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MOJIEJIOBAHHSA JITHIN PO3JIOMY HUBLII3AIIIA
HA ITOYATKY XXI CTOJITTA B KOHTEKCTI
IX ®YHIAMEHTAJBHUX BZIMIHHOCTEN

M.3. 3I'YPOBCBhKHI1, M.M. IEPECTIOK

Amnoramnisi. [IpoJoBXeHO LMK MOJETIOBAaHHS JiHil po3ioMy ImBimizanii 3a Camy-
enieM XaHTirTonom, posnodaruii y 2008 p., y KOHTEKCTI QyHIaMEHTAIBHUX KYJIBTyp-
HUX BIIMIHHOCTEH UX IUBiIi3alliii 3 vacoBuM iHTepBaioMm 10 pokiB. MopentoBaHHs
IPYHTYETHCS HA 3aCTOCYBaHHI KITBKICHOTO 1 SKICHOTO aHaJi3y BIIMIHHOCTEH MiX
CBITOBUMH KyJbTYpaMHu Ha OCHOBI Moxudikamii miaxoxy Camyens Xanrtinrrona. Ha
mifcTaBi pe3ynbTaTiB KiacTepu3alil BiJICTAHEH, YHCIOBUX 3HAYCHb 3arallbHUX PO3-
JIOMIB MDK LUBINI3aIlisIMU 1 CYKyNHHX BiJMiHHOCTeW IMBimi3awiii copmoBaHo Oa-
YeHHS Ha OJIDKYe 1 BifjaleHe MailOyTHE 11010 MOKIIMBUX 00’ €IHAHD 1 KOHMIIKTIB
MDK CBITOBUMH KyJbTypamy. [IOpiBHSUIBHUIT aHai3 3a pe3yjbTaTaMy JOCITiIKCHb,
npoBeneHux y 2008 p., 103BOJMB OTpUMATH JaHi, SIKi MOXYTh CTaTH HAyKOBO-
00TpyHTOBaHOW 023010 IS NepeadaueHHs CTBOPEHHS psily 00’€JHAHB Ta aJbSHCIB
KpaiH CBITYy, a TaKOX Ul MOJICIIOBaHHs MOBEIIHKH Ta PO3BUTKY OKPEMHX KpaiH
CBITY.

KorouoBi cjioBa: 3iTKHEHHs LUBIIi3aLii, UUBiTi3aLiiiHA MOJenb CBITY, JiHIl po3-
JIOMIB LWBiNTi3awiii, €THOKYJIBTYpHHUI LMBLTI3aUidHNI PO3MOMALT, CBITOBI KOH(IIKTH,
MepeBipKa TilMoTe3, eKCIepTHE OMUTYBaHHS.

BCTYII

IIpardaeHHs JTIOOWHA TPHUITITHATH 3aBiCy HMPORACIIHBOTO Ta IepeadadynuTH Xif IMo-
Iiif Mae Taky caMy JOBTY icTopito, 5K i il crpoOu 3p03yMiTH HaBKOJHIIHIN CBIT.
[Ipore HE 3BakarouM Ha YHCJICHHI PI3HOMaHITHI NMPOTHO3M Ta TepeadavyeHHs,
3po0JIeHI B pi3HI POKH, HE MOXKE HE BpakKaTH 1ACHTHYHICTH X BHUCHOBKIB ITOJIO
MOJKJIMBHX MEPCIIEKTUB PO3BUTKY JtojcTBa y XXI cromiTTi. [Ipudomy mi nmporHo-
3 4acTO TOPKAIOTHhCA MPUHIMIIOBO Pi3HUX ACHEKTIB INIOOATBHOTO MPOILECy po3-
BUTKY; BOHU IPYHTYIOTHCSI Ha PI3HUX METOJIOJIOTIfAX, ie0JIorisaX, mapaaurmMax i
nepeBakHa OUTBINICTD 3 HUX OJHOTOJIOCHO CTBEPKYIOTh — XXI cromiTTs mepe-
JIOMHE B IIaHEeTapHi# ictopii moxacTaa [1].

VY cBoili mparli «3iTkHeHHs nuBiTizaniin?» CaMmyenb XaHTIHITOH ITPOTHO3YE,
IO 1e0JIOTiYHe MPOTUCTOSHHS MIX IBOMa MPOTHOOPUYMME Tabopamu, sIKe BiaOy-
Bajiocst Wi yac «xonoaHoi BiliHM» y XXI cTomNiTTI mepepocTe B MPOTHCTOSHHS
[UBLTI3AliiHE MK PI3HUMH BEJMKUMH YIPYTOBaHHSAMH JIONEH: « Y kaacosux i
i0eonoeiyHux Kou@uikmax kuowosum o0yno numanus: «3a kozo mu? Ha uuemy

© M.3. 3zyposcoruil, M.M. Ilepecmiok, 2019
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mu ooui?». Y xounixmi oic yueinizayii numanHs cmasumsbcs iHaxuwe: «Xmo
mu?y». loemvcs npo me, wo dawno i He niorseae 3minamy [1]. ABTop nependayas,
IO JOMiHYIOYHM (PaKTOPOM CBITOBOI MOJIITUKH CTaHYTh caMe [UBLIi3aLii, a 30B-
HINIHICTh CBITY BU3HAYaTHUMETHCS 1X B3aEMOJIIEIO 1 3ITKHEHHIMH.

Lle cTBOPUTH MPUHIIMITOBO 1HIINH, IIOPIBHIHO i3 CHOTOAEHHSAM, CBITOBHH I10-
PANOK, V AKOMY KOH(MIIKTH MK PI3HUMH LUBLII3ALISMH MEPEeBAXaTUMYTh HaJl
KOH(UTIKTaMH BCEpEIMHI OKpeMO B3STHX IuBimizaiiil. [Ipudomy HalimaciTaOHi-
1 KOHQUIIKTA Maif0yTHEOTO PO3TOPHYTHCS B3JIOBXK JHIA PO3TIOMY MiXK IMBiJTi3a-
MIAMU:  «...HAUBANCIUBIWI KOPOOHU, WO PO30iNA0Mb NHOOCMB0, | NepesadCHi
Ooicepena Kouikmie 6y0ymo euznauamucs Kyabmyporo: Hayis-oepoicasa 3anu-
WUMbCSE 20708HOI0 0itl060I0 0C000I0 8 MINCHAPOOHUX CNpAsax, aie Haubiibul
SHAUYWi KOHGAIKMuU 2n00anbHol noaimuxku 6y0yms po32o0pmamucs Midc Hayiamu
i epynamu, wo Harexicamv 00 pisHUX YUGLNizayit. 3imKHenHs yuginizayii cmane
dominyrouum paxkmopom ceimogoi norimuxu. JIinii poznomy midxc yusinizayis-
Mu — ye i € ninii maubymuix ¢pponmis» [1]. Y cBoix mocmimkennsx Camyens XaH-
TIHTTOH BU3HAYUB BiciM 0a30BHX TIWBuUTI3aIiit: Kumaticoka, Anoncvka, Inoyicm-
cvka, Ienamcevka, 3axiona, Ilpasocnasua, Jlamunoamepuxancovra, Agppuxancoka.

MerToro HaBeJEHUX IOCITIKEHb € MPOJOBKCHHS LUKy MOJEIIOBAHHS JIiHIH
posnomy 1uBimizarii 3a Camyens Xanrinrrona [ 1], pozmogartoro B 2008 p. [2, 3],
y KOHTEKCTI (PyHIAMEHTAIBHUX KYyJIbTYPHHUX BIIMIHHOCTEH ITMX ITUBLTI3aIlii
3 yacoBUM iHTepBaioM 10 pokiB. MoJemoBaHHsT TPYHTYEThCS Ha 3aCTOCYBaHHI
KIJIBKICHOTO 1 SIKICHOTO aHalli3y BiAMIHHOCTEH MK CBITOBUMH KYJbTypaMH Ha
ocHoBi Mogudikarii miaxoay C. XaHTiHTTOHA.

Y HaBeACHOMY IOCIHIDKEHHI, CIHPAIOYNUCh HA TEOPII0 ETHOKYJIBTYPHOTO
po3noaity 1mBimizamiit Camyenss XaHTIHITOHA Ta 3aCTOCOBYIOUM MaTeMaTHYHHI
amapar CHCTEMHOTo i 0arato)akToOpHOTo perpeciiiHoro aHamuizy, poOuMo crpody
KUTBKICHO OIIIHUTH Ta MPOaHaJi3yBaTH ()a3W €BOJIIOIIHOTO PO3BUTKY, MPOIIECH
3MIIIyBaHHS YaCTKOBOTO a00 TIOBHOTO TOTJIMHAHHS OJHUMH IUBLII3AIISMH iH-
muX. JOocHimKylOTbCSI TaKOXK KUIBKICHI XapaKTEepUCTUKU PO3JIOMIB MK iCHYIO-
YUMHU [HBLUTI3AIISAMY, X 3MiHH 3 4aCOBUM iHTepBanoM 10 pokiB Ta 3aKOHOMipHOC-
Ti BIUIMBY HapOCTAHHS TI100aTbHUX CBITOBUX 3arp03 HA CBITOBHH ITUBITI3aliHHIMA
HOPSIZIOK.

Y nporieci mpoBeACHHS MOJICIFOBaHHSI BUKOHAHO TakKi eTamu [4, 5]:

1) po3poOneHHs CUCTeMH KPHUTEpIiB IUIs OLIHIOBAaHHSA KyJIbTYpHUX BiAMiH-
HOCTEH MIXK LIUBLITI3ALISIMU;

2) YTOYHEHHsI IUBITI3aMiMHOTO PO3MOALTY, 3ampornoHoBaHoro C. XaHTIHT-
TOHOM;

3) po3poOneHHS 1 MPOBEACHHS EKCIEPTHOIO OI[IHIOBAHHS IUBITI3aIliiHIX
BIAMIHHOCTEH;

4) 0OpoOIICHHSI TaHUX OIIHIOBAHHS 1 PO3PaxyHOK 3HAYCHB JIHIN «PO3JIOMIB»
MK [IUBIII3aiIMHA.

Po3risHEMO KOXKEH 3 LIUX €TaIlB JOCIIKEHHS.

PO3POBJIEHHSI CACTEMHY KPUTEPIIB U151 OIITHIOBAHHSA
KYJbTYPHUX BIIMIHHOCTEM MIXK IIUBLII3ALISIMA

3 MeToto "iTKoi qudepeHianii 0yino copmMoBaHo Habip iHPOPMATUBHUX Ta YHI-
BEpCAIbHUX KPHUTEPIiB IS OIIHIOBAHHS KYJBTYPHUX BiIMIHHOCTEH MK IMBiJi-
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3amisMu. 3a miIcyMKaMH poOOTH TPYIH €KCHEepTiB Ta HAa OCHOBI 3aCTOCYBaHHS
MeTony Jlenbdi (eKcmepTHOro OIiHIOBaHHS) [6] po3p0o0JIEHO CHCTEMY 3 BOCHMHU
0a30BHX KpUTEpiiB, SKi HAWUTOBHIINE XapaKTepU3YIOTh KYJIbTYypHI BiIMIHHOCTI
MK LIUBIII3ALIIMUA:

1. HinnicTh :xkutTs qoauuu (VHL)

dianazon: «Kumms nroounu nivozo ne eapmey — «Kumms 100UHU — Hali-
8UWA YIHHICNDB Y.

2. Csobopga ocobuctocti B cycrinbcTi (PFS)

cmyninb c60000uU nepecysanis, c0600U BUCLOBTIOBANHS NO2AA0I8, c80000U
8 0COOUCTNOMY HCUMMIL....

3. Cratyc )kiHkH B cycninaberi (SWS)

nianazon: «[loBHe HOMiHYyBaHHS 40JIOBIUOi cTaTi» — «[ eHIEpHUI mapuTeT»

— «[loBHE MOMiIHYBaHHS KIHKHY.

4. CtyniHb npoHuKHeHHs peJirii B :xutTa (DRL)

dianason: «Penieitini ma yepxosui incmumymu 63azani He 6NIUBAIOMb HA
orcummst modewy — «Penicitini ma yeproeHi IHCMUMymu GUHAYATbHUM YUHOM
BNAUBAIOMb HA JHCUMMSL TH0OEL».

5. Etniuna ognopinnicts (EU)

CMYNIHb MOAEPAHMHOCIIT MIJICEMHIYHUX BIOHOCUH BCEPeOUHI Yusinizayii.

6. BinkpuTticTh 200 3akpuTicTh 00 iHMUX KYJIbTYP (OCC)

cmynins 8iOKpumocmi abo 3aKpumocmi yueinizayii.

7. Tpamuuionasizm B KyabTypi i Muciensi (TCT)

CXUNBbHICMb 00 3MIH Y Mpaouyisnx i ceimoausioi.

8. Cryninb paaukajizmy B nmoiruanomy s;kurTi (RPL)

CMAaobiNbHICMb NOTIMUYHO20 JHCUMMSA A WEUOKICIb 3MIH NOATMUYHUX KVPCIE.

Ha mpoMy > eTami IOCHIIKEHHS TPYIOI eKCIepTiB-MiKHAPOIHUKIB
3 MATaHb COIIIOJIOTIT Ta TEOMOMITHKH OyJI0 po3pobieHo neperik 3 10 6a30Bux xa-
PaKTEePUCTHK, 3a IOMOMOTOI0 SKUX MaKCUMaJIbHO 1MEeHTHU(IKOBAHO KYJIBTYpPHI
BIIMIHHOCTI MiX TuBii3amismu [2, 3]. Lli XxapakTepuCTHKH TaKi:

1. Bipa: BipyBaHHS, TIepeKOHAHHS, OCBIUYCHICTb.

2. 3MiHH: PO3BUTOK, YAOCKOHAJICHHS, MOJIEPHIi3allis, TPOrpec.

3. KouduikTu: BiitHH, TEpOpU3M, T€HOIHU, UMBIIbHI TPOTUCTOSIHHS.

4. CBo0oaM: HE3AICKHICTh, IEMOKPATUIHICTh, MIpaBa i 000B’A3KH, rpoMa-
JSTHCTBO.

5. ImenTudikanisi: HaIlisg, HaMIOHATBHICTH, €THOC, KJaH, TPYIA, PEIIris,
aCUMIUJIALISA, aJamnTarisl.

6. CymxeHHsi: 100po 1 3710, MOPaIbHICTh, BiMMOBITANBHICTD, TpPaTUIIIN-
HICTb, BBIUJIMBICTD, IHTEIIr€HTHICTb.

7. 3HaHHSI: HAYKOBICTh, MYIPIiCTh.

8. IIpupoxaa: exosoris, 6iocdepa, CTamuil pO3BUTOK.

9. Hoaituka: igeomnoris i JmiOepanbHICTh, KOHCEPBATH3M 1 HEOKOHCEpPBa-
TH3M, QyHIAMEHTAi3M, TIOMIpPHICTh Ta PaJAUKaIli3M, <JIiBI» Ta «IIpaBi».

