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XMenbHUIBKUI HalliOHAIBHUI YHIBEPCUTET

MOJIEJIb JJISI PO3III3HABAHHS MIMIYHUX ITPOSBIB EMOIIIIA

B cmammi 3anponoHosaHo nidxid do ompumaHHs chpouwjeHoi Modesi, 3a donoMo20t0 SIKOI cmaHe MOMCAUBOH
peaJizayisi po3ni3Ha8aHHs eMOYIHUX nposigie HA 06auy4i WEUOKUM YUHOM. Y Modeai peasizoeaHa 2inepnaowuHHA
Kaacu@ikayis MiMiYHUX nposigie OCHOBHUX eMOYiliHuX cmaHie. OCHOBHOW nepesazor 3anponoHO8AH020 nidxody € Hegeaukda
06YUCA08ANbHA CKAAOHICMb, Wo dacmb 3Mo2y peaJizyeamu po3ni3HABAHHs1 3MIH eMOYillH020 cmaHy A0uHu 3d
MIMIYVHUMU nposieamu 6e3 SUKOPUCMAHHS Cneyianizo8aHo2o 064a0HAHHS (04 eideokamep 3 HU3bKOW pPO30iAbHON
30amuicmio a6o Ha eeaukill gidcmaHi). Chepa 3acmocysaHHsl — KOHMPOJIb 3a 800IEM Nid Yac Kepy8aHHs MPAHCNOPMOM,
onepamopoM ckaadHozo supobHuymea moujo. IIposedenHss docaidxceHHs ma 06po6ka 3i6paHux daHux 003804UAU
gudinumu ocHOBHI JiASIHKU 061u4Ysl, WO 8NAU8AOMb HA 8I006pasiceHHsl eMoyiliHux cmaHis. [lo HUx gidHocsimbest JiAsiHKU
06uUY4s 3 6posamu, oHamMu ma pomom. BudinenHss MHONCUH SKICHUX Xapakmepucmuk 3MiujeHb moYoK cma/o 3aKAIYHUM
emanom. [las eusHayeHHs1 hopM 2pynye8aHHs cmaHie sk 8idobpajxceHHs1 CyKynHOCMi 03Hak 6y/10 3acmocosaHo nioxio, wo
do36o1us sukopucmamu memodu gizyasizayii daHux. Lle 6y.10 He06XiOHO 0.1 HA0OUHO20 8i006PANCEHHS XapaAKMepHUX popM
epynysanHs daHux. L]i epynoeani daHi i susHauaroms kaacu emoyitiHux nposeis. Moxcaugicmb 8CMaHO8/A€HHA 2pAHUYb
po3dineHHs K/aacis, mobmo eMoyiliHuX cmauie, 6y/na 8axcAu8uUM acnekmom. PosmawyeamHs epadHuyb Modxce
Kopekmyeamucsi 3a/excHo 8i0 sikocmi ma kinbkocmi daHux. Taka ¢opma adanmayii dozeoausa 3acmocosysamu
MEeXHO/102i10 PO3Ni3HABAHHS MIMIYHUX nposigie emoyili 6iabw 2Hyuko ma adanmysamu ii. Hezeaxcarouu Ha me, wo mMiMiuHi
nposisu 8 cuay disionoziyHux ocobausocmell € munosuMu nposieamu emoyii, epaHuyi posdineHHs daHux Heob6XiOHO
Kopekmyeamu 051 MO4YH020 PO3MeNCYy8aHHs KJiacie emoyiil. lle doseossie einepniaowuHHa kaacugikayis. Heeeauka
06YUCA108AIbHA 30aMHICMb 8UCMYNU/A OCHOBHOIO Nepesazolo 3anponoHO8aHo20 nidxody. Lje daso 3mozy peanizyeamu
pPO3Ni3HABAHHS 3MIH eMOYilIHO20 CMAHy AIOOUHU 3a MIMIYHUMU NPOSI8AMU HA 06.1UYYI 6€3 BUKOPUCMAHHS Cheyiani308aH020
06/1a0HAHHSI.

