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lzop Ilosxan

METOA IIOBYJOBHU AJITOPUTMIYHOI'O AEPEBA APYI'OI'O THUITY
HA OCHOBI AITPOKCUMAIIII HABYAJIBHOI BUBIPKH
HABOPOM AJI'OPUTMIB KJIACUDIKALII

Axmyanvnicmos memu 0ociioxncenus. CyyacHi iHpoOpMayiiiHi MexHoI02ll, 3ACHOBAHT HA MAMEMAMUYHUX MOOENSX PO3Ni-
3HaeanHs oobpasie y euenadi JI/[K (nociunux oepee kaacughikayii), wiupoko 6UKOPUCMOBYIOMbCA 8 COYIANbHO-eKOHOMIUHUX,
€KONIOSTUHUX MA THWUX CUCTNEMAX NEPEUHHO20 AHANI3Y Ma 0OPOOKU BeIUKUX MACUBI8 THOpMayii, 3pO3YMINO, WO Ye NOACHIO-
€mvca mum axkmom, wo maxuii nioxio 00360J4€ YCYHYmMu HAOIp ICHYIOYUX HEOONIKU 000pe Bi0OMUX KAACUYHUX MemOodie ma
docsiemu RPUHYUNOBo Hosutl pesynvmam. Poboma npucesuena memamuyi mooeneii JI/[K, npononye eghexmugnuii memoo no-
6y0osu modeneli ancopummiviux oepes knacugixayii (A/[K), sxi cknadaromocst 3 He3ANeHCHUX MA ABMOHOMHUX ANCOPUMMIE
Knacugixayii' i 6yoymo sa6asamu co60r0 8 Ne@HIl MIpi HOBUL ACOPUINM PO3NIZHABAHHS (3PO3YMIN0, WO CUHME308AHULL 3 BIOOMUX
aneopummie ma memoois).

Ilocmanogxa npodnemu. Ha coo2o0HiwHill uac 6ioomi pisi nioxoou ma memoou no6yoosu mooeneti JIIK (86ioomo binviue
Higre 3600 aneopummie po3nizHA6aHHs 3ACHOBAHUX HA PIZHOMAHIMHUX KOHYENYIsX, KL MAromb Ne6HI 0OMENHCeHHsl NPU IX 6UKOpU-
CMAHHI — MOYHICb, WEUOKOOIS, NAM'SMb, VHIBEPCANbHICMb, HAOIUHICMb, MOWO0), NPOMeE 8Ci 60HU, K NPABUILO, 36005MbCSL 0O
no6y0osu 001020 depeda Kiacu@ikayii 3a OaHuMU NOYAMKOBOI HABYANLHOI BUDIDKU. 3pO3yMiNo, w0 OOYINbHO He po3pobaamu
HOBUIL ANI2OPUMM, A 3aNPONOHYEAMU 0esKY KOHYENYilo payioHANIbHO20 BUKOPUCTIANHS 8JiCe HAKONUYEHO20 NOMEHYIANY aleopum-
Mig ma memooie knacugixayii' y euensioi mooenei A/K, i came momy dana poboma Mae Hamip Xoua ou 4acmro8o noooIAmu yi
0OMedCeH L Ma NPUCBSAYEHA PO3POOYL Memooy noby006uU MoOenell al2OPUMMIYHUX 0eped Kiacu@ikayil.,

Ananiz ocmannix rimepamyprux oanux. bynu poszensinymi ocmanni nyonikayii y 8i0OKpumomy 00Cmyni, siKi NpUces4eHi
npobnremamuyi nioxoois, Memooie ma areoOpummise 102iuHux depes Kiacugixayii (konyenyii Oepes piuieHyv) y 3a0auax po3ni-
3HABAHHA 00pA3i8.

Buoinenns nedocniorncenux uwacmun 3azanvhoi npoonemu. Moocnusicms epekmusnoi ma ekonomMHoi pobomu 3anpono-
HOBAH020 Memo0y noby006uU Al0PUMMILHO20 0epesad KIACUpiKayii Ha 0CHOBL MACUBIE HABYALHUX BUDIPOK 6€UK020 00 ‘€MY.

ITocmanoeka 3asoanns. Po3pobka npocmozo ma saxkicHo2o memoody nooyoosu mooeneti AIJK ons eenukux macugieé noua-
TMKOBUX BUDIPOK WIAXOM CUHME3Y MIHIMATLHUX popm Oeped Kaacughikayii ma po3nizHasanis, aKi 3a0e3neyyoms eQexmusHy
anpokcuMayiio HaguanbHol iHpopmayii HAbOPOM ABMOHOMHUX MA HE3ANEHCHUX ANIOPUMMIE Kiacupikayii.

Buxnao ocnosnozo mamepiany. Busenenns npocmoeo ma eghekmugHo2o Mexamizmy 3a 00NOMO2010 K020 MOJICHA 6Y10
6u 6ydysamu ancopummiune oepeeo kiacugixayii (modenv A/[K) 3a ¢ghixcosanoro nouamxosorw ingpopmayiero y euenadi noua-
mKogoi Haguanvuoi eubipku (HB). Hane areopummiune depego kiacughikayii 6yoe 6e3nomuiKoso po3nizHagamu 6Cro Ha84alb-
HOI 6UbIpKU 3a AKOIW NOOYO08aHe 0epeso Kiacuikayii Mmamu MiHIMATbHY CIPYKIYPY (CMPYKIMYpPHY CKIAOHICMb) ma cKiada-
MUCSL 3 ABMOHOMHUX AJI2OPUMMIE KIACUDIKayii 8 AKOCMI epuiluH KOHCMPYKYii (ampubymis depesa).

Bucnoexu 6ionogiono 0o cmammi. 3anpononosanuii memoo nobyoosu mooeneu AIK opyeozo muny 003801s€ npayro-
8amu 3 HABUATLHUMU BUOIDKAMU BETUKO20 00 ‘€My ma 3a6e3neuye 8UCOKY WEUOKICHb MA eKOHOMHICIb AnapamHux pecypcie
6 npoyeci eenepayii Kinyesoi cxemu Kkiacughixayii, Oyoysamu oepesa knacugixayii 3 Hanepeo 3a0aHOI MOYHICIIO.

Knrwuogi cnosa: 3a0aui posniznasanhs, 0epeea Kiacupixayii, areopummiyne 0epeso, cxema po3nizHAGAHH, OUCKPEMHULL
06 ‘exm, y3a2anvHena O3Hax.

Puc.: 2. Tabn.: 2. Bi6n.: 16.

AKTyaJIbHiCTb TeMM JocailzkeHHs. [H(dopmaiiiiHi TexHonorii, skl 3acHOBaHI Ha
MaTeMaTHYHUX MOJEJSAX po3Mi3HaBaHHS oOpa3iB y Burisal JIAK (Mmoxeneil moriunux nepes
kinacudikanii), MHUPOKO BUKOPUCTOBYIOTHCS B COILIAJIbHO-€KOHOMIYHUX, EKOJIOTIYHHMX Ta
IHIUX cuctemax oOpoOku iHdopmarii. [le mosicHIOETbCS TUM (PaKTOM, MO TAKUK TIAXIJT
JI03BOJISIE YCYHYTH HaOlp HEMONIKH KIACHYHUX METOMIB Ta JOCSATTH TPUHIMIIOBO HOBHMA
pe3yibTar, e()eKTHBHO Ta pallioHAJFHO BUKOPUCTOBYIOUH IOTY)KHOCTI OOYHMCIIOBAIBHUX
cucreM [1; 2]. [IpyyoMy Ha CHOTOAHILIHIM JIeHb BIJOMO OUIbIIE TPHOX THCSY aJTOPUTMIB
pO3Mi3HaBaHHA (3aCHOBAaHMX Ha PI3HOMAHITHHUX MIAXOAaX Ta KOHIEMIIAX), SKI MalOTh MEBHI
OOMeXeHHS TpU iX BHUKOPHCTaHHI (TOYHICTh, WIBUIAKOMIS, TMaM'sTh, YHIBEpPCAIbHICTH,
Ha/lIHHICTh, TOIIO), KPIM TOTO KOXKHUHN 3 alrOPUTMIB OOMEXEHUH eBHOIO crenndikoro 3a1au
3aCTOCYBaHHS, a I1e 0€3yMOBHO € HAaWCIAOKIIIUM MICIIEM HE TUIBKH JIAHUX aJITOPUTMIB, ajie i
CHCTEM PO3IMi3HaBaHH, K1 0a3yIOThCS Ha BIAMOBIIHUX KoHIenisaX [3]. Tak 06‘ekToM 1aHOTO
JIOCITIJKEHHS € JIOT14HI JepeBa Kiacugikauii (aepesa pimeHs). Binomo, 1mo npeacraBieHHS
HaBYaJIbHUX BHOIPOK (AMCcKpeTHOI iH(opmalii) Benukoro o0‘€My y BUIIIAIlI CTPYKTYp
JIOTIYHUX JIEPeB Ma€ CBOI CYTTEBI MepeBaru B IUIaHI EKOHOMIYHOTO ONHUCY JaHUX Ta
e(eKTUBHUX MeXaHi3MiB poboTH 3 HUMH [4]. ToOTO MOKPUTTS HABYAIHHOI BUOIpKH HaOOpOM
eJleMeHTapHuX o3HaK y Bumaaky JIJIK, a0o mokpurTs HaBuaibHOI BUOIPKH (DiKCOBAaHUM
Ha0OpOM AaBTOHOMHHX QJITOPUTMIB poO3Mmi3HaBaHHSA Ta kiacudikamii y Bumaaky AJIK
(anropuTmiuHUX JepeB Kiacudikamii), TOpomKye (iKCOBaHY AEPEBONOAIOHY CTPYKTYpPY

© Ilosxau I. ®., 2020

126



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2 (20), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

JIaHUX, SIKa B SKICh Mipi 3a0e31mevye HaBiTh CTUCK Ta TMEPETBOPEHHS MOYaTKOBUX AaHuX HB
(HaBYAJIbHOI BUOIPKM) — a OTXKE J03BOJISE CYTTEBY ONTHMI3AII0 Ta €KOHOMIIO arapaTHUX
pecypciB iHopmariitHoi cuctemu [5]. BigmiTumo, 1o ramy3b 3actocyBanHs kormemnii JIJIK
B JIaHWH Yac HaJ3BUYaliHO 00‘€MHA, a MHOXHHA 3aja4 Ta Po0JIeM, SKi PO3B’SI3YIOTHCS TaHUM
armapaToM Moke OyTH 3BelieHa J0 TaKHX TPhOX 0Aa30BUX CETMEHTIB — 3a/1a4l OMUCY CTPYKTYP
JaHUX, 33712491 po3Mi3HaBaHHs Ta Kiacudikariii, 3aaaqi perpecii [6].

