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YK 623.462.22

A. B. JIOIIYXOB, A. A. FBABYEHOK

Cnocob NOBbLIWEHUA 3OPEKTUBHOCTU
HABEAEHUA BECIMUAOTHOIO AETATEAbHOIO AIMMAPATA
HA BbICOKOCKOPOCTHbLIE U BbICOKOMAHEBPEHHbIE LEAU

Boennasa akaoemus Pecnyonuxku benapyco

Lenvio cmamvu seisemcs nogviuienue dphexmuenocmu npumerHenus 6ecnuIomHoO2o 1emamenbHo20 annapama
(BJIA) npu nasedenuu e2o na bICOKOCKOPOCMHbIE U BbICOKOMAHEBPEHHbIE Yel, 3d Cuen NPUMEeHEeHUs. KOMOUHUPOBAH-
HO20 cnocoba co30anusi ynpasisilouwux Cuil U MOMeHmos, a maxaice cunmesa 60pmosoi cucmemvl cmadunuzayuu bJIA,
HA OCHO8E MHO2OMEPHOU HeIUHEUHOU OUHAMUYECKOU MOOeU.

Aneopumm KOMOUHUPOBAHHOLO YNPABIEHUS OCHOBAH HA COYEMANHUU AIPOOUHAMUYECKO2O U 2A300UHAMUYECKO20
€nocob06 co30anus cun u MOMeHmos. IIpu dmom yuumul8aioncs pexrcumvl NePeKIiouetus ¢ aspo- Ha 2a300uHaAMUYe-
cKoe ynpasgnenue, ¢ yiemom 0coOeHHOCmell Cunmes3a Cucmemvl CmaduIu3ayuy Ha 0OCHOBe CUHEP2eMUYeckKoll meopuu
YRpasnenus u npoyecco8 e€ OUHAMUKU.

Ilposedeno umumayuonnoe mamemamuiecxkoe mooeauposanue bJIA ¢ kombunupogannvim cnocobom ynpagienus
u cunmesuposannviym peeyasimopom. Cunmes pe2yisimopa OCHO8AH HA 88€OCHUU 68 NPOCHMPAHCIMEO COCHOSHUN aAMm-
Mpakmopos, obecneyusaowux Gopmuposarue Heodxooumvix ceoticms bJIA. Cunmeszuposannbvlil pe2yismop peaiusy-
em mpedyemvle MexXHOIO2UYeCKUe 3a0aiu U YCmouuuocmy 1emamenbHo20 annapama 8 npoyecce e2o HageoeHus Ha
yeno.

Heobxooumocms npumenenus aspo2azoounHamuyeckoeo cnocoba ynpagieHus u cunmesa pezyisimopa cucmemol
cmabunuzayuy 00yCi1061eHa poCMoM MAKMUKO-MEXHUYECKUX XaAPAKMEPUCMUK CPeOCE 86030VUHO20 HANAOEHUSl, YMO
6 KOHEUHOM Unoze n0380aum obecneuums 6biCOKYIo dpgexmusnocmos npumenenus bJIA no evicokockopocmmuvim u 8ul-
COKOMAHEBPEHHBIM YEeNsM.

Knroueevie cnosa: cunmes peeyiamopa, becnuiomHulil 1emamenbHblil annapam, ynpaejiesue, ynpasjsaouiue Culbl.

BBenenune

Hayunbiv xomexktuBoM ogaoi u3 kadenp Ta-
TaHPOTCKOTO PaJIMOTEXHUYECKOTO YHHBEPCHUTETA,
Bo3IaBisieMoro npodeccopom A. A. KosnecHuko-
BbIM, B 1989-2011 rr. Obl1 pa3paboTaH HOBBII
MOAXOA K aHaJUTUYECKOMY KOHCTPYHPOBAHHIO
ONTUMAJBHBIX PETYIATOPOB [UIS HEIWHEHHBIX
MHOTOMEPHBIX MHOTOCBSI3HBIX CHCTEM BBICOKOMN
pa3mepHOCTH. JIaHHBIM MOAX0J OTIMYAETCS TEM,
YTO JUIS aHAJIMTUYECKOTO KOHCTPYUPOBAHUS HC-
TMOJTB3YETCS HE COBOKYITHOCTh YaCTHBIX KPUTEPUCB
Ka4ecTBa, N0 KAXKJAOMY W3 KOTOPHIX CHHTE3HpYe-
Masi CUCTEeMa ONTHUMajbHa B CTPOTO OrpaHHUYCH-
HOHM 0O0JIACTH TIPOCTPAHCTBA COCTOSHHM, a eIu-
HBIH 00001ICHHBIH ONTUMHU3UPYIOMIHN (YHKIHO-
Ha’ [1], KOTOpPBIA MOXKET OBITH B TOH WM MHOH
Mepe TOJIBKO CXOJICH C YACTHBIM KPHTEpUEM Kave-
CTBa B COOTBETCTBYIOILEH HEUETKO ONPEIEICHHON
00JIaCTH TIPOCTPAHCTBA COCTOSHUU. YKa3aHHBII
(hyHKITMOHAT MOYKET TIOCTETICHHO M 03 CKavYKOB

(aCHMMIITOTUYECKH) TPUOIHKATHCS K KOHKPETHO-
My KPUTEPHIO KauyecTBa, 0OecIieunBas 3aJaHHBIC
XapaKTEPUCTUKN TTEPEXOIHBIX MPOIECCOB B 3aM-
KHYTOM CHUCTEME, YTO IMO3BOJIIET CUHTE3UPOBAThH
B 3aMKHYTOM aHaJUTHYECKOH (QopMe 3aKOHBI
ynpaBieHHus (PEeryisiTopbl) 0OBEKTOB, OIHCHIBAC-
MBIX HEJIMHCHHBIMH CHCTEMaMH ypPaBHEHUI BbI-
COKO# pa3sMEpHOCTH ¢ y4eTOM (DYHKIIMOHAJIbHBIX
cBs3eil. PaccmarpuBaeMbIil moaxon, odagas 3Ha-
YUTEJIbHON BPUCTUYECKON CHUIION, UMEET BBICO-
KYIO CTETICHb aJanTaIlii K MPAKTUICCKUM HHKE-
HEPHBIM 3ajJa4aM, ITO3BOJISAS Pa3padOTUMKy Ha
CTa/INY TIPOCKTHUPOBAHUS CUCTEMbI OCYIIECTBISTh
BBIOOP ONTUMH3UPYIOIIEro (PYyHKIMOHAJIA C I0-
cleayromel KOppeKIeil ero CTpPyKTyphbl WK Tia-
paMeTpoB JUIS TIOTYYCHHS KEJTaeMbIX JUHAMUYC-
CKHX CBOMCTB (HampuMmep, o pe3yiabraTaM MOJe-
JUPOBAHMS) 3aMKHYTOH CHCTEMBI. JTO CBSI3aHO
C TeM, 4TO MpobiIeMa MHOTOKPUTEPHAIBLHOU OIl-
TUMU3AIUH, KaK MMPaBUIIO, HE MOXET OBITh pellie-
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Ha MOJHOCTBIO (POPMATBHBIMU METOAAMHU BEKTOP-
HOMW onTuMm3anu# [1].

ITocTOsIHHBIN POCT TAKTUKO-TEXHUYECKUX Xa-
PAKTEpUCTUK CPEACTB BO3AYLIHOTO HaMaJeHUs
(3HAUUTENBbHOE pACUIMpPEHHE JHara3oHa BBICOT,
CKOpOCTeH, JaIbHOCTEeH M MaHEBPEHHBIX BO3MOXK-
HOCTel) TpeOyeT CHHTE3UPOBaTh HOBBIC MOJXO/bI
K YNpaBJIEHUIO OECHMJIOTHBIMM JIETaTeIbHBIMU
annapaTramu.

Hasenenue BJIA Ha cpeacTBa BO3IYIIHOTO
HaraJieHus! B OOJIBIIMHCTBE CBOEM 3aBUCST OT Ma-
HEBPEHHBIX CBOWMCTB 00beKTa ympasieHus. Kom-
OMHUPOBAaHHBIN CIIOCOO CO3AAHUS YNPABISIOMINX
CIWJI ¥ MOMEHTOB TO3BOJISIET JIOCTHYb CBONCTBA
cBepxmaneBpeHHocTH BJIA, a Takke ympaBisTh
Ha OONBIIMX BBICOTAX, IZI€ a’POJMHAMHUYECKHUE
OpraHbl ynpapieHusi (pyiu) SIBISIOTCS Majodd-
(heKTHBHBIMHU.

VYmpasnenne nonérom bJIA, kak u ympasie-
HUe, JIOOBIM JIPYTMM CIIOXKHBIM JHHAMUYECKUM
O0OBEKTOM, SIBISETCSl CIOKHO OPraHH30BaHHBIM
U CTPYKTYpUPOBaHHBIM mporeccoM. [loner o0b-
€KTa yNpaBJIEHUS 3aBUCUT OT OTPOMHOI0 KOJIHYe-
CTBa pa3Ho0Opa3HbiX (akTopoB [2]. [TocTraHoBKY
3aJlaud YOpaBJIeHUsT MOYKHO TOApA3AeNuTh Ha
CIIEYIOIIHE COCTABIIAIONIHNE:

BO-NIEPBBIX — 3ajada HaBEJEHHUs, KoTopas
orpenensieT TPaeKTOPUIO ABMKEHHS LIEHTpa Macc
BJIA;

BO-BTOPBIX — 3aJa4a CTaOMIU3alUU WA OpH-
eHTalluM, KoTopas ompezenseT aBwxkeHus bJIA
OTHOCHTEJIBHO IIEHTpa Macc.

OnHUM U3 TOIXOAOB MOBBIICHUS dPPEKTHUB-
Hoctu HaBeneHus BJIA Ha BBICOKOCKOPOCTHBIC
1 BHICOKOMaHEBPEHHBIE 1IN SBISIETCS IPUMEHe-
HUe cuHepreTudeckoit Teopun yrpasieHus (CTY)
[1]. [IpumeneHune paccMarpuBaeMoi TEOPHH CO-
BMECTHO ¢ KOMOMHUPOBAaHHBIM CIIOCOOOM cO371a-
HUSl YTIPaBISIONMX CHJI U MOMEHTOB ITO3BOJIET
MIPOBOJIUTH CUHTE3 JJIsl CTAllHOHAPHBIX HEJTMHEN-
HBIX MojeJieli, 4yTo obecreyut Tpedyemyr 3¢-
(dexTrBHOCTD HaBeneHus: BJIA.

OcHOBHAaf YacTh

Cuneprernueckuit d3pdekr (nosbimenne d¢-
(heKTUBHOCTH NI€ATEIBHOCTH B pe3ynbTare MHTe-
rpaiuu) OyIeT J0CTUTAThCs TOCPEACTBOM MTPUMe-
HEHUS a’POra3zoquHaMUYECKOro (KOMOWHHUPOBAH-
HOTO) croco0a CO3MaHusI CHJI © MOMEHTOB, a TaK-
JKe CHHTEe3a PEerynsropa Juisi O0pPTOBON CHCTEMBI
crabunusanuu bJIA Ha ocHOBE MOTHOW HENMUHEH-

HOHM MaTeMaTU4eCKON MOJENH IPOCTPAHCTBEHHO-
rO JBW)KEHHS 00BEKTa yIpaBICHHS.

bonpmmuctBo BJIA wncnmonb3yroT Kiaccuue-
CKHI adpOJIMHAMUYECKHH CIIOCO0 CO3/IaHusl yIpaB-
JSIOMUX CUII 1 MOMEHTOB [3]. OxHako ympase-
Hue BJIA Ha HauanmbHOM M KOHEYHOM Yy4YacTKe
C TOMOILBIO adPOTUHAMUYECKUX PYJICH SBIISETCS
TPYAHBIM U Manod(p(eKkTUBHBIM, YTO B pe3ylbTa-
Te CKa3blBaeTcad Ha d(PPEKTUBHOCTH €ro HaBeje-
HUS (MCIIONIb30BaHUE adPOAMHAMUYECKOTO CIIO-
c00a 3 (PEeKTUBHO TOJHKO HA CPEJAHUX BBICOTAX
U JAJIBHOCTSX).

Jns obecrieuenust 3(hHEKTUBHOTO HaBEICHHUS
Ha BBICOKOCKOPOCTHBIE M BBICOKOMaHEBPEHHBIC
e HeoOXOANMO MCIONIb30BaTh KOMOMHUPOBAH-
HBIN (a3pOra3oMHAMHYECKUN) CIIOCO0 CO3aHus
YIOPaBISIONIMX CHJI U MOMEHTOB. MakcuManbHast
TOYHOCTb HaBEJICHUS HAa KOHEYHOM yuacTke «bJIA-
LeNbY» JOCTHraeTcss MOCPEICTBOM TPUMEHEHHS
KOMOWHHPOBAaHHOTO crioco0a co3iaHusl yrnpasis-
IONIMX CHJI U MOMEHTOB (CBOMCTB CBEpXMaHEB-
peHHOCTH), Koraa Bpems peakiuu bJIA unn Bpe-
MSl BBIXOJAa Ha TpeOyeMyro Teperpy3Ky MHHU-
MaJIbHBI, & YPOBEHb MOIEPEUHBIX MEPErpy30K Ha
OOJIBIIMX BBICOTAX BHIIE, YEM C UCTIOJIb30BAHUEM
A’POAMHAMHYECKOTO CIIOC00a yIpaBieHHS.

BoproBas cucrema cradunm3amnum, mocTpoeH-
Hasl 10 MPUHIMIAM KOMOMHHPOBAHHOTO CIIOCO0a
CO3JaHHUs YIPABISIOMIUX CHJ M1 MOMEHTOB, OCHO-
BBIBACTCSI Ha NPUMEHEHHH KaK ad’poJHHaMHue-
CKOT'0, TaK W Ta30JuHaMuueckoro kanaia. CTpyk-
TypHasl cCXeMa CUCTEMBbI CTaOWIIN3a1H [TPECTaB-
JieHa Ha puc. 1, ¥ BKITIIOYaeT B CBOH cocTaB oOpar-
HBIE CBS3M 10 YCKOpEHHIO ¢ KoddduumeHtamu
yCUJICHHS, MaTuuK yrioBbIX ckopocter (LAYC)
W JaT4uK JuHEeHHbIA yckopenuit (JJ1Y), koad-
(UIUEHTHl YITIOBOM CKOPOCTH M HEOOXOIHUMBIC
nepenaroynble QyHKIUH. CXemMa «yTKa» UCTIOINb-
3yeTcsi NMpU adPOAMHAMHYECKOH KOMIIOHOBKE
BJIA [2].

Crioco0 KOMOMHHUPOBAHHOTO YITPABICHUS OC-
HOBBIBAETCSl Ha BKJIFOYCHUU JIBUTATEIIS, KOTOPBIH
OpPHCHTHUPYETCSI Ha PE3KOe HM3MEHEHHUE MOJIOoKe-
HUSI [IEHTPA MAacc LENH. YNPABISIOIUM Mapame-
TPOM SIBJISIETCSI MOMEHT BKJIFOUCHUS M BpeMs Jel-
CTBHUSI UMITYJIbCHOW JBUTaTEIbHOW yCTaHOBKH.
Peanuzanuss KOMOWHUPOBAHHOIO crocoda ocy-
HIECTBIISIETCS ITyTEM CO3JaHHs [IOPOTOBOTO yCTPO-
CTBa, MPEACTABIECHHOTO HA PHUC. 2, KOTOPbIH BbI-
MOJHSET (DYHKIUIO BKIFOUCHUS (MIEPEKITIOUCHUS)
a’po- WIN Tra30IuHAMUYECKOro Kanana [3].
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JlaTuuk TUHEMHBIX
yckopenuit (JJIY)
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Kanan aspoounamuyeckoii

komnonosxku bJIA
Puc. 1. CTpyKkTypHas cxema aspora3olHHaMHUYECKOro Crocoba Co3iaHus YIPaBIsIOUIUX CUJI © MOMEHTOB
ITopor «MeHbIe» [ Yros OTKIOHEeHHs
cpaBHeHHUsI ] A2 ﬂ,o —Pene | avponuHamMuueckux
xomar (1,) Gobue) pyneit ©,.)
K Jluneiinoe
YCKOpEHHe
Uncio Vrioas (W(@)m Otpaboran-
Vron s
Komanna CHraan BKJIIOYAEMbIX CKOPOCTh craxyr || TEPETPYSKA | it mpomax
yIIpaBICHIs 7 TpaBJICHHS uMITyJIbCHBIX [ Bpatuienus 3YP [ @) TR n, ) ()
(1) (o) nBurarenei (77 (W)

Puc. 2. JIByxkaHaJIbHasi CHCTeMa KOMOMHUPOBaHHOTO ympanieHus: bJIA (pexxuMHBIH epekiiovaTels) U IPUHIHI € pa-

00TEI

PesxxuMuBIi epekiiouarens paboTaeT 1mo JByM
MPUHIMIIAM: €CIIH [OPOT TMpeBbImaeTcs («00Ib-
me») — BKIIIOYAeTCs Ta30[MHAMHYECKUH KaHall,
€CIIM «MEHBIIE» — BKJIIOYACTCS a’dpojuHaMuye-
CKMI KaHaJl. BkiroueHne MMIYyJIbCHOIO JIBUraTe-
JIs1 IPOU3BOAMTCS B ONPEJECICHHBIIE MOMEHT, KOTI'-
Jla YIJoBasi CKOPOCTb BU3UPOBAHMS JTOCTUTHET
KPUTHYECKOTO WM IOpOroBoro 3HadeHus [3].

CuHTe3 aJIropuT™Ma yrpaBJieHHs
ra3oiiHaAMHY€eCKOro yCTpoiicTBa

MaremaTtnueckoe MpecTaBIeHne CyMMapHO-

IIpu sToM

T'O BEKTOpa CurHaia yrpaBJICHHUA:

6=6£+6E @)

CHUT'HAJIbl YIIPABJICHUSA PABHBI:

A
E +o° |KE  +KF oF

Jnst ycrpaHeHust OmMOKH, OOyCIOBICHHOW Ha- o = - my | Ky + KiyeOyes
YaJIbHBIMH YCJIOBHAMH, HEOOXOAMMO cPOpMHPO- cr

BaTh TpeOyeMylo IMeperpy3Ky 3a MHUHUMAaIbHbBIN N

MPOMEKYTOK BpeMEHU. TakKe CTOUT OTMETHUTb, G[r; = E +G£Hy Kﬂrny +K£y06)rlyc,

YTO Ha dTale MOJIEPKAHUsST HEOOXOJMMOTO yriia Ker

araku paboTaeT adPOIMHAMUYECKUH KaHalL. I/Ie Gpyy» Opye — CHTHANIBI LENCH OGPATHBIX CBsi-

BJIA ¢ xoOMOMHUPOBAaHHBIM CIIOCOOOM yNpaB-  3¢ii 110 JaTYUKY JTMHEHHOTO YCKOPEHHS U JaTYUKY
JIEHUS. JOCTUraeT CBOMCTB CBEPXMAHEBPEHHOCTH  YIIIOBOM CKOPOCTH, COOTBETCTBEHHO.
MuHHAMAIBHBII CUTHAJ YIIPAaBJICHUS ra301d-
o0ecreunTh MUHMMAJIbHYIO OUIMOKY HaBeAEHUs, Hamuueckoro ycrpoiictsa (I7[Y) umeer Bu:

Ha «puUHHUIIHOW» (haze TepexBara M CIOCOOHA

YTO TMPHUBOAUT K TIOBBIIICHUIO BEPOSITHOCTH TOY-
HOTO HaBeJICHWs Ha IeJlb, TEM CaMbIM 00eCIeH-
BaeTcs pelIeHue MepBoi 3a1a4un — HaBeJIeHUE, KO-
TOpasi MpeAHa3HA4YeHa ISl ONIPE/ICIICHHS TPACKTO-
puit nBrxeHns neHTpa mace bJIA.

r . r
Omin = |a3ra3|rez[Kz[yc + 0, L, K (2)

P, —X.,)L
TAC d3rp; = S e

aroy >y 2

— I[I/IHaMI/I‘{eCKI/Iﬁ KO-
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Puc. 3. Ctpykrypa monenupoBanus bJIA B makere mpukiagHbix mporpamm «Matlaby

co3laBaeMasi OJJHIM HMITYJIbCHBIM JBUTATEIIEM;
Xy > Xpq — KOOpAMHATEI IIEHTpa Macc u I'/[Y, coor-
BETCTBCHHO; L — JJIMHA JICTATEIFHOTO armapara;
1,; — MOMEHT MHEpINH 110 COOTBETCTBYIOIIEH OCH
CBA3aHHOH cucTeme KoopauHar [3]; ®, — ymio-
BOC YCKOPEHHE (@9pOofMHaMHUYIecKas CHia); Ly, —
KOOpJIMHATA YCTAHOBKH JIaTYMKa TUHEHHOTO YCKO-
peHuss; T, — BpeMs pabOThI €IMHUYHOIO MMITYJIbC-
HOTO JIBUTATEIISI.
KonuuecTBO UMITYJIbCHBIX JBUTATeNIed ompe-
JIEJISIIOTCST BEIPAKECHUSIMU:
T
o

_ el . _ — s 3
n =5 %= ; My =My = ”s"'”[a-()

min min

r
()

VYopasnstomnpe cuisl ¢ yaetom (3) onpenens-
IOTCS KaK

Fs=nsh :\l”§+”§’ Fys=nys R :\/”§+”§-(4)

Marematnyeckass MOJEb, MPEACTaBICHHAS
B BUJIE CTPYKTYpPHOI CXEMBI Ha pHC. | U pacyeTsl
YHOpaBISIOMAX U peakTuBHBIX cui (1)—(4) obe-
crieynBaroT paboTocrmocoOHOCTh yrpasnenus [ /1Y
Y peam3yeTcs B BUJE POTPAMMHOTO 00€CTICHESHHS.
JlocronncTBamu uctionb3oBanus /1Y, sBistrores:

BbICOKast 3(D(heKTHBHOCTP MEPErpy3KH IMPH Ma-
JIBIX OTHOCHTENBHBIX adPOJIMHAMHYECKHUX CKOPO-
CTSIX;

ciabasi 3aBHCUMOCTH TaKOH Meperpy3ku OT
BHEITHETO JAaBJIEHUS U CKOPOCTHOTO HATIOPa;

HE3aBUCHMOCTh CO3/[aHUS TIEPErpy3KH OT JI0-
CTOMHCTB W HEJOCTATKOB adpPOIUHAMHUYECKON CXe-
MBI

Henmocrarku I'J1Y: Goitee BEICOKAs CITIOKHOCTD
ra30MHAMUYECKUX CHUCTEM YTPABICHUS; IPHUH-
[UMIAATFHO MEHbINAs HAIEKHOCTh U OTPAHUYCH-
HOCTb pecypca yIpaBIeHHUs.

Bropoii 3amgaueii siBisiercs ctabunm3arus bJIA
B IIPOCTPAHCTBE WJI €r0 OpPUEHTAIHS.

CHHTE3 peryysiTopa CUCTeMbl CTA0MIN3aIluu
BJIA ocHOBBIBaeTCS Ha MaTeMaTUYECKOU MOJIEIN
MIPOCTPAHCTBEHHOTO JBMKCHHUS C YIETOM JMHA-
MUKH T0JICTa U BIUSHUS BHCITHUX U BHYTPCHHUX
Bo3MmymaroIumx ¢paktopos [3—5]. CtpykTypa Mo-
Jlenu mipenctasneHa Ha puc. 3 [6]. [lonHas nemu-
HeliHas maTeMarnueckas Mojaeiab BJIA, Bkiioua-
I0Iass KHHEMATHUeCKUEe M JUHAMHYECKUE ypaB-
HEHUs TpencTapieHa B [4].

CuHTe3 peryisTopa METOI0M aHAJIUTHYECKO-
TO KOHCTPYUPOBAHUS arperupOBaHHBIX PETYIISATO-
poB (AKAP) ocHOBBIBaeTCsl Ha BBEIEHUH TOCIIE-
JIOBATEILHOCTH WHBAPUAHTHBIX MHOT000pa3uii
(M), xoTopble BBICTYHAlOT B POJIM JIWHUH WIH
TOUYKH (KMHEMATHYECKasi TPAEKTOPHUS ), ITyTEM OIl-
TUMH3AIUU KOTOPBIX MOYKHO JOOHUTHCS JKenaeMo-
TO TMOBEACHUS TUHAMUYECCKOM CHUCTEMBI, UCXOJS
13 MTOCTAHOBJICHHBIX IIeJIeil yIIpaBIeHHUS.

3amaua cuHTe3a — obecreueHne TpedyeMbIX I1-
HAMMYECKUX CBOWCTB 3aMKHYTOM CHUCTEMBI yIpaB-
JIEHUs JIETaTeJIbHOTO arrapara, CHHTE3Upys Ipu
9TOM BEKTOp YMpaBJIEHUsI, KOTOPBIA O0OECIIeUuT I1e-
peBoa 00bEKTa yIpaBiCHUS Ha Hekotopbie VM,
a 3aTeM HEeTOCPEICTBEHHO Ha aTTPAKTOP, T. €. IIeb.

Vmpasnenue BJIA B CTY mnpencrasiser co-
0o0if 1eeHaIPaBICHHBIA MPOIIECC PEayIIUpOBa-
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Puc. 4. Pe3ynbTrarhl MOICIUPOBAHUS PErysaTopa 60pTOBOi cucTeMbl ctabmnu3aiuu BJIA Ha ocHoBe CTVY: a — npoekuuu
BEKTOpA JIMHEHHOH CKOPOCTH: NMPOAOJIBHOM, BEPTUKAIBHOI M OOKOBOW OCH; 6 — NMPOEKLUU BEKTOPA yIJIIOBOH CKOPOCTH:
HPOJIOJIBHON, BEPTUKAJILHOM U OOKOBOM OCH; 8, 2 — HEPEXOIHBIE MPOLECCHl OTHOCHTEIBHO BHEIIHUX YIIPaBICHHH

HUS «U30BITOYHBIX» CTEIEHEW cBOOOAbI. 30bI-
TOYHBIMHU CYUTAIOTCS T€, KOTOpHIE, HE TIPeIHa3Ha-
YeHBI JIUIST 00eCTICUCHHS 3a/IaHHBIX IIeJIe yIpaB-
JeHus. B KoHIle CHHTE3a OCTAalOTCsl TOJIBKO TeE
CTETIeHN CBOOOJIBI, KOTOPBIE OIPEENIIOT TEXHO-
JIOTUYECKYIO 3a/1auy ynpaieHus bJIA.

7= [ m2¥20) + w2 (0)dr,
0 s=1

)

Kputepuit kadecTBa onpenensieTcss UCXOAs U3
nenn pyakironupoBanus bJIA:

rae 7; — HOCTOSIHHbIE BPEMEHHU, KOTOPhIE BIIM-
SIFOT Ha Ka4eCTBO JUHAMHKH IIPOIIECCOB B 3aM-
KHYTOH cucTeMe «00beKT-aBTOMMIOT»; Y, — HH-
BapHaHTHBIE MHOTOOOpa3usl.

Ha pwuc. 4 mpencrasnensl rpaduxu w3MeHe-
HUS (Pa30BBIX KOOpIWHAT M CHTHAJIOB yIIpaBIe-
HUS, TIOMYYEHHBIX B PE3yJIbTare MOJEIUPOBAHUS
CUHTE3UPOBAHHOHN CHCTEMBI.

