CL(Ry + R5)

T2:

Kak usBectHo, ycioBue 0<E&<1 coorBercTByeT oOiacTu KosnebaTenbHBIX, a 1< & — obmacTtu

aNepruoaNYECKUX IUHAMHYECKHUX IpoueccoB [9)]. JlaHHBIE yCIOBHSA C YYETOM IMOJIYYEHHOI'O BBIpaXKe-
Hus st € w3 (20) mO3BONSIFOT MpH HeoOXoauMocTH BeIenuTh Ha HPX obnactu, cooTBeTCTBYOIINE

pa3HOM CTENEeHU KoebaTeIbHOCTH ruapaBindeckux npoueccos B HK, a Takxe obnactu anepuoande-
CKHUX TPOLIECCOB.

OtMmeTum, 4TO yCIOBHEM HaxoxIeHus koddduimenta nemmdupoBanus & B 00JIacTH ACHCTBUTEINb-
HBIX YHCET SBJSCTCS TOJOKUTEILHOCTD MOJKOPEHHOTO BEIPAKEHUS TSI €ro onpeneneHus (cm. (20)).
Taxxe, npunnmas, uro H , = H =H B pabouel Touke, BoIpasuM R, u R, 4vepes KoddPuimen-

ThI HATIOPHO-PACXOJHOU XapaKTEPUCTUKHU:

R =2b Hob; (21)
a+
Ry =-2a a’j . (22)

Ymncnennoe MoaeJMpOBaHue

Brl BHITONTHEH YMCIEHHBINA 3KCIIEPUMEHT, PacyeTHBIE TapaMeTphl KOTOPOTO MPEICTABICHBI B Ta0-
JIMIIE, C UCIIOJIb30BaHUEM JMHAMUYECKONW MOJCIHU B BUC nepeaaTodHoi GyHkiuu (16) i wiirocTpa-
IIUH XapakTepa rnepexonnsix npomeccoB B HK B paznuunbix o6macTsx.
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I'Iapame'rpbl Ansa pac4yeTtoB AMHaMM‘IECKOﬁ Moaenu
Parameters for dynamic model calculations
ITapamerp | 1-it sKCIepuMEHT | 2-# SKCTICPUMEHT | 3-if SKCTIEPUMECHT | 4-1i DKCTIEpUMEHT

a 0,3

b 0,2

Rs 0,001 | 3,93873 3,94 | 10

L 0,0013

C 0,1
Ry 100

Pe3ynbTaThl YMCIEHHOTO MOJCITUPOBAHUS JTUHAMUYCCKUX MPOIIECCOB B OKPECTHOCTH pabouei Tou-
ku HXP ¢ ucrons3oBanuem nporpamMmuoro nakera SimInTech mis pa3nuunbix obnacrelt konedaresb-

HOCTH TIPEJCTABIIEHBI Ha puC. 7.

paduk
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Puc. 7. N'padmkn nepexoaHbIX NPOLECCOB NpU pPasfUYHbIX YCIOBUAX MOAENUPOBaHUA:
a — B obnacTtu anepvognyeckom HeyctomumBocTH; b, c — B o06nacTu yctomnumBbIix
kone6aTenbHbIX NpoueccoB; d — anepuoanveckux (MOHOTOHHbIX) NPOLIECCOB

Fig. 7. Transient plots under different modeling conditions:

a - in the field of aperiodic instability;

b, ¢ —in the field of stable oscillatory processes; d — aperiodic (monotonic) processes
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O0cy:xneHue pe3yJibTATOB

CrpykTypa AMHAMUYECKON MOJENH, BHICTAMBAEMOM IO METOAY 3JIEKTPOAHAJIOTHH, ONpPEACseTCs
cxemoii BkmoueHus: [{H B HK. Ananu3 momydeHHON AMHAMHUYECKOW MOJCIH NaeT BO3MOXKHOCTHh HA
HPX HK pasrpannuuth 00JacTH, XapakTepU3YIOUIHECcs Pa3HOW CTENEeHBI0 YCTOWYMBOCTH U Kojeba-
TETBHOCTH TWHAMHYECKHX TPOIIECCOB B OKpecTHOCTH padouelt Toukn HPX. DTo nmpenocrasnseT ponod-
HUTEJIbHYIO HH()OPMALIKIO IIPU BIOOpE MPEIEACHTOB IIPH aBTOMAaTH3UPOBaHHOM yrpaBieHur HK.

JAist 4UCIeHHOr0 MOJCTHPOBAHUS TUHAMUYECKUX TPOIECCOB HE0OXoarMa HICHTU(DUKAIMS Mapa-
METPOB MOJAEINH, TakuX Kak L, C, R;,, 9TO MOXKET OBITh peajr30BaHO B TOM YHCIIE IKCIEPUMEHTAILHO-
PacyYEeTHBIM ITyTEM.

YTouHeHHE YMOMSHYTBIX rpanuil obiacteli HPX B03MOXXHO ¢ MCHOJIB30BaHHEM JIOBEPHUTEIBHBIX
WHTEPBAaJIOB, IPY 3TOM T'PAaHUIIEI COOTBETCTBYIOMINX obOnacTel OyayT uMeTh (opMy CEKTOPOB.

3akioueHune

[TonyueHHble B OpoLECCe UCCIEIOBAHUA PE3YIbTAThl O3BOJISIIOT ONMPEAEIUTh YCIOBUA, IIPU KO-
topeix B HK Ha ocHoBe 1[H, ocHameHHBIX KaHamoM Oaiiraca, BO3HUKAIOT KoJeOaTelbHbIE MPOIECCHI,
CITOCOOCTBYIOIINE BOSHUKHOBEHHUIO HIIM aKTUBHU3AINH HEXENATSIbHBIX THAPOJUHAMUYECKUX MPOIEC-
coB. [Ipu 5TOM naHHBIC YCIOBHS HAXOAATCS B 3aBUCUMOCTH OT mapamerpoB HK — cratnueckux u au-
HaMHUYECKHUX.

Hnst moctpoenust quHamudeckoil Moaenu HK ucnonb3oBaH MeTOA 3JE€KTpOaHAIOTHHU. JTO MO3BO-
JIMJIO TPOBECTH aHAJIU3 YCTOMYMBOCTU M CTEICHU KOJeOATEIBHOCTH IMpollecca MepeKaunBaHus JKUIKO-
CTH C WCIIOJIb30BAaHUEM METOJIOB TCOPUU aBTOMATHYECKOTO ympaBieHUsA. COOTBETCTBYIOIINE aHAIUTH-
YECKHe 3aBUCHMOCTH W HEPaBEHCTBA ONpeAeNiiIn rpanuibl obnacrelr Ha HPX ¢ ompenenenHoi crerme-
HBIO YCTOMYMBOCTH, a TaK)Ke KOJICOATEIBbHOCTH JUHAMUYECKUX mporieccoB B HK.

[IpoBeneHHBIC HCCIEAOBAHMS OCYIICCTBICHBI MPUMEHUTENBHO K cxeme Bkirouenus [IH B HK ¢ wuc-
MOJIb30BaHUEM KaHasla Oaiiraca, 4TO pa3BUBAET METOIOJIOTHIO MIOCTPOCHUS CUCTEM aBTOMATH3HPOBaH-
Horo ympasieHuss HK ¢ npuMeHeHneMm npeueaeHTHOro MOAXO0Ma, YYETOM XapaKTEPUCTUK JUHAMUYE-
CKHUX MPOLECCOB C IIEJIbI0 YMEHBIIEHUA WU MOJHOIO YCTPAHEHUS! PAa3IMYHBIX HECTAllMOHAPHBIX TUJI-
PaBIUYECKHUX MPOLECCOB, B TOM YHCIIE KABUTALIUH.
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lNepmckuli HayuoHabHbIU ucciedog8amernbCKUl MoUMeXHUYECKUl yHugepcumem,
BepesHukosckuli ¢punuar, bepesHuku, Poccus

Annomayun. B crathe paccMaTpuBaeTCs MpobiieMa MOBHIIIEHH KayecTBa IPO303aIlUThI 3a cUeT 00-
Jiee TOYHOTO pacueTa e€ mapaMeTpoB. B kauecTBe cpeicTBa 3allUThl BBIOpPAH 3alIUTHBINA TPOC. AKTyallb-
HOCTH 3a7a4i 00yCJIOBJIEHAa HEOOXOIMMOCTBIO MOBBIIICHUS KadecTBa M OecriepeOOoHOCTH IHEpProcHabxe-
HUS B COBPEMEHHBIX YCIOBHSIX. B KauecTBe 00BEKTa UCCIICAOBAHMS BHIOPAH yUaCTOK peallbHOM CETH JJICK-
TpUUECKUX coeauHeHuil HanpsbkeHnueM 110 kB B Bune Bo3ayuiHsix tuHui Ha onopax [16-100-8, k koTopeiM
MTOIKITFOYCHBI Pa3HOPOAHEIC MOTPEOUTENH. DKCICPUMEHTAIBHO YCTAHOBIICHO, YTO TOTPEOUTENN OKa3bIBa-
IOT YT Ha JApyra B3aMMHOE BIIMSHHUE. B 3THX yCIIOBHSIX 3aTpyIHHUTEIEHO MPUMCHHUTE TPAIUIOHHBIC Me-
TOJBI pacyeTa rpo3o3amutsl. Lleap ucciegoBaHus — aHATN3 BIHSHUS IPOBOIHHUKA IPO30TpPOCa HaA Tepe-
XOJHBIC TPOIECCHl PEeaTbHONW MBYXIEIMHOW BO3AYIIHON JIHHHUH 3JCKTPOCHAOKeHUs . MaTepuaabl U Me-
Toabl. B makere Simulink pa3paboTaHa UMHTAIMOHHAS MOJIENb B3aUMOICUCTBHUS IJIEMEHTOB CHCTEMBI
3NEeKTPOCHA0KEHNUS, BBIKIIOUaTeNIe U moTpeduTeneil, BOCIPON3BOAAIIAs Pa3IndYHbIC PEKUMBI paboTHI ce-
TH: XOJIOCTOH X0/, paboTy 1Mo Harpy3Koi, KOpoTKoe 3aMbikaHne. OrpaHHueHue TepeHanpspKeHUH B MOJe-
JI He YYUTHIBACTCA B IIEAX HMccienoBaHus. Henocratomue faHHbIE TOTYYEHBI H3 CTOPOHHUX HCTOYHHUKOB
U ¢ oMot mporpamMmel Google Earth. AnekBaTHOCTh MOJETH JJ0Ka3aHa MyTEM CPAaBHEHHUS PE3yIbTaTOB
C KCIIePUMEHTAIBHBIMHI JaHHBIMH, B TOM YHCJIE pacyeTaMy B3aUMHOTO BIUSHHA moTpebuteneil. Pedyiib-
TaThl. PazpaboraH crieHapuii MOIETMPOBAHUS, IPEAYCMATPUBAIOIINI HECKOIBKO MEPEKITFOUCHUIA H KOPOT-
KHX 3aMBIKaHWHA B ceTH. [IpoaHaNM3UPOBAaHO BIHMSHUE IPO303AIIUTHOTO TPOCA B PA3IHUYHBIX PEKUMAX pa-
60Tel. [TyTeM aHaNMM3a OCIMIIIOrPaMM CETH M3YYCHO B3aMMHOC BIHMSHHUC MIPOBOTHUKOB PAa3HBIX IEIeH BEI-
COKOBOJIETHOH JMHWUH. [l0Ka3aHO, 4TO 3TO BIHSHHUE CYIIECTBEHHOC, M €ro HEOOXOAMMO YYHUTBHIBATH IPHU
pacdere rmapameTpoB CPEACTB rpo303auThl. OleHeHO 00paTHOE BIMSHNE TPO303aIIUTEI Ha AJIEKTPHIECKYIO
ceTh. 3akiouenue. PazpaboTaHHas MOJeTh MOXET HMCIHONB30BAaThCS UIS MIMPOKoro kpyra cereit 100 B,
OCHAII[EHHBIX CPEJCTBAaMH I'PO303aIlUThl. B naHHOM cityyae moaTBepikaeHa 3((GeKTUBHOCTh BHIOPaHHOTO
3alIUTHOTO Tpoca. BakKHBIM YacTHBIM BBIBOJIOM U3 PE3YJIbTATOB MOJCTHUPOBAHMS SBILICTCS 3aKITIOUYCHHE
0 HecyliecTBeHHOH (MeHee 1 %) moTepe MOIIHOCTH B CETH M3-3a OpTaHU3aI[ul TPOCOBOM IPO303aIIUTHI.
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COMPUTER SIMULATION OF CABLE LIGHTNING PROTECTION
OF 110-kV VOLTAGE DOUBLE-CIRCUIT PTL BY SIMULINK
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Perm National Research Polytechnic University, Berezniki Branch, Berezniki, Russia

Abstract. The article deals with the problem of improving the quality of lightning protection due to
a more accurate calculation of its parameters. A protective cable was chosen as a means of protection.
The urgency of the task is due to the need to improve the quality and uninterrupted power supply in modern
conditions. As an object of study, a section of a real network of electrical connections with a voltage of
110 kV in the form of overhead lines on PB-100-8 supports, to which heterogeneous consumers are con-
nected, was chosen. It has been experimentally established that consumers have mutual influence on each
other. Under these conditions, it is difficult to apply traditional methods for calculating lightning protection.
The aim of the study is to analyze the effect of the ground wire conductor on the transient processes of
a real double-circuit overhead power supply line. Materials and methods. In the Simulink package, a si-
mulation model of the interaction of the elements of the power supply system, switches and consumers has
been developed, reproducing various network operation modes: idle, load, short circuit. The overvoltage
limitation in the model is not taken into account for research purposes. The missing data was obtained from
third-party sources and using the Google Earth program. The adequacy of the model was proved by com-
paring the results with experimental data, including calculations of the mutual influence of consumers.
Results. A simulation scenario has been developed that provides for several switching and short circuits in
the network. The influence of a lightning protection cable in various operating modes is analyzed. By ana-
lyzing the oscillograms of the network, the mutual influence of conductors of different circuits of a high-
voltage line was studied. It is shown that this influence is significant, and it must be taken into account
when calculating the parameters of lightning protection. The reverse effect of lightning protection on
the electrical network is estimated. Conclusion. The developed model can be used for a wide range of 100 kV
networks equipped with lightning protection devices. In this case, the effectiveness of the selected security
cable has been confirmed. An important private conclusion from the simulation results is the conclusion
about an insignificant (less than 1 %) power loss in the network due to the organization of a cable lightning
protection.

Keywords: power supply, modeling, lightning protection, Simulink
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BBenenne

Bozaymneie nuann anekrponepenayn (BJI) TpeOyroT 3amuThl OT rpo30BBIX MepeHanpsbkenuit [1, 2].
OnHuM U3 CPENCTB 3aLUTHL OT TAKUX MEPEHANPSIKEHUHN SBISIETCS Ipo303aluTHBIA Tpoc. Hecmotps Ha
ITUPOKO M3BECTHHIC HEJOCTATKU TaKoro MeTona [3], oH MHMpOoKo MpUMEHseTcs Ha npaktuke. [Ipunsatue
pelieHuss 00 HCIOJIb30BaHMM MMEHHO T'PO30TPOCa C YUETOM XapaKTEPUCTHK KOHKpeTHou BJI kpome
OIBITA KCIOJNB30BAHUSI MOXKET OCHOBBIBATHCSI HA Pe3yJibTaTaX MOJEIUpoBaHud JuHuu [4]. B kauectse
WHCTPYMEHTA ISl IOCTPOCHUS TMOAOOHBIX MOJENEH XOpPOIIO 3apeKOMEHIOBAIN ce0sl pa3Hble MOIYIH
(tynookcsr) cpenst MATLAB [5, 6], B uactHocTH Simulink [7].

Lenpro maHHOW pabOTHI ABISETCS aHAIW3 BIMSHUS MPOBOJHUKA TPO30TPOCA HA TEPEXOIHBIE TPO-
reccsl peaabHol ayxuernHoi BJL. Jlns atoro cozmaamm B Simulink Mopens ¥ mpoBeneM WMHUTAIAOH-
HBI 9KCIIEPUMEHT U3 JIBYX JTaIlOB:

1-# atan — moxenupoBanue ApyxienHoi BJI 110 kB 0e3 rpo3o3aiiuTsi;

2-ii aTan — mogenupoBanue aApyxuenHoit BJI 110 kB ¢ rpo3o3zamuroit no Beeit qiune BJL.
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KomnbromepHoe modesnnupogaHue mpocoegoll 2po3o3aujumal
deyxuenHol J13I1 knacca HanpsikeHuss 110 kB e Simulink

[Ipoananusupyem BIMSHHE HATUYUS TPO30TPOCca Ha epexoaHble nmpouecchl BJI B pa3HbIX pesxumax
paboThl, Takke 0OpaTM BHUMAaHHE HAa B3aMMHOE BIMSHHUE MPOBOIHUKOB pa3HbIX Lenei BJI. B npouec-
ce paboTsl oueHUM 3P PEKTUBHOCTH BHIOPAaHHON KOHCTPYKLMH OIMOP M TPO303ALIUTHI, YTOOBI HCCIEN0-

BaTh BO3MOKHOCTb €€ MPUMEHEHHSI.

PaccmaTpuBaeMblii y4acTOK CETH JJIEKTPUYECKUX CO-
equHeHnii 35-110 kB (c oObekTaMu 3IIEKTPOIHEPIETHKH)
IO BOC ¢unnana OAO «MPCK VYpana» — «Illepmdnepro»
pacnionoxeH B IlepMckoM Kpae 1 BKIIIOYaeT B ceOst:

1) ucrounuk Hanpsbxenus 110 kB;

2) Beikmmtovarens 110 kB;

3) munwmro snextponepenayu (JIDII) 110 kB;

4) ycTpOHCTBO MCKYCCTBEHHOI'O CO3IAaHUSI KOPOTKOTO 3a-
MBIKaHUS;

5) Beikirodarens 110 kB;

6) Tpanchopmaropnyro noacraniuio [1C 110/35/6 kB.