Tak, 3natHicts JIJIK BUKOHYBaTH OJHOMIpHE PO3rally)KCHHS JUIS aHAIi3Y BIUIUBY (BasKIIH-
BOCTI, SIKOCT1) OKPEMHUX 3MIHHUX J]a€ MOXJIUBICTh MTPALIOBATH 31 3MIHHUMH PI3HUX TUIIB Y BH-
sl npeaukaris (y Bunaaky AJIK — BiAMOBiqHIMY aBTOHOMHHUMU aJITOPUTMaMH Kiacudika-
ii Ta po3nizHaBaHHs) [7]. B qaHoMy BUNIAAKy CTPYKTypa JIOTIYHOTO JepeBa MpeAcTaBicHa y
BUTJISIL TUTOK Ta BY3J1iB, IPUYOMY Ha TJIKaxX JiepeBa pO3TAIOBYIOThCSA IESKI MITKHU (aTpuOyTH,
3HAYCHHS) BiJ SKHX 3aJ€XKUTh HiaboBa (yHKUig (y Bunaaxy JIJIK — ¢pyHkuis po3mizHaBaHHs),
a B By3J1ax (BepIlMHAX) 3HAXOATHCS 3HauUeHHs PyHKUIT po3nizHaBaHHs (DP) abo posmupeHi
aTpulyTtu nepexoxiB. Binmitumo, 1o npu nodyaosi JI/IK nenrpanbHIMHU TUTaHHSIMHU 3aTHI1IA-
I0ThCS MUTaHHS BUOOpY kputepis atpudyty (Bepunuu JIJIK), 3a sikoro BinOyaeThest po3OUTTS
nouaTkoBoi HB, kpurepito 3ynunku HaBuaHHs (mo0ynosu ctpyktypu JIJIK) Ta kpurepito Bia-
KHUJIaHHS Tiok JoriyHoro aepesa (mianepes JIJK). Came Ha 11boMy eTari BUHUKA€ MPUHIIN-
nose nutanHs Teopii JI/IK — nutanHs MOKITUBOT TOOYAOBH BCiX BapiaHTIB JIOTIYHUX JEPEB, SKi
BiJIMOB1afOTh Mo4aTkoBiii HB Ta Bigbopy MiHIMAIIEHOTO 32 MTHOWHOO (KUTBKICTIO SIPYCIB) J10-
rignoro nepesa. TyT ciiJ BiIMITHTH, IO AaHa 3aqada € NP — noBHOIO (11e Oyio 3adikcoBaHO
mie JI. Xaiiinem ta P. PiBecom), a oTKe HE Ma€ IPOCTUX Ta €PEKTUBHUX METO/IIB PO3B’S3KY.

IMocTanoBka mpodaemu. Hexali Ha mouatky 3amadi 3ajmana aeska HB cranmapTHOTO
BUTJISITY:

(x1,fR(x1)), ey (xMﬂfR(xM))- (D

3ayBaxxumo, 110 TyT X; € G (G — Aesika MHOKHMHA MOYAaTKOBUX CHUTHAJIB), a BiAMOBIIHO
frx) €{0,1,2,....,k —1},(i = 1,2, ..., M), npuuomy M — 3arajbHa KiJbKiCTh HaBYAILHHX
nap (06°exTiB Bizomoi knacudikanii) noyarkoBoi HB B 3agaui.

Bigmosigno fr(x;) =1, (0 <1 < k — 1) o3nauae, mo o6‘ext x; € H;, H; € G. Ilpuuomy
TYT fr — IesiKa CKiHYeHO 3Ha4Ha QyHKIis (PyHKIis po3mizHaBanHa — DP), ska 3agae moyar-
KOBEe po30uTTs R MHOXMHM G, fKe CKJIaJaeTbCs 3 NIAMHOXKHUH (00pa3iB, KiaciB)
Hy, Hy, H,, ... H,_; (3ananoi HB).

OTxe, MokHa 3aikcyBaTH, 110 moyaTkoBa HB — 11e CykymHicTh (TOYHIIIE MOCIiOBHICTb)
Jeskux HaOopiB (00’ €KTiB BiIOMOI Kiacudikailii), IpuuoMy KO>KHHI Habip — 1€ CYKYITHICTh 3Ha-
YeHb JISIKMX O3HaK Ta 3HaueHHd Aeskoi GpyHkuii (OP) Ha nubomy Habopi. [Hmmmu cioBamu, Mo-
JKHA T1JICYBATH, 110 CYKYIHICTh 3HAUY€Hb O3HAK — 11€ JCsIKe 300pakeHHsI (UCKPETHUI 00’ €KT), a
3HavyeHHs ¢yHkuii (OP) BigHOCHTH 11€ 300paXkeHHs 10 BiANnOBiIHOrO 00pasy [8-10].

Otxe, 3BaXKaloud Ha BUIE3a3HAUYCHE, HA IIbOMY €Tarll JOCTIKeHHs Oy/ie CTOSITH 3a/1a4a
noOynoBu KoHCTpyKWii L aesxoro JIIAK, crpykrypHi nmapamerpu p sikoro Oynu 6 onTumalb-
HUMH O10J10 IToyaTkoBux maHux HB.

BinMiTMO, 1110 TOJIOBHA i/1esT METOy MOETAMHOI CEeNeKIlii eleMeHTapHIX O3HaK (abo Ha-
00py aIrOpUTMIB) MOJIATAE B TOMY, 1100 MAaKCUMi3yBaTH BEMUMHY SIKOCTI O3HAKU (AITOpH-
™y) Wy (f) [11; 12]. OcTanHe 03Havae, 110 B aITOPUTMAX JIOTIYHOTO JiepeBa Mae OyTH 3Haii-
JIeHa JUIsg HaByasibHOT BUOipKu TuMy (1) Taka y3aranbHeHa o3Haka f, 1uis skoi BenuanHa Wy, (f)
€, TI0 MOXKJIMBOCTI, HaiOinbpmoro [13].

AHaJi3 ocTaHHiX qocaifkeHb i myOJaikamii. [e qocmimkeHHs TPOJOBKYE MUK POOIT,
K1 IPUCBAYEHI MpoOIeMi 1epeBONOJIOHNX CXeM po3Mi3HaBaHHA (Kiacu]ikallii) AMCKPETHUX
00°€ekTiB [2-7]. Y HUX TOPYIIYIOTHCS TUTAHHS MOOY/I0OBH, BUKOPUCTAHHS Ta ONTHUMI3AIlii JIOTi-
yHUX nepeB. Tak, 3 [2] BimoMo, 1o pe3yapTyrode MpaBmiIo kKiacudikarii (cxema), ke mooymo-
BaHE JOBUIBHUM METOJIOM a00 aJrOPUTMOM PO3TaTyKEHOTO BUOOPY O3HAK, Ma€ JIEPEBOIO/I-
OHY JOTIYHY CTPYKTYpY. JloridHe AepeBO CKIAAaeThCs 3 BEPIIUH (03HAK), SIKI TPYIIYIOTHCS 32
spycamH 1 SIKi OTpUMaHi Ha eBHOMY Kpotii (eTarti) modynoBu aepeBa po3mnizHaBanHs [ 14]. Ba-
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JKJIMBOIO 3aJauelo, sika BUHUKaeE 3 [15], € cuHTe3 AepeB po3mi3HaBaHHS, Kl OyAyTh MPeICTaB-
astucs pakTHIHO AepeBoM (rpadom) anroputmiB. Ha BiaMiHy BiJ HasBHUX METOMIB, TOJIOB-
HOIO OCOOJUBICTIO IEPEBOMOIOHUX CUCTEM PO3Mi3HABAHHS € T€, 110 BAYKJIUBICTH OKPEMHX 03-
HaK (Tpynmu O3HAK YW AJITOPUTMIB) BU3HAYAETHCS BITHOCHO (YHKIII, sSKa 3a/1a€ pPO3OUTTA
00’ekTiB Ha kjacu [5]. Tak, y po6oTi [13] mopymrytoThCsi MPUHIIMIIOB] MTUTAHHS CTOCOBHO T'e-
Hepallii JepeB pillleHb IS BUTIAIKY ManoiHGpopMaTUBHUX 03HAK. 3natHicTh JIJIK BUKOHYBaTH
OJIHOMIpHE PO3TaTY’)KEHHS IS aHAI3y BIUIUBY (BaXKJIMBOCTI, SIKOCT1) OKPEMHX 3MIHHHUX A€
MOYKJIMBICTh TPAIIOBATH 31 3MIHHUMHM PI3HUX TUIIB Y BUTIIAAI npeaukaris (y Bumagaky AJIK —
BiJITOBIJTHUMH aBTOHOMHUMH aJrOpUTMaMu Kiacuikarii ta po3misHaBaHHs). Taka KOHISTIIis
JIOTIYHUX JIEPEB aKTHBHO BUKOPHUCTOBYETHCS B IHTENEKTYaIbHOMY aHaNi31 JaHUX, /1€ KiHIIeBa
MeTa TMoJIATae B CHHTE31 MOJIeIi, IKa MPOTHO3Y€e 3HAYEHHS IILOBOI 3MiHHOT HAa OCHOB1 Ha0OpY
MOYAaTKOBUX JIaHUX Ha BXoli cuctemu [ 10].

