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MpuHUMN peaykKuii MaTeMaTUYHUX MOAerien Ta NOro 3aCTocyBaHHA

Apocnas MaTsinyyk

I.T.H., ipod., HauionaneHuit yHiBepcuTeT «JIbBiBChKA MOMITEXHIKA»
(12, Byn. Cr.Banzepu, JIsiB 79013 Ykpaina, matv@ua.fm)

Buxnaoeno npunyun pedykyii cmpykmypu mamemamuunoi mooeni 3a pesynomamamu ioenmuixayii. Jns
Jupepenyitinux pignsans ampaxmopa Jlopenya npooemMoHCmpo8ani 3acmocy8ants ma pe3yibmamu RPuHyu-
ny pedykyii' i maxosic iHOyKyii mamemamuunoi Mooeni y eueinsioi ougepenyianvrux pieHanv. [lokasano npux-
a0  pedykyii moodeni y eueniaoi peKypcusHoi Heuponnol mepexci. Tounicmes modeni y pesynomami pedykyii
noxkpawunacs y 16 pas.

KirouoBi ciioBa — MaTeMaTu4Ha MOJEINb, PEAYKIid, i1eHTH(IKaIisI, HEKOPEKTHICTh, HEHPOHHA MeperKa, 3BH-
YaifHi TuQepeHLialbHi PiBHIHHS.

Beryn. MarematnyHe MOJICIIOBaHHS € 0a30BHM Y JIFOJICEKOMY Ti3HaHHI. [lokpaiieHHs
SIKOCTI MATEMAaTHYHOTO MOJICITIOBAHHS CIIPUSIE aJIEKBATHOMY 300pa)KEHHIO Ta BUBUCHHIO
HABKOJIUIIIHBOTO CBITY.

[nenTudikailiss MaTeMaTHYHUX MOJIECH € 0OSPHEHOK HEKOPEKTHOM 3anaucto [1].
YacTo MpUYMHO HEKOPEKTHOCTI € HaIJTUIIIKOBICTh MOJIENI, TOOTO HAsIBHICTh €JIEMEHTIB
MOJIeNTi, HETTOTPIOHMX [Tl AaHO1 3a/1a4i iqeHTudiKaIii.

[TponoHy€eThCSI IPUHIIUI, 32 SKHMM MOKHA BHUSBJIATH Ta BUIAISATH 3aiiBl €JIEMEHTH
MO/1elTi, 200 HApOIIyBAaTU MOJIEJb JIUIIE HEOOX1THUMHU €JIeMEHTAMHU.

1. Mlpunuun peaykiii

JlomycTumo, 1o sl MOJIeNbOBAaHOTO 00’ €KTa anmpiopi BijoMa TOYHa MaTeMaTH4HA MO-
JIeNTb 3 BEKTOpOoM TapameTpiB P = (Pi,...,pn), [lapamerpu Mojenni 00UUCITIOE esiKa MPo-
nenypa napameTpudHoi ifeHtu¢ikanii. Hexail HyaboBe 3Hau€HHs MapameTpa O3Hadae
BIJICYTHICTb efleMeHTa. Hexail Takox po3B’s30K 3ajaui 11eHTU(]IKAIlIT] BEKTOp P Here-
PEPBHO 3aJIEKUTH BiJl YMOB 3a/1a4l B AEIKOMY OKOJIi IIUX YMOB.

VYcknaAHUMO MaTeMaTH4HY MOJIENb, 10 O3HAaYa€ MOSABY HAUIMIIKOBUX IapaMeTpiB
y BekTopi P = (P1,...,Pn:Pr+1s----Pm). Tomi s "3aiiBux" mapaMeTpiB Pnsi,...,Pm MPOIIE-
nypa iieHTudikalli 00UnciInTh Maii’ke HyJIbOB1 3HaU€HHS (B MEKaxX TOYHOCTI 00paxyH-
KiB):

pi=0; i=n+l,....m. (1)

Aune Tinpku 3a o3Hakor (1) He MOXKHA BU3HAYMTH 1 BUIAIUTH "3aiiBi" mapamerpu,
00 cepen 3HavYeHb "He3aiBuX" mapameTpiB Pi,...,Pn MOXYTh OyTH OJM3bKI JO MalllUH-
HOTO HYJIsI, aje 6€3yMOBHO CYTTEBI.