Amnanu3 3apyOexHbIX [8, 9] u oreuectBennbix [10, 11, 12]
HMCTOYHHUKOB MOKAa3bIBAET, YTO KAKABIN JIEMEHT CXEMBI B DHEP-
TOCHCTEME OKa3bIBAET BIMSHUE HA CMEKHBIC 3JIEMEHTHI 3HEp-
TOCHUCTEMBI, TIO3TOMY Ba)XHO HCCIENOBATh 3TH SBJICHHUA. JTO
MOMOXET OTKOPPEKTHPOBaTh PabOTy 3HEPrOCHUCTEMBI, HAHTH
ciabble MecTa WM Ja)Ke 0TKa3aThCsl OT MPUMEHEHUs BHIOpaH-
HOTO cIrtoco0a rpo3o3amursi [ 13].

IIporsxennocts nuanu BJI 110 kB Bymaxxnas — KpacHo-
Bumepck coctasiseT 96 kM ot r. Conukamcka 1o r. Kpacho-
Buiepcka Ilepmckoro kpas. Ha cBoem nporsixenun BJI nmeer
3 ornaiiku: IIC I'y6mop, IIC Oszepnas, IIC I'exxckas. JIunus
3JIEKTPOINEpelauu SBISETCS ABYXLENHOH. DTO 03HaYaeT 4To Ha

(16105

5&5

L6y

— L

i»-q
;

=

OJTHOM omope mojaBemuBaroTcs cpasy Ase nenu BJI 110 xB: : g 8
BJI 110 kB bymaxnas — Kpacunosumepck | iens; =
BJI 110 kB bymaxnas — Kpacunosumepck 11 ners.
MatepHajbl H METObI Meemo mhuba ;
Ha BceMm mpoTspkeHMM JMHHU NPEoOalaloT OMOPHl THIA Kow M,
[16110-8. UMeHHO WX TabapUTHBIE pa3Mepsl OyIeM UCIIONB30- Jasermenui r"éﬁ'—:"%‘;‘zﬂh '
BaTh JUIA pacyera. /IByximemHas MpoMeKyTodHas xeJe300e- { i
toHHas onopa [1b110-8 npeanasnauena mis opranuzammu BJI é .L
1o MPSMOMY Y4acTKy. BHemnuil Bug u rabapuTHble pasMepsl bk _
IMOKa3aHbI HAa pUC. 1. Puc. 1. NB110-8
OcHOBHbBIE TEXHHYECKHE IaHHbIE MPOBOJA M T'PO30TpOca Fig. 1. PB110-8
MPUBE/ICHBI B TaOM. 1.
Tabnuua 1
OCHOBHbIe TeXHU4Yeckue gaHHble npoBoAa un rpo3oTpoca
Table 1
Basic technical data of the wire and lightning protection cable
IIpoBox I'pozotpoc
Hamveropaie AC 150/19 I'TK 20- 0/90-12,1/104
Huametp, Mm 16,8 12,1
IInomane cevueHus alFlOMUHUEBOM YacTH, MM 147,78 0
IInomanp cedeHUs CTaIbLHOM YacTH, MM 18,81 86,34
Jonyctumslii Tok, A 450 —
DNEKTPUYECKOE CONPOTUBIEHHE | KM ITPOBOAA 0.2046 0,999
MOCTOSTHHOMY TOKY, OM
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U3z [10] cnenyer, uro T/D 0,5 3amaer cruomHyr xuiay. Torma momcrtaBuM jJaHHbIe w3 TaOm. 1

B opmyy:

T 147,78 0,5

D 147,78+18,81 = 0,44. ey

CornacHo [14], Bo3pMEM cpefHee 3HAYCHUE COMPOTHUBIICHUS 3a3€MIISIOIIETO YCTPOUCTBA MOPSAKA
15 Om. Hegocraromuye 1aHHbIE O PACCTOSHUAM 0 MECT HOJKIIOYEHHUS OTIAEK MOJYUYEHBI C IOMOIIBIO
Google Earth (puc. 2).

[Ipu monenuposanus BJI 110 kB yurem Hamuuue ropozorpoca. CoriacHo cxeme (hasHMpOBKH IO
onopam BJI 110 kB, monyuum cnenyromiee pacnonoxenue ¢a3 Ha onope B HampasieHuu oT 1IC By-

makHas k [1C Kpacnosumiepck (puc. 3).
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Puc. 2. HepocTalowme gaHHble MO PacCTOSIHUAM A0 MeCT NOAKIIOYEeHUs1 oTnaek
Fig. 2. Missing data on the distances to the connection points
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Puc. 3. PacnonoxeHue a3 aByx uenHon BI1 110 kB Ha onope
Fig. 3. The arrangement of phases of a double-chain 110 kV
high-voltage line on the transmission tower

Torna BcraBuM Bce moiy4deHHble naHHble B PowerGui Bkimagka Compute RLC Line Parameters
[15], xak moka3aHo 3T0 Ha puc. 4.

Mogens yuactka cet 110 kB, nokasannast Ha puc. 5, IpeJHa3Ha4YeHa AJs IPOBENCHHS SKCIIEPUMEH-
Ta M0 CIIEHAPUIO MOJICIMPOBAHMs, YKa3aHHOMY B Tabiu. 2. Monenb cioXHasi, peanusyeT paboTy TpaHc-
(dopmaTtopoB u aByX LenHOW BJI ¢ HelMMHEHHBIMU XapaKTEPUCTHUKAMH, MPHU PA3THYHBIX PEKUMAaX CETH:
xonoctoit xon T1(2), paboTa o Harpy3Koi, KOPOTKoe 3aMbIkaHKe. [IpaBas yacTe Mozenu peanusyer pa-
6oty monmxatomeii cranuu 110 kB KpacnoBumepck, nanee I1C, cormacHo BeImaHHOH (pasupoBKe Ha
[1C BeimonHEH «kpecT» (cMerenue ¢as), 3To CBA3aHO ¢ KOHCTPYKTUBHBIME ocobeHHOcTsiMu [1C. JlanHas
MOZIEJIb B HCCIIEI0BATEIbCKUX 1IEJISIX BHIIIOJIHEHA 0€3 OrpaHnuuTeNnei nepeHanpsbkeHui, nanee OITH.
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deyxuenHol J13I1 knacca HanpsikeHuss 110 kB e Simulink

— General

Comments:

Units: | matric
Frequency (Hz):

Ground resistivity (ohm.m): p2 -3.5000 175000 10

Line Geometry

Number of phase conductors (bundles): 6
v

50 Conduct...| Phase X (m) Ytower (m) | ¥ min (m] | Cond. type
pl -2 20.5000 13

p3 -2 14.5000 7

ling.

steel ground
wires.

heights of

Example of a 735-kV three-phase pd 2 20.5000 13

Three bundles of 4 Bersfort ACSR 1355 pb 2 14.5000 7
MCM conductors ; two 1/2 inch-diameter

“rtower and ¥'min are the average g1 0 0.2000 24500 24500 2

p5 3.5000 17.5000 10

Number of ground wires (bundles):|

Bundle Phase KAft) Y tower (ft) | Y min (ft) Conductor

Conductor

type

— Conductor and Bundle Characteristics

Number of conductor types bl Conducter internal inductance evaluated from Include conducter skin effect
T/D ratio W

Conductor Conductor Conductor DC  Conductor Number of Bundle Angle of
(bundle) outside diameter TD resistance relative conductors diameter conductor 1

{cm) ratio {Ohmkm) permeability per bundle {cm} (degrees)

=

1.6800 0.4400 0.6588 0.2046 1 1.0000e-03
1.2800 0.5000 0.4984 0.9990 1 1.0000e-03

Load typical data

Compute RLC line parameters

Puc. 4. Hactponka BuptyansHon mogenu BJ1 110 kB Bknagka Compute RLC Line Parameters
Fig. 4. Setting up a virtual model of a 110 kV high-voltage line tab “Computer RLC Line Parameters”

Tabnuua 2
CueHapuii MoaenupoBaHUA
Table 2
Simulation scenario
O6o3Ha-
Bpewms, ¢ HanmenoBanue
YeHHE
0.05 QW1 Bxmrouaercs Beikmtodarens 110 xB. Ilomaetcs nHanpsbxkenme Ha BJI 110 xB
’ Bymaxnas — KpacHoBumepck 1-4 nens. JInHus ycranaBnyuBaeTcst o HANpsDKEHUE
03 QW2 Bxmtouaercs Beikmtouatens 110 kB. Ilopmaercs nanpsoxkenune Ha BJI 110 xB
’ Bymaxnas — KpacHoBumepck 2-51 nens. JIMHUS ycTaHaBIHMBAETCsl O HANIPSDKEHUE
05 QW3 Brrouaetcs Boikimodareib 110 kB. Brimowaercs tpanchopmatop T1 Ha xoito-
’ CTOH X071
Bxmrouaercs BeIkimtouatens 35 kB. Bxmrouaercs marpyska Nel mo cropone
2,2 QW4 | cpennero HanpsbkeHusi, TpaHcopmatop T1 BEIXOOUT Ha MaKCUMAaJbHBIA pabo-
YU peKUM
25 QW5 Bxutouaercst Beiximovarens 110 kB. Brmouaercs tpancdopmarop T2 Ha xono-
’ CTOM XOf
Bxmtouaercs Beikmiouatens 35 kB. Brimowaercs Harpy3ka Ne 2 mo cropoHe
4,2 QW6 |cpennero HampsbkeHUs!, TpaHCcGopMaTop T2 BBIXOJUT Ha MaKCUMAaJbHBIA pabo-
YU peKUM
Cosnaercs ogHo(a3HOe KOPOTKOE 3aMbIKaHHWE Ha 3eMIIt0 Ha 86 kM Ha dase A
4,5-4,6 K31
BJI 110 kB uemns 1
Coznaercsa nByx(hasHOe KOpOTKOe 3aMblkaHue Ha 3emito Ha 60 kM BJI 110 kB
4,8-5,0 K32
nens 1 Ha dazax A u B
Cosnaercs nByx(a3Hoe KOPOTKOE 3aMblkaHHe Ha 3emito Ha 60 kM BJI 110 kB
5,1-5,25 K33
nens 2 Ha gazax Bu C
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Oocy:xnenne

Cuenapuii MoJieTHpOBaHus puBeieH B Tabi. 2. Cuenapuit oquHakoB kKak st BJI 6e3 rpo3orpoca,
Tak u Jy1s1 BJI ¢ rpo3oTpocom.

Ocmorpammel TokoB U Hanpsbkernid BJI 110 kB bymaxnas — KpacHoBumepck nens 1 u 2 moka-
3aHbl Ha puc. 6. U3 ocuyuiorpaMm cienyeT, 4To IMpakTHYecKH Jito0ble n3MeHeHus Toka Ha BJI 110 kB
1ens 1 mpUBOAAT K HEOOIBIIOMY U3MEHEHHIO HarpsbkeHui u TokoB Ha BJI 110 kB nens 2.

Ow_l_abc

Iw2_l_abc
1000 |

i
5
%10 Dw2_U_abe

Time offset: 0

Puc. 6. OcumnnorpammMbl TOKOB U HanpsbkeHun BI1 110 kB BymaxHas — KpacHoBuwepck uenb 1 u 2
Fig. 6. Oscillograms of currents and voltages of the 110 kV high-voltage line
Bumazhnaya — Krasnovishersk circuit 1 and 2

Pe3yabTarbl
Bo BropoMm sTare skcrepuMenTa U3MEHUM HacTpoiku Onoka BJI, no6aBuM B HacTpoiiku rpo30Tpoc,
KaK 3TO TO0Ka3aHo Ha puc. 4. CBeJeM NOTy4YeHHbIE JaHHbIE B Ta0JI. 3.

Ta6bnuua 3
[aHHble ABYX 3TanoB 3KCNepuMeHTa
Table 3
Data from two stages of the experiment
Toxk, A
HaunmenoBanue Mopenb Monens ¢ rpo3orpocom | OTKIOHEHHE, Y%
0e3 rpo3oTrpoca Ha 100 % anuHb

BJI nienb 1 0e3 Harpy3ku 35,9 36,1 0,557
Bbpocok Toka HamaranuuBanus 11 390 393 0,769
BJI uensb 1 ¢ Harpy3koit 195,6 196,5 0,460
BJI uens 1 npu K3 1353 1353,5 0,037
BJI nienb 2 0e3 Harpy3Ku 36,2 36,4 0,552
Bbpocok Toka HamarunuuBanus T2 393,8 3942 0,102
BJI uens 2 ¢ Harpy3koit 191,8 192.,4 0,313
BJI uens 2 npu K3 12004 1201,4 0,083
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3akinoueHue

AHanu3 W3MEHEHHUS TOKOB U HaNpsHKeHWH OCHWIIIOTPaMMBI Ha puc. 6, MOJNydYeHHBIX B IpoOIecce
MoJeIrpoBanus (CM. TaOJ. 2), A0Ka3aj, YTO JIIOObIe M3MEHEHUs Ha ojHOU 1ienu BJI BiausioT Ha xapak-
TEPUCTUKH BTOPOM Lienu AByxuenHoi BJIL.

PesynpTaThl npoBeneHNs ABYXATATHOIO SKCIEpUMEHTa 1Mo KOHCTpyKuuu BJI ¢ rpo3oTpocom u 6e3
HEro, Kak MOKa3aHo B Taln. 3, AOKa3bIBalOT TO, YTO HAJMYHE I'PO30TPOCA OKAa3bIBAET MUHHMAIIbHOE
BIMsAHUE Ha napametpsl BJI, Hanpumep, o TOKy B pa3HbIX pekumax padboTsl BiusHue MeHee 1 %. Cre-
JIOBAaTEIbHO, MOTEPH MOLTHOCTH, BO3HUKAIOIIMUE B Npouecce HaBeaeHus DJ{C B rpo3oTpoce, HEBEIUKH.

[Nony4yeHnHsle AaHHBIE JOKa3bIBalOT YPQPEKTUBHOCTH BHIOpaHHON KOHCTpyKuuu omop [15110-8 u
MIPUMEHEHHUE Ha Hel IPO303alllMThl B JAHHOH KOHKpeTHOW KoH(urypaiuu BJIL.
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AHHomauuﬂ. HpOFHOSI/IpyeMaH YHUCJIEHHOCTh HAceJeHUs U eé JUHaMUKa SIBJIAKOTCA OJHUMHU U3 OCHO-
BomoJIararomux XapakTECpHUCTUK, HCO6XOI[I/IMI>IX JJI. TPOBCACHUA aHeKBaTHOﬁ peFHOHaJ’ILHOﬁ IIOJIMTHKHU.
B 3aBucuMocTi 0T geMorpauuecKiX TaHHBIX MOTYT OBITh NMPHHATHI WM OTKIOHEHBI pacCMaTpHBaeMBbIC
HHPPACTPYKTYPHBIC, IPOMEIIIICHHBIE, CEIbCKOX03IUCTBCHHBIC, 00pa30BaTeIbHBIC U APYTHE MPOCKTHl KaK
Ha PErHOHAJIHHOM, TaK U Ha MyHHIHUIAIFHOM ypoBHsX. [Ipencka3piBaeMasi 0OIIeHAIMOHATIBHAS JEMOTpa-
(udeckas AMHAMHUKA MOKET TakKe KadeCTBEHHO BIHATH Ha MPHHIMAaeMbIe TOCYIapCTBOM IEITH M XapaKTep
UX UCTONHEHUs. B cBs3u ¢ mpomorpkatometics manaemueii COVID-19 ocoOeHHO aKTyallbHBIM SIBIISICTCS
pa3BUTHE METOJOB MOICIHPOBAHUS NEeMOTpapUIECKON TUHAMUKH, MO3BOJSIOMINX YIUTHIBATH AIHIEMIO-
JIOTHYECKYl0 OOCTaHOBKY M OLIEHMBATh 3Ha4MMOCTb e€ BinusHus. Lleas ucciaenoBanms. Pazpaborats Mo-
JACJIb HOHyJ’IHHHOHHOﬁ JAVUHAaMUKHU B YCJIOBUAX MMAHAECMUU. KomnuectBeHHO OLCHUTH BIUSAHUC ITAHACMHHU Ha
JMHAMUKY cMepTHocTH 1o OpeHOyprekoit obnactu. MccnenoBarh CpeAHIO 0XHUIAEMYIO TPOAOJIKUTENb-
HOCTb XM3HU HACCJICHUA B YCJIOBUAX INMaHACMHU. MaTepna.m,I H METOoAbI. I[J'IH TMOCTPOCHUA YUCJICHHBIX
MIPOTHO30B M WJAEHTU(QHUKALUK (YHKIHOHAIBHBIX MapaMeTPOB HCHOJIB30BaHbI METOJB PErPECCHOHHOTO
aHanM3a, B YaCTHOCTH, METOJ JMHEHHON perpeccun. Kpome Toro, MCmoib30BaHE METOIBI MHOTOMEPHON
ONTUMU3AINH, YUCICHHOTO TU(PepeHINPOBAHUI U HHTETPUPOBAHNUS, a TAKXKE YHCICHHBIC METOMBI pemie-
HUS TUIEPOONIMYIECKHX 3a/1ad ONTHMAaJIBHOTO yIpaBieHus. MccieqoBaHue BBITIOTHEHO B MPEANOIOKECHUH,
YTO TUHAMHKa cMepTHOCTH 0 OpeHOyprckoit 00IacTi Mo IuHSETCS KIacCHISCKOMY 3aKOoHY [ oMmepTia.
JJis HaxoXKAeHUST HAYallbHOTO PacIpeelICHHs YHCICHHOCTH HACEICHHUS UCIIOb30BaH METOT TPAIUCHTHOTO
cnycka Adam. Pesyabrarhl. OlieHKa HHTErPATbHON XapaKTEPUCTUKU CBUIETEIBCTBYET 00 a/leKBATHOCTH
MOCTPOCHHOM aeMorpaduueckoii Moaenu. PaspaboTanHast MOJIEIb MOMYJISAIUOHHONW TUHAMUKA B YCIOBUAX
MMaHACMHU TTO3BOJIACT YUYUTBIBATh U KOJIMYECTBEHHO OICHMWBATH BJIIMAHUC IMaHACMHUU HA }IGMOFpa(bI/I‘IeCKyIO
nuHaMuKy. Kpome Toro, mpeacraBieHHas MOAedb oOecrednBaeT rinodagbHoe Ka4ecTBO MPOTHO3a ¢ OImuno-
koit He 6onee 1,5 %. 3akirouenune. Pe3yibTarhl, NOJIYUYCHHBIC B X0JI¢ MPOBEICHHOIO MCCIICI0OBAHUS, MO~
TBEP)KAAIOT yXYIIIEHHE CPEIHEH OXHIAeMOH NPOJODKUTEIFHOCTH KU3HHM B Hepuoj maHaemuu. Kpome
TOTO, BIIMSHIE BHEITHHX (DaKTOPOB HAa JAWHAMHUKY CMEPTHOCTH y MYXXYMH CHIIEHEE W 3aTparmBaeT Ooliee
IIMPOKUHA BO3PACTHOW AWamna3oH. [IpeMMyIIecTBOM MPEIOKCHHON MOJENH SIBISETCS HWCIIONB30BaHHE
TOJIEKO 0a30BBIX, OOIIEAOCTYITHBIX AeMOTpa(pHICCKUX TaHHBIX, 9TO 00JerdaeT e€ mpuMeHEHHE.

