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V]IK 656:004 (476)

H. 0. TPUDPOHOB', B. A. IHBUHCKAA?, B. B. KOP)KYKOB?

PETPECCUOHHAA MOAEAb OLEHKW ABTOMOBWAEM
HA OCHOBE NAPCUHIA UHTEPHET-AAHHbIX

I Benopyccruii 2ocyoapcmeenuuiii sxonomuveckuii yuusepcumen
2 Benopyccko-Poccutickuil yHugepcumen

Onucvigaiomes pe3ynbmamsl IKOHOMEMPULECKO20 MOOEAUPOBAHUA PLIHOYHOU CHIOUMOCIU HA NpUMepe agmomoduet
Knacca B na ocnoge cbopa ¢ nomoupio npoepammei-napcepa ungpopmayuu ¢ nOnyaapHo2o unmepiem-cauma. Ionyuennas
Mo0enb 8 8ude 08YX CMamucmu4ecky 3Ha4UMbIX peepecCUOHHbIX YPasHeHUll NpeOHa3Ha4yena 01 UCNONb308AHUS 8 NPAKMU-

Ke OYeHOUHOU 0esIMeNbHOCU.

Knrwueswle cnosa: neckoguvlie a6m0Mo6quu; OYEHOYUHAs ()eﬂmefleOCmb,' napcep caﬁmoe‘; POIHOYHASL CMOUMOCNTb, YPABHEHUE

peepeccuu,; IKOHomempuieckas MoOenb

BBeaeHue

OneHka CTOMMOCTH aBTOMOOWJICH, Haxons-
LIMXCSI HA BTOPUYHOM PBIHKE, B HACTOSILEE Bpe-
Ms CTaHOBHTCS BCE Oojiee BocTpeOOBaHHOU. DTO
MIPOUCXOJIUT, B MIEPBYIO OYepesb, U3-3a CTPEMHU-
TEJIHHOTO PACIIMPEHUS ITOTO phIHKA. 3aKa3unKa-
MH B OIIEHKE BBICTYNAlOT Kak (pU3MUECKue JInna
(HammpuMep, KOHKPETHBIH MOKyIarenb WIA IIpo-
JIaBeIl TOIeP)KaHHOTO aBTOMOOWJIS) TaK M Opra-
HU3alUM, HYXIAIOLUIMECs B OLIEHKE TpaHCIopTa
Ui pa3nuuHbIX wened. Mudopmamus o6 ocra-
TOYHOW CTOMMOCTH JOPOXKHOIO TPAHCIOPTHOIO
cpeactBa (aBTOMOOWIISI) BOCTpeOOBaHa MPHU €ro
KyIUIe-TIpoia’ke, MOCTAHOBKE Ha YUET, OLEHKE
WIH TIEPEOlEeHKE OCHOBHBIX CPEJCTB MpEeANpH-
ATHA, TIPU TIEpe/iade B 3aJI0T, IPH OLIeHKe yiiepoa
B pe3y/nbTare JOPOXKHO-TPAHCIOPTHOIO IIPOHUC-
LIECTBUS, IPU Pa3BOJE CYNPYIOB U MHBIX HMY-
LICCTBEHHBIX CIIOpaxX, B TOM YHUCIE OISl HYX[
cyneOHoii skcnepTussl [1-2]. Habuparomas mo-
MYJSIPHOCTH MPOrpaMMa MOKYIKH CTapblX aBTO-
MoOuitelt o cucreMe «trade-iny» Toxe mpeArnona-
raet BJIaJCHUE aKTyaJbHOW PHIHOUHOW HH(OpMa-
LUEH O €ro LIEHE.

Pa3BuTocTh phIHKA MOJEPKAHHBIX aBTOMOOH-
et B crpaHax EADC mO3BONISET HCIONB30BATH
JUIS1 OLIGHKH CTaTUCTHYECKHUE METOIIbl CPAaBHUTEIIb-
HOTO TIO/IX0/Ia K OIleHKe cTouMocTH [2—3]. BriGop-
KA B HECKOJIBKO JECATKOB OOBEKTOB CPaBHEHUS
MO3BOJSUIM IOJTy4YaTh JOCTaTOYHO HaJEKHBIE pe-
3ynbratel. TeM He MeHee, ¢ pa3BUTHEM HHQOpMa-
LMOHHBIX TEXHOJOTHH CTalll CO3/1aBaThcsi Oolee

00bEMHBIC 0a3bl JIAHHBIX HA HWHTEPHET-TIOPTAJax
U caiitax, a TaKkke MOSBHINCH HHCTPYMEHTHI (T.H.
napcepsl) (GOPMUPOBAHUS HA OCHOBE HMHTEPHET-
JIAHHBIX BBIOOPOK C 33JaHHBIMH XapaKTePHCTHKA-
M. COBPEMECHHBIC TEXHOJIOTHH ITO3BOJIIOT COOU-
path WH(POPMAIMIO C CAlTOB-arperatopoB OObSIB-
TeHW U e€ MadbHEHUIero MCIOMb30BAHUS. JTO
MO3BOJIMJIO MTOCTABHUTH 33]1a49y SKOHOMETPHIECKOTO
MOJICJTUPOBAHUS PHIHOYHOM CTOUMOCTH TOJICPKAH-
HOTO aBTOMOOWJIS, OONAJArOMIEr0 KOHKPETHBIMU
XapakTepucTukamu. JIisi 3TOro HeoOXOAUMO pac-
CMOTpETh TPEICTABUTEIBHBIE BBHIOOPKH aBTOMO-
Oueil pa3MYHBIX KJIACCOB, TIOCKOJIBKY paHee [3]
OBUIO TMOKA3aHO, YTO MapaMeTphl 00CCIICHUBAHUS
CO BpPEMEHEM CYIIECTBEHHO 3aBUCSIMT OT Kjacca
HCCIICAYEMOTO aBTOMOOMIISL.

JlaHHasi cTaThs MOCBSIICHA OMUCAHUIO METO-
KK U pe3ylibTaTaM dKOHOMETPHUYECKOTO MOjie-
JUPOBAHUSI CPeJHEH TICHbI HA BTOPHYHOM PBIHKE
Ha MPUMEPe aBTOMOOUIIEH, OTHOCSIIUXCS K OJTHO-
My U3 Hauboliee MOMyJsSPHBIX KiaccoB — B (T.H.
Ou3Hec-Kiacce).

UcxopaHble AaHHbIE

Coop nepBuyHoi uH(GOpMaiuu (row data) 3a-
HUMaeT o0eraHO 10 70 % Bcero BpeMeHH, MOTpa-
YEHHOTO Ha MOoJieTupoBanue. B nanHoM uccieno-
BaHUM OH OCYIIECTBISUICS C MOMOIINBIO Tapcepa
Selenium WebDriver — uHCTpyMEHTa 11t cOopa
unpopmarmu ¢ caidta AUTO.ru, copepxkaiiero
Ha MOMEHT cOopa okono 560000 oObsiBICHUI
0 MpoJaxe.

CUCTEMHbIV AHAJIU3 U MPUKITALHAS MIHOOPMATUKA

2,2020



SYSTEM ANALYSIS

B pesynbrare amammsa BeIOOpKM w3 17742
oObsiBIeHH (paccMmarpuBaiics ropon Mocksa,
KaK HamOoJiee MHTEPECHBIN JJIsi OeIOpyCcoB cer-
MEHT POCCHICKOTO PbIHKA) ObLIO OOHApYXKEHO,
yto 97,7% aBromoOWIieli WMMEIOT BO3pacT JiO
36 net (¢ 1983 mo 2019 roasr). JlanpHeimuii
aHaJIM3 TIPOBOJUIICS 10 OOBSIBICHUSM JUJISI aBTO-
Mobwmteld ¢ 1983 mo 2019 rozpl Beimycka. [pyr-
MMMPOBKA T10 KJIaccaM ¥ TOAaM dTHUX aBTOMOOMIIEH
npeacTaBieH B Tadmue 1.

Pacnipenenenue B BEIOOpKE TIO BO3PACTy Clie-
nyroriee. borbilie Bcero mpeacTaBIeHO aBTOMO-
OuJeid, Bo3pacT KOTopeIX He Ooiee 7 seT (53 %).
ABTOMOOWMIIEH, BO3pACT KOTOPBIX OT 7 110 17 Jer,
Ha pbiHKe okoso 22 %, ot 17 mo 27 nmer — 18%
u ot 27 o 37 ner Bcero 7 %.

Pacnipenesienie B BRIOOpKE MO KJlaccaM Clieny-
foree. bombIe Bcero MpuCyTCTBYIOT aBTOMOOWIN
knaccoB J (43 %) u B (24 %), nmpuaem 55 % aBToMoO-
Oweit knmacca B mMeroT cpok skcruryararu ot 17
1o 27 ner. Crnenyromuil 0o NpeacTaBUTENIbHOCTH —
ximacc C, 54% aBToMoOMIIEl 3TOr0 Kjiacca MMEIOT
Bo3pact ot 7 o 17 ner, 41 % aBromoOuiIel Monoxe
5 ner. ABTOMOOWJIM OCTaJIbHBIX KJIACCOB B OCHOB-
HoM (80 % u BbIIIE) SKCILTYaTHPOBAINCH 10 7 JIET.

PerpeccuoHHbIM aHanUu3

B Hacrosmiell cratbe ONMMCaHO MOIEINPOBA-
HHUE PBIHOYHOM CTOMMOCTH aBTOMOOWMIIS HA OCHO-
Be OOBSIBICHHH O MPONAXH aBTOMOOWIICH Kiac-
ca B. B xauecTBe MHCTpyMEHTa aHaIM3a UCTIOIb-
3yercs mporpamma Statistica-7.

IlepBblii mar B aHanu3e JaHHBIX — BU3yaIM3a-
nusi. O4eBUITHO, 1I€Ha aBTO HAa BTOPUYHOM PBIHKE
CHITLHO 3aBHCHT OT Bo3pacTta aBToMo0ms. Ha puc. 1
HPEACTABICHO KOPPEJSILMOHHOE I0JIe Ul Hpeau-
KTOpa «IeHa» (B POCCUHCKUX pYyOIsiX) U OZHOTO U3
KOJIMYECTBEHHBIX PErpeccopoB — «BO3PACT» (ABTO-
MoOuIsL B rozjax) i kiacca B. B atom rpaduke
YUYTEHO, YTO M3 BBIOOPKM OBUTH TpeABapHTEILHO
yIAJIeHBbl Pe3yNbTaThl HEKOTOPBIX aHOMAaJbHBIX Ha-
OxroieHnit Ayt aBTomMoOmIiei Bozpactom 1o 10 et

st oT6opa KaTeropuaibHBIX (HaKTOPOB CTPO-
WJIMCh YaCTOTHBIE TaOMUIBL. BeiscHmnoch: 53,3 %
aBTOMOOWIJICH B BBIOOPKE MMECIOT 3aHHUM TPUBOJ
u 46,53 % — nepennuit npusox; 99,5 % aBToMoO-
Ouiell B BBIOOpKE MMEET MEXaHHUYECKYH KOpOoO-
Ky mepenad (MPUCYTCTBOBAIM TaKXKE aBTOMATH-
yeckas U poOOTH3MpPOBaHHAS KOpOOKM mepenay);
96,93 % aBTOMOOMIICH B BBIOOpPKE UMEIOT OEH3U-
HOBBIN IBUTATENb.

Tab6nuua 1 - Pe3ynsTar BHIOOPOYHOTO HAOMIOACHHS OOBSBICHHUN O IPOAAKe aBTOMOOMIIEH Ha BTOPUYHOM PHIHKE (€IUHUIL)
Knace

I'ox BhITyCKa A B C D E F J M S Bcero
1983-1991 7 528 301 207 79 10 37 11 2 1182
1992-2001 98 2138 411 427 48 18 56 16 9 3221
2002-2011 114 1465 784 151 89 95 960 78 57 3794
2012-2019 11 273 249 612 948 500 6013 340 184 9137

Bcero 223 3876 1444 1190 1085 613 7029 434 250 16152

Scallerplot (car1 7800 18v™17913c)
Include condition: v2="6"
uena = 2,5119E5-8880,1098"x

-10 a 10

30 40 50 60

Puc. 1 — KOppCHﬂHI/IOHHOG TI0JIC «IEHa»-«BO3pacT» A aHaJ’II/I?)I/IpyeMOﬁ BLI60pKI/I

2,2020

SYSTEM ANALYSIS AND APPLIED INFORMATION SCIENCE



CUCTEMHbIN AHAJIA3

B xadecTBe WHCTpyMEHTa MOJEIHPOBa-
HUS TPHUMEHSJICS MHOXKECTBEHHBIH perpeccu-
OHHBI aHaJW3, pealn30BaHHBIH B MpOrpamMmme
Statistica-7. Ha mepBoM 3Tare ObUI TIPOU3BEICH
orOOp HambOosiee 3HAYUMBIX NpHU3HAKOB (feature
selection), B Mmomysie Data Mining. OH mo3BoJnI
C/IeNaTh BBIBOJBI O BKIIOUCHHSI B MOJICNIb TEX XKE
(hakTOpOB, YTO M YACTOTHBIN aHAJIM3.

st mcionp30BaHUsT HHGOPMAIIAU, COIEpIKa-
meiics B KaTeropHabHBIX (haKTopax, IPUMEHSII-
cs anmapat GUKTUBHBIX (MU, KaK UX eIMI¢ Ha3bl-
BaIOT, CKAIIPHBIX) TepeMeHHbIX [4-5]. s qoka-
3aTeNbCTBA CTATUCTHUYECKUX Pa3IMuuil y 00BbeK-
TOB C Pa3IMYHBIMH 3HAYCHUSIMHU KaTeTOPUAIbHBIX
MIPU3HAKOB OBLIT MCIIOJIb30BaH MPOTPaMMHBIA MO-
nyns Noparametrics.

Tak, s pasgeleHuss BCEM COBOKYIIHO-
CTH OOBSBICHWH Ha JIBa Kjacca MO BO3PACTy
(mo 10 et m Ooiee) Obla BBeAcHA OWHApHAs
repeMeHHast «Bo3pact». Ha pwuc. 2 mpuBeneH
pe3yapTar CpaBHEHHS IIeHBl B JIByX BBIOOpKax
C TIOMOILIBIO HEMapaMeTPUYECKOTO KPHUTEPHS
KonmoropoBa. HyneBast runoreza 00 oTaunuuu
pa3nuyuii B CpeIHEN OCTATOYHON CTOMMOCTH aB-
ToMOOWIIeH 00eHX TPYII OTBEpraeTcsi Ha ypoBHE
s3naunmoctu 0,05.

AHanOTHYHBIE WCCIEAOBAaHMUS OBUIH TIPO-
JIeTIaHbl U JUISl IPYTUX MPU3HAKOB ((PUKTHUBHBIX
IIEpEeMEHHBIX): «IIPOU3BOJUTENHY (OMHapHAs
IepeMeHHas «CTpaHa», paBHas | Tipu mpo-
n3BonacTBe aBromodbmis B Poccuu, 0 — B mpo-
THUBHOM CJyuae), «KOopoOka mepemauy» (Ou-
HapHas nepemeHHas FKOR(mex), paBuas 1
JUISE aBTOMOOMJISI ¢ MEXaHMYECKOH KOpOOKOi
nepenad, 0 — B IPOTUBHOM CJIydae), «IIPUBOI»
(6unapuas nepemennas FPRIV(3annwnii), pas-
Hast 1 171 aBTOMOOWUIISI € 3aHUM TIPHUBOJIOM,
0 — ¢ mepegHUM), «TUI TOIUTMBAY» (OWMHApHas
repeMeHHas, paBHas 1 s aBToMoOuIIs ¢ OeH-
3WHOBBIM jBurareinem, 0 — I aBTOMOOMIIS
C IU3CIIbHBIM).

®dakTopsl ObLTH MPOPAHKUPOBAHEI IO CTETIe-
HU BJIMSIHUS HA PE3yJbTaTUBHBIN MpU3HAK (IICHA)
¢ nomoIipto F-kpurepust. Haubosbiiiee BiusHue
OKa3bIBaeT (haKTOp «IIPOU3BOAMTEIBY, Jajee MO
CTETIeHN BIHSHUS — «BO3pPAcT», «KOpoOKa Tepe-
JIag», «MOIITHOCTBY, KITPHBOJIY.

B memom aHanm3 3HAYMMOCTH Pa3IHUYHBIX
(haxTOpOB MpUBEAEH HA pUC. 3.

[TockonbKy BO3pacT aBTOMOOHIISI —3TO €AMH-
CTBEHHBI mapaMeTp, H3MEHEHHE KOTOPOTO

BBI3BIBAET M3MEHEHHUE IIEHBI KOHKPETHOW MoJe-
U Ha BTOPUYHOM pBIHKE, IS Crenu(pUKAIIN
PErpecCHOHHON MOjeNnr ObLIO, TOMUMO HCCIIe-
JIOBaHUSI CBSI3U «LIEHA»-«BO3PACT», JIOMOJIHU-
TEJIbHO TOCTPOCHO KOPPEISLUOHHOE TOJIE NS
MpeIuKTOpa «Jiorapud™M ILEHB» H perpeccopa
«Bo3pacT». OKOHYATEJbHBIN BBIOOP OBUT Cle-
JIaH B TIOJB3Y MOIYIOTapru(PMUIECKOW MOJIEIH.
Pe3ynprar oneHKM BRIOOPKH MPEACTaBICH HIKE
Ha puc. 4. TlonyuyeHHOe ypaBHEHHUE SIBIISETCS
cratuctTudeckn 3HaunMbM (p < 0,05). Bemnu-
yuHa Kod(duimenrta gerepmunanuu R2 = 0,86
MOKAa3bIBaCT, YTO OKOJIO 86 % Bapuauu cpei-
Hel LIeHbI IPeIOKEeHHS aBTOMOOmIIeH Kitacca B
OTIpEJICIISICTCS. UIMEHHO Bapualuedl BhIOPaHHBIX
(hakTopoB.

1T OKOHYATEeNbHOTO BBIBOAA O BO3MOXK-
HOCTH HCIIONB30BaTh MOJENb MJIs TIpeicKas3a-
HUS CpelHEel IIeHbI Ha PBIHKE MPOBEICH aHAIH3
OCTaTKOB Ha HOpPMallbHOE pacmpesesieHne (B co-
orBercTBUM ¢ mpennocelnkamu MHK Taycca-
Mapxkosa). ['mcrorpamma octarkos (puc. 5) mo-
3BOJIIET HE OTBEPraTh FUIOTE3y O HOPMAJIBHOCTH
OCTaTKOB.

Takke OblTa TpoBepeHa Trurore3a 00 OT-
CYTCTBUH TETEPOCKETACTUYHOCTH C TTOMOIIBIO
rpaUIecKoro aHajam3a OCTATKOB. 3aBHCHMOCTH
MeXJIy BO3pacTOM M BEKTOPOM OCTATKOB HE Ha-
Omoanach, 4TO TO3BOJHMIIO HE OTKJIOHATH ATy
TUTIOTE3Y.

Kak wror, uist mpeacka3aHust CTOUMOCTH aB-
ToMoOUIel kmacca B, cormacHo cloXuBIIEHCS
KOHBIOHKTYpPE IEH TPEJIOKCHHS, MOXKET OBITh
HCIOJIb30BaHa CIIEAYIOLIast MOJIEINb:

Ln(yena) =12,61 —0,9 x cmpana —
—0,9 x gozpacm —0,094M — 0,3FKOR — 0.2 X FPRIV.

IIpu sTom

1, ectn aBTOMOOMITE TIPON3BONCTBA PD,
cmpana =
0, B TpPOTHBHOM cITydae;

M — MOIIHOCTE ABUTATEINS B IOMIAJNHEIX CHIIAX;

6o3pacm — B rofax (pazHocts Mexy 2019 u romom
BBIITYCKa aBTO);

1, ccim 'y ABTOMOOMISI MEXaHHYCCKas

FKOR = K0p061<a nepenad,

0, B IpOTHBHOM ciydYae;

1, ecnu y aBTOMOOWIIS 3aIHUI IPUBO]L,

FPRIV =
0, B IpOTHBHOM ciy4ae.
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Puc. 3 —CpaBHenne (hakTOpOB 10 CHJIe BIHSHHS Ha pe3ysbTar 1o F-kpurepuro

Regression Summary for Dependent Varable: In{yena) (dCAR. sta)
R= 92784345 R7= 86089346 Adjusted R?= 86062450
F(5,2586)=3200,8 p<0,0000 Std.Ermror of estimate: 34615

Include condition: v6<=20

Beta |StdEm. | B | StdEm. | t(2586) | plevel
N=2592 of Beta of B

Intercept 12,61863| 0,085479 147,6226 0,000000
cTpana -0,329865 0,010979] -0,90468| 0,030112| -30,0438| 0,000000
Boapact(ner) -0,468925| 0,010473[0,094201 0,002104| 44,7760/ 0,000000
M(n.c.) 0,164393/ 0,010881| 0,00951 0,000630, 15,1080 0,000000
FKOR(mex) -0,076684| 0,009865 -0,30444| 0,039166 -7,7733| 0,000000
F(PRIV(zagsnii) | -0,106280| 0,007907 | -0,20363| 0,015150 -13,4415| 0,000000

Puc. 4 — PerpeccuonHoe ypaBHeHHUe 1Jis1 Jlorapudma CpeHeil NeHbI TPeII0KeHHs
aBTOMOOMIIEeH OM3HEC-KIacca Ha BTOPHYHOM PhIHKE
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Puc. 5 — JleMOHCTpausi COOTBETCTBUSI OCTATKOB HOPMAJIBHOMY PACIPE/ICTICHHIO

3aknoueHue

Takum 00pa3zoM, ¢ MOMOIIBIO COBPEMEHHBIX
WHPOPMAIMOHHBIX TEXHOJOTUH Il aBTOMOOU-
Jel kimacca B Obuta monmydeHa SKOHOMETpHUYE-
CKasl MOJIEJIb PBIHOYHOW CTOMMOCTH B 3aBUCH-
MOCTH OT BO3pacTa U APYTHX IEHOOOPa3yIoIIHx

XapaKTEePUCTUK B BHJIE PETPECCHOHHOTO YpaBHE-
HUSI, MCIOJIBb30BAaHUE KOTOPOH B IIPAKTHKE OLe-
HOYHOM [NEsTEIbHOCTH IMO3BOJIET CYILECTBEHHO
MOBBICUTh JIOCTOBEPHOCTh PAcyéTOB U yMEHb-
HIUTh UX TPYAOEMKOCTD.
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TRIFONOV N. Yu.!, LIVINSKAYA V. A. 2, KORZHUKOV V. V. 2
REGRESSION MODEL FOR CAR VALUATION

BASED ON INTERNET DATA PARSING

! Belarus State Economic University
2 Belarusian-Russian University

The results of econometric modeling of market value are described on the example of class B cars based on the collection
of information from a popular website using a parser program. The resulting model in the form of two statistically significant
regression equations is intended for use in the valuation practice.

Keywords: cars; econometric modeling, market value, site parser, statistical regression, valuation.
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U.A. VISHNIAKOU, AL-MASRI, A.H., AL-HAJI, S. K.

ORGANIZATION OF MANAGEMENT AND STRUCTURE
IN LOCAL NETWORKS INTERNET OF THINGS

Belarusian state University of Informatics and Radioelectronics, Minsk, Republic of Belarus

Internet of Things (IoT) symbolic formula is given. The analysis of management technologies both in the network
structures of infocommunications, based on the NSMP, and on local networks of the lo T. Two approaches for implementing
the management process in infocommunication networks are shown: one is based on creating special software tools, the
second is based on the working with data describing the network device. The basic operations of SNMP are given. Four
levels of IoT in local network structure are described: smart sensors, network vehicles, services, and applications. Structure
of local network of IoT which includes smart sensors, transport environment, services and applications information
representation in network use semantic web are considered.

The structure of multi-agent system (MAS) of milk farms analyzing in Leban (MASMFA) for monitoring of production
quality. MASMFA structure has many agents such as quality milk sensors, agents of communications, data base, analysis of
the information received from sensor agents, decision-making. This system implements the functions to ensure the required
class of milk quality and based on 10T local network construction. The information algorithm processing in such IoT is
proposed. Milk sensor shell be periodically queried, their values will be recorded in the server database. The decision-
making subsystem will issue data on milk quality to the farm administrator on a mobile device. The server structure will be
implemented using a cloud service. Implementation this Internet of things network is being developed using LTE technology.

Key words: network management, Internet of things, smart sensors, transport networks, services, applications, structure

Introduction

The Internet of things is based on three basic
principles. First, the ubiquitous communication
infrastructure, second, the global identification of
each object, and third, the ability of each object
to send and receive data via a personal network
or Internet to which it is connected. In its most
general form from an infocommunication point of
view, in which Internet of things can be written as
the following symbolic formula [1]:

loT = Sensors + Data + Networks + Services

The Internet of things is a global network of
computers, sensors, and executive devices that
communicate with each other using Internet Pro-
tocol (IP). To solve a specific application task, the
server communicates via Internet with a group of
small devices that have various sensors connected
to them [2-3].

To build a practical local Internet of things
system, consider the management organization,
structure, and modeling tools of [oT [4-5].

Management technology in network structures

There are two main approaches to im-
plementing the management process in

infocommunication networks: the first one is
based on creating and using special software tools
for managing a specific network device; the sec-
ond is based on the working with data describ-
ing the network device [6, 7]. In this case, the
data stream is used as the impact, not the control
stream. The data flow, in contrast to the control
flow, allows to build a more universal, although
more limited in its capabilities, management
model. Its main advantage is its independence
not only from the OS, but also from the specific
hardware implementation of the managed device.
In order to create a unified approach to managing
equipment connected to IP networks, the Simple
Network Management Protocol (SNMP) was de-
veloped. From the management point of view, the
entire network can be divided into a management
system and management objects. The control sys-
tem includes a set of computing tools designed to
generate control actions and analyze information
on the basis of which a decision on management
is made. Management objects are resources that
need to be managed (active network equipment,
workstations, servers, etc.).

The control system consists of a control sta-
tion and a set of auxiliary tools (probes, analyzers,
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applications, etc.). Usually, the control station is
a fairly powerful computer with specialized soft-
ware. An important element of the control station
is the description of the control objects (the station
itself can act as a control object). In SNMP-compat-
ible management objects, a special software module
is implemented, which is called an agent. Agents
collect information about the managed devices they
work on and make this information available to net-
work management systems (NMS) using the SNMP.
The basic concept of SNMP is that all information
necessary for device management is stored on the
device itself (it can be a server, modem, or router)
in Management Information Base (MIB). SNMP, as
a direct network protocol, provides only small set
of commands for working with MIB variables. In
order to monitor the operation of a certain network
device, it simply need to access its MIB, which is
constantly updated by the device itself, and analyze
the values of necessary variables. SNMP technolo-
gy consists of three parts:

— Structure of Management Information
(SMI);

— Management Information Base (MIB);

—  SNMP itself, which defines the rules of
interaction between the Manager and agents.

The control information structure defines
the rules for describing this information. The
formal description of objects is performed using
the Abstract Syntax Notation One (ASN 1) lan-
guage. To set the name of an object, just specify
its identifier (Object Identifier), which is a se-
quence of integers. All identifiers are organized
as leaves of a large tree. At the top level of the
tree, there are three main nodes: iso, ccitt, and
joint-iso-ccitt, which belong to different stan-
dard organizations. The iso subtree contains the
org identifier (a node that is the root of various
organizations subtrees), one of whose sub-nodes
is the Department of Defense (DOD). It is be-
lieved, although not officially recorded, that the
first node in DoD subtree is Internet. Thus, the
«internet» object has the ID «1.3.6.1»: inter-
net OBJECT IDENTIFIER:: = {iso(1) org (3)
dod(6) 1}.

The SNMP is a simple request-response pro-
tocol. SNMP messages are embedded in UDP da-
tagrams. The basic operations of SNMP:

—  Get_request — get the value of the speci-
fied variable or information about the state of the
network element;

— Get_next request — get the value of
a variable without knowing its exact name (the
next logical identifier in the MIB tree);

— Set _request — assign the appropriate val-
ue to the variable. Used to describe the action to
be performed;

—  Get_response — response to commands:
Get request, Get_next request, and Set request.
It also contains status information (error codes
and other data);

— Trap — response of a network object to an
event or state change.

Management levels in network of loT

Recommendation Y.2060 provides an Inter-
net of Things (IoT) reference model that is very
similar to the NGN model and also includes four
basic horizontal levels) [8]. There are four levels
of management in the IoT network: the applica-
tion level; the support level for applications and
services; the network level; and the device level
(sensor + handler).

The IoT application level is not considered in
detail in Recommendation Y. 2060. The applica-
tion and service support layer includes capabili-
ties for various [oT objects to process and store
data, as well as capabilities required for certain
IoT applications or groups of such applications.

The network layer includes network capabili-
ties (access and transport network resource man-
agement, mobility management, authorization,
authentication, and billing functions, AAA) and
transport capabilities (providing network connec-
tivity for transmitting loT application information
and services). The device layer includes the de-
vice’s capabilities for retrieving information, pre-
processing it, and gateway capabilities.

The capabilities of the device include direct
exchange with the communication network, ex-
change through the gateway, exchange through
the wireless dynamic ad-hoc network, as well as
temporary stop and resume operation of the de-
vice for energy saving. The gateway features sup-
port multiple interfaces for devices (CAN bus,
ZigBee, Bluetooth, Wi-Fi, etc.) and for access/
transport networks (3G, LTE, DSL, etc.). Another
feature of the gateway is support for protocol con-
version, if the protocols of the device and network
interfaces differ from each other [8].

There are also two vertical levels, the man-
agement level and the security level, covering all
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four horizontal levels. Vertical operational man-
agement capabilities include managing the conse-
quences of failures, network capabilities, configu-
ration, security, and billing data.

The main objects of management are devic-
es, local networks and their topology, traffic and
congestion on networks. The capabilities of the
vertical security level depend on the horizontal
level. The AAA functions, antivirus protection,
and data integrity tests are defined for the appli-
cation and service support level. For the network
layer, there are options for authorization, authen-
tication, and information protection of alarm
protocols. At the device level, there are authori-
zation, authentication, access control, and data
privacy features.

In this case, the leading role is played by de-
vices that can collect various information and dis-
tribute it over communication networks in various
ways: through gateways and through the network;
without gateways, but through the network; di-
rectly among themselves. Devices can have full-
fledged control processors for processing data in
the form of a «system-on-a-chip», including their
own OS, a sensor / sensing unit for the environ-
ment, and a communication unit.

Structure of local network of loT

The Internet of things belongs conceptually to
the next generation of networks, so its structure
is similar to the well-known four layer of NGN
architecture, which includes smart sensors, trans-
port environment, services and applications [1, 7].

The lowest level of the IoT structure consists
of smart objects integrated with sensors. Sensors
connect the physical and virtual (digital) worlds,
providing real-time data collection and process-
ing. Miniaturization, which reduced the physical
size of hardware sensors, made it possible to in-
tegrate them directly into objects in the physical
world. There are different types of sensors for
the relevant purposes, for example, for measur-
ing temperature, pressure, speed, location, etc.
Sensors can have a small memory, allowing it to
record a certain number of measurement results.
The sensor can measure the physical parameters
of the monitored object / phenomenon and con-
vert them into a signal that can be received by the
corresponding device [9].

Most sensors require a connection to a sensor
aggregator (gateway), which can be implemented

using a local area network (LAN) such as Ethernet
and Wi-Fi, or a personal network (PAN) such as Zig-
Bee, Bluetooth, and ultra-wide-band wireless com-
munication over short distances (UWB — Ultra-Wide
Band). For sensors that do not require connection to
the aggregator, their connection to servers/applica-
tions can be provided using global wireless WAN
networks such as GSM, GPRS, and LTE.

The large amount of data generated at the first
level of IoT by miniature sensors requires a reli-
able and high-performance wired or wireless net-
work infrastructure as a transport environment
(network level). To implement a wide range of
services and applications in [oT, it is necessary to
ensure that multiple networks of different tech-
nologies and access protocols work together in
a heterogeneous configuration. These networks
must provide the required values for the quality
of information transmission, especially for laten-
cy, bandwidth, and security. This layer consists of
a converged network infrastructure that is created
by integrating heterogeneous networks into a sin-
gle network platform [9].

The service level contains a set of information
services designed to automate technological and
business operations in the [oT: support for oper-
ational and business activities (OSS/BSS — Oper-
ation Support System/Business Support System),
various analytical information processing (statis-
tical, data and text mining, predictive analytics,
etc.), data storage, information security, Business
Rule Management, Business Process Manage-
ment, etc.

At the fourth level of the IoT architecture,
there are different types of applications for the
relevant industrial sectors and fields of activi-
ty (energy, transport, trade, medicine, education,
etc.). Applications can be «verticaly when they
are specific to a particular industry, as well as
«horizontal» (for example, fleet management, as-
set tracking, etc.), which can be used in various
sectors of the economy [10].

Information representation in network

The idea of the Semantic Web is the direction
of development of the world wide web (WWW),
the purpose of which is to present information in
a form suitable for machine processing. The term
Semantic Web was first introduced by Tim Berners-
Lee (inventor of the world wide web) in may 2001
[11]. The concept of the semantic web was adopted
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and promoted by the world Wide Web Consortium
(W3C). In a conventional web based on HTML pag-
es, the information is embedded in the text of the
pages and extracted by a person using a browser.

The semantic web involves recording infor-
mation in the form of a semantic network using
ontologies. Ontology is understood as a formal
explicit description of concepts in the subject
area (classes) under consideration. The ontolo-
gy together with a set of individual instances of
classes, forms a knowledge base. Thus, the client
program can directly extract facts from the web
and draw logical conclusions from them. The se-
mantic network works in parallel with the regular
network and on its basis, using the HTTP and URI
identifiers [12].

Application of Internet of things technology

The modern manifestation of the Internet
of things is communication between machines
(M2M) via wireless communication. In Europe,
this technology is already used in agriculture
to track real-time movements of cattle. In ad-
dition to tracking the movement of livestock,
farmers receive automatic notifications about
the status of animals. M2M communication de-
vices equipped with SIM cards are installed in
the stalls and in the field, and special sensors are
attached to the animals that collect information
and transmit it to the data collection device. This
device immediately sends the necessary informa-
tion to the farmer via SMS. Animal health data
can be monitored not only via SMS, but also on-
line via the GPRS channel that links monitoring
systems to the data center. In Europe, this app is
already used by about 4 thousand farms [1]. For
decision making various intelligent technologies
can be used [12].

Proposals

The authors propose the structure of multi-
agent system (MAS) of milk farms analyzing
in Libyan (MASMFA) monitoring of quality of

production. Information about MAS is describe
in [13]. Using proposals for organizing intelli-
gent multi-agent information processing [14],
the composition of the system’s agents was de-
termined. MASMFA structure has many agents
such as sensors, communication, data base, anal-
ysis of the information received from sensor
agents, decision-making. System implements
the functions to ensure the required class of milk
quality and allows to implement an IoT local
network. To build such a IoT local network, the
approaches described in article [15] will be used.
Milk quality sensors will be periodically queried
and their values will be recorded in the database
server. The decision-making subsystem, process-
ing the database content, will issue data on milk
quality to the farm administrator on a mobile de-
vice. The server structure can be implemented
using a cloud service. This network will be based
on the principles of information transfer via LTE
technology [16].

Conclusion

1. The analysis of management technologies
in the network structures of Infocommunications,
based on the NSMP, and in local networks of the
Internet of things is performed. Four levels of
the Internet of things local network structure are
described: smart sensors, network vehicles, ser-
vices, and applications.

2. The issues of identification of devices in
the network, information security and practi-
cal implementation of international standards
and recommendations are relevant. To logical-
ly build a network of IoT, it is necessary to de-
velop models and algorithms for building local
network management systems for agriculture
implementation.

3. The structure of a multi-agent system for
studying the quality of milk from farms in Leb-
anon is proposed. For its implementation, the In-
ternet of things network is being built using LTE
technology.
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BUIITHAKOB B.A., AJIb—-MACPH A.X., AJIb—XAJ[PKH C.X.

OPTAHU3ALMUA CTPYKTYP U YNPABAEHUSA
B AOKAAbHbIX CETAX UHTEPHET BELLEM

benopycckuii cocyoapcmeennulii ynusepcumem ungopmamuxu u paouodnekmponuxu, Pecnyonuxa benapyce

Jana cumeonuuecxas gpopmyna unmepnema eeweti (loT). Ilposeden ananuz mexnono2uti ynpagieHus KaxK @ cemeguvix
CmMpyKmypax ungoxommynukayuil, ocHosanuvix na npomoxoie SNMP, max u na noxkanvnvix cemsax Uumepnema sewetl. Ilo-
Ka3amvl 084 100X00a K peanusayuu npoyecca ynpagieHus 8 UHOOKOMMYHUKAYUOHHBIX CemAX: 0OUH OCHOBAH HA CO30AHUU
CReyuanbHelX NPOSPAMMHBIX CPEOCME, BMOPOl — Ha pabome ¢ OaHHbIMU, ONUCBIBAIOWUMY cemesoe ycmpolicmeo. IIpugede-
nut ocrnosnvie onepayuu SNMP. Onucanet yemuipe ypogus loT 6 cmpykmype 10KaneHOt cemu: UHMean1eKmyaibiole 0amyu-
KU, cemeguvle mpaHcnopmubvle cpeocmed, ciyaucovl u npunodicenus. Paccmompena cmpykmypa nokanenoti cemu Mumepuema
sewell, komopas exaloyaem 6 ceds uHmMerIeKmyaibHble OAmyuK, MpPaHCROPMHYIO Cpedy, CepeuUchbl U NPULOAHCCHU Ol
npeocmagnenus UHPopmayu 6 cemu UCnoab308aAHUA CEMANMUK 6eD.

Paccmompena cmpyxmypa mynemuazcenmuoil cucmemvt (MAC) ananrusza pabomur monounvix gpepm 6 Jlusane (MACM-
@A) ona monumopunea kavecmea npooykyuu. Cmpykmypa MACM®PA umeem mHodHcecmeo azenmos, maxKux Kax a2enmol
Kauecmea MoioKa, ad2eHmul c6s3u, 06a3vl OAHHBIX, A2eHMbl AHATU3A UHGOPMAYUU, NOYYUEeHHOU OM A2eHMO8 0aM4UKO8, d2eH-
mol npunamus pewenuil. Jannas MAC peanuzyem gynkyuu no obecneuenuto mpedyemozo K1acca kaiecmed Moioka u oc-
HOBAHA HA NOCMPOeHuU 10KaAbHoU cemu Mnumepuema eeweil. [lpednosicen aoeopumm obpabomka ungopmayuu 8 maxou
cemu lo T. Monounsie cencopsl 6y0ym nepuoouyecku 3anpamusamscs, ux 3Havenus 6yoym 3anucvléamuvcs 6 6a3y OAHHbIX
cepgepa. Iloocucmema npunamus peweHull Oyoem vl0agams 0aHHble 0 Kaiecmee MOA0KA AOMUHUCIMPAmMopy ¢epmul Ha
mobunvrom ycmpoticmee. Cepeepnas cmpykmypa peanuszyemcs ¢ UCH0Ib308anuem ooraunozo cepsuca. Pearusayuu smot
cemu loT pazpabamvieaemcs ¢ ucnonvzosanuem mexvonrozuu LTE.

Knrwueswie cnosa: cemesoe ynpaejienue, unHmepHent eeweﬁ, VYMHbIE CEHCOPbL, MPAHCNOPMHbLE CeMmU, CEPBUCHL, NPUTONHCEHUS
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A. M. KOBAJIEHKO, A. A. LIEMHUKOB

MOAEAb UHEPLUAABHO-ONTUYECKOM
HABUTALMOHHON CUCTEMDbI
BECITUNOTHOIO AETATEAbHOIO AIMAPATA

Yupeowcoenue oopasosanus «Boennas akademuss Pecnyonuxu benapycoy»

B cmamve paccmampusaromes nooxoobl K NOCMPOEHUIO0 KOMNJIEKCHOU UHEPYUATbHO-ONMUYECKOU HABULAYUOHHOU CU-
cmembl MAKMUYecko2o 6eCnUIOMHO20 JeMamenbHo20 annapama oaudxche2o oeticmeust. IIpednoscernsvl areopummol ROCMOo-
AHHOU U NEPUOOULECKOT (8 NPOMEINHCYMOUHBLX NYHKINAX MAPUPYyma) Koppekyuu 6ecniamgopmeHnot 60pmogol uHepyuaib-
HOU HABU2AYUOHHOU cucmeMmbl. [Ipu KoMnieKcuposanuu uHGOpMayuu o0 napamempax 08UdCeHus OeCcnuiomHozo i1ema-
MeNbHO20 annapama (ROLYHaemMol om paccmMampusaemvlx cucmem) Oblid UCNOIb308AHA UHBAPUAHMHASA CLAOOCEAZAHHASA
cxema 06pabomku OaHHbIX HA OCHO8E pacuiuperno2o Guivmpa Kaimana, 4umo no3eonuno cyuecmeeHHo CHU3UMb cucme-
MAMUYECKYIO COCMABAAIOWYIO NOZPEUHOCU OeCniam@pOpMenHOl UHEPYUATbHOU HABULAYUOHHOU cucmembl. TTokaszambl
npeumMyuecmed KOMNIeKCHOU UHePYUATbHO-ONMUYECKOU HABUSAYUOHHOU CUCEMbl npu 06echeyenuu noaema 6ecnuion-
HO20 1emamenbHo20 annapama 6 30He 0elcmaus cpedcms paouodieKmporHol 60pbobl npomuerura. Ilpeocmasnenvl pe-
3YN6MAMbL MOOCIUPOBAHUS, NOOMBEPACOAIOUUE BOZMONCHOCHTb 0DECneYeHUs MOYHOCMHBLX XAPAKMEPUCMUK UHEPYUATLHO-
ONMUYECKOl HABUSAYUOHHOU CUCIEMbL NPU OMCYMCMEUU CUSHANO8 CIYMHUKOBbIX PAOUOHABUSAYUOHHBIX CUCTEM.

