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Cexkiuga — MeToabl, MOJEJH U AJITOPUTMBI 00padOTKH
uH(poOpMaLUH

YJ1K 004.852
3aiiueB Makcum JImutrpueBud, XomyTckasi Onbra BianuciaBoBHa,
Komnbuio Jlenuc AnexkcanapoBud

BU3YAJMU3ALUSA ®POHETUYECKUX OTHOUNIEHUI:
KOMILIEKCHBIN AJITOPUTM NPEJABAPUTEJIBHOI'O AHAJIM3A
OBYYAIOIIUX AYINOJAHHBIX

Lenvto dannou pabomol seisiemcs paspabomKa arcopumma eu3yaiu3ayuu OJis
npeosapumesbHo20 AHAIU3A 0OVHAIWUX OAHHBIX 8 MOOEISAX ABMOMAMULECKO20 PAC-
noszuaganus peuu (ASR) na npumepe nabopa oannvix TIMIT. 3a0auu pabomsi exio-
yaiom u3enedenue ayouoPpacmMeHmos, CneyupuuHslx 0isi KOHKPEemuou poremul, Noy-
yeHue men-Kencmpanvuvix ko3gpuyuenmos (MFCC) ona cnekmpanbHuix xapaxkmepu-
CMUK U NpUMEHeHUe aneopumma cHudxcenus: pasmeprocmu t-SNE 05 08yxmepHoii eu-
syanuzayuu. Tlonyuennas uzyanuzayus Gbleasien CI0NHCHbLE 83AUMOCEA3U MeHcOy Po-
HeMmamu, KOmopbule 8bIX00AM 3 PAMKU AKYCMUYECK020 cX00cmaa. AHanu3 0emMoHCcmpu-
pyem 8adCHOCMb Yuema apmuKyIAYUOHHBIX, AKYCMUYECKUX U NepYenmueHblX AcneK-
Mo 38YK08 peyu npu ooyuenuu u oyenke mooeneu ASR. Xoms susyanuzayus e oaem
OOHO3HAYHBIX 8bIBOO0E O CMPYKMYpe OAHHbIX, OHA NOOYepKUBaem HeoOX0OUMOCHb
oanvHetue20 u3yyeHusi 0ONOIHUMENbHBIX XAPAKMEPUCTIUK U CEOUCME OISl IYUULe20 No-
HUMAHUSL U OMPAACEHUL MOHKOCMeETl Yel08eYeCKOl peUl.

Aemomamuueckoe pacnosnasauue pedu, aieoOpumm GU3YaIU3AYUU, Oamacem
TIMIT, mel-cepstral kosgppuyuenmot, cnusxcenue pasmeprocmu, t-SNE, kraccuguka-
yusi ghonem, aKycmuyeckoe cxo0Cmeo, apmuKyJIsYUOHHble CEOUCMEA, NEPYENnMUBHbLE

ceolicmaa.

Zaitsev Maxim Dmitrievich, Khomutskaya Olga Vladislavovna,
Kopylov Denis Alexandrovich

VISUALISING PHONETIC RELATIONSHIPS: A
COMPREHENSIVE ALGORITHM FOR PRE-ANALYSIS OF
TRAINING AUDIO DATA

This study aims to develop a visualization algorithm for preliminary analysis of
training data in automatic speech recognition (ASR) models, using the TIMIT dataset
as an example. The research objectives involve extracting phoneme-specific audio
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fragments, obtaining mel-cepstral coefficients (MFCCs) for spectral features, and ap-
plying dimensionality reduction (t-SNE) for 2D visualization. The resulting visualization
reveals complex relationships between phonemes that go beyond acoustic similarity.
The analysis emphasizes the importance of considering articulatory, acoustic, and per-
ceptual aspects of speech sounds when training and evaluating ASR models. Although
the visualization does not provide unequivocal conclusions about the data structure, it
highlights the need for further exploration of additional features and representations to
better understand and capture the intricacies of human speech.

Automatic speech recognition, visualization algorithm, TIMIT dataset, mel-
cepstral coefficients, dimensionality reduction, t-SNE, phoneme classification, acoustic
similarity, articulatory properties, perceptual properties.

BBenenne

B mocnennee necarusieTMe TEXHOJIOTHMHM TIIYOOKOTO OOYyYEHUS MOIYYUIIH
MIMPOKOE PACTIPOCTPAHEHUE U MPUMEHEHHE B PEIICHUM pa3JIMYHbIX 3ajad4, Ona-
rojiapsi yeMy ObUIM JOCTUTHYTHI BBIIAIOIIMECS PE3YIbTaThl B 00J1aCTH KOMITbIO-
TEPHOTO 3peHMs], 00PaOOTKH €CTECTBEHHOIO SI3bIKA, PACTIO3HABAHUS PEUYU U MHO-
rux apyrux [1, 2, 3, 4, 5].

HecMoTps Ha 3HAUUTENBHBIE TOCTHKEHUS, pa3paboTKka MOeIel TIIyOOKOTo
0oOy4eHHs - CIOXKHBIN U TPYIOEMKHI TPOlecC, He UMEIONTUH YHUBEPCAIBHOTO
noaxona. KadecTBo nmporHo3upoBanus MoJeNei rimy0oKoro o0yueHus BCe elle
MO>KET HE COOTBETCTBOBAThH OXKHUIAHUSIM, BO3MOKHO, M3-3a BHIOOpA HEMIPABUJIIb-
HOW WJTM CITMIIKOM YIIPOIIEHHOW apXUTEKTYPBI Ui aHAIN3a CJIOKHBIX JTaHHBIX.
Eme oqauM cepbe3HbIM NMPENITCTBHEM B IITyOOKOM O0yUYE€HHH SIBIIIETCSI HEOOXO-
JUMOCTh OOJBIIIOTO KOJMYECTBA JAHHBIX I OOyYEHUS MOJIETH, KOTOpHIE
JIOJKHBI OBITH COOpaHbl, 00paboTaHbl U pa3MeueHbl. PyuHas pa3MeTka JTaHHBIX
MOXKET IMPUBECTH K MHOTOYHCIIEHHBIM OImMUOKaM, 0COOEHHO mpu paboTe co cre-
[IAAJTM3UPOBAHHBIMHU TIPEAMETHBIMH OOJIACTSMHU, YTO YBEIMYUBAET CTOMMOCTH
oOy4eHHS U HETaTHBHO CKa3bIBAETCS HA €ro pe3ysbrarax. Kpome Toro, o0ydaro-
X HA0Op TaHHBIX MOXKET COJAEPKaTh 3alTyMJICHHbIE, HeCOaTaHCUPOBAHHbIE U
aHOMAaJIbHBIC JaHHBIC. DTU MPOOJIEMBI MOJYEPKUBAIOT BaXKHOCTH TINATEIHHOTO
MIPEABAPUTEILHOTO UCCIICIOBAHUS 00YUaIONINUX JAHHBIX Mepe]] 00ydeHueM Mo/ie-
JIEH.

Takoe uccienoBanne BKIIOYAET aHAJIM3 paclpe/iesieHus JTaHHbIX, 0OHapy-
KEHUE aHOMAJIMW, U3YYCHHE CTATUCTUYECKHX CBOWCTB U BBISBICHHUE JIFOOBIX
HECOOTBETCTBUH B pa30MECHUU JTAHHBIX. AHAIH3UPYS €r0 Pe3yJIbTaThl, UCCIENIO0-
BaTeld MOTYT TPHUHHMAaTh OOOCHOBaHHBIE PEIICHUS O TOM, CTOUT JIH
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AKCIIEPUMEHTUPOBATH C CYIIECTBYIOIIMMHU MOJEISMHU, BKIIOYATh JIONOJHUTEIb-
HbIE TApAMETPhI WK IEPEXOAUTH K O0JIee CI0KHBIM apxutekTypaM. OJIHaKko aHa-
JIU3 COBPEMEHHBIX MEIUAJJaHHBIX C MOMOIIbIO CTATUCTUYECKUX METOJIOB MOXKET
OBITH CJIOHBIM M3-32 UX MHOTOMEPHON (POPMBI, YTO TPeOyET ONpeieTICHUsI COOT-
BETCTBYIOIIUX MMapaMeTpoB IS aHanu3a. g pemieHus 3To mpoOaemMbl uccie-
JIOBATEJIM MOTYT OTOOPa3UTh BRICOKOpPa3MEpHBIE JaHHbIE B HU3KOPAa3MEpPHOE Mpo-
CTPAHCTBO, YTOOBI NMPUMEHUTH KJIACCUYECKHUE UHCTPYMEHTHI CTATHUCTUYECKOIO
aHaIM3a U BU3YaJIM3allMK, COXPAHUB MPU STOM BXXHYI0 HHGOpMAIIHIO. ITOT Me-
TOJI OTOOPAKEHHUS XOPOIIO OTPabOTaH U YCHEUTHO MPUMEHSIETCS JIJIsl IpeaBapu-
TEJILHOTO aHaJIN3a TaOJMYHBIX JaHHBIX U M300paxkeHui [6].

OnHako pa3paboTKa CUCTEM aBTOMATHYECKOTO PACIO3HABAHUS pEYH Tpe-
Oyet 0OoJiee CIIOKHOW M OTBETCTBEHHOM MPOIEAYPhI IPEIBAPUTEIHLHOTO aHATN3a
o0ydJaronmx JaHHBIX, MPEJICTABIAIONMX co00i Habop aymuodaiinos. Bo-mep-
BBIX, ayJIM03alMCU HEOOXOIMMO MPOCIYIIaTh, YTOOBI TPOBEPUTH MPABMIHBHOCTD
Pa3METKH JaHHBIX, YTO MOXKET OKa3aThCsl CIIOKHOM 3a/1aueil TIPU OIIEHKE OT/IEIIb-
HbeIX ¢oHeM. Bo-BTOpBIX, U3 ayaunodaiiioB HEOOXOAMMO U3BJIEUb MOJIE3HBIE Xa-
PAKTEPUCTUKH, OTPAKAIOIINE CIIEKTPAIbHBIE XAPAKTEPUCTUKU YEIOBEYECKOM
peyu, B TO BpeMs KaK ayJu03aluCcy MOTYT Pa3aIudaThbCs 10 MPOJOJKUTETLHOCTH,
YTO CO3/Ia€T TPYAHOCTHU MPHU MPEIBAPUTETHLHON 00pabOTKE U M3BJICUCHUN XapaK-
TepucTuK. Kpome Toro, mHTepnipeTaiys Bu3yaanu3aiil Ha ypoBHE (OHEM MOXKET
OBITH 3aTpyAHEHA U3-3a CI0KHOCTH (POHETUUECKOU KJIacCU(PHUKAIIUU.

st pemienust 3TuX TmpoOiemM Obul pa3paboTaH KOMIUIEKCHBIN aaropuTM
IIPEeIBApUTETHLHOTO aHAIN3a 00YUaIOIIUX ayJHUOIaHHBIX C YYE€TOM BBIIICYTIOMSI-
HYTBIX OOCTOSTEIHCTB. AJITOPUTM HCHOJB3YET AJTOPUTMBI BBIYUCICHUS MeEJ-
kenctpaibHbIx K03 dunnentoB (MFCC) u nonmxenus pazmeproctu t-SNE st
MOJTyYEeHHS] HU3KOPa3MEPHOU U perpe3eHTaTuBHOM (hopMbI ay1uoanHbIX. [Toy-
YEHHBIC BU3YaAJIM3AIMK OB MPOBEPEHBI HA MPUMEHUMOCTh B aHAJIU3E JTAHHBIX
MIPEABAPUTEILHOTO OOyYEeHHsSI C HCIOJIB30BAHMEM OOIIEOCTYITHOTO Habopa
ayauozanuceit peun TIMIT.

OcHoBHas YacTh

Jiis 00yueHust MoJiesel riryOoKoro 00y4yeHHs B CHCTEMaX aBTOMAaTHYECKOTO
pacro3HaBaHUsI PEUU UCTIOIB3YETCS PEYEBOM KOPITYC, KOTOPBINA MPEICTABIISIET CO-
Ooli 6a3y JaHHBIX ayIu0(aiIoB U COOTBETCTBYIOIINX UM TEKCTOBBIX TPAHCKPHII-
unil. TpaHCKpHUIIIUKA MOTYT UMETh HECKOJIBKO JIMHTBUCTUYECKUX YPOBHEN, TAKUX
Kak (oHeMbl, c0TH, (hpasbl WM MPEAJIOKESHUS, YTO MO3BOJIAECT UICHTUDHUITHPO-
BaTh (PparMeHTHI, COACpIKaITUe IPOU3HOIIECHUS HYKHBIX JIMHTBUCTUUECKHUX €U~
HUII.
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Ha momeHT my0nukaium HacTosiet paboThl B MyOJIMYHOM JIOCTYIIE€ HET pe-
YEeBbIX KOPITYCOB Ha PYCCKOM SI3bIKE€ C (POHETHUECKOW TpaHcKpumuuen. OTcyT-
CTBUE TaKOW TPAHCKPUIIIUU ABJISIETCS CYLIECTBEHHBIM OTPaHUYCHUEM JJIs allpo-
OMpPOBaHUS OMUCHIBAEMOT0 AITOPUTMA CTATUCTUYECKOIO aHallu3a U BU3yalln3a-
I[UH, TIO3TOMY B HacTosIIel paboTe ObUT BRIOpAaH PEUEBBIX KOPIYC aHTIUHUCKOTO
sa3pika TIMIT Dataset [7]. DToT kopriiyc BKItOYaeT B ceOst O0JIbIIOE KOJIUYECTBO
aynuo3anuceil ¢ 3anucaMu (GOHETHYECKH Pa3zHOOOpa3HbIX NpesioxeHuid. Bee
CIIUKEPHI ABJISIIOTCS HOCUTENSIMA BOCbMU OCHOBHBIX JTUAJIEKTOB aMEPUKAHCKOTO
AHTJIMKUCKOTO.

J1yist paGoThI ¢ peueBBIMU KOpITyCaMu HEOOX0MMa eIMHAasl CUCTEMa MapKu-
poBkU (poHEM, W NIl aHTJIMACKUX 3BYKOB B CHUCTEMax paclO3HABAHHS pPEUU
00bIYHO Hcnoab3yercs Gonernueckuii andasur ARPAbet, B ocHOBe KOTOpOTO
Mexnaynaponnbiii oHeTnueckuit andasut (MDA).

JIyist BU3yaliu3aluu B IByX- WJIM TPEXMEPHOM MPOCTPAHCTBE, BCE aKIM03a-
ITUCH JIOJDKHBI OBITH CHayvajia MPUBEJEHBI K OJJMHAKOBOM JIJIMHE 0€3 yiiepoa s
JANbHENIIEr0 M3BJICYEHUS! aKyCTUYECKUX MPHU3HAKOB. AyYJIHMO3alHUCH MOXKHO
MPEJICTaBUTh B BHUJEC BEKTOPOB W3 R™, rae n — JiMHA CcaMOM JUIMHHOTO
aynuodaiina. [y Toro, 4ro6sl 3TO OBUIO CIIpaBeUIMBO 7Sl Beex (aiiioB, pas-
MEPHOCTh KOTOPBIX HE OJIMHAKOBA, K KaXJ0MY (hailily KOHKaTeHUPYETCsI BEKTOD,
COCTOAIIMN U3 HYJIeH, TaK, 4TOOb! (hMHATBHAS JJIMHA HOBOTO BEKTOpa ObLIa OB
paBHa N.

3areM KaXII0M MOJy4YeHHBI BEKTOp HEOOXOJMMO MPENCTaBUTh B (OpMeE,
IPUTOJIHOM JIJIsl TaJIbHEHMINETr0 aHaIn3a aKyCTHYCCKHUX pa3Iuduil Mexay (oHe-
MaMu. Jlpyrumu ciioBaMu, HYy>KHO HAalWTH Takyio (popmy mpecTaBiIeHUs JaHHbBIX,
KOTOpas oTpaxkayia Obl yHUKaJIbHBIE CIIEKTPATIbHBIE XapAaKTEPUCTUKH ayJIUO CHUT-
HaJa.

B nocnennee BpeMs MUPOKYIO MOMYJISIPHOCTH MOIYYHIT AJITOPUTM BBIUUCIIC-
HUs Men-kenctpanbHbix KoddduimentoB (MFCC), KoTopbiii UMEET PsiJ MPEeUMy-
IIECTB TSl aHaIM3a YesioBeueckor peun. K HUM MOXXHO OTHECTH CITOCOOHOCTH
VUYHUTHIBATH JIOTAPU(DMHUUECKYIO MPUPOJY UYETOBEYECKOTO CIIyXa, 3aXBaThIBATh
BKHYIO CIIEKTPAJIbHYIO0 MH(OpPMAIMIO B IHAMA30HE YACTOT C MCIOJIb30BAHUEM
TPEYTOJIbHBIX (DUITBTPOB U OCTABATHCSI YCTOWYUBBIM K ITyMYy U IPYTUM HCKaXKe-
uusm [8]. Kakoit Obl anropuT™ HpeCTaBACHHs ayIHOJaHHbIX HEe ObLI BBIOpaH,
BBIXOJTHAs (hopMa Bce Tak xe OyJeT MHOTOMEPHOM, YTO 3aTPYyAHSIET CTaTUCTUYE-
CKHI aHAJIN3 ¥ BU3yaJIN3aIlUIO JaHHBIX. [|JIs1 9TOT0 HYKHO HY>KHO PUMEHUTH aJl-
TOPUTM MOHIKEHUS PAa3MEPHOCTH, KOTOPBIN COXPAHUT OTHOIIEHUE MEXTY BBICO-
KOpa3MEpHBIM ¥ HU3KOPa3MEPHBIM MPEICTABICHUEM JaHHBIX.
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B sTom ciydae nenecoo0pa3Ho MCMOIb30BATh AJITOPUTM CTOXACTHYECKOTO
BJIOJKEHHUSI cocefiert ¢ t-pactpenenenueM (t-SNE), KOTopblil BRISIBISIET HETUHEH-
HbI€ CBSI3M B MHOTOMEPHBIX JIaHHBIX U MPOCLUUPYET UX B HU3KOPA3MEPHOE IMPO-
CTPAHCTBO, MOJICIIUPYSI CXOACTBO MEXKYy TOUYKAMU JAHHBIX B BUJIE€ YCIOBHBIX Be-
POSITHOCTEN M CTPEMSICh MUHUMHU3UPOBATH PACXO0KICHHUE MEXTy MHOTOMEPHBIMU
U HU3KOpa3MepHBIMU pacnpeneneHusiMu. [lo cpaBHeHHIO ¢ APYyTUMH METOJAMH,
t-SNE s¢ppextuBHO OTpakaeT JIOKaJIbHbIE 3aBUCUMOCTH B JAHHBIX, COXPAHSET OT-
HOCHTEIIbHBIE PACCTOSHUS MEXIY TOUYKaMH JIaHHBIX U oOecrieuyuBaeT Oojiee 1H-
TYUTUBHYIO BU3YaJU3alMIO CIOKHBIX HAOOPOB JIaHHBIX IyTEM BBISIBJICHUS KJla-
CTEPOB U 3aKOHOMEPHOCTEN, KOTOPhIE MOTYT OBITh TPYIHO PA3IMYUMbl B HCXO/I-
HOM BBICOKOpPa3MEpHOM IpecTaBiicHuH [9].

Takum oOpazoMm, mpeodpa3oBaHue ayaHO JAHHBIX B (HOPMY, IPUTOTHYIO IS
CTATUCTUYECKOTO aHajJu3a M BU3YyaJM3allMK MPEICTaBIACT U3 ce0s mocieaoBa-
TEIBHOCTH CIICAYIOIINX BHIYUCICHUM:

1) mpuBeneHUE BCEeX ayano3anucel K OJJMHAKOBOH JITHHE;

2) BBIYMCIICHHE MEJI-KCTICTPAIBHBIX KOI(DMUIIMCHTOB I KXKIOH ayHo-
3armcy;

3) NOHMKEHHE Pa3MEPHOCTH IMOJYUYCHHBIX MEN-KEICTPaIbHBIX KO3 (H-
IIUEHTOB C MOMOIIbIO anropuTtma t-SNE.

[Tpumenenune pa3pabOTaHHOTO AITOPUTMA TTO3BOJIHIIO MOJTYYUThH BU3yaln3a-
[IUU, U3yYCHHE U UHTEPIIPETAINS KOTOPHIX MO3BOJIUIIA JAJIA [IEHHbBIE CBEJICHUS O
B3aMMOCBSI3SIX MKy (pOHEMaMH Ha OCHOBE UX aKyCTHUYECKHX CBOWCTB.

B Busyanmzanuu HekoTOopblie (pOHEMBI 00pA30BBHIBAIM pPA3IUUYUMbIE KJla-
CTEpbl HA OCHOBE MX aKyCTHYECKOTO CXOJCTBA, IPUYEM TPU OTHOCUTEIBHO YeT-
KUX KJacTepa MPEeJCTaBIsIN (PpUKATUBHBIC, TJIACHBIE U TIOJNYTJACHBIE 3BYKH.
HazanbHble 3ByKH OKa3aIHCh PSIIOM ¢ (PPUKATUBHBIMU U MOTYTIACHBIMU 3BYKAMHU
U3-32 UX OOIIMX COHOPHBIX XapaKTepUCTUK. B3phIBHBIE COTTaCHBIE Pa3eIHINCh
Ha MOJKJIACTEPHI, BO3SMOXKHO, CBSI3aHHBIE C PA3IMYUSIMU B apTUKYJISAIUU U O3BY-
yuBanuu. Addpuxatel, obagaronme CBONCTBAMU KaK B3PBIBHBIX COTJIACHBIX,
Tak U (PUKATUBHBIX, OKA3JIUCh PACCESTHHBIMU CPEN IPYTUX KIIACTEPOB, BEPO-
SATHO, U3-32 X MAJIOUYMCIICHHOCTH B HA0OpE TaHHBIX. DTH HAOIIOAaeMbI€ 3aKOHO-
MEPHOCTH MOKHO OOBSICHUTH (DOHETUIECKUM CXOJICTBOM M PA3TMUUSIMH B apTHU-
KYJISIMOHHBIX M aKyCTHYECKUX CBOMCTBAX Pa3InYHbIX KiaccoB Gonem [10].

HecMoTpst Ha OTCYTCTBHE YETKO PAa3TMUUMBIX KIIACTEPOB JJISI HEKOTOPHIX
KJ1accoB (hOHEM, BU3yaIH3allns MTOKa3aia IIaBHOE: aKyCTUUECKH MOX0KUE 3BYKH
OKa3bIBAJIUCH PSAIOM JIPYT C APYroM, o0paszys kiaactepbl. OHAKO aITOPUTM HE
MOJIHOCTBIO OTPa3uil Jpyrue OCOOCHHOCTH (HOHEM, JIeKallie B OCHOBE
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doHeTHUEeCcKOM KIaccupUKAINK, TAKUE KaK apTUKYJISIIMOHHBIE U TEPLIETITUBHBIC
CBOMCTBA.

APTHUKYISIIMOHHBIE XapaKTEPUCTUKU OMKCHIBAIOT CIIOCO0 M MECTO apTHKY-
JISIMU B TOJIOCOBOM TPAKTE. DTH XapaKTEPUCTUKHU BKITIOYAIOT TAKHE aCIIEKThI, KaKk
BUOpAIUs TOJIOCOBBIX CBSI30K, HAJIMUYKE CY>KCHMsI WJIM 3aKPBITUS B TOJOCOBOM
TpakTe, a Tak’K€ KOHKPETHOE MECTOTOJIOKEHHE ITOTO CYKEHHUSI MJIM 3aKPbITHSI.
[lepuenTuBHbBIE CBOICTBA, C IPYTOM CTOPOHBI, BIUSAIOT HA TO, KaK JIFOJIU BOCIIPH-
HUMAIOT 3BYKHU peud. HekoTopble akyCTUUECKH MOX0XKHE 3BYKH MOTYT BOCIPH-
HUMATBCA JIIOJIbMH KaK OTJIeJbHbIE (POHEMBI, B TO BpeMsI Kak JAPyTrHe MOTYT BOC-
NPUHUMATHCS KaK CIrPyNITUPOBAHHBIE BMECTE.

BoiBOABI

B nannoit pabore Obu10 pa3zpaboTaH U MPUMEHEH KOMIUIEKCHBIM alrOpuTM
JUTSL TIpEIBAPUTEIILHOTO aHallh3a 00y4arolmux ayauojaHHbiX. [lomydeHHble pe-
3yJIbTaThl MOYHO CBECTH K CJICIYIOIIUM OCHOBHBIM IMOJOKEHUSM:

1. TlpemnoxeHHbI anropuT™ 3h(HEKTUBHO U3BIEKACT YHUKAIbHBIE aKyCTH-
YECKUE XapaKTEPUCTUKU U YMEHBIIAET UX PA3MEPHOCTh, COXPAHSIS IIPU 3TOM HUC-
XOJIHbIE 3aBUCUMOCTH U 3aKOHOMEPHOCTH, OTIPEEIISIONINE aKyCTHUYECKOE CXO/I-
CTBO 3BYKOB;

2. Cxoxwue 1no 3Byu4aHuto (poHeMbl 00pa3yoT CMEKHBIEC KJIACTEPhl B BU3YyaJlU-
3a1u, TOTYEPKUBAsi OCHOBHYIO CTPYKTYPY JaHHBIX U B3aUMOCBS3U MEXKIY pa3-
JTUYHBIMU KJIaccamu (poHeM;

3. K memocrarkam anroputma OTHOCHTCSI TO, YTO OH HE YUUTHIBACT JIPyTHe
OTJIMYUTENbHBIE 0COOCHHOCTH (DOHEM, KOTOPHIC JIEKAaT B OCHOBE Kiaccuduka-
IIUH, TIPEJIOKEHHONU (POHETHCTAMH, TaKHe KaK apTUKYJISIIUOHHBIE OCOOEHHOCTH
U TIEPIIEITUBHBIE CBOWCTBA.

B 3axmrodenue, moslydeHHbIE Pe3yJbTaThl JEMOHCTPUPYIOT 3(PGhEKTHB-
HOCTh TPEIJIOKEHHOTO JITOPUTMA B BBISBICHUU aKyCTHYECKUX CBS3EH MEXKITY
dboHEMaMU, HO TAK)KE TIOTYEPKUBAIOT HEOOXOAMMOCTh JAIBHEUIIINX UCCIIE0Ba-
HUN 1 10pabOTOK JIJIsl y4eTa JOMOJTHUTEIBHBIX aCTIEKTOB Ki1acCUpuKauu (hoOHEM.
JlanHast paboTa BHOCUT BKJIAJ] B MMOHUMaHWE aKyCTHYECKUX CBOWCTB (hOHEM H
MMeeT TOTCHIIMAIbHOE TIPUMEHEHHE B pa3paboTKe 00Jiee TOUHBIX CUCTEM aBTO-
MaTHYECKOTO PaCro3HABAHUS PEUH.
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P®OPMUPOBAHUE CUHTETHYECKHUX JAHHBIX IS OBYYEHUSA
CHUCTEMBI OIIEHKU KAYECTBA CEOPKH JIETAJIEN

Huoice npuseoen memoo gopmuposarusi cunmemuueckux OauHbIX 0Jis1 00VUeHUs.
HeUupoHHOU cemu (Oanee — Hetipocemyv) pacno3Haeams cywecmayiowue 00vekmol. Jam-
HbILL MemOoO NPU3EaH YRPOCMUmMs NPoyecc COCMAasieHusi Ha4aibH020 Habopa OAHHLIX U
€20 usMeHenuss OJisl OAIbHelue20 UCNOIb308AHUL 8 KOMNbIOMEPHOM 3peHuu. B kaue-
cmee 0bpaszya obvexma OJisi pAcnO3HABAHUSL UCHONIL3YEMC sl HANeYAMAHHbIL ¢ NOMO-
WbI0 AOOUMUBHBIX MEXHOA02UL peOYKMOp A8UAYUOHHO20 08ucamels. Tpexmephbie mMo-
oenu 3azpyarcanucy 8 mpexmepuslil peoakmopa Houdini, 20e ¢ nomowwio noonpocpamm
(Oanee — ckpunmwt) Ha Python coxpansinace xonnexyus uzobpascenuii demanu Ha pas-
Hom ¢hone. Tlonyuennviii HAOOP OAHHBIX UCNOTIL30BACA 0151 OOVUEHUSL MPeX PA3TUYHBIX
HEUPOHHBIX cemell, a NOJYYeHHble Pe3yIbmanmvl AHATUIUPOBAIUCDH OJIsl BOZMONCHOCIU
OdanvHeliuie2o UCnoab308anusi 0aHno20 memooa. IloopobHo nokazan npoyecc co30anus
CKPUHUWLOMOG U Pe3yIbmam pacno3HABAHUSL HANeYAMaHHOU 0emaiu ¢ NOMOWbI0 mpex
HeUPOHHBIX cemell.

Pacnosnasanue obvexma, komnvlomeproe 3penue, dgueamenecmpoenue, mpex-
mepuwtil pedaxmop, Houdini, Python, reiponunvie cemu, mawunocmpoenue, npouszoo-

cmeo.

Zaitsev Maxim Dmitrievich, Khomutskaya Olga Vladislavovna,
Kopylov Denis Alexandrovich

FORMIROVANIY SINTETICHESKIKH DANNYKH DLYA
OBUCHENIYA SISTEMY OTSENKI KACHESTVA SBORKI DETALEY

The article presents artificial formations for a neural network (hereinafter referred
to as a neural network). This method offers a simplified process for compiling an initial
dataset and modifying it for widespread use in computer vision. As an example of an
object for use, additive technologies of a geared aircraft engine are used. Three-dimen-
sional models were loaded in the Houdini three-dimensional editor, where a collection
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of screenshots of parts on different backgrounds was saved using a subprogram (herein-
after referred to as the script) in Python. The resulting network dataset is used to train
three different neural networks, the results are analyzed to be able to use this method.
The article describes in detail the process of creating screenshots and the result of de-
tecting details using three neural networks.

Obiject recognition, computer vision, data science, aviation engine assembling, 3D
editor, Houdini, Python, neural networks, mechanical engineering, manufacturing.

BBenenue

CoBpeMmenHbIe qaTaceTh (dataset — HabOp JaHHBIX ) U300pAKECHUH MPEICTaB-
JSI0T COO0# COTHHU THICSIY M300paKEHUH C JAecsITKaMu KiaccoB. JlaHHBIC /st Ta-
KX HAOOpOB OTOMPAIOTCS M pa3MEUalOTCs B TSUCHHE JITTUTEIHLHOTO TIEPHOJIa Bpe-
MEHH, YTO MOXKET CTOMTh OOJBIINX (PMHAHCOBBIX 3aTpat. B pse obmacreit ucce-
JI0BaTe HAYMHAIOT TPUMEHSATh CHHTCTHUSCKHE UCXOIHbBIE JTaHHBIC ISl 00yde-
HUSl HelpoceTed, 4TOObI MOBBICUTh Ka4eCTBO TOJydYaeMbIX MPOTHO30B Ha JCH-
CTBUTEIIbHBIX N300paKCHHUSIX.

B ob6nacTi MammHOCTPOCHUS MOYyYCHHE TIOJHOIIGHHOTO Ha0opa TaHHBIX B
PCATBHBIX YCIOBUSIX MPEACTABISET COOOM MPAKTUUECKH HEpEIIaeMyto 3a1ady u3-
3a TPYJHOJOCTYITHOCTH WJIA OTCYTCTBHS 3aKOHYCHHOTO OOBEKTA.

CymiecTByeT BO3MOKHOCTh BOCIIOJIb30BAaTHCS METOZOM CHHTE3a JaHHBIX, TaK
KaK TaKoW TIOJIX0J] MOXET UMETh CYIIECTBEHHBIC IPEUMYIIICCTBA:

® HCOIPaHWYCHHBIN 00bEM JTaHHBIX;

® CO3J/IaHNE JATACETOB ISl TPYTHOIOCTYITHBIX OOBEKTOB,

® CO3/IaHNE aHOHUMHBIX JTAHHBIX;

® CO3/IaHNE Pa3METKH JIaHHBIX Ha 3Tare CHHTEe3A.

CTouT Takke OTMETUTH M HEJIOCTATKH METO/Ia:

®HC BCETJa CHHTC3MPOBAHHBIC JaHHBIE OOJIAIAl0T OCOOCHHOCTSIMU peajib-
HOTO 00BEKTa, KOTOPhIE MOTYT OKa3aTh CYIICCTBEHHOE BJIMSHHE HA PE3yJIbTAThI
MIPUMEHCHHUS aJITOPUTMOB MAIIMHHOTO O0YUYCHWS;

e CIHTE3 HaOOPOB JAHHBIX MPOUCXOIUT IMPHU TIOMOIIM PA3TUIHBIX aJITOPHUT-
MOB, KOTOPBIE B CBOIO OYEpEb CO3JAIOTCS YeTIOBEKOM;

® ABTOMATH3AINS PA3METKH TaK JKE BJIICUET 3a COOOM CII0KHOCTH U JIOTIOJTHU-
TEIbHBIC OITHOKHU.

Co3nanne aBTOMaTH3MPOBAHHOTO MPOIecca TeHepaun N300pakeH Ui
IS 32/1a4 pacno3HaBaHUA

B pamkax naHHOUW pabOThI HCCIIETYETCS BO3MOXHOCTD MCTIOIB30BAHUS TPEX-
MepHor cpensl Houdini mis coszmanus pipeline mo reHepanuu JaHHBIX W3
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TPEXMEPHOH JIeTaIl IBUTATEIS JUIS MTOCIEIYIOIIEer0 PaciO3HABAHMS dTOU JIeTaIn
Ha dTanax Mpou3BoJCTBA. Takol MOIX0/ 00SCIIEUUT YBETUUYCHNE CKOPOCTH Tepe-
X0J1a OT TPOU3BOANMON MPOIYKITUH K €€ IIU(PPOBOMY IBOWHUKY, KOTOPBIN SIBJIS-
€TCsl HEOThEMJIEMOU YacThI0 COBPEMEHHOTO MTPOU3BO/ICTBA.

[Iporiecc aBTOMAaTHYECKOM TeHEPAIliU COCTOMT U3 CICAYIONINX ATAIOB:

1. [Tonyuenue 3J] oToOpakeHuss 0OBbEKTA.

2. [Tomemenne 00beKTa TOMYUYEHHOTO Ha MPEABLIYIIEM JTare Ha CIEHY C
OCBCIIICHUEM.

3. Pernep HEOOXOAMMOTO KOJI-Ba N300paKCHUI JIJIS1 TTOCTIEAYIOIIETO PacIio-
3HABaHU).

4. Pa3meTka jaraceta 11l OOyUCHHUSI.

[Tonyuyenue 3/] oObekTa B paMKax JaHHOM paboTe HE paccCMaTPUBAETCH.

JIns co3maHusl ClieHBI B KOTOPYIO momenaercs o0bekT B Houdini co3gansl
JIBE CIIEHBI C PA3IMYHBIM OKpyxkeHueM. OKpy>KeHHEe NEPBOM CLIEHBI PEICTABISET
co0oit Tonbko kKapTy ocBemenus (HDR-map). Takoii moaxo mo3BossieT CUMYJIn-
pPOBaTh TEHH U OTPAXKAIOIIUE IOBEPXHOCTU MOJIEIH JIJIs1 JIyUIIIETO PACIIO3HABAHMUS.
Bropas cuena npencrapiser co0oil 6oJiee CI0XKHYIO CIIEHY C MCIOJIb30BaHUEM
CTOPOHHUX MoOjieNiel OKpyKeHUsI (MeOeIu WiIH JIOOBIX IPYTUX MPEIMETOB UHTE-
peepa) u OoJiee TOUEUHON HACTPOUKHU OCBEIICHHS, a TAaKKe MECTa pa3MeIeHUs
00BeKTa, UCIIOJIb30BaHUE 00JIEE CIOKHOTO OKPYXKEHUSI TpeOyeT OoNbIuX (u3n-
YECKUX PECYPCOB Ha MPOU3BOJICTBO Kajpa.

Hcnonp3oBanre pa3InyHOrO OKPYKEHHS MO3BOJIUT JOMOIHUTEIBHO UCCIIe-
JIOBaTh €ro BJIMSHUE HA PE3yibTaT PACIO3HABAHUA, TaK KaK OKPYKEHHE MOKET
co3zaBaTh 0Ooiiee CIOoKHBIE d(DPEKTH OCBEIICHHS U KOHTPACTHOCTH, YTO MOXKET
OKa3bIBaTh CYIIIECTBEHHOE BJIMSIHUE Ha TMOCJEAyIollee OOHApYyKeHUs 00bEKTa B
peabHOM cpeie.

B nannoit paboTe nCIonb30BaHbl KAPThI OCBEIICHUS U MOJIETTH OKPY>KAFOIIIX
MPEMETOB U3 CBOOOHO pacmpocTpaHsieMbIX B ceTu IHTepHeT.

Jlyis aBTOMATH3aIMK IIpoliecca co3aanus n3oopakenus B cpeae Houdini moa-
TOTOBJIEHBI 2 CIIEHBI U HACTPOCHO OKPY>KEHUE.

Baxxnoi cocTaBinsroniei reHepanuy n300pakeHni sIBISIETCS HACTPOITKa BUP-
TyaJIbHOW KaMephl. BupTyanbHas kamepa B OOJBIIMHCTBE TPEXMEPHBIX PEIaKTO-
POB SBJISICTCSI CUMYJISIIMECH peasibHONW (POTOKAMEphl, Yepe3 KOTOPYIO CTPOUTCS
OOBEKT.

Jlist paboThl ¢ KaMepol peaqu30BaH aJITOPUTM TEPEMEIICHHs] U TTOBOPOTA
BUPTyQJIbHOW KamMepbl. B 3aBUCUMOCTH OT reéOMETPHUYECKUX pa3MEpPOB OOBEKTA,
omnpeaensiercs chepuueckas 007IaCThb, B KOTOPYIO MOXKET OBITh MIOMEIIEHA KaMepa.
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BuyTtpennuit paguyc kotopoit B 1.5 pasa 6oJibliie MaKCHMAJIBHOTO pa3zmepa 00b-
€KTa, a BHEIIHMM B 3 pa3za OoJibliie 3Toro pasmepa. PazmMepsl mosy4eHbl SKCIepu-
MEHTaJIBHO U TPeOYIOT MPOBEICHU JabHEUIINUX HcciienqoBanuil. Takum oOpazom
UCIOJIb30BAHUE TAKOW OOJACTH JAET MPAKTUYECKU HEOTPAaHUYEHHOE KOJIUYECTBO
YHUKaJIbHBIX TOUYEK 0030pa Ha 00BEKT, YTO AA€T B CBOIO 04epeb O0JIbIION 00beM
U300paKeHUM JIsl TOCTIEAYIONIET0 00yUeHuUE.

Pennep wim «3anexanus» U300pa’keHUs OCYIIECTBIISAETCS BCTPOSHHBIM PEH-
nep-newxkkom Houdini. JIns nanpHEHIIMX yIy4IICHHH W YCKOPEHHs TMpoliecca
pEeHEpUHTa MPE/IOoJIaraeTcsl UCIOIb30BaTh CTOPOHHUE PEHJIEP-ABIXKKH Ha OC-
HoBe GPU, 4TO 1O3BOJUT B pa3bl YCKOPUTH 3Ty CTAAUIO CO3aHUS N300paKEHUH.

Jiist 00yueHust HepoceTelt He0OXO0AMMO Pa3METUTh MOTYyUYEeHHbIE H300paxKe-
Hust. [ qaHHOM paOoThl B Ka4eCTBE Pa3METKHU MCIIOJIb30BAaH METOJ] C MPUMEHE-
Hue Bounding boxes. To oauH U3 caMbIX MPOCTHIX U XOPOIIO ceOsl 3apeKOMEH-
JI0BaBIIMX ceOs1 CrTocOO0B pa3MeTku n3oopaxkenuii. Bounding box mpencrarnser
co00¥ MPSIMOYTOJIbHYIO OTPAaHUYEHHYI0, IMEHOBaHHYIO 00JIaCTh Ha M300paXKeHUH
B KOTOPYIO BIIUCAaH OOBEKT, KOTOPHIH HE0OX0AMMO pacno3Hath. [locie nanubie o
KOOPJIMHATAX B IJIOCKOCTH U300paKEHUSI HOPMAIU3YETCS U 3alMChIBAIOTCS B TEK-
CTOBBII (paii.

Jlns mporiecca pa3METKH peaan3oBaH alroput™M B cpene Houdini, koTopsrit
MO3BOJISIET TPAaHCHOPMUPOBATH KOOPAMHATHI TPEXMEPHOTO MPOCTPAHCTBA IMOJI0-
KeHUs 00beKTa B KoopauHaThl Bounding Box B mpocTpaHCTBE KaMepBhl.

Hcnoab3yembie Moaeu HellpoceTe

Jliis mpoBepku paboTOCIOCOOHOCTH co3manHoro pipeline reneparuun mare-
ceTa 00y4eHO HECKOJIbKO 0a30BhIX MOJIeNIeH HEMPOCETEH U MPOBEJICHO CPABHEHUE.

B nanHoii paboTe uCnoib30BaKMCh CIAEAYIOIMINE MOACIIN HEHPOHHOTO 00yYe-
HUSL:

YOLO 5 Bepcun (nainee YOLO);

RetinaNet (retinanet R_50 FPN_3x) (nanee RetinaNet);

Faster R-CNN (faster_rcnn_R_50 FPN_3x) (masnee f-CNN).

J1y1st mpoBepKYU BBIOpaHbI Mpe100yUEHHBIE BECa C CAMBIMU OOJIBIITMMU 3HAYE-
HUSAMH T Kaxa0u Mozenu. CTpyKTypa ceTeil He U3MEHsIach, He MPUMEHSIINCH
METO/IbI 3aMOPO3KH Hiiu dropout.

Pe3yabTaThl IpUMEHEHHUS MO eJIeH

st o0yuenusi cuntesupoBanbl 100 dotorpaduii. [locne npumenenns ayr-
MEHTAIIUU UX KOJIMYECTBO yBeanumiIoch 710 300. J{st 00yuenus n3oopakeHus pas-
OuThl Ha OOydYalOUIyl0 M BalUAALMOHHYIO BbIOOpPKM B cooTHomeHuu 8§0:20.
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PesynbTaT 00yueHus: TectupoBajics Ha 55 gotorpadusx kornuu 31 oObekTa, U3-
TOTOBJICHHOTO C IMIOMOIIBIO aJ/TATUBHBIX TEXHOIOTHA.

B pamkax maHHO# pabOTHI HE CTOSIIA 3a/1a4a IMOTYICHHS HAMTYyqIeH MOIeTH
pacro3HaBaHMsI, TO3TOMY 3HAYCHHUS TOYHOCTH M CTAHAAPTHBIX METPUK MOJIEICH
HE TPUBOJISITCS.

B pesynbprare aHanm3a ModyYeHHBIX JaHHBIX PACTO3HABAHMS HCCIEAYEMOTO
00BEKTa CIeTIaHbl CIICTYIOIINE BEIBOIBI:

Hawmmydiieii Mozienbro AJist 1eTEeKTUPOBAHMSI JAHHBIX TIOCTIE TeHepaIueil oka-
3anack YOLOVS.

Pa3znuna Mexay nerekiueit 00beKTa B pa3InuHOM OKPY>KEHUH 0Ka3ajoCh He-
3HAUUTETFHON B paMKax IMOrpelmHOCTH. Bpewms, 3aTpaunBaemMoe Ha CO37aHUE
n3o0paxkenus toibko ¢ HDR-map B 2-3 pa3a MeHbliie, 4eM B OKPYKEHHH C UC-
MOJIb30BAaHUEM CTATUYHBIX MOJIEJECH OKpYX)eHus, 45 CEKyH U 2.5 MUHYTHI COOT-
BETCTBEHHO.

Takum 006pa3oM Bxoj€ MPOJIeTaHHON PadOThl YIaJ0Ch CO3/IaTh AITOPUTMbI
aBTOMATHU3AIMK TIPOLIECcCa CO3aHMs U pa3METKU JaTaceToB, a TAKXKE BUHO, YTO
MOJIy4eHHBIE M300paKEHHSI MOTYT OBITh MCIOJIb30BAHBI JIJIsi OOYUYEHHUST MOJeen
HelpoceTel onpeaeNsaTh OObEKTHI.

Pabora BbinosiHeHa B pamkax rpanTa Ilpe3ugenra Poccniickoit @enepa-

MM JJIS1 TOCYAAPCTBEHHOM MOIAEPKKH MOJIOABIX POCCHIICKHX YUeHbIX - KaH-
auaaroB Hayk (MK-582.2022.4).

3aiineB Makcum /ImutpueBHY, MarucTpaHt MOCKOBCKOTO aBHALIMOHHOTIO WHCTH-
tyTa; KonbuioB Jlennc AnekcanapoBud, MarucTpaHT MOCKOBCKOTO aBUAlIMOHHOI'O WH-
CTUTYTA.

Xomytckas Oabra BaaauciaaBoBHa, foueHT kadeaps Ne307 «IludpoBbie TeXHOTIO-
UM U UHHOPMAIIMOHHBIE CUCTEMBDY MOCKOBCKOTO aBHAIIMOHHOTO MHCTHUTYTA, KaH/IH-

AaT TCXHUYCCKUX HAYK
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YK [004.032]
I'ymanckuii Cepreit Muxaiinosuy, [loranoB Bukrop Cepreesuu

PA3PABOTKA U UCCJUIEJOBAHUE ITATUKYBUTHOI'O
KBAHTOBOI'O KOJA UCITPABJIEHUSA OLHIUBOK CO
CBEPXITPOBOJAINNMMU KYBUTAMHA

Panee ne 6vi10 demoncmpayuu nonHot peanusayuu YHUBEPCAIbHO20 KBAHMOBO2O
KoO0a KoppeKkyuu oumudokK, 8Kouaruieco u0eHmupurayuro uzuieckux oumudox, 603-
MOACHOCMb MAHUNYIUPOBAHUSL COCMOAHUEM U OeKooupogaHrue. [[is peuienus 5mou npo-
OIeMbl Mbl peanu308aiu HauMeHbuull coseputennslil koo [[5, 1, 3]] ¢ nomowwbro maccusa
CBEPXNPOBOOAWUX KYOUMOB U NPOBEPUIIU €20 HCUZHECNOCOOHOCmb. B pabome nodzomo-
BUNU 3AKOOUPOBAHHbIE COCMOSAHUSL C PASHOU MOYHOCIbIO 8 KOOOBOM NPOCMPAHCMEe,
UOeHMUDUYUPOBATIU NPOU3BOTbHBIE OOHOKYOUMHbBLE OWUOKU U Peanu308alU 102UYECKUe
onepayuu llaynu c mouHocmvio 8 K0008oM npocmpancmee. Haxoney, mvi dekoouposanu
coCmosiHue U 80CCMAHOBUNIU €20 C 00Weli MOYHOCMbI0, UCNOIb3YS 8ce2o 92 eenmiuisl.
Hannoe uccnedosarnue umeem 8ax*CHOCMb 8 pazpabomke U peaiu3ayuu KoppeKxmupyo-
WuUx K0008 0Jisl UCNPABIeHUS KBAHMOBLIX OUWUOOK NPpU BbINOJIHEHUU KEAHMOBLIX Al20-
PUmMMOo8, Komopwvie pewiarom Kiaccuveckue 3aoayu. Hayunas nosuzna smozo nanpasie-
HUSL 3aKTI0YAemcs 8 YCMPAHeHUU 00H020 U3 He0OCMAmKO8 K8AHMOBO20 BbIUUCIUME b=
Ho2o npoyecca. Bo mnozux nepedoevix cmpanax mupa ceniuac akmuHO NPOBOOIMCSL
HAYYHO-UCCIe008ameNbeKue pabomsl N0 CO30AHUI0 KBAHMOBIX KOMNbIOMEPO8 U Npo-
2PAMMHO20 0becnedenuss, U NposaeIsemcs pacmywull unmepec K 3moti MexHOA02UU.
Bonvwoe xonuuecmseo cmameti u monozpaghuil noceésaueHo 3moi meme.

Keanmoeas owubka; k6anmogwiii aneopumm, Kyoum, mMooeib K8aHmMo8020 Gbl4UC-

aumeiisi, Keanmoeoe 3anynivlearue, Cynepnosuyust, KBAHMOBbILL napajilenausm.

Gushansky Sergey Mikhailovich, Potapov Viktor Sergeevich

DEVELOPMENT AND INVESTIGATION OF A FIVE-QUBIT
QUANTUM ERROR-CORRECTION CODE WITH
SUPERCONDUCTING QUBITS

Previously, there was no demonstration of a complete implementation of a univer-
sal quantum error correction code, including the identification of physical errors, the
ability to manipulate the state, and decoding. To solve this problem, we implemented
the least perfect code [[5, 1, 3]] using an array of superconducting qubits and tested its
viability. In this work, we prepared encoded states with different accuracy in the code
space, identified arbitrary one-qubit errors, and implemented Pauli logical operations
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with accuracy in the code space. Finally, we decoded the state and reconstructed it with
total accuracy using only 92 gates. This study is of importance in the development and
implementation of corrective codes for correcting quantum errors in the execution of
quantum algorithms that solve classical problems. The scientific novelty of this direction
lies in the elimination of one of the shortcomings of the quantum computing process. In
many advanced countries of the world, research work is now being actively carried out
to create quantum computers and software, and there is a growing interest in this tech-
nology. A large number of articles and monographs are devoted to this topic.

Quantum error; quantum algorithm; qubit; quantum computer model; quantum en-
tanglement; superposition; quantum parallelism.

Bsenenne

KBaHTOBBIE KOMIBIOTEPHI MOTYT PENIATh KIACCHUECKH HEPa3pelInMbIe 3a-
nauu [1] v 3¢ HeKTUBHO MOJIETMPOBATH KBAHTOBBIE CUCTEMbI MHOTHX Teu [2]. On-
HAKO OOIIEN3BECTHO, YTO KBAHTOBBIE KOMITBIOTEPHI TPYIHO KOHTPOJIUPOBATH U3-
3a UX MOBCEMECTHOI0, HO HEM30EKHOTO B3aUMOJAEHUCTBUS C OKpY’Karolleil cpe-
JIOM, a TaKKe M3-3a HECOBEPIICHHBIX MaHUMYJIAINMA, COCTABIISIIOIIUX aJTOPUTM.
Teopus 0TKa30ycTOMYMBOCTH ObLIa pa3paboTaHa Kak JIOJTOCPOYHOE PEIICHHE
ATOM TPOOIEeMBbI, OOECTIEUNBAIOIEe YHUBEPCATIbHbBIE O€30IMO0YHbBIC KBAHTOBHIE
BBIYKCIICHHUS C ITyMHBIM KBAaHTOBBIM 000pyoBanueM [3-7]. Jlormueckue KyOUTHI
aIropuTMa MOTYT OBITH TIPEJICTABIICHBI C UCTIOIB30BAHUEM OOJIBIIIETO Yucia Je-
dexTHbIX Puznueckux KyouToB. [Ipu yciaoBum, 4To MalmHa JO0CTaTOYHO OO0Jb-
mrasi (0OJIBIIIOE KOJTUYECTBO KyOUTOB), @ PU3NUYECKUE OMMOKH CITy4atoTCs C BEPO-
ATHOCTBIO HUKE OIPEACIICHHOTO TIOpOTa, TO TaKUe OMMUOKH MOXKHO CUCTEMATH-
YECKU BBISIBIIATH U UCHPABISTH [§, 9]. B akcnieprMeHTe HECKOIBKO HEOOJIBITNX
KBAaHTOBBIX UCHPABIICHUN OIIMOOK MOKHO Pa3fiokuTh Kak |V) koabl, B TOM uncie
ko moBTopeHus [10—16], yeTbipexKyOUTHBIA KO/ OOHApy)eHusi omuodok [17—
19], ceMukyOuTHBIH 11BeTOBOM K011 [20], 0030HHBII KBAHTOBBIN KO/ HCTIPABJICHUS
omubok [8, 9], u npyrue [20-22], peanu30BaHbl Ha PA3HBIX aNMapaTHBIX IJIaT-
dbopmax.

1. TeopeTnueckre OCHOBBI KBAHTOBBIX BHIYUCIICHUI

Kon ¢ msareio kyoutamu [[5, 1, 3]] — 3TO TN KOAa cTabMIN3aTOpa, KOTOPHIH
ompeensieTcss HAOOpOM HE3aBUCUMBIX ONEPaTOpoB U3 rpymibl [1aynu, Ha3biBae-
MBIX CTaOUIIN3aTOpPaMu, TaK 4TO KOJIOBOE TPOCTPAHCTBO UMEET TOIBKO COOCTBEH-
Hoe 3HauyeHue +1. Uetpipe crabunuzaropa

gl = X12223X415; g2 = 11X2Z3Z4X5;
g3 = X112X324725; g4 = Z1X213X4Z5, (1)
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rae X, Z, X, | —marpunsl [laynu, qeficTByroine Ha I-biii KyOuT. JIorudeckue ore-
patopsl [laynu TpaHcBepcalbHO peamu3yoTCs MMyTeM IPUMEHEHUSI COOTBETCTBY-
IOLIUX OJTHOKYOMTHBIX BEHTUJIEH Ha KaxaoM (pusndeckoM kyoute. Koj ¢ msaThio
KyOUTaMu UMEET PACCTOSIHUE 3, K TIO3TOMY BCE OIIUOKH C OJJHUM KyOUTOM MOTYT
OBITH UACHTU(DUIIMPOBAHBI (U, CJIEAOBATEIILHO, UCTIPABIIEHBI), B TO BPEMSI KaK BCe
OIMOKHK C ABYMS KyOWTaMu MOTYT ObITh OOHapy>keHbl. Ecim ommbOku HeT, Bce
MU3MEPCHHUS CTaOMIIM3aTOpa JIOJDKHEI 1aBaTh +1 171 3aKOUPOBAHHOTO COCTOSTHHS
Y. Korna npoucxouT ommoKa, 0JJHO UM HECKOJIbKO U3MEpPEHUH cTabunuzaropa
MOTYT J1ath 1. [TocKoJIbKY €CTh YeThIpe CTa0UIN3aTOpa, U3MEPEHUS KOTOPBIX MO-
TyT IpUHUMATh 3HaYeHus +1 nnu 1.

2. Pa3zpa0doTka NATHKYOMTHOr0 KBAHTOBOI0 KOJa MCHPABJICHUS OLIHU-
00K €O CBepPXINPOBOASAIIMMEI KyOuTAMH

YcerpolicTBOM ISl peain3alyy MATUKYOUTHOTO KOa UCTIPABIICHUS OIHUOOK
aBisieTcst 12-KyOuTHbIA KBaHTOBasi uH(MopmarmonHas cucrema. Cpenu 3tux 12
KyOUTOB BBIOpAJH MATh COCEHUX KYOUTOB JIJIsi IPOBEICHUS dKcriepuMenTa. Ky-
OUTBHI EMKOCTHO CBSI3aHBI CO CBOMMHM OJIMKaWIIUMuU cocefsiMu. JIunuum yrpasie-
Hust XY ¢ eMKOCTHOM CBSI3bIO MO3BOJISIIOT MPUMEHSATh OJTHOKYOUTHBIE TTOBOPOT-
HbI€ BEHTWJIM ITyTE€M MPUMEHEHUS MHUKPOBOJHOBBIX MMITYJIHCOB, & UHIYKTUBHO
CBSI3aHHBIC Z-JIMHUW YIPaBJICHUS TMO3BOJSIOT HCIOIB30BAaTh JBYXKYOHUTHBIC
ynpasisiembie (ha30BbI€ BEHTHIIN ITyTeM aAnabaTuuecKoi HaCTPONKU ABYXKYOHUT-
Horo coctostHus 11. Tlocie TirarenbHOM KalIMOPOBKU M ONITUMH3ALIMKM BEHTHIICH
MOJIYYUJIU CPEIHIOI0 TOYHOCTh BEHTUIIEH, JocTuraronryto 0,9993 niist BeHTHiEH C
onnuM kyoutoMm u 0,986 s BeHTmien ¢ aBymsi kyoutamu. C peanmuzanmeit
TOJIbKO OJTHOKYOUTHBIX BEHTHJICH C BpAlllEHUEM U JIBYXKYOUTHBIX BEHTHJICH C
ynpasisiemoil (pa3oil peannzoBaiM cxeMy ISl KOAUPOBAHUS U JEKOAUPOBAHMUS
JIOTUYECKOTO COCTOSTHUS.
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Puc. 1. a) 3axoouposannoe nocuueckoe cocmosanue TL, npountocmpuposannoe
Ha no2uyeckot cgpepe bnoxa; b) — d) Onepayuu ¢ 00HUM T02UUECKUM KYOUMOM
X, Y u Z, npumensemoie xk T. Tounocms cocmosiHus nocie cpabamovléaHus 6eH-

muns cocmasagem 98,6(1)%, 98,0(1)% u 98,7(1)% ona b), ¢) u d) coomeem-
CMBEHHO

[Ipy yucIeHHOM MOJEIMPOBAHUHM SKCIEPUMEHTA C JEKOTEepeHLMed TOod-
HOCTb cocTostHUs T coctaisieT 58,9%. [lociie uncieHHoro yBeanueHusi BpeMeH!
pac¢a3upoBKH, YTOOBI OHO COBIIAJAJI0 CO BPEMEHEM pellaKCallui SHEPTUH, TOU-
HOCTb COCTOSIHHUSI MOKET ObITh yBesnuueHa A0 92,1%, uTo yka3pIBaeT Ha MOTEHIIU-
aJlbHOE HampaBjeHue Oyaymux ynydmeHuil. KauecTBo moAroToBaeHHBIX JIOTH-
YECKUX COCTOSIHUN MOKHO TaKXe pas/IeMTh Ha WX COBMAJIEHUE C JIOTUYECKUM
KOZIOBBIM NPOCTPAHCTBOM M €r0 COOTBETCTBHE I[EJIEBOMY JIOTHUYECKOMY COCTOSI-
HUIO TIOCJIE €0 MPOCLMPOBAHMS B KOJOBOE MPOCTPAHCTBO. YUUTHIBAs JIOTHYE-
ckue omneparopsl [Taymu X, Y, Z u [ = |0)L(O|L + |1)L(1|L, (|O)L + ein/4|1)L)/2
KOTOpPO€ HE MOKET OBITh PEaJTU30BaHO C IOMOIIbI0 HOPMUPOBAHHOM IO MTPUMeE-
HEHUIO MaTpUIbl IUIOTHOCTHU P, OMpeeseTcs MyTeM IpOoeUpOBaHus SKCIepu-
MEHTAJIbHO TIOATOTOBICHHOTO COCTOSTHHUS P B KO0BOe mpocTpancTBo [ + P X XL
+P Y YL +P Z ZL. K onHokyOuTHO#U ommbke X-, Z- win Y-TUIa, KOTOpas
COOTBETCTBYET NEPEBOPOTY OuTa, MEepeBOpPOTy (pa3bl UM KOMOWHUPOBAHHOM
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oInOKe, COOTBETCTBEHHO, MPUMEHSIETCS OAUH U3 AT KyouTos ¢ Q1 mo Q5. e-
CTPYKTHBHO U3MEPSEM YEThIpE CTAOMIM3ATOPA U HAXOIUM YCTOMUHUBBIE KOppEJIsi-

[IUU CUHAPOMA, KOTOPbIE HICHTUPUIIMPYIOT KBAHTOBYIO OIIHUOKY.
(@)

Q, | o) 4
O5 | Io\" h o
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Puc. 2. Pacwugposxka namuxydoumnozo kooa. a) /{exoouposarue K8aHmo-
sotl cxemwl; b) Mampuya y cxem koouposamnust u 0ekoOUpoBans.

Martpuna y nornyeckoro Tr(po) nns Bcex 6 =1, X, Y , Z, e p — maTpuna
IJIOTHOCTHU MATHUKYOUTHOTO cocTosiHuA. OnpenensieM TOYHOCTh B KOJOBOM IPO-
ctpanctBe kak L = Wp'W, kak nokazaHo Ha puc. 1(c), mpu 3TOM cpeHee 3HaUCHHe
nocturaet 98,6(1)%. CuHue KkBaapaThl U BEKTOpP — Ha4aJIbHbIE cocTosiHUA. Kpac-
HbIE€ KPY>KKH U BEKTOPbl — KOHEUHbIC COCTOSAHUS. COCTOSIHUSI TTPOCIIUPYIOTCS B
KOJIOBO€ MPOCTPAHCTBO. BO3/IENCTBYS Ha JIOTMYECKOE 3aKOAUPOBAHHOE COCTOS-
Hue T, cucTeMaTudecKd BBOJUM KaXIbli TUI OJHOKYOUTHON OIIMOKU, UCKYC-
CTBEHHO MPUMEHSS COOTBETCTBYIOIIUM OJWHOYHBINM KyOUTHBIM BEHTWIb K OJ-
HOMY M3 IIATH KyOouToB. /{51 yeThipex ctabunuzatopos gl, g2, g3 u g4 ctpeMumcs
yOeauThCS, YTO KaxKaas olmubka Oy1eT MpaBWIbHO UaeHTUuIIMpoBana. Kak mo-
Ka3aHO Ha PUCYHKE X, oepanusi OnpeiensieTcs ¢ NOMOIIbI0 TOMOrpaguu KBaH-
TOBBIX IIPOLIECCOB B KOJAOBOM IPOCTPAHCTBE. TOYHOCTH JOTMYECKUX AJIEMEHTOB
X cocrasisier 97,2(2)%. Ha puc. 2(a) 1eiicTBUTEIBHO HAXOIUM JJIs KaXKJI0TO CITy-
Yasi COOTBETCTBYIOUIUN MATTEPH CUHAPOMA, KOTOPBINH UAECHTUPUIIUPYET MECTO-
HaXOXJI€HUE OJHOKYOMTHOW omuOku. Ilpenmonoxum, 4ro MaTeMaTHYECKOE
O’KHJIaHUE 1-TO cTadUIM3aTopa paBHO pi, BEPOATHOCTh TOTO, YTO U3MEPEHUE CUH-
Ipoma cpaboTaeT, paBHa i(pi + 1)/2, 4To B 3KcniepuMeHTe B cpeaHeM paBHo 0,413,
Taxoke nmpuMeHsieM omUOKH ABOMHOT0 KyOuTa K T M HAXOAUM Ty 7K€ KOPPEISALHUIO
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CUHPOMA, KOTOpast BCEr1a MOXET 0OHAPYKUTh HaIMYue omuook. Peanuzyem u
IIPOBEPSEM TPU TaKUe TPAHCBEPCAJbHBIE JJOTUYECKUE OTepallii: HaulHas ¢ Ma-
TUYEeCKOTo cocTostHuS |T), TeMOHCTpUpyeM omeparii ¢ OJHUM JIOTUYECKAM KY-
outoMm X, Y u Z u nzo0pakaeMm MOBEPHYThIE COCTOSIHUSI BHYTPH KOJIOBOE MPO-
CTpaHCTBO. UTOOBI OXapaKTepu30BaTh 3TH JIOTUUECKHUE ONEpallii, BBITOIHUIH
ToMOrpad o KBAHTOBBIX ITPOILIECCOB B KOJIOBOM IMPOCTPAHCTBE, UTO OTPAKAET TO,
HACKOJIbKO XOPOIIO JIOTUYECKUE ONEepallii MAHUITYJIUPYIOT JIOTHYECKUMHU COCTO-
aausiMU. OTpeieNInian TOYHOCTh Jornyeckux onepauiit X, Y u Z xak 97,2(2)%,
97,8(2)% wn 97,3(2)% COOTBETCTBEHHO.

Hakownerr, mocie KoqupoBaHusi BXOJIHOT'O COCTOSTHUS C OJTHUM KyOUTOM B JIO-
TMYECKOE COCTOSIHHE, TPUMEHSIEM CXEMY JEeKOJIUPOBaHMs, YTOObI OTOOpPA3UThH
ero oopaTHo Bo BxojaHoe coctosinue. [Ipu Bxoaubix coctosiHusax 0, 1 onpexaensem
TOYHOCTb COCTOSTHUS MocTie iekoaupoBaHus kak 87,4(5)%, 91,6(4)%, 76,7(6)% u
77,1(6)% cooTBeTcTBeHHO. OTHOCUTENBHO 00JIee HU3Kask TOYHOCTH JIJISI COCTOS-
HUM + U +1 TaKKe BbI3BaHA KOPOTKUM BpeMEHEM pac(azupoBKHU.

3akiouenue

BaxxHolt Bexol Ha MyTH K OTKA30yCTOWYUBBIM KBAHTOBBIM BBIYUCIICHUSIM
SBJISIETCSI CO3JIaHHME JIOTMYECKUX KYOUTOB C WCIPaBICHUEM OIIUOOK, KOTOPHIE
JIEUCTBUTEILHO BBIUTPHIBAIOT OT MCIPABJICHUS OIIMOOK, MPEBOCXOJS MPOCTHIE
¢usnueckue kyouTsl. EcTh Tpu mara juist qoctkenust atoit nenu: (1) peanuza-
111 3aKOJIUPOBAHHBIX JIOTUYECKUX KyOUTOB B KOJI€, CTIOCOOHOM OOHApYKUBATh U
UCTIPABJIATH OMUOKH, (2) peanu3aiusi onepanuil HaJl 3aKOIMPOBAHHBIMHU KyOH-
TaMU ¥ [IUKJIAMH UCTIPaBIEHUS OMUOOK U (3) mobaBieHre OOJbIIEro KOIM4ecTBa
BCIIOMOTATENbHBIX KyOUTOB U MOBBIIIICHUE TOYHOCTH PAOOTHI Ml TOCTHKECHUS
oTKazoycTolunBocTU. Hamn skcnepumenT 3aBepiiaet mar (1) peanuszanueit oc-
HOBHBIX KOMITOHEHTOB MOJHO(PYHKITMOHAIBHOTO MSITUKYOUTHOTO KOJA HCIPaB-
JIEHUs OIHUOOK.
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YK 001.89
I'ypkrna AnuHa AHaTOJIbEBHA

AJI'OPUTM OHEHKH S9PPEKTUBHOCTHU HAYYHO-
NCCIIEJOBATEJIBCKHUX U OIIBITHO-KOHCTPYKTOPCKHUX
PABOT

B cmamve paccmompena akmyanvhas mema oyenku 3¢hekmusHocmu HayyHo-
UCCed08amenbCKux U OnblMHO-KOHCmpykmopckux pabom (oanree — HUOKP) na oc-
HO8€ NPUMEHEHUsT AGMOMAMU3UPOBAHHOU cucmemyl ynpaesienus npoekmamu HUOKP.
IIpeonoocen 08yxyposHesulll aneopumm KOMNIEKCHO20 Memood OYeHKU 3PHeKmusHo-
cmu HUOKP npu 83aumooeiicmauu 3KCNepmHo20 aHanu3a U KOHMpOJLIUHed HA HAYYHO-
NPOU3800CMBEHHOM NPEOnpUsMUlU. Ancopumm no3eosem Yayuuums yCmaHo81eHHble
noKazamenu, mem CamblM CHU3UMb 3AMPamol U COKPAMuUmMy 6pemsi Ha 8cex CMaousx
arcuznennoz2o yukaa npoekma HUOKP na nHayuno-npou3eo00cmeenHoM npeonpusmuu.

Hayuno-uccneoosamenvckue pabomoi, onblmHo-KOHCMPYKMOPCKue pabomul, 3¢h-

Gexmusnocms HUOKP, 08yxyposereswiti ancopumm, KOHMpOJLIUHS.

Gurkina Alina Anatolevna
ALGORITHM FOR EVALUATING R&D EFFECTIVENESS

The article considers the relevance of the topic of research and development work
(further - R&D) in the world also the application of an automated R&D project man-
agement system. A two-level algorithm for a complex method for evaluating the effec-
tiveness of scientific research and development in the interaction of expert analysis and
controlling at a research and production enterprise is proposed. The algorithm allows
improving the determined indicators, thereby reducing costs and time at all stages of
the life cycle of a research and development project at a research and production enter-
prise.

Research and development, R&D efficiency, two-level algorithm, controlling.

Bsenenne

JIByxypoBHeBbIil anroputm otieHku 3 dexrunBaoct HUOKP peanusyer cu-
CTEMHBIN MOX0/T, KOTOPBIN MO3BOJISIET OIEHUTh d()(PEKTUBHOCTH PA3TUIHBIX ac-
nektoB npoekta HUOKP Ha cTpaTernyeckom v ornepaTuBHOM yPOBHSIX.

Ha nepBom — cTpaternyeckomM ypoBHE, aJrOPUTM OLIEHUBAET KAYECTBO BbI-
MOJTHEHHOU paboThl. OH OCHOBAH Ha KPUTEPUSX, KOTOPHIE UCIOIB3YIOTCS JIS
omneHKH 3(P(HEKTUBHOCTH Tporecca pa3padOTKH, TaKMX KaK COOTBETCTBHE
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npoekta HUOKP 3aganHbiM TpeOOBaHUSIM, UCTIOIH30BAHUE COBPEMEHHBIX METO-
JIOB M TEXHOJIOTHH, a TAK)KE€ COOTBETCTBUE O101KeTy U orleHKH pruckoB HUOKP;

Ha BTOpOM — OnepatnBHOM ypOBHE, AITOPUTM OLIEHUBAET PE3yJIbTAThI IPO-
exta HUOKP, ananuzupyer u BbISBISI€T IPUYMHBI OTKJIOHEHUH (PAKTUYECKUX T10-
kazarener u puckoB HUOKP ot miianoBsix. OH OCHOBAaH Ha KPUTEPHSIX, KOTOPBIE
UCTIOJIb3YIOTCS JUIsl onleHKU 3 dextuBHocTH npoekta HUOKP kak OuszHec mo-
nenu, cpokax BoinonHeHus npoekra HUOKP. [lanee pazpabatbiBatoTcsi KOppek-
TUPYIOIIME MEPONPUSITUS M TMPOBOAUTCA OIEHKA 3(DPEKTUBHOCTH MPOEKTa
HUOKP. Ecnu npoekt He 3P deKTUBEH, TO aHATM3UPYIOTCS MIPUYMHBI OTKa3a, B
MPOTUBHOM CITy4ae, MPOUCXOAUT 3aBEPILICHHUE Tpoliecca.

Peanuzanus 1ByxypoBHEBOro anroputrma oreHku 3¢ dpexrusaocta HUOKP
MOJKET OBITh BBITIOJIHEHA B HECKOJIBKO ITAIOB:

1. Omnpenenenne KpUTEPUEB U MHAMKATOPOB KauecTBa, KOTOpPhIE OyayT
UCIIOJI30BAThCS JIJIsl OLIGHKHW IIpoliecca pa3pabOTKU U Pe3ybTaTOB MPOEKTa
HMOKP.

2. OmnpeneneHue BECOBBIX KOADOUIIMEHTOB IS KAXkKI0TO KPUTEPHUS U UH-
JIUKaTOpa KaueCcTBa.

3. Paspabotka mporpamMMHOr0O oOecrneueHus Jisd MPOBEJCHUS OIEHKH
HMOKP Ha ocHOBE TaHHOTO AJITOPUTMA.

4. OOyueHue mojb3oBarenelt paboTe ¢ MPOrpaMMHBIM OOECIICYCHHEM U
orienku 3¢ dexruBHOCTH HUOKP.

5. IlpumeHeHue aaropuTma il OIICHKA KOHKpETHBIX npoekToB HMOKP
U aHaJlu3 pe3yJIbTaToOB.

6. TlocrosiHHas mpoBepKa M aHaIU3 PabOThI AJITOPUTMA ISl ONTUMUBAIINH
nporiecca orieHkH 3¢ dhextuBHOCTH HUOKP.

PazpaboTanHbIif aITOPUTM MOKET 3HAUYUTEIBHO YJIYUIIUTh IPOLIECC OLIEHKU
U TIOMOYb OIpeAenuTh Hanbonee 3GHEKTUBHBIE TYTH Pa3BUTHUA TMPOEKTA
HUOKP.

OcHoBHas YacTh

Cornacuo Ilocranosnenuto IlpaBurensctBa PO ot 29 nHos6ps 2017 r. N
1161 «O06 yTBEepkI€HUN THIIOBOTO TIOJIOKEHUSI O KOMUCCHUU TI0 OLIEHKE PE3yIlhb-
TaTUBHOCTH AESATEIbHOCTH HAYYHBIX OpraHu3aluii, BBITOIHSIOMINX HAYYHO-HC-
CJIEIOBATEIHCKHE, OTIBITHO-KOHCTPYKTOPCKUE U TEXHOJIOTHIECKUE paOOTHI TPaXk-
JAHCKOTO HA3HAYE€HUs, U TUIIOBOM METOJMKUA OLUEHKU PE3YyJIbTaTUBHOCTH €S-
TEJIbHOCTU HAYYHBIX OpPTaHU3alINi, BHIMOJHAIONIUX HAYYHO-UCCIEI0BATEIbCKUE,
OTIBITHO-KOHCTPYKTOPCKHE U TEXHOJOTHUECKHE padOThl IPAKIaHCKOTO Ha3HAYE-
HUS» aBToMatu3auuss u ynpasieHue npoektamu HHWOKP B ycinoBusix

29



COBPEMEHHBIX T'OCYJapCTBEHHBIX MEXaHU3MOB Pa3BUTHS MPOMBIIUIEHHOTO ITO-
TEHIIMaJIa CTPAHbI ABJISIETCSA KpailHe [2] BAXKHOW B HAIIE BPEMS.

Oc00EHHOCTBIO COBPEMEHHBIX OpPTaHU3AIUN U HAYYHO-TIPOU3BOICTBEHHBIX
OPEeANpUATANA 3aKII0YAeTCs B TOM, YTO OHU O0JIAJIalOT PajioM MPEUMYIIECTB:
HaJU4YUE€ BBICOKOTEXHOJOTUYHBIX IPOU3BOJCTBEHHBIX IPOLECCOB, HAINYHE
ONBITHBIX HAYYHO-TEXHUYECKUX KaJPOB, HEMPEPHIBHOE MHHOBALIMOHHOE PA3BH-
THE, HAJIMYUE CTPOTOM CHCTEMBI KOHTPOJII KAYECTBA, BIOKEHHUE 3HAYUTEIbHBIX
WHBECTULIMI B HAyYHO-UCCIENOBATENbCKYIO NEITENBHOCTh. Bhlmenepedyuncies-
Hble OCOOCHHOCTH TOTYEPKUBAIOT HEOOXOUMOCTh MOCTOSIHHOTO Pa3BUTHUSA, T1O-
UCKa HOBBIX penieHui, napectrupoBanus B HUOKP u moarotoBku kBanuduim-
POBAHHOI'O MEPCOHAJIA.

Kak nmoka3pIBaeT mpakTHKa, pECypChl OpPraHU3aliy BCEr1a OTPaHUYEHBI, U
npoekTsl HUOKP koHKypupyroT Mex 1y co0oii 3a 000py10BaHrE, HAyUHbIE Ka/I-
pamMu, Marepuaibl U, MOXKaIyd, camblii neUIUTHBIA pecypc — dDPeKTuBHOE
yIpaBJICHUE.

B pamkax ananuza u onenku HMOKP mpenoxkeH NByXypOBHEBBIA ajro-
PUTM Ha HAYyYHO-TPOM3BOJCTBEHHOM MPEINPUATHH. Bblaensercs aBa KOHTypa:
CTPAaTETUYECKUMN U OIIEPATUBHBIMN.

Hanuune yetko chopmMyTupoBaHHBIX KOMIETEHIIUNA MEXITY KOHTPOJIUWH-
rom HUOKP u skcneptHo#t rpymnmoi cnocoOCTBYeT oreHKe 3(PGEeKTHBHOCTH
HUOKP, no3Bonsis uneHTuGUIrpoBaTh nNpsiMbie U 0OpaTHBIE CBSI3H MEXTY 0J10-
KaMU MPEIJI0KEHHOTO anroputma (puc. 1).

UYto0bI 00ecIeunTh HaJIC)KHOCTD JAHHOTO AJITOPUTMA, HEOOXO0IMMO 000CHO-
BBIBATh BCIO MCXOJHYIO0 MH(OPMAIKIO, TTOJAKPEIUISASE METOJAOM IKCIIEPTHBIX OIle-
HOK BBICOKOKBaJTM()UIIMPOBAHHBIX CIIEIUATIMCTOB B KoJinuecTBe OoT 3 10 10 veno-
BeK. TOUHOCTh U3MEPEHHUSI B TPYIIIE KCIEPTOB 3aBUCUT OT UX KOJIMYECTBA.
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Puc. 1. Bnok- cxema 08yxyposnesozo ancopumma HUOKP na nayyno-npo-

U3800CMBEHHOM

peonpusmuu (

HUOKP,

- paboma 5Kcnepmos no nPoeKmam
- cryoicha Konmponunea Ha npednpusmuy, | = | - coe-

MeCmHas paboma cysHch KOHMPOLIUHSA U IKCNEPMHOL 2PYNNbl)

ITepBoe, 4TO NIenaeT FKCIepTHAS TPYyIIa - TPUHUMAET 33JIaHUE U MOJTy4YaeT
noctyn Ha npoBenenue 3kcneptussl HUOKP no 3amannoii teme. [lanee, u3yuus
MaTepHuabl, SKCIIEPTHI POU3BOIAT HHTYUTUBHO-JIOTHICCKUN aHATIN3 MPOOIEMbI
C TOCHEAyIOUIEH KOJIWYECTBEHHOM OLIGHKOW CyXIeHud u o0paboTKoii
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PE3YJIbTATOB, 3aNIOJIHSS CIIEHUAIIBHYIO KCIIEPTHYIO aHKeTy. Takue CUTyaluu ya-
CTO BO3HMKAIOT B pa3pabOTKax COBPEMEHHBIX POOJIEM MTPOMBIIIIEHHON OTPaciu
Y, TJIAaBHOE MPH MPOTHO3UPOBAHUU U IOJITOCPOYHOM IUIAHUPOBAHUMU.

3aBepIaUM I1aroM sIBJISIE€TCS MOJATOTOBKa 0OOOIIEHHOTO 3aKJIFOUEHHUS.
Takum 06pazom, coOpaHHbIE MHEHUS CIIEIIUATUCTOB-3KCIIEPTOB, UHTEPIIPETUPY-
I0TCS, MAaTEMAaTUYECKU aHATM3UPYIOTCA U CTAHOBATCS 0a30il 111 OOBEKTUBHOTO
(mayunoro) npunsatus pemeHuit B oonactu konkpernoro HUOKP. I1o pe3ynbra-
TaM 0OPMIIIETCS SKCIIEPTHOE 3aKII0YEHUE B BUJIE IOKYMEHTA, B KOTOPOM (PUK-
CHPYETCS XOJI UCCIICIOBAHMsI U ero utory [4].

BoiBOABI

[IpensiokeHHBINH aNrOpPUTM MO3BOJISET OLEHUTH 3PHEKTUBHOCTD PA3TUYHBIX
acriektoB npoektoB HMOKP Ha AByX ypOBHSX. 3a CUET B3aMMOJCHCTBHUS JBYX-
YPOBHEBOW CUCTEMBI (CTPATETHYECKOTO U OTMEPATUBHOIO KOHTYpa) oOecreunBa-
€TCsl yJIydIlIeHHe TIpoliecca OIEHKH U omnpeieNieHus: Hanoosee 3 (HEKTUBHBIX ITy-
Tei pa3Butus npoekta HUOKP.

Takum 006pazom, MpeI0KEHHBIN IBYXYyPOBHEBBIN aJITOPUTM HaIpaBjIeH Ha
YIIY4IIEHUE YCTAHOBIICHHBIX MMOKA3aTEIEH, TEM CaMbIM OH IO3BOJISIET ITOBBICUTH
ypoBeHb ynpasieHuss HMOKP Ha HayyHO-TIPOM3BOJCTBEHHOM MPEANPUITHU
BCEro *)n3HeHHOTro 1ukia npoekta HUOKP.

BUBJINOTPA®UYECKUIN CITMCOK

1. Tpuwuna T.I'. BeposiTHOCTHOE 000CHOBaHHE M MPUHSITHE PEUICHUI TIPH YIIpaB-
JICHUY aBTOMAaTU3HPOBAHHBIM ITPOU3BOACTBOM // MexaTpoHHKa, aBTOMAaTH3aIHs,
ynpasinenue. - 2012. - Nel. - C.48-52.

2. Typxuna A.A., Kanumanos A.B. KoMiuiekcHbI MeTOJ OlleHKH 3P (HEKTHBHOCTH
HUOKP // XXIV Tynonesckue urenus (Illkoma Monoasix yueHbx) MexmyHa-
poJiHast MoJoiexHasi Hay4dHast KoHpepenius. Kazanb. — 2019. Towm 6. C.
223-225.

3. ITypxuna A.A., Kanumanoé A.B. ABromarn3anus W YIpaBlIEHUE MPOCKTaAMU
HUOKP // «Hayka ceromss: BbI30BbI M MEPCIEKTHBB» Marepuaabl MexIyHa-
poIIHOM Hay4YHO-TIpakTH4Yeckoi koHdpepennuu. — 2020. — C. 36-38.

4. [Typrxuna A.A., Kanumanos A.B., Kapnoea T.B. Bo3MOXHbIE METOJIbI OLIEHKH (-
¢dextuBHOocTH HUOKP // KauectBo. MuHOBammu. O6pazosanue. —2019. Ne3 — C.
75-80.

5. ITypkuna A.A., Kanumanoe A.B., Kapnoea T.B. BrlsiBlIeHne MEXaHU3MOB, BIIMSI-
forux Ha dddextuBHocTh HUOKP // KauectBo. MHHOBamu. OGpa3oBaHue. —
2018. Ne7(158). — C. 152-157.

32



6. Kymun A.A. IloBbllIeHUE KayecTBa MPOIYKIIMK HA OCHOBE CO3JJaHUsI HHTETPUPO-
BaHHBIX UH(OPMAIIMOHHBIX CUCTEM YMPAaBIECHUS U OpPraHU3alMK MIPOU3BOACTBA
// Bectauk mammHoctpoenus. - 2002. - Nel. - C.55-60.

7. Cxupmnaoze A.I'., Boponos B.H., hopuckun B.Il. ABTOMaTH3alus MPOU3BOI-
CTBEHHBIX IIPOIIECCOB B MamnHOCTpoeHnu: Y4ueonuk / - Ct. Ockom: THT, 2013.
- 600 c.

8. Boakosal’]]., ®eogpanos A.H. ABTOMaTH3aIs KOHCTPYKTUBHOTO U TEXHOJIOTH-
YECKOTo MPOCKTUPOBaHMs. YUueOHOe MocoOue sl CTYJIeHTOB BY30B. - M.UI]
oy MI'TY «CTAHKHHy, 2006. - 84 c.

9. @eoganos, A.H., Xeacmynoe P.M., Hecpumosckas H.I1. Criocobb1 oTOopa cre-
[IUAIMCTOB B COCTaB AKCIEPTHBIX rpytiil // M.: TeXHOTOTUsI MAIIMHOCTPOCHUS. —
2008. - Ne10. — C.58-67

10. Janexun I1.H1., [ ne6o6a O.B. Ouenka 3¢pGHeKTUBHOCTH U pe3yTbTATUBHOCTH KOP-
nopanui, NpeAnpusaTuii U OpraHu3alyii B Hay4HoU cdepe // MexTyHapoaHbIN
Hay4YHO-HCCIeA0BaTeNbCKuit )KypHai. — 2014, — Ne3 (22). — Yacts 3. C.19-20.

I'ypkuna Anuna AnartoabseBHa, acnupanT PI'bOY BO «MI'TY «CTAHKHMH», Poc-
cusi, ropox MockBa, BagkoBckuit nepeyinok, a.1, 127055, renedon: +7 (499) 973-21-
45, email: alina.gurkina@yandex.ru.

Gurkina Alina Anatolevna, graduent student of MSUT «STANKIN», 127055, Russia,
Moscow, Vadkovsky Lane, 1, phone: +7 (499) 973-21-45, email: alina.gur-
Kina@yandex.ru.

VJIK 519.688
XnyneneB Anekcanap BiagumupoBuy

HUHTEI'PALIIUA CPEACTB CUHTE3A JOITYCKOB
C UHCTPYMEHTAMMU EDA

B pabome paccmampusaemcs unmezpayus npocpamMmHbix cpeocms cunmesa 00-
NYCKO8 OUCKPEMMHbIX NACCUBHBIX INEMEHMOE C UHCMPYMEHMAMU ABMOMAMU3UPOBAH-
HO20 NPOEKmMuposanusl 3eKmponHulX ycmpoticmes (anen. electronic design automation
(EDA)). Paccmampusaemcsa memoo cunmesa 0ONyCKo8, UCHONb3YIOWULL pe3yTbmanbl
ananuza wyecmseumenvHocmu. Ilpeonodcensi peuieHuss no peanusayuu Memooda 6 cpeoe
mabauunozo npoyeccopa Excel u oomena oannvimu mexncoy snekmponnoi mabauyet u
oazamu oannvix cxemwvl 6 EDA.
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Jluckpemmnulii naccusHwlll s1emenm, OONYCK, 8blX00 200HBIX U30eNUl, 3anac pabo-
MOCNOCOOHOCMU, AHANU3 YYECMEUMETbHOCMU, UHCIMPYMEHM UMEPEHUst, CIamucmu-

yecKutl Memoo, ieKmpoHuas maodauya, 6yghep oomena.

Alexander Vladimirovich Khludenev

INTEGRATION OF THE TOLERANCE SYNTHESIS TOOLS
WITH EDA TOOLS

The paper considers the integration of software tools for the tolerance synthesis of
discrete passive elements with electronic design automation (EDA) tools. A tolerance
synthesis method using the results of sensitivity analysis is considered. Solutions are
proposed for implementing the method in the Excel spreadsheet environment and for
data exchange between a spreadsheet and schematic databases in EDA.

Discrete passive element, tolerance, production yield, operability margin, sensi-
tivity analysis, measurement instrument, statistical method, spreadsheet, clipboard.

BBenenne

XapakTepuCTUKHU aHAJIOTOBBIX YCTPOMCTB, MOCTPOECHHBIX HA HHTETPATBHBIX
cXxemax OT OIEPaIMOHHBIX YCUIIUTENEH IO aHAJIOTOBBIX UHTEpGercoB (aHTi. an-
alog front end (AFE)), 3aBucsT OT mapamMeTpoB BHEIITHUX MTACCUBHBIX 3JIEMEHTOB.
[Tpou3BOACTBEHHBIE JOMYCKH 3JIEMEHTOB OMPENETSIOT JAOMYyCKaeMble OTKJIOHE-
HUSl (DAKTUYECKUX 3HAUYCHUN MapaMeTpOB OT HOMHHAIBHBIX 3HaueHuiu. Cren-
CTBHMEM HEOOOCHOBAHHOTO MPUMEHEHUS IPEIIM3NOHHBIX JIEMEHTOB SIBJISIETCS 3a-
BBIIIICHHAS! CTOMMOCTh KOMIUICKTYIOIIMX. 3aBBIIICHUE JTOMYyCKOB KOMITIOHEHTOB
PUBOJIUT K CHMYKEHHIO BBIXOJIA TOJIHBIX U3/CNIUNA MPU MacCOBOM MTPOU3BOJICTBE.
TemaTuke HOMYyCKOBOTO MPOECKTUPOBAHMS B 00JIACTU DJCKTPOHUKU YIEISIETCS
0oJpIIIOC BHUMAHUE B HAy4YHO-TEXHHUYECKoM nuteparype [1 — 6]. HecmoTps Ha
3TO, BOBMOKHOCTH COBpeMEHHbIX EDA orpaHuyeHbl penieHueM 3a/1ad JI0IyCKo-
Boro ananu3a. CymiecTByeT mpobjieMa WHTErpalud CTOPOHHUX MPOTPAMMHBIX
WHCTPYMEHTOB JIJIs pacueTa J0myckoB ¢ cuctemamu EDA [7]. B pabote [8] o6oc-
HOBaH BBIOOP METOJIOB OTPEACIICHUSI JOIMYCKOB, UCTIOIB3YIONINX 3HAYCHUS UyB-
CTBUTEILHOCTH BBIXOJHBIX MApaMETPOB K BapHAIMsAM ITapaMeTPOB DJIEMEHTOB.
[IpennoxkeHa WHXEHEpHAs METOAMKA JOMYCKOBOTO MPOCKTUPOBAHUS aKTUBHBIX
RC-dpuibtpoB, Ha ocHOBe mHCTpyMeHTOB cucteMbl OrCAD PSpice Designer
v.17.2 [9].
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OcHoBHafl YacTh

Texanyeckue TpeboBaHus GOPMYIUPYIOTCS B BUAE OTPAaHUUCHHI Ha JIOITY-
CTHMBIE 3HAYCHHS BBIXOIHBIX apaMeTpoB Y = {Yi, Y2, ... , Yn} 00BbEKTA IPOCKTH-
poBaHus U POPMHUPYIOT 00J1aCTh paboTOCIIOCOOHOCTH. DaKTHUECKUE 3HAUCHUS

mapameTpoB 3eMeHTOB X = {X1, X2, ... , Xm} PAaCIpeNeaioTcs CIy4aiiHbIM 00pa-
30M OKOJIO MX HOMUHANIBHBIX 3HaUeHUH Xo = {Xo1, X0z, ... , Xom} B Ipeaenax adco-
JIIOTHBIX ITPOU3BOACTBCHHLIX JOITYCKOB AXmaX i

Xoi — Mmaxi < Xi < Xoi T+ AXmax i- (1)

Cucrema HepaBeHCTB Bra (1) st Becex 371eMeHTOB X OMpeieseT A0MyCKO-
ByIO 00iacTh. [Ipu CHHTE3e MOMYyCKOB ONPEACISIFOT 3HAYCHUS OTHOCHTEIbHBIX
nonyckoB T ={ty, t, ..., tn}, rae ti = (AXmaxi/Xoi) - 100 %, mpu KOTOPBIX JOIMYCKO-
Bas 00JIaCTh HAXOJUTCS B Mpejeax 00JacTH paboTOCIIOCOOHOCTH, OTOOpaKEH-
HOM B MMPOCTPAHCTBO mapaMeTpoB X. YaCTHUHBINA BBIXO[] TOTYCKOBOW 00JIACTH 32
IpaHMIIBI 00JIACTH pabOTOCIIOCOOHOCTH MPUBOIAMT K CHUYKCHHIO BBIXO/a TOTHBIX
U3JICITUI TIPU CEPUIHOM MPOM3BOJACTBE. UTOOBI CHU3UTH CTOUMOCTD 3JICMEHTOB,
CIICAyeT CTPEMHUTBCS HAXOIWTh MaKCHMAJIbHO BO3MOXKHBIC 3HAYCHHUS OTHOCH-
TEJILHBIX JIOMYCKOB MPH 3aIaHHOM BBIXOJIC TOIHBIX M3/ICIHH. 3a1aua CHHTE3a 10~
IyCKOB UMEET PEIICHHE, CCIIU TPU €€ MOCTAaHOBKE C(OPMHUPOBAH 3arac paboTo-
CIIOCOOHOCTH:

a= |y(X0) o y00n|’ (2)
1€ Yoon - IPEACIBHOE JOMYCTUMOE 3HAYCHUE BBIXOIHOTO mapametpa Y. J{ist atoro
HOMHHAJIbHBIC 3HAYCHHMS ITapaMeTpoB Xo HE TOJKHBI PacIojiaraThCs Ha TpaHuIiax
obsacTr paboTOCTIOCOOHOCTH.

[Tpu BBIOOpPE METOIOB CHHTE3a OMYCKOB HEOOXOAMMO YUUTHIBATH BO3MOXK-
HOCTH HCHOJb3yeMbIXx HHCTpyMeHTOB EDA. Wuctpyment Sensitivities mpo-
rpammbl PSpice Advanced Analysis mo3BoJisieT MmoJjib30BaTeIsIM PacCUYUTHIBATh
MOJYOTHOCHTENIbHBIC YYBCTBUTEIBLHOCTH BBIXOJHBIX MapaMETPOB, OMpeesisie-
MBIX ITOCPEACTBOM HHCTPYMEHTOB H3Meperus [9].

Eciu mpu M3roTOBIEHUH TUCKPETHBIX 3JEMEHTOB HE HMCIOJB3YeTCS MO-
TOHKa IMapaMeTpoOB M COPTHPOBKA IO 3HAYCHHUSAM JIOMYCKOB, PaCIpe/Ic/icHUe Be-
POSITHOCTEH i1t OTKIOHEHUH oxi = (Xi — Xoi)/Xoi * 100 % MOKHO anmpoOKCHMHPO-
BATh HOPMAJILHBIM 3aKOHOM C HyJIEBBIM CPEIHHMM U JUCIEPCHEN G5y’ = ti4/9. Eciu
IPYA HU3TOTOBJICHUM TMPEIM3HOHHBIX 3JEMEHTOB MPOU3BOIMTCSA COPTHPOBKA IO
3HAYEHUSM JIOMTYCKOB, TO PAaCHpeC/ICHIUE BEPOSITHOCTEH OXi MOYKHO arllpPOKCHMU-
POBaTh PABHOMEPHBIM 3aKOHOM C JUCIEPCHEi Gsxi? = 1i2/3 [10]. Mg stux u mpy-
I'HX CIIy4acB MOYKHO YCTAHOBUTH COOTHOIICHHE:

osxi = li - ti, (3)
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3a71aBasi COOTBETCTBYIOIIHE 3HAYCHHUS ;.
Ecnu Konmu4ecTBO JUCKPETHBIX JIEMEHTOB M BEIMKO, a 3HAUCHHUS OTKJIOHE-
HUI 0Xj CTATUCTHUYECKU HE3aBUCUMBI, TO pacipesiesieHre BeposTHocTer Ay = y(X)
— Y(Xo) MO’KHO amnmpOKCHMHUPOBATH HOPMAJIBHBIM 3aKOHOM C HYJICBBIM CPEITHUM
u nucnepcueti [10]:
GAZy = ;Zl(sgi (XO))Z ) O-(%xi' (4)
Vcxo/s U3 MIIaHUPYEMOTO BBIX0O1a IPOLYKIMU D ¥ CBONCTB pacnpeaeacHus Ay,
MO>KHO BBIOPATh HEOOXOAUMOE COOTHOILLIEHUE:
ony=alz. (5)
[Ipenmonaras paBeHCTBO claraeMbIX B MPaBOM YacTH ypaBHEHHs OanaHca
(4) u yuutsiBas cootHotreHus (3) u (5), B pe3yJibrare:
t=a/(z" - vm- ;- |57, (X)) (6)
B nHxeHepHoi paKTHUKe YacTo 1EJIECO00Pa3HO ISl HEKOTOPBIX SJIEMEHTOB
JIOIYCKHM Ha3HayaTh, a JIJISi OCTAJbHBIX 3JIEMEHTOB onpeaessTh. O003HaUUM Ma
KOJMYECTBO AJIEMEHTOB C HA3HAYEHHBIMH JIOMYCKaMU taj 1 My KOJIUYECTBO dJie-
MEHTOB C ompezensieMbiMu fonyckamu tyi. Ha ocHoBe (4):
oy = L1 (Syy,(Xo))? - 05y, + L1 (Sxa,(X0))? - 05xa, (7)
rae S) Y (Xo) n S;’Ui(X 0) - YYBCTBHUTEIBHOCTH K BapHalldsaM MapaMeTpOB

JJIEMEHTOB Xaj U Xui ¢ HA3HAYECHHBIMU M OIPEAEIISIEMBIMU JOIIYCKAMU COOTBET-
cTBeHHO. HasHauas nomycku tai, MOKHO HAaUTH JOIYCKH ISl OCTAIIBHBIX DJIEMEH-
TOB:

(@292 = KA (Ko (a4
tyi =

Wmu - li - S, X))
(8)

Ecnu nomyyeHo oTpumarenbHOE 3HaYCHUE B YUCIIUTENIE TTOT KOPHEM, 3a/1a4a
HE UMEET pelIeHus ISl 3aJaHHbIX 3HaueHuH tai. [lomyueHHbie 3HAaUCHHS TOMTyC-
KOB HEOOXOAMMO OKPYTJIUTH 10 CTAHJAPTHBIX 3HAYCHUI.

PaccMoTpeHHBIN METOT MOKHO peaiu30BaTh B Cpejie TAOJIUYHOIO MpoIlec-
copa Excel. Excel npenocrasiser ynoOHbIe cpeicTBa IS BBITOTHEHHS OJHOTHII-
HBIX BBIYUCIEHUH 110 hopmynaM (6) u (8) amnst saneMeHTOB cxeMbl. Jlig uHTerpa-
IIMM CPEJCTBA pacyeTa JAomyckoB Ha ocHoBe Excel ¢ mnctpymentamu EDA no-
CTaTOYHO O0ECIEUNTh Nepeiady JAaHHBIX MEXKIY HUMHU 0€3 MHTePaKTUBHBIX JICH-
CTBUH MOJIBH30BATEIS C UCTIOIH30BAHUEM KIIaBUATYphI. Takoil 0OMEH MOKHO pea-
TU30BaTh MyTEeM IMEpeaauu NaHHBIX depe3 ¢ainsl wim oydep oomena. [Ipu uc-
oJIb30BaHUU Oy(depa oOMeHa TpedyeTcs 00eCeunTh:
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- IMIIOPT B 3JICKTPOHHYIO Tabuiy EXxcel mo3uimoHHbIx 0003HaYCHHMI dJ1e-
MEHTOB U3 0a3bl JaHHBIX HHCTpyMeHTa Sensitivity nporpammer PSpice Advanced
Analysis 11 uaeHTHGHUKAIIMKA YIEMEHTOB T10JIh30BATEIICM;

- IMIIOPT B 3JICKTPOHHYO Tabuiy Excel 3nadenuit uyBcTBUTEIBHOCTEH U3
0a3bl JaHHBIX HHCTPyMeHTa Sensitivity nporpammer PSpice Advanced Analysis;

- DKCTIOPT B 0a3y JaHHBIX 3JIEMEHTOB CXeMbI pefakTopa Capture HailieHHbIX
3HAYEHUI JTOMYCKOB.