BBeaemo 10 ymoB 3amaui imenTudikamii HeBenuki 30ypenns disturb B mexax Bka-
3aHOTO BHIIE OKOJy HETepepBHOCTI po3B’si3Ky. Bekrop mapamerpiB p', oOuncieHuit
npoueayporo ifeHTudikamii s 30ypeHoi 3a/1adi, BIIPI3HAETHCS BiJl BEKTOpa P HE30y-
peHoi 3anaui. [ KOXKHOTO mapameTrpa OOYHCIUMO MOJIYNI BIJHOCHUX BIAXWIEHb 3a
dbopmyIoro
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gi=abs((p'i—pi)/p'); i=l,...m. )

Jns "He3aiiBux" mapaMeTpiB BHACIIIOK HENEPEPBHOI 3aJ€KHOCTI MapaMeTpiB Bif
30ypeHb a0CONOTHI BiaxwieHHs (P'i—Pi) NPAMYIOTh 10 HYJIA, SKIIO 30ypeHHS MpSIMY-
I0Th J10 HyJs. BinnoBigHa cutyanis € s BITHOCHUX BiJIXUJICHb:

0i— 0;i=1,....n, if disturb — 0. 3

Hagnakwu, st "3aiiBux" nmapamerpiB BHachiok (1) BigHocHI BiaxuieHHs (2) mps-
MYIOTh JIO OJMHHUIII JIIS1 HEHYJIbOBUX 30YPEHb B MEXaX OKOJIy HEIIePEPBHOCTI:

0i — 1;i=n+1,...,m, if disturb #0. (4)

Kpurepii (3) 1 (4) orpumani gy TouHoi mozeni. [Tommpumo X Ha AOBUIBHI MaTte-
MaTUYHI MOJIETI.

B 3aranpHOMY BuManky "3aiiBi" mapaMeTpu BUSBISAIOTH ce0e 3HAYHO OUTBIIMMHU Bi-
JHOCHUMH BinxuieHHsMH (2) mopiBHsHO 3 "He3aiiBumu" mapamerpamu. [lociigoBHe
BUJIAJICHHS BIAMOBITHUX "3aliBUX" €IEMEHTIB MaTeMaTUYHOI MOJIETI PEryNsapu3ye 3aja-
4y imeHTudikaii, TO0TO MoKpamrye ii TOYHICTh Ta CTIMKICTh. YHUCIICHHI PUKIAIHA TIiAT-
BEP/DKYIOTH 11€i BUCHOBOK [2].

3aMich BUIAJICHHS 3aiBHX €JIEMEHTIB MOAETI (peayKilii) MOKHA HApOILyBaTH MO-
JIeJTb, aJie KOXKHUI HOBUU €JIeMEHT epeBipsATH 3a kKputepismu (3) 1 (4) (IHIyKIIis).

MoskHa 3anpOTNIOHYBaTH MEXaHIUYHY ULTFOCTPAIi0 IPUHIHITY. MexaHiyHa KOHCTpPY-
KIIisl y BUTJISAL epMH MOCTa 3HAXOJIUTHCS Y HaBaHTaKeHOMY cTaHi. 30ypeHHs 1iei de-
PMH CIIPUYMHSIOTH KOJMUBaHHS Oanok. HaBantaxeHi (moTpiOHi) Oanku KOTMBATUMYTHCS
3 MEHIIMMH aMILTITyJaMH, Hi>)K HEHaBaHTa)KeH1 (HeroTpiOH1).

PosristHeMo puKITay 3aCTOCYBaHHS MPUHITUITY PEIYKITIi.

2. TectoBa pekoHCTpPYKUisi aTpakTopa Jlopenna

KnacuuHi piBHAHHS aTpakTopa JlopeHna (5) € 3pydHi s TECTOBOI MEPEBIPKU MPHUHIIU-
Iy penykKiii, TOMy L0 JOMYCKalTh aHAIITUYHE NIEPETBOPEHHS B €KBIBAJEHTHY (QopMy
(6), 3pyuny ais Hamnoi iieHTudikaii [2].