Knrouesvle cnosa: becnunommuviii iemamenshblil annapam, 6ecnﬂam(])op,ueHHaﬂ UHepyuaibHasl HasucayuoHHas cucmemda,

ONMUKO-2J1eEKMPOHHAS cucmemd, @uﬂbmp K(lJlM(lHa, KOMnjiekcupoeaHue uauepeHuzZ OamuUKo8

BeBeaeHue

OnauM W3 OCHOBHBIX CIIOCOOOB obecriede-
HHAS TOYHOCTH TO3WUIIMOHUPOBAHUSA OECIUIIOT-
HBIX JerarenbHbIX ammaparoB (BJIA) smmsercs
KOMIUIEKCHPOBAHUE CHTHAJIOB  CITYTHUKOBBIX
Y WHEPIHUAIBLHBIX HABUTAIIMOHHBIX CUCTEM. Tak,
HanpuMmep, Taktuueckuii BJIA Ommknero nei-
ctBus [1], crosimue Ha BoopyxkeHun BC Pb,
OCHAIIIEHBl WHTErPUPOBAHHBIMH HHEPLIHUAIBHO-
CITYTHUKOBBIMH ~ HABHUTAIIMOHHBIMH  KOMILJICK-
camu (MCHK). bazoBeim smementom MCHK
sBIsieTcsl OoproBast OecrurarpopMeHHAs HHEP-
nuanbHas HaBuramuonHas cucrema (BMHC),
KOTOpasi KOPPEKTUPYETCS IO CUTHAIAM CITyTHH-
KOBBIX paauoHaBuranuoHHbix cucreMm (CPHC).
Ocobennoctu MCHK xopomio nsyudensl. Takue
CUCTEMBI O0ECIEUHBAIOT TOYHYIO HaBUTALIUIO
BJIA mipu HaNIMYMM yCTOWYUBOTO TOJISI CUTHAJIOB
CPHC. Iloaxons! K pelieHnio 3a/1a4 KOMIUIeKC-
HOU 0oOpabotkm mHpopmanuun B MCHK nocra-
TOYHO ITOJTHO OTTMCAHEI B [2].

CoBpeMeHHbIE CpEeJICTBA PaJIMOIIESKTPOH-
HOi OopbOBI («Ipo3a-C», «Kpacyxa») mo3so-
JIAIOT MepenaBaTh CIEUHalbHO CTEHEPUPOBAH-
HBIE€ CUTHaJBI, KOTOPbIE BHOCST OLIMOKY B TO-
ka3zanusi OoproBoro npuemHuka CPHC (T.H.

«cryddunr araku» [3]), 4TO MPUBOANUT K He-
BEpPHOM OLIEHKE KOOpJIMHAT HOCHUTENA. B aTux
YCJIOBUSX OCHOBHBIM HMCTOYHHKOM HaBHUIaLU-
onHori mHpopmanmu bJIA ocraercs BMHC,
cocrogmasa u3 MOMC-gaTuukoB HHUHEHHBIX
yckopennii (AYC) u gaTdyukoB YIJIOBOH CKO-
poctu (JJIY). PaccmarpuBaemble AaTuyuKu
OTHOCSITCA K H3MEpUTENIsIM HHU3KOTO Kjlacca
TOYHOCTHU [4], a UX UCTOJIL30BAHUE B COCTABE
BHMHC BJIA 6e3 koppekmuu mocieaHei mpu-
BOAUT K BO3HUKHOBEHHIO OOJIBLINX CHCTEMa-
THISCKUX OMHOOK [5].

B coBpeMeHHBIX YCIIOBHSIX Pa3sBUTHS TEXHO-
noruit 3pPEeKTUBHBIM pelIeHHEeM dTON MPOOIEMBI
apiasercs koppekiuss bBMMHC no curnamam aBTo-
HOMHOTO MCTOYHHKA MUJIOTAKHO-HABUTALIMOHHOMN
uHpOpMaIy OOPTOBOH ONTHUKO-3IEKTPOHHOH CH-
cremsl (O2C) [6].

MocTtaHoBKa 3apauu

Ilenmsto pabOTHI SIBISIETCS] OIIEHKA BO3MOYKHO-
ctu xomruiekcupoBanus BMMTHC u O3C, paspa-
00TKa MOJIENTM COOTBETCTBYIOIIETO HABHUTAIOH-
Horo koMmIiuiekca BJIA, onieHka TouHOCTH Ipeaia-
raeMoro HaBUTallMOHHOTO KOMILIEKCA B YCIOBUSIX
orcyrcrBus curHainos CPHC.

2,2020
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PeweHue 3apaum

ABTOHOMHYIO HaBUTAIIMIO TMpEUIaraeTcs op-
raHW30BaTh 32 CYET COBMECTHOW OOpaOOTKH CHT-
HajoB ¢ 6boproBoit BUHC u O3C, coeqHEHHBIX
B €IMHYI0 HHEPIMAIHHO-ONTUYCCKY HABUTAIIN-
onnyto cucremy (MOHC). Ha puc. 1 moka3zan co-
CTaB U CTPYKTypa MHJIOTAKHO-HABUTAITMOHHOTO
rxomriekca (ITHK) na ocnose BUHC ¢ xoppekun-
eit or OOC. B xauecTBe mpumepa, s HCCIIeoBa-
auii Ob11 B3sT ITHK TakTnueckoro BJIA OnmkHe-
ro AeicTBuUs (THITa « MOCKHUTY).

B coctaB nccaemyemoro ITHK Bxomsat: 6op-
toBass BMHC; Mmomynb cucTeMbl BO3IYIIHBIX
CUTHAJIOB, BKJIIOUYAIONIMNA 0apOMETPpUYECKUHN BbI-
coromep; OOC, cocrosimasi u3 MUPPOBOH Kame-
pPBl M BBIYHMCIUTENS, PEaU3YIOMIEro 00padoTKy
ONTHUYECCKONH WH(OpPMALMU; CUCTEMa aBTOMATH-
yeckoro ympasieHus: (CAY) (ueTblpexkaHallb-
Has, TICPEKPECTHAs] IBYXKOHTYPHAsI C 3aKOHAMH
cTabumiu3aIy 1 yMpaBlIeHUs yriiamMHu KpeHa ()
1 TaHTaXa (9), CKOPOCTH TOJeTa BO BHYTPEHHEM
KOHTYpe, BBICOTHI (H), Kypca () 1 O0KOBOI KOOp-
JMHATBI — BO BHEIIHEM KOHTYpe); moayis CPHC.

Moaenb 6opToBoii BUHC

Maremarnyeckas mozens BHMHC Bxirogaer
B ceOs aNropuT™M yIiIoBoW opuweHTanuu bJIA ot-
HOCHUTEJIBHO HOPMAaJbHON MOIBMKHONW CHCTEMBI
KOOPJVHAT M HAaBUTALMOHHBIN aJIFOPUTM OIpese-
JeHnsl MojokeHus 1eHTpa Macc BJIA B reorpa-
¢uueckoit cucreme koopaunar (CK). Opwuenra-
s ocelt cs3aHHOM ¢ BJIA cucrems! koopauHat
omnpenesnsercs B coorBercTBur ¢ [OCT 20058-80.

Jns onucanus opuentanuu bJIA B mpoctpaHcTBe
HCIOJIB30BANUCH yIiibl Ditnepa-Kpeutosa [7].

s onucanns ommbok bBUHC Obiia ucmonb-
30BaHa MOJIETIb, MPEAJIOKEeHHAs B [8]. DTa Mozenb
NpEACTaBIsET CO00H cHucTeMy HEOTHOPOIHBIX
muddepeHInaNbHBIX YPaBHEHUH C NEepEeMEHHbI-
MU K03(DDUITHEHTaAMH:

apo M Vi g
kR ()
. AV V. V.
A=—2 2 pAg——E AR;
Rcos@ Rcos™ @ R”cos¢

rae AQ, Al — IIOrPEIHOCTH CUUCIIEHUS I'€0-
LEHTPUYECKOM IIUPOTHI U JOJTOTHI B CKaJSIPHON
dopwme; VXg,VZg _ MPOEKUUHU MyTEBOU CKOPOCTH
BJIA; AVy,,AV,, — HOrPEIIHOCTH ONpEACICHHS
COCTABJISIIOLIMX IyTEBOH ckopocTH; R — paauyc
3emuy;

HeonnopoaHocTh BbI3BaHA  MOTPEIIHOCTS-
vu AYC un JJIY, Bxomsuux B cocraB bBMHC.
CBsi3p Mex1y C(HEpHUSCKUMHU U TIPSIMOYTOJIHHBI-
MU KOOpJAMHATaMH HAXOAWUJIACh B COOTBETCTBHUU
C BBIPpAKCHUSMU

X = Rcos@sinA;

Y = Rsino; (5)
Z = Rcos(®CcosA;

Moaenb 6opToBoit 03C

B cocraB ODC BXonuT: MOHOKYIISIpHAs LH(]-
poBasi KaMmepa 1 BeIYUcIuTeNnb. Kamepa ycTaHos-
JIeHAa B HAJUP U JKECTKO 3aKperieHa B (ro3ersike

I
! Monyas CPHC } 09C Monyas CBC
|
| T ITndposas xamepa BapoueTprieckiit
I Bricoko4acTOTHBIH | i TR L H IAaT4YHK IOTHOTO
e KaHAT IpHEMa i i HKPOKOHIROIULCD C [ TABTEHHAA aTMOC hepsl
N e L P Briuncaureas |l
s : : : AnropHt™ AnropHT™ | BapoMeTpHUECKHH
| | || pacmoinaBanms OIIEHKH ! JATHHE CTATHIECKOTO
= HHO ! TaBTEHHA aTMOC(hephl
MuepuHaILHBIH |7y Iy AP 2 s
Borancanrean | =—-----t- - - ¢
MOIYJ1b ny, | Veprc V., V}, H |
i JIaT4HKH n| [ ]| ==5E—-- X2
A »| | buok nepecaera : XY
yCKOpeHHit o 9 v v \ 4 v
—— = YA
o, Anropur™ e g bl
P OPHEHTAITHI V. V.V XY
o = > _ X2" ¥y brok koMmnexkcnpoBaHnsa >
JlaTmkn yra0B0H HapuramioHeei | | X ¥ 5 P> CAY
cKOpOCTH 2 p| HABHTATHOHHOI MHpOPMANTIT 9
AITOPUTM LY
:IJ
Puc. 1. Ctpyxrypnas cxema [THK ¢ OOC
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BJIA B nentpe macc. OHa MO3BOJISET MOJYyYaTh
uu(poBble M300paKEHUSI YYACTKOB MECTHOCTH
U TepenaBaTh UX Ha OOPTOBOM BBIYMCIUTEIb.
B BbluncanTeNne 3a105KeHbI aTOPUTMBI 00padoT-
KM TI0CTIeIoBaTeNIbHOCTEH HU(POBBIX H300paxke-
HUN (ONTUYECKOTO MOTOKA), TO3BOJISIOLINE Olie-
HUBaTh COCTaBIsIOMHUe KoopauHar X ©°€ y0o¢
BJIA, a Takke anropuTM paclio3HaBaHUs Ha3eM-
HBIX OOBEKTOB C H3BECTHBIMHU KOOpIMHATAMH
(Ha3eMHBIX HaBUTALMOHHBIX OpUEHTHPOB
(HHO)).

B kauecTBe reoMeTpHUYECKOM MOIENH, st
OTIpEICNICHNs] MapaMeTPOB B3aUMHOIO PAaCIONO-
KCHUSI OOBEKTOB C HCIIOIb30BAaHHUEM JaHHBIX
OO3C BJIA 6p11a BEIOpaHa MoJeNTb MOHOKYJISIPHOM
Kamepsl ¢ Majioi auadparmoii [8] (puc. 2). B aroii
MOJIENTN YYacTKH 3€MHOM MOBEPXHOCTH IPOEIH-
pyrotcst Ha nudposyro marpuity O9C. B mporec-
ce 00paboTKH MU(PPOBOTO M300pAKEHUS HA HEM
BBIJICJIIIOTCS] KOHTPACTHBIE YYaCTKU, Ha3bIBACMbIE
0COOBIMH TOUKaMH [9].

B cooTBercTBUM €O CBOMCTBAaMM MEPCIEKTHUB-
HOW NPOEKIHMH B Kamepe ¢ Mayioi auadparmoit
KOOpAMHATBI OCOOBIX TOYEK M300pa’keHusi pac-
CUUTBIBAIIUCH CIICIYIOIIUM 00pa3oMm [7]:

3)

e

i z

70T _ 05C H
i i v L TZ
03C _03C
e X, ,Z;  — KOOPJMHATBI OCOOBIX TOUEK
Ha 1udpoBoM u3zodpaxenun; f — GoxycHoe pac-
crosinue oobexktnBa ODC; H — UCTUHHAS BBICO-
ta BJIA; ¢ ,c, — xoopauHarel «raBHOW» [10]
TOYKH U300PAKCHHUSI.

OnTwdeckmit
HEHTP
. 2 JIOCKOCTh M300pakeHUs]
L=

Oco0Oble TOUKH

AATOpUTM KOMNAEKCUPOBaHUA
uHpopmauuu BUHC n 03C

[IpuBiieueHne NOTMONHUTENBHON HaBUTAIIH-
OHHON HH(]OpMAIUK, MOTYy4aeMOH C TOMOIIBIO
0DC, peanu3yeT NPUHIUN U30BITOYHOCTH, KO-
TOPBIA 00ECIIEYMBACT BOSMOXKHOCTH MOBBIIICHUS
TOYHOCTH TIO3UIIHOHUPOBAHUSI.

Jlns  perieHust 3aja4d  KOMILICKCHPOBaHUS
BUHC u O3C 6p1a ncmob30BaHa MHBAPUAHTHAS
cinabocBs3aHHas cxeMa OOpaOOTKM JTaHHBIX Ha
ocHOBe pacmupenHoro ¢misrpa Kaamana (OK)
[2]. AOCTOMHCTBOM CXEMBI SIBISIETCS €€ CpaBHU-
TebHAS MPOCTOTA U HE3aBUCHMOCTh OT XapaKTe-
pa nBwxkeHus: Hocutens. [Ipu mocTpoeHUn Takmx
aJrOPUTMOB HE TPeOyeTCs MCIOJIb30BaHUE JO-
MOJMHUTEIbHOW HH(pOpMaIruu 00 0COOCHHOCTSX
nBrkeHus BJIA u ero 7uHaMHUYECKHX CBOMCTBAX,
YTO MO3BOJISICT CHU3UThH BBIYMCIUTEIILHBIC 3aTpa-
THI ¥ BJIUSIHUE THHAMWYECKUX OIMMHOO0K [2].

B cmabocsizannoli cxeme BUHC u O2C dop-

MHPYIOT OIICHKH BEKTOpa COCTOSTHHUS
%, :[fcl.BMHC,)%iO SC]T . Ceasyrommii 610K, BKJIIO-

yaronuit @K, Ha OCHOBaHWMM Pa3HOCTH MOKa3a-
auit BUHC u OOC ¢dopmupyer oreHKy BeKTopa
COCTOSIHUSL B OHOU CUCTEME KOOPAMHAT U OJHOU
pasmepHocTH. OIIEHKa BEKTOpa COCTOSHUS WC-
nonb3yetcs s koppekunu BUHC u komnenca-
MU €€ WHCTPYMEHTAIBHBIX IOTPEITHOCTEH.
CrpyKkTypa WHBapUaHTHOHN CITa0OCBsI3aHHON CXe-
MBI 00pabdotku manabplXx BUHC 1 OOC moka3aHa
Ha puc. 3.

ANTOPUTM OIICHWBAaHUS COCTABIAIOIINX BEK-
TOpa OIMMOOK IMMOCTPOCH Ha 6a3e muckperHoro GK
[2,4]. IIpu aToM maremarudeckas moaenr MOHC
B JIMCKPETHOM BHJE OIMCHIBAETCS YPaBHEHUSMHU
COCTOSIHHSI I U3MEPEHUSI:

x((+1)=0G+1Li)x(@)+ TG +1,i)w(i),
z@+D)=H@GE+Dx(@+1)+v(i+1);

~bBHHC
Ve

|
h 4
=2|
=
=
@]

>

nepesanyck

Puc. 2. IlepciekTuBHas NpOEKIUs B Kamepe
¢ MaJIoii uadparmoit

Puc. 3. CTpykTypa HHBapUAHTHOMN CIa0OCBS3aHHON CXEMBbI
00paboTKN HAaBUTAIMOHHOM HH(OpMALINK.
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rae  x(i)- BEKTOp COCTOSIHUSI CHCTEMBI;
z(i +1) BEKTOp U3MEPEHUS; v(i +1) BEKTOpP OLIHO-
KU H3MepeHus; w(i) BEKIOp BO3MYILEHUS;
®(i +1,i) OJOYHO-IMATOHAJILHAS TIEPEXOHAS Ma-
Tpuua cocrostausi; '(i+1,i) mepexoanas marpu-
11a BO3MYILIAOIIUX BO3AEUCTBUI; H (i +1) Marpu-
11a U3MEPEHUS.

OrneHka BEKTOpa COCTOSHUSI CUCTEMBI TIPOM3-
BOAUTCS HA OCHOBE aHAJIN3a OLICHOK:

I ~BUHC ~0BCqT
xi :[xi s xi ] H (5)

e X;

~00C _ 00C ODCqT .
X; =[X;77, 277 ]

b

"_BI/IHC — [XiBMHC, Z[_EMHC ]T

rue XiB”HC,ZiB”HC— OLICHKM KOOpAUHAT

BJIA no manueiMm BUHC; X I.OSC, ZI.OSC— OILICHKH
koopaunat bJIA no ganasiM O2C.

Bekrop wm3mepenuit  z(i+1) dopmupyercs
C YYETOM Pa3HOCTH AaHHBIX 00 OIIMOKaX M3Mepe-
Hust koopauHat bBJIA, mnomyuennsix or BMHC
n O0C:

7 (i+1) = AXPHIC G+ 1) - AX OO (i +1),

z,(i+1)= AZPMHC G 1 1) = AZOC (i +1);

Anroput™m oreHuBaHus KoopAuHaT bBJIA,
BKJIFOYACT: BBIPAXKEHUS Ul BEKTOpa COCTOSHUS,
Marpuily Kod(pUIMEHTOB yCHIICHHUS, MaTpHUILy
COCTOSTHHSI, MaTpHIly HW3MEPEHHUs, IEPEXOIHYIO
MaTpHIly, MaTpUIly WHTEHCUBHOCTH, KOPPEIISIH-
OHHYIO MaTpPHILY.

Brlpakenus, peaqu3ylolmye alropuTM JHc-
KPETHOTO OIICHUBAHHS BEKTOPA COCTOSHUS CHCTE-
MBI, HIMEIOT BUJL:

X(i+1,i) = D@ +1,0)X(, 1), N
X+ Li+D)=xG+Li+)+
+K @+ 1)(z(i + L) —HGE+ )P +1,0)x(i,1));
Marpuua kosdduunenroB ycwieHus K(i+1)

ompefensiercs ¢ [OMOLIbIO  CIEAYIOIINX
BBIPAXKEHUI:

KG+)=Pi+1L)H" (i +1)(H(G+1)
PG+1LDHT (i +1)+RG+1)™),
P(i+1,)) =D +1,))P(i, )P (i +1,i) +
+L(i+ 1,000 +1,i),
P(i+1,i)=P>i+1,i)- K+ )H(@i+1)P> +1,i);

(6)

(®)

rne  P(i,i) — KOppeNsILIMOHHAas MaTpula;
P(i+1,i) — KoppelsuMOHHAS MaTpula OLIMOKH
MIPOTHO3UPOBAHHS.

B mnpouecce uccnenoBaHuil MCHOIB30BaNIACh
MOJICNTb 33JAFOIIETO BO3ICHCTBUS IEPBOTO MOPSI-
Ka. T.K. CHCTeMaTHYECKUE COCTABIISIONIIE TIOTPEIIl-
HOCTEU OIICHHWBAIOTCSI B COOTBETCTBUHU C PA3HOCT-
HOU CXeMO# (UIBTpALK, TO JUIsl alllPOKCUMAIIUU
MMOCTOSTHHOM COCTABJISIONICH 3aJar0Iero BO3ACH-
CTBUS IPUMCHSUTUCH TIOJIMHOMBI TIEPBOI CTETICHH:
x_, +V_At

i—1 V .JCl ’ (9)
X1

Ilpu >TOM, mepexojHas marpuiia COCTOSHHUSA
®(i+1,i) u marpuua mmepenus H(i+1), ume-
FOT BUJI:

xi=

1 A0 0
o Jlo1oo0
PE+LD=l o 1 A
0001 (10)
1000
HGi+1,i)=[0 0 1 0|,
0000

[TepexoqHass MaTpuia BO3MYINAIOLINX BO3-
neiicteuit ['(i+1,i) ¥ Marpuua MHTCHCHBHOCTH
O(i) nmeroT BUI:

2
A5 0 0
2
At 0 0 O
2
0 059
2
0 0 Ar O

T(i+1,i)= (11)

S .

2
Shyc 0

00) =

b

2
0 Sy

I Gpyc,> Oy Cpe/IHEKBa/IpaTHUECKue
ommoOku m3mepenus AYC u JJIV.

Koppensunonnas marpuna omubok R, Obuia
MOJTyYeHA M0 JaHHBIM Momenu omuook MOHC,
paccMoTpeHHoi B [6,11]:

Ri =RiBMHC +Rl'03C —

2 2
cTXBI/IHC +GX09C 0 (12)
_ 2 2
= 0 Oy sunc T Oroac|-
0 0

WccnenoBanns XapaKTEpUCTHK  KOMILIEKC-
HOM WMHEPIMAJIBLHO-ONTUYECKON HAaBUTAIMOHHOMN
CHUCTEMBI

B cpeme BUpTyanbHOTO MOJIEIHPOBAHUS
MATLAB 6bina peanuszoBana (hyHKIHMOHAIbHAs
Mojielb pa3padorannoit MOHC nHa 6a3e quckper-
Horo @K (puc. 4).
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Ha puc. 4 n,,n,,n, — npoekuuy IMHEHHOTO
yckopeHus: Ha ocu cBs3anHoi CK, BbipabaThIBae-
meie JUIV; o, ,®,,,0,, — DPOCKIHH BEKTOpa
aOCOJIIOTHOH YITIOBOM CKOPOCTH Ha OcH Teorpadu-
yeckoli CK, BoipabarsiBaemble JJYC; C — maTtpuna
nepexofa OT cBs3aHHOW K reorpaduueckoir CK;
VOE)C VOSC

xg >7zg
JSIOLIME JTMHEHHOH CKOPOCTH, ONpEAENseMble I10

nmaaaeM O9C; KOSC,(pOSC — KOOpAMHATHI pac-

no3Haraoro HHO s mepromndeckoit KoppeKun
BUHC («mrepezanycka» BMMHC ¢ HagansHBIMU 3HA-
ueHnAMH KoopauHat A(Z,),(f;) ) B IpoMexyTod-

— CEBE€pHasd U BOCTOYHAA COCTaB-

HBIX ITyHKTaX MapIpyTa.

Jis ynpoteHus: Mojiey ObLTH TPUHSITHI Clie-
IYIOUINE JTOMYICHHS:

1. ABTOMarM4ecKoe YIPaBJICHHE IMOJCTOM
BJIA B ropu3oHTaJILHOM IJIOCKOCTH M €ro Cra-
Owmmsanus Ha JmHAA 3amganHoro mytm (JI3IT)
OCYIIECTBIISIETCSI TI0 MapUIPyTHOMY METONLY
YIPaBICHUS;

BHHC (I'OPH3OHTAJBHBIIA KAHAT)

2. 3agaya CUHXPOHU3AIMU JAaHHBIX C BBIXOZA
BUHC u O2C pemiena;

3. Ha npoTsiKeHHn BCEro MaplipyTa 3apaHee
BbIOpansl HHO, nanHble 0 KOOpAMHATaxX KOTOPBIX
UCHOJB3YIOTCs A «Tepesanyckay bBITHC;

4. Hlar nuckpeTus3alMy CUMTAETCAd OAMHAKO-
BBIM U paBHBIM At ;

5. PacnoznaBanme ouepennoro HHO mpowmc-
XOIUT MTHOBEHHO C BEPOSITHOCTBIO PAaBHOM 1.

Jig  mccnenoBaHus  XapaKTEPUCTHK — KOM-
mwiekcHot MOHC npoBonuiocs MOAEIUPOBAHHE
B COOTBETCTBHH CO CIEAYIOIUMH CLIEHAPUAMU:

1. BJIA ocymecTBigeT MojaeT No 3aAaHHOMY
MapupyTy B 30He JieiicTBus cpeacts POb. Croyr-
HUKOBasi KOppeKuus oTcyTcTByeT. [Ipsmonunei-
Hoe nBwkeHue BbJIA mpoucxoauT ¢ MOCTOSHHOM
CKOPOCTBIO U BBICOTOH MOJIeTA.

2. JIsmxenne BJIA ocymecTBusercs mo Ka-
IpaTHOM TpaekTopuu (Oappa’KUPOBAHHUE (IO KO-
poboukey») B 30HE AeicTBUA cpenctB POb (cmyT-
HHUKOBasi KOPPEKLHsI OTCYTCTBYET).

----------- JV_ -=--= Ilepesanyck BUHC
Altp)
+ |

HHM £

Ve ()
§+ Ve

n,
%
H_}' h 4
@ » C Buox BepaboTm |
by o,
n-
(A~

Al =

I
Voo (ig)

Biok

HHTETPHPOBAHHA

0 T

A A A
wty) ) yt)

3 .U
M— Bnok BeIpaGOTKH | =
> @,.0,,.0 : 'E ;
srgonaeoay =
% |
S i
C E
L4, Y

ANTOpHTM OIEeHKH
TPaeKTOpHH

Kamepa

AITOpAETM
pacno3HABaHHA
HHO

Puc. 4. Moniesb KOMIJIEKCHON MHEPLHAIbHO-

OINTUYECKON HaBUTAIIMOHHOM cucTeMbl BJTA
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Ta6nuna 1. IlapaMeTpsl AJs MOAETHPOBAHUS
nBkennst BJIA

ITapaMeTpbl /Ut MOACTUPOBAHMUS 3HaveHne
CucremMaTndecKue MorpenrHoCTH 5
THPOCKOIIa, °/1
CucremMaTndecKkue MorpenrHOCTH 10-3
akcenepomerpa, M/c?

XapaKTepUCTUKH ITyMa THPOCKOIIA, paji/c 0,3
XapaKTepUCTHKHM TIyMa aKkcelepoMeTpa, M/c> 0,029
Beicora nonera, m 500
[Morpemmnocts BeicoTomepa (CKO), m 20
Pasmep matpuist O9C, MM 15,6 23,5
Paspemenne cuumMka, nukcenei 6000 %4000
DokycHOe paccTosHIE, MM 20

[TapameTpsl A MOACTUPOBAHUS JBUKCHUS
BJIA npencrasienst B Taduiie 1.

Ha puc. 5, a npencrasieHsl pe3ysbTaTbl MO-
nenupoBaHus Tpaektopun bJIA 1o gaHHBIM
BUHC wu mno pmammeiM ODC (V, =0wm/c,
V,=15m/c, H=500m). Cucremarnyeckue
cocTapistone norpemHoctd MOMC-naTunkoB
BUHC oka3pIBaloT 3HAYUTENBHOE BIHUSHUE Ha
TOYHOCTh olleHKH KoopauHat BJIA. Tak, Hanpu-
Mep, A1 pacCMaTpPUBAEMbIX HAUaJbHBIX YCIOBUN
no uctedenuu 100 ¢ moneTra MOTPEIIHOCTh OIICH-
K1 KoopauHar ¢ ucnons3oBanuem bUUHC coctas-
nsiet 80 M, a guepe3 600 ¢ —3570 m.

TouHOCTh OLEHOK TeKylux koopauHat BJIA
[0 ONTHYECKOMY TOTOKY 3aBHUCHT OT XapaKTepH-
CTHK OOPTOBOW KaMepbl, TOYUHOCTH ONpEeICIICHHS
BBICOTBI TIOJIETA, KOJIMYECTBA U PACIOJIOKEHUS
0COOBIX TOUEK.

Ha puc. 5, 6 npeacraBieH BeKTOp U3MEpEHUH
z(i+1), popmMupyeMslii ¢ y4eTOM pa3HOCTH JIaH-
HBIX 00 ommOKax m3MepeHusi koopawmHarT bJIA,

nonyueHHblx oT BUHC u O3C. Kpome storo,
NPEACTaBIICHBI PE3YJIBTaThl paOOThI (HUIBTPA.

Jl1st OLIEHKH MOTPELIHOCTH ONpeesICHHs KO-
opauHat BJIA ¢ nomomibio O2C ucnonb3oBaiach
MOJIEJIb OIUOOK, TpecTaBiIcHHas B [11].

MogenupoBaHue Moka3ano, YTo MPHU MPsIMO-
muneiHoMm nonere BJIA ¢ MOHC no ucreuenun
600 cexk. (puc 6.) OTKIIOHEHHE OT 3aJaHHOU Tpa-
exTopuu coctaBut He Oonee 50 M. Takoe oTKIO-
HEHHEe I BHIOPAHHBIX MapaMeTPOB ONTHYECKOM
CHCTEMbI COOTBETCTBYET I10JIOBUHE IIUPUHBI LIU}-
poBoro kazapa. IIpu yBeln4eHUM IMTEIBHOCTH
1ojera OmMOKa OLEHKHM KOOPIMHAT MPEBBIIACT
30HY, OXBaThIBAEMYIO TI0JIEM 3PEHHSI KaMEPHI.

Jna nansHelmero yaepxanust bJIA na JI3I1
HEOOXOMMO TPOU3BOIUTH «repe3amyck» BIHC
B 30Hax ¢ HHO (mytem aBrOMarnueckoil ujaeH-
tudukanuu koHkpetHeix HHO ¢ momompio 6op-
toBoit ODC). Pesynsrarsl padorst MOHC npu
MoJIeTe 1O MapHIpyTy ¢ «mepesamyckom» BIHC
B 30Hax ¢ HHO noka3ansr Ha puc. 6, 0.

Ha puc. 7 nokazanbl pe3yiabTarbl MOJIETUPOBa-
Hus padbotel MOHC B pexxume GappaxupoBaHUS
BJIA 1o xBagpary. Touka crapra (puc. 7, A) pac-
MOJIOKEHAa B Hayajle CHUCTeMbl KoopauHar. Tou-
K1 pasBopotoB (puc. 7, B, C, D, E) orcrosT
Japyr ot apyra Ha 1500 m. Touka mpuzemseHus
(puc. 8, F) xapakrepu3yeT HaKOIHUBILYIOCS OLIHO-
Ky 3a Bpems nosiera MOHC no koopaunare.

MogenupoBaHie I0Ka3ajio, 4YTO TpPH KOp-
pexkmmun BMMHC mo mamapiM OOC 10 MCTEYCHHH
1200 ¢ nmonera BJIA OTKIOHUTCS OT 3alJaHHOM
Tpaekropuu He Oosiee ueM Ha 70 M, UTO SBIISETCS
HNPUEMIIEMBIM C TOYKH 3PEHHsI 00ECICUCHUS TOY-
HOCTH HaBuranuu B yciaousx POb.

80 T T T
= = = 3anaHHan Tpaektopua BNA
60 H Ouerka Tpaektopun no O30
—OUeHKE TREEKTOPUK no BAHC

40

KoopauHaTa X, M

1200

f0 L L
] 200 400 B00 800 1000

KoopauHata Z, m

1400

1600

100

—#— BxoaHble gaHHbe
— O AL TROBEHHBIE AAHHLE

KoopaowHaTa ,m

0 10 20 30 40 50 60 70 BO 90 100
Bpems, t

a

0

a — onenku Tpaexktopuu BJIA nmo nanueiM BUHC 1 no nanaeim OOC; 6 — BRIXOAHOM CUTHAN QUIBTPa

Puc. 5. Pezynprarsl MogenupoBanus TpaekTopuu nojeta bJIA
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McTMHHan TpakTopua

B0 [ |==—tpakTopus no O3C
CKOpPEKTHPOBAHHAN TPaKTOPMA

KoopawHata X,m

10 L L L L L L
0 02 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2

Koopawnata Z,m %10%

—— T 1T
Touku nepruoaMYECKOit
koppekuun MOHC

Wetninan TpakTopua
TpakTopna no BUHC

2000 -

m—TPAKTOPWA N0 O3C
'CKOPPEKTUPOBEHHAA TPAKTOPUA

1800 -

1600 -

1400

M

1200

KoopawHaTa X,
=
=2
=1

@

o

=1
T

600

400 -

200

KoopauHata Z,m «10%

a

7

a —nonet Mexxay asymst HHO; 6 — moner o mapmpyTy ¢ neproandeckoit koppeknuei B 3onax ¢ HHO.
Puc. 6. Pesynsrarel MogenupoBaHus npouecca nepuoauueckoit koppexkuun bBMHC ¢ nomomnts nomomsro O2C

Bricora, m
200 - D

150 -
100 ~

50 -

D T
2000
1500
1000

500

KoopauHata X,m -500

-500

McTHHHEA TpakTopKa
TpakTopka no O30
CHOpPEKTMPOBEHHAS TPAKTOpMA

2000

500

KoopgwHata Z,m

Puc. 7. MonenupoBanue Tpaektopuu 6appaxkuposanus bJIA mo kBagpaty

BbiBoAbI

Taxum 00pa3oM, TIPENCTaBICHHBIN aJITOPUTM
MTOCTOSTHHON KOppekiuu morpemrHocteit BUHC
BJIA, ornmuuaercst ydeToM NaHHBIX ¢ OOPTOBOM
ODC u mpuMeHeHUeM MEeTOIOB (PHUIBTpaIuy CH-
CTEMATUYECKHUX IOTPEIIHOCTEH JaTYNKOB HaBU-
raMoHHON MH(OPMALUH, YTO MO3BOJISIET MOBBI-
CUTb TOYHOCTb OLEHKHU TEKYIIIMX HaBUTaIlMOHHBIX
napameTpoB nosnera bIIA.

IIpencraBiieHHBI ~ aJIrOpuT™M  IEPUOAMYE-
ckoit koppekruun bBUHC BJIA, omimuaercs yde-
TOM MWJIOTAKHBIX MAapaMeTPOB HOCUTENS U MpPH-

OIICHKHA OTHOCHUTEIHHBIX KOOPAMHAT, YTO TO3BO-
JIIeT TIOBBICUTH TOYHOCTH ITO3UIIMOHUPOBAHUS
BJIA B mpoMeXyTOYHBIX ITyHKTaX MapuipyTa.
Pe3ymbraTel MOAENMUpOBAaHUS TOKA3ald, YTO
TOYHOCTh OIpPEACIICHUSI KOOPAMHAT C IOMOIIbIO
MPEUIOKEHHON  KOMIUIEKCHOM  MHEpIUalIbHO-
ONTUYECKOM HABUTALMOHHOM CHUCTEMBI CyIle-
CTBEHHO IPEBBIIACT TOYHOCTh ONPEACICHUS KO-
opaunar mrataeiM [THK BJIA, utro mokasbiBaer
3 PEKTUBHOCTD MPEIaraeMoro Mmojaxona K Kop-
pexkunu BUHC mpu monete Taktuyeckoro BJIA
B YCIOBUSIX JCHCTBHUS CPENCTB PaTUOIECKTPOH-

MEHEHHEM  (OTOrpaMMETPHUYCCKUX  METOIOB  HOM OOPHOBI MPOTUBHUKA.
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MODEL OF THE INERTIAL AND OPTICAL NAVIGATION SYSTEM
OF THE UNMANNED AERIAL VEHICLE

In article approaches to creation of the complex inertial and optical navigation system of the short-range tactical un-
manned aerial vehicle are considered. Algorithms constant and periodic (in intermediate points of a route) are offered correc-
tion of the platformless onboard inertial navigation system. At integration of information on parameters of the movement of
the unmanned aerial vehicle (received from the considered systems) the invariant loosely coupled scheme of data processing
on the basis of the expanded filter of Kallman was used that allowed to lower significantly a systematic component of an error
of the platformless inertial navigation system. Advantages of the complex inertial and optical navigation system when ensur-
ing flight of the unmanned aerial vehicle in an area of coverage of means of radio-electronic fight of the opponent are shown.
The results of modeling confirming a possibility of ensuring precision characteristics of the inertial and optical navigation
system in the absence of signals of satellite radio navigational systems are presented.

Keywords: unmanned aerial vehicle, platformless inertial navigation system, optical-electronic system, Kallman's filter,
integration of measurements of Sensors.
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26 YIPABJIEHVE TEXHUYECKNMIW OB bEKTAMU

VJIK 681.5.015.3

A. A. JIOBATBIH, I0. @. ALIbIHA, C.C. [IPOXOPOBUY, E. A. XBUTHKO

WAEHTUOUKALUA YNPOLLEHHOW MATEMATUYECKOM
MOAEAU BECIMUAOTHOIO AETATEAbHOIO AINMAPATA

benopyccruii nayuonanvuwiii mexnuyeckuii yHugepcumem

Pewaemcs 3a0aua onpedenenus ¢opmvl u napamempos Mamemamuyeckol Mooeau 8 guoe nepedamoyHol GyHKyuu
0ns 08udiceHus becnunomuoeo remamenvhoeo annapama (bJIA) 6 eepmukanvroil niockocmu npocmpancmaa. B kauecmee
6X00H020 CUSHANA PACCMAMPUBACTNCS Y201 OMKIOHEHUS PYIIS 8bICOMbL, d 8 KAUecmeae 8blX00H020 CUSHANLA — Y201 MAH2AICA
bBJIA. Hcnonvsyromes pe3yismamsl 9KCHepUMeHmanvHulx ucciedosanuti nonema bJIA, 6 kauecmee komopulx paccmampusa-
10mcs u3gecmuvle 3HAUeHUs 6X00H020 U 8bIXOOH020 CUZHALO08 NPU 3A0AHHBIX YC08UAX noiema. Mzmepennvle ouckpemibvle
3HAYeHUs pe3yIbmamos dKcnepumenma 0 yooocmea ux Ucnoib3o08anHus npu UOeHMUGUKayuYU annpoKCUMUposansl no-
JIUHOMOM Hemeepmo20 NOpsAOKAd HA OCHOGe pezpeccuonino2o ananusa. [Iposedeno ananumuyeckoe obocHosanue Heobxo-
ouMocmu npuMeHeHUss Menmoo08 JTuHeapu3ayul mamemamuyeckol mooeau oguxcenus bJIA u npunameix oonywenuil npu
nonyuenuu ouggepenyuanvuovix ypasnenuii osudicenus bJIA omnocumensvho yenmpa macc, n0360NAI0WUX CUHINEZUPOBATND
mpebdyemyio nepedamounyio YyHKyuo coomeemcmsyouje2o snemenma cucmemst ynpasnenus bJIA. Pezyismamer komnwio-
MepHo20 MOOeAUPOBAHUS NOOMBEPOUNU 0OOCHOBAHHOCIb NPUMEHEHUS CUHME3UPOBAHHOU MAMEMAULEeCKOl MOOeuU, no-
JIYYEHHOIU HA OCHO8e CIMPYKMYPHOIU U napamempuieckoli udeHmugurayuu. /Janusiti n00X00 MOAHcem UCHOIbI08AMbCA Ol
noxyuenus ynpoweHHelx MamemMamuieckux mooeiell, Komopbvle npumMeHsomces 0Jis peulenus 3a0ay cunmesd u ONMUMU3a-

yuu cucmem ynpasienus ne moavko BJIA, no u opyeux ounamuueckux o0vexmoa.

Knruesvle cnosa: Oecnunomuulii 1emamenvHulil annapam,

@yHKyus.

BBeaeHue

HocTtmwkeHns B oOmacth WHGOPMAIIMOHHBIX
TEXHOJIOTUH CJIeNaay MaTeMaTHIeCKOe MOJIENH-
poBaHHe, TOXalyd, OCHOBHBIM HaIlpaBICHHEM
B pa3BUTUU U NPUMECHEHUM METOAOB aHalu3a
U CHUHTE3a CIOKHBIX TEXHUUYECKUX CHCTEM U HX
9JIEMEHTOB, OCTaBJISISl IKCIEPUMEHTAIBHBIM Me-
TOIaM HCCIICIOBAHUS JIMIIb YacTh PadOT MO MO~
TBEP)KJCHUIO WJIM OIPOBEPIKEHUIO pE3yJIbTaToB,
IIOJIyYEHHBIX IIyTEM MonenuposaHud. Ilostomy
CO3/laHHEe MaTeMaTHYeCKHX MOJeNeld TexXHHYe-
CKHX CHCTEM W HMX DIIEMEHTOB — Ba)kKHEHIIas 3a-
Jlada y9eHBIX W WHkeHepoB. Bun (popma mpen-
CTaBJICHUS) MaTeMaTHYECKOW MOJIEIH W HCIIOIb-
3yeMbli Ui €€ TOCTPOSHUS MaTreMaTHYeCKUn
amnmapar OIpeneNseTcs B IEpBYIO Odepenb 3a-
KOHaMH (PU3UKH, HA OCHOBE KOTOPBIX CO3IAETCs
U QYHKIMOHHUPYET JaHHAs TEXHUYECKasl CUCTeMa
1 €€ TOT WJIK UHOU DJIIEMEHT.

MaremaTtnueckoe MOJEIMPOBAHUE TT03BOJIS-
eT TIPH MUHUMAJIBHBIX 3aTparax MPOBOAWUTH WC-
CIIEZIOBaHUSl TEXHHMUYECKOW CHCTEMBI B JIFOOBIX
YCIIOBHSIX, TPOBOANTEH €€ IOpadOTKy, pa3BHUTHE,
ONTUMU3AIINIO,  HCCIEeNOBaTh  OAHOBPEMEHHO
Y COBMECTHO C (DYHKITMOHHPOBAHUEM PEaIbHBIX

UOeHmuGpuKayus, Mamemamuyeckas Mooeib, NepeoamoyHds

KOHCTPYKTHUBHBIX 3JICMEHTOB CHCTEMBbI (IIOJyHAa-
TypHOE MOJICTHUPOBAHUE).

Ilociie ompeneneHus: oOMIEro BUja MareMa-
TUYECKON MOJICJIM CHCTEMbI CTOUT 3aj1a4a IPHUBE-
JicHUsT ¢€ mapaMeTpoB (ITOCTOSTHHBIX M IEPEMEH-
HBIX) B COOTBETCTBHE pealbHOU cucTeme (00bh-
eKTy WCCIeJOBaHWI), YTOOBI TPU TPOBEICHUHU
MOJICIIMPOBAHUS Y MOJIEIH TPOSBISLINCH TE JKE
CBOWCTBa, KOTOPHIE MHTEPECYIOT Pa3padOTIHKOB
U UccleoBaresel pealbHOM CUCTEMBbL. JTO SIBIISI-
eTcsl 3a1a4el NICHTU(UKAIIUH.

[Mon wneHTH(UKAIMEH B NIMPOKOM CMBICIIE
MOHUMAETCS TIOJIYYCHHUE WM YTOYHEHHUE IO JKC-
MEPUMEHTAIBHBIM JIAHHBIM MOJICIN peajbHO-
ro o0BeKTa (mporecca), BEIPaKCHHOW B TE€X WIH
HHBIX TEPMHUHAX (OMHUCAHHOW HA TOM HWJIM MHOM
s3pIke). Mnentndukanuelt TUHAMAYECKOW CH-
cTembl (IIporiecca) Ha3bIBAeTCSA TONYYCHHE HITH
YTOYHEHHE TI0 OJKCIIEPUMEHTAIBHBIM JIAHHBIM
MaTeMaTHYeCKOW MOJIEIH D3TOW CHCTEMBI WU
MPOIECCa, BBIPAKEHHON MOCPEICTBOM TOTO HITU
MHOTO MareMaruueckoro ammapara [1]. Cymie-
CTByeT OOJBIIOE pPa3HOOOpa3He METOIOB HJICH-
TUPHUKALIUU cucTeM. BbIOOp TOro MM MHOTO Me-
ToJa UACHTU(UKAIUN ONPEACISACTCS anpUuOPHON
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nHpopmareit 00 00beKTe, CIIOCOOOM MPEACTaB-
JICHHSI XapaKTEPUCTHK 00BEKTa U METOZIOM IIPOBe-
JICHHsSI SKCIIEpUMEHTa Ha o0bekTe [2, 3, 4].