Karouosi caos8a: po3nisHagaHHs MimMiyHUX nposigie emoyii, zinepniowuHHa Kaacugikayis, cnpoujeHa Modeb.
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SIMPLIFIED MODEL FOR RECOGNITION FACIAL EMOTIONS

There is a suggested approach for getting a simplified model to enable the realization of fast facial emotion recognition. The
model realizes the hyperplane classification of mimic expressions of the main facial emotional states. The main advantage of this approach is
small computational complexity, which will allow realizing the recognition of the changes in people’s emotional state without any special
equipment (for low-resolution or long-distance video cameras). The sphere of application is control over the drivers in the process of driving
the vehicle, complex production operators, etc. As a result of the research and processing of the collected data, the main areas of the face
were identified, in which changes in facial expressions directly affect the reflection of emotional states. These are areas with eyebrows, eyes,
and lips. The final stage of the study was the definition of the variety of qualitative characteristics of the displacements of marks or groups of
marks. To determine the forms of grouping states as a reflection of a set of features, we apply the approach proposed in the paper [9]. The
approach allows the use of data visualization techniques to visually display characteristic forms of data grouping. These grouped data
determine the classes of emotional displays. An important aspect is the ability to set the boundaries of class division, in our case, emotional
states. The location of borders can be adjusted depending on the quality and quantity of data. This form of adaptation allows a more flexible
application of the technology of recognition of mimic expressions of emotions and adaptation to the data body. Although mimic displays due
to physiological particularities are typical displays of emotions, the boundaries of data separation need to be adjusted for accurate
distinguishment of classes of emotions. This allows the use of hyperplane classification. The validity of the proposed model is suggested to test
on the synthesized data. This is possible because the real input will belong to the same intervals as artificially created. The main advantage of
the proposed approach is the small computational complexity that will allow the recognition of changes in the human emotional state by
facial expressions without the use of specialized equipment (for low-resolution or long-distance video cameras).

Keywords: facial emotion recognition, hyperlane classification, simplified model.

Beryn
B pesynbraTi mociiukeHHS Ta 00poOKK 310paHNX JaHUX OyJM BHAIJICHI OCHOBHI IUISHKH OOJMYYS, 3MIHU
MIMIKH SIKMX MPSIMO BIUIMBAIOTh Ha BijoOpaxeHHs emouiiiHux craHiB [1]. Lle ninsaku o6nuyadst 3 OpoBaMu, o4aMu
Ta POTOM. 3aKIFOYHUM €TaIllOM JOCIiKEHHS CTajl0 BHIUICHHS MHOXHH SKICHUX XapaKTEPHUCTHK 3MIMICHb TOYOK
a0o0 TPyN TOYOK, SKi HaBe/IeHi y Ta0mwi 1.

Tabmums 1
SIKicHi XapaKTepUCTUKH TIISTHOK 004 Ysl
Emouii Bposu Oui Tyou
I'uiB OIlyIIeHi 0e3 3MiH CTHCHYTI
T'ope 0e3 3MiH OITyIIeHi BEpXHI IOBIKH Ony1eHi KyTHKH
3anoBosieHHsA | 0€3 3MiH 3JIeTKa OIyIIeH] BepXHi moBiku | be3 3Mmin
Crpax CHJIBHO MiTHATI | TiJHATI BEpXHi MOBIKH MiTHATI KYTHKH TY0
Panictp 0e3 3MiH ITiTHSITI 30BHINIHI KYTHKH O4YeH | 3Jierka MiIHATI KYTHKH Ty0

MerToro cTaTTi € ONPWITIOHEHHS PE3yJIBTATIB IOCTIPKEHHS 3 IOOYIOBH CIIPOIIEHOT MOJIENI, 32 JOIOMOT0I0
SKOT MOXKJIMBa pealtizallisi po3Mi3HaBaHHS eMOLIHHUX MPOSBIB Ha OOJMYYi NIBUIKUM YHHOM. Y MOJIENi peanizoBaHa
rinepruromuHAa  Kiacuikamis MIMIYHAX TPOSBIB OCHOBHUX eMOIIHHHX crTaHiB. OCHOBHOIO TIEpEBaror
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3aIlPOIIOHOBAHOTO TIIXOy € HeBeJIMKa OOYHCIIOBaJbHA CKIAIHICTh, IO Ja€ 3MOTY peani3yBaTd pO3IMi3HaBaHHS
3MiH €MOIIITHOTO CTaHy JIFOJMHA 33 MIMiYHUMHA TPOsIBAMA 0€3 BUKOPUCTAHHS CITEIialli3oBaHOTO OONMagHAHHS (st
BiJleOKaMep 3 HM3bKOIO PO3IUIBHOIO 3[aTHICTIO abo Ha Benmukii Bimcrani). Cdepa 3acToCyBaHHS — KOHTPOJIb 32
BOJIIEM TIiJ] Yac KepyBaHHs TPAHCIIOPTOM, OTIIEPATOPOM CKJIAIHOTO BUPOOHUIITBA TOIILIO.
Cunres mogedni

Buxonsun 3 morpebu imeHTmdikamii MIMIYHMX TpOSBIB 3aco0amMy 3BHYAMHUX KaMmep i3 HEBHCOKOIO
PO3IUIFHOIO 31aTHICTIO 200 Ha BEJIMKIH BiJICTaHI Ta 3a pe3yJbTaTaMu 3 TaOuuIl 1, BBeAeMO HACTYIHY Ipajaliiio Juis
JUISTHOK OOJTHYYs:

— o4l (pO3IUIIONIEH], TPUMPY>KEeHi, HOpMaJIbHi);

—T1y0u (pO3TATHYTI, 3KaTi, HOPMAJIbHI);

— OpoBH (IHATI, OMYILEH], HOPMAJIbHI).

