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Cexusa — MeToabl, MOJAEJH U AJITOPUTMbI 00padOTKH
uHpoOpMaLUH

YK 621.391
JmutpueB Anexkcannp ['eopruenu

AJJAIITUBHBIN AJITOPUTM CKATHUS 3AINYMJIEHHBIX
U30BPAKEHUNI

B Hacmosawee spems cyujecmsyrom paziuuHvle aieopummbl CoHcamus uzoopagice-
HUll ¢ nomepamu, 6a3upyrouuecs Ha 08YMePHOM OUCKPEMHOM KOCUHYCHOM npeobpa-
306anuu ([KII), xomopvle He 6ce20a AGNANMCA 00CMAMOYHO dPphexmusHvimu npu
obpabomie 3auyMIEHHBIX U300padceHUull. B cmamve npednracaemcs aoanmusHblil an-
eopumm corcamusi uzoopasicenuti Ha ocnoge JIKII, 6 komopom 6b160pKa 31eMeHmOo8
U300PAdICEHUsT KAHCO020 (hpazmenma noopazoensiemcs Ha 00y4arwyro u nposepoy-
HY10 (UCXOOHOe U300padicerue pazousaemcs Ha Henepecekawuecs pasmenmol ux-
cuposannozo pasmepa). Koagpguyuenmuor J{KII naxooamcs no obyuaroweti vibopke.
Hckomoe muoocecmeo koaghgpuyuenmos J{KII, komopwvie 6HOCAM OCHOBHOU «BKIAOY» 8
annpoxcumupyemoe u3zoopasicerue, onpeoensiomcs Ha 0CHO8e NPOBEePOUHOU 8blOOPKU
UCX0051 U3 IKCMPEMATLHO20 CBOUCMBA BbIOPAHHO20 KpUmepus Kavyecmeda annpoKcu-
mayuu.

Corcamue uzobpasiceHull, KOCUHYCHOe NPeodpa30eanue, AnNpoOKCUMAYUSL.

Dmitriev Alexander Georgievich

ADAPTIVE ALGORITHM FOR COMPRESSION OF NOISY IMAGES

Currently, there are various lossy image compression algorithms based on two-
dimensional discrete cosine transformation (DCT), which are not always effective
enough when processing noisy images. The article proposes an adaptive image com-
pression algorithm based on DCT, in which the selection of image elements of each
fragment is divided into training and verification (the original image is divided into
disjoint fragments of fixed size). The DCT coefficients are calculated from the training
sample. The desired set of DCT coefficients, which make the main "contribution” to
the approximated image, are determined on the basis of a test sample based on the ex-
treme property of the selected approximation quality criterion.

Image compression, cosine transformation, approximation.



Beenenue

B pabotax [1-4] paccmaTpuBarOTCs pas3IMUHbIC MOJIXOJbI CHKATOTO IMpe-
CTaBJIEHUS! U300paXKEHUHN C MOTEPSIMU HA OCHOBE JIBYMEPHOI'O JIUCKPETHOIO KO-
CHUHYCHOTO MpeoO0pa3oBaHus, B KOTOPhIX U300pakeHUE CHavayla pa30uBaeTCsl Ha
Hernepecekaronuecs: GpparMeHThl, Kak IPaBUJIo, pa3MepoM 8 X 8 AJIEMEHTOB, IS
Kaxaoro ¢parmenra Haxonasrcs kodpduuuentsl JIKII, BeiOupatorcs ko3dpdu-
LIMEHTHI, KOTOpbIe 00ECHeunBalOT HAaMOOJbIIUN «BKJIAI» B MCXOAHOE HM300pa-
kenue. Hanbonee yvacto mis BbIOOpa KOA(DPUIIMEHTOB HCIOJIL3YETCS CHEIU-
aJIbHO MOCTPOEHHAs (PYHKIMSI KBAHTOBAHUS, IPUMEHEHUE KOTOPOU MPUBOJIUT K
MOSIBJIEHUIO «HYJIEBBIX» KO3(P(UIMEHTOB, KOTOPbIE UCKIIIOYAIOTCS U3 PacCMOT-
pEHUS U TEM CaMbIM JOCTUTaeTCsi OCHOBHOE CKaTue u3o0paxeHus. B ciyuae
3alIyMJIEHHBIX U300paXKeHUI MpUMEHEHNEe Takoi (DYHKIMKU HE BCErjia OKa3bIBa-
eTcst 3p(HEKTUBHBIM.

B nmanHOW cTtaThe mpeajiaraeTcs B ONPEAEIEHHOM CMBICIE ONTUMAJIbHBIN
aIropuT™M BbIOOpa KO3(h(UIIMEHTOB HAa OCHOBE aHajiu3a BBHIOOPKU 3HAYCHUM
AJIIEMEHTOB (PparMeHTa n300paKeHHUsI.

OcHoBHas yacTh

3amava ctaBuTCA cienyromuM obpaszom. [lycTe nns aHanusza npeabsBieH
dbparmeHT n300pakeHusl, pa3zMepom 2nx2n 3JIEMEHTOB:

X={x_}i=0...2n-1, j=0,.,2n-1.

Kpurepuit kauectBa npuOnrmkenuss S Ha BBIOOPKE dKCIEPUMEHTAITBHBIX
3Ha4YeHUuU X 3ajaeTcs B BUIE

2n—1
S ZI]O ’/_xl/) (1)
rae X, ;= Zt o ce, cos((zl Zl)uﬂ)cos( (2j+Dvz
u,v €32k ’ n

HBIN 3JIEMEHT M300paKCHHS ¢ MHJECKCOM (i, /) Ha MHOXKeCTBE KOA(D(PHUIIMCHTOB
JKII €, , k - uncno xoappunmenton JKII;

=Y x, cos ;D”’S os(

kodpummenter mpsimoro  JKIL;, c(u)=c(v)=1/+2n , ecmm u=v=0,
c(u)y=c(v)=~1/n ,ecmu u,v=1,...,(2n—-1).
TpeOyercs Haiitu Takue xkodpdunuentst AKII (MHOKecTBO €2,) Tak, 4ro-

) — BOCCTAHOBJICH-

2j+)vr

), u,v=0,....2n—-1 -

Obl kpuTepuil (1) npuHUMaI B ONPEIEIEHHOM CMBICIIE MUHUMAJIBbHOE 3HAUCHHE.

N3BectHO [1,5], uto goOaBieHue OOJBLIMX MO MOAYIIO KO3(DPHUIMEHTOB
JKII npy BBIYUCICHUH X, ; IPHBOIHUT K OOJIBIIIEMY YMEHBIICHHUIO KpUTEpHs (1).

10



Takum 00pazoM, MOKHO MOCIEAOBaTENbHO BbIOMpaTh Te ko3P duuunentsr JKII,
KOTOpBI€ BHOCSIT HAaWOOJBIINN BKJIQJ B paccMaTpUBaeMblil gparMeHT u300pa-
KEHUSL.

Jlns HaxoxkaeHus €) mpeasaraercs cieayrolas nporenypa:

1. Ucxonnas BeIOOpKa AaHHBIX pa30MBaeTcss HAa OOyYaroUIyl0 M MPOBEPOU-
Hyt0. B kadecTBe oOyuaromieil BBHIOOPKH BBIOMPAIOTCS HEUETHBIE SJIEMEHTHI
M300paKeHUsI KaK BJOJIb CTPOKH, TaK M BIOJb CTOJIOIA, a B Ka4eCTBE MPOBEPOY-
HOU BBIOOPKU — YETHBIE AJIEMEHTHI U300paKeHUSI.

2. PaccmatpuBaercs oOydaroimias BbIOOpKa, HaxXoaaTcss Kod(PUIMEHTHI
AKIT ¢, u,v=0,...,n—1. IlonyueHHbif MacCuB KO3PHUIIUEHTOB COPTUPYETCS

u,y?
B MOPSJIKE yOBIBAHUS, IIPH ATOM JIJISl KOKJIOTO OTCOPTHPOBAHHOTO 3JICMEHTA 3a-
MMOMUHAETCSl €ro TMOJIOKEHUE B MCXOMHOM (parmeHTe m3o0paxenus. O0o3Ha-

9 " 2
4YYM OTCOPTHUPOBAHHBIN MaccuB uepes3 ¢, k=1,...,n".

3. PaccmatpuBaeTcsi nmpoBepoyHasi BEIOOpKa, MOCIEI0BATENbHO IS Kax-
noro k=12,..k,. (k. - 3aJaHHBIA TapamMeTp) BHIOMPAIOTCS COOTBETCTBYIOIIHE

max
~

K03(ppuuMEeHTsl U3 MaccuBa f,, pPAaCCUUTBHIBAECTCA OLIMOKA NPUOIMKEHUS
S,pos (k) DIEMEHTOB H300paXCHUs MPOBEPOYHON BBIOOPKH C MCIIOIb30BaHUEM

KO3 UIIUEHTOB, PACCYUTAHHBIX 110 00yYaroIieil BHIOOpKE:

1 n—1 ~ 2
Snpos (k) = n2 _ k ZLJ:O (xis./' - xis./) ?

(2i+Durx Q2j+vr
n

)cos( ), € - MHOXECTBO

rae X, ;= Zzu,veﬁk c(u)c(v)t, , cos(

k03 Puuuento JIKII n3 orcopTupoBaHHOIO Maccusa f, .

4. HaunHas ¢ k=2, OIIPCACIIACTCA NU3MCHCHHUC OIINOKU AIIIIpoOKCUMaInu

Ha OCHOBE MPOBEPOYHOI BHIOOPKHU:
AS, 0 (k) =S, ,,.(k) =S, .. (k=1).

* *
5. Ecnu na nexkotopom mare k& AS, (k)>0, To npouenypa ocraHasiu-
BaeTCs, U3 MACCHBA fk, k=1,...k —1 BbIOUpaIOTCS COOTBETCTBYIOIINE KOI(-

¢unmentsl JIKII. Onpenenéunplie Takum oopazoM koddduimentsr JIKIT sBis-
IOTCSl HCKOMBIM MHOXeCTBOM (), .

Ha puc. 1 nmokazanbsl THIUYHBIC 3aBUCUMOCTHU JIJIs1 PParMEHTOB 3aITyMJIIEH-
HBIX M300pKEHMI OMIMOKU ammpoKcuMmanuu R1, TOJCYUTAaHHOW 1Mo oOydaro-
el BeIOOpKe, U R2 — OMIMOKHK anmpoOKCUMAIIUM, MOJCYUTAHHOM Ha OCHOBE
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MPOBEPOYHON BBIOOPKH, Hpu noOaBieHun kodpduuuento JKII B mopsiake
YMEHBUIECHUS UX «BKJIAa».

Puc. 1.

BbiBOABI

Pe3ynbpTarhl MOAETMPOBAHUS MOKA3bIBAIOT, YTO AKCTPEMAIBHBINA XapaKTep
CpPEIHEKBAAPATUYECKON OIIMOKHM amnlpOKCUMAIlMd Ha TPOBEPOUYHOU BBIOOpKE
MO3BOJISIET ONPEACIUTh TAPMOHUKH, KOTOPbIE BHOCAT OCHOBHOM BKJIaJ] B U3y4Ya-
€MBbI CUTHAJI.
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YK 004.051, 519.852.33, 519.854
JlannueB Anekcent Anekcannposud, AxyHun Opuit FOppeBuy

BJIMAHUE KAYECTBA MATEMATHYECKOI'O AIIITAPATA HA
IPOPEKTUBHOCTD AJITOPUTMA PEHIEHUA YACTHOI'O
CJIYYASI TPAHCIIOPTHOM 3ATAYN

B oannoii pabome oemoncmpupyemcs mpu nooxooa K peueHuo 3a0avu Onmu-
MU3AYUY, PpasIudarowuxcs no mpedo8anuio K YposHio Mamemamuyeckol spamomHo-
cmu npoepammucma. mo 2eHemudeckull aneopumm, cCUmMnieKc memoo u Beneepckuil
AnOPUMM.

I'enemuyeckuii aneopumm, mpancnopmuas 3aoaya, Beneepckuii aneopumm.

Danichev Aleksey Aleksandrovich, Yakunin Yuri Yurievich

INFLUENCE OF THE QUALITY OF THE MATHEMATICAL TOOL
ON THE EFFICIENCY OF THE ALGORITHM FOR SOLVING
A SPECIAL CASE OF THE TRANSPORT PROBLEM

This paper demonstrates three approaches to solving the optimization
problem, which differ in terms of the requirement for the level of mathematical
literacy of the programmer. These are the genetic algorithm, the simplex method
and the Hungarian algorithm.

Genetic algorithm, transportation problem, Hungarian algorithm.

BBenenue

ITocnegnee BpeMs HIMPOKO NPAKTUKYETCS NPUMEHEHHUE YHHUBEPCAIbHBIX
«pelarenei» UCMONb3YIOMNX CIyYaHbli MOMCK Ha 0a3e TeHETHYECKUX, DBO-
JIOUHUOHHBIX, CTOXaCTUYECKUX OMOHMYECKUX aiaroputmos [1,2] u np. eiicTBu-
TEJIbHO, MCIOJIb30BAHNE TAKUX MHCTPYMEHTOB O4Ye€Hb y00HO. C TOUKH 3peHUs
POrpaMMUPOBAHUS HEOOXOJMMO JIMILb ONUCATh (DYHKIMIO IMPHUCHIOCOOIEHHO-
ctu. B He€ BxoauT W neneBas GyHKUMU 3aJa4d ONTUMU3ALUU, U WTpadsl 3a
HapylueHue orpannyeHuil. Ilpu stom He TpeOyeTcss 0coOBIX 3HAHUI B MaTeMa-
Tuku. [IpoGremMa cocTouT B TOM, YTO MpHU OONBIIONH pa3sMEPHOCTH 3aJa4M aJro-
PUTM CTaHOBUTHCA HEedPPekTuBHBIM. K TOMY k€ ciydyailHbIil MOMCK HE TrapaH-
TUPYET HaXO0XKJIEHUE TJI00AIBHOrO 3KCTpeMyMa. TeM He MeHee, TPUMEPHO TPETh
nyOnukanuii HaydHou 35ekTpoHHoM OmOmuorekun eLIBRARY.RU [3], cBs3an-
HBIX C ONTUMH3ALMEH, MOCBAIIECHA NPUMEHECHHID T€HETHYECKUX aJIrOpPUTMOB

(Tabm. 1).

13



Ta6numa 1
KonuuectBo myOnukaruit Ha eLIBRARY.RU 1o Temam

2000- 2005- 2010-
Crpoxa noucka \ I'ogbl my0Jaukanuu
2004 2009 2014 2015-2019
(reHeTHUYeCKHil aaropuT™M) Or ONMTHUMMH3A- 12 886
815 4213 6 685
s
T€HETUYECKUN aJITOPUTM 296 1196 2269 3953

S3pik Phyton - momynsipHbIT MHCTPYMEHT pEUICHUS MAaTEMaTUYECKUX 3a-
nad. [lupoxkuit Be16op Onbnuorek ayis Phyton u MHOTOUMCIEHHBIE IPUMEPHI UX
MIPUMEHEHUS TTO3BOJISIET HA3BIBATh €TO S3BIKOM MPOrPAaMMHUPOBAHUS AHAIUTHUKOB
U yudeHbIX. Hampumep, momynisipHas cucteMa OpraHu3aliud KOHKYpPCOB IO HC-
cinenoBanuto nanubix Kaggle [4] ucnonb3yer si3piku Phyton u R. Onnako mano
yMETh MPUMEHATh OMONIMOTEeYHbIe METObL. [yl pemenus 3aaad, OTIIMYHBIX OT
KJIACCUYECKUX, HEOOXOJUMO IMOHUMATh, KaK MMEHHO pPa0OTAarOT 3TU METOJBI.
Hampumep, B 1aHHOW cTaTbe 3HAHME O IEJOYMCIICHHBIX 3a/ladyaxX BBIMTYKJIOTO
IPOrPaMMUPOBAHHMS TO3BOJIUIIO HA TIOPSIIKU YBEIIMYUTh CKOPOCTh PEIICHHS 3a-
Ja4H.

OcHOBHasA YacTh

PaccmoTrpum cnepyromyto 3amady. [lycTe umMeeTcsi n yHUKAIbHBIX TTPOTYK-
TOB U M MyHKTOB MX MOTpeOaeHus. [ Kaka0oro myHKTa nmoTpedieHus | 3aa-
Hbl MUHUMAJIbHO- U MaKCHUMAaJIbHO- JIOMyCTUMBbIE 00bEeMBbl MPOAYKIMU bj u B;.
NmeroTcst sKCepTHBIE OLEHKHU Cij 11e1eCO00pa3HOCTH JOCTAaBKM MPOAYKTA 1 Ha
NyHKT ToTpebsieHus j. HeoOxomumo onTUManbHBIM 00pa3oM JIOCTAaBUTH BCE
nponyktel. IIpennonaraercs, uro ) by ns > B ITonyyaem 3amgauyy onru-

MH3alluH.

b <y x,<B, j=1.m
i=1

x, €[0;1] mm x, €{0,1}.

PeanuzyeM reHepanuio ciydaiHbIX KO3()QPUIHMEHTOB U MPOBEAEM BBIYHUC-
JIUTENbHBIC SKCIIEPUMEHTBI JUIsl PA3IMUHbBIX TIOJIXO0JI0OB K pelIeHuI0. [l Kax1ou
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pa3MepHOCTH M U n OyaeM npoBoAUTh 50 UCTIBITAHUN M CUUTATh CPEJHEE Bpe-
M.

JIJst perieHust JaHHOW 3a/1a4i TEHETHUYECKUM aJITOPUTMOM HEOOXOAMMO:
- IPEJICTaBUTh MATPUIly || X, || B BUJe OMHAPHOTO BEKTOPA M3 N*m dJIeMeH-

TOB;

- 3a71aTh (PYHKIUIO MIPUCTIOCOOICHHOCTH KaK Pa3HOCTh LIEJIEBOI (DYHKIIUH U
byHkmil mTpadoB 3a HapyLIEHHE OrPAaHUYCHUN.

Kiaccnueckas peannzanusi FeHETUYECKOIO allrOpUTMa [S] okaszasiach Hepa-
0orocniocoOHa. [laxke Ha MalleHbKMX Pa3MEpPHOCTSIX ONTUMAJIbHOE pEIICHHE
HaXOJWJIOCh B €IMHHMYHBIX ciy4asx. HeoOX0oauMO BBINOJHUTH MOJAEPHU3ALMIO
QITOpUTMA W TIIATEIbHBIN MoAOOp mapameTpoB. PaccMoTpum Ipyroil Meron
CIIy4alHOr0 TOMCKa - MeToj posi yacTul [6]. Ero mporpammuas peanu3zanus
aHAJIOTUYHA TEHETUYECKOMY alNTOpUTMy. D(PQPEKTUBHOCTh POS YACTHI] OKa3a-
JUCh Ha ypoBHE noJjiHOro nepedopa. Jnst n=10 u m= 5 Bpems pemieHus cocra-
Busio 23 cexkyHasl (nmpoueccop 3,4I'Tm). Ilpum OonbmMx pa3sMEpPHOCTAX OINTH-
MaJbHOE PEUICHUE HE JTOCTUTAETCS.

[Tonb3oBarensim sa3bika Phyton g pemeHus 3amay TUHEHHOTO Mporpam-
MUPOBaHUS NPEIJararoT BOCIOJIb30BaThCsl TAKUMH OMOIMOTEKaMH, KaKk cvxopt,
pulp, scipy [8]. Pasznuuatorcst oM, IpexkIe BCEro, CocoOOM OMMCaHUS JaHHBIX.
B cvxopt u pulp gopmynsl U orpaHMUEHHs 3aMUCHIBAIOTCS CHMBOJAMH, IIO-
CTpo4HO. B scipy qaHHBIC TIPEICTABIAIOTCS B MaTpUIHOM BHJe (Ta0a. 2). beuta
BbIOpaHa OubnnoTeka scipy u Meron «revised simplex». YuciaeHHbIE 3KCIEpU-
MEHTBI MO3BOJIMIIM OLEHUTL BPeMs pemenus 3a1a4 kak O(m?n?). PasmepHoctu
1o 10 pemarorest 3a MWIITUCEKYH B, 10 50 - 3a cekyH bl (puc. 1).

Tabmuna 2
bubanorexu g TMHEHHON ONITUMU3AIAN
bubnnoreka [IporpamMHBIN KO OrpaHUYEHHUS
CVXOp massl = (9*x[0] + 5*x[1] <=10)
pulp problem +=  9*x1+5*x2 <=10
scipy A ub = [[90,5]]; b _ub=[10]
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Puc. 1. Bpems pewenus 3a0auu

Ecnu o0bemMbl TPOAYKIMH LETOYUCICHHBIE, TO TPAHCIIOPTHYIO 33Ja4dy OI-
TUMU3ALKUN MOKHO C(QOPMYIUPOBATH KaK H3BECTHYIO KOMOMHATOPHYIO 337a4y O
HazHayeHusx [9]. B namewm ciaydae HeoOXoauMo

- K&Kl MyHKT NOTpeOiaeHus j mpoayOiaupoBaTs Bj pas;

- OIPEIENUTh Pa3MEPHOCTDH 3a/1a4U

N = maX(n,Z :;Bf);

- 100aBUThH HenocTarouMe (PUKTUBHBIE MPOAYKTHI UIM MyHKTHI MOTpede-
HUS C HYJIEBBIMU BECaMU;

- 33/1aTh 3HAUYEHHE -00 BecaM (PMKTUBHBIX MPOIYKTOB bj pa3 aist KaxKaoro j
(pukTUBHBIE TPOTYKTHI MOXKHO JOCTABJIATH TOJIBKO CBEPX MUHUMAJIBHBIX OTpa-
HUYEHUH b;).

Bocnonb3yemcs 6ubnunorexoit munkres [10], peanusyrolieii BEeHIepCKUA
QITOPUTM PEIICHMs 337a4d O Ha3HAUYCHHSIX. TeopeThyeckasi CI0KHOCTh alro-
putma O(N?) coBmana ¢ pe3yabTaTaMy YUCIEHHBIX DKCIIEPUMEHTOB. PazMepHo-
ctu 10 300 pemaroTcst 3a MUUIHCEKYHIBI, 10 3000 - 3a cekyH bl (cM. puc. 1).

BbiBOABI

VYHuBepcaiabHble METO/bI, B BUJIE T€HETUUYECKUX aJTOPUTMOB, aHcaMmOJen
Mojiesiel U T.M. Oe3JyMHO NMPUMEHSTh K W3HAYaIbHOUW 3amaue Hed(( EKTUBHO.
[Ipu pemieHnu 3aayu ONTUMHU3AIUU HEOOXOIUMO CTPEMUTHCS (POPMaTU30BbI-
BaTh MpoOJIeMy B BUJE YETKUX MaTEMaTHYECKUX MOJIeNIeH U ONpeaenaTh Hanbo-
nee >p¢deKTUBHBIE METOJbl UX pelleHud. M nuip 3aTeM NpUMEHSTh UHCTPY-
MEHTBI JIJ1s1 T0100pa MapamMeTpoB.
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YK 621.396
CemenoBa Mapnna MakcumoBHa, MemkoBa Jlapbs ropeBna

UCCJEJOBAHUE PA3JIUYHBIX ®AKTOPOB ITPEJIMOYTEHUI
MOJIL3OBATEJEM JJIs PEKOMEHJIALIMM OHJIAMH-PECYPCOB

Hna yaywwenus s¢ghghekmusnocmu pekomeHoayull OHIAUH-pecypco8 0iisi 0Oyue-
HUSL 8 KOLLEONHCAX U YHUSEpCUmemax u dQh@pexmusHocms 00yueHus noiv3oeamenei, 6
9MOU cmamve paccmampueaiomes hakmopsvl npeonoymeHutl noib3oeamenei U usy-
yaemcsi Memoo pekomeHOayull OJis1 OHIAUH-Pecypco8 Oisl 0OYUeHUsl 8 KOLIeOHCax U
VHUgepcumemax. B smotil cmamuve 8b10uparomcs paziuunvie hakmopsvi npeonoumeHul
noav3osameietl, KOmMopwle 6IUSION HAd PEKOMEHOAMENbHYI0 CUCTHEM).

Ounatin-pecypc, peKoMeHOamenbHas CUcmemda, noib308amenbcKue npeonoyme-
HUS.

Semenova Marina Maximovna, Meshkova Darya Igorevna

RESEARCH OF VARIOUS FACTORS OF USER PREFERENCES FOR
THE RECOMMENDATION OF ONLINE RESOURCES

To improve the effectiveness of recommendations of online resources for
college and university education and the effectiveness of user training, this arti-
cle examines the factors of user preferences and examines the method of rec-
ommendations for online resources for college and university education. This
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article selects various user preference factors that affect the recommendation
system.
Online resource, recommendation system, user preferences.

BBenenue

C HenpepbIBHBIM pa3BUTHEM HH(OpMaMOHHOrO Beka MHTepHET urpaet
Bce 0oJiee BaXKHYIO pOJIb B KHU3HHM JIIOJEH, U CIIOCOOBI MOJyYeHUs U 00paboTKU
uH(pOpMAIUU JTIOJbMHU MMOCTENEHHO NEPEeXOoAsT U3 o(daiiH B OHJIAWH, U MOCTe-
MIEHHO MPOSBIIAIOTCS HEAOCTATKH o(iaiiH-00y4ueHus. B To e Bpemsi BHE3anHOe
yBEJIMYEHHE 00bEMOB JaHHBIX TAKXKE MPUBOAUT K MpoldiaeMe HHPOPMALIMOHHON
neperpy3ku, 0COOEHHO M3-3a TOTO, YTO HEPABHOMEPHOE KAYECTBO CETEBOM WH-
dbopmanuu 3aTpyAHSET MOJydeHUe Mojb3oBaTeasiMu 3hPexkTuBHON HHPOpMa-
nuu. C OgHOM CTOPOHBI, MOJIB30BATENSIM HY>KHO TPaTUTh OOJIbILIE BPEMEHH U
CWJI Ha (UIbTPALMIO HYKHOM MM HMH(OpMaLMU, & caM MpOIecC SABISETCS JJIH-
TEJIbHBIM U TPYJOEMKUM, HO UJCATbHBIX PE3YyIbTATOB MOKHO U HE MOAY4nTh. C
JIPYrol CTOPOHBI, MOJIb30BATEIM TPATAT TEPHEHUE Ha BHIOOP IIATPOPMBI U
CKJIOHHBI K YTOMJICHUIO, Te€pss JA0Bepue K miardopme u uma apyrue mytu. [o-
TOMY CTaHOBHUTCSI BCE€ 00Jiee Ba)KHBIM IMPEJOCTABIIATH MOJIb30BATEISIM MEPCO-
HaJIU3MPOBaHHbIE HMH(POPMALMOHHBIE PEKOMEHJALMU, YTOOBI MOJIb30BATEIN
MOTJIM OBICTPO HANTH MOAXOASAUIYIO JUIsi HUX MH(POPMALMIO B MAacCHBE JaH-
HbIX. B HacTod1ee Bpemst nH(pOpMaIIMOHHAS PEKOMEHAAIMS IIUPOKO HCIOIb3Y-
€TCsl B 3JIEKTPOHHOW KOMMEPLHMH, 3JIEKTPOHHOW OuOIMoTEKe, BeO-caiiTe HO-
BOCTHOT'O TypU3Ma U JIPYTUX OOJACTSIX U MOCTOSSHHO Pa3BUBAETCA U COBEPILIECH-
cTByeTcsa. Macmirabbl oHIaitH-00pa30BaHUsS U CETEBOTO OOpa3oBaHMs MPOJIOJ-
YKAIOT PaCIIUPATHCSA, U OHO MOCTENEHHO CTAHOBHUTCS OCHOBHOW CHJION ISl 00-
MEHa 3HaHUAMH U 00ydeHHs TadaHToB. OJTHAKO ¢ pa3BUTUEM OOJBIIMX JAHHBIX
IIPOJIOJKAIOT HAKAIUIMBAThCSA pa3iuvHble 00pa3oBaTeNIbHbIE PECYpChl, a OOJb-
1I0€ KOJIMYECTBO 0OpPa30BaTENIbHBIX PECYPCOB TAKKE JTOCTABUIIO OOJBIIMHCTBY
M0JIb30BATENEe HEKOTOPBIE TOJIOBHBIE 0O0JIM, TaKHE KaK «WH(OpMalMOHHAs Te-
perpy3Ka» U Kak JaTh 00y4aroluMCsl TT0JIb30BATENISIM OBICTPO HANTH TO, YTO UM
HY>KHO HPaBUTCSI.

[Inarpopma onmaitH-oOydeHuss o0JagaeT XapaKTEPUCTUKAMU CHIIBHBIX
3HAHMM, OOraThIX TUIIOB M CUCTEMATHYECKUX pecypcoB. M3-3a BiusHUA akaje-
MHUYECKOT0 00pa30BaHMsl, OCHOBHBIX MHTEPECOB U JIPYTUX (PAKTOPOB IMOJIH30BA-
TEJIU MO-Pa3HOMY OBJIAJIEBAIOT CYIIECTBYIOIIMMH 3HAHUSAMHU U MO-PA3HOMY CIIO-
COOHBI BOCITPUHUMATh HOBbIE 3HAHMS. CTOJIKHYBIIUCH C OTPOMHBIMH Y4E€OHBIMU
pecypcaMu, UX CIIOCOOHOCTh HAXOJIUTh MHTEPECHBIE U IMOJIE3HBIE PECYPCHI TAK-
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xKe oTimyaeTcs. TONBKO MOCPECTBOM aHaiM3a JaHHBIX MOXET OBITh CO3/1aHa
MOJTHASl CHUCTeMa PEeKOMEHAAIMHA MO MPEANOYTEHHUSIM TOJIb30BaTENeH, a 3aTeM
MIOJTb30BATENSIM MOTYT OBITh PEKOMEHOBAHBI PECypChl, KOTOPBIE NEHCTBUTEIb-
HO TIOJXOMST JJISl MOJIb30BaTeNel, YTO MOXKET 3HAUUTEIHHO MOBBICHTH d(PQeK-
TUBHOCTh OOy4YEHHUs TOJb30BaTeNel, MPEIOCTaBUTH IMOJIb30BATEISIM XOPOIINE
YCIIyTA JUIsl OHJAWMH-OOYyYeHHs, W TOBBICUTH JIOSJIBHOCTH IIOJIb30BaTENeH K
matgopme.

Bb160op pa3inyHbIX (PAKTOPOB MOJIb30BaATEIbCKHUX NMPeINoYTeHHIt

CoctaB mosib3oBaTeneld B KOJUIEPKAX W YHUBEPCUTETaX OTHOCHTEIHHO
MIPOCT, 1 OTHOCUTEIEHO MPOCTO MPEAOCTABISTH MEPCOHATN3UPOBAHHBIE YCITYTH.
OCHOBHOH CepBHUC TMEPCOHATM3UPOBAHHBIX PEKOMEHIAINA — PEKOMEHI0BATh
UMHTEPECHbIE U LIEHHbIe 00yyaroue pecypebl s KaXJI0oro mosb3oBatesns. Ta-
KUM 00pa3oM, Ha OCHOBE aHajM3a JAHHBIX O YTEHUH IOJb30BaTENCH, CO3/aH-
HBIX YHUBepcUTETCKOM O0mbmmoTexkod B 2020 rogy, U B COOTBETCTBUU C pa3iiu-
YUSIMH B TTOTPEOHOCTSAX MMOJIb30BAaTENIC YHUBEPCUTETOB B UTCHHUH, 3Ta CTaThs
paszzeneHa Ha TpU TUMA TPYMI: A U3yYeHUs MOTEHIUAIbHBIX MTOTPEOHOCTEHN U
MHTEPECOB KaXKJOTO TPYIIIB, IS IPEABAPUTENBHOTO OMPEIEICHHUS TPEX THUIIOB
TpyMI, a TakXke A 0oJiee TOYHOTO MOCTPOCHHSI MOJIENU MPEANOYTEHUS TOJTb-
30BaTeNsI MEXKAY PA3TMYHBIMUA TPYIIaMH.

B cooTBeTcTBUU C ABYMS YCIOBHSIMH COCTaBa YHHBEPCHUTETCKOTO Hacele-
HUS ¥ PA3IUYHBIMU MTOTPEOHOCTAMU B OOYUYCHHUH M YTEHUH Pa3HBIX TPYIII MOJIb-
30BaTeNeld MOXKHO YCIIOBHO pa3feliuTh Ha TPU KAaTErOpPHH: TPYIIIHI Mpeno/iaBa-
TEJIeH, TPYIIIbI CTY/ICHTOB U TPYIIBI aCUpaHToB. [ pymma npenogaBaresneit co-
CTaBJISICT HAUMEHBILYIO JI0JII0 OT OOILEro yucia rpynn Kojulepkeid, B OCHOBHOM
BKJIIOUasl TIperojaBaTeneii YHUBEPCUTETOB, aJMHUHUCTPATUBHBIN TEpCOHAT,
BHEIITATHBIN TIepCOHAJ, TPOJABUHYTHIX CTYACHTOB U NeHCHOHEPOB. OH B OCHOB-
HOM OTBEYAET 32 MHOTOUYHMCIICHHBIEC 33/]a4 HAYYHBIX UCCIIEIOBAaHUM, 00ydeHus,
yHOpaBlIeHUS U UACH MapTHIHHOTO CTpouTenbeTBa. CreoBaTeabHO, HE0OX0UMO,
4yT00BI 00yUaroIIMe OHIAWH-PECYPCHl MPEIOCTABISIIN 1IEJIEBbIE U TIEPCOHATU3H-
pPOBaHHBIE YCIYTH TpPENoAaBaTeNs M W Tpynmnam noibs3oBateneir. Cpean HHUX
HauOOJIBIIYIO JIOJIF0 COCTaBJISIIOT CTYJEHTHI OakanaBpuara, M KaXAblil roj 3a-
YHUCISETCST OOJBIIOE KOJUYECTBO NMEPBOKYPCHUKOB. TakuMm oOpa3om, Tpyriia,
KoTopasi Oonbiie Bcero untaeT B MHTepHETE, OOBIYHO COCTOUT W3 CTYACHTOB
OakanaBpuata. OCHOBHAs 1Li€Jb YTEHUS PECYpPCOB JJIS MOJIb30BATENIeH TPYIIIbI
OakanaBpuaTa 3aKJIIOYAaeTCs B CIEAYIOLIEM: BBIYCKHas paboTa, mpodeccuo-
HAJIBHBIE BBITYCKHBIC 3K3aMEHBI, Pa3InyHble CEpTUPUKANNOHHBIE dK3aMEHBI U
JUYHbIe yBieueHUs. HTepHeT-pecypChl KOMIEHKEH U YHUBEPCUTETOB JOJKHBI
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B OCHOBHOM PEKOMEHI0BaTh 3Ty 4acTh 3HaHUU. [lonmb3oBarenu acnmpaHTCKOU
IPYIIIbI B OCHOBHOM BKJIFOYAKOT MAaruCTPaHTOB U JOKTOPAHTOB C OCHOBHBIMU
3aJla4amMy, TAaKUMHU KaK HCCIIENOBATEIbCKAS JKCIEPTU3A, NUCCEPTALUU U KYP-
HAJIBHBIE CTAaTbU. B TO K€ BpEMsI OH TaKK€ JOJIKEH HECTH OTBETCTBEHHOCTH 34
HANMCAaHUE HAYYHBIX UCCIEA0BAHUM U OTYETHOCTD IO MPOEKTaM. B nomnonHeHue
K paHee IMPeIOKEHHBIM PEKOMEHIATENbHBIM yCIyTraM,

UccnegoBanne moaenu nNpeAnoYTEHUN MOJb30BATENEH SBISIETCS BaXKHBIM
COJICp’)KaHHEM  CIIY>KObl  MEPCOHAIM3UPOBAHHBIX PEKOMEHAAIMNA  OHJIAMH-
pecypcoB it oOy4deHUs B KOJUIEIKAaX M yHUBEpcUTeTax. B cooTBeTCTBUU C
Pa3IMYHBIMUA MOTPEOHOCTSAMHU B UTCHHM PA3HBIX TPYIIT MbI Pa3aeivIN TPYIIIbI
Ha TPYU KaTEropuu: rpynmbl OakaaBpuaTa, rpymnibl aCHUPAHTOB U TPYMIIbI MIpe-
nogasatesner. C MOMOIIBIO YTEHHS TAHHBIX O MOJIb30BATENSAX KOJUIEIXKA MOMKHO
onpenenuTh (HaKTOPhl MPEANOUTCHUS PAa3IUYHBIX TPYIII MOJIb30BaTENICH U TO-
CTPOUTH MOJIETU MOPTPETOB MOJIb30BaTeNel o pa3iuuHbM dakTopam. B rpyn-
MOBBIX MOPTPETax MOJIb30BaTENIEH YHUBEPCUTETCKUX OUOIUOTEK JTOMHHHUPYIO-
LIAE XapAKTEPUCTUKU B OCHOBHOM II0JIYUYEHBI YEPE3 KAPTOUKY YHUBEPCUTETCKO-
ro rOpOJKa, HAIIPUMEDP, HOMEP CTYAEHTA, KOJUIEIXK, CIENUATIBbHOCTb, KJIACC, MOJI,
uMst U apyrast uHpopmainusi. CKphIThIE XapaKTEPUCTUKHU MOJIb30BaTEIEH MOTYT
COCTaBJISITh M3MEPEHUE TMOJb30BATEIICKUX MPEANOYTCHUN, a TOJIb30BaTENeH
MOKHO QHAIM3UPOBATH U PA3IAEIATh C MOMOLIBID MHOIOMEPHBIX MOJIb30BATEIb-
CKHMX MPEANOUYTeHUN. B TO k€ Bpemsi CKpBIThIE XapaKTEPUCTUKHU MOJIb30BaTEICH
3a4acTyl0 B OOJIbIlIEH CTENEHU CHOCOOHBI OTPaKaTh pealibHble MOTPEOHOCTH
MOJIb30BaTENICH U MOJICO3HATENBHYIO MOTPEOHOCTh B pecypcax. HesiBHbBIE mipen-
MOYTEHHMS TOJIb30BATENCH BKIIOYAIOT MPEANOUYTEHNS B UETBIPEX PA3IUYHBIX U3-
MEPEHUSAX: MPOJOJLKUTEIIBHOCTh YTEHUS, HOMYISAPHOCTh, YaCTOTA YTEHUS U Xa-
PAKTEPUCTUKU YTEHHUS.

Bpems uyreHus

Cy1iiecTByeT onpeAeeHHas CBSA3b MEXIY MHTEPECOM MOJIb30BATENS K KHU-
re ¥ MPOJOJDKUTEIBHOCTBIO BPEMEHU 3aUMCTBOBAHUs. UeM J0Jblle BpeMs UTe-
HUSI, TEM BBIIIE UHTEPEC K KHUTE. B 3TOM cTaThe Mbl MPOUTHOPUPYEM HEKOTO-
pbI€ 3alIyMJICHHBIE JAHHBIE, TAKUE KAK BPEMS YTEHUS BO BPEMs OTITYCKa U MPO-
CPOYEHHOE BpeMs YTECHUs. B 3amucsax 0 MPOYTEHUH Mbl UCIIOJIb3YEM MPOLEHT
JUISL IPEJICTABIICHUSI BpEMEHH UTeHUs. KOHKpPETHBIN pacueT MoKa3aH HUXKE.

P = T,(a,b) — Ts(a,b) (1)
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rae T, (a, b) mokaspiBaeT BpeMs Havaja, KOTJa IOJIb30BaTeib 4 HAYWHAET YH-
TaTh y4eOHbIi OHNalH-pecypc b, a Tr(a, b) nokaspiBaeT BpeMs, KOTAa MOIb30-
BaTeb a 3aKaHYMBACT YUTATh YUCOHBIA OHIAH-pecypc b
HonyasipHocTs
[ToBenenue mosb30BaTENCH MPU YTEHWU YACTO 3aBUCHUT OT IMOIMYJISIPHOCTH
KHUT. bosiee monynspHble KHUTH U KYpPHaJbl, KaK TIPABUIIO, TOJIB3YIOTCS CIPO-
COM y OOJIBIIIOTO YMCIia ynTareneid. Pacuer momynsspHOCTH MOKa3aH B popMyIie
2.
p(u,,) = count(rating(a,B) > 0),a € ¢
2)
TZie Uy, TPEICTaBISIET pecypc m, count — CTAaTUCTUYECKUN METOM, a & — MOJb-
30BaTEILCKUI HAOOD.
Yacrora yreHus
Yactora 4YTeHHS KaxAbiM MPOGECCHOHAIBHBIM IOJIH30BATEIEM KHHUT B
OTpeIeICHHONW NMPOGeCcCHOHANBHONW 00JIaCTU TaKKe MOTECHIIMAIBHO BIHUSET HA
HWHTEPEC MOJIb30BATENS K UTEHHI0. DTH KHHUTU OOJAJar0T XapaKTepUCTUKAMHU
HOBOM TEXHOJIOTHMHU, HOBBIX HJACH WM PENpPEe3eHTATUBHOCTH U aBTOPUTETA B
npodeccruonanbHoOl cdepe, U MoJIb30BATENIM YacTO MOJIB3YIOTCS CIIPOCOM M YH-
TatoT uX. CTaTUCTUKA pEUTHHTAa KHUT B MpodeccCuoHaIbHOU cdepe MoBIHIeT Ha
HeJIJaBHUE TTOTPEOHOCTH TMOJIh30BaTEICH B UTEHUU, TEM CaMbIM W3MEHUB HEJaB-
HEee YUTATEeNIbCKOE MoBeJieHue. B cooTBeTCTBUM ¢ MH(OpMAaIIKEeii O CelHaIbHO-
CTH ¥ YHUBEPCUTETA KaK]IOTO MOJIb30BATENSI HEOOXOIMMO OUYUCTUTh BCE JAHHBIC
HCTOPUU YTEHHUS TOJIb30BATENSI MO CHENUAIBbHOCTH, TIOJICYUTATh U OTCOPTHPO-
BaTh KOJIMYECTBO KHUT, MPOYUTAHHBIX IO HX CIEUUATBLHOCTH, W BBIOPATH
MEPBYIO JCCATKY KHHUT, KOTOPYIO CIIEyeT MOPEKOMEHIOBATh MOJIH30BATEINIO B
nepByo ouepeab. Pacuer 4acTOThI UTeHMSI TOKa3aH HUKE
B = top(10) X b,y, 3)
rje top - 3TO METOJ OHJIaH-pecypca aiis co3ganus 10 ny4ymux u b, npencras-
JSeT JAaHHBIE O YTEHUU OHJIAMH-PECYpPCOB MO Ka)XOW CIENHUATbHOCTH KOJLIe-
JoKa.
BriBoa
UYto6sl MOBBICUTH 3(P(HEKTHBHOCTh PEKOMEHIAINN OHJIAMH-PECYPCOB IS
oOy4eHHs B KOJUIEI)Kax U YHUBEPCUTETAaX, a TaKKe MOBBICUTHh 3(PHEKTUBHOCTD
OOy4eHHsI TIOJIb30BATENICH C YUYETOM MOJIb30BATEIbCKUX MPEeAnoYTeHuil. Boiou-
paroTcs pa3nuuHble (PAKTOPHI MOIH30BATEIBCKUX MPEAITOUTCHUN, U3BIECKAIOTCS
MIPEANOYTUTENIbHBIC KIIFOUEBBIE CIIOBA, U HA KX OCHOBE CTPOUTCS] MOJIEIb MPOCK-
[IMU KITFOUEBBIX CIIOB JUISI PA3JIMYHBIX PECYPCOB MOJIB30BATEIbCKUX MPEIIoUTe-
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Huil. Ha cnexyromeM sTame HccieOBaHUS aBTOPHI IUIAHUPYIOT pa3paboTaTh
METO/I PEKOMEHJAIUN JJi1 OHJIAMH-pecypcoB Uisl 00y4YeHHUs B KOJUIEIXKax U
YHHUBEPCUTETAX, UCIIOJIb3Ys TUIIOTe3y MapKkoBa i OCTPOEHUsT MOJAEIU BEPO-
ATHOCTHU KJIFOYEBOTI'O C10Ba U BHeApeHus anroput™M TF-IDF s yrounenus oH-
JalH-PECYpPCOB JI O0yUEHHUS.
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['ymanckuii Cepreit Muxaitnosud, byrnos Biianncinas EBrenbeBuy,
Ko3znosckas Mapus AnekceeBHa

O COBPEMEHHBIX MOJEJISIX KBAHTOBBIX HEMPOHHBIX
CETEH

Cmpemumenvhoe pazgumue annapamiozo obecnederus KeaHmoablx KOMnviome-
P08 cmano 0CHOBOU O/ peanu3ayuy K8aHMOoBbIX HeUPOHHBIX cemell. 3a Cuém K8aHmo-
8bIX CBOLICE K8AHMOBblE Helpocemu o01adaom ayuuell blYUciumenvHou 3¢hghex-
MUBHOCMbIO 8 CPABHEHUU C KIACCUYeCKUMU ananozamu. B npeocmaegnennoii cmamve
NPOAHATUZUPOBAHbI  COBPEMEHHbIE MOOeNU U Memoobl peanu3ayui KEaHmoBbix
Hetipocemell, a Maxdce ONUCAHbI OCHOBHble NPEUMyUwecmea u HeOOCMAamKu, CEOl-
cmeeHHble MOl UIU UHOU MOOEJU.

Ksanmosvie netiponnvie cemu, K6anmosvle GbluUCIeHUs, KBAHMOBOE MAUUHHOE
obyueHue, KBAHMOBAs cXeMa.

Gushansky Sergey Mikhailovich, Buglov Vladislav Evgenievich,
Kozlovskaya Maria Alekseevna

ON MODERN MODELS OF QUANTUM NEURAL NETWORKS

The rapid development of quantum computer hardware has become the basis for
the implementation of quantum neural networks. Due to quantum properties, quantum
neural networks have better computational efficiency compared to their classical
counterparts. This article analyzes modern models and methods for implementing
quantum neural networks and describes the main advantages and disadvantages that
arise when using a particular model.

Quantum neural networks, quantum computing, quantum machine testing, quan-
tum circuit.

BBenenue. Briepebie KOHIENIMS KBAHTOBBIX KOMIIBIOTEPOB ObLIa MPE/I0-
keHa B 1982 r. B pabore [1] P. ®eitnmanoM. CerojHsa Takue KOMIAaHUU, KaK
Google, IBM u Microsoft akTUBHO CTpeMATCsSI peanu30BaTh 3Ty KOHLEMIIHIO.
CornacHo [2], KBaHTOBbIE KOMITBIOTEPHI CIIOCOOHBI pelIaTh 3a/a4u, KOTOPbIE HE
MOJI CHIIy KJIAaCCUYECKUM BBIYUCIUTENbHBIM ycTpoiicTBaM. COBpeMEHHbIE MO/I-
XOJIbl JJI peaju3alii KBaHTOBOIO KOMITBIOTEPAa OCHOBBIBAIOTCS HA HCIIONb30-
BaHHUHM 3alllyMJIEHHBIX KBAaHTOBBIX cUCcTeM yMepeHHoro macmrada (NISQ), cro-
COOHBIX MOJABJISITH JekorepeHTu3anuio [3]. Mtak, KBAaHTOBBIN KOMIBIOTED SIB-
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JSAETCS anmapaTtHOW OCHOBOM I pEaJM3allMM KBAHTOBBIX HEMPOHHBIX CETEN
(manee KHC).

KHC moryT 0bITh UCTIOIB30BaHbI C 1IE€TBI0 00paboTKK n300pakenuii [4, 16],
pacniozHaBanus peun [S], npornosupoBanus [6] u np. KHC coueraer kBaHTOBbBIE
BBIUMCIIEHUS U HelipoOuonoruto [7]. Takum obpazom, KHC — 310 BeuuciutenbHas
MO/I€NIb, UMEIOIIAs CETEBYIO CTPYKTYpPY M 00y4aeMble MapaMmeTpbl, KOTOpask MOKET
OBITh peaTn30BaHa MOCPEICTBOM KBAHTOBOM CXEMbI WJIK CUCTEMBI [8].

CrnenmyeT OTMETUTh, YTO OOJIBIIMHCTBO mNpearaeMbix mozaeneit KHC 06-
CY’KJIaOTCs JIMIIb HA YPOBHE MATEMATUYECKUX PACUETOB, HE OCTAHABIIMBASICh HA
ux ¢usnueckoil peanuzauuu. Kpome Toro, B mpouecce MOCTPOEHUs MOJENe
KHC He yuuTBIBatOTCS pe3yibTaThl 3BOIIOLUMN KBAaHTOBBIX 3 dekxToB. [loaTomy,
1o cux nop KHC ne umeet obmienpunsToit moaenu [9].

CoBpemennbie Mogenu KHC MoryT oOyuaThcs JulIb Jisl HEKOTOPHIX He-
00JbIIMX BBIOOPOK, @ TOYHOCTh MPOTHO3MPOBAHUSA M OOLIasi MPOU3BOIUTENb-
HOCTb IpH 00paboTKe OOJIBIIMX HAOOPOB TAHHBIX BCE €UIE SABISETCSA MPOOIEMOit
[10]. Takxke CymiecTBYyeT BBICOKAS BEPOSTHOCTh BOSHUKHOBEHMS SIBJICHUA T. H.
«O€eCIIOIHOTO TUIATO», KOrAa MPOCTPAHCTBO PEIICHUS 3a/1ady CTAHOBUTCS ILIOC-
KUM I10 MEpPE BBITIOJHEHUS ainroputMa [11].

CoBpemennbie meroabl nocrpoenusi KHC. Bapuayuonnas xeanmosas
cxema. JlaHHasg cxema COCTOMT M3 KBAaHTOBBIX BEHTHJIEH CO CBOOOJHBIMU Iapa-
METPaMH W MCIOJB3YETCS C LEJNbI0 alnnpOKCUMAIMU, ONTHUMHU3ALUN U KJIacCH-
(buKalMy YUCIOBBIX 3a7ad. AJTOPUTM Ha OCHOBE BAapUALIMOHHOW KBAaHTOBOM
CXEMbl Ha3bIBA€TCS BAPUALMOHHBIM KBAHTOBBIM aJTOPUTMOM M NPEICTaBIIAET
co00H KJIaCCUYECKUU KBAaHTOBBIM TMOpUIHBIN anroput™ [12].

BapuanuonHnas KBaHTOBasl cXeMa, CXxemMa KOTOPOM IIpeACTaBiIeHa Ha puc. |,
00JaaeT KBaHTOBBIMHM XAapaKTEPUCTUKAMU MU BBINOJHAET allpOKCUMAIUIO Iie-
neBod (DYHKIMU TIPU TOMOIIM MapaMeTpoB oOydeHusi. To ecTh Bce omepaiuu
KBaHTOBBIX BEHTHWJIECH SIBISIOTCA OOpPaTUMBbIMHM JIMHEHMHBIMH OINEpalUsIMH, a
KBaHTOBBIE CXEMBbl HCIONB3YIOT CIOU 3aMyThIBaHUS BMECTO (DYHKIMI aKTHBa-
UM JJISI CO3/TaHUSI MHOTOCIIOMHBIX CTPYKTYp [13, 17].
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[osichenue k puc. 1: KapTa IPU3HAKOB [P, ) = U,|0)®° Bemonnser xomu-
poBaHuMe BXOmHOH wuH(opManuu [ € RSi» B rumb6epTOBO MPOCTPAHCTBO
-KyOouToB. Ha maHHOM I1are npoucXoAuT NePexo OT KIaCCHYECKOTO COCTOSHUS
K KBaHTOBOMY |tg (X)) == Tg|Y,) [16]. Jlanee koHeuHbldt pe3yinbraT 0 = f(Z)
U3BJICKAeTCs MPHU MOMOINM KBaHTOBOro m3MepeHus. llepen HampaBieHuem HH-
dopmanuu GyHKIMU MOTEPh PE3yibTaThl U3MepeHus z = (Z, ..., Zg) Ipeodpa-
3YIOTCSI B COOTBETCTBYIOIIME METKH C TTOMOILBIO KJIACCHUYECKOM MOCTOOPabOTKH.
Llenpto  nmaHHOW  omepamuu  siBigeTcs — (QuibTpamus — MapamMeTpoB
6 € O, KOTOpBIEC BHINOIHIIOT MUHUMHU3AUIO (DYHKIIUU TOTEPb.

Takum oOpazom, Omaromapst psay NPEUMYIIECTB BapUallMOHHBIE KBAHTO-
BbI€ JITOPUTMBI SBJISIFOTCS OJHUM U3 OCHOBHBIX METOJOB JUISI IPOSKTUPOBAHUS
KHC. I'maBHBII HEOCTATOK CBSI3aH C BBHICOKOI BEPOSITHOCTHIO BO3ZHUKHOBEHHS
SIBJICHUS OECIIIIOHOTO TIATO.

Memoo na ocHose HenpepvigHo-nepemennol apxumexkmypsi. [IpeanoxeH B
pabote [8]. MiMeeT mepapXu4ecKylo CTPYKTypy Ha OCHOBE HENpPEPHIBHBIX Mapa-
METPU30BaHHBIX KBAHTOBBIX BEHTHJICH. B OCHOBE JaHHOTO METO/1a pacoaratoTCs
rayCCOBCKUI BEHTWIb, BBIOJHSIONMMN adduHHOEe npeoOpazoBaHue, a TakKe He-
rayCCOBCKUI BEHTWIIb, KOTOPBIA peasn3yeT HEMUHEHHYI0 (YHKIMIO aKTHUBAIHH.
Mopens KHC Ha ocHOBe HenpephIBHO-TIEPEMEHHON apXUTEKTyphl IPUBEICHA Ha
puc. 2.

—] — S — — D(a,) — O(4) —
— — S — —D(a,)— D(4,)—
CACHY . U,(6,.9,) : .

— — Sy — —D(ay)—D(A,)—

Croit /

Puc. 2. Keanmoeas cxema na ocnose Henpepbi6HO-NEpeMeHHOU apXumeKmypbl

THoscuenue k puc. 2: U; = U;(0;, ¢;) — nuHenHbI onTudeckuii nHTepde-
pometp, S = QN . S(r;) — oneparop cxarus, D = QY D(a;) — cMemmenue,

® = @ (A) —nerayccoBckuii BeHTUNb, (6, P, 7, @, 1) — cBOOOAHBIE TapaMeT-
pBI B CETH, B KOTOPBIX A puHUMaeT (pukcupoBaHHoe 3HaueHue. g appunHo-
ro mpeoOpa3oBaHus UCIIONB3YIOTCA UHTEpPepomMeTphl U; U, a TakkKe JTOKATbHBIN
KBaHTOBBIM BEHTWIb S M JIOKaJbHOE cMelleHne. C 1ebl0 OKOHYATEIbHOIO He-
JMHEMHOT 0 IpeoOpa30BaHusl IPUMEHSETCS HErayCCOBCKUI BEHTHIIb.
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[IpenmMyIiecTBO TaHHOTO METOa 3aKII0UYaeTCsl B CIOCOOHOCTH 00padaThI-
BaTh HENpEPHIBHbIC NMEPEMEHHBIE, a HEJOCTATOK CBSI3aH C TEM, KaKUM 00pa3oM
BBINIOJIHUTh PEAM3allii0 HErayCCOBCKOIO BEHTWJIA U 00ECEeUnUTh €ro HacTpau-
BaeMoOCTb [8].

SWAP-mecmuposanue. Meton npennoxeH B [14]. B cxeme peanuzaiuu
(puc. 3) onuMH KyOUT OCYIIECTBISET KOHTPOJb BCEU BXOAHOW HH(POpMALMU
HelpoHa Bo BpeMst SWAP-tecra.

|0y H

| —H—
o —

' SWAP | :
|B)— —

| |
1'[IJ‘ A \.l';lf ) 5 Il'

1/

=

3
)]
3/

Puc. 3. Keaumosas cxema na ocnoge SWAP-mecma

Tosicnenue k puc. 3: KBaHTOBasi CXeMa COCTOMT M3 JBYX BEHTHJICH Anama-
pa u SWAP-onepaTopa. 3aiaya cCOCTOUT B HAXOXKICHUU KBaJpaTa CKaJIsIpHOTO
npoussenenus |{(a|b)|? ky6utos |a) u |b) myTemM U3MepeHHs BEPOATHOCTH TOTO,
9TO MEPBBIA KyOUT Haxomutcs B cocrtossaun |0) maum |1). Tlocime BBIMOTHEHHS
NPOCKIIHOHHBIX U3MEPEHUI BCIIOMOTaTEIbHBIX KyOUTOB, BeposTHOCTH |0) 1 |1)
OyayT paBHBI %+ % {a|b)|? u %— % |{a|b)|?> coorBercTBeHHO. Clen0BaTENLHO,

KBAJIPaT CKAJSIPHOTO MPOU3BeleHUsT KyOUTOB |a) U |b) MOXKeT ObITh BBIpaXKEH
kak [{(a|b)|? =1 — 2P(|1)), tme P(]1)) — BepoATHOCTH TOroO, 4TO BCIOMOTI'a-
TENbHBIA KYOUT HAaXOIUTCS B COCTOSIHUM |1).

Bcenencrsue TOro, 4To TaHHBIM METOJ HE 3AIIMCHIBAET U HE XPAHUT PE3YJlb-
TaThl U3BMEPEHU, OH HE OYJET TPaTUTh T€ BBIYUCIHUTEIBHBIE PECYPCHI, KOTOPHIE
HEOOXOJUMBI TIPU HCIOJB30BaHUU KJaccuueckoro moaxozga. Ilpu stom mpo-
CTPaHCTBO BBOJIA YBEJIIMUMBACTCS IKCIOHEHIUAIBHO, & BEPOATHOCTH BO3HUKHO-
BEHHUs SIBJICHUS «OECIUIOAHOE IUIATO» MOKET OBITh YCTAHOBJIEHA JUIIb IPH
JAJbHEUIIIEM HCCIIETOBAHUN BO3MOXKHOCTH IPUMEHEHMS KBAHTOBOM CXEMBI Ha
ocHoBe SWAP-tecta st noctpoennst KHC.

BeiBoabsl. KHC ocraroTcst akTyanbHON 00JIaCTBIO MCCIIEIOBAHUMN, TaK Kak
HEOOXO0MMO HAWUTH pElIeHUS [Tl CIEAYIOIUX BOMIPOCOB:

— KakuM 00pa3oM peann3oBaTh CTPYKTYpPY Uil OOBEIMHEHUS HETMHEHHON
JUHAMUKH KJIaCCUYECKON HelpoceTn ¢ yHutapHoM auHamukoil KHC. Jlpyrumm
CJIOBaMH, HEOOXOIUMO ONPEACTUTh HEIUHEHHBIE XapAKTEPUCTUKH I UCIIONIb3Y-
eMoll (pyHKIMM aKTUBAIIUH 32 CUET UCTIOJIb30BAHUS HETPUBUAIBHBIX MTATTEPHOB;
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—3a CU€T 4ero OyJeT JOCTUTHYTO KBAHTOBOE MPEBOCXOICTBO. TeKymumii ypo-
BEHb allllapaTHOTO OOEeCleYeHUs1 KBAHTOBBIX BBIYMCIECHUN MO3BOJSET MPOBO-
quTh 3kcnepumenTsl ipu oMo KHC Tonbko Hax 3agauamMu HU3KOM pa3Mep-
HOCTH M C HEOOJBIIMMU BEIOOPKaMH. TO €CTh HEOOXOAMMO ONPEAEIUTh €IUHBIHI
KOJMYECTBEHHBIM MHJIEKC M MOJEIb pacuera JUisl CPaBHEHHS OINEpallMOHHOM
cioxkHocTu U TpedoBanuii k pecypcaM KHC u knaccuueckux HeipoceTel ¢ 1ie-
JBIO TOTO, YTOOBI JOKa3aTh MPEBOCXOACTBO KBAHTOBBIX BBIYMCIICHHI HaJl Kilac-
CUYECKUMU;

— 3a c4€T 4ero MUHUMHU3UPOBATH BEPOSTHOCTh BO3HUKHOBEHHS SIBJIICHUS
oecmiognoro 1uaro. Korga xkonumdecTBo KyOMTOB CpaBHHUTENBHO BEJIHMKO, HC-
nosib3yemas ctpykrypa KHC noasepxeHa u3MeHEHUSIM U HE MOXKET ObITh 3(-
(GeKkTHUBHO 00y4eHa, TO €CTh B LIEJIEBOM (PYHKIIMM BO3HUKAET ABJIICHHE OECIUION-
HOTO IUIATO, YTO 3aTPY/IHAET OLUEHKY I'PaJuEeHTA.

Kpome Toro, Ha OCHOBE MOJyYEHHBIX PE3yIbTATOB HCCIEAOBAHUS COBpE-
MEHHBIX MOJieJiell KBAaHTOBBIX HEMPOHHBIX CETE€l B JajbHEHIIEM IUIAHUPYETCS
BBINIOJIHUTh MOJIETUPOBAHNE (YHKIMOHUPOBAHUS PACCMOTPEHHBIX U IMPOUYUX
mojaeneidr KHC Ha kBaHTOBOM mpoueccope C IMOCIEAYIONMM aHAJIU30M IOJy-
YEHHBIX PE3yJIbTaTOB.

Hccneoosanue evinoineno npu gpunancoeoii noooepricke PODH ¢ pam-
Kax nayunozo npoexma Ne 20-07-00916 A.
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YK 004.45
['ynemamenoB Hapuman Baxutouy, bapabanuimkosa Mapust HukonaeBHa

ABTOMATHM3AIIUA PABOTHI C UHOOPMAIIMEN B COEPE KKX

B coepemennom mupe yugpposuszayus sampazuseaem 6ce Oonvuie cep HCU3HU
oowecmsa. Cehepa KKX ne uckniouenue. 30eco mpebyemcs npoghuibHoe npocpamm-
Hoe obecneuenue 8 Kpumuieckou UHGOPMAYUOHHOU UHGPACMPYKIMYpe OmeyecneeH-
Ho20 npoussoocmea. Kasxcoas opeanusayus oonsxcua pewiums npodiemy agmomamu-
3ayuu pabomwl ¢ ungopmayuel. Ho, kak uzgecmmo, yem @viuie yposeHb yugposusa-
Yuu, mem Gvluie YPOBEHb ABMOMAMU3AYUY, U MeM CUlbHee GIUAHUEe MEeXHOI02UU HA
NPOU3BOOCMBEHHYIO U YAPABIEHUECKVIO 0esIMelbHOCMb, U MeM 8blule PUCKU UHPOP-
MayuouHot 6ezonachocmu. B oannou cmamve mvi paccmompum CRM cucmemy
«BCNW CRM Systemy, pazpabomanuyro Hamu 0ns cghepol KKX u nepcnexmusol ee
Pazeumusl.

Aemomamuszayusi pabomol, ungopmayus, 3awuma urgopmayuu, KKX, ooxy-
MeHmMOoobopom, Ouchem4epuzayus, 0CxHc.
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Gulmamedov Nariman Vakhitovich, Barabanshchikova Maria Nikolaevna

AUTOMATION OF WORK WITH INFORMATION IN THE FIELD OF
HOUSING AND COMMUNAL SERVICES PART 1

The digitalization affects more and more spheres of society in the modern world.
The housing and utilities sector is no exception. It requires specialized software in the
critical information infrastructure of domestic production. Every organization needs to
solve the problem of automation of work with information. But, as you know, the high-
er the level of digitalization, the higher the level of automation, and the stronger the
impact of technology on production and management activities, and the higher the
risks of information security. In this article we will consider the CRM system "BCNW
CRM System", developed by us for the housing and communal services sector and its
development prospects.

Automation of work, information, information protection, housing and communal
services, document management, dispatching, OSH.

Beenenue

[TonsiTue aBTOoMaTu3auu paboOThl ¢ HHPOPMALIMEH, 3aKII0UYAETCAd B KOM-
IUIEKCE TIPOrpaMMHOTO OOECIEeYeHHs, KOTOPBIM MpeaocTaBisieT KoM(OpPTHYIO,
0€30MacHy0 U OBICTPYIO0 00paOOTKY BXOISAIIMX U MCXOJSAIIMX JTAaHHBIX B Opra-
Hu3anuu. s meneit aBTomaTu3anuu ObUT BBIACTICH BHJ MPHUKIATHOTO IPO-
rpaMMHOro obecnedenusi, HazpiBaeMoro Customer Relationship Management
(manee - CRM) cucremoii. Takue cucTeMbl MOTYT aBTOMaTU3UPOBATh U 00JIET-
YHUTH MPOIIECCHI, MPOTEKAIOIINE B OPraHU3aIlMH, COKPATUTH KOIMYECTBO OIMHUOOK
U YIYYIIUTh B3aUMOJICHCTBHUE C 3aKa3UYMKaMHU.

[Iporpammuoe obecneuenue «BCNW CRM Systemy» (manee - nporpam-
Ma), sBisietcsi CRM cuctemoii, aBToMatuzupyromas padoty ¢ HHpopMaluen B
chepe XKKX u nmpegnaznavena s ynpasistomux opranuzaruit, TCXK, XKCK,
KKC (nanee - YO) 11e51bt0 KOTOPBIX SBISETCS aBTOMATU3ALMS padOThl pa3yiny-
HBIX TIOJJpa3AeTICHII OpraHu3aluu:

® CO3[]aHUE U BEJEHUE JOKYMEHTO000POTa;

® JHCTIETYEPU3AIINH;

® pacchuika MH(pOpPMAIMKU KOHTPareHTaMm;

e >(pdexTuBHOE yIIpaBlIeHNUE MEPCOHATIOM;

e opra"uzainus oomux coopanuit coocTBeHHuKoB (nanee - OCC);

¢ > eKTUBHOE YIIPABICHNUE U YUET KOPPECTIOHACHIINN OPTaHU3AIIH.
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B naHHOM cTaTthe MBI paCCMOTPUM pEAIM30BAHHBIEC B JTaHHON IpPOrpamMme

METO/Ibl 3aIUThl HHPOPMALIUH.
OcHOBHaA YacTh

KitoueBbIM BOIIPOCOM B COBPEMEHHOM MPOTPAMMHOM OOECIIEYEHUU SIB-
JsieTCs 3alMIIEHHOCTh MHPOPMALMK OT BHEITHUX M BHYTPEHHUX Yrpo3. B mpo-
rpaMMe peai30BaHa KOMIUIEKCHasg cHcTeMa, OO0eCleYMBaoIIasl 3alluTy WH-
dbopmanuu:

— JIByXdTamHas ayTeHTU(HUKaLKA 01b30BaTENEH;

— METOJbl ayTeHTU(PUKALUU U UAeHTU(UKAUU (TTpoLiecC TPOBEPKH MOJI-
JMHHOCTH T10JIb30BaTEI);

— poJieBasi MOJIENb AOCTyNa K HH(OpMaIuy;

— mu@dposanue ¢ nomoipio RSA n XOR;
XEIIMPOBAaHNE JAHHBIX HA CEPBEPE;

— KJIMEHT-CEPBEPHAs APXUTEKTYpPA.

B xonme pa3BuTHs NpPOrpaMMHOrO MPOAYKTa, OblIa BbIOpaHa KIIMEHT-
CepBEpHAsl apXUTEKTypa nepeaayd MHGOpPMAaIUH, B CBSI3U C TEM, YTO MOSIBUIACH
NOTPeOHOCTh PabOThl COTPYAHUKOB B YAAJIEHHBIX TOUKaxX. /[aHHas apXuTekTypa
MO/Ipa3yMeBaeT HaJIMyue cepBepa ¢ 0a30i JaHHBIX U KIHMEHTa, KOTOpble 00IIa-

I0TCSI MEKTy c000i1 B popMate «3ampoc-OTBeT», Kak MOKa3aHo Ha puc. 1.

KnvneHTCkMiA Cepeep
KOMMLOTEP OTtBet

ISOSE

3anpoc

- -

Puc. 1. Knuenm-cepgepnoe 83aumooeticmasue

3amura wHGOpPMANIUKA TPU TaKOW Nepedaade JAAHHBIX SBISCTCS OYCHBb
BAXXHOM 3a1auel. [lepenada maHHBIX MEXIY KIIMEHTOM M CEPBEPOM PEATU30Ba-
Ha ¢ momompbio TexHojmoruu TCP\IP u cokeroB ([[ns aToro Obu1 paspaboran
YHUKaIbHBIN K1acc «Net») U 3aluIaeTcsi MeToiaMu mudpoBaHusl.

[Tporokon TCP\IP obGecrieunBaeT HaACKHYIO CBSI3b MEXKIY CETEBBIM 000-
pyJOBaHUEM KJIHEHTa U CEpPBEpa, BHE 3aBUCHUMOCTH OT €r0 MPOU3BOIUTENS, a
OJTHAM W3 OCHOBHBIX €T0 MPEUMYIIECTB, SBISICTCS - TOATBEPKIACHUS MPABUIIb-
HOCTH MPOXOXKACHUSI HHHOPMAIIH TIPU 0OMEHE MEXTy KITUEHTOM U CEPBEPOM.
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B cBoto ouepenpb kinacc «Net» peanuzyeT GyHKIMHU MOJIKIIOYEHUS K Cep-
BEpY, OTIPABKU COOOUICHUS, MOIYyYEHUE OTBETA, OTHPABKU U MOJTydeHUs ¢aii-
70B. PaccMoTpuM anroputm paboThl MOAKIIOYEHUS K CEPBEPY:

— MpOBEpPKa HAJWYMs JMIEH3UU (B KIIOYE JIMIEH3UUM HAXOIATCS YHH-
KaJbHbIE JJAHHBIC IILJT032);

— MOAKJIIOYEHUE MO OCHOBHOMY MUIIO3Y, JJSl MOJYYEHUS YHUKAJIbHOTO
azpeca IUII03a JUJIS TEKyIIEeW cecCuu (YHUKAJIbHBIM IILTI03 CECCHM BBIACISETCS
Ha OCHOBE CBOOOJHBIX KaHAJIOB CBA3M C CEPBEPOM, Ha | cepBep Ha JTaHHBINA MO-
MEHT BbIfiesgeTcs 10 50 KaHAJIOB CBSI3H);

— TMOJKJIOYEHHUE K LT3y CECCUU;

— o0meH nmyOnuyHbIMM Kitoyamu mugpoBanus (RSA) u kimouamu B 3a-
mudpoBanHoM Buje (XOR);

— MPOBEPKa CTAOMIIBHOCTU U KOPPEKTHOCTH MOIKIIOYEHUS.

Jlanee mepenaya NaHHBIX PEANTM3yeTCs] ¢ MOMOUIBIO CO3AAHHOTO 3allld-
HIEHHOT'O KaHaja CBS3H.

[Tnanupyercs pacmmpenue kiaacca ajig padotsl ¢ APl npyrux npoaykros,
MPEUMYIIECTBEHHO rocyAapcTBeHHbIX cucTeM (mpuM. ['MC XKKX).

Cuctema JUIEH3UPOBAHUS BKJIIOYAET B ce0s MEXaHUKY 3allUThl MPO-
rpaMMbl OT HEJIETMTUMHOIO JocTymna. Ha kaxayro opraHu3aluio BbIACISETCS
a0 rpynna JUUeH3HH, 1100 OHa JTUUEH3Hs, B 3aBUCUMOCTH OT MOTPEOHOCTH
3aKa3uuKa. B KaXXqoil NHIEH3UMU CHpPATaH KIOY K OCHOBHOMY CEpBEPY Mpo-
rpaMMBbl JUIsl OpPraHU3aluy U UACHTU(PUKATOP MLT034.

Kpunrorpagus

Kak Obu10 OnurcaHo BbILIE, HA 3TAre MOAKIIOYEHHUS K CEpBEPY, UCIOJIb3Y-
ercs mm@poBanue. K coxanenuto, npu nepeaade JaHHBIX B OTKPBITOM BUJIE,
€CTh BBICOKAsl BEPOSTHOCTh YTEUKM KaK KOH(PHUACHIMAIbHBIX JAHHBIX, TaK U
NEPCOHANIBHBIX JTAHHBIX 3aKa3YMKOB, UTO B CBOIO OYEPE/b YKE MOKET IPUBECTH
K 0oJiee Cepbe3HbIM MOCIIEICTBUSIM U HEIOBEPUIO K MPOAYKTY.

B cBs13u ¢ 3THM, B porpaMMe MCIONIb3yeTcs JIBa MeToAa U poBaHUS —
XOR (uckmrouatomee MJIN) u RSA, nononusronme Apyr apyra, s nepeaadu
uH(popMaIMU Kakaas CTpOKa CHayaia mpoxoauT npeodpazoBanue no XOR wu,
€CJIM UMEET BaKHBIM MPUOPUTET JAaHHBIX — MO0 RSA.

Oco0€HHOCTBI0, a2 OJHOBPEMEHHO U HEJIOCTATKOM, IIH(PPOBAHUS METOJIOM
XOR B niepBy1o ouepenb €ro NpocToTa, HO I NepeIadynd TEXHUYECKOH HHPOp-
Malliy, KOTOpas HE HeceT B ce0e KakKux-IMOO Ba)KHBIX JAaHHBIX, 3TOT METOH
BIIOJIHE MOJXOJHT, TaK KaK MO3BOJIIET 3KOHOMHO M OBICTPO 3amu¢poBaTh WH-
dbopmarnuio.
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Taxxe n3ectHo, uTo XOR mMeeT Bcero oauH K4, NepeaaBaTh Mo CETU
ero He 0€30MacCHO B OTKPBITOM BHJIE, IO3TOMY KIIIOY MOABEpraercsa mpeoodpazo-
BaHMIO 110 RSA.

Anroputm RSA  cuuTaercs [IOCTaTOYHO 3allUIIEHHBIM AJITOPUTMOM
¢ poBaHus, UCIOJIb3YIOMIMK (B KJIMEHT-CEPBEPHON apXUTEKType) 4 Kirova — 2
MyOJMYHBIX KJIH0Ya U 2 3aKpbIThIX. FIMest TOIbKO OTKPBITBIA KIIIOY U 3HAs ajro-
PUTM MHUPPOBAHKS HEBO3MOXXHO MOBTOPHUTH 3aKOJUPOBAHHOE COOOUIEHUE, Ha
0a3e anroputma RSA paGotaer mporpamma mmudpoBanus PGP, peanusyrorcs
X3MI-()YHKIHUH U 3€KTPOHHBIE TIOIIUCH.

JIist 3a0UThl YYETHBIX JAHHBIX OT YT€UEK MX XPaHEHHE PEealn30BaHO Ha
cepBepe, U mpeoOpa3oBaHbl ¢ MOMOIIBIO anroputma XemwupoBanuss SHAS512,
YTO MO3BOJISIET CBECTU K HYJIO BO3MOXHOCTH 3JIOYMBIIUICHHHKA 3alOJy4YHTh
YUETHbIE JaHHBIE B OTKPHITOM BH/IE.

AyTeHTH(PUKALMSA U UACHTH(PUKATMSA

Jlnst obGecrieueHusi 0€30MaCHOCTH JIAHHBIX XPaAHAIIMXCS HA CEpBEpe Mpo-
rpaMMbl, ObUI peaii30BaH MEXaHWU3M MEPBUYHON HMJICHTU(PHUKAUMUU U AyTEHTH-
buKalu, 1 BTOPUYHON ayTeHTHPUKaUKU. Takoil MeXaHu3M CIOcOoOCTBYET 3a-
IIUTE YUYETHBIX 3aIMCEN IMOJIB30BATENEN OT B3JIOMA U IMOCIEAYIOIIETO HECAHK-
HMOHUPOBAHHOIO JOCTYIA K KOHPUIECHIIMATbHBIMU U IEPCOHAIBHBIM JAHHBIM.

Jlnst BXoza B mporpammy, TpeOyeTcsi OCyIIECTBUTh MEPBUYHYIO HJICHTH-
buKaluio U ayTeHTU(PUKALMIO 110 JIOTUHY U NapoJio, KOTOPbIE BBIJAIOTCS Kax-
JIOMY TOJI30BATEINIO JINYHO. BHE 3aBUCMMOCTH OT pe3yJibTaTa NEPBUUYHOM MPO-
BEpKH, CUCTEMa aBTOMAaTUYECKH 3aIyCKAEeT BTOPUUYHYIO ayTeHTU(PUKALHUIO C TO-
MOIIbIO KOJA, YTO TMO3BOJIUT BOBpPEMsI OOHAPYKUTh HECAHKIIMOHUPOBAHHBIMI
BXOJI, TaK KaK BJIAJIENbIy YYETHOM 3anucu OyAy MPUXOIUTH COOOILEHHUS C KO-
JIOM Ha YKa3aHHYIO paHee MOoYTY.

B ciydyae HeBEpHO BBEAEHHOIO KOAAa BTOPUYHOM ayTeHTU(HUKALUU, MTPO-
rpaMMa 3aBepuiaeT CBOI padoOTy, YTO OTJIMYHO CKa)KETCS Ha 3allUTe OT METO-
JIOB aBTOMAaTU3UPOBAHHOIO OyTdopca, TaK Kak MporpaMMy MPUAETCS 3alyCKaTh
KaXK]IbII pa3 3aHOBO, U OJTHOBPEMEHHO HYKHO YraJaTh U MapoJib, U KOJI.

['paduueckoe mM300pakeHHe MEPBUYHON MACHTHU(PUKALMK U ayTEHTU(DU-
KallMM U BTOPUYHOM ayTeHTU(UKALIMH, TI0KA3aHO HA pUC. 2.
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CRM cucTeMa

08YX2MAanHOU aymeHmugurayuu

Poaesoii nocryn

B mpomecce pa3paboTku mporpammbl Obi1a OOHApYKeHa MOTPEOHOCTH B
pa3ze’eHuy JOCTYIOB MEXKIY IMOJIb30BATEISIMU IPOrPaMMBbl, TPEOOBAIOCH pa3-
TPaHUYUTH JOCTYIIBI K MOJTYJISIM TIPOTPaMMbl U (PYHKITUSM BHYTPU MOAYJICH IS
pa3HbIX TPyIN NoJb30BaTeNie. Hamnyumen MoAenpio 1isl TaKOW 3a0a4u sIBJIsI-
eTCsl poJieBast MOJICINIb pa3rpaHUYCHHs] TOCTYIIa, OH MO3BOJISIET OOBEIUHUTH B Ce-
0€ MPOCTOTY pealn3aluy U TOCTATOUHYIO0 0€30MacHOCTh, IPU 3TOM TaKXe OBLIO
pPELIEHO HMCIIOJIB30BaTh CBOMCTBA MaHIATHOM M JHCKPELMOHHOM MOJIEIEH I0-
cTyna:

- OOBIYHBIC MOJH30BATENIM HE MOTYT U3MEHHUTHh CBOM JOCTYI K MOAYJISIM
MPOTrPaMMBbl;

- IOCTYT K OOBEKTaM OMpeIesieTCs B 3aBUCUMOCTH OT UX CEKPETHOCTH;

- HAJINYWE MPUBWJIIETHH (pa3pelIeHUi) HA YTEHUE HEKOTOPBIM I0JIb30Ba-
TEJISIM;

B mporpamme peanmzoBaHa 6a30Basi MOJENIb POJIEBOTO JOCTyMa, B KOTO-
pOii onpeeseHbl CIEAYIOIINE MHOKECTBA JAHHBIX:

S — cyOBeKT, MoIb30BaTEb;

R — ponb, nomxHoCTH;

P - pa3pemienusi, mpaBa A0CTymna Ha OOBEKTHI CUCTEMBI;

SE - ceccus, cootBeTcTBUE Mexay S, R n/unu P;

[Iprmep MaTpuLbl POJIEBOM MOJENN AOCTYIIA, UCIIOIb3YyEMOUM B IpOrpam-
Me, TT0Ka3aH B Ta0. 1.

Tabmuua 1
[Tpumep MaTpuilpl pOJECBOM MOAEIU JOCTYIIA
Mopyis .
3asBku | Iloura | Arentel | OCX | Hacrtpoiiku
JIOIDKHOCTB
AJIMUHHCTpATOP
Hupektop E E
Opucr R \V R R 0
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Cr. lucnetuep
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Hucnetuep

B 1abn. 1, onpenenens ciaeayomye TUTIBI IOCTYTIOB:

— R —ureHume;

— W — pelakTUpOBaHUE U YTCHUE;

— E — nmoJyiHbIi 10CTYN K MOAYJIIO;

— 0 — moCTyIl OTCYTCTBYET.

[Tocne ycnenrHoi MaACHTH(PUKAIMKA U AyTCHTU(PUKAIIMKA KIUECHTCKAs CTO-
pPOHA 3aIpaliuBacT JaHHbIC MOJIUTUKU O€30MaCHOCTH, IS JOJKHOCTH TOJIb30-
BaTENA M0JI KOTOPBIM HMHULIMUPOBAH BX0A. McX0as U3 MOIyUYEeHHBIX JAaHHBIX, OT-
KPBIBAIOTCS MOJYJIA MPOTPaMMBbI, @ HAa CEPBEPE CO3JAETCA CECCUS ISl JAHHOTO
IIOJIb30BAaTEIIS.

Kaxmoil (QyHKIMKW TPUCBOCH MHHUMAIbHBIA ypPOBEHb [OCTYIa, Tak,
Hanpumep, COTPYAHUK C JOCTYIIOM «R» MOXeT mpocMOTpeTh CIUCOK 3asiBOK, HO
BHECTH M3MEHEHHS U COXPAaHUTh — HE CMOXET, TAK KaK JUIS peIaKTUPOBAHMS
YCTaHOBJIEH MUHUMAJIbHBIA YPOBEHB JOCTYyIIA « W),

3amura OT U3MEHEHHS MOJIUTUKU O€30MacHOCTH, PeaTu3yeTcsl CIeayIo-
[IUMH CIIOCOOaMHU:

— npoBepka Ha pazpemienus 0, R, W, E. Ecnu atpulyT He paBeH HU 0]I-
HOMY 3TOMY 3HAY€HHUIO, pa3pelICHUE CTAHOBUTCA paBHBIM «0», 4TO O3HA4aeT
OTKa3 OCTYIIa;

— CBOWCTBa KJIacCa UMEIOT 3aIUIIEHHBIN MOAU(PUKATOP AOCTyNa OT U3-
MEHEHUSI;

— uH(pOpMaIU O JOCTYIIe XPAaHUTCS Ha cepBepe U OOHOBIISETCS Y KIIUCH-
Ta IPU BXOAE B MPOrpaMMy, UTO MO3BOJISIET 3AIUUTUTH JAHHBIE OT U3MEHEHUS
IIOJIMTUKA HA CTOPOHE KIIUEHTA;

— MPU U3MEHEHUHU TOJUTUKH O€30MaCHOCTH 3ampaiiuBaeTcs JIOMOJIHU-
TeJbHAs ayTCHTU(UKAIIHS Yepes3 MouTy.

Tak kak peanu3oBaHa TWHAMUYECKAs MOJIEIb JIOCTYMa, B 000N MOMEHT
BPEMEHU aJIMUHUCTPATOP CUCTEMBI MOYKET BHECTH M3MEHEHHUS B TIOJUTUKY Oe€3-
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OMACHOCTHU, JOOABUTh HOBBIE JOJKHOCTH M U3MEHUTH MPaBHUIIA JOCTYIA K pa3-
JUYHBIM MOIYJISIM.

JInsi KpUTUYECKH BaXKHBIX OOJACTEd MPOTrpaMMbl TAKXKE HCIONb3YIOTCA
MOAUPUKATOPBI «A», «M», «U», OHH MO3BOJIAIOT pa3rpaHUYUTh JOCTYIBI Oosee
TouHo. [lonb3oBaTens gaxke ¢ ypoBHeM jaoctyna «E» He CMOXKeT BOCHOJIb30-
BaThCsl KPUTUUYECKU BAKHBIMU (PYyHKIHUSMHU, O0€3 MPUCYTCTBUS MoAUpUKATOpa
«A» nmm «Mp.

Hactpoiiku

Monynb HACTPOEK CUCTEMBI UCHONB3YETCS JUIsl CO3/IaHMS YUETHBIX 3aIld-
celt, u3MeHeHus 6a3 JaHHbIX (n00aBieHue aapecoB MK/, noGasienue corpya-
HUKOB), YIIPABJICHUSI CEPBEPOM.

B koHTeKcTe JaHHOM CTaThM HAC MHTEPECYET CO3JaHUE HOBBIX YUYETHBIX
3anucei. JJisi co3aaHus HOBOTO TMOJIb30BaTeNsl HY>KHbI AaHHbIe: E-mail, Jlorus,
[Taposns, Jomknocts, MoaudukaTop noctyna. Kpurnuecku BaKHBIM SIBISIOTCS
KpUTepuu naposis. s nporpaMmsl peann3oBaHbl CIEAYIOININE OTPAHUYCHHUS:

— JUIMHHA MapoJis HE MEHee 6 CUMBOJIOB;

— MapoJib JOJKEH COAEPKATh CUMBOJIBI BEPXHETO U HMXKHETO PETUCTPOB;

— MapoJib JOJKEH COEepPkKaTh CHEeI[UaTbHbIE CUMBOJIBI WU LU PHI.

BbIBOABI
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YK 621.396
bepemmonos Urops Cepreesuu, CnenioB Asiekcet ['eHHaabeBUY

HCHOJb30BAHUE OUYEPEJIE COOBIIEHUN B
BBICOKOHATI'PYKEHHBIX CUCTEMAX

Ouepedv coobweruti — 3mo Gopma ACUHXPOHHOU KOMMYHUKAYUU MEHCOY CepBl-
camu, npumensieMas 6 beccepsepuvix U MUKpocepsucHvlx apxumexkmypax. Coobujenus
Xpanamcs 8 ouepedu, noka He 6yoym obpabomansi u yoanenvl. Kascooe cooowenue
obpabamvieaemcs MOIbKO 00UH paA3 U MOJIbKO 00HUM nompedbumenem. Ouepedu co-
00WjeHUti MO2Ym UCNONb308aMbC 01 PA3beOUHEHUs. CIONCHBIX NPpoyeccos oopabom-
Ky, 0151 Oygepuzayuu uiu opeaHu3ayuy NaKkemuou oopabomxu, a makdice Ons celd-
HCUBAHUSL NUKOBBIX HAZPY3O0K

B smom 0oknade paccmampusaemcs ucnoniv3oganue ouepeou coooujeHull 6 Gbl-
COKOHAZPYIHCEHHBIX CUCMeMAX Ha npumepe oHAalH cepsuca Pocpeecmpa ¢ ucnonsb3o-
sanuem Apache Kafka.

Bereshpolov Igor Sergeevich, Sleptsov Alexey Gennadievich

USING MESSAGE QUEUES IN HIGH-LOAD SYSTEMS

A message queue is a form of asynchronous communication between services
used in serverless and microservice architectures. Messages are stored in a queue un-
til they are processed and deleted. Each message is processed only once and by only
one consumer. Message queues can be used to disconnect complex processing pro-
cesses, to buffer or organize batch processing, as well as to smooth out peak loads.

This article discusses the use of message queues in high-load systems using the
example of the Rosreestr online service using Apache Kafka.

BBenenue

B Poccuiickoit penepannu 6osee 100 MiaH 00bEKTOB KaMUTAIBHOTO CTPOU-
TEJILCTBA, B TOJI MMPOUCXOAMUT Ooyiee 25 MIIH TpaH3aKIMi. DJIEMEHTApPHBIC MEXK-
BEJIOMCTBEHHBIC TPaH3aKIMH, CBSI3aHHBIE C PHIHKOM HEABHKUMOCTH, HAIOT000-
JIO’)KCHHUEM, YIIPABICHUEM UMYIIECTBOM H T. J., HCUUCISIOTCS JCCSITKAMUA MHJI-
JUOHOB — moxkanyH, omuxe k 100 muH. CerogHst Bce JaHHbIE 00 00BEKTaX He-
JTBIKAMOCTH U TPAH3AKIIUAX COOMPAIOTCS B IIMGPOBOM BHUEC U XpaHATCs B I oc-
yAApCTBEHHOM peecTpe 00BbEKTOB HEABMKUMOCTH. OTAEIBHO UMECTCS 00J1acTh
KapTorpadguu, B KOTOpyro co Bcei Poccuiickoit denepamuu codbupaercs HWH-
dbopmanus 0 BCEBO3MOXKHBIX 00BEKTaX HA MECTHOCTH — 3JIaHUSX, JOPOTaxX, MO-
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CTax, OMyIlKaX, OTAEIbHO CTOALIMX AEPEBbIX, Opoaax, mepexogax. ITo Oonee
250 MJIH 3amucel, pacupeaeiIeHHbIX IO Pa3HbIM BEOMCTBaM, — IMOHATHO, YTO,
Harpumep, 000l MOCT, MO KOTOPOMY MPOUCXOJUT JBUKEHUE TPaHCIOPTa,
€CTh U B peecTpe MOCTOB B MUHTpaHce, U B pEECTPE MyHHUIIMIIATbHBIX OPTraHOB
Biactu. CaMoe CJI0’)KHOE B pab0Te MO MHTETPAlUK 3TUX WHPOPMAITMOHHBIX pe-
CypcoB — 00€CIeYuTh MOJHOTY, HEIO0CTHOCTh, KAYECTBO JIAHHBIX, OTHOCSIINX-
csl K 00beKTy. /s obecnieueHnst KaueCTBEHHOM MHTETPAIMU U BBIIOJIHEHUS T10-
CTaBJIEHHBIX 3a/1ad B BBICOKOHArpYy>KEHHBIX cucTemax Pocpeecrtpa, 1enecooo-
Pa3HO UCIOJIb30BaTh OYEPEIN COOOLIEHUH.

[Ipexne Bcero, ompeAenuM, YTO TaKO€ BBICOKOHArpyKEHHash CUCTEMA
(Highload) oOpaGoTtku OGonbmux manHbeix (Big Data). Wrak, Highload — »To
MIPUJIOKEHUE C BBICOKOM HAarpy3Kou, KOTopas ClipoBouupoBana [1]:

o OOJIBILIMM KOJIMYECTBOM OJHOBPEMEHHO PAaOOTAIOIINX MOJb30BaTEIEH;
o 0oJIbIIMM 00bEMOM 00pa0aTHIBAEMBIX JAHHBIX;
¢ MHOTOYHUCJIEHHBIMH CIIO)KHBIMUA BHIYMCIICHUSIMHU.

J171st BBICOKOHATrpy>KEeHHBIX CUCTEM XapaKTEPHbI ObICTPOE BpEeMs OTKIIUKA,
MaclITabMPyeMOCTb U MOJYJIBHOCTh. SIpKH€ TpPHUMEPBI BBICOKOHATPYKEHHOM
Big Data cuctembl — 3T0O CalThl COLCETEN, KPYITHBIX UHTEPHET-MAra3uHoOB, pa3-
JIMYHBIE DJIEKTPOHHBIE CEPBHUCHI TOCOPTAaHOB U JAPYTHE MHOTOIOJIb30BATEIBCKUE
Be0-CEpBUCHI C MWJUIMOHHON ayauTopuen. Takum oOpazoM, paccMaTpUBaEMbIil
B OTOW CTaThe NMpUMeEp cepBuca PocpeecTpa MOJTHOCTBIO COOTBETCTBYET KpPHUTE-
pHUSIM BBICOKOHATpy>KEHHOW CUCTEMBI.

B undopmatuke ouepenu cooOUIEHUN U MOYTOBBIE SIIIUKU — 3TO KOMIIO-
HEHTBI TPOTPAMMHOT0 0OeCIeYeH s, 0OBIYHO UCIOJIb3yEeMbIE JIsI MEXIPOLEcC-
Holt cBsi3u (IPC) wnm 111 MEXKMOTOKOBOM CBS3M B paMKax OJIHOTO U TOTO K€
nporecca. OHU UCHOJIB3YIOT ouepesb s OOMEHa COOOIICHUSIMH — Tiepeadun
KOHTPOJIsL WM KOoHTeHTa. CHcTeMbl TPyNIOBOM CBS3M OOECIEUMBAIOT CXOXKHE
(GyHKUIHOHATBHBIE BO3MOKHOCTH [5].

Paccmotpum Ha npumepe cepBrca npsamoro nocrymna Pocpeectpa k koro-
pPOMY KPYTJIOCYTOYHO OOpAIIAOTCs C 3aIPOCAMU PUAJITOPHI, OAHKH, YIIPABIISIO-
[[1e KOMIIAHUU WJIU BEOMCTBA MIPU MEXBEJOMCTBEHHOM B3aMMOJECHCTBUU. DTH
3ampochl JOJIKHBI KaK MOKHO OBICTpee IOWTH 0 cepBepa U 0OpaTHO, YTOOBI
KJIMEHT IMOJIYYUJI TOT OTBET, KOTOPBIN oxkuaaet: «Orara npouuiay, «3asaBka co-
31aHay, «OTBET NOATOTOBJIEH» WA YTO-TO €IIE.

Ouepenu cooOIIEHUN XpaHAT y ceOs 3amnpockl, YTOOBI OHU HE TOTEps-
JUCh, U MEpealT UX cepBepaMm nocreneHHo. Hampumep, kiaueHT odopmiasier
3asBKy Ha noptaine PocpeecTpa, u 3aka3 yXOIWUT HE Cpa3y Ha CEpBEp, a B OYe-
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pens. Eciin cepBep OTKaxeT, OYepeb COXPAHUT 3asiBKY M OTIIPABUT €T0 MO3XKE,
HUYero He norepserca. Eciu paccmorpets npumep ¢ Pocpeectpom Gonee mo-
JIpOOHO, TO MOKHO BBISIBUTB CIy4au, I/I€ IPUTOASTCS OUepear U KaK OHU MOTYT
MOMOYb ONTUMU3HPOBATH pacxoisl Ha IT-uHPppacTpykTypy BeqomMcTBa.

O0padoTKa 00JIbIIOI0 KOJIHYECTBA 3AMPOCOB K OHJIANH - CepBHCaM

Poccust ctpana OOJbIIMM KOJUYECTBOM YAaCOBBIX MOSICOB U HEPaBHOMEp-
HOM IJIOTHOCTBIO HACEJNEHUS 0 3TUM YAaCOBBIMM IOSICaM, TO Harpy3ka Ha cep-
BEphI MOXKET KOJIEOAThCs: B OJHU Yachl WU JHU OHA BBIIIE, B Ipyrue Huxe. Oc-
HOBHAsl HAarpy3ka Ha OHJIAWH CEPBUCHI NPUXOAUTHCA HA IEPUOJ AKTUBHOCTH
HaceseHus: MOCKOBCKOI0 YaCOBOT0 Mosica IUTF0C/MUHYC OJIUH Yac.

Ecnu cepBuchl pa3BepHyThl 0e3 ouepesnieid, TO B MOMEHTBHI MOBBIIICHHOU
Harpy3Ku cepBepbl He OyIyT crpaBisaTbca. I BMeCTO TOro, 4ToObl MOCTABUTH
M3JIMILIEK 3alPOCOB B 0KUJAHWE, OHU BBIJAIOT 3asIBUTEIISIM OTKA3bl: MMUIIYT YTO-
To Bposie «HeBo3mMoxkHO 00paboTaTh 3asBKY», «CalT BpEMEHHO HE JOCTYIIECH»
WJIM COBCEM OTKJIIOUAIOT HYKHbIE (PYyHKIUU.

KoHeuHo ke, 4ToObl 3TOro U30€kaTh, MOKHO 3apaHee JOKYIUTh MOIIHO-
ctH 1ipo 3anac. Ho yacto 31o n30bITOYHO: B OyAylleM pecypchbl MOT'YT HE MOHa-
NOOUTHCS, a 3alpOChl BIOJHE MOXKHO 00paboTaTh Ha TEKYIIMX MOIIHOCTSIX, HO
MTO37KE.

B cnydae ucnonb3oBaHus oyepenen, Bce 3alpocChl OT 3asiBUTENIEN HE UIYT
HaIpsIMyIO Ha CepBep, a KiIaayTca B odepenb. M ouepens oTnpaBisieT KIUEHTY
OTBET, HanpumMep: «3asiBKa co3gaHa». CepBep ke OepeT U3 ouepean 3anpockl Mo
Mepe TOro, Kak ocBobOoxnaercs. B urore o06paboTka 3aHMMaET 4yTh OOJIbIIE
BPEMEHH, HO 3asBUTENIb CPa3y BUAMUT, YTO €O JEWCTBUE BBINOJHEHO, HU OJIMH
3ampoc HE MPOMNAJAET, a CAalT U Bce GopMbl paboTaroT 0e3 najeHui U OMIMOOK.

Ecnu cepBepbl HaxXoAWJIUCh Obl B KOMMEPYECKUX 00JIakaxX, K HUM MOKHO
ObLIO OBl TOKYIHUTH JOMOJHUTEIbHBIE MOUTHOCTH BPEMEHHO, HA MEPHO]T MOBBI-
HIEHHOW HArpy3ku. DTO MOMOXET H30exaTh cOOEB, HO MOBBICUT pacxoabl. C
ouepeasIMU MOKHO HUYEro He JOKYNaTh M HE MOJKII0YaTh, a 000OHTUCH OObIY-
HBIMU MOIIHOCTSIMH.

Heobxoaumo y4uThIBaTh, 4YTO OYEPEAH HE IOMOTYT, €CIM Ha 3alpoc HyXK-
HO BbIJJaBaTh MTHOBEHHBIN OTBET (CHHXPOHHBIN 3ampoc-oTeeT). Hanpumep, eciu
M0JIB30BATENb JKJAET, UTO CEPBUC MPEIOCTABUTh MHPOPMALIUIO MTHOBEHHO WIIH
cepsuchl HazHaueHus omnatel (I'MC I'MII) paccunTtaroT rocy1apcTBEHHYIO MO-
LNUINHY.
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CHuxeHue pucKa c00s1 B cUCTeMe NP UCII0JIb30BAHUM OYepeaeil.

Kak moka3pIBaeT mpakThka, 0ObIYHO B OpPraHU3alUsIX HCHOJB3YIOTCS pa3-
JMYHBIE CEPBEPHI, C PA3IMYHBIM YPOBHEM 3arpy3Kd U pazIMYHBIMU TEXHHUYE-
CKUMH XapaKTEPUCTUKAMHU, OCOOEHHO 3TO aKTyaJlbHO B TEKYLIEH MaKpPOIKOHO-
MHUYECKOU CUTYaLUH.

Ecnu cucreMa cnpoeKkTHpoBaHa U peann3oBaHa 0e3 odyepenie, TO 3arpochl
MIPOCTO UAYT K JII0OOMY CBOOOJHOMY CEpPBEPY, HE YUUTHIBAS €TO 3aIPYyKEHHOCTD
U CIIOCOOHOCTH BBIMOJHUTH 3a7auy. B ciydyae HEpaBHOMEPHOTO pacrpeesieHUs
3aMpOCOB KaKON-TO CepBEep MOKET MPOCTauBaTh, a KaKOW-TO — padoTaTh MOA
MaKCUMaJIbHOW Harpy3koi M pelaTh 3a7a4ud ropa3o MeJIEHHEE AOMYyCTUMOTO.
A MOXET CIY4YUThCA TaK, UTO KAKOW-TO CepBEp BBIMAET U3 CTPOS WK YUAET B
nepe3arpy3ky. Eciii npu 3ToM Ha HEro moijaer 3ampoc, To 3anpoc MPOCTo MoTe-
psieTcsl.

B ciyyae ucnonb3oBaHusl B apXUTEKTYpEe CEpBUCA OYEPENIEH, 3alpPOChl HE
OyIyT OTHPABIIATHCS HANPSAMYIO cepBepaM it 00paboTKH, a OyIyT KJIacThCs B
COOTBETCTBYIOIIYIO ouepe/ib. A cepBep 00pabOTKH 3arpoca, Korjaa 0CBOOOIUTCS
OT MpEeABIAYIIEH 3a1aun, CAMOCTOATENIbHO OOpaTUTCS K O4Yepeau U 3a0epeT oT-
TyJa HOBBIH 3arpoc. B utore Tot cepBep, uto cinabdee, OyieT mpocTo oopamiaTh-
Csl K o4epeau pexke U paboTaTth B KOMPOPTHOM pekume. A 0ojiee MOUTHBIA —
ObICTpee CHPaBIATHCS C 3aJla4aMU U OpaTh HOBBIE 3AMPOCHI YaIlIe.

Co3nanue HaJe:KHOM CBSA3U MexXAYy (puiiuanaMu (moapasaesieHusiMH)

Kak yxe roBopuiiochk Bblle, cepBepbl Pocpeectpa MOryT OBITh CHIBHO
pacripeienieHsl o ctpane. Hanpumep, eciau ronosHoit opuc B Mockse, a ¢puiu-
ansl B HoBocubupcke n Bnagusoctoke. M1 Mex 1y 3TUMH cepBepaMu HYKHO 00-
MEHHUBATHCSI COOOLIEHUSMH — HAIpPUMEp, OTMPABIATH AAHHBIE OT 3asiBUTENEH
U3 PErMOHaIbHOM 0a3bl B 00IIYI0 U HA0OOPOT U3 LIEHTPaJIbHOM 0a3bl B PETMOHBI.

N3-3a ynaneHHOCTH BCerja €CTh PUCK, YTO COOOILEHHWE HE OUAET: KaHal
CBsI3M 00OpBeTCH, nepenaya OyAeT UITH CIUIIKOM JI0JIT0, YTO-TO MONAET HE TaK.
B urore MOXHO MOTEPATh BaXHble JaHHbIE. MM COXpaHUTh UX HA PErMOHAJb-
HOM CepBepe, HO He OOHOBUTH Ha IJIaBHOM.

Nuorga stoT Bompoc pemator 6e3 ouepeneit. Hanmpumep, nobasmistor mo-
MOJIHUTENBHYIO MPOBEpKYy nepefaur. Ho 3To co3maer cepbe3Hylo Harpy3ky Ha
CepBEPBI, TaK KaK COOOIIEHUS CTAHOBATCS TshKelee, a uX o0paboTKa 3aHUMAET
00JIbIIIE BPEMEHH.

[Ipu ucnonb30BaHUM OYEPENEd, HA BCE CEPBEPHI, YUACTBYIOIIHUE B OOMEHE
COOOIICHUSIMH, YCTAHABIMBAIOTCA CHUCTEMBbl ouepenel. Korma oqun cepsep Xxo-
YeT YTO-TO OTHPABHUTh, TO HE LUIET 3aMpOC JPYroMy CEpBEpY, a KIaJeT €ro B
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CBOIO JIMYHYIO ouepean. U mocie 3Toro cuuTaeT, 4to 3anpoc otnpasieH. 1 yxe
ouepesib «CTYUUTCS» K IPyroMy CEpBEpPY U OTIPaBIseT COOOUIEHUE 0 TEX IOop,
MOKa OTMPABKa HE YBEHYAETCS YCIIEXOM.

Apache Kafka kak MHCTPYMEHT JJI51 HEHTPAJTU3ALNH MUKPOCEPBHUCOB.

B Ttexkymien CaoXKHOW TeOonoJIMTUYECKOM U MAaKpPOIKOHOMUYECKOM CHUTYya-
MU APXUTEKTOPAM U pa3padoTyMKaM HEOOXOAMMO HCIOJIb30BaTh MOAYJIH C OT-
KPBITBIM UCXOAHBIM KoAOM. Paccmorpum Apache Kafka kak ogun u3 Takux mo-
AyJied, OTMETUM Kak IUIIOCHI, TaK U MHHYCBI IIPH HMCIOJIb30BAHUM YKa3aHHOTO
MPOYKTA.

Apache Kafka — pacnpenenéHnblii mporpaMMHbIN OpOKep COOOILECHHUI,
MPOEKT C OTKPBITBIM HCXOJHBIM KOJOM, pa3pabarbiBaeMmblii B pamkax (HoH-
na Apache. Hanucan Ha si3pIkax mporpammupoBaHus Java u Scala.

CrpoekTupoBaH Kak pacnpenenéHHas, TOpU30HTAIbHO — MacllTadupye-
Mas cucTeMa, obecreurBaroniasi HapalluBaHUE MPOIMYCKHOM CIOCOOHOCTH Kak
IIPU POCTE YUCIIA U HArpy3Kd CO CTOPOHBI UCTOYHUKOB, TaK U KOJIUYECTBA CH-
cTeM-noanucyukoB. lloanucunku moryT ObITh OOBeAMHEHBI B rpymnmbl. [log-
JIEP’)KUBAETCSI BO3MOKHOCTh BPEMEHHOI'O XPAHEHHUs NaHHBIX IS MOCIEIyO-
el maketHoil 00padoTku. OgHON M3 0COOEHHOCTEN peanu3alui HHCTPYMEHTa
ABJISIETCSl IPUMEHEHUE TEXHUKHU, CXOAHOM C )KypHajdaMu TpaH3aKUUN, UCIOJIb-
3yE€MbIMU B CUCTEMax YyINpaBlieHUs: 0a3aMH TaHHBIX.

Ha mpaktuke Apache Kafka gacro ucnonb3yercss B kauecTBe cpeacTBa
LHEHTpaJIU3aluu Npyu OOMEHE JAaHHBIMH MEKYy MHOMXECTBOM PAaCIpPEIEICHHBIX
MuKpocepBucoB. Takoe npumeHenue Kadka mpu nepexoge OT MOHOIUTHOTO
pelieHus] K THOKOM MHKPOCEPBHCHOW apXUTEKType MPUHECIO KOMIIAHMM Clie-
IYIOIIHE TTOJ0KUTEIbHBIE PE3yIbTaThI [3]:

e IPOCTAast UHTETPALIUS;

¢ ICHTPAJIM30BAaHHOE yIIpaBJiIeHUE KOH(PUTYpaLIUEH;
o a0CTparupoBaHue OT KOHKPETHBIX TEXHOJIOTHIA;

o Oe30macHasi ayTeHTH(PUKALINS;

e BAIUJIAIINST COOBITHIA.

OOpaTHOI CTOPOHON ITUX MPEUMYIIECTB CTaIM CIEAYyIOIIUE HEA0CTaT-

ku[3]:
¢ CHUKEHUE TIPOU3BOIUTEILHOCTH;
¢ HEOOXOIUMOCTb MOJIIEPKKH;
e BBICOKAS 1I€Ha OIIMOKU MpU pa3padoTKe.
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He BnaBasice B 0COOEHHOCTH MPOLIECCOB MOJIEPKKU U pa3pabOTKH, lajee
MBI PaCCMOTPHUM, KaK UMEHHO OblIa pellleHa mpoljeMa CHIKEHUS MPOU3BOIU-
tenpHOCTU Big Data cuctemsi.

Consumer Producer

APACHE
A distributed streaming platform
A 4
sonsmer

Puc. 1. Cxema s3aumooeticmeus apache kafka c muxpocepeucamu

Boob6me mpoumsBogutensHocTh Kadka, kak u apyrux Big Data cucrewm,
OIIEHUBAETCS C TMTOMOIIBIO 2-X OCHOBHBIX CBOMCTB [4]:

¢ IPOITYCKHASI CIIOCOOHOCTh — 3TO MAaKCUMaJbHasi CKOPOCTb, C KOTOPOM

JAaHHBIE MOTYT OBITH 00pPabOTaHBI,

« 3ajiepkka (latency) — 5To0 BpeMsl Ha COXpaHCHHE WM ITOJYYCHHE JaH-

HBIX.

B peamsnoctn DevOps-nnkeHepy HEOOXOIUMO HAWTH OalaHC MEXIY
MPOITYCKHON CTIOCOOHOCTHIO, 3aIEPKKON U CTOMMOCTBIO MH(PPACTPYKTYPHI MPU-
noxkeHust. [Ipu 3TOM CTOUT yuuThIBaTh TPeOOBAHUS K 00IIe TPOU3BOJUTEIBHO-
ctu Big Data cuctemsl. B pamkax 3Toi 3aa4il MOKHO BBIJICIUTH 3 Hambojee
pacrpocTpaHeHHbIe cuTyanuu [4]:

e BBICOKas IMPOMYCKHAasl cocoOHOCTH (Topsaka 1,5 ['6ut/c) m HU3Kas 3a-
nepxka (okomo 100 MIIITUCEKYH), HATPUMED, TPU MOHUTOPHUHTE 32 IOCTYITHO-
CTBIO CEPBUCOB. ITO HAMOOJIEE CIIOKHBIM TEXHUUYECKUI U JOPOTOM C TOUKH 3pe-
HUs (uHAHCOB TIpuMep. OaHAKO, IMEHHO STOT BapHUaHT Yallle BCETrO TpedyeTcs
JUJIs1 BBICOKOHATPY>KEHHBIX CUCTEM;

¢ BBICOKas MPOMYCKHAsI CIIOCOOHOCTh U BBICOKas 3ajepkka (He Oosee 250
MUJUTUCEKYH/T), HAIPUMEDP, TPUEM JTaHHBIX TEJIEMETPUM MPAKTHUUYECKU B pPeaslb-
HOM BpEMEHH i oOecriedeHuss 0e30MacHOCTH OOBEKTOB M OOHAPYKCHUS
BTOPKECHUMU;

e HH3Kas MPOIYCKHAas CIOCOOHOCTh M HU3Kas 3anepikka (meHee 10 mmi-
JUCEKYH/I), K pUMEpy, PU OHJIAWH-TIpOBEpKe opdorpadun u rpaMMaTHKH.

B pamkax Gananca JByX pa3HbIX MOKa3aTeled MPOU3BOJIUTEIBHOCTH, OT-
METHUM OJIMH JTOCTATOYHO MPOCTON CIOCOO MOBBIIICHUS MPOMYCKHOW CITOCOOHO-
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ctu Kadxka — yBenuuenue pazmepa nakera Jijisi cooomnieHuid. Hamomaum, naker —
ATO Tpynmna cooOIeHuil oT mpousBoAuTeNneil (producers), KOTOpbIE OTHPABIIs-
IOTCSl KaK OJIHO 1IeJ10€ JIJIsi XpaHEeHUsI B €IMHOM pasjene (partition). U3meHnenue
napamMeTrpa (pa3Mep IMaKeTa) MOXKET TMOBBICUTh MPOIMYCKHYIO CIOCOOHOCT,
YMEHBUIUB Harpy3ky Ha o0Opa0OTKy 3ampocoB CETH M OIepalud BBOJA-
BbIBOJA. HO mpu HU3KOM HArpys3ke yBEJIWYEHHBIM pa3Mep ITaKkeTa MOXKET YBEIU-
yuTh 3aepkKy ornpaBku Kafka, Tak kak mpou3BoauTeNnb 05KMIa€T TOTOBHOCTH
naketa[4]. Ha mpaktuke 3TOT crnocod MmoaxoauTt ToJibko 1iisi Tex Big Data cu-
CTEM, B KOTOPBIX HE TpeOyeTCsi CBEpXOBICTPBINA OTKIHK.

JI71si IOBBIIEHHS] TPOU3BOAUTENIBHOCTH PEKOMEHIYETCSl peaju30BbIBAThH
KOHIICTIIMIO «ouepeib Kak cepBucy (Queue as a Service, QaaS), koraa noamnuc-
YUKW CepBHCA MOJIYYaOT JOCTYI K OYEpeIsaM W/WIM TeMaM JJii OOMEHa JTaHHbI-
MU HampsIMyl0 WM 4epe3 aOJIoHbl MyOauKanuu U noanucku [S]. Takas Mo-
JIeJb MOBBIIIAET O0TKAa30yCTOMUHUBOCTh IPU COOSIX OTAENBHBIX MPUIOKEHUH, MO-
CKOJIBKY B CiIy4yae c00sl cOOOIEHHE BEPHETCSA B OYEPElb U €r0 CMOXKET MPOYH-
TaTh APyroi oOpabOTUYMK, HE BIIKAS HA paboTy oTnpasuTenei. QaaS mo3BOISET
OTIPABIIATH COOOIIEHUS J1aXKe €CIIU MOoJIydaTeslb BPEMEHHO HEJIOCTYIIeH, YTO He-
pEeAKO MPOUCXOIUT MPHU BBICOKMX Harpy3kax Ha Big Data cucremy. Taxxke, Omna-
rojgaps QaaS, MOKHO BBIHECTH BBINOJHEHUE JJIUTEIBHBIX 3a/lay B OTHEIbHBIE
MPUIOKEHUS, ObICTpEE OCBOOOIUB PECypChl JUIsl HOBBIX 3alIpOCOB IMOJIb30BaTE-
neil. Kpome Toro, gaHHasi KOHIENIUS OTIMYHO MOJJEPKUBAET MaclITaOupye-
MOCTb CUCTEMBI, TOCKOJIBKY OT/I€TbHBIE MOAYIN MOKHO MEHSITh HE3aBUCUMO OT
Ipyrux [6].

BoIBOABI

B coBpeMeHHOH apXUTEKType NPUIIOKEHHS pa3leisiioT Ha HeOOJbIIne
HE3aBUCUMBIE 3JIEMEHTBI, KOTOPBIE JIETYe pa3padaTbiBaTh, pa3BepThIBaTh U 00-
ciyx’uBaTh. Quepenu cooOlIeHnd 00eceunBatoT ISl TAKUX PaclpeiesIeHHbIX
MPUIIOAKEHUI BO3MOKHOCTh B3aUMOJEHUCTBUS U KoOpaAuHAUNU. OTMETUM HEKO-

TOpbIe TUTIOCHI U MUHYCHI. K 1uirocam, oTHeceM, Takhe BO3MOKHOCTH:

- 00pabaThIBaTh 3alpOChl MOJIb30BATENEH B MUKOBbIE Harpy3ku. He mepe-
rpyXaTh cepBepbl, U30eratb OMKUOOK U OTKA30B;

- CHU3UTh pUCK cOOEB W MOTEPHU JAHHBIX M3-32 OTKAa3a WM MEIJICHHOMN
paboThI CEpBEPOB;

- 00pabaTbIBaTh BayKHbBIE, HO HE CPOYHBIE 3aMIPOCHI TOT/IA, KOT/1a CEpBEPhI
3arpy>Ke€Hbl MEHBIIIE BCETO;

- cO3JaTh HAJEXKHYIO CBSI3b MEXIY cepBepaMu B pas3HbIx (punmanax. He
TEpATh JAHHbBIE, JAKE €CIIU KaHaJl CBA3U MEXy (uIuaiaMu HEYCTONUYUBBI;
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- TOYHOE MacHITabupOBaHUE, OUEepeIU COOOUIEHUHN MO3BOJSIOT obecre-
YUTHh TOYHOE MacIITaOUPOBaHNE UMEHHO TaM, TJI€ HEOOXOANMO;

- IaT(OPMOHE3aBUCUMOCTh CEPBUCOB — CEPBHUCHI MOT'YT OBITh pa3pado-
TaHbl C HCIIOJIb30BAHMEM DPAa3HBIX TEXHOJOTHH W pPa3BEpHYTHl Ha Pa3IHUHBIX
maTgpopmax.

K HenocTaTkam, MOXHO OTHECTH:

- JIOTIOJTHUTENIbHBIE CHCTEMHBIE BBHI3OBBI U HAKJIaJHbIE PacXo/abl Ha KOMU-
pOBaHUE;

- HEOOXOJMMOCTh HaJN4MsI CIIEUAINCTa 0 OOCITYKUBAHUIO U HACTPOMKeE
ouepeeu;

- 33/IEpKKHU MIPHU TIepeiayue 3arnpoca v MoayyeHus OTBETa.
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[Ilyukun EBrennii IOppeBuu

IHAPAMETPUYECKASA OIITUMU3ALIUA DC-DC
MPEOBPA3OBATEJIEN METOJ0M POSI YACTHI]

B pabome npeonosicen nooxoo k napamempuueckoi onmumuzayuu cxem DC-DC
npeobpazogameneii 6 bazuce OUOIUOMEKU KOMNOHEHMOE C NOMOWbIO Memood posi ua-
cmuy. Ilpeonooicena yenesas 6ekmop-@yHKyus, y4umul8aroujas HeCKOIbKO Kpumepues
onmumuzayuu. Ilpusedenvi pe3yromamvl Napamempuieckol OnMuMU3AYUU CXeMbl
HOHUICAOWe20 npeoopazoeamens 68 3a8UCUMOCMU OM pazmepa NONYIAYUU POt U MAK-
CUMAIbHO20 KoIuyecmea umepayuii. Auanus pesynvmamoe noxasai, ymo 0ias Ouo-
JIUOMEK PA3MEPHOCMbIO 8 HECKOJIbKO MblCAY KOMNOHEHMOB JHCeNAmeNbHO Ymoodbl pas-
mep post bvin He menee 10 uacmuy, a 015 OanvHeliule2o NOBLIUEHUS CXOOUMOCIU NPU
CPABHUMENILHO 8bICOKOM OblCmMpoOelticmeuu dhdexmusnee Y8eIUuUBaAmMs MAKCUMAb-
HOe KOoIuyecmeo umepayull.