Knruesvte cnosa: COVID-19, nomynsanuoHHas THHAMAKA, CPEIHSS OKHIaeMasi IPOA0JDKUTEIHHOCTD
JKI3HH, 33/1a4a MpecieI0BaHus, TUIIepOoImdeckas 3a1a4a ONTHMAIBHOTO YIIPABICHHS [IEPBOTO IOPSIKA

Jna yumuposanua: KonuuecTBeHHas OICHKA BIHSHMA MaHJIEMHUM Ha JUHAMUKY YHCJICHHOCTH Hace-
nenust Openoyprekoit ooactu / WL.I1. Bonoxypuna, E.JI. Bopuyk, W.I. Bopooses, JI.C. I'pumivna // Bect-
Huk IOYpI'Y. Cepus «KoMmmbloTepHBIE TEXHOIOTHH, yIIPaBIEHUE, paano3aeKTpoHukay. 2022. T. 22, Ne 4.
C. 141-150. DOI: 10.14529/ctcr220414
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Abstract. The predicted population size and its dynamics are one of the fundamental characteristics
necessary for an adequate regional policy. Depending on demographic data, considered infrastructure, in-
dustrial, agricultural, educational and other projects can be accepted or rejected, both at the regional and
municipal levels. The predicted national demographic dynamics can also qualitatively influence the goals
adopted by the state and the nature of their implementation. In connection with the ongoing COVID-19
pandemic, it is especially relevant to develop methods for modeling demographic dynamics that allow taking
into account the epidemiological situation and assessing the significance of its impact. Aim. Develop
a model of population dynamics in a pandemic. To quantitatively assess the impact of the pandemic on
the dynamics of mortality in the Orenburg oblast. Explore the change in average life expectancy during
a pandemic. Materials and methods. Regression analysis methods, in particular, the linear regression
method, were used to construct numerical forecasts and identify functional parameters. In addition, methods
of multidimensional optimization, numerical differentiation and integration, as well as numerical methods
for solving hyperbolic optimal control problems are used. The study was carried out under the assumption
that the dynamics of mortality in the Orenburg region obeys the classical Gompertz law. To find the initial
population distribution, the Adam gradient descent method was used. Results. The evaluation of the inte-
gral characteristic indicates the adequacy of the constructed demographic model. The developed model
of population dynamics in the conditions of a pandemic makes it possible to take into account and quantify
the impact of the pandemic on demographic dynamics. In addition, the presented model provides global
forecast quality with an error of no more than 1,5%. Conclusion. The results obtained in the course of
the study confirm the deterioration of average life expectancy during the pandemic. In addition, the influ-
ence of external factors on the dynamics of mortality in men is stronger and affects a wide age range.
The advantage of this model is the use of only basic, publicly available demographic data, which facilitates
its application.

Keywords: COVID-19, population dynamics, averagelife expectancy, pursuit task, first-order hyper-
bolic optimal control problem

For citation: Bolodurina I.P., Borshchuk E.L., Vorobyov I.G., Grishina L.S. Quantitative evaluation
of the pandemic impact on population dynamics of the Orenburg region. Bulletin of the South Ural State
University. Ser. Computer Technologies, Automatic Control, Radio Electronics. 2022;22(4):141-150.
(In Russ.) DOI: 10.14529/ctcr220414

BBenenue

[Iporuosupyemasi YMCIEHHOCTh HACEIEHHs M €€ JUHAMUKA SBJISIOTCS OAHUMH M3 OCHOBOIIOJIATak0-
IIUX XapaKTEPUCTUK, HEOOXOAMMBIX JUIs [IPOBEAEHHs aI€KBaTHOM PErHOHAIBHOMN MOJMTHKU. B 3aBucu-
MOCTH OT JA€MOrpa(UUECKUX JaHHBIX MOTYT ObITh NPHUHATHI WK OTKIOHEHBI pacCMaTpUBaeMble HH(Pa-
CTPYKTYpHBIEC, IPOMBIIIJIEHHbIE, CETbCKOX03HCTBECHHBIC, 00pa30BaTeIbHBIC U JIPyTHe MPOEKThI KaK Ha
PErvoHAIbHOM, TaK W Ha MYHHUIMIAILHOM ypoBHsX [1—4]. IpenckassiBaeMast oOIIEeHAITMOHATBHAS JIe-
Morpaduyeckas JUHAMHKA MOYKET TaKKe€ KaueCTBEHHO BJIHMSATH HAa MPUHUMAEMBbIC TOCYIAPCTBOM ICITH
[5-8] u xapakTep MX HCIOIHEHMSL.

OIHAKO TIOMHMO HEMOCPEACTBEHHO HPOrHO3MPOBAHUS KpailHE Ba)KHOM 3aadyell sABISETCS OLEHKA
BIIMSIHHSL HEOPAMHAPHBIX CUTYyallMii Ha AeMOorpau4ecKyro JUHAMUKY JUIsS BIOOpAa MHTEHCHBHOCTH pe-
AKI[MOHHBIX MEP. A TaKKe MOCTPOEHHE CTPATErUi IPUHATUS TE€X WUIIM WHBIX PELIEHUM It 00eCeYeH st
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Bosnodypuna WU.1., Bopwyk E.JI., KonuyecmeeHHasi oyeHka enusiHuUsi naHoemMuu Ha QUHaMUKy
Bopobkee WU.I"., NpuwuHa J1.C. qucsieHHocmu HacesneHuss OpeHbypackoli o6nacmu

JOCTYDKEHHUS 3apaHee ONpeenEHHbIX ieMorpaduueckux mokaszareneid. OnucanHas BhIIIE 3a7a4a sBis-
eTCsl 0COOCHHO aKTYyaJIbHOU B YCIOBUAX npoaosnkatorieiics nanaemun COVID-19, B KOTOpBIX BO3HUKA-
€T MOTPeOHOCTh B Pa3BUTHH METOAOB MOAETHPOBaHUs JeMorpaduyeckoil TUHAMHUKH, MO3BOJISIOIINX
YUUTHIBATh MUAEMUOJIOTHYECKYIO0 00CTAaHOBKY U OLICHHBATh 3HAYMMOCTD €€ BIMSHUSL.

B pamkax nmaHHO# paGoOTHl IOCTPOECHA MOJIENh ONTUMAILHOTO YIPABICHUS JTUHAMUKA YHCICHHO-
cThi0 Hacenenus. Kpome Toro, nccnenoBano pnusiHue nangemud COVID-19 Ha nuHaMUKYy YHCICHHO-
ctu HaceneHus:t OpeHOyprckoit 00IacTH MOCPEACTBOM TaHHOW MOJIEIH.

1. O030p uccaenoBanuii

HccnenoBanusiMu B 00JacTH NPeAUKTUBHON aHanuTuKU paktopoB COVID-19 u nomynsiuoHHOM
JUHAMHUKHU 3aHUMAIOTCS y4YEHBIE 10 BceMy MUpY. PaccMoTpum paboThl, IPpUMEHSIOUINE TEOPUIO OITH-
MaibpHOTO yrpasieHus Kk nanaemMun COVID-19 u k monyisimuoHHON THHAMUKE.

B crarpe [9] mccienyercs BIuSHUE Pa3lTUYHBIX HEMEIMKAMEHTO3HBIX CTPATErwid IS TPenoTBpa-
IIeHUs pacrpocTpaneHus Bupyca u cmepTHocTH oT COVID-19. B nannoi#t paboTe n3ydanoch BIHMSIHHE
Pa3IMYHBIX CTPATETH KOHTPOIIS KaK 3aBUCAIIMX OT BPEMEHH BMEIIATEIhCTB C MCIIOIIb30BAaHUEM MaTe-
MaTHYECKOTO MOJCIMPOBAHMS U TOAXO0Ja ONTHMAIBLHOTO YIIPAaBIEHHUS, YTOOBl YCTAHOBHUTH MX BKJal B
JMHAMHUYECKylo nepenauy 3aboneBanus COVID-19.

Astopamu uccnegoBanus [10] mpennaraercs AByX3TamHash MOJAETH SIUIAECMUU C TUHAMUYECKUM
yIpaBIeHUEM, HCIIONIb3yeMasl Ul OIMCAaHMs PaclpoCTpaHeHUs] KOpoHaBUpYCHON mH(eknuu B Kutae.
UccnenoBansl cTpaTeruul ynpapieHNs, MUHUIMU3UPYIOIINE 3aTPaThl HAa YIIPABICHUE U 00eCTIeYNBAIOIIHE
HOpMaJTbHOE (PYHKIIMOHHPOBAHKE O0IIecTBa. TakKe pacCMOTPEHa 3aBUCUMOCTh CTAI[MOHAPHOTO PEXKU-
Ma MOJIEJIH OT €€ IapaMeTpOB.

B cratee [11] ucciaenyrorcs HEeIMHEHHBIC 3aBUCHMBIC OT BO3PACTa MOJICIH MOMYJISIIMOHHON JUHA-
muku. [IpencraBnennsle Moxenu Onarogapsi CBOe HEMTMHEWHOCTH IMO3BOJISIFOT OMUCHIBATH JTUHAMHUKY
YHCJICHHOCTH HaceJeHUs, KOHKYpPHPYIOLIETO 32 HEKOTOPBIA pecypc (IPOCTPaHCTBO, MPOMUTAHUE), B OT-
JIM4he OT MOJEJIeH, OCHOBAaHHBIX Ha 3akoHe ManbTyca.

B pamxkax pabotsr [12] mccnemyercs B3auMoO3aBUCHMasl TWHAMHUKA YUCIEHHOCTH HaceneHus. [lo-
CTpOeHHAas B pabOTe MOJIEh MO3BOJISET OMHICHIBATH MOIMYINIANNN, TUHAMHAKA OTIEIBHBIX TTOKOJIEHUN KO-
TOPBIX 3aBHCUT OT COBOKYITHOM IMHAMUKH YHUCIEHHOCTH BCEH MOMYIISIIHH.

Takum oOpa3om, HamboJiee pacpOCTPaHEHHBIM IMOJIX0IOM K MOJICIIMPOBAHUIO TUHAMUKHU TaHJIe-
MUH SIBJISIFOTCSL MOJICJIH, OIICHUBAIOIINE PACIPOCTPaHEHHE KOPOHABUPYCHOW HH(MEKIWH C TEeYeHUEM
BpPEMEHH, HO HE U3MEHEHUE CTPYKTYpBl HACENIeHHs B YCIOBUAX naHaeMun. Cpen pacCMOTPEHHBIX Me-
TOJ/IOB MOJICIIMPOBAHHS ITOMYJISIIMOHHON TUHAMHKH TPEACTaBIeHBl Pa3HOOOpa3HbIe MOJIEIH, TEM HE Me-
Hee He YYNTHIBAIOIINE SIBHO AIHJIEMHUOJIOTHIECKYIO OOCTAaHOBKY.

2. Moneap onTHMAJIBLHOTO YIIPABJIEeHHS YHCIEHHOCTHIO HACEJIEHUS

s onenku Bimsiauss COVID-19 na nunamuky ducieHHOCTH HacelieHuss OpeHOyprekoit odmacTu
OIUIIIEM MOJIENb MPECIICAOBAHHS:

J(w) » min )
TP YCIIOBHH:

0N + 0;N = —fl(r, t,u, (1, t))N + fZ(T, t,u,(t, t)),
N(0,t) = Ny(t), t =0, (2)
N(z,0) = 7(2) [, N(z,t)dt,

rae /| — QyHkouoHan kadectBa, Op, 0; — YacTHBIE MPOM3BOJHBIE MO COOTBETCTBEHHBIM IE€PEMEHHBIM;
N — 4HCICHHOCTh HACEJICHHs BO3pacTa t B MOMEHT BpeMeHH T; Ny (t) — HadaabpHOE pacrpeaeieH e Ync-
JIEHHOCTH; A, B — TpaHHIlbl PeNpOAYKTUBHOTO BO3pacTa; f; — yIpasisieMass HHTEHCHBHOCTh CMEPTHO-
cty; f, — ynpasisiemass murpanust; ¥(t) — ko3 duImeHT BOCIPON3BOACTRA MOMYJISIHH.

Hcnonb30BaTh JaHHYI0 MOAETb MOXHO KaK JJISl UCCIIEIOBAHUS BIMSIHUS HEOPAWHAPHBIX COOBITHH,
TaK ¥ JUI1 HOCTPOEHUS CTpaTeruil JeMorpaduueckoi MoJUTHKY.

Hampuwmep,

—ecm f; = h(t) - g(wy (1) 1 J(u) = % [, (No(£) = N(T, £))*de + B [ uZ(x)dz, tae uy — xa-

MUTAJIOBJIOXKCHUS B 34paBOOXPAHCHHUC, g — 3aBUCHUMOCTb U3MCHCHHUS MHTCHCUBHOCTH CMEPTHOCTH OT
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BIIOKEHUH B MEIMIMHY, TIOCTPOEHHAS HA CTATUCTMYECKUX JAHHBIX JAPYIHX PETHMOHOB; I — WHTEHCHUB-
HOCTh CMEPTHOCTH B PACCMATPUBAEMOM PETHOHE; | — CyMMa OTKJIOHEHHMS YUCIEHHOCTH B MOMEHT BpE-
Menu T OT Ha4aIbHOM M3aTpaYeHHBIX CPEJICTB ¢ HEKOTOPHIMU BECOBBHIMU Kod(duimentamu A, B. Mu-
HMMM3aIKs JAHHOTO (PYHKIMOHAIA — MIOUCK CTPATErMH KAIUTAIOBIOKEHUH U, (T) TaKOM, YTO IpH Hau-
MEHBIINX 3aTparax Oyaer obecrneyeHa HaMMEHbIIass CMEPTHOCTD;

—ecmm f, = uy(t,t),J(w) = % fotmaX(NT(t) — N(T, t))zdt, rae U, — HeOpAHWHApHAs MUTPalus B

pernoHe ¢ OOBIKHOBEHHO OKOJIOHYJIEBOM MUTpAIel; | — OTKIOHEeHHe (PaKTHIEeCKON YMCIeHHOCTH Hace-
nenuss Ny ot nporaozupyemoii N B MoMeHT BpeMeHu T. Toraa nocpeacTBOM pellieHHs 3aJaul Ipeciie-
nmoaans (1)—(2) MeTogamMyu ONTHMAaIBHOTO YHPABICHHS MOXHO OICHHTHh HEOPAMHAPHYIO MHTPAIIUIO
byHKLUEH Uy, HE SBIAIOICHCS YIPABICHHEM B IPUBBIYHOM CMBICIIE 3TOTO CJIOBA.

[lepeitném k Momenu mMoOMyasUIUOHHONW AMHAMHUKHU 10 OpeHOyprckoil 06macTu B yCIOBHSIX MaH-
JIEMHH:

J@ = (™ (Mu(ze) - Ny (®) dt + [ (N (7', ) = Ny (0)) dt) +
+6 fotmax fOT’(u(T, t) — 1)%2drdt - min; (3)

(a‘L'NM + atNM = _uM(T) t)hM(t) ' NM)
aTN)l( + atN)l( = _u)K(T' t)h)K(t) ' N)K'
N,(0,t) = N, (2), t =0,
3 Ny (0,8) = Ny, (), t =0, (4)

Nu(7,0) = ¥,(0) [1 Nu(z, ),

L Nu(2,0) = ¥,(@) [ Nyo(z, D)t
rae N, u N, — YUCICHHOCTH MYXKCKOTO M JKCHCKOI'O HACEJICHHUSI COOTBETCTBCHHO; U, M U, — BIUSIHUC
(bakTOpoB cpenbl, He YUTEHHBIX QYHKIUSAME hy ¥ A, — THTEHCUBHOCTSIMA CMEPTHOCTH MPU AOCTATOYHO
CTaOWJIBHBIX AEMOTPa(UIECKUX YCIOBHAX; 6 — HOPMHUPYIOIIUIH MHOKHUTEIb.

DOyHKIUH ¥y, (T) U Yy (T) — MOICTBHBIE KOIPUIIHEHTI POKIAEMOCTH, YAOBICTBOPSIOIINE CHCTEME:

W@ =2 (1-22) y (),

50-15 1000
6(7)
V() = =2 (1-22)y (1), ©)
al + az = 1,

rIe Qq, &y — JA0JIH MaJbYMKOB M JEBOYCK CPEAU POKAEHHBIX; Y (T) — CyMMapHbIil KOA(Q(HUIIHEHT POK-
naemoctH; 8 (T) — ko3 bunueHT MirageHueckoit cmeptaocTr Ha 1000 denoBex.

MogenbHble K03((GUIMEHTH POXXIAEMOCTH IPEACTaBIISIET COO0H CpeaHee KOJIMUECTBO POXKICHHBIX
JISTeH OJTHOM YKEHIIMHOW B 3aBUCUMOCTH OT T10J1a, U30eXKaBIIUX CMEPTH B MJIaJICHYECKOM BO3pacTe, Je-
NEHHOE Ha CPEIHIO0 MPOAOKUTENBHOCTD PENPOTyKTHBHOTO BO3pPacTa.

MurpaioHHbI€ claraeMble IOJIaraloTCsl paBHBIMM HYJIIO, TaK KaK Ha OCHOBE MMEIOIIUXCS IEMO-
rpaduyeckux maHHBIX [13] MOXHO YBUIETh, YTO CyMMAapHBI MUTPAIIMOHHBIA TPUPOCT/CHIKEHUE TIO
Openbyprekoit obnactu 3a 2019 u 2020 roxe!r paBeH cooTBeTCTBEHHO —237 1 —624 4enoBek, 4To mpe-
HEOpEXMUMO MaJo 110 OTHOIIEHHIO K 001el yncnenHoctd Opendyprekoit oonactu ~1,9 MiH ven.