Jis olleHKHM aJeKBaTHOCTH TPEIOKEHHOTO
CHHTE3a PerynsiTopa st 00pPTOBOH CHCTEMBI CTa0u-
mu3arn bJIA, ObIIO TPOBENEHO MOIETMPOBAaHNE

B MaKeTe MPHUKIAAHBIX nporpamm «Matlaby mpu
CIICAYIOIINX MCXOJHBIX JTaHHBIX CHHTE3HPYEMOIO
perynsropa (IOCTOsHHBIX Bpemenn): 17, = 4 ¢,
I5=35¢,1,=2¢,T54=8¢c,T;=1c¢,Tg=4c,
Ty=15¢c, T\gy=4c,T;1=1c, Tp=3c.

Ha puc. 4, a npoekuus BekTopa JUHEHHOU
CKOPOCTH (IIPOAOJBHOMN) JOCTUTACT JKEJTaeMBbIX
3HaueHUH [4] 3a MUHUMAJbHBIA MPOMEKYTOK
BPEMEHHU, TaK KaK BEpTUKaJbHble U OOKOBBIC
OCH C TEYCHHEM HeOOJIBLIOr0 MPOMEXYTKa Bpe-
MEHHU CTPEMHTCS U JAOCTUTACT HYJICBOW OTMET-
KH.

Ha puc. 4, 6 mpoekunu BeKTOpa yIiIOBbIX CKO-
pocteli (IpOIOTBHON, BEPTUKAIBHON 1 OOKOBOM,
COOTBETCTBEHHO) B IOJIHOH Mepe OMHUCHIBAIOT
opueHtauuio bBJIA B mpocTpaHCTBE OTHOCUTENb-
HO LIEHTPa Macc, 3aTyxaroT 1 K 20 cexyHze JOCTH-
raroT HyJs U ABUXKETCS BIOJb HEe.

Ha puc. 4, 6, 2 BHeIIHNE ynpaBieHUs, IPea-
CTaBJICHHBIC B IEPBBIX IIECTH YPaBHEHUSX IOJI-
HOH HeJIMHEMHONW MaTeMaTH4YeCKOH MOAENIU Mpo-
crpaHcTBeHHOro ABmxenus: bJIA [2], 3akaHunBa-
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IOT CBOC JICHCTBHUE IPH JOCTUKCHUU HEOOXOH-
MBIX BEJIMYMH U TOYHO TAKUM Ke 00pa3oMm cTpe-
MSATCS K HYJIIO, U ABUXKYTCS BJIOJIb HETO.

3aKkJjoueHue

[lonmy4enuble pe3yasTaThl MO3BOISIOT YTBEPK-
JaTh, YTO 32 MUHUMAJIBHBII MTPOMEXKYTOK BpeMe-
HU (a30BbIC MIEPEMEHHBIC JOCTUIAIOT HEOOXOIH-
MBIX HaM JUHAMHYECKUX XapakTepucTHK BJIA,
IIPU 3TOM 00ECIICUNBACTCS:

MAaKCHUMAJIbHBIM YYET UX CBOMCTB;

cucrema ynpasneHus: BJIA paccmarpuBaercs
0e3 pa30ueHns ero Ha OT/AEIbHbBIE KOHTYPHI yIIpaB-
JICHMS;

WHBapUAaHTHOCTh K BHEIIHUM U BHYTPEHHUM
BO3MYILAIOMINM (aKTopam;

Tpebyemble Meperpy3ku 3a MUHUMaJIbHBIN 1po-
MEXYTOK BPEMEHH U TPyOOCTh K TMEpPEXOAHBIM
Mporeccam.

PaccMmoTpeHHBIi BbILIE METOZ CUHTE3a OTpa-
JKaeT MEepCHeKTUBHOCTh €ro UCIONb30BaHusA. AHa-
JINTUYECKAN CUHTE3 cUCTEMBI crabunuszaunu bJIA
¢ KOMOMHUPOBaHHBIM CIIOCOOOM CO3/IaHMs yIIpaB-
JISIONIMX CUJI 1 MOMEHTOB, OCHOBAaHHBIN Ha MpPHU-
MEHEHUU UMIYJIbCHON JBUraTEIbHON yCTaHOBKH
B ra30J/MHaMHYECKOM KaHaje (padoTaromuii B 1uc-
KpeTHOM pexume [3]), mokaszan paboTocrnoco0-
HOCTb U aKTYaJIbHOCTh €0 PUMEHEHHUS.
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LOPUHOV A. V., BABCHENOK A. A.

METHOD FOR INCREASING THE EFFICIENCY OF GUIDANCE
OF AN UNMANNED AERIAL VEHICLE AT HIGH SPEED
AND HIGLY MANEUVERABLE TARGETS

Military academy of the Republic of Belarus

The purpose of the article is to increase the efficiency of the use of an unmanned aerial vehicle (UAV), when pointing it at
high-speed and highly maneuverable targets, through the use of a combined method of creating control forces and moments,
as well as the synthesis of an onboard stabilization system (UAV), based on a multidimensional nonlinear dynamic model.
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The combined control algorithm is based on a combination of aerodynamic and gas-dynamic methods of creating forces
and moments. In this case, switching modes from aerodynamic to gas-dynamic control are taken into account, including the
features of the synthesis of the stabilization system on the bases of the synergetic control theory and the processes of its dynamics.

Simulated mathematical modeling of UAVs with a combined control method and a synthesized controller was carried out.
The synthesis of the onboard stabilization system controller is based on the introduction of attractor states into the space,
which ensure the formation of the necessary UAV properties. The synthesized controller implements the required technological
tasks and the stability of the aircrafft.

The need to use the aerodynamic control method and synthesis of the stabilization system regulator is due to the growth of
the tactical and technical characteristics of aerospace attack facilities, which will ensure high efficiency of UAV application
Jor high-speed and highly maneuverable targets.

Keywords: controller synthesis, unmanned aerial vehicle, control, control forces.
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YK 004.932.4:681.6—33:655.3.063.2

B. C. IOJEHKOB, II. E. CVJIUM

UCCAEAOBAHUE BAUAHUA NMAPAMETPOB BYMAIU HA
KAYECTBO PU3ONPAGUUYECKOM NMEYATU

Coz0anue HOBbIX YUPDPOBLIX MEXHONO2UN, NO3BONANOUWUX AGNOMAMUUPOBAMb B0CHPOU3EEOCHUEe MEKCMOBOT
u U306pa3umMenbHoOl UHGOpMAayUL, NPUSEIo K cO30anuio u paspabomke yugposoi nevamu. Llugpposas newamov — smo
MexHon02Us NOYHeHUs OMMUCKA 8 NeYamarouem yCmpoucmee Ha OCHO8e OPUSUHAN, CO30AHHO20 8 BUOe COOMBEEeNI-
CMBYIoWUX K0008 ¢ NomMowsio komnviomepa. OOHoU U3 mexnono2uil Yyu@posoil neuamu sA811emcs computer-to-press
U 0OHO U3 YCMPOUCM8 3Mo2o Hanpasienus — puzoepag. Kauwecmeo puzoepaguueckoii nevamu xyoice, uem na ogceme,
meKkcm neuamaemcs cpeoHell YemKoCcmu, a u306pajiceHuss HANOMUHAOM Gomozpaghuu 6 cmapuHHLIX 2azemax u mpe-
6y1om cneyuanvnoii nodzomosku. O0naxo, puzoepag) — camoe 6b1200H0€ NO CIMOUMOCIU peuetue Ol MAAbIX U CPeo-
Hux mupadiceii —om 50 0o 1000 nucmos. Lllupoxoe npumenenue puzoepaghuueckoi neuamu 6 munozpagusax mpedoyem
nosviuteruss GbLIcmpooeicmaust 000pPyO08aHus ¢ cobIVOeHUeM Kauecmea neuamu yu@pposulx uzoopaxcenutl. /lnsa no-
BbIUEHUS KAYeCMBA PU302paguueckoli neuamu mpebyemcs co30anue memooos no Gopmuposanuio ucxoOHbX NOKA3Ad-
meneti opucuHanI-maKema (4emKocms, KOPPEeKmMHoCmy nepeoayu NOIymoHo8, Konmpacmuocms). Ilpu smom na umoz
NONyUeHUs KauecmeeHHbIX U300padceHull, NOLYYeHHbIX NPU NeYamu Ha pusoepage, gausen MUKpo2eomempus nosepx-
Hocmu u usuxko-mexanuyeckue ceoticmea Oymazu. Tax, onmuueckas niomMHOCMb KPACOUHOO CIOSL HA OMMUCKE 8 3HA-
YUMenbHOU cmenenu onpeoensiencs CmpyKmypou y4acmKkog oymacu, 8 4acmHocmu, 8numul8aowell cnocooHocmio
u nopucmocmuio. /s noayuenus KauecmeeHHbIX U3006pajiceHuil Ha OMMUCKAx mpedyemces He moabko HACMPOUMb CaM
opucunan-maxkem, Ho u no00Opamv Oymazy ¢ maKumiu XapaKxmepucmukami, KOmopoie no360auaU NOAYYUMb HAULYY-
wuil pezynbmam npu neuyamu na pusoepage. Tax, kax puzoepag 3anumaem npomedsnCymoUHoe Mecnmo no Kaiecmey
MedHcOy KONUpOBANbHOU MEeXHUKOU U IA3EPHOT NeYamylo, 3d IMAIOH Ka4ecmsea neyamu 63sam aaszepnulii ommuck. M 00-
HOU U3 3a0a4 Kauecmea pu3oepa@uueckux Ommuckos s811emcs nogululeHue Ux 00 Kauecmed 1a3epHoli nevamu.

Kniouesnle cnoga: bymaza, kauecmeo nevamu, 2ubpuonoe pacmpuposanue, mpagapemnas neuams, puzocpagp.

BBenenue

[levarnast mammba pusorpad, padboraer 1o
TEXHOJIOTUH «computer-to-pressy», coueraer B cede
dpoBoii crrocod 06padboTku HHGOPMAIHH 1 TPa-
(bapeTHBIf croco0 HaHECEHHs KpacKu Ha Oymary.
[oaxmoueHne KoMmIblOTEpa K pu3orpady uepes
miaty nHTepdeiica g1aeT BOSMOKHOCTh TOIYyYaTh
OTTHCKH Ha Oymare Ipu HOCTYIUIEHUH LU(PPOBBIX
naHHelx. Ha kadecTBO pusorpaduueckoro oTTu-
CKa, BKJIIOYAOIIEe TOKa3aTeld YeTKOCTh, KOH-
TPAaCTHOCTb, 3aIIyMJIEHHOCTb, KOPPEKTHOCTH IIe-
penayn TMOJYTOHOBBIX H300paKEHUH, BIHUAIOT
cienyomue (GakTopel: crocod pacTpUpOBaHHS
U KaueCTBO pacXOAHbIX MarepuanoB. OCHOBOU
JUIsl Tledatd MHGOPMaIHH, COAEpKaliue u3o0pa-
KEHUE THUIA: «TEKCT», «IpaQuK», «KOHTYPHBIH
PUCYHOK» U «(OTO» SBIAETCS OPUTMHAII-MAKET.
[lepen oTnpaBkoll Ha Me4aTbh OPUTHHAI-MaKET
C KOMITBIOTEpA HAIpaBISETCS B PacTPOBBIN MpO-
meccop pwmsorpada. B HacTpoiikax ImMTaTHOTO
IpaiiBepa puzorpada 3aJ0KeHO IBa THUMA pac-
TPOB — NEPUOJUYECKUNA U HENIEPUOAUYECKUH, KO-
TOpbIE HE Bcerma 00ecIeUMBAIOT HEOOXOIMMBIN

YPOBEHb KadecTBa IOJy4YaeMbIX M300pa’keHUH.
[TosTOMY /ISl TIOBBINICHHSI KadecTBa HM300pake-
HUH, PEKOMEHAYETCs OMOIHHUTEIBHO PacCMO-
TpeTh ruOpHUIHBII crioco0 pactpupoBanust. [lpen-
JIO)KEHHOE HaMM THOPHUIHOE pacTpUpPOBAaHHUE CO-
yeTaeT B cebc OIHOBPEMEHHO INEPHOIUYECKUI
Y HETIEPUOJANYCCKHHA CTIOCO0 pacTpHUpOBaHUSL.

Takoke 1enecooOpa3Ho JUIsl aHallM3a KayecTBa
[I0JIy4aeMOM [eYaTHON MPOJYKLUUU PacCMOTPETH
BIIMSIHUE HOCUTES TIeUaTHBIX U300paKeHui — Oy-
Mard ¢ HCIOJb30BaHUEM pa3IMYHBIX CIOCOOOB
pacTpUpOBaHMS.

Jist oyveHusl TIe9aTHOM MPOAYKIIUK Ha PH-
30rpade HCIonb3yeTcs Oymara: Maccoii ot 46 r/m>
10 210 /M2, nucuas (TOCT 18510-87), a Taxke
odcernast ('OCT 9094-89). HcnonszoBanue Oy-
Maru ¢ pa3JIMYHbIMHU CBOMCTBaMHU TpeOyeT AOIMOJI-
HHUTEIILHOTO MPOBECHUS MCCIIEIOBAHUN C IIEIBIO
OTIpEe/ICICHHs] ONITUMAIIBHBIX BHJIOB U COPTOB, KO-
TOpBIE TIO3BOJISIIOT MOTyYaTh KaueCTBEHHBIE MOKa-
3aTeNI N300PAKEHHUH 110 YETKOCTH, KOHTPACTHOCTH,
KOPPEKTHOCTH TIePEAauy MOITyTOHOBBIX H300paXke-
HUH.
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Puc. 1. Pusorpaduueckuii OTTHUCK H300pa)KCHHS THUIIA
«h0oTOY, TOMYUYCHHBIN THOPHIHBIM CIIOCOOOM PACTPUPOBAHHS

Puc. 3. Pusorpaduyeckuii oTTHCK H300pa)kKeHUs THUIA
«KOHTYPHBIH PHUCYHOK», TOJIYYCHHBIH MEPUOIHMYECKUM
croco6oM pacTpUpPOBAHUS

OcHoOBHASI YaCTh

W3 panee npoBeneHHbIX HccienoBanuii [1-3]
CIIEyeT, YTO JUIsl TeYaTH H300paKeHHs THUIa
«poro» (puc. 1), n «rpaduxa» (puc. 2), menecoo-
Opa3HO MPHUMEHSITh TMOPUAHBINA CIIOCOO pacTpu-
pOBaHMUsI, TaK KaK MPUMEHEHHE JJAHHOTO criocoba
pacTpUpOBaHMS TIO3BOJISICTCS IOTYYaTh MEIKO-
CTPYKTYPHYIO J€TIBHYIO IPOPadOTKy n300paske-
HUH, ¥ TEM CaMbIM TIOBBIIIAET €r0 Pa3pellarollyro
CrocoOHOCTh. B TO ke BpeMsl I N300paskeHHUs
TUNA KOHTYPHBIH PHCYHOK» — TEPHOANYECKHUN
(puc. 3), Tak KaKk MO3BOJISIET OoJIee TTOIHO 0TOOpa-
kKaTb rpadudecKyro nH(pOpMaIuio, a Iy H300pa-
KCHHUSI TUIA «TEKCT» HCIOJIb30BaTh HENEPHOAU-
4yeckuil criocod pacrpupoBanus (puc. 4).

JU71st TOBBINIEHNST KaduecTBa pu3orpaduaeckux
OTTHCKOB 10 YETKOCTH, KOPPEKTHOCTH Nepeaadn
MOy TOHOB U300paKeHUsI CleyeT 00padoTaTh HX
nTuHEHHBIME QuiasTpamu: laplassian, unsharp,
sobel, prewitt, a 111 TIONABJICHUSI IIIyMOB Ha U30-
OpaxeHUM HenuWHeWHble (uiabTpamu medfilter
u admedian (puc. 5). DTo maeT BO3MOXKHOCTH

Puc. 2. Pusorpadudyeckmii OTTHCK H300pa’keHHUS THIIA
«rpaduKky», MOTYyUYECHHBIH THOPHIHBIM CIIOCOOOM PacTpPUpPO-
BaHMS

ASTUMNB

Puc. 4. Pusorpaduueckuii OTTHCK H300pa>keHHS THIIA
«TEKCT», IMOJYYCHHBIH HEMEPUOIUYECKHH CrIocoOoM pac-
TPUPOBAHUS

~ Tepmornppasnu4eckuin
1 pacnpeaenurens

Tepmornapapnu4ecKmin
pacnpegenurens

—

0

Puc. 5. Pusorpaduueckue OTTUCKU: g — 6€3 UCIIONb30BaHUS
¢dunbTpanyy, 6 — ¢ ucnonb3oBaHueM GuIbTpa admedian

chopMupoBaTH OPUTHHAII-MAKET TAKUM 00pa3oM,
YTOOBI MMOJIyYaTh M300PAKEHHSI C BBICOKUMH I10-
Ka3aTelsIMUd 3HAYCHHH MO0 YETKOCTH, KOPPEKTHO-
CTH TepeJlauu MOJyTOHOBBIX N300paKeHUH.

Hrtorom mony4eHus Ne4aTHOTO U300paKEeHUs
spisieTcs Oymara. [lokazarenssMu cBOHCTB Oymaru
JUTSL TIeYaTH Ha pu3orpade sBISIOTCS: cocTaB Oy-
Mard, pa3MepHO-BECOBBIC ITOKa3aTeu, HalpaBIie-
HUE OPUEHTAINU BOJIOKOH, IIOPHCTOCTH, CBETOHE-
MIPOHUITIAEMOCTh, OCTTU3HA, YTO OMPEISIICT Kade-
CTBO TOJIYYaeMOTO IMEYaTHOTO OTTHUCKA.

Ienbto JaHHON PabOTHI SBJISICTCS MCCIIEI0BA-
HUC BIIMSHUS CBOHCTB OyMmMaru Ha IOKa3aTelu
KOHTPACTHOCTH, YETKOCTU U KOPPEKTHOCTH MeEpe-
JIla49¥ TIOJY4YaeMbIX PU30TPaPUUECKUX MEYaTHBIX
OTTUCKOB. VcciienoBannsl KauecTBa MOTyd9aeMbIX
OTTHCKOB TIPOBOMIIUCEH TIPH HCIIOIB30BAHUH IIIC-
cti coproB Oymaru (tabmuna). [leyath OTTHCKOB
ocymiecTBisiack Ha pusorpade mapku EZ371.
W3mepenust TonmuHbl 00pa3ioB OymMaru oCyIiecT-
BIISIM € TmoMoulplo ToimuHomerpa THB-1-A
(ISO 534, 'OCT 27015-86). [lnst aToro TommuHy

CUCTEMHbIV AHAJTN3 U MPUKITAOHASI UHOOPMATUKA
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Puc. 6. TecroBoe m3o6paxxeHue jasepHoi neyatu ¢ 700 KpaTHBIM yBEIHUYSHUEM C IJIOTHOCTBIO 3amoiHeHus: a — 10%; 6 —

20%; 6 —

,

LI B

L T e

30%

Puc. 7. TecroBoe n3o0pakeHue, MojydYeHHOe Ha pu3orpade, ¢ UCIOIb30BAHHEM MIEPHOIMUYECKOr0 PACTPUPOBAHUS C TIIOTHO-
cThi0 3anonaenus: a — 10%; 6 —20%, ¢ — 30%

00pa3IoB Oymaru u3Mepsuid IpuOOpPOM B JECATH
TOYKax o0pa3LoB. Pe3ynabsrarom naMepeHus siBiisi-
eTcsl cpeHee 3HaueHHE IECSITH M3MEPEHHH TOJ-
mMHBl 00pa3noB Oymaru. KonmdecTBo TBepIbIx
BEIIECTB BOJIOKHA, HAIIOJIHUTENS B OyMare OleHu-
BaeTca Maccoif B 1 M2, JIaHHBIH mapameTp ompe-
JIeTISUICS. B3BELIMBAHUEM BBIPE3aHHOTO Kycka Oy-
Maru. benmsna Oymaru m3mepsiiach ¢ MOMOLIBIO
(horomerpa KOJIMP. IllepexoBaTocTh OyMaXKHBIX
00pasLoB oIpeaensuioch no Metony benarcona,
OCHOBAaHHYIO Ha HCTEYEHHs IOTOKa BO3YIIHOM
Macchl B TedeHnd | muH. CreneHp Mpokieiiku Oy-
Maru OnpeelsuIoch YePHUIbHO-LITPHUXOBBIM Me-
TOZIOM.

PazanuHble copTa GyMaru M UX XapaKkTepUCTHKH

O6paser| O6paser| O6paser;| O6pasert | O6pasen | OGpasert

CaoiicTBa Oymaru | Oymaru | Oymarn | Gymarn | Oymaru | Oymaru | Gymaru
Ne 1 Ne2 Ne 3 Ne 4 Ne 5 Ne 6

Tomaa, MM | 102 146 81 91 80 170
Macca, r/m? 80 | 120 | 65 75 50 | 195
Bermmsna, % | 81,63 | 85,49 | 74,11 | 68,71 | 58,21 | 84,33
Mepoxosa- 1 5,01 350 | 117 | 176 | 175 | 14
TOCTb, MJI/MUH
Crenembmpo- | 5| | 3 0 | 15] o
KJIICMKH, MM

JAnst OLIEHKM KauecTBa MONydYaeMbIX pU30Tpa-
(hUUECKHUX OTTUCKOB Ha OyMa)KHOM HOCHTEJIEe HAMH
pa3zpaboTaHa TecToBas IlIKajia, KOTOpas MO3BOJSIET

OLIEHUTb BOCTIPOM3BEACHHS OIyTOHOBBIX N300pa-
JKCHUH, Pa3pelIalonlylo ClloCOOHOCTh HEYaTHOTO
OTTHCKA C UCIIOIb30BAHMEM KOJBLEBBIX, PaJAnallb-
HBIX M IUTPUXOBBIX MHP, @ TAKXKE TEKCTOBYIO pa3-
MEPHOCTh U300pakeHHst OT 2 /10 24 TyHKTOB.

[leyats OTTHCKOB OCyIIECTBIsUIach Ha Oymare
C XapaKTepUCTHKaMH, MPEACTaBICHHBIX B TalOJIu-
ue. [Ipu 3ToM npu neyary UCTIoIb30BaJIM ITATHbIC
HACTPOWKHU JpaiBepa ¢ IEpUOANIECKUM U HEeTIepH-
OIMYECKUM PACTPHPOBAHUEM, a TAKKE MPUMEHS-
JIOCh JOTOJHUTEIBHOE MPEATIOKEHHOE HaMU TH-
OpHIHOE PACTPUPOBAHKE.

Ha puc. 6 npencrasneno tecroBoe udgpooe
MOJyTOHOBOE M300pakeHHE C PA3NNYHON TUIOTHO-
CTBIO 3alleUaTKy MPH JIa3epHOI NevaTH.

[anee Obula mccienoBaHa IE€4aTb TECTOBOIO
n3o0paxkenus ¢ 10%, 20% u 30% mI0THOCTBIO 3a-
nevyaTky Ha pusorpade ¢ MCHOoNb30BaHUEM ILTAT-
HOTO JIpaiiBepa U MEePUOANIECKUM PACTPUPOBAHU-
em (puc.7).

[Ipu HEnepruonMUeCKOM PacTPUPOBAHUH TECTO-
Boe 1udpoBoe n3odpaxenue ¢ 10%, 20% n 30%
TUIOTHOCTBIO 3aIl0JHEHMs TpeoOpasyeTcs B Habop
KPHBBIX JIMHUH, COCTOALINX U3 HA0Opa TOYEK MpH-
ONMM3UTENBHO OJTHOTO pa3Mepa (puc. 8).

B nmpennoxxeHHOM U pa3pabOTaHHOM THOPHA-
HOM METO/IE PacTpUPOBAaHUHU LU(PPOBOE H300paKe-
HUE TIpeo0pasyeTcst B pacTpoBbIie TOUYKH (puc. 9, a),
PacHoJIOKEHHbIE B CTOXaCTHYECKOM  ITOPSIZIKE
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Puc. 8. TecToBoe n300paxkeHue, Moay4eHHOe Ha pusorpade, ¢ UCIOIb30BAHUEM HEMIEPHOIUUYCCKOr0 PACTPUPOBAHHUS C IIIOT-
HOCTBIO 3AITOJHEHHUS: d — 10%; 6—-20%, 6 —30%

"z

[

Puc. 9. TecToBoe u3ob6paxkeHue, MOMy4eHHOE Ha pu3orpade, ¢ UCIOIb30BAHUEM THOPHUHOTO PACTPHUPOBAHHUSI C TNIOTHOCTHIO
sanonHenus: a — 10%; 6 — 20%, ¢ — 30%

C TOYKAaMH OTHOTO pa3Mepa, U MEePUOIUIECKOM T10-
psake (puc. 9, 0, 8).

ITpu 30% NIOTHOCTH 3aMOIHEHUS PACTPOBBIX
TOYEK U THOPUIHOM PACTPUPOBAHUHU N300pasKeHUE
HMEET BUJ PABHOMEPHOTO IIJIOTHOTO 3ariedaTaHHo-
ro nois m3oopakenus (puc. 9, g) Mo cpaBHEHUIO
C MCHOJIB30BAaHMEM IUTATHOTO CIIOCOOOB PACTPH-
poBanus n300paxenuit (puc. 7, 8).

Taxke W3 aHanM3a IMOMYYEHHBIX H300paxe-
HUH ClledyeT, 4To IpH MeJaT Ha puzorpade c uc-
MOJIb30BaHMEeM Oymar (Tabiuiia), OTTHCKH C 00-
pastom Ne 5 (Maccoii 50 /M) MSITHCh, PBANKCE,
CKpy4YMBaJIUCh BHYTpH pusorpada. Kauecrso me-
4yaTy ObUIO IPU 3TOM HU3KKUM. OTTHCKH ¢ 00pas3-
oM 6ymaru Ne 2 (maccoit 120 r/m%), npu nedatn
Ha pusorpade TpeOOBaNIM PETYIUPOBKH 3a30pa
IIpu nojade Oymar B reyatHyto cekuuio. [Ipu stom
JaHHBIA BUJ OyMaru uaeajabHO MOIXOAUT IS I1e-
4aTy 00JIOKEK IJIs1 KHUT U OyKJIETOB B CBSI3U C BbI-
COKOH MEXaHMUYECKOH MPOYHOCTHIO OyMa)KHOTO
Hocutessl. KauecTBO momydaeMbIX IEYaTHBIX pU-
30rpaduIecKUX OTTUCKOB IIPU 3TOM BbIcoKkoe. Ot-
THCKH ¢ 06pastiom Gymaru Ne 6 (maccoit 200 T/m?),
HMMeId HU3KOe KadecTBO, TaK Kak, Ie4aTHas Kpa-
CKa HE BIHUTHIBAJIACh B OCHOBY OyMaru U OCHI-
majach, ¥ OCTaBajach TOJILKO Ha IOBEPXHOCTH,
U B JAJIBHEWIIMM NPHUBOIWIO K Pa3Ma3bIBaHHIO
nonurpaduueckoro orrucka. Hawmmyummmu pe-
3yJbTaTaMy KauecTBa Ie4aTd o0NafaloT OTTUCKHU

C HCToNIb30BaHUeM obOpasiom Oymaru Ne 3 (mac-
coit 65 /M%), Ne 4 (maccoii 75 r/m?) u Ne 1 (mac-
coit 80 r/M?). Tlpu atoM obpasen Gymary Ne 3
JydIlle MCIOIb30BaTh Il OAHOCTOPOHHEH meya-
TH. B ciyuan IBYXCTOpOHHEH 3aledaTKd Kpacka
MPOXOIUT Ha OOOPOTHYIO CTOPOHY JIMCTA 3a CUET
W3JIMLIHETO BIIUTHIBAHUS KPACKH, YTO SIBIISETCS
CYILLIECTBEHHBIM HEZAOCTATKOM HAlleYaTaHHOTO U30-
OpaxeHusl.