X, =10x, —10xy;

X5 = 40X, — X, — X Xg; (5)
X3 =—8/3- X3 + X X,.
Y1 = X1.
V1= Yo
Y2 = Ya; (6)
, 88 41 2
y; =1040y, —— Yy, —— V3 c11 %2 Y2¥s Yiy, ~10y7;
3 3 Y1 Y1

O1xe, 3a7a9y peKOHCTPYKIIII TOYHOI Mojeni (6) MOCTaBUMO TaK: MAarO4YH JTUCKPET-
HUN CUTHAN Y1=X;, Tpeba OOUMCIUTH TPH MOXIiTHI IILOTO CUTHANY Y1 '=Y2, Y2 '=Y3, V3, 1
po3B’s13aTu 11eHTudiKaiiiny 3anauy (7).

2

M 4 . i 4 i X
njiﬂ Z yém - Z aijk yllm yzjm y?Lfm - z b|jk yim yzjm ylf:fm yl_n% : (7)
ab o i,j k=0 ij k=0
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3 ycix 50 moniHOMianbHUX KoedirieHTiB 3aaa4i (7) mis TouHoi Mozeni (6) moTpioHi
muie 7 koedinieHTiB. Pemra koedimieHTIB € 3aliBUMHU.

OckiTbKH 3HaYEHHS KOe(DIIieHTIB TOYHOI MOJIENi BiJOMI, 3pYYHO NEPEBIPUTH 3a-
CTOCYBAHHS PUHIIUITY PEAYKIIIi.

JluckpeTHHid CUTHAN Y1=X; OOYHMCIICHO YHCEIbHUM IHTETpyBaHHS piBHSIHBL (5) 3a
metosioM Pynre-Kyrra 3 kpokom 0.02 cek. Bix 0 cek. no 34 cex. Ha oTpumaniit MHOXU-
HI TOYOK 30y/IOBaHUM IHTEPIOJALIMHNI CIIAalH 1T’ SITOT0 CTENEHs Ta aHAJTITHYHO 00pa-
XOBaHi foro Tpu noxigHi. YKCIIOBI 3HaUEHHS CIUIAHA Ta HOTO MOXITHUX YTBOPUIN Ma-
CHBH JAHHX Y1m, Yom, Yam, Y 3m, (M=1,...,1701), s 3agaui inentudikarii (7).

Jani Oyna 3acTocoBaHa IOEIEMEHTHA PEAYKIis MacuBiB KoedilieHTiB aijk, Dij, 3ri-
JTHO TIpUHIHMITY penykiii. Jlo 3HaueHb Y 'sm JAomaBanuch 30ypeHHs BIIHOCHOIO BEITUYH-
HO10 10, 00YMCITIOBAIMCH BIIHOCHI BIAXHMJICHHS O 3T1IHO (2) Ta BHAAJISBCS CICMEHT 3
HAWOUIBIINM 0.

Kpurepiii 3aBepimieHHsT peayKIlil — YTBOPEHHS KOMIIAKTHOI MHOXHHH 3QJTUIITKOBHIX
BiIHOCHHUX BiaxwiieHb. O3HaKa IILOr0 TaKa: KIIBKICTH €IEMEHTIB 3 BIJHOCHUMH BigXxH-
JICHHSIMH, IO OLIBIINI Ta MEHIIN CEPeIHHOTO 3HAYCHHS 3aJMIIKOBOI 00JacTi, TOBHHHA
CIIIBIIACTH.

B mpomeci penykmii o0YHMCIIOBAIMCH BEIMYMHA OOJIACTI BIJHOCHHX BiIXWJICHD
max(d;)-min(d;), a TakoK cepedHs BiIHOCHA MOXUOKA 00UUCIIEHHS KOS]IlieHTIB MOIeI
(6). IMicns 43 KpOKiB pemyKINii 3aATUIIHIUCE 7 KOS(DIli€EHTIB TOYHOT MOJIEITi 3 CePEIHBOIO
BiIHOCHOIO 1ToxuOkoro BinTBopeHHs 0.0016.