U3 dopmyn (3)—~(5) cnenyet, yTo A1 HAXOKACHUSI HEYYTEHHBIX (PAaKTOPOB CPe/Ibl B IIEPHOJ MaAH/IE-
MHUM HE0O0X0IuMO 3HaTh 3HaueHus h(t), Ny (t), aq, az, v (1), 6 (1).

3. BoccTaHoB/IeHHe (PYHKIIMOHATBHBIX MApaMeTPOB MO U
Jl14 BOocCTaHOBIIEHUS] MHTEHCUBHOCTEW CMEPTHOCTH MPEANOI0XKUM, YTO JUHAMHUKA CMEPTHOCTH IO
OpenOyprckoit 061acTi MOTUMHAETCS KIACCHUECKOMY 3aKoHY | oMmepTia, Toraa

h(t) = aeft, (6)
IJle @ — HaYalbHas MHTEHCHBHOCTh CMEPTHOCTH; § — OTHOCHMTENbHAS CKOPOCTh HAPACTAHMUS HHTEHCHB-

HOCTU CMEpPTHOCTU. Mcronb3yss METOJbI PErpecCCHOHHOTO aHAllM3a, MOMYYWIN CIEIYIOIIUe 3HAYCHUS
nmapameTpoB (Tabi. 1).
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Ta6bnuua 1
Pe3ynbTaTbl annpokcumaumm
Table 1
Approximation results
a B R?
My»K4HHBI 0,000321 0,07514 0,9989
JKeHmmHb! 0,000074 0,08569 0,9981

Otknonenue menee yem Ha 0,002 ot 1 ko3ddunmenTa aerepMUHALUN TOBOPUT O COOTBETCTBUH
TUHAMHKH cMepTHOCTH 10 OpeHOyprckoi 001acTi KiiaccudecKkoMy 3aKoHy [ ommepTia.

Jlisi HaXOXKJCHHs HadyaldbHBIX pactpeaencHuit Ny(t) UCHONb3yeM METOJ TPaAUCHTHOTO CITyCKa
Adam a1t HeKoTOporo Kyondeckoro crutaitHa. OCHOBHas HJies JaHHOTO MOAX0/a COCTOUT B TOM, YTOOBI
MOCTPOUTh KyOWYEeCKUH CIUIAiH TaKoil, YTO €ro MHTErpasl 0 BO3pacTy HAMMEHBIINM 00pa3oM OTKJIO-
HSIOTCS OT U3BECTHBIX U3 JeMOTpaduIecKkrux JaHHBIX YHCICHHOCTEH BO3PACTHBIX KAaTETOPH.

Jns HaxoKAeHUsl mapaMeTpoB MOAETBHBIX KO3()(UIIMEHTOB POXKIAEMOCTH HCIIOJIB3YEM METOIBI
JINHEHHOM pErpeccuu.

Ha ocHoBe mmerommxcs manubix 3a 2020 u 2021 roasr [13] MOKHO BBITIONHUTE CIEAYIOIINE pac-

YETHI:
9621 10126

= ~ ~ 0,5168.
962148992  10126+9467
Torma a, =1 —0,5168 = 0,4832.
st maxoxxaenust §(7) u y(T) pemuM 3a1a4y JTMHEWHON PErpeccuu Ha J1eMOrpaduuecKuX JTaHHBIX
no OpenOyprckoii o6nactu. Perpeccust OyIeT OCyIIECTBIATbCS TakuM o0pazom, utodsr §(0) u y(0)
paBHsUTHCH cBoMM 3HaueHusM 3a 2020 rog (Tabm. 2).

a

Tabnuua 2
Pe3ynbTaTbl TMHEWHON perpeccumn
Table2
Linear regression results
f=at+b a b R?
y(7) -0,091 1,52 0,9511
5(7) 0,85 3,65 0,9897

4. YucaeHHOe MoieTHPOBaHNe MOMYJISIINOHHON TMHAMUKY B YCJIOBUAX MAHAEMHH

Paccmotpum ycnoBus TeopeMbl [14] 0 HEOOXOAMMOM YCIIOBHU ONTUMATHHOCTU PEUICHUS 3a7aud
(3)—(4) onTUMaNTLHOTO yIIPaBIICHUS YUCICHHOCTHIO HACETICHHS B 3aBUCHMOCTHU OT BO3pacTa.

1. IlonaraeTtcst, 4To GYHKIMH B TPaBOX 4acTH KBa3wiuHeHb! 1o Ny, N,.. B 0003HaueHusIX TeOpembl
umeem, uto f; = —u(z,t)h(t), f, =0, g =y(@), g2 =0, h(z,ty,N) =0=h;N+h,, Ly, =0,

2
Ly, = %(N(r’, t) - NTr(t)) Ly =0, L, =8t t) — 1)

2. f1 — mnaroHanbHas MaTpPUIA, TAK KaK B paMKaX JaHHOH 3a/1auH f; — cKaJsp.

3. OyuKumMH gy, hy, L, L, AIMEIOT KOMIAKTHBIA HOCUTEND. [l1st g, U Ry BBITIONIHSOTCS TPHBUAIBHO.
Komnaktaocts HOcuTenel Ly, u L, crnenyer u3 pacCMOTPEHHUs 331241 Ha 3aMKHYTOM M OTPaHUYEHHOM
BPEMEHHOM M BO3PACTHOM MHTEpBaJax.

4. YcnoBusi HA I3MEPUMOCTh, HEPEPBIBHOCTD, ABaXAbl AU (HEepeHIPYyEeMOCTh U OTPAaHUYEHHOCTD
MOJIaraloTcs OYEBUIHBIMHU.

5. OrpaHHYEHHOCTh HAYAJHHOTO YCJIOBUS CIEIyeT U3 €ro BOCCTAHOBIICHUS KYOMUECKUMU CILIa -
HaMH.

6. ns f, u h(z,ty, N) HeoTpuiareabHOCTh — TpuBHanbHa. st g = g4 N + g, BbINONHSETCS PH
HEeOTpHIATEIbHOCTH Y (T), 4TO BepHO npu T < 16,7 11 BOCCTAHOBJICHHBIX MOJEIBHBIX KO3 HUIIHCH-
TOB POXKJIAEMOCTH.

Takum 06pa3oM, HCIIONB3Ys AITOPUTMBI YUCICHHOTO PELICHUS TOCTABICHHOM 3a1a4i, MOKHO Hak-
TH pellieHNe, TOA03PUTENIFHOE Ha ONITUMAIbHOCTb.

J1J1sl 9MCIIEeHHOTO pelleHHs 33/1a91 OTITUMAILHOTO YIIpaBiieHust moctporM e€ pyHkmumto Jlarpamka:
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L(NM' N)K’ uM' u)K’ qM' q){() =
, 2 , 2
= %(f(;max (NM(T , t) — NM-,_—'(t)) dt + fotmax (N)K(T i t) _ N)x-[’(t)) dt) +
+6 [ [ (u(r, £) — 1)2drdt — — fOT' Iy 4y (2, ) (N, + Ny, + uyhy N, )dtde —

— [T L g (1, 0 Ny + Nogy + Ny )dtdlr. @
CocraBuM COOTBETCTBYIOIIIUE COHpSDKéHHBIe YpaBHCHUA:
( vy + Qv = UnhuGu
Guy T Qxcp = Uy NG

< au(7,t) = Ny(7',t) = N, (D),
qx(7,t) = Nig(7'£) = Ny (),

QM(T' tmax) =0

qx (T, tmax) = 0.

Haiiném ympaBneHus w3 ycioBHs paBEHCTBA MPOW3BOAHOW (yHKImH JlarpaHxka 1O yIpaBICHUIO
HYJIIO:

(8)

uM(T’ t) =1 + hM(t)qM(gt)NM(Tlt), (9)
u)K(T, t) =14+ h)K(t)q)K(‘g:t)N)K(T:t) )

Torga onwimeM IHUCKPETHYIO MOCTAaHOBKY 3anadd (3)—(4) Ass omMcaHUs YUCIEHHOTO alropuTMa
HaXOKJCHUS PELICHUS:

_ tmax/At ' tmax/At 2
J@) = -(2] a (NMT,/MJ—N;]) At + 3 (N,KT/A” _NE ) At)+

AT bmax/A ’
+5 ZT/ T max/ (ul] _ 1) AtAT N m]n (3 )
( Mi+1,j_NMi.j Nuijr=Nuij "N
o T Unig iy N
Doienj Nowty oy M Moty ) g N
AT At L] %) L]
N,..=N2,t>0
{ MO, j “:)J’ - 4)
N>K0.j = N"‘J” t=20,
_ 50/At
Nuio = Yui Zj=15/at Naci AL
_ 50/At
Nocio = Vi Zj=15/a¢ Ny jAL

rae At u At — maru B paBHOMEPHBIX CETKaX M0 BPEMEHH U 110 BO3pPACTy COOTBETCTBEHHO.
Torma anropuT™M YHUCICHHOTO PELICHHS HEIMHEHHOW THIepOONMYecKoil 3a1add ONTHMAalIbHOTO
ynpasnenus ¢ 1Y B UII umeer BI/IIL [15]:

1. 3apaém 3HaYeHUs uMl G )Kl' j A nro60# mapst (i, ).

. VI3 cuctemsl (4°) BerumciisieM cooTBeTcTBeHHbIe TpaekTopun N0 u N2,

. Beruncnsem 3Hauenue pynximonana J°.

. Ecmu J° < g mmn |[J™ — j™71| < €5, TO peliienne monyyeHo, HHae

. Haxonum conpsixennbie Maoxutenu q°, anamormano N°.

. Beraucnsem HoBoe ynpasnenue ul myrém MuanMmzanun Gpysknuu Jlarpanka.

. [lepexonum k miary 2.

OTMeTHM, YTO BEIMYHMHBI & U €pj — JOMYCTUMAs TOYHOCTH MPUOJIMIKEHUS U JIOMYCTUMAs TOYHOCTh

~NOo ok W

CXOIAMMOCTH COOTBETCTBEHHO.

Hcnone3yst maHHBIA aIroOpyTM, IIOCTPOMIN paclpenenenrne yncieHHocTH Ha 1 saBaps 2021 rona,
XapakTepu3yeMoe CICIYIOUIMMU OTKIOHEHUSMH OT (DaKTHUECKMX UYMCICHHOCTEH BO3PACTHBIX KaTero-
pwii (Tabin. 3).
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Tabnuua 3
OueHKka TOYHOCTU MoAenupyemMoro pacnpegeneHus Ha 1 suBaps 2021 ropga
Estimation of the accuracy of the simulated distribution as of January 1, 2021 Tevles
b OrtkioHeHue ot n;, % ‘o OTtkiroHEHUE OT N;, %
0t MYy>K4KHBI JKeHIMHEI 0t My>K4YKHBI JKeHmael
0 0,64 -0,58 25 1,42 1,70
1 0,04 0,79 30 -1,46 -1,60
2 —-0,02 0,05 35 2,74 2,65
3 -1,09 -1,06 40 -3,15 —2,36
6 3,91 1,31 45 3,17 2,79
7 0,60 0,72 50 -3,16 —2,44
8 0,12 0,46 55 1,45 1,63
14 -1,43 2,80 60 -0,52 -0,70
16 0,88 -0,53 65 -0,68 -1,73
18 0,64 3,49 70 -1,80 1,74
20 -1,01 -1,96

5. KoanyecTBeHHAas OlleHKA BJIUSTHHUS MaHAEeMHUHN
B cooTBeTcTBHE ¢ 3aKkoHOM I'ommepria u Beipaxenust u(t, t)h(t) = au(r, t)eft = aef t+in(u(nt)
MOJIYIHM, YTO ln(u (T, t)) — 3aBHCHMas OT BpEMEHHU HeJMHEHHass KOMITOHEHTa OTHOCHTEILHON CKOPOCTH

HapacTaHUsl UHTEHCUBHOCTH cMepTHOCTH. O003HAUUM TaKKe BEIHMYUHY [t + ln(u(T, t)) KaK TeMI Ha-
pacTaHusi HHTEHCUBHOCTH cMepTHOCTH. [TocTponm rpaduku s paccMaTpuBaeMbIxX BeTHUUH (puc. 1).

041 —— male
— female
= 02
]
K=}
a
=
® 00
£
=
[=]
[=]
-0.2
04
0 0 a0 &0 B0 100

age

Puc. 1. Fpacdukm In(u,(1,t)) v In(u,(1,1))
Fig. 1. Graph of In(u,(1,1)), In(w,(1,t))

W3 ananu3za Temmna HapacTaHHWsS MHTEHCUBHOCTH CMEPTHOCTH MOYKHO OTMETUTh, YTO HEOPAWHAPHBIE
BHENIHHE (PAKTOPBI UTPAIOT 3aMETHYIO POJb I BO3pacTHhIX Kareropwii 60—80 y mMyxuuH u 62—85 y
xeHumH. Kpome Toro, BiusiHME BHEIIHUX (PaKTOPOB Ha AMHAMHKY CMEPTHOCTH Y MY)KUMH CHIIbHEE U
3aTparuBaeT OOJIBIINI BO3PACTHON JMaIa3oH.

Jnst onenku nonu Biavsiaua nangemMuu COVID-19 Ha nuHamuky cMeptHOCcTH 110 OpeHOypreKoit
o0Jy1acT paccMOTpuM (pyHKUIMU:

o,(t,t) = ln(uM(T, t)) - 1n(uM2019(T -1, t))

8 (T, £) = In(u, (7, 1)) — In(Uyz010( — 1,0)),
T€ Uy2019 U Ux019 — PYHKIHH, TTOTyYEHHBIE aHAIOTUYHO U, U U, Ha OCHOBE AaHHBIX 3a 2019 ron
(mo mangemMum).

IMoctpoum rpaduxu Gpynkiwu 8,,(1,t) u 6,(1,t) (puc. 2).
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03
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Puc. 2. Fpaduknu 6,,(1,t) n 6,(1,¢t)
Fig. 2. Graph of 8,,(1,t), 8,(1,t)

Bemuuunst 8,,(T, t) u 6, (T, t) npeacTaBstOT COO0 OYHMIIIEHHOE OT BIIMSHHS BHEIIHUX CE30HHBIX U
BO3PACTHBIX (DaKTOPOB, MOJIATaeMbIX OPIMHAPHBIMH (JIE€HCTBOBABIIMMH B JOKOBHUIHBINA T'OX), BIHSHHE
HE YITEHHBIX MOJICIIbIO (haKTOPOB.

Tewm cambim BenuuuHsl 8y, (T, t) U 0, (T, t) MOKHO HHTEPIIPETUPOBATH KAK BIHSIHHE TAHICMHUH B 1I€-
JOM, T. €. BIMSHHE KaK CaMOro BUpYyca, TaK M OTBETHBIX JCHCTBHH Ha Hero. M3 mocTpoeHHOro BbIIIe
rpaduka ciexyer, 4To HauOOJbIEe BIMSHUE TMaHIAeMHs OoKa3ana Ha 55-80-meTHuX cpeaw MyXYHH H
55-70-neTHux cpeam >keHIIWH. M3 aMmumTya (Ai1st My»XKYWH MakCUMallbHas aMInIuTyaa — nopsiaka 0,3,
Jutst skeHIH — 0,15) TOMyYeHHBIX KPHBBIX MOKHO CIEJTaTh BBIBOJ, YTO TaHAEMHs OKa3aja OoJbliee
BIIMSTHAE HAa MY)KYHH, Ye€M Ha JKECHIIMH, OJJHAKO BOJHOOOPA3HbIH XapaKTep MOIyYSHHBIX KPHBBIX MOKET
CBHJICTEJILCTBOBATH TAKXKE O 3aIIyMJIEHHOCTH BOCCTAHOBJICHHOTO HA4aJIbHOTO PACIPEIC/ICHUS YHCIICH-
HOCTH HaCeJICHUSI.

Toraa U1 MPOBEPKU aIeKBAaTHOCTU MOJICNI PACCMOTPHM BEJIIMYMHY, HE3aBHCHMYIO OT TOYHOTO BU-
Jla pacrpee/ICHUs] YUCICHHOCTH.

ITo ompenenenuto cpeausis oxumaemasi MpoaonKuTenbHOCTh ku3Hu (COIDK) — maTematudeckoe
OXXHMJaHUE CIy4allHOH BeNMYMHBI «BeposTHOCTh yMepeTh B BO3pacTe ty.

Pacripenenenue 1aHHOM CITy4aifHON BETMYMHBI B paMKaX yIPaBIsIEMO MOJIETTH NIMEET BHT

Fy(t) = 5 Shma M, (10)

rae my = N(T,t41) — N(t — AT, t},) — KOIMYECTBO yMEPIIHX 3a BpeMst AT Jirojieii Bo3pacra ty.
Toraa COIDK p, Beraucisercs no Gpopmysie

Up = fotmax tdEL- — Zi ti Fr(ti+1A)t_Fr(ti) At (11)

[ocTponm rpaduku [y, ¥ [y, TpU T € [0; 1] — COITX st My>KYHMH U 5KEHIMH COOTBETCTBEHHO B
tedenne 2020 roxa (puc. 3, 4).
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B4 4 - 7300
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= 2 ™~ &
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® B ~ =
0 N o 75285
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Puc. 3. F'padmk COMX p,,
Fig. 3. Graph of ALE g,

2020-01 2020-03 2020-05 2020-07 2020-09 2020-11 2021-01

time
Puc. 4. Fpacdmk COMX p,,
Fig. 4. Graph of ALE p,,
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Ha ocnose puc. 3, 4 MOXHO 3aKITIOYHTb, YTO, BO-TIEPBBIX, CPEIHSS MPOTOIDKUTEIILHOCTD SKU3HU CPEIr
MYKUHH TIajgaet ObICTpee, YeM y KeHIMH. Bo-BTophix, HaunHas ¢ T = 0,2-0,25, y My>X4HH yBeTUUUBaeT-
Csl CKOPOCTb, & Y KCHIIWH HAUMHACTCS MaJIeHUe CPEeAHEH 0’KUIaeMON MPOAOIKUTEIBHOCTH KU3HH.