10.CknapnoBi couiymy: reHuep, ciM’si, KACTH Ta KJIaHH.
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YTOUYHEHHS UBLIIBAIIMHOI' O PO3MOJILTY, 3SAITPOITIOHOBAHOI'O
C.XAHTIHTTOHOM

Ha apyromy erami ngocmimkeHHst Oysio yTOYHEHO IMBiTi3amiiHuii posnogin Ca-
Myenst XaHTIHTTOHA 1 BUKOHAHO KJIaCTEPHU3aIlif0 KpaiH 3a KPUTEPIIMHU HaJlekK-
HOCTi m0 muBimizaimiii. Ha ocHoBi Meromy Jlenbdi 3 BUKOpPHCTAaHHSIM HEUiTKHX
KJIACTEPiB MPOBEJCHO HAYKOBO-OOTPYHTOBAHY KIIACTEPHU3aIlil0 KpaiH 32 KpUTEpi-
SMH Ta O3HAKaMH, MPUTAMaHHUMHU KyJbTypaM BiAIOBITHWUX IHWBUTI3AIliil Ta iX
cyOnuBinizariil (BiAMiHHOCTI MK SKUMH PiJTKO OYBalOTh YiTKO BUPAKEHUMH, XO-
Ya MUBLTI3aIiiHI pO301KHOCTI € IUTKOM PEaTbHUMHU ).

JIJ1st TpOBEICHHST €KCIIEPTHOTO OIIHIOBAHHS KYJBTYPHHUX BIIMIHHOCTEH MiX
[UBLII3AI[iIMH HAa OCHOBI BHUKOPHUCTAaHHS HAaBEIACHHX BHIIEC BOCBMH KPHUTEPIiB
OyJ0 CTBOpPEHO TPYIy €KCHEPTiB, SIKi Manu OaraTOpiYHUM AOCBiA Mi>KHAPOJHOT
ISUTBHOCTI B TPyNax BIANOBIAHMX KpaiH Ta po3poOiieHo (popMy eKCHepTHOTro
onuTyBasbHUKA (prc. 1). ExcriepTr OMiHWIN KYJIBTYPHI BIAMIHHOCTI MiX ITHBiJIi-
3alisIMU I KOKHOTO 3 BOCBMHU KPUTEPIiiB, MPUBIACHIOIOUN UM BiJMIHHOC-
TSM KUIBKICHI 3HAYeHHS, 3 BUKOPUCTAaHHSM CHCTEMH OI[IHOK 3a IIKaixow Mii-
nepa (7 +/— 1) [6].

1 2 3 4 5 6 7

Maiizke | myxe mani Maii cepeHi BEJIUKI nyxe Benuki | IlToBHa mpo-
ixeHTHYHI | BIIMIHHOCTI | BiIMIHHOCTI | BiAMIHHOCTI | BIAMIHHOCTI | BiAMIiHHOCTI | THJIEXKHICTH

Puc. 1. ExcriepTHHUH ONUTYBAIBHHUK OI[IHIOBAaHHSA KYJIbTYPHHX BiAMIHHOCTEH MIiXK
UBUII3AIIAMHA

[epenik nmBinizamiii (kaacrepis) GopMyBaBcs LIISIXOM JOCSATHEHHS KOMII-
POMICY MiX ICTOPHYHUMH Ta MEHTAITEHUMHE O3HAKaAMH 1X KYJBTYp 1 CIIpo0OIo i7eH-
TUQIKYBAaTH HAKOLIBII Baromi KyJIbTYpHI OCOOIMBOCTI KOKHOT 3 nuBinizamiid. Ha
eTam JOYyTOYHEHHS [MBIUII3aliHHOTO PO3MOAUTY KpaiH BHU3HAYCHO TPHUHAIIATH
uBinizanii (puc. 2):
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. 3axigna — IliBHiuHOAMepHUKaHCHKA

. 3axinna — €Bponeiicbka

. Kondyuiancbka

. Sinoncnka

. Icmamcbka — Apadcbka

. Iecnamcbka — Topebka

. Iemamcbka — Masialicbka

. Inpyicbka

I ° Ciop’snckka — Cxigno- IlpaBociaBua
[ ] 10.Caop’snchka — Lenrpanbno-Cxinna — €sponeiicbka — [IpaBociaBna
B | . Caow’sincbka — 3axinna — Katonnnbka
| 12. JlaTnHOaMepUKaHCHKA

|:| 13. Appuxancrka

Puc. 2. Yrounenwii (BimHOCHO Teopii C. XanTinrToHa [ 1]) mepemnik muBuTizarii

0 3 ON N kW

PO3POBJIEHHS I ITPOBEJIEHHS EKCIIEPTHOI'O OLTHIOBAHHSI
HUBLIBANIMHAX BIZIIMIHHOCTEM

Ha ocHoBI iHTEeNeKTyalbHOTO 0OPOOIIEHHS TaHUX 3 EKCIEPTHUX OMUTYBaJHHUKIB
Oy70 po3rasHyTO 3ahady Qopmaiizaiii TPymoBOr0 €KCIEPTHOTO OI[iHIOBAaHHS
anprepHatuB. Hexait m =18 excrepTiB npoBenu omiHKy # =13 o6’ekriB 3a [ =8

IIOKa3HUKaMH. Pe3yJ’ILTaTI/I OI_IiH}OBaHHﬂ HO,I[aHi y BI/IFJl}I,I[i BCIIMYMHHU )Cg , A€ ] —

HOMEp €KCIlepTa; i — HOMep 00’€KTa, & — HOMEp IOKa3HWKa ITOPIBHSHHS.
OCKiNbKY B JIOCTIKEHHI OIlIHKAa 00’ €KTiB BUKOHYETHCS METOJIOM ITOCIIiJJOBHOTO

HOpiBH}lHHﬂ, TO BCIIMYMUHU xg (l

na). [ns oTpuMaHHSA TPYMOBOI OLIHKH CKOPUCTAEMOCH CEpPEIHIMH 3HAUYECHHSIMU
OLIIHOK 32 BiJIIOBIIHUMH KPUTEPiSIMHU, TPUBJIACHEHUMH €KCIIepTaMH KOXKHil mapi
LUB1Ii3aIii:

=1,_n; Jj =1,_m;h =ﬂ) SIBJISIFOTH CO00F0 Oanu (Jrc-

I m -
X, :zthx;kj (i=1n),

=1 j=1
1€ ¢, — Koe]ilieHTH Baru IMOKAa3HMKIB, 32 SKUMH BUKOHYETHCS MOPIBHSHHS;

k; — xoediuienTn KoMIeTeHTHOCTI excneptiB. KoediwieHTn Baru noKasHUKIB

/ m
Ta KOMIICTEHTHOCTI EKCIIEPTIiB € HOPMOBAHMMHU BEIMUHAME: g, =1; Dk ;=1L
h=1 Jj=1
I'pymoBa ekcriepTHa OLIIHKA, OTPUMaHa IiJICYMOBYBAHHSM 1HJHMBITyaTbHUX
OIIHOK 3 Koe(illieHTaMH KOMIIETEHTHOCTEH €KCIIEPTIB Ta Bary MOKa3HUKIB 31 3Mi-
HOIO BJIACTHBOCTEH 00’€KTiB y KapAWHAIBHHUX HIKAlaX, IPYHTYEThCS HA TPUITY-
HIeHHI Mpo BUKOHaHHS akcioM (on Heiimana—Moprenmrepra. e npunymeHnHs
3aCTOCOBYETHCS SIK JUISl IHAMBIyalbHUX, TaK 1 JJIsl TPYIIOBHX OLIHOK Ta yMOB He-
PO3pi3HEHOCTI 00’ €KTIB Y TPYNOBOMY CITiBBIHOIICHHI, SIKIIO BOHW HEPO3PI3HEHI
y BCIX iHIMBIyaJbHUX OMLIHKaX [7].
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OCKiJIbKU KOMITETEHTHICTh €KCIEPTIB OILIHIOETHCS 32 CTYIICHEM Y3TOJIKYyBa-
HOCTI 1X OIIIHOK 3 TPYTIOBOIO OITIHKOIO 00’ €KTIB, TO MPOIEAYPY OOUMCICHHS Bii-
MOBITHUX KOe(DIlliEHTIB MPOBEIECHO Yy PEKYPEHTHIM popmi:

m

X=Y kM i=Ln; K=Y xxl(t=12.); & =%zx,.jx;, k=1
7= i=l

i=l j=I Jj=1

KinbkicHi 3HaueHHsI KOEQIIIEHTIB KOMIIETEHTHOCTI €KCIEPTiB HABEICHO
B Ta0i. 1.

Taoauusa 1. KoedinieHTr KOMIIETEHTHOCTI €KCIIEPTIB

KoedinieHTH KOMIETEHTHOCTI eKCIepTiB Cepennpo3pakena

Homep 3a KPUTEPisIMU MOPiBHAHHS MUBiTi3amii ouinka .

eKcrepTa KOMIIETEHTHOCTI

1 2 3 4 5 6 7 8 eKcrepTa

1 0,080 0,077 10,079 [ 0,067 | 0,074 | 0,071 | 0,081 | 0,066 0,074
2 0,051 0,046 | 0,042 | 0,052 | 0,061 | 0,050 | 0,059 | 0,049 0,051
3 0,043 0,052 {0,061 0,037 | 0,061 | 0,048 | 0,062 | 0,042 0,051
4 0,046 | 0,057 | 0,060 | 0,059 | 0,050 | 0,043 | 0,049 | 0,040 0,051
5 0,054 0,049 | 0,045 | 0,044 | 0,044 | 0,042 | 0,046 | 0,050 0,047
6 0,0520,048 | 0,050 | 0,053 | 0,078 | 0,068 | 0,052 | 0,057 0,057
7 0,066 0,055 | 0,062 | 0,065 | 0,057 | 0,056 | 0,058 | 0,058 0,060
8 0,064 | 0,054 | 0,060 | 0,057 | 0,054 | 0,049 | 0,053 | 0,055 0,056
9 0,073 10,059 | 0,062 | 0,054 | 0,043 | 0,057 | 0,064 | 0,057 0,059
10 0,062 0,065 | 0,059 | 0,053 | 0,057 | 0,062 | 0,052 | 0,065 0,060
11 0,055]0,056 | 0,058 | 0,051 | 0,047 | 0,057 | 0,052 | 0,053 0,054
12 0,056 | 0,063 | 0,053 | 0,068 | 0,060 | 0,052 | 0,066 | 0,058 0,060
13 0,05510,066 | 0,074 | 0,089 | 0,063 | 0,074 | 0,078 | 0,070 0,071
14 0,047 10,038 | 0,049 | 0,044 | 0,051 | 0,051 | 0,035 | 0,067 0,048
15 0,048 | 0,043 | 0,045 | 0,040 | 0,038 | 0,045 | 0,036 | 0,047 0,043
16 0,051 0,046 | 0,045 0,051 | 0,046 | 0,052 | 0,045 | 0,051 0,048
17 0,049 1 0,060 | 0,049 | 0,058 | 0,059 | 0,062 | 0,055 | 0,059 0,056
18 0,049 | 0,064 | 0,048 | 0,059 | 0,056 | 0,061 | 0,056 | 0,055 0,056

OBPOBJIEHHSI TJAHUX OIITHIOBAHHS I PO3PAXYHOK 3HAYEHb JITHINA
PO3JIOMIB MI’K HUBLJII3AIIAMUA

3 BUKOPHUCTaHHIM OTPHUMAaHHUX 3HA4YeHb KOEQillieHTiB KOMIeTeHTHOCTI (Tabm. 1)
3a BIOMOBIAHUMH KPUTEPisIMU TOPIBHSIHHS BCIX EKCIIEPTIB Ta CEPETHBO3BAKEHOL
OLIIHKA KOMIIETEHTHOCTI KOXHOTO €KCIlepTa LUIIXOM HOPMYBAaHHS MaKCHMallb-
HUM 3HaueHHSIM Koe(illi€eHTIB KOMIIETEHTHOCT] €KCIIEPTIB 32 KOXHHUM KPUTEpPieEM
Oysr 00YHCIICHI TPYIIOBI OIIHKY IOIMAPHOTO TTOPIBHSAHHS TPUHAMIATH ITUBLITI3A-
1iit 32 BickMOMa KPUTEPISIMH.

VY3aranpHeHy Mipy MOTY>KHOCTI HamlpyXEHOCTI (CTYIiHb PO3JIOMY) MiX YCi-
Ma mapaMu [UBLTI3aIliH 32 BiCbMOMa BiATOBIIHAMHA KPUTEPISIMH TTO/IaHO Y BHTIISA-
Il cymneprno3uttii (puc. 3).
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Fevin=@ Iy Jig Jij Jig, Jig Fig, iy Jid

VHL>™ PFS>~ SWS>~ DRL>™~ EU>~0CC°>~TCT’ RPL

"7RPL ‘7“’"/

‘7VHL
‘Z‘C T

T
‘70(.'6'

‘ZWS

v
DRL

Puc. 3. Y3aranpHeHa Mipa HOTY)XHOCTI Halpy»KEHOCTI (CTYHIHb PO3JIOMYy) MK yciMa
mapaMu UBLUTI3AIiH

Jis KoKHOT Tapu IMBLTI3AIIA €BKIIJOBY HOPMY palliyca-BeKTopa Hampy-
JKEHOCTI IMOJaHO Y BUTIISAII

|- Ti| (T Ty

PFS
KinpkicHy Mipy + HampyKeHOCTi BU3HAUEHO SIK MPOEKIiI0 HOPMH L[LOTO Be-
KTOpA Ha iJIeaJIbHUH BEKTOP 3 KOOPAUHATAMH (1; LLLLIL 1):

.Zg;pﬂ:J[@gL Jii | AT [Tt || Toi| | T |+ T ‘Z.(,[{L]Zcosoc

PFES SWS DRL EU occ TCT
Kyt BimxwieHHs o paziyca-BeKTopa jciv[i, j) Bl imeambHOTO BEKTOpa
conf

2
+

2
+

2
+

2
+

2
+

2
+

T+ Tii| A T + T,

Jii

TCT

2

J’_

2

J’_

2

+

2

J’_

2

J’_

2

+

2

+

(1;1; L;1;1;1;1; 1) 3HAMIEHO Yepe3 3HAUEHHS BUMIPIB:

T T Jig Tt I T Tig T

VHL ™ PFS>™ SWS>™~ DRL> ™ EU’~ 0CC* ™~ TCT’ RPL'

T T T T Ty Tt Tt T

PES*Ys WS OC c*t TC T" RPLJ

(T (Tt Ti] (T | (Tt (T Toh]

OL=arccos

22T,

1
0 <o <L arccos .
22
OTxe, IPOEKIIisT HOPMH BiAITOBITHOTO pajaiyca-BeKTopa Ha iIealbHUN BEK-
TOp XapaKTepu3y€e IMOTY>KHICTh HANPYXKEHOCTI (CTYMiHb PO3JIOMY) MK Tapamu
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IIUBUTI3AIIH, a MPOCTOPOBE IMOJIOKCHHS BEKTOpA j civ(i j) B CUCTEMI KOOpAMHAT

conf
5 i 5 i j i j j i j j i j ‘71., j ‘71., j 5 jj | Xapakrepusye Mipy rapMoHizarii.
VHL Y PFS°* sws* DR EU Y occ> TCT** RPL

3riIHO 3 METOJMKOIO PUBEICHHS Y BiINOBIHICTH HAOOPY TPYHOBUX OLIIHOK
yCiX map IUBiTI3aIii 32 BicCbMOMa KPUTEPisAME JI0 iIHTETPOBAaHUX 3arajlbHUX Killb-
KICHUX 3Ha4YCHb OTPUMAHO 3arajbHy MaTPHUI0 KOe(Dilli€HTIB MOTYXKHOCTI HaIpy-
JKeHOCTI (po3noMiB) Mixk nuBuTizanisMu (Tabdmn. 2). ['padiudy iHTEpnpeTamiro 3Ha-
YeHb MOTYKHOCTI HAPY>KEHOCTI (PO3JIOMIB) MK LIMBLII3aLisIMH TIOKa3aHO Ha puc. 4.