PaBHOMEpHOCTL pacnpenesieHnsl KpacoyHOro
CJIOSl HA MTOBEPXHOCTH OyMayKHOTO HOCHUTEIISI BaXK-
HOe ycioBue (OpMHUpOBaHUS H300pakeHHs. UYem
BBILIE PABHOMEPHOCTh PaCHpeiesICHNs] KPaCOuHO-
TO CJIOS IO TOJIILIMHE, TEM TOYHEE IepPeaaloTcs OT-
JeNbHbIe JeTanu n3o0pakeHus. Takoe KauecTBO
MEeYaTHBIX M300pa’KeHUI MONMydaeTcs Jydlle IpH
ruOpugHOM pactpupoBanuu (puc. 10) ucxomHoro
OpHUIMHAJI-MaKeTa M HpH eyatd Ha oOpasuax Oy-
Maru Ne 1 u Ne 2 ¢ 6enusHoi 81,63% u 85,49%.

AHan3 Moy4aeMbIX TECTOBBIX M300paKeHUH
NpU 3HAYCHUSIX KeDIs TeKcTa 14 NT MoKa3bIBaeT,
YTO ToNTydaeMble n3o0paxenus (puc. 10, a—6) 1o

Te Te Te

Puc. 10. CTpykTypa TEKCTOBBIX M300pa’keHUIl IpH 3HaYe-
HUH BBICOTHI TEKCTA 14 NT.: @ — IEPUOANYECKUIL; 6 — HeNepH-
OJIMYECKUIL; 6 — THOPUIHBIN CIOCOO pacTpUPOBAHUS

CUCTEMHbIV AHAJTN3 U MPUKITAOHASI UHOOPMATUKA
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KauecTBy OoTiau4JaloTcs. Hamboree BHICOKMM Kade-
CTBOM HM300paXeHHE 007alal0T TEKCTOBHIC H30-
Opa’keHHsI C UCIIOJIb30BAHUEM HACTPOCK LITATHOTO
JpafiBepa M MNPUMCHEHHEM HEIEPHUOIUICCKOIO
crniocoba pacrpupoanus (puc. 10, 0).

3akJjoueHue

HawnGomnee kauecTBeHHYIO TIedaTs M300pakeHUH
tumna: «$hotoy» u «rpadur» odecrieunBaeT ruOpH/I-
HO€ pacTpPUpPOBAaHUE C UCIIOJIb30BAHUEM Oymaru
oOpazma Ne 1, 06magarommnii BEICOKOH mepoxoBa-

TOCThIO (344 MJI/MHUH) U Pa3BUTOW CTPYKTYpOU
MOBEPXHOCTH, KOTOpass OOBEMHO CBSI3bIBA€TCS
C TeYaTHOM Kpackod W oOecreumBaeT JIyqIIHi
KOHTPACT, YE€TKOCTh M KOPPEKTHOCThH Iepeaadu
MOJTyTOHOBBIX M300pakeHHit. MeHee 1eaecoo-
6p33HI)IM ABJISICTCA JIs1 UCIIOJIB30BaHUS B PHU30-
rpaduueckoil meyaru oopasmoB Oymaru moj Ne 3
u No 6, B CBSI3M C HU3KOM IIEPOXOBATOCTHIO Oy-
Ma)KHOTO JIMCTa, YTO HE TMO3BOJISIET KPACOUYHOMY
CJIOI0 CKPEIMUTCS C MOBEPXHOCTHIO OyMa)KHOTO
JUCTA.
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YUDENKOV V. S., SULIM P. Y.

STUDY OF THE INFLUENCE OF PAPER PARAMETERS ON QUALITY
RIZOGRAPHIC PRINTING

Creation of new digital technologies let automate the reproduction of text and graphic information, led to the creation
and development of the digital printing. Digital printing is a technology for producing prints in the printer based on the origi-
nal layout, created as corresponding codes with a computer. One of the technologies of digital printing is a computer-to-press
and one of the devices in this direction is risograph. The risograph printing quality is worse than offset printing. The text is
printing with medium sharpness and images remind photos in old newspapers and require special preparation. But risograph
is the most profitable solution for small and medium circulations from 50 up to 1000 sheets. Wide usage of risograph printing
in typographies demands increase performance of the equipment with the high print quality of digital images. To improve the
quality of risographic printing, the creation of methods is required to form the initial indicators of the original layout (clarity,
correct transmission of halftones, contrast). At the same time, the result of obtaining high-quality images obtained by printing
on a risograph is affected by surface microgeometry and the physical and mechanical properties of paper. So, the optical den-
sity of the ink layer on the print is largely determined by the structure of the sections of paper, in particular, absorbency and
porosity. To obtain high-quality images on prints, it is necessary not only to customize the original layout, but also to select
paper with such characteristics that would allow you to get the best result when printing on a risograph. Since the risograph
occupies an intermediate place in quality between copying equipment and laser printing, a laser print is taken as the standard
for print quality. And one of the tasks of the quality of risographic prints is to increase it to the quality of laser printing.

Keywords: paper, printing quality, hybrid screenin, screen printing, risograph.
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B. A. BULIIHAIKOB

OPrAHU3ALUUA UHTEPHET MAPKETUHTA
C UCNMOAb30OBAHUEM WMHTEANEKTYAABbHbIX
U BAOKYEUH TEXHOAOTUU

benopycckuii cocyoapcmeennvlil ynugepcumem ungopmamuxu u paouosiekmpoHuku, Munck,

Pecnybnuxa benapyco

Lenvio dannou pabomvl A615eMCs AHANU3 MEMOO08, NOOX0O08, MEXHOI02Ull, CPeOCME UHMEPHem MAapKemuHea
(UM), ucnonv3osanue Kax u38eCmMHbIX MEXHOA02ULL, MAK U PA3GUMUSL HOBbIX. UHMELIeKMYAIbHbIX U Ol0KuelH. 3adaua-
MU pabomvl aHATU3 U AGAAIOMCS GblAGACHUE MEeHOCHYUL PA3GUMUS UHMEPHem MapKemunea 8 Yuppogoi IKOHOMUKe
€ UCNONL306ANUS UHMENNEKIMYATbHBIX U OI0K YellH MeXHOA02Ul, pa3pabomKu HO8bIX CINPYKMYPHBIX peueHUll.

Ilposeden ananuz npumeHeHUs UHMENLIEKMYAIbHBIX MEXHOL02UL 6 MaApKemuHeo6ol desmenvhocmu (M/]) ¢ uc-
noav3zoeanuem odaaunwvix eviuucienuti (OB) u onpedenenvt ee ocobennocmu. Paspabomarnvl npeonosicenus no cosep-
werHcmeoganuto uHmeprhem mapxkemunea (MM) 6 unmeepuposantnoil cpede (MpaouyuoHHOU cemesol u 001AUHOU)
C NpUMeHeHUeM UHMENIeKMYaibHblX U O0Kuetin mexunoaoeuil. [lpeonosceno pazeumue UM na 6aze cemeticmea um-
MENNeKMyanbHblX dA2eHMO8 0N NOCHMPOCHUS. UHMENNeKMYATbHbIX MAPKeMUH208bIX UHGOPMAYUOHHBIX CUCTEM
(UMHUC). [loxazarno ucnonvzosanue mexnonocuu o1oxkuetin ¢ UM 0 Konmpons pecypcos, MapKemuH208blX Onepayuil.
Ilpusedena nosasn xonyenyus pazeumus UM u UUMC, na 6aze xomopot pazpabomansvl no0Xo0bl K OpeaHU3aYUL
UMUC ons cesa3u npednpusimuil, HAYUHbIX UHCIMUMYMOS U YHUsepcumemos. Pazpabomana cmpykmypa uHmeieKmy-
anIbHO20 NOPMANA HA Da3e MHO20A2eHMHOU MEXHOI02UU, 00beOuHAWel paspadbomuuKos u nompeoumenell cmapma-
nos. J{ns KOHmMpoas u 2apaHmupo8aHHO20 3aKPenaeHus AgMopcmeda Cmapmanos, 3aKa0UeHus KOHMPAKMo8 UCHOIb3Y-
emcs O10K4eliH MexHOI02Us.

B kauecmee menoenyuu pazeumus UM npeonacaemcs pazpabomka mooenei coeMeCmuol 0esimebHOCIU UHmeJ-
JIEKMYATbHBIX A2eHMO8 8 0OIAUHOU Cpede O NPOOOEPIHCKU NPUHAMUS PEUEHUL ¢ UCNOIb308AHUEM MEXHOI02UU ON0K-
uelin 075 10pUOUEeCKO20 3aKpenienls agmopcmsea unHogayull. Beidenenvt 0sa nanpasienus pazeumus unmenniexmy-
ATBHBIX MAPKEMUH208bIX CUCTEM: A0anmayus Ha Yu@poeulx PLIHKAX U NOOOEPIHCKA UHHOBAYUOHHOU 0esimeIbHOCmU
¢ 3aKpenjenuem KOHMpaKkmos Ha 6aze mexHono2uu O10K4eli .

Knwuesvle cnosa: unmeiliekmydajibHsle, bnoKuelin MexXHoN102UU, MAPKEeMUH2084:1 deﬂmaﬂbnocmb, MapKkemuHeoeds UH-

d)opMauuonHaﬂ cucmema, UHCMpymenmalbHas nfzamqbopMa, MHO20A2eHNTHble MEXHOI02UU

BBenenue

CymectByeT Heqmocrarounas 3(hp(HEeKTUBHOCTb
M/I, 0 ueM CBHUIETEIHCTBYIOT ITyOJINKyEeMbIC JaH-
Hble O mpoOiieMaX M BBI30BaX OTCUECTBEHHON
U MHPOBO# »KoHOMUKE [1]. OmHUM W3 pemeHni
STOM CHUTyallud SBJSICTCS Pa3BUTHE METOIUKU
u BHesnpeHne B M/l MHTEIIeKTyallbHBIX M OJIOK
YEelH TEXHOJIOTUM, BKIIFOUEHHBIX B IPUOPUTETHBIE
HanpaBJeHHus locymapCTBEHHON MOpOrpaMMbl
«udporoit sxoHomMuKH» B PecnyOnuke bena-
pych. AHanu3 wH(pOpPMAIUU U3 UHTEPHET-PECYp-
COB O COCTOSIHUW, OCOOEHHOCTEH pa3BUTHS U Ka-
YecTBa TOBApOB (YCIYT) U MHBIX 3KOHOMHYECKHX
0COOCHHOCTEH B MUPOBOH IKOHOMHKE M CIICIIH-
(PMYHBIX JaHHBIX, OTPAKEHHBIX B MHOTOYHUCIICH-
HBIX MCTOYHHKAX, TO3BOJISIFOT IIOJYyYUTh HAa OCHO-

BE MX HWHTEIUICKTYyaJbHOTO aHall3a HOBBIC 3Ha-
HUSL. DTO paspeniaeTr CporHo3upoBaTh, CMOJIEIH-
pOBaTh | MPENyNpeUTh Pa3BUTHE TEX WM HHBIX
HETaTUBHBIX MPOIECCOB HA PETHOHATIBHBIX PHIHKAX.
Kpome Toro, mprMeHEHHE WHTEIUIEKTYaIbHBIX
TEXHOJOTUH 00pabOTKM MapKeTHHroBOW HH Op-
Malli{ U JAaHHBIX MO3BOJISIET MOBBICUTH Ka4e€CTBO
Y YpOBEHb OTJAa4M MAapKETHHIOBBIX MH(OpMAaLH-
ounbix cucrtem (MUC) [2]. Ilpumenenue Oiok-
YellH TEXHOJOTUH YMEHBIIUT OTPHLATEIbHBIC
CyObEKTHBHBIC BMEIIATEIHCTBA M IOBBICUT Ha-
JIe)KHOCTb XPaHEeHHsI MAPKETHHTOBOH HH(OPMAIIH.

I/IHTeJIJIeKTyaJII/ITialll(Iﬂ B UHTCPHET-MAPKETHHIE

Humennexmyanuzayusi (hynkyuii mapkemunea
6 obnaunoil cpede. Paccmorpum 6a3y it pa3Bu-
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TUS MHTEPHET-MapKeTuHra u mnocrpoenuss MUC
B cpene OB, KOTOpOU SIBISETCS MHTEIUICKTYallhb-
Has cethb BeO 3.0, mosBomnstomasi oOpabareiBaTh
WHPOPMAIIMIO C HCIIOJIb30BAHHEM CEMaHTHKH,
(dhopmupyemoii ontosorusimu [3]. s 00paboTku
CIIOXKHBIX OM3HEC-TIPOILECCOB, BKIIIOUAIOMINX He-
CKOJIKO TIPEANpPUSATHH WM TPOU3BOJICTBEHHYIO
uenouky B Be6 3.0 opranuzanusiM Hy>KHBI HHTEJI-
JIeKTyaJbHbIE CPEACTBA, MCKIIOYAIOIINE CyOBheK-
THUBHOE ympasieHue [2, 4]. [ns storo mpexnara-
eTCsl MCIIONb30BaHUE OJOKYCHH TEXHOJOTHU IS
yIpaBieHHs] aKTUBAMH M KOHTPaKTaMH B pa3pada-
THIBAEMOM MapKETHUHIOBOW CHCTEME IOJACPKKU
WHHOBAIIMOHHOM JEATEIbHOCTH.

WutennexryanpHast cpena Juisi pacipeesieH-
HOit MJI OyzieT OCHOBBIBATHCSI HA areHTHBIX TEX-
HoJorusix. OOBIYHBIN IPOrPaMMHBIN areHT UMEeT
TPU OCOOCHHOCTH: aBTOHOMHOCTb, PEAKIHIO H KOM-
MYHUKA0EIBbHOCTb [5]. DTH areHThl MOTYT 00IIaTh-
Csl C pa3IMYHBIMH UCTOYHUKAMU: TIOJIb30BATEIISIMH
U 3aKa34uuKaMu, APYTUMH areHTaMH W OObEKTa-
Mu. Jlo6aBuM K 3TOMY (POpMYyIHpOBaHME IIEIH,
IUIAHUPOBAHHUE, XPaHEHUE 3HAHUH B TEX MM MHBIX
MOJIeNIsX, ieicTBuUs (00paboTKa) Ha UX 0ase, yiyd-
HIeHre BO3MOKHOCTEH B Tiporiecce (PyHKIMOHUPO-
BaHMs (CaMOOOyYeHUE), U MOTYYUM KOMITOHEHTBI
uHTeIeKTyansHoro arenta (MA) st M/,

UA mns M]I GynyT paborars B cpeaax OB,
B KOTOPBIX HY)KHO pa3paboTarh QyHKIHHU 1O pe-
LICHUIO 33724 WHTEJUICKTYaJbHOTO YIPaBICHUS
u Mapketusra. [lomyuennsie oonaunsie UA OyayT
MOJJIEPKUBATH TEXHOJIOT MU, OCHOBAaHHBIX Ha 3Ha-
HUSX ¥ 00ecriednBaTh MpoIece JIOTHUYECKUX pac-
CY)KIeHUH, UMeTh (QYHKIMH CaMOOOy4YeHHsl Kak
Ha ypoBHE MH(PACTPYKTYypbl, TaK U Ha YPOBHE
npwioxkenus. O6naunbie A 00pa3oBbIBaOT pac-
npeaenennyro MUC, kotopast OymeT coOuparh
JaHHBIE, JUIS MX 00pabOTKH KCIOJIb30BaTh OW3-
HEeC-aHAINTHKY, pelliaTh CIIOXHbBIC 3aJa4 U pea-
TUPOBATh HA BO3HUKAIOIIUE COOBITHS [6].

Jus pa3paboTku wmHTEIUIeKTyasbHOM MUC
(MMMUC) mpennaraercst KOHIETLUA: TPUMEHEHHE
MHTEIUICKTYaJIbHbIX aréHTOB Ha OCHOBE CEMaHTHK-
BeO; BeO-CEpPBHCOB M CEMAaHTHYECKUX BeO-CEpBU-
COB, ()YHKLIMOHUPYIOILIMX B MHTETPHUPOBAHHON Cpe-
ne (Kak B TPaJUIIMOHHON CETeBOM, Tak U B 00Jau-
Hoil). [lomyueHHbIe cpeacTBa MPUMEHUM IpPU UH-
TeulekTyanu3auuu M/ 1 nognepKku NpUHATHS
MAapKETUHIOBBbIX pelleHuid. Vcronb3oBanue Tex-
HOJIOTUH OOJIaYHBIX BBIYMCICHHUMA TO3BOIUT (-
(eKTHBHO pelarh OTJACNbHBIE 3a/Jauyd B MapKe-

TUHTOBOW JIEATENFHOCTH: B 00JacTH MCCIeoBa-
HUI, TOBAPHOM M LIEHOBOW MOJUTHUK, TOUCKA HO-
BOW MH(OpMaIMU, PEKIaMbl, IEKTPOHHON TOp-
TOBJIM, TPUHATUS peleHud. i BKIOYEHUs
B cocTaB paspabareiBaemori UMC mpemsioxeHo
HCIIOJIb30BAaTh CIEIYIOIINE CEPBUCH [0, 7].

Cepsuc «B2B. FileCloud» nepenaer undop-
MalMio O TOBapax B CpeAy COIMAIbHBIX ceTeil
(CC). Ilporpamma oTCIeKUBACT JIFOOBIC U3MEHE-
HUS HOMEHKNaTypsl 1 BHOCUT ux B CC. Jlns no-
JTy4eHus: moapoOHOH MH(POPMAIMK IO IIeHaM TO-
BapoB sBISiETC cepBUC «Z-pricen. [Ipu ucnonb-
30BaHUM DSTOrO TNPUIOKEHUS MOXHO CpPaBHUTh
LIeHbl KOHKYPEHTOB C IIEHaMHU CBOEH MPOAYKIHU.
C nomomnipto cepBuca «Ahrefsy, MoxxHO TONY-
YUTh JaHHbIC 00 KOJIMYECTBE OOPATHBIX CCHUIOK
Ha CalThl KOHKYPEHTOB, KOJIMYECTBE CCHUIAIOIHX-
cs ctpanuty, [P-anpecos u T. 1, CepBuc «Rookee»
Mo3BoJIsieT BHINONHATh SEOQ-aHanu3 caiira KOHKY-
PEHTOB, OH TTOJIE3€H JUIS aHaJlu3a OCHOBHBIX (pa3
M KOHTEHTa B IIEJIOM. OJTOT CEPBHC I103BOJISIET
AQHAJIN3UPOBATh TEKCThI, KOTOPBIE HCIIOJIB3YIOTCS
KOHKYpEHTaMH TpU TMPOABMKECHUH MPOIYKLHUH;
MIOHSATh, [IOYEMY JaHHBIA CAUT HAXOJUTCS BBEPXY
MOMCKOBBIX 3aIPOCOB; MOJIy4aTh OLEHOYHbIE MO~
KazaTesu TpaduKa U KOHTEKCTHOU pexnambl. Cep-
BUC «Zipline» UCTOIb3yeTCs I aHATIN3a CPEICTB
kommyHukauuit B CC Twitter w Instagram, ou ot-
CJIE)KMBAET KIIOYEBBIE CJIOBAa 4epe3 yKa3aHHbBIE
CC B pexxume peaabHOro BpeMeHu. C MOMOIIBI0
3TOTO CEpBHCAa MOXKHO OBICTPO pearupoBaTh Ha
M3MEHEHUsI 3aIpOCOB MOJIb30BaTeNel U peKIaMu-
pOBaTh CBOM TOBApbl UJIH YCIYTH.

Js noctmkenus ay4diiero 3pQexra oTaeNnb-
HBbI€ CEpPBUCHI W3 BBILIETIEPEUUCIIEHHBIX JIy4Ile
UCTONB30BaTh BMecTe. Tak cepsuc « Tweriod» mo-
3BOJISIET OMNPENEIUTh ONTHMAJIbHOE CPOKH JIJIs
MOCBUIKK  COOOIIeHH (OOJBIIOE KOJUYECTBO
MoJIb30BaTeIe HaxoAsATCS B CETH), a CEepBUC
«Buffer» Ha000pOT MOMOTraeT 3aepKarb OTIPaB-
Ky coobmenuil. IHTerprupys ux BMecCTe, MO)KHO
rapaHTUPOBaTh, YTO COOOUICHUS MOIYYHUT OOJb-
1ast ayIMTOPUH MOTEHIIMAIBHBIX TOJIb30BaTeNei.

bnoxuetin mexnonoeus 6 mapxemunze. biok-
4YeliH — 9TO (YHKIHOHAIbHAsE TEXHOJOTHs (OIHO
U3 TPUOPUTETHBIX HANpaBIeHUH B Iporpamme
«udposas sxoHoMUKa» Pecryonuku benapycs),
npenHa3HayeHHas IS OOBEKTHBHOTO ydeTa
CPEICTB U PECYPCOB pa3IMyHOro xapakrepa. OHa
MOJKET HCIOJb30BaThCS KaK B HKOHOMUYECKOMH
chepe (KpUIITOBAIIOTHI, SKOHOMHKA U (DHHAHCHI),
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a TakKe MOTEHIIMAJILHO OXBaTHIBAET HE HIKOHOMHU-
YeCKHe HaIpaBIEHUs JEeSATeNbHOCTH (KOHTPOIb
Pa3NIMYHBIX TNPOEKTOB, «YMHBIE KOHTPAKTBI»).
K sKxoHOMHUUYECKMM HaNpaBJICHUSIM OTHOCSTCS: (Hu-
HAHCOBbIE M JKOHOMMYECKHE TMOKa3aTeiu; JeH-
CTBUSl C MarepuajbHBIMH M HEMaTepualbHBIMU
pecypcamu, KOHTPOJIb B OPTaHU3ALMAX C PA3INY-
HOW (hopMOl COOCTBEHHOCTH. BiiokueliH — Takxke
TEXHOJIOTHYECKasi OCHOBa JJISl PA3JINYHBIX Ha-
MPaBJICHUN y4yeTa M KOHTPOJIS B HEIKOHOMHYE-
CKHX HaIPaBJICHMSX, a TAK)KE BBICIIETO U Cpe/iHe-
IO ypOBHEH MEHEPKMEHTA.

biiokueliH TeXHOIOrusa CO BPEMEHEM CTaHET
elle OJHWM MpPHUKJIAJHBIM YpoBHeM HHTepHera,
00CITy)KMBAIOIICH OHJIAHH-TIATEeKH, JCHEHTPAHU-
30BaHHBIN 00MEH, IOTy4eHHe 1 niepenady nudpo-
BBIX aKTHBOB, a TAKX€e BBIITYCK U MOACPIKKA «yM-
HBIX KOHTPakToB». OHA CTAHOBUTCS CIEIYIONIUM
3TarnoM B 00paboTke uHdopmaruu [8].

bitoKk4elH TEXHOJIOTHSI B IIPOEKTUPYEMOM HH-
tesuiekryanbHoit MUC craneT 6a30# 11t KOHTPO-
JIS1 pecypcoB, olepalyii, MoJAepKKH MPABUIBLHO-
CTH AJIEKTPOHHBIX IUIATEXEH, 3aKIIOYeHHUs KOH-
TPaKTOB, 3aKPEIUICHNsI aBTOPCTBA B MHHOBAIIMOH-
HOM JIeATEILHOCTH.

IHocTpoeHne NHTE/UIEKTYAJIbHOM
MAPKETHHIOBOMi CHCTEMBI

Opeanuzayus UM 6 obraunoii cpede. [y pas-
BUTHS WHTepHET-MapkeTtunra (M) B cpene OB
MpeayiokeHo 1Be WHHOBanuu. llepsast cBs3aHa
C MapKETHHIOBBIMH OTIEpAIMsIMH, KOTOPBIE OCY-
IIECTBIISIFOTCSL B YETHIPEX CBS3aHHBIX TUIOCKOCTSIX:
9TO TIOCTaBKU MaTepHaIoB U KOMIUICKTAIUK (IIpsi-
MbI€ 3aKYIKH), TIOCTaBKH MPOU3BOJCTBEHHBIX pe-
CypcoB (HETpsIMbIE 3aKyIKH), paboTa ¢ mapTHepa-
MU U KireHTaMu. CHCTEMbI YIIPaBICHHS IPSIMBIMU
Y HETIPSIMBIMU TIOCTaBKaMHU TTOJJICPKUBAFOTCS TIOJI-
PAMYMKAMHU TI0 MaTepraiaM 1 MPOU3BOJICTBEHHBIM
pecypcam. YmpapieHune paboToOl ¢ TapTHEpamu
1 KIMEHTaMH peanusyercsi ¢ momorsio CRM 2,
KoTopass (hYHKIIMOHHpPYET B OOJauYHON cpene,
YIPABIISASl JKU3HEHHBIM IIMKJIOM HWHHOBAITMOHHBIX
TOBApOB C MOJEPKKOM moTpeduteneit. Jpyroi
nHHOBarmelr B UM sBnsitoTCcst cuctemMa paboTHI
B peasibHoM BpeMenn — RTB (Real Time Bidding).
C ee OMONIBIO PEKITaAMOATENTH MOTYT OOIIATHCS
Y UMETh OOPaTHYIO CBS3b C MOTPEOUTENIMH, KOTO-
pBI€ YBUJIAT M OLICHST PEKIIAMHBIC MaTEPUAIbI.

B paGore [6] BRIIOIHEH aHANIN3 U MPENIIOKE-
Hbl pelICHHs] B OOJACTH HMHTEIJIEKTYallbHOTO

YIpaBJIeHHs, PACCMOTPEHBI TEHJCHIIMHM €r0 pas-
Butus. llepeHecem stu npemnoxkenuss Ha MU,
B pe3ynbTare MoJy4yuM IepeueHb KPUTEPHEB U UX
3HA4YE€HUH, KOTOPHIM JIOJI’KHA YAOBIETBOPSTH MPO-
exTupyemas uHremekryansnas MUC, paborato-
1asi B MHTETPUPOBAHHOM Cpele:

— MHOTOYpOBHEBOCTh HAOIIOJICHHUS 32 Cpe-
JIOH, cucTeMa J0JDKHA COOUpaTh CBEICHHS O CO-
CTOSHUM PBIHKA U3 PA3IUYHBIX HUCTOUYHHUKOB Ha
Pa3HBIX YPOBHSIX HAOIIONCHYS;

— QIaNTHBHOCTh, OHA CIIOCOOHA OOHApYXKH-
BaTh U3BECTHHIE U HOBBbIE MHHOBAIMH PBHIHKA;

— TNPOaKTHBHOCTh, CUCTEMa 00JaJaeT BCTPO-
E€HHBIMU MEXaHU3MaMHU PEAKINH HAa HHHOBAIIHIO;

— OTKPBITOCTh, OHA JIO0ABJISICT MOMIYJIH JINOO
areHTOoB IS CBOETr0 (DYHKIIMOHAIBHOTO paciInpe-
HUSL

— JIBYXypOBHEBOCTb yTIPABJICHHUS, CHCTEMA
JIOJDKHA COBMEIIATh KaK IIeHTPalIn30BaHHOE, Tak
Y pacrpeesieHHOEe yIpaBiIeHue.