Ecnu npu ¢popMupoBaHuu 37I€KTPOHHOM TAOJUIIBI, OTBOAUTH ISl OJHOTO
AJIeMEeHTa MOJHYI CTPOKY, TO BCE MEPEUMCICHHBIE MCTOYHUKUA U MPUEMHUKH
JAHHBIX OYJIyT UMETh OJJHOTUIHYIO opranu3anuio. [Ipu cornacoBanHOM pacmpe-
JICJICHUH 3JIEMEHTOB MO CTPOKaM Kaxaasl orepalusi UMIopTa - dKcrnoprta Oyaer
CBOAUTHCS K OJHOKPATHOMY KOIHMPOBAHUIO M BCTABKE JAHHBIX COOTBETCTBYIO-
IIETo CTOJIOMNA.

OCHOBHYIO CJIOXKHOCTHh ISl peaju3allid HMIIOpPTa YyBCTBUTEIHLHOCTEH
IIPE/ICTABIIIET BO3MOKHOE MIPUCYTCTBHE B IAHHBIX MacIITaOUpyromux cyhduk-
coB (M - 103, u - 108 n - 10°u 1.1.). INoaTomy cozmepsxkumoe sueitku Excel ¢
NPUHATHIM 3HAYCHUEM YYBCTBUTEIBHOCTU 00pabaThIBAETCSl KaK CTPOKA CUMBO-
JIOB:

- TIPaBBI CUMBOJI CTPOKH MPOBEPSIETCS HAa COBMAJCHHUE C MAcCIITaOUpPYyIo-
muMu cypdukcamu, UCTob3ys BiIoxkeHHyto pynkiuio "ECJIN";

- OCTaJIbHBbIE CUMBOJIBI peodpasyroTcs B uncio ¢pynkiuei "SHAUEH";

- IOJIyYeHHOE 3HAUYCHNE YMHOXKAETCSl Ha MACIITa0UPYOImuii Ko PHUIIESHT.

Omneparusi OKpyTJICHUST HAWJICHHBIX 3HAUYCHUN JTOMYCKOB JI0 CTAHIAPTHBIX
3HAUYCHUN pean30BaHa, UCIOJb3Ys BiloxkeHHY0 ¢yHKuuo "ECJIN".

[IpoBepka nmpeasioKeHHBIX PEIICHU BBITIOTHEHA Ha mpuMepe akTuBHOTro RC
buabTpa 6-ro MOpA/Ka HA TPEX 3BEHBSAX C MHOTONETIIEBOW OOpaTHOW CBA3BIO.
[Tpu TpeGoBaHNM K HEPABHOMEPHOCTH aAMIUIATYAHO-YACTOTHON XapaKTEePUCTUKHU
(AYX) B monoce nporyckanus - He 6onee 1.8 ab, anmpokcumanus mo YeoOsleBy
Obl1a BBITIOJIHEHA C HepaBHOMEPHOCTHIO 1 1b. JIByXxcTopoHHMI 3ammac paboTocmo-
cobHoctH coctaBui +£0.4 1b. EMKoCTH KOHIEHCATOPOB 3a7aHbl U3 psga E24, co-
MIPOTUBJICHUSI PE3UCTOPOB pacCUHMTaHbBI. J[JI1 BCEX KOHIIEHCATOPOB 3a/IaHbl JI0-
nycku 1 %. Paccunrannslie no (8) qomycku st pe3suctopoB coctaBuin ot 0.1 1o
1 %. CtangapTHbIE 3HAYEHUS COTIPOTUBIICHUS PE3UCTOPOB 3a/1aHbI U3 psiaoB E48
- E192. Tlo pe3ynbpTaTaM aHanu3a, BIIOIHEHHOTO MeToaoM MonTe-Kapio (200
UCTIBITaHU ), 3HaUeHUSI HepaBHOMepHOCTH AUX pacripesiesieHbl Ha UHTEpBAJIE OT
1.15 no 1.85 nb. Beixon roaueix uznenuii coctaBui 99 %.
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BriBoanbl

PaccMoTpeH aHAIMTHYSCKUI METOI CHHTE3a JIOIYCKOB, HCITONB3YIONTUH pe-
3yJbTaThl aHAJIM3a YYBCTBUTEIIBHOCTH BBIXOJHOTO MapaMeTpa yCTPOMCTBA K Ba-
pHUaIUsIM IMapaMeTPOB MACCUBHBIX 3JIeMeHTOB. IIpemmoskena MoauduKanus Me-
TOJ1a, TIO3BOJISIONIAs HA3HAYATh JIJIS OTPE/ICIICHHOM IPYIITBI 3JICMEHTOB TIPE/IIIO-
YTUTCIIbHBIC 3HAYCHUS JOITYCKOB.

PaccMoTpeHBI perieHus o peaau3alud MeTo[a CHHTE3a JOIyCKOB Ha OcC-
HOBe Tabau4HOrOo Imporeccopa Excel ¢ ucmonp3oBaHreM HHCTPYMEHTOB PacIii-
peHHoro ananu3a PSpice. [IpeaiokeHbl peleHus M0 HHTErPalii CPEICTB CHH-
Te3a JOIYCKOB ¢ MHCTpyMeHTaMu EDA myTeM umIopra mo3uIMOHHBIX 0003Ha-
YCHHUH AJIEMCHTOB, 3HAYCHUH YYBCTBUTEIIPHOCTEH M SKCIIOPTA IMOJTYYSHHBIX 3HA-
YeHUH TOMyCKOB uepe3 Oydep oOMeHa.
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YK 621.391
Jmutpue Anexcannp ['eoprueBud

Ob OJHOM IIOAXOJE K OP'AHM3ALIMU YYEBHOI'O ITPOLNECCA
HA OCHOBE METO/JOB AT'PEI'MPOBAHUA OBBEKTOB

Paccmampusaemcs npumenenue memooog azpecupo8arus 06vbeKkmos (Oua2oHaIu-
3ayuu Mampuysl C653u) npu opeanuzayuu yiebHo2o npoyecca 6 gyse. Ooyuarowuecs
paccmampugaromcsi Kak HeKomopbie 00beKmbl, MeHcOy KOMOPbIMU CYUjeCmayem 63au-
Modeticmeue, Xapakmepusyemoe GelUUUHOU «C8A3U» UIU CMeneHvlo «Oau3ocmuy
mexncoy amumu obvekmamu. B pezyromame ucxoonoe mHodxicecmeo 06vexmos 3aoa-
Eémcs K8AOpamHoU Mampuyeti, Ha3vl8aeMol Mampuyell CeA3U, Kaxcovlll dleMeHm Ko-
MOPpOll AGNAEMCA BEIUUUHOU (CEA3U» MeAHcOy coomeemcmsyrowumu oovekmamu. Tpe-
Oyemcs no 3a0aHHOU Mampuye c8sa3uU Hatmu pazoueHue MHO}cecmaea 00beKmos Ha He-
nepecexarouuecs NOOMHONCECMBA (azpezamvl) Makum o0Opa3om, 4moovl GelUYUHDL
C8A3U  MedHcOy 00vbeKmamu, NONasUUMY 8 00UH azpe2am, ObLIU OoNbUIUe, A MeHCOY
obvexmamu, NONABWUMU 8 PA3HbIE acpecamul, — MaieHbKue. /s 3motl yeau 6600Umcs
8 paccmMompeHue Kpumeputl, Xapakxmepusylowuti cmenetsb «O1u30cmu» 00vbeKmos 6 ae-
peeamax. HMlckomoe pazbuenue ucxoono2o MHOICECm8a 0ObEeKmMo8 Ha azpecamsl HaxXo-
OUMCSL U3 YCIOBUSL MAKCUMYMA 86E0EHHO20 KPUMEPUSI.

Cmpyxkmypnsie MemoOosl, OUALOHANUIAYUS MAMPUYLL CEAZU.
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Dmitriev Alexander Georgievich
ADAPTIVE ALGORITHM FOR COMPRESSION OF NOISY IMAGES

The application of object aggregation methods (diagonalization of the communi-
cation matrix) in the organization of the educational process at the university is consid-
ered. Students are considered as some objects between which there is an interaction
characterized by the magnitude of the "connection™ or the degree of "proximity"” be-
tween these objects. As a result, the initial set of objects is given by a square matrix
called the connection matrix, each element of which is the magnitude of the "connection"
between the corresponding objects. It is required to find the partition of a set of objects
into disjoint subsets (aggregates) according to a given connection matrix in such a way
that the values of the connection between objects that fall into one aggregate are large,
and between objects that fall into different aggregates are small. For this purpose, a
criterion is introduced that characterizes the degree of "proximity" of objects in aggre-
gates. The desired partition of the initial set of objects into aggregates is found from the
maximum condition of the introduced criterion.

Image compression, cosine transformation, approximation.

BBenenne

[Ipu nmnanupoBaHuM y4eOHOTO MPoIlecca YacTO BO3HUKAET HEOOXOIUMOCTh
B 00bETMHEHUH O0YYAIOIINXCS B pa3IMYHbIC TPYNIbL. Tak, HampuMep, B BOCHHOM
By3€ yueOHas rpyIia nojapasaeisieTcs Ha oTaenaeHus. Takoe pa3orueHne yaeOHom
TPYIIIBI HA OTACJICHUS MMPOBOAUTCS, KaK MPaBUJI0, 0€3 MPUBJICUCHUS KAaKUX-THO0
(dbopManbHBIX METO/IOB aHAJIN3a JaHHBIX 0 00y4aeMbIx. B manHoit pabote s pe-
IICHUS] 2TOM 3aJa4ll pacCMaTpUBAETCS MPUMEHEHUE METOJIOB arperupoBaHUS
00BEKTOB, HAISANIUX MPUMEHEHHE MPU PEIIEHUN OOJBIIOr0 Yucia OYeHb pas-
HBIX MPaKTHYECKUX 3a1a4 [1-3].

OcHoBHasl YacTh

3amaua ctaBuTCs cienyromuM obpazoM. IlycTs s aHanmu3a mpeabsBICHO

HEKOTOPOE MHOXKeECTBO 006eKkToB X ={X} i=1,...,N. JUs Kax10# mapsi 00beK-

TOB X; M X;3a/1aHo 4ucio ¢ ; =0, xapakrepusyromiee BEIMINHY «CBSI3U» UIIH

CTENEHb «OIM30CTU» MEXAY 3TUMHU 00beKTaMU. Takum 00pa3zom, UCXOAHOE MHO-
KECTBO O00BEKTOB XapaKTepU3yeTcs MaTpHIIei

A:{ai’j} i=1...,N, j=1...,N, Ha3siBacMoil MmaTpuieil cBs3u. TpeOyercs

HailTu pa3OueHHMe MHOXECTBa OOBEKTOB X  Ha  HeNepeceKaroluecs
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noaMmHoxkecTBa (arperatel) G =G,,...,G , 4TOOBI BEIMUNHBI CBA3U MEKAY 00b-
€KTaMH, MOTIABIINMH B OJWH arperar, ObUTH OOJBIINE, a MEXAY 00BEKTaMH, T10-
MaBIIMMHU B Pa3HBIC arperaThl, — MaJICHbKHE.
Kpurepuii crenenn 61130cTi 0OBEKTOB Ha 3aIaHHOM pa30ueHUN G BBIOE-
peM B BHIIE
J :Z:(__lﬂ R D %, :isz_l . 2. % (1)
N | m.(m, —1); ;55 N m, —1i j&oiv]

rae M, — 4ucio o0bekToB B K — oM arperare.

TpeOyeTcst HailTH Takoe pa3dHeHe MHOXKECTBA OOBEKTOB X Ha arperarbl
G,,...,G_, 4r0o0bI KpHuTepuii (1) mpuHEMAaI MaKCUMaJIbHOE 3HAYCHHUE.

JUIst HaX0XKJIEeHU UCKOMOTO pa30MeHus MpeaiaraeTes clieayronas npoue-

aypa.
IT1. k=1.

I12. ITocnenoBaTenbHO IpocMaTpUBarOTCs 00BEKTHI U3 arperara G, u ocy-
IIECTBIISIETCS MOMBITKA IepeHoca 00bekTa U3 arperara G, , B KOTOPOM OH ceifdac

HaXOJIUTCSI, BO BCE OCTAJIbHBIE arperaThl.
I13. Ha xaxaom miare Takoro nepeHoca pacCUUThIBAETCS HOBOE 3HAYCHHE
kputepus (1) J u cpaBHUBAETCS CO 3HAUEHUEM ATOTO KPUTEpHUs J10 TiepeHoca J

[14. Ecnu 3Hauenue kputepusi Bo3pocio, T.e. J >J,  TO paccMaTrpuBae-

MBI 0OBEKT OCTAETCS B TOM arperare, KyJia OH ObLIT IEpEeHECEH.

I15. Ecnu ke mociie monbITOK IepeHoca paccMaTpruBaeMoro 00beKTa U3 ar-
perara G, BO Bce apyrue arperatsl 3HaueHue kputepus (1) Hu pa3y He BO3pOCIIO,
TO 3TOT 00BEKT OCTaéTcs B TeKymieM arperate G, , BeIOMpaeTcs cienyonmii 00b-
€KT U3 3TOro arperara.

I16. Ecin mocie momsITOK epeHoca Bcex 00beKToB U3 arperata G, Bo Bce
JpyrHUe arperatbl 3HaueHue kpurepus (1) Hu pazy He BO3pOCO, TO MPOBEPSIETCS
k=L Eciu k<L ,to k=Kk+1, Bemomnnsercs nepexon k I12.

[17. Eciim k=L u mpocMOTp BceX 0OBEKTOB M3 BCEX arperatoB HE MPUBEI
K U3MEHEHHUIO HU OJIHOTO arperara, To padbora npoieaypsl 3aBepiiaercs. B mpo-
TUBHOM CJIy4ae BbINoJiHsAeTCs nepexon k [11.

OuyeBuHO, ONTMCaHHAs BBIIIE MPOIEAYpa CXOAUTCS 32 KOHEYHOE YUCIIO 1Ia-
T'OB K JIOKQJIbHOMY MakcumyMy kputepust (1).

AnpoOanus aJiropuT™Ma MpoOBOIUIIACH HA OCHOBE JAHHBIX YUYE€OHOU IpyMIIbI,
cocTosiel u3 26 KkypcaHTtoB (00BEKTOB). B pe3ysbrare HE3aBUCUMOTO OMpoca
KaXJI0T0 KypcaHTa ObUIa COCTaBJieHA MaTpulla CBs3M, MOKa3aHHas Ha puc. l.
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Kaxxnpiii KypcaHT OLlEHMBAJ CHIIy «CBSI3W» C JIPYTUMH KypcaHTaMHu y4eOHOM
TPYIIIBI IO AECSATH OAbHON CUCTEME.

1 2 3 4 5 6 7 8 9 10 (11 [ 12 (13 [ 14 | 15 (16 | 17 [ 18 | 19 | 20 [ 21 | 22 [ 23 |24 | 25 | 26
1 0 6/ 10| 10 4 4 4 3 1 3 2 1 1 1 4 2 2 6 6 6 3] 10 8 5 3 1
2 3 0| 10| 10 3 2 9| 10 1| 10 6 2 2 2 10 5 5 8 4 8 3| 10| 10 3 9 1
3 5 5 0 9 5 5 5 8 5 5 5 5 6 5 6 7 5 7 5 6 5 71 10 5 5 5
4 2 3] 10 0 2 2 8| 10 2 3 5 4 4 5 5 5 5[ 10 5 8 5| 10| 10 8 5 2
5 3 5 9 9 0 3 5[ 10 0 5 5 3 0 2 5 3 0 9 5| 10 5| 10| 10 3 3 0
6 4 10 10| 10 6 0 4| 10 1 4 6 4 4 6| 10 7 6| 10 4| 10 6 10| 10 7 4 6
7 8| 10| 10| 10 5 1 0| 10 1 1 5 1 1 5 10 8 2 8| 10 8 3| 10| 10 9 6 1
8 4 1 8 8 1 1 7 0 1 1 5 1 1 1 6 1 1 7 2 7 1| 10| 10 3 3 1
9 7 4 8 9 3 3 7 8 0 2 6 3 2 1 7 1 5( 10 7 9 2| 10 9 6 3 5
10 1 3 9 9 1 1 1 6 1 0 1 1 1 1 1 1 1 7 1 1 1 6 10 7 4 1
11 6 3| 10| 10 5 2 4| 10 1 3 0 1 1 3 9 4 5 9 2 8 1| 10 10 7 6 3
12 2 6 9 9 7 2 2 7 3 5 5 0 6 6 6| 10 3 7 2 7 2 7 8 6 6 6
x 13 7 4 9 9 5 5 5 7 3 3 4 4 0 5 7 8 5 7 6 7 3 7 9 7 5 3
14 1 2 8 8 2 1 4 8 1 4 1 1 5 0 5 5 1 6 3 6 1 9 8 3 6 1
15 4 5 8| 10 5 2 5( 10 0 3 5 0 2 5 0 2 0 6 4 8 0 71 10 4 5 0
16 0 0f 10| 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 10| 10 3 0 7
17 4 7| 10| 10 5 6 2( 10 1 7 3 1 1 1 7 2 0 8 4 9 1| 10| 10 6 4 3
18 4 8| 10| 10 7 6 5 5 3 8 9 7 3 7 8 3 6 0 3 8 8| 10| 10 6 10 7
19 5 5 9 9 4 5 7 7 3 4 5 2 4 5 7 3 3 5 0 5 5 9 9 6 6 4
20 5 8| 10| 10 5 4 4| 10 1 2 5 5 2 2 7 4 3 9 2 0 2| 10| 10 3 3 2
21 6 7( 10| 10| 10 9 9 9 4 5 5 5 4 5| 10 4 4| 10 7| 10 0| 10 7 6 8 5
22 4 1 8 8 1 1 7| 10 1 1 5 1 1 1 6 1 1 7 2 7 1 0| 10 3 3 1
23 4 4 9| 10 3 4 2| 10 1 8 5 5 3 6 7 9 5 9 1 7 7] 10 0 10 9 9
24 5 7| 10| 10 4 3 1 3 1 6 3 3 6 7 7 5 4| 10 4 4 3| 10| 10 0 7 6
25 3| 10| 10| 10 3 1 7| 10 1| 10 7 4 3| 10| 10 6 2 9 1| 10 1| 10| 10 3 0 3
26 1 3 7 8 1 1 1 7 1 7 1 1 2 1 1 7 1 8 1 1 1 5 9 1 4 0

Puc. 1.

PaccMoTpeHHBIN aropuT™ MpeaIonaraeT 3aiaHue HEKOTOPOro Ha4allbHOTO
pa3OueHus Ha arperartsbl (oTaeneHus). B kauecTBe HauaabHOTO pa3oueHus yueo-
HOU TPYIIIBI HA OT/ETIEHUS MCIIOJIb30BAIOCH CYIIECTBYIOINIEE pa3JieieHue y4ue0-
HOW TPYIIBI HA TPU OTHAEJICHUS. B mepBblii arperat BXOAWIN KypPCaHTHI C HOMeE-
pamu 1,4,5,7,10,15,16,19,20,26 (10 xypcanToB); Bo BTOpoit — 2,8,9,11-13,17,18
(8 xypcanrtoB); B TpeTuii — 3,6,14,21-25 (8 xypcantoB). 3nauenue kpurepus (1)
JUTSI HAa4aJIbHOTO pazouenus coctaBmwio 5,049. B pesynbraTe paboThl anropurma
B TIEPBBIM arperaT Bouutk Kypcantsl 1,3,7,9,13,16,19,21,26 (9 xypcaHTOB); BO
Bropoit — 2,5,6,8,11,12,15,17,18,20 (10 xypcantoB) ; B TpeTu —
4,10,14,22,23,24,25 (7 xypcanToB). 3nauenue kpurepus (1) cocrasmno 5,707.

BoiBoabI

Pe3ynbTarsl paboThl airopuT™Ma IpU PEIICHUN 3a/1a4M pa3/ieJeHue KypcaH-
TOB Y4eOHOU TpyIIbl HA OTAEJIEHUS! TOKA3bIBAIOT, YTO MPUMEHEHHUE ONTHMHU3A-
[IUU TIPUBEJIO K U3MEHEHHUSIM B COCTaBE OTIEICHUM, TPU 3TOM CyMMapHas «cuja
CBA3W» KypCaHTOB (3HaueHue kputepus (1)) cyliecTBeHHO BO3pocia.
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AJITOPUTM JETEKTUPOBAHUSA JJE®EKTOB MEJIKOA
MOTOPHUKHU ITO JAHHBIM JATYUUKOB CMAPT®OHA
CUCTEMbI BUOME/IMIIUHCKOI'O MOHUTOPHUHT' A

Oonoti u3z 3a0au yugposuszayuu 161s1emcs obecnevenue 803MOAICHOCMU Npeosa-
PUMENbHOU camoouazHocmuKky nayuenmos. Llenvio pabomul aensemcs pazpabomka ai-
20pumma OemeKmupo8anusi 0eqhekmos MenKol MOMOpuUKU Oisl UCNONb308AHUA HA
cmapmeone 6 cucmeme 6UOMEOUYUHCKO20 MOHUMOPUH2A. Aneopumm OCHO8AH HA AHA-
Ju3e yeno8 OMKIOHEeHUl, NOTYYAeMblX OM aKcelepoMempa cmMapmeona, Komopwle u3-
MepAIMCcs npu 8bINOJHEHUU NAYUEHMOM HOCMABIEeHH020 3a0anus. Pe3ynomamul ucnoi-
mauuii noxazaiu pabomocnocooHoOCms aneopumma, npu 3MoM ypo8eHb ouudboK nep-
8020 poda cocmasnsem 0,05 u yposensb owubox mopozo pooa 0,09.
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Heuneaszusnuiil MoHumopune, 6UOMeOUYUHCKUX MOHUMOPUHS, MENKASi MOMOPUKA,
oeekm MeaKol MOMOPUKU, CMAPMEPOHHA OUACHOCIMUKA, 00pabomKa NOKA3aHutll ax-

cenepomempa, Heepoao2uiecKue paccmpoucmaed.

Egorchev Anton Alexandrovich, Chickrin Dmitry Evgenevich,
Fahrutdinov Adel Ferdinandovich

ALGORITHM FOR DETECTING FINE MOTOR DEFECTS BY DATA
FROM SMARTPHONE SENSORS OF THE BIOMEDICAL
MONITORING SYSTEM

One of the tasks of digitalization is the possibility of preliminary self-diagnosis of
patients. The aim of the work is to develop an algorithm for detecting defects in fine
motor skills for use on a smartphone in a biomedical monitoring system. The algorithm
Is based on the analysis of the deviation angles obtained from the smartphone accel-
erometer, which are measured when the patient completes the assigned task. The test
results showed the efficiency of the algorithm, while the level of alpha error is 0.05 and
the level of beta error is 0.09.

Non-invasive monitoring, biomedical monitoring, fine motor skills, fine motor de-
fect, smartphone diagnostics, processing of accelerometer readings, neurological dis-
orders.

Bsenenne
Meikast MOTOpUKa - COBOKYITHOCTh CKOOPAWHUPOBAHHBIX JIEMCTBUM YEJO-
BEKa, HAMPABICHHBIX HA BBIMOJIHEHUE TOYHBIX MEJKUX JBUKCHUN KUCTAMH H
najabllaMu pyK u HOT. HapymieHus: Menkoi MOTOPHKH MOKHO pa3/eiuTh Ha 3
TUIIA:
— HapylIIeHHs MOJlayi CUTHAJA Ha BHIMIOJHEHUE ICUCTBUS;
— HapyIICHUS Nepeladll CUTHANA,;
— HapyIIeHHS B IPUEME U BBIMTOJIHECHUHN CUTHANA.
CBoeBpeMeHHOE O0HAPYKEHNE CHMIITOMOB TIO3BOJISIET BOBPEMS OKa3aTh 1MO-
MOIIb YETIOBEKY.
Marepuajbl 1 METOAbI
B kadecTBe maruvka MCTIOIB3YETCs akcelepoMeTp cMapThoHa. AKcenepo-
MeTphI B cMapThoHaX pabOTaIOT C 4acTOTOM AucKkpeTusanuu nopsaka 100 I'.
Cornacuo mokymentamnuu ot Google [1] Ha BeIOOp mpeaararTcs CIEAyIOIHE
OTIIINH:
— SENSOR_DELAY_NORMAL — cuutbiBaHue moKa3aTesieid CEeHCOPUKH C
3anepxkoit 200000 mkc.
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— SENSOR_DELAY _Ul — cuntsiBaHre MOKa3aTesIeil CCHCOPUKH C 3aJIePK-
koit 60000 mkc (16,6 I').

— SENSOR_DELAY_GAME — cunTbiBaHHE TIOKa3aTeIeh CEHCOPUKH C 3a-
nepxxkoi 20000 mkc (50 I'm).

— SENSOR_DELAY_FASTEST — cunThiBaHHE IMOKa3aTEJICH CEHCOPHUKU C
MHHHUMAJIBHO BO3MOKHOM 3aJICPIKKOM.

BepxHsis yacToTa mosiydeHus TaHHBIX OT JaTYMKa HUYEM HE OrpaHUYMBa-
€TCs ¥ 3aBUCHT OT JlaTuuKa, B ciryuyae ucnosb3oBanuss SENSOR_DELAY_ _FAST-
EST, HeoOX0oaMMO BBITIOJIHEHUE TIPOIICAYPHI MEPEAUCKPETHU3AIIMN CUTHAJIA. DTa
npoOJieMa penraeTcs MyTeM MPUMEHEHHS, HalpuMep, CIIIaKUBAIOIEero puibTpa

Yeonimera, AUX koToporo npejacrasieHa B hopmye (1):
1

IH(jw)| = ——, (1)
1+£2T2 (w—c)
I7ie W — 9acToTa CUTHANA, W, — 9acToTa cpe3a PuiabTpa, € — MOKa3aTesb MyjIbca-
i, T, (x) — mHOrouwIeH YeOblmieBa N-ro mopsaKa.
C y4eToM BBINICONMUCAHHOTO, MPUHSITO PEILICHHUE BBITTOIHATh YTEHHUE JaHHBIX
c gacroroit 50 I't, mcnone3ys om0 SENSOR_DELAY_GAME.
Pemienre ocHOBaHO Ha aHAJIM3€ JAHHBIX aKcelepoMeTpa cMapT@oHa €ro

cxema npejcTaBieHa Ha puc. 1.

3anyck npouepypb!
n3mepeHwin

Y

MpurotosneHue
nauuveHTa K
M3MepeHuio

MamepeHune
nokasaHvin
akcenepomeTpa

AHanua gaHHbIX

Mpencraenexve
pesynsTaToB

Puc. 1. Cxema cucmemul onpedenenusi Hanuyus 0eexmos MeaKoi MOmopuKu

CocTaB CUCTEMBL:

- 0JI0K 3aITyCKa MPOoIIeIypPbl U3MEPEHUIA;

- OJIOK IIPUTOTOBJICHHUA IIAIUCHTA K U3MCPCHUIO,

- O710Ka M3MepeHus TTOKa3aHN aKCceIepoOMeTpa;

- OJIOKa aHaJIM3a JaHHBIX U 00Ka IMPCACTABJICHUSA PC3YJIbTATOB.
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Boibepute TUN namepeHun:

J\/l CepaedHbii puTMm

P
(€ Tpewop ranoas

;ﬂwg [ledbexTol MenKkoi MoTopiKs

Puc. 2. Knonxa 3anycka npoyedypol usmepenuil

J171s1 IpOBEPKU COCTOSIHUS MAIIMEHTA OH JOJIKEH BBITIOJIHUTD CJIEAYIONIEE 3a-
JaHue:

- TAIIMEHT JIOJDKEH BRITSIHYTh PYKY CO CMapT(OHOM BIIEpe Ha YPOBHE ILJIeY,
IIPU TOM HAaXOJUTHCS MOJOKEHUH CTOSI WIIH CUJIS;

- TAIUEHT JIOJKEH PACIIONIOXKUTh CMapT(OH NEPIEHAUKYIISIPHO MOITY JTUIIOM
K ce0e, JTaHHOE TOJIOKEHUE SBIISCTCS UCXOIHBIM ISl POBEACHUS U3MEPEHUIA;

- MMAIIUEHT JOJKEH MPUHSITH UCXOIHOE MOJI0KEHUE B TEUEHUE 3 CEKYHI;

- B TeueHue 10 cekyHa nanueHT JOJKEH HE U3MEHSTh CBOE MOJI0KEHHUE.

CtpykTypHas cxeMa ajlropuTma mpecTaBieHa Ha puc. 3.

Mpoekuni BEKTOPa YCKOPEHUR MaCCV'_B npoeKuwii Yrnbl OTKNOHEHUA BEKTOPOB
1o TPeM OCAM YCKOPEHWW No Tpem ocAM yCKOpeHuia oT ook Y

Hakonnexue
AkcenepomeTp N nokasaHwi +| Bbluncnenue yrnos Buluncnenwe 1,21 3

cMapTdoHa "] akcenepomeTpa " loTknoHenwii o ock Y ”| keapTneit paHHbIX
(10 cek)

1, 2 1 3 KBAPTUAK

CpaBHeHve
BHAYEHWIA KBapTUnen

Peaynstat 06HapyXeHWA
AedeKToB MENKOW MOTOPHUKK

Puc. 3. Cmpykmypuas cxema aneopumma onpeoenieHus Haiuuusi 0ehexmos
MeNKOoU MOMOPUKU
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AJTOpUTM ompeneneHus HaIU4Yus N1e(PEeKTOB MEJIKOW MOTOPUKH padoTaeT
CJIeIIOIUM 00pa3oM:

1) nannble akcenepomeTpa cMapThoHa coepxKaT 3HAUCHUSI TPOEKITUH YCKO-
penuii 1o ocsiM X, Y U Z, MOJat0TCs Ha BXOJ1 airopuT™a ¢ yactotoi 50 I';

2) BBIMIOJIHAETCSI KOPPEKTUPOBKA 3HAYEHU N MPOEKIINI YCKOPEHUit 1o ocu Y:
3Ha4YeHus paBHble (0 3aMEHSAIOTCS Ha 3HaudeHwus, Oauskue Kk Hymo (0,000001), Bo
n30exxaHus JeIeHus Ha Hy b B popmyiie (2) u B popmyie (3);

3) BBIMOJHSETCS pacyeT OTKIOHEHUI BEKTOpa YCKOPEHHUs OT ocu Y akcele-
pomeTpa JJIsl BcexX TokazaHui 1o popmyie (2):

aY = tan™?! (@> (2)

ay*
TJie a, - MPOSKIMs YCKOPEeHHS Ha 0Ch X aKcelepoMeTpa, a, - MPOSKIus yCKope-
HHSL HA OCh Z aKCENEPOMETPA, dy+ - CKOPPEKTUPOBAHHOE 3HAYEHHE MPOEKIUH
YCKOPEHMS Ha OCh Y
4) €CJIM 3HaYeHHE MPOCKIIMH YCKOPEHUS Ha OCh X OOJIbIIe MM paBHA
0, To pacdeT yria BeInmonHAeTCs 1Mo Gopmye (3):

aY = —tan! (@) (3)

ay*

BBIOOp ocu Y 00YCIIOBJIEH PaCIOIOKEHUEM JaTYMKOB aKCEeJIePOMETpa Ha CMapT-
donax ¢ OC Android, koTopbrit n300paxkeH Ha puc. 4,

5) nuIs MOJTyYeHHBIX 3HAYCHUN BBIYUCISIOTCS 1, 2 1 3 OCHOBHBIE KBapTHIIN
[2]. Hdnis sToro naHHble yopsa0YMBAIOTCS B TIOPSIKE BO3pACTaHMUS,

6) JUTs TOJTyYEHHBIX KBAPTHUJICH BBITIOJIHICTCS TPOBEPKA OTKIIOHEHHUH OT T10-
POTOBBIX 3HAYEHHM.

¥y
&

Puc. 4. Opuenmayus oceu axcenepomempa cmapmeonos ¢ OC Android [1]

Ecnu Monynb pazHUIbl MEXy 3HAUEHHEM TIEPBOTO OCHOBHOT'O KBAPTHIIS U
BTOPOTO OCHOBHOTO KBapTWjsi Oompiie 20 WM MOIYJb Pa3HUIBl MEXIY
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3HAYEHUEM YETBEPTOro KBAPTHIISI U BTOPOTO KBapTUJjs Oosbiie 20, To pukcupy-
ercs aedeKThl MEJIKOW MOTOpUKH. B mpoTUBHOM ciyuyae aedekThl He OOHapy-
»eHbl. [loporoBoe 3Hau€HUE ONPEAECIECHO AMITMPUIECKUM ITYTEM.

HUcnbiTanusa

B ucneitanuu npunumanu ydactue 20 denoBek. J[Jisi ero mpoBEICHUS UC-
M0JIb30BAJIACh KJIIMEHT-CEpBEpHasi cucTeMa. Kakablil UCTIBITYEMBbIi TPOBOIMIT HE
MeHee 10 ucnbITaHui 1719 TPOBEPKU HAIMUUS TPEMOpPA roJI0Bbl. Pe3yabTarsl Uc-
IIBITAHUS TIPEJICTaBIICHBI B Ta0uIIe 1.

Taomuma 1
Pe3ynbTaThl HCIBITAHUN 110 METPHKE — OIMOKY 1 1 2 poaa
IToka3areanb o (omuOku 1 pona) P (ommbkm 2 pona)
He obHapyxen 0.05 0.09
OO6HapyxeH 0.09 0.05

BoiBOABI

Pa3zpabotan anroputm ornpeaesieHus HaTU4Ius 1e(EeKTOB MEJIKOM MOTOPUKHU
KUCTH. cribITaHms TToOKa3aiu paboTOCIIOCOOHOCTD aJITOPUTMA, TIPH TOM OIITHOKH
1 pona nHa yposae 0,05 u ommbku 2 pona Ha ypoBae 0,09 ipu oOHapykeHUH Je-
¢dekToB MenKoi MOTOpUKU. Ha 0CHOBE MOTy4EHHOTO PEIICHUsI MOXKHO PacCMOT-
peTh 0oJiee CIIOKHBIC YIIPAKHEHUS, HAIIPaBJICHHBIE HA MTPOBEPKY APYTHX ACTICK-
TOB MEJIKOM MOTOPHKH YeJIOBEKA.
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VJIK 621.396
®enocoB Banentun [letpoBuy,
Anb-Mycau Bucam Moxammenraku M. JlxaBaau

AHAJIN3 1 CPABHEHUE AJJAIITUBHOI'O AJITOPUTMA B
CUCTEMAX SISO 1 MIMO JJIs1 KAHAJIA 3D-WIMAX B
YCJIOBUSIX ®YHKIIMOHUPOBAHMS BECIINJIOTHBIX

JETATEJBHBIX CPEJCTB B PAMOHE C IIJIOTHOM 3ACTPOMKOM

B 6ecnposoonoii ceazu 01 nogvludenuss CKOpocmu nepeoasu OAHHbIX U NPONYCK-
HOU CNOCOOHOCMU MOJCHO UCNONIb308AMb MHONMCECMBEHHYI0 nepeoady u npuem O0jis
Gopmuposanus (MIMO) mHosCECMBEHHBIX BXOOHBIX U MHONCECTBEHHBIX BbIXOOHLIX K-
Hano8. B smou cmamve ananuz adanmugHo20 aieopumma u Mooeiuposanue 0is nepe-
oauu danuwvix Ha ocHose cucmem SISO u MIMO becnposoonozo kanara 3D WiMAX,
20e 8 pe3yibmame CPAGHEHUs. C IMUMU MemOOdAMU, NOJYYEeHHbIMU NYMeM NO8bIUEHUS
SNR, 66110 obecneueno, umobst BER Ovin npsimo nponopyuonanen SNR. B pezynemame
MOOenuUpoB8anusl 6wl cOeNaH 8vi800, UMo 0l OOHOU U MOLL Hce CUCTEMbl BePOSMHOCb
OWUOKU YYBCMEUMENbHA K USMEHEHUIO 8U0a MOoOyaayuu, unvimu cioeamu, BER uzme-
HAEeMCsl 8 COOMBEMCMEUU C U3MeHeHueM Gopmbl nopaoka mooyrayuu. Taxaice MOIHCHO
coenamso 6v1600, umo cucmemwvl SISO u MIMO yyscmeumenvhvi K MHO20YUEBOMY pac-
NPOCMPAHEHUIO CUSHANA OJisl 0OHO20 U MO20 JdHce MUNA MOOYIAYUU, d 8ePOSMHOCHb
OWUOKU 8o3pacmaem npu yeeaudeHuu Koauiecmeaa nepedamuyuxos u npuemMHuUKos.

Aoanmusnuiii anecopumm, 3D kanan, MIMO- OF DM, mHozonyuesoe pacnpocmpa-

HEHUe.

Fedosov Valentin Petrovich, Almusawi Wisam Mohammedtaqgi M. Jawad

ANALYSIS AND COMPARISON OF THE ADAPTIVE ALGORITHM IN

SISO AND MIMO SYSTEMS FOR THE 3D-WIMAX CHANNEL IN THE

CONDITIONS OF OPERATION OF UNMANNED AERIAL VEHICLES
IN ADENSELY BUILT-UP AREA

In wireless communication, to improve the data rate and capacity, multiple trans-
mission and reception can be used to form (MIMO) multiple input multiple output chan-
nels. In this article, adaptive algorithm analysis and simulation for the transmission of
data based on 3D WiMAX wireless channel SISO and MIMO systems, where the result
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of comparison with these techniques obtained by rising SNR was ensured that the BER
was directly proportional to SNR. As a result of the simulation, it was concluded that
for the same system, the probability of error is sensitive to the change of the modulation
type, in other words, the BER changes according to the change of the modulation order
form. It can also be concluded that the SISO and MIMO systems are sensitive to multi-
path signal propagation for the same type of modulation, and the probability of error
increases by increasing the number of transmitters and receivers.

Adaptive algorithm, 3D channel, MIMO- OFDM, multipath.

BBenenne

C nosiBJIeHHEM MHOXECTBa BEO-yCTPOUCTB MOTPEOHOCTHh B OOJIBIIEH MPO-
IyCKHOM CIIOCOOHOCTH ¥ MEHbIIIEH MOIIHOCTH Mepejauu 3HAUUTEITLHO BO3pOCIa.
Cucrembl C HECKOJIbKMMU aHTEHHAMH, TAKHE KaK CHUCTeMa C HECKOJIbKUMH BXO-
naMu 1 HeckosbKuMH BeixogamMu (MIMO), naeanbHO OAXOIAT A1 YBEIIMUCHHS
MIPOITYCKHON CIIOCOOHOCTH M SKOHOMUU SHEPTHUU 10 CPABHEHHIO C CUCTEMAMU C
onno#t anteHHou. Cuctembl MIMO MoryT IpeB30HTH CUCTEMBI C OTHUM BXOJIOM
1 oHUM BbIxoioM (SISO) 3a cueT ucnoap30BaHMsI METOIOB MPOCTPAHCTBEHHOTO
paszHecenus U myabTuriekcupoBanus [1]. [lpu auzkom SNR npoctpancTBeHHOE
paznecenue MIMO npuBoaut k 6osee Hu3komy BER, uyem B cucteme SISO. C
Ipyroil cTopoHsbl, Tipu Oosiee BbiIcOkoM SNR MOXHO MCTHONIB30BaTh MPOCTPAH-
CTBEHHOE MYJbTUIIJICKCUPOBAHUE JIJIsI YBEJIMYEHHUS MPOIYCKHOW CIOCOOHOCTH.
Takum o6pazoMm, oxumaercs, uro cuctema MIMO Oyner umeTh Gosee HU3KHE
TpeOOBaHMSI K MOIIHOCTH TI€pEAayuu MPHU TEX K€ TPEOOBAHUSAX K TIPOITYCKHOH CII0-
cOOHOCTH ¥ 00Jiee BBICOKYIO MPOMYCKHYIO CIIOCOOHOCTh MPHU TE€X KE OrpaHuye-
HUSIX 10 MOIIIHOCTH Tiepenauu [2].

TpeboBaHus K MPOITYCKHOM CITOCOOHOCTH KaHajia, KOTOPBIE 3aBUCAT OT (TeX-
HUKA MOJIYJISIITUM MOIITHOCTU U ((HEKTUBHOCTH UCIOJIb30BAHUS CIIEKTPA, MEHbB-
e TIOMEXH, BEICOKO3(P(EKTUBHBIC AaHTCHHBI, YMEHBIIICHHBIN A((HEKT MHOTOITY-
YEBOTO PACTIPOCTPAHCHUSI, TOTUIEPOBCKHI CIIBUT, MEHBIIIEE BPEMS 3aJICPKKHU U T.
71.), pacTyT JIeHb OTO JTHS B TEXHOJIOTHIX OecipoBOaHOM cBsi3H [3]. . Heobxomnuma
apXUTEKTypa CHUCTEMbI TpUEMOIlepeaaTInKa, TJIe B 3TOW CTaThe HUCCIEIOBAHO
cpaBHeHue paznudyHbix TUTIOB cucteM (SISO u MIMO). Kananbnas cuctema 3D
WIMAX, ucnonszyemast merogamu MIMO, oGecriednBaeT BBICOKYIO MPOITYCK-
HYIO CLIOCOOHOCTH ¥ CKOPOCTH TepeIauM JAHHBIX IO CPAaBHEHUIO C CUCTEMOM, UC-
nosp3ytomieit Mmeron SISO, 3a cueT ucmonb30BaHUs OOJIBIIOTO KOJUYECTBA aH-
TE€HH ¥ MHOTOJIy4EBBIX MyTEH, TaK YTO €CIIM 3aMUPAHHUE MTPOUCXOJUT HA OJTHOM
U3 3THX IyTeH, HE TIOBAMSIET Ha pyrue nyTu [4, 5], antenns! cuctembl MIMO He
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TpeOyIOT OOJBIIEH MOITHOCTH U IIMPUHBI TIOJIOCKHI CIIEKTPA JIJIsl Iepelauu, YTOOBI
YIYYIINTh TPONYCKHYIO0 crmocoOHOCTh KaHama [6]. WIMAX 6ojiee ycToiunB K
MOOMJIBHBIM KaHaJlaM ¢ OBICTPBIM JIOIIJIEPOBCKUM 3aMHUpaHUEM OJarojapsi CBOei
YCOBEPILIEHCTBOBAHHON CXeMe Mpe/ICcKa3aHus KaHajla Ha ocHoBe 2D-muiora Bo
BPEMEHHOM M 4acTOTHOM obyiactu [7].

YT0o0OBI TOYHO OLIEHHTH MPOU3BOAUTEILHOCTh MeTogoB MIMO B WIMAX,
peann3oBaHa TpeXMEpHas MOJeNb KaHayla, KOTOpas TOYHO MPEJCTaBISET YIrodl
BO3BBIIICHHUS JTydeil. Peann3oBannas monenb kanana 3D WIMAX 6ObLia mpore-
CTUpPOBaHa M 00€CTIEUYMBAET XOPOIIEE COOTBETCTBUE CTATUCTUKE TPACCUPOBKH JIy-
yeit [8, 9]. Konnenuus 2D-pacnipoctpanenust He paboTaeT B HEKOTOPBIX Cpeiax,
MOPTOMY Ba)KHO pacIipejielieHne yriia Mecta. B Takux cuTyanusix olneHkKa mpo-
IIyCKHOM CITOCOOHOCTH KaHalla ¥ IPOU3BOIUTEILHOCTH HA YPOBHE CUCTEMBI MO-
KET MPUBECTU K HETOYHBIM pe3yJibTataM. [Ipu MmoienupoBaHuy KaHasa CBsI3HU UC-
MOJIb3YIOTCSI OIICHEHHBIE TPEXMEPHBIE TUarpaMMbl HAIIPABJICHHOCTH JIJIsi aHTCHH
6a30Boii cranuu (bC) u abonentckoro o6opynosanus (OIT) makpocoTsl [8].

OcHOBHas YacTh

becnipoBoHOE KOMMYHHKAIIMOHHOE COCIMHEHHE MEXIY IepeaTYuKOM
(TX) u npuemnnkoM (RX) nzBecTHO kak suHHs npsmoi Buaumoctu (LOS), ecin
MEXIy SUeHKaMu CETH MOXKET ObITh 00pa3oBaHa mpsmMasi JIMHUS 0€3 KaKuX-J110o
IPENATCTBUHN. Y CIIOBHE COSIMHEHMS, T. €. sIBsieTcs i coenuHeHne LOS nnu He-
LOS, omnpexaenser HECKOJIBKO BaXXHBIX MapaMETPOB B MOJCIIAX KaHasa, BKITIOYas
notepu Ha ryTH (PL), yrioBoe pacnpenenenue u T. a. [10]. s TouHOIM O11eHKH
npousBogurensHoct cucreM MIMO B WiIMAX BBINOIHSICTCS aIalTUBHBIHA all-
roput™ 3D-mMonenu kaHana, y9uTHIBAIOIIMKA YTIIbI MecTa ayuei. Jis pacmmpe-
HUSI TIPOTPAMMHOMN peaiu3aliiy CYIIeCTBYOIMUX Mozaenei kanamos 3D WiIMAX
UCIIOJIb3YETCsl CTATUCTUKA BBICOT. KaHanbl CBSI3U CO3MAIOTCS ¢ UCTIOIB30BAHUEM
obrreri koHcTpykiuu kanaiga 3GPP/WIMAX mexny toukamu goctymna (AP) u
UE [11, 12].

JIns xax10i KOHKPETHON TOPOACKON 0a3bl TAHHBIX pPeau3aIlysa TPeXMep-
HOTO MOJICIMPOBAHUS KaHAIA U3y4aeT paclpoCTpaHEHUE KaK 10 a3uMYyTy, TaK U
M0 YTy MECTa Ha OCHOBE JBYXTOYECUHBIX MIPOTHO30B OT KaXKJOW TOUKH JIOCTYyTa
K Kaxaomy wmectonojoxkenutro UE, dro mpoumcxomut mpu Oosiee HaIEKHOM
OIICHKE TMPOITYCKHOW CIMOCOOHOCTH KaHaja, MPOCTPAHCTBEHHOW KOPPEIAHUUA U
MIPOU3BOJIUTEIIBHOCTH CUCTEMHOI'O YPOBH4 |8, 9].

Single Input Single Output (SISO) — 310 KITaccHYeCKUii BCTPOSHHBIN MIPH-
E€MHUK ¥ TIepeIaTurK, KOTOPBIM UCTIOIB3YET OJHY MEePEIAOIIyI0 U OJHY TIPHEM-
Hy10 aHTeHHy. Cpena, B KOTOPOU MepeIatoTCsi CUTHAIIBI, MOKET UMETh HECKOJIBKO
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oTpakeHui. Takas cuTyarus, KOTJja CUTHAJ MOIXOIUT K MPUEMHON aHTCHHE 110
pa3HBIM Iy TSIM, Ha3bIBACTCS MHOTOJIYYEBBIM paciipocTpanenueM [13]. B pesynb-
TaTe CHTHAI B cpejie OSCIpPOBOIHON CBSI3M MOYKHO CUHUTATh CYMMOU MPUHSTBHIX
KOTIMI CUTHAJIOB, MIOCTYMAMOIINX IO Pa3IUIHBIM ITyTSIM, Ka)X/1ask COCTaBIISIONIAs]
CUTHAJIa UMEET CBOIO aMIUTUTYy U 3aiepKKy. Cieys IeHTpaIbHOM peieTbHOM
TeopeMe, TOIYUYCHHBIH CHUTHAJI MOXXHO ONMHCATh KaK CIy4YailHBIA TayCCOBCKHU
[14].

Texnonorus MIMO npeacraBisier coboit iepeady nHpopmMaruu yepes mna-
pajieNIbHbIe MPOCTPAHCTBEHHBIE TOTOKH. DTHU MapajliebHbIe MOTOKU H3JTyya-
IOTCSl OTZCIbHBIMM aHTCHHAMHM, Pa3HECEHHBIMH Ha OoJiblioe paccrosHue [15].
Curnan npuHUMAETCS PSAJIOM NMPUEMHBIX aHTEHH, KOJIMYECTBO KOTOPHIX B OOIIEM
cllydae MOXET OTJIMYaThCs OT KOJIMYESCTBA MepearoIInuX aHTeHH [ 16].

[TocTpoum 3aBucuMocTh BeposiTHocTH BER ot SNR ai1s pa3nuyHbix TUIIOB
moayJsuu it cucteM SISO-OFDM u MIMO-OFDM. Ha npuBeeHHBIX HIDKE
PUCYHKAX HArJISAHO TOKA3aHO, KaK YBEJIMYEHHE CKOPOCTH Tepeaadr BIUSET Ha
BEPOSITHOCTh OMTOBOM OIIMOKHK B 3aBUCUMOCTH OT TUIIA MOYJISIIIUH.

[ —=fe— With adaptation
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—=fe— With adaptation
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Puc.1. Beposmnocms 6umosoti owudbxu ona cucmem SISO-OFDM u MIMO-
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W3 npuBeaeHHbIxX BhIIe puc. 1 u 2 BuaHo, uto BER B nepexannom coobiie-
Huu 171 SISO-OFDM menbiiie, uem BER B nepegannom coo6menuu as MIMO-
OFDM nnis toit sxe Moaymsiuuu. MOXHO CAeNaTh BBIBO O MTOJIOKUTEIIBHOM BIIH-
STHUY Ha TTIOMEXO0YCTOHYMBOCTh 00pabOTKH CUTHAJIA Ha MPUEMHOM YCTPONCTBE 3a
CYET yBEJIMYCHUS KOJIMUECTBA NePeJaTIMKOB M MPUEMHHUKOB B YCIOBUSAX MHOTO-
Jy4eBOTO pacnpocTpaHeHus: curHaiza. Kpome Toro, Ha mpuBeICHHBIX BBIIIE PU-
CyHKax roka3ano, yto BER u3mensercs B metonax MIMO u SISO npu nzmene-
HUU TOPSIKA MOTYJISIUU.

BriBoanbl

B 1ol cTathe ObUTH ONMCAHBI AANITUBHBIN AJITOPUTM aHAIM3a U MOJCIIH-
poBaHMs I Tepeaayn AJaHHbIX Ha ocHOBe cucteM SISO u MIMO 6GecripoBo-
Horo kanajga 3D WIMAX, rie pe3yabTaTr CpaBHEHHS C 3TUMHU METOIAMH, MOJTY-
yeHHbI myTeM nobimieHus SNR, nonresepawi, uro BER nanpsimyio cBsizan ¢
SNR. U3-3a ogHOBpEeMEHHOM Mepenadyd HECKOIbKHX CHUMBOJIOB JaHHBIX C HC-
I10JIb30BaHMEM HeCcKOJbKHX aHTeHH cucteMa MIMO obecnieunBaeT 0oJjiee BBICO-
KYIO CKOPOCTb IIepeiaur JaHHBIX, T03TOMY cucteMa ycuineHuss MIMO npumepHo
B TPH pa3a MPeBbIIIaeT CKOPOCTh MEPeIaun JaHHBIX U IIPOITYCKHYIO CTIOCOOHOCTH
cuctembl SISO 1t TOro XK€ MeToAa MOTYJISIIUH.

B pesynbrare MopenupoBaHUs OBII ClEJIaH BBIBOJ, YTO BEPOSTHOCTH
OIMMOKHY YyBCTBUTEJIbHA K N3MECHEHUIO BUJ1a MOYJISIIIUH JIJII OJTHOU 1 TOM e CH-
CTeMBI, T. €. n3MeHeHue BER cBsi3ano ¢ n3MeHnenuem nopsijika GopmMbl MOIyJIs-
1in. Takke MOYKHO c/ienaTh BBIBO, 4TO cucTeMbl SISO u MIMO uyBcTBUTEIBHBI
K MHOTOJIYYEBOH Tepeade CUTHajIa ¢ OJJMHAKOBBIM THUIIOM MOJIYJISIIMH, a BEPO-
STHOCTh OIIMOKH YBEIIMYHUBACTCS C YBEIMYCHUEM KOJHMYECTBA IMEPEIATYNKOB U
IIPUEMHHKOB.

PadoTa BbinosiHeHa npu noiep:kKke rpanta PH® Ne 22-29-01389 ot 21
nexa0ps 2021 r. B FO:xxHoM denepaibHOM yHUBepcHTETE.
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[IpockypskoB Anekcanap Bukroposuu

IMPOILIECC BEPUO®UKAIIUU COCTOSAHUS ®PATMEHTOB
MEJUIIUHCKHAX BUOJOI'MYECKHNX OFBEKTOB
MOJCUCTEMOM NOJIEPKKHW MPUHATHUSA PEIIEHUN
MEJUIIUHCKONU NTH®OPMAIIMOHHON CUCTEMBbBI KAK
KHBEP®NYECKOW CUCTEMBI 1JIS1 ABTOMATHU3AIINN
JTUATHOCTHUKH 3ABOJIEBAHUM

B oannoii cmamve paccmampuearomesn mexumono2uu pearu3zayuu agmomMamuzayun
npoyecca gepuguxkayuyu coCMmosiHus Gpacmesmos MeOUYUHCKUX OuUoI02u4eckux 00ob-
eKMOo8 NOOCUCEMOU NOOOEPHCKU NPUHAMUS PeULeHUN MeOUYUHCKOU UHDOPMAYUOHHOU
cucmemvl Kaxk Kubepguzuueckol cucmemvl 07 ABMOMAMU3AYUY OUACHOCMUKYU 3a00-
nesanuti. Onucaua peanuzayus npoyecca asmomamu3ayuy 8epupuKayuy coCmosHus.
@ppacmenmos OuUOI0ULECKUX 0OBEKMOB8 NO KOMNbIOMEPHO-MOMO2PADUUEeCKUM U300-
PAdNCEHUAM NOOCUCMEMOU NOOOEPHCKU NPUHAMUS petueHUst 01 OUACHOCIMUKU 3a00.1e-
sanuli. B cmamve axkyenm cOenam HA AHAIU3 peHMeeHOo2paguyeckux uzoopasdceHull,
NpUHAmMUe peueHuli Ha OCHOBAHUU AHANU3A DMUX U300paAdNCeHUl, NOCMAHO8KA Oua-
2HO3a HA OCHOBAHUU NPUHAMBIX peuieHull. Ilokazanvl npumepsl NPUKIAOHOU, NPAK-
MuYecKoll peanu3ayuu NPOCPaAMMHO20 U UHPOPMAYUOHHO20 0becneyeHUs Npoyecca as-
momamuzayuu eepupurayuy MeEOUYUHCKUX 00beKmMos 8 8ude IKPAHHBIX (hopm 015 pa-
bomvl ¢ ppacmenmamu ucciedyemo2o 00veKma u pe3yibmamamiy AHaIu3a peHmee-
Hoepaguueckux uzoopasicenutl. Bcé smo no3eonsaem nogvlcums 0nepamueHOCmsy, mou-
HOCMb 8epupurayuu coOCMosHUs MeOUYUHCKUX OUOI02ULeCKUX 00beKmOo8, 00Cmosep-
HOCMb npoyecca OuasHocmuxu 3abonesanuil. [lokasana HayuHas HOBU3HA, pe3)iib-
mamul anpobayuu mamepuand, npeocmagieHHo20 8 CMamve Ha MeXCOYHAPOOHbIX, Ce-
POCCULICKUX KOHepeHYUsX, HAYUHBIX HCYPHALAX.

Aemomamusayus, 6uonocuieckuil, eepuguxayus, Oe3>mailoHHbl Memoo eepudu-
Kayuu, OUAZHOCMuKa, uHpopmayus, Kubep@usuveckas, MeOUYUHCKUU, Memoo, Memoo
SMANOHHBIU, NOOCUCNEMA, NPOZPAMMHO - ANNAPAMHBIIU MOOYIb, NPOYecc, cucmemd,
CmMamucmuka, penmeeHozpaghus, peuienue, momozpagus, SHMpPoOnus, SMAloH.
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Proskuryakov Alexander Viktorovich

THE PROCESS OF VERIFYING THE STATE OF FRAGMENTS OF
MEDICAL BIOLOGICAL OBJECTS BY THE DECISION SUPPORT
SUBSYSTEM OF THE MEDICAL INFORMATION SYSTEM AS A
CYBER-PHYSICFL SYSTEM FOR AUTOMATING THE DIAGNOSIS
OF DISEASES

This article discusses technologies for implementing automation of the process of
verifying the state of fragments of medical biological objects by the decision support
subsystem of the medical information system as a cyberphysical system for automating
the diagnosis of diseases. The implementation of the process of automating the verifica-
tion of the state of fragments of biological objects using computed tomographic images
by the decision support subsystem for the diagnosis of diseases is described. The article
focuses on the analysis of X-ray images, decision-making based on the analysis of these
Images, diagnosis based on the decisions made. Examples of applied, practical imple-
mentation of software and information support for the process of automation of verifi-
cation of medical facilities in the form of screen forms for working with fragments of the
object under study and the results of the analysis of radiographic images are shown. All
this makes it possible to increase the efficiency, accuracy of verification of the state of
medical biological objects, the reliability of the disease diagnosis process. The scientific
novelty, the results of the approbation of the material presented in the article at inter-
national, All-Russian conferences, scientific journals are shown.

Automation, biological, verification, non-etalon verification method, diagnostics,
information, cyberphysical, medical, method, reference method, subsystem, hardware
and software module, process, system, statistics, radiography, solution, tomography,
entropy, standard.

BBenenue

B naHHOM cTaThe paccMaTpUBarOTCS TEXHOJIOTUM peanu3ald aBTOMaTH3a-
AU MPOoIEecCa BePpU(PUKAIUU COCTOAHUS (PPArMeHTOB MeTUIUHCKUX OMO0JI0-
THYeCKUX 00BEKTOB MOACHUCTEMOI MOJIEPKKHA NMPUHATHS PellleHu Meau-
HMHCKOH HHPOPMALMOHHON CHCTeMbI KAaK KHOep(U3n4ecKoi CUCTEMBbI /1JIf
aBTOMATH3AIUM JUATHOCTUKH 3a0ojieBaHuii. CiielyeT OTMETUTh, YTO COBpE-
MEHHBIM 3TAIl Pa3BUTHS MEAULIUHBI XapaKTEPU3YETCS PA3BUTUEM U BHEAPEHUEM
HOBBIX METOJIOB, CIIOCOO0B TMATHOCTHKH, TIO3BOJISFOIINX TTOBBICUTH CBOEBPEMEH-
HOCTb, TOYHOCTb U IOCTOBEPHOCTH JIMATHOCTUYECKUX MEPONPUSATHN B PA3TUYHBIX
00JIaCTSAX W HANPABJICHHUSIX MEAUITMHBI. DaKTUUECKH B MEIUIIMHE BCE OObINCE
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3HAUYEHHUE MOJIyYatOT METO/IbI, CTIOCOObI, CPE/ICTBA PaHHEH TMarHOCTUKHU 3aboJe-
BaHU, YTO MO3BOJISIET BHIABUTH 3a00JI€BaHNE HA PAHHUX CTAJAUSIX U TEM CaMbIM
PEeIOTBPATUTh WJIA MPUCTYIUTD K €€ JICUCHUIO HA PAHHUX dTalax pPa3BUTHUS.
Pa3BuTre HHPOPMALIMOHHBIX TEXHOJIOTHI U COBPEMEHHBIX CPEJCTB TEIEKOMMY-
HUKAIIMM, TOSIBJICHUE B KJIMHUKAX OOJBIIOrO KOJIMYECTBA MEIUIIMHCKUX MPUOO-
POB, OTACJBbHBIX KOMIIBIOTEPOB MPUBEIM K HOBOMY BUTKY aBTOMaTH3allUU MPO-
1eccoB 00paboTku MHGOPMAIINH, a TAKKE K 3HAUUTEILHOMY POCTY YMCiIa MEIu-
[MUHCKUX UH(OPMAIIMOHHBIX CUCTEM JIe4eOHO-TIPODUIAKTUUECKUX YUPEKICHUIMN
(JITY), kmuauk[1].

Takum 00pa3oM B COBPEMEHHBIX YCIOBHUSIX Pa3BUTHS aKIICHT JielaeTcsl Ha
JTMArHOCTUYECKHUE HAIPaBICHUS MEIUIMHBI, METOJbI M CIIOCOOBI paHHEW Jaua-
THOCTHUKH, a TaK)K€ METUIIMHCKUE aBTOMATHU3UPOBAHHBIC TUATHOCTUYECKUE WH-
(GbopMaIMOHHBIE CUCTEMBI.

Pemenuto 3amay noBeieHust 3(GHEKTUBHOCTH JTUATHOCTUKH 3a00JI€BaHUMN
nyTEM CBOEBPEMEHHOTO BBISBJICHHS PA3IMYHBIX 3a00JIEBaHUNA W TPOBEACHMUS
nuddepeHINATBHONR JUATHOCTHUKH MEIIAIOT CIEIYIONUE MPOOJIeMbl, TaKue
Kak: cokpanieHue (hPMHAHCUPOBAHUS, B Pe3yJIbTaTe OrPOMHOE KOJIMYECTBO Me-
IYyYpEXKICHUM B CpPEIHUX, MaJbIX TOpPOJIaX U CEJIbCKOM MECTHOCTH MOTYT
OCTaThCsl HEOXBAYECHHBIMU TIEPEIOBBIMU TEXHOJOTUSIMU B 00JIACTH JUATHOCTUKH
U JieYeHus 3a00JeBaHUM, MPEBHIIIICHUE HMIIOPTA MO OTHOIIEHHUIO K IKCIIOPTY
MEIUIMHCKOTO 000PYIOBAaHUS U MEAMIIMHCKUX U3JCNINUNA, TO €CTh OOJbIIas UM-
OPTO3aBUCUMOCTb B JIAaHHOW 00JIaCTH.

BrIxo/10M B cO3/1aBIIICICS] CUTYAITUU SIBIISIETCS, pa3padoTKa CPEICTB U METO-
JI0OB aBTOMATH3allUU MpoIlecca TMarHOCTUKY U JICUCHHs Ha 06a3e TepeIoBhIX TEX-
HOJIOTHM C MOBCEMECTHBIM BHEJIPEHUEM MEIUIIMHCKUX UH(POPMAIMOHHBIX CH-
creM (MUC), MeIMIIMHCKUX aBTOMATH3MPOBAHHBIX MH(OPMAIIMOHHBIX CHCTEM
(MAUC), MeIUIIMHCKUX aBTOMATH3UPOBAHHBIX JMArHOCTHUYSCKUX MH(POPMAIIU-
onnbIx cucteM (MAJIVC) Ha 6a3e komiiekca Texandeckux cpeacts (KTC) Boi-
yucautenabHol TexHuku (BT), kommiekca nporpammubix cpeactB (KIIC) cu-
CTEMHBIX U MHCTPYMEHTAJIbHBIX, CETEBBIX TEXHOJOTUN M BBIYHCIUTEIBHBIX Ce-
Tel, HOBBIX MH(GOPMAIIMOHHBIX TEXHOJIOTUM B IIEJIOM, MPU peaTU3aIiii MOJIEIH
Pa3BUTHSI OTEUECTBEHHOTO IMPOU3BOJACTBA TEXHOJIOTHYECKOTO OOOpPYIOBaHUS U
MEIULMHCKUX U3CIIUN ¢ yUETOM MOIIEPKKU TOCYIapCTBA, MO3BOISIONINX CBOE-
BPEMEHHO, ONIEPATUBHO OCYILIECTBIISITh TUATHOCTUKY, JICUCHUE, COMTPOBOXKICHUE
MAalMeHTOB B KIIMHUKAX U CTallMOHApaXx.

IMocranoBka 3amaun. Jlannas paboTa OpUEHTHPOBAHA HA PACCMOTPEHUU
mporecca BepUPUKANMA MEAUIMHCKAX OWOJOTUYECKHX OOBEKTOB U WX
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(GparMeHTOB 1O PEHTTeHOrpaUUecKuM M KOMIIbIOTEPHO-TOMOTpadUyeCKUM
CHUMKAaM TMOJCUCTEMOMN MOJACP>KKHU MPUHATUS PEHICHUN MEeIUIMHCKON HH)Op-
MaIlMOHHOM CUCTEMBI, Kak KuOep(hU3nIecKoil CUCTEMBI /111 aBTOMATU3AlIMH JTUa-
THOCTHUKH 3200JICBaHUM.

B Hacrosiee Bpemsi OJHUM U3 aKTyaJbHbIX HAllpaBiICHUI pa3BUTHUS KOMIIb-
IOTEPHBIX TEXHOJIOTUH B PA3JIMYHBIX OTPACIISIX TPOMBIIIUIEHHOCTH, B TOM YHCIIE U
MEIUIMHE, CTAHOBUTCS 00padoTKa U(POBBIX M300paKeHH, KOTOpasi Mpeo-
Jlaraer:

1) ynydIineHne KauecTBa H300paKCHHUS;

2) BOCCTAHOBJICHHE IMOBPEKICHHBIX H300paKCHHUI;

3) pacrno3HaBaHHUE OTIECIBHBIX 3JICMEHTOB H300paKCHUS.

Hcnonb3oBannue METOJIOB MHTEPAKTUBHON 00paOOTKU IUGPOBBIX M300pa-
KEHUN JTaeT BO3MOXKHOCTb MOJYUYEHHS HOBOWM JMArHOCTUYECKOW MH OpmaIuwy,
CO3JIaHUSl CUCTEMATU3UPOBAHHBIX 3JIEKTPOHHBIX APXUBOB PEHTTEHOJAMATHOCTH-
yeckoi nHpopmanuu. Pacro3HaBaHue maToaoru4ecKux MpoIeCcCoB SIBISIETCS O1-
HOM 13 HanboJIee BaXKHBIX 33/1a4 aBTOMAaTU3UPOBAHHOM 00pabOTKH U aHAIM3a Me-
JTUIMHCKUX U300pakeHui [2].

[Ipu paccmoTpeHuu nporiecca BepupuKauu METUIIUHCKUX OUOTOTHYECKUX
00BEKTOB U MX (ParMeHTOB MOJACUCTEMOMN TOJEPKKH MPUHATUS PEIICHUNA IS
JTMArHOCTUKH 3a00JIEBaHUIM U TPEJCTABICHUU €r0o, KaK aBTOMAaTU3UPOBAHHOTO
TEXHOJIOTUYECKOTO MPOIIECCca, MOKHO BBIJICTUTH CIICTYIOITUE ITAIIbI:

1) oOpaboTka peHTreHOrpaprUUESCKUX H300paKEHUII;

2) aHaIM3 PEHTTeHOrpapUUeCKuX N300parkeHuil;

3) npuUHATHE PELICHUI HAa OCHOBAHUM aHAJIN3a dTHX M300paKCHHUN;
4) mocTaHOBKa JUAarHo3a Ha OCHOBAHUH MPUHATHIX PCIICHHI.

AHanu3 peHTreHorpapuYecKux N300paKeHn, MPUHATHE PEIICHUA Ha OC-
HOBAHUU aHAJIM3a dTUX U300paKeHUH, MOCTAHOBKA JHMArH03a Ha OCHOBAHUU TIPH-
HATBIX pelIeHU moacucteMor nmpuHsatus pemieHnid MUC nomkHBI OCYIIECTB-
JATHCA yTEM pa3paOb0TKH ¥ MPUMEHEHHS aITOPUTMOB aBTOMAaTH3aIlUU TIpoliecca
JTMATHOCTUKH, PEATU3yeMbIX pa3pabOTaHHBIM MPOTPAaMMHBIM W MH(POPMAIUOH-
HbIM o0ecredeHrueM JIsi OOCTY’>KMBAaHMSI  TOJCHCTEMBl TPUHSITHS pelie-
Huii[4,5,6].

HNanum omnpenenenne KubepOU3nIecKoil CHCTEMBI.

Omnpenencane 1.Kudepdusmueckasi cucrema (ot anri. cyber-physical
system) — mH(OPMAIIMOHHO-TEXHOJIOTHYSCKAsT KOHIICIIIINS, ITOApa3yMeBaromas
WHTETPAllUI0 BBIYMCIUTEIBHBIX PECYPCOB B (PU3MUYECKHE CYIIHOCTU JIFOOOTO
BH/JIa, BKJIFOYAsi OMOJIOTUYECKUE U PYKOTBOPHBIE OOBEKTHI.
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B kubepdusnuecknx cucreMax BBIYHCIWTEIbHAS KOMIIOHEHTa pacmpejie-
JIeHa 1o Bcel (hU3M4ecKkoil cucreMe, KoTopas sIBIsieTcsl €€ HOCUTENEM, U CHHEp-
TeTUYECKH YBSI3aHA C €€ COCTABIISIIOUIMMU DJIEMEHTAMHU

To ectb kubeppuznueckas cucrema (KOC) — 310 cucrema, OCHOBaHHas Ha
UHTErpalliy BbIUKUCIEHUHN ¢ (PU3NUECKMMU MpoleccaMu. BeTparBaeMbie KOMITh-
I0T€Phl COBMECTHO C CETSIMU OCYIIECTBIISIIOT MOHUTOPUHT U KOHTPOJIb 3a (hU3u-
YECKUMHM MpolieccaMu, OOBIYHO MyTEM Iepe/layu JIaHHbIX Yepe3 y3Ibl CUCTEMBI,
rjae (pu3nyeckue Mpoiecchl BIUSIOT Ha BHIYUCICHUS] U HA00O0POT.

Cunresupyemass MUC kak kubepdusnyeckas cuctema, odecreunBaronas
MOJIy4eHHe, XpaHeHue, oO0paboTKy, BbIIauy JAMArHOCTUYECKON HHOpMaIUu
JIOJIKHA!

1) BKIIOYATh B CBOM COCTAaB aBTOMAaTH3MpOBaHHbIC paboune Mecta (APM)
Bpaveil KIMHUIIUCTOB;

2) CTPOUTHCS IO MPUHIIUIY HHTETPAIMH OTICIBHBIX MMOJCUCTEM B €JIU-
HYIO LIETTYIO CUCTEMY;

3) Kaxaas MOJACHUCTEMAa YJIOBJICTBOPATH MOAYJILHOMY TPUHIIMITY TIOCTPOE-
HUS, PA3BUTUSL U TOJAKIIOYEHHS — HHTETPAIlMU B CHCTEMY Ha YPOBHE KOMILIEKCA
texuuaeckux cpeacts (KTC);

4) yIOBICTBOPSTh MOIYJHLHOMY MPHHIIMAIY MOCTPOCHHUS HA YPOBHE KOM-
iekca nmporpammubix cpencts (KIIC);

5) mopmepKuBaTh yrpaBiIeHHEe U PabOTy CEPBUCHBIX CITY)KO CHCTEMBI;

6) B KauecTBe MHMPACTPYKTYPHI MOCTPOCHUS TAHHONH CHCTEMbI UCIIOIB30-
BaTh CETH, BBIYMCIHUTENILHBIE ceTH Intranet / Internet, mo3Bossroye OCYILIECTB-
JISITH ONIEPATUBHBIN 0OMEH HH(POPMAIIMEH MEXTy OCHOBHBIMH KOMITIOHEHTaAMU CH-
CTEMBI, HE3aBUCUMO OT MECTOIOJIOKEHHS MAIIMEHTa U TMarHOCTHYECKOM armnapa-
TYpbL;

7) dopMupoBaTh U BbIIABaTh ONEPATUBHBIC M JOCTOBEPHBIC PE3yJIbTATHI
JTUATHOCTUKH.

B kauectBe 00BEKTOB UCCIIEIOBAHUS B TPOIIECCe BEpUPUKAIIMA MOTYT BbI-
ctynarb: o0bekT HabmoaeHus (OH), oovext koHTpos (OK) n 00bexT ynpasie-
Hus (OY). B HameMm ciyvae npu penieHuuy 3aJjau MOCTaHOBKHU JIMarHo3a B Mpo-
1ecce BepuuKamuy B KauecTBE 0OBEKTOB MCCIICAOBAHUS 00JIee IMOIXOISIIIUMHI
MoryT BbicTynars OK.

OmpenenuM 0OBEKTHI TpoIecca BepUPUKAIME METUIIMHCKUX OMOJIOTHYe-
CKHX OOBEKTOB U UX (PparMeHTOB, KaK TEXHOJIOTHUECKOTO MpoIiecca MoCUCTe-
Mo moanepxkku npunatus pemennid MUC, nmpu quarnocruke 3adoneanuil. [1pu
KoHKpetn3auuu B poau  OK, B kadectBe 0a30BOro MEIULHHCKOIO
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OMOJIOTUYECKOT0 0OBEKTA BHICTYMAET MAIlUEHT, a B KaueCcTBE (PparMeHTOB M-
[IUHCKOT'O OMOJIOTUYECKOro 00BbEKTa BBHICTYNAIOT OTJEIbHBIE OpraHbl U 00JacTH
B OpraHu3Me NalueHTa, noajexalie o0cieI0BaHrIO IPU TUarHOCTHKE 3a001e-
BAHUMU.

Baxnoit 3ayiaueii npu aHanuze peHTreHorpauIecKux n300paKeHuid MeIu-
[IUHCKUX OMOJIOTUYECKUX OOBEKTOB U UX (PparMEHTOB SIBISICTCS PEILICHUE 3a]1a4H
YIIyUIICHUs] KauecTBa M300paKEeHUS.

C nenpio yJIy4lieHus: Ka4ecTBa PEHTT€HOBCKUX CHUMKOB U TOBBIIICHUS UX
UH(GOPMATUBHOCTH OBUT pa3paboTaH aJrOpuUTM U PEaM30BaHO MPOTPaMMHOE
oOecrieueHre TMOJICUCTEMbI MPOrPAMMHOI0 00€CTIeUeHUs Il UX KOPPEKIUU U
aHaIM3a, BKIIIOYAOIIAsl CIEAYIONINe (PYHKIIMOHAIbHBIE BOBMOXHOCTH:

1) MOBOPOT, OTPAKEHUE M HHBEPTUPOBAHUE U300paKCHUS;

2) TpUMEHEHHUE aJIrOPUTMOB IIIyMOIIOIABICHUS;

3) Koppekius o0IIel HHTEHCUBHOCTH U300pa)keHUS;

4) anHanu3 o0JIacTei METOAaMHU MAaTEeMaTHUYECKON CTAaTHCTUKH.

IIpuMepsl peasm3anuy aBTOMATH3ALUH Nponecca Bepupukanum me-
AUIMHCKHUX OHOJIOTHYECKNX 00bEKTOB 1 UX (PPArMEHTOB MeIMIINHCKON MH-
(popMmannoHHoOiIl cucTeMOl Kak KHOeppu3nvecKoii cucTreMou

B nanHoii cTaThe B KauecTBE 0OBEKTOB MCCIICAOBAHUS B IIporiecce Bepudu-
Kalluu, IPEJICTABIISIONIEr0 COO0M aBTOMATU3UPOBAHHBIN Mpoliecc BepUpUKAIIIH
(¢bparMeHTOB MEIUIIMHCKUX OHOJOTHYECKUX OOBEKTOB BBICTYMAIOT JIOOHBIC W
raiilMOpOBBI Ma3yXH, COCTOSTHUE KOTOPBIX SBJSETCS (AaKTOPOM JUIsl BBISBJICHHUS
psana JIOP Gonesneit mpu pacCMOTPEHUH TUAarHOCTHKHU ATOTO BUIa 3a00JIE€BaHUN.
B paccmarpuBaemoMm mporiecce TUarHoCTUKH JIOOHBIX Ma3yX, TPAHUIIBI KOTOPBIX
BBIJICJICHBI KPACHOW MYHKTUPHOM JIMHUEW U TaUMOPOBBIX 11a3yX, BBIJACICHHbBIC HA
CHUMKE KENTOW MyHKTUPHOU JTMHUEH, UHPOPMATUBHBIMU O0JIACTSIMU, KOTOPHIE
MOVIEKAT MCCICAOBAHUIO, SIBJISIFOTCS HEMOCPEACTBEHHO Ma3yXH, a TaKXKe IJjas3-
HUIIBI. Ha pucyHke 1[6,7,8].

[Ipumep skpanHOW (QopMbI 11t pabOTHI ¢ (parMeHTaMH HCCIEIYEMOTO
00BEKTa MOCPEACTBOM aHaM3a MHGOPMATUBHBIX 00JIACTEH HA PEHTTEHOBCKOM
CHUMKE TPEJCTaBIICHbI Ha puc. 1.

B nmpouiecce byHKIIMOHUPOBAHUS MOACUCTEMBI TIOIICPKKHU MIPUHSATHUS pelie-
Huii MU C MOTyT UCIIOJIB30BAThCS PA3IMYHbIE MATEMATUUECKUE MOJEIH CIEIy-
IOIUX METOJIOB (CIIOCOOORB) BepU(PUKAIIUU, UCTIOIB3YEMBIX JIJISl JUATHOCTUKH:

1) MeToa CpaBHEHHS C ITAJOHOM, OCHOBAHHBI Ha MATEMaTHYECKOM CTaTH-
CTHKE MPU aBTOMATHYECKOW TUATHOCTUKE PEHTIeHOTpaduIeCcKOTo N300paKeHUS
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N300pakeHHsI, BRIOpaHHOTO ()parMeHTa CHUMKA, Ha KOTOPOM MMEET MECTO II0-
CTOSIHHOE 3HA4YCHNE UHTCHCUBHOCTH SIPKOCTH;

2) MeTOoJl, OCHOBAHHBIM Ha BBIYMCICHUH PACCTOSHHS MEXIY M300paKeHHU-
SIMH STaJIOHA U UCCIIETyeMO 001acTu;

3) MeToJ, OCHOBAaHHBIN Ha BBIUYMCIICHUH OLICHKH MH()OPMATHBHOCTH 3Ta-
JIOHA U MICCIIEAyeMOU 001acTH;

4) 0e3>TalIOHHBIA MeTOJ 00pabOTKH H300paKEHHI HCCICIyeMbIX 00JIa-
CTEH Ha peHTreHorpahuIeCKOM CHUMKE;

5) wuHOPMAITMOHHO —3HTPONMUHHBIN METO]] TUArHOCTUKH.

[Ipu Mcronb30BaHUK METOJIa CPABHEHUSI C STAJIOHOM, OCHOBAaHHOM Ha Ma-
TEMaTUYECKON CTATUCTHKE NIPU aBTOMATUYECKON TMArHOCTUKE PEHTreHorpadu-
YECKOT0 M300paKeHUsT N300pa’KeHUsS HEOOXOAMMO BBIACIATH dTAJIOHHYIO U UC-
cienyeMyto 00J1acTi Ha CHUMKE.

CHUMOK | AHanus | HacTpoiiku

t-&' 3arpysute | | : InvertColor || Gauss Filter | E Median Filter | j Sharpen Filter |~ Colorize )

Puc. 1. Ungpopmamusnwvie obracmu ucxoorno2o uzoopadcenus 8 npoyecce
NPOXOAHCOEHUSL UHCIMPYMEHMANbHO20 UCCAe008aHUS OISl epudpuxkayuu ppacmen-
mo8 ucciedyemulx 00beKmos
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IIporpammuasi 1 UH(OPMALMOHHASI peaM3aANMHU ABTOMATHU3AIUH
npouecca BepupuKAUMU MeAUIUHCKUX OHOJOTMYECKHUX O0BbEKTOB M HX
¢dparmenToB. Pe:xxum padboTnl «Pe1akTrop CHUMKOB)

[Tocne BbIOOpa HOBOTO, JIMOO OTKPBITUS PaHEE COXPAHEHHOTO B 0a3e JaHHBIX
CHUMKa, BO3MOXHO €ro pefaktupoBanue. Mutepdeiic skpanHoi popMbl OKHA pe-
KUMa peaKTUPOBaHUSA MMOKa3aH Ha PUCYHKE 2.

Jiist Havasa TpedyeTcs 3a/1aTh MPABUIIbHOE MOJI0KEHNUE CHUMKA B PEIaKTOpe
C TIOMOIIBIO KHOTIOK:

1) ¥ - OBOPOT IO YACOBOH CTPETIKE;

2) K - oro6pasuts cesa Ha mpaBo.

[TocnenoBarebHOCTh JEHUCTBUNM TPU HUCIIOJIB30BAHUU pEIaKTOpa
CHUMKOB 3aKJIF0OUAETCS B CIEAYIOIIEM.

1) HEOOXOIMMO BBIJICIIUTH HOBYIO 00JIaCTh IS aHAJIN3a;

2) 4TOOBI BBIACINTH HOBYIO 00JIaCTh HE0OX0mumMo B cermeHTe «O0IacThb»
BbIOpaTh €€ Ha3BaHHWE W 3a/1aTh MCIOJb3YEeMbIH IS OTOOPaKEHUSI KOHTYPOB H
rpadukos user kuonkoi M;

3) 3aTeM BBIZCIUTH KOHTYPOM JKEJIaeMYI0 4aCTh Ha CHUMKE C TTOMOIIIBIO JIe-
BOM KJIABUIIIU MBIIIIH;

4) mocie 3aBepIcHHsI BBICIICHUS 00hEKTa Ha CHUMKE aBTOMAaTHYECKH 0TO0-
paxaeTcsi ”HGOpPMAIIHS O €r0 XapaKTePUCTHKAX:

4.1 «MartemMaTHdecKoe OKHUIaHHUEY;

4.2 «Iucnepcusi»;

4.3 «CpeHEeKBaApaTUUECKOE OTKIOHCHUEY;
4.4 «KordduimeHT Bapuammm»;

4.5 «<HeoqHOPOIHOCTH.

5) 3aTeM TaK K€ Ha rpauke CTPOUTCS TUCTOrpaMMa ¢ COOTBETCTBYIO-
IIMM IIBETOM  BBIJICIICHHON 00JIacTH.

PesynbTarsl ananuza u oOpabOTKU JOJKHBI OBITH COXpaHEHHbI B 0ase
naHHBIX. /(7151 coxpaHeHus pe3ysbrata HEeoOXOAMMO BOCIOJIb30BATHCS KHOIKOM
., u6o MOBTOPUTE BBIICIICHHUE TTPU HEYTAYHOM BBIOOpE 00JIaCTH.

B crniucke obnacrelt oToOpaXkaroTcsi Ha3BaHUS COXPAHEHHBIX PE3yJbTaTOB
BBIJICJICHHBIX B TIPOIIECCE MCCIIEOBAHUSI 0OBEKTOB, I7Ie¢ OTMEUCHHBIE TAIOUKOM
00BEKTHl O0TOOpaXKaroTCs Ha rpaduKe.

Cnrcok MOXHO PeaKTUPOBATh:

1) MeHsis BT TM00 Ha3BaHKE COXPAHEHHOMN 00JIACTH KHOIKOM @;
2) a Tak ke yJalaTh HEHYKHBIE PE3YJILTaThl KHOMKOM [,
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Pe:xkum padoTbl «KAHAJIN3 Pe3yJIbTATOB»

Ecnu nBakpl HaXKaTh JI€BOU KJIaBUIIEH MBIIIK Ha rpaduK TUCTOTPaMM, TO
3aIyCTUTCSA OKHO aHaju3a BhIJIEJIEHHBIX o0sacTei. OKHO aHaln3a BbIJIETIEHHBIX
obOnacTedt s aHayIM3a OOBEKTOB OTMEUYCHHBIX TraJIOYKaMH B CIIHCKE MOKAa3aHO
Ha puc. 3. B HeM MOXHO MPOBECTH BU3yalIbHOE U YUCJIOBOE CPAaBHEHHE Xapak-
TEPUCTHUK BBIJICICHHBIX 00J1acTel, BIOpAaB B ceTMeHTax «OOBEKT» U «ITaJIOH»
Ha3BaHUSl aHAJIU3UPYEMbBIX BBIOOPOK, MOCIE YEro UX XapaKTEPUCTUKU OYyIyT
0TOOpakeHbI Ha rpadKax U BIHUCAHBI B COOTBETCTBYIONIHE MOJIS.

Jiist noipoOHOTO aHaIM3a OJHOM U3 BBIACIICHHBIX 001acTei, Tpedyercs oT-
METUTH €€ B CIIUCKE W T0C]e 0TOOpakKeHHsI 00JIaCTH , HAXaTh HA HEE JTBAXKIbI
JIeBOM KHOMKOM MbIlU. B pe3ynbrare OyaeT 0ToOpakeHO IOMOJIHUTEIEHOE OKHO
aHaJM3a OJIHOM U3 BBIJICIICHHBIX 00JacTeil.

Hay4ynas HoBu3Ha. Pe3yiabTaTrbl. HayyHas HOBU3HA 3aKII0YaeTCs B aHA-
JIM3€ TUArHOCTUYECKUX MPOLEIYpP C TPUMEHEHUEM TEXHOJIOTUI pealiu3alliy aB-
TOMaTH3allUK TIpoliecca BepudUKaIUu COCTOSHUS (ParMeHTOB METUIIMHCKUX
OMOJOTUYECKUX OOBEKTOB MOJACUCTEMOM MOICPIKKU MPUHSATUS PEIICHU.

f — - - - ——— —

o Pegakrop cHUMKOB [= I Elvix
®aiin  MNomowp
-’».‘ F 5 é’ < | ‘6' é U KauecTeo otobpaxerus: 100%
MoapoBHo l&,m‘rpo
| 07
06
05
04
03
02
0,1
0O 20 40 60 80 100 120 140 160 180 200 220 240
— NesaarnasHuya — lleBas nasyxa
— Mpaeaa rnasHuua — MNpasas nasyxa
O6nacts 1
[ ] =

Mar. oxupatine:
Oycnepeus:
Cp. oTKnoHeHue:

Koa®. BapuaLym:

HeopHopoaHocTs:

[7] Mpasan rnasmuua ‘

|[¥] Npasan nasyxa

Puc. 2. Dxpannas coopma pesicuma pabomolr « Peoakmop crumkos
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o™ = @] 53

ObvekT
MaT. oxupaHue: Mesan nasyxa v

[ucnepcua:
Mar. oxupanme: 41,345954

Incnepcus: 162,1475
Cp. otknoHenue: 12,73372
Koag. Bapuawm: 0,307953

Cp. oTknoHeHue:

Koag. Bapuaiym:

0.1 HeopaHopoaHocts: 0
0,09 3T1anoH
0.08 1 MNesan rnasHuua v
0,07
0.06 Mat. oxuganme: 2053289
0.05 Ducnepcua: 4229181
0.04 Cp. otknoHenme: 2056457
0,03 Koa®. sapuawm: 0,1001562
0,02 HeopHopopHocTs: O
0,01
m.o. [l
0 = 100= 20138 %
M. 0.
= [legasa rnasHuua = [legas nasyxa = [Mpagasa rnasHuua
= [paga’ nasyxa
—

Puc.3. Dxpannas popma pesxcuma pabomol « Ananuz evideneHHvix obaacmeri

Bolgenenure 3TaloHHOTO M MCCIEAYEeMOro (pparMeHTa oObeKTa MEeIULUH-
CKOM MH(OPMALIMOHHOM CUCTEMBI, KaK KHOep(PHU3NIECKO CUCTEMBI JJ1s1 aBTOMa-
TU3alUU TMarHOCTHKY 3a00JIEBAHUI, 3aKTI0YAIOIIUMUCS B CHHTE3€ aJITOPUTMOB
peann3yemMbIX MPOrpaMMHBIM U MUH(MOPMALMOHHBIM OOECIIEYEHHEM MEAMIIMH-
CKOM HMH(pOPMALMOHHON CUCTEMBI MTPU pealiu3alii, IPUMEHEHUN METOJ0B Be-
puduUKauu COCTOSTHUSL (PPAarMEHTOB MEIUIIMHCKUX OMOJIOTMYECKUX OOBEKTOB
10 PEHTI€HOrPAPUUECKUM U KOMITBIOTEPHO-TOMOTPahUIECKUM N300pa’KEHUAM
JUTSl IMArHOCTUKU 3a00JI€BaHUN M MCHOJB30BAHUM JJI 3TOTO CTaTUCTUUYECKUX
napameTpoB (MaTeMaTHUYECKOe OXKHUAAHKUE, TUCTIEpCUsi, TUCTOrpaMma, ko3 du-
LMEHT BapHaluu, Ko3QPUIIMEHT KOPPENSILIIK) 111 KOJTUYECTBEHHOM OILIEHKHU CO-
CTOSIHMI JIOOHOM MJIM BEPXHEUETIOCTHON NMa3yXu U UX UACHTHU(PUKALIUUA B COOT-
BETCTBHHU C KJIACCOM MATOJIOTMM MPU TUArHOCTUKE MAIIMEHTA B aBTOMAaTHYECKOM
peXUME MO PEHTIeHOTpaPUUeCKUM (TOMOrpapuueckumM) H300paKeHUSIM.

DTO NO3BOJIWIIO MOJYYUTh CIEAYIOLIUE PEe3yJIbTaThl:

1) pa3paboTaHO MporpaMMHOE 00eCIIeYCHHE, PeaTn3yIolee alropuTM 00-

paboOTKN peHTreHorpaduUecKux U300paKEHUI C UCIIOJIb30BAHUEM ATAJIOHHOTIO,
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0€33TaJIOHHOTO U 0€33TAIOHHOTO — WH()OPMAIIMOHHO-IHTPOITUHHOIO CITOCOOOB
MeTOJla AUArHOCTHMKA WHBAPHAHTHOI'O K BHJIaM 3a0o0JieBaHUN (MapaHa3ajibHbIX
na3yx npu JIOP — 3a6oneBanusix, OpoHX0-JIErOYHBIX 3a00JIEBAHUSIX );

2) 9TO MO3BOJIMIIO MOBBICUTH KAYECTBO 00paOOTKH pEeHTreHorpaduIecKux
CHHMKOB M KakK CJICICTBHE TOYHOCTh JUArHOCTHKH 3a00j1eBaHuii[6,7,8];

3) pa3paboTaHHOE IIPOrpaMMHOE 00eCIICYCHHE TIO3BOJIMIIO MMOBBICUTH CTC-
IIeHb aBTOMAaTHU3aIlMu Iporiecca oOpabOTKU PEHTreHOTpaPpUIECKUX CHUMKOB C
AJIEMEHTaMH aBTOMATHYECKOM 00pabOTKH, YTO MO3BOISAET (POPMATU30BATh MPO-
1eIypy NoCcTaHOBKM auarno3al9,10,11,12];

4) paszpaborano nHGOPMAIIMOHHOE 00ECIICUCHHE - CTPYKTYpa 0a3bl JaHHBIX
B BHUJICc HA0Opa CBSA3AaHHBIX TAOJUIL I XpaHEHUs 0a30Boi HHGOPMAIIUK O TallH-
€HTaX U NpoIecce TUarHoCTUKM u aedenun[9,10,11];

5) wuHpopMaIOHHOE OOCCIICUEHNE PEaln30BaHO ¢ BO3MOYKHOCTHIO MHBa-
PHUAHTHOCTH XpaHUMOM MHGOPMALUK M MOJCIEeH MeTOJ0B (CIIOCOOOB) AUATHO-
CTHUKH C IIEJIbI0 BO3MOXHOCTH aJanTalluy JIJIs Pa3IMYHbIX JIEUeOHBIX YUpexK/ie-
HUM;

6) pe3yabTaThl MCCIIEIOBaHUI, IPEICTaBICHHbIC B JAHHON padoTe IPOIILIN
arpoOaIuio Ha JECATH MEXKTYHAPOIHBIX M CEMHAIATH Bcepoccuiickux HayqyHO
TeXHUYECKUX  KOH(EpeHIMAX, OmyOJMKOBaHBI B  HAayYHO-TEXHHUYECKHUX
KypHanax, BxoAsumx B nepeueHr BAK.
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IMPOEKTUPOBAHUE NHTEP®EVICA 1JI51 OPTAHU3ALIUU
YEJJOBEKO-MAIIMHHOI'O B3AUMOJIENUCTBUSI C
ABTOMATU3UPOBAHHO NTHO®OPMAIIMOHHON

CUCTEMOMU

B oannoti cmamve paccmampusaromes npoyecc u mexHonro2uu npoOeKmuposanus
U peanuzayuu NoIb308AMENLCKO20 UHMepgelica 14en08eKo-MaAuUHHO20 83aUMOoO0eli-
CMeUs nobzogamenell ¢ asmMoMamu3uposaHHou ungopmayuonno cucmemou. Onu-
Cana peanuzayus npoyecca aHaiu3a u CUHme3sd noab308amenbCKo20 unmepgeiica nov-
306amenel ¢ ABMOMAMUIUPOBAHHOU UHGOPMAYUOHHOU CUCMEMOU MEOUYUHCKO2O
Hazuawenus, Komopdas npeocmasisem coOol cCucmemy «4elo8eK-MauuHay ¢ peaiusa-
yuel Yeno8eKo-MamurHo20 e3aumooelicmsus. B cmamve axyenm coenan na pazpabo-
MAHHBLIL NOIL308AMENbCKULL UHMeEPelic 83auMO0eticmeus noab3oeameleli ¢ agmoma-
MU3UPOBAHHOU UHPOPMAYUOHHOU CUCEMOU, KOMOPbIli NO360JIUL NOBLICUMb CIMENeHb
asmomamusayuu npoyecca oopabomku peHmeeHopapuuecKux CHUMKO8 C dlleMeH-
Mamu asmomMamuyeckol 00pabomxu, Ymo no3eo.aem Gopmaiuzo8ams npoyeoypy no-
cmanoeku ouaznosa. llokazanvl npumepvl NPuKIaAOHOU, NPAKMUYECKOU pearu3ayuu
nOIb308aMeENbCKO20 Unmepghelca 6 uoe dKPaHHbIX opm 01 pabomul ¢ CUCMEMOU.
Bcé smo noseonsiem nogvicums onepamusHocms, aKkmyaibHOCMb, C80E€8PEMEHHOCb
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0OMeHa OAHHBIMU MeXHCOY NOTb308AMENSAMU U CUCEMOU, MOYHOCMb 8epugukayull co-
CMOSIHUSL MEOUYUHCKUX OUOTIOSUYECKUX 00BbEKMO8, 00CMOBEPHOCHb Npoyecca OUacHo-
cmuxu 3abonesanuil. Tlokazana nayunas HOBU3HA, pe3yibmanvl anpobayuu mamepu-
ana, npeoCcmasieHHo20 8 CMambe Ha MeNCOVHAPOOHBIX, BCEPOCCULICKUX KOHPEPeHYUsX,
HAYYHBIX HCYPHATAX.

Aemomamuszuposannas, anaius, eepugpurayus, e3aumooeticmeue, OUASHOCMUKA,
ungpopmayust, MeOUYUHCKAsL, NOOCUCMEMA, NPOYECC, CUHMe3, CUCEMA, PeHM2eeHo2pa-

¢l/lﬂ, peuienue, 4ueiloeeKk-mauurna.

Proskuryakov Alexander Viktorovich

DESIGNING A USER INTERFACE FOR ORGANIZING
HUMAN-MACHINE INTERACTION WITH AN AUTOMATED
INFORMATION SYSTEM

This article discusses the process and technologies of designing and implementing
the user interface of human-machine interaction of users with an automated information
system. The implementation of the process of analyzing and synthesizing the user inter-
face of users with an automated medical information system, which is a "man-machine"
system with the implementation of human-machine interaction, is described. The article
focuses on the developed user interface for user interaction with an automated infor-
mation system, which allowed to increase the degree of automation of the processing of
X-ray images with elements of automatic processing, which allows to formalize the pro-
cedure of diagnosis. Examples of applied, practical implementation of the user interface
in the form of screen forms for working with the system are shown. All this makes it
possible to increase the efficiency, relevance, timeliness of data exchange between users
and the system, the accuracy of verification of the state of medical biological objects,
the reliability of the disease diagnosis process. The scientific novelty, the results of the
approbation of the material presented in the article at international, All-Russian con-
ferences, scientific journals are shown.

Automated, analysis, verification, interaction, diagnostics, information, medical,
subsystem, process, synthesis, system, radiography, solution, man-machine.

BBenenue
B nanHoM cTathe paccMaTpPUBAIOTCS MPOLECC U TEXHOJIOTHH MTPOCKTUPOBA-
HUAS W peaM3allid TO0JIb30BaTEIbCKOTO HHTep(deiica dYeIoBEKO-MAIIMHHOTO
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B3aMMOJICHCTBHSI TTOJIH30BATENICH C aBTOMATU3UPOBAHHONW MH()OPMAIIMOHHON CH-
CTEMOM.

