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0COBNMBOCTI B3AEMO3B ASKY MEPEX 36, 6G 3 BENHKUMK
AAHMMH, IHTEPHETOM PEYEH TA WITYYHMM IHTENEKTOM

Bemyn. Texnonoeii mobinenoeo 38’a3ky 5G, 6G, saKi akmueHO po36UBAIOMbCS Y C8imi, ma
Iumepnem peueil, 6enuxi Oawi, wWmMyuHuli inmenekm micHO nepeniimaromscs. Bascauso
po3ymimu  0coOaUBOCI  83AEMO38 A3KY, WOO epeKmusHo SUKOPUCTNOBYBAMU iX Y HOBUX
iHmenexmyanoHux iHpopMayiinux mexHon02isx.

Mema cmammi — GuOiNeHHA HAUBANCIUGIUWUX OCOOIUBOCHEN B3AEMO38 A3KY, SKi
BUZHAYAIOMBCA HA OCHOBI 00CBIQY 8npo6adxcentss mexnonoziu SG ma 6G.

Pesynomamu. Texnonoeii inmepnemy peueti 3acmocogyiomv mepedici 5G, 6G, a makxodc
XMAPHi, MYMAHHI Ma SPAHUYHI 00YUCTEHHs OISl BUCOKOWBUOKICHO20 36 513Ky 3 npucmposimu. [lis
aHanizy BenUKUX OAHUX BUKOPUCTOBYIOMb MEMOOU MAWUHHOO HAGYAHHS, HEUPOHHI Mepedici ma
iMimayitine MOOeOBAHHS. ANOpUmMYU WUMYYHO20 THMENEKMY € He8i0 €EMHOI0 YACMUHOIO 6CIX
MexXHON0RI, GOHU OQlOMb 3MO2y 30IICHUMY  THMENIeKMYalbHe NIOKIIOUeHHs Ma  Kepy8aHHs
mepexcamu 36’s3xy SG/6G, inmepnemom peueti ma eenuxumu oanumu. OCHOGHUMU TEHOSHYISIMU
poseumky 5G/6G 6y0ymb KoHeepeeHyis KoMyHiKayitll, 3acmocyeants 3D-ymepedic, mepazepyesozo
CNexmpy, K8anmogux mexnou02iil, Wmy4Ho2o iHmeneknty ma 2iuboKo20 Ha8UaHHs.

© I'PUIIEHKO B.I, BABAK O.B., CYPOBLIEB L.B., 2021
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Bucnosku. Buxopucmanus mepesc weuokicnozo 36’sa3ky 5G ma 6G, mexuHonocii
inmepnemy peuetl, XMapHUx 0OUUCTIeHb, AHANI3ZY GETUKUX OAHUX MA WMYYHO2O [HMENEKMY €
HeOOXIOHOK YMOB0I0 0I5l NOOAIbUL020 DPO3BUMKY YUDPOBOT eKOHOMIKU, asmomamusayii
BUPOOHUYMBA, PO3YMHOT 0OXOPOHU 300P08 ' ma no6y008uU PO3YMHO20 Micma.

Knrouosi cnosa: mepesici 36’53y, 6enuki 0aui, iHmMepHem peyetl, WimyyHuil iHmenekm, MauuHHe
HABUAHMHSL.

BCTYR

3a octanHi 40 POKIB KOXKHE AECATUPIUYS 3MIHIOIOTHCS MOKOJIIHHS MEPEK MOOITBHOTO
3B’s3Ky 1G—4G. OmHak, SKIIOo CTUTPHUKOBI Mepexi 1G Bike 3HUKIH, TO Mepexi 2G—
4G moci ponoBXyrOTH (hyHKI0BaTH. BomHOYac yacTHa iH(MpacTPyKTYpH Mepexi
3G, 4G nmocTymoBo yBiiiae A0 cKiaay MOOUTEHUX MEPEK HOBOTO I’SITOrO MOKOJIHHS
5G, TexHiYHI XapaKTePHCTUKH SIKUX TOCHTh OKIAIHO HaBeneHo B [1]. Texnomorii
1G—4G Hagamm MOXITHBICTD 3IIMCHHUTH 3B 30K 3 [HTEpHETOM, TOMY CITOCTEPIra€ThCs
€ITHICTh Ta CIIAJKOEMHICTh B3a€MO3B 513Ky S5G 3 TOMepeIHIMU TIOKOJIHHSAMU 3B’ SI3KY.
LlinkoM 3akoHOMIpHO, O Mepexi SG cTaHyTh QyHAAMEHTOM HU(POBOI EKOHOMIKH
Ta BIAKPHIOTH JOPOTY HACTYITHOMY TIOKOJTIHHIO 6@, IIIMPOKE BIPOBAKECHHS SKOTO
MOXe PO3I0YaTUCh, MaOyTh, Bke B 2030 porii [2, 3].

HeoOxinnicte mepexoay no 5SG moB’s3aHa HE TUTBKU 31 301UIBIICHHSIM
BHACJIIJIOK TEXHIYHOTO TIPOTpecy MOTOKiB iH(hopMariii, To0To Benuknmu nannmu
(BD — Big Data), a it ekoHOMiuHHMH nTpuduHaMu. CIipaBa B TOMY, III0 BUTPATH
Ha TPOITyCKaHHS MiIBUIIEHOTO TpadiKy B Mepekax 3B’s3Ky ctaHoM Ha 2020 pik
HE MOKPUBAIOTHCA JOXOAaMH Bil TPaAULIHHUX ITOCIYT, a MOUTYKH HOBUX MOCIYT
HE Jal0Th OYiKyBaHUX Pe3yJbTaTiB. BiaMmidueHo, 110 OCHOBHE 3pOCTaHHS TpadiKy
Ta JOXOJIB CIIOCTEPIraeThCcsi HE B CEKTOPI MPHUCTPOIB, MO iX BUKOPHCTOBYIOTH
JIOAW, a B ceKTopi mpuctpoiB inTepHery peuedl (IoT — Internet of Things),
ocobnmuBo y #oro ckimamHuky — lIpommcioBomy inTepHeti pedeir (IloT —
Industrial Internet of Things). Came 1151 oO6cTaBuHa i BU3HAYMIIa METY CTBOPEHHS
Ta npu3HadeHHs Mepexk 5G, QyHKIIHHUME 0COOIMBOCTAMU SKHX € [4]:

— IOUPOKOCMYTOBHH MOOimbHWE 3B’s30k (eMBB — Extreme Mobile
Broadband);

— HajHaAiWHI KoMmyHikanii 3 manoro 3arpuMkoro (ULLRC — Ultra Low
Latency Reliable Communication);

— MacoBa MibkMmamuHHa KoMmyHikaris (mMMTC — Massive Machine Type
Communication), marpumka [oT, [IoT (ynbTpa By3bKOMOIOCHHH 3B’ S30K).

Ha ocHOBi mux TppoX 0COOMMBOCTEH OYIY€THCS BCE PI3SHOMAHITTS MOCTYT
Ta MOXJHBOCTeH Mepexxk S5G, HalxapaKTepHimli 3 SKUX HaBeEHO B
3aIpOTIOHOBaHIi PoOOTI.

Cran BmpoBamxkeHHss Mmepexx 5G y 2020 poui y kpaiHax cCBITY ayxe
pizHOMaHiTHUI: Tak, y Kurai BctaHoBneHo 700 Tuc. 6azoBux cranmii 5G, mo
Bignosimae 70% Bix ixHBOi 3arampHOi KimbkocTi y cBiti; y CHIA xommaHnii
Venson, Ericson ta Qualcomm Technologies Bmepiine B CBITI JOCATHYJIH
mBuakocTi 5G-3’ennannp nonayn 5 ['6it/c, denepanpra komicis CHIA mouana
MIPOBOJIUTH ayKITIOHW 3 Tpojaxy dactoT 5G; B Pocii 3aTBepHKeHO TOPOKHIO
KapTy po3BuUTKy S5G Ta modvanocs OyAiBHUITBO IIEPHIOi KOPHOPATUBHOI
5G-mepexi; B Ykpaini ais mepex 5SG modanu 3BUIbHATH 3aiHATI TeleOaueHHIM
gacTtoTu 790—-862 MI'11 Ta 694-790 MI11.
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Ocobnusocmi 63aemo38'sa3ky mepedic 5G, 6G 3 geruxumu 0anumu, iHmepHemom pevetl

Pazom 3 num, @innsuais ta Kuraii me y 2018 porri movyanu JA0CIiHKyBaTH
TEXHOJIOT{, MOB’s3aHi 3 HOBHM IIOKOJIHHSAM 3B 53Ky — 6G, 10 Mpairoe B
TeparepueBoMy Jniana3oHi 9actot, a B 2019 porui CIIA npuiiHsim pilieHHs mpo
BimkputTs crekTpy «TTm-xBwrst» mis 6G. OmgHak ChOTOXHI MOBHUTHCA B
OCHOBHOMY JIMIIIE TIPO KOHIENIil0 TexHoJorii 6G Ta nepeabadyBaHi TpeHAn ii
po3Butky. Ilpote, y 2020 pomi y cBiTi mouanacs akTuBHa poOoTa U y IIbOMY
Hampsmy [4], 30kpema: y €C po3po0iieHO TMPO€eKT po3BHUTKY 6G-Mepexk; Kurait
3allyCTHB MEPIIMK Y CBITI CymyTHUK 1t 6G 3B°s13Ky, KoMOaHig Xiaomi modana
tectyBatu Mepexy 6G; LG Electronics (IliBnenna Kopest) mouana po3po0istu
TexHoNorii amsa wmepexxk 6G; Pocis moBimommia mpo cTtapT poOIT Hax
6G-mepexxamu B Pocilicekiit @enepariii.

OTxe, MOKHA 3pOOHUTH TaKi BUCHOBKHU:

— wMepexi 5G pa3om 3 TexHomorissMu iHTepHeTYy pedeid (IoT) Ta Bemukux
naaux (BD) € ocHOBOMO 1TH(pOBOi €KOHOMIKH, PYIIIHHOIO CHIIOI SKOi TTOBUHEH
cratu mry4yHu inTenekt (Al — Artificial Intelligence);

— HACTYNHHUKOM Mepex 5G cTanyTh Mepexi 6G.

[limkoM oOYeBHIHO, MO MK TOKOTIHHAMH 3B’s3ky S5G, 6G Ta HOBUMH
TEXHOJIOTiSIMH, B OCHOBY SIKMX IIOKJIaJEHO IepefaBaHHs, OOpOOJeHHS Ta
IHTETIeKTYaJIbHUI aHali3 BEMKUX MAacHBIB JaHHX, € TTHOOKUH B3a€MO3B’SI30K,
0COOJIMBOCTI SIKOTO PO3MIISTHYTO Y Wil cTaTTi.

HezaBepiieHicTh TpakTUYHOI'O BOPOBa/DKEHHS Mepex S5G Ta TiAbKH
KOHLENTyaJbHe OaueHHs MalOyTHiX Mepex OG He [ae 3MOry BKasaTH
KOHKPETHI BIIACTUBOCTI TAKOTO B3a€EMO3B’SI3KY.

MeTo10 JOCTi/DKEHHST € BHIUICHHS, HAa Hall TMOIJISA, HAWBaXIUBIIINX
0co0IMBOCTEH B3a€EMO3B’SI3KY, SIKI NPOTNIAJAIOTECS HAa OCHOBI HEBEIMKOTO
JocBimy BrpoBampkeHHs Mepexxk 5G Ta 6G. lle BH3HAYMIIO CTPYKTYpy CTarTi,
TOOTO TIOCITIIOBHUH pO3TIIsL po3AiliB, moB’si3anux 3 [oT, BD ta Al

OTXe, TOYHEMO 3 IHTEPHETY peUeil.

MEPEI 56, 66 TA IHTEPHET PEYER

I'eneparopom motokiB BD B mepexax 5G e inteprer peueit (IoT). 3a o3HaueHHIM
kommanii Garther (CHIA) [4], IoT — 1e Mepexa (i3maHUX 00’€KTIB, MO MAIOTh
BOYJIOBaHI TEXHOJIOTII, SIKi JIAFOTh 3MOTY 3JIHCHIOBATH B3a€MOJIiI0 3 HABKOJMIIIHIM
CEpENOBHIIEM, TIepeaaBaTh BiIOMOCTI PO CBiif CTaH Ta NMPUAMATH 30BHIITHI JIAHI.
Cxnamaukom [oT € npomuciosuii intepHeT pedeit (IloT) — po3maitTs mpoMHUCIOBIX
NPUCTPOIB Ta JaTYHKIB, MiAKIIOUEHHX 10 MEPEXKI.

[pesunenT BeecBiTHROrO exorHOMIuHOTO (hopymy B [laBoci (2016 p.) Kimayc 111Bab
VBIB B MacOBE BUKOpUCTaHH: TepMiH «IHmTycTpist 4.0y, sIKHii CTaB CHHOHIMOM Y€TBEPTOL
MPOMUCIIOBOT peBomorii. «IHmycTpis 4.0» 3MiHIOE HE TUIbKM BHUPOOHMIITBO, aje i
EKOHOMIKY, a TaKOXK B3aEMOJIIF0 Mix JroabMu. BomHodac, Al Ta pobormzamis, [oT ta
3D npyk, BipTyatbHa Ta JOIOBHEHA PeaIbHICTh, 0i0- Ta HEHpPOTEXHOJOTIl CTalOTh
YaCTHHOIO HAILIOTO TMOBCAKIICHHS. XapakTepHO pucor «IHmayctpii 4.0» € NOBHICTIO
ABTOMaTH30BaHE BHUPOOHHUIITBO, K€ MpAIOE y peXuMi peanbHoro vacy. Excrmepru
BUIIUISTIOTH oTrpy 0a3oBi TexHouorii: [0T Ta IloT, mmdpoBi ekocucTemMu, aHAITHKY
BD, ckiai kibepHeTHYHI cucteMu (IMpPOBI miaThopmu).

3acobamu BuMiptoBaHHS B loT MoxyTb OyTH sIK OKpemi AaBadi, Tak i
ckiaaHi Komruiekcu. [Ipudomy mns mepenmavi JaHUX MOXKe OYTH BHKOPHCTaHO
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Oyab-siKy 3 HasBHUX TEXHOJIOTiH O€3ApOTOBHX Ta JPOTOBHX MEPEXK 3B S3KY. Y
komnanii Microsoft (CIIIA) BBaxatoTh, mo ronoBHa yactuHa loT — me He
JlaBadi Ta 3aco0M mepenadi naHux, a xmapHi oouuncnerss (Cloud computing), siki
3a0e3Mnedy0Th BUCOKY NPOILYCKHY CIIPOMOJKHiCTh. JlomomararoTh BIIOPATUCH 3
BeJIMUYE3HUMU MOTOKaMu iH(opMallii TymanHi obuucienns (Fog computing), a
Takok TpanmyHi oOumcneHHs (Edge computing). Sk BuKOHaBui,
BHKOPHUCTOBYIOTh TIPUCTPOi, 3MaTHI TIEPEeTBOPIOBATH ITU(HPOBI EIEKTPUIHI
CHUTHAIH, [0 HAAXOAATH BiJl iHQopMaIiifHUX Mepexk, Ha KOHKpeTHi aii. YacTo ix
KOHCTPYKTHBHO 00’€THYIOTh 3 AaBauamu. [lepenOavyaeTscs, IO B OCSHKHOMY
MaitoyTTi loT 3acTrocoByBaTmMyTh y caMHX pi3HHX cdepax: TPOMHCIOBI
00’eKTH, TpaHCHOPT (aBTOMOOLNI), OXOpOHA 3J0pOB’sl (MPUCTPOi BU3HAUCHHS
CTaHy 3/0pOB’S JIIOJWHHU), arpapHUi CEKTOp (ZaBadli MOHITOPHUHTY IOBKIJUIA),
KOMYHaJIbHI CITy>)kOM (1aBaui 3HIDKEHHS BTPAT BOJIM, €IEKTPOEHEprii, Terma),
«pO3yMHUI» OyaWHOK ToImo. J[0 1mboro OOOB’S3KOBO CIIIJI AOJATH IMHPOKE
3aCTOCYBaHHs B TOPTiBIIi, JIOTICTHIl, TOTENbHOMY Oi3Heci, OaHKIBCBKiH cdepi,
OyIiBHUIITBI Ta B 30pOMHMUX CHIIaX.

AJle OCHOBHHMM [DKEPEIOM BEJIMKUX JaHUX (3a JESKUMM MigpaxyHKaMH
1o 70%) B mepexax 5G € npomuciosuii intepaet peueit (IloT). Tomy Ha iHoro
0COOJIMBOCTAX CIiJl 3yNUHUTHUCS JeTajbHILIE.

oT — e cucTema 00’ eTHAHVX KOMIT FOTEPHUX MEPEX 1 i IKITIOUYSeHNX IO HAX
MIPOMUCIIOBUX 00’€KTIB 3 BOYJOBAaHMMH JaBadyaMHd Ta MPOTPAMHUMH 3aCO0aMU IS
30upaHHs T2 0OMiHy TaHHUMH 3 MOKJIMBICTIO BiJIIaJIEHOTO KOHTPOIIIO Ta KEPYBAaHHS B
aBTOMaru3oBaHoMy pexumi [5]. Ha mepmomy erami BropoBamkenHs [loT Ha
MIPOMHUCITOBE ~ OOJNQJHAHHS BCTAHOBIIOIOTH  JaBadi, BHKOHABYI MEXaHI3MH,
KOHTpPOJIEpH Ta JIOAWHO-MAIIMHHI iHTepdeiicn. OTxe, cTae MOXKIMBUM 30MpaHHS
iHdopMalii, o0 Ja€ MOXKIIMBICTH KEPIBHULTBY OTPHUMYBATH Taki 00’ €KTHBHI Ta TOUHI
JlaHi TIpo CTaH BHPOOHMIITBA, SKi HE 3aJeXaTh BiJ JrOJCEKoro (haxropy. OOpodneHi
JIaHI HAJAl0Th YCIM MiPO3/ijiaM IMiANPUEMCTBA, 1110 JA€ 3MOTY HAJIArOJUTH TICHIITY
B3a€MOJiI0 MDK OCTaHHIMH Ta MpUiiMaTth OOIPYHTOBaHI pimeHHA. OTpuMaHy
iH}opMaIlifo Moxke OyTH BHKOPHUCTAHO JUIS 3arO0iraHHs MO3aIUIAHOBHX MPOCTOIB,
MOJIOMOK YCTAaTKyBaHHS Ta 300iB y KEpyBaHHI JIAHIIOTaMHU IIOCTAYaHHS, OAIUM
MIIPUEMCTBY 3MOTY (DYHKIIOHYBaTH e(hEKTHBHIIIIE.

[lig yac 0OpoOIEHHS BEJINYE3HOT0 MAaCHUBY HECTPYKTYPOBAHUX NAHHX, LIO
HaJIXOIsATh 3 JIaBadiB, 0COOMWBOTO 3HAUYeHHS HaOyBae momaHHs iHMopMamii y
3pO3yMiIOMY JJIsl KOpHCTyBaya BUIIAAI. J{JIst IbOTO CITii BAKOPUCTOBYBATH BXKE
BioMi aHamiTW4Hi MiIaThOpMH, MpHU3HAYEHI Ais 30MpaHHs, 30epiraHHs Ta
aHaJIi3y JaHUX PO TEXHOJIOTIUHI MPOLEcH, 10 NPALIOI0Th y PeaJbHOMY 4aci.

OuikyeTbcs, o [IoT HagacTh MOXKITMBICTH CTBOPUTH BUPOOHHUIITBA, THYUKIII T
edexTuBHINI 3a HasBHI. CydacHi MPOBIIHI MepeKi 1aBadiB y HalHOMmKYI poku Oyne
JIOTIOBHEHO Oe31poToBUMU Mepexkamu. Y pasi craHoBieHHs [loT BupoOHuUi
TTAMPHUEMCTBA 3 130JTbOBAHUX CHCTEM IIEPETBOPIOBATUMYTHCS HA BIIKPUTI CUCTEMH,
SIKi IOEAHYIOTh Pi3HUX YYAaCHUKIB pUHKY. KepyBaHHS! BAPOOHMIITBOM B IIMX CHCTEMax
3/IHCHIOBATUME HE TIEPCOHAN, & XMapHi CePBiCH.

IITo cTocyeThesl EKOHOMIYHHX MTEPCIIEKTHB Ta peaslbHOCTI, TO e B 2015 porri
kommaniss Accenture (CIIA) mnpoBenma mmpoke AOCHiKEHHS «Ycmix 3a
nonomororo [IpomucnoBoro intepHery pedein» (Winning with the IloT) [5]. Sk
BOHA ITPOPOKYeE, MoxuBHi BHecoK 1loT y cBitoBe BupoOHHIITBO B 2030 portti Mir
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ou ckiactu 14,2 TpiH. ponapiB. Ae 1el NOTeHIIHHMA MPUPICT 3HAXOIUTHCS i
3arpo3ot0, 00 OUIBLIICT AEpXKaB MOKH HE AOKJIAAAIOTH JOCTATHBO 3yCHIIb, MO0
CTBOPUTH HEOOXiJHI YMOBH I IIMPOKOTO PO3MOBCIODKEHHS HOBUX LU(POBUX
TeXHONOTii. KpiM TOoTO0, HOCTIIKEeHI TIPOMICIIOB] TIAMPHUEMCTBA HABITh HE MAIOTh
KOHKPETHHX TuIaHiB BUKopuctanus [1oT.

3a pe3ynbTaTaMH JOCHTIIPKeHb Bimomoi aHamitmdHOi kommaHii ARC Advisory
Group (CIIIA) Bim3Ha4eHO, 110 B po3BUTKY 10T MpOCTEXYIOTHCS Taki TeHASHIIIT [5]:

— TOJOBHUMHU ckiagHukamu [oT  craioTh  mepemoBi  aHAIITHU4HI
IHCTPYMEHTH — LITYYHHUH iHTEJEKT Ta MalliHHE HaBUYaAHHS;

— mosiBa NU(POBHUX NBIHHUKIB a00 MUPPOBUX KOMiH (Pi3WIHOTO 00’€KTa
YMOXJIMBIIIOE BUPINIEHHS HHU3KH aHAJNITHYHAX 3aBAaHb, TAaKHX SIK
MOHITOPHHT Ta MPOTHO3YBaHHS CTaHy OO0’ €KTiB, IiarHOCTHKAa BiIMOBU
IPUCTPOIB Ta TEXHIYHUX CHCTEM;

— IoT momomarae irpoBHM TEXHOJIOTISIM ITOTOBHEHOI Ta BipTyaJIbHOI
peanbHOCTi (AR/VR) 3 BHCOKMM CTyHEeHEM JOCTOBIPHOCTI iMITyBatu
peanbHy 00CTaHOBKY Ha IiAIPHUEMCTBI;

— 3actocyBanHas MQTT (Message Queue Telemetry Transport) sk
OCHOBHOTO TpoTokony loT 0OMiHY maHUMHU J00pe MiIXOAWTH IS
BUKOPHUCTaHHs B KOHTPOJIEPax, JaBadax Ta Ajsl KibepOe3mneku;

— PI3KO 3pOCTaE KUIBKICTh IHTENEKTYAIbHUX TMPUCTPOIB, IO 3aCTOCOBYIOTH B
TPAaHWIHUX Ta TYMaHHUX OOYMCIICHHSIX 3 YOYZOBAaHOIO aHATITHKOIO.

i tenmennii po3sutky loT € 3apa3, Ta, 3Bakaloud Ha HEYXWIbHI TEMIH
po3BUTKy 5G y CBiTi, OynyTh i B MaiiOyTHhOMYy. OZJHAK HAa OCTaHHIN TEHIEHIIi]
PO3BUTKY, 3 OIVIAY Ha il BUHATKOBY BasKJIMBICTb, CJILJ] 3yIHHUTHCS AOKIAHILIE.

Hacamriepen, Bin3Ha4MMoO JesiKi OCOOIMBOCTI TEXHOJIOTIH XMAapHUX OOYHCIICHb,
AKI YMOXJIMBIIOIOTH 30€piraHHsl Ta OOpOOJICHHSI JaHHWX BiIIalIeHo y «xmapi» [6].
IxniMu nepeBaramu € HaiiiHicTh, Ge3MeKa Ta PO3BUHEHICTh HA CBITOBOMY PUHKY, a
OCHOBHHM HEJIONIIKOM — 3aTPHMKa TIepelaBaHHsl JTaHUX. XMapHi TEXHOJIOTi IIHPOKO
3aCTOCOBYIOTh i1 OOpOONIeHHs BENMKHX OOCATiB iH(oOpMallii, HanpHKiIax, B
texHonorisix BD Ta Al y <inaHcoBiii cdepi Ta TeneKOMyHIKaIlisx. YcCiliHa
peatizartis X TEXHOJIOTIH 3aIeKUTh BiJl IKOCTI BXiTHOI iH(OpMAITii, IKy HEOOX1THO
MOTepeIHBO (ITBTPYBATH, IO 3JIHCHIOE TEXHOJIOTISI TYMaHHUX OOUHCIICHb.

Tymanni o6uucnenna — 1e TEXHONOTIS, 3aBISIKH SIKiH Mporiecy 30epiraHHs Ta
00pOOJICHHS TAaHWX 3IHCHIOIOTHCS Y JIOKATBHIN Mepeki MiXK KiHIIEBUM IPHUCTPOEM
IoT Ta xmaporo. Ii mepeparamu €: 3HATTSI HABAHTAKEHHS 3i XMapH, TepeaBaHHS
JaHUX Yy PEKUMI pEalbHOrO Yacy Ta JOJaTKoBa Oe3leka, a HEeNONiKOM —
3MEHIIICHHS HAJIHHOCTI BHACHIAOK JeneHTpaiizamii. TymadHHi oOYMCIeHHS
3aCTOCOBYIOTBCS ISl 3B°S13KY 3 npucTposiMu 10T, mpu 1ibOMy JlaHi MepearoThes Ta
AHANI3YIOThCS Maibke 0e3 3aTpuMok. Lfo TexHomoriro Moxe OyTH BUKOPUCTaHO Y
Oyap-sIKili Tay3i: BAPOOHHUIITBO, OXOPOHA 37I0POB s, €HepreTrka, piHancoBa cdepa
tomo. Ilpote, KO yac 3aTpUMKH € KPUTHYHUM y TNEpeJaBaHHI JaHUX, TO LiE
3aBJIaHHSI PO3B’SI3Y€ TEXHOJIOTiSI TPAHUYHUX OOYHCIICHb.

TI'panuuni o6uucnenns — 1e TeXHONOris 00poOaeHHs Ta 30epiraHHs JaHUX Ha
kinmesomy mnpucTpoi IoT. i mepeBaraMu € TpakTHUHO HyIBOBA 3aTPUMKA
nepelaBaHHs JaHuX, HAAIHHICTh Ta Oe3reka, il MOoXKke OyTH TaKOX BUKOPHCTAHO Y
Oynp-siKiii cepi, ocobnmuBo y npuctposix [oT, skmo «po3ymHe» oONagHAHHS HE
BUMAarae MiAKIIOYEHHA JO XMapu Uil BHKOHaHHA po3paxyHkiB. Cdepu
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3aCTOCYBAaHHsI TEXHOJIOTiH T'PaHMYHMX Ta TYMaHHUX OOYHMCIEHb Oarato B 4OMY
MEPETUHAIOTHCS, 00 1X 3arajbHOIO MIEPEBATO0 € MIBUJIKICTh MIePEIaBaHHs Ta aHAITI3Y
nmaanx. Hapasi 3’sBuiocs Oe3miu mpuknanmiB peamizarii [oT Ta rpaHMYHNX
00YrCIIeHb, HANPHUKIIAA, 30MpaHHs TOKa3aHb JIYMIHHHUKIB, «PO3YMHI» aBTOOYCHI
3yMUHKH, CHCTEMH KOHTPOJIIO BOJIITB TPOMaJICHKOTO TPaHCHIOPTY TOLLIO.

3BuuaiiHo, y pasi 3actocyBanHs Mepex 5G T1a 6G TyMaHHI OOYHCIICHHS HE
3MOXYTh BHUTICHUTH XMapHi TexHojorii B loT. Ili Hampsmu po3BHBATIMYTBCS Ta
JIOTIOBHIOBATUMYTh OJMH OJHOTO. AJjie TaM, Ji¢ MOTPIOHO PO3B’S3aHHS CKJIAIHUX
3aBJ]aHh KEPYBAaHHS Ta EKOHOMIKH, «XMapa» 3IUIIHUTHECS y TPIOpHUTETI. A Tam, Jie
MOTPiOHA 3HAYHA MIBUIIKICTh PillleHb, OTPUMAIOTh CBiif PO3BUTOK TYMaHHI Ta TPaHHYHI
O0YHMCIICHHS 1 XMapa BUKOPHUCTOBYBAaTHMETHCS SIK CXOBHIIIE BKITUBUX JTAHHX.

OpHak, MOpsA 3 CyYyaCHHMMH TEHJCHINSIMA PO3BUTKY IIMX TEXHOJIOTIH, 3a
YMOBHU MallOyTHBOTO BIPOBAKEHHS Mepex 6G, BUMAIbOBYETHCS 1€ OJTHA HOBA
BOXJIMBA TEHICHISS — 16 KOHBEPTeHINS KOMYHIKaIliid, O0OYNCIICHb,
no3uilionyBanHs Ta Bumipy [7, 8]. CmpaBa B TOMy, IO HasBHI MeEpexi
MOOiTbHOTO 3B’s13ky Ta 5G BHUKOHYIOTH (DaKTUYHO OJIHY OCHOBHY (DYHKIIiFO
momo  3miicHEeHHs  Oe3apoToBoro  3B’s3Ky. Mepexi 6G  ogHOYacHO
BUKOHYBATUMYTh Ille W (QYHKIII OOYUCIICHHS, KEpyBaHHS, MO3HIIOHYBAHHS Ta
BUMIPIOBAHHS, III0 HEOOXIHO JUIS TaKUX 3aCTOCYHKIB SIK pO3IIMPECHA
peaNBHICTB, MIIKITF0YeHa pOOOTOTEXHIKA Ta aBTOHOMHI CUCTEMHU.

Y HacTyImHOMy pO3IUTI 3YyIIMHMMOCS II€ Ha ONHIA BayKIMBiA OOCTaBWHI, sKa
3’sIBIJIACS BHACHIJIOK BIIpoBapkeHHs [0T — BUHMKHEHHI edekTy Benmkux nanux (BD).

MEPEXI 56, 66 Ta BENMKI 1AHI

ComiansHO-eKoHOMIUHUH (peHoMeH BD € moB’si3aHUM 3 TTOSIBOIO TEXHOJIOTIIHUX
MOYJIMBOCTEH aHaNi3yBaTH BEJUYE3HI MOTOKU JaHUX, [0 BUHUKAIOTH Y Pi3HUX
npoOsieMHUX chepax, a TAKOXK 3i 30UIBIIEHHIM YChOTO CBITOBOTO O0CSTY JaHUX.
Ie crano MOKIMBHUM 3aBISKH yIpoBaKeHHIO 2G—4G MOKOTIHB 3B’ A3KY.

Ananituku IBS Group Holding Ltd (P®) Bech cBitoBuii obcsr BD oriHIOIOTE
y 3erabaiitax (1 3erabaiit — 1012 rirabaiiTiB) TakuMu BenmrnarHaMu [9]:

— 2015 p. monag 6,5 3eTabaiT;

— 2020 p. 40—44 3eradaiiT;

— 2025 p. no 500 3erabaiir.

Bonnowac Oinbiry wacTMHy gaHuUX reHepyBatuMmyTh He [oT, a
mignpueMmcta, To0To IloT. V 3B’ 13Ky 3 1M, Yepe3 odikyBaHi HebadeHi o0csaTH
iHpopMallii, HaBITh y pa3i HE3aJOBUILHOTO XapakTepy momupeHHs 5G y cBiTi,
Bxke y 2030 pomi HamiyaeTbcs po3movaTH BOpoBamkeHHS 6G. Po3paxyHku
aHAIIITUKIB TTOKA3YIOTh, 0 MOOITBHUH 3B’ 130K 5G, SIKUI OXOIUTIOE TpaTuIliiiHi
gacToTH Hk4de 6 ['T1I, Ta MPUHIUITOBO HOBI YaCTOTH MUTIMETPOBOTO JTialla30Hy
24-50 I'T'u Bce 0AHO HE 3MOXYTh BIIOPATHCS 3 MEpeAaBaHHIM Ta OOpOOICHHIM
OUiKyBaHUX BEIHYE3HUX MOTOKIB AaHWX. ToMy HOBa TexHoyoris 6G MOBHHHA
BHKOPHCTOBYBATH BxKe TepareprioBy cmyry dactor (100 I'Tm) — 10 TIm, 3a
AKO1, Ha [yMKY aHAJIITHUKIB, MOJKHA 3HAUTH BUPILICHHS 3a3HAYEHOT MPOOJIEMH.

Y pa3i BukopuctanHs Mepex S5G  gns aHamizy BD  3acTocoByroTh
CYKYITHICTh TEXHOJIOTiH, B OCHOBY SIKUX IOKJIaJCHO TPH omeparii [9]:

— 00poONeHHsl BEIHMKHX, TOPIBHSHO 31 «CTaHIAPTHUMHY» CICHApisMHU,

00CATIB JaHUX;
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— 00poOneHHs JaHuX, IO MIBUIKO HAAXOIATh Y AyKE BEIHKHX 00csrax,
KOJIM JJAaHUX HE MPOCTO 0araTo, a X MOCTIIHO cTae Bce OiblIie;

— 0OpoONeHHsT  CTPYKTYpPOBaHMX Ta  HECTPYKTYPOBaHUX  JaHHUX
TapaJiesIbHO, ¥ Pi3HUX aCIIEeKTaXx.

