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AOCHNIAXEHHA AJICOPUTMIB HABYAHHA
HEUPOHHMX MEPEX Y 3A0AUYAX
NMPOrHO3YBAHHA

Y cmammi docnidxyrombCs an2opummu Hag4YaHHsT WMyYHUX HEUPOHHUX MEPeX y
3a0ad4i npoeHo3ysaHHs. [ns docnidxeHHA bynu obpaHi maki WUpPOKO 8UKOPUCMOBY8aHi
anz2opummu Hag4yaHHs WMy4YHUX HeUPOHHUX MepPEX, SK areopumm 2eHemu4yHoI cenekuyir,
anzopumm CripsKeHux epadieHmie ma anz2opumm 3860POMHO20 MOWUPEHHST MOMUITKU.

Knro4doei cnioea: npozHO3y8aHHs, ana2opumm 2eHemuy4yHol cesnekuii, anzsopumm
CripsKeHUX epadieHmis, an2opumm 380POMHO20 NOWUPEHHS MOMUIIKU.

B cmamebe uccnedyromces aneopummbl 06y4eHUsT UCKYCCMBEHHbIX HEUPOHHbIX cemel
68 3alaye npoeHo3uposaHus. [ns uccnedosaHusi bbinu ebibpaHbl Mmakue WUpPOKO-
ucrionb3yemble aneopummbl  0By4eHUs] UCKYCCMBEHHbIX HeEUPOHHbIX cemel, Kak
anzopumm 2eHemu4yeckoll Cenlekyuu, an2opumm COMPSPKEHHbIX epadueHmos U
anzopumm obpamHo20 pacrnocmpaHeHusi OWUBOK.

Knroyeeble crioga: rposHO3UpPOBaHUE, an2opummMm 2eHemu4eckol cefekyuu,
an2opumm COMPSKEHHbIX epadueHmos, U afeopumm o6pamHo20 pacrocmpaHeHUsl
OWUubOK.

In this article the algorithms of teaching of artificial neuron networks are probed in the
task of prognostication. For research such widely utillized algorithms of teaching of
artificial neuron networks, as algorithm of genetic selection, algorithm of conjugating
gradients and algorithm of reverse distribution of error, were select.

Key words: the prognostication, algorithm of genetic selection, algorithm of
conjugating gradients, backpropagation algorithm.

BCTYN

B ocranHi poku y CBiTi OypX/IMBO pO3BHBA€THCA HOBA MpPUKJIagHa 001aCTh IITYYHOTO iHTENEKTY,
sIKa CIeLiai3yeThCsl HA BUKOPUCTAHHI IJIsl BUPIICHHS 1HTENEKTYalbHUX 33/1a4 IITyYHUX HEHPOHHUX
mepexxax (ILIHM). AkryanpHiCTh NOCHIIKEHb Y LBOMY HANpsSMKy MiATBEPIKYETHCS BEIMYE3HOIO
KIJIbKICTIO pi3HOMaHiTHUX BHKOpucTaHb IIITHM. OcHOBHMMHM KilacamMu 3ajay, Yy SKUX Ha CHOTOJHI
YCIILTHO BUKOPUCTOBYIOTHCS pieHHs Ha 6a3i [ITHM, e:

e  3a/aYi almpOKCHUMAIIii;

®  IPOTHO3YBaHHS,

e  kyacudikamis Ta po3ni3HaBaHHS 00pasiB;

e  KJIacTEpHU3allis;

e  imeHTH}IKAIS Ta OIIHIOBAHHS;

®  acolliaTHBHE KepyBaHHS.

I3 HaBemeHOTO TEpeIiKy MPOTHO3YBAHHS € OAHHUM i3 HaWOIIBII HEOOXIMHUX, ajie TPH ILOMY U
OIHMM 13 HAWCKJIAMHIMIMX 3aBIaHb IHTENEKTyalnbHOro aHamizy manux [3, 5, 10]. IIpoGremu
MPOTHO3YBaHHS TIOB’s3aHI 3 HEAOCTATHBOIO SIKICTIO ¥ KUIBKICTIO BXIIHMX HIaHWUX, 3MiHAMH
CepelloBUIa, V SIKOMY TIPOTIKae TPOIEC, BIUIMBOM CyO’eKTUBHUX (akTopi. IIporHo3 3aBxmau
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Komm’tomepHi mexHosoaii

3IIMCHIOETBCA 3 JESIKOI0 MOXMOKOIO, IO 3aJISKUTH BiJl BUKOPHCTOBYBAHOI MOJEN MpPOTHO3Y i
NOBHOTH BXIJHUX JTaHUX.

3amadi MpOTHO3YBaHHS B OCTAaHHIA Yac HaOyIn OCOOMMBOI aKTyalahbHOCTI ¥ cepi eKOHOMIKH 3
OTJISIAY Ha HECTaOUTBHICTP 11 — 1 HE TUIBKM B HAIIIW Jep)kKaBi, a # Y BChOMY CBIiTi. Pi3ki KOoIWBaHHS
KypCiB BaJIIOT Ta JIOPOTOMIHHNX METaJIiB BUMAramTh OUTBIT e(EeKTUBHUX 3aCO0IB MTPOTHO3YBAHHS, Hixk
Ti, IO BUKOPHUCTOBYIOTHCSA TPAAUIIIIHO. € YCITIITHI PIIICHHAS 3 TOOYIOBH IIPOTHO3Y 13 BUKOPUCTAHHIM
IMOBIPHICHUX METOMIB 1 Cy0’€KTHBHHX 3HAHb €KCIEpPTiB. 30KpeMa, JOCTIIKEHHSIM Y JaHiid 00JacTi
npHUCBsTIeHi podotu [1, 2, 7].

Henomikamu «KJIaCHYHUX»METO/IB TPOTHO3YBAHHS €:

—  BIICYTHICTh Y MOJEN YABJICHb IOJAO CTPYKTYPH W CHCTEMH 3B’S3KiB peajbHOr0 00’€KTa, MI0

BHOCHTB Cy0’€KTHBI3M Yy BUOIp K camoi MoJIei, TakK 1 il CTPYKTYpH;
—  TpyAHOILI MOoOYyJIOBH MOJEJCH 3a YMOBH, 1110 JaHI 30epiratoThCsi B PI3HUX YaCOBUX psAlax Ta
(ab0) MalOTh TUMYACOBI 3pYIIEHHS CTOCOBHO OJIMH OJIHOTO;

—  HEJOCTaTHS TOYHICTh IPOTHO3Y;

— 3HaYHa YYyTIMBICTh OTPUMAaHHX peE3YJNbTATiB A0 HemoctaTtHhoi iH(opmarii Ta (abo) ii

3aITyMJICHICTB;

— motpeba y BUCOKill kBamidikalii MaTeMaTHKiB-IPOrPaMiCTiB;

—  3aJeXHICTh pe3ysbTaTy MPOTHO3y BiJ KBami(ikalii aHamiTHKa B KOHKPETHIH NpeaMeTHii

o0macrTi.