Ilapamempuueckas onmumuzayus, memoo posa yacmuy, DC-DC npeobpa3zosa-
meib, UMNYIbCHBIU UCTNIOYHUK RUMAHUSL, A8MOMAMU3AYUS NPOEKMUPOBAHUS.

Shchuchkin Evgeny Yurievich

DC-DC CONVERTERS PARAMETRIC OPTIMIZATION USING
PARTICLE SWARM METHOD

The paper proposes an approach to DC-DC converter schematic parametric op-
timization in the basis of a component library using particle swarm method. The vector
objective function that takes into account several optimization criteria is proposed.
The results of parametric optimization of the buck DC-DC converter circuit depending
on the size of the swarm population and the maximum number of iterations are pre-
sented. An analysis of the results showed that for libraries with a dimension of several
thousand components, it is desirable that the swarm size be at least 10 particles, and
for further increase convergence at a relatively high speed, it is more efficient to in-
crease the maximum number of iterations.

Parametric optimization, particle swarm method, DC-DC converter, switching
power supply, design automation.

Beenenue

Jlist obGecriedeHUsT OTAENBHBIX YacTed paJMOdJICKTPOHHOW aIlmapaTypbl
AJIEKTPOIUTAHUEM OT BHEITHEH OOPTOBOM CETH MPUMEHSIFOTCS UMITYIbCcHBIE DC-
DC npeoOpazoBatenu, MOCKOJIbKY OHU 00isanaroT BeicokuM KIIJ u HamexHo-
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cThio. C BO3pacTaHUEM CIIOXKHOCTH 3JIEKTPOHHBIX CHCTEM HEHM30€KHO BO3pac-
TaloT U TpeboBaHus K xapakrepuctukam DC-DC mnpeoOpazoBarensiM, 4TO
YCIOXHSET MpolecC UX MpoekTupoBaHuss. OQHUM U3 MOIXOJ0B K aBTOMAaTH3a-
MU Tpoliecca pa3pabOTKH SBISETCSA MapaMeTpuyecKkas ONTUMM3ALUs TOTOBBIX
CXeMOTEXHUYECKUX pemeHnid u3 0a3bl nanHbiX. CAIIP BbImosHAET pacyeT Ho-
MUHAJOB BCE€X KOMIIOHEHTOB CXE€Mbl Ha OCHOBE YyKa3aHHBIX TpeOOBaHMUU K
ycTpoiicTBy. Takoil mojaxoj MO3BOJsIET MUHUMHU3UPOBATH OLIMOKU B CXEME U
NOOUTHCSI BBICOKMX XapaKTepUCTUK ycTpoiicTBa. Tak B pabotax [1-3] mpone-
MOHCTPUPOBAHO NMPUMEHEHHE METOJOB ONTHUMU3ALMU ISl TOBBIIIEHUS YCTOM-
yuBoctu KoHTypa [IW]l-perynstopa, a B padotax [4,5] mina nosbimenus KIIJI
npeoOpa3oBaress.

Opnako, paccuuTaHHble 1o (opMyJiaM 3HAYE€HHUSI HOMUHAJIOB KOMIIOHEHTOB
CXEMbl MOTYT HE COBIAJaTh C AUCKPETHBIM PsIIOM HOMUHAJIOB paJuoJieTajeH,
U3 KOTOPBIX U OyZEeT B KOHEUHOM UTOre coOpaH Moayiab. OmudoyHO BbIOpaH-
Hbl€ KOMIIOHEHThI MOTYT 3aMETHO YXYAIIMTh KOHEYHBIE XapaKTEPUCTUKHU Ipe-
oOpazoBateds [6]. [Ipoiiecc BbIOOpa MOAXOASIIIMX KOMIIOHEHTOB U3 OUOINOTEKH
IIPU IPOCKTUPOBAHUH 3aHUMAET MHOT'O BPEMEHHU U TPeOyeT yueTa MHOTUX KpH-
TEPUEB B 3aBUCUMOCTH OT TPEOOBAaHMI K yCTpoCTBY. OTCIO/1a BO3HUKAET 3a]1a-
4ya JUCKPETHOU MapaMeTpUUeCcKol onTUMU3aluu B 6azuce OMOIMOTEKH KOMIIO-
HEHTOB.

IHocTanoBKka 3a7auM MapaMeTPUYECKON ONTUMU3ALMHA

[Ipu pa3paboTke cucTeM aBTOMATU3MPOBAHHOIO MPOEKTUPOBAHUS aHAJO-
rOBBIX CXEM IIMPOKO MNpUMEHsieTcsl onTtuMmuzanusa. K 3agade onTuMu3anuu
MOXHO CBECTH BBIOOp OMOJIMOTEUHOTO 3JIEMEHTa, HauboJyiee MOAXOSAIIETO IS
ycTpoicTBa. Tak Kak 4ucio KpUTEpUEB BbIOOpA 3JIEMEHTa Beerja 0oJiblIe 0THO-
ro, TO JAaHHAs 3a/ada sBJISETCS MHOTOKpUTEpHanbHOU [7]. B MHOrokpurepu-

aNbHOM 3a/1aue TpeOyeTcss HAUTH MUHUMYM BEKTOP-(PYHKIUU:

pipF 00,

rne X = [x1,%X5,...,Xy]T — BekTOp, COCTOAIMI M3 IAPAMETPOB ONTHMHU3ALMU,
F(X) =[X), LX), (X)), 1(X)]T — Bekrop-QyHKIMS, coCTOSAMmAs U3 KPUTEPHEB
ontuMu3anuu, D — obnacTk 3HaYeHUH, KOTOPbIE MPUHUMAIOT TapaMeTphl ONTHMHU3A-
11U,

OO6nacTe 3HAYEHUN OMpenenseTcs MOAKIIOUYCHHON 0a30i KOMIIOHEHTOB.
[IpuMeHUTENBHO K 3a7a4ye Moa00pa 3JIEMEHTOB ISl UMITYJILCHBIX UCTOYHUKOB
BTOPUYHOI'O BJICKTPOIMUTAHUA IO TPEM KPUTEPUSAM BBEIEM BEKTOP MapaMeETPOB
X:

a T
X_[Xvalue, Xcost, xsize] ,
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I7I€ Xyalue — 3TO HOMHHAJIBHOE 3HAUYEHHUE CONPOTHUBIICHMS, EMKOCTH WM UHIYK-
TUBHOCTU KOMITOHEHTA, Xcosr — 3HAYEHUE CTOMMOCTU KOMIIOHEHTa B YCJIOBHBIX
CAMHUIAX U Xsize — pa3Mep KOMIIOHEHTa. Takke BBEIEM LEJIEBYID BEKTOP-
byHKUHIO:

|X—Xpaiuel Xcost Xsize
F(X) = kpque - tomatuel oot —size 1
value max(Xyqlue) cost max(Xcost) stze max(xsize)’ ( )

r7ie X — 3T0 HOMHHAJIbHOE 3HAYECHHUE CONPOTHUBIICHHS, EMKOCTH WM UHIYKTHB-
HOCTH KOMIIOHEHTA, PaCCUMTAHHOE B pe3yJbTaTe padOThl alroputMa mnoadopa
napameTpoB, Kvaue — BECOBOU KOI(PPUIIMEHT AJIT HOMUHAILHOTO 3HAUYCHUE CO-
MIPOTUBIICHUS, EMKOCTH WJIM WHIYKTUBHOCTH KOMIIOHEHTA, kcosr — BECOBOU KO-
3¢ UIUEHT A1 CTOUMOCTH KOMIIOHEHTA, Kjize — BECOBOM KO3(hPULIMEHT Jisl ra-
O0apuUTHOTO pazMepa KOMIIOHEHTA.

BecoBbie ko3 duimeHTsl kK HEOOXOAUMBI IJISi TOTO, YTOOBI TIPOESKTHPOB-
MK MOT CaMOCTOSTENIbHO 3a7]aTh Hanbojee BaXKHbIE KPUTEPUU UCXOJSI U3 TEX-
HUYECKUX TPpeOOBaHUN K KOHEUHOMY YCTPOUCTBY.

22 T T T

2 | |
18 |

1.6 |

14 - i

3naveHne neneBol Gymkmmn F(X)

0.6 + =

04 1 1 1
0 50 100 150 200 250 300

Howmep 3memenTa B 6H0MHOTEKE

Puc. 1. Ilpumep 3a6ucumocmu 3uauenus yenesoul YyHKyuu om 6eKmopa napamempos
1eMEeHmMo8 OUOIUOMEKU KOMNOHEHMOE8

B o6mem ciyuae neneBas ¢ynkius Buaa (1) Oyner sBIsSTbCS MYJIbTHMO-
nanpHOU. [Ipumep Takoit ¢yHkumMu npuBeaeH Ha puc. 1. [mobanbHbIN SKCTpe-
MyM Takod (PYHKIIMM MOKET ObITh HAWJEH C MOMOIIBIO CTOXAaCTUYECKUX aJro-
PUTMOB ONITUMH3AIIUH.

IMapameTpuyeckasi ONTUMHU3ANUS METOIOM POSA YACTHIL
OnHMM W3 aJrOpUTMOB CTOXACTUUYECKOW ONTUMHU3AILUM SIBIISIETCS METO/I
pos yactuil. Maes anropurma Obuta onrcana B padote [8]. B kaHoHHUYHOM BHUC
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QITOPUTM MOJpa3zyMeBaeT HOPMHUPOBAHUE BECOBBIX KOA(DPHUIIUEHTOB U OTCYT-
ctBue nHepuuu [9]. Takoi moaxoa MO3BOISET CHU3UTH 3aBUCUMOCTh CXOAUMO-
CTH K pelIeHuI0 OT BbIOOpa kod(duimenToB. Koppekius ckopocTu 4acTHIll B
HEM BBITJIAJIUT CJIEAYIONIIUM 00pa3oM:
Vierr = xloVie + @pr (0 — i) + @g15(g; — xi0)]Xid)],
,
QY =@yt @y,

¢ >4,

w=1,
rae Vi, — 3To i-as KOMIIOHEHTa CKOPOCTH Ha #-0il uTepaiuu padoThl aJropuTMa,
Xi;— 9TO i-as KOOpJAMHATA YaCTUIIbl HA {-OW UTEepaluu paboThl aNTOPUTMA, p; — i-
asi KOOpJIMHATA JIYYIIEro PelIeHHs], HalWJICHHOTO YacTULIEH, g; — i-asd KOOpJIMHATA
JY4IIETO PEUIE€HUsl, HAUJEHHOTO BCEMH YaCTULIAMH, Fp,Fg — CIIyYailHbIe YHCIa U3
untepBana (0,1), @y, ¢, — BecoBble KOAGOUIHUEHTHI, @ — KOIPPUIIMEHT uHepuuu, k —
koapumuent u3 uarepsana (0,1).

B pamkax uccneqoBaHusi Obla BBINIOJIHEHA MapamMeTpUyecKas ONTHMHU3a-
nus cxembl noHmwkawmiero DC-DC npeoOpaszoBatens tuna buck Ha ocHoBe
mukpocxembl LM26003, nipencraBnennoro Ha puc. 2 [10]. [Tapamerpuueckas
ONTUMU3AIMS BBIMOJHSJIACh B 0a3uce CHEUUAIbHO pa3pabOTaHHOW TECTOBOM
ounbnuorexu u3 3344 KOMIIOHEHTOB C JUCKPETHBIMU HOMHUHAJIbHBIMU 3HAUEHU-
amMu u3 crangaptHoro psana E96 mo I'OCT 28884-90. Kaxnoe HOMHHaAIBHOE
3Ha4YC€HUE MPEJICTABIICHO YETHIPbMsI TabapUTHBIMU pazmepamMu. CTOMMOCTh Kax-

JIOTO KOMIIOHEHTA SIBJISIETCS CIy4ailHbIM unciioM u3 unTepsana (0, 50).
DAY L1

1 » T T Ty -

a2

I_Il

| —

 EES—
=l
=

GND

Puc. 2. Ilpunyunuanvuas snekmpuuecxkas cxema onmumuszupyemozo DC-DC npeobpa-
3068ameins

PesyabTaTsl

B tabn. 1 npeacraBieHsl 3a1aHHbIE 3HAYCHUS XapaKTEPUCTUK Mpeodpaso-
BaTessl ¥ 3HAYCHUS, TIOJyUYCHHBIE TIOCIIe TapaMeTpUIecKod ONTUMHU3aluu B Oa-

50



3UCE TECTOBON OMOJMOTEKHM KOMIIOHEHTOB METOJOM posi 4acTull. Pa3Huiia B
3HAUCHHUAX XaPaKTEPUCTUK OOBSCHACTCS OKPYTJICHHEM pAaCCYUTAHHBIX HOMHU-
HaJBbHBIX 3HAYECHUH CXEMBI 10 OJIMKANIINX HOMUHAJIOB U3 OMOJIMOTEKU.
Tabmuma 1
XapaKTepUCTUKH MOJTYJIS MTOCIE MApaMEeTPUICCKON ONTUMH3AITIN

[Tapametp TpeOyemoe 3HaueHue 3Ha4YeHHE TMOCTIE ONTH-
MU3aINN
BxonHoe Hanpsbkenue Uy, 5-12 B 5-12 B
BrixonHoe HampsikeHue Uy, 2,5B 2,505 B
BrIxomHass MOIIHOCTG P,y 7,5 BT 7,515 Bt
Yacrora npeobpas3oBanus f;, 400 xI'g 399,973 xI'y
Koaddurment nynbcanmii K, 0,03 0,03

B Tabn. 2 npencrasnena uHGopmaIys 0 KOJIMYECTBE HAWICHHBIX TT100ahb-
HbIX SKcTpemMyMoB Ha 100 3amyckoB aJiropuT™Ma B 3aBUCMMOCTH OT pa3Mepa Io-
nyssiuun post Pop m MmakcumanpHOro kosmuecrsa urepauui MaxIt. MoxHO oT-
METHTbH YTO JUIsl OIMCAHHOM 3aa4M XOPOIIME I10KAa3aTeld JOCTUTalOTCs IPH
napametrpax Pop = 10 u MaxIt = 20 npu cpaBHUTENBHO HEOOIBIIOM BPEMEHHU
BBIYHCIICHUMU.

Tabmuma 2
KonmdecTBo HaliieHHBIX I100aIbHBIX 9KcTpeMyMoB Ha 100 3amyckoB
Pop=5, | Pop=5, | Pop=10, | Pop=10, | Pop =30, | Pop= 30,
MaxIt = MaxIt = MaxIt = MaxIt = MaxIt = MaxIt =
10 20 10 20 10 20
R1 36 83 55 97 89 99
R2 27 73 57 97 90 99
R3 35 80 64 98 89 99
R4 33 78 54 95 92 99

Takum 00pa3omM, OnMMCaHHBIM MOAXOJ MO3BOJIAET BHIMOJHSITH MMapaMeTpu-
4yecKylo ontumuzanuio avekrpuueckux cxem DC-DC nmpeobpasoBarteneii B Oa-
3uce OMOMMOTeKHM KOMMOHEHTOB. [IpeuioxkeHHass B cTaThe LieNieBas BEKTOP-
GyHKUIHS MOXKET ObITh ONTHUMHU3WPOBaHA KAHOHUYECKUM METOJIOM POsl YACTHII.
Xopolasi CXOAUMOCTh K TJIOOAIbHOMY 3KCTPEMYMY JOCTUTAETCs MPU pa3Mepe
nonyJsiuud He MeHee 10 wactuil uist OMOIMOTEK Pa3MEpPHOCTHIO B HECKOJIBKO
THICSIY KOMITIOHEHTOB. JJ1s JasibHEeHIIero MOBBIIEHUS CXOAUMOCTH TIPU CPaBHU-
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TEJIbHO BBICOKOM OBICTpOAECHCTBUU 3(P(PEKTHUBHEE YBEIUUMBATH MAaKCUMAJIbHOE
KOJIMYECTBO UTEpALUi, a HE pa3Mep MOMYJIALHH.
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OLHEHKA 29PEKTUBHOCTHU AJITOPUTMA CEI'MEHTALIUU
MN30BbPAXKXEHMUS ITPU KOHTPOJIMPYEMOM YPOBHE
OCBEIIEHHUA

B nocneonee spems nabniooaemces 6cnieck mMemooos, HanpasieHHbIX Had 0eKOM-
RO3UYUIO U Ce2MEHMAaYUI0 U300PANCEHUN HA HECKOIbKO 00beKM0o8 NoCpeOCmeom pas-
JIUYHBIX ABMOMAMUSUPOBAHHBIX cucmeM. Bvinonnenue makou 3a0auu s61semcsi Kidc-
CUYECKOUL Yelbl0 KOMNbIOMEPHO20 3PeHUsl, 0OHAKO, HECMOMPSL HA 3HAYUMETbHBIU NPO-
2pecc 8 OQHHOM HANPABIEHUU, 8Ce MeKywue al20PpUmmbl U MOOeIU pa3padamvléaom-
Csl U 00YHAIOMCS HA BU3YATILHO NPOCMBIX CYEHAX, U300PaANCAIOWUX OOHOMOHHbBLE 00b-
eKmvl Ha OOHOMOHHOM (hoHe 6e3 OYeHKU GIUAHUSL BHEUHUX aKMOpPOos, YUMo NPUGOOUM
K HAIUYUIO UBHAYATILHBIX NOSPEWHOCMEN, SIUIOWUX HA KOHeuHblll pesyabmam. B pa-
bome npeocmaesnieHa NONLIMKA OYEHKU IPDEKMUSHOCMU ANOPUMMA CeeMEeHMAYUU
U300pPAdICEHUsI C HCECMOM DPYKU, SKTIOUAIOWULL 6 cebsi onpedeieHue ysema Kodicu,
Gurempayuio, cecmenmayuio, Mopponocuueckyio oopabomy, nouck obracmu uxnme-
peca 0751 blOeNeHUsl JHceCma PyKuU U nepeoayu e2o Ha aieopumm Pacno3HA8AHUS HCe-
CMO8 PYKU 8 YCI0BUAX UBMEHEHUSI C8emO0B8020 NOMOKA OemMeKmupyemozo pomoyys-
CMBUMENbHbIMU CEHCOPAMU NpUeMHuKa. Mmoeosas oyeHka GIUsHUSL C8emo8o20 No-
MOKA HA pe3ylbmam ceecMeHmayuu u300paxcenus ppacmenma 6udeonomokda ocy-
WecmeaisIach NOCPeOCmEoOM MOOEIUPOSAHUs 6 Nnakeme MNPUKIAOHbIX NPOSPAMM
Matlab. B pabome npoananusuposanvl pe3yibmamvl CecMeHmayuu npu pasiuiHblx
napamempax ceemogo2o NOMoKd Ha U300paNceHuu U OaHbl PEKOMEeHOayUU no 86ede-
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HUIO OONOIHUMENbHBIX NONPAGOUHBIX KOIPDUYUEHMOS, GIUAIOWUX HA IDPermus-
HOCMb OYEHKU UHPOPMAYUOHHOU COCMABTAIOUEH U30OPANCEHUSL.

Ceemenmayus, matlab, ounamayus, >5po3us, nuKcelvb, U300paddceHue,
Qurompayus, yeemosoe npocmMparHcmaeo.

Singh Sanni, Pribylsky Alexey Vasilievich

EVALUATION OF THE EFFICIENCY OF THE IMAGE SEGMENTA-
TION ALGORITHM UNDER A CONTROLLED LEVEL OF ILLUMI-
NATION

Recently, there has been a surge in methods aimed at decomposing and
segmenting images into several objects through various automated systems. Per-
forming such a task is a classic goal of computer vision, however, despite signif-
icant progress in this direction, all current algorithms and models are developed
and trained on visually simple scenes depicting monochrome objects on a mon-
ochrome background without assessing the influence of external factors, which
leads to the presence of initial errors affecting result. The paper presents an at-
tempt to evaluate the effectiveness of an image segmentation algorithm with a
hand gesture, which includes skin color determination, filtering, segmentation,
morphological processing, search for an area of interest to highlight a hand
gesture and transfer it to the hand gesture recognition algorithm under condi-
tions of changing the light flux detected by the photosensitive sensors of the re-
ceiver. The final assessment of the effect of the luminous flux on the result of
segmentation of the image of a fragment video stream was carried out by model-
ing in the Matlab application software package. The paper analyzes the results
of segmentation with different parameters of the luminous flux in the image and
provides recommendations for the introduction of additional correction factors
affecting the effectiveness evaluation information component image.

Segmentation, matlab, dilation, erosion, pixel, image, filtering, color space.

Bsenenue

JIMCIUIUIMHBL KOMITBIOTEPHOTO 3PEHUSI U POOOTOTEXHUKH SIBISIIOTCS OJI-
HUMU U3 HamOoJiee akTUBHO pa3BUBaroLIuXxcs obnacreid Hayku. OaHoi u3 QyH-
JAMEHTaJIbHBIX MpOoOJIEM B 3TUX cdepax SBISETCA OLEHKa U HOPMHUPOBAHUS
YPOBHEN SIPKOCTH, KOHTPACTHOCTH M IIBETHOCTU M300pakeHuil. DdPexkTruBHOE
pelieHre 3TUX MpoOJeM yIpoulaeT 3aJauu CIEeKEHUs 32 00bEKTaMH, UX HJICH-
TU(DUKALUHY, OTIPEJETICHHS U MOJEIMPOBAHNS UX CBOMCTB M BHEIIHEro Buja [1].
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C pa3ButueM MH(MOPMAIMOHHBIX TEXHOJOTUM, CPEICTB KOMMYHHUKALIUH,
MOOMJIBHBIX YCTPONCTB U pOOOTOTEXHUYECKUX KOMILJIEKCOB HAMETHIICS OYpHBIii
IIPOrpecc B PEIICHUH Takoro poza 3anad. OJHaKO Ha CETOAHSIIHUNA JEHb BCE
€lle HE CYIIECTBYET YHHUBEPCAIBHOTO crioco0a OBICTPOl U HAJEKHON UJICHTH-
¢dukam o0BEKTOB, faxe ¢ nmpuBiaedeHrneM 3D Mojieneil BRICOKOTO pa3pelieHus
Ha OCHOBE CHCTEM, TPeOyIOIUX 00pabOTKH AHHBIX B PEXKUME PEATbHOIO Bpe-
MEHHU [2].

CucteMbl TEXHUYECKOTO 3PEHUS SIBISIIOTCS OCHOBHOM 4acThbi0 MHOTHX WH-
TEJUIEKTYaJIbHBIX CHCTEM, a TaKXXe YINPaBIsE€MbIX M aBTOHOMHBIX POOOTOB.
CnoXHOCTh 3aJa4, peliaeMbIX TAKUMU CUCTEMaMHU, TOCTOSIHHO YBEJIMYHUBAETCH,
a TpeOOBaHUS K UX TEXHUYECKUM XapaKTEpPUCTHUKaM MOBbIAOTCA. Ilpu sTom
BCE OCTPEE BCTAIOT BOMPOCHI HAJEKHOCTU U TOYHOCTH MOJOOHBIX aBTOMAaTH3U-
POBAHHBIX CHCTEM, OCOOEHHO JJIsl TAKUX KPUTUYHBIX HAIpaBJICHUN Kak Oe3-
OMACHOCTh NPEANpPUSATUN, aBTOHOMHBIE TPAHCIIOPTHBIE CPEJCTBA, MOOWIIbHBIE
pOOOTHI U METUIIMHCKHUE TEXHOJIOTHH.

B cBs3M ¢ 3TUM BO3HHMKAeT HEOOXOAMMOCTh CHCTEMATH3alUU CYIIECTBY-
IOLMX U pa3pabOTKe HOBBIX METOAOB U aJITOPUTMOB BBICOKOCKOPOCTHOM OLIEHKH
u 00paboTku M300pakeHui. B mepcrnekTuBe 3TO COCOOCTBYET MOBBILIEHUIO
TOYHOCTH PAacloO3HaBaHUA OOBEKTOB B BUJIECOMOTOKE B PEXXHME PEATbHOTO Bpe-
MEHHU T10 €0 U300paKEHUI0, B TOM YHUCIIE JI1 aBTOHOMHBIX MOOUJIBHBIX CHCTEM
C BO3MOKHOCTbIO MaCCOBOI'0 MPUMEHEHUS U peaTu3aliH.

KecTpl Bcerma OBUIM HEOTHEMJIEMOM YacTbIO B3aWMOJICUCTBHUSA JIIOAEH
Mexay co0oil. Ho skecThl Tak:ke MOTYT SBJISITHCS YOOHBIM CPEJCTBOM B3aUMO-
JEUCTBUSA C KOMIIBIOTEPOM BO MHOTHX CLIEHapusix. MOKHO MPUBECTU CIIETYIO-
1€ MPUMEPHI TAKUX CLIEHAPUEB:

— YOPABJICHHUE Pa3BIICKATEIbHBIMU MPUIOKEHUSIMH U CUCTEMAMH;

— yOpaBJIEHHE MEAMIMHCKUM OOOpYy/IOBaHHEM IpU TpeOOBAaHUSX CTe-
PWIBHOCTH, KOTOPbIE MOKHO YJOBJIETBOPUTH 3a CY€T MUHUMHU3ALUU TaKTHIIbHO-
ro KOHTaKTa MEX]ly OIepaTOpoOM U YCTPOMCTBOM;

— BU3yaJIM3alusi U MOJICJIUPOBAHUE CIIOXKHBIX TPEXMEPHBIX JaHHBIX,
yA0OCTBO pabOThl C KOTOPHIMU OTPaHUYEHO NPH NMPUMEHEHHH CTaHJAPTHBIX
JIByXMEPHBIX MAHUITYJIATOPOB, TAKUX KaK KOMIBIOTEPHAS MBIIIIb;

— KOMITBIOTEPHOE PACIIO3HABAHUE A3bIKA TITyXOHEMBIX.

Takum 00pa3oM, BOZHUKAET 3ajaya MCCIIEJOBAaHUS METO/OB, a TaAKXKE CO-
3IaHUsI CUCTEMBI, KOTOpasi OyAeT CIocoOHa OCYIIECTBISAThH MOa00p Haubosee
3¢ ()EKTUBHBIX METOJIOB OLEHKH M HOPMHUPOBAHUS M300paKEHUM UIsl KOHKpET-
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HBIX 337]a4 PAclO3HABaHUS JKECTOB UEJIOBEKAa C COXPAHEHUEM BBICOKOW CKOPO-
CTU 00pabOTKH BUIEOMOTOKA B peajJIbHOM MaciiTabe BpeMEHHU.
NupopmaTuBHOCTH H300pakeHHs B BUICONOTOKE
CoBpeMeHHbIE BHJIEOKaMepbl CIOCOOHBI (PMKCUPOBATH HH(POPMALHUIO C
gacToToM KaapoB Oosiee 60 kanpoB B cexkyHay. CyliecTBy0T HehopMaaInu30BaH-
Hble TpeOoBaHus [3,4], 4TO Ha BXOJl CHUCTEMbI PACIlO3HABAHUS >KECTOB PYKH
JOJKHBI TIOCTYIATh KaApbl(M300paxeHus), 06e3 pa3MbITOCTH, BBI3BAHHOMW Iepe-
XOJHBIM TIpoueccoM (OKYCHPOBKH BHACOKaMEpPbl, a (PUKCUPYEMbIH OOBEKT
JOJKEH CHUMATBCA B MpeJenax OnpeleJIEHHOrO YPOBHS OCBEIICHHUS.
NudopmManimoHHy10 LIEHHOCTH JIJIs CHCTEMbI pacliO3HABAHUS KECTOB PYyKU
MPEACTABIIAIOT OTJIMYAIOIIKECS APYT OT JIpyra u3o0paxkeHus, T.€. HET HeoOXo-
JUMOCTH 00pabaThIBaTh CEPUI0 OJMHAKOBBIX KaJpPOB, 3TO HEILEIeCO00pa3HO U C
TOYKHU 3PEHHUA 3arpy3Kd BBIYMCIUTEIBHBIX pecypcoB. C MOMOIIBIO KOppEIsSLu-
OHHOI'O aHAJIM3a MOYHO BBIJCIUTH OJIMHAKOBBIE N300pa)KEHUs U NepeaaBaTh HA
BXOJl CHUCTEMBI TOJBKO OJHO HM300pa)K€HUs] WJIM HECKOJBKO AJIA IMOBBIILICHUS
TOYHOCTU CHUCTEMBI, €CJIM TaKoBas He JocTUraercs. B kauecTBe albTepHATUBbI
MO>KHO 3a/1aTh BUJIEOKAMEPE MEHBIIYIO YaCTOTY KaJpOB.
Onucanue cuCTeMbl PACIIO3HABAHUS
PaccMOTpuM CTPYKTYpHYIO cXeMy y3i1a o0paboTku n3oopaxkenus [S] (puc.
1).
doTonpuUEeMHOE YCTPOMCTBO coOupaeT WHPOPMALMIO U3 OKPYKAIOIIEH
cpeabl U uepe3 mpeoOpazoBaTeib Mpeodpa3oBbiBaeT HUGPOBOI MU aHAIOTOBBIM
curHaj B notok uzoOpaxeHuil B RGB mpoctpancte. M306paxxenne B RGB
IPOCTPAHCTBA MOCTYIAET B MOACUCTEMY CETMEHTALUU U300PaKEHHUS.
[loacucrema cerMeHTalMKM M300paXKEHUsI COCTOUT U3 OJIOKOB: Ompeesne-
HUE 1BeTa Koxu, punprpanus no ['ayccy, nepexon or RGB x LAB, co3nanue
Mackd. biok onpeneneHue 1BeTa KOXU BbIOMPAET arOpUTM CETMEHTAIIMH B 3a-
BUCHMOCTH OT I[B€Ta KOXKU pyku. PunbTpauus no 'ayccy CHM)KaeT ypOBEHb
mymoB n3obpaxenus. Ilepexon or RGB k LAB npeoOpazossiBaer RGB 1300-
paxeHne B BETOBOE MpocTpaHcTBO LAB. biiok co3nanne macku co31a€T MacKy
nyTeMm npeoodpazoBanusi LAB nzo0paxenue B OMHapHOE H300paxKeHue.
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CerMeHTanus H300paKeHns
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I
|
|
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|
I
|
|
I

W3o6pakenue B
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MPOCTPaHCTBE
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OunpTpanus Mopdonoruteckas Tlouck obnactu
LIyMOB obpabotka unrepeca (ROI)

Anroput™
pacno3HaBaHUst
JKECTOB

Puc. 1. Cmpykmypuas cxema y31a oopabomxu u300paxiceHust

B cymmatope cymmupyertcst BXOJIHOE U300pakeHHe ¢ CO3JJaHHON MacCKOM,
a Ha BXOJ Ojoka (puIbTpanuu IIYMOB MOCTyHaeT OMHApHOE M300pa)keHue, Ha
KOTOPOM (DUIBTPYIOTCS IIYMBI.

biok mopdomoruueckoit 06paboTKH BOCCTaHABIMBAET KECT PYKH Ha Ou-
HapHOM Hn300paxkeHuu. [louck o0iacTu MHTEpeca BKIIOYAET B ce0sl alrOpuUTM,
KOTOPBIN, COTJIaCHO OMNpEAENICHHbIM MpHU3HAKaM, BBIIEISET HAa H300pakKeHHUU
KECT PYKH, MOCJE Yero M300pakeHne MPUBOJUTCS K ONMPEEICHHOMY pa3Mepy
JUTSl KOPPEKTHOM pabOThI OJ10Ka aJIfTOPUTM pacrio3HABaHUS KECTOB.

Onucanue MaTeMaTH4eCKON Moe/ 1N
Pacno3naBanue XecTOB C MOMOIIbIO KamMep — 3TO aHalIu3 U 00paboTka

BUJICOPsI/Ia, COCTOSIIETO U3 Habopa BUACOKAAPOB U BbIACIICHUE U3 HETO 3aperu-
CTPUPOBAHHBIX B 0a3e »kecToB. MeTonbl 00paboTku [6], cermeHTanuu u3o0pa-
KEHUN UCIOJIb3YeTCsl U I BUACOKAAPOB, T.K. IO CYTH BUACOKAJAP ATO U €CTh
M300paKEeHUE B3STOE U3 BUCON300paKEHUSI.

[IBeTHBIC M300pakeHHE MOKHO TpeacTaBuTh B Bujae RGB u3obpaxenus
[7,8], xoTopoe mpencraBusercs u3 cedss maccuB MxNx3 (1), cocrosuii u3
[IBETHBIX MTUKCEIIOB, MPUYEM KaXKIbIH TAKOW MUKCEI, SIBISICTCS TPUTLICTOM, dJie-
MEHTBI KOTOPOTO COOTBETCTBYIOT TPEM KOMIIOHEHTAM: KPacCHOMY, 3€JICHOMY H
cuiemy, T.e. RGB u3o0paxenune 310 KOMOWHAIUS TPEX MOHOXPOMHBIX CIIOEB
M300paXeHU, pa3sMEpPHOCTBIO M *n, B KOTOPOM KaXKIbId SJIEMEHT MacCuBa
NpEeCTaBIsIeT COO0H SIPKOCTH TTUKCEISL.

rgb = [5188,3880,3] (1)

MaccuB rgb cocTOUT B CBOIO OY€pe/lb U3 MAaCCUBOB (2) KpacHOro, 3eJe-

HOTO ¥ CHHUX KaHaJIOB.
r = [5188,3880]; g = [5188,3880]; b = [5188,3880], (2)

rae r, g, b — KpacHbIi, 3eJICHbI U CHHUHN KaHaJIbl COOTBETCTBEHHO.
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B npoctpancTBe KOOpaUHAT (x,Yy), BHIIICONUCAHHOE MOXKHO MPEICTABUTH
B BUJIE:
r(x,y)
rgb(x,y) = [g(x, )|, (3)
b(x,y)
r7i€ X, Y — KOOPJAUHATHI TUKCEIS.

Knacc xoMmoHeHT u300paskeHHsI OmpenessieT 00JacTh WX 3HAUYCHHH,
HanpumMep obnactu 3HadeHui [0,255] wm [0, 65535], y knaccoB uint8 u uintl6
COOTBETCTBEHHO. UHCI0 OMTOB, MCIONB3YEMBIX JJIA MPEACTABICHUS 3HAUCHHI
nuKcens mo Bcem kaHanam RGB, HaspiBaercst rimyOuHOM 1BeTa M300pakeHUS.
Ecnu kaxnplii kaHan sBJSIETCS 8-MU OWUTOBBIM HM300paKEHUEM, TO COOTBET-
CTBEHHO TI1yOHMHa M300pakeHHsI cocTaBisieT 24 OWTa, 3HAYUT YUCIO MAaKCH-
MaJIbHO BO3MOXKHBIX LIBETOB C;pq, ONpenensercs hopmyiion 4.

Cmax = 23% = 224 =16 777 216, (4)
rae k — 9ucio OUT KaXkI0H 1BETOBON KOMIIOHEHTHI

Kpome RGB nBetoBoro npoctpanctsa cymectByto Takxke: YCbCR, LAB,
HSL u 1.1. I mepexona U3 0AHOTO LIBETOBOI'O IIPOCTPAHCTBA B IPYTHE CyLIe-
CTBYET MepeyeHb UHCTPYKIIUI IJIs1 X MpeoOpa3oBaHusl.

B cucrema pacno3naBaHue *eCTOB BeAeTCs paboTa U ¢ OMHAPHBIM H300-
pakeHueM, IByxMepHou Gpynkiuent f (x,y), rae f ammiutyaa s Kaka0i napbl
KOOpJIMHAT (X,Y) Ha3bIBACTCS SIPKOCTHIO M300pakeHrs. DYHKIUS TBYXMEPHOTO
HN300paKeHUs:

FM=10) fFM-11) - f(M—1,N—-1)

MeTtoapl cerMeHTanuyu OMHAPHBIX U IIBETHBIX M300paKeHUN WIACHTUYHBI,
TakK Kak, nmo cytu, RGB n3o0paxkenue sBisercss kKoMOMHAIMEH TpexX OMHApPHBIX
U300paKeHUI.

Cermenranusi u3o0paskeHust

CermeHTanusa u3o0paxeHus: JeIUT U300paKeHUEe Ha COCTABHBIE YaCThl B
3aBUCUMOCTH OT pelIaeMod 3agauu. AJTOpPUTMbl CETMEHTALMH W300paKEeHUS
BBIOMPAIOTCS B 3aBUCUMOCTHM OT BBIOPAHHOTO LIBETOBOI'O MPOCTPAHCTBA
(RGB,HSV,LAB,YCbCr u apyrue). Hampumep, cermeHTanusi MOHOXPOMHBIX
M300paKEHUII OCHOBAaHbI Ha OJHOM M3 JBYX CBOMCTB SIPKOCTH H300paKeHHMS:
pPa3phIBHOCTH U OAHOPOIHOCTH.

B pamkax ctatbu HEOOXOJUMO CETMEHTHPOBATH KECThl U3 U300pAKEHUS
C pa3HOM APKOCTHIO. I 3TOr0 MOXHO HMCIOJIb30BaTh CEMAaHTUUECKYIO CETMEH-
TalMIO0 WK BETOBYIO CETMEHTALUIO.

CeMaHTHYECKasi CETMEHTALUsl — CErMEHTalUs C pa3/ieleHueM H300paxe-
HUs (pUC. 2) Ha OTZIETbHBIE TPYNIIBI MUKCENEeH, 00J1aCTH, COOTBETCTBYIOIIUX O/I-
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HOMY OOBEKTY C OJIHOBPEMEHHBIM ONpEJEICHUEM TUIIa 00BEKTa B KaXKI0M 00-
JacTU. B TaHHOM MeTo/ie NCII0JIB3YETCs «IIIy0OKOe 00y4EeHHE» UCKYCCTBEHHOTO
VHTEIJIEKTA.

Puc. 2. Ilpumep odrcudaemvix pe3yibmamos cemanmuieckou cecmeHmayuu

CemanTrueckasi cermMeHTaIusi TpeOyeT JOCTATOYHO OOJBIIETO KOIHYe-
CTBO JIAaHHBIX JIJI1 OOYyYCHHUS HCKYCCTBEHHOTO HMHTELICKTa [9], mpu 3TOM pe-
3yJbTaT MOXKET HE KOPPEIUPOBATh C 3aTPAUYCHHBIMH PECYpPCAMU, K TOMY K€ 3a-
4acTyl0 BpeMsi pabOThl TaKWX CUCTEM OOJIbIIE, YeM BpeMsi paboOThl CHCTEM C
[IBETOBOM CErMEHTAaIhCH.

CerMeHTanus MO IBETOBOMY TOPOTY CETMEHTHUPYET H300paKeHHs IO
[[BETOBOMY KaHAJIy B 3aBUCUMOCTH OT IIBETOBOTO TMpocTpaHcTBa (rgb,hsv,lab u
T.J.).

[IBeT KOXu yeroBeKa 001aIaeT YHUKATHHBIMH I[BETOM, IIOATOMY CETMEH-
TalMs MO UBETOBOMY IMOPOTY MOJIXOAMT JJIsl CETMEHTAlUH KeCcTOB pyku. [Ipum
ATOM Ba)KHO YUYUTHIBATh HEOOXOJIUMOCTH MOJCTPOUKH CHUCTEMBI TIOJT I[BET KOXKH
MOJIy4aeMbIid U3 KCTOYHUKOB UH(OPMAIIUH.

B pesynbrare skcriepuMeHTOB MO I[BETOBOM CerMEHTaluyu Hanbosee ya0-
BJIETBOPUTEIbHBINA pe3yJIbTaT MOKa3aj0 I[BETOBOE mpocTpaHcTBo LAB, B nanb-
HEWIIEN OIepaluy Mo [BETOBOM CETMEHTALIMU BBINOJHSAIOTCA B MPOCTPAHCTBE
LAB. B nBeroBom npoctpanctBe Lab 3HaueHne CBETIOTH OT/IEIEHO OT 3Haye-
HUS XpOMaTUYECKOM COCTaBIIAIONIEH 1IBETA (TOH, HACBIIEHHOCTh). CBETIIOTA 3a-
nana koopauHatoil L (u3mensierca ot 0 no 100, To ecTh OT caMOro TEMHOTO 10
CaMOro CBETJIOT0), XpOMaTUYECKasi COCTABIIAIONIAs — ABYMS JE€KapTOBBIMHU KO-
opauHatamu a u b. [lepBas 0603HavaeT MOJI0KEHUE [IBETA B JUATIA30HE OT 3ee-
HOT'O JI0 KPACHOT'0, BTOpasi — OT CHHETO JI0 YKEJITOrO.

JI1s1 peanu3anuy IBETOBOW CETMEHTAIlMU UCTIOb3yEeM MaKEeT MPUKIIATHBIX
nporpamm. B Hem smmmpuuecku noadbepeM nmapameTpsl kanaaoB LAB, oGecre-
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YUBAIOLIMX YJAOBJIETBOPUTENIbHBINA PE3ybTaT CErMEHTAlMH, T.€. BbIJCJICHUE Ha
M300paKEHHUE TOJIBKO YYacTKOB KOxHU. Koa QyHKIuu peanusyrolei HBETOBYIO
CErMEHTALUIO IIPEJCTAaBJIEH Ha pUcC. 3.

Kpome cermenTtanuu, CTOUT Takke NpUMEHATH (unbTpanuto [10], mns
YCTPAaHEHHMsI IIYMOB HAa M300paXKeHUH U ONepaluu no MopgoJIoruueckoi oopa-
OO0TKH, JJ11 BOCCTAHOBJICHHSI KECTA HA PYKH M300paKEHUsI, TOCII€ CErMEHTALINU
1 QUIBTPALIMH.

IKCIEPUMEHT

[IpoBenem cermMeHTanuIo KecTa MpU Pa3IuyHbIX 3HAUEHUIX SIPKOCTH. Pe-
3yJbTaT NMpuUBENEeH Ha puc. 4. M3 puc. 4 MOXHO clienaTh BBIBOJI, YTO MPHU BBICO-
KOM M cpefHell SpKOCTH MOoJIydaeTcs HauboJiee yIOBIETBOPUTEIbHBIN pe3yJib-
TaT.

unction [BW,maskedRGBImage] = createMask2 (RGB)

[EW,MASKEDRGBIMAGE] = createMask(RGB) thresholds image RGB using

H d* o Hy

Convert RGB imag chosen color space

= rgb2lab (RGB);
% Define thresholds for channel 1 based on histogram settings
channellMin = 28.459;
channellMax = 90.583;
% Define thresholds for channel 2 based on histogram setting
channel2Min = 7.552;
channel2Max = 40.855;
% Define thresholds for channel 3 based on histogram settings
channel3Min = -4.692;
channel3Max = 22.713;

% Create mask based on chosen histogram thresholds

slidexBW = (I(:,:,1l) >= channellMin ) & (I(:,:,1) <= channellMax) & ...
(I(:,:,2) >= channel2Min ) & (I(:,:,2) <= channel2Max) & ...
(I(:,:,3) > channel3Min ) & (I(:,:,3) <= channel3Max):

BW = sliderBW;

% Tr

Initialize output masked image based on input image.

maskedRGBImage = RGB;

e

% Set background pixels where BW is false to zero.

maskedRGBImage (repmat (~BW, [1 1 3])) = 0;
end

Puc. 3. Jlucmune gpynxyuu cozoanus macku 0isi ceeMeHmayuu U300pariceHus
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Bbicokan APKOCTE
(7000 K)

CpegHan AprocTb(4500 K) M3Kan APKOCTb

Puc. 4. Pe3yﬂbmam cecmermayuu npu pa3iudHblx 3HAYERUAX APKOCMU

[Tocne cermeHTanuu HEOOXOIUMO BBINOJHUTH (DHIBTpAILNIO, MOPPOIIO-
rudeckyto oopadotku U ROI (region of interest)[11]. Pe3ynbTaT npuBeneH Ha
puc. 5.

Puc. 5. Pesynemam pabomur ROI

[TonydeHHsli )xecT Ha pUC. 5, HEOOXOJAMMO MPUBECTHU K CTAHIAPTHOMY
MIOCTOSHHOMY pa3Mepy, sl JaJIbHEUIIIEeH Tepe/ilaun ero Ha airOPUTM paciio3Ha-
BaHUS KECTOB.

BuiBOaBI

[Tonnepxanue TpeOyemMoro moka3aHus sPKOCTH MOJIOKUTEIBHO BIUSIET Ha
KOHEUHBIH Pe3ysbTaT, T.K. CETMEHTUPOBAHHOE M300paK€HUE COACPKUT MHUHU-
MaJIbHOE€ KOJIMYECTBO IIYMOB, a BBIJCJICHHBIC HA XOPOIIIO PA3JIUUYUMbl U HE HYXK-
JAIOTCS B CIIOKHON Mopdoornyeckoit oopadotke. Pe3ynbTaT UCHbITAHUNA MOKa-
3aJ1, 4yTo mpu ocBemieHue B 4500 K nzo0OpakeHne coaepKUT MUHUMAIbHOE KO-
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JUYECTBO IIIYMOB, @ CETMEHTUPOBAHHBIN KECT PYKU HE HYKIAETCS B CIOKHOMN
o0paboTke.

[Tocne cermeHTUpOBaHMS U 0OPaOOTKH M300pAKEHUS] HEOOXOAUMO BbIJIE-

JIUTh UHTEPECYIOIIYI0 00J1acTh (PYKYy) U pa3paboTaTh AJITOPUTM paclio3HABAHUE
YKECTOB Ha OCHOBE MMEIOIIEHCS HHPOPMAITHH.

B nanpHelimeM pa3BUTHHM UCCIEIOBAaHMS, B KAUe€CTBE YJydllleHUE pabOThI

CUCTEMBI, MOKHO OOAaBUTh OOpPAaTHYIO CBSI3b peain3yro noadop kosdduimen-

TOB CCTMCHTALIMH, B 3aBUCUMOCTHU OT SAPKOCTHU I/I306pa)K€HI/I$I.

10.
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VJIK 681.3:519.2
[Tpuxomuenko Anekceil MiBanoBuu

OBPABOTKA CUTHAJIOB JATUYUKA BUBPALIUI IS
CUT'HAJIMBAIIUA TPUBOJHEHUA CAMOJIETA-AM®UBUN
BE-200 C UCITIOJIB3OBAHUEM PAHI'OBbBIX KPUTEPUEB

Paboma noceawena ucnonvzosanuio npeonoxcennoti 6 [1] u [2] mooeru obpa-
OOmMKU CUcHano8 OJisl CueHAIU3ayuU npueooHerus camonema-ampuouu be-200. Mo-
0ellb COCMOUMm U3 paHe08020 0OHAPYHCUMENA U peuaroue2o Ycmpoucmed, CpasHuU6a-
rouje2o IMnUpuYecKoe pacnpeoeierue paneos ¢ meopemuyeckum. Ipeonacaemasn mo-
denb obecneuugaem ciredyloujue XapaKmepucmuky CUCMemMbl CUSHATUIAYUU NPUBOO-
HeHus: 1) Heuy8cmeumenbHOCMb CUCTEMbl K USMEHAIOUWUMCS NAPAMEempam CUSHATLO8
u nomex, 2) aneopumm APUHAMUS peueHus obecneuugaem npuemiemvle XapaKmepu-
CMUKU CUCMEMbL 8 YCII0BUAX CYUWECMBEHHOU ANnPUOPHOLL HeoNnpeoeleHHOCMU.
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Camonem-amepuoéus, be-200, oamuux subpayuii, paneogvle Kpumepuu, anpuop-
HAsl HEONPEeOeleHHOCIb, Kpumepuu Co2NAcuUs, pasHOMEPHOe pacnpeoeieHue.

Prikhodchenko Alexey Ivanovich

PROCESSING OF SIGNALS OF A VIBRATION SENSOR FOR
SIGNALING THE DRIVING OF BE-200 AMPHIBIOUS AIRCRAFT
USING RANK CRITERIA

The work is devoted to the use of the signal processing model proposed in [1]
and [2] for splashdown signaling of the Be-200 amphibious aircraft. The model con-
sists of a rank finder and a solver that compares the empirical rank distribution with
the theoretical one. The proposed model provides the following characteristics of the
splashdown signaling system: 1) the insensitivity of the system to changing signal and
noise parameters, 2) the decision-making algorithm provides acceptable system char-
acteristics under conditions of significant a priori uncertainty.

Amphibious aircraft, Be-200, vibration sensor, ranking criteria, a priori uncer-
tainty, goodness of fit criteria, uniform distribution.

Beenenue

[Ipu oOecrieyeHn MOJIETOB aBUAIMH, MEPBOE MECTO YAENSETCS BOIpPOCaM
MOBBIIIIEHUs Oe30macHOoTH. B wacTHOcTH, TpW SKCIUTyatanuu am@uouitHoi
aBUAllMY, aKTyaJbHOU 3ajaueil sBIsSeTCs HaJeXKHOE OIpeesieHHe MOMEHTa Ka-
CaHUsl BOJIHOM MOBEPXHOCTH IPU MOCATKE camosieTa-aM(puOrn Ha BOAY U OTPHI-
Ba OT BOJIHOM NOBEPXHOCTH MPHU B3JETE C BOJBI.

HayuHo-KoHCTpYKTOpCKUM Or0po @ poBoit 00padoTku curHanos FOxxHO-
ro ¢enepanpHoro yuusepcuteta (HKb [IOC FODY) 6b11 pa3zpaboTan KOMILIEKC
aBToMatnueckol curnanuzanuu npuBogHenus (KACII) [3], pemaronuii 3agaqy
aBTOMATHUYECKOTO OIpeAesieHus cpeabl (BO3Ayx/BoAa), B KOTOPOH HAXOAMTCS
nonaka camonetra-aMmpuouu be-200.

Opnnoii u3 3ana4, BeinonHseMbix KACIL, sBisgercs oOHapykeHue BUOpanui
KOpIyca JIOJKU camoJlieTa-aM(puOun npu TIMCCUPOBAHUM 110 BOJHOM MOBEPXHO-
CTU Ha OoibIIoN ckopocTu. OOHapyKEHUE TITMCCUPOBAHUSI SIBJISACTCS yCTONYH-
BbIM TPU3HAKOM KacaHUsl BOJIHOM MOBEPXHOCTU MPHU MOCAJKE HA BOIY, a Ipe-
KpalleHue INIMCCUPOBAHUS — HAJIEKHBIN MPU3HAK OTPhIBA OT BOJHON MOBEPXHO-
CTH MPU B3JIETE C BOJBI.

Pemenue 3agauu npuBOIUT K HEOOXOJMMOCTH OOHAPYKEHUS CIyYalHOTO
npolecca (curHana natyuka BuOpanuil) Ha ¢gone myma. Ha naHHblii MOMEHT
UCIIOJIB3YIOTCSL alrOPUTMbI 0OpAaOOTKU CUTHAJIOB, MOJYYEHHbIE IBPUCTHYECKHU.
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[IpencraBisieT UHTEPEC MOUCK ONTUMAJILHOrO ajnroputma oOpabotku. B [1] u
[2] ObL1 HalizieH 1 000CHOBAH TaKOW ONTHUMAJIBHBIN aJITOPUTM OOPAOOTKHU.

PaHroBbie KpuTEpUH OTHOCATCS K HEMApaMETPUUYECKUM METOJIaM OOHapy-
YKEHUs CUrHasia Ha oHe nomex. OOpaboTKa CTaTUCTUYECKUX JAHHBIX B PAHTO-
BOM OOHapy’KUTEJE MPOBOJUTCS B ABYX 3Tamax: 1) BHINOJHEHUE UBAPUAHTHOTO
npeoOpazoBaHusi S BXOJHOM BbIOOpKH X, mocie KoToporo Beibopka Z = S(X)
UMEeT YK€  M3BECTHOE  paclpeleleHue B OTCYTCTBUM  CHUTHANa,
2) (opmMupoBaHME peIIAOLIETO MPaBUiia, IO KOTOPOMY ONpPENENseTCs Haludue
WM OTCYTCBUE CUTHAJIa BO BXOJIHOM BbIOOpKE X.

Panrom i-ro snemeHTa x; MaccuBa BRIOOPOYHBIX 3HaUYEHUN X SIBISIETCS MO-
PAIKOBBIA HOMEpP R; 3TOr0 3JE€MEHTa B BAPUALMOHHOM DALY X{ < Xp < «o0 <
Xy <+ < Xp, TIE€ 1 — YKUCIO DJIEMEHTOB BHIOOPKH. Torna, BBIYMCICHUE paH-

roB nipoBoautcs 1o ¢opmyie (1) 1[14]:

Ri= ) sgn(x; — o) (1)
k=1
CoBMecTHOE pacmnpeie]ieHue PaHroB, BEIYMCICHHBIX 10 (1), Oymer paBHO-

MEpHBIM [3]:
1

p(er ...,Rn) = E (2)

Jlnst oOHapyXeHus: curHaia Ha (oHe MoMeX, He0OXOAUMO POBOJIUTH BbI-
YHCIIEHHE PAHTOB R; 10 omopHo# BeIOOpKE Y: {yy, ..., Vin }, KOTOpas mpeacTaBis-
eT co00l yncTyro nomexy. Torga BeIpakeHUE ISl ONPEIeTICHUSI PAHTOB PUMET
BU/I:

R; = z sgn(x; — Yi). 3)
=1

Ecnu BbIOOpKa Y oTnmuaercs OT BXOAHOW BBIOOPKH X, TO paBHOMEPHBIN
3aKOH paclpeiesiCHUs] PAaHTOB HApYIIA€TCS, YTO CBUAETEIBCTBYET O MPUCYT-
CTBUM CHTHAJIa BO BXOJHOM BbIOOpKe X. [[7s1 0OHapy>KeHHsI CUTHaIa UCIOJIb3Y-
€TCA HEeMapaMEeTPUUECKU KPUTEPUN COTJIACUST PABHOMEPHOTO paclpeesieHUs
[6]-[12]. PanroBbie kpuTepuu 00€CIEYMBAIOT BO3MOKHOCTh PEIICHUSI IIIUPOKOTO
Kpyra 3ajiad, rje Tpedyercs oOHapy>KeHHE CUTHajla B YCIOBUSX HemapameTpu-
YECKOM allpUOPHOM HEOTIPEAEICHHOCTH.

ITocTaHoBKka 3a1a4u

PaccmaTtpuBaercs Hemapamerpuueckass (HEU3BECTHbI HHM MapameTpbl HU
BU/JI TUIOTHOCTEHW BEPOSTHOCTU CUTHAJIa U MIOMEXH) 3ajlaua OOHAPYKEHUS CUTHA-
na s(f) maruuka BUOpamuil (ciaydailHoro mpoiiecca) Ha ¢oHEe aJTUTUBHOM, CTa-
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[IMOHAPHON U OHOPOHOM moMexu )(f). Bxomnoit pomecc x(t) = s(t) + y(t)
IpeJICTaBIICH B BHJIE MacCHBa BBHIOOPOYHBIX 3HaueHW X: {xq, ..., X, }. BXoaHbie
JIAHHBIE B YCIOBUSAX YMCTON TIOMEXH, TIPEICTABICHBI MACCHBOM Y: {y1, ..., ¥ }.

3agadya COCTOUT B MPUMEHEHUU PAHTOBOM MOJIeNId 00pabOTKM CUTHAJIA, KO-
TOpbIN oOecneunsi Obl HAaMOOJBUIYI0 BEPOATHOCTh MPABMIIBHOIO OOHAPYKEHUS
IIPU 33JIaHHON BEPOSITHOCTH JIOKHOM TPEBOTU B YCIOBUSIX CYLIECTBEHHOM arpu-
OpHOI HEONPEEICHHOCTH. 3aJauM CIEAYIOIINE YPOBHU BEPOSTHOCTH JIOKHOM
tpesoru: P, = 1073,107>,1077.

PaccmaTtpuBaercs OuHapHas 3aja4a: 1-blif K1acC CUTHANIOB S(f) — CHUTHAJIBI
C JaTYuKa BUOpaluii B pexxuMe MpUBOAHEHUS (IMOCaJIKU Ha BOIY), BC3JIETa C BO-
JIbI ¥ 3a00pa BOJIbI; 2-0M KJIaCC CUTHAJIOB J(f) — BCE OCTaJbHBIE PEKUMBI IOJIe-
toB be-200 (B3net ¢ BIIII, mocanka na BIIII, noner, copoc BoabI U T.1.).

Opranuszanus JIKCHEPUMEHTA IO OOHAPY/KEHHMI0O CHIHAJIA JaTYMKA
BUOpauuii ¢ MOMOLIBIO MPEIT0KEHHOH MOAeIH 00padOTKH CHTHAJIOB HA
OCHOBE PAHTOBBIX KPUTEpHEB

Jliist hopMupoBaHUs OMOPHON BRIOOPKHU Y HEOOXOIUMO UCCIIEeIOBATh 3aIlu-
cu niosnetoB ¢ be-200, koropsie HKb IIOC FODY cornacunock n06€3H0 npeso-
CTaBUTb.

[Ipexne yeM UCnoap30BaTh 2-0M KJIACC CUTHAJIOB B KAYECTBE OMOPHOM BbI-
OOpKH, HEOOXOIMMO HaJl HUM TIPOBECTU IUDPOBYIO (DHIBTpALNIO, 3aKITHOYAI0-
nryrocsa B caeaytomeM: 1) nmogocoBeiM puiibTpoM (I1D) momaButh 061acTh Hy-
JIEBBIX YaCTOT ISl YCTPAHEHHSI HECTAlMOHAPHOCTU MOCTOSHHOM COCTaBJISIOLIEH
NOMEXH, M 00JacTh BbIIIE YacTOThl HailkBucTa 1151 mOJaBIeHUs ITIyMOB KBaH-
TOBaHMS; 2) 4YTOOBl PAHrOBBI OOHAPYXKUTENb HE pearupoBajl Ha ycuie-
Hue/ocnabiaeHue myma Heooxoaumo nomexy pazaenuts Ha ee CKO. B kauectBe
[1® moxHO ucnonb3zoBath KUX (GunbTp ¢ npsaMOyroiabHON MOJOCOW WU XKe
BOCIIOJIb30BaThCA anroputMoM cunTe3a KUX dunbrpa, mpuBeieHHOM B [S].

bein paccMmoTpen BapuaHT dopmupoBaHus onopHoit Y BeiOopku u3z 5000
3HAQYEHUMN CIIydyalHOW BEJIUMYMHBI, TUIOTHOCTh BEPOATHOCTH KOTOpPOH OyJIeT Ta-
KOH e, KaKk U CpeIHee paclpeielieHue peanbHOU MOMEXH.

Huxe npennoxen anroput™ GopMHpPOBaHUS OIOPHON BBIOOPKHU:

1. Ilo rucrorpamme, nory4eHHOM U3 aHanu3a 3anucer noseros be-200 2-ro
KJIacCa CHUTHAJIOB, MOA0OpaTh MOJIXOIAILIYI0 KPHBYIO, AlPOKCUMHUPYIOIIYIO
pacnpeneneHue noMexu. B cratuctuke yacto Juisl anmpoKCUMAallMM pacrpenie-
JICHUH HUCHOJIb3YIOT KpuBble 1Iupcona u /[)xoHcoHa. bbl1o MpenioxkeHo UCIomb-
30BaTh KpuBbIe [[’KOHCOHA M3-3a UX MIPOCTOTHI.
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2. HWcnonp3ysi OIYy4YEHHOE TEOPETUUECKOE pacnpeaeneHne u Mmeroa Heiima-
Ha, noayuuts 5000 orcueTtoB ¢ "ycpenHeHHbIM" pacnpenenieHreM. [IpoBeputsb
MOJIYYEHHYI0 CHHTE3MPOBAHHYIO BBIOOPKY HAa COOTBETCTBUE TEOPETUUYECKOMY
pactipeneneHuto  (ucnonw3yst  kputepudt  Ilupcona wnmm  Konmoropona-
CmMupHOBa).

3. Ecnu xpuTepuil corjacus IOKa3bIBa€T XOPOUIEE COOTBETCTBUE CUHTE3U-
POBaHHOM BBIOOPKH M TEOPETHUUYECKOrO PACHpEeeIeHUs] — annpoOKCUMALIHS Bbl-
MIOJIHEHA ycnenHo. Ecin HeT, moBTOpsieM miar 2.

Ha puc. 1 npuBeneHa cTpykTypHas cXemMa paHrOBOrO0 OOHApYKUTENS IS
OOHapy’>KeHMsI CUTHaNA JaTYMKa BUOpALMA W CUTHAIM3AIMU MPUBOJHEHUS ca-
mosneTa-ampudbun be-200.

x(1) » i —» "[IpuBogHeHNE"
=3 110 » Temurens |»! Fanroamn P
obHapyxutens —»"Bosaymnas cpeaa
Brruncnurens OmnopHas
CKO Boibopka Y

Puc. 1. Cmpykmypuas cxema paneo6o2o oonapyicumens 0 0OHAPYIHCEHUS CUe-
Hana oamyuka subpayuil camonrema-amguouu be-200

OnyctuM no00p KpUBBIX pactpesaencHus />xoncona [13] u onucanue me-
tona Helimana [14] st cuHTe3a OMOPHOM BHIOOPKH, IEPEXOS Cpaszy K pe3yJib-
TaTaM HKCIIEPUMEHTA.

Ha puc. 2 u 3 npuBegeHbl rUCTOrpaMMbI paclpeiesICHUs PaHTOB IIPHU OT-
CYTCTBHM CUTHAJIa ¥ MPU HAJMYUH CUTHAJIA COOTBETCTBEHHO.
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FHcrorpamma PaclIipelelIecHHd PAHI0B IIPH OTCYTCTBHH CHI'HAIa
350

300 |

"
o]
5]
o

200 F

150 ¢

YacToTa nonaaaHu

100

50

-1 -0.5 0 0.5 1 1.5 2
4Mcno eeIBOpoK, n

Puc. 2. I'uecmoepamma pacnpedenenus npu omcymcmeuu CueHaad

FHCTDI’]]E]MM& PacIpenclIcHHA PaHT OB IIPH HAMTHYHH CHIHAIA
2500 T T T -

2000
1500 |
1000 |
500
0 : i i
0.5 0 0.5 1 1.5

YWCNo BeIGOPOK, N

YACTOTa NnonagaHud

Puc.3. I'ucmoepamma pacnpedenenus npu Hanuduu cueHana
Ha puc.4 npuBeneHa BpeMeHHasi AuarpaMma JaHHOM 3allMCH U BBIXOJIHOU

CUTHAJI paHroBoro ooHapy:xwurteins. [lo BepTukanbHol ocu Oe3pa3mepHasi Beu-
yyHa (Tak Kak BeIMOJHsUIOCH nenenue Ha CKO).
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BxonHOI CHTHAI PaHTOBOTO OOHAPYKHTENA

0 2 4 6 8 10 12
4HCIIO0 OTCYETOB. k 105
BLIXOOHOH CHTHAN PAaHTOBOTO OGHAPYKHUTENA

157

05

0 2 4 6 B 10 12
HHCIIO OTCHETOB, £ <10°
Puc.4. Cuenan ¢ 0oamuuxa subpayuii u 861x00 pareo6020 ooHapyscumens (ypogeus 1 -
CUSHAJI NPUBOOHEHUS)

W3 puc. 4 BUIHO, YTO CUTHANI AaT4YMKa BUOpALU B PEKUME MPUBOIHEHUS
MIPEBBIIIAET YPOBEHb OMEX B HECKOJBKO pa3 (OTHOILIEHHE CUTHaj/TIoMexa J10-
CTaTOYHO BBICOK). OTCIOA ClEeAyeT, YTO BEPOSITHOCTh IPABUIILHOTO OOHApYyXKe-
HUA P, paHroBOro OOHaApy»uTedss OyJeT He XYK€ 4YeM 3asiBJeH-
Has B Tabnune 2 B [1] u [2], To ecTh: 1t P, = 1073, B,, = 0.999999; nns P, =
1075, P, > 0.999973; misi P, = 107, P,, = 0.999545.

3akioueHue

Pe3ynbTaThl NMpoBEAEHHBIX MCCIEIOBAHUN MOKA3bIBAIOT, YTO pacipeaesne-
HUE PaHrOB B CUTyallud OTCYTCTBHUSI CUTHAJIa BCEI/la alllPOKCUMHUPYETCS paB-
HOMEPHBIM 3aKOHOM pacrnpeeneHus. B cutyanusix, Korjaa B CMeCH IpUCYTCTBY-
€T CUTHaJ, PAaBHOMEPHOE pACIpECIICHUE HapyIIAeTCs, WM HajJu4yhe CUrHaia
OTpeeNsIeTCs] KPUTEPUEM COTJIACUsl PABHOMEPHOTO paclpeesieHus (KpuTepruem
Barcona). Ha puc. 2, 3 u 4 BUAHO, 4TO alrOpUTM Ha OCHOBE PAHTOBBIX KpUTE-
pHUEB SABISETCA OUYEHb YYBCTBUTENBbHBIM. Prc. 4 mOKa3bIBaeT, 4YTo B CiIyyae clia-
ObIX CIly4ailHBIX BBIOPOCOB cucTeMa cTaOwibHa. Bce 3amucu moneToB ObuiH
npenocrasiensl HKb [HOC IODY.

Pe3ynbraThel ucciaenoBaHus MOTYT ObITh MHTEPECHBI HE TOJIBKO pa3padoT-
yukaMm U KoHcTpykTopaMm npeanpusatuss HKb [HOC FO®Y, Ho u apyrum oprasu-
3alMsIM, SKCIUTYaTUPYIOIIUM caMoieTbl-aMpuoun. Monens o0paboTKu curHana
Ha OCHOBE PAHTOBBIX KPUTEPUEB MOXKET HANTH MPUMEHEHUE BO MHOTUX 00Jja-
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CTSIX HAyKW M TEXHUKH, € CTOMT 3a7adya OOHApYy>KEHHsS B YCIOBHUSAX Cylle-
CTBEHHOW alpHOPHON HEONIPEAECIEHHOCTH.
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VJIK 004.021

HIenens Nnbg Oerosuy

AJI'OPUTM OBHAPYXEHUSA JTUHAMHNYECKUX OB BEKTOB B

KAPTE 3AHATOCTHU HA OCHOBE ®UJIbTPA YACTHIL

B pabome paccmampusaemcs npobrema obHapyHcenus OUHAMUYECKUX NPEensim-

Cmeull Ha Kapme 3aHAMOCMU, NOLYYEeHHOU NO OAHHbIM CUCTEeMbl MEXHUYECKo20 3pe-
HUsL MOOUNbHOU pobomomexnudeckou niamgopmol. Llenvo pabomvl aensemcs kave-
CMBEeHHOe YIyyuleHue aieopumma 0OHAPy’ceHUs NPensimcmeutl ¢ NoMowbo 0obasie-
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HUs uabmpa yacmuy OJisl 8bl0eNeHUs. OBUNCYUUXCSL 00BEKMOE NO OAHHbIM Kapmbl. B
UCCIe008aHUU peulaemcst 3a0aya KOPPeKMHO20 HAKONIEHUsI OAHHbIX 8 Kapme 3aHAMO-
CMU U YMeHbUleHUs 3a0ePAHCKU OOHOBNIeHUs A4eeK Kapmbl, 8 KOMOopblX 08UNCemcs 00b-
exm. Ilpeocmasnennas 6 cmamve moouguxayus Guibmpa vacmuy pabomocnocoora
8 PeanbHbIX YCI0BUAX 8 cpede C OOIbUUM KOIULECMBOM OBUNCYWUXCS NPENIMCMEUL U
6 peanvHom macuimabe epemeru. Onucanuvie I6PUCMUKU NO3BOTAIOM YMEHbUUMb KO-
JIUYEeCMBO NONACHLIX KIACCUDUKAYULI U3-3a CYHAUHOU 2eHepayuu HauyalbHblX CKOPO-
cmell yacmuy. Aneopumm pearuszo8an u nPomecmuposan Ha OOpmy a8mMoOHOMHOU po-
bomomexnuueckou niamgpopmor va GPU o6noxa Jetson Xavier, a maxce na omxkpwi-
mom Habope OaHHbIX. B cmamve makoce npusedenvt mempuku 6vicmpooeticmsusi 0is
GPU Nvidia RTX 3070.

Kapma 3anamocmu, nuoap, obnraxo mouek, ¢hunomp uacmuy, 0OHapydsceHue
npensimcmeuil, OUHAMUYEeCKUll 00beKm, a8MoOHOMHOe 0BUNCEHUE.

Shepel Ilya Olegovich

PARTICLE FILTER BASED ALGORITHM FOR DETECTING
DYNAMIC OBJECTS ON AN OCCUPANCY MAP

The paper considers the problem of detecting dynamic obstacles on the occupan-
cy map generated by the computer vision system of a mobile robot. The purpose of this
research is to improve the quality of the obstacle detection algorithm by adding a par-
ticle filter to find moving objects from the map data. In the paper, the problem of cor-
rect accumulation of data in the occupancy map and reducing the delay in updating
the map cells in which the object moves is solved. The modification of the particle fil-
ter presented in the paper is workable under real conditions in real time in an envi-
ronment with a lot of moving obstacles. The described heuristics allow to reduce the
number of false classifications due to random generation of initial particle velocities.
The algorithm has been implemented and tested aboard an autonomous robotics plat-
form on a Jetson Xavier GPU unit, as well as on an open data set. The paper also in-
cludes performance metrics for the Nvidia RTX 3070 GPU.

Occupancy map, lidar, point cloud, particle filter, obstacle detection, dynamic
object, autonomous movement.

BBenenue

B HacTosiiiee Bpemsi IIMPOKO UCHOJIB3YIOTCS CEPBUCHBIE POOOTOTEXHHUYE-
ckue mardopmsl (PTII), oT koTOpbIX TpeOyeTcs 6e3aBapuiiHOE JBUKEHUE B 30-
HaX C aKTHBHBIM IELIEXOJHBIM JIBH)KeHHEM. JIJ1s1 oOHapyXeHusl IpensITCTBUH C
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MOCJIEAYIOIIUM aBTOHOMHBIM JIBIDKEHUEM B OosibIIMHCTBE Moa00HbIX PTII uc-
MOJIB3YETCS KITACCHYECKUN MOAXO0 MOCTPOCHUS KapT 3aHATOCTH [1]. Takne kap-
Thl JOJKHBI OBITh, BO-IIEPBBIX, CIOCOOHBI HAKaIJUWBaTh U YTOUHATH MH(OpMa-
LU0 O MIPOXOJUMOCTH OKPYKaroUlel cpefibl, a BO-BTOPHIX, MAKCUMAJIBHO OBICT-
PO OOHOBJISITH UH(POPMAIIUIO O MECTOIOJIOKEHUU HanboJee OMacCHBIX JTUHAMU-
yeckux 00beKkTOB. Kpome TOro, BHIYMCIHUTENbHBIE PECYPChl HA MOOWIIBHBIX PO-
00Tax He MO3BOJSIOT B PEXKUME PEaTbHOTO BPEMEHU MCIOJb30BaTh Haubosee
TOYHBIE U TPYJOEMKHE COBPEMEHHbIE MOAXONbl. [l pemeHus mpoodiieMbl
HAKOIUJICHHS JTAHHBIX HCHOJIB3YETCS MOAXOJ [2], B KOTOPOM HAKOIUICHUE WH-
dbopmanu oT Kajapa K KaJapy NpOU3BOJIUTCS ¢ TOMOIIbI0 TeopeMbl baiteca. [1pu
ATOM TaKO€ HAKOIUJICHUE MPUBOAMUT K 00pa30BaHUIO T. H. «XBOCTOB)» OT JUHAMHU-
YECKHUX MPEenaTcTBuil (cM. puc. 1), a Takke K 3aJepkKe KiacCu(pUKaIUU SUEeK,
B KOTOPBIX JIBHIKETCS OOBEKT.

B pabote onucana moauduKkaius aaropuTMa MOCTPOCHUS KApThl 3aHITO-
CTH 10 00JIaKy TOYEK OT JIHJIapa ¢ UCIOJb30BaHUEM (PUIIbTpA YACTHULL AJIsl Kilac-
cupuKalMu JUHAMUYECKUX s4deeK. KiroueBble oTIMYMs pa3pabOTaHHOTO ayro-
pUTMa CIIEAYIOIINE:

. peJIM30BaHHBIA AITOPUTM PabOTOCHIOCOOEH B peaJbHOM MaciiTade Bpe-
MEHHU Ha BCTPAaUBAEMbIX BBIYUCIUTENIbHBIX OJIOKaX;

. pa3paboTaHbl TONOJHUTEIbHBIE IBPUCTUKH, MOBBIILIAIOIINE YCTONYHUBOCTD
AITOPUTMA K JIO)KHBIM JI€TEKIMSAM JUHAMUYECKUX SUEEK;

. pa3pabOTaHHBIA AITOPUTM OOBEAMHEH C AJITOPUTMOM MOCTPOEHUS HaKaI-
JMBAEMbIX KapT, YTO MO3BOJISIET OOHAPYKMBATh IUHAMHKY IO HECKOJIbKUM HC-
TOYHHKAM CEHCOPHBIX TaHHBIX.

0030p CylIecCTBYOIINX METO/10B

Jlist oOHapy>KeHHsI JBUKYIIMXCA OOBEKTOB CYIECTBYET HECKOJIBKO pas-
JUYHBIX Tpynn noaxoaoB. [upoko pacrnpocTpaHeHbl HEHPOCETEBbIE MOAXO/IBbI,
paboraromue no objakam Touek oT Juaapos [3]. Takue anroput™msl TpeOYIOT
00JbIIMX HAOOPOB AAHHBIX JUIsl OOYYEHHS U BBICOKOITPOU3BOAUTEIbHBIE BHIYMC-
JIUTENIU, YTO SIBJISIETCS MPOOIeMOil Jjisi HEOOIBIIUX CEPBUCHBIX poOoTOB. Ilna-
HUPOBATh TPAEKTOPUIO JBMXKCHUS 110 TAKUM JAHHBIM HANPSIMYIO TaKXKe HEJb3,
HO MPU 3TOM BBIXOJ TaKUX aJTOPUTMOB MOKHO MEPEBECTH B KApTy 3aHATOCTH,
KaK Nokas3aHo B [4]. [Ipyroe ceMencTBO MOJIXOJ0B HCNOJb3YET HEMPOCETEBBIE
MOJIENIN JJIsI CETMEHTAlMK 00JJAKOB TOYEK OT CEHCOPa, YTOOBI 3aTEM HCIOJIb30-
BaTh CEMAaHTUYECKYIO0 MH(OPMALUIO ISl BHIAECICHUS MOTEHUUAIBbHO TUHAMUYE-
CKMX O00BEKTOB [5]. OCHOBHBIM HEIOCTATKOM TaKOTO METOJ]a SIBJISICTCSl YBEJIH-
YeHHe BpEeMEHHU OOHApY>KEHMsI MPENSATCTBUM 3a CUET TsKENbIX Mozeneid. Kpome
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MIEPEYUCIIEHHBIX, CYIIECTBYIOT IMOJIXO/bI, UCIOJIb3YIOUIME HA BXOJ AJTOpPUTMA
yKe CTeHepUpPOBaHHBIC KapThl 3aHsATOCTH. Hanmpumep, B pabotax [6, 7] s BbI-
JIeJIEHUs] TUHAMUYECKHUX SYEEK B KapTe U MPEACKA3aHUS UX JBHKCHUS UCIIOJb-
3YIOTCSI PEKYPPEHTHBIE CETH, HO B TAKUX MOJAXO0/JAaX OYEHb CJIOKHO 00YUYUThH MO-
JIeJIb, IPUMEHUMYIO B PEATbHBIX YCIOBUAX. bojee yHuBEpCalbHBIMU SIBISIOTCS
METOJIbI, Oazupyromuecs Ha ajroputme QuibTparuu yactull [8, 9]. Ux Tou-
HOCTb HANPSMYIO 3aBUCUT OT KOJIMYECTBA UCIOJIb3YEMBIX YACTUL], @ 3HAYUT U OT
IIPOU3BOJIUTEIIBHOCTH BBIYMCIIUTENSA, OJHAKO CYIIECTBYIOT IapajulelIbHbIE pea-
JU3aluy, peniaronme 3Ty npodiaemy [10].

AJITOPUTM O0HApY/KeHHMS] TMHAMUYECKUX 00BEKTOB Ha KapTe 3aHATO-
CTH

L <
pr v o
2 o =

Ry :
y 21

off
o
Puc. 1. «Xeocmbry om ounamuyeckux o6vexmos Ha Kkapme 3ausmocmu (ciesa) u
pe3yivmam pabomvl MOOUDUYUPOBAHHO20 ANlcOpumMda (cnpasa)

[IpencraBiieHHBIN B pab0Te arOPUTM SIBJISIETCS MOU(PUKAIMEN MOIX010B
u3 [2, 10]. nst oOHapy» eHusi AUHAMUKU BCE SUYCUKU KapThl 3aHSITOCTH 3acCEu-
BAIOTCSl YAaCTUIAMH, UMEIOIINUMHU CIIyYailHbIE KOOPJIMHATHI U CKOPOCTh. C Kaxk-
JI0OM HOBOM UTEpalell B 3aBUCUMOCTU OT 3aHATOCTH STYEHKHU MPOUCXOIUT (PUITh-
Tpauusi € COOTBETCTBYIOIIUX YacThll. OpPUTHHAIBHBIN MOAXOJ HE YUYUTHIBAET
cooctBenHoe ABmxenue PTII, a Takxke ero ToyHOCTh majaer (puc. 2) npu yBe-
JUYEHUHU JUara3oHa, B KOTOPOM T€HEPUPYIOTCS CKOPOCTH vacTuil. s paboThl
B PEAIBHBIX YCIOBUAX KPUTHYECKHM BAXXHO KOPPEKTHO CMELIATh YaCTHULBI Ha
KapTe TpU JBWXKEHUU, a TaKkKEe TOYHO OIpPEAeisaTh CKOPOCTh OO0BEKTa 3a
HAUMEHBIIIEE YHUCIIO UTEPALUN.
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Puc. 2. Jlosicubie demexyuu ounamuueckux vacmuy (NOKa3ausvl KPACHbIM) HA

NPOmMsCeHHOM 00vekme 6e3 purbmpayuu (ciesa) u ¢ Heli (cnpasa)

JIJist 5TOTO K OPUTMHAILHOMY aJIrOpUTMYy (UIBTpa YacTUIl JOOaBISIOTCS
OJIOKM KOMITEHCAIIMH COOCTBEHHOTO JABUKEHUS IO JJAHHBIM OJIOMETPUH OT CEH-
copoB PTII u 6mokx ¢unbTpanuu aetekiuii. B HeM mpOBEpSIOTCS SYEHKH, TE
Macca 4acTHll, 3aC€IHHBIX Ha TEKYILIEH UTepaluu, 0oJbllle, 4eM Macca YacTHll C
NPEeabIAYIIUX WTepanui, T. €. Hambojee YyBCTBUTENBHBIX K CIIy4allHBIM
HaYaJIbHBIM CKOpocTsM. Kak mpaBuio, Takue Y€k — OJAMHOYHBIE BBIOPOCHI,
MO3TOMY (PHIIBTP MPOBEPSIET BCE COCEHUE STYCHKU HA KapTe, U €CJIM OHH MoMe-
YeHBI KaK CTaTUYHBIC WJIM BOOOINE HE SBISIFOTCS MPEMSATCTBUSIMH, TO JETEKIIUS
cuntaercs JioxHo. KpoMe Toro, mist 60see TOUHOTO BBIJEICHUS TPAaHUIl 00b-
€KTOB II0 MOMEHTAJIbHOW KapTe 3aHATOCTH [4] s4eiiku OOBEIUHSAIOTCA B TPYIIIbI
aJITOPUTMOM CBSI3aHHBIX KOMIOHEHT. Eclii o7jHa U3 siUe€eK IpyMIbl TOMEYaeTCs
GUIBTPOM YaCTHI] KaK JTWHAMHUYECKas, TO BCEU TPYIIE SYEEK MPUCBAUBACTCS
7Ta METKa.

JKCNepUMEHTATbHBIE Pe3yJIbTAThI

Pa3zpaboTannsiii anroput™ ObuT mpoTecTupoBaH Ha cepBucHoil PTII (puc.
3) B peasIbHBIX YCIOBUAX, HA poOOTE MCMoNb30BaNUCh auaapsl Ouster OS1-32 u
0S0-64, naepruanpHas cucteMa Xsens MTi-680G u Berancnurens Jetson AGX
Xavier.
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. x

WOTRRA

Puc. 3. Buewnuti 6uo sxcnepumenmanvrou cepgucrou PTI1

Taxoxe ObICTpoACICTBUE aNTOpUTMa CPAaBHUBAIOCH C METOJAMU, MPEACTAB-
JIEHHBIMH B [4, 5], Ha TeX k€ BBIYMCIUTENSAX: IECKTOIIHOM KOMITIBIOTEPE € MpO-
neccopom Intel 17-9700KF u Buneokaproit Nvidia RTX 3070 u Jetson AGX
Xavier Ha oTKpbITOM gatacere Waymo [11]. CpaBHeHHE OBICTpOACHCTBUS pa3-
JUYHBIX METOJIOB MIPEICTABIICHO B Ta0I. 1.

—

Taomuna 1
CpaBHUTEIBHBIN aHATU3 OBICTPOICHCTBHUS MOJIX0/I0B
Moxox [4] ooz [5] [IpennoxeHHbIN
OAXOJ
Desk. | Xavier | Desk. | Xavier | Desk. | Xavier
Hetexuus [4], mc 37 108 - - - -
CermeHrarus [5], mc - - 39 77 - -
@uIbTp YacTUl, MC - - - - 20 30
Kaptsl 3ansiTOCTH, MC 15 20 33 64 21 57
Cymmapnoe Bpems, MCc | 52 128 72 141 41 87

BbiBoabI

B craTtbe npeacraBiena MmoaudUKanus aropuTMOB MMOCTPOCHUS KapThl 3a-
HATOCTH W (puiIbTpa yacTUL JUisi OOHApYKEHHsI AUHAMUYECKUX OOBEeKTOB. Pea-
JU3alys NPeICTaBIEHHOTO aIropuTMa IPOTECTUPOBaHa HA PEANIbHBIX JAHHBIX U
paboTocnocoOHa B pealbHOM MaciliTade BPEMEHHU, B TOM YHCIIE U Ha BCTPOEH-
HBIX BhIUMCIUTENAX cepBUCHBIX PTII, Gnarogaps 60ojee BEICOKOMY OBICTpOICH-
CTBHUIO MOJX0JIa [0 CPAaBHEHHUIO C APYIMMH aIrOpuUTMamMu OOHApY>KEHUs AUHA-
MHYECKUX MPENATCTBUI HA KApTax MPEMATCTBUN.

baaropapuocts

DKCNEPUMEHTAIbHBIE UCCIEI0OBAHUA NTPOBeIeHbI cOBMECTHO ¢ OO0 «UH-
terpaHT», r. Mockaa.
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YK 621.396
CemenoB Bukrop AnekceeBuy, IrnatbeBa Cabuna BanepbeBHa

PEKOMEHJIATEJIbHAS CUCTEMA HA OCHOBE ABTOHKOAEPA

C kadcovim Onem 6 cemu Hnmepuem nossisiemcsi 02poMHOE KOIUYECMB0 KOH-
meHma, noab308amesiam ce mpyoHee Haumu mo, Yymo oyoem UHmepecHo UMEHHO UM.
B céa3u c smum, noasusiemcs ocmpas HeoOX00UMOCMb 8 UHCMPYMEHMAX, KOmopbvle
O6yoym noobupamsv nepcoHalbHbl KOHMeHm Ol Kaxicoo2o noavzosamens. Taxumu
UHCMPYMEHMAMU  AGNAIOMCSA  PEKOMEHOAmeNbHble CUCMeMbl, KOmopble HOMO2Alom
npeockazams U peKoMeHO008amsb 00beKmbl, NpeoCmasiaoujue uHmepec noab3o8ame-
JISl, UCX0051 U3 e20 npednoymeHul. B smoii cmamve npeonazaemcs cucmema peKomeH-
dayutl, 8 KOMOPOU UCNONIL3YEMCs ABMOIHKOOEP, OCHOBAHHBIU HA MEMOOe COBMECHHOU
Gunompayuu.

Pexomenoamenvnas cucmemda, aemoankodep, coemecmHas qbwlbmpauuﬂ.

Semenov Viktor Alekseevich, Ignatieva Sabina Valeryevna

RECOMMENDATION SYSTEM BASED ON AN AUTOENCODER

Every day a huge amount of content appears on the Internet, it is increasingly
difficult for users to find something that will be interesting to them. In this regard,
there is an urgent need for tools that will select personal content for each user. Such
tools are recommendation systems that help predict and recommend objects of interest
to the user based on his preferences. This article proposes a recommendation system
that uses an autoencoder based on the collaborative filtering method.

Recommendation system, autoencoder, joint filtering.

BBenenue

C pa3BUTHEM TEXHOJOTUW U OBICTPHIM YBEIMUYEHHEM YHCIIA MTOJIb30BATENEH
B MHTEPHETE, 3HAUUTEJILHO YBEJIMUYUIIOCh OpeMsi J0CTyIa MOoJib30BaTesl K (-
(dbexkTHBHON HMH(OpMaLKHU, MOJIB30BATENh 00padaThIBAET MHOTO MH(pOpPMALINH,
BKJIIOYAsi HOBOCTHYIO pEKJIaMy, OJJIEKTPOHHbIE TMPOAYKTbI, (QWIbMBI M T.
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1. OIHAKO TOSIBJICHUE U Pa3BUTUE PEKOMEHJATEIbHOM cucTeMbl 3(()EKTUBHO
CMSTYaeT siBJIeHUE MH(POpMaMOHHOU neperpy3kuC OOJbIIMMU TAHHBIMU MOJb-
30BaTeNM, KaK MpPaBWJIO, MPOCMATPUBAIOT BEO-CTPAHHULIBI, HAXKUMAIOT, YTOOBI
MIOCMOTPETH, a TAKXKE OL[EHUBAIOT U KOMMEHTUPYIOT (PUIIbMBbI HA Pa3HbIX KUHO-
miatrgopmax. Takoe nmoBeneHNHE MOIb30BATENEH MOKET T'€HEpUPOBATh COOTBET-
CTBYIOLIME JaHHbIE Ha KUHO-TUIaTQopMax. B paznuyHbIX TUMAX AaHHBIX OYEHb
BAYKHYIO pOJIb UTPAET MOJIb30BaTeNIbCKask OLEHKa (pUiibMa, KOTOpasi OOBIYHO MO-
KET OTpa)kaThb MOMYJSIPHOCTHh (puiibMa Cpelu Mosb3oBareneil. YToObl moMoub
M0JIB30BATENSIM OBICTPO U 3PHEKTUBHO MCKATh ACHCTBUTEIBHO MHTEPECYIOIIHNE
uX (pusbMbl, OOJIBIIOE KOJUYECTBO UCCIEAoBaTeNeld o0OpalatoT CBOE BHUMAHKE
Ha UCCJIEIOBAHNE PEKOMEHIATEIBHOIO aJrOpUTMa.

B mnocnenHue necATUIETHS MHOTME DKCIEPThl W y4YEHbIE Mpenaraid u
yIy4IIaJyd pPa3iUuYHble PEKOMEHAATENbHbIE AJITOPUTMBI, TAKHUE KaK aJrOpUTM
coBMecTHOM ¢uibTpauuu. [Io Mepe yrimyOieHus HcciieqOBaHUN BbBICHAETCS,
YTO aJTOPUTM CJIENO ONUPAETCS Ha aCCOLMALIMM MEX/y MOJIb30BATENISIMU U TIPO-
€KTaMHU, YTO HE 0053aTeJIbHO OTPa)aeT BCE MPEANOYTEHUS MOJIb30BaTENEH, Mo-
ATOMY MOKET CHMYKAaThb TOYHOCTh peKkoMeHaanni. C OTHOM CTOPOHBI, AITOPUTM
UCIIOJIB3YET TOJBKO JIMHEHHYIO MOJENb ISl U3yUYEeHUsI B3aUMOJEHCTBUS MEXY
MOJI30BATESIMU U TPOEKTAMH, MO3TOMY CJIOKHO H3Y4uTh Oosiee TIIyOOKHe
CKpBIThIE (DYHKIIMU MOJib30oBaTened u mpoekToB. C Apyroil CTOPOHBI, pa3zmep-
HOCTb M MaclliTa0 JAaHHBIX OYEHb BEJIMKH; B MATPHIIE OLEHKH MPOEKTAa OYEHb
MaJjio CBSI3U MEXIY MOJIb30BATENEM U MPOEKTOM.

TexHonorust rirydoKoro 00y4eHusi MOKET TOUHO PEIIUTh BbIIICYKAa3aHHBIE
npo0emMbl. Bo-nepBbIX, TEXHOJIOTHS TIIyOOKOTr0 00yUYeHUsI MOKET U3ydaTh MO/I-
pa3yMeBaeMble XapaKTEPUCTUKH JAaHHBIX IIyTEM CO3JaHHS MOJEIH HEHPOHHOMH
CeTH, a TakXKe CHOocOoOHa BbIpaXaTh M H3Yy4yaTh COOTBETCTBYIOILME JaH-
Hble. [ MOpUIHBIN anropuT™M peKoMeHAaluu (pUIbMOB MOXKET 3(PPEKTUBHO aHa-
JU3UPOBaTh (PYHKUUU IITyOOKHX JTaHHBIX IMOJIb30BATENEH M MPOEKTOB, TEM Ca-
MBIM yJIy4lllas MPOU3BOAUTENBHOCTh TPAJULMOHHOIO ajJropuTMa pPEeKOMEH[a-
LM, cO3/1aBasi MOJIENb PEKOMEHAAIMI, 0ojiee COOTBETCTBYIONIYIO MPEANoUTe-
HUSIM TI0JIb30BaTeNIeH, U MPEeAOCTaBlisAsl 0oJiee NePCOHATU3UPOBAHHBIE PEKOMEH-
JaTeNbHbIE YCIYTU. AITOPUTM PeKOMEHAAUi r1y0oKoro ooyuenus 3Qp¢GeKTuB-
HO KOMIIEHCUPYET OTpaHUYEHUS TPAJULIUOHHOTO AJITOPUTMA PEKOMEH AU .

BHeapenne TpaguIIMOHHOIO0 METOAA PeKOMeHAAI Uil

OcHoBHas uest CUCTEMbl PEKOMEH/Ialluid COCTOUT B TOM, YTOOBI (PUIBTPO-
BaTh 0OJIbIION 00heM MHGOPMAIMU U PEKOMEHI0OBATh MOIXOSAIINE DJIEMEHTHI
JUIsl Tosdb3oBareneil. CucreMa aHalIM3UpYyeT MOBEIAEHUE MOJb30BaTENEd C IOo-
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MOIIIbIO AJITOPUTMOB M aBTOMATHYECKH MPEIOCTAaBISET MPOBEPEHHYIO HH)OP-
MalMI0 TMOJIb30BaTeNsAM. JlaHHbIE, aHaNM3UpyEMble CHUCTEMOH, B OCHOBHOM
BKJIFOYAIOT (Dailsibl )KypHAJIOB, CO3/IaHHbIE B pE3yJIbTaTe MOBEACHUS MOJIb30BaTe-
7S Ha KJIMEHTe, TaKue KaK pPeUTHHIHU, JalKHh, U30paHHOE, MPOJO0KUTENbHOCTh
pOCMOTpa, JIMyHasi MHGOpManus, 3amojHseMas MOJb30BaTEIsIMU TIPU PETH-
CTpallMM YYETHOW 3amucu, U uHpopMalus o0 3JIeMEHTE, 3aroiHseMas Mpu 3a-
Ipy3Ke 3JIEMEHTOB Ha BEO-CalT H T. 1.

AJNTOPUTM pEeKOMEHAAINI, OCHOBAaHHBI HAa COBMECTHOW (PUIIbTpaLlUH, SB-
JSI€TCSA OJTHUM U3 CaMbIX MOMYJISPHBIX JITOPUTMOB PEKOMEHIAIUM, alrOPUTM
BBINIOJIHAET UHTEPAKTUBHBIA aHaIu3 MH(OpMALMHU, CBA3aHHOU C MOJIb30BaTENS-
MUA UM DJJIEMEHTaMH, a 3aTeéM HayMHaeT pPEeKOMEHJIOBaTh IMO0JIb30BaTe-
neit. [lockonbky Ha pelieHrue O TMOBEJACHUU 4YeJOBeKa BIUAET CyObEeKTHBHAs
WHULMATUBA, OTHOIICHHUS MEXAY MOJb30BATENSIMH M OOBEKTaMU MOTYT OBITh
BBISIBJIEHBI TTOCPEJICTBOM COTPYJIHHUYECTBA MEXKIY MOJIb30BATEISIMU U OOBEKTa-
MHU.

ANropuT™M THOPUAHBIX PEKOMEHAALMN MOXET HE TOJIBKO 3((HEKTUBHO U3-
0exaTh HEIOCTATKOB OJAMHOYHOIO aJIrOPUTMA, HO U MOBBICUTH 3(PPEKTUBHOCTD
peKOMeHJaui THOPUAHOIO aIrOpUTMa, TEM CAMbIM YJIYUYlIUB IPOU3BOJAUTEIb-
HOCTbh PEKOMEHAAINM

AJITOPUTMBI PEKOMEHIALMHI HA OCHOBE IVIy0OKOro 00y4eHus:

ABTO3HKOJIEp — 3TO 0COOBIA BUJ HEHPOHHOU CETH, KOTOpas MOXKET U3Y-
4yaTh IIyOOKO CKPBITBIE OCOOEHHOCTH BXOJHBIX JIaHHBIX, N0OaBIIAsl OrpaHHYe-
HUS B MOJI€NIb. ABTOSHKOJEP MOXKET C)KMUMATh U YMEHbLIATh Pa3MEPHOCTh JIaH-
HBIX, U3y4aTh INIyOOKHE OCOOEHHOCTH MHOTOMEPHBIX Pa3peKCHHBIX AaHHBIX, a
TaK)K€ CKMMaThb U T€HEPUPOBATH BEKTOPBI CKPBITHIX MPU3HAKOB HU3KOHM pas-
MEPHOCTH B CKPBITOM CIIO€.

HeliponHasi ceTb KOAMPOBIIMKA MOXET HE TOJbKO YMEHBIIATh U CXKUMATh
MHOTOMEpHBIE JaHHBIE, HO U U3y4aTh ITyOMHHbBIE OCOOCHHOCTH €N, IO3TOMY
€€ 4acTO MCHOJIB3YIOT IS U3BJIEUEHHUS CKPBITBIX OcoOeHHocTel nenu. B mo-
CJIEJTHHE TOJbI CYIIECTBYET OOJIBIIOE KOJUYECTBO PEKOMEHAATENbHBIX aJTOPUT-
MOB, OCHOBaHHBIX Ha HEUPOHHOU CETH aBTOOHKOAEPA.

['mybokoe oOydyeHre MMEET CUIIbHYI0 CIOCOOHOCTh M3y4yaTh HEJIMHEWHbIE
OCOOEHHOCTH JAHHBIX, YTO B HEKOTOPOW CTENEHU KOMIEHCUPYET OrpaHUYECHHUE,
3aKJII0YAIOUIEecss B TOM, UTO TPAAUIIMOHHbBIE AJITOPUTMbBI PEKOMEHIAllUid HE MO-
ryT M3y4aTb TJIyOOKME XapakTEpPUCTHUKU TOJb30BaTelied M  3JEMEH-
TOB. AJITOPUTM PEKOMEHJALMU TITyOOKOro 00yyeHus: OObIYHO BKIIIOYAET B ce0s
BXOJIHOM YpOBEHb, YPOBEHb MOJIEIH, YPOBEHb OOpaOOTKM M YpPOBEHb BBIBO-
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na. OOBIYHO BXOJHBIMU JAHHBIMM JUJISl QIITOPUTMA SBJISIOTCS JIMUHAsA WH(OpMa-
1[Ms1 TTOJIB30BATENS M aTpUOyTUBHAs HHGOpMAIIHS.

YaydumeHHas MoJeJIb COBMECTHON GUIbTPALMM HEHPOHHOM CeTH

B or1oit ctatee Oyner mpemsioKeHa TpagullMOHHAs MOJEIb HEHPOHHOM
COBMECTHOM (MIBTPALIMM HAa OCHOBE OT3BIBOB M JIOMOJHHUTEIBHO YIIyYIlIEHA
IIPOU3BOIUTEIIBHOCTh MOJIENN peKoMeHaann. Cioi Mpu3HaKOB yIOBIETBOPSIET
0000I1I€HHOMY MNPUHILIMITY MAaTPUYHOM JAEKOMIO3UILMHU, U €r0 MaTeMaTH4YeCKOe
OTIpeJIeNICHHE MTOKA3aHO B clieaytouiel popmyie:

Z' =9 (pw, qi) (1)

3aTeM yJydlieHHas MOJENIb CEeTH MHOrocioiHoro nepcentpona (MLP) u

GbyHKUHMS peacKa3aHus okazansl B hopmyinax 2 u 3:

Zy = P1(pw 1)
1/’2(21) = fz(WzTZ1 + bz) )
YL(Z—1) = fL.EWLTZL—l + b.)
Yui = O-(thpL(ZL—I)) (3)

rne Wu B — BecoBas marpuiia U 3HaueHUEe cMmemeHus cetu MLP coorser-
CTBEHHO; F'— ¢yHkuus aktuBanuu ceTd MLP; u L — KOIWYeCTBO CETEBBIX
YpPOBHEH, cOOTBETCTBYIOMUX ceTH MLP. OkoHUaTenbHOE ONpEeNeNICHUE yiyd-
[ICHHOW MOJIENIM COBMECTHOM (UIIBTpAIIMM HEMPOHHOW CETH IMOKa3aHO B clie-
nyromen Gpopmyirie:
YEMF
Yui =0 (thpL [l/JMLP]> 4)
3akioueHue

B sroli ctatbe B OCHOBHOM ONTUMHU3UPYETCSI HEMPOHHAsA CETh aBTOIHKOIE-
pa B TJIyOOKOM OOYYE€HHH W TMPEJIaraloTcsi peKOMEHIATENIbHBIN alropuT™, OC-
HOBAaHHBIM Ha aBTOZHKO/JIEPAX, YTO B HEKOTOPOU CTEIECHU YJIYUIIA€T MIPOU3BOIU-
TEJIbHOCTh TPAJAUIHUOHHBIX aIrOpUTMOB. OHAKO B MCCIEIOBAHUU BCE E€UIE CY-
HIECTBYIOT HEKOTOphIe orpaHuueHus. KosphuuneHT ucnonb3oBaHus alropurma
B HA0Ope MaHHBIX MO-MpeXHEeMY HeaocTtatoueH. KimtoueBas undgopmaius o apy-
ruxX aTpudyTax MOJb30BaTENsl, TAKUX KaK Mpodeccus, TaK)KE MOXKET MOBBICUTH
MPOU3BOJIUTEILHOCTh MOJIeNu. TakuMm oO6pa3zoM, J00aBIeHUE KIFOUEBBIX HEOTh-
eMJIEMBIX aTpUOyTOB K UTPE MOXKET eIlle O0JbIe MOBBICUTH TOUHOCTh U UHTEP-
MPETUPYEMOCTh PEKOMEHIAINH.

B Oynymux uccienoBaHusX MJIAHUPYETCS PACCMOTPETh BO3MOXKHOCTh J0-
OaBJjeHUS MOJEIU Tepeaadyd UHTEPECOB U MOJEIN CEMaHTUUYECKOTO aHaiau3a
JUISL TabHEUIIETO MOBBIIIEHUS] TOYHOCTH PEKOMEHAAIUN U pa3HO00pa3us anro-
PUTMOB.
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3AZTAYA ITIOUCKA N30BPAKEHUH 11O UX COJAEP) KUMOMY.
AHAJIN3 CYIIECTBYIOIIUX AJITOPUTMOB ITPH
IMPOEKTUPOBAHUU CUCTEM OBPATHOTI'O ITIOUCKA
N30BPAKEHUN

B oannou cmamwe paccmompena npobiema u nocmasieHa 3a0a4a HOUCKa u300-
PAadiCeHUll Ha OCHOBE COOEePHCUMO20, OeMANlbHO ONUCAHA APXUMeKmypa cucmem 00-
pamnozo noucka. 1lpoeedén cpasHumenvHvlli AHAIU3 PACCMOMPEHHBIX CYUeCmBYIo-
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WUX aN2OPUMMO8, UCTOAb3YIOWUXCS NPU NPOEKMUPOBAHUU CUCTEM 00PAMHO20 NOUC-
Ka u3006paxcenuil.

Touck uzobpadicenuil, cucmema oOPaAMHOZO NOUCKA, COOEPI’CUMOe U300padiCce-
HUS, 00BEKmM, MeKCmypa, SUCMocpamma, 3anpoc, PeieeaHmHoOCb.

Seryozhenko Olga Aleksandrovna

THE TASK OF CONTENT-BASED IMAGE RETRIEVAL. ANALYSIS
OF EXISTING ALGORITHMS IN THE DESIGN OF REVERSE IMAGE
SEARCH ENGINE

In this article the task of searching for content-based image retrieval is set, the
architecture of reverse image search engine is described in detail. A comparative
analysis of the considered existing algorithms, which used in the design of reverse im-
age search engine, is carried out.

Image search, reverse search system, image content, object, texture, histogram,
query, relevance.

Beenenue

Exeronno B HTepHETE MOSABIAIOTCS MUUIHMOHBI (hoTorpaduii u muzodpa-
keHuil. [Ipy TakoM OTpPOMHOM KOJWUYECTBE HMHQOpPMAIIMU Ha3peBaeT MOTpeo-
HOCTb B 3(ppeKTUBHOM MOUCKE MO U300paxkenuto [1, 2]. Y ecnu asg TeKCTOBOro
MOUCKA YK€ CO3/IJaHbl OTJIMYHBICE UHCTPYMEHTHI, TOUCK M300paKeHUN OCTaeTcs
HEpEIIeHHOW MPOOJIEeMOil.

[Ipy HAIMYMKU TaKOTO OTPOMHOI0 KOJUYECTBA MHQPOpMAIUU npodiaemMa 1o-
UCKa M300paXeHU HE TOJIbKO IO KIIFOUEBBIM CIIOBaM, HO M MO KOMHUHU H300pa-
JKEHUSI OYEHb aKkTyaslbHa [3].

CyuiecTByeT ABa THUIIA METOJIOB MOUCKA M300pakKeHMI: MOMCK M300paxe-
HUN HA OCHOBE TEKCTa U METOJIbI MTOMCKa U300paKeHUI Ha OCHOBE COJIEPKUMO-
ro.

Bonbiias 4acTh JOCTYMHBIX CETOJHS MOMCKOBBIX CHCTEM OCHOBAHBI Ha
TEKCTE WJIM KIHYEBbIX clioBax. [Tonck n3o0paxeHnil Ha OCHOBE TEKCTa MCMOJb-
3yeT KJIIOUEBBIC CJIOBA, YTOOBI HAMTH WX B HA3BaHWUU WJIM MPUOJIU3UTHCS K U300-
paxeHuro. TeKCTOBBIM MOUCK SIBISETCS M3-3a PYYHOI'O0 aHHOTHPOBAHUS KIIHOUe-
BBIX CJIOB JJi u300pakenuii B UHTepHeTe, KoTopoe TpeOyeT 00JIbIlie BPEMEHHU.

YToObl MPeoa0aeTh TPYAHOCTH, BO3HUKAIOIINE MPU MOUCKE U300paKeHUN
Ha OCHOBE KIJIFOUEBBIX CJIOB, OBLIT CIIPOEKTUPOBAH MOUCK U300paKEHU Ha OCHO-
Be coaepxkumoro B 1990-x romax.
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[Touck nzobOpaxenuit Ha ocHoBe coaepxkumoro (CBIR) — 3to Meroauka,
MO3BOJISIONIAs HAXOJUTh M300paKEHHsI MO KOHKPETHOMY €ro COJEPKHUMOMY,
HaIlpuMep, Mo I[BETaM WJIM TeM, KaKhe OOBEKThI MOKa3aHbl Ha M300paKEHUU.
CBIR wucnonbp3yer BU3yaJbHbIE MapaMeTpbl U300paKE€HUS, TaKUE KaK LIBET,
dbopma, TEKCTypa U MPOCTPAHCTBEHHAS] pa3METKa, JUIsl IPEACTABICHUS U UH/ICK-
caiuu u3oOpaxeHus. [loMCKOBbIE CHUCTEMBI, KOTOPBIE HCIOIb30BAIU METOIbI
CBIR, Ha3bIBalOTCA cUCTEMaMU 0OPaTHOTO MOUCKA U300paKeHUSI.

BBuay Toro ¢axra, 4To MyJIbTUMEIUNHYI0 UH(POPMALMIO TPYAHEE IMOTY-
YUTh M0 CPaBHEHHUIO ¢ OYKBEHHO-IM(poBOi HHPOpManuen (TEKCToOM), HE0OXO-
JUMO TPUHSTH BO BHUMAHHUE HEOOXOAMMOCTh M MOJE3HOCTh MYJIbTUMEIUMHBIX
0a3 JaHHBIX JJI MOMCKA UHPOPMALIUU.

[Touck nHpOpMaLNK, XapaKTepU3YIOLIEH CoAepKaHue B MyJIbTUMEIUNHBIX
0a3ax JIaHHBIX, TPYJIOEMOK C TOUKHM 3pEHHUS BPEMEHH MOUCKA U 3aTpaT peCcypcoB,
a pe3yJibTaThl HE SIBJISIOTCS TOYHBIMU, @ OCHOBAHbI Ha CXOJCTBE, COBMAJCHHUU
MEXK/Ty 3alpOCOM U MOJTyuyeHHOU nHopmariueit [4].

OpxHako 3TO BaXHO M3-3a OOJIBIIOr0 MHTEPECA K Pa3IMYHbIM 00JacTsIM, Ta-
KM KaK KPUMHUHAJIUCTUKA, MEIULMHCKAs TUAarHOCTHUKa, CUCTEMBbI O€30IacHO-
CTH, 3alllUTa HUHTEIUJICKTYyaJIbHOM COOCTBEHHOCTH (MACHTU(UKALIUS TUIaruara
CHUMKOB) H T.]I.

IlocTaHoBKa 3a1a4¥ KOHTEKCTHOI'O IMIOMCKA M300paKeHu i

[Ipu moucke B KayecTBE 3ampoca 4Yalle BCEro BBICTyHAaeT M300pa’keHue-
oOpasernl. Pe3ynbpTaTom mnoucka siBisieTcss Habop u300pakeHui, OJU3KUX K U300-
pPaXKEHUI0-3aMpocCy.

[Touck mo M300pakeHHI0 OCHOBAH HAa HMCIIOJIb30BAaHUU AJTOPUTMOB KOM-
NBIOTEPHOTO 3pEHMs. YCIEX TAKOTO MOMCKA OCHOBAH HAa HMCIOJb30BaHUM HWH-
(OpMaTHBHBIX MHBAPUAHTHBIX OBICTPO BBIYHMCIISAEMbBIX XAPAKTEPUCTUK, a TAKXKE
3¢ (HEKTUBHBIX KIACCU(PUKATOPOB U300paKEHUH.

O¢ddexTuBHOCTh MOUCKA, B MEPBYIO OYEpPE/lb, 3aBUCUT OT BPEMEHHOM
CJIIOKHOCTH BBIUMCIIEHUSI XapAKTEPUCTHK M300paKeHHsI U OT CTENEHH CTPYKTY-
PUPOBAHHOCTU AaHHBIX U300paxkeHus [4]. CiaegoBaTenbHO, BCE TTOUCKOBHIC BbI-
YUCJICHUS JOJDKHBI ObITh MUHUMM3UPOBAHBL. JIJIs1 3TOro, Korjga mu3o0pakeHue
nosiBisieTcs: B ceTy MlHTepHeT BrepBbie, Bce HEOOXOAUMbIE 3HAUEHHSI €r0 Xapak-
TEPUCTHUK JOJHKHBI OBITh PACCUUTAHBI U COXPAHEHBI BMECTE C JPYTUMU 3JIEMEH-
TaMUd ONUCAHUSI M300pPaKEHMs, a TAKXKE OCTaBaTbCid B CTPYKTYPHUPOBAHHOMN
dbopme, KoTopass MaKCUMHU3UPYET F(DPEKTUBHOCTh MOUCKA U300pakeHuil. JlJis
ATOr0 HEOOXOAMMO pa3zpaboTaTh MOJENb 0a3bl TaHHBIX, KOTOpas OyJeT CIpOeK-
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TUPOBaHA JJIsi XpAaHEHHS CCHUIOK Ha M300paXeHHsS M KOHTEKCTHBIX JaHHBIX O
HUX [5-7].

Takum oOpazom, oOiias GopMyJIUpOBKa 3aJlaud MOXKET ObITh JaHa CIey-
IOIIUM 00Pa3oM:

— MyCTh JaHa COBOKYIHOCTb M300paxkeHuil I B rpaduueckoi 6aze naH-
HBIX n300pakenuii IDB;

— J1aHO M300pakeHHe-3TajoH le coO CBOMMHU KIIOYEBBIMHU XapaKTEPHUCTH-
kamu Ck(Ie);

— 3aJ]a4a MOUCKA U300pakKeHUl CBOJIUTCA K 3a7a4€ BHIYMCIICHHS U CpPaB-
HeHus xapaktepuctuk Ck(I) nzobOpaxenwuii | u3 IDB, u Bo3BpalieHus: noMHO-
kecTBa Ice Hanbosiee OIM3KUX MO COJEpKaHUIO U300pakeHul K le, To ecTh co-
nepxkamux Te ke xapakrepuctuku Ck(Ile) (c HekoToOpoi 3aJaHHOW TOYHOCTHIO
iy npuomkenueM), win ux noamuoxkectBo Cj(Ie) uz Ck(le), uto u stanon le.

Ha puc. 1 npuBegeHa cTpykTypa 0000IIEHHON CUCTEMbI KOHTEKCTHOT'O IO~
MCKa U300pakeHUH.

IMoacucTema
sanonHeans b1 '

3anmoMHHAHHE B

/\% : B
| | XapaKTepHCTHK

1| cozepkHEMOTO
H300pAKeHHA

HaTepdeiic
no./1b30BaTe I 3

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

IpexpapuTe/IbHAA
00padoTKa

H300pazKeHHs

—

Brrunciaenne

XapaKTepHCTHK | |

COoepPAKHMOro

CpaBHeHHe
XapaKTePHCTHK
Ck(Ie) u CK(I)

Bosppamenue | |
H COPTHPOBKA | |
Pe3yIbTaToB | !

CK(Ie) | noucka Ice | !

\ IoacucTeMa !
| HOHCKA !
\

Anpo cucTeMbI MOHCKA

Puc. 1. Obobwénnas cxema cucmemblKOHMeEKCMHO20 NOUCKA U300PAHNCEHUL

ApXHMTEKTYpa cucTeM 00PAaTHOIO MOUCKA

TpanuuroHHas apXHUTEKTypa CUCTEM MOHUCKA M300paK€HUH MO COACPKU-
MOMY UMEET MHOT'O OOLIETr0 C apXUTEKTYPOUl KIaCCUYECKUX MOUCKOBBIX CUCTEM.
Jlnst cucrem CBIR Takxke XxapakTepHO BbIEJIEHUE JBYX IJIaBHBIX MOJYJE: MO-
TyJisi MHAEKCUPOBAHUS U MOJyJisl moucka. [lepBriit oTBevaeT 3a 00paboTKy AaH-
HBIX U MOCTPOECHHUE HMHJIEKCHBIX CTPYKTYpP, MO3BOJISIIOLIMX 3HAYUTEIBHO YCKO-
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pUTH IOMCK. BTOpOoil MOIynp 3aHMMAETCS HENMOCPEACTBEHHO MOMCKOM IIO 3a-
npocy
MOJI30BATES.

OnHolt n3 KIMOYeBBIX KOMOOHEHT cucTeMbl CBIR sBjsieTcss KOMITIOHEHTA,
OTBEYAIOIIAsl 3a MapaMeTpHU3aLUI0 N300paKEHHsI —BbIYHMCICHUE BEKTOPOB IMpH-
3HakoB. Ha BXoJ JaHHON KOMIOHEHTE MOJAeTCsl M300paKeHue — MaTpulia 3Ha-
yeHuil ero mukcened. M3o0paxxkeHne aHaIM3UPYETCA, U N0 HEMY BBIYHMCIISIOT
BEKTOpa MPHU3HAKOB, IME€pelaBaeMble Maibllie B MOAYJIb HWHICKCHPOBAHUS.
HiMeHHO TO BEKTOpaM MpH3HAKaM HM300pakeHUs W cTpoutTcs wHIEKc. llepen
POBEJCHNEM TIOMCKA HAI0 BBIYUCIUTH MPHU3HAKUA H300pakeHus-oopasma. [Ipu
TOM HEOOXOJIMMO HCIOJIb30BaTh TE K€ CaMble AJITOPUTMBI, C TOMOUIBIO KOTO-
PBIX BBIYHMCIISUTHCH IPU3HAKY ISl M300pakKeHUi KoJulekuu. Jlajnee mouck mpo-
M3BOJUTCS 1O TOMYyYEHHBIM BEKTOpaM MPHU3HAKOB M300pakeHHUs — 3ampoca U
dbopmupyercst BpiJaua pe3yabTaTtoB. [loa Belgadel 37ech MOHUMAETCS PaHKH-
pPOBaHHBIM HAOOP 0OBEKTOB MOUCKA, MPEICTABISAIOIINX COOOM OTBET MOMCKOBOM
CHUCTEMBI Ha 3aJaHHBIN 3a1pOoC.

Ha puc. 2 mpexacraBineHa cxema, OMHCHIBAIONIAS CTPYKTYPY THIIHYHON
CBIR-cuctembl. BBog ucxoaubix gaHHBIX (puc.2, 6J10K 1) — HEAHHOTUPOBAHHO-
ro U300pa)Ke€HUs, OCYUIECTBISETCS MOJb30BaTENIEM C MCIOJIb30BaHUEM rpadu-
yeckoro uHrepgeiica. [locne storo nzoOpaxeHue MoxeT ObITh 00padOTaHO CH-
CTEMOI MOMCKa B LIEJIAX yJIyYIlIeHHUs ero KayecTna (puc.2, 010k 2).

[To nmpeno6paboTaHHOMY H300paKEHUIO BBIJEISAETCS HAOOp MPU3HAKOB,
KOTOpBIE OMUCHIBAIOT COJiepKaHue u300paxkeHus (puc.2, 60k 3) U UCHOJIb3Y-
IOTCSI TIPU OTIpEeJIeTIEHUH CXOACTBa n3o0paxkenuit (puc.2, 6mok 4). Ilpeanonara-
eTcsl, uTO 0a3za AaHHBIX (puc.2, 670K 7) COAEPKUT 3apaHee pacCUMTaHHbIE HA0O-
pBI IPU3HAKOB JIJIsl KaX0ro €€ n3oopaxenus. [loaxoa npu onpeneneHuu Cxo-
CTBa HMCXOJHOT0 H300pa)kKeHUsl peaju3yercs, HalpuMep, C HCIOIb30BAHHEM
MOJTHOTO Tepedopa, MPH 3TOM HaWIEHHBIC MPU3HAKKA CPABHUBAIOTCS C KaXIbIM
npU3HAKOM U3 0a3bl, U MO pe3ylbTaTaM MPOLEayPhl TOJIOCOBAHMS TPUHUMAETCS
pELICHHE O CXOJCTBE U300paKEHHI.