[Ticns BUKOHAHHSI 323HAYEHHX OTEpalliii MOXJIIMBO BiZTHOBHTH Ti 3aKOHOMIPHOCTI

B JAQHUX, SIKi HE € OYEBHIHUMH U1 OOMEXKEHOIO JIFOACHKOro cripuiHATTS. Lle nae
Oe3mpereIeHTHI  MOXKIMBOCTI  onTuMizamii  0araTthboX cdep HAmoro >KATTS:
JIep>KaBHOTO YIPABIIIHHSI, MEAWIIMHY, (DiHAHCIB, TPAHCIIOPTY, BAPOOHHUIITBA TOIIIO.

He 3ynunsArounch aetansHO Ha NPUHOMIAX Ta TeHAEHUisx pobotu 3 BD,
BCE K HEOOXIJTHO 3a3HAYNTH, L0 BU3HAYAIbHUMH XapaKTEPUCTUKAMHU AJISl HUX €
HE TUIbKA BENMYE3HHH MacuB, a W 3HauHWid HaOlp o3Hak. OcraHHIHA
XapaKTepU3yeThCs MoKasHUKaMu JaHux VVV (volume, velocity, variety), To6To
(i3nyHMIA 00CAT, MBUIKICTH TPUPOCTY Ta HEOOXITHICT MIBUAKOTO 0OPOOICHHS,
a TaKOX MOXJIMBICTIO OJHOYACHOTO aHAJI3y JaHWX pi3HMX TUMIB. I me Tpeda
MaTH Ha yBa3i, Nepll HXK PO3NOYMHATH iX aHalli3.

[epeniynmo HaiiBizomimi Mmetoau aHamnizy BD.

Mawunne nasuanns ML (Machine Learning) 3 yuuteneM ta 6€3 yauTeds.
[Micnst ycyHennst y BD HeOakanux siBuil (HaKOIMMYECHHS LIYMY, MOMHIJIKOBOL
KopensIii, nponyckiB aanux) ML ymoxmusiioe epextuBHe oOpoOimeHHs BD
BIJOMHUMH CTaTUCTUYHUMH MeToAaMu. [IOSICHIOETBCS 1€ THM, IO 33 BEJIUKUX
00csTiB BUOIPKH CTa€ CIpaBeIMBUM BHCHOBOK IICHTPAIHHOI TEOPEMHU TeOpii
HMOBIPHOCTI PO HOPMAaJbHUH 3aKOH po3moAlTy JaHuxX. Llg yHikanbHa
BrnactuBicth BD BimkpuBae MOXJIHMBOCTI [UIsI CTBOPEHHS e(EeKTUBHUX
CTaTUCTUYHHX aJITOPHUTMIB iAeHTH(IKAII{, po3MizHaBaHHSA 00pa3iB TOIIO, MO A€
3MOTY BUSIBUTH y JaHUX HEOUEBHU/IHI IPUXOBaHI 3aKOHOMIPHOCTI.

Memoou knacy Data Mining. ]lo HUX HaleXWTh CYKYIHICTh METOXIB
BusiBeHHs y BD panime HeBimoMHX, HETPHBIaJbHUX, KOPUCHUX MPAKTUYHO
3HaHb, HCOOXIAHUX JIJISl IPUHHSTTS PillicHb.

HImyuni mneiiponni mepexnci. MeTolq OXOIUTIOE MEPEKEBUH aHai3,
ONTHMI3AIlII0 Ta TEHETHUYHI aJITOPUTMH.

Imimauiiine moodenrosanns. MeToq HAIIGHO Ha MOOYIOBY MOMENEH, sKi
OMKCYIOTh PEaNIbHI MTPOIECH.

Ilpozno3na  ananimuka, posnizHaeanna o6pazie. Meron  3ilicHIOE
Bi3yaltizallifo aHAIITHIHUX TAHNX, IHTErPallifo, a TAKOX, MPOCTOPOBHH aHAJTI3 TAHHX.

Ho mxepen BD Hanexars:

— iHTepHeT: O6JI0TH, COLIMEPEXKi, caiiTu Ta pi3Hi GopyMmu;

— KopropaTHBHA iH(OpMaIlis: TpaH3aKIii, apxiBu, 0a3u JaHUX;

— 3HAYeHHS IOKa3aHHS BUMIPIOBATBHUX MPUCTPOIB: METEOPOJOTTUHHX
NpuiIagiB, TPOMHUCIOBOIO YCTaTKyBaHHs, [aBadiB CTiIbHHUKOBOTO
3B’SI3KY TOILO.

Iloza TpamumiitHOi cdepu Oi3HECY Ta MapKeTHHTYy, TexHojorii BD
3aCTOCOBYIOTh B OXOpPOHI 3JIOpOB’S, UIS TONEpeKEHHs NPHUPOJHHUX Ta
TEXHOTEHHHUX KaTacTpod, y MPaBOOXOPOHHUX OpraHax Ta BiHCBHKOBIiH cdepi.

HaiticroTrimoro BimMiHHICTIO 00po0ieHHs Ta aHamizy BD B Mepekax 5G ta 6G
CTaHe PI3HUIS MIBUIKOCTI IXHBOTO MpHHAMaHHS Ta NepenaBaHHs. [ MOpIBHSIHHS,
3apa3 MakCUMaJlbHa TEOpETHYHA MeKa IBUIKOCTI y Mepexi SG MpoXOoIuTh Ha PiBHI
20 I'6it/c, Toxi siK y Mepexax 6G Bona Moxke mocsrati 1 Toit/c. MokHa ovikyBaTH,
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mo 1 OOCTaBUHA NPHUBEAC JO JCIKMX 3MIH AITOPUTMIYHOIO 3a0e3NeUeHHs
3a3HAYEHHUX METOiB aHaii3zy BD, arne Hisk He MO3HAYUTHCS Ha iX CYTI.

I HapemiTi BapTO Bi3BHAYMTH JEsIKi KIIOYOBI HAMIPSIMHA TEXHIYHOTO PO3BUTKY
texHosorii BD y mepexax 6G [10,11]. Jlo HuX, HacaMIiepea, HalueXarh TaKi
TeHEHIII.

— 3pocmannus 0bcacy nepedanux Oaxux, TOMy BHHHUKAE roTpeda y Oimbaiomy

00cs3i criekTpa. [1osICHIOEThCS T1e THM, 110 OaraTo CrieHapiiB BUKOPHUCTAHHS
Mepex 6(G, BKIIOYHO 3 TAKAUMH 3aCTOCYHKaMH, SK PO3LIMPEHA PEeabHICTh
(Extended Reality), Ta npuctposimu 11 Ge3n0cepeIHEOr0 0OMIHY JTaHHUMH
MDK KOMI'toTepoM 1 smoackkum Mo3koMm (Wireless Brain — Computer
Interactions) oTpeOyIOTH y TUCSAYY pa3iB BUIIMX IIBHAKOCTEH NepelaBaHHs
JaHuX, MopiBHAHO 3 5G. Lle 3yMOBHUTH OCBOEHHS BUILMX [ialla30HiB YacTOT
X JI0 TeparepLeBHX.

— Ilepexio 6i0 OyiHIOBAHHA CNeKMPATbHOT eqheKMUBHOCTE HA OOUHULIO N0
00 oyiHlo8anHA 00CA2Y NpPOCMOpY ma OONiKy —eHepeoegheKmugHOCHI.
HeoOxifHiCTh TakOro nepexoay BUKIMKAHO THM, 110 Mepexi 6G mij vac
TepenaBanHs Ta mnpuiiManHs BD mpamoBatTuMyTh Y TPUBHMIPHOMY
IpOCTOpi SIK 3 HAa3eMHWUMH, TaK 1 3 TOBITPSHUMU TMPHCTPOSMH (JIiTaIbHI
arnaparty, IpOHH, IPHUB’3aH1 aepOCTaTH TOLIO).

— lossa «po3ymuuxy, sunpomintoeanvux BD nosepxons. 1le noB’s13aHO 3 THM,
mo Mepexi 6G TOKIaayTh ITOYaTOK PO3BUTKY Ui TIepeHaBaHHSI Ta
npuiiManHs BD BUIPOMiHIOBaIBHUX TOBEPXOHb, TAKUX SIK CTIHH, JIOPOTH 1
HAaBiTh 111 OYIMHKH.

— Macosa oOocmynnicmes maaux Oanux. K Hacmimok, wMepexi 6G
3a0e3reyyBaTUMYTh TepellaBaHHs sK IeHTpaiizoBaHux BD, Ttak i
BEJIMYE3HOI KITBKOCTI PO3MOAUIEHNX MalliX JAaHUX, sIKi OyIyTh HOTpiOHI
IUIs1 HAJaHHSI HOBUX TIOCIIYT.

Crin Big3HauuTH, 1m0 BD € 0CHOBOIO BCiX iHHOBAIIMHUX TexHOJOTIH. Tomy
OUISIX 10 CTBOpEHHS anroputMmiB Al mounHaeTbcss 3 HEOOXigHOT SKOCTI
o0pobuienHst Ta anamizy BD. JlaBHO 3a3HadyeHo, IO B OCHOBI BCiX HEBIAY Y
CTBOPECHHI TaKMX aJTOPUTMIB JIGKUTh HU3bKA SKICTh NaHWUX, a HE MOJIEi.
BpaxoBytoun 1eii BUCHOBOK, HAMaraTUMEMOCsI IIOKa3aTH OCOOJIMBOCTI 3B’A3KY
Mepex 5G, 6G 3 Al

MEPEXI 56, 66 Ta WTYYHMA INTENEKT

IMonstrs mryuHoro intenekty Al (Artificial Intelligence) six TexHONOTII
ocTaTo4HoO 1Ie He chopMoBaHO. Bikineais HABOIUTH 0 MIECTH HOTO BU3HAYEHD,
3 HAX OPiEHTYBaTUMEMOCS Ha TaKe 03HAYEeHHS I[bOTo TepMiHy [12].

HImyunuit  inmenekm — 1€ 3JaTHICTh CHUCTEMH  IIPAaBUJIBHO
IHTepIpeTyBaTH 30BHIIIHI JaHi, pOOUTH 3 HUX BUCHOBKHM T4 BUKOPHUCTOBYBATH
OTpPUMAaHi 3HaHHS IS JOCSATHEHHS KOHKPETHOI METH Ta BUKOHAHHS 3aBIaHb 32
JTOTIOMOT'O0 THYYKO] aJlamTartii.

3 UpOro O3HAUCHHS BUIUIMBAE, IO mpodiemMaTika Al MOBHHHA PO3BUBATHCS B
OCHOBHOMY 3a TphOMa HanpsIMamMH, TOB’sI3aHUMH 3 00poOJIeHHIM Ta aHaitizoM BD.

I. 3acTocyBanHs MamuHHOTO HaB4aHHsS (ML) Ta KOTHITUBHOTO aHAIi3y.
Crin 3a3Ha4UTH, 1O el HanpsM OyB HEHTPATBHIM 3 CAMOTO MOYaTKy PO3BUTKY
TexHomorii Al.
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II. BukopucraHHs HEHPOHHUX MEPEX, 3aBASKH SKAM PO3B’S3YIOTh HEUITKI
Ta CKJIagHi mpobieMu, Taki SK pO3Mi3HABaHHA TeoMeTpu4Hux ¢iryp abo
KIIacTepu3allisi 00’ €KTiB.

III. Po3poOieHHs IHTENEKTyalbHMX pOOOTIB, 3MaTHHUX MAHIITYJIIOBATH
00’€KTaMHi, BHU3HAYaTH MiCIle CBOTO PO3TAllyBaHHS Ta IUIaHYBATH HEpEMilICHHS.
OcCKiJbKM Ha BUPOOHHUITBI JIIOAMHA YacTO HPALIIOE Pa3oM 3 POOOTaMH, BUHUKAIOTh
mpobnemu ii yoOesrmedeHHs. 3ayBaKHMO, MO BXKE pPO3POOIIFOTH KOITa0OpaTHUBHI
po6otu (Collaborative Robot), siki KOHTPOIIIOIOTh CTaH JIFOAMHHU Ta HE JOMYCKAIOTh
3anoisiHHS 1H MIKOIM a00 BUKOHYIOTH ITEBHY PO00TY (MT0OYTOBHUIT pOOOT-ITHIIOCOC).

Metomu Al 3acTOCOBYIOTH Y CTBOpPEHHI Takux TexHOIOTiH, sk [oT Ta IloT,
PO3pO0JCHHS IHTEICKTYalbHUX JaBadiB, aHaNi3 MPUPOJHOI MOBH, MallWHHHMA
3ip, TIMOMHHE HABYaHHS, EKCIEPTHI CHCTEMH, PpO3IMi3HaBaHHS TEKCTIB Ta
300pakeHb, MAIIMHHUN TTepeKIa]], Oi3Hec-aHaiTHKa TOIIO.

Ane moku mo BukopuctaHHs Al € oOmexxenmM. Haiikparmi Bapiantn #oro
BUKOPHCTAaHHsS Ha MIAMPUEMCTBAX 3aliMAlOTh JIialna3oH BiJi «aBTOMAaTH30BaHUX
areHTiB 0OCIIyroByBaHHS KJI€EHTIB» A0 aBTOMATH3aLlii iHpOpMaLifHIX TEXHOJIOTIH,
a B 0aHKIBCHKIiH cdepi — J0 aHai3y Ta pO3CIIiTyBaHHS BUIIA IKIB IIaXpaicTBa.

Ha migcraBi BUKIaJ€HOTO MOYKHA 3pOOUTH Taki BUCHOBKHU. TexHousoris SG
PO3MOYMHAE HOBY €MOXY PO3BUTKY HamlpsIMiB Ta METOJIB, OCHOBaHHX Ha Al,
KOTHITMBHUX MipKyBaHHSAX, ML Ta rimOMHHOMY HaBYaHHI 3 BUKOPUCTAaHHIM
BD. BrpoBamkenas Al y XMapHi cepeoBHUIIa 0a30BUX MEPEX Ta Iepudepiro
3pOOHTH TOCTYMHO iH(pOPMALiIO, siKa iHaKIIe Oya 0 HeJOCSHKHOIO.

3acTrocyBaHHS TIepefOBUX XMapHHUX TEXHOJOTH y Mepexax 5G Hajgacth
3MOry 3a jormoMororo Al TpanchopMyBaTH CTPYKTYpYy HUX Mepex. [IpupomHo,
o0 TepexiJy Ha «XMapy» CIpHS€E  ONEPaTUBHOCTi, THYYKOCTI Ta
MacIITabOBaHOCTI 32 YMOB 3pOCTaHHs BUAKOCTI MepeJaBaHHs Ta BUMor 10 BD
y moOinpHEX Mepexax. Illo crocyerbes mepudepii (TpaHuyHi Ta TyMaHHI
obuncieHHs), To B Mepexkax 5G aist HUX Moxe OyTH 3a0e3leueHo HeoOXiJIHy
00YHCITIOBAJIbHY MOTYKHICTh. 3yMUHUMOCS HA bOMY JOKJIAJHIIIE.

Boxe 3apa3 crana noriunoro nosiBa riopuay Al Ta loT, mo orpumar Ha3By
AloT [13]. CmpaBa y Tomy, mo npu nepenaBanHi manux loT-mpuctposmu y
[EHTPaTi30BaHe CXOBHILE, HAMPUKIAJ Take SK XMmapa, BUHHUKae mpobieMa i3
3aTpUMKOIO y 4aci. [1osICHIOETECS 1Ie THM, IO XapaKTEPUCTHKA LHOTO MPOLECY
JacToO HE BiANOBimae 30LIBIICHHIO MaHWX. Koo TmepemaBath  JaHi
HEOOPOOJICHUMH, TO 3aTpUMKa 3pOCTE 1 3arajibHa MPOAYKTHUBHICTH CHUCTEMH
3HM3UTHCA. OOpoOJIeHHS! AaHUX, a caMe I'paHWYHI Ta TyMaHHI OOYHUCIIEHHS, €
onHiero 3 TuX cep, ne Al moxe 3podbutn 3HaUHNN BHECOK. ToMmy uis pearizartii
HOBOi TexHonorii AloT € HeoOXigHMMH KOMMOHEHTH Al, sSKi MOXYTh 3 IIMM
3aBJaHHSAM yrnopartucs Ha nepudepii Mepexi. A nepudepiero Moxe OyTH Bce 110
3aBroIH0O — BiJl OOPTOBUX MPHUCTPOIB TPAHCIMOPTHHUX 3acCO0IB Ta JTaKiB [0
3aBOJIIB a00, HAMPUWKIAT, Ta30BHAOOYBHHUX YCTAaHOBOK, pO3TAlIOBaHUX Y
BiJlaNieHNX paiioHax. [HTenekTyanpHe OOpOOJICHHS JaHUX, IO HAAXOJIATH Bij
npuctpoiB loT Ha mepudepii, cnouaTky nepeabadanocs 3MiHCHIOBATH Y XMapi.
OpmHak MOCTYTOBO BiX Ii€i KOHIIEIIIi JTOBEIOCS BiAMOBHUTHCS HYepe3 BEIIUKHI
o0cCsr IaHuX, sKi MepelaloThcs y 3BOPOTHUX HANpPSIMKax, MO MPHU3BOAMIO IO
HETMPHUIYCTUMHUX 3aTPUMOK MPUHHATTSA pilleHb Ta BigNOBIAHOT peakxmii.
Bupimienns miei mpoOneMu mMonsranio B TOMY, IO JOIUIBHAM BHSBHIOCS
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3OIMCHIOBATH TIPHUMEXEBI OOYHMCIeHHs Oe3mocepeHb0 Ha Kpaw MeEpexi,
BU3HAYAIOYH, SIKI JJaHI HEOOXiHO BiANPAaBUTH Y XMapy, a sKi Bia]iabTpyBaTH.
Tomy min cumbiozom, HazBauuM AloT, cmig matu Ha yBasi Al-mmatdopmy (Al
platform), po3ramoBany Ha Kparo MEpexi.

MaOyTb, ocHOBHI TeHaeHIii po3BUTKY Al B 5G 30epexxyThcs U 3a MosBU
Mepexi 6G. OnmHak yke 3apa3 MOKHA TOBOPUTH IPO OYEBHIHUN XapakTep Ta
nesiki 0coOMMBOCTI BIIpoBaDKeHHs 6G. ['0JIOBHUMH TpeHIAaMH, SKi BEIYTh IO
HeoOXimHocTi mosiBM 6G, € HebaueHe 3POCTaHHS KUIBKOCTI IMiIKIOYCHb
TEXHIYHUX MPUCTPOiB Ta BUKOpUcTaHHs Al ans 6e3nepebiiiHoro 3B’ 3Ky 3 LUMH
npuctpossmu [3]. Haminenicte Ha Taky iHTerpamnito Al 3 IoT He Bumaerbes
JIUBHOIO, OCKIJIBKH 3a OLlIHKaMU aHaTITUKIB B 2030 poili KiIbKICTh MiJKITFOUYEHUX
IHTEJIEKTYAIbHUX TEXHIYHMX 00 €KTIB Ha CHOTOJHI OWIHIIOTHCS y S00 mup.,
0 3HAYHO TepeBulIye HaceldeHH 3emii. OUWiKyeThCs, MO0 MIHPOKOTO
BIIPOBAPKCHHS HAOyIyTh pi3HI BHIN «HE3BUYAHHUX» TIPUCTPOIB, Taki fK,
HAIPUKIIAA, OKYJIIPH JTOTOBHEHOI pEaJIbHOCTI, FapHITYpPHU BIPTYaJIbHOCTI, 3aC00U
BimoOpakeHHsT Tosorpam Tomo. CTae LITKOM peaJbHUM MiJKIIOYEHHS 10
MepeXi aBTOTPAHCIIOPTY, IPOHIB, TOOYTOBOT TEXHIKH.

BaxnuBoro 3HaueHHs HaOyBa€ KOHIEIIsI pO3YMHOTO MICTa, CIpsIMOBaHa Ha
e(eKTUBHE KepyBaHHS CTaJMM PO3BUTKOM CYCHIJIbCTBA 3a yMOB ypOaHizamii Ta
TIOJIIIIIEHHST COLIAbHO-€KOHOMIYHOTO 1 )KUTTEBOTO PiBHS CBOiX rpomajsH [14].
EdextnBHe BNPOBAaKCHHS TPAHWYHUX OOYHUCIICHH 1 IMMOETHAHHS PUMEKOBHUX
TexHoJorii, Takux sk Al, [oT, 6e3miIoTHUKY, IEPEHOCH] TEXHOJOTI, BipTyallbHa
Ta JIOTIOBHEHA PEAITBHICTh, MOXYTh BIJIrPaBaTH XHUTTEBO BAXIUBY pOIb Yy
pearmizamii pimreHs Ta CHPHUATH EBOJIONII PO3yMHHX MICT. BHKOpHCTaHHS mHX
TEXHOJIOTIH CTa€ HEeBiJl'€MHOIO YaCTHHOIO CYYaCHUX TEXHOJIOTIYHUX BTPYYaHb JJIsI
TIOJIMIIEHHS. MICHKHUX TPOLECIB 1 BUXOIUTD 332 PaMKU Takux cdep, K KepyBaHHS,
OXOpOHA 3/I0POB’s, TPAHCIIOPT, BUPOOHHIITBO, CLTLChKE TOCIOJAPCTBO Ta OCBITA.
B ix ocHOBi JexaTh AaBaui Ta iHII poOOdi MPHCTPoi, BOYAOBaHI B PO3yMHI
CHCTeMH, SIKi BHKOPHCTOBYIOTH moreHuian loT Ta Al gna copuiHATTS
HaBKOJIMIITHBOTO CEpEeIOBUINA, 3a0e3neuyroTh e()eKTUBHE Ta aBTOMAaTH30BaHE
MIPUHHATTS PIllIeHh HAa OCHOBI oTpuManux BD 3 oOMexeHWM BTpydYaHHIM
moaunu. OpHak, Oarato npoOieM, Takux sK Oe3neka, KOH(]IICHIIHHICTS,
JIOCTOBIPHICTh JTAHWX, IIEHTpaii3alis, MacmTaboBaHICTh TOIMIO, 30epiraroThCs.
3romoM IpUMEPEKOBI TEXHOJIOTIT 3MOXKYTh TpaHChOpPMyBaTHCA y KibepdisudaHi
CUCTEMH, 37aTHI MiJKITIOUUTA (i3UYHUN CBIT 0 OOYMCITIOBAIBHUX 3aCOOIB IS
MiATpUMaHHA HEOOXiHMX Orepawiil y «po3yMHOMY MICTi».

B ocspxkHOMY MaliOyTTi HeMuHY4Ye 00’ eHaHHS Mepex 6G ta Al. BomHouac
IHTEJIEKTYaJIbHICTh CTaHE HEBIJ €MHOI0 XapaKTEPUCTHKOI Mepexi 6G, ToOTo
MOBa iile Mpo Tak 3BaHE «IHTEJNEKTyaJlbHE MiIKIIOUCHHA». BoHO Oyne
OTHOYACHO BIJNOBIigaTH JBOM BHUMOTaM: 3 OJHOTO OOKy, BCi TOB’s3aHi Ta
MIKITI0YEHI OAWH 10 omxHoro mpuctpoi 6G y caMmii  Mepexi €
IHTENeKTyalbHUMH, 3 iHIIOro OOKy, CKJIaJHa Ta BeJIMYe3Ha Mepeka cama
noTpedye iHTeNeKTyaIbHOro KepyBaHHs. TOMy «IHTEJIEeKTyalbHEe MiAKIIOYSHHS
Oyzne OCHOBHOIO XapaKTEPUCTHKOIO, 3MIMCHIOIOYM TOJOBHY (YHKIIIO Mepexi
6G — rnuboke Ta MOBCIOAHE 3’ €HAHHS 3 00’ EKTaMH.

Bigznaunmo, mo 3a ganuMu MiHICTepCTBa HaykKd Ta TexHoioriii Kuraio
MIBUJKICT TepelaBaHHSA JaHUX B Mepexi 6G, BpaXxoBYHOYH TepareploBHi
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nmianason, Oyae y 8000 pasiB Ouiblie TOro, IO MOXKE MPOJSMOHCTPYBAaTH
mepexxa 5G [15]. e, 3BuuaiiHO, TEOpETHYHUN pE3yJbTAT, ajle HaBiTh SKILIO
Mepexa 6G mpamroBaTMe BIBIYi MOBiNBHIIIE, TO ii aHTacTHYHA OCOOIHBICTH
HaJacTh MOXKJIMBICTh «KEPYBAaTH IPHCTPOSIMH 3 MO3KY». MOXHA HpPHUITyCTHUTH,
0 JUIS MOBHOI peamizaiii Takol MOXKJIMBOCTI HaJ3BHYANHO BaXJIHBY pOJIb
BimirpaBatume i Al. OpmHak 1eil ¢eHOMEH MOXXe BHHHKHYTH, MaOyTh, Y
HEOCSHKHOMY MailOyTHEOMY.

Came Tomy ormc ocobnmBocTelt Al Oyze HEMOBHMM, SIKIIO Ay>kKe KOPOTKO He
3yIUHUTHUCS Ha 1IIe OJHIN KiHIeBii meTi 3’eqHanns 5G + [oT + BD + AL YV upomy
pasi HoeTbcs Mpo IHTENEKTyallbHe KepyBaHHS SK MOIMBUH KIHIIEBUH pe3yibTar
OyIb-IKOI JISITHHOCTI B yCiX cepax.

IHTenexTyanapHe KepyBaHHS € y3arajJbHEHHSIM CEMiOTHYHOTO, KOTHITUBHOTO
Tta iHpopMariiiHoro kepyBaHHA [l16]. HeoOximHicTh IHTENEKTYyaIEHOTO
KepyBaHHS HaWTOCTpillle BHHUKAe I BupimeHHSA mpodnemu BD. OcHoBoro
IHTETIEKTYJIbHOTO KEpPYyBaHHS € IHTEJICKTyalbHI CHCTEMH Ta IiHTEIEKTyalbHi
TEXHOJIOT11, sIKi BUKOPUCTOBYIOTH METOAM Ta MpakTuku Al, B mepury wepry ML.
OCKUTBKM A1 CyYacHOTO  KepyBaHHA €  TPUTaMaHHUM  TIPHPICT
HECTPYKTYPOBaHOI iH(poOpMalii, mepel THM SK Y3iTHUCS 32 OCHOBHI (yHKIIi
KepyBaHHA, y OyAb-KOMy pa3i HEOOXiZHO CKOpUCTAaTHCA 3a3HAYEHUMH
Metogamu aHamizy BD. be3 po3p’s3aHHA 1[bOr0 3aBIaHHS HEMOXJIIHBO
3aCTOCYBaTH TPAMUIIHHI METOIU Ta NEsKl BHIW IHTEJIEKTYaIbHOTO KepyBaHHS,
AK1 IOJISTaloTh y MOOYAOBI MoJeNeli cTaHy TOrO YW iHIIOTO 00’€KTa, SKi TOYHO
OMHCYIOTh HOro MOBeAiHKY. TOMy BiJl TOYHOCTI Ta MmBUAKOCTI aHamizy BD
3aIIeKUTH e(PEKTUBHICT TIPOIECY CTBOPECHHS MOJIETI 3a JOIIOMOTOIO IPOIEAYPH
ML, sika o cyTi € HaliBaximBimow ¢yHkmieo Al. 3ayBaxumo, mo Oyab-ska
MOJENb IHTEJICKTyaJbHOTO KEpPyBaHHS € CIHpOLICHUM OIMCOM CTaHy Ta
HOBENIIHKH peanbHOro o0’ekra. CTymiHb CIPOIIEHHS MOXe OYTH JOIyCTHMHUM
a00 CTBOPIOBATH HEBU3HAYEHICTH [16], aje 11e Bke iHIIe CKIaaHe 3aBAaHHs, IS
PO3B’sI3aHHSI SIKOTO TAKOX € MOTPIOHMM 3aCTOCYBaHHsI CIleLiaIbHUX MeTomiB Al
JUIsl TOOYTOBM HEBU3HAYCHUX MOJEIed. Y bOMY BHUIIQJKy MOKHA BBaXKaTH, II0
TeHJEHII{ PO3BHUTKY IHTENEeKTyaJdbHOTO KepyBaHHS Ta Al 3a BHKOpHCTaHHS
3B’s13KiB 5G Ta 6G 30iraTUMyThCS.

OpHak crij| Bee %K 3yIMMHUATUCS Ha TOMY, IO OYiKy€e Hac HEBJOB3I 3a IIUPOKOTO
yIpoBaDKeHHS TexHojorii 5G Ta 6G. Pobora Haj cTaHmapTaMu Mepex MOOLTEHOTO
3B’s13Ky 5G 3aBepIIMiIacs MOpiBHSHO HEOAABHO. binbmiicts 30H noctymy 5G € abo
JIOKaIbHUMH, 200 30BCIM TECTOBHMH, TOMY MOsIBA KOMEPLIMHUX MEpEeK MOKH LIe
Iyxe ManoiiMoBipHa. O4iKyBaHMM  TEOPETWYHHH MaKCUMyM  TIPOITYCKHOI
CIIPOMOXKHOCTI Yy IIMX Mepekax, BUINOBIIHO 10 BuUMoOr craHmapry IMT-2020
MiXKHapoJHOTO 1IHCTHTYTY eNeKTpO3B 13Ky, Moke focsrtu 20 I'6it/c no aboHeHTa Ta
10 I'6it/c y mpoTunexxHoMy HanpsIMKY, i3 3aTpUMKOIO 3B’ s3Ky He MeHiie 4 Mc. OnHak
3a OITiHKaMH (axiBITiB OE3IPOTOBOTO 3B SI3KY, 3aTpUMKa B 1 MC — IIe 3aHAITO Oararo
JUIs 3a0e3MeveHHs] HeoOXiTHOT IIBUAKOCTI peaKilii Mepexi, koiu Bemnuki naHi cramm
pyuIieM QyHKIitOBaHHS Oi3HECY 1 CyCHLIBCTBA.

[prauHOIO HEmpUITyCTUMOi  3aTpUMKH B Mepexi 5G € BHKOPUCTaHHS
nporpaMHo-o0ymoBieHoro intepdeiicy 5G NR, mo mNpu3BOAUTH A0 3HAYHOTO
yrnoBiTbHeHHS. OUiKyeTbCs, MO0 BUXOJOM 13 Takoi cuTyarii Oyne CTBOPSHHS
TEXHOJIOTII 3B’513Ky 6@, siKa NpaIfoBaTUMe y TeparepreBoMy AiarnasoHi 3 MIMPUHOI0
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YaCTOTHHX CMYT HOBOTO CTAaHAApPTy IMoOHan Jecsitka [T, Mo YMOXIMBHTH
3a0e3MeueHHs] OUIBIIOT TPOITYCKHOI 31aTHOCTI. OYIKYEThCs, 1110, HE 3BAXKArOUd Ha
Te, 110 HEMAE I1e MPOEKTY CTaHIApPTy TaKOro 3B’s3KY, IIBUAKICT 3B’ 43Ky 6G cArHe
1 T6it/c, 3 MepexeBoro 3aTpuMKOro 10 1 Mkc. OmHaK HA MUIIXY IO TeParepIieBoro
Jiarna3oHy HeoOXiIHO MO0JIAaTH e YMMAJI0 TEXHIYHUX CKJIAIHOIIIIB.

3nayHi 3ycmiis y po3BuTKy TexHouoriid [oT, Al Ta mepex 3B’s3ky 5G, 6G
3miicHIOE €Bporretickka kowiciss. Tak, y 2018-2021 pp. BHKOHYEThCS HH3Ka
MacITa0HHUX MPOEKTIB, B IKUX 3a/IiTHO Maiike Bci kpainu €C:

— iDev40 (783163) — InTerpoBanuii po3BuTok «IHayCcTpis 4.0» B €Bpormi
Ut poOOTH 31 CKIIAIHUMU TU(GPOBAHUMHU CUCTEMaMU BUPOOHUIITBA IS
JOCSITHEHHST BUCOKOI SIKOCTI MPOIYKIIii, MaJlHX TEPMIiHIB PO3pOOIICHHS
Ta BUKOHAHHS, 3 IIUPOKUM YIPOBaHKEHHIM CUCTEM KEpyBaHHS JaHUMH
Ta MTYYHOTO iHTeNeKTy [17];

— Productive4.0 (737459) — Enexrtponika Ta iH(OpMAaIiHHO-
KOMYHIKaIliiHI TEXHOJIOTI SK 3aci0 jyis nudpoBOi MPOMHUCIOBOCTI Ta
ONTUMI30BaHOTO KEPYBaHHS JAHIIOTaMH IOCTa4aHHS, L0 OXOIUTIOE
BECh JKUTTEBUH ITUKI ToBapy [18];

— AFarCloud (783221) — Po3po0sieHHsT pO3HOAUIeHOT LIaThOpMHU IS
ABTOHOMHOTO BENICHHS CUICBKOTO TOCHOAAapCTBA, IO JacTh 3MOTY
IHTETpyBaTUCS Ta CIIIBIpaIoBaTH KiOephi3MdHUM CHCTEMaM CLIBCHKOTO
TOCTIOAPCTBA Y PEKUMI PEATHHOTO Yacy 3ayrs 30UTbIICHHS €(EKTUBHOCTI,
MPOAYKTUBHOCTI isSUTLHOCTI, MOKpAIIEHHS 3I0pOB’sl TBAapHH, SKOCTI DKi Ta
3MEHIIIEHHS] BUTPAT Ha poOouy cuity Ha epmax [19].