Taoauwusa 2. Marpunsd KoedimieHTIB IMOTYXHOCTI HAIMPYXEHOCTI MIX
LMB1II3al1IMHA

1123456789 10]11]12]13
0,00 | 0,19]0,59 0,66 ] 0,66 | 0,67 0,68 0,72]0,51]0,33]0,36]0,54]0,50] 1
0,00 | 0,44 | 0,44 0,550,521 0,42]047]0,35]0,27]0,16]0,39]042] 2
0,00 | 0,35 0,40 0,37]0,29]0,26]0,53]045]0,39]044]033] 3

0,00 | 0,42]0,41]0,38]0,50]0,60]0,40]0,43]0,52]0,36] 4

0,00 0,29]0,36]045]0,63]0,50]0,554]047]027] 5

0,00 | 0,31]0,37]0,63]0,51]0,51[0,50]031] 6

0,00 0,26 0,58 | 0,47 042042024 7

0,00 | 0,61]0,48]0,48]0,49]0,38] 8

0,00 0,49]0,36]0,53]0,52] 9

0,00 02204304810

0,00 0,43]0,43] 11

0,00]0,31]12

00 |13

Puc. 4. T'padiyna iHTepnpeTallisi 3Ha4eHb MOTYKHOCTI HAMPY>KEHOCTI (PO3JIOMIB) MiX
LUBLII3ALIAMA
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BuxopucranHs 3rajaHoi METOIWKH JO3BOJMIIO 3 YPaxyBaHHSM B3a€MO-
3B’S3Ky CYKYIHOCTI BIIMIHHOCTEW KOXXHOI IWBUTI3AIll BiA PEIITH ITUBLITi3AIii
CBITY po3paxyBaTH KOe(IIiEHTH KOHMIIKTHOCTI JJIsi KOXKHOI 3 TPUHAMLATH [IMBIi-
mizauiii (Tabmn. 3).

Taoaunusa 3. KoedimieHTn KOHPIIKTHOCTI IUBLTI3aAIT

1 2 3 4 5 6 7 8 9 10 11 12 13
0,55510,401/0,4130,460|0,475 10,462 |0,419|0,472|0,533 0,424 | 0,402 | 0,457 /0,386

[NopiBHsABIIY BiAMOBIAHI 3HAUCHHS KOH(MIIIKTHOCTI I[UBLNI3AIlii, OTPUMaHI B
2008 p. 1y 2018 p., BU3HaYa€MO OIIHKH 3pOCTaHHS iHTErPAITbHOT KOH(ITIKTHOCTI
cBiTy 3 9acoBuM iHTepBasioM 10 poxkis (2008-2018 pp.) (puc. 5).

13

10

7

Puc. 5. Bizyanizauis 3pocTaHHsl IHTETpaJIbHOI KOH(IIIKTHOCTI CBITY 3 YaCOBHUM iH-
tepBasioM 10 pokis (2008-2018 pp.)

Crin Bi3HAYUTH €Ki TSHACHIIIT 3pOCTaHHsI KOHMIIKTHOCTI ITUBITI3aIli.

1. T'mobGanbHi KOHQIIIKTH Y CBITI HA HAL[IOHATEHOMY 1 MIKHapOJHOMY piB-
HSX Ha 4acoBOMY Biapi3ky 2017-2045 pp. MOHOTOHHO 3pocTaroTh (puc. 6) [8].
Temnu 1poro 3pocTaHHs 3HAYHO 30UTBIIMIINCH 32 OCTAHHE JECATUPIUYS, ITOYH-
uatouu 3 2008 p. (puc. 7).

2. HaiimotysHilme 3pocTaHHS IHTETPAIBHOIO TOKA3HUKA HANPYKEHOCTI
cniocrepiraetbes 'y 3axigHo-IliBHiuHOaMepukaHChkin Ta CioB’stHCHKO-CXigHO-
[IpaBocnaBHi#l nuBLUTI3AIIAX, 30KpEMa MK HUMHU Ta B CEPEIHLOMY iX 3 PEIITOIO
cBiTy Onn3bko 15%. OcobamBO Citif BiAZHAYMTH 3pOCTaHHS HATPY>KEHOCTI MiXK
HUMHU Ta SInOHCBKOIO, [HOYicTChKOIO IUBiMI3aUisMH Ta KpaiHamu IcrmamchKoro
010Ky, 110 cTaHOBUTH OMK3bKO 21%. Hapasi criocrepiraeTbes TakoK 3arocTpeHHs
BcepeauHi Icmamcpkoro 610Ky Ta Mixk Kordymiancbkoro i SMOHCHKOO ITHABIITI-
3alisiMH; MOKa3HUK 3POCTAaHHS HAINPYKEHOCTI B CEPEeAHbOMY CTaHOBHUTH IIO-
Hag 21%.
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«3apOJKEHHS OCTAaHHBOI ChOMOT XBUIII IIT00AIBHUX CUCTEMHHUX CBITOBHX KOH(JIIKTIB

Ha HactynmHOMy KpoIi HOCHIIKEHHSI PO3PaxOBaHO CXWIBHICTh IMBIII3aLii
0 00’eqHaHHs (Tabd. 4) Ta IPOTUCTOSHHS (TA0JI. 5), MOKIIABIIN BiAMOBIAHI 3HA-
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YeHHS IHBEPCHUMH JI0 MAaKCUMaJbHUX PiBHIB HANPYKEHOCTI (PO3JIOMIB) MIX LIH-
BUTI3AIISIMHY, 1110 BXOATh Y BIAMMOBIIHAN OJIOK:

P

mion = 1—max[d(civ,,civy)], P,

conflict — min [d(Civa > Civb )] .

Taoauusa 4. PiseHs cXunpHOCTI HUBiNi3aniil 1o 06’ equanHs, %

Ne 3/m Husinizauiiini 6,10xu 2018 p. | 2008 p.
3axinHa — €Bporeiicbka
1 , k 84 82
CrnoB’siHcbKa — 3axigHo-Karonuibka
2 3axinHa — [liBHIYHOAMepUKaHChKa, 3axinHa — €Bponenchka 81 97
Icnamcrka — Manaiiceka
3 .. 75 76
Inayicrcpka
Kondymianceka
4 byn 74 7
Innyicrcpka
Icnamceka — Manaliceka
5 . 71 66
Kondyuianceka
AdprkaHcbka
6 Icnamcepka — Apabebka, [cnamcbka — Tropkebka, IenaMcebka — 70 61
Manaiicbka
Kondymianceka
7 dyu 65 86
SnoHchKa
Icmamcbka — ApaOceka, Icmamceka — Tropkebka, Icmamcepka —
8 . 65 88
Manaiicbka
TaOoauusa 5. PiBeHb CXHWIBHOCTI IIUBLTI3AIIHN 10 TPOTHCTOSHHS, Yo
N3/ Husinizauiiini 610xu 2018 p.|2008 p.
| 3axigna — [liBHIYHOAMEpPHKAHCHKA 7 51
Innyicrcpka
3axigna — [liBHIYHOAMEpPHKAHCHKA
2 . 66 58
Icmamcpka — Apabcbka, Iemamcepka — Tropkebka, [emamcpka—Manaticbka
CrnoB’stHchka — CxigHo-TIpaBociaBHa
3 RAmo—Ip 61 | 47
Innyicrcpka
3axigaa — [liBHIYHOAMEpHKaHCEKA
4 . 59 46
Kondyuianceka, Smonceka
Crnop’siHchKa — CximHO-IIpaBocnaBHa
5 . 58 48
Icmamcpka—Apabepka, Icmamepka — Tropkebka, Iemamcpka — Manaticbka

[NoTeHmiiiHi KOHGITIKTH MOXYTh BiOYBaTUCS MK IUBLITI3AIISIMA MTEPEyCiM
IO JIIHISX PO3JIOMIB, YMCJIOBI 3HAYCHHS SIKUX HAHOUIbIN. | HaBMaKK: MOTEHIIHHI
00’eHaHHS TUBLII3ALINA MOXKYTh BiIOYBaTHCS I10 JIIHISX PO3JIOMIB, YHCIIOBI 3Ha-
YeHHsI SKUX HaiiMeHmn. Ha mizmcraBi pe3ynbTariB KiacTepusallil BiIcTaHed dYrc-
JIOB1 3HAYEHHS 3aTaIbHUX PO3JIOMIB MK ITUBUTI3AMISAMHU 1 CYKYIHI BiAMIHHOCTI
uBiNizaniii cpopmoBano OaueHHs Ha OJvdKYe 1 BigganeHe MailOyTHE 11010 MOX-
TUBHX 00’ €THAHD 1 KOHQIIKTIB MiXK CBITOBUMH KYJIbTypaMH.
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3a TOpIBHSJIBHUM aHaJli30M Ta pPe3yJbTaTaMd JOCHiKEeHb, MPOBEICHUX
y 2008 p. [2, 3], oTpuMaHO HaHi, SKi MOXKYTh CTaTH HaAYKOBO-OOTPYHTOBAHOIO OC-
HOBOIO JIJIsl TIepei0aYeHHs] CTBOPEHHSI psiy 00’ €IHaHb Ta albsSHCIB KpaiH CBITY, a
TaKOX U1 MOJEIIOBAaHHS MOBEAIHKH Ta PO3BUTKY OKPEMHX KpaiH CBiTy.

BUCHOBKHA

1. 3 oTpuMaHHX pe3yJIbTATiB MOJCIIIOBAaHHS 0a4MMO, 110 3POCTAaHHS IHTETr-
panbHOT KOHQIIIKTHOCTI CBiTY 3a mepion 10 pokiB cranoBuTh 0113bK0 11%, a Mak-
CUMAaJIEHUH PO3JI0M MiX mUBLTi3anisMu 30inbpmuBcs Ha 14 % (mo 72%) Ha mpotH-
Bary 58% y 2008 p. HaifnoryHime 3poCTaHHA IHTETPAIBHOTO MOKAa3HUKA
HAaIPY>KEHOCTI CIIOCTEPIraeThesi Ha piBHI Omm3bKko 21% 1 LIrOCTpyE CTYHiHB MOTIp-
IICHHS B3a€MOBITHOCUH Mix 3aximHo-IliBHIYHOAMEPUKAHCHKOIO Ta SIMOHCHKOIO,
IaayicTepkoro nuBiTI3aIisaMu, KpaiHamu Iciaamcekoro 610ky; KoHdymiaHcbKoRO 1
SlnoHChKOI IMBLMI3alisIMU; MIX KpaiHamMu BcepenuHi Icimamchbkoro OJIOKY.
CrocTepiraeTbesi TakoX 3arocTpeHHs Mik 3axigHo-IliBHIYHOAMEPHKAHCBKOIO 1
Crnop’saHChKOI0 — CximHO-IIpaBOCnaBHOIO NHHMBiMI3ANIAMA Ta iX B3a€MOBIIHOCH-
HaMH 3 PEITOIO CBITY, 3pOCTaHHS HAIPYKEHOCTI B cepeAHboMY Oim3bKo 15%.

2. 3pocTaHHs iHTErpajJbHOT KOH(QIIIKTHOCTI CBITY MiATBEpIKYye TO# (akr,
IO Hapasi JIIOACTBO MOCTYIIOBO BXOIUTH Y JPYTY €BOIIOULIHHY (a3y oCTaHHbOI
ChOMOI XBHJIi TJIOOAPHUX CHCTEMHHUX CBITOBMX KOHQUUKTIB (puc. 7) [9]. Anami-
3yI0YH TEHIEHIII1 3MiHU 1HTErpaTbHOI HAIIPYKEHOCTI CBiTY 3a mepiox 2008-2018 pp.,
MOYKHa 3pOOMTH BUCHOBOK, 110 HaWBHUILMI PiBEHb 3arOCTPEHHS y CBITi BIHCBHKO-
BUX Ta HAaIBBIHCHKOBUX KOH(QIIIKTIB Ipumagae came Ha nepiox 2012-2015 pp. [8].
Ileit daxT Moke pO3TIAIATHCH SK III¢ OJHE IMATBEPIPKCHHSI ICTOPUIHOI Teopii
[UKJIIB COHSIYHOT aKTUBHOCTI BHJIATHOTO Oiodi3zuka Munysoro cromitrs A.Jl. Yu-
JKEBCBKOT0, Y SIKill BiH OOTPYHTOBY€ 3aJICKHICTh XKUTTS Oiocdepu Ta colialbHIX
putMmiB Big putMiB CoHIs. 3TigHO 3 HOT0 AOCTIIKEHHSIMH COHSIYHA aKTHUBHICTH
CIpUsIE€ HArPOMA/DKCHHIO Ha TUIAHETI KOJIOCAIbHOI «KOJEKTHBHOD», «IICUXIYHOD»
Ta «COLIaJbHOD» €Heprii, a B MOJAIBIIOMY MPU3BOAUTH 10 il BuBiIbHEeHHA. CaMe
3 2008 p. po3mouaBcst 11-piuHnii 24-i IOPIXipChKUI UK COHAYHOI aKTUBHOCTI
(puc. 7), a iforo mik mpunamae came Ha nepiog 2012-2015 pp. CroroaHi CBIT cTO-
iTe Ha MOpPO3i cucTeMHOl Kpu3u. OQHAK Lie 3aBKIU BigOyBaeThCs HA 371ami icTo-
PUYHUX TEHJEHIIIH, e BU3HAYAJHHIMH € He MaTepiajbHi, a 11e0JI0TiuHi PaKTOpH.