BunisieHHsi HeJgoCHiXKeHMX YACTHH 3arajbHoi mnpodjemu. [lomyk MoXIHMBOCTEH
e(peKTUBHOI Ta €KOHOMHOI POOOTH 3alpoIOHOBAHOTO METONY MOOYIOBH aIrOPUTMIUYHOTO
nepesa Kkiacudi-Karii Ha OCHOBI MaCHBIB HABUAIBHUX BUOIPOK BEIIMKOTO 00’ €MY.

MeTta po6oTu. MeToto 11i€i poOOTH € BUBYCHHSI OCOOIMBOCTEH reHeparlii mpaBuil (CXem,
Mojelel) Kiracudikarii B 3a7a4ax po3Ii3HaBaHHS Ha OCHOB1 aJITOPUTMIYHHUX JIepeB (MOJEICH
AJIK npyroro Tumy), po3poOka 3araibHOi cxemu MeTony mooynoBu AJIK s HaBYalbHUX
BUOIPOK BeIHKOT0 00’ eMy. Pe3ynbTaToM poboTH € mpoctuii MeTo]] cuHaTe3y Mojaeneit A 1K ms
3a1a4 kiaacudikamii JUCKpPETHUX 00’ €KTIB.

Buxnan ocHoBHoro marepiaiy. [Ipunyctumo, Ha nmovarky 3anana jaeska HB 3aranpHOrO
tury (1) — y BUMIISI1 TOCTITOBHOCTI HABYAIIBHUX T1ap (xl-, fr (xi)), HOTYXHICTIO — M, po3MipHi-
CTIO O3HAKOBOTO MPOCTOPY — N Ta (pikcoBaHUI HaOIp PIZHOTUIIHUX AITOPUTMIB Kiacu(ikaiii
(aq, ay, ..., ap). SayBaxkuMo, 110 poboTa modym0BaHUX MoJIesel aepeB Kiacudikailii mepesipsi-
€Thcs Ha MacuBi naHux TB, motyxHicTio — T (KJ1lacoBa HAJIEKHICTh SKHX TaKOXK B1IOMa).

3ayBakuMo, 10 TyT JnaHl mouyaTkoBoi HB 3apmatote nesxe po36urrs R Ha Kiacu
(H4, Hy, ..., Hy), a BIATIOBITHI aITOPUTMH ; MOKYTh OyTH HE MOB’53aHi €JUHOIO KOHIICTIIIIEI0
pO3Mi3HAaBaHHS, a PeaJi30ByBaTH PI3HOMAHITHI METOJM Ta ajJrOpUTMHU Kiacudikauii (Hampu-
KJ1a/1, 11€ MOKYTh OyTH 3BUYaiiHI FT€OMETPUYHI aJITOPUTMHU — MPUHIUI POOOTH SIKUX IMOJISTaEe B
anpoKcHUMallli HaB4aJabHOI BUOIPKU BIAOBITHUMYU F€OMETPUYHUMU 00’ €KTaMH, aITOPUTMHU 00-
YHCIIEHHS OLIIHOK, MOTEHIIaTbHUX (YHKIIT TOIIO).

Tpeba 3a3HaunTH, 110 PE3yABTATOM POOOTH KOKHOTO 13 3apikcoBaHUX (BiAiOpaHuXx i3 6i6i-
OTEKHU aITOPUTMIB JesIKOi iH(OopMaLiiHOI CHCTEMHU) aBTOHOMHUX ITOPUTMIB Kiacudikaiii Ta
po3Mi3HaBaHHS @;, Ha BiANOBIAHOMY Kpoil renepariii AJIK, € ogHa abo gekuibKa y3araaibHEeHHX
osHak (YO) — f; (neBHuX mpaBuiI Knacudikalii), AKi i ONMHUCYIOTh (aIIPOKCUMYIOTh) BU3HAYEHY
YaCTHHY ITOYaTKOBOI HaBYAIbHOI BUOIpKH. Tak, AJIsl BUMAAKY BIIOMUX TEOMETPUYHUX aITOPHT-
MiB pO3Mi3HAaBaHHS — BIATOBIIHUMHU PE3yJIbTYIOUUMH Y3araJlbHEHUMH O3HaKaMu OyJ1yTh reoMe-
TpUYHI 00’ €KTH, K1 MOKpUBaoTh HB B 03HaKOBOMY IpoCTOpi 3a71a4i pO3MipHOCTI — 1.

3po3ymilio, M0 B pealbHUX MPHUKIAJaX MOXKIWBI BUMAIKU, KOJIHU BIIMOBIIHUA aqTOpUTM
knacudikanii a; He Moxe MoOyAyBaTH y3aralbHEHy O3HaKy f; y 3B’A3Ky 3i CKIaJHHM
poO3TallyBaHHIM KJlaciB Hj B 03HaKOBOMY IPOCTOpI1 3a/1ayi, a00 MEBHUMH KOHIIENITYaJIbHUMU
Ta peanizaiiHuMu OOMEKEHHSIMH caMoro anroputmy kiacudikarii. Tomi, 3a aHaoriero,
MOXJIMBUH BUIII0K, KOJIM MOOYI0BaHi alropuTMOM Kiiacu(ikanii a; y3araabHeHi O3HaKH f;
HEMOBHICTIO allpOKCUMYIOTh noyatkoBy HB abo Taka curyariis nependaueHa caMmor0 cXeMoro
anroputMy TreHepauii AJIK (Hanpukiaa, HasBHICTH MOYATKOBOTO OOMEXKEHHS y CXeMi
aJIrOpUTMYy JIEpeBa — PO TeHepallifo He OiIbIIe HiXK OJIHA y3aralbHEHA 03HAKa f; HA KOKHOMY
etami mooynoBu mozaeni AJIK).

3ayBakumo, 00’ekTh mouaTkoBoi HB, ski He miamanmarTh mia MOOyIOBaHY CXeMy
anpoKcuMallii BUOIPKM MOCIHIIOBHICTIO y3aralbHEHHX O3HAaK f;, BIIHOCATHCA 10 BiJMOB
(mommitok) kiacudikarii nmepmoro tumy — Eng,. 1 ananoridyHo s gaHux TB HempaBuibHO
Kiacu(ikoBaHi TUCKPETHI 00’ €KTH — TaKOK BITHOCATH IO ITOMUJIOK TIEPIIOTO TUITY — Et,.
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OTxe, 3Ba)Kar0uu Ha BCE BHUILEBKA3aHe, MOXKHA 3pOOUTH MPUITYLIECHHS, 110 cTpyKTypa ALK
(tumy II) 6yne matu 3aranbHy KOHCTPYKLIIO BUTJISIY, SIK HAa pUC. 1, 1€ KOXKHHIA SIpyC TaKoro
JOTiYHOro JepeBa BHU3Hauae eran moOymoBu AJIK y BuUIIni ampokcumarnii MOTOYHUM
anroputMoM kiacudikaiii a; nmeBHol yactuHu HB Ta 3aBasku TakoMy MiAXOAy JO3BOJISIE
peryioBaTy GiHaabHy CKIAJHICTh (TOYHICTH) OTPUMAHOT MOJIEN1 AepeBa Kiaacuikarrii.

Takox 3a3Ha4MMO, 1110 HA KO>KHOMY Kpotli renepaiii moaeni AJIK (puc. 1) mogaerbes cBii
anropuTM «; kiacudikaii ta cBos BianosigHa HB (ab6o nmigMuoxuHa nmoyarkoBoi HB), mpu-
yomy rnodatkoBa HB B moOBHOMY CKJajli MOAAETHCA JIMIIE HA MEPIIOMY KPOLli, alli 3 HACTYII-
HUMH eTanamu noOy/10BHU JiepeBa Kinacudikalii moTyxHicTb MacuBy nanux HB Oyne magaru 3a
paxyHok Habopy nodynosanux YO f;, aki OynyTh BipizaT (ONHCYBaTH) MEBHY YaCTHHY JIa-
HuX 1o4atkoBoi HB. Takox BaXIIMBO 3ayBaKUTH, 1110 B 3AJIEIKHOCTI BiJl CTPYKTYPH CXEMU TI0-
oynosu AJIK Ta 0coOIMBOCTEH MOTOYHOTO ITOPUTMY Q; Ha KOKHOMY KpPOIIi MOXKIIUBO T'€HE-
pysaru Ginbie oxaniei YO f;.