— 3allUIIEHHOCTh, OHA MMEET CpeJICTBa 3a-
IIUTHI TIOJb30BaTeNell M1 KOMIIOHEHTOB CHCTEMBbI
OT HECAaHKIIMOHUPOBAHHOTO BMEIIATENILCTRA.

Mapremuneosas OesmenvpHocms ¢ ON0KYeliH
mexHonozuel. B xadecTBe TEHAECHIUN U KOHILIET-
MU Pa3BUTHS 110 UCTIOIH30BAHUIO HOBBIX TEXHO-
soruii B M1 nonyyaem:

— coBepuIeHCTBOBaHME apXuTekTypsl MMC
B OB, oGecnieunBaroriee 3pPeKTUBHOE yIIpaBiie-
HUE B YCIIOBHUSAX HEOIPEJENIEHHOCTH COCTOSHUS
Cpe/bl PHIHKA;

— pas3paborka HOBBIX Mojenerd MJ] B OB Ha
OCHOBE BbIOOpa CyOONTHMAIBHOTO BApUAHTA pea-
THPOBAHUA HA COOBITHS PHIHKA;

— COBEpUICHCTBOBAaHHE HWHCTPYMEHTAIbHBIX
MPOTPaMMHBIX cpelcTB st MJI ¢ UHTEIIeKTy-
AJbHOM TOANEPKKOW NPUHATUS PEIICHUH U HC-
CJICJIOBaHUEM U OIICHKaMH 3((EKTUBHOCTH METO-
JIOB, MOJIEJIEN U aJITOPUTMOB;

— pa3paboTka Mojeneld U cpelcTB oOImauHON
WHCTPYMEHTAIBHOU MIaT(OPMBI JJIsl IPOCKTUPO-
BaHUs BapUAHTOB MHTEIUIEKTYallbHbIX cucTeM M /]
Ha OCHOBE CEMAHTHUYECKUX TEXHOJIOTHUI;

— paspabotka npuknagaex APMoB win 1io-
IIaJIOK JUIS YIIPaBJIEHIIEB U MapKeTOJIOTOB C HC-
M0JIb30BAHUEM OJIOK UCiH TEXHOJIOTHH.

APpXMTEKTYpa MHTEe/JIEKTYaJIbHOM
MapKeTHHIOBOM CHCTEMBbI

[IpencraBnens! cienyromuye MpeuIoKeHIs 10
apxuTeKType MHoroareHTHOo# cuctembl (MAC)
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3anpocsl NpeAnpHUATH Ha peleHue
Hay4HO-TEXHUYECKHUX IPpobIeM

A

I/IAN N

HHTe/UIeKTyaAIbHBII MOpTAJI
HHHOBAaIMOHHOTO pa3Butus Pb

> 3axasbl

— > YwmHbe
KOHTPAKTBI

Bnokueiin /

TEXHOJIOTHH

Konnexrusst HUW HAH, no HanpaBiieHUsIM
Hay4HBIX UCCIIEIOBAHUM.
IIpenonasatenu, CTy 1€HThl, MATUCTPAHTHI,

acnipanTsl BY30B

Puc. 1. CtpykTypa pacmpeneieHHONH HHTEIICKTYalbHOH CUCTEMBI HHTEPHET MapKETHHTa B paMKax HH(POBOH SKOHOMUKH

JUTSL peaiu3ali (PyHKIUH WHTEpHET MapKEeTUHTa
B 00a4HO¥ cpene:

— no crpykrype: MAC BKIIIOYaeT areHTOB:
TOBapHBIX, IICHOBHIX, KOMMYHHKAIIUOHHBIX, HC-
CJICZIOBAHUS PHIHKA, BBIYHUCIISIOUINX OLEHKH O CO-
CTOSTHUM U TEHJICHIUSAX Pa3BUTHSI PHIHKA;

— TI0 TEXHOJIOTHH: peanu3alusi MeToAa MpH-
HSTHS areHTaMH COBMECTHOTO PELICHUs, MO3BO-
JSIIOIIUE  ¢(hOPMHUPOBATH OLEHKH O COCTOSHUH
PBIHKA B LIEJIOM U CBECTHU IJISl KOHTPAKTOB MOTEH-
LUAIBHBIX 3aKa3YHKOB U MOTpeOUTENCH;

— II0 METOJAWKE: PEajM30BbIBATH B CHUCTEME
oOHapy)XeHHE WHHOBAllMl M HCIIOJIb30BaTh ITH
pe3ysbTaThl Ul NPEAIOKEHHH 0 HOBBIM paspa-
00TKaM (TOBapoOB, yCIIyT);

— IO pacyeTaM: BBIYMCIATH MOKA3aTeIH HKO-
HOMHUYECKOH 3((EKTUBHOCTH BCEX IMPEIIOKEH-
HBIX METOJIOB, HCIIOJB3YSl pa3paboTaHHBIE IMPO-
rpaMMHbIe pemenust M1,

Apxutektypa UMHUC Bkitodaer 41po UHTEN-
JeKTyanu3auuu (pacrnpenesieHHyo 0a3y 3HaHUI
Ha OCHOBE MOZEJeH UX MpeAcTaBIeHus (POayK-
LUOHHBIX, (PEHMOBBIX), WHTEIPUPOBAHHBIE pe-
maTeny, 00beANHSIOMNE Pa3InYHbIE aJITOPUTMbI
BBIBOJIA: MPSIMOW, 0OpaTHBIH, CMEIIaHHBIN ), TaK
1 MHOXECTBO pa3HbIX TUIIOB areHTOB: TOBAPHBIX,
LICHOBBIX, MapKETHHTOBBIX HCCIEIOBaHUN, KOM-
MYHHUKAIIMOHHBIX, TPUHSATUS PEIICHHIA.

[IpuMmeHnTENBHO K 3aja4e aHaiu3a PHIHKA,
areHTbl UCCIIeJOBAHMN epeJaroT PaKkThl 00 n3Me-
HEHMSX BHEIIHEW cpeabl (LEHbI, TOBAPHI, KOHKY-
PEHTBI, TOTpeOUTENH U T. 11.) B 0a3y 3HaHUU. B pe-
3yabTare (PyHKIMOHUPOBAHUSI areHTOB-pelare-
nei popmupyeTcs 3aKiIoueHue, KOTopoe nepeaa-
€TCs areHTy-00padoTYNKy 00 M3MEHEHUSX BHEIII-
Hel cpenpl. [ pacnpeneneHHoro pemeHus 3a-

Jad MOTYT OBITh HCIONb30BaHbl Pa3HBIC THUIIBI
areHToB: 00padOTYNK, KOMMYHUKATOP, KOOpAUHA-
TOp. ATEHTBI MOTYT OBITh CBS3aHBI MEXKIY COOOM
B BUJIE CTPYKTYPBI (TOPU30HTANBHON, BEPTHKAIb-
HOM, CMEIIIaHHOM ).

PaccMotpum mpemnaraemMmyro CTpyKTypy pac-
npeneneHHot UMC ¢ ucnonab30BaHUEM HHTEN-
JIEKTYaJIbHOTO MOpTaJla MHHOBAIIMOHHOTO pa3BH-
tust (MIIUP) mns pasnuunbix orpacneir Pecmy-
Oomuku benmapychk ¢ momnep:Kkol MHTEIIEKTyallb-
HBIX areHTOB M MPHUMEHEHHEM OJOKYEHH TEXHO-
noruit (pucynok). UTIUP B cBoeM cocTaBe umeer
0asy 3HaHWH, MHTEJUIEKTYaIbHBIN pelaTenb, Mo/-
cucreMy oObsicHeHuil, uarepderic MA|—1A, pe-
nmaktop b3, mogcucremy OI0KYEHH.

WnrennexryansHele arentsl MA;—MA, cka-
HUPYIOT CAlThI MPEANPHUITUN PECyOIUKH U Caii-
Thl Hay4YHBIX YUYPEKIEHHH M YHUBEPCHUTETOB,
u (opmupyroT 6a3y 3HaHMi moprana. B Hee 3a-
HOCSTCSI OT NMPENNPHUATUH MOTEHIUAIbHBIE 3aKa-
3bl, @ OT HAYYHbIX KOJUIEKTHBOB — MH(OPMAIUIO
0 HampaBJIEHUAX MCCIEJOBAHUN U BBIMOJIHEHHBIX
MIPOEKTaxX.

Pemrarens HaxomWT COBNANEHHS U BHLAACT
NPEATIOKEHHS A7 3aKa30B, 00BbEIUHSAS MPEAIPH-
ATUS ¥ Hay4HbIE KOJUIEKTUBEL. B pe3ynsrare nepe-
TOBOPOB (POPMUPYIOTCS] KOHTPAKTBI, KOTOPBIE IO/
JEePKUBAIOTCST TEXHOIOTUEH ONOKYEHH sl KOH-
TpoJisl. DTa e TEXHOJIOTUs OyAeT rapaHTUPOBATh
ABTOPCTBO Pa3paOdOTYMKOB WHHOBAIIMOHHBIX MPO-
€KTOB.

ABTOMaTH3alMs TPOEKTUPOBAHMSI ITOTO MOP-
Taja MOXET HUCIOJIb30BaTh CEMAaHTHUECKYIO TEX-
Hosoruto npoekra OCTUC, xoropas paszpabora-
Ha B BI'YUP > dexkruBHO ncnonb3yercs Ha mpes-
npusitusx Pecriyomuku benapycs [5, 10].

1,2020
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3akiaouenue

1. IlpemyioskeHo 1Ba HapaBIEHUs WHTEIIEK-
Tyalnu3alul HHTEPHET-MApPKETUHIa B OONaYyHOM
cpene. IlepBpIM HampaBiieHHEM B ITOCTPOSHUH
pactpeneneHHON nHTEUIeKTyarbHONH MC sBIIsICT-
csi pazpaboTka Mojened, apXUTeKTypbl W MpO-
IPAaMMHBIX CpPEACTB MAJISl PELICHUs] NpOoOIeMbl
aJanTay Ha PBIHKAaX TOBAapoOB W yciyr Pecy-

6muku bemapyck. BTopsIM HarpaBieHHEM SBIIS-
eTCsl MPOEKTUPOBAaHUE OOJAYHOM pacmpenesieH-
HOW MHTEJUIEKTyaJIbHON CHUCTEMBl HHTEPHET Map-
KETHHra Ha OCHOBE CEMaHTHYECKUX TEXHOJIOTHH.

2. IlpuBeneHa CTPYKTypa UHTEIICKTYaJIbHON
MapKEeTUHIOBOM CHCTEMBI [UId aKTUBU3ALUU
W TIOAJCPKKW HWHHOBAIIMOHHOW JIEATEIHHOCTH
B PecnryOnuke bemapycs.
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VISHNIAKOU U. A.

INTERNET MARKETING ORGANIZATION WITH THE USE OF INTELLEGENT
AND BLOCK CHAIN TECHNOLOGIES

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

The purpose of this work is to analyze methods, approaches, technologies, and means of Internet marketing (IM), using
both known technologies and developing new ones: intellectual and blockchain. The objectives of the analysis are to identify
trends in the development of Internet marketing in the digital economy with the use of intelligent and blockchain technologies,
and to develop new structural solutions.

The analysis of the use of intelligent technologies in marketing activities (MA) using cloud computing (CC) is carried out
and its features are determined. Proposals have developed for improving Internet marketing in an integrated environment
(traditional network and cloud one) using intelligent and blockchain technologies. It is proposed to develop 14 on the basis of
a family of intelligent agents for building intelligent marketing information systems (IMIS). The use of blockchain technology
in IM for controlling resources and marketing operations is shown. A new concept for the development of IM and IIMS is pre-
sented, on the basis of which approaches to the organization of IMIS for communication between enterprises, research insti-
tutes and universities are developed. The structure of an intelligent portal based on multi-agent technology that unites devel-
opers and consumers of startups has been developed. Blockchain technology is used to control and guarantee the authorship
of startups and signed contracts.

As IM development trend, the development of models for joint activity of intelligent agents in the cloud environment to
support decision-making using blockchain technology to legally secure the authorship of innovations is proposed. There are
two areas of development of intelligent marketing systems: adaptation in digital markets and support for innovative activities
with the consolidation of contracts based on blockchain technology.
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YK 629.7 + 531.383

A. A. IOBATBIU, A. FO. BYMAH

OCOBEHHOCTU NOCTPOEHUA AATOPUTMOB OLEHWBAHUA
NMAPAMETPOB MHOIFOMEPHbIX CAYYAUHbIX NPOLECCOB

benopycckuii nayuonanvuwiii mexnuueckuu ynueepcumem, Munck, benapyco

Paccmampusaemcs 3adaua oyenuganus ungopmayuu, cooeprcawyeiics 8 CLyHaiHbiX CUHAIaAx, NOCMyRalouux om
PA3NUYHBIX UCTOYHUKOE — uzmepumernell. [Ipu smom npeononazaemcs, umo OyeHuSaeMulil CIYUAUHbIL NPOYECC U 8bl-
X00 uzmepumens Npu MamemMamuieckom OnUCanul 3a0ayu npeocmagiaion coool 6eKmopHvle CAyuaiinble nPpoyeccyl.
Ipu smom pasmeprocme 6exmopa uzmepenuii Modxcen 6v1mv 6oabULE, YeM PA3ZMEPHOCHb BEKIMNOPA OYCHUBAECMO20 NPO-
yecca. Ilpogeden ananus anarumuieckux Memooog u ai2opummos OYeHUBAHUs, OCHOBAHHBIX HA ONPeOeNeHUU OCHO8-
HbIX 8ePOSAMHOCHHBIX XAPAKMEPUCTNUK CIYUAHO20 NPOYeccd KAK anpuopHbiMu, MAaxK u anocmepuopHuiMu Memooamu
npu pasaudHbLIX Kpumepuax onmumanivhocmu. Ha ocnose nposedennoco ananusza paccmompena 3a0a4a KOMRIEKCUpo-
8aHUsl uzMepumenell CIyuaiHoeo npoyecca 8 odujell NOCMAaHO8Ke HA OCHOBEe NPEONONCEHHO20 KPUMEPUs MAKCUMYMA
anocmepuopHo2o npasoono0odus, 00beOUHAIOUEe20 Kpumeputi MakCumyma npagoonoooous u Kpumeput Makcumyma
anocmepuopHoil 6epoAMHOCHU, HA OCHOGe Ye2o pazpabomana obwas memoouka Komniekcuposanus. Ilpugeedennuoiii
npumep KOMNIAEKCUPOBAHUS (PUibmpos noKa3vieaen padbomocnocoOHOCy NPedoHCeHHO20 Memood. JauHwlil no0x00
K NOCIMPOEHUIO an20pUmmos OYeHUBAHUSL MHO2OMEPHBIX CLYYAUHBIX NPOYECCO8 NO3BOIACI NOBBICUMNb MOYHOCHIb OYe-

HUBAHUSA, MAK KAK YYUMbleaen 0ONOJHUMEIbHYIO UHGOPMAYUIO U KOMIIEKCHYI0 €€ 00pabomky.

Kniouesuvie cnosa: oyenuesanue, Kpumepuﬁ, nJIOmMHOCmMb 6€epoOsIMHOCMU, d)uﬂbmpauu}z, KOMnJleKcuposaHnue.

BBenenue

Cpenu 3amad onTHMaiabHOW OOpaOOTKH WH-
(dbopManuy 3HAYUTEIBPHOE MECTO 3aHUMAKOT 3a-
Jladll ONTHMAJIBHOTO OICHWBAHUS IapaMeTPOB
MHOTOMEPHBIX CIIy4ailHBIX B yCIIOBHSX BO3JEH-
CTBUS Ha HUX PA3JIMYHBIX MOMeX (HEOIpeaeeH-
HOCTel). B MaTeMaTn4uecKol CTaTUCTUKE OICHHU-
BaHHEM Ha3bIBAIOT 00PabOTKy AaHHBIX H3Mepe-
HUl (HaOJIFOACHUIT) C IIEJIbI0 YMEHBIIICHUS BIIUSI-
HUS clydailHbIX (akTtopoB (ommbok) [1, 2].
K cucremam, pemaronmm Takue 3a1aqd, MOXKHO
OTHECTH UMEIOIUE OOJBIIOE PAaCcIpPOCTPaHCHHE
pa3IuYHbIC HABUTAIIMOHHBIC CUCTEMBI, YCTAHAB-
JTUBaeMbIe Ha IBIKymuxcs oovekTax (J10O), ko-
TOpble MEPEMELIAIOTCS KaK MO3EMHOM WU BO-
JTHOW TOBEPXHOCTH, TaK M B BO3AYIIHOM WM
KOCMHUYECKOM TpocTpaHcTBe. HazHaueHnem Ta-
KMX HaBUTAIIMOHHBIX CHCTEM SIBJISETCS OIpeje-
JICHUE COOCTBEHHOTO TOJIOKEHUSI OTHOCUTEIILHO
3aJJaHHOM cucTeMbl koopauHat. [Ipu sTom ecnu
nepemetienue J[O npoucxoquT B npeaenaax 3em-
7Y, TO HETIOABMKHYIO CUCTEMY KOOPIUHAT «IIPH-
BSI3BIBAIOT» K 3emute, ecnu ABmwkenue J1O mpowc-
XOJIUT B TIpeliesiaX COMHEYHOW CHUCTEMBI, TO — K
ComnHIly u Tak jmarnee.

OpHuMHu M3 cambIX pachpocTpaHeHHbIX [1O
SBJSIFOTCSL OSCIMIIOTHBIC JICTAaTeNbHBIC ammapaThl
(BJIA), mpencrasisrone MUPOKUI Kiace camo-
JBIDKYIMXCS JIeTaTebHbIX anmapaToB, pa3jinya-
IOLIUXCS TpeAHa3sHaYeHWeM, NpPHUHIUIAMH IO-
CTPOEHMUSI, BBIITOJIHAEMBIMU 3aauamu. [ Hero-
CPEJICTBEHHOTO M3MEpPEHUs] HaBUTALMOHHBIX Ia-
paMeTpoB MM (PU3MYECKUX BEIMYMH, KOTOPBIE
UCHOJB3YIOTCS JUIsl ONpENETeHNs 3THX Mapame-
TpoB Ha Oopty BJIA, mpuMeHsIOTCS pa3auyHbIe
YCTpPOMCTBAa U CUCTEMBI: MHEPLHAIbHbIE HABUTA-
UOHHBIE CHUCTEMBI (Kak MpaBuio, Oecrardop-
MEHHBI€); PaTuOTEeXHUYECKHE BBICOTOMEPHI H U3~
MEPUTEIN CKOPOCTH; OapOMETpPHYECKHE M I€O-
MarHuTHbIE JaTYMKH; U3MEPUTENH BO3YIIHOTO
JaBJICHUS M TPOYHME NMPHOOPHI, OCHOBAHHBIC HA
pasnuuHblX (usnueckux mnpuHuunax. Cpeau
BHEIIHMX WCTOYHHMKOB MH(OpMALUU O HaBUTALU-
OHHBIX MapaMeTpax, HaXOJAIINXCs 3a MpeeaMu
BJIA, nauOonbliee pacnpocTpaHEHHE HMMEIOT
CIyTHHKOBBIe HaBHuranuonuele cuctembl (CHC),
K kotopbIM oTHOCsTCs cucteMsl GPS, ITTOHACC,
DORIS, Galileo, Beidou [3, 4, 5]. K momnonnu-
TEJIbHBIM UCTOYHUKAM HaBUTaLIMOHHON MH(pOpMa-
IIMM MOXXHO TaK)K€ OTHECTH CHUCTEMBI TeJleMe-
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TpHUHU, yCTaHOBIIEHHBIE Kak Ha Oopty BJIA, Tak
1 Ha Ha3eMHBIX MTyHKTax yIpaBieHus (paanomas-
KM ¥ T. 11.). HaBuranmonnas napopmManus, nocry-
MAIIAas OT Pa3JIMYHBbIX UCTOYHUKOB, KAK IIPABU-
JI0, OTIIMYAETCSI TOYHOCTBIO U JIOCTOBEPHOCTHIO,
TaK Kak IMoJIy4aeTcs HA OCHOBE Pa3IUYHBIX (hU3H-
YECKUX MPUHIUIOB, KaXIbI U3 KOTOPBIX UMEET
CBOIO MPUPONY HeonpeieneHHocTeil. Beé ato cra-
BUT HA MOBECTKY JHS 3a4a4y KOMILJIEKCUPOBAHHUS
Pa3NUYHBIX UCTOYHUKOB MH()OPMALIUH /ISl TIOBBI-
IIEHUSI TOYHOCTU U JOCTOBEPHOCTH BBIACIICHUS
MOJIE3HOM cocTaBsironieil. 1IpuHIMnbl KOMIUIEK-
CHPOBaHUsI U3MEPHUTENEH MOTYT OBITh pa3IMYHbI-
MH, OCHOBAaHHBIMH Ha Pa3/IN4YUAX y U3MEpPUTENIECH
U TOH e (PU3NYeCcKON BETMYHHBI CIIEKTPATbHBIX,
AMIUTUTYAHBIX WM WHBIX MH()OPMALMOHHBIX Xa-
PaKTEpPUCTHK.

3agaua oneHMBaHUS BEPOSITHOCTHBIX
XapaKTEPUCTHUK CJAYYaiiHOTrO mpoiecca

Paccmotpum 0011y 0 TOCTaHOBKY 337124 Olie-
HUBaHUS BEPOSTHOCTHBIX XapaKTEPUCTUK MHOTO-
MEPHOT0 CIYYaiHOTO MPOIECcca ¢ TOMOIIBI0 MHO-
roMepHOro m3meputels. B obmiem cinyyae cucre-
Ma ypaBHCHHIA, OTMCHIBAOINAS YBOIFOIHEO COCTO-
SIHUSI UCCIICAYEMOW CHCTEMbI (Hampumep — JBH-
wenne BJIA, xak u moboro JI0) ¢ yuetom Heo-
MIPEJICIICHHOCTEW MPECTaBIIICT COOOW IpUMep
(byHKIIMOHAJILHOTO NIPECTABICHHS MOJICIIN JIUHA-
MUYECKON CHCTEMbI KaK HECTAIMOHAPHOTO HEJIH-
HEHHOTO yHpaBsieMOro 00beKTa, MOJIBEPIKEHHO-
ro ACHCTBUIO BOMYIICHHUM [6]:

X(6)=@(X,t)+ W(OU (1) + H(t)E()

1
X(ty) =Xy, )

rae ¢(X, ) — B o0mieM ciiy4yae HeJIMHEWHas BEK-
TopHas Qynkims, X = [x,...x,]7 = X(f) — BexTOp
MePEMEHHBIX, ONMCHIBAIOIMX IIPOCTPAHCTBO COCTO-
siHUM cucteMsl, X € R", rne R" — n-MepHOe eBKINAO-
BO TIPOCTPAHCTBO BeKTOpoB. U = [uy...u,]" = U(f) —
BekTop ynpasienui, U € R". & = [§,...£,]T = (1) —
BEKTOp OeJIbIX ITYMOB (BO3MYIIIEHHI) C MaTpHIICH
HHTEHCUBHOCTEH G(f), XapakTepu3ylOUMHd Heo-
MIPEACICHHOCTH, OKa3bIBAIOIUE BIMUSHUE Ha 3BO-
moruto X(7), W(f) n H(t) — MaTpHIibl TIepeMEeHHBIX
(B ob1IeM cirydae) Ko PHUIIMEHTOB.

3aMeTum, 4To MaTeMaTHYeCcKyI0 MOJEIb MPaK-
THYECKU JII000r0 CIIy4yalHOro mpouecca MOXKHO
MIPEACTABUTD KaK Pe3yJIbTaT MPOXOKACHUS OeI0ro
LIymMa 4epe3 COOTBETCTBYIOUIMH (OPMHUPYIOIINIT
(GuIbTp, MpeCcTaBIAIOUINNA COO0H COBOKYITHOCTD

MaTeMaTHYeCKHUX BBIPAXKEHUH, ¢ TIOMOIIBIO KOTO-
PBIX U3 0Noro 1ryMa nojay4aroT CiaydaiHbIi npo-
LEeCC C 3aJaHHOH KOPPENSIHOHHON (QyHKIHEH.
Jlo6aBuB BbIpaXKeHUsI, ONKCHIBaloIe GopMHpY-
ommi GUIBTp, K ypaBHeHuto (1), momyyum mare-
MaTU4ECKOE MPEJCTaBICHUE BEKTOPHOIO MapKOB-
CKOTO Iporecca. s aHanusa 3BOIIOLUN TaKOTO
mpoliecca, onucbiBaeMoro ypasHenueM (1), ymo0-
HO UCIoJIb30Barh ypaBHeHue Dokkepa—Iliranka—
Konmoroposa (B 3amagHbIX HCTOYHHUKAX — ypaB-
Henne ®oxkepa—[lnanka) s MHOTOMEpHOM
(YHKIMH TUIOTHOCTH BEpPOSTHOCTH f (X, ), KOTO-
poe umeet Bun [1, 6]:

of (X,t)
or

rme (X, {) — BEKTOp IUIOTHOCTH ITOTOKA BEPOSIT-
HOCTH BHJA

ROX0) = ACXD. (X0 =S TV IBOGO £ (0],
3
V. — BekTopHbIi oneparop auddepennupona-
HUs (Omeparop rpaaneHTa), KOTOPbIi UMEeT BUA:
V. = [0/0x,...0/0x,], n — pa3mepHOCTh BeKTOpa
X(). AX, t) u B(X, ) COOTBETCTBEHHO, BEKTOP
cHoca U Marpuna auddysun, KoTopsie Ha3blBa-
IOTCS TaKXe JIOKAJTbHBIMH XapaKTEPUCTUKAMU
MapKOBCKOTO HpoLecca U ONPEeAeNAIOTCs Ha OcC-
HOBE BBEJCHHS B PACCMOTPEHHUE TaKUX MOHSATHH,
KaK CTOXAaCTHYECKUE HMHTErpal — WHTErPaibl IO
BpPEMEHH OT O€JIbIX IIYMOB. 3aMETHM, YTO CTOXa-
CTHYECKHE MHTETPAJIbl BEIYUCISIOTCS KaK Mpeaet
B CpEIHEM KBaJpaTUYeCKOM CYMMBI, KayKAbIH
4JIeH KOTOPOH MpexacTaBisieT coOoi MmpousBere-
HHUE 3JIEMEHTAPHOTO MOIUHTEpBaja Ha 3HAYCHHUE
COOTBETCTBYIOLIEH (DYHKUUH J1OO0 BHa4anue Kax-
JIOTO MOAMHTEpBasia (CTOXaCTHYECKUH HHTETpaj
HT10), mub0 B cepeauHe Ka)KAOTO MOXMHTEpBaja
(cMMMETPH30BaHHBIH CTOXaCTUYECKHH HHTErpa
CrparonoBuua-®ucka) [1, 6]. He cMmorps Ha ToO,
4yT0 MHTErpassl Mto TpebyloT 0CTOPOXKHOTO 00-
palleHus IpU 3aMEHE TIEPEMEHHBIX U HHTETPUPO-
BaHUM IO YaCTSIM, OHM YIOOHEE MPH pPELICHUH
psna 3a1ay aHaJu3a U CHHTE3a CTOXaCTUYECKHX
CHCTEM, TaK KaK B BBIPQKEHHH JJIs1 BEKTOPa CHOCA
A(X, ) OTCYTCTBYET JAOMOJIHUTEIBHOE CaraemMoe,
cBsi3pIBarONIee ero ¢ BekTopoM &(f). Ilpu Taxoit
TPAaKTOBKE CTOXaCTHYECKUX WHTETPajioB B Gopme
HUto u mponecca (1) Boipaxkenust ais A(X, f)
u B(X, t) umetor Bum: A(X, t) = o(X, H)+W(X, ?)
U(X, 1), B(X, 1) = HOG(H (7).