Y crarri B crHchiii  (GopMi PO3MNISHYTO HAaWTOJNOBHINI  OCOOIMBOCTI
B3a€MO3B 513Ky Mepexxk S5G, 6G 3 iHTepHETOM peueil, BETMKHMMU JaHUMH Ta
IITYYHUM iHTenekToM. He 3Baxkaroun Ha Te, o Mepexi SG MoK He PO3TOPHYTO
MOBCIOJTHO, OCHOBHI OCOOJIMBOCTI TAKOTO B32€EMO3B’SI3KY MPOTIISIAI0THCS JOCUTD
gitko. [Io crocyerscst po3BUTKY Mepexk 6G, mie He BCe 3p03yMiJio, 1€ B IepILy
Yepry CTOCYEThCS TEXHIYHOI peamizallii 3B’S3Ky B TepareplieBOMYy miala3oHi,
TOMY TIPO OCOOJIMBOCTI B3a€MO3B 513Ky B 6G MOKHA TOBOPHUTH JIHIIIC TTPUOJIHU3HO,
MOB’SI3YIOUH X 3 TEHACHIIISIMUA PO3BUTKY I[bOTO LIBUIIKOTO CIIOCOOY 3B’ SI3KY.
3a3HaueHo, mo ITy4HUil iHTenmekT (Al) Moxe cCiIyryBaTH iHCTPYMEHTOM
00’ eqnanns inTepHera pedeit (IoT) ta Benmukux manux (BD). OTxe, Bxe 3apa3
MOYKHA TOBOPUTH TMPO HapokeHHs HOBOI udposoi Texnounorii [oT + BD + Al,
aka QyHKIifoBaTUMe B Mepexax 3B’s3Ky 5G ta 6G. PosrnsHyTi iHCTpyMeHTH,
0co0mMBO B Mepexi 6G, € 3MaTHIMHA 3a0€31eYNTH HEMMOBIPHY OOYUCITIOBAIIEHY
HOTYKHICTB SIK y XMapHHX, TaK i B TPAaHUYHUX T TYMAaHHUX OOYHMCIICHHSX.
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PECULIARITIES OF INTERCONNECTION 5G, 6G NETWORKS WITH BIG DATA,
INTERNET OF THINGS AND ARTIFICIAL INTELLIGENCE

Introduction. The 5G, 6G mobile technologies, which are actively developing in the world,
and the Internet of Things, Big Data, artificial intelligence are closely intertwined. It is
important to understand the features of the relationship to effectively use them in new
intelligent information technologies.

The purpose of the article is to highlight the most important features of the relationship, which
are viewed on the basis of experience in implementing 5G and 6G technologies.

Results. Internet of Things technologies use 5G, 6G, as well as cloud, fog, and edge
computing to connect to high-speed devices. Machine learning methods, neural networks and
simulation are used to analyze Big Data. Artificial intelligence algorithms are an integral
part of all technologies, they allow you to intelligently connect and control 5G / 6G networks,
the Internet of Things and Big Data. The main trends in the development of 5G / 6G will be
the convergence of communications, the use of 3D networks, terahertz spectrum, quantum
technology, artificial intelligence and deep learning.

Conclusions. The use of 5G and 6G high-speed networks, Internet of Things technologies,
cloud computing, Big Data analysis and artificial intelligence is a prerequisite for the further
development of the digital economy, production automation, smart healthcare and smart city.

Keywords: communication networks, Big Data, Internet of Things, artificial intelligence,
machine learning.
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CRITICAL SYSTEMIC PROPERTIES OF ELECTRONIC ATLASES
NEW GENERATION. PART 1: PROBLEM AND RESEARCH METHODS

Introduction. The revolutionary changes in information technology of the last two decades
allow the construction of electronic atlases (EA), the capabilities of which are fundamentally
richer than the capabilities of "classic" EA. This is achieved through the use of the systemic
properties of the new generation of EA, which are therefore named systemic. Systemic EA
remain the simplest and most effective spatial information models of territorial systems al-
lowing applying them for the decision of many practical problems.

The purpose of the paper is to formulate the need for systemic EA and describe methods
for research their systemic properties. These methods will be used to find and describe critical
systemic properties without which EA cannot be systemic. The methods are founded on Rela-
tional Cartography and Model-Based Engineering.

Results. The evolution of “classic” EA is considered: from paper atlases and their
images to analytical atlases. It is shown that on the imaginary border of classic and
nonclassic EA there are already new generation of EA — systemic EA. Both the theory and
practice of such systemic EA have many unresolved problems. Some of them are described in
the article. The authors believe that many problems can be solved by implementing the
critical systemic properties of EA. Two methods are used to research the problems and to
prove the results: Conceptual frameworks and Solutions frameworks. Both the methods
themselves and the possibility of their application to find the critical systemic properties of
the new generation of EA are described.
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Conclusions. The main problems of electronic atlases of the new generation are
described and their solution is offered by a method of Conceptual frameworks and a method
of Solutions framework.

Keywords: systemic electronic atlas, Conceptual framework, Solutions framework, critical system
property.

INTRODUCTION

There are many theoretical arguments in favor of the need for this work.
However, the decisive argument is practical. Namely, in 2020, more than twenty
years after the release of our first electronic atlas (EA), it turned out quite
unexpectedly that the differences in the understanding of “modern” EA (MEA)
by developers with different qualifications (education) have become critical.
Here we are talking about the developers, which may be divided into two (or
four) groups in accordance with the professional education: cybernetists
(programmers) and geographers (cartographers). Indicated differences are not a
surprise, but it is surprising that the visions within the team, which has created
several EA over the last twenty years, have become fundamentally different.
Moreover, different visions have become not only the problems of individual
members of the development team, but also the team as a whole — up to the
impossibility of creating by such a team "desirable" resulting MEA or, rather,
Systemic EA (SEA). This was the first "bell" that something is wrong.

The analysis of our practical atlas works of recent years, caused by this first bell,
showed that, in addition to different viewpoints on individual components/elements of
the MEA, there is another big problem common to all developers of all groups. This is
the second, and the main, "bell" about the identified problems: different understanding
or even misunderstanding of what the MEA is and what it is not. It turned out that this
is a problem of modern atlas activity not only in Ukraine but all over the world. And it
is both practical and theoretical. In our opinion, at the moment this
understanding/misunderstanding can be reduced to answering the question: is the
MEA a system or not. As shown below, the MEA is or can be a system and this
problem can be solved by answering the following questions: 1) whether the MEA is a
system and if it is so (the atlas in this case is called SEA), then 2) what exactly are the
systemic properties of the SEA and, 3) which systemic properties of the SEA are
critical, ie, those whose absence in the implementation of the SEA calls into question
its "systemicity". We decided that in order to overcome this misunderstanding, it is
better to consider not all, but only three "critical" systemic properties of the SEA.
Considering them will allow agreeing the different viewpoints on the SEA and it will
be a simpler task than considering all the properties of the SEA.

EA is a kind of Atlas Information Systems (AtIS) according to [1].
A significant part of them are systems unambiguously and therefore are called “real
systems” here. The rest of them can be called "simple systems", although more usual
are such names as “systematic collections of maps” or “systematized sets of maps”.
AtIS, in turn, is a kind of Spatial Information Systems (SpIS) — a general class of
systems we need in the study. The class of SplS includes long-known "classic" EA,
AtIS, Carto- and Geo- Information Systems (CIS and GIS). With the development
of information technology and the transition of the Internet from the Web 1.0 to
Web 2.0 epochs, many new SpIS have emerged that did not exist before
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the Web 2.0 epoch. Perhaps the most well-known examples of such new SplIS are
carto- and geo- platforms such as Google Maps and OpenStreetMap (OSM),
respectively (Carto- and Geo- Information Platforms — CIP and GIP). The
development of the Internet has influenced the classic SplS. If we accept the
almost indisputable opinion about the change of these SpIS in modern
conditions, then the question arises as to the essence of these changes. Moreover,
this issue is important both for existing EA that need to be upgraded and
maintained in working state, and for new MEA/SEA that need to be created.

In the encyclopedic dictionary "system (from the greek: systema — a whole
composed of parts; connection) is a set of elements that are in relations and links
with each other, forming a certain integrity, unity" [2; p. 1215]. In the textbook [3;
p. 185] the geographic atlas is called "a systematic collection of geographical
maps, executed according to the general program as a holistic (integral) product.
An atlas is not just a set of different maps, not a mechanical combination of them
in the form of a book or album; it includes a system of maps that are organically
interconnected and complementing each other, a system determined by the
purpose of the atlas and the peculiarities of its use". From the viewpoint of the
"systemicity" we need, it coincides with the definition of V. Vozenilek [4; p. 4]:
“current” cartography understands "an atlas as a set of targeted compiled maps
systematically organized according to the thematic content, the spatial extent and
temporal viewpoint and assembled in a unified map language".

"Current" cartography is defined by the International Cartographic Association
(ICA) as [5]: 1) cartography is the discipline dealing with the art, science and technology
of making and using maps; 2) a map is a symbolized representation of geographical
reality, representing selected features or characteristics, resulting from the creative effort
of its author’s execution of choices, and is designed for use when spatial relationships are
of primary relevance; 3) a cartographer is a person who engages in cartography. All
cartographies, the subject of which is the study of the map, we call "classic". Hence the
term "classic" cartographer, although we also define this concept directly.

In K. Salishchev's definition, the significance of the first of the two components
of his "system of maps" — maps (elements) — is generally clear. This is because
they are discussed in detail, for example, in his own textbook [3]. The second
defining component of the system — relations and links — does not clarified by
K. Salishchev’s definition and so far no work has been found where this clarification
could be found. Indeed, questions arise immediately after trying to understand the
essence of the used terms "collection", "set" and "system of maps". "Collection" is
"an assembly of collected (things, works, etc.), gathering " [6; vol. 2; p. 344]. "A set
is an assembly, a selection of subjects of one purpose, forming something whole, eg,
a set of tools" [2; p. 858]. As of 2020-oct-10, Google Translate offered "set" as the
most common English translation of the term "assembly" («HaGip» in Ukrainian).
We always translate the last term into Ukrainian as "set" («MHO)wmHa» in Ukrainian).
Therefore, if we do not clarify the meaning of the term "system of maps", then,
according to K. Salishchev, atlases can be called sets of maps with some
"systematic" or "systematized" properties received in the process of its "collecting".

Further in K. Salishchev's definition it is said that the atlas is not a mechanical
set of maps, but "a system of maps that are organically interconnected and
complementing each other". That is, K. Salishchev identified two types of rela-
tions between two or more atlas maps: interconnectivity and complementarity. In
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contrast to the well-researched concept of a map, these relations (and/or links)
between maps are poorly understood. Previously, we "hid" the problem of
"unstudied" relations by defining an atlas of the classic type. For this,
K. Salishchev’s definition was supplemented by the sentence "..., created by
specialists with classic cartographic knowledge for users who may not have this
knowledge" [7; p. 47]. The amount of knowledge of specialists with "classic"
cartographic knowledge corresponds, at least, to a textbook on cartography, for
example, [3]. Thus, we hid the second component of atlases as systems in the
"classic" knowledge of professional cartographers, who should know what the
"interconnectivity and complementarity" of the paper atlas system of maps is. Due
to the modern problem of misunderstanding the essence of modern EA (MEA), we
can no longer "hide" the relations of the "system of maps" in the knowledge of
classic cartographers (geographers). That is, if we return to the term "system of
maps" by K. Salishchev, we have to admit that this term is defined as vaguely as
"systematic collection of maps" and "systematized set of maps".

Note that the first mention of projects to create Electronic Atlases (EA)
dates back to the 80° of last century [8]. Unlike paper (analogue) media, at that
time there were no cost-effective electronic means of disseminating EA or their
results, and EA in one way or another does not involve individual use. Due to
technological limitations, all atlas implementations in the 80° of the last century
should be considered if not purely research, but experimental. This view
contradicts the one formed by many reviews of this issue. However, the
technological context was the "pusher" of the development of EA throughout the
period of their existence, so we decided to draw the reader's attention to this
issue. At the same time, we are primarily interested in the practical use of EA,
which involves not individual but mass use.

EA for mass use began to be created in the 90° of the last century, when
there were technological prerequisites for this. These were primarily optical
media (first CD and then DVD), which quickly became cheap and could store
enough information for EA. The second technological prerequisite for EA was
the development of personal computers. After all, for example, workstations
used in the prototype of the Atlas of Canada [8] could not be used effectively not
only by end users but also by developers of atlas maps.

Initially, in the 1990°, most EA were electronic counterparts of paper atlases
(PA). And the latter were defined similarly to the definition from [3]. It is better to
call such EA not a system, but a systematic collection of maps, a systematized set
of maps or EA only for reading (hereinafter RO — Read Only, [9]). Around the
turn of the millennium, two more classes of EA emerged: Interactive Atlases (IA)
and Analytical Atlases (AA) [9]. Kraak and Ormeling [8] believe that AA is either
AtIS or even GIS, so a relatively new class of EA can only be considered IA as a
subset of AtIS. We can assume that there are some analytical EA (AtIS) that do
not belong to IA class in the usual sense, but they are not sufficiently defined.
Next we want to dwell on the crisis of atlas cartography, which manifested itself at
the turn of the first and second decades of the 21* century.

In the first decade of the current century, we created several EA, and
completed it with Electronic versions of the National Atlas of Ukraine (EINAU)
in 2007 (version 1.0) and in 2010 (version 1.1). The development teams of these
EA consisted of cybernetists (programmers) and geographers (cartographers),
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who solved their relatively independent professional tasks. If we use the
terminology of the Conceptual Framework of Relational Cartography described
below [7], we can say that cybernetists (programmers) dealt with the datologics
or technological context of maps and EA in general, and geographers
(cartographers) dealt with infologics or business (language) context of EA maps.
Then the integration into one system of relatively independent datalogics and
infologics was possible and this was done by cybernetists (programmers). All
these EA were produced on optical media and did not allow any changes by end
users. This condition has even been included in atlas license agreements. Later
we called them EA of the classic static type [7]. Also, these EA are called atlases
of the Web 1.0 epoch.

Interestingly, among the EA of the classic static type created by us were both RO
and IA atlases. And even more interestingly, Web 1.0 is also called "Read Only Web"
[10]. If we analyze the paradigms of classic cartography, it is possible to notice that
from the infological viewpoint the practically applicable paradigm of atlas cartography
can be called only the cognitive/communicative paradigms, which in the current
millennium has become a geovisualization. According to these paradigms, the map is
an image, not a model or idea [11]. These paradigms coincide with the cognitive and
communicative conceptions of cartography arising from work and figure [12; Fig. 3] of
A. Berlyant, if we take into account that the model and language conceptions of
cartography shown there did not develop in the 21* century. And if we turn to our
practice again, it turns out that the dominant conceptions of atlas cartography in
Ukraine is a subset of cognitive/communicative conceptions — cartography of K.
Salishchev, and hence all his approaches, some of which are described above. In other
words, electronic atlases of RO and IA classes are not infologically different from each
other — they all correspond to the cognitive/communicative paradigms/conceptions of
cartography. There are only datalogical or technological differences that do not change
the "representativeness" of the models of both atlas maps and EA in general.

R. Roth in his doctoral dissertation [13] pointed out that cartography is in
another crisis, which we called the 2010 crisis of classic cartography [7]. In
addition, at the turn of the first and second decades of this century, the
cartographic knowledge of cybernetists (programmers) changed, which influenced
the understanding of the MEA. Cybernetists had to "accept" the fundamental
changes in cartographic IT that led to the change from the Web 1.0 epoch to the
Web 2.0 epoch. The new class of SpIS is emergened. OSM is just one of many
examples of such new systems. The change of the Web epoch has definitely
affected atlas activity. It exacerbated the "2010 problem of atlas cartography",
which is a consequence of the 2010 crisis of classic cartography and the change of
the epochs from Web 1.0 to 2.0. At the same time, classic geographers
(cartographers) have not changed their opinion about the MEA, which boils down
to the fact that it is ultimately an analogue of the corresponding paper atlas. This is
evidenced, in particular, by their "wary" attitude to or even misunderstanding of
the essence of new cartographic phenomena, which are denoted by the terms "web
cartography 2.0", "neocartography”, "neogeography" and others (see reviews of
this issue in [10] and [7]).

The Web 2.0 epoch is compactly and, most importantly, most clearly defined
by Tim O’Reilly: "Web 2.0 is a business revolution in the computer industry caused
by the transition to the Internet as a platform, and an attempt to understand the rules
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of success in this new platform. The key to these rules is to create applications that
use network effects to get better the more people use them. (This is what I have
elsewhere called “use of collective intelligence’)" (cited from [10]). Simply put, Web
2.0 is a platform and a collective intelligence.

In modern atlas activity it is no longer possible to neglect carto- and/or geo-
platforms. At the same time, "collective atlas intelligence" does not yet exist, so
MEA/CEA in general have not yet reached the Web 2.0 epoch. Despite the
practical need to use platforms in atlas, this issue is still little studied
theoretically. This is largely why we introduced the concept of the intermediate
"Formation" of EA evolution, which is "somewhere between" the Web 1.0 and
2.0 epochs. This Formation is called Web 1.0x1.0 or Web 1.0°. Such a record
means that carto-/geo- platforms must be used and, assuming that there are
several repeating components in the MEA/SEA, at least one such component
must be changed online. Since this dynamics, as well as statics, should be
provided by professionally trained specialists in cartography (geography) of the
modern generation, it is advisable to define such MEA/SEA as atlases of the
classic dynamic (variable) type.

To limit the range of research issues, we will use our practice. All Atlas systems
(AtS), created by us for the years from 2000 to 2015, belong to the classic static
type. This is about 20 specific systems, which are denoted as CAtS of the static type,
where C = Classic, AtS = EAUALIS. CAtS of the static type are considered in detail
in the monograph [7]. It is important for this work that all specific instances of the
CAIS of the static type class had two important characteristics:

1. Each certain atlas solution consisted of nine repeatable components:
1) user interface, 2) contents tree, 3) base map, 4) thematic map layers,
5) cartographic component, 6) non-cartographic content, 7) search, 8) view,
0) architecture.

2. All specific AtS were built using an atlas model called the Atlas Solutions
Framework AtlasSF1.0. AtlasSF1.0 is an epistemologically higher organized
model/system in relation to each specific instance of the CAtS of the static type class.

AtlasSF1.0 is the result of the experience of multiple creation of specific
instances of CAtS static type. Three editions of AtlasSF1.0(n), n = 1, 2, 3 were
created, each of which was used for approximately five years during 2000-2015.
In the monograph [7] CAtS of the static type is referred to the Web 1.0 Formation.
Our practice confirms that the presence and understanding of the critical properties
of AtS have sharpened with the change of the Formation. Currently created (and
this is 2020) specific copies of CAtS should belong to the dynamic type class. At
the same time, CAtS of the static type are still being created in parallel.

The purpose of the paper is to formulate the need for systemic EA and describe
methods for research their systemic properties. These methods will be used to find and
describe critical systemic properties without which EA cannot be systemic. The meth-
ods are founded on Relational Cartography and Model-Based Engineering.

PROBLEMS. EVOLUTION OF EA AND NEED FOR SYSTEMIC EA

In addition to the problems described in the Introduction, we could refer to the
recent summary of the report by Rene Sieber and Eric Losang, the current
chairman and deputy chairman of the ICA Atlas commission, and close the theme
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of current atlas problems. Namely: "After decades of prosperity, atlas producers
are faced with a serious number of challenges. Those challenges are both external
and internal, either due to shifted external conditions or because of internal
shortcomings. Internal challenges include, inter alia, the missing Web presence
and PR, traditional atlas concepts, static GUI design, an overload of atlas features,
default atlas contents, and repetitive visualization, whereas external influences,
such as user behaviour, technological advancement and content that reflects new
ideas and methods intensify these challenges. Three provocative statements —
1) atlases as mere collections of maps, 2) atlases rely on old-fashioned concepts,
and 3) atlas map design is unattractive — are then picked in order to demonstrate
possible approaches in rejuvenating atlas concepts" [14].

Despite our agreement with this summary, it should be borne in mind that:
1) we target a wider audience than EA developers who understand the summary;
2) the report itself is not yet available, so we consider it permissible to present our
point of view on some of the problems formulated in the summary, as well as on
other related problems.

Recently, unfortunately only in theses, V. Vozenilek [15] suggested that the
atlas can be a real system in our terminology: “a system universum A involves
maps, symbols, map elements, graphs, texts, etc. and a system characteristics R
involves all relation between them”. This definition corresponds to our
understanding of the concept of a spatial system, except that the elements of the
system are maps, not their components.

It is important to note that V. Vozenilek had to introduce the concept of
"systematic" cartography, which is exactly not classic. We cannot guess what
V. Vozenilek actually meant, but we will point to another important for us statement
from [15]: "If an atlas is a system according to the theory of systems it make us
possible to measure ‘a rate of systematization’, and make atlas taxonomy better. It will
also provide a view into an atlas structure and tools for its improving”. This statement
corresponds to our understanding of "atlas systemicity". In the Introduction we have
already used the range "simple systems" — '"real systems". According to
V. Vozenilek's quotation, there are ranked systems between simple and real systems.

Here it is advisable to pay attention to the "future" definitions of cartography, map
and cartographer. At the moment they are designed and developed by the ICA Work-
ing Group “Cartographic Body of Knowledge” [5]: 1) cartography is the science,
technology and art of cartographic mapping and using maps;
2) cartographic mapping is mapping a set of spatially related data, while preserving
spatial arrangements and simplifying detail; 3) a map is a medium designed for com-
munication  of  generalized  spatial  information and  relationships;
4) a cartographer is a person involved in cartography. From these definitions it is pos-
sible to conclude influence of geovisualization paradigm of cartography, which does
not go beyond classic cartography. There isn’t influence of “systematic” cartography
or any other non-classic paradigms. That is, classic cartographers want to stay within
the limits of classic cartography. We do not criticize this paradigm, although we are
interested to see how it will help cartography emerge from the obvious crisis.

Evolution of EA. The work considers the problems that are on (belong to) the
conditional "evolutionary" boundary of classic and non-classic atlas cartography.
Moreover, the latter concept cannot yet be clearly defined. Here, the term "classic
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atlas" cartography means the same as "classic" cartography, which is used in the
creation of atlases. Because of this, classic atlas cartography for a particular atlas
depends on the professional skills of the development team. We recommend to start-
ing reviewing the concepts of non-classic cartography such as "Web Cartography
2.0" or "Neocartography" from the work [10], where these concepts are related to
the Internet epoch, called Web 2.0. The Web 1.0 and Web 2.0 epochs are agreed
with the EA evolution Formations. To more adequately characterize the level of EA
evolution, we introduced Web 1.0x1.0 Formation "between" Web 1.0 and 2.0 For-
mations, which is sometimes also referred to as Web 1.0% [7]. Web 1.0x1.0 is cur-
rently the most relevant for SEA, as EA in general has not yet reached the Web 2.0
Formation. In the Web 1.0x1.0 Formation, EA of the classic dynamic type (or SEA)
must be created to replace the EA of the classic static type. The latter were created in
Web 1.0 Formation and included all the classic EA.

Given the uncertainty of non-classic atlas cartographies, we decided to use a
somewhat unusual description of the problem. Namely, according to the classifica-
tion [9] EA is divided into three classes that can correspond to successive stages of
their evolution: from atlases only for reading (RO) through interactive atlases (IA) to
analytical atlases (AA). The set of all EA can be ordered by their properties and/or
capabilities so that ROCIAcCAA. The simplest are RO atlases, the most complex are
AA. Atlases of RO, IA classes are (mostly) classic, and among atlases of AA class
are non-classic. Both the AA class itself and some of its non-classic instances have
been the least studied, which is the main problem.

Moreover, it is possible to make many arguments in favor of the fact that
AA should have a subclass of non-classic atlases, which we call Systemic.
Systemic EA can be called the next generation of atlases and prove that
AACSEA (although it may be SEAcAA). However, we will not do this due to
the lack of certainty of both AA and SEA. Thus, the main problem of the work is
the concept of SEA as a AA subclass or as a class following AA or a more
general superclass than AA. The SEA class is identified by properties called
critical. Criticality of a property means that in the absence of such a property, a
particular atlas will not be systemic. Part 2 of the paper considers only three
critical system properties (CSP): 1) atlas as a system (CSP.System), 2) contents
tree as the main means of classifying the subject area (CSP.Tree), 3) perception
of the interactivity of atlas maps from a systemic point of view (CSP.View).

From the beginning one of the most well-known classifications from [9] is used.
There (p. 168), as well as in other sources [8; p. 161], three classes are identified that
correspond to successive stages of EA evolution: "Electronic atlases can be classified
according to several principles, in particular, according to their specific spatial-
thematic features (content of the relevant atlas and space), intended for use and users
and, finally, technical characteristics .... Because the first criterion is essentially related
to the thematic area, the fundamental classification that is taken into account concerns
the use, the users or, more precisely, the degree of freedom given to them. All authors
agree on the distinction between the three types of atlases according to the levels of
freedom and, consequently, interactivity: atlases for viewing only (or atlases for
reading only), interactive atlases and analytical atlases" |9; Fig. 3.3].

Atlases from AA class, in contrast to RO atlases and, in part, IA atlases, raise
several controversial issues. Firstly, Kraak and Ormeling [8; p. 161] agree with such
definition of EA analytical class: “'An electronic atlas is a computerized GIS, related
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to a certain area or theme in connection with a given purpose, with an additional
narrative faculty in which maps play a dominant role'. As these electronic atlases
tend to become more complex the term ‘atlas information system’ can also be used
for them”. At the same time Kraak and Ormeling [8; p. 17] argue that(all) EA are
also called atlas information systems (AtIS) and “their function is less one of
information processing than of answering specific questions, providing the sup-
port to integrate the answers in the mental map of the atlas user. This requires
specific scenarios for a gradual immersion of the user into the new information
environment. These AtIS can be extended to contain drawings, photographs, text
and sound, and so become multimedia systems”.

Secondly, it is necessary to pay attention to the short paragraph ([16; p. 60—61]
4.9.2 CIS: Cartographic Information System — a (Short) Episode (?)), where the
authors argue that at the turn of the 2™ and 3™ millennia "perhaps the whole
epistemological genesis of cartography would change in the coming years if the
cartographic community placed more emphasis on CIS instead of GIS and on end
products, i.e. on maps, than on databases and methodologies behind them, that is, on
the architecture of the system. However, in particular, in the Anglo-American world,
at this time the wonder of GIS exceeded the importance of the end result —
geovisualization. Thus, a strange situation has arisen (which cannot be imagined in
other disciplines or sciences, such as medicine), that terminology, technology and
methods have excluded the actual goal or ‘desired object’, the map".

It will be recalled that both EA and AtIS are first and foremost CIS and only
secondarily GIS at least because EACAtISCCIScGIS according to their "classic"
definitions. However, these classic definitions need not only to be updated, but also to
be rethought through the needs of modern theory and practice. Moreover, many
questions need to be answered, starting with the modern definition of GIS, adequate
assessment of GIS-hegemony by ESRI, Inc., as well as GIScience in general.

We tried to update [9; Fig. 3.3] for the needs of this work. However, we did not
succeed, because in this case we would have to show in addition to the two-
dimensional figure the third or even fourth dimensions. Therefore, we concentrate
only some facts that would be desirable to show in the updated figure. Namely, on
the two-dimensional [9; Fig. 3.3]: EACIACALS (= EA, [1]), EA(FAA)=ALIS [8;
p. 17], AAcCGIS [8; p. 161], EAcCAA. The three (four) dimensional figure should
show interactive SEA (ISEA), analytical SEA (ASEA), and SEA with their
epistemological and evolutionary relations. Several attempts to show such three- and
four-dimensionality were made in the monograph [7; Fig. 0-2, Fig. 7-1], although
for SplS, more general than EA.

We can say that the main problem is the initial characterization of a class of SEA,
the elements of which according to the classification [9; Fig. 3.3] should belong to the
class: 1) interactive EA and 2) analytical EA, or 2) followers of analytical EA. This is
not AtIS or GIS in the "classic" sense. This is a fundamentally new class of EA, which
should be created using not only classic cartography, but also a new, systemic (or
systematic, see [15]) cartography. The systemic cartography should be a two-
dimensional science, where the first dimension is maps and, accordingly, some
Subject cartography, and the second dimension is the relations between maps and map
systems and, accordingly, some Relational cartography.
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In Chapter 9 of [8] there is a description of those shown in [9; Fig. 3.3] RO,
IA, AA and other components of the EA evolution. However, we use only
Fig. 1.2 from Chapter 1 of [8]. We changed this figure to suit our needs (Fig. 1):
1) [9; Fig. 3.3] and [8; Fig. 1.2] are combined, 2) it is shown the classes of
"classic" and "non-classic" SEA, which are studied in our work.

In the discussion of the map use cube [8; Fig. 1.2] Kraak and Ormeling said
that "... recent developments in cartography and other disciplines handling geo-
spatial data not only require a new line of thought, but also create one. This can
be illustrated by plotting the evolutionary stages of the development of elec-
tronic atlases in the cube along the diagonal from the corner ‘wide audience,
presenting knowns and low interaction’ towards the corner ‘private use, present-

ing unknowns and high interaction’".
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Fig. 1. Map use cube: a) four main situations of data visualization, b) the evolu-
tion of electronic atlases since 1987 according to [8; Fig. 1.2], ¢) RO, 1A, AA
location, d) classic and non-classic SEA. Color version of this and other figures
can be seen on the site of journal.
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On way to EA systemic properties. Need for Systemic EA. The need for
Systemic EA follows from their known usage. Now we are not worried about the
reasons why this or that usage happened. We pay attention only to the fact that all the
given examples describe integrated systems of at least two hierarchical in some sense
strata of components. The "lower" is the stratum on which the classic EA "exist". The
"higher" stratum is a metastratum of the lower. For Atlases of the Web 1.0 Formation,
these strata are called Operational (lower) and Application (higher).

The most obvious are the integrated systems of atlases, created with the help
of atlas platforms (AtP) (sometimes “atlas frameworks”), and AtP themselves.
AtP can be an explicit or implicit constituent of an integrated system. The term
"platform" means "a system that can be reprogrammed and customized by
external developers/users, thus adapting it to an infinite number of needs and
niches that the developers of the platform itself could not even anticipate, and all
it is also much less time consuming" [17]. The integration of the components of
such two adjacent strata can be "weak" (implicit) or "strong" (explicit). Much is
said about this in the monograph [7]. Note that with the evolution of EA, strong
integration is increasingly taking place.

May be firstly the concept of "platform" ("framework") in the atlas context has
been used by representatives of the cybercatographic paradigm of cartography.
In 2005, Pulsifer and Taylor [18] used the term "Open Cartographic Framework
(OCF)" to denote a three-tier architecture that embodies the authors' “A Mediator
Based Development Model”. OCF was the basis of the Cybercartographic Atlas of
Antarctica. The system architecture was based on the modular principle, much
attention was paid to the semantic atlas model. It is named the starting point in
the development of atlases [19] and involves the implementation of certain in-
formation architecture (hierarchical (tree), matrix, linear etc.) and information
navigation models, which should ensure the movement of the end user between
the elements of the information architecture.

The main practical result of cybercartographers is the Nunaliit
Cybercartographic Atlas Framework [20], which “is an interactive data management
platform for collecting, comparing, presenting and storing information and its
context with a special emphasis on the use of maps as a unifying framework.
Nunaliit is a central part of cybercartographic technologies. It began as an
experiment in telling compelling stories using interactive maps and has evolved into
a fairly flexible data management system with the ability to link information and
present narratives that place information in context. It is able to interact with
information through maps, graphs, timelines and other expressions, combining text,
audio, video and photos. At the Geomatics and Cartographic Research Center
(GCRC), this is commonly referred to as atlas deployment” [21; p. 129]. Thus, with
the help of Nunaliit created Cybercartographic Atlas of Antarctica, Atlas of the
Languages of Iran, Atlas of Ontario Neuroscience and many others. Most of these
atlases are very simple to make, often devoid of contents trees, and contain many
other shortcomings that are unacceptable to classic cartographers. However, this is
the first AtP that is publicly available and allows any user (who has certain
programming and/or mapping skills) to create their own atlases.

Of the theoretical works of cybercartographers, the most interesting are the works
of representatives of the "Mexican branch" from CentroGeo. Thus, in [22; p. 77] the
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following important thoughts are voiced: "Cybercartographic atlases are
multidimensional systems that consist of three axes: models, representation of
knowledge and communication. Conceptually, applications can be approached
systematically from each of these perspectives. For example, a cybercartographic atlas
can be considered as a model of models or a geospatial metamodel" and
"A cybercartographic atlas is a model of models. Each of the models aims to represent
the geographical landscape in one way or another" (ib.; p. 79). Atlases are not only
identified with maps or the transmission of information through maps. Cyberatlas can
contain cartographic digital models, virtual maps, digital terrain models, space maps,
relational databases, topological data structures, raster models, geotextile models,
iconic models (photographs, videos, images), music models, landscape ecology
models and geographical business models [22].