3a HaBEJCHOIO IPaJalli€l0 OTPIMaHI y JOCTIHKEHHI MIMiUHI IIPOSIBE €MOIIiff TOJAf0ThCS HACTYITHUM YHHOM
(Tabmur 2).

Tab6mums 2
IMoganus MiMiYHUX NPOSIBiB eMoOLiii AKICHUMH XapaKTePUCTHKAMHU
Paodicmo Tope Cmpax T'nis 3adoeonennsn
oui HOpPMaJIbHI | HOPMaNbHI | PO3ILTIOIIEH] | MPUMPYKEHI | HOpMaJbHi
2ybu | pO3TATHYTI | 3KaTi HOpMaJIBHI HOpMaJIbHI PO3TATHYTI
Oposu | mimHATI OIlyIIeHi I THSTI OIyIIeH] OMyIIeHi

Hagpenene y Tabmuii 2 noJjaHHs MIMIYHHX MPOSIBIB Y pO3pi3i eMOLIWHUX CTaHiB CIIyTyBaTUME OCHOBOIO LIS
HACTYIIHOTO CHHTE3Y MOJIENI, 32 SIKOr0 Oyne MpoBOMUTHCSA ineHTH(DiKaMlisA. BU3HaUeHI eMITipHIHIM IUITXOM O3HAKU
(bopManbHO HaTaMO HACTYITHUM YHHOM:

- X, — O3HaKa MIMIKH JUISTHKA 00IUYYS 3 09aMH;

- X, — O3HaKa MIMIKH JUISTHKHA 00IM44s 3 Ty0amu;

- X; —O3HaKa MIMIKH JUITHKH 001144s 3 OpoBaMH.

X[, Xy,X; € [0,1], MIPUIOMY X, € [0,0.2] — I IPUMPYKEHUX O4eH; X, € [0.4,0.6] — JUISl HOPMAJIBHUX OYEH;
X, € [0.8,1] — A pO3IUIIOLIEHUX O4YeH; X, € [0,0.2] — U 3XKaTHX TYy0; X, € [0.4,0.6] — JUIS HOpPMaJBHUX Ty0;
X, € [0.8,1] — IS PO3TATHYTHX TYyO; X, € [0,0.2] — A ONyLIeHHX OpiB; X, € [0.4,0.6] — JUIs. HOPMaJbHUX OpiB;
X, € [0.8,1] — ans migHATEX OpiB. IcHYIOWi y 3amponoOHOBaHii CHHTETHYHIA MOZEN NPOMIKKH, M0 HE
BHKOpHCTOBYIOTEC  (J0.2,0.4],]0.6,0.8]) cimyskaTe w1 MopemoBaHHS XOPOWIOi PO3AUIBHOCTI MK Pi3HAMH