Kpok Ne 2 Kpox Ne 3 Kpoxk Ne 4 y
yo prcy yo prcy YO ﬂpycy ==z==== . A
Ne 2 Ne 3 No 4

Puc. 1. 3aeanvna cxema cmpykmypu AJ/JK muny 11
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Ha mactynmHomy erami gocnimpkeHHs mais merony AJIK BBememo aBa 0a30Bi Kputepii
1100y I0BY MOJIEN epeBa KiacHikamii — KpHTEPil 3yNMHKA NPOLEAYPU PO3ray:KeHHs Kty
(BiH (paKTHUHO PETYIIOE CKJIAHICTh Ta TOYHICTh oTpuManoi Mmojen A JIK) Ta kpurepii Binoopy
posranyxenns W (a) (Bubopy anropurmy kiacudikamii Ha IOTOYHOMY KpOIl) Ijsl JepeBa
kiacudikarii mo OyayeTbces.

Omxke, 3BaKal0YM HA BULIE3a3HAYECHE, TOUUILHO BBECTH KPHUTEPiH 3yNUHKM Koy, TIPOLIECY
posranyxenHs tumy (boolean) mponemnypu nodymoBu AJIK, skwii monsirae B TepeBipIii
noTyxkHocTi Py (HB) HaB4aibHOi BUOIPKU TAKOTO BUIJIANY:

0,if Pyr(HB) =0 5
1if P,e(HB) >0 @
3ayBaxuMo, 110 TpoIeaypa moOynoBu aepeBa Kiacudikailii mpogoBKY€ETbCS AOTH, IOKU
Kstop = 1, a npoTunexna cutyauii — kom Ko, = 0 CHrHami3ye mpo 3aBepLICHHS €Talry
cunre3y mozeni AJIK ta HeoOXimHOCTI Tepexomy 10 KpOKY TECTOBOI IIepeBipku 3a fanuMu TB
Ta OI[IHKH SIKOCTI OTPUMaHO1 MOJIeNIi JiepeBa Kiaacudikarrii.
3ayBaxkumo, 1o B Metos1i AJIK crae nmprHIMIIOBIM MTUTAaHHS BUOOPY KPUTEPIIO PO3TaTyKESHHS
(BuOOpY MOTOYHOTO AMTOPUTMY Kiacu(ikaiii a;) y CTpyKTypi Mojeni JepeBa Kiacudikariii, mo
OymyeThcst. 3po3yMisio, IO 3a aHAJIOTIEI0 3 METoJ0M arpokcumarii HB HaGopom pamykoBaHMX
€IIEMEHTapHUX O3HAK SK KPUTEPII0 PO3Taly:KEHHS, MO)KHA 3allpONOHYBAaTH MOYATKOBY OI[IHKY
eeKTUBHOCTI HAbOpy aNropuT™iB (A1, &y, ..., @'s) B HACTYITHOMY BUTJISII:

Kstop =

1 k Eys
*)i—1(Ty3+Sy3+
Pt (HB) Xj=1(Tya+Sys+5 )

W(a) = . ©

¥V 3ampornoHoBaHomy (yHKIioHaN (3) BBEIEH! BEJIMUMHU MalOTh TaKy 1HTEpIIpETAIliIO:

1) k — 3aranpHa KUTBKICTH KJIACiB MOTOYHOI 3a1ayi, SKi 3afaHi po30MTTSIM R naHux
no4arkosoi HB.

2) Ty3 — xapakTepusye 3arajbHUl dYac (amapaTHUN 4Yac), SKUH BUTPAvya€ThCS Ha
no6ynoBy nmoro4noi YO fj;

3) Eyz — indopmauiiina €MHICTh (CTPYKTYpHa CKJIaAHICTh) mobynosanoi YO f; Ha
MOTOYHOMY Kpolli reHepariii moaeni AJIK;

4)  Syz — sBisie co0010 3aranbHy KUIbKICTh IUCKpeTHUX 00’ €kTiB x; HB, sKki y3aranpHioe
(onucye) us YO f;;

5) P,:(HB) — motyxnicth (06’eM) mouyatkoBoi HB (abo ii dikcoBanoi yacTunm s
MOTOYHOTO KpOKy anroputmy nodynosu AJIK).

3ayBaXuMo TYT, 1110 B hopmyi (3) cymyBaHHS BEIETHCS O BCIX KJlacax, skl 3a/1aHi MaCHBOM
JaHux mo4yatkoBoi HB (xoua MOxyTh OyTH i OOMEXEHHS IO J0JaBaHHIO, SKi OOYMOBIICHI
CTPYKTYpOIO (TTapaMeTpaMH) Camoro ajlropuTMy IMOOYI0BH JiepeBa Kiacudikariii).

BaxxmsuM MoMeHTOM y cxemi mooynosu mozeni AJIK (puc. 1) € Te, 10 Ha KO’)KHOMY KpoIii
aNropuT™My JaepeBa (hakTHIHO OyAayeThcsi cBOsI (pikcoBaHa (0gHA a0O0 JEKUTbKA — 3aJICKHO BiJl
crpykrypu camoro anroputmy AJIK) YO f;, npudomy ix 3aranbHa KilbKiCTh 30LIBIIYETHCS 3
KOXHHUM KPOKOM aJITOpUTMY JepeBa kiacudikarii, a came AJIK i3 HabopoMm airopuTmiB
knacudikamii (aq, @y, ..., @y) TOPOIDKYE (PEILTIKYE) IEPEBONOIIOHY KOHCTPYKIIO — JIEPEBO
y3aranpHeHux o3Hak (/1Y O) 3 BianoBinuumu HabopoMm YO (fy, fo, -, f2)-

Taxkum 4MHOM, 3BaXKarouu Ha BCE BHILEBKA3aHe, MOXKHA 3AMPOIIOHYBATH OJIHY 3 MOKJIMBHUX
anroputMigaux cxeM noodynosu AJIK (tumy II).

Cxema nobyoosu AJIK (muny II).

Eman 1. Otxe, Ha nepmomy etarni mooynosu AJIK BigOupaeTbcst Ha OCHOBI BIAIOBITHOTO
Kputepito edexktuBHOCTI (a00 B IHTEPaKTUBHOMY pEXHMi, BHIIAJKOBHM YHWHOM) HaOip
aBTOHOMHHUX QJITOPUTMIB Kiacudikauii Ta posmizHaBaHHA (a4, Ay, ..., Qy), PAHKOBAHUX
BIJIMOBITHUM YMHOM. TyT TaKoXX BIIOMPAIOTHCS SK caMi aJlTOPUTMH Kiacudikarii, Tak 1 ix
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3arajabHa KUTBKICTh y HAOOpi (BEIMYMHA M) 3aJIe)KHO BiJl yMOB Ta aCIEKTiB MPHUKIIATHOT 3a/1a4i.
Came et etarn Mae IPUHIIUIIOBY BaXIIMBICTh, TOMY 10 O€3MOCEPEIHBO BIUIMBAE HA (DiHAIBHY
ckiaaHicTh oTpuManoi moaeni AJIK.

Eman 2. Ha npyromy etani no6ynoBu AJIK OymyeTbest MOBHE peryssipHE JOT1UHE ASPEBO, JIE
Ha KOXXHOMY 3 SIPYCIB ITi€1 CTPYKTYPH PO3TAIIOBYETHCS BIIIMOBIIHUN alropuT™M Kiacudikarrii
PaH)KOBAHOT MOCTIOBHOCTI (X, Ay, ..., Ay ). Y 1IOMY JIOTTUHOMY JICPEBI KOXKHA BEPIIMHA Ma€e
IO JIBa TIEPEX0/IM Ha HACTYITHUH APYyC (Ba HAIIAIKK), SIKI TO3HAYAOTHCS 3HAYCHHSM 3 O1HAPHOI
MHOHHU {0,1}. OCKibKM MaeMO CIIpaBy 3 PETYISPHUM JIOTTYHUM JIEPEBOM, TO Ha KOKHOMY 3
ApYCIB IIi€i CTPYKTYpH pO3TAIIOBaHI MITKM (3MiHHI) OJHOTO TUMY (TIOPSAIKY), II€ CTOCYETHCS
JIMILE CaMMX alrOPUTMIB Kiacu(ikamii a;, a He YO f;, ki BOHH TEHEPYIOTb.

Tak, Ha apyromy erami renepauii AJIK (tun II) mocnizoBHO Ha BXiA aJropurMam
kiacudikaiii a; mogaeTbes MacuB nanux HB (BiAmoBiAHO 10 CTPYKTYpH OOYI0BAHOTO JIepeBa
knacudikanii (puc. 1) 3 MeTor0 oTpuMaTn Ha BMXOAi Halip Bianosiguux YO f;, npuuomy ix
3arajibHa KUIbKICTh Y KOHCTPYKIIIT IepeBa Ta KUTbKICTh ISl KOKHOTO aIrOpuTMy Kiacugikarii
(KpoKy y cxeMi JepeBa, spyCy JIOTIYHOTO JepeBa) 3aJIeKUTh BiJ IMOYATKOBUX IapaMeTpiB
iHinmianizamii anroputMmy noOynosu AJIK (3amaroTbesi B iHTEpaKTHUBHOMY pexumi abo
ABTOMATHYHO) Ta 0COOJIMBOCTEH MPHUKIIAAHOT 3a/1a4i, 1151 sIKO1 Oy yeThest Moaens AJIK.