3aJIeXHICTh PO3MIPIB 00JIACTI BIJHOCHUX BIAXHMIICHB BiJl KPOKY PEIYKIIii MMOKa3aHO

Ha puc. 1. Toii ke rpadik y 30inpieHOMy MaciuTabdi — Ha puc. 2. JloOpe BUAHO mpolec
(dbopMyBaHHS KOMITAKTHOI 00J1aCTi.

0.0 maxdelta-mindelta maxdelta-mindelta
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Puc. 1. 3min Mi Ti BIJTHOCHUX . . .
¢. 1. uina posmipy obnacti sixoc Puc. 2. I'padik Ha puc. 1y 36inpaieHoMy MacmTadi

Ha monemni Jlopenna Oyna nmepeBipeHa mnporeaypa HapoutyBanHs (1HIyKIIiT) Moeti.

Jns mporo obuncneHo BimHOCHI BimxwieHHs (2) mist Beix 50 koedimientiB. Haii,
MOYMHAIOYH 3 TPHOX KOS(DIIIEHTIB 3 HAMMEHIIMMH BITHOCHUMH BiIXWJICHHSIMH, TIOCII-
JIOBHO BBOJAMIIUCH JI0 MOZEINi KOedilli€eHTH 3 HaWMEHIIMMH BiTHOCHUMHU BiTXHIJICHHSIMU
cepen pemTH KoedilieHTiB.

Kputepiem npunuHeHHs iHAYKII] € yTBOPEHHS KOMIAKTHOI 00JacTi BiJIHOCHUX
BIJIXWJICHB Yepe3 4 KPOKHU.

Jlerxko MOMITUTH TepeBard Mpouecy iHAYKIIl MOpiBHAHO 3 peaykuieto. [To-nepue,
00paxyHOK B1IHOCHHMX BIAXWJIEHb HE Tpeba MOBTOPIOBATH Ha KOXKHOMY Kpoili. [locrat-
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HbO OOYHMCIHUTH 1X Ha ModYatKy iHayKii. [lo-apyre, KiTbKICTh KPOKIB MOXKE OyTH MEH-
HIOIO.

OTxe, Ha TECTOBOMY MpHUKJIAJI PEKOHCTPYKIi arpakTopa JlopeHna mnepeBipeHo
CIIPABETMBICTH OCHOBHUX IOJIOKECHD MTPUHIIUITY PEAYKIIil.

3. Penykuist HeiipoHHOT Mepeski

[Tpunuun pexykuii Bxke 6araTo poKiB 3aCTOCOBYETHCS Ul peryisipusalii MaTeMaTHy-
HUX MOJIeNIeH Y BUIIISII CHCTEM 3BUYaiHUX AudepeHuianbHuX piBHAHb [2]. Posrisnemo
pPEenyKLiI0 HEHPOHHOT MEpexi, SKa allPOKCUMYE €KOHOMIUHY CUCTEMY JOXITHOCTEH aK-
i, oOmiramiii Ta BiZICOTKOBOT CTABKH 3a JIEMIO3UTAMH Ha OCHOBI YaCOBHUX PSJIiB MaKpO-
E€KOHOMIYHHUX MMOKA3HHUKIB Ta MOKa3HUKIB ()OHIOBOTO PHHKY [3].

Ha Bxing Mepexi momarTbes 8 eKOHOMIYHUX MOKA3HUKIB: 1HAEKC CIOXUBYHX IIiH;
TPOIIOBa Maca; TOXOAH HACETICHHS; JepKaBH1 BUIATKW; BHYTPIIIHINA BaJIOBUI MPOIYKT;
cepeHbO3BAKEHA CTaBKa 3a JeTo3uTaMu; iHaekce obuirariit kKinbonds; innexc GponmoBoi
TOPriBeNIbHOI CUCTEMHU. BUXITHUMU JaHUMH € JTOXITHOCTI CEepPelHbO3BAXKEHOI CTaBKHU
JIeTIO3UTIB, 1HJEKCY o0uiraii, inaekcy nepuoi (OHI0BOI TOPTiBEIBHOT CUCTEMH.