Cpenu 00BEKTOB HMACHTU(UKALIMHA LIMPOKOE
pacmnpocTpaHeHUE MOMYyYUSIM HHTECHCHUBHO pas-
BHUBAIOIIIUECS B HACTOSIIEE BpeMs OCCIIIOTHBIC
nerarensHble anmapatsl (BJIA). JlocTmwxenus
B 00J1aCTH MUKPODJICKTPOHUKH MEXAHUKH, OTITH-
kn manu BJIA Takue cBOMCTBA M BO3MOKHOCTH,
KoTopbie mo3BoiIM BJIA mpu pelieHnun umu
psina 3a7a4 BBIMONHATH (PYHKIIMH, KOTOPBIE Ipe-
¥kK7e OBLIU MPUCYIIH TOJIBKO MUJIOTUPYEMbBIM Jie-
TaTeJIbHBIM anmnaparaMm. B mepByro ouepenb 5TO
OTHOCHUTCS K 3a/ladaM MOHHUTOPHUHTA 3€MHOH T0-
BEPXHOCTH B Pa3IMYHBIX JHAna3oHaX BOJH (OI-
TUYECKOM, UHPPAKPACHOM, PATUOTCXHUYECKOM)
Onaromapsi cniocooHoctu BJIA uMeTh Ha cBOEM
OOpTy TOJIE3HYI0 HArpy3Ky B BHAE MHHHATIOP-
HOHM ammaparypbl, pellarolleil pa3inyHble 3aja-
yu 00paboTku nHpOpManuu u yrpasinenud. [Ipu
9TOM K a’poauHamMudeckum corictBaMm BJIA kak
MPaBWJIO HE TIPEIBSIBISIFOTCS BBICOKHE TpeOOBa-
HUS TI0 00ECIICYCHUI0 MaHEBPEHHOCTH, KaK Ha-
npuMep, K 0OCBBIM WIN MACCAKUPCKUAM MHIIOTH-
pyEeMBIM JIETaTENBHBIM araparamM B CHIY TOTO,
gyto BJIA mpemHazHadeHBI B TEPBYIO OUYEPEIb
JUTSL BBITIOTHEHUSI Y3KOTO Kpyra KOHKPETHBIX 3a-
Jlad, TIOJIET WX OOBIYHO TMPOW3BOAMTCS IO IMPO-
cTOMY 3amaHHOMYy MapuipyTy. K Tomy e crou-
mocTh BJIA noimkHa OBITH HEOOJNBIION, YTOOBI
B Cllydae ero aBapui MaTepHalIbHBIN yiepO ObLT
MUHUMAaJTbHBIM.

CrnenoBarenbHO, HCXOJS U3 3TOTO, KOHCTPYK-
THUBHAsI U a3pOJMHAMUYECKas KOMIIOHOBKa BJIA
BBIOMpaeTcs Kak MOKHO Oojee mpoctoif. Y BJIA
OTCYTCTBYIOT TIPUCYIIHE IHIOTUPYEMBIM JIeTa-
TENBHBIM arlaparaM JOTIOTHHUTEIbHbBIE CIIOXKHBIE
a’pOTMHAMHYECKHE TTOBEPXHOCTH TaKHe, KaK 3a-
KPBUIKH, MPEAKPBUTKA U T.T. A3pOJUHAMHYECKAS
KOoMIOHOBKa BJIA Kkak mpaBuUI0O OrpaHUYMUBAETCS
HaJMYUEM YIIPABIIEMOro cradwmimu3aTopa (pyis
BBICOTBI), 3JICPOHAMH, WHOTJA — PYJIEM Hampas-
JICHHSI, KOTOPbIE OOCCIICUUBAIOT B3JIET, MOJET 10
3aJIaHHON TPAEKTOPUH U YCIEIIHOE NMpU3eMIIeHNE
B 33/IaHHON TOYKe. M3roToBneHne KOHCTPYKIUU
BJIA, BBINOMHAIONIErO TaKUe 3ajiayd, HE Ipej-
CTaBIIAET OCOOBIX TPYAHOCTEH C yUETOM TOTO, UTO
CUHTE3 CHUCTEMBI YTIPABIICHUS TMOJIETOM M TIOJIE3-
HOH Harpy3Kkoi — OTAeNIbHAA 3a/1a4a.

CuHTE3 TOAPOOHOW MareMaTH4eCKOW MO-
JIelIM  JIeTaTeJIbHOTO ammapara C Y4YeToM ero

A’POIMHAMHYECKUX CBOMCTB INPEICTABISIET CO-
0ol cIOXHYIO 3aaady, TPeOYIOLIyl0 Kak MaTe-
MaTHYECKOIO ONMMCAHUS KaXKIA0Tr0 3JIEMEHTa KOH-
CTPYKIIMH, TaK U ONMCAHUS B3aMMHOIO BIHMSHUS
pa3IMyYHBIX 3JEMEHTOB 0oOBbekTa. s pemeHus
9TOW 3a1a4u HEOOXOAMMO TNMPOU3BOAUTH HCCIe-
JIOBAaHUSI C TIOMOIIBIO CHEIUATBHBIX a’pOJIMHA-
MUYECKHX TPyO M (MIJIHM) C MOMOIIBIO CIOXHBIX
JIOPOTOCTOSAIMX  KOMIIBIOTEPHBIX — IIPOTpam,
HE BCErna II03BOJSIIOLIMX IOJIYYUTh aJeKBaT-
HBbIe pe3ysbTartbl. B To e Bpemsi aisi CHUHTE3a
cucreMbl ympasienuss bJIA, oOecrneunBarornieit
YCHENIHbIA TOJET U YNpaBICHUE TOJIE3HON Ha-
Tpy3Koil (CHCTEMOW MOHHTOpPHHTA) JAOCTATOYHO
UMETh YIPOUICHHYIO NPUOIMKEHHYIO Marema-
TUYECKYyI0 Mozenb mianepa bJIA, ocyuiecTBis-
IOIIETO TIOCTYMATEeIbHOE U BpAaIlaTeIbHOE JBU-
KEHHE B IIPOCTPAHCTBE.

AHaAU3 pe3yAbTaToB
3KCNEepPUMEHTAAbLHOT0 UCCAEAOBaHUA

[IyTem noayHaTypHOTO SKCIEpUMEHTa ObLIO
MPOBEAEHO HcclienoBanne noseaeHue bJIA xkoH-
KPETHOI a’pOIMHaMUUYECKON U KOHCTPYKTHUBHOMN
KOMITOHOBKH IIPH €ro IoJIeTe 10 33AaHHOM Tpa-
EKTOPUH B BEPTHKAJIBbHOM 1utockocTu. [Ipu aTom
MCIOJIBb30BANIACh MOAPOOHAsi MaTeMaTHYeCKast
Mozens asmxkeHus bJIA B mpocrpaHcTBe, pea-
JM30BaHHAs C MIOMOLIbIO MPOrPAMMHOTO IAKeTa
Matlab-Simulink, onucannas B [5]. Ha puc. 1
MPEACTaBIICHBL: TpaduK U3MEHEHHsI BO BPEMEHH
yIUIa OTKJIOHEHUsI pyJst BBICOTBI O(f) (HMKHHI
rpaduk) u rpaduK MU3MEHEHHsS BO BPEMEHHU pe-
akiuu BJIA Ha O(f) B BHIC M3MCHEHHs yIya
tanraxxa BJIA $(¢) (Bepxuuii rpadpuk). C yue-
TOM TOTO, YTO NPHUBOJ PYyJsl B AAHHOM CIly4yae
o0magaeT BBHICOKMM OBICTPOICHCTBUEM, Ipaduk
O(t) mo Bumy ONU30K K MPSIMOYTOJbHOMY HM-
nyibey. 3ajiada COCTOUT B ONPEIENICHUH IPH-
OmmxeHHOM Matemarndeckod mojenu BJIA mpu
3aJlaHHBIX BXOJAHOM O(f) ¥ BbIXOOHOM (1)
CUTHaJaX, NMPEACTABICHHON B BUAE Nepeaarod-

Holl hyukumu W(p) = Ip)

o(p) -

B nanHO# 3ama4ye Mbl ©MeeM OOBEKT UAEHTH-
¢dukaunyu, Ui KOTOPOIO M3BECTHBI OIMCHIBAIO-
IIFe ero JMHAMUKY oreparopHbie (nuddepeHiu-
anbHbIE) YPaBHEHHS BO BpEMEHHOHN 00JacTu, a Ha
BXOJ] 00BEKTA MOCTYIAET CHeLUaIbHBINA POOHBIH
CUTHAJ B BUJIE IPSIMOYTOJILHOTO UMITYJIbCA 3a/1aH-
HOH aMIUIUTY/BL.
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Puc. 1. Pe3ynbraTsl 3KCIIEpUMEHTAIbHBIX UCCIEIOBAHUH

B JaHHOM JKCICPHUMCHTC TOYHBLIC 3HAYCHHA
CUI'HAJIOB IIOJY4YC€HbI B JUCKPECTHBIC MOMCHTLI
BpEMEHH, KOTOpbIe Ha TpaduKe BbIJEICHBI Bep-
TUKAJIGHBIMH TIPSAMBIMU. JIMCKpETHBIC 3HAYCHHUSI
BEKTOpPOB k-X MOMEHTOB BpeMeHH tk W yria TaH-
raxka 9k mmeror BUA:

tk=10,0.683, 1.513, 2.133, 3.205, 4.120]",
k=10, 16.69, 13.78, 13.42, 13.32, 13.23]".

OrnpenenuM cBsI3b MEXKy 3aBUCHUMOM mepe-
MEHHOUW 9(?) U HE3aBHUCUMOMH IMEPEMECHHOU #(7)
Ha OCHOBE HM3BECTHBIX 3HaUCHHH 9y, u t;. Jlis
3TOr0 UCIIOIb3YEM METOJ PErpPECCHOHHOIO aHa-
nn3a [6] m mpoBemeM aImpoOKCUMAITAIO 3Hade-
HUHN 9;(1;,) TOTUHOMOM BHJA

At)=b, +bx+bx* +..+bx" +&, (1)

rne by, by,..., b, — HeU3BeCTHBIE Mapame-
TPBI, € — CllydaifHasi OIIMOKa anpOKCHMALHH
C HYJICBBIM MaTeMaTHYECKUM OKHJIAHUEM U T10-
CTOSIHHOM Jucrnepcuei.

YUToOBbl HE BBINOJHITH TPOMO3JIKHE aHa-
JUTHYCCKUE BBIYMCIICHUS  BOCIOJIb3yeMCs
CTaHJApPTHBIMUA  BCTPOCHHBIMU  (YHKITHS-
MH CHCTEMbl KOMIIBIOTEPHON MaTEeMaTHKH
Mathcad [...... 1. A(t) :=interp(s, x, y, t), TAe
s:=regress(x, y, k) — BcTpoeHHas (yHK-
oust  JUIsi  TIOCTPOCHHUS  MOJIWHOMHAJIBLHOU

perpeccum, X — BEKTOp JICHCTBUTEIBHBIX JIaH-
HBIX aprymMeHTa, ) — BEKTOp JCHCTBUTEIb-
HBIX JAHHBIX 3HA4eHWUW (QYHKIIUU TOTO IKE
pasMepa, { — 3HAUCHHE apryMEHTa ITOJIMHOMA
perpeccuu, Nmpu KOTOPOM BBIYHCIISICTCS WH-
Tepriosmpytomas (GyHKIus k — cTeneHb HH-
Tepronupyomero nosmuHoma. 3HadeHus H(0)
M3 BEKTOpa anpOKCUMALHMHN HUCKIIOYaeM, Tak
Kak B COOTBETCTBHHM C pe3yJIbTaTaMU JKCIIe-
pumenta (puc. 1) mpu =0 3=0.

Ha puc. 2 npeicraBiieHbl pe3ylbTaThl allpoK-
cumarmu Todek I (#;). [Ipu aTom Hambonee mpu-
eMJIEMBIH pe3yJIbTaT aNNPOKCHMALH IOTyYeH
TIPH CTETICHH TTOJITMHOMA k=4,

30
24
A 18

Yy 12

Puc. 2. Pe3ynpTatrhl animpoKCUMaIuy TOUEK

CUCTEMHbIV AHAJIU3 U MPUKITALHAS MIHOOPMATUKA

2,2020



MANAGEMENT OF TECHNICAL OBJECTS

29

AHaAUTUYECKUN CUHTES
MoAeAUu ABWKeHua BAA

s mosmy4eHusl aHalTMTUYECKON 3aBUCHUMO-
ctu yria taaraxka BJIA 9, kak u moOoro sera-
TEJIBHOTO amnmapaTa CaMOJETHOW a’dpoAuHaMHU-
YECKOM CXEMBI, OT yIJIa OTKJIIOHCHHS PyJIsl O He-
00XOMMO paccMarpuBaTh MaTeMaTHYECKYO
Monens nBrkeHus BJIA, BKIIOYArONIy0 ypaB-
HEHUs JBWXKEeHUs 1ieHTpa Macc BJIA kak TBep-
JIOro Tesa u ypaBHeHus ABukeHus: BJIA Bokpyr
IIEHTpa MacC. YpaBHEHUS JIBIDKEHHUS II000TO
BJIA mpencraBisroT co00i CIOXKHBIE (HDYHKITHO-
HAJIbHBIC 3aBUCUMOCTU MAPAMETPOB JBHXKCHUS
BJIA ot Gombloro 4ucia a’dpoJUHAMHYCCKUX
KO3 (DUIIMEHTOB,  NPEICTABISIONIMX  CO0Oi
YaCTHBIC MPOU3BOIHBIC COOTBETCTBYIOIIUX IIE-
pemeHHBIX. J71s pemreHus OONBIIMHCTBA 3ajad
yrpasienus, ontumu3zanuu BJIA, nmoctpoeHus
TPEHAKEPOB MCITOJIB3YIOTCS Pa3IMYHBIE CIIOCO-
OBI anIPOKCUMAIIMU a’pOIMHAMHUYECKHX KOd(]-
¢ummenTos [8, 9].

Jns monydeHus TepeAaTOdHbIX (PYHKITUH,
OIKCHIBAIOIINX B3aWMMO3aBUCUMOCTU MEXKIY
pa3IUYHBIMU TEPEMEHHBIMH, XapaKTEPHU3YIO-
muMHa  aBwkeHne bJIA B mpocTpaHCTBE, He-
00XOMMO paccMaTpuBaTh JIMHEAPU30BAHHEIC
muddepeHuantbable  YPaBHEHUS — IBIDKCHUS
BJIA. TIpu 3TOM Kak MpaBHJIO paccMaTpUBaET-
Cs TaKk Ha3blBaeMas MOJENb KOPOTKOTIEPHOIH-
YECKOro MponoibHoro npuxenus BJIA «B ma-
JIOMY», TIOJIydaemasi U3 «IOJTHON» MOACIHN ITyTeM
MPEeHEOPESIKCHUS BIUSHUEM TMPUPAIICHUS CKO-
poctu BJIA Ha npupalnieHne HopMaJIbHON nepe-
TPY3KH U TpHUpAIICHUE TTPOTOTHFHOTO MOMEHTA,
YTO TP MOCTOSTHHOM ckopoctu BJIA sBnsercs
BIIOJIHE JIOTTYCTAMBIM.

B pa6ote [8] u Apyrux UCTOYHUKAX, CCHIIa-
oumxcsi Ha [8], NMpUBOAATCS MEpelaTOYHbIE
(yHKIMHM 1T KOPOTKOIEPUOINYECKOTO  TPO-
nonbHOro aBukeHus bBJIA, xoropsle paccma-
TPUBAIOTCS JJI51 TOPU3OHTAIILHOTO MPSIMOIUHEH-
HOTO HEBO3MYIIIEHHOTO MPOTPAMMHOIO JBIKE-
Hust BJIA nipu ycioBumM npeHeOpekeHHs o/Ib-
€MHOM CHJIOH TOBOPOTHOTO cTa0WiIu3aropa
(pyms BeicoTHI). [lepemarounyro pyHKITUIO 3aBHU-
CUMOCTH yIiia 9 OT yIiia OTKJIOHCHHS Pyas O
B psijie paboT MpeACTaBIAIOT B (hopMe TTOCIen0-
BaTEILHOTO COCIMHEHUS YCHIIMTEIHHOTO, KOJie-
OarenbHOro, (OPCUPYIOMIEITO 3BEHA IIEPBOTO
MOPSIKA U UHTETPUPYIOIIETO 3BEHBEB B CIEIY-
IOIIIEM BUJIE

_3%p) _ by +hp _
5(p) (ay+ap+a,p’)p
K] (T p+1)

(I'p* +2Tcp+Dp’

rae K(;g — 00001IeHHBIH KO3 (DUIIUEHT YCH-

nenus, I, T, — NOCTOSHHBIE BPEMEHU, { — KO3(-

GUIMEHT (IEKPEMEHT) 3aTyXaHHs, p — ONepaTop
npeoOpazoBanus Jlamiaca.

Jns  momydeHuss nepenaTtoyHod (GYHKIHUN
Baja (2) paccMaTpuBaeTCs JIMHEapH30BaHHAS Ma-
TeMmatuueckas mozaenb AsuxkeHus BJIA B Beptu-
KaJIbHOH MJIOCKOCTH, KoTopast umeeT Bua [10]:

W(p)

2

P+Y* P-X, . Y°
V= a+ “y+—o-g, (3
m m m
. 2] a a a P Ya
go|mrm ), e _m P
I, I, I.mV
5 avyo a
m, m'Y
z _ "z z g’ (4)
I I.mV 1V
. —-Y“ g
a=a)z——a+§—— (5)
mV V. mV

B Beipakenusix (3)-(5): m — macca, V' — cko-
poctb, [ — moment unepuuu bJIA, P — cuna
msrm, Y u Y° — NpOeKIMH COCTABISIONMIMX a3-
POIMHAMHYECKON CHJIBI, BBI3BAHHBIE COOTBET-
CTByIOUMMH yriamu o, u 8, m” , m®, m? —aspo-
nuHammudeckne kodg¢uuentsl. [Ipu obocHoBa-
uun Beipakenui (3)-(5) B [10] npumsTo, uTO
a=9-60, a=9-0, S8=0, y=V0O,
a C Y4YETOM MaJoCTH YIJIOB slma =« ,
sin$=49, cosa=cos¥=1, $=0,.

[Iponuddepentmpyem Boipaxenue (4) u moj-

CTaBUM B HETO BbIpaxkeHHUE (5), IPH 3TOM yuTeM,
a

P-Y g

———a+=~0, TaK KaK 3T co-
m

CTABIAIONINE YTIOBOH CKOPOCTH HampaBJICHbI

B pa3Hble CTOPOHBI M TPHUOIUIUTEIHHO PaBHBI

B  pesymprate  mpeoOpa3oBaHW  TOTyYHM

BBIpaKEHHE:
a9 + a9+ aozg = b05+b]5 ,
3(0)=9,,90)=49,, §0)=4,, 50)=5,.(6)
B BrIipaxenun (6) 0603HauCHO:

m mi(P+Y")
a,=——+———2,
I I.mV

uto ¢ =0 u

z
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Y° m?  mI(P+Y")

by =— ,
mV| I I.mV
o dyé‘
p o MY
I, ImV

[IpeoGpazoBaB BeIpakenue (6) mo Jlammacy
IIpU HYJICBBIX HaYaJIbHBIX YCJIIOBUAX, IMOJYYUM

p(a2p2 +a1p+a0),9:(b0 +b1p)5. (7

W3 BeipaxkeHust (6) moiydaercsl BhIpa)KeHHE
JUTs TiepeaarouHoi ¢pynknuu Buaa (1).

Crenyer 3aMeTHTh, MOMBITKH HCIIOIB30BATh
BoipakeHus (1) umm (7) U1 KOMITBIOTEPHOTO MO-
nenupoBaHus nBrxeHust bJIA cBs3aHbl ¢ onpene-
JICHHBIMU TPYIHOCTSIMH, OOYCIIOBJICHHBIMH IIPO-
rpaMMHOM peanu3zarueil auddepeHIupyIonero
3BeHa. B 1udpoBoil MHPOpPMAIIMOHHON cucTeme
(xommproTEpe, DBM), KITacCHUecKOTro THIa (BBI-
MTOJTHEHHOH 110 cxeme [xona ¢on Heitmana), Ta-
KOTO pOZa OIEPALK BBINOIHIIOTCS IPUOIHKEH-
HBIMH METOAAMH, BHOCSILUMH CYILICCTBEHHbIC
HCKa)KCHHS B OXKMIaeMbIi pe3yiasrar. Kpome Toro
Hanu4ue B coctaBe W(p) MHTETPUPYIOLIETO 3BeHa
MPUBOJUT K HCKAKCHUIO TUHAMUYECKH U3MEHSIO-
LIETOCS BBIXOAHOTO CHTHAJIAa CUCTEMBI.

B TO xe BpeMs npu pacCMOTPEHUH TOPU30H-
TanpHOro nonera bJIA ¢ HyneBbIM YITIOM HaKIIO-
Ha TpaekTopur (€ =0) u ¢ NOCTOSIHHON CKOPO-
CTBIO, YTO XapakTepHo st BJIA, cymiecTBeHHO
yIIpoIIaeTcsi mocranoBka 3agaun (a =%, a =9)
1 BbIpakeHHe (4) MpUHUMAET CIEeTYIOIUN BHIT
[10]:

T S m’
8=%3+ =Z9+—=0. ®)

z z z

OmneparopHoe ypaBHEHUE B JIAHHOM CIIydac
OyIeT UMETh BHT

(a,p” +a,p+a))d=h,0. ©)

a mepenarounast ¢pyukiwst BJTA vMeeT BU KO-
11€0aTeIbHOrO 3BeHa

g b
W(p): (p)= 0 > —
o(p) a,+ap+a,p
9
= K5 . (10)
T*p* +2Tcp+1

Takum o0Opazom, 3amaya UACHTU(UKAIIUN Ma-
Temarndeckor mojenu BJIA cBomuTcs K monoopy
k03 dunuenToB konebdarenpHoro 3seHa T u (,

Tak KaKk 00001eHHbIH KO UITHEeHT Kg BBIYHC-
JsieTcsl KaK OTHOLUCHHE BBIXOJHOTIO CHUI'HAja KO
BXOJHOMY B YCTAHOBUBIIEMCSI pexuMe (mpH
p=0). Kospduunenr 3aryxanus ( BbIOMpaeTcs
ucxozs U3 TpeOOBaHUH K EePEXOAHON XapaKTepH-
CTHKE CHCTEMbI (BEJIIMUMHE IEpeperyaupoBaHus,
BpPEMEHH TIEpEeXOIHOro mporecca). B nmxeHep-
HOU MpaKTUKe, KaK TMPaBUIIO, ONTUMAILHBIM CUH-
tator {=0.7. YciaoBuem omnpenenenns 3HaueHus 1’
OyaeM cuuTaTh PaBEHCTBO BEIMYUH BBIXOJHOTO
CUTrHajla 9, IMOJYYCHHBIX HKCIIEPUMEHTAIbHBIM
OyTeM U TIOJyYEHHbIM aHAJUTUYECKH MOCTe
OKOHYaHUs mepexoqHoro npouecca. Ilycts B Mo-
MEHT BpPEMEHH /=3 ¢ Pa3HOCTb MEXKAY 3KCIECpH-
MEHTaJIbHBIM U TEOPETHYECKUM 3HAUCHUAMH 3 HE
nomkHa npessimare 0.001. ITyrem kommbroTep-
HOTO  MojenupoBaHus  (mepebopoM  3Haue-
Huii T) ycranoBieno, 4yro npu 7=0.22438 pas-
HOCTBh MEX/Ty SKCIIEPUMEHTAIILHBIM H TEOpETHYE-
cKkUM 3HaueHusMH § coctasisier 0.000924.

Ha puc. 3 mpexncrariensl rpaduku U3MeHe-
uug O(t) =u, u $(t) =z, , NONyYECHHBIE B CpeJie
Mathcad, nmpu ucrons30BaHUN MOJETH IBUYKECHHS
BJIA B Bune (10). CpaBuuBas rpaduku O(f) u
9(t), mpencrasneHHble Ha puc. | 1 puc. 3 BUIHO,
YTO 3TU IpadKH 1O CBoel (GopMe CXOKU MEKTY
c060i. OTaranst MeX Iy HUIMHU 00YCIIOBIICHBI TIPH-
HSTBIMM MHOTOYHCJICHHBIMH JOMYyIICHUAMHU (JIU-
Heapu3alys, MaJIoCTb YIVIOB U T.[.) NIPH MOJIyye-
HUM QaHAJTUTUYECKUX BBIPAKECHHH.

25

19

tk

Puc. 3. Pe3ynpraThl MaTEMaTHYECKOTO MOJICITUPOBAHUS
3akAloueHue

Ha ocHoBe pe3ynsTaToB dKCIIEPUMEHTATHHO-
TO TIONYHAaTypHOTO HCCemnoBaHus monera bJIA
pelaercs 3ajjaya CTPYKTypHOM M MapaMeTpuye-
CKOW HIEHTH()HUKAINYA MaTeMaTHIeCKOW MOIENH
BpauiarensHoro AsmxkeHus bJIA B BepTukaibHOM
IJIOCKOCTU mpocTpaHcTBa. [Ipu sToM anamuTuye-
CKM TIOJNIy4€Ha repenarouHas (GpyHKIMS paccMa-
TpUBaeMOM CHUCTEMBI yIpaBiieHus nojetom bJIA
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Ha OCHOBE H3BECTHOH MaTeMaTW4yecKou MOeIu
nerkeHus: bBJIA. Annpokxcumanusi MOJyYEHHBIX
JIUCKPETHBIX PEe3yJbTaTOB AKCIEPUMEHTAIBHBIX
WCCIICJIOBAaHUH TOJIMHOMOM YE€TBEPTOTO IMOPSIKa
M03BOJIWJIA TIONYYHUTh HENPEPHIBHYIO (DYHKIHIO
W3MECHECHHS BBIXOJHOTO TIapaMeTpa, HCIOIb3ye-
MOTO JIJIsl MJICHTH(DHUKAIIMA HUCKOMOH Iepenaroy-
HOW (yHKMU. OOOCHOBaHBI COOTBETCTBYIOIIHE
JIOTYIIEHUS, MPHUHSITBIC MPU PEIICHUHW 3ajauu,
B KauecTBE KOTOPHIX PACCMATPUBAINCH JIMHEAPH-
3a1ud, 3aJlaHHBIM JMara3oH YCJIOBUW IpUMEHE-
mus BJIA, npeneOpexxeHne HEKOTOPHIMU (HaKTO-
pamu, OKa3bIBAIONIMMH HE3HAYUTEIHHOE BIHSIHHAC

Pe3ynbpraTel KOMIIBIOTEPHOTO MOJICITUPOBAHUS
MOJTBEPAMIIH 000CHOBAHHOCTH MTPUMEHEHUS CHH-
Te3UpOBaHHOW MareMaruueckor moxaenu bBJIA,
MOJIy4YEHHOM Ha OCHOBE CTPYKTYpHOH U Iapame-
TPUYECKON UACHTU(UKAIINY, [T PEIICHUS 3a/1a4,
He TpeOYIOLIMX MOAPOOHOT0 UCCIeI0BAHUS adpo-
nuHamudeckux cBorcTB BJIA. JlanHbIi moaxon
MOXKET HCIOJIb30BATECS IS TOJIyYEHUS YIIpO-
IICHHBIX MaTeMaTH4YeCcKuX MOJIeNel, KOTOpble
MIPUMEHSIOTCS JUIs pelIeHus 3a]a4 CUHTe3a U OIl-
TUMHU3AIUU CUCTEM YyTIpaBlIeHUs He TONbKo BJIA,
HO U APYTUX JUHAMUYECKUX OOBEKTOB.

Ha KOHSYHBIN pe3yibTart.
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LOBATY A.A., YATSYNA Y.F. PROHOROVITH S.S., HVITKO E. A.

IDENTIFICATION OF A SIMPLIFIED MATHEMATICAL MODEL
OF AN UNMANNED AERIAL VEHICLE

Belarusian National Technical University

The problem of determining the shape and parameters of a mathematical model in the form of a transfer function for the
movement of an unmanned aerial vehicle (UAV) in the vertical plane of space is solved. The angle of deviation of the Elevator
is considered as the input signal, and the pitch angle of the UAV is considered as the output signal. We use the results of exper-
imental studies of UAV flight, which are considered as known values of input and output signals under specified flight condi-
tions. The measured discrete values of the experimental results are approximated by a fourth-order polynomial based on re-
gression analysis for ease of use in identification. The analytical substantiation of the need to apply the methods of lineariza-
tion of the mathematical model of UAV movement and the accepted assumptions for obtaining differential equations of UAV
movement relative to the center of mass, allowing to synthesize the required transfer function of the corresponding element of
the UAV control system. The results of computer modeling confirmed the validity of the synthesized mathematical model ob-
tained on the basis of structural and parametric identification. This approach can be used to obtain simplified mathematical
models that are used to solve problems of synthesis and optimization of control systems not only for UAVS, but also for other
dynamic objects.

Keywords: unmanned aerial vehicle, identification, mathematical model, transfer function.
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VK 004; 004.93
FO. 1. T'OJIVE!, ®.B. CTAPOBOHTOB?, B. B. CTAPOBOHTOB!

BAMAHUE YMEHbBLUEHUA PASMEPOB U30BPAXEHUA
HA BbIYUCAEHUE OLEHKHU ET0 KAYECTBA

H y, bEOUHEHHbLU 7 Han )]
I Tocyoapemeennoe nayunoe eoicoenue « Obveounennvill uncmumym npoonem un@gopmamuxu Hayuonanwnou
akademuu Hayk Benapycuy
2 Benopycckuil HaYUOHANbHLIL MEXHUYeCKUTl YHUSepCUment

B cmamuve onucanvl uccie008anus 6IUAHUSL YMEHbUEHUS U300PANCEHUL HA KOTUYECNEEHHYIO OYEHKY UX Kayecmea.
T1o0 ymenvuteHuem u306pajcenus noopasymMesaemcs nponoOPYUOHAIbHOE YMEHbUEHUE 20PUSOHMATLHO2O U 6EPIMUKATILHOO
paspeuwieHuil u300pasiceHus 6 nukcensx. B pamxax oanHvlx ucciedosanuil Ovll 8bINOIHEH AHAIU3 KOPPEAAYUU MeHCOY KOIU-
UeCTBEHHBIMU OYEHKAMU KAY4ecmed U300pajceHull u cyObeKmueHbIMU OYEHKAMU IKCnepmos. [ 9KCnepumermos ucnoib-
308a1uUCh u300paxcenus uz oowedocmyntou o6asvl TID2013c paspewenuem uzoopasicenuti 512 x 384 nuxcens u ¢ sxcnepm-
HBIMU OYEHKAMU UX Kauecmaéd, a maxaice pomoepadghuu, coenannvie yugposou pomorkamepoii Nikon D5000 ¢ paspewenuem
4288 x 2848 nukcens. Bce uzobpascenus ymenvuwanuceo 6 2, 4 u 8 pas. /[na ymenvulenus ucnonb306aiucy 08a memooa. ou-
JIUHEUHAs UHMEPNONAYUS U UHMEPNONAYUS NO Oaudcatiuemy coceoy.

s oyenku kauecmsa uzobpascenuii 6110 omobparo 22 mepoi. Konuvecmeennas oyeHKka Kauecmea u300pasxcenus aui-
yucnanacy 6 06a smana. Ha nepgom smane noayuanu Maccus J10KAIbHbIX OYeHOK 8 OKPECHOCIU KAXCO020 NUKCeNd ¢ UCNOb-
308anuem omobpannbix mep. Ha 6mopom smane 8bl4UCIANACH 2100ANbHAA OYEHKA KA4ecmed no NoLy4eHHbIM 10KATbHbIM. [l1s
0000WeHsl T0KATbHBIX OYEHOK Kauecmed paccmMampuganiucy napamempul 16 pacnpedenerutl Ciy4aiHblx 6eIUyUH.

To pe3ynbmamam sKcnepumeHmos COeian 6bl800, YNo MOYHOCb OYEHKU KA4eCmed O HEKOMOPbIX Mep CHUNCAeMCs
npu ymenvueHuu usoopasicenuil (nanpumep, mepvl FISH, GORD, HELM, LOEN). Pexomendyemcs npumenams mepvt BREN
u SHAR. J{na ymenvuienus uzoopasxcenutl aiyuule Ucnoib308ams Memoo uHmepnoaayuu oausxcaiiuwezo coceoa. Ilpu smom
8peMSsL 8LIYUCTIEHUT OYEHOK 8 CPeOHeM COKpawjaemcs 6 4 pasa npu ymervuenuu uzoopasxcenuil 6 2 pasa. Ilpu ymenvuieHuu
usobpadcenuil 6 8 pas, 8pemsa gviuucieHull 6 cpeoHem cHudcaemes 6 80 pas. lpu smom odvem namamu HeoOXo0UMoll 01a
XpaHeHus yupposwvix uzoopadceHull ymenviuaemes 6 25 pas.

Knrouesvte cnosa: yugposoe uzobpasicenue, oyenka kavecmea uz06padcensi, yMeHblenue u300padlcenus, paspeuenue u3o-

bpaoicenus, koppensiyus Cnupmena, pacnpedenenue Crydainblx 6eTuduH

BBeaeHue

B nacrosiiee Bpemsi yBEIWYHBACTCS KOJIU-
YeCTBO LUQPPOBBIX YCTPOWCTB, MPH TMOMOLIH
KOTOPBIX MOYKHO TOJIy4aTh IU(poBbIe H300pa-
xkeHusi. OOBeMBbI PErucCTPUPYEMBIX W XpaHU-
MBIX H300paXXCHHH pacTeT C KaKIbIM TOIOM.
Pa3meppl KOCMHUYECKHMX CHUMKOB MOIYT CO-
CTaBJIATh MWIIMapApl nuKcenedl. Hampuwmep,
pazapHble HM300pakKeHUsl JOCTUTAIOT paspele-
Hus 23000 x 43000 nk u myOunsl 64 O6ut Ha
nukcenb. C yBeTMUEHUEM TMOTOKa WH(OpMaIUH
pacTeT u MOTPeOHOCTh B aHAJIM3E KayecTBa pe-
TUCTPUPYEMBIX BHUJICONAHHBIX. 300parkeHwust
IJIOXOTO KauecTBa MOTYT CHHXKATh TOYHOCTH
pPa3IMyYHBIX AITOPUTMOB, HAlpUMeEp, IpU pac-
[I03HAaBaHUM JINYHOCTH, OOpabOTKe MeIULUH-
CKUX M CITyTHUKOBBIX CHUMKOB.

Lenpio nanHoi paboThl OBLIO HCCIIEJOBaHHE
BIIMSHHE YMEHBIICHUS! HU(POBBIX H300paKeHUI
Ha H3MEHEHHEe Oe33TaJOHHBIX OIIEHOK HMX Kade-
crBa. CenaHa nomnbITKa ONpPeIeIUTh Oy CTUMBIH

pa3Mep yMeHbIIEHUS H300pakeHus: 0Oe3 cyie-
CTBEHHOT'O U3MEHEHHMS OLICHKU KaueCTBa.

B cootBercTBUU C 1ieb0 PabOTHI OBUIH TO-
CTaBJICHBI CIICAYIOIINE 3a7aqd: BBIOPATh MEpHI
KauecTBa, KOTOpbIe HEOOXOAMMO HCCIIEIOBATD;
IMpoaHaJIM3UPOBATh U3MCHCHUA T'UCTOTpaMM pac-
IpENIeNICHNs JIOKAJIBHBIX OIIEHOK KadecTBa IIPH
YMEHBIIEHHH pa3Mepa H300paKeHHs; IpoaHa-
JHM3UPOBATh 3aBUCHMOCTh MEXIy BH3yaJbHBIMH
Y KOJINYECTBEHHBIMH OLICHKaMH Ka4eCcTBa n300pa-
JKCHUH TIPH MX yYMEHBLICHWH; BBIOpATh JIy4yIINi
croco0 yMEHbIICHUs] H300pa)XeHUil; BHIOPAThH
pasmep, 10 KOTOpPOro MOKHO YMEHBIIUTH H300pa-
JKeHUe 0e3 TTOTepH TOYHOCTH OI[CHKH KauecTBa.

J1o HacTOsIIIEeT0 BpeMEHHU TTOI00HBIE UCCIIeN0-
BaHHS HE MTPOBOJIIIHCE.

UcxopHble AaHHbIE AN BKCNEPUMEHTOB

B kadecTBe WHCTPYMEHTAlIBbHOIO CpENCTBA
UCIOJB30BANCS MaKeT MNPUKIAAHBIX MPOrpamm
MATLAB.
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OKCHEPUMEHTAIbHBIMI  JTaHHBIMU  CITYKHJIU
peasibHble H300pasKeHHU:

1. wu300paskeHHs C HCKYCCTBEHHO CO3aH-
HBIMH HMCK2XCHUSIMH M3 OOLIEJOCTYIMHOH 0a3bl
TID2013 [1]. OtoOpaHbl TpU THIA HCKAKECHUI:
no0aBlIeHNE K HMCXOAHOMY H300paKeHHIO ajiu-
TUBHOTO TayCCOBCKOTO IIyMa, II00ajbHOE pas-
MBITHE TIpH moMonu uibrpa [aycca, a Takke
n3MeHeHue KoHTpacta (puc. 1). B 6ase mo 120
M300paKEHNH KaKIOTO BHIA C Pa3HOM CTEMEHBIO
HCKAKEHUH, 5 HCKYCCTBEHHO CO3JaHHBIX H30-
OpaxeHni 0TOPaKOBAHO M3-32 BHECEHHS JIUITHUX
BBIOPOCOB B PE3yJbTaThl SKCIIEPUMEHTOB. [laHHast
0a3a ObuIa MCIIOIB30BAHA M3-3a Pa3/EICHUs U30-
OpaskeHMI MO BHJAM HMCKaKEHHMH, a TaKkkKe H3-3a
HAIWYMs BU3YaJIbHBIX OLIEHOK OKCIEPTOB IS
BceX M300pa)keHWil B 0asze, 4TO JaeT BO3MOXK-
HOCTb CpaBHHMBATb HUX C IOJYYaCMbIMH KOJIHUYEC-
CTBCHHBIMH OIICHKaAMU,

2. w300pakeHWsI C €CTECTBEHHBIMH HCKa-
KEHHUSAMH, TOIydeHHbIE TPH MOMOIIM Iu(poBo-
ro ¢otoanmapara Nikon D5000 (bJ] Ps6una).
®opmar Marpuubl ¢otoamnmnapara — 1/2.3, pas-
pemienne — 12 wmeramukcened (MakcuMaibHOE
paspemenue cHuMka — 4288 x 2848 mukceneit).
Ilony4yeHHBblE @pU €CTECTBEHHOM OCBELICHUU
(hOTOCHUMKH COXPAHsUTHCH 0€3 IPUMCHECHHS BHY-
TPUKaMepHOW 00padOTKH M aJTOPUTMOB CXKATHS,
T.€. M300pakeHUs1 coxpaHeHbl B ¢opmare RAW.
[Tocne vero npu nomomu nporpamMmsl FastStone

Image Viewer [2] doTocHUMKH OBLTH KOHBEPTH-
poBansl B popmar JPG (puc. 2).

Pe3ynbTaThl 3KCNEPUMEHTOB

st u3MeHeHus pa3MepoB M300paKeHUH HcC-
MOJIb30BaHbI JIBa METOa MHTEPIIOJISIIINN, KOTOPbIC
peanuzoBanbl B cucteMe MATLAB: nearest — uc-
HOJIB3YeTCs 3HA4deHHE ONIDKAWIIero IMUKCEs;
bilinear — ncronp3yercs WHTEPHONANUS TO OH-
muHeHo# moBepxHocTH [3]. B MATLAB, ecim
pasMepsl BBIXOJHOIO M300paKeHHS MEHbIIE YeM
pasMepbl BXOAHOTO, M TPH 3TOM HCIOJIb3YET-
Csl MHTEPIOJSUMS MO OMIMHEHHOH MOBEPXHO-
CTH, HCXOIHOE H300paKCHUE MPEABAPUTEIHLHO
¢dunprpyercst punbTpoM HKHEX yacToT (DHY)
¢ menblo ycrpaHeHus 3¢ddekra cTyneH4aTrocTH.
Mo ymonuaHHMIO HCHONB3YyETCS YCpPENHSIOMINI
¢unpTp ¢ pasmepom Macku 11x11 (aTor pasmep
WCIIOJIb30BaH B dKCTIepUMEHTax). Ha puc. 3 mpen-
CTaBJICH PE3y/lbTaT YMEHBIIECHUs H300paKeHUH
u3 6a3el TID2013 aByms onmMcaHHBIMU BEIIIIE Me-
togamu. Ha puc. 4 —pesynbrar yMeHbLICHHUS 30~
Opaxenuii u3 6a3bl PsiOnHa.

AHanu3upys BU3yalbHO PUCYHKH 3—4, MOXKHO
3aMETHTh, YTO YMEHbBIICHHE HM300paKEHHUN INpH
WCIIOJIb30BAHUHM WHTEPIOISIIUK TI0 OrKanemy
coceny aaet 6osee uyetkue kpas. Lllym Ha n300pa-
JKEHUSAX TAKKE CTAHOBUTCS 00jiee BBIPAKEHHBIM
(puc. 3, 6, IEPBBIi PsA) OTUETO KAPTUHKU KaXKyT-
csa eme Ooree 3amTyMiIeHHbIMH. M300paskeHus

Puc. 1 — IIpumeps! n3o6pakennit u3 6a3s1 TID2013: a) ncxogHoe M300pakeHwe,
6) n3o00paxkeHne ¢ JOOABICHNEM aITUTHBHOTO TayCCOBCKOTO IIyMa, 6) H300pakeHne ¢ J00aBICHUEM Pa3MbBITHS

CUCTEMHbIV AHAJIU3 U MPUKITALHAS MIHOOPMATUKA
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: A Be

Puc. 2 — [Ipumeps! n300paxkeHni, HOJ‘IyeHHLIX IIpY IOMOIIHU I/I(prBOI"O ¢doroanmapara Nikon D5000

Hcxonaeie I/I306pa)l(eHI/I$[ ‘VYMeHbllIeHHbBIE B 2 paza I/I306pa)KCHI/Iﬂ

Gassl TID2013 OMIMHEeHAs! HHTEPIOJISIINS MHTEPIOJLSIIUS 10 OIIIpKalIeMy cocery

Puc. 3 — Mcxonuble M300pakeHNs U UX YMEHBIICHHbBIC B 2 pa3a KOMUH (C pa3IMYHBIMUUCKAKECHUAMU:
HEePBbIH P — J00aBICHUE TyMa, BTOPOH psAJl — pa3MbITHE, TPETHH PsiJl —M3MEHEHUE KOHTPACTA)

Puc. 4 — Ucxonnoe uzobpaxenue u3 bJ{ Ps6una a) u ero yMeHbIICHHBIE B 8 pa3a KOIHH:
6) WCIIOJIb30BAaH METO/| OMIMHEHHOI HHTEPIOJISLNH, ) UCIIOJIb30BaH METO/] HHTEPIOJISIINH 110 OJIrKaiiieMy coceny
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B cTonbOme 0) pUCYHKOB 3—4 BH3yallbHO KaXKyT-
csi Oonee PasMBITBIMU. MHTEpHONSIUS METOIO0M
OMKaiIero coceaa MmpocTa B peanu3aiiu, HO
HUMeeT HeJOCTAaTOK B BHJE YCHJICHHUS 3y04aToCTH
rpaHuI] Ha 300pakeHusix (puc. 4, g).