[Ticns mobynoBu Habopy Bcix YO fj JUIS 1i€1 MPUKIIAJAHO1 3aa4l, BOHU PO3TAlIOBYIOTHCA Y
BIJIMIOBITHUX BEpIIMHAX OTPUMAHOIO JAepeBa Kiacudikalii 3 METOIO 3aBEpIICHHS MPOLEAYpU
fioro no6ynoBu. [IpMHIMIIOBUM MOMEHTOM LIBOTO €TaIy € Te, 1110 Habip nodynoBaHux YO mae
NepeKprBaTi Bech MacuB JaHuxXx HB s 3a0e3nedeHHs CTOBiJCOTKOBOTO pO3IMi3HABaHHS
HayalbHUX JaHuX. [Ipyyomy TyT MOXYTb OyTH NEBHI BIAXWIIEHHS, SKIIO OYAYETbCS MOJEIb
AJIK 3 Hamepea 3aJaHOI0 TOYHICTIO Ta CKIQIHICTIO (1Ie OOMEXEHHS YMOB 3a/1adi MOXKe OyTH
peaizoBaHo 3a PaxyHOK 3MiHHM KUIBKOCTI Ta MOTYKHOCTI YO f;, sKi OynyroThest Ha JPyroMy
eTari). 3ayBaXUMo, 110 I yMOBa MO)Ke OyTH TakoX peaii3oBaHa 3a PaxXyHOK OOMEXKEHHs
KpOKIB (KUJIBKOCTI IpyCIB KOHCTPYKIIii) B mpoueaypi noOynosu moxaeni AJIK, nonaTkoBuMu
OOMEXEHHSIMH KIIBKOCTI alIropUTMIB Kiacu@ikalii, skl BUKOPUCTOBYIOTbCS B CTPYKTYpI
nepeBa kiacudikarii.

Eman 3. Ha tpetbomy etamni cxemu nooynosu AJIK miciist modynoBr 0CHOBHOT KOHCTPYKIIi{
nepeBa kinacudikaiii MoxKHa IEPEeXOIUTH 0€3M0CepeIHbO 10 PEXKUMY TECTYBaHHS OTPUMAaHOI
mogeni AJIK. Ilpudomy aast KO)KHOTO TECTOBOTO 00’€KTa, KM MOJA€ThCs Ha BX1J JepeBa
kinacudikamii, OOYHCIIOIOTHCS BIAMOBIAHI 3HAYEHHS (p(aj) (3a momomoror Habopy
noOynoBanux padime YO — a8 KOXKHOI BEpIIMHHU BIJIOBITHOTO spycy JepeBa) sKi
3a0e31meuyroTh (BU3HAYAI0Th ) BIATIOBIIHUI MapIpyT y cTpykTypi noOynoBanoro AJIK apyroro
tuny. Tak YO koxnoi 3 BepmmH AJIK — y BUmagky MOXJIMBOi ampokcumanii o6’exTta
HEeBIJOMOiI Kjacudikauii 3a0e3neyyroTh IHKPEMEHTYIOTh BIANOBIIHUN JIYWIBHUK Kiacy
HaJIS)KHOCTI Ta 3JIMIIAI0Th HOro 6e3 3MiH y BUIIAJIKY BIIMOBH (HEMOXIIMBOCTI) KiIacu(ikarii.
Ha Buxoni ctpykrypu AJIK 00’ekT HeBigoMoi kiacu@ikaiii HaJleXuTh J0 TOTO KIacy,
JYMIBHUK HAJIEKHOCTI SIKOTO OyZe MakCUMAaJbHUM, Y BUIAJIKY iX HYJIbOBOI PIBHOCTI MaeMO
CIPaBy 3 B1IMOBOIO KiIacu]ikarii.

3aysaorcenns. 31 cxemu nodbynosu AJIK apyroro tumy, sika Oyia npejicraBiieHa BHILE, MO-
*KHa 6a4uTH, 1110 KUTbKICTh YO (MapameTpuyHa CKJIa/IHICTh, TOTYKHICTb) SIK1 TEHEPYIOTHCS TUM
caMMM BifliOpaHUM aIropuTMOM Kiacudikaiii ; Ha IessKoMy ApycCi JepeBa Kiacuikamii amis
KOXKHOTO 31 IUIAXiB cTpyKTypu AJIK Moxe OyTu pi3HOIO, IPUUOMY CIIAYIOUYH B IbOMY HaIps-
MKY IIPH1EMO /10 TOTO, 1110 KOHCTPYKIis Mozeni A/IK He 000B’A3K0BO Ma€ HaJleXKaTH J10 KJacy
PETYJSIPHUX CTPYKTYP (JIOTIYHUX JiepeB), TOOTO B KOXKHOMY sApyci KoHcTpyKuii AJIK 1o Oymy-
€THCS, PA30M 3 PI3HOIO KIJTBKICTIO Ta TUIOM (3araJbHUMH mapaMmerpaMu) YO IOMyCKaeThCs
HasBHICTb PI3HUK aJIrOPUTMIB KiIacu(iKallii Ta po3Mi3HaBaHHs ;.
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Eman excnepumenmanvnoi nepesipku. Tpeba 3a3Ha4UTH, 10 3aPONIOHOBAHI CXeMU M00Y-
noBu AJIK 103BoJIsie perynoBaTH CKIaIHICTh MO IepeBa Kiacudikaiiii, mo 0yayeTscs, 0y-
JyBaTH MOJIEN1 3 Hallepe.l 3aJjaH0k0 TOYHICTIO, a cama CTPYKTYypa JepeBa Kiacudikarii ckiaaa-
€TbCA 3 PI3HOTHIIHUX AaBTOHOMHHMX QJITOPUTMIB Kiacu]ikamii sSK OymiBeNTbHUX MOJIYJIB
(xommnoHeHTiB). [Ipuuomy 3amaua BimOOpy Mozeni nepeBa kiacudikailii cepea Habopy mody-
noBaanx AJIK Uit KOHKpETHOT 3a7a4i BU3HAYAETHCS HAOOPOM MapaMeTpiB, sSIKi MAIOTh BU3HA-
YaJibHY BOKJIMBICTh BITHOCHO MTOTOYHOI MPHUKJIaAHOT 3a1a4i (Habopy nanux HB).

3po3yMino, o JUIst MOpiBHSAHHS Ta Bindoopy KoHKpeTHoi Moaeni AJIK 3 ¢ikcoBaHoro Ha-
00opy HEOOX1THO BUIUIUTHA HAUOLIBII BAXUIMBI iXHI TapaMeTpu (PO3MIpHICTH 03HAKOBOTO MPO-
CTOpPY, KUIBKICTh BEPIIWH, IEPEXO/IiB, aJITOPUTMIB TOIIO) Ta BUSHAYUTH 1X MOXHOKY BITHOCHO
MacHUBY BXIJTHUX JaHHX.

[TpuHIIMTIOBO HA LILOMY €Tarli JOCIIKSHHS PO3TIIHYTH KPUTEPil AKOCTI OTpUMAaHuX iH(O-
pMaliitHuX Mojenel, siki 3ajiexaTh BiJ] TOXUOKU MOJIENi, MOTYXKHOCTI MOYaTKOBOT'O MacCUBY
naanx HB, 06’emy TB (KibKICTh HABYAIBHUX AP Ta PO3MIPHICTH O3HAKOBOTO IPOCTOPY 3a-
Jadi), KUTbKOCTI TTapaMeTpiB MOJIeIi TOIIIO.

3p0o3yMiso, II0 KPUTHIHO BXKIMBUMHE MapameTpamu nmodynoanoi monem AJIK, ski He0O-
X1JHO MiHIMI3yBaTH, € TOMUJIKHA MOJIENI BIAMOBIAHO HA MacuBax naHux HB, TB ta ans xox-
HOTO 3 KJIaciB, SIKi 33JJaHi MOYaTKOBOIO YMOBOIO IOTOYHOI MPUKJIIAIHOI 3a/1adi.

3ayBaxuMO, 1110 MPUHIIMIIOBUM MOMEHTOM 3aJIMILIAEThCS MUTAHHS 3MEHIIEHHS CKJIQAHOCTI
crpykrypu AJIK (MaeTbest Ha yBa3i KUIBKICTh O3HAK, aNrOpUTMIB y cTpykTypi AJIK, 3aramsHa
KUTbKiCTh BepinH Mozeni AJIK Ta 3aranbHa KUIbKICTh niepexoiB y cTpykTypi AJIK), mapamerpu
3araJbHUX BUTPAT I1aM’ATi Ta MPOIIECOPHOTO Yacy iH(popMamiiHoi cuctemu. Tak, BaXXIMBIM TIO-
Ka3HHUKOM SIKOCTI OOYI0BaHOI MOZET1 Y BUTIISAL iepeBa kiacudikarlii 3 BpaxyBaHHIM Mapame-
TpiB cTpyKTypH Mozeni JIJIK € 3aranbHuii iHTerpanbHUN NOKa3HUK SIKOCTI B Takid Gopmi:

ETan

e Mau, 4)

Qutain = Frau
Mamn =y 1 Sip;

Bigmitumo, y B hopmyii (4) Habip mapaMeTpiB p; sBIsie cOO00 HaOUIBII BaXKJIUBI XapaK-
TEPUCTHKH MOOYI0BAaHOTO JiepeBa Kiacudikaiii, 1110 OLiHIOEThCA:

1) Ery,; —3aranbpHa KinbKicTh TOMUJIOK Mozeni AJIK Ha MacuBax JaHUX MOYATKOBHX TeC-
TOBOI Ta HaBYAJIbHOI BUOIPKH;

2) My, —3arasibHa NOTYXXHICTH (00’ €M) MacUBIB JaHUX HaBYAJIbHOI Ta TECTOBOI BUOIPKU;

3) Fry,; — Xapaktepusye KUIbKICTh BeplIMH oTpumanoi mozeni AJIK 3 pe3ynbryrounMu
3HaYeHHAMH fr (PP, ToOTO NMHCTIB HepeBa kinacudikariii);

4) V4 — npencTaBisie 3arajibHy KUIBKICT BCIX THITIB BEPIIUH B CTPYKTYypi Moaeni AJIK;

5) Oy, — 3arajbHa KUIBKICTh y3arajJbHEHUX O3HAK, 1[0 BUKOPUCTOBYIOTHCS B MOJEII Jie-
peBa kinacudikariii;

6) P,;; —3aranpHa KiJIbKICTh IEPEXO0/1iB MK BEpIIMHAMHE B CTPYKTYPi HOOYA0BaHOT MOEi
nepeBa Kinacudikarii;

7) Ny — 3aranpHa KUIbKICTb PI3HUX aBTOHOMHHX aITOPUTMIB Kilacudikaii, o BUKOPH-
CTOBYIOTbCS B MOJIeJ iepeBa Kiacudikarii.