VY nmaHiil cuTyanii imeansHUM pilIEHHAM € 3aCTOCYBaHHS Uil NMPOTHO3YBaHHS YaCOBHX PsIiB
MaTeMaTHYHUX MOJeJel, 3aCHOBaHMX Ha BHKOpucTaHHi amapara IIIHM, mo Bkimrouae B cebe
PO3BHHEHY METOJOJIOTII0 CTPYKTYPHOTO MOJETIOBAaHHS M METOXIB HaBYaHHS, OCHOBAaHHMX Ha J00pe
PO3BUHYTIH Teopii HENMHIHOTO MporpaMyBaHHs [6, §].

Onnak BukopuctanHs IIIHM mns pimeHHs 3aBgaHb NMPOTHO3YBAaHHS YacOBHX DAIIB 1 joTerep
HEJJOCTaTHBO PO3BHHEHE — 1 B TEOPETHYHOMY, 1 B NPAKTUYHOMY acnekrax. Tak, HampHKiIam, I0ci
HEMa€e OHO3HAYHOI JYMKH IOJ0 BUKOPHCTAHHS THX YU IHIIMX anroputMiB HaBuanHs LITHM, o,
0e3yMOBHO, € IyXe BXKJIMBUM IHUTAaHHAM 3 OISy Ha Te, 0 BHOIp NPaBHIBHOTO alTOPHUTMY
HaBYaHHs (PAKTUYHO | BU3HAYAE TOYHICTH MPOTHO3YBAHHSL.

B sxocti mpukiamy 3amadi  IPOTHO3YBAHHS PO3IIITHEMO 3a/ady MNPOTHO3YBAHHS —Kypcy
JOPOTOIIIHHUX MeTaliB. 3a7a4ya MPOTHO3yBaHHs KypCy JAOPOTOLIIHHUX METaJliB BiJTHOCUTHCS 10 KIacy
3a/la4 MPOTHO3YyBaHHS 4acoBUX psniB. CrpaBmi, icHye 4acoBuil psan {¢; ..., t,...} CTATHCTUIHUX
JMaHuX Oe3MocepeHbO KypCy IOPOTOIIIHHOTO MeTamy Ta (pakTopiB, MO BIUIMBAIOTH HA IEH Kypc
(manpwuxam, Kypc moyuiapa). 3 HbOro BUOMPAETHCS KiHIIEBE YHUCIIO WICHIB 74, ..., t,,. [IoTpiOHO CKIacTu
Taky yHKmio f{X;,...x,), kK <n, 106 st Hel BUKOHYBAJIOCS HACTYITHE:

|f(t1"‘ti+k—l) - ti+k

T00TO QyHKUisA f (i1 3HAUeHHsS) € «rapHUM» (Y AESIKOMY 3MICTi) NMPOTHO30M 3HAYECHHS f;4; 32
3HAYEHHSIM YaCOBOT'O BiKHA { {; ..., tixg; }.

OCKiNbKM KpUTEpiil SKOCTI MPOrHO3y MOKe OyTH pI3HMM, TO B JaHOMY BHUIAIKy BiH He
obroBoproetscs. KiHleBoo mMeToro 3axadi € 1 BUKOPUCTaHHS [J1sl MPOTHO3Y HEBIIOMUX 3HAYEHb 1,4,
t4+2,..., OCKUIbKM TMepen0dadacThCs, 10 SKIIO IS BEIUKOI KUTBKOCTI YaCOBUX BIKOH 3HAWCHHIA

2

«TapHU» MPOTHO3, TO BiH 3aJMIIAETHCA «TAPHUM» 1 AJS HEBEMUKOI KiJIBKOCTI YaCOBHX BIKOH, IIO
BUXOJSATH 3a IPaHMLI BiIOMHUX 3HAYEHb.

Ha puc. 1 npointoctpoBaHo o0uncieHHs nporuo3Hoi GyHkmii. KoxxHuit By3on mepesxi nmpuiimae Ha
BX1Jl MHOKHMHY BHXIJIHUX 3HaY€Hb MONEPEIHBOTO MIapy MEPEXi Ta Mepelae pe3yabTaT OOUUCIeHb Ha
HACTYMHUH Iap TAKUM YUHOM, II10:

a; — xoedilieHT 3B’A3Ky MiK i-M By3noM (L-I)-ro mapy 4u 3 k-M By3JIOM i-ro mapy, a

y=f (al.“) — pe3ynbTaT 0OUKCIIeHHs Y B3Il HoMep i mapy Homep L-1.
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Puc. 1. O0uncienssa GpyHKuii nporaosy

TakuM 4MHOM, HEMPOHHA Mepeka — OIHOPiAHA KOMIIO3HUIIIS IIapiB eIEMEHTapHUX 00UYHCIIIOBAYiB.
3 00Ky TifbKH (YHKIII IPOTHO3Y a0CONIOTHO BCE PIiBHO, 3 SIKOTO iHTEepBay Opatu 3HaueHHS: [0; 1] un
[-1; 1]. 3a3Buuait mpuitasito Oparu [0; 1], aje eKCIEpUMEHTH MOKa3yIOTh, IO B JESSIKUX BUIAJKaX
[-1; 1] € mominbHIIIAM.

OCKIiJTbKY BEIIMYMHU €IIEMEHTIB YacOBOTO Py MOXKYTh 3MIHIOBaTHCA Oe3mepepBHO (Ha BiIpi3Ky),
TO ¥ BCS Mepeka NMOBHHHA ITOCTIHHO 3HAXOTUTHCS B OE3MEpPEpBHOMY PEXHMI, IIOO peanizyBaTH
OesmepepBHy 3a BciMa aprymMeHTaMu (pyHKIIIO fy(.). ToMy BBakaeThcsl HeOaKaHUM BXOKCHHS BYy3Jia

(eeMEHTApHOTO OGYMCITIOBAYA) [0 PEKUMY «HACHYEHHS», TOOTO MOTPAIUIAHHS d, JIO TaKOi TOYKH,
ne f ’(af) — TIepIa MoXiHa — TOCUTh Majia.

OCKiJIbKM PO3IVIANAIOTECS IITKOM BH3HaueHi (YHKIHi, TO Ile O3Ha4ae, MO BEIMYMHA d HE
MOBUHHA CHJIBHO BIIXMJISATUCS B HYJISA.