PesynbTaTom paboThl 3Tana 4 (puc.2) MoKeT ObITh KaK OJTHO U300paKeHUe,
TaK U HECKOJIBKO — B TOM ClTy4dae, eciu 0a3a JaHHbBIX COJAEPIKUT MOBTOPSIIOIIUECS
1o cojepkaHuto n3o0paxeHus. M300paxeHus: B TOMCKOBOM OTBETE PaHXHUPY-
I0TCS. TI0 PEJIEBAHTHOCTU K MCXOAHOMY (pHC.2, OJOK 5) MU JI€MOHCTPUPYIOTCS
MOJIb30BaTelNto (puc.2, 6JI0K 6).
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WHTepdeic nons3osarens - ) ; Mogynb : ) Mogaynb uasneyeHns &
BXOZHbl€ AaHHbIe i npeaobpabotku naobpaxeHus | WHOPMATMBHbIX NPU3HAKOB @
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S — . D
PeaynkTar noucka - « i Moaynb parxuposarms i i Moayns onpeaeneHna g
BbIXOAHbIe AaHHbIe : pe3ynLTaToB Noucka : CXOfCTBa M30GpaXeHUHA »

6 T ' 2

Puc. 2. Cxema, onucvigarowas cmpykmypy munuyHou cucmemsl 00pamHo20 NOUCKd

usobpasxcenuti [8]

Hcnonb3yembie METObI M AJITOPUTMbI

Cucrempl 00OpaTHOTO MOMCKA M300PKECHUN KIACCU(DHUITMPYIOT U300paxe-
HUs, 00pabaThIBaIONIME UX BU3yaIbHbIE XapAaKTEPUCTUKH, TAKUE KaK I[BET, TEK-
cTypa u (hopma, KOTOPbIE MOTYT OBITH MOJIYYE€HBI U3 CAMOT'0 U300paKECHHS.

N3-3a MOCTOSTHHBIX W3MEHEHHMI B ceTH VHTEepHET BO3HUKAET HEOOXOIH-
MOCTb MOCTOSIHHO aJIallTHPOBATHCA K BO3MOXKHBIM BapHalysiM 3alpoCOB MOJIb-
30BaTeNey, YCIOBHIM ITOMCKAa M pexxumaM cetu Murtepner. B atoi curyanuun
BO3MOYKHO MCIOJIb30BaHUE HCKYCCTBEHHOI'O HMHTEJUIEKTa — 3TO HOCTOSHHAS
ONITUMU3AINS TOUCKOBOW CITY>KOBI ITyTeM Pa3pabOTKH U MPUMEHEHUS aJTOpPHUT-
MOB: 3KCIIEPTHOM OIICHKHU H/WJIM MAIIMHHOTO O0y4YeHUSI.

Taxke MOXHO BBIACIUTH CIEIYIONIME O0IIMe METO/bI U (PYHKIIMH OIHUcCa-
HUS COEPKUMOTO U300PAKEHHUS.

— CpaBHEHME LIBETOBOTO COJEPIKAHMUS;

— CpaBHEHHE TEKCTYPHBIX KOMIIOHEHTOB;

— ompeneneHrne n300pakeHns Ha OCHOBE TeOMETpUYEecKoi (hOpMbI 0OBEK-
TOB;

— Hcnoyk3oBanue noanuchk tuna SIFT;

— HCIOJIb30BaHHUE MMEPUENTUBHOIO X3IIIA;

— HUCIOJIb30BaHUE PU3HAKOB Xaapa [9].

CpaBHeHue M300pakeHHs 10 HBETOBOMY COAEPKHUMOMY

[Touck wu300pakeHUl NMyTEM CpPaBHEHUS LBETOBBIX KOMIIOHEHTOB OCY-
HIECTBIISIETCS MMyTEM MOCTPOEHUSI THCTOIPaMMBI UX pacnpeneneHus. OnucaHue
U300paKeHM C IIBETaMM, KOTOpPbIE MX COJAEP)KAaT, ABISETCS Haubojee pacipo-
CTPAaHEHHBIM, IMOCKOJBKY HE 3aBHUCUT OT pa3Mepa WM OpUEHTAlUUu H300paxe-
Hus. [locTpoeHue rucTorpaMm € MOCHEAYIOINUM UX CPABHEHUEM HCIOJIb3YETCS
4acTo, HO 3TO HE €IUHCTBEHHBIN CIIOCOO OMMCAHUS IBETOBBIX XapaKTEPUCTHUK.

JIoCTOMHCTBa — MPOCTOTa peanu3aluu, cKopocTb. OCHOBHBIM HEIOCTAaT-
KOM METOJIa IBETHBIX TUCTOTPAMM SIBJISIETCS TOTEeps WH(OpMAIUU O TIPOCTPaH-
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CTBEHHOM PacrnoJiokeHUH 00beKTOB. COBEPIIEHHO pa3Hble N300paXKEHUSI MOTYT
HMMETH MOXO0XKHUE IBETOBBIE THCTOrpamMMsl [ 10].

CpaBHeHHE TEKCTYPHbIX KOMIIOHEHTOB

MeTonbl TaKOro ONMUCaHus pabOTarOT MyTEM CPaBHEHHUS TEKCTYPHBIX Y30-
POB, IPUCYTCTBYIOIIUX B U300pa)K€HUHU, U MX B3aUMHOI'O pacroyioxeHus. s
ONpENENEeHUs] TEKCTYPhl UCHOJIb3YIOTCS Y30pbl, CTPYHIUPOBAHHBIE B HAaOOPHI.
OHu cozpep aT HE TOJBKO MH(OPMAIUIO, OMUCHIBAIOLLYI0 TEKCTYpYy, HO U €€
pacnoioKeHNe Ha OMUChIBAEMOM HU300pakeHUH. TEeKCTypy Kak OOBEKT CIO0KHO
onucarb (popmManbHO, U €€ OOBIYHO MPEACTABIISAIOT JIBYMEPHBIM MACCHBOM W3-
MEHEHHUH APKOCTH. Takke B ONMCAaHWE MHOTIA BKIIFOYAIOT MEPY KOHTPACTHOCTH,
I'PaIMEHTHON OPUEHTALINH, 3aKOHOMEPHOCTH.

I'maBHBI HEIOCTATOK — OTCYTCTBUE YETKUX KPUTEPUEB pasiiv-
YU \OJIM30CTH IBYX TEKCTYPHBIX NU300paKeHHM.

Omnpenenenue n3o00pakeHUsl HA OCHOBE reOMETPUYECKOH (POPMBI 00b-
eKTOB

Onucanue (Hopmbl OIPa3yMEBAET ONMUCAHUE TE€OMETPUUECKON POPMBI OT-
JIENbHBIX YYaCTKOB H300pakeHus. YTOObI ONpeAeNuTh 3TO, CHayanaa MpUMeEHs-
€TCsl CErMEHTAaLMsI K 00JJaCTH WM BbIJEICHUE TPaHUL.

['maBHEBIN HEOOCTATOK - HEOOXOAMMOCTHh YacTOr0 BMEIIATEILCTBA YEJIOBE-
K4, TOCKOJIbKY TaKW€ METOMAbI, KAK CErMEHTAlMs, CJI0KHO MOJIHOCTBI) aBTOMa-
TA3UPOBATH ISl CAMBIX PA3HBIX 3a]a4.

HUcnoas3zoBanue noanuch Tuna SIFT

Meton SIFT (macmtaOHO-UHBapuaHTHas TpaHchopMmanusi NPU3HAKOB)
onpeensieT Habop KOHTPOJIbHBIX TOYEK Ha M300PaKEHUU M MCHOJIB3YET OTHO-
CUTEJIbHOE TMOJIOKEHUE Y3JIOBBIX TOYEK KAK XapAKTEPUCTUKY H300paKeHHS.
OTOT METO MOXET HAAEKHO HUICHTU(DUIMPOBATH OOBEKTHI JAXKE Yepe3 LIyM
WM YaCTUYHOE MEePEKPbITUE, TOTOMY YTO JECKPUIITOP aTpuOyTa NHBAPUAHTEH K
JUHEHHOMY MAacIUTaOMPOBAHMIO, a TAKXKE K U3MEHEHHUSIM IPOCTPAHCTBEHHOMH
OpHUEHTAlMHU WJIU CBETA U T.JI.

[Ipenmy1ecTBO 3TOr0 METO/Ia B TOM, YTO OH XOPOIIO MOJXOAUT ISl OIpe-
JIEJICHUs] TOr0, SIBJSIETCA JM OJHO H300pakeHue aAeQOopMUPOBAHHON KOmUEH
apyroro. OIHAKO AJISI ONPENENIEHUs] CXOJACTBA IBYX INPHUHIMIMAIBHO Pa3HBbIX,
XOTS U BU3yaJIbHO TOXO0KUX M300paKEHUI METOJ] HE MOIXOIHUT.

CretoBaTenbHO, B IMTOMCKOBOM CHUCTEME 3TOT METOJ MOKET UIPaTh POJIb
TOJIBKO OIpPEAENICHUs, €CTh U MOJAU(PUIIMPOBAHHASI BEPCHUS KEJIAEMOIo M300-
paxeHus B 0a3e TaHHbIX.
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Hcnonab3oBanue nepuenTuBHOIO Xelia

B sTrom monxone ¢ ucnoyib30BaHUEM AUCKPETHOTO KOCMHYCHOIO mpeodpa-
30BaHMSI OCTAIOTCS TaK Ha3blBaeMble 00Jiee HU3KUE YaCTOThI, B KOTOPBIX cocpe-
JNO0TOYEeHO Oonbiie uHpopManuu o GopMe U300paKEHUS, UEM O €ro I[BETOBBIX
XapakTepucTukax. B pesynbrare Ooiblioe n3oOpaxkeHUE mpeBpamaercs B 64-
OUTHBIN XeIl.

K mocTonHCcTBam 3TOro METo/Aa MOXHO OTHECTH CKOPOCTh ONpENETICHUs U
poCTOTY anroputMa. HemocTtaTkoM SIBISIETCS yMEHbLIEHHWE H300pa)xKeHUs 10
HU3KUX YacCTOT, YTO JIa€T 3HAYUTEIbHYIO MOTPEIIHOCTh B ONPEIEICHUN PE3YJIb-
TaTa.

Hcnoab3oBanue npusHaKkoB Xaap

[Ipuznak Xaapa COCTOMT W3 MPUIETAIOIIMX MPSMOYTOJbHBIX 00JIaCTEH.
OnHu pacrnonararorcsi Ha M300paXKEHUH, 3aTEM CYMMUPYIOTCS HWHTEHCUBHOCTH
NUKcelled B 00JIaCTAX, MOCIE YEro BBIYUCISETCS pPa3HULA MEXAY CyMMaMHu.
Otol pasHuilel OyJeT 3HauYCHHE OMNpPECICHHON XapaKTEPUCTUKH, OMpEe/ICH-
HOT'O pa3Mepa, OIpeesIeHHbBIM 00pa3oM paclojIoKeHHast Ha H300paKeHHH.

KitoueBoe nmpenMyniecTBO 3HaKOB Xaapa — BBICOKAasi CKOPOCTh MO CpaB-
HEHUIO C OCTAJIbHBIMU XapaKTEPUCTHUKAMHU.

BoiBoabI

[IpobGiema moucka Mo M300paKeHUsIM OYCHb akTyasibHa. Ha naHHbIA MO-
MEHT CYILIECTBYET HECKOJIBKO CEPBHMCOB, MpEAJiaralolux pa3Hble pemenus. He-
KOTOpbIE CEPBUCHI MCHOJIB3YIOT MCTOPHUIO MOMCKA IMOJb30BaTEICH AJid MOUCKa
M300paKEHHUsI, TO3TOMY PE3YJIbTATHI MOUCKA OYyT pa3HBIMH ISl Pa3HbIX MOJIb-
3oBarened. Takxke Bce CepBUCHI IUIOXO PadOTalOT ¢ MOAU(PUUIMPOBAHHBIMU
M300paKEHUSIMHU.

Jlnis pemienust mpoOiaeM HEOOXOIMMO CIPOEKTUPOBATh TAKYHO MOJIENb Cep-
BHCa TIOMCKa MO M300paKEHUIO, KOTOpPas MO3BOJUT TOOUTHCS JOCTATOYHOM
HaJEKHOCTU MOUCKa n300paxeHnil. OCHOBHBIE pa3/eibl KOMIBIOTEPHBIX HAYK,
KOTOPbIE HY>KHO YYUTHIBATh IPU MPOEKTUPOBAHUU:

Komnbroreproe 3penue. [louck mo m3o0pak€eHHWI0 OCHOBAH Ha HMCIMOJb30-
BaHUU AJITOPUTMOB KOMIBIOTEPHOTO 3pEHUs. Y CIICIIHBIN pe3yabTaT TaKoro Imo-
MCKa OCHOBAH Ha MCIOJIb30BaHUM OBICTPO PACCUUTHIBAEMBIN XaPAKTEPUCTHUK.

Opranuzanusi 6a3bl 1aHHBIX. Pe3ylbTaTUBHOCTH MOUCKA 3aBUCUT OT Bpe-
MEHHOM CIJI0)KHOCTHU BBIYMCIICHHSI XapaKTEPUCTUK M300pPAKEHHUSI U OT CTEIECHH
CTPYKTYPUPOBAHHOCTU OOBEKTOB U300paKeHUSI.

AJNTOPUTMBI U CTPYKTYpPBI JaHHBIX. CTPYKTYpbI TAHHBIX U QJITOPUTMBI MO-
UCKa M300paXeHUM AOJKHBI ObITh pa3paOOTaHHBIMU C YYETOM MPUHIIMUIIOB IO-
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MCKOBOM ONTHUMH3alUUU. ['0BOPSI O CTPYKTypaxX JaHHBIX, B OCHOBHOM P€Ub UIET
0 JIEPEBBAX U XeII-TabIMLax AJisl MOMCKa U300paKeHUI.

DKCHEepTHbIE CUCTEMBI M MalllMHHOe oOydyeHue. KoHuenuus Mcronb3oBa-
HUSL UCKYCCTBEHHOT'O MHTEJUIEKTa — 3TO MOCTOSHHASI ONTHUMH3aLUs MOUCKOBOM
CIIy OBl ITyTeM pa3pabOTKU U MPUMEHEHHUS aJTOPUTMOB 3KCIIEPTHON OLEHKHU U
MAaIlIMHHOTO O0Yy4YEeHUS.

B nanpHedmmx uccnegoBaHusX OyAyT THIATENBHO MPOAHAIM3UPOBAHBI U
MCCJIEIOBAHBI BBIIICYKAa3aHHBIE AJITOPUTMBI JJI BHIOOpA <JIYYILEro» U3 HHUX IO
OOJIBIIMHCTBY NPEIbSABIAEMbIX HA MPAKTUKE KPUTEPUEB B KauecTBe 0a30BOTr0, U
JanbHee ero MoaupuKaluy i1 NOBbILIEHUS 3()()EKTUBHOCTU pEeLICHUs 3a-
Jlayu TTOMCKA U300paKeHUH ¢ yU€TOM UX COACPIKUMOTO.
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PA3BPABOTKA ITPOT'PAMHOI'O OBECITEUEHUS PEAJIN3ZAIIUA
OIITUMAJIBHOI'O KOHBEWEPA 3ATPY3KH KOMIIBIOTEPHO
TOMOTI'PA®OUUYECKNUX CHUMKOB C UCITOJIb30BAHUEM
®PEVMMBOPKA TENSORFLOW

B oOanmoii cmamve onucana peanuzayus onmumaibHO20 KOHEelepd 3azpy3Ku
KOMNbIOMEPHO MOMOSPAPUUEeCKUX CHUMKO8 OJisi NpoGedeHus npoyecca o00y4eHus
HeUpOHHBIX cemell, peanu308aHHvlx ¢ nomowwto @petimeoprka TensorFlow. Onucan
NPOSPAMMHO-ANNAPAMHBII MOOYIb, Peanu3yiowuli paziuyHvle KOHQOUISYpayuu KoHeeli-
epa 3azpy3Ku OAHHBIX U NPOBOOAUWUL UX MECMUPOBAHUe HA PA3HBIX 8bIOOPKAX 6X00-
HbIX OAHHBIX C Yelblo GbIAGNEeHUs HAuIydulell KOHpuaypayuu u onmuMaibHblX napa-
Mempog 015l Heé. DMo Nno380aUM UCCIe008amb IPPEeKMUBHOCIb PA3TUYHBIX MEMO008
3aepysku KT oannvix u 6 OanvheliuieM UCNOIb306amy ayyuiue U3 HUX OJisl 3a2py3Ku
OAHHBIX 80 8peMsl 00)YeHUsI HeUPOHHBIX cemell.

Kownegeiiep, KT, mecmuposeanue, 3a2py3ka OAHHBIX, CEMN, CeMniep, oamacem,
KOHGhucypayus Kouegetiepa.
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Karaev Artyom Dmitrievich, Proskuryakov Alexander Viktorovich

IMPLEMENTATION METHODS FOR VERIFYING THE STATE OF
FRAGMENTS OF MEDICAL BIOLOGICAL OBJECTS BASED ON
COMPUTER - TOMOGRAPHIC IMAGES BY THE DECISION-
MAKING SUBSYSTEM FOR THE DIAGNOSIS OF DISEASES

This article describes the implementation of the optimal pipeline for loading
computed tomography images for training neural networks implemented using the
TensorFlow framework. A software and hardware module is described that imple-
ments various configurations of the data loading pipeline and tests them on different
input data samples in order to identify the best configuration and optimal parameters
for it. This will allow to investigate the effectiveness of various methods for loading CT
data and further use the best of them for loading data during training of neural net-
works.

Pipeline, CT, testing, data loading, sample, sampler, dataset, pipeline configura-
tion.

BBenenue

B Hacrosiee BpeMs anropuTMbl Ha OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX
ceTeil U MalmMHHOE OOy4YeHHE YK€ aKTHUBHO HCIIONb3YIOTCA BO BceX cdepax
YKU3HH, B TOM YUCJIE U B MeIuLMHEe. B yacTHOCTH, ceiiuac ua€T akTUBHAs pa3pa-
6otka anroputmoB aHanu3a KT cHUMKOB, KOTOpbIe TOMOranu Obl BpayaM Haxo-
JIUTh PAKOBBIE OMYXOJIM, Pa3Iu4Hble MPU3HAKK TPOMOO3a U SMOOJIUU U TTPOUYUE
anomanuu| 1,2,3]. g a¢ppexTuBHON pabOThl TAKUX AITOPUTMOB UX HEOOXOU-
MO MpEeABApPUTEIbHO 00y4aTh HA OTPOMHOM KOJMYECTBE JAHHBIX, YTO 3aHUMAET
JIOBOJILHO MHOT'O BpeMeHU. B o61m1iem Bujae oOydyeHue J1ro0oro aaropurMa Ha oc-
HOBE UCKYCCTBEHHBIX HEMPOHHBIX CETEel MOXKHO pa3ienuTh Ha 2 Omoka. [1epBsiii
— 3TO0 (POPMHUPOBAHUE BXOJHBIX JAHHBIX, BKIIIOUAOIIEE B c€0s 3arpy3Ky JaHHBIX
B OINEPATUBHYIO NaMATh M MPU HEOOXOJUMOCTH Kakas-I1udo mpenoOpadoTka.
Bropoit — BBIYMCIIEHHUS, TPOU3BOJUMBIC CETHIO HaJ TOJYyYEHHBIMU JAHHBIMU.
JInst ycKopeHus BBIYMCICHUHN celvac MCHOJb3YIOT MOIIHbIE TpaduuecKkue mpo-
LIECCOPBI, MO3BOJISIONIME MapajuIeIbHO MPOU3BOJUTH MHOXECTBO apupMeTHye-
ckux omnepainuii. OJHaKOo HACKOJIbKO Obl OBICTPO TpaduyecKue MPOIECCOPhl HE
CIPABJISLIACH CO CBOEH pabOTOi, OT 3TOro He OYyJIEeT MOJb3bl, €CIU MapaIeabHO
paboTaroInii ¢ HUMU MPOLIECCOP HE YCIEBAET MOATOTOBUTH HOBBIM MAKeT JaH-
HBIX ISl CJIEAYIOIIEeW CepUU BBIYMCICHHMI. 3a4acTyr0 TaK M IOJYy4aeTcs, YTo
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0510k (OpMHPOBAHUS BXOJHBIX JAHHBIX CTAHOBHUTCSI Y3KHUM TOPJIBIIIKOM BCETO
oOyuenus[4, 5].

Tak xak KT cHuMKH SBISIIOTCS BecbMa CIEUU(DPUUHBIMU BU3YyalbHBIMU
JAHHBIMH, CO3/1aTEJIM OJTHOTO M3 CAMBIX IIMPOKO UCIOJIb3yeMbIX (GpEeiiMBOPKOB
Uit MammuHHOro o0y4yenust TensorFlow He mpegycMmoTrpenu Kakux-audo yao0-
HBIX U 3Q(EKTUBHBIX METOJOB UIsl X 3arPy3KH, OTPAaHUYMBUINCH KOHBEHEpaMu
3arpy3ku 1t oObIdHBIX 2D m3oOpaxkenuii. [loTomy mepen kaxasiM pa3paldoT-
YUKOM QJITOPUTMOB Ha OCHOBE HCKYCCTBEHHBIX HEUPOHHBIX CETEH, CTOJKHYB-
mumcs ¢ 3agadeil 00padotku KT gaHHBIX, HEOOXOJUMO CaMOCTOSITENIBHO pea-
nn30BbIBaTh KoHBewep 3arpy3ku s KT uzo0paxenuit. A tak kak KT no cBoeit
cnenu(uKe SABISIOTCS OYEHb TSHKENBIMU AaHHBIMH, HEI(P(PEKTUBHBIN KOHBEHEP
3arpy3Ku ¢ BeChbMa OOJIBIION BEPOSITHOCTHIO CTAHET CIa0bIM 3BEHOM B 0Oyue-
HUU CETH.

B cBsi3u co BCceM BBINICONMMCAHHBIM, MEPEI0 MHOW Oblia MOCTaBIICHA 3a-
nava pa3paboTaTh CBOM ONTUMAJIbHBIN KOHBEWEp 3arpy3kd KOMIBIOTEPHO TOMO-
rpauyecKkux CHUMKOB C UCIIOJIb30BaHueEM (hperimBopka TensorFlow.

IlocranoBka 3agauu

B noknaze paccMaTpuBaroTCsl pa3idyHbIe MOAXObI peain3aluyd KOHBEH-
epa 3arpy3ku KT paHHBIX Uisi NpoBedeHUsT OOy4yeHUsT HEUPOHHOW CETU B
¢perimBopke  TensorFlow.  Ilenpto  paspabaThiBaeMOro  MpOTrpaMMHO-
anmnapaTHOro MOJYJIS SIBJIAETCS CO3/IaHHUE Pa3IMYHBIX KOH(UTypaluii KOHBeile-
pa 3arpy3ku u koppektHoe coBmemieHue ero ¢ API u3 TensorFlow. [lanee Bce
KOH(Urypanuu He00X0IMMO TPOTECTUPOBATH HA BEIOOPKAX JAHHBIX Pa3IUUYHBIX
pa3MepoB C UCIOJIb30BAHUEM PA3IMYHBIX MTAPAMETPOB KOHBEHEPOB C LENbIO BbI-
SBJICHUSI ONITUMAJILHOTO U3 PEAIM30BaHHBIX KOHBEHEPOB.

AHaJIM3 peAMETHOM 00J1aCTH

Tak xak koHBelep pazpabaTbiBaeTcs B paMkax (peiimBopka TensorFlow,
HEOOX0AMMO Tepes peanu3auueld (yHKIMOHAla HW3Y4YUThb, KakUM O00pa3oM
YCTPOEH MEXaHU3M KOHBeiepa B ppeiiMBOpKe.

3a co3maHue KOHBeWepa 3arpy3Kd JaHHBIX OTBEYAET OJMH OCHOBOIIOJIA-
ratomnid knacc Dataset [6,7], KOTOpBIN NO3BOJIAET 3arpy’KaTh JAHHBIE TOPLIHS-
MU NIPU HEOOXOJUMOCTH U OpPraHMW30BbIBATH PA3IMYHbIE CTYIIEHU KOHBeEMepa 3a-
IPy3KH C MOMOIIbIO BHYTPEHHUX METOO0B, TAKMX Kak:

— batch — oObequHSAET HECKOJBKO CEMIUIOB B MAKET JJsl MOCHEAYIOLIUX
napajijiebHbIX BBIYUCIECHUN HAJl TaHHBIMU;

— unbatch — meton, nelictBue koroporo obpaTtHo batch, pacmakoBbIBaeT
MaKeT CEMIUIOB U Jiajiee KOHBeMep nepeaaét yxKe no 0AHOMY 3K3eMILIPY;
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— map — MeToJ JUIsl MpoBeAeHUs1 00pabOTKU CEeMIIOB B KOHBelepe. 3ava-
CTYIO UCTOJIb3Y€eTCA JJIsl ayTMEHTALMK BXOJIHbBIX JIaHHBIX;
— interleave — MeToA MO3BOMSIONIMI OPraHU30BaTh NapaJLIEIbHYIO 3arpy3-
Ky JaHHBIX U3 HECKOJbKUX UCTOYHHUKOB;
— from_generator — meTon-koHCTpYKTOp At 00bekTa Dataset. ITo3BonsieT
co3aaTh 00BEKT U3 python renepaTopa, BO3BPALIAIOLIETO CEMILIBI.
Peamm3anmus (pyHKIMOHAIA AJIA 3arPY3KH JaHHbBIX
B kauectBe (opmara xpaHeHusi maHHbIX Obl1 BeiOpan HDFS. Jlanubrit
dbopmart ¢aitioB ObuT U30paH U3-3a CIACAYIONUX IPEUMYIIECTB [8]:
1) mpenoctaBisieT BO3MOXHOCTh MapajyieIbHOM 3arpy3Kd JaHHBIX He-
CKOJIbKUMH XOCTaMH, TPUMEHEHUE KOTOPOM, B TEOPUHU, JOHKHO YCKO-
PUTH 3arpy3Ky;
2) UMEeT BCTPOEHHOE CKATUE JIaHHBIX, YTO OYEHb XOPOILIO MpHU padoTe ¢
TsoxénbiMa KT, 3aHUMaroMMu 04eHb MHOTO MaMSITH;
3) Mmo3BOJSET TPY3UTh AAHHBbIE MOPLUUSIMH, YTO KPUTUYECKH BAXKHO, TaK
kak natacet ¢ KT kak npaBuio 3aHUMaeT OOJIbIle MaMsITH, YeM UMEET-
Csl B KOMITBIOTEPE.
st B3aumopneiicteus ¢ HDFS daitnamu Ob11 pazpaboTan cnenuanbHbIA
byHKUMOHAN, 3aKaOYEHHBIM B 2 ocHOBHBIX Kkjacca: CTSampler u
H5SplitManager. [lepBblil BKJIIO4aeT B ceOsl TeHEPATOP, KOTOPHIMA MPHU KaKIOM
3ampoce JaHHbIX oOpaiuaercs K (aiday ¥ BO3BpallaeT 3arpyKEHHbIC JTaHHBIE.
OnHUM U3 BaXKHBIX NTAPaMETPOB, KOTOPbIE OYIyT y4acTBOBAaTh B TECTUPOBAHUH,
ATO pa3Mep 3arpy3ouHoro Oydepa, Tak Kak MpeaArnojaraeTcs, 4To0 yMEHbIIICHHUE
KOJIMYecTBa oOpallleHni K (ailily T0OJHKHO YCKOPUThH KoHBelep. Takxke cemruiep
CIOPOEKTHUPOBAH TaK, YTO OH 3arpy’kaeT JaHHbIE TOJbKO W3 ONPEeAeaEHHOTO
yuactka HDFS5 ¢aiina, noMeuyeHHOro nHAeKCaMy Hayaia v KOHILA, YTO MO3BOJIUT
B JAJIbHEWIIIEM OpraHW30BaTh NapaJljIeNbHYIO 3arpy3Ky 4epe3 HECKOJbKO CeM-
IJIEPOB. BTOpOW SBISIETCSA KIIACCOM-TIPOCIOMKON MEXIY CEMIUIEPOM M UHTEp-
¢eticom Dataset u3 TensorFlow. [lonyuas npu co3gaHuu MyTH K 3arpy30YHBIM
¢aiiiamM U KOJIMUECTBO pa3OMeHM [Tl TapasuiesIbHOM 3arpy3Ku, OH CO3aET BCe
HEOOXOJAMMBbIE CEMIUIEphl W HAacTpauBaeT WX JUIsl MpaBUibHOU 3arpy3ku. Co-
3IaHHBIE CEMIUIEPHI JOCTYIHBI 10 UHJIEKCY Oslaroaapsi getter MeToy.
Peanusanusi pyHkumoHajsa s npeaoOpadoTKM M AayrMeHTALMHU
JAHHBIX
Tak kak KT cHUMKU UMEIOT OOJBIION U HE TTOCTOSIHHBIN pa3Mmep, HeoOXo-
JUMO TIPUBECTU MX K MOJIXOJAIIEMY JUISl MOJAa4d B HEHPOHHYIO CETh (opMar.
PacnpoctpanénnbiM npuéMoM B 3agavyax oopadotku KT aBnsiercss oOpe3ka JaH-
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HBIX 710 HE0OXO0IUMOro pazMepa, To ectb 00padotrka KT mo kyckam. g aToro
Obla peanuszoBana QyHkuus random crop. Bropast yacts npenodpaboTku — 3To
OTCEB BBIOPOCOB M pa3NUYHBIX apTedakToB. Kak M3BECTHO, TUANa30H BAIUTHBIX
3HaueHnii B KT caumke Haxoautca mexay -1000 u 3000 [9, 10], notomy Bcé
OCTaJIbHOE MOXHO 00pe3aTh 0 yKa3aHHBIX rpaHull. TpeTuil BaXKHbIK MOMEHT B
npenoOpaboTke NaHHBIX — 3TO HOpManu3anus. HeliponHbie ceTu oOydaroTcs
Jdyd4llle Ha JAHHBIX C MEHBIIMM YHUCJIOBBIM pa3MaxoM, MOTOMY HEOOXOAMMO
HOpMaIn30BaTh UX B auamna3oH oT 0 no 1. Bero nmpenobpaboTky ObLIO perieHo
BHepuTh B CTSampler.

Bo MHormx 3agadax MammHHOTO 0OydYeHHWs BXOJHBIC JaHHBIC TOJBEpra-
IOTCSl ayTMEHTAIUH JJIs YIyqIIeHus] KauecTBa Mojenu. [ yuéra atoro dakro-
pa ObLIO pelieHo co3Aarh (PyHKINI0, UMUTUPYIOLIYIO ayTMEHTAaINI0, COepKa-
HIYI0 TSDKETbIe BBIYUCIUTENBHBIC ONEpPAllii, 3aBUCHUMBIE OT pa3Mepa BXOIHBIX
TaHHBIX. Bompoc, rae ciemyeTr pacloyioKHTh ayrMeHTanuio, B Merone Da-
taset.map uiau B cemIuiepe, OyeT BeIHECEH JIsl TECTHPOBaHMS KOHBelepoB. J{ms
KOH(pUrypauuu ¢ ayrmeHrauuei B reueparope osu1 coznan CTAugmentedSam-
pler, Hacnenyrommuiics or CTSampler.

Co3nanue pa3IMYHbIX KOH(UIypanuil KOHBelepa

Onucanapii panee (HYHKIMOHAT HEOOXOIMMO MPUMEHHTHh B CO3JIaHUU
KoHBelepa u3 Dataset.

Tak kak CTSampler peannzoBaH yepe3 reHEpaTop, TO €ro MOXKHO JIETKO
IPUMEHHUTH TP CO3/IaHUU KOHBEHEpa ¢ MociieJoBaTeIbHBIM YTeHHeM uepe3 Da-
taset.from_generator.

Jl7is mapanneabHOro YTeHUsl U3 OJHOTO (paiiya M HECKOIbKUX (DalJIoB OJI-
HOBpPEMEHHO HCIOJIb30BaJica MeTo interleave u H5SplitManager. Interleave pa-
00TaeT CX0XUM ¢ map crnocobom — Oepér u3 Dataset cemri U mpuUMEHSIET K
HeMy map-¢yHkuuto. OgHaKo eclii map MpocTo oOpadaThIiBa€T CEMIUIBI, TO 1n-
terleave cBoelt map-dyHKIuen T0KeH BepHYTh 00BEKT Kiacca Dataset, koTo-
pbie 3aTeM OyIyT mepeMenianbl, co3aBas eIuHbIi garacet. Kak u y map, y in-
terleave ecTb apryMeHT Ui yKa3aHUS KOJMYECTBa CO3[aBa€MbIX MOTOKOB, KO-
TOpbIE OYIyT OTBETCTBEHHBI 32 BBINOJHEHUE onepannidi. Takum oOpa3om, co3aan
Dataset U3 cemIuiepoB B CIUIUT MEHEIKEpEe W NMPUMEHHUB K HeMy interleave,
MO>KHO TOJTYYHTh MapajijieIbHOe YTEHNE U3 HECKOIbKUX HCTOYHHUKOB.

B konBeliepax ¢ ayrmMeHTanuen A peanu3alid MOCIeT0BaTENbHOTO U
napauIeTbHOTO YTEeHUs ObUIM MPUMEHEHBI CXOKHE MPUHIUIBI, KaK U C OObIU-
HbIM KOHBeiiepoMm, HO BMecTo CTSampler ucnons3zoBasicss CTAugmentedSam-
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pler. B ciydae ¢ pazmenieHueM ayrMeHTalMyd B map METO/E UCIONb3yEeTCsl BCE
toT ke CTSampler.

Peanu3anus TecTUPOBAHMS KOHBEHEPOB

Jlist TecTupoBaHus KOHBEHEpOB 0€3 ayrMeHTaluuu ObLI CO3/IaH CKPUIIT U
COOTBETCTBYIOIIUNA KOH(UT TSl HETO, B KOTOPBIM BXOIUT:

1) mytu x paracer (ailiaM ¢ COOTBETCTBYIOIIMM KOJUYECTBOM pa3Oue-

HUI;

2) pa3Mephbl 3arpy304Horo 0ydepa aJisi CeMIUIEPOB;

KoHdur no3Bosiser ycTaHOBUTH HACTPOMKH cpa3y Uisl HECKOJBKHX Te-
cToB. Bce pe3ynbTaThl COXpaHsOTCS B BUE €SV (haiina.

Jl7ist TecTUpOBaHUSI KOHBEWEPOB C ayrMeHTaleil Obul cO3/1aH BTOPOM Te-
CTOBBIA CKPHUIIT CO CXO0XUM KOH(UIOM U COXPAHEHUEM PE3YJIbTATOB. XOTh ITH
CKPUITHI BHEIIHE MOXO0HU, X BHYTPEHHEE YCTPOMCTBO HECKOJIBKO OTIUYAETCS,
NOTOMY pa3z0ueHue ObLII0 HEOOXOIUMO.

OCHOBHBIM 3JIEMEHTOM AJI1 NPOPUIMPOBAHUS CTajla crenuanbHas (QyHK-
111, UTEPUPYIOLIASCA YEPEe3 AATACET yKa3aHHOE KOJMYECTBO pa3 U MPOU3BOJIS-
1asi HeOOJMBUIYIO 33JIEPKKY Ha KaXKJI0W UTepallMi, UMUTHPYIOLIYIO BBIYUCICHHUS
HevpoHHoi cetu[11].

Pe3yabTaThl TECTOB

OCHOBHBIE MOJIOKEHUS TECTUPOBAHUSL:

— tectupoBanue npousBogutca Ha 100, 300 u 600 cemmiax — cuemyer
MIPOBECTH TECTUPOBAHUE HA JATACETax Pa3IMYHOIO, TaK KaK BpeMsl UTEPUPOBa-
HUSl KOHBEWEpPOB HE 00s3aTelIbHO OyJeT UMETh MPSAMYIO 3aBUCUMOCTb OT HX
JUTUHBL;

— 3arpy>KeHHbI€ CEMIUIbl TPYNIUPYIOTCS B MakeThl o 16 mTyk — pazMep
MaKeTa TOBOPUT O TOM, CKOJIbKO CEMIUIOB MapajyieTbHO MOXKET 00pabdoTaTh
HEHPOHHAs CETh, HO TaK KaK B TECTUPOBAHUM MPOU3BOAMTCS JHUIIb UMUTALIMS
paboThl ceTH, YBEJIMYEHUE pa3Mepa MakeTa OJJHO3HAYHO OyleT YCKOpATbh KOH-
Beiiep 0e3 Kakoi-1rb0 CMBICTOBOM HArpy3ku. 3HaueHUe 16 yCTaHOBJIEHO Kak
HauOoJiee 4acTO BCTpeYaeMOe 3HAUYCHHE pa3Mepa MmakeTa B 3ajjauax 00paboTKu
KT nanHbIX;

— Kaxablil uckycctBeHHbld 006¢M KT B daiinax Oyner umeTh pa3Mep B
256 x 256 x 256 Bokcene;

— pa3Mep BBIPE3KU JJI KaXJ0ro Tecta OyaeT paBeH 96 x 96 x 96 Bokce-
JICH;

— Ha KaXIbIi ceMIUT U3 JaTacera OyJeT MpOu3BOAUTHCS 3anepxka B 0.1
CEKYH/bI;
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— I Kaxa0u koHdUrypaiuu Koupeiepa Boinosnsercsa 10 urepanuit;
— TeCTUpOBaHUE Mpou3BoautTcs Ha mnponeccope Intel™ Core™ 17-4790K
CPU @ 4.00GHz.
Tect Nel: 3arpy3ka ognoro HDFS ¢ Bapuanueit napaMmeTpos.
Bo Bpems manHOTrO TEcTa MpoOBEPSIETCS, KaK U3MEHSETCS MPOU3BOIUTENh-
HOCTh KOHBEHepa 3arpy3ku NpH BapHallid KOJWYECTBA pa30MEHUM U pazmepa
3arpy3o4uHoro 0ydepa npu 3arpyske ognoro HDF5 ¢aitna.

Ta6numa 1
Pesynprarsl Tecta Nel
Komn-Bo Pasuep sa- Cpennee Bpems | Cpennee Bpemsi Cpenree
pazoueHui IPYSOHHOTO (100 cemmoB) | (300 ceMruIoB) Bpems (600
oydepa CEMILIOB)
1 1 1.25 3.25 6.24
1 4 1.20 3.06 5.81
1 8 1.16 2.96 5.67
1 16 1.35 341 6.47
1 32 1.89 4.51 8.46
4 1 1.11 2.73 5.18
4 4 1.11 2.64 4.99
4 8 1.29 2.74 5.12
4 16 1.41 3.20 5.85
4 32 1.89 3.85 6.44
8 1 1.16 2.79 5.37
8 4 1.28 291 5.26
8 8 1.42 3.19 5.66
8 16 1.69 3.76 6.44
8 32 2.00 4.42 28.09
16 1 1.27 2.90 7.19
16 4 1.53 3.47 5.77
16 8 1.50 3.98 6.83
16 16 1.54 3.93 15.80
16 32 1.73 4.17 32.73

B nony4yeHHBIX pe3ysbTaTax MOKHO 3aMETUTh HEKOTOPbIE 3aKOHOMEPHO-
CTH:

1) pazmep 3arpy3o4uHoro Oydepa moJIOKUTEIBHO BIMSIET OBICTPOJECUCTBUE
JUb 10 pasmepa B 4 ceMmiuia. /lanpHeliiee Ke yBEJIMYECHHUE JIUIIb 3aMEJISeT
paboTy KOHBelepa,;
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2) KOJIMYEeCTBO pa3OueHui Qaitna Takxke JaET MOJIOKUTENbHBIA pe3yJbTaT
JIUIIb 10 JOCTHXKEHUS 4-X;

3) Bpemsi pabOThI KOHBEMEpa B 0011IeM BUJI€ TUHEUHO 3aBUCUMO OT KOJIHYE-
CTBa CEMIUIOB B JlaTacere, HO MpuMeHeHne Her((PEeKTUBHBIX KOHPUTYpaluil Ha
OOJBIIMX JaTaceTax Jal0T 3HAUYUTEIBHO OOJblliee 3aMeJIeHHue, YeM Ha MEHb-
IuX.

[To uToram mpoBeAEHHOTO TeCTa OKa3ajach KOH(PUTYpaIMs C YUCIOM pa3-
OoueHuii 4 U pazMepoM 3arpy3ouHoro oydepa 4.

Tect No2: 3arpy3ka Heckonbkux HDFS.

JlaHHBIA TECT MPOBOAWIICS C LENbIO BBISICHUTh, KaK MPOU3BOAUTEIBHOCTD
KOHBelepa OyJeT U3MEHATHCA, €CJIM JaHHbIE OYyT MPEAOCTABIECHbI B HECKOJIb-
kux (paiinax HDFS.

Tabnuma 2
Pesynbprarsl Tecta No2
Kon-Bo | Kon-Bo Pazmep  3a- | Cpennee Cpennee Cpennee
dbaiiioB | pazouenuii | rpy3ounoro | Bpems (100 | Bpems (300 | Bpems (600
daiina oydepa CEMILIOB) | CEMIUJIOB) | CEMILJIOB)
2 1 1 10.08 40.44 116.50
2 4 1 1.27 3.51 9.38
2 8 1 1.38 3.09 44.33
2 1 4 1.18 2.64 9.87
2 4 4 1.66 3.05 44.83
2 8 4 1.79 3.89 10.38
2 1 8 1.08 2.61 13.53
2 4 8 1.99 3.21 10.18
2 8 8 1.64 3.51 14.16
4 1 1 1.15 6.57 10.76
4 4 1 1.22 3.02 14.82
4 8 1 1.40 3.03 11.38
4 1 4 1.86 2.87 10.70
4 4 4 1.81 3.29 10.37
4 8 4 1.45 3.11 11.64
4 1 8 1.68 3.52 11.18
4 4 8 2.51 3.49 11.42
4 8 8 1.63 3.30 11.81

Pesynbrarhl JaHHOTO TECTa MOKa3ajiH, YTO €CJIM Ha MaJeHbKUX BHIOOpPKAX
100-300 ceMrioB 3arpy3ka M3 HECKOJbKHX (haliJIoB HE yCTymayia 3arpy3ke u3
OJIHOTO0, TO Ha Ooitee 60 b110# B 600 yKe MOSIBUIIOCH 3aMETHOE 3aMeJICHHE.
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Tect Ne3: 3arpyska HDFS5 ¢ Bapnanuen ayrmeHTanuu.

ILaHHBIf/'I TCCT HaIIPaBJICH Ha BLIACHCHHC, KaKkou MCTOJ ayIMCHTAallUuH

Jydlie: yepe3 map Win yepes interleave.

Tabnuua 3
PesynbTaTel Tecta Ne3
Kou-Bo Pazmep 3a- | Tun ayrmen- | Cpennee | Cpennee | CpenHee
pa3OueHuil | Tpy304HOTO | Talluu BpeMs BpeMs BpeMs
oydepa (100 (300 (600
CEMIUIOB) | CEMILJIOB) | CEMILIOB)
1 | gen 7.44 22.04 116.50
1 1 map 1.81 4.85 9.38
1 4 gen 7.56 22.36 44.33
1 4 map 2.07 5.22 9.87
1 8 gen 8.02 22.68 44.83
1 8 map 2.39 5.67 10.38
4 | gen 2.45 6.87 13.53
4 | map 1.95 5.27 10.18
4 4 gen 2.92 7.43 14.16
4 4 map 2.27 5.73 10.76
4 8 gen 3.31 7.61 14.82
4 8 map 2.51 6.25 11.38
8 | gen 2.09 5.53 10.70
8 1 map 2.03 5.32 10.37
8 4 gen 231 6.02 11.64
8 4 map 2.46 6.02 11.18
8 8 gen 3.21 6.62 11.42
8 8 map 2.68 6.64 11.81

[Ipoananu3upoBaB MOJyYEHHBIE PE3YJIBTAThl, MOXKHO CIEJIaTh CIEAYIO-

I c BBIBOJABI:

1) yctanoBka 3arpy3ounoro Oydepa Oosbiiie uem Ha 1 cemIut Bo BceX Ciry-

yas MPUBOIUJIO K 3aMEIJICHUIO KOHBEHepa;

2) yBeIMYEHUE KOJIMYECTBA Pa30MEHUN TOJIOKHUTEIIbHO BIUSET Ha MPOU3-

BOJMTEIILHOCTh ayTMEHTAIINH Yepe3 TeHepaTop U interleave;

3)BO Bcex ciyyasx KOHBEHep C ayrMeHTalueld 4yepe3 map OKa3bIBajcCs
ObICcTpee, ueM yepe3 reHepaTop u interleave.
Camoti ObICcTpOli KOH(UTYpalue s KOHBeliepa ¢ ayrMeHTalue okasa-

Jach 00paboTKa yepe3 map ¢ OTKa3oM OT 3arpy3o4Horo Oydepa u pazdoueHuit

daiina.
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PesyabTaTsl

IIpoBen€HHOE TECTUPOBAHUE KOHBEHEPOB ITO3BOJIUIIO BBIIBUTH HAWIIy4-
M€ CIocOoObl MX OpPraHU3alMM, a TAaK)KE ONTHUMAJIbHBIE MapaMeTpbl IS HX
HacTpoiku. Tak Kak MpU HMCCIIEIOBAaHUU JAaHHOW TeMbl HE OBLJIO HAWAEHO HU
OJIHOM TOJHOIIEHHOW padoThl, MOCBAIIEHHOW MMEHHO 3arpy3Ke JaHHBIX, TEM
0osee Takux TAKENBIX, KaK KT CHUMKH, MOKHO CUMTaTh €€ B MEpYy MCCIIEeI0Ba-
TEJIbCKOM, XOTS M3HAYAJIbHO OHA Obla HAlleJIeHA JIMIIb HA MOJYyYEeHHE ONTH-
MaJbHOrO KOHBEHEpa 3arpy3Ku JJis JAJbHEHUIIEro UCIOJIb30BaHUS B 00yUEeHUN
HEHWPOHHBIX ceTel aHanm3upyromumx KT.

CTOHUT OTMETHUTB, YTO XOTh PE3YIbTATHl TECTUPOBAHUSA MOTYT CUHUTATHCS
NPUTOAHBIMU ISl BBISIBJICHUS JIydllleld KOH(DUTypallii, OHU HE MOTYT UCIOJIb-
30BaThCs IS IPEICKa3aHusd TOYHOTO BPEMEHHM 3arpy3Kd JTAHHBIX MpHU o0yue-
HUHW, TAK KaK HACTOSIIME HEMPOHHBIE CETH MPOU3BOAAT BbluucieHus Ha GPU
MapajyieNbHo ¢ 3arpy3koit qaHHbiX Ha CPU. B uccnenoBannm ke BECh MPOIIECC
MOJHOCTHIO NpousBoauiics Ha CPU.
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[IpockypsikoB Anekcanap BukropoBuu

PEAJ/IM3ALIMA ITPOLHECCA ABTOMATU3AIIUNA BEPUOPUKALIUU
COCTOAHUA PPAIT'MEHTOB MEJIUIITUHCKHUX
BUOJIOTMYECKUX OFBEKTOB IIOJCUCTEMOM MOJAEPKKHA
MNPUHSATUS PEINEHUI 1JISI JUATHOCTUKU 3ABOJIEBAHUI

B oannoti cmamve onucana peanuzayus npoyecca agmomamuzayuu eepughuxa-
Yuu COCMOAHUS PPAsMEeHmo8 OUOIOSUYECKUX 00BbEKMO8 N0 KOMNbIOMEPHO - MOMO-
epaguueckum U300paANCeHUAM NOOCUCIEMOU NOOOEPHCKU NPUHAMUSL peuleHUs OJisl
ouazHocmuku 3abonesanull. B cmamve axyenm coenan na ananuz penmeenozpaghuye-
CKUX U300padiceHull, NpuHsmue peuleHuti Ha OCHOBAHUU AHAIUZA IMUX U300PAXHCEeHU,
NOCMAHOBKA OUACHO3d HA OCHOBAHUU NpuHAmMbvIX peweHul. [lokxazanvl npumepbi
NPUKTIAOHOU, NPAKMUYECKOU peatu3ayuu npocpamMmHo20 U UHGOPMAayUoHHO20 obec-
neyeHuss npoyecca asmomamu3ayuy 6epu@urkayuu MeOUYUHCKUX 00beKmos 6 Guoe
9KPAHHBIX hopm 0151 pabomul ¢ ppazmenmamu ucciedyemo2o 00vekma u pe3yib-
mamamy aHanu3a peHmeenocpaguieckux uzoopaxcenuti. Bcé amo nossonsem nogoi-
CUMb ONepamusHOCMb, MOYHOCMb 8ePUDUKAYUU COCMOAHUSL MEOUYUHCKUX OUOTI02U-
YyecKux 00beKkmos, 00CMoBepHOCMb npoyecca OouasHocmuku 3abonesanui. [loxazana
HAay4Has HOBU3HA, pe3yIbmamsl anpodoayuy Mamepuana, npedCcmasieHHo20 8 CIambe
Ha MeAHCOYHAPOOHBIX, 8CEPOCCUTICKUX KOHPDEPEHYUSX, HAYUHBIX HCYPHANAX.

bBuonocuueckuil, sepugpuxayus, bGe3s>manonHvlll Memoo eepugpurayuu, OUAcHO-
cmuKa, uHgopmayus, MeOUYUHCKUl, Memoo, Memoo dSMAIOHHbIN, NPOSPAMMHO - an-
napamHulil MOOY1b, CMAMUCIUKA, PEHM2eHO2pApus, momozpagus, SHMPonus, dSma-

JIOH.

Proskuryakov Alexander Viktorovich

IMPLEMENTATION OF THE PROCESS OF AUTOMATING THE
VERIFICATION OF THE STATE OF FRAGMENTS OF MEDICAL
BIOLOGICAL OBJECTS BY THE DECISION SUPPORT SUBSYSTEM
FOR THE DIAGNOSIS OF DISEASES

This article describes the implementation of the process of automating the verifi-
cation of the state of fragments of biological objects using computed tomographic im-
ages by the decision support subsystem for the diagnosis of diseases. The article fo-
cuses on the analysis of X-ray images, decision-making based on the analysis of these
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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 international, All-Russian conferences, scientific journals are shown.

Biological, verification, non-Etalon verification method, diagnostics, infor-
mation, medical, method, reference method, software and hardware module, statistics,
radiography, tomography, entropy, standard.

BBenenue

B Hacrosimiee BpeMsi MPaKTUYECKH BO BCEX 00JIACTAX YETOBEYECKOM Jes-
TEJIBbHOCTH IIUPOKO NMPUMEHSIOTCS aBTOMATU3MPOBAHHBIE CHUCTEMBbI 00pabOTKH
JAHHBIX, peanu3ytoumue 3pPexkTuBHbIE U HAAEKHBIE MPOLEAYPbl 00paOOTKU HH-
dbopMali U TaHHBIX, TOCTPOEHHBIE Ha 0a3e KOMILUIEKCAa TEXHUYECKUX U IMpOo-
IrpaMMHBIX cpeACTB. He SBISIOTCS UCKIIOUEHUEM B IUIaHE PACIIMPEHUs IpUMe-
HEHUs CPEJICTB aBTOMATU3allMM U aBTOMATU3UPOBAHHOW 00pabOTKH MH(OpMa-
[IMU U TaKU€ HAy4YHbIE U MPUKIIAJIHbIE HAMPABICHUS KaK MEJUIMHA U MEIUIUH-
CKas TEXHHKA. YUYUTHIBAs COBPEMEHHOE COCTOSTHUE PA3BUTHUS MEIULIMHCKOMN Ju-
arHOCTUYECKOM TEXHUKH, OCHAIIEHHOCTh JAHHOM TEXHUKOM MEIULIHUHCKUX
YUPEXKICHUHN CTPAHbI U HE ONEPATUBHYIO €€ JOCTYIHOCTh JJIs HAceJIeHUs, 4TO
B pE3yJIbTaTe CIIOCOOCTBOBAJIO M MIPUBENO K MOSBICHUIO M AKTUBHOMY Pa3BUTHUIO
HOBBIX HaIlpaBJeHUI B 00JACTH JIy4eBOUM TUarHOCTHKHU, K KOTOPBIM OTHOCSATCS:

a) LM(poBast U MIEHOYHAsI pEHTreHOrpadusi;

0) komnbroTepHas Tomorpadusi|1,2];

B) MarHUTHO-PE30HAHCHAsl TOMOTrpadus.

IMocTranoBka 3axaun. B nanHoii pabote OCHOBHOM aKIEHT ClI€JaH Ha:

— aHaJIU3 pEHTreHorpapuyecKux N300paKeHUN;

— MPUHATHE PELICHUI Ha OCHOBAHWHU aHAJIN3a 3TUX U300paKeHUM;

— TMOCTaHOBKA JIMarHo3a Ha OCHOBAHWHM NMPUHATHIX pPEUICHUM.

AHanu3 peHTreHorpauyeckux HU300paKeHUW, MPUHATUE PEIICHUd Ha oc-
HOBAaHUM aHaJIM3a 3TUX M300pa)KEHUM, MOCTAHOBKA JUAarHo3a Ha OCHOBAHHHU
MPUHATBIX PEUIEHUN MOJCUCTEMOMN NMPUHATHS PEIICHUW MEIULIHMHCKON aBTOMa-
TU3UPOBAHHOM JuarHoctTudyeckod uH@opmarmonHoit cucrtemort (MAJUC)
JOJIKHBI OCYIIECTBIATHCA MYTEM Pa3pabOTKU U MPUMEHEHHS aJITOPUTMOB aBTO-
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MaTHU3alKi IpoLecca TUarHOCTHKH, Peain3yeMbIX pa3paOOTaHHBIM MPOrpamMM-
HbIM ¥ MH(OPMAIIMOHHBIM O0ECEeUYeHUEeM MJisi OOCIIy)KUBAaHUSA TOJCUCTEMBI
NpuHATHS pemeHuii|3,4,5].

BaxxHol 3agadeil npu aHaau3e peHTreHorpauuecKux U300pakeHuil Meau-
[UHCKUX OMOJIOTMYECKUX OOBEKTOB M UX ()parMEHTOB SIBJISICTCSl pPEIICHUE 3a]1a-
YM YJIy4UIEHUS KayecTBa M300PaKECHHUS.

C nenblo ynydieHus: KayecTBa PEHTTE€HOBCKMX CHUMKOB U MOBBIIICHUS UX
MH()OPMATUBHOCTH ObUT pa3paboTaH aNrOpUTM M PEATM30BAHO MPOTrPaMMHOE
oOecreyeHue MoJICUCTEMbl MPOrPaMMHOI0 OOEeCHeueHHsl ISl UX KOPPEKUUU U
aHaJIM3a, BKIIOYAIOIIas cleayromnne QyHKIMOHATbHbIE BOZMOXHOCTH:

— TOBOPOT, OTPAKEHUE U UHBEPTUPOBAHUE U300pAKEHUS;

— MPUMEHEHHE aJTOPUTMOB IIIYMOIIO/IaBIICHHUS;

— KOppeKLHs 001Ieil HHTEeHCUBHOCTH U300paXeHus;

— aHanu3 obnacTel MeToJaMu MaTeMaTUYECKON CTaTUCTUKH.

[lepeunciiuM U KpaTKO OXapaKTEpU3yeM MOJENIH CIEAYIOIIMX METO/IOB
BepU(UKAIUU, UCTIOJIB3YEMbIX ISl AUATHOCTUKU:

— METOJ CPAaBHEHMS C STAJIOHOM, OCHOBAHHBIM HA MaTEMATUYECKOW CTaTHU-
CTHKE C YKa3aHHEM €ro HeJO0CTAaTKOB IPU aBTOMAaTUYECKON JMATHOCTUKE PEHT-
reHorpau4eckoro M300pa)KeHUs SBISETCS KAa4eCTBO H300paXKEHUsI TaKoro
BBIOPAHHOTO ()parMeHTa CHUMKa, Ha KOTOPOM MMEET MECTO MOCTOSHHOE 3Have-
HUE UHTEHCUBHOCTH SIPKOCTH;

— METO/Jl, OCHOBAHHBII Ha BBIUKUCIECHUU PACCTOSHUS MEXKIAY U300paKeHUs-
MU 3TajiOHa U UCCIEAyeMOil 00IacTu;

— METOJl, OCHOBAHHbII Ha BBIYMCIECHUU OLICHKH MH(POPMATUBHOCTH HTAJNO-
Ha U UcclieyeMoi 00J1acTH.

Bonbmioi nHTEpEC NpeAcTaBiIsieT NONbITKAa TPUMEHEHUSI HHPOPMALIMOHHO-
SHTPONMUKUHOTO METO/IA TUATHOCTHUKH.

OH OCHOBaH Ha METOJIE€ MCUUCIICHUSI HOBOU (HEMpeACKa3yeMoi) U U30bI-
TouHOH (mpenckazyemoil) nnpopmanuu Knona Illennona. Ilpu Takom aHanuze
pacCUMTHIBAECTCS IMOKa3aTeNb SHTPONUU LENEeBOM 00JIaCTH, pPaCCUUTHIBACTCS
MaKCUMaJbHBIA MOKa3aTeab SHTPONHUM (MCXOAS U3 KOJUYECTBA YPOBHEHU M300-
paXeHus1), U, CPaBHHUBAs MOJIyYCHHbIC JIBa 3HAUCHMS, I€TAETCS BBIBOJ aHAJIM3a
(Mo mMpUHIMIY — YeM OOJIbIlIe SHTPONUsS, TeM Xyke). J[aHHBIA MOIXOJ TaKXKe
MO3BOJISIET MOJIYYUTh PEJIEBAHTHBIN PE3yJbTAT MPU YCIOBHHM XOPOLIEH OrpaHu-
YEHHOCTH HCCIIEeyeMOro o0beKTa (MCCIeAyeMblii OOBEKT JOJKEH BKIIOYATh
BCIO HCCIIETyeMYI0 00JIaCTh U HE BKIIOYATh HUYETO KPOME 3TOT0).
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[Tpu BEKTOpHOM ONMCAaHUU W300paKEHUs CPeIHEE KOIMYECTBO HHPOpMa-
IMU B U300paXEHUU PABHO SHTPOMMUHU UCTOUYHUKA U MOKET OBbITh ONPEEIICHO U3
CJIEYIOILErO BBIPAKEHUS:

H(P) == ) P(flog P(f) (1)

JIaHHBIN MOAXOA MPEANONaracT peaan3alyio CIEAYIOMEro alropuTMa:

— HCClleyeMoe H300pakeHHe PEHTTEHOBCKOTO CHHMKa pa30MBaeTCs Ha
OTJICTTbHBIC YIACTKU — CETMEHTHI;

— pa3Mephl ydyacTKa MOTYT BapbHPOBATHCS B 3aBUCHUMOCTH OT HATHYUS
anpuopHoOil nHopManuyu 00 KCKOMOM MPHU3HAKE MATOJIOTUHU (pa3Mep UCCIery-
emoro (parmeHTa JOoOHOH, HOCOMOAOOPOIOYHON 00JacTH, O0NACTH TPYIAHOU
KJICTKH | T.]1.);

— omudpoBKa (pparMeHTa — y4acTKa 3aKJIF0YaeTCs B €T0 ICKOMIIO3UITUN —
aHaM3e B BUJEC Pa3MEpPOB TOUKH, C paHee 3aJJaHHON MacITaOHOW CETKOW HaJa-
racMoM Ha HUCCIIEyEMbIN CHUMOK;

— wMacmTad ceTku (HOpMUPYETCS B MPOIECCE TUATHOCTUKHU, TO €CTh BbI-
TIOJTHSICTCSI a1l TaIlns;

—  KaXIbIi (pparMeHT MPEACTABISIETCS B BUJIE MATPHUIIBI 3HAUCHUI pa3Me-
poM NxN IE€HCUTOMETPHUYECKOTO MapaMeTpa: MIOTHOCTH SIPKOCTH WM YEPHO-
THI,

KaXJasi MaTpulla B COOTBETCTBHM CO CTaHIAPTHBIM aJTOPUTMOM OOPaOOTKH
oTOOpakaeTcs B BHJIE THCTOIPAaMMBbI PacHpeeIeHU YaCTHOCTH JIE€HCUTOMET-
pHUH TIapaMeTpa C MOCISAYIOUINM ONPEACTICHUEM OCHOBHBIX YHCIIOBBIX XapaKTe-
PUCTHK: cpenHee apudmeTrmdeckoe, BHIOOpOUYHas (MCMpaBIEHHAs) TUCIIEPCHS,
cpenuekBaaparnueckoe otkinoHenne (CKO), koaddumment Bapuammm ist
OIICHKW THUCTOTpaMMBbI. B pe3ynbTare Kaxmas THCTOTpamMma SBIISIETCSI OCHOBOM
JUIS OLICHKH COOTBETCTBYIOIIETO CETMEHTa CHUMKA CPETHECTAaTHUCTUYECKOM W
MaKCHUMAaJIbHOU SHTPOIHUEH B CTAHIAPTHBIX CANHUIIAX U3MEPECHUST OUTax.

IIpumepsl peajm3anuu nmpouecca aBTOMaTU3aIlUM MeTOI0B Bepudu-
KAl MeUIUHCKUX 00bEKTOB.

DkpanHas ¢opma st paboThl ¢ parMeHTaMH HCCIEAYEeMOr0 OOBEKTa
MOCPEACTBOM BBIICTICHHS 3TAJIOHHOW 00JacTH 00beKTa MmokazaHa Ha puc. 1.
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[7] Nepas nazyxa
[7] Npasas rnasknua
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Puc. 1. Boioenenue smanonnou obiacmu obvexma

OkpanHas Gopma st paboThl TOCPECTBOM BBIJCICHUS STAaJTOHHOTO U
uccieayeMoro ¢pparmMeHTa o0bekTa, 006JacTH 00bEKTa MOKa3aHa Ha puc. 2.

Puc. 2. Bvidenenue smanonnoco u ucciedyemozo ppazmenma oovekma
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[Ipumep skxpaHHON QOpMBI C pe3yibTaTaMu OOpPaOOTKU ATAJIOHHOTO U
uccieayemMoro (pparmenta o0beKTa mokasaH Ha puc. 3.

Ha puc. 4 otaenbHO MokaszaH pe3yibTaT 00pabOTKU HCCIETyeMOro 00b-
eKTa MpH peaau3aliyd MEeTO/Ia TUarHOCTUKHA, OCHOBAHHBIN HA MaTeMaTHYEeCKOU
CTaTUCTUKE, KOT/Ia TAaToNOTHs (parMeHTa HCCIeIyeMOoro OOBEeKTa OTCYyT-
CTBYET.

OEvexT
MaT. companne: Nesan naspa

Dwcnepcwa:
MaT. oxmpanme: 1759073

IucnepciA: h16.289
Cp. omcnoHenwe: 22, 7215959
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Cp. omknonenwe:  12,35011
Koag. sapwaww:  0,09735666

HeopropopHoots: 0,1123455
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Puc. 3. Pesynemamsi 00pabomku 3manoHH020 u ucciedyemozo ppazmenma oovekma
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Puc. 4. Omcymcmeue namonoeuu gppacmenma ucciedyemo2o obvexma
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Ha puc. 5 otnensHO nmoka3an pe3yiabTaT peaanu3alui METOIa JUArHOCTUKH,
OCHOBAHHBI HA MAaTEeMaTHYE€CKOW CTaTUCTUKE, KOT/IA MATOJIOTHUs UCCIEyEeMOTo
00BEKTa MPUCYTCTBYET.

Bes undopmanusg 06 onr)poBaHHBIX PEHTI€HOBCKUX CHUMKAX IMallMEHTOB
XpaHUTCA B 3JIEKTPOHHOM BHjI€ B 0a3ze nanHbix (B/]).

CHuMKH, coqiepkaiiyecs B 0a3e TaHHbBIX, MPEAHA3HAYEHBI JJIs1 BBINOJHEHUS
HaJl HUMU NPOLEAYp PeJaKTUPOBAaHUS U aHAJU3a B MPOLIECCE MOCTAHOBKU -
arHo3a.

1 nasyxa 50 maskuua

in

T

=%

Lad

O 20 40 60 a0 100 120 140 160 1280 200 220 240 255

Puc. 5. Hanuuue namonoeuu ucciedyemozo o6vekma paccmosiHus mexcoy uzoopasice-

HUAMU IMATIOHA U UCCAed)eMOll obaacmu

Hayunas HoBu3Ha. Pe3dyabrarsl. HayuyHas HOBHM3HA 3akiroyaercs B
CHUHTE3€ aJTOPUTMOB PEAM3yEeMbIX MPOrPaMMHBIMUA HUH(POPMAIMOHHBIM 00ec-
MeYeHUEM MEJMIIMHCKON aBTOMATH3WPOBAHHOW JIUArHOCTUYECKON HHGpOpMa-
[IMOHHOM CHUCTEMBI TIPU pean3allii, TPUMEHEHUH METOJIOB BepU(UKAIIUU CO-
CTOSiHUSL  ()parMeHTOB  OHMOJIOTHYECKUX  OOBEKTOB IO  KOMIIBIOTEPHO-
TOMOTpa(UISCKUM H300paKSHUSIM JIJI JUATHOCTUKH 3a00JIeBaHUN M MCTIOJb-
30BaHMH JIJISL 3TOTO CTATUCTUYECKHUX MapaMeTpoB (MaTEMATUYECKOE OXKHJIaHUE,
JTUCTIEpCHs, TUCTOrpamma, Kod(pduimeHT Bapuanuu, K03PAGUIUEHT KOppes-
IIMH) IS KOJTMYECTBEHHOM OIEHKH COCTOSIHUM JIOOHOM MM BEPXHEUYCITFOCTHOM
Ma3yxu U UX UICHTU(PUKAIMA B COOTBETCTBUH C KJIACCOM MATOJOTUN MPHU THUA-
THOCTUKE TAIMEHTa B aBTOMATHYECKOM PEXUME MO PEHTICHOrpaPUIECKUM
(ToMorpaduueckum) u300paxKeHUsIM. ITO TTO3BOJIMIIO TOJIYYUTh CIEIYIONINE
pPE3ybTATHI:
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1. Pa3paboTano mporpaMmMHoe oOecriedeHure, peaausyrolnee aJlroputM 00-
pabOTKU pEeHTreHorpadUueCcKux HU300pKEHUN C MCIOJIB30BaHUEM ATAaJIOHHOTO
1 0€33TaJIOHHOTO — HH(POPMAIMOHHO-?HTPOIMUIHOTO CMOCO00B MeTojAa Jua-
THOCTUKM WHBAapHAHTHOTO K BUJaM 3a00JeBaHUil (MapaHa3albHBIX Ma3yX MpHU
JIOP — 3aboneBaHusix, OpOHXO-IETOUYHBIX 3a00JIEBAHUSX ).

2. DTO MO3BOJIAJIO MOBBICUTH KAYECTBO OOPAOOTKU PEHTreHOrpapuyecKux
CHUMKOB M KaK CIIeICTBUE TOUHOCTh JUArHOCTHKHU 3a00j1eBaHui[6,7,8].

3. PazpaboTanHoe mporpaMMHOe oOecriedeHre MO3BOJIUIIO MOBBICUTH CTE-
NeHb aBTOMATHU3ALMK Tpoliecca 00pabOTKU PEHTTeHOrpapUUecKuX CHUMKOB C
AJIEeMEHTaMHU aBTOMATHYECKOW 00pabOTKH, YTO MO3BOJISIET (POpMaANU30BaTh MpPO-
[eAypy MOCTaHOBKU JHArHO3a.

4. Pazpaborano nHpopMallMOHHOE 00eCTIeUeHUE - CTPYKTypa O0a3bl JTaHHBIX
B BHUJIe HAOOpa CBA3aHHBIX TAaONUI] JAJi1 XpaHeHUs: 0a30BOM MH(OpMaLuU O ma-
UEHTAaX U MPOLEeCcCe TUarHoCTUKH U euennn[9,10,11].

5. MadopmanmonHoe obecriedeHue peain30BaHO ¢ BO3MOXKHOCTHIO MHBA-
PUAHTHOCTH XpaHUMOU MHGOPMAIMK U MOJENeld METOA0B (CIOcOO0B) TUArHO-
CTHKH C LIEJbI0 BO3MOKHOCTH aJalTalllud JJI Pa3IMYHBIX JICYCOHBIX yUpexKie-
HUI.

6. PesynpTarel paboThl MpOIUIN anmpoOalrio Ha IEBATH MEXKTyHAPOIHBIX
U ceMHaaaThH Bcepoccuilckux HaydyHO TEXHUYECKUX KOH(MEpEeHIHSX, B BHUIE
nyOIUKaIUil B HAYYHBIX KypHAIax.
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Anb-Kapasu Xycceiin Llykop Myxkep, Typyaun Urops Mnbuy

YMEHBIIEHHUE YPOBHSA HIEPEXO/HOTI'O ITPOLIECCA B
YIIPABJIAEMOM HIU®POBOM ®UJIBTPE HUKHUX YACTOT
BATTEPBOPTA HA BA3E HECKOJIBKHUX ITPOIECCOB
OUJIbTPALIMU BXOJHOI'O CUTHAJIA

B peanvbHuvix cuenanax oovbIuHO npuUcymcmeyom pasiuinsie NoMexu U uiymbl, u
UCNONIb308aHUE DUILIMPA MOdNCEM YMeHbuums 3mu wymsl. Mnocoa 6 yughposom
Gunempe 6 pezyromame nepecmpouKy 4acmomsl cpe3a (UsmeHneHue e2o KoIphuyu-
eHmos) 8 npoyecce pabomol (MAK HA3LIBAEMbBIU PEHCUM NepPecmpouKU Ha l1emy) Mo-
JHcem 603HUKAMb NEPexoOHblll NPoYecc 8 gude 8blopoca 6bIX00H020 cucHana. B cma-
mbe nPeonazaemcs Memoo CHUNCEHUs D020 8blOpoca O Purbmpa HUNHCHUX YACIMOM
bammepsopma. Ilymem modenuposanus 0okazamo, 4mo npumeHeHue makoui KOMNeH-
cayuu CHudMcaem yposeHb nepexooHo2o npoyecca. Imo yMeHbUeHUe 3a8Ucum om no-
paoka unempa, Ko3gduyuenma nepecmpouxu (OMHoOweHue 4acmom cpesza 00 U no-
clle nepecmpouKuy) U MOMeHmMa nepecmpouru (MOOeIUposaIucy nepuoouiecKue cue-
HAJIbl).

Lugposoii ¢unemp; Bammepsopm; ynpasisiemvili, KOMREHCAYUs, nepexoo-
Hblll npoyecc, yacmoma cpesa, purompayusi; MATLAB Simulink.
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Hussein Sh. Mogheer, Turulin Igor Ilich

ELIMINATE THE NEGATIVE EFFECTS OF TRANSITION PROCESS
IN CONTROLLED LOW PASS DIGITAL FILTER USING SEVERAL
INPUT SIGNAL FILTERING PROCESSES

Signals suffer from various disturbances and noises in real life, using a filter can
eliminate these noises and provide a clear signal. Sometimes a digital filter can expe-
rience a transient event, which is expressed in the overshoot of the signal. This transi-
ent process may, for example, result from a change in the cutoff frequency during the
operation of the filter by changing its coefficients. In this article, a compensation tech-
nique to remove this overshoot using n®order Butterworth LPF filter is proposed. It
was found that the application of such compensation reduced the negative effects of
the transition process. This decrease depends on the order of the filter, the adjustment
coefficient (the ratio of cut frequencies before and after adjustment) and the moment
of adjustment (for the periodic signal).

Digital filter, Butterworth; controlled;, compensation; transient process; cutoff
frequency, Filtering; MATLAB Simulink.

I. Introduction. Channel tuning, noise reduction, radar, audio processing,
video processing, biomedical signal processing, and economic and financial data
analysis are main domains where filters commonly used. Filters serve different
purposes in data collection and analysis; such applications include adjusting the
frequency of a time signal by decreasing\ increasing some frequencies[1],[2]. In
signal processing, a filter is a frequency selective-device or circuit designed to
pass signals with desired frequencies and reject or attenuate signals with un-
wanted frequencies [3]. In the other meaning, limit the frequency spectrum of a
signal to some specified band of frequencies. The most common filters are low-
pass, high-pass, band-pass, and band-stop filters. Figure (1) below shows the
four main filter types, where we see that HPF is a high pass filter that passes
high frequencies and cuts low frequencies, while LPF is a low pass filter that al-
lows low frequencies to pass and cuts off high ones. A bandpass filter BPF is a
filter that passes only a specific frequency range, while a band stop filter BSF is
a filter that attenuates only a specific frequency range[4], [5].
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Fig. 1. Four types of ideal filter: (a) low-pass filter; (b) high-pass filter, (c) band-pass
filter; (d) band-stop (notch) filter

The properties that describe a filter are its type (LPF, HPF, BPF, BSF), cut-
off frequency (a frequency above which the filter will not pass the signal), and
order (the number of coefficients of the filter, which will directly affect the slope
of the transition band).

Controlled digital filter types can be implemented with two classifications:
the finite impulse response (FIR) and the infinite impulse response (IIR). "im-
pulse response" as a term refers to filters that operate in the time domain. There-
fore, FIR 1s a filter whose impulse response is a finite period because it 1s nulled
in a finite time, but IIR has internal feedback and always responds indefinitely
[6].

The main advantage of IIR filters over FIR filters is their efficient imple-
mentation, which helps them meet passband, stopband, ripple and/or roll-off
specifications. For this, we need a low-order IR filter compared to a similar FIR
filter. This effectively corresponds to less computation required. The best use of
an IR filter 1s when linearity and low-order taps are not an issue. The main dis-
advantages of [IR are instability, feedback, nonlinearity and finite period [7]. On
the other hand, FIR can always exert linear behavior, it does not require feed-
back, its nature is stationary, it can easily be designed to meet a specific fre-
quency response, and has no finite period. The disadvantage of FIR filters is that
they require more memory and processing power than IIRs of comparable
sharpness or selectivity, especially at low order taps [8], [9].

There are several prototypes (methods) for IIR and FIR filters, which are
chosen to best suit a particular application. Figure (2) below shows the finite
impulse response (FIR) filter approach. We can see the following: In Chebyshev
method We have the least number of ripples in the stopband, however, we have
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the widest transition band. The transition area of the Hamming method is nar-
row, and the ripple is smaller than that of the Hanning method. The Kaiser
method has lower amplitude ripple in the stop region. The narrowest transition
band was found in Hanning method, on the other hand it has a large stopband
ripple. The rectangular method has the highest number of ripples/lobes and
even affects the passband [9] [10].
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Fig. 2. The methods for FIR filters

Figure (3) below compares between low-pass IIR filters of the same order
and cutoff frequency. From this picture we can see that the Butterworth method
has a flat response in both passband and stopband, but a wide transition region.
The inverse Chebyshev method compared with the Butterworth filter has flat-
ness in the passband and slighter transition width, but ripples in the stopband. If
ripple in the stopband is of no issue, Butterworth filter is to be used for a certain
application [11]. Chebyshev method produces ripples in the passband. In com-
parison with the Inverse Chebyshev, it has a steeper roll-off. The Causer method
has the narrowest transition width and has ripple in stopband and passband. That
is why it 1s named the elliptic filter. The Bessel method has a sloped magnitude
in both passband and stopband, with a very wide transition region. The delay
versus frequency in the filter is the flattest among the other mentioned methods

[12].
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Fig. 3. Comparison of low pass IIR filters with same order and cutoff frequency
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I1. Problem formulation. Around we have an input signal that we
want to filter it to obtain an ideal output then subtract this ideal signal from the
real signal. As a result of subtraction, there will be a transient process and an
overshoot occurs at its output. It is a negative factor that is represented by a tran-
sient process arising at the time of adjustment of the filter (abrupt change in its
coefficients). Thus, the problem of transient compensation arises.

I11. Steps of work. In this article, we will take the following steps to

solve the overshoot problem:
1. Design a filter for an input signal at certain cutoff frequency using nth order

LPF filter and obtain the output signal for all time domain
2. Design a second filter at another cutoff frequency and obtain an ideal signal

at the output.

3. Subtract the ideal signal from real signal to obtain the transient signal.

4. Repeat the process for different cutoff frequencies.

5. Compensate for the transit process that happened when we were changing
the coefficients of filter to represent different cutoff frequencies.

IV.  Filter Design Method and Parameter Consideration. In this arti-
cle we are used a low pass filter, a Butterworth 5" order is chosen, and
the output of this filter can be described as follows:

Yn+i = Lm0 UcXnri)—k + D=1 PkYn+i—k

(1)

Where: y is the output signal, x is the input signal, a and b are filter coeffi-
cients. Butterworth 5" configuration according to equation (1) is shown in fig-

ya) i
| 1l I al ] i3 l # J:F I 2k
f"‘\ } .,.-—\. PR I,.-"'"\_I o /_‘\ -—-1 /_‘\ -—1 f.r‘_‘\l
(3)—=[zt|=(x) =[] =(x)= || = ()= = (5)—= " = (5} |
[os | o | = | > ™

Fig. 4. Butterworth 5" filter
A.The Input signal specifications. Input signal is a sine wave signal with
the following parameters as shown in figure (5): Amplitude =1, Frequency = 60
Hz and Sampling time = 1/500.
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Fig. 5. The input signal

B.Obtaining the ideal signal. To obtain the ideal signal we introduce the
input signal to Butterworth filter of 5" order with 2.5 kHz cutoff frequency.
Then to make this signal better we introduce the input signal separately to 3 oth-
er Butterworth 5% filters with 2, 3.5, 3.8 cutoff frequency respectively.
MATLAB Simulink for Butterworth 5" filter is presented in figure (6). Figure
(7) demonstrated the configuration of obtaining ideal signal using MATLAB
Simulink.

@
Ingut Sigrial
\vw) W/ \*¥} \vw) W/ v
::D_’ﬂ ﬂ_‘rj ﬂ_A‘U ﬂ_Aﬂ EJ]_'N I 1.
Outpnst Sigral

Fig. 6. Butterworth 5" order filter with 2.5 kHz cutoff frequency
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Fig. 7. Obtaining ideal signal using MATLAB Simulink
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MATLAB gives filter coefficients by defining filter type, order, and cutoff
frequency. Table (1) is explained the coefficients that are used for different cut-
off frequencies. Also, the resulted ideal signal is shown in figure (8).

deal Signal

Fig. 8. the ideal Signal

Table
The filter coefficients for different cutoff frequencies
Cutoff Coefficient
frequency 1 2 3 4 5 6
25 Kz a  0.05278 0.26393 0.52786 0.52786 0.26393 0.05278
' b 0 0.63343 0 0.05572 0 -
7 kKHz a 0.0219  0.1097 0.2194 0.2194 0.1097 0.0219
b -0.9853 0.9738 -0.3864 0.1112 -0.0113 -
3.5 kHz a 0.2019  1.0094 2.0189 2.0189 1.0094 0.2019
' b 1.9759  2.0135 1.1026 0.3276  0.0407 -
3.8 kHz a 0.2844  1.4220 2.8439 2.8439 14220 0.2844
' b 2.5744 29939 1.8507 0.6007  0.0809 -

C.Obtaining the real signal and the overshoot compensation process. In
real life we can’t confirm what is the source of disruption, an overshoot occurs
when we change the frequency for instance. The filter transition band is part of
the amplitude-frequency response between the bandwidth boundary and the bar-
rier band boundary. The transient process is the overshoot (pulse) on the time
diagram of the output signal as shown in figure (10). This pulse is a conse-
quence of the change in the coefficients (parameters) of the filter during filtering
(this is called "adjustment on the fly") [13]. Also, this real signal where we can
see the overshoot clearly is presented in figure (10).

117



L
TR AR |
R R R R

Fig. 10. The real and transient signals without compensation process

Since the digital filter can be described as a linear difference equation (1) , at
the time of adjustment of the filter, each increment of the coefficients gives a
jump. To compensate for this overshoot and obtain a clear real signal, one can
subtract ideal signal from real signal and add the subtraction to the output of the

filter as shown in figure (11).
'l l [lj
LI B -BEd -

[
Input Signal
N * _

nsator

Fig. 1. Overshoot compensation process structure
Where the real signal and transient signal after the compensation implementa-
tion is shown in figure (11).

Fig. 11. Real and transient signals after compensation process

Conclusion. Using a Butterworth 5¢" filter we were able to obtain a clear as
possible as real signal and eliminating the overshoot that occurs when a frequen-
cy is changed. During the filtering of the input signal, one can noticed that for
the frequency change in small steps (3.5 to 3.8 kHz) the overshoot value was
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small, and one might need no compensation if the frequency (filter coefficients)
was changing the not sharply, but more smoothly. Or in a few steps. Verifying
the source and the type of disruption as well as the time it occurs will help to
compensate for it. The proposed method demonstrates that we can eliminate the
negative effects of the transition process by using several input signal filtering
processes to obtain a clear real signal with minimum to no disruption.
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YK 681.3.01
Knesuos Cepreit UBaHoBUY

OIIEHKA U3BMEHEHU BPEMEHHOTI'O PSIJIA ®U3NYECKOM
BEJIMUMHBI C UCTOJIb30BAHUEM JUHEMHOT'O AJJAIITUBHO-
'O ®UJIBTPA

Paccmampueaemcs memoo oyenku uzmeHneHus napamempa CUCmeMbl, OC-
HOBAHHBILL HA UCNOIb308AHUU TUHELIHO20 A0ANMUBHO20 DUILMPA HA OCHOBE A8-
mopezpeccuu. Memoo s¢hpexmusern 01 KpamkoCpoOuHO20 NPOSHO3UPOBAHUS
bvicmpomenaowelcs gusuieckol senununsl. OnpeodeieHvl 02paHudeuss Ha Uc-
NONb308aHUE MEMOOd.

Bpemennoti pao, nunetinvlil ounvmp, npocHo3uposarue, adanmayusi

Klevtsov Sergey Ivanovich

ESTIMATION OF CHANGES IN THE TIME SERIES OF A PHYSICAL
QUANTITY USING A LINEAR ADAPTIVE FILTER

A method for estimating the change in a system parameter based on the use
of a linear adaptive filter based on autoregression is considered. The method is
effective for short-term forecasting of a rapidly changing physical quantity. Re-
strictions on the use of the method are defined.

Time series, linear filter, forecasting, adaptation
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Beenenue
JUisi IpOrHO3UPOBAaHUS 3HAYEHUI MapaMeTpOB TEXHUYECKUX OOBEKTOB U
(bu3HYECKUX MEPEMEHHBIX B PEAIbHOM BPEMEHU YJ00OHO MCIOJb30BaTh MOJEIH
BpeMEHHbIX psAAoB. OHAKO, MPU 3TOM HEOOXOJWMO YUYWUTHIBATH OCOOEHHOCTH
cbemMa MH(pOpManuu sl MPOTHO3UPOBAHUS, CBSI3aHHbBIE ¢ LUPPOBOK 00pabOT-
KoM curHayioB. [IoCKONbKYy IIar AMCKPETU3alUU MPU ChEME JAHHBIX MOKHO
YCTAaHOBUTh HEOOJBLINM, TaKUM, YTO H3MEHEHUE IapaMeTpa B TE€UEHUE He-
CKOJIBKUX TOCJIEI0BAaTEIbHBIX 11aroB Oy/neT HE3HAYUTENbHBIM, MPU MOCTPOCHUU
MOJIeJId BPEMEHHOT'O PsiJla MOKHO HUCIIOIb30BaTh JIMHEHHbIEC aJanTUBHBIE (DUITb-
TPbL. DTO MO3BOJUT MOBBICUTH TOYHOCTh MMPOTHO3UPOBAHUS U CHU3UTH MOTPEI-
HocTH. [IprueM, TaHHBIM IPOLIECCOM MOXKHO YIPaBJATh. B oTauyue oT mupoko
MCIMOJIb3YyEMOr0 SKCIOHEHIIMAIBHOIO CriIakuBanus [1, 2, 3], TOpU30HT MPOTHO-
3UpOBaHUA B ATOM cCillydyae OOBIYHO COCTABIJISIET IIAr CheMa MH(OpMaluu, 4TO
OrpaHUYMBaET NpuMeHeHue MeTosa. OqHaKo, B psje cly4aeB IPOrHO3UPOBAHUE
Ha IIar MHTEpBaja JAMCKPETH3alMU JOCTATOYHO JUIsl MPUHATHS PELICHUs IO
YIPABJICHUIO TEXHUYECKUM OOBEKTOM.
IIporHo3upoBanue mapameTrpa ¢ HCHOJb30BAHMEM JIMHEHHOIO ajam-
THBHOI'0 PpHJILTPA
[TockonbKy omepaiusi JUHEHHON (PUIbTpAllMU, MO CYTH, 3aKIIOYAETCA B
BBIYKCIICHUH B3BEIIEHHOW CyMMbI PEIbIAYIIUX BBIYMCICHUNA, pACCMOTPUM MO-
nenb Buaa [1]
S = Tizt-141 WX, (1)
rae S — B3BELICHHAS CPENHSIS;
®; — BEC, IPUIUCHIBAEMBII I-My HAOJIIOICHHIO;
X; — 3Ha4YE€HUE NIEPEMEHHOM, KOTOPOE CHATO C IaTYUKA B MOMEHT f;;
[ — xonM4eCcTBO HAOJIIOACHUMN, UCTIOIB3YEMOE MPU PACUETE CYMMBI S.
[IporHo3 crnenyromero wieHa psaa MOXKET ObITh MOJYYEH C IMOMOILbIO
B3BEUICHHOW CYMMBI / IPOIUIBIX YJIEHOB psJa:
X, (t) =S, 2)
rje S — B3BelIeHHas cpeansis coryiacHo (1).
Bripaxxenue (2) npeacranisieT co00il aBTOperpeccuro mopsiaka /.
[TorpemrHocTh poryo3a Ha 1 mar MHTepBaia IUCKPETU3ALUU ONpeeseT-
Csl BBIPAKEHUEM:
Eep1 = Xeg1 — X1 () = Xppq — Dlopor41 ©iXi,
ByneM MUHUMH3UPOBATH KBAApAT MOIPEIIHOCTH MPOTHO3A:
€41 = Xfy1 — 2 Zf=t—l+1 WiX; Xiy1 T Zf:t—lﬂ Z§'=t—l+1 WiWjiXiXj 3)
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[Ipn noucke MuHHMyMa (DyHKIMH (3) BOCHOJB3YE€MCSI METOJIOM HAaUCKO-
PEHILIETO CITyCKA.

CxeMa 3aKiIro4aeTcsl B pealin3aly CJIeyOIX 3TaloB:

1. BbIOOp HauadbHOI TOYKM Ha MOBEPXHOCTH {2, KOTOpas ONpeAeseTCs
BbIpaxkeHueMm (3).

2. OmnpezeneHne HaNpaBICHUs ABUKEHUS MO MOBEPXHOCTU C LIEJBIO MU-
HUMYyMa OIIHUOKH.

3. OmnpeneneHne Ha KaXJOM IIare JABUKECHHS HOBBIX OTKOPPEKTHPOBAH-
HBIX BECOB BeKTOpa W, KOTOpbIi MUHUMU3UPYET BbIpakeHue (3).

CornacHo [1] KOppeKTHpPOBKa BECOB MOKET OCYUIECTBISATHCS B COOTBET-
CTBUU C COOTHOIIICHUEM:

Wi = Wy — k- V(fs), 4)

rae W: — BEKTOp BECOB HA MOMEHT BPEMEHH f; Wi+, — HOBBIM BEKTOP BECOB, a
MOMEHT BpeMeHu t+1; k- xoapdumuent anantauuu (k>0); V(g2,,) - rpaauent
.1, BEKTOD.

['pagueHT ¢ oTpuUATEIbHBIM 3HAKOM YKa3bIBa€T Ha KpaTyaillee Halpas-
JIEHUE K JOCTHKEHUIO MUHUMYyMa MOBEPXHOCTH (3).

V(EZ )= {a€g+1 0€fi1 68?+1}
t+1 dw; 0w, ' dwy )
Torna

0efsy Ot

— = L& — = —2¢ Xi

awi t+1 awi t+141.

Ortcrona cienyer, 4to
‘7(51:2+1) = —2&41 ')?,
II€ X - BEKTOP 3HAYCHUN IEPEMEHHOM.
Torna (4) npeoOpa3oBbIBacTCS B
W1 = Wi + 2kep 1 X,
Cxema nporuo3a BBITJISIUT CISAYIOITUM 00pa3oMm:
1. Ha MmoMeHT ¢ nMeeM n3MepeHHoe 3HaueHue x.. [Iporuos X, (¢ )onpenens-
eTcs o popmyiie
X,(t) = Zf=t—l+1 WiXi,
2. Ilpm w3MepeHHHM 3HAYCHHS X:;+; OIpEIeIsieM OIITHOKY IPOTHO3a II0
bopmyre
€t+1 = Xe41 — Z$=t—l+1 WiXi,
3. OmpenensieM HOBbIe KOAPOUIUEHTHI @;', TO €CTh MOITYyYaeM BEKTOP
Wt+1 = {0}, wj,..., 0}’

o gopmyiie
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—, —, 5
Wipr = We + 2kepyq - X,

rie W, ={wy,wy...,0}, X- BEKTOp / MOCIACAHUX H3MEPCHHH, T.C. X =

{140 Xe102 Xem1a3r 0 Xe )

4. [Ipornosupyemoe 3HaueHue X;(t + 1), ToO ectb HAa MOMEHT ¢+2
onpenensercs no popmyJie

2(t+1) =i 0

UccnenoBanre BO3MOXKHOCTH HCIIOJIB30BaHUSI aIallTUBHOTO BPEMEHHOIO
psla s IPOTHO3UPOBAHUSI U3MEHEHUsI OBICTPONEPEMEHHOTO MapameTpa Mmpo-
BOJIMJIOCH Ha OCHOBE JJAHHBIX 00 U3BMEHEHUU YCKOPEHUS, CHUMAeMbIX ¢ 3-X oce-
BOT'0 aKCeJIepOMETpPa, YCTAaHOBJICHHOTO Ha aBTomodure [4, 5, 6, 7].

3aBUCUMOCTh YCKOPEHHUS OT BPEMEHHU XapaKTepU3yeT CYIIECTBEHHbINA pas-
opoc 3nauenuid. [1lar chema nanubix coctasisut h = 0,015625cex. Moaenupona-
HUE NPOBOAUIOCH HA BPEMEHHOM YYacTKe OT 8 10 9 cek.

B npouiecce MmoaenupoBanus nmapameTp agantanuu k uamensics ot 0,05 no
2,0. IlporHo3upoBaHHe MPOBOAMIOCH HA OJIUH WHTEPBAJ CUMTHIBAHUS 3HAUCHUI
YCKOpeHHUs (1ar mporHo3upoBaHus T = /). IcXo/IHbIe JaHHBIE UCIIOJIb30BAIUCH
0e3 npenBaputesbHON 00paboTku (0e3 ycpeaHeHuss u oOpadOTKH BBIOPOCOB).
Pe3ynbTaThl MOETMPOBAHUS PUBEICHBI HIDKE.

AHanu3 pe3yJabTaToOB MOJICTUPOBAHUS MOKA3bIBAET, UYTO C YBEIUYEHUEM
napamMeTpa k NporHo3upyromias Kprupasi 60jee TOUHO MOBTOPSET KOHTYP MCXO/I-
HOM 3aBUCHMOCTH Ha Y4YacCTKE PE3KOT0 pocTa ¢ HEOOJBIIUM CrilaXKMBaHUEM Ha
OoCTaJIbHBIX ydacTKax (puc. 1). IIpu 3TOM MPOTHO3 OCYIIECTBISIETCS C 3ama3/bl-
BaHHEM.

028

MpHEEAEHHER NOTPEWHEETE

0.08 L :

1
8 a1 82 83 B4 B85 a6 87 ae 89 ]
Bpewma, ¢

Puc. 1. I'paguxu usmenenus yckoperus (CniowHas IuHus1) U NPOSHOZHO20 3HAYEHUS.
ycKopenus (wmpuxoeanHas aunus) npu k = 2,0
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[Ipy manbIx 3HAYEHUAX NapaMmeTrpa k MoJenb pabdoTaer, Kak CrIIaKHUBaro-
umit punstp. [lpu & = 0,05 xpuBas, nonyyaemas B pe3yibTaTe NPUMEHEHUS
MOJIENH, MIOBTOPSAS. B LEJIOM KOHTYP MUCXOJHOM 3aBUCHMOCTH, CTJIAXKUBAECT UME-
IOIIHMECS B UCXOAHOM 3aBUCUMOCTH PE3KHE BCIUIECKU CUTHAJA (puc.2).

0.24 T T 1 T T T T T
0.22

0.2

o
-
o

o
-
@

YekopeHue, g

014

012

041

0.08 i 1 | 1 i I | I
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Bpemn, ¢
Puc. 2. I'paguru usmenenus yckoperus (CniowHas IuHus) U npOSHO3ZHO20 3HAYEHUSL
yckopeHus (wumpuxosannas aunus) npu k = 0,05

3aki0ueHue

CpaBHeHUE pe3ynbTaTOB MPOTHO3UPOBAHUS, TPOBEICHHBIX HA OJTHOW U TOU
K€ DKCIIEPUMEHTAILHON BBHIOOPKE JAHHBIX Ha OJMH IIar MPOTHO3WPOBAHUS C
MOMOIIBIO TAHHOM MOJIENIM U MOJIEJIM HA OCHOBE MHOTOKPATHOI'O SKCIOHEHIIU-
aJbHOTO CryIakuBaHUA [5, 6] mokaspIBaeT, 4To 00€ MOJIENH B IIEJIOM DKBHBa-
JIEHTHBI C MO3ULHUM MPUBEICHHOM MOTPEIIHOCTU. B mpouecce moaenupoBaHus
MPUBEJECHHAS TTOIPEITHOCTh HE MpeBbIlaia 3HaueHus 0,3, CHUXKasICh 10 3HaYe-
Hus 0,2 Mpu UCHONB30BAaHUM MapaMeTpa k B JMana3oHe, OPUEHTUPOBOYHO, OT
0,5 no 2,0.

PazpaboranHass Mojelb U METOJUKA MPOTHO3UPOBAHUSI MOTYT OBITh HC-
MOJIb30BaHbl MIPU OCYIIECTBICHUU MPEABAPUTEIHLHON OIEHKM COCTOSIHHS Mapa-
MeTpa TEXHUYECKOTr0 00BEKTa.
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CTATUCTUYECKHI AHAJIN3 IPU3HAKOB JJE®EKTOB J1JIS
KJACCUH®UKAIIUU COCTOSITHUM TPAHC®OPMATOPOB

C yenvio opeanuzayuu 00CmMoOBEPHOU OUACHOCMUKY MACIOHANOIHEHHO20 MPAHC-
Gopmamopnoco 060py0osanuss Ha NOOCMAHYUAX DNEKMPUUECKOU cemu NpedNoNHCceH
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PAO UHGOPMAMUBHBIX NPUSHAKOE Oehekmos. [Ipusodamces pe3yibmamsl CMAmMucmu-
YecKko20 AHANU3a NPU3HAKOG C BblAGNIeHUEM OCHOBHBIX CEOUCME U XAPAKMEPUCMIUK,
uMerwux 3Havenue 01 QopMuposanus Mooeau CmamucmuyecKol Kiaccugukayuu u
pacno3naganus 0opaszos. Hcnonvzyembviii npu 3mom memoo 0atieco8cKol Kiaccugu-
Kayuu no3eonsem cghopmupoeams 00CMamo4Ho NPOCMy0 MAmemMamuyecKyo Mooeb
u obecneuumsv GbICOKVIO CMeneHb 00CMO8EPHOCIU PACNO3HABAHUA Oe30edeKmHo20
COCMOSIHUA 1106020 U3 MPAHCHOPMAMOPOE KOHMPOTbHOU SPYANbL C YUEmOM 3HAYU-
MbIX IKCHIYAMAYUOHHBIX pakmopos. [lonyuennvie pe3yibmamol ULIIOCMPUPYIOMCS U
00CYAHCOaOMcs HaA PeanbHOM HYUCTIO080M NpUMepe, 835 IMOM U3 NPAKMUKU IKCNILYama-
Yuu pacnpeoerumenbHbiX CUN08bIX MPAHCPHOPMAmMopos.

Tpancgopmamop, ouacHocmuka, npusHax oeghekma, pacno3Hasamue cocmosi-
HUll, K1accugukamop, CmamucmuyecKull aHaius, Mooeb.

Petushkov Petr Aleksandrovich, Levin Vladimir Mikhailovich

DEFECTS SIGNS STATISTICAL ANALYSIS FOR CLASSIFYING THE
TRANSFORMERS CONDITIONS

In order to organize reliable diagnostics of oil-filled transformer equipment at
substations of the electrical network, a number of informative signs of defects are pro-
posed. The results of statistical analysis of features with the identification of the main
properties and characteristics that are important for the formation of a model of sta-
tistical classification and pattern recognition are presented. The Bayesian classifica-
tion method used in this case makes it possible to form a fairly simple mathematical
model and ensure a high degree of reliability in recognizing the defect-free state of
any of the transformers of controlling group, taking into account significant opera-
tional factor. The results obtained are illustrated and discussed using a real numerical
example taken from the practice of operating distribution power transformers.

Transformer, diagnostics, defect sign, state recognition, classifier, statistical
analysis, model.

Beenenue

CBoeBpeMeHHAs U JOCTOBEpHAs JMATHOCTHKA CHUJIOBOTO MAaCJIOHAMOJIHEH-
HOTO 00OpYAOBaHMS, SKCIUTYaTUPYEMOT0 Ha TOJCTAHITUAX dJIEKTPUISCKON CETH
UMEeT BOKHOE 3HAYCHUE I €T0 HAJIC)KHOTO (DYHKIIMOHUPOBAHUS, a, CIICIOBA-
TeJbHO, Oecrepe0oitHOTO 3IeKTpocHa0keHusi norpedureneir. OMHONU U3 TIIaB-
HBIX 33/1a4 TEXHUYECKON JMATHOCTUKH SIBISICTCS BBHIOOP MH()OPMATHUBHBIX IMPH-
3HAKOB Je(PEKTOB U MeToAa Myl (hOPMHUPOBAHUS MOJIEIH, OMMCHIBAIOIICH B3au-
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MOCBSI3b ITPOCTPAHCTBA COCTOSTHUN OOBEKTOB ¢ HAOOPOM KOHTPOJIUPYEMBIX JTUa-
THOCTUYECKUX MPU3HAKOB [1,2].

VYuuTsiBasi, 4T0 0OBEKTaMU UCCIIEIOBAHUS B JAHHOM CTAaThe SIBISIOTCA CHU-
JIOBBIE MaciioHanoJiHeHHbIe TpaHnc@opmaropsl (CMT), ¢ TOUkH 3peHHs UX TeX-
HUYECKOTO COCTOSIHMS Hanbojiee MH(OOPMATUBEH CIICIYIOMNN HA0Op KOHTPOJIU-
PYEMBIX MIPU3HAKOB: KOHLEHTPAIMU Ia30B (M3MEPSIOTCS B pe3yJIbTaTe XpOMaTo-
rpauyecKoro aHajanus3a pacTBOPEHHBIX B Maciie ra3oB, XAPI') u Toku Harpy3ku
B 00MOTKax (pukcupyrorcs npu ordéope npod macna Ha XAPT'). Takoe couera-
HUE MapaMeTpoB coriacyercsa ¢ (U3MKOM MPOLeCCOB HAarpeBa Maciia U MOBbILIe-
HUS KOHLIEHTpAlUi XapaKTEPHBIX Ia30B, CBA3aHHOTO JIMOO ¢ neperpyskoit CMT,
7100 ¢ BOBHUKHOBEHHEM B HEM OIMACHOTO pa3BUBaroIierocs aedekra [3].

B kxauectBe MeToA0B 00pabOTKH JAHHBIX AJI1 (POPMUPOBAHUS JTUATHOCTHU-
YeCcKOM MOoJeNu 11e51iecoo00pa3HO MPUMEHEHHUE OJHOTO W3 METOJZIOB, MpEICTaB-
JIEHHBIX B UccaeAoBaHusaX [4-8]. OTo mpeanonaraer HeoOX0AUMOCTb MpPeIBAPH-
TEJIBHOIO CTaTUCTUYECKOIO aHaiu3a ¢ 3P(HEKTUBHON peAyKIMEH pa3zMEepHOCTH
MCXOJITHOTO MPOCTPAHCTBA MPU3HAKOB. C y4eTOM CKa3aHHOI'O AKTyaJIbHO MpUMe-
HEHUE METOJIa CTATUCTUYECKOW Kaccu(UKaIMi, OCHOBAaHHOTO Ha 0aileCOBCKOI
npoLeaype pacno3HaBanus oopaszos [7,11].

OcHoBHasl yacTh

W cXOoHBIMU JTaHHBIMU ISl TPOBEJEHUSI CTATUCTHUYECKOrO aHalu3a IMpu-
3HAKOB CJIy»aT LIeH3ypUpOBaHHbIE BbIOOPKU TpoTOkoJioB XAPIT um TokoB
Harpy3ku CMT oauHakoBOro kiacca HOMHUHAJIBHOIO HANPSKEHUS, SKCIUTyaTH-
PYEMBIX U JIUATHOCTUPYEMBIX B COIMOCTABUMBIX YCIOBHIX. MUHUMAaNbHBIA 00B-
€M LIEH3ypPHUPOBAHHBIX BBIOOPOK, KaK MOKa3aJId UCCIEAOBAHMS, JOJIKEH COCTAB-
7t oT 50 nmo 100 3amucei, To ecTh ObITh C(HOPMUPOBAH MO HEKOTOPOU Bpe-
MEHHOH peTpOCHeKTUBE. JDTO 00ECIEeYnuBAET OJAHOPOJHOCTh M MPEICTABUTEIb-
HOCTb BBIOOPOYHBIX JTAaHHBIX, HO HE HMCKIIIOYAE€T BO3MOXXHOCTU MPOBEPOK COOT-
BETCTBYIOIIMX CTATUCTUYECKUX rumnores [9, 10].

CornacHo [3] pa3MepHOCTb HCXOOHOTO IPOCTPAHCTBA JUArHOCTUYECKHUX
Mpu3HaKoB, onleHnBaeMbIx 0 XAPT', cocrasisier 7 (Ha - Bogopon, CHs - meTan,
CoHy - stunen, CoHe - atan, CoH» - aunernnen, CO, CO; — okcunbl yriaepoaa,
YTO XapaKTepU3yeTCsl MOIMMOJAIBHOCTBIO CIy4YalHBIX paclpeneseHuid u 3a-
TPYJHSAET UX UCIIOJIb30BAHUE JJIs TIOCTPOEHUS aIeKBAaTHON MOJENH pacro3Ha-
BaHUs. Penykuus pasMepHOCTH MPU3HAKOBOTO MPOCTPAHCTBA C MPUMEHEHHEM
cBepTkH Buja (1) mo3BossieT 3 (PEeKTUBHO PEIIUTh YKa3aHHYIO MTPoOJIeMy.
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- 7 A; (1 )
rpi
— HU3MCPCHHBIC U IIPCACIBHBIC KOHLCHTPAIMHU AUAIrHOCTHYCCKHUX

rac Aia AI‘pi
ra3os, (i = ﬁ) [Ipu 3TOM 7-MU MEpHOE IPOCTPAHCTBO MPU3HAKOB TpaHchop-
MHPYETCSl Ha TIOJIOKHUTENLHYIO YUCIOBYIO0 0Ch F € [0 + 00). OfHUM U3 3Taros
CTATUCTUYECKOTO aHaJIM3a 000N CIydallHON BEJIMUYMHBI CIY>KUT ONpEICIICHHE
YUCJIOBBIX M MHTErPAIIbHBIX XapaKTEPUCTUK BapUalMOHHOTO psiaa [9]. B kaue-
CTBE YHMCIIOBOIO MpUMeEpa B JI0Kiazne paccMorpeHa rpynmna CMT noacraHumii
110 kB onHOro U3 pailoHOB pacrpeaenuTeNbHON dIeKkTpuueckoil cetu. Konmnue-
ctBo CMT koHTpoJibHOU Tpy1iibl paBHO 18. PeTpocnextrBa npoTokonoB XAPI
rIIyOMHOM 5 JIeT mo3BoJIIeT ChOPMHUPOBATH BEIOOPKU MPU3HAKOB Pa3MEPHOCTHIO
N = 329 3anuceil. Metonuka XAPI' [3] conepXuT KpUTEpHUil TPAHUYHBIX KOH-
[EHTpAaINii, KOTOPBIN MO3BOJSET MPOU3BECTH NPEIBAPUTETHHYIO Kiaccuduka-
uuto cocrostHuii CMT Ha aBa kiacca:

A; < A,;, xinace cocrostnuit 1 "Hopma",

A; > A,,;, kiace cocrostiui 11, "oTKiIOHEHHS OT HOP- (2)

"

MBI".
Tpanchopmanus BekTopa {A;} Ha YUCIOBYIO OCh F mpeoOpasyeT MpaBHiIo
kiaccudukanuu (2) k Buay (3):
F < K, kinace coctostiui 11, "Hopma",

i 3
F > E,, kmacc coctosiaui 11, "OTKIOHEHHS OT HOPMBI', )

rie F., — rpanuna pasnena kinaccos 111 u I, onpenensiemast craructudecku [7].
IIpu ycnoBum pacupenesneHus CIlydaiHOM BEJIWYUHBI [ 10 JAByXIapaMeTpuye-
CKOMY KBa3MHOPMaJIbHOMY 3aKOHY C YMCJIOBBIMHM XapakTepUCTHKamMu M — ma-
TEMATUYECKOE OXKUIAHUE U O — CPEAHEKBAAPATHUECKOE OTKIOHEHHE, CIIPaBE-
JIMBO BBIpAayKEHUE:

Fo,~M+k-o.

3necy k — BBIYMCIINTENbHAsE KOHCTaHTA, MOJOMpaeMasi SMIIMPUYECKH U3
WHTEpBaia 2+3 MO YCIOBUI0O MUHUMAJIBHONW CYMMAapHON OIMMOKM pacrmo3HaBa-
Hus [1].

Toku narpy3ku CMT, ¢ukcupyembie B MOMEHT oTOopa mpoO macia Ha
XAPI', aBISIFOTCS BaXXKHBIM PEKUMHBIM (DAKTOPOM, ONPENESIOINM HHTEHCUB-
HOCTh ucnonb3oBaHuss CMT Ha moJCTaHIMSAX SJIEKTPUYECKON CeTH. YBenuye-
HUE TOKOB Harpy3ku B oOMoTkax Oe3nedextHeix CMT conpoBoxkaaercs moBbl-
[IEHHBIM Harpe€BOM U POCTOM KOHIIEHTPALMI TaK Ha3bIBA€MbIX "HarpeBHbIX'" ra-
30B, pacTBOpeHHbIX B Macie (mpexae Bcero CHa, CoHa, C2He). IIpu Bo3HUKHO-
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BeHnn B CMT pazBuBaromuxcsi 1e(QeKTOB KOHIEHTPAIMH XapaKTEPHBIX Ta30B
YBEJIUYHMBAIOTCS HE3aBUCUMO OT YPOBHS TOKOB Harpysku. C Iienpio ymoOcTBa
BbIpa3uM TOK Harpy3ku i-ro CMT B Buzme Oe3pazmepHoro koddduimenrta 3a-
TPY3KH (K3arp). Jlyist TOrO, 9TOOBI MaTeMaTHYeCKask MOJICIb pAacIlO3HaBaHUS 0e3-

nedexrroro cocrosinug CMT npaBuibHO paboTaina U OblIa ajieKBaTHA UCCIENY-
€MBIM TPOIIECCaM C BBICOKOM JOCTOBEPHOCTHIO, HEOOXOIUMO BBIIIOJIHUTH CJie-
JTYIOIIUI 3Tall CTATUCTUYECKOTO aHallh3a — BBISBJICHUE KOPPEISIMOHHON CBSI3U
MEKy cilydaiinbiMu napamerpamu (daxropamu) F, Kgap, ¥ mOCTpOEHUE ypaB-
HeHus1 perpeccun. KoJMYecTBEHHBIM MMOKa3aTelieM TECHOTHI KOPPEIsSLUOHHOM
CBSI3M CIIYKHUT KO3(PPULUEHT TUHEHHON KOPPESIINN:

MF, Kaarp — Mg -M Ksarp
( )

RF ’ K3a1"p ’

(ylr'(y}csarp

KOTOPBIM NpUHUMAET 3HadeHus oT —1 10 1. Cuita KOppensiuuoHHOM CBA3U OLe-
HuBaeTcs 1o mkane Yennoka, cornacuo xkoropon 0,1 < Rp Kaarp < 0,3 cooTBeT-

CTBYET HEJIMHEWHOW KOPPEISLIMOHHON CBS3H.
Bo3sBpaiasce K paccMaTpuBaeMOMY IIPUMEPY, PUBEJIEM YHCIOBBIE (Ta0JI.

1), m uHTETpANTbHBIC XaPAKTEPUCTHKHU, TaKue Kak (YHKIHS W TIOTHOCTh pac-
NpeNENeHUs Cly4aliHol BennuuHbl /' (puc.l). B pesynbrare pacuera Ry g

3arp
noiyyeHo 3HadeHue 0,22, yTo ompenenser HE0OXOAUMOCTh AMMPOKCUMAIIUU
KOPPEIALMOHHON 3aBUCHUMOCTH FFp(KBan) HETMHEHON (PyHKIMEH Bua:

F, = A-exp(B - Kyupp)-

Ta6numa 1
Pe3ynpTarsl OLIEHKU YUCIOBBIX XapaKTEPUCTUK F'
XapakTepucTuka 3HavyeHue
MartemaTuuecKoe 0KHIaHue 0,228933407
CrangapTHOE OTKIOHEHHUE 0,175464612
Menuana 0,173444
Mona 0,390889
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BriBoabI

[IpoBeneHHBIE HCCIIEIOBAHUS C TPUMEHEHHEM METOAa CTaTUCTUYECKOM
KJaccu(uKanuy 1 pacno3HaBaHus o0pa3oB yOekIar0T B HEOOXOAUMOCTHU TPe/I-
BApUTEIHHOTO CTATUCTHUYECKOTO aHain3a HWH()POPMATHUBHBIX JTHUATHOCTUYECKUX
npu3HakoB. KoauyecTBeHHasi OLIEHKAa CTAaTUCTUYECKUX XapaKTepUCTHK Bapua-
[IMOHHBIX PSAJO0B MPU3HAKOB SIBJISIETCS HEOOXOAMUMBIM M JIOCTATOYHBIM YCIOBHEM
BBIOOpA aJIEKBATHOTO BHJIa KOPPEJSIITMOHHON (DYHKIIMM M HACTPONKU 3HAUCHHIA

€€ BBIYUCIIUTEIbHBIX KOHCTAHT AJII JOCTOBEPHOM KJIACCU(PUKALUU COCTOSHHIM
CMT.
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YK 004.021
AHndepoBa Mapraputa CepreeBHa, benesues Annpeit MuxaiinoBuy

PA3PABOTKA AJI'OPUTMA OIIPEJAEJIEHUSA OIIOPHBIX TEM JJIA
PEHIEHUA 3AJJAY CTPATEIT'HYECKOI'O AHAJIN3A

B oannoii pabome paccmampusaemcs npobrema nocmpoenus un@opmayuoHHo-
AHATUMUYECKUX CUCeM Ol CMpame2uiecko20 aHaiusd u vlbopa HanpasieHull pas-
BUMUS BbICOKOMEXHOJIO2UYHBIX NPEONPUSMULL.

Obo03HaueHbl 0OCHOBHbIE MPYOHOCMU NPU pa3pabomKe OAHHBIX CEpeUcos, maxue
Kax. ¢hopmuposanue mpeHoos u Kkiacmepuzayus 00KYMeHmOos.

Oonum u3 peuwteHull NOCMABIEHHbIX 3a0ay Modxcem Obimb onpeodenenue ONOPHbIX
mem 6 OOKYMEeHmMax, XpaHawuxcs 6 baze oanuvix. B pabome npeocmasnen ancopumm
onpeoeneHuss ONOPHLIX MeM, A MaKdHce NPOYEeHMHOe COOMHOULeHUE KAXHCOOU meMbl 8
KOHKDEMHOM OOKYMeHMme, YUMo NOGbICUM Kauecmeo u 3¢gdekmusHocms uHgpopmayu-
OHHO20 NOUCKA 8 YCILOBUAX DONbULO20 00BEMA HECMPYKIMYPUPOBAHHOU UHDOPMAYUU.

Texnonocuueckue mpenovl, UHMELIEKMYANbHbIUL NOUCK, MOHUMOPUHS, UCKYC-
cmeennwvlll unmeinnekm, Big Data, aneopumm, knacmepuzayus.

Anferova Margarita Sergeevna, Belevtsev Andrey Mikhailovich

DEVELOPMENT OF AN ALGORITHM FOR DETERMINING
REFERENCE TOPICS FOR SOLVING STRATEGIC ANALYSIS TASKS

In this paper, the problem of building information and analytical systems for
strategic analysis and the choice of directions for the development of high-tech enter-
prises is considered.

The main difficulties in the development of these services are identified, such as:
the formation of trends and clustering of documents.

One of the solutions to the tasks may be the definition of reference topics in doc-
uments stored in the database. The paper presents an algorithm for determining the
reference topics, as well as the percentage of each topic in a particular document,
which will improve the quality and efficiency of information retrieval in conditions of
a large volume of unstructured information.

Technological trends, intelligent search, monitoring, artificial intelligence, big
data, algorithm, clustering.
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Beenenue

Pelienne 3aa4 cTpaTernueckoro aHajanu3a HanpaBiIeHUA WHHOBAIMOHHO-
ro0 Pa3BUTUS BBICOKOTEXHOJOTHUYHBIX MPEANPUATHNA TpeOyeT MPOBEICHUS He-
MPEPBHIBHOTO TJI00AJTBHOTO MHOTOLIEIEBOTO MOHUTOPHHTA B CETSIX OOIIEro u
CIIeIIMaJIbHOrO Ha3HaueHwus [ 1,2].

XapakTepHbIMU OCOOCHHOCTSIMH COBPEMEHHOIO ATara CO3/JaHusl BBICOKUX
TEXHOJIOTUH SIBIISIETCS:

- Ype3BbIYANHO ObICTpas JuHAMHKa (POPMUPOBAHUS HOBBIX HApPaBICHUN
(TpeHI0B) U TPAEKTOPHUIl UX PA3BUTHS;

- 001BIIOT0 00BEM Pa3HOPOIHBIX U HE CTPYKTYPUPOBAHHBIX JaHHBIX;

- @ TaKXKe pPEe3K0Oe COKpalIEHUE JIMTEIbHOCTH MHHOBALMOHHOIO IIMKJA
[3].

B aTo0i#1 CBsI3M pellieHHe STOM 3ajjadyd HEBO3MOXKHO 0O€3 CO3JaHusl Mpo-
0JIEMHO-OPUEHTUPOBAHHBIX, HH(POPMAIMOHHO-aHATUTUYECKUX KOMILUIEKCOB H
pa3pabOTKH MpoLeyp NOUCKA U U3BJIECYEHUS MH(OpPMALIMK Ha OCHOBE TEXHOJIO-
UM UCKYCCTBEHHOTO UHTEJIEKTA [4].

[IpoBenenublid aHanu3 [5,6] mokaszan, 4TO MPUMEHEHHUE METOJIOB MC-
KycctBeHHOTro uHTeiekTa (M) ocobenno a3 PpekTUBHO HaA CIEAYIOMMX dTanax
dbopmupoBaHus U 00pabOTKa JaHHBIX MOHUTOPHUHTA:

1. Ha srane- ®opmupoBaHue TPEHIOB

[Ipumenenue meronao MU (mamuuHoe oOydyeHue), odecrneuut 6osee J0-
CTOBEPHBIE PE3YJIbTAThl, TyTEM HEIOMYIICHUSI CYObEKTUBHBIX OLICHOK aHAJIUTH-
KOB.

2. Ha srane -Knacrepuzanuu TOKyMEHTOB, XpaHSIIUXCS B 0a3€ TaHHBIX

[Ipumenenne mMeronoB MM mo3BOIUT MpOBECTH MAIIMHHBINA aHAIN3 CO-
JIEepPKUMOTO0 U (POPMHUPOBAHUE B3aUMOCBS3EH JOKYMEHTOB IO 3aJaHHBIM
HarnpasJeHUIo [7].