JaHHBIl BpeMEHHOI MPOMEKYTOK COOTBETCTBYET MEPHOAY, HAUMHAIOIIEMYCSl B KOHLE (eBpalisi U
3aKaHYMBAIOIIEMYCs B KOHIIE MapTa, — noseineHno COVID-19 B Opendyprckoit obmacTu.

[Tomy4eHHBIN pe3yibTaT CBUACTENBCTBYET 00 aleKBaTHOCTH HOCTPOCHHON MOJENH ONTHMAaIbHOTO
ylpaBiieHUs Kak [Ijsl ONMCAHWSl TUHAMUKWA HAceleHHs, TaK M IJisl KOJIMYECTBEHHOW OLIEHKH BIHSHUS
MaHAeMAd Ha aeMorpadudeckyro nuHamuky. [Ipu stom mangemust COVID-19 noBombHO CHIIBHO TTO-
BIIHSUIA Ha IeMOTpadpuaecKyro CTpyKTypy Hacenenns OpeHOyprckoit o0acT.

3akiouenne

Takum 00pazoM, B paMKax JaHHOU paOOTHI pa3paboTaHa MOACITb AMHAMHKH YHCICHHOCTH Hacee-
HUS B YCJIOBHSX MaHAeMuu. [IpenMyiiecTBaMu TaHHOM MOJIENH SIBJISIETCS, BO-TIEPBBIX, BRICOKOE Ka4ecT-
BO IPOTHO30B NpPU MOJACTHPOBAHHM KPAaTKOCPOYHOH IHMHAMHUKH, BO-BTOPBIX, AJsl HWHUIHAIH3ALUH
(hyHKITMOHATBHBIX MApaMeTPOB MOAEIN HEOOXOANMBI TOJIBKO 0a30BbIe, 00IIENOCTYITHBIE JeMorpadude-
CKHYe JIaHHBIE, 9TO 00JieTyaeT e€ mpuMeHeHHE.

Pe3ynbTaTel IpOBEIEHHBIX SKCIIEPUMEHTOB MMOKA3aIM, YTO MOCTPOCHHAS MOJIETbh 00eCleurBaeT II0-
OanpHOE KayecTBO MporHo3a nopsanka 1,5 %, a cymmapHoe aOCONIIOTHOE OTKIOHEHHE paBHO 32 457 yedn.
npu Hacenennu OpeHOyprckoi obmactu 1 942 915 gen. OneHka MOCTPOSHHON MOJENN WHTETPATbHOM
XapaKTepUCTUKON, HE 3aBUCHMON OT TOYHOT'O BUJA paclpeaesieHus YUCICHHOCTH, CpeTHe OKuaaeMon
MPOIOJKUTENEHOCTBIO JKU3HU CBHIETEIBCTBYET 00 aleKBaTHOCTH MOCTPOCHHON MOJIENU IeMorpaduye-
CKOH NEHCTBUTENHHOCTH, & TaKXKe O 3HAYMMOM HETaTHBHOM BIHMSHUW TMAaHIEMUH Ha MPOIOIKHUTENh-
HOCTB XH3HU 000UX IOJIOB.
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Annomayus. MallMHOCTPOCHUE — TJIABHAsI OTPACIb MPOMBIIUICHHOCTH, YPOBEHb €€ Pa3BHUTHUsI OIIpe-
JIeNsieT HayYHO-TEXHHMYECKUE BO3MOXKHOCTH M TOTEHIMAT CTPaHBI, ONpPE/eseT KadyeCTBO YeIOBEYECKOrO
KamuTasna, a Takyke OHa SBIIETCS OCHOBOH /IS TOJIiepyKaHUsI 000pOHOCIIOCOOHOCTH TocynapcTa. Kak mpa-
BWJIO, JUTS YCTIEUTHOTO (DYHKIIMOHMPOBAHUS B JAHHOW OTPACIH IIMPOKO HCIIONB3YIOTCS BO3ZMOKHOCTH KOO-
Mepay ¢ KOHTPAareHTaMH Kak Ha BHYTPCHHEM, TaK M Ha BHEIIHEM pbIHKe. B HacTosmee Bpemst Poccus
HMeEeT 3aBUCUMOCTB OT MPOAYKIIMU HHOCTPAHHOTO MAITMHOCTPOCHUS, OHA HAOFOIaeTCsl BO BCeX obmac-
TAX JTaHHOH cephl — 00IIeM, TSKEIIOM, CPEIHEM, JIETKOM, TOYHOM U YHEPTeTHYSCKOM MAITHHOCTPOCHUH.
[To nmpuunHe ycWICHHS CaHKIMOHHOTO NTABJICHUS HEAPYKCCTBEHHBIX TOCYIAPCTB BO3MOXXHOCTH MMITOPTA
HEOOXOIUMBIX H3ACTHHA U KOMIUICKTYIOIIUX HEYKIIOHHO CHMXKAroTCcA. OCOOCHHYIO TPEBOTY BBI3BIBAET CHU-
Tyalusl 3aBUCUMOCTH OT UMIIOPTa CHCTEMOOOPA3yIOMUX U OOOPOHHBIX MPEINPUATHH, a TakXKe MpearpH-
STH, 00eCTIeUNBAIOLINX TOCYIAPCTBEHHYIO JICSTENBHOCTh. B CBS3M ¢ 3THM TpeOyeTcsi yCKOpeHue peajunsa-
IIUA TTOJIMTUKHA UMIIOPTO3aMEIICHUA ¢ MPUMCHEHUEM PEBCPCUBHOIO0 MHXXWHHUPUHTA. I.IaHHLIfI METO/ IIOKa-
3aJ1 CBOIO COCTOATCIBHOCTh, TaK KaK OBIT MCIIOJIE30BaH BCAYHIMMU MPOMBINIJICHHBIMU ACPKaBaAMU. He.]'l])
HCCJIeA0OBaHUA: 000CHOBATh BAXKHOCTH PEBEPCUBHOI'O MHXKMHUPHUHTA KaK HHCTPYMEHTA pCaiu3aliu MmoJIn-
THKHA UMIIOPTO3aMEIICHMS, TI0KA3aTh BO3MOKHOCTH €T0 KOHTPOJIS M YCKOPCHHUS TPOLEIYPHl €ro MpoBeie-
HUS C HCIOJBh30BaHUEM PEISIIMOHHON MaTeMaTHYeCKOW MOJeNH. PelsnuoHHas MaTeMaTHYHCKAas MOJCIb
ITOCTPOCHA HAa OCHOBE MPABWJI PEIIHOHHON anreOpel. MeToabl. BrissBIcHa XpOHOIIOTHS BO3HUKHOBEHUS
3aBHCUMOCTH PoccHM OT IMIOPTHBIX KOMIUICKTYIOIINX, Ha puUMepe ombita Kuras 000CHOBaHAa Ba)KHOCTH
PEBEPCUBHOTO HMHXXHHUPHUHTA. Pe3yapTaThl. 3aBucumocts Poccun oT mMmopra GepeT cBoe Havajo eme co
Bpemen Coerckoro Corosza. [IpeanoxkeHa peisuuoOHHAas MOJENb JAHHBIX JUIs YCKOPEHUS, OpraHU3aliy 1
KOHTPOJISI 32 PEBEPCUBHBIM MHXXHMHUPUHIOM B Poccuu. 3akiaodenue. [lonyueHHble pe3ysbTaThl UCCIEI0-
BaHWA MOTI'YT UMETH IMPAKTUYCCKOC IMPUMEHCHUC B p€aIM3allui MOJIUTUKHA UMIIOPTO3aMEIICHUA, TPOBOAN-
Mot B Poccuiickoit @eneparun. TpeOOBaHUS MO YCKOPEHHIO pEaNU3aIlfM BbIMICYKa3aHHOW IMOTUTHKH
000CHOBaHEI CYXaroImuMCsa Kpyrom BO3MO>KHOCTEN HUMIIOPTUPOBAHUA KIIFOUCBBIX KOMIIOHCHTOB U I/I3I[€J'II/II71
1 HapaCTaHUEM BHEUTHEIIOJINTUYECKON 1 BHEITHEIKOHOMUYECKOM HaIlpsXKECHHOCTU.

Knrouesste cnoea: peBepCUBHBIN, WHKUHUPUHT, CAHKIIUH, PEIIIUOHHBIN, 0a3bl JaHHBIX, TEXHOJOTH-
YeCKHe OIEPaIlii, TEXHOJIOTHIECKOe 000PYIOBaHUE

Jna yumuposanus: Vicnonb3oBaHUE PEISIIMOHHBIX 0a3 TaHHBIX JUIS OpraHU3alUN KOHTPOINPYEMOTO
pesepc-umxunupuara / O.B. Jlorunosckuii, A.A. Makcumos, B.B. 3axapos, M.B. Illemnes // BectHux
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Abstract. Mechanical engineering is the main branch of industry, the level of its development deter-
mines the scientific and technical capabilities and potential of the country, determines the quality of human
capital, and it is also the basis for maintaining the defense capability of the state. As a rule, for successful
functioning, in this industry, opportunities for cooperation with counterparties are widely used both in
the domestic and foreign markets. Currently, Russia is dependent on the products of foreign engineering, it
is observed in all areas of this sphere — general, heavy, medium, light, precision and power engineering.
Due to the increased sanctions pressure of unfriendly states, the possibilities of importing the necessary
products and components are steadily decreasing. Of particular concern is the situation of dependence on
imports of backbone and defense enterprises, as well as enterprises providing state activities. In this regard,
it is necessary to accelerate the implementation of the import substitution policy with the use of reverse engi-
neering. This method has shown its viability, because it was used by leading industrial powers. The purpose
of the study is to substantiate the importance of reverse engineering as a tool for implementing the import
substitution policy, to show the possibilities of its control and acceleration of the procedure for its imple-
mentation using a relational mathematical model. The relational mathematical model is based on the rules
of relational algebra. Methods. The chronology of the emergence of Russia's dependence on imported
components is revealed, the importance of reverse engineering is justified by the example of China's experi-
ence. Results. Russia's dependence on imports dates back to the Soviet Union. A relational data model for
acceleration, organization and control of reverse engineering in Russia is proposed. Conclusion. The obtained
research results may have practical application in the implementation of the import substitution policy car-
ried out in the Russian Federation. The requirements for accelerating the implementation of the above-
mentioned policy are justified by the narrowing range of opportunities for importing key components and
products and the increase in foreign policy and foreign economic tensions.

Keywords: reversible, engineering, sanctions, relational, database, technological operations, techno-
logical equipment

For citation: Loginovskiy O.V., Maksimov A.A., Zakharov V.V., Shchemlev M.V. Using relational
databases for organizations of controlled reverse engineering. Bulletin of the South Ural State University.
Ser. Computer Technologies, Automatic Control, Radio Electronics. 2022;22(4):151-158. (In Russ.) DOI:
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Beenenue

AKTyanbHOCTb ITPOOIeMbl HIMIIOPTO3aMEeIeHHsI 000CHOBaHA BO3POCLIMM CaHKIIMOHHBIM JaBJICHHEM
CO CTOPOHBI HEIPYKECTBEHHBIX TOCYAApCTB M MOATBEPXKACHA HEJaBHUMH HCCIICIOBAHUSAMH psAa aBTO-
poB [1-5]. HeoOxonnmocTh yCKOpEeHHUs pelieHnsl JaHHOH Mpo0ieMbl 00bsACHsEeTCS TpeOoBaHUAME 0e30-
MAaCHOCTH U (YHKIIMOHUPOBaHHUS 0a30BBIX OTpaciell rocynapcersa. M3-3a momaganus Poccuu B 3aBUCH-
MOCTh OT UMIIOpTa U3 CTpaH 3amaja U JalbHEeUIero BBeACHNUs CAaHKIIMK B OTHOILIEHHH MTOCTAaBOK BBICOKO-
TEXHOJIOTMYHON NMPOAYKIMH B PoccHio 0CcTpO BCTan BONPOC O MPOBEACHUH MOJIUTUKHA HMITOPTO3aMelle-
Hust. OZHMM U3 MHCTPYMEHTOB peaiu3aly AAaHHOW MOJUTUKU BUAWUTCS PEBEPCHBHBIM MM OOpaTHBIN
WH)XMHUPHHT. JIaHHBIN METOA HE SBJISETCA YEM-TO HOBBIM JUISl IPOMBIIINIEHHOCTH HAIleld CTPaHbI U aK-
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TUBHO MIpUMEHsUICS B roabl Bennkoit OtedecTBEHHOM BOMHBI Kak cr1oco0 M3ydeHHs W MMPOU3BOJICTBA Ha
COOCTBEHHBIX MOLIHOCTAX MHOCTpaHHBIX n3aenuil. Tak, Hanpumep, camoneT Ty-4 siBiseTcs aHAJIOrOM
B-29, a TennoBo3 TO1 — ananorom RSD-1. IlosiBneHne KOHTPOJIBHO-U3MEPUTENBHBIX MAIIUH Pa3JInd-
HBIX THIIOB M MCIIOJIB30BAHUE METOIOB METAJUIOTPA(UU BHIBEITM PEBEPCHBHBIN MHXHHUPUHT Ha HOBBIH
YPOBEHbB.

B wuccaenoBanuM BBISBIEHA XPOHOJIOTHS KPU3UCHBIX SABJICHUM B HayKe M TeXHHKE B COBETCKOM
COI03€ M MOKa3aHa MPUYMHHO-CIICACTBEHHAS CBA3b MEKAY JaHHBIMHU COOBITUSIMH U UMIIOPTO3aBHCHMO-
cThi0 Poccuu B HacTosIee BpeMsl, a TaKKe MOCTPOEHa PEISALMOHHAs MOJENb JaHHBIX IS OpraHU3aluN
M KOHTPOJIS 32 TPOLIECCOM PEBEPCHBHOTO WHKWHUMpHUHTA. [lonmydeHHas 6a3a aHHBIX 00ecrednuT OBbICT-
pBIH ToCcTyI K MH(OPMAIIMK TI0 BBIMOJHAEMBIM BHJAM TEXHOJOTHYECKHX ONEpaluil U MapKy TeXHOJO-
THYECKOro 000PyIOBaHUS MALTMHOCTPOUTENBHBIX NpeanpusTuii Poccun.

1. AHaIn3 NPUYMH KMIIOPTO3aBHUCUMOCTH

OCHOBHYIO OMAaCHOCTD JUIsl JYHKIIMOHUPOBAHHUS OTPACIIA MAaIMHOCTPOCHUS MPECTABIISIET TEXHO-
JIOTHYECKast 3aBUCUMOCTh. Tak, B 2006 r. ypoBEeHb 3aBUCHUMOCTH cOCTaBIsII 8,5 %, B 2016 1. — 12 %.
B 1O Xe BpeMms uccienoBaTeNsIMH OTMEYAeTCs, YTO WMIIOPTO3aBHCHMOCTb CIIOCOOHA OKa3bIBATh
CACPKUBAIOLIUH 3PQEKT i pa3BUTUS SKOHOMHUKH, a UMIIOPTO3aMEILCHUE SBISIETCA OOHUM M3 Jpaii-
BEPOB pOCTa SKOHOMUKHU [6]. B naHHOM mccnenoBaHMU MO MMIIOPTO3aBUCUMOCTBIO CIEAYET MOHH-
MaTh WUMEHHO TEXHOJIOTMYECKYIO 3aBHCHUMOCTb, KOT/Ia OTCYTCTBHE BO3MOXXHOCTH M3TOTOBJIEHUS Ka-
KHX-TMO0 W3JIENINH, y3JI0B WIM KOMIIOHEHTOB Ha BHYTPEHHEM pbIHKE Poccun B COBOKYNHOCTH € CaHK-
LUSIMHU BJI€YET HEBO3MOXKHOCTh M3TOTOBJICHHUS KOHEYHOTO MPOAYKTA TUOO BBIMOJIHEHUS TEXHOJIOTHYE-
CKHUX OIEpalui.

[lepen ananu3oM NpPUYMH yTPaThl HaIlel CTpaHOW KOMIIETEHUIUH B chepe MAIIMHOCTPOCHUS XO-
TeNoCh OBl OCTAHOBUTHCS HAa aHAJIOTHYHBIX MOIIHOCTAX CoBeTckoro corosa. IIpennmaraercsa He oie-
HUBATh MPEINPHUATHS U OTPACIH yke ObiBIIero COBETCKOTO COI03a C TOYKH 3PEHHUS UX DKOHOMHUYE-
CKOH 3((peKTUBHOCTH, @ OCTAHOBHUTHCS HAa X HAYYHO-TEXHHYECKOM IMOTeHIuane. Tak, COrnacHo AaH-
HBIM, IpUBEJCHHBIM B pabote [7], nuHamuka HaydHbIX OTKpbITHHI CCCP mpencrasnena B Tabm. 1,
pacnpenesieHle OTKPBITUNA MO 00BbEKTaM M OTPACIsIM HAYKH 32 aHAJOTMYHBIA MEPUOJ M TEXHUKH —
B Ta0uI. 2.

Tabnuua 1
CTpyKTypa Hay4HbIx oTKpbiTU CCCP, caenaHHbIX B nepuopa
c 1931 no 1990 r.
Table 1
The structure of scientific discoveries in the USSR, made in the period
from 1931 to 1990

ITepuon OObexT oTkphITHA Bcero otkperTHii
3aKOHOMEPHOCTh CBOIICTBO SIBnenue
1931-1935 — — 1 1
1936-1940 1 1 2 4
1941-1945 1 — 3 4
1946-1950 7 7 11 25
1951-1955 5 6 21 32
1956-1960 15 11 48 74
1961-1965 7 10 73 90
1966—-1970 16 12 61 89
1971-1975 11 6 30 47
1976-1980 2 8 10 20
1981-1985 — — 6 6
1986—-1990 — — — —
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Tabnuua 2
PacnpepeneHue oTKpbITUIA MO O6BLEKTaM U OTPAcnsiM HayKh U TEXHUKM,
caenaHHbix B nepuopg ¢ 1931 no 1990 r.
Table 2
Distribution of discoveries by objects and branches of science and technology
made in the period from 1931 to 1990
OOBEKT OTKPBITHS
Otpacnu HayKH U TeXHUKU " Bcero
3aKOHOMEPHOCTh CBoiicTBO SIBnenne
Menunuaa — 14 30 44
buonorns 12 18 21 51
XUMHUKO-TEXHOJIOTHYECKUE HAYKH 12 11 48 71
SAnepnas Gpusnka 17 2 54 73
®u3uka TBepaoro tena. OnTuka 6 6 59 71
MexaHuka 1 aBTOMaTHKa 4 1 15 20
Hayxwu o 3emie 11 4 19 34
HccnenoBanue kocMoca 3 5 20 28

U3 Tabn. 1, 2 BUAHO, YTO KOMMYECTBO HAYYHBIX OTKPBITUH pociio B epuof ¢ 1936 r. mo 1965 r., 3a-
TEM HaOII0aNIOCh MIOCTOSHHOE CHIDKEHHE JI0 ITOJTHOTO OTCYTCTBHUS OTKPHITHH B riepuon ¢ 1986 mo 1990 r.,
a OCHOBHBIE OTKPBITHS OBUTH TEXHUYECKOW HAMPaBICHHOCTH.