+

a

+

a

PosrnsimemMo oOMexenHs a <a’ <a”, ‘a"z Sxo Majga, TO f(X) IOCHTH TOYHO

aNPOKCUMYEThHCS JTIHIHHOIO (YHKITIEH0.

HaBuanus Mepexi — 1€ TpoIeC TOMYKY Takux Koe(illi€eHTiB 3B’s3Ky, HPH SKOMY HEHpPOHHA
Mepeka pearisye «rapHy» QyHKIIio mporao3y. OCKiIbKA Mepeka peanizye 6e3nepepBHy GYHKIIIF0, TO
BOHa MOJXXE€ MPOTHO3YBATH TaK CaMo SIK JIEKUIbKa HOPMOBAHUI PsJl, TaK i TIEPETBOPEHUMA, HAPUKIIA],
KOJIM BCl 3HAYEHHs 3MeHIIeHi B k pasiB. [locuTh 3py4yHO elleMeHTapHHi O0YHMCIIOBaY € (YHKIIEH
BUTTIANY (4), OCKUIBKH B I[LOMY BHIAJIKY, SKIIO yCi BXOAM JOPIBHIOIOTH HYIIO, TO M BUX1J Takox Oyne
JOPIBHIOBATH HYINIO. Pa3zoMm 3 mi€lo QyHKIi€0 MOTPIOHO HOTpUMYBATHCS Iie OnHiel ymMOBH (st
OUIBIIIOT HAMIMHOCTI OOYHUCIIEHB) — CEPEIHS BEIMYMHA YaCOBOTO PSAY MOBHHHA JOPIBHIOBATH HYJIIO.

3A0AYI BOCHIQXEHHSA
Heo0xigHO OOCHiAUTH alrOpUTMH HaBYaHHS INTYYHUX HEMPOHHHX MEPEK NMPH BHUPIILICHHI 3amadi
NPOTHO3YBaHHS Ta BU3HAYNTH HAO1MbII e()eKTUBHUHN alrOpUTM HaBUaHHS.

AOCIIOXEHHSA AIITOPUTMIB HABYAHHS

PosrisimaroTbess TpU TPYNM alrOPUTMIB HAaBUaHHS HEWPOHHUX MEPEkK: alTOPUTMH T€HETHYHOT
CEIEeKIIiT, AITOPUTMH IPAJTIEHTHOTO CIYCKY, AITOPUTM 3BOPOTHBOTO PO3MOBCIOPKEHHS TOMUJIKH.

Anzopumm zenemuunoi cenexyii. [ eHeTHUHI aNTOPUTMU HABYAHHS MITYYHUX HEHPOHHUX MEpPEXK
0a3yloThCS Ha TCOPETHUYHHX JIOCATHEHHSIX CHHTETHYHOI Teopii eBOMNIONIi, SKa BpaxoBYeE
MIKpOOiOJIOTIYHI MEXaHi3MHU CHAJAKyBaHHS O3HAK Y MPUPOIHHUX 1 MITYIHUX MOMYJIAIISX OpPTraHi3MiB, a
TaKOXX Ha HAKOMHMYECHOMY JIOJACHKOMY JOCBiMi B CEJIEKIIii TBapuH i pociuH. [Ipu oMy MexaHi3MaMu
3MiHU BU3HAYEHUX O3HAK BUCTYMAIOTh CXPENTyBaHH (TiOpHUIn3allis) Ta My Tarlii.
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MeToo0ri9Ha OCHOBAa T€HETHYHUX alITOPUTMIB IPYHTYETHCS HA TIlIOTE31 CENEeKIIii, IKka B cCaMoMy
3aralbHOMY BHIJISAI MOXe Oyau cpopMyibOBaHA TaKMUM YHHOM: YMM BHINA PHUCTOCOBAHICTH
OCOOWHH, THM BWINA IMOBIPHICTH TOTO, IO B TOTOMCTBI, OTPUMAaHOMY 3 ii y9acTiO, O3HaKH, SKi
BH3HAYAIOTh MPHUCTOCOBAHICTH, Oy IyTh BUPAKEHI IIe OLTBIIIE.

OCKUIbKH TEHETHYHI aJTOPUTMH MAaOTh CIIPaBy 3 MOMYJAIISIMH TOCTIHHOI YHCENBHOCTI, TYT
0COOMHMBOI aKTyaJIbHOCTI HapiBHI 3 CeJeKIiero y 0aThkiB HaOyBae BimOip Ha 3HUIICHH:. Haitgacrime
OCOOHWHH, SKiI BOJIOMIFOTH HU3BKOIO MTPUCTOCOBAHICTIO, HE TUTHKHM HE O€pYyTh yUacTi y TeHeparllii HOBOTO
TTOKOJTIHHSI, a i BUIYy4JaloThCS 3 TIOIMYJISIIII] Ha YeproBOMY ITHCKPETHOMY KpOITi €BOJIFOIII.

BximHi qaHi nomarThes Y BUTIIBSIAL BeKTopa. KoopauHATH BEKTOPIB HECYTH 3MICTOBHY «TCHETHIHY»
iHpopmarrito. IlomibHO 1m0 TOTO, SK Yy TPHPOAI CXPEIIyBaHHS OPTaHI3MIB 3IIMCHIOETHCS Ha
TEHETUYHOMY PiBHI, y TIPOIIEIypi ONTHMI3allii KOOpAUHATH HOBUX CIIPOOHHUX TOYOK OTPHUMYIOTHCS SK
pe3ynbTaT MaHIMYJIOBaHHS KOOPIWHATAMH CTapuX. BiAMIHHOIO PHCOI0 TEHETHYHOTO AJTOPUTMY Bill
IHIIINX METO/IiB HABUAHHS IITYYHUX HEHPOHHUX MEPEXK € Te, IO BiH J03BOJISIE BiAIIYKATH III00ANBHUI
MiHIMyM MOXUOKM TPU HANAIITYBaHHI Bar, Xo4a 3 MaJIOI0 TOYHICTIO.

VY 3aranbHOMY BWIIAJIKy TEHETHYHWH aJrOpUTM BiAPIZHSAETHCS BiJ IHIIUX YHCENLHUX METOJIB
ONTHMI3aLlii THM, 1[0 3armo3uyae 3 610JI0TiI:

e  TIOHATIHMIA anapart;

®  iJCI0 KOJIEKTUBHOTO MOIIYKY EKCTPEMYMY 3a JOMOMOTOI0 MOMYJIALil 0coOuH;

e  crocoOM MoJaHHs TeHeTHYHOT iH(opMarrii;

e  crmocoOu mepenadi TeHeTHIHO1 iHpopMaIlii B 4ep3i OKOJIHb (TEHETHYHI OTIepaTOpH);

®  i/Ier0 PO MepeBaKHICTh PO3ZMHOXKEHHS HaO1IbII IPUCTOCOBAHMX OCOOWH.