OcHoBHasl YacTh
[Tponeaypa hpopMupoBanusi TpEHI0B MOXKET OBITH OCHOBAaHA Ha OIpeeie-
HUU OMOPHBIX TEM B JIOKYMEHTAaX, XpaHIIIHUXCs B 0a3e TaHHbBIX.
[Ipennaraemsplii anropuT™M OCHOBAaH Ha OMpPEACICHUU TEM IO KIIOUYEBBIM
cjoBaM. AJITOPUTM BKJIIOUAET B Ce0sl CIeAYIOIIME OCHOBHBIE ATanbl (puc. 1):
- pa3zesieHue JaHHBIX MO SI3bIKAM;
~ OYKCTKAa JIaHHBIX C MOMOIILI0O TOKEHU3ALUH, JIEMMAaTU3aIlUd U CTEMMUH-
ra;
— BEKTOpU3aIINS;
~  U3BJICYCHUE KIIFOUYEBBIX CIIOB.
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Puc. 1. Aneopumm onpedenenus onopHwix mem

PaccMoTpuM OCHOBHBIE 3Tambl MPEIaraéMoro aaropuTMa

~  BEKTOpHU3ALIUS;

~  W3BJICUYCHUE KITIOYEBBIX CIIOB.

Bexropuzanus - mporecc npeoOpa3zoBaHus CJIOB B UKCA.

B mMamuHHOM 00y4eHHH BEKTOPU3ALUS — 3TO 3TaIl U3BJICUCHUS MPU3HAKOB.
HeoOxoqumo u3BieYs M3 TEKCTAa HEKOTOPHIE OTIMYUTENbHBIC MPU3HAKH IS
00y4YeHusI MOJIENIH ITyTeM MPeoOpa30BaHUsI TEKCTA B YHCIOBBIE BEKTOPHI.

Bec Tepma («BaxxHOCTH» COBa Ui UACHTU(DUKAIIMKM JaHHOTO TEKCTa) B
JIOKYMEHTE MOKHO ONPEJEIUTh JBYMsI pa3HBIMH CIIOCOOaMHu:
1. Bag of Words
Omna BKJIIOYAeT B ce0s TP OIepariu:

— Tokenization. BxogHo# TekcT moaBepraercs TokeHuzauuu. [Ipenioxenue
NPEJCTaBIsIeTCS KaK CIIUCOK COCTaBISIOUINX €0 CIIOB, JaHHAs onepanus
BBITIOJHSETCS ISl BCEX BXOTHBIX MPEI0KECHHUIA;

— Vocabulary creation (Co3nanue cioBapHOoro 3amaca). M3 Bcex moirydeH-
HBIX TOKCHU3UPOBAHHBIX CIIOB ISl CO3JIaHUS CIIOBapsi OTOUPAIOTCS TOJb-
KO YHUKAJIbHBIE CJIOBA, KOTOPBIE 3aT€M COPTUPYIOTCA B aji(aBUTHOM IIO-
psizIKe;

— Vector creation (Co3mganue Bektopa). st BXOTHBIX JAaHHBIX CO3AETCS
pa3peKeHHasi MaTpUIla U3 4acTOT CIOBAPHBIX CIIOB. B 3TON pa3pexeHHOon
MaTpHIle Kaxaas CTPOKa MPENCTaBIsIeT COOOH BEKTOP MPEIOKEHUH,
JUTHHA KOTOPOTO (CTONOIBI MaTPHUIIbI) paBHA 00bEMY CIIOBApPHOTO 3ariaca.

134



2. TF-IDF
TF (term frequency — 4acToTa cioBa) — OTHOIIEHUE YUCJIA BXOXKICHUIM
HEKOTOPOTO CJIOBA K OOIIEeMY YHCITY CJIOB JOKyMeHTa. TakuM oOpa3om, OleHH-
BAETCsl BAYKHOCTH CIIOBA B TIPEJIeNiax OTACIBbHOTO TOKYMEHTA.

TF(t,d) = z:;k (1),

rac Nng - 4Mcliio BXO}K,IICHI/Iﬁ cioBa t B AOKYMCHT, 4 B 3HAMCHATCJIC — 06H_I€C
9UCJIO CJIOB B IAHHOM JOKYMCHTC.

B xauecTBe Mephl B3BEIIMBAHUS CJIOBA MOXKHO BOCHOJIb30BaThCs F-Mepoid,
a UMEHHO precision (TouHOCTH) U recall (momHOTa) — 3TO METPUKHU, KOTOPHIC
UCTIOJIB3YIOTCS MIPH OLIEHKE OOJNbIIEH YacTH aNrOpUTMOB U3BJICUEHUS HHPOpMa-
uu. CyTh TOYHOCTH M MOJTHOTHI TAKUX MEP OYEHb MpocTa [§].

Jlyia peleHus MOCTaBICHHBIX 3a7a4 yio0Hee OyAeT UCIOIb30BaTh UMEH-
HO MHBEPTUPOBAHHBIN MHACKC, NONOJHEHHBIM Mepor TF-IDF, Ttak kak oH moi-
HOCTBIO YJIOBJIETBOPSAET MOTPEOHOCTH OBICTPOTO MOJHOTEKCTOBOTO IOUCKA IO
KOJUIEKIMU JOKYMEHTOB, @ 32 CUET JOMOJHUTEIBHOrO MOJIA, COAEPKAIIEro va-
CTOTY TEPMOB, MBI CMOKEM HCIIOJIb30BaTh €ro JJI1 OpraHu3alii paHKupoBa-
HUS, @ TAK)KE B Ka4E€CTBE KAIIa BEKTOPOB JOKYMEHTOB, XPaHALIUXCS B CIELUA-
JU3UPOBAHHOI 0a3e TaHHBIX.

N3BieyeHne KIHOYEBbIX CJIOB

Mopenu aHanu3a TeM COCOOHBI OOHAPYKUBATH TEMBI B TEKCTE C MOMO-
IIbIO MEPEJOBBIX AITOPUTMOB MAIIMHHOIO O0y4Y€HHs, KOTOPBIE MOJCUUTHIBAIOT
CJIOBA U HAaXOJAT U IPYNIUPYIOT NOX0XKHUE MAa0IoHbI clioB. IIpoBeneHHbIN aHa-
713 nokasai 3(h)PEeKTUBHOCTh UCIIONIb30BaHus MeToaa LDA.

LDA (Latent Dirichlet Allocation — JlatrenTHOE pazmMemnienue Jupuxie)

Aaroput™m pabOTHI JaHHOTO METOA:

1. Onpenensiercst GUKCUPOBAHHBIN HAOOP TEM, COCTOSAIIUX M3 MPEICTaB-
JIEHHBIX (HEW3BECTHBIX) HAOOPOB CIJIOB. J[aHHBIE TEMBI YK€ HaXOAATCS B JIOKY-
MeHTax 0a3bl JaHHBIX, HO MBI €III€ X HE 3HAEM.

2. LDA mnbITaeTcs CONOCTaBUTh BCE (HM3BECTHBIC) JOKYMEHTHI C (HEHU3-
BECTHBIMU) TEMaMH TaKHUM 00pa30M, YTOOBI CIIOBA B KAKJIOM TIOKyMEHTE OBbLIIH B
OCHOBHOM 3aXBa4y€Hbl STUMHU TeMamu [9].

JIOKYMEHTBI ¢ IOX0XUMH TeMaMH OyAyT MCIOJb30BaTh OJAMHAKOBBIE CJIO-
Ba. Takke MpeaIonaraeTcs, 4To KaXablid JTOKYMEHT COCTOMT M3 CMECH TEM, U
Ka)KJI0€ CJIOBO MMEET BEPOATHOCTh NPHHAIIEKHOCTH K ONPEACIICHHON TEME.

LDA npenmnonaraer, 4To JOKYMEHTbI T€HEPUPYIOTCS CIEAYIOMIMM oOpa-
30M: BbIOMpaeTcst cMech TeM (Hampumep, 20% tembr A, 80% tembl B u 0% Tembl
C), a 3aTemM BBIOMpPAIOTCS CIOBAa, KOTOpPbIE MpUHAMIEkKAT 3TUM Temam. CioBa
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BBEIOMPAIOTCS CITyYaiHBIM 00pa3oM B COOTBETCTBHH C BEPOSTHOCTHIO MX TOSIB-
JICHUS B OMPEJICIEHHOM JJOKYMEHTE (puc. 2).

Cnosa, Temsl... HrcTpykuyms PeaynLTaT

OOKYMEHT N NpaEdnam mogend LDA .
4

CornacHo MHCTPYKUMM reHEDHPYRTCR ? I

Puc. 2. Aneopumm eenepuposanus ookymenmos onsi LDA

3. LDA BuUAUT JOKYMEHT U MpPEANOJaraer, 4To OH ObLI CO3/1aH, KaK OIuca-
HO BBbIIIE. 3aT€M OH paboTaeT B 0OpaTHOM HaNpaBJICHUH- OT CJIOB, COCTABIISIIO-
IIUX JOKYMEHT, U MBITAETCS YIraJaTh CMECh TEM, KOTOPAsi IPUBEIA K ITOMY KOH-
KPETHOMY PacCIIOJIOKEHUIO CI0B (pucp 3).

BozomuTe konne KUHWH OOKYMEHTOE H
[}E"'ll"‘-l WMTE MOJEND KB KWE CNOET MX
ONHWCHEI DT

A

J@gaiTe NapaMeTpw oA mogenn LDA
Hak mHoro Tem? Hak 3TH TEMDB

PECNPEAENRKITCR E
OOHKYMEHTE?

Pucp 3. Aneopumm pacnoznasanus mem LDA

B pe3ynbrare BHIMOIHEHUS JAHHOTO arOpuT™Ma OyAyT BBIJIEICHBI OTOP-

HBbIE TEMbI JIOKYMEHTOB, XpaHAIIUXCS B 0a3e aHHBIX, a TAKXKe MPOIEHTHOE CO-
OTHOIICHUE KAK0M TEMBbI B KOHKPETHOM JIOKYMEHTE, YTO 00ecreyuT Oosiee J10-
CTOBEpHBIE PE3YIbTaThl POPMUPOBAHUS TPEHIOB, IIyTEM HEJOMYIICHHs CyOBheK-
THUBHBIX OLIEHOK AaHAJIMTUKOB.

BuiBoabI

[Ipennaraemsplii aITOPUTM ONPENEIICHHS] OMIOPHBIX TEM PEAIIM30BaH B UH-
TEJUIEKTYaJIbHOM CEpBHCE MMOMCKA U MOHUTOPUHTAa HHGOPMAIIMK B CIICIIUATH3HU-
poBaHHOM 0a3e MaHHBIX HHGOPMAIMOHHO-aHAIUTUYECKOrO0 Komruiekca APM
Anamutuka [10]. IIpumeHeHrne NaHHOTO aJIrOpUTMa 3HAYUTEIBHO COKPATUT
BpeMsi 00paOOTKU UCXOJHBIX JaHHBIX, MPEJCTABISAS PE3yIbTaThl U PEKOMEH/Ia-
WU 7151 IPUHATHS YIIPABICHUYECKUX PEIICHUMN.
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[Tonnmam 3axap AnexceeBny, Hocko Bukrop Unbnu

AJITOPUTM PAHKUPOBAHUS TEKCTOB HA BA3E
CBEPTOYHOM HEMPOHHOM CETU

B 0annoii pabome 6vi1 npednodcen ancopumm pauiICupoB8anusi mexcmos Ha oa-
3e C8epMOYHOU HEUPOHHOL cemu ¢ mpems QYHKYuAMU OWUOKY, MaAKuMu Kax ouuoKa
Kaaccugukayuu, owudka mooenuposanus pacnpeoeneHus (ousepeenyus Kynvbaka-
Jletibnepa) u owubra oucnepcuu (omrioHenue jnozapugma oucnepcuu om 8eKmopda
HyJell), Ymo no3eoJisem npeobpazosevléams MeKCcmvl 8 6eKmopa 6e3 paspuléos 8 npo-
cmpaHcmee NPU3HAaKos.

Ponimash Zakhar Alekseevich, Nosko Viktor Ilyich

TEXT RANKING ALGORITHM BASED ON A CONVOLUTIONAL
NEURAL NETWORK
In this paper, we have proposed a text ranking algorithm based on a con-
volutional neural network with three error functions, such as classification er-
ror, distribution modeling error (Kullback-Leibler divergence) and dispersion
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error (deviation of the logarithm of the variance from a vector of zeros), which
allows you to convert texts into vectors without breaks in feature space.

BBenenue

Ha naHHbIi MOMEHT OYE€Hb aKTyallbHa NIpoOiieMa TeHepaluu TEeKCTa B
HEHpPOCETEBBIX TI'E€HEPATHBHBIX 00Tax, B YacCTHOCTH, MOCTPOCHHBIX Ha 0aze
GPT[1]. I'eneparusi ocyuiecTBIsSIETCS HA YPOBHE TOKEHOB, JjIsl BBIOOpa clemy-
IOLET0 TOKEHAa B IOCJIEA0BATEIbHOCTH CYUIECTBYIOT Pa3JIMYHBIE CIIOCOOBI,
HaIlpuMep, ¢ IOMOIIBI MeToAa Moucka jgyda. [2] C moMoIbK 3TOro MeToaa
MO>KHO T€HEpUPOBaTh HECKOJIBKO BApUAHTOB OTBETOB HA OJMH BOIpoc. Panxu-
pOBaHUE BapUAHTOB OTBETA MO3BOJIAET MOBBICUTh KAUYECTBO T'€HEPALIUU, CIEIaB
BBIXOJI MOZIeJIH O0JIee COTJIaCOBAaHHBIM IO CMBICIY (T€ME) ¢ BOMPOCOM MM KOH-
TEKCTOM.

OcHOBHaA YacTh

AJITOPUTM paHXHUPOBAaHMs MpeACTaBlIeH Ha puc. 1. TekcT mocrymaer B
0JIOK TpenBapUTeNbHON 00pabOTKH, KOTOPBI MpeoOpa3yeT TEKCThl B TOKEHBI.
Heliponnast cetrb 0Oyioka BeKTOpU3alMu (OPMUPYET BEKTOpP (PUKCHUPOBAHHOMN
pPa3MEpPHOCTH M3 IMOCJIEI0BATEILHOCTH TOKEHOB. BCe TEKCThI KOTOpBIE TOKHbI
ObITh PaHXUPOBAHbI BEKTOPU3YIOTCS BBILICOMUCAHHBIM CHOCOOOM M JT0OABIIS-
I0TCSI B MAaCCUB CTPYKTYp BEKTOp-TeKcT. [locie dero airoputM paHKUpOBAHMS
COPTUPYET BEKTOPBI MO HEYOBIBAHUIO PACCTOSIHUSA U TEKCT, COOTHECEHHBIN C
BEKTOPOM C HYJIEBBIM MHIEKCOM, SIBJISETCS HAanOOoJee MOIXOIAIUM 10 TEMaTH-
K€, C TOUKH 3PEHUS MOJIETH, K TEKCTY BOMpPOCa.

OcHoBHOE TpeOOBaHUE K MPOCTPAHCTBY MPU3HAKOB CIEAyIollee, OJIU3KUE
[0 CMBICITY TEKCThI JOJKHBI OBITH MpPeoOpa3oBaHbl B OJU3KUE MO HEKOTOPOIA
METPHUKE TOUKH (BEKTOPHI).

B
)

Bnok npen.
obpaboTkn

l Maccus
BEKTOp-TeKCT

Briok BekTopusaumn

lg

Bnok pacyeta
paccToaHui
|
oy
Bnok paHx1poBaH1s
B nopsfke
HeybbiBaHUA
paccToaHnA

I

OTpaH*MpoBaHHbIe
TEKCThI
S —
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Puc. 1. Obwas cmpyxmypa ancopumma pauicuposanus

B paboTe paccMOTpeHBI /1B€ CTpAaTE€TMM TOKEHU3AIMU, TOKEHU3AlMs Ha
YPOBHE JIEMM, M MpPHU TMOMOIIM MPEABAPUTEILHO OOYYEHHOIO TOKEHEe3aTopa
BPE[3], ucnone3zyemoro B GPT2[4].

BxongHo# €m0l — 3TO CI0M BCTPAMBAaHMs, OH CTABUT BEKTOP B COOTBET-
CTBUM KaxJoMy HHJEKCY. [locnenoBarenbHOCTh MHAEKCOB 3aMEHSETCA HA MaT-
punyy. M3HauanbHO BEKTOPHI JTMOO BBIOMPAIOTCS CIyYalHBIMU, JIUOO 3a1ar0TCs
IpeBapUTENbHO OOYUYEHHbIE, Aaliee, BO BpeMsi 00yUEHHs! CETH MOTYT 00y4daThCs
BMECTE CO BCEH CEThIO MPU MOMOILIU 00PATHOTO PacIpPOCTPAHEHHUS.

B kauectBe Ki1accupuKaTopoB ObUIM UCCIENOBAHBI CIECAYIONIUE CETH: O-
HOMEpPHAsi CBEPTOYHAsA, MOJHOCBS3HAsA, PEKYpPpPEHTHas U TMOpUIHAs coAeprKa-
n1as Kak CBEPTOYHBIE, TAK U PEKYPPEHTHBIE CIoU. OTHOMEpPHBIE CBEPTOYHBIE U
PEKYPPEHTHBIE HEUPOHHBIE CETH XOPOILO 3apEKOMEHAOBANIN ceOsl 11t pabOThI €
MOCJIEA0BATEIBHOCTAMU[S ], B TOM YHCJIE U C TeKCTaMHu. [6, 7].

Pe3ynbTaThl TECTMpOBaHUS HEHPOHHBIX CeTei cBeAeHbl B TaOiu. 1, Bce 3a-
MephbI BBITTOJIHEHBI HA BaJTUAALIMOHHON BBIOOPKE.

Tabnuua 1
Pe3ynbTaThl TECTUPOBaHUS PA3JIMYHBIX APXUTEKTYP

Howmep axcniepumenta  [BeposTHOCTB npaBriibHOTO| OmnOKa Ha Bada-
pacro3HaBaHUS IIUOHHBIX JaHHBIX
(Accuracy) (ITepexpectHast 2H-
TPOMIHS)

BCKTOPa BCTpanBaHUA MHUIIUAJIN3UPOBAHBI Cﬂy‘{al\/’IHBIMI/I qucCjiaMHu

CseprouHas ceTb Nel 71.05% 0.8898
ITosHOCBsI3HAs 74.57% 0.767
CBeprouHas ceTb No2 74.44% 0.7862
LSTM 73.52% 0.8146
GRU 73.19% 0.8177
CNN+LSTM 71.46% 0.8886
[Ipen. oOyueHnHbie BekTopa BcTpauBanus (Word2Vec)

CBeprouHas ceTb Nel 69.38% 0.8714
CBepTouHas ceThb Ne 75.11% 0.7357
LSTM 73.77% 0.8293
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Jlnsa peanuzanuu 0oJiee MIABHOTO MEpPexo/1a MEXIy TeMaMH Obliia BBE/IE-
Ha JIOTIOIHUTEIbHAs (DYHKIMS MOTEph, M3BECTHAs Kak nuBepreHuus KympOaka
— Jleiibnepa [8], ucnonbdyemMas B BapUallUOHHBIX ABTOKOAUPOBIIMKAX [9],
Takoke Obllla BBEJICHA COCTABIIAIOMAs GYyHKIIUU MOTEPh, OTBEUaromias 3a Gopmy
U pa3Mep 00JacTH B MPOCTPAHCTBE MPU3HAKOB, OMMOKAa KOTOPOH yBEIMUMNBACT-
Csl C POCTOM OTKJIOHEHHsI jorapudma AMCTIIEPCHUH OT BEKTOpa, COCTOSIIETO U3
HYJIEH.

Ommbka KynbOaka-JleliOnepa, paccunTbiBaeTcs Mo cieayromen Gopmy-
Je, B JaHHOU (opMyJie paclucaH clell U ONpPeeIUTeNb JUarOHAIbHON KOBapH-
aruoHHoM Matpunpl, KL(o, 1) = % (EN_jo2+uT - u—log (IIk_; 65 — N ),
rne, kg; — xkospduuuent Bkinaga ommbku Kynpbaka — Jleitbnepa B o6uryro
(GYHKUHIO OTEPD.
Ommbka mucnepcud, Lyg,(0) = kygr 2v-;log?(0,). B kaudectBe omubku
KJaccu(uKauu Obljia NCMOJb30BaHa KaTeropuaabHas MepPeKpecTHast SHTPOIHS,
H(t,y) = —ky XM _. t,,1og(y,,). Kosddunuentsl ki, kygr, ky BBEIEHBI 1
HACTPOWKH MoJienu. B nanHoi paboTe OHM COOTBETCTBEHHO paBHBbI 7, 2, 1.

Ha puc. 2 nokasana 610k-cxema kinaccudukaropa, JAJisi BEKTOpU3aLUK UC-
MOJIB3YETCSl BBIXOJl TPECKA3bIBAIOIIMN BEKTOp MaT. OXHJIAaHUS TeHepaTopa
CIIy4aliHbIX YHCEIl C TayCCOBBIM pacmpenenenneM. Ha puc. 3 mokazaHa mpoek-

IS Ha IBE OCH.

Cnon
BCTpavBaHWs
(Embedding)

CBepToYHBLIA
cnon

I

MoGansHLIn
cnon
noaesIGopkK

I

Mpeagckazanwne
BEKTOpa
norapudma
Aucnepcuun

MpeackaszaHue
BEKTOpa MarT.
oXMOaHnA

TekcT B BUAS NexepaTop
BEKTOpa cny4YanHe!x Yncen

Cnon Softmax

Tema TekcTta

Puc. 2. brnok-cxema knaccugpuxamopa
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Puc. 3. /lsymepnas euzyanusayus npeocKazanus Mam. 04CUOaHUs

BaxxuplM mnapamMeTpoM JAHHOTO aJrOPUTMa PaHXUPOBAHUSA SBIISICTCS
MeTpuka. Hanmydrnras MeTprka J0JDKHA 00eCIeurBaTh YUY TOYHOCTh TPH
€e WCIOJIb30BAaHWU B METOJe ONrKaifiiero cocena B 3ajgade Kiaccuduka-
uuu[10], T.K. 3TO O03HA4YaeT, 4TO MPU PAHKUPOBAHUHU B CAMOM BEPXY crucKa (c
HYJIEBBIM HMHJICKCOM) OKQ)XXETCS TEKCT TOMW € TEMBbI, UTO M TEKCT Ha Bxoje. B
Tabj1. 2 MPUBEICHBI PE3yIbTaThl KaueCTBa PAH)KUPOBAHMS, C MCIIOJIb30BAHHEM
Pa3IMYHBIX CTpaTeruii o0ydeHuss U (YHKIUH pacCTOSHUS, a TAaK)Ke CPaBHEHHE C
apxuTeKkTypou Bert.

Tabmauma 2
Pesynbrar TeCTUpOBaHMS METPUK, TOKCHE3allMs Ha YPOBHE OalT
O0y4eHo Ha JIeMMATH3HPO- OOyueHo Ha He JeM- | Bert
BaHHBIX MaTH3MPOBAHHBIX
Jaracer 6e3 | [laTacer ¢ aeM-
JEeMMATHU3alMK |  MaTHh3aluuen
EBknmaoBa 50.6% 82.9% 62.42% 26.4%
ManxasTTeH 49.9% 82.3% 62.23% 26.0%
UYeObiméBa 46.5% 80.1% 61.74% 20.3%
HecxonctBo 51.3% 82.3% 62.74% 28.6%
bpes-
Kepruca
BriBoasbl

Kak BuaHO U3 Tabmn. 2, HaWydIee Ka4ecTBO PaHKUPOBIIMKA 0OecrieynBa-
€TCS UCTIOJIb30BAaHUEM MOJIYJISl BEKTOpU3aIuu, Ha 0a3e kiiaccudukaropa mpuBe-
JneHHOTO Ha pucyHke 2. [Ipu TokeHe3anuu Ha ypoBHE 0ailT, HamIydIlee Kade-
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CTBO B 3ajJlau€ paHXUPOBaHUS ObUIO MOJYUYEHO MPHU HUCMHOJb30BAHUM (DYHKIIUU
paccTOosIHUSL, U3BECTHOM KaK «HECX0CTBO bpes-Keptucay.
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[IpsiBuenKO Anekcent Oneropud

BOITPOCBI MOAEJIBHO-OPUEHTUPOBAHHOI'O
MMPOEKTUPOBAHUSA MOJYJIA IU®POBON OBPABOTKH
CUTHAJIOB B BABUCE COBPEMEHHBIX FPGA MOAYJIEH

B oanmnoii pabome paccmampusaiomcs 0npocvl MOOENbHO-0PUEHMUPOBAHHO20
NPOEKMUPOBAHUSL NPUMEHUMENLHO K MOOVIAM Yughposoti obpabomku cucHailos 8 oa-
suce IIVIUC apxumexmypor FPGA na npumepe pazpabomku annapamuozo mooyis,
peanusyrowezo areopumm ceepxoiunHo2o npeoopaszosanus Pypve. Boinoausemcs 00-
30p Hacmpouku npoyecca cenepayuu HDL-kooa, npoexma ¢ CAIIP Quartus uz om-
naxcennoi ¢ CAIIP Simulink mooenu ancopumma LJOC ¢ nomowpro 6cmpoenHoco
npunodicenuss CAIIP Matlab — HDL Workflow Advisor. Obcyacoaromes pesyrbmamol
eeHepayuu, CUHME3UPYEeMOCMb C2eHEPUPOBAHHBIX OAHHBIX, UX OOCMOBEPHOCMb, U
VCa08uUsl 0151 YCHewHo20 8blnoHeHus 3a0ay npunodcenuem HDL Workflow Advisor.

Lugposas obpabomra cuenanos, npocpamMmupyemas 102UecKas UHmMezpaibHasl
cxema, cenepayus RTL-xooa, uncmpymenmol cummesa, yenegol pabouuil npoyecc,
FPGA-cunmes u ananus, HDL-peanuzayus.

Belyaev Alexander Alexandrovich, Kosharny Vladimir Alexandrovich,
Pyavchenko Aleksey Olegovich

ISSUES OF MODEL-ORIENTED DESIGN OF A DIGITAL SIGNAL
PROCESSING MODULE BASED ON MODERN FPGA MODULES

This paper discusses the issues of Model-Based Design as applied to digital
signal processing modules in the FPGA basis on the example of developing a
hardware module that implements the ultra-long Fourier transform algorithm.
An overview of the setup of the HDL code generation process, the Quartus pro-
ject from the DSP algorithm model debugged in Simulink using the built-in
Matlab application - HDL Workflow Advisor is performed. The results of gener-
ation, synthesizability of the generated data, their reliability, and conditions for
successful completion of tasks by the HDL Workflow Advisor application are
discussed.

Digital Signal Processing, FPGA, RTL Code Generation, Synthesis Tools,
Target Workflow, FPGA Synthesis and Analysis, HDL Implementation
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BBenenue

[IpoexTupoBanue Moaysei u cucteM HUppoBoil 00pabOTKU CUTHANIOB, Kak
MpaBUIIO, TPEOYET BHICOKOTO YPOBHS KBATU(UKALIMKU U 3HAHUN pa3padOTYUKOB B
obJlacTu omuMcaHus ammaparypsl Ha si3bikax cemeiicta HDL. Ho ¢ pa3Butuem
IT-TexHONMOTUN MPOLIECC PYYHOTO KOAUPOBAHUS 3aMEHSETCSA CPEACTBAMU aBTO-
Matuzanuu, TakuMu kak MATLAB u Simulink. Pa3pabotuuky HeoOxoammo
JuIIb co3AaTth B Simulink MaTeMaTH4eCKyr0 MOJENb U MPOBECTU CBSI3b MEXIY
e€ KOMIIOHEHTaMH, BbIOpAaTh M Ha3HAYUTh TPeOyeMbIi OJIOK IJisl peanu3aluu B
anmaparype, Moclie 4ero cpena pa3paboTKH B aBTOMATHU3UPOBAHHOM DPEXKHME
CreHEepUpyeT HeoOXoAauMmble (ailibl B 3aBUCUMOCTH OT creuudukanuu paspa-
ootku. /[lanee, pa3pabOTUMKy OCTaeTcs JUIIb 3arpy3UThb CUHTE3UPOBAHHBIMI
npoekT B anmnaparypy [IJIMC u 3anyctuts noxa ynpasnenuem [IK Beraucienus,
a 3aTe€M CPaBHUTH MOIYUYEHHBIE PE3YJIbTAThI C pe3yabTaTaMu padOThl MOAEIH, TO
€CTh BBINIOJHUThH TaK HA3bIBAEMYIO KO-CUMYJISILIUIO U POBEPKY HA COOTBETCTBHE
cnenuukanuu. JlaHHBI METOJl MPOEKTUPOBAHUS NMPUOOPENT HA3BAHUE «MO-
JEIbHO-OPUEHTUPOBaHHbIN» [1, 2]. C y4eTOM CIO)KHOCTH U TPYAOEMKOCTH CO-
3naHus B coBpeMeHHoM Oasuce FPGA pecypcoemkux ycTpoicTB uppoBoii 00-
pabotku curHanoB (LIOC)[2 — 5], Bkiroyas ux BepudHUKaAIUIO U BaluJalUIO,
PUMEHEHUE B HACTOsALIEE BpeMsl MeToJa U cpeAcTB MO-NpoeKTUpOBaHUS HE
TOJIBKO aKTyaJlbHO, HO M MPOCTO HeoOxoaumo. Beap mmMeHHO Oojiee MIMpPOKOe
BHEJIPEHUE B MpoLEcC pa3pabOTKH MOJEIbHO-OPHUEHTHPOBAHHOTO MOAX0/a K
npoekTupoBanuio anmnapatypbl L{OC mo3BossieT CylecTBEHHO COKPAaTUTh Bpe-
MEHHBIE CPOKU CO3JaHUs TAKUX MPOEKTOB, MPOBEPKU UX XAPAKTEPUCTHK Ha CO-
OTBETCTBUE CIEUU(PUKALUA TEXHUYECKOro 3amaHus. OTCloa aKkTyalbHOCTb U
HEO0OXOAMMOCTh TEMATUKH HACTOSILIENH CTAThU.

OcHOBHaA YacCTh

B nacrosmelt =~ pabore  paccMaTpuBaeTCsi  METOJ  MOJEJIBHO-
OPUEHTUPOBAHHOTO MPOEKTUPOBAHUS Ha MpUMEpE pa3padOTKX anmnapaTHOro
monyns [OC, peanusyromiero ajiropuTM CBEPXJIMHHOTO MpeoOpa3zoBaHUs
®ypre (CAIID) [6] B annaparype [IJIMC Intel Arria 10 GX.

Wnes nmpuMepa 3akiroyaeTcs B JEMOHCTPALMM BO3MOXKHOCTH pean3aluu
oneparuu ObicTporo npeodpazoBanusi Oypoe (BIID) Gosbiiol pazMepHOCTH
yepe3 MHOrokpatHoe npuMmeHeHue bIID menble pasMEepHOCTH, YTO JAENacT
BO3MOKHBIM peanuzanuio ucxogHou omnepaunu Ha [IJIMC ¢ orpaHnyeHHBIMU
pecypcaMu, KOTOPBIX JUJIsl pealiu3alii MOJHOPAa3MEPHOro Npeodpa3oBaHus Obl-
710 OBl HETOCTATOUYHO. JaguM KpaTKHe MOsSCHEHHUS.
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[Tox cBepxmuHHBIM NpeoOpazoBanneM Dypre noHUMaeTcss mpeodpa3oBa-
HUe oaHomepHoro siapa BII® B gByMepHOE MOCPENCTBOM pa3OMEHHUs BEKTOpa
BXOJHOTO CUrHana Ha N1 U N2 OTCUETOB WU IOJYYEHUS U3 BEKTOPA BXOIHOTO
CUTHaJIa MaTpulbl pasMepHOCThI0O Ni1xN; [6]. Ilpm 3TOM KOpoTKas omnepanus
BII® nnmuHON Ni MpUMEHSIETCSA K CTPOKE MaTpHULbl, a KOpoTKas oneparus bIIdD
nuHOM N> — K cronbiam Matpuiibl. OgHomepHoe BII® nounbr N npeobpaszyer-
csa B 1Ba bII® ¢ mnmuaamu N1 u N2, rae cornacHo [6] pesynbrar nepsoro bIID
YMHOXAETCs Ha NOBOPAYNBAIOIINE MHOKHUTEIH.

bnok-cxema anroputma C/{I1® npencrasinena Ha puc. 1. Ilepeuncaum oc-
HOBHBIE 0JIOKH ajroputMma [6]:

1) TpaHCTIOHMPOBAaHKUE OJHOMEPHOM MOCIEIOBATENBHOCTH B MaTpuily N X
No;

2) Beiuucinenue bII® no Ni ctpokam N pa3s;

3) TpaHCIIOHUPOBAHUE MOTYYEHHON MaTpPHULIbI;

4) yMHOKEHHUE pe3yJbTaTOB Ha MOBOPAYMBAIOIINE MHOKHUTEIIH;

5) Beiuncnenue BII® o N> cronbuam N pas;

6) TPAaHCIOHUPOBAHHUE MATPULIBI B UCXOAHBIM OJHOMEPHBII BEKTOP.

o o o
= = (UQS) =
I I I
3 3 s 3= 3
v Qo

x(n)| 8 o s Sg @ N S |k
y = < = I ok < =

IH _ IN g;i C Im%
o [Wa) o 2 ©® O [Wa) o
S S TSI S
I I s g = I
© © > o ©
o o 2 o
- - —

Puc. 1. Bnok-cxema ancopumma C/IID

Takum 00pa3oM, UCIONB3Ys TPU y3ja TPAHCIIOHUPOBAHUS JAHHBIX, OJOK
yMHOXeHUs U JBa Oyioka BII® HeOomblION JUIMHBI, MOXKHO peaju30BaTh BhI-
yucienue JMHHOTO BII®, uTto ¢ yyeTtom [S] MO3BOJISIET B LIETIOM 3HAYUTEIBHO
COKpAaTHUTh 3aTpaThl HA €T0 aIlapaTHYIO peAIN3aLHUIo.

Ilocmpoenue mooenu ancopumma CIIJ{D

AJTOPUTM CBEpXIUTMHHOTO TpeoOpazoBanHuss Pypbe pa3paboTaH B BUIE
nByx (aitnoB — B popmare m-daiina u B dhopmare slx-daiina — Moaenu airo-
put™Ma. @parMeHT UCXOAHOTO KOJIa aJIrOpUTMA:

clear all

rng ('default') ;
Fs = 1000;
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Frq = 200; % OcHoBHast wacToTa

T = 1/Fs;
N1l = 512;
N2 = 512;

sizeAddr = log2 (N1l * N2);
Bufflen = N1 * N2;
L = N1 * N2;
t=( : L -1) *T;
£f=Fs*((-L / 2+ 1) : (L / 2)) / L;
data = exp(1li * 2 * pi * Frq * t);
Yl = fft(data);
Pl = abs(fftshift (Yl / (N1 * N2)));
twiddles = zeros (N1, N2);
for idxl1 =1 : N1

for idx2 =1 : N2

twiddles (idx1l,idx2)=exp ((-1i*2*pi* (idx1-1) * (idx2-

1))/ (N1*N2)) ;

end
end
%$%% twiddles frame = reshape(twiddles.',6 1, N1 * N2);
twiddles frame = zeros(l, N1 * N2);
for idx =1 : N1 * N2

idxl = floor((idx - 1) / N2);

idx2 = mod(idx - 1, N2);

twiddles frame (idx) = exp(-1i*2*pi*idxl*idx2/(N1*N2));
end
inp matrix = reshape(data, N1, N2);
fft data fft (inp_matrix, [],2);
fft data fft data .* twiddles;
out matrix = fft(fft_data);

Y2
P2

reshape (transpose (out_matrix), 1, N1 * N2);

abs (fftshift (Y2 / (N1 * N2)));
Ha puc. 2 npexacraiieH pe3ynbTaT MOJCIUPOBAHUS MPUBEICHHOTO BBIIIE
m-KoJa aJiropurMma.
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"

Workspace

Value

262144

1x262144 complex do...
1x262144 double
512512 complex dou...
200

1000

262144

511

511

512512 complex dou...
262144

512

512

512512 complex dou...
1x262144 double
1%262144 double

18

1262144 double
1.0000e-03

512512 complex dou...
1262144 complex do...
1x262144 complex do...
1x262144 complex do...

Puc. 2. Pezynemam moodenuposanus m-kooa ancopumma

Mopens anroputma, paspaboranHas cpencrBamu Simulink, nmokazaHa Ha
puc. 3. Bce pyHkunoHanbHble OJOKH CO3/IaHbl B COOTBETCTBUU C QJITOPUTMOM
CHIID (cMm. puc. 1).

@ o ) i ™ M o i ¥ : i i —@
Py I m 0400
i 7 HOL Oplimazed L Qplimzed -
Latwey =~ | Lateecy s =
@—&n_n w0 vild will Wkl n vild ol ﬂm_n w0 o vaild vild 4@
 En L 04 En
Rashaps AU HOL, Gl Tiddes mat Trarapose RA_HOL TN

Puc. 3. Mooenv ancopumma CHIID

Ha puc. 4 npexacraiena o01iasi MoJelib CUCTEMBI C 3aJIal0IIUM BO3JEi-
CTBHEM U BBIBOJIOM pe3yJibTaTa BeIUMCIEHUN Ha Power Spectrum Viewer.

JUist cumMy Sy MOJIENTd HEOOXOUMO OTKPBITH (aiin .slX u mocie moje-
JUPOBAHUS UCXOAHOTO (hailyia anroput™Ma .m (CM. puC. 2) HaxKaTb KHOMKY
«Runy». B pesynbprare 3amycka cUMyJsiLMU OTKpoeTcs okHO Power Spectrum
Viewer, B KOTOPOM OTOOpa3UTCSl PE3yJbTUPYIONIUN CHEKTp 00pabOTaHHOIO
CUTHAJIa, COOTBETCTBYIOIINHI PUC. S.
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Data P In_Data Qut_Data P In1

L»=

ValidData P In_Ena Out_Ena

Source FFT reorder

Puc. 4. Mooenv cucmemol

Ready T=T38589 000

Puc. 5. Pesynemupyrowuti cnexkmp cuenana 6 Power Spectrum Viewer

Jlanee KpaTko pacCMOTpPEHA TUIIOBAasi METOAMKA HACTPOUKH yTrwinTel HDL
Workflow Advisor, renepanun HDL-xona u mpoekta B CAIIP Quartus mpu
YCJIIOBHM HAJIMYMUS B PAaCHOPSKEHUU pa3paboTuuka npenycraHoBiieHHOH CAIIP
COBMECTHMOU BEPCUMU.

[IpeaBapurenbHO OTKpBIB B Simulink HHTEpaKTHBHOE OKHO 00IIEe Moenu
CUCTEMBI (CM. pHC. 4), TOABECTH Kypcop K 010Ky monenu anropurma CUIID (Ha
puc. 4 3ro 6ok FFT-reorder) m HaxkaTh mpaByr0 KHOINKY MbllIM. B BeImagaro-
nieM cnucke Beiopats HDL-coder u Bo BHOBb OSIBUBIIEMCS TTOJIMEHIO BBIOPATH
u 3anyctute HDL Workflow Advisor. BeimoaHuTe HE0OXOAUMBIE HACTPOUKHU
ero napametpos (puc. 6). [l 3Toro gaaum KpaTkue mosiCHEHUS.

B camom nepBom nyskre (11.1.1, puc. 6) npunoxenus pa3paOOTUUKy Ope.-
naraetcs BbIOOp pabouero mpoiiecca (target workflow), mnardopmer (develop-
ment kits), uactpymenta cunteza (CAIIP), cemeiicTBa yCTpOUCTB, KOJAOBOTO
Ha3BaHUS KOHKPETHON MUKPOCXEMBI, €€ KOPITYCHOTO UCIIOJIHEHUS U TapaMeTPOB
CKOpOCTH, paboyero kKarajaora mpoekTta. BeicTaBUM B KayecTBE NMpUMEpaA: THI
pabouero nponecca — Generic ASIC/FPGA; umHcTpymeHT cuHTe3a — Altera
Quartus II/ Intel Quartus Prime coBmectumoit Bepcuu; cemeiictBo — Arria 10 u
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mukpocxemy — 10AX115S3F45E2SG; HauMeHOBaHME KaTajora OCTaBUM IIO
YMOJIYaHUIO. BBINOJHUTH reHepaluio 3a1a4H.

B cnenyromem nynkte (1m.1.2, puc. 6) cieayer BoIOpaTh pabouyro 4acTOTy
cuctembl B MI'1l. B myHkTe 2 ocTaBUM BCE 3HAUYEHUS MTAPAMETPOB, YCTAHOBJICH-
HBIMU 10 YMOJIYAHHIO U BBIITOJIHUTH X COOTBETCTBYIOLIYIO T€HEPALUIO.

- 1.1 Set Target Device and Synthesis Tool
Analysts (*Triggers Update Disgram)
Set Target Device and Synthesis Tool for HOL code generation
Input Parametors
Target workfiow: | Generic ASIC/FPGA

Target platform

Synthests tool: | Aera QUARTUS It v Tool version: | Refresh
Family: | Arria 10 ¥ Device: 10AX11SSIFSENSG

Package: v Speed:

Project foider: | hal_pe Browse...
Run This Task Continue

resut: (@) Passed

Passod Set Target Device and Synthesis Tool

Puc. 6. Oxno HDL Workflow Advisor co écemu 8bi1noiHeHHbIMU NYHKMAMU

B nyskte 3 HeoOxommmo wm3MeHuTh 1m.3.1.5, THe cleayeTr BBICTaBUTH
Hactpoiiku TestBench ¢ mognepxxoii [0 ModelSim-Intel FPGA edition Bep-
CUH, COBMECTUMOM ¢ npuMeHseMbIM nmaketom CAIIP, ocymecTBuTh renepamuo
camoro (aiina TestBench u ko-cumynsaunonHoil Mmonenu. B myHnkre 3.2 KOHKpe-
TU3UPYETCS OKOHYATENbHBIA MEpPEYEHb T'€HEpUPYEMbIX (AilJIoB, a MMEHHO:
RTL-xon, TestBench, Validation model.

3ameuanue. B Tom cnyuae, koraa redepanusi TestBench u Validation mod-
el He manupyercs, To n.3.1.5 ciaexyer mpomycTuTh, a B 1.3.2 — HE yKa3bIBaTh
COOTBETCTBYIOILIAE ONLUH.

B nynkre 4.1 MOXHO BCE OCTaBUThH 0 YMOJIYAHHUIO, WIH, KaK B HaIlEM
ciiydae, BbIOpaTh onTUMuU3anuio npoctpaHcTBa (Area) FPGA. Tak ke B TaHHOM
MyHKTE €CTh BO3MOXKHOCTh MOJKIIIOUEHUS Src- U tcl-(aiiioB mpoekTa, eciu Ta-
KOBBIE€ UMEIOTCH.

Jlanee BCE MOXHO OCTaBUTH II0 YMOJYaHUIO U MOCJE 3allyCKa FeHEpalnuu
KQKJOTO MyHKTa CJIEAYET OLICHUTh MOJYyYEHHBIH MPU 3TOM pe3ysbrar. CrnycTs
KaKO0e-TO BpEMsI MPUIIOKEHUE BhIBEIET OTYETHI 0 reHepanuu RTL-kona, o 3aHu-
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MaeMbIX CHUCTEMOH pecypcax (puc. 7), a B YKa3aHHBIX JAUPEKTOPHUSIX MOSBATCS
CreHepupoBaHHbIE (Dailyibl MpoeKTa.

N naxonen, 3anyckaem CAIIP Quartus yCcTaHOBJIEHHOW BEpCUU U U3 JIU-
PEKTOPUHM CO CT€HEPUPOBAHHBIM MPOEKTOM OTKpbiBaeM qpf-daitn ¢ umeHem
FFT reorder quartus. B pe3ynbpTaTe AOJXKHO OTKPHITHCS UHTEPAKTUBHOE OKHO
pabouero npoekra CIIID (puc. 8) ¢ aBTOMaTUYECKH CT€HEPUPOBAHHBIM T'OJIOB-
HeIM QaitnoMm FFT reorder.vhd, coorBeTcTBytonmm panee BIOpaHHOMY B Sim-
ulink 6110KY.

Fitter Summary

Fitter Status ; Successful - Tue May 17 02:52:15 2022
Quarctus Prime Version ; 18.0.0 Build 219 04/25/2018 SJ Pro Edition
Revision Name ; FFT_reorder_quartus

Top-level Entity Name H Fﬂ_reoxdet

Family ; Arria 10

Device ; lO0AX11553F4SE25G

Timing Models ; Final

Logic utilization (in ALMs) ; 5,865 / 427,200 ( 1 %)

Total registers ; 14188

Total pins ;104 / 960 ( 11 % )

Total wvirtual pins : 0

Total block memory bits ; 21,642,772 / 55,562,240 ( 39 % )

Total RAM Blocks : 1,382 f 2,713 ( 51.% )

Total DSP Blocks § 67 /1,518 [ 4 %)

Total HSS5I RX channels : 0/ 72 (0%)

Total HSSI TX channels : 0/ 72 { 0%)

Total PLLs ; 0/ 144 (0 %)
_____________________________ e

Puc. 7. Omuém o 3anumaemvix pecypcax npoekma

G
Ede [Edt Yew Project Assignments Processing Jook Window Help )
BEE -~k T FFT_reorder_guartus SO HS OrF LS ORAOE w
Progect Navigatee ares - Compilation Dushbosd x| & FFT_seordervhd x
Instnce Erety =M EEsde e EE Y
£ Aria 10 10AX11853F 458155 137
FET_ rioider 138 BEGIN
139 U_Reshape_Ram_mDL 1 Reshape_Rad_WDL
140 @ poRT MaP( clk => clk,
141 u_fe => In_Data_re, --
142 u_im =» In_Data_im,
143 ena_in = In_Ena,
144 y_re =» Reshape_RaM_HOL_outl _re, s
145 y_im => Reshape_Rap_nie_outl_im, -- 5
146 ena_out => Reshape_RAM_HDL_out2
147 i
148 .
149 U_FFT_NL : FFT_NL
150 3] PoRT Mar( clk = clk,
151 dataln_re => Reshape_RAaM_HDL_outl_re,
152 datain_im => Reshape RaM_wDL_outl_ims, -
153 validin => Reshape_RaM_HDL_out2,
154 dataout_re => FFT_Nl_outl re, -- &
155 dataout_im => FFT_NI_outl_fm,
156 validout == FFT_NI_out2
157 b
158 r
159 u Twiddles_mult @ Twiddles_mult
160 poRT MaP( clk => clk,
161 FesSer => reser,
162 data_in_re =» FFT_Nl_outl_re, sfix
163 data_in_im => FFT_Nl_outl_im, -- sfi
164 walid_in =» FFT_ML_out2,
165 data_out_re == Twiddles_msult_outl re, *
166 data_out_im == Twiddles_sult_outl_im, -- sfix2s,
167 valid_out == Twiddles_mult_out2
168 »
169 r
ira U_Transpose_RAM_HOL © Transpose RaM_HOL
171 @ poRT MaP( clk => clk,
172 ure => Twiddles_sult_outl re, --
173 u_im => Twiddles_mult_outl_im,
174 ena_in => Twiddles_mult_out2,
175 y_re => Transpose_RAM_MDL_outl_re, s
176 y_im => Transpose_RAM_HOL outl_im, -- 5
177 ENA_OUT => TFANSPOse_RAM_HOL_out2
178 bH
179+
» 180 U_FFT_N2 @ FFT_N2
- = 181 g PomT map( clk =» clk,
o vierarcky | ElFbes | o Desgnumss | # PComponents | 157 dataInre => Transpose_RAM_WOL.OUTLre, -- 5
183 dataln_im => Transpose_RAM_MOL_outl_im, L
WPCatalog | Tasks | Project Navigator oa STEAT o Frmeren BA UM
8100 0O L v ", ~
r n . Fin
;' A 5 . = = Use Regular Expressions Eind d Next
Message ID -
16677
16734
|- 16678 -
L] systemis) | Processing

Puc. 8. Ceenepuposannwiii npoexm 6 Quartus
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3amyckaeM KOMITWJISIIIUIO MPOEKTa, M0 OKOHYAHUIO KOTOPOU JTOJKEH OBIThH
BBIBEJICH OTYET O 3aHUMAaEMbIX MPOEKTOM pecypcax BblOpanHoi FPGA. 3nech
ClIelyeT OTMETHUTh, 4To cOopka mpoekta CAIIP Benercs aBTOMaTHYECKU B He-
CKOJIbKO 3TamoB: aHanu3 W cuHTe3 (Analysis & Synthesis), KOMIOHOBIIUK
(Fitter), cOopmuk (Assembler), ananuzatop mnotpeOnenus nutanus (Power
Analizer), BpemenHnoit anaimzarop (TimeQuest Timing Analyzer). CtaTyc kax-
JIOTO 3Tara MOXKHO OTCIIEKUBAaTh B OKHE CTaTyca (BBI3bIBAETCS Y€pe3 MEHIO
View -> Utility Windows -> Status). Pe3ynbpTaThl KOMIWISIIIUU JOJKHBI COOT-
BETCTBOBATH PHUC. 7, YTO B CIy4yae OTCYTCTBHUS OIIMOOK KaK pa3 U JIOKA3bIBACT
paboTOCTIOCOOHOCTD U PE3YIbTATUBHOCTH METO/IA.

JanbHeine qeicTBUS MOTYT ObITh HallpaBJEHbl Ha BEpUPHUKALUIO MOTY-
yeHHOU HDL-monenu, B 4acTHOCTH, Ha MPOBEPKY COOTBETCTBUS 3HAYCHUM €€
XapaKTEepPUCTUK TpeOOoBaHUSAM crenuduKanuyu, B TOM YHCIE€ M 32 CUET KO-
cumyJiaiuu HDL-onucanuss COBMECTHO ¢ MaTEMaTUYECKOU MOJIEIIBIO, PAHEE CO-
3JaHHOM M mpoMoaenrupoBaHHoi B Simulink [2, 7].

BbiBoabI

Kak BUAHO M3 BBIIIEU3TI0KEHHOIO MaTe€pUaia CTaThbU, B HACTOALLEE BpeMs
IIpOLECC aBTOMATU3UPOBAHHOM MOATOTOBKM K aBrore”epauuu HDL-npoextos
cTayl 00Jee BHICOKOYPOBHEBBIM M MHTETPUPOBAHHBIM IPU YCIOBUU HAJUYUS B
pacnopsKeHUU pa3paboTUrKa BCEX HEOOXOAMMBIX U COBMECTHUMBIX 1O BEPCHIM
MPEe1yCTaHOBJIEHHBIX MPOrPAaMMHBIX MPOAYKTOB. Ha mpumepe aBTOMaTHU3MpoO-
BaHHOro cuHre3a B 0Oaszuce FPGA wmonpyns CHIID Obu1 sKCepUMEHTaIbHO
anpobupoBan nojaep;xkuBaembiii MathWorks coBmectHo ¢ Intel mapupytr Mo-
JeNbHO-OPUEHTUPOBAHHOTO  npoekTtupoBanuss HDL-onucanuii 1@ poBbIX
ycTpoicTB. [lonmyyeHbl KOHKPETHBIE XapaKTEPUCTUKU MPOEKTA, T0KA3bIBAIOLINE
paboTOCIOCOOHOCTh U Pe3yJIbTaTUBHOCTh MeTO/1a. B manpHelneM npesmnosnara-
€TCs BBIIOJIHUTH MPOBEPKY MPOEKTA Ha anmapaType LEeNeBOU MIaThl U €ro moj-
HYI0 BJIMJIALIMIO C YYETOM OrpaHudeHuil nakera Simulink mo BBIIOJHEHHUIO KO-
CUMYJIALIMH.

BUBJIMOI' PAOMYECKUI CITMCOK
1. Yrto Takoe MOAETHHO-OPUEHTHUPOBAHHOE MPOECKTHPOBAHUE [DIEKTPOHHBIN pe-
cypc]/. — DONeKTpoH. TEKCTOBble JaH. — Pexum pocryna: —
https://hub.exponenta.ru/post/chto-takoe-modelno-orientirovannoe-
proektirovanie409 (nara obpamenus: 23.05.2022).
2. [Ilecenvnux, M. UccnenoBanue NpOEKTHBIX PEIICHUH C TOMOIIbIO ONTUMH3ALIUAN
HDL Coder [DnekTpoHHBIH pecypc]/. — DIEeKTpOH. TeKCTOBBIE NaH. — Pexum
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noctyna: — https://exponenta.ru/events/issledovanie-proektnyx-reshenij-pri-
pomoshhi-optimizacij-hdl-coder;
https://www.mathworks.com/videos/accelerate-design-space-exploration-using-
hdl-coder-optimizations-100981.html (naTa o6pamenus: 24.05.2022).

3. [Thunyenxo, A. C. ludpoBas oOpaboTka CHUTHAIOB [DNEKTPOHHBIN pecypc] :
kypc nekuuit / A. C. I'muauenko. — Kpacuosipck : UTIK COVY, 2008. — C. 7-27,
97-117; DIEKTPOH. TEKCTOBBIE JTaH. — Pexum JOCTyTa:
http://optic.cs.nstu.ru/files/Lit/  Image/u lectures.pdf (mata  oOpamienus:
23.04.2022).

4. Peanuzanus y3na BII® c mnasatomeit Toukoid Ha IIJIMC [DnekTpoHHBIN pe-
cypc]/. —  DIeKTpoH.  TEKCTOBble  gaH. —  Pexum  jmocryma:
https://habr.com/ru/post/322728/ (nata obpamenus 20.04.2022).

5. Maxkapenko, A. A. Pacder unpoBbIX (QUIBTPOB METOIOM aBTOMATHU3UPOB-
aHHOTO npoekTtupoBanus [Tekct] : yueOnoe mocobue / A. A. Maxkapenko, M.
1O. ITnotuuxos. — CII6. : U3n-so HUYUTMO, 2014. — 50 c.

6. CaepxmmaHOE TipeoOpazoBanne Oypre Ha FPGA [DnekrpoHHbIN pecypc] /. —
DNEeKTPOH. TEKCTOBhIE AaH. — Pexxum moctyma: https://habr.com/ru/post/526690/
(mata obpamenus: 21.04.2022).

7. Ilvasuenxo, A. O. llpoexTupoBaHue M OTIaAKa IUPPOBBIX YCTPOUCTB C MPUMeE-
HenueM CAIIP [Tekcr] : yue6HOe mocobue/ A. O. IIssiBuenko, M. O. Tlone-
HOB, C. A. Uepnslii ; FOxHbIN penepanbhblil yHUBEpcUTeT. — PocToB-Ha-JloHY ;
Taranpor : U3parensctBo IOxHOTO denepanvHoro yausepcurera, 2017. — 194
C.
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YK [004.032]
I'ymranckuii Cepreit Muxaitnosuy, [loranoB Buktop CepreeBuu

PA3PABOTKA AJI'OPUTMA KBAHTOBOI'O BAPUAIIMOHHOTI'O
OBYYEHMUA /151 KBAHTOBBIX KOJOB C UCITPABJIEHUEM
OHINBOK

Cuumaemcs, umo KeaHmoswvie Koovl ¢ ucnpasienuem oumubox (KKHO) neobxo-
OUMbL 0151 KPYRHOMACUMAOHBIX OMKA30YCMOUYUBLIX KBAHMOBIX 8bIYUCIeHUU. 3a No-
CledHue 08a Oecsmuiemusi ObLIU pazpadomaHvl paziuduvie Memoobl NOCMPOECHUS
KKHUO, umo npugeno x nossienuro Muodcecmsea cemeticms k0008. QOHaxo 601buUH-
CMBO 2MUX KOOO8 He NOOX00sim 0Jis1 KPAMKOCPOUHbIX KBAHMOBLIX ycmpoticms. B pa-
bome npedcmasien YCMoOUYUBsbll K uymy 8apUuayUOHHbINU K8AHMOBHIU aleopumm Ojist
NOUCKA KBAHMOBLIX KOOOB C ANNapamHo-3¢pexmuenoil cxemou koouposanusi. OyHk-
Yuu CMouMocmu 800XHOGIeHbl Haubolee oowumu U GyHOaMeHmalbHbIMU mpebosa-
Husamu KKHO. Yuumvbieas yenesoiul ulymogou Kauaul (Uiu napamempsl 4eieeoeo Kooa)
u epagh nookurouenus 060py008aHus, ONMUMUSUPOBATU He2TYOOKYI0 BaAPUAYUOHHYIO
K8AHMOBYI0 cXeMy OJisl HOO20MOBKU 6A308bIX COCMOAHUL NOOX00sule2o kooa. Paboma
npoauseaem céem Ha nonumarue KKHUO 6 yenom, umo makice modxcem nomodv yiyu-
UMb KPAMKOCPOUHYIO NPOU3BOOUMENIbHOCb YCIMPOUCMBA ¢ NOMOWbIO A0ANMUBHBIX
K KaHALY KOOO8 C UCHpABIeHUeM OUUOOK.

AxmyanvHocms OAHHBIX UCCIe008AHUL 3AKTIOYAEMC 8 MAMeMamuieckom u
NPOSPAMMHOM MOOETUPOBAHUU U PeaTU3ayuu KOPPeKmupyrouux k0008 0jisi UCpaeie-
HUSL HECKOIbKUX BUO008 KBAHMOBBIX OWUOOK 8 PAMKAX pa3pabOmKu U GblNOJHEHUs.
K8AHMOBBIX AI2OPUMMOB OJisl PelleHUs KIacco8 3a0ay KIACCU4ecKko2o Xapakmepd.
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Hayunasa nosusna oannoeo HanpaeneHus 8bipaxcaemcs 8 UCKIOYeHUU 00HO20 U3 He-
00CmMamKo8 K8AHMOB0O20 BbIYUCIUMENbHO20 npoyecca. B nacmoswee epems 60 MHO-
2UX NepeodosbiX CMPAHAX MUPA UHMEHCUBHO 8eOYMCS HAYUHO-UCCe008ameNbCKue pa-
bomwsl no paszpabomke U CO30aHUIO KBAHMOBBIX KOMNbIOMEPOS U UX NPOSPAMMHOZO
obecneuenus, HAOIIOO0AEMCS CMPEMUMENbHbIIL POCH UHMepeca K K8AHMOBbIM KOMNb-
tomepam. Ilyoaruxyemcsa Oonvuwioe konuvecmeo cmamei u monozpaguu. B pabome
npueeoensbl OCHOGHble meopemudeckue U Npakmudeckue pe3yibmamvl 6 obaacmu
K8AHMOBO20 KOMNbIOMUH2A.

Keanmosas owubka, k8anmoswill aneopumm,; Kyoum, mooenb K8AHMOB020 Gbl-
yucaumens;, K8AHMOBoOe 3anNymvl8anue, Cynepnosuyusl, KeAHmoeGulil napaiieusm.

Gushanskiy Sergey Mikhailovich, Potapov Viktor Sergeevich

DEVELOPMENT OF A QUANTUM VARIATIONAL LEARNING
ALGORITHM FOR QUANTUM CODES WITH ERROR CORRECTION

It is believed that quantum error-correcting codes (QECCs) are necessary for
large-scale fault-tolerant quantum computing. Over the past two decades, various
methods have been developed for constructing FCCs, leading to the emergence of
many families of codes. However, most of these codes are not suitable for short-term
quantum devices. The paper presents a noise-resistant variational quantum algorithm
for searching quantum codes with a hardware-efficient coding scheme. The cost func-
tions are inspired by the most general and fundamental requirements of the QECCs.
Given the target noise channel (or target code parameters) and the equipment connec-
tion graph, a shallow variational quantum circuit was optimized to prepare the base
states of the appropriate code. The work sheds light on the understanding of QECCs in
general, which can also help improve short-term device performance with channel-
adaptive error-correcting codes.

The relevance of these studies lies in the mathematical and software modeling
and implementation of corrective codes to correct several types of quantum errors in
the development and implementation of quantum algorithms for solving classes of
problems of a classical nature. The scientific novelty of this direction is expressed in
the elimination of one of the shortcomings of the quantum computing process. Cur-
rently, in many advanced countries of the world, intensive research work is underway
to develop and create quantum computers and their software, and there is a rapid
growth of interest in quantum computers. A large number of articles and monographs
are published. The paper presents the main theoretical and practical results in the
field of quantum computing.
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Quantum error; quantum algorithm; qubit; quantum computer model; quantum
entanglement; superposition, quantum parallelism.

BBenenue

OTka30yCcTONYMBBIE KBAHTOBBIE KOMIBIOTEPHI [ 1] o0emarT pemarh HEeKo-
TOpbIE€ BBIYMCIHUTENbHBIE 3a/1a4d HAMHOTO OBICTpEE, YeM KJIACCHYECKHE Malllu-
HbI, TAKME KaK MOJEIMPOBAHNE KBAHTOBBIX NPOLIECCOB [2], mpocTas pakTropusa-
1S, peIIeHUE JUHEUHBIX cucTeM ypaBHeHuit [3]. OnHako kBaHTOBas uHGOpMa-
1Us, MEPEeHOCUMas COBPEMEHHBIMH 3alllyMJICHHBIMH KBAaHTOBBIMH CHCTEMAMHU
MPOMEKYTOYHOTO MaciliTaba, O4eHb XpyIKa M MOXKET OBbITh JIErKO M3MEHEHa
oKkpyxarouiei cpenoi. Hanbonee MHOrooO€marnmM METOA0OM MOAIePKAHUS
COTJIaCOBAaHHOCTH W 3alIUThl KBAaHTOBOW MH(OpManuu or myma [4] sBistoTCS
KBaHTOBBIE KOJIbI C HCHpaBiieHHEM OmMOOK. OCHOBHas uzesi KBaHTOBOW KOp-
peKIuu OmuOOK [S] COCTOMT B TOM, YTOOBI 3aKOJUPOBATH HHU3KOpPa3MEPHOE
KBaHTOBOE COCTOSIHHME B 00Jiee KPYNMHOW cHCTeMeE, YTOObI OIIMOKH, BO3HUKAIO-
II1€ BO BPEMS BBIUMCICHUHN, MOXKHO OBLIO UCIPABUTh U3-3a (PU3UUECKOMN HU30bI-
touHOCTH. [loka ypoBeHb 11yma p Hrke onpeaeneHHoro nopora, KKMO moryr
UCIIPaBUTh OLIMOKY U CHU3UTh BEPOATHOCTH OoMOKU ¢ O(p) A0 Oosee BHICOKUX
nopsKoB. B mociennue ronapl Takxke OBLIM 3aMEYEHbl BHYTPEHHHE CBSI3H
KKHO c agpyrumu obnactsiMu (pU3MKHU, TAKUMHU Kak KBaHTOBas rpaBuTauus [6].
Kuun u Jlagmamm pazpa®oTtanu AOCTaTOUYHbIE U HEOOXOJUMMBIE YCIIOBUSA (M3-
BecTHbIE Kak ycnoBusi Kuuns-JladhnamMmma) aJisi KBAHTOBOM KOPPEKIIUU OIMIMOOK
[7]. OgHako pelieHrue dTUX CUCTEM ypaBHEHUM B OOIEM Cilyyae Ype3BbIUaiiHO
ci0xHO. [103TOMy MHOTHE OTKpBIThIE IPOOJIEMBI B 3TOM O0JIACTH OCTAIOTCS He-
pemieHHbiMU. Ha mpakTtuke uccinenoBatenu o0biuHO aHanu3upyror KKHUO B
pamkax cucrembl [laynu u paspabateiBatoT paznuunbie cemeiricta KKUNO, Ta-
KM€ Kak MOBEpPXHOCTHBIE KOJbI [8, 9], xoasl Kannep6anka-Illopa-Ctuna [10,
11], crabunusupyromiue Koabl [12], KoJbl, CTaOUIN3UPOBAHHBIE KOJOBBIM CJIO-
BOM [ 13, 14], kBaHTOBBIE KOJBI C MPOBEPKON HA YETHOCTh C HU3KOMU INIOTHOCTHIO
[15, 16]. o cux mop B SKCHEPUMEHTaX HE ObLIO peai30BaHO HU OJHOTO JIOTHU-
YeCKOro KyOuTa/oneparuu ¢ BBICOKOH TOUHOCTBIO, OCKOJIBKY TEKYILME YPOBHU
IIyMa BCE €Ill€ HAMHOrO IpeBbIaoT TpeOoBanud. [IlymoBble kaHanbl Ha pas-
HBIX (U3HUECKUX IuIaTgopMax cyuiecTBeHHO paznuvatorcs [17, 18]. Cummer-
puusble KoHCTpykimu KKHO B pamkax konuenuuu Ilaynu He MoryT OBITh
HaMpsAMYI0 aJanTUPOBAHbl K HEAPMHUTOBBIM/HEYHUTAPHBIM IIYMOBBIM KaHajaM.
Kpaiine xenatenbHO pazpaboTaTh aCUMMETPUYHBIE WM aJalTUBHBIE K KaHATy
KKHNO ¢ anmapatHO-3(PeKTUBHBIM KOJepoM. Takue aJanTUpOBaHHBIE K
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yCTpOMCTBaM KOl MOTYT Oosiee 3(HEKTUBHO 3alUIIATH JIOTHYECKYIO UHDOP-
Manuo. [IoMUMO aHAMTUYECKUX TOCTPOCHUH, NCCIEA0BATENN AABHO MbITAIOT-
cs Haitu KK O BEUMCINTENBEHEIMA METOIAMHU.

1. TeopeTnueckne OCHOBBI KBAHTOBBIX BBIYMCIIEHUM

Hecmotps Ha Hanmuue paznuuabix MeTo0B noctpoenus KKHNO, noutn Hu
OJIHO MOCTPOECHHE HE BBIXOAUT 3a paMmku [laymu. PaGora HampaBieHa Ha MOUCK
KBaHTOBBIX KOJOB, OCHOBaHHBIX Ha Haubosee (PyHIaMEeHTaIbHOM MPUHIIMIIE, T.
e. Ha ycioBusax Kuumna-Jlapnamma M ycnoBusix OOHapy’>K€HHsS KBAHTOBBIX
oMO0oK. BakxHEeH MM UHCTPYMEHTOM B pa3paOOTAHHOW CXEME SIBIISIETCS BapH-
alMOHHAs] KBAHTOBAsl CXEMa, COCTOSIIAS M3 HECKOJbKUX CIIOEB MapamMeTpH30-
BAaHHBIX KBAHTOBBIX BeHTWJIEH. CTpyKTypa aNropuTMa U Mocieayroas KOHKa-
TE€Halus KOJa Moka3aHbl Ha puc. 1. OCHOBHBIM KOMIIOHEHTOM BapHUallMOHHOTO

anroput™a siBnsierca QyHKuus (pyHKUMH) crouMocTu. OmnpenenuMm (QyHKIHUH
CTOMMOCTH CIEAYIOIMM 00pa3oM. PaccMOTpHM MHOXKECTBO OIIMOOK ¢ ={E,} H

KBaHTOBBIA KOJ [19] miuHBI n ¢ mMapaMeTpU30BaHHBIMU OPTOTOHATHHBIMH Oa-
3UCHBIMU COCTOSTHUAMMU [20]
TAQRACHSAZN NS (1)
OmnpenensieM 1-HOPMOBYIO U 2-HOPMOBYIO QYHKIIUA CTOUMOCTH

Clio(0)= Z( Z !//,IE \w,>+z<%\E v,)-(E.)1/2), (2)

Cre (0= ( Z| t//,lE lw,)F +Z<w,\E v, ) =(E.)1/4). 3)
a,B 1<i<j<K

[To-Bunumomy, C!, U C7,, BCErAa HEOTPULATEIbHBI U UMEIOT OJNHAKO-

BbIC HYJIEBbIE TOUKHU. UTOOBI HATH CUMMETPHUYHBIEC KOJIbI C MapaMeTpamMu Koja
((n; K; d)), ucnonb3yem mogens omuook [laynu u BeiOupaem
£=1{0,|wt(0,) <d}, 4)
rae O, — TeH3opHble mpousBeneHus [laynu [21]. AHaJIOTMYHO NPH TOUCKE
ACUMMETPHUYHBIX KOJIOB ¢ KOJoBRIMH mapamerpamu ((n; K; d(c))) BeiOupaem
£=10,|w,(0,,c.) <d(c.)}. (5)

YToObl HAWTH alalTUBHBIE K KaHAIY KOJbI JJIsl OOIIEro IyMOBOTO KaHalla
N(p)=> E,pE, , BolOMpaeM & ={E E,| E,, E,} — onepatopsl Kpayca [22] aus N.

OTMeTHnM, YTO MHOXECTBO OIKUOOK E B MpUHIMIE MOXKET BKJIIOYaTh HEYHUTAP-
HBbIC U HEOPMUTOBHI [23] ommOku. J[ns Takux ommOOK MBI MOKEM JTHOO TIPEe0O-
pa3zoBath ux B ommbOku [laynm, mub0 cMomenrpoBaTh UX HANPSIMYO0, 100aBUB
BCIIOMOTaTeNbHbIE KyOUTHI [24] U BBITIOJIHUB MEPHI C MOJIOKUTEIbHBIMU OIepa-
TOPHBIMU 3HaueHUsIMU. Ha mpakTuke u3-3a HETOYHON peaiu3allud W30METPUU
KOJMPOBAHMS YCJIOBHS KBAaHTOBOW KOPPEKIIUHU/OOHAPYKEHUS OIMMUOOK HE BHI-
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noyiHstoTess B ToyHocTH, 1 KKMO He MOoryT moiaHOCThIO 3alIMTUTh MH(OpMa-
uuto oT omnbok. Tem He menee, KKNO no-npexHeMy MoryT oOHapy>KMBaTh U
UCIIPaBJIATh OOJIBIIMHCTBO OIIMOOK. Takue MpuOJIMKEHHbIE CXEMbl KBAaHTOBOM
KOppEeKIUHU OMHUOO0K UMEIOT OoJiblue nepcnektussl [25]. [TapameTp xapakrepu-
3yeT HETOYHOCTh NpubimxeHHoro kojga. Ha puc. 1 npencraBinena cxemaruye-
ckas wumoctparuss KKMO u koHKaTeHalMu KBaHTOBOTO KOja, clieBa U300pa-
KEHO 00yUYeHHUE KOJIMPOBIIMKA C TOMOIIBIO MUHU-TTAKETHOIO OOy4YEeHUs: UTepa-
TUBHO BbIOMpaeM OHIMOKM M3 Habopa OIIMOOK, 3alyCKaeM BapUAIIMOHHYIO
kBaHTOBYI0 cxemy U(0) u mpoBogum m3mepenus, 3ateM ooHoBisieMm 0. CrnpaBa
M300paKEHO TMOCJEACTBUE HAXOXKJIEHUS KBAHTOBBIX KOJOB KOIAMPOBIIMKAMH,
uepapxudyecku OOBEAMHSIEM 3TH KOJEPbl, YTOOBI MOJYYHUTh KBAHTOBBIA KO
OO0JIBIIOrO PACCTOSTHUS.

(a) Update 0
1) {
10) -

10)
10)

1) {
10) :

10)
10)

(b)

Puc. 1. Cxemamuuyeckas unnrocmpayuss KKHO u konkamenayuu k6anmogo2o kooa
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2. PazpaboTka aaropurma

Bapuaruonnsie kBanToBble cxembl (BKC) mupoko ucnons3yroTes B KpaT-
KOCPOYHBIX KBAaHTOBBIX aJTOPUTMAX JUIS PA3JIMYHBIX 3a/a4 [26], TaKuX KaK MOA-
TrOTOBKAa OCHOBHOI'O COCTOsSIHMS [27], OllEHKa COOCTBEHHOM JHEpPruu, CXKaTue
KBAHTOBBIX JIAHHBIX, KOMITMJISILIUS KBAHTOBBIX cxeM [28]. JlaauM 4ucToe cocTo-
SHUE MPOJYKTa B KaUue€CTBE BXOJHBIX JAHHBIX, UTEPATUBHO OOHOBUTE MapameT-
PBI CXEMBbI Ha OCHOBE PE3YJbTATOB U3MEPEHHI U, HAKOHEI], BBIBEJIEM JKEIIAEMOE
coctosinue. B BKC BbIxo/iHbIE COCTOSIHUSI ClIy»aT 0a30BBIMU COCTOSIHUSIMU
KBAaHTOBOT'O KOJIa, a €r0 KOJIMPOBIIMUK 33Ja€TCsl KBAHTOBOM cxeMou. [Ipenmnosio-
KM, y Hac €CTh YCTPOMCTBO ¢ amnmapaTHbM Tpadom noakiodeHus G. Bepiu-
Hbl 0003HaA4arOT KyOuTHI, a peOpa 0003HA4arT cocenHue mapbl KyOuToB. K
KOKJIOMY KyOUTY MOXXHO TMPUMEHSITh OJJTHOKYOUTHBIE T€UTHI, @ K COCETHUM KY-

outam — ABYXKyOuTHbIE reiThl. Mbl cTpemuMcsa Hailtu K-mepubiit KKNO, ko-
TOPBIM MOXKET OOHapyXHBaTh HAOOp OMIHUOOK &=FE,, a CX€Ma KOJUPOBAHUS

Pr
JOJDKHA OBITh KaKk MOXHO Oosee Menkoi. [lepen 3amyckom anroputMa paspada-
TeiBaeM MHOroypoBHeBYI0 BKC, xotopas s¢ddextuBHa 11 rpada CBSI3HOCTH.
O0603HaunM konnuectBo cinoeB BKC kak L, MakcMMalIbHO TOMyCTUMOE KOJIMYe-
cTBO cioeB kak Lmax, spomounto BKC kak U(0), roe 0 — mapaMeTpsl cXeMsl.
Hauwnaem ¢ L = 1 u BeiOupaem HavdasibHOE O cimydaitaeiM 006pazom. Kpome Toro,
TiiarensHo BbiOupaem k = log(K) dusnuecknx kyOUTOB ISl MOATOTOBKU JIOTH-
YeCKUX JaHHBIX, e Jorapudm gaercs mo ocHoBaHuio 2. CHavana MHUIMAIN-
3upyeM BbIOpaHHbIe KyOuThl oHON n3 K 6unapHbIx cTpok 0>, |1>, ..., |[K — 1>,
a OCTaJIbHbIE KyOWThl MHULUATU3UPYEM |0>®("_k). OTU COCTOSIHHUSI OXBAaThIBAIOT

MMPOCTPAHCTBO BXOAHOT'O KOJa
C,, = spani|0)0)”" " . |k —1)0)"" "1, (6)

rae C, — KKHMO c paccrosauem d = 1. OyHKIIUU CTOUMOCTH MOXHO OLICHUTD,

3aIlyCTHB OIpEJEJIEHHbIE CXEMBl W BBLINOJHUB HU3MeEpeHMs. JIg  OLIEHKH
. ®(n—k
(w,|E,|w,) momroTaBnuBaeM HauambHOE cocTosHHE |j-1)0) ¢ 3BOMIOIMOHN-

pyem cucremy ¢ BKC U(0), 3aTtem usmepsem JIOKalbHy0 HaOmogaemyro E, .
Ecnu ommbku E, , E, , ... KOMMYyTUPYIOT, UX MOYKHO M3MEPUThH OJHOBPEMEHHO
B OJHOM HM3MepeHHH. UTOObI OUCHHTS | (y, |E, |y, )|, HaumHaeMm ¢ |j-1)0)"" ", 3a-
TEM IOCIIE0BATENLHO 3BOONMonupyeM cuctemy ¢ U(0), £, n U(0), 3aTem us-

MepsieM KOHEUYHOE COCTOSIHHE B BBIYHCIMTENIbHOM Oasuce. M3MepeHusM momo-

raeT MOCTCEJICKIUs: CHavyalla u3MepsieM n-k BcromoraTeiabHbIX KyOUTOB, €CIH
—k

pesynbTar |0)", u3MepsieM octapmmecs k xyoutos. O0G03HAUMM BEPOSATHOCTD
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v . ®(n—k
moJydeHust ABOMUHOM ctpoku |i—1)0)""" kak p,, (w,|E|v,)=p, - B mpuse-
JIEHHOM BBIIIE OMMCAHUU MpeArnoaraeM, 4To Habop omuOok E cocTout ToabKO
u3 omnbok Ilaynu. He umeer 3naueHus, BkirovaeT jau E HeyHUTapHbIE WM He-
3pMUTOBBI WwieHbl. C 3TUM CHpaBUTCS J0OABJIEHHWE BCIOMOTaTENbHBIX KyOUTOB
iy Bpamenus [laymu. Ontumuzanus 0 coctout u3 aByx 3tanoB. [lepblit u oc-

HOBHOM 3Tal — 3TO MUHU-NIakeTHOe oOydenue. [locne BbIOOpKH HavaiabHOro 6
MUHUMI3HpYeM C,, . C MHHH-TIAKETHBIM T'PaJHEHTHBIM CIycKOM. B pamkax

K&)I(I[Oﬁ HUTCpalnn OT6I/IpaCM IMOAMHOKCCTBO &3 C £, OICHUBACM COOTBCTCTBY-

IOIYI0 YaCTUYHYIO «2-HOPMOBYIO (pyHKIHIO crommoctu C» M ee TPagueHT C

MMOMOIIBK0 U3MEPEHUM, 3aTEM BBITIOJHUM OJWH TPAJAUEHTHBIA CIIyCK CO CKOpO-
cThi0 00ydeHus 1. HeoOxoammoe KOTUYeCTBO U3MEPEHUM JIJIsi OLIEHKU C,if k.. (0)

C TOYHOCTBIO JI0 QJTUTUBHONW OMIMOKH MMEET MOPSIOoK O(K’ | & | /&”). I'panu-

€HT MO>XHO OLIEHUTh C IOMOIIBIO KOHEYHOW pPa3HOCTH WJIM KOMOMHAIIMHN LENHO-
ro INpaBwia W MNpaBuia CABUra napamerpa. MUHH-IIAKETHBIA TI'PAJAUEHTHBIN
crIyck o0OecrieunBaeT 60see HaJeKHYI0 CXOIUMOCTD M MO3BOJISIET U30€XaTh MOo-
naJjaHus B JIOBYUIKY JIOKAJIBHOIO MUHUMYMa. [loBTOpsieM BBIOOPKY M I'paJueHT-
HBIM CIIyCK 0 cXOoAuMOCTH. IIpnumHa, mo KOTOpOW CHayajza MHUHUMHU3UPYEM
/
C,,ZK ¢ » 3AKJIIOYAETCS B TOM, YTO OHA CXOAUTCsS HamHOro Gbictpee, uem G4 ..
/ /
Kpowme toro, C, . mabdepenuupyemo, a C, ;. — ner. Eciu HaGop omnbox E

COCTOUT U3 CIIUIITKOM OOJIBIIIOTO YHMCJIA YJIECHOB, MHOTOOOCIIAIONNM aTbTepHA-
TUBHBIM METOJIOM SIBJIIETCSI MIOCTPOEHUE «KIACCUUECKUX TEHEI» ISl KaxJgoro
0a3MCHOTO COCTOSIHHS ‘y/ f>, a 3aTeM MCIIOJIb30BAaHUE TEHEW ISl KJIACCUYECKOM

OLEeHKH QyHKUMHA cronmocTH. [locie 00y4eHus: MUHU-IIAKETOB, €CIIN C,iz K.e OT-
HOCHMTENILHO MaJIo (Harmpumep, C,iz ke <0,01), orieHuBaem C,i‘, ks W TIOJICTPOHTH
napamMeTpbl 0 OTHOCHTENBHO HETO, TaK Kak C,i', k.. HampsMyIO CBA3aHO C HETOY-
HOCTBIO Koza. Mcnmonb3yem meron Ilayaita, 6e3rpaiueHTHBIA ONTUMU3ATOP IJIS
TOHKOM HacTpoukH. Eciu C,i',K,g MEHBIIE MPUEMIIEMOTO JOIyCKa CTOMMOCTH

/
toll , OCTaHaBJIMBACM OIITHUMH3AIMIO U BBIBOAWM OKOHYATCJIBHBIC IMapaMCTPbI 0.

YcTaHaBIMBaeM TOJIEPAHTHOCTh Kak
Cl =1x10"°, (7)
B wmeampHOM  ciydae — MojydaeM ~— ONTHMalbHBIC  MAapaMeTphI
8, =arg minC,', (6).
BriBog KKMO

C,.( Opt) = Span{| 1//1> Opt)| O>| 0>®(n k) 1> Upt)|1>| O>®(n k)
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we)=U(0,)| K -1)[0)"""} (8)

ABJIACTCA LCJIICBBIM HpI/I6J'II/I)KCHHBIM KBAaHTOBBIM KOAOM C MaJjiol HETOYHOCTBIO.

Bapuarnmmonnas kBanToBas cxema U(0) cmyxuT cxemoil komupoBaHus. Jlanee

. I !
MOXeM ynainuTh u3bbirounsie reiitel u3 BKC. C, . 6omsme C,;, yBenuuusa-

!
eM TiyOuHy cxembl L u mosropsiem mmaru ontumusanuu. Ecimu C . Bcerna

Oonpiie nonmycka, naxe koraa L = Lmax, HaM He ynaercd HalTH MOAXOASIIHMA
koj. [logpoOHas mporenypa MpOMUTIOCTPUPOBAHA B alropuTMme 1. AJITopuT™m
BKC unietr B a3Tom noamHoroo6pazuu noaxonasmuii koa. Korma U(0) ceepxna-
paMeTpHU30BaH, OH MOXET HCCIIEJOBAaTh BCE COOTBETCTBYIOIIME HAINPABIEHUS, a
Ha0Op JOCTHKUMBIX BBIXOJHBIX KOJ0B skBuBasieHTeH Gr(K; 2"), T. e. BKC cmo-
coOeH HaxoIUTh Mpou3BoibHBIE ((n; K)) KBAaHTOBBIN KO/I.

Anzopumm 1: Keanmoeoe sapuayuonnoe ooyuenue 0,11 K6AHMOBHIX KOO8 C
ucnpaegieHuem omudoK

Input: nHabop ommbok E, anmapatHo-adpdextuBnbiii BKC U(0) ¢ L cnosmu,
IPUEMIIEMOE KOJIMYECTBO CJI0€B Lmax, mpuemiieMblil JTOMYyCK MO CTOMMOCTH
Car.
Output: npUOTU3NUTENBHBIA KBAaHTOBBIA KOJ C ammnapaTHo-3(QQEeKTUBHBIM KO-
JUPOBIIUKOM, 0OHapyxuBaromuMm E.

. /
while L <Lmax u C, ,(0) > C}, do
while C?, () ne cxomurest do
BrIGepuUTE MOIMHOKECTBO &, C €.

Nuanmmanusupyire cucremy s K 1BOMYHBIX CTPOK.
3anycrure U(0), BoiBesuTe {y,)} .

N3mepbTe HaOmonaeMeble E, € & .

Nuunmanusupyiite cucremy s K IBOMYHBIX CTPOK.
3amycture U(O)EpU(0) nns E, e 5.

Peannsyite npoEeKTUBHBIE U3MEPEHUS.
Orennre Cpy, (6) 1 €ro rpaueHT.

BrimonHuTe mar rpalueHTHOro CIycka, 0OHOBUTE 0.
end
if C,?’K,E(H) <0,01, then

while C, ,(6) ue cxonurcs do

Nanunanmusupyiite cucremy mist K 1BOMUHBIX CTPOK.
3anycrure U(0), BbBesute {y; )}
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W3mepbTe HAOMOgaEMBIE E, € & .

Nuannmanusupyire cucremy s K 1BOMYHBIX CTPOK.
3amycture U(QO)EpU(0) nns kaxmoro £, €.

Ouenka C,, ,(6) ¥ €ro rpaJiueHr.

Ceectu K MUHEMYMY C!' (6), 0OHOBUTH 0.

end
end
L« L+1.
end
Bopt « 0.

Return: Oopt, C,,.(0,,).

BriBoabI

B nacrosimiee BpeMsl akTHBHO pPa3BHUBAECTCA TEOPHUS KBAHTOBBIX BBIYUCIIE-
Hui. HecMOTpst Ha TO, 4TO MEsl KBAaHTOBOIO KOMITbIOTEPA ObLIa BbICKa3aHa €Ile
P. ®eiiamanoM B 1982 1. u ¢ TeX mop MPOBOAATCSA HAYYHBIE MCCIECIOBAHUS 110
ITOW TeMaTHKE, KBAHTOBBIE KOMIIBIOTEPHI €lie He co3faHbl. OHaKo, yXe cei-
4ac SICHO, YTO TEOPETHUYECKUX OTPaHMYCHUM sl 3TOro Her. Kpome toro, nme-
I0TCS OIIPEIEIICHHBIE TOCTUKEHUS B 00JIACTH TEOPUN KBAHTOBBIX BBIUHCIICHUN.

B xone uccnenoBanus Oblla MPOJAEMOHCTPUPOBAH YCTOMYMBBIM K IIyMY
BAPHUALIMOHHBIM KBAHTOBBIM AJITOPUTM JUIA IOMCKAa KBAaHTOBBIX KOJOB C amma-
paTHO-3(D(PEKTUBHON CXEMOW KOAMPOBAHUS. YUHUTHIBAS IEICBOUW ITyMOBOW Ka-
Hai (WM mapameTpbl LEJEeBOro KoAa) U rpad MOAKIOYEHUs 00OpyAoBaHUS,
ObUTa ONTUMH3UPOBaHA HETrNyOOKas BapHaIlOHHAs KBAaHTOBAas cxema JJs MOJ-
TOTOBKHU 0a30BBIX COCTOSHUN MOIXOSIIETO KOJA.

baarogapuocTu. MccienoBanue BBINOJHEHO NpH (PUHAHCOBON MOA-
nep:xxkxe POOU B pamkax HayuyHoro npoexra Ne 20-07-00368.
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VJIK 004.932
HoBukos Anaronuii IBanHOBUY

AJITOPUTMBI HU®POBOM OBPABOTKH N30BPAKEHUH C
IMPUMEHEHUEM OIIEPATOPOB C BEKTOPHON MACKOMH

ObocHoevlgaemcs yenecoobpa3sHoCms UCHONIL30GAHUSI BEKMOPHLIX MACOK Ol
peutenusi onpedeileHHo20 Kpyea 3aday yugposol obpabomku uzobpadxcenu. Illo-
CKOILKY U300padiceHue npeocmasisiem coool Mampuyy ¢ Yelo4yucieHHbIMU dJleMeH-
mamu, mo mpaouyuoHHo 0enaemcs 6bl800 0 HeoOX0OUMOCMU UCNONILIOBAHUL MAM-
PUYHBIX MACOK ONIsl CeNANCUBAHUS U300padCcenus, 0N NOJYYEHUs OYEHOK UYACHHbBIX
NPOU3BOOHBIX 6 3a0aue 0emeKmUpoB8aHus epanuy u 0Jis peuerus opyaux 3aday. B 0o-
K1aoe npugoosamcs meopemudeckue 000CHO8ANUsL U NPUMEPDL, ONpoep2aloujue 3mom
6618600 U noomeepxcoarwue 3poexmusHocms NpUMeHeHUsT BeKMOPHBbIX MACOK OJisl
peuleHUs Ha36aHHbIX 3a0ad.

Jlunetinwvlti punomp, HeluHelunslll Guibmp, MampuiHas MAackd, 6eKMopHAas MAc-
Ka, ceepmka.
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Novikov Anatoly Ivanovich

EFFECTIVE ALGORITHMS FOR DIGITAL IMAGE
PROCESSING USING VECTOR MASK FILTERS

The expediency of using vector masks for solving a certain range of digital image
processing problems is substantiated. Since the image is a matrix with integer ele-
ments, it is traditionally concluded that it is necessary to use matrix masks to smooth
the image, to obtain estimates of partial derivatives in the boundary detection prob-
lem, and to solve other problems. The report provides theoretical substantiations and
examples that refute this conclusion and confirm the effectiveness of the use of vector
masks for solving these problems.

Linear filter, non-linear filter, matrix mask, vector mask, convolution.

Beenenue

OYyHKIIMOHUPOBAHUE cuUcTeM TexHuueckoro 3penus (CT3) peanbHOro Bpe-
MEHHM Mpe/rnoiaraeT NpuMEeHEHUE TaKUX METOJ0B M aJITOPUTMOB PEILICHUS 3a-
nad, crosumux nepen koHkpetHo CT3, koTopble 001a1at0T HU3KOW BBIYUCIIHU-
TeIbHOUM cnokHOCThI0. Hampumep, B 0optoBbix CT3 nerarenbHbIX anmapaToB
OJIHOBPEMEHHO MOT'YT PEIIAThCsl KaK 3aJ1aud HU3KOTO YPOBHS, TaK U 3aJ1a4d BbI-
COKOT'O YpPOBHS (COBMEIICHUE PA3HOPOAHBIX U300pakeHUM, OOHApYXKEHUE 00b-
ekToB ¥ T.1.) [1-3]. [Ipu 3TOM Ka)Xb1il KOMIUIEKC 3a7a4 JOJKEH peniaThcs C 4a-
CTOTOM 25 KaJapoB B ceKyHAy. OTHUM W3 HANPABICHUW COKPAIICHUS BBIYUCIIH-
TEJIbHBIX 3aTpaT Ha 00pabOTKy M300paKEHUM SBIISIETCS TPUMEHEHHUE JTMHEUHBIX
onepatopoB (PUILTPOB) C BEKTOPHBIMU MacKaMU JJIsl PEIICHUSI ONPEIeIEHHOTO
Kpyra 3aaad. Huxe paccmaTpuBaroTcs /1B 3aJja4M, IPUMEHEHHE BEKTOPHBIX Ma-
COK B KOTOPBIX MO3BOJISIET, BO-TIEPBBIX, CYIIECTBEHHO COKPATUTh BBIYUCIUTEIb-
HbIE 3aTPaThl, U, BO-BTOPBIX, 00ECIIEUNTh MOJYyUEHHE KAaUECTBEHHOIO pe3yJibTa-
Ta Ha BbIxoze. IlepBas 3ajaya — OLlEHUBaHUE AUCHEPCHH AUCKPETHOTO OEI0ro
IIyMa B cocTaBe 00pabaTbiBAEMOro M300pakeHHs] 1 MOAU(UKALIMS HA 3TOM Oc-
HOBE curma-puibTpa. Bropas 3amaya — nojgydeHue CriIaKeHHbBIX OLIEHOK 4acT-
HBIX MPOU3BOAHBIX B 3aJja4e ACTEKTUPOBAHUS TPAHUI] IEpenaja SpKOCTEH.

OcHoBHas yacTh

1. OuenuBanue qucnepcuu u GuiabTpanus myma

3anaya (uabTpalMu AUCKPETHOro Oenoro Imyma Hu(poBOro M3o0pake-

HUSl peIlaeTcs, Kak NpaBWiIO, B paMKaxX aJJUTUBHOM MOJEIN H300pakKeHUs
«CUTHAJIHIIYM»:

Il'j:Ul'j—’_é:ij’i:l’MﬂjzlﬁNa (1)
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unu B matpuyHoM Buze I=U + E.
B coctase (1) U - miaBHas HU3KOYACTOTHAS COCTABIIAIONIAS U300pakeHus, & -

HEKOPPEJIMPOBAHHAS HOPMAJILHO PacIpeIelICHHAs (f eN (O, o’ » Clly4ailHas Co-
CTaBJISIIOIIASL C HEU3BECTHOM NHMCIEPCHEUN D[g‘]:ofz. Jnst unbTpanuu uc-

KpPETHOTO TayccoBa IIyma, Kak MpPaBHIIO, UCTIOJIb3YIOTCS JIMHEHHBIE (PUIBTPHI C
MaTpUYHbIMU Mackamu. [Ipu BbICOKOM ypoBHE mryma A 3()@PEeKTUBHOrO Mo-
JABJICHUS TOCJEAHETr0 MPUXOAUTHCS yBEIMYUBATh pa3Mep MacKH, 4TO, B CBOIO
ouepeib, MPUBOJIUT K Pa3MBITUIO TPaHUIl. BBIXOJ U3 CUTyalluu 3aKIIOYaeTcs B
NPUMEHEHUU HEJIWHEHWHBbIX (UIBTPOB, OO0JAJAOMIMX YYETOM JOKAJIbHBIX
CBOMCTB M300paKeHMsI M TIO3BOJISIIOLIUX COXPAHSITH TpaHulbl 0e3 pa3MbiTus. K
YHUCIIy TaKUX (QUIBTPOB OTHOCATCS OminarepanbHblil GuibTp [4] u curma-QuiasTp
[5]. bunarepanbublii GUIBTP MMEET BBICOKYIO BBIUUCIUTEIBHYIO CIIOXXHOCTb,
YTO MCKIIIOYAET BO3MOXKHOCTH ero nmpuMeHeHust B CT3 peaibHOro BpeMeHH!.

Curma-¢unsTp 3a CUeT MCIOJb30BaHUS MOPOTa A YUYUTHIBAET TOJBKO Te
MUKCEIIU, SPKOCTU KOTOPBIX OTJIMYAIOTCS OT SIPKOCTH IIEHTPATIBLHOTO MUKCEIIs He
OoJiee, YeM Ha BEJIMUUHY TTopora [5]:

A 1 k& &k
A: Iicmz_ 2 z5stli+s,j+t’ (2)
s=—kt=—k
rac
k  k 1, ecmu |I;,, ;.,—1;| <A,
K = z Zé‘st, a 5st _ 1+s8,j+t i
s=—kt=—k 0, €ciin Il'+S,j+t_Il:]. > A.

Heobxoaumo otMeTuTh, 4T0 3QHEeKTUBHOE MOJABICHHUE IIIyMa C COXpaHe-
HUEM TpaHUul] C TMOMOUIBI0 CUTMa-(QUIbTpa BO3MOXKHO JIMIIb TMPHU YCIOBHUH

YCTaHOBJICHMSI a/ICKBAaTHOTO 3Ha4Y€HMs mopora orceueHuss A =mo . g aroro
HEOOXOIMMO 3HATh 3HAYCHHUE cpeHeKBagparuieckoro oTkioHeHus (CKO) o,

JMCKPETHOTO TayccoBa IIymMa B cOCTaBe 0OpabaThiBaeMOro m3oopakenus. Ta-

kast Mmonudukanusa curma-(GuIbTpa, OCHOBAaHHAS HA MPEABAPUTEIBHOM OICHH-
Bann CKO o 1myma B coctaBe 00pabaThiBaeMOro M300paKeHHUsI, PEITOKE-

Ha B [6]. MeToj olleHMBaHUs TUCTIEPCUM AUCKPETHOTO rayCccoBa IIyMa MmocTpo-
€H Ha MUCIOJIb30BAaHUN PA3HOCTHBIX OIEPATOPOB € BEKTOPHOM MAaCKOU
B= A(7)— A(S)_ 3nech A(S), A(7) JUHEHHbIE QUIBTPBI C BEKTOPHBIMU MacKa-

MH OJIMH Su’ COOTBCTCTBCHHO, BCCOBLIC KOG)(b(bI/II_II/ICHTBI Olj KOTOPBIX HAXO-

nstcest o popmyie:

3
(4> —1)2k + 3)

a; = (3k2+3k—1—5j2),j:—k,k. (3)

J
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B cootBeTcTBUH ¢ (hopmyoii (3) momyuaem macku onepatopoB A(5), A(7):
a® =L (C312,17,12,-3) oV =L (C312,17,12,-3)
35 35

Omepatopsl A(5) 1 A(7) obecrieunBaroT HeCMeIEHHOE ONEHMBAHHME MHO-

TOWIEHOB JI0 3-i1 CTeNeHH BKIOYUTENBHO [7]. Pa3zHocTHBIN onepatop (puibtp)

B Oyzer aHHynIMpoBaThb HHU3KOYACTOTHYIO COCTAaBISIOLIYI0 H300paKeHMs
(B(U)z O) U OJJHOBPEMEHHO BBIMOJIHATH ONPEACIICHHYIO0 TpaHC(HOPMALIUIO CITy-

yaitnoii coctapnsonteit Z: B(U + E)~ B(E)=1.
B cuny HekoppeaMpoBaHHOCTH 3HAYCHHUH CITydaliHOW cOCTaBJsomeld & B
cocTaBe M300pakeHus aucrnepcust D[n| ocTaTouHoro mryma 7 OyIeT cBsi3aHa ¢

JHCIepcueit D[f] COOTHOUICHHEM [6, 7]:

k
Dln]=D[B(¢)]= _zkﬂ} - D[¢]= By - DI¢]. 4)
j=—
N3 (4) momyuaem Gopmysy IS OLICHUBAHUSI HCKOMOMW JTUCTIEPCUH D[f]:
Dl¢l=Dln)/ Bo- (5)
BecoBbie K03(hHIMenTs pasHocTHOTO omepaTopa B = A(7)— A(5) nmeror
1

creayromuii Bux [6]: ,B:E(IO,—%, 6,16,6,—24,10). Otxyma f, =16/105 u

dbopmyna (5) mpUHUMaET OKOHYATEIbHBIM BUJ IS MPAKTHYSCKOTO IPHUMEHE-

HUSA:
105

Dl¢]=="=Dln] (6)
16

[IpakTruueckass peanuzaisi MeTOoJa OICHUBAHUS IUCKPETHOIO TayccoBa
IIyMa B COCTaB€ M300paKEHMs 3aKJIIOYAETCS] B BBIIIOJIHEHHH CIEIYIONIEH Iie-
MMOYKHW BBIYUCIICHUN:

1. W3o6paxxeHue pa3zdbuBaeTcs Ha OJOKH OMpPEACNICHHBIX pa3MepoB (OT
25x25 mo 50x50). B kaxmgom OJ0Ke BBIYUCISAETCS IUCIIEpCHUS HM300paKeHHS.
Bri6upaercst 6710k ¢ MUHUMAIBHOM TUCTIEPCUEH.

2. B 610Kke ¢ MUHMMAJIBLHON AHWCHEPCUEH BBIMOJHICTCS MOCTPOYHO 0Opa-
00Tka M300pakeHUsI C TOMOIILI0 PA3HOCTHOTO omeparopa B. Beramcisercs
BBIOOPOYHAs JUCIIEPCUS S,? OCTaTKa 1 = B[I].

3. Beruncnsiercs uckoMasi OolieHKa (5'(; CKO myma B ucxomHom u3o0pa-

JKEHHH 110 hopmylie O ¢ :¥1/S,% :
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[TonmyyeHHas oLEeHKa ypOBHA IIIyMa MOKET MCHOJb30BaThCs ISl (POPMUPO-
BaHMsI BEIMYUHBI [I0pOra A B curMa-QuibTpe: A =mo¢.

2. lerekTHpOBaHUE TPAHUI

Bce u3BecTHBIE AETEKTOPHI IPaHUI] IPAJUEHTHOTO THUIA MCIOJb3YIOT MaT-
pPUYHBIE MACKH IS MOJTYYEHHUsI OLEHOK YacCTHBIX MPOU3BOAHBIX B COCTABE I'pa-
nueHTa QyHKUHUH ApKOCcTU u3o0paxkenus [3]. B ocHoBe Matpuunbix macok Co-
oena, [IpeButTa [8] U Ipyrux aBTOPOB JIEKUT U3BECTHAS U3 MaTeMaTHKU (op-
MyJia JJis NpUOIM>KEHHOTO BBIYHUCIEHUS MPOU3BOJIHON OJHOMEPHOTO JUCKPET-
fivn—fja

2h
YyaeT Macka (— 1,0,1). B merone IIpeButra nanHas Macka mOBTOpEHA JJIs COCE-

HOT'O CHTHajia { l-}: fi= . Oromy npeoOpa30BaHUIO CUTHaIAa OTBE-

HUX CTPOK (CTOJIOIIOB) C IIETBI0 ydueTa SIPKOCTEH B COCETHUX CTOJIONAx (CTpo-
Kax) U Uil TIOMyY9eHHs] HEKOTOpOoTo criaxkuparomiero s¢dexra. B merone Co-
Oena 3JIEMEHTHI LEHTPAJbHOTO CTOJOLa YBENUYEHBI B 2 pa3a A NpUIaHUS
00JIbIIIEr0 Beca MUKCENSIM U3 OKPECTHOCTH IIEHTPAIBHOTO TUKCES.

Jlis mody4YeHus] peabHOrO CriaxuBarouiero 3¢ ¢ekra npu BBIYUCICHUN
OLICHKHM YaCTHOW MPOMU3BOJHOMN, KaK MOKa3aHOo B [9], uerecooOpa3HO UCHOJIb30-
BaTh BEKTOPHYIO MacKy, BECOBbIE KOO(PPHUIIMEHTH KOTOPOU SBISIOTCS OLICHKAMHU
METOJla HAaWMEHBIIMX KBaJApaToB KodpduiueHta b B JTUHEHHONW MoAenn
f(x)=a+bx. B obmem Buje HCKOMas BeKTOpHAs Macka AMMHEI (2k + 1) mme-

€T CJICAYIOIIUN BUI:
3

k(k + 1)2k +1)
Muoxurens 3/(k(k +1)(2k +1)) B coctase (7) MOKHO OMYCTHTH TIOCKOJBKY (B

(~k,—k+1,...,-1,0,1,..k — 1,k). (7)

COOTBETCTBHUH C JIOTMKOW T'PaIUCHTHBIX METOJIOB) CPABHUBAIOTCSI MEXKAY COOOM
3HA4YCHUSI MOJyJIeH TPaJUeHTOB B coceHUX nukcensnx. [loatomy pabouas mac-
Ka UMEET CIEAYIOIMN BUJL
(- k,—k+1,..,-1,0,1,..k = Lk). (8)
Ota Macka o0ecreynBaeT HAaXOXKJICHUE ONTHUMAIbHOW (B COOTBETCTBUU C
KpUTEpPUEM METOJa HAaMMEHBIUX KBAJApPAaTOB) OICHKU MapaMeTrpa b B paMmKax
muueitnoit  momemn  I(x,yg)=a+bx+ & &, € N(O, o?|xe [x; —k;x; + k]
cpe3a uzoopaxenus [ (x, y) 10 CTPOKE Y [8]. AHAJIOIrMYHO HAXOIATCS OLCHKU
YaCTHBIX MPOM3BOAHBEIX O,[; C IMOMOILIBIO JTOH ke Macku (8), HO yxe mpu

CKOJIBKEHHH T10 CTOJIOIaM.
[TOoCKOJIBKY OLIEHKH YacCTHBIX MPOU3BOAHBIX € Mackod (8) mosydaroTcs
«CTIKEHHBIMUY, TO OTIAAET HEOOXOIUMOCTh B MPEIBAPUTEIHLHOM CTIIaKUBa-
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HUU (pa3MbITUH) N300pakeHuss. COOTBETCTBEHHO COKPAIACTCS BBIYUCIUTEIb-
Has CJIOXKHOCTh aJrOpuTMa. DTO OOCTOATEIILCTBO U OPUTHHAIIBHBIC PEIICHUS Ha
ATare MOUCKa JIOKAIbHBIX KCTPEMYMOB MOAYJIEH TPagueHTOB (DYHKIUU SIPKO-
CTU TIO3BOJIWJIA CO3/1aTh HOBBIA METOJ| TPAaJUEHTHOTO THUIA JETEKTUPOBAHUS
rpanull [9]. Meton sIBIsieTCsl aHAJIOTOM W OJHOBPEMEHHO AJIbTEPHATHUBOMW IIH-
poko u3BectHoMy Mmetoay Kennu [10]. OH uMeeT B cpellHEM B TpHU pa3a MEHb-
Iy BBIYUCIUTENBHYIO CJI0XKHOCTh M OTian4aeTcsa oT metoaa Kennu popmupo-
BaHUEM UTOTOBOI0 KOHTYPHOT'O M300pa)KEHUsI ¢ MUHUMAJIbLHBIM YHCJIOM KOPOT-
KUX HEMH(OPMATHUBHBIX JTUHUH.
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CunensaukoB Kupumn Auapeesuy, @ponoB Anapeit EBrenresuy,
XsaueB Hukura Cepreesuu

CPABHUTEJBHBINA AHAJIN3 AJITOPUTMOB PACIIO3HABAHUSA
PEYHA

B smou 0630pHOU cmambe npeocmasieHo CPAsHUMeNbHOe UCCIe008aAHUe Pa3-
JIUYHBIX NOOX0008 K PEUeHUio 3a0adu agmomMamuieckoeo pacno3Hasanus peyu, Ko-
mopbvle WUPOKo UCHOIb3YIOMCcs 8 Hacmosujee gpems. Q630p packpvisaem cooepiica-
HUe NOHAMUL PA3TUYHBIX MOOeell, Memooo8 U AleOpUmMMO8 PACNO3HABAHUS peyll.
Buvisgnenvt 0cobenHocmu Kaxcooeo aieopummad, e2o npeumyuecmed u HedoCmamxki.
Taxoice 05 KaMHCOOU U3 PACCMOMPEHHBIX MOOeell ObLIU 8bIpAOOMAHbBL PEKOMEHOAYUU
1O NPUMEHEHUIO.

Pacnosnasanue peuu, ckpvimvie MapKocKue mooenu, HeupoHHble cemu, OUHA-
MUYeCKask MpaHc@hopmayusi 6DeMeHHO WKATbL.
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Sidelnikov Kirill Andreevich, Frolov Andrei Evgenevich,
Khvatsev Nikita Sergeevich

COMPARATIVE ANALYSIS OF SPEECH RECOGNITION
ALGORITHMS

This review article presents a comparative study of various approaches to solv-
ing the problem of automatic speech recognition, which are widely used at the present
time. The review reveals the content of the concepts of various models, methods and
algorithms of speech recognition. The features of each algorithm, its advantages and
disadvantages are revealed. Also, recommendations for use were developed for each
of the considered models.

Speech recognition, Hidden Markov models, neural networks, dynamic time
warping.

BBenenue. 3a nocnegHue AecATUIETHS ObUIM MPOBEIECHBI OOIIUPHBIE UC-
CJIEIOBAHUSA PA3JIMYHBIX BO3MOXKHBIX pealu3aluil CHUCTEM aBTOMATHUYECKOIO
pacnio3HaBaHus peud. Pacrio3HaBaHUE peyd B OCHOBHOM CBSI3aHO C ABYMS aJlrO-
pUTMaMH, & UMEHHO C aKyCTHYECKUM M SI3bIKOBBIM MOJenupoBaHueM. Kak aky-
CTUYECKOE MOJICIMPOBAHHUE, TaK U SI3bIKOBOE MOJIECITUPOBAHHUE SIBISIOTCS BaX-
HBIMH YacCTSIMU COBPEMEHHBIX CTaTUCTUYECKU OCHOBAHHBIX alnropuTMoB. CKpbI-
Thle MApKOBCKME MOJIENH, TMHAMHUYECKas TpaHc(opMmalus BPEMEHHOM IIKaJIbl
UCKYCCTBEHHbIE HEHPOHHBIE CETH, TTyOMHHbIE HEWPOHHBIE CETU U CKBO3HOE
pacno3HaBaHUE PEYM SIBJISIOTCS OCHOBHBIMU MOJXOJIaMH K PACIIO3HABAHUIO pe-
4yi. SI3BIKOBOE€ MOJIETMPOBAHUE HCIIOJIB3YETCS] BO MHOTMX NPHIIOKEHUSX 00pa-
OOTKHM €CTECTBEHHOIO fA3bIKa, TAKUX KaK Kiaccu(ukanus JOKYMEHTOB WUJIU CTa-
TUCTUYECKUI MalIMHHBIN niepeBon [1].

Lenpro cTaThu SBISIETCS BBIPAOOTKA PEKOMEHIAIMH MO MPUMEHEHHIO all-
TOPUTMOB PACIlO3HABAHUS PEYM ISl YMEHBILIEHHUS 3aTpaT MpU BHIOOPE CUCTEMBI
JUTSI KOMMEPUYECKOM MITM HAayYHO-UCCIIEI0BATEIbCKON AESTENbHOCTH.

CxpbITble MapKoOBckHe MoJes . COBpEMEHHbBIE CUCTEMbI PACIIO3HABAHMS
peur oOOWIEro Ha3HAYeHWs OCHOBAaHbl HAa CKPBITBIX MAapKOBCKUX MOJEISAX
(CMM). DTO CTaTUCTUYECKUE MOJIETH, KOTOPbIE BBIBOJAST MOCIEI0BATEILHOCTD
CUMBOJIOB WM BelnyuH. CMM Hcnonb3yroTcs B pacio3HaBaHUU PEYH, MOTOMY
YTO PEYEBOM CHUTHAJ MOXHO paccMaTpUBaTh KaK KPaTKOBPEMEHHBIN CTaluo-
HapHbIA curHajia. B KkopoTkoM BpeMeHHOM MaciuTtade (Hanpumep, 10 muuce-
KYH/l) p€4b MOKET OBITh alMPOKCHUMHUPOBAHA KAK CTAl[MOHAPHBIN npouecc [2].
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Eme omna mpuumna nomynsippoctu CMM 3akimrodaeTcs B TOM, YTO HX
MO>XHO 00y4yaThb aBTOMAaTUYECKH, a TAKXKE€ OHHM MPOCTHI U YJOOHBI B MCIOJb30-
BaHUU C TOYKH 3peHUs BbruuciaeHui. Kaxmaoe cioBo wiu kaxaas ponema Oyaet
MMETh PA3JIUYHOE BBIXOJHOE pacnpeaeneHue. CKppiTas MapKOBCKAsk MOAENb IS
MOCJIEIOBATEIBHOCTH CJIOB MJIM (POHEM CO3JaeTcsl MyTeM OObEIUHEHUS OTEIb-
HBIX 00YYEHHBIX CKPBITBIX MAPKOBCKUX MOJEIIEH JIJIsl OT/ACIbHBIX CIIOB U (POHEM
[3].

JlekoaupoBaHue peur OyAeT UCMOJIb30BaTh alroputM BurtepOu st mowuc-
Ka HaWIy4llIero MmyTH, U 3/1€Ch €CTh BHIOOP MEXIY AMHAMUYECKHUM CO3JaHHEM
KOMOMHAIIMK CKPBITOW MapKOBCKOW MOJIENH, KOTOPasi BKIOYAET KaK aKyCcTHYe-
CKYIO, TaK U SI3bIKOBYIO MOJIEb MH(POPMALIUU, U €€ CTATHYECKUM OO0BbEANHEHU-
eM (KOHEYHBIM aBTOMAT C BBIXOJAOM). Bo3MokHOE yilydllleHHE JEeKOAUPOBAHUS
3aKJII0YAETCs] B TOM, YTOOBI XPaHUTh HA0OP XOPOIIMX KaHIUAATOB BMECTO TOTO,
YTOOBI XPAaHUTh TOJBKO JIy4YIIEro KaHAuAaTa, U KUCIOIb30BaTh JIYUIIYIO (yHK-
LU0 JJI OLUEHKH 3THX XOPOIIMX KaHAUAATOB, YTOOBI MOXHO OBUIO BBIOPAThH
JIy4IlIETO B COOTBETCTBUM C 3TOU OLIEHKOM.

AJITOPUTM JUHAMUYECKON TPaHCcHOpMALMM BPEeMEHHOM IIKaJbl. JlaH-
HBI MOJAXOJ HCTOPUYECKH HCMOJB30BAJICA ISl PACIIO3HABAHUS PEYH, HO B
HACTOsIIIee BPEMSI B 3HAYUTEIbHOM CTENEHW BBITECHEH 0oJiee yCHEUIHbIM MO/I-
X0JIOM, OCHOBaHHBIM Ha CMM.

AJNTOPUTM JIMHAMHYECKOW TpaHCPOpMalUd BPEMEHHOM HIKadbl — 3TO all-
TOPUTM JUIS U3MEPEHUS COOTBETCTBUS MEXKIY ABYMs IOCIENOBATEIBHOCTSAMM,
KOTOPBIE MOTYT Pa3anyaThCs M0 BPEMEHU WU CKOPOCTH [4].

N3BeCTHBIM NTPUMEHEHUEM SIBIIIETCS ABTOMAaTUYECKOE PAclO3HABAHUE pe-
YH, IMO3BOJISIONIEE CIIPABIATHCS C PA3IUYHBIMU CKOPOCTSIMU peur. JlaHHBIN Me-
TOJ TO3BOJIIET KOMIIBIOTEPY HAXOIWTh ONTHUMAJIBbHOE COOTBETCTBUE MEXKIY
JBYMS 33JJaHHBIMH MOCIEA0BATENIbHOCTAMH (HAPUMEp, BPEMEHHBIMU PsIaMu)
C ONpeJeNeHHbIMU OrpaHHYEeHUSIMHU. TO ecTh mociaeAoBaTebHOCTU JehopMu-
PYIOTCSl HETUHEHHO, 4TOOBI COOTBETCTBOBATh APYT APYry. DTOT METO] BbIpaB-
HUBAaHUS IOCJIENOBATENBHOCTEN YaCTO HCIIONB3YETCS B KOHTEKCTE CKPBITBIX
MapKOBCKHX MOJENEN.

HckyccTBeHHbIE HEHMPOHHBbIE ceTH. HElpOHHBIE CETH MCIOJIB3YIOTCS BO
MHOTHX acCIleKTaX pacro3HaBAHMS pPEUM, TAKMX KakK Kiaccupukauus (oHeM,
kiaccudukanys (oHeM C MOMOIIbI0 MHOTOIEIEBBIX IBOJIOIMOHHBIX aJITOPUT-
MOB, PacIlO3HaBaHHWE OTIEIBHBIX CIIOB, PACIIO3HABAHUE ayIHOBU3YaJbHOU PEYU

5],
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Heviponnsie ceTu neatoT MEHbIIE SBHBIX MPEANOI0KEHUNA O CTaTUCTUYE-
CKHMX CBOMCTBaX 00beKkTOB, ueM CMM, 1 00aa7aroT psiioM KaduecTB, JeTaroInuxX
WX MPUBJICKATEIbHBIMU MOJICTISIMU JIJIsl pacrio3HaBanus peud. [Ipu ucmnosnab3oBa-
HUU JISl OLICHKU BEPOATHOCTEHM CEerMeHTa peueBOro nmpu3Haka HEHPOHHBIE CETH
MO3BOJISIIOT MPOBOJUTH O0YUYEHHE MOMCKY PA3NMUYUNA €CTECTBEHHBIM U 3 dek-
TUBHBIM crioco0oM. OHaKo, HECMOTPsI Ha UX 3(PGEeKTUBHOCTh B KiIacCU(UKa-
MU KPATKOBPEMEHHBIX €JIUHMI], TAKUX KaK OT/eJIbHbIe (DOHEMBbl U OTACIIbHBIC
CJIOBa, paHHWE HEHPOHHBIC CETU PEJKO ObUIM YCIENIHBI B 3a]ja4aX HEMPEPhIBHO-
ro pacrno3HaBaHUsl M3-3a UX OTPAHUYEHHON CIMOCOOHOCTH MOJEIHMPOBATH Bpe-
MEHHbBIE 3aBUCUMOCTH.

OnHuM K3 TOAXOJOB K PEIICHUIO 3TOW MPOOJIeMbl ObUIO HCIOIb30BAaHUE
HEHPOHHBIX CETEeH B KauyeCcTBE MPEABAPUTENIBHOrO 3Tana o0paboTku, mnpeolpa-
30BaHUsI MPU3HAKOB WJIM YMEHBIIECHUS Pa3MEPHOCTH Tepe]] pacrlo3HaBaHUEM Ha
ocHoBe CMM. OnHako peKyppeHTHbIE HEMPOHHBIE CETH U HEUPOHHBIE CETH C
BPEMEHHOM 3a/Iep>KKON JEMOHCTPUPYIOT YIYUIICHHYIO MPOU3BOAUTEIHHOCTh B
ATOM 00JACTU MO CPABHEHUIO ¢ OOBIYHBIMU MCKYCCTBEHHBIMU HEHPOHHBIMU Ce-
Tsmu [6].

I'myOuMHHbIe HelipOHHBIE ceTH. /[aHHBIM BUJ HEUPOHHBIX CETEH TAKKE
HaxXOJUTCSl B COCTOSHUM ucclienoBanus. [ myounnas neiiponnas cetb (IHC) —
ATO UCKYCCTBEHHAsI HEUPOHHAsI CE€Th, UMEIOIIasi HECKOJIBKO CKPBITBIX CJIOEB, KO-
TOpBIE HAXOMSTCS MEXAY BXOAHBIM W BBIXOJHBIM ciioeM [7]. I'myOuHHBIE
HEUPOHHBIE CETH MOTYT MOJEIUPOBATh CIOXHBIE HEJIUHEWHBIE B3aUMOCBSI3H.
ApPXUTEKTYpbl TJIIYOUHHBIX HEHUPOHHBIX CETEW T'C€HEPUPYIOT KOMIIO3UIIMOHHBIE
MOJIENH, T/I€ JOTOJHUTENIbHBIEC CIIOU TTO3BOJISIOT KOMIIOHOBATh MPU3HAKU U3 00-
Jiee HU3KUX CJIO€B, YTO JAeT OTPOMHYIO CIIOCOOHOCTh K OOYYEHHIO U, CIe0Ba-
TEJIbHO, OTEHIHAJ JJIsl MOJICIIUPOBAHUS CIIOKHBIX MOJICJIEN peUeBbIX JaHHBIX.