3. HeszanexxHo oAvH BiJi OJHOTO JiBa BHJATHI BUEHI MHHYJOTO CTOJITTS
B.1. Bepuaacekuii i M.M. MoiiceeB BHUCIOBHIN AyKe ONHM3BKY TYMKY: «SIKIIO
JIFOICTBO HE 3MIHUTH KapJUHAJIBHUM YMHOM CBOIO MOBEIIHKY B IUIAHETAPHOMY
Macitadi, To Bxe B cepequHi XXI cTomiTTs MOXXyTh BUHHKHYTH TaKi yMOBH, 3a
SKUX 1CHYBaHHsSI JIFOJICTBA CTaHEe HEMOXJIMBHM». 3rimHo 3 mparmsmu [10, 11] 3a
NPOJIOBXKEHHS JIFOJACTBOM MapajJiTMHU «3aJI0BOJICHHSI BIIACHUX IHTEPECIB» yKe
B cepenuti XXI cTOmTTA oM iCHyBaTH HE 3MOXKyTb. OHUM 3 MiATBEPIKEHHS
IIAX MPOTHO3IB CTAJIO0 BHSBJICHHS 3aKOHOMIPHOCTI TIepediry CHCTEMHHX CBITOBHX
KOH(QUTIKTIB, MOCIOBHICTh XUTTEBUX IUKIIB SKHX IIJUIATAE 3aKOHY CJIEMEHTIB
psany ®ibonayui [9]. I3 2008 p. po3novansocs 3apoKEHHST OCTAHHBOI XBHJII CHC-
TEMHUX CBITOBHX KOH(QIIKTIB, IO 3aKkiHUeHHi sKoi, y 2097 p., mocninoBHicTs Di-
OoHaudi BUPOMKYeThesa. IlocTae muTaHHS: sIKa JOJNSA OYIKY€E JIIOJACTBO ITCIIA
2097 p. i un moxuBe icHyBaHHS XXII cTomiTTsi? MOXIMBO HacTae 3aKIIOYHUN
[IUKJI €BOJIIOIIHOTO JIAHITFO)KKA TII00aThbHUX CHCTEMHHUX CBITOBUX KOH(IIKTIB?
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SIKIO JIFOJICTBO 3MOXKE 3MIHMTH TMapajiurMy CBOTO iCHYBaHHs B IUIAHETAPHOMY
MacmTabi Ha IHITY, HAMPUKIA] Ha TMapagurMy «TapMOHIifHE CHiBICHyBaHHS Ha
3emMiti», TO BOHO MPOJOBXKHUTH CBOIO Micito Ha rutaHeTi 3emus. [Ipu npoMy BuUsB-
JICHa JUIS TIOTIePEIHBOI MapaJiurMH 3aKOHOMIPHICTh TUIMHY CHCTEMHHX CBITOBHX
KOH(QUTIKTIB, IO BiAmoBigae mociimoBHocTi PiOOHAYYI, YTPATUTH CBOIO CHITY IS
HOBOT mapagurmu [9].
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CUCTEMA ONIJITPUMAHHSA NPUHHATTSA PIIIEHD
JJIAA ITPOI'HO3YBAHHSA ®IHAHCOBHUX ITPOLHECIB
HA OCHOBI IPUHIUIIIB CUCTEMHOI'O AHAJII3Y

B.A. JAHWIOB, B.I'. 'YCBKOBA, IL.I. BIAIOK, O.JI. )KUPOB

AHoOTamisi. 3anmponOHOBaHO KOHIICTIIII0 PO3B’S3aHHS 3a/1a4 aJalTUBHOTO MPOTHO-
3yBaHHs Ha OCHOBI METOJIOJIOTii CHCTEMHOT'O aHai3y, II0 IPYHTYEThCS Ha KOMILIEK-
CHOMY BHKOPHCTAaHHI METOJIB IONEPeIHHOr0 00POOICHHS JaHUX, MATEMaTHYHOTO i
CTQTUCTMYHOTO MOJEIIIOBAHHS, MPOrHO3YBaHHS Ta ONTHMAJIBLHOTO OLHIOBAHHS CTa-
HIB JOCIiXKyBaHUX TpolieciB. [{ukimiyne aganTyBaHHs CTPYKTYPH 1 apaMeTpiB Mo-
Jeini Ha OCHOBI MHOXHHH CTaTUCTHMYHHX XapaKTEPUCTHK mpolecy 3albesmeuye
OTPUMaHHA BHCOKOSKICHHX KOPOTKO- Ta CEPEIHBOCTPOKOBUX OLIHOK MPOTHO3IB 3a
YMOBH HasiBHOCTI iH(popmaTHBHUX NaHuX. Jist inentudikauii i BpaxyBaHHS MOXIIN-
BUX CTOXAaCTHYHUX, CTPYKTYPHHX 1 IMapaMETPUYHUX HEBH3HAUYCHOCTEH 3alpOINOHO-
BaHO BHKOPHUCTOBYBATH ONTHMAIbHY Ta IHU(POBY (BUIBTpAIii0 i METOAM 1HTEIEKTY-
IBPHOTO aHaNi3y JaHUX, Taki sk OaifeciBCbKi Mepexi, amanTuBHI OalfeCiBChKi
Mepexi, rpany sipHi GinbTpu Ta iHII iHCTpyMeHTH. MOXINBI apaMeTpuyHi HeBU-
3HAYEHOCTI MiHIMI3YIOThCS MUIIXOM 3aCTOCYBAaHHsS aJbTEPHATHBHUX METOJIB OIli-
HIOBaHHA napamerpi, Takux sk MHK, PMHK, MMII ta Monre-Kapno mis map-
KOBCBHKHX JIQHIIOTiB. BUKOHaHI JOCHIKeHHsI 3aIIpOIIOHOBAaHOI METOJUKH CBiq4aTh
PO MOXIIUBOCTI ii 3aCTOCYBaHHs A0 aHAJi3y MHUPOKOTO KJacy MPOLeciB JOBITBHOT
HNPUPOAX BKIIIOYAIOYM HENiHiIHI HecTalioHapHI mpouecH y (iHaHCAaX, eKOHOMII,
ekoJtorii ta remorpadii.

Kawuogi cioBa: diHaHCOBI mpoliecH, HEBU3HAYCHOCTI, CHCTEMHHI aHalli3, ajamnTa-
1S, TIPOTHO3YBAHHSI.

BCTYII

Cucremu migrpumands npuiHaTTs pimens (CIIIP) — 3pyuHmii cy4acHuWit iH-
CTPYMEHT OOpOOJICHHS CTATHCTHYHHX/EKCIIEPUMEHTAIBLHUX JaHUX 1 eKCIEPTHHX
OLIIHOK JUIsi BCTAHOBIICHHSI B3a€MO3B’SI3KiB MK 3MiHHMMH, 1MOOYIOBH MaTreMaTu-
YHUX MOJEJICH MOCIIKYBAaHUX IPOIIECIB, OIIHIOBAHHS MPOTHO3IB 3 METOIO TIPH-
HWHATTS KPaIIoro pilmeHHs, BHOpaHOTO 3 MHOKWHU anmbTepHatwB [1, 2]. [lo3uTns-
HuMHU BractuBocTsMHU CIIIIP mopiBHSHO 3 iHIMIMME iH(OPMAITiTHO-aHATI THAIHUMH
cHUCTEMaMH € Taki: 1) Mae OyTH CIIPOEKTOBaHA i peani3oBaHa 3 BHKOPHUCTAHHSIM
NPUHIMIIIB CUCTEMHOTO aHaJli3y, Ha SKUX I'PYHTYETHCS METOIMKA MPUHHSTTS pi-
IeHb ocobamu, o npuitMaroTh pimenas (OIIP); 2) moBuHHa OyTH aKTUBHUM
YYaCHUKOM TIpOIlecy MPUHHATTA pimieHs [1]; 3) y cuctemi 000B’A3K0Ba HasBHICTh
0a3u 3HaHb U 30€pPEKEHHS YUCEIBHUX Mpoueayp oOpoOJIeHHs AaHUX, oOumc-
JICHHS! OL[IHOK TapaMeTpiB MOJEJeH, KPUTEPiiB SKOCTI MOJENEeH, OLiHOK MPOTrHO-
3iB 1 aIPTEpPHATUBHUX PIllIeHb (AIBTEPHATUB), IPaBUI BUOOPY KpaIIuX MOAeteH i
pileHs i T. iH.; 4) 3aCTOCYBaHHsI aKTUBHOTO KOHTPOJIIO BCiX eTamiB 0OpoOJIeHHs
JAHUX 1 3HaHb 3 BIAMIOBITHUMH MHOXXHHAMH (POpMali3oBaHHX KUTbKICHUX KPH-
TepiiB AKOCTIi; 5) MOMyNbHA CTPYKTypa CHUCTEMH, sKa 3abe3mneuye ii ornepaTUBHY
Mo ]iKalilo 3 METOI PO3LIMPEHHS Ta MOJIMIIEHHS (YHKIIOHATBHIX MOKIIHBO-
cTelt; 6) HasABHICTh ONTHUMIAMIMHNX Ta aJalTUBHUAX MPOICIYP Ul OIiHIOBAHHS
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CTPYKTYPHU MOJICNi, OOYHCICHHS OIIHOK IapaMeTpiB MaTeMaTHYHUX 1 CTATUCTHY-
HUX MOJEICH Ta /I IeHEPYBaHHSA ONTHMABHHX TpaeKTopm PO3BHUTKY IOCITi-
JDKyBaHUX TIPOLECIB 1 BiAMOBIAHUX KepyBaIbHHUX BILIMBIB (praBJ‘IlHCBKI/IX pi-
HIeHb); 7) po3pobieHHs iHTepdeiicy BUCOKOTO PiBHSA, SIKMH BiANOBiAae BUMOTaM
aIalTHBHOCTI JI0 KOPUCTYBAUiB PI3HUX CTYICHIB MiATOTOBKH Ta BUMOTaM JIFO/ICh-
koro (aktopa i eproHomiku. CricTemMa MiATPUMAHHS PUHHATTS PIillICHb CIIPOEK-
TOBaHA 3 ypaxyBaHHSM Ha3BaHUX BIACTUBOCTEH Ta €IeMEHTIB, Oye eheKTHBHUM
IHCTPYMEHTOM MiATPUMAHHS MPHUHATTS OOIPYHTOBAHUX PIIIEHb EKCHEPTOM 1
peATbHIM YYaCHUKOM TIPOIECY MPUHHATTS pilieHb. PoOOTYy IpHCBsIYIEHO pO3p00-
nerrto CIIIP mist po3B’si3aHHs 3a1ad KOPOTKO- 1 CEPETHBOCTPOKOBOTO IPOTHO-
3yBaHHS HENIHIHHUX HecTalioHapHUX (HiHAHCOBUX IIPOIIECIB HA OCHOBI MOJIECIh-
HOTO TiAXOMdY.

IcHytOUi MeToM MPOTHO3YBaHHS, IO IPYHTYIOTHCS HA aHANITHYHUX MPOIle-
Iypax, JOTIYHUX TPaBHJIaX Ta paIlioOHAIHGHOMY €KCIIEpTHOMY MHCJICHHI, HE 3aB-
KW JTO3BOJISIFOTH OTpUMATH OakaHWH Pe3yJIbTaT 3 SIKOCTI OLIHOK MPOTHO3IB, a
TOMY Mpo0jieMa 3HaYHOTO MiJBHMILEHHS iX SIKOCTI 3aBXKAM € akTyalbHO. Edek-
TUBHE BHUCOKOSKICHE NMPOTHO3YBaHHS MOTpeOye 3aCTOCYBaHHS Cy4acHOI METOJ0-
JIOTii CUCTEMHOTO aHaNi3y JO ICHYIOUHX ITiIXOMIB Ta METOIIB aHAII3Y JaHHX, I10-
OyzoBU MoJesel 1 OLiHIOBaHHs MPOTHO31B, KOPEKTHOI MOOYAOBH MaTeMaTHYHUX
MoJIeNield TIPOIIECiB TOBLTHHOI IPUPOIN Ha OCHOBI CYYacCHHX JOCSTHEHb Y Talys3i
CTAaTHCTUYHOTO aHaJIi3y JaHUX i Teopil omiHIOBaHHA. JlesKi MOXIIMBOCTI aaarTHB-
HOT'O TIPOTHO3YBAaHHS 3 METOIO iJIBUINEHHS SKOCTI OIIIHOK IPOTHO3IB PO3rJsijia-
I0ThCS y Tpausx [3—7], 30kpemMa aganTHBHI METOAM €KCIOHEHLIHHOTO 3rIaixKy-
BaHHA Ta (imbTparii mannx. OgHAK METOMW, IOAAaHI B ITMX TIpaIsX, HE
nepen0avaroTh 3aCTOCYBaHHS CHCTEMHOTO TMiIX0AY A0 MPOTHO3YBaHHS Ta yIpaB-
JIHHS 1 HE TAIOTh BIJIMOBI/I HA OCHOBHE 3allUTaHHS, K OPTaHi3yBaTH MPOIEC 00-
pOOJIeHHS TaHWX, MI00 OTPUMATH OLITBII TOYHI OLIHKH IPOTHO3IB B YMOBaX HasiB-
HOCTI HEBHM3HAYEHOCTEH CTPYKTYypHOTO, TIapaMeTPUYHOTO0 1 CTAaTHCTUYHOTO
XapaxTepy.

3rajaHi HEBU3HAYEHOCTI 3yMOBIICHI TIepelyciM 3HaAYHOIO HECTAlliOHAPHICTIO
JOCTIKYBAaHOTO TPOIIECy, MPOIyCKaMH BUMIpPIOBaHb, 3allyMJICHHUMHU ITaHUMU,
HAasSBHICTIO €KCTPEMAIBHUX 3HAYEHB, CTPUOKOIOMIOHUX TEPEXO/IiB MK peKUMa-
MU i T. iH.. EQekTuBHi (1100 AKOCTi OCTaTOYHOTO PE3yJbTaTy) METOIH aJalTHB-
HOTO OILIIHIOBAaHHS 1 IPOTHO3YBAaHHS CTaHIB JUHAMIYHHX IPOIECIB 32 JOIOMOTOIO
dimpTpa Kammmvana nomani y mpami [8]. [l amanTartii aroputMy OITIHIOBaHHS Ta
NPOTHO3YBaHHS CTaHy NPOLECY BHUKOPHUCTOBYIOTH OOYHUCIICHI B pealbHOMY 4aci
OL[IHKM CTAaTUCTUYHHX XapaKTEPUCTUK 30ypeHb CTaHy I MOXUOOK BHMIDIOBAHb.
[Ipoueaypu onTuManbHOi (GinbTpalLii MaloTh CBOT HEMOMIKY i mepeBaru. Ix mepe-
BaraMu € MOKJIMBICTh BpaXyBaHHS y SBHOMY BHUIJISJI CTATUCTUYHUX XapaKTepHC-
TUK 30ypeHb CTaHy 1 IIyMiB BUMipIOBaHb, OTPHUMaHHS ONTHMAIbHUX OLIHOK
3MIHHHX CTaHY Ta IX MPOTHO3iB, OI[iHIOBAaHHS HEBUMIPIOBAHUX KOMIIOHEHT BEKTO-
pa cTaHy Ta OJHOYACHE OIiHIOBAHHS CTaHIB i ACIKUX MapameTpiB Moxaeni. [{o He-
JOJIKIB MOYKHA BiIHECTH 3HAYHE 3HMKCHHS SIKOCTI OI[IHOK ITPOTHO3IB y BUIAJIKY,
KOJIM KIJTBKICTh KPOKiB IPOTHO3YBAHHS OibIlIa Hi’K OJFH, MOXIINBA PO30i1KHICTh
MPOIIETyPH OIIHIOBAHHS CTaHIB 1 MPOTHO3IB YHACTINIOK HEIOCTATHHO BHCOKOTO
CTYICHsI aJIeKBaTHOCTI MoJieli [9], HeoOXiMHICTh 3aCTOCYBaHHS MPOLEIYp KOpEK-
THOT JIiHeapu3allii HeJliHIHHUX MPOIIECIB.

ToOTo HaTenep icHye HEOOXiTHICTh CTBOPEHHS HOBHX METOJIIB 1 MiAXOIIB 10
OITIHIOBAHHS MOJIEJICH 1 TIPOTHO3IB, AKi TapaHTOBAaHO 3a0e3reuaTs OTPUMaHHS BH-
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COKOSIKICHHX OILIIHOK IPOTHO3IB B yMOBaX HAassBHOCTI HEBU3HAYEHOCTEH, KOPOTKUX
BHOIPOK Ta HEIOCTaTHHO BHCOKOI iH()OPMATHBHOCTI CTaTUCTUYHHMX NaHWX. Taka
3aJa4a 4YaCTKOBO PO3B’S3YEThCs B 1[Il POOOTI 3a JOTMIOMOIOI0 CTBOPEHHs iH(OP-
martiitHoi CIIIIP Ha OCHOBI CUCTEMHOTO MiIXO/y, KU IPYHTYETHCS HA BUKOPHC-
TaHHI Cy4acHHUX METOJIB TOMNEPETHHOr0 0OPOOIICHHS CTATUCTUYHUX JaHUX, afar-
THBHOTO OIIHIOBAaHHS CTPYKTYpH 1 TapaMmeTpiB Moeiel, OOYHCICHHS OIlIHOK
MPOTHO3IB Ta aJbTCPHATUBHUX PIllICHb 1 3aCTOCYBaHHS OKPEMHUX MHOXXUH CTaTHC-
TUYHHUX KPUTEPIiB SIKOCTI MIPOMIKHUX Ta OCTATOYHHX PE3YJIbTaTIB.