AHanu3 KauecTBa M300paKEHUH MOXKHO pa3-
JeNTUTh Ha JiBa Kjacca: OOBbEKTUBHBIN (Koiude-
CTBEHHBIN) U CYyOBEKTUBHBIN (BU3yaJbHAsI OI[EHKA
akcriepToB — Means Opinions Score (MOS)). s
OIICHKH KauecTBa M300pakKeHUH OBLIO O0TOOpaHO
22 mepsl — BEGH, BISH, BREN, CMO, CONT,
CON3, CURYV, FISH, FUS, GORD, HELM,
EBCM, KURT, LAPD, LAPL, LAPM, LOCC,
LOEN, SHAR, SPAR, SVDB, WAVS. boiee
MOAPOOHO ATH MEphl OmucaHbl B paborax [4-5].
OHM MCMONB3YIOTCS B JIATEparype Jisi OLCHKH
PE3KOCTH, Pa3MBITOCTH, KOHTPACTa H300paKECHHH.
KonmyecTBeHHas OlleHKa KayecTBa MPOBOIUIIACE
B ABa dTana. IlepBrlii 3Tan — noayyeHue MaccuBa
JIOKATBHBIX MEP 0 KAXKOMY H300paKEHHIO C HUC-
MOJIb30BaHHEM OTOOpaHHBIX Mep. BTopoii stam —
BBIUUCIICHHE II00aJbHOM OLIEHKH KayecTBa II0
MOJTYYEHHBIM JIOKaJIbHBIM.

B crarbsix [5—6] ObLIO MOKa3aHO, YTO B Kade-
CTBE TIOOATBHOW OLICHKH KauecTBa, OObEIUHSIIO-
1iel JIOKalTbHBIE MEPHI, TOyUYSHHBIC JJISI OJTHOTO
n300paXKeHHUs, BMECTO MMapaMeTPOB HOPMAILHOTO
pacrpeneneHus (CpeiaHee W CPeAHEKBaIpaTHy-
HOC OTKJIOHEHHE) MOXXHO HCIONb30BaTh JIPYy-
THe pachpeeicHusT U UX TapaMeTpbl. B pamkax
JAHHOW CTaThU JJISl AlPOKCHMAIMH JIOKATBHBIX
Mep KadecTBa ObWIO HccieqoBaHo 16 pacmpe-
JENCHUH CIIydalHbIX BEIWYHMH: PaBHOMEPHOE
(uniform), HOpMampHOe (normal), morapupmu-
yeckoe HopMmanbHoe (log-normal), skcnoHEHIH-
anbHOE (exponential), ramma (gamma), BeiiOyna
(Weibull), moructuueckoe (logistic), morapupmu-
geckoe Jjoructuieckoe (log-logistic), o6o0meH-
HOE pacmpesielieHue SKCTPEeMAalbHBIX 3HAYCHUH
(generalized extreme value, GEV), bupubayma-
Cayngepca (Birnbaum Saunders), skctpemais-
HBIX 3HaueHWH (extreme value), oOoOIIEeHHOE
[Tapero (generalized Pareto), oOparnoe I'ayc-
ca (inverse Gaussian), Hakaramu (Nakagami),
Poanes (Rayleigh), Creronenta (t location-scale
distribution) [7].

B mpomecce 3KCIEPUMEHTOB YCTAHOBIICHO,
YTO MPU YMEHBIICHUH pa3mMepa n300pakeHus, TH-
CTOTPaMMBbI pacIpeAeieHus JOKaJIbHBIX MEp CO-
XpaHAoT cBoIO Gopmy. st u300paskeHni, yMeHb-
LICHHBIX B § pa3 F’UCTOrpaMMBbl CTAJIN IIUPE.

I[anee C IIOMOIOBIO METOAAa MAKCHMAJIBHOI'O
HpaB,Z[OHOI[O6I/I${ AHAJIM3UPOBAJIOCh, KaKHE pac-
npeacyiCcHrus TOYHCC alIPOKCUMHPYKOT MHOMKE-
CTBO JIOKAJIBHBIX OICHOK Kad€CTBa OTACIIbHBIX
H306pa)l(eHPII>i. bbbt BBIYMCICHBI OLICHKHN TIpU-
OnkeHus U1 Becex Mep. YacTh U3 HUX MpeJICTaB-
jneHa BenumumHamu sumLL B Tabmuue 1. B meit

TaO6numa 1 — Pe3ynsrarsl paHXKUpOBaHUS

pacnpeneneHuit mo 3HaueHusAM sumLL
Ha ipumepe Mepbl BEGH uist n3o0paskenmii u3 6a3sl PsiOuna

CUCTEMHbIV AHAJIU3 U MPUKITALHAS MIHOOPMATUKA

JlanHble 11 HCXOXHBIX n300paxenuii (4288x2848 k)
3HaueHus 3HaueHus
Pacnpene- | " copenenenus | pacnpencaewws |  sumLL
MUHAMYM | MAKCUMYM | MUHUMYM | MAKCUMYM
nakagami | 0,057621 | 0,100934 | 5,71E-06 | 0,001803 | 894125560
gamma 0,11836 | 0,200609 | 0,010197 | 0,154883 | 887131956
weibull 0,000295 | 0,003037 | 0,151184 | 0,273877 | 845454774
loglogistic | -10,2102 | -7,36403 | 3,543508 | 6,413653 | 815700944
normal 0,001627 | 0,018458 | 0,001698 | 0,038234 | 458174508
Jauuble 171t 1300pakeHuit, yMeHbIIEHHBIX B 2 paza (2144x1424 k),
bilinear
nakagami | 0,057214 | 0,138017 | 7,17E-06 | 0,002575 | 198757974
gamma 0,114155 | 0,287739 | 0,008169 | 0,159439 | 197694363
weibull 0,000289 | 0,003461 | 0,145304 | 0,411567 | 188776745
loglogistic | -10,4071 | -6,74504 | 2,263757 | 6,645284 | 181996125
normal 0,001644 | 0,019675 | 0,002115 | 0,046779 | 96055080
JlaHHbIe 115 M300pakeHUH, yMEHbILIEHHBIX B 2 pasa (2144x1424 nk),
nearest
nakagami | 0,058105 | 0,143724 | 8,08E-06 | 0,002991 | 200924082
gamma 0,116179 | 0,303776 | 0,008196 | 0,163405 | 199943225
weibull 0,000321 | 0,003985 | 0,148108 | 0,436197 | 190891240
loglogistic | -10,2092 | -6,659 | 2,112822 | 6,533054 | 183883207
normal 0,001704 | 0,020846 | 0,002274 | 0,050561 | 96792666
Jlaunble s n300pakeHuii, ymenbleHHbIX B 4 pasa (1072x712 k),
bilinear
nakagami | 0,058316 | 0,221444 | 1,86E-05 | 0,004996 | 45367826
gamma 0,119333 | 0,523985 | 0,006623 | 0,161595 | 45264045
weibull 0,000476 | 0,008016 | 0,155207 | 0,703367 | 43276266
loglogistic | -9,58934 | -5,65155 | 1,15044 | 6,240113 | 41398201
normal 0,0023 | 0,02645 | 0,003647 | 0,065546 | 22914608
Jlannble 1 1300pakeHuit, yMeHBIJJ?HHBIX B 4 paza (1072x712 1x),
neares
nakagami | 0,059753 | 0,228006 | 2,21E-05 | 0,006114 | 45245513
gamma 0,123077 | 0,561532 | 0,006861 | 0,170817 | 45202572
weibull 0,000548 | 0,009067 | 0,160974 | 0,734224 | 43239603
loglogistic | -9,3006 | -5,47979 | 1,067812 | 6,028302 | 41336885
normal 0,002396 | 0,028934 | 0,004042 | 0,07264 | 22582716
JlanHsle U1 M300paKeHnH, YMEHBIICHHBIX B § pasa (536x356 1K),
bilinear
gamma 0,136585 | 0,788524 | 0,007719 | 0,173112 | 9980739
nakagami | 0,065606 | 0,302881 | 5,65E-05 | 0,009226 | 9965037
weibull 0,001082 | 0,017206 | 0,184106 | 0,897152 | 9611925
loglogistic | -8,15709 | -4,64517 | 0,811456 | 5,267594 | 9154056
normal 0,003752 | 0,039207 | 0,006512 | 0,087683 | 5377587
JlauHsle uts M300pakeHni, yMEHbIIEHHBIX B 8 pa3 (536x356 k),
nearest
gamma 0,141261 | 0,811375 | 0,008461 | 0,181578 | 9752221
nakagami | 0,067136 | 0,297137 | 7,14E-05 | 0,01113 | 9713004
weibull 0,001241 | 0,01914 | 0,192599 | 0,900678 | 9405877
loglogistic | -7,90007 | -4,53838 | 0,7876 | 5,024512 | 8958805
normal 0,004005 | 0,042909 | 0,007439 | 0,096377 | 5124347
2,2020
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MIPEJICTABICHBl PE3yJAbTAThl UL TISITH JTYYIIHX
pacnpeneneHuii 1 4eThIpeX BapHaHTOB Pa3MEpoOB
n300pakeHuit 06a3pl PsOuHa.

Ananuzupys Tabmumy 1, MOXXHO 3aMETHUTD,
yro 3HaueHust sumLL ams mepBbIX ABYX pacmpe-
Z[CHGHI/II\/'I O4YCHb 6J'H/I3KI/I, AHAJIOTUYHO IJId TPCThC-
T'O M 4YeTBEPTOTO.

Ha puc. 5 mpencrasinena rucrorpamma Jo-
KaJIbHBIX OlleHOK LAPM st ofHOro u3 m3obpa-
skeauit 6a3er TID2013 ¢ WCKa)kKeHHBIM KOHTpa-
CTOM, KOTOpas anmpoOKCUMHPYETCS HECKOIbKH-
MU pacnpeneieHusMd. Kak BHIHO W3 pUCYHKA,
(yHkums BeliOymia TodHee IpYrux OMUCHIBAET
rucrorpammy. Taxoke B Tabnuue 2 3amucaHbl OT-
COPTUPOBaHHBIE 10 3HaUeHHI0 sumLL mecTts pac-
npeAeneHni 1 X 3HaYeHUs TapaMeTpoB. MOKHO
3aMeTUTh, 4YTO pactpelnerneHue BeitOyiia Haxo-
JUTCSL BBIIIE, YeM HOPMAJBbHOE paclpeiesicHue,
napameTpbl KOTOPOT'O YacTO MCIIONB3YIOT JUIsl pas-
JIMYHBIX OILICHOK.

TaGnuua 2—Pesynbrarsl paH)KUPOBAHUS HIECTH
pacnpeseneHuit mo 3HadeHussM sumLL Ha npumepe Mepsl
LAPM pnist n300pakeHHi ¢ HCKa)KEeHHBIM KOHTPacTOM
u3 6a3s1 TID2013

JlaHHBIE 1T MCXOAHBIX M300paxkeHuit (536x356 mk)
3naueHus 3HaueHus
N e Rl [
MHHHAMYM | MAKCUMYM | MUHUMYM | MAaKCUMYM
gamma 0,06 1 17 297 77260478
nakagami 0,03 04 87 9930 -77353187
weibull 0,02 62 0,07 1 79680906
loglogistic -11 3.8 0,64 12 -84119512
generalized | 4 o9 30 | 596E-16 | 74 | -89077239
pareto
normal 6 71 7 70 -109545863
JlanHble Ju1st n300pakeHHi, yMEHbIIEHHBIX B 2 pasa (256x192 k),
bilinear
nakagami 0,03 0,3995 61 4192 -14379095
gamma 0,05 1,1345 19 290 -14558218
weibull 0,005 42 0,07 1,1 -15581163
loglogistic -13 34 0,6 12 -16993482
generalized | - |5 30 | S4E-16 | 48 | -19368549
pareto
normal 4.8 45 6 45 25929255
JlanHsle ju1st n300pakeHHi, yMeHbIIEHHbIX B 2 pasa (256x192 k),
nearest
gamma 0,06 1,2 20 523 23506737
nakagami 0,03 0,4 268 23649 | -23657773
weibull 0,06 101 0,08 1,1 23883344
loglogistic -9 4 0,6 11 24679441
generalized | | 32 | 65B-16 | 118 | 25552583
pareto
normal 10 112 12 110 30693940
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Puc. 5 — AnnpoxcumManus rucTorpaMmsl
JIOKaJIbHBIX IPU3HAKOB Mepbsl LAPM:
a —pacnpeneneHuem BeiiOyina,

6 —raMMa pacrpeeIcHHIEM,

B — pacnpeaesneHueM Hakaramu,

2 — HOPMaJIbHBIM pacHpesieieHueM
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Jlyume pe3ynpTaThl B KadyecTBE TIIO0AJhb-
HOW OIIEHKH Ka4yecTBa B IMPOBEACHHBIX JKCIIe-
pHUMEHTax TOKa3alu CIIeAYIOIHE IapaMeTphl
pacupeneneHuii: o0a mapaMmerpa raMma pac-
npenenenus (popma u macmtad), MepBbId Ta-
pamerp Hakxaramu (dopma), BTopoii mapamerp
pacupenenenus Beiioynna (dopma), mapame-
Tpbl O0OOIIEHHOTO pacHpeciCHUs KCTpe-
MaJlbHbIX 3HA4Y€HWUM, BTOPOU Mapamerp Jora-
PHU(PMUYIECKOTO JIOTHCTHYECKOTO pactpeserne-
HUs (MacmTad).

Hanee ananusupoBanach xoppessiuus Croup-
MEHa MEXy BU3YaJbHBIMHU OIICHKAMHU KCIIEPTOB
U pa3HbIMH KOJMYECTBCHHBIMU OIICHKAMHU Ka-
4yecTBa U300paKEeHM, YMEHBIICHHBIX B 2, 4 1 §
pa3 it u3o0paxkeHuii 6a3pl PssOuna (Tabnuua 4);
u B 2 pa3a juis 6a3el TID2013 (tabmuma 3). [po-
BEpsIIaCh THIIOTE3a O TOM, YTO BU3YyaJIbHBIC OICH-
KU TP YMEHBIIIEHNN pa3Mepa U300pakeHui He
u3menstorca. Koppensuust Boiie 0,7 o3Hauana
XOpoIllee COBIAJICHHE KONUYECTBEHHBIX M BH3Y-
ANBHBIX OIICHOK. 3HaueHUus Kod(pQUIMeHTa Kop-
pensiiiuu Menbine 0,7 B Tabnunax 2—3 o0o3Have-
HBI 3HAKOM «—».

[To pe3ynbraram aHanu3a TaOIUIkL 3 CAeTaHbI
CJIETYIOIINE BBIBOIBL:

1. mepa SHAR nmaer nydmine pe3ysbTarsl 10
OIICHKE KayeCTBa M300PaKCHHI JJISi TPEX BUIIOB
HUCKOKEHUU W JBYX CIIOCOOOB YMEHBINICHUS pPa3-
peleHus Kaupa;

2. wmepol EBCM, KURT noka3zanu HU3KYIO
KOPPEISIUI0 MEXKAY KOJIWYECTBEHHBIMH W BH3Y-
AITBHBIMH OILIEHKAMU JJIs1 TPEX UCKAKEHUHN U Tpex
pa3mMepoB U300paKeHUi;

3. mepsi BEGH, CMO, CURYV, GORD,
HELM He cTOUT UCIONIb30BaTh ISl OLIEHKH Kaue-
CTBa M300pak€HUI C aJUIUTUBHBIM T'ayCCOBCKUM
IITYMOM;

4. wmeper CONT, CON3, CURV, LOEN ne
CTOWT WCITOJIb30BaTh JJIS OICHKHA KadecTBa H30-
OpakeHHUH C pa3MBITHEM;

5. wmepet CONT, FISH, FUS, LAPL, LOEN,
SVDB, WAVS He CTOHT HCIIOIB30BaTh I
OIIGHKH Ka4yecTBa W300pakeHUH C HM3MEHEHUEM
KOHTPACTa;

6. mnpu ucnonb3oBanun Mep FISH, LAPD,
LAPL, LAPM, SVDB, WAVS 3HaueHus koppe-
asuu > 0.7 s ABYX BHJIOB MCKaKEHUH — pas-
MBITHE U 100aBJICHHE IyMa;

7. CpaBHUB 3HAYCHUS KOPpEISALMM IS
KaXJI0W MEpHI B TPEThEM U YETBEPTOM, IIECTOM

U CeIbMOM, JEBATOM M JECATOM CTOJIOIaXx,
MOXKHO 3aMETHTh, YTO JUIsl YMEHBIICHHUS pa3-
Mepa W300paKeHUs JIydIlle HCIIONbh30BaTh WH-
TEPHOJSLUIO TIO ONIMKAWIIEeMy COCeIy, YeM
OWJIMHEHHYIO.

8. TIpu aHa/IM3e KaueCcTBa HE BCE MEPHI MOXK-
HO TMPUMEHATHh K YMEHBIIICHHBIM U300PaKEHUSM.
Hampumep, mepsr BISH, SPAR, SVDB na ymens-
IICHHBIX M300paXCHHUAX C aJTUTHBHBIM T'ayCCOB-
CKHM IITYMOM TTOKa3aJId Pe3yNbTaThl XyXke (3Haue-
Hus Koppersinuu < 0,7), 4eM Ha M300paKeHUIX
HCXOIHOTO pazMepa;

9. npumenenue Mmep BREN, CONT, CON3,
FISH, FUS, LOCC, LOEN, ans uzoOpakeHuit
¢ [no0aBiIeHUEM AaAJUTUBHOTO TayCCOBCKOTO
IIymMa JaeT XOPOIIue pe3ylIbTaThl Ha M300pake-
HUSIX WUCXOIHOTO pa3Mepa M YMCHBIICHHBIX B 2
paza c MpUMEHEHHEM WHTEPITONIAIAN TI0 OIvKaii-
eMy COCeny;

10. 3HaueHus koppemsiuuun Mexagy MOS
U KonnyecTtBeHHBIMU oneHkamMu LAPD u LAPM
Ha M300paxkeHusAX pasmepoM 512 x384 mukcens
C U3MCHEHHBIM KOHTpacToM Obutn MeHbIre 0,7.
Torma kak mociie yMEHBIICHUS HW300pakeHUi
C TNPUMCHCHUEM OWIMHEHHOW WHTEPIOJISIINH,
3HAYCHUS] KOPPETSIUN YBEITUYHIIINCh U COCTaBH-
mu 0,72 u 0,74 cOOTBETCTBEHHO.

ITo pesynbraTam aHanmm3a TaOIUIIEI 4 CIIeTaHbI
CIIEYTOIIHE BHIBOJIBI:

1. mepst BREN, CONT, CURV u FUS
Ha M300paKCHUSX YEThIPEX pa3MEpOB IOKa3a-
1 ONMHAKOBBIC 3HAUCHUSI KOPPEISIIIUU MEXKITY
KOJINYECTBEHHBIMH M BU3YaJbHBIMHU OIICHKAMU
Ka4eCTBa;

2. IS HEKOTOPBIX MEP YMEHBIIICHHE pa3-
MEpOB W300pakeHUI TPUBOAUT K YBEIHUECHHIO
KOPPETSINH MEXKIy KOITUYeCTBEHHBIMH W BH3Y-
aJHHBIMHU OIIEHKAMH Ka4decTBa, HAIPHIMEpP, MEpPbI
BISH, CMO, CON3, EBCM, SHAR;

3. npumenenue Mep FISH, GORD, HELM,
LOEN k n300pakeHUsIM ¢ MEHBIINM pa3MepoM,
YeM HCXOJHBIC, NaeT HU3KUE 3HAYCHUS KOPPEIIs-
UM MEXIY KOJIWYECTBEHHBIMU U BU3YaTbHBIMU
oreHKkaMu. Torga Kak ISl MCXOMHBIX Pa3MEpOB
M300pakeHU, MEPhI IAl0T 3HAYCHUS KOPPEIIAIIUU
oounbiue 0,7;

4. nmnsa Beraucnenus mepsl BEGH, m3o0pa-
JKEHHE HE CIIeAyeT YMEHBIIaTh Oojblie 4em B 4
pasa. [Ipu 66mbIIEM yMEHBIIEHUN H300paXeHHUs,
3HaYEHHUS MEphl HE COOTBETCTBYIOT BU3yalbHBIM
OILICHKaM.
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Ta6nuna 3 —Koppemnus CrimpMeHa MeXIy KONMNISCTBCHHBIMH 1 BU3YaJIbHBIMH OILIEHKaMHI
KadecTBa m300paxkennii u3 6a3sl TID2013 ni1st Tpex THIIOB HCKa>KeHUH

HckakeHue — aJIUTHBHBIN TayCCOBCKHI IyM Vickakenue — ro6anbHOe pasMbITHE VickakeHue — H3MEHEHHE KOHTpacTa
Mepa aeeraa | OO | S5 | R2pa, | 0w | S5 | h2pa, | OO | YT | a2 pam,
pasviep bilinear nearest pasvep bilinear nearest paswep bilinear nearest
512x384 nx 256x192 nx 512x384 nx 256x192 nx 512x384 nx 256x192 nk
BEGH — — — 0,87 0,75 0,82 0,82 0,82 0,82
BISH 0,74 — — 0,90 0,79 0,81 0,82 0,77 0,78
BREN 0,84 — 0,81 0,86 0,73 0,78 0,80 0,78 0,78
CMO — — — 0,73 — — 0,81 0,80 0,80
CONT 0,89 — 0,84 — — — — — —
CON3 0,74 — 0,71 — — — — 0,74 —
CURV - - - - - - 0,77 0,77 0,77
FISH 0,87 - 0,80 0,91 0,84 0,82 — — —
FUS 0,81 — 0,75 — — — — — —
GORD — - - 0,79 — — 0,82 0,79 0,80
HELM — — — 0,73 — — 0,85 0,84 0,84
EBCM — — — — — — — — —
KURT — — — — — — — — —
LAPD 0,90 0,76 0,86 0,85 0,79 0,84 — 0,72 —
LAPL 0,90 0,80 0,82 0,86 0,83 0,84 — — —
LAPM 0,91 0,80 0,85 0,85 0,82 0,85 — 0,74 —
LOCC 0,88 — 0,82 0,84 — 0,80 0,80 0,78 0,80
LOEN 0,82 — 0,76 — — — — — —
SHAR 0,86 0,71 0,84 0,84 0,72 0,80 0,76 0,76 0,76
SPAR 0,72 — — 0,88 0,77 0,85 0,76 0,74 0,75
SVDB 0,84 — — 0,83 0,72 0,78 — — -
WAVS 0,91 0,70 0,85 0,84 0,79 0,84 — — -
Ta6nuua 4—Koppemiuus CiipMeHa MeXy KOIUUSCTBEHHBIMU M BU3YaJIbHBIMU OLICHKAMHU
KayecTBa M300paxkeHnit u3 6aspl PaOuna
B/l Psbuna
Mepa
KauecTna Ucxonnbrit VMenbI. B 2 pa3a, | YMeHbIIL. B 2 pa3a, | YMeHbI. B 4 pa3a, | YMeHbIn. B 4 pasa, | YMeHbIl. B 8 paza, | YMeHbI. B 8 pa3a,
pasmep bilinear nearest bilinear nearest bilinear nearest
Pasmep 1 417882848 nx 2144x1424 nx 1072x712 1 536x356 mc
N300paKeHUH
BEGH 0,76 0,76 0,76 0,81 0,81 — —
BISH — — 0,81 0,72 — 0,90 0,72
BREN 0,76 0,76 0,81 0,76 0,81 0,81 0,76
CMO 0,76 — 0,81 0,81 0,85 0,85 0,85
CONT 0,90 0,90 0,90 0,90 0,90 0,90 0,90
CON3 — 0,86 0,85 0,81 0,81 0,94 0,85
CURV 0,90 0,90 0,90 0,81 0,85 0,90 0,90
FISH 0,76 - - - - - -
FUS 0,90 0,90 0,90 0,90 0,90 0,90 0,90
GORD 0,76 — — — — — —
HELM 0,76 — — — — — —
EBCM — — 0,72 0,90 0,85 0,94 0,94
KURT — — — — — — —
LAPD — — — — — — —
LAPL — — — — — — —
LAPM — — — — — — —
LOCC — — — - — — —
LOEN 0,81 — — — — — —
SHAR — 0,72 0,72 0,81 0,76 0,81 0,85
SPAR 0,76 0,72 0,72 — — 0,72 0,72
SVDB 0,90 0,81 — — 0,72 0,72 0,72
WAVS — — — 0,72 0,74 — -
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3. Bpems BbIUMCAEHUA Mep KauecTBa
U pa3mMmep 3aHUMaeMoM NamMATH

OKCHEPUMEHTHI ITOKa3aJii, YTO ¢ YMEHbBIICHU-
eM pa3mepa n300paxxeHus B § pa3 Mecra Ui Xpa-
HEeHMs n300pakeHuid TpeOyeTcs B 25 pa3 MeHbIIIE,
a Mepbl KayecTBa B CpeiHeM BbIuucisiores B 80
pa3 osicTpee (Hanpumep, Mepa CMO BbIYHCIISCT-
cs B 25 pa3 Owictpee, mepa CON3 — B 190 pas,
a mepa SVDB — B 290 pa3). Ha puc. 6 mpencras-
JIeH TpaduK 3aBUCUMOCTH BPEMEHHU BBIYHUCIICHUS
Mep OT pazmepa H300paKeHusl.

B mpouecce skcriepuMeHTOB OBIIIO 3aMEYEHO,
9TO0 HEOOXOIUMO BHHMATENBHO OTCJIEKHMBATh Ha-
CTPOWKH, KOTOPBIE HCIOJB3YIOTCS pPelaKTOpamu
NpU OTOOpaKEHHWH, NPeoOpa3oBaHUM M COXpa-
HEHUHM HM300paXKEeHW. A TakKe pPEeKOMEHIyeTcs
KOHTPOJHMPOBATh KOJIMYECTBO COXPaHEHUH H30-
Opa’keHus Iepel ero UCIOIb30BaHUEM U aHaJH-
30M. T.K. Jake MpOCTOe KONMMPOBAHME M BCTABKA
n3obpaxkennit B Microsoft Word (MS Word) mo-
KET MPUBOJMTH K CIVIAXKUBAHUIO IPAHULl OOBEKTOB
Ha n3o0paxenuu (puc. 7). Ha puc. 7 npencras-
JeHsl n3oopaxenus u3 6a3pl TID2013 ¢ paznuu-
HBIMHM BHJIAMH HCKa)KEHUH, KOTOpbIE ObLIH BCTaB-
JICHbl B JIAaHHBIA JIOKYMEHT JBYMS CIIOCOOaMHU:
1) ¢ moMoImpI0 KOMUPOBaHUS (UTYPHI U3 CPEIBI
MATLAB; 2) uepe3 mento «BcraBka» MS Word.
BusyanbHblii aHalnM3 MOKa3bIBAET, YTO TPAHUIIBI
00BEKTOB U IITyM Ha U300paXeHNH puc. 7 0) Oomnee
Pa3MBITHL, YeM Ha N300pakeHuu puc. 7 a).

Crenyer OTMETUTb, YTO BBIIIOJHSISL OHY M TY
K€ OTepalrio yMEHbIICHNUsT N300paKeHUS] OTHUM
U TEM e METOAOM, HO Pa3HbIMU MPOrpaMMaMi

MOYKHO TIOJIYYHTh OTIMYAIONINecs Hu300paxe-
HUS. DTO TOATBEPIKIACTCS BBIYMCICHUEM KO-
¢unmenta xoppemsuuu [lupcona mexmy wu3o-
Opaxxenussmu u3 6a3pl TID2013, xotopsie OblIH
yYMEHbIIEHB B pa3HbIX pepakropax — MATLAB
u FastStone Image Viewer [2]. Pa3nuia cocras-
ssieT ot 0,98 s OWIMHEHHON UHTEPIIONAIUY 10
0,89 1151 HHTEPTIOIAIINH TI0 OIMHKANIIIEMY COCETY.
[TosTOMy 1711 YMEHBIIIEHUST U300paKCHUH peKo-
MEH/TyeTCsI HCITONB30BaTh OJMH PEIAKTOP.

IIpu pabote ¢ m3obpakeHusmu B MS Word
PEKOMEH TyeTCS HACTPOUTH CIKATHE H300paKeHUH
MIPH COXPAHEHWU W KaueCTBO BBHIBOJIA HA TI€YATh.
ITpu pabore B penakrope FastStone Image Viewer
JOTIOJTHUTENIFHO CJIEAYyeT KOHTPOJIUPOBaTh Ha-
CTPOWKHU CINIAXXUBAHMS MPHU IPOCMOTPE H300pa-
JKCHUH M TapaMeTp KauecTBa TPU COXPAaHCHUHU
N300paKeHu.

3aknroueHue

OKCIIEpUMEHTHI TI0 OIIEHKE KadecTBa M300pa-
JKEHHWH TTOKa3aiH, YTO Ha HM300paKeHHSX Oa3bl
TID2013 ¢ HCKYCCTBEHHO CO3aHHBIMH TJI00aITh-
HBIMH HMCKOKCHHSMH OOIIbIIIEe KOJIUYECTBO MeEp
KadyecTBa AT XOPOIIME Pe3yNbTaThl (KOppels-
MU C DKCIIEPTHBIMU OlleHKamMu Oosbine 0,7, cM.
tabnuiy 3). [ns aHanm3a peanbHBIX M300paxe-
HUP TaKUX MEP MEHbIIIE, 0COOCHHO €CJIM TOJIBKO
4acTh OOBEKTOB HAXOJUTCS B 30HE PE3KOCTH (CM.
Tabnuy 4).

AHanm3 pe3ylbTaroB JKCIIEPUMEHTOB, BBI-
MTOJTHEHHBIX IS 22 Mep KadecTBa M300paKeHHH,
OXKUTaeMO TI0Ka3all, YTO HET a0CONFOTHO JTydIIeit

W

————— mepa SHAR
0 = == == \vepa BEGH
.......... mepa CMO

— Mepa SVDB

0 el Mepa CON3

/

500 1000 1500 2000

2500 3000 3500 4000

PaspetlueHune nzobpaxeHus, nk

Puc. 6 —3aBUCHMMOCTB BpeMEHH BBEIUHUCICHUS MEP OT pa3Mepa H300paKeHH

CUCTEMHbIV AHAJIU3 U MPUKITALHAS MIHOOPMATUKA

2,2020



MANAGEMENT OF TECHNICAL OBJECTS

43

a

7

Puc. 7 — PesynbraT BcTaBKu H300pakeHnit B jokymeHT MS Word nBywmst criocobamu:

a) n300paxkeHus cKoupoBaHbl n3 purypsl cpenst MATLAB;
6) n300pakeHNs BCTaBJICHO uepe3 MeHIo «BcraBkay MS Word

MEphl JJIsl BCEX BO3MOXKHBIX THIIOB HCKa)KEHUH
n3o0pakeHuit. Jlns ompeneneHHbIX THUIOB HC-
Ka)X€HUH (pa3MbITHE, N3MEHEHUE KOHTpAacTa, 10-
OaBiIeHHE IITyMa U T.11.) MOXKHO TOI0OpaTh KOJH-
YECTBEHHYIO Mepy, KOTopas OyzneT TouHee APYTHX
COOTBETCTBOBATH BU3YaJIbHBIM OLIEHKaM. MOJKHO
TaKxke chopMynIupoBarh cieayromue oomue pe-
KOMCHJIAIIMM: B BHUJE CIUHON OILCHKH BMECTO
CpeiHell BeTMYMHBI MHOXECTBA JIOKAJIbHBIX OLle-
HOK KadecTBa (3TO OAWH M3 JBYX IMapaMeTpOB
HOPMaJIbHOTO PACIpeNeNICHHs) JIydllle HCIOIb30-
BaTh MapaMeTpsl IPYTruX paclpeaeieHni, Hanpu-
Mep, mapaMeTp dopma pactpeneneHuil BeitOyi-
na, Hakaramu, ramma. BpeMeHHble 3aTpaThbl Ha UX
BBIUUCJICHUE OYEHb Majibl €CJIM YMEHBIIUTh aHa-
nu3upyemble u3oOpaxeHus. IIpum 3ToM oueHkn
Ha 0a3e yKkazaHHBIX pachpereneHuil OyyT He3Ha-
YUTEJIBHO OTIMYATHCS OT OLIEHOK, BBIYMCIICHHBIX
U1l U300paKeHUI MCXOJHOTO pa3Mepa.

[Ipu sxcmpecc-aHanu3e KauyecTBa HUQPPOBBIX
n300paXeHU MOKHO HCIIONB30BaTh MX YMEHb-
LICHHBIC KOIMH, a JJsi YMEHBIICHHUS JydIle
MPUMEHSITh HMHTEPHONIALIUI0 METOIOM OJnKaid-
mero cocena. IlpudyeM oHa JIeTKO peannsyercs
IIOCPEIICTBOM BbIOOpa MMKCENEH Ajsl BbIYUCIIE-
HUS JIOKQJbHBIX OLICHOK C HEKOTOPBIM ILAroM.
IIpu sTOM COKpamaercsi BpeMs BBIYMCICHHH,
YTO B@KHO INPH IOJYYCHUH OLICHOK Ha 3Tale

perucTpanuu u300paxeHu 17151 OTOPAKOBBIBAHUS
HEKa4eCTBEHHBIX.

Mepa KURT nokasana mioxyro KOppesuio
¢ MOS-oueHkamu Ui BceX H300pakeHHi, ucC-
MOJB30BaHHBIX B AKcrepuMeHTax. [Ipu ymeHb-
IICHUU pa3pelieHust n300paxkeHuii 0a3bl PsiOnHa
naxe B 2 paza mepsl FISH, GORD, HELM, LOEN
Jamu CHIkKeHue koppemsiuu ¢ MOS mo 0,5.
Mepa BISH ans m3obpakennii 6a3sr TID2013 ¢
nmobasnenneM 1mryma u Mepsl GORD, HELM s
n3zobpaxenuit 6a3sr TID2013 ¢ pa3mbiTHEM TaK-
K€ TIOKa3aJIi MJI0XUE PE3ybTaThl IPU CHUKCHUHU
pa3MepoB N300pAKEHHIA.

Tonbko mepa SHAR mnokazana xopoiaue pe-
3yJBTaThl P OLIEHKE KauecTBa JJIsi BCEX HMCCIIe-
JIOBaHHBIX B CTAaThe THUIOB MCKaKEHUU MpEACTaB-
JICHHBIX Ha M300pakeHusix Oaszpr TID2013. dns
Hee Bce 3Ha4YeHUsI Kod(QQHIUEHTa KOPPENSIUH
CroupMmeHna Mexay dkcepTHeIMEH MOS-orieHKkaMu
U KOJMYCCTBEHHBIMH OLIEHKAMHM OBUIM BBILIE
0,7. Jns n3obpakennii m3 0as3pl PsOnHa manHas
Mepa TaKXKe I0Ka3ala XOPOIIYI0 KOPPEsLHI0 Ha
YMEHBIICHHBIX N300paKEHUSIX.

Mepst BEGH, BISH, BREN, LOCC, SPAR
MO)KHO HCIIONB30BaTh Ha YMEHBLICHHBIX B 2 pa3a
M300paXKeHUSX € TII00ATbHBIM Pa3MBITHEM U H3Me-
HEHHEM KOHTpacTa. JTO MOATBEPXKJIEHO IKCIIEpH-
MeHTaMH Ha m3o00paxenusx 6a3pl TID2013. Mepsr
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LAPD, LAPL, LAPM, WAVS nonycTuMo HCIOJb-
30BaTh NPH OLIEHKE KauecTBa N300pa’KeHU ¢ IIo-
0aJbHBIM Pa3MBITHEM WJIM TayCCOBCKHM ILIYMOM
MOCPEACTBOM YMEHBILCHHUS UX B 2 pasa.

Mepst BREN, CONT, CURV u FUS Ha pe-
AIBHBIX M300paKEHUSIX, MPEICTABICHHBIX B 0a3e

Psi0uHa, noka3any OfMHAKOBBIE 3HAUYEHHs KOppe-
JSIIMM MEXIy KOJIMYECTBCHHBIMU M BH3YaJIbHbI-
MH OLICHKaMHU KadecTBa JUIs Pa3HbIX BapUaHTOB
yMmeHbleHus. [lo3TroMy npu ucnons30BaHUM AaH-
HBIX MEp JOIMYCTUMO YMEHbLIATh pa3Mep u300pa-
JKEHUH B 8 pa3 Ipu aHaJIu3e UX KauecTBa.
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IMPACT OF IMAGE SIZE REDUCING
FOR IMAGE QUALITY ASSESMENT

! United Institute of Informatics Problems of the National Academy of Sciences of Belarus,
2 Belarusian National Technical University

The article describes studies of the effect of image reduction on the quantitative assessment of their quality. Image reduc-
tion refers to the proportional reduction of horizontal and vertical image resolutions in pixels. Within the framework of these
studies, correlation analysis between quantitative assessments of image quality and subjective assessments of experts was
performed. For the experiments, we used images from the public TID2013 database with a resolution of 512 % 384 pixels and
expert estimates of their quality, as well as photographs taken with a Nikon D5000 digital camera with a resolution of 4288 %
2848 pixels. All images were reduced in 2, 4 and 8 times. For this two methods were used: bilinear interpolation and interpo-
lation by the nearest neighbor.

22 measures were selected to evaluate image quality. Quantitative assessment of image quality was calculated in two
stages. At the first stage, an array of local estimates was obtained in the vicinity of each pixel using the selected measures. At
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the second stage, a global quality assessment was calculated from the obtained local ones. To summarize local quality esti-
mates, the parameters of 16 distributions of random variables were considered.

According to the results of the experiments, it was concluded that the accuracy of the quality assessment for some mea-
sures decreases with image reduction (for example, FISH, GORD, HELM, LOEN measures). BREN and SHAR measures are
recommended as the best. To reduce images, it is better to use the nearest neighbor interpolation method. At the same time, the
computation time of estimates is reduced on average by 4 times while reducing images by 2 times. When images are reduced
by 8 times, the calculation time decreases on average by 80 times. The amount of memory required to store the reduced images
is 25 times less.

Keywords. Digital image, image quality assessment, image reduction, image resolution, Spearman correlation,
distribution of random variables
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V]K 623.4.023.47

B. C. JEMEIIIKO, A. U. ®EJOPOB

NMPUMEHEHUE CBEPTOYHbIX HEMPOHHbIX CETEW
B NOACUCTEME PA3BEAKHU
KOMMAEKCHOM CUCTEMbl BE30MACHOCTH

Boennas akademusi Pecnyonuku Berapyco

B cmamve npeonosicena cmpykmypa KOMRIEKCHOU cucmemsl 6e30nacHocmu niowaouslx 06vekmos. Paccmompenul
OCHO8HbBIE nodcucmemyl, exooauue 6 e€ cocmas. OnpedeneHnvl 3a0adu noocucmeme pazeeoKku o OOHAPYHCEHUIO U PACNO3-
HABAHUIO HA3EMHBIX 00BEKMO08 HAOIIOEHUS 8 CIONHCHOU (hOHOYene8ol 0OCmaHo8Ke.

3aoaua obnapyicenus 06vexma HabIIOOEHUS Peulandacy Ha OCHO8e NPEOIONCeHH020 panee areopumma. Heoocmamkom
O0aHHO20 AN2OPUMMA ABAANOCH HAIUYUE TONCHBIX CPAdAmMbI8AHULl OM Mepyauell CI0HCHOU hoHoyeneoll 06CmManosKi.
s ycmpaneHuss OaHHO20 HeOOCMAmKa NPeOioHCEHO NPUMEHUNb KIACCUDUKAMOD HA OCHO8E C8EPMOYHOU HEUPOHHOU
cemu, KOmMopwlil pacnpeoeisiem evloeseHHble 00bEeKNbl N0 KOHKPEMHbIM KIACCAM.

TIposeden ananus u IKCNEPUMEHMAIbHblE UCCIE08AHUL NO OYEHKU MOYHOCU PACNOSHABAHUS HAZEMHBIX 00BEKNO8
maxumu ceepmoynvimu apxumexmypamu kax VGG-16, VGG-19, Inception v3, ResNet-50, MobileNet. O6yuenue u npogepxa
Kawecmea pacnosHa8aHus OAHHbIX APXUMEKMYP NPOBOOUNIOCH HA IKCNEPUMEHMANLHO CO30AHHOM HAOOpe OAHHbIX ¢ U30-
Opaosiceruem ueno8eka Ha KOHMPACMHOM (hOHe U HA pa3IudHbIX OaibHocmax. Tlonyyennble pe3yibmamsl c6udemenbCmay-
101 0 803MONCHOCIU NPUMEHEHUS C8EPIMOYHOU HEUPOHHOU CemuU 8 CUCmeMe OXPArbL U e€ CNOCOOHOCMb pabomams 6 ped.ib-
HOM Macumabe 8pemeHil.

Knrouesvle cnosa: noocucmema pazeeoxiu, cpeocmea ONMUKO-31eKmpoHHOU pa3eedKu, u3oopasicenue, 00HapyiceHue, pacnos-

Haganue, K1accughpukamop, c6epmounas HelipoHHAsL Cemb, apXumeKnypd.

BBeaeHue

Bompocom oxpaHBI Ba)XHBIX TOCYIapCTBEH-
HBIX, BOGHHBIX U 3KOHOMHUYECKHX OOBEKTOB yjie-
JseTCs JocTaTOYHOe BHUMaHue. K TakuM o0bek-
TaM MOXXHO OTHECTHU aIMUHUCTPATUBHBIC LICHTPHI,
MIPOMBIIIICHHBIE TPEIITPUSITHS, JIEKTPOCTAHITHIH,
AdPOIOPTHI M a3POIPOMBI (TPAsKIAHCKOTO M BOCH-
HOTO Ha3HAYCHUs), BOMHCKHUE YacTu T. 1. [1].