OnnuM u3 QyHIaMEHTATbHBIX MPUHITUIIOB TTyOOKOr0 OOy4YeHUs SABIISIETCS
OTKa3 OT PyYHOTO KOHCTPYUPOBAHUS MPU3HAKOB. DTOT MPUHIMI ObLT BIIEPBHIC
YCIIELIHO UCCJEA0BAaH B apXUTEKType TNIyOMHHOI'O aBTOKOJUPOBIIHMKA HA HEOO-
pabotaHHbIX crnekTporpammax [8]. HeoOpaOoTaHHbIe NaHHbBIE, BKIHOYAOLIUE
OCOOCHHOCTH peud U (POpMbI CUTHAJIOB, JAIOT OTJIUYHBIE PE3YyJbTAThl MIPU pac-
MO3HABAHUM PEYH B OOJBIINX 00bEeMax.

CKBO3HOE aBTOMATHYECKOE Pacno3HaBaHue peun. TpaguliMOHHbIE TTO-
XO0JIbl, OCHOBaHHbIE Ha (oHETHKe (T.e. BCE MOJEIU, OCHOBaHHble Ha CMM),
TpeOOBaIU OT/EJIbHBIX KOMIIOHEHTOB M OOy4EeHUS ISl MOJCIIH MPOU3HOIICHHUS,
a TaKXe JJIsI aKyCTUYECKOM U S3bIKOBOM MOJieNieil. B CKBO3HBIX MOJENAX MPOUC-
XOJIUT COBMECTHOE 00yUEHHE BCEX KOMIIOHEHTOB CPEJCTBA paclo3HABAHUS pe-
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yy. DTO YHpoILaeT caM Ipolecc oOy4eHHsl U pa3BepThiBaHus Mozenu. Hampu-
Mep, A Bcex cucteM Ha ocHoBe CMM TpeOyeTcst n-rpaMMHasi A3bIKOBasi MO-
JieJb, a TUMWYHAS N-TpaMMHas sI3bIKOBAask MOJIEIh YacTO 3aHUMAET HECKOJIBKO
rurabaT maMsaTH, 4To JeiaeT UX HEMPaKTUUYHBIMU JJI1 pa3BEepPThIBAHUS HA MO-
OWIbHBIX ycTpoiicTBax. Clie0BaTENbHO, COBPEMEHHBIE KOMMEPUYECKUE CUCTEMBI
pacno3HaBaHUs PEYU Pa3BEpPTHIBAIOTCS B 00JIaKe, a HE JIOKAJbHO Ha YCTPOICTBE,
U TpeOyIOT MOAKIIOYEHHS K ceTH [9].

[lepBble cucTEMbI CKBO3HOTO aBTOMAaTHYECKOr0 PacloO3HaBaHUS peyu ObLIU
OCHOBAaHbl Ha KOHHEKUMOHUCTCKO-TemnopaibHoil knaccupukauuu (KTK). Cu-
CTeMa COCTOsUIa U3 PEKYpPpPEHTHBIX HeWpoHHBIX cerer u cinosi KTK. B nannoit
CUCTEME COBMECTHO OOYYaroTCs MOJENb MPOU3HOUIEHUS U aKyCTHYecKas Mo-
JETIb.

AJIbTEpHATUBHBIM MOJIXOA0M K MoelsiM, ocHoBaHHBIM Ha KTK, sBnsroTcs
MOJIeJIM, OCHOBaHHbIE Ha BHMMaHUU. Mojenb, Ha3BaHHas «Listen, Attend and
Spell» (LAS), OykBanbHO «CIyIIaeT» aKyCTHUECKWUW CUTHAJ, 00OpallaeT «BHH-
MaHHE» Ha PA3MYHbIE YACTU CHUTHAja U «IPOU3HOCUT» pacliu(poOBKY MO OJ-
HOMY cuMBouy 3a pa3 [10]. B otimmumne ot moxenerr Ha ocHoBe KTK, moxenu,
OCHOBaHHbIE HA BHUMAHHH, HE MOTYT HaIpPsIMYI0 00y4aTh BCE KOMIIOHEHTHI CH-
CTEMBI pacliO3HABaHUS PEUM, BKIIOYAs MOJENb MPOU3HOILIEHHUS, aKyCTUYECKYIO
U S3BIKOBYIO MOJIENIM. DTO 03HAYAET, YTO BO BPEMsI pa3BEpPThIBAaHUS HET HEOOXO-
JUMOCTH HOCUTB C COOOM SI3BIKOBYIO MOJIENb, YTO JIENIAET €€ OYEHb MPAKTHYHON
JUI TIPUJIOAKEHUN C OrpaHMYeHHOM mamsaTbio [11]. Moaenu, ocHOBaHHbBIE Ha
BHUMAaHWH, JOOMINCH 3HAUUTEIBHOTO YCII€Xa, B TOM YHCJIE€ MPEB3OILIN MOJEIH
Ha ocHOBe KTK.

BriBoa. Pacno3sHaBaHue peur, BBIIOJHEHHOE C MCIIOJIb30BAHUEM pPa3Iny-
HBIX QJITOPUTMOB MAIIIMHHOTO OOYUYEHUsI U METOJIOB U3BJICUEHHUS MPU3HAKOB, Ja-
€T pa3nuHble pe3yiabTaThl. Hampumep, UCHONb30BAHUE CKPBITHIX MAapKOBCKHX
Mojiesield MPUBOJUT K YCKOPEHHUIO O0IIero noucka. Takxke MCIONb30BaHUE all-
ropuT™Ma JUHAMUYECKOW TpaHCchopMallid BPEMEHHOMN IIKaJIbl TPU COBMECTHOM
MCIIOJIB30BaHUU CO CKPHITHIMU MapKOBCKHUMU MOJIEISIMU TIO3BOJISIET CHUZUTH Ya-
CTOTYy OIIMOOK MpU pacro3HaBaHUM cio0B. OJHAKO MOJENM OTHOCSIIHECS K
CKBO3HOMY PacIiO3HABAHUIO PEUYM UMEIOT Tak)Ke€ HU3KUU MPOILEHT OMMOOK MpH
pacro3HaBaHUM CJIOB, HO TIPU ITOM SIBIISIOTCS MPAKTUYHBIM BAapUAHTOM ISt
MPUIIOKEHUIN C OTPAHUYCHHOM MaMSThIO. A TaKKe C MMOMOIIBK CKBO3HOTO IMO-
X0Jla MOKET OBITh YHIPOUIEHO OOyYeHHE NTaHHBIX, TaK HE TpeOyeTcsl ciIoBapb U
MIPOU3BOMUTCS COMOCTABIIEHUE AyJIMO HEMOCPEJICTBEHHO C TEKCTaMu 0e3 HeoO-
XOJIUMOCTH OMpEJEICHUS KaKUX-TN00 MPEAbITyIINX JaHHbIX.
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CranpapTHBIM NOAXOJOM SIBJISIETCS COYETAHUE CKPBITBIX MAapKOBCKHX MO-
Jiesiel ¢ anropuTMamMu JUHAMUYECKON TpaHC(hOpMAali BPEMEHHOM IIKaJIbl, JIJIs
KOTOpBIX 3apaHee TpeOyeTcs si3bIKOBas MoJeib M (poHeTHyeckuil cioBapb. B
UTOTE, COIVIACHO aHAJIN3y, JaHHBIA IMOAXOJ IO3BOJISIET JOCTUTHYTH Hauboiiee
TOYHBIX PE3YJBTATOB B ABTOMAaTHYECKOM PACIIO3HABAHUU PEYH.
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YK 004.032.26
Kamnann Hukura Biianumuposuy, Kopsuko Bsuecnas [letpoBuy,
Hukudopos Muxaun boprucosuu

INPUMEHEHUWE HEHPOHHBIX CETEM B 3AJIAYAX PECTABPAIIUA
KAPTUH

B oaunou cmamve paccmampueaemcs cnocob pecmaspayuu KapmuH ¢ npume-
HeHuem ceepmounou Hetipontnou cemu VGGI19. Peanuzosan ancopumm, npeoioriceH-
notti 8 2015 200y Jleonom I'amucom. Iluxcenu ucxoonozo uzodpasicenus paccmampu-
8AIOMCA 8 ANCOpUMME SPAOUEHMHO20 CNYCKA KAK Hacmpaueaemvle napamempsol. Yem
OudICe UCXOOHOE U300PAdICeHUe K IHCeNAeMOMY, MmeM KpUmepuii Kavyecmea OO0JHCEH
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ovimb menvuwie. Hetiponnas cemv 6 oannom ciyuae oaem 603MONCHOCMb OYEHUMb
KOHKPEMHOCMb U CIMeneHb CIUIU3AYUL.
Hetiponnvie cemu, obpabomra uzobpasxcenuti, nepeHoc cmuiel.

Kalinin Nikita Vladimirovich, KoryachkoVyacheslavPetrovich,
Nikiforov Mikhail Borisovich

APPLICATION OF NEURAL NETWORKS IN RESTORATION
OF PICTURES

This article discusses a method for restoring paintings using the VGG19 convo-
lutional neural network. The algorithm proposed in 2015 by Leon Gatis has been im-
plemented. The pixels of the original image are treated as adjustable parameters in the
gradient descent algorithm. The closer the source image is to the desired one, the low-
er the quality criterion should be. The neural network in this case makes it possible to
assess the specificity and degree of stylization.

Neural networks, image processing, style transfer.

Beenenue

KapTtunsbl, Tak *e, Kak ¥ BCE€ B 3TOM MHUPE, UMEIOT CBOMCTBO cTapeTh. U1 ko-
I1a OHU CTAHOBATCS CTaplle, OHM HAYMHAIOT W3HAIIMBATHCS U MOBPEKIATHCS.
3agada pecTaBpaTOpOB — HAPUCOBATh HENOCTAIOIINM Y4aCTOK MMEHHO Tak, Ka-
KO OH OBUI M3HAYAJIBHO, C COXPAHEHUEM CTUJIs MEepPBOHAUYAILHOIO aBTOpa. B
TaKOM HEJIETKOM JIeJIe PECTaBpaTopaM JOJKHBI IPUXOIUTH Ha MTOMOIIb COBpE-
MEHHBIE TEXHOJOTUU — HEHUPOHHBIE CETH, CIIOCOOHBIE MOBTOPUTH CTHJIb IEPBO-
HayaJlbHOro aBTopa. JIoOble pecTaBpallMOHHbIE pPabOThl C NPUMEHEHHEM
HelpoceTel CBA3aHbl C BOCCTAHOBJIEHUEM KaKOro-TMOO YTPAueHHOTO ydacTKa.
CymiecTByeT JBa OCHOBHBIX IPUHLMNIA, [0 KOTOPBIM C IMOMOIIBIO HEMpPOCETEN
MO>KHO BOCCTAaHOBUTH YUaCTOK M300paKeHHUS:

1. HelipoceTb Ha OCHOBE APyrux paOOT aBTOpa MBITAETCS CAMOCTOSATEIBHO
3aII0JIHUTh HEAOCTAIOIIMN y4acTOK. JlaHHBIM BapUaAHT CIOKEH B peain3aluu, K
TOMY € BOCCTAHOBJIEHHBIN ()parMEeHT MOKET CHUJIIBHO OTJIMYATHCA OT MEepPBOHA-
YaJIbHOTO.

2. OnbITHBIA pecTaBpaTOp CaMOCTOSITEIBHO 3apUCOBBIBAECT YTPAYCHHBIN
Y4acTOK, & HEUPOHHAs CETh YK€ EPEHOCUT OCHOBHOW CTHJIb aBTOPA.

Bropoii crioco0 6osnee npeanodTuTeNeH, Tak Kak OH He TpeOyeT O0JbIIon
oOyyaroieil BEIOOpKH, alropuT™M OyAeT OoJiee MPOCT, a KAYECTBO pecTaBpallv-
OHHBIX PaboOT OyneT BBICOKMM. B naHHOW 3ajadye NMPUMEHSIOTCS CBEPTOYHBIE
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HEHPOHHBIE CETH, TaK KAaK UMEHHO OHU MpPEJHA3HAYEHBI JIJIsl pacliO3HaBaHUs Ha
M300pKEHUSIX OCHOBHBIX MATTEPHOB JIs MOCIEAYIOUIEr0 MEPEeHoca, KOTOphIE
YeJIOBEK HE MOXKET BBIICIUTh CAMOCTOSTEINBHO.

HelpoHHBIH EpeHOC CTHIISA

CepTouHble CETH MpeAHa3HAYEHBI ISl pacliO3HABaHUs OCHOBHBIX MATTEP-
HOB Ha M300pakeHusX. Ha BXoj HelipoHa MoAaeTcsl CUTrHaMN TOJIBKO B Ipejeiax
orpaHUuYeHHON obJsacTu (KaKk mpaBuio, aneptypoit 3x3 nukcesnei). 3aTem anep-
Typa CMEIIAeTCsl Ha KaKOe-TO YMCIIO MUKCEJIed U CUTHaJ MOJAeTCsl Y’KE Ha BTO-
poii HelipoH. Takum 00pa3oM BBITIOJIHAETCS] CKAHUPOBAHUE BCErO U300PaKEHHUS.

CBepTouHble HEHPOHHBIE CETH paldOTAIOT HAa MPUHLHUIE (PUIBTPOB, KOTO-
pbI€ PACIO3HAIOT OMNPEEICHHBIE XapaKTEPUCTUKH H300pakeHus (Hampumep,
NPSAMBIX JTUHUI). OUIBTP, MO CBOEH CYTH, 3TO OObIYHASI MATpULIA, TPUMEHEHHE
KOTOpPOM AaeT onpeaeseHHbIN 3P HEeKT.

AJNTOpPUTM HEMPOHHOTO MepeHoca cTuid ObLI paspaborad B 2015 roxy Ko-
MaHaou, cocrosmen u3 Jleona ['atuca, Marnaca berre u Anekcanapa Okepa.
PazpaboTka mo3BosisieT mpeoOpa3oBbIBATh BXOJHOE H300pa)KEHHE B COOTBET-
CTBUU CO CTHJIEM BTOPOro. To eCTh CYyHIECTBYET 2 BXOJAHBIX H300paXKEHUS:

1. Kontent (Contentlmage) — nzo0OpaxeHue, KoTopoe TpeOyeTcss CTUIN30-
BaTh.

2. Ctunp (Stylelmage) — uzo0pakeHue, CTUIbL KOTOPOro TpedyeTcs: mpu-
MEHUTb.

Jlanee anroput™M HM3MEHSIET KOHTEHTHOE H300paK€HHE TakuM o0pazom,
4TOOBl OHO COOTBETCTBOBAJIO CTUJIEBOMY H300paxkeHut0. B opuruHasibHOM a-
TOPUTME B KaUECTBE MOJIETIU CBEPTOYHONW HEHMPOHHOW CETH MPUMEHAIACH CETh
VGG16, onHako ceifuac JaHHBIA AITOPUTM peaiusyercs Ha 0osiee pa3BUTOM ce-
™ VGGI19.

Cetb VGG16 sBasieTcs CBEPTOUYHOU CEThIO, KOTOpasi CIOCOOHA ONpeesiTh
HEKOTOpbIE€ MAaTTEPHbI, KOTOPHIE YEJIOBEK HE CIMOCOOEH pacro3HaTh (TOHKHE
NpsIMbI€ JIMHUU, KPUBBIE PA3IMYHON (POPMBI, OKPYKHOCTH U Tak fajuee). Takue
NaTTEPHbl UMEHYIOTCS NpHU3HAKaMH, a HAO0Op MOJOOHBIX 3JEMEHTOB — KapTa
MPU3HAKOB. BBIMONHIETCS BBIJUIEHHE KApPT MPU3HAKOB C MOMOUIBIO MEPBOTO
cBepTouHoro ciost cetu VGG16. Yike 10-b1it cioii cnocoOeH pacrno3HaBaTh 00-
Jiee CIIOKHbIE MAaTTEPHBI — MAIIMHA, TEPEBO, KOILIKA U TOMY MOJJ00HOE.

Beinonssis nepenady cTuiisi, HEHpOHHAs ceTh He oOydaerca. Ckopee uTe-
PaTUBHO MOJIUDPUIMPYETCS KAKIbIM MUKCEIb TAaKUM 00pa3oM, YTOObBI MUHUMU-
3UpoBaTh (PyHKIUIO 3aTpar (morepb). [pyrumu cnoBamu, npu OOy4YEeHHH
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HEUPOHHBIX CeTel Mbl OOHOBJISIEM BeCa M CMEIICHUS, HO MPU TMepeaade CTUIIS
MBI COXPaHSEM BECa U CMEIICHUS TOCTOSHHBIMU.

@DyHKIMS 3aTpaT CYIIECTBYET Ha OCHOBE JIBYX TOHSTHHA - MOTEPS CTHIIS
(Lcontent) M OTEPS KOHTEHTA (Lgy e ).

1 2
Leontent(C, G, L) = 2 %j(all](C)y; — a[l](G)y)) ,
IJIe @ — TEH30p BBIXOJOB CJIOEB ceTH, / — HOMep cBepTodHOro ciosi, C —
nzo0paxenue, G - CreHepupPOBaHHOE U300paXKeHue, S - CTHIb U300paKEHUSL.

Lsty1e (S, G, 1) = —5— (X, (GM[II(S);; — GM[L](G);)))?,

4NEM}

rae GM|1](S) — marpuna I'pama jutst ctrneBoro usodpaxenus, GM[I](G) —
matpuiia ['pama 1t CTHIIEBOTO H300pakeHusI.

OOm1ast pyHKIMS TOTEPH BBHITTISAUT CIEAYIOUIMM 00pa3oM:

Ltotal(S' C; G) = aLcontent + IBLstylea

rre o 1 f — KodpUIueHTH 3HaYUMOCTH.

IMocTaHoBKa 32124

[Mpennonoxum, 4to TpeOyeTcs pecTaBpUpOBaTh KapTUHY, Ha KOTOPOM
IIpeACTaBiIeHa Ha puc. 1.

Puc. 1. Kapmuna Buncenma Ban I'oca «36e30uasn Houby

B neit yrpauen ¢parmeHT, KOTOpbIH Ha caMOM Jieie OblT BbIpe3aH IS 1o-
CJIEIIYIOLIEr0 CpaBHEHUs pe3yibTaToB (puc. 2). 3aadya — Ha PUCYHOK pecTaBpa-
TOpa BBITIOJIHUTH MIEPEHOC CTHUIIS aBTOPA.

o e

Puc. 2. Yoaneunwiii ppacmenm
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OO0uree onucanue uaeu AJIropuTMa

VGG19 — cBeprouHas HelipoHHas ceTel, cocrosmasn u3 19 cioes. JlanHas
ceThb oOydeHa Ha oOydaromeM MHoxecTBe, coctosimeM u3 10 000 000 muzobpa-
JKEeHHI pazmepoM 224x224 nukcenen [1] . JlaHHas HEWpOHHAsA CETh N3HAYAJIbHO
NPUMEHSETCS B 3aJja4aX KJIACCHU(PUKALUU, HO MOCJIE€ HEKOTOPHIX MOAU(PUKALIMIA
VGGI19 nomycTuMo MpUMEHATH B 3a7a4ax MepeHoca CTHIA[2].

Ha naHHBIf MOMEHT CyIIECTBYET MHOXECTBO MOJOOHBIX aJITOPUTMOB pas-
HOI CTENEeHW BBIYMCIUTENBHON CIOKHOCTH. B pamkax BBINOJIHsAEMON pabOThI
OyJlleT peaii30BaH ajaropuTM, npemyioxeHHbld B 2015 rony Jleonom I'atucom.
Wnes npocta — Oepercs UCXOJHOE M300paKeHUE, BEpHEE €ro MUKCeNd, KOTOo-
pbI€ pacCMATPUBAIOTCS B aITOPUTME TPAJUEHTHOTO CIyCKa KaK HacTpauBaeMble
napameTpbl. Uem Onmxke UCXOAHOE M300paKEHHE K JKETaeMOMY, TEM KPUTEPHil
KauecTBa JIOJDKEH ObITh MEHbIe. Takol alropuTM peasibHO peain30BaTh U 0€3
HEHPOHHOM CETH, OJIHAKO MMEHHO OHa JAa€T BO3MOYKHOCTH OLIEHUTh KOHKpET-
HOCTb M CTENEHb CTUIM3AMKU. TakuM o0pa3oM, HEMPOHHAs CETh UCIOJIb3YETCs
IIPY BBIYMCIICHUH KPUTEPHs KadyecTBa. B Xoje BbIOIHEHHs paboThl ObLI pa3pa-
00TaH croco0 MepeHeceHusl CTUIISL OJTHOTO M300pakeHMsI Ha JAPYroe Ha OCHOBE
anroputMa Jleona I'atuca. PazpaboTana oljeHka KauecTBa MepeHoca CTHIIS, KO-
TOpO€ OlLeHUBAET HeillpoHHas cetb VGG19 ¢ momonipio MeToAa rpagueHTHOTO
CITyCKa.

Pe3yabTarhl padoThl MeTOAA

BwmecTto pecraBparopa n3o0pa3suM HemocTaromui pparMent. Jlemaercs 3To
B [IpOCTENIIEM IPaPUUECKOM PEIAKTOPE.

Puc. 3. Boccmanoenennwiii 6pyuHy0 pucyHox
Tenepp co3mamum u300pakeHUE CTUJIEH — BO3bBMEM YK€ HMEIOIIeecs
M300paKEHHUE U U3 €T0 YacTeil MpUOIU3UTEITHFHO U KPYITHBIMUA Ma3KaMH cOOepeM
HOBO€. OHO CIYXKHUT ISl TOTO, YTOOBI aJITOPUTM MPUMEPHO MOHUMAT, B KAKYIO
00J1aCTh KaKOW CTHJIb TPUMEHUTH. Takoe N300pa’keHne MOJHOCTHIO CO3J]aHO U3
Y4aCTKOB HCXOJHOTO (puc. 4)
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Puc. 4. U306padsicenue cmunei

MeHsis KOJIMYECTBO UTEpaluii, pACCMOTPUM CaMbli YCHEHIHBIA pe3yJIbTaT
(100 mTeparnuii, Tak KaK UMEHHO Ha HEM CUJIbHEE BCETO MPOSBUIUCH Ma3KH KH-
CTBIO, U OH 00Jiee HACBIIIEHEH MO [IBETOBOW TraMMe), MOJYyUYEHHBIN aJrOpUTMOM,
C BOCCTAQHOBJICHHBIM BpYYHYI0. MOXXHO 3aMETUTbh, UTO A€ CXEMaTUYHBIH
HAaOpOCOK HEMpOHHAsi ceTh CMOCOOHa MpeoOpa3oBaTh B HEUYTO MOXO0XKEE Ha HUC-

XOJTHOC M300paKeHUE.
Taomuna 1

Pyunoii HaGpocok OpurvuHanbHbIN Qpar- BoccranoBneHHsbIl pu-
MEHT CYHOK C IPUMEHEHHEM
HEWPOHHOU CeTH

B xauecTBe 1ONOJHUTEIBLHOTO SKCIIEPUMEHTA ObLT IPOBEIECH NEPEHOC CTU-
a5 Ha uzobOpaxkenue. Ha puc. 5 uzobpaxen Psaszanckuit ['ocynapctBenHbiit Pa-
JUOTEXHUYECKUM YHUBEPCUTET B CTUJIE KapTHUHBI BuHcenta Ban ['ora «3Be3n-
Hasi HOYbY.
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Puc. 5. Ilpumenenue cmuns k uzoopasicenuio

3akioueHue

B 3amauax pecraBpaiuy KapTHH OCHOBHAas MpoOJIeMa 3aKII0YaeTCs B TOM,
4TO XYJ0KHUK-PECTaBPaTOP MOXKET CIy4YaliHO MIPUBHECTH COOCTBEHHBIC TIPABKH
B HCXOJHBIM CTWIb TOJ0THA. [laHHas paboTa HampaBjeHa B IOMOIIb TaKUM
crienuanucTaMm. B xoje BBITTOTHEHUS pabOThl OBLT pa3paboTaH CIOCO0 TepeHe-
CEHUSI CTHJIA OJIHOTO M300pakeHus Ha Jipyroe. CnenaHo 3TO ¢ TOMOIIBI0 METO-
Jla TPaJIMCHTHOTO CIyCKa, KPUTEPUM KadecTBa KOTOPOTO OIICHHWBACT HEHPOHHAS
cetb VGGI9.

B xoxe mpojenaHHBIX SKCIIEPUMEHTOB OBLIO BBISCHEHO, UYTO JaHHBIN CITO-
co0 TMO3BOJIAET aXKe U3 CXEMATUYHOTO M300paKEHUS pEeCTaBpUPyEeMOil 001acTH
MOJIYYNTh KaueCTBEHHBIN Pe3yJIbTaT — aITOPUTM JTO00ABHII Ma3KH KUCTHIO M CHIe-
nan u3o0paxkeHue 00see HACHIIIIEHHBIM.
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YK 21474
Cuntotun Ceprent AnexceeBnd, [lInmakosckas Oxcana FOppeBHa

PA3PABOTKA 3D MOJIEJIA KOPITYCA ITIOPTATUBHOI'O
IMHEBMOTPEHAKEPA HA OCHOBE TPYBEKHU ®JIEHIIA

Cmamusa noceewana pazpabomke Mooenu KOMNAKMHO20 NOPMAMUEBHO20
nHeeMompena’icepa, NpeoOHa3HaA4eHHo20 Ol MPEHUPOSKU U OUACHOCMUKU pPecnupa-
MOPHOU cucmemvl 8 0OMAWHUX ycaosusax. [Inesmompenasicep nosgonsem He MoabKO
8bIABUMb BO3MOMNCHbIE NAMONIO2UU ObIXAMENbHOU CUCMEMbl, HO U NPOBOOUMb Cepuul
ObIXAMENbHBIX YNPANCHEHUU, HANPABLEHHbIX HA AKMUBAYUIO ObIXAMIbHBIX (DYHKYUILL.
Ipunooicenue 8 anopoudycmpoticmee 8 UHOUBUOYATbHOM NOPsiOKe pecyaupyem ypo-
8€Hb CNIOACHOCMU MpeHadxcHo-uzposoli cumyayuu. Cobupaem u obpabamsvieaem aua-
aumuxy oannwix. Ilpu neobxooumocmu ocmanasiusaem ObIXameibHOe YNPAdiCeHue.
Lenvio pabomsi OvLIO co30anue NOPMAMUEHO20 MpeHaxcepa, ¢ MUHUMATbHLIMU Pa3-
Mepamu Kopnycda, npocmozo 8 UCNONb308AHUU, NPEOHAZHAYEHHO20 Ol 0OMAUIHE20
UCNONIBL308AHUS, OOCMYNHO20 NO YeHe 01 CPeOHeCmamucmuyecKo2o noib308amels.

Tpenasicep ovixanus, nneemompernaxcep, COVID-19, nuesmonus, cnupoepagus,
cnupomempus, mpyoxa Dretiwia, MOOeIUpo8aHue, MUKPOKOHMpPOJLIEp.

Sinutin Sergey Alekseevich, Shpakovskaya Oksana Yurievna

DEVELOPMENT OF A 3D MODEL OF A PORTABLE HOUSING
A PNEUMATIC TRAINER BASED ON A FLEISCH TUBE

The article is devoted to the development of a model of a compact portable
pneumatic simulator designed for training and diagnosing the respiratory sys-
tem at home. The pneumatic simulator allows not only to identify possible pa-
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thologies of the respiratory system, but also to conduct a series of breathing ex-
ercises aimed at activating respiratory functions.The application in the android
device individually regulates the level of complexity of the training and game
situation. Collects and processes data analytics. If necessary, stops the breath-
ing exercise. The aim of the work was to create a portable simulator, with a
minimum body size, easy to use, designed for home use, affordable for the aver-
age. user.

Breathing simulator, pneumatic simulator, COVID-19, pneumonia, spirog-

raphy, spirometry, Fleisch tube, modeling, microcontroller.

[TpoGiema 3aboneBaHusi MTHEBMOHUEH, BBI3BAHHOW HOBOW KOpOHABUPYC-
Hoii ungpekuuein (COVID-19) oxBaruna Bce crpansl mupa. [lannemus mpusena
K YBEJIMYEHHUIO HAarpy3KH Ha BCIO CUCTEMY 3JpPaBOOXPAaHEHHUS: HEXBATKa Jedeo-
HOTO TepCOHAaJa, MEPENOJHEHHbIE OONBHUIIBI U MOJUKIUHUKH, MOTPEOHOCTH
NAIMEHTOB B KUCIOPOJAHOM O00OpPYIOBAHUH M anmnaparax UCKYyCCTBEHHOW BEHTH-
nsun nerkux (UBJI) nist peannManinoHHbIX Meponpusitiii. Bo3nukia Heo6xo-
JUMOCTh Pa3padOTKU M MPUMEHEHHUS JbIXaTeJIbHbIX alnnaparoB M TPEHAKEPOB
JIBIXaHUS, TTO3BOJIAIOIINX aKTUBUPOBATH JIbIXaTENIbHbIE (PYHKIINH, CHU3UTH PUCK
BO3HMKHOBEHUSI OCJIOKHEHHH, MPOBECTU PEaOMIMTALMOHHBIE MPOLEIYypPbl U
OLIEHKY ()YHKIITMOHATILHOTO COCTOSIHUS ABIXaTeIbHOM CHCTEMBI MarueHTa [2].
OO030p CyIIECTBYIOIMX AHAJIOrOB IOKa3aj, 4YTO B HACTOALIEEC BpeMs
CYILLIECTBYET MHOKECTBO NPUOOPOB AJI JUATHOCTUKHU U TPEHUPOBKH JbIXATENb-
HOI CHUCTEMBI, KOTOPbIE MOT'YT PUMEHATHCS B CTALMOHAPE U B Mpeenax MoJu-
KJIMHUK M3-32 UX rabapuToB M TpeOYyIOT MPUCYTCTBHS CHEIHMATUCTa, 00Iagaio-
IIEr0 MEAMIIMHCKAMHU 3HAHUSAMU. TaxkKe CylecTBYIOT NpUOOPHI Il TPEHUPOB-
KM JbIXaHUs, KOTOPbIE MOTYT MCIOJIb30BaThCS J10Ma, HO JAaHHbIE NMPHOOpPHI HE
JUArHOCTHPYIOT OCOOCHHOCTH JBIXaTENIbHOM CHUCTEMBI, HE BU3YaJIU3UPYIOT pe-
3yNbTaThl TPEHHUHIOB, HE 00pabaThiBalOT JaHHBbIE 00 M3MEHEHHUAX paboThI pe-
cnuparopHoii cuctemsl [1,3-5]. IloaToMy BecbMa akTyallbHOM 3a/1ayel sBIIAETCS
pa3paboTka KOMIIAKTHOT'0, JOCTYITHOTO IO LIEHE, O3BOJISIOIIEr0 0Ib30BATENIO,
He obnagaronieMy npopecCHOHaTbHBIMU MEIULIMHCKUMU U TEXHUUYECKUMHU 3Ha-
HUSMH TPOBOJIUTH MHAMBUAYAJIBHYIO PEAOUIIUTALMIO PECHUPATOPHOM IbIXa-
TEIbHON CHCTEMBI, C BO3MOKHOCTBIO MPOBEACHNUA OOBEKTUBHOM OLICHKH PECIIH-
PaTOPHOM CHCTEMBL.
OaHUMUN3 OCHOBHBIX METOAOB JUArHOCTUKH NApaMETPOB JbIXaHUS SB-
JsieTcsl cnupomeTpus u cniporpadusi. J[aHHble METOJUKHA OCHOBAHBI Ha M3MeE-
pPEHUU MapaMeTPOB BO3AYIIHOIO MOTOKA B MPOLECCE AbIXaHUS, TAKUX (pU3HUe-
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CKUX BEJIMYMHKAK JaBJICHUE U CKOPOCTb €ro u3mMeHeHus (motok). CoBpeMeHHbIe
cnuporpadsl pe3yiabTaThl MEXaHUYECKOTO U3MEPEHUS BEIMYUHBITPEOOPa3yIOTB
ANEKTPUUECKUE CUTHAJBI, MO3BOJISIIOT OLUEHUBATH COCTOSIHUE JbIXaTEIbHOU CH-
CTEMbI YeJIOBEKa, BBISABJIATH 3a00jeBaHus. B kadecTBe MeTona JUisl U3MEPEHUs
noToka ObUl BbIOpaH MeTona TpyOka dreifiia - ycTpolcCTBO, MPEICTaBIAIONICE
co0o0#l TpyOy, BHYTpH KOTOPOM HAXOJIUTCA a3POJAMHAMHYECKOE CONPOTHUBIICHHE
B BHUje peuieTkd. C NOMOILIBI0 YCTaHOBJIECHHOTO AU(depeHInaIbHOro AaTunKa
U3MEpSAEM pa3HUILy AABJICHHUM, BO3HHUKAIOIIETO MPU MNPOTEKAaHWHM BO3AyXa B
TpyOKe 0 BO3IYIIHOI'O COMPOTUBIIEHUS (PEUIETKH) U Tociie pemeTku. Pasnuna
JABJICHUM 1O M TIOCJI€ COIMPOTHUBIICHMS] MPOINOPLHOHAIbHA 00bEMY BO3/yXa,
MPOTEKAIOUIEr0 CKBO3b PEIIETKY 3a €IMHHUIY BPEMEHU, TO €CTh CKOPOCTHOMY
MOTOKY.

Ha puc. 1 npencraBineH 3cku3 MOAENIH MOPTATUBHOTO MHEBMOTPEHAXKeE-
pa, mpeacTaBisionas coooi MajgorabapuTHbI TPUOOP, COCTOSIIINUNA U3 TPYOKH,
BHYTPH KOTOPOH HMMEETCsl a’pOJAMHAMHYECKOE COINpoTHuBiIeHHE (MeMOpaHa). B
IIPOCTPAHCTBE 32 MEMOPAHON HAXOJIUTCS BBICOKOUYBCTBUTENIbHBIA JAaTUUK JaB-
nenus [1,6,7] u maT4uk Temmeparypbl, KOTOPBIM HCIOIB3YETCA JJIsl PErUCTpa-
IIMM CKOPOCTHU Y HaIpaBJiIeHUs! BO3YIIHOIO MOTOKA.

MHeBMOTpeHaxep

o]

0000000

[eixaTensHan
Tpybka MueBmMopaTUMK

MyHALWTYK

4

MembpaHa

MukpokoHTponnep
n B6nok obpaboTku
W neepgayu
OaHHBIX

OQococooocoo

v (s)
_00000000000

Puc. 1. Coz0anue sckuza ovixamenvHou mpyoxu (mpyoxu Duetiwia), 8 cocmas Komo-

POl 6X00UmM 0aAMUUK OA61eHUS.
YemoBek IBIINAT B TPYOKY, OTOK BO3/yXa MOCTyMAaeT HA JATYHK, TO/I-

KITIOYEHHBI K MUKPOKOHTPOJIIEPY, KOTOPBI 00pabaThiBaeT U nmepeaacT JaHHbIE
II0 paJMOKaHaldy HAa aHAPOMI-YCTpOMCTBO. [Ipnnoxenue B aHIPOUAYCTPONCTBE
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oToOpakaeT 3TH JTaHHBIC B BHJIE ONPEICICHHON TPEHAXHO-UTPOBOW KapPTHHKHU
[1].

Jlanee Oputa pazpaboTaHa MOZeNb KOHCTPYKIIUU, KOTOpas BMEIIAET BCe
HEOOXOIMMbIE PJIEMEHTHI THEBMOTpPEHaXKepa (MUKPOKOHTPOIIEP, aKKyMYJIISITOP,
MOJIyJIb CBSI3H, IaTUYHK, KIABHATYPY) H OTBEYAaeT TPeOOBAaHUSIM MOPTATHBHOCTH
U MaJiorabapuTHOCTH.

Jist  pa3paboTku KOHCTpyKuMHM Obul BbeIOpaH mpoaykT OpenScad.
OpenScad- 3To nporpamma 2D/3D u TBEpAOTENBHOTO MOAECIUPOBAHUS, KOTOPAS
OCHOBaHa Ha (PYHKIIMOHATHHOM MPOTPAMMHOM SI3bIKE, HCIIONb3yeMas IS CO-
3aHUST MOJIENIEH, KOTOPhIE MOXKHO OTOOpa3uTh Ha dKpaHE U IKCHOPTHUPOBATH B
paznuunbie 2D/3D dopmartsl paidnos.

Jlist cozmanus MoJIeu Mprubopa U KOMIIOHOBKH COCTAaBJISIONINX JIEMEH-
TOB, OBUIH pa3pabOTaHbl MOJIENIM ATUX YCTPOMCTB, B BHUJIEC MapaJIICICIUIIECIOB C
COOTBETCTBYIOIIUMU Ta0apUTHBIMH Emv[epaMn.

A

PN
Puc. 2. I'abapummnvie pazmepbi 6HYyMpPEHHUX KOMNOHEHMO8 Npubopa (3eenvlil — aK-

KYMYJISIMOP, cepbllli — MUKPOKOHMPOJLIEP, CUHULL — MOOYIb C853U, KPACHBLU — OAmM4uK
oaenenus)

B nanHOM BapuaHTe KOpIyca pa3MeCTHTh Bce 00OpyAOBaHUE HE Mpei-
CTaBJISIETCS BOZMOMHBIM.

CrnenymoomuMm 1aroM CTajo MOJEIUPOBAHKUE T0OABOUYHOTO MPSMOYTOJIb-
HOTO KOpIyca, B KOTOPOM HAaxOJWUTCS aKKyMYJSTOp, MOAYJb CBSI3U, MUKPO-
KOHTPOJUIEp U COBMEIIEHHE €r0 ¢ LHUIMHAPOM-3aryOHHUKOM, B KOTOPOM Haxo-
JUTCS. AATYUK JTaBJICHHUS.
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Puc. 3. Mooenv nneemompenasicepa Nel

IIpencraBienHas Ha puc. 3 MOJEIb MTHEBMOTPEHAKEPA BMEILIAET BCE He-
00XOMMBbIE 3JIEMEHTHI TprOopa, HO hopMa KOpITyca HETEXHOJIOTHYHA - MOTpe-
OyeTcst BecbMa clokHasi mpecchopMa Mpu MAacCOBOM NMPOU3BOJACTBE, YTO MPH-
BEJICT K MOBBIIIEHUIO0 CTOMMOCTH M3TOTOBJICHUS prubopa.

Pemenne nanHOW mpoOieMbl CTAaHET BO3MOXHBIM, €CIIM HCIOJIb30BATh
HE MPOJOJIbHYI0 KOMIIOHOBKY 3JIEMEHTOB, a MOMepedHyro. s 3Toro HeoOXo-
JTUMO pa3BepHyTh TpyOy Ha 90 rpagycos. [Ipuuem numMerp TpyOBIAOIKEH COOT-
BETCTBOBATh pa3Mepy NPSIMOYTOJBHOTO Kopmyca. [IpsMoyrosbHbIi KOpIyc 3a-
KPBIBAETCS ChEMHON KPBILLIKOM.

[Tockonpky mepBasi yacTh TpyOku Dielilia HEMOCPEACTBEHHO cOooOIIa-
eTcsi ¢ atMocdepoir U GopMUPYET HAMPABICHHBIN MOTOK, TO 0€3 OOJBIINUX TO-
IPELIHOCTEN JJI1 OTHOCUTENBHBIX M3MEPEHHI MOTOKA MOYKHO €€ yOpaTth, OcTa-
BUB TOJIBKO YacTh TPYOKH 3a a’poAMHAMUYECKUM comnportusiieHueM. [Ipu stom
MOYHO UCITOJIb30BaTh OJAVH BBICOKOTOYHBIM JATYMK JABJICHUS 1O SKCIIEPUMEHTA
OH (UKCUpPYET cTaTuYeckoe aTMoc(hepHOe IaBlIeHUE, BO BPEMS SKCIIEPUMEHTOB
- JaBJE€HHE BO BTOpOM yacTu TpyOku Drneiimia, cuuTas, 4To aTMOC(pepHOe TaB-
JIEHVE CHUJIBHO HE MEHSIETCS BO BpeMs dKClepuMeHTa. [lockonbky B paMKax 3a-
Jlay IIPOEKTa MHTEPEC MPEACTABIIET JIMIIb IBUKEHUE ITOTOKA, N3MEHEHUEM aT-
MOC(EpHOTro IaBJICHHUS BO BpEMSs IKCIIEPUMEHTA MOKHO NMPEeHEOpeUb.
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Puc. 4. Mooenv nnesmompenasicepa Ne2

Ha puc. 4 IMpcacTaBjICcHa BTOPad MOJACJIb ITHCBMOTPCHAXKCPA C IIOIICPCH-
HOM KOMIIOHOBKOH 3JIEMEHTOB. B JaHHOM BapHaHTC YIaJIOCh CKOMIIOHOBATH BCC
QJICMCHTDBI npn60pa. I[aHHBIﬁ BapHaHT ABJIICTCA HauoOoee KOMIIAaKTHBIM, TCX-
HOJIOTUYHBIM, y2[06HBIM I UCIIOJIB30BaHUA, MCHCC XPYIIKHUM 3a CUET YMCHb-

IMCHUA BBICTYIIAOIIUX 3JICMCHTOB.
N
F T

Puc. 5. Mooenv nnesmompenasicepa ¢ nonepeyHol KOMNOHOBKOU 21eMEHMO8

C nomoupl0 AaHHOrO mNpuOoOpa NpH HAIMYMUKA aHAPOUA-YCTPOMCTBA
IIOJI30BATENIb CMOXKET TPEHUPOBATH JABIXATEIBHYIO CUCTEMY B JIOMAIIHUX YCJIO-
BUsX. [laHHBII pUOOpP MO3BOJIUT aKTUBUPOBATH JbIXaTEIbHbIE (YHKIUUA U CHU-
3UTh PUCK BO3HUKHOBEHMS OCIIOKHEHUN ISl JIIOJIEW CTPAJAOIINX XPOHUYECKU-
MU 3a00JI€BaHUAMM AbIXaTENbHBIX MyTEH, a TAKKe OT MOCJIEICTBUI MTHEBMOHUH,
B ToM umcie BbizBaHHOM COVID-19. JlanHbiil npubop OyAeT akTyajeH U UHTe-
pECeH CIOPTCMEHAM, KOTOPHIM HEOOXOJIMMO BbIpaOaThIBATh MPABUIIBHBIN TEMII
U TIIyOMHY JIbIXaHHMS, a TAKXKE JIOASAM, CIEIAIIUM 332 CBOUM 310POBbEM IS MPO-
BEJICHUS JAbIXaTEJIbHOIO TPEHHUHTA.
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VJIK 681.33
VYnon Esrennit Bacunbesuu

IOCTPOEHUE I'PAYUPOBOUYHOM XAPAKTEPUCTUKHU
TEPMOAHEMOMETPA

B pabome paccmampusaemcs 803MONCHOCHb NOGBIUUEHUS MOYHOCTIU UBMepe-
HUUl 3HAYEHULl CKOPOCU NOMOKA HCUOKOCHU C NOMOUWBIO MEPMOAHEMOMEMPULECKUX
uzmepumerell npu UCNOIb308AHUU MEMOO NOCMPOEHUs NPOCMPAHCIEEHHOU MY TbMU-
CecMEeHMHOU NnepedamoyHol XapaKmepucmuku Ha OCHO8e HETUHEUHbIX NPOCPAH-
CMBeHHbIX dNleMeHmos. Paccmampusaemasn modens nepedamoyHol XapaKmepucmuxu
MAKCUMANLHO A0anmuposana K 0COOeHHOCMAM KoH@uaypayuu @yHKyuu npeoopaso-
BaHUSL NEPBUUHO2O UMEPUMENbHO20 Npeodpazoeamens, (Qaxmuiecku noemopss ee
NPOCMPAHCMBEHHYIO (POPMY C YUemoM HeluHeUHOCmuU, Opeliha Hys U GIUAHUL MeM-
nepamypbul Ha 8bIXOOHOU CUSHAT npeobpazosamens. Takoi memoo obecneuugaem Hu3-
KYI0 NOZPEUIHOCHb 8bIMUCLEHUSL CKOPOCMU NOMOKa dcuokocmu. Mccredosanue npogo-
OUNACh HA OCHOBE IKCNEPUMEHMANIbHOE OAHHBIX, NOIYYEHHbIX 8 npoyecce ux epaoyu-
POBKU PeanbHO20 YYBCMBUMENbHO20 JJIeMeHMA NPU PA3IUYHbIX 3HAYEHUX memnepa-
mypol. [lonyuennvle pesyivmamol NOKA3bI8AIOM, YMO MAKCUMATbHASL NPUBEOEHHAS NO-
CPEWHOCNb UBMEPEHUs CKOPOCIU NOMOKA HCUOKOCTIU MEPMOAHEMOMEMPOM C NPU-
MeHeHuem paccmampugaemo2o memooa He npesviuiaem 0,45% npu npouseonbHO,
3apuKCcUpoBanHoOll NPu NPOBedeHUU U3MepeHUll memnepamype.

Tepmoanemomempuueckuii  usmepumensb, NPOCMPAHCIBEHHAS  MYbIMUCe2-
MEHMHAsL XApAKMepUCmuka npeoopazo8anusi, NOSPeutHocmy, CKOPOCHb HOMOKA
ACUOKOCTU, ANNPOKCUMAYUSL, MEMOO HAUMEHbULUX KBAOPAMOS.

Udod Evgeniy Vasilyevich
FORMATION OF ERRORS IN DIGITAL PRESSURE SENSORS

The paper considers the possibility of improving the accuracy of measurements
of fluid flow velocity values using thermoanemometric meters when using the method
of constructing a spatial multi-segment transfer characteristic based on nonlinear spa-
tial elements. The considered model of the transfer characteristic is maximally
adapted to the configuration features of the conversion function of the primary meas-
uring converter, actually repeating its spatial form, taking into account the nonlineari-
ty, zero drift and the influence of temperature on the output signal of the converter.
This method provides a low error in calculating the fluid flow rate. The study was
conducted on the basis of experimental data obtained during their calibration of a real
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sensor element at different temperature values. The results obtained show that the
maximum reduced error of measuring the fluid flow velocity by a thermoanemometer
using the method under consideration does not exceed 0.45% at an arbitrary tempera-
ture recorded during measurements.

Thermoanemometric meter, spatial multi-segment characteristic of the trans-
formation, error, fluid flow rate, approximation, least squares method.

CHM>KEHUE NOTPENIHOCTH WU TOBBIIMIEHUE JTOCTOBEPHOCTH OIPEICICHHUS
3HAYEHUN (PU3NYECKUX BEIUYMH MPECTaBIsSET COOOM OJIHY M3 BAXKHEWUIIUX 3a-
Jla4y COBEPIICHCTBOBAHUSI MAaTEMAaTUUYECKUX U aITOPUTMUYECKUX METOJ0B 00pa-
OOTKM JaHHBIX B MHKPOIPOIIECCOPHBIX JaTyMKax (puanyeckux BeauyuH [1, 2].
[IpoOnema MOBBILIEHUS] TOYHOCTH U3MEPEHUN aKTyallbHa KaK MPHU MOCTPOCHUU
JTATYUKOB U U3MEPUTEIIBHBIX YCTPOUCTB [3 — 5], Tak ¥ nMpu NPUMEHEHUH PE3YJIb-
TAaTOB U3MEPEHUM NI PELICHUS 3aa4 MOHUTOPUHTA U YIIPABJIEHUS, B TOM YHUC-
Jie, OLEHKH M MPOTHO3UPOBAHUS COCTOSTHUS KOHTPOJIUPYEMBIX (PU3NYECKHUX TTe-
pEMEHHBIX U 00BEKTOB [6, 7]. CHI>KEHUE MOTPEIIHOCTH U3MEPEHUMN CBSI3aHO C
UCIIOJIb3yEMOM B JaTUMKE MOJENH XapaKTEepUCTUKHU MpeoOpa3oBaHus (rpaayu-
POBOYHOI XapaKTEPUCTUKH).

O06paboTKa MOCTYMAIIMNX CUTHAIOB B MUKPOIIPOLIECCOPE TaTYUKA MOMKET
OCYILECTBIISITECA C HCIIOJIB30BAaHUEM pPA3JIMYHBIX MOJEIEN XapaKTEPUCTUKH
npeoOpa3oBaHus, TAaKUX KaK KyCOYHO-JIMHEHHas allpoKCUMalus MpOCTpaH-
CTBEHHOM XapaKTEpPUCTUKU MpeoOpa3oBaHUs JaTyuka [§], MaTpuuHas MOJIMHO-
MHaJIbHAsE MOJIETb [S — 8], anmpoKcuManus XapakTEPUCTUKU C UCOJIb30BAHUEM
CILJIAHOB [ 7], aITOPUTMBI HEUPOHHBIX ceTeM [8].

[lepeuncneHHple MOJENN MCIIOIB3YIOT €IMHOIO MPEICTABIECHUE XapaKTe-
PUCTHUK IIpeoOpa3oBaHus AJid Bcel 00JaCTH U3MEHEHUs] U3MEPSEMON BETUUYHUHbI
Y BHEIIHETO BiIMsIONMEro (akrtopa (00JacTh OnpeeeHus: XapaKTepUCTUKH) [8].
JIns MOBBIIEHHSI TOYHOCTH M3MEPEHUS CKOPOCTH MOTOKA KUIKOCTH C ITOMO-
1IbI0 TepMOaHeMoMeTpuueckux usmepureneit (TA) B paboTe mpennaraercs uc-
IIOJIb30BATh METOJ MYJIbTUCETMEHTHOW allpPOKCUMALUKM XapaKTEPUCTUKU IIpe-
oOpa3zoBaHusl MUKponpoueccopHoro aatuuka [1 — 4]. WccnenoBanue >¢dek-
TUBHOCTH NPUMEHEHUS METOAA MYJIbTUCETMEHTHOW anIIPOKCHUMAalUU IPOBOIU-
JJACh HA OCHOBE JKCIIEPUMEHTAIBHBIX JAaHHBIX, ITOJIYYEHHBIX B IIPOLIECCE TPALY-
MPOBKH PEATBHOTO AATYMKA IPU PA3JIMYHBIX 3HAYEHUSAX TEMIIEpaTypbl U CKOPO-
CTH INOTOKA XUAKOCTH. McnpITaHus npoBOAWINCH JUISl IBYX OJHOTHIIHBIX TEP-
MOAHEMOMETPHUUECKUX U3MEpPUTEIeH CKOPOCTH MOTOoKa ®KUJAKocTH (Nel u No2) B
JIMana3oHax CKOpOocTel MOTOKOB (OpUEHTUPOBOYHO) OT 1,46 M/c o 11,5 m/c st
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nepBoro oopasna u ot 1,79 m/c go 15,00 m/c qyst apyroro o6pasua npu 4-x 3Ha-
YeHUSX TeMrneparypsl 1 nepBoro odpasua (T ~ 23-25°C, ~ 30°C, ~ 38-39°C, ~
45-47°C) n 6-Tu 3HaUYECHUSIX TeMIiepaTyphbl A BToporo oopaszua (T ~ 21-23°C, ~
25°C, ~30-31°C ~ 35-36°C, ~ 40-41°C, ~ 45-47°C).

JlaHHbIE MCOBITAHUA TEPMOAHEMOMETPUUYECKUX H3MEPUTENEH CKOPOCTH
MOTOKA KUJKOCTH XapaKTePU3YIOTCS 3HAUUTEIbHON HEIMHEMHOCThIO MpHU 3a]1a-
BaeMOM TeMIlepaType, U3MEHSIOIIENCS B HEOOIbIIOM AUana3oHe BETUYUH OTHO-
CUTEJIBHO HEKOTOPOI'O CPEIHEro 3HaueHusd. /lMama3oHbl OTKJIIOHEHUN TeMIlepa-
Typbl JocTuranu 3Hauenuit B 1-2°C. HenuneitHocTh Ha0/II0Aa€TCsl HA BCEM JUa-
Ma30HE U3MEHEHHSI CKOPOCTH MOTOKA KUJKOCTU. 3aBUCUMOCTb AJIEKTPUUECKOTO
CUTHajla KaHajga U3MEpeHHsl CKopocTh notoka U, TA OT TeMneparypsl Takke
UMeeT HeJMHEeNHbIN Xapakrep. [Ipu yBennueHuun temmepaTyphl A1 OAHUX U TE€X
K€ 3HAYEHUSX CKOPOCTH IMOTOKA BBIXOJHOW cUrHan Uy, yMeHbIIAaeTcs, YTO Ha
rpadukax puc. 1 u puc. 2 BRIIIAIUT Kak "criofi3aHue" XapakTepUCTUKHU, TO €CTh
CABUT B 00J1aCTh 00Jiee HU3KUX 3HAYEHUN U3MEPSAEMOro 3JEKTPUUECKOTO CUTHA-
na.

Viw/c)

= 3 ' T 1.8
1.6 1.7 8 {_I‘i‘ ) 2 21 22 Ul (13)

Puc. 1. M3menenue cuenana TA Nel Puc. 2. Uszmenenue cuenana TA Ne2 6
8 3aBUCUMOCINU OM CKOPOCMU NOMOKA 3A8UCUMOCIU OM CKOPOCMU NOMOKA
ACUOKOCIU NPU PA3TULHBIX MeMNepa- HCUOKOCIU NPU PATUYHBIX EMNePany-
mypax pax

Kpome Toro, peanbHas xapakrepuctuka npeodpasoBanus TA npeacraiis-
€T BOTHYTYIO IOBEPXHOCTh B cucreme napamerpoB VxUwpxT, xkoTOpas mumeer
0COOEHHOCTH, — 3TO BOTHYTasl IOBEPXHOCTh OTHOCUTENFHO 00JIaCTH Ompezene-
HUA UwXT, TpaHuIbl NOBEPXHOCTH HE MapajuiesbHbl OTHOCUTENBHO ocu 0T
(puc. 3, 4).

[IpocTpaHCTBEHHYI0 MYJIBTHCETMEHTHYIO XapaKTEpPHCTUKY mpeolOpa3oBa-
Hus (MCXII) mns TA ¢opmupoBanu Mo JaHHBIM HCTIBITAHUHN CIEAYIOIUM 00-
pasom:
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— no napameTpy Ui 3HaU€HHS BRIOMPATUCH JIST KAXK0M 3a7]aBaeMOil TeM-
MepaTypel U3 psija 3HAYCHUN 4epe3 OJIMH, HAUYMHASL CO 3HAYEHUsI, COOTBETCTBY-
FOIIEr0 HAUMEHBIIIEW CKOPOCTH MOTOKA KUJIKOCTH;

— He BhIOpaHHbIC JJIsI IOCTPOEHUS TPATYUPOBOYHON XapaKTEPUCTUKU 3HA-
YEHUSI UCIOJIB30BAIIUCH I OLUECHKH MOTPEIIHOCTEN BBIYMCICHUS U3MEPEHHBIX
CKOpPOCTEM MOTOKA )KUAKOCTH ¢ moMouipio MCXII.

V(mlc)
Mo oo e

T (°C) ’ Uta (B)

Teo Uta (B)
Puc. 3. Xapaxmepucmuxa npeoopazosa-  Puc. 4. Xapaxmepucmuxa npeoopaszosa-
Hust TA Nel 6 npocmpancmee VxUtaxT,  nusa TA Ne2 ¢ npocmpancmee V*xUta T,
NOCMPOEHHAs NO pe3yTbMmamam UCHblma- — NOCMPOEHHAs NO pe3yIbMamam UCnbl-

Hu maHul

KonnuectBo cermenToB 1o ocsm temreparyp 0T u OUta — 3.

Koappummentsr  anmpokcumarmu  MCXJ[  ompeaeisuii = METOAOM
HaWMEHBIINX KBAJPATOB JUISl KaKJIOIO CErMEHTA C UCIOJIb30BaHUEM SKCIEPH-
MEHTaJIbHBIX TOUEK, MPUHAIUICIKAIUX 00IaCTH OMPEIeTICHNs CETMEHTA.

Ha puc. 5 u puc. 6 npencrasieHsl rpaduKy MPUBEICHHON MOTPEIIHOCTH
BBIYUCJICHUS 3HAYEHUI CKOpOCTU ABUKEHUS KUAKocTH Aiist TA Nel u TA Ne2 ¢
MCIIOJIb30BaHUEM HEJMHEHHBIX MPOCTPaHCTBEHHbIX 3neMeHToB MCXII npu 3a-
JlaBaeMbIX Temrieparypax. Ciaeayer OTMETUTh, YTO MOrPEIIHOCTh alMpOKCHMa-
IIUM B JJAHHOM ciiy4ae 3HaunTeapHo Huxe 0,01%, 4To Mo3BOJSET HE YUUTHIBATH
ee IIPU U3MEPECHUSIX.

N3 Bcero BbIIIE CKa3aHHOT'O MOKHO CAENaTh CIEAYIOIIUE BHIBOIBI:

— MIPU KOPPEKTHOM CHCTEMHOM TMOJIX0/I€ K MPOEKTUPOBAHUIO IIHU(PPOBOTO
JlaTYMKa CKOPOCTH MOTOKA KUAKOCTH CyMMapHas CyMMapHasi MOrPEeIIHOCTb U3-
MepeHHusi OyJeT 3HAYMUTEIHLHO MEHBIIE CYMMAapHOUW MOTPENTHOCTH aHAJIOTOBOTO
JaTYUKA;

— MOTPEIIHOCTh U3MEPEHUSI CKOPOCTU IMOTOKA MKUJIKOCTH C MOMOILBIO
TEPMOAHEMOMETPA C HCIOJIb30BAHHUEM MYJIBTUCETMEHTHOW MPOCTPAHCTBEHHOMN
XapaKTEePUCTUKU TPeoOpa3oBaHUs TO3BOJISIET TOJYYHUTh PE3yJbTaT C MAaKCH-
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MaJIbHOW MpUBEACHHON norpemHocTh ~ 0,45% npu npon3BoOIbHON TEMIIEpaTy-
pe, 3a)UKCUPOBAHHOM MPHU MPOBEJICHUN U3MEPEHHUI;

0.5 .45 T

*T=23°C .
T =3] °C i i 035
©T=40°C
o8T=47°C

u =

[Tpuise @Hman norpemHocTs (%)
[

TIpHBeIEHHAs 1107 PEIHOCTh

Puc. 5. I'paghuxu npusedennou no- Puc. 6. I'paghuxu npusedennou noepeuiro-
2PeUtHOCMU BbIYUCTEHUS CKOPOCMU CMU BLIYUCTIEHUSL CKOPOCMU NOMOKA HCUO-
HOMOKA HCUOKOCMU C NOMOWBIO MYlb- KOCMU € NOMOWBIO MYIbMUCE2MEHMHOU

MucecMeHmHOU XapaKkmepucmuku npe-  xapakmepucmuxu npeoopazosanus TA Ne2
oopazosarnus TA Nel

— HEOOXOMMO TIPUMEHSATh U COBEPIICHCTBOBATh MaTEMAaTHUYECKHUE U aJl-
TOPUTMHYECKUE METOJIbI KOMIICHCAIIUU BJIUSHHS BHENTHUX (DaKTOPOB B BHJIC
TEMIIEPATYPHOTO BO3/ICUCTBUA.
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YK 621.396
CnenoB Anexkceii ['ennanbeBny, bepemmnonos Urope CepreeBuy

OIITUMU3BAIIUA AJITOPUTMA U3BJIEYEHUA UHOPOPMAILIUHU U3
PE3IOME JJI51 DJ®®EKTUBHON PABOTHI PEKPYTUHIOBOI
CUCTEMBI

Peszome — smo nonycmpykmypuposaunwiti (ciabocmpykmyupo8antulii) OOK)-
MeHm. Dmo o3Hayaem, umo 8 KaxiCOOM aiiie cooepicamcs OaHHvle, 8 KOMOPbIX
MOJCHO 8blOEIUMb HEeKOMOPYIO CMPYKMYpPY, HO CIMPYKMYpa ImMux OAHHbIX HeooCma-
MOYHO CcmMpo2as Oaf XPaHmeHus ux 6 mpaouyuoHuwvix cucmemax. Cywecmegyem no-
mpebHOCMb 8 MOOenU UHMELIeKMYalIbH020 AHAIU3A MeKCmd, KOmopas uibmpyem
KJl0Yesble Cl08a, maKue KaK onvlm, unmepec, Keamugurayus u m. o.

B smoii cmamwve npednacaemcs nooxoo k uzeneuenuio uHgopmayuu u3z peome,
KOMOpblll 8KII0UAem 8 cebs KIacCupukayuro mekcmogulx 010K08. IKchepumeHmaib-
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Hble pe3yibmamul Ha peaibHOM Habope OaHHbIX NOKA3bIBAIOM, YMO AN20pUmM U3éie-
yeHus ungopmayuu uz pesrome pearusyem u 2¢gexmueen.
H3eneuenue ungopmayuu, onmumuzayus areopumma, peKpymunH208as cucmemda

Sleptsov Alexey Gennadievich, Bereshpolov Igor Sergeevich

OPTIMIZATION OF THE ALGORITHM FOR EXTRACTING
INFORMATION FROM THE RESUME FOR THE EFFECTIVE
OPERATION OF THE RECRUITING SYSTEM

A resume is a semi—structured (loosely structured) document. This means that
each file contains data in which some structure can be distinguished, but the structure
of this data is not strict enough to store them in traditional systems. There is a need for
a text mining model that filters keywords such as experience, interest, qualifications,
elc.

This article suggests an approach to extracting information from a resume,
which includes the classification of text blocks. Experimental results on a real data set
show that the algorithm for extracting information from a resume is realizable and ef-
fective.

Information extraction, algorithm optimization, recruitment system.

BBenenue

Pekpytunrossie mnargopmel B MHTepHETEe WrparoT BaXKHYK poib. B
HACTOsIIIee BPEMS MOYTH Kak/1asi KOMIIaHUS WM OTZEN MyOJIMKYeT CBOM Tpebo-
BaHMUS K paboTe Ha pas3IMYHbIX OHJalH-TUIaTdOopMax Mo MmoAdOpy INepcoHaia
[1]. UHTEepHET-pEKPYTUHT OYEHb MOJIE3EH ISl 3KOHOMUHU BPEMEHHU KakK padoTo-
JlaTelieu, Tak U COTPYTHUKOB

MHorue pe3toMe HamucaHbl HE B COOTBETCTBHM CO CTaHAAPTHBIM (popma-
TOM WM OIpEACNCHHbIM (aillioM-11abJoHOM. DTO SBJIEHHE O3HAYaeT, YTO
CTPYKTypa JaHHBIX PE3OME HMMeEeT OOJblIyI0 HeompeneneHHocTb. Haubonee
CJIOHOM YacThIO SBISIETCA OTCYTCTBUE CTAaHAAPTHOM CTPYKTYpHI U opMata pe-
3I0M€, 4TO JENAeT KPATKUH CIUCOK *KelaeMbIX Nmpoduiiend 11 He0OXOAMMbBIX
pOJIEW OYEHb YTOMUTENBHBIM U TPYAOEMKHUM [2]. BO3MOXHOCTE OTCEATH HEpe-
JIEeBaHTHbIE TPO(UIN KaK MOXHO paHbllle B KOHBeWepe MPUBOAUT K SKOHOMUU
CPEIICTB, KaK MO0 BPEMEHH, TaK U MO JE€HbIaM

[Toutn KakIblil KaHAWAAT TBITAETCS KUCIOIb30BAaTh YHUKAJIbHBIN 1IA0JIOH
JUTsl pa3Menienns nHpopMali B CBoeM pestoMe. Jlaxe 1mabioHbl, KOTOpbIE ye-
JIOBEYECKOMY TJIa3y MOTYT IMOKa3aThCsA HEPA3IMYUMbIMU, MO-pa3HOMYy 00pada-
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THIBAIOTCSI KOMIBIOTEPOM. DTO CO3/1a€T BO3MOXKHOCTH HCIIOJIb30BAaHUSA COTEH
ThICSY IIAOJIOHOB JJIs HAaNMCaHus pe3tome 1o BceMy mupy. He Bce malnoHbI
jerko yutath. Hanpumep, B pe3romMe MOKHO HaWTH TaOIULbI, rpaduKH, CTOJIO-
IbI, U KXl TaKOM OOBEKT HYXHO YUTATh Mo-pazHoMy. [losTomy nerko cie-
JaTh BBIBOJ, YTO Mapcepbl HA OCHOBE MPABWJI HE MMEIOT LIAHCOB, U TpeOyeTcs
MHTEJIEKTYaJIbHBII aJrOpUTM ISl OCMBICIIEHHOT'O U3BJIEYEHUSI TEKCTa U3 HEOO-
pabotanHbIX 1okyMeHTOB (pdf, doc, docx u T. 1.).

HN3Baeyenue uHpopMmauum U3 pe3rome

Bxoa. YuuteiBas HaOop pe3toMe ¢ pa3iIudyHbIMUA TUMAMH (PailioB, TAKUMU
kak doc, Docx u pdf, stu ¢aiinel 6ynyt odpadoransl Tika, 4ToOBI MOIYYHUTH
HEe0OpaOOTaHHBIA TEKCT, TJI€ MakKeThl Ta0IUL, THN wmpudTa, a nBera mpudTa
Ooynyt ynanensl [3]. UnctpymenTapuii Apache Tika oOHapykuBaeT v U3BJIEKaeT
MeTaJlaHHble M TEKCT U3 00Jiee YeM THICSUYM PA3TUYHBIX THUMOB (haljIoB (TaKUX
kak PPT, XLS u PDF).

Boixon. CTpyKTypupOBaHHbIE BBIXOAHBIE JAHHBIE PE3IOME JOJIKHBI COEP-
KaThb (pakThl O YEIOBEKe, 3amucaHHble B (paitne pestome [2]. B mponecce npen-
BapUTEIbHOM 00paOOTKHU TaHHBIX HEOOPAOOTAHHBIM TEKCTOBBIM KOHTEHT H3BJIE-
KaeTcsl U3 UCXOAHBIX (paillioB pe3toMe, a HEKOTOpbIE MOATOTOBJIEHHbBIE PAOOTHI
no 00pabOTKE MCMONB3YIOTCA ISl OYMCTKH JIaHHBIX OT IIYMOB, BHECEHHBIX C
nomoipto Tika, BKkitouas yganenue n3o0paxeHuil, GOHOBOTO BETA U BOJASHBIX
3HAKOB.

Knaccudukanusa tekcroBbix 010koB. Kiaccudukanus TeKCTOBBIX OJIOKOB
ABJISICTCS BaKHBIM IIarOM B 3TOM Mpolecce u3BiaeueHus [4]. boabIMHCTBO JtO-
Jel moOsT mucaTh MOJNUCH B Havaje Kaxjaoro Onoka, Hanpumep, «O0pas3oBa-
HUE», « DKCIEPUMEHTHI NpoekTa» u «MHTepecsl n xo00m». Kaxnoe npennoxe-
HUE C TErOM paccMaTpHUBAETCs KaK OAHO CJIOBO JJISl BBIUMUCIEHUS €r0 4acTOTHI
BO BCEM HAOOpe JaHHBIX, MOCKOJIBbKY OOJIbIIAsk YACTh 3arojOBKa BCETa 3aHUMa-
eT BClo CTpoky. Dopmysia BEPOATHOCTH, UCMOJIb3yeMas sl MOUMCKA MOTEHIH-
aJIbHBIX CIIOB 3ar0JI0BKa, orpeensercsa kak Simple.

. _ Countsentencei
p(caption,) = Smsatene (1)

r7ie sentence; KOMMYECTBO MPEIIOKEHUH, MOSBIISIOMNUXCSA B HA0OpE MaHHBIX, a
Count,egyme 001ICE KOMMUECTBO HAOOpa AaHHBIX pe3tome [2]. [locne ynanenus
CTOII-CJIOB U HEKOTOPOT'O0 TEKCTOBOTO MOJM(HUKATOPAa CHHOHMMBI OBLIO JIETKO
HAWTH ¥ CTPYNIIUPOBATH B JIPYro# KIacTep ¢ APYTHUM 3aroJIOBKOM OJIOKa.

JIJIsT KaXKJIOTO pe3toMe €CTh HEKOTOpask CKphbITas CHHTaKCHUecKas WHQOp-
MaIyst 0 CTPYKType, KOTopasi OTINYACTCS OT MOBEPXHOCTHOW MH(GOpPMAIIUH, Ta-
KOH Kak pa3mep mpudTa, IBeT mpudTra u suehiKu.
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[locne ouncTkn HEOOPAOOTAHHOIO TEKCTa CTPOKU TEKCTa PE3tOME MOJr0-
tapiuBatoTcst [5]. CoOupaeTcs MHOXKECTBO CYIIHOCTEH HMMEHHU, TaKMX Kak
Ha3BaHHE YHUBEPCUTETA, HA3BAHUE KOMIIAHUH, JOJDKHOCTH M OTHEI, KOTOPBIE
JIETKO M3BJIeYb W3 pa3iInW4HbIX HOocuTesew B MHTepHere. Hexkortopble npuMepsl
JAHHBIX NPEJICTaBICHbI HAa pUC. 1. DTH JaHHBIE UCIONB3YIOTCA AJIA 00y4YeHUS
0a30BOro KiIaccu(pukaropa, BKIIOYasi Ha3BaHUE YHUBEPCUTETA, HA3BAHUE JOJIK-
HOCTH, Ha3BaHUE OT/IeNa, NICHTU(PUKALIMOHHBII HOMEpP U T.I.

HaseaHue yHuBEpCUTETA Ha3spaHue KoOMNaHun HaseaHWe OMKHOCTH

MHCTUTYT MeXayHapoaHsIx 3poposas depma Menexep
3KOHOMUYECKUX CBA3EN

Cesepo-3anafHbii MonaTu ypHanuct
WHCTWUTYT ynpaeneHus
PAHXWIC

CuctemHbIn

Poccuitckuin HoBBIA MykomMoneHelia 3asog, My3a aAMHHUCTPATOP

yHWBEpCUTeT

Bonro-Batckuia punwan

MTYCH FascTpoitnpom WHxeHep

Puc. 1. Obpa3syvi 0anHbIx MYyT6MUKIACCOB020 Klaccugurkamopa

JKCIepUMeHTAIbHbIE TaHHbIE

AJNTOPUTM MPOTECTUPOBAIM JJIsl OLEHKH €ro MPOU3BOJUTEIBLHOCTH Ha pe-
allbHOM Habope naHHbIX. CpaBHUTENBHBIN aHAIM3 MIPOBOJUTCS MO KIacCUpUKa-
LIMU TEKCTOBBIX OJIOKOB M MOJAPOOHOMY M3BJIEUCHHIO 3HAHUI MO TPEM MOIYJISM,
BKJIIOYasi OMBIT 0Opa30BaHUs, OMBIT PaOOTHl U OCHOBHYIO HH(OPMAIUIO IS
KaXk1oro pestome [3].

Hab6op gannbix. UToObI MpOBEpUTH MPEATOKEHHBIN alrOPUTM, ObLIT MPOBE-
JIEH 3KCIIEPUMEHT C TECTOBBIMU PE3IOME, KOTOPBIE BBIJIOKEHBI B OTKPBITHIX HC-
TOYHUKaX. Bce pe3tome momMedeHsl Al U3BICUYEHHUS WH(OPMALNMU, BKIIOYas
HAaYaJIbHYIO MO3UINI0, KOHEYHYIO MO3ULUIO U UM aTpuOyTa KaKJI0To Tera

Mepsbl. CrangapTHas TOYHOCTb, IOJHOTA U Me€pa HCHOJb3YIOTCS IS
OLICHKM 3KCHEPUMEHTAIBHBIX PE3ylbTaTOB. TOYHOCTH COOOIIAET, HACKOJBKO
XOPOIIO CHCTEMa MOKET UACHTU(DULIMPOBATH HH(OPMALIUIO U3 PE3IOME, a OT3bIB
coobmraer, 4To cucteMa (aKTHUECKH TbITaeTCs u3Biedb [4]. Takum oOpazowm,
3TH JIBE€ METPUKH MOYKHO PacCMAaTPUBATh KaK MEPY MOJHOTHI U PABUIBHOCTH.

C nenbio BBISIBUTH Hanbosee ynadyHble HHCTPYMEHTHI Kilaccu(uKaiuu, Ta-
KHE KaK HUCIIOJIb3YEMBII aJrOPUTM C MEHSIOIIUMHUCS MapaMeTpamMu U Mpe/IBapu-
TEJIbHYI0 00pabdOTKy HOKYMEHTOB (HOpMasiM3alus, OTOpachblBaHUE CTOI-CIIOB),
MOJTyYEHHBIE PE3yIbTaThl ObLIN OLEHEHBI MO CIAEAYIOIINM KPUTEPHSIM [5]:
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— TOYHOCTH (@HIJI. precision) — MOKa3bIBAaET, Kakas 4acTh OT T€X JOKYMEH-
TOB, KOTOPBIX KJIACCU(UKATOP MOCUUTAT COOTBETCTBYIOIIMMHU paccMart-
pUBAEMOMY KJIACCy JCHUCTBUTEIILHO €My MPUHAIJIEHkKAT;

— mnosHoTa (aHri. recall) — xapakTepusyer cocoOHOCTh Kiaccudukaropa
HaXOJUTh KaK MOXHO OOJIbIIe 00bEKTOB, OTHOCSIIUXCS K KJIacCy;

— F-mepa — saBnsgercss 00beJUHEHUEM TEPBBIX JIBYX XapaKTEPUCTHUK, MPeE/I-
CTaBJIET COOOM CpeHEe TAPMOHUYECKOE TOUHOCTH U TMOJTHOTHI.

JlaHHbIE METPUKH TaKkKe MPUMEHSAIOTCA B 00J1acT UHPOPMAIMOHHOTO TI0-
MCKa JIJIS OLIEHKU KayecTBa pabOThl MOMCKOBBIX CUCTEM.

Ecnu paccMarpuBaTh JOKYMEHTHI Ha MPUHAIIECKHOCTh HEKOTOPOMY KJac-
cy X, TO BCE MOJYYEHHbIC PE3yJIbTaThl KaTEropuzalid MOXHO MPEJCTABUTH B
BUJIC TAOJIMIIBI, KOTOPAsi Ha3bIBACTCS «TAOJUIIEH COMPSHKEHHOCTHY WM «MaTpH-
e HeTouHocTe» (confusion matrix):

Omnpanock
1 0

P FP
(true positive) (false positive)
Hoayanan
FN TN
0 (false negative) (true negative)

Puc. 2. Mampuya nemounocmeii ons kracca X

3nech 1 o3HavaeT, yTo 3MeMEHT NpUHAMIEKUT X, 0 — HE IPUHAIIICIKUT.

B Tabnune comepxutcs nHGOpMaIms CKOJIbKO pa3 CUCTEMa MPUHSIIA Bep-
HOE U CKOJIBKO pa3 HEBEPHOE PEIICHHE IO JOKyMEHTaM 3aJaHHOro kiacca. A
nMeHHO: TP — wuctuHO-nonoxurenpbHoe pemenue; TN — ucTuHO-
orpunarenbHoe pemenue; FP — noxkHo-monoxurensHoe pemenne; FN —
JIO’KHO-OTpULATENbHOE perieHue [1].

@opMyJIbl, IO KOTOPBIM PACCYUTBHIBAIOTCSA METPUKUA «TOYHOCTBY» U «ITOJHO-

Ta» BBUY BBEJAEHHBIX 0003HAUYECHHIA:
tp

Precision = (2)
tptp+fp

Recall = o 3)

F_measure = ————— 4)

Precision ' Recall
Ounenka kiaccu@puKanuu TEKCTOBbIX 0JIOKOB

M3 Kax1oro pe3roMe Mbl U3BJIEKAEM UYETBIPE OCHOBHBIX OJIOKA: OCHOBHAS
uH(popmanus, 00pa3oBaHue, ONBIT pabOTHI U caMOoolIeHKa [2]. B pe3ynbrare an-
TOPUTMBI WU3BJIEUEHHS, OPUEHTUPOBAHHBIE HA 00JIACTh PE3IOME, HE 3aBHUCSIT OT
TECTOBOI'0 KOpITyca
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Pesynbrarel u3Bnedenus B Moayiie «O0pa3oBarenbHblil onbiT». Ha puc. 3

IMOKa3aHbl PE3YyJIbTATLI U3BJICHCHUA 110 06p3,30BaTCJ'IBHOMy MOIYJIIO.

Hmna moayna TouHOCTE MonxoTa F-mapa

Ha3sanue Wwrkons 0,850 0,845 0,897
HaigaHue yHHBEDCHTETE 0,947 0,834 0,679
Ypoeexb obpasosanma 0,785 [eX: 1] 0,845

DNara nonyyeHus 0,757 0,876 0811
obpazosanun

Puc. 3. Pesynoemamsi uzeneuenus ungopmayuu 06 0opazoeanuu kanouoama

Pesynbrarel u3Bnedenus B Moayie «OnbIT paboTely. Pesynbrarhl neranb-

HBIX 3HAHWH, U3BJICYCHHBIX M3 PAO0YNX IKCTICPUMEHTOB, ITOKa3aHbI HA PUC. 4.

Hma mopyna TouHoCTh Monxota F-mepa

Haszsanne KoMnaHum 0,914 0,81 0,893

LonkHoCT 0,923 0,798 0,913

Onwucandne 0,845 0,796 0,856

OnwT paboTel 0,848 0,885 0,843

Puc. 4. Pesynemamoi uzeneuenus ungopmayuu 0o onvime pabomul Kanouoama

Pe3ynbTaThl n3BNICUCHUS B MoayJie 6a3oBoil nHdopmanuu. Ha puc. 5 noka-

3aHbI HO,Z[pO6HBI€ CBCACHUA O KOHKPCTHBLIX 3HAYCHHAX B OCHOBHOM I/IH(I)OpMa-

LIUH.

Hmn mopyna TouHooTe NonwoTa F-mepa

Wman 0,954 0,933 0,956

an.nouta 0,99 0,876 0,837

lopon 0,914 0,873 0,921

MpogeccHoHantHbe 0,956 0,787 0,87
HaBbIKK

Puc. 5. Pesynemamot uzeneuenus ungopmayuu o 6a3080u ungopmayuu Kanouoama

BrniBoa
[Touck mnoaxondiiero KaHaugaTa B OOJIBIIOM KOJIMYECTBE PE3IOME —

CJIO’KHAs 3a/aya A J1r000M komnanuu B Hamun gHU. Kiaccugpukanus pesrome

KaHJuJaTa — TPYJIOECMKHM, JIUTEIBHBIA U PECypCOeMKui Tmpouecc. B 3Toit

cTaThe (DAKThl 3HAHWI H3BJIEKAIOTCS U3 PE3IOME C PA3IMYHBIMU TEKCTOBBIMU
dbopmaramu ¥ TUIIaMU (HaKTIOB C TOMOILBIO ANropUT™Ma. ITa padoTa HaIpaBIeHa
Ha TOBBILIEHUE TOYHOCTH W3BJIEYECHMS MHPOpMaUMU U3 JUYHBIX pe3tome. [lo-

JIC3HO CO314aThb pGHOSI/ITOpI/II\/’I pPE3OME I COTPYAHHUKOB OTACIIA KaAPOB U KOM-

IIAaHWM, OPUEHTHPOBAHHBIX HA PEKPYTUHI uepe3 MurepHer. JlaHHBIM moaxon
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aHaNM3a U W3BJICUYCHHS JAHHBIX U3 PE3IOME MOXKET UCKIIOYUTH OOJIBIIYIO YacTh
PY4YHOH pabOThI, YTO MOKET CIKOHOMHUTh MHOT'O JICHET U BPEMEHHU.

Mexnay Tem, SKCIIepUMEHTaJIbHbIE PE3yJIbTaThl HA TECTOBOM Habope J1aH-
HBIX IMOKa3bIBAOT, YTO TOYHOCTh M IOJHOTA U3BJICUECHUS PE3IOME C MPOU3BOJIb-
HBIM TEKCTOM MOKa3bIBAIOT BHICOKYIO 3()PEKTUBHOCTH
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Cexknust — JlokajibHbIe U pacnpe/iejeHHbIe CHCTeEMbl MOHUTOPHHIA
U ylpaBJieHUs

YK 004.42+004.3
ITpockypsikoB Anekcanap Bukroposud, JlerunbkoB Poguon Onerosuy

MPOEKTUPOBAHUE U PA3BPABOTKA HH®OPMAIMOHHOM
CUCTEMBbI KPUIITOBAJIIOTHBIX HOBOCTEN

B pamkax pabomwvl obocnosana axmyanbHoCms cO30aHUSL KPUNTMOHOBOCHHO20
nopmana. Paccmompensvr npunyunor Web3. Onucanel npunyunsl u 5mansvl npumense-
Mble 8 npoyecce paspabomku npunoxcenus. Takawce 6 pamkax pabomsl npedocmasie-
HO 20M0B0€ NPUTIOHCEHUE.

Kpunmoeantomsi, cmapm-konmpaxm, 0eyenmpanu308aHHble NPUNOHCEHUS.

Proskuryakov Alexander Viktorovich, Leginkov Rodion Olegovich

DESIGN AND DEVELOPMENT OF A CRYPTOCURRENCY NEWS
INFORMATION SYSTEM

The paper substantiates the relevance of creating a crypto news portal is sub-
stantiated. The principles of Web 3 are considered. The principles and stages used in
the application development process are described. Also, the application has been
provided as part of the work.

Virtual cryptocurrencies, smart contract, decentralized applications.

BBenenue

Web3 — HOBOe HampaBieHUE HHTEpHETa, KOTOPOE HAXOAMUTCS B CTaIuuU
cranoByieHus [1]. OHO yke 00pesio OOJBIIYI0 MOMYISIPHOCTh U TOJJIECPKKY B
oOurecTBe U3-3a cBoux npeumyiects. B Web3 npemnaraer nepexos oT neHTpa-
JIM30BAaHHBIX OpraHU3allui K JIEHEHTPAIM30BaHHBIM TpuiiokeHusM. Kpome To-
ro, Web3 npenocraBisieT cOOCTBEHHYIO CUCTEMY IIaTeKeil B BUAEC KPUIITOBA-
JIOT, KOTOpasi MO3BOJSET YUTH OT Pa3iIMYHbIX IUIATEKHBIX CUCTEM U OaHKOB-
CKHUX ILUIaTexei [2].

B namie BpeMsi KpUNTOBaIIOTHl HAYMHAIOT UTPaTh BCE OOJBIIYIO POJIb B
HKOHOMHUYECKOM kU3HU. C KaXKIbIM T'OJIOM YBEJIMUYMUBAETCS KOJIMYECTBO JCIEH-
TPaJIM30BAHHBIX MPUITIOKEHUM, @ TEXHOJIOTUH PA3BUBAIOTCS C HEBEPOSITHOM CKO-
poctbio. [ToaToMy HaM HEOOXOJMMO MOHUMATh HACKOJIbKO BaXKHBIMH SIBIISIOTCS
MpoLIeCC MOJTYyYEHUE aKTyalbHbIX HOBOCTEH, BOBMOXHOCTh aHAIM3UPOBATH PbI-
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HOK KPHUMNTOBAJIIOT U HMETh BO3MOXKHOCTH IOJI30BATHCS MPEUMYIIECTBAMU
ONoK4YeiiH TexXHOIOTHH. Bee 3TO B COBOKYITHOCTH 00yCIaBIMBAECT aKTyaJIbHOCTh
pa3pabOTKu TaKOTO HOBOCTHOTO MOPTajia, TJe MOJIb30BATEIM CMOTYT MOTydYaTh
HOBYIO MH(OpPMAIMIO O KPUNTOBAIIOTAX, aHATU3UPOBATH PHIHOK C TMOMOIIBIO
COBPEMEHHBIX METOJIOB aHAIM3a W IMOJIb30BAThCA MPEUMYINECTBAMHU JIEIEHTpa-
JM30BaHHBIX MPUIIOKCHH.

ITocTaHoBKa 3a1a4u

[IpeameTHON 00JaCTHIO BEO-NIPUIIOKEHUS  SBJISETCA KPUIITOHOBOCTHOM
noptai. Mcnonb3yrorcs Texnonoruu: React.js, Next.js, Hardhat, Web3, Alche-
my, HTMLS, CSS3.

[lenbto pa3paboTku MHGOPMALMOHHOW CHUCTEMBI SIBJISIETCS OOecCIieueHUe
MOJIb30BaTENIEN aKTyalbHOU HHGOpMALUE O KPUNTOBAIIOTAX, OOECICUCHUE
OoJiee OBICTPOTO JOCTYIAa K MHTEPECYIOIIUM €r0 CTaThsIM M YIPOIICHUE B3au-
MOJICHCTBUSL ¢ OJNOKYEHH TEXHOJOTHUSMU M PA3IUYHBIMU CIIOCOOAMHU aHajIn3a
PBIHKA.

B cootBeTcTBUM C 1B chopMHpOBaHA 3a/1ada, a UMEHHO, CIIETYIOIIUMA
CIUCOK OOBEKTOB pa3pabOTKU:

1) wmHTerpauus ¢ JI€HTON HOBOCTEH;

2) cTpaHHUIa BCEX KPUMNTOBAIIIOT;

3) nobaBieHHE pa3IMUHBIX CIOCOOOB aHAJIN3a PHIHKA;

4) peanuzanus cMapT KOHTpakKTa Ha MepeBof d(upa ¢ OJHOTO KOIIeIbKa

Ha Ipyrou;

5) aBtopuzanus yepe3 metamask;

6) nob6aBneHue rpa)uKOB KPUMTOBATIOT.

AHaJM3 npeaMeTHOM 00J1acTH

bein npoBenen 0030p ananoros: CoinMarketCap u CryptoNews [7]. Onu
MPEIOCTABIISAIOT MUPOKYIO0 BOZMOXKHOCTD IS U3YUYEHHs] HOBOCTEH, CTOMMOCTH U
rpadukoB KpunToBatoT. Ho B cpaBHeHHH ¢ ApyruMu HHPOPMAIIMOHHBIMH Cep-
BHCaMH, CEPBUC KPUITOHOBOCTEH HMMEET HECKOJIBKO Ba)KHBIX OCOOEHHOCTEH.
[Tonyuyennas unpopmaius OblIa yuyTeHa IpH pa3padoTke TpeOOBaHUM.

B pazpabotanubix TpeOOBaHUSIX BbIJCICHBI OM3HEC-TpeOoBaHus, TpeboBa-
HUS TI0JIb30BaTeNel U GyHKIIMOHATIbHBIE TPEOOBAHMS.

busnec-TpeOoBaHWe — TOBBINIEHWE YAOOCTBAa MOUCKA HMH(POPMALUHU O
KpUNTOBaOTaX. BHenpeHne cucreMbl MOMOXKET OOBEAMHUTh MH(DOPMALIHIO U3
pa3HBIX UCTOYHUKOB B OJTHOM MECTE U MO3BOJIUT MOJIH30BATENSIM MOJIB30BATHCS
KPUIITOBAIIOTOM.
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[Tonb3oBaTenbckue TpeOOBaHMS MPEANONAral0T HaJIU4Yue YJIOOHOTO HH-
Tepdeiica 1 BO3MOXKHOCTb POCMATPUBATh CAaUT C MOOMJIBHBIX YCTPOICTB.

OyHKIIMOHAJIbHBIE TPEOOBAHUS OMPENETSAIOT MTOBEJECHUE CUCTEMbI, CBA3aH-
HO€ C MOJyYEeHHEeM W OTIpaBkod MHpopmanuu. CucremMa JOJIKHBI BBITOJIHATh
OTIPaBKy 3QHpa ¢ OJHOTO KOUIENbKa Ha IPYToil U BEIBOJAUTH aKTyaJlbHbIE HOBO-
CTH.

Peanm3zauus

Jlis peanuzanuy caMoro NpuiioKeHHsl Obula BBIOpaHa cpefa pa3padOTKu
Visual Studio Code. Visual Studio Code — PenakTop ucxomnoro koja, papado-
tanHbIil Microsoft 1 Windows, Linux u macOS. Ilo3uimonupyercst Kak <«Ji€r-
KHil» pellakTop Kojaa A KpoccruiaThopMeHHON pa3paboTKu BeO- U 00JIauHbIX
npuioxkeHui. Bxitouaer B ceOsi OTJIaAuUK, UHCTPYMEHTHI s pabotsl ¢ Git,
NOJICBETKY cuHTakcuca, IntelliSense u cpeacrsa aia pedaxropunra. Umeer mmu-
pPOKHE BO3MOKHOCTHU Il KACTOMHM3ALUU: MOJIb30BATEIbCKUE TEMbI, COUETAHUS
KJaBuIl U Qaitnbl koHpurypauuu [3]. Peannszanus Bkitounaa B ce0a pa3padboT-
Ky KJIMEHTCKON 4acTH U CMAapT KOHTPAKTOB.

[Ipn pa3pabOTKHU KIMEHTCKOW YacTH AJisi ONTUMHU3ALMHM Harpy3kud ObLia
BbIOpana microfrontend apxurekrypa. Microfrontend — 310 moaxon, npu Koto-
POM TIPUIIOKEHHE COCTOUT KaK MUHUMYM M3 JABYX KOMIIOHEHTOB, ()yHKIIMOHHU-
pPYIOIIMX KaKk aBTOHOMHBIE NpuiioxkeHus. K npumepy, Bce pasziensl caiita, Takue
KaK IIarnKa, KOMIIOHEHTHI MOMCKa, HABUTAIIMN U OTOOpakeHUsI KOHTEHTa, MOTYT
ObITh pa3HbIMH IPHUIIOKEHUSIMHU, KOTOPbIE pa3padaThIBAIOTCS, Pa3BEPTHIBAIOTCS
1 00CITy>KUBAIOTCS MO OTAEIBHOCTH [4].

Kpome Toro, npu peasinzanuu KJIMEHTCKOW YacTH ObLIa cliefiaHa aganTalus
1o MOOMJIbHBIE ycTpoiicTBa. [IpuMep MOOMIBHON alanTalliy MPEJOCTABICH HA
puc. 1.

IMosyyenue HoBOCTEH

Ha crpanune Newsnosb30Batelb MONaJaeT Ha CTPAHUILY CO BCEMH HOBO-
CTSIMH, TJI€ Y HETO UMEETCS BOBMOYKHOCTh TPOCMOTPETH CaMbl€ CBEXUE HOBOCTH
1 OT(UIBTPOBATh KPUIITOHOBOCTH, MO MHTEpECyrolel ero remMaruke. [Ipumep
CTpaHHMIIbI IPEIOCTABIEH HA pUC. 2. [[1s MOJydeHHs caMbIX aKTyaJbHBIX HOBO-
ctelt Obuia caenana unrerpanus ¢ Bing News Search API[5].
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Lora

Today's

Cryptocurrency News

Cryptocurrency is Virtual,
Risks are Real - The
Indian Dilemma

Cryptocurrency scams on (8

the rise, and officials  m 7

warn it's one of the most
isky 9

Puc. 1. Mobunvnas aoanmayus

Cryptocurrencies Exchanges TradingView
Today's Cryptocurrency News

Cryptocurrency is Virtual, Risks P Cryptocurrency scams on the rise, ( : How cryptocurrency wealth is
are Real - The Indian Dilemma and officials warn it's one of the creating a new generation of

most risky Iuxury consumers

related to 5, & ¢

L 2. 5
L=

. luxurylifestylemag.co.uk 4 hours ago
(’) East ldaho News 2 hours ago

Puc. 2. Cmpanuya kpunmonosocmetu

CTOoOMMOCTH KPMIITOBAJTIOT

Ha crpanune Ctyptocurrencies monb3oBaTelb BUIUT MEpea cO00M CIUCOK
BCeX KpunToBatoT. Ha 3T0il cTpaHuile OH MOXET HaOII0AaTh U3MEHEHUE CTOU-
MOCTH, OOIIYI0 KalUTaJu3alMIo0, IPU KIUKE HA OMPEEICHHYIO0 KPUIITOBAIIOTY
B Ta0iuIle, MOJb30BaTeNb OyAET MepeHanpaBieH Ha CTPaHULy C IOJHON WH-
dbopmarrieit 0 MOHETE, IJIe OH CMOXKET O3HAKOMUThCS ¢ OoJiee MONHONU HHPOp-
Manuend U u3yuuth rpaguk. Kpome Toro, Ha aHHOW CTpaHHUIE MOJIb30BATENb
OyZeT UMETh BO3MOXKHOCTh HATU MHTEPECYIOILYIO0 €ro KpunroBamory. Ilpu-
Mep npenocTanieH Ha puc. 3. [{ns nomydeHust akTyalibHOM MH(OpManuu Oblia
peanuzoBaHa uHTerpamus ¢ CoinGeckoApi [10], u3-3a yero Haim nojab30BaTe-
71 OyZyT BUIUT CaMYIO aKTyaJbHYI0 HH(OPMAIHIO.
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Today's Cryptocurrency Prices by Lora

5 = @

Puc.3. Cmpanuya xpunmosaniom

TradingView

Jlyist TOoro 94TOo0BI AaTh MOJIH30BATEIEM BO3MOKHOCTH aHAJTU3UPOBAThH PhI-
HOK C TIOMOII[bI0 COBPEMEHHBIX HHCTPYMEHTOB OBLIO PEIICHO CAENaTh MHTETpa-
uuto ¢ TradingView. TradingView — BeO-cepBUC U colMaibHasl CETh JJisl TPEH-
JIEpOB, B OCHOBE KOTOPOM JICKHUT IiaTdopMa TeXHHUECKOro aHanuza. [Ipoekt
ObL1 3amyieH B ceHTsa0pe 2015 rona[6]. [Ipumep npenocrtasieH Ha puc. 4.

TradingView

Puc. 4. Cmpanuya TradingView

CMapT-KOHTPAKTBI

Jlis peanuzanuu GyHKIMOHANA TepeBoAa d3pupruyMa ¢ OJHOTO KOIIEIbKa
Ha JIpyrou ObuT co37aH cMapT-KOHTPakKT [8]. s Toro 4roOsl JTOKAJIBHO MpOTe-
ctupoBath solidity [9] kox cMapT-KOHTpaKkTa U pa3BepHYTh €r0 B CETH OBLI HC-
nosib3oBaH hardhat.

[Ipu Haxxatuu monb3oBatenieM Ha KHONKY ConnectWallet, mpoucxonur as-
TOpHU3aIMs MOJIb30BaTeNs yepe3 metamask [11], mocie Toro kak xorenek Oyaer
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YCIEIIHO MOJKJIOYEH K CalTy, y MOJb30BATEINS MOSIBUTCS BO3MOXXHOCThH TEpe-
BeCTH 2(Up C OJIHOTO KOIlleJibka Ha Ipyrou. [IpumMep nmpegocraBieH Ha puc. 5.

Send now

Puc. 2. Cmpanuya nepesooa aghupa

HayuyHast HoBu3HA. Pe3yibTaThl

B npornecce TeopeTHUECKUX M MPUKIIAIHBIX WCCIIEIOBAHUM B paMKax JlaH-
HOU TIpeAMEeTHOMN 00J1acTH OBLIH TOJIYYEHBI CIICAYIONINE PE3yIbTaThl:

1) npoBenéH aHalW3 U BHITIOJIHEHO OOOCHOBaHWE aKTyaJbHOCTH TEMBI HC-
CJI€IOBaHUH, IPEJICTABICHHON B JOKJIAJIC;

2) BBINIOJIHEH MOIPOOHBIN aHAIM3 TIPEAMETHON 00J1acTH;

3)Obu1 paspaboTaH (PYHKIMOHUPYIOMMUK TPOTOTHUII, BBITOJHSIOMIUNA BCE
HE0O0XO0IMMbIe (PYHKITUH, COOTBETCTBYIOIITHE TPEOOBAHUSIM;

4) nanHas cucrtema oOnagaeT OOJBITUMU TEPCIICKTUBAMHU BHEIPEHUS B
CBSI3U C aKTYaJIbHOCTBIO OJIOKYEHH TEXHOJIOTHH;

5) npoBeneHa anpoOanus JaHHOW TEMbl TEOPETHUCCKUX M TTPUKIIAIHBIN HUC-
cleIoBaHUN B BHUJE JOKJIAQN0B Ha Bcepoccuiickoi koHpepennuun GIIAKTUDB
2022 u xoudepenuu OOV «Henens nayku 2022.

B mepcnektuBe mporiecce pa3BUTHS pa3pabOTKU JajdbHEUIEM B JaHHYIO
cucteMy OyayT n00aBJIeHBI: CBOS COOCTBEHHAss KPUIITOBAIIOTA, COOCTBEHHBIM
obMmeHHUK KpunToBamtoThl, NFT komiekius, MeTaBceIeHHas.
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YK 004.75:53.087.92
IIpsiBuenko Anekcent Onerosud, FOnkoB [lennc CepreeBuu

BCTPAUBAEMBII TPOTPAMMHO-ATIIIIAPATHBIN MOJY.JIb
HNIN®POBAHUA JAHHBIX J1JIA ABTOMATHU3NPOBAHHBIX
CUCTEM MOHHUTOPHUHI'A TEXHOJIOI'MYECKUX OBBEKTOB

B Oannoii  cmamwve paccmampusaemcs — 6cmpausaemvlii.  NpPOSPAMMHO-
annapamuulil MoOYIb WUPPOGAHUS KAK OOUH U3 8APUAHMOS PeueHUsl 3a0a4u Kpun-
moepaguueckou 3auumsl OAHHLIX 68 ABMOMAMUIUPOBAHHOU cucmeme MOHUMOPUHSA
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mexHoo2udeckux 0o6vekmos ¢ npumeneruem IJIMC-mexnonoeuti u ancopumma wug-
posanus no I'OCT P 34.12.2015.

IIpugedennvie 6 cmamuve pe3ynbmamsl 00KA3bIBAIOM peanu3yemocms u ¢ gex-
MUBHOCMb  NPeodlazaemozo Nnooxoo0a npu CO30aHUU NPOSPAMMHO-ANNAPAMHBIX
cpedcme nepeoll TUHUU KPUNMO2SpA@U4ecKou 3auumosl 6 COCMase Cyujecmsyrouux
CEHCOPHBIX CUCMEM C NPUMEHEeHUeM annapamHuiX KOMHOHEHMOs8, UMEeIoWux omeye-
CMBEHHble AHATOU.

Aemomamuzupo8anuas cucmema MOHUMOPUH2A, NPOSPAMMUPYEMAS] T02UYECKAs
UHmMe2panbHas cxema, Kpunmoepagus, MUKpoKoHmposiep, 010K wugposanus, npo-
2PAMMHO-ANNAPAMHBIL MOOYTb.

UDC 004.75:53.087.92
Pyavchenko Aleksey Olegovich, Yulkov Denis Sergeevich

INTEGRATED HARDWARE AND SOFTWARE MODULE FOR DATA
ENCRYPTION FOR AUTOMATED SYSTEMS OF MONITORING
TECHNOLOGICAL OBJECTS

This article discusses an embedded software and hardware encryption module as
one of the options for solving the problem of cryptographic data protection in an au-
tomated system for monitoring technological objects using FPGA technologies and an
encryption algorithm according to GOST R 34.12.2015.

The results presented in the article prove the feasibility and effectiveness of the
proposed approach in creating software and hardware for the first line of crypto-
graphic protection as part of existing sensor systems using hardware components that
have domestic counterparts.

Automated monitoring system, programmable logic integrated circuit, cryptog-
raphy, microcontroller, encryption unit, software and hardware module.

BBenenue

Kak u3BECTHO, TEXHOJOTHYECKHE OOBEKTHl — 3TO KOMILIEKC YCTaHOBOK,
YCTPOMCTB U 000pyAOBaHHUs, KOTOpBIE MpeaHa3HAYCHBI A MpeoOpazoBaHUs
MaTepruaIbHO-IHEPTeTHUECKUX MMOTOKOB B HEKUW MPOAYKT, MPUTOTHBINA IS TIO-
Tpebnerus. K HIM OTHOCST SHEpreTHYecKre OOBEKThI, MAITHHOCTPOUTEITHHBIC
00BEKThI, XUMUYECKUE OOBEKTHI U T.]I.

Tak coBpemeHHble HedTerazofoObIBarOlIe U HedTenepepadaThiBatOLIE
OPEINPHUITHS TPEJCTABIAIOT COOOW CIOKHBIE KOMIUIEKCH TEXHOJIOTHUECKUX
O00BEKTOB, PACCPEIOTOYCHHBIX Ha OONBIINX IUIOMIAAX, pa3Mephl KOTOPHIX JI0-
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CTUTaIOT JIECSITKOB U COTEH KBaJpaTHBIX KUJIOMETpPOB. [Ipu 3TOM, 100bI4a HEPTH
U ra3a BeJeTCsl KpyTJOCyTOYHO, B JIFOOYIO MOTOAY, U UMEHHO TO3TOMY JJIS HOp-
MaJIbHOM paboThl HeTerazog00bIBAIOIIETO MPEANPUITUS HEOOX0IUMO obecTe-
YUTh HAJEKHYI0 pabOTy aBTOMAaTU3MPOBAHHOIO OOOPYJIOBaHUS, TUCTAHLIMOH-
HBIII MHOTOMapaMeTPUYECKUi KOHTPOJIb 32 pabOTOM TEXHOJIOTMYECKUX OOBEK-
TOB U UX arperaTHbIM COCTOSIHHEM.

HeobxoaumMocTh MCHOIB30BAHUS COBPEMEHHBIX OECHPOBOJHBIX CETEBBIX
UT-pemenuii koMnaHusiMu HEPTEra30BOro CeKTopa o0ycioBjieHa psanoM (ak-
TOPOB: reorpaduyeckuii MaciTad Ou3Heca, CIOKHAsI pa3BETBICHHAsSI CTPYKTypa
HeTerazogo00bIBAOIIUX MPEANPUATHN, BRICOKHE TpeOOBaHUSI K 0€30MacHOCTH,
HEOOXOJIUMOCTh COOJIOJICHUS] MEXAYHapoAHbIX cTaHaaptoB [1]. Tak, Hampu-
Mep, CUCTEMbl MOHHTOPUHIA TPyOOINpPOBOAOB, KaK MPABHUJIO, PEIIAIOT YEThIPE
OCHOBHBIX KJIacca 3a/1au: OOHapyKEHUE yTe4eK, MOHUTOPUHT COCTOSIHUS, MOHH-
TOPUHI KOPPO3UH, MOHUTOPUHT BaHAaIn3Ma. B cocTaB Takux cUCTEM BXOIUT
MHS50KECTBO PA3JIMYHBIX HMHTEJUIEKTyalbHbIX naTdukoB (MJI), cpencts oOpa-
OOTKH, XpaHEHUS U UHAUKAIIMKU JJAHHBIX, 00bEAMHEHHBIX MEXKIy 00011 Oecrpo-
BOJHBIMH KaHaJaMH CBSI3U M 00pa3yIOLUX CETEBbIE CEHCOPHbIE KOH(PUTYpALUU.
[Ipnuem nono6Hbie OecnipoBoaHble ceHcopHble ceth (BCC) mMmeroT momaau
MOKPBITUSL OT HECKOJIBKUX JIECATKOB KBaJpPaTHBIX METPOB JI0 HECKOIBKUX KBa/I-
paTHBIX KWJIOMETPOB U 0oJiee, 4TO JeNIaeT UX YSA3BUMBIMU C TOUKU 3PEHHUS BMe-
1IATEJIbCTBA 3JI0YMBIIUICHHUKOB C LEJIbIO MEepeXBaTa M MOJMEHbI JTaHHBIX [2].
Benb B OTAENBHBIX CilydyasiX HECAHKIIMOHUPOBAHHBIA ChEM, a TO U TTOJAMEHA UH-
dbopmany B MHTEpECaxX 3J0YMBIIUIEHHUKOB B OJIHOM WJIM Cpa3y B HECKOJbKHUX
KJIFOUEBBIX TOYKAX ChEMa MOXKET B JIYUILIEM CIydae MPUBECTU K IKOHOMUYECKUM
NOTEPSAM, a B XYAIIEM — K TEXHOT€HHBIM KaTacTpodam ¢ rio0anbHbIMU MOCIIE -
CTBUSIMU.

Kak y»e orMmeuanocs B [3], 1ist obecriedeHus: 10CTaTOYHOTO YPOBHS 3aIlu-
Thl KaHaJIOB cBsi3u ¢ ]I oT O0abIIMHCTBA KMOEpaTaK B KAUECTBE MEPBOM JTUHUU
3alMThl B COCTaBE 3AUIUIICHHBIX CPEJCTB U3MEPEHUIl MOTYT HMCIOJIb30BATHCS
Kpunrorpadguyeckre MeTo/bl, UMEIOUIME NTPOrPAMMHYI0 WM allapaTHYIO pea-
JU3ALHIO.

Yucto nporpaMMHasi peain3anusi KpUNTOrpapuUYecKux ajaropuTMOB 3ada-
CTYI0 HE MOXET ObITh 3(P(EKTUBHO BHINOJIHEHA HA MUKPOKOHTPOJIJIEPHOM SIAPE
N/ B By €ro MaJIOpECypCHOCTH U HETOCTATOYHOM BBIYMCIUTEIIBHON MOIIHO-
ctu [4, 5]. B Toxe Bpems amnmapartHas pean3anusi KpUNTorpapuyeckux airo-
PUTMOB B 0a3uce MporpaMMUPYEMBIX JOru4eckux uHTerpaibHbix cxem (IIJIMC)
takux, kak CPLD u FPGA, ucnonp3yeMbIX COBMECTHO C BBIYUCIUTEIbHBIM $1/1-
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pom W]l B kadecTBe KpunTorpapuyecKux COMPOIIECCOPOB, OTKPHIBAET MEpe
Pa3pabOTYMKOM IMHUPOKUE BOSMOKHOCTH 0 OPTaHU3alMK 3aIIUIIEHHON pabOoThI
NI B peanbHOM MaciiTabe BpEeMEHHU, UYTO U OOYCIABIMBAET AKTYyaJIbHOCTH U
HEOOXOAUMOCTh TEMAaTHUKH HACTOSIINX HCCISTOBAHUM.

OcHoBHAas YacTh

B pamkax craTebu paccmaTpuBaeTcs OJUH U3 BapUaHTOB PELICHUS 3a/Ja4u
pa3pabOTKM Ha CTPYKTYPHOM M (YHKIIMOHAJIBHOM YPOBHSAX MPOrPAMMHO-
anmapaTHOro MoJyjis MHU@POBaHUS CEHCOPHOM HH(OpMalMKM Kak CpeicTBa
MepBOM JTMHUU KpUnTorpaduueckoi 3aiuThl JJisi MPUMEHEHUS B COCTaBE aBTO-
MaTU3UPOBAHHBIX CUCTEM MOHUTOPHUHIA TEXHOJOTHYECKUX 00BekTOoB. [Ipuuem
HacTosIas padoTa SIBISETCS PE3yIbTaTOM IMPOJOKEHUS UCCICIOBAHUHN, U3JIO-
JKEHHBIX B [6].

CmpyxkmypHas cxema mMooyJis

[Ipennaraemas K paCCMOTPEHUIO CTPYKTYpPHAsl cXemMa MOYJIS MU POBaAHUS
JAHHBIX JIJIS aBTOMATHU3UPOBAHHBIX CHCTEM MOHUTOPHUHIA MpEICTaBICHA Ha
puc.l.

WNHCTpymeHTanbHbI BMOK YMNPABJIEHMS

USB 2.0/3.0, WHTepdelic
KOHCUTypUpoBaHus

N

YNPABNSAOLWNA
BJIOK MMKPOKOHTPOIIEP
LINOPOBAHNA

BJIOK CBA3N

|

: WNHTEP®ENCHbIN
BNOK

| | conpPsxEHMA C

||  DATYMKAMM

K JATYMKAM

Puc. 1. CmpykmypHnas cxema mooyns wu@posanusi OGHHbIX 015 AGMOMAMUIUPOBAH-

HbIX CUCMEM MOHUMOPUHZA

['maBHy0 posib B 00paboTke HHGOPMAIIUU 3/1€Ch UTPACT OJIOK YIpaBICHUS
(BY). On npeacrasnsier co00i1 MUKPOKOHTPOJUIEP, KOTOPBIA YIIPABISET BCEMU
OCTaJbHBIMU 3JIEMEHTAMHU MOJYJISA, KOOPAUHUPYET UX paboTy, MOIICPKUBACT
IPOTOKOJIBI B3aUMOJICHCTBUS C BHEIIHUMHU JaTYUKAMH Pa3IMYHOTO THUIIA, MOJI-
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KJIFOYa€MbIMU K MOJYJIIO ITOCPEJICTBOM COOTBETCTBYIOIIUX UHTEP(HEUCHBIX 0JI0-
koB comnpsikenuss (MBC), BeimonHseT cOop, MpeaBapUTENbHY0 00pabOTKy U
mU(ppPOBaHUE CEHCOPHBIX JAHHBIX, OPTaHU3YET UX OTIPABKY B OECHPOBOAHYIO
CEHCOPHYIO CE€Thb Ha COOTBETCTBYIOILLME CETEBbIE LIEHTPHI cOopa U 00pabOTKH
JAHHBIX C YYE€TOM MOJJEPKUBAEMBIX UMHU CETEBBIX CTaHIAPTOB.

Berpoennsiii B Mmonynb 010k mugposanus (BLL) obecnieunBaeT yckopeHue
npouecca mwudpoBaHUsi CEHCOPHOM MH(pOpMAIMKU 32 CYET ammapaTHOM mapai-
JIeNbHO-KOHBEMEPHOH peanu3ai KpUNTorpapuyeckKux aropuTMoB.

Oyukiuu gocryna k BCC u opranuzanuu ceTeBoro 0OMeHa BO3JI0XKEHbI Ha
ook cBs3u (bC) u3 cocraBa moayins. Paktudyecku bC pemaer 3amauy mnoj-
JIEP’KKU TPOTOKOJIOB TPAHCHOPTHOT'O, JIOTHYECKOTO U (PU3UYECKOro YpPOBHEH
BbCC, a 3amaun ceTeBOro U NpUKIIAIHOTO YPOBHEUW BO3JIOKEHBI HA caMm bY ¢ yye-
TOM OCOOEHHOCTEH €ro NMpUMEHEHHs. 3/1eCh K€ CJIeAyeT OTMETUTh, YTO BO3-
MO>KHOCTh BKJIFOUEHHSI B MOJyJb pa3sHOTUIHBIX MBC, mpoekTupyeMbIx moj co-
OTBETCTBYIOIIME JaTYUKHU, 3HAUYUTEIBHO PACUIMPSIET BO3MOKHOCTH MOIYJS B
1eJIOM MpU NoAKItoueHnH K 3amuineHHor BCC kak aHamoroBbix, Tak U udpo-
BBIX JJATYMKOB, PAHEE YKE YCTAHOBJIECHHBIX HA OOBEKTE.

Buibop ancopummuueckoeo bazuca kpunmozpaghuueckoui 3auumol

BOABIMIMHCTBO TPAJUIIMOHHBIX METOJIOB KPUNITOIpaprUuecKoi 3alUThl HE
MOAXOMAST JJI1 YCTPOMCTB C HU3KUM DHEPromnoTpedsieHneM, TaKuX Kak Oecrpo-
BOJHBIE CEHCOPHBIE CETU. ITO BO MHOT'OM CBSI3aHO C TE€M, YTO THIHYHBIE METO-
bl OOMEHa KJI0YaMHU HCIOJIb3YIOT AaCUMMETPUYHYIO KpUNTOrpauio, TakxKe
Ha3bIBa€MyI0 Kpunrorpadueit ¢ OTKpbITHIM KIt0UOM. B 3TOM cityuae HeoOxoau-
MO MOJJEP>KUBATH JIBA MATEMATHYECKH CBS3aHHBIX KJIOYa, OJMH U3 KOTOPBIX
ABJISIETCSI OTKPBITBIM, @ JIPYrOM - 3aKpBITBIM. DTO MO3BOJISET WM(POBATh JaH-
HbI€ C MOMOIIBIO OTKPBITOTO KJF0Ya M ACMHU(PPOBATH C MOMOIIBIO 3aKPHITOrO
kimoya. [Ipobiema ¢ acuMmeTpuyHON Kpunrorpadueil B 6ecipoBOJHOM CeH-
COpPHOM CETH 3aKJII0YaeTCsl B TOM, YTO OHA OOBIYHO TPEOYET CIUIIKOM OOJIBIINX
BBIYMCIIUTEIBHBIX PECYPCOB UISl OTJIEIBHBIX Y3J10B CEHCOPHOU ceTH [7, 8].

JI71st cucteM ¢ OrpaHMYEHHOM BBIYMCIUTENIBHON MOIIHOCTBIO B OCHOBHOM
BBIOMPAIOT CUMMETPHUYHBIE ITOPUTMbI MHPpoBaHus. OHU HCHOJIB3YIOT OJUH
OOIIUIA KIJTF0Y, U3BECTHBIA TOJILKO JBYM B3aHMOJCHCTBYIOIIUM y3JIaM. DTOT 00-
M K04 UCIOJIb3YeTCs Kak g IU(pPOBaHUs, TaK U A ACMIHPPOBAHUS
JaHHBIX. TpaJMLIMOHHBIM NPUMEPOM CUMMETPUYHON KpUNTOrpaduu sIBIsETCS
DES [8]. B cBete uzBectHbIX HepocTaTkoB DES Obun npeniokeHsl Apyrue cu-
CTEMBbl CUMMETpUYHOM Kpunrorpaduu, ucnoiaszyembolie B bCC, Bkimouass 3DES
(Triple DES), RCS5, AES, a Taxxe oreuectBeHHbIN ['OCT mudpoBanus «Mar-
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Ma». P@SYJ'IBT&TBI CpaBHCHUA HanOoJIee N3BECTHBIX AJITOPUTMOB CUMMCTPHUYHO-

ro mupoBaHus CBeJEHbI B Ta0M. 1.

Ta6numa 1
CpaBHeHUE aNTOpUTMOB MKU(PPOBaAHUS

Ha3zpanue Pa3mep kmroua Pa3mep Omoka nan- | KomudecTBo payH-
HBIX JIOB
DES 56 64 16
3DES 168, 112, 56 64 48
DEX-X 184 64 16
Blowfish 32-448, 8-128 64 16
Twofish 128, 192, 256 128 16
AES 128, 192, 256 128 32
['OCT P 34.12- 256 64 32

2015

B anroputrme mmudpposanus [OCT P 34.12-2015 610Kk MOACTAaHOBKH HE
¢ukcupoBaH, kak B DES, u sBisierca cekpeTHsIM mapamerpom. Kirod ropaszno
Oosnbie - 256 OuT, 4TO eJaeT HEBO3MOXKHOMU aTtaky nepedopom. OnbiT DES mo-
Ka3bIBAET, YTO BBIOOP MOJCTAHOBKU PEIIAIOIIMM 00pa30M BIMSET Ha CTOMKOCTb
nmdpa. Mexanusmsl pacceuBanusi B OCT P 34.12-2015 u DES paznuuarorcs.
Ecnu B DES paccenBanue mocturaercsi IepecTaHOBKOM OUT B OJOKE TEKCTa U
noactaHoBkoil, To B 'OCT P 34.12-2015 oHO ocymiecTBisieTCsI B OCHOBHOM
CII0KEHMEM TI0 MOYJIIO 232, MOJICTAHOBKOM M CIBUIOM.

JUis OBBILIEHUSI CTOUKOCTH K AU(depeHInaTbHOMY U JTMHEHHOMY METO-
JlaM KpUNTOAHAIHN3a KeJlaTeIbHO BEIOMPATh AKCTPEMabHbIE MOACTAHOBKH C HE-
JUHEHHOCTHIO 4 u paccenBanueM 1. Kpome Toro, Hanbosnee BeposiTHas pa3sHOCTh
JIBYX BBIXOJIOB TOJCTAHOBKH NPHU (PUKCUPOBAHHOM Pa3HOCTH BXOJOB JOJDKHA
UMETh MaJIy}0 BEPOATHOCTH (PA3HOCTU ONPENEISAIOTCS CyMMOM IO MOAYJIO 2).
OpHako HaxOXJEHHE TaKUX IOACTAHOBOK COIPSIKEHO CO 3HAYUTEIbHBIMH
TpyaHocTsaMu. Yucno nukioB B 'OCT P 34.12-2015 no cpaBrenuto ¢ DES yge-
nuyeHo BaBoe. CornacHo [9], kpunroananus yceueHHoro 24-mukiooro 'OCT
P 34.12-2015 6e3 noclieIHUX BOCbMH ITUKJIOB MTOKa3ajl, YTO CTOMKOCTh €ro Impe-
BBILIAET 2°* 1715 CIyyaliHOro GJI0Ka MOICTaHOBKH.