~VInX,0), f(X.t0)=fo(Xo), (2)
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Haxoxxnenue pemienus ypaBHeHHs (2) oco-
OCHHO IS MHOTOMEPHBIX CHCTEM MPEICTaBISET
co0o0if HepaspemuMyro 3aaady, KoTopas cylie-
CTBEHHO YIPOLIAECTCS IPU NMPUMEHEHUU Pa3iIny-
HBIX CIIOCO00RB ammpokcuMaruu GpyHkuuu fX, 1).
Haubonee pacnpocTpaHeHHBIM SIBIISIETCS IPHME-
HEHHUE JIBYXMOMEHTHOW rayCCOBOM allpoOKCHUMa-
uun f(X, f), OCHOBaHHOH Ha NPUMECHEHHH IICH-
TpaJbHOW NPENEIBHON TEOPEMBI TEOPUH BEPOSIT-
HOCTeil. BelpaxkeHue sl raycCOBOM MHOTOMEp-
HOU TUNIOTHOCTH BEPOSITHOCTU MMeeT Buf [ 1, 6]:

1
fX)=——res
V2)"[0)|

exp {—%(X (O-m, (1) 07O X ()= m, (t))}-

X

“4)

B BeIpakenuu (5) |6(7)| — onpenenuTens KoBa-
puanrMonHoi matpuisl 0(f) Bekropa X(¢), m(f) —
MaTeMaTHIeCcKoe OXuaanue BekTopa X(7). B cka-
JSIpHOU opMe BbIpaxkeHue (4) UMeeT BUJL:

1

L0 &) u———
e
| 6]
exXp _Mpgzl epq(xp - mxp )(Xq - qu P

rae 079 — anrebpandeckoe JOMOTHEHHE dJIeMEeHTa
0,, B onpenenurene [0]. 3nech aprymeHt ¢ s
YIPOIIEHUS 3aIHCH OITYIICH.

3amaya BEpOSATHOCTHOTO aHalIM3a IMpolecca
X(f) ynpomaercsi, eciii ypaBHEHHUE, OMUCHIBAIO-
ee ABOJIONMEO Tporiecca (1), sBiseTcs TUHEeN-
HbIM. OOOCHOBaHHOCTH JIMHEAPU3aIUU CHCTeMBI (1)
00yCITOBJICHa MaJIOH CTETIEHBIO OTKJIOHEHUH Tapa-
METPOB BO3MYIIEHHOTO JBW)XCHUS O00beKTa (Ha-
npumep, bJIA) oT MX HOMHHAIBHBIX 3HAYCHH.
OOBIYHO TPUHUMAETCS, YTO €CIH OTKIOHECHWS
BXOJIHBIX MTapaMeTpoB cucTeM OU/(f) 1 BhI3bIBaeMbIe
UMH OTKJIOHCHMS BBIXOJHBIX MapaMmeTpoB OX(f)
HE NMPEBOCXOIAT 3—5% HOMUHAIBHBIX 3HAYCHUH,
TO TaKoe TPeOOBaHUE BBIMIOIHSAETCS, YTO JAET OC-
HOBaHHE TPEJCTABISATh BOSMYIIEHHOE BHKCHUE
B BHJIe IMHeiHOM komOuHauu U(f) = U (£)+3U(1),
X(¢) = X'()+8X(¢) [1]. Tlapamerpsl, 0603HaUEH-
HbIe 3BE3IOYKOH, OTBEYAIOT HOMUHAIHHOMY HE-
BO3MYIIEHHOMY JBWXEHUI0. OObenuHsS B OIHY
CUCTEMY YPaBHEHHS HOMUHAIILHOTO ¥ BO3MYIIIEH-
HOTO JIBM)KEHUS, TIOYYUM KaHOHHYECKYIO (POpMY
MaTeMaTHYEeCKOH MOJIEIN COCTOSIHUSL JIMHEHHOM
(MTMHEapU30BaHHON) HECTAIMOHAPHON CHCTEMBI:

X(t)=D@)X )+ W(OU(t)+ H(t)E(®), ©
X(ty)=X,.

D(t), W(t), H(t) — maTpurisl K03QPHUITHESHTOB.
W3 ypaBHeHms (6) AOCTaTOYHO TPOCTO TOTydUa-
torcs mudepeHInanbHbIe ypaBHEHUS IS BEKTO-
pa Mmaremarndeckux oxumaHwi m(f) = M[X(¢)]
¥ KOBapHaImoHHOW Marpuits! 0(¢) = M[[X(f) — m (1)]
[X(£) — m(1)]"] (3mech M]...] — onepanus MaTema-
TUYECKOTO OXHJIAHHS — «OCPEIHCHHS») BEKTOpa
X(f), kKoTOpBIEC UMEIOT BUI:

(1) = AOm () +WOU (@), m,(t5) =m,q. (7)

0() = D(1)6() +6() DT (1) + H(YG(OH (1),

8
0(t,) = 0, ®

3agaun onpeneeHus HATydIuX (ONTUMAITb-
HBIX) 3Ha4eHUN mponecca X(f) HAa OCHOBaHUU
UMEIOIINXCsT HaOMoAeHNH B BUIE BekTopa Z(f))
B 3aBUCHMOCTH OT TOTO, KaK PacriojokeH MOMEHT
BPEMEHH #| TI0 OTHOLICHUIO K MOMEHTY BPEMEHHU ¢
MIPEJICTABIISIOT COOOM 3a71a4u OTICHUBaHUS ((PHITh-
TpalyH, CITIKWBAaHUS WM DKCTPATONSINN). 3a-
Jada (UIbTpanuu sBIsieTCss OCHOBHOM. Paccmo-
TPUM DTy 3ajady, YYUTHIBAsL, YTO COBOKYITHOCTh
BBIXOJIOB M3MepuTenel nponecca X(¢) npeacras-
nseT coboit Bektop Z = [zy...z,,]" = Z(f), Z € R™.
Bexkrop HaOmonenuii Z(f) cBsi3aH ¢ BEKTOPOM CO-
CTOSIHUSL X(f) HENMMHEHHOW BEKTOPHOU (DyHKUHMEH
C(X, t). [Ipu 3TOM HaOMIOIEHHE (M3MEPHUTEITH) UME-
eT aJITHBHYIO oMexy ((f), 00OyCIIOBIEHHYIO TeX-
HOJIOTMYECKHMU ¥ BHEITHUMH (haKTOpaMH, HE CBsI-
3aHHBIMH C TIpoeccoM X(1):

Z(t) = C(X,1)+ (1) . )

OO0bryHO ((f) MpUHUMAETCS BEKTOPHBIM IICH-
TPUPOBAHHBIM T'ayCCOBBIM OE€JIBIM HIYMOM C Ma-
Tpuieil naTeHCUBHOCTEH ((f). OOGO0CHOBAaHHOCTH
TAKOro JOMYIIEHUs] OCHOBaHA Ha TOM, 4YTO B Ipe-
Jenax MOoJOCHl MPOIYCKAHUSI U3MEPUTENs Belu-
YUHA CIEKTPAILHON TUIOTHOCTH Iryma C(f) sBIis-
eTcsl (MPUHUMAETCS ) TOCTOSTHHOH.

IlonHOIi BEpOATHOCTHOI XapaKTepUCTHKON X(¢)
B MOMEHT BPEMEHH TP U3MEPEHUH BeKkTopa X(f)
SABJISETCSL YCIIOBHAs aIllOCTEPUOPHAst (PyHKLHSA
TUTOTHOCTH BEPOSITHOCTH, 00o3Ha4aemas f(X,t) =
f X, t| Zr). DOBomronus f (X,t) ommceiBaeTcA
uHTerpo-augdepeHaibHeM ypaBHennem Crpa-
ToHOBHYa-Ky1Hepa 1 anocTepruopHON III0THO-
cTu BepositHocTH [1, 7]:
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_vgﬁ(Xa t) -

of (X,0)
or

% (X, 2.0~ [ p(X.Z.0}(X.0dX | F(X,0),

(10)
rae

X, = AX, ) f(X,0) -

Iy o R r (11)
SLVEE nfwn ]

p()z' , Z, t) — OyHKIHS HEBS3KH, BBIUUCIIAC-
Mas 1o hopMyIe:

p(X,Z,0)=

[z0-c(x)] 00[z0)-cxn]

VYpasuenne CrparoHoBnya-Kymiaepa He MoO-
JKeT OBITh PEIIeHO HEMOCPEICTBEHHO HE TOJBKO
B CWIYy TPYAHOCTEH BBIYHCIEHWUN, HO U B CBSI3U
C TeM, 9TO B HEM NPUCYTCTBYET UCTHHHOE 3Hade-
HHE OIeHMBaeMoro mporecca X(f), kotopoe o
YCIIOBHIO 33Ja9¥ HE MOXKET OBITh OMpeeseHO.
[Ipu pemenun nmpaxTHYECKNUX 3a/1a9 (HHUIBTPAIINH,
KaK TpaBWiIo, TpeOyeTcs OmpeaenuTh ONTHMAIIb-
HYIO allOCTepHOPHYIO OIIEHKY X(¢) = X(¢ | Z). B ka-
YeCTBE KPUTEpPHUS ONTHUMAIBFHOCTH Yalle BCEro
paccMaTpuBaeTCsi MUHUMYM CPEIHEro KBajpara
OIMOKY OIEHMBAHUA — MaTEMAaTHYECKOE OKH/Ia-
aue Gyskumn [X(¢) — X(1)]>. B To e Bpems KpH-
TEPUEM ONTUMAJIBHOCTH MOXET OBITh W MaKCH-
myM dyukmau f(X,1) (MakcuMyMm amocTepuop-
HOH BeposTHOCTH — MAB), ipr KoTOpOM:

X vap (F) = argmax f (X,t)=argmax f(X | 7).
13)

ITpu rayccosoii anmpokcumarmu f (X ,1), kak
MOKa3aHo B [7], BBIpaXXEHUS IJIsI ONTUMAIHHOU
OIICHKU X(f) UMEIOT TOT K€ BUJ, YTO W MPHU KBa-
JIPaTUIHOM KPUTEPHH.

B kadecTBe onTHMaNbHOW OLIEHKU X(f) 00OBIY-
HO paccMaTpHUBAETCs YCIOBHOE MAaTeMaTHYECKOE
oxxumanue X(f), BIUUCIsIeMOe KaK MHTETpajl BUAA:

(12)

X)) = T X@0) f(X,0)dX . (14)

—00

Tak Kak HaWTH TOYHOE 3HAUCHHE HHTErpasia
(14) c yaetom (1), (9) u (10) mpakTUIeCKH HEBO3-
MOKHO, TO MPUMEHSIOT TaK Ha3bIBAEMBIE CYOOII-
TUMaJIbHbIE aJITOPUTMBI, OCHOBAHHBIE Ha pa3jiNy-

HBIX CTHOCO0axX anmpOKCHMAalMKd HEITMHEHHBIX
byuxumii e(X, 1) u C(X, t) (KyCOYHO-IIOTMHOMHU-
HaJIbHAas, KyCOYHO-TIMHEHasA). PacipocTpaneHHo
W yAOOHOM JIJIsl MCTIONIb30BAHUS SIBIISIETCS JTMHEH-
Hasl arpOKCUMAIIYs JaHHBIX HEJIMHEHHBIX QYHK-
uuii. [Ipu aTom BeIpaxkenus (6) u (9) mpuHUMAaIOT
BU]I:

X = DOX@)+W @)U ()+ H(t)E(), (15)
X(t)) =X,
Z(1)=C(HX (1) + (). (16)

C(f) — 6emprit rym m3mepurens, C(f) — MaTpu-
11a K03 PHUIMeHTOB.

B npocreiiiem ciayyae JIMHEHHON MOCTaHOB-
KM 3a/1a9¥, KOr/a mpotecc X(¢) onuchiBaeTCs ypas-
HenueM (15), a uameputens — BeipaskeHneM (16),
BEKTOp cHoca mMmeeT BUO A(X, 1) = D(0)X(t) +
W()U(%), a matpuna auddy3un paBHa HHTEHCHB-
HoctH tmyma &(f) B(X, f) = G(¢). Ilpu atom mud-
(depeHmanpHOe ypaBHEHHE U ONpeIeTeHHS
ONTUMAIBHON OIICHKH X(f) UMeeT BU/I:

X()=DOX @)+ W (U ®) +
ROCT (1307 012 - C(HX ()],
X (1) =M[X,].

(a7

B Beipaxennn (17) R(f) — amocrepuopHas
KOppEeJSAIMOHHAs Marpuiia, JuddepeHIuanbHoe
ypaBHEHHUE 7151 KOTOPOIl UMEeT BUI:

R(t)=D(O)R(t)+ R(t)D" (1) +
HOGOH" (1)~ ROCT ()0 (HCOR(). (18)
R(ty) =R,.

Bripaxenwus (17) u (18) mpencrasinsior coboi
kimaccnyecknii prmeTp Kanmana (Kammana-bero-
cn) [8]. 3ameTHM, YTO TPU HMCIIONH30BAHUH JaH-
HOTO (IIIETpa B Pa3INIHBIX CHCTEMaxX 00paboTKH
UHpOpMAIMK HEOOXOUMO YUUTHIBATH, YTO Mare-
MaTH4YeCKre MOJEIH mpoueccoB X(¢) u Z(f) MoryT
OTIIMYATBHCS OT MX PEATbHBIX (QU3UUECKUX TPEI-
CTaBJICHUH T10 TIPUYUHE UX HETOYHOH HIIeHTU(DU-

Kallid, YTO MOXKET MPUBOIUTH K CYIIECTBEHHBIM
METOIUYECKUM OIMOKaM GruisTpanuu [9].

3agaya KOMILJIEKCHPOBAHUS
usMepuresei u GUIbTPOB

B OONBIIMHCTBE MPAKTUYECKHUX 3a]1ad CUMTACT-
Cs1, 9TO Pa3MEPHOCTH BEKTOpa M3MEpEeHUH Z(f) MCHBb-
e pa3MepHOCTH BekTopa mporiecca X(¢) (m < n),
OJTHAKO BO3MO)KHA TIOCTAHOBKA 3a/1a4H, KOTJIa JUIsI
OJTHOH M3 COCTaBIISIOIMINX X,(¢) porecca X(f) nme-

1,2020

CUCTEMHbIV AHAJTU3 U MPUKITALHAS UHOOPMATUKA



28

O6bpabomka uHgopmayuu u npuHsimue peweHull

&1 ) a6 ) s
- U X0 ﬂ a0 T
3 Ipomece |—f Huemrem — &mmp ——

Puc. 1. Ctpykrypa nporecca GUIbTpamuu

eTCsI HEeCKOJNBbKO m3Mepureneit (m > n). B atom
cilydae JUisl TIOBBIIICHUS TOYHOCTH W JIOCTOBEP-
HOCTH olleHHBaHus nporecca X (¢) Heobxoanmo
OCYILECTBISITh KOMITJICKCHPOBAHUE H3MEpUTEIICH
U COOTBETCTBYIOIMX (uisTpoB. B padore [10]
npejaracTcss MeToJ[ KOMIUIEKCHPOBAHHUS, OCHO-
BaHHBIM Ha TONIArOBON 00pabOTKE pe3yNIbTaToOB,
MOJYYEHHBIX OT HECKONBKUX (ribTpoB Kanmana.
Merto/1 OCHOBaH Ha HCIOJIB30BAHUH NEpexXo/ia OT
rayCCOBBIX allOCTEPUOPHBIX OIIEHOK mporiecca X(7)
K HEYCTKUM (YHKIMSIM NPUHAUICKHOCTH C TI0-
creyroleit oopaboTkol monyyeHHol nHopMa-
[I1H TI0 TIpaBHJIaM HeueTKo JIoruku. Cienyer of-
HAKO 3aMETHTh, YTO IMPAKTHUECKasl pean3alrus
JTAHHOTO TIOXO0/a TPEOyeT OONBIIX BBIUUCIUTETh-
HBIX 3aTpaTr HHPOPMAIIMOHHOW CHCTEMBI.

[Iporeccer u3mepeHus U pUIBTPAIIE MOXKHO
MIPE/ICTaBUTh B BUJIE CTPYKTYPHOI cxeMbl (puc. 1),
TJIe JJIsl YIPOIICHUS 3amicy 0003Ha4eHBbI TIOTHO-
CTH BEPOSTHOCTH:

fX)=f(X.0), f(Z2)=f(Z,0),
fZ|X)=f(Zn,

ATIpHOpHbIE ¥ aNOCTEPHOPHBIE TUIOTHOCTH
BEPOSITHOCTH CBSI3aHBI MEXIY CO0O0M M3BECTHOM
dhopmynoii Baiieca:

XD @) =1ZX) X)), (19)

B kadecTBe OLIEHKH BEKTOpA COCTOSIHUS B psizie
CITy4aeB MOXeT paccMarpuBarbes QyHKms [ (Z | X),
KOTOpasi XapaKTepU3yeT YCJIOBHYIO IUIOTHOCTH Be-
POSITHOCTH MHOMKECTBA M3MepeHu Z(f) nipu (HPUKCH-
pOBaHHOM 3Ha4eHHH X(f). OnTUMaIbHBIM CUMTACT-
cst 3HaueHue X(f), Mpu KOTOPOM YCJIOBHas ILIOT-
HOCTh BEpOSTHOCTH f (Z | X) IMeeT MaKCHMaIbHOE
3HaueHue [11]. Takoil kputepuil Ha3bIBAETCS KPU-
TepueM MakcumyMma npasaomnonodus (MII). Ero
1eJIecoo0pa3sHo MPUMEHSITh NPU KOMIUIEKCHPO-
BaHMU HECKOJBKHMX HM3MEpUTEJIeH OZHOro mapa-
METpa IIPY OTCYTCTBUM ONTHUMATILHON (DUIIBTpaLiH:

Xy (1) =argmax f(Z]X). (20)
X

B o6mem ciydae kputepuit MAB (13) moxer
cojiepkarh OoJbIe HH(DOPMAITHH O TIporecce X(7),

yem kpurepuit MII (20), HO B HEKOTOPHIX Cilyya-
AX, KOrJa OTCYTCTByeT (WIBTpalys W pazMmep-
HOCTBh BEKTOpa M3MepeHuil Z(¢) Oomble pazmep-
HOCTH BeKTopa npouecca X(¢), kpurepuit MII mo-
JKET TPE/ICTABUTh OOJIee TOYHBIN Pe3yabTaT MoJy-
YeHHUs ONTUManbHOW oreHkn X (7). ObocHyeM
JTAHHOE TIPEATIOIOKEHHE.

Tak xak 0e3yciOBHasi TUIOTHOCTh BEPOSITHO-
ctu f{Z) He 3aBUCUT HENMOCPEACTBEHHO OT X(7),
TO 3HaYeHUsT Xy(f) B cOOTBETCTBUU € (HOpMY-
namu (19) u (20) MOTYT ompenmensaTbCsl MyTeM
MaKkcHMu3auu 1o X(f) COBMECTHOM IUIOTHOCTH
f(Z X fX). dnsa tnapkux u quddepeHuupye-
MBIX IJIOTHOCTEH BeposiTHOCTH U3 hopmysibl (19)
Clemyer:

of (X|Z
YD 1(2)- T iy zny L0
o
B Bripaxxenun (21) oGo3HaueHO M:
oX

v! H0/0x...0/0x,].
TI/I:; BeIpakeHns (21) crnemyet, 94T0 HEeOOX0mu-
MbIM ycroBrueM MAB siBistercs:

o (X|2)

% =0. 22)

X (t):)A( MAB (?)

CooTBeTCTBEHHO HEOOXOMMMBIM ycroBueM MIT
SIBIISIETCS:

¥

& =0. (23)

X(O=XMn ()

Tak Kkak 711 MHOTOMEPHBIX MPOIIECCOB OIpe-
JIeNICHHUE TUIOTHOCTEH BEPOSTHOCTH HE MPECTaB-
JSIeTCS BO3MOXKHBIM, TO B Ka4eCTBE OIEHOK pac-
cMmarpuBaloT nepssie m, (1) = M[X(f)] = X(¢) u BTO-
puie R (f) = M[(X'(f)- X(¢))*] anocTepropHbie Be-
POSITHOCTHBIE MOMEHTBI 9THUX MPOIIECCOB, HA OC-
HOBE T'ayCCOBOMW anmpOKCUMAIUH MJIOTHOCTEH Be-
POSITHOCTEH, UYTO UIMEET MECTO TIPU KATIMAHOBCKOMH
¢dunsrpanuu. [Ipy HAMUYUK HECKOJIBKUX U3MEPH-
TeJiel U COOTBETCTBEHHO — HECKOJIBKUX alTrOPHT-
MOB (prIIBTpaIy mporecca X(¢) st X KOMITIEK-
CHUPOBaHUSI PACCMOTPHUM YCIOBHYIO aroCTEpUOp-

CUCTEMHbIV AHAJTN3 U MPUKITAOHASI UHOOPMATUKA

1,2020



O6pabomka uHgopmayuu u npuHsimue peuleHull

29

X()

b4 man(?)

—

|:(>{ Ouistp ):){ brox KoMILIEKCHpOBaHUS
. fiX12)

fXX)

Puc. 2. Crpykrypa npouecca KOMIIEKCUPOBaHUS

HYIO IUIOTHOCTH BEPOSTHOCTH, KOTOPYIO 0003Ha-
guM f (X | X):

1

S =TT £(X]2) = e
= JeO"TIR,
= (24)

B YET Ol

ex

k=1

B Boipaxkenun (24) R;, u X, — anocTepropHbIe
BEPOATHOCTHBIC MOMEHTHI £-X BBIXOJIOB (PHIIBTPOB
Kanmana. Kputepuem xomrmiekcupoBaHust (ONTH-
MaJBHOM OILICHKH Tporecca X(¢)) B ATOM ciiydae
Oy/ZIeT MakCUMyM aroCTEPUOPHOTO IPaBIOIOI0-
ous (MAII), KOTOpOMY COOTBETCTBYET BBIpasKe-
HUE:

Xy () =argmax f(X|X).  (25)
X

Takum 0oOpazom, B cxeMmy, NPEACTaBISIONIYIO
CTPYKTypy Tiponiecca ¢unbrpanuu (puc. 1), He-
00X0IMMO JTOO0ABHUTH OJOK KOMIIJIEKCHPOBAaHHS
(puc. 2)

[Tony4yeHHBIE  anOCTEPUOPHBIE  OLEHKHU
X(8) = [%)... )7 (i = T, m) nepemennoit x,(t)
SIBJISA-IOTCS CITyYaliHBIMU HIPOLIECCAMHU C
HYJICBBIMH Ma-TEeMaTHYSCKUMHU OXKHIAHUSIMU U
JMCIEPCUSIMH R;, BBIYUCICHHBIMA Ha OCHOBE
pelnieHust ypaBHeHHIH
(17) m (18).

[Ipennonarasi, 4To CyIIECTBYET COBMECTHAs
IUIOTHOCTH BEPOSITHOCTH allOCTEPHOPHBIX OLIEHOK
f (X| X): BekTopa X(f) HEOOXOAMMBIM YCIOBHEM

MAII saBx eag;(lz| )A()
oX

=0.

X (O)=Xman ()

(26)

Co0O0TBETCTBEHHO OIIEHKAa MAaKCUMAJIEHOTO ITPaB-
JIOTIONOOMS TT0 allOCTEPHOPHON Juctiepcun OyneT
KOpHEM YPaBHEHHUS:

o (X[ X)
oX

=0.

R()=RmAT (1)

27

IIpn m He3aBUCHUMBIX HAOMIONEHUSX Zi(f) U m
¢unsrpoB Kanmana (k = 1, m) 3nauenus anocre-
PHOPHBIX XapaKTEPUCTHK Xyarp ¥ Ryjap CTydaii-
HOTO Tiporecca x(f), Ipu HCTIONb30BaHUH KPHUTe-
pust MAII B cootBercTtBHu ¢ (26) 1 (27) BBIUHC-
JISIOTCS U3 BeIpaskeHus (24) mo ¢popmynam:

A m
Ifck s Ryian :'_Lklek . (28)

M=

- _1
XMAI = 3,
k

3aMeTHM, 4TO B YCJIOBHSX HaJIMYMsl HEOIpe-
JEJICHHOCTEH TOYHOCTH allOCTEPUOPHOTO OLICHHU-
BaHUA N0 Kpureputo MAII B COOTBETCTBHHU C BbI-
paxkeHusimu (28) Oymer TeM BBIIIE, YeM OOJIbIIe
YHUCIIO U3MEpUTeNed 1 PIIBTPOB. DTO HE CIOKHO
JIOKa3bIBAETCS] MATEMaTUUECKU.

Ipumep

B kauecTBe mpuMmepa paccMOTPUM Ui Ha-
IISITHOCTH OJHOMEPHYIO CUCTEMY C ABYMs M3Me-
PUTEISIMHU, HBOJIOLUS KOTOPOH XapaKTepU3yeTCsl
ypaBaenusimu (15) u (16), mpeoOpa3oBaHHBIMU
K BUAY:

x() = ax(D)+ & (1), x(1y) =xp, (29)
71() = x()+ 61 () (30)
() =cx(1)+ () . (€29)

e &(f) — Oenplil IIyM Mporiecca HHTCHCUBHOCTH
gu M[E] = 0; §(f) m E,(f) — cooTBETCTBYIOIIHE
[EHTPUPOBAHHBIC OeJble NIYMBl H3MEpUTENCH
z,(t) m z,(f) ¢ ”HTEHCUBHOCTAMH ¢ # ¢,. I1n0T-
HOCTB BEPOSITHOCTH IIporiecca x(¢) rayccoBa BHIA:

2
exp| =)

1
1) = s D

Jnst He3aBUCUMBIX HaOMIOAeHUH z(f), z,()
city4aitHoro nporiecca x(f) u nByx ¢guisrpos Kai-
MaHa MO>KHO 3aIiCaTh BBIPAKEHHUE AJIS1 YCIIOBHOM
COBMECTHOH aloCTEpUOPHON TIOTHOCTH BEPOST-
HOCTH fix | x|, %,):

S (x| %,%;) =f(x|zl,)?1)f(x|zz,)?2) =

a2 Y 33
exp (x—X) (x X)) ’ (33)
2R 2R

1
2 /Rxl sz X Xy

(32)
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X1

X2

Puc. 3. pe3ynbpTaThl MAaTEMaTHYECKOTO MOJICIINPOBAHHUS

TIE X| U X5, Ry 1 R| — COOTBETCTBEHHO allOCTEPH-
OpHBIE MaTeMaTHYECKHUEe OXKUIaHUS U IUCIIEPCUH,
BBIYHCJICHHbIE HA OCHOBE NIPUMEHEHHs aJTOPHT-
MoB ueTpa Kamvana (17) — (18).