BekTop BXigHMX 1 BUXimHHMX Bar HedponHoi mepexi W =W, W/

inp>"" mid >

w.), ne Wiy, — BEKTOp

BXiJIHUX Bar HeWpPOHHOI Mepexi; W/

mid

— BEKTOp Bar Mik j-M i (j + 1) — M NpUXOBaHWMH IIapaMu

HEHpOHHOI Mepeki (s OaraTomapoBoi HelipoHHoi Mepexi); j=1.k—1, ge k — uncno mpuxoBaHUX
mapiB; W,,,— BEKTOp BUXITHUX Bar HEHPOHHOT MEPEXKi.

Posmipaicte W nopiBatoe (N + 1) Iy + 1), +.4 JiJi +JiM, ne N — ancno Bxoais HM; J; — uncino
HEWPOHIB j-20 MPUXOBaHOTO TIapy; M — uncio Buxoxis HM.

HaBuyanHs HEWpOHHOT MEpekKi 3a JOMOMOIOK T'€HETUYHOTO ajIrOPUTMY — ITEpaTHBHHN MPOIEC
BIZIIIYKaHHS TaKoro Habopy Bar HEMPOHHOI MEpekKi 3a JOMOMOTOI0 BUIAJIKOBOI 3MiHM KOMIIOHEHTIB,
sika 0 3aJI0BOJIbHSJIA 3a/JaHUI KPUTEPili HAaBYAHHS.

3a xpuTepili HABYaHHS Bi3bMEMO CyMY KBaJpaTiB BiJIXWJIEHb, OTPUMAHUX 32 MOJEIUII0 BUXOMIB i
Oa’kaHMX BUXOHaX.

) =§||d —yof =%Z(dk —37)) .

[Tpouec HaBYaHHS MPHUIUHAETHCS NP AOCSITHEHHI KPUTEPIEM 33AaHOTO MOPOTY isi OyIb-SIKOTO 3
nrykaHoro HaOopy Bar. Ha mpakTHIi TOUYHICTH HalalITyBaHHS Bar 3a JOMOMOIOI T€HETHYHOTO
AITOPUTMY HEBUCOKa ¥ 3amaHa TouHicTh (mopsaky 0,001 um Buie) He Aocsiraerbesi. Tomy mporec
HABYAHHS MIPUITAHAETHCS MMiCT 3aKiHYeHHS 3a/1aHO0i KUTBKOCTI KpokiB eBororii. Kpamuit HaOip Bar Ha
1Iel MOMEHT € IIYKaHUM.

Y poboTi BenmWYMHA HABYAIBHOI ITOCIIJOBHOCTI BH3HAYAETHCS MPHU TOOYIOBI MOAEN BXiIHUX
JaHUX JJIS KOXHOI IPOTHO30BAHOI TOYKH. |'€HETHYHMH aJrOpuTM MNpPU3HAYEHUH A HAaBYAHHS
HEHPOHHOI MepeXi LUIIXOM HajalUTyBaHHA i BXiAHMX 1 BUXiZHMX Bar. Y pe3yJbTaTd HaBYAaHHSI
BUXOJM HEWPOHHOI Mepexi NMOBHHHI 30irathcs 3 OaKaHUMH BUXOJaMHU (peajbHHMH JaHUMH) i3
3aJIaHUM CTYTIEHEM BipOTiIHOCTI (KpUTEpiii HABYaHHS).

[Mpouenypy HaBuanus [IIHM 3a momomoroto I'A MosxkHa 300pa3uTH Ha OJIOK-CXeMi HACTYITHHM
YHHOM:
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Puc. 2. Biiok-cxeMa HaBYaJbLHOI0 AJTOPUTMY FeHEeTHYHOI ceJIeKIii

Anzopummu 3 6UKOPUCHAHHAM MemO0i6 ZpAdicHmHOz0 cHycKy. 3alady HaBUaHHA MEpexi y
BUIAIKy 3aCTOCYBaHHS TPaJi€eHTHUX aJITOPUTMIB PO3MNIAAAIOTH SIK 3aJady MiHiMizanii ampiopHo
BU3HAYEHOI LinboBoi (yHkuii &(w). ['panieHTHI MeToan 3B’sA3aHi 3 PO3KIaNaHHAM LLTbOBOI (PyHKIIT
&(w) B pan Teitnopa B HalOIMKIOMY OKOJIi TOUKH HAsIBHOTO pillIeHHs W. Y BHIIAAKY LibOBOT QPyHKIIT
BiJ 0araThoxX 3MiHHUX (W = [w;, W), ..., w,,]T) Take MPEJCTABICHHS OB’ SI3yEThCS 3 OKOJOM paHilie
BU3HAUYEHOI TOYKM (TMPH CTapTi alroputMy — L€ BUXigHa TO4YKa W,) B HampsMmKky x. llomiOHe
PO3KJIaTaHHs OMHUCYETHCS YHIBEPCATIBHOIO (POPMYJIIOI0 BUAY:

E(w+x) = E(w) +[p(w)]Tx+%xTH(w)x+ s

T
ne p(w)=V<é= {%,%,,%} — IIe BEKTOP IPaJEHTa, a CAMETPUYHA KBaIpaTHA MaTPUIISL
1 2 n

5S¢ 5¢

§W15‘4}1 - 5‘4216‘4})1

Hw)=

5E o°¢

Sw, 0w, Ow,0m,

€ MaTPUIEI0 MOXIAHUX APYTOro MOPSAAKY 1 HA3UBAETHCS TECCIaHOM.
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X Bigirpae poib HaIPaBISFOUYOTO BEKTOPA, IO 3aJIEKUTH BiJl (PaKTUYHUX 3HaueHb BekTopa w. Ha
MPAKTHIII YaCTillle PO3PaXOBYIOTHCS TPH MEPIINX WICHHU PATY, a HACTYITHI MIPOCTO iITHOPYIOTHCS.

Jlnst ciportieHHs onuCy 3HA4YCHHS 3MiHHUX, OJIepKaHi B A-My IHKIII, OyIeMO 3aliCyBaTH 3 HIDKHIM
iHIeKcoM k. ToUKorO pilmeHHsT w = Wy OyIeMO BBaKaTH TOYKY, B SIKI TOCSATAETHCS MIHIMYM IUTLOBOT
dyukmii {(w) ta p(wy)=0, a reccian H(wy) € HeBim éMHO BH3HAUYeHWM. llpm BHUKOHAHI ITMX yMOB
(hyHKIS B Oyab-AKif TOYIN, IO JIGKUTh B OKOJI Wy, Oyae MaTu OibIlie 3HAYEHHS, HIXK y TOUII Wy,
TOMY TOYKa Wy € PIICHHSM, IO BIAMIOBIAa€ KPUTEPIr0 MiHIMI3aIii MiIbOBOT QYHKITIT.