I'OCT P 34.12-2015 sBnsieTcs OTE€YECTBEHHBIM CTAHIAPTOM CHMMETpPHY-
HOTO MIM(POBaHUs, OH UCIOIb3YeTCS B CEPTUDUIMPOBAHHBIX CPEICTBAX KPUII-
TOrpapuuecKor 3alIuThl HHPOPMAIH, TPUMEHIEMBbIX B TOCYAaPCTBEHHBIX HH-
(OpPMALIMOHHBIX CUCTEMAX M, B HEKOTOPBIX CIIydasiX, B KOMMEPYECKHUX CHCTe-
max. Pasmep Onoka 64 Oura, pasmep kioda 256 Out, yucio payHaoB 32.
YnporieHHas CTpyKTypa payHAa mudpoBaHus U IpocTas oOpatumas GyHKIUS
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mu(ppoBaHUsl, YBEIUYEHHOE YHUCIO PayHIOB, TPUBUAJIbHAS CXEMa T'€HEpALMU
KJIFOUEBBIX JIEMEHTOB M3 KJII0Ya - B KAYECTBE KIIFOUEBBIX AJIEMEHTOB Ha payH-
Jax mudpoBaHUs UCMIONB3YIOTCA 32-OUTHBIE (PParMEHThI KiI0o4a, MPUYeM Kax-
Jblii (hparMeHT ucnonb3dyercss 4 pasza. AJITOPUTM HE COJEPKUT HEPETYISPHBIX
OUTOBBIX MEPECTAHOBOK, a TaOJIUIIA OJICTAHOBOK HE (PUKCUPOBAHA B aJITOPUTME
U ABJISICTCS JOJTOBPEMEHHBIM KIIFOUEBBIM 3JIEMEHTOM [9].

Hanublii mmdp UMeeT psg TOCTOMHCTB, KOTOPbIE MO3BOJISIIOT MPUMEHSTh
ero B cucreMax mudpoBanus. Baxxnoe noctouHcTBo mudpa «Marmay» - ycroii-
YUBOCTh K JUHEHHOMY U Ju(dPepeHnaTbHOMY KPUIITOAHAIU3Y 3a CUET MpUuMe-
HEHUs CNEeUHUANIbHBIX KpUNTOrpapuueckux nojctaHoBok [9]. Emeé onHo gocro-
uHCTBO mmdpa «Marma» - cpaBHUTENBHO Manoe konudyecTBO GE BenTune, He-
00XOJIMMBIX JJI peaju3allii, YTO XapaKTepU3yeT JaHHbIA Udp MPOCTHIM U HE
TpeOOBATENBHBIM K pecypcaM MPOU3BOJUTENBHOCTH B YCIOBHUSAX €ro ammapar-
HOM pealn3alni.

IKCcnepumMenmanvbHas 4acms

B pamkax paOoThl ObLI MOCTABJIEH KCIEPUMEHT MO pPea3aluu Ha A3BIKE
Verilog anroputma mudposanus «Marmay. [Ipu 3ToM ObUIM HamMcaHbl TaKue
HDL-moaynu, kak MOoayidb CyMMHUpPOBaHUs CyOOJOKa AaHHBIX C KJIOYOM, MO-
NyJib, PEANU3YIONINI IUKINYECKUNA CIBUT, MOJYJb, PEATU3YIOIIUN ONEepaLHIO
MCKJTIOYAIOIIIEE «UJIN» U AP.

[TpoBepka moMydYeHHBIX PE3YyJIbTATOB MPOBOAUIACh ¢ npuMeHeHuem CAIIP
Quartus 20.1.1 Lite Edition. B Mmoagenu 6b110 Bicnonb3oBaHo 6056 TOrH4YecKux
anementa [1IJIMC Cyclone IV EP4CE22F17C6 nemoncTpanuonHoi minatel DEO-
Nano [11].

JIns TecTupoBaHUS MOyl ObUT pazpaboTaH TeCcT-O€HY, B KOTOPOM Te€He-
PUPYIOTCS KJIFOY, BXOJHbBIE JJAaHHBIE, M0JIaBaeMble 3aTEM Ha OJOK MMppOBaHUS
(puc. 2,a). 3HaueHUs TECTOBBIX BEKTOPOB JAAHHBIX 3aJ]aBAJIUCh U3 COOTBETCTBY-
romiero npuioxenus k [OCT P 34.12-2015 [9].

[IpoBeneHHBIE SKCIEPUMEHTHI JOKa3adu paboTOCIOCOOHOCTh U A (PEKTUB-
HOCTb IIPEIJIOKeHHON peanu3auuu. Ha puc. 2,0 npeacraBieHa cCTpykTypa OJIHO-
ro payHja mu@poBaHus, MOJy4YeHHas: ¢ TomoIibio BcTpoeHHoi B CAIIP yTumnu-
Tbl Quartus RTL Viewer. O61iee Bpems BbIOTHEHUS 32 payHI0B UG POBaHUS
BXOJIHBIX JAHHBIX COCTaBWIO 3,23 MKC IpPU YacTOT€ TAKTUPOBAHUS, PABHOM
50MIL.
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Puc. 2. Cmpyxkmypa 6noxa wiughposanus u e2o pearuzayus:

a — cmpykmypa 010Ka 8 cocmage mecm-benua,; 6 — annapamuas peaiuzayus 00H020

payroa wugposanus

B nanpHeiiineM ¢ 1eNbl0 9KCIEPUMEHTAIBHON anpoOanui HM3J10KEHHBIX

BBIIIIE TPUHIMUIIOB TMOCTPOCHUSI ObUT pa3paboTaH MakKeT MPOrpPaMMHO-

anmapaTHOTO MOyJis MU(POBaHUS B COCTaBe 0230BOI0 MUKPOKOHTPOJIIIEPHOTO
MOJIyJIs1, BEITIOJHSONIETO ok bY, Gioka mudpoBanus u 610ka cBs3u (puc. 3).
[Tpu sTOM B KauecTBe 6a30BOr0 MUKPOKOHTPOJIIIEPHOTO MOIYJS ObLIAa MCHOJb-
30BaHa JeMoHcTpanuoHHas miata STM32F4Discovery ¢ MUKPOKOHTPOJUIEPOM
STM32F407VGT. Ha MUKpOKOHTpOJIEP BO3JI0KEHBI (PYHKIIMH ChEMA JTAHHBIX
C JaTYMKOB, yIpaBieHHUs OJ0KOM ImH@poBaHus U OgokoMm cBs3u. Pa3zpaborka
IpOrpaMMHOro Kojaa npoussoauiack B cpene Keil uVision 5 Ha sa3sike C.
JUis TectupoBaHUs pabOTOCIIOCOOHOCTH MOJYJIA HMCIOJIB30BAJICS OIUH
uupposoit natunk DHT11, nonnepxusatonuit HART-niporokon, u aBa anaio-
roBeix gatunka TMP36.
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BA30BbI WEB-TepMuHan

. MUKPOKOHTPOJNEPHbIV

NHCTpymeHTanbHbIN MOAOYMb =
MK

=1

USB 2.0 ISP- Ff“ZZEEEEER\
MUKPOKOHTpornep

N

UART UART
MWKPOKOHTPOINJEP WeMos D1 R2

STM32F407VG (ESP8266)

STK DEO-Nano

HART Analog

DHT-11 k—' | TMR36 TMR36

Puc. 3. Cmpyxmypa sxcnepumenmanbHo20 MaKkema npocpammHo-annapammuozo Mooy-
JUSL WUDPOBanUsL C YUemoM UHCIMPYMEHMANbHbIX CPeOCNE UHMEPAKMUBHOU OMIAOKU U
mecmuposanus

B kauectBe Onoka mudpoBanHusa ucnonb3oBanack miatgopma STK DEO-
Nano (Terasic, USA) ¢ FPGA EP4CE22F17C6. Pa3paboTtka u otnanka Ojoka
mudpoBaHus Mpou3BoAMIIach Ha si3bike Verilog ¢ mpumenenueM Quartus 20.1.1
Lite Edition. C nenpto opranuzanuu yCTOMYMBOrO B3aUMOJECHCTBUSA C MOJYJIEM
OBl pa3paboTaH M pealu30BaH OPUTHMHAIBHBIN MPOTOKOJ CBsA3U. [IpoTokoi siB-
asieTcs Jorudeckoil Haactporikoi Haj uHtepdericom UART, u moxer ObITh
NPUMEHEH U K IPYTUM MU(PPOBBIM MMOCIEI0BATENFHBIM 0alT-OPHEHTUPOBAHHBIM
KaHajaM CBsI31, IMEIOIINUM anlapaTHYIo MOJACPKKY B MEKPOKOHTPOJIIEPE.

Jlnis peanuzanuu 6oka cBa3u Obuia BeiOpaHa miuata WeMos D1 R2 Ha 0Oa-
3¢ ESP8266. Pa3paboTka nporpaMmmHOro koaa web-cepsepa Benach B Arduino
IDE c ucnonszoBanuem oubnuorek ESP8266WiFi u ESP8266WebServer.

Jlnis TecTUpoBaHUS OECIIPOBOJHOTO KaHAJa CBS3M U TMONyYEHHUs JaHHBIX C
Moy Obuia pasBepHyTa Ha [IK mporpammHas Touka AOCTyma ¢ MOAAEPKKON
Wi-Fi USB Adapter (mogens WL-WN685N1) u nanucana BeO-cTpaHuiia, n300-
paskeHrne KOTOpoW mpuBeneHo Ha puc. 4. [Ipu 3ToM cTpaHHIa MOAAEPKUBAET
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B3aMMOJICUCTBHE MOJIH30BATENS 10 OECIIPOBOAHOMY KaHAIY CBA3U C MOAYJIEM C
LEIbI0 OpraHu3alid KOMaHJIHOTO WHTepdeica ymnpaBleHHs UM, NpUeMa 3a-
mU(GpPOBaHHBIX JAaHHBIX, UX AU (POBAHUSA, KOHTPOJIS YCTaHABIMBAEMbIX I'pa-
HUIl U3BMEHEHUS 3HaYEHUN TEXHOJOTMYECKUX NMEPEMEHHBIX U OTOOPAKEHUS T10-
JYYEHHBIX PE3yIbTaTOB HA d3KpaHe Web-repmuHana.

lporpaMMHozannaparHsiniMoaynsluingpoeanualnaHHexfanAlaBTOMaTU3NPOBaHHEIX
[cncTemIMOoHWTOPHHIakTeXHONOIMYeCknX{oOEeKTOB

Puc. 4. Beb-cmpanuya mo0yns npu 6KI04eHHOM pedcume Oeuudposanus

B pamkax pabotbl Takxke ObUIa BBINOJHEHA NpoBepka 3((PEeKTUBHOCTU
nporpamMmMHoil u anmnapatHor peanm3anuid ['OCTa P34.12-2015. PesynbraThl
CpaBHEHUS MpuBeneHbl B Ta0d. 2. M3 Tabnuubl BUAHO, 4TO O€3 ydera 3arpys-
KHU/BBITPY3KH JAHHBIX amnmnapaTtHas peanusanus B 6asuce [1JIMC DEO-Nano (Ha
yactore 50 MI'n) 6onee yem B 390 pa3 ObIcTpee MO CPAaBHEHUIO C TPOTrPaAaMMHOIMA
peanuzanuei 3toro xe anropurma Ha MK tuna STM32F407 Ha vactote siapa,
paBHO# 168 MI 1.

Tabnuua 2
CpaBHEHME BPEMEHHOM CIOKHOCTH C UCNOJB30BAHUEM IIPOrPAMMHOM U
annapaTtHoW peayinzaluu 0e3 yueTa 3arpy3Ku/BhIrPY3KU JaHHBIX

BapuanT peanmzanuu Bpewms, Mkc
[IporpamMmmHas peann3sanus 1261,2
AnnapartHasi peaau3alus 3,23
BriBoabBI

Ha B3risig aBTOpOB, MPEICTABICHHBIE B CTAaTh€ PE3YJbTAThl JOKA3bIBAIOT
peann3yemMocTh U 3(QPEKTUBHOCTD MpeIaraeMoro MoIxo/ia Mpy CO31aHuu Mpo-
rpaMMHO-aMMapaTHBIX CPEACTB MEPBOM JIMHUU KpUNTOrpadUdecKol 3alluThl B
COCTaB€ CYIIECTBYIOIIMX CEHCOPHBIX CHCTEM C NPUMEHEHHEM amnapaTHBIX
KOMIIOHEHTOB, UMEIOIINX OT€YECTBEHHBIE aHAJIOTH.

219




PeanuzoBanHblii B paMKax pa0oThl ammapaTHbId OJOK MHU(GPOBaHUS IO
['OCT P 34.12.2015 noxkazan BBICOKYIO MPOIYCKHYIO CIIOCOOHOCTh U CKOPOCTb
mu(ppoBaHUs, YTO B YCIOBUSAX CTPYKTYPHOIO pacmlapasuleIMBaHUs MO3BOJISET
BECTH TapajuiesibHoe IudpoBaHue/AemubpoBaHUe AaHHBIX, MOCTYMAKOIIUX
Cpa3y OT HECKOJbKHUX CEHCOPOB, IIPH YCIOBUH, UTO pa3Mep MHUPPYyEeMOro rnakera
HE IPEBBIIIACT 3aJaHHbIN.
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ManrymeB Anekcanap BsuecinaBoBud

YHUBEPCAJIBHBIIA MQTT KJIUEHT HA BA3E
OJHOKPUCTAJIBHOI'O MUKPOKOHTPOJIVIEPA

Paspabomana muxponpoyeccopnasn cucmema, ocywecmenaouas nepeoaiy 0au-
HbIX U 0bpabomky komano no npomoxony MQOTT & cemu Unmepuem. Ilpoepammuoe
obecneuenue 01 MUKPOKOHMpPOIepa Hanucano Ha asvike Cu ¢ npumenenuem onepa-
yuonuou cucmemvul peanvhoco epemenu (OCPB) FreeRTOS. Ycmpoticmeo cnocobno
CAMOCMOAMENbHO B80CCMAHABIUGAMb NOOKMIOUeHue K cemu. Ilpedycmompena 603-
MOJNCHOCMb NOOKNIOYEHUs. PA3IUYHbIX nepugeputinvlx ycmpoticms. 1nasnou ocoden-
HOCMbIO YCMPOUCMBA ABIAEMCS 803MONCHOCIb YOANEHHO20 O0OHOBNIEHUs NPOCPAMM-
Ho20 obecneuenus mukpoxoumponepa (OTA).

Humepnem seweti, npomokon mqtt, MUKPOKOHMPOJLIED, ZSM, ONEPAYUOHHAS CU-
cmema peanbHo20 8pemenu, ota.

Mangushev Alexander Vyacheslavovich

UNIVERSAL MQTT CLIENT BASED ON A SINGLE-CHIP
MICROCONTROLLER

A microprocessor system has been developed that transmits data and processes
commands over the MOTT protocol on the Internet. The software for the microcontrol-
ler is written in C using the FreeRTOS real-time operating system (RTOS). The device
is able to restore the network connection on its own. It is possible to connect various
peripheral devices. The main feature of the device is the ability to remotely update the
microcontroller software (OTA).

Internet of things, mqtt protocol, microcontroller, gsm, real-time operating system,
ora.

BBenenue

Co Bce OombIIMM pacnpocTpaHeHueM MHTepHeTa CTaHOBUTCS JIOCTATOYHO
JIETKO MOJIKJIIOYUTh pa3padOoTaHHOE YCTPOMCTBO K CETH, UTO MO3BOJISET C MEHbB-
IIAM BMEIIATEILCTBOM YEJIOBEKA aBTOMATU3UPOBATh PA3JIMYHBIE ITPOLIECCHI.
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Hanpumep, B MeauuHe 7Sl BBISIBJICHUS HAPYIICHUS CEPACYHOrO0 PUTMa IpH-
MEHAIOT cyTouHOoe MoHutopupoBanue OKI', mpu KOTOpoM naHHbIE O paboTe
cepAla CTaHOBATCS TOCTYIHBI TOJIBKO B KOHIIE U3MepeHHil. BmecTte ¢ TeM Mo-
KET BO3HUKHYTh HEOOXOAMMOCTHb MPOMEXYTOUYHOI'O KOHTPOJIA Mpolecca — B
ATOM CiIyyae ILieJiecooOpa3Ho nepeaaBaTh IaHHbIE HAa CEPBED, I'JI€ OHU Cpasy To-
TOBBI JUIsl aHanu3a cneuuanuctoM. [loatoMy pa3zpaboTka yCcTpOWCTB — MHUKPO-
IIPOLIECCOPHBIX CUCTEM, MOJIYHYAOIINX U OTIPABILIIOMMX B MIHTepHET naHHbIE B
pEXUME PEalbHOIO0 BPEMEHH, 00ECIEUMBAIOMIMX BO3MOKHOCTh ONEPATUBHOTO
OTCJIC)KMBAHUS NOKA3aHUW JTATYUKOB M BO3MOKHOCTh yJAJICHHOTO YIIPaBJIECHUS
pa3IUYHBIMU IPUOOPAMU, IPEICTABIIACTCS aKTyalbHOM.[1]

AnnaparHas yactb MQTT-kianenra

B  kauecTBe UEHTPAJIBHOIO  MUKPOKOHTpoJuiepa Obul  NpPUMEHEH
STM32F446RE [2], mOCKOJIBKY HMMEET JOCTaTOUHYIO NaMsTh W OBICTPOJICH-
CTBHUE, alNapaTHYIO MOJJEPKKY BBIUMCICHUN C IUIaBaIOLEHd TOUYKOW, HEOOXO-
JUMBIX B MEPCHEKTUBE MCIIOJIb30BAaHUS pa3padaThIBAEMOI0 YCTPOMCTBA B IMpH-
JIO)KEHHUSX, TPEOYIOIIUX MIMPOKOr0 MCHOIb30BaHMS U(POBOM 00pabOTKH CHT-
HaJIOB.

s Beixoga B Uutepnet ucnonszyercss GSM/GPRS moxyns SIMS00[3],
MOJJIEP>KUBAIOIIMN MOJKIIOUeHHE K ceTu npu nomouu creka TCP/IP. Ympas-
JSIOIUNA MUKPOKOHTPOJUIEP peain3yeT MPUKIAAHOW MPOTOKOI OOMEHA TaHHbI-
MU B paMKax COOOIIeHUM, nepenaBaeMbix 1o nporokony MQTT[4], paboraro-
nieMy nosepx nporokona TCP. Camo TCP-coennHenne ocymecTBisieTcs cpen-
ctBamu GSM-monyns. Ynopasinenne GSM-niepeaTyukoM NPOU3BOAUTCA YEPE3
untepdeiic UART nocpenctsom nepenaun AT-komann. Takxke cieayer oTMe-
TUTh, YTO Y MPOU3BOJIUTENS JAaHHBIX MOAYJIEH UMEIOTCS JTUHEHKH 715 OoJiee co-
BPEMEHHBIX CTaHAAPTOB CBs3U (B nepByto ouepeab, NB 10T [5]) ¢ mpaktuuecku
MOJTHOM COXPAaHHOCTBIO MPOTOKOJIAa OOIIECHHS, YTO B OYAYIIEeM IO3BOJIUT Oe3
0COOBIX CIIOKHOCTEN MEPEHECTH MPOEKT Ha JPYroi Kiacc OECIpOBOIHBIX CETeH
[6].

B texymient Bepcun MOZyJIs BBIBEJAEHBI BCE OCHOBHBIE alnapaTHbIE UHTEP-
¢eticel kouTposuiepa: 12C, UART, SPI, a Tak:ke HEKOTOPOE KOJIMYECTBO MOPTOB
BBO/Ia-BbIBOJIA, YTO MO3BOJISET 0€3 TpyAa MOAKIIYATh JOMOIHUTEIbHOE 000py-
noBaHue. Bo Bpems OTiagku mporpaMMbl B KQUECTBE BHELIHErO CEHCOpa Ipu-
MEHsUICS naT4uuK Temrieparypsl DS18B20.

Auaroputm padoTbl yCTPOHCTBA

IIporpamma 111 MUKpOKOHTPOJIEPA OCHOBAHA Ha ONEPALIMOHHOW CUCTEME
peanbHoro BpemeHu (OCPB) FreeRTOS [7,8], pabora ¢ mnepudepuiiHbIMU
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YCTPOMCTBAMH OCYILECTBIISETCS MPU MOMOILM MPEIOCTABIAEMON IPOU3BOIUTE-
JIeM MUKpPOKOHTpoJuiepoB oubnuoreku HAL, obecnieunBaronieii nepeHoCUMOCTh
KOJIa MKy MUKpOKOHTposuiepamMu STM32 paznuunsix cepuid. Takoe perieHue
MO3BOJISIET B OyIyllIeM MOAAECPAKUBATH KOJI U A00ABIATh HOBYIO (DYHKIIMOHAJIb-
HOCTb.

Paccmotpum anroputm pabOThl CUCTEMBI C MOMOIIBIO0 TUATPAMMBI aKTHB-
Hoctel (puc. 1, 2). Kaxapiii u3 moTokoB (3a/1a4) 0003HAYEH B BUJEC 3aKOHYCH-
HOTO anropuTMa ¢ OecKOHEYHBIM IuKJoM. [locrme momaun muTaHUS HauWHAET
BBIMIOTHATHCS MHUIHaNu3anusa GSM Moaynisi, TPOUCXOIIas B 3a]1a4€ C CAMbIM
BbICOKUM TproputeToM (StartSIM800Task). B ciayuae ommbku Ha kKakoM-JIH00
JTalle MHULMAIM3alus HaynHaeTesa ¢ Havana. [locne e€ 3aBepiieHus sra 3agaya
yaansiercs, ocBoooxkaas Mpiorekc (UARTMutex), oTBeuaromuii 3a 10CTym Mo-
TOKOB K uHTep(eiicy oOmenus ¢ GSM-moayinem.

Jlaniee HauMHAET CBOE BBIMOJIHEHHUE 337a4a, MHUIUATU3UPYIOIIAs TOAKIIO-
YeHHe K CepBepy M MOJMUCKY Ha cooTBercTByrOmMid Tonuk (StartMQTTCon-
nectTask). B cnyuae HECKOTBKHMX HEYAAYHBIX MOMBITOK MOJKIIOUEHHUS TPOHC-
XonuT co3ganue nepoit 3amaun (StartSIM800Task) u mporecc moBTopsiercs.
Jlanee 3TOT MOTOK TaKKe€ YHHUUYTOXKAeTCd, U B (POHE HAYMHAIOT padOTaTh He-
CKOJIbKO IMOTOKOB: 3a/1aua 1no ymonuanuto (default task), 3amava moceuiku nuHr-
naketa (PINGStartTask), 3amaua oTmpaBku JaHHBIX Ha cepBep (Start-
SIM800SendTask), 3agaua oOpadboTku Bxoasmux komanyg (MessHandlerTask) u
3amadya u3Mmepenus temnepatypbl (StartGetTempTask). [ns cunxpoHu3anuu
pabOThl MOTOKOB MPUMEHSIOTCS CYETHBIE ceMadopbl, OUePEN U MbIOTEKCHI. 3a-
nava StartGetTempTask oxxungaer BeictaBienus cemadopa SemGetTemp, 3ana-
ya StartSIM800SendTask — ocBoboxkaeHuss mprorekca UARTMutex u Hanuuus
cooOlIeHu B odyepean Ha mnepenauy, 3agadya MessHandlerTask — nanuuus Ho-
BOM cTpoku B ouepenu komani. 3agada PINGStartTask ornpasnser pa3 B He-
CKOJIBKO CEKYHJ THHT-TIAKeT, MOAEPKUBAIOIINNA COCTMHEHUE OTKPHITHIM. 3a-
Mep BpEMEHHU MEX]y MOCHUIKAMU MUHT-TAKeTa MPOUCXOIUT MPU TOMOIIH Tai-
Mepa, OOHYJIIEMOTro IIPH Mepeaade Kakoro-1u00 coOoOIEHUsI IO COSTUHEHHUIO.
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Puc. 1. JJuacpamma akmusHocmetl npoecpammul 01 MUKPOKOHMpPOILLepa, yacmo 1

<<signal sending=>
Release

<=signal sending>>
Queue put

RXSim800Queue

OumcTra Bychepa

CTapT NOBTAPHOTC NPHeMa

3amaya 1Mo yMOJTYaHUIO MEPEKIIOUYAET COCTOSHUE CBETOIMO/IA, IEMOHCTPH-
pys OTCYTCTBHUE 3aBHCaHUs CUCTEMBI. B ciyuae oOHapyxeHus omnmbok B paboTte
MOJyJII IPOUCXOANUT co3AaHue MoTtoka nHunuanu3anuu StartSIM800Task. Pas-
60p coobmennit oT Moayis npoucxonut B 3agade (MessHandlerTask): mpuns-
Teie OT GSM-Momysnsi CTpOKM, BOCIpHHUMAaeMble KaK TIIOJE3HbIC TaHHbBIC,

HAIPaBJISIOTCS B 00pa0OTUYMKE TPEpPHIBAHUS B COOTBETCTBYIONIYIO OYEPEIb
(RXSim800Queue).
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Puc. 2. JTuaepamma akmusnocmeti npocpammsl 015 MUKPOKOHMPOLEpd,
yacms 2

YnajienHHoe 00HOBJICHHE TPOTPAMMbl MUKPOKOHTPOJLJIEPA
OnHOM U3 KITHOYEBBIX OCOOCHHOCTEN CHUCTEMBI SIBISIETCS BOBMOXKHOCTH YJlajeH-
HO OOHOBUTH IPOrpaMMy MUKpOKOHTpoiuiepa uepe3 Uurepuer (OTA).

Jjist Toro 4ToObl OOHOBUTH MPOrPAMMY, MBI MIPEABAPUTEIHLHO COXPAHIEM
¢aiin c Hell Ha cepBepe U OTIIPaBIIsieM YCTPOHUCTBY KOMaHy OOHOBIICHHUS.
[Tocne sTtoro HauHercs 3arpyska (Qaina mo nportokony FTP. 3arpykeHHbIi
daiin coxpansiercst Ha BHemHel Mukpocxeme flash-mamstu. [danee ynpasienue
[IepEeIacTCsl BCIOMOTaTEIbHOMY MUKPOKOHTPOJIIEPY, KOTOPBIN 3arpy3UT HOBYIO
IIPOrpaMMy B OCHOBHOW MUKPOKOHTPOJLIED.

Mukpocxema naMsaTH, OCHOBHOW M BCIIOMOTaTEJIbHbIM MUKPOKOHTPOJLIE-
pol coenunsitores o untepdeiicy SPI. Tlockonbky nmporokon [9] npexycmatpu-
BACT HAJMYUE TOJBKO OJHOIO BEIYLIEro YCTPOWCTBA HA ILIMHE, I Iepeaadyu
IIOJJHOMOYMW BEAYIIETO OCHOBHOW M BCIOMOTATEIbHBIM MHUKPOKOHTPOJLIEPHI
coeauHenbl o uHtepdericy UART. MukpocxeMa mamsiTd BCeria siBISIETCS Be-
JIOMBIM ycTpoiicTBOM. M3HauaibHO 00a MHKPOKOHTpOJIEpa CKOHPUTYpUpOBa-
HBI B pexxuMe Benomoro. [locne Havana npoiiecca OOHOBJIEHHSI OCHOBHOM KOH-
TPOJUIEP MEPEXOAUT B PEKUM BEIYLIErO U 3aAIIMCHIBACT JTAHHBIE B MUKPOCXEMY
[IAMSATH, 3aTEM CTAHOBUTCS BEIOMBIM U OTIPABIIAET BCIIOMOraTeIbHOMY MUKPO-
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KOHTPOJUIEpPY KOMaHIy Ha pa3pelleHHe CTaTh BeaymnMm Ha muHe. [locie 3a-
IPY3KH MPOTPaMMBbl B TJIaBHBIM KOHTPOJUIEP, BCIIOMOTaTENbHBIA BHOBb CTaHO-
BUTCS BEIOMBIM, M1 MBI CHOBa HIMEEM TPHU BEAOMBIX YCTPOMCTBA Ha muMHE. Takas
KOH(pUrypanus peanrsyema BCIEICTBHE TOTO, UTO JUJIS KaXAO0r0 U3 KOHTPOJLIE-
POB MO>XHO HACTPaMBaTh €ro COCTOSTHUE Ha IIMHE MPOrPaMMHBIM CIOCOOOM 0€3
M3MEHEHHS Ha3HAYECHUS BBIBOJIOB.

B [10] paccmarpuBaeTcst co3qaHUE aHATIOTUYHOTO YCTPOMCTBA, OJTHAKO OHO
uMmeet psj HepoctaTkoB. B kauectBe GSM/GPRS monyns npumenen SIMS0OOL,
HE TOJJIEPKUBAIOLIMNA YacTh HeoOxoauMbix AT-komanza. Takke ycTpouCTBO,
onucanHoe B [10], cocTOUT W3 OTAENBHBIX TOTOBBIX MOJIYJIEH, YTO HE COBCEM
MIPUTOTHO JJISI KOHTPAKTHOIO MPOM3BOJCTBA M NMPOMBINIUIEHHOTO IPUMEHEHHS.
Kpome Toro, mporpamMma aiss MUKpoKoHTpoiuiepa B [10] cocTaBineHa ¢ ucnomnb-
30BaHMEM YK€ ycrapeBuieil 6momuorexku SPL, 4TO 3aTpyaHseT mepeHoc Ha
MUKPOKOHTPOJUIEPHI APYrux cemeilcTB. Pa3paboTaHHBI B HacTosmiel paboTe
IIPOTOTHI CBOAUT YKa3aHHbIE HEAOCTATKA K MUHUMYMY.

BbiBoabI

B pesynbrate mpoaenaHHod paOoThl Oblia pa3paboTaHa M HM3rOTOBJIEHA
nepBasi BepcHs yCTpoicTBa, obecneunBaromas noakiouenue kK MQTT-cepeepy
1 00pabOTKy HEKOTOpOro konuuectBa koMana. Kpome toro, Obuta peanv3oBaHa
BO3MOYKHOCTh YJaJ€HHO OOHOBHUTH MPOrpaMMy MHUKPOKOHTpOJUIepa Uil J1ajb-
HEWILIEr0 COBEPIICHCTBOBAHUs yCTPOWCTBA. B mampHeMmeM IUIaHUpPYETCS
y4eCcTb KOHCTPYKTHUBHBIE HEOPAOOTKM MEPBOM BEPCHH U U3TOTOBUTH BTOPYIO,
JOpa0OTaHHYIO BEPCHIO C LIENBIO OTJIAJKH MPOrpPaMMHOIO OOecreueHus B pe-
aNbHBIX ycnoBUsIX. [lmaHupyeTcs Takke peanu3oBaTh MHUQPpPOBaHHE Tpaduka C
LEIBI0 TPEAOTBPALICHUS HECAHKIMOHMPOBAHHOTO JOCTYyNAa K YIPAaBIIEMBIM
YCTPOMCTBAM.
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Cexuust — MeToabl, CHCTEMBI U CPeACTBA 00Pa0O0TKH (PpU3HMUYECKUX CUTHAJIOB

YK 621.396
[Inakcuenko Bnagumup CepreeBuu

KBA3UOIITUMAJIbHBIN PASHECEHHBIN IIPUEM
3AMHUPAIOLIIUX CUTHAJIOB

B ycnosusax zamupanuii 0na nogviuienus nomexoyCmoudusocmu 3¢@dexmusno
UCNONIb308AHUE PAZHECEHHO20 Npuemd, KOmopblil NO360Jsen YMEeHbUUMb KaK 21y0u-
HY, MaK U ONUMENIbHOCb 3AMUPAHUL U ABIAENC YACMHbIM CIyYaeM pearu3ayuu Cu-
cmem MIMO (multiple input — multiple output), a umenno cucmema MISO (multiple
input — single output). OcHO8HOU NOCHLIKOU NPUMEHEHUSI PAZHECEHHO20 NpUuema A6Jis-
emcsi mo, Ymo COCMABAeHHbILL U3 KOMOUHAYUU 08YX HE3ABUCUMO 3AMUPAIOUUX CUSHATL
OyOem xapakxmepuz08amvbcsi MeHee CULbHbIMU 3AMUPAHUAMY, YeM JH000U 0OUHOYHbLI
CUcHaJ.

Kesazuonmumanvnouii, npuem, cuenan, areopumm, oopabomxa, KoOMOUHUPOBAH-
HOe CloJCeHUe, NOMEeX0YCMOUYUBOCMb, 3AMUPAHUSL.

Plaksienko Vladimir Sergeevich

QUASI-OPTIMAL DIVERSITY RECEPTION OF FADING SIGNALS

In fading conditions, to increase noise immunity, it is effective to use a spaced
reception, which reduces both the depth and duration of fading and is a special case of
the implementation of MIMO (multiple input — multiple output) systems, namely the
MISO (multiple input — single output) system. The main premise of using a spaced re-
ception is that a signal composed of a combination of two independently fading signals
will be characterized by less strong fading than any single signal.

Quasi-optimal, reception, signal, algorithm, processing, combined addition,

noise immunity, fading.

BBenenue

[Ipu pemenun 3agaun o1eHKU dHPEKTUBHOCTH TIpUeMa U 00pabOTKHU CHUT-
HAJIOB B YCJIOBUSAX BO3JICHCTBHUS Pa3IUYHBIX JCCTAOMIM3UPYIONINX (aKTOPOB
napaMeTpsl MPUHAMAEMBIX CUTHAJIOB MOTYT M3MEHSTHCS BO BPEMECHH M 3HAUU-
TEBHO OTINYATHCS OT MapaMeTpoB mepeAaanHbiX [1]. Ocobyro CI0KHOCTD MPe-
CTaBJIAIOT TPAKTHYECKUE CUTYyallMH, MPH KOTOPBIX HUMEET MECTO HEIOJHOTa
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anpHOPHBIX JAHHBIX KakK O MapaMeTpax CUTHajoOB, TaK U 00 yCIIOBUSAX HUX pac-
POCTPAHEHUSI.

OcHoBHas1 YacTh

B ycroBusx 3aMupaHuil CUTHAJIOB U UX MHOTOJYYEBOIO PACHPOCTPAHEHUS
3 PeKTUBHO UCTIONB30BaHNUE UH(DOPMAIINH, MTOTYyUYaeMOU O MapajieabHbIM Ka-
HajaM IpUEMa IMyTEM PEAIHM3aLUM aJTOPUTMOB PA3HECEHHOro Ipuema [2-4],
KOTOpPBI B COBPEMEHHOW TEPMHUHOJIOTHH SBIISIETCSI YACTHBIM CIIy4aeM CHCTEM
MIMO (multiple input — multiple output), a umenno MISO (multiple input —
single output) [3].

Lenpro paboTHI ABISETCA PACCMOTPEHUE OCHOBHBIX 3aKOHOMEPHOCTEH MpHU
KOMOMHUPOBaHUU JBYX CIIy4YailHbIX IMPOLIECCOB MO AJITOPUTMY aBTOBBIOOpA B
KauecTBe mpoueaypbl 00padotku. [Ipu pemieHun 3aaaun pa3inyeHus IpoLEecCh
B KaHaJlax MOJBEPrarTcs aBTOBBIOODY, MOcie yero, 0epercst pa3HOCTh mpeodpa-
30BaHHBIX MporeccoB. [Ipu pasHeceHHOM Mpueme mocie aBTOBBIOOpa Oepercs
CyMMa npeoOpa3oBaHHBIX MTPOLIECCOB.

[IpencraBieHHble HUKE 3aBUCUMOCTH MOTYUYEHBI TPU YUCICHHOM MOJIEIH-
POBaHUU MCCIIEyEMBIX MPOLIECCOB M AITOPUTMOB, a TakkKe UX 0O0pabOTKM Ha
OBM.

[Ipu 00paboTke OMHAPHBIX CUTHAJIOB IUIOTHOCTH pacHpeeieHus
BEPOSITHOCTEW Ornbarolux MpoIeccoB B KaHajlax 00pabOTKU C CUTHAIOM U 0e3
noguuHsoTcs 3akoHam Paiica (Wi(x)) u Penes (W2(X)), BHUI KOTOPBIX
IIPEACTABIICH Ha puc. 1.

0.7
W)

Wa(x)

Puc. 2

[Ipu npUHATUYM pelIeHHs] TUIOTHOCTh paclpeieIeHUs] BEPOSITHOCTH MpPOLEec-
ca Ha BBIXOJIE ONpPEENsIeTCs CBEPTKOM, a MPU UCIOJIb30BaHUH IPOLETYpPhI aBTO-
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BBIOOpA 3aKOH pacmpenenenus nponecca W) Ha BeIXome, Kak BUIHO W3
puc. 2, OyaeT OMMOIAIbHBIM.

Opnako npu peav3anuu NpoUeAyphl THIIa aBTOBbIOOpA [1] crieKTpbl npo-
LIECCOB B KaHajaxX PacIIUpSIOTCS U B ciaydyae oOpabOTKM OMHApHBIX CUTHAJIOB
HEOOXOMMO OTPAaHUYHTH IOJIOCY MPOIIECCOB IMOCIIe aBTOBHIOOpA paMKaMU WH-
(dhopMalMOHHOM MOJIOCHI.

Ha puc. 3 nmpuBeaeHbl 3aBUCHMOCTH TUIOTHOCTEH paclpe/esieHus] BeposiT-
HOCTEU MPOIIECCOB,
rae W(x) — pacripejiesieHue pa3HOCTHOTO Mmpoliecca,

W9 _ pacnpenenenue npouecca nocie aBToBLIOOPa U (PUILTPALUH, OTPAHUYH-
BAaIOIIEH IIMPUHY CIIEKTPa paMKaMHi HHPOPMALIMOHHOM MOJIOCHI.

Ha puc.4 mpencraBineHbl WHTETpaibHbIE (YHKIIMH PACIPEICICHUS STUX

IJIOTHOCTEW BEPOSTHOCTEM.

0.9 T T : T T : T 1.2
1.0+
0.8} s ;

0.6 -

0.8+
0.7+
0.6}
0.5+

0.4 F(x) F'9(x)

0.4}
031

0.2}

0.0
3

Puc. 3

06 »ddexTuBHOCTH MpoOLIETYPHI OOPAOOTKH MOXKHO CYJIUTH IO 3HAYCHHIO
WHTErpagbHON (DYHKIIMHU B HYJIE, KOTOPOE OMpEJENsieT BEPOSITHOCTh OMUO0YHO-
ro rnpremMa npu npueeme.

PaccmoTpenue puc. 4 moka3blBaeT, YTO COBMECTHOE HCIOJIb30BAHHUE aBTO-
BBIOOpA U PWIBTPALIUU TIO3BOJISIET CHU3UTh OTEHIIMAIbHYIO BEPOSITHOCTD OIIH-
6ounoro npuema (3Hauenus F(x) u FUO(x) npu X=0).

Bwvisoow. Tlponenypsl KOMOWHHpOBaHHOTO ciokeHus [1,3] mocraTodHo
MIPOCTO PEATU3YIOTCA TEXHUUYECKH JUCKPUMUHATOPAMH C YIIPaBIsEMON Xapak-
TEPUCTUKOM [4]. ABTOBBIOOD SIBIISIETCS YACTHBIM CITydaeM KOMOWHUPOBaHUS [2]
U MOXET OBITh MCTOJIB30BAH JIJIS MOBBIICHUS Y)PEKTUBHOCTH PA3IUYEHUS CUT-
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HaJOB TOJIKO B COYETaHUM C MOcienyrouei (GuiabTpalueil orpaHnYrBaroIei

CIEKTPBI MPOIECCOB PaMKaMU MOJOCHI YaCTOT WH(POPMAIIMOHHOTO CIIEKTpa. AB-

TOBBIOOP 3(P(HEKTUBEH TOIBKO B CIy4ae 3HAYUTEIBHOTO PacCOrIacOBaHUSI IITHU-

puHBI ciekTpa curHana Afc u mojgocel mponyckanus npueMHuka Afp, a UMEHHO

korma AfT paBHo 5 u Oonee, rae T — IUTENEHOCTH dJIeMeHTa curHana [1,2].
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YK 621.396
[Inakcuenko Bnagumup Cepreesuu

MOJIU®UIIMPOBAHHBINA AJITOPUTM KOMBUHUPOBAHHOT'O
CJIOXKEHUS B 3AJAYAX ITPUEMA U OBPABOTKHU CUT'HAJIOB

OcnoeubiMu  (hakmopamu, — CHUNCAIOWUMY — KA4eCmeo  NPOCMPAHCHEEHHO-
8peMeHHOU 06pabomKu 8 YCI08UAX MHO20YYE80CMU, OCOOEHHO 8 NOOBUICHOU C8A3U,
ABNAIOMCA: ObICMpbIe U MedleHHble 3amupanus, cogue /lonnepa, a maxace Cry4ainas
YM. B ycnosusax samupanuil O NOGbIULEHUS NOMEXOYCMOUYU8OCmuU Ihexmueno
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UCNONIL30BAHUE PASHECEHHO20 Npuemd, KOMopblil N0360/5em YMeHbuums Kax 2nyou-
HY, MAK U OIUMENbHOCHb 3AMUPAHULL U ABTIAEMCA YACMHBIM CIYYaeM peanu3ayuu Cu-
cmem MIMO (multiple input — multiple output), a umenno cucmema MISO (multiple
input — single output). OcHo6HOI NOCHLIKOU NPUMEHEHUS PA3HECEHHO20 NpUuema s6/si-
emcsi mo, Ymo COCMAGIEHHbIU U3 KOMOUHAYUU O8YX HE3ABUCUMO 3AMUPAIOWUX CUSHAT
OyOoem xapakxmepu3o8amocsi MeHee CUTbHbIMU 3aMUPAHUAMU, YeM TH000t 0OUHOYHBIN
CUCHAJ.

IIpuem cuenanos, areopumm o6padboOmKu, KOMOUHUPOBAHHOE CNONCEHUE, NOMe-
X0YCmouyu8oCmy, 3aMUpanusl.

Plaksienko Vladimir Sergeevich

MODIFIED ALGORITHM OF COMBINED ADDITION IN
SIGNAL RECEPTION AND PROCESSING TASKS

The main factors that reduce the quality of spatio-temporal processing in multi-
path conditions, especially in mobile communications, are: fast and slow fading, Dop-
pler shift, and random FM. In fading conditions, to increase noise immunity, it is effec-
tive to use a spaced reception, which allows to reduce both the depth and duration of
fading and is a special case of the implementation of MIMO (multiple input — multiple
output) systems, namely the MISO (multiple input — single output) system. The main
premise of using a spaced reception is that a signal composed of a combination of two
independently fading signals will be characterized by less strong fading than any sin-
gle signal.

Signal reception, processing algorithm, combined addition, noise immunity, fad-

ing.

BBenenue

CylecTBYIOT pa3inyHble CIOCOOBI MOTYUCHUSI HE3aBUCUMO 3aMHUPAIOIIHNX
CUTHAJIOB, B TOM YHCJI€ MPOCTPAHCTBEHHOE, MOJISPU3AIMOHHOE, BPEMEHHOE,
4aCTOTHOE U YTJI0BOE, a TAKXKE pa3HeceHue 1o 00KoBwIM [1-6].

OcHoBHast YacTh

Knaccudukanus Meto10B 00pabOTKKM CUTHAJIOB MPHU PaA3HECEHHOM IpHUe-
Me mpejcTaBiieHa Ha puc.l [4,6].
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MeToabl 00pabOTKH CUTHAJIOB TIPH Pa3HECEHHOM IpUEME
Metoabl MeTox KoMO6. CMelaHHbIe METO/IbI Moaudo. MeTobl
HepeKJIro- CIIOKEHUs] CIIOXKEHHS 1 MeToJ KOMO. CIIOKEHUS]
YeHUs MePeKITIOUSHHS CIIOXKEHHSI
v v v Y Y v
ABTOBHIGOD C ¢uxenpo- C nepe- Jluneiinoe | | OnTuManbHoe AucxpetHoe
BaHHbBIM MEHHBIM CIOKEHMe CITOKEHMe (MaXkopHUTapHOE)
NIOpPOroM MOPOTroOM CJIOXKEHHE
Puc. 1

Cuctembl MISO sBasitoTcs 00001IEHUEM U JATbHEUIINM Pa3BUTHEM Pa3-
HeceHHOTo mpuema. [Iporeaypsl KOMOMHHUPOBAHUS CUTHAJIOB HAIUIM MpUMe-
HeHUe U pu GOPMHUPOBAHUHU AIITOPUTMOB MPUHATHS PEIICHUS B CHCTeMax 00-
pabOTKH CUTHAJIOB B YCIOBUSAX HEMOJHOTHI allpUOPHBIX CBEICHUN O MapaMeT-
pax CUTHAJIOB M KaHAJIOB UX pacnpoctpanenus [1, 3, 5].

CpaBHUM MOTEHIMAIbHBIE BO3MOXHOCTH METOJI0B KOMOMHUPOBAHUS Pa3-
HECEHHBIX CUTHAJOB Ha MPUMEPE CIBOCHHOTO npuemMa. Onpeaenum, s KaKux
nap Belu4yuH 3Q(PEKTUBHOTO OTHOIICHUS CUTHANI/IIYM B IBYX kaHanax Un/on
pe3yNbTHPYIOIIEe OTHOIIEHHE OyAeT paBHO HEKOTOpOW BeaumumHe h mpu wuc-
MOJIb30BaHUM TMPEICTAaBICHHBIX Ha pHC. 1 cOocoO0B KOMOMHUPOBAHMS pa3He-
CEHHBIX CUTHaJIOB. PaccMOTpuUM KpuBBbIE, IO OCAM KOOPAMHAT KOTOPBIX OTJIO-
*eHbI () PEeKTUBHBIC OTHOUICHUS CUTHAJ/IIYM B KaXJ0M KaHane [2] — puc. 2.
Ha puc. 3 BpemeHHbIE AMAarpaMMBbl MIPH pealu3aluy Pa3IndHbIX aJTOPUTMOB

[3].

22 A A1l 3 > 4 6
o N~~~ P - - - —
n ) X - : =z =,
N2h JIun.cnox. / 0.707 g :7 _ - :
/ mr T TS Tt~ ]
A \/ ABTOBbIb. 2 : | : 5 |
|
| | | |
U, U 18
(\/5/— 1)h TR 2 | | Uy :
T | | | U
/ OnT.CcNo. - I I I >
// - - \ 0 t1 t2 t3 t4
0 h 2h U,,
“n Puc. 3
Puc. 2

[Ipu asmogvibope BHIXOAHOE OTHOIIECHUE CUTHAJ/IIIYM PaBHO /1 TOJIBKO TO-
I/1a, KOTJIa 3TO OTHOIIICHHWE B OJHOM W3 KaHAJIOB PaBHO /,a B APYTOM — U3MEHSI-
eTcs B npenenax ot 0 10 A mporiecc mpoiiaer yepes Touku 1,8,6 (puc. 3).
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[Ipu onmumanvrnom crooxcenuu 3PQPEKTUBHOE OTHOIICHHE CUTHAI/IIYM Ha
2 2
Sl SZ 2
BBIXOJIe TI0 Teopeme bpenHaHna paBHO h, eciu TOJBKO + =h2.
Nopgp Ny

DTO paBEHCTBO OMNPEACNISIET COOTBETCTBYIONIYI0 KPHUBYIO KaK 4YacTh Kpyra B
NEPBOM KBaJpaHTE PAJANyCOM / C LIEHTPOM B Hadajie KOOpAWHAT (Ipolecc Ha
puc. 3 npoiaer yepe3 Touku 1,7,6).

[lpu  nunetinom  cnoocenuu  KpuBas  ONpENENSIETCS  ypaBHEHHEM

S +S S
L2 = h, OTKyJa +—2
N2, +N2, Nopp Nogy

1

=2k D10 ypaBHCHHE MPSAMON JTHHUH

(mpouecc uaet uepes Touku 1,3,4,6 — puc. 3).
[Ipy OTHOMIEHMM AaMIUIMTYJZ, BXOJHBIX CHUTHQJIOB B  Mpejeliax
1
0414 < St <
S, 0414

XApPaKTCPHUCTUKHU CUCTCMBI C JIMHEHUHBIM CJIOKCHUEM Jydmic

XapaKTepUCTUK aBTOBHIOOpA, W, HA0OOOPOT, BHE ATOTO WHTEpPBajia aBTOBBLIOOD
JydIlle TUHEWHOTO CJIOKEHHUS.

Bo3MoxHO xombunuposamnnoe ciosiceHue, Korjaa MpoIecc MPOUaeT uepes
touku 1,2,3,4,5,6 — puc. 3. OgHako Opu 3TOM NPUHUUIUAIBHO UMEIOT MECTO
napasuTHas aMIUTUTYAHAs MOJYJISAIMS U KOMMYTAIlMOHHBIE TOMEXU MpH Tepe-
X0JI¢ OT aJITOPUTMA CIIOKEHHUS K aBTOBBIOOPY U HA00OPOT.

OnTuMalibHOE CIIOKEHUE BCErJa pealin3yeT MaKCHUMalbHOE OTHOIICHHUE
CUTHAJI/TITyM.

Ha ocHoBe uccienoBanus, pa3IMIHbIX 3aKOHOB pacIipeeieHus: BLIOPOCOB
M0 JTUTEILHOCTH W TI0 YpOBHIO [1], mpu 00pabOTKe TUCKPETHBIX CUTHAJIOB C
HU3MEHSIONIEHCS TTUTEIbHOCTRIO CHHTE3UPOBAH MOOUDUYUPOBAHHBILL ATITTOPUTM
00pabOTKM, TOBBIIAIIINN MOMEXOYCTOMYMBOCTh TPHU COXPAHCHUU (HOPMBI
CHUTHaJA.

Ilpu mooughuyuposannom aneopumme KOMOUHUPOBAHHO2O caodceHus [3]
MpoLEecC NpOoUaeT yepe3 Touku 1,2,5,6 — puc. 3, T.e. OTCYyTCTBYKOT KOMMYTaIlH-
OHHBIC TIOMEXH U Mapa3uTHASI aMIUTUTYAHAS MOIYJISAIIHS.

235



U,; U, >—;
U -K_,U. U.
um=i—L T KU <U, <—;
1-K,, : K
U U, >—
U. -K,U. .
UP =g 1 KUj<Ui<ﬂ;
1-K,, K
0; U, <KU;;

rae 0 <K, <1 — koa¢¢punueHT, 3aBUCAIIMNA OT YCIOBUN IPUEMA;
n =1+m — HOMEp HUKJIa 00padOTKH;
1=1,2 — 11 GUHAPHBIX CUTHAJIOB.
[Tpu oxHOM 1MKIE 00pabOTKM 1o npaBuity (1) Ha cxemy CpaBHEHHS C MO-

POTOM IOJAETCS Pa3HOCTHBIM IPOLIECC
U = UP(f) - U{"P(f); (2)

rine P(f) — onepatop GuibTpaiu.

B o6miem ciywae npouecc, cOpMHUpPOBaHHBIA B COOTBETCTBUU C (2), 1O-
JTaeTCsl Ha TOPOTOBOE YCTPOMUCTBO C HYJIEBBIM MOPOToM (TIpY CUTHANIaX C aKTHB-
HOI1 may3ol, HanpumMep, UT) u no 3HaKy onpenensercss 3Ha4YeHUe 3JIEMEHTa CO-
O0IIIEeHUS.

BbIBoJ. YCTaHOBIIEHO, YTO MPEEIOM IMOBBIIMICHUS KauecTBa 00pabOTKU
Ha OCHOBE MOAM(PHUIIMPOBAHHOTO METOAa KOMOMHHUPOBAHHOIO CJIOXKEHUS SIBIIS-
eTCcsl MOMEXOYCTOMYMBOCTh, pealin3yeMasi HEONTUMAIbHBIM HEKOTEPEHTHBIM
[IMPOKOTIONIOCHBIM MPUEMOM ¢ (UiIbTpalMell orudaroeld curHaga mocie Je-
TEKTOpPa, COINIACOBAHHOM C JJIUTEIBbHOCTBIO AJIEMEHTAPHOI'O CHMBOJIA.
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bakmyn JImutpuit UBanoBH4

SDR-ITPUEMHUK JJIAA AUAITA3OHA YACTOT 0,1..120 MI'I]

IIpeocmasnena cmpykmypa SDR-npuemnuxa na ocnose IIJIUC u nepconanvrozo
Komnvlomepa. Paccmompenvl 60npocsbt mMemooudeckou, ancopummuyeckou u anna-
PAmHOU peanu3ayuy NPUeMHUKA.

Lughposas cesa3v, npoepammno onpedensiemoe paouo, IIJIUC.
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Dmitry Ivanovich Bakshun
SDR RECEIVER FOR 0,1...120 MHZ BAND

FPGA and PC-based SDR receiver structure is presented. Metodical, algorith-
mical and hardware implementation problems are discussed.
Digital communications, software-defined radio, FPGA.

Beenenue
SDR sBisieTcss mOCA€IHUM AOCTHKEHUEM LHUQPPOBOro paauo. ITOT THUI

MIPUEMHUKOB SIBJISIETCS OYEHb BOCTPEOOBAHHBIM KaK CPElU paguoitoOUTeneH,
Tak ¥ cpeau npodeccruoHansoB, Oiarogapsi CBOUM BO3MOXKHOCTSIM, O KOTOPBIX
noApoOHee OyneT pacckazaHo jajiee. biaaromapsi pa3BUTHIM TEXHOJOTHUSIM U3TO-
TOBJICHUSI IPOTPAMMUPYEMBIX UHTETPATBHBIX MUKPOCXEM, PUEMHUK, PEaTN30-
BaHHBIM MPOTPAaMMHBIM MYTEM, UMEET MPEUMYIIECTBA MCIOIb30BaHUS ITUDPO-
BOM 00pabOOTKU CUTHAJIOB, KOTOPAasl MO3BOJISIET 3HAUUTEIBHO YMEHBUIUTh BIIUS-
HUE aHAJIOTOBOI'O IIyMa Ha CUTHAJ U MOBBICUTh CTaOMIBHOCTh XAPAKTEPUCTUK
MPUEMHHUKA.

OcHoBHas yacTh

beumn paccmoTpensl yxe roroBeie pemeHus SDR [1][2] u Ha ux ocHOBe
pa3zpaboraHa cTpykTypHas cxema SDR-mpuemHuka, kotopas u3oOpakeHa Ha
puc. 1.

n
M o AT Pl ¥ e AL r - K ™ USE i Mk
n

Puc. 1. Cmpykmypnas cxema pazpabamvieaemozo SDR (A — anmenna; AT —
ammenioamop; YV — ycunumens, ALII — ananozo-yugposoii npeobpazosamens, 11—
nepemuodicumens, I'— cemepooun; UI'® - unmezpano-epebenuamolil puibmp,
KUX — ¢unomp ¢ koneunou umnynvcuou xapakmepucmukou, K — xoumponnrep, USB —
koumpoinep USB; [IK — nepconanvhulii komnwsromep.)
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3agaueid SDR-npuemMHUKa SBISIETCA TUCKPETU3AIMS aHAJIOTOBOI'O CUTHAJIA,
MOJIyYeHHE KOMIUIEKCHOW Ornlaroiieid Hy>KHOro Juana3oHa 4acToT M mepejada
nanHbix Ha 1K,

st pa3pa®oTku KaHana AMCKpeTu3auuu curHana BbiOpan ALl ¢upmer
Analog Devices AD9280 [3]. CymecTByeT roToBblii MOJyJIb EYaTHOW ILIATHI
AN108, xoropsiit cogepxut cam ALIIT AD9280, BX0aHOM 3alIUTHBIA KacKaa Ha
nuonax u apaiieep B Bujae OY. Ha Boixone AL monyyaeM BOCbMHUOUTHBIN KO/
¢ yacrtorou auckpernzanuu 30 MI 1.

BrlnonHenue 3a1a4y noiayyeHus KOMIUIEKCHON Orudaromiei ocyecTBiseT-
Cs, WCHOJIb3ysd TOTOBbIE KOMIIOHEHTBI, TaKME€ KaK KOMILUICKCHBIA Te€TepOJUH
NCO, CIC u FIR ¢unbtpsl u3 nakera DSP npoussoautens [TJINC.

®HY BbICOKOrO MOPSAKA U ¢ MaJoi Mojocoi HeoObxoauM ajia obecrede-
HUS BBICOKOM n3buparenbHocTh UT'®. OqHako peanusoBaTh Takod GuibTp 10-
CTaTOYHO CJIOKHO. DTO CBA3aHHO C TE€M, YTO JJisi 00EClEeUYeHUs: BBICOKOrO IO-
psanka GuabTpa HEOOXOIUMO UMETh OOJIBbIIYI0 JIUTENbHOCTh X mipu Manoit
MoJIOCe MPOIyCKaHus camoro guibTpa. MaTemaTudyeckue omepanuu TpeOyroT
BBICOKOTO OBICTPOACHCTBUA. YMEHBIIUTh TpeOOBaHUS K OBICTPOJAEHCTBUIO
MOXHO, MCnoab3ys nonudasueii ®HY [1], puc. 2, rmaBHOW OTIMYMUTEIHHOM
OCOOCHHOCTHIO KOTOPOTO SIBJISIETCS] TOHUKEHUE YAaCTOThI TUCKPETHU3AIUU.

MX0 b7 b B3 b1
X1 ba& [ b2 b0
Bx0  x0 %2 x  wh  xB  xID  x12 x14
Bx1 ®1 ¥3 ¥ X7 %0 ¥11 x13  x15
i Bx0 X oHY Bbl}([:l-
@ X0 =
3 {WXD)
il
g g
Xox —» 33 % I Yox
=
$3 &
g. Bx1 oHY Bh”“.__
= M) >

Puc. 2. Cmpykmypnas cxema nonughasnoco ¢hunvmpa onsa kosghguyuenma
Ooeyumayuu 2

[TepenaBaemoit undopmanueii ¢ [IJIMC na I1K sBasitoTcss 0aliThl curHana
Ha Beixoge ®HY, a nepenaBaemoii undopmanueii ¢ 11K na IIJIMC sBusroTcs
CUCTEeMHBbIC OATHI 3a/1at01Me HACTPOUKHU NpueMHoro Mmoayis. B kauectee USB
KOHTpoJIIepa Ucrnoiab3yeTca mMukpocxema FT232H [4]. OnuH U3 ee pexUMOB
pabotsl HazbiBaeTcst FIFO, koTopelit obecnieunBaeT camyro OBICTPYIO Mepenady
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no USB2.0. Tak kak FT232H B pexume FIFO He MOXET OTHOBPEMEHHO OCY-
IIECTBIATH MIPUEM U Tiepefady JaHHBIX, ObUT pa3paboTaHa CTPYKTypHas cxema
Ha puc. 3, 0 KOTOPOM OCYIECTBIISIETCS Mepenada cucTeMHbix 0aiToB ¢ IIK u

0aiTOB ¢ MPUEMHOTO MOJIYJISI HCIOJIB3YS HE3aBUCUMBIE Oy(dephl.
Kontponnep (e MNAC)

|

|

|
BaiThl QaHHbIX —:b

KoHtbry paumoHHee
BanTel

BN EM2 Nl UsB H Nk
I
|
|
|
I
|
|
|
I
I
|

Puc. 3. Cmpykmypnas cxema oomena oannvimu mesicoy IHJIUC u I[IK (EM1,2 —
ook mynemuniexcopos 1,2; BY — ook ynpasnenus; bT1,2 — 6yghep ons nepedauu na
IIK; BP1,2 — 6yghep npuema c I1K)
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YK 621.396
Cnonko Aprem EBrenbeBud

BUPTYAJBHBIN ITPUBOP JIJISI YACTOTHO-BPEMEHHOT' O
AHAJIM3A B PEAJIBHOM MACHITABE BPEMEHHA

lIpeocmaenenvt  pezynomamuvl  pazpabomku  GUPMYANIbHO20 — YACMOMHO-
BDEMEHHO20 AHANU3AMOPA peanbHo2o 8pemenu Ha A3vike Python. Paccmompenst 60-
npOChl NPOEKMUPOBAHUS U NPUBEOEHbL Pe3VTbIambl NPOBEOEHHbIX IKCNEPUMEHMO8.

CnexmpanbHwiii aHaIU3, CHEKMPOSPAMMA, BUPMYAIbHBLI npubop, Python.

241



Slonko Artem Evgenievich

VIRTUAL INSTRUMENT FOR REAL-TIME SPECTRO-TEMPORAL
ANALYSIS

Results of development of real-time virtual spectro-temporal analyzer in Python
programming language are presented. Some problems of development are discussed
and experimental results are shown.

Spectral analysis, spectrogram, virtual instrument, Python.

Beenenue

CurHanbl, CylIeCTBEHHO HECTAI[MOHAPHBIE MO CHEKTPY, LIMPOKO PacIpo-
CTpaHEHBI B MPUPOJIe U TeXHUKE. K HUM OTHOCSTCS, HapUMED, CUTHAJIBI CUCTEM
O0ecnpoBOIHOM ITU(PPOBON CBSI3U, MY3bIKAJIbHBIE U peueBble curHaibl. Kiaccu-
YeCKHe METOJbl aHaiu3a (CIEKTPaJbHOTO, KOPPEISLUMOHHOI0) HE [al0T BO3-
MO>XHOCTH TIOJTHOIIEHHOTO HCCIEAOBaHUSl HECTALIMOHAPHBIX CHUTHAJOB, IIO-
CKOJIbKY MH(pOpMaIKs 00 UX TMHAMUYECKHX CBOMCTBAX TepsieTcs [1].

MeToa 4acTOTHO-BPEMEHHOI'0 aHaJIM3a IIMPOKO MPUMEHSIETCS] TPU UCCIIe-
JIOBAaHUSIX HECTAIIMOHAPHBIX CUTHAJIOB. Pe3ylbTaTOM €ro MpuMEHEHUs SIBISCTCS
CIEeKTporpamMma, oToOpakaromias AMHAMUKY U3MEHEHHS MTHOBEHHOI'O CIIEKTpa
BO BpeMeHU. MIHCTpYMEHTHI ISl TIOTYUYEeHHs] CTaTUUHBIX CIIEKTPOTpaMM CHUTHa-
JIOB UMEIOTCS B Takux makerax, kak MATLAB, LabVIEW, SciPy, onnako B03-
MO>KHOCTH JUIsl MCCIIEIOBAHUSI CUTHAJIOB B PEKHUME PEalbHOTO BPEMEHHU OTCYT-
CTBYIOT. 3a/laueil Hay4yHOU paboThl cTajia pazpaboTKa BUPTYaIbHOTO MpUOOpa,
MPEIOCTABISIONIETO TaKyl0 BO3MOXKHOCTb. {11 pa3paboTku OblT BBIOpaH S3BIK
Python, coueTaromuii mpocToTy pazpabOTKU C IIUPOKUMU BO3MOXKHOCTSIMH.

OcHoBHasl YacTh

ITycte anamusupyercsa curian s(nT) ¢ 4aCTOTOW AMCKpETU3alyu Fy = 1/T.
BXoaHbIMU TaHHBIMM JJIsI pacyeTa CIEKTPOTrpaMMBbl SIBJISIFOTCS pa3Mep OTpe3ka
L, nepekpsiTie Mexay oTpeskamMu p (0 < p < 1), JUIMTEIBHOCTh OKHa 0030pa
Tpus, THII BECOBOM (DYHKIIMHU M LIBETOBasA Kapra. [l paboTel B pealbHOM BpeMe-
Hu ucnonezyercs 0ypep FIFO Ha Ny ¢ = TyypF, OTCYETOB, B KOTOPBIH IOCTYTIA-
FOT OTCYETHI s(nT).

N3 6ydepa BoIOHMparOTCs OTPE3KU CUTHAJA MO L OTCUETOB C MEPEKPHITUEM
pL otcuetoB. Kaxaplii OTpe30K YMHOXKAETCS Ha OTCUETHl BECOBOM (DYHKIUU
w(nT) ¥ JONOJHAETCS HYJISIMU JI0 JUIMHBI L' [2], paBHOM cTeneHu aBovku. [locne
ATOTO BBINOJHIETCS MNpAMOe AUCKpeTHoe mnpeoOpazoBanne Dypoe (AIID) ot
KaXXJIOr0 OTpe3Ka ¢ ucrnoiab3oBanueM anroputma bIId — 6wicTporo npeodpaszo-
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BaHus Dypbe (IONOJHEHHE HYJIIMH 00€CIIEYMBAET €ro HauiIy4llee ObICTPOaeH-
CTBHE).
[To xommekcHbiM otcueram JIID S, (k) BbIYMCISIETCS OLIEHKA MOIYJIS

CIIEKTPaJIbHOM MJIIOTHOCTH CUTHANIA B Ab:

ISmGfidl = 20lg|S, (), k=0,1,...,L' =1 (1)

rpem=0,1,..,M —1—HOMEp OTpE3Ka CUTHAJIa,

Npus—pL
- lﬁj — 9HCII0 OTPE3KOB B Oy(epe;

fr = % — CETKa 4acTOT, COOTBETCTBYIOIMX oTcueraM [AI1D.

PesynbTaTel Beiuncienuit o ¢popmyie (1) 3anuceiBaroTcs B m-il CTOIOECI]
JIByMepHOro O0ydepa, Mo KOTOpoMy cTpoutTcs crekrporpamma. s orobGpake-
HUS JeMOeIIOB B LIBETa UCTIOIb3YETCs 3a/laHHas IBETOBAs KapTa.

[Tocne 3aBepiieHUst BBIBOJA CIIEKTPOrPaMMbl Ha IKpaH pacdyeT HeMeJIeH-
HO TTOBTOPSETCS, MOCKOJBKY K 3TOMY MOMEHTY CUTHaJI B Oydepe yke U3MEeHUJI-
Csi: IOCTYNWJIA HOBBIE OTCYETHI, a HauboJiee cTapble OTCUeThl U3 Oydepa ynaie-
HBI.

Br16op 3HaueHuit napameTpoB L U p BIMSET Ha pa3penieHue (KoIu4ecTBO
TOYEK CHEKTPOTPaMMBbI) MO BPEMEHH U 10 yacToTe [1], a Takxke Ha CKOPOCTh 00-
HOBJICHUSI Pe3yJbTaTOB Ha dKpaHe. KonnuecTBO TOUEK MO OCH YacTOT PaBHO
[%j + 1, Tak KaK nmokaspiBaercs nmosjoca yactot ot 0 g0 yactorel HaiikBucta. Ko-

JIMYECTBO TOYEK I10 OCU BpeMeHH paBHO M. [IpumMepsl ciekTporpamm, Mmory4eH-
HBIX MPU Pa3HbIX L, MoKa3aHbl Ha puc. | u 2.

CnekTporpaMMa
The Author is : Nier Piano 44 kl'y

S(if)l. A6
40

20

YactoTa,lNy
(=]

=20

-10 -8 -6 -4 -2 0
tc
BpeMeHHas AuWarpamma

o 20 40 60 B0 100 120 140
tc

Puc. 1. Cnexmpocpamma npu L=1024, p = 25%, okno Xanna
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CnekTporpaMmMa
The Author is : Nier Piano 44 kl'uy |S(jf)], nb
a0
20000

ry

= 15000

10000 -

YacToTa

5000

-10 -8 -6 -4 -2 0
Lc
BpemeHHan auarpamma

-1

0 20 40 60 80 100 120 140
EE

Puc. 2. Cnexkmpocpamma npu L=100, p = 25%, okno Xanna

CKopoCTh OOHOBJICHHS PE3YyJIbTATOB (YACTOTA KaJAPOB) HA dKpaHe TMPHOO-
pa oOpaTHO MPOMOPIIMOHATBFHA BRIYUCIUTEILHON CIOKHOCTH pacueTa OJMHOY-
HOM CHIEKTPOTrpaMMBbl, KOTOpasi OMPENEISETCS YUCIOM JIEHCTBUTEIBHBIX OIepa-
uit [3]:

N.qic = 5ML'log,L’
: )

ITomrMoO pacyera CIEKTPOTrpaMMBI BBIIOJIHAETCH Nyjor BBIYMCIMTEIBHBIX
orepanuii JJig BBIBOJA CIEKTPOTPAMMBI Ha dKpaH. Eciu mpuHSTH MPOU3BOIM-
TEIHHOCTHh BBIYUCIUTENS 32 Nypg BRIUUCITUTEIHHBIX OTIEPAIMA B CEKYHIy, TO Ya-
CTOTY KaJipoB F'PS MOXHO BBIPa3UTh CIEIYIONTUM 00pa3oM:

Nops
FpS = Ncaic+Nplot (3)

bbby npousBeneHbl 3aMepbl FPS MPU pa3HbIX 4acTOTax JUCKPETU3ALNH,
HEU3BECTHBIE NApaMeTpbl Nyj,r = 1,38 107 U Npps = 7,54 - 10° ObIIM HaiIEHbI
nyTéM anmpoKCUMAIMM 3KCIEPUMEHTAIbHBIX JaHHBIX KpUBOM (3) MeToaom
HaWMMEHBIIUX KBaJapaToB [4].

Ha puc. 3, a npuBeneHbl 3aBUCUMOCTH Nigi OT L/N,, . TIPH PasINYHBIX
3HAYCHUSAX p, Npyr = 4,8 - 105. Ha pwuc. 3, 6 moka3aHbl pe3yibTaThl allIpOKCHMa-
MU DKCIIEPUMEHTAJIBHBIX JIAHHBIX 3aBUCUMOCTBIO (3), Tpyp = 10c, L =1024,
p=0,25.
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annpokcuMmauuna
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Puc. 3. 3asucumocmu vlyuciumensHol CI0HCHOCMU paciema CNeKmpozpammsl Om
OIUHBL OMPE3KA U NepeKpbimusl (C1esa); pe3yibmamsl AnnpoOKCUMAYUU IKCNEPUMEH-
MAanbHbIX OAHHLIX O YAcmome Kaopos (cnpasa)

BbIBOABI

IIpuBeneHHbIE pe3ynbTaThl MOKa3bIBAIOT, YTO NpuOOp BeIIaeT Oosiee 20
KaZpoB/c 1pH F,; < 40 k'L, To ecTb BO3MOkKHA KOM(POPTHAsA paboTa C CUTHAIIAMH,
nojioca Kotopbix cocrasisieT A0 20 k['1. BennuumHy nepekpbITHs HE cieayeT
BbIOUpaTh Oosiee 0,5, Tak Kak OoJblIee MEPEKPHITUE MOXKET 3aMENTIUTh padoTy
npuodopa.

Crnenyer OTMETUTh BO3MOXHOCTh CYIIECTBEHHON ONTHUMM3ALMM UCHOJIb-
3yEMBIX aJITOPUTMOB JUIsl MOBBILIEHUS] OBICTPOAEHCTBUS BUPTYaIbHOIO MPUOO-

pa.
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JEMOHCTPATOP IIU®POBO CUCTEMBI BECITPOBOJJHOM
CBA3U

Paboma oceewyaem npoyecc paspabomxu demoncmpamopa yughpogoti cucmemvl
C853U, c030a8aemo20 0151 00paA308aMeENbHbIX U UCCIe008AMENbCKUX Yeaell.
Lughposas ceazv, demoncmpamop, cunxpornusayus, PAIY.

Tsirkulenko Artemiy Viktorovich
DEMONSTRATOR OF DIGITAL COMMUNICATION SYSTEM

Work is designated to the process of digital communication system demonstrator
development, which is being developed for educational and research purposes.
Digital communications, demonstrator, synchronization, PLL.

Beenenue

B coBpeMeHHOM MHpe aKTHBHO Pa3BUBAIOTCS LHU(PPOBBIE CUCTEMBI Oec-
MPOBOJHOM CBSI3M, KOTOPBIE MOBCEMECTHO MPUMEHSIOTCS B TE€X WJIM HMHBIX
YCTpPOMCTBax, B YACTHOCTU, B YCTPOHCTBaX mepenadu/mpueMa/o0padOTKu WH-
dopmanmu. Takum oOpa3om, KauecTBeHHas LUdpoBas cucTtemMa OECIpPOBOIHOM
CBSI3M CIIOCOOHa o0ecreynBaTh HEOOXOAUMBIE 3a1aun (HanmpuMep, KOMMYHHUKa-
LU0 MEXY JIFOJbMH) C JOCTATOYHO BBICOKOM CKOPOCThIO. OHAKO MOIXOBI K
MO/ICJIMPOBAHUIO MOAOOHBIX CUCTEM M3YUYEHBI HE OUEHb MOJIPOOHO.
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OcHoBHas YacTh

B nenom, mobyro cucremy OECIIpOBOJHON CBSI3M MOXKHO Pa3OuTh Ha 3
O0onpmMX (YHKIMOHAIBHBIX OJIOKA: MEepelaTyuK, COOCTBEHHO KaHajl CBSI3U U
NpUEMHUK. [[OMOJHUTENBHO B CUCTEME CBSI3M MOTYT MCHOJb30BaTh Pa3IUYHbIE
KOPPEKTUPYIOIINE KOJbI, KOTOPbIE MOTYT HCIPABISTh OUTOBBIC OIIMOKH, TaK
WIM MHA4Ye BO3HUKAIOUIME B pEaJbHBIX KaHaldaX CBSI3M B pe3yjbTaTe BO3JEH-
CTBHUSI Pa3IMYHOrO poja myMoB U (urykryaruii. COOTBETCTBEHHO /JI peaiu3a-
IIUU 3TUX KOJIOB MPUMEHSIOT KOJEPhI U JEKOACPHI.

Baxxnast yacth nuQpoBOil CHUCTEMBI CBSI3U — MOJIYJSATOP, KOTOPBIN HC-
MOJIB3YET 3aJlaHHBIA THI MOIYIAUU. OJHUM U3 MPOCTEUITNX BUAOB MOTYJIs-
uuu gBisiercss ABouyHast (azoBas Manumyssinus (BPSK, binary phase shift
keying), rae «ABOMYHAsH) OTHOCUTCS K MCIOJb30BAHUIO JIBYX 3HAUCHUN HAaYalb-
HOM (a3bl (0HO JJIs1 JIOTHYECKOW €TMHULIBI, IPYTroe — JUIsl IOTHYECKOTO HYJIS).

HIMeHHO 3TOT TUI MOIYJISAIUU MPUMEHSIICS TTPH MOJCTUPOBAHUH B Kaue-
cTB€ 0a30BOr0, MOTOMY YTO OH JIOBOJIBHO MPOCT B peaju3aliy U MO3BOJISET MO-
JY4YUTh HATJSHOE MpeACTaBiIeHre 0 padoTe KaHana cBs3u. [Ipu sTom peanusa-
1Sl OCTAJIbHBIX BUJIOB MOAYJISIIMU TOCJIE€ CO3AaHusl 0a30BOro HE MPEACTaBISET
HUKaKOU cloKHOCTH. Takke oH 00JiajilaeT camMoil OOIBIION MOMEXOYCTONYMBO-
CTBIO.

ABTOpoM ObLTO pazpaborano nporpammHoe odecrieuenue (I10) Ha s3b1ke
Python, BeImosHAIOIIEE CHHTE3 BCEX CTPYKTYPHBIX 3JIEMEHTOB LU(POBOI cu-
CTEMBbI OECITPOBOJHON CBs3U (IEperaTynKa, KaHajla CBA3U U MPUEMHUKA) U MO-
nenupyroniee paboty Takoi cxembl ¢ npumeHenuem BPSK-monynsiuu. [Tomu-
MO 3TOro ObUIM pEelIeHBbI 33a/layd KaJpOBOM U TaKTOBON CHHXPOHHU3AIUU Iepe-
JaTYMKa U IPUEMHHUKA C TOMOIIBIO0 CUCTEMBI C MIJIOT-TOHAMH.

Ha puc. 1 noka3zan 0710k CHUHXpOHHU3aLIUU NepeAaTuuKa U MPUEeMHHKA.
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BEBHWTC — GNOoK BOCCTAHOBNEHWA HECYLUEH W CHrHana TaKkToBOoM CHHXPOHMU3IaLU M
N l,2 — NONOCOBLIE (PUNLTPR, HACTPOEHHBIE HA YACTOTH NMUMOT-TOHODB

APY — apToMarvYecKan perynuposKa YCHIe HinA

BKY — BLIYMCAWTENL KOMPOUUMeHTa yCuneHmn

DAMY — chasoBsan AaBTONOOCTPOMKA Y4acTOT b

BAT — BuivMcnMTens NNoT-ToHOB

BH — BbIMWUCWTENL HECYLLIE

BCTC — BbIMMCNWTEND CHIMANa TAKTOBOH CHHXDOHMIAL|MM

K oy 00T e K A

K, lnT |=—— = - o spduIIIeHT VOILTeHIA
rae K py 2l 0l - wosdupimmmmen s voimenim APY
= cos W (T l+cos W (nT )
HgrlnI = - = BEIMHCICHHRC MILTOT-TOHL
Kylnl)
LT s s
G (T V=240 K, (0T je * - ROMILTERCHRT MEOKHTEAR IR BRICTCHNA KBAIPATVD CHIHAIAR
rae Ay - aMIAHTYEG THIOT-TOHS OTHOCHTEALEO € IMHHTHODO VPOBHA MOV AL
Wepplnl i=cos W_{nl |—W Il -cHrEal TAKTOSON CHENXPOMM SRIITN

Puc. 1. Cmpyxmypuas cxema 610Ka CUHXPOHUZAYUU CUSHALA

Ha puc. 2 noka3zana cTpykTypa NprueMHUKA.

fegtm )

OO Y

XyinT} ol "Ti TplnTsl Sgo plnlg HonoKr BAML OaHHLIY
ok e e LI__L.J_—LI:b

HegpelnT }

Ny 02}
OO

HprinI'}

BEBHWCTC

llﬂ31

BBCC — 6NoOK BOCCTaAHOBNEHWA CUrHanoBs cuHXpoHu3auywm (EBHWCTC)

N31 — NMHKA 3a8epXKn (3anepxka pasHa cymme sagnepxex N n npeobpasosarenn Ninbbepra B APY)
C® — cornacosaHHbiii chunsrp

N32 — nuHna 3agepxxy (3agepxka pasHa sagepwke Cd)

ETC — 6N0K TAKTOBOW CUHXpOHU3aL M

BKC — 6noK KapOBOA CMHXPOHW3AaLMK

PC - pacnosHasarernb CUMBOSOB

KL, — kaHaneHslli gekogep

CurHanbi:

Xux( T ) — BXOAHOW curuan

Xu(N T ) — MHBOPMALMOHHBIA CUrHan (NWNOT-TOHB! NOgAaBNeHbI)

X T ) — KoMOnekcHan orvGalouan

Xxo{NTs) — KOMANEeKCHasn orndawilyan Ha CUMBO/MLHOR YacToTe

Xioum(NTs ) — MHEDOPMAUNOHHDBIE CUMBO/bI {(MapKepbi CUHXPOHM3AUWKY UCK/MI0YEeHbI)

Puc. 2. CmpykmypHas cxema npuemHuxa ¢ CUuHXporuzayueu

C nomomsto pazpaboranHoro 1O Obutn Hccae10BaHbI BCe 3Tarlbl GOpMU-
pOBaHUS IUPPOBOTO CUTHAIA, TPOXOXKICHHSI €T0 Yepe3 KaHaj CBsI3U U 00paboT-
KM B IPUEMHOU YaCTH.
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I-komMnonenTa Ges MCH

a €] +la =

Puc. 3. I-komnonenma eoccmanosnennozo BPSK-cuenana

B skxcniepuMeHTe CMHTE3UpPOBANICS CIIyYalHbIA CUTHAJI, ITPEICTABIISIOIIAN
co0oit moTok O6uToB. lleHTpanbHas dactoTa paanocurHana cocrasmina 7,5 kI,
4acTOThl MUJIOT-TOHOB 5,1 9,9 kl'm. Ha puc. 3 mokazaH BOCCTaHOBJICHHBIN
CUTHaJ C MapKepoM KaJpOBOW CHUHXpOHHW3ALMU (OCIEeA0BATEIbHOCTHIO bapke-
pa).

BuaHo, 4TO MpUEMHHK penIaeT 3a/1auy TAKTOBOW CUHXPOHU3AIMHU (32 CUET
koHTypa PAIIY U NUIOT-TOHOB) M KaJpOBOM CHHXPOHM3ALUU (32 CUET MOce-
JloBaTeIbHOCTH bapkepa).

BaxxHocTe pa3paboTKH 3aKI0YaeTCsi B CO3JaHUU MOJHOIICHHOW MOAENU
U (POBOI cHUCTEMBbI OECITPOBOJIHOM CBSA3HU, KOTOPYIO MOKHO NMPUMEHSTH B pa3-
mnunbIX obnacTsax [{OC, a Takke BUJIOU3MEHSTh €€ MapaMeTphbl B COOTBETCTBUU
C TeMH WJIU UHBIMU HYKJaMU 33]1a4 paIMOTEXHUKU U NTHHOKOMMYHUKAIIMOHHBIX
CUCTEM.
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MOJAEJHUPOBAHUE U DKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE
ATTEHIOATOPA CAHTUMETPOBOI'O IUAITA3OHA

IIpogedeno modenuposanue u IKCNEPUMEHMANbHOE UCCIE008aHUe  DIN-
0uoonoeo ammenioamopa ouanasouna 4-8ITy. Ilpusedena npunyunuanvhas cxema
ammentoamopa, onucama e2o kowcmpykyus. llokasano, umo npu Hyne6om moke
ynpaenenus 3amyxanue e npegviuiaem 3 0b, a npu moke ynpaenenus menee 4 mMA 3a-
myxaHue He menvuie 40 0b.

Juoonviii ammenroamop, amniumyoHo- YacmomHas Xapakmepucmuka, xapax-
MepucmuKka ynpaeieHus, pin-ouoo, WUpOKONOIOCHAs TUHUSL Nnepeoayu, cUuOPUOHAsS
MEeXHONI02US.

Zikiy Anatoly Nikolaevich, Pustovit Aleksei Andreevich
Salnyi Igor Alekeseevich, Andrianov Artur Valerevich

FREQUENCY DIVIDER WITH VARIABLE DIVISION COEFFICIENT

A simulation and experimental study of a pin-diode attenuator in the 4-8GHz
range has been carried out. The schematic diagram of the attenuator is given, its de-
sign is described. It is shown that with a zero control current, the attenuation does not
exceed 3 dB, and with a control current of less than 4 mA, the attenuation is not less
than 40 dB.

Diode attenuator, amplitude-frequency response, control characteristic, pin di-
ode, broadband transmission line, hybrid technology.

BBenenue

ATTEHI0ATOpHl HAIUIM IIMPOKOE MPUMEHECHUE B MPUEMHO-TIEPEIAIOIIECH
amnmapaTtype CBs3HU, B TOM YUCJIE BO BXOJAHOM IIeNY MPUEMHUKA JIJIsi 0OecrieueHust
npueMa 00jiee MOIIHBIX CUTHAJIOB, MOATOMY UX HCCIEIOBAHUE SIBJISIETCS aKTy-
albHBIM. ATTEHIOATOpPaM MOCBSIIEHBI JECATKA KHUT U OpOIIOp, JUCCEepPTALUiM,
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COTHHU cTarel ¥ naTeHToB [1-8]. OgHako HENb3sl CYUTATh TOCTUTHYTHIE PE3YJib-
TaTbl UCUEPIBIBAIOIINMH, TaK KaK MOSBIIIOTCS HOBBIE THOJbI U MUKPOCXEMBI,
MIATEHTYIOTCS HOBBIE CXEMBbl U KOHCTPYKIMH, PACIIUPSIOTCS BO3MOXKHOCTH aHa-
JY3a U CHUHTE3a C MOMOIIBIK) CHCTEM aBTOMATHU3MPOBAHHOTO MPOEKTHUPOBAHUS
(CAIIP).

[lenbro naHHOW PaOOTHI SABIAETCS MCCIENOBAHME aTTEHIOATOpA Ha pin-
MoJax B CAHTUMETPOBOM JIHANAa30HE JJIUH BOJIH.

K arreHtoaTopy npeabsaBisioTcs Cleayroe TpeOoBaHus:

- nuana3oH padbouux yactoT 4-8 I'T1;

- BEJIMYMHA 3aTyXaHUs JT0JKHA MEHATHCS B npenenax ot 3 1o 40 nb;

- TOK yIIPABJICHUA HE JOJDKEH MPEBBIMIATE 15 MA;

- BXOJHO€ M BBIXOJHOE corpoTupieHne 50 Om.

ATTEHI0aTOPBI HA Pin-AUOJIaX CTPOSAT MO MOCIEI0BATENbHON, TapalIeib-
HOW U MOCJIEI0BATEIbHO-TIapaIEIbHON cXemaM [3].

B nmeuumeTpoBOM Auara3oHe BOJIH Yallle HCHOJIB3YIOT MOCIEN0BATEIbHYIO
CXEMY, B CAHTUMETPOBOM M MUJUIMMETPOBOM JHMANA30HE BOJH Yallle UCHOJIb3Y-
0T MapaJuIeIbHYI0 CXEMY BKJIIOYEHUS JHMOJOB. B mapasuienbHON cXeme IMpolie
OTBOJMTH TEIUIO OT IMOJOB, MOATOMY €€ MCIOJIb3YIOT JUI YNPABJICHUS CUTHA-
JaMu OOJIBIIION MOIIIHOCTH B MepeaaTunkax [S].

CxeMa ¥ KOHCTPYKIUA

Ha puc. 1 noka3ana npuHuunuanbHas cxema arTeHroaropa. Mcmnons3oa-
HbI 8 pin-auoa0B Tuna 2A536A-5 [1], BKIIOUEHHBIX MapaJUIeIbHO B JIMHUIO Tie-
penaun. Takoe BKIIOYEHHWE SBISETCA TPAAUIMOHHBIM JUIsI CAaHTHUMETPOBOTO
JIMara3oHa BOJIH. YJIYyYIIEHHUE COTJIACOBAHUS BXOJA M BBIXOJA ATTEHIOATOPA JI0-
CTUTaEeTCs TEM, YTO Ha JBA IMOJIa CO CTOPOHBI BXOJAA, U IO JBA IHOJA CO CTOPO-
HbI BBIXO/IA TOK CMEUIEHUS NOJAECTCS MEHBLIE, YeM Ha 4 LEHTPAIBHBIX IUOAA.
VYrpapiAronmi TOK NOAAETCS Yepe3 Pa3BA3bIBAIOIINAN IPOCCEND B IEHTPAJIBHYIO
TOYKY aTTEHI0ATOpA.

Paccrosinue mMexay TOYKaMH BKJIIOYEHHE JTMOJAOB B JIMHUIO BbIOMpaeTcs
pPaBHBIM YETBEPTHU JJIMHBI BOJHBI Ha CPEJHEN yacToTe paboyero aAuamna3zoHa ya-
CTOT U COCTAaBIISIET 5,3MM.

ATTEHI0AaTOp BBINOJIHEH B KOPIIyCE paMO4YHOro tuma. Bee aeranu, kpome
TpEX COECIMHMUTENEH, pa3sMELIEHbl Ha MEYaTHOM IUIATE U3 IOJIMKOPAa pasMepoM
48x15x1 mm. Kopnyc 3akpbIT IByMS KPBILIKAMH, TP 3TOM Ha KPBILIKE CO CTO-
POHBI PAAUOACTANEN HAKIEEH MOIIomarmuil marepuan. CoeauHUTENN TUIA
CPI'50-751®B BnasiHbl B KOpPITYyC.

251



v V3 5
X1 2 c

LLLL LLll L L L LLLs ZzzZ | ZZZz LLlL 11

|_|03 l_ZS C|5_| Bw % o
- HI—Q—H—'

R2 [
X2 ynp

Puc. 1. llpunyunuanvuas cxema ammenioamopa

MopenaupoBanue

MopenvupoBaHue aTTeHIaTOpa MPOBOAWIOCH B MaKeTe MPUKIAIHBIX MPO-
rpamm Microwave Office [7,8]. Moaens aTTeHoaTopa nmokaszaHa Ha puc. 2. Ha
puc. 3, 4 npuBeACHBI PE3yJIbTAThl MOJCIUPOBAHUS ATTEHIOATOPA, & UMEHHO KO-
s unment nepenaun S21 mpu TOKax ynpapieHus HOb, 10 u 15 MA.

PINDD 7

PINCO
Io=Pa /N

o=Pa

Tand:
Ertom=# 8
Mame=SLIBY

7

Puc. 2. Mooenv ammenioamopa ¢ MWO
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| DB(|S(2,1)])
Schematic 1

6 7 8
Frequency (GHz)

Puc. 3. AYX ammenroamopa npu nyneeom moxe (MWQO)

= DB(S(2,1)))
Schematic 1

6 7 8
Frequency (GHz)

Puc. 4. AYX ammenroamopa npu moxe ynpasnenus 10 mA (MWO)
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Puc. 5. AYX ammenioamopa npu moxke ynpaenenus 15uA (MWO)
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U3 puc. 3-5 BuAHO, 4TO TpeOOBAHUS K ATTEHIOATOPY BBITOJHSIIOTCS.

IKCIEPUMEHT

DKCHEepUMEHT MPOBOAMWIICS HA YCTAaHOBKE, CTPYKTypHas cXxeMa KOTOpOH
IIpUBEICHA Ha puC. 0.

!

AHanuaartop uenei | | ATTeHoaTop
PNA-L -

McTouyHMK NUTaHMa | -| Mynetumetp DT830B

GPD-72303Ss

Puc. 6. Cmpykmypuas cxema usmepumenbHou yCmaHo8Ku

[lepBbIii PKCHEPUMEHT MPOBOAMIICA IIPU HYJEBOM YIPABISAIOIIEM TOKE.
PesynbTaT n3mepeHus mnokaszaH Ha puc. 7. M3 3TOro pucyHka BUIHO, YTO 3aTy-
XaHHWe He mpeBbimaet 2,6 n1b. BTopol s3kCepuMEHT TPOBOAUIICA MPU YIIPABIIS-
roimeM Toke 1 MA. PesynbraT usmepenus uzobpaxeH Ha puc. 8. 13 atoro pu-
CyHKa BUJHO, YTO 3aTyXaHUE COCTaBiigeT He Oosee 8 nb, mpu 3TOM HepaBHO-
MEpHOCTh cocTaBiisieT He Oonee 3 nb. B Tperbem skcnepumeHTe ObUT yCTaHOB-
JIEH TOK ympasiieHus 2 MA. Pe3ynbTaT u3MepeHnst MOKHO BUAETh Ha puc. 9. U3
HEr0 BUIHO, YTO 3aTyXaHUE B JUAMNA30HE 4acTOT meHserca ot 19 no 25 nb. B
YETBEPTOM JKCIIEPUMEHTE TOK yIpaBiieHUs cocTasisieT 3 MA. AUX arrenroaro-
pa I 3TOro cinyyvas npuBeaeH Ha puc. 10. 3aTyxaHue mpu 3TOM COCTaBISAET OT
33-39 nb. B marom skcniepumente AUX arreHroaropa CHATA IPU TOKE YIIPaB-
nenus 4 MA.
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@g File Trace/Chan Response Marker/Analysis Stimulus Utility Help

] Stop Frequency [8.000000000 GHz =]
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-3.00
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cw
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-6.00
7.00 Frequency
Offset...
-8.00
-9.00
1 >Ch1: Start 4.00000 GHz — Stop 8.00000 GHz
Cont. CcH1:. 521 C* Response LCL

Puc.7 AYX ammenioamopa npu nyneeom moxe ynpaseieHusl

i;i File Trace/Chan Response Marker/Analysis Stimulus  Utility Help o [ [
= Scale Per Division [0.500 dB =]
T 521 Loght 0500018 65048 = s T
4.00 T i 000 Gz S06 a6
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S00 Wik 1 | - - | - - |

Autoscale
Autoscale

All

550 BN +  Scale
- | " =

- VA

S

1 =Chl:  Start 4.00000 GHz — Stop H.00000 GH=
Cont, CH1: 521 C* Response (=

Puc. 8. AYX ammenroamopa npu moxe ynpaenenus 1 mA

|&5 Fie Trace/chan R Marker/Analysis Stimulus Utility Help NEE

= Scale Per Division | 2.000 dB =

B 521 LogM 2.0004B/ -26.04B

16,00 » 1 4.000 GHz -19.43 dB

Autoscale
-18.00

Autoscale
- oY 4
2400, | ol i e T Al

2200 WW + Scale
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26,00 M ke
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28,00 Eation
Electrical
30,00 Delay
32.00
Offset
84.00
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Cont.  CHI1: 521 C* Response LCL

Puc. 9. AYX ammenroamopa npu moxe ynpasnenus 2 mA
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|si Fle Trace/Chan Response MarkerfAnalysic Stimulus Utiity Help _|=|=

5] Power Level [0.00 dBm 2]
I 521 LogM 2.000dB/ 58048
28.00 1 400D GHz  |-33.08 dB,
+ Power Level
30.00
Power
3200 - ON | off
34.00 Poyver...
-36.00 Power and
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40.00
4200 Start Power
44,00 Stop Power
46.00
More B
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1 =Chl: Start 400000 GHz — Stop 800000 GHz
Cont.  CHI1: 821 C* Response LCL

Puc. 10. AYX ammenroamopa npu moxe ynpasnenus 3 mA

File TracefChan Response Marker/Analysis Stimulus Utility Help
= Scale Per Division IQ.OUU dB E
I 521 LogM 2.000dB/ -56.0dB
46,00 1] 4000 GHz | -54.49 dB
Autoscale
48,00 PE—
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More
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Puc. 11. AYX ammenoamopa npu moxe ynpasnenus 4 mA

Taomuna 1
XapakTepucTUKa yrpapyieHus Ha yacTtoTe 6 ['T'1] B SKCIiepuMEHTe
Toxk ynpaBneHus, MA 3aryxanue, n1b Hepasnomepnocts AUYX, nb

0 1,5 2,6

1,0 6 3

2,0 21,5 5,5

3,0 35 4

4,0 54 7
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BbIBOABI
[IpoBeneHO MOAEIUPOBAHME U AKCIEPUMEHTAILHOE HCCIEOBAHUE Pin-
JMOHOTO aTTEHI0ATOpa C MapaMeTpamMu, TPUBEICHHBIMU B Ta0JI. 2.

Tabnuia 2
[TapameTpsb! aTTeHIOATOpA
HanmeHoBaHue napamerpa, pa3MEepHOCTh 3agaHo | OKCOEPUMEHT
Jlnanazon pabouux yactort, ['Tn 4-8 4-8
MuHuManbHOE 3aTyXaHUE NPHU HYJIEBOM TOKE YIpaB- | 3 3
sneHus n1b
MakcuMalibHOE 3aTyXaHUe IPU TOKe mpasiieHus 4 MA, | 40 56
nb
HepaBHoMepHOCTh 3aTyxaHusi B auamna3zoHe padbouux |3 7
yacToT 4-8 I'T'u, mpu Toke ynpasnenus 4 MA, n1b
BosiHOBOE comnpoTuBIeHKE BX0Ja U BbIxoaa, Om 50 50

N3 3T0i1 TabnUIBl BUJHO, YTO BCE TPEOOBAaHUS K aTTEHIOATOPY BBIITOJIHS-
10TCS, KpoMe HepaBHOMepHOCTH AYX, ripu ToKe yrpaBieHus 4 MA.
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CGKHI/IH — COBpeMeHHl)Ie MHUKPO- 1 HAHOJ3JICEKTPOHHBIC CUCTEMbBI U
TEXHOJIOTHH

YIK 621.397
Kamuann Hukurta Biagumuposud, Hukudopos Muxawnn bopucosud,
MyparoB EBrenuii PammmroBuu

PEAJIM3ALIUA ABYXITPOBOJHOI'O ITPOTOKOJIA IEPEJAYA
JAHHBIX HA VERILOG

B oannoti cmamve paccmampueaemcs pazpabomra 12C-nodobno2o npomokona
nepeoauu OaHHbIX HA A3bIKe onucanus annapamypwsl Verilog na oononiammom Kom-
nvtomepe MYS-72020-C 6 cpede Vivado.

1IJIHUC, npomokon nepedauu OaHHbIX.

Kalinin Nikita Vladimirovich, Nikiforov Mikhail Borisovich,
Muratov Evgeniy Rashitovich

IMPLEMENTATION OF A TWO-WIRE DATA TRANSFER PROTO-
COL ON VERILOG

This article discusses the development of an I2C-like data transfer protocol in
the Verilog hardware description language on a single-board computer MYS-72020-C
in a Vivado environment.

FPGA, data transfer protocol.

BBenenue

Ha naHHBIIf MOMEHT B MHUKPOIIPOIIECCOPHOIN TEXHHUKE CYIIECTBYET MHOXKE-
CTBO MPOTOKOJIOB Mepeaaun JaHHBIX, HO OJHUM U3 CAMBIX MOIMYyJISIPHBIX OCTACT-
cs1 ipotokon 12C, paspaborannsiii komnanueit Philips. C momomipio JaHHOTO
uHTep(delica OCyIIeCTBIsETCS OOMEH JaHHBIMH MEXAy TNeprudepruitHIMU
YCTPOMCTBAMH Pa3IMYHBIX MUKPOKOHTPOJUIEPOB M MHTETPATBHBIX CXEM.

[2C mpumensieTcst BO MHOTHX Pa3IMYHBIX YCTPOMCTBAX, MPEATOIaratonux
MPOCTOTY pa3pabOTKH U HU3KYIO Ce0ECTOMMOCTh HM3TOTOBIICHUS. J|aHHBIM WH-
Tepdeiic MpUMEHSIeTCS:

1) s mocTymna B MOIYJIH TAMSITH;

2) nas cesizu ¢ AL u AL

3) uyrenne HHPOPMAIUH C PA3TMYHBIX JATYUKOB (TEMIIEpaTypa, BIaKHOCTD
U TakK Janee);
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4) oOMeH JaHHBIMH MEKy MUKPOKOHTPOJIEpaAMHU.

OcHOBHAAl YaCTh

OO01muii npuHUKI Pad0ThI IPOTOK0JIA

[IInHa npeacTaBieHa IByMs MPOBOAAMU — IIMHA TaHHBIX SDA U TaKTOBBIN
curHan SCL. Otu mmHbl Bceraa NoATsAHYThI BBepX. lIpuem mnm nepenada cur-
HaJIOB peanu3yercs nprwxnMmanueM JuHuM B 0. Kak npaBuio, mpuMeHstorces pe-
3UCTOPBHI C CONMPOTUBIEHUEM paBHBIM 10 kKOM. [fonyCcTUMO M IpUMEHEHUE PE3U-
CTOPOB C OOJBIIMM COIPOTUBICHUEM, OJHAKO CIIETYET YUECTh, UTO JIMHUS OyAeT
JIOJIbIIIE BOCCTAHABIIMBAETCS B €IMHUILY, UTO B CBOKO OUEPE]Ib CHMKAET CKOPOCTh
nepenayn naHHbiX. CKOpOCTh Mepeaun JaHHbIX B TAKOM HHTep(eiice paBHa OT
10x6ut/c mo 100x6uT/clt!.

YceTpolcTBa IeATCs Ha 1Ba TUMA:

1. Begymuii (master) — reHepupyeT TaKTOBBIA CUTHAJI U YIpaBJseT Mpo-
LIECCOM Tepe/lauu JaHHbIX. Beerna BelcTynaeT HHUIIMATOPOM OOMEHa.

2. Benomeiit (slave) — MOXKET OTKIIMKAaThCA Ha CUTHANIBI Beomoro. Beero
YCTPOMCTB MOXET OBbITH 127.

Vdd

SDA RE][T}R

SCL | | .
I Ly

MASTER SLAVE SLAVE SLAVE

Puc. 1. Cxema nooknouenus ycmpoticmes no unmepgeticy

Bces nepenava cocrout us:

1. START curnana — cmiag SDA nipu SCL = 1.

2. Ilocbuiku 8 OUTOB OT BEAYIIETO K BEIOMOMY WJIM MpHEMa BEAYIIUM OT
BEJIOMOTO.

3. Curnana noarsepxaeHus A (unu ACK). 0 — oter, 1 — HeT oTBeTa.

4. STOP curnana — ¢ppont SDA npu SCL = 1.

Hauano pa6oter HaunHaetcs ¢ popmupoBanust START-curnana. Jlanee ec-
JY JAHHBIE UIYT OT BEAYIIETrO K BEAOMOMY, TO MOCJIEAHUN F€HEPUPYET TaKTO-
BbIli curHan Ha SCL u Beimaer 6uthl Ha SDA. Ha xaxaom ¢porte SCL Beno-
MBI CYMTHIBAET 3HaueHUE. B ciyyae mepemadyn OT BEAOMOIO K Beaylle-
My, BelylIuil renepupyeT TakTel Ha SCL, ipu 3ToM npociymuBas JuHuo SDA
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— cuutbiBaeT ganHbie. Eciu SCL yxoaut B 0, To Be1omblil BeIcTaBIsAeT HA SDA
OuT, KOTOpbld MacTep cuMThiBaeT, korga noguuMer SCL oOpatHo. [lepenaua

3akanuuBaeTcsd Bce STOP mocnenoBaTeIbHOCTEIO.
START ) 6 5 4 i 3 2 1 0 A STOP

] [ ] N
— M |

Puc. 2. Ilpumep nepeoauu cuenanos no wunam
B unrepdeiice ectp 2 THMNa onepanuu — YTEHUWE U 3alUCh. 3aIUCh TO/Ipa-

3yMEBaeT Iepeayy BHayaje ajgpeca yCTpPOWCTBa, ajpeca STYEHKU NaMaTH U ca-
MUX JIaHHBIX.

START 3anuck ‘—b- 3anuce —>» 3anuce ——> STOP

Y

Puc. 3. Onepayus 3anucu
UreHne peanu3yeTcs HECKOJIbKO HMHAaue€ — CHadajla Iepelaercss aapec
YCTPOMCTBA U aJipec AYEHKU MaMsITH B HEM, NOToM 1o SDA mogaercs moBTOp-
Hblll START curnan. Benomoe B 3TO BpeMsi TIOHUMAET, YTO BEIYIIEE O0XKHUAAET
oT Hero na"Hble. [lanee mo SDA mnepenaeTcs aapec yCTporucTBa, MOCiE Yero Be-
JIOMO€ OTIIPABJISIET JaHHBIE, a BEAYIlIEe MPOCTYIINBAET JUHNIO SDA.

START —— 3anuck —» 3annick ——— START — 3anuce —> YreHne «—> STOP

Puc. 3. Onepayus 3anucu

0030p CylIeCTBYOIIMX pPelleHn i

Ha naHHBII MOMEHT CyIIECTBYET MHOXECTBO JOCTYIHBIX PEaTu3alui s
pasubpix mnatdopm. Camas momyisipHas ruiatgopma s pabOTBl ¢ MHUKPO-
koHTposiepamu — Arduino. Ha Helt mpencrtaBnena 6ubnamoreka Wire, moaxo-
nsmast moxa cemeiictBa Nano, Uno, Mega u Leonardo. Ona kpaiine mpocrta B uc-
MOJIb30BaHNH, HO IPUMEHHMA TOJIBKO AJisi cpeabl pazpaboTku Arduino IDE, ko-
TOpas HE MO3BOJIAET IOJHOLUEHHO W JIETKO B3aWMOJEHCTBOBAaTbH C MHUKPO-
KOHTPOJUIEPOM (B JAPYTHX cpeAax pa3paOOTKW HAMHOTO MPOIIE OCYIIECTBHUTH
paboTy CO BHYTPEHHUMU PETUCTPaMU YCTPOICTBA).

[Tpumensist apyryto cpeny paspadotku, Atmel Studio, MoxkHO B monHOI
MEpe HCIOIb30BaTh BO3MOKHOCTH MUKPOKOHTpoJuiepa. st 3Toil cpeasl cylie-
ctByeT 6ubnnoreka AXLIB, HO OHa Tak)ke CONEPKUT Apyrue UHTepEncH me-
penadn MaHHBIX. ITO MOXKETOBITh KaK IUTFOCOM (O7HA OMOIMOTEKA, peaanu3yio-
1iasi MHOXKECTBO MHTEpP(ENCOB), TaK 1 MUHYCOM (TIpH MCIOJIb30BaHUU OJHOTO
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uHTEpdeiica, OCTaAIbHOE COEPKUMOE OUOTMOTEKH XPAHUTCS, HO HE MCIOJb3Y-
eTcs).

B cnyuae ¢ IIJIMC, HaliTH yHHBEPCAIbHOE PELIEHUE NMPAKTUYECKU HEBO3-
MOXHO HM3-3a pa3HOM KOH(pUIypauuu IUIaT ¥ pa3HbIX 3aaad. [loaromy ObLIO
INPUHATO PEIICHHE CAMOCTOSITEIBHO PEean30BaTh MHTEpQENc Mo 00IIen3BecT-
HOMY onucaHuio. B kauectBe ycrporictBa Obuta BeiOpana IIJIMC Z-turn Board
(MYS-72020-C).

Peanusanus narepgeiica Ha sisbike Verilog

Wurepdelic Obu1 pealn3oBaH MO CXEME aBTOMaTa — €CTh HECKOJBbKO CBS-
3aHHBIX COCTOSIHMI, KOTOpbIE BBINOJHAIOT onpeaeiaeHHy0 GyHKIo. OCHOBHAS
GyHKLIHS UMEHyeTcs Kak «Xab» - OHa omnpenenseT, Kakas onepanusi OyaeT Bbl-
MOJIHEHA CIEAYIOIIEH, ¥ TPOBOJIUT NOATOTOBKY JIaHHBIX MEpe] Orepanue.

Oynkuus «3anuchky onyckaer auHuo SDA B 0 (1 oOpa3yercs cama u3-3a
NOJATATMBAIOIIET0 PE3UCTOpa) B Ciyyae, eciiu Tpedyercs mepenaTh Mo UHTEp-
deiicy 0. «UteHue» mpociaymMBaeT JUHUIO JaHHBIX U coxpaHseT Outbl SDA.
[Tocne xaxnoi «3anucu» win «YTeHus» oauH pa3 cpadarbiBaeT PyHKIUA «XO-
joctoi TakT» Ha JUHUM SCL — 3TOT TakT JaeT BO3MOKHOCTh BEJOMOMY OTBeE-

THUTD.
STOP
=

‘l\
¥

‘ 3anuck

| ]

[o ] Xab I oy T 0 o OO v

I ] XonocTble TakTbl
{i

MocnegHwh Takt

Beog I T S

M I
[aHHbIX |

10— 11— 12— 13

i | B
P

* YteHune

v

A

START
Puc.4. Cxema asmomama
Bo Bpemsi peanu3zanuu BO3HHMKJIA OJHA MHTEPECHAs OCOOEHHOCTh — Ha
IJIMC curnan STOP nenb3s nomasatk cpa3y nocie ACK - B KOHIE onepanuu
HY>KHO J00aBUThH €lIe OJUH XOJIOCTON TakT. B mpoTuBHOM ciiydae nepudepuii-
Hoe ycTpoicTBO 0TBeTUT (TO ecTh ACK = (), Ho nmuHuo SDA Begomblif HE OT-
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MyCTUT, TO €CTh YTO OBl HE JENalM Ipyrue ycTpoilcTBa, 0 ocTaHeTcs Ha JIMHUU
SDA 1o Tex mop, moka BeJOMbIi He moyuuT eme 1 Takt. Takum oOpazom ju-
HUIO0 SDA MOHO 3a0710KUPOBATH.

TecTtupoBanue paspadoranHoro narepdeiica

[TonpoGyem B KauecTBe MPOOBI ONMPOCUTH 2 YCTPOHUCTBA — TEPMOJATUHUK U
TUPOCKOI, KOTOPBIE BCTPOEHHI B caMy IUIaTy. BHadane onpocuM JaT4yuK Temie-
paTypsl. [lepBrIil MOCkUIaEMBIN MTAKeT — aapec ycTporcrBa. Ha BpeMenHo qua-
rpaMMe Ha PUCYHKE 5 BUJHO, KaK YCTPOICTBO OTBEYAET MO MIKMHE (MpUAaBINBa-
Hue muHel SDA 1B 0, B To Bpems kak muHa SDA r (mmHa SDA Ha pe3uctope)
noansTa B 1). Jlanmee ormpasisieM anpec siUeUKH, U3 KOTOPOH HYKHO MOJYYHTh
naHHble. Eciii ycTpoiicTBO IpHUHSIIO ajipec, To OHO npuaaBut B 0 mmHy SDA 1.
[anee nmpousBoautcs noneiTka noaHATs MMHY SDA B 1. B ciyuae, ecnin temmne-
paTypHBIA JaTYMK XOYET BHICTaBUTH () HA JIMHUM, OH omyckaeT B 0 mmHy SDA.

I A o R AN Y o S R A

Puc. 5. Bpemennvie ouazpammol onepayuu umeHus.

Jlanee mompoOyeM MOMy4YuTh JaHHBIE C TUPOCKOIA, BCTPOCHHOTO B TLIATY.
Ha si3p1ke C++ co3maguM HEOOJBITYI0 TPOrpaMMy, KOTOpass KOHBEPTUPYET IO~
Jy4YeHHBIE TaHHBIE C MepuEepUIHOTO YCTpPOHCTBA B yroi HakjoHa. Ha ocoben-
HOCTAX peanu3aliy He OyJeM OCTaHaBIMBATHCA, TaK Kak B JAaHHOW paboTe 3TO
He Tak BakHO. Hambonee 3HaYMMBIM 371€Ch SIBISETCSA TOT (PakT, YTO MOTyUEHHUE
JAaHHBIX peann3yeTcs ¢ oMol uurepdeiica 12C.

Blc. =2 = O

~ U |[S| wl &8 % | B -~
CDT Build Console [ME]

X = B.0ecoace

¥ = 34.80680ed

Z = -80.06008006

X = 3.0eoecce

Y = 2.0800008

£ = @.poagoaoa

£ >

Puc. 6. l[lokazanus cupockona

263



BbiBoa

Wurepdeiic 12C sBnseTcs mpocTbiM, HO OJTHOBPEMEHHO CaMbIM pacIpo-
CTpaHEHHbIM MHTEp(dEicOM Nepeaun JaHHbIX, KOTOPbIA MPUMEHSETCS IS CBSI-
31 ¢ nepudepuiiHpiMU ycTpoiictBaMu. Ho, He CMOTpsI Ha CBOIO paclpoCTpaHEH-
HOCTb, PEAJIM30BaH OH JAJIEKO HE Ha Bcex miuatdopmax. B xome mpoaenaHHoR
paboTtsl ObLT peanuzoBad uHTepdeiic [2C na s3pike Verilog, a mis TecTupoBa-
HUs pa3pabOTKU — ABE IPOrpaMmbl Ha si3bike C++.
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Mapaxosckuit Muxann AnexceeBnd, [lannu Anekcanap AHaTONbEBUY

UCCJEJOBAHUE BJIUSTHAS METOJ0OB
KOHCOJIMIUPOBAHHOI'O CIHEKAHUS HA CBOVICTBA
CETHETOSJIEKTPHYECKOU KEPAMUKHU PABOTAIOIIEN B
SKCTPEMAJIBHBIX YCJIOBUAX

B pabome uccnedosano énrusnue mexnorocuueckux hakmopos uzeomosienus ce-
CHEMOINIeKMPUYECKOU KEPAMUKU HA e€ dKCRIAyamayuonHvle napamempul. Texnonozu-
yeckue haxmopwvl npoyecca u3e0mMosieHUss 0KA3bl8AIOM HENnoCpeoCmeeHHoe 8030¢eli-
cmeue Ha xapakmep GopmMuposanus MUKpOCmMpyKmypsl, d makice Ha @yHKYUOHAIb-
Hble XapakmepucmuKy Ce2HemodIeKmpudeckol Kepamuxku. Badicneliwel mexnono2u-
yecKkoll onepayuetl A8s1emcs CneKanue, npu KOMopou opmMupyemcs MUKpOCmpyKmy-
pa, mexanudeckuu u snekmpoguzuieckue ceolicmea. B xooe uccnedosanus doxazana

AKMYa/lbHOCMb UCNOJIb3068AHUA Memooos KOHCO]ZM@MPO@CZHHOZO CNeKarnusl ¢ yéjlbito no-
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BbIUEHUA MEXAHUYECKUX XapaKmepucmuk C€2H€m03]l€Kmpu‘{€CK012 Kepamuxku, 4mo
makoice CHudcaem eé cebecmoumocme.

Hbe301<epaMu1<a, ceenemoaﬂekmpuquKuzZ, copsivyee npeccoeaHue, UCKpoeoe
NJlasmMeHHoe cneKkanue.

Marakhovsky Mikhail Alekseevich, Panich Alexander Anatolievich
INVESTIGATION OF THE INFLUENCE OF CONSOLIDATED
SINTERING METHODS ON THE PROPERTIES OF
FERROELECTRIC CERAMICS OPERATING UNDER EXTREME
CONDITIONS

The paper investigates the influence of technological factors in the manufacture
of ferroelectric ceramics on its operational parameters. Technological factors of the
manufacturing process have a direct impact on the nature of the formation of the mi-
crostructure, as well as on the functional characteristics of ferroelectric ceramics. The
most important technological operation is sintering, in which the microstructure, me-
chanical and electrophysical properties are formed. The study proved the relevance of
using consolidated sintering methods to improve the mechanical characteristics of fer-
roelectric ceramics, which also reduces its cost.

Piezoceramics, ferroelectric, hot pressing, spark plasma sintering.

BBenenue

Cpenu MHOrooOpa3usi CETHETORJIEKTPUUECKUX MaTEPUaIoB 0C000€ MECTO
3aHUMAIOT MaTepuasbl IpeIHaA3HAYCHHBIE JJIs dKCIUTYyaTallui B 9KCTPEMAIbHBIX
ycioBusix. Takue CerHeTOrNeKTPUUYECKUE MaTepuaibl OTIMYAKOTCA CTa0UIIBLHO-
CTBIO AJIEKTPO(PU3NUECKUX MAPAMETPOB B YCIOBUSAX BHEUIHUX BO3/ECUCTBUMN BbI-
COKUX TemmepaTyp W jJaBieHuil. JKecTkue sKCIIyaTallmOHHBIE TpPEOOBaHUS
MPEABSABIAIOTCA K MPeoOpa3zoBaTesisiM MPUMEHSIEMbIM B aBUAITMOHHON W KOCMHU-
YECKOU TeXHUKE, He(TEera30BhIX KOMIUIEKCAX, SHEPTETUKE U IPYTHX.

OCHOBHBIE 3KCIUTYaTallMOHHBIE MAPAMETPhl CETHETOAICKTPUUECKON Kepa-
MUKH (POPMHUPYIOTCS Ha BOXKHEHUIIIEM TEXHOJOTUUYECKOM 3dTare MPOU3BOJICTBA -
criekanuu. [Iporecc cnekanuss KEpaMUKH 3aKJIIOYAETCS B 3aPOXKICHUU 3EPEH U
GbopMUPOBAHUM KEPAMUYECKOTO KapKaca, OTBEUYAIONIEIO0 3a MEXaHUYECKHE
CBOMCTBA, CBSA3aHHBIE C JUAICKTPUUECKUMU XapaKTEPUCTUKAMU KepaMuku (To-
CKOJIbKY MbE303JIEKTPUUECKUH - ITO AJIEKTPOMEXaHUUECKOE TpeoOpa3oBaHue).
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OcHoBHas YacTh

[lenapro paboThl ABISUIOCH KUCCIAEAOBAHUE BIUSHUSA PA3IMYHBIX METOJOB
CIEKaHUS U TEXHOJOTUYECKHX (PaKTOpOB Ha (YHKIIMOHAIbHBIE XapaKTEPUCTUKU
CErHETOAIEKTPUUECKON KEepaMUKH MpeAHa3HAYEeHHOW sl paboThl B JKCTpe-
MaJbHBIX yCIOBHSIX. B kKauecTBe MOJENbHOrO OOBEKTAa HCCIEAOBAaHUS ObLIT BbI-
Opan maTtepuan cuctembl Bio.7s Tio.24 Nao.o1 ¢ OTHOCUTENHHO BEICOKUMH 3HAUCHHU-
MM TIbE30AJIEKTPUUECKOr0 MOAyJs d33, YCTOWYMBBINA K BO3JEHCTBUIO BBICOKUX
temnepatyp (10 500°C) u 0IHOOCHOTO MexaHn4ecKkoro cxkarus (1o 1500 kr/cm?)
[1]. Yka3aHHbI MaTepuan ObLI MOJYy4YE€H METOAOM TBEPAO(PA3HBIX PEaAKIIHil.