Haunnast co BTopoii mosoBuHbI 20 Beka Bc€ Ooiee MMPOKOE pacpoCcTpaHe-
HUE B Iporieccax 00padoTKu MHPOPMAITUH CTaIHA TPUOOPETATh IPOIEAYPHI aBTO-
MaTU3UPOBAHHON 00paOOTKH JIAaHHBIX, YTO OBLIO OOYCIOBICHO OBICTPBIM 3BOJIIO-
IIUOHHBIM PAa3BUTHEM CPEJCTB BBIYHCIUTECILHON TEXHUKA WM TMPOTPAMMHBIX
cpencTB. B HacTosiee BpeMst MpakKTHYECKU BO BCEX 00JIaCTAX YETOBEUECKOH Jie-
ATEJIHLHOCTH MPOMBIIIIIEHHOCTH, HayKe, 00pa30BaHUU, YKOHOMUKE IIMPOKO TIPH-
MEHSIOTCSI aBTOMAaTHU3UPOBAHHBIE CUCTEMBI 00OpPaOOTKU JTaHHBIX, PEATU3YIOIINE
0CcTaToYHO 3P EeKTUBHBIE U HAAEKHBIE MPOLIETYPbl 00padOTKHU UH(POPMALIUU U
JAHHBIX, TOCTPOEHHBIE Ha 0a3e KOMIUIEKCAa TEXHUYECKHMX M MPOrPaMMHBIX
cpenctB. He sBISIOTCS HCKIIOYEHHEM B IJIaHE PACHIMPEHUS MPUMEHEHHUS
CpEIICTB aBTOMATH3aIlMU U aBTOMATU3HUPOBAHHON 00pabOTKH MHGOpMAIINH U Ta-
K€ HAy4YHbIC U NMPUKJIAJHbIC HATIPABJICHUS KaK MEAUIIMHA U MEIUITMHCKAS TeX-
HHKa, TPUMEHsAeMbIe B KinHukax[1,2,3].

IMocranoBka 3agauu. lannas pabota OpUEHTUPOBAHA HA aHAJIM3 U CHHTE3
0JIb30BATEJILCKOTO MHTEpdelica Moab30BaTeseii ¢ aBTOMAaTU3UPOBAHHON HHPOP-
MaIlMOHHOM CHUCTEMOM MEIUIIMHCKOIO Ha3HA4YeHUs, KOTOpas MPEACTaBISIET CO-
00li CUCTEMY «UeJIOBEK-MaIllHaY C peajnu3aluei 4eI0BEKO-MalTuHHOTO B3auMO-
neiicreus[4,5].

Jlagum oripesiesieHne CUCTEME «4eJIOBEK-MaIlliHaY.

Onpenesienne 1. Cucrema «4yeoBek-MamuHa» (man machine system) -
ATO CUCTEMA, B KOTOPOM YEJIOBEK-OIEepaTOp WM TPyIITia ONepaTopoB B3aUMO,IeH-
CTBYIOT C TEXHHUYECKUM YCTPOMCTBOM B MPOIECCE TPOU3BOICTBA:

1). MaTepraIbHBIX [ICHHOCTEH;

2). B mporiecce yIpaBJeHUs;

3.) B mporiecce yrpaBiieHHs 1 00paboTKu HHGOPMAITUH.

PaccMOTpuM KOMITOHEHTBI CHCTEMBI «UEJIOBEK-MaITUHAY).

1. Yenosek

2. Mammna - coBokynHocth KTC, koTopas o6ecnieunBaer:

a) IpolIecC MOJIyYEHUS,

0) npeoOpa3oBaHus;

B) Iiepejiay;

I') UCTIOJIH30BaHNE HEKOTOPHIX PECYPCOB.

3.Paboyas cpena — 3TO COBOKYIMHOCTh Pa3TUYHBIX (PaKTOPOB, KOTOPHIE BO3-
JICHCTBYIOT Ha YeJIOBEKa-olepaTopa U MaIIHy B MPOIIECCE €T0 NCSITEIbHOCTH.
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B mporiecce npoekTupoBaHuUsl MOJIb30BATEIbCKOTO MHTepdeiica B TaHHON
paboTe mpeasiaraeTcsi UICIOJIb30BaHUE:

1) Habopa MPUHIIMIIOB MPOEKTUPOBAHKS, JIEKAIIUX B OCHOBE TIOCTPOE-
HUs pa3pabaTbiBaeMOro Mojib30BaTeIbCKOro HHTEpderca;

2) Habopa TpebOBaHM, KOTOPBHIM JOJIKEH B UTOTE YAOBJIETBOPSTH MPO-
EKTHUPYEMBIN MMOJIb30BaATEIBLCKUI HHTEPEHC.

IIpuHUMIIBI NPOEKTUPOBAHMS M0JIb30BATEJIbCKOI0 HHTEPdeiica

HaGop npuHIMNOB NpOEKTUPOBAHKUS, JIEKAIIUX B OCHOBE IMMOCTPOCHUS pa3-
pabaTbIBa€MOro Mojb30BaTeIbCKOro nHTEepderica BKIIOYAET:

1) CTpYKTYpHBIN NPUHIIUII;

2) TPHUHIIHUI TPOCTOTHI;

3) NPHUHIKI BUAUMOCTH;

4) npuHIKIT OOPATHOW CBSI3H;

5) NPUHIKI TOJIEPAHTHOCTH;

6) NPHHIKI TOBTOPHOTO MCIIOJIb30BAHUS.

BrinonHuM KpaTKuid aHaau3, mpeajiaraeMbiX TPUHIIUIIOB.

CTpyKTYpHBIi NPUHLIMI

1.Opranuzanus moJib30BaTENIbCKOTO UHTEpdeiica NomKHA ObITh 11eJ1ec000-
Pa3HOM, OCMBICIICHHOM U yA00HOM.

2.0Ha nomkHa 6a3upOBaTHCS HA YETKUX, IIEJTOCTHBIX MOJIEIISX, OU€BHUIHBIX
U Pacro3HaBaE€MbIX IMOJIb30BATEIISIM, MIPH ITOM POJICTBEHHBIC MOHSATUS JTOJKHBI
OBITH CBSI3aHbI, @ HE3aBUCHUMBIE — Pa3/ICIICHBI.

3.Henoxosxue sneMeHThI TOJKHBI AU(HEepeHIIUPOBAThCS, a TOX0KUE — BbI-
TJISJIETh TTOXOXKE.

4. CTpyKTYpHBIN MPUHIMIT CBA3aH C OOIIEN apXUTEKTypoul uHTepderica u
HaAMPSAMYI0 OTpakaeT MpeACTaBICHUE O MOJb30BaTEIbCKOM HHTEepdeiice, Kak o
JMAJIore MEXy pa3paboTYMKaMU U TIOJIb30BATEIISIMH.

5.0pranu3zanus Xopomux HHTep(HecoB MPOyMbIBACTCS OY€Hb TIIATENBHO,
TaKUM 00pa3oM, 4TOOBI OTPaXKaTh CTPYKTYPY PEIIaeMbIX CUCTEMOM 3a7a4 U CIIO-
co0 MBITIJICHUS TTOJIH30BaTEIEH OTHOCUTEIBHO ITUX 3a/1a4.

6.[TogoOHOe momKHO OBITH TO100HO. [Toxoxkas nHpOpMaIUs TOKHA OBITH
OpraHU30BaHa C TTOMOIIBIO0 TIOXOXKHUX PEIICHUH, a 00bEKThI, 00JIa1al0IIHNE TTOXO-
KUM TIOBEICHUEM, JIOJDKHBI UMETH 00IIee TIPeICTaBlIeHNE.

Pe3yabTat. OueHb 4acTo, 0COOEHHO IIPH UCTIOJIL30BAaHUU COBPEMEHHBIX BU-
3yaJbHBIX CpeJl pa3pabOTKU, PACIIONOKEHNE BU3YATbHBIX KOMIIOHEHTOB BHYTPH
¢dbopM MM TUATIOTOB M UX PACTIPEICIICHUE MEK/Ty HUMH OKa3bIBACTCSI TIOYTH CITY-
YallHBIM W OTpaXaeT B JIyYllIeM CiIy4yae IOCJIeI0BAaTeIbHOCTh, B KOTOPOM
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IPOrpaMMHUCTaMU 3aTparuBajiiCh T€ WM MHBIE BOMpockl. [lo uiee, cBoiicTBa U
(GYHKUIMH, KOTOpBIE Yallle BCEro MCMOJb3YIOTCSI COBMECTHO WIIM paccMaTpuBa-
I0TCS MOJIb30BATEISIMU KaK CBSI3aHHBIE JIPYT C JAPYTOM, JOJDKHBI PACIOaraTbCs
BMECTE WIH, TI0 KpaltHel Mepe, TOKHBI ObITh YETKO U SICHO B3aUMOCBSA3aHbl. UTo
&KE JI0 TeX JIEMEHTOB, KOTOPhIE B KOHTEKCTE 3a/1a4l UJIM B CO3HAHUU IOJIb30Ba-
TEeJsl HUKAK HE CBA3aHBbl MEXKIY COOOMW, TO OHHM JTOJDKHBI ObITh pa3HECEHbI B UH-
Tepdeiice.
IIpuHUMI POCTOTHI

1.Heo6xoquMo MakcMMalbHO YNpOIIATh yIpaBJIeHHE HauboJee pacrpo-
CTpPaHEHHBIMU OIEpaIusiMU, MPU ITOM OOIIEHHE C MOJH30BATENEM JOJKHO Be-
CTUCH Ha TIOHSITHOM JIJIsl HETO SI3BIKE.

2.J10JKHBI TIPEIOCTABISATHCS CCHUIKH, JJOTHYHBIM 00pa30M yKa3bIBAIOIIUE
Ha 0oJiee CI0XKHbIE POLEAYPHI.

3.IIporecc npoektupoBanust nHTEpPeiica — 3To Beeraa 6opboa 3a KOMITPO-
MHCC.

4.Y1pouieHue 4ero-To 0JHOro Hen30€KHO MPUBOAMT K YCI0)KHEHHUIO YETro-
TO JIPYTOro.

5.Ilpu yMeHbIIIEHHH KOJMYECTBA MEHIO, YBEJIMUYUTCA YHUCIO MYyHKTOB B
Ka)KJIOM U3 HUX.

6.Ecnu yMeHbIlaTh BCE€ TUATIOTOBBIE OKHA, BKJIIOYMB B HUX KaK MOXKHO
MEHBIIIE 3JIEMEHTOB, JH000€ B3aUMOJICHCTBUE IMOJIb30BATENS C CUCTEMON 00ep-
HETCS I HETO HEOOXOAMMOCThIO 00paIaThcs K OOJIBIIOMY KOJIUYECTBY TaKUX
OKOIIIEK.

7.CrnenoBanve TPHUHIMITY MPOCTOTHI TpeOyeT OT pa3paboTyuka 3HAHUS
TOTO, KaKW€ 3a/1a4d BBITIOJHAIOTCS MOJB30BaTENIeM HAanOoJee 4acTo U KaKue U3
HUX, C TOYKH 3pPEHUS TOJIb30BaTeNs, mporle. MiMenHo Takue 3amadd cieayer
yOpOoIaTh, YTOOBI OJIB30BATENh MOT OBICTPO UX PEUTUTh.

IpuHUIMT BUAMMOCTH

1.Bce ¢dbyHkmu U naHHbIE, HEOOXOAMMBIC TSI BBITIOJIHCHUS JAHHOW 3a-
Jla4u, JOJIKHBI OBITh BUJIHBI, YTOOBI MOJIH30BATEIh HE OTBJICKAJICS HA JOTOTHU-
TEJIBHYIO U U30BITOUHYIO HH(POPMAIIHIO.

2.IIpuHIUTT BUIUMOCTH CBSI3aH C TPOCKTUPOBAHUEM TAKUX MOJIH30BATEIb-
CKHUX UHTEP(PEIHCOB, B KOTOPBIX BUHBI BCE DJICMEHTHI, HY>KHBIC JJIs1 BHITIOJTHCHHSI
JTAaHHOM 3aJ1auH.

3.1ensro sBisgercs nepexon ot punocodhun WYSIWYG (What You See Is
What You Get — 4ro BuuIb Ha 3KpaHe, TO U MOJYYHIIb B Pe3yJIbTaTe) K QHiIo-
copuu WYSIWYN (What You See Is What You Need — na sxpane BUIUIIB TO,
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yT0 Tebe HykHO). UnTepdericet WY SIWYN ocTaBisioT BUIUMBIMU T€, U TOJIBKO
T€ 3JIEMEHTBI, KOTOPBIE AEHUCTBUTEIBHO HYKHBI IMOJIB30BATENIO JJIS1 BHIIIOJIHEHUS
omnepanuu.

Pe3yabrart. C 0IHOW CTOPOHBI, B 33J1a4l MPOEKTUPOBAHUS BXOJUT CO3/1a-
HUE TaKoro uHTepdeiica, Ha KOTOPOM ObLIM ObI IBHO BUHBI BCE HY>KHBIE U BaXK-
Hble pyHKIMU. C Ipyroi CTOPOHBI, XOPOILIUN HHTEPPEIHC HE TOJKEH 3aBaMBATh
M0JIb30BATEJISI CIMIIKOM OOJBIIMM KOJIMYECTBOM BO3MOKHBIX BapHaHTOB WIIH
cMyIaTh ero n3oeiTouHoi nHdopmarmein. WY SIWYN-untepdeiice ayure yxe
TEM, UTO OHU IPUHUMAIOT BO BHUMaHUE OTPAHUYEHHOCTh 00BhEMa «ONEPATUBHOM
naMsTU» 4eJIOBeKa M CIOCOOHOCTh Y3HaBaTh BEIU ObICTpEEe, YEM BCIIOMHUHATH.
Harpy3ka Ha JOJITOBpEMEHHYIO TaMSTh YMEHBIIIAETCS 3a CUET TOT0, YTO MOJIb30-
BaTeJb MOCTOSSHHO BUJUT BCE HEOOXOAMMBIE OMIIMU U BapuaHThl. Ha kpaTtkoBpe-
MEHHYIO MaMsTh Harpy3Ka CHIXKAETCS 3a CUET TOr0, YTO MOJIb30BATEIO HE MPHU-
XOJIUTCS 3aIIOMUHATD U 3aT€M BOCIIPOU3BOIUTH MH(POPMAIUIO, COIEPKAIILYIOCS B
KaKoM-TO JApyToM yactu unrepderica.

IpuHuMD 00paTHOM CBA3M

1.Coo0maiiTe moiap30BaTeIsIM O JEHCTBUAX CUCTEMBI, €€ PeaKklusX, u3Me-
HEHUSX COCTOSHUSI WM CUTYallUH, 00 OMHUOKAaX U UCKITIOYEHUSX, KOTOPBIE BaXKHBI
JUISL HUX.

2.Coo0111eHus TOJDKHBI OBITh YeTKUMHU, KPATKHUMHU, OJHO3HAYHBIMU M HAITH-
CaHHBIMHU HA SI3bIKE, IOHSATHOM T0JIb30BATEIIO.

3.Xopoliue noap30BaTeNbCKue HHTEPhENChl HAXOAATCS B JUAJIOTE C MOJTb-
30BaTeIIMUA, COOOIIAsi UM O TOM, YTO TIPOUCXOJIUT B CUCTEME.

4 Tlpunnun oOpaTHOM CBSI3U JOJKEH YKa3bIBaTh pa3pabOTYMKaM HEKOTO-
pble IIpaBuiia TOTO AUAJIOra.

5.ABTOMAaTU3UPOBAHHBIE CUCTEMBI HHPOPMUPYIOT MOJIH30BATENSI O MHOKE-
CTB€ BEILICH, OHU JOJIKHBI IO3BOJISITh EMY Y3HaBATh O TOM, KaK BOCIIPUHUMAIOTCS
BBOJMMBIEC UM JIAHHBIE, KOT/1a MEHSETCSI BHYyTPEHHEE COCTOSIHUE CUCTEMBI, U 3TO
MOKET OKa3aTh Kakoe-T1u00 BIUsSHUE HA pa0OTy MOJIb30BATEINS, €T0 CIEAYET yBe-
JOMJIATH 00 ATOM, OCOOCHHO €CJI MEHSETCS HHTEPIIPETAIUS CUCTEMOM €ro Jek-
CTBH.

6.1lonb30BaTeNb NOMHKEH 3HATH O ACHCTBUSIX, KOTOPHIE 3aMPEIECHbBI WU UT-
HOPUPYIOTCSA. PUHITUATI OOPATHOM CBSI3M HE MOYKET CITYKUTh OIIPaBIaHUEM CO3/1a-
HUIO OECKOHEUHBIX OKOIIEK COOOIIEHUH.

7.apopMupoBaHue MOJIH30BATENS — HE JIOJDKHO SIBJISITHCS CaMOIIEIbIO, a
MIPEACTABIISIET CIIOCOO0 OpPTaHM3AIlMU JIUajiora B KOMIAKTHOM W €CTECTBEHHOM

dopme.
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Pe3yabTar. [losnp3oBarensam Takke TpeOYIOTCS cO0OmEeHus 00 OIIMOKax 1
UCKJTIOUMTEIBHBIX CUTYyalusiX. [ paMOTHO cocTaBiIeHHbIE COOOIIEHUsI 00 OIno-
Kax — 3TO €Ile OJIMH IPUMEP XOPOIIIeH OpraHu3aiuy OOIIEHHS C M0JIb30BaTEIIEM.
Pexomenpanuu 31€Cb MOKHO J1aTh TaKHe: KPATKOCTb; SI3bIK, MOHSATHBIN MOJIb30-
BaTEJIO0; MPOCTOTA TOHUMAHHUS.

[Ipexne Bcero nHGOPMATUBHBIM JIOJKEH OBIThH 3ar0JI0BOK coobiienus. O
JIOJIKEH B CaToi (hopMe OMUCHIBATH MPOOIEMY, a yrKe caMO COOOIIEHUE T0JKHO
PacKpbIBaTh MOAPOOHOCTH U MpeJIaraTh CocoObl pEIIeHUS UITH MOCIe10BaATENb-
HOCTb KOPPEKTUPYIOIIUX JECUCTBUM.

IpuHIMI TOJIEPAHTHOCTH

1.NuTepdeiic nomxeH ObITh THOKUM U TOJIEPAHTHBIM.

2.Y1ep0, HAaHOCUMBIH OIIMOKaMU MOJI30BATENH, HEOOXOIMMO CHUXKATH 32
CYET BO3MOXKHOCTH OTMEHBI ¥ TIOBTOPA JIEUCTBUM U 3a CUET MPEIOTBPAICHHUSI 10~
SBJICHUM 3TUX OIMIMOOK IyTEM aHaIn3a Pa3IudHbIX (OPMATOB BBOJA U PA3yMHOMN
UHTEPIPETALMU JTIOO0BIX Pa3yMHBIX JCHCTBUH.

3.Uurepdeiic MoxkHO Aenath 6oJiee Ui MEHEE TOJIEPAHTHBIM B 3aBUCUMO-
CTH OT TOT0, KaKi€ JIaHHbIE MPOBEPSIIOTCA U KOT/Ia, IPOBEPKA BCEX IMOJIEH pa3om
10 OKOHYaHWM BBOJIA JAHHBIX — MPAKTHUKA PACIpOCTpaHEHHAs U MHOTAA OIpaB-
JaHHasl.

4.1lpu 5TOM TOJIEPAaHTHOCTH CUCTEME JOOABUT aBTOMAaTHUYECKas MOICBETKA
T0JISI C HETIPABWJIbHBIMU JIAaHHBIMU, YCTAHOBKA HA HETO KypCopa, TUTFOC KOPOTKOE,
UH(OPMATUBHOE COOOIIIEHNUE B CTPOKE COCTOSIHUS.

B nenoM npoBepka HEUCIIOIb3YEMBIX IMOJIEH WIM MOJIEH, KOTOPbIE HUKAK
He 00pabaThIBAIOTCSI CUCTEMOM U TIPEACTABIISIIOT HHTEPEC TOJIBKO ISl TIOJIb30Ba-
Tesel (B TOM BHJIE, B KAKOM OHU OBLIIM BBEJICHBI), BEIET K CHIDKCHHUIO TOJICPAHT-
Hoctu [10. Hanpumep, mpoBepka TOro, 4To B M0Ji€ IPUMEUYAHUN TPUCYTCTBYIOT
TOJIbKO OYKBEHHO-ITU(GPOBBIE CUMBOJIBI, M30bITOYHA. Kpome Toro, eciu mosb30-
BaTelb BJIPYT 3aX0UYET BBIJCIUTH YTO-HUOYb B ’TOM I0JI€ CIICIICUMBOJIOM WJTH C
MOMOMUIBIO TICEBAOTPa(UKH, y HETO BOZHUKHYT IPOOJIEMBI.

I[IpuHIMI NOBTOPHOI0 UCIOJIb30BAHUS

1.Heo6xo1uMo MHOTOKPATHO MCITOJIH30BAaTh BHYTPEHHHE U BHEIITHAE KOM-
MOHEHThl W TIPUHIUIBI TOBEJEHUS CHUCTEMBI, TMOJCPKUBAs YCTONYHBOCTH
OCMBICIIEHHO, a HE MPOCTO 32 CUET U30BITOYHOCTH. DTO CIIOCOOCTBYET yMEHBIIIE-
HUIO0 00beMa nH(OpMAITUHU, KOTOPYIO MOJIH30BATENSAM MPUXOIUTCS 3aIIOMUHATH U
0 KOTOPOM MPUXOAUTCS JyMaTh KaXbli pa3 3aHOBO.

2.Heo0x0a1uMo MPUMEHSITh TIOBTOPHOE MCIOJIb30BAHUE BHEITHUX U BHYT-
PEHHUX KOMIIOHEHTOB WM PEIICHUH, PACTPOCTPAHSIONINXCS HAa BCIO CHCTEMY,
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pa3pabOTUMK MOXKET CO3/IaTh HE TOJIBKO OoJiee 1eI0CTHBIN nHTepdeiic, Ho U 00-
Jiee JemeBbId MPOAYKT.

3.Tpebyercsa uzberarb CTpeMJICHUSI K OJTHOM JIMIIb YCTOMYMBOCTU TOBbI-
[IaeT CTOMMOCTb pa3pabOTKH, J1a U B PsAJIE CIy4yaeB OKa3bIBACTCS CU3U(POBBIM TPY-
JIOM.

Pe3yabtar. CTangapTHbIE NIPOrpaMMHbIE TUIATQOPMBI TOPOX HABA3BIBAIOT
pa3paboTurKa MI0X0 MPOolyMaHHbIE U HEYJJAYHO CIIPOEKTHUPOBaHHbIE perieHus. Ca-
Mbl€ OOBIYHBIE TUATOTOBBIE OKHA, CKaXKE€M, MOTYT 00ecrieunBaTh IIEJI0CTHOCTH U MPU
ATOM OBITh BECbMa HU3KOCOPTHBIMH, BHIOOP CTAaHAAPTHBIX FOPAYUX KIABHUII OKa3bl-
BACTCS CIIyYalHBbIM U HUKAaK HE COOTBETCTBYIOLIMM IIPUHIIUITY YCTOMYHUBOCTH.

IIpumepsl cuHTE3a M0JIb30BaTEILCKOI0 HHTEP(deiica moab3oBaresnei

¢ aBTOMATU3UPOBAHHOU UH(POPMAIIMOHHON CUCTEMOM

B 1anHO# cTaThe B pOLIECCE TPOEKTUPOBAHUS TI0JI30BATEIIbCKOIO UHTED-

¢etica aBTOMaTU3MPOBAHHON HH(POPMAITMOHHOM CUCTEMBI OIIPEACIUM HOMEHKITa-
Typy MOJIb30BaTEJCH U UX POJIEBOE yUACTHE B MpoIecce paboThl 0 BepudUKaIuu
(bparMeHTOB MEIUIIMHCKUX OMOJIOTMYECKIX 0OBEKTOB, B KAYECTBE KOTOPHIX BhI-
CTYMArOT JIOOHBIE M TAMOPOBHI MA3yXHU, @ UX COCTOSHUE SABISIETCS (aKTOPOM JIsI
BeIsiBNieHUs psana JIOP Gonesneit npu paccCMOTPEHUM AMATHOCTHKU TOTO BHJA
3aboneBanui. [4,5,6,7,8].

[Ipumep nuarpamMmbl pereAeHTOB MoKa3aH Ha puc. 1.

IIporpamMHass U uHGOPMALMOHHAS peaM3allMd NPUMEPOB JKPaH-

HBIX (JOpPM MOJIB30BATEIbCKOr0 MHTEPdeiica aBTOMATU3MPOBAHHON HHGOP-
MAIIMOHHOM CHCTEMBbI

[Ipumep rinaBHOTrO MPUHIMIA — CTPYKTYPHOIO MOKa3aH Ha pucC. 2.

Crpanuiia npocMoTpa JIeTaliei 3aucH O JIy4eBOU Harpy3Ke MpecTaBicHa B
BUJIE PKpaHHOU (popmBbI Ha puc. 2.

[Ipumep peanmzanuu TPUHIUIIA TPOCTOTHI MPU CUHTE3€ SKPAHHOU (POPMBI
MOJIb30BATEIHLCKOTO MHTEPQEiica moKa3aH Ha puc. 3.
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CozgaqHwve spaua

AOMWUHWUCTRaTOP

Epa4a

MareT
"AOMUHWUCTRaTop"”

HazHauynte
neysHKe

MpoanuTe
neysHwe

CoxpaHeHue
HMCTOPHK GonesHK

CoxpaHeHue
MCTOPWIM SomesHKM

EBroimacka
nayweHTa

Maket "Bpay”

MpocmoTp
CTOPMKM DonesH

CopTHpOoBKa OUNETPaUWA

MencecTpa

MakeT
"MeocecTtpa”

Puc. 1. /luacpamma npeyedenmog ponesozo yuacmus noiv3osameret
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3npascTeyiiTe, a.ivanov | Bt

3anuck o Ny4eBoK Harpyke

B e

HaaBaHue PEeHTreH MoBHLIX M NapaHa3anbHbiX Nasyx

Mpu4uHa nogo3peHWe Ha raiMopuT

[

OnucaHune peHTreH NobHbIX U NapaHasanbHbIX Nasyx

0

Harpyska 13mnBepT
Pesynetar

APXMEMPOBAHO HeT

S s

3anucu o CHUMKax

3anncK 0 CHUMKaxX OTCYTCTBYIOT.

Puc. 2. Dxpannas gpopma npocmompa demaneti 3anucu o iyuesotl Hazpy3Ke

3ppascTeyiite, aivanov | Bowitn

0]
CosgaHve cHUMKa
=
HassaHne
o~
ﬁ
[ ]

Puc. 3. Dxpannas gpopma cozoanus 3anucu 0 CHUMKe

3anuch O JTy4eBOil Harpy3Kke MOXET COJEP>KaTh HECKOIbKO PEHTI€HOBCKHUX

cHUMKOB. [Ipu HakaTuu Ha KHOTKY “J{00aBUTH 3alUCh O CHUMKE” Ha CTpaHULE
IPOCMOTpa JeTajiel 3alucu O Jy4eBOM Harpyske IMoJIb30BaTellb MNEPEXOJUT Ha
CTpaHUIy IPOCMOTpa JINCTa JTyueBOi Harpy3ku. [laHHas cTpaHuila peacTaBieHa
Ha puc. 3.

[Tpumep peanu3zanyl MPUHIMIIA TOJEPAHTHOCTU MPU CUHTE3E IKPAHHOU
(hopMBI TTOJIB30BATEIBCKOTO UHTEpJEiica moKka3aH Ha puc. 4.

[Ipn Haxxatum Ha 37eMeHT MeHio “Co3IaTh MOJIb30BATENSA BBIBOJUTCS
CTpaHuIa BEIOOpa POJIM JUIsl HOBOTO MOJIb30BATENs, IPEACTaBICHHAs Ha puc. 4.

[Tpumep peanuzanuy NpUHLKIIA TOBTOPHOTO UCIIOJIB30BAaHUS IPU CUHTE3€
SKpaHHOU (OpPMBI MOJIB30BATEIBCKOTO MHTEp(elica nmokasan Ha puc. 5. Mme-
IOTCS JIB€ CTPAHMIIbI, KOTOPBIE UCIIOIb3YIOTCS IOBTOPHO JIJISl pa3HbIX JEHCTBUI
C 100aBJIEHNEM PEKBU3UTOB.
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Puc. 5. Dxpannas oopma noucka 6 6aze danuvix nayueHmos

[Ipumep peanuzauuy NOpUHIUIA BUIUMOCTH TPU CUHTE3E€ SKPAHHOU
(hopMBbI MOJIB30BATENLCKOTO MHTEp(deiica moka3an Ha puc. 6. JloMOJIHUTEIbHBIN
(yHKIMOHAN IJi1 HE3aperMCTPUPOBAHHBIX MOJIB30BATENEH OTCYTCTBYET, B TO
BpeMs Kak il aAMUHUCTpAaTopa OH AoctyneH. Takum oOpaszoM, s yOupaio He
HY>XHbIH (DYHKIIMOHAJ, U MOJIb30BATEIb BUIUT TOJIBKO TO, YTO €MY HEOOXOAUMO.
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Penakmposa‘rb OaHHble NoNb3oBaTENA

WM#A nonk3oBaTena (AnA  a.kraveov
BXOAA B CUCTEMY)

DaMunna Bonkos
Wms Anercen
OTyecTBO BnaguM1posny

HomkHocTe JIOP Bpay

Puc. 6. Sxpannas ¢hopma peoakmuposanus Oanuvix nayueHmos

Hay4ynasi HoBu3Ha. Pesyabrarsl. HayuHas HoOBH3HA 3akiroyaercs B pac-
CMOTPEHUU IPOLIECCAa U TEXHOJIOTUU NPOECKTUPOBAHUS U PEAIM3ALNH TOIb30Ba-
TEJIBCKOr0 MHTEpPeiica YeI0BEKO-MAIIMHHOTO B3aUMOIEUCTBUS MOJIb30BaTENEH
C aBTOMAaTHU3UPOBAHHON MH(POPMALMOHHON CUCTEMOM, aHAIN3 U CUHTE3 MOJIb30-
BaTENbCKOro MHTep(elica monb30BaTeIeii ¢ aBTOMATU3UPOBAHHOW MH(OpMau-
OHHOM CHCTEMOM MEIUIIMHCKOTO Ha3HAYEHUsI, KOTOpas MPECTaBIsAeT COO0H CH-
CTEMY «UYEJIOBEK-MAalIMHA», C pean3alyeld YEI0BEKO-MAIIMHHOTO B3aUMOEH-
CTBUA JJIsl 00CITYy>KMBaHUSI AUATHOCTUYECKUX MPOLEAYP C MPUMEHEHUEM TEXHO-
JOTUM pealii3allid aBTOMAaTHU3alluu Tpoilecca BepudUKaIlMu COCTOSIHUS (par-
MEHTOB MEJIMUMHCKUX OHOJOTMYECKUX OOBEKTOB MOJACUCTEMOMN MOIIEPKKU
MPUHATHUS PELICHUI TaHHOW aBTOMAaTU3UPOBAHHON MH(OPMAIMOHHOW CUCTEMOM
MEJUIMHCKOrO0 Ha3HAYEHUs!, HA OCHOBE 0a30BbIX MPUHIIUIIOB MPOEKTUPOBAHUS U
TpeOOBaHM, KOTOPBIM JOJIKEH YIOBIETBOPSTH MOJIb30BATENbCKUI HHTEP(DEiC.

OTO MO3BOJNIWIIO TOJIYYUTh CHEAYIOUIME PE3YIbTAThI:

1) pa3paboTaH MOJIH30BATEIBCKHI HHTEPDENC I pean3ainu 4YeI0BEeKO-
MAIIMHHOTO B3aMMOJICHCTBHUSI MOJIB30BaTENCH C aBTOMaTU3UPOBaHHOM UHpOpMa-
[IMOHHOM CUCTEMOM, CHHTE3UPOBAH HA0OP 3KPAHHBIX (JOPM MOJIB30BATEIHCKOTO
uHTepdeiica moap3oBaTeae ¢ aBTOMAaTU3UPOBAHHONW MH(OPMAIIMOHHOW CHUCTe-
MOW MEIWIMHCKOrO HA3HAYCHHS;

2) TO03BOJIMIJIO MOBBICUTH KaYECTBO U YAOOCTBO B3aMMOJCHUCTBUS T0JIH30-
Bareseil ¢ MPOrpaMMHBIM U MH(POPMALIMOHHBIM 00ECIeYeHHEM aBTOMAaTU3UPO-
BaHHOW MH(OPMALIMOHHONW CUCTEMBI B Ipoliecce 00pabOTKH peHTreHorpaduye-
CKHX CHUIMKOB M KakK CJICJICTBHE TOYHOCTH JUArHOCTHKH 3a0oseBanmii[6,7,8];
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3) pa3paboTaHHBIN MOJB30BATEIBCKII HHTEP(DENC B3aUMOICHCTBHS M10JTb-
30Baresield ¢ aBTOMATU3UPOBAHHOW MH(POPMALIMOHHON CUCTEMOM MO3BOJIMII MO-
BBICUTH CTENEHb aBTOMATHU3AIMM Tpolecca 00pabOTKU peHTTreHorpaduueckux
CHUMKOB C 3JIEMEHTaMHU aBTOMAaTUYECKOU 00pabOTKU, YTO MO3BOJISIET (popMau-
30BaTh NPOLEAYPY MOCTAaHOBKHU auarno3a[9,10,11];

4) TO3BOJIMJIO TIOBBICHTh ONEPATUBHOCTD aKTYaIbHOCTh, CBOCBPEMEHHOCTh
oOMEHa JTaHHBIMU MEXY MOJIH30BATEISIMU U CUCTEMOI ocpecTBOM MHPOpMa-
[IMOHHOTO OOecIieueHus: - CTPYKTypa 0a3bl JaHHBIX B BUJE HA0Opa CBSI3aHHBIX
TaOJIMIl )19 XpaHeHus 06a30Boil nH(OpMAIMKU O MAIMEHTaX U IMPoLecce AUarHo-
cTUKH U jJeueHun[9,10,11];

5) IMOCTUTHYT ypOBEHb KadyeCTBa CHHTE3WPOBAHHOIO IOJIh30BATEIBCKOTO
uHTepdeiica, KOTOPHIN yAOBIECTBOPSET TPEOOBAHUSIM: €CTECTBEHHOCTU (MHTYH-
TUBHOCTb), HEIIPOTUBOPEUUBOCTH, HEU3OBITOUHOCTH, THOKOCTH, aJIallTUBHOCTH.

6) pe3yabTaThl HCCIICIOBAaHUM, MPEACTABICHHBIC B JaHHOH paboTe Mpo-
IUIA anpoOaIuio Ha JECATH MEXKIyHapOIHBIX U ceMHaAnaTu Bcepoccuiickux
HAyYHO TEXHUYECKUX KOH(MEPEHIUSAX, OIMyOJIMKOBAaHbI B HAYYHO-TEXHUYECKUX
KypHanax, BxoAsumx B nepeueHr BAK.
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KokynuHn I[letp AHatonseBu4

METO/Ibl PACUETA YACTOTHI CEPAEYHBIX COKPAIIIEHU
HA OCHOBE JAHHBIX, IIOJIYYAEMBIX OT CEHCOPOB
CMAPT®OHA

HeunesazusHviti MOHUMOpUHE A615emcs NepCneKmu8HoOU HanpagieHuem 8 mMeou-
YuHe 07151 onpeoeienusi buomempuyeckux noxkazameineil. Llenvto ucciedosanus sensem
0030p COBDEMEHHBIX HEeUHBAZUBHBIX Memo008 OnpedeneHus maKux OUOMempuyecKux
nokazameinelil, KaKk 4acmoma cepoeunvix cokpawjeruu. I[lokasanvl npobiemvl umero-
WuUxcs peulenut, C53anHHble C PACUEMHBIMU POPMYIAMU, A MAKHCE CEA3AHHbLIE C NPO-
8edeHueM UCNbIMAHU.

Yacmoma cepoeunvix coxpawenuti (YCC), buomonumopune, cmapmeon, Heunea-
3UBHBIU MOHUMOPUHL.

Sharipov Marsel Rivkatovich, Fahrutdinov Adel Ferdinandovich,
Kokunin Petr Anatolevich

METHODS FOR OBTAINING INFORMATION FOR BIOMEDICAL
MONITORING OF HEART RATE USING BUILT-IN SMARTPHONE
SENSORS

Non-invasive monitoring is a promising direction in medicine for determining bi-
ometric indicators. The purpose of the study is to review modern non-invasive methods
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for determining such biometric indicators as heart rate. The problems of existing solu-
tions related to calculation formulas, as well as those related to testing are shown.
Heart rate, biomonitoring, smartphone, non-invasive monitoring.

BBenenue

MonuTopunr ouomapkepon, Bkiatodas YCC, nenuTcst Ha J1Ba TUIA: CIIELU-
aJNbHBIC alapaTHbIE PEIICHUs U PElIeHUs] Ha OCHOBE cMapToHoB. YacT aHanu3
YCC ocnoBan Ha (oTorierusmorpamme [1, 2, 3, 4], monydaemoit poToanomom u
uHppakpacHbM uznyyareiaeM. YCC BbuncseTcs Mo KOJIMYECTBY TUKOB 3a Mpo-
MEXYTOK BpeMeHHU, GOPMHUPYEMBIX 3a CUET IMyJIbCAIMi B KaMWUIApax MpHU Mpo-
XOKJICHUU Yepe3 HUX CBETA.

B HenHBa3WBHOM MOHUTOPHUHIE CYIIECTBYET PsiJl CYLIECTBEHHBIX MPOOIEM
[5]:

1) npobGyiema ABMKEHUS YETOBEKA - Ha MOKAa3aTeu U3MEPEHUSI HEKOTOPBIX
OMOMAapKepOB CYIIECTBEHHO BIUAET U3MEHEHUS MTOJIOKEHUS Tela YeJIOBEKa;

2) npobyieMa JaTYUKOB — 3Ta IpobiIeMa CBsi3aHa ¢ pa3MepaMu JaTYUKOB,;

3) npobisiema OaTtapen — Tak Kak yCTPOMCTBA JOJKHBI ObITh KOMIAKTHBIMH,
TO BO3HHMKAET TPeOOBAaHME K MCIOJIb30BAHUIO KOMIIAKTHRIX THOKHUX Oatapei, ce-
TOJIHS Ha PHIHKE HE MPEICTABICHBI.

MeToabl pacyera 4acTOThI CEPACYHBIX COKPALLEHU I

YCC saBnsieTcst OAHUM U3 BaXXHBIX MMOKA3aTEIeH 310POBbsS YETOBEKA, KOTO-
PBIN BBISBIISIET OpaKaApANIO U TAXUKAPIUIO.

B pa6ote [1] TyBu Op6au u Kocrac Mapuac npeaioxxuii MeToJ] JeTEKTH-
poBanusi UCC mpu momomu MoOuisHOTO TenedoHa. X pelmieHrne UCmoab3yeT
KaMepy U BCIBIIIKY TesepoHa Il MOIydeHHs (POTOTUIETU3MOTPAMMBI, KOTOpast
MO3BOJISIET M3MEPSTH TMOKa3aTeNb SPKOCTH KaXKIOTO Kajapa U300paKeHUs IS
onpenenenust YCC.

[TyTem mojcyeTa TOKaIbHBIX SKCTPEMYMOB Ha rpadyKe 3aBUCUMOCTH CPE/I-
HEeH SIPKOCTH H300paKEHUS OT BPEMEHHU BBIUUCIISIETCS IMyJILC 1O CIASAYIONIEH Gop-
MyJIe:

60*n

HR = = (1)

rae N — KOJMYECTBO JIOKAJIBHBIX DKCTPEMYMOB, COOTBETCTBYIOIIMX IIPUTOKY

KPOBHU K KaMUIApaM najiblia, t — pasmep BpEMEHHOT0 OKHA B CEKyHaX.

[Ipu xopomiem ocBenieHUU cpeAnssi ommoka cocrabuina 4,13%, a makcu-
MmajbHas ommoka 8,11%. [Ipu mioxom ocBelIeHUU CpeHss oMOKa COCTaBuIa
4,67%, a maxcumanbHass 10,13%. ABTOpBI 3aJ0KWJIM KOHIIENT HEIOPOrOro
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pelIeHus I MPOCTEUIEro MEIUIIMHCKOTO 00CIeI0BaHUsI, KOTOPOE OOJIbIINH-
CTBO JIIOJIEH MOTYT MTPOBECTH CAMOCTOSATEIBHO.

B pa6ore [7] nis uzmepenus YCC ucnoab30Bayicsi KOMIAKTHBIM JaTYUK. Pe-
nieHre coctouT u3 uHdpakpacHoro (MK) uznydarens, doroauona, ycumurens,
buabTpa, 0AHOBUOpPATOPA U MUKPOKOHTPOJIIEPA.

[Tpuniun padotel: UK MCTOUHUK U3Ty4YaeT CUTHAJ, MPOXOISAIIUN Yepes mna-
el MaryeHTa, KOTopbii GukcupyeTcss poToauo10M. MUKPOKOHTPOILIEP BBINOI-
HaeT noacyeT YCC u BoiaaeT pesyabrar Ha LCD nucnei.

B pa6ote [3] ucnosb3yercs MeTo1, HOX0XxHid Ha [1], HO UMEIOIIHIA OTIINYHSI.
JIyist aHayM3a aBTOp MCIOB3YET KBAJIPAHT Kajpa M300paKeHUs, apryMEHTUPYSI
ATO TE€M, YTO TaM HAXOJIATCS CaMble 3HAUMMBbIE (ITYKTYyalluu SPKOCTH.

ABTOp pazpaboTan airOpuT™M KaTUOPOBKH, JIJISl YIIYUIICHUS pe3yJIbTaTOB, C
1EJIbI0 MUHUMU3AIMK pa3Mepa BpEMEHHOT'O OKHA. AJITOPUTM KaJuOpPOBKH pac-
CUMTBIBACT KATMOPOBOYHBIN KOA(DPHUIIMEHT 110 caeayromiei Gpopmye:

Ex =t — N *pk2pk (2)
rie t — pasmep BpeMeHHOTro OKHa B cekyHmax, N — uuciio mukos, pk2pk — Bpemst
MEXKy IBYMSI COCETHUMH IMUKAMHU.

Jlanee, mpoBOAUTCS MTOJACTPOUKA:

1. Ecnu 3Hauenune kanmuOpoBOYHOTO KOA(PduilMeHTa OOJbIINE WU pPaBEeH
pk2pk, 3Hauenne N koppekTHpyeTcs o GpopmyJie:

N=N+1. (3)

2. Ecnu 3HaueHue KanmuOpoBOYHOTO Kod(duiimeHTa OOJbINE WU paBeH
pk2pk / 2, sHauenne N koppekTupyetcs mo popmyiie:

N = N — (pk2pk — Ex) x = (4)

Hanee, YCC Beruucnsiercsa mo gopmyJie (1). IkcnepuMeHTsl MO ompeaese-
HUIO TOYHOCTH pa3pabOTaHHOTO aJITOPUTMA MOKa3ald, CPEIHIO OIMHOKY B 2%,
P BPEMEHHOM OKHeE 15 cexyHz.

Kak u B pabotax [1] u [3], B pabore [4] npemnaraetcs usmepsats HCC npu
MTOMOIIM KaMepbl U BCHBIIMIKK cMapT@oHa. McrbITyeMoro HHCTPYKTUPOBAIIH JTbI-
1aTh C KOHTPOJIMPYEMOM 4acToTou ApixaHus 6, 10, 12 BIOXOB B MUHYTY, UTO
cootBerctByeT 0,16; 0,1 u 0,2 ['u. 3agaBast puT™M AbIXaHUS, UCTIBITYEMOMY YyKa-
3bIBAJIM JI€JIaTh BJOX W BBIJOX B COOTBETCTBYIOIIEE BPEMs ISl TOJJICPIKAHUS
HY>XHOM yacToThl. KpoMe TOro, y TOro k€ HCHBITYEMOTO OBLIU 3alliCaHbl TPU
Ha0opa HEKOHTPOJUPYEMBIX JaHHBIX: JIIXaHUE B OOBIYHOM TEeMIIe, IPH YIIpaxK-
HEHMSX, BBIIIOJHSAEMBIX CUJIS M cTOs. Buieo 3anuceiBanoch ¢ yactoTou 29,97 kan-
poB B cexkyHy npu paszpemrennn 1280 x 720. ITocne Toro kak Buieo3anucy ObLUn
CHeJIaHbl, JUIs aHalu3a JaHHBIX MCMOJb30Bajiack cpena Matlab. MHcTpymeHT
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VideoReading, npennaraemsrii B Matlab, ObL1 HCIIOIB30BaH J1J1s1 U3BJICUCHUS KaI-
POB U3 MEPEKOUPOBAHHOTO BUEO. 3aTeM M3 KaXKJIOTO Kajpa ObUIA HW3BJICUYCHBI
koMmnoHeHThl RGB. O1Hako /151 JaHHOTO MCClIeI0BaHUS HCII0JIB30BAIIMCH TOJIBKO
3HAYEHUS 3€JICHOTO I[BETa JJIsl pacyeTa CpeHEro 3HA4YCHHUs YPOBHS CBETOBOTO
MIOTOKA, MOTJIONMIEHHOT0 TKaHIMH MaJiblla B KaXK0M Kaape. Takum obpas3om, 1o-
aydeH curHai ¢gotomierusMmorpaduu (PPG), koTopsiii ucnonb3yercs s orpe-
nenenus YCC. Cpennue 3HaUYC€HHMS MHTCHCUBHOCTH 3€JICHOTO I[BETa B CUTHAJIC
PPG ¢dopmupoBanu muku, KOTOPbIE COOTBETCTBOBAIN CEPJCUHOMY IyJbcy. s
MOMCKA BCEX KapUOJIOTHYECKUX IMMKOB B CUTHAJIE UCTIOIB30BAJICS aJITOPUTM 00-
HapyXeHHUs MUKOB. Kak ToJIbKO UK OBLI Hali/IeH, BEIYUCIISIACH PA3HUIIA BO Bpe-
MEHH MKy IMOCIeA0BaTEILHBIMU MTUKaMHU. DTa pa3HUIla BO BPEMECHHM M3BECTHA
Kak BapuabenbHOCTh cepaeunoro putma (BCP). Ilo 3nauenussm BCP onenuBa-
nack UCC 1o dopmyie:

60
yce = ——. (5)

CoOpanHble 1aHHBIE ¢ MOOMIILHOTO TenedoHa u Ouonosica ObUIM CUHXPOHU-
3UpPOBAHbI U NMEPECYUTAHBI 111 00ECIIEUEHHS] OIMHAKOBOM YaCTOThI TUCKPETH3a-
uu. Onenka YCC ¢ nomotibio kKamepbl MOOMIIBHOTO TesiedoHa Obliia COMOCTaB-
JIeHa C U3MEpPEeHUsIMU OHOoIosca, U OblIa BBISIBJIEHA BbICOKasi Koppensuus. Cur-
HaJIbl ¢ OMOIOsCa NOSIBISUIMCH C ONIEPEKEHUEM, aBTOPBI OOBSICHSIOT 3TO TEM, YTO
OH MOSAC PACHOJIOKEH OJIMKE K CEep/Ily, YEM MaJlell Ha KaMepe MOOMIIBHOTO TeJie-
doHa.

JI1s1 KONMMYECTBEHHOW OLIEHKH TOYHOCTH YaCTOTHI CEPJCUHBIX COKPAIICHU,
MOJIyYEHHBIX C MOMOIIBbI0 KaMepbl MOOMIIBHOTO Telie(poHa (C aBTOHOMHOM 00pa-
0otkoit Ha Matlab) B peanbHOM BpeMeHHU, OBLIN OLICHEHBI a0COTIOTHASI CPETHSS
omunbka (ACP), crannaptaoe otkinonenue omuoku (COO), cpenHekBagpaTUUHAS
omunbka (CKO) u ko3ppuumenTts koppensiuuu. Tpu Ha0opa KOHTPOJIUPYEMBIX U
HEKOHTPOJUPYEMbIX JAaHHBIX OBLIU 3aMKMCaHbl C MOMOIIBIO KaMepbl MOOUIBLHOTO
TenedoHa U kommepueckoro naturka (BioHarness). Kontponupyembie 1aHHbIe
3aIllACBIBATIMCH HA TpeX pa3nnuHbixX yactorax 0,1; 0,2 u 0,16 I'm.

Kak u B pa6ore [1], B [8] ucnonb3yercs kamepa M BCIBIIIKA CMapTHOHA H
Beruucisitor YCC no dopmysie (1). Pesynbratel usmepenuss YCC aBTOpHI HE
IPEeI0CTaBUIIH.

B pa6orte [9] aBTOpHI HCNIOIB3YIOT Takxe MeTo nmonyuenus YCC u3 curnana
doTorneTu3Morpa@un UCMoab3ysi KaMepy M BCIBIIIKY cMapT(oHa, HO KaKuX-
160 GhopMyJT BHIYUCICHUS HE IPUBOJIAT.

B kauecTBe KpuTEpHUs aBTOPBI UCTIOIB30BaIH cpennee 3HaueHne YCC B Mu-
HYTYy, MOJY4YE€HHOE C TMOoMoIblo Kapauorpadga BioZ ¢ wucnonap3oBaHHeEM
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CKOJIB341Iero cpennero 3a 4 takra. 3naueHus YCC, 3anucaHHbie ¢ MOOMIIBHOTO
TenedoHa U myJabcokcumerpa Nonin, ycpeausiuchk u cpaBHuBaiuchk ¢ OKI' B co-
OTBETCTBYIOIIUE NMEPUOIbI BpeMEeHH. bbuin paccunTanbl KO3PGUIIUEHTHI KOoppe-
nsuuu [Tupcona (r) u cranaaptheie omuOku oneHku (SEE). [Tockonbky oxua-
€TCsl, YTO YCTPONCTBA OYyT UMETh BHICOKYIO KOPPEISALUIO PU U3MEPEHUH OJ1-
HOT'O U TOTO € CUTHaja, COTJIACOBAHHOCTH MTOKa3aHUM TpeX YCTPONUCTB OILICHUBA-
Jach JIJIs1 KaXKJ0T0 BUIA AESTEIBHOCTH C MOMOIIbI0 TpadukoB bianma-AnsrMana
IUIsl TIOBTOPHBIX M3MepeHui ¢ 95% rpanunamu cornacus. 3Hadenne YCC mpu
YTEHUU BCIIyX U B IIPOLIECCE UTPHI B BUACOUTPHI YBEIMUMUBAIIOCH 10 CPABHEHUIO C
YCJIOBUSIMH TTOKOS, KOT/Ia MalMeHT cuel, 4to oxunaeMo. [lokazarenn YCC, mo-
JyYEHHBIE C MOMOIIBI0 MOOMIIBHOTO Tesie()OHA, UMENIA BBICOKYIO KOPPETSIHUIO C
nokazarensimu DKI" BioZ (r > .99), a SEE, paccuntanusie Mmexay OKI™ cmaptdo-
HOM U BioZ, coctaBisuin <1 yJ/MUH BO BCeX BUJaX aKTUBHOCTH. Takke HaOIr0-
Janach BbICOKas Koppemsiiusa mexay cmaptgonom u Nonin 9560BT mns Bcex
ycioBuii (rs > .99, SEE < 2,09 yn/mMun). ABTOpbI OTMEUAIOT, YTO BBICOKAsi KOppe-
JSAUMA TPU U3MEPEHUH Pa3MYHBIMUA YCTPOMCTBAMU HE 0053aTENbHO O3HAYaeT
aJIcKBaTHOE COTJIacue, MOCKOJIbKY JaHHbIE C MBYX ycTpoicTB m3mepenus UCC
MOTYT COBIIaJIaTh B JIFOOOW JTUHEHHOM MIIOCKOCTU U MPUBOUTH K BEICOKMM KO3(]-
durmeHTaM KOppessiuu.

B pa6ote [10] anroputm pabotsl natunka usmepenuss HCC HacTpoeH Ha BbI-
IIOJIHEHHE 5 U3MEPEHUN B MUHYTHI. B KauecTBe CpaBHEHUS aBTOPBI HCTI0JI30BaIN
Ipyroii mpubdop - okcumeTp Mindray.

Tabmnma 1
CpaBHuTeNNbHAS Ta0IHIIA PEIICHUH 10 H3MEPEHHIO YaCTOTHI CePACUHBIX
COKpalICHUHU
Pemenue Bun pemienns To4yHOCTB
[1] [1O mnst MmoOubpHOTO ycTpoiicTBa | Ommoka: 4.13%
[6] KomnaktHoe ammapatHoe perie- | [IpeacraBneHo He OBLIO
HUC
[3] 1O myst MoOmBHOTO ycTpoiicTBa | Ommoka: 2%
[4] ITO mnst MmoOwbHOTO yeTpoiicTBa | Ommoka ot 5.35 mo 8.71
ya./MuH.

[7] [TO mnst MmoOubHOTO ycTpoiicTBa | [IpeacraBieHo He OBLIO
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[9] [1O st MmoOGubHOTO yeTpoiicTBa | Omubka He 6osee 2.09 yu./MuH.

[10] ArmmmapaTHOE perieHue Ommoka: 3.1%

OO0cyxneHne U OTKPbITHIE MPO0JIeMbI

Ceroaus npeBanupyroT pemieHus no Beraucienuto YCC na 6asze cmaptdo-
HOB. O/1HaKO, ¢ I100ATBFHON TOYKHM 3pEHUs, OCHOBHAs MPOoOIeMa 3aKI0YaeTcs B
OTCYTCTBUH €MHON CHCTEMBI M0 U3MEPEHUIO YKA3aHHBIX IOKa3aTelied BBUAY
TOTO, YTO B OCHOBHOM PEILICHUS COUETaIOT B ceOe onpenenienus 1-2 Ouomerpuue-
CKMX IOKa3aTelei.

CaMbIM pacnpoOCTpaHEHHBIM PEILIEHUEM SIBISIETCS UCIOJIb30BaHNE (HOTOILIE-
TU3MOTrpauu 715 ONpeieSIEHUsI OCHOBHBIX NTOKa3aresneil Onomerpun. CTOUTH OT-
METHUTh, YTO UCIIBITAHUS TTOKA3aHHBIX PEIICHHU OBLITN MPOBEACHBI HETOCTATOYHO
oOmmmpHO. He 1ocTaTo4HO JaHHBIX 10 UCTIBITAHHUSIM Ha AIUEHTaX JETCKOTO-TI0/I-
pocTkoBOro Bo3pacta (10 16 jer) u nmoxxuibIx Jnojel (ot 60 ser). Pacuer camux
MOKa3aTesIeld 4acTo CBS3aH C MCMOJIb30BAHUEM AMIIMPUYECKHU MOTYUYEHHBIX KOH-
CTaHT, YTO CHW>KAET TOYHOCTh U3MEpEHUM. [[1s peanuzanuu pemeHnii Ha cMapT-
dbonax, TpedyeTcst pazpaboTKa Mpoleayphbl KATUOPOBKHU, MO KaXKI0T0 MOJIh30Ba-
TENsl U TOJI KaXKJI0€ YCTPOMCTBO. AJITOPUTMBI MAIIMHHOTO OOYYEHHUS MOKa3aIu
XOpOIIYI0 TOYHOCTh ONpE/IeTICHUsI 3HAUCHU MOKa3aTelei, OAHAKO TaKue ajiro-
PUTMBI TPEOYIOT OOJIBIITUX MOIIHOCTEH MPH peaan3alii Ha KOHEUHOM KOMITaKT-
HOM yCTPOWCTBE.

BriBOALI

PaccMmoTpeHHbIe uCCIeIoBaHUs M0 HEMHBA3MBHOMY MOHUTOPHHIY OCHOB-
HBbIX OMOMAapKepOB MOKa3ajlu MOTEHUUAIbHYI0 NPUMEHUMOCTh CMAapT(HOHOB IS
ux onpeneneHus. CymecTByoT MpoodeMbl TPU UCIIOIb30BAHUU PA3IMYHBIX MO-
nene cMapTPOHOB, TaK KaK MapaMeTphbl CEHCOPOB MOTYT OTJIMYATHCS, YTO MPH-
BOJIUT K HEOOXOAMMOCTH KAJIMOPOBKH, TAKKE B PACCMOTPEHHBIX PEIICHUSIX M0
3aTPOHYTHI UCTIBITAHUS Ha JIFO/ISIX, HAXOIAIINXCA B Tpymie pucka. K Tomy xe ot1-
CYTCTBYIOT KOMIUIEKCHBIE KOMIIAKTHBIC amiapaTHbIC PEIICHUs MO0 HEHMHBA3WB-
HOMY MOBCEHEBHOMY MOHUTOPUHTY OnomapkepoB. JlaHHbIe TpoOIeMbl TOTEH-
[IMaJIbHO pelIaemMbl U TPeOYIOT JOMOTHUTEIBHBIX UCCIIETOBAHUN U Pa3paboOTOK.
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EropueB Anton Anekcanaposud, CapambaeB Hukura AnapeeBuy

PEHIEHUE 3ATAYH OITPEAEJIEHUA YACTOTDBI
ITOBEPXHOCTHOI'O ABIXAHUA 11O JAHHBIM C
BUBPOMETPUYECKUX CEHCOPOB CMAPT®OHA

B nacmosuweii pabome npedcmasien memoo onpeoeieHus 4acmomol ObIXAHUsL C
UCNONIL30BAHUEM MPEXOCe8020 aKceiepoMempa Ha MOOUIbHOM ycmpotlcmee. Memoo
n03605em NOib308AMENI0 USMEPAMb YACTMOMY ObIXAHUS Yell08eKd MOAbKO NPU YCIlo-
8UU MO20, YMO NONb308AMETb HAXOOUMCS 8 CUOSLYEM NOTIOHCEHUU U MOOUTbHOE YCIPOl-
CMB0, OCHAWEHHOe HeODXO0OUMBIM OAMYUKOM, PACNOJIOHNCEHA 8 6epPXHell U nepeoHell 06-
aacmu beopa. /s onpedeneHus 4acmomol ObIXAHUS 8 OAHHOM Memooe UCNOIb3YemCsl
nonocogou unbmp bammepsopma, ananusz nezasucumvix xomnornenm (independent
component analysis, ICA) u cnekmpanvholil ananuz. B pabome npuseden cpasHumeins-
HbIU AHANU3 AHANO2UYHBIX Memoouk. Ilpednodxcenuviii 6 pabome memoo modicem Ovimo
Peanu3o8an Ha cmapmeoHe ¢ mpexocesbiMu aKceiepoMempamu.

Yacmoma Ovixanus, MooOUIbHOE NPULOIHCEHUE, MPEXOCEBOL AKCelepOMemp, NOI0-
coeoul unbmp bammepeopma, ananuz nezasucumvix xomnonenm (ICA), cnexkmpano-

HbLU AHAIU3.

Egorchev Anton Alexandrovich, Sarambayev Nikita Andreevich

THE PROBLEM SOLUTION OF DETERMINING THE SURFACE
RESPIRING RATE BASED ON DATA FROM THE VIBROMETRIC
SENSORS OF A SMARTPHONE

This paper presents a method for determining the respiratory rate using a three-
axis accelerometer on a mobile device. The method allows the user to measure a per-
son's respiratory rate only if the user is in a sitting position and a mobile device
equipped with the necessary sensor is located in the upper and anterior region of the
thigh. This method uses a Butterworth bandpass filter, independent component analysis
(ICA) and spectral analysis to determine the respiratory rate. The paper presents a com-
parative analysis of similar methods. The quality of the considered calculation method,
as well as its software implementation, determine the practical applicability on mobile
devices with a three-axis accelerometer.

Respiratory rate, mobile application, three-axis accelerometer, Butterworth
bandpass filter, independent component analysis (ICA), spectral analysis.
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BBenenue

M3MepeHre 4acTOThI IbIXaHUs ITHPOKO UCIIONIB3YETCSA B METUIIMHE IS ITPO-
BEPKU HOPMAJIBHOTO (DYHKITHOHUPOBAHUS JIBIXaTEIILHBIX U CEPJICUHBIX CUCTEM.

B MeaMIIMHCKOM paKTHKE ISt ONPEAEICHUS YaCTOTHI BIXaHUSI MOT'YT OBbITh
HCIIOJIb30BaHBI CIICAYIOIINE MHCTPYMEHTHI: KarmHorpad, IbIXaTeIbHBIA HHIYK-
THBHBIH TUIETH3MOTpad, 3JICKTpOUMIICIaHCHAS TOMOTpadus U APyTHE.

AxcenepoMeTp TakKe MOKET ObITh HCIIOIb30BaH JIJIsl ONPEACICHUS YaCTOThI
npixanus. B uccnemoBanuu [1] oleHMBaeTCs 4acTOTa JbIXaHUS MOMCKOM JOMH-
HAHTHOM 4acTOThI B CIIEKTPE CHTHAIa OJHOOCHOTO aKCeJIepOMETpa, 3aKPEILICH-
HOT'O B BEPXHEH 4aCTH )HUBOTA JUIS TPEX THITOB JBIXaHUS: MEUICHHOTO, HOPMaJlb-
HOTrO | ObIcTporo. B [2] u3aMepeHus MpOBOAMIUCH C TPEXOCEBBIM aKCEIECPOMET-
POM, PACIIOJIOKEHHBIM Ha PEMHE BO BPEMsI Pa3IMUHBIX BUIAX JCATCIBHOCTU CH-
7eHue, Xoap0a, oer u coH. B ucciaemoBanuu [3] it pacyera 4acTOTHI JbIXaHUS
UCIIOJIb3YETCSl CUTHAJ, COOTBETCTBYIOIIUN KOCHHYCY YIJIa IOBOPOTa BEKTOPA
YCKOPEHHUsI TpeXxoceBoro akceiaepomerpa. B [4] uccrnemayemblii ucmonb3oBaics
TPEXOCEBOW aKCeJIepOMETp, PACIIONIOKEHHBIN Ha CIIMHE U TPEXOCEBON aKcenepo-
METp, PACIIOJIOKCHHBIN Ha TPY/IU BO BpeMsi Oera HCIbITYEeMOT0, IS OTIPEICICHHUS
YaCcTOTHl JIbIXaHHWsS OBLIM HCIIOJb30BaHbBl METOMABI ONTHMAJIbHBIX ITOBOPOTOB
TPEXOCEBBIX AKCEIEPOMETPOB, aJaNTUBHBIC MOJOCOBBIC (QUIBTPHI, OCHOBAHHBIC
Ha JIOMHMHATHOW YacTOTE U aJITOPUTMBI OTIpeiesicHus MUKoB. B [5] Ob111 paccMoT-
PCHBI ClTy4aH PacIioyIOKEHUsI CMapT(POoHa CO BCTPOCHHBIM TPEXOCEBBIM aKcelle-
POMETPOM B KapMaHe OpIOK, B CYMKE, B PyKE; CHTHAJl aKceJliepoMeTpa ObLT OT-
(GUIBTPOBaH MOJOCOBBIM (HILTPOM baTTepBOpTa M 3aTeM OYHIIEH OT IIyMa C
UCIIOJIb30BaHUEM aHan3a He3aBUCUMbIX KoMmoHeHT (ICA) u3 pabotsr [6].

OcHOBHasl YacTh

B pabote paccMoTpeHa BUIOM3MEHEHHAs peaiu3aius anropurma [5].

[TpennonaraeTcs, YT0 MOOMIIBHOE YCTPOWCTBO HAXOIUTCS B BEpXHE-TIEPE/I-
Hel obnactu 6eapa (puc.1).

l

==

Puc. 1. Mecmo pacnonosicenus mobunvrho2o ycmpoucmea
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Ha Bxopn anroputma momaetcst curHani (X, y, z, t) IIMTETbHOCTBIO 17 cek
TPEXOCEBOT0 aKcenepomerpa pazmepoM 4*n (n — anuHa curHana). s onpene-
JICHUS YaCTOTHI IbIXaHUS TIPOU3BOISATCS CISAYIONTUE TIATrH:

1) mnpuBeneHue curraia K yacrote auckperusaryu 100 I
2) Z-HOPMHUPOBAHHE CUTHAJIA;
3) ¢unbTpanus cUrHana mojaocoBbIM GuILTpoM batTepBopTa ¢ monocoi
nponyckanus [0.13, 0.66] I'n;
4) TnpUMEHEHHE aHAIN3a He3aBUCUMbIX KOMITIOHEHT (ICA) 11st morydeHusI
3-eX HEe3aBUCUMBIX CUTHAJIOB;
5) mnoay4eHHe TpeX JOMUHAHTHBIX YACTOT B YACTOTHOM OOJIACTH IS TPEX
CUTHAJIOB;
6) BBIYMCICHHE MEIUAHBI JJIs TPEX JOMHUHAHTHBIX YaCTOT.
brok cxema anroputma npejcTaBieHa Ha puc. 2.
AnropuTm ObLT peajn30BaH Ha si3bike python.
Hcnonb3yembie ycTpoHCTBA:
1) xnuentckoe: Xiaomi, xapakrepuctuku: RAM 4 1'6; CPU: 2,3 I'T'1; akce-
JIEPOMETP U TUPOCKOTT;
2) cepBeproe: GPU: NVIDIA Quadro RTX 6000; onepaTrBHas namsaTh. 64
I'0; mpoueccop: Intel® Core™ 9-9920X; mocrosHHas mamsate. SSD  Intel
SSDPEKKWO010T8(004C) 1T6.
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Tabanua ganHoM n n3
BEKTOPOB:

a; = (t,at,a% a®)

ieln
+ MNpumeHeHne aHanmsa
He3aBMCUMMbIX KomnoHeHT (ICA)
1 Z-HOPMMPOBaHHbIM TabMLAM
T=—
fs ]
+ MpumeHeHMe noaocoBoro GpuabTpa
- ~ BatTepsopTa c nonocoli nponyckanua [0,13;
0,66] 'y K Tabanuam, KoTopble
pnascex a;it € [kT,T + kT]n w;: t € [kT,T + kT] PACCMATPMBAIOTCA KaK CUTHA/IbI OTHOCUTE/IHO
k c yactoToit AnckpeTnsaumm fs
cocTaBnsAoTca Tabanubl U3 BEKTOPOB
j _Za
A =~ - Bbluncnenue sektopa f = (fi, f2, f3)
rae N - KONWYecTBO BEKTOPOB a; B OKHe annHoM T,a j € 1,3 EOMUHAHTHBIXHACTOT /I
L + J Pypbe cnekTpa curHana
Z - HopMmmupoBaHue Tabaunupbl, rae *
Tabamua BbluMceHne meauaHbl BekTopa f,
j KoTopas 6yaeT ABAATLCA YaCTOTOM
a ObIXaHuA
paccmaTpuBaeTca Kak BbiGopKa
OTHOCUTENbHO k

Puc. 2. bnok cxema anecopumma

IKCIEPUMEHT

VY ucnpITyeMoro, HaxXoJSIIErocsi B CHASYEM IMOJOKEHUH, MOOWIBHOE
YCTPOMCTBO C TPEXOCEBBIM aKCEIEPOMETPOM OBLJIO Pa3MEIIEHO B BEpXHEW 00J1a-
ctu 0eapa. B To ke Bpems i Bepudukanuuy anroputMa Obuia M3MepeHa 4acToTa
JILIXaHUS ITyTEM M0JICueTa KOJIMYeCTBa BJOXOB B MUHYTY. Beero 6b110 poBeIeHO
100 Takux ompITOB JjIs1 quana3oHa abixanus [10, 20] BIoXoB/MHH, U IS AUAIa-
30Ha apixanus [20, 30] BmoxoB/MuH. Pe3ynbTaThl SKCIEpUMEHTa TIPEACTaBICHbI
B puc.3a, 3b.
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Pe3ynbTaTbl U3MEPEeHUA YacTOThl fAblXaHWUs

YacToTa AblXaHWs (BAOX/MUH)
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Puc. 3
a) pe3ynomamol U3MepeHus 4acmomsl Ovixanus, a 0.5 ouanasoua [10, 20]
800x06/MuH, 6) o1 ouanazoua [20, 30] 600x06/MuH, CUHUM Y8EeMOM — 3HAYE-
HUsl, U3MeEPEeHHble BPYUHYIO, KDACHBIM YBEMOM — 3HAYEHUS U3MEPEeHHble, Pa3pa-
oomannwim 110

ITo pe3ynbraraM sKCrieprMEHTa ObLT TPOBEIEH aHAJIN3 HA BBIOPOCHI Tpadu-
YECKUM METOJIOM JJIsl OTpeiesieHrs BBIOPOCOB U omMOKkK Meroda. Ommbka me-
Toa Epetnoq OPLIA pacunTana mo cienytomei popmyne. Ny, — YUCIO BBIOPO-
COB.

Emethoa = Nout/N, 1)
rae N — obmee ynciio ucneitanuid, N, ; — 9MCI0 BEIOPOCOB.

CpennexBanpatuuHas omuOka aisa auama3ona [10, 20] cocraBuna 2,14,
CpennexBapatuuHas ommoka s auanaszona [20, 30] cocraBuna 3,46. Ommbka
meToaa Ha otpeske [10, 20] cocraBuia 0,1. Omubdka metoaa Ha otpeske [20, 30]
coctasuia 0,09.

BoiBoaBI

Pa3paboTaHHbIi alTOPUTM U €ro MpOoTpaMMHAs peaanu3anns MOTYT UCTIOJb-
30BaThCs B MPWJIOKCHHUSIX MOHUTOPUHTA 37I0POBbsS YEIIOBEKA, Pa3BOPAUYNBACMBIX
Ha cMapTdoHax. OmuOKH METo a MOKHO YCTPAHUTh Ha dTaIle CTAaTUCTHYCCKUX
pacueToB. B cBsi3M € 3THUM pPEKOMEHAYEeMO€ BpEeMsl JKCIEpUMEHTa JJis
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OTIpe/IeNICHUs] TIOBEPXHOCTHOTO JBIXaHUS JOJHKHO COCTaBIATh | MuH. TOYHOCTH
aJTOPUTMa MOKHO TTOBBICUTH ITyTeM 1o100pa mapameTpoB metoaa ICA.
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YK 519.6
bynanos Cepreii ['eoprueBuu

KOMIIBIOTEPHO-OPUEHTUPOBAHHBIE KPUTEPUU
YCTOMYNUBOCTHU CUCTEM OBBIKHOBEHHBIX
JTIN®DEPEHIIUMAJIBHBIX YPABHEHUM

IIpeonosicen nooxoo k ananrusy ycmounuuugocmu no JIanynogy cucmem oOblKHOBEH-
HbIX OudepenyuanvHulx ypasrneHull. B ocnose nexcam xpumepuu ycmouuugocmu 8
8Ude HeOOXOOUMBIX U OOCMAMOYHBIX YCI08UL, NOLYYEeHHblE HA OCHOBE BEKMOPHO-MAN-
PUYHBIX NPeodPA308AHULL PAZHOCMHBIX CXeM YUCIeHH020 unmezpuposanus. Kpumepuu
npeocmasienvl 8 MyTbMUNIUKAMUBHOU, AOOUMUBHO, UHME2PANbHOU U Jl02apugdmuye-
ckou ghopme. Ilpusooamcs gpopmanvhvle oeparHudenus, npu KOMOPsbIX NOIYUEHbl KPU-
mepuu, yciosus 015 ux npumenumocmu. QPopma kpumepues 0OnycKkaem aHaiumuye-
CcKOe npumeHeHue 0l MeopPemulecKux OYeHoK YCMOUuuueocmu U npaKmuieckoe uc-
NOb308aHUE 011 KOMNBIOMEPHO20 AHANU3A YCMOUYUBOCTNU NO XOOY NPUOIUNCEHHO20
peweHus ougpepenyuanvHol cucmemsi.

Yemortiuusocmo no Jlanynosy, komnvromepHuli aHanu3 yCmouuugocmu, pazHocm-
Hble peuteHus Oug@epeHyuanrbHuIX ypasHeHuil.

Bulanov Sergei Georgievich

COMPUTER-ORIENTED STABILITY CRITERIA FOR SYSTEMS OF
ORDINARY DIFFERENTIAL EQUATIONS

An approach to the analysis of Lyapunov stability of systems of ordinary differen-
tial equations is proposed. It is based on stability criteria in the form of necessary and
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sufficient conditions obtained on the basis of vector-matrix transformations of numeri-
cal integration difference schemes. The criteria are presented in multiplicative, additive,
integral and logarithmic form. Formal restrictions are given under which the criteria
are obtained, conditions for their applicability. The form of the criteria allows analytical
application for theoretical stability assessments and practical use for computer analysis
of stability in the course of an approximate solution of a differential system.

Lyapunov stability, computer stability analysis, difference solutions of differential
equations.

Bsenenne

AHanu3 ycToiuuBoCTH 110 JISTyHOBY HEOOXOAMMO BBIMOJIHSATH MPU JIBUKE-
HUW HEJIMHEUHBIX JUHAMUYECKUX CUCTEM IIPHU IMOCTOSIHHO JCUCTBYIOIIUX BO3MY-
IIEHUSX, B SHEPreTHKE 1 camoieTocTpoeHuH [1-3]. TpaauiroHHo aHaIN3 BBITIOJ-
HSIETCSI HA OCHOBE METOJ0B KAUYECTBEHHOU T€OpUU YCTOMUUBOCTH [4, 5]. B cTatbe
npeajiaraeTcs MoaXo/ K aHalIu3y YCTOMYMBOCTH 1O JIAIMyHOBY cucTeM OOBIKHO-
BeHHbIX nuddepennuansubix ypasHenuit (O/]Y) Ha ocHoBe kpuTepueB, MepBo-
HaYaJIbHO MOJYYEHHBIX Ha OCHOBE BEKTOPHO-MATPUUYHBIX MpeoOpa3oBaHuil pas-
HOCTHBIX CXEM YHCIIEHHOTO HHTerpupoBanus. Kpurepuu nomayueHsl B popme He-
00XOJIUMBIX U JOCTATOYHBIX YCIOBUH, KOHCTPYKIIUSI KPUTEPUEB BJICUET BO3ZMOXK-
HOCTh MX MPOTrpaMMHOM peanu3aund. Ha OCHOBE NOJYyYEHHBIX KPUTEPUEB B
MYJIBTUIUTAKATUBHOUN (hOpME CTPOATCS UX PA3HOBUIHOCTH B aJJIUTUBHOM, UHTE-
rpalibHOM U JorapudmMuyueckoii Gopme.

OcHoBHast YacTh

PaccmatpuBaercs 3anaua Komm nist cucremsr OJY

V'=U(t,V), V,=V(t,), te[t,, o). (1)

[Ipeanonaraercs, 4To CymiecTByeT &>0, Takoe 4YTo B 00JacTu
R: {t0£t<oo; WV (t), V() H\ZJ -V, H < 8} BBIIIOJIHEHBI BCE YCIIOBUSA CYILLECTBOBAHUS U
€IMHCTBEHHOCTH perieHus: cuctemsl (1). Bexkrop-byunkmus U (t,V) omnpenesneHa,

HENpEepbIBHA B R 51 YIIOBJIETBOPSIET YCIIOBUIO Jlnnmmna:
HU(t,\7)—U(t,V) HS LH \7(t) -V (t) H VV(t), V(t)eR, L=const. Tpebyercs uccuemno-

BaTh HAa yCTOWYMBOCTH N0 JIAmyHOBY pemenue cuctemsl (1).

Pa3HocTh MeXAy TOYHBIM 3HAYEHHWEM BO3MYILIEHHOTO U HEBO3MYILEHHOIO
pemenus cucteMsl (1) B popMe MeTomaa Diiyiepa ¢ 0OCTaTOYHBIM YWICHOM Ha Iare
umeeT Buf [6, 7] _

V. +h u, (& ’Yi)_uk (t.V) ..
Vii = Vi

Victi+n) ~Vigisny =Vii — Vi) Wi,

NI
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Viisn ~Viqiay =(1HN DY) (Vg —vi) + W, keln, (2)
rae D™ = (u, (t,V,)—-u, & V) / @, —-v.), t=t,,, h=(@,—-t)/(i+1), i=0,1, ...

PexyppenTHO npeoOpasys BbIpakeHue (2), MOIyYUM BBIPKEHUE IS BO3-
MYIIIEHHS Ha TEKYILIEM IIare yepe3 BO3MYIICHUE HAaYaJIbHbBIX JTAHHBIX:

\7k(i+l) Vi :g(l"‘ h Di(l(é))(vko Vo) + Ri(k) keln,

i-1 r
R® = Z (1+h Di(fkg)wk(ifrfl) +W,, lim R*=0 [8].
5 I—00

r=0 /=0

Orcropna cienyer

VOV () = ilignwf[(uh D) (Vi (t) -V, (t,)) Vte[ty,»), Vkeln.  (3)

i
Bripaxenue i"ﬂLH(lJr hD)) ompexessieT MOBeAEHHE BETMYMHBI BO3MYIIIE-
/=0

HUs. CHCIIOBEITGJIBHO, KpUTCPHUHU YCTOﬁqHBOCTH 1 aCUMIITOTUYECKOM YCTOI?'I‘IHBO-
CTH UMCIOT BHU .

lim [T@+hD®)|<c,, ¢, =const, Vte[ty,»), Vkeln. 4)
I—>q>/=0

lim | =0 vkeln. (5)

lim [ J@+hD)
=0

3nauenue kputepues (4), (5) 3akitouaercs B BO3MOKHOCTU BHITIOJNHATH aHa-
T3 yCTOWYUBOCTHU HeNmHeHou cuctembl OJ1Y 0e3 mpeacTaBieHus perieHus B
aHAIUTHYECKOU (hopMe, HETTOCPEICTBEHHO 10 3HAUYCHUSM Pa3HOCTHBIX TPHOIIH-
KeHud. MynbTurnukatuBHas (Gopma BBIPOKEHUM O] 3HAKOM TIpejieia 03Bo-
JISIeT BBITIOJIHUTH MPOTPAMMHYI0 peanu3anuio kpurepues (4), (5). B ciayuae ana-
nu3a ycroitunBocTu cucteM JuHeWHbIX OJ1Y ¢ mepemeHHoi Matpuiiei ko3 du-
IIUEHTOB HE TPeOyeTCs] BHIYMCICHUS PA3HOCTHBIX MPUONIMKEeHUN perieHus. J{o-
CTATOYHO Ha BXOJ MPOTPaMMBbI [TOJATh 3HAUYCHHS JIEMEHTOB MaTPUIIbI U3 MPABOM
YacTU CHUCTEMbl B HAYaJIbHOW TOYKE U Jajiee OLICHUBATh XapakKTep IMOBEJICHUS
HOPMBI YaCTHYHOTO MaTpU9IHOTO npousseaeHus [9, 10].
C uenplo MoNyYuTh KPUTEPUU YCTOMUYUBOCTU cUCTEMBI (1) B aaAUTUBHON
(dbopMe BBITIOTHUM CIIeyFoITee MpeoOpa3oBaHue cOOTHOMmEeHUS (3)
illrgzi“m(u hD ) _
70—y B=¢" " (T ()Y () Vkeln.
Kputepun ycroitunmBocTH pemieHusi cuctembl (1) B MyJbTUILUIMKATUBHOM
Bujie (4), (5) npeoOpa3yroTcsi B alTUTUBHYIO (hOpMY:
lim ¥hD®<c, c,=const, Vte [t,, ), Vkeln.

I —>wp_0
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lim lim ZhD‘k) =—

t>wi—>wy_g

BoipaxkeHue B J€BOM 4acTH aJIUTUBHBIX KPUTEPHUEB MPEACTABISET COOOM
Ipee MHTETPAJIbHOM CYMMBI Ha [t,,t] 3J1eMEHTaMU KOTOPOH SIBJIIOTCS AUCKPET-

HbIe (PyHKIUU
D® ()= (u, (t,V)-u, (t.V)) / @ (©)-v, (1)), Ykeln.

CrnenoBaTesbHO, BBIDQXKEHUS aJIMTUBHBIX KPUTEPUEB BKIIIOYAIOT OMpe/e-
JICHHBbIE WHTETpajbl, U KPUTEPUU MOXKHO CHOPMYIUPOBATH B HHTErPATBLHOMN

dopme [11]:

j” (tV) u (tV) dt<c,, c,=const, Vtelt,, ) , vkeln. (6)
& Vi (1) =V, (1)

lim Iuk(tv) Uk(tV) dt= —0 Vkeln. (7)
e (O -v (O

Yucurens nepeMeHnoi apodu D™ (t) sBiseTcs mpoM3BOAHON BO3MYIIIE-

HHA PpCHICHUA U JCIINTCA Ha CaMO BO3MYIICHHC, IIOOTOMY CYHICCTBYCT HepB006-

t v p—
pa3Has: _[D“"(t) dt = 1In M :
to Vi (to)_Vk (to)
CooTtBeTcTBeHHO KpuTepuH (6) (7) IpuMyT BUA:
Vi (1) =V, (1) < _ —
————|<¢,, C,=const, Vte[t,,©), Vkeln.
Vi (f) =i (to)

vV, (t)—v, (t _
lim In M =-—w Vkeln.

toe \7k (to)_Vk (to)

Bce mpencraBineHHbIE Pa3sHOBUAHOCTH KPUTEPUEB YCTOMYUBOCTH CHUCTEM
OV nmomyckaroT MporpaMMHYIO peanu3aiuto. [1o uncieHHOMY MOBEACHUIO BbI-
pa)KeHUS U3 JIEBOW YACTU KPUTEPHUEB JIETIAETCS BBIBOJI O XapaKTepe YCTOUUUBOCTH
HCCIIEAYEMOM CUCTEMBI. B 4aCTHOCTH IIPU UCCIE0BAHMY HA OCHOBE KPUTEPHUEB
(4), (5) orpaHn4eHHOE U3MEHEHUE MOJYJsl BBIpAKEHUS U3 JIEBOM YacCTU KpUTe-
PHUEB COOTBETCTBYET YCTOMUUBOCTH, CTPEMIICHUE 3HAUEHUSI MOAYJISI K HYJIFO CBU-
JIETENBCTBYET 00 aCUMITOTHYECKONW YCTOMYUBOCTU, HEOTPAHUYCHHBIA POCT SIB-
JII€TCSl IPU3HAKOM HEYCTOMYMBOCTH perieHus: cuctemsl OJ1Y.

BoiBOABI

[IpencraiieH moaxo K aHanu3y ycronuuBoctu no Jisimynoy cuctem OZ1Y.
B ocHOBY noaxonaa nosoxeHa ujes, 3aKI04aroasics B ONPEACICHUN BETUYNHbI
Bo3MyIeHus pemenust cuctembl OJ[Y Ha ocHOBe mpeoOpa3oBaHus pa3HOCTHOMN
CXEMBbI YHCIIEHHOTO UHTETPUPOBaHUs. B pe3ynpTaTe peKyppeHTHBIX Ipeoldpas3o-
BAaHWW YCTaHABJIMBAETCS 3aBUCUMOCTb BEJIMYUHBI BO3MYIICHUS PELICHUS
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HenuHenHoU cuctembl OJ[Y OT BO3MyIIIEHUS HAYaJbHBIX TAHHBIX U HEKOTOPOTO
Kod(ppueHTa MPONOPIIHMOHAIBHOCTH, KOTOPBIN OMPEIEIIIeT XapaKTep yCTONIH-
BOCTH HCCJIEAyEeMOM cucTeMbl. Ha 3TOi OCHOBE MOTy4Y€HbI KPUTEPUH YCTOMUHUBO-
cTu cucteM HeMHENHbIX OJ1Y B MyJIbTUIUIMKATUBHOM, aIIMTUBHON, UHTETPaIb-
HOM U jorapudmuyeckoit ¢popme. Kpurepuu npeacraBieHsl B BUaAE HEOOXOIH-
MBIX M JIOCTaTOYHBIX YCJIOBUM, TOMYCKAIOT BO3MOKHOCTh MPOrPaMMHOM peaiu-
3alldM, YTO MO3BOJIACT BBHINOJHATh AHAIN3 YCTOMUYUBOCTUA B PEKUME PEATHLHOIO
BPEMEHH 110 XOAY MPUOIMAKEHHOTO perieHus cucteMbl O/1Y.
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YK 004.932
Kosnosckuit Anekcanap BsiuecnaBoBud

CHEIUAJIN3UPOBAHHBIE AJITOPUTMbBI METOJJA OBPABOTKH
N30BPAKEHUM JIUIS 3AJIAY ITIPUKJIA THOM
®OTOIPAMMETPUH

B pabome paccmampusaromes cneyuanuzuposanmvle aieopummbl Memooa oopa-
bomxu uzobpaxcenutli 015 3a0ay NPUKIAoHou homozpammempuu. Llenvio nposedernus
UCCNEO08AHULL 8 OAHHOM HANPAGIECHUU SIGTISLeMC s A8MOMAMU3AYUL NPOYECCO8 DECKOH-
MAKMHBIX ONPeOeNeHUll Napamempos 00beKmos, Ymo no360J1Um mem CamblM YMeHb-
WuUms 3ampamsl pecypcos8 U No8biCUmMb MOYHOCMb NOJLYYAeMOU UHDOPMAYUU.

Domoepammempust, Memoo 0opabomku u300paxtceHull, CeyudIu3upo8aHHsle a-
20pUmMMbl.

Kozlovskiy Alexander Vyacheslavovich

SPECIALIZED IMAGE PROCESSING ALGORITHMS FOR APPLIED
PHOTOGRAMMETRY METHOD

The paper considers specialized algorithms of the image processing method for
applied photogrammetry problems. The purpose of conducting research in this direction
Is to automate the processes of non-contact determination of object parameters, which
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will thereby reduce resource costs and improve the accuracy of the information re-
ceived.
Photogrammetry, image processing method, specialized algorithms.

BBenenue

OnHoM U3 BaXKHBIX 33724 (POTOTpaMMETPHH SIBIISIETCS aBTOMATH3AITUS OIpe-
JICJIEHUSI TEOMETPHUECKUX TTapaMeTPOB 0OBEKTOB, MTO3BOJIAIOINIAST YCKOPUTH TIPO-
1ecchl MH(OOPMAIIMOHHOTO 0OMEHA, HAPUMED, TMPU PEeaTU3allii CKIAIACKUX U
TOPTOBBIX OTIEpaIliii, MPYU ITOM aBTOMATH3AIMS ONPEICICHHUS T€OMETPUICCKIX
apaMeTPOB BBINMOJHSIACH ITyTEM Pa3BEPThIBAHUS CIOXHBIX MIPOTrPAMMHO-AIIITA-
paTHBIX KOMIUIEKCOB [1-8], sKcruryaTamusi KOTOPhIX TpeOoBajia MPUBIICUCHUS
nepcoHalila COOTBETCTBYIONICH KBanmH(HUKaIu. B UTOre BHITOJIBI OT YCKOPCHHSI
MHPOPMAITMOHHOTO OOMEHAa M CHWKCHHSI JIOJIM OITMOOK, BBI3BAHHBIX YeJIOBEUe-
CKUM (paKTOPOM, HUBEIIMPOBAINCH BO3POCIICH CTOMMOCTHIO BBITIOJHEHHS OM3-
HeC-TpoIieccoB. biraronaps pa3BUTHIO TEXHOJOTHI KOMITBIOTEPHOTO 3PCHHUS, Me-
TOJIOB ()OTOTPAMMETPHUH, OOJIAYHBIX TEXHOJIOTHIA U MOOMIILHBIX BBIYUCIICHUH TI0-
SIBIJIACH BO3MOKHOCTh CHW)KCHHS TPEOOBAHMH K KOMILJICKCHOCTH TIPOTPaMMHO-
anmapaTHOW YacTH W3MEPHUTEIIHHBIX CHCTEM M TEepPCOHANA, IKCIUTYaTHPYIOIIETO
9T CUCTEMBI. JIaHHBIC MTOAXO0/IBI CIIOCOOCTBYIOT aBTOMATH3aIIUH IPOIIECCOB Oec-
KOHTAKTHBIX M3MEPEHUH W OMpeesIeHNusT 00BEKTOB, KOTOPhIE MOTYT OBITH HC-
TI0JTb30BaHbl TAK)KE B apXUTEKTYpE, MEIUIIMHE, CTPOUTEILCTBE, TP OpraHU3a-
UK 0E30MMaCHOCTH M MHOXECTBE JIPYTUX OTpaciiel. 3amaun 1mo uacHTH QUK
00BEKTOB TTO3BOJITIOT TIPOU3BOINTH UX TIOJICYET, ONPE/ICIICHAE KauecTBa TOBapa
U ero yder. OnpenescHre He TOJIbKO KOJIMIECTBA OOBEKTOB, HO M UX XapaKTepH-
CTHIK TIO3BOJISIET PACCUUTHIBATh 00bEM, MacCy W JIPYTHe IMapaMeTphl, HA OCHOBE
KOTOPBIX CTAHOBUTCS BO3MOJKHBIM DPCIIICHUE JIOTUCTUYECKHX 3a7ad 3a OoJee
KpaTKHE CPOKH C MOBBIIICHHOW TOYHOCTHIO JTAaHHBIX. B pe3ynbraTe aHamuTHUe-
CKOTO 0030pa M MCCIICIOBAHUS CYIIECTBYIOIIMX FOTOBBIX PEIICHUN U CIIOCO00B,
MOHO CJIeJaTh BBIBOJ, YTO MU(PPOBBIE (OTOTPAMMETPUIECKUE CUCTEMBI 00JIa-
JAI0T aKTYaJIbHOCTBIO U IMIOTEHITHAIOM B PA3BUTHH M MOJICPHH3AINH YKE CYyIIIe-
CTBYIOIIUX cHcTeM. Pa3BuTHE HMCCeNOBaHUN B JaHHOM HaIpPaBJICHUH ITOMOXKET
aBTOMATH3MPOBATH MPOIECCHI OECKOHTAKTHBIX N3MEPEHUI 00BEKTOB, TEM CaMbIM
YMEHBIIINUTH 3aTPATHI PECYPCOB U MTOBBICUTH TOYHOCTH MOTy4aeMOi HH()OPMAIIHH.

OcHoBHas yacThb

OCo0EHHOCTBI0O PacCMAaTPUBAEMBIX CICIIHATU3UPOBAHHBIX aJTOPUTMOB (M
SIBIITFOIIAXCSI HEOThEMJIEMOM YaCThIO JTAHHOTO METO/1a) SIBJISICTCS TO, UTO OHH W3-
HayalbHO O0a3WpyloTCs Ha pa3padOTaHHOM aBTOPOM MeETOoJe 00pabOTKU
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N300paKCHMIA, TTO3BOJISIONIMM W3HAYAILHO MOIYYUTh M300paKEHUE BBICOKOTO
paspemienus [9, 10], ucronszyemoe fanee 1)1 3a1a4 NPUKIAIHOHN (oTOrpamMmeT-
puH.

Criennanu3upoBaHHbIC AITOPUTMBI METOJa 00paOOTKH M300paKCHHUMA IS
3a/a4 MPHUKIATHON (HOTOrpaMMETPUH MOXKHO KIIACCU(HUITUPOBATEH CIIEAYIOIIUM
obpazom:

® CCerMEHTaIusl W300paKCHHsI, MPU KOTOPOH MPOUCXOAWT pazOueHHUe
M300paXKCHHSI Ha HECKOJIBKO (DparMeHTOB JIJIsl MX OT/ISIHHOTO aHAIIN3a,

e oOHapyxeHHue 00bEKTOB Ha U300paKCHHH,

® pacrno3HaBaHHE OOBEKTOB,;

e oOHapyXeHHe IpaHUI] 00bEKTOB,;

e xiaccudukanus oObEKTOB, T.€. TPYNIHUPOBaHHUE O00BEKTOB/M300paxke-
HUH IO KATETOPHSIM.

PaccMoTpuM 1aHHBIN TTPOIIECC MOATATHO:

1) mepBBIi 3Tanm XapaKTepU3yeTcs MOJIyYCHHEM H300Pa)KCHHS BBICOKOTO
paspernieHus;

2) OuHapu3aIus H300paKCHHUS,

3) BbIJCICHHE KOHTYPOB O0OBEKTOB;

4) mnepBuuHas GuiabTparys (1Mo MepUMETpPY, IUIOMAAN U T. 1.) 0 OTHOIIIE-
HUIO K BBIJIETICHHBIM KOHTYpPaM OOBEKTOB;

5) skBamu3aIUs KOHTYPOB C IICJIbI0 HHBAPUAHTHOCTH MacIinTa0a;

6) wuneHTH(UKAIKA U KIaccu(DUKAIUS BhISBICHHBIX KOHTYpOB. Ha mnanHOM
ATamne MPOUCXOJUT BBIJCICHUE YHUKAIBHBIX XapaKTePUCTHUK 00bekToB. Takue
XapaKTEPUCTUKU TIO3BOJISIFOT BBIMIOJIHATH COTMIOCTABIIEHNE KAKIOTO 00BEKTa JTHOO0
¢ caMuM co00¥, 100 CO CX0XKHUM KJIaccoM 00beKTOB. BrIOOD oripeienieHHoro me-
ToAa 00YCIaBIMBACTCS CJI0KHOCTBIO U CTICITU(DHUKON 3a/1auH.

Anroput™m (QopmupoBaHusi POTOrpaMMETPUUYECKON CHUCTEMBI 1O TEPBHUY-

HBbBIM BXOJHBIM JAHHBIM MOXCT 6BITB HpeI[CTaBJIeH CJ'ICI[YIOH_[I/IM 06pa30M (pI/IC.
1).
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IOHHAMMYBCKHMHA CHHTES CHCTEME|

MonszoBaTEeNL

CucTema

#

g y
W Hasano J

HHHMUMaLMA 330344 MIMEDEHHA

]

POpMHpOBAHME CMMCKA BONPOCOE

MNocnepoBaTeNtHBIA OTEET Ha
BOMPOCEH CHCTEMbI

Noarpysxa mogyned obpaboTin B
COOTBETCTEMM C SaHHBIMK 00

M3IMEDMTENEHOW 3a0aue
T

£
TectoeanA doToCEEMHA 0BweKTa

HM3IMEPDEHWA
[

]

ObpaboTHa M3obpameHua

]

BriBop nooxoaalwerd KomBuHaLMK
METO00E Ha ocHoBe CBR

CHHTEZ KOHGHMYPALMH CHCTEMEI
]

£
WamepeHue yacTH obrexTa no
PEHOMEHLALIMM CHCTEMBI
1
Py4HOE MEIMEPEHME YacTH obrenTa,
MIMEDEHHOMD C MOMO LB CHCTEMEI

]

ConocTaeneHWe pesynsTaTos

ConocragneHHe pesynsTaTos

Co3gaHue gonoaHHTENbHBIX MorpewHocTe
doTorpadHi No pPeLoMEHLaLHH Bbillge d

CHCTEMEI OOMYCTHMO A T

NorpewHoCTs ABNASTCA AOMNYCTHMOR

BHecEHHE KOHPHMMYDa LMK
CHHTEIMPOBAHHOHA CMCTEME B Bazy
IHAHWH

]

JanycH 33834 MIMEDEHMA

b

-
I‘\_Hc Hew,

Puc. 1. Anecopumm ¢hopmuposarus pomoepammempuyeckoll cucmemol no
nepeUHHbLIM 8XOOHBIM OAHHbIM

OTanymeM OT CyIIECTBYIOIINX AITOPUTMOB SABJISIETCA TO, YTO JAHHBIN aro-
pUTM Oa3upyeTcsi Ha TOM, YTO MOJIb30BaTENb BBICTYIIAET JIMIIb B 0OPAaTHOM CBSI3U.
JlaHHast 0COOEHHOCTH J1a€T BO3MOYKHOCTh HE COIIPHUKAcaThCsl ¢ MPOOIEMOid, KOTO-
past 3aKJIoyaeTcsl B KBaIM(UKALMK NTEpCOHaja Ha O0ObEKTaX BBEIEHUS CUCTEMBI.

105



K npeumyiiectBaM mpeaji0KEeHHOTO AITOPUTMA OTHOCUTCSI MOMEHT, KOTOPBIH 3a-
KJIIOYAE€TCS B TOM, YTO CTAHOBHUTCSI BO3MOJKHBIM IIOIIOJHEHHE 0a3bl 3HAHUM CH-
CTEMBI ONITUMATbHBIMU KOMOMHAIIUSIMU METOJI0B, KOTOPHIE ONIPEEISIOTCS I10 J10-
CTHIKEHUIO TPeOYyeMOro ypoBHsI MOTPENTHOCTH, 33/1aBA€MOI'0 B MOMEHT pa3Bep-
TBIBAaHHUS CUCTEMBEI.

BriBoanbl

Takum o06pa3zoM, pacCMOTPEHHBIE CIICIHMAIM3UPOBAHHBIC AJITOPUTMBI Me-
ToAa 00pabOTKH U300paKeHUM TS 33724 MIPUKIAHON (hOTOTpaMMETPHH, pealv-
30BaHHBIC B COOTBETCTBUHU C aJTOPUTMOM (popMHUpOBaHUs (PoTorpammerpuye-
CKOM CHCTE€Mbl 1O TICPBUYHBIM BXOJHBIM JAaHHBIM, IO3BOJISIFOT aJaNTUBHO
HACTPOMTCS Ha IIMPOKUI KJTaCC HAYyYHBIX 3aJ1a4, CBSI3aHHBIX C 00ECIICUCHHEM BO3-
MOKHOCTH BbIOOpa (poTOrpaMMeTpUUECKUX METOJ0B K METOJI0B UACHTHU(DUKAIIUH
1 00pabOTKH H300pKEHUH, TOXOISIINX AJIS PEIICHUS KOHKPETHOM U3MEPUTETh-
HOM 3aJ1auyl B KOHKPETHOW CUTYallUH MPUKIATHON (OTOrpaMMETPUH.
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YK 612.769
Mypta3zuna Hans MapatoBha, [lInakoBckas Oxcana FOpbeBHa,
JleonoBa AHtoHnHa BanepreBHa

PA3PABOTKA ANIMAPATHO-TIPOTPAMMHOT O
KOMILJIEKCA JJI51 ®YHKIIMOHAJIBHOMN TUATHOCTUKH
TOTOBHOCTHU BCAJHUKA 1 JIOIIAJIN K UIIIOTEPAIIMM

Jloxnao nocseawen pazpabomke ycmpoucmea 0is UCC1e008aHUsL NCUXOPU-
3UO0N02UUECKO20 COCMOSHUS BCAOHUKA U OYEHKU UBMEHEHUS NOJONCEeHUs. med
BCAOHUKA 80 8peMs OBUNCEHUSL HA Jlowaou. [lanHoe yempoucmeo no360aum cne-
YUATUCTAM NO UNNOMEPANnUU OYEeHUBAMb UHOUBUOYALbHbIE 0CODEHHOCHU 8CA0-
HUKA U RO00OPams ONMUMAIbHBIL YPOBEHb HASPY3KU 8 COOMBENCMEUU C NCUXO-
Qusuonocuueckum cocmosinuem. C nomowwbio annapamuo-npocpammmHoco Kom-
njekca mpenep no unnomepanu CMOoNCem Omciencu8ams COXpaHeHue npasilb-
HO20 NONOJNCEHUSL 8CAOHUKA HA NPOMSANCEHUU 8Ce20 3AHAMUS, OUCHUBAMb CUMN-
XPOHHOCMb UBMEHEHUs. KUHeMUYEeCKUX Napamempos aoumaou U 6CAOHUKA B0
spemsi Osudcenuss. Annapamuo-npocpamMmublil. KOMIIEKC NO360JUNM NPOSeCmu
PAO UCCNIe008aHUL, HANPABIEHHbIX HA OYEHKY d¢hhexmusHocmu memooa unno-
mepanuu 05 100ell ¢ 0O2PAHUYEHHBIMU B03MONICHOCHISMU 300P08bs U COOpamy
HAYYHO-00KA3amenvHyio 6aszy 01 noOmeepicoeHUs IghghexmusHocmu pabomol
Memooa unnomepanuiu.