Subsequently, the team of scientists from CentroGeo focused on developing
their own paradigm at the intersection of cybernetics and geomatics —
geocybernetics [23]. Geocybernetics is an interdisciplinary field of research in which
cartography, GIS, remote sensing and the disciplines that make up its main cognitive
framework interact and intersect: cybernetics, theories of complexity and chaos, and
geocomputing [24]. The leading directions of geocybernetics research are (1)
cybercartography, (2) complex solutions in geomatics, (3) collective mental
maps [34], to which were later added (4) the geomatics prototype, (5) the Strabo
technique and (6) the Reyes method [24]. Priority for the direction is the ability to
address social needs, as evidenced by CentroGeo's experience in implementing more
than 60 projects [25], including six cyberatlases in 1999-2000 [24]. The role of
visual language in geocybernetics is performed by cybercartography, which “uses
metalanguage: a comprehensive language formed by various other languages. When
developing a cybercartographic atlas, the language that most effectively expresses a
process, concept, or problem is chosen and used to generate messages that are
transmitted over various media. However, the main elements of this metalanguage,
which includes formal codes, semantics and syntax, have yet to be developed [26].
Cybercartography, whose main theoretical building blocks are cybernetics, general
systems theory and modeling [23], is considered only a subset of geocybernetics,
which has led to discussions with cybercartographers [25].

Cybercartographic school pays special attention to atlases, created the AtP,
which contains knowledge designed for mutual exchange with users, and
attempts to solve theoretical problems of cartography of the Web 2.0 epoch
(non-classic cartography). But most cybercartographers are concerned with the
communication aspects and ideas of critical geography, for which cyberatlas is
"primarily a social product developed by teamwork in the societies for which it
is intended; it is interactive both socially and technically" [9, p. 175].

The elements of AtP were actually created in the draft Electronic version of the
National atlas of the Netherlands (EINAN), which was in the active phase in 2008—
2013. The concept of the atlas positioned EINAN as a metaphor of NSDI of the
Netherlands. The conceptual structure of EINAN was presented in article [27]. Its
review and comparison with EINAU were made in [7], which established the
similarity of these solutions in the technological context. The conceptual structure of
EINAN coincides with the Conceptual Framework of EINAU.
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We pay special attention to the Switzerland atlas "scientific school". After
all, Atlas of Switzerland (AoS) is a kind of atlas "standard", and all its versions
are interesting, starting with the first disk version in 2000 [28] and ending with
the online version in 2016 [29]. However, in addition to specific products such
as AoS versions, we should not forget about SAP — Switzerland Atlas Platform
[30]. Items like the SAP are the result of repeated practice. In addition, it is quite
obvious that these subjects contain much more knowledge than each specific
application of SAP.

Implementation of AoS Online [31] raises several questions, because in our
opinion it is impeccable in terms of critical system properties of CSP.System,
CSP.Tree and CSP.View. For example, the contents tree of this atlas makes it
impossible to view all sections and maps of each section at once. For a
comprehensive study of the structure of the atlas, you need to select a specific
section and move in successive iterations to the required sections/maps. It is
important to add that when choosing a particular section/subdivision, we are not
offered categories following the hierarchy, but random (popular or newest) maps
from any subdivision. This approach significantly complicates the understanding
of the studied system structure, as well as atlas navigation.

Interactive capabilities (CSP.View.Interactivity) of AoS Online are quite limited
compared to previous versions. In particular, the "smart legend" of maps [32], which
provided the variability of the legend and signatures by the user, and was considered a
central element of the concept of "smart maps" (intelligent maps) of the atlas. It will
also be difficult for the average user to explain the presence of the word "online" in the
name, as this version has a very "thick" client (which is even more demanding to
characteristics of PCs) and is not available on mobile devices.

Another product of SAP is the Hydrological Atlas of Switzerland (HADES).
It is important to note that the implementation of HADES has departed from the
concept of a user interface dominated by the map. This atlas solution is rather a
website and conditionally combines an atlas as an encyclopedia with textual and
graphic materials, and an atlas as a cartographic product. Although HADES, as a
separate instance of SAP, uses many open solutions, SAP involves the use of
technologies that will be difficult to reproduce for less well-off development
teams. So far, SAP cannot be an open platform that would allow the creation of
atlas products for other countries and regions. Last but not least, this is due to its
own base map, which was created by the Swiss Topographic Service.

Influenced by the ideas of cybercartographers was [33], comparing AtIS
with the "cartographic geo-communication platform". However, given the
implementation of OROK Atlas Online, preference was given only to
communication aspects, and the platform did not seem to be created. Later, other
representatives of the Vienna University of Technology participated in the
creation of two related atlas solutions, namely genderATlas [34] 2013-2015 and
genderATlas fiir die Schule [35] 2016. The latter even took first place at the
International Cartographic Exhibition in 2017 at the 28" International
Cartographic Conference in Washington. The presented atlas is created on a
modular principle and it is possible to see that each element of a separate map
(cartographic component, legend, search) is an instance of the corresponding
module of the atlas. Although atlases contain a contents trees, it is not possible

32 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 2 (204)



Critical Systemic Properties of Electronic Atlases New Generation. Part 1: Problem and Research

to talk about the close relations of maps, which would allow comparison and
search for relations, especially those that go beyond the study subject of the
atlas. The lack of systemic properties of EA should probably be related to the
authors' understanding of the atlas as a collection of maps that consistently
reveal a certain theme.

The atlas is not seen as a holistic model, but as a tool for visualizing individual
layers of data: "Gender atlas is a tool that can be used to visualize gender data at
different scales, and thus make them available to the general public" [50; p. 338].
But it is important for us to establish whether the AtS was created or a solution that
provides for multiple use or at least facilitates the development of future atlases.
After analyzing the AtS and their description in the work [36], we concluded that we
need to talk only about the quality and flexible modular architecture of genderATlas,
which allowed the authors to expand it to genderATlas for the school.
Representatives of the Vienna University of Technology paid more attention to the
creation of a specific atlas than to a specific atlas infrastructure. However, it should
be noted that supporting and updating genderATlas was a priority. And the use of
open solutions, in particular leaflet.js, D3.js, Bootstrap and others, are allowing to
expect long-term operation of this AtS.

"GenderATlas interactive capabilities mean that users can modify existing
maps to suit their needs to make them suitable for use according to their specific
requirements — for example, by scaling or selecting access to additional
information and data" [36; p. 331]. In fact, the atlas cannot be attributed to a AtS
with a high interactivity. Legend settings (color change, classification method),
object selection, as well as any analytical functions, including access to the data
table, which are important for the "data visualization tool", are not implemented. If
OROK Atlas Online at least contains a static topographic BM (Base Map, contour
map with signatures here), then in genderATlas there is actually no BM.

It is interesting to note how Riegler et al. explain the inability of users to create
new atlas maps: "This AtIS feature was implemented in the first version of the
OROK Atlas, but was eventually abandoned in later versions due to low usage. For
participants in the Gender Atlas kick-off workshop, ready-made visualizations were
more important than being able to create their own maps" [36; p. 333]. We want to
emphasize that providing users with the tools to add their own data and create maps
or derived atlases are one of the priority goals of Web 2.0 cartography. At the same
time, the hierarchy of knowledge of users is important, which in modern conditions
belong to fundamentally different echelons. That is, you do not need to focus on the
opinion of end users only who do not have the necessary cartographic knowledge.

The Interactive National Atlas of Spain [37] and the Atlas of Belgium [38] were
created using a commercial cartographic Geoclip framework [39]. This framework
is limited only by the visualization of statistics, which affects the imperfection of the
BM. In our opinion, the framework does not meet the requirements for national
atlases, which must comprehensively model the systems of actuality (reflect both
socio-economic and physical-geographical phenomena). However, CSP.Tree and
CSP.View in the above AtS are observed and can be considered a positive example
of the implementation of Web 1.0x1.0 Formation technologies. Consideration of
other commercial atlas solutions is left out of this article.
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Huber and Schmid in their work on AoS 2 noted [40; p. 1399]: "There is
currently no modern software for creating an atlas. So, we had to independently
implement the main functionality of the atlas. The lack of the theory of elec-
tronic atlas cartography and atlas framework encouraged the developers of the
above atlas projects to "start from the beginning" and to form certain
requirements for atlases empirically. As a result, several AtS were created,
which, with the exception of The Nunaliit Cybercartographic Atlas Framework,
accumulated a rather limited amount of knowledge, although sufficient for
multiple production of new atlas products and filling their subject area.

In the mid-2000°, AA or dynamic atlases seemed to be a reality in 2010.
However, the implementations of AoS Online, Atlas of Canada and
genderATlas, created by professional cartographers, show a sharp departure
from past developments and, despite some advances in technology (i.e., 3D
maps in AoS) do not become more dynamic.

Systematization of knowledge and development of new concepts in atlas
cartography has not happened in recent years, and theoretical research is mainly
limited to the creation and use of atlases, paying much attention to the system
"atlas as a product — user as a consumer". Under this approach, the research
component of the actuality of the AtS is almost not considered.

CSP is designed to prevent such a trend. CSP.System and the Conceptual
Frameworks (CoFr) and Solutions Frameworks (SoFr) of Relational
Cartography discussed below can be considered the first steps to the theory of
electronic atlas cartography.

RESEARCH METHODS

The research used two methods based on the so-called EA architectural patterns —
Relational Cartography frameworks [7] of two types: Conceptual Frameworks
(CoFr) and Solutions Frameworks (SoFr). According to [41; p. 247] "A pattern is, in
short, both a thing that happens in the world and a rule that tells how to create this
thing and when to create it. It is both a process and a thing; both a description of the
thing that exists and a description of the process that gives rise to that thing".

If a thing is EA or some of its logical parts, then CoFr and SoFr are at the
same time methods — rules and processes of EA or its parts creating. In
addition, these same patterns allow us to describe EA: both those that have
already been created and those that will be created. Patterns are much more
useful when there is an "initial value", which we call a "sample", although the
term "example" is also often used. Sometime it can be even "template".

Initially, we used abduction to prove the validity of EA CoFr and SoFr,
which was based on almost fifteen years of experience in EA creating. The main
result of the abduction was the Conceptual Framework of EA and its sample
(initial value) — Electronic version of the National Atlas of Ukraine (EINAU) in
the broader sense (EINAUD) [42]. No less important abduction results were So-
lutions Frameworks, called GeoSolutions Framework (GeoSF) and Atlas
Solutions Framework (AtlasSF). GeoSFO0 [43] became the sample (initial value)
of GeoSF, and EINAU2000 became the first sample of AtlasSF. EINAU2000
was an independent product called Atlas of Ukraine 2000. In fact, EINAU2000
together with the processes of its creation and some other elements became the
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first edition of AtlasSF1.0 — AtlasSF1.0(1). Approximately five years later, the
EINAU2000 sample was replaced by the 2™ version of the AtlasSF sample —
firstly RadAtlas2008 (Atlas of radioactive contamination of Ukraine 2008), and
then EINAU2007. In fact, RadAtlas2008/EINAU2007 together with the
processes of its creation and some other elements became the second edition of
AtlasSF1.0 — AtlasSF1.0(2). At the same time, EINAU2000 is also the
prototype of EINAU2007.

The monograph [7] provides not only abductive, but also inductive and even
deductive inferences about the validity of EA CoFr, GeoSF SoFr and AtlasSF SoFr.
In the time that has elapsed since the publication of this monograph, several more
results have been obtained that are more strict than by abduction use. To obtain
them, facts from Model-Based Engineering (MBE) were used significantly. The
results of abductive and more strict inferences are described below.

Conceptual Framework of EA. Abduction. EA CoFr is best considered on
the sample (example) of EINAUD, the structure scheme of which is shown in Fig. 2.
Together with scheme it is the EA Conceptual Framework (CoFr) view with the
EINAU2007 initial value. This EA CoFr is valid for all EA in the broadest sense
(EAD) from the class to which EINAUD belongs. This is because the epistemological
relations of EINAU2007 (EINAUn) CoFr were built from the bottom(EINAUn)-
up(EINAUD). In this case, EINAU CoFr is also referred to as EINAUb CoFr.
According to the above definition of the pattern [41, p. 247], this framework is
ambiguous. It should not be understood as something static and unchanging, so let's
highlight the main topics:

e Another name for CoFr — Notional Framework. It explains the general
structure of both Spatial Information Systems (SpIS) in the broadest sense (SpISb) in
general and EAD in particular. EINAU in the narrow sense (EINAUn) or simply
EINAU is a specific type of SplS, and EINAUD is a specific type of SpISb.

e FINAUn is a conventional system of the class of one-dimensional
Electronic atlases (EA). “Conventional” means that everyone is "accustomed" to
such systems. Otherwise, under EINAUn or simply EINAU understand the
system which is written down on DVD and is called as a product of the end user.
This fact is marked with the inscription EINAU in red at the bottom left on the
background of the EINAU interface in the rectangle "One-dimensional EA". To
make EINAU two-dimensional, it is necessary to "involve" it in two-
dimensionality. Two-dimensionality is achieved at least by supplementing the
elements of epistemologically higher stratum into EINAUn. For example, by the
elements of the EINAUD Application Stratum (A).

e In addition to the per-stratum two-dimensionality, it is necessary to
consider the relations between the levels: D — Datal.ogics, I — InfoLogics,
U — UseLogics. Levels exist for the elements of each stratum.

e The relations and elements of the lower two strata are specified below.

The work considers only three critical systemic properties of SEA. These
properties are determined by the relations between certain elements of SEAb and
its environment and therefore, according to the definition of the system, are
relational. Since we are always dealing with maps, which are the subject
component of the system, relational properties can thus be considered systemic.
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Fig. 2. Structural scheme of EINAU in the broader sense (EINAUDb)

Relations are identified using a modern version of SEAb CoFr (Web 1.0x1.0
Formation), which is structurally similar to EINAUb CoFr (Web 1.0 Formation)
between elements of all strata (Fig. 2), but then are used only relations for
elements and components from Operational and Application strata. Namely:

1. The relations of SEAb with the actuality shown in red in Fig. 2 left.
These relations determine the main critical system property of CSP.System:
SEADb should be a model of the Spatial System (SpS) of actuality.

2. The relations of the AtlasSF1.0 (AtlasSF1.0+ — the next generation
AtlasSF1.0) solutions/contents tree pattern between the elements of the table cells,
formed at the intersection of two rows — Operational (O) and Application (A) strata —
and the DatalLogics (D) column, the first of the levels of DataLogics (D), InfoLogics (I)
and UseLogics (U). These relations determine the second critical system property of
CSP.Tree: The solutions/contents tree should provide sufficient datalogical means for
adequate classification of the relevant subject area (SpS of actuality) in its SEAb model.
Shown with a red frame around the left vertical double-headed arrow.

3. The relations of the AtlasSF1.0 (AtlasSF1.0+) view pattern between the
elements of the table cells formed at the intersection of two rows — Operational (O)
and Application (A) strata — and the UseLogics (U) column, the third level of
Datalogics (D), InfoLogics (I) and UseLogics (U). These relations define the third
critical system property of CSP.View: SEAb view means should be sufficient to
adequately model the representational needs of users of the Operational and
Application echelons of the virtual organization that exists in the world of SEAb use.
Shown with a red frame around the right vertical double-headed arrow.

Atlas Solutions Framework AtlasSF. Abduction. Formulated above
relations 2, 3 are studied using the so-called Atlas Solutions Framework
AtlasSF. The first version — AtlasSF1.0 [7] — was used in the creation of
EINAU, as well as other EA and AtIS of classic static type in the first fifteen
years of this century (Fig. 3). Most often, this SoFr is perceived through the
product part of the framework (Fig. 4), which consists of eight application
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patterns (A1-AS8) and one architectural pattern (A0), which combines AtlasSF1.0
application patterns in EA or AtIS. AtlasSF1.0 application patterns are usually
shown as the following parameterized classes: (Al) User interface, (A2)
Solutions/contents tree, (A3) Base map, (A4) Thematic maps (layers), (AS)
Cartographic component, (A6) Non-cartographic content, (A7) Local and
Content Search, (A8) View (is a logical pattern consisting of views of other
application patterns). The above-mentioned "initial values" are used as
parameters of these parameterized classes.

ATIAC

RadAt@CD

(A7) Local r_‘ T _T_‘ ) S DA

Search (A7) Contents

{Ad) Thematic
Maps (Layers)

Contents

Tree (A3) Base rod
RETI Map A <

Fig. 4. AtlasSF1.0 Product part on the EINAU2007 (EINAUn) sample

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne2 (204) 37



Chabaniuk V.S., Kolimasov L. M., Krakovskyi S.P.

D 2-diinAGISb EINAU bX> INAUbM 2-dirInAGIMb

v =4

Gl > G

Fig. 5. Refined image of relations 2, 3 for Web 1.0 Formation

Let's specify Fig. 2 by figure Fig. 5 for relations 2 and 3.

Fig. 5 shows:

e FEINAU_Edited — editable variants of EINAU2007/2010.

e FEINAU2007, EINAU2010 — two EINAU versions, circulations of
which are made from EINAU_Edited in 2007 and 2010.

e AtlasSF1.0 denotes two atlases: 1) Atlas of Ukraine 2000,
2) RadAtlas2008. The first atlas was used as an operational (o) sample of EA in
the first half of the first decade. The second atlas was used as an operational
sample of EA in the second half of the first decade.

e 0AtlasSF1.0 denotes the Application (o) AtlasSF1.0 SoFr.

x (in green), y (in orange) are the relations of conformity between the
elements of the Operational and Application echelons (strata), respectively. y —
ConformsTo, p — RepresentationOf, ¢ — ElementOf [44].

It should be noted that before the emergence of the atlas problem in 2010, we
had no questions about the systemic properties of atlases. In particular, we knew that
the resulting atlas must have a solutions/contents tree (A2), as well as a state-of-the-
art view of the atlas (A8). In practice, it has been found that a solutions/contents tree
is not mandatory for everyone. It also turned out that view is not a problem for
everyone. It is believed that the view is enough to replace by the interface (A1) and
everything will be OK. However, this is not the case.

At the moment, the first edition of the AtlasSF new generation has been
created, which is called AtlasSF1.0+. This edition of AtlasSF1.0+ is used to
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create the first AtS of the classic dynamic type. We cannot describe them here,
but note that the patterns (A2) Solutions/contents tree and (AS8) View are
important and mandatory components of AtlasSF1.0+.

Model-Based Engineering. Fig. 6 shows that the EINAU2007 system is
modeled by the EINAU2000 system and consists of a combination of three
Operational models: @DModel U wIModel U wUModel. Each of the models
corresponds to the components Model, ViewModel and View components of the
known pattern MVVM (Model-View-ViewModel — MVVM or MVMYV)
pattern. The MV VM pattern was chosen as the one that best fits the current view
of the AtS of the Operational stratum. It is also logical to use the MVP (Model-
View-Presenter) pattern, which is a variation of the well-known MVC pattern
[45]. MVC is also a ‘family’ pattern for MVVM. The differences between
Controller (C) and ViewModel (VM) become less apparent when using
JavaScript on the Operational stratum. The relations shown in Fig. 6 models,
presentation software tier patterns and the Operational stratum of AtS CoFr are
explained in Fig. 7. In the case of Web 1.0 Formation for AtS, made on optical
disks in the architecture of MVC, MVP and MVVM, it is possible to speak
about their belonging only to the Operational stratum.

A A
| |
| |
vu
AX | trModelingl anguageD- | AX| trModelingl anguagel-U ‘
A A A
! AE I AE I
1 1 1
aDModel | trModelD | | ——— aiModel |~ trModell-U | | aUModel
| vi [ax wy v i
d dd d
trFunctionD-I } r} allang. } }trFunct\'onI—U!—w otULang.| AY
AE AE AE

DModel trinstanceD-I trinstancel-U wUMode]
Model view

>
EINAU2000n EINAU2007n

Notation:

e ®DModel € EINAU2007(D,Y,Z), where ® — Operational stratum, D — Datal ogics;
the entry EINAU2007(D,Y,Z) means the set of all Datalogical EINAU2007n at arbitrary values of
the stratum Y and the formation Z. Note that EINAU2007(X,Y,Z) = EINAU2007b, where
X = {levels}, Y = {strata}, Z = {formations}, b — broader understanding of EINAU2007,
n — narrow understanding; one of the three values of the levels is recorded: D, then I, U.
Underline means an instance of the class (object).

e tr— transformation, I — InfoLogics, U — UseLogics, o — Application stratum.

Fig. 6. Part of the deconstructed EINAU2007
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Fig. 7. a) MVP [45], b) MVVM [46] patterns of the software presentation tier also as
Operational stratum (green color) of AtS CoFr

In Web 1.0+ Formations the situation has changed. AtS are now manufactured
and distributed mainly not on optical disks, but on the Internet. In particular, Fig. 6
has a different meaning, because AtS now include not only models of the
presentation tier or Operational stratum, but also models of Application or even
Conceptual strata. And importantly, these models are implemented in the form of
working systems. As an example, we often cite the OpenStreetMap (OSM) geo-
information platform (GIP). In the structure of the broader AtS, this platform
belongs to the Conceptual stratum and the developers of modern AtS are forced to
somehow interact with OSM. The essence of Fig. 7 has also changed. Now it is
really a presentation software tier, behind which (above which) there is at least a
software business tier and a data tier.

Deconstruction of EINAU2007 (Fig. 6) is performed using the so-called
"typical pattern of model transformation" [44]. There is also a description of the
conformity relation, shown in Fig. 5, Fig. 6. In particular, the model is a
conformal (ConformsTo) metamodel. As an example, in Fig. 5 EINAU2007
(model) conformal wAtlasSF1.0 (metamodel). Favre [44] also described the
"meta-step" pattern used in obtaining a model from a metamodel.

The article [44] is entitled "Towards a Basic Theory to Model Driven
Engineering (MDE)". Despite its small size, it compactly outlines the elements
of the theory of MDE. In recent years, this theory has been significantly
developed. Now it is better to call it the theory of Model-Based Engineering
(MBE) and it includes MDE. We do not have the opportunity to consider this
theory in detail, so we will refer only to the monograph [47]. There is the
following nesting of model-driven (model-based) phenomena:

MDAcMDDcMDEcCMBE,

where MDA — Model-Driven Architecture, MDD — Model-Driven
Development, MDE — Model-Driven Engineering, MBE — Model-Based
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Engineering. It is important for us that MDA = O, MDD = A, MDE = C, MBE =
G, where = means ‘almost coincide’, O — Operational Stratum, A —
Application Stratum, C — Conceptual Stratum, G — General Stratum.

After the publication of the monograph [7], several results were obtained
that are important for our research. Their essence is shown in Fig. 8.

Let's explain the notation in the green rectangles "2-dim AGIS" and "2-dim
AGIM™:

e The values of the notation letters D, I, U and G, C, A, O coincide with
those described earlier.

e XYM means XYM(odel) or XYS(ystem), where X =D, [, U; Y =G, C, A,
0. For example, DCM stands for Datalogical (D) Conceptual (C) Model (M).

o “2-dim AGIS” and “2-dim AGIM” correspond to the structure of the
Conceptual Framework (CoFr) of Relational Cartography [7]. That is, both systems
are SpISb, only a special kind. One class of such systems is described in [48].

e There are two values of the model M: in AGIS and in AGIM. There is a
y» (conformity) relations between AGIS and AGIM and between their strata. In
Fig. 8 in the abbreviations of AGIS elements, model M is denoted as S (system).

e Echeloned Atlas Geographic Information System (AGIS) is a
generalization of EA, where EA are elements of the lower, Operational, echelon
(or, respectively, the Operational stratum).

e Record AGIS y» AGIM means that these relations are also valid
between the individual echelons. That is, the record AtS y» AtlasSF is valid. EA
and AtIS can be created using AtlasSF.

e Record AGISn in a red and a green arrow from one-dimensional to two-
dimensional IS means the ability to transform the former to the latter.

5=AGIS(X,Y,Z), Actuality (geo-system),
M=AGIM(X,Y,Z) modeled/represented by AGISn
AGISn=AGIS in

narrow sense
rbmaderlls RG‘H‘X » AG I M
2-dim AGIS 2-dim AGIM
_ 1-dim AGIS
£ Zhustract fvirtual —— R < b S (G
i 4 world q /
2 & [Spasystem \ @ = @
=< DC gy 'C g U0 | ape—
E B|| Abstract- _._____..—--"l s S s |\ AL ™ M M |c
Q o]l -
£ ey S e 2
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Fig. 8. Conceptual structure of AGIS class systems
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Application of Fig. 8 to Fig. 5 allows to formulate tasks 2 and 3 of work.
Simply put, they boil down to the following:

Task 2. Research the relations between the components of DOS and DAS of
systems OS=DOSUIOSUUOS and AS=DASUIASUUAS.

Task 3. Research the relations between the components of UOS and UAS of
systems OS=DOSUIOSUUOS and AS=DASUIASUUAS.

We can not pay much attention to the models shown in the right part of
Fig. 5 and Fig. 8. In the description of Fig. 5 there are mentions Solutions
Frameworks and samples. Moreover, specific atlases Atlas of Ukraine 2000 and
RadAtlas 2008 are called samples. These are kinds of models that were used to
create other EA. In a sense, patterns are the best models that developers need to
find to be successful. Due to the presence of models that are "higher" organized
than the systems created with their help, we can talk about a constructive (nor-
mative) and at the same time systemic approach to the development. That is, first
there must be a model and only then a system can be created. The declarative
approach to the development of systems such as EA and AtIS significantly loses
to the constructive approach.

The 2010 atlas problem arose because the models of the previous period
stopped working, and new time-appropriate models have not yet been created.
This is what happened in the project of developing the Atlas of emergency
situations in 2010-2015. Then we tried unsuccessfully to apply the current edition
of AtlasSF1.0(2), so we had to urgently develop and release a new edition of
AtlasSF1.0(3) without changing the generation. Only in 2018 we developed the
first edition of AtlasSF1.0+ and switched to atlases of the classic dynamic type.

CONCLUSIONS

The capabilities of modern atlas information technologies are much richer than
those that existed before the Web 2.0 epoch. However, the theoretical
foundations of these technologies have not acquired evolution necessary for
practice. This situation has given rise to several theoretical and practical
problems. In the article, they are formulated as problems of a new generation of
electronic atlases, which are called systemic.

To solve the problems of modern EA of the new generation, it is proposed to
use the methods of Conceptual Frameworks (CoFr) and Solutions Frameworks
(SoFr) of Relational Cartography. The CoFr method is used to obtain the currently
relevant three-stratum structure of systemic EA. This will allow us to investigate
the first critical system property of systemic EA — CSP.System — about the
necessity of certain relations between the systemic EA and the corresponding
spatial system of actuality.

The SoFr method is used to study the relations between the components of
two adjacent strata of modern systemic EA, called CSP.Tree and CSP.View. The
article shows the analogies of CoFr and SoFr with the constructions of Model-
Based Engineering.
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KPUTHUYHI CUCTEMHI BJIACTUBOCTI EJIEKTPOHHUX ATJIACIB HOBOI'O
[TOKOJIIHHA. HACTHUHA 1: ITPOBJIEMA I METOAM JOCJIJDKEHHA

Beryn. Pepomrortiiini 3MiHH iHGOpMAIIIHIX TEXHOJIOTII OCTAHHIX JIBOX JACCATUIIITh HA/IAIOTh 3MOTY
KOHCTpYIOBaTH eneKTpoHHi atiacu (EA), MOXKITMBOCTI SIKMX NPUHLMIIOBO Oaratiii 3a MOXJIMBOCTI
«iacrmaaux» EA. Le nocsiraeTbest 3aBIsIKM BUKOPHUCTAHHIO CHCTEMHUX BiactiBocTelt EA HOBOTO
TMIOKOJIIHHSA, SIKI TOMY HAa3MBAIOThCs cucTeMHUMH. CuctemHi EA 3amumarorsess HAMOPOCTIIIMMH i
Hale()eKTUBHIIIMMH TPOCTOPOBUMH 1H(OPMAIIHIME MOJIEISMH TEPUTOPIAIbHAX CHCTEM, IO
YMOXIIHBITIOE TXHE 3aCTOCYBAHHSI [T PO3B sI3aHHS 0araTh0X MPaKTUYHKX 3aBIIAHb.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne2 (204) 47



Chabaniuk V.S., Kolimasov L. M., Krakovskyi S.P.

MeToro cTarTi € o0rpyHTYBaHHS TOTPeOU y cucTeMHHX EA 1 BU3HAueHHS METOJIB JIOCITi-
JDKEHHS IXHIX CHCTeMHHX BiacTuBocTeil. Lli MeTomu Oyne BHKOPHCTaHO JUISL IONIYKY i OIHUCY
KPUTHYHHX CHCTEMHHX BIIACTHBOCTEH, Oe3 skux EA He MOxyTh OyTH cucTeMHMMH. Metoau
IPYHTYIOThCS Ha pelsiLiiHiil kaprorpadii Ta 6a3oBaHiil Ha MOZIEIIX IHXKEHEPIl.

Pe3yabTaTu. PO3MIsHyTO €BOIIONIIO «KIacHYHUX» EA: Bijl mamepoBux aTiaciB Ta IXHIiX
o0pa3iB 10 aHaNITHYHUX amiaciB. [lokazaHo, 1110 Ha ySBHiM MexXi KIACHYHUX 1 HEKJIACUYHUX
EA Bxe 3Haxoastecst EA HOBOro mokominHs — cuctemHi EA. Sk Teopis, Tak i mpakThka
Takux cucteMHuX EA MaroTh mie 6araTo HeBHpilIeHHX npobieM. YacTHHY 3 HHX ONHCAHO Y
cTarTi. ABTOpH BBaXKalOTh, 1[0 OaraTo mpo0ieM MOMJIMBO BHPIIINTH, SKIIO PEeali30ByBaTH
KpUTHYHI cucTeMHi BracTuBocTi EA. Jlng pocmimkeHHS npobiaeM 1 1y Joka3y pe3ysbTaTiB
BHUKOPHUCTOBYIOThCS J1Ba MeTou: KoHIentyanpHuX kapkaciB i KapkaciB pimeHs. OnucaHo sk
caMi METOJH, TaK i MOXKIIMBICTh IXHBOI'O 3aCTOCYBaHHS JUISl 3HAXO/PKCHHSI KPUTUYHHX CHCTe-
MHHX BJIacTUBOCTEH EA HOBOTrO MOKOMiHHS.

BucnoBku. OnrcaHo rojoBHI Ipo0ieMH eNeKTPOHHUX aTJIaciB HOBOTO TIOKOJIIHHS 1 3a-
MPOIIOHOBAHO X BHPILIEHHS 3a JOMOMOTrol0 MeToxy KoHIenTyalpHHX KapKaciB i MeTomy
KapxkaciB piiieHs.

Knitouoei cnosa: cucmemnuii enexmponnuii amnac, Konyenmyanonuii xapxac, Kaprxac pi-
wenb, KpUMUYHA CUCTNEMHA 8AACTUBICIND.
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INTEREXTY AMISAUIA NPOUECIB NPMAHATTA PIWMEHD
B ABTOHOMHMX GHCTEMAX KEPYBAHHA

Beryn. V cyuacromy ceimi Haykoso-mexHiuHUil Pi6eHb OEpHCABU 3HAYHOIO MIPOIO BUSHAYAEMbCSL
NOMOYHUM CIMAHOM MA MeMnamu po3eUmKy iHgopmayitinux mexuonoeii. Boonouwac mazicmpans-
HUM ULIAXOM B0OCKOHANIEHHS THQOpMAYiiHUX MexXHONoRI € ix iHmenekmyanisayis. 3a paxyHox
inmenexmyanizayii cmana Modlciugo0 no6yooea NEPCNeKmueHUX CUCeM 3 NPUHYUNOBO HOBUMU
DYHRYIIHUMU MOXCTUBOCIAMU, 30KPEMA, BUCOKOUBUOKICHUX KOMN TOTNEPHUX KOMNIIEKCI8, 30amHUX
00 ABMOHOMHUX Olil Y CKIAOHOMY ma OUHAMIYHOMY cepedosuwyi. Basciugy poiv y pobomi asmorno-
MHUX KOMWIEKCI8 8idieparoms cucmemu Kepy8awHs CKIAOHUMU o6'exmamu ma npoyecamu. Y
363Ky 3 YuM OOCTIONCEHHS] MEOPEMUYHUX MA NPUKTAOHUX NUMAHL NOOYO08U MAKUX CUCIEM €
AKMYAIbHOIO HAYKOBO-MEXHIYHOI0 NPOOIEMOIO.

Mema cmammi — npoananizyeamu NOMOYHULU CMAH Ma NEPCREKMUSU PO3GUMKY HOBO-
20 HanpaMKy y cghepi inmenexmyanizayii inghopmayitinux mexHono2ii — noby0osu cucmem
ABMOHOMHO20 KepyB8aHHs CKIAOHUMU 00'cKmamu ma npoyecamu y OUHAMIYHOMY cepedosu-
wi; chopmysamu obIpyHmMOoBaHUIl NiOXio 00 NIOBUUEHHS PIGHS IHMeLeKmyanizayii npoyecie
NPUTIHAMMSA PIUEHb Y MAKUX CUCTEMAx.