ITOCTAHOBKA 3ATAUI

Merta po6oTu: 1) po3poOUTH KOHIICTIIIO aTanTUBHOTO MOJICIIOBAHHS 1 MPOTHO-
3yBaHHS TPOIIECIB JOBUIBHOT MPUPOJIH, MMOJAHUX CTATUCTUYHUMH JAHWUMHU, 3 BH-
KOPUCTaHHIM METOJIOJIOTi] CHCTEMHOTO aHali3y, sKa mepeadadac iepapXiqHuid
aHaJli3 MPOIECIB MOJIEIIOBAHHS Ta MPOTHO3YBAaHHS, YPaxyBaHHS HEBH3HAUCHOC-
Tel CTPYKTYPHOTO MapaMETPUYHOTO 1 CTATUCTHYHOTO XapaKTepy, alanTyBaHHS
CTPYKTYPH 1 TIapaMeTpiB MOJIeTICH 0 3MiH Yy MPOIecax Ta 3aCTOCYBAaHHS albTep-
HAaTUBHUX METOJiB OOYHMCIICHHS OIIHOK IPOTHO31B 3 METOIO IOITYKY KPaIInuX OIli-
HOK; 2) 3allpONOHYBaTH HOBI O0YMCITIOBATIbHI CXEMHU MOOYIOBH POTHO3HUX CHC-
TEM 31 3BOPOTHHM 3B’S3KOM Ha OCHOBI BUKOPHCTaHHS KIBKOX MHOMXHH
CTATUCTUYHHUX TapaMeTpiB SKOCTI MOJENeH Ta OIIHOK MPOTHO3iB; 3) CTBOPHUTH i
peanizyBatu mpoekT iHdopmaririiinoi CIIIIP Ha oCcHOBI 3alpPONOHOBAHOI CUCTEM-
HOT KOHIIEMIIi] aJalTHBHOTO MOJICIIFOBAHHS 1 IPOTHO3YBaHHSI.

KOHIIEIIIISA MOBYJIOBUA ATAITUBHOI CHCTEMHA
JJIsI MOJAEJIIOBAHHS I TPOTHO3YBAHHA

CTpyKTypHY CXeMy, IO UTIOCTPYE CHUCTEMHHM MIOXiJ JO OpraHi3allii mporecy
MIPOrHO3yBaHHs, 300pakeHo Ha puc. 1. Iliaxig rpyHTy€eThCS Ha ETAIBHOMY aHa-
31 AOCHiAKYBaHOTO MPOLECY, YCTAHOBICHH] TUIIB HASIBHUX XapaKTepHUX HEBH-
3HAYEHOCTEH, OLIHIOBaHHI CTPYKTYPH 1 MapaMeTpiB MOJIENi Ta OOYHCICHHI OIli-
HOK TPOTHO3IB 3a BiAMOBIMHUMHU (QPYHKITIAMUA. [[J1s1 po3B’sI3aHHS IOTO KOMIUIEKCY
3a7a4 HeoOXigHO crpoekTyBaTH 1 peamizyBatu CIIIIP. [leramizoBany cxemy ajar-
THUBHOT'O MOJICIIOBAHHS 1 MPOTHO3YBaHHS MIOKA3aHO Ha pHC. 2.

Posrnsnemo 6inpin getanbHO KoxHUM 3 eramiB mo6yaosu CIIIP. CtBopen-
HSl CHCTeMHU IJISl aJalTHBHOTO MOJEIIIOBAHHS 1 MPOTHO3YBAaHHS IOYHMHAETHCS 3
BHOOpY TpOIIECy, aHaNli3y MOTOYHOTO CTaHy, ICHYIOUMX Mojeied 1 MiAXomiB a0
HOro MaTeMaTHYHOTO ONMHKCY Ta MPOrHO3YBaHHS MOAAJIBILOTO PO3BUTKY. AHai3
CHeIiaJIbHUX JIITePaTypPHUX [DKEPENl MOXKE CYTTEBO JIOMOMOITH y BCTAHOBJICHHI
(hakTy icHyBaHHS MO, HEOOXiTHOI 7S ONUCY MOBEAIHKH BUOPAHOTO MPOIIECY.
Ile MoXyTh OyTH MaTeMaTHUYHI MOJCII y BUIJIA/I CHCTEM piBHSHB (audepeHiiia-
JTHHUX, PI3HULEBUX 200 anreOpUYHUX), 3aKOHH PO3MOALTY BXiTHUX Ta BUXITHUX
BEJINYMH (CTATHCTHYHI Mojeni) abo JIOTiYHI MOAENl Y BUIIISI MHOXKHH TpaBHI,
IO XapaKTepU3YIOTh JIOTIKY B3a€EMOJIil BXOMIB 1 BUXOAIB Mporiecy kepyBaHHs. B
OCTaHHI TPH JECATUWIITTS HAOyBalOTh MOIMYJISPHOCTI HMOBIPHICHI METOU 1 MOJIe-
7 piI3HOMaHITHHUX CTPYKTYp Ta MOJENI y BUTJISAI MPaBHJ HEUITKOI JIOTIKH, SKi
MaroTh XOpOIlle HaOJIM>KEHHsI IO XapaKTepy MHCICHHS ekcriepra. Bubip Tumy ta
CTPYKTYPH MOJIEI BiJlirpae BaroMmy poJiib JJIsl peaii3allii moJaiblIInX eTamiB CTBO-
PEHHS IPOTHO3HOI Ta KEpYBalIbHOI CUCTEM.
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Jani Ta excniepTHi OMiHKH

{ 30upaHHs i monepenHe 00POOICHHS JaHUX ]

A 4

CTaTHUCTUYHUHT aHANI3 NaHUX: KOPEIIiitHi QyHKIII1, IHTeTpOBaHICTB,
reTepOCKEIaCTUYHICTD, B3aEMHI HMOBIPHOCTI

\4
[ InenTudikamis Ta BpaxyBaHHs HEBU3HAYEHOCTEH TaHUX ]

A 4

[OI.[iHIOBaHH}I CTPYKTYpH i TapaMeTpiB MaTeMaTHIHUX MOHeHeﬁ-KaHHHﬂaTiB]

A4

Bubip xpamoi Mozesni 3a MHOXKHHOIO CTAaTHCTHYHUX HTapaMeTpiB
aZIeKBaTHOCTI, ITOOYI0Ba (PYHKIIiI MPOTHO3YyBaHHS

[Tporuo3 3a10BiIbHUIT?

[ ®dopmyBaHHS aIbTEPHATHB Ha OCHOBI IIPOTHO3IB ]

!

Pesynbrat 3am0BiTbHMIA?

Puc. 1. Eranu pearnizauii CHCTEMHOTO MiJXO1y JI0 MOJCIIOBAaHHS 1 IPOTHO3YBaHHS

Tak, Mozenb, CTBOpEHa Ha OCHOBI TEOPETUYHUX YSIBJICHD 1 3aKOHOMIpHOCTEH
CTOCOBHO KOHKPETHOT'O IPOIIECY, MOKE MOTPeOyBaTH JIHIIE ACSKOTO TTOJAIBIIOT0
YTOUHEHHS 11 TapaMeTpiB 3a JOMOMOTOI0 CTATHCTUYHUX JaHUX. A MOIENb, sSKa
MOBHICTIO TPYHTY€TbCS Ha CTAaTHCTHYHHMX JIOCIHIPKCHHAX, MOXE IMOTpeOyBaTH
3Ha4YHO OiMBIMX 00CATIB iHpOpMaii Ta yacy mis ii moOynoBu. Ornsp niTepaTyp-
HHX JDKepell TaKoX Mo)ke OyTH KOPHCHHM JUIS OI[IHIOBAaHHS CTPYKTYpPH Ta aJiar-
THBHOTO OIIHIOBAHHS TapaMmeTpiB Moneni. KoxxHuit MeTo Mae CBO1 OCOOIMBOCTI
Ta MEXI 3aCTOCYBaHHS, a TOMY HEOOXITHO 3HATH IIi OCOOJMBOCTI 10 MOT0 Mpak-
THYHOTO 3aCTOCYBaHHS.

Cucrema miaTpUMAaHHS IPUHHATTS pillleHb TPYHTYETHCS Ha Pi3HOBUAAX pe-
rpeciiHuX MoJesei, MOJIENsIX y TPOCTOPi CTaHIiB, MOJTIHOMIANBHUX MOIENAX Y
kiaci momnaoMiB Kommoropoa—I'abopa (Mogeni, mo OyIyHOTBCS 33 METOIOM
TPYIIOBOTO BpaxyBaHHS apryMEHTIB) Ta Oalfe€CiBCBKUX Mepekax (iMOBipHICHI MO-
JIeTTi y BUTJISIIII HAaNpsIMIICHUX aluKimigHuX rpadis). [IpakTuka cTBOpEeHHS MTPOTHO-
3HHUX CHCTEM JJIsI IPOLECIB AOBIIBHOI MPUPOIU CBIAYUTH MPO TE, 1[0 TOTOBHX IO
BUKOPHCTaHHS MOJeNel qyke mano. HaBiTh icHyroui ampoOoBaHi Mozeli moTpe-
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OYIOTh KOPHTYBaHHs 1X CTPYKTYpH Ta/ab0 mapaMeTpiB 3 METOIO iX ajanTyBaHHS
JI0 KOHKPETHUX YMOB BUKOPUCTaHHS 1 AaHUX. TOMy y OUIBIIOCTI BHNIAAKIB HEOO-
XimHO OymyBaTH HOBY MOJIENh HA OCHOBI MOTIHOJIEHOTO aHAJI3y MPOLECy Ta Ha-
SBHUX JaHUX. SIKICTh MaHUX BiIirpae HaI3BUYAWHO BAKIMBY POJIL IS TOOYIOBH
MoOJielti, a TOMy i 4ac (popMyBaHHs 0a3u JaHUX HEOOXITHO KEpPyBaTHUCh BiJIO-
MHUMH BEMOTaMH II0I0 iX iH(pOpMaTHBHOCTI, CHHXPOHHOCTI Ta KOPEKTHOCTI [4, 6].

v v

JlomaTtkoBi q ITonepenne
nani " | 0Opobenns narux

v v v v

Anatiz AKD i Amnaniz Amnanis dyHkuiit
YAK®D KopeJsLiiiHo1 B3aEMHOI
MaTpHITi KOPEJALI

Jani

BusnaueHnns
TUITYy TPEHIY

\ 4 \ 4 A 4

Amnaii3 THITB O1iHIOBaHHS Busnauenus
HeMiHIfHOCTeH || |Jacy 3ami3HeHHS TUIy 30ypeHb

A4 l A 4 l A 4 ¢ A4

g OuinroBanHs (hopMyBaHHs) CTPYKTYpH MOJIEIi

v

Bubip metony (MeToiB) OLIHIOBAaHHS apaMeTpiB MOJENi

v v v v

MHK HMHK MMII MKMJI

v v v y

Hi MHoxHnHa
KpHUTEpiiB

SIKOCT1 MOJEIL

SIkicTb Moaeein
3a10B1iIbHA?

Puc. 2. Cxema mporecy afanTHBHOTO OIIHIOBAHHS MOJENI Ha OCHOBI CTaTUCTHYHHX
(excriepumenTanbHEX) gaHuX: AK® — aBTokopemsmiitHa gynkiis; YAKD — gactkoBa
aBTokopersmiitHa gyuakmist; MHK — meron nafimenmx kBanparis; HMHK — HemiHiii-
HUW MeToa HaiMeHImMX KkBaapaTiB; MMII — wmeron MakcuManbHOI MOMIOHOCTI;
MKMJI — Monre-Kapiio a1 MapKOBCHKHX JIAHITIOTIB

[Tonepenne 0OpoOICHHS AaHWX MOTPiOHE ISl HamaHHSA M hopmu, sKa 3a-
0e3MeYnTh MOXIIMBOCTI KOPEKTHOTO 3aCTOCYBAaHHS METOJIB OI[iHIOBaHHS Tapa-
METpIB MOJIENI Ta OOYUCICHHS IX CTATUCTHYHO 3HAYYIIUX OLIHOK. Tak, JOCUTh
4acTo HEOOXiJHO 3aCTOCOBYBATH HAJIC)KHE HOPMYBaHHS BHMIPIOBAHb Y 3aJaHUX
MeKaX, 3alOBHIOBATH MPOMYCKU JaHWUX, KOPUTYBATH 3HAYHI IMIYJbCHI (eKcTpe-
MajbHi) 3HAYCHHS, JIOTapu()MyBaTH BENHMKI 3HAYCHHS, (QUIBTPYBATH IIIYMOBI
CKJIQJIOBI Ta PO3B’SI3yBaTH 3a/a4y MYJbTHKOIIHEApHOCTI. DinbTpallis Moxe OyTH
IUQpOBOI0 ab0 ONTHUMAJIBHOIO 3aJIeKHO BiJl KOHKPETHOI MOCTAHOBKM 3aaadi Ta
00cary HasBHOI iHGOpMAIIi PO ITOCIIIKYBaHHH mporiec (00’ €KT).
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Ha ocHOBi KOpPEKTHO MiATOTOBICHUX JAHUX OLIHIOIOTH CTPYKTYPH 1 mapame-
TP MaTEeMaTHYHUX MOJEICH-KaHANAaTiB BHOpaHUX TporieciB. DopMyBaHHS
(oUiHIOBaHHS) CTPYKTYpH MOJENI — KIIIOYOBHH MOMEHT i1 moOynoBu. [Iponony-
€THCSl BU3HAYATH CTPYKTYPY MOJEN TaKolo, IO CKIAJAETHCS 13 CEMHU €JIEMEHTIB!

S ={r,p,mn,d, z,1},

Jie ¥ — PO3MIPHICTh MoJeNi (KUTBKICTh PIBHSHB, SIKi CTBOPIOIOTh MOJIETH); p —
MOPSIOK, TOOTO MaKCUMATBHHK TIOPSIOK MudepeHItianbHIX abo Pi3HUIIEBUX PiB-
HSHb, SIKi (OpMYIOTH MOAENb; M — KUIBKICTh HE3AJICKHUX 3MIHHHMX y NpaBii
YaCTHHI MOJIENi; # — HEMHIHHICTE Ta i1 THI (1Ie HEMHIHHOCTI CTOCOBHO 3MiHHHX
abo mapameTpiB; TaKoX HEOOXiJHO BCTAHOBUTHU MOPSIOK HETIHIHHOCTI CTOCOBHO
3MiHHUX); d — 4ac 3aTPUMKH (J1ar) peakiii CHCTEMH CTOCOBHO MOMEHTY Mojadi
BXIIHOTO BIUTUBY Ta HOTO OIliHKA; z — 30BHIIIHE 30ypPEHHS MPOIECY Ta HOTO
TUN (BUMagKoBe ab0 PiAKICHO NeTepMiHOBaHE); / — MOXJIHMBI OOMEXEHHs Ha
3MmiHHI. CTpyKTypa OIIHIOETHCS HA OCHOBI aHaNi3y OCOONHMBOCTEH (PYHKIIIOHY-
BaHHS IPOLIECY Ta BIANOBIIHUX CTaTUCTHYHMUX NAHUX, SIKI OIMCYIOTH HOro mepe-
0ir y vaci. JletabHO poLeAypY OLIHIOBAHHS CTPYKTYPH PO3TIISTHYTO Y Tipani [4].
Jlyis 0JJHOTO TPOLIECY OLIHIOITH KiIbKa MOJeNel-KaHauIaTiB, a MoTiM BHOUpa-
I0Th Kpally 3 HUX 3a JOIOMOIOI0 MHOXKUHHM CTaTUCTHYHUX NapaMeTpiB aaeKBat-
HOCTI Mojem. Takuif miaXia BiIIyTHO MiABUIINYE HMOBIPHICTH TTOOYIOBH aJIeKBaT-
HOI (Kparoi) MoAemi Uil KOHKPETHOTO 3aCTOCYBaHHS.