EMOLIIHIMH CTaHAMH TIPH iX Kiacudikarii.
Tlinepniommana kiaacudikamis

CdopmoBaHi CYyKyITHOCTI XapakTepHHX O3HAK JJIsi BU3HAUEHHS BiJIIOBIIHMX eMOLIWHHUX cTaHiB. MimiuHi
NPOSIBU MPUPOJHO MAIOTh I'PaHWYHI CTaHH 1 B TOW XK€ Yac XapaKTEPU3YIOTHCS THIIOBOKO CYKYIHICTIO O3HAK
30BHINIHIX MPOSBIB IMX CTaHiB. BiamoBinHO 10 mporo i Oyio eMmipMyHO BH3HAYEHO MeEXKi NMposBiB o3HaK. OpHaK
CJIiJI 3a3HAYUTH, IO ICHY€E TPUPOJHUIN PO3MOJIIN 1 BKa3aHi MeXIi BiNOBINAIOTh HAWOLIBII TUIOBUM TposiBaM. Jlist
BH3HAYCHHS (DOPM TpyIyBaHHS CTaHIB AK BiZOOpakeHHS CYKYIHOCTI O3HAK 3aCTOCYEMO IILIXiM, 3aIPOTIOHOBAHIN Y
poborti [2]. ITinxin n03BoJIsiE BUKOPUCTATH METOAM Bi3yallizalii JaHUX JUIS HAOYHOTO BiJOOpa’KeHHS XapaKTepHUX
¢opm rpynyBanHs fgaHux. L{i rpynoBaHi AaHi i BU3HAYalOTh KJIACH EMOILIMHUX MPOsBIB. BaKIMBUM acmekToM €
MOJKJIMBICTh BCTAHOBIICHHS TPAHUIh PO3MUICHHS KIIACIB, y HAIIOMY BHIAJKY, EMOLIHHUX cTaHiB. Po3ramyBanHs
TpaHUIb MOXKE€ KOPEKTYBATHCS 3aJIS)KHO BiJ SIKOCTI Ta KITBKOCTI maHuX. Taka ¢opma amanTtamis JO3BOJSE OUTBIT
THYYKO 3aCTOCOBYBATH TEXHOJIOTIIO PO3ITi3HABaHHS MIMIYHHX MpOSIBIB €MOLil Ta aganTyBaTH 0 KOPIYyCy JaHUX.
Xoua MiMiUHI TIPOSBE B CHIIy (Di3iOJNIOTIYHUX OCOONHMBOCTEH € THIIOBUMH TIPOSBaMHU €MOIliH, OOHAK TPaHHUII
pPO3IUIEHHS JaHMX HEOOXITHO KOPEKTYBaTH JJIsi TOYHOTO pO3MEXyBaHHS KiaciB emormii. lle mo3Boisie
BUKOPHCTaHHS TINEPIUIONIMHHA KiIacudikamis. AJanTyeMo 3acTOCYyBaHHS TEXHOJIOTII TilepHpOCTOPOBOTO
PO3IUIEHHS 10 PO3Mi3HABAHHS €MOLIIHUX MPOSIBIB.

BxinHi nani, a came ix 03HakM HE0OXiHO TpaHCHOPMYBATH HACTYITHUM YHHOM:

1) 3HWKEHHS1 0araTOBHMIPHOTO MPOCTOPY O3HaK [0 JBOBHUMIPHOTO; 3a HEBEJIMKOI KiNBKOCTI O3HAaK
MIHIMI3y€EThCsI BTpaTa iHPOPMATHBHOCTI JaHHUX MPH TOHMKEHHI PO3MIPHOCTI;

2) Bi3yallbHE TIPENCTABIICHHS JaHWX Yy MOBOBHMIPHOMY TIIPOCTOPi i3 3acCTOCYBaHHSAM IPOTPaAMHUX
IHCTPYMEHTIB;

3) no0OyoBa TpaHuIb PO3IIIEHHS KJIACIB IPYIIOBAHUX JIaHHX;

4) BCTaHOBJICHHSA BIIIOBITHOCTEN TPYIT JaHUX MIMIYHUM €MOLIHHUM CTaHaAM;

5) BimoOpakeHHs TPaHUIlb KJIAaCiB €MOLIMHMX CTaHIB y BHXIJHOMY MipHOMY HpPOCTOPi O3HaK y BHIJISAI
TiepIUIONINH;

6) BCTAaHOBJICHHS IIPOCTOPOBUX TiMepod’eMiB 0OMEKEHUX TINEPIUIOMMHAMHI 3 JaHUMH, [0 HAJIEeXKaTh M
rinmepkyoam;

7) noOyxoBa MpaBWI BU3HAYEHHS NPHUHAIEKHOCTI HOBOTO €JIEMEHTAa JaHWX JUIi IIEBHOIO Kiacy SK
3HaXOKEHHS HOTO MMPOCTOPOBOTO ITOJIOKEHHS BITHOCHO TilEPILIONIHH.

Jnsi TOHMXKEHHsT MIPHOCTI TPOCTOPY O3HAK BHKOPUCTOBYETHCS METOZ OaraTOMipHOTO IIKaJFOBaHHS
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(multidimensional scaling — MDS) [3, 4]. 3a po3MipHy XapaKTepHCTHKY MPUAMAETHCS BIAHOCHE PO3TYUIyBaHHSI
00’€eKTIB OJMH BiJHOCHO IHIIOTrO 3a CYKYIHICTIO O3HaK. Mipa BijjianeHHs 00’€KTi BHKOPHUCTOBYEThCS SIK Mipa
BIAMIHHOCTI.