Murtazina Nel Maratovna, Shpakovskaya Oksana Yurievna,
Leonova Antonina Valerievna

DEVELOPMENT OF A HARDWARE AND SOFTWARE
COMPLEX FOR FUNCTIONAL DIAGNOSTICS OF RIDER AND
HORSE READINESS FOR HIPPOTHERAPY

The report is devoted to the development of a device for studying the psycho-
physiological state of a rider and assessing changes in the position of the rider's
body while riding a horse. This device will allow hippotherapy specialists to eval-
uate the individual characteristics of the rider and choose the optimal level of
load in accordance with the psychophysiological state. With the help of a hard-
ware and software package, the hippotherapy trainer will be able to monitor the
preservation of the correct position of the rider throughout the lesson, assess the
synchronicity of changes in the kinetic parameters of the horse and rider during
movement. . The hardware and software complex will allow conducting a number
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of studies aimed at evaluating the effectiveness of the hippotherapy method for
people with disabilities and collecting scientific evidence to confirm the effective-
ness of the hippotherapy method.

ExeronHslii poCT YHCIEHHOCTH JIETEN C OrPAaHUYEHHBIE BO3MOKHOCTH 3]10-
poBbst (OB3) hopMupyeT BBICOKHIA COIMATBHBIN 3aIPOC HA MOMCK METOJIOB pea-
OWJIMTalUU, TOTOJHAIOMIMX TPATUIIMOHHOE JieueHrue. OJIHUM U3 TaAKUX METO/IOB
aBisieTcs unnotepanus. Unmorepanus — 310 HEHPOPU3UOIOTHIECKOE JICUCHHE C
IPUMEHEHUEM BEPXOBOM €37bl. MnmoTepanusi CTAHOBUTCA HEOThEMIIEMOM 4Ya-
CTBIO COBPEMEHHBIX MEIUIIMHCKHX, TICUXOJIOTUYECKUX U MEJArOTUYECKUX TEXHO-
noruii [1]. MeTon unmoTtepanuu co3/1aeT YHUKAJIbHbBIE YCIOBHS JUIsl OTHOBPEMEH-
HOTO TMO3UTUBHOTO BO3JIEUCTBUS HAa (PU3MUECKHUI CTATyC U MCHUXO3MOIIMOHAIb-
Hyto chepy namuenta. Tepanusi ¢ ydacTueM MOCpPETHUKA — JIOMIAA PUHOCUT
MOJIb3Y MAalMEHTaM C Pa3JIMYHbIMU IICUXUATPUUECKUMU U ICUXOCOMATUYECKUMU
paccrporictBamu [2]. OHAKO, €CTh CIEAYIOIINE TPOOJIEMbI, MEIIAIOIINE IITUPO-
KOMY MPUMEHEHHUIO UTMOTEPalid B paMKaxX KOMIUIEKCHOW peadMiIuTaiuu. ITo
OTCYTCTBUE:

® 0OBEKTUBHOM OIIEHKH Ipollecca peadMIUTAIIMK C TIOMOIIBIO UINOoTepa-
MU U KakK CJIEJICTBUE - HEJIOBEPHUE K METOLy UIIIIOTEPAIIUHY;

® HET BO3MOXKHOCTH MOJ00pa UHANBUIYATLHON HATPy3KH ISl BCATHUKA U
O00BEKTHUBHOM OIEHKH (PYyHKIIMOHATHHBIX BOZMOXHOCTEH U COCTOSIHUS JIOIIA/IH;

® TPEHUPOBOYHBIN MIPOLIECC U MOAO0P JOMIATN OCYIIECTBIsETCS 6€3 00bEK-
TUBHOTO CIIOCO0a y4eTa COCTOSIHUS BCAHUKA U JIOIIAIH,

® BO3HHUKAIOT PUCKM TPaBM M HETATHBHBIX COCTOSIHUI BCaJHUKA.

Pemennem atoro psnga npobieM MOXKET cTaTh pazpaboTka anmapaTHO-TIPO-
rpammHoro komruiekca (AIIK) mist muarHoctuku ¢GyHKIIMOHATBHOTO COCTOSTHUS
BCA/IHMKA U JIOIIAJIM U OLUEHKU MAaTTEPHOB JIBUKEHUS BCAJHUKA WU JIOIAAU BO
BpeMs IBIOKCHUS. JlaHHBIM KOMILIEKC OyJeT MHTEPECeH W TMOJIe3€H KOHHBIM U
KOHHO-CIIOPTUBHBIM KITy0am, peaOuINTAIMOHHBIMU [IEHTPaM CIIeIUATUCTaM 10
UINOTEpalui U aIaliTUBHOM BEPXOBOM €371, TPEHEpaM MO aJallTUBHOMY KOH-
Homy criopty. Ha puc. 1 mokazan npunnumn padotsl AIIK 1 monp3oBaTenbckmii
cuenapuii. C gatunka 1 Ha MUKPOKOHTPOJIIEP 4 TIOCTYIAIOT TaHHbIE O (PYHKITU-
OHAJILHOM COCTOSIHMH M JIOKOMOIIUSIX BCAJIHUKA, C JJATYHMKA 2 - JaHHBIE O (PYyHK-
IIMOHAPHOM COCTOSIHUM M JIOKOMOIIUSX JIOMIa I, 3 - 610K cOOpa CTaTOKUHETHU-
YECKUX MCUXO0()U3NOIOTUUECKHX TTOKa3aTenen, 4 — MUKPOKOHTPOJIEP, S- cMapT-
¢boH TpeHepa Ha KOTOPBIM MOCTYIAET BCs MOJIydeHHas: nH(opMaIus B poiecce
UIIOTEPaIuy O JIOIIAIN U BCATHUKE.
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Puc. 1. Ipunyun pabomur AIIK u nonvzosamenvckuii cyenaputi, 2oe 1 -
Jlamuuk 1 (cOop Oannvix 0 hYHKYUOHANLHOM COCMOSHUU U TOKOMOYUSX 8CAO-
Huxa), 2 - Jlamuuk 2 (coop danuvix o @C u nokomoyusx rowaou), 3 - brok
cbopa cmamokunemu4eckux ncuxoguzuonocuieckux nokazameneu, 4 — Muxkpo-
koumpoJnep, 5- Cmapmeon mpenepa

Hcnonp3oBanre JaHHOTO KOMIUIEKCa yI00HO U O€30TacHO Kak ISl BCal-
HUKa, Tak ¥ s jomaan. OTCyTCTBHE KOHTaKTa C KOKHBIMU TIOKPOBAMH YIIPO-
aeT MpoIeaypy cepTudUKanuu nmpruoopa. Bo3sMOXHO MPpUMEHEHHE B TTOJICBBIX
ycnoBusx. Kperienne Ha 01€K Ty TO3BOJIAT IPUMEHSTD U JIS IETEH C IEBUAHT-
HBIM MoBeieHneM. Hamu mpoBeieHo mpoOieMHOE HHTEPBBIO M OIIPOC CPEIIN CIIe-
[IAAJTUCTOB MO WIOTEpaNnuy. BOJBITUHCTBO TMOATBEPAMIIA HEOOXOAMMOCTh B
O00OBEKTHBHOW KOMIUIEKCHOU OIICHKH Ha MPOTSHIKCHUH BCETO 3aHSATHS.
HccnenoBanre aHAIOTOB IMOKA3aJI0 YTO CYIISCTBYIOT TMPHOOPHI U KOM-
TUICKCHI JIJIS1 OIICHKH COCTOSIHUS YE€JIOBEKa, KOTOPBIC UCIIOIB3YIOTCS TaKKe JUIS
UIIOTEPANKK, 0JTHAKO BCE OHM HE PEIIAOT YKa3aHHBIX BhIie mpoosiem [3]. B To
xe Bpems npemaraembiii Hamu  AITK o0namgaeT psaoM JTOMOJHHUTEIBHBIX Tpe-
UMYIIIECTB 110 CPABHEHUIO C YKa3aHHBIMH aHAJIOTAMH:
e KomrmiekCcHOCTh — MpuOOp 00BEAMHSIET Cpa3y HECKOIBKO METOAHK, HEOO-
XOJIMMBIX ISl HIITIOTEPAITHH.
e KomdopTHEIit cCheM TaHHBIX
¢ B03M0OXXHOCTB OIIEHKH HEOOXOUMBIX MTAPaMETPOB B IBMIKEHUH, TAKXKE 32
npeaeIaMu MaHexa.
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o CUHXpOHHM3ALUS U aHAJINU3 JAHHBIX O B3aMMHOM JIBW)KEHUHU BCAJIHUKA U
JIO1LIA !

o [lena HuUXKe, YEM CTOMMOCTh aHAJIOTOB

B Hacrosiiiee BpeMsi, BEIOpaiu U MPUMEHUIN METOAUKY JIJIsi cOOpa CTaTOKU-
HETUYECKHUX MapaMeTpoB, KoTopyto peanuzyeT AIIK. OnnuM u3 nokazareneit Mo-
KET CTaTh OLICHKA YTJIOBOM CKOPOCTH U YTJIM OTKJIOHEHUS BCAJHUKA U JIOMIAAN OT
UCXOJHOTO TosioxkeHus1. [loayueHHble JaHHbIE TOMOTYT OOBEKTUBHO OLIEHUBATh
pe3yabTaThl TPEHUPOBKH, €€ d3(PPeKTUBHOCTD. JlJig ompeiesieHus yriia OTKIOHE-
HUSL OT ONPEJEICHHON MIOCKOCTH U PACCTOSHUSI CMEILIEHUS MOKHO TPUMEHUTh
akcenepoMmeTp u rupockorit. McciaenoBana ¢pyukius coopa u o00paboTKH CTaTOKHU-
HETUYECKUX MapaMeTpoB, kKotopas ucnoiib3dyercsa B coctaBe AIIK. IIposenn na-
OOopaTOpHBIE UCTIBITAHUS, KOTOPBIEC TTOKA3aJIM, YTO HEOOXOAUMO MTPOBECTH JTOTIOJI-
HUTEIBHYIO 00pab0TKY CUTHAJIA M YCTPaHUTh MOMEXH, 1I0100paTh METOAbI 00pa-
OOTKH U MPOBECTH PSI/l U UCTILITAHUHN B J1a0OPATOPHBIX YCIOBUSX.
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VY JIK 004.032.26
Kamu6epna Urops Brnanumuposud, ['puropuanuc I'eopruc Muxaiinosuy

IMPUMEHEHWE HEMPOCETEBBIX TEXHOJIOT WU JIJISI AHAJIV3A U
PACIIO3HABAHUMA OBPA30B HA TEIIVIOBU3NOHHBIX
N30BPAKEHUAX

Tennosusuonmvie U300PANCEHUS UMEIOM MHONCECMBO NPUMEHEHUU 6 PA3TUYHBIX
obnacmsx, maxkux Kax MeOuyuHd, 80eHHOe 0el0, NPOMbIUIEHHOCMb U 3Koao2us. B
O0aHHOM OOKIAde paccMampueaemcsi NpuMeHeHue Heupocemesvlx MmexHoNo2Ul OJis
aHaIUu3a U pacno3Ha8anus 0opazos Ha menyiosusuoOHHsIX uzoopaxcenusax. C nomouvio
pa3pabomanHol  npocpammbsl, OCHOBAHHOU HA CBEPMOYHOU HEUPOHHOU cemu,
o0OyyeHHOU  Ha  Habope  OAHHbIX  MENJIOBUSUOHHBIX  U300padxdceHutl,  ObLIO
NPOOEMOHCMPUPOBAHO, KAK MONCHO IPOEeKmusHo u MmMOYHO aHAIUZUPOBAMb U
Kaaccuguyuposams menio8U3UOHHbIE U300PANCEHUS.

Hetipocemesvie mexnonoeuu, céepmouHvle HeUpoOHHbIE Cemu, MenI08U3UOHHbLE
u306pasiceHus, pacno3Hagarue oopazos.
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Kaliberda Igor Vladimirovich, Grigoriadis Georgis Mikhailovich

APPLICATION OF NEURAL NETWORK TECHNOLOGIES FOR
ANALYSIS AND PATTERN RECOGNITION IN THERMAL IMAGES

Thermal imaging has many applications in various fields such as medicine, the
military, industry, and the environment. This article discusses the use of neural network
technologies for the analysis and recognition of patterns in thermal imaging images.
Using the developed program based on a convolutional neural network trained on a set
of thermal imaging data, it was demonstrated how thermal imaging images can be
analyzed and classified efficiently and accurately.

Neural network technologies, convolutional neural networks, thermal imaging,
pattern recognition.

CoBpeMeHHOE pa3BUTHE TEXHOJOTUW HMCKYCCTBEHHOTO WHTEJUIEKTa U, B
YaCTHOCTU, HEUPOCETEBBIX TEXHOJOTUU, OTKPHIBAET HOBBIC BO3MOXKHOCTH LIS
aHaJM3a U pacrio3HaBaHus 00pa30B Ha U300PAKEHUIX Pa3HOTO CIIEKTPA, BKIIIOYAs
TETMJIOBU3UOHHBIE. DTO MO3BOJISET peliaTh MUPOKUMA KPYT 3a7a4, Ha4YrHas OT BO-
€HHBIX [MPUJIOKECHUHN U 3aKaHYMBask MEIULIMHCKONU TUArHOCTUKOM.

TermnoBu3nOHHBIE N300PAKEHUS XaPAKTEPUIYIOTCA TEM, YTO OHH MPECTaB-
TS0T HHGOPMAIIHIO O TEMITepaType 0ObEKTOB Ha CIieHe. ITa HHPOpMAaIHs MOKET
OBITH MCTIOJB30BaHA JJII MHOXKECTBA 3aJ1a4, TAKUX KaKk OOHApYy>KEHUE U UICHTH-
¢dukarnus 00bEKTOB, MOHUTOPUHT TEMIIEPATYPhl U aHAJU3 TETIOBBIX XapaKTePH-
CTUK crieHbl. OHaKO, W3-3a HU3KOTO pa3pellieHus U ITyMa B JaHHBIX, TPAJAUIIH-
OHHBIE METOJIbI 00PA0OTKU N300PAKEHUI U pACIIO3HABAHUS 00Pa30B MOTYT OBIThH
Hed (D PEKTUBHBIMH JIJIs aHATN3a TETUIOBU3UOHHBIX M300pakeHuid. B ¢Bsi3M ¢ 3THM,
HEHPOCETEeBbIC TEXHOJIOTHH, CTIOCOOHBIE 00YUYaThCA U aIallTUPOBATHCS K IIIyMaM
Y U3MEHEHUSM B JAHHBIX, MPEACTABIISIIOTCS TEPCIIEKTUBHBIMU JIJISl PEIICHUS 3a-
Jla4 aHalii3a U pacro3HaBaHus 00pa30B Ha TETUIOBU3MOHHBIX H300pAKEHUSX.

TemnoBU3nOHHBIE CUCTEMBI TTO3BOJISIONINE TIOTy4aTh HHOpMaIuo 06 00b-
€KTax, PacToOJIOKEHHBIX Ha 3HAYUTEITFHOM PACCTOSIHUH, B YCJIOBUSIX TUIOXOW BH-
JTUMOCTH (TyMaH, JIbIM, TEMHOTa) U OOHAPYKUBATh CKPBIThIE OOBEKTHI, KOTOPHIE
MOTYT OBITh HEBUIMMBI JIJISI TJ1a3a YeJIOBEKa UJIM KaMephl B BUIUMOM JHana3oHe.

Cy1iecTByI0T pa3pab0TKH, KOTOPhIE MPUMEHSIOT TEIJIOBU3UMOHHBIE TEXHO-
norun. OJJHUM U3 TaKUX YCTPOUCTB SIBISIETCS OECKOHTaKTHAsI UH(PpaKkpacHast Ka-
mepa Hikvision DS-2TD2637B-10/P, npennazHadeHHas Ui ONPeaCICHUs TEM-
nepaTypsl Tena ¢ GpyHKuen pacno3HaBanus il [ 1]. Eie oqaumM nHCTpyMeHTOM
apisiercss  TeruoBuzop FLIR  AS500f/A700f, xoTopwlii ucmonb3yeTcss Amis
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MOHHUTOPUHTA COCTOSIHUS BHEIIHUX OOBEKTOB M OOHApYXEHUsI BO3TOpaHHi [2].
XoTst 00a ycTpoiicTBa YCIEUTHO CIPaBISIOTCA CO CBOUMHM 3ajladyaMu, UX padoTa
MorJ1a Obl OBITH O0Jiee 2 (HEKTUBHON MPHU UHTETPALIMN HEHPOHHBIX CETEH.

B HayuHOIi 1uTepaType CyleCTBYET Psiji UCCIAEA0OBaHM, MOCBAIIEHHBIX Ma-
TEMaTUYECKOMY MOJICITUPOBAHMIO TPOIIecca pacio3HaBaHus n300paxkenuii [3—5].
Tem He MeHee, MPAKTUYECKOE MPUMEHEHUE ATUX TEOPETUUYECKUX Pa3pabOTOK
MOKa He ObLJIO peasin30BaHo.

CyuiecTBYIOT U APyTrHe TEXHOJIOTUH, 3aHUMAIOIIIUECS Paclo3HaBaHUEM 00b-
€KTOB Ha TEIJIOBU3MOHHBIX U300pakeHUsIX. OTHUM U3 TAKUX PUMEPOB SBIISECTCS
ABTOHOMHBIA MOOWJIBHBIM KOMIUIEKC BHJICO-TEIUIOBU3MOHHOTO HAOIIOICHHUS
«Mypowm-II», pazpadorannusiii komnanueit CTunCodt. ITOT KOMILUIEKC MpeIHa-
3HAYEH JJIsi KPYIJIIOCYyTOYHOTO TUCTAHIIMOHHOTO BHJIEOTEIUIOBU3MOHHOTO U pa-
JTMOJIOKAIIMOHHOTO HAOJIO/IEHHU S, KOHTPOJISI U OXPaHbl OTKPHITHIX YYACTKOB MECT-
HOCTH, TIOJICTYIIOB, IEPUMETPOB M MyTeH nepeasrxeHns k oobekram [10]. My-
pom-I1 cienmanu3upyeTcst Ha 0OHAPYKEHUU JIBYX TUIIOB OOBEKTOB: «4YEIIOBEK» U
«aBTOMOOMJIBY. DTO, 6€3yCIIOBHO, BAYKHO, OJIHAKO 3TO TAKKE OTPAHUYMBAET CIIO-
COOHOCTBH KOMILIEKCa OOHAPYKUBATh APYTHe OOBEKTHI UM )KUBOTHBIX, KOTOPHIE
MOTYT MPEJICTABIISATh YyTPo3y. B 11e710M, X0TS U CyIIECTBYIOT YK€ TOTOBBIE pelie-
Hus, Takue kak «Mypom-II», npumenenne CHC niig aHanusa U pacrio3HaBaHUS
00pa3oB Ha TEMJIOBU3MOHHBIX U300PAKEHUIX MOXKET MPEIIOKUTH OOJIBIIINE BO3-
MO>KHOCTH JIJIsl yJTy4IlIeHUsS] TOYHOCTH U TUOKOCTU CUCTEM paciio3HaBaHUsi oOpa-
30B.

Jlist periieHus pacro3HaBaHuss 00pa3oB MpejiaraeMas MaTeMaTudecKasi Mo-
nenb uckycctBeHHbIx HelpoHHbIX ceteit (MHC). Kak n3Bectno MHC cocrost u3
HEHPOHOB, CBS3aHHBIX JIPYT C APYTOM CHHANTUYECKUMU CBs3siMU. Beca aTux cBsi-
3el U3MEHSIOTCA B MPOIECCe 00YUEHHUS, YTO U TIO3BOJISIET CETH aJlallTUPOBATHCS
K PELICHUIO KOHKPETHOM 3a1a4u [6].

Cucrempl TEIUTOBU3HMOHHOTO HAOJIO/ICHUS BBITIONHSIOT 33]a4y aJanTaiyu
CBOMCTB OOBEKTOB U MPOIECCOB MPUHATHS PENICHHI. B HauanpHOM cTaauu Bepo-
SATHOCTh PACIO3HABAHMS N300paKEHUSI HAPYIIUTEIS OYSHb HU3KAsl, HO TETIOBHU-
3WMOHHBIE KaMephl CIIOCOOHBI 0TOOpaxaTh 00pasbl C ompeaeneHHon (Gopmoit Ha
9KpaHe MOHUTOpA. boibiioe MHOXECTBO aHOMAJIBHBIX CUTYalMi (TIOMUMO TIO-
CTOSITHHO MEHSIFOIIEHCS YyBCTBUTEIHPHOCTH U HATTMYHS TIPETPA WITH OTPAXKICHHIMA
Ha OXPaHsIEMOM OOBEKTE) HE CIIOCOOHO OBITh YIPOIIEHO O HE3HAYUTEIHLHOTO
Habopa KiaccuUIMpyeMbIX 00pa3oB ¢ MPOCTHIMU XapaKTEPUCTUKAMHU HEOIIpe-
JISNICHHOCTH (MacITal, pacnoioxkeHue, Bpamienue). [1o aToit npuunHe He Beeraa
BO3MOKHO TPUMEHEHHE TOTOBBIX METOJIOB TEOPHH pAacCllO3HaBaHHUS 0Opa3oB B
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pa3paboTKe cucTeM BUACOHAOIIOICHUS C MCIIOJIb30BAHNEM TETNTIOBU3MOHHBIX Ka-
Mep.

Jlns aHanm3a W pacrio3HaBaHUs 00pa30B Ha TEIUIOBU3MOHHBIX HM300paxe-
HUSIX HamOoJiee MOIXOIIMMU ABIISIOTCS cBepTouHble HelpoHHbIe ceTH (CHC).
DTa ceTb COCTOUT M3 HECKOJbKHUX cloeB. Kaxplil cioil — 310 rpymnma "uckyc-
CTBEHHBIX HEHPOHOB" (IIpOrpaMm, KOTOPbIE MOTYT 00pabaThIiBaTh JaHHBIC U U3-
BJICKaTh W3 HUX mHPopMarwuio). Kaxnprii cioii mpuHUMaeT WHPOPMAIUIO OT
HpEABIAYIIEro CJI0s, 00pabaThIBaCT €¢ U MepeacT eIy rIeMy ciioo [7].

C nomomrsto CHC Obuta pazpaborana nporpamma Ha si3bike Python. [lms
oOydeHus HelipoceTu ObLTa MOATOTOBJIEHA 00yyaroias Beioopka (puc. 1), cocro-
A1as U3 TeTIOBU3UOHHBIX M300paXKEHUN U UX Pa3METKHU (METOK KJIaCCOB OOBEK-
TOB). B 3aBUCHMOCTH OT 3371a4¥l 3TO MOTYT OBITh U300PAKEHUS C TEIJIOBU3UOH-
HoW curHarypoii yenoBeka (1500 mt.), sxuBotHOro (300 mT.), aBToMoOwMIst (900
mT.). BakKHO y4ecTh 0COOEHHOCTH TEIIOBU3MOHHBIX M300payKEHUN TIPU MOATO-
TOBKE JIAHHBIX, TAKUE KaK pa3peleHue, OCBEIICHUE U IIYM.

Puc. 1. Obyuarowas evibopka, cocmosawas u3z uzoopadjicenuil 4eioeexd,
asmomoouns u cooax
OO6yueHue 3Toi mporpaMMbl HAUMHAETCS C 3aJaHus pa3Mepa U300paxeHuH,
KOJIM4ecTBa "Mpoxoa0B" 00yueHUs U KOJIMYECTBO M300paxeHui, oopadaThiBae-
MBIX 32 0JIuH pa3. [locne 3Toro mporpamma cuYuUTHIBaeT U300paKEHUS TS 00yde-
HUS ¥ IPOBEPKHU M3 YKa3aHHBIX MAaIoOK W MpeodpasyeT uxX B MOTOK JAHHBIX OIMpe-
JIEJIEHHOT0 pa3mepa (puc. 2).
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img width, img height = 150, 150

input shape = (img width, img height, 3)
epochs = 50

batch size = 16

datagen = ImageDataGenerator (rescale=1. / Z5E5)

Puc. 2. 3a0anue napamempos ooyuenus

B mpuBeneHHOM CkpuHIIETe: €POChS — KOJMYECTBO MPOXOAOB MO BCEMY
HaOOpy OOyUaroUIMX JaHHBIX, batch size — 3TO KOMUYECTBO 00yJaromMx 00pas-
1I0B, 00pabaThIBaeMbIX 3a OJTHO OOHOBJIEHHE, datagen — 3TOT reHepaTop MacIITa-
Oupyer 1BeTa n300paxeHui, nenas ux 3Hadenus ot 0 jo 1.

3aTem co3gaeTcs MOAENb HEMPOHHOM ceTH, KOTopas OyAeT BBISBIAThH 3aKO-
HOMEPHOCTH Ha M300payKEHUSIX MPHU MTOMOIIH CJIOEB, IPUMEHSIOMNX Pa3InIHbIC
npeodpazoBanus. [IepBolii 10U MPUHUMAET W300pAKEHHUE U MPOBOJUT MEPBUY-
HBII aHAJIU3, MOTYT 0OHAPYKUBATHCS MMPOCThIE 0COOCHHOCTH, TAKHE KaK TPaHHIIbI
00BEKTOB WJIM OTIPEIeSICHHBIC IIBeTa. BTOPOI1 Ci10i1 MpuHUMaET 3Ty HH(POpMAaIUIO
1 oOpabaThIBaeT ee Jalibliie, BhISBIISISA O0JIee CIOXKHBIE 0COOCHHOCTH, TaAKHUE KaK
dbopMBbI WM TEKCTYpbl. TpeTuit Caoil mpo0JKaeT 3TOT MPOIIECC, BBISBIISIA OoJiee
CJIOKHBIE OCOOEHHOCTH, KOTOPhIE MOTYT OBITh UCIIOJIB30BAHBI IS KIacCU(pHUKa-
un n3oopakenus [8]. [Tocne co3panus MoIeTN OHa HACTPAUBACTCS IS OIIpeie-
JieHUsI OIMOOK U KOPPEKIUH B mpolecce o0yueHus (puc. 3).

self.model = Sequential()

gelf.model.add (Conv2ZD(32, (3, 3), input shape=input shape, activation='r=lu'j})
self.model. add (MaxPoolingZD (pool size=(2, 2Z}))
self.model.add (Conv2ZD (32, (3, 3), activation='reslu'))
self.model.add (MaxPoolingZD(pool size=(2, 2}))
self.model.add (ConvZD(ed4, (3, 3), activation='reslu'))
gelf.model.add (MaxPooling2D (pool size=(2, 2}))
self.model.add(Flatten())

self.model.add (Dense (64, activation="relu'))
self.model.add (Dropout (0.5))

self.model.add (Dense (3, activation='softmax'))

self.model.compile (loss="categorical crosssentropy’,
optimizer=Adam{)} ,
metrics=["accuracy'l]l)

history = self.model.fitc |
self.train generator,
steps_per_epoch=total_train // batch_size,
epochs=epochs,
validation data=self.val gensrator,
validation steps=total wal // batch size

Puc. 3. Hacmpoiika u 0b6yueHue c6epmouHoll HetlpOHHOU cemu
B nmocneanem cioe, BeiOMpaeTcs n3o0paxeHue i1 aHaJIu3a, TIOCIIC YeTr0 OHO
MOATOTABIMBACTCS M IIepefaeTcs B MOJCIb, KOTOpas JejJaeT IPOTHO3.
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Pe3ynbpTaThl IPOTHO3a BBIBOAATCS HAa SKpaH B BUJE MPOIEHTOB ISl Ka)IOTO
KJ1acca, a TaKke oToOpa)kaeTcs mpoBepseMoe n3oopaxenue (puc. 4).

Hauano ofyuenus, nogomamre...

Karano oByuenus: C:/Users/grigo/OneDrive/HoxyMenTn/My Games/data/data/obyuenue (
1)

Karanor nposepxu oByuenua: C:/Users/grigo/OneDrive/Joxymentn/My Games/data/data/
npoBepxa obyuenus (2)

TouHoCcTs OByuexus: 91%

poBepsemoe usobpaxenue: C:/Users/grigo/OneDrive/JoxyMexTn/My Games/data/data/np
osepxa (3)/9.3pg

PeaysnsTar pacnosxHaBaxHusa: Mamuza: 0.00%, cobaxa: 100.00%, uenomex: 0.00%

Pesynbrar pacnosnasanmns: mawmna: 0.00%, cobaka: 100.00%, yenosex: 0.00%

Puc. 4. Ilpoepammuas peanusayus pacno3Haganusi meniogu3UOHHO20
obpaza ¢ nomowwio CHC

B nporecce npeackasanus 3arpyaercs u3o0paxxeHue U npeodpasyercs B
MacCHB. 3aTeM MpeCKa3aHUEe BBITIOIHAETCS ¢ TOMOIIbI0 00y4eHHOM Moienu. Pe-
3yJbTaT MPEACTABISIETCS B BUIE BEPOATHOCTEN MPUHAICKHOCTH K KaXAOMY U3
BO3MOYKHBIX KJIACCOB.

IIpu pacnio3HaBaHMU OOBEKTA HA SKPAHE MOHUTOPA, HEUPOCETh MPOBOIAUT
cpaBHeHUE ¢ 0a301 JaHHBIX, COCTOALLIEH U3 OMPENEIEHHOTO KOJIMYecTBa n300pa-
xeHui. Bo Bpemst paboThl, HelipoceTh cnocoOHa 00ydyaThCsl M aJallTUPOBATHCS.
Cpennsist TOUHOCTH pacro3HaBaHus 00beKTOB gocturaeT 91%. OxHaKo CTOUT OT-
METUTh, YTO C YBEJIMYEHHUEM pa3pelIeHus H300paxkeHusi, BpeMs OOydeHHs
HEHpOoCceTH BO3pacTaeT MPOIOPIUOHATIBHO KOJUYECTBY nuKcenei [9].

Ucnons3ys CHC, Obuta ycnenrHo pazpadbotana mporpamma, Kotopast MOKeT
aHAJIM3UPOBaTh M Paclo3HaBaTh 00pa3bl HAa TEIJIOBU3HOHHBIX H300paXKEHUSX.
DTO OTKPBIBAET HOBBIE BOBMOYKHOCTH JIJIsi IPUMEHEHHUSI HEUPOCETEBBIX TEXHOJIO-
Uil B 00JaCTH aHaJIU3a TeTIOBU3MOHHBIX U300paKeHU M.

[Ipu 3TOM Ba)KHBIM HaIIPaBICHUEM PA3BUTHUSA SBIIACTCA TPUMEHEHUE KOMITb-
IOTEPHOTO 3pEHHUSI B CBSI3KE C HEHPOHHBIMU CETAMM, UTO 00€IaeT 3HAUUTEIIbHOE
pacuIMpeHre BO3MOXHOCTEH B aHAIN3€ TEMIOBU3MOHHBIX U300pakeHHil. DTO CO-
BOKYITHOE MTPUMEHEHUE MOAXOA0B MO3BOJIUT BBISBIATh U KJIACCU(ULIUPOBATH HE
TOJIBLKO MPOCThIE (HOPMBI, HO U 00JI€E CIOKHBIE OOBEKTHI U CIIEHBI. DTOT MOJIXO0/T
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o0elaeT 3HaYUTENbHO YIYUIIUTh TOYHOCTh U 3PHEKTUBHOCTH CUCTEM OOHapy-
KEHUS U UACHTU(PUKAIIMI HA OCHOBE TEIUIOBU3MOHHBIX M300paKEHUH.

Takum 06p8,30M, IMPUMCHCHHUC CBCPTOYHLBIX HCﬁpOHHBIX CETEeM M KOMIbIO-

TEPHOTO 3pEHUs Ha IaHHBI MOMEHT ITPEICTaBIsAET CO00M Hanboee mepCreKTUB-
HOE€ HampaBJieHUE ISl aHAJIM3a ¥ Paclio3HaBaHMs 00pa30B HA TEIUIOBU3HOHHBIX
H300paKEHUSX.

10.

BUBJINOT PAOGUYECKHI CITMCOK
PacrioznaBanue TecT-0ObEKTOB Ha TEIUIOBU3MOHHBIX HM300paKeHHsIX. [DIek-
tpouHbi pecypc] URL: https://cyberleninka.ru/article/n/raspoznavanie-test-
obektov-na-teplovizionnyh-izobrazheniyah (mata oopamenus 17.05.2023)
[Toxxapusie TermnoBuzopsl. TermoBuzopel FLIR AS500f/A700f. [DnexTpoHHBIM
pecype] URL: https://www.pergam.ru/catalog/thermal_imagers/firefighters/flir-
a500fa700f.htm / (mara ooOpamenus 20.05.2023)
MatemaTu4eckue METOJbI Paclo3HaBaHHUs 00pa3zoB. [DIEKTPOHHBIN pecypc]
URL: http://www.ccas.ru/frc/papers/mestetskiiO4course.pdf (mara oOparieHus
19.05.2023)
MartemaTudeckoe MOJISIMPOBAHUE U AITOPUTMBI PACTIO3HABAHMSI EJIeH Ha N300-
paXeHUsIX, GOPMHUPYEMBIX MPUIEIHHBIMUA CUCTEMAMHU JIETATEIHLHOTO arapara.
[DJIeKTpOHHBIN pecypc] URL:
https://trudymai.ru/published.php?1D=40856&referer=https%3A%2F%2Fwww.
google.com%2F (narta obpamienus 20.05.2023)
Teopust 1 anropuT™Mbl pacrio3HaBaHusi 00pa3zoB. [DnekTponHbiit pecypc] URL:
https://miigaik.ru/vtiaoai/tutorials/19.pdf (nara obpamenus 21.05.2023)
Boponos A. A. llpuMeHeHne HEMPOHHBIX ceTel sl 00pabOTKU U aHaIM3a Terl-
JIOBU3MOHHBIX M300pakennii / A. A. Boporos, E. B. Jlapuonosa // Madopmaru-
OHHBIE TEXHOJIOTHH U HaHOTexHoyoruu. - 2018. - Ne 3. - C. 59-65.
I'yogennoy A., benoocuo IO., Kypsuro A. I'mybokoe oOyuenue. — M.: JIMK
Ipecc, 2017. — C. 384-425.
Yonnem @. I'mybokoe o0yuenue Ha Python. — M.: Bunbsimc, 2018. — C. 120-157.
[Tomos /1. B. HeiipoceTeBbie TEXHOIOTHY ISl aHATTN3a U KJIaCCU(DHUKAIIUHY TETLIO-
BU3HOHHBIX n300paxkenuit / /1. B. [lomos, B. C. BonkoB // BecTHUK KOMITBIOTEP-
HBIX ¥ HH(POPMAIIMOHHBIX TexHOoJorHi. - 2017. - Ne 9. - C. 34-41.
CtunCo¢t. ABTOHOMHBIH MOOWIBHBIN KOMIUIEKC BHJICO-TEIUIOBU3MOHHOTO
HAOII0ICHUS «Mypom-11» [DnexTpoHHBIH pecypc]. URL:
https://synerget.ru/products/murom-p (xara oopamenus: 21.05.2023).

118


https://cyberleninka.ru/article/n/raspoznavanie-test-obektov-na-teplovizionnyh-izobrazheniyah
https://cyberleninka.ru/article/n/raspoznavanie-test-obektov-na-teplovizionnyh-izobrazheniyah
https://trudymai.ru/published.php?ID=40856&referer=https%3A%2F%2Fwww.google.com%2F
https://trudymai.ru/published.php?ID=40856&referer=https%3A%2F%2Fwww.google.com%2F
https://synerget.ru/products/murom-p

Kaauo6epaa Urops BaagumupoBuy, ctapiuiuii npenojaaBartelib, [ [aTUropckuii HHCTH-
TyT (punuan) CKD®Y, Poccus, ropox [Isturopck, np. 40 metr Oxta6ps, 1. 56, 357500,
tenedon: +7 (9283) 63-22-14, email: kaliberda.igor@ya.ru.

I'puropuanuc I'eopruc MuxaiijioBud, ctyaeHt, [Iaturopckuii HHCTUTYT (dhumnan)
CK®YVY, Poccus, ropon Ilsaturopck, ynuma Pasuna 1, 357502, renedon: +7 (9288) 27-
30-25, email: georgisgrigoriadis@yandex.ru.

Kaliberda Igor Vladimirovich, Senior Lecturer, Pyatigorsk Institute (branch) of
NCFU, Russia, Pyatigorsk, 40 let Oktyabrya ave., 56, 357500, phone: +7 (9283) 63-22-
14, email: kaliberda.igor@ya.ru.

Grigoriadis Georgis Mikhailovich, student, Pyatigorsk Institute (branch) of NCFU,
Russia, Pyatigorsk city, Razina street 1, 357502, phone: +7 (9288) 27-30-25, email:
georgisgrigoriadis@yandex.ru.

YK 629.3.066.3
Kunesuos Cepreii UBaHOBHY

MOJAEJb ONEHKHN UBMEHEHUA TEXHUYECKOI'O
ITAPAMETPA B PEAJIBHOM BPEMEHHN

s npedynpesicoerus u npedomsepaujeHus Heumammusix CUmyayuti pazpabomana
MOOeb OMCAEHCUBAHUS USMEHEHUS COCMOSIHUSL MEXHUYEeCK020 00beKma 8 peanlbHOM
spemenu. /[ pewienus 3mou 3a0ayu 4acmo 00CmamoyHo nposedeHue aHaiu3d noge-
OeHusi 00HO20, Haubolee 8ANCHO20 U 3HAYUMO20 napamempa, 6e3 yuema OCMAlbHbIX
napamempos, IUAIWUX Ha e2o0 cocmosiHue. B ceasu ¢ mem, umo omciaexcusanue us-
MeHeHUsL COCIOSIHUSL OOJIHCHO OCYUIeCMBIAMbCS 8 PealbHOM 8PeMeHU MUKPOKOHMPOJl-
JIepoOM MUKDONPOYECCOPHO20 MOOYIS U, HCENAMENbHO, 8 QOHOBOM pedcume, K aneo-
pummy u mooenu npedvasieHbl mpedosanusi no NPOCmome GblYUCIEeHUS U A0anmayuu
K 0COOEHHOCMAM MUKPONPOYECCOPHOU 00pabomKu OAHHbIX.

Texnuueckuil 00vekm, cocmosanue, napamemp, peaibHoe 8peMs.

Klevtsov Sergei Ivanovich

MODEL FOR EVALUATION OF TECHNICAL PARAMETER
CHANGE IN REAL TIME
To avoid and prevent abnormal situations developed a model tracking state
changes of a technical object in real time. To solve this problem often enough to analyze
the behavior of one the most important and relevant parameters, without regard to the
other parameters that affect its state. Due to the fact that the tracking state change
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should take place in real-time microprocessor microcontroller unit, and preferably in
the background pattern and the algorithm sets requirements on the ease of computation,
and adaptation to characteristics of microprocessor data processing.

Technical object, state, parameter, real time

BBenenue.

3amaya OTCIICKMBAHUS U3MEHEHHSI COCTOSIHUSI TEXHUYECKOro 00BEKTa MO-
KeT OBbITh peajn30BaHa Ha OCHOBE aHaIM3a MOBEICHUs OJHOr0, HauboJee Bax-
HOT'O ¥ 3HAYUMOT0 MapamMeTpa JjIsl TEXHUYECKOro 00beKTa, 0€3 yuera OCTalIbHbIX
apaMeTPOB, BIUSIONIMX Ha ero cocTosiHue [1, 2]. B ¢Bs3M ¢ TeM, YTO OTCIICKH-
BaHUE M3MEHEHUS COCTOSIHUSI JOJIKHO OCYIIECTBIISITHCS B PEAbHOM BPEMEHH
MUKPOKOHTPOJUIEPOM MUKPOIIPOIIECCOPHOTO MOJIYJISI U, JKeJlaTeIbHO, B (HOHOBOM
pexKUME, K aJITOPUTMY U MOJIEIH JOJKHBI ObITh MPEAbIBICHBI TPEOOBAHUS TIO
IIPOCTOTE BHIYUCIICHHS U aIalTallil K OCOOCHHOCTSIM MUKPOTPOIECCOPHON 00-
paboTKK naHHbBIX [2,3].

JIyist penienust 3a1a4u OTCISKUBAHUS U3MEHEHUSI COCTOSIHUSI TIPE1JIaraeTcst
MCIIOJIb30BaTh MOJICITb, IIOCTPOCHHYIO Ha 0a3e HeHpOoHHOM ceTn Xammuura [4, 5,
6, 7, 8, 9]. l3BecTHO, 4TO HEWPOHHAS CETh XOMMUHIA PEAU3yeT MIPOCTOH aro-
PUTM pabOTHI, TPOCTOM alropuT™ 00ydeHHs. Ee eMKOCTh HE 3aBUCUT OT pa3Mep-
HOCTH CUTHaJa Ha BXxoJie. Ha BXxoj ceTu moaroTcsi OMHapHBIE BXOAHBIC CUTHAIBI,
YTO MOKET ObITh 2PHEKTUBHO UCIIOJIH30BAHO TIPH PeATU3AIUU AJITOPUTMA B MUK-
pokoHTpouiepe. PaccMoTpuM peanu3anuio MOJEIU OTCICKUBAHUS W3MEHEHUS
COCTOSIHUSI OOBEKTa HA OCHOBE CETU XOMMMHTA ISl CITydasi OJHOTO MapaMeTpa.

Pa3paGoTka Moe/u 0TC/IeKUBAHUSI U3MEHEHUS MapaMeTpa

IIyctb A - KOHTpOJIMpYyEMBIH IUCKpUMUHHpYHOIMK mnapamerp. Ilocne

AIll-mpeoOpazoBanusi 3HaYEHUE IapaMeTpa XPaHUTCS B JABOMYHOU (opme
a= [a p—1--8 ...alaOJ, rze 1 — HoMep no3uuuy uucina a;j, aj=1 win 0. Beegem me-

IMaHHbIE 3Ha4eHus [4] 11 mapameTpa A B BUIE BEKTOPA < ay
k=1

T[IpHHAAIEKHOCT TEKYIEr0 3HAYCHNS @ MEIHAHHOMY 3HAUCHHIO aj OIpe-
JEAETCS C MOMOIIBIO BEIYMCICHUS PACCTOAHUSA XOMMHUHTA.

JIns 3a1aun OTCICKUBAHUS U3MEHEHUS COCTOSIHUSI TEXHUYECKOTO0 00BhEeKTa
Ha OCHOBE U3MEHEHUS 3HAUEHUS OJJHOTO MapameTpa yCTAHOBJIEHUE BECOB OJIMHA-
KOBBIMHU JIJISI BCEX 3HAYEHUM BXOJHOTO BEKTOPA, KaK peann3yeTcd B Kiaccuye-
CKOM BEPCUU HEMPOHHOU CETU XIMMUHIA, MOKET IPUBECTHU K CYIIECTBEHHOM T10-
IpeHOCTH. B cBsi3u ¢ 3TUM OOBIYHO pealiu3yemasi JJid 3a7ad KiacCupuKaiuu
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ceTh XAPMMUHTa HE MOJAXOIUTh JJIs OTCIICKUBAHUSI U3MEHEHHUS COCTOSIHUS 00b-
exta. HeoOxonumo mMonudukaius ceTH B YaCTH CTPYKTYPHI U ONpeIeTICHUS Be-
COBBIX KOA((DUIIMEHTOB clI0eB CeTH. B ciyyae cpaBHeHUs yuceN Kaxaasi o3u-
1S B €ro UG POBOM MPE/ICTABIICHUN UMEET CBOE 3HAUCHUE. 3HAYMMOCTh KaXKI0M
NO3UIMK B HU(PPOBOM MPEIACTABICHUN MOKHO TaKXK€ OIMpPEAENIUTh JBOMYHBIM
YHUCJIOM.

[lycTe uMeercs yucio: a= [ap_lap_z...alaoj, rae ag,dy,..,8p_1 - UMCIOT
sHaucHns O win 1, OIHAKO 3HAYMMOCTE @jH & B TOM IIPEJCTAaBICHUH Pa3Ind-

Hasi.
OHPGI[CJ'II/IM 3HAa4YUMOCTB ITO3UINN ai €€ BCCOM B IIPCACTABJICHUH YKUCJIA, T.C.

2,
C(l)OpMI/IpyeM JJIL 9Uclla a €ro ONpeACTaBJICHUEC X B BUAC ABOMYHOI'O BECK-
TOpa.
Xg = (X1, X5 Xgsens Xjyeens Xp) (1)
rac Ka)KI[BIﬁ N3 2JICMCHTOB TAaKKC ABJIAACTCA IBONYHBIM BECKTOPOM.
X =(911)

X2 =(921,922)

X3 =(0931,932,933,934 )

()

oooooooooooooooooooooooooo

Xp=(9p1:9p2:-9pLp)-
Torna Bextopy X, cornacHo (1) u (2) cOOTBETCTBYET PEACTAaBICHNAE MaT-
puLbl npeobpazoBanus Gy :
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g21 922 0 ... 0 .0

031 932 033... 0 ...0

9i1 92 93 Gii-0

Op1 Y9p2 9p3--9pi-YpLp

rae g 1rooro 1

l,ecm aj_1=1
Oik =
—lecrm aj_1 =0

B arom ciyuae Bektop X npeobpaszyercs B CIEAYIONINI BU:
Xa =(0911,921,922, 931,932, 933 9i1: 9i2 .- Gii -0 p1 O 25+ U pp) -

[IycTh MMeeTCs 3TaIOHHBIN BEKTOD
X = (9k11:9k21:9k22 -+ Ikit 1 Oki2 -+ Ik Ikpt - Ikp2 -+ Ikpp)

Torna ckanspHOe NIPOU3BEIECHUE IBYX BEKTOPOB:

P 1
XaXg =2 29ij9kij = ok — k.
K iaja

r1e Cy - YUCIO0 OJMHAKOBBIX KOMIIOHCHT BEKTOPOB Xy H X 5k , dy - uncno
OTJIMYAIOIINXCS KOMIIOHEHT BEKTOPOB Xgu X 5k :

YuuTtbiBasg, 4TO YHUCIO @ HMMEET YETHOE YHWCIIO pPa3psaoB, HapUMeEp,

8,10,12,16 u T.11., TO 0OI1IE€€E KOJIMYECTBO KOMIIOHEHT BEKTOpA X 5 MU X A PaBHO:

Ik =Ck +dk :2p—1:r
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Xa Xa—k=26k —r.
Otcrona

B y (2P -1 1) 19
Ay = E"' Xa X 2= 2 Z zgljgklj 3)
| =1j=1

N3BecTHO, 4TO paccTosiHUEM XIMMHUHTA MEXKAY ABYMsI BEKTOPAMH HA3bIBA-
€TCS YHUCIIO KOMIIOHEHT, B KOTOPBIX ATU BEKTOpa paznuyHbl. C Ipyroil CTOPOHHI,
€CJIM pacCCMaTPUBATh PACCTOSTHHE X3MMHUHTA, KAK MEPY CXOJICTBA JBYX BEKTOPOB,
TO OHO MOYKET OBITh OMPEICIICHO KaK KOJIMYECTBO COBITAIAIOIIUX KOMIIOHEHT, T.€.
KaK 3HAYCHUC a .

Bripaxkenue (3), ero npaByro 4acTh MOXKHO MIPEICTaBUTH B BUJIE:

2P 1) 12
k= -0 5 ), Z ki
Zyj = Z 0ij 9kij
j=1
BBeneM equMHUYHBIN BEKTOP €j pa3MEPHOCTH p.
ej=(1,1,...,1).
Torna
2P-1 D, 1Q
k= 5 szl €

[Tocnennee BeIpakKeHUE MOKHO TPAKTOBATh KAK HEUPOHHYIO CETh IO CTPYK-
Type aHAJOTHYHYIO ceTh XAMMmuHTa [5, 6, 8], HO B OoTiHMuYUEe OT CTaHIAPTHOTO
MIPEACTABIICHHUS] CETH XOMMUHIA, BEIPAKEHUE MOKHO PACCMATPUBATh KAaK BXOJI-

HOI CUTHajl HEeMpOHa, UMEIOLIEr0 p CHHAICOB C BECOBBIMU KO3(DUIIMEHTaMU
g 1
I _

2 2
. (2P -1)

IJIs1 BCEX | M CMENIIEHEM —— .

BoiBOABI

JIns1 penieHus 3a1a4n OTCIEKUBAHUS U3MEHEHUSI COCTOSIHUS MCIOJIb30BaHa
MOJIeJIb, IOCTPOCHHAS Ha 0a3ze HeWpoHHOM ceTn XoMmmuHra. [lomyuennas moau-
durmpoBaHHasi HEUPOHHAsI CETh XOMMHHTA PEATU3yeT MPOCTOW AITOPUTM pa-
00ThI, IpOCTOM anroput™m oOydeHus. Ee eMKoCTh HE 3aBUCUT OT Pa3MEPHOCTH
cur"asia Ha Bxojie. [lomydyennas MmoauduinpoBanHas MOIeNIb HEHPOHHOW CETH U
ANTOPHUTM OTCIICKUBAHUS H3MEHEHHUS COCTOSTHUSA 00BEKTa PYHKITMOHUPYET HA OC-
HOBE aHAJIM3a IOCJIEIOBATEIbHBIX 3HAYCHUN KOHTPOJIMpyemMoro mnapamerpa. Ha

123



BXOJI CETH MOJAI0TCd OMHApHBIC BXOJIHBIE CUTHAJBI, YTO MOXKET OBITh 3 dek-
TUBHO HCHOJB30BAHO MPU peau3alii aJrOpUTMa B MUKPOKOHTposuiepe. Mo-
JIeJib TIO3BOJISIET OCYIIECTBIISITh MPOLIECC OTCICKUBAHUS U3MEHEHUS! COCTOSIHHUS
TEXHUYECKOTO 00BEKTa C MOMOIIBIO MPOCTOr0 AITOPUTMA, KOTOPHI MOXKET BbI-
MOJIHATCSI B MUKPOITPOLIECCOPHOM CHCTEME B peaibHOM BpEMEHU B (POHOBOM pe-
KUME.
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V]IK 004.42
[IbsiBueHKO Anekceit Onerosud, JInmenko Erop Biragumuposuy

METO/ KNN 1 BOITPOCBHI EI'O IITPUMEHEHMUSA I1PU PELHEHUN
SAJAYAU ITPOCTPAHCTBEHHOI'O ITO3UITMOHUPOBAHUA
IOABNKHOTI'O OBBEKTA

B cmamve paccmompenvt memood K-6nudicativiux coceodetl u 60npocul e2o npume-
HeHUsl NpU peuteHuu 3a0avu NPoCmpaHCmeeHH020 NO3UYUOHUPOBAHUSL NOOBUNCHO2O
00veKma 8 yCio8UsX YACMU4HO20 UU NOJIHO20 OMCYMCMEU OAHHbIX 0 2eozpaduie-
CKUX KOOPOUHAMAX Om cucmem 2100aibHo20 no3uyuoruposanus. Ilpueedenvt pes3yio-
Mamul CPAGHUMENbHO20 AHAAU3A OEMEKMOPO8 KIIOUEBbIX MOYEK U MEMPUK UX CONO-
CMAsIeHUst, @ MaKaice pe3yibmamsl pabomvl pearu308aHHO20 HA NPOSPAMMHOM YPOSHE
UHMENIEKMYATbHO20 MOOYJISI ROZUYUOHUPOBAHUS NOOBUNCHO20 0OBLEKMA C UCNOIb308A-
nuem demexkmopa ASIFT u memooa K-bausrcatiwuux coceoeil.

KNN, noosusicHviti 00vexm, no3UyUOHUPOBAHUE, KAPMA MeCmMHOCMU, CUcCmema

MEXHUUYECKO20 3PEeHUA, KOOp@MHCIWlbl, KJllo4yeeble movKuUu.

Pyavchenko Alexey Olegovich, Lischenko Egor Vladimirovich

THE KNN METHOD AND ITS APPLICATION IN SOLVING THE
PROBLEM OF SPATIAL POSITIONING OF A MOVING OBJECT

The article discusses the method of k-nearest neighbors and the issues of its appli-
cation in solving the problem of spatial positioning of a moving object in the conditions
of partial or complete absence of data on geographical coordinates from global posi-
tioning systems. The results of a comparative analysis of key point detectors and metrics
for their comparison, as well as the results of the work of an intelligent module for po-
sitioning a moving object implemented at the software level using the ASIFT detector
and the k-nearest neighbors method, are presented.
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KNN, moving object, positioning, terrain map, technical vision system, coordi-
nates, key points.

BBenenue

B nocneanue roapl aBToHOMHBIE MOABUAKHBIE 00beKThI ([10) Haxonar Bce
OoJiee pa3HOOOpPa3HOE MPUMEHEHHE MPAKTUYECKU BO BcexX cdepax *KU3HH Yelo-
Beka. OHM pelIalT pa3HOOOpa3HbIe 3a7aud HAOIIOJEHUS, Pa3BElIKU, MOHUTO-
punra u T.4. [Ipu 3Tom 3 dexTuBHOCTH BhINTONHEHUS 3ananuil 10 Bo MHOTOM
3aBUCHUT OT TOTO, HACKOJIBKO TOYHO U 3(h(PeKTUBHO paboTaeT ero 6opToBasi HaBU-
ranronHas cuctema [1]. [Ipu nosunmonupoBanuu [10 Ha MECTHOCTH HCITOJIB3Y-
I0TCSI THTETPUPOBAHHBIE OOPTOBbIE HABUTAIIMOHHBIE CUCTEMBI, paboTaroe Ha
MPUHIMIAX WHEPIUATBHOM HABUTAlUU C TIPUBS3KOM K JaHHBIM, OCTYIAIOIIUM
OT CIIyTHUKOBBIX cucTeM riaobansHoro nosunmonupoBanus (CCI'II). Ilpu stom
TOYHOE OIpPECIICHUE KaKUX-IMO00 KOOPAMHAT JIBIKYIIETOCS OOBEKTa IMpHU TMO-
MOIIIA TAKOTO MO/IX0/1a B YCIOBUSIX HATMYUS PAAUONIOMEX BHICOKOW MHTEHCUBHO-
CTH MOJXET OBITh 3HAYMTEIILHO 3aTPYJAHEHO WM BOBCE HEBO3MOXHO [5-7].
HNMeHHO o3TOMY B MOCJIEIHEE BPEMS, B YCIIOBUSIX MOBBIIICHUS YPOBHS aBTOHOM-
HocTH B yripaBieHuu 10, Bce 6osiee MHUPOKO UCTIONIBb3YIOTCS HHTEIUIEKTYalbHbIC
cuctemsl nosurmonupoBanus (VUCII). [Tpuniun paboTel OOIBIIMHCTBA U3 TAKUX
NCII 3axmmtoyaeTcsi B ONPEACICHUH KOOPAMHAT TOIBIXKHOTO 00BEKTA IMMYTEM T0-
KaJIpoBOil 00pabOTKKU €ro OOPTOBBIM BHIYUCIUTENIEM IU(PPOBOTO BHIECOMOTOKA,
MOCTYTAIOIIETO OT CUCTeMBbI TexHudeckoro 3penus (CT3), ycraHOBIEeHHOW Ha
I10.

B nanHoO# cTaThe peub MONAET 00 OJHOM U3 MHTEIUICKTYyaJIbHBIX METOJIOB
KaaccuuKaiuu 00bekToB — Metoge K-Ommkaitmmx cocemeir (KNN) uepes
IpPU3MY €0 MPUMEHEHHUS TP PEIICHUH 3aa491 MPOCTPAHCTBEHHOTO MO3UIIMOHU-
POBaHUS MOJABUKHOTO OOBEKTA.

OcHoBHas YacTh

B namem ciygae o6o6mennbiit anroputM padotsl UCIT MoxHO mpencra-
BUTH B BUJIC IIECTU ITATIOB!

1. TTomy4yenue npeAnonoxuTenbHbIX kKoopauHat [10 ot 60pToBoIt HHEpITHATE-
Ho#l HaBuranuonHoi cucremsl (BUHC) unm npyrum coco6om (Hampumep, mo-
CPEICTBOM pacyeTa JKCTPAMOJSIUOHHBIMA YHUCIEHHBIMU METOJIaMU 3HAYCHHIMA
MOCJICTHUX JTOCTOBEPHBIX H3MEPEHUH);

2. [Tonyyenue ot OOPTOBBIX ONTUYECKUX JATYMKOB KaJPOB BHICOM300paKe-
HUS OKPY’KAIOIIeH Ha3eMHOM 00CTaHOBKH;
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3. [IpenoOpaboTka KaJpoB BHIECONMOTOKA B TEMIIE WX MOCTYIUICHUS C IEIbIO
CHUKEHUS 3a1TyMJICHHOCTH MOJTYy4YaeMbIX U300pa’KeHU U BBIJICJICHUS HA HUX Xa-
PAKTEPUCTUYECKUX (KITIOYEBBIX) TOUEK;

4. Tlouck cootBeTcTBUA KItoueBbIXx Touek (KT) Tekymiero kaapa nzo0paxxeHus
KJIIOUYEBBIM (pEMEepHbIM) TOUKaM Mpeao0padOTaHHOM 3JIeKTpOHOrpaduuecKoi
KapThl MECTHOCTH, 3a0J1arOBPEMEHHO 3arpyKEHHOM B MaMsITh OOPTOBOT'O BHIYHUC-
mmreist 110;

5. Omnpenenenrie 3HaYCHUN KOOPAMHAT MPOCTPAHCTBEHHOTO MO3UIIMOHUPOBA-
Hus [10 B nexaproBoii cucteme koopaunar (ICK);

6. [IpeoOpazoBaHue NMOIYYSHHBIX HA MPEIbIIYIIEM dTalle 3HAYCHUN JAeKapTO-
BbIX KoopauHat [10 B 3HaYEHUS MIUPOTHI U JOJITOTHI II100aTBEHOM CUCTEMBI KOOP-
JTUHAT.

HaroMuuM, 4TO MOJ| KIIOYEBBIMU TOYKAMU HA U300paKECHUU MTOHUMAIOTCS
TaKhe 0coObIe MECTa, KaK YIJIbl, Kpasi WJIM TEKCTYpPHBIE 001acTH 00pa30B 00BEK-
TOB, 3apuKkcrupoBaHHbIX B Kajape. KT umeroT yHukaibHble XapaKTepUCTUKH, 3HA-
YeHUS! KOTOPBIX OIMUCHIBAIOTCS JIECKPUIITOPAMHU, TTO3BOJISIIOITUMU UACHTU(DUIIN-
pOBaTh 3TH TOYKHM Ha pa3HbIX m3o0paxeHusx [8-9]. CiemoBareibHO, KaKIbli
KaJp u3olOpaxeHus: xapakrepusyercs Habopom KT, kotopbie B CBOIO ouepeib
dbopMHpyIOT BEKTOp Mpu3HAKoB. C y4eTOM HaJIM4Ms MHOXKECTBA MOCIEA0Ba-
TEJIHHO TMOCTYMAIOIIMX HAa 00paboTKy BUICOKaIpOB Bce oOHapykuBaembie KT
(GhOopMHUPYIOT MHOTOMEPHOE BEKTOPU30BAHHOE MPOCTPAHCTBO MPU3HAKOB.

OueBnaHO, 4T0 3 PekTBHOCTL padoThl Takoi MCII Bo MHOTOM 3aBUCHUT OT
TOTO, C KaKMM pa3perieHueM BeACTCS BHICOChEMKAa MECTHOCTH, KaKylO JIeTalu-
3aIMI0 COZIEPIKAT MOTydaeMble BUACOKAAPHI (UeM OOJIbIle JAeTaneii B KaJape, TeM
OOJIBIIIE KITFOYEBBIX MPU3HAKOB MOYKHO BBISIBUTH), KAKOW METOJI MCIOJIb3YETCS
st onpenenenus KT, ux monoxxeHus B COCEMHMX Kaapax U MPUHAIJICKHOCTH
TEM, WJIM UHBIM 00beKTaM (Kj1accaM 0OBEKTOB), HY U OT TOTO, HACKOJIbKO A dek-
TUBEH HCHOJIb3YEMBIN anroputm comnocrtabieHus HauaeHHbix KT ¢ «3ranon-
HBIMIY, TIPEABAPUTEIILHO 3arPYKEHHBIMHU B TaMSATh OOPTOBOTO BHIYHCIUATEIIS.

B ocnoBy merona K Ommxaitmmx coceneit (KNN) monoxkeHa unges B ToM,
9TO 00BEKTHI, KOTOPBIE HAXOASTCS OJMKE IPYT K APYTY B IPOCTPAHCTBE MIPHU3HA-
KOB, CKOpee BCETO MPUHAJJICKAT K OJTHOMY M TOMY K€ KJIacCy UM UMEIOT MOXO0-
W€ 3HAYCHUS LeNeBOM mnepeMeHHOW. AnroputMm peanuzanuu meroga KNN
BKJTFOYAET CIICYIOIIHE MIard (MPUMEHHUTETHHO K 33/1a4e KIacCU(UKAIIHN):

Illaz 1. 3anate xommyecTBO K Onmmxaiimmx cocenei, KOTOpble OyayT HC-
MOJIH30BATHCS JUISI OTIPEACIICHUS KJacca HOBOTO OOBEKTa.
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lllaz 2. BIYUCIUTDH pACCTOSTHUE MEX]TY HOBBIM OOBEKTOM U KaXKIbIM 00b-
€KTOM B 0Oy4Jaroiiei BhIOOpKeE.

llaz 3. Oto6patrs K 00bekTOB M3 00y4yaromieil BHIOOPKH, KOTOPhIE HAXO-
JSITCSL OJIMKE BCETO K HOBOMY OOBEKTY.

Illae 4. OnpenenuTh KIacc HOBOTO 00bEKTa Ha OCHOBE Ki1accoB K Ommxkaii-
mux coceneit. Eciu 00bIIMHCTBO U3 HUX OTHOCUTCS K OJTHOMY KJIacCy, TO HOBBIM
00BEKT OyJIET OTHECEH K 3TOMY Kiaccy. Eciu ke Koanm4ecTBO 00BEKTOB Pa3HbIX
KJIACCOB OJIMHAKOBO, TO KJacc OyAeT BhIOpaH CIy4allHbIM 00pa3oM.

[Ipumeuanue. s 3aiauu perpeccud BMECTO KJIACCOB OepyTCsl 3HAUCHUS
1eseBoi mepeMeHHon y K Ommkammx coceieit, 1 HOBBIM 0OBEKT IOTy4YaeT 3Ha-
YeHHUE, PABHOE CPETHEMY 3HAUCHHUIO IIEJIEBOM MTEPEMEHHOM Y ITUX 0OBEKTOB.

AnroputM KNN nmeeT HECKOJIBKO MTapaMeTpOB, KOTOPBIE MOTYT BIIHUSThH Ha
€ro TOYHOCTh U MPOU3BOAUTEIBHOCTD, TAKHE KAK KOJIMYECTBO PACCMATPUBAEMBIX
ONKalIMX coceiel 1 METPUKHU PACCTOSIHUS MKy HUMU. JIJ1 CONTOCTaBICHHUS
U300paKEHUN MOCPEICTBOM ATOTO aIropuTMa HEOOXOJMMO CO3/IaTh MPOCTPaH-
CTBO MPU3HAKOB M300paKEHHI MMyTEM BBIJICIICHHSI KIIOYEBBIX TOUEK U (HOPMUPO-
BaHUA UX AeckpunTopoB. [Ipuuem st apdextuHOl padboTh anroputmMa KNN B
3a/layax MPOCTPAHCTBEHHOTO MO3UIIMOHUPOBAHUSA HEOOXOJIMMO OOECIeYUTh
YCTOMYUBOCTh METOJIa K TaKUM a(PUHHBIM MCKKEHHUSIM BXOJHBIX KaJpOB, KaKk
MaciTabupoBaHue, MOBOPOTH U cABUTH. C 9TOM 1EJbI0 Ha 3Tare BbIJCICHUS
IPOCTPAHCTB MPHU3HAKOB BXOJHBIX M ATAJTOHHBIX M300paKEHUN TPUMEHSIOTCS
appUHHO-MHBAPHAHTHBIC TETEKTOPHI KiIroueBbix Touek [10, 11]. Cpean Haunbo-
Jiee pacnpoCTpaHeHHBIX ad(UHHO-UHBAPUAHTHBIX JETEKTOPOB KIIFOYEBBIX TOUEK
CJIEAYET BBIJICIUTD:

— Scale-Invariant Feature Transform (SIFT) — anroput, MCHONB3YIOIIHIA
rayCCOBCKHE Pa3MBITUS U TayCCOBBI MHOTOMACIITaOHbBIE PA3HOCTHU ISl OOHApY-
KEHUS Y OTMHCAHUS KITIOYEBBIX TOYEK C MHBAPHAHTHOCTHIO K MacITaly.

— Affine-Scale Invariant Feature Transform (ASIFT) — aaropur™m, croco0-
HBII 00pabaThIBaTh N300paKEHUS ¢ OOJBIITUMU U3MEHEHHUSIMU MaciiTada u ad-
(UHHBIMU UCKOKEHUSIMH IMyTEM KOPPEKIIUN N300paKeHHsSI B Pa3HBIX MaciiTadax
Y OpUEHTAUSAX.

— Accelerated-KAZE (AKAZE) — yckopennast Bepcus anroputmMa KAZE,
KOTOPBIN MCIOIB3YET CPABHEHHE TPAIMEHTOB B PA3HBIX MaciITadax W OpUEHTa-
[USX U1 OOHAPYKEHUS U OTHMCAHMSI KITFOYEBBIX TOUECK.

— Oriented FAST and Rotated BRIEF (ORB)— anroput™, HUCIOJIb3YIOIIHIA
nerexktop FAST nns oOHapyskeHus kimtoueBbix Touek u neckpuntop BRIEF s
UX OMHUCAHUS.
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Bei1 mpoBeieH cpaBHUTENIBHBIM aHAIM3 PE3YJIbTATUBHOCTH BHIIICIIEPEUHC-
JIEHHBIX METOJIOB MPH 00pabOTKE KaKJIBIM M3 HUX TECTOBON BBIOOPKH W3 IIECTH
CIIyTHUKOBBIX CHUMKOB (pHC. 1). M300paskeHns B BLIOOPKE MMEJIHM pa3pelicHue
1234x731 nukcenei.

OCHOBHBIMM NapamMeTpaMu, PACCMOTPEHHBIMU IIPU CPABHUTEIBHOM aHa-

JIN3¢E, OBLIH CKOPOCTDB BBIIIOJIHCHUA aJITOPUTMOB U KOJIMYCCTBO KIIFOUYCBBIX TOYCK,

BBIJICTISIEMbBIX KaXKIbIM U3 HUX Ha U300payKeHUH OOJIBIIIOTO pa3penieHus. Pe3yib-

TaThl CPABHUTEJILHOTO aHAJM3a NpeICTaBICHBI B Ta0J. 1 u 2.

Taomuma 1
KomuuectBo Boiaensembrx KT
Auro- Oke. 1 Oke.2 | Oke.3 | Oke.4 | Ike.S | Ike. 6
pUT™M
SIFT 11876 0431 9600 8616 9320 10354
ASIFT 152011 115394 | 118734 | 128333 | 118457 | 123440
ORB 43346 32348 33703 31970 35764 40581
AKAZE 6319 5457 4878 5695 6039 6127
Tabnuna 2
Bpewmst paGoThl airopuTMOB
Auro- Ike. 1 Oke.2 | Oke.3 | Ike. 4 | Oke.5 | Ike. 6
PUTM
SIFT 216 mc 220mc | 212mc | 229 mc | 197 mc | 200 mc
ASIFT 3650 mc 3250 mc | 3429 mc | 3591 mc | 2997 mc | 3168 mc
ORB 50 mc 41 mc | 425mc | 39.46 | 40.3mc | 39.85
MC MC
AKAZE 150 mc 140 mc | 133 mc | 138 Mmc | 123 mc | 125 Mc
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N3 nosmy4eHHBIX pe3yabTaTOB MOXKHO CJIeJIaTh BBIBOI, UTO aroput™M ASIFT
10 CPAaBHEHUIO C aJbTEPHATUBHBIMH BbIJEISAET Ooibiiee konmdecTBO KT, uTo
CIOCOOCTBYEeT Oosiee TOYHOM HACHTHU(GUKAIIUM OOBEKTOB Ha HM300paKCHUHU.
Kpowme toro, ASIFT oGnagaet BbICOKON HHBApUAHTHOCTHIO K ad(pUHHBIM IIPeo0d-
pa3oBaHUSIM. JTO O3HAYAET, YTO AITOPUTM CIIOCOOEH OOHAPYKUBATh HA Pa3INU-
HBIX W300pKEHUSIX OJHHU U T€ ke OOBEKThI, 3ACHATHIC MOl Pa3HbIM PAKYpCOM,
HAKJIOHOM Y Ha Pa3JIMYHOM YJaJIeHUH OT TOUKH cheMKH. [Ipu aTOM crienyer yuu-
THIBaTh, YTO 1O cpaBHEHUIO ¢ Apyrumu anroput™M ASIFT tpebyer cyiecTBeHHO
0osbie Bpemenu it onpeaencans KT Ha uzoopaxenun [10].
[Ipu perenuu 3a7a4 COMOCTABICHUS MTPOCTPAHCTBA MPU3HAKOB U300paKe-
HUU C UCIOJIb30BaHUEM anroputma k-Ommkaiimux cocene, BO3MOKHO MpUMe-
HEHUE Pa3IMYHBIX METPUK JUIsl UX COMOCTaBieHus. B Hamem ciydae ObLIM pac-
CMOTPEHBI TPU METPUKU:
— EBKJIMJIOBO PACCTOSIHUE BBHIYHMCIIAETCS KaK IJTMHA MPSIMOU JIMHUH, COCTUHSI-
IOIIEH JIBE TOUKH B N-MEPHOM IPOCTPAHCTRBE;
— MaHXJTTEHCKOE PACCTOSHUE TMPEACTABISIET CO00M CyMMy aOCOIOTHBIX
pazHOCTEN MEXIy COOTBETCTBYIOIIMMHU KOOPJMHATAMU JBYX TOUYEK;
— KOCHMHYCHOE PAacCTOSIHHE U3MEPSIET YroJl MEXIy BYMS BEKTOpPAMH U UC-
MIOJIB3YETCS JIJISl OTIPEIEIICHHS CXOACTBA MEXKITY HUMHU.
bl mpoBenen cpaBHHUTENbHBIN aHanu3 3¢ dektuBHOCTH anroputMa KNN
pu 00paboTKe BEKTOPU30BAHHOTO IPOCTPAHCTBA MPU3HAKOB C UCIIOJIb30BAaHUEM
yKa3aHHBIX METpHK (Tabi. 3).

Ta6mmma 3
CpaBHuTENbHAS XapaKTEPUCTUKA TOUHOCTU conocTaBiieHust KT
Paccrosinue DKcnepuMeHT 1 DKCNEPUMEHT 2 DKCHEPUMEHT 3
EBKJINIOBO 2,137 ¢® 2,4586 ¢® 2,3312¢°
MaHX TTEHCKOE 2,8591¢™ 2,994¢ 2,753¢™
KocunycHoi 2,7335¢® 2,9274¢° 2,823¢®

Kax BumHO 13 Tabu. 3, HanboJiee MOIXOIAIIEH METPUKOM JIJIsl PEIICHUS 3a-
J1a4 TIO3UITMOHUPOBAHUS TIOJIBIXKHOTO 00BEKTA 0 Kajapam UG pPOBOTO BUIEOTIO-
ToKa ¢ npuMeHeHnem asiroputma KNN sBisieTcs eBkinaoBo paccrosiuue. /lanHas
METPUKA MMPOAEMOHCTPUPOBAJIa HAUMEHBIIIEE CPEIHEE OTHOCUTEIIBHOE OTKJIOHE-
HUE TOJI0KeHUsT BHOBBL chopmupoBanHoi KT oT ee UCTHHHOTO MOJIOKEHHS Ha
ATAJIOHHOM H300paKEHUHU.
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0060011251 Bce BhIIIECKa3aHHOE MOYKHO MPEJIOKUTH CIASAYIONIYIO MOCIEA0-
BaTEJIbHOCTh JIEUCTBUI CUCTEMBI MPOCTPAHCTBEHHOI'O MO3UIIMOHUPOBAHUS IO-
JIBUYKHOTO OOBEKTA:

1) momyuyeHHe NPEANONoKUTEIbHBIX KoopauHat oT BUHC (umnu aHamoruy-
HOM);

2) TIOWCK U MOJIKauKa 13 0a3bl JaHHBIX ()parMeHTa KapThl MECTHOCTH MPE/I-
MOJIOKHUTENIbHOTO HaxoxaeHus [10;

3) mosydyeHHue BEKTOPH30BAHHOI'O MPOCTPAHCTBA MPU3HAKOB (parMeHTa
KapThl MECTHOCTH MPEANOJIOKUTEIbHOT0 HaxoxaeHus [10;

4) mnpenobpadoTka Kajapa Buaeonoroka ot [10;

5) seiaenenue KT Ha Kajipe ¥ IOCTPOCHHUE UX JCCKPUIITOPOB IIPU TOMOIIN
merona ASIFT;

6) conocraBienue ¢ mpuMeHeHreM anropurma KNN mpoctpaHcTB mpu3Ha-
KOB BXOJHOTO U300paXEHUs U MOITYYEHHOTO «3TAJIOHHOT0» (PparMeHTa MECTHO-
CTH,

7) Boruucnenue koopaunar I10 B JICK;

8) mnpeobpazoBanue monydeHHbIX KoopauHat u3 JICK B rinobaibHyr cH-
cremy koopauHat EPSG:3785.

[IpensioxkeHHas BbIIIE aTOPUTMUYECKAs MOCIEA0BATEIbHOCTD ObliIa peain-
30BaHa B BUJE JEMOHCTPAIMOHHOTO MPOrPAMMHOIO MOJYJIS — MUHTEJUICKTYyallb-
HOTO MOJTYJISI TO3UIIMOHUPOBAHUS TOABMXKHOTO 00bekTa (MIMIIO). Pesynbrarst
paboter UMIIO npencraBiieHs! Ha puc. 2.

BoiBOABI

B xoxne uccnenopanus 6su1 npoananuzupoBad MeTox KNN 1 BbIsSIBIICHBI OC-
HOBHBIE ITPOOJIEMBI, CBA3aHHBIC C peau3alreil 60pPTOBBIX CUCTEM MO3UITUOHUPO-
BaHUs, 0a3UPYIONTUXCS HA HHTEIJIEKTyaIbHOM 00pad0TKe BUIEOTIOTOKA B peaslb-
HOM MaciiTabe BpemeHHu. C 1eNbl0 yIydIlleHus KadyecTBa paboThl MeToma ObLI
MIPOBE/ICH CPABHUTENIBHBIN aHAIIN3 JCTEKTOPOB KIFOYEBBIX TOYEK K METPHK UX CO-
MOCTABJICHUS, YTO TTO3BOJIIIIO BBIOpaTh B KaduecTBe 0a30BbiX jeTekTop ASIFT u
€BKJIUJIOBY METPUKY.

Ha ocHOBe mpoBeeHHBIX MCCIIENOBaHNN OBLI MPEIJIORKEH U MPOTPAMMHO
peanu3oBan anroput™ padotsl UCIT 10 ¢ mpumenenuem anroputma KNN. TTpo-
BepKa pabOTOCIOCOOHOCTH pa3paboTaHHOTrO Ha si3bike Python mporpamMmHboro
Moxyist UCII ocymiecTBasinack CpeCTBAMU HMUTALIMOHHOTO MOJIeIMpoBanus. B
X0/ MPOBEJACHHBIX IKCTIEPUMEHTOB MOTPEUTHOCTH OMPEEICHUS KOOPIUHAT T10-
JIBI)KHOTO 0OBEKTa TI0 TECTOBOM BBIOOPKE KaJIPOB M300PAKEHUIN MECTHOCTH CO-
ctaBuiia He Oosiee 10 MeTpPOB MO KakA0W U3 reorpaduyecKux KOOPAHWHAT, 4TO

131



SIBJISIETCS MPUEMJIEMBIM 3HAUYCHHEM B YCJIOBHUSAX OTCYTCTBUS YTOUHSIOIIMX JaH-
ae1x or BUHC.

MMKCENBHEIE KOOPAMHATHI: 885 328
FNOGANLHEIE KOOPAMHATEH: (47.20321237552748, 38.93615923322502)

<matplotlib.image. AxesImage at Ox25951473ebO>

PRCEAGE KDOPAATY: 538 410
fROBAMMGE KOOPIAMATY: (47.20283778855057, 38.95578795091887)

satplotlid, feepe. Axcslmege ot 25955387260
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Puc. 2. Pe3ynomamul pabomvr UMI10O

B nmanpHelem IUTaHUpPyeETCs IPOBECTH TECTUPOBAHKUE PEATU30BAHHOMN CH-
crembl B ROS HUMBLE, Gazebo u PX4 B ycinoBusx, npuOIMKEeHHBIX K pealib-
HbIM. Takke OyIyT pacCMOTPEHbI COCOObI MOBHIIIEHHE TOYHOCTH U CKOPOCTHU
BBINIOJIHEHUS anroputMa 3a cuet uarerpanuu metogaoB KNN u CNN, noucka nipu
5TOM 3((HEKTUBHBIX APXUTEKTYPHBIX CUCTEMOTEXHHUUECKHUX PELICHHM.
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VYnon EBrenunit Bacuinbesuu

IMPUMEHEHMUME SKCTPAITIOJIAIUUA METOAOM JIAI'PAHXA, ITPA
UCKJIOYEHUU HEJOCTOBEPHBIX 3HAUYEHU B CACTEMAX
CBOPA U OBPABOTKMU JAHHbIX

B pabome paccmampusaiomes npuuuibl 603HUKHOBEHUSL HEOOCMOBEPHBIX OAH-
HbIX 8 cucmemax coopa u 06pabomru OaHHbLIX U CNOCoOBI UX 8biAsieHus. Tax dce pac-
CMAMPUBACTNCSL BOZMONCHOCHIb UCNOIb308AHUE IKCMPANOTAYUL Memooom Jlazpandca
OJ151 MUHUMU3AYUU BIUAHUS HEOOCOBEPHBIX 3HAUEHUIL 8 cucmemax coopa u 0opadbomxu
oannulx. I[lonyuennvie pe3yibmamsl NOKA3bIEAIOM, YN0 NPUMEHEHUE 0adHCe MAK020 NpPo-
CMO20 Memooa IKCMpanoisyun no3eoJisien 000UMbCs NPUEMAEMO20 Pe3)ibmamd.
Texnuueckasn cucmema, cOop OaHHBIX, NEPBUUHAS YUDPosas 0opabomka OAHHbIX,
IKCMPAnOJIsIYUs.

Udod Evgeniy Vasilyevich

APPLICATION OF EXTRAPOLATION BY THE LAGRANGE
METHOD, WITH THE EXCLUSION OF UNRELIABLE VALUES IN
DATA COLLECTION AND PROCESSING SYSTEMS

The paper discusses the causes of inaccurate data in data collection and pro-
cessing systems and ways to identify them. The possibility of using extrapolation by the
Lagrange method to minimize the influence of unreliable values in data collection and
processing systems is also being considered. The obtained results show that the use of
even such a simple extrapolation method allows achieving an acceptable result.

Technical system, data collection, primary digital data processing, extrapolation.

B Hacrosiee BpemMs: MIMPOKO MPUMEHSIOTCS CUCTEMBI cOopa U 00pabOTKu
JAHHBIX B TEXHUYECKUX CHCTEMaX, 3aja4a KOTOPHIX COCTOUT B cOOpE JaHHBIX C
Pa3UYHBIX JTATYMKOB, UX AHAJIOTOBOM 0O0paOOTKH, OIM(POBKHA U JaTbHEHIIICH
1 poBoit 00paboTKe /ISl peIIeHUs TTOCTaBICHHBIX 3a1a4. [Ipu pemennn nanHoi
3aJ1auyy BO3MO>XHO BOZHUKHOBEHHUE HEIOCTOBEPHBIX 3HAUCHH, TTOCTYTIAIOIINX HA
1udpoBy10 00pabOTKy B MUKPOKOHTpoJIIep. HeqocToBepHOCTh M3MEPUTETLHOM
nH(pOpMaIuU, CHUMaeMOM C IATYUKOB MOKET OBITh BhI3BaHA JTNOO HAIMUHEM I10-
Mex (TOMEeXH TIOCTYNMUBIIME IO IIETsSIM TMUTAHUS, MOIIHBIE JJICKTPHUUECKHE
HABOJKHU M T.J.), TNOO HEUCIIPABHOCTHIO almaparypsl camoro gaTdnka. Bo Bcex
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CIIy4asix, ONpPEACNIUTh IOCTOBEPHOCTh MOJIyYaeMON OT JaTdyuka MHGOPMAILMH C
a0COJIOTHOM TOYHOCTBIO BPSiJ JIU BO3MOKHO, HO TEM HE MEHEE MOYKHO BBIJICIHUTh
PSIl KpUTEPHUEB, KOTOPhIE MOTYT OKa3aThCs MOJIE3HBIMU TIPU pelIeHUH 3aaauu |1
—4].

B ocHOBe kpuTepueB, UCIOIB3YEMbIX MJIsI ONpPENeNICHUs] HEIOCTOBEPHBIX
3HAUYEHUI MOXKET JIEKATh TO, YTO MAKCUMaJIbHAsI CKOPOCTh U3MEHEHUS ePEMEH-
HOM Ha BXOJI€ IaTYMKA UMEET KOHEUHYIO BEJIMYUHY U, MOIYJb MIPUPAILEHUS KO-
JIOB, TOJYYEHHBIX B PE3yJIbTaTe JBYX IOCJIEI0BATEIbHBIX aHAIOTO-IIU(GPOBBIX
npeoOpa3zoBaHUi BEJIMYHUHBI IaBJIICHUSI, HE MOKET MPEBBICUTHh HEKOTOPYIO KOHEY-
HYIO BEJIMYHMHY V, 3aBUCAIILYIO0 KaK MaKCUMAaJIbHOW YacTOTHI CIIEKTpa U3Mepsie-
MOTO CHTHajia, TaK U OT MHTEPBaja BPEMEHH MEXy CPAaBHUBACMBbIMHU aHAJIOTO-
udpoBeIMHU 1peoOpazoBaHusiMU. CleaoBaTeNIbHO, MOYJIb MAKCUMAJIbHO BO3-
MO>XHOT'O 3HAYEHHS] BETUYMHBI U3MEHEHUS KOJIOB, MOJIYYCHHBIX B pe3yjbTaTe
JIBYX MOCJIEA0BATEIbHBIX aHAIOTO-IIM(POBBIX MPeoOpa30BaHUM U3MEPSEMON Be-
JIMYUHBI, UMEET 3HaueHue [5]:

v=D,,.—D,,)sin(xf_5t),
1€ Dyaxe — MAKCHUMAJTLHO BO3MOKHOE 3HAYCHHE KOJA ITOCJIC BBIMTOJTHEHUS aHa-
noro-uu@poBoro nmpeodpazoBaHus U3MEPSIEMON BeTUUUHBL; D,y — MUHUMAIIBHO
BO3MOYKHOE 3HAYCHHUE KOJ1a TTOCJIC BBITIOJIHCHHSI aHAJIOTO-ITU(POBOTO MPeodpas3o-
BaHMSI U3MEPSIEMON BEIMUNHBI; Fyac. — BEPXHSS TPAaHUYHASI 9aCcTOTA CIIEKTpa H3-
MepsIeMOTO CUTHaJA; At — BeIMYMHA HHTEPBaJIa BPEMEHHU MEKIY ABYMS ITOCIIEIO-
BaTEJILHBIMU aHAIOTO-IIU(PPOBEIMU TIPEOOPA3OBAHUSIMH H3MEPSAEMON BETMUNHEI.

OKoHYaTENBHO, JJIS OTICHKU IOCTOBEPHOCTH PE3YIHTAaTOB aHATIOTO-IIH(PO-
BOT'O TIpeoOpa30BaHus JABJICHUS BHYTPH TPYIIIHI TOJYYUM CISAYIOIIHA KPUTE-
pwii [5]:

ILI _LTi—l |S vV,
rae U, u U, , — pe3ysbTaThl TEKYIIETO U MPEIIISCTBYIOIIETO aHAIOTO-IIH(PPOBBIX
npeoOpa30BaHUl U3MEPSIEMON TEPEMEHHOM.

Hampumep, npu nHTEpBaje MexX Iy aHajIoro-mupoBbIMU MTpeoOpa30BaHU-
amu 25-10° ¢ n muanazonom komos AL ot 100 10 4000, 4TO COOTBETCTBYET
12 6utHomy AIIIl ¢ HEKOTOPBIMHM TPAaHUIIAMHU VISl BBISBIICHUS 3aMBIKAaHHS WH-
(dbopManmoHHOH JTUHUT Ha 3EMITIO WITH MUTaHUE:
V = (4000 —100) -sin(z-20-25-10°) =6,2 = 6. T.e. Bce 3HaUEHHs, KOTOPBIE OTINYA-
I0TCSI OT TIpeAbIayIIero Oonbire yeM Ha 6 kogoB ALl MokHO cuuTaTh HEAOCTO-
BEPHBIMH.

B ciyuae BBISBIICHHS HEIOCTOBEPHOTO 3HAYCHUS HEOOXOUMO ITPOU3BECTH
€ro 3aMeHy Ha Mpeablayllee, W TpH JajbHelmeil o0paboTke M mnepegaqyu
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uH(pOopMaIIi HEOOXOIMMO ITO YUUThIBaTh. ClIeIyeT TaK K€ YUUTHIBATh, YTO IO~
CJie TaKOM 3aMeHbI 3HaYeHHEe V HEe0OXOAUMO YABOUTH WIIM YTPOUTH B 3aBUCUMO-
CTH OT KOJMYECTBA HEJIOCTOBEPHBIX 3HAYEHUH J0 ATOTO.

Ho y Takoiif 3amMeHbl HEIOCTOBEPHOTO 3HAYEHHUS €CTh OJUH CYIIECCTBEHHBIH
HEJ0CTATOK — YBEJIMYCHUE MPUBEAEHHON NOTPEIIHOCTH B MECTaX 3aMEHbI HEJ0-
cToBepHbIX 3HaueHuM Ha 0,15%, uyTo MHOrAAa MOXKET OBITh CylIecTBeHHO. [l
pelIeHus TaHHOW MPOoOJIEMbl, MOKHO MCIOJIb30BATh KAKON-IMO0 METO]| BBIUUC-
JICHUS SKCTPANIOJIUPOBAHHOTO 3HAYECHUSI.

[Ipu BeIOOpE METO/1a IKCTPAIOJISALIUU CIIeAYyEeT BRIOMpaTh HauOoIee MPOCTOl
METOJ, YTO Obl HE yBEJIMYUBATH BpeMsi 00pabOTKU MHOOpPMAIUU, YTO MOMKET
HEraTHUBHO CKa3aThCsl Ha TPEOOBAHUAX K MPOU3BOJUTEIHLHOCTH BBIUMCIUTENb-
HOTO ycTpoicTBa. [Ipy 3TOM Takoi METOT SKCTPAIOJISIIIUH JOJIKEH 00€CTIeUnBaTh
0oJiee HU3KYIO MPUBEAEHHYIO MOTPEIIHOCTh dKcTpanossanuu 4yem 0,15%.

PaccMoTprmM BO3MOKHOCTh IPUMEHEHHUS IJISI PELICHUS JaHHOM 3a/1a4d dKC-
TPaMoJISIIMU Ha OCHOBE KJIIACCUYECKOro MeToa Jlarpanxa.

@opMyJibl AKCTPAMOISALUUA 3HAYECHHII MEPEMEHHBIX IEPBOTO THUIIA OCHO-
BaHHBI Ha nojnHoMe Jlarpanika, coceiHre y3ibl KOTOPOTo OTCcTOAT Ha k miaros h

(k>1) [6, 7]:

r [1a+7)
(r) _ _1\'-i =0 i i
0= g -0k

[Tocne npeobpaszoBaHmii moay4drM 0000IIeHHY IO (hopmysty Ha kKh miaros:
r
Fiory = ;}Cj IEIEY
J:
1
jrr+1-jr}

SIBJIIOIYIOCS MOJICPHH3AIMEeH GopMyIIbl IKCTparnossiuy Ha mar h [6, 7].

C,=(r+n(-n"’

[TorpemHOCTh METOAA BBIYMCIIEHUS SKCTPAIOINPOBAHHOIO 3HAUYEHUSI Ie-
) * V) 1
pemennoit f .., onpenensercs mponspoanon f r+11(£), BeIGOpOM cTemeny r 1

mrara sxctTpanossuu Kh:
Hargig = (KN geft 1]

YacTtHbie (opMyJibl IEPBOTO THUIIA JUHEHHOU (r=1), KkBaapaTuuHoi (r=2) u
KyOuueckoi (r=3) sKCTPanoJsUK U UX MOTPEIIHOCTH MPUBEACHBI B Ta0. 1.
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Taomuma 1

CDOpMy.IILI IICPBOT'0 THUIIA SKCTPAITOJIALINN 3HAYCHUH IICPCMCHHBIX Ha k mraros

DopMyJIbl FIKCTPANOJISILIAN

[TorpemHoctu Gopmyn

fl*l(i+k) :Zfi _f(i-k)

,Ufl(nk) = (kh)*fP(&), & e[xy, %]

le(i+k) =3(f; —fi) +fi2n

,Ufz(nk) = (kn)*t81(&), & e[X_n. %]

WINPT

le(i+k) =4f; — 6f(i-k) +4 f(i-2k) - f(i-3k)

/JIS(Hk) = (kn)*f1(&), & e[Xi_g, %]

dopMyIIbl SKCTPAIIOISIIIUN BTOpOTro THNa Ha k miaros h cTpostcst Ha OCHOBE
nojauHoMa Jlarpan»xa, COCeTHHE y3JIbl KOTOPOTO OTCTOST TOJbKO Ha mar h [6, 7]:

lL[(k+y)

=0

L (k)= X ()"
j=0

fa—-r+j),

JH(r=pPik+r—1J)

YacTHbie (HopMyJibI BTOPOTO THIA JTUHEHHOM, KBaIpaTUUYHON M KyOuue-
ckoit akcrpanoisinuu (k =35, 10) 1 uX mOrpenIHOCTH MPEeACTaBICHBI B Ta0. 2.

Tabmuma 2

(DOpMYJIBI BTOPOI'O THUIIA 9KCTPAIIOJIAINHN 3HAYCHUM IICPCMCHHBIX Ha k maros

2203

K DopMyIIBI SKCTPANOJISIIIAN [TorpemHocT hopmy

S) f21(|+5) = 6f, —5f ﬂzl(ns) =15h?fl2(g), £ [xisX]]
10 f21(|+10) =11f, —10f ;) ﬂzl(i+10) =55h*fl(g), £ e[Xi10X]
5 | fo45) =21fi — 35f(.0) + 15fz) Hapins) =35NPfI(E), Ee[xisxi]
10 | f551110) =66fi — 120f.1) + 555 Haiszo) =220N*fBI(E) & e [Xi10X]
5 | a5 =56fi — 140fGa) + 120f2)— 353 | t154.5 = 7ON*I(E), E[XisXi]
10 a0y =286 —780fG) +715fG2) — Hagisag = T150*E(E),

& € [Xi-10.Xi]

Jlst onipeiesieHnst yCIOBHI MPUMEHEHHsI (JOPMYJT BOCIIOIB30BaUCh JKC-
Tpanossnuen GyHkimu f(t)=e" npu 0< 1 <0,5c. 3HaueHust GyHKIIUUA BEIYUCIISITUCH
¢ maroM h pasubeiM 0,01c. KCTpanoSIIKsS OCYIIECTBISAIACH HA TIEPHOT T 5 PaAB-
He1it 0,05¢ u 0,1¢, To ecTh TpUPOCT GYHKIIMHU 32 IEPUOJ] HA KOTOPHIH OYIET OCY-
IIECTBJISATHCS IKCTPANOJIIUN cocTaBUT 4,9% u 9,5% OT MakcHMaIbHOTO 3HaYe-

HUS CUTHaNA. DTH 3HAYCHHUS SIBJISIOTCS OICHKOW 3HAYEHUs W3MEHEHUS! KOHTPO-
JUPYEMOTO MapamMeTpa 3a BpeMsi OTKJIMKA CUCTEMBI coopa v 00pabOTKH.
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Jlns onteHKH, GopMHUpPYEMBIX MPH SKCTPATIONSAINHU, OTPEITHOCTEH MeTo1a
BOCITOJIb3YEMCSl KOMIIBIOTEPHBIM MOJICIUPOBAHUEM IKCTPAIOIAINUA 110 HopMy-
JaM, TIpUBEAEHHBIM B Ta01. 1 1 Taba. 2 B Mmatematuueckoit cucteme MATLAB.

DkcrpanoaupoBath OyaeM Ha K=5 u k=10 maros. Takoii HHTEpBaJI 3KCTpa-
MOJISIITMK BBIOpaH Kak MpeIesIbHO JIOMYCTUMBIN JJIsI KOMIICHCAIIUU HEJ0CTOBEP-
HBbIX 3Ha4YeHui. Benp ecnu cucrema Boliana 5, a TeM 6osiee 10 HeTOCTOBEPHBIX
3HAYCHUHN MOAPSA — TO CIEAyeT C/eNIaTh BBIBOJ O HEMOJIaJIKe B HEl, U HE0OXo-
JIMMO 3aHSITHCS €€ TUAarHOCTUKOW U PEMOHTOM.

[Tomy4yeHHbIE B pPe3yJbTaTe€ KOMIBIOTEPHOIO MOJICIMPOBAHUS MPUBEIEH-
HbI€ IMOIPEIIHOCTH KCTPAONIANNUK (POpMyIaMH IIEPBOIO U BTOPOro Thia (Taour.
3).

Tabmania 3
[IpuBeAEHHBIE TTOTPEIIHOCTH SKCTPATIOJISALUU

[TorpemrHocTh MeTOa HOPMYT [TorpenrHocts MeToa GOpMyIT BTO-
r nepBoro Tuna o€y, % poro tumna 6g,, %
k=5, 1,,=0,05¢ | k=10, 1,,=0,1c k=5, 1,,=0,05¢ k=10, 1,,=0,1c
1 0,2379 0,9056 0,1446 0,513
2 0,0116 0,0962 0,0035 0,0203
3 0,0006 0,0082 0,0001 0,0001

W3 tabn. 3 MOXKHO cenaTh BBIBOJI, YTO MPUMEHEHHNE IMHEHHOW IKCTparo-
JSUMU HE TO3BOJISIET MOMYy4nuTh TpedyeMoi norpemHoctd menee 0,15%. A BoT
KBaJpaTUyHas U KyOM4ecKasi SKCTPANoJIALUS MOXKET IPUMEHSThCS.

Ho cremyer moMHUTB, YTO MOCTYMAOIIME HA TaKyl0 oOpabOTKY J1aHHbIE
MOTYT COJIEpPXkATh HE TOJIBKO aTUTUBHYIO CUCTEMATHYECKYIO MOTPEIIHOCTh, KO-
TOpas HU KaK He BIUSAET Ha YBEIMUYECHUH OTPEIIHOCTH SKCTPANOISLUHU, HO U Tap-
MOHHUYECKYIO CUCTEMAaTUYECKYIO MOTPEIIHOCTh WK CIYyYalHYIO MOTPEIHOCTb, K
KOTOpO# 0oJjiee YyBCTBUTEIbHBIE KBAJApAaTUYHAS U KyOuueckue Metoabl. Cinyuaii-
HYI0 TIOTPEIIHOCTh MOKHO MPEACTABUTH B BUJIE TAPMOHUYECKOTO CUTHAJIA BBICO-
KOM 4acTOThI, UTO BKYIE C JAUCKPETHOCTHIO ChEMa UM 00pabOTKHM MHGPOpPMALNH
JACT aHAJIOTMYHBIN 2P EeKT.