3a My gaHuMu Metoaom back propagation HaBuaeThCst TpUIIapoBa peKypCHBHA
HelipoHHA Mepexa 3 12 HelipoHaMu y puxoBaHOMY Inapi. DyHKISM akTHBALlii — CHTMO-
in 3 0=0.5. 3mMiHHUMU mapameTpamu € 276 nepenad Mixk HeilpoHamu. Kpurepiit anpok-
cUMalii — cepeHhOKBAPATHYHE 3HAUCHHS MOXUOKH BiITBOPEHHS BUX1THUX JaHUX.

CtpykTypa Mepexi IoKazaHa Ha puc.3.

3'(+1)

agl(t+1)

()= fOW-(S7,S7HDW-a' () +b)
S/ = (LW -a'(t+1) +b?),

Puc. 3. Crpykrypa HeitpoHHOT Mepexi Ta 1i piBHsHHS: |W — MaTpuis nmepenad 3 BXOIiB
IO IPOMDXKHOTO T1apy HeiipoHiB; DW — MaTpuIls 3BOpOTHIX 3B S3KiB;
LW — marpums nmepenad 3 MpoMi>KHOTO IIapy 10 BUXO/IIB;
a’(t) — BUXiZHMH BEKTOP MPOMIXKHOTO MIapy.

ITepamiitHa peayKiisi MepexXi MoJsrae y mo4eproBoMy BHIAJICHHI 3B’ SI3K1B 3 Hai01-
JBIIUMH BIIHOCHUMH NOXUOKaMH Jj 3T1HO 3 HaBEJCHUM Bullle MpuHuunoM. Halimenme
3naueHHs noxuOku 0.09 Ha ireparnii 99 (Bumaneno 35% 3B’s3kiB). Pemykiis mepexi
3MEHIInIa MOXuoKy y 16 pas.

Ha puc. 4 1 puc. 5 mokazaHo 3MiHM Jiana30Hy 3HAYE€Hb BITHOCHUX MOXUOOK o; BiJl
HOMepy iTeparii. BiiHOCHI MOXHOKHU B peayKoBaHii Mepexi 310paHi B KOMIIAKTHY Tpy-
ny. L1 o3Haka € kputepieM NPUIUHEHHS PEAYKLIi.
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max(5)-min(5) max(5)-min(5)
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Puc.4. 3MeHnIeH s Aiana3oHy BiTHOCHOCHHX ITOXMOOK 3 Puc.5. I'padix puc.4 y 36inpmeHomy maciradi
penyKuiero HeHpOHHOT Mepexi

BucHoBku. BuknaseHuil npuHINT peayKIlii MaTEMaTHYHUX MOJEICH € 3arajJbHuM i
MPOCTHUM.

3acTocyBaHHA 7151 HEHPOHHOT MEPEXi € MPOCTIIUM 1HIIUX METOAIB PEAYKIIii HEeH-
poHHUX Mepex [3,4,5] 1 He 3aneXuTh BiJ MeTONy HaBuaHHsA. HaBenenwii nmpukian ne-
MOHCTpY€ €(EeKTUBHI PEryJsIpU3yI0Ui BIACTUBOCTI MPUHLUITY PEAYKLIi UIsi MaTeMaTu-
YHUX MOJICTICH Y BUTIISAI HCHPOHHUX MEPEK.

MaremaTuuHi MOJeNi y BUTISAI 3BUYAHUX Ou(EpeHIiaNbHUX PIBHAHD 3aBISKU
peayKIiii MOKYTh BiITBOPIOBATH CKJIATHI €KCTICPUMEHTAIBbHI 3aJIS)KHOCTI 1 CIIYTyBaTH
IHCTPYMEHTOM BHUBUYEHHS 1 MPOTHO3YBaHHS MOBEIHKU PEAIbHUX CHCTEM.
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Mathematical Model Reduction Principle and it’s applications

Yaroslav Matviychuk

Abstract: The detection and elimination principle of redundant elements in the mathematical
model is proposed in this paper. The efficiency of the proposed approach has been analyzed based
on the neural network model of economic system and differential equations models of different
nature.
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