BuxinHi AaHi TOAAIOTHCSA Y BUTJISAAI MATPHIN «00’€KT-03HAKA» Ta BH3HAYAETHCS BIICTaHb MK 7 -M 1 j -M

00’€KTOM, SIKy TO3HAYMMO é'ij :d(Xi,X j) ITonoxxeHHA 00’€KTIB B 0araTOBHMIpHOMY TNPOCTOpPI BH3HAYAETHCS

TakuM 9HHOM X; ={X;1,X;3,..1,X;, }, i=1..n. PO3MIpHICTH NPOCTOPY BCTAHOBJIEMO BilNOBIIHO /0 KilbKOCTI

BHOpaHUX HaMH XapaKTEPUCTUK €MOLIHHNUX MPOSIBIB MIMIYHOTO XapaKTepy.
3acrocyemo EBKITiZIOBY METpUKY JUIs 00paxyHKY BiICTaHEH MK 00’ €KTaMHU:
0.5

dist(X,, X ) = f:(xik—xj,{)2 1)

[Ipyu 1iKagOBaHHI TPOCTOpPY, OCOOIMBO BHCOKOT PO3MIPHOCTI, MOXIJIMBE CIIOTBOPEHHS Ta BTpara
iH(popMaTHBHOCTI HaHWX. [IJIs1 MiHIMI3aIlil IFOTO BIUIMBY BUKOPHCTAEMO TaKy Mipy SKOCTi BiOOpaXeHHs, SIK CTpec,
Ta 3anumemo ii y BUrisii GyHKIi HaMEHIINX KBaJpaTiB:

2
o= w,(d(Y,Y,)-9,) @
i<j

Takuii 3anuc 103BOJIsIE BiTOOPa3UTH MiHIMI3allil0 BIAMIHHOCTI BiJICTaHEH MK JaHHUMH B PEAYKOBAHOMY Ta
BUXiZHOMY TpocTopi. Tak sik 3a0e3neunTH MiHiMmizamito miei QyHKHii B 3araibHOMY BHIAIKy IOCHTH CKIIAJIHO,
CKOPUCTAEMOCH HAOJIMKCHUM METOJIOM 3aMiHM BHXITHOT (DYHKIIT OULTBII MPOCTOPOIO Ta KEPOBAHOK CYPOTaTHOIO
¢ynkuieto. Le peanizyerbes Ha 6a3i iTepatuBHoro Bukopuctants anropurMy SMACOF [5]. BianosigHo 10 nporo
3a0e3medyeThest MiHIMi3amis QYHKIIT BTPAT IPH MOHIKEHH] TPOCTOPY.

Jnst 3a0e3nedeHHst onTuMizanii Ta e()eKTUBHOCTI IOHMKEHHs MPOCTOPY BHKOPHCTAEMO HACTYIHI €TalH.
Crnouatky c(hOpMyeEMO MATpUIIO MOMAPHHUX BiJACTaHel BXiAHMX MaHuX. Jlami HeoOXimHO c(OpMyBaTH MaTPHIIO
3araJbHUX BifAcTaHed MK 00’ekramu. IS OTpMMaHOi MaTpHIi 3 METOI0 ONTHUMAIBHOTO BiTOOPa)XCHHS MaHMX
BIJIHOCHOT'O pO3TallyBaHHsS HEOOXIHO POBECTH MOABIHHE IIEHTpyBaHHs. B 1IboMy BHNaaKy Bi3yalibHe BiJOOpakeHHs
Oylle ONTUMANBHO BIILGHTPOBAHE M0 BiJHOIIEHHIO /IO JaHWX. BH3HAYAIOThCS BJIACHI 3HAYEHHS Ta BJIACHI BEKTOPH
MaTpumi. HacTymmHIM KpOKOM € ONITHMI3allis pO3TaITyBaHHS ITOJIOKEHHS JaHUX 13 3aCTOCYBaHHS CypOTraTHOI (PyHKIIII.

