H ‘, NpaBax pyKOIMHCH
3:004.8 (575.2) (043.3)




~ OBHIASI XAPAKTEPHCTHKA PABOTBI

bl AHCCepTamHH O0yCNoOBNCHA pacTyUIHM aHTPONOreHHbIM

PaGota Bumoamena B naGoparopud «MH(POPMALHOHHO-H3N
AIOIIYIO CPEy, YTO CTAaBHT JKONOTHYECKHE MPOGIeMbl B WHCIO

HUHCTHTYTa MalIMHOBEJCHHA, ABTOMATHKH H ICOMEXaHHKH

uayx K o Pecvt : BbI30OBOB COBPEMEHHOCTH. [IMHAMHYHOE pPa3sBHTHE SKOHOMHKH,
451, [IPOrpecc B 06NaCTH HAYKH H TEXHHKH YCHIHBAIOT TEXHOTEHHbIE

Haysnbrit Bpaxkun Hean BaciwabeBud ‘ Ha IPHPOIHYIO CPELy.
KOHCYABTAHT:  JIOKTOP TEXHHUECKHX HayK, mpodeccop, 3ase] | [CODKOJNIOTHYECKOTO  MOHMTOpHHIa  MpeAcTaBimior  cobofi
«MHGOpMALHOHHO-H3IMEPHTEILHBIC ' ¢ M pacmpesie/leHHbie CHCTeMbl, TpeOylomHe MNPHMCHCHHA

MAIIHHOBE/ICHHA, aBTOMATHKH M  IeC

akageMu Hayk Kblpraisckoi Pecnyﬁmn:l,r.g,
O¢umnanvusie Casuesko Enena IOpnesna E
ONMNOHEHTHI: JIOKTOP TEXHHYECKHX Hayk, npodeccop, pekT

ALMOHHBIX TEXHONOTHH /Ul MNOBBIICHHA HX 3(deKTHBHOCTH.

4e MpOO/IeMB! JO/DKHO ABIATCA YTyUlICHHE Mpolieccos cO6opa H
y!emu HOBBIX BO3MOXHOCTEH, NPEJOCTABIAEMBIX Bbl4MCIIHTENLHOM

OO6pa30BaTe/ILHONO YupexaeHus : HPOPMALIHOHHE TEXHONIOTHAMH H  pecypcamH cetH Mureprer,
NPOH3BOACTBEHHBIA  KOMIUIeKca  «Mexm OJTbL 00beMbl JaHHBIX. BaXHBIM HanpaBleHHEM 3[4€Ch ABIACTCA
Kuipruncrasay, r. Bumikex . JHBIX CHCTEM MOHMTOPHHIA, HCIONB3YIONIMX JOCTHKCHHS
Bpumkyaos Yaan Hyprazuesuy ; , .

JIOKTOP TEXHHYECKHX HayK, WIEH-KOPPECTIo e texta (MH). DddexTBHOE peleHne reodKONOrHIeCKHX npodaem

H MHTE/UICKTyalbHbIX HH(OPMALIHOHHO-HIMEPHTE/IBHBIX  CHCTEM,
| HCC/IEZIOBAHMA B OONIACTAX, TAKHX KAK 3ArpA3HCHHE NPHPOIHBIX
OKpyXalowedf  cpeapl, T€OIKONOrHA  YpPOAHH3HPOBAHHBIX
¢ AHAIN3 CTHXHHHBIX H TEXHOMCHHBIX ABJICHHIA.

OI'C nomnmnu re0NIOrHYECKHX MPOLECCOB HEoOXommMo obecnednTs
i cOop MH(pOPMALMH O COCTOSHHH rEONIOMHYECKOH Cpebl.
OB Pl]d B HHOPMALMOHHO-H3IMEPHTENBHBIX cHcTemax  (HHC)

Gonbiine 00BEMbl JaHHBIX, O0ecneYHBaTh
OpTraHH3ALMA: «Hayqng (X):!;HKu:‘ Poccuiickoit m : . TOBBICHTH TOYHOCTH H YTYUIIHTh HAJEKHOCTB,
azpec: proisckan Pecry6nmka, b SHHBIH Ha OCHOBE COOpaHHbIX KanHbIX UH.

3ammTa AuccepTauMK coctouTcs 22 HosGpa 2024 roxa B |1 e e e A
amccepraunonHoro cosera J1 05.23.686 no 3amure auccep 1y THbI OporpaMMamMi  (NPOCKTAMH), OCHOBHBIMH  Hay4HO-
CTeNeHH AOKTOpa (KaHAMAaTa) (H3HKO-MATEMATHYECKHX M vl paGoTaMK, NPOBOAHMBLIMH 0GPAOBATEALHEIMH H HAYUHLIMH
HHCTHTYTE MAlIMHOBE/ICHHA, ABTOMATHKH H IEOMEXaHHKH AUMOHHAA paboTa BHINOJHEHA B PaMKaX HCCACNOBaHMI,

kadenpsl «[IporpaMmHoe obecrnevucHEe
Kwipreizckoro I'ocynapcreenHoro  TexHR®
uM. . Pa33akosa, r. bumkek

CartbibaeB AGayrannt IxynycoBuy
JIOKTOp (DH3HKO-MATEMATHUIECKHX HayK, Mpoec
kadeapoi «HpopMaLHOHHBIE TEXHOIOTHA H yNpa.
Texnonornyeckoro Yuusepcurera iM M.M. h »

Beaymas Denepanbhoe roCyJapcTBEHHOE GIO/DKETHOE

Hayk Kbipreiscko#i PecyGmukn 1 Keipraiscko-Poccriickom CKC ,‘ Gopatopun Mupopmaimo ncrem B UnctutyTe
uM. B.H. Enbusna no ampecy: 720071, r. Buumkek, np . - "' 4 uuwusuepma""owux ; .

et oL o o it Yy \BTOMATHKH  H reomexaHukn H HAALHOH aKaJeMHH HaykK
https://ve.vak kg/b/052-Ito-twi-0js. K. RS o CO0TmCTOTRN € 3 AN R

- «Pnpa&mtl HHHOBALMOHHBIX METO/IOB H CPE/ACTB KOHTPOJA
Hayk Kwiproiscko#t PecryGnnku (720071, r. Bumkek, mp. Y deps» (2018 — 2020 rr.) Ne rocpernctpaumm 0007140, pasnen
;uacnsoz) :ch nom”yrm : '”:' . B.H. Emaa ( DOTPAMMHBIX  CPE/ICTE  00CCTICUCHH  MANIOTTYGHHHBIX
e e pHSHICCK i . A Ttakxke «Pa3paborka

Kbipraisckoit Pecrry6muku hitps:/stepen.vak kg/diss_sovety/d-C OQIBHHCCKHX  HCCIEN0BAHHH  redKochepLD P
mrmmenyanwux CHCTEM LMPPOBH3IALMH TEOIKONOrHUECKOro

C nmccepraumedi MOXHO 03HAKOMHTHCA B OuGnmoreke Haumd

Astopedepar pazocnan 22 oktabps 2024

it i PecnyGnuke» (2021 — 2023 rr.), Nerocperncrpauxu
Yuénsiit cexperapb qhs?.ﬁorn UMGPOBBIX TOACHCTEM PCTHCTPALMM M KOHTpOJA
JIHCCEPTALHOHHOIO COBETa 0 i HHpOpMALMKY.

K.§.-M.H., C.H.C A % on o

3



3} (PEKTHBHOCTH pellieHHs 3a1a4 HACHTHOHKALMH Pe0dKO

Heas ® 3azaun  mccaexosanus. Llensio pab ble Ans onepatuBHOH auarHocTHkH COVID-19, nueBMOHHH H

b1x 3abonesanuii Ha ocHoBe KT H pEHTTeHOBCKMX CHHMKOB.

CO3JaHHA HHTEJUICKTYaNbHBIX HH(POPMALIHOHHO-H3MEPH Kasl 3HAYHMOCTD NOJY4YeHHbIX Pe3yabTaToB

TEOPETHYECKHX H MPAKTHYECKHX 32424, OCHOBHBIMH H3 K

JIns HOCTHXKEHHS TIOCTABJICHHOH LenH HeobXo Hbl MPOrPaMMHLIC KOMIOHEHTH! /LIS KOHTPOJAS H AHATHOCTHKH,
TRk . ¢ BO3MOXKHOCTb HCIIO/Ib30BAHHA MHTEIUICKTYaNbHBIX METOLO0B A
® aHAIH3 OCOOEHHOCTEH, XapaKTepHBIX JUIA MOHHTOP @4 B PaVIHYHBIX HANPABJICHHAX TEOXKOJIOTHH  (BHIABJICHHE
[IpOLIECCOB; s sy PABHOCTEH B CHCTEMAX NEKTPOCHA0KEHHA H aHATH3 MEIHLMHCKHX CHHMKOB
® HCCIEI0BAHHE BONPOCOB METONONOTHH MPHMEHEHHA - 3a0oneaHuil  JbIXATENbHOH CHCTEMbI). B 4acTHOCTH,
COCTOSIHHA Ie03K0JIOTHYECKHX MMPOLIECCOB; 3 aH a Ha OCHOBE ryOOKOro o0yueHHs UIA OHNAHH OTC/ICKHBAHHA
e pa3paboTka  OCHOBHBIX  NPHHLHIIOB 3 B JIHHHAX dnekTponepenad. Ocoboe BHHMaHHE Y/Ei€HO
MHPOPMALIHOHHO-H3MEPHTENbHBIX CHCTEM; 4 JAHHBIX, YyHLAOLEH CIOCOGHOCTb CHCTEMBI K 00YUEHHIO H
e pa3paboTKa METONONIOTHH NPHMEHEHHA HI - medextor. Ha pa3paboTaHHbie CHCTEMBbl TNOMYYCHBl aKTHI
NPOCKTHPOBAHHA PATHOBOTHOBBIX MOJTYJiei; OAO Hausonanbueie 2sekTpHyeckne ceTH KwuiprbiscraHa W B
e pa3paboTKa METOJOB M YCTPOHCTE IA M3 . 1 HausonanbHo# akanemun Hayk Koipraisckoit PecryGnnk.
KOMIIOHEHTOB JIaATYHKOB; pa cucrema HH ans nporsosa reojKoJoruveckHx MpOLeccos,
o pa3paboTKa METONIOB HICHTHOHKALHH FE0IKC o yBenHuHBalomas 3p$EeKTHBHOCTB MPOrHO3a H3MCHEHHHH B BO3IYUIHOH
e pa3paboTka METOJIOB HACHTH(pHKALMH 300pa eHHO AANbHOCTH BHIMMOCTH B a’ponopry Mauac. HuTerpauus
i . e ! CTYaNIbHBIX MCTOAOK & CTAHIAPTHHIC NPOLETYPEl MOHHTOPHHIA MO3BONAECT

: vy o - i HH) MepSl VIS NpPEJOTBPAILCHHA WIH YMEHBIICHUA PHCKA
pasy "%

AL,
Hay4nasi HOBH3HA MOJIYHEHHBIX PE3yAbLTATOB H NPAKTHYECKHE MATepHAbI, Ppa3paboTaHubic B  PamKax
. Mpeanoxena HOBAN KOHUEIIHS HHTELIE

COCTOSIHMSI Te0IKOJOTHYECKOlH Cpeibl, MPEACTABARIOA: gy paboTsi, GLUIH BHEAPEHDI B 06PAIOBATEALHYIO NPOrPaAMMY
‘ y-Poccuiickoro CnassHckoro yHuBepcuTerTa MmenH b. Enbumna mo
pemcuae N e e T HIO MporpaMMHas HHkeHepHs. [loBbilleHa 3aHHTEPECOBAHHOCTE H
A L4 el HOCTb CTY/ICHTOB B COBPEMCHHBLIC HANpaBICHHA HHTENECKTYANbHOH H
. Hn ocwene rxyGexux SehpessiiCCiy "’"","‘7'" KOlf JICATENBHOCTH, CBA3AHHBIE C MAIIHHHBIM OOYYCHHEM, CHCTEMaMH
A TP oS BT KO GHHOTO MHTE/UICKTA H AHATH3OM OO/BIIHX JaHHBIX, 4TO crnocodcTByeT
DossiCTs * TOYHOCTS ~ DUPEICRE mwm ' 4 I pODECCHOHANBHBIX KOMIICTCHLIHI CTyACHTOB. Pesy/ibTaThl BHEAPCHHS
cyyaiiHbiX  (POHOBBIX ~ INICKTPOMArHHTHBIX  MOACH, = i€ iy R RSN fny
ATOPHTMHYECKHM METOJIOM. ks o . S s
. TIpeatoaen HOBbIi CNOCOG ABTOMATHIAUMH B e EATEpREn i el
MHKPOTIOJIOCKOBbIX AHTEHH € HCNC a
HelipoHHBIX ceTell U BHOOpa Au3aiina X 1
MHKPOIIOJIOCKOBBIX aHTEHH, C LE/IBIO yIIydImeHns ilx XxapaKTe
4acTOT, YCHJICHHS H HarnpaBJCHHOCTH.
. Mpeanoxena HOBasi CTPYKTYpa mmaﬂol lly
06paGoTkn BpeMeHHBIX PSIOB, BKIIOHaOLIAA "" k ¥ ococmuuuoxpymomdl cpensl.
napameTphl GasoBoro BefipieTa H nosaonn(:l!ﬂl - 5 AMCCEPTALIM, BEIHOCHMbIE HA JAIMHTY
0COOEHHOCTH B IaHHBIX. I  CHCTEMHOIC AHAIH3A HHTEJUIEKTYAABHBIX cHCTeM
. Pa3paGoTanbl YHHBEPCAAbHbIC MOICHCTEMBI pHs HUECKOr0 MOHHTOPHHIA, NOKATHBAIOLLHE, TO MIPHMCHEHHE COBPEMEHHEIX
CBEpPTOMHBIX HEHpOHHLIX ceTell B chepe  meaun 3 g
4

>lmyqno-un¢opua&molﬁoenm0nuoﬁu3ucnen

CHCTEM TIe03KONOrHYECKOr0 MOHHTOPHHIA AB/IRCTCA CO3AAHHC
AUMOHHONO TOJA MO CYMIECTBYIOUWIHM AKTyanbHbiM npoGiemam B
yrun. [loaTomy Gsul paspaboTaH KOMIUIEKT NPOrPaMMHBIX CPEACTE,
#i CHICHMANMCTAM COOTBETCTBYIOWIErO MPOPHIS CBOGOAHBIH 10CTYN K