Kpome criekanust TpaAUIIMOHHBIM CIIOCOOOM B KaMEPHOW MeYH MpPU aTMO-
chepHOM JIaBJIEHUH, CYILECTBYIOT METOAbl KOHCOJIHUIUPOBAHHOTO CIEKAaHUs Ke-
pamuyeckux matepuasioB — ropsiuee npeccoBanue (I'Tl) u nckpoBoe miazMeHHoe
cnekanue (UIIC), obGecrneunBaromye MOBHIICHUE TUIOTHOCTH TMOJy4yaeMou Ke-
pamuku. O0a MeToa ClIeKaHUs MOHMKAIOT (DMHATIBHYIO TEMIIEPATypPy CIIEKaHUs
1 (hOPMUPYIOT MIIOTHYIO OJHOPOJIHYIO KEPAMUUYECKYIO CTPYKTYpY. B Hacrosiee
BpeMsi 0c000€ BHUMAaHHUE YJAENAETCS METOLYy MCKPOBOTO IJIa3MEHHOIO CIeKa-
HUS, HE TOJBKO CHUXAIOLIEMYy (MHAJIBHYIO TEMIEPATypy CIEKaHus, HO U MHO-
TOKPAaTHO COKPAILAIOIIEMY MPOJOJKUTEIBHOCTD MpoIecca CeKaHus. DTOT Me-
TOJ IIMPOKO MPUMEHSIETCS JJIs CIIEKaHUsl MOPOLIKOBBIX MaTepUalioB (TEXHHUYE-
CKOM, KOHCTPYKIIMOHHON M CerHeTodjiekTpudyeckoi kepamuku). Meton HUIIC
obOecrnieurBaeT (OPMUPOBAHUE MEIKO3EPHUCTOM, OJIU3KONH K MOHO(A3HOM
CTPYKTYpe KEpaMUKH, B CPAaBHEHHMHM C TPAJULMOHHBIM CIIEKaHUEM IIPU aTMO-
chepHOM JaBJICHUH.

B nanHoil paGote ObUIM MCIIONB30BAHBI TPU METO/A CIIEKaHUS: TPAIULIU-
OHHBIM METOJ C MCTOJIb30BaHHeM KamepHoil neun (ATM), meton I'Il u UIIC.
CrekaHue KepaMHU4eCKHX 3aroTOBOK MPOBOAWIOCH B TEMIEPATYPHOM Juana-
3oHe 1000 — 1160 °C.

KauecTBO MOMy4YEeHHON CErHETORIEKTpUUECKOW KepaMuku Biozs Tioo24
Nao.o1 OLUEHUBAIOCH MO PE3yJNbTaTaM CKaHUPYIOUIEH AJIEKTPOHHONM MHKPOCKO-
nuu (puc. 1), 3HAUEHUSIM SKCIIEPUMEHTAIBHON TIJIOTHOCTH U 3JEKTpodu3nye-
CKUM IapaMeTpam.
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Puc. 1. Mukxpocmpykmypa kepamuueckux 21eMeHmo8 noay4eHHbIX pasiudHbLMU Me-

mooamu CneKamusl

B mporiecce nccnenoBanue ObUTIO YCTAaHOBJICHO, YTO MHUKPOCTPYKTYpa Ke-
PaMHUYECKUX 3JIEMEHTOB MOJYYEHHBIX METOJaMH KOHCOJIUJIUPOBAHHOTO CIIEKa-
HUS CYIIECTBEHHO OTJIMYAJACh OT MUKPOCTPYKTYPBI JIEMEHTOB MOJYyYEHHBIX B
KamepHo# meun. Kepamuueckue 37eMeHThl noirydeHHbie MetogqoM ATM obna-
T MUKPOCTPYKTYPOH ¢ KPUCTAJUIMTAMH BBITIHYTOW (DOPMBI JUIMHHON 10 15-
17 MkM 1 TONIMHON 2-3 MKM. B CcTpyKType KepaMHUKU TMPHCYTCTBOBAJIO OO0Jb-
[I0€ KOJIMYECTBO BKJIIOUEHUH B BUjE Mop. KepaMmuueckue 31€MEHThI, HOJIyYEeH-
Hbie MeToaoM ['T] uMenu mIoTHYI0 MUKPOCTPYKTYpY 0€3 Top C CyIIeCTBEHHBIM
conepkanreM creknodaszel. DopMa U pasmMepbl KPUCTATUIUTOB UMENTH UICHTHY-
HBIM XapakTtep, Kak u B ciaydae meroga ATM. Cnekanne metogom UIIC obGec-
MEYMBAJIO MJIOTHYIO CTPYKTYpPY MOJOOHYIO paciiaBy, 0€3 4eTKOro O4YepTaHHs
KPUCTAJUIUTOB U 1Op. HecMoTpss Ha OJHOPOAHYIO MEIKO3EPHUCTYIO U Oe3fe-
(GEKTHYI0 apXHUTEKTypy KEPAMHUYECKUX KapKacOB C TOBBINIEHHBIMU MOKa3aTes-
MU IJIOTHOCTHU, 3HAYCHHS TTHE303JIEKTPUIECKOTO MOAYJIs (d33) 1 OTHOCUTETBLHOM
JMDIEKTPUYECKOM MPOHMIAEMOCTH (£133/60) KepaMuK OBbUIM COU3MEPUMEI, HE3a-
BUCHUMO OT MeToja criekanus (tabnuma 1). OmgHako, CyNIeCTBEHHOE CHIDKCHHE
temriepatyp (Ha 100 — 160 °C) wu anurensHOCTH criekanus (B 50 pa3!), 3Hauu-
TEJIbHO COKPALIAIOT 3HEPro3aTrparhl MPH U3rOTOBICHUU KEPAMHUYECKUX IJIEMEH-
TOB ¥ CHUKAIOT UX c€0€CTOMMOCTb.

Tabmuma 1
CBolicTBa KEPAMUYECKUX DIIEMEHTOB MOJIYYEHHBIX PA3IUUHBIMU METOAAMU
CIIEKAHUSI
Merton cie- | Temneparypa &'33/g0 ds3, nKa/H p, r/em’
KaHus cnexkanus, °C

ATM 1160 99 24 6,13
I'TI 1060 114 25 7,13
HIIC 1000 102 21 7,37
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Cnekanune kepamuueckux 3yemeHToB metoaamu ['11 u UTIC npuBoauio k
MOBBIIIIEHUIO 3HaUeHUH IOTHOCTH (p) HA 14% u Ha 20%, COOTBETCTBEHHO, ITPU
OJTHOBPEMEHHOM CHIKEHMH TemIiepatyp cnekanus Ha 160 — 200 °C.

BbiBoabI

Takum 00pa3om, pacCMOTPEHHbIE B pabOTE METO/Ibl KOHCOJIUIUPOBAHHO-
IO CIIEKaHUs SIBJISIOTCA NEPCIEKTUBHBIMU CIIOCOOAMU TOJIYYEHUS HE TOJIBKO ce-
THETORJIEKTPUUECKUX KEpaMUK Ha OCHOBE cucteMbl Bio7s Tio24 Naoor, HO U uc-
cnenoBanHbiXx panee PCR-8, BST, PMN-PT u npyrux coctasos [2 - 4].

ABTOpBI BbIpa:kaoT OaarogapHocts LIKII «Beicokue TexHosorun» 3a
NPeI0CTABJICHHOE H3MEPUTEJIbHOE 000pPy10BaAHKE.
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HENPEPBIBHBIM KOMIIEHCAIIMOHHBIN CTABUJIU3ATOP C
JAHAMMUYECKHUM TOJABJIEHUEM BCIIVIECKOB U ITPOBAJIOB
BbBIXOAHOI'O HAIIPAKEHUSA

Paccmompenwi 6azosvie cxemvl KOMNEHCAYUOHHBIX CIAOUIUZAMOPO8 HANPACE-
nus (KCH) co cneyuanvhvimu yenamu nooasienus «8CHIeCK08y U «NpoBailos 8blX00-
HO20 HaNpAdCeHusl, Oa Cyuaes, Ko20a YUCIeHHble 3HAYEeHUS eMKOCmel KOHOeHCamo-
P06 6 Hacpy3ke cpagnumenvHo manvl. Kpome smoeo, npeonacaemvie cxemvr umerom
bonee 8vicokoe Obicmpoodelicmaue npu nepexooe ¢ 00HO20 YPOBHs BbIXOOH020 HANPSI-
JHcenUs Ha OpYyeoll 8 cayuae Yyughposol KOMMYmMayuy UCMOYHUKA ONOPHO20 HANpPdice-
Hus. Komnwviomepnoe moodenuposanue KCH, evinonnennoe na mooenax OUROAAPHbIX
(APMK 2.2-1, OAO «Humeepany, benapycs) u KMOII (XFAB) mpan3ucmopog, noo-
meeparcoaem 3PHeKmusHOCmb paccMampudaemblx CXeMOmexXHU4ecKux peuleHull.

Ananozosas cxemomexHuKa, HenpepvlHblll KOMNEHCAYUOHHbIL CMAaOUIU3amop
Hanpsaxjcenus, yenb no0aeieHUs 6CNIECKO8 U NPOBATI08 8bIXOOHO20 HANPANCEHUs, Ne-
PEXOOHDLIL npoyecc Npu UMNYJIbCHOM MOKe HA2PY3KU.

Prokopenko Nikolay Nikolaevich, Bugakova Anna Vitalievna,
Zhuk Alexey Andreevich

CONTINUOUS COMPENSATING VOLTAGE STABILIZER WITH
DYNAMIC SUPPRESSION OF BUMPS AND DIPS OUTPUT VOLTAGE

The basic circuits of compensating voltage stabilizers (CVSs) with special cir-
cuits for suppressing bumps and dips output voltage are considered for cases where
the numerical values of the capacitances of the capacitors in the load are relatively
small. In addition, the proposed circuits have a higher speed when switching from one
output voltage level to another in the case of digital switching of the reference voltage
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source. Computer simulation of CVSs, performed on models of bipolar (ABMK 2.2-1,
JSC "Integral", Belarus) and CMOS (XFAB) transistors, confirms the effectiveness of
the considered circuit solutions

Analog circuitry, compensating voltage stabilizers, output voltage bumps and
dips suppression circuit, transient at pulsed load current.

Beenenue

B coBpeMeHHON MHKPOIJIEKTPOHUKE IIMPOKOE MPUMEHEHUE MOIYyUIIH
KOMIeHcaluoHHble cradbmnu3aropsl Hampsbkenus (KCH) [1-7], xkoropsie uc-
noJib3ytoTcsl B cucremax Ha kpuctawie (CuK), He gomyckaromux nmpuMeHEHHE
KOHJICHCATOpOB OOJIbIION eMKocTH. JlaHHas mpobiieMa B UCTOYHUKAX BTOpUY-
HOT'O 3JICKTPOINUTAHUS HOBOTO TMOKOJIEHUS PEIIACTCS MyTEM BBEICHHS B CXEMY
KCH chnenunanbHbIX IIeneid MOAAaBICHUS BCIUIECKOB M IMPOBAJIOB BBIXOJHOIO
Hanpsbkenus [1-5].

Lenp cTatbu — paccmoTperh HOBble cTpykTypsl KCH [7] ¢ addexTom nu-
HAMHYECKOT'0 TMOJIaBJICHUSI «BCIUIECKOB» M «IIPOBAJIOB» BBIXOJIHOTO HAaIpsixKe-
HUSIL.

ITocTaHoBKa 3a1a4u

CymectBenHbii HegocTaTok kiaccuueckux KCH [6] Ha puc. 1 cocrout B
TOM, YTO TP UX Ucnoiab30BaHuu B CHK, KOT/1a HEBO3MOKHO MPUMEHSITh Ha BbI-
xone KCH konaencaTopsl 6osbiinoi emkoctu (6osnee 70-100nd), nabmrogarorces
3HAUYUTENIbHBIE «IPOBAJIBD) M «BCIIECKW» BBIXOJHOIO HAMNPSHKEHUS MPU HM-

IMyJIbCHBIX TOKAX HAI'PYy3KH.
U, ©
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Puc. 1 Knaccuueckas cxema «Low-Dropouty KCH ¢ 8b1cOKOOMHBIM 6b1X000M pe2yiu-

pyiowezo snemenma (PJ)
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JUist ycTpaHeHusi 3TOro HeAOCTaTka HEOOXOJIMMO HUCKIIIOUUTh JTMHAMHUYeE-
ckyto nieperpysky AV [7].

IHepcnexkTuBHbie apxurekTypbl KCH

B cxeme npemmaraemoro KCH Ha puc. 2 MMIyJIbCHOE W3MEHEHHE TOKA
Harpy3ku Aly cozmaer nmpupamenue AUy, KOTOpOE MepenaeTcs B IMUTTED J10-
MOJIHUTENBHOTO TpaH3uctopa VT3. 310 npuBOAUT K (POPMUPOBAHUIO 1OCTATOY-
HO OOJIBIIOrO MMITyJibca Toka uepe3 AuddepeHnupyronmii kougeHcatop Cio,
KOTOPBIN IeperaeTcss B AMUTTEp, a aainee B Komuiektop VT1. B pesynbrate un-
Terpupytouuii kounencarop Cyi, odecneunBaronuii ycrotunBocts KCH, nepe-
3apspKaeTcs OOJBITUM TOKOM 152 >» Igq = 2I,, uTO crocoOcTBYeT 60jee ObICT-
POMY M3MEHEHHUIO TOKA Ha BBIXOAE PO M yMEHBIICHHIO aMIUIMTYbl «IIPOBAJIa»
BBIXOJJHOT'O HamnpsbkeHus. Tak, Ha puc. 3 mpeacTaBieHa 3aBUCUMOCTb aMIUIUTY-
JIbI «TIpOBaJIoB» BbIxogHOTO HampsikeHuss KCH puc. 2 (momHbI pa3zmax Kole-
6anwuii, B) o emkoctu auddepeHunpyronero KOppeKTUPYoIEero KOHIeHCaTo-

pa Cio.
+U,

K1 L Y

. (=)

Topn

G| e |\
(= | ~®

Puc. 2 Cxema KCH c yenwvto ounamuyecko2o nooasieHus «npoeaios» blXx0OHO20

HanpsidceHus npu umnyischom moke Haepysku (V13, I, Ciz)
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Puc. 3 3asucumocmo amniumyowvt «npoeanosy evixoonozo nanpsxcenus KCH puc. 2

om emkocmu ougpepenyupyioweeo konoencamopa Ci:

JUis mopaBieHUs] KaK «IIPOBAJIOBY», TAK U «BCILJIECKOB» BBIXOJHOIO HaIlps-
JKEHHsI, B CXeMy Ha pHUC. 4 BBOIWUTCS BTOPOW TONOJIHUTENIBHBIM TPaH3UCTOP
VT3*, uTo CymiecTBeHHO yMeHbIaeT YucieHnble 3HaueHusI AU« (CM. puc. Sa,
puc. 50).

Ha puc. 5 npuBeaena 3aBUCUMOCTD BBIXOHOTO HAMPSHKEHUS CTAOMIN3aTO-
pa puc. 4 or uMmnynbcoB Toka Harpy3ku Al,=5SMA mnpu [;=[L=50 MxA, Ri=
2 kOm, Ci1=80 n®, Uoy=3B mist pa3ubix 3HadeHunil eMKOCTH nuddepeHupyo-
1Iero Koppekrupytomero kouaencaropa Cyw. KoMmbroTepHoe mMoaennpoBaHHe
nposeneHo B cpene LTSpice Ha mopensx tpanzucropos ABMK 2.2-1 (OAO
«nTerpany», benapycs).

[Ipu tudpoBoil KOMMYTAIIMM UCTOYHUKA OIMOPHOTO HANPSLKEHHS (KaK 3TO
ocyiectBieHo, Hanpumep, B KCH [7]) B cxeme Ha puc. 4 obecrnieunBaetcs 00-
Jee OBICTPBIN MEPEX0/1 C OHOTO ypoBHs BbixogHoro HanpsokeHuss KCH Ha apy-
T'OM.

Takum o6pazom, npennaraembii KCH oOnagaeT cpaBHUTENBLHO MaibiM
YPOBHEM JMHAMUYECKON HECTAOMIIBHOCTH BBIXOJHOI'O HANPSLKEHUS IPU MaJbIX
3HAYEHUAX EMKOCTEN MPUMEHSAEMBIX KOHJIEHCATOPOB HATPY3KHU.

B cxemax, nmokasaHHbBIX Ha puc. 1, puc. 2, puc. 4, BO3SMOKHO TaKXe IpHUMe-
Henne KMOII moneBbIX TpaH3UCTOPOB.
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Puc.4 Bmopas moougpuxayus cxemovt KCH na puc. 2
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Puc. 5 3asucumocmu 6vixoonoeo nanpsxcenus KCH na puc. 4 om umnynvcos moka

HA2py3KU 0I5l PA3HBIX 3HAYEHUL eMKOCMU KOPPEKMUPYIOue20 KOHOEHCAmopa.
a) C2=0,02 n®, 6) C2=20 n®d

BriBOABI

PaCCMOTpeHBI HOBBIC CXCMbI KOMIICHCAIIMOHHBIX CTa6I/IJ'H/I3aT0pOB Harps-
JKCHUS C HCIIMU ITOJAABJICHUS «BCINICCKOB» W «IIPOBAJIOB» BBIXOJHOI'O HaIIpA-
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xeHnus. [lokazana ux 3(heKTUBHOCTH AJIS CITy4aeB, KOTJ1a YUCICHHbIE 3HAUCHUS
E€MKOCTEH MPUMEHSEMbIX KOHJIEHCATOPOB B IIETIM HATrPY3KH CPaBHUTEIBHO Ma-
Jel. DTO MO3BOSAET co3aaBath HenmpepbiBHBIE KCH, oOecnieunBaromiye 31eKTpo-
nutanueM [P-monynu «cuctem Ha kpucramie» (CHK). Kpome storo, npeara-
embie cxeMbl KCH umeror Oosee BbICOKOE ObICTpoAeicTBHE TPU LU(PPOBOI
KOMMYTAaIlUY UCTOYHUKA OTIOPHOTO HAIPSKEHUSI.
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Cexunst — KOHTPO/Ib ¥ ynIpaBJieHHEe B TEXHUYECKHUX CHCTeMax

V]IK 21474
Anmamraan Moxamman Jxananb

K OHEHKE OBJIACTHU ITPUTSKEHUSA ITOJTOXEHUSA
PABHOBECHS HEJTMHEWHBIX CUCTEM YIPABJIEHUA

Mea ananumuueckux memooa CuHme3a HEIUHEUHbIX CUucmem YNpasieHus pac-
cmampusaromes. TlonuHOMUATLHO-MAMPUYHBIL MemOO UCNONb3Yem KEAZUTUHEUHYIO
MoOenb, a Memoo JUHeapu3Viouwux OOpamubvlx césazell UCNONb3Yem chneyuaibhble 00-
pammuvie ceazu. 0ba memooa 0arom 02PAHUYEHHYI0 001ACMb NPUMANCEHUS CUCTEM
VIPAGNeHus, NOIMOMY MU CUCHEMbl MOy pabomams mMoabKo € 02PAHUYEHHBIMU
Ha4anbHelMu ycioguamu. B smoii pabome naviden u cpagHeHr pso HAYATbHBIX YCI08ULL
amux memooos. Ilpueeden uucienHvlil npumep nOCMpoeHUs CUucmemvl YRpasieHus 00-
HUM 00bEeKMOM dMUMU O8YMSL MEMOOAMU.

Henunetinwiii 06vexm, oepanuyenHvle Ha4aabHble YCI08Us, 001ACMb Npumsice-
HUSL, NOJIUHOMUATIbHO-MAMPUYHBLU MEMO0, Mmoo TUHEApU3VIOWUx 0OpamHulx césa3ell.

Mohammad Jalal Almashaal

ON THE EVALUATION OF THE AREA OF ATTRACTION OF THE
EQUILIBRIUM POSITION OF NONLINEAR CONTROL SYSTEMS

Two analytical nonlinear control systems design methods are considered to de-
sign of control systems for various nonlinear technical plants as mobile robots and
many other plants. The polynomial-matrix methods use a quasilinear model and the
feedback linearization method use special feedbacks. Both considered methods give a
limited domain of attraction of the obtained control systems so these systems can be
operated only with bounded initial conditions. In this work a region of the initial con-
ditions of these methods are found and compared. example of designing a control sys-
tem for a plant is given.

Nonlinear plant, bounded initial condition, attraction area, polynomial-matrix
method, linearizing feedbacks method.

Introduction

A lot of researchers have been tried designing an effective nonlinear con-
trol. New research has been conducted to simplify process of designing nonline-

277



ar systems using transformation methods [1, 2]. Usually, the nonlinear plant
equations be transformed into such forms as feedback linearization method [1—
3], regularization method [4], passification method [5], backstepping method
[6], Jordan controlled form method [7], quasilinearization method [8, 9], posi-
tional trajectory method [10, 11], and others. The aim of this paper is to find ar-
eas of the initial conditions of variables in which the control systems for one
nonlinear plant is still asymptotically stable, which is found by two analytical
methods and make a comparison between them to decide which design method
gives a wider area of attraction and initial conditions.
Example. Suppose a pendulum is described as a form [12]

0 10 0
Ax)=[w(x,) 0 2|,b(x)=|2], (1)
w(x,) 0 1 1

Here w(x)=x sinx . where A(x)=[a;(x)] is a functional nxn-matrix,
b(x)=[b,(x)] is functional n-vector [5]. To find the stabilizing control for (1) by the
considered methods

Design by using polynomial-matrix method. This method was described
in [13].

According to this method [8] firstly we need to check satisfying of the

detU, (x) =-36x;

1 .
controllability condition. In this case S1M% 'So we can find a con-

trol system only if bl < ™. The polynomials can be determined as:

Ap.x)=det(pE~A(x)) =p’ ~p* +0,(x)p+0,(x), V,(p,x)=eadi(pE —A(x))b =2p,

Vip.9)=eadi(pE—ACDb=2p",  Vy(pyx)=eadi(pE— A = p* +9w(x) @)

where o, (x) ==5w(x) ; 0,(x) =-9m(x), e;1s i-th a line of a unit matrix of E.

Let the desirable Hurwitz polynomial D’(p)=p’ +8,p”> +8,p' +8, of the ma-
trix Di(x) = A(x) - b(x)kT(x) and
R(p,x)=D (p)—A(p,x)=(5, +1)p* +(5, +5w(x,)p' +3, +9(x,) . Therefore polynomials (2)
will led to create the algebraic system:

0 0 9w(x)|[k(x)] |8 +9w(x,)

2.0 0 ||k |[=|8+5wx) |, |x|<m. 3)
02 1 k, (x) 8 +1
Where ki(x)are some nonlinear functions, 1 = 1, 2, ... n [5]. The solution
of the system (3) will give the required control system:

u,(x) = 0,58, +2,5w(x,)]x, — —{0,58, — &, /18w(x,)]x, —[1+38; / 9Inw(x,)]x;,,

x|<m.
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Design by using feedback linearization method. According to this
method, here A(x)=[x, Ssinx,+2x; 7sinx,+x;]",b(x)=[0 2 l]T.To find the
transformation z(x) we need first to find the controllability matrix
U,=(b ad}b ad }b)=(b [4,6] [4,[4,5]]). In this case

ad b =(0b /0x)A —(04 /ox)-b=[-2 -2 -IT. 4)

ad’b =ad .(ad ; b) = (8(ad ;b)/0x)A (x )~ (0A / 0x Yad ;b =

=[2 10cosx,+2 l4cosx,+1] . (5)
According to (4), (5), the controllability matrix has form
0 -2 2
U,(x)=|2 -2 10cosx, +2|. (6)

I -1 14cosx +1
The detU, =36cosx, and columns of the matrix (6) form an involute set, i.e. the
controllability condition is satisfied if only|x|<=/2 [13].
Now we can define the transformation z(x)=T(x)=[T,(x) T,(x) T;(x)]" start-
ing from the function 7;(x); this function is determined in [13]:

T;x (X)b = 27—1,»‘2 + Tl,x3 = 0’ (7)
T, (x)adjb :_2T1,x1_2T1,x2_2T1,x3 =0. (8)
T, (x)adib ==2T,  +(10cosx, +2)T, ,+(14cosx, + 1T, , #0. 9)

The conditions (7), (8) and (9) are used to define the function
T,(x)=T,(x,,x,,x;) which can be any function that satisfies these three conditions

[13]. From the conditions (7) we can say that 71(x) depends only on x> and xs.
On the basis of a condition (8), (9) it is possible to accept 7;(x)=x, —2x; =z, as

the simplest function.
The function T, (x) 1s defined from expression

T,(x)=T, A(x)=-9sinx, =z,. Similarly, T, (x) can be defined by expression.
Ty(x)=T, A(x)=-9x,cosx, =z, It will easily be convinced that the transfor-
mation
X, — 2,
z(x)=T(x)=| -9sinyx, (10)
—9x, cos x;
transforms the nonlinear plant's equation (1) into the linear equation of
Brunovsky form:
z':[z2 Z4 V]T. (11)
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Control v(z) at which the linear system (11) is asymptotically stabile evi-
dently has an appearance v=-9,z, —9,z, —9,z;, at which the equation (11) pass-

es into the equation

0 1 0
z=| 0 0 I |z. (12)
_60 _60 _80

Here coefficients J,— are chosen according to the requirements to charac-

ter and duration of transient of the control system (12).

The desired stabilizing control is obtained in form

0,(2x, —x,)+99,sinx, +956,x,cosx, 5 . X2
(2%, = %) ! L 22 1+Esmxl+x3—72tanxl,

x|<m/2 (13)

u,(x) =
() 18cos x,

Further, we assert since the transformation z(x) is reversible, i.e. a
nonsingular transformation x(z) exists, then the systems (1) (13) are also asymp-
totically stable (lim x(¢) =0).

A modeling the systems using MATLAB with the designed control by us-
ing the two methods was shown in [13], it was noticed that both control makes
the system asymptotically stable with a duration of transient not more 1.6 sec. it
was noticed in [13] that the domain of attraction of the control systems obtained
using the compared methods is limited that is caused by controllability condi-
tions of each method, for this reason these systems can be operated only with
bounded initial conditions. To find the boundary of initial conditions using
MATLAB, the region of initial conditions of each control system which was de-
signed by the used analytical methods can be found, where the fig.1a shows the
region of initial conditions in which the designed control system by APM meth-
od 1s still stable, and the fig.1b shows a region of initial conditions of designd

system using feedback linearization method.
Y T Y

10 10|

Fig. [. Simulation of the region of initial conditions of the two studied method
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It is noticed that the region of initial conditions of the system which is de-
signed by APM method is bigger about 6 times than same region of designed
system using feedback linearization method.

Results

As a result of the conducted research it is established, that the polynomial-
matrix method is the easiest way to design the control systems with a wide
enough region of initial conditions in which the designed control system makes
the plant’s system asymptotically stable. The feedback linearization method
gives a narrow boundary of initial conditions. So, it is recommended to use the
polynomial-matrix method if the use conditions of this method are satisfied.
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YK 621.396
JIvicenko [Amutpnii ['ennanpeBuy, Konokonosa Kcenus BaneprneBna

KOHIEIIIHUA POBOTA-MAHUIIYJIATOPA
JJIAA TABOPATOPHOI'O CTEHJIA

B oannoii pabome npusooumcs paspabomxa Konyenyuu poooma-manunyismopa
ons n1abopamoprnoz2o cmenoa. Paccmompenvt xapakxmepucmuxku 060py0oeanus, uc-
NONBL3YeMO20 OISl peanu3ayuy CmerHod, paccuumansvl OONyCmumbvle 3HA4eHUs MOMEH-
MO8, NpuiazaemMvix K niedam MAHunyiamopda, noCmpoeHa Mooelb MAHUNYIAmopa 6
naxeme Robotics System Toolbox Matlab.

Pobom-manunynamop, cepsonpusoo, mooenn, MatLab.

Lysenko Dmitry Gennadievich, Kolokolova Ksenia Valerievna

THE CONCEPT OF A ROBOT MANIPULATOR
FOR A LABORATORY STAND

This paper presents the development of the concept of a robot manipulator for a
laboratory stand. The characteristics of the equipment used to implement the stand are
considered, the permissible values of the moments attached to the arms of the manipu-
lator are calculated, a model of the manipulator is built in the Robotics System
Toolbox Matlab package.

Robot manipulator, servo, model, MatLab.

BBenenue

CoBpeMEeHHbIE CHUCTEMbl aBTOMATH3ALMK MPOU3BOJACTBEHHBIX IPOIIECCOB
TpeOYIOT JOBOJBHO BBICOKOUW KBAIM(PHUKALIUA MHXEHEPHBIX COTPYAHHUKOB, pado-
TAIIIUX C BXOJAIIUM B UX COCTaB 000pyAoBaHHEM. DTO OOyCIaBIMBACT aKTy-
QIBHOCTh Pa3pabOTKU YYEOHBIX CTEHAOB, BKJIOUYAIOIIMX MOJEIHU YCTPOWCTB,
IPUMEHSEMBIX Ha pealbHBIX MPOU3BOACTBaX. Mcrnonb3oBaHue MOAOOHBIX CTEH-
JIOB B Mpouecce 00yyeHus Mo3BoJisieT OyAyLIIUM HHKEHEpaM MpuoOpECTH HaBbI-
KU MPOEKTUPOBAHUs, COOPKH, MPOrpaMMHUPOBAHUS U HAJIAJIKU CPEJICTB TEXHUYE-
CKOM aBTOMAaTHU3aLUH.

B nanHO#l paboTe NpUBOAUTCSA ONHMCAHME KOHLEMIHMH JabopaTOPHOTO
CTEH/1a, BKJIIOYAIOLIEr0 poOOT-MaHUMYJISATOP, YIPABISIEMbI HECKOJIBKUMU CEp-
BOIIPUBOJIAMH.
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OcHOBHAA YacTh

B kadecTBe MCXOIHBIX JAaHHBIX ISl pa3paOOTKM KOHLEMIHUHA CTeHJa ObLIU
NPUHATHL XapakTepucTuku cepporpuBoaosB moaenu Hitec HSR 8498HB, ume-
IOLMXCS B pacnopsbkeHnH aBTopoB. C ydueToM ocoOeHHOoCTer (hyHKIIMOHUPOBa-
HUS JIaHHBIX YCTPOMCTB OBUIM PAacCMOTPEHbI HECKOJBKO Mojened poOOTOB-
MaHUITYJISITOPOB, IPUBOAUMBIX B JBUKEHUE CEpBOIIPUBOAaMU. B kauecTBe kpu-
TepUeB OTOOpa CYIIECTBYIOIIMX MOJENel BBIOpaHBI THM MPUBOAOB, CIOCOO
KpEIUIEHUS MPUBOJOB K IIeYaM MaHUMYJIATOPA, pa3MePbl U KOJIMYECTBO MPUBO-
JIOB, MaTepual U KOJIMYECTBO Iuieuerd podora. [1o pesynpraTam aHanmsa xapak-
TEPUCTUK  CYIIECTBYIOIIMX  MOJeJed  BblOpaHa  CTpyKTypa  poOoTa-
MaHMITYJIATOPA, IPUBOAUMOTO B ABWKEHHE CcepBolpuBogaMu Moaenn AX-12A
Dynamixel. CpaBHeHue XapaKTepucTuk mojeneit ceponpusonoB Hitec HSR
8498HB u AX-12A Dynamixel npencrasneno B Tadi. 1.

Ta6numa 1
CpaBHEHHE XapaKTEPUCTHK CEPBOTIPUBOIOB
Hitec HSR 8498HB DYNAMIXEL AX-
12A

Monaynsmus: Hudporoii [Hudporoii

6.0 V: 102.76 oz-in (7.40
. ) kg-cm)

KpyTtsmuit MOMeHT: 7.4 V: 124.98 oz-in (9.00 1,5 H/m (npu 12 V)

kg-cm)

6.0 B: 0.20 cex/60°

CkopocTh: 74 B: 0.18 cex/60° 59 06/muH (ripu 12 V)
Bec: 1,93 ynmuu (54,7 1) 546

Jomna:1.57 nroiima (39.9

MM) .

HIupuna:0.78 mroii- Asuna: 32 Mu
Pasmepsr: Iupuna: 40 mm

Ma (19.8 mm)

. BoicoTa: 50 MM

BricoTa:1.45 nmroi-

Ma (36.8 Mm)
Twun nBurarens: 3-IOJIFOCHBIN 3-IIOJIFOCHBIN
Tun mwecrepHu: Ilmactuk [Tmactuk
Bpamenue/Ilogaepxka: | JIBolHbIE TOAMIMITHUKH JIBOWHBIEC NOAIMNITHUKA
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MMy 1bCHBIM LUK 20 mc 20 mc

[[lupuHa ummymbca: 900-2100 mxc 900-2100 mkc

[To mpuBeneHHbpIM B Taby. 1 JaHHBIM BUAHO, YTO CEPBOMPUBOILI UMEIOT
MOXO0KHUE XapaKTEPUCTUKH.

YToOsl ONpeAenuTh TOMyCTUMbIC 3HAYEHHSI MACChI, KOTOPYIO CMOXXET BBI-
JIep’KaTh MAHUITYJISITOP, ObUT TIPOBEJICH pacueT Harpy3ok Ha miedn pobora. B
mporiecce pacuéra ObLIO ONPEIEIICHO, YTO Il 00eCIIeueHHsI HOpMaabHOK pado-
Thl poOOTa IMJIEYN HE JODKHBI MpeBbImaTh 10 CAaHTUMETPOB B JIJIWHY W Macca
KQKJIOTO M3 TUieued He MoJDKHA ObITh Oosbine 20 rpammoB. s pacuéra sTux
3HaueHUU ObLTa COCTAaBJICHA CXeMma ycTpoicTBa (puc. 1), Ha KOTOpOil Kpyramu
n300pakeHsl cepBonpuBobl (1, 2, 3, 4) U CUIIBI TSXKECTH, JEHCTBYIONTNE HA HUX
(0.085g). annoe mosokeHre pobdoTa 00eCrneynBaeT MaKCUMAIbHYIO HArpy3Ky

Ha TmepBbIid cepBonpuBo (1), koTopas He gomxHA mpeBbimaTh 9.00 kg-cm wnn
xe 0.9 H/m.

1 2 3 4
0.1m @ 0.1m @ 0.1m
A 0.085g 0.085g 0.085g

Puc. 1. Cxemamuueckoe uzobpasicerue poboma 6 nOI0HCEHUU MAKCUMATILHOU

Hazpy3Ku

Pacuér narpy3ku Obut mpou3BenEH M0 (GOPMysIe MOMEHTA CUJIBI:
M=F-L=3-0.085g-0.3=0.765(H - m).

Ha ocHoBe manHoro pesysibTaTa MOKHO CIENaTh BBIBOJI, YTO MPU YBelIUYe-
HUU JUIMHBI TJIeYe MoJieh He OyneT (QyHKIIMOHUPOBATh, TOCKOJIBKY Y MMEIO-
[IETOCSl B HAJMYHUK CEPBOIPUBOIA KPYTAUIUH MOMEHT paBeH 9 Krwm, 4ro coot-
BercTByeT 0.9 H-M.

[Tocne momy4eHHBIX JAHHBIX ObUT HAYaT Mpoliecc nevaru ruiedei Ha 3D-
MpUHTEPE, U MOJACIUpPOBaHUE PoOOTa B cpene MoaenupoBanus Matlab (puc. 2)
IpU TOMOIIM MakeTa JAaHHbIX Robotics System Toolbox, KoTopsiii O3BOISET
MOJIYYHUTh U300paKeHHE poOOTa U MPH MTOMOIIM METOJIOB 00paTHOM KHHEMAaTH-
KA TOCTPOUTH TPACKTOPHUIO €ro JBWIKEHHUS, HEOOXOJMMYIO MJisi BBITIOJIHCHHUS
ONpPENEIEHHON 3a/1auH.
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0.5 —|

,(—I 05 o g - -05
- 0 = 0

Y 0.50.5 >,
Puc. 2. Mooenv manunynamopa 6 cpede Matlab

BriBOa
B mporiecce paGoThl OblJIa cocTaBieHa MOJICb MaHUITYJISATOpA, paccyUTa-
HBI TTApAMETPHI TJICYEH U MOMEHT CHJIbI, ICUCTBYIONIUI HA CEPBONPUBO/IBI.
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PEAJIM3ALIUA B BASUCE IIJIMC PEJATOPHOI'O KOHTPOJIJIEPA
C YIIPABJIAEMBIM ITPUOPUTETOM OITPOCA JATYUKOB
JANATHOCTHYECKOI'O OBOPYIOBAHUA

Buvinonnen amanuz @ynkyuoHupogaHus u38ecmHo20 NopsAOKOB0-102UeCcK020
YCMpoUcCmea ¢ 8eKmMopamu YnpasieHus u UsMeHeHus Hanpaeienus 06xooa, 8blnoaHsl-
1ouje2o 8b100p U3 MAcCCU8a 0BOUUHBIX OAHHBIX HOMEPA IKCMPEManbHo2o dnemenma. Ha
OCHOB€ IM0O20 YCMPOUCMEa pa3pabomana cmpyKkmypa peismopHo20 KOHMPOLLepd C
VIPABIAeMbIM NPUOPUMEMOM ONPOCA COCMOAHUSL 0AMYUKO8 OUACHOCMUYECK020 000-
pyoosanusi. Cpeocmeamu ISE Design Suite coz0ana KomOUHAYUOHHASL cXema, npuse-
0eHbl 8peMeHHble OUAZPAMMbL U Pe3YIbmamvl MeCcmupo8anus pabomsl KOHMpPoiepa.
/lana oyenxa mpebyemvix pecypcos 01a peanuzayuu konmponnepa 6 oasuce 1JIHC.

IIVIAC, omuocumenvhvilli npuopumem, persimopHbulil KOHMpoiep, @YHKYuo-
HANbHBIU KOHMPOTIb, MEXHUYECKAsl OUACHOCMUKA.

Sergey Andreevich Panychev, Andrey Ivanovich Panychev,
Aleksandr Viktorovich Maksimov

FPGA BASIS IMPLEMENTATION OF RELATIONAL CONTROLLER
WITH A CONTROLLED PRIORITY FOR DIAGNOSTIC EQUIPMENT
SENSORS POLLING

The analysis of the functioning of a known ordinal-logical device with con-
trol vectors and a change in the direction of traversal, performing a selection
from an array of binary data of the number of an extreme element, is performed.
Based on this device, the structure of a relational controller with a controlled
priority of polling the status of diagnostic equipment sensors is developed. By
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means of ISE Design Suite, a combination scheme was created, time diagrams
and test results of the controller are given. The estimation of the required re-
sources for the implementation of the controller in the FPGA basis is given.

FPGA, relative priority, relational controller, functional control, technical
diagnostics.

BBenenue

CitoKHBIE TEXHUYECKHE CHCTEMBI JJII OTBETCTBEHHOIO NPUMEHEHHMS Tpe-
OYyIOT MHTETPUPOBAHMS B UX COCTAB YCTPOWUCTB (PYHKIMOHAIBHOIO KOHTPOJIS U
quarHoctuku (Y OK/). ns uckimtouenus notepb uHGopMaum 00 M3MEHEHUAX
KOHTPOJUPYEMBIX MapaMeTPOB HEOOXOAMMO, YTOOBI MPOrPAMMHO-AIIAPATHBIN
JUCIIeTYep JUArHOCTUYECKON CHUCTEMBbI 00eCIeurnBall BHICOKYIO YacTOTY MOBTO-
POB CEaHCOB KOHTPOJS CHTHAJOB (PYHKIMOHAIBHBIX KOHTPOJBHBIX TOUYEK
(®KT), uto, B cBOIO OYepeb, TPEOYET MOBBIIEHUS] CKOPOCTH BBIMOIHEHUS OIle-
panuii KOMMyTaluu, MpeoOpa30BaHus U NIEPeayn CUTHAJIOB MO KaHajaM CBSI3H.
OauH u3 nyTed pelieHusl TaHHOW MPOOJEMbl COCTOUT B MPUMEHEHUN METOOB
MOPSIAKOBOM JIOTUKHM M aJalTallMU JUCKPETHBIX PEIATOPHBIX CTPYKTYp K 3aja-
4aM TEXHUYECKOU TMarHOCTUKH.

Celtuac mpoBOJATCSA HMCCIENOBaHUS MO pa3pabOTKe HOBBIX MOJXOJOB K
peanu3zanuu oTkazoycroiunBbix cucteM Ha IIJIMC, koTopsle Onaronaps cBo-
ell TMOKOM CTPYKType MO3BOJISIOT HE TOJBKO PEajru30BBIBATH CIIOKHBIE MPO-
€KThl Ha OJJTHOM KPUCTAJIJIE€ U MPOBOJAUTH MHOTOYPOBHEBYIO BEpU(DUKAIINIO HA
BCEX A3Tamnax pa3pabOTKH, HO M OCYILIECTBISATH ONEPATUBHYIO pPEKOH(UTypa-
LMI0 BHYTPEHHEN CTPYKTYpPHI B Mpoliecce ux pyHkuunonuponanus [1-3].

C Touku 3peHus peanuszanuu peasTopHbix koHTposuiepoB (PK) B cocTase
Y®OK/[ ocHoBHbIMH npeumytnecTBaMu [IJIMC ABASAOTCS BO3MOXKHOCTBH IPO-
IrPAaMMUPOBAHUSA WJIM U3MEHEHHS KOH(PUTypaluuh HENOCPEIACTBEHHO B JHa-
THOCTHYECKON CUCTEME, HAIMYME CPEACTB aBTOMATHU3MPOBAHHOTO IMPOEKTH-
poBaHUs I MoJenupoBaHus yctpoicTB B 6aszuce [IJIMC, oTHocuTenbHas
MPOCTOTa KOMIUJIEKCUPOBAHMS C TUATHOCTUPYEMBIM 000py0BaHueEM [4-7].

IlocTanoBka 3agaun

PeanuzoBate B 6azuce IIJIMC Bxomsamuii B coctaB Y K] pensitopHslii
KOHTPOJUJIEP € YHPABISIEMbIM MPUOPUTETOM OMpOca (PYyHKIIMOHAIBHBIX KOH-
TPOJIBHBIX TOYEK JAMArHOCTUYECKOr0 OOOPYIOBaHHUS, OCHOBBIBAACh Ha W3-
BECTHOM MOPSAAKOBO-JIOTHYECKOM YCTPOMCTBE C BEKTOPAMM YIIPABJICHHUSA H
M3MEHEHUS HalpaBjeHUusl 00X0/a, BBIOIHAIOIIEM BHIOOP M3 MacCUBa JIBOMY-
HBIX JaHHBIX HOMEpa HKCTPEMAaJIbHOTrO dJIEMEHTa [§].
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Pa3padoTka CTPYKTYpPBI PEJATOPHOI0 KOHTPOJLIIEpa

CrpykrypHas cxema mnpuoputetHoro PK ¢ Bekropamum u3sMeHeHMs
HanpaBJICHUs KOMMYTAllMU U YIIPABICHUA NpUBEAcHA Ha puc. 1. PenstopHslii
KOHTPOJUIEP MPEACTABIAET COO0M yNpaBisieMoe «IEW3U-KOJIbI[0» C AUHAMMU-
YECKU U3MEHSIEMbIM MPpUOpPUTETOM oOciyxuBaHusa curnaioB n OKT, 3anaBa-
€MBbIM BEKTOpOM ynpasiieHuss U =(u1,u2,...,un) Y BEKTOPOM HaIpaBJIeHHUs 00-

xoma Maccusa S =(S,,S, ).

7]
[ ]
7]

7]
[ ]
’RC
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Puc. 1. Cmpyxkmypuas cxema npuopumemnozo peisimopHo20 KOHmpo.iepa

C BeKmopamu USMEHEHUA HanpaeleHUsll KOMMYymayuu u ynpaeieHusl

Ha nndopmannonnsie Bxogusie moptel PK moctynaer BeKTop cUTHAIOB
coctosguuss OKT X :(xl, Xy, ...,xn), X, € {O, 1}, i=1, 2, ..., n. Ha Beixomax PK
dopmupyercst Bektop Y =(y,, ¥y, s V,), Vi € {O, 1}, i=1,2, ..., n, conepxa-
it Homep KT ¢ mpusHakoMm oTkaza, KOTopas sBJseTCsa OJrpkaliieit Kk 3a-
JAHHOM TOYKE BXOJa B 3aJJaHHOM HampaBJICHUU 00Xoja. 3ajgaBas pa3indyHbIe
KOJIOBbIE 3HAU€HMUsl BeKTOpa ymnpasieHus U :(ul,uz,...,un), MOXHO JUHAMHU-
YeCKHM U3MEHATh TOUKY BXOJ[a B BXOJHOM MOTOK JUAarHOCTUYECKON MH(pOopMa-

MU U, CIEJ0BATEIIbHO, TPUOPUTET 00CTykuBaHUsA KopTexka curHainoB OKT.
BekropoM ykaszaHusi HampaBlIeHHS 00paboOTKH S = (SI,SZ) peanusyercs mpo-
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1ecC yIpaBJICHUs KOMMYTalKUeil BXOAHOro MH(popManuoHHOro noroka. Ilpu
aKTUBU3AIMHU BX0/a S, 3aJaeTcs NPsAMOU Mopsaok ciaegoBanus HoMmepoB OKT
l1>2—>..—>(n—-1)—>n, npu 3ToM BekTop ynpaieHus U 3amaercs B mps-
MoMm koxe. Ilpm akTtuBM3auumu Bxoma S, 3amaercs OOpaTHBIA MOPSIOK
n—>(n-1)—..—>2—->1, nu va seixoge PK dopmupyercs o6paTHbIii KOJ HO-

Mepa npuoputetHod ®KT ¢ orkazom. Ilociae obcayxuBanus 3amnpoca OKT
MPOU3BOAUTCS omepalus cOpoca SUYEHKH perucTpa, B KOTOPOH 3TOT 3ampoc
XpaHUJICA 10 00CTy>KHUBaHUSI.

HoctounctBoMm Takoro PK siBisieTcss BO3MOKHOCTh peanu3anuu 2n! npu-
OPUTETOB.

OcHoBHBIMU HegocTaTkamu naHHoro PK sBistorcs:

- IpU YBEJIMYEHUM 4uclia HHPopManmoHHbIX Bx0a0B Oomee 20...25 Be-
JMKa BEPOATHOCTh BO3HUKHOBEHUS 3P (DeKTa KTOHKU CUTHAJIOBY;

- POCT ammapaTypHbIX 3aTpaT MPOMNOPLUHUOHATIECH YBEIMYEHHUIO YUCTIa WH-
(GhopMaIlMOHHBIX BXO/IOB;

- OrpaHUYEHHOE YUCIIO0 YPOBHEH NpUOpUTETOB, paBHoe 2C, ;

- HU3Kas paspeliaronias CloCOOHOCTh MPHU YIPABIEHUU BXOJHBIM HH-
(GhopMaIMOHHBIM MOTOKOM.

Peanm3zanus peJiATOPHOro KOHTpoJuiepa B 6asuce IJIMC

CuHTE3 peasiTOPHOrO0 KOHTPOJIJIEpPA C YIPABIIEMbIM MPHUOPUTETOM OIPO-
ca OKT BbIIOJHEH ¢ MOMOLIbIO MporpammHoro umHcrpymenta Xilinx ISE
Design Suite 14.7. Ha puc. 2 npencrtaBiieHbl CUMBOJ BEPXHETO YPOBHS H
KOMOMHALMOHHAs cxeMa cuHTe3upoBaHHOro PK mist o6cinyXKuBaHus 4eThIpex
OKT.

VYerpoiictBo peanusyer Boibop KT ¢ oTkazHBIM COCTOSIHUEM C BO3-
MOYKHOCThIO 3ajaBaTb HoMep craproBod PKT u u3MeHATH HampaBieHHE
ompoca B koprexke OKT. Ha Bxoabl koHTpomiepa x1, x2, x3, x4 nomatorca
3HayeHust curHaiioB OKT, oTka3 COOTBETCTBYET €AMHUYHOMY COCTOSIHHUIO.
[IprnopuTETHOCTh TOMCKA 3aJaeTcsi BEKTOPOM Ha Bxoaax ul, u2, u3, u4, co-
nepxxamuM kon aapeca ®KT, ¢ koTopoit Hajgo HaunHATH ouck. KomOunanus
CUTHaJOB Ha Bxonax sl, s2 3amaer Hanpasienus noucka O®KT (mpsamoe unu
oOpartHoe). Beixoas! yl, y2, y3, y4 onpenenar noOUTHBIA ajpec BbIOpaHHOU
npuopuretHo @KT ¢ oTkazom.
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Puc. 2. Cumeson eepxueeo yposHs u komounayuonnas cxema PK ¢ ynpasnsemvim npu-

opumemom onpoca cucnanos yemvipex OKT

Ha puc. 3 npuBeneHsl BpeMEHHbBIE THarpaMMbl, WIUTIOCTPUPYIOIIUE ITPHU-
Mep CUMYJISIUU paboThl JAHHOTO YCTPOMCTBA.

245,000 ns
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#1: 545,000 ns

Puc. 3. Ilpumep cumynayuu pabomor PK
B Tabn. 1 mpuBeneHbl cocTosiHUS BXOJ0B U BbIx0oA0B PK Ha paznmuunbix

MHTEpBAJIaX BPEMEHU COTJIACHO pHUC. 3. AHAJIU3 COCTOSAHHUS BXOJOB U BBIXO-
JIOB YCTPOMCTBA MOATBEPKAAET MPaBUWILHOCTh PyHKIIMOHUpOoBaHus PK.
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Tabnuna 1
Pe3yapTaThl cumyssinuu padotsl PK

NHurepaann, Bxozpl Brixoas!
HC xl | x2 | x3 | x4 |ul | u2 |u3 |[ud sl |s2 |yl |y2]vy3|y4
0...100 1 1 1 1 1 0 0 0 1 0 1 0 0 0
100...200 | 1 1 1 1 0 0 1 0 1 0 0 0 1 0
200...300 | 0 | O 1 1 0 1 0 0 1 0 0 0 1 0
300...400 | 0 | O 0 1 1 0 1 0 1 0 0 0 0 1
400...500 | 1 1 0 0 0 0 1 0 0 1 0 0 1 0
500...600 | 1 0 0 0 0 1 0 1 0 1 0 0 0 1

Ha puc. 4 nana omnenka tpeOyeMbIx pecypcoB st peanmn3anuu PK B Oa-
suce [IJIUC. U3 puc. 4,a BUAHO, YTO KOJMYECTBO TPEOYEMBIX JIOTHUECKUX
AJEMEHTOB NLc U MOJIb30BaTeIbCKUX KOHTAKTOB Nyo IIJIMC onpenensitores
TobKo uncioM obcnyxuBaembix OKT n u pactyt nuneitno. TpeboBanue mo
KOJINYECTBY IOJIb30BATEIbCKUX KOHTAKTOB SBJISIETCS Oo0Jiee KECTKUM, IIO-
CKOJIBKY OHO MPUMEPHO BUETBEPO OOJIBIIIE YHCIIAa TOTUUECKUX IJIEMEHTOB.

N - i .
Nic NipGa i
Nvo seee XCOSLX4 :
| — Nic | — XC6SLX150 ; -
1510 N I weee XC4VEFX12 H -
- Niio efied ‘ ‘
: — XC4VFX140 ] g
e [T
3 E ' '
. —— 5578TC064
1x10 7 5 5 ' 5
]
/ 2 o ‘
v |
- l
500 . L :
é/ 1
0 0
50 100 150 n 50 100 150 n
a) 0)

Puc. 4. Oyenxa mpebyemuix pecypcos ons pearuzayuu PK 6 6azuce IIJIUC:
a — KOJUYECmMB0 JI0CUUECKUX DNeMEHMO8 U NOb308AMENbCKUX KOHMAKMO8,
6 — konuuecmeo IIJIHUC paznuunvix munos

I'padux Ha puc. 4,06 1€MOHCTPUPYET U3MEHEHUE TPEeOyeMOro KOJU4YecTBa
[UIMC ana peanuszanuu PK npu yBenuuenun uucia oOciykuBaembix OKT.
Paccmotpenst TIJIMC, npencrapmsitomue cemeiictBa Xilinx Spartan-6, Xilinx
Virtex-4 [9] u oreuectBeHHbie cepun 5576/5578 AO «KTIL «nekTpoHuka»
[10]. BeiOpano mo 1Ba MpeACTABUTENsSI KaKJAOTO CEMEICTBA: caMble MPOCThIC
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(MyHKTUpHBIE JIMHUK) W Haubojiee pecypcoeMkue (criomnble JuHuu). Kak
BUIHO, 1 peanuzanuu PK ¢ o6ciayxkuBanuem 10 200 OKT tpebyercs ot 1 1m0
3 pecypcoemkux [JIMC u ot 2 1o 5 mpocteix IIJIUC, B 3aBUCUMOCTH OT CEME-
CTBA.

BriBOABI

Takum oOpazoMm, B 0azuce [TJIMC peanuzoBaH 3eMEHT, CHOCOOHBIN BbI-
oupatpe u3 omnpeneneHHoro yucia O®KT Hanbosnee npUOpUTETHYIO, IPUYEM C
3aJJaHHBIM TIOPSJIKOM TMOUCKa (OPSMBIM JIMOO OOpaTHBIM), YTO MO3BOJSET
riOKO ¢ MUHUMAaJbHBIMU BPEMEHHBIMU 3aTpaTaMu JeWCTBOBATH B JMHAMHYE-
CKMX CHUTyalUMsiX. YIpaBleHUE MNPUOPUTETAMH W TOPAJKOM IOHCKA OCYy-
HIECTBIJISIET MpOrpaMma, peryiupymomas paboTy KOHTpoJuiepa NpepbhIBaHUA.
Hnsa o6cnyxkuBanus 10 200 ®KT B 3aBUCUMOCTH OT ceMeiicTBa HEOOXOIUMO
ot 1 no 3 kopnycoB pecypcoeMkux IIJIMC u ot 2 no 5 xopnycos IIJINC ma-
JIOW UHTErpaLUH.
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YK 621.396
AxceHoB Bacunuii Banepsesny, [llanprna Banentnna BsauecnaBoBHa

CUCTEMBI YIIPABJIEHUSI OPUEHTAIIMEN U CTABUIN3AILIMEN
MJIAT®OPMEHHBIX CUCTEM, OCHAIIIEHHBIE CAICTEMO
TEXHUYECKOI'O 3PEHUA

B ooknaoe paccmampusaromes 6onpocvl cosepuieHcmeosanus cucmem ynpaeie-
HUs opuenmayuel u cmaduruzayuell N1am@opMeHHbIX CUCmeM MeXHUYECKO20 3PeHUs.
mexnonoeueul Data Fusion.

3Hauumocms 8CMPOEHHBIX ABMOHOMHBIX CUCMEM, 00eCneuUBarwux OpUeHma-
Yurw U cmadunuzayuio Niam@opmMeHHou cucmemvl, 0OBbACHAEMAsL B03MONCHOCHbIO
obecnevenuss NOIHOU He3A8UCUMOCU OM BHEUHUX UCMOYHUKOB OAHHbLIX, NOBbIUUEH-
HOU 3auume om nomex npu 8biCOKOU UHGOPMAMUBHOCIU NPUOOPA U BOZMONCHOCHIBIO
nepedasamsv UHGOpMayulo Ha OOIBLUIOU CKOPOCMU, 8bl3bléaem 0cobvlll unmepec. B
pabome oyeHus8aemcs 803MONCHOCMb npumeHerue mexuvonoeuu DataFusion 0ns xop-
pexyuu ouubox npu GYHKYUOHUPOBAHUU CUCMEMbl MEXHUUECK020 3peHus Ha becnu-
JIOMHOM JIemameibHOM annapame.

IInamghopma mexnuueckoco 3penus, UHEPYUATbHAS CUCMEMA, KOMNIEKCUPOBA-

HUe OAHHbIX.

Aksenov Vasiliy Valerievich, Shadrina Valentina Vyacheslavovna

CONTROL SYSTEMS ORIENTATION AND STABILIZATION OF
PLATFORM SYSTEMS, EQUIPPED BY ELECTRONIC VISION SYS-
TEM

The article discusses the issues of improving orientation control systems and sta-
bilization of platform vision systems using Data Fusion technology.

The importance of built-in autonomous systems that provide orientation and sta-
bilization of the platform system is explained by factors: the ability to ensure complete
independence from external data sources, increased protection against interference
with high information content of the device, the ability to transmit information at high
speed. Such systems are of particular interest. The paper evaluates the possibility of
using DataFusion technology to correct errors in the functioning of the vision system
on an unmanned aerial vehicle.

Vision platforms, inertial systems, data fusion.
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Beenenue

Bo3moskHocTu nerarensHoro anmnaparta (JIA) no 1ocTKeHHo Henu nojaéra
BO MHOTOM 3aBUCHUT OT TOUHOCTU M HAJIEKHOCTH Pa0OThI €r0 CUCTEMBI OpUEHTA-
[IUU U CTaOMIN3alINH.

VYnpasnenuem opueHrtauuei JIA Ha3bIBaeTCs OCYIIECTBICHHUE 3aJaHHOTO
YIJIOBOTO JABMXKEHUS TPUBJIPA OCEM, )KECTKO CBSA3AHHOrO ¢ Kopmycom JIA, OTHO-
CUTEJILHO HEKOTOPOU 3aIaHHOM CHUCTEMbl OJHOMMEHHBIX OCEH, HAXOJSIIEICs B
npocTpancTBe. Hauano TpusApoB HaXOAUTCS B OJHOM M TOM K€ TOUKE KopIyca
JIA, B KOTOpPOI ABUKEHUE BOKPYT IIEHTPa MacC HE BIUSIET Ha JIBIKEHUE CAaMOTO
1eHTpa macc. B cmywae ecnu moBopoThl JIA CBs3aHbl C JABMKEHUEM LIEHTpa
Macc, TO yIpaBJeHUE YIJIOBBIM MojoxkeHueM JIA Ha3bIBaeTcsl yriioBOW cTaOu-
m3anuen. Cucrema, o0ecreynBaroiasi 3T0 yIpaBlIeHUE, Ha3bIBAETCS CUCTEMOMN
opueHTaIuu u crabunuzaruu JIA [1].

JleTaTenpHble anmapaThl MOTYT UMETh HEMOCPEICTBEHHOE YNPABJICHUE MH-
JIOTOM, HampuMmep, CaMOJEThI, a MOTYT ObITh OecnuioTHBIMU. WHTEepec K To-
CJIEIHUM B HACTOSAILIEE BPEMs PE3KO BO3pPOC. ITO CBSI3aHO C YBEJIUYMBAIOIIMMHU-
Csl BO3MOXKHOCTSIMM ammapaToB U, COOTBETCTBEHHO, C pACIIMpPEHUEM oOjacTeit
MPUMEHEHUS, KaK B HAPOJHOM XO3SIUCTBE, TaK U ISl CIICHUAIIBHBIX IETIeH.

VYnpasnenune opueHrtanuend JIA, anmapaTHO peanmu3yeMoe HENPEPBIBHO,
BKJIIOYAs PEXKUM KOPPEKIMU TPACKTOPUHU MJid CTaOWUIM3alMd OTHOCUTEIHHO
TOYKU UHTEpECca, SBISETCS OJHUM U3 TJIABHBIX PEKUMOM YIpaBJIEHUS €r0 JBU-
xeHueM. TexHudeckas peanu3aliy yIpaBlIeHUs] OpUEHTAlUEd OCYIIECTBISIETCS
yepe3 nunepuuanbHyto cucremy (MHC) JIA. OchoBa padotsl MHC 3akitouaercs
B U3MEPEHUU YCKOPEHMI JIETATEIBbHOTO allapaTa U ero YrioBbIX CKOPOCTEN OT-
HOCUTEIILHO TPEX OCeW caMoJjieTa IJisi TOro, YTOObl MCXOJS U3 ITUX JaHHBIX
ONpeNeNuTh MecTonojioxkeHne JIA, ero ckopocTb, Kypc U JIpyrue napameTpsl.
[lo pe3ynbraram aHaian3a yepe3 UCHOJHUTEIbHBIE MEXaHU3MbI MOXKET MPOU3BO-
JIUTHCSI KOPPEKIIUS TPACKTOPUH.

Jlns coopa undopmanuu o nosnetre B coctaB MHC Brirouarotcst akcenepo-
METpPbI, CUMUTHIBAIOIIME JUHEWHOE YCKOPEHHUE, U TUPOCKOIBI, MO3BOJISIONINE
ONPENENNTh yribl HakjoHa JIA OTHOCUTENHEHO OCHOBHBIX OCEH: TAHTaX, PhICKa-
HUE U KpeH. TOYHOCTh MOJy4eHHON HMHGOPMALUU 3aBUCUT OT XapaKTEPUCTUK
ATUX MPUOOPOB. AHanUTHYECKass oOpaboTka MH(MOpPMaLMK, KaKk MPaBUIIO, OCY-
HIECTBIISIETCSl Yepe3 MPOLECCOp WM KOHTPOJUIEp. 3aTeM IO OMNpelelIeHHBIM
HABUTAIIMOHHBIM JITOPUTMaM JIBH)KEHUE 00bEKTa MOYKET KOPPEKTUPOBATHCH.

CucTteMbl OpUEHTAIIMU W CTAOWIU3AIMU ACJATCA Ha IIaTGOpMEHHBIE U
oecmiaropmennbie. OCHOBOM sl MIAT(HOPMEHHBIX CUCTEM CIIYKUT TMpOCTa-
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OownnsupoBaHHas 1uargopma. OyHKUMK MIATHOPMBI MOJECIUPYIOTCA MaTema-
TAYECKHU BBIUYHUCINATEIBHOU CUCTEMON. CTOUT OTMETUTh NHTEHCUBHO BEAYIIHECS
MCCIIEIOBAHUS B YACTH KOHCTPYKTUBHBIX 3JIEMEHTOB - THPOCKOIIOB U aKCEJIEPO-
METpOB [2].

Jlazepublii rupockon (JII') co crabunbHbIM MacmITaOHBIM KO3 (HULIHEH-
TOM M Jpeiidom Hyns Ha ypoBHE 10—2 rpan/d, cTai OCHOBOW KOHCTPYKIUHU 0O-
Jiee TPOCTHIX B MPOU3BOJICTBE U JACLIEBbIX OecraT(OPMEHHBIX WHEPLUATIBHBIX
HaBuramoHHsix cucreM (BMHC), no cpaBuenuto ¢ MHC Ha MexaHWYecKux ru-
pockonax. B aBuannn bBUHC na JII' cTanm 0OCHOBHOM TMPOCKONUYECKOW HABU-
raifMoHHOM cucteMoil. VMccnenoBanus cnenupuyeckux MyTel CHHXKEHHS Jpei-
¢da nyns g JII (ymMeHbIIEHHE MOTEPh MPHU OTPAXKEHUU ONTHUYECKOTO H3IIyde-
HUA OT 3€pKajl ONTHYECKOrO0 PE30HATOPA, BBIBOJ M3 MOJOCHI 3aXBaTa BCTPEUYHBIX
BOJIH) MO3BoJMIN cHU3UTH apeid JII' no 10-3 rpan/d, coxpaHuB npuemieMble
rabapuThl.

BoJsiokonHo-onTuyeckuii rupockon (BOI') — npubop, mpuHumn neu-
CTBUSI KOTOPOTO, OCHOBaH Ha pelsTUBUCTCKOM 3(dexre Canbsika. OCHOBHBIE
aneMeHThl U TexHosioruu BOI' 3auMcTBOBaHbI M3 BOJIOKOHHO-OIITUYECKUX TEJIe-
KOMMYHUKAIIMOHHBIX CETEU U MOcje OTPaOOTKH UMEIOT OTHOCUTEIBHO HEBBICO-
Kyto ctoumoctb. B BOI' orcyTcTBYyeT 3¢ (pekT 3axBaTa BCTPEUHBIX BOJIH, IO3TO-
My OTCYTCTBYET HEOOXOJUMOCTh B OCHAlIEHUU CPEACTBAMH, OTpaHUYMBAIOLIH-
MU ToyHOCTh JII'. B ommmumu ot JII', razopaspsiaHblii HCTOYHUK ONTHUYECKOTO
M3JIyYEHUs HAaXOJUTCS B PE30HAHCHOM KOHTYpe, B BOI' MCTOYHMK ONTHYECKOTO
U3JTy4YEeHHUs] HAXOAMUTCS BHE ONTHYECKOro KoHTypa. Takum ob6pazom, BOI' mo-
TeHIManbHO HanexHee JII'. OauH 13 myTel NMOBBILIEHUS TOYHOCTHBIX XapaKTe-
puctuk bBMMHC na BOI' - ncnosib30BaHre aBTOKOMIIEHCAUA CUCTEMATHYECKON
cocTaBisitoniei apeiida. PeanuzoBaHa cxeMa aBTOKOMIIEHCAIIUU OJIHOKOOPIU-
HAaTHBIM BPAILICHUEM U MCCIIEIOBAHA CXEMA JBYXKOOPJIMHATHOIO BpamieHus [3].
C y4eToM MepCNEeKTUB MO NOBBIIIEHUIO TOYHOCTHBIX XapakTepuctuk, BOI cra-
HOBUTCSI TUPOCKOIIOM, HE UMEIOIINM aHAJIOTOB IO IEPEKPHIBAEMOMY JTHANA30HY
TOYHOCTEMN.

TBepaoreabHbie BOIHOBBIE rupockonbl (TBIY) cpeaneli u BBICOKOM TOY-
HOCTH Ha OCHOBE KBapLEBOI'0 MOJyCPEpUUECKOro pe3oHaTopa U HU3KOM TOYHO-
CTH C UCIIOJIb30BAaHUEM METAJUIMUECKOr0 pe30HaTOpa ObUIM CO3AaHbl 1BAIIATHIO
rojaMu mno3zxe nosiBaeHus: nepBoro JII'. Jto HecMOoTps Ha TO, 4TO 3P(DEKT
MHEPTHOCTH YNPYTHUX BOJH BO BPAIIAIOIIEMCSl OCECUMMETPUYHOM TeJe ObLT OT-
KpBIT Ha Tpuauath jeT panblie 3ddexra Canbska [4, 5]. Okcriyatanus TBIT
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IpeanojaraeT BO3MOXKHOCTh aBTOKAIMOPOBKH Jpeiida Hyld U MacmTaOHOTro
koapdurenTa [6].

Pacmmmpenne nuamna3zoHa NpUMEHEHHUsI CUCTEM YIIPABICHUS IBH)KECHUEM, OT
CJIOXHBIX TPAHCIOPTHBIX CHUCTEM JIO UTPYIIEK, MOTpeOOBaIO CO3AaHUsS JaT4yH-
KOB IAapaMeTPOB JBUXKEHHUSA, C MAacCOBBIM IPOM3BOACTBOM, M TEXHOJOTHEH,
oOecrieunBaoIiel MUHUMaNbHbIN Kputepun SWaP+C (pasmepsl, Bec, sHEpro-
NoTpeOIeHUE U CTOUMOCTD ).

Mukpomexannudeckue rupockonsl (MMI') u akceaepomerpsl (MMA)
cAenau 3Ty npobiemy pemiaemoil. B ocHoBe TexHonoruu MMI nexat npous-
BOJICTBEHHBIE IIPOLIECCHI MUKPOAJIEKTPOHUKH, C XAPAKTEPHBIMU pa3Mepamu Io-
psaaka 10 mxm. Bubpanuonnas cucrema MMI' siBiisieTcst cBO€0Opa3HbIM YHUIIOM.
[To raGapuram, Becy, FHEpronoTpedsieHuto u croumoctd MMI' conoctaBum ¢
OOJIBIION MHTErPAIbHON CXEMOU U SIBJISETCS MEPBBIM TMPOCKONIOM, TPUTOAHBIM
JUIS MAcCOBOT'O IIPOU3BOJICTBA U UCIIOJIB30BAHMS.

B nocneanue 10 net pazpaboTaHbl TUPOCKONBI C JUAMA30HOM HU3MEPEHUSI
yrioBbIX ckopocteil B npegenax 200-1000 rpan/c, ¢ npeiidom HyIs B IMycKe —
0,1-10 tpag/4, ciydaiiasiM mpeiipom — 0,01-0,1 rpam/\N4, ¥ CTaBUIBHOCTBIO
MacitadHoro koddduimenta — 300-2000 ppm.

Baxneimmii Juisi NOPTaTUBHBIX aBTOHOMHBIX YCTPOWCTB HapameTrp — 3TO
sHepronorpednenrne. MEMS-rupockonsl MOTpeOISIOT TOK BEJIMYMHON 5 MA
IIPY HOMUHAIBHOM HanpspkeHuu nutanus 5 B. Kpome toro, MMI' otnmuarores
BBICOKOM HAJIEKHOCTBIO.

[TaTreHTOBaHHBIE pELIECHUs, KOTOPBIE BOIUIOWIEHBI B TexHOinorun MEMS,
00€eCIeYnBaOT IKCTPAOPIMHAPHYIO YCTOMYMBOCTh JATYMKOB K yJaapam U BUO-
pauuu. Hanpumep, rupockonsl ADXRS BbI1atoT cTaOMIBHBIN BBIXOJHOM CHT-
HaJ B MPUCYTCTBUU MEXAHMUYECKHUX IIYMOBBIX KOJIEOAHUN C BETUUMHON yCKOpe-
Hud 10 2000 g B IMPOKOM IHana3oHe YacToT.

Ha ocnoBanuu nogo0ueix MMI' co3nanbl HHEpUUAIbHBIE U3MEPUTEIIbHbBIE
moayian (MMM), obecnieunBaromiye KpaTKOBPEMEHHOE XpaHEHHE HAaBUTallMOH-
HbIX JaHHBIX C MPUEMJIEMOW JI1 MHOTHX HNpuUMeHEeHHH TouHocThio. UMM, co-
crosiiuid u3 Tpuag MMI' u MMA, no kputeputro SWaP+C 0nu3ok k anmapary-
pe NoTpeduTeNs CIIyTHUKOBOW HABUTallMOHHOW MH(POPMALIUH.

CoBpeMeHHbIE UCCIIeIOBaHUs U Pa3pabOTKKU HAMpAaBIEHbI HA OOeCIeYeHne
MHUHHMMAaJIbHOTO 3HaueHus: kpurepuss SWaP+C npu TOCTMKEHHH BBICOKHX TOY-
HOCTHBIX XapaKTEPUCTUK. ECIM 3TOro ymacrcs AOCTHYb, TO THPOCKOIMS HU3MeE-
HUTCS paJIuKaIbHO.
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XapaKkTepuUCTUKH JIEMEHTHON 0a3bl BIMSIOT Ha MapaMeTPhbl CUCTEMBI B Lie-
JIOM, K IJIaT(OPMEHHBIM CHUCTEMAM NMPEAbABISIOTCS CIEAYIOIMIME dKCIUTyaTalu-
OHHbIE TpeOOBaHUA: MaccorabapuTHbIE T[OKAa3aTeNH, SHEPronoTpedIeHue,
HaJKHOCTh, CIOCOOHOCTh PabOTaTh B YCIOBHSX BUOpALMM W MEPErpPy3KU U
BO3MOYKHOCTh pa3MEIleHUs] Ha IUIaT(opMme IOMOJHUTENBHOTO 000pyAOBaHUS,
HaIpuMmep, JUisl BUACOPUKCAUUA KaKoro-1100 00beKTa.

B kauectBe miatopMeHHON CUCTEMBI pacCMaTPUBAETCS MYJIbTUKOITED -
ATO MEXATPOHHBIM BUHTOKPBUIbIN JieTaTeNbHBIN anmapat (JIA), umeronuii He-
CKOJIBKO CTEeTeHe CBOOOIbI, OCYIECTBISAIOIINNA U3MEHEHHUS TapaMeTPOB MOJeTa
MyTeEM HM3MEHEHHUSI CKOPOCTH BpalleHUs POTOPOB, paboTaronux mnapamu [7].
OcHanieHue JieTaTeabHbIX annapaToB CUCTEMOW TEXHUYECKOTO 3pEHUs! MO3BO-
JSI€T UCIOJIb30BaTh UX JJIsl MPOBEACHUS OCMOTPA PA3IUYHBIX OOBEKTOB U JPY-
rux onepauuii [8].

[Ipu »TOoM KayecTBO 00pabOTKM MH(OpPMALUU, MOJIYYEHHOU OT CHUCTEMBI
TEXHUYECKOTO 3PEHMS, BO MHOTOM 3aBUCUT OT BO3MOXXHOCTH YETKOM (hUKCcAIuu
00BbeKTa HAOIIOIEHUS, C YYETOM OIIMOOK, KOTOPbIE HAKAIUIMBAIOTCS C TEUEHUEM
BPEMEHU B MOJIy4aeMoOi OT mpruOOpPOB HHPOPMALIUH.

Pabora mo koppekuuu omuOOoK SIBIASETCS BaXKHOM MHKEHEPHOHU 3a1auei u
MPOBOJAUTCSI TTOCTOSIHHO. DTO U TOYHOCTH paOOThI y3JIOB U OJIOKOB caMOi CH-
CTEMbl OPUEHTAIMU U CTAOWIM3AlMU, U CO3/JaHHE MHTETPUPOBAHHBIX CHUCTEM,
i€ MOJTy4YyaeMble JaHHbIE JOMOJIHSAIOTCS JAHHBIMU, MOCTYMAIOMIMMHU OT JIPYTUX
HMCTOYHHKOB.

Hapsiay ¢ TpaaMIIMOHHBIMU PELICHUSIMH, KOTOpbIE MPEAINOJIaraloT Co3/a-
HUE HMHTETPUPOBAHHBIX CHCTEM C JOMOJIHUTEIbHBIM KaHAJIOM CITyTHUKOBBIX
CUTHAJIOB W/WJIM HCIOJIb30BAHUE B KOHCTPYKUMU TUPOCTAOMIN3UPOBAHHOM
1aTQOPMBI, UCCIAEAYIOTCS METOJbl «BO3MEIICHUS» TOYHOCTU MOJY4aeMOU OT
JATYMKOB MH(POPMALINH, 32 CUET YBEJIIMYEHUs €€ KOJIMYECTBA MPU 00eCreYeHun
OBICTPOI U KaU€CTBEHHOU 00padOTKHU.

[Ipumenenue Texnonoruu DataFusion, kotopas mpeacrtaBisieT co0oil HH-
TErpalyio JAHHBIX PA3JIMYHBIX UCTOYHUKOB, TTO3BOJISIET pelIaTh 3TH MPOOJIEMbI
[9, 10].

B pabote npennaraercs komruiekcupoBanne MHC, cucrtembl HaBeeHUs U
crabunmsanuu mwiatpopmsl. MHC mo3Bosisier onpeaenars TPaeKTOPUIO JABUXKeE-
Hus JIA, cKopocTh U HampaBieHue ABMxKeHUs. Vcrnonb30BaHue CUCTEMbl TEXHU-
YECKOT0 3pEHHUs IJIsi ONTUYECKOTO HaBEIECHUs MO3BOJISIET (POPMHUPOBATH CUTHA-
JIbl ¥ QJITOPUTMBI JJIs1 CTAOUIIM3AMK OTHOCUTEIBLHO TOUYKHU MHTepeca. Takas cu-
cTeMa JlaeT BO3MOXXHOCTb ONPEIEIATh OPUEHTAUIO, PAaClO3HABaTh OOBEKTHI,
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YIIPABJIATh MCIOJHUTEIBHBIMA MEXAHU3MaMM IS KOPPEKIIMU TPACKTOPUH U
CTAOMIN3AINY JIMHUW BU3UPOBAHUSL.

Nmerommecss MUHYCBbl B3aUMHO HEYBSI3aHHOTO yIipaBieHus JIA B dactu
OpUEHTAIUU U CTaOWIU3aIUu:

1. lns crendimieit cucTeMbl, OCHAIEHHOW ONTHKOM, OTCYTCTBYET BO3MOXK-
HOCTb WUJEHTU(UKAIUU O0BEKTa, TAK KAK KOHTYp HaBelleHUd paboTaeT B JBY-
MEPHOU KapTUHHOM IIJIOCKOCTH.

2. JIns cuUCTEMBl HAaBEIEHUS OTCYTCTBYET BO3MOXHOCTh MOJIHOLIEHHOU
OLICHKH PACCTOSIHUS U PEaIbHBIX pa3MepoB OOBEKTA B MOJIE 3PEHUS.

3. Jluist cucteMbl HaBEAEHUSI OTCYTCTBYET BO3MOKHOCTH COIOCTABIISTH TE-
Kyiue ckopoctu JIA u 00beKTa UHTEpEca.

4. JIns cucteMbl HABEIEHUS OTCYTCTBYET BO3MOKHOCTh KaU€CTBEHHOM Ce-
JIEKITUH OOBEKTOB;

5. g MHC orcyTcTByeT BO3MOKHOCTD MOJTYYEHHUS JOTIOJIHUTEIBHON WH-
dbopmanuu OT aBTOHOMHOTO MCTOYHUKA, HEOOXOIUMOU NJII KOPPEKIIUU YIIpaB-
JICHUsI OPUEHTALUEH.

BriBOABI

Ecte MHOro crnenuuyHbIX acleKTOB, KacarolIUXCs BCEro KOMILIEKCa
yopasienust JIA u 3T0 00ycnaBiuMBaeT 3HAYUTEIBHYIO CHCTEMHYIO padoTy,
HAMpaBJICHHYI HA UCCIEIOBAHUE U MOUCK ONTUMAIBHBIX PEIICHUN B MOKa HO-
BOM HampasieHuu. [IpoBoguMbie HCCIEIOBAHUSA MO3BOJISIIOT CAENAaTh BBIBOJ,
9TO WH(OpPMAIIMOHHBIE TMOTOKH CHUCTEM HABEJEHUS W OPUEHTAIlUU MOTYT H
JTIOJKHBI OBITh IEPEKPECTHO UCTIOIB30BAHbBI M B3aUMOYBSI3aHBI.

C yuétoM TOro, 4to O0OBEM JaHHBIX OYEHb 3HAYUTEJIEH, U MOJY4YaeTCs OT
JATYUKOB, UMEIOIIHNX 3a4acTyI0 Pa3IuyHyl0 (PU3NUecKylo MPUPOaY U, COOTBET-
CTBEHHO, Pa3HbIC CUCTEMbl UBMEPEHUS, BUUTCS 11€J1€CO00PA3HBIM UHTErPAIUIO
HNHC ¢ cucrtemoil ONTHYECKOTO HABEJICHUS PEATU30BaTh C MOMOIIBIO METOI0B
BBIYUCIICHUSA U (QUIBTPALMU JIEUCTBUTEIBHBIX BEKTOPOB COCTOsIHM. [ 3TOTO
BO3MOYKHO UCIOJIb30BaTh TexHoJoruto DataFusion, koTopas obecrieuuBaer ciu-
SHUE JaHHBIX OT natuyukoB paznuyHbix cucteM (MHC u I'CH), ux comoctanie-
HUE, OLICHKY COCTOSIHUSI CUCTEM U BbIJIauy HEOOXOJUMBIX YTOUHEHHBIX yIpaB-
JISIOIIMX CUTHAJIOB B KOHTYPBI OpueHTanuu u crabunuzanuu JIA. Takum oOpa-
30M, B aJITOPUTMAaX HaBEJCHUS U OPUEHTAIMU OyIyT UCHOJb30BAHBI HECKOJIBKO
BXO/IHBIX BEKTOPOB.
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YK 539.3/620.179.163
CenoB Anapeit Bmagumuposuu, [Tymkapesa Onbra OnerosHa,
CagenbeB [mutpuii AHApeeBUY

UHTEJUIEKTYAJILHASI CACTEMA HEPA3PYIIAIOIIER
JNE®EKTOCKOIINHN KOHCTPYKIMI C IAU®POBBLIM
JBOWHUKOM J1JI51 ANPMOPHOT'O OBYYEHUS

Coepemennvle cucmemvl ONEpAmMuUBHO20 KOHMpPOIs U  O0epeKkmocKkonuu
CHIOJMCHBIX,  OMBEMCMBEHHbIX — MEXAHUYeCKUX  YCMpOUucme U  KOHCMPYKYuUll
noopasymesarom UCHOIb306AHUE  UHMEIEKMYANbHbIX — MEeXHOI02Ull  00pabomxu
ungopmayuu: pacno3Haganus oopazos, Kiacmepuzayuu, Hetupocemesvlx U HeyemKux
cucmem. /lannvle mexnonocuu 0 00yyeHus mpebyom Haaudue npeocmasumeibHbix
8b100POK peakyull 00bEeKMO8 HA Mecmogble 8030€liCEUs. NPU PA3IUYHBIX 8APUAHMAX
8viAGIAEMbIX Oehekmos. 3auacmylo NOAyYumv UxX nymem pearu3ayuu Qu3uyecKux
9KCNEPUMEHMO8 ABNAEMCSA IKOHOMUUECKU 3AMPAmHO U 8 psade Clyuaes Npocmo
HeB8O3MOJICHO. B smux ciyuasax ona oOyuenus ucnonwvsyrom mounvie pacnpeoeneHHble
OuHamuyecKue mamemamuyeckue U NPoOSpAMMHble MOOelUu 00beKmo8 — yugposvie
ogotinukyu. C ux nomowwio noayueHue ooOyuaruux 6uvlOOpox peaxyutl O
NPOU3BOTILHBIX MUNOE 00BEKMO8 U PA3IUYHBIX MECMOBbIX 8030€lCMEUL 3HAUUMENLHO
ynpowaemcsa. Pacwupsemca e6o3moxcnocmu  evisagnenus Oegekmos. B cmamove
NPUBOOUMCST BAPUAHM NOCMPOEHUS YUPDPOBO2O OBOUHUKA NAACTMUKOBOU OANOYHOU
KOHCMPYKYUU ¢ oegheKkmom 8 6ude NoioCmu paziuiHoeo pamepa U JOKaIu3ayull.
Mooenv peanusoseana 6 cpede Ansys. Ilokazana eubkocms pabomsl u 6aU30CIDL
Pe3VIbMamos K huauueckomy sKCnepumenmy.

Hepaspywarowas oegexmockonus, Hecywas mexanuyeckas KOHCMPYKYUs,
yudposoll 08OUHUK, 00yHarOWAs 8blOOPKA, OUHAMUYECKAsT pACnpedesleHHas Mooelb,
MemoO KOHEYHbIX INeMEeHMO8B.
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Sedov Andrey Vladimirovich, Pushkareva Olga Olegovna,
Saveliev Dmitry Andreevich

INTELLIGENT SYSTEM FOR NON-DESTRUCTIVE DEFECTOSCOPY
OF STRUCTURES WITH A DIGITAL TWIN FOR APRIOR LEARNING

Modern systems of operational control and flaw detection of complex, critical
mechanical devices and structures imply the use of intelligent information processing
technologies: pattern recognition, clustering, neural network and fuzzy systems. These
technologies for learning require the presence of representative samples of graphs of
object responses to test actions for various types of detected defects. Often, it is
economically expensive to obtain them by implementing physical experiments and in
some cases it is simply impossible. In these cases, numerical distributed dynamic
mathematical and software models of objects - digital twins - are used for training.
With their help, obtaining training samples of reactions for arbitrary types of objects
and various test actions is greatly simplified. Expands the ability to detect defects. The
article presents a variant of constructing a digital twin of a plastic beam structure with
a defect in the form of a cavity of various sizes and localization. The model is
implemented in the Ansys environment. It showed the flexibility of the work and the
closeness of the results to the physical experiment.

Non-destructive flaw detection, supporting mechanical structure, digital twin,
training sample, dynamic distributed model, finite element method.

Beenenue
Pa3paboTka oOyyaeMbIX CHUCTEM HEpa3pyIIalollero KOHTPOJIsS COCTOSHUS,

Ne(PeKTOCKONMHU U OLIEHKH MPOYHOCTHOTO pecypca y3J0B U JAeTalel MHKEHep-
HBIX KOHCTPYKIIMM OTBETCTBEHHOTO Ha3HAUYEHUS SIBJIACTCS KIIOYEBOM 3amaueit
JUUISL TIOBBIIIIEHUS HAISKHOCTH MX DKCIUTyaTallid U MPEIOTBPAILICHHUS aBapUMHBIX
cutyauuit [1-8].

OcHoOBHas YacTh

B nactosimiee Bpemsi il 1€(EKTOCKONMUUA MEXAHMUECKUX KOHCTPYKIIMM,
MEXaHHU3MOB JOCTaTOYHO YaCTO MPUMEHSIOT CUCTEMbl C BOJHOBBIMHU HU3KOYa-
CTOTHBIM WJIM YJIBTPAa3BYKOBBIM BozaeuctBueMm [1,2,5,7]. Ilo peakuuu KoH-
CTPYKIIMU Ha JAHHbIE BO3JCUCTBUS CYISAT O €€ COCTOSHHUM, HAUTMUUM JePeKTa B
dbopme Koppo3uu, TPEIINH, MyCTOT WK UHOPOJAHBIX 3aMOJIHEHU.

B nanHoil crathe paccMarpuBaeTcs O0alouHasi KOHCTPYKIIMS, BHITTOTHEHHAS
13 MJIACTUYHOTO MaTepuasia u uMeronias popmy, IpeacTaBieHHYI0 Ha puc. 1.
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Puc.1. JJuaenocmupyemasn 6anounas KOHCmMpyKyus

TectoBoe ynmapHoe BozxaeiictBue F ¢dopmupyeTcs Ha JIEBOM Kpae KOH-
CTPYKIIMH, a CUTHAJl OTKJIMKA B (hOpME BOTHOBBIX KOJEOAHHMI CHUMAETCS JIaTUH-
kamu B Toukax 1,2 u 3. [ledekToM sBIsSIETCS BO3MOXKHAsI HE3AIOJIHEHHAS TO-
JIOCTh BHYTPU KOHCTPYKLHUHU, KOTOPasi MOJAEIUPYETCA OTBEPCTUAMU PATUIHOTO
nuametpa D.

[enpro mocTpoeHus U(POBOTO JBOMHUKA SBISETCS MOTyYeHUE OOJIBIIOTO
yuciia TpaKOB CUTHAJa OTKJIMKA KOHCTPYKIIMM Ha Bo3neilictBue F mpu pas-
JUYHBIX TUTAX Je(EKTOB B BUE IMOJIOCTH PA3IUYHOTO JUAMETPa M JIOKAIH3a-
LUH.

[udpoBoit TBOWHUK peanu3yeTcss B Cpelie MOJICIUPOBaHUS Ansys Ha S3bI-
ke onucanusi APDL [9]. Ilpu 3TOM ¢ MareMaTU4e€CKONW TOYKHU 3PEHUS peasiu3y-
eTCs JUHAMHYECKOE MOJEIUPOBAHUE C MCIOJIB30BAHMEM METOAAa KOHEUYHBIX
anemenToB (MKD) [9,10]. UcxomubiM o0bekTOM i1 mpuMeHeHus MKD sBis-
eTCsl MaTepUaIbHOE TEJNO - Oalika, KOTOPOE pa30OMBAETCS HA YACTH - KOHEUHBIC
aneMeHThl (puc. 2). B pe3ynbrare pa30uBKU co31aéTcs ceTKa U3 TpaHUI] dJie-
MeHTOB. Touku mepecedeHus 3TUX TpaHull 00pas3yroT y31bl. AHCaMOJIb U3 BCEX
KOHEUYHBIX 3JIEMEHTOB U Y3JIOB SIBIISIETCSI OCHOBHOW KOHEYHO-3JIEMEHTHOIN MOJie-
J610 1ehOpMUPYEMOTO Tea.

H4H
H4

H-HHH
HH+H

H-HHH

Puc.2. Koneuno-snemenmmuoe pazouenue 6anoyHot KOHCmMpyKyuu
Peanmuzyercs nuHamuyeckas 3agada AeOpMUpPOBAHMS W HAa OCHOBAHUM

npuHnuna Jlamambepa uCnonb3yrT auddepeHiraibHble MaTPUYHbIC ypaBHE-
HHUS JJI KaKA0T0 U3 3yieMeHToB, Bujaa [10,11]
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d’ d
[m],——{U). +[cl U} + KLU} ={F.. (1)

dt dt
rae [K]e -MaTpuiia KeCTKOCTH 3JeMeHTa, cocTosmas u3 KorhGUIIMEHTOB KecT-
koctu; {U}. - BEKTOp Y3/10BBIX MepeMeleHuit anementa; [Cle - MaTpulia aemi-

bupoBaHus AeMeHTa, 3aBUCSINAs OT KOd(PPUIMEeHTa BI3KOro JeMII(PUpOBAHUS
i ; [m]e -MaTpulia Macc 3JeMeHTa, 3aBUCSINas OT IUIOTHOCTU MaTepHalia dJie-

MeHTa p ; {F'} - BEKTOp y3JIOBBIX CHJI DJIEMEHTA.
Pemenne cuctems! (1) mo3BossieT monyuuTh rpaduku GyHKIMN OTKINKA —
NEepPEMEIICHHUN B 3aJaHHBIX TOUKaX KOHCTPYKIMHU BO BpeMeHHU (puc.3).

VALU

2 5 {x10**-3)

Q 1.6 3.2 4.2 £.4 g

TIME

Puc.3. I'pagux xonebanuii VALU ¢ mouke I koncmpyxkyuu (m) 6o epemenu TIME
(©)

[Tonydennslit TUGPOBON TBOWHHMK IMO3BOJIMJI aBTOMATU3UPOBAThH IMOJyYe-
HUE 00yYaromuX BBHIOOPOK (PYHKIMA OTKIMKA MPHU PA3IUUYHOM PACIIOJIOKESHUM
nedexrTa - MmoJIoCTH, Pa3IUYHBIX €€ auaMeTpax, BeaudyuH 3ariayonenus d. Ilo-
SBUJIACh BO3MOKHOCThH ONITUMHU3AIIMHU MTAPaMETPOB TECTOBOTO HEPa3pyIIAIOIIETO
BO3/elCcTBUE F Kak Mo BeIWYMHE, TAK U MO MECTY MPUIIOKEHUSA. AHAIIOTUYHO,
ONTHUMM3AIUA TOUEK CheMa CUTHAJIOB OTKJIMKA IO MECTY PACIOJIOKECHUS.

BuiBOaBI

Hcnons3oBanue 1mudpoBoro IBOWHHMKA JJISI 00BEKTAa JUATHOCTHUKH TO3BO-
JIAJIO Peanr30BaTh aJalTUBHO allPUOPHO HACTPAMBAEMYIO CUCTEMY JUArHOCTHU-
KU U Je(PEKTOCKONMN MEXaHMYECKUX HECYIIUX KOHCTPYKIIUUA HU3MEHSIEMBIX TH-
noB. Peanmm3oBath cucteMy 0oJjiee TOHKO HaCTpauBaeMyro U 00ydaemyro ¢ dJie-
MEHTaMHM HHTEJUICKTYaJIbHOTO aHaiu3a JaHHbIX. CpaBHEHWE OTKIMKOB, IMOJY-
YEHHBIX Ha (U3UYECKUX MOJCIISIX C OTKJIMKAMH pPeaau3yeMbIMH IH(PPOBBIM
JIBOWHUKOM TT0Ka3aJ10 MX KAYECTBEHHYIO OJIM30CTb.
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Ncaenko Unpsa AnekcanapoBuy

MMPOT'PAMMHO-ATIITAPATHBIA KOMILIEKC JIJISI KOHTPOJIA U
YIIPABJIEHUSA ITPOYHOCTHBIMU UCIIBITAHUAMU

ObocHosblgaemcs akmyanbHocms co30anus unmennekmyaivrho2o 1AK ona noo-
0epoICcKU NPUHAMUSL PeueHutl 8 X00e NPOBeOeHUsl UCNbIMAHUL ABUAYUOHHBIX KOH-
cmpykyuil Ha npounocmo. Ilpoeeden ananuz memooo8 HAMYPHLIX NPOUHOCHHBIX UC-
notmanuil. Ilpogeden ananuz memooos u cpedcms usmepenus nepemeuyenus ¢ y4emom
cneyu@uKy UCNBIMAHUL CAMOLemHbIX Konempykyull. Ilpednoscena mooens pacnpede-
JIeHHOU ynpasnsioujell UHGOPMAYUOHHO-UHMEIEKMYAIbHOU CUCmeMbl 05l Ynpaee-
HUSL NPOYHOCMHBIM dKCnepumenmom. IIpeonodcena mooenb MHOZOKAHANLHOU ABMO-
MAMUYeCcKol CUcmeMmbl UsMepeHus: nepemeuyeHusl.

Pacnpeoenennas cucmema, uckyccmeenuwiti unmeniekm, 0amuux nepemeujerus,
uzMepenue nepemelyeHuss, Memoo usmepeHus: nepemeuyeHusl.
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Isaenko Ilya Alexandrovich

SOFTWARE AND HARDWARE COMPLEX FOR CONTROL AND
MANAGEMENT OF STRENGTH TESTS

The relevance of creating an intelligent HSS to support decision-making during
testing of aircraft structures for strength is substantiated. The analysis of methods of
full-scale strength tests is carried out. The analysis of methods and means for measur-
ing displacement is carried out, taking into account the specifics of testing aircraft
structures. A model of a distributed control information-intellectual system for con-
trolling a strength experiment is proposed. A model of a multichannel automatic dis-
placement measurement system is proposed.

Distributed system, artificial intelligence, displacement sensor, displacement
measurement, displacement measurement method.

BBenenue

HarypHble ucnbITaHHs aBHALMOHHBIX KOHCTPYKUMH HAa NPOYHOCTH, HE
CMOTpsL Ha IIPOTPECC B KOMIIBIOTEPHOM MOJEIMPOBAHUY, IIO-IIPEKHEMY BECHMA
AKTYaJIbHBI.

B 0CHOBY COBpEMEHHON METOJMKHU UCIIBITAHUN KOHCTPYKIIMM Ha yCTaNIOCTh
IIOJIOKEH IPUHLUII HAKOIUIEHUs YCTAJIOCTHBIX ITOBPEXKICHUN, NMPUBOIAIIUX K
YaCTUYHOMY WJIM [OJIHOMY HMCYEPHAHUIO pecypca KOHCTPYKLMU. BbIABiIsemMblie
IIPA 3TOM OTIEJIbHBIE 3JIEMEHTBI KOHCTPYKIMU C OTHOCHUTEIIBLHO HU3KOM yCTa-
JIOCTHOW MPOYHOCTHIO YCHJIMBAIOTCS WM 3aMeHsI0TCA [ 1, c. 4].

IIepBoCTENEHHYI0 Ba)KHOCTh IPU HUCHBITAHUU CIOXKHBIX, JOPOTrOCTOSALINX
00BEKTOB UMEET MPOrpaMMa UCIBITAHHUI, COCTABICHHAS C YYETOM MOCTENEHHO-
ro yBEJIMYEHMS] HCHBITATEIbHBIX HArpy3ok. BakHO oOecrneuuTb BBIIOJIHEHHE
IIPOTpaMMBbl UCIIBITAHHUM, HE JOIYCTUB IPEXACBPEMEHHOIO IOBPEKICHUS WIH
paspylieHus o0beKTa UCTIbITAHUM. PaHee N1l BBINOJIHEHUS TaKOM 3aJayu Mpo-
LIECC UCIIBITaHUS Pa30MBaJICs Ha HECKOJBKO 3TAMOB C MOCTENEHHBIM MOBBIILIEHU-
eM Harpy3ok. [locie kaxxaoro srarmna NpoBOAWIICS aHAJIW3 IOJYYEHHBIX JaHHBIX,
IIPOBOJMJIACH DKCTPAIOALMA [0 KAKIOMY U3MEPEHUIO, IIPOTHO3bI CpaBHUBA-
JIMCh C PACYETHBIMU JAaHHBIMU U IIPU UX MOATBEPKIACHUU IPUCTYIIAIN K CIIEIY-
IOLLEMY 3TaIly UCHBITAHUI. DTO BCe TpeOOBAIO MHOTO BPEMEHH, CPEACTB U ye-
JIOBEYECKUX PECYPCOB.
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OcHOBHAas 9YaCTh

1. Cucrema ynpasjieHusi IPOYHOCTHBIM IKCIIEPUMEHTOM
[Ipennaraercs co3naTh pacnpeaeaeHHY0 HH(OPMaLUOHHO-YIIPaBIISIOIIYO
CUCTEMY C 3JIEMEHTaMH MCKYCCTBEHHOT'O MHTEJIEKTA JJIs MOAACPKKHU MPUHATHS

pELICHUN B XOJI€ IPOBEICHUS POYHOCTHOIO dKCIIEpUMEHTa. B Takoul cucreme
OyZeT NIPUMEHATHCA paclpeneeHHasi HEOIHOPOAHAs 0a3a JaHHBIX U paclpee-
JICHHOE YIIPaBJICHUE IIPOLIECCOM UCIBITAHUN. JTO MO3BOJIUT HEMIOCPEACTBEHHO B
X0/I€ MPOBEACHUS UCTIBITAHUS C OOJBUION CKOPOCThIO U TOYHOCTHIO aHATU3UPO-
BAaTb JAaHHBIE BCEX M3MEPEHUN C NPUMEHEHUEM HHTEJUIEKTYaJIbHBIX METOI0B
IIPOTHO3MPOBAHUS, PELIEHUs KOTOporo B (opMe peKoMeHAaluidl OyayT BBIBO-
JUTCS HAa MOHUTOp oneparopa. [Ipu oOHapykeHUH ke ObICTPOPa3BUBAIOIIUXCS
JECTPYKTHUBHBIX MPOLIECCOB OYyAET BO3MOKHOCTh OCTAHOBUThH UCIIBITAHUE C HE-

JOCTHKUMOM JUIsI OllepaTopa Harpy>KeHusi CKOPOCTHIO.

USED AT,

AUTHOR! McaeHko 1A,
PROJECT. MAK K¥TIi

oate: 07.08.2021 [l workinG

REV. 14.08.2021

NOTES: 1 2345678810

READER

DATE [ CONTEXT:

DRAFT

RECOMMENDED

PUBLICATION

&0

HA

AaHHele N0
MENBITAHWAM

AAHHBIE N0 KCMTAHUAR

OTHET, NpoTaKON

PaMMa HCMETaHA

HHE(2 TEHZOMETRHM

HEIE|MEpemeLlEHMA

AaHHBIE N0 HATPYEKEHME

BHAE0TAHHLIE

peweHHA MK

MNODE:

A0

e NPOMPAMMHO-AMMAPATHBLIA KOMMNEKC ,EIJ'IF;UMBER:

KOHTPONA N YNPABNEHWA NPOYHOCTHEIM

—

- Kb (xoHCTpYKTOpCKOE OI0PO);

- KVIID (xommieke ynpaBiaeHHUs IPOYHOCTHBIM 3KCIIEPUMEHTOM);

- BJI (6a3a naHHbBIX);

- C1U (cucrema UCKYyCCTBEHHOTO MHTEJUIEKTA).
Puc. 1. Cmpyxkmypuas cxema [HAK KYIIH

Ha puc. 1 npencraBiena ctpykrypHas cxema [IporpamMmHo-ammapaTHOTO
KOMIUIEKCa 71 KOHTPOJISI M YIpaBlIeHUsl MPoyHOCTHRIME ucnbITanusiMu (ITAK
KVIIN), pazpaborannas B nporpamme AllFusion Process Modeler [2].
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Kb Ha ocHoBanuu T3 (TEXHUYECKOTrO 3a/laHus1) OT 3aKa3yuKa U, OCHOBHIBA-

sch Ha HJ[ (HOpMaTHBHOW HOKYMEHTAllMM), CO3JAeT MPOrpaMMy HUCHBITAaHUH, a

110 3aBCPIICHNHN UCIIBITAHWA (I)OpMI/IpyeT IMPOTOKOJIbI U OTUCTHI 110 UCIIBITAHHIO.

B pacnpenenennyto bJl moctymaer Bcs mHpOpMaIus o TEKYyIIEM HCIbITa-

HUM, IPOTPaMMeE UCIIBITAHUSA, TaM XK€ HaXOIATCSA JaHHBIE O BCEX IMPEAbIIYLINX
ucneiTanusax. U3 b/ uadopmanuio 6epyr Kb u CUN. [lanHble 0 TeKylux u3-
MEpPEHUSX Takke Hanpsmyro nocrynator B CUU. Pemienns HCKyCCTBEHHOTO MH-

tesekTa nocrynaroT B KYIIO u B Kb.

Ha puc. 2 npeacrasnena nexommnosuiusi 61oka KYIID. Curnansl ot TeH-
3opaTunkoB OU noctynarotr Ha UUKT, kotopsiii popmupyer nannsie ansa KYH,
b/l u CUHM. Curnansl OT JaTYMKOB nepeMelieHus nocrynatotr Ha MACUII, ko-
Topslit Takke popmupyet nanusie Ayt KYH, Bl u CUN. Curnanst ot JIC (nat-
YUKOB CWJIbl) UMEIOT HenocpeacTBeHHyo OC ¢ KYH.

USED AT:

AUTHOR: MeaeHko 1A
PROJECT: MAK KYTIA

MOTES: 12345678810

oate: 07 05 2071 [ working

REV:

READER

DATE [CONTEXT:

14.08.2021 DRAFT

RECOMMEMDED

Hem o

PUBLICATION

YIPAENEHHE
KOHETRYKTOPA

NPOTPEMME MCNEITAHHA

HA

peweHuA K1

LAHHEI2 TEHSOMETRHH

AATHHEN ﬂEpEMEH.LEHMH;

-

AaHHEIE NEPEMEIEHNA

-

L

KyH

AAHHEIR N0 HATPYPKEHKD

NRAENEHKE
BeeKTOM

BHAED,

AaHHLIE

=

TEHZ04aTYMKN

BHAROAAHHEIE

MNODE:

A2

TITLE:

KyMo

NUMBER:

- KYH (xomrmnekc ynpaBieHUs: HarpyXKeHHUEM );

- MUKT (uuadopmaIimoHHO-U3MEPHUTEIBHBIN KOMITJIEKC TCH30METPUHN);

- MACHII (MHOTOKaHAJIbHAsI aBTOMATHYECKas CHCTEMa HM3MEPEHHs TepeMelle-

HUA);

- OU (0OBEKT UCTIBITAHUS);

- CBH (cucrema Buico HaOIIOICHNUS).
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Ha puc. 3 npencrasnena nekommnosunus 6ioka KYH. B atom 6510ke Haxo-
JUTCSL OCHOBHOE MPOrpaMMHO-aNNapaTHOE OOecnevyeHue AJis yIpaBiIeHUs Uc-
nbiTaHueM. JIJist 3amuThl MpoIlecca HMCHBITAaHUNA OT 4YeloBedYecKoro (axropa
(omMOOK KOHCTPYKTOpA M OLIMOOK OMEpaToOpoB CTEHJIA), a TAKXKE OT TEXHUYe-
CKHUX COO€B, MPUMEHSIETCSI MHOTOYPOBHEBAs 3allluTa HAa IPOrPAMMHOM W amma-
PaTHOM ypOBHSIX.

USED AT: AUTHOR: VMcaeHko MLA, DATE: 10.08.2021 .WORKING READER DATE | CONTEXT:
PROJECT. MAKKYTIM REV. 14.08.2021 DRAFT —_

O

RECOMMENDED
MOTES: 12345678810 PUBLICATION AQ- l:‘ =

AAHHEIE NepeMEelleHHA JAaHHBIE TEH3OMETPMH PAENEHY e KOHCTPYKTDPA /ﬂDNDQMME MEMEITaHKI
OTENOHEHWE NoKasaHdi C Ha 5% n \,\<
i

CToika

OTKMOHEHME NokazaHuA AC Ha 15
A HOPMUPYIO WX peweHna K1

npeofpazoearensi

ofipee OC ¢ AC
-

OCno AC

paeneHue ofikekTom

Crofka
HaryHeHrA

MK oneparopa KYH

MODE: TITLE: KyH MUMBER:

A21.1 —
Puc. 3. Jlexomnosuyus 61oxa KVH

Tak npu otknoHenuu nokasanuil JIC ot 3aganHbIx 0osee 5% cpabaTeiBaeT
nporpaMmHasi 3anuta (010K J2) — ocTaHOBKA Harpy>K€HUs Ha TEKYILEM YpOBHE.
Ta xe 3amura cpabaTbiBaeT NIpH OTKIOHEHHH NOKA3aHWI TEH30METPUU U Iepe-
MEILEHUN OT UX UHTEPHOJHUPOBAHHBIX 3HAUCHUU. [Ipn OTKIOHEHUM MMOKA3aHUM
JC na 15 % cpabarbiBaeT anmapaTHas 3alluTa — ylpaBiisgemas pa3rpy3ka Bcex

KaHajoB Harpyxenus. [Ipu oOpwiBe oOpaTtHoii cBs3u ¢ JIC cpabaThiBaeT aBa-
pHiiHas 3alUTa — HeynpaBisemas pa3rpy3ka Bcex kaHanoB. Taxoke Ha [IK ome-

paropa KYH 3axonut ynanenHoe ynpasiaeHue KOHCTpyKTopa u pemenus 1MU.

B 650xke CUU (puc. 4) npoucXoauT 3KCTPANOSLUSA TaHHBIX TEH30METPUHU
U MEepEMEIIEHNUs, TOJyYECHHbIE TaHHbIE CPAaBHUBAIOTCS C PAaCUYETHBIMH, YUHTHI-
BaroTcA naHHbie U3 B/l 0 mpenpiaymmx CIbITaHUAX, MOHUTOPUTCSE pabouee co-
CTOSIHME BCEX TEH30JaTYMKOB M JAaTYMKOB NepeMelleHus. 13 Bcex maHHbIX 1O
3aJJaHHBIM AJITOPUTMAaM B PEKHMME PEATbHOTO BpeMEHU (DOPMUPYIOTCS PEIICHUS
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NH, HekoTophle B BUIE COBETOB WM NpenynpexaeHui oneparopy KYH, neko-
TOPBIE HEIOCPEACTBEHHO OCTAaHABJIMBAIOIINE IIPOLIECC UCTIBITAHHUS.

USED AT: AUTHOR: McaeHka WA DATE: 07.08.2021 .WORK\NG READER DATE | GONTEXT:
PROJECT: MAK K¥TIA REV: 26.08.2021 DRAFT =]
REGOMMENDED m
MOTES: 12345878910 PUBLIGATION — m
NPOrpamMma HCMEITAHKI A3HHEIE N0

MEMETAHMAM

L

AAHHLIE TEHIOMETRHA

peweHuA MK

AAHHEIE NERNEMEWEHNA Enok aHanu:a faHHeIX

AaHHEIE N0 HATPYKEHHID

Enok skcTpanonAuvm

MNODE: TITLE, CMM MNUMBER:

A4

Puc. 4. Jlexomnosuyus onoka CUU

B nporpammMe cTaTUYeCKUX UCHBITAaHUN (pUC. 5) XOpOIIO BUHO, KAKOE Me-
CTO MOXET 3aHATh CUCTEMA UCKYCCTBEHHOT'O MHTEIIJIEKTAa B IIPOLIECCE HATYPHBIX
ucnbliTaHul. Bce TpylnoeMkue omepanuy SKCTPANOJSALMM TaHHBIX W aHalu3a
MOYHO MIPOBOJIUTHh B PE€AJIbHOM BPEMEHH, HE MPEPHIBASI UCIIBITAHUSL.
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war-5"%
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2. CucreMa u3MepeHus nepemMenieHui

AHanu3upysi METONBI U CPEACTBA U3MEPEHUS MEPEMENIEHNN, B OCHOBHOM
paccMaTpUBalOT NIEpBUYHBIE MpeoOpa3zoBaTen — JaTdyuku nepemerenuit (J11)
[3, c. 62, 63, 68, 73]. OHU OBIBAIOT Pa3IUYHBIX THUIIOB: PE3UCTUBHBIC, EMKOCT-
Hbl€, UHAYKIIMOHHbBIE, YIbTPa3BYKOBbIE, JIA3€pHbIE HHTEP(EPOMETPHI, JIa3epHBIE
JanbHOMeEpHI U T.4. MMeHHO ucxonas u3 napaMeTpoB npumenseMsix 11 crpout-
Csl cucTeMa u3MepeHus nepemenieHui [8]. YuuTeiBas crielu(pUKy HCIBITAHUMN
CaMOJIETHBIX KOHCTpyKUMii, BbIOOp Il pe3ko cyxkaercsa. B aTom cimydae HeoO-
XOJIUMO 33JaThCA CIETYIOIUMHU UCXOIHBIMHA TaHHBIMH:

- nuana3oH u3mepenus (ot 1xo 1000 mm);

- TpeOyeMast TouHocTh udmepenus (0,1 — 1 mm);

- MHOTOKaHaiIbHOCTH (10 — 200 KaHaIOB);

- TEXHOJIOTHYECKAs] BO3MOKHOCTh ITPUMEHEHUS TOTO MM MHOTO CPEACTBA
u3mepenus (CH);

- JIETKOCTh M MPOCTOTAa MOHTaxa 1 oociyxuBanus JI1;

- HEOOXOUMOCTh aBTOMAaTH3alUU U HU(DPOBU3ALIMHI U3MEPEHUM.

[Tox MHOrOKaHaIBbHOCTBIO IOHUMAETCS UCTIOJB30BaHUE OOJIBIIOr0 KOJIHYe-
CTBa JIaTYMKOB B OJIHOM CHCTEME KOOpJIMWHAT, 00pabaThIBa€MbIX OJHOW CHCTe-
MOI u3MepeHus [l 00JeryeHusl uX 00pabOTKU MPOrPaMMHBIM 0OeCeueHHEM
U MOCTPOEHMsI 0011Iel KapTuHbI ucnbiTaHus. [lo TeXHOIOrn4eckoil BO3MOKHO-
CThIO TOHMMAETCS BO3MOKHOCTh ycTaHOBKU JIII1 BONMM3M 00BEKTa, KOHTAKTA C
€ro MOBEPXHOCThIO, (PU3NYECKASI U DJIEKTPUUYECKAs] COBMECTUMOCTh 3TOrO JaT-
YhKa C JAPYTMM HUCIBITaTelbHBIM 00opyaoBanueM. IIpu sTom aBTOMaTH3aLMs
NOJIpa3yMeBaeT MPOLIECC U3MEPEHHUs, 3alUCH U 00pabOTKU pe3yJbTaTOB B aBTO-
MAaTHYECKOM PEXRUME

[IpoBeeHHBIN aHAIU3 MOKAa3ad, YTO B PAMKaX JAHHOW OTPACIH UCCIENO-
BaHHUS 11€J1€CO00Pa3HO Cpa3y UCKIIOYUTh:

- ynbTpa3BykoBble /(I BBUIY CII0KHOCTHM MOCTPOEHHSI MHOTOKAHAIBHOU
CUCTEMBI;

- Ja3epHble UHTEPPEPOMETPHI, BBUAY M3JIUIIHE BHICOKOH TOYHOCTH, a Clie-
JIOBATEJIbHO, U BBICOKOW CTOMMOCTH.

Takxxe OoTMEUEHO, YTO €MKOCTHble M HMHIyKUHOHHbIE [[II He ynoOHbI B
IJIaHE TEXHOJOTUYECKOW BO3MOXKHOCTU MX NMpUMEHeHHus. Takum oOpazom, s
paccMaTpUBaeMOil 3aJadyd LEJIeCcOO0pa3HO MPUMEHATh PE3UCTUBHBIE WM IIO-
TEHIMOMETPUYECKUE NAaTYUMKU U Jla3epHble AanbHOMEpbl. TouyHocTh dTHX /I
IMPUMEPHO COMOCTABUMA, HO II€HA MOCJIETHUX B HECKOJIBKO pa3 Beile. B Tadm. 1
IIPEACTABIICHBI JOCTOMHCTBA U HETOCTATKU 3TUX TUIIOB JATYUKOB.
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Tabauna 1
JIOCTOMHCTBA M HEJIOCTATKHU JABYX THUIIOB JATYHUKOB

Twun JI1 JlocTonHcTBa Henocratkn
MPOCTOTA KOHCTPYKIIMHU; | HA3KAsI MU3HOCOYCTONYMUBOCTH;
Pe3ucTuBHBIE | IETKOCTh MOHTAXA; BBICOKHI MOPOT YyBCTBUTEIBHOCTH;
JIT PEMOHTONPUTOAHOCTb;
HU3Kas 1ICHA;
JlazepHbie | BBICOKAs TOUYHOCT; BBICOKAs II€HA; CJIO)KHOCTh MOHTaXa B
I BBICOKasl HAJICKHOCTb; MHOTOKaHaJIbHOM CUCTEME;

VYuuTheiBas Bce BBINIEU3IIOAKEHHOE, MPEIIAraeTcs co3JaTh CUCTEMY Ha pe-
suctuBHBIX JII1, Bconk3ys, HalpuMep AaTYMKH, pa3pabOTaHHBIC U CO3JaHHBIC
B jabopatopun npouHocTHbIX ucnbiTannii TAHTK um.I'.M.bepuesa, r. Taran-
pora. B 3Tux maTtuumkax MCHOJIB3YIOTCS MPOBOJIOYHBIE moTeHnuoMmeTpsl TTTII2.
[ToTeHIIMOMETpPHI BCTPOEHBI B KOPITyCa CO IITHIPEBBIM KPETUICHUEM, OJjarojaps
KOTOPOMY OHH JIETKO (PUKCHUPYIOTCS B PA3JIMYHBIX TOJOKEHHUSIX Ha CTOMKE
kperuieHus 1. Ha ocs moTeHIIMomeTpa KpenuTces IKUB 11 HAMOTKHU CTAJIbHON
OMEIHEHHOW MPOBOJIOKH (cTpyHbI) quamerpom 0,15 mm. JlmameTp mikuBa 3aBu-
CHUT OT TpebyeMoro auarna3oHa u3MepeHuil u Bappupyercs ot 16 qo 150 mm, uto
COOTBETCTBYET auana3zony uzmepenus ot 40 go 400 mm. Mcnonbs3oBaHue Jjer-
KOW M MIPOYHOU CTPYHBI, a TAK)KE€ TOHKOTO IIKMUBA U3 JIETKOTO METAJIJIa MO3BOJIS-
€T MOJYYUTh XOPOUIUE MHEPIIMOHHBIE XapaKTEPUCTUKU U3MEPEHUS IMepeMellie-
HU.

OBBEKT MCNBITAHWA

CTpyHa

CTONKA Kpennexws [

kabens 4N

K MOZYMIO U3MEPEHMIA

rpyauK

Puc. 6. Cxema moumaoica 11

314




Cxema MOHTaka JaTYMKa Ha OOBEKTE UCIBbITaHUs TToKa3aHa puc. 6. CtpyHa
KpEIMUTCA K 00BbEKTY MOCPEACTBOM MOHTAXHOUW KOJIOJKH, MPUKICCHHON I[UaHa-
KPWJIATHBIM KJIEEM, JlaJiee JIEJIaeTCsl OAMH BUTOK CTPYHBI BOKPYT IIKMBA U 3aTEM
K Hel nmojBemmBaerca HeOoabpon rpy3uk. Cucrema kpermenus 11 no3Bonser
YKECTKO 3aKpEIUISITh €ro Moj JOBIMH YIiaMd UM Ha JIIOOBIX PAacCTOSHUAX OT
00BEKTa UCTIBITAHUM.

B kaudectBe ammapatypsl oOpabotku curHaioB ¢ JIII mpennaraercs uc-
nonb3oBarhk npoxykuuro HIIIT «MEPA»: MR-227UP - moxynu miis u3MepeHus
OTHOCUTENIbHOTO conpotuBiicHus [4] u MIC-236 - yHuUBepcalbHBIII MHOTOKa-
HaJIbHBII MarucTpajibHO-MOAYJbHBIA U3MEPUTENBHBIN KoMILIeke [S]. Ha puc. 7
ITOKA3aHa CTPYKTYpPHAsl CXEMa CUCTEMBI U3MEPEHUS NTEPEMEILICHMUS.