3a MeTy CTaBUThCS OTPUMAHHS JaHHX 3 KOOPIWHATHHUMH, SKi MOXKHA BiZOOpa3sHTH Ha IUIOLIMHI TOOTO Y
JIBOBUMIpHOMY IipocTopi. OTprMaHi JaHi OyIyTh MaTH JBI y3arajibHeHi KoOpauHaTH. Tak SK BUKOPUCTOBYEMO JaHI JJIs
TOTO 00 OTPHMATH MOZENH PO3ITi3HABAHHS €MOIIITHIX MPOSBIB BUKOPUCTOBYEMO HaBUANIbHY BHOIpKY. ToOTO maHi y Hac
TIOTIepeTHO pO3MiUeHi. TakiuM YMHOM Ha BI3yalbHIM IUIOMIMHI MM MOXKEMO CIIOCTEpiraTW TpYIyBaHHS IaHHX Ta
BCTaHOBHTH 32 SIKUMH €MOLIWHUMH TMPOSBaMH IIi JaHi TPyHyroThcs. HaiOuIbIl BaXKIMBHM aclieKTOM € MOXKIIUBICTB
PO3IUHTH i TPy JaHuX. UMM Kpare BOHH PO3IUTRHI 1 YMM MDK IIMMH TPYHaMH € OLTbINA BiICTaHb TAM OUTBIIIIA
JOMYCK MO)KEMO JaTH HAa PO3CIIOBaHHS 3HAYCHb O3HAK. TaKMM YMHOM BaXKIMBA PO3ILUTBHICTH JaHUX 33 CYKYIHICTIO
o3Hak. [lepeBaroro 3acTocyBaHHs Bi3yasisallil € MOXJIHMBICTh NMPOBECTH €(PEKTHBHUI aHaJ3 JaHWX Ha PO3JLUIBHICTb,
HAasIBHICTh BUKH/IIB, T2 ()OPMYBaHHS TPAHUIIb KJIACIB 3 €(DEKTHBHUMH JIOIYCKaMU 33 PO3CIFOBaHHSM y3arallbHeHHX O3HaK.
YV BIANOBIAHOCTI 0 TPYIyBaHHS JaHWX BCTAHOBIIIOEMO KJ1acH Ta rpa)igHO MPOBOJIMMO I'PAHMII] IIMX KIIACiB.

I'panumi kmaciB BHU3HAYAIOTHCS BHUKOPHCTOBYIOUM KyCOUYHO-JIHIHHI po3aiaroBayi. BukopucTanHs
JICKPUMIHAHTHOT JiHIHHOT (QyHKIIi 00yMOBJIEHO HEOOXIIHICTIO BUPIIICHHS 3aBAaHHS NPOEKIil B MOYATKOBUMH
TIPOCTIp O3HAK.

o . - -\ =T- T
Jlinilinnii knacudikarop d (x) BU3HAYAETHCA d (x):W x+w,, A& x=(Xy,X,....X,;) — BEKTOp

o . T .. .
O3HaK, sKWHW BH3Haydae O6p33 067€KTy Knacn(bncauu; WI(WO,WI,...,Wn_l) — BCEKTOp BaroBUX KO@(I)IHIGHTIB

Kracugikaropa; w, — IIOPOTOBE 3HAUCHHS.

HanexHicTe 10 Kiacy BH3HAYA€ThCA NMPABHJIOM BiJHOLIEHHA OO Kiacuikaropa. ToOTO BH3HAYaeThCA
po3TamryBaHHS 00’ €KTy BITHOCHO JIiHII KJ1acy.

KycouHo-niHiiHMIA miaxix 3 GopMyBaHHS TPaHUI KJIACy JO3BOJISIE YTBOPUTH OyIb-Ky (OPMY IUIIXOM
KOMOIHAIT JiHIHHUX eneMeHTiB. SIKio mpocropoBa KoH(DIrypaiis rpynu 00’€KTiB CKIafHa, KUJIbKICTh JTIHIHHHX
eJIeMEeHTIB TpaHUIi 30inbpmryeTscs. OOHAK e HE MOPYUIye 3arajlbHOTO IOXOXy BHUKOPHUCTAaHHA JiHIHHOTO
po3nimoBada. TakMM YMHOM € MOMJIMBICTH CpOpMyBaTH 3arajbHy HENIHIHHICTH TPaHUII KJacy, 3aCTOCOBYIOUH
JIOKAJIBHY JIHIAHY pPO3AUIBHICT 13 OOMekeHHs camoi Jsokamizamii. Jlokamizamisi JHIHHOTO PO3MEXKOBYBAHHS
BH3HAYAETHCS METOJIAaMH Bi3yalIbHOTO aHAJI3Y, IO 1 € IepEeBaror0 3aCTOCYBaHHS 3alIPOIIOHOBAHOTO MIAXOIY.

Jaii, BianoBiaHO, JiHIIHI €IeMEeHTH TPaHHIb MPOEKTYIOTHCS Y BUXITHUH MPOCTIp Ta yTBOPIOIOTH Y HHOMY
TIIEePIUTOMUHK. Y TillepIpOCTOPi TINEPIUIONINHY MEPETUHAIOTHCS Ta (POPMYIOTH Tinepkyou. Came IIi rinepkyou €
TIPOCTOPOBUMH 00’ €MaMU KIIaciB.