Onenka MaKCHMaJbHOTO anoCTEPHOPHOTO
MIPaBAOIIONO0US U CPETHETO 3HAUEHUS X SBIIS-
eTcs KOpHeM ypaBHeHHS (25), KoTopoe B AaH-
HOM clIy4ae JAByX M3MepHuTenel Oyner UMeTb KO-
peHb Xy, =+ (X, +X,), KOTOpEIil sIBIseTCS He-
CMEIIEHHON OIIEHKOW MaKCHMaJbHOTO aroCTepH-
OpPHOTO TIPaBIOTOAOOHS JJISI CPETHETO 3HAYSHUS
OTICHMBAEMOTO TIporiecca x(1).

Ha puc. 3 npencraBiens! pe3ysbTaTbl MaTEMa-
THYECKOTO MOJIETUPOBAHUS, BEITIOTHEHHOTO B Cpe-
ne Matlab-Simulink. Ha pwuc. 3, a, 6 npencrase-
HBI Tpa)UK¥ N3MEHEHUS BBIXOIHBIX CUTHAJIOB U3-
Meputenei. Ha puc. 3, 6 — rpaduku m3MeHEeHUS
BBIXOIHBIX cHTHaIOB (ribTpoB. Ha puc. 3, 2 —
rpaduK BXOAHOTO CHTHaia x(f) U TpaduK CUTHA-
J1a, TIOJIy9€HHOTO B PE3yNbTaTe KOMILIEKCHPOBaA-
HUS IBYX QWIBTpoB X, = X, (1) = X, . Kak mo-

Ka3aJH pe3yJbTaThl, MPeJCTaBIeHHbIE Ha rpadu-
Kax, pe3ylbTHPYIOMINH mporiecc X, (¢) ommke K x(%),
YeM BBIXOIHBIE CHUTHAIBI KaXJIOTO W3 (PHUIBTPOB
Xp1 M Xgp. 3amasapiBaHue MPOLECCOB Xy, Xgpn
u x,(f) oTHOCHTENBHO X(f) 00yCIOBIEHO WHEPIIHU-
OHHOCTBIO MAaTeMaTH4YeCKOW MOJICNI! ONTUMAITh-
HO# oOpaboTkn mHpOopMarmm (PrrsTpa Kamma-
Ha). [lomydeHHbIe pe3yIBTaThl MOATBEPIKAAIOT 000-
CHOBaHHOCTbH TIPUBEICHHBIX BBIIIE TEOPETUICCKUX
MTOJIO’KEHUH.

3akiroueHne

Ha ocHoBe ananm3a cyIecTBYIOIIUX METO-
JOB ¥ QJITOPUTMOB OLIEHUBAHUS MHOT'OMEPHBIX
CIIy4alHBIX HPOLIECCOB NPEIJIOKEH HOBBIA KpH-
TEpHUl OLECHUBAHNS — MAKCUMYM allOCTEPHUOPHO-
ro mpasgononodus. OOOCHOBAaHHOCTH TaKOIo
KPUTEpHUSI OCHOBaHAa HA TOM, YTO MHTEHCHUBHOE
pa3BUTHE TEXHUYECKUX CHCTEM CTaBHUT 3a4auy
MOJYYCHHsI ONTUMAJILHON OLICHKH MH(OopMauu,
MOJYYEHHOH OT Pa3iIU4YHBbIX HCTOYHHKOB U COOT-
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BETCTBCHHO OT()HIBTPOBAHHON IO KPUTEPHSIM
U [paBUjaM ONTUMAJbHOU 00paboTKH HH)OP-
Mal[id Ha OCHOBE H3BECTHBIX MaTEMaTHYCCKUX
MOJIeJIel OI[EHUBACMBIX IMPOIECCOB U HU3MEPH-
TEJICH.

[TonmyueHHbBIE BhIpAKEHUS JJIs1 KOMILUIEKCHPO-
BaHUs arlOCTEPUOPHBIX OIICHOK IpoLecca sBIIs-
FOTCsSE 0OOCHOBAHHBIMM B paMKaX JIMHCHHBIX Ma-
TEMATUYCCKUX MOJICIICH MPOIECCOB U U3MEPUTE-

JIeH, a TaK)Ke — IPHUHSTHIX JOIYILIEHUN O raycco-
BOM XapakTepe UMEIOIINXCsl HEOIPECICHHOCTEH.
PC3yJH)TaTI)I MAaTeMaTu4€CKOro MoACJINpPOBaHUA
MoKazajgn paboTOCIOCOOHOCTh MPEATIOKEHHOTO
METoJa KOMIUIEKCUPOBAaHHUS. MeTol MO3BOJISET
pelarh psl npakTuyeckux 3ajad. [Ipu aTom Tou-
HOCTb U JOCTOBCPHOCTH IMOJYUCHHBIX PC3ylibTa-
TOB OyZleT OmpeensThcsi 000CHOBAaHHOCTBHIO CO-
OTBETCTBYIOIIUX JIONYIICHUH.
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LOBATY A. A, BUMAI A. Y.

FEATURES OF CONSTRUCTION OF EVALUATION ALGORITHMS
MULTIDIMENSIONAL RANDOM PROCESSES

Belarusian National Technical University, Minsk, Belarus

The problem of evaluating the information which is present in random signals from various sources-meters is considered.

It is assumed that the random process which is evaluated and the meter output according mathematical description of the
problem are vector random processes. In this case, the dimension of the vector of the measurement can be larger than the di-
mension of the vector of the process being evaluated. The analysis of analytical methods and algorithms of the estimation that
based on the determination of the main probabilistic characteristics of a random process by both the a priori and the a poste-
riori methods with various optimality criteria is carried out. Based on the analysis, the problem of complexing of the meters of
the random process is considered according the proposed criterion for the maximum of posterior verisimilitude, combining the
criterion of maximum verisimilitude and the criterion of maximum the a posteriori probability, general methodology complex-
ing is developed. Proposed example of the complexing shows the efficiency of the proposed method. This approach to the
construction of the algorithms of the evaluation for multidimensional random processes allows to increase the accuracy of
estimation, since it takes into account additional information and its complex processing.

Keywords: estimation, criterion, probability density, filtration, complexing.
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V]IK 004.056.55

B. A. JIMITHUIJKUH, C. ©. CEMEHOB

CUHAPOMHBIE CNEKTPbl OPBUT OLUMBOK B PC-KOAAX

Boennas akademus Pecnyonruxu benapyco, Munck, Pecnybnuka benapyco

Jlanuas cmamusi nocesujeHa ucCcied08aHUK C8OUCME CUHOPOMOE ouubox 6 kodax Puoa-Conomona. PC-ko0vl no-
CcmpoeHbl Ha He0gouunvlx angasumax. Ilosmomy, ¢ omauuue om k00oe boysa-Hoyoxypu-Xoxeunzema, PC-ko0wl co-
deparcam UCKIIUUMEIbHO OOIbU0e MHO2000pa3ue KoppeKkmupyemvlx owubok. /[nsa koppekyuu smux ouuboKk npeoia-
2aemcesi cucmemMamuyeckoe npUMeHeHue aemomoppusmos k0006. Xapakmepuvimu asmomoppusmamu PC-k0006 51615~
OMCs yukaudeckue u ag@uHnuvle no0Cmanosku, 0opasyowue yukaiuieckue epynnol I'u A coomeemcmeenHo, nopsioxku
KOMOpwIX cosnadarom ¢ onunol kooa. [lokazano, umo yukiuueckas u agppuHHas nOOCMAHOBKYU KOMMYMUPYIOM Opye
¢ Opyeom u nopoacoaiom coemecmuyto Al-epynny xak npsamoe npoussederue nooepynn A u I /lanuvie mpu epynnol
delicmeyom Ha NPocCmpancmee 6ekmopos-ouubok PC-ko0os, pazbusas 3mo npocmpancmeo Ha mpu euoa opoum
owubok. Kax npasuio, smu opoumul si81510MCsi NOIHLIMU, MO €Cb COOEPAHCAN MAKCUMATLHO B0ZMONCHOE KOAUYECMEO
owu6ox. CUHOPOMBL ABAAIOMCS OCHOGHBIM UHOUKAMOPOM HAAUYUs ouwubok 6 kasxcoom npunamom UKC coobwenuu,
cpedcmeom mouHou uoeHmugurayuu smux owubox. Mccredosana cneyupuka cuHopomos 08otiHbLx ouubok 6 PC-
KoOoax. Yemanosneno, umo cnexmpvl CUHOPOMO8 OpOUmM OwuUbOK Makaice s8AAOMCs NOAHLIMU 8 NOOAGIOUeM O0b-
wuHcmee cayuaes. [Jokazano, umo cmpykmypa cRekmpog CUHOPOMOE KORUpyem CmpyKmypy camux opoum, Komopble
6 C60I0 0uepedb KONUPYIOM CIMPYKMYpPY 2pYRn agmomopdusmos kooa. Tlonyuennvle pe3yivmanmol a6is0mes cyuje-
cmeenHbM 6Kknadom 6 nocmpoenue THC 015 k0odoe Puda-Conomona.

Knrouesvle cnosa: nunetinwiii k00, PC-k00, cunopomvi ouubox, asmomop@uzmol KoO0s, YUKIULECKAsi NOOCMAHOBKA, ag)-

¢unnas noocmanogka, opoUmsl 6eKMopPoG-oUUOOK.

BBenenue

Konmpr Puma-Conomona, Gnaromaps jekarie-
MYy B MIX OCHOBE HEIBONTHOMY al(aBUTy U OOIh-
IOMy MHUHHMAaJIbHOMY DPAaCcCTOSHHUIO, CITOCOOHBI
KOPPEKTUPOBATh OOJBIIHE aHCAaMOIH OMINOOK,
MTO3TOMY TIOCTOSTHHO PAaCIIMPSIETCS] CIEKTp pPH-
JIO)KEHUH TaHHBIX KomoB [1-3].

[TepeBon Teopun PC-KOmOB ¢ TIOTMHOMHAIE-
HOTO f3BbIKa HA MATPUYHBIA OTKPBHIBAET MEPCIEK-
THBBI ITUPOKOTO TPUMEHEHHS B 00pabOTKe ITHX
KOJI0B Teopun mone l'amya, pa3BUTHA Teopuu
vopMm cuaapomoB (THC) Ha xomst Puma-Comomo-
Ha [4, 5].

THC crpoutcsi Ha OCHOBE XOPOIIEH, JIETKO
KOHCTPYUPYEMOU TPyHIBl aBTOMOP(H3MOB, Icii-
CTBYIOIINX Ha TNPUMEHSIEMOM IJMHEHHOM KoJe.
B xomax BUX Takumy ObLIA IIUKIMYECKUE U M-
KJIOTOMHUYeCKHe mmoncTaHoBku [5]. Kak mokazamm
nccaenoBannsa [6], MUKIOTOMHYECKasl TIOICTa-
HOBKa M3-3a HEIBOMYHOTO an(aBUTa HE MOXKET
OBITE aBTOMOpdU3MOM PC-Koma, ogHaKo TpH He-
CKOJIBKO PacIIMPEHHOM ITOHMMaHUU aBTOMOP(H3-
Ma JIMHEHHOTO Koja (KaK HEeBBIPOKIECHHOTO JIH-
HEWHOTO TpeoOpa3oBaHMs) K HUM MOXKHO OTHE-

cti adpUHHBIC TTONCTAHOBKH WA TOMOTCTHH.
[larnas paboTa MmocBsIIeHa pa3BUTHIO CYIIECTBEH-
Horo pasmena THC — wmccrmemoBaHWIO CBOWMCTB
CHHIPOMOB OIMOOK W CIICIU(PUKHA CHHIPOMHBIX
CIIEKTPOB OpOUT ommboK B komax Puma-Coio-
MOHa.

Heo0xoquMble cBeaeHHS
o xogax Punga-CosroMoHAa

ITon xomom Pupa-CosiomoHa MBI ITOHUMaeM
JUHEWHBIN OJOKOBBIN KO JUIHEI N = g—1, ompe-
JesieHHbIid Hag oneM Lanya GF(q) u3 g anemMeH-
TOB, rae g = p” > 2 1 NpocToro 4ucia p U Ha-
TypajibHOE€ m > 1, KOTOpBIUA 3aAaeTcsl IpOBEpOY-
HOU MaTpuuen:

) . T
H =[ab’, (x(b+1)l,..., a(8_2+b)l] ,0<i<N-1,
(1)

C DIIeMeHTaMH, MpHHAIekKAUMU moimto GF(q)
[1, 3, 4]. Marpuma (1) umeeT pa3MepHOCTH
(6—1)xN u panr 6-1 nag nonem GF(g). B nans-
HelmeM 5TOT Ko Oyaem o00O3HauaTh uepes
RS(N, K), tne N — mmna PC-xoma, K=N—-0+ 1 —
KOJIMYECTBO HMH(POPMAIMOHHBIX CHMBOJIOB, pas-
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MEpHOCTh koja. MuHuManbHoe pacctosinue PC-
koma paBHo D=N—-K+ 1 =91, c. 289].

Ha mnpaktuxe npeamnourenue otmaerca PC-
koxaMm ¢ b = 1. Torna npoBepounast marpuna (1)
OpUHUMACT BU:

. , AT
H:[a’,ocz’,...,oc(s_])l] ,0<i<N—-1, (2)

Bexroper-ommoku B xomax RS(N, K) = RS(g-
1, g—0) mpunHammexar (g—1)-MepHOMY BEKTOPHO-
My npoctpancTtBy Vy(GF(q)) nag monem [amya
GF(q). IlopToMy B JaHHOM KOJIE€ UMEETCS BCETO
(g—1)? omm60x BecoM 1; TBOWHBIX — qu_1 (- 1)2
omm6ok Becom > 1 — C” (¢ — 1), uro B (g-1)
© pa3 Gomnbmie, yeM y aBonyHoro bUX-koma Toit
e JUHBL. O4YeBUIHO, ¢ pocToM N U ® KOIU4Ye-
CTBO HCIpaBiIsieMbiXx PC-komoM ommOOK CTpEeMH-
TEBHO PACTET, BEKTOPHI-OMIMOKH BECOM, MEHB-
muM D obHapyxuBaeMbl komoMm RS(N, K) u uc-
TIpaBJIsIeMBbI, €CIu ux Bec ¢ < (D—1)/2 nnsa HeuerT-
HBIX D u t < (D-2)/2 nns 9€tHBIX 3HaueHu# D [1].

[TonsTHe aBTOMOP(HHU3MOB B TTIOMEXOYCTOMYIH-
BOM KOJMPOBAHUM BBEACHO C CHJIBHON ONNISAIKOM
Ha TBOMYHBIE KOJBI [ 1, Ti1aBa §]: 3TO mepecTaHoB-
KM KOOPJHWHAT BEKTOPOB, MEPEBOSIINE BCE KO-
JIOBBIC CJIOBa B KOMOBBIC. B [6] mokazaHo, 49TO
PC-xon ¢ mpoBepounoii marpuneh (1) sBiusercs
OUKIMYECKIM TOTOMY, YTO OIIepaTrop LHKIUYe-
CKOI'0 CIBUTA G, KOTOPBIM NEUCTBYET Ha KaXKIbIA
BekTop € =(€),¢5.....¢y ) €Vy (GF(¢)) mno mpa-
BHITY: G(E =(ey,€,€y,...,ey_; ) , KOIOBbIE CI0BA
xoma RS(N, K) = RS(g—1, g—0) mpeoOpasyeT B Ko-
noBble. CTENEHH G COCTaBISIOT ITUKIHYECKYIO
rpymy I' = {c, 62, ..., 6"=e} mopsaxa N 11 ToX-
JIECTBEHHOTO OIepaTopa e.

K npuHImNmaisHO ”HOMY THITY aBTOMOPhHU3-
MoB PC-komoB cienyer otHectr ad(UHHBIE TTON-
CTaHOBKHU WJIM TOMOTETHH, TO €CTh Mpeodpas3o-
BaHUS fY :X =YX BEKTOPHOTO MPOCTPAHCTBA
V\(GF(g)) —ipoctpancTBa orm6ok xofa RS(V, K) =
RS(q-1, g-8) [6].

[Ipeobpasoanus f, 06pasyror rpymmy A oT-
HOCHTEIIBHO OTepariii KOMITO3HUIIMH OToOpa-
JKeHHUH, HW30MOPGHYIO MIHUKIHYSCKOW TpYIIIe
GF(q)" mopsakxa g¢-1. B culy IUKIMYHOCTH
rpynna A uMmeer CIeyIoLlyl CTPYKTypy: A =
<fa> = fa,faz seues [ N =€ AN MPHUMHTUBHOTO
JJIEMEHTA O TTOJIA G%(q), 00pasyromieil MyJIbTH-
IIMKaTHBHOM rpymmsl GF(q)".

He ciioxHO mpoBepuTh, YTO ONEPATOPBI fy U G
KOMMYTHUPYIOT APYT € IPYroM: of, = f,G, 4To 1e-

peceuenune I'NA = {e}. OTcrona ciemyer, 4To Mu-
HUMasibHas noarpynna B rpynne Aut(RS(N, K))
aBTomopdusmo PC-koma, comepxkamas A u T,
COBMAJAET C MX MpsIMBIM mpou3BeaeHueM Al
W ABJIseTCA IpyIoit mopsaxa (g—1)>.

[TepeuncneHnbie aBTOMOP(QHU3MBI TTOPOKAAIOT
TPH Pa3IMYHBIX KJIacca OPOUT BEKTOPOB-OIIUOOK
B PC-xonax: A-opourtst, I'-opoutsr u AI'-opOUTEL.

J1s1 BCSIKOTO BEKTOpaA € # 0 u3 MIPOCTPaHCTBA
Vy(GF(q)) nopoxaeHHas uM A-opbura <E>A
UMEET CIEeNYIOUIYI0 CTPYKTYPY:

(@), =121 (@) £,2(@)s oo f 1 (2)] =
{E, ae, OLZE, ey aN’lé} .

Bce A-opOuTHI, MOPOXKICHHBIE HEHYJICBBIMU
BEKTOPAMH, ABJISIIOTCS IIOJTHBIMHU — COJIEPAKAT MaK-
CHMQJIBHO BO3MOYKHO€ YHUCJIO BEKTOPOB, HUMEIOT
MomHOocTh N. I'-opOura <E>r, IMOPOXKACHHAs
3TUM K€ BEKTOPOM, UMEET MOXOKYI0 LHUKINYE-

CKYIO CTPYKTYpY:
(@) ={e. o(2). 0’ (2), ... "' (e)}
I7e vV — HaMEHbILIEe LEI0E MOJIOKHUTEIBHOE YHC-
JIO C YCIIOBHEM: G (E)zE. Korma v = N I'-op-
OuTa TakXKe COAEPKUT MAKCUMAaIbHO BO3MOXKHOE
KOJIMYECTBO BEKTOPOB W IOTOMY SIBIISICTCS IIOJI-
HOW. 3HaueHne v < N Takke BO3MOXKHO, peanu3y-
eTCsl, KOIZla BEC BEKTOpa SIBISETCSA IeJIUTeNIeM
uncia N. K npumepy, B npoctpanctse Vy5(GF(24))
BekTop ¢ =(a, 0,0,0,0,0,0,0,0,a,0,0, a, 0,0)
C TIPUMHTHBHBIM 37eMeHToM o € GF(2%) moposk-
JIaeT, O4eBUAHO, [ -OpOUTY MOIIHOCTRIO V = 3.
Kaxnas Al'-opbura <E> Ap CocTonT u3 v(g—1)
BEKTOPOB U1 vV = N wiu 1js v, gensimero N, u,
B CHJIy B3aMMHOH KOMMYTHPYEMOCTH HOJACTaHO-
BOK G H f,, IMEET CIEAYIOLLYIO CTPYKTYpY:

@ = (@) (@), o (= @),

NI

(@)ar = (@) (@)oo (077) >r |-

Taxum obpazom, Al'-opOuTy MOXKHO paccMaTpu-
BaTh Kak oO0benunenue N [-opouT, nepexonsmux
IpyT B Apyra mox JeiictBuem aBroMopdusma f,
WM e KaK o0benHeHne v A-opOuT.

Ecnmn K — MHOXKECTBO BCEX KOPPEKTUPYEMBIX
PC-xomoM BEKTOpOB-OMIHOOK MOITHOCTEIO |K]|, TO
OHO pa3zbuBaeTcst Ha MHOXKeCTBO [-opouT K1 niu
A-opoutr K,. Kak mpaBuio, Oymem paccmarpu-
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BaTh HauOojee KpyrHble opOuThl — Al'-0pOUTEHI.
[Honmasnsromee 60abmMHCTBO Al'-0pOUT sBISIET-
Cs1 TIONTHBIM — COJIEPSKHUT 110 N? BEKTOPOB-OIIHOOK,
MO9TOMY MOIIHOCT |K | IPUMEPHO paBHA BEIH-
uune |K|/N?.

CrnekTpbl CHHAPOMOB OPOMT OIIHOOK
B PC-kopax

[IpuemHoOe yCTpONCTBO MH(POKOMMYHHKAIIH-
ornoi cuctemsl (MKC), paboraromiee Ha OCHOBE
PC-xona, mpoBepsieT KakI0e MPUHATOE COOOIIEeHNE
X Ha HaJIW4#e OIMOOK BBIYUCICHHEM CHHIPOMA
S(X)=HX". B cootBeTCTBUHM €O CTPYKTYpOii
rpoBepouHoi Marpuisl (1) wmm (2) cuHApoM mpea-
craBiser co0oit Bektop S(X)=(s;, 55, ..., S51)
¢ 0—1 xoopauHaramu u3 nonst GF(g). Cunapom
S ()?) MOXET OBITh TFOOBIM BEKTOPOM O—1-MepHO-
ro mpoctpanctBa Hajg moneM GF(qg). Takum 00-
pasom, B PC-koze mmeercs ¢° ! pasmuunbix cun-
JIPOMOB BEKTOpOB-0IIHOOK. Eciu S ()_c) =0, To
X =C — paBUWIBHOE KOJIOBOE coobmenue. Ecim
ke S(X)#0, TO X=C+e, Ie € — HAIOKHB-
LIWICS Ha IPaBUIIBHOE COOOIEHHE ¢ HEHYJIEeBON
BEKTOp OITHOOK, TIOMISKAIITIH TaTbHEUTIICH UIeH-
TU(UKAIIY,

N3-3a GompIioro pasHOOOpaswsi CrieKTpa CUH-
npomMoB y PC-ko10B HEKOTOpBIE TTPUBBIYHBIC /IS
JnBon4HbIX BUX-K0/10B CBOMCTBA CUHIPOMOB 3/1€Ch
MOTYT Hapymuthcs. K mpumepy, y JTBOUYHBIX KO-
JoB XemmuHra 1 BUX-ko/10B nepBast KOMIOHEHTA
CUHZpOMa J1I000M BOMHON OmMOKH BCerga OT-
JMYHA OT HyIs. Y KofoB ke RS(N, K) ¢ mpoBepod-
HOM Marpuuel (1) nim (2) Bcerna HalayTCs IpH-
Mepbl BEKTOPOB-OIIMOOK € BECOM 2 M ¢ KOMIIO-
Hentoii 5, = 0y cuaapoma S(2) = (s, 55, ..., S5_1 ).

Bornee Toro, ams kaxxaoro memoro i, 1 <i<6-1,
HalJETCA BEKTOP € BECOM 2 ¢ KOMIIOHEHTOH
cunapoma s; = 0. Hampumep, BekTOp-ommOKa
e :(2",0,...,0,1,0,...,0 ¢ 1 ma i+l-om Mmecre
B kome RS(N, K) ¢ mpoBepouHoit marpurieit (2).
OnHako, UMEET MECTO.

Jlemma 1. B xome RS(N, K) ¢ mpoBepodHOH
MaTpuiiei (2) He cymecTByeT BEKTOPOB- OUTHOOK
BECOM 2, CHHAPOMBI KOTOPBIX HMENHU OBl JIBE KOM-
MTOHEHTHI, paBHbIE (.

JloxazarenbCTBO METOAOM OT MPOTHUBHOTO.
[Ipennonoxum, 4To Takas BEKTOP-OIIMOKA € C KOM-
nonentamu s, = 0, s, =0, I < p <v <51, Beé-
TaKW CYIIECTBYET € = (0,...,0,x,0,...,0,y,0,...,0)
C HEM3BECTHBIMH KOOpIAMHATaMH X, y € GF(2™)"
Ha HEONpPENENeHHbIX MO3UIMsX i, j, 1 <1 <j<N.

KoMnoHeHTHI S!’1 " s, MNOJYy4YaroTCA YMHOKCHHEM

L-0¥ U V-0 CTPOK MaTpuIsl (2) Ha BEKTOp € :

_ (D _ g,
S, =0 X+ y= Oa
: (3)

sy =al x4 oc(j_l)vy =0.

v

HOHy‘lGHHBIe PaBCHCTBA MOXHO paccMaTpu-
BaTb KaK CUCTCMY JIMHEHHBIX OJHOPOAHBIX YypaB-
HEHHUI OTHOCHUTEILHO HEU3BECTHBIX X U y. Onpe—
JACINUTECIIb CUCTEMBI

A= a(i—l)ua(j—l)v n a(i—l)va(j—l)u _

ocv(i_l)+”(j_1) (1 + a(v_“)(j_i)) #0.

ITo mpaBmiry Kpamepa nanHas cuctema JODKHA
MMETh €TUHCTBEHHOE, a, CJIeI0BATENBHO, HYIEBOE
pemenue: x =y = 0. Ho Torna Bec Bekropa e pa-
BeH Hymo. [lomydeHHoe npoTtuBopeune 3aBepiua-
€T J0Ka3aTeJIbCTBO JIEMMBI.

CaenctBue 1. Y cunznpoma 1ro000ii JBOHHOR
OIMMOKU HEe MeHee 0—2 KOMIIOHEHT OTIWYHBI OT
Hyns (Bce s; # 0, 32 HCKIIIOUCHUEM, MOXKET OBITb,
OJTHOM).

Koneuno ke, 0a30BbIE CBOWCTBA CHHAPOMOB
coxpaunsitores u ans PC-konos. B Tom uucie u ta-
KO€ CBOMCTBO, KaK TOIAPHOE pa3inyue CHHIPO-
MOB Y J1I000 JEKOAUPYEMOH COBOKYITHOCTH BEK-
TOPOB-OIIMOOK, KaK HAIPUMeEp, TIOMIAPHOE Pa3iin-
Yye CHHIPOMOB OJMHOYHBIX M JBOWHBIX ONIHOOK
B PC-Kozne ¢ npoBepouHoii marpuueii (2).

CHHIPOMBI BEKTOPOB-OIIMOOK MO/ ACHCTBU-
€M Ha 3TH BEKTOpbl aBToMop¢uzMoB PC-komos
M3MEHSIOTCS [0 CTPOrO ONpeeTICHHBIM IpaBHiIaM.