Memoou. Cmeopents asmOHOMHUX CUCIEM KEPYBAHHS MA NIOBUWEHHS. DIGHSL IHMeNeKmya-
Ji3ayii npoyecie NPUIHAMMSL Piluelb Y MAaKux CUCmeMax 0a3yembcs HA GUKOPUCMAHHI MAKUX
KOHYENmyaibHux, meopemuyHux ma Memooon02iuHUX IHCMpyMeHmie. meopis inmenexmyanizayii
iHhopmayilinux MexHONOoRil, THMENEeKMYAIbHO20 KEPYBAHHSA, MeopemuyHi 3acadu nodyoosu
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ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 2 (204) 49



Llenemyxa FO.M., Bonkog O.€., Komap M.M.

cucmem WMy4HO20 THMENeKNY, Memoou NPULIHAMMS PiuieHb, Memooon02is 00PA3HO20 MUCTEH-
H5l, MEmoOu MOOENOBAHHS 0OPAZHO20 CHPULIHAMMA 308HIUHBO2O cepedosuLyd.

Pesynomamu. Posensanymo nioxio 00 63a€mM0y32004CeH020 GUKOPUCIIAHHS MENOOI8 wimyy-
HO20 iHmeneKkmy, NPUUHAMMS pilieHb ma iHmeneKmyaibHo20 KepyeanHs Olia CMEOPEeHHs aémo-
HOMHUX 3ac00i6 KepysaHHs CKIaonumu oo ‘ekmamu ma npoyecamu. OOIPYHMOoBaHO OOYLNbHICHb
noby0osu cucmem, npoPintbosaHuUx Oiist pOOOMuU Y SUHAYEHUX npeOMemHux obiacmsx. Busnaye-
HO cneyugiuHi 0coonueocmi ma CKIAOHUKY MEXAHI3MI6 NPULHAMMS Piuletb Y CUCHeMax iHmene-
KkmyanvHozo kepysants. I1iokpecieno neobxXionicms cmeopentsl iHmeneKmyatbHo20 cepedosuya
Ma 8ax3cnusy potb CEHCOPHUX MEPEXC Y PO36 A3AHHIR Yb020 3a80aHHSA. 3anponoHO8AHO MEMOJ0-
7102i10 n0OYoosu THpopmayitinux obpasie, sKi 6I00OPANCAIOMb HAUBANCIUBIUE KOMIOHEHMU NO-
mounoi cumyayii. Pozensinymo npukiadu 3acmocy8antst cpopmosanux o6pasie Ons 30iUcHeN s
5K OUHAMIYHOZ20, MAK | e80TOYILIHO20 NEPENTIAHYBAHHSL.

Bucnosku. [Joyinbruum wisxom no6y0ogu iHmMeniekmyanizo8anux cucmem KepyeamHs €
maxuil, wo nepeodbauae 83aEmMoy3200JiCeHe 3aCMOCy8anHts pisnux munie mooenei. Obpasue
ROOAHHS ICMOMHUX 83AEMO38 SI13Ki6 ROMOUHOI cumyayii € epekmuenum 3aco6om iHmenexmy-
anizayii na pizHux emanax npoyecy NPUUHAMM PileHb — 2CHEPYBAHHS ATlbIEPHAMUS, PO3Y-
MIHHS HeBIONOBIOHOCMI MIdC PISHUMU Odcepenamu OaHux, 30ilCHeHHs npoyedypu eubopy, oyiHio-
8anHs pe3ybmamis. 3acmocy@anhs eleMenmie Wmy4yHo2o iHmeneKmy 8 agmoHOMHUX cCucme-
Max € 0cobau8o 0OIPYHMOBAHUM Y BUNAOKAX Oediyumy 4acy ma HAAGHOCMI 6eUKOI KINbKO-
cmi anvmepHamueHux eapianmia Oitl.

Kniouosi croea: inmenexmyanizayisi inghopmayiviHux mexuonozit, iHmeneKnyaibhe Kepyeam-
HSl, RPULHAMMSL Piltetb, A8MOHOMHICIb, WIMYYHULL IHMETeKm, 00pa3, HeGU3HAYEHICHb, A0anmayis.

BCTYR

VY cydacHOMY CBiTi HayKOBO-TEXHIUHHI PIiBEHb JEp>KaBH 3HAYHOIO MIipOI0 BH-
3HAYAETHCS MOTOYHUM CTaHOM Ta TEMIIAMH PO3BUTKY iH(QOpMamiiHMX TEXHOJIO-
riil. BogHouac MaricTpaibHUM IUISIXOM BIOCKOHANEHHs iH(pOpMaliifHUX TEXHO-
JOTi# € X iHTenmeKkTyalizamis. 3a paXyHOK iHTeNeKTyali3alii crajga MOXKIUBOIO
no0y/I0Ba MEePCIEKTHBHUX CUCTEM 3 MPUHIIMIIOBO HOBUMH (DYHKI[IHHUMU MOX-
JMBOCTSIMH, 30KpeMa, BUCOKOIIBUAKICHUX KOMIT FOTEPHUX KOMIUIEKCIB, 34aTHUX
JI0 aBTOHOMHHX JiH y CKIaQJHOMY Ta 3MIHHOMY CEepelOBHII. BaxxnuBy ponb y
po0OOTi aBTOHOMHHX KOMIUIEKCIB BiIirpaloTh CUCTEMH KepyBaHHS THHAMIYHUMU
o0'ekTaMH Ta mpouecamMd. BaacTUBiCTh aBTOHOMHOCTI € KIIFOYOBOIO JijIsi Oara-
THOX CUCTEM KEpYBaHHS — BOHA Ja€ MOXKJIMBICTh 3aMKHYTH KOHTYP 3BOPOTHOTO
3B’S3Ky MK CITOCTEPEKECHHSIM, OCMUCIICHHSM MOTOYHOI CUTYaIlil, MIaHyBaHHIM
Ta BUKOHAHHIM HEOOXiaHuX Aii [1]. Bim3HayaroTh BENMKY KUIBKICTh Pi3HOMaHI-
THHUX NpoOJieM, 10 BUHUKAIOTH y CIpo0aX CTBOPEHHS aBTOHOMHHUX CHCTEM Ke-
PYBaHHSI Ta CYTTEBO OOMEXKYIOTh MOKIMBOCTI JJIsl IXHBOT'O €(DEKTHBHOTO (YHK-
miroBaHHA [2, 3]. ToMy mOCTiMKEHHS TEOPETHYHUX Ta MPUKIATHUX MTUTaHb 110-
OyZOBH TaKUX CHCTEM € aKTYaJIbHOIO HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

MOCTAHOBKA NPOBNEMM

Konmnenmis iHTenekryanizaiii mpuBeprae Bce OUIBIIY yBary MOCTiTHUKIB K y
PO3TIIANl TEOPETHYHUX TPOOJIEM KEPYBAaHHS IIUICCIIPIMOBAHOIO IOBEIIHKOIO,
TaK i y BUpIIIEHHI IPaKTHYHUX MUTAaHb MOOYJOBU CUCTEM KepyBaHHs CKJIaIHU-
MU JMHAMIYHUMH OO0 €KTaMHU Ta TpolecaMu s 3a0e3ledYeHHs HeoOXiTHUX
MMOKA3HUKIB SKOCTi, MIBUAKOMII Ta CTIHKOCTI. AHaIII3 JIITepaTypHUX JHKEpe nae
3MOT'Y BiJJ3HAYMTH CTAJTy TCHJCHIIIIO JI0 3aCTOCYBaHHsI Y MPOIECi KEPyBaHHS BCE
O1mpIIOl KIIBKOCTI 1HTENEKTyanbHUX (YHKLIH, Oe3mocepenHbo abo omocepen-
KOBAHO TOB’SI3aHUX 3 MPUHHATTAM PIllIeHh — TaKUX K PO3Mi3HABaHHs 00pas3iB,
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aHaJi3 MOTOYHOI CHTYalii, JIaHyBaHHS Ta KOperyBaHHsS MoTpiOHux mid. Tak, y
po6oTi [4] iHTenekTyaabHE KepyBaHHs B3araii BU3HAYA€THCS SIK MPOILEC aBTO-
HOMHOI'O TNPHUHHATTS pIlIEHb Yy CTPYKTYpOBaHOMY ab0 HECTPYKTYypOBaHOMY
CEpPE/IOBHIL, SIKH TPYHTYETHCS Ha CIIJIBHOMY BHUKOPHCTaHI TaKHX HAayKOBHX
HaNpsMIB: KOMIT'FOTEpHI HayKW, ITYYHHHA iHTENEKT, MOCTiKEHHS Omepalliu,
TEOpisi aBTOMaTUYHOTO KepyBaHHA. J[Is1 aBTOHOMHHMX CHCTEM, L0, SIK NPaBUIIO,
MOBHMHHI BUKOHYBAaTH CBOi (pyHKIII 06e3 Oe3nocepelHbOr0 BTPYYaHH JIIOJMHHY,
METOJU Ta 3aCO0U IUTYYHOTO IHTEJIEKTY MalOTh OCOOJMBO BEJIMKi MEPCIEKTHBH
ycmimHoro 3acrocyBanHs. Clifi 3a3HAYMTH, IO TEPMiH IITYYHHH IHTEIEKT»
3BUYallHO BUKOPUCTOBYETHCS y THX BUIAMKAaX, KOJHU 3a JOIMOMOTOIO arnapaTHo-
NpOrpaMHUX 3ac00iB IMITYIOTh NIEBHI iHTeNEKTyasbHi 1ii JroauHu. Tak, 3a Okc-
(OpACBKUM CIIOBHHUKOM, CHCTEMH IITYYHOTO IHTENEKTY BH3HAYAIOTBCS SK
«KOMII'IOTEPHI CHCTEMH, III0 MAalOTh 3JaTHICTh BUKOHYBATH 3aBJaHHS, SIKI 3BU-
YaifHO TOTPeOYIOTh BHUKOPHCTAHHS IHTENEKTY JIIOJAWHH — Taki SK Bi3yanbHe
CpUAHATTS 1HQOpMAaIii, PO3Mi3HABAaHHA yCHOI MOBHU, NMPUHHATTS pillIeHb Ta
nepexiaany [S]. Takox BiI3HAYAETHCS, IO MTYYHAN IHTEIEKT — II¢ 3JaTHICTH
KOMIT IOTEepH30BaHNX TEXHIYHUX 3ac0o0iB BIATBOPIOBATH Ti a0 iHII aCHEKTH
PO3YMHOI MOBEIIHKH JItOAWHU [6]. Ha 1yMKy aBTOpIB, KIIFOYOBUMH €JIeMEHTaMU
IITYYHOTO iHTEJIEKTY € MPOLECH MIpKyBaHHS, MJIAHyBaHHS Ta HaBYaHHSA, TOOTO
caMe Ti TIPOIIECH, IO € TOJOBHUMH CKJIAJHUKAMH Y TMPUHHATTI pimeHsb. Hapasi
HEBHpIIIEHNMHU € 0arato NMUTaHb CTOCOBHO KOHLENTYaJbHHUX AaCIEKTIB B3ae-
MO3B’ 513Ky METOMIB MPUHHSITTS PillleHb Ta METOJIB IITYYHOTO iHTeNeKty [7]. ¥V
IIbOMY KOHTEKCTI HEOOXITHO TaKOK BPaXOBYBaTH, III0 JO TIEBHOTO Yacy MPaKTH-
YHO HE NIEPETUHAIIUCS MiX cOOOI0 HAYKOBI HAIIPSIMU, TTOB’sI3aHi 3 PO3pOOICHHIM
METO/IB IITYYHOTO IHTENEKTY Ta MOOYAOBOIO CHCTEM KEpYBaHHs CKJIQAHUMHU
TUHAMIYHUMH 00’€KTaM{ Ta TIpoIlecaMHu. Y MeKax KOXKHOTO 3 IUX HamlpsMiB
CTBOPIOBABCsl CBili HayKOBWH 1HCTpyMEHTapiii, MPUCTOCOBaHMIA O aHaJi3y Ta
pO3B’sA3aHHs crielM(iYHUX 3aBIaHb CBO€I MPEIMETHOI raiy3i. Alle OCTaHHIM
4acoM IOMITHOIO CTajla TeHAEHLIS 10 MOCUJICHHS B3a€MHOTO 3B'SI3KY, CYTTEBOTO
30MKEHHS Ta HaBiTh 00’€MHAHHS BKa3aHWX HANPAMIB JOCTiKeHb. OgHUM 3
BUTOKIB TaKoi TEHACHIIIT € MiABUIIECHHS IHTEPECY J0 TCOPETUYHHX 1 MPAKTUIHUX
NUTaHb CTBOPEHHS AaBTOHOMHHUX CHUCTEM IHTEJIEKTYalbHOTO KEpyBaHHS, 30Kpe-
Ma, 3ac00iB aBTOHOMHOT'O KepyBaHHS JUHAMIYHIMHE 00’ €KTaMH Ta MPOIICCAMH.

Mera crarTi — npoaHajizyBaTH IOTOYHUH CTaH Ta MEPCIIEKTHBH PO3BUTKY HO-
BOT'0 HAIpsMy y cdepi iHTenekTyami3amii iHpopMaiiiHIX TeXHONOriH — noOyaoBu
CHCTEM aBTOHOMHOIO KEPYBaHHS CKJIaJIHMMM O0'€KTaMM Ta MPOLEcaMH y JUHAMIid-
HOMY CEpeNOBHIIl, Ta cHOpPMyBaTH OOIPYHTOBAHMH MiAXiJ O MiJBUILCHHS PIiBHS
IHTENeKTyai3aLii MpoLeciB MPUHHATTS PillIeHb Y TAKUX CUCTEMAaX

HEBH3HAYEHICTD TA ABTOHOMHICTD B IHTEREKTYANbHWX CHCTEMAK

ABTOHOMHI CHCTEMH TOBHHHI OyTH 3IaTHUMH BUKOHYBaTH (PYHKUIi KepyBaHHS B
ABTOHOMHOMY PE&XHMi, TOOTO 32 KOMYHIKalitHIX OOMEXeHb Ta BiJICYTHOCTI JIFO-
TUHA-OTIepaTopa. ToMy MOCTIKEHHS Pi3HUX aCHeKTiB MOOYI0BU Ta (PYHKITIFOBaH-
HsI IMX CHCTEM MalOTh BEJIMKUI IHTEpEC 3 TOUKH 30py MOKIIMBOI CHHEPTii METOIIB
IITYYHOTO IHTENEKTY, HPUHHATTS pIlIeHb Ta IHTENEKTyalbHOro KepyBaHHA. Lle
JTACTh MOXKITUBICTD TIEPEXOTY BiJl aBTOMATHIHHUX CHUCTEM, ITIO TIFOTh Y BiIIIOBIAHOCTI
13 3a37aJ1erib 3a]aHUMH aITOPUTMaMH Ta POLEypaMu, 10 HOBOTO KJIacy CHUCTEM,
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3[aTHUX Y MPOLIEC CBOET aBTOHOMHOT pOOOTH 3/1iHICHIOBATH TIEBHUI HAOIP iHTEJICK-
TyalbHUX (QYHKUIHA. Y IIbOMY KOHTEKCTI HEOOXiZIHO 3BEpHYTH yBary Ha Ba)KIUBY
BIZIMIHHICTh MDXK TPaJIUIIHHIMH Ta 1HTEJEKTyali30BaHUMU CUCTEMaMH KepyBaHHSI.
[ToBeminka TpaaWIIHHIX CHCTEM KepyBaHHS, SIK MPABHUIIO, TTOBHICTIO BU3HAYAETHCS
CYKYITHICTIO 3aJIlaHUX IU(epeHIialbHuX PiBHAHB, IO y BEKTOPHIH (opmi Moxke
OyTH 3aIMCaHO TAKUM YHHOM:

Y =F(X,Y)+D(t),

ne F — nesixa BekropHa QyHKist; Y = {1, 2,..., Yn} — BEKTOp BUXIJIHUX 3MiHHHX,
O MOXYTh OyTH BuMipsiai; X = {X1, X2,...,Xm} — BEKTOp BUXIIHHMX 3MiHHHX, IO
HE MOXyYTh OyTH BuMipsiti; D(¢) — 3MiHHuMIA y yaci 30yproBajibHUI BIUIUB HA CHC-

TeMy. Jlo TOro * IiIBOBAa (PYHKIIiS CHCTEMH BBRXKAETHCS 3a3MAJIETillb 3a/IaHO0, a
HEBH3HAYEHICTh CUTYAIlil 3yMOBIIIOETECS BIICYTHICTIO TOBHOT iH(opMaLlii I0I0 BEeK-
TOpY (ha30BOTO CTaHy Ta HETOUHICTIO BUMIPIOBAaHHS MOTOYHMX Iapametpis. 1lle ox-
HAM BaXJIMBHM (HaKTOPOM, SIKH HEOOXITHO BPaxOBYBATH y TOOYIIOBI CKIIATHUX
cucteM, € HemiHiiHicTs. CIIij] 3a3HAYMTH, 110 HASBHICTh HETIHIMHUX €JIEMEHTIB Ha-
BITb Yy TOpPIBHSHO TPOCTUX PIBHSHHSAX TPH3BOIAWUTH JO HEMOXIIMBOCTI IXHBOTO
PO3B’sI3aHHS Y KBaJpaTypax. [Hakie KaKydw, HeMae MOXKIMBOCTI TIOJJaTH 3arajibHe
pileHHst Habopy HEMiHIHHNX IU(epeHIIMHIX PIBHAHD Y BUITIAI aHATITHYHHUX CITiB-
BITHOILICHh Ta HEBHW3HA4YEHWX iHTerpamiB. TOMy OCHOBHUM HPAaKTUYHHM 33aCO00M
BUPIIIEHHS TaKuX MPo0JIeM € eBPUCTUYHINA METOJ TOCTIIOBHOTO TIepe0opy MOMKITH-
BHUX BapiaHTiB. [I[prHIMIIOBA BiZIMIHHICT IHTEIEKTYaILHUX CHCTEM IOJISITAE Y MOXK-
JIMBOCT] iXHBOI LiECHpPAMOBAaHOI MOBEAIHKM HABITh Y pasi iHpopMaliiiHuX oOMe-
JKeHb, HAIPUKIIA]L, 32 BiZICYTHOCTI 1OBHOI iH(opMmartii po sux ¢yskiii F(X,Y) uu B
CUTYyaIlisIX, KOJM HEMOJKIMBE TOYHE BHUMIPIOBaHHSA BeKTOpy Y ={)1, V2,..., Vn}.

Hagits OibITIe, HEBU3HAYEHICT Y TAKUX CHCTEMaX MOXKE BKIIFOUATH HE JIAIIE HETOU-
HO BU3HAYEHi MapaMeTpH, ajie i He TIOBHICTIO c(hOpMyIbOBaHy MeTy. Y 3B 13Ky 3 LM
JIOITyCKAEThCSI MOXJIMBICTD YTOUHEHHsI BEJIMYMH TapaMeTpiB Ta KOPEryBaHHs LIIeH
Oe3nocepenHbo i Yac (YHKIIFOBAHHS CHCTEMH.

Omxe, iHTEIEKTyaTbHI CHCTEMH TTIOBHHHI IMITYBaTH OCMHUCIICHY TTOBEIIIHKY JIFOITH-
HHM — 30KpeMa 3a YMOB BiICYTHOCTI MOBHOI iH(popMalii. [Hakme KaXy4u, BOHH HO-
BUHHI OyTH 3[JaTHAMH «YCBiJIOMITFOBATH» XapaKTepHi OCOOIMBOCTI MOTOYHOI CHTYAITii
Ta 30BHIIMHBOTO CEPEOBHUINA, CKIAJaTH IUIaHH i, (JOPMyBaTH Ta yXBATIOBATH Pi-
IICHHSI, Peali30ByBaTH MPHUIHAITI PIllIeHHs Ta OLIHIOBATH OTPUMaHI pe3ysbraTd. Bak-
JIMBOIO YMOBOIO MOOY/IOBH IHTENEKTYyaIbHHX CHCTEM € 3a0e3MeyeHHs JIO0CTaTHHOTO
CTYTICHIO aBTOHOMHOCTI TXHBOI MoBe/iHKH. BogHOYaC MOMITGHO BUPI3HATH JBa TPHUH-
IMTIOBO BiMIHHMX DiBHSI aBTOHOMHOCTI. Ha mepioMy 3 HHX 3a0e3MeuyeThesi aBTOHO-
MHICTB JIjii 3 JIOCSATHEHHs! eBHOro Habopy uinein G = {g1, g2,...,gr} , AKi € 3a3nare-

Tib BH3HAUCHHMH Ta, $SK TIPaBUJIO, CHOPMOBAHMMH 32 MEKAMH CHCTEMH.
VY TakoMy BHIAJIKy TOJIOBHA yBara po3pOOHHKA 30CEPEILKYEThCS HAa CTBOPEHHI aBTO-
HOMHHUX 32C00iB 3a0e3MeUeHHs! «HalHKpaIoroy (y SKOMYCh BU3HAYEHOMY CEHCI) IIUIIXY
JIOCSITHEHHS TIOCTaBJICHNX IUTeH. [IMTaHHs e mpo Te, Ha IMiJICTaBl SIKUX MipKyBaHb Ta
3a JIOMIOMOTOIO SIKUX TIPOLICAYP 3MIMCHIOETHCS ()OPMYBaHHS 1MX IIUICH, 3BHYAIHO 30-
BCIM He po3ryisIacThes. JIpyruii piBeHh aBTOHOMHOCTI Tiepei0adae 3HauHe TIOCUIICHHS
[HTENICKTYATbHAX MOMUIMBOCTEH CHCTEMH 3a PaxyHOK il 3MaTHOCTI JO aBTOHOMHOTO
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(hopmyTrOBaHHsI a00 ycix CBOIX mineit, abo 1x meskoi migmuoxuan G2 < G . [porec
ABTOHOMHOTO (DOPMYITFOBAHHS ILTEH CKIIAAEThCS 3 IBOX €TaITiB — €TaIly TeHePYBAHHS
MHOXHHH MOKIMBHX 1tell G1= {g1, g2,..., gs} Ta eTary BUOOPY IMiIMHOMKUHH LILIei
G2={g1,g2,..,2v},v <. OCHOBHUMH PHCAMH LLIECIIPAMOBAHOI MOBEIIHKH iHTE-

JIEKTYaITPHUX CHCTEM, IO 3yMOBIFOIOThH CIEKTp iXHIX (PYyHKIIHHIX MOXIIMBOCTEH, €
taki. ITo mepire, 1mi CHCTEMH 3MaTHI IMITYBATH BUKOHAHHS JIFOWHOIO TAKWX 3aBIIAHb,
SIKI MOYKHA Ha3BaTW IHTENEKTyalbHUMH. J0 HMX CITi BiZHECTH, 30KpeMa, oOpa3He
CIIPUIHSTTS OKPEMIX KOMITOHEHTIB ITOTOYHOI CUTYyaIlii a00 CUTyarlii B ILIOMY; YCBIZIO-
MJICHHS TIPYMH BUHUKHEHHS Ti€l UM 1HIIOI TTOTOYHOI CHTYAIlil; TeHEPYBAHHS MOJITH-
BUIX BapiaHTIB Jiif; TIOMepeIHE TTaHyBaHHs IIUISIXIB pearyBaHHsl HA MOYKITMBI HACII KA
Jiit; IPUIHSTTS PilleHHs MO0 HAWIONUIBHILIONO BapiaHTy Aiit. JIpyrum ckiagHuKoM
(hyHKIITHIX MOXKIIMBOCTEN TAaKMX CHCTEM € iXHs 3[aTHICTh 10 aBTOHOMHOI POOOTH.
Braraii kaxy4u, iHTEIeKTyalbHI CHCTEMH MOXKYTh (DYHKIIIFOBATH a00 SIK iHTEpPaKTHBHI,
a0o0 SIK TIOBHICTIO aBTOHOMHI. J{0 TOTO 7K aBTOHOMHICTh CHCTEMH MOKE TIPOSIBIISITHUCS SIK
Y PEaKTUBHHUX, TaK i y MPOAKTUBHUX CTPATETisX MIIECIPSIMOBaHOi MoBeiHky. Harpu-
KJIa1, Y BUITAJKy aBTOHOMHOTO K€PYBaHHS TPYIIOBOIO B3a€EMOIIEI0 PYXOMIX 00 €KTIB y
KOH(UTIKTHUX CUTYyaIlisiX, Ha 0a3l peaKTHBHUX CTpATeTili MOXKHA aJICKBATHO pearyBaTh
Ha BUHUKHCHHS THMYACOBHX KOMYHIKAIIIHIX OOMEKEHb, SIKi TIePEeIIKO/DKAIOTh 1H(]O-
pMartiiiHoMy OOMIHY 3 IHIIMMH YYaCHHUKaMH TPyIH. BUKOpPHCTaHHS IPOAKTHBHHX
cTpareriii cripsiMoBaHe Ha 3a0e3reucHHs e(peKTUBHOrO (PyHKIIIFOBaHHS HABITH 32 YMOB
TOBHOI BIZICYTHOCTI 3B’513Ky M CTOPOHAMH Y 3 HA3¢MHHMM AMCIETYEPCHKUM ITyHK-
TtoM. OTXKe, 3aCTOCYBaHHS IPOAKTUBHOTO IIXOAYy MOKE 3a0€3MEUYUTH aBTOHOMHY
poboTy crcTeM 0e3 HeoOXiTHOCTI 6e3MocepeTHHOr0 BTPYUAHHS OIepaTopa, yCyBarOuH
THM CaMHM MOKJIMBICTh HETATUBHOTO BIUTMBY JIFOJCHKOTO (DaKTOpy Ha SIKICTh (DYHKIIi-
oHyBaHHs. 1lle OMTHUM Ba)KITMBUM YHMHHWKOM YCIIIIHOTO (DYHKIIIOHYBaHHS 1HTENIEKTY-
THLHNX CUCTEM € MOMKITMBICTD €(PEKTHBHOI aarTartii K /10 3MiHH 30BHIIITHIX YMOB, TaK
1 10 3MiHH BHYTPILTHBOTO CTaHy CHCTEMH.

AHani3 cy4yacHOTo CTaHy MpoOJeMH MoKa3ye, 110 Hapas3i OJHUM 3 Halmepc-
MEKTUBHININX HAMPSAMIB 1HTEIEKTyami3allii € 3aCTOCYBaHHS €JEMEHTIB MTY4YHO-
ro 1HTENeKTY Ui TOOYAOBH aBTOHOMHHUX CHUCTEM, MPOQiIOBAHUX AJIsI pOOOTH Y
NOPIBHSHO BY3bKUX MpeAMETHHX obmnacTsx. OIHIE0 3 CYTTEBHX MepeBar Copsi-
MOBAHOCTI TaKMX CHCTEM Ha BHPIIICHHS CIENiali30BaHUX 3aBIaHb € MOXIIH-
BiCTh 3a0e3MeUeHHs iXHBOI AKICHOI amanTariii SK A0 3MiH y 30BHIITHBOMY Cepe-
JOBUIIII, TaKk 1 JI0 3MiH y CTPYKTypHii opraHizamii Ta 3Ha4CHHSX KUTbKICHHX
napaMeTpiB camoi cucreMu. CHCTEMH 3 €JIeMEHTaMHU IITYYHOTO 1HTEJIEKTy MO-
XKYTb ISTH SK aBTOHOMHO, TaK 1 BXOJHUTH IO CKJIJy IHTETPOBAHUX JIFOJIMHO-
MAITUHHAX KOMIUIEKCIB Ta MPAIIOBATH B IHTEPAKTUBHOMY PEXHUMi. A€ i B I[bO-
MY BUMAJIKY IXHBOIO MPUHIIMIIOBOK BiIMiHHICTIO BiJl TPAJAULIIHHUX CHUCTEM ITiJI-
TPUMKH TPUHHSTTS PillleHb € Te, 0 BOHHU JIOTIOMAraroTh JIFOIWHI B aHali3i iH-
TEJIEKTYalbHUX MpoOJeM He JHIIe 32 PaxyHOK CHPHUSHHS KpamoMy YCBIIOM-
JICHHIO O0COOJIMBOCTEN Ta B3a€MO3B’S3KIB MOTOYHOI CUTYalii, a i IIUIIXOM aBTO-
HOMHOTO, 0e3 Oe3rmocepeIHpO1 yJacTi JII0IUHN, BUKOHAHHS JEsIKUX ()parMeHTiB
3araJbHOTO 3aBIAaHHA. Hampukian, SKIIO METOI0 CHCTEMH € AWCIeTYeph3alis
PYXY TPaHCIIOPTHHX 3ac00iB, TO 33 JOMOMOTO0 €JIEMEHTIB ITYYHOTO iHTENEKTY
MOXKHa 3/iHCHIOBaTH aBTOHOMHY HaBiraliro JesKHux 3 IHUX 3aco0iB Ta iHpopMy-
BaTH AUCIETYEpa MO0 TUHAMIKH iXHIX OCHOBHUX MapIIPYTHUX ITapaMeTpiB.
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Puc. 1. Tlpukiaj 3aCTOCYBaHHS IITYYHOTO iHTENIEKTY Ta aBTOHOMHOI HaBiramii Jist
JHUCTICTUEPU3AIlil pyXy TPAHCIIOPTHHUX 3aCO0IB Y CKIaJHOMY CEpeIOBHII

Ha ocnoBi oxepkaHoi iHpOpMaLlii AUCTIETYEP MOXKE KEpyBaTH TPAEKTOPis-
MH PyXy PELITH TPAHCHOPTHHX 3acO0iB Ta 31 CHIOBATH KEPyBaHHS PO3BUTKOM
cutyarii B 1iiioMy (auB. puc. 1).

WTYYHWA IHTENEKT TA NPHAHATTA PIIEHD Y SABRAHHAX KEPYBAHHA

AHaJi3 paHHIX POOIT y rajiy3i MTYYHOTO IHTEJIEKTY MOKa3ye, IO JOCTITHUKH,
AK1 3aM0YaTKyBajM L€ HAayKOBHH HampsiM, pO3paxoBYBaJM Ha MOXKJIHMBICTh
IIBU/IKOTO 3aCTOCYBAHHS 3arajbHUX KOHLENTYAIBHHX Ta METOMOJOTIYHUX I10-
JIO’)KEHb TSI CTBOPEHHS KOMIT IOTEPU30BAaHUX TEXHIYHUX 3aC00IB, CIIPOMOYKHHX
BUPILIYBaTH MIMPOKUI CHEKTP TEOPETUYHUX Ta MPUKIaTHUX mpodiem. OnHiero
3 TakMX NpoOJieM € 3a0e3NeUeHHs] MPUHHATTS OOIPYHTOBAHUX Ta CBOEYACHUX
piLlIeHb y CKJIQJHHUX CHTYAIlisIX, IO BUHUKAIOTh Y PI3HUX NMPEIMETHUX Taly3sX.
[ependayanocs, 1o BOYJIOBaHI y BIAMOBIJAHI TEXHIYHI 3aCO0M €JIEMEHTH YHi-
BEPCAIBHOTO ITYYHOTO iHTEJIEeKTY OynyTh 00'€MHYBaTH y €IUHE LiJe TaKi CKJia-
JTHUKHU TIPOIIECY YXBAJICHHS pillleHb, K CIIPUHHATTS HasABHOI iH(opMaIllii, ycBi-
JIOMJICHHSI TOJIOBHUX CKJIAJHOILIB Ta MOINYK JOLUUIBHUX NUISXIB iX MOIOJIaHHS,
(opMyBaHHS MOKIMBUX aJbTEPHATHB Ta BUOIp HAWNPUHHATHIIIOTO BapiaHTy
IIiA. AIe 11l OITUMICTHYHI O9iKyBaHHS OO IIEPCIIEKTUB 3aCTOCYBaHHS yHIBep-
CaJBbHOTO IITYYHOTO IHTEJEKTY Y OLIBIIOCTI BHITAIKIB HE CIPaBAMINCSA. birbt
MPOAYKTUBHUM ITiJIX0JI0M BUSBUBCS TAaKHii, KOJIM OKPEMI CKJIaJHUKU 1HTEICKTY-
aIBHOT MOBEAIHKY Y PUHAHATTI PillleHb JOCITIKYBAJIUCS 3HAYHOIO MipOI0 He3a-
JIEKHO OJIHA BiJl OHO{, BUKOPUCTOBYIOUH IS ITHOTO Pi3HI METOIM IITYYHOTO
inTenekty. Orisa JiTepaTypHUX PKEpeN CBIIYUTH PO Te, 0 Hapasi HalOiNb-
1Ie 3aCTOCYBaHHs MalOTh TaKi HaNpsSMH IITYYHOTO iHTEJEKTY: HEHPOHHI Mepe-
Ki; HEYiTKa JIOTiKa; TeHeTUYHI Ta €BONIOIIHI METO/IH; IHTEJICKTYalbHi areHTH i
MYJIbTHAT€HTChKI CUCTEMH; eKCIIepTHI 1 0a30BaHi HAa 3HAHHAX CHCTEMH; MAIIUH-
Hi aNrOpUTMHU HaBuaHHA. Y poOoTi [8] HaBeAeHU OIS BUKOPUCTAHHS METOMIB
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HITYYHOTO IHTEJIEKTY ISl BUPIIICHHS HU3KU MPHUKIAJAHUX 3aBAaHb y pPi3HOMaHi-
THHX TaTy3sX.