Le#t inTerpanpHuil mokasHuk sxkocti mozeni AJIK 6yne nmpuitmatu 3Ha4eHHsI B MeKax HYJIS
Ta onuHHII. UM MeHImi BiH Oyae, TUM ripma Oyze sKiCTh T00yA0BaHOTO JiepeBa Kiacudi-
Karlii, a yuM O1IpIIHil Oy/ie MOKa3HUK, THM Kpalie Oyae oTpruMaHa MOJIETb.

Jlami po3riisiHeMo HacTyNmHUM npukian nodynosu mozem AJIK 3 BiAMOBIAHUMHU MOYATKO-
BUMHU ITapaMeTpaMu:

1) dikcoBanuii Habip pI3HOTHIIHUX AITOPUTMIB Kiacuikamii Ta po3mi3HaBaHHSA
(ay, ay, ..., as), (m = 5).

2) YV macui nouatkoBoi HB 3anana indgopmairii mpo po30utts R Ha KJ1acu, 10 HE mepe-
tuHaoThes — (Hq, Hy, ..., Hy), (k = 4).
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3) IlouatkoBa HB Burmsiay (1) mae nmotyxHicts B 2000 HavasibHKUX 11ap (00’ €KTIB BiIOMOT
kiaacudikamii), (M = 2000).

4) Koxnuii i3 quckperHux 00’extiB HB x; xapakrepusytoThcst HA00OpOM 03HaK, aTpUOyTiB
— (x},x2, ..., x%%), (n = 20).

5) Hns mepeBipku otpumanoi mozemi AJIK 3amana TB motyxknicTio 500 eneMeHTIB,
(T =500).

[Ipencrasiena B 1boMy IpHKIIal moyatkoBa HB MicTUTh AaHi KOMIIOHEHTHOTO XiMIYHOTO
aHaJi3y BMICTY JIU3EIIBHOTO (BYTJIEBOAHOTO) MAaJbHOTO (3a7a4a OIMIHKM SKOCTI MajgbHOTO) Y
cripoleHoMy BapiaHTi (KUTbKicTh kiaciB HB 3amadi 3MeHIeHa A0 YOTHPHOX, PO3MIPHICTH
03HAKOBOTO TIpocTopy 3 38 1o 20, a KUTBKICTh alTOPUTMIB KJIacHdikallii Takok oOMexeHa Ha
MMOYaTKOBOMY €Tall IUIAXOM BiI0OOpY JHMINE TEOMETPUYHHMX Kiacu(iKaToOpiB) 3apaau
JEMOHCTpAIlil caMO1 KOHIIEMIIi1 alrOPUTMIYHOTO JIepeBa.

Ha mepmomy erami mpouenypu moOynoBu aepeBa kiacuikarlii, OmiHIMO e()eKTHBHICTb
KO>KHOTO 3 Bi1i0paHuX aJIrOPUTMIB Ki1acudikalii, Ha OCHOBI sIKHX i Oye moOymoBaHa 3arajibHa
cxema kiacudikaiii (momens AJIK), CTOCOBHO JAaHUX MMOYATKOBOI HaBYaIbHOI BHOIpKH (3a
KUTBKICTIO y3araJlbHEHUX O3HAaK, M0 Te€HEPYIOTHCSA IMOTOYHHM aJrOPUTMOM Ta BiIMOBaM
kiacugikarii).

Tabmuns 1

Oyinka eghekmusrnocmi ikcosanux areopummis Kiacupixayii Ouckpemnux 0o ekmis

BI0HOCHO NOYAMKOBOI HAYBALHOI BUOIDKU

(Homep knacy/ Anzopumm Anzopumm Anzopumm Anzopumm Anzopumm

Tun anzopummy) a, a, as a, as
Knac Hq 0/32 0/12 0/11 0/9 18/10
Knac H, 0/16 12/17 1/16 14/6 12/8
Knac H; 0/8 0/10 0/17 0/12 0/10
Knac H, 0/11 15/3 9/16 16/6 14/11

VY xomipkax HaBefieHOI Tabu. 1 mpencTaBieHa e(EeKTUBHICTh KOKHOTO 3 BiIOpaHUX ISt
3aJa4 aJrOpUTMIB KJIacH(iKallil BITHOCHO KJIaCiB MOYAaTKOBOI HABUAIbHOI BUOIPKHU, IPUUOMY
Meplie YWCIo BIAMOBIAAE 3a KUIBKICTh OO°‘€KTIB, SKUM BIAMOBJICHO B Kiacudikarii
BIJIMIOBITHUM QJITOPUTMOM (IIOMMWJIKaM, BiMOBaM Kiacudikalii), a Apyre — 3a KUIbKICTb
y3araJlbHEHUX O3HaK (JUIs LBOT0 TUIy AITOPUTMIB — T€OMETPUYHHX OO’ €KTIB), SIKUMH
anpOKCHMOBAHUH BIJMOBIIHUN KJIac MOYAaTKOBOI BUOIPKHU. 3alie’HO BiJl MOYATKOBOT'O BUOOPY
aNropuTMy sK BepmnHa JaepeBa kinacudikamii (momeni AJIK), mpomeaypa mnoOymoBu
pe3ybTYI040l CXeMH Kiacu]ikallii MoXke 3aBEpLIMTUCS 3 PI3HOIO KIJIBKICTIO KpokiB. OnHa 3
MOoxJIUBHUX ooynoBanux cxemu AJIK npencrasnena Ha (puc. 2).

Taxk, 3 Tabn. 1 MokHa 6a4uTH, 1110 €()EKTUBHICTD YCIX aJITOPUTMIB, 32 BUHITKOM aJIFOPUTMY
as (T€OMETPUYHOMY aJTOPUTMY TiNEPIUIOUIMH) BiAHOCHO kiacy Hy ctanoButh 100 %, Tomy
JUIsL KOTO anpoKCUMAIlll MOKHA 3aCTOCYBATH JOBUIBHUHN allTOPUTM (3pO3yMLIIO, 32 BUHATKOM
as. Ha Bcix HacTynmHHX eramax mMoOyJoBH cXeMH po3mizHaBaHHS (spycax cTpykrypu AJIK)
JIOLITBHO 3HOBY 3a(iKCyBaTH aJrOpuUTM aq (T€OMETPUYHMUA alropuT™m rinepcdep), sSKui
BUSIBUBCS HAMOLIbIII €()EKTUBHUM Ta €KOHOMHHUM MPOTH BCIX 1HIIMX KJIACIB JAHUX MTOYATKOBOT
BHOIpKH. 30KpeMa, HOTo OCOOJIMBICTIO € BEJIMKA YHIBEPCATBbHICTH IT[0/10 MOKJIMBOCTI TOOY/I0BH
y3arajgbHEHOi O3HAKW, HaBITh y THUX BHIIAJKaX, KOJHM I1HII T€OMETPUYHI aJrOPUTMH IIHOTO
3poOUTH HE MOXKYTh 1 1al0Th BETUKUH BIJICOTOK BIAMOB (TOMMJIOK) Kiacudikalii st 00’ eKTiB
HavaJbHOI BUOIPKU (BUMAIOK CKJIAaJHOTO, 3aIlNIyTAHOTO PO3TallyBaHHS KJaciB B 03HAKOBOMY
pocTopi 3a7a4i). BaXXIMBUM MOMEHTOM TaKOX € TOM (hakT, 10 KO’KHA 3 y3aralbHEHUX O3HaK,
3reHepOBAHUX AJITOPUTMOM Kiacudikanii a,, ABiIse coOor Halip KOOpPAMHAT LEHTPY
rinmepcdepu (B 03HAKOBOMY MPOCTOpI 3aaadi) 1 ii paaiyc Ta morpedye MiHIMaIbHUN 00’ €M
nam‘aTi iHpopMmaniiHOI cUCTeMH Ui CBOro 30epiraHHs Ta MPOCTI MeXaHi3MU poOOTH 3
Habopom Takux YO.
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Has4anbHa Bubipka

Knac 1

Jlo6ymoBa Cxemu

Kimac 4

Puc. 2. Ilpuxnao ckoncmpytiosanoi mooeni AIK

Tpeba 3a3HaunTH, MO0 MOACIH JepeBa Kiacudikamii (puc. 2) moOymoBaHa aJIrOPUTMaMH,
e(pEeKTUBHICTh SKHX OLIHIOBAaJTacs WHIOAO KIJIBKOCTI y3araJlbHEHHMX O3HAK (SIKUMH
ANPOKCUMYETHCS TIOYaTKOBA HaBYaJIbHA BUOIpKa), MPUUOMY JUIs IOBHOI allpOKCHUMAIlil MACHBY
HB nanoi 3amauyi Oyno JocTaTHRO JHIIE TPhOX anroputmiB kiacudikamii. Tak, mms
anpokcumalii kiacy Hy Ha (3 mepiioro no Tpertiid Kpok) Oyso 3aCTOCOBAaHO JIBa aJTOPUTMH —
CHOYATKy AITOPUTM Qg (T€OMETPHYHHUI aJTrOpUTM TiMEepIUIONIMH) NOOYyAyBaB y3arajibHEHY
03HaKy S, sKa JMIIe YacTKOBO HOro omucyBajia. Ha apyroMy erari 3acTOCOBAaHUIA alrOpHTM
a, (TeOMETpHYHHUIA aNTOPUTM Tileprapajiesiemnineis) — o3Haku PZ ta P{, axi octaTouHo it
3aBEPIIMIIN PO3Mi3HABaHHS (ATPOKCUMAITI0) IIbOTO Kiacy Hi.