YacoBi psau NaHUX y TEXHIli, EKOHOMILI Ta (iHaHCaX MaloTh JeTEpPMiHOBa-
Hy Ta BUIAJKOBY CKJajoBi. [losBa BUMaIKOBOI CKJIaIOBOT 3yMOBJICHA HAsIBHICTIO
BUTAJKOBHUX 30ypEHb, MOXHOOK BHUMIPIOBaHb, HETOUHICTIO OIIHIOBAHHS CTPYKTY-
pu Ta o0uuciaeHb. ToMy Mil CTATUCTUYHO OYAEMO PO3YMITH MOJICIb MPOLECY Y
BUTJISIII PO3MOALUTY BUIIAMKOBHUX BelMUuH. OOTpyHTOBaHUH BHOIp THITY PO3IIOJi-
Jqy Ta OLIHIOBaHHS HOro MapaMeTpiB 3a JOIOMOTOI0 €KCIIEPUMEHTAIBHUX AaHUX
SIBIISIE COOOI0 MpOIIeC MOOYI0BH CTATUCTHYHOT MOJIENI MPOLIECy.

[ToOGymoBana Mojenb, HaBITh JOCUTH BHCOKOTO CTYIICHS aJeKBATHOCTI, I
HE TapaHTy€ BUCOKOI SKOCTI OI[IHOK IMPOTHO3iB, OCKIIBKM OCHOBHA MeTa Mo0yI0-
BU MPOTHO3HOI MOAENI — II€ HaJie)kHa BHCOKOSKICHA almpOKCHMAIlisl OCHOBHHX
CTAaTUCTUYHUX XapaKTEPUCTUK IIPOLECY: MAaTEMAaTU4YHOIO CIOMAIBaHHA, AMCIHEPCil
Ta xoBapiauii. Tomy micis moOynoBu Mojeni HEOOXiIHO MepeBipUTH 11 HA MOXK-
JMBICTH 3aCTOCYBaHHS Ui PO3B’sI3aHHS 3ajadi NMporao3yBaHHs. Harenep icHye
IIMPOKHUI CIIEKTP METOIiB MPOTHO3YBaHHS, 5IKi 3aCTOCOBYIOTh B €KOHOMIIII Ta (hi-
HaHcaX. OIHAK JaJeko He BCI METOAM 3a0e3MeduyiOTh BHCOKOSKICHI MPOTHO3H Y
KOHKPETHHX BHIAJIKaX X 3aCTOCYBaHHS 4epe3 pPi3Hi MPUYMHH, 30KpeMa HasiBHICTh
HEBU3HAYEHOCTEH Ta OCOONMBOCTEW mepediry mOCIHipKyBaHHX MporeciB. Tomy
BHOIp METOIy NMPOTHO3YBAaHHS HE € MPOCTUM; BiH MOTPeOye OTHOYACHOTO 3aCTO-
CYBaHHS KUTBKOX aJlbTEPHATHBHUX METOJIB 1 BUOOPY KpalIoro 3 HUX Ha OCHOBI
aHaJi3y OTPHUMAaHOI0 Pe3yJbTaTy ad0 CTBOPEHHS MPAaKTUYHUX CXEM OL[IHIOBAHHS
BHCOKOSKICHIX KOMOIHOBaHHUX IPOTHO3IB.

HaiinommpeHimumu cb0rogHi MeTogaMH IIPOrHO3YBaHHS PO3BUTKY IpoLe-
CiB JIOBUIBHOT IPUPOJIU € TaKi: METOJIM HA OCHOBI perpeciiiHux Mojese, HediTka
JoriKa, iIMOBIpHICHI Ta HMOBIPHICHO-CTaTUCTUYHI METOAH, METOA TPYIOBOTO Bpa-
xyBaHHs apryMmeHTiB (MI'BA), HeiipoHHI Mepexi, HEWPOHEWiTKi MOAEI, MEeTOIn
Ha OCHOBI «M’SIKMX» O0YHCIICHb (T€HETHYHI Ta IMYHHI aJIFOPUTMH), METOJ TIO10-
HHUX TPAEKTOPiid, METOA (MallMHAa) Ha OCHOBI ONMOPHHUX BEKTOPIiB Ta AEAKI iHIII.
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KoxHuil 13 ©uX METONIB Ti€l0 YM iHIIOKO MIpOI0 MOKE BpaxOBYBaTH HEBH3HAUe-
HOCTI CTPYKTYpPHOTO, CTATHCTHUYHOTO 1 IMapaMeTPUYHOTO Xapakrepy. Kpamii pe-
3yJIbTAaTH MPOTHO3YBAaHHS TPOIECIB 3 HEBHU3HAYCHOCTSMH MOXXHa OTPHMATH 32
noroMororo MI'BA, iMOBipHICHMX METOIiB Ta HEYIiTKOI JIOTIKU. 32 CBOEIO IPHUPO-
JIOF0 IIi MEeTOIW ONM3BKI 10 CIOCO0iB MOJETIOBAHHS CHTYAIlii Ta IPUAHATTS pi-
meHs JioauHoro-ekcrieproMm (OINP), a ToMy X 3acTocyBaHHS y CHCTeMax yIpaB-
JIHHA Ta MiATPUMAaHHS NPUHHATTS pillleHb 3a3BUYail 1al0Th 3HAYHUN TO3UTUBHHUN
edexr. CydacHi HanmpsiMU PO3BUTKY HMOBIpHICHHX METOJIIB MOJIEIIOBAHHS 1 MPO-
THO3YBaHHS TPYHTYIOThCA Ha BWUKOPHCTaHHI y3arajJbHEHUX JIHIHHUX MOJENEH,
iepapxivyHUX 1 CTPYKTYpHHX MOJENEH, rpaHysipHUX (PiIbTpiB, CTATUYHUX 1 AHU-
HaMiYHUX Mepex batieca [5, 6, 10, 15], ski MaroTh psJl ICTOTHHX MEepeBar nepes
IHIIUMH HiIX0JaMU.

IMoOynoBa ¢yHKIiH 751 6araTOKpPOKOBOro Mpor{o3yBanus. HeoOxigHo
3a3HAYUTH JIesIKi KOPUCHI 0coOIMBOCTI Mojenel aBroperpecii (AP) Ta aBroperpe-
cii 3 koB3HuM cepenHimM (APKC) miist o6unciieHHs! OIIHOK MPOTHO3iB Ha iX OCHOBI.
B y3aransHeHOMY BUTIISIII TaKy MOJETh MOYKHA MTOJIATH TAKUM YHHOM:

y)= flytk =1, y(k = p), u(k =1),...,u(k = ¢),0] + &(k),

ne y(k) — ocHoBHa 3MmiHHa; u (k) — BXijHa (KepyBaibHa) 3MiHHA; p, ¢ — IIO-
psnok APKC BignosinHo; 6 — BekTop mapamerpiB moneni; €(k) — BHIIaIKO-
BUIl Tpolec, MOsiBa SKOTO 3yMOBIIEHAa HASBHICTIO BHIAJKOBHX 30BHILIHIX 30Y-
peHb, TIOXMOKaMH BHMIpIOBaHb, HETOYHICTIO CTPYKTYpH 1 I1apameTpiB;
k =0,1,2,... — OMCKpeTHUH uac, sIKMid 3B’S3aHUI 3 HEMEPEPBHUM ! MEPioIOM
JUCKpeTH3alii BuMiptoBanb 1, : t =k T, .

Bukopucranus y CIIIP moneneit AP i APKC nae 3mory OyayBsatu QyHKIii
NPOTHO3YBaHHS Ha OCHOBI MOOYyIOBaHUX Mojelneil. Bukopucranus nux QyHKIIH
CHPOIIYy€E NpOoUeAypr OOYMCIEHHS OLIHOK 0araTOKpOKOBUX IIPOTHO3IB. 3a O3Ha-
YEHHSIM OILIHKa IMPOTHO3Y Ha § KPOKIB CTOCOBHO JESKOTO MOMEHTY k& BH3Ha4a-
€TBbCS. YMOBHUM MaTE€MAaTUYHUM CIIOJ[iBaHHAM (QYHKIIII, sIKa A€ MOMIIUBICTH 00-
YHCIIOBAaTH MaiOyTHI 3HAYCHHS OCHOBHOI 3MIiHHOI 3a yMOBH, IO BigoMa BCs
HeoOxiHa iH(opMallist mpo mporec Ha MOMEHT & BKIJIFOYHO:

y(k+s)=E [y(k+5)y(k),y(k=1),..,y(0),e(k),e(k-1),....,e(0)],

a QyHKIis MPOrHO3yBaHHsI, OTpUMaHa Ha ocHOBI Mozem AP(1), mae Burmsn [4, 9]
s=1 .
o) 1 S
J(k+s)=E[y(k+s)]=ag D a; +a y(k),
i=0
ne y(k+s) — ouinka nporuo3y 3minHoi y (k) Ha s KpokiB; E;, — yMOBHe Ma-
TEMaTU4HE CHOJIBaHHSA CTOCOBHO k -0 MOMEHTY dacy; d,, 4, — KoedilieHTn

monem AP(1). ®ynkuis nporno3ysanns nporecy APKC(2,1) Ha Tpu kpoku Mae
BUTJIA:

y(k+3) = E[y(k +3)]=ay + a B [y(k +2)]+ ay E[y(k +1)] =
= ay(l+ay+a” +ay) +(a; +2a,a,)y(k) +
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+ (@ ay +ay? ) y(k 1) +By(a)” +ay)e(k),

e ag, a;, a, 1 B; — xoediieHTH Mozeni; Uil OOYMCIEHHS NPOTHO3Y BHKOpPHC-

toBytTh €(k)=y(k)—p(k); y(k) — (akruuHe 3HaYeHHsS 3MIiHHOI B MOMEHT Ya-

cy k; p(k)— ouinka 3MiHHOI, oGuncnena 3a Moxewto, Tooto P (k)=07 y(k),
e (k) — BeKTOp BUMIpIOBaHb 3MIHHUX y MpaBiii yacTuHi Mojeini. PekypcuBHy
¢dhopmyry ans oGuncieHHs OoUiHOK mporHo3iB npouecy APKC(2,1) na noinbHy
KIJIBKICTB KPOKIB § MOJKHA 3aIMCcaTy TaK:

$(k +5)=Eg[y(k+5)] = ag + a B[k +5 D]+ ay B [y(k +5-2)].

Taki 00YMCITIOBaIbHI MPOLEAYPH 3a0€3MEUYIOTh OTPUMAHHS HE3MIIEHUX
OIIHOK TPOTHO3iB, TUCHEPCis MOXUOOK SKUX 30ira€Thcs A0 CKIHYEHHOI KOHCTAH-
TH 31 301IBIIEHHSIM KUTBKOCTI KPOKIB MTPOrHO3yBaHHS 32 YMOBH, 1m0 E[&(k)] =0
i xoBapianis E [e(k) e(j)] =0, sxmo k = j [4, 8].

OnHoyacHe 00UMC/JIEHHSI ONTUMAJLHUX OLIHOK cTaHy i mporHosiB. On-
HOYACHE ONTUMAJbHE OI[IHIOBAHHS CTaHy 1 MPOTHO3YBaHHS MOAAJIBIIONO PYyXY
JMHAMIYHOT CHCTEMHU BHKOHYIOTHCS 3a JIOTIOMOTOIO 3TrajlaHuX BHUIIE METOJIB OIl-
TUMalbHOI QinbTparii, 30kpema ¢inbrpa Kanmana. Harenep icHye mekinbka Mo-
mudikaniidi pinbrpa Kanmana, siki 3a0e3medyioTh po3B’si3aHHA 3a/1a4 ONTHMAb-
HOTO 3IJIa/DKYBAHHS JAHWUX, OOYHCICHHS OI[IHOK IPOTHO3IB 3a JIOMOMOTO)
ONTHUMAJIBHUX OIIIHOK BEKTOpa CTaHy, OLIIHIOBAaHHS HEBUMIPIOBAHMX KOMIIOHEHT
BEKTOpa CTaHy IPOIECY Ta ACIKUX MapaMeTpiB MOJENEH TOCIiKyBaHUX MPOIIe-
ciB. OcHOBHe piBHSHHA (PUTBTpallii JUIA BUTRHOI TUHAMIYHOI CHCTEMH, SKE IPYH-
TYETHCS Ha IMapaMeTpax MOJeNIi IPOIeCy Y MPOCTOPi CTaHiB, Ma€ BUTIISII:

x(k)=Ax(k-1) +K(k)[z(k)-HAXx(k-1)],
ne X(k) — onrumainbHa OIiHKA BekTOpa crany X(k) y MOMEHT 4acy k; A —
Mepexi/iHa MaTpHIs CTaHiB Impouecy; z(k) — BEKTOp BHMIipIOBaHb 3MIHHHX Ha
Buxozi 00’exta; H — marpus (koedinientis) BumiptoBanb, K (k) — onrtuma-
JTHHUN MaTpUIHUHN KoeDimieHT (iabTpa, SKUH 00YHMCITIOETHCS 332 YMOBH MiHIMi3a-

1ii pyHKIIOHAJIA:

. ~ T A

J=min E{{x(k) - x(O)]" [x(k) = x(K)]},
TOOTO 32 YMOBH MiHIMyMy MaT€MaTHYHOTO CITOiBaHHSI CyMH KBaJIpaTiB MOXHOOK
OIIIHOK BEKTOpa CTaHy mpolecy (3HaueHHs K Bu3HA4YaeThCst pO3B’A3KOM BiJIO-

BITHOTO piBHSHHS PikkaTi). ANTOpUTM OLIHIOBAaHHS BEKTOpa CTaHy (OpMye Ta-
KOK OTHOKPOKOBHH MPOTHO3 BEKTOPA CTAHY:

R(k+1k) = Ax(k),

3a JIONIOMOTO0 SIKOT'O MOXKHA OTPUMATH OI[IHKU ITPOTHO31B Ha JIOBIIBHY KUIBKICTh
KPOKIB § :

%(k+s,k) = ASk(k).

TakuMm YyuHOM, 3HAYYINICTh (PUIBTPA MOJSTaE y TOMY, IO BiH BUKOHYE POJIb
MIPHUCTPOIO JIJIS 3TIIaJKYBaHHS 1 IPOTHO3YBaHHA, a TOMY Horo BBeaenHs y CIIIIP
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HaJae CUCTEMI JOAATKOBI KOPUCHI (yHKIiOHANBHI MoxnuBocTi. KpiM Toro, anar-
THBHMHA (iIBTP A€ 3MOTY OITIHIOBAaTH CTAaTHCTHYHI XapaKTEPUCTHKH 30ypEeHHS
CTaHy 1 TOXUOOK BUMIPIOBaHb, SIKi HE 3aB)K/IM MOJKHA BU3HAYUTH anpiopHo [7, 8, 12].