HHOPMALHOHHBIX TeXHONOrHi U MeTonos UM no3sonsior , aHUA. MareMaTHYeCKoe M KOMTIBIOTEPHOE — MOJCTHPOBaHHE
3pPeKTHBHOCTb, TOYHOCTH H  HANEKHOCTH HTOPHE M 09 despans 2023 roaa;
NpoLeccos. ‘ ' Ol koHpepenumu International Russian Automation Conference
2. Cnocob ONTHMH3AIMH XapaKTEPHCTHK MHKPO Sochi, 0410 cenabpn 2022 roaa;
MHOTOC/IOHHONH HEHAPOHHOH ceTH, obecrneuHBalOLMA MOBBILL HOH KOH(EPEHIHA MOJNO/BIX Y4eHBIX H CTyAeHTOB «CoBpeMeHHbIe
N0 TaKHM [apaMeTpaM, KaK /JHana3oH 4YacToT, : H B Hay4YHbIX HCCNEJOBAHHMAX», Bumkex, 27-29 anpens 2022
NOMOLUBIO ONTHMH3aLHH KOHCTPYKumH CSRR-gueek. " o
3. MeToa onpejeieHHs NapaMeTPOB MHIYKTHBHBIX { O/THO} Hpeperumn «MHHOBaUMH B HayKe H TEXHHKE», MOCBAEHHOH
NPHMCHEHHE HHTE/UIEKTY&IbHOr0 AHANH3a JAHHBIX, HTO : A Ha ET® npodeccopa IOpukosa B.A. bumkex, 20-21 anpens
HAZIOXHOCTb MOHHTOPHHI 1APAMETPOB HHAYKTHBHBIX KOMTIOHE
4. AsanTHBHas HefipoceTesas MOACAL HA OCHOBE MyJAbTHBEH Hay4HO#H KoH(pepeHLH, nocealeHHoR namath AJL. Hosedepa,
BIJIIOUAIOMIAA AOTIONHHUTEIbHbIC HACTPaHBACMbIC MapaMeTphl € ast, 20 HosOpa 2020 roaa;
NO3BOJIAIOLIAN YYHTBIBATH Pa3IHYHbIC OCOOCHHOCTH B JAHHBIX. oaHON koHgpepenunn International Russian Automation Conference,
Jlnvyueiit Bkaag  comckateasn. Bce  pesym -, pCon) 2020, Coun, Poccus 06—12 cenabpa 2020 rona;
JIHCCEPTALMOHHOH paboTe H UMEIOLHE HAYYHYIO mllmly i HayuHO#H koH(epeHuuH, nocssuenHoi namath C.C. Egumosa.

10 PYKOBOJICTBOM Hay4HOTO KOHCY/BTAaHTa. . ’ 2 Hos6ps 2019 roaa;
B paborax [1, 2] Bpaxkuny H.B. npuHaiieKHT MOCTAHOBKA 3a1a4| pOAHOMN KoH(epeniunn International Conference on Industrial Engineering,
paborax [2- 8] Jlbivenko H.M. npunapiexun nocyaHOBKa 3aia | Manufacturing, ICIEAM 2020, Coun, 18-22 max 2020 rona;

NPOrHO3HPOBAHHA JAHHBIX B CHCTEME MOHMTOPHHPA [E0IKONOTHYE i konpepenumu 2nd International Turkish World Engineering and
paGorax [9, 10] Xanacosoii B.B. npHHamIekKHT peanu3aumus ress in Antalya Auranns, Typuns, 7-10 Hos6ps 2019 roza;
UHPPOBOro TPEXKOMMNOHEHTHOTO HHIYKLHOHHOTO MAarHHTOM! . OH KOH(EpEHLHH MOMO/IBIX YYEHBIX H CTyAeHTOB «CoBpeMeHHble
Paunokanosy X.A. NPHHAUICKHT [POrpaMMHas ’ B Hay4HBIX HCCRC0BAHNAXY, Bukex,
CHCTEMbI  MCKYCCTBEHHOrO  MHTE/UIEKTa  JUIA ! |
KOPOHABHPYCHOH HHPEKLHH H PpajIHYHBIX BHIOB ITHEBM( : YHAPOAHOH KOH(EPEHLMH MOJOABIX YYCHBIX H CTYJAEHTOB «CoBpeMeHHbIC
COABTOPbl OKa3&IH [OMOUlL B AHAIM3E [AHHBIX H T o B Hay4yHBIX  HCCIECAOBaHHAX»,  BHmkek,
uccnenosanmii. Hakowen, B paGotax [19, 20] Boukapes H.B. o
NOMOLIb B AHAIN3€E NPHYHH BO3HHKHOBEHHS HEHCNIPaBHOCTEH B POHON HayuHOH KoH(epeHuHH, nocesmeHnoil namstu PJL Jlonrasosa,
paborax [21- 24] KacumoBoi A.Y. NpHHALIEKHT TEXHHUECK : ', fmzon roza;
YCTPOHCTBA JUIA H3IMEPECHHA NCKTPOPH3HYECKHX CBOHCTB rop ficko "mﬁepeum NO MeXaHuke AeGOpPMHPYeMOr0 TBEpIOro Teja.
Knpuiiosoii B.B. npuHauiexHT peann3auns nporpaMMHbIX Cp 822 centabps 2017 rona.
COABTOpaM MNPHHAUICAKHT MOCTAHOBKA 3a/1a4H HCC/ICAOBAHHA. (CHHH Pe3yJbTATOB AHCCEPTALHH B nyGamxauusx. OCHOBHbIC
AnpoGauHsa pe3yibTATOB AHCCEPTAUMH. PesybTaThi M , MOJIySeHHBIE B JMCCEPTALMK OMYOAMKOBaHB B 52-TH MEYaTHBIX
6bUTH NpeCTaBieHbI HA: DYAAX, H3 HHX 4 — B H3AAHHAX, 3aPETHCTPHPOBAHHBIX B CHCTEME Scopus, B 2-x
1. Mexaynapoanoit kongepenunn International Ural Conference ony6mmkosainbix B KP, | narente na u3obperenne KP w 5 asTopckux
engineering (URALCON) Magnitogorsk, 29 cenrs6ps — 01 o T10, saperncTpuposannbix B [ocynapcTeenmoil  cyxGe
2. X MexayHnapomHoil Hay4uHOH KOH(EPEHIMH, Off COBCTBEHHOCTH M WHHOBAUWil npH npasuTeascTBe Kbipruisckoit
moaennposanne Omck, 10 ¢perpans 2023 ropaa; : e .
3. Pecny6nukaHCKoli Hay4HO-NIPAKTHYECKOH KOHQEPEHLMH, MNOCE: ' paboThi. JlHCCEpTaLMs COCTOMT H3 OIAB/ICHHA, BBCIACHMA,
H3YHEHHS H PA3BHTHA €CTECTBEHHBIX, TOYHBIX H MATEMATHY - JIOYEHHA, CIIHCKA HCTIO/b3OBAHHOM JMTEPATYPhi M3 262 HaHMEHOBAKH,



o M npunoxenuii 1 BI0OYaeT 242 CTpaHHLB OCHOBHOTO Tel

¥

Tabnuu. O6wmit o6bem — 295 crpanui. | osam osbomass || Pormomamene
OCHOBHOE CO

Bo BBexeHHH OGOCHOBBIBACTCH AKTYaIBHOCTH r l
CHOPMY/IHPOBAHB €€ LENH H 3aa4H, Hay4yHas *._.:-.___-—_r e
NoJTy4eHHbIX pe3ynbTaroB. CHopMyaHpoBaHb! Ly
3AUIHTY, JIHYHBIA BKIAJ aBTOPA, @ TAKKE OTPaKEHbI i = e —

Ilepsas  rnasa  «OGsop  AHTepaTyphD» el :

HHTEJUICKTYQTbHOTO AHATH3a [IAHHBIX B CHCTEME IE0IKC ’ F
OCHOBHOE BHHMAHHE yJenseTcs ucnonb3osannio MM s ¢ 2 s

J@HHBIX, YTO TO3BOJACT YCKOPHTb H YJYYIIHTH . N ——
CNIOCOOCTBYIOT TOYHOMY IPOTHO3HPOBAHHIO H > “q

TaKKe MOBLIMAIOT PPEKTHBHOCTL NPHHATHA : L x 2T 4 b
TEXHHYECKHMH peCypCamH. i | =

Bonbiuoii BKIaA B paspaboTKy H BHEJApeHHe mpo, y e
KOTOpBiC MPHBOAAT K Oonee >PeKTHBHEIM H onepaTH s
TEXHHYECKHMH CHCTeMaMH ObUl caenaH BpikHHBIM d = ——

(2010), KOTOpbIC 3aNOKHITH HICIO HCTIOTE30BAHHA METOZION o s

pa3paboTke HMH(pOPMALMOHHO-H3MEPHTEIBHBIX - i e -

npumenenns MU B MEIMUHMHCKOH Ne03KOJIOTHH B HAaiue ‘g

(2013, 2019, 2008). B obnacti nocTpoeHHA T) ~ PucyHok | — Biiok-cxema CTpYKTYpbl F€0KOIOTHH

A 3a7a4 IHeproodecrneyeH s akTHBHas paboTa Beaerea b H pa3spabOTKH MPOBOIHAHCH B CIIEAYUIHX CHEPax re0IKONOrHH:
paboThi 3HAYMTENBHO PA3BHIH H MPOACIIKAIOT OH3BOJCTBCHHOM TEOIKONOMHH COBPEMEHHBIC METOXB MOHHTOPHHTA
oOHapyKeHHS, MOHHTOPHHIAa H aHalH3a NpoLeccoB | B AROXTIOT OGHApYKHBATS HEHCTIPABHOCTH, 9TO MOBBIINAET
NPOMBILILICHHOCTH. . : -

M3BECTHO, YTO MPEAMETOM HCCe0BaHHi K 5 _‘ e BOJAYIWHOM CPelll PaspaboTKA METOZOB MOHMTOPHHIa
BCero, Tre0IKOJOTHH CIIyKaT 3aKOHOMCPHBIC e ' BAXKHA [UIA OLEHKA NOTOJHBIX YCNOBHH, 9TO BAMSCT Ha
MPOHCXOAILME TO]l BIHAHHEM ECTCCTBCH & I0POBBE H 6E30NACHOCTE N10/IETOS.

HA3LIBACMBIX TEXHOTEHE3OM M TMpE/CTABIAIOUMX: . MCOMUMHCKOH TCOdKONOTHM B YCHOBMAX OITHIACMHH paspaboTka
MpoLIECChl, HEMOCPEACTBCHHO CBA3aHHBIE C X031 ! METOZIOB AMATHOCTHKH pPECHpaTOpPHBIX 3a00NeBaHHA CTAHOBMTCA
[pHHLMNHANEHAS MOZENb CTPYKTYPb! NeodKONOTHH fIPE | BaxHOM JUIA KOHTPONA M MPOTHOSHPOBAHHA OIHICMHONOTHUCCKOM
JIJL., 2017). v 3 ) -
1.'B obxacri’ ' ms e0/IOrHUECKOH  Cpebl KO Ie03KONIOTHH H3YHeHHE NCOMArHWTHOH aKTHBHOCTH H e
KHE W HA3EMHBIC TEXHONOTHYECKHE CHCTEMbl MOHHTOPHHI
MPOHUUACMOCTb M MPOBOZMMOCTE PYHTOR o0 KHBIC eHHA B HX PaGOTe H3-3a NCOMAIHMTHBIX
onon3ueil. PazpaboTaHHbie METO/bI N03BOARIOT s BO3MO Bepym
CBOCBPEMEHHO MPHHATH MCPhl "Peﬂoﬂopom caase «MeToROROMHS H METOZM HCCICAOBSHHS» PACCMOTPCHA
2. B obnact# Hanpassemofi reodKoOrH o ’ METO/IOB CHCTEMHOTO AHATH3A B CIOKHBIX ME0IKONOTHYECKHX
ONTHMM3AIAH  KOHCTPYKTHBHBIX  MapaMETPOR HERE paGoTe MPUMEHATHCE METOZBI CHCTEMHOIO aHATHIA,
MHKPOTIONOCKOBBIX QHHTCHH, 1038044 TIPH oM Y . MeTOAb! 00PaGOTKM IKCIICPHMEHTATBHBIX JIAHHBIX, a
KaK yCHJICHHE, HanpaBICHHOCTD, K03¢llml¢m' 06!""-lle ; . 9



TAKKE COBPEMCHHBIC TEXHONOIHH HCKYCTBEHHOIO
IPOrPaMMHPOBaHHi. OGLEKTOM HCCACAOBAHNS FBISIOTCH
Ipeamerom mccaeroBanms  SBNFIOTCH ‘
re09KOIOrHYECKOT0 MOHHTOPHHIa.

[IpeanoxeHo  yCOBEPIIEHCTBOBATL CHCTEMBbI
nyTém uHTerpaunu UM (puc. 2) ¢
M03BOJIHT MM AJIANTHPOBATLECH K H3MCHEHHAM
OTC/IEXHBATH COCTOSHHE reodkocicTem. UM nomoraer
Pe03KOJIOTHYECKHX JaHHbIX, 00y4aThCa Ha MPOLLIOM
H3MEHEHHA. JTO JE/aeT MOHHTOPHHT Gonee rHOKMM M
3aK/I0YACTCA B HHTErPallMH JaHHBIX O I'€0IK "
HANPaBJICHHAX T€0IKONOTHH, KOTOpPas NO3BONIET,
noJyyHTh 00001IeHHYI0 HH(pOpMaLHIO O
HOBOM YPOBHE B peallbHOM MaciuTabe BpeMeHH.
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PucyHok 2 — biok-cxema HHTC/UICKTY AbHOH

uomrmm;!l.-.

WUcnonb3opaHne  Takod  KOHUCTILHH Tpebyer

NPOrpaMMHBIX ~ CPEACTB, @ Takke CO3JAHHA

B3aUMOJICHICTBHA C NOL30BATE/IAMH H npyruuuo
1

- 0,00094, < d,, < 0,00574,

4 Cpeabl H TNPHPOJHBIX PECYpPCoB, CriocobCTBYyIOWMH
JUIS MOHMTOPHHIA Ie0IKOJIOTHYECKHX MPOLIECCOB.

- «HuTeaneKTyanbHblii  MeTOA pa3paGoTKH  CEHCOPHBLIX
ea uHTerpauns MM B CeHCOpHbIC TEXHONIOTHH, Kak BaXHYIO
COBpEMEHHBIX cucTeM MonuTopuura. [loxaszano kak HH

: HOBONO TMOKOJMIEHHA [IATYMKOB, YAy4mas HX TOYHOCTS,
1 K M3MEHAIOLIMMCSA YCIOBHAM OKpYKalowe cpe/ibl.