JI71st mpoBepKH BO3MOYKHOCTH HMCIIOJIb30BAHUSI METOJOB 3KCTPAMOISIUU B
TaKUX yCJIOBUSIX MpoBeaéM moxaenupoBanue B cucteMe MATLAB Beruncnenus
AKCTPAIOJIUPYEMOTr0 3HAUECHHUS 110 TAHHBIM COJIEPKAIlUM MOTPEITHOCTh B UCXO/I-
HBIX JIaHHBIX, UMEIOIIYI0 BUJ CUHycOoU bl ¢ ammuiutyaou 0,15% oT Makcumanb-
HOTO 3HAYeHUs (PYHKIMHM U MEPUOJIOM Trorp. llepuon Tpanchopmupyemon mno-
IPELIHOCTH BBIOMPAJICS KaK OTHOILIEHUE K MEPUOAY IKCTPATIOJIALIHH. .
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MakcumanbHbeIe 3HA4e

HUA HpHBCI[éHHOﬁ IMOTPCITHOCTHU JKCTPAIIOJIALNHN

KBaJIpaTUYHBIMU (POPMYJIaMH IIEPBOTO U BTOPOTo TUNA MPU 0<Tyorp/T,<14 mpen-

CTaBJICHBI Ha pUC. 1, KyOuuec

033

KUMH opMyJiaMu 00OUX TUIIOB — Ha PUC. 2.
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g 025}
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¥ 016}
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Puc. 1. Makcumanvhole 3nauenus nocpeuwHocmu sxempanoyiAiyuu Kgadpa—

MUYHBIMU HOPMYTIAMU NEPBO2O U 8MOPO20 MUNA
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— — ®opMynkl nepeoro Tuna (r= 3, k= 10)

®opmynbl nepeoro Tuna (r=3, k= 5)

- — - ®opMynbl BTOPOro TMNa (r=3, k=5)
---- ®GopMynbl BTOporo Tvna (r = 3, k = 10)

L 1 1 L - |
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Puc. 2. Maxcumanvhuvle snauenus nocpeuwtHocmu akempanoJiayuu Ky6uue—

CKUMU hopmynamu nepeoeo u 6mopo2o munda

CBezieM MakcUMaJbHbIE

3HAYEHMS IPUBEIEHHOMN MOTPEIIHOCTH SKCTPAIOJIs-

1un hopMyIamMu mepBoro Tuna (0€,;) u hopMmyiaMu BTOPOTo Thra (d€y2) TSt pas3-
JIMYHBIX 3HAYEHUH OTHOIIEHUS Trorp/Tox B TAOI. 4.
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Taomuma 4
3Ha4YeHUS MOTPEITHOCTEH

OTHOUIIEHUE Thorp/ Tox
5 7 10
rr oeq % 0 % 0ev1 % 0sn % oy % o %
=ik=1| k= k=1 | k= k=1] k=1k=1|k=1{k=1] k=|k=1
5 0 5 0 5 0 5 0 5 0 5 0
2(0,39:0,39| 0,1 0,2 0,1 0,1 0,1
810,16 10,19 310,12 410,12 2011
3(0,42} 0,31 0,1 0,1 0,1
01 0,1 5{0,12 1.011( 0,1:0,13 1:0,11

N3 Tabnuibl MOKHO cenaTh BBIBOABL, YTO MIPU STU HEJOCTOBEPHBIX 3HA-
YEHUSAX MOAPAJ KBAIPATUUHYIO U KyOUUYECKYIO IKCTPANOJIALMIO LEIEeCO00pa3Ho
MIPUMEHSTh, €CJIM 4acTOTa MOTPEITHOCTH MCXOJHBIX AaHHBIX B 10 u Oosiee pa3
BBIIIE, YEM YACTOTA MOJIE3HOTO CUTHAJA.
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Kypnomes 3apudrxon Mancyp yriu, [TuenunneB EBrenuit AnatonbeBuy

POJIb OITUMHU3ATOPOB U ® YHKIIUIA MIOTEPH B MOJIEJISIX
MAHNINMHHOI'O OBYYEHUA AJIA TIPOI'HO3NPOBAHUA
PUCKOBBIX AKTNBOB

IIpocnosuposanue epemeHnbIx P08 A6IAEMCA 0OHOU U3 BANCHEUUUX NPO-
O1eM Ha ce20OHAUHUL 0eHb, U 8ONPOC NPOSHOZUPOBAHUS HE YMPAMUI C80ell aK-
myanvHocmu. TouHocmb NpeoCcKa3anuti CLOXCHA oadice OJisl PeKYPPEeHMHbIX
HeUPOHHBIX cemell U3 NPOCMbIX HeUPOHHbIX cemell. B 0anHoti cmamve paccmam-
pueaemcs 3a8UCUMOCMb NPOSHO3UPOBAHUSL BDEMEHHBIX PAO008 O MEeMPUK U on-
MUMU3amopos, ux 3pGhexmusHocms u 0061ACMb NPUMEHEHUS 8 PEeKYPPEHMHbBIX
HEeUpOHHbIX cemsax. [{na ucciedo8anull UCNONb3VIOMCS pa3IuyHble QYHKYUU no-
mepb U camvle COBPEMEHHble ONMUMUZAMOPbLL. DMNUPUYECKUe UCCIe008aAHUS
nposoosimesi ¢ ucnoavzosanuem cemeti STD, RUN u RU.

Knrouesvie cnosa: LSTM,RNN, Time series, optimizers, loss functions

Kurdoshev Zarifjon Mansur ugli, Pchelintsev Evgeniy Anatolevich
METRICS AND OPTIMIZERS IN RECURRENT NEURAL NETWORKS
FOR TIME SERIES FORECASTING

Forecasting time series is one of the most important problems today, and the
issue of forecasting has not lost its relevance. The accuracy of predictions is
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complicated even for recurrent neural networks from simple neural networks.
This paper examines the dependence of time series forecasting on metrics and
optimizers, their effectiveness, and scope in recurrent neural networks. Various
loss functions and state-of-the-art optimizers are used for research. Empirical
studies are carried out using LSTM, RNN and GRU networks.

Keywords: LSTM,RNN, Time series, optimizers, loss functions

BBenenue

Time series forecasting is one of the areas of active research that has received
considerable attention. Using time series forecasting, researchers build models
based on historical observations to predict future events.

Based on the results of these studies, it is widely used in statistics, signal
processing, pattern detection, econometrics, mathematical finance, weather fore-
casting, earthquake prediction, electroencephalography, control engineering, as-
tronomy, communication engineering. ARIMA and its variants were used for time
series forecasting. Although effective in short-term predictions such linear models
failed to predict with high accuracy over time. To overcome these errors, research-
ers began to use artificial neural networks. Applications for time series prediction
from artificial neural networks can be found in [1,2,3]. Recurrent neural networks
are one of the new neural networks that are currently being developed on a large
scale.

LSTM, RNN and GRU neural networks are networks with their own
memory, which is very useful in time series prediction.

Predictions of time series in recurrent networks based on various metrics
and optimizers are studied. Effective methods of time series predictions are de-
fined.

Neural networks for time series forecasting

A neural network is a network or circuit of biological neurons, or, in a mod-
ern sense, an artificial neural network, composed of artificial neurons or nodes|[8].
Neural networks are composed of interconnected cells and consist of 3 parts.

1. Input layer

2. Hidden layer

3. Output layer

The architecture of a ANN with one hidden layer is presented in Figure 1.

The input layer part of the neural network consists of a numerical array,
which digitally stores the initial properties of the studied object.
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Hidden layers are sets of mathematical functions designed to produce results.
Such an activation function set takes input values and transfers a probability value
between 0 and 1 to the output layer.

Simple Neural Network

@ Input Layer
() Hidden Layer
@ Output Layer

Figure 1. Neural network structure

The output layer is the last layer in the neural network where the desired
predictions are obtained. A neural network has one output layer that produces the
desired final prediction. It has specific weights and biases that are applied before
getting the final result [4,5].

Recurrent neural networks
Recurrent neural networks are a type of neural network architecture that is
mainly used for sequential data processing. Examples of such data include rec-
ords, images, and sequential data found in industry and economics. The main dif-
ference between RNN networks and conventional neural networks is that in tra-
ditional neural networks, only x is the input, while in Recurrent networks, not
only x but also x_, is addressed. Several hidden layers are combined into one

block. Below we will consider several network structures such as RNN, LSTM,
GRU.
RNN
RNN performs the following calculations simultaneously. The sequence of
actions is as follows:
s = tanh(Ux; + Wsi_q)
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Ypred = softmax(Vs;)
LSTM
LSTM (long short-term memory, literally (long short-term memory) is a
type of recurrent neural network that can learn long-term dependencies. LSTMs
were presented in the work of Hochreiter and Schmidhuber [7], subsequently im-
proved and popularized by other researchers, they cope well with many tasks and
still are widely applied.

LSTMs are specifically designed to address the problem of long-term addic-
tion. They specialize in remembering information for long periods of time, so they
require little to no training.

i =0o(Ulx, + Wis,_; + bY)
f=ocUWx,+Wls,_; + b))
0=0(U°; +WP?%s;_; +b°)
g =tanh(U9x; + W9s,_, + b9)
cc=C-1°f+goi
sy =tanh(ci) oo
GRU
The main idea behind GRU is to use gateway mechanisms to selectively up-
date the hidden state of the network at each time step. Gateway mechanisms are
used to control the flow of information in and out of the network. The GRU has
two gateway mechanisms called reset gates and update gates.

The reset gate determines how much of the previous hidden state should be
forgotten, and the update gate determines how much of the new input should be
used to update the hidden state. The GRU output is calculated based on the up-
dated hidden state[6].

ze =0o(W?x; + U?s;_1 + b?)
re=c(W"x; +U"s;_1 +b")
hzt’red = tanh(W'x, + U"(ry o he_y) + b")
he =2zpohe g+ (1—2z)o h?red

Prediction using RNN, LSTM and GRU

In this section, research is conducted on time series. Data from the same time
series are used as the research objective. This type of information includes the
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distribution of dependence of the national currency on foreign currency. a graph-
ical view of the database is presented in Figure 2.

For research purposes, this database is divided into two parts.

1. train part: used to train the constructed Neural networks

2. test part: Used to check the correctness of neural network predictions.

Each neural network is researched separately. first, it is observed how they
give results in different metrics, and in the second stage, the results are obtained
and compared through different optimizers.

120 A
100
80 +

w

40

0 500 1000 1500 2000

Figure 2. Graphic representation of the relationship of the national currency to
the foreign currency

The results obtained by applying various loss functions in the RNN model
using existing optimizers.

1.Prediction of MSE, MAE, MAPE, SMAPE, RMSLE loss functions in
RNN model in SGD optimizer. A visual representation of the prediction made by
each loss function together with the actual statistics is presented in Figure 3.
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Figure 3. Prediction by SGD optimizer using different loss functions in RNN
neural network.

As shown in Figure 4, when the training number is close to 100, the values of
MSE, MAE and RMSLE from the loss functions of the models in this paper are
already less than 0.05. But it was found that MAPE and SMAPE loss functions
show negative result in SGD optimizer.
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Figure 4. Motion graphs of loss functions.

2. Prediction of MSE, MAE, MAPE, SMAPE, RMSLE loss functions in LSTM
model in Adagrad optimizer. A visual representation of the prediction made by
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each loss function together with the actual statistics is presented in Figure 5.
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Figure 5. Prediction by Adagrad optimizer using different loss functions in

LSTM neural network.

As shown in Figure 6, when the training number is close to 100, the values
of MSE, MAE and RMSLE from the loss functions of the models in this paper
are already less than 0.05. But for the value of MAPE and SMAPE loss functions,
100 iterations are lacking.
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Figure 6. Motion graphs of loss functions.
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Conclusions
In the process of analyzing time series, the use of recurrent neural networks

Is effective, and with their help, results close to exact data can be obtained. But at
the same time, it is necessary to pay attention to combinations of loss functions
and optimizers in the neural network.
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11.
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Cexkiuga — MeToabl, CHCTEMBI U CPeICTBA 00PA0OTKH U
MOJeJIMPOBAHN (PU3HMYECKUX CUTHAJIOB, I10JIei U MPOLECCOB

YK 621.396
I'y3b Erop Dnyapnosuy, Kucens Hatanes HukonaeBna

UCCJEIOBAHUE XAPAKTEPUCTUK HU3KOIMPO®UJIBHON
CHIIT-AHTEHHBI J1JI BILIA

IIpeocmasnenvt pezyromamol mooenuposanusi 6 cpeoe Altair FEKO xapaxmepu-
CMUK HU3KONPOPDUIILHOU CEEPXULUPOKONOLOCHOU MUKPONOJIOCKOBOL MOHONOIbHOU AH-
menHbl 07151 DeCNUIOMHO20 lemameibHo20 annapama 8 ouanaszone 3,5 — 16 I'Ty. Hc-
C1e008AHO BIUSAHUE 2eOMEMPUYECKUX PAZMEPOB8 AHMEHHbL HA ee XAPaAKMePUCmuKU.

Huskonpogunvnas anmenna, KoHpopmuas anmenna, MOHONONbHASL AHMEHHA,

OecnuiomHwlil 1emarowutl annapam.

Guz Egor Eduardovich Kisel , Natalya Nikolaevna

SIMULATION CHARACTERISTICS LOW PROFILE
UWB MONOPOLE ANTENNA FOR UAV

The results of modeling in the Altair FEKO environment the characteristics of a
low-profile ultra-wideband microstrip monopole antenna for an unmanned aerial vehi-
cle in the 3.5-16 GHz range are presented. The influence of the geometrical parameters
of the antenna on its characteristics has been studied.

Low profile antenna, conformal antenna, monopole antenna, unmanned aerial ve-
hicle.

BBenenne

Pa3zpabotka mukpononockoBbix CIIIT-anTeHH B HacTosIIIee BpeMs OpUEH-
TUPOBAHO HA IPUMEHEHUE HOBBIX (hOPM M3ITyHAIOIINX AIEMEHTOB U UCTIOJIh30Ba-
HHS B KOHCTPYKIIMU JIOMIOJHUTENBHBIX NAPA3UTHBIX BKIFOUEHUN, KOTOPBIE MOTYT
MPUMEHSATHCS KaK IS PACIIUPEHUSI MOJIOCH pabOThl aHTEHHBI, TAK U HA000POT
dbopmupoBanus B pabodeil Mojaoce 4acTOT HOBBIX 30H 3arpaxkiaeHus. J{ms aToro
MOTYT IPUMEHSATHCS PA3JIMYHBIE TOMOJHUTEIBHBIEC 3JIEMEHTHI B BUJIE PE30HATO-
POB, METa-4aCTHI], IIEJIEH, PACIIOIOKEHHBIE KaK B AJIEMEHTAX MMUTAIOLIECH JIUHUH,
B COCTaBE M3IIy4arelis, TaK U Ha o0patHoi ctopone noanoxku. CIIIT-anTeHHbI
MOTYT BBICTYIIaTh KaK CAMOCTOSITEIILHBIC AaHTCHHBI, TAK KaK U AJIEMEHTHI (ha3upo-
BAHHBIX AHTEHHBIX PEIIETOK.
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B Hacrosee BpeMst akTUBHO ucniosib3yercs TexHosioruu CILII-pagnocssizu
s BITJIA [1-8]. Cnenyer orMeTuTh, 4To MuKpormnoyiockoBbie CIIII-anTeHHBI
MMEIOT Malible TabapuThl, IpH ucnoiab3oBaHuu st BITJIA onu aBTOMaTHuecKu
YAOBJIETBOPSIIOT TPEOOBAHUSIM a’pOAMHAMUKHU.

OcHOBHas YacTh

AHTeHHa npeAcTaBiIseT co00l HU3KOMPODUIBLHYIO KOHCTPYKIIMIO, C Taba-
PUTHBIMH pa3Mmepamu JJisl IUIOCKOW cTpyKTyphl 30 mm Ha 40 MM, U3IIy4darelb
umeet Y-00pasHyro (opMy ¢ TOTIOTHUTEIILHBIM 3JIEMEHTOM B BUje kpyra [9-11].
BapuaHTbl KOHCTPYKIIMU HCCIIETlyeMbIX aHTEHHBI MpeAcTaBieHbl Ha puc. 1. Mo-

JeIUPOBaHUE XapaKTEPUCTHK AHTCHHBI BBIMOJHEHO B CICHHATU3UPOBAHHOM
CAIIP Altair FEKO.

Puc. 1. Konecmpyxyuu CILLII-anmennul

B pabote mpoBeieHbI AeTalbHbIE UCCICAOBAHUS BIMSHUS PA3MEPOB U3ITY-
yaTeJsl, paJinyca MapasuTHOTO KPyroOBOTO 3JIEMEHTA, a TaAKKe pa3Mephbl BLIEMKH B
MOJJTIO’KKE aHTEHHBI Ha €€ XapaKTePUCTUKU, & UMEHHO KO3(POUIIMEHT OTpaKeHUs
n KCB.

Kak yTtBepxxkpaercst B [S] HONOJHUTEIBHBIA AJIEMEHT B LIEHTPE MO3BOJISIET
pacMpuTh pabouyto MoJjiocy paboThl aHTeHHBI. OJTHAKO YHCIICHHBIC UCCIIEI0BA-
HUSI TIOKa3aJIv, YTO JAHHBIN 2JIEMEHT MPAKTUYECKU HE BIUSET HA pabouuil 1uamna-
30H aHTEHHBI.
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Jlanee nmpuBeeHBI pe3yabTaThl APAMETPUUECKOTO aHATN3a XapaKTEPUCTUK
anteHHbl. Kak BuaHO u3 puc.2 npu usmenenuu Ry (puc.1l) 6osnee yem Ha 15% He
MPUBOJMT K cyliecTBeHHOMY u3MeHeHnto KCB anTeHHbI, Hanbosblme u3mMeHe-
HUsl HaOMroar0TCs B o0acty yactoT 13 — 16 [T, ogHako mpu Bcex BapHarusax
R; KCB ne npeBsbImaeT AByX B auanasone 3,5 — 16 I'T.

Hwuxe npusenens (puc.3,4,5) pesynbrarsl pacuera KCB npu Bapuanuu na-
paMeTpOB MOJIOKKH (pa3Mepbl BBIEMKH B TIOJJIOKKE S U &, @ TAKXKE IIIUPUHBI TIO]1-
70kKu Lg.

Kak nokazano mojenupoBaHue, yBeIUYeHHE MIMPUHBI BHIEMKH MPUBOJIUT K
yBenudyeHnto KCB B obnactu 13 — 16 I'Tn, tak npu yBenuuenuu S Ha 60 %
Habmonaetcs ysennuenue KCB npaktuuecku Ha 40%, ogHaKo gake MpU TaKOM
pocte KCB 1o npexkneMy He mipeBbimiaet 2 (puc. 3). YBenuueHue riryOuHbI Bbl-
emku Takxke Binuser Ha KCB, mpudem o0nacTh, B KOTOpoi Habmo1aeTcs Hanbo-
Jiee CyILIEeCTBEHHOE BIusgHUE pacumpsiercsa ¢ 8 g0 18 I'T', Ha HEKOTOPBIX YacTo-
tax (8 —9,2 I'Tm) KCB He3HnaunTebHO cTaHOBUTCS OoJibiiie 2 (puc. 4).

KCB

4 5 6 7 8 9 10 1 12 13 14 15 16
YacTtorta, My

Puc. 2. Yacmommuas sasucumocmos KCB npu paznuunwvix 3navenusax Ri
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KCB

YacToTa, My

Puc. 3. Yacmomnas 3aeucumocmov KCB npu paznuunvix 3HaueHusx S

Kaxk u cienoBasno oxxuiarh, pa3Mep no1okku Lg B 00JIbIIeH CTEIIeHH BITU-
€T Ha 4acTOTHYI0 3aBucuMOCTh KCB, He3HAYUTENbHOE YBEIMUYECHUE IIMPUHBI
MOUTOKKH 10 7 % mpuBoaut B nuanaszone yactot 7 — 10 I'T' go 2,5 (puc. 5).

3.5

KCB

3 4 5 6 7 8 9 10 11 12 13 14 15 16
YacToTa, My

Puc. 4. Yacmomnas 3aeucumocmo KCB npu paznuunvix 3HaueHusx a
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4.0

Lg = 10.25
‘ ‘ | i | | i Lg=10.5
35 R e breoenenens e 2 Lg = 10.75

3 4 5 6 7 8 9 10 1 12 13 14 15 16
YacTtoTa, My

Puc. 5. Yacmommnas 3aeucumocmo KCB npu paznuunvix 3navenusx Lg

BoiBoabI

Takum oOpa3zoM, B paOOTe BBHINOJHEH MapaMEeTPUUYECKUN aHAIU3 C LIEJIbIO
onpeneneHus HauOONbILIEr0 BIWSHUS Pa3MEPOB KOHCTPYKLMH Ha XapaKTepu-
CTUKU aHTeHHbI. [Ioka3aHo, 4TO pH yJITaYHOM BbIOOPE pa3MEpOB 3JIEMEHTOB aH-
TeHHbl B auana3zone 3,5 ['Tu — 16 I'Tu moxHo peann3oBats KCB He BbIIE 2.

JlaHHast aHTeHHA MOXET ObITh peKOMEHJ0BaHa K ucnoJib3oBanuto B CIITI-paano-
csi3u st BITJIA.
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UCCJEIOBAHUE HU3KONMPO®UJIbHOM AHTEHHBI C YYETOM
BJAUAHUSA DJIEMEHTOB KOHCTPYKIIUUA BIIJIA

Ipeocmasnenvt pesyrbmamol mooenuposanus 6 cpeoe Altair FEKO xapaxmepu-
CMUK HU3KONPOQUILHOU aHMeHHbL 01 DeCnUIOmHO20 JemameibHo2o annapama. Pac-
CMOMPEHDbL BIUAHUE PACNOJIONCEHUS WLYHMOB HA PE30HAHCHYI0 Yacmomy anmernHul. Hc-
C1e008AHO GNUSIHUE DNEMEHMO8 KOHCMPYKYUU IemameibHO20 annapama Ha OUacpammy
HAnpaeIeHHOCmuY aHMeHHbl

Huskonpogunvuas anmenna, konghopmuas anmenna, 6eCnulomHublil 1emaouull

annapami.

Sergej Igorevich Alyab'ev, Natal'ya Nikolaevna Kisel'

DESIGN OF A LOW PROFILE ANTENNA TAKING INTO ACCOUNT
THE IMPACT OF AN UNMANNED AERIAL VEHICLE

The results of modeling in the Altair FEKO environment the characteristics of a
low-profile antenna for an unmanned aerial vehicle are presented. The influence of the
location of the shunts on the resonant frequency of the antenna is considered. The effect
of structural elements of an aircraft on the antenna pattern has been studied

Low profile antenna, conformal antenna, unmanned aerial vehicle.

BBenenue

Pazpabotka antenssl 11 BITJIA momkHa ya0BIETBOPSTH CIACAYIOIIUM Tpe-
OoBaHMSAM: Malible TabapuThl, KOTOPBIE CYIIECTBEHHO 3aBHUCAT OT Thmna BIIJIA,
TpeOoBaHMsT OOECIeYeHUsT adPOJUMHAMUYECKUX XaPAKTEPUCTHK, HU3KAs CTOU-
MOCTh, TaK Kak Bpems sku3HecrocoOHocTH BIIJIA moctaTouHo orpaHudeHo.
Kpome Toro, kak mpaBuiio, aHTEHHBI JOJKHBI UMETh M30TPOIHYIO AUArpaMMy
HaIPaBJICHHOCTH B a3UMYyTAJIILHON TIOCKOCTH U UMETh KOI(DPUITMEHT yCHIICHUS
AHTEHHbI HE MEHBUIE MOJYBOJIHOBOTO JUIIOJIA U IMOJIOCOM ITPONYCKaHUs HE MEHEE
100 MI'u. B nanno# paboTe mpeacTaBieHbl pe3yIbTaThl IPOSKTHPOBAHUS MaJIO-
rabapuTHON HU3KOMPODUIHLHON KOHGOPMHONW MOHOTIOJIEHYIO aHTEHHY C IITyHTO-
BBIM TTUTAHUEM JJI1 OECITUIIOTHOTO JIETATEIbHOTO arapara.
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OcHOBHas YacTh

AHTEHHA MPEACTABIIAET MUKPOIIOJIOCKOBYIO TUCKOBYIO aHTEHHY C LIYHTO-
BbIM MHUTAHHEM (HaJUM4YKME B KOHCTPYKIIMU KOPOTKO3aMbIKaTelel), pacioioxKeH-
HYI0 BHYTPH MOJIOCTH HUJIUHAPUUECKON (HOPMBI, KOTOPYIO MOKHO JIETKO YCTaHO-
BUTh Ha (prozemsike BITJIA. MoaenupoBaHue XapaKTepUCTUK aHTEHHBI B TOM
quclie ¢ yuetoM BiausHus kopiyca BITJIA GbU10 BBITIOJIHEHO B CIIEMATU3UPOBAH-
HoMm CAIIP Altair FEKO.

Ha puc. 1 npeacrasiena moaenb anteHHbI B iporpamme Altair FEKO. luc-
KOBasl aHTEHHA MOJKIII0YEHA K UCTOYHUKY MUTAaHUSI KOAKCUAJIBHOTO MTPOBOJA IO
B IIECHTPE JIUCKA, a IIIYHTOBBIE AJIEMEHTHI-KOPOTKO3aMbIKATE! IMO3BOJISIIOT YBEIU-
YUTh BXOJHOE COMPOTHUBIICHUE AHTEHHBI U YIYUYIIUTh IPOYHOCTHBIE XapaKTEPH-
CTUKHM aHTeHHBI. J(nametp nucka 90 MM, TruaMeTp UWIMHIPUYECKOU MOJOCTH —
300 mm, rmyOuHa 1OIOCTH — 18 MM.

Puc. 1. Koncmpykyus konghopmHot aHmeH bl

B pabore uccienoBaHo BIMSHHE MECTa PACIIOI0KESHUS KOPOTKO3aMbIKaTe-
JIel Ha XapaKTepUCTUKHN aHTeHHBI. Kak moka3anu pacyeTsl Ipu U3MEHEHHH TT0JI0-
KEHUS IIYHTOBBIX JJIECMEHTOB, & UMEHHO TPH WX PAa3HECEHUH APYT OT Apyra
HaOJI0/1aeTCs CHIKEHUE KO PUIIUEHTa OTPAKEHUSI U U3MEHEHUE PE30HAHCHOM
YaCTOTHI aHTEHHBI.

[Tpu paccTossHUM MEXTy IITYHTOBBIMH dJIeMeHTaMH 10 MM pe30oHaHCHAas Ya-
cToTa coctapisier 706 MI', mpu pacctossHuM 35 MM pe3oHaHCHas yacToTa — 846
MI 1.
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Puc. 2. Yacmomnas xapakmepucmuka Koaqbqbuuuenma ompasdceHus npu

PAa3IUudYHOM pacCmoAHUU Meofcdy UWYHMOBbIMU dlleMeRmamu

Ha puc. 3 npuBeaeHbl TpeXMEpPHbIE TUArpaMMbl HalPaBIEHHOCTH HHU3KO-
npoUIbHON aHTEHHBI, pacmonoxeHHON Ha ¢rozemspke BIJIA B HocoBo#, Mo
KpPBUIbSIMU M XBOCTOBOM YacTsAX. M3 MpuBeIEHHBIX pUCYHKOB BUJIHO, YTO HaIIpaB-
JIEHUSI MUHUMYMOB JIMarpaMMbl HAaIIpaBJICHHOCTH HE MEHSETCS 10 CPABHEHUIO CO
CJly4aeM aHTEHHBI B CBOOOTHOM MPOCTPAHCTBE, HO HAOIIOAAETCS CYIIIECTBEHHOE
BIUSTHUE KOPIyca OObEKTa HA XapaKTEPUCTUKN HAMPaBICHHOCTH OOPTOBBIX aH-
TEHH, IPUBOJIALIEE K 3HAYMTEIbHON N3PE3aHHOCTHU TMarpaMM HalpaBJIEHHOCTH B
paccmatpuBaemoi Hamu auanaszone 700 MI'p— 900 MI'u. HauGosnbiiee BiusiHue
MPOSIBIIICTCS MPU PACIIOIOKEHUH aHTEHHBI Ha (pro3elisike o KpelibsiMu BITJIA.

N
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94?«// 1

Puc. 3. 3D-ouacpammul hanpasneHHOCmMuU AHMEHHbL C YUemoM GIUSHUS
kopnyca BIIJIA:
a) — anmenna pacnonoxcena 8 Hocogou yacmu bIIJIA,
6) — aumenna pacnonoxcena noo kpviavamu bBILIA,
8) — anmeHHa pacnonodxcena 8 xeocmosou yacmu BI1JIA.
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Crnenyet OTMETUTD, HAUOOJIBIIIME U3MEHEHUS B IMarpaMMe HarpaBJIeHHOCTH
HAOJIIOIAIOTCS. TIPU PACIIONIOKEHUU aHTEHHBI Ha (IO3ESHDKM HEMOCPEACTBEHHO
nox kpbuibsiMu BITJIA. [1pu 3ToM KO3(pPUITMEHT ycHUlieHNs aHTEHHBI COCTABIISIET
4 nb.

BriBoanbl

PaccmoTrpenHast B paboTe aHTEHHA C IBOMHBIM ITYHTOBBIM MUTAHUEM MOH-
tupyercs B ¢ro3ersik BIIIA, siBnsieTcs HEBBICTYMAIOIIEH U HE MEHSIET adPOIuHA-
Muudeckoe conporuBieHue BITJIA.
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NCCIEAJOBAHUE XAPAKTEPUCTHUK
CBEPXIIIMPOKOIIOJIOCHOM AHTEHHBI JIJISI BECIIPOBOJHBIX
CUCTEM CBA3U

Paccmompenvi éonpocel modenuposanus u usmepenusi Xxapakmepucmuk ceepxuiu-
POKONOIOCHBIX MUKPONOJOCKOBbIX AHMEHH C PA3IU4HOU KOHQuaypayuel NoOJO0NCKU.
Hccneoosanvr wacmommsie 3asucumocmu kodppuyuenma ompasxcenus, KCB, koagh-
Quyuenma ycunenus 8 nonoce yacmom om 2 I'l'y oo 15 I'Ty. Ilpoananuzuposano énu-
SAHUe KoH@ueypayuu noON0XHCKU HA Xapakmepucmuky anmennsl. Modenuposanue xa-
paxkmepucmux evinonnero 6 npoepamme Altair FEKO.
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CeepxuupokonosiocHas aHmenHa, Oudazpamma HanpasieHHoCmu, Kodgguyuenm

ompasitCeHusl, peaonamop.

Dzucev Roman Konstantinovich, Kisel' Natal'ya Nikolaevna

ANALYSIS OF CHARACTERISTICS OF ULTRA-WIDEBAND
ANTENNA FOR WIRELESS COMMUNICATION SYSTEMS

The issues of modeling the characteristics of ultra-wideband microstrip antennas
with a special substrate configuration are considered in the article. The frequency de-
pendences of the reflection coefficient, SWR, and gain in the frequency range from 2
GHz to 15 GHz have been studied. The effect of substrate configuration on antenna
performance is analyzed. The characteristics were modeled using the Altair FEKO pro-
gram.

Ultra-wideband antenna, radiation pattern, reflection coefficient, resonator.

Bsenenne

CBepXIIMPOKOIOJIOCHBIC aHTEHHBI [1] UMEIOT MUHMMAJIBHYIO TOJIOCY TIPO-
nyckaaus He MmeHee 500 MI'1 u mpeiHa3HaYCeHBI 711 paOOTHI B CBEPXITUPOKOIIO-
JIOCHOM paguocBsa3u U paauosiokanuu. [Ipu ucnonszoBanuu texuonorun CIIII-
PaarOCBsI3U BBINOJHAETCS MEpeaada MakeTa CBEPXKOPOTKUX UMITYJIbCOB C JJIH-
TenbHOCTh nopsiaka 500 — 600 nukocekyHa. AHTEHHA MPU Nepeaaye UMEET KITko-
YEeBYIO POJIb, TOCKOJIbKY HCKaXKaeT (hOpMy UMITYJIbCHBIX CUTHANOB. [Ipu mpoek-
tupoBanuu CIIII-aHTeHHBI BBITIOJHEHA pa3paboTKa (PU3NYECKONW MO aH-
teHHbl (KoHpurypanusa CLITI-anTenH 1ocTaTouHO MHOTOOOpa3Ha) ¢ MOCIeayo-
UM MaT€MaTUYECKUM MOJICIIMPOBAHUEM XAPAKTEPUCTUK AaHTEHHBI CIICIUAIA3H-
posannoii CAIIP Altair FEKO [2-4].

B pabote nccnenoBana 4yBCTBUTEIHLHOCTh XapAKTEPUCTUK aHTEHHBI K U3ME-
HEHHUIO TeOMETPUUECKUX U IICKTPOPU3NYECKUX MapamMeTpoB aHTeHH. PaccMoT-
peHo HeckoJibko neyaTHbIX CLITI-aHTeHH pa3nuyHbIX KOHCTPYKIMMA U TyTEM I1a-
paMeTpU3alU UCCIIEIOBAHBI HX YACTOTHO-3aBUCUMBIE XapPAKTEPUCTUKH, OIIPEIE-
neHsl HanOosee d(HPEeKTUBHBIC KOHCTPYKIIMU U TIPOBEJICH CPaBHUTEIHHBIN aHa-
T3 MEXAY HUMMU.

OcHOBHas YacTh

B kauectBe 6a3oBoit CHIII-anTeHHbI UCClIEyeTCs MUKPOIIOJIO0CKOBAst MOHO-
MOJIbHAS AaHTEHHA B BUJIE€ NIPABUJIBHOTO BOCBMHUYTOJIbHUKA (IIOCTPOEHHOTO Ha OC-
HOBE JIMCKOBOI aHTEHHBI) C JOMOJHUTEIbHBIMU 3JIEMEHTAMU-HArpy3KaMH B CO-
cTaBe wu3nmyuatens. Mccrmegyemas aHTeHHa OOECIEUMBAIOT — MOCTOSIHHBIN
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UMIIEJIJAHC U CTAOWIbHYIO XapaKTePUCTUKY JUarpaMMbl HAIlPaBJICHHOCTH B IO-
noce yactot 6osiee 10:1. Takas aHTeHHA MTO3BOJISIET 00ECIEUUTh TPUEMIIEMBIE T1e-
pPEAaTOYHYIO XapaKTEPUCTUKY M XapaKTEPUCTUKU HAIMIPABICHHOCTH B JUANIA30HE
gacToT oT 2 ['T'y 1o 15 I'T1. M3nmyuarens uMeeT BOCbMHUYTOJIBHYIO OpMY C KpYT-
noit menblo paauyca R (puc.l, a) u pacnonaraercsi Ha JIUAJIECKTPUUECKON MOJI-
noxke ¢ pasmepamu WXL= 42 Mm? u Tommusoi U = 0.8 MM, BBIIIOJHEHHOH U3
FR4 ¢ judnekTpuuecko MNPOHUIIAEMOCTBIO € = 2.2, TaHT€HCOM MOTEPh
tgd = 0.0009. ITutanue ocymecTBseTCS KOHUYECKON (hUIepHOM JIMHUEH, TT0JIBE-
JIEHHOM K M3JIy4aTelto, KOTOpas UMEET CY:KeHHE JUIsl HaJJIeXKalllero corjiacoBa-
HUAL.

Ls

AunanexTpuk Merann

w2

Lt

Puc. 1. Koncmpykyuu ucciedyemvix aHmenH.:
@) — 86epXHsL Yacmb aHmeHHbl 015 8cex moodeneu 1-4; 6) — moodens 2, 8) — modens 3,
c) —mooeinb 4

PaccmoTpensl 4eThipe BapuaHTa aHTeHH (puc.l): 3azemuisiomiasi moBepx-
HOCTb LIEJIbHOMETAJTNYECKasi U 3aHMMAeT BCIO IUIOLIab Ha OOpPaTHON CTOpOHE
aHTEeHHbl (MOJenb 1), 3a3eMisronias MeTaJUIMYecKas MOBEPXHOCTh 3aHUMAET
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MOJIOBUHY OOpaTHOM CTOPOHBI MOJIOKKHU (MoJienb 2, puc. 1, 6), 3azemirstomast
MOBEPXHOCTh T-00pa3HON (OpPMBI C pa3IMYHBIMH JJIMHAMH Tuied (MOJENb 3:
puc.1, B, mozeins 4: puc.l, c).

Ha puc.2 - 4 npeacraBieHbl YaCTOTHBIE 3aBUCUMOCTH KO3 UIIMEHTa OTpa-
xenus S11, KCB u xoadduiinenta ycuneHus A aHTEHH ¢ pa3inuHoi (popmoi
3a3eMJISIOILEN TOBEPXHOCTH.

—— MOOE/Nb1 -—@— MO[E/lb2 =——a&— MOJEJIb3 MOLENb 4
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Puc.2. Yacmomnuas 3asucumocms koagguyuenma ompaxcenus OJis aH-
MeHH C pa3IUYHOU (hopMOUl 3a3eMasiouleli N0BEPXHOCMU

Kak BUIHO M3 MpeacTaBIeHHBIX 3aBUCUMOCTEN KOG UITMEHT OTpaKEHUS
JUISl aHTEHHBI C MOJIHOCTHIO METAUTM3UPOBAHHON 3a3eMIISIFOIIEH TTOBEPXHOCTHIO
(Mozenpb 1) BO BceM HCCiielyeMOM AMana3oHbl HEMPUEMIJIEMO BHICOKUM, HAUMEHb-
e 3HaueHust s koddunrenta orpaxenus okoio -81b (KCB 61u3ko k 2,2)
nocturaetcs B oosactu 13,6 I'Tw. [Tepexo k 3a3eMIICHHIO COCTaBIISIOIICH MOJIO-
BUHY IUIOIIAJH TOJIOKKHA (MOJIETh 2) CYIIECTBEHHO CHIKAET KO UITUEHT OT-
paxxenust v ooiactu ot 3 I T g0 9,7 I'Tym 11,3 I'T'y mo 13 I'T'1; He npeBeImIaeT -
10 nb, uro cooTBercTBYeT KCB < 2.
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—t— MOJENMb1 =~ MO[E/lb2 == MO[EJb3 MOJE/Nb 4

KCB
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Puc.3. Yacmomnas 3asucumocms koagguyuenma cmosueti 801Hbl 05 AHMEHH
C Pa3IuyHoU hopmou 3azemisroulell N0BepPXHOCmuU

| —— MOJOEb1 =-—i— MOJE/Ib2 =& MOJEJb3 MO}ZlEJ'Ib4|

KoathduumeHT yeunenus (ob)

3 4 5 6 7 8 9 10 1 12 13 14 15
Yactora (IMy)

Puc.4. Yacmomnas 3asucumocmo ko3ghguyuenma ycunenus 0Jisi GHmeHH ¢ pasz-
JIUYHOU (hOpMOUL 3a3eMsoulels NOBEPXHOCMU

JluHaMUYeCKU Auana3oH W3MEHEeHHs Kod(P(UIIMEHTa YCUJICHUS] aHTCHHBI
coctaBsieT 1yt Moaenu 1 ot -6 ab 1o 8 ab npu n3mMenennn 9acTothl oT 3 I'T'11 110
15 I'T, a mst mogenu 2 - -2 nb 1o 6 n1b. Takum 00pa3oM gaxke Mpu TaKOM U3Me-
HEHUM KOH(UTYpAIMH TMOJJIOKKH HAOJIOAAETCs CYIIECTBEHHOE PACIIUPECHUE
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pabodero auarna3oHa 4acToT JIJIs UCCIIeyeMON aHTeHHBI, KpOME TOT'0, BBIPaBHU-
BaeTcs KOA(DPUIIMEHT YCUJICHUS B AUAIIa30HE YacTOT.

YcenoxHenue GopMbl MOIJI0KKH, @ UMEHHO Mepexo/] K moaioxke T-o0pas-
HOU (opMbl (Mozens 3, 4) npuBoauT 601ee paBHoMepHoMy KCB B nuamnasone
4acToT, Mpu 3ToM B obsiactu yactoT ot 6 I'T o 15 I'Ty KCB He npeBblmaer
1,5. CaegyeT Takke OTMETHTD, UTO MEPEeX01 K TaKou hopMe MOIOKKH IPUBOIUT
K (pOpMHPOBAHHUIO YACTOTHOM JHMala3oHe 00yacTeil 3amupanus (MpU KOTOPBIX
KCB cymectBenHo Bo3pacrtaet), s mojaenu 3 ot 2,6 ['T o 4,6 I'T'y naGarona-
ercst cymectBeHHBIM pocT KCB (KCB > 2). C yBenuueHueM JJIMHBI IJIe4a 00-
JIACTh 3alMPAHMS CMEIIACTCS B CTOPOHY YMEHBIIIEHUS YacTOT U VISl IaHHOU aH-
TEHHBI cocTaBisieT ooacth 2 — 3 I'T'm.

BoiBOABI

Takum 006pa3zoM mokaszaHo, 4To (opMa MOJJI0KKH CYIIECTBEHHO BIMICT HA
JTUHAMHYECKUM THarna3oH pad0Thl aHTEHHBI, MIEpeXo] K 00j1ee CI0KHBIM KOH)H-
TypalusaM MOAI0OKKH HE TOJIBKO MO3BOJISET PACIIMPHUTh pabouuii quarna3oH aH-
TEHHBI, HO ¥ POpMHUPOBATH 00JIACTH 3aNIMpaHus aHTeHHBI. B 1anHOM ciydae dop-
MHUpPYETCS OJIHa OOJIaCTh 3alMpaHus, MECTO IOJIOKEHHUSI KOTOPOH 3aBUCHT OT
JUTMHBI TIeYa MOI0KKH T-00pa3Hoit (hopMBI.

Jlns peanu3aiiii MHOTOTIOJIOCHOTO 3alupaHus He00X0IMMO BBOJIUTH B KOH-
CTPYKIHUIO JAOMOJHUTEIBHBIC dJICMEHTHI (IICJIM, PE30HATOPHI, MeTamaTepua [5-
10]), pa3smemiarorirecss HEMOCPEACTBEHHO Ha H3IydaTelie WIM Ha IOIJIONKKE,
HACTPOCHHBIC HA APYTHUE AUANa30HbI YaCTOT.
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VJIK 519.688
[IBeTkoB Denop AnekceeBud, MuxaiinoBckuii Butanuii AnekceeBud,
BacunseB Bacunuii BacunbeBuu

OBb OIIBITE MOJAEJIMPOBAHUS OFDM-CUT'HAJIA HA LABVIEW

B 0oxnaode noxasvieaemcs, xax ¢ nomowvio npoepammsl Ha sizeike LabVIEW cyo-
oenuposamv OFDM-cuenan kax nociredosamenvnocmo OFDM-cumeonos. Mooenupo-
sanue OF DM-cumeona npedycmampugaem ciedyouyio nocied08amerbHOCmy 20 dJie-
MEHMOo8. naysda, 3auWUmHbll UHMEP8Al, Npehukc, UHDOPMAYUOHHBIN UHMEPBA, 3d-
WUmMHbBIL uHmMepsan u naysa. Pezynomamvl Mooenuposanus npouiiloCmpupo8ansl
CNeKMPAIbHLIMU U 8DEMEHHbIMU OUASPAMMAMU 8 KIIIOYEBbIX MOYKAX MOOEU.

Mooenuposanue, OFDM-cuenan, naysa, 3awumnolii unmepsan, npeguxc, ungpop-

mayuonnwlil unmepsan, LabVIEW.

Tsvetkov Fedor Alekseevich, Mikhailovsky Vitaly Alekseevich,
Vasiliev Vasily Vasilyevich

ABOUT THE EXPERIENCE OF MODELING OFDM SIGNAL ON
LABVIEW

The report shows how to use a LabVIEW program to simulate an OFDM signal as
a sequence of OFDM symbols.

Modeling of the OFDM symbol provides the following sequence of its elements:
pause, guard interval, prefix, information interval, guard interval and pause. The simu-
lation results are illustrated by spectral and time diagrams at key points of the model.

Modeling, OFDM signal, pause, guard interval, prefix, information interval, Lab-
VIEW.
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BBenenue

[Ipu nepenade MUGpPOBBIX JaHHBIX B KOPOTKOBOJIHOBOM JIMAMA30HE PaIdo-
BOJIH CYIIECTBEHHOE BJIMSIHHE UMEET MHOTOITYTHBIN XapaKTep paclpOCTPaHEHUS
paaroBOJIH. B Tako#l cuTyauuu onpaBIaHHBIM SBIIsSIETCS Hcnoib3oBanne OFDM-
CUTHAJIOB, JUISl ONIPEAEIICHUS TAPAMETPOB KOTOPBIX UCIIOJIB3YETCS YHUCIEHHOE MO-
nenvpoBanre. OOBIUHO JaHHBIE MepefaroTcs mnocienoBarenbHocThi0 OFDM-
CUMBOJIOB, KaXKJIbI N3 KOTOPBIX MEPEHOCUT YacTh JaHHbIX. [Ipu pa3padoTke npo-
rpaMMbl MOJICTTUPOBAHMSI KaHAJIa Mepelauy JaHHBIX 11es1eco00pa3Ho (GopMUpOBa-
Hue OFDM-cuMBoa BBIICINUTh B OTACIBHYIO MOAIPOTrpaMMYy, MTOCIEA0BATEb-
HBI BBI30B KOTOPOM MO3BOJIUT CO3AaTh MOJENb mocienoBatenbHocty OFDM-
cuMBoJIOB, T.6. OFDM-curnain. B nanHoit pabote co3naBanachk MOAIpOrpaMma
dopmuposanus OFDM-cumMBoia Ha si3bike LabVIEW ¢ 6osbiumu fuanazonaMu
U3MEHEHHUSI €T0 TapaMeTPOB.

OcHoOBHas YacTh

Ha puc. 1 mnokazana BpeMeHHass cTpykrypa mojenupyemoro OFDM-
CHUMBOJIA.

OcHOBOI1 cuMBoOJIa SIBIsIETCS HH(DOPMAITMOHHBINA UHTEPBAI T, COACpIKAITUI
CyMMY OPTOTOHAJIbHBIX HH(OPMAIIMOHHBIX MTOJAHECYIUX C TIepe/laBaeMbIMU JaH-
HBIMH U TIJIOT-TOHOB. KoHeuHas yacTh MHGOPMAIIMOHHOTO HHTEpBaa 1yO0Iupy-
eTcst B Buje npedukca Ty, IPUCTHIKOBAHHOIO K Hayaly MHQOPMAIIMOHHOTO WH-
TepBaia. HauanpHas yacTe MHGOPMAIIMOHHOTO MHTEpBaIa AyOIUPYETCS B BUJIC
3aIIUTHOTO MHTEpBaJia |,, MPUCTHIKOBAHHOTO K KOHIy MH(OPMAIMOHHOTO WH-
TepBaia. Jjis ymeHbIIeHUs1 OOKOBBIX JICTIECTKOB B CIIEKTPE CUTHAIA JJAHHBIC B 3a-
IIMTHOM MHTEpBAJE U B Hauaje npedurca MOAyIUPYIOTCS 110 aMIUTUTY e (Jare
BCETO UCTIOIB3YETCS BPEMEHHOE OKHO IIPUTIOTHSATHIN KOCHHYCY ).

~

T‘l Tu T:

«—>i< > e

MNpedukc NHPOpMaLMOHHDI MHTEpBan 3aWUTHBIA HTEPBan

Puc. 1. Bpemennas cmpykmypa OFDM-cumeona

B ocHOBHOI MoaenupyoLIe nporpaMme py CO34aHUU TUITOBOU MOCIIEN0-
BaresibHOCTH  OFDM-cumBonoB mnpenpiaymuii v nocneaywomuii  OFDM-
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CUMBOJIBI JOJDKHBI HE MPOCTO MPUCTHIKOBBIBATHCS OAMH K JIPYroMy, a Hadajo
npedukca MocaeAyIero CMMBOIa J0HKHO CYMMUPOBATHCS C 3alIUTHBIM HH-
TEpBaJIOM IPEIbIAYLIEr0 CUMBOJIAa TaK, KaKk MOKa3aHo Ha puc. 2. ITo obecneun-
BaeT «MATKOE» BKIIOYEHHUE U BHIKITIOYEHHE MTOCIIEI0BATEILHOCTH CUMBOJIOB U CO-
KpamaeT O0IIyI0 ITUTEIbHOCTh HEU30EKHBIX MEPEXO0/IHBIX MPOIIECCOB B YaCTOT-
HBIX (QUIBTpaxX TPaKTa Mepeaaun, YKOpauuBaroumx npe@ukce (JUIMTEIbHOCTD 3a-
HMIUTHOTO MHTEpBaia 0ObIYHO OepeTcsi paBHOW NITUTEIBHOCTU 3TUX MEPEXOJIHBIX

IIPOIIECCOB).
T Tyii I:ii

+ MpeaplayLmii cumeon Ty y 1z i

Mocnegyrowmin cMMBon

NocnepoBaTenbHOCTb CUMBOJIOB

Puc. 2. Bpemennas cmpyxmypa OFDM-cuenana

Bo3MmokeH W 4YacTHBIM Ciy4daid, KOrja MNPeAblIylIuid W TMOCICTYIOIIUN
OFDM-cuMBOJIBI «CTHIKYIOTCS» 0€3 HAJIOKEHHUS 3alIUTHOTO MHTEepBaja Mpe/bl-
IYIIEro CUMBOJIA Ha Mpe(UKC MOCIEYIOUEro CUMBOJIA; 3a30p MEXKy HUMU 3a-
naercs napaMmerpoM T, (mays3a). BpeMeHHas cTpykTypa NOCIEIOBATEIbHOCTH

OFDM-cuMBOJIOB B 3TOM clTydae Ioka3aHa Ha puc. 3.
TQ i-1 Tu i-1 7‘: i-1 rui Tu i Tz i

Mpeablaywmin cumeon Mocnepgyowmin cumeon

—| T, |—

Puc. 3. Bpemennas cmpykmypa OFDM-cuenana ¢ nayzamu

JUIsi MOCTpOEHHs MPOTrpaMMBbl, MOJECIHMPYIOLIEH BeCh TPAaKT TMeperayu
OFDM-curnana, Obiia paspaborana Ha s3eike LabVIEW mnomnporpamma
«OFDM»y dopmupoBanus oqunounoro OFDM-cumBona o puc. 1 ¢ Bo3MOXHO-
CTBIO JI00aBJIEHHUS B €r0 Ha4ajlo M KOHel nay3bl 1o puc. 3. Eciu Heo0xoaumo
CO3/1aBaTh CUTHAJ 10 PUC. 2, TO JUIMTEIBHOCTh Nay3bl HYXKHO 3a7aTh paBHoi 0, a
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CYMMHPOBAHHE CUTHAJIOB 3alllUTHOIO MHTEpBaja W HadyaJbHON YacTh mpedurca
CJIEYFOIIETO CHMBOJIA JIeNIaTh OTJEIBHO, BHE pa3pab0TaHHON MOMPOTPaMMEI.

B texcre ocHOBHOI mporpammel noamnporpamma « OFDM»y umeer Bua, mo-
Ka3aHHBIN Ha pHC. 4 ¢ 0003HAYCHHBIMU BXOJJaMH M BBIXO[AMH.

AMANAT bl MMNOT-TOHOE
BPSK

QPSE Manoca wactoT OFDM-aameona, My
Maccve nepeaas Yicen 11 CHeweHke cnekTpa nepeg OBNE. ..
Mogynaua ——] Belxog OFDM
Pazmep OBMD, en . ZELH MHAEKCEl MMNOT-TOHOE M HEYLLER
Fauckp, My OKHO-KOHEeL,
Konuy MHDOPMAL, NOAHECYLLMX OKHo-Ha4ano
Koy NMNoT-ToHoOE —— LAnWT naysel, C
Mg, Kon oTcd B npedukce ONKT 3aWKMTH MHTEpBana,
Mz, KonoTod B 33l MHTEpE AnuT npedwkca, ©
MNp, KonoTodBnayse ———— AnuTt OFDM-cumMeona, ©
Maysa 1 npedikc Konmy oTcd B OFDM-cumBone
AnuT Aapa, ©

DBles KONMY NOAHECYLLMX

Puc. 4. Iloonpoepamma OFDM ¢ exooamu-evixooamu

[Toanporpamma «OFDM» popmupyet KoMILIEeKCHBIN (KBaApaTypHbIN) CUT-
HaJ1 B monoce 4acTot oT -0,5*Forpm 10 +0,5*Forpm, e Forpm — IoJ1oca yacToT
OFDM-cuMBoma. JTa 1ojoca 4acToT a paCCUUTHIBAETCS MO 33aBAEMbIM MOTPO-
rpaMme mapaMmeTpam.

Bxoppr:

AMIUTUTYbI UJI0T-TOHOB — MACCHUB KOMILUIEKCHBIX aMIUTUTY, KaXIOMY
MUJIOT-TOHY aMILTUTY 1a U (ha3a MOTYT OBITh 3aJaHbl UHIUBUTYJIBHO;

BPSK u QPSK — MaccuBbl KOMIUIEKCHBIX aMIUIUTYJ UHPOPMAIMOHHBIX
MIOJTHECYIIIHX, COOTBETCTBYIOIIUE MepeaaBaeMbIM drciiaMm «0» u «1» (BPSK) umu
gucaam «0», «1», «2» u «3» (QPSK);

MaccuB nepeaaB 4mcesl — MACCUB BEIIECTBEHHBIX NEPEIaBaeMbIX YHCEII,
KOJIMYECTBO KOTOPBIX JOJIKHO OBITh YETHBIM M PAaBHO KOJUYECTBY MH(MOpMaIu-
OHHBIX TIOJTHECYIIIHX;

Mopayasimusi — yripasisitomas koncranta: 0 — BPSK, 1 — QPSK;

Pazmep OBII®, ex — 1iinHa MacCMBa KOMIUIEKCHBIX CIIEKTPAJIbHBIX COCTAB-
JSIOMIUX, K KOTOPOMY MPUMEHSETCS OOpaTHOE TUCKPETHOE MpeoOpa3zoBaHUE
Dypse;

Fauckp, 'l — yacToTa qucKkpeTrU3aIii BEIXOAHOTO KOMIUIEKCHOTO Kojeba-
Hus OFDM-cumBona;

Koauu nndopmai nogHecymux — KOJUIECTBO OPTOTOHATBHBIX MOAHECY-
X (JOJKHO OBITHh YETHBIM YHCIIOM), Ka)Jas TMOJHECYyIIas MePEHOCUT OJTHO
YHUCJIO U3 MAacCHBa IMepeaBaeMbIX YHCEN: MEPBOE YHCIO MAcCHUBa TMEpPEeaacTCs
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MOHECYIIEeH ¢ MaKCUMaJIbHOM (IT0 MOJYJII0) OTPUIIATEIbHOM YacTOTOM, ITOCE/-
HEe YHMCJIO — MOJHECYIEeH ¢ MaKCUMAaJIbHOM TOJIOKUTEIIPHOM YaCcTOTOM; TOTHE-
cymas ¢ yactotor 0 OTCYTCTBYET (10JKHA UMETh aMIuTy Ay 0 — 3aaeTcs B Mac-
CHUBE «AMIUTUTY/IBI TUJIOT-TOHOBY);

Koan4yecTBO MUIOT-TOHOB — JIOJDKHO OBITH YETHBIM YHCIIOM; TOJIPO-
rpaMMa caMOCTOSITEIbHO BCTABIISET MUJIOT-TOHBI CPEIM TOJTHECYIIUX paclpeie-
JIsis1 ©X PAaBHOMEPHO;

Ng, Koa orcu B npedukce — KOJIMUYECTBO BPEMEHHBIX OTCUETOB B Ipe-
bukce OFDM-cumBoia;

Nz, Ko oTcu B 3a111 HHTEepBaJie — KOJIMYECTBO BPEMEHHBIX OTCUETOB B 3a-
muTHOM uHTepBasie OFDM-cumBona,

Np, KoJ oTcu B may3e — KOJIM4E€CTBO BPEMEHHBIX OTCYETOB B [1ay3€ MEXKITY
OFDM-cumBoIamu;

Iay3a u npedukc — yrpapisronias KOHCTaHTa, ONPEACIISIONIas CTPYKTYPY
dbopmupyemoro OFDM-cumMBosia 1 BeIOMpaeMasi U3 MepeyHs:

«0» — «ITay3a+ nped co crinax» (OFDM-cumMBOI UMEET CTPYKTYPY IO PUCYHKY
3);

«1» — «ITay3a+ nped 6e3 crim» (OFDM-cuMBOIJI UMEET CTPYKTYPY IO PUCYHKY 3,
HO 0€3 3aIMTHOrO MHTEPBaJla U KOCHHYCHOT'O CTJIaKUBAHHUS Haydajia rmpedukca);
«2» — «Ilay3a» (OFDM-cuMBOI UMEET CTPYKTYPY MO PUCYHKY 3, HO 03 3aIuT-
HOTO MHTEpBasia U IpeduKca, T.€. «ray3a — UHHOPMAITMOHHBIA UHTEPBA);

«3» — «Ilay3a+ nped co crinax» (OFDM-cumMBOI UMEET CTPYKTYPY IO PUCYHKY
3);

Beixoppr:

IMosoca yactor OFDM-cumBoJaa, I'ny — mojoca gacTor GpopMupyemMoro
OFDM-cuMBoOma; pacCUMTHIBAETCS MTOANPOTPAMMO TIo popmyiie

YacroTa muckpernzaiuu * O6mee koauy noaHecymux / Pazmep OBII®D, ex;

CMmemenue cnekrpa nepen OBII® — cnyxeOHas mepeMeHHasi, MOKa3bIBa-
0I1ast BEJIMYMHY CMEIeHUsT (POPMHUPYEMOTO CIEKTpa MOJHECYIIHUX C MAJIOT-TO-
HaMHU TI0 OCH YacTOT, MPU KOTOPOM COCTAaBIISIOINIAS «HECYIash» TMOJTydnsa 4a-
ctoty 0;

Boeixon OFDM — maccuB KOMIUIEKCHBIX OTCUETOB C(HOPMHUPOBAHHOTO
OFDM-cumBona;

NHpexchpl NWJIOT-TOHOB U Hecyllel — CITyKeOHBI MAaCCUB JIJIs1 KOHTPOJIS;

OxHo-koHel 1 OKHO-HA4aJI0 — CITYKEOHbIE MAaCCUBBI JJIs1 KOHTPOJIS;
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vt nay3sl, ¢, JauT 3amuTH uHTEepBaJaa, ¢ Jdaurt npedukca, ¢, — Jaur
OFDM-cumBoJia, ¢ — city>ke0HbIe JaHHbBIC 1JI1 KOHTPOJIS ITapaMeTpoB GOpMUPY-
€MOT0 CUMBOJIA;

Koauu orcu B OFDM-cuMBoJIe — KOJIMYECTBO BPEMEHHBIX OTCUETOB B
chopmupoBanHom OFDM-cumBosie;

JIMT sigpa, ¢ — JTUTeIbHOCTh HH(OPMAIIMOHHOTO HHTEPBaia B CPOPMUPO-
BanHoM OFDM-cumBoie;

OO0mree KOJIUY MOJHECYIIUX — PACCUUTHIBAETCS MOAMPOrpamMmoit mo ¢op-
MyJie

Pazmep OBII®, en + KonuuectBo nmnot-TonoB + Ng + Nz + Np +1.

OyHKIMOHANIBbHAS Auarpamma noamnporpaMmmsl « OFDM»y mokazana Ha pu-
CyHKeE D.

J1J1st 4acTHOTO clly4asi 3HAYSHHI MapaMeTpoB MOJTy4aeMbIe CIIEKTPAIbHBIC U
BPEMEHHbBIE TMarpaMMBbl MTOKa3aHbl Ha puc. 6, 7, 8 u 9:

- cTpykTypa — «[lay3a+ nped co crimaxy;

- pazmep OBII®D = 256; Ng =48; Nz =8; Np = 60;

- Fauckp = 8 xI'1;

- Moy — «QPSK»

N3 puc. 6 BuaHa CTpyKTypa (POPMUPYEMOT0 aMILTUTYIHOTO CIIEKTpa spa
OFDM-cuMBoma: BUIHBI 8 THJIOT-TOHOB C aMILUIATY 10k 2 B, onuH TOH — «Hecy-
mras» ¢ amrumatyaoi 0 B; octanbHbIe ClieKTpaibHbIE COCTaBIsIONINE — MH(POpMa-
IIMOHHBIE (Bce OHU UMeIoT aMiuutyny 1,414 B, HO pa3Hyto a3y B 3aBUCUMOCTH
OT TmepesaBaeMoro ymcia). [Ipu 3ToM 3TOT CHIEKTp yKe CMEIIEH 10 TOPU30HTAIH
TaK, YTO HOMEp YaCTOTHOU TOUKH «Hecyuiei» paBeH 128 u OBII® ¢ napameTpom
Shift = true OymeT uHTEpIIPETHPOBATH €€ Kak YacToty 0.

Ha puc. 7 mokazana BpeMeHHas guarpaMMa KOMIUJIEKCHOTO KoJieOaHUs
«winpa»y OFDM-cuMBona — oOpatHoro mpeoOpaszoBanus Dypbe criekTpa mo pu-
cyHKy 6. KonnuecTBO Touek BpEMEHHOM IuarpaMmMbl paBHO pazmepy OBIIO.

Ha puc. 8 mokaszana BpemMeHHas guarpaMma KOMIUIEKCHOTO KOJeOaHUs
chopmupoBannoro OFDM-cumBoia, umeromero cTpykrypy: naysa (30 orcue-
TOB), TipeuKc (48 OTCUETOB) CO CIIIAKEHHBIM HAdaJioM (MEPBHIE 8 OTCUETOB),
a1po (256 0TCYETOB), CIVIAXKEHHBIN 3allIUTHBIN MHTEpBa (8 OTCUETOB) U May3a
(30 orcueroB).
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Puc. 8. Bpemennas ouaepamma OFDM-cumeona

Ha puc. 9 mokazan aMIiuTy IHbIN CIIEKTP KOMIUIEKCHOTO Koyie0aHus cdop-
mupoBanHoro OFDM-cumBoua. BuiHo, 9to u3-3a qo6aBiaeHus K saApy npedukca,
3aIIUTHOTO MHTEPBAJIA U May3bl CTPYKTYpPa CIIEKTPa CYIIECTBEHHO OTINYAETCS OT
cniektpa 1o puc. 6. YToObl yMEHBIIUTH YPOBEHb BHETIOJIOCHBIX M3TyUYeHUH B Tie-
penaromeM ycTpocTBe cpOPMUPOBAHHBIN CUTHAJ MPOIMYCKAIOT Yepe3 MOJ0CoM
GUIBTP € MOJIOCOM MPOMYyCKaHus (B ’TOM YACTHOM CJIy4ae) OPUECHTUPOBOYHO OT
-1,5 xI'y mo +1,5 kI'm.

Jlist mepenauu no paauokanany chopmupoBanubiii OFDM-cumBon HY)KHO
MIPOUHTEPIIOIUPOBATH (MTOBBICUTH YACTOTY IUCKPETU3AINH ), KBAIPATYPHBIM IIpe-
oOpasoBareyieM 4acTOThl YBEITMYUTh YaCTOTY HECYIEH, OTHY U3 COCTABJISIFOIITUX

curHaia (00bruHo Re) mponyctuth yepe3 IIAII u BblmaTh Ha BHIXOJHOM YCHIIH-
TEJb NepeaTunKa.

T

Puc. 9. AMngumyOHbzu cnexkmp OFDM-cumesona
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BriBoanbl

B pab6ore onmcana paspadorannas Ha s3sike LabVIW noanporpamma dop-
mupoBanusi OFDM-cumBoia, Aat0TCs MOSICHEHUS 110 CTPYKTYpe GopMHUpPyeMOro
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YK 621.396
Pri6akoB JImutpuii ['puropseBuy, bemikoB Auapeii Hukonaepuu

MOJAEJIMPOBAHUE ®OU3NYECKUX ITPOOECCOB B
QJIEKTPOHHOM MOJAYJIE YIIPABJIEHUSA «YMHbBIM» 1OMOM

B pabome npusedenvl pe3yibmamul 4aCMOMHO20 AHAIU3A NEYAMHOU NAAMbl
MOOYISL YAPABNeHUST YMHBIMY» OOMOM. DKCHEePUMEHMbl NPOBOOUTUCL 8 NPOSPAMMHOLU
cpede SolidWorks Simulation. /[ns evinonnenus uccieoosanuii Ovlia pazpabomaua
mpexmepHasi Mooeib neuamuou niamol yempotcmea 6 npoepamme SolidWorks ¢ ycma-
HOBJIEHHbIMU HA Hee YNPOUWEHHBIMU MOOETSMU KOMIOHeHmOos. B xo0e uccredosanus ul-
NOJIHEH YaCMOMHbII AHATU3 NeYAMHOU NIAmbl, ONpedeleHbl COOCMBEHHbIE YACTIOMbL
KOHCMPYKYUU.

Mooyne ynpaenenus, «yMHbuII» 00M, UCCEO08AHUE.

Rybakov Dmitry Grygorievich, Belikov Andrey Nikolaevich

MODELING OF PHYSICAL PROCESSES
IN THE «SMART» HOUSE CONTROL MODULE

The paper presents the results of frequency analysis of printed circuit board of
the «smarty house control module. The experiments were carried out in the SolidWorks
Simulation software environment. To perform research, a three-dimensional model of
the device's printed circuit board was developed in the SolidWorks program with sim-
plified models of components installed on it. In the course of the study a frequency anal-
ysis of the printed circuit board was performed, natural frequencies of design were de-
termined.

Control module, «smart» house, research.
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BBenenue

MonenupoBanue sBiseTCs 3G(HEKTUBHBIM HHCTPYMEHTOM JIJISl JOCTHXKE-
HUS 1IeJIe MPOEKTUPOBAHMUS, TTO3BOJISAS TECTUPOBATH MPOCKTHBIC PEIICHHs 0e3
00JBIIKX 3aTpaT. B 4acTHOCTH, KOMITBIOTEPHOE MOJICITUPOBAHIE UMEET MHOXKE-
CTBO MPEUMYIIIECTB MPH Pa3padOTKe PaTu0IICKTPOHHOM ammapaTyphl, O1aromapsi
pa3HOO00pa3MI0 MPOTPAMMHBIX MPOIYKTOB, MPEIHA3HAYCHHBIX JJI CO3/IaHUA U
paboTel ¢ MogenssmMu. OHO MOXKET TTIOMOYh WHXEHEpaM BU3YaTH3UPOBAThH BIIHS-
HHUE MapaMeTpOB Ha pe3yJIbTaT, CUCTEMAaTH3UPOBATh UX U JaTh TOUYHYIO OICHKY
[1-4].

[lenpto paboOTHI SBISETCA OCYIIECTBICHUE MOJICIUPOBAHUSA (PUIUUECKUX
IIPOLIECCOB, MPOTEKAIOIIUX B MOJIYJI€ YIIPABICHUS «YMHBIM» JOMOM Ha MpUMEpPE
4acTOTHOTO aHanu3a. [[Jist mosrydeHus: pe3yIbTaTOB MOJICTHUPOBAHUS U JTaTbHEH-
IeT0 aHaJIn3a, aBTOPOM ObUTH MPOBECH CIETYIONTNI SKCIIEPUMEHT:

— YaCTOTHBIN aHAJIN3 MMEYaTHOW TUIATHI MOYJISl YIIPABICHUS «YMHBIM» JIO-
MOM U OIpe/ieNIeHHe COOCTBEHHBIX YaCTOT KOHCTPYKITUH.

OcHoBHast YacTh

B pabote paccmaTtpuBaeTcsi meyaTHas Iutata MOAYJIs yIPaBICHUS «YMHBIM
nomMom» Ha 0aze mukpokoHTposuiepa ATmega32A-AU. JlanHoe ycCTpOHCTBO
NpeIHA3HAYCHO NI BKJIFOYCHHS W BBIKIIOYCHHUS CBETA, PETYIMPOBKU SIPKOCTH
ocpereHus. Cxema aJIeKTpruIecKas MpUHIMITAAIbHAS B3sTa U3 KypHana « Pagnoy
HoMmep 1 3a 2020 rox [5, ¢ 45-49].

J11st TOTO, YTOOBI CIIPOEKTUPOBATH BHIOPAHHOE YCTPOMCTBO, CHavYaa HeoO-
XOJMMO HAWTH TEXHUYECKYIO qokyMeHTanuto (datasheets) Ha Bce 37eMeHTHI Tie-
yaTHOMU 1aThl. [lociie mo reomeTprueckum mapaMerpaM He0OX0AUMO CKOHCTPY-
UPOBATh YIPOIIECHHBIE MOJIENIN KOPIYCOB JIEMEHTOB M OCYIIECTBUTDH JaIbHEH-
11y cOoOpKy kKoMmoHeHToB B mporpamme SolidWorks. J{st 9Toro Hy»kKHO CO31aTh
JIOKyMEHT, BCTaBUTb BCE DJJIEMEHTHI, BXOJAIIME B COCTAB MPOEKTUPYEMOTO
YCTPOWCTBA, PACHOJIOKHUTh UX HA TICYATHOMW TIJIaTe W 3a/1aTh YCJIOBHS COIpPSIKE-
HUA. DTO JENAeTCsl JUIsl TOTO, YTOOBI DJIEKTPOHHBIE KOMIIOHEHTHI ObLIM TPUBS-
3aHbI K TIEYaTHOU 1IaTe. B mpoTUBHOM ciyuae, ucciaeaoBanue OyeT HeBEPHBIM
BBH/Iy TOTO, YTO 3JIEMEHTHI OYAYyT «BUCETH B BO3IyXe», HE OyAyT 3apMKCUPOBAH-
HbIMHU. B paboTe ocymiecTBISUIUCH YCIIOBUS CONIPSKEHUS 110 TpeM Toukam. J{anee
HY>)KHO TIPOBEPHTPH ICUATHYIO TUIATy HA HAJMYHE SBJICHUS WHTEP(PEPEHIUU U
TOJIBKO TIOCTIE ATUX JIEUCTBHIM MOKHO MPHUCTYMATh K MOACIUPOBAHUIO (pU3HUe-
CKHX TIPOIECCOB, MPOUCXOASANINX B MPOEKTUPyeMOM ycTpoiicTBe. [lewaTHas
IiaTa ¢ YCTaHOBJICHHBIMH Ha HEe KOMIIOHECHTAMHM, CIIPOSKTHPOBAHHAS B TIPO-
rpamme SolidWorks, npencrasiena Ha puc. 1.
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Puc. 1. Tpexmepnas mooenv neuammot niamoi

J1J1s1 BO3MOKHOCTH CO3/IaHMSI CETKU M YMEHBUIEHUSI BpEMEHU pacyéTa npo-
LECCOB, MOJIENIM ObUIM YTPOILEHBI. bbUlM yJlaneHbl HEKOTOPbIE MEJIKUE JI€Talu
(SMD xommnonentsl B kopiyce 0402, 0603, 0804 u 1206), BEIBOJIBI HEKOTOPBIX
ANEKTPOTUTUUECKUX KOHIEHCATOPOB U TPAH3UCTOPOB. YTPOUIEHBI MEJIKUE BbI-
pe3bl U Ma3bl Ha BCeX dJeMeHTax. J[aHHbIe HU3MEHEHUs CYIIECTBEHHO Ha Pe3yJib-
TaThl MOJICITUPOBAHMSI HE TIOBIUSIIOT [6]

[Ipy co3gaHuM mnedaTHOM TIUIAThl OBLIO HCIOJIB30BAHO OCHOBAaHHE
pazmepoMm 100x50x%1,5 mm. B kauecTBe maTepuana OCHOBaHUS ObLIT BRIOPAH CTEK-
norekctonut FR-4. CootHomenue ctopod ocHoBanus 2:1. Bee kpynHoradaput-
HBIE 3JIEMEHTHI ObLIIM pa3MEUIeHbl Ha KpasiX OCHOBaHUS, TJIaBHbIE (DYHKIIMOHAJIb-
HbIE€ KOMITOHEHTHI — OJIMKE ApYT K ApYyry B HeHTpe. KpenexxHbie 0TBEPCTHS MOA
BHUHTBI PACTIOJIOKEHBI IO YIJIaM MeYaTHOM IJIATHI.

W cxonHbIMU JaHHBIMH JIJIS1 BBITIOJTHEHUSI YACTOTHOT'O aHAJIN3a SBJIIOTCS:

— TeoMeTpUYeCKre pa3Mepsl meuaTHoi iatel:100x50x1,5 mMM;

— JMana3oH YacToT, B KOTOPBIX OYIyT UCCIIEI0OBATHCA MeYaTHBIE MJIAThI;

— MaTepHalibl, KX CBOMCTBA U K KAKUM KOMIIOHEHTaM OHU MPUMEHSIOTCS.

— CIoCco0 3aKpeIICHUS TICUYATHOH IIaThl (110 YETHIPEM OTBEPCTHSIM);

Hccnenyemoe ycrpoiictBo ommckiBaeTcs ctangaprom ['OCT 24.104-85
«ABTOMaTH3UPOBAHHBIC CHUCTEMbI YIIpaBiIeHUs» [/], HO TMOCKOJIbKY JTaHHBIM
I'OCT He ycTaHaBIMBaeT 3HAUYCHUS JECTAOMIU3UPYIOMMX (PaKTOPOB 11si BUOpa-
MY ¥ MEXAHUYECKHUX yAapOB, B KAYECTBE ONPECICHUS 3HAUYCHU I TaHHbIX Mapa-
MEeTpOB OyAyT UCIOJIb30BaHbl 3HAUECHUS BO3/ICUCTBYIOMUX (PAKTOPOB JJIs1 HA3EM-
HbIX POC, k Ki1accy KOTOPBIM OTHOCHUTCS IPOEKTUPYEMOE yCTPOUCTBO. [[namna3zon
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BIMSIOMMX YacToT s HazeMHBIX POC cocraiseT 10-70 'y [8]. JlanHble 1o Ma-
Tepuajam, B3aTeie u3 mporpaMmbl SolidWorks, npeacrasinenst B Tabmuiie 1 [9].

Taomuna 1

Matepuaisl, Hcnosb3yemblie s deMmenTos [111 [9]

Marepuai

CaoiicTBa

KomnoueHTHI

Coias amomuausa 1060

Monyns ynpyroctu: 6,9e+10 H/m?
Koa¢ppummenrt Ilyaccona: 0,33
Monyns casura: 2,7e+10 H/m?

MaccoBast IioTHOCTE: 2700 kr/M>

KBapuesslii pesonarop,

AHAOI

Crexinorekctoiut FR4

Monyns ynpyroctu: 3,02e+10 H/m?
Kosddumment Ilyaccona: 0,22
Monymns capura: 3,2e+8 H/m?

MaccoBast IoTHOCTE: 1900 kr/m>

IleyaTnag miara

Monyns ynpyroctu: 2,2e+11 H/m?
Kosddumment Ilyaccona: 0,22

Konnencaropsl, npeno-

Monyns casura: 4e+10 H/m?

MaccoBast IIoTHOCTE: 8900 kr/M°

Kepastitka hapop Monymns casura: 9,04e+10 H/m? XPaHUTENb
MaccoBas mioTHocTh: 2300 kr/m’
JlaTumku, KHOIIKH, pe3U-
Monyns ynpyroctu: 2e+9 H/m? CTOpBI, pa3bEMBI, OIl-
ABS Koaddunuenr Ilyaccona: 0,394 TPOHBI, TPAH3UCTOPBHI,
Monymns capura: 3,2e+8 H/m? MUKPOKOHTPOJLIEP, TThe-
MaccoBas miotHocTh: 1020 kr/m? 30M3ITy4yaTesib, CBETO-
ANOoNA
Monyss yrpyroctu: 1,1e+11 H/m?
Mo Koa¢p¢punmenr Ilyaccona: 0,37 Karynikn nHIyKTHBHO-

CTH

Jlnst MmopenupoBaHus MexaHudeckux mporeccoB B SolidWorks ucrons3y-
ercs nobasienue SolidWorks Simulation. Jlns Hauana MogenrpoBanust COOCTBEH-
HBIX YaCTOT MNEYATHOM MJIAThl CO3AAETCS YaCTOTHOE MCCaeqoBaHue. /lanee B Je-
pEeBe UCCICIOBAHUS TS KAXKI0T0 KOMITOHEHTa 3a1aéTcst Marepuait. [locie uepes
IPaHUYHbIC YCIIOBHS HEOOXOAUMO MMHUTHPOBATH (UKCHUPOBAHHE IUIATHI B KOP-
Myce BHHTaMH (/11 3TOTO Ha MMEYaTHOM IUIaTe CCIaHbl YeThIPe OTBEPCTHS 110 3
MM Kaxoe). [l atoro 3amaérest kperuieHue «3apuKCUpOBaHHAS T€OMETPHSY,
KOTOPOE OTPaHHYHUT MepeMelneHne miaTel. OUKCHPOBAHUE OTBEPCTUIH HYIKHO
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MIPUMEHSTH K UX TpaHsaM. JlaHHbIE YCIOBUS UMUTUPYIOT KPEILJICHUS IJIAThI K KOp-
MyCYy YEThIPbMsI BUHTaMHU.

[Tocne 3amanusi rpaHUYHBIX YCIOBUM HEOOXOAMMO CI€HEPUPOBATH CETKY.
Jliist aTOro B JepeBe uccienoBanus Hy>kHO HaxaTh [IKM Ha ceTky u BbIOpaTh
«Co3nath cetky». [locne B MeHeKepe CBOMCTB 3aJ1aTh MNIOTHOCTh CETKH Yepe3
MOJI3YHOK WJIM BPYYHYIO Y€pe3 MapaMeTphl U 3allyCTUTh MOCTPOCHUE CETKU IS
monenupoBanus [10].

Hanee naxumaem IIKM Ha ucciaenoBaHUE M Ha)KUMaeM BBINOJIHUTH. 110
OKOHYAHMIO aHAJIM3a MPOorpaMmMa BbIJIACT 3HAYEHUST PE30HAHCHBIX YacToT (puc. 2) .

HazeaHwe wccnegoeaHnAa:HactoTa 3

Fesaam Mo, ‘—Iau::TDTHb|H|:F"EI,£I.-"|::E|-:]|| ‘—Iau::TDTHb|H|:Fep|_|,]||

26027 414,23
Z B4979.9 11104
3 72449 11831
g 12 360 1 967.1
5 13872 22238

Puc. 2. Cnucox pezonanchvix uacmom

HauboJsiee 3HaUMMOM 9acTOTOM SIBIIICTCS IICPpBasdA, TaK KaK OHaA SABJIACTCA
MUHUManbHOU. Ha pHuc. 3 MMpCACTAaBJICHBI PC3YJIbTATbl MOJACIIMPOBAHUA 9aCTOT-
HOT'O0 aHaJIn3a, H306pa>I<eHa ,ue(bopMaumI TCYaTHOM IJIaTHI.

Twn 3ntopel: YacToTHEIA Amnantyaal
®opma KonebaHwi : 1 3HaueHwe = 414,23y PE3AMI
Lkana aedpopmaunm: 0,00120557

9,124e+00

8,212e+00
_ 7.299e+00
_ 6,387e+00
_ 5475e+00

4,562e+00

3,650e+00
_ 2,737e+00
1,825e+00

9,124e-01

0,000e+00
E=]vopma konebanuii: 1

Puc. 3. Pe3ynomam modenuposarus coOCmeeHHOol Yacmomsi KOHCMPYKYuu
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N3 pucyHka BUHO, 4TO 3HAUEHUE YACTOThI cocTaBisieT 414 I'1, uTo sBIIS-
€TCsl PUEMJIEMBIM PE3YJIbTATOM, TaK KaK 3HAYEHWE KOHKPETHOM PEe30HAHCHOM
4acTOTHI HE monaaaeT B guana3oH oT 10 10 70 'ty 1 3HaYUTENBHO MPEBBINIACT ATU
3HAYCHHUS.

BriBoabI

B pesynbTrare BeInoHEHUS paOOThI OBLIO BRITIOJHEHO MOJICIUPOBaHKE (Pu-
3UYECKUX MPOIIECCOB, MPOTEKAIOIIMX B MOJIYJIE YIIPABICHUS «YMHBIM JJOMOM» Ha
IpUMepe YacTOTHOTO aHaiu3a. bbuta momyyeHa coOcTBeHHas (pe30HaHCHAs ) Ya-
cToTa KOHCTpYyKIuu 414 I'u. JlaHHOE 3HAYEHHUE 3HAYUTEILHO MIPEBBIIIACT JUarna-
30H BIIMSIIOIIUX YACTOT, IIO3TOMY YCTPOMCTBO MOKET MCIOJIB30BATHCS Ha IMPaK-
THKE.
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MOJAEJIMPOBAHUE TEIIVIOBBIX ITPOIECCOB, ITPOTEKAIOIIINX
B 9JIEKTPOHHOM MOJYJIE 3BYKOBOI'O NTIPEAYCHUJIMTEJIA

Ilposedeno modenuposariue menyiogvix npoyecco8, NPOMEKAIUUX 8 IJIeKMPOH-
HOM MoOyie 38yK08020 npedycunumens. Ilpousseden ananuz pesyibmamos. ¥Ycmanos-
JleHbl memnepamypsl paouosiemernmos. Coenan 661800 0 HEOOXOOUMOCMU OONOJIHU-
MENbHO20 OXNANCOCHUSL.

Komnvromepnoe moodenuposanue, mennosvie npoyeccol, 38YKO80U NpedyCulu-
meib.

Belikov Andrey Nikolaevich, Rybakov Dmitry Grygorievich

SIMULATION OF HEAT PROCESSES OCCURING
IN THE ELECTRONIC MODULE OF THE AUDIO PREAMPLIFIER

The simulation of thermal processes occurring in the electronic module of the
sound preamplifier has been carried out. The results were analyzed. The temperatures
of radioelements are established. The conclusion about the need for additional cooling
Is made.
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BBenenue

3BYKOBOM IIPe1yCUIIUTEIb — 3TO YCTPOHUCTBO, MOATOTABINBAIOIEE 3BYKOBOM
CUTHAJI K TMOJa4€ HAa OKOHEYHBIM ycHIMTENb (YCHJIUTETh MOUIHOCTH). Takxke
PEeIyCUIUTENN UCTIONIb3YIOTCS JJIs Pa3BsSI3KU MCTOYHHKA CUTHANIA M YCUITUTEIS
MOIIIHOCTH, C LIEJIBIO 3alUThI CUTHAJIA OT 3aTyXaHUs U3-3a HECTAOUIILHOTO COMPO-
THBJICHUS] BXOJIHOTO COTMPOTUBIICHHUS CIICAYIOMIET0 TpakTa.[3]

B cTaThe mpeacTaBieHo KOMIIBIOTEPHOE MOIETMPOBAHUE TEIIOBBIX MIPOLIEC-
COB, MPOTEKAIOIINX B SJICKTPOHHOM MO/TyJI€ 3ByKOBOTO MIPEAYCUIUTEINS, PE3Yhb-
TaT KOTOPOTO JAeT MPEJCTaBICHUE O HEOOXOAMMOCTH MPUMEHEHHUS JOTOTHU-
TEIBHBIX CUCTEM OXJIKJICHUS HA TEIJIOHATPY>KEHHBIX 2JIEMEHTAX.

OcHOBHas YacTh

JIJisi BBITIOTHEHUST MOJICTUPOBAHMS TEIUIOBBIX MPOIIECCOB, MPOXOSIINUX B
AIIEKTPOHHOM MOJIYJIE 11eJIeCO00Pa3HO BHITIOJIHUTD CIEAYIOMUE 6 3TaNoB:

1. 3agaaum 1esb MOJEIUPOBAHUS, JOCTHKEHHE KOTOPOM OTBEYAET Ha BO-
IPOC 0 HEOOXOAMMOCTH MPUMEHEHHUS JTOTIOJTHUTEIHHOTO OXJIaXKICHUS Ha TETUIO-
Harpy>KeHHBIX DJIEMEHTAX.

2. TlpoBeneM aHanM3 UCXOIHBIX JAHHBIX, B YACTHOCTHU. CXEMY DJICKTpHUE-
CKYIO MPUHIMITHAIBHYIO (MPeICTaBIeHa Ha PHC. 1), UCIIONIBb3YEMYIO 3JIEMEHTHYIO
0azy [4], a taxke BHemHHe TemmepatypHbie BozzaekcTBusa. CormacHo ['OCT
15150-69 B cOOTBETCTBUH C KIIMMAaTHYECKUM HcTioaHeHneM Y XJI 4.2 nmpeaenpHas
pabouasi Temrneparypa Bo3tyxa pH dKCIUTyaTaiuu ycTpoictBa cocrapiset 40°C.
[5].

3. Bribepem cpery KOMIbIOTEPHOTO MOJIETMPOBAHUS TEIIJIOBBIX MPOIECCOB.
B namewm ciydae Obuta BeiOpana cpea SolidWorks Simulation, kotopast oTBedaeT
BCEM TPeOOBaHMAM, HEOOXOIUMBIM 1J1s1 3(h(PEKTUBHOTO U KaU€CTBEHHOTO MPOBE-
JICHUsT MOJIeTpOBaHusL. [6]

4. Ha oCHOBaHUU CXEMBbI PJIEKTPUUECKON MPUHIUITHAIBHON MOCTPOUM KOM-
MBIOTEPHYI0 MOJIEIb JJISI UCCIEAOBAHMS, BBITIOHSIS IOMYyCTUMbBIC YIPOIICHUS U
anmpoKCUMAIMHU, KOTOPhIE 00JIeT4aT pacyeT, HO 3HAYMUTEIHLHO HE MOBIUSIOT HA
pE3yIbTATHI.

5. BemonHuM cam 3kcriepumMeHT. MoJeMpoBaHre TEIUIOBBIX MTPOLECCOB,
MIPOTEKAIONUX B MOJAYJIE, BKIIIOUYAET B ceOs: CO3AaHNe MPOEKTa UCCISIOBAHUS,
HAa3HAUYCHWE MaTepuaia IMEYaTHOM IUIaThl U AJIEMEHTOB, 3aJaHUE TPAHUYHBIX
YCJIOBHM (TeMrmeparypa OKpYKaroleid Cpenpl, MOIIHOCTh TEIJIOBBIICICHUS
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asieMeHTOB [7-11], TerooTiaua KOHBEKITMEH ), TOCTPOCHHUE CETKU KOHEUHBIX 3JIc-
MEHTOB, pacyeT, MOJYyUYCHHUE U BU3YyaJIU3allHsl pe3yJIbTaToB.
6. [IpousBeneM aHanu3 pe3ysbTaTOB MOACIUPOBAHUS.

Tﬁ

L
]

Puc. 1. Cxema snekmpuueckas npunyunuaibHas 36YK08020 NpeodyCuiumeris

B pesynbrare MoaenupoBaHus ObLIM MOJIyYeHa TEIUIOBasi KapTUHA HarpeBa
ANEKTPOHHOIO MOAYJIS. Pe3ynbTaThl MOAEIMPOBAHUS IPEACTABICHBI Ha pUC. 2.

Temp (Celsius)
20,91

. 76,81

]

. 68,60

. 64,50

. 60,40
56,30

Puc. 2. Temnepamypnas xkapmuna nous iuyeeou CmopoHvl ne4amuou niamol
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Hcxons u3 ModyydeHHBIX JaHHBIX, MAaKCUMallbHAsl TeMIiepaTypa HaOJro/a-
€TCsl Ha CTaOMIIM3aTOPE HAINPSIKEHUs C MOIIHOCTHIO TerioBblieneHus: 1 Bt, ero
temriepatypa coctaBuia 80,91°C. JlaHHoe 3HaueHUE TeMIiepaTyp IJsi TaHHOTO
AJIEMEHTA SIBJIAETCS JOMYCTUMBIM M 3HAYUTENBHO HUXKE, YEM IMPENECIBHOE, YCTa-
HOBJIEHHOE MPOU3BOAUTENEM. MUKPOKOHTPOJUIEDP, pacceuBaeMasi MOLUIHOCTh KO-
TOpOro cocTanisieT 2 BT 3a cueT Goiblei Miioia M KOHTaKTa ¢ IeYaTHOU IIIaTOM
UMEET MEHBIIYIO TeMIeparypy paBHyto 77,28°C, 4To BXOJIUT B AMAa3oH €ro pa-
O6ouux Temmepatyp. [pyrue, MeHee ropsiaue JIEMEHTHI TaKKe UMEIOT TeMIiepa-
Typbl 3HAUUTEIIBHO HUYKE NIPEAEIIbHBIX. 13 3TOro MOKHO cAenaTh BBIBOJ O OTCYT-
CTBUU HEOOXOJAMMOCTU MPUMEHEHUS JOMOTHUTEIBHOTO OXJIAXKIACHUS NIl ATOTO
MOZYJIAL.

BoiBOABI

BrINosHEeHO MOIENMMPOBAaHUE TEIJIOBBIX MPOLIECCOB, TPOTEKAIOIINX B JJIEK-
TPOHHOM MOJYJIE 3BYKOBOT'O MPENYCUIUTEINS. Y CTAHOBIIEHO, YTO MaKCUMaJbHas
TEMIIEPATYpa CaMOTO TEIUIOHATPY>KEHHOTO 3JIEMEHTA HAXOAUTCS B JIOITYCTUMBIX
npenenax. Heo6xoqumMocTh NpUMEHEHHS TOMOJIHUTELHOTO OXJIXKICHUS OTCYT-
CTBYET.
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YK 519.6
MakapoB AHaronuii Muxaiinosud, EpmakoB Anekcanap CepreeBud

TEOPHUSA OIIEPATOPOB MEJIVIMHA B OBPABOTKE CUTHAJIOB

B pazsumue meopuu u ee npunodxcenuti 0isi 00pabomxu npoyeccos, HeCyujux
UHGOpMAYUIO BAIICHYIO POTIbL Cblepaiu UHmezpailbHble npeobpaszosanus. Mame-
Mamu4ecku uHmezpaibHvle NPeodpa308aHus OCYWeCmeIsionm omoodpadceHue
NPOCMPAHCMBA UCXOOHOU NEPEMEHHOU 8 HOB0E NPOCMPAHCMBO HOBOL NepemeH-
HOU, MO ecmb OCYWeCMEISION OMOOPANCEHUEe MHONCECME JIeMEHMO8 Npo-
CMPAHCMBa Muna « MH020 8 00HoY. Llenvio pabomel aenaemcs obocHo8anue npu-
MeHeHUsl UHMe2PAbHbIX npeobpazosanuti Meinuna 6 KOHKpEemHuIX NpUiodice-
HUSIX, UCNOIb3YeMbIX 0151 00pabomKu u Mooeauposanus cueHanos. Ilonyuennvie 6
cmamve pe3yibmamsl NO360JISII0M NOCMABUMb 3A0aYy CO30aHUsL YUPPOBOU MO-
denu peanuzayuu npeoopazosanus Mennuna, Kak eOunHo2o Mooyis 8 8uoe om-
0eNbHOU BLIYUCTUMENbHOU NPOYEOYPbL.

lIpeobpaszosanus Mennuna, meopusi onepamopos, yugposas oopabomra
CUCHATL08.

Makarov Anatoly Mikhailovich, Ermakov Alexander Sergeevich
MELLIN OPERATOR THEORY IN SIGNAL PROCESSING

Integral transformations have played an important role in the development
of the theory and its applications for the processing of processes. Mathematically,
integral transformations map the space of the original variable into a new space
of a new variable, that is, they map the sets of elements of the space of the “many-
to-one” type. The purpose of this work is to substantiate the use of Mellin integral
transforms in specific applications used for processing and modeling signals. The
results obtained in the article allow us to set the task of creating a digital model
for the implementation of the Mellin transform, as a single module in the form of
a separate computational procedure.

Mellin transformations, operator theory, digital signal processing.

OcHoBHas yacThb

N3BECTHO, YTO BaXKHYIO POJIb B PA3JIMYHBIX IPUII0KEHUSIX ChITPAIN Pa3JINy-
HbIE WMHTETpaJIbHbIE MpeoOpazoBaHus, Hampumep, Dypove, ['mapbepra u Men-
nunal1,2,5,6,7].
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Baxknyto poiib B Teopun u(ppoBOTo npeicTaBieHrs HHPOpMAIIUU ChIrPalio
npeoOpazoBanue ['napbepTa, MO3BOIMBIIEE PACIPOCTPAaHUTH HUPPOBYIO 00Opa-
OO0TKY IIUPOKOIOJIOCHBIX CUTHAJIOB.

N3BecTHO MpUMEHEeHHEe MHTErpajabHOro nmpeodpazopanus Memmuna (I1TM),
oOecrieunBaroIiee MaclITaOHyI0 MHBAPUAHTHOCTh MOPOTOB PEIIAOIINX TPABUII K
MacIITaOHBIM M3MEHEHUSIM aHaJu3upyembix curHaion|3,4,8,9]. Cnenyer otme-
TUTh, YTO MpeoOpazoBaHue MeliMHa YK€ MOJY4YUIIO OTPaKEHUE B KauecTBe
y4eOHOT0 TocoOus i1k 00yUEHHS CTYICHTOB.

Becbma HHTEpECHO OTMETUTh IPUMEHEHUE TEOPUU UHTETPATBHOTO MPE00-
pa3zoBanust MeinHa B ¢pu3ndeckux npuiioskeHusix. OcoOblil HHTEpecC MpecTaB-
JISI€T TEOPUs PEUICHUSI HHTErPAJIbHBIX ypaBHEHU DpenroibMa Ha OCHOBE MYJIb-
TUTUJTMKATUBHOU XapaKTEPUCTHUECKOW (PYHKIMHU, MOPOKIaeMON MHTErpaIbHBIM
npeobpazoBanueM MemnHa. B paGote mpuBesieHa OCHOBHAsI TEOPEMA O pPaBEH-
ctBe [lapceBans, mo3Bojstomias MPUMEHATh HHTETpaIbHOE IMpeoOpa3oBaHUE
MemHa B NpUJIOKEHUSIX 00pabOTKU curHaioB. [IpuBomuTcs Teopus Criek-
TPaJIbHO-KOPPEISAIMOHHOTO aHAIN3a CITyYalHbIX MPOIECCOB B 0a31Ce UHTErPalIb-
HOTO npeoOpa3zoBanus MeivHa, B 4aCTHOCTH, Ha €€ OCHOBE JI0OKa3aHa TeopeMa
(ananor teopembl Bunepa-Xununna s npeodpazoBanusi Oypwe), pe3yibTaThl
KOTOPO MPUBOJAT K OCYLIECTBICHUIO MPOLIEAYPHI CUHTE3a ONTUMAIBHOTO MpPH-
€MHHUKa CUTHAJIOB Ha (JOHE HEM3BECTHOM KOppeNsauuoHHON PyHKImM myma. Ha
€ro OCHOBE pa3paboTaHa (yHKIMOHAJIbHAS CTPYKTypa OOHAPYKUTENSI CUTHAJIOB
Ha (POHE TayCCOBBIX MIYMOB C HEU3BECTHBIMH , AIPUOPHU, KOPPEISIITUOHHON (PyHK-
YEeW U JIUTEIbHOCThIO CUTHAJA.

PazpaboTana Teopus onepaTopoB, MOPOXKIAEMbIX CBEPTKOM MernuHa, mo3-
BOJISIIONIASL periaTh MHUPOKU kiacc auddepeHnnansubix ypaBHeHuit dpen-
rojikMa BTOPOTO POJia, U YTO OCOOEHHO BAXKHO - HAXOJWTH IMAPHI AJEP B3aUMHO
00OpaTUMBIX WHTETrPaJbHBIX MIPEOOpPa30BaAHUI 0 33JJaHHOMY OJTHOMY U3 SIJEP.

Kak moka3bIBaloT pe3yJbTaThl UCCIEIOBAHNM, KOTOPHIE MIPUBEICHBI B CTa-
The, MpeodpazoBaHre MeJuMHA MPOILIO MyTh OT MAaTeMaTUYECKOW TEOPUHU [0
pa3paboTKH €€ KOHKPETHBIX NMPUJI0KeHUH. J{abHEHIINE MPHUITOKESHHUSI OTMEUCHBI
B Ipyrux onmyOnukoBaHHBIX paborax. K mpumepy, B [11] mpuBeneno OwicTpoe
npeoOpa3zoBanue MenHa, KOTOPOE SBISIETCS aHAJIOTOM OBICTPOTO Mpeodpaso-
BaHus Oypobe. B 3TOM HampaBieHUN aBTOpaMu CTaTbu pa3zpaboTaHa TEOpHs ma-
paMETPUYECKHU MEPUOANUECCKUX TPUTOHOMETPUUYECKHU-TTOTapuMUIECKuX (yHK-
1. [lomyueHHbie pe3ybTaThl TO3BOJISIOT MMOCTABUTD 3a7a4y CO3JaHus [U(po-
BOW Mojenu peanu3anuu npeoOpazoBanus MemnHa, Kak €IUHOTO MOIYJS B
BUJE OTAECIbHON BBIYUCIUTEIBHON OPOLIEAYPHI.
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B paborte [12] paccmaTpuBaroTcs 3JIeMEHThI TEOPUU BEUBIIET IIpeoOpa3oBa-
HUsI MejuiiHa 11 CIIyXOBOM MOJIENM aKyCTHYECKUX CUTHAJIOB. B 3TOM Harpas-
JIEHUH HE0OXOUMO CO3/1aTh MaTeMaTHYECKYIO TEOPHIO BEHBIIET MpeoOpa3oBaHus
MennuHa 1 pacIupUTh €€ Ha MTUPOKUN CIIEKTP HH(OOPMATUBHBIX MO/IETIEH.