Ananrauis oaieciBcbkoi Mepexi. OHUM 3 TIOTYKHHUX CYYaCHUX IMOBIpHIiC-
HUX IHCTPYMEHTIB PO3B’S3aHHA 3a/1a4 MPOTHO3yBaHHs, Kiacu(ikamii Ta marpu-
MaHHS IPUHHATTS PilleHs € TpadivHi MoIeni MPUIMHHO-HACTIIKOBUX 3B’ SI3KIB Y
¢dopwmi Gaiiecicbkux Mepex (BM) [10, 15]. dus moGynoBu crpykrypu BM BuKo-
PHUCTaHO aJNrOpUTM Ha OCHOBI CTAaTHCTHYHOTO aHAIII3y PsAiB JaHHX, SKI XapakTe-
pHU3YIOTH eBooIito 3MiHHUX Mepexi [10]. Y CIIIIP peamizoBano anroput™m ajar-
TYBaHHS CTPYKTYpH MepeKi 10 HOBHX JAaHHX, IO HAJXOIATh Y peaJbHOMY 4aci.
Jns mosiCHeHHS TpoLeAypu ajanTalii Mepexi BBEAEMO TakKi IO3HAa4YeHHS:

Z ={X|,...,X,} — MHoxkuHa By31iB bM, sika BU3HAa4a€eTbCsA KUIBKICTIO 3MIHHUX
y 0a3i nanux; E ={(Xi,Xj)|Xi,Xj EZ} — MHOXHMHA JyT Mepexi; X; — By3ou

1

BM, 1o BiAnoRBizae CIOCTEPSIKEHHSAM OJHIET 3MIHHOI 3 0a3u JaHWX; 7 :|Z| —

KUIBKICTb BY311iB BM; 7, — KiJIbKICTh 3HaY€HB, 1[0 MOXKYTb IPUHMATHCS BY3JI0M
X;; vy — k-e 3Hauennsa 3miHHOi X,;; Il, — MHOXXHUHa By3IiB-IIpeAKiB By3ia
X;; @, — MHOXUHA MOXJIMBUX iHimiamizaumii I1;; ¢; = |(p,-| — KIJIBKICTh MOX-

auBUX iHimiamizamind I1;; P — Jj-a iHimiamizamiss MHOXXHUHH By3iiB-nipenkis I,
By3na X;; By — ctpykrypa BM; Bp — imoBipHicHa cneuundikanis BM, To6to
YacTMHA ONMCY Mozen — IMOBIpHICHI Xxapakrepuctuku BM; 0, = p(X; =

=Vi | 9;,Bp), Ipu 1bOMY Cyma HMOBIpHOCTEH Ze,.jk =1; f(8;1,-.0;.)
k

IIIBHICTE PO3MOALLY IMOBIpHOCTEH [yist Bysna X, Ta iHimjamizauii ¢;; Dy —
BUXi/Ha 0a3a JaHUX CIOCTEPEXeHb; S, — CTPyKTypa BM, oTpumana BHacIigok
HONEPEHbOr0 MaKeTHOro 00pobieHHs 6a3u Dy; D; — 06a3a 1aHUX HOBUX CIIO-
CTEepEKCHb, HE BUKOPHCTAaHUX y moOynoBiS,; S| — cTpykrypa BM, oTpumana
micis agantanii S, 1o HoBuUX naHuMX D, . CTaBWIOCH 3aBAaHHS PO3pOOJIECHHS ail-
TOPUTMY aJanTyBaHHA BuxigHoi BM G =<Z E > 31 CTPYKTYporo S, 0OyA0BaHO-
rO 3a BUXiIHOI 0a3010 crocTepexeHb D, 10 HOBUX crocTepexenb D . ToOrto
noTpibHO copMyBaTH OHOBIEHY CTPYKTYpy Mepexi S;<>D;. Ilpu npomy

eKCIIepUMEHTANbHI (CTAaTUCTHUYHI) AaHI MOXYTh MaTH ITOBUIBHUU PO3ITOILIT
IMOBIPHOCTEH, a MPOILECH, SIKi OMHUCYIOTHCS UMM JaHHUMH, — HECTalliOHAPHUH
XapakTep, ToOTO MareMaTu4yHe crHoXiBaHHsI M [X;]#const 1 gucmepciro
M {X; —M[X,]}* #const .

Ananrariis noOyI0BaHOI MEpPEXi J0 HOBUX JaHUX BUKOHYETHCS y TaKii Imo-
CIIIIOBHOCTI:

1. Peamizaris mporieayps KOpUTYBaHHS CTPYKTYPHOI YACTHHHA MOJCITI:

— BUJIAJICHHS YT, 1[0 HE BIAMOBIAAI0Th MHOXKHHI JaHUX;

— JI0/IaBaHHS HOBHX JIYT.

2. Ilpouenypa KOpUryBaHHsI IMOBIpHICHOT YaCTUHH MOJEITI.

OCKiJbKY Ha MOYATKOBOMY eTari HaBuaHHS BbM IMOBIpHICHY CKJIaJoBYy MO-
JleTTi 3a7ai0Th TaOJUIIl YMOBHUX PO3MOALTIB IMOBIpHOCTEH, oTpuMaHi Oe3moce-
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PeAHBO Ha MiJCTaBi YaCTOTHOTO aHali3y MOSBU 3HAUY€Hb 3MIHHUX y cCIIOCTepe-
JKEHHSX, TOMY BiZlpa3y BU3HAYMMO 3MiHHU B MPOIEITYyPi KOPUTYBAHHS iIMOBIpHICHOT
yactuau Mojeni. [1lo0 moyermuT KOpuUryBaHHs IMOBIPHICHOI YaCTUHH MOJIENI,
KOpUCHO 30epiratv He TabNHLi PO3MOALTY YMOBHHX IMOBIPHOCTEH, a 3Ha4eHHS
Ny . Lle mae 3Mory mBujie OHOBIIOBATH JaHi IPO PO3MOALT yMOBHHX IMOBIp-

HOCTEH, a caMi 3HaueHHs YMOBHHX IMOBIpHOCTEW MO)KHa 0oO4HCIIOBaTH 3a (op-
myJoro Jipixie
N,-jk +1
p(X; = vy [T, :(Pij)z—Nl“ o
y 1
Kopurytoun crpykrypy BM, nopsnok o6xomy By3iiB BU3HAUAEMO 3a BHEC-
KOM KOXKHOTO By3/a y 3HAueHHS YMOBHOI #MoBipHOCTI p (D) |D,y,S,) =

Ri O miy
o THTTIT Vi +u)
=11 Qszyzl uzl . CyTb ananizy indopmaniiiHoi BaXJIMBOCTI AyT TI0-
. 1 it

= [TV +7 = 1+w)

t=1 u=l
nsrae y TakoMy. Ha ertami mepeBipku AyT Ha HEOOXiMHICTh BHIATICHHS IS KOX-
HOTO BY3J7la OOUYMCIIOETBCSA 3HAYCHHS K oo (Sp) IV MOTOUHOI KOHGiryparmii

MHOXHHH BY3JIB-IIPEAIKIB, @ TAKOXK 3HAYCHHS K oo (S]) AIst KOHOIryparii, siki
SIBJITIOTH COOOI0 pe3yNbTaT BUAaeHHS oxHiel 3 M (1<m <M ) BXimHUX IyT

3 MOTOYHOTO BYy3J1a. SIKIIO BUKOHYETHCS YMOBA K yojore (S71) < K getere (So) » TO m-a

JTyTa 3aJIAIIAEThCS Y CTPYKTYPi MEPEKi, OCKITBKHA BUIAJICHHS ITi€l AYyTH TPHU3BO-
JIUTh 70 3MCHIICHHS 3HAYCHHS JIOKaAbHOTO (YHKIIOHAIA SKOCTI (TOOTO ISt
MOTOYHOTO By3Ja). [HaKIe JAyra 3aHOCUTHCSA B CIUCOK (MHOXKHHY) YT, IO TiJI-
JSATAIOTh TMOANBININA TIEpeBipi Ha HEOOXimHICTh BuAaneHHs. CIIHCOK BiICOpPTO-

BYETHCS 32 30UIbIICHHAM 3HAYEHHS K jo1oo(S”]) . CHHCOK Ayr aHATi3yeThes MO-

ciimoBHo. [lomanmbmna mepeBipka MOJsATac B OOYMCIICHHI 3HAYCHHS JOKAIHHOTO
(dyHKIIOHANA SIKOCTI 3a BUXiAHOT KOH(]Irypamii i KoH}Iryparii, ski OTpUMYEMO
3 BUJTAJICHHS OZIHI€ET 3 JyT, 10 3aJIMIIHMIIMCS B CIUCKY. TaKTHKa BUITyYSHHS i JI0-
JTaBaHHS JIyT 3aCTOCOBAaHA B IHKPEMEHTHOMY BapiaHTi aJanTamiifHOTO aJlrOpUTMYy.
Ockinbkn pe3yJbTaTOM peaiizamii OalieciBcbkoro miaxomy € BHUOIp crpare-
rii aganTaunii Ha OCHOBI QyHKIiOHaNa

P(S|Do)P(D, | S,Dp)
P(Dl |S07DO)

P(S, |D1,D0,SO)=argm§1x ,
TO MPOLIEAYPa BUITYyUCHHS 1 TOJABaHHS AyT 3MIHCHIOETHCSA TAKHUM YHHOM.

Sxmmo BpaxyBaty BHJ pO3B’sA3aHHS ONTUMI3alliiHOI 3a1a4i ananTamii BM, To
TaKTUKa BUJIYYCHHS IYT MOBHHHA MPUBOJUTH JI0 3MCHILIEHHS MEPIIOl CKIaI0BOI
yncensHuka P(S|D,), OCKUIBKM BOHA AOCSITa€ MaKCUMyMYy 3a YMOBH S =S, y

pe3yibTaTi (hopMyBaHHS MOYATKOBOI CTPYKTypu BM. Takum 4uHOM, JJisi OTPH-
MaHHS TTO3UTUBHOTO eeKTy Bia amanTarlii HeoOXiTHO KOMIICHCYBATH BTpPaTH Bil
BUJIYYCHHS AyrH €()eKTOM Bijl JoaaBaHHs HOBOI ayru. OCKUIbKH BUXIIHOK YMO-
BOKO anroputMy K2 € HasBHICTh yMOPsAKOBAHOI MOCITOBHOCTI BY3JIiB, TO TOIIYK
IyTH-TIPETCHICHTA Ha JOJaBaHHS 3MIMCHIOETHCSA camMe B Takwii crmoci0. Orinka
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JIyTH BUKOHYETHCS ILISXOM OOYHCIICHHS 3HAYEHHS JIOKAJIHLHOTO (hYHKIIOHAIA
SIKOCTi. BimmoBiTHO TpeTEHISHT Ha JOJaBaHHS IIOBUHEH BU3HAYATH KOHDIrypartito
BXIIHUX JIyT, 110 Ma€ HaWOLIbIIE 3HAUECHHS JIOKAIBHOTO (PYHKIIIOHAJa SIKOCTI [9].

OuinoBaHHS aJeKBATHOCTI Moaeeil i sikocTi mporHosiB. Baximsum
MOMEHTOM TIPOIIECY MPOTHO3YBAHHSA € 00’ €KTHBHE BU3HAUCHHS SIKOCTI OTPUMAHO-
ro nporHo3y. OCKiNBKHU OI[IHKU MPOTHO3IB — II€ BHUIAJAKOBI BEITUYWHU, TO IS
BU3HAYCHHS X SKOCTI HEOOXIJHO BUKOPUCTOBYBATH MHOXKHMHY BIAMOBIIHHUX CTa-
TACTUYIHUX KPHUTEPIiB — caMe MHOXXHHY, a HC OIAWH KPHUTEPil, OCKITLKH KOXKEH
KPUTEPii XapaKTepu3ye OJHY BIACTHUBICTh OIIHKH MPOTHO3Y. [HOMI SKICTh OLIHOK
MPOTrHO3IB BHU3HAYAIOTH JIMIIE 3a JOMOMOIOI CEpPEIHbOKBAIPATUYHOT MOXUOKHU
(CKII). Onnax 3nagends CKII — me mnwmre omHa 3 MHOXHUHN MOXITHBUX CTAaTHIC-
THUK, SIKa 3aJIeKUTh Bil MaciiTaby JaHUX, a TOMY W€l XapaKTePUCTUKH SBHO He-
JIOCTATHBO JJIsl aHAJII3Y SIKOCTI IPOTHO3Y.

SIkicTh MIHIMHAX Ta DCEBIOMIHIMHUX MOJEIEH OLIHIOKTE 3a JTOIIOMOIOK Je-
KIJIbBKOX CTaTHCTHYHHX KPHUTEPIiiB SKOCTi, 30KpeMa TakuX, K Koe]ili€eHT MHO-

JKUHHOI IeTepMiHamii (R2 ), SIKHI XapakTepu3ye iHPOpPMaTHBHICTh MOAETI BiAHO-
CHO iH(GOpPMATUBHOCTI maHWX; cratuctuka Jlapbima—Yorcona (DW'), mro
BU3HAYAE CTYITiHb aBTOKOPEIBOBAHOCTI MOXUOOK MOJeNi; iHpopMaliitHuii KpuTe-
piit Axaiike ( AIC) i cratuctuka baiteca—IlIBapua ( BSC); cyma KBaJipariB MOXH-

00K Mozeni (Ze2 (k)); F —craructuka ®dimepa Ta iH.

[TormmbeHe oIiHIOBaHHS SKOCTI MPOTHO3IB JOCATAETHCSA 32 PaXYHOK BHKO-
pUCTaHHS KPUTEPIiB, Ki JAIOTh BiAHOCHI OLIHKH SIKOCTI (Hampukial, KoedimieHT
Teiina) Ta OMIHKYU SIKOCTI y BiICOTKaX (HAIPHUKIIAI, cepeaHs aOCOMOTHA TOXUOKA
y BimcoTkax ( CAIIB)). IlepeBaru iX BUKOPHCTAHHS MOJSATAIOTH Y TOMY, IO BOHH
HE 3aeXath BiJ MaciuTaly AaHuX i Jerko inTepnperytoTbes OIP. Cepennro ab-
COJIFOTHY TTOXHOKY Yy BiICOTKax i KoedirtieHT Teima 00UnCITIOI0OTE 32 BUpa3aMHu:

k+i)—yp(k+ik k+
CATIB = — zb’( i) y(. ! )| _ z|e( l)| 100 ;
po |y(k +1) “|y(k +1)|
13 N oa N2
— 2 [k +1) =9k +D)]
U= S k=1
lZyz(kﬂ') + 1292(1(”)
Si=l S i=l
Je § — KUIbKICTh KpOKiB MpOrHo3yBaHHs; V (k +i) — (akTuuHi 3HaUeHHA Ja-

HuX; J(k +i) — OLIHKU MPOTHO3IB BiJTHOCHO k -TO MOMEHT 4Yacy, Ha sSIKUii HasiB-
Ha Bcs iHQopmMarist mpo pocmimpkyBanuii nponec. Koeginient Teitna U — ne
BOXJIMBA XapaKTEPHUCTHKA SKOCTI MOJENI 1 MporHo3y 3a o3HadeHHsM 0 < U <1.
SAxmo U — 0, To OLIHKK MPOTHO3IB HAOMIKAIOTHCA 10 (GAKTUYHHUX 3HAYEHB psi-
Iy 1 MOJIeNTb Ma€ BUCOKHH CTYMiHb agekBaTtHoOCTi. ToO6To U nae 3MOry BCTaHOBH-
TH IPUAATHICTH MOJIENi (1 METOT OIIIHIOBaHHS IPOTHO3Y Ha 11 OCHOBI) TSI OIIiHIO-
BaHHS IPOTHO3Y B IMPHHIHITI.