[Iporpammuoe obGecneuenne Ttaxxke nocrtasisercs HIIT «MEPA»: mpo-
rpamMbl Recorder u WinPos. Ilporpamma Recorder mo3Bonisier B peanbHOM
MacumTabe BpEMEHU 3aluChiBaTh W BBIBOJUTH Ha 3KpaH OONbIION O00ObEM HH-
dopmann B yaoOHOM Bujae (rpauku, TUCTOTpaMMbl, TaONMIIbI), a TaKXKe
HACTpauBaTh MPOrpPaMMHbIE COOBITHS MO MPEIEIbHBIM 3HAUCHHUSIM TEKYILIUX H3-
Mepenuit [6]. IIporpamma WinPos mo3BosisieT mpoBOAUTH MOCTOOPAOOTKY H
aHaJIu3 pe3yJIbTaTOB U3MEpEeHUH [7].

nK
onepartopa

B

YHuMBepcankbHbIA MHOMroOKaHanbHbIA KOMNNEKC
ANA perucTpauum 1 aHannsa UsMmepuTenbHbIX AaHHbIX.
MIC-236
Moayne namepeHun Moayne namepeHus
COMPOTUBNEHUA AATYMKOB | &+ o o « « o | CONPOTUBNEHNA 4ATYMKOB
MR-227UP MR-227UP
Ne1 Ne16
Aan an an Aan
Net | O " " | Nes Ne121] % [Ne128

Puc. 7. Cmpykmypuas cxema MACHII
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BriBOADBI

[IpyuMeHeHne UHTEIUIEKTYalbHOU PAaCIPENCIIEHHO-YIIPABIAIOIIENH CUCTEMBI
JUISL TIOAJIEP)KKA U TIPUHATHUS PEIICHUM B XOJI€ MPOYHOCTHBIX 3KCHEPUMEHTOB
MO3BOJIUT YUTH OT METOJUKHU OOJIHIIIOrO KOJWYECTBA ATAIMlOB MCIBITAHUA C IO-
CTEIIEHHBIM MOBBILIEHUEM IMPOLEHTHOM HArpy3Kd M IIOCIEAYIOUIUM JOJITUM
AHAIM30M K METOJUKE OJHOTO MCIBITAHUS, YTO 3HAYUTEIIBHO COKPATUT BPEMS U
CpelCTBA IIPU NPOBEACHUM MPOTPaMMbl HATYPHBIX MCIBITAHUK. Takxke 3TO
YMEHBIIIUT BIUSHUE YEIOBEYECKOro (hakTopa W TMO3BOJMUT HM30EXaTh MpexkKIe-
BPEMEHHOTO pa3pylIeHus 00bEKTa UCTIBITAHUI.
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Cekiust — CucTeMbl IMATHOCTHKH COCTOSAHUSA OMOJIOTHYECKUX U
TeXHUYECKNX 00HEKTOB

YK 621.398
Cepatokos ITaBen Cepreesuy, Pymsnues Konctantuda EBrenneBud

METO/IbI IOJYYEHUSI UTHOOPMAIIMA O TPEXMEPHOI CLHHEHE
JIJIS1 PEIIEHUS 3AJAY OIPEJEJEHUS ITIPOCTPAHCTBEHHOT' O
MOJIOKEHHUS OBFBEKTOB C PETIYJIIPHOU CTPYKTYPOM

B oannoii pabome paccmompensvt ochogHble cnocobbl onpeodenerus KoOOpoOuHam
YUTUHOPUYECKUX 00BbEKMO8 O/ KOHMPOJIS 2e0MeMmpUiecKux napamempos YCmaHo8Ku
MONIUBHBIX COOPOK HA amoMHOU dekmpocmanyuu. Llenvto oannotl pabomul aensiem-
CA AHANU3 CYWECMBYIOWUX MemoO008 ONpeoeseHUsi 2eoMempuieckux napamempos
00vexkmos. [l oocmudicerus yeau Heobxooumo peulerue ciedyujell 3a0adu — cpas-
HUMb Cywecmeayrouue memoosbl onpeoeneHusi 2eoMempuiecko20 NoI0NCeHUs 00beK-
MO8 ¢ pecyapHOl CMPYKMYPOU U 8bIAGUMb UX OOCIOUHCMEA U Hedocmamku. Ananu3s
Memo008 NoKazai, ymo Haubovuel 3¢gekmusHocmoio 0061a0aom OecKoOHMaxKmHule
Memoovl, OCHOBAHHblE HA 0OPAbOMKe U300PAdHCEHULL CYeHbl, CHOPMUPOBAHHBIX BUOEO-
Kamepamiu Ha 0CHOBe MO3AUUHBIX POMONPUEMHUKOS.

Tenesusuonnas xkamepa, mexuuyeckas oopabomxa uzobpadicenus, 00beKmvl ¢
Pe2YNAPHOLU CMPYKMYPOT, MpexmepHas CyeHd.

Serdyukov Pavel Sergeevich, Rumyantsev Konstantin Evgenyevich

METHODS OF OBTAINING INFORMATION ABOUT THE
THREE-DIMENSIONAL SCENE TO SOLVE PROBLEMS OF
DETERMINING THE SPATIAL POSITION OF OBJECTS WITH A
REGULAR STRUCTURE

This paper considers the main methods of determining the coordinates of cylin-
drical objects to control the geometric parameters of the installation of fuel assemblies
at a nuclear power plant. The purpose of this work is to analyze the existing methods
for determining the geometric parameters of objects. To achieve the goal it is neces-
sary to solve the following problem - to compare the existing methods for determining
the geometric position of objects with regular structure and to identify their ad-
vantages and disadvantages. Analysis of the methods has shown that the most effective
are non-contact methods based on the processing of images of the scene formed by
cameras based on mosaic photodetectors.
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TV camera, technical image processing, objects with a regular structure, three-
dimensional scene.

BBenenue

SlnepHas sHepreTuka NPUHAIICKUT K OA30BBIM OTpAciisiM, KOTOPBIE OIpe-
JIEJISIFOT TEMITbl Pa3BUTHS IPOMBIIIEHHOCTH U cOLUaibHON cdepbl. OIHUM U3
IMPUOPUTETHBIX HAMPABICHU B aTOMHOW YHEPreTUKE SBIIAETCS CO3[JaHUE BBICO-
KOHAJEXKHBIX KOMIUIEKCOB ISl YIIPaBJICHUSI TEXHOJOTUYECKUMH MPOIIECCAMHU.

CyliecTByIOT aJIrOpUTMbl OECKOHTAKTHOTO KOHTPOJS Pa3HOBBICOTHOCTH
HUIMHAPUYECKUX 00BEKTOB, PACIION0KEHHBIX IPYIIaMU Ha OOJBLION TIOLIAAH
(cuene). Uccnenyemble OOBEKTBHI PACHOIIOKEHBI B CTPOIOM TI€OMETPHUECKOM
MOPSIAKE, U BU3YAJIbHO MOTYT PACCMATPUBATHCS KaK «IYECUKW» U3 CEMU TEILIO-
BbACIAOIMX coopok (nanee — TBC), npuuém LEHTPHI TAKECTH BEPXHUX IO-
BepxHocTer mectn TBC HaxomsdTcs B BEpIIMHAX, @ LEHTP MOBEPXHOCTH CEIb-
Moro TBC — B reomMeTpu4eckoM LIEHTPE MPABUIIBHOIO WIECTHYroibHUKa. Vc-
cieayeMble 00BEKTHI pacrojiaraloTcsi B BOAHOU cpene. OCBETUTENbHOE YCTPOit-
CTBO 3aKpEIJIEHO Ha BUIEOKaMepe, HEMOCPEACTBEHHO OCBeIlas O0CIelyeMblil
(parMeHT CLEHBI.

B HacTosiiiee Bpemsi M3BECTHbI KOHTAaKTHBbIA M OECKOHTAKTHBIA METOJBbI,
MO3BOJISIOLIME U3MEPSITh PA3HOBBICOTHOCTh HAOI0IaeMbIX O0BEKTOB. Mcmomb-
30BaHME KOHTAaKTHOI'O METO/Ia B aTOMHOW HEPreTHKE HELEIecOo00pa3Ho u3-3a
OTCYTCTBHUSA JOCTYIIa U BOBMOXHOCTH OOJIy4EeHHUSI.

Takum 00pa3zom, OECKOHTAKTHBIM METOJ] U3MEPEHUS SIBISIETCS €MHCTBEH-
HO BO3MOJKHBIM JIJII U3MEPEHHUsI PAa3HOBBICOTHOCTU TojoBOK TBC B akTHBHOI
30H€e peakTopa sHeproodsoka ADC.

[IpoBeeHHbIE TATEHTHBIE UCCIAEAOBAHUS MO3BOJIAIOT BBIIETUTH OCHOBHBIE
IATh Tpynn OECKOHTAKTHBIX H3MEPUTENEd TIeOMETPUYECKHX IapaMeTpoOB
Ha0JII01aeEMBIX OOHEKTOB.

beckoHTaKTHbIE U3MEPUTENN, UCHOJIB3YIOIINE aKyCTHUECKHE KOJeOaHUs.
31eCh TNPUMEHSETCS HMITYJbCHBIA aKyCTUYECKHUH TE€HEpaTop, aKyCTHYECKHI
NPUEMHUK U BBIUHUCIUTENBHOE YCTPOMCTBO, OMpEENstoliee pa3Mepbl 00beKTa
Ha OCHOBE 3apETMCTPUPOBAHHOTO UHTEPBAJIA BPEMEHHU MEXKIY U3JIIyYEHHEM 3BY-
KOBOTI'O UMITYJIbCA U €0 MPUEMOM.

beckoHTaKTHbIE M3MEPUTENH, OPUEHTUPOBAHHBIE HA NPUMEHEHUE Jazep-
HbIX n3nydarened. O4eBUIHO, YTO U3MEPUTEIBHBIN KOMIUIEKC, BKIIOYAIOIINI
MIOMHUMO JIA3€pPHOT0 U3JIy4aTesis CUCTEMY 3epKall, ((OKYCHUPYIOIIHE YCTPOUCTBA U
0110k 00paboTKH, TpeOyeT BHICOKOW TOYHOCTH M3TOTOBJIEHUS M HACTPOUKH OI-
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TUYECKOM cucteMbl. Kpome TOro, mpu MCHOJIB30BAaHUHU JIA3€PHOTO H3IIYUYEHUS
U3-3a HAIMYUA 3arpS3HAIONIMX YaCTUL UM HEPOBHOCTEW OTpakarolIuX MOBEpPX-
HOCTEW MOTYT BOBHUKHYTh JU(paKIHOHHBIE 3()(PEKTHI, BIUSIIOLIME HA TOYHOCTD
U3MEpPEHHUS.

W3mepurenbHble CUCTEMBI, MPEAINOJaralouMe MCHOJb30BaHUE TEJIEBU3U-
OHHBIX JIaTYUKOB JUIsl TIOJYYEHHsI CUTHaja u3o0paxenus. CnocoObl U3MEpeHHUs
Ir€OMETPUYECKUX Pa3MEPOB OOBEKTOB C MOMOILBIO TEJIEBU3MOHHBIX YCTPOUCTB
OCHOBAaHBI, KaK MPaBUJIO, HA U3MEPEHUU IJIUTEIHLHOCTH BPEMEHHOTO MHTEpBAJIa
MEeXAy IepenagamMu BUICOCHTHajla, COOTBETCTBYIOLIEIO pa3BepTKE M300paxe-
HUS KpaeB OOBEKTa B HAIIPABJICHUM U3MEPEHHUS, T. €. K U3MEPEHUIO JUIUTEIbHO-
CTH BHJICOMMITYJIbCA, SKBUBAJIEHTHOIO KOHTPOJUpyeMoMy pazmepy. U3mepenue
JyaMeTpa IMOMEPEeYHOro CEYeHUsl MO UIMTEIbHOCTH HMMIYJbCa BUICOCHTHAJA
BBITEKAET M3 CaMOMl CYIIHOCTH TEJIEBU3MOHHOW mepenayu u3oOpaxkeHuid. s
TaKOro pojJia M3MEpPEHUN OKa3bIBa€TCAd JOCTATOYHO OJHOCTPOYHOM CHCTEMBI
pa3BepTkH n3o0pakeHus. OJHAKO reOMETPUYECKUE UCKaKEHUsI N300paKeHUs B
ONTOAJIEKTPOHHBIX MPeoOpa3zoBaTeaX, a TAKXKE U3-3a HETUHEHHOCTH Pa3BePTKU
NPUBOJAAT K 3HAYUTEIBHOMY HECOOTBETCTBUIO BPEMEHHOTO MHTEpBaJla BHJIEO-
CUTHajIa pa3Mepy oObeKTa.

beckoHTaKTHbIE U3MEPUTENBHBIE CUCTEMbI HA OCHOBE MHOTOOKOHHBIX 3Jie-
MeHTOB. M3MepeHne napaMeTpoB MONEPEUHOTO CEYEHUsI 00bEKTa OCYIIECTBIIS-
€TCsl METOJIOM IPSIMOT'O CUETA UMITYJIBCOB OT 3JIEMEHTOB, YCTAHOBJIEHHBIX BJIOJIb
JIMHUY IyTU 00BEKTAa U3MEPEHUSI B MOMEHT NOCTYILJIEHUSI CUTHAJIA OT KpailHero
AJIEMEHTa, (PUKCHUPYIOUIETO MOSIBIEHUE B €ro MOJI€ 3pEHUs MepeaHEed KPOMKH
o0bekTa. JJIsi MOBBIIEHUSI TOYHOCTH HEOOXOAMMO OOJIBIIIOE YHCIIO DJIEMEHTOB,
YTO YCIOKHSAET IPUOOP U YMEHBIIAET €r0 HaJAEKHOCTb.

N3mepurenbHble cUCTEMBI ¢ Hcnodb3oBaHueM UH(ppakpacHbix (UK) nat-
YUKOB. JTH CHUCTEMBI, B OTIMYHE OT MPEABIAYIIUX ABYX TPyHN HE TPeOyroT
BHEILHEN MOJCBETKH, TaK KaK MH(POPMALIMOHHBIN MPHU3HAK AJi1 UX paboThl Jie-
KUT B U3MEHEHHH UH(PAKpACHON KapTUHBI (pacipeaeneHus: TeMIepaTyp) 30HbI
HaOmonenus. [Ipu BbICOKON COOCTBEHHOU TeMIlepaType M3MEPsieMOro oObeKTa
OH OKa3bIBAETCSI KOHTPACTHBIM MO OTHOLLIEHUIO K OKpYyskaroemy ¢ony. IToaro-
My TpaHHUIIbl 00bEKTa MOTYT OBITh BBIJIEJIEHBI M3 BUIECOCHIHAja M3BECTHBIMU
MeroaaMu. OJHAKO HEJOCTATKOM JAHHBIX CHUCTEM MOKHO CUYUTAaTh BBICOKHIA
YPOBEHb COIMyTCTBYIOUIMX TEIJIOBBIX HIYMOB, pucyiuii BceM UK—cucremam.

[IIupokomMy pacnpocTpaHEHUI0 OECKOHTAKTHBIX TEJIEBU3UOHHBIX METOOB
U3MEpPEHHUs MPENATCTBYET BO3MOKHAsE HU3Kasi OCBEIIEHHOCTb, KOTOpasi HE MO3-
BOJISIET MOJYy4YaTh KOHTPACTHBIE TEJIEBU3MOHHBbIE H300pakeHus 0ObeKTOB. B
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CBSI3M C 3TUM /i 00Jiee TOYHOTO OINpPEAENICHHUs] TPaHUL] 00bEKTa MPUXOAUTCS
«MOJCBEYUBATh» 00BEKT. Takol cnocod TpedyeT NOMOJHUTENbHBIX 3HEPreTH-
YEeCKUX 3aTpar U MPUBOANUT K 3HAYUTEITHHBIM MOTPEIIHOCTSM MPH YMEHBIICHUU
OCBEIIEHHOCTHU MOJICBETKU M3-3a 3arPsI3HEHUS WM HEUCIIPABHOCTH OCBETUTEIIS.

Ha mpakTuke pa3nuuaroT JIBa OCHOBHBIX THIIAa NpeoOpazoBareneil — MrHO-
BEHHOTO JIeUCTBUS U ¢ HakoruieHueM. [lo ¢u3uke neiicTBUsI OHU JEesATCA Ha OI-
TUKO-MEXaHUYECKHUE, JIEKTPOBAKYYMHBIE U TBEPIOTEIbHbIE.

OnTuko-MexaHn4eckue (Bce MIHOBEHHOI'O JIEMCTBHSI) MOTYT OBITh ¢ Oery-
UM JIy4OM WA C «Oeryimeu amepTypoi» Mo ONTHYECKOMY H300paKEeHUIO.
DnexkTpoBaKyyMHbIE MpeoOpa3oBaTe OBIBAIOT KaK MIHOBEHHOI'O JIEHMCTBHS,
Tak U ¢ HakomieHneM. Ceilyac 3T0 OCHOBHOMW THIl TEIEBU3HOHHBIX MPeoOpa3o-
Baresie (aHanmuzaTopoB). TBepaOTENbHBIE MPeoOpa3OBaTENM MPEACTABISIIOTCS
HanOoJiee NePCIeKTUBHBIMU, OCOOEHHO JIs1 HU(POBBIX CUCTEM.

XapakTepucTtuku (HOTOIIEKTpUIECKUX Mpeodpazonareneit (OII1) Bo MHO-
I'OM ONPENETSAIOT Ka4eCTBO U300paKeHUS.

Takum o00Opa3zoM, H3MEPUTENIbHbIE CHCTEMbl Ha OCHOBE TEJIEBU3MOHHBIX
JATYUKOB (BUIEOKAMED) SIBISIOTCS HauboJjee 1es1eco00pa3HbIMU JIJIsl U3Mepe-
HUSL Pa3HOBBICOTHOCTH YHOPSAIOYEHHON MOCIEA0BATENbHOCTH IMJIMHIPUIECKUX
O0OBEKTOB.

[IpuopuTeTHBIM HampaBieHUEM B 00JacTH OECKOHTAKTHOI'O OMNpe/eieHUs
U U3MEPEHUSI TEOMETPUUECKUX MMAPAMETPOB OOBEKTOB CIIOKHOU KOH(PUTypaLuu
ABJIIETCSI CO3JaHUE TEIEMETPUUECKUX CHCTEM KOHTPOJIS, MO3BOJSIOMIUX MOJIY-
4yaTh U300paKeHUE U3MEPSAEMbIX OOBEKTOB MPU MOMOLIM BUAEOKAMEP U MPOU3-
BOJUTH UX aHAJIU3 MEeToJaMu IUppoBoil 00paboTKu curHaioB. HoBbie BhICOKO-
CKOpOoCTHblE DBM MO3BOJSIOT peanu3oBaTh CIO0KHEHIINE AITOPUTMBbI CTATH-
CTUYECKOM U MaTEMaTHUYEeCKON 00pabOTKH NaHHBIX. JTO HAMPABICHUE PEAIU30-
BAaHO B CUCTEMaxX KOMIBIOTEPHOTO (MAIIMHHOTO) 3pEHUS U OTPAXKEHO B HAYUHBIX
tpynax Coiidepa B.A. [1], [Ipatt O. [2], [TaBnmuauca T. [3], Xyanra T. [4], SApo-
cnasckoro JLIL. [5-7], bana6aesa C.JI., 3ubposa B.A., Pymsauesa K.E. [10-15].

OcHoBHas yacTh

AHanu3 CyIIECTBYIOIIUX PEIICeHU A1 OECKOHTAKTHBIX M3MEPEHUH Teo-
METPUYECKUX PA3MEPOB CIOKHBIX OOBEKTOB.

N3BECTHO HECKOJIBKO CIOCOOOB OECKOHTAKTHOIO U3MEPEHUSI FeOMETpUYe-
CKUX Pa3MepPOB OOBEKTOB.

[lepBbIil criocol - cnocod OECKOHTAKTHOIO M3MEPEHUs JIMHEUHBIX pa3Mme-
POB TPEXMEPHBIX OOBEKTOB. 3AKIHOYAETCSI B MHOTOKPATHOM (POPMHUPOBAHUU Ha
MOBEPXHOCTU KOHTPOJIUPYEMOro OOBEKTAa 30HAMPYIOLIEH CTPYKTYpUPOBAHHOM
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MOJICBETKH ITyTEM OCBEIICHUS MOBEPXHOCTH KOHTPOIUPYEMOT0 00BEKTa ITyYKOM
ONITUYECKOTO M3ITYYCHHS M MOCIIEIOBATEIbHON perucTpanun n300pakxeHnii nc-
KOKEHHOW penbe)OM MOBEPXHOCTH KOHTPOJIHUPYEMOTO OOBEKTa CTPYKTYPHI
30HAMPYIOIIEH MOACBETKH. [l KaXIoil TOYKM KOHTPOJIHUPYEMOTo OOBEKTa
OTIPEAETSIOT 3aBUCUMOCTh HHTEHCUBHOCTH 3apETrUCTPUPOBAHHOTO H3ITYUCHHS OT
HOMEPA U300paKeHUS.

HenoctaTkom sToro crocoba sIBIsSIETCS BBICOKAs MOTPEIIHOCTh, 00YCIIOB-
JICHHAsI TeM, YTO MPH HAIPABJICHUU Ha MOBEPXHOCTh KOHTPOJIUPYEMOTO 0OBEK-
Ta, MOJYJIMPOBAHHOTO IO OJHOW KOOpAMHATE TPAHCIAPAHTOM C HEW3MEHHOMN
NEPUOANYECKON CTPYKTYPOU ONTHYECKOTO W3YUYCHHsI, HENb3sl MPEAyCMOTPETh
1100 3apaHee y4ecTh MCKAKEHUS KapTUHBI, BHI3BAaHHBIC PA3IMUYHBIMH OTpaKa-
TETbHBIMU CBONCTBAMHU MOBEPXHOCTH U TIYOOKMMH BIAJMHAMH, KOTOPHIE HE
BO3MOYHO MJECHTUPUIMPOBATH 0€3 anpUOpHOW HUH(POpPMALUKU O MAKPOCTPYKTY-
pe MOBEPXHOCTH KOHTPOIHPYEMOT0 OOBEKTA.

Crnenyrommii cnoco0 - crnoco0 OECKOHTAKTHBIX M3MEPEHUN reoMeTpuye-
CKUX TIapaMeTPOB 0OBEKTa B MPOCTPAHCTBE M YCTPOMCTBO ISl €T0 OCYIIECTBIIC-
Hus. M300peTreHrne OTHOCUTCS K COco0y OECKOHTaKTHBIX M3MEpPEHUN TeoMeT-
pUYECKHX TapaMeTpoB 00beKTa B mpocTpaHcTBe. [Ipu peanmzanuum crocoba Ha
MOBEPXHOCTU OOBEKTA BBIACISIIOT OJHY U Oojiee 000COOIEHHYIO 30HY, JJI KO-
TOPOM MOXHO 3apaHee COCTABUTh HECKOJIBKO Pa3HBIX YMPOIIEHHBIX MaTeMaTH-
YeCKUX MapaMeTPUUECKUX MOJeNIeil Ha OCHOBAaHUU 3apaHee M3BECTHBIX T€OMET-
PUYECKHX 3aKOHOMEPHOCTEH HCCIIeTyeMOoro 00beKTa, XapaKTepu3yrmux (hop-
My, TIOJIOKEHHUE, ABIKeHue, nedopmannto. HaHocsaT Mapkepsl Ha TIOBEPXHOCTh
00BEKTa, FPYIIUPYs 1O 000COOJIEHHBIM 30HaM B 000c0o0IeHHbIE Tpynibl. [Janee
PETUCTPUPYIOT M300paKEHUS IEHTPATbHON MPOEKIINK yKa3aHHBIX MapkepoB. U
Ha UX OCHOBAHMHU C YYE€TOM 3apaHee M3BECTHBIX T€OMETPUUECKUX 3aKOHOMEPHO-
CTeH mccienyeMoro o0beKTa U ¢ UCIOJIb30BAaHUEM METOJIOB MHOTOMEPHOW MU-
HUMU3ALUN PACXOXKIEHUH OMPEIENIIOT UCKOMbIE TE€OMETPUIECKHE TapaMeTphl
o0bekTa. TexHU4ecKnil pe3yibTaT - MOBBIIMIEHHE TOYHOCTH U JOCTOBEPHOCTH
U3MEPEHHUI TeOMETPUUYECKUX MapaMeTpOB O0OBEKTa MPU WCIOJIb30BAHUN OJHON
KaMepbl, OCOOCHHO B YCJIOBUSAX CTECHEHHOTO OKPYXAIOIIEr0 MpPOCTPAHCTBA U
OTPaHUYEHHOT'O OMTHYECKOTO JOCTYIIA.

OO1MM HETOCTAaTKOM CIIOCOOOB M YCTPOMCTB CTEPEOCHEMKH U YCTPOMCTB C
IPUMEHEHUEM CTPYKTYPUPOBAHHOTO OCBEIEHUS, SBISETCS HEOOXOAMMOCTH
NPUMEHEHHUs JIByX M 0Oojiee YCTPONCTB PETMCTPALMU LEHTPATBbHON MPOEKIINU
WIA TIPOEKTOPOB CTPYKTYPUPOBAHHOTO OCBEUICHUS B HECKOJBKUX TO3UIIUAX
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(Toukax MPOCTPAHCTBA), UYTO HE MOXKET ObITH IOCTUXKUMO B SIIEPHOM PEAKTOPE B
CBSI3U C €70 KOHCTPYKIUEH.

Tpertuii cnoco® KOHTPOJIS JIMHEUHBIX Pa3MEPOB TPEXMEPHBIX OOBEKTOB MO
TpeM JeKapTOBBIM KoopauHaTaM [15]. Cocob 3akinrovaeTcst B TOM, YTO Ha 00b-
€KT MPOCLMPYIOT CUCTEMY Pa3HOLBETHBIX IMOJOC, CO3/1aBaEMYI0 MyTEM Mpo-
CTPaHCTBEHHOM MOJIYJISALIMKU BAOJb OJHOM KOOPJIAMHATHI MHTEHCUBHOCTH 30H/U-
PYIOIIEr0o ONTHUYECKOTO M3iayyeHus. CucreMa pa3HOLBETHBIX MOJOC HOCHUT Iie-
PUOJIMYECKHUI XapaKTep U CO3JAaeT CTPYKTYPUPOBAHHYIO MOJACBETKY. B pe3yib-
TaTe B OJJHOM KaJIp€ PErHCTPUPYIOT LEIMKOM BCIO MOMAAIONIYIO B MOJI€ 3PEHUS
(OTONPUEMHOTO YCTPOICTBA YACTh MOBEPXHOCTH KOHTPOJIUPYEMOr0 0OBEKTa U
HAJIO0KEHHOE Ha MOBEPXHOCTh MCKAXEHHOE HM300pakKeHHE CTPYKTYpPHUPOBAHHOM
nojacBeTKU. O KOHTPOIUPYEMBIX pa3Mepax CyAST MO CTENEHU UCKaXeHUH U300-
paXEHHUs] MHOKECTBA IMOJIOC U MECTOIOJIOAKEHHUIO MOJIOC B IEKAPTOBOM CUCTEME
KOOpJIMHAT.

Henocrarkom 3toro cnoco0a siBJAsi€TCS HU3Kask TOUHOCTh, CBSI3aHHASI C He-
BO3MOYKHOCTBIO OJJHO3HAYHO MHTEPHPETUPOBATH Pa3pbiBbl B M300paXKEHUU TO-
JIOC, UCKaXEHHBIX JMOO0 pesibe)OoM MOBEPXHOCTU KOHTPOJIUPYEMOIO OOBEKTA,
JM00 HU3KUM 3HAYEHUEM CIEKTPaJIbHOTO KO3 (UIMEHTAa OTPa’KE€HUS, 3aBUCS-
IIEro OT MaTepuaja U 1BETa KaKoro-1mbo ydyacTKa MOBEPXHOCTU KOHTPOIUpYe-
MOTO OOBEKTA.

YerBepThlil c1OCOO KOHTPOJIS JTUHEHHBIX pa3MEPOB TPEXMEPHBIX 0OBEKTOB
Mo TpeM JAeKapTOBbIM KoopauHaTaMm [16]. CrocoO 3akitouaercsi B MHOTOKpaT-
HOM (OPMHPOBAHUU Ha MOBEPXHOCTU KOHTPOJIHUPYEMOrO OOBEKTA 30HIUPYIO-
el CTPYKTYpUPOBAHHOM MOACBETKU, KaXIbId pa3 C yNpaBlIeHUEM MPOCTpaH-
CTBEHHON MOIYJSIIUEN MHTEHCUBHOCTH Iy4YKa ONTUYECKOI0 U3Iy4YEHHUS MO OJ-
HOI KOOpJMHATE TaK, YTO HA MOBEPXHOCTU KOHTPOJIUPYEMOIO OOBEKTA CO3/1aeT-
csl U300pakeHHe CTPYKTYPUPOBAHHOW MOJCBETKH B BUJAE aNEPHOJUYECKOMN CO-
BOKYITHOCTH TIOJIOC, PETUCTpALMM H300paKE€HUN HCKAKEHHOM pesibeoM Io-
BEPXHOCTU KOHTPOJUPYEMOI0 OOBEKTa CTPYKTYPhI 30HIMPYIOIIEH MOJICBETKH,
KOTOPYIO MPOU3BOJAT IMyTEM HAKOIUIEHUS CYMMApHOIO M300pa)keHus, ompese-
JICHUU TOJO0KEHUS UCKAKEHUHM CTPYKTYPhI MOJCBETKH B 3apErdCTPUPOBAHHBIX
M300pKEHUSIX MO PACCTOSHUIO BIOJIb MOJOCHl U HOMEPY IMOJOCHI, (hopMupye-
MOMY JIOTUYECKUM CYMMHPOBAHHEM JBOMYHBIX YUCEN, KOAUPYIOIIUX IMOIOMKE-
HUE MO0JIOC B KAXKIOM W3 peanu3alMy anepruoJuYecKON COBOKYIMHOCTH IOJIOC
TaK, YTO €JIMHHIIA COOTBETCTBYET HAJIMYUIO MOJIOCHI, & HYJb - OTCYTCTBHUIO IO-
JIOCHI.
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Henocrarkom yerBepToro crocobda siBJseTCA HU3Kash TOUHOCTh OIpejesie-
HUS JIMHEWHBIX pa3MEPOB, OIPAHMYEHHAs TOYHOCTBIO ONpPEAENICHUs KOOPAUHAT
dbopmupyeMoOil MOJOCH Ha perucrparope uzoOpaxeHus. Huzkas TOYHOCTH
OTpEJENICHUs] KOOPAUHAT IMOJIOCHI 00YCIIOBIEHA CII0XHOCTBIO JIE€TEKTUPOBAHUS
MOJIOCHl HA Y4YacTKaX OOBEKTa, UMEIOLIMX pa3IMYHbIe OTpa)KaTelbHbIE CBOM-
ctBa. Kpome Toro, nmomnepeynslii pa3mMep Mojaochl Ha PErHCTPATOPE, BIUSIOMIMIMA
Ha TOYHOCTH OIPEIECICHUS KOOPJAWHAT, 3aBUCUT OT YIja MEXJy HOPMaJbIO0 K
MOBEPXHOCTHU U OChIO U3JTYyUYEHHUS CTPYKTYPUPOBAHHOM MOJCBETKH.

[1aTh1if M3BECTHBIM CHOCOO OMNpeaeseHUs JUHEHHBIX pa3MEpPOB TpeXMmep-
HBIX 00BEKTOB IO TPEM JIEKAPTOBBIM KOOPJMHATAM 3aKIHOYAETCS B TOM, YTO JUIS
KQKJI0M TOYKH M3MEPSIEMOro 0O0bEKTa OMPENESIOT 3aBUCUMOCTh MHTEHCUBHO-
CTH 3aperuCTPUPOBAHHOIO M3IyYEHHsS] OT HOMEpa M300paKE€HHUS, HCIOJIb3YIOT
MOJIyYeHHbIE KAIMOPOBKOM KaTMOPOBOYHOM MOBEPXHOCTH 3aBUCHUMOCTU MHTEH-
CUBHOCTH 3apEeTMCTPUPOBAHHOIO U3IYyUYEHUsS OT HOMEpPA M300paKEeHHs ISl TO-
YeK KaIMOpOBOYHON MOBEPXHOCTH MPH €€ PA3IMYHBIX PACCTOSAHUSIX J0 MOBEPX-
HOCTH, OINPEJEICHHON Kak 0a30Bas, U JJIs ONpPEAENICHUs] BBICOTHI penbeda Mo-
BEPXHOCTU H3MEPSIEMOro OOBEKTa OINPEAENSIIOT PaccTOsIHUE OT 0a30BOM IMO-
BEPXHOCTU JI0 TOYKH KaJUOPOBOYHOW MOBEPXHOCTH, B KOTOPOH 3aBUCUMOCTD
MHTEHCUBHOCTU OCBEILEHUS OT HOMEpPA M300paKeHHsI B HAaMOOJIbLIEH CTENEeHU
moJ00Ha 3aBUCUMOCTH B UCCIIETyeMOM TOUKe n3MepsieMoro oonekra [17].

Henocrarkom 3Toro crnoco0a sIBISETCA CIOXHOCTbh MPAKTUYECKOW peau-
3alMM MPOUEAYPhl KaTUOPOBKH CHUCTEMbl. TOUHOCTh U3MEPEHUS HANPAMYIO 3a-
BUCUT OT TOYHOCTH KaJIHMOPOBKH M3MEPUTENs, a JUIsl MPOBEACHUS KaTUOPOBKU
CUCTEMbI, paboTaroIIel U3BECTHBIM CITOCOOOM, HEOOXOIUMO 00ECTIEUUTh BBHICO-
KOTOYHBIA KOHTPOJIb NEPEMEMICHUIN TIOCKOW KaluOpPOBOYHOM MOBEPXHOCTH.
[TorpemHocTh U3MEpPEHUs JaHHBIM CIOCOOOM OyAET HanpsAMYIO 3aBUCETh OT I0-
IPELIHOCTH TEPEMEILECHHs] TUIOCKOW IMOBEPXHOCTH M OTKJIOHEHHUS TE€OMETPHUU
ATOM IUIOCKOW MOBEPXHOCTH OT MIEAJbHOM IUIOCKOCTH. [Ipu m3mMepeHnn stum
criocoOOM  KpyIHOTabapUTHBIX OOBEKTOB CEOECTOMMOCTh KaJIMOPOBOYHOM
IJIOCKOCTH M MHPPACTPYKTYPHI ISl €€ NepeMENIeHHs] OyIeT MPEBbIIIATh CTOU-
MOCTb BCEH OCTaJIbHON M3MEPUTENBHONU 0a3bl CUCTEMbI, PEAIU3YIOIIECH JaHHBIMI
cnoco0 u3MepeHus. MTor: ClI0KHOCTh MPaKTUYECKOM peanu3aluy W HU3Kasd
TOYHOCTb U3MEPEHHUSI.
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beckoHTaKTHBIN MeTO[ M3MepeHHs] Pa3HOBBICOTHOCTH HA OCHOBE BH-
JTUKOHA.

OKcrutyaTupyemasi TeJeBU3MOHHAsI CHCTeMa HAa BHJIMKOHE OOeCeurBaceT
cranaapt pasznoxenus uzoopaxenus no 'OCT 7845-92 (CCIR 625 crpok 50
I'm).

Pa3pemaromias crnocoOHOCTh CHCTEMBI MO TOPU3OHTAIM B LIEHTPE MPEBbI-
maeT 500 ten. nuHUN npu TemmnepaTrype okpy:xaroiei cpeanl (25+£10) °C. Ilpu
W3MEHEHUU TEMIIEPATYPBl OKPYKAIOUIEW CPEAbl OT HOPMAJIbHOU JO0 KpaHUX
3HAUEHHUE JlMara3oHa pabouell Temrmeparypbl pasperiaroniasi CocoOHOCTh CH-
CTEMBI 110 TOPU30HTAIN B LIeHTpe npesbimaet 400 Tell. TUHUM.

TeneBn3noHHas cucTemMa IMPENyCMAaTPUBAET MCIOJIB30BAHUE BCETO OJHOU
BUJIeoKaMephl. s GopMupoBaHus cTepeon3o0paxkeHusi B CUCTEME Mpeay-
CMOTPEHO IOCJIEI0BATEIBHOE PACIIOIOKEHNE BUACOKAMEPBI B KOHKPETHBIX TOY-
Kax mpoctpaHcTBa. M300pakeHus: oObeKTa ¢ BUAECOKAMEPHI B JIBYX COCEIHUX
MOJIOKEHUSX, MOJYUYEHHbBIE B pa3HOE BpeMsi, IPUHUMAIOTCA 3a cTepeomnapy. Ha
OCHOBAaHMH ATOU cTepeonapbl GOPMHUPYETCS MPOCTPAHCTBO OOBEKTOB JIJISl OIpe-
JIEJIEHUS UX Pa3sHOBBICOTHOCTH. Peanm3anusi 3Toro Meroja MpeanojaaraeT To4-
HYI0 YCTaHOBKY (Il€peMEelIeHUE BHJICOKAMEPHI) B 3aJaHHON TOYKE MPOCTpaH-
ctBa. OIHAKO Ha MPAKTUKE ATO MPAKTHYECKH HETOCTUKUMO.

[IpuMeHeHne BUIUKOHA B @TOMHOM 2HEPreTuke 00yCIOBIEHO CTOMKOCTHIO
€ro XapakTepUCTUK K paguanuu. B To ke Bpems Ha CeroAHSIIHUN JeHb co3/a-
HbI BUeokaMephl Ha [13C-Marpunax, yCTOMYMBBIX K pAIHALMOHHOMY M3JIyYe-
Huto. [Ipumenenue xe Buaeokamep Ha [13C-maTpunax He OIIEeHMBAJIOCh B OIU-
CaHHOM paHHee cucTteme. B To ke BpeMsi U3BECTHO, YTO MO3auyHas (AUCKpET-
Has) cTpykTypa [13C-maTpui obecnieurBaeT 60Jjiee TOYHOE U3MEPEHUE KOOPAU-
HaT OOBEKTOB.

Jlis ycTpaHeHus BbIIIEYKa3aHHBIX HEJAOCTAaTKOB BO3MOXHO PEILICHUE 3a]1a-
9 0€CKOHTAaKTHOrO ((poTorpamMMeTpruyecKoro) crnocoba omnpeaeneHust Koopau-
HAT TOYEK OOBEKTa M CHUKEHUS CTOMMOCTH BBINOJHEHHUs padoOT 3a CYET HC-
M0JIb30BaHUSI BUJEOKAMEp YIPOILIEHHONM KOHCTPYKIMH, HE MMEIOIIHUX KOOpIu-
HATHBIX METOK, M MCKJIIOYEHHUS paldoT MO UX 3aJaHMI0, a TaKKe 0OecredeHUs
BO3MOXKHOCTH MPOBEJACHUS U3MEPEHUMN, TOU3ZMEPEHUN WU TIepenu3MepeHuii 6e3
«MPUBSI3KI» K KAKOW-TMOO0 MIOCKOM CHCTEME KOOPJAUHAT U3MEPUTENBHOTO MPH-
0opa WM CHUMKA.

[locTaBneHHas 3agada peliaercs TEM, YTO MPEAJIaraeTcsl crnocod ompene-
JICHUS KOOPJAMHAT TOUYEK 00BhEKTa, KOTOPhIM BKIItOUaeT hoTorpadupoBanue 00b-
€KTa C HECKOJIbKHUX Pa3HbIX MO3UIUKA OJHOW BUJICOKAMEPOU, B TOM YHCIE U HE
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UMEIOIIEeH KOOPANHATHBIX METOK, OTIO3HABAHHME TOUEK M300pakeHus1 00beKTa Ha
CHUMKaX, M3MEpPEHHE PACCTOSHUN MEXIy OMO3HAHHBIMU TOYKAMU CHUMKOB H
BBIUKCJICHHE MTPOCTPAHCTBEHHBIX KOOPIUHAT ONPEEIISIEMBIX TOUEK 00BEKTA.

Uccnenyembiit 00bekT (oTorpadgupyroT omHoi Buaeokamepor Ha I13C-
MaTpulle, YCTOMYUBON K paaualiuy, U3 JABYX OIpPENeJICHHBIX TOYEK MPOCTpaH-
cTBa. Ha momy4eHHBIX CHUMKax OMO3HAIOT TOYKH M300paxeHus oObekrta. [la-
Jiee, UCIIOJb3Ysl JaHHbIE O pazMepax atToMHOro pexropa BBOP-1000 u napamer-
PBI BUIEOKaMEPBhI, BBIYUCIISIOT TPOCTPAHCTBEHHBIE KOOPAUHATH TOYEK 00BEKTa
B CHUCTEME KOOpJMHAT 00BEKTa M SJIEMEHTHI BHEIIHETO0 OPUECHTHPOBAHUS CHUM-
KoB. HeoOxoaumple aiisi pemeHus 3aaun npuOIKeHHbIE 3HAUCHUSI HEM3BECT-
HBIX ONPEIENAIOT 3apaHee, C MOMOIIbI0 M3BECTHBIX B (OTOrpaMMETpHUH Tpue-
MOB.

BriBOADBI

B pabGote paccMOTpeHbI CyIIECTBYIOIIUE METOABI ONPEIeICHIs] TEOMETPH-
YeCKUX MapaMeTpoB OOBEKTOB Ha OCHOBE PA3MMUYHBIX (PU3NYECKUX MPHUHIIUIIOB,
IpUBEICHBl WX MPEUMYIIECTBA U HEAOCTAaTKU. AHAIU3 METOJIOB MOKAa3all, YTo
HauOobIIeH 3(PPEeKTUBHOCTBIO 00y1aat0T O€CKOHTAKTHBIE METObl, OCHOBAH-
Hble Ha 00pabOTKe N300paKeHUI CIIEHbI, CPOPMUPOBAHHBIX BUICOKAMEPAMH Ha
OCHOBE MO3aN4YHbIX (HOTONPHUEMHHUKOB.
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Cekuust — IIpoMbIlJIeHHBI JU3AHH U AIAITUBHbIEC TEXHOJIOTHH

YAK 515.2+655.1
ActankoBa IOnus CepreeBHa, ['puBiioB Bnagumup BrnanucinaBosuu

I{I/BAFIH CBOPHHUKA CTUXOB B. MASKOBCKOI'O
«MAN3BPAHHAS JIUPUKA»

Hannas paboma noceswena pazpabomke ouzatina coopruka cmuxos B. Mas-
K06CK020 «M30pannasn nupuxay. Llenvro pabomul sensaemcs co30anue OpueUHal maxe-
mMa K3eMNAAPA KHUSU, UITIOCMPUPOBAHUE U 6ePCMKA KHUSU, (DOPMUPOBAHUE YETbHOO
8U3YAIbHO20 00nuKa. Bo 66edenuu packpuvleaemcs uoes kuueu. B ananumuueckom 00-
30pe NPOBOOUMCS. AHANU3 HEKOMOPLIX AHANO208 UJLIIOCMPUPOSAHHBIX U30AHUL NPOU3-
sedeHull, u30anHvlx 6 pazuoe sepems. C NOMOUBIO COBPEMEHHBIX MEXHOIOULL CO30AHbL
ULTIOCMPAYUU Ol PA3HBIX CMUX08 KHU2e, pa3padoOmaH ee OpUeUHAI-MaKen.

Huszatin  kHueu, wiirocmpuposanue, 00104CKA, Wpugm, MoOyIbHAS CemKa,
8epcmKa KHU2uU.

Yulia Sergeevna Astankova, Vladimir Vladislavovich Grivtsov

DESIGN OF A COLLECTION OF POEMS BY V. MAYAKOVSKY
"FAVORITE LYRICS"

This work is devoted to the development of the design of the collection of poems
by V. Mayakovsky "Favorite Lyrics." The purpose of the work is to create an original
layout of a copy of the book, illustration and layout of the book, formation of a solid
visual appearance. The introduction reveals the idea behind the book. The analytical
review analyzes some analogues of illustrated editions of works published at different
times. With the help of modern technologies, illustrations for different verses of the
book were created; its original layout was developed.

Book design, illustration, cover, font, modular grid, book layout.

BBenenue.

Kak u3BecTHO, nupuKa mepeaacT MepeKWBaHUs YEJIOBEKA, €r0 MBICIU U
YyBCTBA, BBI3BAHHBIC PA3IUYHBIMU SIBJICHUAMM Ku3HU. JIupuka MasikoBCKOro
— 9TO BHYTPEHHUN MUP MOA3TA, €r0 COOCTBEHHOE s, €ro nepexuBanus. Jlupuka
B TBOpYecTBE MasiKOBCKOI'0 BKJIIOUMJIA B ¢€0s JIF0OOBH M OJIMHOYECTBO, OYHT U
HEKHOCTb. MasikOBCKHI HE OOMTCS HOBOTO, MOATOMY IMOCTOSIHHO HILET KaKue-
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TO HEU3BECTHBIE NMOATUYECKUE PEUIEHUS, KOTOPbIE Obl COOTBETCTBOBAIIU €T0 CO-
CTOSIHUIO, M TIOKA3bIBAJIM IyX 3TIOXH BEJIUKUX IepeMeH [1].

[lenb paboThl — cO3AaHUE OPUTHHAIIBLHOTO o0Opa3za cOOpHHUKaA, pa3padoTka
JIA3aliHa U OPUTHHAIl MAKETa, CO3JJaHUE UJLTIOCTPALUN.

OOBeKT ucciaea0BaHus — WITIOCTPUPOBAHUE COOPHHUKA CTUXOB, KaK CIIOCO0
AMOIMOHANILHOM No1auu HHPOpMALIK 00 0COOEHHOCTSIX TBOPYECTBA MMOATA.

[Ipeamer wuccnenoBaHusT — WUIIOCTPUPOBAaHUE COOpPHHMKA CTHUXOB
B. MasikoBCKOTO Kak croco0 Mo3HaHMsI UJIEHHOTO CBOEOOpa3us JUTEPATYPHOTO
HacJeausl ModTa.

OcHoBHas YyacTh

OcHoBHas 3a/laya MPOEKTa — Peaju30BaTh JU3ANH-NPOEKTUPOBAHUE OPH-
ruHaji-MakeTa cOopHuka ctuxoB B. MasikoBckoro «30paHHas nupuka», co
CIEIYIOIMMHU 3TanaMyu padoThl: 0030p M aHaJU3 UCTOPUYECKU 3apEKOMEH]IO0-
BaBILIKX ce0s aHAJIOTrOB; BBIOOP popMaTa KHUIY; onpeieeHne 00beMa U3/1aHus;
pa3paboTKa aBTOPCKOTO WJUIIOCTPATUBHOIO MaTepuana; noadop mpudTos.
TBopueckuii MOMCK U MPAKTUYECKask peaau3alns TPoeKTa JOJKHbBI 0a3upoBaTh-
Csl Ha IIMPOKOM IPUMEHEHUU KOMITBIOTEPHBIX IpapUUeCcKUX TEXHOIOruH [2; 3].

Cpasnumenvuulii ananus.

Jlnst pa3pabOTKU CBOETO OPUTHMHAIBHOTO CTUJISA AW3aiiHa COOpPHHUKA CTUXOB
B. B. MasikoBckoro «1306panHas auprka», HEOOXOAMMO MPOBECTH CPABHUTEb-
HBIM aHaIu3 y>Ke CyIIECTBYIOIIMX aHAJIOTMYHbIX W3/1aHul. BBIIBUTH BCce JOCTO-
MHCTBA U HegocTaTku. [Ipoananu3upoBaB opopmieHue cOOPHUKOB CTUXOB APY-
I'MX JU3alHEPOB, BBISIBUB, BCE JOCTOMHCTBA U HEJIOCTATKHU, MPOBEJEH BHIOOP CO
CTWJIEBBIM HaIpaBJeHUEM COOpHHKA U €ro cojaepxkaHueM. KHura cTuXoB J0JIK-
Ha MPUBJIEKAaTh BHUMAHUE HE TOJIBKO MOJIOAEKH, HO U JIIOJIEH CTapIlIero Bo3pac-
Ta U OBITh UM UHTEPECHA.

[TockonbKYy OCHOBY KHUTHM COCTaBII€T I'paUUECKUi MaTepuasl, TO IMpHU
pa3pabOTKe MAaKETOB, B KAU€CTBE OCHOBHOT'O KPUTEPUS JJII CPABHEHUS CIIETYET
BBIICNIUTh XY/I0KECTBEHHOE O(POpPMIIEHHE, B IEPBYIO OYEPEAb, — MIUTFOCTPALIMU
[4].

HyxHOo nogoOpaTh KauecTBEHHbIE MaTepHalbl, YACIUTh OOJbIIOE BHUMA-
HUE WUIIOCTPATUBHOMY MaTepHally, COJAEPKAHUIO M HANOJHEHUIO M, KOHEYHO
e, BEPCTKE.

[Tepen pa3paboTkoit MakeTa cOOpHUKA OBLITN MPOaHATU3UPOBAHBI HECKOJIBKO
paHee M3JaHHBIX KHUT B CTHJIE KOHCTPYKTHBH3MA, IOCKOJBKY KOHCTPYKTHUBU3M
TECHO CBs3aH ¢ TBOpYecTBOM B. MasikoBckoro.
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Ha3Banue knuru: «ManeHbkuil npuHy (puc. 1), aBTOp Iu3ailH - Makera
Haranes ABnoceeBa, HanpaBieHue: KOHCTPYKTUBH3M. ['ox nzmanus: 2012.

Puc. 1. Obnooicka u pazeopom knueu « Manenvkuii npuny»

Knura BbIllOJTHEHAa B HANpaBICHUU KOHCTPYKTUBU3MA. 32 OCHOBY B3SITHI
npocteie (PopMBI KpyT, KBajpaT, mpsiMOYyroiibHUK. [[BeToBas ramma cOOTBET-
CTBYET CTUJII0. ABTOP MCIIOJIb3yEeT HEOOBIUHBIN (pOpMAT M BEpCTKY TeKcTa. BhI-
OpaHHas CTUITUCTUKA HE COBCEM COOTBETCTBYET COACPIKAHUIO MPOU3BEICHMUS.

HasBanue cOopnuka: «Jlms ronoca» (puc. 2), aBTop AU3aiiH - MakeTa: Db
Jlucuukuii, HarpaBieHUE: KOHCTPYKTUBU3M. ['o1 uznanus: 1923.

NPUHA3

=
=
0 2—%

-
N0 APHMHAM MEHYCCTB e
.

BAAANHKP
MARKOBCHIA

Puc. 2. Coopnux «/[ns conoca» B.B. Masxosckozo
OTO0 0/JHA M3 3HAMEHUTBHIX KHUT PYCCKOTO KOHCTPYKTHMBHM3MA U OJHA W3
CaMbIX TOMYJSPHBIX KHUT KJIACCMYECKOTO aBaHrapja. ITO OJHO3HAYHO pa-
0oTa OOJBIIOrO MacTepa: cpelcTBaMH Habopa MU BEPCTKH pEIIeHa HE TOJbKO

331



npakTUyeckas 3ajadya opOpMIICHUS JaHHOW KHUTH, HO U MPEACTAaBIECHbI HOBbIE
TUnorpaduyeckre BO3MOXHOCTH BIIMSHUS HA yUTaTENs. [S].

O0ocHOBaHMe XYy/10KeCTBEHHOI' 0 3AMbICJIA

OcHOBHOI KOHUENUUEW OQOpMIIEHHUS MPEIIOKEHHOTO COOpPHUKA CTHUXOB
ObLIO CO3JaHue MpeAMETa OTBEYAIOLIEr0 COBPEMEHHBIM TpeOOBaHUAM, KaK B
JM3aifHe, TaK U B WILTIOCTPUPOBAHUH, CO3/IaHUE HOBOT'O MPEACTABICHUS O KHU-
re CTUXOB B KJIACCUYECKOM, [IEYATHOM €€ MIPOSBICHHH.

s xauru ctuxoB B. MasikoBckoro «M30paHHas nupuka» ObLT BbIOpaH
TBepAbld meperieT. OH HCHOJIB3yeTCA U1l M3JAaHUM BBICOKOTO KadecTBa M
XYJI0)KECTBEHHOT'O YPOBHSI. DTOT BUJ MEPEIUIETa SIBISETCS OCHOBOM JOJTOBEY-
HOCTH KHUTH.

PabGora Hag oOnokkoW HauMHaNIach ¢ 3CKWU30B. bwutn paspaboTanbl pas-
JUYHbIE BapuaHThl 00yi0keK. MTOoroBelii BapuaHT mnpejacraBieH Ha puc. 3. Ha
00JI0’KKEe KHUTY pa3MellleHa yacth Gororpaduu B. MaskoBcKoro, 10nojJHeHHAs
BEeKTOpHOI rpadukoi. lpudroBoe HauepTaHUE SIBISETCS 3HAYUMOM YaCThIO
KOMITO3UIIMKM OOJIOKKH, KOTOpasi JOIMOJIHEHA JIMHUAMHM M TpeyrojibHukamu. B
00JIO’KKE HCIIOIb30BaHbl BCErO TPU 1IBETA, KOTOPHIE SABJISIOTCS JOMUHHUPYIOLIU-
MU B IBETOBOM pelIeHUH Bcero coopHuka. [Ipeanonaraercs, uro o0noxka Oy-
JIeT TBEPAOM MaTOBOM, a yacTh (hoTorpaduu U OJAMH U3 SJIEMEHTOB KOMIIO3U-
MU (CUHUI TPEYTrOJbHUK B IPABOM BEPXHEM YTy 00JI0KKHN) — MIISTHIEBBIMHU.

Puc. 3. Pazeépmra 0610%cku coopHuka cmuxog « I3opannas iupuxay

B rpaduueckux Bugax TBOpUECTBa KOHCTPYKTHBHM3M XapaKTEPHU30BAJICA
npUMeHEeHHeM (OTOMOHTaXKa, NpPENEIbHON TeoMeTpHu3alieil, MOAYNHEHUEM
KOMIIO3HUIINH MPSMOYTOJIBHBIM PUTMAaM.

beiio pemieHo coBmemarh B WUTIOCTpaIusax ¢oTtorpaduio M BEKTOPHYIO
rpaduxy. Hamu ObIIM HMCIIONIB30BAaHBI KaK CTApUHHBIC, TaK U COBpEMEHHBIE (o-
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torpaduu. @otorpadupoBanue, 00padOTKa MPOBOJIUINCH B TAKUX rpaduueckux
penaktopax, kak Adobe Photoshop, Corel Draw, Microsoft Office 2012.

WnnrocTpauvyi  BBIMOJHEHB B €JUHOM CTWJIE: OHM MPEJCTaBIEHBI B
TPEXUBETHOW raMM€E, OCHOBHBIE 1[BETa KOTOPOM — CUHUM, KPACHBIM U 3€JICHBIN.
Hamu akTUBHO HCIIOJIB30BAHBI M OTTEHKH JTaHHBIX I[BETOB.

B ocHOBe KOMIIO3ULIMM JICKUT MPAMOYTOJIbHAS AUHAMUKA. B 1IeHTpe KoM-
MO3UIIMU HAXOJUTCS PEeATUCTHYHBIA npenMer. [lamee oOpa3 mopabaThiBaeTcs
JUHHUSIMH, TIPSIMOYTOJIFHUKAMU U TPEYTOJIbHUKAMU. Bce CMOTPUTCS AMHAMUYHO.
OO6pa3 nonyyaercsi, Kak Obl 0)KMBAET HA HAIIMX TIjla3ax.

WNnnrocTpanuu cHavania co3gaBaiuch Ha Oymare. CHadana HaMH OCMBICITH-
BaJIOCh COJIEpKAHUE CTUXOTBOPEHHUS, a TOTOM (PUKCHpOBaIUCh 00pasbl. [anee
BCE MEPEHOCUIIOCHh B IIU(POBOM MUP - CKAHUPOBAJIOCH, JOMOJIHAIOCHh U TOPUCO-
BbIBajioch. Ha puc. 4 mpuBeaeHsl 3Tanbl MOArOTOBKH WJUTFOCTPAIIMM K CTHXO-
TBOpeHnto «lIpo3acemaBmmecs»: 3CKU3, MEPBBIA U OKOHYATEIIbHBIM BapUAHTHI
3aMbICIa.

Puc. 4. [loocomoska unntocmpayuu k cmuxomeopernuto «lIpozaceoasuiuecsy

JloneyaTHasi MOArOTOBKA OPUTHHAI-MAKETA KHUTH

[Ipu co3manuu BepCTKH COOpPHHMKA CTHXOB IMPOMJICHBI CIETYIONINE JTaIlbl
MOATOTOBKM MAaKeTa: MAaKeTUPOBAaHUE, MOArOTOBKA TEKCTA, MOJATOTOBKA WILIIO-
CTpanui, BbIOOp mpu(TOB, BEPCTKA, IEYaTh OPUTMHATI-MAKETa.

B cBoro ouepenp MakeTHpoBaHHE BKIIOUYAeT: BHIOOp dopMmara, Imosis, 3Jie-
MEHTBI AN3aliHa, MOAYJIbHYIO CETKY.

dopMaT KHUTH UMEET OOJIbIIIOEe 3HAYCHHE, OKA3bIBACT BIUSHUE HA €€ yJI0-
00YUTAEMOCTh, MIOPTATUBHOCTH M BOCTIPUATHE MTPOU3BEICHUS.
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boin BeIOpaH He CTaHAApPTHBIM 111 cCOOpHUKA CTUXOB pasmep — 190x277
MM. Takoil hopmaT moauepkuBaeT pazMax TBOpUECKOl auuHOocTH B. Maskos-
CKOI'0, €r0 YHUKaJbHOCTh KaK M03Ta U XyJokHUKA. Takoil ¢popmar Oyner cro-
co0CTBOBAaTh KOM(MOPTHOMY UTEHHUIO U JAETAIBHOMY PACCMOTPEHUIO WILTKOCTpa-
1007078

MonynbHas ceTka pa3padarbiBaiach AJid MIMyUTUTYJIA, BCTYIUTEIbHOM Ya-
CTHU CTaTbU, CAMOM CTaThU U JJIsI CTUXOTBOpeHUi (puc. 5.) [6; 7].

Puc. 5. Mooynvuas cemka 051 6cmynumenbHOU yacmu cmamvid U 015 PACHONOHCEHUS
CMUXOmeopeHutl U ux 0amul

JInsg KHMKHOTO OJI0Ka BBIOpaHa MenoBaHHas Oymara 120 r/m?. Odcer-
Has medarb. [Ipu MOAroTOBKE MAaKETHOTO K3EMIUIsIpa KHUTH BCe Tpaduyeckue
daiinel OpUTH TIEpeBeICHBI B IBETOBYIO Mojienb CM YK, koTopasi COOTBETCTBYET
TpeOOBaHUSIM O(CETHOM MeyaTH.

OO0beM MeyaTHOTrO TeKcTa OONBIION, WILTIOCTPAlMU pacrojaraioTcs Ha
paBoil MOJOBUHE pPa3BOpOTa CTpaHUlbl. MInTocTpanuu HanmpsiMyr CBSI3aHBI
C TEKCTOM CTHUXOTBOPEHHIA.

Tekct cOopHuka ObBUT OTpedakTHpoBaH B mporpamme Microsoft Word.

B nanpHelemM BepcTka OCyIIeCTBISIIACH MPU ToMoIIU rporpammbl Adobe
InDesign.

HlIpudgT 1 BepcTKa

Tekcr cTuXoTBOpEHUH pacrnojaraercs ¢ JIeBO CTOpoHbI cOopHuKa. OTcTyn
OT Kpasi cTpaHuIlbl cocTaisieT 34 mm. Ha3zBaHue CTMXOB K Kparo CTpaHHUIIbI pac-
MoJIOkKEeHO Oike U coctaBisger 17 mM. Tak ske pacmosiararorcs U AaTbl CTUXO-
TBOpeHui. OTOMBKA /10 Hayalla CTUXOTBOPEHUS OT Ha3BaHUS COCTABISIET &
MM. MHTepauHbsK Beelt ceTku — 17 niT. Pazmep mpudTa ocHOBHOTO OJl0Ka CET-
ku coctapiseT 14 nr. HazBanue ctuxorBopenuit 16 nr (puc. 6.) [8].
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Hywmepanus ctpanul] pacnosiaraercsi B BEpXHHUX yIlax 1noja oopes. /lanHoe
pElIeHHE BBI3BAHO JPrOHOMUYECKUMH COOOPaKEHHUSIMU: JIETKOCTBIO TOHMCKA
HY>KHOT'O CTUXOTBOPEHUS B COOPHHUKE.

XOPOLWEE OTHOWEHKE K ADUWAARM

Puc. 6. Pazeopom cmpanuybi ¢ unnocmpayuei Cmuxomeopenus.
«Xopowue omHowenus K 10Uaosam»

B odopmiieHnn KHUTH MCTIOIB3YyEeTCS TOJBKO ABa BUAa mwpudToB. [pudt
Palatino Linotype — 1151 opopmieHusi 0CHOBHOro TekctoBoro 6soka. Uni Sans
Heavy Caps — ucnonb3yercs A Ha3BaHMs 3arojOBKOB, HyMEpaluu CTpaHUII,
snurpada (puc. 7).

Palatino Linotype UNI SANS HEAVY CAPS
1234567890 1234567890
GESTVRAC N (1?)e/\».: ;"
Aa B6 B I't Aa Ee Ak 33 Mu Wit ABBrgEX3uUuu
Kk /Aa My Hu Oo It Pp Ce Tr Yy KJIMHONPCTY®

Dcp Xx Ly Ya M Ml b bl b 2 10 5 Xu¥yWwwbbib3H0SA
Puc. 7. llIpugpmosas capnumypa

[TonroroBka M BepcTKa TEKCTa OCYIICCTBISIIMCH B mporpamme Adobe
InDesign. Tam e ObUTA CO3/IaHbl TEKCTOBBIC CTUJIN JJIsI OCHOBHOT'O TEKCTa, 3a-
roJIOBKa, aBTOMaTUUECKON HyMepalluy CTpaHull, ObLia BbIjIeJIeHa OyKBHUIIA.

BbiBOADBI

B npuBenenHoi pabote ObUIM IPEACTaBICHBI ATAIbl pa3pabOTKU JAW3aiiHa
coopHuka ctuxoB B. MasikoBckoro «M30panHas qupukay, a Takxe ObUT CO3/1aH
OpUTHHAJ-MAKET 3K3EMIUISIpa KHUTH CBEPCTAHHBIM, MPOWILIIOCTPUPOBAHHBINA U
MOJTHOCTBIO TTOATOTOBJICHHBIN K TIedaTh. [TpoekT oTim4yaercs OpuruHagIbHOCTHIO

335



VCIIOJIHEHUS — KaK KOHLENTYaJIbHOI'0, TaK U XYyJO0KECTBEHHOI0. B pesynbrare
poJIeIaHHOM pabOoThl MOMYYMIACh JOCTATOYHO OPUIMHAJIbHAS KHUTA, KOTOpPAs
OTpa)kaeT IPUCYTCTBYIOIIUM B HEW XapaKTep U COAEPIKAHUE.
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YK 658.512.2
Kamamnnkosa Taresna ['puropseBna, OpexoB BsiuecnaB BanentunoBuy,
MenseneB Aprem BnanucinaBoud

PA3PABOTKA JJU3AHH-IIPOEKTA MOJYJBbHOTI'O O®UCA
JJIAA BAHKA

Lenv npoexma 3axnrouaemcs 8 co30anuu MooulIbHO20 oguca 05l OaHka 8
Gdopmame MOOYIbHBIX KOHCMPYKYULL OJisl MANbIX HAceNéHHblx nynkmos (MHII).
B 3adauu exooduna paspabomka apxumekmypHO-NIAHUPOBOUHO20 peuleHus,
cXembl OMONIEHUs, OCBeUeHUs, KOHOUYUOHUPOBAHUSL MOOYIell, a MaKice Co-
30anue 3D-modenu unmepvepa u sxcmepvepa oguca Ha 3 pabouux mecma. B
npoyecce pabomsi cO30aHA YHUBEPCAbHASL KOHYEeNnYUsi MooyJiell, Komopas no3-
8oJIem MPAHCNOPMUPOBAMb UX NO 00PO2AM 00Ule20 Noib308aHUs 6e3 cneyu-
anvHo2o paszpeutenus, npoekm coomeemcmeyem oeticmgytowum CHullam ons
oQucHbIX 30aHUll, UMeem KIUeHMOOPUESHMUPOBAHHBI OU3ALIH, YYUMblEaem Mda-
JIOMOOUTIbHBLE 2PYNNbL HACETIeHUSL.

IIpoexmuas OesmenbHOCMb, NPOMBIUAECHHBIU OU3AUH, MOOYIbHOE CHPOU-
MenbCmeo, KIUeHmoOpUeHmMupo8aHHOCMy, apXumeKmypHo-nIaHUPOBOYHOE pe-
wenue, 3D-mooenuposanue, penoepume.

Tatyana Kalashnikova, Vyacheslav Orehov, Artyom Medvedev
DESIGN OF A PORTABLE MODULAR BANK OFFICE

The goal of the project is to create a mobile office for the bank in the format of
modular structures for small settlements. The tasks included the development of an ar-
chitectural and planning solution, a scheme for heating, lighting, air conditioning
modules, as well as the creation of a 3D model of the interior and exterior of an office
for 3 workplaces. In the course of work, a universal architecture of modules was cre-
ated, which allows them to be transported on public roads without special permission,
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complies with the current SNiPs for office buildings, has a client-oriented design, and
takes into account people with limited mobility.

Project activities, industrial design, 3D modeling, modular construction, custom-
er orientation, architectural and planning solution, rendering.

BBenenue

Bo MHorux manbix Hacen€HHbIX NyHkTax (maiee — MHII) cymecTByet
npo0siemMa ¢ HaJu4MeM 3[aHUM, MPUTOJHBIX IS pa3MeleHus: o(hpUCcoB pa3iiny-
HBIX COLMAJIbHO OPUEHTUPOBAHHBIX CIYKO M YUPEKICHUI B TOM YUCie OAHKOB,
MO3TOMY KOMITAHHUSIM IPUXOAUTCS OTKPBIBATh OPUCHI B YACTHBIX KUJIBIX JOMAX,
r7ie He0OXOMMO MPOU3BOAUTH KAalUTAJIbHBII PEMOHT M MEPEIUIAaHUPOBKY, WM
CTPOUTH CBOM 3AaHUs. PUCKM 3aKpBITHS B CBSI3M C MaJbIM IIOTOKOM KJIMEHTOB U
COIYTCTBYIOLLIME UM YOBITKH €mI€ OOJbIIe OTTAIKMBAIOT KOMIIAHUU Pa3BUBAThH
CBOI0 MH(PACTPYKTypy 3a MpeaesiaMd TOpPOJIOB WJIM KPYIHBIX PallieHTPOB.
Konuenuust MoOUIbHOTO 0(hrica CyIIECTBEHHO CHUXKAET YOBITKH IIPH 3aKPHITUH,
YTO B COBOKYIIHOCTH C ONIEPATUBHBIM Pa3BEPTHIBAHUEM, MOHTAXKOM U TPAHCIIOP-
TUPOBKOHM MO AOpOoraM OOUIEro Mojib30BaHUA 0€3 CIEUUaJIbHOTO pa3penieHus
CYILIECTBEHHO YBEJIMYMBAET MpUBJIEKATeNbHOCTh padoTsl B MHII mis paznuu-
HbIX KomnaHui. IlosBieHne OaHKOB B MaJlbIX HACENIEHHBIX IyHKTaX OyJeT
O3HA4aTh yBEJIMYECHHE TOBAPOOOOpOTa Osiaroiapsi yCTaHOBKE TEPMUHAJIOB U HC-
MIOJIb30BAHUIO KPEAUTHBIX KAPT, YTO JACT UMITYJIbC K PAa3BUTUIO NPEANPUHUMA-
TEJIbCTBA, TAKXKE JJISI HACENIEHUS CTaHyT OoJsiee TOCTYIHBIMU BKJIAIbl M KPEAUTHI,
a B TIOCEJIEHUU HAYHET pa3BUBATHCS HHPPACTPYKTYPA.

OcHOBHasA YacTh

IHouck ananoros. Ha nepBoM 3Tane npoeKkTHOUN AEATEIBHOCTH OCYILECTB-
JSUTUCH MOMCK, CUCTEMATU3ALMS U aHAJIM3 CYLIECTBYIOLIMX PEIICHU B 00JacTH
MOYJIbHOTO cTpouTenabcTBa [1]. st yaoOcTBa opraHu3aiuu KOMaHIHON pado-
Thl B OHJIaliH-(hOpMaTe paccMaTpUBAaEeMble aHAJIOTM M MX ONMCAaHUE pa3Mella-
JUCh Ha 1ocke «Miroy.

BonapmMHCTBO M3 HUX 0a3upoBaIUCh HA 0a3e MOPCKUX KOHTEWHEPOB U HE
MMENIA JOJDKHOW TEIUVIOM3OJISIUNA, YTO SIBIBUIOCH CEPBE3HBIM HENOCTATKOM.
HemnocpencTBeHHbIe MPUMEPHI aHAJIOTOB MOJYJIBHBIX OPUCOB OAHKOB HE ObLIH
HaWJICHbl B CETU MHTEPHET, HO B PACCMOTPEHHBIE BAPUAHTHI 1AM UHTEPECHBIE
JU3ailHepCKUe HJIeU, pePepeHchl, a TAKKE MO3BOJWIM ONPENEIUTh KIIOUYEBbIE
HEJIOCTATKU U YCTPaHUTh UX B MpoIlecce pa3pabOTKu mpoekTa [2—4].

HUccnenoBanue, runore3bl U gopmupoBanre KoHuenuuu. Crenyronmm
ATaroM CTajl0 M3yYEHHE HOPMATHBHO-IIPABOBOM AOKyMEHTauuu [5, 6], coBpe-
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MEHHBIX TEXHOJIOTMI M MaTepuasoB MOAYJIbHBIX 3IaHHI, a TAKKE OLEHKa BO3-
MOYKHOCTEHN peanu3auuu npoexkra B Poccun myTéM aHanmmsa OpeijioKEHUW Ha
peiHKe. B cooTBeTcTBHE ¢ moiydeHHON uHMOpManueil Obliu chHopMyIupoBaH
psa runote3 U nposepensl no anroputmy HADI-uukioB. Takum 006pa3om, BbI-
SCHWUJIM, YTO MPHU ONpeneNEéHHON (PYHKIIMOHATBHOMN IJIAHUPOBKE MOYJIb MOXKET
UMETh IUPUHY 2.43 M, KOTOpas SBISAETCS CTAaHAAPTHOM ISl MOPCKHX KOHTEH-
HEPOB, HO MPHU 3TOM CTEHbI OyIyT BKiIto4arh cioi 100 mm yremnurens. B kaue-
CTBE IOCJIEIHETO ObLI MPEAI0KEH MEHOMOINYPETaH, HO B X0/1€ MPOBEPKU TUIIO-
Te3bl OCTAHOBUJIMCh HA KaMeHHOW BaTe (pupmbl «Rockwool», momumMo 3toro
IIPOBEpKa MOKa3aia BbICOKYIO 3(PPEKTUBHOCTh MPUMEHEHUSI ChbEMHBIX METaJIO-
KacceT sl ¢dacajia BMECTO CTaHJIAPTHOM TSXKEIOM M JOBOJIBHO XPYNKOMW TLIUT-
KH.

Crnenyromum 3tanoMm Obuto (popMHupoBaHUe COOCTBEHHOM KOHIenIuu. 13-
HaYyaJIbHO pacCMaTpUBAJIUCh 3 BapuaHTa: 6-METPOBBIE CTAI[MOHAPHBIE MOAYJIH,
12-mMeTpoBBIE CTAIMOHAPHBIE MOAYJIM U 6-METPOBBIC PACIIUPSAIOIIUECST MOIYJIH.
B utore ot nocnenHux ABYX HNPUIIOCH OTKa3aThCs, 12-MeTpoBble ObUIM OYEHb
IPOMO3/IKHE, Macca COAEPKUMOI0 B HUX paclpeAeisiiach C CyIIeCTBEHHBIM I1e-
PEKOCOM, YTO BBI3BIBAJIO MPOOJIEMBI C YCTAaHOBKOW. Pacmmpstomasics Bepcus
nojiyyajgach JMOO JOBOJIBHO XPYIKOHM, Tu0OO0 TpeboBaja MOCTOSHHOTO TEX00-
CILy’KUBaHUs, JTUOO TPAHCIOPTUPOBANIACH O€3 COIEPKMMOr0 BHYTPH, YTO BbI3bI-
BaJIO TPOOJIEMBI C TAKUM 000pYy0BaHUEM, KaK MOCTOMAT U KOHAUITMOHED.

«Kpacora B mpocToTe» — TAKMMH CIIOBAMH MOXHO OIUCATh €IUHCTBEHHbBIN
OCTaBILIMICS BapUaHT, IJIAHUPOBKA KOTOPOTO MpeacTaBieHa Hike (puc.l) (mo
cooOpaxkeHUsIM 0€30MaCHOCTHU MJIAHUPOBKA CITY>KEOHOT'O0 MOJTYJISl CKPBITA).
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Puc. 1. ApxumexmypHo-nianuposouroe pewierue 011 oghuca Ha 3 pabouux mecma

ApXUTEKTypa MOJYyJEN UICHTUYHA U BBINOJHEHA MO KAPKACHOM TEXHOJIO-
ruu. [IpenBaputenbHO MOArOTOBICHHAS IUIOMIAJKA, Pa3MEIICHHAs B OKHMBJICH-
HOM pailOHEe HACEJICHHOIO MyHKTa, 3apaHee 00ecreuynBaeTcs BCEMU HE00X0u-
MBIMHA KOMMYHUKATUBHBIMH apTEPUSAMU. Y CTAaHOBKA MPEIIONATraeT Pa3MEILCHHAE
CIIyK€OHOT0 MOJyJI B KOHIIE TUIOLIAJKH, IEPE] HUM YCTaHABIMBAETCS JINLIEBOU
— KJueHTCKui. s 1o0aBneHus: MpOMEKYTOUHBIX MOJYyJIe HEOOXOAUMO Iie-
PEMEILEHNE JIMIEBOIO MOAYJIS BIIEPEN ¢ MOMOIIBIO KpaHa, Jajee yCTaHOBKA J10-
MOJIHUTEJILHOTO OOBEKTa U COEMHEHHE MX B OJIHY AJIEKTpoceTh. PazpaboTaHsbl
cXeMa KOMMYHHUKalM{, CX€Ma 3BaKyallud, pa3pe3bl M Y3Jbl OCHOBHBIX KOH-
CTPYKUMUA MOJyJsl U uxX onucaHus (puc. 2, 3). Bce uepTexu BHIOTHSIUCH B
yueOHo# Bepcuu nporpamMmmbsl AutoCAD.
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a) | — mammna noronoynasg 40x40 cM, 2 — KOHAUTHOHED
(BHYTpeHHHI1 O10K), 3 — KOHIUITHOHEP (HApY XHEI OJI0K),
4 — ua(ppakpacHsI 06oTpeBaTeTh TOTOIOYHEIT

©) cxema 3BaKyarun

Puc. 2. Cxema OMOnNnJjlIeHUs, oceeueHusd u KOHOML;MOHL[pO@LZHuﬂ u cxema seaxkyayuu

I—yzenl,2—y3en2, 3 —y3enl V3en 1: 1 — npytaep NelO, 2 - meemnep NelO, 3 —
BeHT. dacan, 4 — YTeIIITeNs I3 KaMeHHOII BaThl
100 MM, 5 — ormmrukoBaHHENI micT 0,5 MM, 6 —OKHO,
7 — 2 cnos THIICOKapTOHA

~]
3
2
1
5
.
V3en 2: 1 — BeHT. pacan, 2 — YTEIINTENTh 13 KAMEHHOI Vzen 3: 1 — npytaBp Nel0, 2 — meennep Ne 10,
Batel 100 MM, 3 — onmHKoBaHHE et 0.5 MM, 3 — BeHT. daca, 4 — yTEIUIITeNb 13 KAMEHHOI
4 — MOOOKOHHIIK, 5 — OKHO, 7 — 2 cII0s THIICOKAPTOHA. BAaTHI, 5 — OIIHKOBAaHHENI acT 0.5 MM,

6 — marka 40x40 cMm, 7 — BHHTOBEIE CBAIl.

Puc. 3. V3nv1 ocnosnvix koncmpykyuii mooyns
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brnarogapst ABoMHOMY CJ010 yTEeIIuTeNs U 2 UHppaKpacHbIM 00oTpeBaTe-
JSM B KaXJOM MOAyJe, JaHHBIA O(UC MOXKET 3KCIUTyaTUPOBATHCSA KPYIJIOrO-
JUYHO TPU 3UMHHUX TeMIleparypax 1o -25 rpaaycoB llenbcus, a kapkacHas
CTPYKTypa JaET BO3MOKHOCTh YJIyUIIEHHUS MapaMeTpoB O€30MaCHOCTH U TEIIO-
cOepexxeHusl.

[Tocne pa3paboTku Bcex HEOOXOIUMBIX YEPTEXKEN CTYEHThI MPUCTYIHIN K
cozmanuto 3D-Mogzeneit skcteprepa U uHTEphepa [7/—10] ¢ mcnosb3oBaHMEM
nporpamm Rhino 7, Twinmotion u Blender (puc 4).

OkcTepeep. baEkoMaT Sncfepﬁep. ITaproBka .

Puc. 4. 3D-mo0enu sxkcmepvepa u unmepwvepa
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B kauectBe pedepeHCcOB HSKCTEpbepa PpacCMATPUBAIUCH YIJIEPOAHO-
HEUTpaJIbHbIE 3[JaHUS C )KMBOW paCTUTEIBHOCTBIO, a TaKKe OAHKOBCKUE O(UCHI
pasznuuHoro (opmarta. [lmaHupoBaHue UHTEpbepa MaKCUMAIIBHO JI€TaIU3UpPOBa-
JOCh € Y4E€TOM TeX OOBEKTOB NPOQPECCHOHATBLHOU JEATEIBHOCTH, KOTOPHIE
JIOJDKHBI pacronaratbess B 0aHKOBCKOM oduce. L[BeToBbie (akTypHbIE U TEK-
CTYpHBbIE pelIeHHs] ObUIH ONpeETeHbl 3aKa3YMKOM, TaKXKE CTOsIa 3ajJa4da ajar-
Tauuu TpeOOoBaHM OpeH/a MojJ KOHKPETHbIE rabapuThl U T€OMETPUIO TOMEILE-
HUM pa3pabaThIBAEMOro MOJYJiA. PerieHus no skcTepbepy UMENIu CBOM OTpaHU-
YEeHUs!, TPOJUKTOBAHHBIE HEOOXOAMMOCTbIO TPAHCIIOPTUPOBKH, MOHTaXa U Oy-
Oylied SKCIUTyaTallid OOBbEKTa B YCIOBHSX CEIbCKOW MECTHOCTH. BHenrHui
BUJI, KAK OCHOBHOI 3JIEMEHT, MPUBJIECKAIONIMI BHUMAHUE MOCETUTENEH TaKxke,
BO MHOTOM MOJUYUHsIETCS TpeOoBaHusIM OpeHna. Kpome Toro, 1nipeToBoe perie-
Hue (acajga 3/aHUSA JOJDKHO COOTBETCTBOBATH TEMATHKE OYIYyIIETO YUpex.e-
HUSL.

BobiBoabI

B npouecce paboTel Haa nmpoekToM Oblla pazpaboTaHa OoNTUMaibHas KOH-
HEeNIus MOOUIBHOTO MOJYJIBHOTO Ooduca OaHka, OTBEYarolas BCEM COBPEMEH-
HBbIM TpeOOBaHUSAM U HOPMaM U UMEIOIIAs BO3MOKHOCTh TPAHCIIOPTUPOBKHU 1O
Joporam 0e3 crenuanbHOro pa3pelieHusi, KIMeHTOOPUEHTUPOBAHHBIN qU3aiiH 1
BO3MOYHOCTbh MOJIM(DHKALIMU TTOJI KOHKPETHBIE YCIIOBUS SKCILTyaTally.
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Kynaruna Kcennst AnekcanapoBna, OpexoB BsiuecnaB Banentunosuy,
Ab66acoB UdTuxap banakummesuy

I'PAOUYECKOE COITPOBOKAEHUE MEJAUIIUHCKOI'O
KOMIIVIEKCA «<BUOKOP-TPEHEP»

Hannas paboma noceésawena paspabomre epaghuuecko2o CONPOBONCOECHU MeOU-
YUHCKO20 npubopa 011 husuonrocuuecko2o mperuneda. B pabome npogooumcs ananus
CYWecmsyroumux anauloe08, NpeoCmasienbl OCHOBHbIE SMAansl pa3padomKu ¢ noopoo-
HbIM onucanuem. B pamkax npoexma Ovln paspabomar hupmennwvlli 3HaK 0Jis1 npubo-
pa, e2o pasmewjeHue Ha Kopnyce ycmpoucmed, epaguueckue oopasvl 0 npogedeHus
MPEHUH2O08.

Meouyunckue npubopsi, obpamuas 6uorocuveckas cesa3v, epaguieckoe conpo-
80JICOeHUe, 1020MUN, PUPMEHHBLU 3HAK, epaduiecKkue oopasvl.

Kulagina Ksenia, Orekhov Vyacheslav V., Abbasov Iftikhar B.

GRAPHIC SUPPORT OF THE MEDICAL COMPLEX
"BIOKOR TRAINER"

This work is devoted to the development of graphic support for a medical device
for physiological training. The paper analyzes existing analogues, presents the main
stages of development with a detailed description. As part of the project, a brand name
for the device was developed, its placement on the device case, graphic images for
training.

Medical devices, biofeedback, graphic support, logo, trademark, graphic images.

BBenenue

OpnHoM u3 oTpaciell MEIUIMHBL, PE3YyJIbTAT KOTOPOW HANPSIMYIO 3aBUCHUT OT
MIPEICTaBIICHUS MaTepuana, sIBJIsSeTCs MCUxoJiorus. B3pocible, B cuily CBOEro
YKU3HEHHOI'0 OIbITa, MOTYT, TaK WM MHA4e, PEIIMTh MHOTME MpoOJeMbl BOC-
npusTus uHpopmanuu. Ho ectb KaTeropusi mojb3oBareyed, KOTOPbIM OYEHb
BA)KHO, KaK BHU3YyaJbHO MPEACTABICHO TO WJIA HMHOE UX JeHCTBUE. DTO, Oe€3-
YCIIOBHO, JETH: KaK OOBSICHUTh MaJ€HbKOMY MAIMEHTy, YTO MMEHHO XOYeT
CTporui Bpau?

CeronHsi akTUBHO Pa3BUBAETCS TAKOE HAMpPAaBIEHHE COBPEMEHHOM Meu-
LMHBbI, KaK TPEHHHTU C MCIOJb30BaHUEM OHOJIOTMYECKOW OOpaTHOW CBS3H
(BOC). BOC-TpeHHUHT 3aKiI04YaeTcsi B HEMPEPHIBHOM MOHUTOPUHIE B PEKUME
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peaNbHOr0 BPEMEHU OMNPEEICHHBIX (PU3MOIOTMYECKUX IOKa3aTelei, co3Ha-
TEJIbHOM YTNPABIECHUU UMM C MIOMOUIBI0 MYJIbTUMEIUNHBIX, UTPOBBIX U JIPYTUX
npuemoB. Jpyrumu cinoBamu, BOC-untepdeiic npencrapiser s 4ellOBeKa
CBOET0 pojia «(PU3MOIOTMUECKOE 3€PKAI0», B KOTOPOM OTPaKArOTCS €ro BHYT-
pEeHHUE TIpoueccsl [1].

B nacrosimee Bpemsa B Poccun pacmmpsercs cdhepa npUMEHEHHs] METoa
Ouosioruyeckoi oOpaTHOM CBA3UM. MeTos BHEIPEH BO MHOTHUE KIMHUKU, U HC-
MOJIb3YETCsl B paMKaxX peaOdMJIMTallMOHHOTO KOMIUIEKCA, YCIEIHO MPUMEHSETCS
JUISL KOPPEKLMU CUHApPOMA JAepUIUTa BHUMAHUS, a TaKKe ISl Pa3BUTHS POU3-
BOJIBHOCTH BBICIIMX MCUXUYECKHX (PYHKIUU. [IpoMcXOauT mocTeneHHoe BHE-
peHue MeTo/1a B 00pa3oBaTeIbHyI0 cucTeMy. 3 Bcero BbIIIECKa3aHHOTO MOKHO
ceNlaTh BBIBOJ, UYTO TeMa rpaduyeckoi noaaepkku aetckux bOC-TpeHuHroB
OYEHb aKTyajbHA HA CerogHAIIHEeM dTane pa3Butus bOC-tepanun [2].

Lens nanHOW pabOTHI SABISETCS CO3JaHUE HOBOTO, COBPEMEHHOI'O, WHTE-
PECHOr0 M 3allOMHMHAIOIIETOCsl KOMIUIEKca rpaduueckoil MOIIEP>KKH AETCKUX
BOC-tpennnros. HoBu3Ha naHHON pa3pabOTKU 3aKII0YaeTcs HE TOJNBKO B HUC-
M0JIb30BAaHUU COBPEMEHHBIX MHCTPYMEHTOB JAM3aliHA, HO U B CO3/IaHUU UHTYH-
TUBHO MOHSATHBIX 00pa30B Jisl MAJIEHbKUX MOJIb30BATENEH, a TAKXKE B UCIOJIb30-
BaHUM €TUHOTO CTHJISI 11l BCEX MYJIbTUMEIUUHBIX COCTABIISAIOIINX.

AHaJIU3 CylIeCTBYIOLEr0 BU3YaJIbHOI0 psja.

B nHacTosiiee Bpems CyIIeCTBYET JOBOJIBHO MHOTO MPOU3BOAMTENECH J1aH-
HOro BujAa nponaykuuu. Iloaromy mepex HayanoM pa3pabOTKH COOCTBEHHOTO
3HaKa i mpubopa, ¢ MOMOIIBI0 KOTOporo ocymectrisiercs bOC-TpeHuHr,
HEOOXOAMMO MPOAHAIU3UPOBATH YK€ HMMEIOIIHMECS 3HAKM KOHKYPEHTOB. IJTO
HE0OXOAMMO JIJIsl TOrO, YTOOBI pa3padOTaHHbBIN 3HAK BBIAEISJICS U 3aIIOMUHAICS
Ha (pOHE aHaJOroB. BOJBIIMHCTBO aHAJIOrOB OJAHOTHUIIHBIE, COCTOSIT TOJIBKO W3
TEKCTOBOM 4acTH, HO JIJIsl aHaJin3a ObLIM BHIOpaHbl HAaN0OJIee UHTEPECHBIE.

3anomuHaronuiicsa 3Hak y komnanuu SCHUHFRIED (ABctpust). 9to rap-
MOHUYHOE COYETAaHUE JBYX MPOTUBOIOJIOKHBIX BUI0B IMIPU(TOB U CTUIM30OBAH-
HOU OyKkBBI I, KOTOpas Tak ke Urpaer pojp rpaduueckoro sneMenta. OauH U3
HIPU(TOB BHINOJHEH B BHUJE POCIHUCH, YTO MOXKET CIYKUTh CBOErO pojia MOJ-
TBEPKJICHHEM KauecTBa U TapaHTUH poayKTa (puc.l, ciesa).

3nak komnanuu Helipocodt (Poccus, r. iBaHOB) 01Ha M3 HEMHOTUX MPE/I-
CTaBUTEJEH POCCUICKUX KOMIAHUM, 3aHUMAIOIIUXCS MPOU3BOJICTBOM AaHHOTO
BHJIa IPOJIYKTA. 3HAK MPEJCTaBISIET cOO00M coueTanue mpudra u rpaguyeckoro
AJIeMEHTa. 3HaK CMOTPUTCSI HEMHOTO MEPErpy>KeHHbIM U3-3a O0IBIIOr0 KOJIUYe-
cTBa neranei (puc.l, B ieHTpe).
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3nak, ucnosb3yemblii komnanueir HEIDELBERG ENGINEERING (I'ep-
MaHus) 711 0003HAUYE€HUsI CBOEH MPOJIYKLUU, COCTOUT U3 JIBYX 4acTeil, KOTOpbIe
TECHO B3aMMOJICUCTBYIOT JIPYr C APYroM. 3HAK HauMHAETCS rpaduyecKum dJe-
MEHTOM, KOTOPbIN MpeACTaBIsIeT COOOM KpaCHBIN KBaJapaT, U 3aKaHYMBAETCS UM
#e. JIoBOJIbHO HEOOBIYHBIN MPUEM MPU CO3[IaHUHU JIOTOTUIIA KOMITAHUH, KOTOpast
CBSI3aHA ¢ MEIUIIMHOM (puc.1, cripaBa).

o/
SCHUHFRIED 'LQ'HEIIFIIEUIIJT EHEIDELBEIG
i P ENGINEENNGE

Puc.1. I'pagpuueckue 3naxu komnanuii: SCHUHFRIED, Hetipocogpm, HEIDELBERG
ENGINEERING

[Toutn Bce pacCMOTpPEHHBIE 3HAKU-AHAJIOTH UMEIOT PsiJl CBOMCTB, KOTOPHIE
IIOBTOPSIIOTCS, LIBETOBOE PELICHUE 3HAKOB B OCHOBHOM KpacCHO-CHHEE, CEpo-
cuHee, yepHo-cuHee. Ho ecTb M npyrue pelieHusi, MOXKHO 3aMETUTh, YTO B
OOJIBIIMHCTBE CIIy4aeB MPUCYTCTBYET CHHUU WM rofyooi mset. Mcnoas3oBa-
HUE IPpaPUUECKOro AIEMEHTa YCHIMBAET 3alIOMUHAEMOCTh M HAIJISIIHOCThH 3Ha-
Ka. XOpOIIMM PEIICHHEM MOET OBITh TAK K€ yJauyHasl CTUIM3alus OJHOM U3
OyKB B Ha3BaHUM KOMIIAHUHU.

Bce BbISIBICHHBIE JOCTOMHCTBA M HEIOCTAaTKU 3HAKOB-aHAJOrOB OYIyT
YUTEHbl IIPU pa3pabOTKe COOCTBEHHOI'O PEIIEHMS, YTO IMO3BOJUT CHENATh €ro
0oJee NOAXOAAIUM I JTaHHOM 00JacTH MPOU3BOJICTBA.

Pa3paborka rpaduyeckoro 3Haka.

[Ipexxne ueM mpucTynaTh K pa3paboTKe 3HaKa Juisl mprubopa, HEOOXOIUMO
OMpeNeNUThCs ¢ ero HazBanueM. CoBMeCTHO ¢ (hUPMOM, JjIsi KOTOpOoMl pa3pada-
THIBAETCS TpauuecKoe COMpPOBOXKIEHNE TPpHOOpa, OBLJIO PEIIEHO UCIOJIb30BATh
Ha3zBaHue «bMMOKOP-tpenep». Jlanee Obuin cocTaBieHbl TpeOOBaHUS, KOTOPHIM
JIOJKEH COOTBETCTBOBATH 3HAK: JIOTOTHI JOJIKEH COJAEp)KaTh B ceOe Ha3BaHME
npubopa; rpapuyeckas 4acTb JOJDKHA OTPaXkaTh JEATEIbHOCTH (PUPMBI; OHA
JIOJKHA OBITh MPOCTOM U JIETKO 3allOMHHAIOLICICS 3pUTENIO; JIOTOTUIl HE A0J-
E€H OBIThb NEPEerpykeH rpauyecku M JOJDKEH HECTU CMBICIOBYIO Harpysky;
HEOOXOJMMO YYHUTBIBATH BO3MOXXHOCTH I€YaTH; MPEANOYTUTEIbHBIE IBETA —
KpacHbIN, CHHU, roy0oH, Oenbli [3].

[Touck HY>XHOTO JOrOTHINA, KOTOPBIMA OBl OTBEYAJ BCEM MOCTABJICHHBIM 3a-
nadyaMm, Obpul ponruM. llepBoHauanbHBIM penieHWEM ObUIO HMCHOJb30BaHHUE
nprudTa Kak riIaBHOTO JIEMEHTa B 3HAKE, Jajiee pa3padaThiBaJICS BapUAHT 3HAKa
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C HCMOJIb30BAaHUEM 3JIEKTpodHIePantorpadhuuecKux CUTHAJIOB M JPYTUX Xapak-
TEPHBIX JIEMEHTOB /IS IAHHOTO BUJa mpuOopa. Cleayomum 3TanoM ObUT To-
MCK a0CTPaKTHBIX TpapUUeCcKUX 3JIEMEHTOB JIJIsi UCIIOJIL30BaHUS B 3HAKE, B UTO-
re OBLJIO PEIICHO HCMOJb30BaTh B rpadruecKoi 4acTH 3HAKa CTHJIM30BAaHHBIN

<@

BOCunexTp BOCmexTp BOCnexrp

MO3T 4esoBeka (puc.2).

_ i O
Cm €
BOCmexTp BOCmexTp
2): Te &R 5OC S
PEH) -y BUOKOP

Puc. 2. Ilouck obpasza ons epagpuueckoeo 3naka

[Tocne nonroro moucka Juisl CTHIIM3AaLMU MO3ra ObLI MCIOJB30BaH 00pa3
I'PELKOro opexa, KOTOPbIi ynpoluancs Bce 6oblie 1 0oJbIlle oKa He CTall yJ10-
BJIETBOPSTH MPEABSBISIEMBIM TPEOOBAHMSIM, B UTOTE pa3paOOTaHHBIA 3HAK BbI-

MOKOP

TPEHEP
Puc. 3. Ymeeporcoennwiii sapuanm 3naxa

IJISIAUT KaK Ha puc. 3.

Pa3paboTka rpaduueckux o0pa3oB JAJs TPEHUHIOB.

Kak Obu10 BBISICHEHO B aHAJIMTHUYECKOW 4YacTH, COBpeMEHHas rpaduueckas
noajepkka BOC-TpeHUHTOB 711 I€TeH JOIIKOIBHOTO Bo3pacTa (5-7 jeT) mpe-
CTaBJIsIeT cOOOM JBa OOJBIIMX pasjeia: MyJIbTUMEIUMHBIE 00pa3bl U UTPO-
Bble mpwiokenus. [loaTroMy B mporiecce paboThl OyAeT pa3padoTaHbI IBa UTPO-
BBIX 00pasa u JiBa MyJIbTUMEIUNHBIX [4].

PazpaboTtka nepBoro urpoBoro odpasa Hauyajaach C Movcka KOHIEeNnuu. Pe-
OcHKY OyJeT MpeayioKEHO HAYYHUThCsSl ObITh BHUMATEIBHBIM, YIPaBIIss KaKUM-
au00 JeTaTelbHbIM O00BEKTOM. JleTsM HHTEpecHO BCE HEOOBIYHOE, MOATOMY
MOAXOIUT 00pa3 KOCMUYECKOH JieTaroliei Tapenku. [1maneTsr OyayT BHICTPOCHBI
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B TOM MOPSAKE, KAK OHHM PACIOJIOKEHbI ¢ Hamel COJTHEYHON CHCTEME, YTO MO3-
BOJIUT peOCHKY BBIYUUTh WX Ha3BAHMSI M PACITOJIOKEHUE.

[Tonp3oBaTent0 HEOOXOAUMO YCUIUAMH JOOUTHCS, YTOOBI JieTaromias Ta-
pelika mpoJieTeNa yepe3 BCI0 Hallly TaJakTUKy. UeM BhIIIe JETUT MEPCOHAXK, TEM
ObICTpee ero CKOpocTh. Pa3paboTaHHble 00pa3bl MIAHET MPEACTABICHBI C aTpU-
OyTaMu JIpeBHErPEUECKHX OOTOB, YTO MPHUAACT MPOIECCY TPEHWHTA JIOIOJTHH-
TeJbHYI0 o0y4Jarolyo QyHkuuio (puc.4).

Puc.4. Pazpabomxka epaguueckux oopazos

Tak xe 1aHHBIA UTPOBOM 00pa3 CONEPKUT JONOJHUTEIBHBIE SJIEMEHThI —
METEOPHUTHI, KOTOphIE OyAyT MemaTh peOCHKY MPOXOJUTh TPEHUHT, COCPEIOTO-
YeHHbIE BHU3Y dKpaHa. B mporiecce TpeHUHTa MoJib30BaTebh OyIeT MOCTEEHHO
MepeMenIaThCs OT HAa4aJIbHON TOYKHU 00pasa Kk koHeuHou. [Toatomy dhopmat pas-
pabOTaHHOTO MO UTPHI OYJET BHITSHYT 110 TOPU30HTANU. 3aBEpIICHHBINA Bapu-
aHT JaHHOTO 00pa3a Mpe/CTaBICH Ha puc. S.

Puc.5. 3aeepwennviti 6apuanm obpasza « Pazeumue enumanusy

Bropoii urpoBoii o0pa3 Oyner ucnonb3oBaThes ISl TpeHuHra « CHUKeHue
TUTIEPAKTUBHOCTH». CTIOKOWHBIN CHEXHBIWA MEW3aK JTy4Ille BCErO MOAXOAUT AJIs
TaKOro TPEHHHIa, T.K. B HEM HE MPUCYTCTBYIOT SApPKHE, pa3Apa’karolliue IBETa,
YTO MO3BOJIAET MOJB30BATENI0 CKOHUEHTPUPOBATHCS HA BBIOJIHEHUH MOCTaB-
JeHHOW 3agaud. ['J1aBHBIM MepcoHakeM Obul BBIOpaH MYJIbTUILIUKALIMOHHBIN
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BepToJieT. YTOOBI OH He MOTepssicsa Ha (OHE CHEXKHOW PaBHUHBI, OBLUIO PELIEHO
BBIJICJIUTDH €r0 LIBETOM. DTarbl pa3pabOoTKH MEPCOHAXKA MPEACTaBIEHBI Ha pUC. 6.

Yro6sl pebeHKy ObUIO MHTEPECHO M HE CKYYHO MPOXOAUTHh TPEHUHT, HC-
MOJIB3YIOTCS AOTIOJHUTEIBHBIE TTEPCOHAXKHU, KOTOPBIE TaK K€ CIIyXKaT KIFOUEBBI-
MU TOYKamMu. Pa3HOOOpa3uTh 3UMHUMN NeH3ax ObUIO PEIIEHO TAKUMHU JOMOJIHU-
TEJIbHBIMU MEPCOHAKAMU KaK MUHTBUHBI, UTPAIOIIANA MOPCKOW KOTHK M OeJible
MeJiBeIu. 3aBepIICHHbIA BapUaHT UTPOBOro oOpaza « CHUKEHUE TUIIEPAKTUBHO-
CTU» MPEICTABJIEH Ha pUC. .

Puc.6. 3asepwennviii 0opaz ons mpenunea « CHudicenue eunepaxmueHoCmuy

Wrak, co3ganHbie 00pa3bl MOJIHOCTHIO COOTBETCTBYIOT MOCTABICHHBIM pa-
Hee TpeOoBaHUSIM: BCe 0Opa3bl BHITIOJIHEHBI B €IUHOM CTUJIE U UMEIOT TapMo-
HUYHOE IIBETOBOE pEIICHUE, TJIABHBIE T'E€POU XOPOIIO BBIJCISIOTCS Ha OO0IIEeM
¢dboHEe, KOTOPHI HE CMOTPUTCA CKYYHBIM M CTUMYJIHPYET IOJH30BATENS JIBU-
raThCs JajblIle.

Pa3memenne 3Haka Ha npudope.

Ha ocnoBe pa3paboTaHHOrO JOTOTHNA OBLIO HAWACHO pelieHue pa3Merie-
HUS IaHHOTO 3HaKa Ha caMoM ycTpoiicTBe. Mcxons u3 aHaimsa pacnpocTpaHeH-
HBIX (OPM Takux MPUOOPOB, OBUIO MPEIIOIOKEHO, YTO KOPITYC MOMKET HUMETh
Tpu Gopmbl: hopMy MPSAMOYTOJIIBHUKA C 3aKPYTICHHBIMH KpasMH, (GOpMy BBITS-
HYTOro oBajia U (OpMYy MPHU3MBI C 3aKpyIJIeHHbIMU Kpasmu. [Ipu paspaborke
pa3MelleHns 3HaKa Ha YCTPOMCTBE HEOOXOIUMO YUUTHIBATh, 4TO (hopma mpuodo-
pa MOXeT ObITh pa3sHooOpa3Hoil. Ho crexyst TeHACHIIMSAM COBPEMEHHON MO,
OOJIBIIMHCTBO MPOU3BOJUTENCH MPUIAIOT CBOUM TMPUOOpaM MPEATOYTUTEIHHO
3akpyrieHHsie ¢Gopmbl [5]. CoBpeMeHHBIE YCTPOWCTBA HW3TOTABIMBAIOTCS U3
IUIACTUKA, 3TO JIETKO MOJJAIOIINKCS BO3ACHCTBUIO Martepuan. [loatomy mist
pa3MelleHus Ha TUIACTUKEe (PUPMEHHOTO 3HaKa ObUT BBIOpaH METO]I TPaBUPOBKHU

(puc. 7).
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Puc.7. 3D-mo0enu pacnpocmpanennvix popm npubopa ¢ pasmeueHHbIM 3HAKOM

Taxum o6pa3zom, rpadpudeckre 0opasbl sl MCUXO(PUIUOTOTUIECKOTO Tpe-
HuHra ¢ noMmouibto npudoopa «bBMOKOP-TpeHep» nmoy4ryinch COBPEMEHHBIMU,
UHTEPECHBIMH, MYJIbTUMEIUNHBIMH, a TAK)KE UHTYUTUBHO MOHATHBIMU MaJIeHb-
KHUM TOJIb30BaTEISIM.

3akJroueHue.

B nannoit pabore ObuM pa3pabOTaHbI COCTABISIONINE TPadUIECKOro CO-
MPOBOXKJICHUSI METUIIMHCKOTO KOMIUIEKCa A (PU3MOJOTHYECKOTO TPEHUHTA.
beutl ocymectBieH 0030p M aHANW3 CYLIECTBYIOIIMX aHAJIOTOB, pa3paboTaH
bupMeHHbIi 3HaK U1 IpruOopa, pa3paboTaHbl COMPOBOKAAIOIINE TpadUuIecKue
aneMeHThl. Pe3ynpTaToM naHHOW pabOThl SBISAETCS HUHTYUTHBHO MOHSTHBIC
KaXXIOMY YeNOBeKy rpaduyeckue oOpa3bl A MPOBEACHUS JETCKUX TPEHUHTOB,
paboTtaTh ¢ nMpuOOpPOM OyJIeT MPUSITHO U MHTEPECHO KaK cCaMUM BpadaM, Tak U
MaJICHbKUM MallUeHTaM.
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I'JIA3 XYJJOKHUKA KAK OITUYECKUA UHCTPYMEHT U OTBET
HA BOITPOC - OTKYJA Y 3BE3/1bl JIYUH

Hageproe, clodcHo Hallmu meopyecKko2o 4eno8eKka He3HaAKOMO020 ¢ (paszou. «A
Xy0odcHuK, s max eudicy!». Kaosicemces, smom apeymenm cywecmeyem cmoavbKo dice,
CKOJIbKO 8PEeMEHU CYUeCm8yIom camu XyO0oducHuxKu. B doxnade obocrosana cnpageo-
JIUBOCb IMO20 YMEEPAHCOCHUsL HA NPUMEPEe COXPAHUBUUXCS 00 HAUUX OHell OpeHeli-
WUX U300PAdICEHUTE 36€30 «C IyYAMUY, NPEOCMABIEHHbIX HA X)O0HCECMBEHHbIX YEeHHO-
cmsax [peenezo Basunona, paccmompensi kKak npuHyun pabomsl 4ei08eyecko2o 2nasd,
MAK U NPUYUHBL €20 ONMUYECKO20 HeCOBEePUICHCIEA.

Onmuueckoe HecOBepUICHCMBO 3peHUsl, OpesHeliuue U300PANCeHUs KAPMUHbL
36€30H020 Heba, 8 YACMHOCMU, 3830 «C JIYYAMUY.
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Grinchenko S. Galina, Voloshchenko Y. Vadim

THE ARTIST'S EYE AS AN OPTICAL INSTRUMENT AND THE
ANSWER TO THE QUESTION - WHERE STAR RAYS ARE FROM

1t is probably difficult to find a creative person who is unfamiliar with the
phrase: “I am an artist, this is how I see it!”. It seems that this argument has existed
for as long as the artists themselves have existed. The report substantiates the validity
of this statement on the example of the most ancient images of stars “with rays” that
have survived to this day, presented on the Ancient Babylon’s artistic values, both the
principle of the human eye and the reasons for its optical imperfection are considered.

Optical imperfection of vision, ancient images of the starry sky, in particular,
stars "with rays".

Beenenue

I'na3 yenoBeka 00J1aaeT CIOCOOHOCTHIO MPUCTIOCAOIUBATHCSA K OCBEIIICH-
HOCTSIM, MEHSIIOLIUMCSI B HEOOBIYalHO MIMPOKUX MpeJiesax - Cloco0eH BOCIpH-
HMMATh CBETOBBIE MOTOKU B mATepBane 107 — 107 Barr. ITpouecc mpucnoco6-
JIEHUS IJ1a3a K TOMY WM MHOMY YPOBHIO SIPKOCTU CBETa Ha3bIBACTCA adanmayu-
eu. IIpu NOBBILIEHUN IPKOCTH MPOUCXOAUT C8eMOBas, IPU IOHKEHUH - meM-
nosas aoanmayus. Tak, npu nepexone ot apkoctu ~10°kn/M? k TeMHOTE UyB-
CTBUTENBHOCTH TJIa3a BO3PACTAET B TEUEHHE Yaca MpuUMEpHO B 10 MHIIJTMOHOB
pa3. CBeroBas aganTanusi NPOUCXOJUT MHOTO OBbICTpEE, MPU CPETHUX SAPKOCTAX
oHa mpoposkaercs 1- 3 mMuHyThl. OIHaKO Tria3y MNPUCYIIM Bce aldeppanuu
OOBIYHBIX ONTHUYECKHX CHUCTEM: F€OMETPUYECKHE, XPOMATHUECKHUE, NUPpakiiu-
OHHBIE, K YEMY 3TO MPUBOJIUT 00CYKAAECTCS HUKE.

OcHoBHas YacTh

U ceiiyac emie Ha CBOJaX HEKOTOPBIX MOA3EMHBIX YChINAIbHUIL PapaoHOB U
3HATH MOKHO YBHUJETh KAPTUHY HOYHOrOo HeOa. MHOXKECTBO 3yO4UaThiX 3BE3]
pa3HOM KOH(pUrypauuu u300pax€eHO HEyBsAaeMbIMH Kpackamu. [la, MMEHHO
3yO4aThIX 3BE3/, KaXK/1as 3B€3/1a HAPUCOBAaHA B BUE HEOOJBIIOrO MATHBIIIKA, OT
KOTOPOT'O B pa3HbI€ CTOPOHBI OTXOJSAT TPH, YEThIpE M 00Jee OCTPOKOHEUHBIX
3yOumka [1].
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Puc. 1. Tax 6 /[pesnem Basunone uzoopasxcanu 36e30y, Jlyny u Coanye [1]

[Touemy >ke u3NIpPEBJIE COJNHIIE M300paKaIOCh TaKMM, KaKO€ OHO €CTh B
JEUCTBUTEILHOCTH, — KPYTJIBIM, JTyHa — JIMOO KPYTJIOH, MO0 CEPIIOBUIHOM,
HO B 000HMX CiIyyasix Takou, Kakas oHa cusieT Ha Hebe? [louemy TONBKO Yy 3Be3]]
JIPEBHUE aCTPOHOMBI U XYJI0XKHUKH JTOPUCOBBIBAIU 3yOUUKH? XOTSI MBI XOPOIIIO
3HAEM, UTO 3BE€3bl — 3TO KPYIJbIE T€Ja ¢ MU3EPHBIMU YIJIOBBIMU pPa3MEpaMH.
Ho B TOM-TO U 1€10, 3TO MBI CErOAHS 3HAEM, YTO 3BE3/bl — KPYIJIbIE TEIA, a
ErUIITSIHE PUCOBAJIM 3BE3/1bl TAKUMU, KAKUMU OHHU UX BUJICIIH.

HyxHo oTnaTh qoimkHOE HAOMI0AaTETFHOCTH U TOYHOCTH, C KaKOW OHU Tie-
penanu BOCIPUSTHE YETOBEYECKUM TIa30M TOYEUHBIX SPKUX 00bekToB. OOpa-
TUMCS K 3apUCOBKaM, CHCJIAHHBIM CIYCTS HATHh THICAYEIIETUM MOCJE ETUIITSIH
HEMELKUM €CTECTBOMCIIBITATENEM [ €bMIosbLeM pyu paccCMaTpyuBaHUU TOYEY-
HBIX HCTOYHHUKOB CBeTa [2].
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Puc. 2. 3apucoexu, coenannvie I'enomeonvyem. Tax neswviti u npaswviii 21a3 60CHPUHU-
Maom 00Hy u my e ceemsawyrocs mouxy [2]

Kak cxoxu n300pakeHHs 3B€3]1 Y JAPEBHUX ETUITSH U BOCIPUHUMAEMBbIE
riia3oM oOpa3sbl cBeTJbIX Touek! ['enbMronbll oOpamiaer BHUMAaHUE, YTO KOHU-
rypauuu U300pakeHus OJHOW M TOM K€ CBETJION TOYKU B €ro MpaBOM U JIEBOM
rj1a3y He UJCHTUYHBI.

bonee Toro, B 0IHOM a3y MpHu pa3iuyHbIX COCTOSIHUSX aKKOMOJIALUU, TO
€CTh MPU PA3TUYHBIX (PU3HUECKUX COCTOSIHUSX XPYCTaJUKa, YUCIO 3yOUUKOB U
UX pacroyioxkeHue MeHsAroTcs. Kaxaomy xkenarouiemMy HETpYyAHO yOeIuThcs B
crpaBelTuBOCTU HaOmoieHnit ['enbMrosbiia. M300paskeHust CBETSIIMUXCS] TOYEK
Jydllle U3y4aTh, €CJIM OHU PACIOJIOKEHBI Ha YepHOM (poHE. DTO B paBHOU Mepe
KacaeTcs U 3Be3]1, 3y0UaTOCTh KOTOPHIX YETUE BOCIPUHUMAETCS B OE3IyHHYIO U
0e3001a4Hy10 HOUYb. MTak, COBEpIIEHHO OYEBUAHO, YTO YEJIOBEUYECKUH Tila3 Co-
3/1a€T MCKAKEHHYIO KapTHHY CBETSIIUXCA TOYEK, U B TOM YHUCJIE HEOECHBIX
3BE3N.

OcTtaeTcst OTBETUTH Ha BOMPOC: IOYEMY 3TO Tak?

HecMoTpst Ha TO, 4TO OpraH 3peHus J0 CUX MOp XPaHUT TallHbI, U3yUEHUE
KOTOPBIX MOTPEOYET €1lle HEMAJIO BPEMEHH, YK€ CeYac HU y KOI'O HE BBI3bIBAET
COMHEHMSI, UTO ONTUYECKAsI CUCTEMA IJ1a3a Jajieka OT COBEPILECHCTBA.

Bo BcskoMm ciywae, onThuyeckas CUCTEMa COBPEMEHHOro (QoToarrmapara
(ecii MCKJIIOYUTH AKKOMOJAIIMOHHBIE KAauecTBa) ropas/io Jy4ylle ONTHYECKOI
CUCTEMBI 4esioBeuecKkoro rinasza. Eme ['eabMrossll, U3y4uB KOMILUIEKC ONTHYE-
CKHUX HEJIOCTaTKOB Ijla3a, 3aMETUJI, YTO €CIM Obl OH 3aKa3ajl MacTepy H3TrOoTo-
BUTH IJ1a3 U MacTep cyMmell Obl CAeNIaTh YEJIOBEUYECKUH a3, TO OH, [ enbMroJbl,
HE B3sJ1 ObI €ro KaKk MHCTPYMEHT HECOBEPILUEHHBIN U CIeNaHHbIi HEOpexXHO [2].
Mo>XHO Ha3BaThb TPU OCHOBHBIE MPHUYMHBI ONTUYECKUX HECOBEPIUEHCTB TJia3a:
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HeCPEePUIHOCTh MPEIOMIISIONTUX TOBEPXHOCTEHN, UX HEIEHTPUYHOCTh U HEPAB-
HOMEPHOCTh IIOTHOCTH cpell ria3a. IlepBble 1Be 0COOEHHOCTH BEIYT K TOMY,
YTO KOTJIa Mbl pacCMaTpUBAaEeM CBETSIIMECS TOYKH, Ha JHE IJ1a3a oOpasyercs
M300paK€HUE HE TOYKH, a CBETJOTO SJUTUIICOUIHOTO MSTHBIIIKA, Ha3bIBAEMOTO
durypoii cBeropaccesHusi. Uto ke Kacaercs TpeThed MPUUYMHBI ONTHYECKOIO
HECOBEPILECHCTBA IJ1a3a — HEPABHOMEPHOCTH MJIOTHOCTH MPETOMIISIFOUIUX CPE/,
TO HanboJee YeTKO OHA OTMEUYAETCS B XPYCTaIUKE.

Puc. 3. Pucynox nokazvieaem ooibuamocms cmpoeHnus xpycmanuxa 2aiasa [3]

AHaTOMUYECKU XPYCTAIUK MPEACTABISIET COOOM MIOTHOE CKOIUJICHUE KIe-
TOK M XapaKTEPHU3yeTCs OCTATOYHOCTBIO CTPYKTYphl. Ha pucyHke, B3ATOM H3
PYKOBOJICTBA TIO TJIa3HBIM OO0JIE3HSIM, IMOKa3aHbl JOJbKH XpycTanuka. Mecra co-
SMHEHHUS JI0JIEK HAa3bIBAIOTCS IIIBAMHU, KOTOPHIE XOPOIIIO BUAHBI B KQXKIOM TJ1a3y
pu OOJBIIOM yBeIMYeHHH. VIMEHHO Takoe CTpOeHHE XpyCTaluka U HEpaBHO-
MEPHOCTb IIOTHOCTHU CYOCTAHITMU B 00JIACTH JOJEK U HA MIBaX co3Aar0T 3PHeKT
JIOCTaTOYHOCTU (PUTYp CBETOpACCESHUS Ha TJIa3HOM JIHE.

BriBoa

Wrak, rna3, Tasas Ha CBETSIIYIOCS TOYKY WM 3BE31y B TEMHYIO O€3JIyH-
HYI0 HOYb, BUJIUT HE DJUTMITHYECKOE ISITHBIIIKO C PABHOMEPHBIM pacipeee-
HUEM SIPKOCTH, a MATHBIIIKO, PACWICHEHHOE Ha HECKOJIBKO PaJHallbHO pacIio-
JIO’KEHHBIX CBETJIBIX IMOJIOC, HAMOI00Me CIUIl B Kojece. TaKuMU BUAUM 3BE3]IbI
MBI ceiuac, TaK UX BUJCIU JPEBHHUE ETUNTSIHE, 3apUCOBABIINE C YIUBUTEIHLHOMN
TOYHOCTBHIO KapTHHY 3BE3/IHOTO Heba Ha CBOJIax TPOOHMII.

AHATOMHYECKHU MPaBbIA U JIEBBIN IJ1a3 YEJIOBEKA UMEIOT Ha MEPBBII B3I
MHU3EpHBIE, HO B TO K€ BpeMs sSBHbIC OTJIMYMA. BOT moueMy mpu paccmaTpHBa-
HUU 3BE3/Ibl MPABBIM M JIEBBIM TJIa30M MBI BHUJIMM HEOJIMHAKOBYIO 3y0YaTylo
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KapTUHY. Y Pa3HbIX JUIL CTEIEHb ONTUYECKUX HECOBEPILIEHCTB, B TOM YHUCIIE T1e-
penajbl MIOTHOCTH XPYCTAIIMKOBON CYOCTaHIIMM, BBIPAXKEHBI B Pa3IMYHON Me-
pe. [loaToMy OJIMH YeJIOBEK BUIUT 3yOUaTyr0 KapTUHY 3Be3] 0oJjiee 4eTKo, ApY-
roll — MEHee 4YeTKO.
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