‘ _nonpoGuo paccmaTpusaeTcs npimenenne MM i onmumusaumy

YCTPO#CTB, YTO M03BOANET CYUIECTBCHHO MOBBLICHTD

H sddexTuBHOCTL nocaedyiomero anannia. [lpusoasTes

U npu CO31aHHH AATYHKOB. B JaHHBIX npumepax rnokasasa

TOYHOCTH H3MEPEHHl 33 CUeT ABTOMATH3HPOBAHHOMH
JIATYHKOB B OTBET HA M3MEHEHHA BHEIIHHX YCIOBHIA.

oit 2e0axonocuu (cm puc. 1) paspaboran meroa C

NS ONTHMH3AUMH NPOEKTHPOBAHHA MHKPOMOIOCKOBbIX aHTEHH,

' dexTuBHONH PaGOTHI AHTEHH B PA3HBIX HaCTOTHBIX

pa3spaboTKH OOBIMHO BKJIIOYACT MHOKECTBO HTCPALMil

Au3aiiHa, YTo MOXET ObITh BPEMAZATPATHBIM H

ycunuil. TPaaHIMOHHBIE METObI, OCHOBLIBAIOTCE HA METOAE

T OT ONBITA H HHTYHLUMH pa3paboTumka. DTO AENACT NPOLECC He

HO M HEONpeAeNeHHbIM 0 BpeMEHH. MHKPONONOCKOBbIC
eHb TOHKOMN METALTHYCCKOH MOIOCHI, HABIBACMOM naT4eM, c0%
HA3LIBAEMOTO MOUIOKKOH, W METAUTHYECKOH OCHOBBI, TaK

MIacTHHB. Jlna  yayvileHHs  JCKTPHYCCKHX

N0GABHTL B KOHCTPYKLMIO QHTCHHBI S4eiikH MeTaMaTepHana

pasomkHyThiX koseuw CSRR (puc. 3) ¢ onpeaeseHHbIMH
u.

. |

AL I

BN

3 —INapametps! CSRR sueiiku-pesonaropa
MpaBWI, IHANa30H H3IMCHEHHA ITHX MapaMeTpoB 3anaéres
JUIHHBI BONHBI Ao
0,0254 < W, S-Af
194, < Wop, < 0,00764,
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Hy Jlueiiku  pacnonaralotcs  no CTOpOHaM
CHMMETPHYHOCTH aHTeHHBl. YTOGb OXBATHTE HOC
BAPHAHTOB, MHTEPBAILI, HCTIONBIYEMbiC MPH pasMeln

6Ky MOXHO CHMTaTh NpPHOIHIHTENBHO paBHOM B cpeaeM 3% Ha

2. Ourwsmsaums

© 3a]AI0TCS YPABHEHHAMH: - %
9g<X,< —_!: (T NEPaNCTPM BTN —> O -
‘= -,K,Vo-i-t-u..v..l X = (W, Wom, o b B, X, Ve )
WO S Y < - ,.) Obycrmes nciporas cemn
i R=357. QS e o ;
aKHM M, KOH SRR T
TEH30pOM: i i wp':l v e «(!:.-&) St T
Xi = (Wi, Wom, iy, by R X, ¥y, ). & Onemxa  A(Y) = kyGo + kob + kS,
Hcxons M3 npuBeseHHBIX Bbile rPaHHL H3Me N l
CSRR-sueex, 3amanubix popmynamu (1-2) B nporpam S » On A(:):*

OBUTH CreHEpHPOBAHB HCXOIHBIC JAHHBIE A O
572 06pa3suos, AOCTYNHBIX B OTKPHITOM OCTYTIE. s PHCYHOK 4 —CxeMma noHcka oNTHMANbHON KOHCTPYKUMH CSRR-aueex

Jlns  OUEHKH 3NEKTPHYECKHX XapaKTEPHCTHK Y MHKDOTIONIOCKOBO# aHTEHHBI
NapaMeTpoB MHKPOTIONOCKOBBIX anTenH ¢ CSRR-4eHKaMH ¢ pe ] IS  HAWIYYIIMX KOHCTPYKTHBHBIX napamerpoB CSRR-sueex
MWS 6bu1H paccuuTalbl TaKHe NapaMeTpsl Kak: . OIIp Ib ONITUMH3HPYEMYIO QYHKLMIO KaK:

Y = (GaBu.S;), A(P) = kyGo + kB, + kS,
rae G, — ycuieHue anteHHs! B AB; B, — nojoca npomnyci HHS, e KOpHUHEHTBI, OTpaXAIONIHE BKIAT KAXIOMO napametpa B
PE30HAHCHOH YacToTe. :
IMpeanaraercs cnoco6, MO3BONAIOMHA ONTHMH3HPOBATH I AM3ALMOHHAS 371243 JAMHILETCH KaK:
PE30HATOPOB,  B3aMMHOE  (YHKLUHOHMPOBAHHE  KOTOPHI) B A(Y) min &)

HTyYe m:i:rmmu M COX mu:uno;om .-.. . ‘&anﬂmylomnex HEMOCPE/ICTBEHHO BLYHCITHTE HEBOIMOXKHO,
o m‘:::r o "Pperpeccp‘““""""u ucnom.sylonmd 0 MPE/UIOAKEHO Bhillie, HCMONb3YETC 00yUeHHA HEHPOHHAR CeTh:
3HBIX c,.oe' TIOHCK ¥ = DNN(X).
MOJIHOCBA HEHPOHHBIX B, C ou a ' Hokasassi mapawetpst CSRR-fieex, MOMyMCHHHE MPH  pemieHin
::egoua'ropog l'lrn:xo:ax?,onxo:‘ I'IOJ!HOCTHO' o hye 10it 3anaun (3) merogom COBYLA ¢ NONOAHHTE/IBHBIMH OrPaHHICHHAMH,
‘ e PHYECK] Hil:
MHKPOTOJIOCKOBBIX aHTEHH C mcﬁmn-pegom'm X,om -~
No3BOJISET HAXOAWTh MapaMeTphl CSRR-neQ:, -m. : » - oiso;
Wmmmnm;::ﬁou:u:::m ”*; xorl ’ F‘R(Wm+Xa)<L,
COCTOMT M3 [IByX ILAros yue CTI0JIb30BAJIC : i £
Adam ¢ HauanbHOH CKOpOCTHIO OGy4eHH 1,=107, IKCTIOHEHLY npH {UAX BECOBBLIX KOI(PPHUHEHTOB paBHBIX e
POTHRKEH OoOyuyeHHs C MOCTOSHHBIM KOI(Q(PHUHEHTO o™ ecrl.‘ B pesyNbTate ONTHMH3ALMH  HEOOXOAMMO  AOOHTHCH
; epou“":;em e ‘ ' PE30HAHCHOH YacToTe, MpPH 3TOM
Pmc 335),.{‘:,:: Ha MPOTKEHHH 4000 2m0X, MMHHMAN ‘ "‘1' R-guek Oyaer NPHONH3MTENBHO COBNAAATH C OAHON M3
P ocJie m; nar4a MHKPOTOJIOCKOH aHTEHHBI. TOro, YTOOB! MPH ITOM He
BAATR.024 S S ’ uerrpnecme napameTpbl mf:: OCTa/IbHbIC nez: JAOIDKHBI
Hakosel, ceTh Gbisia 00yueHa Ha BCEX HMCIOMHXCA AAHHBIR £
e | |aTeAbHBIC 3HAUCHHS .
i 13
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Tabnuua 1 — OnTHMANBHBIE KOHCTPYKTHBHBIE

wm,unn wh.- d-.t-u

ton, s

R

22444 295.8

743.5

2244

52

Pesynbrarel, nonydeHHbie NPH MOAETHPOBAHHH C

MHKPOMO/IOCKOBbIX aHTCHH, NPC/ICTABIICHB! HA PHC. 5.

n)

Pucyﬂoxs—:)nenpmecmexmnepum
aHTeHHBI ¢ CSRR-guelikamy: a), 6) — BHewHMIi
noteps Sy 1), €) - AMarpamma
Mokasana kpusas oGpatiuix noreps S,

Hﬂlpaummocmumunmpcaomcnonwacrmﬂ'l‘p, '

&

o

XapAKTCPHCTHKAX MHKPONONOCKOBOH AHTCHHBI MOXKHO 0
CTPYKTYPhl CSRR-s4eiikn, KoTopas coueTaer emKocTh Me

HHAYKTHBHOCTBIO. JT0 OPHBOJHT K BO3HHKHO'¢8HH?

N0J4, yCHAMBaIOWEro wau
Pa30BLIX pasnumii. Pesonancas wactora anTenms o

CPABHEHHIO C KJIACCHYECKHMM pe3oHaTopaMu
pacnpenenentoit emkocTH MEXKIY KONbUAMH. DTO

POTHBOACHCTBYIOLIErO

MApaMeTPOB  cHrHANA»
Henonssosanns MM ans asromatmsaumy npotiecca

14

H ynpolaer aanpHeHIMI aHamu3. OTO OXBaTHIBACT TakKHe
NOMEX, HOPMAIH3ALHA, MHTEPNOMALMA M mnpeoOpasopaHue
OSOme'nmcr cHCTeMy 00palOTKH CHTHAIOB  CHIOCOGHOCTBIO
0! A K MEPEMCHHBIM YCIIOBHAM H OIITHMH3HPOBATH MPOLECCHI
HOWl 2e07Konozuu (CM. puc. 1) OIHHM H3 MpPHMEPOB
METONA  WACHTHMKAUH NapaMeTpoB  CHTHAIA  ABJAIOTCA

) METOABI  ONpPEAC/ICHHA  NapaMeTpOB  HHAYKTHBHBIX  JaTYHKOB,

TaKHX XapaKTepHCTHK, KaK HHAYKTHBHOCTb, «IIAPA3HTHAA»
‘&mpo'mumne. OTH METOABI MO3BOASIOT TOYHO ONpPEAC/IATH
B YC/IOBHAX BBICOKHX 3/1EKTPOMArHMTHHIX [OMEX, YTO ACNAET HX
paspaboTku H OOCITY)KHBaHHA MarHHTOMeTpoB. CTpyKTypHas
npubopa nokasana Ha puc. 6.
HHyKTHBHOTO JaT1HKa:

L ﬁRo(Ua_Uu)/Un' 4)

; Uz: resepupyercs LIAIl ycrpoiictBa B peXHME CHHXPOHHOTO

C annapartHo 3a/JaHHOH 4acTOTOH JAMCKpeTH3auuH, pasHoi 1MI'y,
u,a:nnpumuuzaec'mu T.K. 3a/1a10TCS IPOrPaMMHO, TaK YTO:
Uh(t) Asin(2avt, + @) (5)
V — yacToTa, H ¢ — $aza Uz, 1,=0, 4, 24, 34, ..., nd rae 4 u3BecTHas
AL, i=1, 2, ..., n— konu4ecTBo H3mepenui Uz

ONpeAeneHHs aMIUIHTYAB H (a3bl H3MEPEHHOro ¢ nomowsio AllL]

MOJKHO NPEACTABHTDL B BHAC MOAC/IH:
~ -~ 6
o (1) = Asin@vt + ) ©)
V — 4acToTa, H §— (haza HanpIKeHHAU , .
1

<y
“

~
S SO . 5. St Y (.

(SO

— Peanu3aiia H3MEPHTEA NAPAMETPOR HHIYKUHOHHBIX JATYHKOB Ha
jicrea cGopa aannbix J1 Kapa ES02: a — npuxumnuansnas cxema, 6-
cxema, 1-narumk, 2— ALIM, 3 — LIATI, 4 — JT1 Kapn E502,
B 5 — nepcoHaNbHBIA KOMIBIOTED.

15



Cpennexpanpariieckas omnbka MOJCAH PaBHa:

1
I - )
A3 (n - f =32 MOC - Re(Z, () + jXIm(E, (), (12)
rae i=l, 2, .., n — xommvecTso u3mepennit (. Ilpn 3¢ Bt kfﬁ"kc

yCTpoicTBa cOOpa AaHHBIX. o
Jins waxoxzenis A nemrx,moﬁgqm*n (7) 66
OMPCCHTS CYMMAPHYIO CPEAHCKBATPATHHECKYIO OWIHOKY:

2e(?2 V= (C'LR)@'+(C'R'R +C'R.R )& +R,
, = (C'L)e' +(C'R:+2C°R.R, +C'R -2LC)@’ +1

L n n J 2y p2 2,9 2
1 1 1 il P (C*LR: -CL*)o +(L-CR} )o
a2, =;Z"‘t =£Zh’ =5Z(U — O, - 42,) (C')o +(C'R: +2C°R.R, +C°R: —2[C)a" +1°
=1 i=1 i=1 b

*
Toraa 3anaua onpenenenus AMTUTHTY 21kl H (a3bl HanpsxKex . f
Q.—)n’i'l y g el 3 Y
w : an

rac w={A, @} - napamerpu mozenu (6) u mpencr: -
MHOTOMCPHO# ONTHMH3ALLHH, TIPH 3TOM NAPaMETPhi MoJe: dia 3 c 'l
popmyae: el A e H

Win =W, +a,p,, ;

FAC Wi — MapaMeTphl MOJCAH Ha npeaBAylieH HTepais
{3 (e

M1apaMCTPhl MOJICTH, a4 — UTHHA Wara, p,=-B."2!- 2

] \;"[ 13

HOK 7 — IMo/iHas cxema 3ameleHus HHIYKTHBHOTO KOMIIOHEHTa
HyecKas oLHOKa MOJIE/IH paBHa:

h. 4 fe, Fa e,

Ileccuana. HWQB‘_M o ' ’ 3 ¥, "
JATCA LAAIOH  K-T (7 _R«z,.’) + m(z.,;)_lm(z._,) -
Bpoitaena-®reruepa-Tomsadapba-llaimo, A - rﬁ r). (13)
Ans  wucnonuzosamms  dopmys (10) # wscTrsie Wil ) +Im@,)?)