AHai3 HaBeJeHUX BITOMOCTEH N1a€ 3MOTy 3pOOMTH BUCHOBOK, ITIO 3HATHHI
BIJICOTOK 3a3HAYCHUX MPUKJIAJHUX 3aBJaHb € Oe3MmocepesiHb0 abo OMOCepPeIKO-
BaHO TOB'SI3aHUM 3 MPOIECAMHU MPUIHATTS PillieHb, 30KpeMa, 3 TAKHUMHU IXHIMH
CKITaJTHUKaMH, STK MOHITOPHHT, NTIaTHOCTYBaHHS, TUIaHyBaHHsI, BuOip. Lli cxman-
HUKH TaKOX € eraraMd (yHKIIIOBaHHS CHCTEM IHTEIEKTyaJbHOTO KepyBaHHS,
30KpeMa, TaKOTO IXHBOTO BAKJIMBOTO PI3HOBHIY, SK CHCTEMH aBTOHOMHOTO
KEPYBaHHS CKJIaJHUMHU 00'€KTaMH Ta MpoliecaMy y JUHAMIYHOMY CEpEOBHIII.
ToMmy iHTeneKTyamizalisi NPUHHATTS pillleHb Ma€ BENWKI MOKIMBOCTI HIOMIO
niBUIIEeHHS e()eKTUBHOCTI KepyBaHHs 3a3HAYEHUMH 00'€KTaMH Ta MPOLECAMHU.
Ane s peamizallii IIMX MOMJIMBOCTEH HEOOXiTHO, MEpIl 3a BCE, YCBIIOMHUTH
crieruivHi 0COOIMBOCTI MPUUHATTS PillIeHb Y MOAIOHNX cucTemMax. [ omoBHIME
3 IUX OCOOJUBOCTEH, Ha JYMKY aBTOPIB, € Taki: CUTYyallii, 110 BUHUKAIOTh ITi]]
yac (QYHKI[IFOBAHHS CHUCTEM IHTENIEKTYalbHOTO KepyBaHHS, 3BUYAHHO € CKIaJ-
HAMU TSI aHaTi3y; CKIaHICTh aHali3y MOTOYHUX CUTYAIlii 9acTO JOMOBHIOETh-
Cs1 HEOOXITHICTIO INBUIKUX Jil; HABITh MOOJMHOKI BUIAJKH TMOMHJIKOBUX Pi-
HIeHb MOXKYTb IPU3BECTH A0 HenependadyyBaHNX HACHIIKIB.

HasiBHMIT TOCBiJ pO3B’sA3aHHs pEaNbHUX 3aBJaHb KEPYBaHHS CKIAJIHUMHU
TUHAMIYHUMH 00'€KTaMH Ta MPOIeCaMHU IMTOKAa3ye, 110, HaBiTh 32 BUKOPHUCTAHHS
Cy4acHHX IMOTY>KHMX KOMIT'IOTEpIB 4acTO HEMOXIUBO y pEaJIbHOMY uHaci
OPUAHATH PIMICHHS MPO HAWJOIINBHIIII CTPYKTYpY Ta MapaMeTpH KepyBaHH:I
IIUITXOM 0€3IocepeIHROT0 Tepedopy yCiX MOMIIMBUX aTbTEPHATHBHUX BapiaH-
TiB. TOMy IITYYHHI IHTENEKT € MOTEHIIHHO Jy’Ke MOTYKHUM 3aC000M, II0 MO-
xKe 3a0e3MeYnTH HAJIEXKHY IIBUAKICTh MPUUHATTS HEOOXiNHUX pillleHb HABITh Y
BUKJIFOYHO CKJIAJTHUX yMOBax. AJle BOJHOYAC HEOOXiHO BPaXxOBYBAaTH, IO MPO-
HecH Ta MEXaHi3MHU MPUHAHSTTS pillieHb 3 BUKOPUCTAHHSM €JIEMEHTIB IITYYHOTO
IHTEJIEKTY MOXYTh CYTTEBO BiIPi3HAIOTHCS BiJl MPOLECIB T4 MEXaHi3MiB MPHIH-
ATTS PillleHb JFOAWHOI. (15 yCBiMOMIIEHHS IIMX BiAMIHHOCTEH MOTPiOHO, 30K-
peMa, 3p0O3yMITH, SKUM YHHOM 3a JOIIOMOTOIO IITYYHOTO 1HTEIEKTY OIHIOIOTh-
cs cuTyallii, pOpMYyIOThCS AJIbTEPHATUBU Ta BUOUPAETHCS HAWIOUUIBHINIAN Ba-
piaHT miil. Y BUMagkax NPUAHSTTS TPYNOBUX PillleHb € HEOOXiTHUM TaKOX PO-
3YMIiHHS TOTO, SIK BiOYBA€ThCS Y3TOKEHHS PIllleHb MiX PI3HAMH YIaCHHUKAMHU
Ta CIPUUHATTS HUMH HACIIJIKIB [IUX PILICHb.

AHami3 CKIaJHUKIB Mpolecy NPUUHATTS pILIEHb Y CHUCTEMax KepyBaHH:
CKJTaJJHUMHU O0'€KTaMU Ta TPOIECAMHU A€ 3MOTY BHOKPEMHUTH HOTO OCHOBHI
etanu (puc.2):

1) oTpuMaHHS Bifi CEHCOPIB Ta CEHCOPHHUX MEPEX NaHMX, IO XapaKTepu3y-
I0Th SIK CTaH 30BHIIIHBOTO CEPEOBHUINA, TaK 1 CTaH BHYTPIIIHIX PECypcCiB cHC-
TEMH KEepPyBaHHS;

2) 00poOIeHHs TaHUX, OTPUMAHKX BiJl CEHCOPIB T4 CEHCOPHUX MEPEK;

3) yCBiIOMIJIEHHS XapaKTepHUX OCOOIMBOCTEH MOTOYHOI cuTyarii Ta ¢dop-
MyBaHHA ii iHpopMmartiiinoro oopasy;

4) reHepyBaHHS MOXJIMBUX albTEPHATUBHHUX BapiaHTiB Mill (mepmuid erar
TUTAHYBaHHs HEOOX1THUX JTiH);

5) ampiopHE OI[iHIOBaHHS AIBTEPHATUBHUX BapiaHTIB Il (mpyrwid eram
IJIaHYBaHHS HEOOXITHUX Mii);
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Cencopu: Obpasu: i Anomepnamugu:
. . . . cmamuyHi/ : j
PaodionoKayiiHi, ONMUYHI, AKyCMuYHI Lo i H cmanoapmi /
ounamiuni ; VHIKANbHI

OTpumaHHs OO6pobGeHHs DopMyBaHHs I'enepyBanHs
CEHCOPHHX CEHCOPHUX obpazy —>
AJIbTEPHATHUB
JaHUX JAHHUX cutyauii
AnpiopHe Bubupanns Bukonanns OuiHIOBaHHS
OLIiHIOBAHHS BHOpaHOI pe3yJibTaTiB
aIbTEPHATHBU
AIIbTEPHATHUB aIbTEPHATUBU BUKOHAHHS

Puc. 2. OcHOBHI eTanu Tpolecy MPUHHATTS pilIeHb B IHTEIEKTyalli30BaHUX CHCTEMAax
KepyBaHHS

6) BuOHMpaHHs HAHAOIIILHINIOTO aTbTEPHATHBHOTO BapiaHTy Iii;

7) BUKOHAHHS BUOPAHOTO BapiaHTy Miif;

8) anmocTepiopHe OLIHIOBaHHS PE3YJIbTaTiB BUKOHAHHS BUOPAHOTO BapiaHTy [iid.

JInst BUBHAYCHHS TOTO, SIKUM YMHOM INTYYHHH 1HTEIEKT MOXKE JOTIOMOITH Ha
TOMy a0o0 iHIIOMY eTarmi TPUHHSTTS pillleHb, HEOOXITHO CTBOPHUTH Ta ITOCIITUTH
MIIXO/IM IO BUKOPUCTAHHS €JIEMEHTIB IITYYHOTO IHTEJICKTY Ha ITUX eTarax.

CEHCOPHI MEPEXI B CUCTEMAX IHTENEKTYANbHOIO KEPYBAHHA

OCHOBHUM JpKepesioM iH(OpMaIlii y CydyaCHHX CHCTEMaxX € OOpOOJICHHS TaHUX,
OTPUMAaHMX BiJ Pi3HUX THIIB JaBadyiB (pamiosioKamiiHUX, ONTHYHHUX, aKyCTHY-
HUX Ta iH.). Y TOCKOHAJICHHS TEXHOJIOTi BUPOOHUIITBA TaKMX IPUCTPOIB IIPUBE-
JI0 10 CYTT€BOTO TOMIIMIIEHHS iXHIX €KCIUTyaTalliiHUX XapaKTepUCTUK 3a OIHO-
YaCHMM 3MCEHIIEHHSM Baru Ta radaputTiB. Po3poOneHHs e(pEeKTHBHHX METOMiB
MOETHAHHA OKPEMHUX JIaBayiB y CEHCOPHI MEpEeXi Jaio 3MOry OTPHMYBATH Be-
JIMKi 00CSTY PI3HOMaHITHUX JaHUX IMOJO0 CTaHy Ta O0COOJIMBOCTEH 30BHIIIHBOTO
cepenoBuma. Lle Mae ocoOnmBe 3HAUYECHHS IS TIOOYTOBU CHCTEM IHTEICKTYallb-
HOT'O KepyBaHHSI, SIKi IOBHHHI He JuIle e)eKTUBHO (YHKIUIIOBATH Y CKIQJTHOMY
Ta 3MIHHOMY CEpeIOBUINI, a il MaTH 31aTHICTh TIEBHIM YHHOM BIUIMBATH HA CTaH
BOTO CEPEAOBUINA. 3a3HAYNMO, [0 Hapa3i CTBOPEHHS IHTEJICKTyallbHOTO cepe-
JOBUIIA CTa€ OAHUM 3 TIEPCIEKTUBHHUX HAMPAMIB YIOCKOHAJCHHS CY4acHHX
cucteM. Tak, y po0oTi [9] poOUTHCS BUCHOBOK ITOJIO 3HAYHOTO TOTEHITIATy BH-
KOPUCTaHHS CEHCOPHUX MEPEeX U CTBOPSHHSI HOBUX THUIIIB CUCTEM, SIKi OYAyTh
3[1aTHI He JIIIe BUABJSATH MEBHI MOJI Ta HAaJIGKHUM YMHOM pearyBaTd Ha HHX,
ajie ¥ aKTHBHO BIUIMBATH HA 30BHIIIHE cepenoBuiie. [lomiOHN BILIMB CIPSIMO-
BaHO Ha IHTEJIEKTYyalli3allif0 TUX a00 IHIIMX KOMIIOHEHTIB IIOTO CEPE/IOBUIIA,
MIIBUTIYIOYH 3araJlbHUN PiBEHb 1HTEIEKTYanbHOCTI cucTeMu. OTKe, OOHIE0 3
NPUHIMIIOBHX BIIMIHHOCTEW MpOLeCY MPUHHSITTS PIlIeHh Y aBTOHOMHOMY Ke-
PYBaHHI BiJl TPAIUIIIITHOTO MPOIECY MPUHHATTS PillleHb € 0COOIMBA BAXKIIUBICTh
HAasBHOCTI MOTY)KHUX CEHCOPIB Ta CEHCOPHUX MEPEXK, IO 3a0e3MeUyIOTh OTPH-
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MaHHs1 iHpOpMAIIil SK PO 30BHIIIHE CEPEeOBUINE, TaK i PO CTaH BHYTPIIIHIX
pecypciB cucremu. Came HasBHICTh HEOOXITHHUX JAHUX, & TAKOXK MOMIIUBICTh iX
BYACHOTO OOpOOJICHHS IS YCBIIOMIICHHS XapaKTEPHUX OCOOJIIMBOCTEH ITOTOY-
HOi cHUTyamlii, € KpUTHYHUMH (QaKTopaMu il NOOYIOBH €(PEKTUBHHX CHCTEM
ABTOHOMHOI'O KEPYBaHHS CKJIaIHUMH 00'€KTaMH Ta IPOLIECAMHU.

CeHCOpHI Mepexi € MOTY)XKHMM 3acO000M OTPHMAaHHS BEIMKHX OOCATIB
CKJIaJJHO CTPYKTYPOBAaHUX JaHHX, 0COOIMBO HEOOXiMHMX HA TaKUX eTamax iHTe-
JIEKTyaIbHOI TTOBEAIHKH, K YCBIIOMJICHHSI CTaHY 30BHINTHHOTO CEPEIOBHINA Ta
aHami3 pe3ynsTaris. [1ix yac nux eramiB BigOyBaeThCs TpaHCHOpPMALlis JaHUX Ta
iH(dopMarii y 3HaHHS IOJI0 PI3HUX aCIEKTiB MOTOYHOI cuTyarii. MeToau mryd-
HOTO IHTEJIEKTY MOXYTh CTaTW B HAroji sk Juis (OpMyBaHHS, TaK i JuIst KOMOi-
HYBaHHs Ta BiJOOpakeHHS THUX a00 IHIIMX KOMIIOHEHTiB 3HaHb. Llle mmpuie
3aCTOCYBaHHS IITYYHHUM IHTEJIEKT MOXe 3HAiTH Ha eranmax (OpMyBaHHS ajbTe-
PHATUBHUX BapiaHTiB il Ta MPUUHATTS PIlICHHS PO HAWIOUUIBHIIINN BapiaHT.
BukopucTtanHs eleMEHTIB LITyYHOrO IHTENEKTY Ha IHUX eTalax Mae Ha MeTi
BUPOOJICHHS eEKTUBHUX 3ac00iB TEHEpYBaHHS Ta YXBaJeHHS pilieHb. J{is
JOCSITHEHHS IIbOTO HEOOXiTHO MpOoaHalli3yBaTH CYTTEBI B3a€MO3B’SI3KH METOJ0-
JIOTii ITYYHOTO IHTEJEKTYy Ta CyYacHHX TEeOpidl MPHHHATTS pIllleHb, a TaKOX
CTBOPHUTH MEXaHI3MH iX B3a€EMOY3TOJP)KEHOTO BHKOPUCTAHHS Ta MOIIMBOI iHTe-
rpamii. Ciifi TaKoX 3a3HAYWTH, IO HENiHiIHA TUHaMika 00’€KTIiB Ta IMpPOIECIB
KepyBaHHS 3yMOBITIOE€ CKJIQJIHICTh aHaTi3y iX (QyHKIIOHATBHOI MMOBEMIHKH. [HOII
HaBiTh 3aCTOCYBaHHs HEJTIHIHHMX MOJENEH He Ja€ 3MOTy 3 JOCTaTHBHOIO MOBHO-
TOIO OITMCYBATH TakKi 00’ €KTH Ta mpornecu. ONUH 3 MOKIIMBHX 3aC00IB TIOI0JIaH-
HS BKA3aHHUX TEepenko]] 6a3yeTbesi Ha HAOyTOMY JOCBi/II yCIINIHUX JiHl y ofi0-
HUX CKIagHUX cepenoBumax. Llei HampsiM ¢opMyBaHHA Ta BHUKOPHUCTAHHS
3HaHb 3HAHIIIOB BiAOOPaKeHHS ¥ TOOYI0BI €KCTIEPTHUX CHCTEM.

BMKOPHCTAHHA OGPA3IB NOTOYHOT CHTYAUIT INA NNAHYBAHHA I

[lepcneKTHBHUM MigXOIOM A0 MOOYAOBH IHTEPAaKTHBHHUX CHUCTEM KepyBaHHS
CKJIQJIHUMU JWHAMIYHUMH 00'€KTaMH Ta mporecamu € popMyBaHHS 00pasiB, 10
BimoOpaxaroTh iH(pOpMAIlito IOI0 CYTTEBUX CKJIAJHHKIB 30BHIIIHBOTO CEPEI0-
BUIIA Ta IXHIX HAWBAKIMBIIINX B3aEMO3B’S3KIB. 32 PaxyHOK I[bOTO MOXKJIHUBE
CTBOPEHHSI CTPYKTYPH MPOIIECY NPUIHATTS PillicHb, SKa 0a3yeThCsl HA YCBIOM-
JICHHI Ta BUKOPHCTAaHHI TakuxX iHQopmMmariitaux obpasziB motouHoi curyamii. 11i
o0pasu, W0 MiAKPECIHIOTh il HaliXxapaKTepHIlli BIACTHBOCTi, MOXYTb MaTH
BUTJISI aHANITUYHUX a00 CTPYKTYpHHX MOJENEH, UM HaBiTh MOAaBaTHCA Y BEp-
OanmpHIN popmi. Y TakoMy BHUNAJKy OCHOBHOIO (DYHKIIIEIO IUTICHOT IHTEIEeKTya-
JILHOI CHCTEMHM € iHTerpailis cy0'€eKTUBHUX CY/DKEHb (HAlpUKIad, 00 o0Me-
JKCHb Ha 3aCTOCYBaHHS HasBHUX MOJENEH) 1 pe3yJbTaTiB OMepyBaHHS LIHUMHU
moaensmu. OOpa3u MOTOYHOI CHUTYaIlii MOXYTh 3aCTOCOBYBATHUCS Ha PI3HUX
eTamax Iporecy MPUHHATTS PIIeHh — JJIs 3HAXOKCHHS HEBIMMOBITHOCTI MiX
CKJIQJIHUKaMU OTPUMaHOI iH(popMaIlii, s 3iCHeHHS TeHepallil albTepHATHB,
Ul MIATPUMKHU Tpoliecy BHOOPY HAHUNPHMHATHILIOI anbTepHATHUBHU, AJS 3Aiic-
HEHHS alpiopHOTO Ta arloCTEPIOPHOTO aHAII3Y PE3yNbTATIB BIPOBAKEHHS BU-
OpaHoi anbTepHATHBH, JJIS IUIaHyBaHHS HEOOXiTHUX KOPETYBalIbHUX MiM.
[InanyBaHHS B IHTEPaKTUBHHUX CHCTEMax 3AIHCHIOETHCS B MPOLECi BiAMOBI-
JHUM YHHOM OpraHi30BaHOl JIFOJAWHO-MaIIMHHOT B3aemoii. Ha mpotuBary 10-
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My, GOpMyBaHHS IUIaHIB il B CHCTEMax ITYYHOTO IHTENEKTy MOBUHHO BiIOY-
BaTHCS B AaBTOHOMHOMY pE&KUMi. 3a3Ha4MMO, 10 aBTOHOMHE IUTaHyBaHHS € ep-
CIIEKTUBHOIO HAYKOBOIO rany3310, y sKiii Moxke OyTH pO3pOo0JIeHO HHU3KA Mepeio-
BHX TEXHOJIOTi# Ta cucteM. OHAM 3 HaWBXIMBININX HAMPAMIB JOCTiIKEHD Y
rajgy3i aBTOHOMHOT'O TUTaHYBaHHS € IHTerpalis mpoleciB GopMyBaHHS Ta BHKO-
HaHHA nmid. Jlns 3a0e3nedeHHs MomiOHOI iHTerparii € HeoOXiJHHM aJeKBaTHE
OITIHIOBAHHS TWHAMIKH ITOTOYHOI CHUTYAIlii, III0 MOKJIUBO JIUIIE 3a PaXyHOK PO-
3YMIHHS CTPYKTYPHHUX OCOOJIMBOCTEH MPOIIECIB MIPKYBaHHS Ta iX 3aCTOCYBaHHS
i1 moOyoBH aBTOHOMHOI cucteMu. [lix yac miuaHyBaHHA B iHTEPaKTUBHHX
cUcTeMax MIATPUMKY ILOTO MPOIeCy 3IIMCHIOTh 32 PaXyHOK T'€HEpyBaHHS iH-
¢dopmaniitnux o0pa3iB MOTOYHOI CHUTyallii Ta IXHbOTO BifoOpaxkeHHs y dopmi,
10 € HAWNPUIHATHIILIO JUIA JIIOAWHY, SIKa YXBAJIIO€ PillIeHHS. Y IIbOMY BUIIa[-
Ky CIiJi BUPI3HATH 3aCTOCYBaHHS OOpasiB U MiATPUMKH IIPOIECY IIBHIKOTO
BHECEHHS KOPEKTHB y BHOpaHi TUTaHH (IMHAMIYHE TIepeIUIaHyBaHHs) Bij 3aCTO-
CyBaHHS 00pa3iB il MIATPUMKH MPOILECY MOCTYIIOBOIO BHECEHHSI KOPEKTUB Y
BUOpaHi 11anu (eBooLiiiHe nepennanyBannas). Ha puc. 3 Ta 4 HaBeaeHO NPUK-
Ty BUKOPHUCTAHHS 0o0pa3y MOTOYHOI CHTYAIlii JUIsl, BiATIOBIIHO, JWHAMIYHOTO
Ta SBOJIIOL[IHHOTO MepeIIaHyBaHHS TPAEKTOPIT pyXy TPAHCIIOPTHOIO 3ac00y.

OTxe, CUCTEMH IHTENEKTyaJbHOTO KepYBaHHS MOXXYTh (DYHKIIIOBATH SIK Y
PEeXUMI JTIOJMHO-MAITMHHOI B3aEMO/I1, TaK i B aBTOHOMHOMY pexxknuMi. KoxkeH i3
3a3HAYCHUX PEKUMIB Ma€ CBOi 0COOJIMBOCTI, IO BU3HAYAE JAOUIBHICTE BUKOPH-
CTaHHS TOTO 4M iHIIOro iH(opMmauiiHOro o0pasy y THX YM iHIIUX CHUTyaLisX.
Boprouac B 000X BHUMagKax 1Tl KEpyBaHHS BH3HAYAIOTHCS a00 Oe3rocepeHbo
JIOTMHOIO YW TPYTIOH0 JIIOZCH, a00 B mpoIieci B3aeMoIii KOMIT IOTEPHUX 3aCc00iB
3 JIFOJJMHOK YM I'PYIIOIO JTHOACH.

JHHAMITHO
OepeLIaHOBAHA
" TpaeKTOpiA

[aTerpoBanmit
obpa3
3abopoHeHo1
30HU

Rt

IinsoBa oGunacTs
TparcmopTHEHit . ,,

3ac16 m ,/ '-1_[ Ba
s TpaeKTOpis

Puc. 3. Tlpuknan BUKOPUCTaHHS 00pa3y MOTOYHOT CHTYAIIT U JUHAMIYHOTO Iepe-
IUTAHYBaHHS TPAEKTOPIT pyXy TPAHCIIOPTHOTO 3aCO0Y
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oGpas

CropraroraHa
LiubLoBa 0GnacIL

Epomomitino ;
OepemIaHoBaHa -~
AIPASKTODIN

Puc. 4. Ilpukiajg BUKOPUCTaHHS 00pa3y MOTOYHOI cCUTyalil IJIsl €BOJIIOLIMHOrO
HeperiaHyBaHHA TPAeKTOpil pyXy TPaHCIOPTHOI'O 3aC00y

JlocsiTHEHHS e MOCTABJICHUX IiJIell MOXXJIMBO SIK 32 JOTIOMOTOIO iHTEpaK-
TUBHHX, TaK 1 3a JOTIOMOTOI0 aBTOHOMHHX IHTeNEeKTyalbHUX cucteM. Ilix uac
3MIHCHEHHSI IHTEJICKTYaIbHOI MisUTEHOCTI JIFOAMHOIO NIESKi 3 €TalliB y3arajbHeHO-
ro mpolecy NPUHHATTS pillleHb (TaKi, HANPUKIIa[, K YCBIIOMJIEHHS MOTOYHOT
cutyanii 4n (OpMyBaHHsS albTEPHATHB) MOXKYTh BHKOHYBAaTHCS IiJICBiIOMO,
BUKOPHCTOBYIOUM HaOyTi paHille 3HAHHS Ta JOCBiJ MOBEMIHKH y MOAIOHUX 00-
CTaBMHAX. AJie 1 B IbOMY BUTIAAKY (DOpPMYBAaHHS Ta BUKOPHCTAHHS JIESKUX y3a-
rajJibHeHUX (popmasizoBaHUX 00pa3iB MOTOYHOI CHUTYaIlii (HAPUKIIAI, 3aCTOCY-
BaHHS IHTErpOBaHHWX oOnacTell Oe3eYHWX MaHEeBPIB JUIA BUPIMIECHHS IPoOiieM
MOTIEPEDKCHHS 3ITKHEHh Ta IHIMWX HaBITaIlifHUX 3aBIaHb) MOXYTh CYTTEBO
JIOTIOMOI'TH B aHai3l CKJIaJHUX KOHQIIKTHUX CUTYallill y PeKuUMi peasbHOIro
yacy. 711 aBTOHOMHHX CHCTEM 3 €JIEeMEHTaMH IITYYHOT'O iHTENeKTy GopMaizo-
BaHi 00pa3W MOTOYHOI CUTYyaIllii € HeBil'eMHUM KOMIIOHEHTOM IHiJATOTOBKH Ta
BUKOHAHHS [Iiif, SIKi MOXKYTh TPaKTyBaTHCsl CTOPOHHIM cHocTepirayeM sK iHTeJeK-
TyainbHi. [lo TOro jx KOHKpETHI MeXaHi3MH1 3iHCHEHHSI IHTEIEKTyalnbHOI MOBEIIHKN
JFOIMHOIO Ta CHCTEMaMH 3 €IEMEHTAMH IITYyYHOTO IHTENEKTY MOXYTh CYTTEBHM
YUHOM BinmpizHATHCS. OMHAK OTpUMaHi PEe3yJIbTaTH i B TOMY, 1 B IHIIIOMY BHIIAJIKy
MOXYTh OyTH TEBHOIO MIpOIO iIEHTUYHUMH — TOOTO TaKUMH, IO JAI0Th 3MOTY
YCIIIIHO BHUPINTYBaTH MPOOIEMH, SIKi 32 CBOEIO CYTHICTIO € IHTENIeKTyaTbHUMU.

®dopMyBaHHS 00pa3iB MOTOYHOI CUTYAIII] € TIEPIITIM KPOKOM Ha MIIIXY 00y I0-
BH METOJIIB Ta MOJieJIeii aBTOHOMHOTO OOpa3HOTO MIUCIICHHS Ta IXHBOTO BUKOPUCTaH-
HsI 7Sl PO3B’SI3aHHS 3aBAAHb 1HTENIEKTYaIbHOrO KEpyBaHHS. 3IaTHICTh O BIACHOTO
00pa3HOTO MHUCIICHHS YMOXKITHBIIFOE HaJaHHS IHTENEKTYalli30BaHI CHCTEMI TaKMX
BJIACTUBOCTEH: MOIIMBICTh €(DEKTHBHO IiSITH Y Hemepen0dadyBaHUX Ta ITBHAKOIN-
JIMHHUX CUTYAIlisIX, JOCTATHIO HAIHHICTh pOOOTH Y IIKIUTUBUX Ta arPECUBHUX Cepe-
JIOBHIIAX, HATEKHUN PIBEHB aJlallTallii K IO 3MiH 30BHINIHB0I 00OCTAHOBKH, TaK 1 JI0
3MiH y CTPYKTypi Ta IapameTpax camoi CHCTEMH. IpyHTyIOuMCh Ha BHKOPHUCTaHHI
BUILICHABE/ICHUX BJIACTMBOCTEH, MOXKIIMBO 3a0€3MEUNTH SKICTh Ta CTIHKICTh KepyBaH-
Hs HaBiTh y HaWHECTIPHATIMBILIMX CUTYallisiX, HAlpPUKIAT, 32 YMOB OOMEXKEHOCTI
MaTepiaTbHAX PeCypciB, TehilUTy Jacy, a TAKOXK HETIOBHOTH HAsBHOI iH(opMarii.
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Baxumeum (hakTopoM 00pa3HOr0 MHUCIICHHS € HUTICHE CIIPUMHATTS SIBUIL 1 1Ipo-
1IeCiB Ha OCHOBI IOOYIOBH, TTOJJaHHS Ta YCBIZOMIICHHS 1X iHTETpalbHUX iH(pOpMaIiii-
HUX oOpaziB. ToMy Mozerni 00pa3HOro MUCIEHHS MOXKYTh OYTH OCHOBOKO BPaxOBY-
BaHHS ICTOTHHX B3a€MO3BSI3KIB MK ITUTLOBUMH HACTAHOBaMH, 00'€KTOM Ta CEpeno-
BHIIIEM 3 METOIO CTBOPEHHS €(PEKTUBHUX CHCTEM IHTEJICKTYIbHOTO KEPYBaHHSL.

INTEREKTYARISALIA NPONERYPH BHBOPY B ABTOHOMHMX CMCTEMAX

BaxnuBoo mepeayMOBOIO BHpIlIeHHs NpoOieMHu iHTenekTyamizauii mporecy
NPUHHATTS PillleHb B aBTOHOMHHX CHCTEMax € BUPOOJICHHS NIISIXIB IHTENEKTya-
Jizamii mporeaypu BUOOpY HaWIpHUHSATHINIO! anbTepHaTHBUA. Ha BimMiHY Bix
IHTEpaKTHBHUX CHUCTEM, Jie BHOIp 3MIHCHIOETHCS Y X0/ HaJIe)KHUM YHHOM Opra-
HI30BaHOI MPOLEAYpH JIIOJUHO-MAIIMHHOTO Aiajory, aBTOHOMHI CHUCTEMH IO-
BHHHI 3IIHCHIOBATH BUOIp aBTOMATHYHO. /{715 bOoro HEOOXiTHIM € PO3poOIIeH-
HSl MOJIeNIel ITYYHOTO iHTENEKTY Ul OL[IHFOBaHHS T4 BUOMPaHHS aJbTEPHATHB
y Pi3HHX MOXIMBHUX CUTYallisIX Ta 3a Pi3HUX PiBHIB iHPOpPMAaLiiHUX 0OMEKEHb.
VY ToMy BUMNaJKy, SIKIIO TakKi MOJENi I'PYHTYIOThCS Ha CTBOPEHHI Ta BHKOPHC-
TaHHI iHQOpMaIiHHUX 00pa3iB, MOKHA CPOPMYITIOBATH ACSIKI T0aTKOBI BUMOTH
JI0 IXHIX CTPYKTypH Ta BiacTtuBocteil. Taki iHpopmarriiini oOpa3u MOBUHHI He
JUIIe aJIeKBaTHO Bi0OpakaTH iCTOTHI, 9aCTO 3aMacKOBaHI Ta CKIIAJHI Ui PO-
3YMIiHHSI aCTIEKTH IIOTOYHOI CHTYaIlii, a i 3a0e31medyBaTH MOXIIUBICTD TSI TIOPi-
BHSTHO JIETKOTO OIEPyBaHHS PI3HUMH KOMIOHeHTamu o0pasiB. Lle 3aBmaHHs
BUKOHYIOTh alroputMu (inpTpauii iHpopmanii, ski BU3HAYAIOTh, SIKI aCIEKTH
MOTOYHOI CHUTYaIlil IOIIIFHO BKJIIOYUTH JI0 CKIIaAy iH(opMamiiiHiux oOpasiB Ta
saka GopMma mojaHHs TUX a00 IHIIMX KOMIIOHEHTIB 00pa3iB € HaWIpHUHHSATHI-
moto. HeoOxinHO Takok BUKOHYBAaTH aHajli3 YyTJIMBOCTI KOMIOHEHTIB iH(Op-
MaIiifHux o0pa3iB 10 MOKITUBUX 3MiH XapaKTEPUCTUK MOTOYHOI CUTYaIIii.

[Mpouenypy BHOMpaHHS B aBTOHOMHHUX CHCTEMax JOLUIBHO PO3TIISATH SIK
TaKy, 10 CKJIAJA€ThCsl 3 TPHOX MOCIIAOBHUX eTariB. Ha mepiromy 3 HUX movar-
KOBa MHOKMHA allbTepHaTUB Ar po30MBa€ThCs Ha ABI MHOKUHU A1 Ta A2, 1uis
SIKMX MAOTh MICLIE TaKi CIIiBBIHOIIEHHS:

AUAr=AnANA2=D,

ne A1 — MHOXXWHA albTepPHATHB, SKi 33 OyIb-SIKMX 00CTABUH HE3JaTHi 3a0e3meyn-
TH JIOCSATHEHHS BHIIEBKasaHux HaOopiB wmineir Gi={g1,g2,...,g} uu
G2={g1,g2,...,8v}; A2 — MHOKHMHA QIbTEPHATHB, AKI MOTEHIIHO 3MOXKYTh
3a0e3Me4YnTH JOCATHEHHS BU3HAYCHUX IIUICH.

Ha npyromy erami MHO>KMHA aJlbTepHATHB A2 3BYIKYEThCS CIIOYATKY JI0 MHO-
KUHU TIPUITyCTUMUX aJbTepHaTHB Ar C A2, 5Ki 3310BOJBHAIOTH HAsIBHOMY Ha0O-
py HomaHux y ¢GopMaii3oBaHOMYy BUIJIAIl oOMekeHb. [lichs Hporo 3aiHCHIOETHCS
HOJTAJIbIIIE 3BY)KEHHS 10 MHOKUHU alIbTepHaTHB AE C AR , AKi HE TIOMIHYIOTBCS 32
[Mapero. Y Xoai TpeTbOro eramy 3OIHCHIOEThCS BHOMPaHHS HAUMPUHHATHIIION Y
MIOTOYHI CUTYyaIlii albTepHaTHBU d € AR .