V mporieci MOITYKY MiHIMAJbHOTO 3HAYEHHS IUTHOBOI (DYHKINI HANMPSMOK IOIIYKY p Ta KPOK A
miAOUparoThCs TaKUM YHHOM, MO0 AT KOXKHOI HACTYMHOI TOYKH Wys; = Wy + 74X BUKOHyBajacs
yMoBa ¢ (Wi))< &(wy). llomyk MiHIMYMYy BHKOHYETHCS IO THX ITip, IIOKM HOpMa TpajllieHTa He
OTYCTUTHLCS HIDKYE anpiopi 3aAaHOT0 3HAYCHHS JOITYCTUMO1 TTOXUOKH, a00 TTOKH He Oy/ie TIEPEBHUIIICHO
MaKCHUMAaJIBHOI KIJIBKOCTI iTepalliii. YHIBepCaIbHHNA ONTUMI3AMIMHIK aJTOPUTM HaBYaHHS HEHPOHHOT
MepeXi MOKHA TPEACTAaBUTH B HACTYMHOMY BHIUIAALI (OyJeMo BBaKaTH, IO MOYATKOBE 3HAYCHHS
BEKTOPA, 1110 ONTHMI3Y€EThCS, BIIIOME 1 CKIIAIAE Wy = Wy):

Kpok 1: TlepeBipka 3X0[KyBaHOCTI Ta ONTHMAIBHOCTI OTOYHOTO 3HAUEHHS Wy SIKIIO TOYKa Wy
BIZIMIOBiIa€ TPaJi€HTHUM YMOBaM 3yNWHKH TPOLECY — 3aBEpIICHHs OOYUCIECHb. Y TPOTUIICKHOMY
BUMAJKY MEPENUTH 10 KPOKY 2.

Kpoxk 2: Bu3zHaueHHsI BEKTOPA HANPSIMKY ONTHMI3aLlii X U1 TOUKH Wy.

Kpoxk 3: Bubip BeTMYMHU KPOKY #; Y HANIPSIMKY X;, TIPU SIKOMY BHKOHYETBHCS YMOBA & (W + #,0,) <
¢ (Wi

Kpoxk 4: BuzHaueHHs] HOBOTO PIILICHHS Wy; = Wy T 7;X; a TAaKOX BiAMOBIIHMX HOMY 3Ha4eHb & (W)
Ta p(wy), a Akio tpeda, To 1 H(wy), Ta TOBEPHEHHS 0 KPOKY 1.

Aneopumm cnpsidicenux epadicnmie. lleli anropuTM BiApI3HAETHCS Bil 3arajlbHOTO AJITOPUTMY
TPaJi€eHTHOTO CIIYCKY THM, IO IPH BUOOPI HANpPSIMKY MiHiMi3alii He BUKOPUCTOBY€EThCS iHPOpMAITis
npo recciad. Hampsim momyky x; BHOMpAEeTbCs TaKMM YHMHOM, IMOO BiH OyB OpPTOTOHANBHHUM Ta
CIPSDKEHUM JIO BCIX MOMEPEHIX HAMPSAMKIB Xg, X/, ..., X;.;. MHOXHHA BEKTOPIiB X;, i = 0, 1, ..., k Oyze
B3aEMHO CITPSKEHOIO CTOCOBHO MATPHITli A, SKIIIO xl.TApj =0,i=j(1)

Bexkrop, 1110 3a10BOJIBHSIE 3a1aHl YMOBH, Ma€ BUTTIL
X1 = Xt oupy ()

e pr = p(wy) € GaKTUIHUM 3HAYCHHSM BEKTOPY TPadi€HTA.

I3 gopmynu (2) BIMBae, MO HOBHM HANPSAMOK MiHIMI3allii 3aJIeKUTh TUIBKH BiJl 3HAYCHHS
TpajieHTa B TOYLI PIMIEHHS Wj; Ta BiJl MOINEPEAHHOTO HANPSMKY TNOIIYKY pj, HOMHOXXEHOTO Ha
KOe(iLi€HT CIPSHKEHHST 0.

Anzopumm 360pOmMHO20 ROWUPEHHA ROMUAKU. B 3aralbHOMY BHTIISNI alTOPUTM 3BOPOTHOTO
MOUIMPEHHS TIOMIJIKY SIBJISiE COOO0 HACTYITHY MOCHIIOBHICTH KPOKIB:

Kpok 1: TniniroBaTy Baru MajJuMHy BUITaAKOBUMH BEJTHYHHAMHU.

Kpox 2: SIxmo ymoBa 3yNMHKY HE BUKOHYETbCS, BUKOHATH Kpoku 3-10.

Kpox 3: ]ng koxxHOT HaBYaJIbHOI Tapy BUKOHATH KPOKH 4-9.

Ilpamuii npoxio:

Kpok 4: KoxeH BXimHuil HEHpOH Xx; =/...n TpUMae BXiIHUHA CHTHaJ 1 MOIIMPIOE HOTO A0 BCIX
HEHPOHIB MPUXOBAHOTO HIAPY.

Kpoxk 5: KoxeH HelpoH NPHXOBAaHOIo Iapy v; =/...q MiJICyMOBY€ CBOi 3Ba’KE€H1 BXiJHI CUTHAJIM:

h»=ZW~ X,» 33CTOCOBYE JI0 OZICpKaHOi CyMH (YHKUIIO akTHBauii, GOPMyIOYN BUXIJIHHIl CHIHALL:
J ij i
i

V.= f(h _), KOTPHH HAICUIAETHCS 10 BCIX HEMPOHIB BUXIAHOTO IIapy.
J J

. (9} o . . q

Kpox 6: KoxeH BUXigHUil HEHWpOH ), k =I...m MiICYMOBY€ 3Ba)K€HI CHTHAIU: h=w. v
k Vi
J

(hopmyrouH micis 3acTocyBaHHs (YHKIIIT aKTUBAIIT BUXIIHUI CUTHAII MEPEXKi: y = f’(hk).
L=
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360pomne nowupennsa nomunku:
Kpox 7: KoxeH BUXiIHUI HEWPOH CIIIBCTABISE CBOE 3HAYEHHS BUXOY 3 MOTPIOHOIO IiTHOBOIO

(yHKIIEIO 1 BHPaxoBYyE §k:(tk_ yk)f’(hk), MIiCNsi YOrO BH3HAYAETHCS KOPETYIOUMH UIEH Bar:

ijk = né‘kvl , 4 mapaMeTpu 5k HaACUJIAIOTBCA B HCUPOHU IIPUXOBAHOI'O IIApYy.