CPeAHEKBAPATHYECKOH OWHGKH: " N o o

- = KONHYECTBO M3MEPCHMil 7 HA PAsIMYHBIX “acToTax V. Cymmaphas

M1 1& A 4

L o aélv ‘ . B
o, m&ow o S gLy 3
J na 7 niy o RO aw/ 4 m —!. E'gi.Z(Rc(é)z"'h(fa)z):
m& ~

I%e . Yo . > (14)
.;§_(UNJ—UROJ)_$QLZ_‘,6 01 ;
R T ow; = zu)-Re(Z")]’ +[ln(Zu)-ln(Zu)r)
. i | ONIpE/IC/ICHHA NapaMEeTPOB HHIYKTHBHOTO KOMIIOHEHTA 3alTHCHIBACTCA
ay, = .
¢=3i‘(2m.+5). d ""
oA 3 B ¥ 5 min (15)
ol 4 .
#a-l Cos2avt, + @). — napametphi Mozenn (12), u npeacrasaser coboit Taxxke 3azady
pre— (H3ALHH 3TOM I eTpbl MOJIC/IH HAXOAATCA 1O TOH Xe
Taknm o0pasom, anx  moGoii Mo in npH apam
COOTBETCTBYIOWEE
3Havienme Z,. Yacrora moxers 6 (16)

L=t tap,,
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.

ananornyHoil popmysne (10), rze & — nqnuerpuuonen ur- ! Acos(2 fit+ @) +0.01 X AXxe+0.5xUzx %
s cos(w,t) (20)
G+ — OOHORNEHHBIC MapaMeTphl MOJENH, @y — JUIHHA : 3

f 0.5 x UZx % cos(w,t) +
[ t)
npuGmiokentoe 3nauenne I'eccuana. IMapameTpsl @y, By — Hax: 0.5 X UZx X cos(wst).
s : ~' AHHO mautysa u @ = angle(Ugg) — daza nanpmkenns Ugg, 1=0, 4, 24, 34,
HTepauMH no metoay bpoiinena-®neruepa-I onbadapoa-Lilanc : x i
KBa, Iy, f; = wactora, 1Ty < f < 1x 10°Ty T'u, N=4000, w, )
Gopmyan (16) wacTHble NMPOH3BOIHBIC CyMMAapHOH CpeIHEKBAP

ITOM CITy4ae paBHbL: '=2m500, i=1,2,3,..., 32.

; . S (@KA0r0 Habopa MapameTpoB MHAYKTHBHOIO [aTYHKA EHEPHPOBANOCH 32
Z_J' ™ E ), = o |- DA wiHHOH N pasHoit 4000 i 32 4acTOT, paBHOMEPHO pacrpeenEHHbIX B
” & ane(i AR  10° I'u. Mocneanne uetsipe cnaraembie B hopaysne (4) npeact 'On';
) b CRAE Olmic : Bl HCXOZIA M3 CMIEKTPATBHO
=—Z—[(Re(z,_,)—Re(zu))—R'(‘;g—")+(lm(zu)-lm(iu) —= BHBIC TIOMEXH, YaCTOTHI TPEX M3 HHX BhIGpaH
mo ' ore ane

peaIbHOTO MarHHTOMETpa.

< HAY NOMEXa & — YHCJIO, C HOPMAIbHBIM pPacTIpe/ie/iCHHEM,
OXHIAHHEM H CJIHHWYHBIM CTaHAAPTHBIM OTKJIOHCHHEM.
BAHHOTO MOJENBHOTO BPEMEHHOTO paja ams vactotsl 3226 I'n

18 ORe(Z,,) oIm(Z,,)
B — - 55 l i e >
S (Re(m ) aT.'L]

Taxum  oOpasom, napameTphl HHIYKTHBHOrO Ko ...w...‘ .
MHOMKECTBY H3MEPCHHH MOJIHOrO KOMILIEKCHOrO CONPOTHBICHHS HA [
H HaXOJAATCA MCXOAA M3 HAWIYYILErO COOTBETCTBHA H3MED CHHBIN
MHHHMYMa CyMMapHOTO KBaApaTH4Y€CKOro OTKIOHEHHS, 6
BO3ACHCTBHE CayuaiinbiX Beriecko DJIC B MaMepseMo
Buiuncnennsie ¢ nomomisio bopmyns (10) nqnuerpu MHT
PEaTbHOrO MariuTOMeTpa pasin: C = 1,18126 107 @, I\'.Q,
Rl = 1415,52 Om. AxktuBHoe COMPOTHBIICHHE, H3MEPEHHOE BOJI|
1381 Om, T.e. ommbka coctasnser He Gonee 2,5%. + e

Bosiee T04HO NapaMeTpl HHAYKTHBHOMO KOMIOHEHTa LR 3226 I'n, u ero cnexTp 6)

nomowLio 00yyenHol Hefiponnaii cetH. Mcxoambie NaHHBIE 1A C 06pa3OM, OMMH OGpaseu Ans oOyueHis HEHpOHHOM ceTH conepkHT 32

A A gt , :060“ m.
CETH GbLIH CreHEpHPOBAHK C IOMOLIBIO MOJENH (cMm. puc. 7),' o pAZIA, KOKAbIA UTHHOH 4000 OTCUETOB, NpeAC e e
(l2),npumunwerpuuonenworomwmm T .... ¢

HaNa3oHOB acTope Ro npu 32 pasHbix wacToTax. Ha BbiXOse ceTH HEoGX0aHMO
0bpazom u3 1 6mm3kux K napameTpam J pl MHAYKTHBHOTO Aatuuka L, C, R;, Rc, HOpMHPOBAaHHBIC HCXOAA H3
ki '(20) B murepsane or 0 g0 |. Tak kax AaHHbie TeHEPHPYKOTCH
ep BHIGODKH HEOTPaHHUCH, paslefieHHe ZaHHLIX Ha ofywalourylo
SCTOBYIO BhIGOPKY He Tpebyerca. Heiipounas cets B mpouecce oGyueHns
4 HTBCH COTIOCTABARTS Bpemennbie pambi U'go;(t) ¢ napamerpamu L, C Ry,
- .,g‘p« STb M3 32 DOPEUIOKCHHBIX BPEMCHHBIX pAIOB, PRI,
e e 'i'lnlx YacTOTAaxX, rA¢ H3MCHEHHE NapaMETPOB HHIYKTHBHOTO
iBac n.ﬁom»mee BAMSHHE HA XapakTepHCTHKH pama U'po(t). [na

., W azsl BpeMEHHBIX PAIOS Upo,(t), uTo Heobxoaumo s
Uro ..'.‘:En. 4 pamerpos L, C, R, , Rc, Wcnonb3osanach onn;:;epuaa CBEpTO4HAN
rae Ry =10+ 1030",! Uz:'lOBHl‘encpupogm ¢ SNN) Kax u3sectso (LLionne ., 2023), ona HHO (deKTHBHA

l‘l.l.l_l_..‘.

CAI0ACAMI I LIS LIDIAI IS LI MAI 40608 40
S .

6)
0K 8 — TIpuMep MOAETBHOIO BpeMEHHOTO pina HanpmkeHns Uge npH f; =

100x 107 Tu <L < 1000 x 10-? l‘n.
1x10°d<C< 100 x 10~° @,
100 x 10°0M < R, < 10 x 10° Om,
00M <R, < 1000 Om.
PaccunmsiBaniocs nonmoe kommiekchoe conporusienue Zy
1o popmyne (4), H KOMIIEKCHOE HanpsxeHue Ha 06pasLIOB(

no gopmye:

19
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ans paGoTHl C BPEMEHHBIMH PAJaMH, NOCKOJIBKY MOTYT ONpene {HA U8 MHOKECTBA 0GNIacTel, BKTIOUas re03KoNOrHio. BpeMeHHbie paabi
ptiosacirrabeste samncaMocTH 3 ARERUE DT COBOH MOCAEAOBATENLHOCTH 3HAYCHUH NApaMeTPoB, PUKCHPYEMbIX B
aMIUIHTY Al M a3 curHana. Kak W BCe CBEPTOYHbIE CeTH, Mp (H BpEMEHH. 3a1aya X aHAIH3a H IPOTHOIHPOBAHHA TECHO CBA3aHA C
COCTOMT H3 BXOJHOIO C/OS, HECKO/IBKHX CKPHITBIX CJIOGB H Bb B MAIIHHHOTO obyuenus u HU. OanuM W3 crnocoGoB ABAAKOTCA
abeonoTHas OWKOKA Ha MOJE/ILHBIX AaHHIX cocTaBuna 1,43%, BRIXO MY/IETHBEHBNETHOR CETH OMPEACIACTC YPABHEHHEM:
CHbLIC, CaAHHOM mm Ha a i m
;mﬁ:ﬂ;l::@?‘mapﬁ&Maum daxTHUeCKH npHOM ‘r=g;(x;w)=u&’.‘, +Jz.:,”’,” '7,(l)+§wfﬂ X, gasy
penmyiecteo ucm:::wcalw HEHpPOHHOMH v-‘i" OrOMEPHBIH BEHBNET, 3aJalOMIHACA KAk MPOH3BEACHHE m CKAAPHBIX
olyueHHas HelpoHHas ceTh paboTaer ropaszo W a . EKTOP BXOAHBIX AAHHBIX, M — xonm:ecmo BXOJAOB, A — KOJI:‘!OCTIO
OUTHMH3ALMH, YTO NO3BOMAAET HCNOJIL30BATH OOJIblLECe o,l,g:.‘;!;; 9 4o BAET-HEHPOHOB U W — napameTpsi cetu: w7/, — Bec cmewennn, w/” — seca
HHX HaHGOJIeE IHATHMBIC, YeM H OOBICHACTCA MOBILICHHE TC X w/?! — Beca nenmueitnbix cBazell. MHOromepHsiii BeifBieT B popmysie

B Hacrosuiee Bpems 3tH 3HaveHns cocrasnsioT L=0.36

kOm, Rc=592 Owm. IIaThIO rogamm paHee 3HaueHHs napa METPOE 'l'j(x)=f[w(z”) (2
L=0.372 I'n, C=39.8 u®, R =4.54 xOwm, Rc=606 Om. B =1 .
OTHOLICHHH, Ha 8%, H3IMEHHIACH MEXBHTKOBAA eMKOCTH C, M
NapaMETPaMH, H3MCHEHHE KOTOPHIX cOCTaBiaser 2-3%, T x —wi (23)
MeTona ; » < Z' o 'w(u )y

YMeHbIlICHHE MEKBUTKOBOH EMKOCTH MHTYKLHOHHOIO 44T - (©9

M3HOC M3ONALUMOHHONO C/IOS OOMOTOK H3-32 XHMHUECK eumn (23) i=1, ... m, j=1, ..., A+1, w!'l, 5, - napamerpst casuros, w/'/g, —
06p %bi MACIITA00B BeHBJCTOB. BIGOpP MATEPHHCKOrO BeiiB/ieTa 3aBHCHT OT

YXYMUCHHIO INEKTPHYECKHX CBOHCTB MaTepHaios. 1o ¥ alauM, 9TO MOTYT ObITb: MepBas WIM BTOpas NPOH3BOAHBIE [ ayCCHAHHBI,
MOXCT CHHAATL YYBCTBHTENBHOCTh M TOYHOCTH JATYHKA. ) i€, OPTOrOHANBHBIE BEHBIETHI H BEHBACT-PPeriMbl:
MOHHTODHTB COCTOSHHE NATYHKOB JUIS CBOEBPEMEHHOIO OOH Y 5 ["ayccuanubl T.H. « WAVE-se#iBner»:
BOIMOXHBIX H3MCHEHMI, 4TO OGECTIEYHT AOATOBEYHOCTS \ w(z,)=z e""z (29)
HX paboTsi. i Y ’

B nsroit  raase «HuTeneKTY AL HBIE

! FeodKkosoruyeckux  mpoueccos» Has [ayccHaHHbl, T.H. «MEKCHKaHCKas UUIANay:
FEs

MPHMCHCHHA  HHTE/UIEKTY ANbHbIX METO/I08 ;uu' : i )=(l-—z’)e'°": (25)
Feodkonoriyecknx npoueccos. IMpumenenne UM 3uaun > g 4

TOYHOCTL  06paGoTkH  reodkonorHuecKmx JaHHBIX, RN o
BHIABICHHE H NPOTHO3MPOBAHHE KONOrHYECKHX M 05z}

w(z,) =cos(5z,)e

oif ananTHBHOH cetH (pHC. 9) HCNONB3YIOTCE MATCPHHCKHE

bHBIM HACTPAHBACMBIM MMAPAMETPOM, H3MEHAIOWMM Gopmy
‘ OT/IMYHBIM OT CKAaTHA H caBHra. Hanpumep, MOXHO HCTIONB30BaTH

X JACTATLHOMY aHATHTHYeCKOMY M3yuenmio. BaxHocTs I o] Marcpincn BeiBeT Supem-LOG'm jons («cymepm

TOAYCPKUBACTCY B KOHTeKCTe anantauum Mﬂxv?t.‘i tHX GYHKLMI ), H3BECTHBIH, Kak -

AIFOPHTMOB  MamHHHOrO oGyuenns.  Tawoke :

HHTEUICKTYanbHbie MeTOAB  o6paboTku Wﬂiﬁx‘ i

20

HHTErpaumus  anropurmos HCKYCCTBEHHOIO HHTeANekTa
dbpexTHBHOCTH NpeBapiTeHOMX 06paboTku Rasmuix. Tl
HOPMANH3ALMHK, HHTEpNIOAALMM 1 duasTpaimm .4'“‘“"
COBPEMCHHBIX HHTEIUICKTY/IbHbI TNIOAX0/108, ..rp;e?,' CHYIO

OMHCBHIBAIO
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vz, W) = :

1+ "0 I+e v 3 e =¥ x)j=1..4,
1 REE & .
, e willi )y — mpennoenmit nonomHHTeNBHLE Hacy : ‘ W n . Owl(z,owh) s
Beﬁnncm, OnpeaeNsIonHii CKOPOCTD €ro sayRE i : vy B—EV(:I/'\'J«»U —-_JLM?. ..V(:.,."{,,.,),
Torza (22) 6yaer Buirnsners kak: b w?! L ACT )
e .' d —L=-_-il_'(:l/'#('n)ll)"'——_’—l—!!—“.'(:q"J(:Ii-u)'
W - “ o . N(:l' #W Mflll
0=TTwz, il %, .. %,
- oWty " Wiy
y(z,, W )= 1 ! - uis azantuesoro SLOG Befienera
> (e — -z, 4+l = = " . n n
] +e 47 (o 1+e-’v’%’L ‘.‘\ﬁ; 4 "'l‘*ﬁ ¢ e“‘v"’ o . e"v""frb C-,'-'s"'
’ &> re ‘l+¢""'”~7 d(l+¢-""4:|' )7 a(l+e"v"J:‘>' ).‘ a(l +¢“-'J‘:I. )) 7
9y(x) = B‘(%"uv’ o0 =i Ry~ i 3~ 3~ e

T —— " g - 7 - g .
B 5 (l+¢'~%)) (l+e""”!—‘h )I (I+e"~-”!.'. )I (1+e“v'4uln ))