Kaxmprii w3 BBIIEIPUBEICHHBIX OOBEKTOB
MIPEACTABIIACT COOOH TUTOMIAHONH OOBEKT.

OCHOBHBIMH TIPOCTPAaHCTBEHHBIMH XapakKTe-
PUCTHKaMH TUIOIMIAIHOTO OOBEKTa SIBISETCS €ro
JUTMHA, IMUPUHA U TIEPUMETP, a C TOYKU 3PEHUS
oOecrieueHust Oe30mMacHOCTH — Tpedyemoe pac-
CTOSTHUE OT BHEIIHEW TPaHUIIBI 00bEKTa OXPaHbl,
Ha KOTOPOM O0ECIIeYMBACTCS CBOCBPEMEHHOE 00-
Hapy>KEHUE HA3EMHOTO MPOTUBHUKA U MPUHATHUSA
pelIeHus 1 Mep IO €T0 JTUKBHUIAIINU.

B kadecTBe THUIIOBOTO TUIOMIAHOTO OOBEKTA,
JUTSL TIPUMEPA PacCMOTPHUM a’pOIPOM, HMEIOIIIETO
MIPOCTPAHCTBEHHBIE XaPaKTEPUCTHKH:

mmHa 3,545 kMm;

wupuHa 1,5-2 km;

nepumetp 10-12 km.

Jms  obecrmiedeHns CBOEBPEMEHHOTO 00-
HapyKeHHUs1 00bekTa HaOmioneHus (TUma Ha-
PYIINTENh) ¥ CBOEBPEMEHHOTO MPUHATHS Mep
K HeMy (3aJiep)KaHHue WM JIMKBHUIAIUHN), daiThb-
HOCTh €r0 OOHapy>KeHHs JOJIKHA COCTaBIATH
25-300 ™ [2].

B Hacrositiee Bpems ero oxpana u obopoHa
OCYILIECTBIISIETCS, KaK TMPaBHJIO, TOJIBKO C TIPU-
BJICYCHHEM JIMYHOTO COCTaBa M3 4YHCJIa B3BOJA
oxpassl 1 000poHEL. K coxaneHuio, He0OXOaMMO
KOHCTaTHPOBATh (PAKT, UTO JUISI OXPAHBI BHEIITHETO
nepuMeTpa 00beKTa JIMYHOMY COCTaBY M3 TEXHU-
YECKUX CPEJICTB BBIACISIOTCS TOJBKO OWMHOKIU
Y TIEPEHOCHBIE PAHOCTAHLIUH.

OnpIT TPOBOAMMBIX YUYCHHH PA3IMYHOTO
YPOBHS TIOKa3bIBAET, YTO MHOTO HEOCTATKOB OT-
MEUaJloCh KaK K OpraHu3allid OXPaHbl adpoJpo-
Ma, TaK M K OpTaHU3aliy OXPaHbl O3UIUH, KOTO-
pble B OCHOBHOM OCYIICCTBIISIJIMCH ITyTEM IaTpy-
JUPOBAHUS W BBICTABJICHUS JT030pOB [3].

B cBs13u ¢ aTM mpoOiiemMa oOecIieIeHIsI KOM-
TUIEKCHOM CHCTEMBI 0€30MacHOCTH OXpaHsIeMo-
TO TUIOIIAHOTO OOBEKTa SIBISIETCS aKTyalbHOU
3a1a4en.
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OcHoBHaA yacTb

B [4] Oputa mpennmoxeHa CTpPYKTypa KOM-
IUIEKCHOH CHUCTEMBl 0€301IaCHOCTH sl IUIOLIal-
HOro 00beKTa, BKIIOYaroas B ceOs TpU MOACHU-
CTEMBI: MOJICUCTEMY Pa3BEKH, IPOTHBOJICHCTBHS
u yrnpasiieHus (puc. 1).

[loncucrema pa3Beaku BKIIOYAaeT B ceOs:
CPEICTBAa ONTHKO-3JIEKTPOHHOHN pa3BelKH, Cpef-
CTBa PAJMOJIOKAI[MOHHOW pa3BeiKH, Cpe/CTBa
PanuOTEeXHUUYECKOH Pa3BEAKH, CUCTEMY JAaTUUKOB
Ha3eMHOIl OXpaHbl M IperHa3HaueHa AJs Bene-
HUS BO3IYIIHOM, HA3€MHOH U PAIHOAICKTPOHHOU
pas3BenKu.

[logcucTema ympaBieHUs] BKIIIOYAeT B ceds
cpezacTBa 00padOTKH MHPOPMAIMK U TOAJCPIKKH
NPUHATHS pPELIeHUH, CpescTBa JOKYMEHTHPOBa-
HUS 1 00bEKTUBHOTO KOHTPOJISI, CpeacTBa HHGOp-
marmonHoro oomena ¢ KCA u mpenHa3HaveHa
JUIS. KOOpAMHAUMU JACUCTBUM M HENMOCPEIACTBEH-
HOTO YTIPaBIIEHUS HCIIONHUTEIHHBIMU 3JIEMEH-
TaMM IOICUCTEM Pa3BEIKU U NPOTHBOIACHCTBUS,
a Takke WHPOPMAITMOHHOTO OOMEHa C colpsTae-
MBIM BHELTHUM IIYHKTOM YIIPaBJICHHUS.

[logcucTemMa MPOTHBOACHCTBUSI  BKJIIOYAET
B ce0sl cpeicTBa pajuO’IEKTPOHHOIO MOJABIIE-
HUS, CPEJCTBA OrHEBOTO IOpa)KE€HMs, CpEACTBA
a’pO30JIbHOM MAcCKUPOBKU U MpeJHA3HAYeHA IS
PaaAMOdIEKTPOHHOTO MOJIABIEHUS U OTHEBOTO T10-
pakeHHUs BO3YIIHBIX M HA3€MHBIX IIee.

JlBe mocieqHUE TOACHCTEMbI BKIIOUAIOTCS
B paboTy, ecIl CBOEBPEMEHHO cpadoTaja TO/ICH-
CTEeMa pa3BeJIKH.

OnHoOll M3 3a/a4 MOACHCTEMbI Pa3BEIKH SB-
nsieTcsi oOHApy)KCHHWE HA3eMHOTO TPOTHBHHUKA.
Ocobast pois B DTOM 3amade OTBOTUTCS Cpe-
CTBaM OINTHKO-3JICKTPOHHON pa3BEIKH, KOTOPbIC
JIOJDKHBI OOHAPY)KUTh U Paclo3HaTh OOBEKT Ha-
Oomonenusi. B cooTBeTCTBUM ¢ TpeOOBaHUSMU
K IOJICUCTEME Pa3BEKH, JalbHOCTh OOHapyxe-
HUSl Ha36MHBIX OOBEKTOB JIOJDKHA 00ECIIeYMBaTh
CBOCBPEMEHHOE IPHUHSITHE MEp, HAIpPaBICHHOE
Ha UX 3aJICpKAHUC WM JIMKBUIALINIO. HpI/I 9TOM
3ajaua OOHAPY)KEHUSI U PACIO3HABaHUS OOBbEKTa
HaOIO/ICHNSI JIOJDKHA PEIaThCsl IIOJIHOCTBIO B aB-
TOMAaTUYIECKOM (aBTOMATH3WPOBAHHOM) pEXUMaX
U B peasibHOM MaciinTade BpeMEHH.

CHOXHOCTh OOHAPY)KEHHSI HA3eMHOTO 00b-
€KTa M0 CPABHEHHUIO C BO3AYIIHBIM OOBICHACTCS
Oosee ciioxHOM (poHOIIETEeBOH 0OCTaHOBKOM.

OO0OHapyXeHUE W pacIO3HABaHUE BO3AYIIHON
L[EJIA OCYIIECTRIISICTCS Ha HeOeCHOM (OHE, Ipe/I-
CTaBISIOIIEM COO0OM, Kak NpPaBUIIO, OJHOPO[-
HBIH (hOH ompeseneHHoro 1Bera (romydoe Hebo,
CIUTOIIHAsL cepast O0JaYHOCTh MJIM MX KOMOWHA-
U1 C Pa3IMYHBIMKA OTTCHKAMHU ).

O0Hapy)XeHHEe ¥ paclo3HaBaHUE HA3EMHBIX
00BEKTOB OCYIIECTBISIETCS, KAK MPABUIIO, B YCIIO-
BUSX CIIOXKHOW (POHOIIENIEBOW 0OCTaHOBKE. DTOT

Tloacuctema 1 N IToncucrema IToacHcrema
pasBenKn NV YIpaBleHHA :II II: NPOTHBOASHCTBHA
CpescTsa ONTHKO- Cpencrsa 06paGoTkH Cpencrea
> NEKTPOHHOH HHhOPMALTHH 1 > paxuo3IeKTPOHHOIO
pasBeIKH | oA epKKH IPHHATHA OJaBIEHHA
peurennit
Cpenctea C
5 ©ZICTBA OTHEBOT'O
—* PaxHOIOKAIIHOHHOMN Cpencraa Ly P
pasBeaKH |_,| MOKYMEHTHPOBAHMA U HOpHACHHA
00BEKTHBHOTO
KOHTPOJIsS
Cpenctea CpenctBa
[ i o i
pajHOTEeXHHYECKOH Cpenctsa a’pO30IILHOM
pasBeaKH UHQOPMAIHOHEOTO MaCKHPOBKH
obmena c KCA
Cucrema naT4MKOB
Ha3eMHOI 0XpaHbI

Puc. 1 — CtpykTypHas cxema KOMIUIEKCHOW CHCTEMBI 0€30MTaCHOCTH
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(hakTop oOycioBieH MepiianueM (oHa MPH HaIU-
YUK BETPa M COJTHEUHBIX JIy4e (IIeNeCT JTUCThEB,
TPaBbl, KyCTApHUKA, JCPCBHEB, PA3IMUYHBIC KOM-
OWHaIUU penbeda MECTHOCTH B COYETaHUU C pas-
JUYHOW KOMOMHAIIUEH PaCTUTEIHLHOTO TIOKPOBA).

[Iponecc oOHapyXeHUs ¥ pacro3HaBaHUs Ha-
3eMHBIX O0BEKTOB elile 0oJiee 3aTPyHCH WIN He-
BO3MOXKEH, €CJIN 00bEKT HAOMIOeHNS UCTIONb3YEeT
MAaCKHPOBOUYHBIC CBOMCTBA MECTHOCTH WJIM TOJ-
Oupaercss K OOBEKTY MPUKPHITHS B MaCKHPOBOY-
HOM XaJaTe, CIIUBAIONIIMCS C MECTHOCTBIO.

Pa3paboraHHble aNrOpPUTMBI  OOHAPYIKCHUS
M PACIO3HABAHUS HA3EMHBIX OOBEKTOB B CYIIIe-
CTBYIOIIUX TEXHHUYECKUX CHUCTEMAX, CIOCO0-
Hbl HOPMaJIbHO paboTaTh B MPOCTHIX (OHOIIE-
JICBBIX YCIIOBHMSX HAa MAJIIX PACCTOSIHUAX MPH
XOpPOIIIO BHJUMBIX U KOHTPACTHBIX OOBEKTaxX
HaOJrO/IeHNsI  (paclio3HaBaHWE HOMEPHBIX 3Ha-
KOB aBTOMOOWJICH, JIMI[ B IIYHKTax KOHTPO-
JsI TPOIyCKa, OOHapyKeHHWE 4YelloBeKa Kame-
POl BUJICOHAONIOACHUSI TIPU BXOJE-BBIXOJA H3
3MaHUS U T.]1.).

B [4] ObL1 mpemsioxeH anroputM oOHapyxe-
HUSl U BBIJICICHUS HA3E€MHBIX OOBEKTOB, HAOIIO-
JACMBIX B CJIOKHON (DOHOIIEIEBOW OOCTaHOBKE
(IpuCyTCTBUE KOHTPACTHOTO (pOHA, NHTCHCUBHO-
To IIyMa, 3aCIOHeHUE 00beKTa POHOM).

ITo pesynpraram SKCIIEPUMEHTAIBHBIX HCCIIE-
JIOBaHWH TIPOBEPKH KayecTBa OOHAPYKEHUSI M BbI-
JIeTIeHUs] Ha3eMHBIX 00BEKTOB OBLTa MTOCTPOEHA 3a-
BUCHMOCTb YaCTOTHI TIPABUIILHOTO BhIJICICHHS 00b-
eKTa f’nB OT YaCTOThI JIOXKHOTO BbIJICIICHUST 00BEKTa
P AHANTUYCCKYIO 3aBUCUMOCTh KOTOPOH MOX-

7B °

HO OTIPEACIUTS 110 POopMyIam:

. Z > R G on)r (i)
B > 2 (i)

M

Fi.jon)(1-r(i.jn)
(1 r(i, j,n ))

B | 2 I
I I

2

e r(i, Js n) — 3TaJIOHHAasl OMHApHAasi MacKa;

f(i, ],n) — OuHapHas Macka, IMOJy4YeHHas
C TIOMOII[BIO AJITOPUTMA;

M — cumBON yCpemHEHHs 0 HECKOJIBKHM
KaJpaM;

N,, N, — pa3mepbl H300pakeHUs 110 BEPTHKA-
JIY ¥ TOPU30HTAIH COOTBETCTBEHHO.

Ha puc. 2 noka3zansl 3aBUCUMOCTH fALB oT ISHB
MPEUIOKEHHOTO alIrOpUTMa M H3BECTHOTO all-
roputMa [5], MCHONB3YIOLEr0 MaKCMEIUaHHYIO
¢unerpanuto. [lpu 3ToM, pazMepHOCTh MacoK Ba-
peupoBasiack oT 3HaueHus 11 no 41.

AHanM3 TONYYEeHHBIX PE3YJbTaTOB IMO3BOJIS-
eT YTBEpP)KAaTh O MPEUMYILECTBE pa3pabOTaHHOTO
aNropuT™Ma OOHApY)KEHHS MpU HAONOIEHUU 00b-
eKxToB pazmepamu 6osee 20x20 muKcemne mo cpas-
HEHHUIO C TTOAXO/IOM, UCTIONB3YIOIIMM MaKCMeTHaH-
Hyto puisTparuio. [Iprpoct 9acToThl IpaBUIIEHO-
ro oOHapy>keHust oobekra cocrasiser 10 30 % npu
OJTHOM U TOM >K€ 3HaYeHUH JOKHbIX TpeBor 0,005.

OpHako, HECMOTpSl Ha MOJyYEHHBIC Mpe-
MUMYIIECTBa, HEOOXOIUMO OTMETUThb, YTO JaH-
HBI alITOPUTM BBIJEISET HE TONBKO OOBEKT Ha-
OmronieHusi, HO W JA€T JIOKHBIC cpadaThIBAaHUS
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Puc. 2 — 3aBucumocTtu PHBOT PHB

IPEJI0KEHHOI0 aIropuT™Ma (PUCYHOK CIIpaBa)

¥ aJITOPUTMa OCHOBAHHOTO Ha MaKCMEIMAaHHOU (pHIIBTpauy (PUCYHOK CIICBa)
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B OmxHel 30He HaOmoneHust. [IpruMepsl TOXKHBIX
cpabaTbIBaHMIA TIPEJICTABIICHBI HA PUC. 3.

Jns ycTpaHeHUS JOKHBIX CcpabaThIBaHUIH
mpenjiaraeTcs Ha KOHEYHOM dTare padoThl pas-
paboTaHHOTO anTOpUTMa, T0OABUTE KiIaccHu(HKa-
TOp, KOTOPBIA Oy[eT pacrupenesiTh BbIIeICHHBIS
Ha3eMHbIe OOBEKTHI IO KOHKPETHBIM KIlaccaM
(4enmoBeK, TPaHCIIOPTHOE CPEICTBO, KHBOT-
HOC W T.JI.) U BBIBOJUTH BEPOSTHOCTh IMPHUHAJI-
JISKHOCTH O0BEKTa K KOHKPETHOMY Kjaccy Ha

9KpaH omneparopy. OOIIYI0 CTPYKTYPHYIO CXeMy
kinaccuukaTopa MOXXHO TPEICTaBUTh B BHUJC

(puc. 4).
B wHacrosimee BpeMs Ui pellieHHs 3ajad
Kkimaccudukanmy  (pacro3HaBaHMs) Ha3eMHBIX

00BEKTOB Ha TEJIEBU3MOHHBIX H300pa’KeHUAX
HanOoJjee IMEepCHEeKTHBHBIM SBJISIETCS METOH Ha
OCHOBE CBEPTOYHBIX HEHPOHHBIX CETEM.
Caeprounas neiponnas cets (CHC) — cnenu-
aJbHAsg apXUTEKTYPa UCKYCCTBEHHBIX HEHPOHHBIX

2,2020
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P S e A A A
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Ty o : IPU3HAKH :
.L opmupoBanme | Knaccuduxkarop |!
— P| npusnaxos _._—F‘ bparmenta  [1]
| 1| ¢parmenTa U
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i e O S N
6 | *
u3obpaxeHune
P [ on om o o s o s e _» | Pacuer napamerpon
o0bekTa
HOMEp KJ1acca
I—>

W TIapamMeTphbl

Puc. 4 — O0mas cTpykTypHas cxema Kiaccu(pukaTopa Ha3eMHBIX 00BEKTOB

cetelt, npeiokennast Sinom Jlekyrnom B 1988 romy
U HalelleHHass Ha d(QEKTHBHOE paclio3HaBaHHE
00pa3oB, BXOJHUT B COCTAB TEXHOJIOTHH IITyOOKOTO
obyueHnus [6].

Jns KauecTBEHHOTO pacIiio3HaBaHUS O00BEKTa
HAOJIOZICH WM HEOOXOIMMO PEIIUTh TPH 3a/1auu:
co3mark 0a3y JMaHHBIX ¢ W300paKEHUSIMHU OOBEK-
TOB HAOJFOJICHUH, TOCTPOUTH JICKBATHYIO MOJICITh
apxutektypsl CHC u mpoBectu e oOyuenue.

Haubonpmero ycnexa B 00acTd KIJIACCH-
¢dukanum M300paKEHUH JOCTUINM  PELICHUs,
OCHOBAaHHBIE Ha TIYOOKMX CBEPTOYHBIX Ce-
TSX, B 9aCTHOCTH, Ha TAaKUX apXHUTEKTypax, Kak
VGG-16, VGG-19, Inception v3, ResNet-50,
MobileNet [7].

C 1enpl0 CpaBHUTENBHOTO aHAIW3a BHIIIe-
ONHCAaHHBIX APXHUTEKTYyp MPUMEHUTEIHHO K pe-
IICHHUIO 33J]a4M KIIACCH(HMKAIIMA HAa3eMHBIX 00b-
€KTOB, KaKJas apXUTeKTypa Oblia OOydeHa Ha
Habope JaHHBIX C U300pakKeHUEM UYeJIOBEeKa B 3a-
BUCHMOCTH OT €T0 MOJOKEHHUSI 1 KOHTPACTHOCTH,
Ha gaibHOCTH OT 25 10 300 M, CHATBHIX HA KaMepy
Canon EOS550D ¢ nuckpeTHOCTBIO 25 M.

[IpuMepsl HEKOTOPHIX TONYYEHHBIX H300pa-
>KeHUM Ha JaiabHOoCTH OT 25 M 110 100 M nipeacTas-
JIEHBI Ha pUC. 5.

Jannbplii HabOp comepKUT Mo 1 Thic. H30-
OpakeHUU U1 K0 panbHOCTU. [Ipu 3TOM
TecTtoBasi BhIOOpKa cocraBiser 20%, a oOyua-
forast Beioopka 80 % oT Bcero odrema m300pa-
>keHuit. [lapamerpsl 0OydeHus IPUBEICHBI B Ta-
omure 1.

Pe3ynbraThl OIIEHKM TOYHOCTH TPHUBEICHBI
B Ta0uIe 2.

Takum 00pa3oM, BUIHO, YTO JIyUIITHM [TOKa3a-
TEJIeM TOYHOCTH O0JIaIaeT ajJropuT™ Kiaccudu-
Kalliu Ha OCHOBE apXUTEKTYphI Inception v3.

Tab6nuna 1—Ilapamerpsl 00yueHHs: HEHPOHHOMN CeTH

Yucno
11aroB,
ThbIC

Pazmep
MHUHHU-
Garua

Anroputm
OITHMH3ALHH
ol

Hauanpubrit

TeMI
OydeHus

Mowment

Kospurment
3aTyXaHHs

9 32

SGD

0,001 0,9

1073

TaOnuma 2—Pe3yasrarsl OLEHKH TOYHOCTH

HasBanne
MOZETH

Kommuectso
napameTpoB CeTH,
MITH

ACC
(TO4HOCTB), %

Bpewmst obpaborkn
OJIHOTO Kazipa,
c

VGG-16 138 61,9 2,2
Inception v3 23 83,2 1,1
ResNet-50 25 70,1 0,8
MobileNet 4 77,9 0,2

CoracHo [8] TOYHOCTH padOTHI CETH MOKHO
OIIEHUTH TI0 (hopMyIIe:

_ TP+TN @)
TP+TN+FP+FN’
rne 7P — 4uciI0 HUCTUHHO-IOJIOKUTEIBLHBIX

pelleHN;

N -
peuIeHuii;

FP —41cio 10&KHO-IO0N0KUTEIbHBIX PELICHU;

FN—4ucno n0oXHO-0TPHUIIATEIbHBIX PEIICHHH.

W3 monmyuyeHHBIX Pe3yJIbTaToB BUHO, UTO BPE-
Msi 00pa0OTKH OJHOTO Kajipa JaHHOW apXUTEK-
Typoit B 10 pa3 Oonbiie, yem 00pabOTKa OHOTO
Kajpa apxutektypoii MobilNet.

BceTe ¢ TeM TOYHOCTH KiacCU(pUKAIMK TaH-
HOW ceTn Ha 6% JydIie, 4eM TOYHOCTh KJIacCH-
¢dukamy apxutekTypsl MobilNet.

BusyanbHas oreHka pa0oThI KiacchuuKa-
TOpa C WCIOJB30BAHWEM MOJIENA aAPXUTEKTYPHI
Inception v3 Ha pa3IMYHBIX BUACOCIOKETAX IIPE/I-
CTaBJicHA Ha puc. 6.

qUCII0 HUCTUHHO-OTPULATCIBHBIX
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d="175 d=100

Puc. 5 — [Ipumeps! nony4eHHBIX H300pakKeHUH B 3aBUCHMOCTH OT €r0 KOHTPACTHOCTH, Ha JAIBHOCTH OT 25 M 10 100 M

| YemoBek

; -- LA 3
ey ﬂ

BeposiTHOCTE OonpezneneHus o0bekTa THIA YenoBek 98.43% BeposTHOCTH onpeneneHns oobekTa Tuna yenosex 92.87 %

Puc. 6 — Pesynbrarsr paboTs! kitaccugukaropa Ha ocnose CHC
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3aknroueHue

[Ipeanoxena KoMIIIeKCHas cucteMa Oe3omnac-
HOCTH IUIOLIAHOTO OOBEKTa, OTBEYAloIasi Tpe-
0OOBaHMSAM COBPEMEHHBIX YIPO3.

[Ipumenenne CHC B mnpeniokeHHOW KOM-

00bEKTa TMO3BOJIMIO HCKIIOYUTH JIOKHBIC Cpa-
0aTbIBaHMs, BBI3BAHHBIC MEPIAHUEM CIIOXKHOM
(doHoLENeBO 0OCTAHOBKH, M TOBBICUTH BEPO-
SATHOCTh pAacCIlO3HABAHUS HA3eMHBIX OOBEKTOB
HaOJIIOIEHHS.

IUIEKCHOM cHCcTeEME 0e30macHOCTH miomaaHoro
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DEMESHKO V.S., FEDOROV A.1L

APPLICATION OF CONVOLUTIONAL NEURAL NETWORKS
IN THE INTELLIGENCE SECURITY SYSTEM SUBSYSTEM

Military academy of the Republic of Belarus

The article proposes the structure of an integrated security system for areal facilities. The main subsystems included in its
composition are considered. The tasks of the intelligence subsystem for detecting and recognizing ground-based objects of
observation in a complex phono-target environment are defined.

The task of detecting an object of observation was solved on the basis of a previously proposed algorithm. The disadvan-
tage of this algorithm was the presence of false positives from a flickering complex phono-target environment. To eliminate this
drawback, it is proposed to apply a classifier based on the convolutional neural network, which distributes the selected objects
to specific classes.

The analysis and experimental studies to evaluate the accuracy of recognition of ground objects by convolutional archi-
tectures such as VGG-16, VGG-19, Inception v3, ResNet-50, MobileNet. Training and verification of the recognition quality of
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architecture data was carried out on an experimentally created data set with a human image on a contrasting background and
at different ranges. The results obtained indicate the possibility of using a convolutional neural network in the security system
and its ability to work in real time.

Keywords: intelligence subsystem, optoelectronic intelligence tools, image, detection, recognition, classifier, convolutional
neural network, architecture.
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YK 004.005

C. 4 JOHI B.C. HOHHUH

OPrAHU3ALUUA XPAHEHUA U NMOUCKA OBPA3A AULA
B OBbEKTHO-OPUEHTUPOBAHHON BA3E AUL,

benopycckuii cocyoapcmeennuiii ynugepcumenm un@OpmMamuxiy u paouodneKmpoHuKy

Lenvto pabomvi s615eMCA pa3pabomKa areopumma QyHKYUOHUPOSAHUEM CUCTNEMOT PACNOZHABAHUS Ul C UCNONb30-
8anuem 00beKMHO-0pUeHMuUposanuvlx o6as oannvix. Cucmema obecneyugaem agmMOMaAMUYEcKy0 UOEHMUPUKAYUTIO UCKO-
M020 00vekma unu udeHmuguyupyem Ko2o-1ub6o no yugposot homozpapuu uiu udeokaopy u3 sudeoucmoyrura. Texno-
02Us 8KAKOUAEM CPABHEHUE NPEIBAPUMENbHO CKAHUPOBAHHBIX JIEMEHNO8 TUYd U3 NOLYUEHHO20 U300PaAdtCeHUs ¢ NPOO6-
pasamu auy, xpanumvlx 6 6Oasze dauHvix. CoepemenHvle nakemvl 00BEKMHO-OPUEHMUPOBAHHBIX 0A3 OAHHBIX O0Alom
NOb3068AMENI0 BO3MONCHOCHIL CO30AHUSL HOBO2O KAACCA € 3A0AHHBIMU AMPUOYMAMU U MEMOOAMYU, NOIYUEHU KAACCO8,
HACAeOVIoWux ampudymeol u Menmoovl Om CYynepKIaccos, co30a8ams IKIEMNAAPLL KAACCA, KANCObLL U3 KOMOPLIX 001adaem
VHUKAIbHOIM 0OBEKMHbIM UOEHMUDUKAMOPOM, U3BIEKANb SMU IK3EMNIAPbL NO OOHOMY ULU SPYRNAMU, d MAKICE 3a2PY-
Hcamb U BLINOAHAMY MU npoyedypul. Mcnonvsosanue 6 aicopumme c6EpmoyHOU HEUPOHHOU cemu NO3601Aenm OCyuye-
CMBUMb nepexoo0 on KOHKPemHuIX 0cobenHocmetl u30opasjicenus Kk Ooiee abcmpakmuvim 0emaiim.

Knrwuesvie cnosa: pacnosnasanue Juy, AaKmueHble MOOenu  BHeUIHe20 GM()(I, aKmueHvle MoOenu d)Op.Mbl, 00beKmHo-

OpUEHMUPOBAHHASL 6A3A OAHHDIX, C853b MeJHCOY OAHHBIMU, ADCMPAKMHbLE MUNbL OAHHBIX, UOEHMUPUKAMOP.

BeBeaeHue

Cucrema pacnosnaBanus jur (CPJI) — ato
KOMITBIOTEPHOC  IMPUIIOKCHUE, ABTOMAaTHN4Y€CKU
uaeHTuUIIpyomee GU3NIeCKoe JIUIO M0 MHd-
poBoO#l dororpadun WM BUIACOKANPY W3 BHUIEC-
oncrouHnka. OAWH W3 CIOCOOOB CENaTh 3TO —
CpPaBHEHHE COOTBETCTBHSI TOJYYCHHBIX TaKUM
00pa3oM 3IEMEHTOB €ro Juia ¢ Habopom u300pa-
KCHUH, XpaHsIIUXCS B CO3IaHHOM 0a3e JaHHBIX.
IIpu Haxox1eHUU B HEH COOTBETCTBYIOLIETO U30-
OpakeHHs 3a/a4a Oy/eT pelieHa WM He pelleHa,
€CJIM WACHTHYHOE H300paKeHUE HE XPaHUTCA
B 9TO# Oase. B o0miem cirydae npu CKaHUPOBAHUN
co3maercs oOpa3 (pu3MYeCKOro JuIa, COXpaHse-
MBIH B OJIOKE TaMATH B BHAE COOTBETCTBYIOIICH
emy Tpaduueckoir mHpopmanuu. [Ipm HeoOxo-
JUMOCTH K HeH J0OaBISIOT TEKCTOBYIO HH(DOP-
MaIUIo, KOTOPOH XapaKTepusyeT B JIOCTaTOYHON
Mmepe ato quno (O.1.0., Bo3pact, anpec u ap.).
Unentudukanus nuna mpearonaraeT XpaHeHUE
ero mpooOpasza B 0a3e JaHHBIX, YTO TPEIAbSBIs-
€T K Hell HEeoOXOIMMOCTh HaJU4us MPoo0pa3oB
JOCTAaTOYHO OOJBIIOTO KOJIUYECTBA (HU3MUCCKHX
JIMIL JUTSL BRITTOJHEHHS 3amaun rmorcka. CPJI gacro
WCIIONB3YeTCsl B CHUCTeMax Oe30MacHOCTH M MO-
JKET CPaBHHUBATHCS C APYTUMH OMOMETPHYECKAMHU
(hopmMamu, TAKIMH KaK CHCTEMBI PACIIO3HABAHU
OTIIEYaTKOB TAaNbIEB WM PaAyKHOH O0O0OJIOYKH

ra3a. Hekoropele anropuTMmbl pacro3HaBaHUS
JUI UISHTH(GHUIUPYIOT YepTHl IUIA, W3BIIEKas
TPaHUIBI WU TPU3HAKK M3 W300paKeHUs JIHIA
cyObekra. M3 HUX airoputM u3BjiekaeT WHQOp-
Marui. B manpHeiimeM 3TH (YHKIUUA HCIIOJb-
3YHOTCSI JUIsl TIOUCKA JPYTUX W300pakeHuil ¢ aHa-
JIOTUYHBIMH (YHKIUAMHU. [ perieHus 3amadn
UACHTU(DUKAIINA HEOOXOAMMO COXPaHUThL HHDOP-
MAIIIo O JINIE JUTA 3aTIOMHUHAHAS B BUE MOAETH
mpooOpasza ero m3o0pakeHUs. ANTOPUTM YIIPO-
maet Habop N300paKEHUI JIHII, CKUMAET JTaHHBIE
JUI], COXPaHSAA TOJBKO IaHHBIE H300paKEHHI,
MOJIE3HBIE U Pacro3HaBaHUs JIML. 3aTeM UJCH-
TU(UKATOP CpPaBHUBACT M300paKEHUE MOJICIIU
C COXpaHCHHBIMH JIAHHBIMH JIUIA. XpaHEHUE Ha-
Oopa rpaduyeckoldi M TEKCTOBOH HH(OpMaIUU
npe/oiaracT HeOOXOAMMOCTh HCIIOJIb30BaHUS
00BEKTHO-OPUCHTUPOBAHHBIX 0a3 JaHHBIX.

CBA3b MeXAYy AAHHbIMU

B HacTosiee BpeMst B CUCTEMaxX TEXHUYIECKO-
TO 3pCHHS JUIsl PEICHUs 3aJa4i Paclo3HABAHUS
JIMI] WCIOJB3YIOTCS Pa3IM4YHbIe METOIbI: THO-
KOTO CpaBHEHHUs Ha Tpadax, HEHPOHHBIX CETeH,
CKPBITBIX MaPKOBCKUX MOJICJICH, IJIABHBIX KOMIIO-
HEHT, aKTUBHBIX MOJiejieli BHEIIHero Buja (Active
Appearance Models — AAM) u akKTUBHBIX MOJie-
neit popmel (Active Shape Models — ASM) u nap.
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Hecmotps Ha Oosblioe pasHOOOpasue MpeacTaB-
JICHHBIX AJITOPUTMOB, OOIIYI0 CTPYKTYpy IIpO-
1ecca pacrio3HaBaHMs JUI MOXKHO TIPEICTABUTh
B BHJI€ CXEMBbI, IPUBECHHOM Ha puc. 1 [1].

CBsi3b  HANpaBICHHOCTH OOBEKTHO-OPUCH-
TUPOBAHHBIX 0a3 JaHHBIX C HAIMPABICHHOCTHIO
JICNYKTUBHBIX 0a3 JaHHBIX HOCHUT JBOSKHUU Xa-
paktep [2]. Bo-niepBBIX, ISl CTPYKTYpU3alLUH Jie-
QYKTUBHBIX (M BOOOIIE JTOTHYECKNX) 0a3 JaHHBIX
B TIOCIIE[IHEE BpEMS CTPEMSTCS HCIOIh30BATh
rmapagurMy OOBEKTHOH OPHUEHTHUPOBAHHOCTH [3].
Bo-BTOpBIX, HEKOTOpHIE MEXaHW3MBI JIEAYKTHB-
HbIX 0a3 JaHHBIX MOXKHO HCIIOJB30BaTh B KOH-
TEKCTe OOBIYHBIX O0OBEKTHO-OPUEHTHPOBAHHBIX
0a3 JmaHHBIX. DTO, MPEXKJIE BCETO, OTHOCUTCS K
si3pIkaM  3arpocoB [4]. OgHO W3 HampaBiICHUM
pa3BUTHS  JCKIAPATUBHBIX SI3BIKOB  3allPOCOB
00BEKTHO-OPUECHTUPOBAHHBIX 0a3 JaHHBIX — Jie-
TyKTUBHBIC sI3bIKK [S5, 6]. Ha mormdeckom BEI-
BOJIC OCHOBBIBAIOTCS B PACIIO3HABAHHUH JIHII JI0-
Ka3aTelbCTBO KOPPEKTHOCTH CXEMBI OOBEKTHO-
OpPHUEHTHPOBAHHBIX 0a3 JAHHBIX U AUHAMUYECKUI
KOHTPOJIb IIEJIOCTHOCTH.

CTpyKTypBl JaHHBIX B PEINSIIUOHHOW MOJle-
i 0a3MpyIOTCsS HAa TUIOCKAX HOPMAaJHM30BaHHBIX
OTHOUIICHUSIX, OTPAHUYCHHUS LECIOCTHOCTU BBI-
paxaroTcsi ¢ OMOIIBIO CPEJICTB JOTUKU MEPBOTO
MopsiiKa M, HAaKOHEll, MAaHUITYJTUPOBAHNUE JTaHHEI-
MH OCYIIECTBJISIETCS Ha OCHOBE PESLMOHHOM
anreOpsl WM PaBHOCWIBHOTO € pPesIuOHHOTO
ucunciieHus. CBOWM  YCIIEXOM  PESIIIHOHHAS
MOJIeNTb JTAHHBIX BO MHOTOM 00si3aHa TOMY, YTO
ONUpaeTCad Ha CTPOrMid MareMaruvyecKuil amma-
par TeopHUH MHOXECTB, OTHOIIEHWUH W IJIOTUKH
repBoro mopsiaka. OCHOBHBIMH CTPYKTYPHBIMHU
AJIEMEHTAMH PEIISIMOHHON TaONUIIbl  SBIISIOT-
cs mose u 3anuck. [lone (cTonber pensunoHHOM

TaOIUIBl) — DJIEMEHTAPHAS SUHMIIA JIOTHYECKON
OpraHu3allid JAHHBIX, KOTOpas COOTBETCTBYET
KOHKpPETHOMY aTpuOyTy MH(QOPMalMOHHOTO 00b-
ekra. Harpumep, B B pEISIIMOHHON TaOIHIIBI
MOYKHO TIPEICTaBUTh MH(pOpMaIHIo 00 00beKTax
JUTSL pacTio3HaBaHus U1l (puc. 2).

W3 puc. 2 BuaHo, uto John Wick — 310 Kiacce,
KOTOPBIA CONEPKUT TIepeMeHHbIe 00bEeKTa U CO-
o0meHnss  0O0BEKTHO-OPUEHTHUPOBAHHBIX  0a3
maHHbIX. OH TakXKe MIMPOKO MOANEPKHUBAET Ha-
ClIeJOBaHWE, MOCKOJIBKY B 0a3e JaHHBIX MOXKET
OBITP MHOTO KJIACCOB C TIOXOXHMH METONIaMH,
MepeMEHHBIMU U cOOOIIeHusIMU. TakuM 00pazom,
KOHIICTIIINST MepapXUM KJIacCOB MOIICP>KUBACTCA
JUTSE OTOOpaXKEHUS CXOJICTBA MEXKTY Pa3IMYHBIMU
KJIacCaMH.

Kontenmusi MHKaNICYISIITAN, KOTOpast SBIISCT-
CsI COKPBITHEM JIaHHBIX WM HH(POPMAIIHH, TAKKE
MOJIICPKUBAETCS  OOBEKTHO-OPHEHTHPOBAHHOM
MOJIeNIbI0 JaHHBIX. 1 3Ta Momenp MaHHBIX Tak-
)K€ TPEAO0CTaBIsAET BO3MOXKHOCTH a0CTPaKTHBIX
THTIOB JAaHHBIX TTIOMUMO BCTPOCHHBIX TUIIOB JaH-
HBIX, TakuxX kak char, int, float. AGcTpakTHBIC
tunel JaHHbix ADT (abstract data types) — 310
ompezensieMble I0Jb30BATENEeM THUIIBI JIAHHBIX,
KOTOPBIE COJAEpXKaT 3HAUYCHHWs BHYTPH HETO,
a TaKKe MOTYT UMETh NPHUKPEIUIEHHbIE K HUM
METOJIBI.

Takum 00pa3oM, OOBEKTHO-OPUEHTUPOBAH-
HbIe 0a3bl JAHHBIX TPEAOCTABISIIOT MOJb30BaTe-
JISIM MHOXKECTBO BO3MOKHOCTEH, KaK BCTPOCHHBIX,
TaK U MOJIb30BaTeIbLCKUX. JTOT KJIACC OObEAMHS-
€T CBOMCTBa 0OBEKTHO-OPUECHTUPOBAHHON MOJIe-
JIM TaHHBIX C CHCTEMOM ympaBieHus 0azaMu JaH-
HbIX. OH TOIJEP’KHUBAET KOHIICTITHIO MPOrpaMm-
MHUPOBAHHS MMapagurM, TAKMX KaK KJI1acChl U 00b-
€KTbl, HapsIIy C MOJJEPKKOW APYTUX KOHIICHIUH,
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Puc. 1. CtpykTypa mporecca pacro3HaBaHHS JTUI]
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Puc. 2. JlanHbIE COXpaHEHBI

KaK MHKAICYJISIIHs, HacJleOBaHUE U OIpeesnse-
MbIe monib3oBareneM ADT. XpaHeHue nzo0paxe-
HUI B 00bEKTHO-OPUEHTHPOBAHHOM 0a3e JaHHBIX
o0ecreunBaeT UX CpaBHEHUE CO CKAaHUPOBAHHBIM
umoM. JTMTenbHOCTh CPaBHEHNUS 3aBUCHUT B TIPS-
MO CTEIIeHH OT EMKOCTH 0a3bl JaHHBIX. Tak, 3a-
Jladya JIOIyCKa OrPaHWYEHHOIO KOJIMYECTBa JIMI
Ha OINpPENEICHHYI0 TEPPUTOPHUIO JIETKO PEIIaeTCs
IIpH €€ MUHUMaJIbHOU eMKocTH. IIpu ee yBenuue-
HUU BO3PACTAET JUINTENBHOCTH MPOLecca CpaBHE-
Hus. OHa 3HaUYMTeNbHA [IPU MUJUIMOHAX U Oolee
XpaHUMBIX 00pa3oB. [liis ee yMeHbIIeHUS B Xpa-
HUMBIX 00pa3ax BBIIEISIOT KJIACChI U MOJKIACCHI.
CpaBHEHHE MPOBOJST C YU4ETOM KiacCH(pUKaIH
CKaHHPYEeMOTO 00pa3a, UCIONb3yA MpeIaraeMblil
aNTOPUTM CKaHUpOBaHUS (puc. 4).

MpumepHble pe3yAbTaThl UX UCMTOAL30BaHUA

[Ipn wunenTHduKanmm oOpaza IUIA BBI-
MIOJTHSIETCSl CPaBHEHHE H300paKEHUsT CO BCEMHU

n300pakeHUsIMH B 0a3e JaHHBIX. JTO obecrie-
YHBAET TIOMCK B HEW HJICHTHUYHOTO ITOMY O0pa-
3y oOwekra (coorHomenue 1:N). DToT mporecc
BKIIIOYAET CKaHMPOBAHHUE U300pakeHUs 00BEKTa,
€ro 3alKch/XpaHeHHWE W CpaBHEHHE ero ¢ 0a3oif
JAHHBIX MPO0OPa30B, YTOOBI WACHTUPHUIINPOBATH
9TOT OOBEKT.

ITockosbky 00BEKT HACHTHUOUIUPYETCS TI0
ero uneHtudukaropy (OID = object Identifier),
cHCTEME XpaHEHHUS O0OBEKTOB HEOOXOIUM MeEXa-
HM3M IS TIOMCKa 00beKTa, 3agannoro OID. Ecin
OID SBISIOTCS JTOTHYECKUMH, TO €CTh OHU HE
OTIPE/ICTISIIOT MECTOIONIOKEHNE 00BEKTa, CCTEMa
XpaHeHUs JIOJDKHA TOJIEPKUBATh WHAEKC, KO-
TOpbIN comnocTtaBiusger OID ¢ TeKylield Mmo3uiuen
00BEKTA.

[Ton xmaccoM mompazymMeBacTCsl CICLUAb-
HBII THI JaHHBIX, BKIIIOYAIONUN B ceOs mpe-
BapHUTEIbHO OMPE/ICICHHBIC CBOWCTBA M METOIBI.
D10 abctpakius oO0bekTa. OOBEKT co3maeTrcs,
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KOTZla OH co3[aeTcs W3 Kiacca. B ommuume ot
OOBIYHBIX THUIIOB JAHHBIX, Kiacc sBisercs (aod-
CTPaKTHOW) eIWHUICH KOMOWHAIIMM METO/OB
U CBOMCTB.

Kaxpapiii kimacc co3fmaH Uit  BBITIOJHEHUS
OTIPEJCNICHHOW Tpynnbl (YHKUUH, crenuduy-
HBIX JIJIS1 3TOTO KJiacca. VIHKaTCysIust mo3BoJisieT
CKPBITh HH(OPMAIUIO 00 00BEKTE MyTeM 00bE -
HEHUsT MHPOPMAIIMU U METOJIOB, CBA3aHHBIX C HH-
(hopmanmeii BHyTpH 0OBEKTA.