Ha nactynHux eranax mnoOyaoBu mojeni AJIK 3HOBY ’ke 3acTOocOBaHHMM airopuTm
knacudikanii a; (anroput™ rinepcdep) (o3naku K2, K7, K1, KZ) Ta anroputm ag (y3araabHeHa
o3HaKa S3).

Tyt 1peba 3BepHyTH yBary, mo aias HoOyAoBH Iii€i cxemu kiacudikamii (puc. 2)
3aCTOCOBaHI TPU Pi3HI AITOPUTMH PO3Mi3HaBaHHS (3 I’ATHOX MOYATKOBO BiliOpaHMX), SKi
Oe3mnocepeIHbO HE BIUTUBAIOTH HA pOOOTY OJMH OJHOTO, TOOTO HA IXHBOMY MiCIli MOTJIH OyTH
30BCIM pI3HI 3a NPUHLHUIIOM Ta I1JEOJIOTIEI0 aNTOPUTMM Kiacudikaiii, 3 SKUX MOXKHa
CKOHCTPYIOBATH cxeMy po3mizHaBaHHs (Monens AJIK) moBibHOIT ckiagHOCTI Ta €(hEKTUBHOCTI.
BaxxnuBum € nuie epekTUBHICTh KOXKHOIO 3 HUX Ha (hiKcoBaHIM BHOOpI Ta iHpOpMaIliiiiHa
€MHICTh y3arajlbHeHUX O3HaK, TeHEPOBaHUX HUMHU.

[ligkpecnuMo, IO METOA AITOPUTMIYHOTO JIepeBa OINEpye JUIIe BXKE T'OTOBUMHU
(moOynoBaHMMHM) y3aralbHEHHMMH O3HaKaMHd, 1 HOro MoOKe 30BCIM HE I[IKaBUTH, SKUM
QITOPUTMOM YHM CHOCOOOM (IIpaBHIIOM, METOJIOM) BOHHM oTpuMani. [Ipuuomy y cxemi AJIK
(puc. 2) moka3zaHa MOKPOKOBA CXxeMa TeHepallii He OIMHUYHUX, a [UTHX HabopiB YO Ki] ,S 1] , Pl.] ,
ne j — vomep YO 1uig BIINOBIIHOTO Kiacy ampokcumarii (Homep eramy renepanii AJK,
BIJIHOCHO KJacy), a [ — HOMEp KpOKy TMpoIeAypyu TMOoOyIoBH JepeBa (KiIacy SKHi
AIPOKCUMYETHCS).

3po3ymisio, 1m0 15 cxeMa po3mizHaBaHHs (Moaenb AJIK), ckoHCTpyiioBaHa Ha OCHOBI METOILY
nepeBa knacudikamii (JIJIK/AZIK), Ta Moxke OyTH mpeicTaBlieHa SIK IMEBHA AJITOPUTMIYHA CXeMa
(omepatop), sika moOymoBaHa 3a JASIKUM aIrOPUTMOM MiHIMi3allli a00 MakcuMi3allili BiIOBITHOTO
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(dyHKITIOHATIA, HA OCHOBI SIKOTO OITIHIOETHCS BAXKIIMBICTh O3HAKH, TPYIH O3HAK a00 e(pEeKTUBHICTH
ABTOHOMHOT'O ITOPUTMY KJIacUdikallii, OJHO3HAYHO ITOB’S3aHOTO 3 IMOMMJIKAMU KiIacHQiKarii
(TTepeTHHAETHCS 3 METO/IaMU JIOTIYHUX JepeB Kiracu(ikariii).

3ayBaXuMO, IO METOJ aNTOPUTMIYHOTO JepeBa Ha OCHOBI BXIIHHMX JaHHUX (JIaHUX
HaBYaro4v0i BUOIPKH) Ta aCOPTUMEHTY (HaOopy) aJiropuTMiB (pOpMyBaHHS y3arajJbHCHUX O3HAK,
K1 30epiratoTbes B foro 0i0ioTeli, KOHCTPYIOE (TeHEpy€e) ONTUMANIBHY 32 BUTPATaMU MaM’ATi
(ckmagHOCTI) Ta €()EKTUBHOCTI pO3Ii3HABAHHS (CUCTEMY) TIEBHY CXeMY (ZIepeBo Kiacudikarii).
[Tix cxemor0 B IIbOMY BUIIAJIKY OyJIeMO pOo3yMiTH Habip YUCIOBHX MapaMeTpiB it Habopy YO

Ki] , Si] , Pl.] , AKi HaWKpall¥M YMHOM almpOKCHUMYIOTh MAacHB IOYAaTKOBHX HAaHUX. 30KpeMma, y
HAIIOMYy BHIIQJKy apryMEHTH CKOHCTPYHMOBAHOi CXEMH pO3Mi3HAaBaHHS — O3HAaKU KJIACiB
(rinepcdepu, rinepmapaneneninend Ta iHmI) ab0 MIDKKIACOBI O3HAKH (TIMEPIUIOIIUHU).
[TapameTpu BKkazaHUX O3HAK Ta 3aranbHa cTpykTypa AJIK (cxemu knacudikarrii) 36epiraroTbest
B IIaM’sITi KoMIT 1oTepa (iHpopMamiifHoI cucTemMn).

KoxHa 31 CKOHCTpYHOBAHHX CXEM 332 METOJIOM AJITOPUTMIYHOTO JiepeBa Oyie sIBISTH COO0I0
3araibHy cucTeMy po3mnizHaBanHs (Monenb AJIK), siky MOKHA 3aCTOCOBYBATH ISl PAKTUIHOT
pobotu (0OpOOKM BENUKHX MACHUBIB EKCHEPUMEHTAIbHUX NaHUX Yy BUTISAIl TUCKPETHHUX
HAOOPiB). 3ayBaAKUMO TaKOXK, IO OTpUMaHa cxema OyJie SBISTH COOO0 IMMEBHOIO MipOIO HOBUI
QITOPUTM PO3Mi3HABaHHS (3PO3YMLIO, 0 CHHTE30BaHM 13 BIIOMUX aJTOPUTMIB Ta METO/IB).
Kpim Toro, mist pobotu manmx orpumanoi mozeni AJIK Hemae HeoOXimHOCTI 30epiraTu B
nam’sITi KOMIT'IoTepa 00’€KTH BHOIpKH, 3a SKMMH Oyjga CKOHCTpyiHoBaHa, TOOTO BEIHKi
iH(opMaIiifHi MAaCHBH, OCTAHHE, Y CBOIO Yepry, BEJe JI0 TOTO, IO MPOIIEC MOOYAOBH CHCTEMHU
po3mizHaBaHHs Ha 0cHOBI MeToiB jepeBa (JIJIK/A/JIK) 3HauHOO MiporO CXOXKHUH 13 TIPOILIECOM
CTHCHEHHS (MalOThCSl HA yBa3i METOAM CTUCHEHHs iH(opMarlii i3 BTpatramMu) abo KOyBaHHSIM
iH(popMarlii (oNuc CKIAAHUX CTPYKTYp JIaHUX).

Ha HactynHoMmy eTamni JociiP)KeHHs IPOBEEMO OLIIHIOBaHHS Ta MOPIBHSIHHS TOOYI0BaHUX
moneneit nepeB knacudikamii (JIIK ta AJIK) mia npencraBneHoi BuIle MpUKIAIHOL 3aaa4i
kiacudikanii. Tak, pparMeHT OCHOBHUX pPE€3YJIbTATIB, IPUBEICHUX BUIIIE EKCIIEPUMEHTIB (T10-
PIBHSJIBHUX TECTIB MeTOAIB nmoOynoBu moaenei JIJIK Ha MacuBi gaHuX Ii€l MpUKIAAHOI 3a-
Jiadi), IpeicTaBiIeHUH y Tabul. 2, IpUYOMY CUHTE30BaH1 MOJIENI PI3HOTUITHUX JepeB Kiacudi-
Kallii 3a0e3neumin HeoOXiJHUH piBeHb TOYHOCTI 3aJaHUN YMOBOIO 3ajadi, MIBUJIKOMAIIO Ta
BUTpATH poOOUOi mam’ T iHGOpMAIiHOT CUCTEMH, aJie TIOKa3yBaJl Pi3HY CTPYKTYPHY CKJIaI-
HICTh MOOYy/0Bax JiepeB Kiacudikauii (Moaeneit) Ta Habopy y3araabHEHUX O3HAK (y BUIAJKY
MOJIeJTi AJITOPUTMIYHOTO JiepeBa Kiacudikarii).