BrimeykazanHoe MO3BOMISIET BBIABHHYTH Ba MMEIOIIMX Ba)XHOCTH JJIs HAIIETO HCCIEIO0BAHUS
Te3uca:

— BCE OTKPBITHSI cAeaHbl B QyHIAMEHTAIbHBIX U HAYKOEMKHUX OTPACIIAX, BAUSIOLIMX B TOM YHCIE U
Ha OTpacilb MAaIIMHOCTPOCHHUS;

— KpU3HCHBIE SIBJIICHUS B HAYKE U TEXHHUKE, KOTOPbIE SIBISIOTCS OAHOM M3 NPUYMH TEXHOIOTHYECKO-
ro OTCTAaBaHUsA M 3aBUCUMOCTH OT HIMITOpTa coBpeMeHHoM Poccun, Hadanuch okomno 50 et Hazaz.

[Ipexpamenne cymectBoBanusa CoBeTckoro coto3a B 1991 roay compoBoXIanoch CMEHON 3KOHO-
MHUYECKON U MOJUTHYECKON MoJiesiell yCTpOHCTBa CTpaHbl. DTH ABJIECHUS 03HAMEHOBAINCH Yepeaoi IKO-
HOMHUYECKUX pedopM, YCYTyOUBIINX M TaK YXyALIArOINIeecs MOJI0KEHHE B HAyYHO-TEXHUIECKOH cdepe.
[annsie pedopmbl, OCHOBaHHBIE HA peKOMEHAAMSIX MeXXIyHapoJHOTO BaJIOTHOro (oHIa, ObLTH Mpo-
BeZICHBI 0€3 yueTa 0COOCHHOCTEH TEXHONOTHUECKUX U SKOHOMUYECKHX B3aUMOCBS3CH MEXAy IpeArpy-
stusimu ObiBiieit PCOCP u apyrumu crpanamu Coro3a. DTO MOBJIEKIO HEBO3MOXKHOCTh M3TOTaBIMBATh
OOIIMPHYIO HOMEHKJIATYypy H3JEeNUi, a MHOTHE NMPEeIUpUsITHA ObUIM yTpaueHbl BBUAY MX OaHKPOTCTBa
13-32 SKOHOMHYECKOH Hed(pPEeKTUBHOCTH HA MUPOBOM pBIHKE. 3a4acTyro JaHHBIC MPEINPHUITHS UMEITN
YHUKAJIbHBIC TEXHOJIOTHU. DTOT (haKT OTMEYAETCs Y IOBOJIBHO OOIIMPHOTO Psifia YYEHBIX U HCCIIEI0Ba-
Teel, Hanpumep, 00 3ToM ToBopuTcs B paborax [8—11].

2. PeBepcuBHBIN HHXKMHUPHHT KAK OHH U3 OCHOBHBIX HHCTPYMEHTOB

MOJIMTHKHM MMIIOPTO3aMeIlieHUsI

PaccmaTprBas naHHBIN METOZ C TOYKH 3PEHUS €r0 UCHOJIb30BaHMS B MOJMTHUKE MMIIOpTO3aMelle-
HUSI, TIpeJyIaraeM oOpaTHThCS K onbITy Kutast, rie peBepcuBHBIN WHKUHUPHHT BIIEPBBIE IIPHOOPEIT Mac-
COBBII XapakTep Ha rOCyJapCTBEHHOM YpoBHe. Tak, HampuMmep, NpaBUTENbCTBO IIIeHbUXEHS BIIEPBbIC
BBIIBUHYJIO UJEI0 O JIETaU3allii KOMMPOBAaHUS MHOCTPAHHBIX M3enuid. [Ipu KomupoBaHUM B U3IENNe
no0aBisieTcss HEKOTopask JoOaBleHHAs CTOMMOCTh 3a cdeT BHeApeHHs Moaupukanuid. OcoGeHHO pac-
MIPOCTPaHEH PEBEPCHUBHBIN MHXKMHUPHUHT B Kutae nns nponsBojcTBa BoeHHOM TexHUKH [12]. s nog-
TBEPXKACHUS YCIEIHOCTH AaHHOTO METOAA TOCTATOYHO B3IVIIHYTh HAa aBTOMOOMIIM KMTAHCKOTO MPOU3-
BOJICTBa, HampuMmep, Takue kak Chery QQ wmnu Shuanghuan SCEO, B BoeHHOI IPOMBILUIEHHOCTH CJie-
nyet ooparuth BHuManue Ha bBMIT ZBD04, uctpeburenn J-1 u J-6.

C BBeJeHHEM CaHKIUI U OTPaHUYCHHEM TOCTABOK M3JEIHH M KOMIUIEKTYIOIINX HCIOJIb30BaHHE
PEBEPCHBHOTO MHXUHUPUHTA BUAUTCS HEOOXOAUMBIM YCIOBHEM IS PEATH3AINH MOJIUTHKHA UMIIOPTO-
3aMernieHus. PeBepcuBHBIN MHKMHUPHUHT JIFOOOTO M3AETIHsS MAaIIMHOCTPOCHHUSI BKIIOYAaeT B cels clie-
JYIOILIME 3TaIbl aHAJIN3a U3EINA:

1) XxapaKTepHCTHKH MaTepHaja U 3ar0TOBKH;

2) reoMeTpHUYEeCKHEe TapaMeTpsl AeTanell 1 uX COOpPOYHBIX COSANHEHUH;
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3) HanM4Yue MOKPBITUH;

4) TpeboBaHMsI K TEpPMHUUECKOH 00paboTKe;

5) TpeboBaHMsI K KOHTPOJIEHBIM HCIBITAHHUSM T'OTOBBIX U3CIIHA.

[TonHBIi UK PEBEPCUBHOIO MHXKMHUPHHTA W JalbHEWIIEEe N3TOTOBICHUE 3a4acTyl0 HEBO3MOXK-
HO BBITIOJHUTH HA MOUIHOCTSIX OJTHOT'O MPENNPHUATHS, TaK KaK Ka)XIblil BBINICYKa3aHHBIA 3Tarl s
CBOETO BBINOJHEHUS TpeOyeT CIenualu3upOBaHHOTO oOopynoBaHusA. Tak, Hampumep, UIsl aHaIH3a
TreOMETPUYECKHUX MapaMeTpOB MOTPEOYIOTCS Pa3InYHbIE KOHTPOJBHO-U3MEPUTEIbHBIC MAIINHbI, IM0-
CTaBKa KOTOPBIX HA POCCHUICKUI PHIHOK TAaKXKE€ 3aTpyIHEHA, ISl IPOBEJCHHS UCTIBITAHUN — CTEH/BI U
HEeCTaHAapTHOE 000pyIOBaHUE, /ISl HAHECEHHUS TIOKPBITUSI — MOITHOCTH TJIbBAHMYECKOTO I1eXa. TakuM
00pa3zoM, AJIsl yCHEIHOr0 MMIOPTO3aMELICHUs M3eIMi M KOMIUICKTYIOUIMX MPEANPHUITHI0 MAaIIMHO-
CTpOCHUSI B OOJIBITMHCTBE CITy4yaeB MOTPeOyeTCsl 3HAYUTENBHO YBEIUUUTD MapK TEXHOJIOTHIECKOTO 000-
PYZOBaHUSL.

Boixon B pemennu JaHHOW MpoOIEeMBbl BUANUTCS B CO3JAaHUM C IMOMOIIBIO TOCYAAPCTBEHHBIX Opra-
HOB KOHTPOJISl peIALIMOHHON 0a3bl JaHHBIX ¢ HHPOpMaluel 00 umeronieMcss 000pyAOBaHUN Ha POCCHUIL-
CKUX MPEINPUITUSIX, PAOOTAIOIINX B OTPACIH MAIIMHOCTPOCHHUS, M €T0 TEXHOJOTHYECKHX BO3MOXKHO-
cTsax. Takas 6a3a NaHHBIX OOJETYUT KOOMEPALUHUIO NPEANPUATHH POCCHHCKONW MPOMBILUICHHOCTH AJIS
BBINOJIHEHNSI PEBEPCHUBHOTO HHKMHHUPHHIA, TO3BOJUT TOCYNAPCTBY B3SATh AAHHBIA WHCTPYMEHT IO
KOHTPOJIb ITyTE€M OTCIIC)KWBAHHS MCIIOJHEHHS U XapakKTepa JOrOoBOPOB, BOZHUKIINX B pe3ysbTaTe KOO-
nepanuy.

3. PeasimmonHast MoAeJb TaHHBIX

Pensunonnas Moaens AaHHBIX, pemanoxkennas emie B 1970 roqy E.®. Kommom, mpeacrasnser co-
0oii HaOOp JBYMEpPHBIX TaOJWII, B3aUMOCBI3U MEXKAY KOTOPHIMH IOJAYHHSIOTCS TEOPUU MHOKECTB.
Ha ocHOBe maHHBIX TaOIUI] BO3MOKHO CO3/IaHUE PEIAIMOHHON 0a3bl TaHHBIX.

K 06a3am maHHBIX TAaKOTO THIA NMPUMEHHMMBI CTaHIAPTHBIC OIECPAIMH COKpAIlCHHUsA, BHIOODPKH,
MPOCKIINH, COSTUHEHUs, O0ObeANHEHUsI U yMHOXEHHs, onucaHHbie B pabotax E.®. Komgna [13] u
K.[x. Jleiita [14], a Takxe moanepka (yHKITMH KaTaiora.

MatemaTHyeckasi MOJIENb PEISIIMOHHON 0a3bl TaHHBIX MOJYUHACTCS 3aKOHAM PEJISIIMOHHON anreo-
PBI, C TIOMOIILI0 KOTOPOH PENSIIIMOHHYIO ONEePaIii0 MOKHO TIPEACTABUTh B COOTBETCTBUU ¢ (popmMyInoit

Y=/, 5,... 1), (1)
rae Y — Bo3BpalaeMoe OTHOIIEHUE; 72 — KOJTMYECTBO OTHOIICHHM.

Jns opranuzanuu, yCKOPEHHs] U KOHTPOJS 32 MPOLECCOM PEBEPCUBHOIO MHXKMHUPUHTA BUAUTCA
HEO00XO0IUMOCTh CO3/IaHusI 0a3bl JAaHHBIX TEXHOJIOTMYECKUX BO3MOXKHOCTEH npeanpusaTuii Poccun.

[Tpumep npeacrarieHust ”HoOpMaIUK 0a3bl TaHHBIX TIOKa3aH B Tabd. 3 u 4.

Tabnuua 3
[OaHHble 06 o6nagaHuu NpeanpUATUSAMU TEXHONIOTMYECKMMMU MOLLHOCTAMU
Table 3
Data on the ownership of technological enterprises capacities
HaumenoBanue MaxkcumaibpHbIll | Makcumallb- Monens
Tun Brimonnsemas
ID MPEeaNPUITHS, rabaput netanu, | Has Macca | oOopynoBa-
000pynoBaHUS onepanus
KOHTAKTBI MM JIeTaJH, KT HUS
KonTtpomnsHo-
000 «kKAMCCy, Contura
1 https://kamss.ru/ n3MmeputenbHas | M3mepenus | 1200x1800x800 1200 12/18/8
MaluHa
) 000 «PT-AT3», Tecrep Vemsramms | He orpanmacko He orpanu- Fortest
https://rtdtz.ru/ TepPMETHYHOCTH P YEHO T8090
3akainka,
AO HIIK «YpanBaros- | DnekTponeysb HeMeHTALIA, CIIIM
3 |3aBomy, CONPOTHUBIICHUS @600x600 200
i HUTPOIIEMCH- 6.6/9,5119
http://www.ubtuvz.ru/ [IaXTHAs
TaIus
Hexagon
4 }?00 «UT3-Ypantpax», | 3mepurensHas Vismeperms | 1200x1200x1200 He orpanu- Absolute
ttp://chtz-uraltrac.ru/ pyka YeHO Arm
Compact
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Tabnuua 4
[aHHble 0 TEXHNYECKMX XapaKTepucTuKax o6opyaoBaHus
Table 4
Equipment Specification Data
Mopens 000pynOBaHuUs Tun obopynoBaHus T'ox BeINyCKa TexHuueckue XxapaKTepUCTUKHI

KonTponsHO-u3MepuTenpHAS 2021 Ccpbuika Ha HH)OPMALHIO

MaIpHa C TEXH. XapaKTePUCTUKAMHU
Ccpbuika Ha HH)OPMALHIO
C TEXH. XapaKTePUCTUKAMHU
OJeKTpoInedb CONPOTHBICHHS 2019 Ccpbuika Ha HH)OPMALHIO

ITaxTHas C TeXH. XapaKTePUCTUKAMHU
Hexagon Absolute Arm VisMepuTenbHas pyka 2019 Cchuika Ha HHPOPMALIUIO
Compact C T€XH. XapaKTepUCTUKaMHU

Contura 12/18/8

Fortest T8090 TecTtep repMEeTUYHOCTH 2021

CHILIM 6.6/9,5119

B cooTBeTcTBHM C PENSLMOHHOW anreOpoil CTPOKH TaONML SIBISIOTCS KOPTEXKAMH 7, CTOJIOLBI —
momeHaMu D, cama Tabiwia — oTHOIIeHHeM Y. B Ta0m. 3 kaaplii KOpTeX COCTOUT M3 6 AIEMEHTOB,
B Tabn. 4 —u3 4.

B kadectBe mprumMepa pabOTHI C PENSIMOHHON 0a30i JaHHBIX OIHUIIEM MAaTEMATUYECKU OIEpPaIHIo
BBIOOPKH.

W3 otHOmeHus1 ¥ B COOTBETCTBUHU C HEKOTOPBHIM YCJIOBHEM 7Y AJIsl MHOKECTBa aTpuOyToB X Oyzaer
NPOM3BEICHO HOBOE OTHOLIEHUE B COOTBETCTBHHU C (POpMyIIOH

YIy(X)]={r|re¥ ny[X]}. ()

Takum 00pa3om, pe3ysbTaT ornepanu BEIOOPKH B COOTBETCTBHHU C YCIIOBHEM

y(r[X]) = (MakcumanbHbli rabaput getamu, MM = 1200 x 1200 x 1200)
nokaszaH B Tabia. 5 [15]. IlepBuuHbIMHU KIIIOYaMH B JaHHOM ciydae sBisitoTcs 1D, koTopsle mprcBanBa-
FOTCSL KaXI0My IPEINPUATHIO B MOMEHT PErHCTPalK B CUCTEME U SIBIIAIOTCS YHUKAJIBHBIMU.

Ta6bnuua 5
Pe3ynbTaTt onepauum «Bbi6opka»
Table 5
The result of the “Select” operation
Makcumaie- | MakcuMaib- Monenb
HanmenoBanue npeanpustus, Tun Beinonnse- o
ID HBIA Ta0apuT | Has Macca | o0opymoBa-
KOHTAaKThI 000pymoBaHus | Masi OTIepaIius
JeTaad, MM | JIeTaju, Kr HUS
DIIEeKTPOIeYh 3axama,
3 AO «HIIK «YpanBaron3aBomay, cor ZFT’HBE LIEMEHTAIHA, 3600 x 600 200 CHIIM
http://www.ubtuvz.ru/ p HUTPOLIEMEH- 6.6/9,519
HUS IIaXTHAsI
Talus
3akiaroueHue

C nmomonipro aHanu3a JaHHBIX MO KOJMYECTBY HAayYHBIX OTKPBITHH YCTAHOBIJIEHA OJHA W3 MPUYMH
yTpaThel Poccuell KoMIeTeHIIMA U BO3HUKILIErO OTCTaBaHUS OT MHUPOBOTO YPOBHS B OTPaciii MaIlMHO-
CTpOCHHUSI, IPUBEICHA XPOHOJIOTUSI POPMUPOBAHUS TAHHOTO OTCTABAHHMS.

Ha npumepe mzydenust onpita Kurtas cieman BBIBOJ O MOJOKUTENBHOM BIUSHHH PEBEPCHBHOTO
WH)XKMHHPHHTA Ha peaM3alyio MOJUTHKH HMIIOPTO3aMEIIEHUS M COKPALICHHUs 3aBHCHUMOCTH OT HHO-
CTPaHHBIX KOMIUIEKTYIOIUX.