[TokaxkemM TOPSAIOK pa3pabOTKH OOBEKTHO-
OpPHUEHTHPOBAHHOW 0a3bl JAHHBIX ISl PAcCIO3HA-
BaHus Jnll. CYWUTHIBaHWE NaHHBIX B OOBEKTHO-
OpPUEHTHPOBAHHOW 0a3e TaHHBIX OCYIIECTBISETCS
CIICIYIOIIUM 00pa3oM:

— 00BEKTBI B OOBEKTHO-OPHEHTUPOBAHHOMN
0a3e JJaHHBIX XPAHITCS M CBSI3aHbI JAPYT C JIPYTOM
yepe3 uieHTuduKaropsl /D;

— OOBEKT MOXKET CChUIAThCS Ha MHOXECTBO
ID 00beKTOB, YTO 03HAYAET, YTO OTHOIIEHUS MEK-
Iy 00bEeKTaMH UMEIOT 00TIyIo hopmy n: m;

— CCBUTOYHBIE OTHOIIEHHS MEXIY O0beKTaMu
YCTaHABIMBAIOTCS  OOBEKTHO-OPHUEHTUPOBAHHOM
cucteMoii 0a3 naHHbIX (puc. 3).

Korna neno moxomut 10 ompeseneHus u pac-
MO3HABaHMS TOTO, KTO 3TO JIMIIO, HAM HYXHO
oyner paccuutarb SAME / DIFFERENCE mex-
Jly JIMIAMH, KOTOpble MbI moiy4daem. M roBops
0 SAME / DIFFERENCE, nnist npocToThl MBI OY-
JIeM cchuIaThbesl Ha 3a1ady «PaccuuTars paccrosi-
HUE MeX]y Bektopamu». Meton findvectorIMG —
3TO MOJIENb, KOTOpas Mpeodpa3yeT paMKy JIHIa

Class Staff :
def _init_ (self, name, age = 1,

Object (Staff)

Attribute: gender = "Male" ):
- Name self.name = name
self.age = age
- AGE - self.gender= gender
o Gender def findvectorIMG(self):
Method: }/imethods

findvectorIMG

Puc. 3. IIpeoGpa3oBanue kaacca 00BEKTOB
B pacro3HaBaHHHM JIUIL

B BEKTOD, [TO3TOMY, €CJIHA JIBE I'PaHU COBIIAJIAIOT,
JIBA COOTBETCTBYIOIINX BEKTOPA TAKXKE JOJKHBI
ObITh Onu3ku Apyr K Apyry. Eciam mpucyTtcTBy-
I0T /1Ba M300pa)KeHUs] Pa3HBIX JIUI, IBa COOT-
BCETCTBYIOIIMX BCKTOpa TaKXKE JOJIKHBI Haxo-
IUTHCS JaibIle APYT OT ApPyra. JTOT aJrOpUTM
MPE/ICTABISIET COO0M CeTh MTYyOOKOrO OOydYeHHS
KouBHer ¢ TpexcroponHeit crpykrypoi. Haie
Tpuo coctouT u3: 1 doTorpadum nmuma ar060TO
yenoBeka (query), 1 npyroii dotorpaduu 3Toro
yenoBeka (positive), 1 dororpadun npyroro ve-
noBeka (negative). OOyuasi Takyl0 MOAEb, MbI
noixyynM Oombie MHGOOPMALUMU O B3aUMOCBS-
3 MEXIy H300paKEHHSIMH, YTO JEJIaeT Hally
MOZIeTIb HAMHOTO JIy4Ylle MOAXOIAIICH Ui 3TOH
npobnembl. Moznens ConvNet BkiIroyaeT u3o0pa-
JKEHUE, KOTOpoe OyJeT pa3MelleHO Ha TpeX pas-
HBIX noporax, mpexae 4€mM COCIAUMHUTHCA, T-ITOGI)I
chopmuposats Bektop ¢ 4096 HampapneHus [7].
DTOT BeKTOp OymeT MpeacTaBisATh (GoTorpaduro,
4096 aTpubyTOB MOXKHO paccMmarpuBaTh kKak 4096
XapaKTEepHBIX CBOWCTB 3TOro oObekTa (puc. 4).

EH 8 x8: dnd

225 % 225

L5X LS

abew
v
uonnjoAuo?

a1 B x 8 4xd

62 X 62

Ind:ax2

GEXpXp
Guppaqui3 &aun

96 X G1XGL

= :
]

Puc. 4. I'my6oxoe o0yuenne ConvNet
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[locne u3BieueHus QyHKUMU A1 OAHHBIX H30-
OpakeHHsT OOBEKTa MBI TIOydaeM OOBEKTHO-
OpPHCHTHPOBaHHbIC JaHHBbIC. TakuM o00paszom,
KOTJia MACHTU(HUKATOP JIUIA MIPEACTABIIET COO0M
TOJIBKO CPaBHEHHUE JIBYX COOTBETCTBYIOLIMX BEK-
TOPOB JBYX JIUII, YTOOBI MOXHO OBLIO TPOBEPUTH
JUYHOCTh COTPYJHHMKA, COOTBETCTBYIOIIAs WH-
(dopmarusi 3TOro COTPyJHHKA HHKAICYIHPYETCS
B OOBEKTHO-OPHEHTHPOBAHHBIE JaHHBIE. UTOOBI
ONTUMM3UPOBATh CPABHEHHE, CO31aTh BEKTOPHBIE
ONTUMM3ALUHI, MBI MOXEM HCIIOJIB30BaTh (PyHK-
uuro LOSS Monenu, OonuchIBAEMYIO BBIPAKEHUEM:

L(p,-,Pfapf)=
:max{O,g‘FD(f(pi)’f(p:))_'
_D<f(pi)’f(p;))}’

rre f (p) —BeKTOp mpencrasienus p. D —pac-
CTOSIHHE MEXAY ABYMs BeKTopamu. DyHKIHS
Loss Oymer paBHa [-L]. Momens Oymer pabo-
TaThb TaK, 4TOOBI BEPXHssl (PYHKUHS JOCTUITIA
3Ha4eHUsT Max, 4To 03HayaeT yMEHBIICHHUE pac-
CTOSTHUSI MEXKAY JBYyMsl BekTopamu f (p;) (Query
Image) u f (p}) (Positive Image). Tlocie MHOTO-
KpaTHOTO TTOBTOPEHUS DTOTO IIara i pa3sHbIX
Jr0fied, HEHPOHHAs CETh HAYUYUTCs HAJEKHO CO3-
naBatb 4096 nu3mMepeHui sl KaKI0ro YeI0BEKa.
JIroboe nmpyroe n300pakeHUE OHOTO M TOTO KE
YeJloBeKa JacT aHAJIOTMYHOe Hu3MepeHue. Tpe-
HUpoBouHBIN mpouecc KonsHer TpeOyer, uToObI

ezl iiowland

[2ne Fersira

@ By

gty CERMOmh ke
E

L ikeontgomery RN

-

MHOTO JIaHHBIX 3aHUMaJIO 0 24 4acoB Hempe-
PBIBHOM TPEHUPOBKH ISl TOCTHXKEHHS BEICOKON
TOYHOCTU. Y Hac JOJDKEH OBITh ONpeneieHHbII
Ha0Op JaHHBIX, HO 37€Ch NMPU MOACITUPOBAHHH
CUCTEMBI Hcroib3yeM | Oonbmioil Habop naH-
HBIX JUIS TecTupoBaHus. U 31meck nporecTupyem
cucremy ¢ nometkoi Face in Wild (LFW). Dtot
HAOOp JaHHBIX BKJIIOYaeT B cebs Oomee 13000
M300paKEHN YEIIOBEUSCKOTO Jinma (TIOMEUCH-
HBIX), coopanabix B MaTepHEeTe (LFW Dataset:
Labeled Faces in the Wild) [8]. Orkyna momy-
yaeM pe3yJbTaT CPaBHEHUS BEKTOPH30BaHHBIX
JaHHBIX ABYX (oTtorpaduii, CHATBIX C KaMepbl
u B 0asze JaHHBIX. DTOT BEKTOp OymeT mpea-
CTaBIATH M300pa’keHHe, M KOTJIa MOJEIb XOpO-
mo obyueHna, 3T 4096 aTpubyTOB MOXXHO pac-
cMarpuBarh kak 4096 xapakTepHBIX aTpuOyTOB
aToro ymma. Takum 0O6pa3oM, MOZENb BBITIOTHH-
Jla 3a71aq9y M3BJICUCHUS MPU3HAKOB, U Onaromaps
(YHKIIUSM B 3TUX OOBEKTHO-OPUEHTHUPOBAHHBIX
JIAaHHBIX, MOXXEM CpPaBHUBaTh BEKTOPHBIC JIaH-
Hele [9].

[IpennoxeHHBI aNropuT™M JOJDKEH obecre-
YMBaTh CO3/IaHME KJIACCOB, TOJKJIACCOB M Kara-
JIOTOB 00pa3oB MO pa3iWYHbIM MPU3HAKAM, CIIO-
COOHBIM TIPH CKAHUPOBAHUHM JIUIIA B CUITYy €r0 WH-
JUBH]IyaTbHOCTH OTHECTH €r0 B OINpPEICIICHHYIO
HutTy 3To BJl, B KOTOpOil Haxomsarcs oOpa3bl
C COOTBETCTBYIOIIVMH aHAJOTUYHBIMH Xapak-
TEPHBIMH 0CO-OeHHOCTAMU (puc. 5). DTO TO3BO-
JUT OPTaHW30BaTh CPaBHEHHE TOJIYYCHHOTO TPHU
CKaHMPOBaHMK OOpa3za Juua ¢ odpazamMu He BCEH

Tabel Vladimir_Putin neighbors @ @ 100

distance COSINE EUCLIDEAN

Nearest points in the original space:

Prince_Charles 0.015

Bill_Nelson 0015

Tony_Blair 0016

David_Beckham 0.020

George_W_Bush 0.020

Tony_Blair 0.021

George_W_Bush 0.026

Rudolph_Giuliani 002

Prince_Willem-Alexander 0.026

Mark_Hurlbert 0.029

George_W_Bush 0.030

Jean_Charest 0.031

Richard_Gephardt 0.031

Colin_Montgomerie 0.033

Mike_Montgomery 0035

George_W_Bush 0.035
Sue_Wicks 0.035
Paul_Martin 0.036

Wayne_Ferreira 0038

George_W_Bush 0038

George_W_Bush 0.038

George_W_Bush 0.039

Puc. 5. Umutanus pe3ynbTaToB BEeKTOPH30BAHHBIX NaHHBIX (Data Visualize)
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b1, a TonbKko ¢ BBIACICHHBIM KOHEYHBIM ITOJAMHO-
YKECTBOM W3 OOIIel TeHepaTbHONH COBOKYITHOCTH
o0paszoB B/I. EcrecTBeHHO, BO-IIEPBBIX, 3TOT all-
TOPUTM COKPATHUT TPOIECC CPAaBHEHUSI CKaHHUPO-
BaHHOTO JIMI]a ¢ O0pa3amu, XpaHUMbIMH B B/l
BO-BTOPBIX, MIO3BOJIUT OIPE/ICIIUTh MECTOIOIOKE-
HHUE 3TOT0 OTCKaHUPOBAHHOTO 00pasza B COOTBET-
CTBYIOIIEM €0 MHJIUBUIYaTbHBIM OCOOCHHOCTSIM
MeCTe X T'€HEPaJTbHONU COBOKYITHOCTH.

YacTh MaHHBIX O0BEKTAa MOXKET OBITH COXpa-
HEHa C WCIOIh30BaHUEM (aHIOBBIX CTPYKTYD,
OIMCaHHBIX paHee, ¢ HEKOTOPBIMH M3MEHEHUSIMHI
M3-32 HEPAaBHOMEPHOTO WJIH OOIBIIOr0 pa3mepa
aToro oO0bekTa. J{s peanu3aruu moss ¢ HeCKOJIb-
KHUMH DJIEMEHTAMH MOKHO HCIIOJIL30BaTh CBSI3aH-
HBIE CITUCKH, TT0JIsI, KOTOPBIE COOUPAIOT AIIEMEHTHI
1o B-zepeBy Wi 1o OTHEIBHBIM CBS3SIM B 0a3e
JMAHHBIX. ATperatHble MOJISI TAaKKe MOTYT OBITh
HCKJIIOUEHBI M3 YPOBHS XPaHCHHUS IMyTEM HOP-
Mau3anuu. OueHb O0NblIne 00BEKTHI, KOTOPHIE
TPYIHO pa3oOpaTh Ha 60JIee MEIKUE KOMIIOHEHTHI,

MOYKHO XPaHUTh B OTACIbHOM (haiise A Kakiao-
ro oowekra [10].

3aknoueHue

VYrpasieHue JaHHBIMH C TIOMOIIBIO CHCTEMBI
0a3 JJaHHBIX MPUHECET MOJOKUTEIBHBIC TIPEHUMY-
IIECTBA, CIOCOO-CTBYS OBICTPOMY XpaHEHHIO, 110~
WCKY, WCIIOJIb30BAHUIO U PEJAKTHPOBAHUIO JIaH-
HBIX, 00ecreunBast 3(pPEeKTUBHOCTH CUCTEMBI pac-
Mo3HaBaHus JuIl. [IperMyIecTBo OpraHu3aIus
XpaHEHUs M TIOHMCKa 00pasza JMila B OOBEKTHO-
OPHEHTHPOBAHHOM 0a3e JIMII 3aKJII0YAeTCsl B TOM,
YTO 3TOT aJATOPUTM COKPATHUT MPOLIECC CPABHEHUS
CKaHHUPOBAHHOI'O JIMIIA ¢ 00pa3aMu, XpaHUMbIMHU
B BJI. CoxpaHeHHbIE (opMaThl TaHHBIX ObOecte-
YUBAIOT CHHXPOHHM3ALHUIO U TOJICPKUBAIOT IIe-
JIOCTHOCTh JIAHHBIX. B TO ke Bpemsi UCMOh30Ba-
Hue 0a3bl JaHHBIX CO3JIACT MHOTO MPEUMYIIECTB
B JIOCTYIIC K JIaHHBIM M MX WCIIOJIb30BAHUIO IS
00CITy)KMBaHUsI CUCTEMBI DPACIIO3HABAHMS JIUI]

(puc. 6).

[& *Python 2.7.15 Shell” — 5] x
File Edit Shell Debug Options Window Help

D64)] on win3z
Type "copyright®, "credits® or "license()" for more information.
>>>

RESTART: D:\face detection\detector.py

Python 2.7.15 (v2.7.15:ca075a3<a3, Apr 30 2018, 16:30:26) [MSC v.1500 62 bit (an =]

Puc. 6. Pe3yJ’II;TaTLI HCIIOJIb30BaAHUC 06'I>eKTHO-OpI/IeHTI/IpOBaHHbIX 0a3 JAaHHBIX B pacCllO3HaBaHUU JIUIL
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DONG X.C., IONIN VS.

USING OBJECT-ORIENTED DATABASES IN FACE RECOGNITION

The aim of the work is to develop an algorithm functioning by a face recognition system using object-oriented databases.
The system provides automatic identification of the desired object or identifies someone using a digital photo or video frame
from a video source. The technology includes comparing pre-scanned face elements from the resulting image with prototypes
of faces stored in the database. Modern packages of object-oriented databases give the user the opportunity to create a new
class with the specified attributes and methods, obtain classes that inherit attributes and methods from super classes, create
instances of the class, each of which has a unique object identifier, extract these instances one by one or in groups, and also
download and perform these procedures. Using a convolutional neural network in the algorithm allows the transition from
specific features of the image to more abstract details.

Keywords: face recognition, active appearance models, active form models, object-oriented database, communication
between data, abstract data types, identifier.
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PRIHOZHY A. A.

SYNTHESIS OF PARALLEL ADDERS
FROM IF-DECISION DIAGRAMS

Belarusian National Technical University

Addition is one of the timing critical operations in most of modern processing units. For decades, extensive research has
been done devoted to designing higher speed and less complex adder architectures, and to developing advanced adder imple-
mentation technologies. Decision diagrams are a promising approach to the efficient many-bit adder design. Since traditional
binary decision diagrams does not match perfectly with the task of modelling adder architectures, other types of diagram were
proposed. If-decision diagrams provide a parallel many-bit adder model with the time complexity of O(log,n) and area com-
plexity of O(mxlog,n). The paper propose a technique, which produces adder diagrams with such properties by systematically
cutting the diagram s longest paths. The if-diagram based adders are competitive to the known efficient Brent-Kung adder and
its numerous modifications. We propose a blocked structure of the parallel if-diagram-based adders, and introduce an adder
table representation, which is capable of systematic producing if-diagram of any bit-width. The representation supports an ef-
ficient mapping of the adder diagrams to VHDL-modules at structural and dataflow levels. The paper also shows how to per-
form the adder space exploration depending on the circuit fan-out. FPGA-based synthesis results and case-study comparisons
of the if-diagram-based adders to the Brent-Kung and majority-invertor gate adders show that the new adder architecture

leads to faster and smaller digital circuits.

Keywords: many-bit adders, decision diagrams, time delay, area, VHDL, FPGA, synthesis, adder space exploration.

Introduction

Arithmetic operations (addition, multiplica-
tion and others) are timing critical operations in
almost all modern processing units [1-8]. The
parameters such as implementation area, adder
latency and power dissipation decide the choice
of adders for different applications. There is an
extensive research attention towards designing
higher speed and less complex adder architec-
tures with lower power dissipation. Many works
have been devoted to adder architectures and im-
plementation styles. Decision diagram based ap-
proaches [9-19] are a promising direction in the
efficient adder design. The traditional binary de-
cision diagrams have been extended to function-
al, biconditional, if-decision and other diagrams,
which are more suitable for the adder design and
optimization. This work develops an if-diagram
based blocked architecture of parallel adders, es-
timates their time and area complexity, introduces
a table method of constructing and VHDL-model-
ling, and provides a comparison of adders through
results of FPGA-synthesis.

Adder design overview

Full adder. A one-bit full-adder adds three

1-bit numbers a, b and c;,, and produces two

1-bit numbers s and ¢, (Figure 1). A full ad-
der can be implemented by s = a®bDc;, and
Cout = (anb) v (c;yn(a®Db)) where A, v and @ are
Boolean conjunction, disjunction and exclusive or
respectively [1].

a b 0| s ¢l

a b 0 0 0|0 0

! l 0 0 1|1 0

0 1 0|1 0

cow ] FUl k—caly 1 1o
Adder

1 0 0|1 o0

I 1 0 1]0 1

N 1 1 00 1

11 1|1 1

Fig. 1. One-bit full adder

Ripple-carry adder (RCA) adds two n-bit
numbers a = a,_y,..., ag and b = b, _y,..., by, pro-
duces a n+1-bit sum s = s,,,..., 5, and consists of
n full adders (one adder for one bit) (Figure 2).
Each full adder inputs c;,, which is ¢, of the
previous full adder. RCA is relatively slow and
is low-cost. RCA takes O(n) of time for carry to
reach the most significant bit, and requires O(n)
of cost for implementation.

Carry-lookahead adder (CLA) reduces the
computation time against RCA [2]. For each bit
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51 by 8 b a, b, a bo
L L Ll | Ll |
Full Full Full Full
“ 0 Adder [ | Adder [ Adder [ | Adder [ €
| 1 ! 1

Snt Sn2 51 So

Fig. 2. N-bit ripple carry adder

Full Full Full o

Adder Adder Adder Adder
1L 2T 3T

C;‘ P3; B3 C3 P2, 82, C2 P& © Po- o |
I Carry look-ahead circuit

Fig. 3. Four-bit carry-lookahead adder

position, i, it creates two signals: a generation sig-
nal g;=a;nb; and a propagation signal p;=a;®b;.
Signal g; sets output carry c;y; to 1 regardless of
input carry c;. Signal p; propagates carry from
a less significant bit position.

Value 0 of both inputs kills carry in bit
position i. The next-stage carry of CLA is
Cir1 = & V (pinc;). Figure 3 depicts a 4-bit CLA.
The depth of CLA carry look-ahead circuit is sig-
nificantly smaller against RCA. Several units of
CLA provide the construction of a higher-level
and wider-bit circuit.

Kogge—Stone adder (KSA) is a parallel
prefix carry look-ahead adder [3]. KSA cal-
culates the generalized propagation signal, P
and generation signal, G recurrently in two ca-
ses: 1) given g; and p;, then G = g; and P = p;;
2) given two pairs (G, P;) and (G, Pj), then pair
(G, P)=(G;, P) 0 (G, Py) is a composition ¢ of two
pair inputs: G=(P; A Gy) v G;and P=P; A P,. The
carry and sum signals are C; = G; and S;= P; ® C,_,
respectively. Figure 4 depicts the carry part of
8-bit KSA (rectangle represents case 1, and circle
represents case 2.

Brent—-Kung adder (BKA) reduces against
KSA the power consumption and chip area as well
as increases the speed [4, 5]. BKA is much quicker
than RCA. BKA defines a recurrent computation
of (G;, P;) intwo cases: 1) (G;, P;) =(g;, p;) fori=0;
2) (Gi’ Pl) = (giﬁpi) o (Gi-17 Pi-l) fori= 1, 2, ...on-1.
It can be seen that

(Gn-l’ Pn-l) = (gn-la pn-l) 0 (gn-Z’ pn-2) 0..0 (gO, pO)'

Brent and Kung proved that operator ¢ is as-
sociative, therefore, (G,_;, P,.;) can be computed

25.Ps 2.2

‘ 24:Ps I i £3.P3 | | 21,01 ] ! 2o0:Po ‘

| 2o

Fig. 4. Carry part of Kogge—Stone 8-bit adder

g27.p7 | { 26.P6 ‘ l 25.Ps5 24P I ! 23.P3 |

g2.p2 £1.P1 ] ! 2o.Po ‘
/
G,P @ G,P

(0]

/
]
O
G,P GP G,P

Fig. 5. Carry part of Brent-Kung 8-bit adder

in a tree-like manner. As a result, the addition of
n-bit numbers consumes O(log,n) of time and
consumes O(nxlog,n) of area. Figure 5 depicts
the carry part of 8-bit BKA.

Majority-invertor gate adder (MIGA) exploits
a representation of logic functions by a majority-
inverter graph [6, 7]. MIGA consists of majority
nodes and regular/complemented edges. A func-
tion M3(x, y, z) expressed by (XAY) v (XAZ) V (YAZ)
defines the node semantics. Figure 6 depicts a 1-bit
full-adder consisting of three M3 nodes. The au-
thors of [7] optimize MIGAs via a new Boolean
algebra. The optimized MIGAs have smaller depth
than the original and-invertor adders.

Pass Exclusive-Not-OR gate circuits. Work [§]
introduces a new logic style for p-n junction based
digital graphene circuits: a pass-XNOR compact
energy efficient logic style. The pass-XNOR gate
shows a higher expressive power compared to the
CMOS counterparts as it requires a smaller num-
ber of devices to implement XNOR/XOR-domi-
nated logic functions, in particular adders.

Decomposition of Boolean incompletely
specified functions

Works [9, 10] originally propose the con-
cept of if-decision diagram that is a result of the
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Fig. 6. Majority-invertor full-adder (dash line represents
complementation

theory ofincompletely specified Boolean func-
tions [11, 12]. Let B= {0, 1} and M = {0, 1, dc}
where 0 and 1 are Boolean values and dc is a
don’t care value. An incompletely specified
Boolean function ¢(x) of vector Boolean vari-
able x = (x;,..., x,,) is a mapping ¢: B"—M. In
¢, value dceM can be arbitrarily replaced with
0 or 1. Function ¢@(x) can be represented by
three sets: on-set ON(¢) where ¢(x) = 1, off-set
OFF(p) where ¢(x) =0, and don’t care set DC(¢)
where ¢(x) = dc. Three Boolean characteristic
functions describe the sets: @°"(x) takes value 1
if x € ON(¢) and value 0 otherwise; ¢°(x) takes
value 1 if x € OFF(p) and value 0 otherwise;
0%(x) takes value 1 if x € DC(¢) and value 0
otherwise. We call function f{x) = ¢°"(x) a va-
lue function, and call function d(x) = —¢%(x) a
domain function where — is Boolean inversion.
Pair (f{x)|d(x)) describes the incompletely spec-
ified function @(x).

In pair (fix)|d(x)), we may replace f(x)
without changing ¢(x), by other function v(x) of
the slice

(fAd)” v = (fvd)™. (M

Since the functions of slice (1) can produce
digital circuits of various time and area, we
introduce an operation v(x) = min (fix)|d(x)) to
select a best function of the slice [9 - 12]. The
following theorem generalizes the widely known
Shannon expansion. Let min(f]d) and min(f]—d)
be residual functions (cofactors) of function f on
function d.

Theorem. Expansion (2) holds for arbitrarily
Boolean functions f{x) and d(x).

f=damin(f|d)v—d rmin(f|—d) (2)

Expansion (2) is capable of efficiently solving
many optimization problems of digital system
design.

If-decision diagrams

The if-decision diagram (IFD) [9] represents
expansion (2) by nodes of a directed acyclic-
labeled graph. We use it for the modelling, syn-
thesis and optimization of adders. Figure 7 de-
picts a nonterminal node. Its three child nodes are
the if-node d, high-node g = min(f|d) and low-
node 4 = min(f]d), which form a node notation
ifd (d, g, h). A terminal node is either a constant 0,
constant 1, variable x; or its negation —x;. IFD is
a promising generalization of BDD [13].

f

high low

d  min@d) min(f— d)

Fig. 7. Nonterminal node of if-decision diagram

Biconditional Binary Decision Diagrams
(BBDD) are a special case of IFDs. Two ways are
known to infer BBDD. According to work [11]
(pages 197-201), if d = x; © x; then (2) looks like

f=(xl.@xj)/\fxi=_|xj v =(x; @xj)/\fx,-:xj , (3

where f,;_; and f,;_; are cofactors (or residu-
al functions) produced by operations min(f]x;®x;)
and min(f] (x;®x;)) respectively (pages 75-82).
Work [14] introduces BBDD through a bicon-
ditional expansion that is similar to expansion (3)
and is a special case of the (x;, p)-decomposition
proposed in [15]. The authors provide a one-pass
logic synthesis methodology and tool, which com-
bines the logic optimization and technology map-
ping phases in a single step carried out through
a common data structure. The Gemini tool [16]
exploits the methodology to synthesize efficient
pass-XNOR-gate-based circuits.

Modelling adders by if-decision diagrams

Works [17, 18] propose a method of modelling
adders by IFDs. Figure 8 depicts a two-root IFD
of 1-bit full adder. The diagram consists of three
nonterminal ifd-nodes and seven terminal nodes.
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a b - b

Fig. 8. Two-root IFD of 1-bit full adder

Many-root-IFD is a model for the construc-
tion of n-bit ripple carry adders (IFDRCA). Figu-
re 9 depicts a 7-bit IFDRCA. While the advantage
of the adder is the low cost (21 nonterminal ifd-
nodes), its drawback is a big depth (8 nonterminal
nodes).

a7 b7f;7d6 b6|:6a5 b555a4 U4S4d3 b3 GSdZ b2 gZdl bl l:l aObOgO

Fig. 9. IFD of 7-bit RCA (dash line is complementation)

From ripple carry to parallel IFD-based
adders: transformation technique

In this section, we propose a technique of
transforming an IFDRCA to an if-decision dia-
gram based parallel adder (IFDPA) with reduced
critical paths. The technique systematically cuts
the critical paths of the diagram. We demonstrate
the technique on the 7-bit IFDRCA, and in partic-
ular on the diagram of carry signal ¢, depicted in
Figure 10 (the diagram size is 6 and the depth is 4
ifd-nodes).

Figure 11 (a) depicts a diagram of domain func-
tion d, that is capable of cutting the critical path in

c2
0
a? al a0
N\ \ A
\ N \
A & A

a2 b2 b2 al bl bl a0 b0 bO

Fig. 10. IFD of carry signal ¢,

diagram c,. Figure 11 (b) depicts a diagram that rep-
resents an inversion of d,. It is obtained by applying
the inversion operation — to ifd-nodes: — ifd(d, g, h)
is functionally equivalent to ifd(d, — g, = h).

—d2

o A
a2 b2 b2 al bl bl

o A
a2 b2 b2 al bl bl

Fig. 11. IFDs of domain functions d, and —~d,

To perform the minimization operation on
the IFDs, we provide four reduction rules. Gi-
ven diagram f'= ifd(e, g, h) representing the value
function, the result of the minimization operation
min(f]d) depends on the diagram that represents
the domain function d:

1. Ifd=ifd(e, u, 0) then min(f]d) = min(g|u)

2. Ifd=ifd(e, 0, u) then min(f]d) = min(h|u)

3. Ifd=ifd(e, 1, u) then

min(f1d) = ifd(e, g, min(h|u))
4. Ifd=ifd(e, u, 1) then
min(f1d) = ifd(e, min(g|u), h)

Rules 1 and 3 reduce the result (Figure 12, (a))
of operation min(c,|d,). Rules 2 and 4 simplify the
result (Figure 12, (b)) of operation min(c,| —d,).
Assembling these two diagrams together with dia-
gram d, and sharing ifd-nodes yield the integrated
diagram depicted in Figure 13.

min(ec2|d2)
a) T) al b) 0

a2 b2

min(c2|—d2)

ok

a0 b0 b0

Fig. 12. Products of min(c, | d2) and min(c, | —d,)

Observing two diagrams in Figures 10 and
13, we conclude that the second IFD consists of
7 nodes, one more than the first one, but the criti-
cal path of the second IFD is one node shorter (3
against 4).

Applying the transformation technique to
each long path of the IFD yields a many-root
parallel if-decision diagram of the whole ad-
der. Figure 14 depicts an if-diagram of the carry
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c2

| o

h a0
\ \

al \ \

o —

Fig. 13. IFD c, after assembling products
and sharing nodes

c6 c5 c4 c3 c2

L\Je\t\

a3
/I\ :
v Y v
1 a3 b3 b3 al bl bl a0 b0 bO
a3 al
\ a5 N ad \ a2
v v N
1 aS b5 b5 ad b4 b4 a2 b2 b2
as

\ a6

1 1

v
a6 b6 b6

Fig. 14. Many-root IFD of carry part of 7-bit IFDPA

part of 7-bit IFDPA. Its overall size is 24 nodes
(for comparison IFDRCA has 14 nodes), but its
overall critical path is 4 nodes (IFDRCA has
8 nodes). Note, that the size and depth of the
BDD-based adder [13] is much larger than those
of IFDPA.

Blocked structure of IFDPA

The transformation technique is capable
of producing an IFDPA for any n-bit width. All
IFDPAs have the same structure. It consists of
a chain of blocks (Figure 15); the bit-width of
a block is twice larger than the width of the right-
hand neighbor block. A scalar carry signal con-
nects the neighbor blocks. The block widths from
the right to the left are 1, 2, 4, 8, 16, 32 ... bit.
The critical path (depth) of the blocks is 2, 3, 4,
5, 6, 7 ... node respectively. The largest number
of nodes per bit in the blocks is 3, 5, 7, 9, 11,
13 ... respectively.

30

14 6 2 [
I | [l
y pock3 s :
3
3
5

6

Fig. 15. Blocks of 31-bit IFDPA

Table representation of IFDPA

To represent the many-root IFDPA consisting
of full blocks, we introduce a matrix M[RxC] of
ifd-nodes, where C = width + 1 is the number
of columns, and R = 3 + 2 x (depth — 2) is the
number of rows. Figure 16 depicts matrix M of
the 15-bit IFDPA constructed of four blocks £,
ki, ky and k. It consists of cells describing ifd-
nodes. Each cell includes three elements, which
are arguments of function ifd. The argument can
be a reference (edge) to other cell (the edge in-
dicates other nonterminal node), constants 0
and 1, and variables a; and b; (these elements
are associated with terminal nodes of IFD). Cell
(0, 0) has a reference to cell (1, 1). Other cells
are empty.

The matrix enumerates the columns from the
left to the right by O, ..., 15. Contrary, it enumer-
ates adder bits (and associated variables) from the
right to the left. The first row cells correspond to
sum signals s, ... , 14, and the second row cells
match carry signals ¢, ... , ¢4 All nonempty
cells of a column describe nodes performing cal-
culations on the corresponding bit. Specifier ‘not’
indicates the complement edge.

Estimation of IFDPA parameters

Work [19] provides efficient methods of com-
puter (digital) system analysis. The size S"“(n)
and depth D’“(n) of the n-bit IFDRCA (atn =1, 3,
7,15, 31...) counted in the number of if-diagram
nonterminal nodes can be estimated as

S (n)=3xn
D*(n)=n+1

“)
)

The size S”"(n) and depth D?"(n) of the n-bit
parallel adder is

S (n)y=n+(n+1)xlog,(n+1) (6)

(7

Table 1 provides a comparison of [FDRCAs
against IFDPAs produced by means of transform-
ing the if-diagrams. The diagram depth and size
varies depending on the adder bit-width. The gain
in the depth (measured in number of nodes) of IF-
DPAs over the depth of IFDRCAs increases up to
93.1 times for 1023 bit-width. At the same time,
IFDPAs’ size is larger against IFDRCAs up to
5.0x.

D” (n)=1+log, (n+1)
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Fig. 16. Matrix M representing 15-bit parallel adder (filled columns depict 4 blocks)

Table 1. Depth and size of IFDRCA and IFDPA
carry part vs. adder bit-width

Table 2. Depth and size of IFDPFA carry part
vs. adder fan-out

IFDRCA IFDPA Bit-width
Blocks | Width, bit
Depth Size Depth Size | Fan-out fan-out 31 63 127 255
1 2 2 2 2 2 depth | size | depth | size | depth | size | depth | size
2 3 4 6 3 8 3 3 | 17 ] 92 [ 33 | 188 65 | 380 | 129 | 764
3 7 3 14 4 24 5 4 13 | 100 | 23 | 208 | 45 | 420 | 87 | 848
4 15 16 30 5 64 9 5 10 | 120 | 18 | 248 | 34 | 504 | 66 |1016
5 31 32 62 6 160 17 6 9 120 | 16 | 246 | 28 | 504 | 54 |1014
6 63 64 126 7 384 33 7 8 128 | 14 | 264 | 24 | 544 | 46 |1096
7 127 128 254 8 896 65 8 8 130 | 12 | 280 | 22 | 570 | 40 |1154
8 255 256 510 9 2048 129 9 7 144 | 11 | 304 | 19 | 624 | 35 |1264
9 511 512 1022 10 4608 257 10 7 140 | 11 | 294 | 18 | 608 | 32 |1234
10 1023 1024 | 2046 11 10240 | 513 11 7 140 | 10 | 304 | 17 | 620 | 29 | 1264

Adder space exploration by means of fan-out

Observing the IFDPA shows that the block
output carry signal has largest fan-out among oth-
er signals, which grows exponentially depending
on the block index. Given a constraint, ' on the
fan-out of n-bit IFDPA, the subject is to reduce
the adder depth and / or size, obtaining new fan-
out constrained adder denoted IFDPFA. We build
IFDPFA consisting of three parts: right, central
and left. The central part includes several fan-out
constrained blocks of width, F-1. The right and
left parts includes blocks of the bit-width smaller
than F-1. For instance, Figure 17 depicts a 7-bit

IFDPFA at F'= 3, consisting of 3 central blocks of
width 2 and of a right block of width 1. Its depth
is 5, one node larger against the 7-bit [IFDPA (Fig-
ure 14), but its size is 20, four nodes smaller. The
IFDPA has the fan-out of 5.

By the assignment of various value to F, we
can perform the exploration of adder space, thus
obtaining appropriate values of the adder depth
and size. Table 2 reports the depth and size of fan-
out constrained adders of four bit-widths: 31, 63,
127 and 255. The weakening of fan-out constraint
from 3 to 11 leads to the reduce of adder depth
and to the growth of adder size.
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Fig. 17. Seven-bit IFDPFA; fan-is 3, depth is 5, and size is 20

VHDL modelling of if-diagram based adders

VHDL provides facilities for modeling adders
at behavioral, dataflow and structural levels [20,
21]. Figure 18 depicts six types of cell concerning
VHDL in the 15-bit IFDPA matrix M. As many as
29 cells correspond to XNOR-gate, 31 cells corre-
spond to two-input multiplexer MUX, 17 cells cor-
respond to OR-gate. We put into accordance a sca-
lar signal S, to each non-empty cell, except the
cells of row 0, which represent signals of sum S.

Figure 19 shows an example VHDL-model of
a 3-bit IFDPA, which consists of two modules: en-
tity ADDER 3 and architecture STRUCTURE 3.
The first module describes the adder input and
output ports, while the second one describes the
adder at the structure-dataflow level. All the sig-
nal types are from the package std logic 1164 of
IEEE library. The architecture models the adder
structure by component instantiation and signal

library IEEE;
use [EEE.std_logic 1164.all;
entity ADDER 3 is port(
A:in std_logic_vector(2 downto 0);
B:in std_logic_vector(2 downto 0);
S: out std_logic_vector(3 downto 0));
end entity ADDER_3;
architecture STRUCTURE_3 of ADDER 3 is
component MUX is port(
SEL: in std_logic;
DO: in std_logic;
D1:in std_logic;
RES: out std_logic);
end component MUX;
signal SO_1, SO_2: std_logic;
signal S1_1, S1_2: std_logic;
signal S2 1, S2 2,S2 3,S2 4:std_logic;
begin
S(0) <= not SO_2;
S0_1<=S0_2 and B(0);
S0_2 <= B(0) xnor A(0);
S(1) <=S0_1 xnor S1_2;
C10: MUX port map (S1_2, B(1), S0_1, S1_1);
S1_2 <=B(1) xnor A(1);
S(2) <=S1_1 xnor S2 _4;
C20: MUX port map (S2_2,S2 3,S0_1,S2 1);
S2 2<=S82 4orS1_2;
C21: MUX port map (S2_4, B(2), B(1), S2_3);
S2 4 <=B(2) xnor A(2);
S(3)<=8S2_1;
end architecture STRUCTURE_3;

Fig. 19. VHDL model of 3-bit parallel adder

assignment statements, and by logic operators of
VHDL. The adder architecture uses a component
of two-input multiplexer MUX.
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Fig. 18. VHDL model primitives of 15-bit IFDPA
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Results

Comparison of IFDPA against Brent-Kung and
majority-invertor-gate adders. The 8-bit IFDPA
(it is based on 7-bit adder depicted in Figure 14) has
the depth of 5, fan-out of 4 and size of 32 MUXs
that represent 16 XNOR, 4 OR and 12 true MUX
gates. The adder consists of 4 blocks which width
is 1, 2, 2 and 3 bit. The 3-bit block is a right-hand
slice of a 4-bit block. The 8-bit BKA (Figure 5) has
the depth of 6, fan-out of 4 and size of 16 XOR, 11
OR and 30 AND gates. The number of OR / AND
gates in BKA is 41, while the number of OR / AND
gates in IFDPA is 4 + 12 x 3 = 40. Therefore, IFD-
PA is preferable to BKA with respect to the depth
and size. Moreover, IFDPA is a multi-root decision
diagram, and many advanced diagram-based de-
sign algorithms are applicable to it.

Table 3 provides a comparison of IFDPAs to
MIGAs. Everyone can see that the gain of IFD-
PAs is significant against MIGAs [6] regarding
both the size and depth.

FPGA-based synthesis of adders. We have
synthesized the IFDRCA and IFDPA VHDL mod-
els of bit-width 15, 31, 63 and 127 for FPGA (de-
vice EPACE115F29I8L Cyclone IV E) using the
software Quartus Prime Version 18.0.0 Build 614
04/24/2018 SJ Lite Edition, copyright Intel Cor-
poration [22]. Two optimization modes (aggres-
sive performance-speed and aggressive area) have
produced networks with distinct parameters: time
delay and number of logic elements. Tables 4 and
5 report obtained results.

The gain of IFDPA over IFDRCA with respect
to the time delay increases rapidly with the growth
of bit-width from 15 to 127. At the same time, IF-
DRCA consumes slightly less area against IFDPA.

Conclusion

We have analyzed known implementation
models of many-bit adders and have developed

Table 3. Comparison of IFDPA against MIG adders

Width, IFDPA Width, Optimized MIG
bit Size Depth bit Size Depth
31 191 6 32 610 12
63 447 7 64 1159 11
127 1023 8 128 14672 19

255 2303 9 256 7650 16

Table 4. Time delay (ns) of FPGA implementation
of IFDRCA and IFDPA vs. adder bit-width

Adder width, bit
Adder
15 31 63 127
IFDRCA, speed 21.3 40.6 73.9 137.3
IFDRCA, area 23.7 41.6 77.4 172.8
IFDPA, speed 17.5 16.7 26.7 37.3
IFDPA, area 19.0 22.6 27.5 40.5

Table 5. Logic elements (area) in FPGA
implementation of IFDRCA and IFDPA vs. adder

bit-width
Adder width, bit
Adder

15 31 63 127

IFDRCA, speed 31 74 172 327
IFDRCA, area 29 61 125 253
IFDPA, speed 37 81 172 359

IFDPA, area 36 77 157 321

a technique of transforming (by cutting the lon-
gest paths) a ripple-carry adder to a parallel ad-
der represented by if-decision diagrams. The
new parallel adder has a blocked structure, the
performance of O(log,n) and the area size of
O(nxlog,n). We have proposed the table rep-
resentation of decision diagram-based adder
and a method of mapping the diagram to a VH-
DL-model. The FPGA-based synthesis results
and the comparisons of the if-diagram-based
adders to the Brent-Kung and majority-invertor
gate adders show that the new adders lead to
faster and smaller circuits.
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TIPUXOKHH A. A.