Jis Toro mo0 BU3HAYMTH HAICKHICTH HOBOTO O0’€KTYy 10 KIacy HeMae HeoOXiTHOCTI 3HaXOHKCHHS
MIEpETUHIB TUIOUIMH. BaXkJIMBUM € yTBOPEHHS I'paHUIb y JIBOBHMIPHOMY Bi3yalbHOMY IPOCTOpI Ta BIANOBIIHHUX iM
€JIEMEHTIB TIMEePIUIOMKH 1 BUXiTHOMY MpOCTOpi. B ABOBUMipHOMY HpOCTOpi BU3HAYAETHCS TPAHUIS KIacy, TOOTO
neBHUI KOHTYp. HoBuil 00’€KT 10 BIIHOMIEHHIO JI0 I[bOTO KOHTYPY PO3TAIOBYETHCS TaK, SIK 1 ycl 1HII el1eMeHTH
pOro Kiacy. TakuM YHHOM MOXXHa c(OpMyBaTH TpaBWiIa BiJHOLICHHS 10 Kjacy, IpaBHja BCTaHOBIECHHS
po3TanryBaHHs 00 €KTIB KJIacy IO BIIHOIIEHHIO 0 KYCOYHO-JIIHIHOTO KOHTYpY TPaHUIIl KJacy.

BcranoBneHHs1 po3TairyBaHHS OO’€KTIB Kiacy IO BiJHOWIEHHIO JI0 TPaHUIb KiIacy BifOyBaeTbCs y
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BIJMOBIZIHOCT] 3 TpaBWJIaMH JepeBa pillieHHs. 3aCTOCYBaHHS JiepeBa pillieHb J03BOJISE 3a0€3MEYUTH IIBUAKHUN
mporiec kmacudikamii mpu oTpuMaHiit MOIEI.

3acTocyBaHHS Bi3yaJbHOTO aHAJi3y BU3HAYCHHS I'PAHHLb IPYMNOBAHUHA 00 €KTIB € KIHOYOBHM €JIEMEHTOM
¢dopmyBaHHS Mozeni Kiacudikamii. BukopucTaHHS KyCOYHO-JIIHIHHHUX KOHTYPIB TpaHMIb KIACiB JIO3BOJISIE
chopMyBaTH AMCKPUMIHAHTI PO3IUTIOBAaYi IOCHUTHh CKJIATHOI HENiHIHHOI 3aleXHOCTi. BilyanpHe BH3HaYCHHS
TPaHMIb TAKOX J]a€ MOXKJIMBICTH ONTHMI3yBaTH OOYMCIEHHS Mix Yac GopMyBaHHS MOJENI MiHIMI3yIOUH KiJIbKICTh
JHIHHUX €JIEMEHTIB Ta 3aJIeKHUTh BiJl TOCBiAY Ta KBauidikauii aHamiTHKa. 3a HEOOXITHOCTI K MeXi KiaciB, Tak i
KUIbKICTh JIIHIHUX eNeMeHTIB Moke OyTH 3MiHeHa. HaiiOinbln onTumaibHUX € 3a0e3ledYeHHs MiHIMabHO
HEOOXiIHUMH TPaHHULIIMH KJIACiB.

KirouoBruM eneMeHTOM 3aCTOCYBaHHSI IPOMOHOBAHOTO MIJXOJY € y4acTh aHANITHKA y MpOIeci HaBYaHHS
Mojeni knacugikaiii. AHaJITUK 3aCTOCOBYIOUM HEOOXIIHMII IHCTpyMeHTapiii BU3HAYAE IPAHMIl KIJIACIiB, 3BUYANHHO
0a3yrounch Ha Bi3yalli3oBaHHX MaHWX. Hamani HaBUeHa cHCTeMa pO3IMi3HABAHHS €MOINH IpAIlloe CaMOCTIHHO 1 €
TIOBHICTIO aBTOMaTHYHOIO.

HaBuena monenb kimacudikamii AaHUX € JIepeBO pillieHb BIJHOCHOTO PO3TAllyBaHHS OO0 €KTIB JaHHX
BITHOCHO TPaHUIIp KJIACIB. 3a MU MPaBUJIAMH i BU3HAYAETHCS TOJIOKEHHS HOBOTO 00 €KTHBA Y MPOCTOPI O3HAK
BIJTHOCHO T'paHUIIb KJIACIB, a, BIIIOBIIHO 1 KiIacH(iKy€eThCs HOBHI 00’ €KT.