Kpox 8: KoxxeH HeHWpOH NPUXOBAHOIO ILapy Vv, HiICyMOBY€E CBOI o -BXOIW BiJ HEWPOHIB

BUXITHOTO TIapy: b= 5., PE3Y/IBTaT TOMHOXKYIOTE Ha MOXiAHY BiA (GYHKII akTuBamii s
d d J!
k

BH3HAUYCHHSI é‘j. "= f'(hj); O Wy

Ta BUPaXOBYETHCS KOPETYIOUHMH YJICH: AW,]- =no Wik -

Kopezysanus gaz:
Kpok 9: Baru Mixx MpuXOBaHUM Ta BUXITHUM IIapaMu MOJU(IKYIOThCS TaK:
W (new)= Wy (old )+ Aw, .
AHAIIOTIYHO KOPETrYIOThCS Bard Mi>K BXiZJTHUM Ta IPUXOBAHUM ILAPAMH:
w, (new)= w, (old )+ Aw, .

Kpoxk 10: TlepeBipsieTbcsi yMOBa 3YNMUHKH: MiHIMi3allisl TOXMOKH MK MOTPIOHMM Ta pealbHUM
BUXOJIOM MEPEXKI.
3a 101moMororo GJI0K-CXeMH MOJaHUH alNrOPpUTM MOXKHA 300pa3uTH HaCTYITHUM YWHOM (puc. 3).

IopiBHsAILHUIT aHATI3 AJIrOPUTMIB HABYAHHSA IITYYHOI HeHPOHHOT Mepexi

[opiBHstTpHMK aHaMi3 OOpaHWX Uil JOCTI[HKEHHS QJITOPUTMIB MPOBOJUTHCS 33 TaKUMHU
KPHUTEPiSMH, SK 4Yac BUKOHAHHS aJrOpPUTMY, Yac BUKOHAHHS IMPOTPaMHOi peaiizamii anropurMis,
MIBUIKICTh CXOKEHHS AJTOPUTMIB Ta TOYHICTH PE3yNbTaTy NpOrpaMH MpH 3aJaHid KiJIbKOCTi
iTepariu.

Yacosa cknaduicmy. Yac BUKOHAHHS alTOPUTMY SBJISIE COOOI0 KUTBKICTh KPOKIB, SIKI BAKOHYIOTBCS
B JaHOMY aJiTOPUTMI BiJ MOYaTKy A0 KiHIM. [yis migpaxyBaHHs KiIBKOCTI KPOKIB JOCHIKYBaHUX Y
JaHiii poOOTi aTOPUTMIB, 3pYYHO CKOPUCTATHUCS HAaBEIEHUMH BHILE OIOK-CXEeMaMHU.

PesynpTaTi migpaxyHKiB HaBeAeHO y Tabimi 1:

Tabnuys 1
Yac BuxoHaHHs ajgroputMmis Hapyanus [IHHM
Ha3zBa anropurmy Yac BUKOHAHHS aJITOPUTMY
(kpoxn)
ANTOPUTM T€HETUYHOT CeJIeKIIiT 8
ANTOPHUTM CHIPSDKEHHX TPAIi€HTIB 11
ANTOpUTM 3BOPOTHOTO TOIIMPEHHS 16

IIOMHMIIKHA

KifpKicTh KpOKiB XapaKTepu3ye coOOI0 HIlllO iHINE, SK CKJIAAHICTh peani3alii anropuTMmy, IO €
3apa3 JOCHTh Ba)KIMBUM (DaKTOPOM, aJKe€ 4acTo poOOYMi 4ac mporpamicTa KOIUTYE JOPOXKYE, HIX
poOoumii yac KOMI '10Tepa, Ha BiAMIHY BiJl MUHYJIHUX POKIB.

Ha mBuakicTh BUKOHaHHS IPOTPaMH B IIJIOMY BIUIMBAIOTh TaKi (aKTOPH:

e  BBEJCHHS iHPOpPMAIIii B CHCTEMY;

®  SKICTh CKOMITUIHOBAHOTO KOJy IIPOTpaMu;

®  YacoBa CKJIagHICTh IPOTPaMH.
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( IlouaTox >

v

I'eHeparist BUNaAKOBOTO
Habopy Bar

[Moxubxy
MIHIMI30BaHO,
abo k>N

OnepsxkaHHs BXiTHOTO
BEKTOpa

v

h,-=l’Z’w/x,
v,:f(h,)

5=t~y )

Aij:Ué‘ij

'

hﬁi&w,k
0,= f'(h/);i& Wy
Aw; =né,w,

A 4

J!

g y

Wi (new) =W, (old)+ Aw,
w; (new) =w, (old) +Aw;

v

k=k+1

Tak

A 4

C

Kinenp

D

Puc. 3. Biok-cxema ajJropurMy 3BOPOTHOr0 PO3MOBCHIKEHHS IOMUWIKH
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OcCKinbKM TIporpaMHi peanizaiii Bcix Tpbox anroputMiB HaBuaHHs [IIHM omepyroTs 3 omHUM 1 THM
caMiM HaOOpOM BXiJHUX JaHWX, BUKOPUCTOBYIOTHCS I HABYaHHS OHI€T i Tiei x cTpykTypu [LIHM
Ta CKOMITUTOBaHI OJJHUM KOMITUISTOPOM, TO IEPITUMHU TBOMA (DaKTOpaMy MOXKHA 3HEXTyBaTH. Takum
YUHOM, Hac IIKaBUTH JIWIIE YacoBa CKIAIHICTh MPOTPaMHOI peajizamii KOKHOTO 3 JOCIiHKYBaHHX
anroputMiB HaBdauus [IIHM.

YacoBy CKIAIHICTh MPOTPaMH BH3HAYAIOTEH 32 JOIIOMOTO0 Tak 3BaHOI O-HoTaIii. ACHMIITOTHYHA
HoTaris Benukoro O, BijoMa TakoXK sSK HOTaris JlaHmay, — poO3MOBCIOKEHAa MaTeMaTHYHA HOTAIIis
UIsT OPMAJTEHOTO 3alHMCy ACHMIITOTHYHOI ToBemiHKK (yHKmi. Illupoko BKUBaeThCs B Teopii
CKIIAJTHOCTI 00YMCIICHB, iIHPOPMATHII Ta MATCMATHIII.

OCKUIBKH BCl JOCHTIDKYBaHI B JaHiIH poOOTI anropuTMH 0OpoOIOI0Th OMWH 1 TOH ke Habip
BXIIHUX JaHWX, [0 BEIWYNHY MOYXHA MPUHAHATH KOHCTAaHTHOIO M TaKoOIO, IO HE BiTirpae CyTTEBOI
poJIi y BCTAHOBJICHHI YacoBOi CKIAIHOCTI MPOTPaMHOI peajizamii KOXKHOTO 3 BHIINECHABEICHUX
AJITOPUTMIB.