(1 'L ETPBI CETH NEPECUHTHIBAIOTCA HA KWKZOH HTepalny no dopmyne
X \ B 3E
9 ‘\’ E 'ﬂl"v-”;+'('y_'.—l)) (27)
A L ) = ‘.‘r £
: ‘\\ a{‘\\,/l“w P MTEpAIlHH, /) — IAPAMETP CKOPOCTH OOYHMCHH M K — NApaMeTp MOMEHTa.
lb ‘(’ “- ( % NApaMETPOB /) H K 3aBHCAT OT HCIOJIb3YEMOr0 HTEPALHOHHOIO Me-
Po2a “' = ONTHMH3ALIHH.
n . W KocMuueckou 2eodkonocun (cM. puc. 1), ¢ HCNOAL30BAHHEM

wil = (Vg o) vl = B el s D BBIIIE BAPHAHTA HelipoceTH, paspaboTan MeToA onpeaenekus K-uuaexca

PucyHok 9—Mynbmseﬁnm_ . , HOCTH, KOTOPBIH NpeAcTaRnseT coboi MoKasaTesb, H3IMEPAIOMMACK

IO BEKTOP NapaMeTpoB CeTH BKIIOYAET W= (iw/ i wkane ot 0 1o 9 n oTpakalOUWMi YpPOBEHb BO3MYILEHHOCTH
HA OCHOBC JaHHBLIX OTAC/IBHOH oOcepBaTopHH 32 KaKIbIH

’L

LHH CPEIHEKBA/IPaTHYECKOH OLIHOKH

4 BACTCA HA OCHOBE OTKIOHEHMil OT perynspHoii COMHEYHO-
E =£30,-5,)
2""1 P (LA %)

MMM, KOTOpas IPOABINETCE KaK CKEAHCBHOE IUIABHOC H3MCHECHHE
HOrO I0JIf, JAOCTHras MaKCHMYMa B /IHEBHbIC Hachl H OCTAeTCA
p¢ Bpema. CoBpeMeHHbIC METOJbl AnMpOKCHMALHH Sq-BapHALHH
BaHM ABTOMATH3HPOBAHHBIX  TEXHOJOMMH HA  OCHOBE

(M JAHHBLIX, YTO [O3BONAET Oojee TOYHO M IPPEKTHBHO

{arHHTHBIC BapHalHH. HecMOTps Ha NpPEHMYIECTBA ABTOMATH3ALMH,

E_1& ¢ METOONOrHYECKHE NpobaeMbl B TOYHOM onpeaencHuH K-HHaekca,

rie n — KOJIMYECTBO MCNOAb3YEMbIX JUIA OOYHEHHA CETH MpHMEp
YCHHE BbIXO/IA CCTH, Jp — ACHCTBHTENLHOE 3HAYCHHE Bb
CKas OWHOKa MHHMMH3HPYETCA OJIHHM M3 HTEPALHOHHBI
MH3aLHH C HCTOJIb30BAHHEM YACTHBIX NPOH3BO/HBIX CPe/i

napamMeTpam CeTH:

—==—Dce . 4 '
ow npg "ow T CYTOUHOH M3MEHYHBOCTBIO Sq-BapHaliiH. KnacCHYecKHe M COBpPEMCHHbIC
rae e,=y,—Vp. Ucrions3ya sbipaxenue (8), MOXHO y" S [ He Ka - perpeccus, rapMOHHYECKHH aHATH3 WiH atropuTM HoBosuHCKoro,
KBapaTH4eCcKOo# OWHOKH o BceM N1apaMeTpam CeTH, TaK ST ayIHuHBE NOAXOMB K MOJETHPOBAHHIO Sq-BapHALMM, Kaxmbiil M3
a%yzn_=1, 4. €T CBO¥ 0COOEHHOCTH H BO3MOXHBIE NOIPEWHOCTH B WHTEPNPETALHH
sl o - v
S : o .
;}ay_:ﬁ,",-,lﬁ,,' eaeneHus K-HHaeKkca C NOMOWbIO a1anTHBHOH MYAbTHBEHABICT-CCTH
i ABJICH B BHJIC CJICIYIOILHX LIAroB:

L 20 23



1. KoHpepTalus JAHHBIX H3MEPECHHA KOMIIOHCHTOB reoM: b, ITyTEM HX KOAHPOBAHHA LCJILIMH YHCAAMH B MOPAIKE HX
2. OWUILTpalMs WMITYJBCHBIX [OMEX [yTeM BbiACHeHHA 1-w (OIHBIX JIAHHBIX M 3aTEM HOPMHPOBAHbI C OMOLIBIO Z-OLICHOK.
KOMIIOHEHTOB MEOMAIrHHTHOTO MO, B a B popmare METAR moxerT npHHHMaTh 57 AHCKPETHbIX
3. OOyuenne BeiiBneT-CeTeH /Ui aNNPOKCHMAUHH OBbUTH 3aKOMPOBAHBI LIEIBIMH YHCIAMH B TIOPAJIKE YBEIHYCHHA
reOMarHHTHOTO MOJIA. a owmmbka cerH  BHUMCIANACL € NOMOLULIO
4. ANnpoKCHMAUHA H HHTEPNONALHA Sq-BapHALHH 110 KOMIIOHEH al oii KkpoccoHTponuu /. B Tabn. 2 noka3aHo MHHHMAIbHOE 3HAYCHHC
aJanTHBHBIMH BEHBICT-CETAMH. A (H, JOCTUTHYTOE CETAMM C Pa3IHYHBIMH @PXHTEKTYPaMH, 00y 4eHHBIMH 1O
5. Onpenenerne K-HHIEKCa KaK MAKCHMAIbHOIO HHZIEKCA M0 - Ak ASProp Ha nporaxenuu 50 3nox no 500 waros.
KaX/blH Tpexyacoeoil uuTepsan cytok no UT Bpemenn. ‘
6. OnpeencHue MHAEKCAa AKTHBHOCTH EOMArHHTHOTO MOJA .-.7
MYJIbTHBEHBIET-CETH.

BBIYHCIHTEILHOTO 3KCNIEPHMEHTA C HCMO/Ib30BAHHEM JAHHbIX

Jlis nposepkn S(PPEKTHBHOCTH NPEIOKEHHOrO Ccriocoda a‘ bne YnpexjicHue NporHosa, 4
BapHALMH HCTIOJIb30BAHbI JaHHble H3 oOcepeaTopHH Benbek, 0.5 1 1.8 2 25 3
SPIDR (Space Physics Interactive Data Resource). K ; | 0.4578 0.4823 0.6027 | 0.6245 | 0.6465 |1.9943
OCpE/IHEHHS FeOMArHHTHBIX BapHauHii 10 D u H KOMNOHEHTs ; J | 04346 0.4561 04778 | 0.4936 | 0.5090 |0.5110
rona. Ha puc. 10 MOKasaH pesymsTaT annPOKCHMAUMH Sq-8a RU | 0.4402 0.4571 04714 | 0.4854 | 0.4984 [0.5036
MybTHBEHBIET-CETHIO 13 22 BeiiBneToB Mopie. . | 04383 0.4547 04711 | 0.4831 | 0.4972 |0.5092

3 Tabnuubl, OWMOKA AOCTATOMHO OBICTPO YBENMYMBAaCTCA C
eXJIeHHS Npornosa. Ecam cpaBHHBaTh GakTHUECKYIO CKOPOCTH paboThl
i, TO My/IbTHBEHBJICTHAA aNaNTHBHAA CETh paboTaeT NpUMEpPHO BABOC
0 C MOJHOCBA3HOMN CETBIO, TaK KAK MpPH JXOCTHXEHHH MMPHMEPHO
cti, MWP-ceTh COAEpXHT B [Ba pa3a MeHblie HEHpOHOB.
\ RU ry60Koii HelipoHOfi CCTH T03BOIAET YMEHBIIHTE OWIHOKY
SHHIO C MOBEPXHOCTHOMN HEHPOHHOH CETHIO.
pocmeennoii  2eosxonozun (cm. puc. 1) paspaborana
JIbHAA NOACHCTEMA OOPaGOTKH AAHHBIX MOHHTOPHHIA COCTORHHA CHIOBBIX
paBJieHHas HA OOHApYKEHHE JJICKTPHUYECKHX HEHCTIDAaBHOCTCH B CETH,
XCH m AHOMATbHBIC M3MEHEHHA TOKA M HanpmkeHHa. CBoeBpeMEHHOE
ampawomn KPHTHUHO 1 MPEJOTBPAILCHHA NOBPERKICHHHA
1 obecrieueHHs HAeKHOCTH MeKTPOoCHa0KeHH . TpaaHIHOHHBIC METOb!

Pucynok 10 — PesynbTarsl annpoxCHMALMH C M0 3

cetn Sq-BapHauui no D u H koMroHeHTaM reomal :~--.":,~‘ 0 10!

1985 B obcepparopun Benbek

B obracmu dunamuxu eo30ywinoii cpeos: (cM. f)nz:.”l
JANbHOCTH BHIMMOCTH B a3ponopty «Mawacy. Apxmwypu :
GRU cereit cocrout u3 LSTM u nonsoces3toro cios (De
softmax, HeoOXOAMMOro I MOJNYYEeHHS HTOrOBOTO MPO! ;
HCIIOJIb30BAHHA MYJETHBCHBICTHAS aJaNTHBHAA CETH IWP, Mult

iy BKTIOYAS BH3YAIBHBIA OCMOTP M HH(PaKpacHyio Tepmorpaduio, XoTa H

;(::“onbxa:mb A B Henw"o" no "!,.,':'-‘ : A r‘."\z'tuh bl B NnpH K c HBIX
HOBHas HJes, MOJIOXKEHHas B OCHOBY, 3aKJIOYAETC: P rpaHHY4CH 3 pexTHBHOCTH OHTpONE MPOTIKEH

CKOpOCT H JIETKOCTh ceTeit nﬂx e .. f K BOAYUIHBIC JHHHM dNeKTponepenad. B kauecTse albTCPHATHBE,

PRsR "" : i KOHTPOJIA NEKTPHYECKONO MO/, OCOOCHHO KOHTPOJIb HACTHUHBIX

PEKYPPEHTHBIX HEHPOHHBIX CeTel.

M3 Bcero nabopa aoctynueix ¢ 2014 roza mmmx
ObuUtH BHIOPaHbI BPEMEHHBIC PA/Ibl ITHX N1APAMETPOB 326 1
r nouonGpsZOl9ron&Ilaunm3a31mnepuonmmél HTe
MHH, TOI/1a KaK B nepHoJ ¢ aBrycra 2013 roznnot)espan
HHTepBaoM B | wac. 06yqa:oumm6opucocmm 68 %
22725, ocraBmnecs AaHHble — 900 OTCHETOB. .llmm:le, CozIep:

2% i 25

~ N

OTODBIE SBASIOTCS BAKHBIM  HHAMKATOPOM  JCrpajalHH  H3OJIALHH.
10AXO/Ibl K MOHHTOPHHTY BKTIOHAIOT HCTIONB30BAHHE HHTE/UICKTYAIBHOIO
5 OGHAPYKEHHA H KIACCHOHKALUMH QHOMATHIL B PEXHME PCatbHOTO
HTEABHO YBENHYMBACT SPPEKTHBHOCTL JHATHOCTHKM MW CHIDKACT
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Hcnonb3yemas METONHKA COCTOMT H3 4-X ;na-- paboTel HEHPOHHOW CeTH — TOYHOCTH, WYBCTBHTE/IBHOCTH,

npeasapHTeNbHas  00paboTka AaHHBIX, BApPHTETE 10 akn Fyu AUC.
MozieNH, obyHeHHe, H TeCTHpoBaHHe. PacCMOTpHM o] Ro.Jl pOyualolmme JaHHbie ObUTH pasiesieHbl Ha nakersl no 16 obGpasuos B
Ha KAXK/IOM M3 yKa3aHHBIX JTanos. PYvhE DrO 4TOOB! pacniapaiepHTh BLIYHCIICHHS Ha MHOXKECTBE mpoiieccopos. [lis

1. lNpensapuTensas o6paboTka AaHHBX. HCXOAHbIC AaHHbIE I insonanc -y - e
B crnenuManbHOM (ailie Mo pe3ynbTaraM H3MEPEHHA H: THBIX KJ1acCH(HKALIHI.

KOHTPOJIHPYEMO#i JIHHHH 3JIEKTpOnepeaay, 3arpyXxalorca H  Oai - .

yJaneHHs CTydaiiHbIX 0OpA3LOB, COOTBETCTBYIOUIX KJN : * m;;- oneumueﬁpouuuxmeﬁ,oquenuuxmpmmnpmuamn
BLIOOPKE MOJYYHIOCH PaBHOE KOJHYECTBO 0Opasuos, o " CHI

Jlanee oOpasilhi pasienseTcs Ha CermeHTh UTHHHOH 400 Mounnbii BY- HY-
CerMeHTa KOHCTPYHPYETCs BEKTOp NPH3HAKOB, COAEpAKaly CHIHAN COCTABJASAIOIMAS COCTABAAIOMAS
HANPKCHHs 1O BCEM TpeM (asaM, WIM HX % 89,34 88,47 72,33
CKOHCTPYHPOBAHHbIE C MIOMOLUBIO GHIBTPALIHH.

2. [lpeasapurensHas noAroTopka wmozem. Ona
ONTHMANBHLIX THIEPNAPAMETPOB (KOJHYECTBA CJOEB, HEHPOHK
COOTBETCTBYIOT GaNaHCy MEXIy HEAOCTATOYHO oﬁyweanoin 88,47 84,14 71,18
TIPHEMIIEMOM 110 BPEMEHH KOJIHYECTBE 110X 00y YeHHA. 98,13 82,42 90,75

3. OGyuenne. Mckyctsennas neiiponnas cets (MHC) obyuae 80,1 85,71 51,72
HCXO/IHBIX H CKOHCTPYHPOBAHHBIX PaHee PH3HAKOB H ONTHMANbHbL % 81,02 84,30 65,14

4. Tectupoanme. 3aTeM Moje/ib MPOBEPAETCS HA TECTOBOM 0,8876 0,8529 0,7584
OLICHKH €€ TPOH3BOAMTENBHOCTH. JIaHHbIE Pa3AeiAlTCs B Of . 0,8912 0,8561 0,7123
9acTh MCIMOMb3yeTCa A 00ydeHHs HeHpOHHOH CETH, MEHbIL; A 0 W3 Tabn. 3, MakCHMaibHaid TOYHOCTH UHC, oOy4eHHBIX HA MOJHOM
paboTsi. : : ero  BU-cocrasnsiomedi, oriuuaercs Menee uem Ha 1%, mpu 3TOM

HOCTH ceH, 0OyuenHoli Ha HU-cocrasnsmiomed, Rike Ha 17%. Bee
et ceTH, oOyuenHoil Ha HY- cocTasasiowmei, Takke ropasao HHKE.
BHOKHOCTH BHICOKO4ACTOTHO# coctasastoeii (10-20 MI'u)
GHBIX PaspAloB B HAMEMHBIX CHIOBBIX JJICKTPOCETAX, 4TO
MACHTHRHIIMPOBATH 4PE3BLIMANHEE CHTYALHH. DTOT AHANasoH
B KauecTBe ONTHMAIBHOIO Ul TOYHOH AMArHOCTHKH, MHHHMH3HPYA
0 BellaHHs, OOBIMHO BO3HHKalOUIHE B §oJsiee BHICOKHX HaCTOTHBIX

Jins QHABTPALMH C LEIBIO BBUICICHHA BBICOKOY
(HY) cOCTaBNAIOWMX MCXOAHOTO CHrHAJNA HA JTane npenodp
6wicTpoe npeopazosanue dypbe. UToGH BHIETHTS TpeGyeMy
BBIIOJIHANIOCH NpAMoe npeoOpazopanue Pypbe, 3aTeM al
OOHYJIAIHCH, H BBITONHAIOCH 06paTHOe npeobpa3sosanue @

B KauecTBe BXOAHBIX JAHHBIX JUIA Ga30BOi MOJIEH HCT
CHrHal, a JBE ApYrHe MONCAH OGYHaNHCh Ha CKOHCTPYHMPC
npusnakax — BU u HY cocrapasiomnx curriana. [Ipu 3ToM &
WHC opmuuakoBa H cocTouT 3 cnoes ConviD u
[TyTeM CPaBHEHHS HX IPOH3BOAMTENLHOCTH Ha TECTOBOM H
1/3 oT BCcex MOMyd4eHHBIX nocie OGajlaHCHPOBKH JIaHH!
ofyuanacb Ha TMOJHOM CHIHale, BTOpas H TPEThA
COOTBETCTBEHHO., OLEHHBAEMBie MOKA3ATE/IH — TOYHOCT, E
cneunduuHocTs, ouenka Fy u AUC. B .