Pe3yabTaTn cunTe3y monelti

BanigHicTh 3ampoIIOHOBAaHOI MOJIENI TIPOTIOHYETHCS TEPEBIPUTH HA CHHTE30BAHWX MaHWX. lle MoxiImBO
TOMY, III0 peasibHi BXiJHI AaHi Oy yTh HaJIe)KaTH TUM K€ MPOMIXKaM, [0 1 IITyYHO CTBOPEH.

3a HaBeAeHMMM Yy TaOuuui 2 eMOLIHUMU HpOsSBaMU 1 BIJNOBIAHUMHU iM HPOMDKKAMHU AT Xi,X;,X3

3TeHepOBaHO BXiJHi JaHi Ta Bi3yali30BaHO iX y TBOMIpHOMY MIPOCTOPI 3a 3aIIPOIIOHOBAHUM ITiaX0a0M (puc. 1).
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Puc. 1. Bizyanizanist emouiiinux cranis

SIk BHOHO 3 MAaIIOHKY, CHHTE30BaHI JaHi 3rpyNOBaHi 3a €MOIisMH, IO MiITBEPIDKYE CIPOMOXKHICTH
3aIIpOIIOHOBAHOT MOJIEJTi BUKOPHCTOBYBATHCH JUIA Kiach]ikallii eMOLiifHUX CTaHiB.

Jaui, ciigyrodn KpoKaMu 3arporoHOBAHOTO MiAXOAY, BKa3aHi KYCOYHO-JIIHIMHI PO3MUIBHUKK JUIsl KIACIB,
10 BIATIOBIAAI0Th EMOIIITHIM cTaHaM (pHuc. 2).

Crinyroun naji, 3riTHO 3 3alpONOHOBAaHHMM IIiJIXOJIOM, OTPHMMAaHO IapaMeTPH TIMEpIUIONIMH — aHAaJIOTiB
JIiHIN, HaBeIEHUX Ha pHC. 2.

3a IOIOMOTOI0 OTPUMAHUX TTapaMeTpiB TIMEPIDIONIMH MOOYI0BAHO AEPEBO PIllICHb LIS TiMePIUIOMIWHHOI
krmacudikamii MiMIYHAX TIPOSBIB EMOIIITHUX CTaHIB.

BucHoBku

VY po0oTi 3amporoOHOBAaHO MIAXiA 10 OTPHUMAHHS CIPOLIEHOI MOJIENi 32 JONOMOTOI0 SIKOi CTaHe MOYKIIMBHM
peatizallis po3Mi3HaBaHHs €MOIIIHUX MPOSBIB HAa 00IMYYi IBUAKUM YHHOM. Y MOJICII peasi3oBaHa TilepIuloniHa
krmacudikamiss MIMIYHHX TIpOSIBIB OCHOBHHX €MOMIMHUX CTaHiB Ha o0mmu4yi. OCHOBHOIO TIepeBaroro
3aIIPOIIOHOBAHOTO TIIXOJy € HEBEJIHMKa OOUMCIIOBAJIbHA CKJIAIHICTh, IO JIACTh 3MOTY peali3yBaTh pO3Ii3HaBaHHSI
3MiH €MOLIHHOTO CTaHy JIIOAWHHM 332 MIMIYHMMH IpOsiBAMH Ha oOJIMY4i Oe3 BHKOPUCTAHHS CIELialli30BaHOTO
oGyiasiHaHHs (IJ1s1 BijeoKkamep 3 HU3bKOIO PO3IUILHOIO 3/IaTHICTIO abo Ha Benwukid Bincrani). Cdepa 3acTocyBaHHsS
3aIlpPOIIOHOBAHOTO iAXOAY — BUKOPHCTaHHS y CHCTEMax KOHTPOJIIO 32 BOMIEM IIiI 4ac KepyBaHHS TPAHCIIOPTOM,
OIIepaTOPOM CKJIQJIHOTO BUPOOHUIITBA TOLIO.

28 Herald of Khmelnytskyi national university, Issue 1, 2020 (281)



TexHiuHI HayKu ISSN 2307-5732

L]
Puc. 2. KycouHo-niniiini po3aijibHuKn Kiacis

[omanpmri qocmiKeHHsT HaNpaBJIeHI Ha BUSBICHHS Ha 300paKeHHI OOJMMYYsI, OTPUMAHOTO 3 BifleOKaMep 3
HU3BKOIO PO3IUIBHOIO 3JaTHICTIO ab0 Ha BENMKIH BiICTaHI, mapaMeTpiB Moneni y morpidOHomy ¢opmari Ta
CTBOPEHHS BIAMOBITHUX iHPOPMAIIHHIX CUCTEM.
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