Pensimuonnsie 6a3bl JaHHBIX, OCHOBaHHbIE HA PEJIALIMOHHOI anredpe, mpeaiaraeMbple K UCIOIb30-
BaHUIO, 00ecreyaT OTCICKUBAHHE MOTPEOHOCTH POCCUICKOW MPOMBIIUICHHOCTH B UMIIOPTHBIX KOM-
TUIEKTYIOMINX B PEalbHOM BPEMEHH, a TaKXKe MO3BOJIST B3ATh MPOIECC PEBEPCUBHOTO WHKXUHUPHUHTA
MOJI TOCYJIapCTBEHHBIN KOHTposb. CTeneHb MOJPOOHOCTH M XapakTep MH(popManuu B Takux 0azax
JaHHBIX MOXKET OBITh EPECMOTPEH B JII000€ BpeMsl B 3aBUCUMOCTHU OT MOTPEOHOCTEH KOHTPAreHTOB U
rocyapcTaa.
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YCTPOUCTBO ANA USMEPEHUA OU3NEKTPUYECKMUX CBOUCTB
NMOPOLUKOBbLIX MATEPUAIIOB HA BEA3E NOJIOCKOBOWN NIUHUU NEPEOAYMU
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FOxHo-Ypansckuti 2ocydapcmeeHHbIl yHusepcumem, YensabuHck, Poccus

Annomayusn. VI3mepeHnue >MeKTPOINHAMUYICCKUX MapaMeTPOB, TaKUX KaK JAUIIEKTpUYECKas U Mar-
HUTHAs IPOHMUIIAEMOCTH B IIMPOKOM JHANa30HE YacTOT IS CJIOKHBIX KOMIIO3UTHBIX MaTePUAJIOB, OCTAETCS
aKTyaJbHOH 3ajaueil Ha CeroAHALIHUN neHb. HecMOTps Ha TO, YTO M3BECTHBI CIIOCOOBI H3MEPEHHUS B BUIC
IUTaCTHH, TMapajuIeIeUIeI0B WIH IUINHIPOB, H3MEPEHHE CBOWCTB B IIMPOKOM IHANIa30HE YAaCTOT KOMIIO-
3UTHBIX MaTepuanoB ocTaércs ciaabo mccienoBaHHOW Temoil. Ilesb McceaenoBaHMA: 0OOCHOBaHHME BO3-
MOJKHOCTEH MCITOIB30BAHUSA ITOJIOCKOBO-IIENIEBOIO MEPEXoa s U3MEPEHH 3JIeKTPOINHAMUYECKHX Mapa-
METPOB CJIOXKHBIX KOMIIO3UTHBIX MaTepraioB. MaTepuaJjbl H MeTOABI. B craThe npencTaBieHsl pe3ybTa-
TBI HCCJICAOBAHUI AIIEKTPOAMHAMUYECKUX MTAPaMETPOB KOMITO3UTHBIX MAaTepHaJIOB HA OCHOBE M3MEPHUTENS
B BUJIe 00BEMHOTO MOJIOCKOBO-IIENICBOTO Tepexona. [JaHHBIH Mepexos MO3BOJSET BHIOIHUTh N3MEPEHHE
3JEKTPOAMHAMHUYECKUX MapaMeTpoB B nuana3zone yactoT oT 10 mo 1400 MI'u. IIpeumyiiecTBo mpuMeHe-
HUSI TTOJIOCKOBO-IIIEJIEBOTO TIEPEX0Aa B TOM, YTO NPH M3MEPEHHUHU 3JIEKTPOANHAMUYECKHUX IapaMeTpoOB HET
HEOOXOJMMOCTH TPHUAABATh CIEeNHalbHYI0 (opMmy (Tapalsenenunena, MWIMHIP) UCCAeAyeMbIM 00pas-
aM. OTO MPHUBOIUT K JONOIHUTEIBHBIM TEXHOJIOTHYECKUM TPYJHOCTSAM M 3aTpaTaM BPEMEHHU Ha MOATO-
TOBKY HCCIeIyeMBIX 00pa3ioB KOMIIO3UTHOTO MaTepuana. Mccinexyemble 00pa3isl KOMIIO3UTHOTO MaTe-
puana MOTryT OBITh B BHJE CHIITy4Yel cMecH. 3a CUeT ITOrO CHITyYHi MaTepHal MOJHOCTHIO 3aiiMET BHYT-
peHHee MPOCTPAHCTBO MOJIOCKOBO-IIENEBOTO Mepexoaa. VccnenyeMplii KOMIIO3UTHRIA MaTepHall ImpuMe-
HSETCS MPH IPOEKTUPOBAHUU CTPOUTENBHBIX MaTEPHANIOB [UIsI 00ECIIeUEeHUs 3JIEKTPOMAarHUTHON coBMec-
TUMOCTH U TIPEJICTaBIsICT co00 ChIMydylo cMech. Pe3yabTarhl. B crarbe mpuBeneHbl YaCTOTHBIE 3aBH-
CUMOCTH K03()(DUIIMEHTOB OTPa)XEHUS U MPOXOXKIACHUS B IHANa30HE YacTOT MPH Pa3IMYHBIX KOHIIEHTpa-
IUSIX MaTepuajoB B MTOTOBOH cMecd. 3ak/iouenue. OmrcaHa TEXHOJIOTHS IOJyYEHHS KOMIIO3HTHBIX
MaTepHalioB ¢ YY€TOM KOHILEHTPAIMH KOMIOHEHTOB B cMecH. KOMITO3UTHBIE MaTeprabl MPeACTaBISIOT
c000ii rTHOPHIHBIN MaTepHal — CyXyl0 CMECh 3JIEKTPOMAarHUTHBIX (TPaUTHBIX) U TU3JICKTPUIECKUX Jac-
TUI (TIepINTa), a TaKXKe LIEMEHTHO-IIOJIMMEPHOI0 BXKYIIETO, MPEAHA3HAUYCHHYIO IS HAHECCHHS pajno-
MTOTJIOMIAIOIIETO MOKPBITHS Ha OrpaKAAroIlne KOHCTPYKUIMHU. J[MCIepCHBIE COCTAaBBI YACTHIl HMEpiIUTa U
rpaduta 6iu3ku u Haxoasrcs B quanazoHe 0,1...1 mm. OOpasipl cMecH OTIHYAIOTCS 110 COCTaBy 00beM-
HBIM cooTHOMEeHHEM Si0,/C.

Knrwoueswie cnosa: CBU-uzmepenns, meton Hukoncona — Pocca — Beiiepa, S-mapameTpsl, MOPOIIKOBEIE
MaTepHabl

bnazooapnocmu: Pabota BhIIIOJIHEHA B paMKax rocyaapcrseHHoro 3aganust FENU-2020-0019 Munu-
CTepCTBa HAYKH U BBICIIEro oOpaszoBanus Poccuiickoit deneparmm.

Jna yumupoeanua: YCTpONUCTBO JJISI U3MEPEHUS AUAIICKTPUUECKUX CBOHCTB IIOPOLIKOBBIX MaTepua-
J0B Ha 6aze mosiockoBoil muuun nepenauu / J.C. Knbirau, M.I'. Baxuros, /I.I. ®omun, A.C. Kopones //
Bectaux IOYpI'Y. Cepust «KommbloTepHbIE TEXHOJIOTHH, yIpaBlIeHUE, paguodekTporuka». 2022. T. 22,
Ne 4. C. 159-166. DOI: 10.14529/ctcr220416

© Kuprraa [1.C., BaxutoB M.I"., ®omun J1.T"., Koponer A.C., 2022

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 159
2022. T. 22, Ne 4. C. 159-166



KpaTtkue cooblieHuns
Brief reports

Brief report
DOI: 10.14529/ctcr220416

A DEVICE FOR MEASURING THE DIELECTRIC PROPERTIES
OF POWDER MATERIALS BASED ON A STRIPLINE TRANSMISSION

D.S. Klygach, klygachds@susu.ru
M.G. Vakhitov, vakhitovmg@susu.ru
D.G. Fomin, fomindg@susu.ru

A.S. Korolev, korolevas@susu.ru

South Ural State University, Chelyabinsk, Russia

Abstract. Measurement of electrodynamic parameters, such as dielectric and magnetic permeability
in a wide frequency range for complex composite materials, remains an urgent task today. Despite the fact
that measurement methods are known in the form of plates, parallelepipeds or cylinders, the measurement
of properties in a wide range of frequencies of composite materials remains a poorly studied topic. Purpose
of the study: substantiation of the possibilities of using a strip-slot transition for measuring the electro-
dynamic parameters of complex composite materials. Materials and methods. The article presents the re-
sults of studies of the electrodynamic parameters of composite materials based on a meter in the form of
a volume strip-slot transition. This transition allows you to measure electrodynamic parameters in the fre-
quency range from 10 MHz to 1400 MHz. The advantage of using a strip-slot transition is that when meas-
uring electrodynamic parameters, there is no need to give a special shape (parallelepiped, cylinder) to
the samples under study. This leads to additional technological difficulties and time-consuming preparation
of the studied samples of the composite material. The investigated samples of the composite material can be
in the form of a loose mixture. Due to this, bulk material completely occupies the internal space of the strip-
slot transition. The investigated composite material is used in the design of building materials to ensure
electromagnetic compatibility and is a loose mixture. Results. The article presents the frequency depen-
dences of the reflection and transmission coefficients in the frequency range at different concentrations of
materials in the final mixture. Conclusion. The technology for obtaining composite materials is described,
taking into account the concentration of components in the mixture. Composite materials are a hybrid mate-
rial — a dry mixture of electromagnetic (graphite) and dielectric particles (perlite), as well as a cement-
polymer binder, intended for applying a radio-absorbing coating on building envelopes. The disperse com-
positions of perlite and graphite particles are close and are in the range of 0.1...1 mm. Samples of the mix-
ture differ in composition by the SiO,/C volume ratio.

Keywords: microwave measurements, Nicholson—Ross—Weier method, S-parameters, powder ma-
terials
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Beenenue

OnHuM U3 HamnpaBJICHUH HCCIENOBAaHMH Ha CErOAHSIIHUI ACHB ABISETCS pa3paboTKa HOBBIX Mate-
pHaNIOB C 3aJaHHBIMM CBOMcTBaMH. IIpHMepoM Takmx MaTepHanoB SBISIOTCS MaTepUalbl HA OCHOBE
(beppuTOB C paznuuHBIMH J00aBKaMu. Takue MaTepHanbl HAXOIT IPUMEHEHHE B Pa3IMYHBIX OTPaCIsX
HayKH U TEXHUKH B Ka4e€CTBE MAarHUTOTBEPIBIX MATEPHAJIOB Ui MOCTOSIHHBIX MarHUTOB M MAarHUTHBIX
KOMIIO3UTOB, YCTPOICTB XpaHeHHUs MH(POPMAIMK, MArHUTOONITHYECKUX YCTporcTs [1, 2]. B mocnennue
TOJIbl OTH MaTepHajbl BCE Yalle HAaXOIAT MPUMEHEHHE B YCTPOWCTBAX MHJUTUMETPOBOTO U cyOTeparep-
I[OBOT'O JMAIa30HOB YacTOT. TakuMH yCTPOWCTBAaMU SIBIISIFOTCS, HAIIPUMEP, HACTPpauBaeMble PE30HATOPHI
[3], uzossaTOpHI [4] M PamgUONOTIIOMIAIOIIME TOKPBITHA, B KOTOPBHIX (DEPPHUTHI NPUMEHSIOT KaK B BHJE
TUICHOK, TaK U B BUJle 00beMHBIX MaTepHajoB. [lepcrieKTHBHBIM HAaIIPaBIEHHUEM HUCCIIEIOBAHUN SBISIETCS
CO3/laHM€ MaTepuajloB C MUHUMAJIbHON OTpakarolllell CIIOCOOHOCTBIO 3JIEKTPOMArHUTHOTO WU3JIyYEHUs
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JUISL 3aIUTHI KPYIHBIX 00BEKTOB [5, 6]. OcHOBHOE TpeboBaHME K MaTepHajaM — IOIJIOLUICHUE B IIUPO-
KOM JIMamna3oHe 4acTor [7].

B CBY (I'T1) obnacti HauOOJBIIMA HHTEPEC MPEACTABISIOT (HEPPUTHI, JETHPYS KOTOPHIC, MOKHO
MEHSITh 4acToTy geppomarauTHoro pezonanca (OPMP). B To ke Bpemsi peppuThl MOTYT OBITH HCIIOIb-
30BaHbl B KaUeCTBE M3Iydaresieli B HHPOPMALMOHHO-TEIEKOMMYHHUKAIIMOHHBIX CHCTEMaXx, T1€e, C OAHON
CTOpPOHBI, Ba’KEH HU3KUI YPOBEHB NIOTEPBD, & C APYTrOi CTOPOHBI, NOBBIIIEHUE YacTOThl ®MP, uTO MOXKET
OBITh JJOCTUTHYTO YaCTUYHBIM 3aMeEIlEHHEM aTOMOB Jelle3a B MaTpHIle IeKcadeppUTOB JICTHPYIOIINM
3JIEMEHTOM, PACIINPSIET BO3MOXKHOCTH IPUOOPOB U YCTPOICTB HAa OCHOBE TAKOro Marepuana. B vactHo-
ctu, nepexon K yactoram 10 100 I'T'n u Beime oOecnednT NOBBILICHHE 00bEMOB IEepeaadn JaHHBIX Me-
KAy CIYTHUKaMHU. JTO TPUBEIET K Pa3BUTHIO TEJIEKOMMYHHKAIMOHHBIX YCIYT HOBOTO MOKOJEHHS Ha
0aze kocMuueckux cucteM [8, 9]. B cuiry Bcero mepeyncieHHOr0 M3Y4YEeHHE Pa3IHYHBIX (PH3HMYECKHX
CBOMCTB 3THX MaTepHaJIOB MPEACTABIAET KaKk HaydHbIH [10], Tak ¥ MpakTHYECKUI MHTEpEC.

CBU-texHuka M TEXHOJOTMH MIMPOKO PACHpPOCTPAHEHBI B COBPEMEHHBIX WH(OPMAIMOHHO-
TEJIEKOMMYHUKAIIMOHHBIX YCTPOMCTBAaX, B TOM YMCJIE B CUCTEMAX CBSI3H, B CHCTEMAax YIIPaBJICHUS BO3-
IOYLIHBIM JABIDKEHHEM H T. 1. C mepexoaoM pagro3IeKTPOHHBIX CUCTEM B 00siee BBICOKOYACTOTHBIE TUa-
MAa30Hbl BO3HUKAET HEOOXOANMOCTh TOYHOTO ONPEAETICHUSI NapaMEeTPOB MCIONb3YEMbIX IUAIEKTPHYe-
ckux marepuaioB. Spkum mpumepoMm CBY-ycTpoiCTB, 31eKTpUYecKHe MapamMeTphbl KOTOPBIX CHIBHO
3aBHUCAT OT HCIOJIb3YEMBIX MaTEpUANIOB, SIBJISIOTCS: MEYaTHBIE M3IYYarOIIye JIEMEHTHI, CYMMaTOphl U
JEJIATENN MOIIHOCTH, COIVIACYIOIINE TOTIOJIOTHH I aKTUBHBIX 3JIEMEHTOB M MHOTHE JIPYTHE 3JIEMEHTBI
aHTeHHO-(uIepHOTO TpakTa. OCHOBHOM HPOOJIEMOM, CBA3aHHOW ¢ MPUMEHEHUEM JTUJICKTPHUCCKUX Ma-
TEepHaJoB B cocTaBe nepeuncieHHbpIx CBY-ycTpoiicTB, SBISETCS TO, YTO OTKJIOHEHHE 3HAUYEHUS UX OT-
HOCUTENIFHON AMANEKTPUUYECKON MPOHULAEMOCTH OT PACUETHOTO 3HAUYEHUs BEACT K YBEIMUCHHUIO KO-
¢dunmeHTa oTpaKeHHS U, KaK CIEeJICTBHE, K IOTEPSM MOIIHOCTH, KoTopas paccenBaeTcs B CBU-Tpakre B
BUjIe Teruia. B pe3ynbTare MoBbIIIAETCS BEPOITHOCTH BRICOKOYACTOTHOTO 1pobosi CBU-Tpakra, yMeHb-
maercst BpeMsi HapaboTkn CBY-ycTpolicTBa Ha OTKa3, yBEIMYMBAIOTCS TEIIOBBIE TOTEPH, MOBBIIACTCS
ko3 duumeHt myma (i1 IPUEMHBIX ycTpoHcTB). sl mpenoTBpalieHus] BCeX MEPEeYHCICHHBIX Hpo-
6nem HaumHas ¢ 1950-x roJ0B BO3HHKIIO HOBOE HANpPABIICHHE PAa3BUTHS DIICKTPOHUKU — MaTEpHAIIOBE-
JieHre B 00J1aCTH BBICOKUX YaCTOT.

Ienpro maHHOrO HaIpaBIICHUS SBIETCS UCcleqoBaHue npuMeHsemMblx B CBU-ycTpolicTBax Mare-
PpHAaoB, MO3BOJIIOIIEE PAAVONHKEHEPAM 3aPaHEE C BBICOKOW TOYHOCTBIO ONPEACIIATh KOHCTPYKTUBHBIE
0COOEHHOCTH MPOCKTUPYEMBIX YCTPOUCTB. Tak, MOSIBIIIOCH O0IBIIOE pa3HOOOpa3He METOIO0B U TEXHUK
M3MEPEHMSI TUANEKTPUUECKHUX MTapaMeTPOB MAaTEPHAJIOB B IIMPOKOM Juana3zoHe yacToT. OmHUM U3 Hau-
0oJjiee MOMyJISPHBIX CIIOCOOOB siBisieTcst MeToa Hukosncona — Pocca — Beliepa, m03BOJISIONIMIA OlLICHH-
BaTh JIUDIIEKTPUYECKHE CBONCTBAa MaTEpHaOB MPU U3MEPEHHH S-MapaMeTpoB B KOMILICKCHOH (opme.
ABTOpaMu HacTosIIEH pabOTHl MPEACTaBICHO HOBOE KOMIIAKTHOE YCTPOWCTBO HA 0a3e MOJIOCKOBOM JIn-
HUY Tepeaayn, peIHa3HauYeHHOE ISl U3MEPEHUS TUIIEKTPUUECKUX CBOMCTB MOPOIIKOBBIX MaTEPHAIOB
metosioM Hukoncona — Pocca — Beiiepa.

B nanHO# cTaThe MCcleAyeTCs BO3MOKHOCTh NPHUMEHEHHS] CUMMETPUYHOMN MOJOCKOBON JHHHHU C
BO3QYLIHBIM 3allOJIHEHUEM Ul OMNpPEIENIECHUs IUAIIEKTPUUECKUX CBOWCTB IOPOIIKOBOIO MaTepHana
UKVYP (TY 23.64.10-008-21491261-2021). {anuslii cioco® u3MepeHuil MO3BOJIAET HCIONb30BaTh 3HA-
YUTEJIBHO MEHBIIIE HCCIEAYEMOI0 MaTepraia, YeM B aHAJIOTMYHBIX UCCIIEIOBAHUAX C IPUMEHEHUEM KO-
aKCcHaNbHOTO n3Meputens. KpoMe Toro, npuMeHEHHE MOJIOCKOBOIO M3MEPUTENS MO3BOJISIET BOIUIOTUTH
MPUHLIKI MOIYJIBHOCTH IPH €T0 pealln3aliy.