[lincymMoByrouM BUIIEBUKIIAaACHE, MOKHA CTBEPAXKYBATH, IO iHTEJIEKTyai-
30BaHa aBTOHOMHA CHCTEMa [IOBUHHA MATH 3AaTHICTh €()EKTUBHO AIATH 32 YMOB
iHpOpMaLitHUX OOMEXEHb Ta Y He MOBHICTIO BU3HAUCHOMY 30BHIIIHBOMY cepe-
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JIOBHIIIi, 1110 JIO TOTO K IMOCTIMHO 3MIHIOEThCS. 3aco0u aaanTaiiii 70 3MiHH YMOB
(hyHKIiTOBaHHS TPYHTYIOTHCS Ha JIOCBiZl BHpINICHHS iHIIWX, aie MOTIOHHUX 3a
JETKAMH O3HAaKaMH, Mpo0JieM. ATanTariiiiHi MexaHi3MH CIIPSIMOBAaHO Ha Bpaxy-
BaHHS SIK JIMHAMIKK 30BHIIIHLOTO CEPEOBHUIIA, TaK 1 3MiHU MapameTpiB i/abo
CTPYKTYpH caMoi cuctemu. [[ist 1iporo HEOOXiJHO MPOTHO3YBATH BipOTiIHI 3Mi-
HU CEPEIIOBUINA, a TAKOXK OITIHIOBATH BIUIMB IIUICCIIPIMOBAHUX NI Ha ManHOyT-
HIf CTaH CUCTEMH KepyBaHHS.

BHCHOBKH

Bzaemoysromkene 3acTocyBaHHs MoJiesIel IITYYHOTrO iHTENeKTy Ta iHpopMariiHuX
00pa3iB MOTOYHOI cuTyarlii € e)eKTHBHAM 3aCO000M iHTENIeKTyasi3allii MpoLeciB MpH-
HHATTS pillIeHb y CHCTeMax KepyBaHHSL.

OO6pa3He CHpUHHATTS CYTTEBUX B3a€MO3B’SI3KIB MOXKE€ BUKOPHCTOBYBATHCS
Ha PI3HUX €Tamax NpoLecy MPUUHATTA PilieHb — JJIs1 aBTOMAaTUYHOI TeHepalii
aNbTEPHATUB, PO3YMIHHS HEBIIIOBIMHOCTI M PI3HHMH JDKEpellaMu [aHHX,
3MIHCHEHHS TIPOIIETypPH BHOOPY, OIIHIOBAaHHS pE3yJIbTaTiB 3aCTOCYBAHHSI Ti€l
a00 1HIIOT aJbTEepPHATHBH.

BaximBHM MOMEHTOM 3aCTOCYBaHHS IITYYHOTO 1HTEIEKTY B IHTEPAKTUBHHX CH-
cTeMax € MOJIMBICTh HaZaBaTH TOSICHEHHsS KOPHCTYBady IMOAO OOIPYHTOBAaHOCTI
NPUAHATTS TUX a00 IHIIHX PillIeHb.

Heo0OxigHoI0 yMOBOIO 3a0€3eueHHs aBTOHOMHOTO (PYyHKIIOHYBaHHS y BUIa[I-
Kax Je(iluTy Yacy Ta HasBHOCTI BENTMKOI KUTBKOCTI aJlbTepHATUBHUX BapiaHTIB il €
IIBUJIKA aJIANTAIlis IO 3MiH Y 30BHIIIIHEOMY CEPEIOBHIII, a TAKOXK J0 MOMIIUBOI MO-
JrQiKallii KOPOTKOCTPOKOBHX Ta JOBFOCTPOKOBHX IILICH.
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INTELLECTUALIZATION OF DECISION MAKING PROCESSES IN AUTONOMOUS
CONTROL SYSTEMS

Introduction. Scientific-technical level of any country in a modern world is mainly deter-
mined by a current state and development rate of informational technologies. At the same
time, the main avenue of information technologies’ improvement is their intellectualization.
Due to intellectualization, it became possible to create advanced systems with principally
novel functional capabilities, in particular, high-speed computer systems able to autonomous
actions in a complex and dynamic environment. Control means for complex objects and
processes play an important role in the operation of autonomous systems. Therefore, the
study of theoretical as well as applied issues of such systems’ construction is an important
scientific and engineering problem.

The purpose of the paper is to examine both current state and development prospects of
a new direction in the area of intelligent information technologies — the elaboration of auton-
omous control systems for complex objects and processes in a dynamic environment; to
formulate a well-grounded approach for the increase in intellectualization level of decision
processes in such systems.

Methods. The development of autonomous control systems, as well as the increase in decision
making processes’ intellectualization level in such systems, is based on the usage of the following
conceptual, theoretical and methodological instruments: the theory of informational technologies’
intellectualization, the methodology of intelligent control, the theoretical fundamentals of artificial
intelligence systems’ construction, decision making methods, the methodology of image-based
reasoning, methods for simulation of image-based comprehension of environment.

Results. An approach for the consistent usage of methods of artificial intelligence, decision
making and intelligent control aimed at the development of autonomous means for the control of
complex objects and processes has been examined. Appropriateness of creation of the systems
profiled for operations in designated problem domains has been grounded. Both specific
features and components of the framework for decision making in intelligent control systems
have been determined. Both necessity of the creation of intelligent environment and impor-
tant role of sensor networks have been stressed. Methodology for the construction of infor-
mational images, which represent the most important components of a current situation, has
been proposed. Examples of the usage of informational images for performing both dynamic
and evolutional re-planning have been considered.

Conclusions. A reasonable way for the development of intelligent control systems is the
one that provides a consistent usage of different types of models. Image-based representation
of a current situation’s essential interconnections is an efficient instrument for the intellectu-
alization at different stages of decision making processes — alternative generation, under-
standing of inconsistencies among different data sources, execution of choice procedure,
evaluation of results. The application of artificial intelligence elements for decision making
in autonomous systems is especially well-grounded in cases of time shortage as well as avail-
ability of a great number of existing alternatives.

Keywords: intellectualization of information technologies, intelligent control, decision mak-
ing, autonomy, artificial intelligence, image, uncertainty, adaptation.
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SELF-LEARNING INFORMATION TECHNOLOGY FOR DETECTING
RESPIRATORY DISORDERS IN HOME CONDITIONS

Introduction. In connection with the COVID-19 pandemic, it is important to start treatment
promptly in case of a threat of developing viral pneumonia in a patient. The solution to this
problem requires the creation of new means for detecting respiratory disorders with a minimum
probability of “missing the target”. At the same time, it is equally important to minimize visits to
medical institutions by healthy patients because of the danger of their contact with possible
carriers of coronavirus infections, that is, to minimize the likelihood of a "’false alarm’.

Purpose of the article is to develop a method that allows a patient to signal at home
about the advisability of contacting a medical institution for an in-depth examination of the
respiratory system, and to assess the possibility of implementing this method on a smartphone
using a built-in microphone.

Methods. A distinctive feature of the proposed approach lies in the construction of a per-
sonalized standard of normal respiratory respiration for a particular patient based on self-
learning from a finite sample of observations at home and in comparison, based on original
computational algorithms of phonospirograms of sound signals of the following observations
with the standard.

Results. A prototype of information technology has been developed that will provide
home alarms about possible respiratory disorders, requiring consultation with a doctor and
the need for an in-depth medical examination.

© FAINZILBERG L.S., SOLOVEY S.R., 2021
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It is shown that the construction of a personalized standard of normal breathing can be
carried out based on the use of a set of original computational procedures for a finite sample
of realizations, independently registered by the user using a microphone built into a smart-
phone. The algorithm for constructing a standard is based on digital processing of a matrix of
paired distances between phonospirograms of the final training sample of observations.

Conclusions. A sofiware application that provides the implementation of the proposed
computational procedures can be implemented on a smartphone of average performance
running the Android operating system.

Keywords: respiratory noises, intelligent IT, computational procedures, smartphone.

INTRODUCTION

The method of auscultation (listening to respiratory noises) has been used in medical
practice for the diagnosis of respiratory diseases for over 200 years. According to
modern concepts, sound phenomena that carry information about functional disor-
ders of the respiratory system arise in the larynx and trachea as a result of turbulent
air movement [1, 2]. Sound vibrations are transmitted to the chest at the location of
the stethoscope and form various types of breathing noises, the subjective analysis of
which allows the doctor to assess the state of the respiratory system and carry out
differential diagnostics of a number of diseases.

It is clear that the subjective analysis of breathing sounds significantly de-
pends on the doctor's experience and does not allow obtaining objective quantita-
tive characteristics of breathing noises [3]. In the middle of the last century, au-
tomated systems for assessing respiratory sounds appeared in clinical practice,
which provided support for making diagnostic decisions [4—6].

The first such systems used only analog electronics (microphones, amplifiers,
oscilloscopes and tape recorders), with the help of which it was possible for the first
time to register respiratory sounds arising from breathing. These studies made it pos-
sible to formulate basic concepts and determine the main classes of respiratory noise
in a healthy person and in pathologies that are still used by pulmonologists.

The development of digital computing technology has laid the foundation for
computer systems for analyzing breathing sounds [7], which use special sensors
with high sensitivity in a wide frequency range, including frequencies that are not
audible with a stethoscope. One of the examples of such systems is the domestic
phonospirograph Kora-03MI, developed at the Institute of Hydromechanics of the
National Academy of Sciences of Ukraine. With the help of it, by the methods of
spectral-temporal analysis, it was possible to objectify the assessment of complex
sound signals on the basis of original auscultatory signs [8, 9].

Undoubtedly, the use of such software and hardware complexes in medical
practice significantly increases the reliability of diagnostic solutions. At the same
time, another class of information technologies for processing breathing sounds
is also required. The nature of the course of a number of diseases presupposes a
distributed system of health services delivery, when home supervision and treat-
ment becomes important. Note that bringing medical devices closer to the patient
is one of the main tasks of digital medicine [10].

This task is of particular relevance in connection with the COVID-19 pan-
demic, since, on the one hand, it is important to timely diagnose and begin treat-
ment of a patient with a threat of viral pneumonia (to minimize the likelihood of
”missing the target”), and, on the other hand, to prevent unreasonable visits to
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medical institutions and contacts with possible carriers of coronavirus infection
(to minimize the likelihood of ’false alarm”).

The purpose of the paper is to develop a method that allows a patient to
signal at home about the advisability of contacting a medical institution for an in-
depth examination of the respiratory system and to evaluate the possibility of
implementing this method on a smartphone using a built-in microphone.

BRIEF DESCRIPTION OF RESPIRATORY NOISES

Before proceeding directly to the solution of the problem, let us give a brief de-
scription of the main sounds of breathing known from the literature [11-15]. For
this purpose, we will construct phonospirograms reflecting changes in the spec-
tral characteristics of respiratory noise during respiration, using sound files stored
on the Internet [16] (Fig. 1-3).

During auscultation of the lungs of a healthy person, the so-called vesicular
breathing is heard in the frequency range of 18 — 360 Hz. In this case, the highest
sound volume is concentrated in the range of 50 — 70 Hz, and the sound energy
on inhalation significantly exceeds the sound energy on exhalation and is audible
only in the initial period of the oscillation decay phase (Fig. 1).

In some organic diseases, for example, in patients with emphysema of the
lungs, breathing, although it remains vesicular, is significantly weakened. On the
other hand, with bronchitis and bronchial asthma, the so-called rigid vesicular
breathing is observed. In this case, the sound energy is heard up to 600 Hz not
only during inhalation, but throughout the entire exhalation.

The second type of main respiratory noise is bronchial breathing, which is
several times higher than vesicular and reaches 700 — 1400 Hz, and sometimes
more (up to 5000 Hz), and on exhalation the energy of bronchial respiration is
often higher than on inhalation (Fig. 2).
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Fig. 1. Sound signal of vesicular respiration (a) and the corresponding phonospirogram (b)
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In a healthy person, the sound of bronchial breathing can be heard only with
auscultation of the trachea and quite rarely in the 2-3 intercostal space. The ap-
pearance of the sound of bronchial breathing at any other point of auscultation of
the lungs indicates pathology.

A type of bronchial breathing is called amphoric breathing, which is formed
when a cavity is formed in the lungs, which is communicated by the bronchi.
Such breathing is more pronounced on exhalation and is characterized by rela-
tively high frequencies (from 500 to 5000 Hz) with a pronounced echo.

Additional respiratory noises, which are heard both on inhalation and exhala-
tion against the background of the main respiratory sound, carry important diag-
nostic information. One of the types of additional respiratory noises is the so-
called wheezing (dry and wet, Fig. 3), the appearance of which indicates a patho-
logical process in the lungs, bronchi or in the pleura.

According to [17], dry rales are visualized on phonospirograms in the form of an
ensemble of harmonics, and wet ones are short-term broadband impulse signals.
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Fig. 2. Phonospirogram of bronchial respiration
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Fig. 3. Phonospirograms of dry (a) and wet (b) wheezing
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Another type of additional respiratory noise is crepitus, which occurs at the
height of inspiration and sounds like a small crackle. Unlike wheezing, crepitus is
audible only on inspiration, and its volume does not change after coughing up.

CONCEPTUAL IDEA OF THE PROPOSED INFORMATION TECHNOLOGY

From the above brief and far from complete description, we can conclude that the
differential diagnosis of respiratory diseases based on the sounds of breathing is
far from a simple problem, the solution of which involves a subtle analysis of the
time-frequency characteristics of phonospirograms observed at certain points in
the patient's chest.

We set a simpler goal: for a specific patient, only to signal about possible
respiratory disorders by sound signals observed using the built-in microphone of
a smartphone without classifying the type of such a violation.

The conceptual idea underlying the proposed information technology (IT)
develops the previously proposed approach to the assessment of cardiac activity,
based on the principles of personalized diagnostics [18].

Let it be possible to conduct IT “training” for a particular patient over a suf-
ficiently long period of time with the normal functional state of the respiratory
system. To do this, using the built-in microphone of the smartphone, we register

a certain amount of N respiratory noises at a certain point of the chest, con-
struct phonospirograms V|, ..., V), of these measurements.

Each individual phonospirogram is a function
Y="Y(/.0), (1)

where W — energy (level) of sound signal with frequency f € F at the mo-
ment €T . Here F'=[f,, f,] is a range of recorded frequencies in a given ob-
servation interval 7' =[#,,2,].

The proximity of two phonospirograms ‘¥, and Y, will be estimated by the

magnitude
~ 1 e (k)
L= 20 (100 (10 @

representing the average difference in sound energy Vk € F' x T .

For a correct assessment of the proximity of phonospirograms, let us
normalize and synchronize them in time. Several methods of such
synchronization have been investigated, one of which is reduced to the transition
from distance (2) to a modified distance

p=0,...,

I
L, = mm@EZ“Pﬁk)(f,t) ~PP(f,t- P)‘ 3)
k=1

where ® — maximum permissible time shift of characteristic points of phono-
spirograms.
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Distances (3) form an area in metric space that defines the personal norm of
the respiratory system of a particular patient. The location of the current observa-
tion in relation to this area allows making decisions about the state of the user's
respiratory system (Fig. 4).

Let's construct a matrix of paired distances L, between p-th (| = L...,Ny)

andv-th (v =1,...N, ) phonospirograms ‘¥, and ‘P, training sample.

Ly, Ly Ly,
Ly, Ly, .y Lyy, @
Ly1s Ly,sses Lyy,

Matrix row A, the sum of the elements of which is minimal will determine
the reference (most characteristic) phonospirogram of the given patient

No
S, =arg minZ:LHv

1<v<N, p=l

)

>

since it is at the minimum average distance from all other phonospirograms of
the training sample.

As a result, by distance L , between the observed phonospirogram S, and

reference S, you can make a decision according to the scheme:

personal norm if L < L; (6)

suspected respiratory violation if [ , > L; @)

where I’ — some threshold value.

2
B I RN
i oo © © 4 ii.°..°LtO i
E o o Ly ii e ./Oi
i .o..A/:O. ii .o. L © i
i o..o Ei 0:.0 i
| ° © o © ° :

Fig. 4. Areas of the personal norm of phonospirograms: trainings (gray dots); reference
(black point) and current (white point)
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SIMULATION RESULTS

Let us present the results of an experimental study of the computational proce-
dures necessary for the implementation of the proposed approach, which were
carried out using the MATLAB R2019b system.

Breathing sounds were recorded using a microphone built into the smart-
phone, which was applied to the volunteer's chest (Fig. 5). The recording of the

sound signal V(#) with a sampling rate of F,, =48 KHz was carried out in a
closed room in the absence of extraneous noise.
To determine the spectral components of the y(t) signal, the Frigo-Johnson

[19] procedure was used, which is still recognized as one of the best procedures
implementing the fast Fourier transform (FFT) algorithm.
Since the signal y(¢) of respiratory noise is non-stationary and has a complex

time-frequency organization, the Short-Time Fourier Transformationm[20] algorithm
was used to construct phonospirograms. In accordance with this algorithm, the

observation interval T =[t,,¢,] of the signal }(¢) was divided into local time

sections (frames), within which the signal is assumed to be stationary. For each such
area, spectral components are determined based on the FFT procedure. As a result, a
phonospirogram is formed

Y(f,1)= j y(Oyw(t—1)e ™ dr ®)

B

depending on both the frequency f and the time 7, where w(z—1) is the
window function.
In the experiments, the total observation interval 7" =[#,,¢,] was 23 s, which

was divided into N =200 frames of the same duration.

Fig. 5. Registration of respiratory sound
using a smartphone
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To simplify calculations, using an additional procedure, the sets of values ¥ , F',
T were divided into elementary cells 84V, 8.F , 8,7 of optimal sizes. This made
it possible, without a significant loss of accuracy, to estimate the distances between
phonospirograms not by all points of k£ € F'x T, but within the selected cells (Fig. 6)
and thereby more than 15 times reduce the computation time.

Experiments have shown that the integral characteristics of the phonospi-
rogram images of a particular test subject change little over time. Therefore, the

construction of a reference phonospirogram S, can be carried out using a small

number of phonospirograms. Of course, the training phase should be carried out
only in the absence of clinical signs of respiratory disorders.

Fig. 7 shows a series of phonospirograms of a healthy volunteer at the age of
21 years, which were registered within five days. These phonospirograms were
used to construct a matrix A of paired distances L, :

0 1,0916 11,3958 1,1927 1,2536
1,0916 0 1,3421 1,1800 1,2530
A=|13958 13421 0 1,4864 11,3968 )
1,1927 1,1800 1,4864 0 1,3267
1,2536 1,2530 1,3968 1,3267 0

-
=]
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Fig. 6. Images of the original (a) and coarse (b) phonospirograms
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Frequency, (kHz)

[

Frequency, (kHz)

Fig 7. Training selection of phonospirograms of a healthy volunteer

Applying condition (4) to the elements of matrix (8), it was determined that
phonospirogram Ne 1 can be considered a reference according to the results of
training for a given patient. The same phonospirogram was recognized as a refer-
ence and when processing coarse phonospirograms.

The reference phonospirogram S, built at the training stage for a specific user,
will be used in the decision rule (6), (7). To assess the efficiency of the rule, a phono-
spirogram of the same volunteer in case of respiratory impairment is required. In view

of the lack of such data, we have developed a simplified model for constructing an
artificial phonospirogram that simulates a patient's respiratory disorder.
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In the scientific literature, there are various approaches to the construction of
mathematical models of respiratory sounds in norm and disease [21-25]. These stud-
ies form the informational basis of rather complex computer systems that provide
decision support in the differential diagnosis of pulmonary diseases [26-30].

However, to solve the problem that we have set ourselves, there is no need to
conduct a fine analysis of respiratory noise. It is enough only to detect the char-
acteristic changes in the phonospirogram of a particular patient, which can be
used as a predictor of the occurrence of a respiratory disorder.

In accordance with generally accepted concepts [31], the human respiratory sys-
tem is a tracheobronchial tree - a branching of the Weibel pathways (Fig. 8). Noises
in different parts of such a system are associated with nonlinear effects caused by the
transitions of laminar to turbulent flow both in the air flow itself and in the interac-
tion of the flow with the changing boundaries of the channel [32].

Based on the analysis of information from the available literature, the fol-
lowing requirements for a simplified model of the formation of pathological res-
piratory sound can be formulated:

e in the event of respiratory disorders, characteristic additional respira-
tory sounds occur, which are mainly heard in the expiration phase of breathing;

e additional breathing sounds are located in the frequency band

Q. =800-1200 Hz (Fig. 9);

e the energy of individual spectral components of the additional noise can
exceed the energy of the spectral components of the sound signal characteristic of
vesicular respiration (Fig. 9).

oy

Fig. 8. Diagram of the branching of the Weibel pathways of the respiratory
system [31]
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n

200 600 1000 f, Hz
Fig. 9. Differences in the relative frequency characteristics of 1 on audio signals
sick (1) and healthy 2 patients (according to [31])

Taking these requirements into account, let us present a model of pathological res-
piratory noise in the form of an additive mixture of a real sound signal y, of a particu-
lar patient during vesicular breathing and a certain sum of S harmonic components
with fixed frequencies ®, € €2, given amplitudes a, and phases o, :

0, if teT,,

Y=y O+ ias cos(ot+o,), if teT, (19)

s=1
where €2 =800-1200 Hz is the frequency range of noise components on ex-
halation, which are characteristic of additional noises in respiratory disorders,
and T, =[t", 51" [t2, T .. [t™,£87] is the combination of time in-
tervals that correspond N to successive inhalation cycles on the signal y, .
As a result, a signal QQ =800—-1200 Hz is formed, imitating the violation

of vesicular respiration, which can be used to construct an artificial phonospi-
rogram of a respiratory disorder in a particular patient (Fig. 10).
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Fig. 10. Construction of an artificial phonospirogram

Model experiments showed that the average distance between the pho-
toplethysmogram, simulating a respiratory disorder, and the photoplethysmogram
of a healthy volunteer (interclass distance) was more than five times greater than
the intraclass distance between photoplethysmograms during normal respiratory
respiration. The established fact made it possible to switch to software implemen-
tation of the proposed IT on a smartphone.

SOFTWARE IMPLEMENTATION OF IT ON A SMARTPHONE

The software application is developed in the Java programming language using
the Android Studio 4.1.2 integrated development environment. The program is
designed to work under the operating system Android 4.1 and higher. The visu-
alization of graphical information was carried out using the Com.jjoe64 library:
graphview: 4.2.2.

The program implements four main modes (Fig. 11):

* "Training”;

* ”Analysis”;

* ”Demo”;

* ”Setting”.
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°<<ex‘end>>

<<extend>>

o >0

<<extend>>

Fig. 11. Simplified Use Case diagram in UML notation
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Fig. 12. Working window of the program in the
”Training” mode
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The ”Training” mode provides:

e recording into the smartphone's memory a series of sound signals recorded by
the built-in microphone when the smartphone is placed on the user's chest (Fig. 5);

e listening to registered sound files;

e construction of phonospirograms of registered signals based on the
Short-Time Fourier Transformationm algorithm;

e determination of the reference photospirogram based on the analysis of the
matrix (4) of paired distances between the phonospirograms of the training sample.
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Fig. 13. The Sequence diagram of ”Training” mode
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The program implements a friendly interface (Fig. 12), which creates convenience
for the user in the process of registering sound files. In particular, the rate of breathing
is controlled by the software metronome, which signals the user to take another deep
breath and exhale. The preset breathing rate is adjusted in the ~’Settings” mode.

The sequence of operations in the “Training” mode is illustrated by the se-
quence diagram (Fig. 13).

In the ”Analysis” mode, a comparison of the current phonospirogram re-
corded during the observation period with a personalized standard built in the
”Training” mode is provided. The registered signal is displayed on the screen and
can be listened to using a smartphone. The screen also displays the current and
reference phonospirogram.

On the basis of automatic comparison of the current and reference phonospi-
rograms, the analysis result is formed in accordance with the proposed rule (6), (7). The
analysis result is also duplicated by an audio message.

% Traml:r?: ragm AudioWork FFT Paint Standart

T
|
alt |
[equalStandart()] |

Start button pressed Start recording
> >

loop JJ—\ ‘
Record data

Write data to file

|

L |

| Equals with |

| standart |

h |

|

I

T
<————=————- ‘ Return result
b retum T N N A S
|
[elge] 0
Message

Fig. 14. The Sequence diagram of ”Analysis” mode
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The sequence of operations is illustrated by the diagram shown in Fig. 14.
For a simplified demonstration of the functions of the program, the “Demo”
mode is implemented, which uses previously prepared files of the reference
phonospirogram and phonospirograms built from normal and pathological sound
files using a simulator (10).

Further studies are planned to focus on the refinement of threshold values,
the construction of decision rules and the assessment of the reliability of deci-
sions made on respiratory noise recorded in groups of healthy patients and veri-
fied patients.

CONCLUSION

The article proposes an approach to the construction of information technology
that will signal the user at home about possible respiratory disorders and the need
to visit a doctor for a more complete examination. A distinctive feature of the
technology is the formation of a personalized norm for a specific user (reference pho-
nospirogram) based on a self-learning procedure by results of multiple measurements
of the user's breathing, recorded using the built-in microphone of a smartphone.

It is shown that the implementation of procedures for constructing personal-
ized phonospirograms of the user's respiratory noise based on the Short-Time
Fourier Transformationm method and digital processing of phonospirograms can
be implemented on an average performance smartphone running the Android
operating system.

It is advisable to continue research on representative samples of observations.
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Beryn. Y 38’s3ky 3 nangemiero COVID-19 e BaxIMBHM CBOEYACHO TOYATH JIIKYBaHHS Y pasi
3arpo3d PO3BUTKY y Malli€HTa BipyCHOI MHEBMOHii. P03B’si3aHHS IIOTO 3aBJAaHHS BHMArae
CTBOPEHHS 3acO0iB JUIsl BUSBJICHHS PECIIPATOPHUX MOPYIICHb 3 MiHIMAJILHO WMOBIPHICTIO
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KOPOHOBIpYCHOT iH(eKIIi1, TOOTO MiHiIMi3allisl IMOBIPHOCTI «ITOMHUIIKOBOI TPUBOTH.

MeTa cTaTTi — PO3pOOUTH METOJ, KU Jae 3MOTy B IOMAIIHIX YMOBaX CUTHAJI3yBaTH
MAIEHTY MPO OUUIBHICTh 3BEPHEHHS IO MEIMYHOTO 3aKJIaay JUisl MOTIHOJICHOTO 00CTEeKEeH-
HSl CHCTEMH OpTaHiB JUXaHHs], Ta OLIHUTH MOXIIUBICTH peati3alil bOro METOAy Ha cMapT-
(hOHI 3 BUKOPUCTAHHSIM BOYZAOBaHOTO MiKpo(oHa.
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Mertoau. BinpizHeHa ocoOaHMBICTh 3aIIpOIIOHOBAHOTO MiJXOLy TOJIATAE Y OOYAOBI Iep-
COHAJII30BaHOTO €TaJOHa HOPMAJILHOTO PECHIpaTOPHOTO JUXaHHS KOHKPETHOTO MAlliEHTa Ha
OCHOBi CaMOHAaBUaHHS 32 KiHIIEBOIO BUOIPKOIO CIIOCTEPEXEHb Y JOMAIIHIX yMOBaX 1y mopis-
HSHHI Ha OCHOBI OPUTIHAJIBHUX OOYHCIIOBAILHUX alrOPUTMIB (POHOCIIPOrpaMM 3BYKOBOTO
CHTHAJIy HACTYITHUX CIIOCTEPEKCHB 3 CTAIOHOM.

PesyabTaTu. Po3pobieHo mpoTtoTun iHGOpMAIifHOT TEXHOIOTII, SKa 3a0e3rneuyBaTume
y JAOMAIHIX yMOBaX CUTHAJI3alLlil0 PO MOJIUBI PecnipaTOpHi NOPYLIEHHs, 0 NOTPEOYIOTh
KOHCYJIbTAIIi# 3 JTiKapeM 1 HeOOXiIHICTh MOTTTHOJICHOTO MEAUYHOTO OOCTEIKCHHS.

ITokazano, mo noOyaoBy MEPCOHiI()IKOBAHOTO €TaJOHA HOPMAIbHOIO PECIHipaTOPHOro
JUXaHHS MOKe OyTH 3IIHCHEHO Ha OCHOBI BUKOPHUCTAHHS CYKYITHOCTI OpPHUTIHAJIBHUX OOYHC-
JIOBAIILHUX MPOLIEAYP 32 KIHLIEBOIO BUOIPKOIO pealtizalliii, CaMOCTIHHO 3apeecTpOBaHUX KOPH-
CTyBadeM 3a JIOTIOMOT00 BOYJJOBaHOTO B cMapT(HOH MiKpoQoHa. AITOPUTM TTOOYIOBH €TaNO0-
Ha OCHOBAHO Ha HuGpoBoMy 00pOOJICHHI MaTpULli IApHUX BifcTaHeH Mix (oHOcIiporpaMamMu
KiHIIEBOI HABYAIbHOI BUOIPKH CITOCTEPEKEHb.

BucnoBku. [IporpamHuii 3acTOCYyHOK, 10 3a0e3Meuye peasizalliio 3alpornoHOBaHUX 00-
YUCITIOBAILHUX MPOIEAYpP, MOXKe OyTH 3/ifiCHEHO Ha cMapT(OHI cepeqHbOT MPOTYKTUBHOCTI
i/l KepyBaHHAM onepaliifHoi cucremu Android.

Kniouosi cnosa: pectiipatopHi 1ymy, intenekTyaibHa [T, 00uncroBaibHI mporeypH, CMapTQoH.
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AI-TEGHNOLOGY OF MOTOR FUNGCTIONS DIAGNOSTICS AFTER A STROKE

Introduction. Diagnostics of motor functions plays an important role in the motor functions resto-
ration after stroke. Synthesis of effective technologies for personalized assessment of motor finc-
tions disorders at different rehabilitation stages is an urgent scientific and applied task.

The purpose of the paper is to develop information technology for diagnostics of motor
functions deficit after stroke, that uses artificial intelligence tools to increase the effectiveness
of the diagnostic process.

Results. The theoretical and practical foundations to synthesize Al-technology for per-
sonal diagnostics of motor functions deficit, and the assessment of their restoration as a result
of rehabilitation measures after stroke have been developed. For informational assistance to the
physician in the diagnostic process, artificial intelligence is used. A new class of mobile digital
medicine tools — the specialized software modules for motor functions diagnostics "Movement-
TestStroke 1.1 (PC)" installed in the PC-structure, and "MovementTestStroke 1.1 (MD)" in-
stalled in mobile platforms running under Android operation system have been developed.
Software implementation — Visual Studio 2019, C# programming language. Structural and
Sfunctional models of user — software modules interaction, algorithms for motor function deficit
diagnostics, and UML-diagrams of these modules are presented.

Functional features of the technology: an expanded range of evidence criteria for personalized
quantitative assessment of limb movements deficit, storage in the Database and display on the inter-
face the results of deficit assessment, as well as the deficit dynamics during the rehabilitation course
in a convenient form (tables, graphs) make it possible to reduce the physician’s error, prevent com-
Pplications, identify the disorders specifics, compare the rehabilitation effectiveness of the upper and
lower limbs, their distal and proximal parts, including fine motor skills of the hand, restoration of
which helps to restore speech in motor or motor and sensory aphasia.

Conclusions. The usage of artificial intelligence tools to diagnose motor deficit will increase
the diagnostic effectiveness, and, as a consequence, rehabilitation services for patients afier stroke.

Keywords: diagnostics, motor functions, stroke, personal quantitative assessment, criteria, technol-
ogy, artificial intelligence, sofiware module, structural-functional model, algorithm, activity diagram.
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INTRODUCTION

For many years, stroke is one of the main causes of disability and death both in the
world and in Ukraine. Of particular concern is the increasing burden of stroke
among people of working age: more than 50 % of stroke survivors never return to
work. In Europe an action plan to combat stroke in 2018-2030 is approved [1].
One of the main consequences of stroke is motor activity disorders: paralysis,
paresis, problems with coordination, muscle hypertone, loss of sensitivity in the
arms and legs, etc. A significant place is also occupied by speech disorders, among
which the most common is motor aphasia due to affection of the motor speech
zone of the cerebral cortex, where the speech motor program is formed. Muscular
movements of speech apparatus are one type of voluntary muscular movements.
The synthesis of effective methods, techniques and technologies of personalized
voluntary movements restoration is an actual scientific and applied task.

PROBLEM STATEMENT

The complete motor functions rehabilitation is associated with the adequate mobiliz-
ing of the patient’s reserves on restoration of affected or lost functions according to
his state. Therefore, the movements deficit diagnostics after stroke at each rehabilita-
tion stage plays an important role, especially with methods and tools of digital medi-
cine, which provides of quantitative assessment of disorders depth.

As a result of previous studies, a new technique for quantitative assessment of
motor functions deficit after stroke has been developed. This technique was based on
main and additional expert evidence criteria [2], and has passed prior clinical approba-
tion during researches of movements restoration dynamics after stroke by new tech-
nology TRENAR® for training / restoring the motor functions [3]. The test results
confirmed the technique advantages and feasibility of its using in clinical practice [2].

Recently, more and more attention is paid to attempts to apply artificial intelli-
gence (Al) technologies in medicine [4, 5]. "Al is poised to play an increasingly prom-
inent role in medicine and healthcare because of advances in computing power, learn-
ing algorithms and the availability of large datasets (big data) sourced from medical
records and wearable health monitors" [6]. It is considered that "artificial intelligence
in a smartphone will make available the medicine of future to everyone: any mobile
phone user will have a personal medical assistant, capable in real time mode to solve
problems related to specific person’s health. ... And it is not yet known, when artifi-
cial intelligence will be good enough to make 100 % accurate recommendations to
physicians about the best treatment. However, Al is already able to make medical
personnel work much easier, improve the diagnostics accuracy and help patients in
solving everyday tasks." [7].