B Tabn. 3 nokasaHbl pe3ybTaThl OLCHKH MOAENCH, 00
Ha nporTmkeHud 30 dnoX OOtEHHA, MO BCEM

KOHCTPYKUMIO npuesmHuka. CHCTEMa  HCKYCCTBEHHOrO
SoTaHHas IS JTOH leH, MOKAa3ala TOYHOCTH JIHArHOCTHKH OKOJ0

ThI MOTYT CNOCOOCTBOBATh pa3spaboTKe HOBBIX PALHOTEXHHUECKHX
SCTAHIMOHHON IMATHOCTHKH H JIOKAIH3ALHH HCTOYHHKOB YaCTHYHbIX

m:lcxou 2eookonocuu (cM. puc. 1) pa3paboTaHbl CHCTEMBI
resuiexta (CUH) ana AHAarHOCTHKH COVID-19 no peHTreHOBCKHM
IIAET CKOPOCTh, TOMHOCTE H HAICKHOCTH JHAIHOCTHKH 3abonepanuit
‘pm BLUABNCHHH M neucHuH. [IpearaeMoe pelICHHE MOXET
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(HCTIONb30BATBCA  JUIA  OJIHOBPEMCHHOH JWArHOCTHKH C
NP G - KT-ca €TOM TOTO, YTO pasHoe 00OPYNOBAHHE MOXKET HMETh PasHYHbIC

R TRER > i = "m 1aBaTh OTJIHYAIOLIHE no 3tuM napamerpam KT-cpesnl. Paspemenue KT-
6 A g ity . or 401%630 no 630%630 Towex, uro TpeOyer GOMBUIHX
Jins ﬁonenauui) “mn.unqa.m T AN OGy9YeHHA HCHPOHHBIX cereit. YtoObl mpeosioners 31O
i s ag g N ' auMo Maciurabuposats KT -n306paxenns. [ina sToro HeoOXoauMO
MacurTabaposacase, METORS obnacTe, comepxaulyl0 H300paKEHHS JIErKMX, a 3aTeM
g % TP | OunMHeHHOH MHTEpnoNAUMH, uTOOB M3MEHHTL pasMep BCeX

YJTYHIIHTh KA4eCTBO 00Y4eHHS CBEPTOYHO#N HeHpoH .. .v;e»- P’ L
TONBKO K 0GYHAIOUIEMY HAGOPY IAHHBIX. 256%256 mnukceneii. Jlanee NPHMEHAICA METOA NpeobpasoBaHmi,

. AAITTHBHOM AATOPHTME BLPABHHBAHNA IHCTOTPAMM /LA HOPMATHSALHH
Paspanmess na 2D crow Npeotpatoraa X Xa epH H300paKeHHiA.
”ggg OM T4l m nosbienns HanexkHocts CHU K paziuyHbIM nOMEXaMm BO
IMEHAJIOCH JOTONHEHHE, BKmouas Macurabuposanne Ha 80-120%
E DA, BEPTHKAILHOC M TOPH3OHTAIBHOC OTPAKEHHE, BPALUCHHE B

no40° neperoc Ha 20% no obeHM OCAM, a TaKKe HCKaKCHHE
: ‘- He oT - -16° no 16°. Kak yxe ObUIO CKA3aHO BbILLIC, PaCIIHPCHHC
-_ﬂ:[H}D_ nB3yeTc; TOMBKO ANA oGyuatomero HaGopa, HO He And TecToBOro Habopa
e et BCEro JTOT0 — MOBbILIEHHE PasHOoOOpasns OOYHAIOUIMX JaHHBIX PA/H
: N 303MOMKHOCTEH 06061eHNS 00y IEHHON MOIEH, YTO OCOOEHHO NOJIE3HO NpH

P uﬁopamuux Bcero GuUl0 ONONHHTEbHO crexepiposano 100
: OUIHMH HM MACKaMH 3apaKeHHBIX obnacteii n obmacteil

A% Orpepeneses,

ypa I GOKO# HEHPOHHON CETH LIS IMArHOCTHKH COVID-19 no aaHHBIM
a, Kak ll o6bMHO, B BHAe creka uepeayioumxcs croes Conv2D (¢
ReLu) W cnoes myamuira MaxPooling2D. OHako 0COGEHHOCTBIO
bl ABISETCA MCMONB30BAHHE CJIOEB MAKETHOH HOpMATH3aUHH
sopuanmylomﬂx BXOJIHBIC IAHHBIC.
n HH NOTEpPh HCMO/b30BaNach GHHAPHAA KPOCCIHTPOMHA. As
Topa HCnoNbaoBancs Adam C MOCTOAHHBIM MapameTpoOM CKOPOCTH
l'lpu 3TOM NpH OOYYEHHH HA BXOJ CETH NOJABATHCH 2D cnou
MK2. DTO CHCAAHO VTS IKOHOMHH BBHIYHCIHTEIbHBIX PECYPCOB H UTA
LIer0 pasHoOOpasHs JaHHBIX C LEbIO YMCHBIICHHA nepeobyyeHus
KH COVID-I9
(M KayecTsa paGoTHl OGyueHHOH HEHPOHHOH CeTH HCTO/b30BATHCH
DAKTEPHCTHKH KaK BEPHOCTD, TOYHOCTS, OLICHKA f; W uiomans nox ROC-
er Ope o Characteristic, paGoyas XapakTepHCTHKa NpHEMHHKA), T.H.
ROC curve) U
4 noKasaibl KONHYECTBEHHbIC OUCHKH KauecTsa paboTsi ceTH mpu 2-X

-
Pucynok 11 — Cxema pa6oTsl npetaraemoii (
no KT-cHumkam
A»
lMocne knaccupuxaumn cuumxoe Ha «COVID-19»
K1acCH(HLIMPOBaHHbIE Kak «COVID-19»,
MoanpuuupoBaHHbiMH  ceTamu  U-Net 18 cermeHTAUMM:
MOBPEXACHHBIX ObOnacTelf Jierkux, a Apyras uid or ¢
cHuMke. CTeneHb MOBPEXKIAEHHA JIETKHX .Ompee ,,k. }
NOBpeXACHHON obnacT Kk oObwed ruiomanm Jlermx ;
NOC/EIYIOIHM BHIYHCIEHHEM CPEHEr0 3HAYCHHA 110 i
HaGop nanubix «COVID-19 CT scans» HCTOb30BAC
Kak Juia kinaccudukauuu no 2 knaccam (Hopma 1 COVID-
2 merkaM (o0nacTb JIerkux M 3apaxeHHas obnacts). B T
KT-cnoes, npunaaiexamux 10 nauuesTaM, W3 HUX Ha 161 t
BbizBanHbie COVID-19.
npemapmsumwpﬁmmwpowxmmlﬂ‘ B b JaueHHAX AMCKPHMHHAUHOHHOTO nopora 6.
NEpBOM JTane BHIIOTHACTCA HOPMAIH3ALMA pa3Mepa BXOJ : . -
MHTEHCHBHOCTH H300paxkenHii. IT0 HeOOXOAUMO 1A TOrO, YTOOK L
&

1
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Tabmuua 4 — KonmmuecTsennbie oLeHKkH KayecTsa :
COVID-19 ‘ >

lo cpaewenmio ¢ npyrumm paGoramm (Ban
AHAIOTH4HBI  HAOOp JAHHBIX, TakMM OGpasoM  y

KnacCHpUKaEH Ha 2 %, T.e. 94.52% npotHe 96.83%. (

MOXHO OGBICHHTS 0GABICHHBIMH CTIOSMH HOPMATHIALMH 1
3anaua onpenenenns crenenn TIOBPEKICHHA nem:; '

CEMAHTHYECKOM CermeHTauun cioes KT-CHHMKA 1o my"l:

3n0posas obnacts. Kpome Toro, Heobxommmo Takxke ol;b

samauy — cermentupoath KT-cion Ha obmactw, n
npunwmnueuu.Tamuoﬁpaaou,mpemmj '

myﬁomcudtpmuuecem_mnmmw . iw

obnact nerkux. [pu obyuenun Ha Bxoxa ceredi no,
CHHMKA. 3m CACNAHO ANA 3KOHOMHH BBLIYHCITHTENbHbIX
Gonbiwero * pasnooGpasns mamHmx ¢ LENBI0  YMEHbIL
onpeaeierus nospexaentoil COVID-19 o6nacty, Tak kax
:cnonuowlocb TOJIbKO OTHOCHTENLHO HEGONBIIOE K =
OTOPLIX MOBPEXACHHS NpPHCYTCTBYIOT, 3BOTHIO
CrOCOGHOCTH 1y6oKOH HelpoHHOH ceTH. 'g:m:eu'
M3BECTHOH apxuTexTypei cetd U-Net aBifercs HCmom:
nakeTHol Hopmamaunu (BatchNormalization), HopwHD,
m HOPMAIH3ALMA, KaK yXke GbLIO CKazaHO B :
L ; Ll
e Mezl:i:ae'r Cpe/iHee BhIXO/a Cliof GAH3KHM x0,

Bxawecrae¢yuxuunnorcpbnpennm ki
lOSS(_y,y) =§c(y'y)+§(1_'s 2.
rllcy—lﬁ‘fpmm,coc-rolumm]"o.
YHACTKH Jerkux, COOTBECTBEHHO, § — BLIXOA CeTH, ¢ — GHHa

MeTpHKa Cépencena, BhiGpantas uenesoi by ) s
s(y,§) = 22080 v
(y y) S ROy

ot ke HaGOp nanHbIX HenonL30BANCE K B Apyrux paﬁh;nx

0=0.5
Tounocms A, 0.9593

Beprocms P, 0.9762

[lommoma, R. 0.9704 09

Oyenxa, F 0.9733 57
AUC 1 - ‘b :

T

Tam Bcero 0,78. Yiyumenue Ha 9% MOXHO OOBACHHTDL

\ | HOPMAJIH3ALIHH H [OMNOJHCHHEM JaHHBIX, a TaKke yAaqHO

‘ceTh OMpefeNseT MOBPEXKICHHbIE 00/IaCTH JErkHX Ha cioe
CHHMKA, COOTBETCTBYIOIAA ACTKHM. BH3yanbHO MackH

M MacKum oOnacTedl JNErkKHX, OMNPEIEACHHBIC BpavYaMH H

CETBIO MPAKTHYECKH COBNaaaioT. Takoi pesy/ibTaT A0CTHIACTCA
HeHpPOHHO# CETH K MoMeXaM BO BXOJHBIX JaHHBIX,

a WCTIONb30BAHMA pazuyHoro obopyaoBanus and nomyuesus KT-

HOPMATH3AUHH H JIOTIONHEHHA JAHHBIX. 3aTeM HAXOJHTCA,

JIerKHX, KAK OTHOLIEHHE TJIOLA/H NIOBPEXKACHHOH 001aCTH JETKHX
Ha cpese. OKOHuaTeNbHas CTeNeHb TMOBPEKICHHA JErKHX

3HAYCHHE CTENEHH MNOBPEKICHHA JIETKHX M0 BCEM CPE3aM.

| «PaspaGorka mporpamMmubIX  HHTepdeiicoB  cucTeM

npoueccoBy» 00palllacT BHUMAHHE HA BAKHYIO pOib
B obecrieueHun 3PEKTHBHON HHTETPALMH H B3AHMO/CHCTBHA

CHCTEMbI, HauHHas OT c6Opa NaHHBIX JO HX MPEACTABICHHA H

H cucremamu. Ocoboe 3HaueHuwe npHaaeTca paspaboTke

APXHTEKTYPbl H €€ HHTErpalHH C pasiH4HbLIMH yCTpOHCTBAMH H
kaprorpapuucckue cepsuchl B GPS. Ananusupyercs Bkaan

B noBsimeHHe PPeKTHBHOCTH (PYHKUHOHHPOBAHHA CHCTEM
ynpasnenne  o6paGoTkOH  AaHHBIX,  YCTpOHCTBAMH M

nonb3osarensMi. Takue MOJCHCTEMbI HE TONBLKO CTOCOGCTBYIOT

cOopa ¥ aHa/H3a JaHHBIX, HO W yy4IIaioT NOJIb30BATE/ILCKH

 MOIIHBIC MW QJaNnTHBHbIC MHCTPYMEHTH [UIA  Pa3iH4HBIX

.
oit 2e0rxonozuu (cM. puc. 1) paspaboran nporpaMMHBIH
NapaMeTpoB HHAYKTHBHLIX AaTunkoB. Co3laHa NporpaMMHas
Ana paboThi C HHIYKTHBHBIMH KOMIIOHCHTAMH JaTiHKOB
c6opa manubix JIKAPJL ES02. Ocoboe BHHMaHHe yaenseTcs
MEHHON (YHKUHOHAILHOCTH NPOrPAMMHBIX —PeUICHHI,
HX B PasHOOOPA3HBIX ONEPALHOHHBIX CHCTEMAX, TAKHX Kak