He nonyuuno panpHelinee pa3BUTHE ONEPALMOHHOE UCUUCIIEHUE JIJIA Mapa-
METPUYECKH U3MEHAIONINUXCS TapaMeTPOB JIMHEHHBIX 1ETel, n310KeHHoe B [13].
Taxke TpebyeT cucTeMaTH3alui U Pa3BUTHS TEOPUH METOJ JUCKPETHOTO TIpe/I-
cTaBlieHHs ipeoOpazoBanus Menuna[8].

BBeneHnue B TeopHio onepaTopoB, MOPOKIAAEMbIX HHTETPAIBHBIM MpeoOpa-
30BaHMeM MeuinHa.

Baxnoit ocobernnoctrio IIM sBnsercst To, 4to cieays Tteopeme Creirep,
WHTETpabl, IpUHAIICKAIINE KiIaccy TamMMa-QPyHKIUK U TUIIEPreOMEeTPUUECKUX
(GbyHKIUH IPeCTaBISIOTCS B BHIe MHTErpasioB MemHa-bapHca, mojjexar pe-
TYJISSpHOMY 0OpaTHOMY IIpeoOpa3oBaHHi0 MeJInHa Ha OCHOBE PETYJISIPHOMN TeO-
pemsl Crielitep[1].

Ucnonws3ys pesynbTaTsl padot [1,2,3,4 ,8, 9, 10, 11] momy4eHbl OCHOBHBIC
COOTHOIIEHHUS JJ1s1 OTIEPATOPOB:

M(x;v) = [ x (Dt 1dt, (5)
M v) = [ u (©tV~dt, (6)

KOTOpbIE TTOPOXKAAIOT PsiJl BAXKHBIX PABEHCTB U ITUPOKO HCIOJb3YIOTCS B
JTAJIBHEUIUX TTpriIoKeHus X [TM.

ITo ananorum ¢ [2] paccCMOTpUM HHTErpaJIbHBIC MTPEe0Opa30BaHusl saep, 3a-
BUCSIIUX OT MPOM3BEICHUS ApTYMEHTOB

x(t) = fooou (s)p(st)ds,t =0, (7)
u(s) = [ x (£)0(st)dt,s = 0. (8)
Boruucnum ot (7) [IM

M(x;v) = fooo (fooo u (s)qo(st)) t9~%dtds.

CrnenaB 3aMeHy MEpEeMEHHOM y=st ,[10CJI€ HECIOKHBIX MTPEoOpa30BaHU MO-

JY4IAM
M(x;v) = f u (S)S"’dsf o (V)y ' tdy=M(u; 1 —v)M(@;v),
rie
Mu;1—v) = fooou (s)s™Vds . (9)

Bgens B (9) HoBy1O nepeMeHHy0 1 — v = p, mojiyuum
Mu;1—v) = fooo u (s)sP~tds = M(u; p)

(10)
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c yuetoM —v = p — 1 umeeM paBeHCTBO (9).

N3 (9) u (10) cnenyeT nyanbHOCTD IIpeoOpa3zoBaHus orepatopoB M(.;.), Ko-
TOpasi COXpaHsIET PaBEHCTBO

M(u; 1 —=v)M(p;v) = M(@; 1 —v)M(w;v). (11)

3710 cBOMCTBO nyanbHOCTU B [IM urpaer BaxkHyto pojb BO MHOTUX MPHIIO-
)kenusx|[3,5,8].

Boruucinum ot (8) 1M, aHanoruyHo BHIIEHPUBEACHHOMY BBIBOJY, MOJIY-
YUM:

fooo u(s)s¥ tds = fooo (fooo x (t)@(st)) sV ldsdt=M(x; 1 —

vIM(6;v).(12)
AHaJIOTUYHO U3 CBOMCTBA AyalibHOCTH (11) nMeeM paBeHCTBO

M(x;1—v)M@B;v) =M(8;1—v)M(x;0). (13)
Takum 00pa3oM, MoTy4aeM CICAYIOIIHE OepaToOpHbIe PABEHCTRA!
M(x;v) = M(u; 1 —v)M(p;v), (14)
M(x;1—v) =M, v)M(p; 1 —v),
(15)
M(u;v) =M(x;1 —v)M(O;v) (16)
M(u;1—v)=M(x;v)M(0;1 —v).
(17)
Hanee, u3z (14) naiinem
M(p;v) =M (x;v)/M (u;1 —v)
(18)

u3 (17) naiinem
M@B;1—v)=M@;1—v)/M(x;v). (19)
O606mmas (18) u (19) umeem OKOHYATEIIHHO

M (x;v)M(u;1-v)
M(@;vIM(0;1 —v) = == =

(20)
Ha ocHoBe cBoiicTBa nyainbHOCTH paBeHCTBO (20) 3anmuuieTcs: B BUIE
M@O;v)M(p;1—v) = 1. (21)

O6bequnss (20) u (21), moaydum cieayroliee paBeHCTBO
M(p;v)M(8;1-v)

MOM@—1v) (22)
BBoas onepaTop obpatHoro npeodpazopanus MenHa
_ 1 (ctj» - — M1y
x(t) = o fc_joo M Wt™Vdv = M~ 1(x;v) (23)
u3 (20) umeem
1
M(¢p;v) = —7,
@) = 1=
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NN
(M(p;v)) =M (1/M (6;1-v)),

NN

c+joo t~Vv

p(v) = E c—joo M(6;1-v) dv

(24)
1 rct+jo t7V

AHaJIOTUYHO JJIA Q(t) = E c—joo M(¢;1-v)
(25)

CrekTpallbHO-KOPPEISUMOHHBIM aHAIW3 CIIyYallHBIX MPOLIECCOB B Oasuce
npeoOpa3zoBanuii MesunHa.

Pemenue 3amaun cuHTE3a ONTHUMAIBHOTO OOHAPYKEHUs CUrHajia Ha (hoHe
IIymMa C HEM3BECTHOU (POPMOIl KOPPEISAUMOHHOW (PYHKIMU paccCMaTpUBalIOCh B
pabotax [1,2,3,4,5,9,10]. B pe3ynbTaTe NpoBEACHHBIX UCCIICIOBAHUI €€ y1allOCh
PELINTh C UCIOJIB30BAHUEM METOJIOB OLIEHKU KOPPEIALUOHHON (PYHKIIUU WUITU €€
CHEKTPaJIbHOM MJIOTHOCTH MOIIHOCTH, YTO €CTECTBEHHO HE MO3BOJIAET padOTaTh
B pealibHOM MacIiTabe BPEMEHH.

C nosiBJI€eHMEM B COBPEMEHHBIX CUCTEMAX CBS3U IIMPOKOMOJIOCHBIX CUTHA-
JIOB HE yAAETCs] NPUBECTU CHEKTPATIbHYIO MJIOTHOCTh MOUTHOCTH IIyMa K IOCTO-
SHHOW BEJMYMHE B MOJIOCE MPOIMYCKAHUsS CUTHala. AKTyaJllbHOCTh PEIICHUS Ta-
KOM 3a/1a4M YBEJIUYHMBAECTCS C MOSBIEHUEM HIMPOKOTrO Kjacca CUTHAJIOB CO CKay-
KaMU 4aCTOThl B COBPEMEHHBIX cucTeMax 00paboTku mHpopmanuu. Kak moka-
3aHO B paboTtax [6,7] pelleHre BO3MOKHO B 0a3uce MHTErPaIbHOTO Mpeoopa3o-
BaHugd MennuHa. [TokazaHo, yTo B 3TOM Oa3uce NpH HHTEpBAJIE KOPPENSLUU
HAaMHOTO MEHBIIUM JJUTEIBHOCTH AHAIM3UPYEMON BBIOOPKU CIEKTpaJIbHAS
MJIOTHOCTh MOIIIHOCTH UMEET BUJL:

P = [ B()dz f° h(%;

(26)
rae B(T) - aBTokoppensiiinonHast QyHKIIHS IIyMa.

Ha ocHoBe teopembl Bunepa-XuHumHA 1151 KOPPEISIMOHHOW (DYHKITUU

NMCCM.
_ kO [® oSO 4. IO
R(y) = f_oo ch(mt) L= ch(3)’

(27)
rae 0 - CPEAHEKBAAPATUYHOE OTKIIOHEHHE 1IIYMA;
T}, — MIHTEPBAJ KOPPEIALUH IIyMa.
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N3 Beipaxkenus (27) crneayer, yTo KOppeasiuoHHas (QyHKIHS IIyMa Mmoje
npeoOpa3zoBanus MeiMHAa WHBApUAHTHA K BUJY MCXOJHON KOPPEISLUOHHOM
GyHKIUYU ITyMa.

BriBoasbl

Kak moka3bIBatoT pe3ysibTaThl UCCIEIOBAHUN, KOTOPbIE IPUBEACHBI B CTa-
The, NMpeodpazoBaHre MeJulMHa MPOILLIO MyTh OT MAaTeMaTUYECKOW TEOpPUH [0
pa3pabOTKHU €€ KOHKPETHBIX MPUIOKeHUH. J{anpHel e npuioxKeHus OTMEUEHbI
B JIpyrux onmyOJMKoBaHHBIX paboTtax. K mpumepy, B [11] npuBeaeno OwicTpoe
npeoOpazoBanrue MelnHa, KOTOPOE SIBIIAETCS aHAJIOroM OBICTPOro mpeodpaszo-
BaHus Oypobe. B 3TOM HampaBieHUN aBTOpaMu CTaThU pa3paboTaHa Teopus ma-
paMEeTPUYECKHU MEPUOANYECKUX TPUTOHOMETPUUYECKU-TTOTapupMUUecKuX (yHK-
uui[ 10]. Ilomy4yeHHbIE pe3yJIbTaThl MO3BOJSIOT IMOCTABUTh 3a7adyy CO3JaHHUS
1 poBOI MoJIeNTH peanu3aiuu npeodpazoBanusi MemivHa, Kak € IMHOTO MOJTYJIsI
B BUJIE OTJICJIbHOM BBIYMCIUTEIBbHON MPOLEAYPHI.

B paGote [12] paccMmaTpuBaroTCst 371€MEHTBI TEOPUH BEUBIIET MTpeoOpa3oBa-
HUA MennHa i1 CIIyXOBOM MOJIENIM aKyCTUYECKUX CUTHAJIOB. B 3TOM Harpas-
JICHUU HEOOXOAMMO CO3/1aTh MAaTEMAaTHUYECKYIO TEOPHUIO BEUBIIET MpeoOpa3oBaHus
MemHa U pacIIMpUTh €€ Ha MIUPOKUA CIIEKTP MH(POPMATUBHBIX MOJIEICH.
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YIK 004.94
Kapertnukosa /luana OneroBna, Konuenkos Binagumup Uropesuu

PA3PABOTKA CUCTEMbI TEXHHYECKOTI'O CJIYXA HA OCHOBE
ITAP MUKPO®OHOB

Hannas paboma nocesweHa uUcciedo8anuio B03MONCHOCMU NOCMPOEHUST CU-
cmembvl MEeXHUYEeCKo20 CIyXd, OCHOBAHHOU HA UCNONb308AHUU NAP MUKPODOHOS U Me-
mooa OYeHKU BpeMeHU 3a0EePAHCKU NPUX00a CUSHANA, NPUMEHSS KOPPETAYUOHHBLI AHA-
JIU3 CUCHAN08, U AHAIU3Y MPebo8aHUull K napamempam 010Ka yudposol obpabomxu
AKyCMU4eckux CUSHAI08 NpU NPOSPaAMMHO-ANNAPAMHOL Peaniu3ayu aKycmuiecko2o
nenencamopa. Hccredosana 3asucumocms  d@dexmusHocmu  OemeKkmuposanus
HAnpaeieHusi Ha UCMOYHUK 38VKA 8 3A8UCUMOCTIU OM YACTOMbL U pazmepa 6a3vl neeH-
2AYUOHHOUL CUCTNEMDL.

Koppensyuonnulil ananus, oyeHka epemeni 3a0epiHcKu, MmexHU4eckKull Ciyx, nejieH-

cAUUOHHAA cucmema, napa MququOHOG.

Karetnikova Diana Olegovna, Konchenkov Vladimir Igorevich

DEVELOPMENT OF A HEARING SYSTEM BASED ON PAIRS OF
MICROPHONES

This work is devoted to the study of the possibility of constructing a hearing system
based on the use of pairs of microphones and the method of estimating the signal arrival
delay time using signal correlation analysis, and the analysis of the requirements for
the parameters of the acoustic signal digital processing unit in the hardware and soft-
ware implementation of an acoustic direction finder. The dependence of the efficiency
of detection of the direction to the sound source on the frequency and size of the base of
the direction-finding system is studied.

Correlation analysis, delay time estimation, technical hearing, direction finding
system, pair of microphones.

BBenenune

3asaya ornpenesIeHUs HallpaBIeHUs Ha MICTOYHUK CUTHAaJIa pelaeTcsi BO MHO-
TUX 00JaCTAX TEXHUKH, TAKUX KaK PaJHOJIOKAIMS, THIPOJIOKAIUS, PAJUOCBS3b,
ToMorpadus, CEHCMOIIOTHS, PAANOACTPOHOMHUS U T.A. Pa3BuTHe COBpPEeMEHHBIX
CHCTEM JIOKAJIbHOTO MO3ULIMOHUPOBAHUS UJET MO MYTH UHTErPAlH PA3JIMYHBIX
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CIIOCOOOB OMPEEICHUsT MECTOTIONOKEHUS MOOMIIBHBIX OOBEKTOB, OCHOBAHHBIX
Ha aHaJn3e He TOJIBKO PaIMOCUTHAIOB, HO M CUTHAJIOB JAPYTUX TUIIOB, B T.4. aKy-
ctuueckux [1-3].

B HacTosimee Bpemsi, B KaueCTBE TEXHUYECKUX CPENICTB PEIICHUS JTaHHOM
3a/ja4i HanOOoJIbIIee PACTPOCTPAHEHHUE MONYYMIIM aHTCHHBIC PEIISTKH — Mac-
CHUBHI peoOpa3oBaTeneil. HecmoTpst Ha pasnuumne GU3NIECKUX MPUHITUTIOB TIpe-
oOpa3oBaHMsI PHEPTHH BOJH B JJIEKTPOMAarHUTHBIE KOJeOaHWs, aHTEHHBIC pe-
IIETKH UMEIOT 001I1ee CBOMCTBO — MPOCTPAHCTBEHHYIO Pa3HECEHHOCTh Mpeodpa-
30BaTeNe, B pe3yIbTaTe Yero CUTHAJ, MPUHATHIN Ipeodpa3zoBaTeNsiMu (B HAIIIEM
ciyyae MUKpo(oHaMU) XapakTepu3yeT BOJHOBOE IOJIE€ B Pa3HBIX TOUKaX MpO-
cTpancTBa. [IpuHMMas onpeneneHHbIe TOMYIICHHS O XapaKTEPUCTUKAX BOJHO-
BOro ()poOHTa CUTHAJIA, U3TYy4YaeMOTO MCTOYHUKOM, U 3HAsl MPOCTPAHCTBEHHYIO
KOH(MUTypaliI0 MaccuBa peoOpa3zoBaTeseii, MOKHO PEIIUTh 3a/lauy onpesere-
HHSI MECTOITOJIOKEHHSI HICTOYHHMKA CUTHAJIA. [4]

OcHOBHasl 4YaCTh

Jlis pa3paboTKu apXUTEKTYPhI MaKeTa aKyCTUIECKOTO TICJIEHTaTopa U yTod-
HEHUSI €r0 CUCTEMHBIX MTapaMeTPOB ObLIM MPOBEICHBI NMPEBAPUTEIBHBIE TEOPE-
TUYECKUE UCCIIEIOBAHUS U PACU€Thl, B PE3yJIbTaTe KOTOPHIX OBLIO MPHUHSATO pe-
IICHUE PACTIOJIOXKUTH JBa aKyCTHYECKHUX JaTurka Ha paccTtosHud 10 cM Apyr oT
Apyra, ¥ UCTOYHUKA CHTHAJIA, HAXOJSAIIETOCS Ha PACCTOSHUU 2 M OT CEPEIUHBI
0a3bl MEJICHTallMOHHOTO YCTPOUCTB. Tak Kak 3HAYECHUE PACCTOSTHHS MEXKIY IBYMSI
MHUKPOGOHAMH HE JI0JDKHA MPEBBINIATH A/2, YTOOBI H30€KaTh IPOCTPAHCTBEHHOTO
anuacunra[5], To yacrora npuHUMaeMoro curHaia He gospkHa f <1715 I'.

Ha puc. 1 ykazana cxema 1a60paTOpHOI CHCTEMBI.

Puc. 3. Cxema maxema neneneayuonnoeo ycmpoticmea (1 — 6asa neneneayuoH-
HO20 ycmpoticmea, 2,3 — akycmuyeckue 0am4uku, 4 — paccmosinue om ucmodu-
HUKA 38YKa 00 6a3bl NeleHeayUOHHO20 YCMPOUCmea, 5 — UCIMOYHUK 38VKA)
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Nmeem 6azy nesieHraifmoOHHOTO YCTPOKUCTBA, HA KOTOPOM PACIIOIOKEHBI J1Ba
MuKpodoHa. OTHOCUTEIBLHO HaYaIbHOU TOUKHU «A» (pUc. 2), pacloI0KeHHON Ha
PaBHOYIaIEHHOM PACCTOSHUM MEXY JIBYMSI MUKPOQOHAMHU (TOUKA «A1» U «A2»)
, YCTQHOBJICH MCTOYHHK 3ByKa (Touka «C») Ha pacCTOSHUU 2 METPOB OT cepe-
JIUHBI 0a3bl MEJIEHTaIMOHHOTO yCTpoiicTBa. CucTeMa TEXHUYECKOTO ClTyXa UMEEeT
BO3MOXHOCTh BpallaThCsl, TOUKA «A» 3apUKCUpOBaHa. YTOJ TOBOPOTA peryiu-
pyeTcsl ¢ IOMOUIBI0 pa3MEUEHHOM 1IKajbl. Bparias ycTaHOBKY B Mpejenax 3Ha-
yeHus yriia ot -90° go 90°, Mbl ynpoiiiaem j1abopaTOpHbBIE HCCIICIOBAHMS.
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Puc. 4. Cxema onpedenenus azumyma 8 00HOM U3 NEeH2AYUOHHBIX
ycmpoucmes

Jlist onipeenieHnst a3uMyTa, PUKCHUPYsT 3BYKOBOM CHUTHANI KaKIbIM MHUKPO-
(OHOM M IPUMEHSISI KOPPEJISALIMOHHBIN aHAIN3, MOYXKHO BBIYUCIUTD 3a/IEPKKY CUT-
HAaJIa ¥ ONPEAETUTh PA3HOCTh X014 3ByKOBOM BOJIHBI, TPUXOASAIIECH HA KaXIbIN U3
1aT4ukoB [6]:

r= V33yl<a*A f,
rie — pa3sHoOCTh XoAa, At —BpeMeHHas 3aJCpKKa CUTHANA, Vigea — CKOPOCTH
3BYyKa, paBHOTro 343 m/C.

W3 pabGoTbl [7] yron Mexay MeJICHrallMOHHONH CHCTEMOW W HMCTOYHHKOM

3BYKa MOKHO HalTH C MOMOUIBIO (POPMYJIBI:

al = 90° — cos™1(—

A1A2) .
Takum 00pa3om, OCHOBHOM 3a/1aueil SIBIACTCS U3MEPEHUE 3aTCPIKKH MEXKTY
AKyCTUYECKMMH MMITYJIbCAMU JBYX KAaHAJIOB, NOCTYIAIOIIMMHU Ha aKyCTHYECKUE

JATYUKU.
Koppeassunonnbiii aHaau3 GpyHKIIUM BO BpeMEHHOH 00J1aCTH
AHanu3 BO BpeMEHHOUN 00JIaCTH CTPOUTCS Ha BHIYMCICHUH B3aUMHO-KOPpe-
JSIUOHHON (DYHKIIMH CHTHAIOB X1 M X2 [8-10]:
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Teyx, (T) = fj;o x, () x,(t + T)dt.
Jlnia curnanoB B nuckpetHor opme BKD 3anmceiBaercs Kak:
Ty, (K) = ~ T 21 (D)2, (i + K).
3/1ech CUTHaJ OrpaHUYEH KaapoM aHaiu3a JJMHOM B N oTcUeToB.
Jluanaszon usmenenus aprymenta K BK® 7, . ycTaHaBnMBaeTcs, HCXOAS
U3 MAaKCUMaJIbHO BO3MOXHOW 3aI€PKKU NPOXOKIACHUS CUTHAIOB MEXY JIBYMsI
npeodpazoBaTessiIMU. 3a/iep>kKa MaKCUMallbHa, €CJIM HalpaBJIeHUE pacipocTpa-
HEHMs CUTHAJA COBIA/IAET C HAPABICHUEM OTPE3Ka I, COEAMHSIOIIEro IIpeodpa-
30Baresn. Ecim CKOpOCTh paclipOCTPaHEHHUsI BOJIH B CPEAE PABHA Vigyg, TO MAK-
CUMaJIbHas 3aJIep>KKa paBHa:
r

Atpax =

vSByKa.

Pe3yabTaThl Hccae10BaHMIT

BbutH MpoBeIcHBI TEOPETUYECKHIE PACUETHI M IKCIIEPEMEHTAIBHBIC UCCIIEIO0-
BaHUs MPUHATHS curHaia ¢ yactotod f =1700 ' B mpenenax 3Ha4eHUS yria oT
-90° 10 90° ¢ marom 10°, Pe3ynbTaThl MOIyYEHHBIX TEOPETUUECKUX 3HAUYCHUH U
IKCIIEPUMEHTAJIBHBIX NIPEJICTABIICH Ha PUC. 3.

0,0003—

’TbopeTquCKHGBHaquHH

At
-100

100 M JxcneprMeHTa/IbHbIE

3Ha4YeHHA

04

Puc. 5. 3asucumocmo 8pemenu 3a0epircku cueHaia om y2na npuxood cue-
HAIA HA NeNeH2AYUOHHYIO CUCMEMY

Kak Bunum n3 pe3ysibTaTtoB, 3HAUEHUS ONPENEIAEMOro yIia Mpy NpoBeae-
HUHU dKCIIepuMeHTa He npeBbimaroT 10°. K npumMepy, npu TEOpETUYECKOM 3Have-
HUHU yroJia yroi o = -50°, skcniepuMeHTalIbHOE 3HaUEHUE COCTABIAET -55 °.

[Ipu 3TOM, IPU MOMBITKE YBEIWYEHUS pa3zMepa 0a3bl CUCTEMbl TEXHUYECKOTO
CJIyXa, a BCJIEACTBUE U YMEHBIIEHUE MAKCUMAIbHO-BO3MOKHON YaCTOThI UCITyC-
KaeMOro CUIHaJIa 3aMEYEHA 3aKOHOMEPHOE YXYALICHUE TOYHOCTU OINPECIICHHUS
HCKOMOTO yTJIa.
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BriBoanbl

IIpoBeneHbl UCCAEOBAHUSA BO3MOXHOCTH MOCTPOCHUSI CUCTEMbI TEXHHUYE-
CKOT'0 CJIyXa, OCHOBaHHOM Ha MCI0JIb30BaHUH TTap MUKPO(GOHOB U METO/1a OIICHKH
BPEMEHHU 3aJEPKKHU Mpuxoa currana. C moMolbio KOppeasiMOHHOIO aHajlu3a
CUTHAJIOB OBLJIM MPOBEACHBI PACUEThI BPeMs 3aJIEP)KKH CUTHAJIOB MEXKIY JIBYMS
MukpodoHamu. Takxke, MpoaHATU3UPOBAB U MPOBE/IS SKCIIEPUMEHTHI, OBLIIO pac-
CYMTAHO ONTHUMAJIbHOE 3HAYEHHE pa3MepoB 0a3bl aKyCTUUYECKOTO TeJIeHraTopa 1
UCCIIeIOBaHa 3aBUCUMOCTh 3(D(PEKTUBHOCTH JIETEKTUPOBAHUS HANpaBJiICHUS Ha
HMCTOYHHUK 3BYyKa B 3aBUCHMOCTH OT YacCTOThI U pa3mepa 0a3bl MeJICHTalMOHHOM
CHCTEMBI.
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Cexusg — ABHAIITMOHHBbIE CHCTEMbI, TEXHOJIOIMHM 0eCNMUJI0THbIX
JIETATEJbHbBIX ANNAPATOB

YIK.621.455.32
Hocpatu Mexpaan, A66acos Mdtuxap banakummumesuu

IJIEKTPUYECKUE PAKETHBIE IBUT'ATEJIN IJIS1
NCCIEAOBAHUA KOCMOCA

B cmamuve pacemampueaenicia mexnoaocusl dJ1eKmpudecCKux osueamerneil 05 UC-
NOJIb308AHUSL 8 KOCMUYUECKUX Muccusx. boino npoanaltusupoeaHo npeumyuiecmea U He-
docmamku dlleKmpudecKux osucamernell no CPABHEHRUIO C XUMUHYEeCKUMU 66ueameﬂﬂmu,
a makaice ux poJjib 8 ynpasjieHuu KoCMudeCKumu annapamamu Ha MUCCusix 2]1y60K020
Kocmoca. B pa60me makKotce pacCmompernbl 603MONCHOCMU UCNOTIb306AHUA HAHONEX-
Hono2ull OJis YIAYHYuleHUA npouseodumeﬂbﬂocmu IJIeKMpUu4eCcKux osuzameneil U NOUCKa
HOBbIX UCNMIOYHUKOB IHEep2UU. B 3aknrouenuu OMMEYEeHOo, 4no JeKmpuvecKue osuea-
menu A615A0mcs Haubonee nepcneKmueﬂod mexnono2uell 0isl UCCACO0B8AHUSL OANbHESO
Kocmoca.

Qﬂekmpuqecmte 06142617’}’16.7114, KoCmuvyecKkue vuccuu, saekmpocmamudeckoe yCKo-

PEHUE, HAHOMEXHOIO2UU, UCTMOYHUKU SHEPCUU.

Nosrati Mehrdad, Iftikhar B. Abbasov
ELECTRIC ROCKET ENGINES FOR SPACE RESEARCH

The article discusses the technology of electric propulsion for use in space mis-
sions. The advantages and disadvantages of electric propulsion compared to chemical
propulsion, as well as their role in spacecraft control on deep space missions, were
analyzed. The paper also considers the possibilities of using nanotechnology to improve
the performance of electric motors and search for new energy sources. In conclusion, it
was noted that electric motors are the most promising technology for deep space explo-
ration.

Electric propulsion, space missions, electrostatic acceleration, nanotechnology,
energy sources.

BBenenne

TexHOIorusl pakeTHBIX JABUIATENel 3HAYMTENBHO M3MEHWIACh C TEX IOp,
kak KoHcranTuH 1{HOIKOBCKHN BIIEPBBIE MPEMIOKUI UCIIOIB30BaTh PAKETY IJIS
3ammycKa CITyTHHUKA Ha OK0JIO3eMHYI0 opouty B 1903 roxy. Ceromns mocieaHe
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TEXHOJIOTHUEH, UCIIOIb3YEMOM B PAKETHBIX JIBUTATEIISIX, SBISETCS HOHHBIN JBUTA-
TeJb, B KOTOPOM HCIOJIb3yeTcs iazMa. [lunonkosckuit 1 Pobept ['omgnapa Obutn
NEePBBIMU TEOPETUKAMU, paOOTaBIIMMH HaJl OCHOBAMH MPOCKTUPOBAHUS PAKET, U
UX UJICU ONEPEIUIM CBOE BpeMs. DJEKTpUUecKas ABUTaTeIbHAasl YCTaHOBKA JIJIS
KOCMHYECKUX Kopalseil Obliia BrepBble npemioxkera [{uonkosckum B 1911 roay
[1], a 3aTeM OblIa yCIENTHO UCIIBITaAHAa B KOCMOCE BO BPEMS UCTIBITATEIIBHBIX I10-
JIETOB aMEPUKAHCKMX KOCMHYECKUX pakeT B uroje 1964 roga. 3ta TeXHOJOTUS
IpoJioJkKaia pa3BUBAThCS Ha B KOHIIE JBAJIIATOTO BEKa, CTAHOBSACH BCe Oosee
Ba)KHOM IS MICCJIEOBAHUS KOCMOCA.

Heo0xoaumMocTh MCIIOJIB30BAHNUSA 3JIEKTPUYECKOT0 IBUTATEISI

CTOMMOCTB CO3J]aHUS U 3aITyCKa KOCMUYECKOTO KOpalJIs sSBIISICTCS BaKHEH-
muM (akTOpoM B KOCMHUYECKOM IIOJIETE, M CHM)KEHHE CTOMMOCTH KHJIOTpaMMa
rpy3a HMeEeT pelaroiiee 3HadeHue. [[ns 3Toro yduThIBaroTCsA JBa (hakTopa:
YMEHBIIICHUE OOIIEro KOJMYECTBA 3aIlyCKOB M CHI)KCHHE CTOMMOCTH KaXJ0To
OTAEIBHOrO 3amycka [2]. TBepaOTOMIMBHBIE U KUIKOCTHBIE PAKETHBIC JBUTa-
Teau 3G HEKTUBHBI TSI TOCTHKEHUS OPOUTAIIBHOM CKOPOCTH M BBIBOJIA TPY30B HA
OKOJIO3EMHYIO OpOUTY M3-3a UX BBICOKOM TATH, HO OHM MEHEE MOJXOJIST IS T10-
JIETOB B JAJILHUM KOCMOC, TPEOYIOIMUX MaIylo TATY. B TO Bpems Kak 1Isl XUMH-
YECKHUX paKeT TpeOyeTcst 00IbIIE TOTUTMBA, 00JIee MOIITHBIC HACOCKHI 1 00JIee KPYTI-
HBIE PAKETHI, FJIEKTPUYECKUE PAKETHBIC IBUTATEIIN UCIIOIB3YIOT SJIEKTPUUECKYIO
SHEPTUI0, KOTOpasi MOXKET T'€HEPUPOBATHCS COJHEUHBIMHU IMAHEISIMHU WU KOM-
MaKTHOW OOPTOBOM aTOMHOM 3JIEKTPOCTAHITUEH.

THIBI JJIEKTPUYECKUX ABUTaTeIel

DJIEKTPUUECKUE IBUTATEIIN MOXKHO pa3/IeJIuTh Ha JIBE€ KATETOPUM: TIEpBast —
WOHHBIC W TUIA3MEHHBIC JBUTATENIM, a BTOpas Ipynrna HEMOHHbIC ABUTATeu. B
CBOIO OYepe/lb MOHHBIC U TIJIa3MEHHBIC ABUTATEIM MOYKHO Pa3JCIuTh HA pa3iiny-
HbIE THIIBI DJIEKTPUUECKUX aBuraTeneii [3]. Dmekrpuueckas ABUrareabHas ycra-
HOBKAa OCHOBaHAa Ha YCKOPEHUU KOCMHYECKHX KOpaOJjed WM CIyTHUKOB C HC-
MOJb30BAaHUEM DBJIEKTpHUecTBA M MarHetusma. CylecTBYIOT TPU OCHOBHBIE
TPYIIbI 3JIEKTPUUECKUX JBUTATENEH: AIEKTPOCTATUUECKHUE, IIEKTPOMArHUTHBIC
U DJIEKTPOTEPMHUUECKUE IBUTATEIN, KOTOPhIE OOBIYHO MCIOJIB3YIOTCS B pa3jiny-
HBIX TUIAX CIyTHUKOB U KOCMUUYECKHUX allapaToB. DIEKTPOCTATUUECKHUE IBUTA-
TeIW pabOTaIOT 32 CUET YCKOPECHUSI HOHOB JIEKTPUUECKUM IIOJIEM, DJIEKTPOTEP-
MHUUYECKUE JBHUraTeld HCIOJB3YIOT AJIEKTPUUYECKYIO0 DHEPTHIO ISl THepeaadu
TEIJ1a TOTUIMBY, a 3JIEKTPOMArHUTHBIE JIBUTATENIM UCIOJIb3YIOT B KAU€CTBE TOM-
nuBa 1a3My. B mocnenHee BpeMs Tak:kKe UCCIEAYIOTCS HEMOHHBIE JBUIaTelu,
Takhue Kak (OTOHHBIC JIBUTATEIH, OJIEKTPOJAMHAMHYECKHE TpPOCHI M
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HETPAIUIIMOHHBIE METOJIbI ABMKEeHHs. OHAKO 3TU JBUTATENH €Ile MOJHOCTHIO
HE MCHBITAHbI HAa MPAKTUKE U HOCSIT B OCHOBHOM TEOPETUYECKHUM xapakrtep [4],
[5].

OcHOBHBIE XapaKTePUCTUKH, IPEMMYIIeCTBA U HEIOCTATKH

B tabnune cpaBHUBAIOTCS MIECTh PA3JIMYHBIX TUIIOB JIEKTPUUECKUX JIBUTA-
TEIbHBIX YCTAHOBOK JIJISl KOCMUYECKHUX aIapaToB HA OCHOBE UX XapaKTEPUCTHK,
BKJIIOYAs JOCTHXKUMYIO TATY, YACIbHBIA UMITYJIbC, 3(PPEKTUBHOCTD, OTHOIIICHHUE
TATH K MOIIHOCTH, BpeMsi pabOThI, TOTUIMBO, TPEUMYIIIECTBA U HEJIOCTATKH.

CocpenoTounB BHUMaHUE HA yJIETbHOM UMITYJIbCE, KOTOPBIN SIBISIETCS Me-
poit 3 PEeKTUBHOCTHU ABUTATEILHON YCTAHOBKH, MBI MOKEM BUJIETh, YTO HOHHBIN
JIBUTATEJb C CETKOM UMEET CaMbIil BBICOKUI yenbHbIN uMityJibe 1500-10000 ce-
KyH/I, 32 HUM CJIEAy€T MarHMWTOIIa3MOJIMHAMUYECKUN JIBUTATENb C yACIbHBIM
umitysibecoM 200 -3200 cekynn. JiBuratens Ha addexTe Xoia 3aHUMAET TPEThE
MECTO ¢ yaenbHbIM uMITyabcoM 600-3000 cexyH.

DIIEKTPOTEPMHUUECKNE CUCTEMBI, TAKUE KaK PEAKTUBHBIN ABUTATENb U AJIEK-
TPOJYTOBOM PEaKTUBHBIN JBUTATENb, UMEIOT 00JIee HU3KHUE YIEIbHBIC UMITYJIbCHI
B nipegenax 130-2200 cexynn u 150-850 cekyH1 COOTBETCTBEHHO, a AJIEKTpOMar-
HUTHBIA UMITYJIbCHO-TIJIA3MEHHBIN JIBUTATENIb UMEET YJEIbHBIA UMITYJIbC B AHa-
nazone 1400-2700 cexynn [6].

Tabmuma
XapaKTEepUCTUKN HEKOTOPBIX OCHOBHBIX TUIOB JABUTATENEH [6]

InekTp o M geuratenc ¢ TepMO3NEKTPOHHLIN C
ABMrarens pacnbiiMTenem TeepAOTo 3/1EKTPOMATHHTHBIM
(HET/HEMPT) Tonamea (PPT) Harpesom (MPDTE/ECR)

Pe3MCTO-PeaKTUBHBIN dnekTpogyrosoH  IneKTpocTaTHuEcKMii
Al (Resistojet) (Arcjet) Aeuratens (GIE)

Tun SNeKTPOTEPMUUECKUE  INEKTPOTEPMUULCKUA  INEKTPOCTATHYECKUIE  DNeKTPOCTaTUUECKHi DNeKTPOMarHUTHBIH SNEKTPOMArHUTHBIRA
HAocturaeman tara (mH) 0,5-6000 50-6800 0,01-750 0,01-2000 0,05-10 0,001-2000

Yaenbhbiid umnyabc (c) 150-850 130-2200 1500-10000 600-3000 1400-2700 200-3200
KNZ ne (%) 30-110 25-60 30-90 20-70 30.mait 20-70

OTHOWeHWe TATM K 450-700 150-600 20-250 150-300 50-200 150-500
mowHocti (mH /BT)

Bpemn pabote! Mecaup! Mecaub! Foae Mecaup! loab! Hepenn

NH3, rugpazun, H2, Xe  NH3, rugpasun, H2 v

Pabouue Tonnusa N2 N2

Xe, Kr, Ar, Bi, 12 1 H20 Xe, Kr, Ar 1 12 noauTeTpabTopaTUNEH Xe, H2, Aru Li

o Bbicokmii yaenbHbIid M BLICOKMI yaenbHbIR
Huakuid yposeHs BbICOKOE OTHOIWEHHKE MpocToe YCTPOHCTBO U
MNpenmywectea Bicokas TAra MMMYABC W BbICOKas WMMMYABC W BBICOKaR
CNIOMHOCTH MOLLHOCTH K TAre TBEPAOE TONAMBO
IPPeRTUBHOCTE NAOTHOCTL TATH

KopoTKas A1MTeNbHOCTS
o HuaKas NAOTHOCTL TATK
OueHb HU3KKA BbicOKOe pacxomaeHue paboTbl 1 BbICOKME
Hegocratku = Huzkan apPeKTMBHOCTE W CNOMKHbIE B10KKM Huakas abderTMBHOCTE
YAENLHbIA MMIYABC Ny4Ka M 3pO3uA KaHana TpeGoBaHNA K

nMTaHMA
SKCNNyaTaLln

OpuuM u3 GakTOpOB, AETAIOUINX NEKTPUUECKUE ABUTATEIH MPEBOCXO/S-
IIMMH UX XUMUYECKHE aHAJIOTH, SBIAeTCA UX 3()(PEKTUBHOCTh B KOCMHYECKOM
cpeae, rIe UX MOXKHO HUCIOJIb30BaTh B MEKIIAHETHBIX U MEK3BE3IHBIX MUCCHSIX.
Taxke HemMaloOBaXHBIM (PAKTOPOM SIBISETCS MEHBIIMM pacxoj TOIIMBA U
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BO3MOXHOCTh DKCIUTyaTallii Ha JJaJbHUE PACCTOSHUS Ha 00Jiee BBICOKHX CKOPO-
ctsax [3], [7].

Hcnonb3oBaHue 3JIEKTPOPEAKTUBHOM TSTU C MEHBIIMM 00BEMOM U Oojiee
TOYHBIM YIIPABICHUEM MOKET CHU3UTh 00BEM 3arps3HeHust kocMmoca. Emé oqaum
UX NPEUMYIIECTBOM SIBJISIETCS PEATBHOE UCIIOJIB30BAHUE JIJISI KOPPEKTUPOBKH Op-
OUTHl KOCMUYECKUX alapaToB, YTO HEMAJIOBAXKHO MPHU YBEJIIMYEHUHU KOJIMYECTBA
CIIyTHHKOB B KocMoce [6].

K HemocTaTkaM 3leKTpUYECKUX JIBUTATENIEH MOKHO OTHECTH TO, UYTO OHU HE
MMEIOT BO3MOKHOCTH OTIIPABIISATh KOCMHUYECKHE alIapaTbl B KOCMOC, BBIBOJIUTH
00BekThl Ha opouTy 3emutn [8]. Takoke A MPOU3BOACTBA HEKOTOPBIX Pa3HOBU/I-
HOCTEH TpeOyroTCsl OOJIbIIINE 3aTPaThl, 1 OHU JIOCTATOYHO CJIOXHBI JIJIsl U3TOTOB-
JICHUS.

Hano TexHos10ruii B paspadoTke 3JIeKTPHYECKUX JBUTaTeIei

BHeapenne HaHOTEXHOJOTHMH B KOCMHUYECKOE JIBUTATEIECTPOCHUE MOXKET
MPUBECTH K BO3POKACHUIO MEXKIIJIAHETHBIX MUCCUI C MPUMEHEHHEM KOCMHUYE-
CKHX arlapaToB, ¥ MaJIbIX OCCIMIIOTHBIX cucTeM. Mcronbp3oBaHue Jerkux mare-
pHAJIOB C YHUKAIbHBIMU MEXAHUYECKUMU U 3JIEKTPUUYECKUMHU CBOMCTBAMU, TAKUX
KaK yriaepoJHble HAHO TPYOKH, HAHO KOMIIO3UThI, MOXKET MTOMOYb ITPOU3BOICTBY
3JIEKTPOJIBUTATENIEN C HOBBIMM CBOWCTBaMU. MCmosib30BaHWE HAHO MaTrepualia
MO3BOJIUT PEIIUTh MHOTHE MPOOJIEMbI, KOTOPbIE paHee UMEINCh B KOHCTPYKIIMH
9JIEKTPOIBUTATEIICH, YBEIMUMBAs UX CPOK IKCILTyaTanuu [5].

IlepcneKkTHBBI pa3sBUTHE JJIEKTPUYECCKHUX ABUTATEICH

MOXHO OTMETHUTh, UTO JIEKTPUUYECKAS] CHIIOBAasi YCTAHOBKA UMEET OrpaHu-
YEHUS C TOUKH 3peHust Jipeiida, KoTopble MOKHO YCTPAHUTh, UCTIONIB3Ys MHOTO-
CTyNEHYaThle THOPUIHBIE CUJIOBBIC YCTAHOBKH, COUETAOIINE B ce0€ pa3inyHbIe
THUIIBI DJICKTPUUECKUX U XUMUYECKHUX JBUTATEeNeil. Pa3BuTre ruOpuaHBIX CUIIO-
BBIX YCTAaHOBOK pacCMaTPUBAETCS KaKk MHOTOO0EIIIA0IIee HAPABIICHUE MTOBBIIIIE-
HUs 5O PEKTUBHOCTH M CHIDKCHHS pacxo/ia ToTuiiBa [S].

KouncTpykuus npuratenei CleAyromero MmoKoJaeHus AO0KHA ObITh Takoid,
9TOOBI B HEH MOXKHO OBLIO MCIIOJB30BAaTh BCE MPEUMYIIIECTBA AIEKTPHUCCKUX U
XMMHUYECKUX JIBUTaTenen. Mcnob30BaHNe HAHOTEXHOJIOTUM MOYKET IMPUBECTHU K
3HAYUTEITLHOMY TOBBIIIEHUIO TTPOU3BOJAUTEILHOCTH, d(H(PEKTUBHOCTH U JTOJTO-
BEYHOCTH JJICKTPUUYECKHUX JBUTATEIHHBIX YCTAHOBOK. Te€M HE MEHee, HeoOXo-
JTUMBI JIOTIOJTHUTEIIbHBIE NCCIICOBAHMS U Pa3pa0b0TKH, YTOOBI IIOHATH PEUMYIIIE-
CTBAa HAHOTEXHOJIOTUH B JaHHOK 00JaCTH MPH CO3JIaHUH KOMITAKTHBIX U 3 deK-
THUBHBIX KOCMHUUecKuX ammapatos [9], [10].
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3akaoueHune

DJIEKTPOJIBUTATEeNIM 00J1aal0T MEePCIEeKTUBHBIM MTOTEHIIMAJIOM JIsI OCBOE-
HUS KocMmoca Ojiarogapsi BRICOKOMY KO3 UIIMEHTY MOJIE3HOTO JCHCTBUSI, Ma-
JIOMY pacxo/y TOTUIMBA M TOYHOMY YIIpaBJIeHUI0. XOTs Y HUX €CTh OTpaHUYCHHUS,
TaKue Kak MaKCUMaJIbHasl TATa, MOIIIHOCTh M CJIOKHOCTh MPOU3BOJICTBA, OXKHUIa-
€TCs1, UTO HETPEPHIBHBIC UCCIICIOBAHUS U Pa3pa00TKU MPUBEIYT K 3HAUUTEIIHHBIM
YIYUIIEHUSIM W WHHOBAIIUSIM B OyayIieM. DJIEKTPOABUTATEIN CUUTAOTCS JIyd-
IIIAMH KaHIUJaTaMM IS IBYDKEHHS B TadbHEM KOCMOCE, a MCII0JIb30BaHNE HAHO-
TEXHOJIOTUH Y HOBBIX MICTOYHMKOB SHEPIUH, TAKMX KaK COJTHEUHbIE TTaHEeu 1 Oa-
Taper, MOXKET MOBBICUTh UX A()(PEKTUBHOCTS.
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HEKOTOPBIE ITPOBJIEMBI B ITIPOEKTUPOBAHUN MOPCKHUX
POBOTOTEXHUYECKHUX KOMIIVIEKCOB

Paboma noceawena ananuzy cogpemenno2o cocmosanus u onpeoeieHue npoo.iem-
HbIX B0NPOCOB 8 KOHCMPYUPOBAHUU COBPEMEHHBIX MOPCKUX POOOMOMEXHUYECKUX KOM-
NIeKCco8 U 8vlpabomke HanpasieHuil peulenus. /[na oocmudicenus OaHHOU yeau, Heoo-
X0OUMO NPOCIeOUMb UCTMOPUIO PA3BUMUS MOPCKUX POOOMOMEXHUUECKUX KOMNILEKCO8,
paccmompems Ux KOHCMPYKYUlo, onpeoeums 0CHO8Hble NPOOIeMHble ONPOCHL 8 PA3-
pabomke COBPEMEHHBIX MOPCKUX POOOMOMEXHUYECKUX KOMNIeKkco8. OmmeueHo, ymo
NPOEKmMbl COBPEMEHHBIX HAOBOOHBIX POOOMOMEXHUYECKUX KOMNIEKCO8 001adaiom
@PYHKYUOHATILHOCBIO U YHUBEPCATILHOCbIO. MO CMAN0 Pe3yIbMmamoMm UCIOIb306d-
HUs NePeo08blX MEXHOL02UN U UHHOBAYUOHHBIX PeUleHUl 8 KOHCMPYUPOBAHUU C Y4emom
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onvima Opyeux ompaciel MauuHOCmpoeHus. J{anHvle KOMIIEKCbl MO2YN HAUMU Npu-
MeHeHUe 8 UCCIe008AHUAX NPUOPEICHOU AKBAMOPUU C Yelbl0 OYEHKU COCMOSHUS 800~
HOUL cpeowi.

Mopcxoti pobomomexnuueckuil KOMIJIEKC, MOPCKAs cpedd, NPUubpedCHas akeamo-

pus, becnunomHulll Kamep, <KMOPCKOU OPOH ).

Dzhanybekov Ruslan Yusufovich, Abbasov Iftikhar Balakishievich

SOME PROBLEMS IN THE DESIGN OF MARINE ROBOTIC
SYSTEMS

The work is devoted to the analysis of the current state and the definition of prob-
lematic issues in the design of modern marine robotic systems and the development of
solutions. To achieve this goal, it is necessary to trace the history of the development of
marine robotic systems, consider their design, identify the main problematic issues in
the development of modern marine robotic systems. It is noted that the projects of mod-
ern surface robotic systems have functionality and versatility. This was the result of the
use of advanced technologies and innovative design solutions, taking into account the
experience of other branches of engineering. These complexes can be used in studies of
coastal waters in order to assess the state of the aquatic environment.

Marine robotic complex, marine environment, coastal waters, unmanned boat,
"marine drone".

BBenenue

Mopckue pobororexunueckue komriekcsl (PTK) cranu neoTbemiiemoit ua-
CTBIO MOPCKOM HHMPACTPYKTYPHI U HAXOAST HTUPOKOE MPUMEHEHHE B PA3IMYHbBIX
OTpacysiX, TAKMX KaK MCCIIEIOBAaHUE MOPCKOU cpejbl, oOecrieueHrne 0e30IacHo-
CTH Ha MOpPE W MPUOPEKHBIX AKBATOPUU, BBITIOITHEHHE CTPOUTEIHHBIX PaboT.
Konctpykius mopckux PTK urpaer BakHyto poiib B o0ecrieueHnn ux (GyHKIIHO-
HaJBHOCTH, ((HEKTUBHOCTH U OE30MaCHOCTH TIPH BBHITIOJIHEHUH 33]1a4 B MOPCKOM
cpene. B nannoit pabote OyaeT pacCMOTPEHBI HEKOTOPHIE OCOOCHHOCTH KOHCTPY-
upoBanusi PTK, Bkitouasi OCHOBHBIE 3JIEMEHTBI, KOTOpPhIE 00€CTIEUNBAIOT UX Pa-
00TOCTIOCOOHOCTD U YCIIOBHSI SKCILTyaTallUH.

HexoTopblie ucTopuyeckue 3Tanbl

Wcropust pa3BUTHS MOPCKUX POOOTOTEXHHUECKIX KOMITJIEKCOB HMEET OoJiee
yeM mosyBekoByro ucropuro. Ilepsoie PTK Obutn cozmansl B 1960-x rogax [1]
JUTSI ICCIIETOBAHUSI MOPCKOM Cpeibl U OCYIIECTBIICHUS TTOJBOAHBIX paboT. OHH
MIPEACTABIISUIA COOOM JOCTATOYHO MPOCTHIC YCTPOUCTBA, COCTOSIITNE U3 TUTABYYUX
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KOPITYCOB C YTNPaBJII€MbIMU JIBUTATEISIMHU, JAaTYMKAMU M KaMmepaMu Jjisi cOopa
uHpopMaIu. DTU annapaTsl MO3BOJISUIA MPOU3BECTH U3MEPEHUS PACCTOSHUN U
BBICOT Ha MOpeE U B Bo3ayxe. B 1970-x rogax nosiBUiIach TEXHOJIOTUS, TTO3BOJISIO-
mas co3faBaTh Ooliee cioxkHbie U MaHeBpeHHble PTK, o0opyaoBaHHbie ceHCO-
paMHu U cuctemMamu ynpasiaeHuss. OHU CTajau UCIIOJIb30BATHCS JJISI PA3JIMYHbIX 3a-
Ja4, TaKMX Kak oOcJe0BaHHUE JIHA MOpPs, TIOUCK U CIACE€HUE, a TAKKE MOHUTO-
PHHT MOPCKO# cpebl [2].

C pa3BUTHEM KOMIIBIOTEPHBIX TEXHOJIOTUA U MUCKYCCTBEHHOTO MHTEJUICKTA
NOSIBUJIUCH OoJiee ciiokHble aBTOoHOMHBIE PTK, koTOphle MOTJIM BBIMOJIHATH 3a-
nadu 0e3 ydactus denoBeka [2]. OHu ObUIM OCHAIICHBI BBICOKOTOYHBIMU JaTYH-
KaMHU U CUCTEMAMHU YIIPABJIEHUS, TO3BOJISIIOILIMMUA UM COBEPIIATh MHOYKECTBO pas-
JIMYHBIX MAHEBPOB U BBIMOJHUTH CIOXKHbIE 3aaaun. Cerogus mopckue PTK mpo-
JIOJKAIOT Pa3BUBATHCS U HAXOAT BCe O0Jiee MUPOKOE MPUMEHEHUE B PA3TUUHBIX
00J1acTsAX UCCIICAOBAHUS 1 MOHUTOPHHTA OKpY Karolei cpeasl [3].

KoHcTpyKIINM KOMILTIEKCOB

KoHcTpykins MOPCKHX pOOOTOTEXHUUECKUX KOMIUIEKCOB SIBISIETCS OJHUM
U3 BaXKHBIX aCMEKTOB MX pa3pab0oTKku. OJIHUM U3 OCHOBHBIX 3JIEMEHTOB KOHCTPYK-
muu PTK saBnsiercs kopnyc. OH obecrieunBaeT HEOOXOIUMYIO TUIABY4YeCTh, a
TaK)Ke 3alIUTy OT BO3ACHCTBHUS BHEIIHUX (pakTopoB. Kopmyc MoxkeT uMeth pas-
Tu4HbIe OPMBI U pa3Mephl B 3aBUCUMOCTH OT KOHKPETHBIX TpeboBanuii k PTK
[4].

JIpyruM Ba)KHBIM 3JIEMEHTOM KOMIUIEKCA SIBJIIETCA CUCTEMA YIIPABJICHUS.
Omna oOecrnieunBaet ynpasiienue npumxenneM PTK u BeloHeHNEe HEOOXOMMBIX
3amay. Cucrema ynpaBieHUs MOXKET BKJIIOYATh B ¢e0s1 pa3InyHbIe KOMIIOHEHTHI,
TaKHe KaK JaTYUKH, JJIEKTPOHUKY, IPOTPaMMHOE 00ECTIeueHre U ApyTHeE.

Taxxe BaXHbIM aClIEKTOM KOHCTPYKIIUU SIBJISIETCS CUCTEMA YHEPrONUTAHUS,
PTK MoryT ricnionp30Bath pa3jindHble HICTOYHUKN YHEPTUH, TaKHe KaK OaTapew,
COJIHEUHBIC ITAHENN WM TeHepaTopbl. D(HEKTUBHOCTH CUCTEMBI SHEPTONUTAHUS
HarnpsMyto BiuseT Ha Bpems pabotel PTK u ero mpou3BoANTETEHOCTS.

Kpowme toro, korctpykius PTK mosxeT BKITtouaTh B c€0s1 pa3IuIHbIC TOTOJI-
HUTEJBHBIC JJIEMEHTBI, TAKUE KaK MEXAHU3MBI ISl BBIIOJIHEHUS CIIENUAIIA3UPO-
BaHHBIX 33/1a4, CUCTEMbI CBSI3M, OOOPYJOBaHUE JJIsi HABUTALIUU U JIPYTUE DJIC-
MEHTHI, 00€CIICUNBAIOIINE CTAOMIHPHOCTh U MAHEBPEHHOCTh. DTH AJIEMEHTHI T10-
MOTaKOT yNpaBisATh ABMKeHHEM PTK B pa3nuuHbIX yCI0BUSIX MOPCKOM Cpelbl U
MOBBILIAIOT €70 YCTOMYHUBOCTD.

Baxxnpim acniektom koHCTpyKiuu PTK siBisieTcst Takxke yu€t ocobeHHOCTEH
3a/1a4, KOTOpbIE OH NOJDKEH BbINTONHATE. Hanpumep, nia PTK, 3agadeit koTopeix
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SBJISIETCS] UCCIIEI0BAHNE MOPCKOM CpeJibl, MOKET OTPEOOBAThCS YCTAaHOBKA J10-
MOJIHUTETLHOTO 000PYI0BaHMUs, TAKOTO KaK JATYUKHU TEMIIEpaTyphl U JaBJICHHUS,
CUCTEMBI cOOpa M aHalIM3a JaHHBIX, a TakkKe 000pyJIoBaHUE HJsl 3a0opa mpod
Boabl. [l PTK, xoTopbie JOMKHBI BBIOJMHATH 33Jlaud MO OOecreyeHuto 0e3-
OMAaCHOCTH, MOTYT MOTPEOOBATHCS CHEIHAIU3UPOBAHHBIE CUCTEMbI OOHapyxe-
HUs, PACIIO3HABAHUS U OLICHKHU COCTOSIHUSI CPEJIBL.

B xonctpykiuio mopckux PTK Takke Moryt ObITh MHTETPUPOBAHBI CH-
CTEMBI aBTOMATHUYECKOTO YIIPaBIIEHUs, KOTOpbIe NO3BOJIAIOT PTK BBIIOTHATE 3a-
a4l aBTOHOMHO 0€3 y4acTus 4esloBeKa. JTO MO3BOJIAET YBEIUUUTh dP(HEKTUB-
HOCTh paboThl PTK 1 ymMeHbIIUTh 3aTpaThl HA IepcoHan. OAHUM U3 UHTEPECHBIX
KOHIICTITOB SIBJIAETCS pa3pabOTKa YCTPOWCTB C IUIABAIOIUMU IaTdhopMami,
OCHAIIEHHBIMU «APOHAMI JIJIs1 BHIMOJHEHHUS 3a]1a4 B BO3AYIIHOM MPOCTPAHCTBE
HaJl BOJHOM MMOBEPXHOCTHIO. JTU YCTPOICTBA MOTYT UCIIOJIb30BaThCA 1711 MOHH-
TOPUHTa MOPCKOM cpefibl, o0ecrieueHus 6€30MacHOCTH Ha MOPE U MOJIIIEPKKH Oe-
PEroBOU OXpaHBbL.

IIpencraBurenem Takoro kiacca Mmopckux PTK sBisiercs sxkcriepruMeHTa b-
el ipoekT Kb «Tamucman» u HIIK «Cereuentpuueckue Ilmargopmen -
«['naiinepon» [5]. Anmapar OyaeT oCyIeCcTBISATh ONIEPATUBHBIM MOHUTOPHHT aK-
BaTOPUI U MPUOPEIKHON TEPPUTOPUHU. YHUKATBLHOCTH MOPCKOTO aBHAIITMOHHOTO
KoMmIuiekca «I maitiepon» sSBIS€TCS COBMECTHas paboTa B cOCTaBe TPyMIbI Oec-
NUJIOTHUKOB PA3IMYHON (PYHKIIMOHAIILHOCTU. YYEHbIC TUIAHUPYIOT HCIOJIb30-
BaTh OJITHOBPEMEHHO TEXHUYECKUE OCOOEHHOCTH HAJIBOJHBIX U MOJBOAHBIX IJIaii-
JIEpOB JIJIsl PEUISHUsI BOIIPOCOB THAPOJIOTHH, TUsiporpaduu, ruapodusuku. Opu-
TUHAJIbHAsl KOHCTPYKIHUS MO3BOJUT MOJIy4aTh KaU€CTBEHHBIM M BCECTOPOHHUI
aHanu3 JaHHbIX. POOOT OymeT moJjie3eH AJid ONEepaTUBHOIO MOHHTOPHHTA IPH-
OpeXxHOM HHPPACTPYKTYPBI, OXPaHbl MOCTOB, THIPOAJICKTPOCTaHIINH [6].

Hpyro# koHIENT - 310 co3aanue HaABOAHbIX PTK ¢ BO3MOXHOCTBIO BBITIOJI-
HSATHb ABTOHOMHBIE MUCCHH, HE TPEOYIOIIHNE YUaCTHs YeJoBeKa. Takue yCTpoiicTBa
MOTYT OBITh UCIIOJIb30BAHBI JUISl PA3BEAKNA M MHCTIEKIIUU TTOJABOIHBIX OOBEKTOB,
MOHUTOPUHTA U KOHTPOJII MOPCKOW CPEIBI, TIOUCKA U CIIACEHMUS, & TAKXKE JJIS IIPO-
BEJICHUS PEMOHTHBIX padoT (PucyHok).

Emeé ogHrM KOHLIENTOM SIBIISIETCS CO3JAHUE MOMYJIbHBIX HAaaABOAHBIX PTK,
KOTOPBIE MOTYT OBITh OBICTPO MOIU(MDUIIMPOBAHBI M HACTPOEHBI IMOJ] KOHKPETHBIC
3a/1aui. DTO MO3BOJMUT ONepaTopam OBICTPO pearupoBaTh Ha U3MEHEHHS CUTYa-
1ur ¥ 3¢G(HEKTUBHO MCTIOIB30BaTh YCTPOUCTBA JIJISl PA3IMYHBIX MUCCHA.
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IIpenmyniecTrBa 1 HEIOCTATKHI

B nenom, coBpemenHbie nu3aiH-KoHIENTh HaaBoAHbIX PTK crpemsites k
CO3JJaHUI0 YCTPOUCTB C Oojiee MUPOKUMU BO3MOKHOCTSIMU M THOKOCTBIO B BbI-
MOJIHEHUH 33]1a4. Ba)XHO OTMETUTH, UTO pean3alus 3TUX KOHIIENTOB TpeOyeT He
TOJIBKO TE€XHOJOTHYECKUX PEIICHUI, HO U pa3pabOTKy COOTBETCTBYIOIIMX METO-
JIOB yIIpaBJIeHUs] 1 00pabOTKH JaHHBIX [7].

CoBpeMeHHbIE MOPCKHUE POOOTOTEXHUYECKHUE KOMIUIEKCH UMEIOT Pl Mpo-
0JieM, CBSI3aHHBIX C JU3aHOM UX KOHCTPYKIMHA U (PYHKIITMOHATIBHOCTHIO!

1. Hapexnocts u 6e3onacHOCTb. POOOTOTEXHHUECKHE KOMIUIEKCHI, pabo-
TaloIe HA MOPCKOM MOBEPXHOCTH, MOABEP>KEHBI BO3CHCTBUIO PA3INYHbBIX (aK-
TOpPOB, TAKUX KaK CHJIbHBIE BETPbI, BBICOKHE BOJIHBI, MOPCKON MpUOOii, coeHas
BOJIa U JIpyTHE arpecCUBHBIE yCiIoBHs. HemManoBaxHy0 poJib UTpaeT Ha/IeKHOCTh
1 0€30MacHOCTh TAKKX YCTPOMCTB [8].

2. Cucrema nutaHus 1 3apsaku. PoOOToTeXHUYECKHE KOMIUIEKCHI, padoTa-
IOIIIM€ HA MOPCKOM MOBEPXHOCTH, HYKAAIOTCS B ITTUTEIBHON pabOTe U SHEPIOIo-
TpebneHuu. 1o TpedyeT 3PPEeKTUBHOM CUCTEMBI MTUTAHUS, KOTOPast MOKET obec-
NEYUTh HAJISKHYIO pabOTy YCTPONCTB U IPOIOJKUTEIBHBIN IEPUO]] ABTOHOMHOM
paboThl. OCyIEeCTBICHUE 3aPSAIKU TAKXKE SBISICTCS OJTHOM U3 TJIABHBIX MPOOIIEM,
KOTOpbIE TPEOYIOT TOCTOSIHHOTO KOHTPOJISL M 00CITY >KHBaHUSI.

3. VYmpasnenue. Ynpasinenue u ynpasisiemoctb Mopckux PTK sBasitorcs
KPUTUYECKU BaXKHBIMU TIPOOJIEMaMu, KOTOPBIE HYKHO PelIUTh. st TOro, YTOOBI
YCTPONCTBA MOTJIM BBITIOJHSATH 3a/1a4d B PEAIbHBIX YCIOBUSAX, HEOOXOIUMO pa3-
pabotath 3¢ (GEeKTUBHBIE METO/ABl YIPABICHUS WU KOHTPOJISI, KOTOPHIE TO3BOJIST
PEIINTh 3TUM YCTPOUCTBAM MUCCHH B CJIIOKHBIX HEMPEACKA3YEMbIX CUTYaIIUsX.

4. Coop u obpaborka nanubix. CoBpemennbie Mopckue PTK cobuparoT
OOJIBITIIOE KOJIMYECTBO JIaHHBIX, KOTOPhIE HEOOXOAUMO 00pabaThIBaTh AJIA TOJTY-
YeHus moje3Hon uapopmanuu. s atoro Tpedyrorcs 3 (PeKTUBHBIE AITOPUTMBI
Y TIPOrpaMMHOE 00ecTieueHrne, KOTOPhIE MOTYT 00pa0daThIBaTh JaHHBIE B PEKUME
peaTbHOTO BPEMEHH.

5.
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Puc. Iloosoonwiii pobom Aquanaut (komnanus HMI, CZUA)'Oﬂﬂ npoeepkit Jhop-—

CKUX Heghme2az08bix coopyxceHuti u becnunromuwiii kamep Inspektor Mk 2 (kom-
nanusi ECA Group, @panyus)

BoiBOABI

B utore, MOXXHO cjenath BBIBOJI, YTO COBPEMEHHBIE MPOEKTHI HABOIHBIX
POOOTOTEXHUYECKUX KOMIUJIEKCOB O0JaJat0T BBICOKOW (DYHKIIMOHAIBLHOCTBIO U
YHUBEPCAIBHOCTBIO, O1arogaps MCIOJIb30BAHUIO MEPEAOBBIX TEXHOJIOTHN U WH-
HOBAIMOHHBIX pemieHud. OHAKO, MPOSKTUPOBAHUE U co3aaHue F(HPEKTUBHBIX
HAJIBOJHBIX POOOTOTEXHUYECKUX KOMIUIEKCOB OCTAETCS CI0XKHOM 3a1aueid, KOTO-
past TpedyeT yuéTta MHOTUX (PaKTOPOB, BKIItOUas TPeOOBAaHUS K MPOU3BOJIUTEIIb-
HOCTH, 3aIllUTe OT BHEITHUX (DAaKTOPOB U yrnpaBisieMocTu. Kaxaplii 2JIeMEHT KOH-
ctpykiuu PTK nomken ObITh TIIATETHHO MPOIYMaH U UHTETPUPOBAH B OOIIYIO
KOHCTPYKITHIO, YTOOBI o0ecnieunTh 3P dexktuBHyto padoty PTK B cioxHbIX Me-
TEOPOJIOTHYECKUX YCIOBHIX MOPCKOM cpefbl. ClieyeT TakKe YIIOMSHYTh O T0-
BBIIICHUH SHEPTrod((HEKTUBHOCTH, YIYUIICHHH MaHEBPEHHOCTH, YBEITUYCHUU
nanbHOCTU AeicTBus. CrieqoBaTebHO, KOHCTPYKIIHMS HAJBOJAHBIX POOOTOTEXHU-
YECKUX KOMILJIEKCOB SIBJISIETCS IEPCIIEKTUBHBIM HAIPABJICHUEM Pa3BUTHUS COBpE-
MEHHBIX TEXHOJIOTHI U MOXKET UMETh IIIUPOKOE MPUMEHEHHE B PA3JIMYHBIX 00J1a-
CTSIX, BKIIIOYAss MOPCKYIO IKCIUTyaTalllio, HayYHbIE MCCIIECOBAHUS, BOCHHYIO U
MIPOMBIIIUICHHYIO CEPbI, IKOJIOTHUECKUN KOHTPOJIb U YpE3BbIUYAWHBIE CUTYAIIUU.
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YK 621.396
3apaituenkoB CtanuciaB MakcHMOBUY

NCTOPHA PA3BUTHA BIUIA: OT ITEPBBIX OKCIIEPUMEHTOB 10
COBPEMEHHBIX JOCTUXEHMIA

Oma nayunas cmamos ucciedyem ucmopuro pa3eumus OeCnuiomHuLx 1emameisb-
Hoix annapamos (BI1JIA) om nepsvix s3KkCnepumMeHmos 00 COBPEMEHHBIX OOCMUNICEHULL.
Beeoenue npeocmasnsem akmyanonocme pazeumusi BIIJIA u ux easxcrnocmo 6 pasiuy-
Hoix ompacaax. Cmamvs paccmampusaem Kiouesble SManvl U MeXaHU3Mbl PA36Umusl
BIIJIA, sxntouas pannue sKcnepumenmol, NPOPblEHbIE MEXHOI02UU U NePCReKMUBHbIE
Hanpaesierusi Uccied08anull. 3aKuoyerue noo08oouUm Umo2u UCMopuiecko20 pa3eumusl
u npeonazaem npozro3wl 015 6yoyuezo BIIJIA.

BIIJIA, remamenvhblii annapam, asuayuoOHHble CUCTEeMbl, IKCNEePUMEHMbL.

Zaraychenkov Stanislav Maksimovich

THE HISTORY OF UAV DEVELOPMENT: FROM THE FIRST
EXPERIMENTS TO MODERN ACHIEVEMENTS

This scientific article explores the history of the development of unmanned aerial
vehicles (UAVSs) from the first experiments to modern achievements. The introduction
presents the relevance of the development of UAVs and their importance in various in-
dustries. The article considers the key stages and mechanisms of UAV development,
including early experiments, breakthrough technologies and promising areas of re-
search. The conclusion summarizes the historical development and offers predictions
for the future of the UAV.

UAV, aircraft, aviation system, experiments.
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Bsenenne

becniunotasie nerarenbubie anmnapathl (BIIJIA) ctanu ogHO#M U3 caMbIX HH-
HOBAI[MOHHBIX 00JIACTEN TEXHOJOTUYECKOTO Pa3BUTHUS B MOCICAHHUE JECATUIIC-
Tus. X crmocoOHOCTh BHIMOJIHATH Pa3IMYHbIC 3a/1a4d 0€3 MPUCYTCTBUS MUIIOTA
OTKpbLJIa HOBbIE TOPU30HTHI B 00JIACTU Pa3BEAKHU, I€0/I€3UH, TOCTABKUA TPY30B U
MHOTHX JIPyTHX OTpacisX. JTa CTaTbs HccieayeT uctopuro pa3zsutusi BIIIA,
HaYMHas C UX NEPBBIX IKCIEPUMEHTOB U 3aKAHUYMBAsA COBPEMEHHBIMU. becnuior-
Hble sietatenbHble anmnapatsl (BIIJIA) npencrapistor co0oi 0HY U3 CaMbIX HH-
HOBAI[MOHHBIX 00JACTEH TEXHOJOTMYECKOTO Pa3BUTHUs, KOTOpas 3a MOCJICAHHE
JIECSATUIICTHS TIPUBJIEKAET Bce OOJbIllee BHUMaHHE W MHTepec. BO3MOXKHOCTH
BITJTA BBIONHATH pa3ivyHbIE 331a4u 0€3 y4acTHs MUJIOTa MPUBEIa K OTKPBHITUIO
HOBBIX TOPU30HTOB B TAKUX 00JACTsIX, KaK pa3BeKa, reo/1e3us, TOCTaBKa IPy30B
u MHorHe apyrue chepol npumeHeHus. Mcropus pazsutus BIIJIA nacuuthiBaeT
JIECSATUIICTHS UCCIIEIOBAaHUN M Pa3padOTOK, HAUMHAs C MEPBBIX IKCIIEPUMEH-
TOB.

Pannue skcniepumenTsl B o6nactu pa3Butus bIIJIA nefictButensHo ObUIH
CBSI3aHBbI C CO3/IaHUEM ABTOMATHYECKUX YCTPOWCTB YHPABJIECHUS, TAKUX KaK pa-
OUOYNpPABISIEMbIE MOJEIN caMojJeToB. OQHAKO pealibHbIe KWU3HEHHBIE IpU-
MEpBI TaKKe MOATBEPKIAIOT 3Ty TEHJACHLIHUIO.

OcHoBHast

B nepuoa ¢ 1915 mo 1945 ron Habmronamuch NEpBbIC MIATH B PA3BUTHU
BITJIA. Xots Gombliiast 4acTh 3TOr0 Mepruoja MpUxoauTcs Ha BTopyro MuUpoByro
BOIHY, HEKOTOPBIE CTPaHbl HAYAJIM SKCIIEPUMEHTHUPOBATH C OECITUIIOTHBIMU JIETa-
TEJbHBIMU amnmnaparamu. BoT HECKOJIBKO TPUMEPOB:

B 1915 rony amepukanckuii u3ooperarens Hukomna Tecia mpenctaBuii CBOIO
KOHIIETIINIO OECMUIIOTHOTO JIETAaTEeIbHOTO arapaTa, Ha3BaHHOTO '"'TelleMeXaHu-
YECKUM BO3QYIIHBbIM BUXpeM'. OJIHAKO M3-32 TEXHOJIOTMYECKUX OTPAaHUYEHUN U
HeJocTaTka (PMHAHCUPOBAHUS ATOT MPOEKT TaK M HE ObUT peain30BaH Ha Mpak-
THUKE.

Awmepukanckasa apmusi: B 1916 rogy amepukanckas apmus Hadajia paspa-
00TKy OECIUIIOTHBIX JIETATEIbHBIX anmapaToB. OUH U3 CaMbIX U3BECTHBIX MPO-
exToB ObuT cBsi3aH ¢ Kopmycom curnanbnbeix Boiick apmuu CIIIA, koTopsIil pas-
pabaThiBasl OECTIMIIOTHBIC ammaparthl JIJisl UCTIOIb30BaHus BO Bpemsi [lepBoii Mu-
POBOM BOMHBI.

BenukoOputanus: B 1917 rogy 6puranckuii nzooperarens Apunbansa Jloy
co37aJ1 OECIMIIOTHBIN JIeTaTeNIbHBIN anmapar, u3BeCTHbIN Kak "Asporutan Koppa-
ute". DTOT amnmapaT UCTIOIB30BaIICA JjIsl 00MOapIMPOBKHA HEMEIIKUX TOPOIOB.
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I'epmanus: Bo Bpemst Bropoit MUPOBOI BOMHBI HEMELIKME HAYYHUKHU pa3pa-
00TaIu U UCIOJIb30BAIN OCCIMIIOTHBIE JIETATEIbHBIC aNapaThl, Takue Kak "du-
3enuHr" u "®uxrens". DTH anmapaThl ObUIM TPUMEHEHBI JUTSl Pa3BEKU U aTaK Ha
BPaXKECKUE LEIH.

B nenowm, B iepuos ¢ 1915 o 1945 rox ObutH ciesiaHbl IEpBbIE AT B pas-
Butuu BIIJIA. OnHaKo TEXHOJIOTMYECKHE M OpPraHU3alMOHHBIE OTPaHUYECHUS
TOTO BPEMEHU HE T03BOJISUIN MOJTHOCTHIO PeaaTnu30BaTh MOTEHIIMAT O€CITUITIOTHBIX
JeTaTeNbHbIX annapaToB. bonee 3HaunTensHOE pazsutre BIIJIA Havanock nocie
BTopoi MupoBOi1 BOMHBL.

B niepuog ¢ 1950 o 1980 ron aktuBHO pa3zBuBanack munutapuzanus BITJIA
BO BpeMs X0JIOJHOW BOMHBI. Paznuunbie crpansl, Bkiodas CIIA u CCCP, un-
TEHCHUBHO 3aHUMAJIMCh UCCIIEAOBAHUSIMU, Pa3pab0OTKON U HCTIBITAHUSIMH OECIr-
JIOTHBIX JIETATEJIbHBIX allllapaTOB C BOCHHBIM HA3HAYECHHUEM.

[IpruMepoM 3HAYMMOTO JOCTHUKEHUS B 3TOM IEPUOJIE SIBISIETCS CO3/IaHHE
CIIA "bu-2 Kaiio" (Beechcraft Model 2 Kao), koTopslii ObLT IEPBBIM paIno-
YIPAaBJISIEMbIM O€CIIHIIOTHBIM CAMOJIETOM, TPUMEHSEMBIM B BOCHHBIX 11eJIsIX. ""bu-
2 Kaito" 6b11 pa3paboTaH U BIIEPBbIE UCITOJIH30BAH BO BPEMSI BLETHAMCKOM BOMHBI
B 1959 rogy. OH BBITIOJIHAJ 3a7]a4i pa3BEKU, OOHAPY>KEHUS U HABEICHUS OTHS
HAa 1IEJM, a TAK)KE MCTOJIb30BAJICA JJISl CIEKEHUS 3a BPAKECKUMU JEHCTBUSMH.

B CCCP rtaxxe npoBoaiInCh CXOAHbIE pa3paboTku. Hampumep, kommaHus
"MukosiH u ['ypeBuu" co3nana cepuro OECIUIOTHBIX JIETaTEIbHBIX ammaparos,
u3BecTHBIX Kak "Mul'P" (MukosiH u ['ypeBud pa3BenbIBaTeIbHbBIN). DTH amma-
paThl ObUIM TIPEIHA3HAYCHBI JIJIS1 BHITIOJIHEHUSI Pa3BEIbIBATEIHLHBIX U 0OEBBIX 3a-
7a4, BKJIr0Yas 00MOapAUPOBKY U HABEJIEHUE PAKET Ha IICJIH.

B nenowm, B nepuoa ¢ 1950 no 1980 ron akTuBHOE pa3BUTHE MUIIUTAPU30-
BaHHBIX BIIJIA mpuBeno K MOSIBICHUIO HOBBIX TEXHOJOTHM M TAKTUK BOEHHOIO
NPUMEHEHUS. DTU JOCTUKEHUS MOJOKUIA OCHOBY JJIs1 JAJIbHEUIIEro pa3BUTHUS
u npuMeneHust BITJIA B BoeHHBIX onepanusx.

C npopbIBOM MUKPOAIIEKTPOHUKH U PA3BUTHEM KOMIBIOTEPHBIX TEXHOJIO-
ruii B 1970-x ronax, BIIJIA Hauanu mony4daTh HOBbIE BO3MOXXHOCTH. BBeneHue
MHKPOMPOLIECCOPOB U aBTOMATUYECKUX CUCTEM YIPABJICHUS MO3BOJIMIO CO3/1aTh
aBToHOMHBIE BI1JIA, criocoGHBIE BBIMTOJIHATH CJI0KHBIE MUCCUU 0€3 MPSMOTO yya-
CTHS TUJIOTA. ITO OBLI TPOPBIBHBIM MOMEHT B pa3BUTHH BITJIA, KOTOPBI OTKpHLT
My Th IS ITUPOKOTO MPUMEHEHHUS B Pa3IMYHBIX chepax.

1980-2000: Pacmmpenue rpaxxaanckoro npuMmeHenus B 1980-x rogax Haya-
JIOCh aKTUBHOE pa3BuTue rpaxaaHckoro npumeHeHust BIIJIA. Onu cranu uc-
MOJIb30BAThCS JIJII MOHWUTOPHWHTA OKPYXKAIOMIEH cpenbl, a’podOTOCHhEMKH,
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CEeJIbCKOTO XO034icTBa W reosiornueckoro uccieaoBanus. Kommanus General
Atomics pa3paboTaia 1 BHeApHia B mpou3BoacTBo MQ-1 Predator - ogny u3 ca-
MBIX U3BECTHBIX CEPUIHO MPOU3BOJUMBIX BOOPYKeHHBIX BITJIA.

2000-2010: PazButue mHoropotopHbix BITJIA B nauane 2000-x ro0oB pas-
BUTHE MHOTOPOTOPHBIX BITJIA mosyunsio HOBbIM UMITyJibC. Takue anmaparhl, Kak
DJI Phantom, cranu nomyisipHbIMU CpEeIH JIIOOUTENed U MPOPEeCCUOHAIBHBIX
onepaTopoB. B 3TOT nepuoa Takke pa3BUBAINCH TEXHOJIOTUH aBTOHOMHOTIO IT0-
JieTa U JaTYUKOB, UTO CYIIECTBEHHO MOBBICUIIO BO3MOKHOCTU BITJIA.

2010-2021: BIIJIA Bomwtu Bo Bce cepnl xu3nu C Havana 2010-x rogoB
BILIA cranu Bce Goisiee JOCTYMHBIMH U pazHOOOpa3HbIMU. OHM HAIUIM MIpUMe-
HEHUE B TaKuX 00JIaCTAX, KaK JOCTaBKa TOBapOB (Hampumep, MpOoeKThl Amazon
Prime Air), criacatrenbHbI€ Onepaluu, CTPOUTENIbCTBO, MOHUTOPUHT HHPPACTPYK-
Typbl U MoxkaporymieHue. Kpome Toro, pazpaboTuuku MPO0JDKAIN YIIydlIaTh
TE€XHOJIOTUU JATYMKOB, aBTOHOMHOTO TosieTa U ynpasieHus: bITJIA.

B 2021 roxy BIIJIA cranu HEOThEMIIEMOM YaCThI0 MHOTHX OTpaciiei u ooe-
IIAIOT TPOJOJDKUTH CBOE pa3BuTHe B OyayiieM. COBpeMEHHbBIE JOCTHKECHHS
BKJIFOUAIOT YJIYYIICHHBIE CUCTEMbl HABUTAIIMKM U CTAOWJIM3AIMH, TTOBBIIICHHYIO
IPy30I0AbEMHOCTD, 00JIee MPOAOHKUTEIBHOE BpeMsl TI0JIeTa U pa3paboTKy cIie-
UATM3UPOBAHHBIX MOJIENIEH 711 KOHKPETHBIX 3a]ay.

C pa3BUTHEM KOMITBIOTEPHBIX TE€XHOJIOTUH U MUHUATIOPU3ALUU JIJIEKTPO-
HUKU BIIJTA mostyumnu HOBbIE BO3MOYKHOCTH WM BHEIPWINCH B Pa3IMYHbIE OT-
pacnu. PeanbHble npuMepbl MOATBEPKIAIOT BaKHOCTh 3THUX IMPOPBIBHBIX TEXHO-
noruii B pazsutuu BITIA.

Hampumep, B o6nactu reoae3un u kaprorpaduu, bITJIA ¢ GPS-naBuramnuei
U CEHCOPAMH BBICOKON TOYHOCTHU MO3BOJISIIOT CO3/1aBaTh ACTAIbHBIE U TOYHbBIC
KapThl MeCTHOCTU. OHU MOTYT CKaHUPOBATh M cOOMpaTh reorpaduieckue gaH-
HBIE C BHICOKOM paspeniaroiieil CmocoOHOCThIO, UTO 00ecreynBaeT 6ojiee TOUHOE
1 3(pPexTUBHOE ITAHNPOBAHUE WHKEHEPHBIX U CTPOUTEIBHBIX MPOEKTOB. [Ipu-
Mepowm sBisieTcst kommanusi DroneDeploy, koTopas mpeiocTaBisieT peeHust s
Kaprorpaduu 1 aHaau3a JaHHbIX ¢ momoisio BITJIA.

B oGnactu cenbckoro xo3siictBa, BIIJIA ucnonb3yroTes 1ist MOHUTOPUHTA
Y aHaJiu3a ypokaitHOCTH noJieid. OHU OCHAIIEHBI CIIEUATIM3UPOBAHHBIMU CEHCO-
pamMu, CHOCOOHBIMH OOHAPYKUBATH 3a00JI€BaHUS PACTCHUH, HEIOCTATOK BJIaru U
npyrue GakTopbl, KOTOPhIE MOTYT MOBIUSATH HA KaU4€CTBO M YPOXKAWHOCTh. ITO
MO3BOJISIET CEJILCKOXO3SIICTBEHHBIM MPEANPUSATUAM IPUHUMATh CBOCBPEMEHHBIE
MEpHI JI YBEINYEHHUS YPOKANHOCTH U ONTUMH3ALIUK UCTIOJIb30BAHUS PECYPCOB.
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[Tpumepom siBisiercst kommnanus PrecisionHawk, koTopas npesuiaraer pemieHus
JJIS1 CEJIbCKOXO35IMCTBEHHOTO MOHUTOPHUHTA ¢ TToMOIbio BITJIA.

B cdepe sxonoruu u npuponooxpansi, BITJIA urparoT BaxHYIO pOJib B MO-
HUTOPUHIE OKPY>KaIOIIEH Cpejibl U KOHTPOJIE 32 UBMEHEHUSIMU B OMOpa3zHoOoOpa-
3un. OHU MOTYT UCIIOJIB30BAThCS JIJIsl OOHAPYKEHUS M aHATN3a U3MEHEHUI B Jiec-
HBIX MMOKPOBAX, OLIEHKHU 3/I0POBbsl SKOCUCTEM W KOHTPOJIS 32 OPaKOHBEPCTBOM.
becniunoTHbIe anmaparsl MO3BOJISIIOT MOJIYYUTh TOCTYI K TPYIHOJOCTYITHBIM Me-
CTaM U cOOMpATh JAHHBIE, KOTOPHIE TIOMOTAIOT B MPUHATUU PEUICHUI B 00J1acTH
oXpaHbl OKpysarouien cpenbl. [Ipumepom sBisiercss komnanus FLIR Systems,
KOTOpas pa3pabaTbiBaeT M MPOU3BOIUT TEINIOBU3MOHHOE 000PYI0BaHKE, BKIIIO-
yas kamepsl 11 BITIA.

Pa3BuTure GecripoBOIHOM CBSA3M U NepeAaun IaHHbIX 3HAYUTEIHHO YCUITHIIO
BO3MOKHOCTH YJIaJIECHHOTO yripaBiieHusl U KoHTpouist BIIJIA. B peanbHO# KU3HH,
MHOTME KOMIIAHUH U OPTaHU3AIMHU YK€ BHEAPWIHN cucTeMbl ynpasieHus: bITJIA
yepe3 OecrpoBojiHbIe ceTh. Hampumep, omepaTopbl JOCTaBKH HCIOJIb3YIOT
BITJIA nist aBTOMaTuyecKoil TOCTaBKU TOBApOB, YTO MO3BOJISIET CHU3UTD 3aTPAThI
U yBeIU4UTh 3((HEKTUBHOCTH Tpoliecca gocTaBku. [IpuMepom siBisieTcs Komma-
Hust Amazon Prime Air, koTopasi pa3pabaThIBacT CUCTEMY JOCTABKU C TTOMOIIBIO
aBTOHOMHBIX BITJIA.

3akioueHue

Takum oOpa3zoM, peasibHbIe PUMEPHI TTOJTBEPKAAIOT, YTO PA3BUTHE KOM-
NBIOTEPHBIX TEXHOJIOTMH, MUHUATIOpHU3alus 3JeKTpoHUKU, GPS-naBurauus u
OecrpoBOHAS CBSI3b UTPAIOT KIIOYEBYIO POJIb B MOBBIIICHUU HAJIEKHOCTH, TOY-
HocTH U 3 PextuBHOCTH BITJIA, OTKpBIBasi HOBbIE BO3MOXKHOCTH U TEPCIIEKTUBbI
IIPUMEHEHHUS B PA3JIUYHBIX OTPACIIAX.

B Oyaymem passutue BIUJIA, BepositHOo, OyAeT cOCpeAOTOYEHO Ha He-
CKOJIBKMX HaIlpaBJICHUsIX. BO-IEpBbIX, yIyUdllIEeHUE aBTOHOMHBIX BO3MOXKHOCTEN
BILTA, Bxitovast pa3Butue 06ojee CioxkHbIX anroputMoB MM u mammuaHOTO 00Y-
YEHUS, TIO3BOJIUT UM BBITIONHSATH e111e 00Jiee CIOXKHBIC 3a/1a4i Oe3 y4acTHs ore-
paropa.

Bo-BTOpBIX, pazpaboTka HOBBIX MAaTEPUATIOB U TEXHOJIOTHI MO3BOJIUT CO-
31ath Oosiee Jierkue, mpounbie u dHeproddexruHbie BITJIA. 310 yBenmuuT ux
JAJIbHOCTB T0JIETA, CKOPOCTh U IPY30I0IbEMHOCTb, UTO PACIIUPUT UX ITPUMEHE-
HHE B PA3JIMYHBIX OTPACIISIX.

B-tpethux, 6e3omacHoCTh M HaieKHOCTH BITJIA OyayT ogHMME U3 TIaB-
HBIX TpHOpUTETOB. Pa3paboTka cucCTeM, NPEAOTBpAIIAONIUX aBapUUu M
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00ecreynBaoNIMX 3aUUTy OT B3JIOMa U HECAHKIIMOHUPOBAHHOTO JI0CTYyIA, OyAeT
UTpaTh BaXKHYIO pojib B OyayiieM pa3Butuu BITJIA.

B utore, ucropuueckoe pazsutue BIIJIA moka3piBaeT MOCTOSIHHBINA MPO-
rpecc B 00J1acCTH aBUAIMOHHBIX TeXHOJOrui. OHU CTaHOBSTCS Bce Ooliee aBTO-
HOMHBIMH, UHTEJUIEKTYaJIbHBIMU U MPUCIIOCOOIEHHBIMH K Pa3IMYHBIM 3aja4aM.
bynymee BIIJIA Buautcs B 6oJiee MIMPOKOM IMIPUMEHEHUH B PA3JIMUHBIX chepax,
BKJIFOYAs TPY30IE€PEBO3KH, IKOJIOTUYECKYI0 MOHUTOPUHT, KOMMYHUKAIIUU U MHO-
roe jnpyroe. OHu OyJlyT UrpaTh BaXKHYIO pOJb B MOBBIIICHUN 3((HEKTUBHOCTH,
0€30MacHOCTH M PKOHOMHYECKOW BBITOJHOCTH MHOTHX OTpacieil, uX pa3BUTHE
OyJieT MpoA0KATHCS, OTKPHIBAsi HOBBIE TOPU30HTHI JIJIs1 UCCIICIOBAaHUMN U ITPUMe-
HEHMUSL.
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MO/JIEJTAPOBAHUE MPOIIECCOB Y TOKA3ATEJIE
ONPBICKMBAHMS CKJIOHOB BECIIMJIOTHBIMM BO3YIITHBIMH
CYJIAMM

Paccmompensi 6onpocel mooenuposanus npoyeccos u nokazameineu onpulCKUa-
HUs ¢ NpuMeHeHuem OecnulomHubIX 8030VUHBIX CY008 éepmonemnozo muna. Chopmu-
POBAH U anpoOUpPoOBaH PAcuemHO-NPOSPAMMHBIUL KOMNIEKC MOOEIUPOBAHUS, C UCNOIb-
308aHUEM KOMOPO20 NOJYUeHbl paciemHble OaHHble ONPbICKUBAHUS OeCNUIOMHBIM 803-
oyuwHviM cyoHom DJI T2() cknonoswix yuacmkos ¢ ykionom 00 30° 6 xapaxmepHuix ycio-
susAx nposedenuss obpabomok. I[loomeepoicoeHa 803MOMCHOCMb — GbINOJIHEHUS
DJI T20 06pabomok cKI0HO8bIX YUACMKO8 ¢ YKAOHOM 00 30°, gvlasieHbl OCHOBHbLE 3a-
KOHOMEPHOCMU GIUAHUSL HA NOKA3amenu 00pabomox GHeWHUX U MexHOI02U4ecKux na-
pamempos, chopmMupo8ansvl peKOMEeHOAyuU Nno BblNOJHEHUI0 00pAbOMOK 6 YCI08USX
sempa.

Mooenuposanue, becnunommuoe 6o30yuinoe cyoHo (BBC), enecenue eewecms,
CKJIOH, napamempwvl noiema, oopabomxa.

Valery Pavlovich Asovsky, Alla Sergeevna Kuzmenko,
Alexey Valeryevich Asovsky

SIMULATION OF PROCESSES AND INDICATORS OF SPRAYING
SLOPES BY UNMANNED AIRCRAFT

The article discusses the issues of modeling the processes and indicators of
spraying with the use of unmanned helicopter-type aircraft. A calculation and software
modeling complex was formed and tested, using which calculated data were obtained
for spraying slope areas with a slope of up to 30° by an unmanned DJI T20 aircraft
under typical treatment conditions. The possibility of performing DJI T20 treatments
of slope areas with a slope of up to 30° has been confirmed. The main regularities of
the influence of external and technological parameters on the indicators of processing
are revealed, recommendations for performing treatments in wind conditions are
formed.

Modeling, unmanned aircraft (UAV), application of substances, slope, flight pa-
rameters, treatment.
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BBenenue

Onnum 13 HanboJiee MEePCIEKTUBHBIX HAMMPABICHUN Pa3BUTHUS TPAXKIAHCKUX
OECHMIOTHBIX TEXHOJIOTUH B HACTOAIIEE BPEMSI CUMTAETCS UCIOIb30BaHUE Oec-
NUIOTHBIX BO3AymHbIX cynoB (BBC) B mHTepecax arponpoMBIILIEHHOTO KOM-
miekca. B atoit chepe B Onmmkaiiiime roasl MOKET ObITh 3a1eiicTBOBaHO 10 80-90
% Bcex komMmepueckux BBC, npu 3ToM 3HaunTenbHast ux 4acth (25 - 40 %) Oyaet
MCIIOJIb30BaHa JIJIsl BHECEHHsI MECTHIUIOB U arpoxuMukaroB ([1-3]). Takoe uc-
noJsib3oBanue bBC cBsi3aH0 ¢ HEOOXOIUMOCTBIO, HAPSLY C OOIIMM 0OecrieueHUEM
JIETHOM rOTHOCTU U 0€30MAaCHOCTH IMOJIETOB, PEIICHUSI MHOTHX CIIEIIMAIbHBIX BO-
IIPOCOB, CBSI3aHHBIX C 00ECIIEUeHUEM KauecTBa, 0€30MacHOCTH U 3PHEKTUBHOCTH
obpaborok BBC. AHanu3 mpoBeJEHHBIX K HACTOSIIEMY BPEMEHH IMpeuMylle-
CTBCHHO 3apyOCe)KHBIX MCCJICIOBAHUN HEKOTOPBIX U3 3TUX BompocoB ([3-5]) mo-
Ka3bIBACT, YTO HauboJIee OCTPOM MpOoOIEeMOii B 3TOM 0OJACTH SIBISETCS OTCYT-
CTBUE CPEJICTB MOJICIMPOBAHUS MPOIECCOB U MOKA3aTEIeH ONPBICKUBAHUS IS
Pa3HOOOpa3HBIX MMAPAMETPOB, YCIOBUN U PEKUMOB MOJIETa, CBOMCTB IPUMEHSsIe-
MBIX XKHUAKOCTEH U MOKa3aTeseil ee BBITyCKa, BUJIOB pabOT U 0OpabaThiBaeMbIX
KYJBTYP.

OcHOBHasl YaCTh

B nporecce npoBeieHHBIX HCCIEAOBAHUM C YIETOM paHee MOJTyYeHHBIX pe-
3ynbTaToB ([6-8]) B cpeae nporpammupoBanust DELPHI 611 pa3paboTtaHn, amnpo-
OMpOBaH U MOJIEPHUZUPOBAH IS PEIICHUS CIICIUATBHBIX 3a/1ad pacyeTHO-TIPO-
IPaMMHBIA KOMITJIEKC MOJICIMPOBAHUS TPOIECCOB M MOKa3aTeIe BHECEHHSI pa-
O0ouux xuIKocTen (ompbickuBaHusi) ¢ mpuMeHeHueM bBC BeproneTHoro tuma.
WcxonHbIMU TaHHBIMH KOMIUIEKCA SIBJISIIOTCS TEXHUYECKHUE XapPaKTEPUCTUKH
BBC u cucreMbl ONpbICKUBaHUS, MOKa3aTelyd ydacTka (MOKPBITHE, YKJIOHBHI),
BHEIITHUE YCJIOBHS (TapameTpbl aTMOCc(hephl, BKIItOUass CKOPOCTh U HAIIPaBJICHHUE
BeTpa U CTpaTU(UKAIUIO TPU3EMHOTO CJI0s), CBOMCTBA pab0YHX KUAKOCTEH (CO-
CTaB, (PU3UKO-XUMUYECKHE MapaMeTPhl KOMITIOHEHTOR), TAHHBIE BBHIITYCKA U JTUC-
MePrUpPOBaHUs paboUuei KUIKOCTH U TEXHOJIOTHYECKUE TTapaMeTPhl ONPHICKUBA-
HUs (HOpMa BHECEHHsI, CXeMa HACTPOUKH, pabodasi CKOPOCTh M BBICOTA TIOJIETA).
ArnpoOanust pac4eTHO-MPOTPAMMHOTO KOMILIEKCa Ha TIPUMEPE XapaKTEPHBIX 00-
paboTOK psifa OTEeUeCTBEHHBIX U 3apyOexHbix bBC monrBepauia npueMiaemMyro
JIOCTOBEPHOCTH, aJIEKBATHOCTh U TOYHOCTH PE3YJIHTATOB MOJICTUPOBAHUS B CPaB-
HEHUU C YKCIIEPUMEHTAJILHBIMHU JAHHBIMH, YTO ITO3BOJIIET UCIIOJIB30BaTh pa3pa-
OOTaHHBIN KOMIUIEKC JJIsi PEIICHUSI MUPOKOTO TIEPEUHS HAYYHO-TIPAKTUYECKUX
3a/1a4, B YaCTHOCTH, OI[EHKY BJIMSIHUS PA3IMYHBIX TAPAMETPOB 0XKHIa€MBIX yCIIO-
Buil npuMeHeHns bBC Ha nokazarenu ero onpeICKUBaHUS.
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OnHoit u3 nepcnekTuBHBIX oOsacter mpumeHeHus: bBC sBisieTcst onpbicku-
BaHME yYaCTKOB Ha CKJIOHaX, 0COOEHHO KpYThIX (YKJIOH 110 35-40°, [9]), roe 06-
paboTKa TpaauIIMOHHOW Ha3eMHOHN M aBHAIIMOHHOW TEXHUKOW HEBO3MOJKHA.

JI7is OlleHKH BIIMSIHUS YKJIOHA ydacTKa Ha MPOIECCHl M TIOKAa3aTeNId OIphIC-
kuBaHus ckJ1oHOB BBC ¢ rcnosib30BaHreM pacueTHO-MPOrPaMMHOIO KOMILIEKCa
TUTS XapaKTEPHBIX 0’KUACMBIX YCIIOBUH OBLITH MPOBEICHO MOICTUPOBaHKE 00pa-
00TKHU pacnpocTpaHeHHBIM rekcakontepom DJI Agras T20 ydacTkoB ¢ yKJIOHaMH
10 30° mpu HOpME BHECEHUSI BOJHOTO JECATHUIIPOIICHTHOTO PacTBOPa THUIIOBOTO
nectunmaa 10 i/ra ¢ 6a3oBoii pabodeid CKOPOCTH 5 M/C TIPH BapbUPOBAHHUH BbI-
coThl onpbickuBaHus (3 u 5 M), ycioBuii crpatuduxanuu (napametp Teitnopa
([10]) B mpenenax 0,2 — 5,8), ckopoctu (W 1o 2 M/c) u HampaBlieHHIO (BBEpX
(Wz>0) u Buu3 (Wz<0) o ckiioHy) BeTpa.

Jyist mpuMepa BIUSTHUS IOTIEPEYHOTO YKJIOHA Ha ((OPMHUPOBAHHUE BUXPEBOTO
cinena BBC Ha puc.1 nmokaszana ero pacuetHasi KoH(Urypaiust (BUI Criepen) 1ist
BBICOTHI TI0JIETa 5 M MPU CUIILHOM HEYCTOMUYUBOCTU aTMOC(hEphl U OE€3BETPUH CO-
OTBETCTBCHHO JIJIsl TOPU30HTAIBHOM moBepxHOCTH (AgQ = 0, a)) 1 ckiioHa ipu Ag

= 15° (6)).