As for the movements deficit diagnostics after stroke, this new approach
provides of using the specialized software modules as "virtual assistants" to phy-
sician in making diagnostic decisions in the diagnostic process.

The implementation of Al tools, in particular for personalization and expanding
the functionality of diagnostic process, reducing the expert’s error and identifying the
stroke disorders specifics, personalization of the preventive and rehabilitation measures,
will increase the effectiveness and mass usage of the rehabilitation services for patients
after stroke, will improve the quality of these services. In combination with telemedi-
cine services such technologies will expand access for patients to qualitative medicine.
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The purpose of the paper is to develop information technology for diagnos-
tics of motor functions deficit after stroke, that uses artificial intelligence tools to
increase the effectiveness of the diagnostic process.

INFORMATION ASSISTANCE FOR PERSONALIZED MOTOR FUNCTIONS DIAGNOSTICS BASED ON
THE USE OF ARTIFICIAL INTELLIGENCE TOOLS

The process of personalized motor functions diagnostics based on the use of
artificial intelligence tools — specialized software modules of information assis-
tance to the physician in diagnosing limbs movements after stroke "Movement-
TestStroke 1.1 (PC)" for personal computer, and "MovementTestStroke 1.1
(MD)" for mobile devices are presented and described by appropriate structural
and functional models (Fig. 1, Fig. 2).

Structural and functional model of user — software module interaction for
quantitative assessment of motor functions in patient «MovementTestStroke 1.1
(PC)» in the structure of personal computer is shown on Fig. 1. This software
module consists of the graphical user interface (GUI) and the module’s objects —
main information units: I — Database, I — Information unit for quantitative
assessment of motor functions deficit (hereinafter — Assessment unit).

These units are connected with GUI that provides for user a dialog operation
mode with them:

— inputting the patient's express information to Database through the GUI,
calling the patient’s motor functions deficit assessment information during the
current course or for previous rehabilitation courses (1);

— creating the access to patient’s personal electronic medical record (EMR)
in Database, sending the request to display of dynamics of patient’s motor func-
tions deficit assessment during the current course or for previous rehabilitation
courses to Database (2);

— selecting the motor functions tested object (limb, hand, form of walking)
through the GUI, inputting the quantitative indicators of motor functions deficit
by evidence criteria in points in relevant tables of tested object (3);

— displaying the scales of motor functions expert assessment by user (physician)
according to tested object by main and additional evidence criteria, and determination
of quantitative indicators of motor functions deficit in points on their basis (4);

— storing the current results of distributed expert and integrated quantitative
assessment of motor functions in points in Database (5);

— loading the data of integral quantitative assessment of motor functions in
points of the first test to assess the motor functions restoration effectiveness (6);

— sending the results of current distributed expert and integrated quantitative
assessment of motor functions for forming their imaging in tabular form (7);

— outputting the general results of the distributed expert and integrated quantitative
assessment of motor functions in tabular form to user (physician) through the GUI (8);

— loading the data on dynamics of motor functions deficit assessment in
points during the current course or for previous rehabilitation courses (9);

— outputting the dynamics of patient’s motor functions deficit assessment
during the current course or for previous rehabilitation courses through the GUI
in tabular and graphical forms (10).
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Note: * — explanations are in the text.

Fig. 1. Structural and functional model of user — software module interaction for
quantitative assessment of motor functions in patient "MovementTestStroke 1.1 (PC)"
(marking descriptions are in the text)

Information unit / "Database"” is designed for storing the information on
each patient who has already passed or patient’s limbs motor functions are tested
for the first time, and consists of two components: 1./ "List of patients" and 1.2
"Personal electronic medical record".

The component /.7 is formed in tabular list form, in which each patient is
shown by express information record (hospitalization date, patient’s surname-
initials-sex, medical card number, physician’s name) according to the standard
(form 003/0 "Medical card of patient"). According to object-oriented program-
ming (OOP) methods, the user checks (1) the presence of right patient through
the GUI, and if patient is absent, user adds (1) to Database patient’s express
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information from the medical card. The presence of the patient in the list makes
it possible to create (2) access to personal EMR in Database.

In component 7.2 of Database the results of distributed expert and integrated
quantitative assessment of motor functions deficits according to evidentiary cri-
teria throughout the course of patient rehabilitation are stored.

The purpose of Information unit Il — Assessment unit is for inputting (3)
the expert assessment data of motor functions deficit in points by evidence crite-
ria according to evaluation scales by user (physician) through the GUI, quantita-
tive assessment of movements deficit, outputting (8) the general results of dis-
tributed and integrated quantitative assessment, and their dynamics (10) during
patient’s rehabilitation course through the GUI.

According to the purpose this unit consists of components: /1.1 "Distributed
expert and integrated quantitative assessment of motor functions deficit by evi-
dence criteria”, 1.2 "Expert assessment scales”, 11.3 "Formation of generalized
results of current test", I1.4 "Forming the dynamics of test results”.

In component /1.1 of motor functions Assessment unit, the user carries out
distributed expert assessment based on appropriate scales of the Protocol for
quantitative assessment of movements deficit of patient after stroke [8]:

— by main evidence criteria (muscle strength, movement’s volume) [9] of
movements deficit of upper and lower limbs at the individual joint level in
proximal (2 joints) and distal (1 joint) parts;

— by additional evidence criteria of fine motor skills of the hand (contrasting
the thumb, flexing the hand’s fingers in fist, the hand’s main motor function
(capturing), the hand’s fingers extension) and form of walking [8, 10];

— of muscle hyper- or hypotone [8, 9].

And also integrated quantitative assessments at the individual joint level of
specified parts of upper and lower limbs or hand are calculated by the program.

It is the implementation of additional evidence criterion for hand’s fingers
extension that "MovementTestStroke 1.1 (PC)" differs from the previously de-
veloped "MovementTestStroke 1.0 (PC)" [8, 11].

The functional purpose of component /.7 is the separate presentation of motor
functions tested objects (limb, hand, form of walking) and their evidence criteria in
tabular form. Motor functions deficit at the individual joint level of proximal and distal
parts of upper and lower limbs, fine motor skills of the hand and form of walking can
be assessed by choice. The user through the GUI selects (3) tested object, calls expert
assessment scales by evidence criteria according to tested object on the GUI (4), de-
termines the quantitative indicators of the motor functions deficit in points, and inputs
them (3) in appropriate tables of tested object.

Then the program calculates the integrated assessments of motor deficit by
amount of evidence criteria: for the limbs — by two criteria, for fine motor skills
of the hand — by four criteria, and determines the paresis degree (plegia, severe
paresis, major paresis, moderate paresis, mild paresis, disorders absence).

If patient's motor functions test is performed not for the first time in reha-
bilitation course, the component /1./ receives (6) integrated assessments data of
motor functions deficit of the first test from component 1.2 of Database. The
motor functions restoration effectiveness is calculated by comparing the inte-
grated assessments for current and first tests in component /1. 1.
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The current test results of motor functions in points and motor functions res-
toration effectiveness are stored (5) in component 1.2 of Database.

From component /1. the results of distributed expert and integrated quantitative
assessment of motor functions deficit by evidence criteria of patient current test are sent
(7) to the component //.3, and are output (8) in tabular form to user through the GUL

Data of distributed expert and integrated quantitative assessment of patient's motor
functions deficit for current and previous tests in current rehabilitation course are re-
ceived (9) from component 1.2 of Database to component /1.4 of Assessment unit to
form the dynamics of both expert and integrated quantitative assessment of motor func-
tions deficit, and are output to user through the GUI (10) in tabular and graphical form.

In addition the dynamics of patient's motor functions deficit during the cur-
rent or for previous rehabilitation course can be viewed by user without testing.
To do this in the Database the request (1) to component 1./ is transmitted (2) to
component /.2, and the appropriate motor functions test data are transmitted (9)
to component /1.4 of Assessment unit. The generated dynamics is output (10) to
user through the GUI in tabular and graphical form.

Structural and functional model of user — software module interaction for
quantitative assessment of motor functions in patient “MovementTestStroke 1.1
(MD)” on mobile devices is shown on Fig. 2. This software module consists of the
GUI and module’s objects — the main information units: / — Database, II — Informa-
tion unit for quantitative assessment of motor functions deficit (or Assessment unit).

These units are connected with GUI that provides for user a dialog operation
mode with them:

- inputting the patient's express information to Database through the GUI (1);

- creating the access to patient’s personal electronic medical record (EMR)
in Database (2);

- selecting the motor functions tested object (limb, hand, form of walking)
through the GUI with evidence criteria for its assessment, and then selecting the
right verbal characteristic on the assessment scale by selected evidence criterion,
outputting the quantitative indicator of motor functions deficit in points by se-
lected evidence criterion through the GUI (3);

- program calling the motor functions deficit assessment scale by evidence
criterion according to the tested object (4);

- sending the results of current test’s results of distributed expert assessment
of motor functions to calculate the integrated assessments and forming their
imaging in tabular form (5);

- outputting the general results of distributed expert and integrated quantita-
tive assessment of motor functions, and motor functions restoration effectiveness to
user (physician) through the GUI (6);

- loading the data of integrated quantitative assessment in points of the first
test to assess the motor functions restoration effectiveness (7);

- storing the current results of distributed expert and integrated quantitative
assessment of motor functions in points in Database (8).

The purpose and structure of Information unit I "Database"” corresponds to
Database in the structure of personal computer.

As for the Information unit II "Assessment unit” for mobile devices, it
should be noted that the purpose of the unit corresponds to similar unit for per-
sonal computer, except the function of forming the dynamics of motor functions
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test results (this component is absent). In addition the limitation of the mobile
devices screen size causes a difference in relationship between user and informa-
tion units, their components through the GUI, and also the components functions
redistribution of Assessment unit.

These differences are reflected in algorithms for personal computer and mo-
bile devices (appropriately Fig. 4, Fig. 5).

Thus, in component /1.1 of Assessment unit the assessment is carried out simi-
larly to component //./ in personal computer, except the calculation of integrated
quantitative assessment of limbs and hand, which is carried out in component /7.3.

1L
motor
functions
deficit

Information
unit for

quantitative
assessment of

A 4

of current test

A4

1I.3 Integrated assessment and general results

5‘7

Lower limb
Distal (1 joint)
Form of walking

Proximal (2 joints)

The results of quantitative assessment of
motor functions deficit of the patient

A

criteria*:

3
Graphical user interface (GUI)
User

Upper limb

Distal (1 joint)
Hand
4

11.2 Expert
assessment scales

Proximal (2 joints)

1.1 Expert assessment of motor functions deficit by evidence

medical record

1.2 Personal electronic

2

The express information of patient

I. Database
1.1 Patients
list

Software module “MovementTestStroke 1.1 (MD)”

— explanations are in the text.

*

Note:

Fig. 2. Structural and functional model of user — software module interaction for
quantitative assessment of motor functions in patient "MovementTestStroke 1.1 (MD)"
(marking descriptions are in the text)
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As there is no component of dynamics formation in Assessment unit for mo-
bile devices, the calculation of motor functions restoration effectiveness value
takes place in component /1.3.

The user through the GUI selects (3) the tested object and evidence criteria for
its assessment in component //./. And the appropriate assessment scales by selected
evidence criteria according to the tested object are output on the GUI (4). The user
selects (3) the right verbal characteristic of criterion through the GUI. By this char-
acteristic the quantitative indicator of motor functions deficit in points is calculated
by program and is output on the GUI (3).

Expert assessments of motor functions deficit in points of current test are sent (5)
to component /1.3, where calculating of the integrated assessments for user-selected
tested objects, determination of paresis degree, and output (6) of the general results of
distributed expert and integrated quantitative assessment of motor functions deficit of
current test through the GUI take place. If the patient's motor functions testing is not
performed for the first time in the rehabilitation course, integrated assessments of
motor functions deficit of the first test are automatically loaded to component /7.3 (7)
from component /.2 of the Database. The motor functions restoration effectiveness is
calculated in component /7.3 by comparing the integrated assessments for current and
first tests, and also is output (6) to user through the GUI.

The results of distributed expert and integrated quantitative assessment of
motor functions deficit for current test, and motor functions restoration effec-
tiveness are stored (8) in component /.2 of Database.

The migration to mobile devices compared to personal computer provides for li-
miting in time the distribution of information presentation on mobile device’s screen.
According to motor functions tested object, the user through the GUI calls the assess-
ment scale for selected evidence criterion, tests the motor functions and selects on the
scale the verbal characteristic value relevant to this criterion. The comparison of indi-
cators for information assistance to the physician in movements deficit assessment for
personal computer and mobile devices are presented in Table. 1.

Table 1. The indicators for information assistance to the physician in patient’s move-
ments deficit assessment after stroke for personal computer and mobile devices

Personal computer Mobile devices

Expert quantitative assessment of movements deficit by evidence criteria in points (from 0 to 5 points)

Expert quantitative assessment of limb’s muscle tone in points (from -5 to 0 for hypotone, from 0
to +5 for hypertone)

Integrated quantitative assessment of movements deficit in points depending on criteria amount (from 0
to 10 for limbs, from 0 to 20 for fine motor skills of the hand)

The paresis degree by integrated quantitative assessment in grades: plegia, severe paresis, major paresis,
moderate paresis, mild paresis, disorders absence.

Dynamics of motor functions deficit according to Are absent
expert and integrated quantitative assessments in
tabular and graphic forms (both in testing and
through Database).

Motor restoration effectiveness by comparing integrated quantitative assessments of current and
first motor functions tests in grades: unchanged, minor improvement, improvement, major
improvement.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 2 (204) 91



Vovk M.I., Kutsiak O.A.

ALGORITHMS FOR MOTOR FUNCTIONS TESTING

According to the structural and functional models (Fig. 1, Fig. 2), the algorithms for
motor functions testing by the software modules "MovementTestStroke 1.1" in the
structure of personal computer (Fig. 4) and in the structure of mobile devices
(Fig. 5) are aimed to quantitative assessment of patient's motor functions deficit.

Movement testing begins with 1. Operating with Database (Fig. 3): loading
the patients list, checking the presence of the right patient in the list to assess
motor functions by user (physician). Operating with Database is the identical
part for algorithms for motor functions testing both for PC and mobile platforms.

If the list isn’t yet created or such patient is absent, the user inputs express
information from patient's medical record for creating / updating the patients list.
At the same time the access to patient's personal electronic medical record
(EMR) is created. Then the user returns to the updated list.

Then the user moves to operating with Information unit of quantitive as-
sessment of motor functions deficit, where algorithm is separated both for PC
and mobile platforms on two parts: /1.1 Quantitative assessment of motor func-
tions deficit and 1.2 Presentation of the results of quantitative assessment.

In the structure of PC /1.1 the quantitative assessment of motor function deficit
begins with selection of tested object of motor functions (limb, hand or form of
walking) with the appropriate evidence-based assessment criteria (Fig. 4).

Based on the verbal characteristics, the user determines and fills quantitative
indicators of the deficit in the appropriate tables. Based on these indicators in
points, calculation of integrated assessment of deficit is performed and paresis
degree for tested object is determined.

Start

1. Operating with Database

\4

( : ) —’| Patients list |<— Creating / updating
the Patients list

v

Testing | - — | -
another Checking the patient in list
patient . . . : :
: ﬂlel;g illt;te‘:l o No Inputting the express information of
. new patient
YES +
The work with the patient Creating the access to EMR
of the patient

) 4

@ To quantitative assessment of motor functions

Fig. 3. Algorithm for motor functions testing by software module "MovementTestStroke 1.1".
Identical part for PC and mobile devices — Operating with Database
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If it is necessary, the user may test another object. Otherwise there is a tran-
sition to /1.2 Presentation of the results of quantitative assessment.

In case of sufficient information for assessing the motor functions restoration ef-
fectiveness of selected tested objects, the integrated assessments of motor functions,
deficit for these objects of the first test are loaded from component /.2 of Database.

The effectiveness is determined by comparing the integrated assessments for
current and first tests, and isn’t determined in case of data absence of the first
test for selected tested object.

The results of motor functions of current test and motor restoration effec-
tiveness (in case of its presence) are stored in component /.2 of Database and are
displayed by program on the GUI.

If there is enough information to view the dynamics of test results, the data
of distributed expert and integrated assessments of the deficit of motor functions
for current and previous tests are downloaded from personal EMR to display
them on the GUI.

At the end of work with current patient the user can test another patient or
finish the program.

Limitation of screen size of mobile devices causes a difference in the rela-
tionship between the user and the information units, their components through
the GUI, and the redistribution of functions of the Assessment unit components
(Fig. 2). This difference is reflected in the algorithm for mobile devices (Fig. 5)
and takes place when user selects tested object.

In the structure of mobile platforms (Fig. 5) the verbal characteristics for
each criterion are displayed on the GUI according to tested object. The user se-
lects a verbal characteristic that corresponds to the motor function deficit
according to selected criterion. According to this characteristic, a quantitative
indicator of motor functions deficit in points is automatically determined and
displayed on the GUI.

If it is necessary, the user may test another object. Otherwise for selected
tested objects the integrated assessments of deficit are calculated and the paresis
degrees are determined.

Then there is a transition to /1.2 Presentation of the results of quantitative assess-
ment, and the testing algorithm continues as for personal computer (Fig. 4, Fig. 5).

ACTIVITY DIAGRAMS OF SOFTWARE MODULES FOR PERSONAL COMPUTER
AND MOBILE DEVICES

UML-activity diagrams of specialized software modules "MovementTestStroke
1.1 (PC)" (Fig. 7) and "MovementTestStroke 1.1 (MD)" (Fig. 8) describe se-
quential and parallel calculations by these modules according to the testing algo-
rithms (Fig. 4, Fig. 5). Operating with Database is the identical part for UML-
activity diagrams both for PC and mobile platforms (Fig. 6).

The diagrams show the nodes of decisions and associations ("diamonds"), which
are an analog to the logical function "OR", synchronization lines, which are an analog
to the logical function "AND", initial and final activity nodes (appropriately "Start
program" and "End program" (Fig. 5-Fig. 7) according to UML-notation [12, 13].

The software modules are built so that you can return to the previous stage from
each subsequent stage. Quantitative indicators of motor functions deficit for each evi-
dence criterion for tested object, as well as an integrated assessment of motor functions
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deficit are obtained in different ways for the structure of personal computer and mobile
devices. For the personal computer the integrated assessment of particular tested object
is provided immediately after obtaining the quantitative indicators in points for all
criteria, but for mobile devices — only after assessment in points of all selected tested
objects by all criteria.

1. Operating with Database

1.1 Quantitative assessment of motor functions

Selecting the object to test (limb / hand / walking)
and evidence criteria by user

v

|

|

|

|

|
Determing and recording the quantitative indicators in points in the relevant |
tables by verbal characteristics of expert assessment of the movements deficit i
|

|

|

|

|

|

v

Automatic calculation of integrated assessment of motor functions deficit
and determination of paresis degree for the tested object

Is it enough data

Next tested object in current test?
............................................................................. [
[ 1
1 11.2 Presentation of the results of quantitative assessment
Is it enough data to v
assess the motor YES Assessment of motor
restoration effectiveness? restoration effectivencss 4—|
NO v Loading from EMR of
- - the integrated
Storing the current expert and integrated assessments of motor
assessments of motor deficit, and motor functions deficit of first

v

Outputting the general expert and integrated assessments of
motor functions deficit on GUI

- Loading the expert and
Outputting the motor «| integrated assessments of

functions deficit motor functions deficit of
dynamics on GUI all tests from EMR

Is there enough data to
review the motor
functions deficit

dvnamics? NO

Testing another
patient < > >  End the program

Fig. 4. Algorithm for motor functions testing by software module "MovementTestStroke 1.1".
Operating with Information unit of quantitative assessment of motor functions deficit for PC

|

|

|

|

|

|

I

restoration effectiveness in EMR test i
|

|

|

|

To Database i
|

|
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1. Operating with Database

1.1 Quantitative assessment of motor functions

Selecting the object to test (limb / hand / walking)
and evidence criteria by user

v

Automatic outputting the verbal characteristics of
selected assessment criteria on GUI

v

[
|
|
|
|
|
|
|
|
|
|
|
|
| |
. . L |
I Selecting the right verbal characteristic
I of the selected criterion by user !
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| |
L |

¥

Automatic calculating and outputting the quantitative
assessment of motor functions deficit in points on GUI

Next tested object NO Is it enough data

inc t?
YES in current test?

Automatic integrated assessment of the motor functions deficit and
determination of paresis degree for the selected tested objects

II.2 Presentation of the results of auantitative assessment

Is it enough data to assess

the motor restoration Assessment of motor
. " - .
effectiveness? YES restoration effectiveness
\4
- - assessments of motor
Storing the current expert and integrated assessments of functions deficit of first
deficit, and motor restoration cffectiveness in EMR test from EMR

To Database;

¥

Outputting the general expert and integrated assessments of the motor functions
deficit. and motor restoration effectiveness on GUI

I

i |
| |
| |
i !
| NO Loading the integrated i
I |
i |
| |
I |
I |

Testing another patient End the program

Fig. 5. Algorithm for motor functions testing by software module "MovementTest-
Stroke 1.1". Operating with Information unit of quantitative assessment of motor func-
tions deficit for mobile devices

M"""—" < ( Creating / Creating the
updating access to

)
Jrom quantitative Loading the Patients list the Patients list patient's EMR
assessment of Testing 4
i —»
motor finctions another
deficit patient
Checking the patient in list
Is the patient I
in the list? | 7777 Inputting the express information of
new patient

The work with patient

Fig. 6. UML-activity diagram of the software module "MovementTestStroke 1.1". Identical
part for PC and mobile devices — Operating with Database
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8. UML-activity diagram of the software module "MovementTestStroke 1.1". Operating
with Information unit of quantitative assessment of motor functions deficit for mobile devices
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Thus, artificial intelligence was used to increase the effectiveness of the diagnostic
process of motor functions deficit after stroke. As artificial intelligence tools, a new
class of specialized software modules for motor functions diagnostics "MovementTest-
Stroke 1.1 (PC)" for PC-structure, and "MovementTestStroke 1.1 (MD)" for mobile
platforms running under Android operation system were developed. Software imple-
mentation — Visual Studio 2019, C# programming language. Structural and functional
models of physician — software modules interaction, algorithms for motor functions
deficit diagnostics, and UML-activity diagrams of these modules were developed.

CONCLUSIONS

The advantage of diagnosing is the usage of individual norm. Assessment of
motor functions of the affected limbs is performed relative to the patient's own
healthy limbs. The same six-step gradation of paresis degree, and generally ac-
cepted verbal assessment of effectiveness (no change, slight improvement, im-
provement, significant improvement) reduce the physician’s error.

An expanded range of evidence criteria for assessing the motor functions deficit
that includes integrated assessment of limbs at the level of individual joints by two
criteria, in addition to the hand — by four criteria, the form of walking, muscle hyper-
or hypotone, makes it possible to identify the disorders specifics and fulfill compara-
tive analisys of the deficit.

Storing in the Database and displaying on the Interface the results of deficit
assessment, deficit dynamics during rehabilitation course in a user-friendly form
(tables, graphs) also helps to reduce physician’s error in motor functions diag-
nosing, helps to prevent complications, identify disorders specifics, compare
effectiveness of upper and lower limbs, their distal and proximal parts including
fine motor skills of the hand, the restoration of which helps to restore oral speech
in the case of motor or motor and sensory aphasia.

Mobile Al-technology for motor functions diagnostics can be used not only after a
stroke, but also traumatic brain injury, brain tumors, etc. The mobility creates conditions
for its mass usage in clinical, outpatient settings, at home, in educational programs.

The implementation of artificial intelligence tools for diagnostics of motor
disorders helps to increase the effectiveness of diagnostics and, as a conse-
quence, rehabilitation services for patients.
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AI-TEXHOJIOTIA JITATHOCTHUKH PYXOBUX ®YHKIIIN ITICJISA THCYJIBTY

Beryn. JliarHocTuka pyxoBux (yHKIill Bifirpae BaXXIMBY POJIb Y BiIHOBHOMY JIiKyBaHHI
pyxiB micns iHCYnbTy. CHHTE3 e(DeKTUBHHX TEXHOJIOTIH 3 MEPCOHANII30BAHOTO OLIHIOBAHHS
HOpYIICHb PYXOBUX (YHKWiH Ha pi3HHX eramax peaOimitamii € akTyaJbHHM HayKOBO-
MPUKJIAJTHIM 3aBIaHHIM.

MeTta noc/iizkeHHs — pO3poOUTH iHGOpMAaLiliHy TEXHOJIOTII0 AIarHOCTUKU AediluTy
pyxoBUX (YHKIIH MiCHsA 1HCYNBTY, SKa JUIS MiABHIICHHS €(EKTUBHOCTI JiarHOCTHYHOTO
IpoLeCy BUKOPUCTOBYE €IEMEHTH IITYYHOTO IHTEIEKTY.

Pe3yabTaTu. Po3po06ieHO TeopeTHdHi 1 MpakTU4HI 3acagu CcUHTe3y Al-TexHoiorii
JiarHOCTUKM AediuuTy pyxoBUX (YHKIIH MiCiIs IHCYJIBTY Ta OLIHIOBaHHA €()EeKTHBHOCTI
IXHBOTO BiJHOBJICHHSI BHACNIJOK peabumiTaniiHux 3axofi. s iHdopMamiiHOi JOTMOMOTH
JKapro y AiarHOCTHMYHOMY IIPOLIECi BUKOPHCTOBYIOThCS €JIEMEHTH IITYYHOI'O iHTENIEKTY —
HOBHH KJIac 3ac00iB MOOiTbHOT HU(GPOBOI METUIIMHH, CIELiaNi3oBaHi MpOTrpaMHi MOy
niarHocTyBaHHS pyxoBux ¢yHkuii «MovementTestStroke 1.1 (PC)» mng cTpykTypu mepco-
HaJbHOTO KoMm'rorepa i «MovementTestStroke 1.1 (MD)» s MOOIMBHUX TUIATGOPM TIiJT
KepyBaHHsM ormepauiiiHoi cucremu Android. Hanmano crpykrypHO-QyHKIiHHI Mozeni
B3a€EMOJIIT JTiKapsi 3 MPOTPAMHUMH MOIYJISIMH, QITOPUTMH JIarHOCTHKH JACDIIUTY PYXOBUX
¢ynkuif, UML-giarpaMu misabHOCTI 3a3HaueHMX MoxyiiB. IIporpamna peanizauis —
cepenosuile Visual Studio 2019, moBa nporpamyBanns — CH#.

OyHKIiHI  0cOONMBOCTI  TEXHOJIOTII: pO3IIMpEHa TaMa JIOKa30BUX KPHUTEPIiB
MEepPCOHATI30BaHOTO KiJIbKICHOTO OLIHIOBaHHS AE(IIUTy PyXiB KiHIIBOK, 30epekeHHs y 6asi
JAHUX 1 BioOpakeHHS Ha iHTepdeici pe3yNbTaTiB OLIHIOBaHHS AeilUTy, a TaKoX
JIMHAMIKH JIe(ilUTy BIPOAOBK Kypcy peadimiTamil y 3pyqHOMY IS JTiKaps BUIIILAL (Tabmui,
rpagiku), Mo 3aMpoOBaKEHO Y TEXHOJIOTII0, YMOXKIIUBIIOIOTE 3MCHIIICHHS TIOMUIIKHU JIiKaps,
3al00iraHHs PO3BUTKY YCKIAJHCHb, BHSBICHHSA CICIHU(BIKH MOPYIICHb, MTOPIBHIHHS
e(eKTHBHOCTI peadimiTallii BepXHIX-HWKHIX KIHIIIBOK, IXHIX JUCTAJbHUX 1 MPOKCHUMAIbHUX
BIJIIIIB, Y TOMY YHCIi TOHKOI MOTOPHUKH KHCTi, BiTHOBJIEHHS SIKOi CIpHUSE BIJTHOBJICHHIO
MOBJICHHS Y Pa3i MOTOPHOT 200 MOTOPHO-CEHCOPHOT adasii.

BucHoBKH. BukopycraHHs 3ac00iB IITYYHOTO IHTENEKTY VIS MIarHOCTUKHU AeDilHTy
pyxoBuX (YHKIIH CIPUATUME MiJIBUIICHHIO €(DEKTUBHOCTI MIarHOCTHYHMX 1, SIK HACHIJOK,
peabiniTalifHUX MOCIYT Nali€HTaM IiCIs IHCYJIBTY.

Knrwwuogi cnosa: oiacnocmuxa, pyxoei QyHKyii, iHCY1bmM, NEPCOHANbHA KINbKICHA OYIHKA,
Kpumepii, MexHon02is, wmyuHull iHmenekm, npoSpamuull Mooyb, CMpYKmMypHO-QYHKYitHA
MoOdenw, aneopumm, oiazpama OisLibHOCHII.
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J10 YBATH ABTOPIB!

VY KypHaJli HaJIAHO PE3YJbTATH JOCIIIKEHD Y Taly3saX TEOpii Ta MPaKTUKHU iHTEIeK-
TyaJbHOTO KepyBaHHS, iH(GOpPMAaTHKM Ta iHGOPMAIIMHUX TEXHOJIOTiH, a TaKoX
OiooriyHOl 1 MEIMYHOT KiIOEpHETHKH.

LinsoBa aynuTopisi — HAyKOBLI, 1H)XEHEPH, acCHipaHTH 1 CTYJAEHTH BHUIIMX
HaBYAJIbHUX 3aKJIaJliB BiIMOBITHOTO (axy.

Bumoru 1o pykonucis crareii

1. Pykonmc HamaroTh Ha mamepi y ABOX IpPUMIpHHKax (MOBa — aHTIIHCHKa,
yKpaiHcbka, 17-22 c.) Ta eleKTpoHHa Bepcis. Jlo pyKOMUCY A0Aal0Th:

* aHOTalii — YKpaiHCHKOIO Ta aHITIMCHKOI MOBaMHU (IIPi3BUINE, iHIiliaIH
aBTOpa/iB, HAYKOBUH CTYIIiHb, 3BaHHsA, IOCaja, Miclle pOOOTH, ajJpeca opraHizarlii,
Ha3Ba cTaTTi, TekcT 250-300 ciiB, 3 BUAUIEHHSIM PyOpHK: BCTYII, METa, pe3yJIbTaTH,
BHCHOBKH, KJIFOUOBI CJI0OBa);

* CITHCOK JITEpaTypy MOBOIO OPHTIHATY — Y TOPSAKY 3TaXyBaHHS y TEKCTi, 32
crarnaprom JCTY 8302:2015;

* CIIMCOK JIiTepaTypu — MepeKiaj] JHKepell aHrIiiChKOI MOBOIO, MPi3BUILA Ta
IHIIIAJIA aBTOPIB — TpaHCIITepallis:

* JiUEeH31iHUNA JOTOBIp;

* BIJOMOCTI IO aBTOpa/iB YKPaiHCHKOIO Ta AHIVIIHCHKOI0O MOBaMH IOBHHHI
mictutu: 116, HaykoBWi CTymiHb, BUE€HE 3BaHHS, 1MOCana, BIIJLI, Miclle POOOTH,
MOLITOBA ajipeca opraHizauii, Tenedon (ais 38’ 43Ky penakropa), E-mail, aBTopcbki
inentudixaropu ORCID abo ResearcherlD.

2. TekcT crarTi MOJaeThesi 3 00OB'I3KOBUMHU PYyOpHUKAaMHU: BCTYI, MTOCTAHOBKA
3aBIaHHS/TIPOOIEMHU, METa, PE3yJIbTaTH, YiTKO CPOPMYITHOBaHI BUCHOBKH.

Bumoru 10 TekcToBOrO dailry

®dopwmar ¢aiiry * .doc, * .rtf. daiin moBuHEH OyTH MIATOTOBJICHUH 3a TOTIOMOTH
TEKCTOBOTO pefakTopa Microsoft Word.

BukopucroByBani ctuii: mpudrt Times New Roman, 12 nr, MiXpsaxkoBuii
inTepBai — 1,5. ®opmar nanepy A4, Bci 6epern — 2 cM.

Dopmynu HabuparoTh y peaakropax (opmyn Microsoft Equation Editor 3.0.
gy MathType 6 Onuii pemakropa dopmyn — (10,5; 8,5; 7,5; 14; 10). Llupuna
¢opmya — mo 12 cm.

Pucynku nmoBuHHI OyTH SIKICHUMH, CTBOPEH1 BOYJOBaHUM PEAAKTOPOM PUCYH-
kiB Word Picture a6o inmmmu Windows-3acToCyHKaMu (PUCYHKH HAJalOTh OKpe-
MUMU Qaiinamu BignoBigaux ¢opmaris). Hllupuna pucynkis — qo 12 cm.

Tabnuii BHUKOHYIOTH CTaHIApTHUM BOymoBaHuM y Word iHCTpyMeHTapiem
«Tabmursy. Hnpuna Tadaumi — xo 12 cm.

IMepeaniaTty Ha :KypHaJ (IpyKOBaHa Bepcisi) B YKPaiHi 3AiliCHIOIOTH:
— 3a «Karanorom BuaHb YKpaiHwy, HIEKC MepeAruiaT IpyKoBaHoi Bepcii — 86598;
— 3a jgomoMoru mnepenmiatHoi areHmii «YkpiHpopmHaykay HAH Vxpainu,
ukrinformnauka@gmail.com, inaekc xypramy — 10029.