TakvM YMHOM, i3 BEJIMYWH, IIO MalOTh 3HAYCHHS NPU BUKOHAHHI anroputMmy HaB4yanHs [ITHM:
Ha0ip HaBYANBHHUX JaHUX, HAOIp Bar Ta KiJbKICTh iTepaliii HaBYaHHS, 3aJMIIAIOTHCS JIMIIE OCTaHHI
nBi. OTke, KUTBKICTB iTepaniit (k) 1 po3mip BekTopa BariB (w) OyayTh BUKOHYBaTH pOJb Mipu 00’ emy
BXIJHUX JAHHX.

OO0uKCIMMO YacoBY CKIIJHICTh MEPIIOTO i3 PO3TISIHYTHX aJTOPUTMIB — HABYAILHOT'O QJITOPUTMY
TeHETHYHOI CEIeKIIITIo

Cam nuki HaBYaHHS Oyne BUKOHYBaTucs N — [ pa3iB, TOMY, KOPUCTYIOUHCH TPaBHIOM JOOYTKY,
MOXXEMO OOYMCIIMTH 3arajbHU 4Yac BUKOHAaHHS TNPOTpaMH, IO pealidye HaBYaJIbHUN AITOPUTM
TeHETHYHOI CEeTeKIIii:

O,0.= O(N—-1) * O(w) = Nw —w.

Mu Mornu 0 3HEXTYBaTH BEIMYMHOIO W, SKOM Majlil Ha METI BUKOPUCTOBYBATH JAaHHW alTOPUTM
e it HTHM 3 He3HaqHuM 32 po3MipoM BeKTOpoM BariB. OpHaK Ajs BUpimeHHs 6araTtbox 3azad (i
3aJa4di MPOTHO3YyBaHHS B TOMY YHWCIIi) JOBOAWUTHCS BHUKOPHUCTOBYBAaTH JOBOJI CKIIAAHI CTPYKTYypH
HEHMPOHHUX MEPEK, TOMY BIIKMIAHHS YMCla W, SK TAKOro, II0 HE Ma€ CYTTEBOTO BIUIMBY Ha 4Yac
HaBUaHHA, MOke OyTH HemouinmbHUM. OTXKe, MiACYMOBYIOUM BCE BHIECKA3aHE, OJCPKUMO, IO 4ac
BUKOHaHHsI MIPOTPaMHU, sIKa peallizye HaBYaJIbHUH aJlTOPUTM T€HETHYHOI cenekuii, Oy/e JopiBHIOBATH
O]"A = Nw—w.

Takwuii ke pe3yabTaT OACPKUMO 1 y BUMNAAKY i3 aJTOPUTMOM CHPSDKEHUX TPATi€HTIB, OCKIIBKH,
nonioHo 10 I'A, 1eii anropuT™M BUKOHYE CBOI OIeparii Bipa3y Ui BChOTO BEKTOpA BXIJHHUX BAariB i
TaKOX MPOXOAUTH yepe3 N — [ iTepartii.

Tomy MoxeMo Bifjpazy BU3HAUUTH, O Ocr= Nw — w.

[3 anropuTMOM 3BOPOTHOTO TMIOIIMPEHHS IMOXHOKMA CHTyamis € JAenio iHmow. BiH Takox
BUKOHY€eThCSI N — [ pasiB, olHaK oreparlii BCepeArHI OCHOBHOTO IHWKIY BHKOHYIOTHCS ITOIIAPOBO,
TOOTO HE W Pa3iB, SIK y ONEPEeIHIX ABOX BUIAIKAX, a W/M, 1€ M — KUIbKICTh IIapiB BEKTOPY Baris.

Takum uuHOM, SIK 1 paHille BUKOPHUCTOBYIOUH IMPABHIIO CYMH Ta TPABUIO JOOYTKY, OIEPKUMO:
O3 = Nw/m — w/m.

Mu He MOXeMO CIBBIIHOCUTH KiJIbKICTh iTe€paliil TOJOBHOTO LUKIY alroputMmy (OyIIb-sSKOTO 3
BUIIICO3HAYEHUX) 1 pO3Mip BEKTOpa BariB, OCKUIbKM HE 3HAEMO, HACKINBKH IIi BEIWYHHH
BIJIPI3HAIOTHCS. 3aBXKAM 3aJUINAETHCS HEBEIWKAa HMOBIPHICTH TOTO, IO BAanuii Habip Bar Oyme
BiIHAWIEHO IIIeé TIPW BHUMNAAKOBIN TeHepallii, i B TakoMy BHUIAJKy KITBKICTH iTeparliii He Oyme
BiZlirpaBaTH HisKOi poiti. ToMy B gaHiii poOOTi HISKHX CIIBBIAHOIIEHB Ta CIIPOIIEHB MO0 BETHMYUH N
Ta W He BUKOHY€ETHCSI.

PesynmpraTé o0uYncieHh 4Wacy BHUKOHAHHSA NIPOTpaM, IO Peai3yloTh IOCTIHKYBaHI alTrOPHTMH
naBuauHsa [IIHM, naBeneno y Tabmurti 2:
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Tabruys 2
YacoBa cKiIagHICTh AOCTIKYBAHHX AJITOPUTMIB
I[porpamua peajizauis aaropurmy Yac BUKOHAHHS MPOrpaMu
TEHETHYHOI CeIeKITii Ory=Nw—-—w
CHpSDKEHUX TPalieHTiB Ory=Nw—-w

3BOPOTHOT'O IMOIIUPECHHS
P p OgnnzNW/m*W/m
IIOMUJIIKHA

OTxe, MOXXHA CKa3aTH, II0 KOXEH i3 HaBeleHUX AalTOPUTMIB € JIHIHHMM IO CBOIH CyTi, a
HACKUTPKM BaXXIIMBUMHU € TlapaMeTpu N, w Ta m MOXXHA CKa3aTH JIMIIE MPH PO3TIAAl KOHKPETHOL
ctpykrypu LIIHM.

Bubip ctpykTypu Mepexi mpoBoauBcs 3a moromororo nmporpamu STATISTICA Neural Networks.

Hapuanas IIIHM anropuTMOM TEHETHYHOI CENEKIlii BHKOHYBaJOCS 3 BUKOPHCTAHHIM
nporpamHoro 3abe3neueras GeneHunter.

Hapuannas [IIHM anropuTtMaMu CHpsDKEHUX TPATIE€HTIB Ta 3BOPOTHOTO TIONTHUPEHHS ITOMIUIKH
npoBoauinocs 3 BukopuctanusM mporpamu STATISTICA Neural Networks.