1. KoHcTpyKIMs H3MEepHUTEJILHOI0 YCTPOlicTBA

KoHcTpyknus npeamaraeMoro ycTpoucTBa Al U3MEPEHUS TUAIEKTPUUYECKHUX CBOMCTB MOPOIIKO-
BBIX MaTepuasioB (puc. 1) mpenacraBiseT co00i BO3IYIIHYIO MOJOCKOBYIO TUHHUIO 1, PAacIiOIOKEHHYIO B
MeTaJITYecKoM Kopobe 2. [ moakioueHns uenoib3yoress SMA pazbeMsl 3 ¢ BOJHOBBIM COIPOTHB-
neareM 50 Om. CTOUT OTMETUTb, YTO Ui 00ECHeUeHUsI BO3MOXXHOCTH Pa3MEIEeHHUs UCCIIEAyEeMOro To-
POIIKOBOTO MaTepHaja B KOHCTPYKIIMH H3MEPUTENBHOTO YCTPONCTBa Hcmonb3yercs Kphika 4. Ceue-
HUE TOJIOCKOBOW JIMHUU — 4 X 2 MM, 94TO 00ECTIIeYUBaET BOJIHOBOE compoTuBienrne 50 OM mpu BO3IyI-
HOM 3aloJIHeHHU KopoOa. Pa3smepsl BHyTpeHHeH monocTH Kopoba cocTaBISIOT 25 x 15 x 6 MmM. Takum
o0pa3oMm, uccieryeMoe U3MEPUTEIbHOE YCTPOMCTBO 00JalaeT MallbiM BHYTPEHHUM O00BEMOM, YTO TIO-
3BOJISIET IPOBOANTH U3MEPEHHUS C MAJIBIM KOJIMYECTBOM HCCIIEAYEMOT0 MOPOIIKOBOTO MaTepraia.
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Puc. 1. KOHCTpyKUMA ycTpoMCTBA ANS U3MEPEHUA ANINEKTPUYECKUX CBOMCTB
NOPOLLKOBbIX MaTepuanos Ha 6a3e NONOCKOBOW NMHUU Nepeaayn
Fig. 1. The design of a device for measuring the dielectric properties
of powder materials based on a stripline transmission

2. ludjieKTpUYecKHe CBOiCTBA MAaTEPUAJIOB
JudnexTpuyeckue CBOWCTBA MaTepUAIOB B MaTEMAaTHUYECKOM IMPEACTABICHUH — 3TO KOMIUIEKCHOE
YHCII0, ONMCHIBAIONIEE B3aMMOAECHCTBUE MaTepHalia ¢ AEKTPUIECKUM MOJIEM:

e=¢'— je"; (D
£ =¢,8; (2)
g"=¢'tgd, 3)

rae € — peajbHas 4acCTh JUIJIEKTPUYECKON MPOHHUIIAEMOCTH; &' — MHHMas 4acTh JUAJIEKTPUUYECKOMN
IPOHUIAEMOCTH (KO (UILIMEHT AUINEKTPUIECKHX TIOTEPD); €, — OTHOCUTEIbHAS IUNIEKTPUUECKas IPO-

HHUIIAEMOCTb; €, = 8,85 1072 ®/m — snexTprueckas MOCTOSIHHAS; O — YTOJI JUDIEKTPUUECCKUX MTOTEPb.
0

Taxk, peanbHasi 4acTh AMAICKTPUYECKOH MPOHUIAEMOCTH € ONMpEeNseT KONMYECTBO 3araceHHON
9HEPIUU BHEILIHETO 3JIEKTPUYECKOTO MoJisi B MaTepuaie. MHUMas 4acTh IUAJICKTPUUECKONW MPOHMLIAC-
MOCTH €" ONpEAENseT JAOJI0 MOTEPh OTHOCHTEIBHO BHEIIHETO IEKTPUIECKOro mouisi. TaHreHe yria au-
3IEKTPUYECKHUX TIOTEPh OMPEEIIAeT OTHOLIEHHE SHEPTUH MOTEPh B MaTepuale K SHEPTHH, 3allaCeHHON B
Mmarepuaie:

g" DHeprust oTeph
tgd="= P pr (&)
€' DHeprus 3anaceHHas

ITpuBenennbie B cootHomeHusx (1)—(4) ¢usudeckue Beauduubl (€',€") SBISAIOTCS (QYHKIUASIMH

yacToThl. OCHOBHAsA HUACA MpPCACTAaBJICHHBIX HUXEC METOJ0OB — OIIPCACIICHUC I[HSHGKTqueCKOﬁ IIPpOHU-
HaeMOCTHU MATCPHUAJIOB B HIMPOKOM JUAITA30HE YaCTOT.

3. Meroguka onpenejeHus JHJICKTPHYECKUX XapaKTePUCTHK MaTepHAaJIa

OcHoBHas uyest crocoda 3akifovaeTcss B U3MEPEHHH KOMIUIEKCHOTO KoadduimenTa nponyckaHus
(S21) u xommekcHoro koddduiuenta orpaxenus (S11), Korma TeCTOBBI CHUTHAI MPOXOIUT uepe3
3aMKHYTYIO JINHHUIO Tiepenaun 6e3 o0pasua TecTupyeMoro Marepuana u ¢ oopasuom. [8—13]. s uzme-
PEHUH MCIOJB3YIOTCSl BEKTOPHBIE ceTeBble aHamu3aTtopsl (VNA). Marematudeckas o0paboTka pe3yiib-
TaTOB OCyHIeCTBIAETCS 1o MeTony Huxoncona — Pocca — Beliepa [8].

OcHOBHBIE COOTHOIIECHUS, HCIIONB3yeMble B MaTeMaTHueckoi Moaenu Hukosncona — Pocca — Beiiepa,
JUTST MaTepuaia TOJIIWHON d, YCTaHOBJICHHOTO B BO3AYUIHO-IHUINEKTPUUYECKONH KOAKCHAJIbHOW JIMHHH,
MOKa3aHbl Ha puUC. 2.
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Puc. 2. Bo3gywHo-ananeKkTpuyeckasa nonocoBas NUHUA
¢ obpa3L oM UcnbITYyeMOro matepuana
Fig. 2. Air-dielectric stripline with test material sample

Panuonornomiaromas cmech MKYP mpencrapnser coOoii TMOPUAHBIN MaTepHal — CyXyH CMECh
3JIEKTPOMAarHUTHBIX (TpaUTHBIX) W OUAJCKTPUUECKHX dYacTul (TepiuTa), a TakkKe LIEeMEHTHO-
MOJIMMEPHOTO BSKYIIETO, NPEAHA3HAUYCHHYIO A1 HAHECEHHs PaAMONONIOMAONIETO MOKPBITHA Ha Or-
pakaaronie KOHCTpYKuuu. B nokpeitun hopmupyercst aucnepcnas cucrema C—SiO, ¢ pa3BUTON BHYT-
PEHHEH yJICNbHOM MOBEPXHOCTHIO 3a CUET HMOBEPXHOCTHU pasjiena a3 ¥ 3HAYMTEIbHONW BHYTPEHHEH Io-
PHUCTOCTH YacCTHUI[ BCIyYEHHOTO IEPJINTA, CIIOCOOCTBYIOMIEH MaKCHMAalIbHOMY HEPEOTPAXKECHHUIO SJIEK-
TPOMAarHUTHBIX BOJIH B CTPYKTYpE MEXAy TpaduTHBIMHE yacTHLaMH. J{HcrepcHbIe COCTaBhl YacTHUI] Iep-
nuTta ¥ rpaduta 6in3ku U HaxoxsTces B auanazoHe 0,1...1 mm. O6pasipl cMecH OTINYAIOTCS [0 COCTaBy
06beMHBIM cooTHOIIeHHEM Si0,/C, cocTaBBI MPUBEACHHI B TAOIUIIE.

O6pa3ubl cMecelt maTepuana Ans U3mepeHus S-napameTpoB
Material mix samples for S-parameter measurements

Howmep o6pasia O6beMHoe cooTHoteHHe Si0,/C
1 2/1
2 1/1
3 1/2
4 1/3

4. JKcTIepUMEHTAJIbHOE UCCIIeI0BAHNE N3MEPHUTEJISI MOPOUIKOBBIX MATEPHAJIOB

Ha 0a3e MOJI0CKOBOIi IMHUM Neperayu

JJ1s 9KCTIEpUMEHTATILHOTO UCCIICAOBAHHS H3MEPUTEIS TIOPOIIKOBBIX MAaTEpHaIoB Ha 0a3e MOI0CKO-
BOH JIMHUM TIepenadyn pa3padoran makeT (puc. 3). Ha puc. 4 npuBeneHa SKCcriepuMeHTalbHAS YCTaHOBKA.

Puc. 3. MakeT noNoCKOBOW NUHMMK Nepeaavm Puc. 4. dkcnepuMeHTanbLHasa yctaHoBKa
Fig. 3. Stripline layout Fig. 4. Experimental setup

MakeT peann3oBaH C UCIOIb30BaHUEM MOYJILHOTO MPUHIIAIA TOcTpoeHus [14, 15].
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5. Pe3yabTat n3mMepeHust

PesynbpTaThl n3MepeHus S-napaMeTpoB 00pas3loB MaTEpUaIOB IIPUBEICHHI Ha pHC. 5—8.
Pe3ynbrarer n3mMepeHus noTeps B 00pasiax npuBeAeHbI Ha puc. 9.
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Fig. 5. Frequency dependence of S-parameters
for sample No. 1
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Fig. 7. Frequency dependence of S-parameters
for sample No. 3
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Fig. 9. Frequency dependence of losses in the studied samples
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Uccnenyemble MaTepualisl ObIIM 3aChIIaHbl B IPOCTPAHCTBO MEXKIY ITOJIOCKOM M CTEHKaMHU KOPITY-
ca. I3 moiay4eHHbIX IrpadKOB BUAHO, YTO B IUANa30HE YacTOT HE HAOIIOAAIOTCS LIYMBI M CKauyK000-
pa3Hble M3MEHEHHUs S-apaMeTpoB, Kak 3TO HaOJIOJANOCh NMPH M3MEPEHHH TMapaMeTpoB MaTepHala c
TTOMOIIBIO KOAKCUATHHOUW TUHUY Tiepenadd [16].

U3 momy4yeHHBIX pe3ynbTaTOB W3MEPEHUs] BUAHO, YyTo B obmactu ot 10 mo 700 MI'm maTepuaibl
MPaKTUYECKH HE TMOTJIONIAIOT JIEKTPOMAarHuTHYIO sHeprut0. B aumanazone gactor ot 700 mo 1300 MI'1q
HAYWHAETCS YMCHBIICHHWE aMIUIUTYABI 3JeKTpoMarHuTHOW BonHBL. Koaddumument orpaxenus Sl
YMEHBIIAETCS, T. €. BOJIHA MPOXOIUT B MaTepHall, IIOCKOIbKY KO3()()UIIMEHT NPaKTHUECKH HE U3MEHSIET-
Csl, 3TO TOKA3bIBACT, YTO aMIUIUTY/AA BOJHBI YMEHBLIACTCS M 3JEKTPOMArHUTHAsl BOJIHA 3aTyXaeT IpHU
MIPOXOXKIICHUHU depe3 Matepuan (CM. puc. 9).

[IpumMeHeHne npeaoKeHHOW METOIUKH TO3BOJISIET BBISIBUTH PAa3HUILY B MOTJIOMIAIOLICH CIIOCOOHO-
CTH MaTepUaJIoB pa3HOro coctasa. Harmsano (cM. puc. 9) paznuuue Ha BBICOKHX 4acTOTAaX YPOBHS IO-
TJIOIIEHUS 3JIEKTPOMArHUTHBIX BOJIH, C TOBBIIICHHEM COJEP)KaHUS 3JIEKTPOMArHUTHBIX YacTHI[ OTpa-
XKaromas ciocoOHOCTh PACTeT, a MOTJIONIAIOIIAS ITajIaeT.

3akiaoueHue

B pabGore npeacraBieHbl pe3yIbTaThl TEOPETUUECCKOIO MCCIICIOBAHUS YCTPOMCTBA AJI U3MEPCHHS
TUDIIEKTPHYECKUX CBOMCTB MOPOIIKOBBIX MaTepHaioB Ha 0a3e IMOJIOCKOBOW JHWHWHW Tepenadu. llpen-
CTaBJICHA KOHCTPYKLHS YCTPOUCTBA U3MepeHus. JJOCTOMHCTBOM MPEACTABICHHON KOHCTPYKLIUU SIBJISICT-
Cs1 MJIBII 00BbEM €ro BHYTPEHHEH MOJOCTH, YTO MO3BOJISET MPOBOIUTH U3MEPEHHS MOPOITKOBEIX MaTe-
pHAJIOB, UCIONB3Ys HEOOJBIIOE UX KOJIMUYECTBO. VCClieJ0BaHNE AIICKTPHUUCCKUX XaAPAKTCPUCTHK IPeI-
JIaraeMoro yCTpOMCTBa MOKa3ajJ0 OTCYTCTBUE PE30HAHCHBIX 3aBHUCHUMOCTEH, a TaKXKe IJIaBHOE U3MEHE-
HUE aMIUIUTYIHO-()a30BbIX 3aBHCUMOCTEH KO3(h(GHUIMEHTOB Nepeayd U OTPaKCHUS B JUANa30HE 4ac-
ToT. TakuM 00pa3oM, Ha OCHOBAaHHH IIPOBEICHHOTO TEOPETUYECKOTO HCCIICIOBAHUS MOXHO CHIETaTh
BBIBOJIbI O BBICOKOM MOTEHILIMAJIE MPUMEHEHHUS IPEAaraéMoro yCTpoucTBa sl U3BMEPEHUS AUIEKTPU-
YECKHUX CBOICTB MOPOIIKOBBIX MaTepuanoB MerogoM Hukoncona — Pocca — Beliepa.
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NHOOPMAIUA IJIAA ABTOPOB

1. TemaTuka. B xyprane myOIMKyIOTCSl CTaTbU 0 CIIEAYIOIIMM HayYHBIM HAIpPABIICHHSM: yNpaBJICHUE B pas3-
JIMYHBIX OTPACIIAX TEXHHUKH, a TakXKe B aJMUHHUCTPATHBHOMN, KOMMEpUECKOM 1 (UHAHCOBOI! cepax; MaTeMaTHIECKoOe,
AITOPUTMHUYECKOE, TIPOrPaMMHOE U allllapaTypHOe 00ecIeueHne KOMITBIOTEPHBIX TEXHOJIOTHiA, B TOM YHCIIC KOMIIBIO-
TEPHBIX KOMIUIEKCOB, CUCTEM U CETEil; N3MEPUTEIIbHBIE CHCTEMBI, IPHOOPOCTPOCHHE, PATNO3IEKTPOHHUKA U CBSI3b.

2. CTpyKTypa CcTaThH:
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(ecru cTaThsl Ha AHITIMHCKOM SI3BIKE, TO TIOBTOPSIIOT HA PYCCKOM SI3BIKE):
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* Ha3BaHue (He 6ojee 12—15 cioB);
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— HAMEHOBaHWE OpraHU3alMHK (YIPEKICHHU), aipec OpraHu3aluy (ropoi, CTpaHa), Tae paboTaeT Wil yauTcs
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— AIIEKTPOHHBIH azpec aBropa (e-mail);

— OTKpBITHIN npeHTUduKatop yuenoro (ORCID) npu Hamuauu B popme 3MeKTpOHHOTO ajpeca B ceTH MHTepHeT;

* agHoTarws (200-250 cioB),

* KJIFOUEBBIE CIIOBA (CIIOBOCOYETAHNUA);

* 6marogapHOCTH (IIPH HAJTMYHUH).

OCHOBHO# TEKCT CTaTbH MOXKET COCTOSITh U3 CICIYIOIINX JacTeH:

* BBE/ICHHE;

* TEKCT CTaThH (CTPYKTYPHPOBAHHBIN 1O pa3zienam). JlomyckaeTcs ieJiecHHe OCHOBHOTO TeKCTa CTaThH HA TeMa-
THYECKHEe pYOpHKH W monapyOpuku. Haamucn u moanucy K WUTIOCTPUPOBAHHOMY MaTepHaly NPHBOIST Ha SI3bIKE
TEKCTa CTAaThH U MOBTOPSIOT HA aHTJIMICKOM S3BIKE;

* 3aKJTIOYCHUE.

[ocne OCHOBHOTO TEKCTa CTATHH MPUBOJIST:

* Cnmcok surepatyps! (B nopsiake mmtuposanus, mo OCT P 7.0.5-2008 ms 3aTekcToBBIX OnOmmorpaduye-
CKHUX CCBIJIOK);

* References (cocraisiercst cornmacHo Vancouver Style, mpu TpaHciuTepanny Hcmoib3yercs crannapt BGN),
doi npemouTHTENEHEE IPUBOANTE B (JOPME IIEKTPOHHOTO ajpeca B ceTu MHTepHeT.

[IpuBOIAT Ha SA3BIKE TEKCTa CTAaTbU U 3aTE€M IOBTOPSIOT HA AHIMIMICKOM SI3BIKE (€CNIM CTaThi Ha aHTIIHMHCKOM
SI3BIKE, TO TIOBTOPSIIOT Ha PYCCKOM SI3BIKE):
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e-mail, ORCID,;

* CBEZICHMSI O BKJIAJIe KaXKJIOTO aBTOPA, YKa3aHHEe 00 OTCYTCTBUHU WM HAJIMYMN KOH(IINKTA HHTEPECOB;

* 1aThl NOCTYIUICHUS CTaThU B PENaKINIO, OZOOPEHNS IOCIe PELEH3NPOBAHUS, IPUHATHS CTaThH K OIyOJIMKO-
BaHUIO.

3. lapametpol Hadopa: mpudt — Times New Roman, kerns — 14, uaTepBan mexay a63anamu 0 oT, Mex-
CTPOYHBIH HHTEPBAJl — OANHAPHBIN, BEIPAaBHUBAHHE — 110 ITMPHHE.

4. @opmyanbl. Habuparotcs B peaakrope ¢opmyn MathType mm6o Microsoft Equation ¢ oTcrymom
0,7 cM ot sieBoro kpast. Pazmep oObIHBIX cMMBOJIOB — 11 1T, pa3Meps! HHAEKCOB NepBoro mnopsiaka — 71 %, HHaeKcoB
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5. PucyHku u Ttadauuspl. Pucynkn umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
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