Ipennoxenue 1.

_ T

IMycTs S(e) = (sl, Sy5eens s;H) — CUHIPOM
BekTopa-ommOku e B PC-xome ¢ mpoBepovHOI
Mmarpuneii (1). Torga mis aBToMopdu3Ma MUKIH-
YECKOTO CIIBUTA G BEKTOP G(E) UMeET CHHAPOM

S(G(e_))=(ocAbS_l,0L/\2bs_2, cee
ar(d-1)bs_(8-1).

“4)

Ecmu PC-xon 3aman mpoBepOIHON MaTpHIICH
(2), 10

S(G(E)) =((xs1, oczsz, e OLB_ISS_I). %)
B PC-kone ¢ npoBepounoit marpunei (1) wiu

(2) cuagpom
S(£,(2))=(v81 ¥520 -, ¥55.1) =¥S(€). (6)

JloxaszarenbcTBo. ITycTs KOz 3a1aH IPOBEPOYHOM
marpuneii (1). Ilycts y BexTopa e = (el,ez,. . .,eN)
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OTIIMYHBI OT HYJA KOOPAMHATHI C HOMEpaMu ij,
iy, ..., I,. Torma amst nenoro 7, 1 <7 < 8-1, KoMmIIO-
HEHTa §; CHHJIpOoMa S(E) = (sl, Sy eens 55—1) B-
JISIeTCsl pe3yabTaTOM YMHOXEHHUS i-0i CTPOKH Ma-

Tpu1b! (1) Ha BEKTOp € W eCTh BeTHYHHA

b+i—1)(i~1
R
1
b+i-1)(ip -1 b+i—1)(ig—1

NI Cr (S

) Ls
Y Bekropa G(E) HEHYJIEBBIMH OyIyT KOOpIMHA-
TBI C HOMepamH i+1, ir+1, ..., ii+1, COOTBETCTBEH-
HO paBHbIE fil , ?2 s fis .THoaTOMy y BEKTOpa

S(G(e)) =(8,82,...,85_1) 1-1 KOMIOHEHTa

o (b+l.*l)l-1

(b+i-1)ip (b+i-1)ig

e =

e, +o e, +...ta )

0Lb+i—1((x(bJri*l)(il*1)61_1 " (X(Z’*"’l)("2’1)ei2 +.t

i°

OL(b+i—1)(is—1)eiY )= ol

4T0 JoKasbiBaeT Gopmyiny (4). @opmyna (5) sBis-
€TCs YaCTHBIM CitydaeM (opmyiibl (4). Dopmyna (6)
CllelyeT U3 CBOWCTB JIMHEWHOCTH CHH/IPOMA H BEK-
TOPHO-MAaTPUYHBIX BeruucieHuii: S(ye)=yS(e).

Caencreue 1. Ecnu y cunmpoma S(e)=
(815 895 -ves SS,I)T Kakasg-HUOyAb M3 KOMIIOHEHT
s; =0 (s; # 0), To 5TUM K€ CBOWCTBOM 00MagaroT
U BCE i-€ KOMIIOHEHTHI BCEX BEKTOPOB-OIIMOOK M3
AT -0opOuTBI, KOTOPOI MPUHAAJIEKUT BEKTOP € .

Jloka3aTenbCTBO CIENCTBHS HEMOCPEACTBEH-
HO BbITEKaeT u3 popmyin (4)—(6).

Onpenesaenne 1. MHOXeCTBO BceX MONapHO
Pa3IMYHBIX CUHIPOMOB Ka)JA0W OTAEIBHO B3SITON
OpOUTHI BEKTOPOB-ONIMOOK HA3bIBACTCSI CHHAPOM-
HBIM CIIEKTPOM 3TOH OpOHTHI.

®opmynsl (4)—(6) TOKa3BIBAIOT, YTO CHEKTPHI
CUHJIDOMOB KaXJIOW OT/EIBHO B3STON [-OpOHTEHI
Wi A-opOHUTBI UMEIOT YETKO OYEPUEHHYIO CTPYK-
TYpy, CHHXPOHHO KOTHPYIOMIYIO IHKIHYECKYIO
CTPYKTYpYy caMux opOUT (s oo — oOpaszyromiei
rpymmel GE(2™)):

S((E)r ) = {oa"s1 , oczisz, cees a(s_l)iss_l},

S(<E>A)={ais1, (xisz, e aiSS_l},OSiSN—l.
(®)

IIpennoxenne 2. ITycts xog RS(N, K) 3a-
JaH TpOBEpoYHOW Marpuieil (2), a BeKTop-
omubKa € # 0, HO U He SIBIAETCS KOTOBBIM CJI0-
BoMm. Torma A-opbuta <E> A ABIAETCA IOJIHOM
C TOJHBIM CIIEKTPOM CHHIPOMOB S (<E> A ), TO
€CThb ‘S(<E>A )‘ = ‘<E>A‘ =N.

Ecin I'-opbuta (€). MMeeT MOJIHBIN CIEKTP

CHUH/IPOMOB (TO €CTh MOIHOCTH ‘S <E>r ‘:N ),

1O 1 I"-opbuTa (E)r SIBJISIETCS TTOJTHOM: (E)r =N.

Ilycte I'-opOuta <E>r “MeeT MOIIHOCTH V,
paBHYyI0 N Win AEJSIyo N, COEKTp CHHIPOMOB
KOTOpo#l Tarxke paBeH v. Torma opOuta <E> AT
UMEET MOILIHOCTh VN CO CIIEKTPOM CHHAPOMOB
S (<E> AF) MOILIHOCTBIO V.

HoxazarenbcTBo. B ycnoBusx npennaoxeHus 2
S (E) # 0. A 3TO 03HAYaET, 4To 110 KpaiiHeil Mepe
OHAa M3 KOMIIOHEHT s§; # 0 y cuHapoma S (E).
Torna mHOXecTBO {a'*s;}, 0 <j < N-1, umeer Mom-
HocTh N. B cumy dopmymnsl (8) 3TOT (hakT mpuBo-
IUT K BBIBOAY, YTO CIIEKTP CUHAPOMOB S <E>
TaKXe UMEET MOIIHOCTh N.

A

3akjoueHue

CUHIpPOMBI SBISIIOTCSI OCHOBHBIM HHJNKAaTO-
POM Hanmuuusi oHOOK B KaxkaoM npunsitom MKC
COOOIICHUH, CPEICTBOM TOUYHON HACHTH(PHUKALIUH
atux ommbOok. MccnenoBana crienuduka CHHIPO-
MOB JBOMHEIX omuook B PC-komax. Iuknnaeckue
U auHHbIC MOACTaHOBKKM Ha PC-Kkomax mopox-
JIAIOT Ha HUX TPU BUJA TPpynI aBToMophu3mos: I
A u AI. CoOTBETCTBEHHO OMNPEEIAIOTCS TPHU
BHUJIa OPOUT BEKTOPOB-0HOOK. Onmcana crierudu-
Ka CIIEKTPOB CHHJIPOMOB 3TUX OpOHT ommubok. [1o-
Ka3aHo, 4TO 3TU CHEKTPHI, KaK MPaBUIIO, SBIISIOTCS
no’aHbIMHA. CTPYKTYypa CHEKTPOB CHHPOMOB KOIIH-
PYET CTPYKTypy camMHX OpOHWT, KOTOpbIE B CBOIO
o4epe/ib KOMUPYIOT CTPYKTYPY COOTBETCTBYIOIIMX
rpynn aBromopdu3mMoB koxaa. [lomydennsie pe-

(7) 3YJIBTAThI SABIAIOTCA CyIICCTBEHHBIM BKJIA/IOM B I10-
0<i<v-Lv=Nwumv gemr N. crpoenne THC nn1s konos Puna-Conomona.
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LIPNITSKI V. A., SEMYONOV S. L

SYNDROME SPECTRUMS OF ERROR ORBITS IN RS-CODES
Military academy Republic of Belarus

This article is devoted to the research of the properties of syndromes of errors in Reed-Solomon codes. RS-codes are built
on non-binary alphabets. So, unlike BCH-codes, RS-codes contain an extremely large variety of correctable errors. To correct
these errors, a systematic application of automorphisms of codes is proposed. Characteristic automorphisms of RS-codes are
cyclic and affine substitutions forming cyclic groups I and A whose orders coincide with the code length. Cyclic and affine
substitutions commute with each other and generate a joint A" group, what is the product of subgroups A and I These three
groups act on the space of error vectors of RS-codes, breaking this space into three types of error orbits. As a rule, these orbits
are complete and contain the maximum possible number of errors. Syndromes are the main indicator of the presence of errors
in each message received by the information system, a means of accurately identifying these errors. The specificity of syn-
dromes of double errors in RS-codes is investigated. Determined that syndrome spectrums of error orbits are also complete in
most cases. Proved that the structure of the syndrome spectrums copies the structure of the orbits themselves, which in turn
copy the structure of groups of code automorphisms. The results obtained are a significant contribution to the construction of
the theory of syndrome norms for RS-codes.

Keywords: linear code, RS-code, error syndromes, automorphisms of codes, cyclic substitution, affine substitution, orbits
of error vectors.
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INTERDISCIPLINARY STRUCTURY ANALYSIS SYSTEMS
IN THE FIELD OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES

Belarusian National Technical University
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Introduction

In a relatively short time of technological evo-
lution, information technology has been trans-
formed into artificial intelligence technology.
Computer programs capable of self-learning, in-
dependent search for solutions to problems, and
decision making have been developed. Software
development is accompanied by scientific re-
search through an interdisciplinary cluster of cog-
nitive sciences. This cluster integrates mathemati-
cal logic, cognitive psychology, cognitive linguis-
tics, neurophilosophy, neurophysiology, neurobi-
ology, anthropology, philosophy of conscious-
ness, artificial intelligence theory, cognitive man-
agement, cognitive economics, neuromarketing,
Internet logistics of technology platforms, model-
ing methodology. Key positions in this research
cluster are retained by cybernetics, focused on
management tasks.

Strong artificial intelligence is developed on
the basis of computer evolution programs. A di-
rection of development was formed on the basis
of evolutionary genetic and neural approaches.
The thesis is used that human thinking and the
brain have mental representations similar to com-
puter data structures and computational proce-
dures similar to computational algorithms. Since
the human brain is identical to the computer in the
content of processes in the form of calculations,
the priority in the development of artificial intelli-
gence is given to the simulation of cognitive pro-

cesses that take place in the human brain. At the
same time, the principle of demarcation between
artificial intelligence and the decision-maker is
maintained. Artificial intelligence is designed to
make decisions, but not to make them, because
subjective experience and will remain the compe-
tencies of people. The article discusses the meth-
odological strategies of integrated computer lo-
gistics in the field of artificial intelligence, fo-
cused on the tasks of the cognitive economy.

Main part of the study

Information technology was created in the
twentieth century on the basis of the paradigm of
functionalism. According to this paradigm, the
description of functional properties and relation-
ships is logically independent of the description
of physical properties and relationships. This
means that the same functions can be reproduced
on substrates with different properties. In this
context of consideration, human thinking is simi-
lar to mathematical calculation. It was only neces-
sary to develop, within the framework of formal
logic, the programming mechanisms necessary
for the transformation of natural language state-
ments into statements of an artificial language,
one of the modifications of which is the language
of mathematical calculi. Mathematical logic
coped with this task. Human thinking was formal-
ized on the basis of a specific set of functions for
processing information, storing and transmitting
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information. At this stage, algorithms were devel-
oped for solving specific computational problems
related to statistics, costing, document manage-
ment, design and construction. Human thinking
was freed from routine arithmetic calculations sim-
ilar to the function of a calculator. After the com-
puters were combined into an information network,
they began to perform the function of transmitting
and receiving information (feedback). It turned out
to be relevant in the face of increased volumes of
information necessary for decision-making. It was
the beginning of cybernetics.

Information technology developers wanted to
transfer more functions of human thinking to
computer technologies. This means that in the de-
scription of the function of thinking it was neces-
sary to introduce features of human conscious-
ness. That was the beginning of the methodology
of simulation modeling of information processing
functions in the human mind. For this purpose,
the categorial apparatus of cognitive science has
been updated. He became the basis of the paradigm
of cognitive sciences. The initial thesis of this para-
digm is that people act on the basis of cognitive
codes. Their behavior is a causal consequence of
operations performed on the basis of these codes.

As a result of cognitive activity, a system of
meanings (concepts fixed by the word) is created,
which refers to the fact that the individual knows
and thinks about the world. In a systematic form,
these meanings are represented by a mentality,
which is understood as a stable set of attitudes and
predispositions of an individual or social group to
perceive the world in a certain way. Mentality re-
flects the style of thinking, as well as mental atti-
tude, national character, attitudes, values, behav-
ior, activities, mental processes.

The subject of cognitive linguistics is the pro-
cesses of perception, categorization, classification
and understanding of the world, the accumulation
of knowledge, that part of the information that is
reflected and fixed in the forms of language.
Frames (stereotypical situations, scenarios), con-
cepts (the totality of all meanings expressed by
the means of the language), aestaltes (integral ad-
ditional images of fragments of the world) be-
came the instruments of operation. The language
sign system plays a role in coding and transforma-
tion of information. Categorization develops con-
cepts in which the most relevant properties for
everyday consciousness are concentrated. Genera-

tive (transformational) linguistics of N. Chomsky
has become one of the grounds for creating a new
generation of computer programs that take into
account the characteristics of subjective reality
[1]. Its essence is that transformational and struc-
tural rules, principles describe the creation and in-
teriorization of language expressions. Using a fi-
nite set of grammar rules and concepts, people
can create an unlimited number of sentences. The
ability to structure expressions is an inherent part
of the genetic program of humans. They are prac-
tically unaware of these structural principles.
People only need to learn lexical units and mor-
phemes in order to construct expressions. Under-
standing the language is not due to past experi-
ence of behavior, but to the mechanism of lan-
guage acquisition (internal memory structure).

J. Fodor developed the theory of human brain
activity with the concept of modularity of con-
sciousness [2]. According to this approach, the
human cognitive system consists of a central pro-
cessor and modules. Central processors (conclu-
sions) have access to the entire cognitive system
of a person. They form censorship mechanisms.
These mechanisms are culturally determined.
Information that does not fit into cultural models
does not reach the human mind, as it is censored.
Censored (recognition, identity procedures) infor-
mation is divided into modules (fragments). In the
general semantic picture, it is collected only in the
central processor. Information is structured to fit
the cultural program. From the standpoint of con-
nectionism, the mental activity of the brain is
modeled through the distribution of activation
signals between simple computational units (neu-
rons), which it possible in conditions of fuzzy or
insufficient data, contextually dependent con-
cepts, and dynamic representations. Neurons can
enter quantitatively measured states of activation
and measure the weight of connections with each
other, creating complex systems, configurations,
described by a mathematical apparatus. Each con-
figuration described by a mathematical vector is
a representation of a mental state. A neural net-
work, unlike computers of linear architecture,
practically does not need preliminary program-
ming. She is capable of self-learning, as a result
of which she performs the functions of general-
ization, classification, prediction, speech recogni-
tion, images, memory research, learning process-
es. In 2010, the Image Net database was devel-
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oped. It contains 15 million images in 22 thou-
sand categories. Based on such a database, a neu-
ral network is capable of making practically er-
ror-free decisions.

Despite the successes in the field of artificial
intelligence theory, computer programs in the
field of cybernetics only contribute to human de-
cision making. He remains the main actor. There
was a rejection of the thesis about the isomor-
phism of a computer program and human con-
sciousness. As a result, cognitive sciences have
focused on the connection of the human psyche
with the functions of his brain. Physicalism, psy-
chologism, and functionalism were combined.
The result of concentration of efforts was neuro-
psycholinguistics.

A statement is formulated that organisms use
internal representations (representations) and per-
form computational operations on them [3]. Cog-
nition in this sense is the controlled manipulation
of representations.

The developers of the theory of behavioral
economics and neuromarketing began to believe
that the understanding of the situation and deci-
sion-making by individuals is formed by mecha-
nisms of unconscious thinking. D. Kahneman be-
lieves that the role of rational judgment is overes-
timated [4]. It focuses only a small part of the
perceived information, reaching the stage of anal-
ysis. In many cases, a judgment on a positive out-
come of a choice is made on the basis of a subjec-
tive opinion of its correctness, without taking into
account real facts. Reflective thinking systems are
knowledge-based. Impulsive thinking systems are
based on off-the-shelf schemes.

The unconscious thinking model is preferred
because it is highly effective due to the low con-
sumption of intellectual resources. No additional
cognitive effort is required. Activation of ready-
made patterns of social relations occurs without
the participation of consciousness (automatic
thinking). When there are many variables, the
brain performs mental tasks better without the
participation of consciousness. When there are
few variables and the solution of the problem is
reduced to the simplest logical operations, con-
scious thought works. As a result, unconscious
thought is wider than conscious thought due to the
limited capacity of working memory. The neural
system is a biological carrier and a causal genera-
tor of mental states. These conditions are identical

to neural states. The spatial and environmental or-
ganization of the human nervous system is onto-
logically integrated into the brain and generates
neural and mental states. A particular individual is
a carrier of a mentalized brain.

Formalization of decision-making processes
is designed to ensure decision-making, but not to
replace them. First of all, it is supposed to support
decision-making based on poorly structured infor-
mation; assessment of the situation and assess-
ment of alternatives. A multi-criteria hierarchical
assessment of the situation is implemented. The
analysis of influences in the management of poorly
structured situations is carried out. Provides intelli-
gent support for management decisions involving
intelligent. Methods of formation of enterprise de-
velopment scenarios are used. Experts, analysts use
ideas about the processes occurring in dynamic sit-
uations at the enterprise. They use scenarios for the
development of the situation in the enterprise in
rapidly changing conditions and correlations.

The fourth industrial revolution formulated
the trend of a digital society based on the network
structures of artificial intelligence. One of the
conditions of this trend is the compatibility of all
participants in social communication. The infra-
structure of crowd platforms has been created. It
is a place of updating the creative resources of so-
ciety. Project applicants through crowd platforms
have the opportunity to dialogue with potential
investors and donors. If in a timely manner the
project is gaining the necessary financial support,
then it becomes innovative. According to this
technique, the commercial crowdfunding plat-
form «Ulej» (Ulej.by) operates in Belarus. Infor-
mation support for startups is provided by the
BTW-Portal of the creative industry. He also pro-
vides information support for projects.

One of the first issues of the creative industry
in Belarus began to be considered by 1. Matsevich
[5]. She traced the evolution of social communi-
ties in a new paradigm. The conceptual apparatus
used was developed in English-language studies
on the creative industry («creative city» C. Land-
ry) [6], «cluster» [7]). The subject of discussion
was the importance of clusters in the field of cre-
ative economy for the development of social com-
munities in the city. An important part of this pro-
cess is the formation of the information environ-
ment of the cognitive economy and the mecha-
nisms of functioning of cyber-physical systems.
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Elements of the cognitive economy are «smart en-
terprise», «smart city» [8]. The basis of manage-
ment practices is formed by methods and models
of artificial intelligence, intelligent information
systems, decision support systems, intelligent
data processing. Intelligent production planning
systems, dynamic expert systems for dispatching
enterprise management, financial analysis and
planning using neural networks and evolutionary
algorithms, as well as intelligent investment port-
folio management and risk management systems
are used. An important explanation is the nature
of the evolution of organizations and social insti-
tutions under structural uncertainty.

The basis is an understanding of the mental
activity of a person and a model from the field of
cognitive sciences. An interdisciplinary concept
of heterodox economic theory has been formed.
This theory integrated the sections of cognitive,
experimental, and behavioral economies [9].
Formed business analytics, data mining, text min-
ing, web mining, business intelligence. Hybrid in-
telligent systems have been developed that ana-
lyze the consciousness and logic of an expert.
They consist of cognitive and analytical levels.
The cognitive level provides information for pro-
cessing at the analytical level. Cognitive methods
of analyzing the consciousness of social agents
used, testing is carried out of the quality of deci-
sion logic for their brain activity, for parametric
tuning of intelligent decision support systems.
Methods of pairing forecast models and evaluat-
ing unstructured situations are used based on cog-
nitive modeling approaches. Models reproduce all
stages of the decision support process — from ana-
lyzing the situation to choosing the best alterna-
tive. They are designed to support analysts in the
face of uncertainty. The expert’s knowledge about
the situation is modeled in the aspect of his ideas
and preferences regarding the control goal and the
dynamic properties of the situation. The influence
of emotions on decision making, learning proces-
ses, decision making in the absence of time is stu-
died. According to the results of research, a whole
group of cognitive distortions is classified.

The human-machine system combines the
functions of human decision making and artificial
intelligence decision making. In the process of
creating the conditions for supporting deci-
sion-making, computer systems for analyzing sit-
uations and the method of cognitive maps used in

them play an important role. Experts and analysts
use ideas about processes that occur in dynamic
situations modeled by a cognitive map. The im-
portance of a cognitive map of the environment
was noticed as early as 1948 by Tolman [10]. In
his opinion, it determines the response of the body
to the environment. System reconstruction with
elements of visual clarity achieved by using dia-
grams and drawings in mind maps contributes to
a better presentation and assimilation of knowl-
edge (Tony Buzan [11]). Concept Maps empha-
size the importance of previous experience in cre-
ating new concepts (Joseph D. Novak [12], David
Ausubel [13]). B. Kosko substantiated the meth-
odology of fuzzy cognitive maps — mathematical
models that describe a problem situation and
complex weakly structured systems [14]. These
models allow you to study the evolution of the sit-
uation in terms of self-development, external in-
fluences. In the structure of the cognitive map,
there are many concepts (vertices), as well as
many relationships between concepts (arcs).
Concepts are elements of the system under study.
The same elements are the relationships between
them. As a result, a structural diagram of causal
relationships is created. A formalized modeling
apparatus allows you to work with quantitative
and qualitative data.

The cognitive map contains the basic laws of
the observed situation known to the subject in the
form of an oriented sign graph. The vertices of the
graph are factors, signs, characteristics of the situ-
ation. Arcs capture cause-effect relationships be-
tween vertices. Fuzzy flow control methods have
been developed in geographic information sys-
tems. A sectoral approach to modeling processes
in local spaces of activity and management is
used. Attention is paid to the analysis of complex
control input factors, the potential strength of
their influence, of their influence on the system
parameters. Factors (domains) that have a large
number of relationships with other factors are in-
vestigated. Factors are found that do not have re-
lationships with other factors (orphan factors).
Clusters (subsystems) are distinguished, as well
as elements of the hierarchical organization of the
cognitive map.

But not only knowledge and information pro-
vide effective decision making. An important role
is played by the subjective human factor. The-
refore, the cognitive economy is the knowledge of
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how managers formulate goals, alternatives, how
they reflect. Based on this knowledge, neuromar-
keting strategies are built.

Conclusion

Thus, the interdisciplinary logistics of artifi-
cial intelligence is focused on the tasks of ensur-
ing decision-making, as well as on the develop-
ment of effective computer programs for model-
ing complexly structured situations in the context
of solving economic problems of regions and en-

terprises. In Belarus, this direction of the cogni-
tive economy has become a trend. It is associated
with the development of cyber-physical systems,
as well as a systematic analysis of social struc-
tures based on models of a smart city, smart home
and smart enterprise. The Belarusian National
Technical University is a structure integrated into
the cognitive economy because it has the resources
of the Faculty of Information Technology and
Robotics, engineering and economic specialties, and
the International Institute of Distance Learning.
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AAANTUBHOE MOBUNABHOE NMPUNAOXXEHUE
OBYYAIOLLEN CUCTEMbI CATS

benopycckuti nayuonanohviti mexuuueckuti yHugepcumem

Hcnonvzosanue mobunbHuix ycmpoicme 8o gcem mupe yaice cmaio oovioennocmoio. Cyujecmeyem o2pommoe Koau-
4eCmeo NPUNOACEHUT, KOMOPble 3HAUUMENbHO YRPOWAon NOBCEOHEBHYIO JCU3Hb. OM NPOCMO20 NIAHUPOBAHUS Oeli-
cmeuil u cobvimuil 00 ONIAMbL MOBAPOE NPU NOMOWU NPOCMO20 KACAHUS MOOUTLHBIM YCMPOUCMEOM MePMUHAIA.
HUnmenno nosmomy 00801bHO aKmyaibHa npobiema éHeOpeHUst MOOUTbHO20 00yUaruec0 NPUiIoNCeHus 8 0opasoea-
menbHblll npoyecc. Llenvto 0anH020 UCCae008aHUs ABNAEMCsL NOGbIUEHUE IPPeKmUsHOCU npoyecca 0byueHus 3a
cuem uCnonb308anus a0anmueno2o moounbhoco npunodcenus CATS. Ilpeonacaemvlii ancopumm adanmueHoCmu no-
38071UM €030A8AMb YHUKAILHYIO NPOCPAMMY 00yueHus, Komopas 6ydem Ommaikueamvbcs om UMeowuxcs 3HaHull
u ypogus gocnpusimus y4eono2co mamepuana odyuarowumcs. B kauecmse mamemamuieckux memooog npeonazaemcs
UCNONb308AMb AHANU3 IKCHEPMHBIX cucmem. Dopmanru306ae UHGOPMAYUOHHYIO MOOENb NPOYeccos, KOMopbie 0Cy-
WecmeIsom Kak npenooasame.ib, max u 00yuaowuilcs, MOJICHO A8MOMAMUZUPOBAMb ONPEIETICHHYIO YaChb (DYHKYULL
npenooasamers, COKpAMUMb 3ampamsl Ha PYYHOU Mpyo, 4Mo no360aum 6onee npocmo oCyuecmseisims KOHMpoib 3d
VUEOHbIM NPOYeCccoM, a makKoice coerams npoyecc obyuenus boree sppexmusuvim. Pearuzayus modbuibrozo npuio-
JiceHus epinoaHena ¢ cpede Microsoft Visual Studio Community (Mac), azvik npoepammuposanus C#, @petimgopk
Xamarin. Ipeonazaemasn pazpabomra énedpena 6 yueOHwlil npoyecc Benopycckoeo HayuoHanbHo20 mexHuuecko2o
YHUBepcumema, NOKpbleaem 6ce OCHOBHble COCMABAAIOWUE npoyecca 00yueHus, BKa0Uds pabomy ¢ INeKmpoHHbIMU
YUEOHO-MeMOOUYECKUMU KOMNIEKCAMU, NPOX0NCOeHUe Mecmos, ckauusanue mpedyemou ungopmayuu. Mobuivnoe
npunodicenue no36oasem a0anmupo8amsvcs K pa3uYHbIM pa3mMepam YCmpoucms, peaiu308ano ¢ UCNOIb308AHUEM CO-
B8PEMEHHBIX MeXHON02Ull ¢ adanmayuell 015 onepayuonuslx cucmem Android u iOS.

Knrwuesvle cnosa: aoanmusnas odoyuaiowas cucmema, LMS, mobunsnoe npunoscenue, Xamarin, adanmugnoe ooyuenue,

KOHMPONb 3HAHUL, INEeKMPOHHYLIL YUeOHO-MemOoOUdecKUll KOMNJIeKc

BBenenune

B uH(OpManmmoOHHO-TEXHOJOTHIECKOU Cpere
TEPMHUH «aJIalITUBHASI CUCTEMa» OTHOCHTCS K IPO-
1eccy, B KOTOpOM MHTEPAKTUBHASI CUCTEMa M3Me-
HSIET CBOE IMOBE/ICHHUE 10T KOHKPETHBIX TI0JIh30Ba-
TeJeH, OCHOBBIBAsICh Ha MH(OPMAIIUH, TTOTY4CH-
HOM O MOJIB30BATEIISIX, 00CTOSATENIHCTBAX HCIIONb-
3oBaHus u cpene [1].