OOpaHy CTpYKTypy HEHpOHHOI Mepexi, ska Oyae iIeHTHYHOIO UIS BCiX TPHOX aJTOPUTMIB,
MMOKa3aHo Ha puc. 4.

... Network Illustration (Crar.ganHbie, ;IE' El

Puc. 4. CtpykTypa IITYy4HOI HelipOHHOI Mepe:xi

P €3yJIbTaTU CKCIICPUMCHTAJIbHUX ,[[OCJ'Ii):[)KeHI: HaBCCHO Y Ta6J'II/IL[i 3:

169




Haykosi npayi. Burniyck 104. Tom 117

Tabnuys 3
Cepennst moxudKa NPOrHo3yBaHHA JOCJHIIKYBAHUX AJITOPUTMIB
NPH 3aJaHil KiJbKoCTI iTepauii
AJIroputm KinbkicTh emmox* Cepenns noxmoka
I'eHeTHYHUN aITOPUTM 1 000 0.1607812
CrpspKeHHX TPai€HTiB 1 000 0.1403673**
3BOPOTHOTO MOIIMPEHHS
P P 1000 0.1549992
TOMUJIKA
*  Enoxoro BBaKa€ThCS OJTHE TTIOBHE Hpeﬂ,}IBHeHHﬂ BCiX HaBYAJILHUX JaHHX.
** HaByanHs JOBOJUIIOCH IIEPE3aITyCKaTU KiJIbKa pa3iB Y€pe3 NMOTPAIUITHHA aJITOPUTMY 10 JIOKAJIBHOI'O MiHiMyMy.
Tabruys 4
3BeeHa NOPiBHAIbHA TA0aULsA aJropuT™miB HapuyanHas HTHM
Anroputm Aaroputm
Aaropurm/ P . P AJropuTM 3BOPOTHOIO
reHeTHYHOI CHpsIZKeHUX
dakTop .. NOIIMPEeHHsS] MOMHJIKH
ceseKuii rpajieHTiB
CKrITafHIiCTh aIrOpuT™M
" prTMY 8 11 16
(kpokm)
Yac BUKOHaHHS Oporpamu
) porp Ory=Nw—w Ors=Nw—w O3 = Nw/m — w/m
(O-noTamis)
[Toxuobka (10 000 emox) 0.1287812 0.1203673 0.1249992
29¢ 24 ¢ 30c
. 3 ypaxyBaHHSIM
dakTU4HA TPUBAJIICTD sar yIEMKZI 1A Tehe
HauaHHA (17151 10 000 emox) P P
© 3aIlyCK alrOpUTMY
MIPU JIOKATEHOMY
MiHiMyMi — 52 c.

Crig 3poOWTH TOSICHEHHS IO MaHOi TaOnuIl: sk OadmMo, HasBHA JesKa HEBIAMOBITHICTH Y
CIIIBBIIHOIIEHHSAX TEOPETUYHOrO 1 (AKTUYHOTO dYacy BHUKOHAHHS TMPOTPaAMHHUX peailizariit
JOCTIDKYBaHUX anroputMiB HaB4anHs [ITHM.

Ile MOSACHIOETBHCS THM, IO 3 OIJIAY Ha JOCUTh HEBEJIMKHUU po3Mip BXigHoro miapy LITHM (o
MOSICHIOETBCSL  BIJICYTHICTIO JOCTaTHIX CTaTUCTHYHUX JIaHUX), CTPYKTypa MEpPexKi € J0BOJI
NPUMITHBHOIO, 2 TOMY 1 BEIMYMHA BEKTOPA BariB € HE3HAYHOIO.

OpHak ciijJy 3a3HAYUTH, 10 NPU YCKIAIHEHHI CTPYKTYPH MEpeXi BEeJMYHMHA BaroBOTO BEKTOpa
MOJKe CTaTh (haKTOPOM, 10 MaTUME CYTTEBHIA BILIMB Ha Yac HaB4auHs [ITHM.

B3zarani kx, BUXOJSYM 3 HAaBEJCHUX Pe3yJbTATiB, MOXKHA 3pOOWTH BHCHOBOK, IO ONTHMAaJIbHUM
BuOopom Juist HaByanHs [IIHM B 3agaui mporHo3yBaHHsS Kypcy AOPOTOLIHHUX METAJiB € alTOPUTM
3BOPOTHOTO TOIIUPEHHS] TIOMIJIKK 3 OTJISIy Ha ONTHMalbHE CHIBBIJIHOIICHHS Yacy HaBYaHHS 1
TOYHOCTI MTPOTHO3YBaHHS.

Takuii mapameTp, SK CKJIaJHICTh alrOPUTMY, BiJirpae MEHLI Ba)KIMBY pOJIb, OCKUIBKM Yy TaKid
3ajadi, sIK MPOTHO3YBAaHHS KypCy AOPOTOLIHHMX METalliB, BajIOT Ta iH., TOJIOBHUM (AKTOpPOM €
TOYHICTh MPOTHO3Y, TaK SIK LI TOYHICTH MPSIMO MPOMOPLIiiHA 10 0JepKYBaHHX NPHUOYTKaMH KOMIIaHii-
3aMOBHHKA.

BUCHOBOK
Byno mpoBeneHO AOCHiMKEHHS TPHOX BigiOpaHHUX AJTOPUTMIB HABYAHHS IITYYHUX HEHPOHHHX
MEpeX — aJIrOpUTMy TEHETHYHOI CeNeKLil, alropuTMy CHpPSOKEHUX TIpaji€HTiB Ta alrOpuUTMy

3BOPOTHOTI'O IMOMIHWPCHHA ITOMUJINKH.
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Oco0nuBicTIO MOCTiKeHHS Oyno Te, mo BkazaHi anroputmu HapuaHHS [IIHM posrmsimanucs B
pakypci 3aaadi IpOrHO3yBaHHS KypCy MOPOTOIIHHUX METAiB, M0 3yMOBHJIO MPiOPUTETHICTh TAKOTO
KpUTEpilo, SK TOYHICTH MPOTHO3Yy HABUEHOI MEpeXki, a TaKOK IBUAKICT, HaBYaHHSI 3 OIJIAYy Ha
BHCOKY MIHJIMBICTh TTPOTHO30BAHOI BETHIMHH.

VY pesynbTaTi DOCHIHKEHHS OyJI0 BCTAHOBJICHO, IO HAHOUIBIT ONTUMAJIBHHUM CTOCOBHO JTBOX
BHINIECKAa3aHMUX Ta TPH BpaxyBaHHI YCiX IHIIUX KPHUTEPIiB OIIHIOBAHHS € QJTOPUTM 3BOPOTHOTO
MONIMPEHHS TIOMHJIIKH.
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