CUHTE3 NMAPAAAEABHBIX CYMMATOPOB
no IF-AMArPAMMAM PELUEHUU

Crooicenue ssusiemcs 00HOU U3 KPUMUUHBIX KO 8DeMEHU Onepayuii 8 OOIbULUHCINGE COBPEMEHHBIX NPOYeccopos. B me-
ueHue OecaAmuiIemutl nPoBOOUNIUCH OOUUPHbIE UCCIEO08AHUA, NOCBAUJEHHbIE NPOEKMUPOBAHUIO BbICOKOCKOPOCMHBIX U Me-
Hee CILOMCHBIX APXUMEKNYP CYMMAmMopos, a makice paspabomie nepedosvlx MexHoN02ull peaiusayuu Cymmamopos. JJua-
2PAMMbL peUeH Uil ABNAIOMCA NEPCNEKMUBHBIM NOOXO0OM K 3(PDeKmusHOMY NPOEKMUPOS8AHUIO MHOOPA3PAOHBIX CYMMAMO-
po8. ITocKkobKy mpaduyuoHHble 080UUHbIE OUACPAMMbL PEUEHUL He NOTHOCHbIO COOMBEMCMEYIOM 3d0aye MOOeIUPOBAHU
APXUMERMYP CYMMAMOPOs, ObLiU NPEONoNHCeHbl Opyaue munvl Ouazpamm. If-ouazpammel peuteHull A81A0MCA NaApaiiens-
HOU MOO€eIbI0 MHO20PA3PAOHO20 CyMmamopa c epementoll ciodxcrocmoio O(log,n) u mexnuueckoti crodxcrnocmoto O(nxlog,n).
Hacmoswjas cmamus npednazaenm memoo CUCIEMAmuiecko20 paspe3anuus ONUHHbLX Nymell 6 2paghe Ouazpammyl, KOMopbiil
nopodcoaem mooenu Cymmamopos ¢ makumu xapaxmep ucmukamu, Cymmamopvt Ha base if-0uazpamm KOHKYPEHMOCno-
COOHYBL NO cpasHeHuto ¢ cymmamopom bpenm-Kynea u e2o MHo2ouucaeHHbIMU MOOupuKrayusmu. Mol npedrazaem 6104Hy0
CMPYKmMypy napaiiebHblx CyMMamopos, NOCMPOEHHbIX HA If-0uaspammax, u 6600UM ux madiuiHoe npeocmasienue, Ko-
mopoe cnocoOHO cucmemMamuyecKku co30a8ams MOOeIl Ha OCHOge duazpamm 1060t obumosol wupunsl. Tabauurnoe npeo-
cmasnerue cymMmamopos noooepaicusaem 3¢pgexmusroe omoodpasicernue ouazpamm 8 VHDL-mooyau Ha cmpykmypHom
U NOMOKOBOM YPOBHAX. B cmamve makoice uccied08ano npoCmpanHcmeo CyMMAamopos noCpedcmeom usmeHeHus Kospgu-
yueHma paszeemsieHus 8bixo008. Pesynomamol cunmesa va ocroge IIJIHC u cpagherus KOHKPEmHbIX CyMMaAmopos, no-
CMPOEHHbIX Ha If-Ouazpammax, ¢ cymmamopamu bBpenma-Kynea u masxcopumapHo-uHeepmopHblMu CyMMAmopami noka-
3bI8AION, YMO HOBbIE CYMMAMOPLL 0atom 6ojiee bvicmpule Yu@posvle cxembl MEHbUE20 PA3MeEDd.

Knrouesvle cnosa: mno2o-o6umosvie Cymmamopwl, OUAzZpammvl pewenutl, epemennas 3alepicka, niowaos, VHDL, FPGA,
NpOCMpPancmeo pacnapaiilerusanus
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A.B. CHJJOPEHKO, U. B. LIAKHHKO

LUOPOBbLIE BOAAHDLIE 3HAKMU,
®OPMUPYEMbBIE C UCMTOAb3OBAHUEM AUCKPETHbIX
XAOTUYECKUX OTOBPAXXEHWUM

benopycckuii cocyoapcmeennviii ynusepcumem

Paccmampusaemces aneopumm Gopmuposanus, CMpausanus u uzsieueHus yupposvix 600anvix snakos (L[B3) ¢ uc-
NONb308AHUEM OUCKPENHBIX XAOMUYECKUX OMOOPaAdCeHUll, NO360NAIOWUL BbIABIAMb MOOUDUYUPOBAHHbIE (hpacmeHmbl
uzobpascenus. Knouesoil ocobennocmvio paspabomannoo aneopumma seasemcs popmuposanue L{B3 ¢ ucnonvzosanuem
OUCKPEMHBIX XA0MUYeCKUX 0moopadceHull u occmarnosienue oannozo L[B3 nocne nepedauu uzodpasicenus no Kauany cés-
3u. Omo, 8 c6010 ouepedsb, OKA3bIBACTICA BO3MONCHBIM 01A200aps NPUMEHEHUTO pA3PAOOMAHHO20 HAMU N00X00d, KOMOPbIll
ocywecmennen noUCK HaudIbHbLX 3HAUEHUT NePEeMEHHBIX OUCKPEMHbIX XA0MUYECKUX OMOOPAXHCEeHUIl, UCNONb30BAHHBIX NPU
¢opmuposanuu [[B3. B dannoii pabome ecmpausanue L[B3 ocywecmeansiemcs 00HO8PEMEHHO 8 YACTOMHYIO U NPOCPAH-
cmeenHylo obnacmu uzobpascenus. Buisigrenue MoOUPUYUPOBAHHBIX PPASMEHMO8 U30OPANCEHUS OCYUECMBIAEMC s Ha
OCHO8€ CPABHEHUs BOCCMAHOBIEHHO20 U U3neuerHo2o L[B3. H306padcenue pazousaemcs Ha NPAMOY2onbHble (hpasmeHmyl
3a0ann020 pasmepa. /s kancoo2o ppazmenma onpeoesemcs KOIU4ecmao 31emMeHmos 60ccmanosienno2o L[B3, snavenus
KOMOPbIX OMAULAIOMCS O 3HAYEHUL COOMBEMCMBYIOWUX deMeHmos ussneuenno2o [[B3. Eciu omuowenue OanHolU 8eu-
YuHbL K 06Ujemy Konuuecmsy snemenmos L[B3, npunaonexcawux gpacmenmy, npesviuiaen 8blopaHHoe nopo2osoe 3Haye-
Hue, Mo 0efaemcsi 861800, UMO PaAcCMampusaemvlii ppazmenm uzoopasjicenus 6wl noosepenym moougurayuu. Ilpusoosm-
€A pe3yIbmamsl mecmuposanus paspabomanno2o aieopumma. Yemaunosiero, umo nanuyue I[B3 6 npocmpancmeenHotl
obracmu no3gonsaem uls8UMb PpazmeHmsl U300padceHUs, Komopbvie OblLIU NOO8ePSHYmMbl MOOUpUKaAyUU 8 npoyecce nepe-
dauu uzoopascenus. Haruyue [[B3 6 vacmomuou obnacmu oeraem npeoiazaemulii ai2opumm CmouKum npu npeoopaszosa-
Huu uzoopascenus k popmamy JPEG. Oonospemennoe npucymcemeue L{B3 ¢ npocmparcmeeHHoll u 4acmomHou 001acmsax
NO360NAEN COYEMAamy NONOHCUMENbHBIE KAYECMEAd KAHCA020 U3 PACCMOMPEHHBIX n00X0008. IIpu ucnoavzosanuu L[B3
6 NPOCMPAHCIMEEHHOU U YACMOMHOU 00IACMAX NPedIacaemMblil dIeOPUMM 8 PACCMOMPEHHBIX MECMAX YCMAHOBUL (akm
npucymemeus L[B3 6 usobpascenuu. Taxum obpasom, npediazaemviii a1e0pumm Moxcem npUMeHamsbCs npu peuenuu pe-
AIBHBIX 30044 3auumol YUGposwvix uz00padiceHull 8 KAHALAX nepeoayu UuHpopmayuu.

Knruesvle cnosa: uzobpasicenue, unpopmayuonnas 6€30nacHoCcmy, Xaomuueckoe omoopaicerue, yu@hpoeo 600sIHOU 3HAK,
JPEG.

BeeaeHue

Ludpossie n300paxeHus SBISIOTCS HEOThEM-
JeMOW YacThIO COBPEMEHHBIX HH(POPMAIMOHHBIX
TexHojorui. ITockonbKy HE BCe CpeicTBa KOMMY-
HUKAIIUH TI03BOJISIOT 00EeCTIeuuTh TpeOyeMbIil ypo-
BeHb Oe3omacHOCTH [1], OMHUM W3 TPHUOPUTETHBIX
HAIpaBJICHWI B JAHHOW OOJIaCTH SIBJISETCS 3allUTa
M300paKeHUH B MPOIIECCE UX Mepeiadr 110 KaHaaaM
cesi3u. [lpu 3TOM OHOM M3 3aja4 SBJISACTCS BBISB-
JeHue oOnacTedl M300paXKeHUsl, MOJABEPIHYBIIMXCS
Moauukanuu. J{jis 3Toro TpaguIiMOHHO UCIIONb3Y-
forcst udpossie BomsHble 3Haku (L[B3) [3]. OnHa-
KO B KaHAJIE CBA3M M300paKEHUSI MOTYT OBITh UCKa-
JKEHBI BCIIEJICTBUE MPUCYTCTBUS IIyMa. VMckaxeHne
M300paKeHUH BO3MOXKHO TIpH  MpeoOpa3oBaHUU
B Jpyrue rpadudeckue (Gopmarhl MpecTaBICHUS
JaHHBIX. DTO MPHUBOJUT K HEpabOTOCHOCOOHOCTH
CYILECTBYIOLIUX AJITOPUTMOB padotsi ¢ [[B3.

Boznukaer HEoOXOAMMOCTh B pa3paboTke
HOBBIX TIOJXOMIOB M CO3JaHUH aJTOPUTMOB (Hop-
MHpPOBaHUS, BCTpanBaHusg W u3BledeHwms [[B3,
TTO3BOJISIONINX BBISBIATE MOIU(DUITUPOBAHHBIE
¢parMeHThl M300paKeHHsI TPY HAJIWMYUU TIymMa
B KaHaJe CBS3M M YYHTHIBAIOIINE BO3MOKHOCTh
npeoOpa3oBaHus H300PAKCHHUS MEKIY pasiind-
HBIMU rpaduuecKkumMu hopmaTamH.

KitroueBoit 0cOOCHHOCTBIO pa3pabOTaHHOTO ajl-
roput™a sBisiercsi hopmupoBanue [[B3 ¢ ucnons-
30BaHMEM JIUCKPETHBIX XaOTHUECKUX OTOOPAKECHUI
1 BoccTaHoOBJIeHHE aanHoro (B3 mocne mepematum
n300paKeHUS TI0 KaHay CBSA3U. DTO, B CBOIO OUe-
pelb, OKa3bIBaETCS BO3MOXKHBIM Onarogaps rmpume-
HEHHUIO Pa3pa0OTaHHOTO HAMH ITOAXO0/a, OCYIIEeCT-
BIISIIONIETO TOMCK HAYallbHBIX 3HAYCHUH TepeMeH-
HBIX JIMCKPETHBIX XaOTHYECKUX OTOOpPaKCHUH, KO-
TOpBIE UCTIONB30BAUCH MTpU (hopmupoBanuu L[B3.
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AAroputMm ¢popMHUpOBaHUSA, BCTPauBaHUSA
M U3BAEUEHUSA LUPPOBLIX BOAAHDBIX 3HAKOB
AAA U306paXkeHU

[Ipeanaraemplii alropuT™M BKIJIIOYAET B ceOs
CJIEYIOIIE OCHOBHBIE TaIbl

1. ®opMmupoBaHHE MOCIECIOBATEILHOCTEH
W, n W, [locnenosarensrocts W, npencrasisier
co0oii 1IB3, mpenHazHaueHHBIA IS BCTpauBa-
HHAS B TIPOCTPAHCTBEHHYIO O0JIAaCTH HM300pae-
uusi, a Wo— B yacToTHyro obnacts. Konnyectso
9JIEMEHTOB B JaHHBIX IOCIEAOBAaTEIbHOCTIX N
u N/ 64, cOOTBETCTBEHHO, N — KOJIMUECTBO MUKCE-
Jel B MCXOOHOM H300paxeHun. dopMupoBaHue
W, n W, ocyuiecTBiseTcst aHaloru4HbIM 00pa-
30M, TIO3TOMY PAcCMOTPHUM JaHHBIN MpOIEecc Ha
IIPUMEPE MOCIIEN0BATEIBHOCTH W,.

1.1. BeiGop HavanbHOTo 3HAa4€HHA X, o. BBIOOp
HayaJIbHBIX 3HAUYEHUH OCYILECTBIISETCS IPOU3-
BOJIbHBIM 00pa3oMm. Hanpumep, nanHble 3HAYEHUS
MOTYT OBITh HOJIyY€HBI C UCIOJIb30BAHUEM T'€HE-
paropoB CIy4yalHBIX YHCEN WIH cHOPMHUPOBAHBI
Ha OCHOBE Xell-3HaYeHUs N300paKeHusI.

1.2. ®opmupoBaHue MOCIEIOBATEILHOCTH
nensix yncen V,. DopMupoBaHHE OCYILECTBISIET-
Cs C UCIIOJIb30BAHNEM OTHOMEPHOIO TUCKPETHOTO
Xa0THYECKOTO OTOOpaXKeHus f(x):

Xip1 = Jen (%) (1

e X; — 3HaYeHNE TEePEeMEHHON 0TOOpakeHus
Ha I-OM UTepaluH.

1.3. IIpeoOpa3oBaHue mocaenoBaTebHOCTH V
B IOCJIEA0BATENbHOCTh W,. KakqoMy ai1eMeHTy
V, ; IOCJIEIOBATENLHOCTH V), CTABUTCSA B COOTBET-
CTBHE CTpOKa b;, COCTOAIIAS U3 BOCBMH CHMBOJIOB
Y Tpe/icTaBIsAomas co00i 3armuch 3HAYEHUS d1e-
MEHTA V, ; B IBOMYHON CHCTEME CUUCIIEHHUS. Die-
MEHTAM W, g; 7, W;8i6s -++ »Wy g IOCIIENOBATENIBHO-
cTi W, mpuCBanBaIOTCs 3HAYEHUS, COOTBETCTBYIO-
e CUMBOJIaM CTPOKH b, i =1,2,..., N.

1.4. TlepecraHoBKa 3JEMEHTOB IOCIENO-
BaTelbHOCTH W,. Ha 0OCHOBE Ha4albHOrO 3HA-
YCHUS X, C HCIOJb30BAHUEM XAOTHYECKOIO
oTOOpakeHUs f.,(X) BBIYHCISAIOTCS 3HAUCHHS
Xp i 1= 1,2,..., N. 3HaueHue X0 BBIOMpAETCS aHa-
JIOTMYHBIM 00pa3oM, KaK M 3Ha4eHHue X, j. Onnaxo
CTOUT OTMETHUTH, YTO B OTIIMYHEC OT x,,o’ 3HAYCHUC
X0 AOJDKHO OBITH M3BECTHO TIOJIyYaTelIio n300pa-
xenus, coneprxkaniero [IB3. Ha ocnose x, ; ompe-
JENIAIOTCS 3HAUYCHUS U

X, =X,
u; = floor(——"2- N) +1

2

max min

[Tocme »TOrO TIPOM3BOANTCS OOMEH 3HAYCHU-
SIMU i-TO U U;-TO 3JIEMEHTOB I1OCJIEA0BATEIILHOCTH
W,,i=1_2,..., N. B nannoii padore ocyuiecTps-
€TCsI HECKOJIBKO TIEPECTaHOBOK OIS,

2. Hcnonb3oBaHue JIByMEPHOTO IHCKPETHO-
ro kocuHycHoro mpeoOpaszoBanusi (JIKIT). Ocy-
HIECTBISIETCA pa3OueHne M300pakeHust Ha OJOKH
D, pazmepom 8 Ha 8 mukceneit, k = 1,2,...N/64.
K xaxmomy Omoxy D, mpuMeHsieTcs IBYMEpHOE
JKII. OcymecTBisieTcsi KBAHTOBAHUE MTOJYYEHHBIX
kod(punreHToB. [laHHBIN MpoIlecC W UCTONb3Ye-
MBbI€ MaTPHIIGI KBAHTOBAHUS MOJAPOOHO paccMoTpe-
HBI B pabote [5]. CTOUT OTMETHT, YTO JIJIsl COBME-
cTUMOCTH ¢ rpaduyeckum popmarom JPEG, JKII
NPUMEHSIETCST K M300paKEHHIO, MPEACTABICHHOMY
B 11BeToBOM TipoctpancTee YCb Cr [6].

3. ®opmupoBaHUEe MaccuBa 3aMeHbl S. Mac-
cuB S cocrout u3 128 smementoB. Ilepseim 64
JIIEMEHTaM MacCHBa NPHCBAMBACTCS 3HAYCHUE
«1», octanbHbIM — «0». [Tocine 3Toro ocyiecTBis-
€TCsl TIePeCTaHOBKA 3JIEMEHTOB JIAHHOTO MacCHBA.
[lepecTtaHOBKa OCYIIECTBISCTCS aHAJIOTHYHBIM
o0Opa3om, kak Ha dtare 1.

4. Momudukanus kodpdunuentos JKII.
Monudukanust BbBIOpaHHBIX  K03()OUIIUEHTOB,
MOJYYCHHBIX B Pe3yJbTaTe PUMEHEHUS AByMEp-
Horo JIKTI, mpou3BoUTCS COTIIACHO BBIPAXKEHUIO

Dy 1y =(Dy 1y mod2)

D1 =W @8] mod128] (3)

rae S[i] — 3HaYeHHe i-ro AIEMEeHTa MaccuBa S,
k=1,2,..., N/64; ©—crnoxeHue 1o MOy 2;

a mod b —ocTarok OT AeNeHus yuciaa a Ha b;

5. Hcnonb3oBaHue 0OpaTHOTO JIBYMEPHOTO
JKII. Cnayama ocymecTBIsieTCsl JOMHOXEHHE
ko3 punmento JKII Ha 3HaUeHMS, comepKaIu-
ecss B MarpuIle KBaHTOBaHHUS [5], mocie dero
K Ka)X10My OIOKy n300paxenuss D) npuMeHseT-
cs1 ooparHoe aBymepHoe JIKII.

6. Momudukanus TUKCeNed H300paKeHUsI.
Mopudukanus OCYHIECTBISACTCS  CIEAYIOIINM
oOpasom:

I =1;®w, ;®S[(I;—-(1;mod2))/2] (4)

rae @ — cIoKeHue o MOAYIO 2;

Iy —  mMonupuuUpOBaHHOE 3HAYCHUE j-TO
aneMeHTa n3oopaxenus, j = 1, ..., N;

a mod b —0ocTaToK OT JAcieHUs yucia a Ha b.

B pesynbrare BEINOTHEHUS TaHHBIX ONepanui
noiyyaem u3o0paxenue, cogepxamiee [[B3 B ua-
CTOTHOW M MPOCTPAHCTBEHHOM 001aCTSX.
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[locne sToro OCymIECTBIsAETCS Tiepenada Io-
JTY4EHHOTO M300paXkeHus 1o KaHaiy cBszu. [lanee
CIIeITyeT OIICaHKe ATAIIOB aJrTOPUTMAa, BBITIOIHEHUE
KOTOPBIX ITPOU3BOAUTCS HA IPHEMHON CTOPOHE.

7. ®opmupoBanue MaccuBa 3aMeHbl S. JlaH-
HBIW STall aHAJIOTUYEH 3Taly 3 paccMaTpHBaeMO-
rO aNropuTMa.

8. N3Bneuenne 1IB3 W, 13 mpocTpaHCTBEHHOM
obmacte m300pakeHus. V3BieueHme ocymecT-
BIISIETCSI COTJIACHO CIIEAYIOMIEMY BBIPAKEHUTO

w, ; =(I'mod2)®S[(I' (I} mod2)) /2] (5)

9. llpumenenue npymepnoro JKII. Jlanubrit
dTal aHAJIOTWYEH 3Taly 4 paccMarpuBacMoro
AITOPUTMA.

10. 3Bneuenne LIB3 W, u3 yactorHoit oba-
CTH U300paKeHUsI:

2

[Tocnemyromne 3Tanbl aaropuT™Ma OCYIIECT-
BJISIFOTCSI aHAJIOTUYHBIM 00pa3oM IS MOCIIe0Ba-
TenbHOCTeH W, 1 Wy 0ITOMY paccMOTPUM JaH-
HBIE ATAITbl HAa IPUMEpE MOCIIeA0BaTeIbHOCTH W,

11. OO6parnas mnepecranoBka W,. llepecra-
HOBKAa Ha JaHHOM OJTare SBJSETCS OOpaTHOU
K OCYyIIECTBIsIEMOi Ha aTare 1 paccmarpuBaemo-
T'O aJITOPUTMA.

12. TlpeoOpa3oBanue TOCIETOBATEIBHOCTH
W, B mocnenoBarenbHOCTh V,. JlanHoe mpeoGpa-
30BaHME BBITIOJHICTCS CIETYIONIUM 00pa3oM:

7
Vei= 2 (2 "Wy gioj) (7)
Jj=0

Wf,k = Dk,l,l @ S[ m0d128] (6)

13. ®opmupoBanne BoccTaHoBieHHoro 11B3
W,”. ®opMHupoBaHHE OCYIIECTBIACTCS TaKUM JKe
obpasom, kKak u Ha dtane l. B xauecTBe HaYab-
HOT'O 3HAYEHMS UCIOJIB3YETCs 3HAYCHUE X)) MOy~
YEHHOE Ha MPE/IbIIYIIEM dTarle.

14. Iposepka nHa npucytcrue LIB3 B n300paxe-
HUU. ECITM OTHOIIEHNE ¢ KOJMYECTBA Pa3IHIAIONIHX-
CsI BTIEMEHTOB MEX/Ty M3BJICUCHHBIM }¥ 1 BOCCTaHOB-
neHHbM W LIB3 k o0meMy KOIMYECTBY 3JIEMEHTOB
L1B3 Gosblue HOporoBoro 3Ha4eHUs ¢y, TO ACNACTCS
BBIBOJI O TOM, 4TO H300paxkeHue He couepxut [[B3.

Jl1st BBIIBIICHUS MOAM(DHUITMPOBAHHBIX 0O0J1a-
cTel W300paskeHUs TMpeJIaraeTcst CIeIYIONUit
ofxof. [IpssMoyroiapHOE OKHO pa3MepamMu p; Ha
P> TIOCIIENIOBATEIbHO MEPEMEIIAETCS B TOPU30H-
TaJlbHOM U BEPTUKAJIHHOM HAMpaBICHUSIX MO BCE-
My u300paxenuto. Kak u B ciiydae npoBepKH Ha

npucyrctBue 1[B3, obmacte n3o0pakeHus, Ipu-
HaJIekKaNasi OKHY, CYUTACTCS] MOAUDUIIMPOBAH-
HOU, €CIT 3HAYCHHE ¢, MOJTYUYCHHOE JJIsl TAHHOM
o0Onactu, 0oJIbIIE TOPOrOBOTO 3HAUYCHUS gD .

TecTupoBaHUe NpeararaemMoro aAroputma

TecTupoBanue NpeanaraeMoro ajaroputMa Ha
CTOMKOCTh OCYIIECTBILUIOCH TIPH: a) Tpeodpas3ona-
HUM n300pakeHus K rpapuaeckomy dpopmary JPEG
u 0) nobaBieHny K m300paxenuro nryma. [Ipu Te-
CTUPOBAaHUM B Ka4eCTBE XaOTHUYECKOTO OTOOpaxe-
HHSl MCIIOJIb30BAIOCh JIOTUCTHYECKOE. 3HaueHue
napamerpa A ObUIO BbIOpaHo paBHBIM 3.9995871.
Pa3mepsl OkHa 1Sl BBIABIEHUST MOAM(MHUIUPOBAH-
HBIX oOacTell MEHSUTUCH OT 2 Ha 2 110 8 Ha 8 nukce-
1s1. B nanHol pabore noporoBoe 3HaYeHUE ¢y, C UC-
MOJIL30BAHUEM KOTOPOTO YCTaHaBIUBACTCS (aKT
npucytcTBus 1[B3 B n300paxkennu, ObIII0 BEIOPAHO
paBHbIM 0.4. [y BBIIBIICHUS MOAH(DUITIPOBAHHBIX
o0nacTeil MCIIONB30BAIMCh 3HAYECHHS IOPOrOBOTO
3HaueHus gD, pasusle 0.1, 0.2 u 0.25.

B kadecTBe TECTOBOTO HCIIOIB30BAINCH U30-
Opaxkenus «house.bmp» u «sailboat.bmp», npen-
cTaBlieHHbIe Ha puc. 1. Takke ObUIM CO3AHBI UX
MoaudupoBanHbie Komuu (pucy. 1, 6) u 1, 2).

IIpn mnpeoOpa3oBannu U300pakeHUN U3
rpapugeckoro Qopmata BMP k rpaduyecko-
My ¢opmary JPEG ucnons3oBanue 11B3 B mpo-
CTPAHCTBEHHOH 00/1acTH HE IMO3BOJIMJIO YCTaHO-
BUTh QaxT npucyTcTBus (B3 B m300paxenun.
[Tpu ucrionszoBanmu 1[B3 B wacToTHO# 0OmacTu
¢daxr npucyrcrBus L[IB3 B m3o0paxeHnun Obu1
ycraHoByeH. [Ipy 5ToM anroputm okasajics CHo-
COOHBIM BBLICTUTHh BCE MOAUDUIIMPOBAHHBIE 00-
jacTy (OTMEYEHBI KPaCHBIM LBETOM Ha puUC. 2, @).
CTOUT OTMETUTb, YTO B JJAHHOM CJIy4ae OAMH HC-
XOIMHBIA (pparMeHT u3zo0paxkeHus «house.bmp»
ObUT KIMacCHUIMPOBAH KaK MOAM(PHUIIMPOBAH-
HBIH ((pparMeHT CTBOJIa JepeBa B JICBOW YaCTH
HN300paKeHU).

Jamee Obuia paccMoTpeHa pabOTOCTIOCO0-
HOCTh aJTOpPUTMa NPH HAJIUYUHU IIyMa B KaHaje
cBs13u. {715 5Toro y BHIOpaHHOTO KOJIMYECTBA MHK-
cesiell n300paKeHus CIIydailHBIM 00pa3oM ObLIH
W3MEHEHB! 3HAUCHHS (MCKaKCHHUIO TOJIBEPrauCh
1o 14 % 3Hauenuit nukceneit). Pesynbrarer oOpa-
00TKM W300pakeHUs] pa3paboTaHHBIM AJITOPUT-
MOM TIPECTaBIEHBI Ha pUC. 2, 6.

IIpu ucnonwsizoBanuu 1[B3 B mpocTtpaHcTBEH-
HO¥ 00TacTH pa3pabOTaHHBIN aJTOPUTM ITO3BOJIIIT
BBISIBUTH BCE MOIU(DULIUPOBAHHBIE (PArMEHTHI
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n300pakeHnss (Ha puc. 2, 6 OTMEYCHBI CHHUM
usetoMm). Ilpu 3TOM criemyer y4uThIBaTh, 4TO BBI-
00p pazMepa OKHa MOUCKa MOAM(DUIMPOBAHHBIX
(parMeHTOB B JTaHHOH CUTYalMH SIBISICTCS CyIle-
CTBEHHBIM. [IpH CIUIIKOM MasbIX 3HaUEHUSAX pas-
Mepa OKHa aJIrOpPUTM cpadaThiBaeT Ha CIMHUYHBIC
W3MEHEHMS 3HAaYEHUN MUKCENIeH, a IPU CIMIIKOM
OOJILIIIOM — TepsIeTCsl TOYHOCTh B ONPENEICHUH
M3MEHEHHBIX (parmenToB. Ha pwuc. 2, 6 mpuso-
JSTCA PEe3yJIbTaThl, MOJIyYCHHBIE ISl Pa3MepoB
OKHa paBHBIX § Ha 8 MHUKCENs U 3HAYCHUU Iapa-
metpa gD, paBHoro 0.25. CTOUT OTMETHUTH, YTO
pu 100aBICHUHN IIyMa K M300paskeHHUIO Mpeyia-
raeMblil aroOpuTM He BBIABUI npucyTtcTBue [[B3
B YaCTOTHOM 007acTH N300paKeHUsI.

3aknoueHue

B mannoit paboTe nmpemiokeH anropuTM Gop-
MHpPOBaAHUS, BCTpaWBaHUsA W wu3BiedeHUs [[B3
C WICTIOJIb30BaHMEM XaOTHUECKHUX OTOOpaKEHUH.

[IpoBeneno TecTHpoBaHME MNPEAIAraceMOro
ajqropuT™Ma. YCTaHOBJIEHO, 4TO Hamuuue [[B3

B IPOCTPAaHCTBEHHOW OOJACTH IIO3BOJISIET BbI-
SBUTH (DparMeHTHI N300paKEeHUS, KOTOpbIe ObLIN
NOABEPrHYTHl MOIU(UKAIIMK TPU TIepefade n3o-
Opaxenus. Hammuue 1IB3 B uactoTHO# o00ma-
CTH JeJlaeT TpeajaracMblii ajJropuTM CTOMKHM
npu npeoOpazoBaHWK H300pakeHHst K (opma-
1y JPEG. OnnoBpemennoe mnpucytcrsue L[[B3
B TPOCTPAHCTBEHHOW W YAaCTOTHOH 0O0IacTsax
MO3BOJISIET COYETaTh IOJOKUTEJIbHBIE KauecTBa
KaXJI0Tr0 U3 PacCMOTPEHHBIX noaxonos. Ilpu uc-
nosnb3oBaHuu 1[IB3 B mpocTpaHCTBEHHOM M 4a-
CTOTHOH 001acTsIX HpeajaracMblii ajJroOpuTM BO
BCEX PACCMOTPEHHBIX TECTaX YCTAHOBHI (akT
npucytctBus LIB3 B n3o0paxenuu.

YcraHOBIIEHO, YTO pa3pabOTaHHBIA  ajro-
PUTM SIBISIETCST PabOTOCIIOCOOHBIM TIPH HCKa-
J)keHnn 1ryMoMm 10 14 % 3HadueHW DIIEMEHTOB
M300paskeHHUS.

TakuMm oOpa3om, TpemaraeMblii aJITOPUTM
MOXET MCIIOJIb30BaThCS MPH PELICHUN PEaJIbHBIX
3a1a4 3aluThl HTU(QPOBBIX N300paKeHNH B KaHa-
Jax nepegayd HHPOpMaIuu.

Puc. 2. Peaynbrat paboThl aropuTMa npu npeodpazoBaHuu rpaduueckoro popmara n3oopaxeHus (a)
¥ HAJIMYUU [IyMa B KaHaJe CBs3H (0).
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SIDORENKO A.V., SHAKINKO LV.

THE DIGITAL WATERMARKING ALGORITHM
USING DISCRETE CHAOTIC MAPS

The algorithm of formation, embedding and extracting of digital watermarks using discrete chaotic maps is considered. The
key feature of the developed algorithm is the formation of the watermark using the discrete chaotic map and the restoration of this
watermark after the image transmission via the communication channel. This is possible through the use of the developed method
that searches for initial values of discrete chaotic map variables used in the formation of the watermark. The algorithm testing re-
sults are given. It is established that the proposed algorithm is able to identify the modified image areas. The algorithm is resistant
to image conversion in JPEG format and to distortion up to 14 % of the image pixel values due to the presence of noise. Thus, the
proposed algorithm can be used to solve real problems of the defense of digital images transmitted by communication channels.

Cunopenko AneBruHa BacmibeBHa. [Ipodeccop xadenpsl Gusuku u a’spo-
KOCMHUYECKHUX TEXHOJIOTHH. Hay‘IHI)IC HWHTCPCCHI: 3alIuTa I/IH(bOpMa]_II/II/I B TCJIC-
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VJIK [004.92 + 004.32.8]:378.014.61

B.11. BEJIAEB, /1. C. L[VP, C.B. IIHPKO

UCMOAb30BAHUE FLASH-TEXHOAOTUU
B OBPA3OBATEAbHOM MPOLUECCE NOAIOTOBKU
UHXXEHEPA-SAEKTPOMEXAHUKA

Benopycckuii 2ocyoapcmeennblii mexHono2uyeckull yHugepcumen

B cmamve 6 yenax 03HAKOMIEHUS NPUMEHEHUS COBDEMEHHBIX YUPDPOBLIX MEXHON02UL 8 0OPA3Z08AMENbHOM Npoyecce
NPUBOOUMCSL INEKMPOHHOE MYTbMUMEOUTHOE UZOAHUE NO UZYHEHUIO UHMENIEKMYANbHO20 0amyuka nepemeujerust. OHoO 8bi-
noaHeno Ha ocrose Flash-mexnonozuu u umeem mpaouyuonnoe nocmpoenue yueoHo-wemooudeckoeo xapakmepa. OQb6yua-
HOWUTCS UMeem 803MOACHOCHIb NOO20MOBUMCS K 8bINOIHEHUIO PAGONbL, NOCKOIbKY U30AHUE CHADICEHO MeopemuiecKoll
uacmolo, packpelearowell yeib u 3a0adu, U NOPAOKOM 8blnoHeHus pabomol. Hcnonvzosanue Flash-mexnonoeuu susyanusu-
pyem KOHCIMPYKMUHOe NOCMPOEHUE U3YHAeMO20 YCMPOUCmed, e20 NOSMAanHoe GYHKYUOHUPOBAHUE, CXEMHble DelueHus
V371108 ycmpoticmea. PasvsacHenue pabomvl 21eKmMpoHHbIX 610K08 CONPO80A#COAemcs epaduieckoli 0emMoHcmpayueti popmu-
Pyemblix, 00pabamuvléaemMvix u nPOXOOSUWUX HO INEKMPULECKUM YENAM INeKMPOHHBIX CUSHALO8, OMPANCAIOWUX HASHAYEHUEe
VCMPOUCMBa, A UMEHHO NONYYeHUe KOMNIEKCA CUSHAL08 NPONOPYUOHATILHBLX KAYeCmEY U KOIUUECMEY Yei08020 UNU TUHell-
HO20 nepemewjeHus O8UXCYywuxca 0ovekmos. Takas 6usyanusayus NO360aAenm 3a2iAHYNb «BHYMPbY JeKMPOHHBIX CXEM,
umo He npedoCcmasAemcs 603MONUCHbIM 8 peanvHom obvexme. Ocobenno gvidenena cxema onpeoenenus: HanpagieHus O8u-
orcenus (8pawenus) obvekma. Ilpugedenvl cxemul YCmpoucms usmeperus CKOpoCmu, OCHOBAHHBIX HA 08YX NPUHYUNAX NOO-
cuema Koauuecmed UMnYibCos ¢ 8blxo0a damuuka nepemewenus. Paspabomannoe snekmponnoe myivmumeouiinoe u3oa-
HUle Op2AHUYeCKU 8NUCHIBACTCS 8 CUCTEMY OUCTNIAHYUOHHO20 00YUeHUs KAK COCMABHAA YaACMb 2NeKMPOHHO20 YHUBEPCUNe-

ma.

Knrouesvie cnosa: obpazosamenvhulii npoyecc, flash-mexnonocuu, pomosnexmpuueckuii npeobpazosamens

BBeaeHue

CoBpeMeHHas TCHACHIMS Pa3BUTHUS OTpaciieit
XO3SICTBOBAHUSL TOCYIapCTBa JIEMOHCTPHUPYET
JUHAMHUYHBIA TIEpPeXof] K HCIOJB30BaHUIO LUQ-
POBBIX TexHOJOTUH. [IpruMepaMu MOTYT CIlyKUTb
¢ poBasi SKOHOMHKA, IU(PPOBOC TEICBUICHUE,
nudpoBoe pajuoBelaHue, nuppoBas Ievarh,
nudpoBoe OAHKOBCKOE JEJI0 ¥ T.11. B BbIcIieM 00-
pa3oBaHUM HIYT Mpouecchl (HJOPMHUPOBAHUS pPa3-
JTUIHBIX OpM ITUPPOBOTO YHUBEPCUTETA, OTHOU
13 KOTOPBIX SIBISIETCS CUCTEMa AMCTAHLMOHHOIO
00pa3oBaHusi, TEM CaMbIM €Ile OOJblIe MOox4ep-
KHMBAeTCs HEOOXOAUMOCTb CO3/1aHMsI YCIOBUI ISt
camooOpazoBanus. JlMCTaHIMOHHOE OOydYeHHE
SIBIISIETCSL OTpeesieHHOH GopMoii oOpa3oBarenb-
HOTO TIpolecca, ONpeieIeHHbIM KOMIUIEKCOM 00-
pa3oBaTeIbHBIX YCIYT, OKa3bIBAEMBIX HACEIICHUIO.
HOSTOMy HaCyIHbIM CTAaHOBUTCA M3IOTOBJICHHUEC
OJICKTPOHHBIX MYHI)TI/IMGI[I/IP‘IHLIX I/I3Z[ElHI/II7[ 10 TEX-
HUYECKUM AUCLMIIMHAM, B TOM YHCJIE U IO JIa-
O6opatopHBIM paboTam. Takoi IPOIXYKT 0OeCIICUH-
BaeT oOywaromeMycs TpuoOpeTeHrne 3HAHUS T10
TEXHUYECKUM CIELUAIBHOCTSIM, HE 00palasich

K ¢usnueckuMm oObekTam. M3BecTHO, YTO MoO-
JIETUPOBAHUE SIBIICHUH, TPOIECCOB, YCTPOWCTB
SBIISIETCS] HAYYHBIM ITOJIXOJIOM, CBSI3aHHBIM C TIO-
CTPOEHHEM U HCIOIB30BAHMEM MaTeMaTH4eCcKOH
MOJIEJT UCCIIEYeMOTO SBICHUS, CYOBeKTa WITH
00beKTa, a Takxke cucreM. MojenupoBaHue mpo-
BOJHUTCS C LEJIBI0 COKPALCHUS BPEMEHH, CHII
U CPEJCTB MO NPEeACKa3aHHI0 BO3MOKHOTO Oyay-
IET0, MOBBIMICHUST 000CHOBAHHOCTH U TOYHOCTH
HAy4HBIX NPOTHO30B, y4€Ta UX B JAEATEIBHOCTH.
Co3panrie Mojienieil OCHOBAaHO Ha COBPEMEHHBIX
00pa3oBaTeNbHBIX TEXHOJOTHSX B KayecTBE O/I-
HOW W3 HUX BBICTynaer Flash-texHonorus. OHa
“MeeT OOIHMPHBIE CEPBHUCHBIC (PYHKIIMH, KOTO-
pBIe TIPUMEHSIOTCS JUIS ONEHKH MPaBHIBLHOCTH
JIEHCTBUSI OOBEKTOB, JJISi BHECEHUSI KOPPEKTHPY-
IOIUX MapaMeTpPOB B pabOTy OOBEKTOB C IENBIO
u3y4yeHusi MX BIMsAHUSA. HecomMHEHHO, 37ech Ha
NEPBBIN TUIAH BBICTYIAET JTOCTOBEPHOCTH CO3/1aH-
HBIX MOJIeJICH 1 MHOTO JIPYTUX acleKTOB Y4eOHO-
METOIUYECKOTO TIIaHa, MO3BOJISIIONINX HAICATHCS
Ha TOJyYeHHE BBICOKOKBATU(HUIIMPOBAHHOTO pe-
3yabTara ooydenus [1].
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OcHoOBHas yacTb.

Ha npoTskeHnn HEeCKOJIBKUX JIeT Ha Kadeape
nojaurpaduIecKoro 00OpPyI0BaHUS U CUCTEM 00-
pabotku uH(pOpMaluKu beropycckoro rocymap-
CTBEHHOTO TEXHOJIOTHYECKOTO YHUBEPCUTETA Be-
JIETCSl  pa3paboTKa DIEKTPOHHBIX MYJIBTHME-
IOUMHBX H3JaHUM II0 OCHOBHBLIM JUCIHIUIMHAM
MOJITOTOBKH MH)KEHEpa-dIeKTpoMexaHuka [2, 3].
OpHOM W3 TeM TOATOTOBKU BBICTYIAEeT PaccMO-
TPEHHE BOIIPOCOB aBTOMATH3UPOBAHHOTO YIPaB-
JICHUSI 3aMKHYTBIMH CHCTEMaMH 3JICKTPOIPHBO-
noB. Hawubomnee pacmpocTpaHeHHBIMH B 3TOM
CMBICJIC SIBJISFOTCSI AJICKTPOTIPUBOJIBI ¢ 00OPaTHOM
CBSI3bIO 110 CKOPOCTH BpAI[CHHS Bajia UCIIOJHH-
TEJIBHOrO AJieKTpoaBurareis. Jlius mnomydeHus
uHpoOpMauu 00 3Toi yroBod (hu3nvecKkoil Be-
JUYMHE B OCHOBHOM HCIIOJB3yeTCs (hOTOIJIEK-
TPUYECKUN  mpeoOpaszoBaTelib  MEPEMEIICHUs
(@IIII, »aKOAED, N-coders) [4, 5]. TpaaurmoHHO
Ha BBIXOJIC TAKOI'0 MHTEJUICKTYaJbHOTO JaTdhKa
UMEIOTCSI JIB€ TOCJIEI0BATSIIbBHOCTH HMITYJIbCOB

sin of
THIIA IIPAMOYTOJIBHOIO CHHYCA X = — U KO-
|sm a)t|
cos®f .
CI/IHyca y = ——7, a4 TAKKC CANHHNYHBbBIU HM-
|cos ot

IyJbC Ha OAWH O00OPOT €ro BXOJIHOTO Basia. JTH
MOCJICIOBATEILHOCTH HUCIONB3YIOTCS JIJISL  TI0-
CTPOCHUS a0COJIFOTHBIX MJIU OTHOCHUTEIBHBIX CH-
CTEM U3MEPEHHS CKOPOCTH C IEJIbI0 YIIPABICHUS
AJEKTPOTIPUBOJIAMU TEXHOJIIOTUYECKOTO 000pYI0-
BaHUs. B uHTEepHET-WH(OPMAIMOHHOM IPO-
CTPaHCTBE HMEeTCsl OONbIION 00BheM pPa3HOO-
Opa3HbBIX CBEJCHUI 00 IHKOJEPaxX, OJTHAKO BECh-
Ma KpaTKO W3JIaraercs ero BHYTPCHHSS KOH-
CTPYKIIUS, TPAKTHYECKH OTCYTCTBYIOT CXEMHBIC
petieHust mpeoOpa3oBaHUs BPAIATSIILHOTO JIBH-
skeHus B udpoyto hopmy. B mpunIme 310 Mo-
JKET UMETh Pa3HOO0Pa3HBIN XapaKTep U SBISTHCS
WHTEJUICKTYyallbHOM COOCTBEHHOCTBIO H3TOTOBHU-
tenst. Jst pa3BUTHS MHKXSHEPHOTO MBIIIUICHUS
1IEeJIeCO00pa3HO O0YyJArOIIeMYCsl H3JIOKUTh XOTS
OBl OJIMH W3 BAapUAHTOB KOHCTPYKTHUBHOIO IIO-
CTPOCHUSI MHTEJUICKTYyaJIbHOTO (POTOIJICKTpHUE-
ckoro mpeoOpa3oBareis nepemenieHusi. C 3Toit
LETbI0 OBLIO CO3/IaHO DJIEKTPOHHOE MYJIBTHME-
muitHoe u3nanue «DoTolrnekTpudyeckuil mpeod-
paszoBarenib TEPEMEIICHUs» B BHUJAC Y4eOHO-
METOANYECKOTO MOCOOMs MO J1adopaTOpHOH pa-
6ote [6].