9

Puc. 1. Pacuemuas kongueypayus suxpesozo cieda cekcakonmepa DJI
Agras T20 npu noneme na ckopocmu 5 m/c u 8vicome 5 M 8 YCI08USAX CUTbHOU

Heycmotyusocmu ammocgepwvl (bezgempue) Ha0 OPU3OHMANLHOU NOBEPXHO-
cmvio (a)) u 8001w ckiona 15° (6))

Kak moka3spiBatoT pacuetsl, npu nojiere bBC B1oab CKJIIOHA MPOUCXOAUT
CYILIECTBEHHAs U CBSI3aHHAsI C YKJIOHOM MEpecTpoiika BUXPEBOTo cliea, IpH Ko-
TOpOM OOpallleHHas BHU3 MO CKJIOHY YacTh CBOOOJIHBIX BUXPEH «pacron3aeTcs»
B 9TOM HaIpaBJICHUH, @ OCTABIIASACS OCTACTCS B 30HE JIMHUU MPOJIETa , IPU ITOM
OOKOBOM BeTEp MPUBOAUT K JIOMOJTHUTEILHOMY CMEIIEHUIO CUCTEMBbI BUXPEH B
HaIlpaBJICHUH BETpa.
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[Tepectpoiika Buxpeoro cieaa bBC npuBoauT kK ”3BMEHEHUIO OIS UHTYK-
THUBHBIX CKOPOCTEW, KOTOPOE B OCHOBHOM OIPEIEISAET MPOLECCH] OCAXKICHUS pa-
0ouel KUIKOCTH (Ha puC. 2 [JIs MpUMepa MPEACTABICHO MOJIE UHIYKTUBHBIX CKO-
poctelt B nornepeyHoil miockoctd B 20 M 3a BBC 1711 paccMOTPEHHOro BbILIE

ciyJas).

a)

Puc. 2. Pacuemnoe none unoykmugHwvix ckopocmeti cexcaxonmepa DJI

Agras T20 npu noneme na ckopocmu 5 m/c u 8vicome 5 M 6 YCI08USAX CUNbHOU
Heycmoudyusocmu ammocgepwl (bezgempue) Ha0 OPU30HMANLHOU NOBEPXHO-

cmoio (a)) u 800w cxiona 15° (0))

OTtmeueHHas ACUMMCTPHA BUXPEBOI'0 CJICAa U IMOJII MHAYKTHBHBIX CKOPO-

creii npu noJsiere bBC Hag CKIIOHOM OYEBHAHO CBSI3aHA C OTJIUYUSIMUA TPACKTO-

pUl ABWIKEHUS U TIOKa3aTesield OCaKJACHUS Kareslb padouei »KUJIKOCTH, BBIITY-

IICHHBIX IIPU OIMMPBICKMBAHWH C COITOCTABUMBIMHU ITapaMETpPaMU BBCPX U BHU3 110

CKIIOHY (P

PacueTsl :amepmenst |

Coxpasums sux
v
2

dTe=-03%pan

-

Puc. 3 — Tpaexmopuu osusicenust (6ud cnepeou) kaneib ¢ HA4aJ IbHbIM
ouamempom 200 mxm, evinyujenrol u3 uewnHux 3aouux gopcyroxk XR110-01

eexcakonmepa DIl Agras T20 npu noneme 6donw cxnona 15° na ckopocmu 5
M/c u 8blcome 5 M 8 YClo6uUsIX CUNbHOL Heycmoudusocmu (bezsempue)
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PeanuzoBaHHbIE B MPOrpaMMHOM KOMILIEKCE MIPOLIEYPbl YHUCIEHHOTO UH-
TErpUPOBAHUS MMOKA3aTENeH OCAXKIEHUs Kareiab padboyeil KUAKOCTH 10 GOpCyH-
KaM, yIJIaM BBIIyCKa U pa3MepaM BBITYLIEHHBIX Kamleib JJI 33JaHHBIX YCIOBHI
U napameTpoB 00paboTku bBC no3BOSIOT MOTYYUTH SIIOPHI pacipeieIeHus mo-
Ka3aTelel BHECEHHUs >KUIKOCTH Ha 00pabdaThIBAEMOM Yy4YacTKe B OJMHOYHOM
BOJIHE OcakeHus ( Ha puc. 4 JyUIsl mpuMepa MoKa3aHbl XapaKTepHBIE S0Pl 00b-
€MOB OCEBIIIEH KUJIKOCTH Ha CKIIOHE 15° mpu onpbeickuBaHuu rekcakontepom DJI
Agras T20 ¢ nopmoii BHecerus 10 j1/ra Ha BBICOTE MoJieTa 3 M B YCIIOBUSIX BETpa
BBEPX U BHU3 10 CKJIOHY ), KOTOPBIE MO3BOJISIIOT OIIEHUThH 3HAYUMBbIE IMOKA3aTEIH
o0paboroxk bBC u BiusHIE Ha HUX BHEITHUX [1apaMETPOB.

0.

Puc. 4 — Pacuemnoe pacnpedenenue 06vemog scuokocmu Ha ckioue 15°
npu onpuvickusaruu cexcakonmepom DIl Agras T20 ¢ nopmoti enecenus 10
Ji/2ea Ha evicome nojiema 3 M 8 yciosusx 6okoeo2o sempa 2 m/c esepx (a)) u

6HU3 (0)) NO CKIOHY

Enunnanbie K03hGUIMEHTH KOPPEISIUU HEKOTOPHIX 3HAYMMBIX HHTE-
IPaJbHBIX MOKA3aTeJIE OT BHENIHUX NApaMETPOB ONPBICKUBAHMS ISl ITOJIYYEH-
HOTO B pabOTEe MacCHBa PacUETHBIX JIAHHBIX MPEACTaBICHBI B Ta0MI. 1.

Tabmma 1
EnunuyHas koppensiuus nokaszaTteneil u napamerpoB onpbickuBanusi BBC
[TapameTp bokosoi
. VYkioH Ag, BeicoTa no-
[Toka3aTenn Tennopa Berep Wz,
rpan. aera Hk, m
Pt M/C
OnuHOYHAS BOJIHA OCAKIEHUS
Pa3smax BOJIHBI OcakaeHust ZVO, M -0,195 -0,224 -0,010 0,289
Jons oceBmux kamneiab Kk, % 0,065 0,587 -0,241 0,158
Hons ocesmedt xuakoctu Kg, % -0,481 -0,277 -0,075 -0,273
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MennanHo-00bEMHBIH  IUAMETP,

-0,525 0,240 0,376 0,375
MKM
MakcumanbHOE IIOKPBITHE,
) 0,817 -0,046 -0,165 -0,258
IIT./CM

O0paboTka yuacTka (padouasi InMpUHAa 3axBaTa 6 M)

Cpennsis HOpMma BHeceHus: Hcp,

-0,554 -0,154 0,103 -0,202
j/ra
Cpe;[H;m IINIOTHOCTDH HOKpBITI/ISI,

) 0,119 0,629 -0,214 0,181

LIT./CM
Bapnam/m BHCCCHUS KaIllCJib

0,852 -0,333 -0,144 -0,561
Kvn,%
Bapnam/m BHCCCHHUSA XKXUAKOCTU

0,785 -0,101 -0,026 -0,576
Kvq,%

Kaxk BumHO 13 3TOM TaOIMIIbI, BCE MPEICTABICHHBIE B HEM TapaMeTphl OKa-
3bIBAIOT ONPENEIIEHHOE, XOTS B OOJBIIMHCTBE CBOEM OJHO3HAYHO HE ONpPENEs-
Iolllee, BIMSAHME HA MHTErPAJIbHBIE MOKa3aTeln ocaxzaeHus u oopadotok BBC,
00yCJIOBJIEHHBIX KOMILUIEKCOM MapameTpoB. [IpumedarenbHo, 4TO MpU IPOYUX
PaBHBIX yCIOBUAX NpH onpbickuBannd bBC cknoHOB ¢ ykinonamu 10 30° yBenu-
yeHue AQ MO3UTUBHO CKa3bIBAETCS MOJTHOTE OCAXKICHUS U MIIOTHOCTH MOKPBITHS
Kareylb 1 PaBHOMEPHOCTU BHECEHHUS paboyell KUIKOCTU MPU HEKOTOPOM YXY/I-
IIEHUU JIPYTUX MOKa3aTesiel, T.e. Ka4eCTBO 00padOTKHU B LIEJIOM COMOCTABUMO C
TPaAULIMOHHON 00pabOTKOM FOPU30HTAIBHBIX YUYaCTKOB.

Ha ocHoBanuu 0000111€HUSI TOJTyYEHHBIX JaHHBIX MOJCIUPOBAHUS U UX pe-
IPECCUOHHOTO aHAJIN3a C BBIACICHUEM MHOTO(PAKTOPHBIX CTATUCTUYECKU 3HAYU-
MBIX MOJIEJIEH OMUCaHus JIJIsl PACCMOTPEHHBIX BapuaHToB 00padoTku bBC ckio-
HOB € YKJIOHaMH 710 30° MOHO BBIICJIUTH CJIEAYIOIIME MOJIOKEHUS:

- OCHOBHbIE Moka3arenu onpbickuBaHusi BBC CKIOHOBBIX y4acTKOB CyIlie-
CTBEHHO HEJIMHEWHO U Pa3HOHANPABJICHO CBS3aHbI C BEJIMYMHAMU YKIOHOB 00-
pabaTbIBaeéMbIX CKJIOHOB U MapaMeTpamMH BETPOBOM 00CTaHOBKH Ha HUX;

- 10 Mepe YBEJIMYEHHSI YKIOHOB OOLIMI pa3Max BOJIH OCAXKIACHUS >KUKO-
ctu ¢ bBC ymenbmaercs 10 7-8 % npu 0e3BETpUH U IONOJHUTEILHO TPUMEPHO
Ha 20 % npu BeTpe cuiioit 10 2 M/C BBEPX 10 CKJIOHY, B TO BpeMs KaK TaKoil BETep
BHM3 M0 CKJIOHY CBSI3aH C yBeJIn4eHueM pazmaxa 10 20 %;

- U3MEHEHHE KOH(DUTYypalMK U TOKa3aTelel BOJH OCAXKICHUS KUJKOCTH C
POCTOM YKJIOHOB YYacCTKOB B YCJIOBHUSIX O€3BETpHs NMPH MPAKTHUECKU HEM3MEH-
HOM JUCIEPCHOM COCTaB€ OCEBILEH XKHUJAKOCTU ( OTKJIOHEHHS MEIUaHHO-
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00BEMHBIX JMAMETPOB B peenax 3-4 %) NpuBOANUT K YBEIHMUCHHIO JIOJIA OCEB-
KX Ha CKJIOH Karesb U UX 00beMOB, MPU TOM, UTO OOKOBOI BeTep Mpu 001IeM
CHIKEHHH YPOBHS ATUX IOKA3aTeNe CyIIECTBEHHO KOPPEKTUPYET 3Ty TEHJICH-
10, HUBEJIMPYS TAKOE€ NU3MEHEHUE IIPU BETPE BBEPX IO CKIIOHY U YCUIUBAs JIs
IPOTUBOMNOJIOKHOTO HANPABJICHUS;

- CpeHuEe HOPMbI BHECEHHUS pabouel MKUAKOCTH U TIIOTHOCTHU MOKPBITHS
KaIuIsIMU TIpU BbIoJHeHUU 00padoTok BBC CKIIOHOB MpsIMO CBSI3aHbI € MOKa3a-
TEJSIMH KOJIMYECTBA OCEBIIECH JKUIKOCTH B BOJIHE OCaXKICHHUS IIPU aHAJIOTUYHOM
BJIMSIHUM Ha HUX KOMOWHAIMMU TApaMeTpOB YKIIOHA, CKOPOCTH W HANpaBIICHUS
BETpA;

- XapaxkTepHOU 0cO0eHHOCTHI0 00paboTku BBC CKIIOHOB SBIISETCS Oy TH-
MO€ YMEHBIIICHHE HEPABHOMEPHOCTU BHECEHUS Kalejb MPU YBEIUYEHUU YTIIOB
CKJIOHOB M CKOPOCTH BETpPa, OCOOCHHO HAMPaBIEHHOTO BHU3 10 CKIOHY (110 40-
60 %), mpu TOM, YTO BETEp BBEPX IO CKJIOHY 3HAYUTEIHHO YBEIMYMBACT HEPAB-
HOMEPHOCTb BHECCHHsI 00beMOB padoueii xuakoctu (10 80-90 %).

BoiBOABI

B mnpornecce uccnenoBanuii pazpaboTaH W anpoOUpPOBaH PacHETHO-TIPO-
rPaMMHBIN KOMILJIEKC MOJEIUPOBAHUS IIPOLIECCOB U NTOKA3aTEIIEH ONPBICKUBAHUS
BBC BeprosieTHOTO THIa, 00ECIICYNBAIONINN PEIICHUE aKTyaJIbHBIX CIICIIHAIIb-
HbIX HAyYHO-NPAKTUYECKUX 3aJay IMEpPCIEKTUBHOrO Hcnoib3oBaHus bBC s
BHECEHUS MECTUIIMAOB U arpOXMMHUKATOB. BBINMOIHEHHOE ¢ TPUMEHEHUEM KOM-
IJIEKCa MOJIEIMPOBAHKE OMPBICKMBAHMS CKIIOHOB ¢ ykiIoHaMu 110 30° moaTBep-
JTUJI0 BO3MOXKHOCTH BbInofiHeHUs: bBBC Takux oOpaboOTOK MpH COMOCTaBUMBIX C
TPaJAUIIMOHHBIMU 00pa0OTKaMM TIOKA3aTeNIIMU BHECEHUSI , BBISIBIIIO OCHOBHBIC
3aKOHOMEPHOCTH BJIMSHUSI HA HUX BHEUIHUX U TEXHOJIOTMYECKHUX MapaMeTpoB H
OTIPEIEITIIIO 11€71eCO00Pa3HOCTh MpenuMyIiecTBeHHOTO npoBeaeHust bBBC o6pado-
TOK TaKUX CKJIOHOB B YCJIOBHUSIX HAIIPABJIECHHOI'O BHU3 10 CKJIOHY BETpa CUJION J10
2 m/c.
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Cexkiuga — CoBpeMeHHbIe MUKPO- U HAHOJYJIEKTPOHHbIE
CUCTEMBbI U TEXHOJIOTUU

YAK.621.382
AnnpuanoB Aptyp BanepbeBuy, 3ukuii Anatonuii Hukonaesuu,
Kouyb6eit Anekceit CepreeBuu

ATTEHIOATOP CAHTUMETPOBOI'O TUAITIA30HA C
JJIEKTPOHHBIM YIIPABJIEHUEM

IIposooumcs uccredosanue amMnaumyOHO-4ACMOMHBIX XAPAKMEPUCTNUK YAPABIs-
eM020 AMMeHIAmopa CAaHMUMempo8020 OUANA3oHa. Jlanvl NPUHYUNUATIbLHASL CXeMd U
Kpamxoe onucanue koncmpykyuu. Ilpusedena cmpykmypHas cxema 3KCnepumeHmaib-
HOU ycmaHosKku. B kauecmee pezynbmamos npedcmagienvi: amniumyoHo-4acmomHas
Xapakxmepucmuxa npu Hyl1e60M moKe cCMeuwjeruss U amMniumyoHo-4acmomHas Xxapakme-
PpUCMUKA 3aKpbimo2o ammeHoamopa. JlocmueHymul ciedyowue napamempol.

® Ouanazon pabouux yacmom om 8 0o 18 I'Ty;

® 3amyxaHue 8 OMKPbIMOM COCMOoAHUU He boiee 3 OB,
® 3amyxaHue 8 3aKpblmomM cOCmosaHuu He menee 36 ob;
® uakcumanvHulu ynpasnaowul mox 20 mA;

® gonHogoe conpomuénernue 50 Om.

AmmeHntoamop ¢ 21eKmMpPOHHbIM YNPAGLEeHUEM, CAHMUMEMPOBbLUL OUANA30H BOJIH,
ocnabnenue, 3amyxanue, amnIumMyOHO-4aCMOMHASL XAPAKMEPUCmMuKa, mox ynpasie-

HUAL.

Andrianov Artur Valeryevich, Zikiy Anatoly Nikolaevich,
Kochubey Alexey Sergeevich

CENTIMETER RANGE ATTENUATOR WITH ELECTRONIC
CONTROL

The amplitude-frequency characteristics of a controlled attenuator in the centime-
ter range are being investigated. A schematic diagram and a brief description of the
design are given. A block diagram of the experimental setup is given. The results are:
the amplitude-frequency response at zero bias current and the amplitude-frequency re-
sponse of a closed attenuator. The following parameters have been achieved:

* operating frequency range from 8 to 18 GHz,

* attenuation in the open state is not more than 3 dB;

* attenuation in the closed state of at least 36 dB;
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» maximum control current 20 mA;

» Wave resistance of 50 ohms.

Electronically controlled attenuator, centimeter wave range; attenuation, attenu-
ation, amplitude-frequency response, control current.

BBenenue

Pa3paboTkoli, U3roToBIeHHUEM U TOCTaBKOM arteHroaTopoB CBY 3anuma-
I0OTCS. MHOTOYMCIICHHBIE OTEUYECTBEHHBbIE M 3apyOexkHble mnpeanpusarus. Cpeau
OTEYECTBEHHBIX Npeanpusatuil ciueayer otmetutb AO HHUIIN «KBapiy, HIIII
«Camor», AO HIII «Ucrox», «MUKPAH», PHUMUPC. Cpenu 3apyOesxHBIX
NpEeAnpusTAA HauOoJNbIIEH H3BECTHOCTHIO Moyb3ytoTca «Miteq», MA/Com,
Analog Devices u npyrue.

[To aTTeHt0aTopam uMeeTcsi OOIIUpHAs TUTEPATypa, B TOM YHCIIe MOHOTpa-
buu [1 — 5], yuebnsie mocodus [6], crateu [7 — 9], uzodperenus [10 — 12], pe-
kiama [13, 14].

[lenpto maHHON pabOTHI ABJISETCS MOIYYCHHE IKCIIEPUMEHTATBHBIX aMILIHU-
TYJIHO-4aCTOTHBIX XapakTepucTuk (AYX) aTTeHroaropa.

K arreHioaTopy npeabsBIstOTCS ClIEAYIONINE TPeOOBaHUS:

e JMana3oH padbounx gacToT oT 8§ mo 18 I'T';

e HavaJIbHBIC ITOTEpHU He Oosee 3 nb;

® MHUHHUMAJIBHOE OCJIA0JICHUE B 3aKPHITOM cOocTOSSHUU He MeHee 30 nb;
o KCBH B pexxume npomyckanust He 6oiee 2,2;

e ympaBisitonUi Tok He 0onee 20 MA;

® BOJIHOBOE corpoTuBieHue 50 Om.

Nmeetcs nienslil psiji MOJIEe aTTeHI0ATOPOB, OJMM3KUX K YKa3aHHBIM Tpe-
6oBanusmM. OHU niepeurcieHsl B Tao. 1.

Tabmauma 1
MoiesIbHBIN psifl ATTEHIOATOPOB

HanmMenoBanue napamerpa, 260251 2 260.251-01 2.260.162
pa3sMepHOCTh

JlnanazoH pabounx 4acrTor, 6_18 8_26 818

[T

HauanbHble morepH, b 2,0 2,5 3.0

Ocnabyenne min, 1b 50 50 30

KCBH B pexume npomyc- 20 2.0 2.2

KaHUs
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MaxkcumaiibHas BXOIHast 03 0.3 0.3
MOIITHOCTh, BT
Bpewms nepekiiroueHus, MKC 0,5 0,5 0,5
Ypaisitonui Tok, MA 50 50 20

Tun IX no
CoenuHurenu SMA-F SMA-F COCT 13317

N3 nepeuncieHHbIX B Ta0d. 1 aTrTeH0aToOpoB Haubosiee OJIM3KON MO MPeab-
SIBJICHHBIM TpeOOBaHUSAM sIBJsieTCsS MoJienb 2.260.162 [13], mosTomy Hibke Oyaer
UCCIIE0OBAHA 3T MOJENb.

Cxema u koHCTpYKIu [15, 16]

[IpuHnMnManbHas cxema npuBeaeHa Ha puc. 1. OHa BKIIOYAET YeThipe mna-
pamienpHo BKIIIOYEHHBIX auoja VD1 — VD4 tuma 2A540A-5 [17], nBa u3 KOTO-
PBIX UMEIOT PETYJIMPOBKY IO BEJIMYMHE MPOTEKAOMMX Yepe3 Hux TokoB (VDI,
VD4). PerynupoBkoii Toka ¢ momoiibto pe3uctopoB R1, R2 nogdupaercs pexxum
COTJIACOBAHMS aTTEHI0ATOPA MO BXOAY U BBIXOAY. Y JOBJIETBOPUTEIbHAS HEPAB-
HoMepHOCTh AUX nocturaetcs Oiarogapsi MaJoMy KOJIMYECTBY IMOJIOB U UX Ma-
JIOM MApA3UTHOU PEAKTUBHOCTH.

Ihl "
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g
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b

> HX2I

|
.

Puc. 1. llpunyunuanvnas cxema ammenoamopa

[Tonaya ynpaBIisitoOIIMX TOKOB OCYILIECTBIISIETCS YEPE3 KOHTAKT | U poccelib
L1, xornencarop C3 BBIIONHSIET poJib OJOKUPOBOYHOTO TI0 curHainy. KonneHca-
topsl C1, C5 npenoTBpailiaioT monajaHue NOCTOSIHHOTO HAMPSKEHUsT Ha COeau-
nuremn X1 u X2. Konaencaropsr C2, C4 SBIArOTCS OJIOKHPOBOYHBIMH, MPEIOT-
Bpaas nomnaganue CBY curnana na pesucropsl R1, R2.
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Bo3spacranue ynpaBisitoniero Toka IpuBOJUT K BO3PACTaHUIO OCJIa0IeHUS
aTTeHroaTopa. Peann3anus TOYHOTO COOTHOIIEHUSI MEXIY BEJIMUYUHOW YIPABIIS-
IOLIEro HAMPSHKEHUS] U BHOCUMBIM aTTEHI0ATOPOM OcliabyieHus B Jerubennax ocy-
niecTBisieTcs: PyHKIIMOHANBHBIM MpeoOpa3oBareneM. [Ipu sTom TpeOyercs Tia-
TeJbHAsl PETYJIUPOBKA (HYHKIIMOHAIBLHOTO MpeoOpa3oBaTelis Mo KaKIbli KOH-
KPETHBIN aTTEHI0ATOP.

KOHCTpYKTHBHO aTTEHIOATOp BBIMIOJIHEH HA OCHOBE MUKPOIMOJIOCKOBOU JIH-
HUU Ha JAUDJIEKTPUKE CBEPXBBICOKOYACTOTHOM (HOJBIUPOBAHHOM TOHKOM
(ICDT) u pa3menieHsl B repMETUYHOM METAUNIMYECKOM Kopryce. BHyTpeHHwMit
00BEM KOTOPOTO 3aMOJIHEH aprOHO-TETUEBOM cMechio. B KauecTBe coequuuTeneit
MCIIOJIb30BaHbI KOAKCUATbHO-MHUKPOIIOJIOCKOBBIE MEPEXO/IbI (BUIIKA U PO3ETKA).

Ha puc. 2 MmoxxHO BuaeTh hoTo aTTeHtoaTopa. CurHai yrpaBiaeHus mogaéTcs
yepes CTEKJISTHHBIN U30JI5TOP.

Puc. 2. ®omo ammenoamopa

JKCIePpUMEHT

OKCHEepUMEHT MPOBOAWIICA Ha YCTAaHOBKE, CTPYKTypHasi cXxema KOTOPOM
npuBeeHa Ha puc. 3. OCHOBHOM M3MEpPUTEIBHBIN TPUOOP — BEKTOPHBINA aHAIIN-
3arop neneit pupmbl Agilent Technologies Tuma PNA-L. Kpome Hero ucmomns3o-
BaH ucTouHMK nutanus turna GPC-73060D, Habop kabeneii 1 mepexo/ioB.

Ananuaarop Lenei X1 AtTenioatop WCTOMHMK NUTaHMS

PNA-L Y2 1 Uynp.B|  GPC-73060D

Puc. 3. cmpykmypnas cxema uzmepumenvHou YycCmaHo8Ku

B nepBoMm skcniepumMeHTe npoBoAWIIOCh n3MepeHrue AUX npu HyJI€BOM TOKE
U HampsbkeHuu. B pesynpraTe OBLIO YCTAHOBJIEHO, 4YTO MAaKCHUMAaJIbHOE
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ocyiabJieHHe aTTEHI0aTOpa MPH TaKOM PEXXUME YIIPABJICHHUS COCTaBUIIO HE OoJiee
2,2 nb, a HepaBHOMepHOCTh AUX coctaBwia 1,14 nb.

Bo BTOpoM 3kcniepumenTe uzmepsinack AUX npu Hanps>KeHUW Ha YIIpaBIis-
roreM KoHTakTe 644 MB 1 Toke 1 MA. 31eck HanboubIIee ociaadlieHue COCTaBUIIO
20,72 nb, nepaBHomepHocth AUX 2,02 nb

B TpeTpeMm 3kcniepuMeHTE NMpoBOAMIOCH n3mMepenne AUX npu Toke yrpas-
neHust 5 MA u Hanpsbkenuu 706 MB. MakcuMainbHoe ociablieHHe aTTeHIoaTopa B
3TOM cityuae coctaBuio 38,54 nb, a HepaBHoMepHOCcTh AUX 5,62 nb.

AUX, NoJlydeHHBIE B PE3YJIbTATE TPEX IKCIEPUMEHTOB, TMPEICTARIEHBI HA PHC.

4.

K DB(Is(2.1)))
OmA

©-DB(IS(2,1))
0706 V 5 mA

A-DB(|S(2,1)))
0644V 1 mA

0 —
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-30
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-40

8000 10000 12000
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Puc. 4. AYX ona mpéx 3nauenuil ynpasisioujux mokos u HanpslceHutl

BoiBOABI

Hwuxe B Tab11. 2 mpoBOAUTCS CPAaBHEHHE 3a/IaHHBIX U TIOJTyYEHHBIX ITapaMeT-

POB aTTCHIOATOpPA.

Tabmauia 2
OcHOBHBIC MTApaMETPhI ATTCHIOATOPA
HanmenoBanwme mapamerpa, pas- 3aano smepero
MEPHOCTb
Jlnanason pabounx yactot, [Tt 818 8-18
HauansHbie notepu, n1b 3,0 2,2
Ocna0nenue min, o1b 30 38,54
BpewMs nepekiitoueHus, MKC 0,5 0,5
Ynpasisiromui ToK, MA 20 1
BoanoBoe conpotusiienue, Om 50 50
Coenuuurenu Ty I[X Tun IX
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N3 sToin Ta6J'II/IHBI BHUJIHO, YTO BCC Tpe6OBaHI/ISI K aTTCHIOATOPY BBIIIOJHA-

IOTCAI.

ATTCHI-O&TOp PCKOMCHAYCTCA UCIIOJIb30BATH B HIHpOKOHOJIOCHOﬁ HpI/IéMHO-

nepenamlle U U3MEPUTENILHON anmnaparype.

10.

11.

12.

13.
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AnnpuanoB Aptyp BanepbeBuy, 3ukuii Anatonuii Hukonaesuu,
Kouyb6eit Anekceit CepreeBud

CTYNEHYATBIIA ATTEHIOATOP C JEKTPOHHBIM
YIIPABJIEHUEM

Lenvro 0anHoll pabomol A615eMcst IKCNEPUMEHMATbHOE UCCIe008aHUe XAPaKme-
PUCMUK CIYNEHYamo20 ammeHnamopa.

Obvexmom ucciedo8anus 611emcs. CIMyneHuYamslii. ammeHamop U3 cocmasd
npubopa X1-55.

IIpeocmasnenvt pe3ynromamuol IKCNEPUMEHMAILHO20 UCCAE008AHUSL 8 OUANA30HE
yacmom om 200 0o 600 MI'y. /lanvl npunyunuaivuas cxema, Kpamxoe onucanue KOH-
CMPYKYUU, WeCmvb AMIIUMYOHO-YACMOMHBIX XAPAKMEPUCMUK OJis PA3HLIX YAPAGTIAIO-
UWUX KOOO08.

® JocmuecHymul ciedyroujue daeKmpuiecKue napamempol.

e ouana3zon pabouux yacmom om 0,2 0o 0,6 [Ty,

® ouana3zon samyxanuti om () 0o 50 0Ob;

o wae usmenenus samyxarus 10 ob;

®  YUCO paspsoos YnpasieHus 3;

® nocpeuHoCcmb YCManosKuy samyxanus 5,5 ob;

®  HEePABHOMEPHOCb AMNIIUMYOHO-YACMOMHOU XAPAKMEPUCTIUKU 8 OUana-
30He pabouux uacmom He bonee 5 Ob.

Pin-ouoovl, ouanazon wacmom, skcnepumenm, amniumyOHO-4acmomuas Xapax-

mepucmuxa, Koo ynpaeieHus.

Andrianov Artur Valeryevich, Zikiy Anatoly Nikolaevich,
Kochubey Alexey Sergeevich

STEP ATTENUATOR WITH ELECTRONIC CONTROL

The purpose of this work is an experimental study of the characteristics of a step
attenuator.

The object of the study is a step attenuator from the composition of the device X1-
55.

The results of an experimental study in the frequency range from 200 to 600 MHz
are presented. A schematic diagram, a brief description of the design, six amplitude-
frequency characteristics for different control codes are given.

* the following electrical parameters have been achieved:
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* operating frequency range from 0.2 to 0.6 GHz,

* attenuation range from 0 to 50 dB;

* attenuation change step of 10 dB;

» number of control bits 3,

* the error of the attenuation setting is 5.5 dB;

 uneven amplitude-frequency response in the operating frequency range of no
more than 5 dB.

Pin diodes, frequency range, experiment, amplitude-frequency response, control
code.

BBenenne

ATTEHI0ATOphl HAlUIM MPUMEHEHUE B MPUEMHO-NEPENAONIEH U U3MEPU-
TeIbHOM anmapaType. X uccieoBaHuio 1 OMMCAHUIO TOCBSIIEHO 3HAYUTEIBHOE
YUCJIO MyOJUKaIui, B TOM yucie MoHorpaduu [1-3], yueOnbie mocobus [4,5],
cratbu [6-13], pexiama [14, 15], nuccepraiuu [16-20], 0MHAKO HOBEIIIEHHE Tpe-
O0OBaHMI K ammapaTrype, MOSIBJICHHE HOBBIX TPEOOBAHMI W HOBOW AJIEMEHTHOU
0a3bl CTUMYJUPYIOT JaJIbHEHIITNE UCCIICIOBAHUS.

[lenpto maHHON paOOTHI SABJISETCS DKCIEPUMEHTAIBHOE HCCIIEIOBAaHUE Xa-
PAKTEPUCTUK CTYNIEHYaTOTO aTTEHI0ATOPa, HE MMPUBEACHHBIX B onucanuu [21,22].
OOBEKTOM HCCIIEIOBAHUS SBISIETCS CTYMEHUYAThIN aTTEHI0ATOP U3 COCTaBa IMpH-
oopa X1-55 [21,22].

K Hemy mpeabsBisitoTcs Ciaeayomue TpeOOBaHMs:

e jmana3oH padouux gactoT 200-600 MI 1;

e MuUHUMaJIbHOE 3aTyxanue 31+0.5 nb;

e MakcumaibHOE 3aTtyxanue 4712.5 nb;

e BOJHOBOE conpoTtuBieHue 50 Om;

e [iar ycTaHOBKM 3aryxaHus 10 ab;

® YUCJIO 3BEHBLEB 3aTyXaHUs — 3;

e HOMMHAaJIbHBIE 3aTyXaHus 3BeHbeB, Ab: 10; 20; 30.

CxeMa 1 KOHCTPYKIUA

Perynarop cryneH4aTsiil CIYKUT UL TUCKPETHOW PETyJIMPOBKU CUTHAJIA
328 MI'u crynensimu uepe3 10 nb B mpenenax ot 0 no - 60 nb. Perymnstop cty-
MEHYAThId YMPABISAETCS CUTHATAMH, MOCTYMAIOINIMMH OT CXEMbI YIIpaBJICHUS,
PaCIIOJIOKEHHOTO B PETYJISATOPE MOIIIHOCTH aBTOMaTuyeckom 5.157.029. Peryns-
TOP CTYIEHYATHINA COACPIKUT KOMMYTATOPhI Ha p-i-n 110aX, C MOMOIIBIO KOTO-
PBIX OCyllIecTBIseTCA noAKIoueHre B TpakT CBY pe3nCcTUBHBIX aTTEHIOATOPOB
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¢ ¢huxcupoBanubiM ocnabienueM 10 (R7, R8, R9), 20 (R4, R5, R6) u 30 a1b (R1,
R2, R3, R10).

B kauecTBe ympaBisieMbIX 3JIEMEHTOB HCIOIB3YETCS Pin-TUOIBI THUIIA
2A517b-2. Pe3uctopsl 1l aTTCHIOATOPOB HATIBIIICHBI Ha TMTOJIOKKE U3 KEPaMHUKH
22XC.

[TpuHIMIIIaTBHAS cXeMa aTTeHIoaTopa oka3ana Ha puc. 1. Koasr ynpase-

HUSl aTTEHI0ATOPOM MpuBeAeHbI B Ta0n. 1. B Tabn. 2 yka3aHbl cOMPOTUBIICHUS
HaINBUIEHHBIX PE3UCTOPOB.

vDe VD11

. ._._._._.

Puc. 1. HpuHuunuanbnaﬂ cxema cmyneHuanioco ammeHroamopa

B kadecTBe OGJIOKHMPOBOYHBIX M PA3BA3BIBAIOIINX €MKOCTEH MCIOJIb3YIOTCS
6eckopmycHbie koHaeHcaropsl Tuna K10-17-2b. Karymku L1-L5 — 6eckapxkac-
HBIE.

[leyatHass mara arTeHroaTopa MOMENIEHAa B KOPIYC PaMOYHOIO THUIIA C
BHEIITHUMH pa3Mepamu a * b - ¢ MM. [locie peryaupoBKE KOPIyC 3aKpbIBaeTCs
JIBYMsI TePMETHUYHBIMH KpbilIKaMu. B kauectBe coeaunuteneit CBY ucnonb3o-
Banbl THe3Aa Tumna IX mo 'OCT 13317-89. Ynpasastoniyge CUrHaabl MOAar0TCs
yepe3 noMmexonoaasisitonme konaeacatopsl C5, C9, C10 tuna b23A emMKoCThIO
1000n®.
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Kojpl (TOKM) ynipaBiieHUs aTTEHI0aTOPOM

Taomuna 1

Bxonx yop. «10 Bxon yop. «20 Bxon ymp.
3atyxamue, 15 ;]Bf ,;,Bf <<301L}l]3»p
0 +0.75B +15B +15B
10 -2.8B +1.5B +15B
20 +0.75B -2.8B +15B
30 -2.8B -2.8B +15B
40 -2.8B +15B -2.8B
50 +0.75B -2.8B -2.8B
60 -2.8B -2.8B -2.8B
Tabmuma 2
ConpoTHBJIeHHE HANIBIJICHHBIX PE3UCTOPOB
HoswmmorHste 3BeHo 10 b, Om | 3Beno 20 a1b, Om | 3Beno 30 n1b, Om
0003HAYCHUS
R7, R9, 25.5
R8 34.8
R4, R6, 40.7
R5 10
R1, R3, 47
R2, R10 6.34
IKCIEPUMEHT

OKCIEpUMEHT TPOBOJMIICS HAa YCTAaHOBKE, CTPYKTypHas CXeMa KOTOpOM
IIpUBEICHA Ha pUC. 2. B yCTaHOBKE UCITOIB30BaH BEKTOPHBIA aHAIU3ATOP LIETIEN
turna O630p-103, 1Ba CTOUHMKA TUTAHUS, HAOOp Kabeyel 1 mepexoI0B.

Mensist ynpaBisitolie HarmpsHKeHUsl B COOTBETCTBUM € Ta0. 1, ObUIH CHATHI
IECTh aMIUIUTYIHO-YACTOTHBIX XapakTepucTUK B moJioce ot 200 1o 600 MI 1.
OHu npesicTaBIeHbI HA pUC. 3-8. DTH PUCYHKH MO3BOJISIOT CHOPMYJIUPOBATH KO-
JIMYECTBEHHBIE BBHIBOJIBI O TOUHOCTHU YCTAHOBKH 3aTyXaHUSI M1 HEPABHOMEPHOCTH
AUX. B tabi. 3 npuBeeHbI ATH NTapaMeTphl i auanazoHa yactoT ot 200 MI'n
10 600 MI'i. AtTeHtoatop paboTOCIIOCOOEH U MOXKET UCIOJIb30BaThes 10 1100
MTI'11, olHaKO TOYHOCTh YCTAaHOBKM 3aTyXaHHs M HEPaBHOMEPHOCTh OyayT 3a-
METHO XY>Ke€. DTa HEPaBHOMEPHOCTh OOBSICHSETCS Mapa3uTHON €EMKOCTBIO 3amep-
TOTO pin-aHo/a.
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AHanusarop Lenei

"0630p-103" ATTeHioaTop
10 b |
ACTOYHMK NUTaHNA

20 o6 |
VIcTouHMK nuTaHuA 3086 |

Puc. 2. Cmpykmypnas cxema usmepumensHou yCmaHo8KU

20,0

-80,0
Z00,0 400,0 E00,0 S00,0 1000,0 1200,0

Puc. 3. AYX cmynenuamozo ammenoamopa npu ycmauogieHHom zamyxanuu ()
ob

-40,0

-50,0
Z00,0 400,0 £00,0 500,0 1000,0 1200,0

Puc. 4. AYX cmynenuamozo ammernoamopa npu yCmaHo81eHHOM 3amyXaHuu
10 0b
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Puc. 5. AYX cmynenuamozo ammenioamopa npu yCmano8ieHHOM 3amyxXanuu
20 ob

0,0

Puc. 6. AYX cmynenuamozo ammenoamopa npu yCmaHo81eHHOM 3amyXanuu

30 ob

-60,0
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Puc.7. AYX cmynenuamozo ammentoamopa npu yCmanosieHHoM 3amyxaruu 40
ob
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Puc. 8. AYX cmynenuamozo ammenoamopa npu yCmano81eHHOM 3amyXanuu

50 ob
Tabmuma 3
M3MepeHHbIe 3HAYEHMS 3aTyXaHus aTTeHI0aTopa
N3mepennblie 3HaueHus: | HepaBHomepHocTh AUX
Y cTaHoBICHHBIC 3HAYE-
S —— 3atyxanus B mosioce 200 | aTTeHroaTopa B MOJIOCE
— 600 MI'g 200 — 600 MI'y
0 3+05 1
10 12.25 + 0.1 2
20 20+ 15 3
30 29+1.25 2.5
40 38.75+1.25 2.5
50 47+ 25 5
3akiloueHue

[IpencraBiieHbl pe3yabTaThl YKCIIEPUMEHTAIBLHOTO UCCIEAOBAHUS B IUara-
30He 4acToT oT 200 1o 600 MI'1. [JaHbl npuHIMIHUAIbBHAS CXEMA, KPATKOE OMU-
CaHHW€ KOHCTPYKIIUH, IMIECTh aMIUIUTYAHO-YaCTOTHBIX XapaKTEPUCTUK JJIsl pa3-

HBIX YIPaBIAIOIIAX KOJOB.

JIOCTUTHYTHI CIEAYIOLIME AIEKTPUYECKUE TAPAMETPBI:

e juana3oH padbounx yactoT oT 0.2 10 0.6 I'T;

e jwuana3oH 3atyxanui ot 0 7o 50 nb;

e ar u3meHeHus 3aryxanus 10 ab;

® YHCJIO pa3psAa0B yIpaBJieHU 3;

® TIOrPEIIHOCTh YCTAHOBKM 3aTyxaHus 5.5 nb;
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¢ HCPABHOMCPHOCTD aMHJII/ITy,Z[HO-"IaCTOTHOﬁ XApaKTCPHUCTHUKU B JHA-

na3oHe pabo4ux yactoT He Ooiiee 5 ab.
B 1a6:1. 4 npuBeAcHBI OCHOBHBIC ITApaMETPhI aTTEHIOATOPA.

Tabmnura 4
OcHoOBHBIE TApaMeTPhI ATTCHI0ATOPA
HaumeHoBaHme nmapamerpa, pa3MepHOCTh 3anmaHo H3mepeHo
Junamnazon pabouunx gactor, MI'nt 200-600 200-600
MuHMMalIbHOE 3aTyXaHHe P KOJIE yIpaBJie-
Y P P 340,5 340,5
HUSA «+++)»
MakcumanbHOe 3aTyXxaHUe MpU KOJie yrpanJie-
Y P yHp 47+25 47+25
HUS «---»
To4HOCTh YCTAHOBKHM 3aTyXaHus, Ab 6 5.5
HepaBHOMEPHOCTH aMIIITUTYAHO-YACTOTHOM
XapaKTEPUCTHKHU B JUana3zoHe padodnx ya- 3) <5
CTOT, 1b
BomnHoBoe conpoTuBienue arteHroaTopa, Om 50 50
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YK 666.655
MapaxoBckuit Muxaun AnekceeBud, [lannd Anekcanip AHaTOJILEBUY,
JI3106a Enena bopucoBHa

BO3MOXHOCTHN METOJ0B KOHCOJIMANPOBAHHOTI'O
CIIEKAHUSI 1JIs1 U3rOTOBJEHUS MHOT'OCJIOMHBIX
ITAKETHBIX IIBE3O2JIEKTPUYECKHUX AKTIOATOPOB

Paboma nocesawena uccredosanuro 803MOHCHOCU KOPPEKMUPOBKU CEOUCME U
COKpaujeHuio memnepamyp CneKkaHus Nnbe30Kepamuieckux Mamepuanos, npeoHdasHa-
YeHHBIX OJ151 UCHONb308AHUS 8 MHO2OCIOUHbIX akmioamopax. Llenvto pabomul 6vina Kop-
DPEKMUpPOBKA CBOUCME Nbe30IeKMPUYECKOU KEPAMUKU 8 Npoyecce U320mosieHus ny-
MEM UBMEHEHUs. MEXHOIO0SUYEeCKUX NApamempos npu PUKCUpOBAHHOU XUMUYECKOU KOM-
nozuyuu. B npoyecce cnexanus nbe3031eKmMpulecKol Kepamurku Gopmupyemcs eé MuK-
POCMPYKmMypa, a makaice Mexanuyeckue c8ouCmea — niomHoCms, meépoocmy, U0~
wue Ha s1ekmpoguaureckue ceoticmea. Takxum obpazom, Koppexmupys npoyecc @op-
MUPOBAHUS MUKDOCMPYKIYPbI Nbe302IeKMPUYECKOU KEPAMUKU, MONHCHO YeleHanpas-
JIEHHO U3MEHAmMb e€ 3jeKmpoghusuyeckue ceoucmeda. Iphexmusnvim peuieHuem OJis
D opMuposansi MUKPOCMPYKMYPbl AGIAIOMCA MEMOoO0bl KOHCOIUOUPOBAHHO20 CNEeKAHUS
(copsiuee npeccoganue U UCKpOBoe NlA3MeHHoe cnekauue). 3adaueu uUccied08aHus
OvLIa anpobayusi YKa3aHHbIX Memo008 0Jisl CHeKAHUsL Nbe30KePaAMUYECKUX MAMepUaios,
NPeOHA3HAYEHHBIX OJisl MHO2OCIOUHbBIX AKMIOAMOPO8 C Yelblo KOPPEKMUpPOBKU UX napa-
Mempos U COKpawjerus memnepamyp cnekanus. B pezynemame pabomuel ycmarnosneHo,
Ymo, uzMeHeHue YHKYUOHAIbHbIX NaApamMempos, a maxice memnepamypsbl CneKaHus
Nbe3091eKMPULECKOU KEPAMUKU 803MOIHCHO 3A CUEM NPUMEHEHUs Npedazaembvlx me-
MO008 KOHCOIUOUPOBAHHO20 CNEKAHUS.

Ilvezoxepamuka, copsauee npeccosanue, UCKPOBoe NIA3MEeHHOe CneKanue, MUKpo-

cmpyKkmypa, 3]187(77’1]904)”3149807(“6 napamvenipbui.

Marakhovskiy Mikhail Alekseevich, Panich Alexander Anatolievich,
Dzyuba Elena Borisovna

THE POSSIBILITIES OF CONSOLIDATED SINTERING
METHODS FOR THE MANUFACTURE OF MULTILAYER BATCH PI-
EZOELECTRIC ACTUATORS

The work is devoted to the study of the possibility of correcting the properties and
reducing the sintering temperatures of piezoceramic materials intended for use in mul-
tilayer actuators. The aim of the work was to correct the properties of piezoelectric
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ceramics in the manufacturing process by changing the technological parameters with
a fixed chemical composition. In the process of sintering piezoelectric ceramics, its mi-
crostructure is formed, as well as mechanical properties — density, hardness, affecting
electrophysical properties. Thus, by correcting the process of forming the microstruc-
ture of piezoelectric ceramics, it is possible to purposefully change its electrophysical
properties. Consolidated sintering methods (hot pressing and spark plasma sintering)
are an effective solution for the formation of microstructure. The objective of the study
was to test these methods for sintering piezoceramic materials intended for multilayer
actuators in order to adjust their parameters and reduce sintering temperatures. As a
result of the work, it was found that changing the functional parameters, as well as the
sintering temperature of piezoelectric ceramics, is possible due to the application of the
proposed methods of consolidated sintering.

Piezoelectric ceramics, hot pressing, spark plasma sintering, microstructure, and
electrical properties.

Bsenenne

B nacrosiiee Bpemsi 00JIbIION MPAKTUUECKUI HHTEPEC MPEACTABIIAIOT Mbe-
303JIEKTPUYECKNE MaTepHUasbl ¢ MOHMKECHHBIMU TEMIEPAaTypaMH CIEKaHUS IS
U3TOTOBJIEHUSI MHOTOCIIOMHBIX aKTI0ATOPOB C HU3KOBOJBTHBIM YIIPABIISIIOIINM
HanpspkeHrueM. OCHOBHBIM BOIIPOCOM MPU 3TOM SIBJISIETCSI HEOOXOIUMOCTh COTJIa-
COBaHHUSI TEMIIEPATYp CIEKaHUSI KEPAMHUECKUX CIIOEB C TEMIIEPATypO BKUTAHUS
MEXKCJIOMHBIX TOKOTIPOBOASIIHNX 3JIEKTPoA0B. OHAKO, OOJIBIIMHCTBO MhE30Kepa-
MHYECKUX MATepHUAIOB UMEIOT TemnepaTypbl cnekanus cseiie 1200°C u tpe-
OyroT st OPMHUPOBAHUS DJEKTPOJIOB MPUMEHEHHUS OPOTOCTOSIINX BBICOKO-
TEMIIepaTypHBIX MacT Ha ocHoBe Pt—Pd. CHmkeHue TeMiepaTyp CrieKaHHUs Ibe-
3omatepuana <1100°C, mo3BosieT UCO0JIb30BaTh MEHEE 3aTPATHBIE MACThI HA OC-
HoBe AQ-Pd, uTo ymeHbIraeT cebecTonMocTh poayKiuu. Ho u3BeCTHBIC Mbe30-
KepaMUYECKHE MaTepUAIIbl C TOHUKEHHBIMU TEMIIEpATypPaMHU CIIEKaHUs, KaK Mpa-
BUJIO, 00JIaaI0T HEBBICOKUMH 3HAUYCHUSIMH KOd((HIHEHTa AIeKTpOMeXaHude-
cKoro npeodpazoBanus [1].

[Ibe3035ekTprUecKas KepaMuKka cuctembl upkoHar-tutanara cBunua (L{TC) mo-
CIIyKHUJia OCHOBOH JJIA OOIBIINHCTBA MMbC30KCPAMUICCKUX MATCPUAJIOB CaAMbBIX pPa3JINn4-
HBIX npumMeHeHui [2-3]. Ilo mepe pacummpeHuss NpakTUYECKOro MPUMEHEHUs s J10-
CTIKEHUS TPEOYeMBbIX 3IEKTPOPU3NYECKUX CBOHCTB XUMHUYECKHI COCTAB MbE303JIEK-
TPUYECKOW KepaMUKU MOTUPHUIIMPOBAICA U YCIOXKHSICS MEPEX0A0M K MHOTOKOMIIO-
HeHTHBIM cuctemaM [3-5]. [Tomumo mbe3okepamudecknx Matepuanos cucremsl L[TC,

IMMAPOKOC TMTPUMCHCHUC TIOJNYYHIIM TIBC303JICKTPUUCCKUC COCTaBbl Ha OCHOBC
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Pb(Mg13Nb213)O3, Pb(Ni1sNb23)Os 1 ux 6ojee caoKHbIe MHOTOKOMITOHEHTHBIE MO/IH-
¢bukaruu [3, 6].

Opnnako Bapuanus ANIEKTPOPU3NYECKUX MapaMETPOB MbE30KEPAMHUKU BO3-
MO>KHA TaKXe MPU KOPPEKTUPOBKE TEXHOJOTUYECKHUX (PAKTOPOB MpoIlecca U3ro-
TOBJIEHUSI. MUKPOCTPYKTYpa, TNIOTHOCTh, TBEPJOCTh U IPOYHOCTH 33/1aAI0TCS Ha
ATane CreKaHus Mbe30KePaMUKH U OT YCIOBHM CIIEKaHMS 3aBUCAT OyAyIIUE IIEK-
Tpopu3nvecKue napaMeTpbl mbe3okepamuku [2]. OcoOblli MHTEpEC MpecTaB-
Js110T MeToAbl Topsiuero npeccoBanus (I'TI) u uCKpoBOTro MIa3MEHHOTO CIIEKaHUS
(UIIC), okazpiBaroiue 00JIbIIOE BIUSHUE Ha (DOPMUPOBAHUE MUKPOCTPYKTYPHI
E303JIEKTPUIECKON KEPaAaMUKHU.

OcHOBHas YacTh

B kauectBe 00BeKTa MCCIeAOBaHMS ObUT BHIOPAH PEIAKCOPHBIA CErHETO-
anekrpudeckuii marepuan IIKII-12 na ocuoBe cuctemsl L[TC (0,36PbTiO; —
0,33PbZrO; — 0,17Pb(MgZn)1sNb,303 — BaTiO; — SrZrO3z) xapakTepusyro-
IIMICS TMOBBIICHHBIMU CBOWCTBAMH 3JIEKTPOMEXAHUUYECKOTO IMPeoOpa3oBaHUs
[7]. Matepuan I1KII-12 ucnons3yercs B8 HKTB «Ilbe3omputdop» IODY mis us-
TOTOBJICHUSI MHOTOCJIOMHBIX MaKETHBIX akTioaTopoB. O HAKO TeMreparypa crie-
KaHMs yKa3aHHOro matepuasia cocrapisier 1250 °C, uro TpebyeT npuMeHEHHUs
naoporocTosnux mact Pt—Pd mjst popMupoBaHus 3JEKTPOIOB aKTHOATOPA.

[ToMumo TpagumoHHBIX NTbe3omaTepuanoB cucteMbl LITC Takxke npumeHs-
IOTCSI CETHETOMSTKHE mbe3oMaTepuanbl cucteMbl  (1—X)Pb(Mg1/sND23)03—
xPbTiO3; (PMN-PT), o6namaroliyie mOBBIIIEHHBIMHU 3JICKTPOPU3NUCSCKUMU CBO-
ctBaMu. OJIHAKO MPU U3TOTOBJICHUU MTbE30MATEPUATIOB ATOM CUCTEMbI BO3HUKAIOT
po0sieMbl (TMOSBICHUE KPUCTALTUYECKON CTPYKTYphl MUPOXJIOpa MPU CHUHTE3E
MaTepHalia u Jip.) KOTOPbIE MOXKHO PEIIUTh CIIEKAaHUEM MhE30KePAMUYECKOT0 Ma-
tepuana PMN-PT merogamu I'TI u UTIC.

Panee aBTopamu paboThl ObUT pa3pabOTaH MHOTOKOMIIOHEHTHBIN CErHETO-
MATKHE Tbe3oanekTpuueckuii  matepuan I[JIC-80 (PbTiO; — PbZrO; —
Pb(Niy2W12)03 — Pb(Cd12Wi12)03 — Pb(BizsW13)O3 — Pb(NiysNb23)Os —
Pb(Zn13Nb23)03), ¢ Temneparypoit ciekanus meree 1000°C [8]. ITonmxenHas
TeMIIepaTypa CIIeKaHUs MO3BOJISIET CYIIECTBEHHO COKPATUTh C€0€CTOMMOCTh Tia-
KETHBIX aKTI0ATOPOB BHITIOIHEHHBIX U3 MaTtepuana [[JIC-80. Ognako, ¢hyHKIIMO-
HaJbHBIC XapaKTEPUCTUKH yKa3aHHOTO MaTepraia HECKOIbKO YCTYMAaIOT MaTePH-
amy TIKII-12. C nenpio BO3MOXKHOU onTuMu3aiuu cBocTB marepuaia [[JIC-80
OBLITM MCTIOJIb30BaHbI METOAbI KOHCOMaupoBanHoro cnekanus ['T1 u UTIC.
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OcHOBHBIE XapaKTEPUCTUKHU UCCIENYEMbIX B JAHHOW paboTe MaTepuasos,
MOJTyYEHHBIX Pa3IMYHBIMA METOJAMH - TPATUITMOHHBIM CIICKaHHUEM B KaMEPHOMN
neuu rpu armocepuom nasnenun (ATM), I'Tl u UT1C, npeacrasnenst B Tad. 1.

Taomuma 1
OcHOBHEIE XAPAKTCPUCTHUKH ITbC30KCPAMHUYCCKHUX 3JICMCHTOB
Meton u TeM- IInot-
ITse30KepamMuye- tgo, | da, das,
B neparypa cre- | HOCTb, € 33/€0
CKHI MaTepuan 3 % nKi/H | nKn/H
kauus, °C r/cMm
1250 °C ATM 7.50 0.5 1643 | 235 500
PMN-PT 1180 °C I'TI 7.77 0.7 1778 | 241 550
1150 °C UIIC 7.92 0.4 1789 | 187 380
1200 °C ATM 7.3 0.50 | 4318 | 327 720
ITKII-12 1175 °CTITI 7.4 0.70 | 4378 | 334 750
970 °C UIIC 7.7 0.49 | 3580 | 322 603
980 °C ATM 7.81 1.98 | 2910 | 227 530
LJIC-80 980 °CTITI 7.76 2.18 | 2698 | 182 480
980 °C UIIC 8.13 2.2 2919 | 237 560

[Tee3oxepamuueckue anmemeHnTsl PMN-PT, crieuennsie metogom UIIC, 006-
JaJaJIi TIOBBIIIEHHBIMU Ha 9% 3HaYeHUSAMHU AJIEKTPOPU3NIECKUX TAPaMETPOB 10
cpaBHeHuto ¢ obpaziamu ATM. TloBblllieHHBIE TTapaMETPbl MOKHO OOBSICHHUTH
dbopmupoBanrueM 6e3neEeKTHOM MOHOAMCIEPCHON CTPYKTYPhl KEpaMHKH, MpU
cnekannu MetogoM UIIC (puc. 1 a — C). AHaIOrHYHOE MOBEICHUE MUKPOCTPYK-
TYpPBI, a TaKXKe MoKa3aTesei mI0THOCTH Obl10 y MaTepuanos 1IJIC-80 (puc. 1 d —
f) u TIKII-12 (puc. 1 g — i). Cnekanue nbe3okepamukd PMN-PT mertomom I'TI
TaK)Xe 00eCIeYnBaCT MOBBIICHHE 3HAYCHUH MbE303JCKTPUIECKOro MOIyis 33
Ha 8% 1o cpaBHeHUIO0 ¢ ATM criekanueM, Mpu CX0kKEM XapaKTepPe MUKPOCTPYK-
Typ (puc. la—1b).
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15kV X3,000 Spm 15kV X3,000 15kV  X3,000 S5pm 0344

15kV X3,000 5pm

15kV X3,000 S5pm 0047 14/JUuL21 15kvV X3,000 S5pm 0042 14/JUuL21

Puc. I — Muxpocmpykmypa nbe30Kkepamudeckux 31emMeHmos.
PMN-PT: a—ATM; b - I'IT; ¢ — UIIC.
LJIC-80: d — ATM; e - I'IT; T — UIIC.
IIKII-12: g — ATM; h —I'IT; i — UTIC

B cnyuae matepuana [1KII-12 meton UIIC okazan oTpuiaTeabHOE BO3AEH-
cTBUE Ha cBoiicTBa (Tabmuma 1). OxHako, MOTy4YEHHBIE MapaMEeTpPhl SIBISIOTCS
BIIOJIHE TIPUEMIIEMBIMH JJIs1 UCIIOJIb30BAHUS B MOHOJIMTHBIX KEPAMUYECKUX Tpe-
oOpa3oBaTessix, Py U3rOTOBJICHUHM KOTOPBIX TAK)Ke MOTYT TpeOOBaThCsl MOHU-
’KeHHbIe Temneparypsl criiekanus (970 °C).
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N3 npe3zoanextpuueckoro Mmarepuana [[JIC-80 Obuir M3roToBiIEHBI AKET-
HbIe MHOTOCTOMHBIE akTioaTopsl MeTogoM UIIC. Ha puc. 2 npeacraBieH CHUMOK
CJIOEB aKTI0ATOpa (KepaMUKa-3JIEKTPOA-KEPAMHKA).

Puc. 2. Cmpykmypa mnozocnoinozo akmiwoamopa u3z L[JIC-80

[Tony4yeHHBIE YKCIIEPUMEHTATIBHBIE AKTIOATOPHI MPU YIIPABJISAIONIEM HAMPS-
xenun 100 B neMoHcTpupoBanu mmepemMenienue 1,5 M.

B pesynbrare uccienoBanus yCTaHOBIEHO, YTO MPEIOYTUTEILHBIM METO-
nom criekanus nbe3okepamuku [JIC-80 snsercs UIIC. Ilpu takom crmocobe
TEeMIIepaTypa CIEKaHWUsS KEePaMUYECKUX OOpa3IOB MOXKET OBITh CHUXKEHA [0
900°C, ¢ coxpaHeHHEM, a UHOTJa U MOBBIIICHUEM, OCHOBHBIX XapaKTEPUCTUK
MbE303JIEKTPUYECKO KEPAMUKH B CpaBHEHUH ¢ MeTogoM ATM.

BoiBOABI

Crnexkanue nbe3odnekrpudeckux kepamuk [[JIC-80 u [TKTI-12 metogamu ['T1
u UTIC mpuBoaut k GOpMUPOBAHUIO TIIIOTHOM 0e3/1e(heKTHOM MUKPOCTPYKTYPHI,
00eCIeunBaroIIeH MOBBIIICHHE OCHOBHBIX YJIEKTPODU3NICCKUX U MEXAHUIECKUX
xapaktepuctuk. Kpome toro, metoast I'Tl u UTIC no3BoisitoT NpoBOIUTH MPO-
IIECChl CTIEKaHUSI KePaMUK MPHU MOHMKEHHBIX TEMIIEpaTypax, 4TO B HEKOTOPHIX
CITy4asix sIBJISICTCSI IPUOPUTETHBIM YCIIOBHEM.

Meton UIIC, oGnanaer OONBIIMM MOTEHLIMAJIOM M CIIOCOOCTBYET CHMKE-
HUIO Kak Temnepatyp crnekanus Ha 150 - 300°C, Tak 1 mpo10TKUTETLHOCTH U30-
TEPMHUUYECKOH BBIIEPKKH B 36 pa3! IT0 HE TOJIBKO MOJOKUTEIBHO OTPaKaeTCs Ha
AHEProcOEPEKEHNH, HO U TOBBIIIAET I(HEKTUBHOCTh MHE30ITCKTPUIECKUX Ke-
pPaMUK pa3IUYHBIX (QYHKIIMOHATBHBIX TPYIII.
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Cepreenko Mapcenb AjiekceeBUY

BBICTPOJEVMCTBYIOIIUI UTHBEPTUPYIOIWHA CIBT
OINEPAIIMOHHBIN YCUJMUTEJD C JUPDOEPEHIIUPYIOIIUMHU
NEMSIMHA KOPPEKIINM B OBIIIUX SMUTTEPHBIX IEISAX

BXOJIHBIX KACKAJIOB

Paccmompena u uccneoosana cxema ovicmpooeiicmeyowezo CBJIT onepayuon-
Hoeo ycunumensa (OY) 6 unsepmupyrowem 6KIHOUEHUU, 8 KOMOPOM OJisi NOBbIULEHUS
MAKCUMANbHOU CKOPOCMU HApAcmanus 8blx00H020 Hanpsaxcenus (SR) ucnonvzyemcs
HempaouyuoHHoe gKodenue oudpepeHyupyrowux yenet Koppekyuu - 8 0oujue IMum-
mepHbvle Yenu XO0OHbIX KACKA008 8800SIMCs 08a Oupdepenyupyouux KOHOeHcamopa
Ckl, Ck2. Komnviomepnoe mooenuposanue OV, ebinonrnennoe na Mooensix mpai3ucmo-
pos bazosvix mampuunwix kpucmannos (MH2XA031 25.01.21, OAO «Hnmezepany, be-
napycy), noomeepacoaem 3PGexmusHocms npeonazaemo20 cXxemomexHuiecko2o pe-
wenust — SR OV ysenuuusaemcs ¢ 400 B/mxc 0o 12631 B/mkc. Jlannwiii a3¢hgpexm obec-
neyugaemcs npu cpagHumenbHo Hebonvuiux 3Havenusx Ckl=Crx2=1+1 n®.

Ananozoeas cxemomexnHuka, OblcmpoOeucmsayowull ONepayuoHublll YCUuIumerby,
ougpepenyupyrowas yenv KOppeKyuu, MAKCUMAIbHASL CKOPOCMb HAPACMAHUS 8bIX00-
HO20 HANPSIHCEHUSL.
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Prokopenko Nikolay Nikolaevich, Kleimenkin Dmitriy Vladimirovich,
Sergeenko Marsel Alexeyevich

HIGH-SPEED INVERTER CJBT OPERATIONAL AMPLIFIER WITH
DIFFERENTIATED CORRECTION CIRCUITS IN COMMON
EMITTER CIRCUITS OF INPUT STAGES

A circuit of a high-speed CBJT operational amplifier (op-amp) in an inverting
connection is considered and investigated, in which, to increase the maximum slew rate
of the output voltage (SR), an unconventional inclusion of differentiating correction cir-
cuits is used - two differentiating capacitors Ck1, Ck2 are introduced into the common
emitter circuits of the input stages. Computer simulation of the op-amp, performed on
models of transistors of basic matrix crystals (MH2XA031_25.01.21, JSC "Integral”,
Belarus), confirms the effectiveness of the proposed circuit solution - the SR of the op-
amp increases from 400V/us to 12631V/us. This effect is provided at relatively small
values Ckl1=Ck2=1+IpF.

Analog circuitry, fast operational amplifier, differential correction circuit, maxi-
mum output voltage slew rate.

BBenenne
B ananoro-nimdpoBbeIX cuctemMax aBTOMAaTHYECKOTO YMPABIICHUS CETOIHS
BOCTpeOOBaHbI ObICTpOIeHCcTBYIOMKE onepannonHbie yermrenu (OY) [1]. Tak,
1utst paboThl B kadectse apaiiBepoB ALl Heooxoaumer OY co ckopocThiO Hapac-
tanus (SR) mopsaka 10000 B/mkce [1]. Kak cnenctBue, MmeTomnam noBeimeHuss SR
yaensieTcs Oonbioe BuuManue [ 1-8].

[Tpu sToM Bee cymecTByromue OY MOXHO YCIIOBHO pa3/IeIUuTh Ha iBa 00JIb-
IMX Kjacca — yHuBepcalibHble OY, KOTOpbIE JOMYCKAaIOT BKIIIOUEHUE KaK B He-
MHBEPTUPYIOIIMX cxeMax U IP-Moxynsax cucrteM aBToMaTvku, Tak U OV TONBKO
JUIS UYHBEPTHUPYIOIIETO BKIFOYEHUS.

Ilens cTaThu — UCCIENOBATh HOBYIO CTPYKTYPY OBICTPOJCHCTBYIOIIETO WH-
Beptupytomero CBJT OV ¢ muddepennupyromumu nensiMu KOPpeKIuu B 00-
IIIUX SMUATTEPHBIX TEMAX BXOTHBIX KACKAIOB.

ITocTanoBKka 3a1aun

Ha puc. 1 npuBenena cxema npeminaraemoro OY mis MHBEPTUPYIOIIETO
BKJIFOUEHHSI (TO €CTh C pe3ucCTopaMu OOIIel OTpHIIATeIbHONW 0OpaTHOM CBS3M),
KOTOpbI comepxut nuddepennupyronme nenu koppekuuu (Cy, Cyr), C1oco0-
CTBYIOIIIHME TTOBBIICHUIO CKOpoCcTH HapacTanus (SR).
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Puc. 1. Boicmpooeticmsyrowuii uneepmupyiowuii CBIT OV ¢ oughghepenyupyro-
wumu yensamu koppexyuu Cxl, Cx2 8 00wux sMummepHbix Yyensx 6Xx00HblX

KACKA008

KomnbrotepHoe mogesmpoBanue OY
Ha puc. 2 nmoka3san cratudeckuii pexxum OV puc. 1 B cpeae LTSpice na mo-
JIeJSIX TPaH3UCTOPOB 0a30BBIX MaTpuuHbIX kpuctamioB MH2XA031_25.01.21
nipu 27°C, pezuctope R1=100 kOm, ncrounukax onopHoro toka 11=12=200MkA,
HaNpsOKeHUSX Ha muHax nutanusa V1=V2=+5B.
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Puc. 3. JIAYX kosgppuyuenma ycunenus OV na puc. 2
[Tepenuuii u 3manuii PpoHTH epexoHoro mpoiecca B OV Ha puc. 2 npu

pPa3HbIX 3HAYEHMSIX eMKOCTU auddepeHupyommux konaeHcatopoB Ckl=Ck2
NIOKa3aHbl HA PUCYHKAX 4 U 5 COOTBETCTBEHHO.
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BxoaHoe u BbIxoaHOe HanpaXeHus, B
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Puc. 4. Ilepeonuti ppoum nepexoonozo npoyecca 8 OV na Puc. 2 npu pasnvix
3HaueHUusx emkocmu ouggepenyupyrouux konoencamopos (Cxl=Ck2=0+1

BxopHoe 1 BbiIxogHOe Hanpa»KeHun, B

n®)
3.5
[]
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Puc. 5. 3aonuii ppoum nepexoonoeo npoyecca ¢ OV ua puc. 2
npu Cxl=Ck2=0+1 n®

[Ipu otcyrcrBum auddepenmupyomux konaeHcatopoB Ckl u Ck2 mepe-

XOJHBIM IIPOIeCcaM Ha pUc. 4 U pUc. 5 COOTBETCTBYIOT CIIEAYIOIIHME 3HAYCHHUS
SR: nns nepennero gponta SRM=372,7 B/mkc, 1us 3aaHero ¢pponra SRO= 400
B/mxec.
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Beeaenune nuddepenuupyromux xkonaencaropoB Ckl=Ck2=1n®d obecre-
YMBAET MOBBIIMICHUE MPEACIbHBIX 3HAYCHUN MaKCUMaJIbHOW CKOPOCTH HapacTa-
HUS BBIXOJTHOTO HAIPSIKEHUS 10 YPOBHEH: SR™=13333,3 B/mkc, SRO=12631,6
B/mkc. [lannbie 3HaueHus SR momyyeHbl MpHU HI€ATbHBIX TOKOBBIX 3€pKajiax
IIT1, IIT2, I1T3, [IT4 u 6ydbepHom ycunutene bY.

BriBoabI

PaccmoTpena HoBast cxema ObICTpOIeHCTBYIOIIETO HHBepTHpYtomero CBJT
OV ¢ muddepeHIUpyOMKUMHI HEMIMH KOPPEKIIUU B OOIIHUX SMUTTEPHBIX IEMAX
BXOJIHBIX KAacCKaJlOB, KOTOpas IMO3BOJIAECT YBEIUYUTh MAKCUMAIbHYIO CKOPOCTb
HapacTaHus BbIxojiHOTO Hanpspkenus OV ¢ 400 B/Mke 1o ypoBHs 12631 B/Mkc
0e3 yXyAIIeHUus CTATUYECKOro TOKa MOTPeOICHUSI.

HccnenoBanue BBINOJHEHO 3a c4YeT rpaHra PoccHMiCKOro Hay4YHOIro
¢donaa (mpoekt Ne 22-29-00637).
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YK 621.375.9
ITpokonenko Hukonait Hukonaesuu, Ky3nenon JImutpuii Biagumuposuy,
YymakoB Bnanucnas EBrenbeBud

MPEJEJbLHOE BbICTPOJENCTBUE CBJT ONMEPALIMOHHOI'O
YCWJIMTEJS C JU®PEPEHIUPYIOLIEN LENBIO KOPPEKIIAU
MEPEXOJHOI'O IMPOLIECCA

Hccnedyemes ynpowennas cxema CBJT onepayuonnoeo ycunumensi ¢ ouggpepen-
YUPYIOWUMU YeNnsMU KOPPEKYUU Nepexoo0H020 Npoyecca 80 6X00HOM KACKaoe Ha npeo-
Mem NOAY4eHUss 6 HeM NPeoebHO B03MONCHBIX 3HAYEHUU MAKCUMATbHOU CKOPOCMU
Hapacmarus 8bIXx00H020 HanpsdiceHus (SRmax). Boinoineno komnvlomepHoe Mooeaupo-
sanue OV Ha OUNOAAPHBIX MPAHZUCMOPAX C MPEMS UOeAIbHLIMU MOKOBbIMU 3ePKAIAMU
(T3) u uoeanvrvim 6ygepuvim ycurumenem (bY), komopoe noxkazvieaem, umo onss CBJT
mexHono2uyecko2o npoyecca Munckozo OAO « Humeepany uucnennwvle 3uaverus SRmax,
K KOMOPBIM HYHCHO CIMPEMUMBCSL 3d CUem payuoHaibHo2o nocmpoenus BY u T3, mozym
oocmuzams 20000 B/mxc.

OnepayuonHulil ycunumenb, NPeoeibHO B03MONCHASL MAKCUMALbHASL CKOPOCHb
Hapacmawnus 8bIX0OH020 HamnpsdiceHus, ouggepenyupyrowasn yens koppexyuu, CBJT
MEeXHOL02UYeCKUll Npoyecc.

Prokopenko Nikolay Nikolaevich, Kuznetsov Dmitry Vladimirovich,
Chumakov Vladislav Evgenievich

PERFORMANCE LIMIT OF CBJT OPERATIONAL AMPLIFIER WITH
DIFFERENTIATING CORRECTION CIRCUIT OF TRANSIENT

A simplified circuit of a CBJT operational amplifier with differentiating correction
circuits of a transient in the input cascade is investigated for the purpose of obtaining
in it the extremely possible values of the maximum slew rate of the output voltage
(SRmax). Computer simulation of Op-Amps on bipolar transistors with three ideal cur-
rent mirrors (CM) and an ideal buffer amplifier (BA) is performed, which shows that
for CBJT process of Minsk JSC «Integraly the numerical values of SRmax, Which should
be sought by rational construction of CM and BA, can reach 20000 V/us.

Operational amplifier, extremely possible slew rate of output voltage, differentiat-
ing correction circuit, CBJT process.
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BBenenue

J1J1st TOBBIIIEHUS! OBICTPOIEUCTBHSI COBPEMEHHBIX OIEPAIMOHHBIX YCUITUTE-
Jiel B pexkuMe OOJIBIIIOTO CUTHAja B HACTOSIIIEe BPEMS PUMEHSETCS HECKOJIBKO
CXeMOTeXHH4YeCKuX mpueMoB [1-7]. [Ipumenenune nuddepeHIUpyomuX emnen
KOPPEKIMH B omneparoHHbIX yerautesix (OY) ¢ KIacCHuecKo apXUTEeKTypOit
[5-7] mo3BOMIAET TOCTATOUHO MPOCTHIM CXEMOTEXHUUECKAM METOJIOM 00ECIICUNTh
CYIIIECTBEHHOE MOBBIIICHHE MAKCUMAJIbHON CKOPOCTH HapacTaHHsl BBIXOIHOTO
HanpspkeHus (SR).

[lens 1 HOBU3HA HACTOSIIENW CTaTbU COCTOUT B HUCCIEAOBAHUM MPEETHHO
BO3MOXKHBIX 3HAaUCHUH SRmax B CBJT OV manHoro kiacca. /{1 3Toro B KauecTBe
ToKOBBIX 3epkal (T3) u OydepHoro ycunurens (BY) ucnonb3ytores uaeaibHbie
(GyHKIHOHATBHBIE Y3JIbI, HE BHOCAIIIME 3aJCP>KKHU CUTHAJIA M HE YXY/IIIAIONIHIe Ya-
cToTHble XapakTepuctuku OY. Takoe cpaBHEHHE MO3BOJIUT ONPEACTUTh SRmax, K
KOTOPOMY HEOOXOJIMMO CTPEMHUTHCS MPHU BHIOOPE M ONTUMH3AIUNA KOHKPETHBIX
CXEMOTEXHUYECKUX PEIICHUH — UCTOYHUKOB OIMOPHOTO TOKA, TOKOBBIX 3€pKal,
Oy(epHOro yCHIUTENS | T. II.

OcHOBHasl 4YaCTh

[IpeacraBnennas Ha puc. 1 wucxogHas cxema OV (0e3 yuera
JOTIOJTHUTENbHBIX ~ TpaHzuctopoB VT3, VT4) comepxut  BXOJHOMH
muddepennmanbapiii kackan (VT1, VT2) ¢ uctounnkom omopHoro Toka 11=2lo,
YCTaHABJIMBAIOIIMM CTAaTHUYECKUN PEXKUM TPaH3UCTOPOB, M TPHU UACATBHBIX
TokoBbIX 3epkana [IT1, ITT2, ITT3. 3agannsliii 3amac yCTOMYMBOCTH 3aMKHYTOTO
OV mo d¢aze oOecrieunBaercs KoppekTupyromuM KouaeHcatopom Cy. Ero
YUCJICHHBIC 3HAYCHUS 3aBHUCAT OT YHUCJICHHBIX 3HAYCHUH SKBUBAJICHTHOTO
COTIPOTUBJICHUS R B BBICOKOUMITETAHCHOM Y3J1€ 21!

Ri'=Yur+Yurs+Yesy, 1)
rae Yz, Yirs — BRIXOAHBIE MPOBOAMMOCTH TOKOBBIX 3epKail [1T2 u I1T3; Yy 5y —
BXOJIHASI MPOBOJANUMOCTD Oy(EepHOTO YCHUITUTEIS.
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Puc. 1 Bvicmpooeticmsyrowuu OV ¢ ouggepenyupyrowen yenvio Koppekyuu
nepexooHo20 npoyecca

PazomknyThIN KO3 Pument ycunenus OY (Ko) npu eauHUIHBIX KO3 Pu-
LHHAEHTAaX Nepeaadu Mo TOKy TOKOBbIX 3epkai IITI1-ITT3 3aBuUCUT OT KpyTH3HBI
yeunerus Gi, BxogHoro muddepenmuanpaoro kackana (VT1, VT2) u skBuBa-
JIEHTHOTO BBIXOAHOTO comnpotuiieHus R; (1) B BeIcCOKOMMIIETAaHCHOM y37ie 2

Ko=RiG1-,
rae Gi1o.=lo/2 ., p,~26 MB — TemnepaTypHbIii TOTEHIIAAI.

s moBeimenuss SR k 6a3zoBoit cxeme OV MOAKIIOYAIOTCS JOTOJTHUTEIIb-
Hble TpaH3ucTopsl VT3, VT4 u nuddepenunpyromas nenb KOppeKIHK nepexo/-
Horo npouecca — kKouaeHcarop Cyi. 1Ipy uMIyaeCHOM BXOJHOM CUTHAJE C am-
muTyaou Uy MakCUMalIbHbIE 3HAYEHUSI TOKA Yepe3 KOPPEKTUPYIO eMKOCTh Cyj
MPUHUMAIOT OOJIBIIIOE 3HAYEHHE:

UGX
T51 + T94,
rjae I,;=r,4 — CONMPOTUBIICHUS SMUTTEPHBIX nepexoaoB VT1 u VT4.
Kak cnenctBue, SR OV cyiiecTBEeHHO yBETUYUBACTCS.
Ha puc. 2 nokaszan crarudeckuii pexxum OV puc. 1 B cpeae LTspice Ha mo-

ICK. max —

JeNsIX KOMIUIEeMEHTApHbIX OUMosspHbIX TpaH3uctopoB AO «MuTerpam» (r.
Musck) [8].
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Puc. 2 Cmamuueckuii pearcum OV na puc. 1 6 cpede LTspice npu t=27 °C, Vcc=
10 B, Vee=-10 B, 11+1,=100 mxA, C,=5 n®, C,;=0 n®, R1=10 MOm

Jlorapudmuyeckas aMIUIUTYTHO-4acTOTHas xapakrepuctuka (JIAUYX) OY
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Puc. 3 JIAYX 6vicmpooeticmeyroweco OV na puc. 2 6 cpede LTspice

Takum o6pazoM, pazoMkHYTHINH KO3 duiment ycmieHus OY 1o Hampske-

Huto npu Ri=10 MOwm npessimaet 85 nb, 4To 10CTaTOYHO [1J11 MHOTUX IPUMEHE-

HUMU.

Brnusane emxoctu muddepennupyromiero kouaencaropa Cy; Ha MEpexoi-

HbIe nporeccel B OY (puc. 2) mokazano Ha rpadukax puc. 4 u puc. 5.
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BxopgHoe HanpsixeHue, B
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Puc. 4 Ilepexoonuiii npoyecc nepeonezo oponma dvicmpooeiicmsyrowezo OV
Ha puc. 2 8 cpede LTSpiCe npu pasnvix snauenusx emkocmu ouggepenyupyio-
wezo konoencamopa C,;=0/25/50 n®
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Puc. 5 Ilepexoonuiii npoyecc 3aonezo pponma dvicmpoodeticmayrowezo OV
Ha puc. 2 6 cpede LTSpice npu pasnvix 3nauenusix emxocmu oupgepenyu-
pyrowezo koudencamopa C,;=0/25/50 n®

N3 rpadukoB Ha puc. 4 1 puc. 5, a Takxke Tadauupl 1 cneayer, 4To BBEJACHUE

muddepennmpytomen mnenu Koppekiuu (Cyj) CyIecTBEHHO YBEJIUYHUBAET OBICT-
poaeiicteue OY B pexkuMe 0O0JIBIIIOT0 CUTHAIA.
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Taomuna 1
[IpenenbHbIe 3HAYEHUH MAKCUMaJIbHOW CKOPOCTHU HApaCTaHUsI BBIXOHOTO
HanpsbkeHust B OY Ha puc. 2 npu pa3Hbix Cy;

CkopocTh HapacTaHuA CkopocTbs HapacTaHus
3HaveHne
erKocrH C nepeanero ¢pponra OY, 3agHero ¢ppounra OY,
Kl SRmax(+), B/MKC SRmax(_), B/MKC
0 nd 19,6693 19,7771
25 nd 17372 17408,2
50 n® 204544 20066,4

Takum 06pazom, nuddepennupyromas mnenb Koppekiuu Cyj 03BOJISIET MO-
JYYHUTh CYIIECTBEHHOE YBEIMUCHHE SRyax, K KOTOPOMY HEOOXOAMMO CTPEMHUTHCS
IIpU BBIOOPE M ONTHUMM3AIMH KOHKPETHBIX CXEMOTEXHHUYECKUX PEIICHUM TOKO-
BbIX 3epkai OY, HCTOYHUKOB OMIOPHOTO TOKa, 0y(hEepHOTO YCHUITUTES.

BbiBoabI

[IpenenpHass MakCUMalIbHasi CKOPOCTh HAPACTAHMS BBIXOHOTO HAIIPSKEHUS
SRmax™ mepemnero u 3agHero SRima) dponToB npeanaraemoro CBJT OV ¢ ox-
HUM BBICOKOUMIIEAHCHBIM y3JI0M TIPH €eMKOCTU JudPEepeHIIMPYIONIEro KOH/ICH-
catopa Cy; =50 n® yBenuuuBaercs 6osee ueM B 900 pa3 ¢ 19,7 B/mxc go 20000
B/mxkec.

HccnenoBanue BBINOJHEHO 32 c4YeT rpaHra PoccHMiCKOro Hay4YHOIro
¢donaa (mpoext Ne 22-29-00637).
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Cekupust — IIpoMbIIIVIEHHBIN IM3AHH U AJUIMTUBHbIE TEXHOJIOTUH

YK 621.396.677

3annH KoHncrantnH MuxamioBuy

TEXHOJOI'MYECKOE PEIHEHUE UIA N3I'OTOBJIEHUSA
NPO®UJIUPOBAHHOI'O PEDJIEKTOPA 3EPKAJIBHON AHTEHHbBI
C KOHTYPHOM JIUATPAMMOM HATIPABJIEHHOCTH

Paccmompenwvi 6onpocevl nosviuenus mexumonocuyeckol dggexmusHocmu uzeo-
Mo8ieHUss NPOPUIUPOBAHHBIX PehIeKMOPO8 3ePKANbHBIX AHMEHH, POPMUPYIOUUX KOH-
mypHbie ouazpammsl HanpagienHocmu. Paspaboman aneopumm cenasxcusanus ghopmol
perekmopa, no360aA0WUL YIPOCMUMb YOPMY €20 NOBEPXHOCHU NPU COXPAHEHUU XA-
PAKMepUCmuK HanpasieHHOCMu 3epPKaibHOL aHmMeHHbl. YnpoueHnue ghopmbl nOBepxXHO-
CMu 3aKII04aemcs 8 YMeHbUeHUY OMHOCUMENbHOU NA0WA0U OUCIOKAYULL IeMeHmOos
npoghunuposannozo pegrexmopa.

Koumyphas ouacpamma nanpagnenHocmu, 3epKaivHas aHmeHHa, npoQuiuposan-
HblU pegrekmop.

Zanin Konstantin Mikhailovich

TECHNOLOGICAL SOLUTION FOR CREATING A PROFILED
REFLECTOR OF A REFLECTOR ANTENNA WITH A CONTOURED
BEAM

The questions of increasing the technological efficiency of crating profiled reflec-
tors of reflector antennas which formed contour beam are considered. An algorithm of
smoothing the shape of reflector has been developed, which makes it possible to simplify
the shape of surface while maintaining the directional pattern of reflector antenna. Sim-
plification of surface consists in minimization the dislocations area of the profiled re-
flector elements.

Contoured beam, reflector antenna, profiled reflector.

BBenenue

Bo MHOrux cinydasx npu noCTpOCHUH KOMILJIEKCOB CITyTHUKOBOM CBSI3U Tpe-
Oyetcsi obecniedeHre 3aJaHHOTO €€ KauecTBa B CTPOrO OIpeJeIeHHON 001acTu
nokpsiTud [1-3]. ['panuiia 00JaCTH MOKPBITHS MPU 3TOM MOKET UMETH CIIOKHYIO,
HO HEM3MEHHYIO B TE€UEHHE BCEro IMepuoja sKcmyataiuu Gopmy. Criencreuem
ATOrO SBJSIETCSA TPEOOBAHKE K peann3aluu quarpaMMbl HampasieHHoctu ([IH) c
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COOTBETCTBYOIIIUM KOHTYPOM CEUCHHMS TJIaBHOTO JienecTka [4-8]. OmHum u3 Bo3-
MO>KHBIX BapUAHTOB MOCTPOCHHSI aHTEHHOW CHCTEMBI SIBJIIETCSI MCIOJIb30BAHKE
3epKaibHON aHTEHHBI (3A) ¢ OJIMHOYHBIM OOJydaTesaeM U pedIeKTOpOM ¢ Mpo-
(UITUpPOBaHHON MOBEPXHOCTHIO, 3aKOH MPOPUIHMPOBAHUS KOTOPOH ONpEAeIIsIeTCs
dbopmoit rpanuIel o0cayxuBaemon Tepputopuu [9, 10]. [IpodunupoBanue mno-
BEPXHOCTU pedIeKTOpa 3aKII0YAETCs B pa3/IeJICHUH €ro MOBEPXHOCTH Ha JIO-
KaJlbHO-TIapa00JINYeCKe YYaCTKU U B CMEIICHUH UX B HAIIpaBJICHUU OCH Bpallie-
HUSL UCXOHOM urypsl 1ist popmupoBanus TpedyeMoro pa3zoBoro pacnpesene-
Hus nojs (OP) Ha aneprype.

[Tpumep mpodunupoBanHoro pedaekropa 3A, hopmupyroiieid KOHTYPHYIO
JIH, npuBenen Ha puc. 1. HenocraTkoM gaHHOT0 BapuaHTa npoduInpoBaHus pe-
(bnexropa sBisieTcss HeoOxoauMocTh 00padoTku 100 % ero moBepxHOCTH C CO-
XpaHEHHEM JUCIIOKAINI 3JIEMEHTOB, YTO MPUBOJIUT K YCIOKHEHUIO TEXHOJIOTHU-
YEeCKOT0 MPOoLIecca N3rOTOBJICHUS.

Puc. 1. Obvemnoe yugposoe uzobpasicenue 34 ¢ npoguruposarnnvim peghiex-
mopom

Bombiioe KOTU4ecTBO CITyTHUKOB CHCTEM CBSI3M M PA3HOOOpa3ue rpaHul]
MMOBEPXHOCTEH OOCTYKMBAEMBIX TEPPUTOPUIM OOYCIOBIMBAIOT HEOOXOAMMOCTH
MOBBIIICHUS] TEXHOJIOTHYECKON I(P(HEKTUBHOCTH MX M3TOTOBICHUS. TEXHOIOTH-
gyeckas 3(G(EeKTUBHOCTH CBS3aHA C ympolneHueMm (HopM mpoGrInpoBaHHBIX pe-
(baexTopoB 3A, 3aKITFOYAIONTUMCS B YMEHBIIEHUY OTHOCUTEIHHON TUTOIIAIH JHC-
JIOKAIMK €T0 3JIEMEHTOB.

[Tockonbky hopmy npodumupoBaHHOTO pedIieKTopa CI0KHO ONUCATh aHa-
JTUTUYECKUM BBIPAKCHHEM, B KaU€CTBE UCXOIHBIX JAHHBIX JIJIs pPa3paO0TKH KOH-
CTPYKTOPCKOH U TEXHOJOTUYECKON JOKYMEHTAIIMU HEOOXOAMMO UMETh €T0 00h-
eMHoe 1u(poBOE N300paKeHNE, HA OCHOBE KOTOPOTO pa3padaThIBAETCS YIIpaBJIs-
Io1ast mporpaMmmMa 00opadOTKH.
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Hcxons u3 BbIIIECKAa3aHHOTO, aKTyaJIbHOM SIBJISIETCS 3a7a4ya MOCTPOCHUS
o0beMHOTO 1M poBOro n3odpakenus pedaexkropa 3A ¢ yMEHbIICHHON TUIOMIA-
JIBIO AUCIIOKAIIMM ero aeMeHTOB. [Ipu 5ToM yMeHbllIeHre TUIOIIaau JUCTOKAIIHi
HE JIOJDKHO MCKaXKaTh XapaKTEPUCTUK HampaBieHHOCTH 3A.

eab padoThl
[ToBbIIeHre TeXHOJIOTHUYECKOU A((HEKTUBHOCTH H3TOTOBJICHUS MPOdUu-
pOBaHHBIX pedieKTOpoB 3A.
JUist TOCTUKEHUS JaHHOW IIeJIM pellaeTcs 3ajavya pa3paboTKH aaropurma
CTJIKUBAHUSI IOBEPXHOCTU NMPOGUIHNPOBAHHOTO pediekTopa 3A.
Cunre3 00beMHOr0 HM(ppPoBOro H300pakeHnsi NPOGPUIMPOBAHHOIO pe-
¢aexropa 3A
B nactosmei paborte Ay mocTpoeHus 00beMHOTO ITU(POBOTO U300paKe-
HUs pedIIeKTOpa yCTAaHOBJICHBI CIIETYIONTUE UCXOIHBIEC TAHHBIE:
— 3amaHa JlekapToBa cucTeMa KOOpJIMHAT, CBsI3aHHas ¢ pediiekTopom 3A,
y KOTOPOU OCh Z HaIlpaBJIEHA B CTOPOHY €r0 Fr€OMETPUUYECKON OCH;
— 3aJIaHbl KOOPIMHATHI BEPIIUH IECTUYTOJILHUKOB, 00pa3yIOIIHUX MOBEPX-
HOCTh pedIieKTopa;
— 3aJ1aH TOPOT, MPU MPEBBIIIEHUU KOTOPOTO BHICTYIIAOIIAS TPAaHb COXpa-
HsieTcs B hopmupyemoM 1udpoBOM H300paKEHUH.

[IpensiaraeMblil alrOPUTM CTIIAKUBAHUS TIOBEPXHOCTU PEBIECKTOPA MOKET
OBIThH MPEACTABIICH OJIOK-CXeMOM, MPUBEACHHON Ha pHC. 2.

Ha ocHOBaHWM MCXOIHBIX JJAHHBIX K 00bEMHOMY TIU(PPOBOMY H300paKEHHUIO
3A ee mapabonuueckuil pediaekTop pa3OuBaeTCcs Ha IMIECTUYTOJLHUKH aHAJIO-
TMYHO TOMY, KaK MoKa3aHo Ha puc. 1. B 3aBucumoctr oT pOpMBI TJITaBHOTO MaK-
cumyma JIH 1 oT ycnoBust orcyTcTBUS AUGPAKIIMOHHBIX MAKCUMYMOB B pabodeM
CEKTOpPE YIJIOB MEPUOJ] PACIIOJIOKEHUS IIECTUYTOJILHUKOB, a, CIEA0BATEIbHO, U
UX KOJIMYECTBO, MOXKET OBITh pa3HbIM. B pamkax Hacrosiieil paboThl mpeasiara-
€TCsl IPY MPOEKTUPOBAaHUU 3A 3a7aBaTh NIEPHO] PACTIONOKEHHUS ECTUYTOIHHU-
KOB KaK MOXXHO MEHBIINM (0T 4/8 10 A/2), 4TO O3BOJUT YMEHBIIUTH ILIOMIAIb
JUCIIOKAITNI 3JIEMEHTOB TIpodriimpoBaHHOTO pediiekTopa Ha dTarne cuaTe3a OP.
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( Hauano )
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O6paboTanbl Bce MECTUYTOIbHUKH?

Vcnosue
CTIIAXKUBAHUS TPAHU
BEIIOJIHSETCS?

HETP»| :

Pasbuenne moBepxHOCTH pediekTopa Ha
P ped P OO6paboTaHbI BCe TpaHU? TTa—
IECTHYTOJIBHUKHU M HX Hymeparwst ot 0 10
N-1
- A HET
\4 Y
Pabota ¢ mrectuyroibaukom Ne ne[0..N-1] T— Creayronmii m
Pa30uenue mecTuyroipHIKa Ha JIOKAIBHO v
IUIOCKHUE YYACTKH ITocTpoenue 06beMHOM MOzeIH
IECTHYTOJIbHUKA
< y
v
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Y
— Crenyrommii N
pA NGV
Y
[IpupaBHUBaHNE KOOPANUHAT JBYX BEPLINH v
coceaHuX HICCTI/IYI‘OJ'IBHI/IKOB ( KOHCH )

Puc. 2. Brok-cxema aneopumma cenasxicusanus nogepxnocmu pegaekmopa 34

COBOKYITHOCTh OOJBIIOTO KOJMYECTBA MAPA0OINYECKUX TOBEPXHOCTEH
CJIOKHA B MAaIlIMHHON 00pabOTKe MpU MOCTPOSHUU HU(PPOBOTO U300PAKEHUS U
CJIOKHA B MPOU3BOJIcTBE. Ha 0CHOBaHMU BBIIIIECKa3aHHOTO TIpeIaraeTcs pase-
JUTH TTOBEPXHOCTH IIECTUYTOJIbHUKA HA JIOKAJTBHO TUIOCKUE YYACTKU MYyTEM 3a-
MOIIICHUS TpeyrosbHUKaMu. Kak OyneT mokazaHo jaiee, Takas MOBEPXHOCTh
uMeeT OOJIbIie CTereHel CBOOOIbI 1) PEJaKTUPOBAHUS B CPAaBHEHUH C TIapabo-
JTUYECKON TMOBEpPXHOCTHI0. COTJIACHO YCTAaHOBJICHHBIM HMCXOJHBIM JIaHHBIM K
HacCTOSIIeH paboTe 3a7aH MOPOT, MPU MPEBBIMICHUA KOTOPOTO MTOBEPXHOCTh pPe-
¢dexTopa OyJeT COXpaHATh BBICTYIAIOINIYIO TpaHb. [ paHu, TOKa3aHHBIC HA PHC.
1, IMEIOT pacnpeescHue BBICOT auciiokanuii He 6oee A/10 mist 60IbIIMHCTBA
aneMeHTOB M mopsiaka 4A/10 st 31eMeHTOB, B OKpeCcTHOCTH KoTophix ®P Ha
anepType M3MEHseTCs Ha 3HadeHue, O0auskoe k 271. Ilopor BeIOMpaeTcs U3 JaaH-
HOTO WHTEpBajia, WCKIIOYas TpaHUIbl. B ciiydae eciam BbICOTa AMCIIOKAIMH
MEHBIIIE 33JIaHHOTO MOPOTa, BBIMOIHAETCS 00BbEINHEHNE BEPITUH 00pa3yIOmnX
€ro IEeCTUYTOJbHUKOB IMyTEM MPUPABHUBAHUS MX KOOPAMHATBHI Z CpPEIHEMY
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apupmernyeckomy. [IpumMepsl MECTUYTOJLHUKOB C pa3JeiICHHbIMU U OOBEAU-
HEHHBIMH BEPIIMHAMHU MPUBEJIEHBI HA pUC. 3 U 4 COOTBETCTBEHHO.

Puc. 3. lllecmuyzonvruku ¢ pazoe- Puc. 4. lllecmuyzonvruku ¢ 06veou-
JIEHHLIMU 8EPUIUHAMU HeHHbIMU 8ePUIUHAMU

[Ipumensisi JaHHBINA TTOAXOJ KO BCEM MOBEPXHOCTH pediiekTopa, MOTydeHO
ero 00beMHOE N300paxKeHne, KOTOPOe MOKa3aHo Ha pucC. 5.

Puc. 5. Obvemnoe yugposoe uzobpasicerue 34 co cenasxicennvim peghiexmo-
pom
O6BeMHOe mUppoBOe M300pakeHUe 3A, MOKa3aHHOE HA PHC. 5, UMEET Ha
93% MeHBITYI0 MJIOMAb TUCIOKAIIUN SJIEMEHTOB pe(IEKTOpa M0 CPABHEHUIO C
ucxonuoi. [lomHoe ycTpaHeHUe AUCIOKAIHI AIEMEHTOB pedieKTopa MPUBOIUT
K CyIIECTBEHHOMY HCKaKeHUIO Tpebyemoro ®P u, COOTBETCTBEHHO, K YXYy/IIIIe-
HUIO XapaKTePUCTUK HAMIPABICHHOCTH.
s 3A, mokazaHHBIX Ha puc. 1, 5, MeTogaMu 3IEKTPOIMHAMUYECKOTO MO-
nenupoBanus paccuntansl JIH. Pe3ynbTaThl pacueToB puBeaeHbI HA puc. 6, 7.
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F(0.¢). [1b]

y.__ |
-0.35 U 0,35 -0,35 u 0,35
Puc. 6. /IH 34 c pechrexmopom, oo- Puc. 7. JIH 34 co cenascennvim pe-
nOJIHUmMebHble NPeobpa308anUsi Hao @nexkmopom

KOmopbiM He npoeoduﬂucz)

Ha puc. 6, 7 6,¢ - yrasl B chepuyeckol cUCTEME KOOpIAWHAT;, U =
cos(0) sin(¢), v = sin(0) sin(¢). JIH, nmokasanHsle Ha JaHHBIX PUCYHKaX, HE
HMMEIOT 3HAUUTEJIbHBIX OTJIUYUN HU 0 MAaKCUMyMY KO3 (DUITUEHTA YCUICHUS, HU
1o popMe ceyeHusl TJIaBHOTO JICMIECTKA.

IHoBbIIeHHE TEXHOIO0THYeCKOM I PekTUBHOCTH

[ToBbIIeHHE TEXHOJIOTHYECKOW 3(DPEKTUBHOCTH, OCHOBAHHOE Ha pa3pabdo-

TaHHOM aJITOPUTME, 3aKIIIOYAETCS B CIEAYIOLIEM:

1. Bb1Gop ouepeaHoro mecTuyroiabHUKA.

2. 3aMOIIeHHE €r0 TOBEPXHOCTH TPEYTOJIbHUKAMH.

3. [IpoBepka ycnoBusl CriIaKUBaHUS TPaHH, U, B CIIy4ae €CIIU YCIOBHE BbI-
MOJIHSAETCS, 00bETMHEHUE BEPIIMH 00pa3yIOLUUX HIECTUYTOJIbHUKOB.