‘Android, Ge3 TpeGOBaHHS MOAM(HMKALMH HCXOAHOTO Koja. ITO

M aNaNTHBHOCTH pa3pabarThiBacMbiX MNPOrPAMMHBIX
WIHPOKO#H HX HWHTErpauMy B pasinHyHbIC HHPOPMALIHOHHbIC

Ha OCHOBHOHM KOA M MIaropMO3ABHCHMYIO 4acTb, 4TO

MOA pasHbic ONEPALMOHHBIC CHCTCMBbI. [MoaxkmoueHne K
MOXeT ocylecTeaaThcs yepes USB win Ethernet, npu 3TOM
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{CETEBLIC HACTPOHKH H JpaifBeps! JOMKHBI GBITh COOTBETCTRYIOL .
,mmmmmmmcw y (QYHKUHOHHPOBATh HA  Pa3sHOOOPA3HBIX  BBIMHCIHTENBHBIX
PaspaGoTannas crcTema BKmOuaeT W A CTALHOHAPHBIX KOMITBIOTEPOB 710 MOGWIBHBIX YCTPOHCTB C PasHbIMM
ApaiiBephl, ANANTHPOBAHHBIC /UIs PaGOTH ¢ paz ' CTEMAMH. DTO YBENIHUHBACT KPYr NMOTEHUHATLHBIX NOAb30BaTeNeH H
) (HOHATBHI BO3MOXKHOCTH  CHCTEMBI, HAaNmpHMep, 3a cyer
H TECTHPOBAHHSA HA Pa3HBIX IUIATGOPMAX. IMporpamma poetoro GPS-npueMHHKa H MarHMTHOTO Komnaca. [1porpamMMHbiii
HMCNIONIB30BAHHEM  MHIYKTHBHBIX JIaTYHKOB, YNpaBnsTH DYAET HCTIONB30BAHHE HHCTPYMEHTATLHOTO CPEICTBA Kivymucommog
CTPOHCTBA, a Takxke 06pabarsi B3y ) HHTEpQeHCa nosb30BaTeNs, obnanaiomero BBICOK

ipeue:u. s o : oIy THIO M CIOCOGHOCTBIO PaboTaTh Ha PasHbix IuiaTdopmax. PaspaGoTka
OcHOBHBIE /IeMeHTHI rpaduueckoro HHTep( -I A p IANTALMIO APYTHX /EMEHTOB, TAKHX Kak OMOAMOTEKa BH3yaTH3aLMH
KOTOPOM  OTOGPAXAETCA 3ABMCHMOCTL NONHOID Ko . 6P MaThi cOOpa AaHHBIX, YTOObI OOECTICYHThH MX COBMECTHMOCTH C

YaCTOTEI, NOJIA H KHONKA JUIs 3aITycKa npoliecca H3MepeHn : '
Tawxe B o6aactu npoussoncrsennoii reodKoorHH pa
KOMIOHEHT  CHCTEMBI  MOHHTOPHHTA  CHJIOBBIX  7IeKTP)

MpeACTaBARET  COGOH  ycoBepuIeHCTBOBaHHOE peluenue

(UKU 2607102UHECKOil cpedwi (cM. puc. 1) paspaboraH nmporpaMMHBIii
~ PAIHOBOJIHOBOTO AHAIH3a MpEJHA3HAYEH JUIS H3MEpeHHs
TOpOA ¢ nmomouIkio TexHonorun Software-Defined Radio (SDR), uro
MOBPEAICHHH. DTO CcoBpeMeHHAs CHCTEMa  MOHMTOR upowoou M3MEpeHHH H aJanTHPOBATh MapaMeTphbi CHCTEMBI MO
MHOTOQYHKUHOANLHOE  YCTPOIiCTBO,  OBnanalomas  noBsiL bHBIE yci0BHS. CHCTEMA 06/1a1aeT BO3MOKHOCTBIO PaboThi Ha
HANCKHOCTBIO Garosaps HCNoNb30BAHMIO undporsx TexnamE IpOBaHa NO CeOECTOHMOCTH H HMEET BO3MOXKHOCTh HACTPOHKH
Yerpoiictso cnocoGro paGorars s YC/IOBHAX BHICOKOG ‘ epdefic nonb3oBarens. OCHOBHBIE /IEMEHTBI CHCTEMB! BK/IIOYAIOT
3HAHTE/IbHBIX 2/IEKTPOMATHHTHBIX [TOMeX. : AHTEHHB! U13 cOOpa IaHHBIX, H NPOrpaMMHoe obecneueHue /Uis

Iporpammioe oecneuenne crcrems ""’“"P“POIN‘IO  aril e
M NpefHasHaveHo ans  o6HOReHHS NPOWHBKH, '

e HOOD H.
k | SDR, HackRF One, BeiGpan 3a ero JOCTYNHOCTb H AOCTATOYHbIE
Tpaccouckarte, a Takke DAKTEPHCTHKH UIA 3a]a4 aHanu3a ropusix nopoi. ITporpammuas wacTs
CKaHHPOBAaHHH. npew,o,::":m“ 23 GNU Radio Companion, obGecneunsas ruGkoe ynparieHue
MOOHIBHBIX M MaHeTHRIX ﬂpopem L. CHOCTB BH3YA/IH3ALHH PE3YJIbTATOB B PEAIbHOM BPEMCHH.
HHAMKAUHH, 4TO  cHmkaer 4 - .I - e S€T MPOBOJMTL AHATH3 UIEKTPHUYCCKHX CBOWCTB 00pasioB, TakMX
HCOONb30BaHHE npuGopa. C uaccomﬁsap AXTCPRGTN CKAsA NPOHMLIAEMOCTE H MPOBOIMMOCTS, € MOMOILBIO METO/Ia CBOGOHOIO
yerpoiictsam uepes USB g Emm"mn e O COTOPBIl PErHCTPHPYET aMIMTYy M asy Npoleamnx vepes obpasen
nMWNa e ~  OTKPBIBAET HOBbIE BO3MOXKHOCTH Ui reopH3HYECKHX HCCNCROBaHHMIA,
AnA cbopa nammbix JI Kapn E502 e :

BBO/a/BBIBOAIa, KOTOPBIH MOKeT CTYXKHT yHHBEpCAIbE ECKH BBIFOJIHOC M TEXHOJOTHYECKH TMPOABHHYTOE PEILUCHME Ui
PeanbHoM Bpemen AR 3 FOPHBIX NOPOAL.

ﬂporpauum-; KOMIIOHEHT Takuk 5 e teouuuncKol 2eoxonozuu (cM. puc. 1) paspabora npoTOTHN
JIETKO  MHTErpHposars & > HIGS ceHns Ha Android, co3nanioro Ha 6ase ¢peiiMBOpKa UIA MaLIMHHOIO
HHTEPAKTHBHOH Bmampmnmuquue 6:&‘ " MOEREE Lite. OcHoBusie ocobennoctH TensorFlow Lite Bxmouaor
UHPPOLOi $ubTpamy m;::ay /ibTaros. Henonksosanme peih VIS MOGHJIBHBIX M BCTPOCHHBIX YCTDOWHCTB, MOLICPRKKY MHOXKECTBA

YAYHLIaeT Ka4yecTBo 06paboTKH ¢ - R ——

TOUHOCTb ONpe/ie/eHts MecTo bIKOB TPOrPAMMHPOBAHHA, @ TaKKE BBICOKYIO MO

Takxe ;;P:fmsom MOG: pi BHEDX TpacC. N INapaTHOMy  yckopenuio.  [lpoToTHn  MpHROKEHHA  103BONSET

WIbHBIH TIPOrpaMMHBIH KMo 3 ’ H paboTel HeHpOHHOM

CHJIOBBIX 3/1eKTpHY R HM300pOKEHNA, YNPABIATL PEKHMAM CCTH,
JIKAP, CEKIX MM, KoTophii paGoTaet ua Gase yo D NOTOKOB 06paboTku  ycTpoiicTeo Bhinonkesus (CPU i GPU).

i SovomRsyeT MRy MOXET MoJTyyath HHGOPMALHIO O PacTO3HAHHBIX Kiaccax
Ocobetnocts 31010 KOMnohenTa 3akmouaeTcs B ero  kne

h
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OBAHHBIC METOJIbI H YCTPOHCTBA H3IMEPEHHA MapaMeTpoB
HEHTOB JIaTYHKOB, HTO MO3BOJIHIO, C MOMOIIBIO ITyGOKHX

, CYHIECTBEHHO MOBBICHTH TOYHOCTh H HANEKHOCTH MOHHTOPHHTA

HATHYHH BHEIIHHX BO3CHCTBHIA.

| CTPYKTYpa aianTHBHOH My/IbTHBEHBIETHOH ceTH 11 06paboTku

H300paXeHHH W IpyrWe JeTanu pabGoThI NPHIOKEHHS. WTO

Tammemrpaumwu 06HOBICHHS a3t
TPYAHOR KICTKH W pacliupenns ayauTopi. Bot ynoben mns
pabotact B nonynpHoM meccenmxepe Telegram u
JAOTIOIHHTE/IbHBIX MPHIIOXKEHHIA. e o

¥ ; BK/TIOHAIONAs JIONOJHATELHEE HACTPAHBACMbIE TAPaMETPhI

onba:rstn:m MOTYT OTOpAB/IATL  peH OBCKHE  Ci ETa M N03BOJIAIONIAs YUHTHIBATL PA3IHYHEIE OCOGEHHOCTH B JaHHBIX.

AHATMHPYCT MX € NOMOMBIO  IIYGOKHX  HeHpOHHE € CTPYKTYpsl  IJlyDOKHX ~ CBEPTOYHBIX HeHpOHHBIX ~ceTedl

"mewmnmuxympexomum. [lans ( u MmeauumHckux KT u PEHICHOBCKHX CHHMKOB, YTO YAYYIIHJIO
H XpaHsTcs B 3awHdpoBaHHOH (opme. BeG-untepeiic, coz OHHTOPHH! My/IbMOHOJIOTHYECKHX 3260/1eBaHHH.

:m“cmuu, TIO3BOJIACT CIELUMANMCTAM AHAIH3UPOBATH CHM ( il METOA OGHapyKeHH: M WICHTHQUKALHH Ne(EKTOB B CHIIOBBIX
YUpaBIATE  MOJb30BATC/ILCKHMH  JJAHHBIMH, DOr HHHAX Ha OCHOBe MTy6OKO# HelfpoHHOMH ceTH, uTo cnocobCTBOBANO
paspabotani wa Python ¢ Henonsosanmem peitmBopka ©XKHOCTH H GE30NaCHOCTH IKCILTYaTalHH.
HHTETPHPYS  COBPEMCHHBIC ~TEXHHKH HCKYCTBEHHOIO HH AKTHYECKHE PEKOMEH/JIALIHH
Auan;oc'mm. R HCCEPTALMOHHBIX HCCIEJ0BAHHI MOTYT HCTIO/NB30BATLCS:
HHH mcceprammn 0606mens! Pe3y/ibTabl Hay: | 3PeKTHBHOCTH re03KONIOrHYECKOT0 MOHMTOpHHra, 4ro Oyaer
Pa3paGoToK, a Takke npeacTasien Kpyr petieHHbIX B paboTe & ) ONTHMH3ALH} TIPOLIECCOB YMPABICHHA B Chepe Nre0dKONOTHH;
npoG.;eu. 3 X B 00/1aCTH aHaNM3a JaHHBIX M HCKYCCTBEHHOIO
TIPIIOMEHHN NDUBEACHB PESYALTATH  IKCIICPHMEHT OJIOTHH, 4TO CIOCOGCTBYET PasBHTHIO LIH(POBBIX TEXHOOTHIA;
paspaboTaihbix cucrem MM u axru BHCIPCHHA pe3y/IbTaToBR M { _,-“..- Ha 6a’e MHTE/UIEKTYATbHBIX CHCTEM MOHHTOPHHIA,

vy

Py : b NPE/UIOKEHB! KOMIIAHHAM, 3AHHMAIOLIMMCA 3KONOTHYECKHM
2 BbIBO/IbI AT :

OC!lomffy Jlbr;'e TPOBEICHHBIX HAYYHBIX HCCIIEAOBAHMI ObUTH T ! (IyHAPOZHOTO HAYYHOTO B3aHUMOJEHCTBHA IMyTEM pealH3alHH
L0 itiatasan it { IPOEKTOB M HCC/ICOBAHHI, HAMPABJICHHLIX HA PEIeHHE rTO0ATBHBIX
- ''POBEACH KOMIICKCHBI aHATH3 TeKYWIEro COCTOSHHA Me BB e

. l,i ] "r 3
flpotieccos. B xoze mecnesosanms 6 L] BHMA KaueCcTBAa MOATOTOBKH CIEUHATHCTOB MyTeM HHTErpalMH B

ACTIEKTR! W Npobriemu, cymiecTyloume B cepe reoak
QHANH3A aHHBIX, >~
2. Paspabotana u oGocHosar e

KOHUCMUHA HMHTErpalul MeToJC
HHTEJIICKTA B CHCTeMBI reoIKonorHyeckoro )

‘7.' AMME Bym No CreuHaTH3alHAM, CBA3aHHBIM C reo3KoNornei
MH TEXHOJIOrHAMH.
<Y
YBJIHKOBAHHBIX PABOT IO TEME JHCCEPTALIHH
‘*l-llll‘ THYCCKHH 06309 CHCTEM NOHHIWHHN MCOKONIOMHYCCKHX

TOUHOCTb HACHTHHKaLHH iy . - »

3. CMwan,,H sz reoakaoms excr] / C. H. Bepaynos, U. B. Bpakun // [TpoGieMbi asTOMATHKH H ynIp.

HHPOPMaIHOHHO- "cplrr: S MPHHUMOLL  CO3naHK 1 (49). - C. 78-93. — To xe: [InexTposmnbiit pecypc]. — Pexun soctyna:
o y . — 4 ' " tem.asp?id=67210021.

aHanuza ONOrH . Merommi MPEABAPHTENbHOH 00paGOTKH pe3yNbTaToB PHIHYECKOro

Pwﬁoxxm i e ‘ ,,,“(-" ]/ U. B. Bpakun, C. H. Bepsynos, H. M. Jlbrenxo. — Buukex:

. HCTIONB3YIOWY 7IOTOMIA TIPOCKTHORAHHA PAIHOBONHOBE 7. - 97 c. — To xe: [DnexTponnbiii pecypc]. — Pexum octyna:
wmlﬂoc:, “:C:ﬂlm’ Omnm CTROB SAEES kg/page/metody-predvaritelnoj-obrabotki.

ugih; Cling il 1 *H CpaBHHTENbHbIH AHATH3 BO3IMOXKHOCTEH  MYJ/ILTHBEHBACTHOM

b % /M JUIA petlienns 3anay nportosuposanns [Texct] / C. H. Bepay-
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Hos, H. M. JIsrgenxo // Becth. Kbipr.-Poc. Cnassh. yH-a. — 2019 1
39-45. - To xe: [JnexTpomHbii  pe 3 TEXHOJNIOTHH B HAYYHBIX HCCIICOBAHHAX: 6. MaTepuaior XIV Mex-

hitps://www library rw/item.asp?id=38171888. IR e sostvos, (Bunixex, 27-29 anp; 202217/ ors. pen.