Taomums 2
Topisuanvna mabauys mooeneti / memoois depes Kiacugikayii

Ne MeToa cuHTe3y CTPYKTYPH JoriuHoro | IHTerpanbnmii mokasHuk |3arajibHa KiIbKiCThb HOMHJIOK
aepesBa AKoCTi Mmogeni Qyqin monesi Ha HB ta TB Eryy,
1 | Merox noBuoro JIZIK Ha ocHOBI cejeKiii
€JIeMEHTapHUX O03HAK 0,004789 2
2 | Mogens JIZIK 3 0o1HOPa30BOIO OI[IHKOIO

BaXKJIMBOCTI O3HAK 0,002263 3
3 O6mexennit meto mooynosu JIJTK 0,003181 2
4 | Meroa anroputMiuHoro fiepesa (tumy I) 0,005234 0
5 | Mertoa anroputMiuHoro nepesa (tumy 1) 0,002941 0

3ayBa)kuMo, 10 3aIIPONIOHOBAHA B JOCIIHKEHH1 OLlIHKA SKOCTI MOJIeINi JepeBa Kiacugika-
uii (AIK) BimoOpaskae 6a30B1 mapaMeTpH (XapaKTepUCTHKN) AepeB Kiacugikailii Ta Moxke 0yTu
3aCTOCOBaHA SIK KPUTEPii ONTUMAIBHOCTI B MPOLEypi OIIHIOBaHHS JOBUIBHOI AepeBOIONI0-
HOT CXEMH PO3Mi3HaBaHHS, HAIIPUKJIIA] Y BUTIAJKY METO/IIB TOOY0BH Ta BiIOOPY BUITAIKOBUX
JIJIK 3 pobotu [16].
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Tak, 3anmponoHoOBaHUH y IbOMY JOCTIPKEHHI METO/ aJITOPUTMIYHOTO JIepeBa Kiracudikariii
(meromu AJIK mepiroro ta apyroro TUIty) nopiBHIOBasMcs 3 MetooM noBHoro JIJIK Ta oOme-
YKEHOTO METOJTy CEJIeKIIii elIEeMeHTapHUX O3HAK Ta IOKAa3aB 3arajoM NMPUUHATHUN pe3ybTar.

BucHoBku BianoBigHo 10 crarTi. [IpakTHyHa IIIHHICTD OTPUMAHUX PE3YJIBTATIB MOJISITAE
B TOMY, 110 3aIIPOIIOHOBaHUN MeTo 1 oOynoBu Mozenek AJIK (mepiioro Ta Apyroro TUIY) Aa€
MOYJIMBICTh Oy/nyBaTh €KOHOMHI Ta eeKTHBHI Mojeli Kiacudikamii 3ajaHoi TOUHOCTI (el
meton OyB peanizoBanuii y Oibmioreni anroputmiB cuctemi «OPIOH II» anst po3B’szky
PI3HOMAaHITHUX MPUKIIATHUX 3a7a4 Kiaacuikallii), Ikl XapaKTepu3yroThCsl BETUKUM CTYIICHEM
YHIBEPCAJIBHOCTI BIJIHOCHO IIMPOKOTO KOJIa MPHUKIATHUX 3a1ad. 3ayBaXMMO TaKOX, IO
NPaKTUYHI 3aCTOCYBaHHA MIATBEPAMIM Ipale3JaTHICTh MOOYAOBAaHMX MOJENeH aepeB
kinacudikamii Ta po3poOJEHOro MporpaMHOro 3abe3nedeHHs. SIK MepcreKTHBa, IMOJAIIbIII
JIOCJTIJDKEHHS MOXKYTh OYTH CIIpsIMOBaHi B 01K OAaIbIIOro po3BUTKY MeToAiB AJIK (BBeaeHHS
HOBHUX THIIB JiepeB Kiacu@ikarii), onTumizailii mporpaMHUX peati3alfiii 3arporoHOBaHOTO
metony AJIK, a Takosx iloro mpakTHYHOT arpoOariii Ha MHOXKHH1 pealbHUX 3a/1a4 Kiacudikarii
Ta po3Mi3HaBaHHS.

OTxe, 3Bakalovy Ha BCE BUIIE3a3HAUCHE, MOXKHA 3a(DiKCyBaTH TaKi MyHKTH.

1) Bukopucranns konuenuii AJIK mpu mobymoBi Mmoeneii aepes kinacudikaiii 103BOIIsIE
JOCATTH XOPOIIMX PEe3yJbTaTiB MO0 PO3UIMPEHHS KOjla MPHUKIAJHUX 3a/ad 3aCTOCYBaHHS
(BUMoOTa YHIBEpCaIBHOCTI), MOXKJIHMBOCTI MOOYIOBH Mojenel Kiacudikamii TOUYHICTh SKHX
MOYKHA PpEryioBaTh B mporeci moOymoBu (abo OyayBaTH CHCTEMH 3 Harmepel 3aJaHOlo
TOYHICTIO), MOXIJIMBOCTI pAIliOHAILHOTO BHKOPUCTAHHS BXX€ HAKOIMHUYEHOrO MOTEHIialy
METO/IiB Ta AJITOPUTMIB PO3Mi3HABaHHSI.

2) Konnernmiss AJIK mo3Bonsie OymyBaTtu Mojenmi JepeB Kiacudikamii pi3HUX THIIIB,
IpUUOMY BCi BOHU 0a3zylOThCs Ha MPOCTIH i€l anpokcumarlii HadalnbHOI BHOIpKH HabopoMm
ABTOHOMHUX alITOPUTMIB Kiacu]ikallii Ta mpeCcTaBlIeHHs OTPUMAHOI MOl Y BUTTISAL JesKOT
JIEPEBOMOII0HOT CXEMH.

3) BaxnuBuM MOMEHTOM € Te, mo oTpumana mozaenb AJIK 3 pi3HuUX anroputmiB Ta
METOAIB KJIacu(iKallii CBOEK 4eprow Oyae sBIATH COOO0I0 HOBHMH alrOpUTM pO3Ii3HABaHHS,
T00TO KOHIEenis AJIK —11e MeTos1 cMHTE3y HOBUX aIrOpUTMIB Kiacudikalii 3aJaHOi TOYHOCTI
npotu HB Ha ocHOB1 HaOOpy BXKE BIIOMUX.
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UDC 004.8:004.89:519.7
Igor Povkhan

A METHOD FOR CONSTRUCTING AN ALGORITHMIC TREE
OF THE SECOND TYPE BASED ON THE APPROXIMATION
OF THE TRAINING SAMPLE BY A SET OF CLASSIFICATION ALGORITHMS

Urgency of the research. Modern information technologies based on mathematical models of image recognition in the
form of logical classification trees are widely used in socio-economic, environmental and other systems of primary analysis
and processing of large amounts of information.it is clear that this is due to the fact that this approach allows you to eliminate
a set of existing shortcomings of well-known classical methods and achieve a fundamentally new result. The work is devoted
to the topic of classification trees models. It offers an effective method for constructing algorithmic models of classification
trees, which consist of independent and autonomous classification algorithms and will represent to a certain extent a new
recognition algorithm (it is clear that it is synthesized from known algorithms and methods).

Target setting. Currently, there are various approaches and methods for building classification trees models (we know
about more than 3600 recognition algorithms based on various concepts that have certain limitations when using them —
accuracy, speed, memory, versatility, reliability, etc.), but all of them, as a rule, are reduced to building a single classification
tree based on the data of the original training sample. It is clear that it is advisable not to develop a new algorithm, but to offer
a concept of rational use of the already accumulated potential of algorithms and classification methods in the form of classifi-
cation trees models, and that is why this work intends to at least partially overcome these limitations and is devoted to devel-
oping a method for constructing algorithmic models of classification trees.

Actual scientific researches and issues analysis. The possibility of efficient and economical operation of the proposed
method for constructing an algorithmic classification tree based on arrays of large-volume training samples.

The research objective. Development of a simple and high-quality method for constructing algorithmic models of classifica-
tion trees for large arrays of initial samples by synthesizing minimal forms of classification and recognition trees that provide an
effective approximation of educational information with a set of Autonomous and independent classification algorithms.

The statement of basic materials. Identification of a simple and effective mechanism that could be used to build an algo-
rithmic classification tree (a model of an algorithmic classification tree) based on fixed initial information in the form of an
initial training sample. This algorithmic classification tree will accurately recognize the entire training sample for which the
classification tree is built. It will have a minimal structure (structural complexity) and consist of Autonomous classification
algorithms as construction vertices (tree attributes).

Conclusions. The proposed method for constructing algorithmic models of classification trees of the second type allows
to work with training samples of a large volume and provides high speed and economy of hardware resources in the process
of generating the final classification scheme, to build classification trees with a predetermined accuracy.

Keywords: recognition tasks, classification trees, algorithmic tree, recognition scheme, discrete object, generalized model.

Fig.: 2. Table: 2. References: 16.

IToBxan Irop ®enopoBHY — KaHHAAT TEXHIYHUX HAYK, TOLIEHT, TOLEHT KadeapH MporpaMHOro 3a0e3neYeHHs CHCTeM,
JIBH3 «Yxropoacekuii HalioHabHIHN yHiBepcHTeT» (ByJ. 3anbkoBerbkoi 895, M. YVixropox, 88000, Ykpaina).
Povkhan Igor — PhD in Technical Sciences, Associate Professor, Associate Professor of Department of software,
Uzhgorod national University (§89B Zankovetskoy Str., 88000 Uzhgorod, Ukraine).

E-mail: igor.povkhan @uzhnu.edu.ua

ORCID: http://orcid.org/0000-0002-1681-3466

IloBxan 1. MeTon moGya0BH aaropUTMiYHOTO AEpeBa IPYTroro THILY Ha OCHOBI allPOKCHMAILi HaBYaIbHOI BUOIPKH HAOOPOM aJrOpHTMIB Kiia-
cucdikauil. Texuiuni nayxu ma mexuonoeii. 2020. Ne 2 (20). C. 126-138.

138