DJEKTPOHHOE MYJIBTUMEIUIHHOE U3JJaHKUE CO-
CTOWUT W3:

— 000JOYKM — 3TO CBA3yIOIIEee 3BEHO JUIS
Pa3MUUHBIX MYJIBTUMEIUHHBIX paboT, KoTopoe
BHIIIOJHACT W WH(DOPMAMOHHYIO  (PYHKIIUIO,
dopmMHpyss paziIMUHBIC TOACKA3KH NpH padoTe
C MIPOJLYKTOM;

— COBOKYIHOCTH MYJIBTHMEAHNHHONW pabo-
ThI, KOTOpPasi BBITIOJHIET OMPEACNEHHYIO 3a7ady
B Ipolecce 00ydeHus, HarmpuMmep: O3HaKOMIIe-
HUE C TEOPETHYECKON YacThi0, BHIITOIIHEHNE He-
MTOCPEJCTBEHHO CcamMOW paboThl TpH M3yYeHUH
AIIEKTPOOOOPYIOBaHUS U T.A. Js co3manus pac-
CMaTpUBaEMOTO TMPOIYKTa UCIOIb30BAIHCH ClIe-
JyIOIIMe KOMIbIOTEpHbIE TexHonoruu: HTML +
JavaScript — nas co3maHus HENOCPEJICTBEHHO
obonouku; AdobeFlash + ActionScript — nis
CO3JIaHMsI MYIbTUMENUHHON paboThl. ObomoUKa
MpeJICTaBIsieT co00il COBOKYITHOCTh TEKCTOBBIX
(aiinmoB ¢ pacmmpenueM html. Bee daiinsr onu-
CaHBbl C TIOMOIIBIO THUIIEPTEKCTOBON pa3METKH —
HTML c wucnonb3oBaHUEM SI3bIKa CKPHUHILOTOB
JavaScript. Cytb paboTbl 000IOUKH 3aKIIIOYACT-
csl B OObCAMHEHUH BCEX MYJIBTUMEIUHHBIX 00b-
€KTOB B CIMHBIM KOMIUIEKC, U TPEIOCTABICHHS
yAOOHOH HaBHWTAIMM IO Pa3IMYHBIM pazesiaMm
MPOAYKTA.

OO0mieHre ¢ MYJIBETUMEINIHHBIM U3aHIEM Ha-
YUHAETCSA C OTKPBITUS ero Tutyaa. Tutym uadop-
MHUpPYyeT 00 aBTOPCKOI MPHUHAICKHOCTH MYJIBTH-
MEJIUWHOTO M3/IaHUs: YHUBEPCUTETY, (haKyIbTETY,
kadezape, a Takke 00 yueOHOU aucuuruinHe (a0-
opesuarypa DYIIO — DnekTpoHHbIE YCTpOHCTBa
noiurpapuueckoro o0Opy0oBaHus), O Ha3BaHUH
m3fanus. [lanpHeliiee IBUKEHUE IO HW3IAHUIO
BBITIOJIHAETCS HaBEJCHMEM Kypcopa MBIIIbIO Ha
KHOTIKY «OYIIO» u ménkaHbs JIEBOW KIABUIICH
MbImi. OTKpBIBae€TCS TIIABHOE MEHIO, H300pa-
Karoliee KOHKPETHU3ALHUIO COEePIKaHUs M3aHUs:
TEOPETHUYECKHE CBEACHHUS, TIOPSAOK BBITIOTHEHUS
paboThI, DNEKTPOHHBIN CTEHI, COAEpIKaHWE OT-
4y€Ta ¥ KOHTPOIbHBIE BONPOCHL. TeM e mpuémom
MBIIIBIO  BBIOMpAETCsl JII0OOH HHTEPECYIOLINH
oOyuaroniero pasziei, 4to npugaét ruOKoCTh Ha-
BUTALMKM TIO cofep)kaHuio u3naHus. OCHOBHBIM
SIBJIIETCS] DJEKTPOHHBIM CTEHJl, MEHIO KOTOPOIO
MIpEJCTaBIeHO Ha puc. 1.

OOyuaroruiicst cHagaIa 3HAKOMHUTCS C OCHOB-
Ho#t gacteio OIIII, mpeobpasyromeii Bpammareib-
HOE IBIDKECHUE B CHUTHAJI MHU(POBOTO BHIA, 00-
palmasce K HeMy yKa3aHHBIM CIIOCOOOM B JIEBYIO
KpalHIOK 4acTh MEHI0, puc. 1. OHO npeacTasisi-
€T cO00H ONTUKO-MEXaHHYECKOE YCTPOUCTBO.
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@NM ¢ nepexpbiTvem ceetoBoro @I € KOAOBLIMK MAaCKaMm

Cxema (QOPMUPOBaHNA NPAMOYTOBHOIO
curiana

Cxema onpefenswllas HanpasneHue
nepeMeLeHUa pacTpoBOro AUCKa

[am] W3YHEHUE ®OTOINEKTPUHECKOrO OATHMKA NEPEMELLEHNA

nep Mackn hoTonpl

1.MayuTe CTPYKTYPHEIE 2NeMeHTh[~ |
MMnyACHO D on nyTen
HaBEABHHA Kypcopa Ha  MOAMMCH
anemenTos

2.BLESAMTE DKHO € DMHMCaHMeM
CTPYKTYPHOM CHEMH MHAWKETOPHON
ANACTHHE  HEaKATHEM  nesoi -
KHOMKOR Mol Wa  HBA’KCK
"HHAVKATOPHAA MNACTUHA',

3.Mayumte cTpyKTYpY
MHAMKATOPHON  MNacTHHeL Npn
HEESABHMM KYpCOpa W3 anemet,
r0 HaI|3HNE BEICBEUNEIRTCA,

4.32Kp0MTE DKHO C OrMCaHHEM.

B umnynbcHbIX gaTyMKax Ha MacKy HaHOCUTCA WTPUXoBan Aopoxka. Mpu
PErucTpUpyIoT NoCcneA0BaTeNlbHOCTL CBETOBbIX
VMMNYNbCOB, MO KONUYECTBY KOTOPbIX MOKHO OLEHUTL NepemeLleHue.

cBETOANOA

WHAVKaTOpHas
nnacTuHa

Ban

choTonpreMHUK
1-ii pacTpoBoi
BOPOXKA
¢hoTonpreMHUK
2-n pacTpoBO#
AOPOXKKM
thoTonpreMHIK,
AALWMA OANH
MMMYNBC HA
o6opoT

Puc. 2. CKpUHIIOT OKHA C ONITHKO-MEXaHUYECKIM yCTPOHCTBOM

OCHOBHBIM Y3JIOM TpeoOpa3oBaHUs SBJISICT-
Csl ONTHKO-MEXaHUYECKOE YCTPOMCTBO, B KOTOPOM
HMEETCs BPAILAIOLIAsACs OT U3MEPSAEMOro o0beKTa
4acTh B BHJE PACTPOBOIO IHCKA CO LITPUXOBBIMH
JnopoxkamMu A u B, y KOTOpBIX IITPUXH U IPOCBE-
Thl CIBHHYTHl B HPOCTPAHCTBE MO (ha3e OTHOCH-
TEJIBHO JPYT Jpyra Ha 7/2, T.e. Ha YeTBEPThb Iepuo-
na (puc. 3). Co3aHHBINA KOMILUICKC CUTHAJIOB C OJI-
HOM M APYrof JOPOXKEK C IOMOIIBIO CHELUAIBHON
CXEeMBI TT03BOJISIET ONPEAETUTh HAllPpaBIeHHE Mepe-
memienus. [locne 06paboTku BumeocurHana (ycu-
neHns ¥ GopMUpPOBaHUS (YPOHTOB UMITYIBCOB), TTO-
JIY4EHHOTO OIITHKO-MEXaHHYECKHM YCTPOMCTBOM,
NpUJAIONIEMY €My YETKUI NpsSMOYTOJbHBIA BUJ,
00yyaromuiics 3HAKOMHUTCSI C TEXHOJOTHEH YBe-
JMYCHUSI KOJMYECTBA MMIYJbCOB 3a OIUH 000-
poT pactpoBoro aucka. OOBEKT B MEHIO Pacloo-
KEH B JIEBOI ero HIKHeW KpaifHel yacT, puc. 1.

Jocratoyno TouHas HHQOPMAIIUS O epeMeIIeHUN
00BEKTa JIOCTUIAEeTCsl IIOMY4YEHHEM KaK MOXHO
0OJBLIEr0 KOJIMYECTBA UMITYJILCOB /7 B TOM 4HCIIE
M 32 OJMH 00OPOT PAacTPOBOTO JHCKa z. DTO KO-
JMYECTBO NMPONOPLHMOHANBHO YTy IIOBOPOTa Baja
OIIII, T.€. yrIoBOMY NEPEMEILEHUIO ¢ = kg1, TIE
kg = 360°/z —kodppuument nepenaun OIIIL. Ito

CUCTEMHbIV AHAJIU3 U MPUKITALHAS MIHOOPMATUKA
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MIPOTHUBOPEYUT TPeOOBAHUAM, IPEABSIBISIEMBIM
k rabapuram ODIIII Takoro Tuma. CoBpeMeHHBIE
OIIII umeroT AUaMETp pacTpoOBOro AUCKA B Ipee-
nax 50 mm. TexHomornueckue orpaHnIeHuUs 03BO-
JSII0T HaHeCTU Ha Auck npumepHo 5000 mTpuxos.
OnHako HamM4YUe JBYX CHCTEM MpPSIMOYTOJNBHBIX
HMITYJIbCOB TTO3BOJISIET C TIOMOIIBIO JOTIOHUTENb-
HOTO CXEMHOTO PEIIeHHUs TIOyYUTh CHCTEMY JIBY-
KPaTHBIX UMITYJIbCOB IO OTHOILIEHHIO K MCXOIHOH,
YTO YBEIMYMBACT Pa3pEIIAOUIyl0 CIIOCOOHOCTD
OIIII. Taxoe ymBoeHnue mocturaercsi (puKCHpoBa-
HHUEM 3aJIHETO W IepeHero (poHTOB MMITYIIBCOB,
MOJTYYEHHBIX U3 JBYX CHCTEM CHTHAJIOB OT OTBEp-
ctusg A u B. CKkpuHIIOT OKHa ¢ 3TOH cXxemol mo-
Ka3aH Ha puc. 4.

B osrom BapuaHTe cXxeMbl HCIOJIb30BaHa
€CTECTBEHHAas MPOJODKUTEIBHOCTh — 3aJIepiK-
KM PaclpoCTpaHeHus CurHana (fy,,, = 30 Hc)
gepe3 Jormueckmii smemeHTr HE  (uHBeptop)
1 MHOTOKpaTHOE MHBEPTHUPOBAHUE 3TOI0 CUIHAJA.
Onement DDS hopMupyeT UMITYJIbCHI IO MEpea-
HEeMy (PpOHTY BXOJHOTO CUTHajia A;_;, SIEMEHT
DD6 — no ero 3annemy ¢pontry A4,_,. Cdop-
MHpOBaHHbIE TaKMM OOpa3oM MOCJEI0BATEIb-
HOCTU UMIIYJIbCOB CYMMHPYIOTCS cxemMoi DD7
B MOCJIEIOBATENIBHOCTh Ay C yABOEHHOHN YacTo-
TOH CIIEMOBAaHUS WMITYJILCOB. OOydaromuiics
HaIVISIAHO BUJIUT aHUMALMOHHbIE AEHCTBUS CXe-
MbI U yOexaaercs B NPaBUIBHOCTU €€ PadOThI
U B ee KOHEYHOM pesynbrare. Kpome 3toro B co-
MIPOBOXKIAIOMINXCA MH(POPMALIMOHHBIX OKHAX
MpeUIaraloTcsl CBEACHMs, Kacarolluecss 3TOi
TeMbl. Oco00if OPUTHHAJIBLHOCTBIO paccMarpH-
Baemoro @IIIT sBisieTcss CXEMOTEXHHYECKOE

pelIeHne CXEMBI, ONPEAEIISIONIEN HallpaBIeHUE
MepeMeIeHNs, B YaCTHOCTH HalpaBJICHUE Bpa-
mieHusi pactpoBoro aucka (puc. 5). Ilpu stom
HCIIONB3YIOTCA JBE€ IOCJEN0BATEIBHOCTH Mpsi-
MOYTOJIBHBIX UMIYJIbCOB, Y KOTOPBIX MEpEeIHNE
(POHTHI KaK ObI MEHSIOTCS MECTaMHU NPHU pa3-
JIMYHOM HampaBlIeHUH nepemenieHus. Ha smro-
pax HampspKeHHS 3TH (POHTHI BBIAEIEHBI JKHUP-
HBIMU JTUHUSIMH.

Kaxnast u3 mnocienoBatenbHOCTEH OO
nuddepeHuupyeTcst A MOJy4YeHHs KOpOT-
KUX HMMITyJbCOB B MOMEHTBI HAJU4Us (HPOHTOB
700 B 3T MOMEHTHI (POPMHUPYETCS] KOPOTKHUI
UMIYNbC, HampUMep, OJAHOBHOpPATOpOM. 3aTeMm
C MOMOINIBI0 KOHBIOHKTOPOB DD1 u DD2 ocy-
HIECTBIISIETCSl BBIOOP HY)KHOW TOCIIEeNOBATENb-
HOCTH KOPOTKHX HWMITYJbCOB, O0O3HAYaAOIINX
nepenHue Qpontsl. Hampumep, ais yciioBHO
BbIOpaHHOTrO HampasieHus «Bmepen» ucnosb-
3yeTcss IOCJIEN0BATEeIbHOCT, WMIYNbcoB Ul
n nponudpdepeHurpoBaHHAs OCIEI0BaTEIb-
HocTh U2. Torma Ha BXxojg «+C» cuetunmka DD3
MOCTYMAIOT  WUMITYJBCHI,  COOTBETCTBYIOIIIHE
MepeMEeIIeHNIo, TPUHATOMY 3a HalpaBieHHe
«Bnepen», a umenHo ¢ponThl Hanpsbkenus Ul,
MOCKOJIBKY OHHU ONEPEkaroT nepeaHue (HpOHTHI
Harnpspkeanst U2 Ha 90°. Ha Bxom «—C» artoro
CYETUYMKA WUMITYIbCHl HE MOCTYIAIOT, T.K. KOHbB-
IOHKTOp DD2 oKa3blBaeTCsl 3amepTbiM HaIps-
skeaneM U2 (puc. 5, BepxHsisi cxema), 1 Ha000-
pot, npu nepemenieHnn «Hazam» oxaspiBaeTcs
3anepTbiM KoHBIOHKTOp DD1. UMmnynbcebl, 000-
3HaYaloIue nepenHue GpoHTHI MOCIeI0BaTEb-
HOCTH, TPOXOJAT uUepe3 KOHBIOHKTOp DD2 Ha

(@l V3YHEHWE ®@OTO3SNMEKTPUHECKOIO AATYUKA MEPEMELLIEHUA .

Onucanue

DD, DD2, D3,

TekcT

JANS MOTYYeIHA NOCTATO MO
Tomodt Hdoeprrano o
Tepesee I e Teco0GpaTio
momyeoers o S Rax sosHo
D7 SHAMITRTH HOE WHETD
IomTyICoB 52 001 0fopoT
pacTposoro apcka. Jammas
CXEDIA MOSBOET YABAMBATE
AHCNO HVITYECOE 32 CYET
HKCHpOBAINA TEpeTHETO K
JAMHET BPaNTOE MOy ILCOS.
Az Ha cxeme nemomsonaia
1 ecTecTBemT
MO0 ERITE NEHOCTS .

3agaHme
A =
¢ |1 Hsywrre rexcr c omrcarorens [+
—_—
: %—‘ _‘;I |_|— L
A2 |2 Hsywire cTpyxTypy CxenEL
A3 o Tlpx Have me oL KYPCopa Ha
L3 IMEMENT, ¢I'0 HATBANHE
ALl | 1 | [eesewmaeres s e
" Ormcare” .
a4 L I :
% — . F 1y nere pabory
J————
A21 | 1 4 |mommn "Tyex"
&2 | | I S I tenap— s

Puc. 4. CKpHHIIIOT OKHA CXEMBI yJIBOCHHS KOITUIECTBA UMITYTbCOB
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Bxond «—C» cuetunka DD3, BeIUMTas U3 YHUCIIA,
MOJIyYeHHOTO paHee NpH U3MEpPEHUU IepeMe-
meHust «Bnepem», uYmcio, COOTBETCTBYOIIEE
niepemenieHuto «Hazam» (puc. 5, HIOKHsS cXe-
Ma). 3HAUCHUE TOTO WM WHOTO IepPEeMEIICHUS
BBICTABJISICTCSI cUeTUYUKOM Ha BBIXoAbl (J0...03
B JIBOUYHO-JICCITHYHON CHUCTEME CUYHCIICHHUS.
DTy KOAOBYIO KOMOWHAIIMIO MOXKHO ITOAAaTh Ha
CBETOBBIE MHAMKATOPHI, HAIIPIMEP HA CEMHUCET-
MEHTHBIH WHIUKATOP, W TOJYYNUTh BHU3yallbHOE
oroOpakeHHe TepemenieHus.  OOydaronuii-
CsSd B WHTEPAKTUBHOM PEKHUME HU3y4aeT CXEMY,
yOex)aaeTcsi B MPaBUILHOCTU PabOThI €6 MUKPO-
CXEM, CIICJIUT 332 COCTOSTHUEM BBIXOJIOB CUCTYH-
KOB M UX KOHCUHBIX PE3YJIETATOB B BUIC KOJIOBBIX

KOMOWHAIWi B COOTBETCTBHH C TIPUBEIECHHBIM
onrcaHueM (YHKITMOHUPOBaHUs cXeMbl. CKpUH-
LIOT JJIsl ATOrO ciy4asl mpuBenieH Ha puc. 6. Ilo-
nyuyeHHas ¢ Bbixoga PIIII nocnenoBaTenbHOCTH
HMITYJILCOB MOYKET OBITh MUCIOJIb30BaHa IS I10-
CTPOCHUS IIUPPOBOTO U3MEPUTEIISI CKOPOCTH.

B 3axmroueHnn OOyYaromuiicss 3HAKOMUTCS
C OZIHOM M3 cxeM IU(POBOTO U3MEPUTEINS CKOPO-
ctu (puc. 7). B ero ocHOBy mosoxkeHa nudpoas
peanu3anys AHAITUTHYECKOTO BBIpAKEHHS
o = do/dt, Tne ¢ — yrioBoe nepeMenieHue, n3mMe-
pseMoe JTaT4uKOM, ¢ — BpeMs, 32 KOTOpOE H3Me-
pseTcs aTo nepemMenieHue. llpuuem peannzanus
MIPUBEJICHHOTO BBIPAXKCHUS MOXKET OBITH BBIIIOJI-
HeHa IByMs criocoOamu. [1epBblii cmocod cocTouT

Brepen
) —— DD1
ul | | |
I 1
ﬁ} } i_\ = DD } DPDY
— |
v M o I —
i ] = LI L |& B +c or o1
f T I B 02 ——
| | 1 1 o
DD2
i i DD6 E —Q3
r- e 6 I
L ]_1 L i i 04 1533
i -C +P
Hasan _’_h_I_I—L & I Ver.«0y  f—r <0
I DD3 T L] R P
Ul [
| 1 I
i } I por 1
| } } } DD10
i — |1
v2 i - I—
2 i e I & —H c ol
j L] | i L cr o —
" I
DD4 1 b I
| - -4 DD i i &
| ‘—I— = | I o4 15
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LT L & Tree 129 il D
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Puc. 5. Cxema onpezeneHus HaIPaBICHUS BPAICHUS

(o] W3YYEHWE ®OTCINEKTPUYECKOrO AATHHUKA NEPEMELLEHWA ]

B mose " Omucanme ™.

HavBanHe

3 Brsyans o myore PaoTy CRETIE O HARATHI RROTRK
-

“BIIEP]

4 Bisyams o 13y rre paboTy CXeMEL MDCIe HAVRATHS KHOMKI

Ormcame | <4l ]
Kompmoxtope: DDL 1 DD2 ocylec e mmoT
bD1 CeNeKLIY HYAHOM 0 CIeJ0BAT e IbHO CTH KOPOTRHX
U1 TMITY.TB€ 0B, 00 03HASARIIY Tep eTEI1e poHTEl
D3 bD§
1 1
UL (a— ; 70 g
; T T & [tC| 1241
cr leiH1
D2 Q%: :
_I_'_I_[ DD4 5]
LT LT[ J- N £
| i e
3amanne Texker
1 Hiyatre TEKET ¢ 0TOCAIHEDT CXEMEL. [ Opmwapm pafors: cxens: ompepensnomei  wanpanxere] =
e T e ]
2 Hsywre crpywypy exenrir. [px Xypcopa ra pe

MOITYIHCOB, ¥ KOTOpBIX Tepe/poe GPONTEL KaK By MEHSIOTCS
MecTanmt mpH 7 Ha -
amopax It dposTst

mooroo. Kuxgan o oo ofe mbdepernppyerca g
MOMYMEHNS KODOTKHX MMIYILCOB B MOMENTSI HATIOMHS
dpoxror mio B 9T M0 ¥ OTH BEMeNTEI (hopMpyeTCH
FOPOTRI MMIYTEC, HATOMMEp omOBHBDaTOpOM. Zatenr ©
nomoupr womsmxkropos DD1 w DD2  ocymecrsmserce
cemexup  HyEmoit

TOCTEAVEATEMLHOCTH  KOPOTKMX

=

Puc. 6. CKpHHIIIOT OKHa CO CXEMOH, OIpeAeIsIonel HallpaBIeHNE BPAIICHUsI KOHTPOINPYEMOTo Baja
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Ornicanize

Konanna yeranosky Tpurrepa DD2 B cocTogHue, mpH
KOTOPOM Ha €10 HHEEPCHOM BBIEOME HMeeTed
TIOTHTeckad eIz

Puc. 7. CKpUHIIOT OKHA CO CXeMOH HU(PPOBOTO U3MEPUTENS CKOPOCTH

B TOM, YTO OCYILECTBISETCS MOJCYET YHCIa UM-
IIyJIbCOB, IIPOIIOPLIMOHAIIBHBIX IIEPEMELLEHHIO d,
3a (PMKCUPOBAHHBIM HHTEPBAJ BpeMeHU df = Ty,
Bropoii — 3akiroyaercss B TOM, YTO H3MEpPSETCS
WHTEpBaJ BpeMeHu df = T, 3a KOTOpBIH OT AaT4u-
Ka TIOCTYNHUT HEKOTOPOE KOJUYECTBO HMITYIIbCOB,
MPOTNIOPLHUOHANIBEHOE (HUKCUPOBAHHOMY TIepeMe-
meHuIo 7 = d@ = const. A Tak, KaKk KOJTUIECTBO
HMMITYJTbCOB 3a ouH 000poT Basia PIIII u3BecTHO,
TO UM OTIpeNENsIeTCs KOINIeCTBO 000POTOB ATOTO
BaJIa.

3aknloueHue

OuenuBas co3gaHHoe Ha ocHoBe Flash-
TEXHOJIOTUU MYJIBTUMEIMIHHOE n3aHue, chopmy-
JIUPYEM HEKOTOPBIE BHIBOJIBI:

— MYJBTUMEIUUHBIC TIPOTPAMMBI ITO3BOJISIOT
MpU M3JIOKEHUM Marepuaja JUCIHUIUINHBL BU3Y-
AJM3UPOBATh OMNPEACIEHHBIE CTOPOHBI TEXHHUE-
CKHX TIPOIIECCOB, 0COOCHHO B JaOOPATOPHOM ITH-
KJIe, KOTOpbIe O0YYaloNIHiicsi HE UMEET BO3MOXK-
HOCTH YBHIIETh Ha Pu3ndeckoM 00BEKTe (HAIPH-
Mep, HW3MEHEHHE YIABOCHHS YacTOThI HCXOJHOM

MOCTIEJOBATEIBHOCTH  UMITYJIBCOB,  TOJYyYCHHS
KOJTOBOM KOMOWHAIIMK Ha BBIXOJE CUCTUYMKA TPU
M3MEPEHNHN CKOPOCTH H T.11.);

— u3JaHue oONajaer oNpeNeNieHHbIM HWH-
TEJUICKTYaJ bHBIM YPOBHEM, MOCKOIBKY MPEso-
CTaBISICT KOMITBIOTEPHYIO Cpefy, KOTopas aHa-
TU3UPYET M aJCKBATHO peardupyeT Ha JIeHCTBUS
00y4aromierocs;

— JJIEKTPOHHOE  MYJABTUMEIOUIHOE  M31a-
HHE OKAa3bIBACT I[CJICHAMPABICHHOE BIMSHUEC HA
MOJrOTOBKY  oOyuwatorierocs. Pa3spaboranHoe
MYJIBTUMEIMHHOE W3/IaHKE TMPONLIO anpoOaluio
W BHEJPEHO B 00pa3oBaTeNbHBIN TMPOIECC TMPH
BBITIOJTHEHUW ITUKJIA JTa0OpaTOpHBIX paboOT 1O
JUCIUTUINHE «DIEKTPOHHBIE YCTPOWCTBA TOJH-
rpaugeckoro 000pyI0BaAHUSY;

— CO3JIaHHOMY O00pa30BaTeJIbHOMY Y4EOHO-
METOIHUECKOMY H3[AHUI0 TPHCYIIH: MOIYJb-
HOCTh, HWHTETPATUBHOCTh, COIMATBHOCTD, Ia-
paIETBLHOCTD, ACHHXPOHHOCTB, YTO CO3AAET €ro
NPUTOJHOCTD sl BceX GopM OOydeHHus, B TOM
YHCIIE U JIUIS IUCTAHIIMOHHOTO OOYYCeHHMsI, TAKIKE
JUTst 0Oy4YeHHsI TPOM3BOACTBEHHOTO TIEPCOHAIA.
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BELYAEV V. P, SHCHUR D.S.? SHIRKO S.V.

USING FLASH TECHNOLOGY IN EDUCATIONAL PROCESS TRAINING
OF AN ELECTRICAL ENGINEER.

In the article in order to familiarize the use of modern digital technologies in the educational process is an electronic
multimedia publication for the study of intelligent displacement sensor. It is based on Flash technology and has traditional
construction of educational and methodological nature. The student has the opportunity prepare for the work, since the publi-
cation is equipped with a theoretical part, revealing the purpose and tasks, and the order of the work. Using Flash-technology
visualizes the constructive construction of the device under study, its phased peration, circuit decisions of device nodes. An
explanation of the operation of electronic units is accompanied by a graphic demonstration of the generated, processed and
transmitted electronic circuits of electronic signals, reflecting the purpose of the device, namely obtaining a complex of signals
proportional to the quality and quantity of the angular or linear movement of moving objects. Such visualization allows you to
look “inside” electronic circuits, which is not provided possible in a real object. The scheme of determining the direction of
movement (rotation) of an object is especially highlighted. Schemes are given speed measuring devices based on two princi-
ples of counting the number of pulses from the output of the displacement sensor. Designed electronic multimedia edition or-
ganically fits into the distance learning system as an integral part of the electronic university.

Keywords: educational process, flash-technology, photoelectric converter
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YBa)xaemblie aBTOpbI!

OOIIMMHI KPUTEPUSIMH JUTS ITyONUKAaLUK CTaTell B )KypHaJe SBISIOTCS aKTyaJbHOCTb, HOBH3HA Marepuaia
U €T0 LIEHHOCTh B TEOPETHYECKOM W/WIIH ITPUKIIQJHOM acleKTax.

C uesbro NPUBEACHUS JIEMEHTOB JaHHBIX, COIEPIKALIMXCS B )KypHAJIE, B COOTBETCTBHE MEXIYHAPOIHBIM
TpeOOBaHUAM 3apYOCKHBIX aHATUTHYCCKUX HMH(POPMAIIMOHHBIX CHCTEM (MHIEKCOB ITUTHPOBAHMS), UCIOIB3Ye-
MBIX JUISl OLICHKH JIeATeIbHOCTH YUPeXKICHHH 00pa3oBaHUs IPH pacyeTe IoKasareneld B MEeXIYHapOIHBIX peii-
THHIaX YHUBEPCHTETOB, PEIKOJUIETHS JKypHaJa IIpeaiaraeT pyKOBOACTBOBaThCs [IpaBMiamMu B IpHBEACHHOMN
HIDKE PeHaKIINY TPUONIKeHNS K YHU(DUIIMPOBAHHON CHCTEMe IUTHPOBAaHUS HaydHbIX myonukanuii SCOPUS,

C 2016 r. Pemromnerns sKypHaJia IpeyiaraeT pykoBOACTBOBAThCS [IpaBriiamur B IPHUBEAEHHON HIDKE PETAKIIUML

MpaBuAa ANA aBTOPOB

1. O6wme TpeboBaHUsA

Marepuanbl ctareld npencTaBisoTes Ha OyMakHOM HocuTese (B IBYX 9K3.) 1o aapecy: 220013, MuHck,
yia. @. Cxopunsl, 25/3, xopm. 20, ka6. 508 (Ilerpenko FOpuit HukosnaeBud) u B 3JeKTPOHHOM BHIE e-mail:
CA_Pl@bntu.by. Tenedon mis cnpasok: (017) 266 26 58.

CTaTI)SI, npeacrasjsieMas Ha 6yMa)KHOM HOCHUTCJIC, NOJIKHA 6bIT]:. noanvucaHa BCEMU aBTOpaMH. K crarbe
NPUJIATAIOTCsl CBeJIeHHs1 00 aBTopax: (haMuIus, UMsl, OTYECTBO TOJHOCTHIO, MOYTOBBIN ajpec, TenedoHsl, aapec
3J'leKTpOHHOI>1 II04YThI, MECTO pa6OTI)I, yucHas CTCCHb U 3BaHUEC, NOJKHOCTD. le/l HaJIMYMU HCCKOJIbKUX aBTOPOB
JIOJDKEH OBITh yKa3aH aBTOp, OTBETCTBEHHBIN 32 MEPEIHCKY.

Crarby, IOCTYNUBILIUE B PEAKIMIO )KypHAJa, PETUCTPUPYIOTCS B YCTAaHOBICHHOM mopsike. Cratbu, opopm-
JICHHBIC C HAPYIICHUEM IMPUBCACHHBIX ITPpaBUJl, K paCCMOTPEHUIO peﬂaKuMeﬁ HE IMPUHUMAIOTCA. HpI/IH}ITI)Ie cTra-
TBH PELEH3UPYIOTCSI.

[Tpy MoNOXNTENBHON PELICH3UH CTaThsl IIPEAIaraeTcs K OrmyOIMKOBaHHIO.

Penakiisg He MPUHUMAET CTaThU, OMyOIMKOBaHHbIEC paHee B APYTHX JKypHAIaX WM HAyYHbBIX U3AHUSX.

ToHopap aBropy 3a MyOJNMKAIMIO CTAThU HE BhIIJIAYMBACTCs. Marepuaibl, IPUCIAHHBIC B PEIAKIIUIO, aBTO-
pamM He BO3BpAIaloTCsl.

2. MpaBuna opopMAEHUA cTaTen

2.1. O6bem crareit (¢ WILTIOCTPAITUSAME) HE JODKEH TPEBHIIIATh:

* IS OPUTHHAIILHOM cTaTh¥l — 7 cTpanwmil (He Oosiee 8 ninmocTpauii);

* IS KPaTKOTO COOONIeHUs — 3 CTpaHull (He 0oJee 2 MILTIOCTPAIHiA).

Crarbst 10JDKHA OBITH HAOpaHa ¢ IIOMOIIBIO TEKCTOBOTO pemaktopa Microsoft Word 2007.

ITapametpsr cTpanunbl: Gopmar A4 (Beicora 29,7 cM., mmpuHa — 21 CM.); OTCTYIT st JIGBOTO IIOJIST M ITOJISt
CBEpXy — 25 MM, IpaBoro u HUWKHero — 20 MM; HyMepaiusi CTPaHHUI] CBEPXy B KOJIOHTHUTYJIE, CO BTOPOU CTpaHHU-
1bl, C BBIPABHMBAHKEM 110 [IPABOMY Kpalo.

Tekcr Habupaercst mpudrom TimesNewRoman, 12 nr. MeXCTpOUYHBIN HHTEPBAI — MOJTYTOPHBIH. AOG3aIHBII
orctyn — 12 Mm.

2.2. Unnexe YJIK nabupaercs mpudrom TimesNewRoman, 12 nit, Bce nporicHble, BoIpaBHUBaHKE — 1O MPaBO-
My Kparo.

2.3. ®amMunust 1 MHUIMAIBI aBTOpa (aBTOPOB) B MMEHUTEIBHOM I1aJIeXKe, I0JKHOCTD, YUEHas! CTENEHb U y4e-
Hoe 3BaHue nevaratorcs mpuprTom TimesNewRoman, 12 nT, Kypcus, BeIpaBHUBAHHE — T10 JIEBOMY Kpalo.

2.4. Ha3Banue crarbi Habupaercs mpudtom Arial, 12 1T, )KupHSIi, Bce IPOITMCHBIC, BRIPAaBHUBAHKE — 110 IICHTPY.

2.5. TlomHOE Ha3BaHWE OpraHU3aINU (OpraHU3aIHi), B KOTOpOil paboTaeT (y4aurcs) aBTop (aBTOpHI) HaOMpa-
etcst mpudrom TimesNewRoman, 12 nT, BEIpaBHUBAeTCS 10 HEHTPY, [locie Ha3BaHWs OpTaHU3AIMH IPOITyCKa-
eTcs IBE CTPOKH, Jajee cIeayeT ajgpec (aapeca) JIeKTPOHHO MOYTHI, TPOITYCKAETCSI IBE CTPOKH.

2.6. AaHoTanus U Kiro4deBsie cioBa (00beM 200-250 cnoB Ha pycckoM (aHII.) SI3BIKE CTaThi HaOmpaeTcs
mpudpTom TimesNewRoman, 10 nt, MexxcTpounbIif HHTEpBal 1,15 NT, KypcHB, BEIpAaBHUBAETCS 110 LIEHTPY. AHHO-
TalMs IOJDKHA COZIepkaTh (PEKOMEH/IOBaHHAsSI CTPYKTYypa): LeNb M 3a7auu paboThl, METObI UCCICIOBAaHUH, pe-
3yJIBTaThl, BHIBO/II. AHHOTAIIMS JIOJKHA OBITh NPUTO/IHA JUIS OYOJIMKOBAHUSI OTJEIBHO OT CTaTbU. AHIIUHCKUI
BapUaHT HE JIOJDKeH ObITh MEXaHMYECKUM IEPEBOJIOM PYCCKOTO TEKCTa, a 00ecneunBarh NOHUMaHue CyTH pabo-
TBI JIJIsI ”HOCTPAHHBIX unTarelseil. [lociie aHHOTaIluK MPOITyCKaeTCs OJIHA CTPOKA.
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2.7. Texct crarsm (Habmpaetcsa mpudrom TimesNewRoman, 12 o, ¢ ab3ameM, BEIpaBHUBaHKE — IO ITUPHU-
HE) TOJDKEH COJIepIKaTh CIISIYIOIIIE SIEMEHTHI:

1) ggedenue (MOXKET COEPIKATh: KPaTKU 0030p NMHUTEPaTypHl O MpobdieMe MCCleToBaHH, EPEINCICHNE
HEpEeLICHHBIX paHee BOIPOCOB, IIOCTAHOBKY IPOOIeMbl, Lenb uccienoBanuii). CnoBo «Benenney meyaraercs
mpudTom TimesNewRoman, 12 1T, xupHBIi, BRIpaBHUBAHUE — 10 JIEBOMY Kpaio.

2) ocnosHas wacms ucciedoganus (BOSMOKHO JeJIEHHE Ha MOAPAa3/elibl), BKIIOYAIOas TpaduKu U APYToit
WJUTIOCTPATHBHBIA MaTepuai (IIpH MX HaJM4YHH), IPU STOM TAOIULBI M PUCYHKH HE JOJDKHBI TyOIMpoBarh Ipyr
npyra. Ha3zsanme kakmoro mompaszerna ctatbu nedaraercs mpudrom TimesNewRoman, 12 nt, >KUpHBINA, BEIpaBHU-
BaHHUE — 110 JIEBOMY Kpalo.

3) 3axnrouenue (HopMymHpyIOTCS OCHOBHBIC TOTYYEHHBIC PE3yIBTAThl C YKa3aHWEM MX HOBH3HBI, TIPEUMY-
IIeCTB MO CpaBHEHMIO ¢ aHajoramu). CioBo «3akiroueHue» medaraercs mpudtom TimesNewRoman, 12 mr,
JKUPHBIH, BBIPABHUBAHHE — I10 JIEBOMY Kparo.

2.8. Jlumepamypa. Crucok suteparypsl oopmitsiercs: mpuptom TimesNewRoman, 12 0t B cOOTBETCTBUH
¢ Mucrpykuueit nmo odopmiieHnIo 1uccepraiuu, aBropedepara u myOnuKalui Mo TeMe JUcCepTalum, YTBepK-
JICHHOW TMMOCTaHOBJICHHEM Ipe3uanyMa [0Cy1apcTBEHHOTO BBICHIETO aTTEeCTallMOHHOTO KoMmuTera PecryOnuku
benapych 24.12.1997 Ne 178 (B penakuuu nocraHosienus BAK benapycu or 22.02.2006 Ne 2). www.edu.grsu.
by/files/liter.doc.

CnoBo «Jluteparypa» neuaraercs mpudrom TimesNewRoman, 12 nit, Bce nponucHsie, BBIpaBHUBaHHE — 110
JICBOMY Kpalo.

VcTOYHMKY JIOJDKHBI PacIiofiararhCsi B MOPSIKE [IUTUPOBaHUs B TekcTe. [TopsiikoBble HOMEpa CChUIOK B TEK-
CT€ JOJDKHBI ObITh HAIMMCAHBI BHYTPH KBaJApPaTHBIX CKOOOK (Hampumep: [1], [2]).

B craThsx Ha pycCKOM sI3bIKE IOJDKHO OBITh 710 10 MCTOUHHMKOB, BKIIFOUAs CTaThH M3 MEXKIAYHAPOIHBIX KypHa-
JIOB, @ TAKXKE CCHUIKM HA COOCTBEHHBIE UCCIIENOBaHUs. B aHIIIOS3BIUHBIX CTATHSIX AOJDKHO OBITH /10 30 HCTOYHHU-
KOB, BKJIFOYAsi CTaThH M3 MEXIyHAPOIHBIX )KYypPHAJIOB, a TAKXKE CChUIKM Ha cOOCTBEHHbIC HcciienoBanus. O030p-
HbIE CTaTh¥ JJOJDKHBI BKIIOYATh 10 50 CCHUIOK, BKJIFOYAsl CTaThU U3 MEXK/YHAPOIHBIX KYPHAIIOB, & TAKKE CChUIKH
Ha COOCTBEHHBIE HCCIIEIOBAHMSI.

CHHCOK UCTOYHUKOB JIOJDKEH 0()OPMIISITHCSI HA PYCCKOM M aQHIVIMHCKOM SI3bIKax.

C 1eJiblo MOBBILICHUS! IIUTHPOBAHUSI aBTOPOB B JKypHAJIe MMPOBOANTCS TPAHCIUTEPALHSI PYCCKOS3bIUHBIX HC-
TOYHHUKOB C UCIIOJIb30BaHUEM O(DUIMAIBHBIX KOJUPOBOK B CIEAYIOLIEM IMOPS/IKE: HMEHA aBTOPOB TPAHCIUTEPHU-
PYIOTCSI TaTUHUIIEH, Ha3BaHUE CTAaTbU — CMBICIIOBON TpaHCIUTEpanuei (epeBo] Ha aHIIUHCKHUNA SA3bIK), Ha3Ba-
HHME MCTOYHHKA, e ONMyOIrMKoBaHa paboTa, TPaHCIUTEPUPYETCs JIATHHUICH, €ClIi Y UCTOYHMKA ()KypHasa) HeT
o(uMaIbHOrO HA3BaHUS HA AHIJIMIICKOM SI3bIKE).

Jast ynoOceTBa TpaHCIMTEpalMi BO3MOXKHO HCTIOb30BaHKE OHJIAiH-cepBUCOoB: http:/www.translit.ru.

Bce pycckosi3bluHbIE HCTOYHUKH JIMTEPATYPBI JOJDKHBI ObITh TPEJICTABICHBI B TPAHCIUTEPUPOBAHHOM BapH-
aHre. 3a MPaBUIBHOCTh MPUBEJCHHBIX B CIIUCKE JUTEPATYPhI JIaHHBIX OTBETCTBEHHOCTh HECYT aBTop(bl). B cru-
CKE JIOJDKHBI MMETh MECTO CChUIKM Ha WM3/aHusl, BKJIIOUYEHHbIC B MEXJYHapOJAHbIE 0a3bl UTUPOBaHHUS Scopus
u Web of Science).

2.9. Tlocne cnucka tumepamypel Ha PYCCKOM U aHIJIMICKOM SI3bIKAX B CTAaThe HA PYCCKOM (@HIJI.) SI3bIKE JTOJDK-
HO CJIeZI0BaTh Ha3BaHHE CTaThHU, CIIMCOK aBTOPOB, CBE/ICHUS O HUX M aHHOTAIMS HA aHIJIMHCKOM (PYCCKOM) SI3BIKE.

Janee yka3pIBaeTcsi: TpaHT, roc. porpamMma, tema rocoromkerHoit HUP (Ne Toc. perncrpanmnu) mim nHOM
JIOKYMEHT, B paMKaxX KOTOPOH BBINOJIHEHA padoTa (MM MHUIMATHBHAS).

2.10. Peszrome asmopos (mpudrom TimesNewRoman, 10 nt.,) conpoBoxaaercs pororpadueii (3x4 cm.), JPG.

2.11. Ogopmnenue popmya. Tonbko ciaoxHbIE GOPMYIBI JOIKHBI OBITH HAOPAHBI C TTOMOIIBIO BCTPOCH-
Horo B MS Word penakropa ¢popmyn Equation. [IpocTo OyKBEI ¢ HHAEKCAMU MOTYT OBITH HaOpaHBI 0€3 MCTIONB30-
BaHMs (POPMYIBHOTO pegakTopa ¢ MoMolnbio cpeacts odopmienus MS Word. JlaTnHCKHE CHMBOJIBI JIOJKHBI
ObITH HAOpaHBI KypCHBOM, Kak B ()OpMyIax, Tak ¥ HAa PUCYHKAaX, U B TEKCTE, a PYCCKHUE M TPEUECKHE — OOBIIHBIM
TEKCTOM.

B penakrope ¢popMyn gomkeH OBITh YCTAHOBIICH CIEAYIONIMH pa3Mep CUMBOJIOB: OOBIYHBIN cMMBOI — 11 1T,
KpYHHBIA UHAEKC — 7 MIT., MEJIKMM UHIAEKC — 5 NT., KpyNHbIA CUMBOJ — 17 0T., Menkuit cumBon — 12 nT. opmyisl
BBIPABHUBAIOTCS IO LEHTPY CTpaHUIBL. [Ipr HEOOXOIMMOCTH AeNaTh CChUIKM Ha (JOPMYIIBI UX CIEAYET HyMepo-
BaTh apaOCKUMH In(ppamMHu, TIOMEIIEHHBIMU B KPYIJIbIe CKOOKH, B Mopsiike yrmoMuHanus. Homepa ¢opmyst BeIpas-
HUBAIOTCSI 110 TIPABOMY Kparo CTPaHMIBI.
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