; OB 7—5.!3:.2022-C.40|—405.—Toxe: [SnexTpoHHsiit pecype). —
4, Bepaynos, C. H. THBEHBJICTHAA NOTHMOp(Has ceT _
(i3HeCKHX wc:ym’:(x panos [Texer] / C. H. Bep yna: https://www_elibrary.ru/item.asp?id=49802438.
P : N. Device for Measuring Parameters of Coils of Induction Magnetome-
aBTOMaTHKH H ynp. — 2017. — Ne 1 (32). - C. ) 3
) . % . . Verzunov, 1. V. Bochkarev, V. R. Khramshin // Proceedings - 2020
pecypc]. — Pexum aoctyna: hitps://www.elibrary.ru/item

45 Rilssian Automation Conference, RusAutoCon 2020, Sochi, 06-12 cesr.
S Bep3yml 6 lﬂ(w&l BeHBIET-CETH ¢ O0paTHBLI 1“": 3 3
Rpdlon o :  —  Sochi, 2020, P 699-703. DOI

mumuecmmmimlpeuwnuxpm[l‘m]/&g& ; ___ ] 2 E
%0 // TipoG u ynp. - 2017. - Ne 2 (33).~ C. 5 9822.2020.9208108. — To xe: [DnexTponHsiii pecypc]. — Pe-

; e e a: hitps:/www.elibrary rw/item asp?id=44757427.
3 ?ommnpescy:c]—l’mumyuz lf oL "‘ S ’ . N. Development of line locator software component for mobile operating
clzmo. Vs A l[Tloeaa“ m] s SO“: )V N MaemL ¥ ”‘-( “ ; ]/ S. N. Verzynov, I. V. Bochkarev, V. R. Khramshin // Proceedings -
“"'“"h"" """.”"‘T S A e onal Conference on Industrial Engineering, Applications and Manufac-
formation Technology. — 2018. — Vol. 6, N 4 (23). A 2020, Sochi, 18-22 mas 2020 r. — Sochi, 2020. — P. 1-5. — DOI
10.26102/2310-6018/2018.23.4.012. — To xe: [DneKTPOHHBIA pecy M48468.2020.9112019. — To xe: [DnexTpoHHbiH pecypc]. — Pexmnm
lelibrary ru/item.asp?id=37112921 % elibrary.rwitem.asp?id=43301381.

7. Bepaynos, C. H. AnnpokcHMaiis BpeMeHHbIX PAJOB MOJH) Partial Discharge Diagnostics in Power Mains [Text] / S. N. Ver-
obpatubiMu ces3amu [Texer] / C. H. Bepsynos, H. M. Jl , V. Khramshin, M. G. Gunina // Proceedings 2023 Internation-
Mozenuposanue. — 2016, — Ne 2 (38). — C. 16-26. — To % nce on Electrical Power Engineering (UralCon), Magnitogorsk, 29
Pexan noctyna: hitps://www.elibrary.ru/item.asp?id=2628 | 2023 r, IEEE. - 2023. - P. 685689. — DOI

8. Bepaynos, C. H. TexHo/0rHs NPOTHO3HPOBAHHA IKOJIOTHUECKIL 9258.2023.10291050. — To xe: [DnekTponHsii pecype). — Pexum
xaloieli cpe/ibl Ha 6ase MyIbTHBEHRICTHOH ceTH [‘I'emx }' ww.elibrary.ru/item.asp?id=54912645.

Jlbruenxo // Becn. Kuipr.-Poc. Cnagsn. yn-1a. —2017. - T. 17. - » igent Monitoring System of Underground Cable Network Faults
2. " 10 we: [3m1po|muﬂ pecype]. - ov, I. V. Bochkarev, V. R. Khramshin // International Russian

=

9. BWWCHMMTMMWM : n), Sochi, 04-10 cent. 2022 r. — Danvers, 2022. — P. 950-955. — DOI
HHIYKUHOHHOO MarHuTomerpa [Tekcr] / B. B. Xaua (e ( 0n54946.2022.9896255. — To xe: [DnexTponnblii pecypc]. — Pe-

Kbipr.-Poc. Cnassn. yh-ra. —2017. - T. 17, Ne 5.~ C. 16 : ps: elibrary.ru/item.asp?id=50052714.

IOMMPC] Pexum noctyna: https://www.elibrary.ru/item. : mommuo&paunmyammmumnuxmumbpooo-
Bepsynos, C. H. Lingposoii TpexKoMIoHeHTHBIH HHIYKLY - : OHEF o mHAyKuMonHoro MarauTomerpa [Texer] / C. H. Bepsynos, J1.
HbiMH T-00pasHbiMH GuibTpaMu [Texcr] / C. H. Beps z B. F [poGnembi aBToMaTkH H ynp. — 2018. — Ne 2 (35). — C. 103-108. -

Hau. AH Keipr. Pecn. - 2016. — Ne 2. — C. 6-9. — To xe: [2n¢ ' [anerrpomuﬂ pecypcl. -  Pesum  joctyna:
Pexum noctyna: https://www. library .rw/item.asp?; -.q,ﬂr 'f*w y.ru/item.asp?id=36737684.

11.Bepsynos, C. H. Mmm i ‘Momuumnmpwm3brpa¢uxuwmmoauxrpa¢u-
npeasapuTenso obyuenusix CNN ans AHArHOCTHKH ECCOPOB HA MPHMEPE BHIYAIH3ALMH MOJIC/THPOBAHHA PABHTALHOHHOIO
crumkam [Texer] / C. H. Bepaynos, X. A. Paumkanos J ten [Teker] / C. H. Bepsywos, /1. A. Tokcautos // I1poGnemsi as-
ynp. —2021. - Ne | (40). - C. 12-25. — —To xe: [Ine ; —2018. - Ne 1 (34). — C. 26-35. — To xe: [DnexTponusiil pecype]. —
cryna: hitps://www.clibrary.ru/item.asp?id=45678650. yna: https:/www.elibrary.ru/item.asp?id=35590541.

IZBepcyHon,CHAnounmaponumm 1 0. H. CucreMa AMATHOCTHKH BO3HMKHOBCHHA HacTHYHOTO paspsja B
PCHTTCHOBCKHX cHuMKOB [Texcr] / X. A. Pm [X 2MEKTPOCETAX HA OCHOBE HHTE/UICKTYAIBHONO AHATH3A AAHHLIX B
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HF-auanasone [Texcr] / C. H. Bepsynos, H. B. Bouxape:
KoMmmnekcnl, — 2023, — Ne 3 (60). - C. 4-14. DONO;I pHOE MoaeMpoBanue: cGopruk marepuanos VII MexryHapoaHo#

14. - To xe: [OnextponHbili  pecypc]. ;_' i, nocsauientoii namsth C.C. Edumora, Omck, 22 nosGps

ttps.// elit . %id=54609614. : : OMCKuit rocyaapcTeenbiil yrusepenter uM. ®.M. Jloctoescko-
20.Bepaynos, C. H. PaspaGoTka mporpaMMHOr0 KOMTIOHEHTA T - 76-7’-“” RN Py s Ry, 0CTYIR:

yerpoiictsa c6opa saubix J1 KAPJ] ES02 [Teker] / C. H. B 4 v.rwitem.asp?id=43793827.
// INEKTPOTEXH. CHCTEMBI W KOMILICKCHL. — 2018, — No 2 1032 YPOBHA 3arpasHenis arMocheproro Bostyxa r. Bumkex [Texcr] /
10.18503/2311-8318-2018-2(39)-42-48. — To xe: [DnexTp Y. Benmxanosa, C. H. Bepsynos, A. B. Copokosas / Becrn.
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MAILIMATTAPAL 6amkapyy &aHa WIITEH 9BIIYY agHeT
HJIHMACPAHH J0KTOPY OKYMYIITYYIYK AAPAAKachiH

- PE3IOME

'psynosa Cepress Huxonaeswua ma temy «Paspaborka merosos
1 HaeH HKAMHH  reodKOJOrHYeCKHX MNpoueccoB Ha Oase
010 AHAJIM3A JAHHBIX» HA COMCKAHME Y4eHoil cTerneHm AOKTOpa
YK 10 crieunanbnocTH 05.13.01 — cucremubiii ananms, ynpasieHne H

PE3IOMECH

Herwsrn cesaep: xacaimMa MHTe/IEKT, Mam HHATBIK  YHpe : DBA: HCKYCCTBEHHbIH HHTE/UIEKT, MauwnHHOe obyuenwue, obpaGoTka

HIUTEMl YBIryy, re03K0JOTHANILIK MOHHTOPHHT, Maa/lbiMa’ PAbL & FHYECKHH MOHHMTODHHT, NpeBapHTE/LHAL obpaboTka HHPOpMaimu,
MaaIbIMATTAPAB  KNACCHPHKAUMANIOO,  KOHLENLMS, 1po TAHHBIX, KOHLENLHA, IPOrHOCTHYECKHE MOJIC/IH, YTIPABICHHE JAHHbIMH.

MalbiMaTTap/sl Gawkapyy. ol e DBAHMA: MCTOIbI  CHCTEMHOTO — aHANH3A, KOMIBIOTEPHOC

H3uwanee metomtopy: cucremansik Tanaoo m OZUI0PY, KOMIIE BaHHE, METOAB  0O6paGoTKH IKCNEPHMEHTANBHBIX AAHHBIX, a TaKKe
IKCNCPHMCHTANALIK MAANBIMATTAP/Ib HIITEN YBIIYY METOMO Dy, © TEXHONIOTHH MCKYCTBEHHOrO HHTE/LIEKTa M KpocCIuIaTOpMEeHHOTO
RacaiMa HHTCIUICKT aHa KPOCCTLIAT)OPMANBIK IPOTPAMMAIIOO Te H

H311100HYH 061LEKTHCH - Fe0KONOTHAILIK IPOLIEC

H3wuteonyn npeamern - reoskosorusisik
METO/IOPY KaHa KapakaTTapsi.

H3wnneenyn makcarss - HHTEJUIEKTy AN IbIK
TY3YY apKbLlyy reodKONOrHANLIK NpoueccTepan aHBIKTOO M2
HATBIAATYY Ty Ty H Koropynaryy Y it

ATLIHIAH HATLUTARNAP XaHA ANAPALIN AAHBLLILITBL, [ec
abanbia - MOHHTOpHHT KbUTYyy GOIOHYa KaHBl  KOHLEMIM:
FCOIKONOHANLIK MPOLECCTEP/IMH NApaMeTP/EPHHE MOHHTO
YAYH KOMILIKCTYY uewnm Gonyn cananat. MoHHTOpHHT
KOMIIOHEHTTEPHHHH NapaMeTP/ICPHH TakKTan aHBIKTOOTO A SHBIX KOMIOHEHTOB JaT4HKOB, MO3BOJMIOMIMIA B /BAa pa3a TouHee
METOA CyHymTanasl, Gyn meron KOKYCyHaH naitaa 6osre ; | MHAYKTHBHBIX KOMIIOHEHTOB JaTYHKOB MOHHTOPHUHTA B YCIIOBHAX
TanaanapabiH WapTTaphitaa MHIYKTHBIYY KOMNOHEHTTEp : AHBIX (POHOBBIX O/ICKTPOMATHHTHBIX nofieil. [Ipeatoxed HOBbIF
Tak  aHBLIKTOOro MYMKYHAYK  GepeT. MMKpOTONKVHIVY M| TIPOLECCa NPOCKTHPOBAHHA MHKPOIOIOCKOBBIX aHTEHH /U1 BhiGopa
INEMCHTTCPHHUH KOHCTDPYKUMANbIK Mﬂw " HBHbIX CCSR- 5/eMeHTOB MMKPONOIOCKOBBIX anTenH. PaspaGorana
AaHB KONy  CyHymwrTangs, AnanTHBayy  mynsTHBEHBRCT HPOBAHHA TEOIKONOTHYECKHX BPEMEHHBIX MOC/ICA0BATENHHOCTE!,
CTPYKTYPAChiHA HETH3ACNreH re0IKONOrHAThIK )’5““1" - HOBO#H CTpyKTYpe ananTuHOH My/bTHBe#iB/IeTHON ceTH. PaspaGoranm
MCTOAMKACH MINTENHN YLIKTHI, Me/MUHHATBIK reo3Ko; ”" i MOHHTOPHHI'a Ha OCHOBE HCKYCCTBEHHOTO MHTE/UICKTa B chepe
BIKYaM AMArHOCTHKAN0O0ro APHANIAH XACAINE HETeNNe “ RN HH, NPeAHA3HAYCHHbIC /U4 onepaTHBHOM auarnocTaku COVID-
MOHHTODHHI CHCTeManaptt Hurremn wsikTy, v \

Huccepraumansix H3HIe6pPaYH ! Wm HCC/ICIOBAHMI  MOTYT HCMOJB3OBATHCK  JUIN

EKTHBHOCTH  PCODKOJIOTHYECKOrO  MOHHTOpHHra, 4to  Gyaer
IMH3aLHH NTPOLICCCOB YNPABICHHS B CPEpe re0IKONIOMHH.

SI: FCO3KOJIOTHA, HHXCHEpHan I"CO¢H3HK8.

51 ABJAIOTCH MEOIKOJIOTHYECKHE MPOLIECTHI.
OHHTOPHHI OM HCCACAOBAHMS SBIAIOTCA HHTC/LICKTYQIbHbIE METOILI M CPeACTBA
Vv Or0 MOHHTOPHHIa.
o, J1e110B: ABNIAETCA MNOBbIlIeHHE >PPEKTHBHOCTH pemieHHs 3amav
ECKHX MPOLIECCOB MYTEM CO3aHHA HHTEUIEKTYaIbHBIX
H ICPHTEJIBHBIX CHCTEM.
€ Pe3yALTATHI M MX HOBHM3HA. [Ipe//IOKEHA HOBAS KOHLEMIMA
i cHeTe MOHHTOPHHIA COCTOSHHA TIeO3KOJNOTHYeCKOH Cpeasl,
i COOli KOMIUIEKCHOE peleHHE ANd MOHMTOPHHrA M  aHATH3a
: X mpouiecco. OGOCHOBAH HOBBIi METOX M3MEpEeHHS

AATBIMAT XK
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