OmHUAM U3 TIOMYISPHBIX BUJIOB aJalITHBHOCTH
B HACTOSIIIEE BPEMsI SIBJIICTCS aIallTABHOCTH 00Y-
YaIOMUX CHUCTEM, Orarogapst KOTOPBIM BO3MOXKHO
ANIEKTPOHHOE 00yueHue [2]. Beigenstor ciemyro-
ITUe BUABI aJaITHBHOCTH TaKUX cucTeM [3]:

- aJlalTUBHAS HABUTAIIWS, IPUBOJAIIAS K H3-
MCHCHHIO TTapaMeTPOB MaKeTa dKPaHa;

- aJJalITUBHOCTH, OPUEHTHPOBAHHAS Ha 00yue-
HHE: crtoco0 oOyUueHusT AMHAMUYCH U HHIUBHUIya-
JTU3UPOBAH ISl KAKIOTO 00YyJaroIIerocs;

- KOHTCHTHO-OPUCHTHPOBAHHAS aJallTallus,
KOTOpasi MOXKET TIPUBECTH K JUHAMUYECKOMY H3-

MEHEHHUI0 KOHTeHTa. Hampumep, nHdopmanus
0 Kypce AEIMUTCS Ha TPU YpPOBHS JETaIu3alluy,
U YpOBEHb OTOOpa)kaeTcsi Ha OCHOBE 3HAUCHHS
HEKOTOPOTo KO3 PUIECHTA;

- MHTEPaKTUBHAS HMOJAEPXKKA ISl PELICHUS
npoOsieMbl, KOTOpasi MOMOTaeT yYalluMcsl HalTH
MIPAaBUJIBHOE pElleHHEe Ha CIIEAYIOIIEeM JTarle;

- TuOkas puapTpanus nHPOPMAITIH, KOTopas
MOMOTaeT MPEAOCTaBUTh CTYACHTaM TOJIBKO Ty
MHPOPMAIIHIO, KOTOPasi UM Hy’>KHA.

Taxum 00pa3om, MOKHO cKa3aTh, YTO CHCTe-
Ma aJanTUPyeT ypOBEHb NPEACTaBICHUS YUeOHO-
ro Marepuaia K JUYHBIM CIIOCOOHOCTSM M BO3-
MOYKHOCTSIM 00y4aeMoro, a Takxke K (PU3NIECKUM
XapaKTEepUCTHKaM yCTpoiicTBa.

[Tockonbky B HacTosiliee Bpemsi OOJIBIIYIO
MOMYyISPHOCTh HAOMPAIOT MOOUIIBHBIE YCTPOWi-
CTBa, MPEACTABIISETCS aKTyaJbHOM pa3zpaboTka
MOOWJIBHOTO KIIMEHTA ISl aJJallTUBHON 00yuaro-
meii cuctemsl CATS (anrmi., Care About The Stu-
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dent), pa3paboTaHHOH M HCIOIB3yeMOH Ha a-
KyJIbTeTe HH()OPMAIIMOHHBIX TEXHOJIOT Ui U poOO-
TOTEXHUKH Benopycckoro HalMoHaIbHOTO TEXHHU-
YecKoro yHuepcurerta [4].

MaremaTudeckue METOAbl, IPUMECHACMbIC
B aJalITUBHbIX 06y‘laIOHll/IX CUCTEMAaXx

[Ipu peanuzamuu nporecca aganTtayud B 00-
YHYaIOIMX CHUCTeMaxX OJHUM W3 BaXHEHUIINX MO-
MEHTOB SIBJISIETCS BHIOOP MaTeMaTHYECKHX METO-
JIOB. AHaJM3 JUTEPATypHBIX WCTOYHHUKOB TO3BO-
JIMJT BBLJICJIUTH 4 KaTeropiuH METOI0B, IPUMCEHsIC-
MBIX B aJalITUBHBIX oOy4aromux cucremax (AOC).

[lepBast kareropus BKJIIOYaeT METO/bI, OCHO-
BaHHBIE HA TEOPUH IKCIIEPTHHIX CUCTEM U pealu-
3yIOIIHE MOCTPOCHHE X0a Kypca o0ydeHus Haps-
Iy C WHTEJJIEKTyaJIbHBIM aHaJN30M pe3yibTara
ompoca odyuaemoro [5]. [LmrocoM HCTIOIB30BaHUS
Takux MeToqoB IpH paspaborke AOC sBnsercs
MpPeIOCTaBICHUE OOJIBIIOTO KpyTa CIIocoO0B aHa-
nu3a JEHUCTBUM, OCYIIECTBISIEMbBIX IKCIIEPTHBIMU
cucreMamu. K MuHycamM MOXXHO OTHECTH CIIOXK-
HOCTb HATOJHEHUs 6a3bl 3HAHUH U PETYIHPOBKH
[IapaMETPOB HKCIIEPTHON CUCTEMBI.

Bropas xareropus npezacrasiseT co0oil mare-
MaTHYECKUE METOJbl, MCIIONb3YIOUHE TEOPHUIO
HECUYCTKMX MHOXECTB M HEUYETKOH JIOTMKH [6].
AOC, B KOTOPBIX NMPUMEHSIOTCS TaKHe METOIbI,
3a49acTyl0 peaju3yloT TEXHOJOTHIO MOCTPOEHUS
MOCJIEIOBATEILHOCTH Kypca oOyueHus. OCHOB-
HOU ocobeHHOCTBIO Takux AOC sBisiercst ajian-
THUBHOCTH IIPOIECCa ITOCTPOCHUS Kypca 00ydeHus
C YYETOM HEONpe/ICIIeHHOCTH YPOBHS 3HAHUH 00-
ydaemoro. K HemocTatkam TakuX CHCTEM MOXKHO
OTHECTH CJIO)KHOCTH B BBIOOpPE MapamMeTpoB aJiro-
PUTMOB HEYETKOH JOTHKH.

K tperbeli kareropun ObLIM OTHECEHBI METO-
JIbl HA OCHOBE CTaTUCTHYECKUX TOAXO/I0B IS pe-
IICHUs 33/1a4d KiIaccu(UKaIlu, Harmpumep, pas-
OueHme 00yUarOIMUXCsl HA KJIACTEPHI B 3aBUCUMO-
CTH OT YPOBHS IPEABAPUTENHHON MOATOTOBKH [7].

UerBeprast KaTeropust OObETUHSIET METOJIBI,
OCHOBaHHBIE Ha TEOPHUU 3BOJIIOIMOHHBIX AaJro-
PUTMOB (T€HETHYECKHE allTOPUTMBI, HCKYCCTBEH-
HbIC HCUPOHHBIC CETHU U T. 1.). OCHOBHOM UCIIONb-
3yeMOW TEXHOJOTUEH 3/IeCh SIBISIETCS MHTEIIEK-
TyaJbHBI aHamu3 OoTBeTOB oOydaemoro. K oco-
OCHHOCTSM TaKHUX CHUCTEM OTHOCST UX IIMPOKOE
MpUMEHEHHe B 3aJadax aJalTHBHOTO KOHTPOJIS
3HaHui [8]. B kadecTBe HemocTaTka BBICTYIACT
OTCYTCTBHE €MHOTO CIIoco6a 000CHOBaHMS MPH-

HUMAaEMbIX PELIECHUN B UCKYCCTBEHHBIX HEUPOH-
HBIX CETSX W MpobieMa CXOAUMOCTH TeHETHYe-
CKHX aJITOPUTMOB.

B nmannoii pabore mpesyaraercsi mporpamm-
Hasl peaju3alys ajJropuTMa u3 nepBoil KaTeropuu
JUTS aJaITUBHON COCTABJISIONICH 00yJaroei cu-
crembl CATS.

IIporpammuas peanusanusi MOOMJIbLHOTO
npuJiokeHus odyuyawuieid cuctrembl CATS

s peanuzanuu aqanTHBHOCTH MOOMJIBHOTO
npuiokenns: oOydvaromeir cuctembl CATS mox
pasznuvHbIe IaTGOpMBbI OBUT BEIOpaH (HpedMBOPK
Xamarin, O3BOJISIONINA MPOBOAUTE Pa3zpabOTKy
MPUIOKEHUST cpa3y IMOJ| JIBE ONEPalUOHHBIE CH-
crembl 10S u Android [9]. Cpena pa3paboTku
Microsoft Visual Studio Community (Mac), si3bik
nporpammupoBaaus C#. MoOuibHOE TpUITOXKe-
HHUE pa3padoTaHO NPU MOMOIIM APXUTEKTYPHOTO
narrepra Model-View-ViewModel (MVVM), co-
CTOSIILIETO W3 TPEX KOMITOHEHTOB: mozenu (Mo-
del), monenu nipencrasnenus (ViewModel) u ripe-
ctapienus (View). Mojienb ONUCHIBAaeT UCTIONb3Ye-
Mble B IPHJIOKEHHUH JaHHbIe. [IpencraBnene onpe-
JleNseT BU3yalbHbIM MHTEpdeiic, uepe3 KOTOphIi
MOJTb30BAaTENb B3aUMOJICHCTBYET C MPUIIOKECHHEM.
Mozens mpenicTaBIeHus CBSI3BIBACT MOJICIb U MIPe/l-
CTaBJICHHE YePe3 MEXaHW3M TIPUBSI3KHU JIAHHBIX.

B HacTosiiiee Bpemst Juisi CBOOOIHOTO CKa4H-
BaHUS B cetu MHTepHeT noctynmHa Android-Bep-
CHUsl MOOWJILHOTO TIPUIJIOKEHUS 110 aapecy https://
educats.bntu.by mocpenctsom BeIOOpa COOTBET-
CTBYIOIIETO JINHKA BHU3Y CTPaHUIbI MPHBET-
ctBus. [locie nepBoro 3amycka MOOMIFHOTO TPHU-
JIOKEHHUSI TTOJIH30BATENI0 OYAyT JOCTYITHBI JIBA OC-
HOBHBIX MOJYJISI: CTPaHHIIA aBTOPU3AIUH U CTpa-
HUIIa HacTpoek (puc. 1, KOMUU 3KpaHa ciieBa u 1o
neHTpy). [lpu moBTOpHOM 3amycke MPHIOKEHHS
aBTOPU30BATHCS HE HAJIO, TOCKOIBKY OyIeT cpasy
OTKPBIBAThCSl TJIABHAs CTPaHUIA TMPUIOKCHHS
(puc. 1, xomus sKpaHa crpana).

Crpanuna aBropuzanuu (puc.l, Komms skpaHa
ClIeBa) MpE/IoiaraeT HajJu4yhe YYeTHOH 3aruch
cTyneHTa B odyuaromeii cucteme CATS. Jlns ne-
MOHCTPAIIMOHHON Pa0OThl MPHUIIOKEHHS CO3AaHO
IIeCTh TECTOBBIX 3amucel ¢ jJoruHamu TestStu-
dent10, TestStudentll, TestStudentl2, TestStu-
dentl3, TestStudentl4, TestStudentl5. Ilaposu
JUISL 9THX YYETHBIX JIAHHBIX TAKUE e, KaK JIOTHHBI.

Ha ctpanure nactpoex (puc. 1, komus skpaHa
O IIEHTPY) B KQYECTBE SI3bIKA TI0JIb30BATEIILCKOTO
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Puc. 1. CTpaHI/II_ILI aBTOpu3alui, HACTPOECK U IlaBHas CTpaHulla MOOHJIBHOTO TIPUIIOKECHU S

uHTEepdeiica NpeaycMOTPEHbI aHITTHACKUI U pycC-
ckuil. Ilo ymMONI4aHHIO YCTaHOBJIEH CUCTEMHBIN
SI3BIK YCTPOMCTBA.

[Tocne aBropu3anuu B MOOMIBHOE TIPUIIOAKE-
Hue obydaromeii cucteMbl CATS MOXXKHO YBUACTD
IJIaBHYIO CTPaHUILy, KOTopas Ha3bIBaeTcs «Ceron-
Hs» (puc. 1, komus skpaHa cripaBa). B Bepxueit
YacTH 3KpaHa pacHojOKeH KaleHJaph C BbLjie-
JIEHHOM TeKylIel naroil. B cpenHelt yactu 3xpaHa
pacronaratoTcsi HOBOCTHM, a TaKXe Ha3BaHUsA
MPEAMETOB, €CIIM UMEIOTCS y4eOHbIE 3aHATHS 110
HHMM B TEKyIIMWM JIeHb. B HU)KHEW yacTu 3KpaHa
pacmoiokeHO MEHI0O MOOHMIBHOTO MPUIIOKEHHS,
cocrosiiee U3 4etbipex myHkToB: Ceromus, O0y-
yenue, Craructuka u Hactpoiiku. [Ipn Haxaruu
Ha KaXIbplli M3 TpeajaracMbIX ITyHKTOB OyneT
MIPOUCXOIUTD MEPEX0]] Ha HUX.

[Tynkt meno «OOy4deHne» COICPKUT B cede
yetbipe Moxaynsi: Tectsl, DYMK (3nmexTpoHHBII
yueOHO-MeToMIeCKUil KoMIuiekc), Daiisbl 1 A gar-
TUBHOE OOyueHHe (pHc. 2, KONHsI dKpaHa CIIeBa).
[Tpu BBIGOpe Momynst «TecTbl» CTymeHTY AOCTY-
IIeH CIUCOK TECTOB, KOTOPBIE OH MOXET NMPOUTH
(puc. 2, xomus 3KpaHa MO LEHTPY). DTO MOTYT
OBITh KaK TECTBl Ui CaMOOOYYCHHS, KOTOpBIC
MOKHO MPOXOAMTH MHOXECTBO pa3 W pPEeHTHHT 3a
HUX HE 3aCUUTBIBAETCS, TaK M TECTHI JAJIsi KOHTPO-
JIsl 3HAHUH, UCTIOIb3yeMble TIpernoiaBaTesIMU JJIs
KOHTPOJILHOM TPOBEPKH 3HAHMU CTyaeHTa [7].
VY KaXKJIoro Tecta MOKeT ObITh HECKOJIBKO THITOB
BOIPOCOB: C OJAHUM TPaBUIBHBIM BapHAHTOM OT-
BeTa (pHc. 2, KOIUs dKpaHa CIpasa), ¢ BEpHOH Mo-
CJIEZIOBAaTEILHOCTBIO OTBETOB (pHC. 3, KOMHSI dKpa-
Ha clieBa), C HEeCKOJbKUMH TNPaBWIBHBIMHU BapHu-

aHTaMH OTBETOB (pHcC. 3, KOMuUS dKpaHa MO ILEeH-
TPY), @ TaK)Ke Ha BBOJ| IPaBUJILHOTO OTBETA C KJla-
BUATYphI. B pesynbrare npoxokaeHus Tecta oTo-
Opaxaercs MoJy4deHHas 3a Hero oleHKa C yKa3a-
HHUEM, Ha Kakye BOMPOCHI OBUTH MOJYYEHBI BEp-
HBIC OTBETHI, & HA KaKKe HeBEpHBIC (PUC. 3, KOmus
JKpaHa CIpaBa).

Monyne «9YMK» mpexncrasiser coboii MH-
TepakTHBHYIO KHUTY (puc. 4). B Pecryonuke be-
JIapyCh AEKTPOHHBIE Y4eOHO-METOINYECKHEe KOM-
IIJIEKCHI SIBJISIFOTCS. OCHOBHOM COCTABJISIFOLIEH AIIEK-
TpoHHOTrO 00y4eHwus. [Iporece pazpadorku DYMK,
€ro CTPYKTYpHBIE 3JI€MEHThl W pa3elibl peria-
MEHTHPOBAHbI COOTBETCTBYyIOIMM [lonoxeHuem,
YTBEPKIACHHBIM MUHHCTEPCTBOM 00pa30BaHUs
Pecniyonuku benapycs [10].

ComacHo 1. 7 yKa3aHHOTO BBIIIE JTOKyMEHTA,
OYMK, kak npaBujio, BKIIOUAET Pa3Aeibl: TeOpe-
TUYECKUM, NPAKTUYECKUN, KOHTPOJISI 3HAHHUU
U BcrioMoraTenbHbId. Tak, Ha puc. 4 mpeacTasie-
HbI cTpanuilbl DYMK s yaeOHON JUCIIUTIIHHBI
«TecTupoBanue M oTiIagKa MporpamMmHoOro oode-
CIICYCHUS» C TPEOyEeMBIMU COCTaBHBIMHU YaCTSIMH
Y TUTYJIBHBIM JHCTOM. BBIOMpast Hy KHBIN pazzaed,
OyZieT OTKpBIBaThCsl MH(OpMAaLUS IS IPOYTEHUS,
a Mpu BEIOOpPE OJI0Ka KOHTPOJIS 3HAHMIA Oy/IeT pea-
JIM30BaH MEPEX0]l B MOAYJb TECTOB.

Monynbs «®alabeDy MPETOCTaBISET BO3MOXK-
HOCTh CKauMBaTh MpPUKpEIUIieMble Mperno/aBare-
nem daiuel (puc. 5). Harpumep, 370 MOTYT OBITh
BOTIPOCHI K 3K3aMEHY, KOHCIEKTBI JEeKIIHH, peKo-
MEH/IyeMbIH CIHMCOK JUTEPaTyphl, METOINYECKUE
yKa3aHUs Ui BBITIOJHEHUS NMPaKTHUYECKHX, J1abo-
paTtopHbBIX paboT, KypCOBBIX IPOCKTOB, TEKCTHI 3a-
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Puc. 6. CtpaHuIsl A5 a1anTUBHOTO 00yYEHUSI B MOOUITBHOM MPHIIOKECHIH

JaHWHA 1711 9TUX padot u apyras uHpopmarus. Ha
pHuc. 5 mpuBEACH CHHCOK (ailioB s yuyeOHOU
JUCUUIUINHBL «TecTUpoBaHWE U OTIAgKa Mpo-
rpaMMHOTO OOECIICUSHUsI», KOTOPhIE MOXKHO HE
TOJIBKO CKayaTh, HO U MOJAEIUTHCS UMU.

Monyns «AnanTUBHOE O0yYEHHUE CBSI3bIBACT
monynu «9YMK» u «Tecte». Unes Takoro moj-
XO/la HampaBlICHAa Ha OINpeEJelcHHe IMPOOLIIOB
B 3HAHUSX CTYICHTA, COIIACHO CIEAYyIOUIeMy aj-
TOPUTMY: Ha TMEPBOM 3Tarie OOY4YCHUsS CTYICHTY
MpeagaraeTcsl MPoOUTH MPEenTecT, BOMPOCHl KOTO-
POTO CBSI3aHBI C KOHIENITaMHU (TeMaMU, TIOApasie-
JaMH WIH pa3/iejlaMH) 3TOTO y4eOHO-METOau4e-
ckoro komruiekca. [locnme okoHUaHUs TecTa CH-
CcTEeMa aHAJIU3UPYET BOMPOCHI, OTBEUCHHBIC CTY-
JICHTOM HEBEPHO, U MpeJiaracT eMy OAUH U3 Ma-
TEPUANOB [JIsl M3YYCHHMs. 3aTeM mpejiaracrcs
npoitu TecT mo »Toi Teme. [lpu ycneurHoM npo-
XOKJICHUU TECTa CUCTEMa MPEeiaracT Cleayro-

Wi HEeW3YYCHHBI Marepuall U TeCT IO HEMY,
B IMPOTUBHOM CJIy4yae MaTepuai IpeaIaraeTcs
MPOYUTATh emle pa3. AJTOpUTM paboTaeT 0 TeX
Top, MOKa CTYACHT HE U3YyYUT BCE TPeOyroluecs
TEMBbI U HE OTBETUT NPABUIHHO HA BCE BOIPOCHI
tTectoB. Ha puc. 6 mpuBeieHbl CTpaHHUIIBI ajar-
TUBHOTO OOYYEHWsI, peallu3yrollue OIMCAHHBIN
anroputm Juist DYMK no qucnunnune «Tectupo-
BaHUE W OTJIaJIKa TPOTPAMMHOTO OOCCIICUCHHUS.
[o pesynbraram TeCTUPOBAHUSI MPEATIOKESHO H3Y-
9uTh TeMy «PoIlb 1 MECTO TECTUPOBAHHUSI B KH3-
HEHHOM IIMKJIC Pa3pa0dOTKH MPOTPaMMHOTO 00e-
CIICUCHUS.

ITynkT MeHt0 «CTaTUCTHKA» COACPIKHT B cebe
nH(popMaIH 00 YCIeBaeMOCTH CTY/ICHTA Ha Jia-
0OpaTOpPHBIX 3aHATHUIX, & TAKIKE O €r0 MPOIyCKax
nabopaTopHbIX paboT u nekuuii (puc. 7). Tak Ha
IEHTPaJbHON KOIHMU JKpaHa pHc. 7 n300pakeHa
CTpaHUIA C OIIEHKaMH 110 JTA0OPaTOPHBIM pado-
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Puc. 7. Crpanuiipl nyHkTa MeHIO « CTaTUCTHKA»

TaMm TecToBOrO cTyaeHTa TestStudentlS, Ha koTO-
poit BumHO, uTo 27.01.2020 romga 3ammuiieHsl TPH
nmaboparopubie paboTel Ha oneHku 9. Kaxmomy
CTYIAEHTY AOCTyImHa HWH(OPMAIUS TOIBKO O COO-
CTBCHHBIX OIICHKAaX W IMPOITYyCKaX, B TO BPEMs KaK
MperoiaBareiib MOXET POCMOTPETh HH(OpMa-
LIHI0 000 BCEX CTY/EHTAaxX B TPYIIAX, B KOTOPBIX OH
MIPOBOANT 3aHATHS (pUC. 7, KOMHS IKpaHa CIpaBa).

Crpanurna «HacTpoiikmy onuchIBaIach BHIIIE,
O/THaKO CTOUT YIOMSAHYTH, YTO IIOCJIC aBTOpHU3a-
nuu OyAeT BHUIHO TIOJHOC WUMS CTYACHTAa U €TO
rpynma B oTAensHOM Oioke. Takoke mosiBiseTcs
KHOITKA BBIXOJIa, KOTOpas MepeHarpaBUT TOJIb30-
BaTCJIsl Ha CTpaHUIy aBTOpHU3allui 1 OYUCTUT BCC
TCKYIIHUE JAaHHBIC aBTOpHU3allHu.

3aKjIIoueHue

Nwmerommasicst TeHAEHIUS B HAIpPaBICHUU HE-
MIPEPHIBHOTO O0pa30BaHUs CO3AET IMEePCIeKTHB-
HYIO0 Cpeny JUIsl TIPOABIDKEHHS IpeIaraeMoro
aJalITUBHOTO MOOWIIFHOTO TPHIIOKEHUS 00ydaro-
wel cuctemsl CATS.

PaccmoTperHOE MOOMITBHOE TIPUIIOKEHHE 00-
JIaJaeT CIEAYIOUTIMH OCOOCHHOCTSIMHU:

- TIOKpPBHIBAE€T BCE OCHOBHBIE COCTABIISIOIINE
mporiecca oOydeHusl, BKJIrodash paboTy C diek-
TPOHHBIMHA Y4€OHO-METOINYECKUMHU KOMILIEKCa-
MH, TIPOXOXKICHHWE TECTOB, CKauWBaHWE Tpeldye-
MO¥ MH(pOpPMAaIINH;

- MHPOPMHPYET Y4YaCTHHKOB 0Opa3oBaTelb-
HOTO TIpoliecca 00 WX yCIIEBa€MOCTH H TIPOITy-
CKax 3aHSTHH;

- YUYUTBHIBAET MMEIOLIUICS ypOBEHb 3HAHWI
Ka)X/I0TO 00y4aromerocs, peaan3ys BOSMOKHOCTh
aJanTHBHOTO OOyYCHNS;

- TIO3BOJIACT AJaNTHPOBATHCS K Pa3TUYHBIM
pasmepam yCTpOWCTB;

- pearu30BaHO C WCTMOJIH30BAHUEM COBPEMEH-
HBIX TEXHOJIOTHH C aJanTarfei Juid orneparfoH-
HbIX cucTeM Android u 10S;

- IOCTYIHO B ceTH VHTepHeT, a Taxxe B JIO-
KaJIbHOM ceTH benopycckoro HalHdoOHaJIbHOTO
TEXHUYECKOTO YHUBEPCUTETA;

- Tpe/ularaeMasi CHCTeMa TNpPOTEeCTHPOBaHa
M arpoOMpoBaHa Ha HECKOJIBKUX yUeOHBIX AUCIIHU-
TUTMHAX W aKTUBHO HCIIONB3YeTCs IS TOITOTOB-
KW WH)XEHEPOB-TIPOTPAMMHCTOB;

- MOOMIIBHOE TIPUJIOKEHNE MTOCTOSTHHO COBEp-
IIIEHCTBYETCS, OOHOBIIACTCS M SBISAETCS TUIONIAI-
KOM JJIsl TeHepupoOBaHus HOBBIX ujel. B Hactos-
mee BpeMs pa3pabareiBacTCs HOBas (HyHKITHO-
HAJBHOCTH ISl 03ByYMBAHUS TECTOB M y4EOHOTO
Marepuana sl JIofieil ¢ OrpaHWYeHHBIMH BO3-
MOYXHOCTSIMH TI0 3PEHHIO;

- (hyHKIIMOHAJIbHBIE BO3MO)XHOCTH a/IalTHB-
Horo mMooOmipHOTO Tpuioxenns CATS mo3Boms-
IOT 3HAYUTEIHHO MOBBICUTH 3(PPEKTUBHOCTH MPO-
mecca 00ydeHus.
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Popova Y. B., LEHCHYLIN L V.

ADAPTIVE MOBILE APPLICATION FOR THE CATS LEARNING SYSTEM

Belarusian National Technical University

Using mobile devices around the world has already become commonplace. There are a huge number of applications that
greatly simplify everyday life: from simple planning of actions and events to paying for goods by simply touching the terminal
with a mobile device. That is why the problem of introducing a mobile training application into the educational process is
quite relevant. The purpose of this study is to increase the efficiency of the learning process through the use of the adaptive
mobile application CATS. The proposed adaptability algorithm will allow you to create a unique training program that will
build on existing knowledge and the level of perception of learning material for students. It is proposed to use the analysis of
expert systems as mathematical methods. By formalizing the intellectual processes that are carried out by both the teacher and
the student, it is possible to automate a certain part of the teacher s functions, reduce manual labor costs, which will make it
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easier to control the educational process, as well as make the learning process more effective. The software of the mobile ap-
plication was created in the environment of Microsoft Visual Studio Community (Mac) in C# programming language and
Xamarin framework. The proposed development is implemented in the educational process of the Belarusian National Techni-
cal University, covers all the main components of the learning process, including working with electronic educational and
methodical complexes, passing tests, downloading the required information. The mobile application allows you to adapt to
various sizes of devices, implemented using modern technologies with adaptation for Android and iOS operating systems.

Keywords: adaptive learning system, LMS, mobile application, Xamarin, adaptive learning, knowledge control, electronic
training complex.
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