BoiBOABI

[IpeacraBnenHoe B JaHHOU pabOTe TEXHOJOTUYECKOE PEIICHNE TTO3BOISET
MOBBICUTH TEXHOJOTUYECKYI0 3PHEKTUBHOCTHh U3TOTOBIICHUS MPOGUITUPOBAHHBIX
pednextopoB 3A mpu coxpaHeHuu Gpopmupyemoii koutyproi JIH. Texnomoru-
YECKOE PeIIeHNEe OCHOBBIBACTCS HA MCTIOJIb30BAaHUH aJITOPUTMA CTIIaKUBAHUS T10-
BEepXHOCTH MPohUIupoBaHHOTO pediekropa. CriakuBaHue Mpoduiis COCTOUT B
MPUPABHUBAHUU KOOPAWHAT BEPIIUH COCEAHUX IIECTUYTOJIHLHUKOB CpETHEMY
3HAYCHUIO TP BEJIUYHMHE JHUCIOKAIMA MEeHee A/8, 4TO MO3BOJISET YMEHBIITUTh

OTHOCUTEJIBbHYIO TUTOIIAAbh AUCIOKAIUK AneMeHTOB pediektopa co 100 % mo 7
%.
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YK 621.396
OpexoB Bsuecnas Banentnnosud, Pycun Jimutpuii UBanoBruY

JIN3AWH U TEXHOJIOTUS U3rOTOBJIEHUSA KUJIOTO
MOIY.JA AJs1 SKCTPEMAJIBHBIX YCJIOBUI

B oannoii pabome npedcmasnena pazpabomra Ou3auHa u MexHoL02Us U320mos-
JIeHUSL HCUNO20 MOOYTISL. B npoexme 6biia pa3pabomana mexHonio2ust U3e0moe1eHusl Hcu-
11020 M0oOys. Pazpabomana nianuposxa, 6 coomeemcmeuu ¢ Hopmamu 6e30nacHocmu
U IKON02UYHOCMU OJ11 OAHHO20 Muna npou3eoocmea. llpuseden Kpamxuil ucmopuue-
CKUUl 0030p MOOUNBHBIX U CMAYUOHAPHBIX HCUNLIX Mooyaell. Onucan npoyecc paspa-
OomKU OU3AUHA U U320MOBLEHUS OPUSUHATILHO20 HCUN020 MOOYJSA. YHUKANbHOCHD,
Y00OCmME0, MEXHOLOSUYHOCMb U320MOGICHUSL U NPAKMUYHOCIb 8 YCIA0GUAX HUSKUX
memnepamyp.

Hu3zaiin, mexnono2usi u320MoGIeHUs, HCUTLOU MOOYIb, IKCMPEMATbHble YCI08Us.

aKkcniryamayuu.

Orekhov Vyacheslav Valentinovich,Rusin Dmitry Ivanovich

DESIGN AND MANUFACTURING TECHNOLOGY OF A
RESIDENTIAL MODULE FOR EXTREME CONDITIONS

This paper presents the design development and manufacturing technology of the
residential module. In the project, the technology of manufacturing a residential module
was developed. The layout has been developed in accordance with safety and environ-
mental standards for this type of production. A brief historical overview of mobile and
stationary residential modules is given. The process of designing and manufacturing the
original residential module is described. Uniqueness, convenience, manufacturability
and practicality at low temperatures.

Design, manufacturing technology, residential module, extreme operating condi-
tions.

BBeaenue. Ha ceromHsimiHui J€Hb CTalMOHAPHBIE, MOAYJIU T€, KOTOPHIE
MOKHO TIEPEMEINIaTh ACCH WU K€ BO3IYIIHBIM CIIOCOOOM Ha BEPTOJIETaX WIIH
caMmoJIeTax 10 MECTa UX YCTaHOBKH, 4Yallle BCEr0 UCIOJIb3YIOTCA B
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IIPOMBIIIIEHHON cepe, CTPOUTEIbHON WM UCCIIEOBATENbCKOM, B PEIKUX CITy-
yasx B Ka4ecTBe 0a3 OT/bIXa WU JaXKe OTeNei.

Llens mccnenoBaHusl COCTOUT B pa3pabOTKE YHUBEPCAIHHOTO MOOUIBLHOTO
KUJIOT0 MOJYJIS JUIsl KCTIOJIb30BAHMS B CYPOBBIX KIIMMATUYECKHUX YCIOBUSX.

3agaun:

* IOMCK U aHAJIU3 CYIIECTBYIOLIUX, CETOJIHS U B MPOIILJIOM aHAJIOTOB;

* pa3paboTKa KOMIIOHOBOYHBIX PEIICHUH, C y4€TOM 3PTOHOMUKH;

* MpopabOTKa BHEIIIHETO BU/Ia KOpITyca 000JI0UKH, BU3yaIU3allus;

* KOHCTPYKTUBHOE PEIICHHUE C YYETOM BO3MOKHBIX MaT€PUAJIOB.

['maBHOE MPEUMYIIIECTBO MOYJIS 3aKIJIF0UAETCS B BO3MOKHOCTHU €T0 IepeMe-
IMICHUS U, CJEN0BATENIbHO, IIaBHOE Ha3HAUYCHHE MOJYJIS 3aKJII0YaeTcsl B yCTa-
HOBKE €T0 B MECTaX, KOTOPbIE HE OCBOCHBI YEJIOBEKOM, HO Ha KOTOPBIX OCYIIIECTB-
JsieTCs Kakasi-In0o JesTENHbHOCTh YEJIIOBEKOM U TJI€ YEJIOBEKY JJIS €ro JeSTelNb-
HOCTH HYXHO KOMQOPTHO NMpoxkuBaTh. [lo cyTH, Mbl uMeeM O0OBEKT, OTHOCH-
TEIHHO HEOOJBIINX Pa3MEPOB, KOTOPBIA MOKHO CBOOOJIHO MEepeMENIaTh U KOTO-
PBI MOXET YJIOBJIETBOPUTH MOTPEOHOCTH YeIOBEKa sl KOMGOPTHOTO MPOKHU-
BaHUS.

OCHOBHBIMH KIIUMAaTUYECKUMH yCIOBUSMH OBLITU BHIOPAHBI YCIOBUS HU3KUX
TEeMIIepaTyp, CIeI0BaTeIbLHO, MOYJIb JIOJDKEH 00J1a/1aTh CBOMCTBAMH COMPOTHB-
JICHUSI HU3KUM TeMIIepaTypaM, MOBBIIIIEHHOM TEIJION30JIAIIMA BHYTPEHHUX TTOME-
ICHUM.

Kunoilt MOzysp SBIISIETCS KOHCTPYKLIMEN JUISI BPEMEHHOTO IIPOKUBAHUA.
Onu OBIBAIOT KaK OOJIBIIKUX pa3MEPOB, 000PYI0BAaHHbBIE BCEM HEOOXOMMBIM IS
obecrieueHrss KOM(GOPTHOTO MPOKUBAHUS, TAK U HEOOJBIITNX Pa3MEPOB C MUHHU-
MaJbHBIM HA00POM (PYHKITMOHAJIA 10 THITY KPOBATH, CTOJIA, APkl TIOJIOK /IS Xpa-
HEHUs BellleH U MUHU KyxHel. B ciyyae koMm(bopTHOTO MPOKUBAHUS KHUIIBIE MO-
Ty OOJBIINX Pa3MEpPOB, HECOMHEHHO, BBHIMTPHIBAIOT Y HEOOJBIINX, TaK Kak
000pyI0BaHbI CIAJIbHEW, BAHHOW KOMHATOW, KyXHEH, 3aJI0M OTJbIXa U OCTallb-
HBIMHU BOXHBIMHU (YHKIUSIMHU, HO Y HUX €CTh M CBOM HefocTaTku. [Ipexae Bcero
ATO, KOHEYHO K€, Pa3Mephl, UTO YCIOKHSICT UX TPAHCIOPTUPOBKY U CTOUMOCTH,
Be/Ib YeM 00JIblIIe KOHCTPYKIUS 1 O0JIblle B Hel (PyHKIIMOHAJIa, TEM OHA JOPOKE.
N3rotaBnuBarOTCs KUJIbIE MOTYJIA MOJATOTOBICHHBIMH K PA3JIMYHBIM KIIMMATHYC-
CKHUM YCJIOBHSIM, OTBEUAIOT MOXKAPHBIM U CAHUTAPHBIM HOPMaM.

Kunbsie MOy T MOYKHO Pa3feIuTh HA 3 OCHOBHBIX BHJIA:

1) aBTOmIOM;
2) TpUIe-KeMIIep;
3) ONMOK-KOHTEHHED.
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[lepBble TOJIHOIIEHHBIE aBTOJAOMAa OBUIM CKOHCTPYHMPOBaHbl HEHAMHOTO
M03k€E TOT0, KaK aBTOMOOMJIN CTAJIM OOBIYHBIM SIBIICHUEM Ha aMEPUKAaHCKHUX J10-
porax [1].

[TepBbie KeMIlepbl KOHCTPYUPOBAIUCH HA KOJIECAX IO MPOCTHIM YepTekKaM U
U3TOTABIMBAINCH U3 JepeBa. llpuiensl umenu HEOOJbIIME pa3Mepbl M Yallle
OKpYTJIOHN (hOpMBI, UMEIOIIIUE BCEro OJHY OCh [3].

Ecnu, Bce BhIlIENIEPEUUCICHHBIE TUITBI KUIBIX MOAYJIEH OOJbIIE MPUHATO
UCIIOJIb30BATh JUIsl MyTEIIECTBUS, TO BOT OJIOK-KOHTEHHEPHI OOJIbIIE MOAXOASAT
JUISI CTATUYHOTO pa3MEIleHHs] B KaKOH-T1M00 MECTHOCTH U TPaHCIOPTHUPOBKHU B
JPYTYI0 MECTHOCTb 10 HEOOXOIUMOCTH.

Cy1iecTByeT OrpOMHOE KOJIMYECTBO CIIOCOOOB MPUMEHEHHUS SKUIIBIX MOMY-
nei. IX MO>KHO UCIOJIB30BaTh B KAUE€CTBE MOCTOSIHHOTO MECTa MpokuBaHusl. JKu-
JIbIE MOJIYJIM YacTO MCHOJB3YIOT CTPOUTEIbHBIC, pYyA0100bIBAIOIINE WIH HEDTS-
Hble KOomaHuu. B cTpoutensHoOil cdepe X Takxke, Kak U B KHHO, HCIOJB3YET B
KauyecTBe Jareped s MPOXKMBaHUS pabOUYUX, €CIIU CTPOUTEIHCTBO BEAETCS B
JIaJIA OT TOPO/JIa, TAKXKE MPUMEHSIOTCS MPU UHCIIEKITUN 00BEKTOB, KOTOpast 3aHU-
MaeT HEeMaJoe KOJIMYECTBO BpeMeHU. Eciii roBOpUTh 0 J0OBIYE MOJE3HBIX UCKO-
aeMbIX, TO OOJIBIIMHCTBO PECYPCOB HAXOJUTCS B JAJIEKUX OT TOPOJIOB TEPPUTO-
pusix u Juist pabOTHI HA TAKUX 00BEKTaX HEOOXOTUMO 0OOCHOBBIBATH Jareps JJis
pabounx [4].

['maBHBIM TTpapoAUTENIEM TAKMX MOIYJICH MOYKHO CUNTATh MOOUITEHBIH JIOM,
IpeIHa3HAYCHHBIN TSl CITYKEOHOU NIeATeTbHOCTH, KOTOpasi MPOXOAUT B IKCTpe-
MaJbHBIX yCIIOBUSAX (Temmeparypa -65° u Betep 60 m/c), momydyaeT Ha3BaHHE
«Iunmuanpudeckuit yaudumpoanusiii 610k» (L{YB).

B 1978-m roay na 6aze 1[YboB BbimyckaeTcsi IepBbIii MOOMIIBHBIN YKHIION
KOMILJIEKC.

VYuuTeiBasi CypoBbIii KIMMAT U CUJIbHBIE MOPO3bI, IJIaBHAS CJIOKHOCTh CO-
CTOsUIa B 0OECIICUCHUH JIIOJICH, padOTAIOIMX B PETUOHE, TEIUTHIMUA U Oe30rmac-
HBIMU JJoMaMu. Takke KUIUIa MOJISIPHUKOB JOHKHO ObLIO OBITH TPOYHBIM U MO-
OWJIBHBIM.

Konctpykius [[Yba cxoxka ¢ npuHiunom ¢GyHKIIMOHUPOBAHUS TEpMOCa.
Korma na ynuiie Mopo3, BHYTPH TEIUIO, a KOTJ/Ia JKapKo, YTO OBIBAET PENKO, TO
BHYTPHU COXPAHSETCA MPOXJIAA.

Taxoke xopommum ykpeiTHeM oT xonona IIYb sBusercs u B 0cobo skcTpe-
MaJIbHBIX YCIOBUAX: TP -65° U MIKBaJIbHBIX MOpbIBax BeTpa. CHEXKHbBIE 3apsi/Ibl
T000# TITOTHOCTU U CHJIBI JIETKO OOTEKAIOT METAITMYCCKUIN IIMIHMHJIP U TOJICTHIE
TPOUHBIE OKHA, KOTOPBIE C JIETKOCTHIO BBIICPIKUBAIIN TI0I00HBIC HATPY3KHU.
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B nporecce nmoucka GgopMbl cedeHusi, IPEkK/Ie BCEro, pyKOBOJICTBOBAIUCH
MPaKTUYHOCTHIO. DTO CUMMETPHUUHBIE (POPMBI TPOCTHIX GUTYP, OBLIT MPUHAT KOM-
IIPOMHUCC — YTO-TO MEXKAY KBaJAPATHOM U KPYTJION.

BHyTpeHHSsI1 KOMIIOHOBKA MPEACTAaBISET cCO00M psAll OBITOBBIX MPUOOPOB,
MeOeH TeII0 BeIpabaThIBAIOIIETO 000PYA0BAHMS, BIPAOATHIBAIOIIETO YIECKTPH-

4eCcTBO 000pyA0BaHMs U Tak jaajiee (puc. 1).
7000

CayH-y3en Kyxusa ‘

2300
1
2500

I I T I
| Tanbyp [ CnansHs

6800

Puc. 1. Buympenusis KoMnonoska mooyJis

Jlanee npeacTaBieH BHEIIHUM BU 0007104ku MoayJisa. KpoMe aTo mpopabo-
TaHbl KOMIIOHOBOYHBIC PEIICHUS ISl (JOPMUPOBAHUS MACCUBOB U3 MOIYJICH, TS
CTBIKOBKH MOJYJIEH MEXITy COO00H OBII MPEMIOKEH CICIHATBHBINA MTePEX0THOM
MOYJTb, 00pa3yIOINUNA MPOCTPAHCTBEHHYIO CTPYKTYPY C OCSMHU Ha TPU CTOPOHBI

(puc. 2) .

s

.! lm l&ﬁl!J!j
e

Puc. 2. Komnonosxa u nepexooHou Mmooy
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[Tocne aHanM3a HOPMATUBHBIX IOKYMEHTOB U (POpM, OBLIT CO3/1aH ICKU3 OC-
HOBHOHU (hopmbl (puc. 3). [To HuM ObuTH pa3paboTaHbl YEPTEXKHU U MpopaboTaHa
KOHCTPYKIIUS )KHIJIOTO MOIYJIS.

3a ocHOBY omnpeeneHus: pazmepoB Moayis, Obu1 B3IT 'OCT P 58760-2019
pa3MepoB KOHTEWHEpHBIX 31aHui [10].

580 2500
— - et -—

— —— -

B )

!
3000
— -— -

i
|

Puc. 3. Dcxuz ocnosnoti ghopmot srcunozco mooyns

Texnosorus. CeroHsi OCHOBHbIM MaT€pHUAJIOM B aBTOMOOWJILHOM, aBUAIIH-
OHHOM MPOMBIIIIEHHOCTH U B CyTIOCTPOEHUU SIBJISIEIOTCS] AIFOMAHHUEBBIE CIUIABBI.
N HecMoTps Ha TO, UTO celYac B MIPOMBILIJIEHHOCTH BCE Yallle HAYMHAIOT IpUMe-
HSTh YIJIEBOJIOKHO, CTEKJIOBOJIOKHO, AJIFOMUHUM 3aHUMAET TJIABHOE MECTO [35].

AJFOMUHAN IUPOKO MPUMEHSAETCS KaK KOHCTPYKTOPCKUN MaTepuai. 1 maB-
HbI€ JOCTOMHCTBA AJIFOMUHUS 3aKJIIOYAIOTCS B 3TUX CBOMCTBAX — JIETKOCTb, I10O-
JNATIUBOCTD IITAMIIOBKE, KOPPO3HUIHAs CTOMKOCTb.

B nmpoMBIIIIEHHOCTH AIFOMUHUEM PEIKO MCHOJIB3YIOT B UMCTOM Bue. B oc-
HOBHOM IPUMEHSIOT CIUIaBbl aIOMUHUA. Tak B aBUACTPOEHUU M aBTOMOOWUJE-
CTPOEHUU CaMBbIMHU PACHPOCTPAHEHHBIMM MAPKaMHU aJTIOMHUHUS SBIISIOTCS MapKH
6061 T4/T6 u 7075 T6 [7].

[Ipoananu3npoBaB MEXaHUYECKUE CBOMCTBA MAaTEPUATIOB, OBLIIO PEIICHO BbI-
OpaTh B KaueCcTBE MaTepualia kKapkaca aqtoMuHUeBbIN criaB 7075. Mcnonas3oBa-
HUE JAHHOTO CIlJIaBa O00YCJIOBJIEHO €r0 BHICOKMMHU MPOYHOCTHBIMHU XapaKTEpH-
cTukamu. B kauecTBe maTepualia 0OOIIMBKY MPUMEHEH allFOMUHUEBBIH crutaB 6061
[7]. Mcnonp30BaHKe AAHHOTO CIljIaBa OOYCJIOBIEHO €ro cBoiicTBamu aedopma-
LIUA U KOPPO3UINHON CTOMKOCTH.

[To uenu Ha3HAaYEHUS KapKac MOAYJIS IOJKEH ObITh IPOYHBIM, YyCTOMYUBBIM
K HU3KUM TEeMIIepaTypaM, a TakKe yI0OHBIM B UCIOJIB30BAHUH [§].

JUist HOCTHKEHUS IIYMO U TETJI0 U30JIALIMH, 32 OCHOBY ObLiia, B35Ta, TEXHO-
JIOTHS U3TOTOBJIEHUS KapKaca U OOIIMBKY CAMOJIETOB, TEXHOJIOTUH YTEIUICHHS aB-
TOJOMOB, NPHULEIIOB-KEMIIEPOB U KWIBIX MOAYJIeH. M3roToBieHne KapKacHbIX
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JeTanei MOKHO JOOUTHCSI TEXHOJIOTHEH IITaMIIOBKH, a HAITOJIHEHUE CTEH — MHO-
TOCIIOMHBIA MHUPOT M3OJISIIIMOHHBIX MaTepuasioB. B mpoliecce mpousBojcTBa B
KOHCTPYKTOPCKOM YacCTH U3JIEJIUE MEHATbCA HEe OYJET, a UMEHHO KapKac, CTEHBI,
JIBEPU U TaK Jlajee, OyIyT OCTaBaThCs HEM3MEHHBIMHU, OHU BCET/a OyAyT OJHOM
(opMbl, HEU3MEHHBIX PAa3MEPOB, C OJIMHAKOBBIMU MECTAMHU BBIPE3a VISl IBEPHBIX
IIPOEMOB, JIIOKOB U TaK Jiajee.

Moaynbs MokeT ObITh cOOpaH Mo/ KOHKPETHBIE 3a/1a4u: BHYTpH OyeT 000-
PYZIOBaH TOJILKO KPOBATSAMU; MOKET 000PYI0BaH KyXHEH U CTOJIaMu JJIs TpremMa
MUIIH; JJA0OPATOPHBIN MM TEXHUYECKUN OJIOK.

N3 neraneit kapkaca (IIMaHTOYTOB U CTPUHIEPOB) COOMPAIOT Kapkac (pucy-
HOK 5) [6]. LImaHTOoyThl U CTPUHTEPHI 3aKPETUISIIOT MEXTY CO00 C MOMOIIIBIO 3a-
kienok. Coopka mpou3BoauTes Ha crienanbHou yctaHoBke YKIIPT'30, a B criox-
HBIX MECTaX, I YCTAHOBKA HE CHPAaBJISCTCS, IETaIN Kpersarcs Bpy4uHyto [9].

AHanu3 1mokasai, 4TO CaMbIM PaCIpPOCTPAHEHHBIM MAaTEPUATIOM B MPOMBIIII-
JIEHHOCTH SIBJISIETCS QJIFOMUHUI, KOTOPBIA HE 3aMEHUM BO BCEX OTpaciisiX. XyJ0-
KECTBEHHO-KOHCTPYKTOPCKUN MOUCK Hayajcs ¢ MoucKa (popmbl OyayIero Mo-
nyJist, ero oOpMIICHHUS U IBETOBOIO pellieHus. bbun pa3padoTaHbl KOMIIOHOBOY-
HbIE TIaHBl MOAYJIs. Haiinena uzaest coequHeHUsT MOJTyJIeld Mexay coOoi U pas-
paboTaHbl crtocoObI peann3anuu JaHHoi uaeu. C yueToM mpoBEeIeHHONW padOThI
ObLITH TTOI00paHbl MaTepUAIIbl M TEXHOJIOTHH, TPUMEHSIEMbIE TTPU U3TOTOBIICHUN
moxayisi. dopma Moy Obiia mogo0paHa Moj KIMMAaTHYECKUE YCIOBUSL C HU3-
KHUMH TeMIIepaTypaMu, B KOTOPBIX MPEJIoaraercs HCIOoIb30BaTh MOyJb. B
MpOIIeCCe HCCIEOBaHUSl OBLIO TMPOBEJACHO TPEXMEPHOE MOJCIUPOBAHUE,
HacTpolKka ocBelieHus 3d CIICHbI U BU3yanu3alius oobekra (puc. 4).

Puc. 4. Buzyanuzayus
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BI)IBO,Z[bI. B PE3YIIbTATC NPOBCACHHOT'O dHAJIUTHUYCCKOT'O IIOUCKA OBILJIO BBI-

SBJICHO 4TO OOJIBIINE CEBEPHBIC TEPPUTOPUU HAIICH CTPaHbl POKIAAIOT U CIIPOC
Ha MOOWJIbHBIE MOJTYJIM, KOTOPBIE B pa3bl 00JIEr4al0T OCBOCHUE TSHKEJIO OCBalBa-
€MBIX TEPPUTOPHIA.

10.
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YIAK 712.256
CumonoBa Haranest AunpeeBna, OpexoB BsuecnaB BanientnnoBuu, A66acoB
Ndptuxap banakummesuy

JIN3AWH Y TEXHOJIOT'YSI U3TOTOBJIEHUSA STHUYECKOM
JTETCKOMH ILTOIIA JIKH «XOJIOJIO»

B oannoii pabome npedcmasnensvt smanvt pazpabomku OU3anuHa u mexHoio02uye-
CK020 Npoyecca uzo0mosieHus U30eius NPOMbIUIEHHO20 OU3AUHA — IMHUYECKOU Oem-
ckou ueposou niowaoku «Xononoy. Cozoanue ousaina 0emcKou ueposou niowaoxu
8e1ach 8 COOMBEMCMBUU C NPABULAMU KOTOPUCMUKU, C YUEMOM KYIAbMYPHbIX U HAYUO-
HAbHBIX 0CObeHHOoCmel, 015 pa3pabomry ObLIU U3YYeHbl MPAOUYUOHHbLE MAMEPUATILL,
OpHAMeHmMbL U MUGHON02USA OANbHEBOCOYHOU HAPOOHOCIU - KOpsiKos. Pazpaboman ou-
3aUH U30enust, NPo8edEéH 8blOOP 0OOPYOOBAHUS, OCHACMKU OISl U320MOBIeHUS OeMCKOU
Ueposoll NIOUAOKU.

Jlemckas niowaoka, npomviluieHHbIIL OU3AUH, YIMHUYECKUL OU3ALH, KOPSAKU, MO-

deﬂupoeaHue, npoekmupoeaHue, mexnoaocusa u32omoejenHus.

Simonova A. Natalya, Orekhov Vyacheslav V., Abbasov Iftikhar B.

DESIGN AND TECHNOLOGY OF MANUFACTURING THE ETHNIC
PLAYGROUND "HOLOLO"

This paper presents the stages of design development and the technological pro-
cess of manufacturing an industrial design product - an ethnic children’s playground
"Hololo". The creation of the design of the children's playground was carried out in
accordance with the rules of color, taking into account cultural and national
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characteristics, traditional materials, ornaments and mythology of the Far Eastern peo-
ple - the Koryaks were studied for development. The design of the product was devel-
oped, the selection of equipment, equipment for the manufacture of a children's play-
ground was carried out.

Playground, industrial design, ethnic design, Koryak, modeling, design, manufac-
turing technology.

BBenenue

JleTckre UrpoBbI€ MJIOMIAKU SBIISIOTCS BAXKHBIM MECTOM B KU3HU PEOEHKA,
MO3BOJISISL €MY MOJYUYUTh KaK COIMaIbHOE, TaK U hu3nuecKoe pa3Butue. Pe6EHKYy,
KaK pa3BUBAIOIIEMYCS OpPTraHU3MY HY>KHO OBLJIO MECTO, Ha KOTOPOM OH CMOXKET
0e30macHoO MPOBOJIUTH BpeMsi, 3HAKOMUTHCS CO CBepCcTHUKaMU. Tak Kak peOEHOK
IIPU ATOM JOJKEH OBLIT OCTABATHCS B TIOJIE 3PEHUS POJIUTENICH, OCHOBHBIM MECTOM
JUISL TIOCTPOMKHU JE€TCKOM UTPOBOM IUIOIIAJKU CTAHOBUJIMCH IBOPOBBIE TEPPUTO-
pHUH, PACIONOKEHHBIE MEXIY MHOTO3TaXXHBIMU JOMAaMH, IyCTBIPHU YJIUILI, OT/E-
JIEHHBIE OT IIPOE3KUX YaCTEW, CKBEPBI U MAPKHU, [J€ POAUTEIIN YaCTO TYJISUIU C
JIETHMU ¥ MOTJIM HaOJI0/1aTh 32 HUMH CHJIA Ha CKaMelKkax U B Oecenkax.

C MoMeHTa TOSIBJICHHS TIEPBOM JAETCKOM UTPOBOM TUIOMIAIKU, €€ POPMBI U
HAIlOJIHEHUS IIPETEPIICIIM MHOKECTBO U3MEHEHUH, CTAJIU MOABJISATHCS CIICHHAIb-
HbIe 000pY/IOBaHUs, MpaBuja UX Pa3paboOTOK U pa3MenieHUs KOMIOHEHTOB, a
TaK)K€ CBOW BU/JIbI TM3aIHOB U TEMATHUK MCIIOJHEHUSI 00BEKTOB JIETCKOTO JJOCYTA.
JIM3aliH 1eTCKOM IUIOIIA/IKA B COBPEMEHHOM MUPE SBIISIETCA HE MAJIOBAXKHOM Ya-
cThio €€. OH MOXET CTaTh BU3UTHON KApPTOUKOM, TPUBJIEKAIOIIEH JETEMN, a TAKKe
OMOYb peOEHKY MO3HAKOMUTHCS C KYJIBTYPOH, paccka3aTh CBOIO COOCTBEHHYIO
UCTOPHIO ¥ PACKPHITH (paHTa3UU peOEHKA, U TIOJETUTHCSI UMH C IPYTUMH JIFOIbMH.

AHaJIUTHYECKHH 0030p

Jlerckast urpoBas IUIOIIAJIKA — 30HA, HA3HAYEHUE KOTOPOW, OpraHU3alus
JIETCKOTO JI0CyTa, PU3NIECKOro pa3BUTHUS PEOEHKA, €r0 COIMAILHBIX KauecTB, a
TaK)Ke TBOPUYECKHX CrocoOHOCTe. Ha TeppuTopuu KOTOpoii pacmoaraeTcs ur-
pOBO€ 00OpYAOBaHKE, BHIMOJHEHHOE B COOTBETCTBUU C TPEOOBaHHUSAMU Oe301mac-
HocTh 'OCT. OCHOBHBIMM MOJIL30BATENIIMU KOTOPOU SABIISIFOTCS €T JOIIKOJIb-
HOT'0 BO3pacTa.

Hauano u3roroBiieHHS MEPBOM IETCKOM IUIOIIAAKNA OBLIO IMOJ0KEHO B AH-
iy B MaHuectepe, OHaKo cama UAesl CO3[aTh 30HY JJIs JETCKOTO J0Cyra mo-
saBuiIack B [ epmannu. Hauano uctopum AeTCKUX UrpoBBIX IUIOWAA0K B Poccun
natupyercs 1894 romom, B Cankt-IletepOypre. o meprona peBomronuil npu-
CTpPOUKOW U 000PYIOBAaHMEM JETCKHUX IUIOMAJ0K 3aHUMAJIMCh WHUIIMATUBHBIC
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rpaxkjaHe, BJIaCTH ropojia JUIIb NPEeAOCTaBIISIIM MECTO, CaMy IOCTPOMKY OCy-
IIECTBIISIIA MHHUITMATOPCKUE coobiiecTBa U crnoHcopel. B IlerepOypre B 1910
rojay Obljla yCTaHOBJIEHA TIepBast IETCKas IUIONIaAKa, TPOCIIOHCUPOBAHHAS UMIIe-
paTopckou ceMbEr, B MoCKBE B Hauasie XX BEKA TAKKE CTAIU MOSBJIATHCA JACT-
ckue tutoriaaku [1].

OnHako TPUBBIYHBIE HaM JETCKUE IUIOMIAJKH HA TEPPUTOPHUAX IETCKUX
YUPEKIACHUM CTATU NMOABIATHCS Julllb ¢ 1930-x ronos. Jlo aToro nepuojaa y aet-
CKHMX CaJIOB M IIKOJ HE ObIJI0 COOCTBEHHOMN 3eMEeJIbHON TEPPUTOPHUH JJISI TBOPOB,
r7i€ IeTH MOTJI OBl urpath. CUUTAIOCh, UTO JJOTUYHEE 00yCTpanBaTh TaKHue Tep-
PUTOPHUH BO3JIE JIOMOB, MECT KUTEIbCTBA OCHHBIX ceMei. B mocnencTBuu net-
CKHE IUIOLIAJKU €€ HE pa3 MpeTepreBaid U3MEHEHUS, C MOABJICHUEM HOBBIX
TpeboBanuii 6e3onmacHocTy U oopazoBanust ['OCT, koTopble MPUBEIN UX K TOMY
BHUJTY, UTO Mbl UMEEM B COBPEMEHHOM MHUPE.

N3y4yuB 1 mpoaHaIU3UpPOBaB UCTOPUIO MOSIBIICHUS JETCKUX UIPOBBIX ILJIO-
IaJI0K OT MEPBBIX YYCOHBIX TEPPUTOPUIN C UTPYIIKAMU J0 TUIOMIA0K COBPEMEH-
HOCTU C UTPOBBIMU KOMIUIEKCAMH, TOPKAMHU U KadeasiMH, MOKHO CJIeJIaTh BBbI-
BOJIbI O TOM, YTO JETCKHUE UTPOBBIC IUIOMIAAKUA OCTAIOTCS aKTyaJIbHBIMM U 110 CEU
JeHb. [{IUKII )KM3HU YETI0BEYECTBA €KETOHO CMEHSET IMTOKOJIEHHUS! HOBBIX IM0JIB30-
BaTeJIel UTPOBBIMHM 30HAMU, YTO TMOJJICPKUBACT CIPOC HA CICIUAIBHO OTBEIEH-
HbIe 6€30TacHbIC U B TOXKE YK€ BpEMS HHTEPECHBIE TEPPUTOPHUH JJISI IETCKOTO J0-
cyra.

B pesynbrare nmpoBeaéHHOr0 aHair3a ObLT BEIOpaH MEPEUYCHbh UTPOBBIX M3-
JeIUi ¥ KOHCTPYKIIUH ITPOCSKTAa, OH BKIIFOUAETCS B CeOs TAKKE DIIEMEHTHI KakK: J10-
MUK C TOPKOH, ITIECOYHHIIA, KaueIn-0alaHCup, Kadalika Ha IIPYKUHE, TaMmapecKa.

ITouck Xya0kecTBEHHOT0 00pa3a 1eTCKO UTPOBOIi MJIOMIAJAKH, KO-
PAKHN — KOpeHHoe HacejleHue KamMuaTku

IIpy Xya0Ke€CTBEHHOM IOMCKE 00pa30B JJisg ACTCKOW MTI'POBOM TUIOMIAIKH
OBLJIO IPUHSTO PEIIEHNE OCTAHOBUTHCA HA ’THUYECKOM TeMaTHKe. 3a OCHOBY ObLT
B35T 3THOC MaJIOr0 KOPEHHOTO HapoJa CEBEPHOU 4acTu noiayocrpoBa KamuaTtka
— Kopsiku. JlaHHBIN BRIOOP OBLI OCHOBAH HA JIMYHOM OIIBITE TIPOKUBAHUS aBTOpa-
cTyneHTkr Ha KamyaTke B TeUeHHE MIeCTH JIET U OJIM3KOM 3HAKOMCTBE C KYJIbTY-
poii Kopsikos [2].

Kopsiku, oHU K€ — HBIMBLJIAHbI, YaBYYBEHBI, aTI0TOPIbI — KOPEHHON HapoJ,
BHeCEHHBIN B [IepedueHb KOPEHHBIX MAJIOYUCICHHBIX Hapoa0B Ceepa, Cubupu u
Jansraero Boctoka Poccuiickoit deaepanuu, no ceul 1€Hb COXPaHSIOT TPAIUIN-
OHHBIN 00pa3 JKU3HU U CBOIO KyJIbTYpYy. KOpeHHOI S3bIK JaAHHOTO Hapja — KOPSIK-
CKHii, TUCBMEHHOCTh KOTOPOTO ObUTO oOpa3zoBana B 1931 roay Ha JIAaTUHCKOM
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OCHOBE, a ¢ 1936 rojpl OblIa IEpeBeIeHa Ha PYCCKYIO KUPUILIHUILY.

NX penurvo3nbie B3Il OCHOBAHBI HAa IIaMaHW3ME, aHUMHU3ME, TyXax U
OJIM30CTHIO C MTPUPOI0H. [ TaBHBIM 00KECTBOM Y KOPSKOB cUMTaeTCs BOpoH KyTx,
10 JIETEHJE MMEHHO OH CIYCTHJ CO 3BE3[l JIIOJICH, IO CBOMM PaCIpaBICHHBIM
KPBUIBSIM, Ha TeJIO 00Jb1101 pbiObl Kamuu, n3 koTopoii 00pa3oBasics MoJIyoCTPOB
KamuaTtka. Ero o0pa3 MOXXHO BCTPETHTh BbIPE3aHHBIM Ha KOCTSAX >KMBOTHBIX, B
BUJIC JICPEBSHHBIX (DUTYPOK IMEJIEKEHOB — IMPHUHOCAIINX CYacTbe 00eperon. A
TaK>€ B BUJI€ PUCYHKOB C BOPOHOM.

TpaauIMOHHBIM OJIESTHUEM KOPSIKOB SIBJIICTCS KYXJISIHKA — BEPXHSISI MEXOBast
py0axa, KOTOPYIO Hallle BCEro MIbIOT U3 MIKYp OJieHeH MexoM HapyxkKy. CBoro
OJICKIly KOPSIKM YKpalaroT TPaJAUIMOHHBIMU OPHAMEHTOM «OIYBaH», a TaKXKe
BBIIIMBKON OJICHBHM BOJIOCOM, YKpAaIlIEHUSIMU U PO3E€TKaMH U3 Oucepa U Mexa.
OpHaMeHTBI KOPSKOB COCTOSIT W3 TMOBTOPSIOIIUXCS T€OMETPUUYECKUX (UTYp U
CUMBOJIMYECKUX MPUPOJHBIX MOTUBOB. KOPSKH NEIMINCh HA KOUEBBIX, TYHIPO-
BbIX (4aBUyBEHBI) — 3aHUMAIOIIME KPYITHOTAOYHHBIM OJICHEBOJICTBOM C YUCJICH-
HocThIO cTaza oT 400 g0 2000 romoB. Oceible KOPSKU (HBIMBUIAHBI) — 3aHUMA-
I0TCSI pIOOJIOBHBIM MPOMBICIIOM, OXOTOH, cOOMpaTebcTBOM. OJTHUM U3 UCTIOIb-
3yEeMbIX BHUJOB JIOJOK Y KOPSIKOB SIBIsiETCSl «0at», ny0néHHoe cyaHo. XKumuma
KOPSIKOB HA3BIBAIOTCS — YyM, SpaHTa, pa3iudaromnifecs Juiib GopMoi U pa3me-
poM. OCHOBHBIM MaT€pHajIoM JIOMOB SIBJISIFOTCS LIKYPbI OJICHEH, HACTEJICHHbIE Ha
KapKac UX BETOK JICPEBbEB, U MEPEBI3aHHBIC HA BEPXY OJICHbCH KHUIITKOM [2].

Emi€ oqun BUa CTpOEHUM KOPSKOB — FOKOJIBHUK. [ [peiHa3HaueH 1J1 BSJICHUS
PBIOBI, TaK KaK KOPSIKH )KUBYT OJIM3KO K MPUPOJIEC, OHU TIPUAYMATIU XPAHUTh CBOU
3arOTOBKE B TIOCTPOMKE, PACIOJIOKEHHON Haj 3eMJiel, 4TOObI JKMBOTHBIC HE
MOTJIM I0OPAThCs J0 IMHIIHM U OCTaBUTh KOPSKOB 0€3 €JIbl.

Kpome TOro, JOMOJHUTENIBHO XOYETCS BBIIECIUTH TPAJUIIMOHHBIA KOPSK-
CKHI OCEHHHI Mpa3gHUK — X0J10J10. B 3TOT IeHp KOopsiKy OJiarogapsT MpUpoay 3a
e€ meapsbie, IECHbIe, MOPCKHUE U PEUYHBIEC AApbl, & TAKKE MPOBOXKAIOT HEPITY «I0-
Moi». Ha mpoTskeHun Bcero mpa3/HUKa PSIOM C JIFOJbMH MPUCYTCTBYIOT KU-
BOTHBIC, MX OCBIITAIOT CHETOM M MOAT BOJION, 4TO UM He ObUIO kapko. Ha puc. 1,
CJ€Ba MPECTAaBJIEH TPAAUIIMOHHOE JKWIUILE YyM, W Mpa3AHOBaHUE «XOJO0JIOY,
puc.1, cnpasa.

O6ocHoBaHMe BbIOOpa HA3BAHMS A€TCKOM MJIOINAAKH

B xonme aHanmm3a KyJabTypbl KOPSIKOB OBLIO PEMIEHO HA3BaTh ITHUYECKYIO
JETCKYI0 UTPOBYIO ILIOMIAAKY — «XO0JIOJIO», TAK KaK 3TO Ha3BAHHE COOTBETCTBYET
BOXXHOMY IIPA3/IHUKY Y KAMUaJ1aJlOB, KOTOPBIMA MPOXOAUT C TPAAUIIMOHHBIMU MEC-
HSAMH U TaHUAMH. B 3TOT JeHb KOPSKU MPOBOAST Pa3HbI€ UTPHl 1 COPEBHOBAHUSI.
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Camo coB0 «X0110J10» 3ByYHT BECEJIO U OPUTHHAIBHO, & HA PIHKE JETCKUX IJI0-
[aI0K TAaKOr0 HE3HAHUsSI 0OHAPYKEHO He ObLI0. DJIEMEHTHI JETCKOM MIIOMIaAKU
«X07510J10» Ha3BaHbl B COOTBETCTBUM C BHIOpAHHBIMU OOpa3aMu, JJisl MOIMYJIspH-
3alMM KYJBTYPbl U ObITA KOPSIKOB.

Puc. 1. Tpaouyuonno sxcunuwe uym u npazoHosarue «Xonouioy»

ICKH3MPOBAHNE HA OCHOBE COOPAHHBIX ITHMYECKHUX 00pa30B

[Tocne mpoBeeHNs AaHATUTHYECKOTO 0030pa U aHaIu3a KYJIbTYPhl KOPSKOB,
JUIsl BBIOPAHHOTO paHee MEPEUHS UTPOBBIX AJIEMEHTOB, IPOCKTUPYEMO JETCKOM
TJIOMIAIKHA, OBLT MPOU3BeAEH MOUCK GopM. OTTANKUBASICh OT CYIIECTBYIOIINX
($hopM KOPSAKCKON KYJIBTYpPhl U OT ()OPM CYIIECTBYIOIINX HUTPOBBIX AJIEMEHTOB,
OBIJIO TPOU3BEICHO AICKU3UPOBAHKUE, KOHIIETITYaIbHbIC IOMCKH TTPEICTABICHBI Ha
puc. 2.
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Puc. 2. KonyenmyanvHuiti nouck popm Kk 0emckot niowaoxu «Xoiono»

B xoxe sckuszmpoBanusi ObUIM BbIOpaHbl Oyaymye GopMbl UHBEHTAPS IS
JIETCKOM TUTOIIA/IKH, a TAKKE ONPEACIICHbI Ha3BaHUs OyIyIIUX W3S,

ITouck HUBETOBOIO pelICHUA

[Touck 11BETOBOTO peIICHUs MPOBOJIUIICS HA OCHOBE IIBETOB MaTEpHUAJIOB,
TPaJAUIIMOHHO UCIOJIb3yEMbIX KOPSIKAMH B CBOEM OBITY (LIKypa >KUBOTHBIX, JIpe-
BecuHa). L{enpio BETOBOTO pelieHust ObLTO aCCOIMATUBHO MepeaaTh I[BETa ITUX
MaTepHuasoB, HE UCHONB3Yys nX. VI COOTBETCTBEHHO MOMAYEPKHYTh WX JOTMOIHH-
TEIbHBIM (KOMITAMEHTAPHBIM) IIBETOM, YTOOBI caMa KOHCTPYKIIUS BBITJIsAIETA
WHTEPECHO U COXPAHSIA CBOM STHUYECKUI 3aMBICEIL.

3a OCHOBHOMU 1IBET ObLT B3IT KOPUYHEBHIN U €r0 OTTEHKH, OH MaKCUMAJIHLHO
OJIM3KO TTOAXOAUT JIJIsl TOy4YeHus kemaemoro ¢ dexra marepuanos. C UCIONb-
30BaHHEM I[BETOBOTO KpyTa ObLI BHISIBIICH KOMIIJIEMEHTAPHBIHN 1IBET JJI1 OTTEHKOB
KPaCHO-KOPUYHEBOTO — OTTEHKHU ToJlyooro npeta. /[ HaHeceHWs OpHAMEHTOB
Ha JIeTalu u37enusi OblT BEIOpaH — Oelblil, OH OyAeT BBIACIITHCS Ha (hOHE KOpUY-
HEBOTO 1 TOJTy0O0Tro 11BETa, HO HE BHIOMBATHCS M3 CAMOU KOMIIO3HUITUH.
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Ha ocHoBe mojy4eHHOro BETOBOTO pellIeHHs ObUT co3/iaH (PMHAIBHBIN AC-
KU3 JUISI 3THAYECKOM JETCKOW UTPOBOM IUIOMIAAKUA «XOJIOJIO», KOTOPBIM IIPE.-
CTaBJICH Ha puc. 3.

Puc. 3. Qunanvuwiii scxuz demckoti niowaoxu «Xonono»

Pa3zpaboTka 3D — MoaeJieii 1eTCKOM MJIOMIAAKH «X0J10J10%»

Jlns pazpabotku 3D — Mojesneit STHUYECKOM TeTCKONH UTPOBOM TUIOMIAIKH
«Xomnoo» OblIa BbIOpaHa cpella KOMITBIOTEpHOro mnpoektupoBanus «Kommac
3Dy, o3BOJISIONIAsA CO3/1aBaTh MOJIENIM BBICOKOW TOUYHOCTH YEPE3 3a]aHUE BCEX
pa3MepoB C TOYHOCTHIO O MIULTUMETpOB. M3 peranel Jerko MOXKHO cOOUpPATh
cOOpKH, a U3 MOTYUYEHHOTO O0OBEKTA CO3/]aTh YEPTEKH U KOHCTPYKTOPCKYIO J10-
KyMeHTaIuio [5].

ITepBoii pa3pabaTeiBacMOil MOJICNIBIO CTaJI IETCKUM UTPOBOM TOMHUK «Uym».
[Tpu pacuére rabapuTOB 3TON U MOCIEAYIOMINX KOHCTPYKIIUN OBLITN YUTEHBI Tpe-
6oBanus ['OCT P 52169-2012 «O60pynoBaHus U MOKPBITUS IETCKUX UTPOBBIX
IUTOIAI0K» U COMYTCTBYIOIIMX JOKYMEHTOB, a TaK)Ke Spronomuka aerei [3], [4].
Cam 1OMHK MOBTOPSIET 00pa3 KUJIUIIA KOPSKOB — YyMa, U JJIsl €r0 yKpalIeHHs,
HCIIONB3YIOTCS ICKOPaTUBHbBIEC HAKJIAJIKKU B BUie opHameHTa. Ha puc. 4 npencras-
JIEHBI DPTrOHOMUYECKHE TapaMeTpbl peOeHKa U TpeXMepHas MOJEibh JOMHKa
«Yym» [5].
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Puc. 4. Opeonomuueckue napamempuol u mpexmepras MoOeb Uepo8o2o 00-
muxa « Sym»

BHyTpu 1OMUK MOKET OBITh IOIOJHEH CKaMeMKaMu, UM BOBCE OCTABATHCS
IIyCTHIM, OTCTABIISISI OOJIBIIE MPOCTPAHCTBA JIISl IETCKOTO TOJIb30BaHUSI.

Kommieke ¢ ropkoi «FOK0IbHHK»

JlaHHast KOHCTPYKIIMSI BBIIOJIHEHA [0 00pa3y KOPSIKCKOI'O FOKOJBHUKA IO0-
IIOJIHEHHOI'O T'OPKOM. BEpXHssA 4acTh KOTOPOIO BBINOJIHEHA C HCIIOJIb30BAaHUEM
KOHCTPYKIMHU JOMHUKA «HyMm», 4TO SABIIAETCS PELIEHUEM KOMIIOHOBKH JIEMEHTOB
3aroTOBOK MexIy coOoil. J[ns Oe3omacHocTH peOEHKa B 30HE BTOPOrO ITaxa,
OKHO IOKOJIBHHMKA 3aKPBIBAECTCS CIIELIMATIBHBIM IIJIACTUKOBBIM HMIIIFOMUHATOPOM.
JIBa nBEpHBIX TPOEMA JOIOIHSAOTCS TOPKOU U JIECTHULIEM C OPHAMEHTOM — MOpE
U pbI0bI. ONOpBI, HA KOTOPbIE YCTAHOBJIEH BTOPOU ATaXK yKpallleHbl FeOMeTpHye-
CKUM OpHamMeHTOM. Ha secTHuile moMuMO OpHaAMEHTa ¢ MOpPEM U pbl0aMu Mpu-
CYTCTBYET COEIMHUTEINIbHBIHN 3JIEMEHT — COJIHIIE, KOTOPBIH sIBJIsIeTCs Kak (QyHKLH-
OHAJIbHBIM, TaK U JEKOPAaTUBHBIM. TpeXMepHas MOJENb JaHHOIO JTOMHKA U I10-
CIEAYIOLIUX 3JIEMEHTOB AETCKOU IUIOIIAJAKHU IIPEICTABIICHBI HA PUC.S.

Kavyanka Ha npyxune «Kypana»

Kypana B nepeBojie ¢ KOPSKCKOTO — OJI€Hb. JTO JKUBOTHOE TECHO CBSI3aHO C
KU3HBIO KOPSAKOB, TO3TOMY OBLIO PEIIEHO AOMOJHUTh pa3paboTaHHbIE JIEMEHThI
Ka4aJIKOM Ha IPYKUHE B BUJIE 3TOTO KUBOTHOTO.

IHecoununa «bam»

Jist mecouHuITe ObLTa BhIOpaHa opma JI0AKH, €€ pEKOMEHyeTCs pacioia-
raTthb psioM ¢ KoMIieKcoM «FOKOMbHUK» ISl CO3JaHus 001el phIdaIkoil Kom-
no3uiu. [Ipu 3ToM ciaenyeT yuuThIBaTh 30HBI 0€30MaCHOCTH JAHHBIX 00BEKTOB.

Kauesn — 0anancup «Kyrx»

boxectBennslit BOpoH KyTx, n300paxeHusi KOTOPOTO KOPSIKU UCIIOJIb3YIOT
B MPEMETAaX CBOEro TBOpUecTBa. IMEHHO ¢ HCIONBb30BaHUEM €ro o0pasa ObLIo
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pEIIeHO BBIMOJIHUTD IU3aifH kauenel — 6anancupa. Cam KyTx o serenje mo0ui
KaTaThCs Ha CaHKax, co3niaBas (Giopy U payHy BOKPYT ceOsl, KPbLIbS €0 CIIYKUIH
MOCTOM JJIsl JIFOJI€U B OTOT MUP.

Tamapecka «KyxiisHka»

JlaHHBINA 37€MEHT sBIsIeTCs] O0JIbIle JEKOPATUBHBIM, YeM UTPOBBIM. Tama-
pECKa BBIINOJHEHA B BUJE TPAJAULIMOHHOIO KOPSKCKOIO KOCTIOMAa — KYXJISHKH.
OHa f0JKHA JOTOJIHATH CIEHY ObITa KOPSKOB M 3HAKOMUTh peOEHKA C KYJIbTYp-
HBIMU OCOOCHHOCTSIMH JIaHHOT'O ATHOCA.

—

Puc. 5. Tpexmepnvie mooenu: xomniexc c copkou «FOKonbHUKY, Kayaixka
Ha npyxcure 6 uode onens «Kypanay, kauenu — banancup « Kymxy, mamapecka
«Kyxnauka»

O6ocHoBaHMe BHIOOpPAa MaTepPUATIOB

BaxxupiM 3Tamna B MpoU3BOJICTBE JIIOOOTO M3AENuUs SBJSETCS 1M0aA00p MaTe-
pHaJIoB, U3 KOTOPHIX OHO OyneT caenaHo. OCHOBBIBasICh HA aHATMTUYECKOM 00-
30pe, U3YUYECHUU aHAJIOTOB M MPOBEIEHHOM MAaTEHTHOM IOUCKE, OBLIM BHIOPAHBI
clIeAyIolIe MaTepualsl: (panepa, ApeBEeCUHa, METal, IJIaCTUK.

danepa sIBISIETCS OCHOBHBIM MaTEpUAaIOM JJIsi IPOM3BOACTBA OOJIBIIMHCTBA
AJIEMEHTOB JAETCKUX IJIOLIAJI0K, U3 He€ AeNaroT MeperopojKu, IeKOpaTUBHbIE
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JeTanu, yA0OCTBOM TaKoro MaTepuaia sSBISETCS TO, YTO HAa HEE XOpOIIO JIo-
KHUTHCS Kpacka, a XOpoIIo rojio0paHHas u oopadoTtanHas ¢aHepa criocoOHa Mmpo-
CIIy’KHTh Ha TUIOIIAKE TOJITHE TOABl. ISl IeTCKUX WTPOBBIX IJIOMIAJA0K MpHUMe-
HSIOT pa3HbIe BUIBI JaHEPhI, HO HauOOoJIee MOMYyIIPHON SBIIIETCS BIArOCTOMKAS
OCD hanepa uz 6epéssnl. [pu momkHOM 00pabOTKE OHA HE YCTYIAeT MO KaueCTBY
daHepaM U3 JPyTrUX MOPOA APEBECHHBI, MOMaAast IPU ATOM B JOCTYIHYIO IICHO-
BYIO KaTErOpHIO.

OnHuM U3 caMbIX BaXKHBIX BUJIOB (paHEp OTHOCUTCS U JIAMUHUPOBAHHAS, €€
IPEUMYIIECTBO B CIEIUATBHOM IMOKPBITHE, KOTOPOE CHUKAET CKOJIbKEHHUE IO
Hel 3a CuéT yBeTUYEeHHS CHIIbl TpeHUs. E€ mpuUMeHSIoT 1S 1oJia U CTyneHel Ha
JIETCKUX UTPOBBIX TUIOMIA/IKA, YTOOBI CHU3UTh PUCK pPEOEHKA MOCKOIB3HYThHCS U
yIacTh, 0COOCHHO B JIOXKJIUBYIO moroay [6].

JlepeBo — IpUpOAHBIA MaTepual, OT BUJIa U TOPOABl KOTOPOTO Ha MPAMYIO
3aBUCUT KauecTBO u3fenus. TeXHUKu oOpabOTKM JaHHOTO Marepuaia OTJIhya-
I0TCSI B 3aBUCHMOCTH OT 33JJaHHOTO U3/1eus. JlepeBo npoXoauT UK 00padoToK,
OT PE3KU U NUTU(POBKH, 10 TTOKPBITUS €r0 3aIIUTHHIMUA U JEKOPATUBHBIMHU JIAKO-
KpaCOYHBIMU MaTepHuaiaMu. B moCcTpoiike JETCKUX UTPOBBIX TUIOMIAI0K IIPEUMY-
IIECTBEHHO MMPUMEHSIO IPEBECUHY U3 COCHBI, KeJIpa U CEKBOMU, U3-3a UX JIEKOpa-
THUBHBI CBOMCTB U XapaKTEPUCTHUK.

Mera Tak e MPUMEHSIFOTCS I JETCKUX TUIONIAI0K, Kak B QypHUTYpE,
TaKk ¥ B KOHCTPYKIIMU HCIIOJIb3yEeTCS MHOTO KapKacoB M3 MeTajuia, MpeuMylie-
CTBEHHO M3 cTayd. J{Jis1 3TOro Metayimdeckue mpoduiu, mojaockl U TpyObl pas-
HBIX Pa3MEpPOB U IUAMETPOB HAPE3AIOT HA HYKHBIC JIETAJI U CBAPUBAIOT MEKIY
co0o¥, TakuM 00pa3oM, HaMpUMED, MOTYHaIOT MOAMSITHUKYA, KOTOPhIE YCTaHAaB-
JUBAIOTCS HA OPYChSIX KOHCTPYKIMUA CHHU3Y M TIOCIIE MOAMSATHUKUA MOTPYKAIO B
IIEMEHT B 3eMJIe, UTOOBI 3aKPEMUTh UX U 00pa30BaTh CTOMKYIO M MMPOUYHYIO KOH-
CTPYKIIHIO.

JIJist mpeioTBpalieHus] TPaBM y JETeH OT CTPOUTEIBHOU (PYypHUTYPHI, OHA
JIOJKHA OBITH 3aKPhITa TIACTMACCOBBIMU 3aTiyIIKaMH, Kpasi KOTOPBIX JOJIKHBI
OBITH CKpYTJIECHBI. B CBOIO 0uepenp IepeBIHHbBIE OPYChsl 3aKPBIBAIOTCS CIICITHATb-
HBIMU TIJIACTUKOBBIMU KOJITIAKAMH, KOTOPBIE 3alTUIIAIOT UX MOTOJHBIX YCIOBUH,
a IeTeit OT 3aHO03 U paH [6].

JIyist mpeaHusi HY>KHOTO 1[BETAa M3JCIHI0 U 3allUTHl €r0 OT BO3JICUCTBUS
CpeIbl HCTIOIB3YIOT JAKOKPACOUHBIE MOKPHITHS. B citydae ¢ danepoii Ha 1eTCKUX
UTPOBBIX TJIOMIAIKAX 3a49aCTyI0 MUCIOJIB3YETCs] aKpUIOBasi AMalib Ha BOJIHOM OC-
HOBE, JTM00 BOTHO-TUCIIEPCUOHHAS, TAK KaK ATOT BUJ KPACOK XapaKTEPEH MOBHI-
IIIEHHOW  YKPBIBUCTOCTBIO, HHU3KMM yPOBHEM  YIEpPKaHHEM TpsI3H W
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BOJIOOTTAJIKUBAIOIIIUMU CBOMCTBAMH.

3akioueHue

B xo/1e BHIMOTHEHNN JAHHOTO TIPOEKTa OBLT MTPOBEIEH PSIJT MCCIICOBAHUIA B
o0JacTH CO37aHMsl IETCKUX UTPOBBIX TUIOIIAIOK, BBITOJIHEH aHATUTUYECKUN 00-
30D ¥ MaTEHTHBIN TIOWCK, TIO3BOJISIONINE OIICHUTH aKTyaJIbHOCTh Pa3padOTKH Oe3-
OTTaCHBIX 30H M DJIEMEHTOB JUIS JETCKOTO Jocyra. bbur 000CHOBaH BBIOOp TeMa-
TUKA OYIyIIero M3JeNus, W3ydeHa dTHUYECKas 9acTh MPOEKTa, OCHOBAaHHAs Ha
KyJIBTYpE MaJIOTO Hapo/ia KOPSKOB, POBEIEHO ICKU3UPOBAHIE YHUKAIBHOTO JTU-
3aifHa JJIsl U3IENHS, [IBETOBOI MOKUCK C MMPUMEHEHUEM TPAJAUIIMOHHBIX MaTepHa-
JIOB.

Jlsist MoenvupoBaHusi ObUTM BBIOPAHBI OCHOBHBIE AJIEMEHTHI JIE€TCKOM IIJIO-
MIaJKU: UTPOBOU NOMUK «Hym», MOMUK ¢ ropkoi «FOKOJBHUKY, MECOYHUIA —
nonka «bary, kauenu 6anancup «KyTtx», kauanka Ha npyxxkune «KypaHna—oyieHb»,
tamapecka «Kyxmnsuka». [IpoektupoBanue Obu10 ocymiectBiieHo B cpeae CAIIP
«Kommnac 3D» B cCOOTBETCTBUHU ¢ HOpMaMH 0€30MMaCHOCTH 000PY10BaHUS IETCKUX
UTPOBBIX TUIOMIAA0K. Pe3ynbraTomM NaHHON paboThI SIBISETCS JIeTCKas dTHUYE-
CKOM UTpoBasi IUIONIA/IKa C OPUTUHAIIBHBIM u3aitHoM. KyneTypHOe HarnomHeHue,
0€30MacHOCTh M YHUKAJIBLHOCTh JAHHOW pa3pabOTKH, yKa3bIBaeT Ha 3(P¢eKTuB-
HOCTh MPOBEAEHHON paOOTHI.
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JIN3AMH 1 3D-BU3YAJMU3AILINS PABOYETO ITIPOCTPAHCTBA
JJIA UT-KOMITAHUHU

Onucwieaemces npoexm no pazpabomke OuzatiHa paboueco NPoOCMpaHcmea 0is
HUT-komnanuu. Komanootl 0vbinu npoaHaru3uposansl 0CoOeHHOCMU MexXHON02U4eCKUX
npoyeccos, 8bINOJHAEMbIX COMPYOHUKAMU KOMNAHUY, U MPeOOBAHUS AOMUHUCMPAYUU
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CReYuanucCmos, nPasuid NPOEKMUPOBAHUsS U NONCELAHUSL 3AKA3YUKA O NPOCTMOPHOU U
Kompopmuoi cpede. Buvinonnena 3D-suzyanruzayus npeonodcenHviX UHMEPbEPOs
oguca.
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Kalashnikova Tatiana, Kaspshakova Victoria, Podgornaya Anastasia,
Suslina Olesya, Chernobrivets Anastasia

DESIGN AND 3D VISUALIZATION OF THE WORKSPACE
FOR IT COMPANY

Describes a project to develop a workspace design for an IT company. The project
team analyzed the features of the technological processes performed by the company's
employees and the administration's requirements for workspaces. The complex design
project of the IT company's workspace was created, taking into account the specifics of
specialists’ workplaces, design rules and the customer's requirements for a spacious and
comfortable environment. A 3D visualization of the proposed office interiors was com-
pleted.

Design, interior, office space, planning solution, visualization.

BBenenue

Komnanus-3aka3uuk yBelIWUYWa CBOM ITPOM3BOJICTBEHHBIE M O(DHCHBIC
TJIOIAIA, BOSHUK BOIIPOC MEPEMEIICHUS OTACNIOB U (DOPMUPOBAHUS ONITHUMAITh-
HOTO paboyero MpoCTpaHCTBA IS PsAaa OTAEIIOB ¢ Y4eTOM OCOOCHHOCTEH uX pa-
OOTBHI ¥ B3aUMOCBSI3U MEXTy OTIeJIaMH. Takke SISl OBBIIICHHS POXU3BOUTE b~
HOCTH, OpraHH3aI[ii TPaMOTHOTO PEKUMa TPYJla U OTIbIXa KOJUICKTHUBA JIOJDKHBI
OBITH MIPETYCMOTPEHBI MECTA JJIS OTABIXA COTPYTHUKOB ¥ IMPHEMa THUIITH.

[To pe3ynpTaTam omnpoca COTPYIHUKOB 0(hMCOB MOKHO BBIICIUTH CJIEIYIO-
IMe MPOOJIEMBI, BBI3BIBAIOITHE OOIBIITMHCTBO KaJI00: TJ10Xasi BEHTHIISIUSA U He-
MIPUSITHBIC 3allax¥, IUIOTHAS paccajika, IIyM, HEXBaTKa IEPEroBOPHBIX KOMHAT,
MJI0OX0€ OCBEIICHUE, HEYIauyHO MOA00paHHAas U YacTO JIOMAroIascs Mebelb, oT-
CYTCTBHE 30H OT/JbIXa, OTCYTCTBUE Tapiepooa.

Kownmernius opuca Open space MokeT pelnTh yacTh npodsiem [1-3]. Ha
OJTHOM TITOTIIATA MOKHO CBOOOTHO paccaauTh OOIBIIIOE YUCIIO COTPYAHUKOB, UTO
MCKITIOYAET BBICOKYIO IJIOTHOCTh Paccajku u Ayxoty. [Ipu Heo0X0uMOoCTH T1a-
HUPOBKY MOXHO MEHATH. CpeiH IITI0COB TAKKE MOMKHO BBIJICIIUTH JIETKOCTh KOM-
MYHUKAIIMA MEXIY COTPYIHUKAMH, HE MPUACTCS IMepeMeniaThCs U3 KaOuHeTa B
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kabunet. Taxke ocyliecTBIeHUE paboyero npoiecca B TakoM oruce MOXKET Mpo-
UCXOJIUTh B BUJI€ KOJUIEKTUBHOTO OOCYXICHUS U pellieHus: Ou3Hec-3a1au.

Pa3paborka nu3aiiH-nipoeKTa

Ha nepBom »Tame mpoeKkTHON NeATeTbHOCTH ObUIM MPOAHATU3UPOBAHBI
TpeOOBaHMs 3aKa34yMKa, MPOBEJEH OMPOC COTPYAHUKOB KOMIIAHWH, MPOBEICH
OCMOTp MOMEIICHHUSI, BBIMOJHEHBI HE0OX0oIuMbIe 3amephl (puc. 1). B mporecce
MIPOEKTHOM IESITEIBHOCTHU MPOBOIUIUCH KOHCYJIBTAIIUU € MPOGUIBLHBIMU KCIIEP-
TaMHU.

Puc. 1. Ocmomp nomewenus ons paboue2o npocmparncmea

Jlanee ocymiecTBISIICS MMOMCK, CHCTEMATH3AIMs U aHAJIN3 CYIIECTBYIOITNX
pelieHuii B 001acTu au3aiina oduca (puc. 2).

Puc. 2. Ananoecu

Jlnst ymoOCTBa OpraHu3aIii KOMaH{HON pabOThl HaJl MPOEKTOM paccMaT-
pHUBaeMbIe aHAJIOTH M MX OTMCAHKE, BCE MAaTEPHAJIbI [0 MPOEKTY pa3MeIaiuch Ha
oHTaiiH-10cKke Miro, a rmaHupoBaHue 3a1a4 st paboyeii rpyibl MPOBOAUIOCH
¢ momoinpto Trello [4].
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[Tpenmy1IeCTBO pacCCMOTPEHHBIX aHAJIOTOB B TOM, YTO B TUTAHUPOBKE B OC-
HOBHOM HCTIOJIB3YIOTCSI TOIBKO CTEKIISTHHBIC TIEPErOPOIKH, YTO BHU3yalIbHO yBe-
JUYHUBAET MIPOCTPAHCTBO M YACTHUYHO PEIIaeT MpoOJieMy €CTeCTBEHHOTO OCBEIIle-
HUs. Tarxke B MPEICTaBICHHBIX MOMENICHUSIX HE OOIIUTHIA MOTOJOK C OTKPHI-
TBIMH KOMMYHHUKAITUSIMH, 9TO TIO3BOJISIET HE TEPATH BHICOTY MOMEIICHUS U CIKO-
HOMHTH Ha 3aTpaTax Mo PEKOHCTPYKIIMU 30HBI MOTOJKA. B KadecTBe perieHws
OCBEIIIEHUS — UJICATbHBIM BapUaHTOM OyIyT MOJBECHBIC CBETHILHUKH.

Crenyronm 3TaroM CTajio H3yuyeHHue HOpMaTHBHO-TIPABOBOM JOKYMEHTa-
IIUHM, COBPEMEHHBIX TEXHOJIOTHIA M HHTEPHEPOB, a TAaKXKE OIICHKa BO3MOXKHOCTEH
peanu3aluy IpoeKTa, aHajlu3 PhIHKA (BapUaHTHI 3aKYIKH MeOer, MaTEpUaJIOB U
T.11.) [5-8]. B cooTBeTCcTBUY ¢ MONTyueHHOH HHPOpMaLueit Obl1 chopMyTHpoOBaH
U npoBepeH psf runotes no anroputmy HADI-mukinoB. Takum 06pa3om, BbIsiC-
HUJIOCh, UTO JIJIMHA pabovyero croia MOXKeT BapbupoBathes oT 1,2 M 10 2,0 M, a
riryouna ot 0,6 M 10 0,8 M, B 3aBUCUMOCTH OT crieliupuKu 000pya0oBaHUs pado-
YUX MECT Kaxzoro otaena. [leperopoaku, pa3rpaHMYMBAIONIUIE MTPOCTPAHCTRO,
MOTYT OBITh CTEKJISTHHBIC U JICKOPATUBHBIC U3 JIEPEBSHHBIX peeK. B cBsi3u ¢ 6011b-
MUMU TabapuTaMyd TMOMENICHUSI U TIOJOKUTEIHLHOM OLIEHKOW €ro COCTOSHHS
HaIOJIbHBIE TTOKPHITUS MOHTUPOBATHCS HE OY Iy T, YTO 3HAYUTEIBHO SKOHOMHT 3a-
TpaThl.

Crnenyromeit 3agadeit ctaiao gopMupoBaHue COOCTBEHHOM KoHIen . Ha
OCHOBE aHaliM3a TMOJYYEeHHOM OT 3akazyuka WH(OpMaInuu ObLIM BBIICICHBI
«IIYMHBIE» U «TUXHE)» OTJENbI, crienuduka ux padoThl Obliia yuyTeHa MPU BEIOOPE
MeCTa pacrojoKeHus OT/iesa B IpocTpancTBe oduca. [ImaHupoBka BHYTpH OT/e-
JIOB MpeaycMaTpUBAEeT ONTUMATBHBIC PACCTOSHUM MEXKIY MpeaMeTaMu MeOenu,
obecrieunBasi CBOOOIHBIE TTPOXOABI (pHC. 3).
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Puc. 3. Ilnanuposounoe pewenue oguca Open space
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B otnene MeHemkepoB U MApKETOJIOTOB CTOJIBI UMEIOT (hopMy OYKBBI «I'»,
YTO MO3BOJIET PACIIONIOKUTH TyMOY IO CTOJIOM, HE Tepsisi pabovyero mpocTpaH-
cTBa Ha crosie. CTOJIbI B OTJIENE MPOECKTUPOBIIMKOB, CXEMOTEXHUKOB, IPOTPaM-
MHCTOB UMerOT pazMepbl 2000x800 MM, Gi1arogapst STOMy Ha TOBEPXHOCTH CTOJIA
MO>KHO pacrojarath 10 3 MOHUTOPOB WJIHM pa3JInyHble paboune HHCTPYMEHTHI.

Oduc HECKONBKO yAalleH OT TOpOJCKON MHPPACTPYKTYPHI, TOITOMY CO-
TPYJIHUKH 3a4acTyl0 00elaroT B CTOJOBOM Ha pabote. [losTomMy B mIaHMpPOBKE
oduca mpeaycMOTPEHO MPOCTOPHOE TOMEIIIEHHE, B KOTOPOM IIOMUMO 00€IEHHBIX
IPYIII PACIOIOkKEH KYXOHHBIA rapHUTYp. JIByXypoBHEBas 30Ha OT/ibixa B Oydep-
HOM 30HE MEXIY «IIYMHBIM» M «TUXUM» OTAEIaMU, MO3BOJIUT MEPEKIOUYNUTHCS,
BBIMIUTh KO(e B TUIIMHE, TOUTPaTh B HACTOJBHBIM TEHHHC W MPUCTABKY WM
BBINTHU TIO3BOHUTH, HE MeIlIasi KoJiyieram (puc. 4).

[To nmepumeTpy MOMEIICHHS PACTIOI0KEHBI PAJAHATOPhI, 00ECTICUNBAIOLITUE
KOM(OPTHYIO TeMIEpaTypy B IEPUO]] OTOMUTEIBHOIO CE30HA, a JJIsl )KapKoro ce-
30HA CIEAYET MPEAyCMOTPETh MYJIbTU-CIUIUT-CUCTEMBI HacTeHHOro tuna. K ox-
HOMY BHEIIIHEMY OJIOKY TaKOr0 KOHJIUIITMOHEPA MOXKHO MOJAKIIOYUTH JIBA WU TPU
BHYTPEHHHX, KaJKJIbI U3 KOTOPBIX UMEET UHAUBHUAYAJIbHYIO HACTPOUKY C IyJIbTa
YIIPABJICHUS B KAXKIOM OTJEJNE.

Puc. 4. 3ona omowvixa

[ToMuMO MIAHUPOBOYHOTO pEIICHMS, pa3paboTaHbl IJIaH PACHOJIOKEHUS
OCBETHUTENbHBIX TPUOOPOB U TUIaH 3JeKTpuku. Hax paboueii 30HON Kax10ro co-
TPYJIHUKA PacroJio’kKeHa MOoIBECHas JIIOCTPa, a B MPOX0/1ax — TPEKOBOE OCBEIlIe-
Hue. Takxe nperycMoTpeHbl 3—4 po3eTKH U po3eTKa JJIsl MHTEPHETA Ha KaXK0TO0
coTpyAHMKa. brarogapsi 3ToMy MpOCTPaHCTBO HE OyJeT 3axJiaMJIeHO OOJbIINM
KOJIMYECTBOM yAJIuHUTENEH. TexHuueckas 4yacTb JAHHOTO JU3alH-TIPOEKTa BbI-
noJsiHsack B mporpamme AutoCAD.
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[Tocne pa3paboTKu Bcex HEOOXOAMMBIX YepTexkel Oblu co3nanbl 3D-Bu-
3yall3allil MHTEpbepa ¢ ucnoib3oBanueM mporpamm ArchiCad, SketchUp wu
3DsMax (puc. 5). B cBeTsioM MHTEphepe HCHOIb30BaH CUHUI IIBET B KaueCTBE
akiieHTa — (pupMeHHbIN 1BeT koMnaHuU. CTEHbI OKpallleHbl B O€Jblid, Cephliil U
cuHui 1Beta. Hekotopbie 30HBI BBIIETIEHBI JEKOPATUBHBIMU MIEPETOPOIKAMH U3
peek win Merayuia. KoMMyHUKalUyd Ha MOTOJIKE HE 3aKPBIThl, YACTUYHO BBIKpa-
1eHbl B cuHUi. HamonbHoe nokpbiTHE — mupokodopMaTHas cepas miuTka. B ka-
YEeCTBE JIEKOpa MCIOJIb30BaHbl HEOHOBBIE HAJIUCHU C JIOTOTUIIOM KOMIIAHUH, CO-
BpPEMEHHBIEC MOJBECHBIE TOJIKH, YACTUYHO METaJUIMYECKUE BCTaBKH, MMOJABECHBIC
OOBEKTHI.
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Omoen npoepammucmos 3ona omovixa
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Omoen npocpammucmos Omoen cxemomexHukos
Puc. 5. 3D-suzyanuzayus unmepwvepa

3akioueHue

B nporniecce co3manust mpoekTa ObLT pa3padoTaH OPUSHTUPOBAHHBIN Ha CO-
TPYIHUKOB KOMIaHUH-3aKa34MKa KOMIUJIEKCHBIN TU3aitH-TIPOeKT oduca popmara
Open space, oTBeUarIINi TPEOOBAHUSIM K ITPOCKTUPOBAHUIO O(DHCHBIX MOMEIIIC-
HUMN, UMEIOIINI BO3MOKHOCTh MEPETIAHUPOBKUA M COBPEMEHHBIN HHIUBUTY alTb-
HBIN qu3aiiH. [IpoekT moayyuus MoNMOKUTENBHYIO OIIEHKY OT 3aKa3uMKa, a TaKKe
MOATBEPKJEHUE, YTO MPEJIOKEHHBIE pelieHus OyIyT UCTIOIb30BaHbl TIPH I1J1a-
HUPOBaHUU U 0(POpMIIEHIH 0(UCHBIX TTOMEIIEHUH KOMIIaHUU. TakKe IPOSKT BhI-
COKHE DKCIIEPTHBIC OIICHKH ¥ 3aHSUT IEPBOE MECTO B PEUTHUHTE MPOEKTHO-00pa30-
BatesbHOro uHreHcusa ODY SfeduNet cpenn nmpoektoB 3akaszHoro Tpeka. Ko-
MaHJIa C JAHHBIM MPOEKTOM MNpPHHSJIA yyacTue B MeXIyHapOJIHOM Hay4HO-HC-
cienoBatenbeckoM koukypca WORLD OF SCIENCE 2022 (r. ITensa), auriom 1
CTEICHH.

BUBJINOTPA®UYECKUIN CITUCOK

1. Jluzaiin mpoayKTOB, TM3aiiH HHTEPHEPOB, AU3AMH Cpebl — IU3aiiH MbIIIeHus/ B.A.
Xopoxopaus, T.}O. @anskoBckas — 2021. — 353 c.

298



2. IlpoexTupoBaHue 37aHUN U COOPYKEHUI MTPOMBIIIJIEHHOTO U IPa)KIaHCKOTO Ha3Ha-
yenust/ [loxg pen. Maunsna /[.P. — Pu/Jl; ®enukc, 2017. — 109 c.

3. Kpynowviweg b.JI. ApXUTEKTypHOE MPOEKTUPOBAHKE KUIIBIX 3/IaHUM, aJalTUPOBAH-
HBIX K Creu(UYECKUM MOTPEOHOCTAM MajJoMOOWIbHON Tpynnbl Hacenenus/ b.JL.
Kpynnermes. — CI16.: Jlanp, 2012. — 208 c.

4. Kanawmnuxoea T.I'. OcoOEHHOCTH peanu3aluy IPOEeKTHO-00pa30BaTEIbHOIO HHTEH-
cuBa IO®Y B onnaitn-popmare// «l{udpoBuzanms MHKEHEPHOTO 00pa3OBAHUY:
COOpPHHUK MaTepUajIoB MEXIyHApOAHON oHJalH-KoHepeHuuu. — MbkeBck: M3n-Bo
VUP WxI'TY umenn M. T. Kamamnaukosa, 2021. — C. 90-96.

5. Mumuna H. lu3aita uareprepa/ H. Mutuna. — M.: Ansniuna [1a6m., 2013.-302 c.

6. Pynee B.®. ApxuTekTypHO-AN3alfHEPCKOE MPOSKTUPOBAHNE UHTEPhepa (TIPOOIeMbI
u Teaaennun)/ B.®. Pynre. — M.: Apxutektypa-C, 2011. — 256 c.

7. CIT 50.13330.2012 TemmoBas 3ammTa 37aHUNA. AKTyalu3upOBaHHAs PEIAKIIHS
CHUII 23-02-2003

8. CIT118.13330.2012%*. Crox npasuii. OO11ECTBEHHBIE 3/1aHUS U COOPYKECHHS. AKTY-
anusupoBanHas penakius CHull 31-06- 2009

KanamnaukoBa Taresina 'puropseBHa, K.T.H., JOICHT Kadeapsl WHXCHEPHOH Tpa-
(bUKH 1 KOMIBIOTEPHOTO Au3aiiHa MHCTUTYTa paJMOTEeXHUYECKUX CUCTEM U yTpaBie-
Hust FOxHoro ¢enepanpHoro yHmBepcuteta, Poccusi, r. Taranpor, yn. Uexosa, 22,
kopir. «by», 347900, Tenedon: +7 (8634) 37-17-94, e-mail: kalashnikovatg@sfedu.ru

Tatiana Kalashnikova, Candidate of Technical Sciences (Ph.D.), associate professor,
Department of engineering graphics and computer design, Institute of Radio Engineer-
ing Systems and Control, Southern Federal University, Russia, Taganrog, 22 Chekhov
street, 22, building «B», 347900, phone: +7 (8634) 37-17-94, e-mail: kalashniko-
vatg@sfedu.ru

VJIK 515.2+655.1
[TuneBuna fAna bopucoBHa, I puBnoB Baagnmup BrnangucinaBosuy,
Jlutrok Jleonn BuktopoBuy

JIN3AWH CBOPHUKA CTUXOB OMAPA XAUSIMA «PYBAW»
Jlannas paboma nocesuwena pazpabomke Ou3auHa NOOAPOUHO20 U3OAHUS

coopruxa cmuxoe Omapa Xatiama «Pybauy. [Iposeden ananuz nekomopuix ana-
710208 ULIIOCMPUPOBAHHBIX NYOIUKAYULL, UBOAHHBIX 8 PA3HOE 8peMsl, 8blOpaH U
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obocHosan cmuav unntocmpayui. Dopmam uzoanus Ovll 6blOPAH CMAHOAPM-
HbIM, JIe2KO BRUCHIBAEMCS 8 00WYI0 KAPMUHY HA KHUMCHOU NOJIKe U Y0obeH Ol
ymenus. s co30anus KHueu Obliu Hapucosansl 12 asmopckux uimocmpayuil K
BbIOPAHHBIM HeMBEPOCTNUULUAM, KOMOPble OMPANCAIOM Kauesble MOMEHMbL
npousgedenus. Unmocmpayuu 8binoineHvl 8 cmeulaniol mexnuke. Paspaboman
ee opueunan-waxem. Hoeusna pabomovr 3axnouaemcs 6 ceedcem 832ni0e HA
ogopmiieHue 0aHHO20 NPOU3BeOeHtUsl, 8 8blOOpe Mamepuana 0s 00J10XHCKU U 8 O0-
Jlee COBPeMEeHHOU UHMepnpemayu WittoCmpayuil.

Kniouesvie cnosa: ouszauin kHueu, uimiocmpupogarue, o010xcKa, wpugdm,
MOOYIbHASL CEMKA, 8ePCMKA KHUSU.

Pilevina Yana Borisovna, Grivtsov Vladimir Vladislavovich,
Leonid Viktorovich Lityuk
DESIGN OF THE COLLECTION OF POEMS BY OMAR KHAYYAM
"RUBAI"

This work is devoted to the development of the design of the gift edition of
the collection of poems by Omar Khayyam "Rubai.” The analysis of some ana-
logues of illustrated publications published at different times was carried out, the
style of illustrations was selected and substantiated. The format of the publication
was chosen as standard, easily fits into the overall picture on the bookshelf and
Is easy to read. To create the book, 12 author illustrations were drawn for the
selected quatrains, which reflect the key moments of the work. The illustrations
are made in mixed media. Its original layout has been developed. The novelty of
the work lies in a fresh look at the design of this work, in the choice of material
for the cover and in a more modern interpretation of the illustrations.

Keywords: book design, illustration, cover, font, modular grid, book layout.

BBeaenue.

WMmst mepcuackoro u tapkukckoro modra Omapa Xavisma (1048-1131) xo-
POIIIO U3BECTHO KAKIOMY. ABTOp MPOCTIABUBIINX €ro pyOaeB (4ETBEPOCTUIIN-
ahopu3MOB), a TAK)KE PACCKa30B, MPUTY, BO BCEM MUPE BOCTIPUHUMAETCS KaK UC-
TUHHBIA BOCTOYHBIM MyJpEL, KOTOPOMY NPUCYLIX MIMPOTA B3IJISIA0OB, YMEHUE
TOYHO U M3AIIHO BBIPA3UTh MBICIIb, 3aCTABUTh YUTATENS 33 yMaThCs HaJl SIKOOBI
IPONMCHBIMU HCTMHAMU. B Poccum mepeBonbl €ro nmpou3BeACHUN IMOSBUIUCH
muuib B XIX Beke, ¥ ¢ TeX op BHUMaHUE K TBOpUECTBY U TMYHOCTH OMmapa Xaii-
ssMa He yracaer [1].
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Llens paboOThI — CO31aHKE OPUTHHAIBHOTO 00pa3a cOOpHUKa, pa3paboTKa 11-

3aliHa ¥ OpUTHHAJ MaKeTa, CO3IaHUE ULTFOCTPALUN.

OcHoBHas YacTh

OcHoBHas 3a/1a4a NPOEKTa — PeaAIN30BaATh IU3aUH-TIPOEKTUPOBAHUE OPUTH-
Haji-mMakeTa coopHuka ctuxoB Omapa Xaitsima «Py0Gany», co ciieqyonmmu JTa-
naMu paboThl: 0030p M aHAJIM3 UCTOPUUECKH 3apPEKOMEHI0BABIINX ceOsl aHao-
roB; BEIOOp popMaTta KHUTHU; onpeieiieHue o0beMa U3JIaHus; pa3padoTka aBTOp-
CKOT'0 WJUTIOCTPATUBHOIO MaTepuaia; moadop mpudToB. TBopueckuil mouck u
IpakTUYeCcKas peann3aius IpoeKTa JOJKHBI 0a3UpOBaThCS HA MIMPOKOM IIpUMe-
HCHHM KOMITBIOTEPHBIX TpapUUeCKHX TEXHOJIOTHI [2-4].

B pa3zpaboTrke nu3zaiiHa KHUTH OCHOBOIIOJIATAONIUMA 3JIEMEHT — 3TO JU3aiH
00510xku. [IpaBriIbHO CO3MaHHBIN H3aliH — O0JIOKKAa M BHYTPEHHEE XYI0Ke-
CTBEHHOE O(pOpMIICHHE MPUJIAIOT KHUT'€ OPUTHHAIBHBIN, 3CTETUYHBIN BHEIITHUM
BHU/I.

CpaBHUTEJbHBII aHAJIN3.

Jyist pa3paboTKH CBOETO OPUTHMHAIBHOTO CTHIIS TU3aiiHa COOpHUKA CTUXOB
Omapa Xaitsima «Py0Gan».», TpOBECH CPABHUTEIIbHBIN aHAINU3 CYIECTBYIOIIUX
aHajoru4yHbIX u3nanui. [IpoananusupoBas odopmiieHre COOPHUKOB CTUXOB JPY-
TUX JU3alHEPOB, BBISBHUB, BCE JOCTOMHCTBA U HEJIOCTAaTKU, TPOBEICH BHIOOP CO
CTWJICBBIM HaIpaBJICHHMEM COOpHHUKA U €ro cojepkaHueM. B kauecTBe aHAIOrOB
W3 MHOTOYHMCJICHHBIX M3JaHUM 1M03Ta BHIOEPEM HECKOJIBKO COOPHUKOB CTHUXOB C
Pa3IMYHBIMH WILTIOCTPALIUSIMH.

Nnmroctpanmu Upunbl CTenaHoBoM K COOPHHUKY CTUXOB — TOJApOYHOM
KHUTH B KOXXKaHOM TieperieTe «Xaisim Py6Gam», Mocksa, 2012r., KoiIr4ecTBO
ctpanui] 352¢. TexHHKa UCIIOJHEHMs: BHICOKOKAYeCTBEHHAsi mosmrpadmus, me-
yaTh opceTHas, KOXKaHBIA TEPEIUIeT PYyYHO pabOoThl; TU3aiH MPEKPACHO cove-
TaeT B ce0e pa3IMyHOe THUCHEHHUE, KpallleHHbIN 00pe3; MenoBanHast Oymara. Pasz-
Mep 28x20x7 cM.

B naHHO# KHUTE UCHOJIb30BaHbl KAUECTBEHHBIE U JOPOTHUE MaTepHUabl, 4YTO
XapaKTEPHO YISl MOJJAPOYHOTO U3IaHUS.

JlaHHBIE WLTIOCTpAIMU SBISIOTCS HAuMOOJEe YacTo HUCIoJib3yembie. Me-
CTaMU TIEPCOHAKU HAPHWCOBAHBI APOOHO, BHITIIAIAT HE3aKOHUYECHO, a MHOTA JI0-
CTaTOYHO OTKpOBeHHHI [5] (puc. 1).
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Puc. 1. Unnrocmpayuu Upunvr Cmenanosou

Nnnroctpauuu k coopruky ctuxoB O. Xaiiama «Pyoan» O. lpo3nosa:

Crpanuit: 256 ctp. @opmart: 120x165. Tupax: 5000 3x3. Ilepemier TBepabIii,
Oymara MenoBaHHasi, 0COOEHHOCTH - WJUTIOCTPAIIMU YepHO-OebIe (puc. 2).

O6noxka gaHHOro M3gaHus odopmieHa o4yeHb KpacuBo. Miniroctpanuu
JAaHHOTO aBTOpA MPOCTHI, U HE BBI3BIBAIOT JOJHKHBIX YMOIINI, OHU HE TPU3BIBAIOT
3alyMaThCs, HA HUX HE OCTAHABJIMBAECTCS BHHUMaHHWE 4yuTaTeNd. JJaHHBIA CTUIIb
MCIIOJIHEHM S WILTIOCTPALMI TIOJIXOIUT ISl MEHEE CEPbE3HOU JTUTEPATYPHI.
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& Ao poxgenus Tbl He HYKJaACH HU B YeM,
He ogepxuBaa cmepTHbiit Hag Hebom nobeg. A POGBLLHCh, HYXGaTBCA BO BCeM OBpeNeH.
Bcex nogpsig noxupaer 3emasi-niogoeg. TOALKO COPOCHBILIM FHET HEHACLITHOTO TeAa,
Toi noka euse uea? M 6axsaauwses stum? (CHoBa cTanewb c8060gHbIM, KaK Gor, Gorayom.

Morogu: nonagews MypasbsimM Ha 06eg!

Puc. 2. O. Xaiiam «Pybauy c unmocmpayusmu O. {po30osa

Nnnroctpanuu k coopuuky ctuxoB O. Xaiisma «Py6any» Xumanan HupyrT:

Crpanuir: 400 ctp. @opmart: 125x170. Tun ynakoBku: kopooOka. [leperer
KOJKaHbIH, OymMara MeJloBaHHasl, WJUTFOCTPAIINH IBETHBIE (pHC.3).

CyIiecTBEHHBIM JIOTIOJIHEHHEM K MOJAPOYHOMY H3JAHUIO SIBISIETCS KO-
poOKa, 4TO MOYEPKUBACT 3HAYMMOCTh KHUTH U €€ TIOJIAPOYHBIN BapHaHT.

JlaHHBIC WILTIOCTPAIIMU KPACHUBBI, JIETaJIbHBI, HCIIOIb30BAHBI HATYPAIbHBIC
OTTEHKH I[BETOB. PaOOTHI BHITIOJHEHBI B aKBAPEIHLHON TEXHUKE.
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Puc. 3. O. Xaiiam « Pyoauy c unnrocmpayusamu Xumanan Hupym

Coopauk ctuxoB O. Xaiama «Pyb6aitsar. Mimmoctparun OamyHsaa J{romaka
(B mrenke)». MzmatenpctBo: OnmvaMenunal pymm/IIpocsemnienue, 2014r.

Pockomnoe uznanue "PybGaun" ¢ BenukoJenmHbIMM pabOTaMH OJHOTO U3
KpyHMHEUIMX (PpaHIly3CKUX U aHTJIMUCKUX XY0KHUKOB-UJUTFOCTPATOPOB Havaja
XX Beka DamonHa [lronaka, NpUHAIIEKANIETO K TaK Ha3bIBAEMOMY «30JI0TOMY
BEKY WJUTIOCTpam» (mepBast yetBepTh XX B.). Tpaauuumonusie 11t Boctoka op-
HaMEHTaJIbHbIE MOTHBbI B COUETAHUU C U3SIIECTBOM ap-HYBO, MEPEHOCIT HAC B
BOJIIIIEOHBIN MUP MO33UHU BEJIMKOTO Xaiisima.

Ero pucyHku BeIpa3uTeIbHbI U B TO XKE BpeMs JJAKOHUYHBI, C YJIUBUTEIHHOMN
TOYHOCTBIO XYJI0KHUK MIEPEAACT KaK KAPTUHBI IPUPOJIbI, TAK U XapaKTEPhI JIFOJAEH

(puc. 4).

Puc. 4. Unnrocmpayuu 3. Honaka
N3 Bcex aHANIOroB, PE/ICTABICHHBIX JIJIs1 CPAaBHEHUS, TOCTIETHU, SIBJISIETCS Ca-

MBIM YAa4HBIM WLTIOCTPUPOBAHHEM COOpHUKA CTUXOB. OYeHb 3MOIIMOHAIBHO TIe-
pelaHbl CIEHbI, HHTEpPEeCHass KOMITO3HIIMSA, MPOpabOTaHHbIe MEePCOHaXH (puc. 4).
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Kak u padotsr Xumanan Hupyt wutoctpauu SaMyHaa Jrojaka MOTYT CITy>KUTh
BIOXHOBEHHEM JJIs1 CO3aHUST HOBBIX HHTEPECHBIX Pa0oT.

Ha ocHoBe mpojienanHOTo aHanu3a ObLT CIIEIaH BBIBOJ, YTO WILIIOCTPAIIAN
JIOJKHBI OBITH IETATBHBIMU, TITyOOKHMH, KaK M COJiepKaHue KHUTU. VcriomTHeHBI
B CMEIIAHHON TEXHHUKE C HCIIOJIb30BAaHHEM HATYpaJbHBIX OTTCHKOB. JlOJKHEI
UMETh OMPENICIICHHYIO0 AYMOIIMOHAIBHYIO OKPACKY, HO CYIIECTBEHHO OTIMYATHCS
OT KJIACCUYECKHX WILTIOCTPAIMIA 3TOTO COOPHUKA.

Pa3pabdoTka OpUTrHHAJ-MaKeTa KHUTH

[TonroToBKa KHUTH K U3JAHUIO OYCHb TPYIOeMKHUH Tporiecc [6]. U miis mo-
CTH)KEHHS pe3yjibTaTa B IMOJIOKEHHBIE CPOKH IieJecoo0pa3Hoe pa3OuTh €ro Ha
TUTaHBbI.

Dtanbl MOArOTOBKM MaKeTa: MaKeTHPOBAHUE; MOJATOTOBKA TEKCTA; MOTO-
TOBKA WJUTIOCTpAIMiA; BbIOOp MIpU(TOB; BEpCTKA; MeyaTh OpUTHHAI-MakeTa. B
CBOIO Ouepe/lb MaKETUPOBAHKME BKIIIOYAET: BHIOOp (opMara, MOJeH; 3JIEMEHTHI
au3aiina, MOAyJIbHOM ceTku [7, 8].

J1J1s1 OpUTrMHAILHOCTY M3/IaHUSI MaTEPUAIOM OOJIOKKH ObLIIO BHIOPAHO JAEPEBO.
B ananorax 70 3T0ro He BCTpe4aeTcsi UCIOJIb30BaHUE TAKOBOTO MaTepHralia.

Wcxons U3 3Toro, MOKHO CMEJI0 OTHECTH JTAHHOE U3JJaHUE K Py M0Iapoy-
HBIX.

OCOOEHHOCTBIO KHUTH SIBIIIETCS COBPEMEHHBIM B3IIIA Ha oQopMieHHE
U WUTIOCTPUPOBAHUE, TTOATOMY JIJIsi IEKOPUPOBAHUS O0JI0KKH ObljIa MPUMEHEHA
Ja3zepHas rpaBUpOBKa. JlazepHasi TpaBUpOBKa IO JIEPEBY SBISCTCS OJHON U3 ca-
MbIX 3 (HEKTHBIX. 3a CUET CBOMCTB MaTepHalia, TpaBUPyEMbI PUCYHOK MTpHOOpe-
TaeT pelbed U OpUTHHANBHBIN 1BET. B mpoliecce rpaBUPOBKY JIa3ep BBDKUTACT
nU300pakeHue Ha JepeBe. B 3aBUCHMMOCTH OT TIOPOBI U TIJIOTHOCTH JIEpEBa IIBET
TPaBUPOBKU BAPBUPYETCS OT OJEAHO-KEITOTO JI0 TEMHO-KOPHUYHEBOTO, MOYTH
YEPHOTO.

st opopmiiernst 00I0KKM OBLT CO3/1aH CTUIIM30BAHHBIA apabo-MyCyIib-
MaHCKHI OpHAMEHT, YTO MOJYEPKUBACT AyX BOCTOKa. B cepenuny Obutn mome-
IIIEHBI Ha3BaHUEe U uMsl aBTopa. CHavasna ObLJT OTPUCOBAH MAKET B KPUBBIX B Tpa-
¢uyeckom pegakrope Corel Draw. ['paBupoBaibHOE 000py/10BaHNUE PACTIO3HAET
MMEHHO 3TO (OpMaT MU JIa3€POM BBDKUTACT HEOOXOAMMBIC DJIEMEHTHI, CIEIYsI
YETKO HApUCOBAHHBIM JUHUSAM. OKOHUYATENbHOE 0hOpMIICHHE 00JI0KKHU TIPHUBE-
JICHO Ha puc. S.
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B
Puc. 5. Makem 2omoesoti knueu Puc. 6. Unnrocmpayuu k coopruxy
cmuxos

Co3ganue Kaxa0i WUIIOCTPAlUU pa3eiisuioch HAa TP ATarla: ONpPeIeIICHHE
OJIHOTO KOHKPETHOTO YE€TBEPOCTHUIIINS, BOSHUKHOBEHHE 00pa3a U OTPUCOBKA €ro
OT PYyKH, 3aTeM 00paboTKa B rpadpueckoM peaakTope U OKOHYATENbHAs BEpCTKa
(puc. 6).

JloneyaTHasi MOATOTOBKA OPUTHHAJI-MAKETAa KHUTH

®opmMmart 6611 BEIOpaH cranaapTHbd 250x176 mMm. Takoit popmart ynobHee
JUTSL YTEHUS, YeM alibOOMHBIN. Tem 0oliee MILTIOCTpAIIMU XOPOIIO BIUCHIBAIOTCS
B pa3BopoT. 1, KoHeuHO, Takoi opMaT paccyuTaH Ha TO, OH OyJET OpraHuYHO
CMOTPETBHCS CPeIu IPYTUX KHUT Ha ToJike (puc. 7).

[ToaroToBka TeKCTa CHavasia MPOM3BOAMIACk B mporpamme Microsoft Word,
a 3aTeM Bech TeKCT Obu1 ckonupoBaH B Adobe Design CS3, re yxe mpoucxoauia
nanpHeimas Beperka [9] (puc. 8). Bbuin co31aHbl CTHIIN 1T OCHOBHOTO TEKCTAa,
HOMEPOB CTPAHHIL.

2 < ~ - 45
»~§,7, o '

Puc.7. llons u gpopmam cmparuyuol Puc. 8. Mooynvnas cemxa ¢ Adobe
Design
®upmennstiit mpudT - Garamond: Aa, b6, Bs,I'r, Aa, ... 123456789, (*I?»)
[10].
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®dopmat 0610kku 176x250MM, 6e3 yuyeta moaBopota (25mm). bymara s
067105k PRINT GLOSS 150 r/m?. ITeuats odceTHas, noanonseTHas 4+0. Me-
JoBaHHas Oymara HakJIenBaJlach Ha KapTOH, TIOCJI€ YETO HAKJICUBAJIACh JIEPEBSH-
Hasi 00JI0’KKa ¢ TpaBUpPOBKOiL. JIazepHas rpaBUpOBKa Ha JAEPEBSHHBIX CYBEHUPAX
WIM 3JIEMEHTAaX JEKOpa BBITJISAUT BeCbMa MPUBIIEKATEIbHO U YHUKAIBHO. 1300-
paXKEHUS U y30pbI C IOBETMPHOM TOYHOCTHIO BRIKUTAIOTCS HA JII0OOHM Topoe Jie-
peBa TOHYAWIIIMMU Ja3€PHBIMU JTyYaMH.

[Ipu moAroTOBKE MAaKETHOTO IK3EMIUIsIpa KHUTH Bce rpaduueckue (aitsbl
ObLTH TIepeBeieHBI B 11BeTOBYIO Mojesib CMYK, kotopast cootBeTcTBYeT Tpebo-
BaHUAM O(CETHOM TeHaTH.

Cnioco6 kperieHus: KHHKHOTO OJI0Ka ObLIT BHIOpaH MIUTHE B MPOCTPOUYKY —
CKpeIUICHUE HUTKAMH dYepe3 KOPEHIKOBbIM Crud ¢ HCMIOIb30BAaHUEM HUT-
KOILIBEUKHU.

Jliist KHKHOTO O10Ka BhIOpaHa MenoBanHas 6ymara 120 r/m?. Ieuats od-
CeTHasl.

BoiBOABI

B pesynbraTe npojenanHoi paboThl MOTYYUIOCh OPUTHHAIBHOE U3JIaHNE,
IpeIHa3HAYeHHOE JJISl YTEHUS YUTATEISIMUA PA3TMUYHbBIX BO3PACTHBIX KATErOpHUi.
HeoObaH0€ Xy10KE€CTBEHHOE UCTIOTHEHNE MILTFOCTPAIIIid M 00JI0KKH OYAET CIT0-
coOCTBOBATH MPUBJICUCHUIO BHUMAHUS MTOKYIATEIeH U TOKJIOHHUKOB TBOPYECTBA
O. Xaiisma.
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