Jlnist aBTOMaTH30BaHOTO BHOOPY Kpalioi MoJielli MOKHA CKOPUCTATHCh iHTe-
rpajJbHUM KPUTEPieM siKOCTi [9]:
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SSE  |In(4IC+ BSC), sxmo AIC+ BSC >0
+_

2
V(0,Dy)=e "R
v(6.Dy) eAICHBSC  gimo AIC +BSC <0

+¢> P 1 In(CKII) + In(CATIB) + €Y |

ae Dy — naHi, 110 BUKOPUCTOBYIOTHCS AJIsl OLIHIOBAaHHS CTPYKTYpH 1 apameT-
piB moxeni; CKII — cepemnpokBampaTndHa MOXHOKA OJHOKPOKOBOT'O TIPOTHO3Y
Ha HaBUaNbHIN (icTopuuHiit) BuOipmi; U — koedirient Teiina (HabmmkaeThCs 10
HYJISI, SIKIIIO MOJIENb TPUIaTHA JJIsl IIPOTHO3YBAHHS).

ANBTEpHATUBHUI BapiaHT BUKOPUCTAHOTO IHTETPAIBHOTO KPUTEPIIO TAKHIA:

vy (0,Dy) =R ¢ ln(l +&STEJ+ ¢2P7| L In(1 + CKIT) + In(1 + CATIB) + ¢V,

ne N — KUIbKICTh BUMIPIB 4acoOBOTO Psiy NaHHX. [IOTYyXHICTh IIMX KPUTEPiiB
NepeBipeHO eKCIIEPUMEHTANBHO 1 BCTAHOBIIEHO, 110 BOHU JAIOTh MOXKIIMBICTH BH-
OpaTH Kpalry MOJIENb 3 OIMHUYHOI HMOBIPHICTIO.

VY GaraThox BUNAgKaxX KpalluxX pe3yJIbTaTiB MPOTHO3YBAaHHS MOXKHA JAOCSTTH
3a paXyHOK ycepenHEeHHs1 a00 KOMOIHyBaHHS 3a JOIOMOTOIO0 BaroBux KoediwieH-
TIB OLIIHOK MPOTHO3iB, OTPUMAHMUX 3a JOMOMOIOI0 pisHUX MeTofiB. [Ipu 1pomy
HEOOX1THO 3aJIOBOJILHUTH TaKi YMOBH: TIOXHOKH OIIIHOK MTPOTHO31B, OTPUMAHHX 32
pI3HUMH METOAaMH, MalOThb OyTH HEKOPEIbOBaHMMH, a AMUCHEPCil LUX IMOXU-
00K — OJIN3BKKUMHU 3a CBOIMHU 3HAUCHHSAMHU.

AnanTuBHE OOYMCIICHHS OI[IHOK MPOTHO3iB. )1 30epekeHHs SKOCTi OI[IHOK
NPOTHO31B B YMOBaxX HECTAI[IOHAPHOCTI JOCIIIKYBAaHOTO MPOIECY, 8 TAKOXK IS
MIBUIIEHHS SIKOCTI MPOTHO3YBAaHHS MPOIIECIB 3 JOBUIBHUMH CTATUCTUIHUMH Xa-
pakTepucTUKaMH HEOOXiHO 3aCTOCOBYBATH aIalTHBHI CXEMH OLIHIOBaHHS IpO-
THO31B. BUXiTHUMU BeMTMUMHAMY AJISl aHANI3Y SKOCTI MPOTHO3IB Ta OPMYBaHHS
aIaTUBHUX CXEM IX OLIHIOBaHHS € 3HaYCHHS IOXUOOK IPOTHO3IB Ta CTATUCTHYHI
XapaKTePUCTUKH iX sKOCTI. Jlis po3B’si3aHHS 3amavi cmpykmypHoi adanmayii
MPOrHO3HOT MOJIEI JI0 3MiH y JIOCIIPKyBAaHOMY MPOIIEC Ta 0 BUMOT IOJIO SIKOC-
Ti IPOrHO3Y MOYKHA CKOPUCTATUCh TAKMMHU OOUYNCIIIOBAIBHUMU MOXJIMBOCTSIMU:

® T[epiOAMYHUH aHai3 THITYy PO3MOJLTY AaHUX i HOro mapaMeTpiB Ta Bpaxy-
BaHHS OTPUMAHOTO PE3yJIbTaTy Mija yac BUOOPY METOIY OLIHIOBaHHS MapaMeTpiB
MOJIEII;

e aBTOMAaTH30BaHMI aHaJi3 YacTKOBOiI aBTOKopensiiHoi ¢pynkuii (YAKD)
3aJIe’KHOI (OCHOBHOI) 3MIiHHOI 3 MOJANBLIMM KOPUTYBAaHHSIM CTPYKTYPH MOJEINi
LIISIXOM yBEJCHHS/BUIy4Y€HHS JOAATKOBUX JIATOBUX 3HAYEHB;

® [I0YEPrOBE BBEAEHHS Y MOJIEJIb MOXIIMBUX PETPECOPIB Ta aHai3 iX BIUIU-
By Ha SKIiCTh NMPOTHO3Y; OCOOJIMBO KOPUCHUMHU JIsl OL[iHIOBAHHS IMPOTHO3IB € pe-
rpecopu, siKi BBOJATHCS B MOJEIb 3 JIaraMH, OUIBIIMMH 32 OAMHULIIO, — II€ TaK
3BaHi npoGIOHI iHOuKamopu, MO HAJIAITh MOXJIMBICThP KOPEKTHO OOYHCIIIOBATH
NPOTHO3M Ha Ty KUIBKICTH KPOKIB, 10 BiAMOBiga€ aKTUIHOMY Jary; popMyBaH-
HSI IOJATKOBUX 1HAMKATOPIiB HA OCHOBI pErpecopis;

® aBTOMAaTH30BaHW aHaJi3 (YHKIIT YaCTKOBOI B3a€EMHOI KOPENSIii OCHOB-
HOI 3MIHHO{ 3 perpecopamu 3 METOI0 KOpPUTYBaHHS JIarOBUX 3Ha4EHb perpecopa y
TIpaBiil YaCTHHI PIBHIHHS;
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® aBTOMATH30BaHWU BUOIp ONTHUMAJILHUX BaroBHX KOE(IIi€HTIB y MpoIlie-
Ilypax eKCHOHEHIIITHOTO 3ria/KyBaHHA, TONIYKY MOAIOHMX TPaeKTOpil, perpecii
Ha ONIOPHUX BEKTOpax Ta JESIKHX IHIINX METOJax;

® ABTOMAaTH30BaHUIl aHAJI3 3AIUIIKIB PErpeciiHuX MOJeel 3 METOK BCTa-
HOBJICHHS iX 1H(QOPMATHUBHOCTI Ta KOPUTYBaHHS CTPYKTYPH MOJEII IPOIleCy Ha
OCHOBI pe3yJIbTaTIB aHAIII3Y;

e ajganTuBHE OPMyBaHHS MacHBIB BUMIpiB 3MiHHHUX CTaHy IpoIecy 3a J0-
MOMOTOI0 METOMIB 1€PapXi4YHOTrO0 KOMIUIEKCYBaHHs (iHTETpyBaHHS) NaHUX, IO
3a0e3rievye MiIBUIIEHHS iX iIHPOPMATUBHOCTI.

3amaya napamempuunoi adanmayii MOAEII 10 TAaHUX PO3B’A3YETHCS 3aBISKH
3aCTOCYBAaHHIO MTOBTOPHOTO (PEKYPCHBHOTO) OLIHIOBaHHS MapaMeTpiB MaTeMaTH-
HHX 1 CTAaTUCTUYHHUX MOJETeH 3 HaJIXO/DKEHHAM HOBHX JAHHX, IO CIIPUSE yTOU-
HEHHIO TapaMeTpiB MOJEJI Ta MiABHILEHHIO SIKOCTi mporuody. IIpu mpomy amns
OLIIHIOBAHHS OJHAKOBHX CTPYKTYp 3aCTOCOBYIOTBCS Pi3HI METOJH, IO JIO3BOJISIE
OTPUMYBATH JOAATKOBI MOJEIi-KaHAUAATH ISl TOJAJBIIOTO aHANi3Y.

3acTocyBaHHs Ti€l UM IHIIOT CXEMH aJlanTallii 3aJeXUTh BiJl KOHKPETHOI I10-
CTAHOBKH 33/1adi, SKOCTI Ta HAsBHOTO OOCATY €KCIIEPUMEHTAJIBbHUX (CTATHCTHY-
HHX) JaHUX, CPOPMYJILOBAHUX BUMOT JI0 SKOCTi OL[IHOK IIPOTHO3IB Ta 4Yacy, KU’
MO)ke OyTH HaZaHWH JUIsl BUKOHAHHS o0uYrcieHb. KOKHUN METO amalTHBHOTO
(hopMyBaHHSI OI[IHKM IPOTHO3Y Ma€ CBOi OCOOJMBOCTI, SIKi TTOBHHHI OyTH Bpaxo-
BaHi I1iJ] Yac CTBOPEHHS CUCTEMH aJallTUBHOTO IIPOTHO3YBAHHSI.

MPUKJAIA 3ACTOCYBAHHA CUCTEMU MIJATPUMAHHSA NPUAHATTS
PINEHb

Hpuxmaan 1. [IporaozyBaHHs NpoIeciB yTBOPEHHS BaJIOBOTO BHYTPIIITHBOTO MPO-
nykry (BBII) Ta in¢umauii. [y aBToMatudaHOro nepeOupaHHs MOMKINBUX CTPYK-
Typ Mozelieli BUKOPUCTAHO alTOPUTM aHaii3zy mopsaaky mozaeneid AP, APKC, 3a-
cHoBaHWH Ha BiaacTuBOCTI YAK® BifmoOpaxaru iCTOTHI 3B’ SI3KH MiXK €lI€MEHTaMH
BUOIpKHM Ta Ha 3MiHi Iopora mia 4ac aHanizy 3HaueHb wiel dynkuii. [Tapamerpw,
SKi 3aJ]aBaTMCh PaHiIlle eKCIIePTOM, 3MIHIOBAJIUCH y 3aJaHUX MeXax, 3a0e3reuy-
I0YM OTPUMAHHS MHOXHHH Mojeliell. [HTepakTHBHE BIKHO CHCTEMH y TOOYOBi
monem APKC mokazano Ha puc. 3. Jlns omiHIOBaHHS mapaMmeTpiB MO mepe-
badeno Taki meroan: MHK, pexypcuBamiit MHK, MomndikoBanuit peKypCHBHHMA
MHK Tta merom makcumanbHOi mpaBpomnofionocti (MMII)); aBTOMaTH30BaHO
aHaJIi3yeThCs HASABHICTh TPEHJA Ta OLIHIOIOTHCA MOPSIAKA 000X CKIIAJOBUX
MOJeIl.

Bukonano ananiz npouecis BBII Ta indusnii Ykpainu, BBII CILIA, ingexc
PTC. BukopucraHo MeToau aHalli3y CTaliOHAPHOCTI MpoIiecy i moOymaoBaHO MO-
JIeTl TPOIIECiB 3 ypaxyBaHHSAM Pe3yibTaTiB TECTIB MIOAO iX HECTAI[iOHAPHOCTI.
BukoHaHo aBToMaTHYHHMI BHOIp KpalluX MapaMeTpiB MOJeNeHd 3a iHTErpoBaHUM
KPUTEPIEM SIKOCTI MOAEIHLHO-TIPOrHO3HUX Xapakrepuctuk. Tak, mms BBII Ykpai-
HU KpaIIol0 BHUABHJIACS MOJEH 7-TO MOPAIKY 3 BUKOPHUCTAHHSM METOAY OIIiHIO-
BanHs napamerpiB MHK (CAIIB = 6,8%); ui pe3ynpTaTé JOCATHYTO i3 3aCTOCY-
BaHHAM aBTOMAaTHYHOrO mepeOupanHsa. s mpouecy piBHS iHGUIALIT Kpalioro
BHUSIBIUTaCh Mojielh AP(3) 3 BUKOPHCTaHHSIM TPEHIY, OTIFCAHOTO TIOJIIHOMOM 3-TO
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nopsinky (CAIIB = 7,3%); uux pe3ysbTaTiB TaKOX JOCITHYTO 13 3aCTOCYBaHHSIM
aBTOMaTHYHOTO TiepeOupanus. [Ipu mpomy mis moxeneit AP oGumcieHo i mopis-
HaHo 0am3bko 120 mozenei, a mast mogeni APKC — 6mmssko 1000.

Tectu ominroBanns mporeciB BBIT CIIIA i ingexcy PTC mnokazanu HasB-
HICTh TeTepocKeqacTUIHOCTI mpotecis. [1igx wac MoaearoBaHHS 1 MPOTHO3yBaHHS
3MiHHOI aucnepcii kpamumu oynu mozeni: mist BBIT CILIA — monens APYI(2),
o04nciieHa 3 BUKOPUCTAHHAM MOANU(DIKOBAHOTO METOAY MaKCHUMalIbHOI MpaBJo-
nonioHocti (CAIIB = 15,7%); ans moneni iamekcy PTC — mogens APYI(3)
(CAIIB = 13,4%). Ilpu 1ipoMy ajisi KOXKHOTO MPOLecy OyJI0 OOYUCIICHO 1 MOpiB-
HSHO OMm3bKOo 265 moneneit. Lli pe3ynbpraTé HOCATHYTO 3 BUKOPUCTAHHSM aJro-
pUTMY aBTOMaTUYHOTO IepeOupaHHs MOJICIICH.

. BblﬁopKal TpeHlJ.l feToperpecus APKC |3E I APUr I HAPHFI DueHka aMchEpcHu I AETOELISOD Moﬂ.eneﬁl
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Puc. 3. BikHo nporpamu i ouninroBanass APKC

Mpukaan 2. [IporHo3yBaHHs MPOIECiB LIHOYTBOPEHHS HA OIpKi 3 BUKOPHC-
TaHHSAM 1HAMKATOPiB TEXHIYHOTO aHamizy. Bimomo, 1o AocBigueHi Tpeinepu Ha
Oip>Kax JTOCHUTh YCHIITHO BUKOPUCTOBYIOTH 1HAWKATOPH TEXHIYHOTO aHAII3Y, SIKi
(hopMyIOTh Ha OCHOBI JaHUX MPO (AKTUYHUH PyX I[iH MPOTATOM BHU3HAYCHOTO
npoMikKy dacy. CTBOPEHO sl IHAMKATOPIB TEXHIYHOIO aHalli3y, AKi 4acTO BH-
KOPUCTOBYIOTh TPEHJICPH, 1 aHANITUKH (DIHAHCOBUX CTPYKTYp, cepen sfkux: Pivot
Point, Woodie’s Pivot Points, Fibonacci’s Pivot Points, Camarilla’s Pivot
Points [11].

Cnoyatky Oynu moOyJoBaHi perpeciiiHi Mogeni. Sk MpHUKIag JaHUX B3ATO
MiHIMaJIbHI 1I07IcHHI 1iHu BaymoTHOT napu USD/CAD (273 3navenns) 3a 2007p.
3a ITOTIOMOTOI0 OMHUCAHOTO BHIIE IMITXOIy CIIOYATKy MTOOYIOBaHO MOJENh MHO-
JKUHHOI perpecii. J{is mporHo3yBaHHs MiHIMaIBHOL I[iHM Ha HACTYITHUA JICHB JIO-

riuHo BuUOparu sk perpecopu Sy, S,, Sz ; OTPUMaHO TaKy MOJEJIb:

y(k)=-0,017 + 2,175 - §;(k)— 5,487 - S, (k) + 4,573 - S5(k); 1)
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R*=0,979; SSR=0,0035; AIC =—8,269; DW =1,963,

ne k — muckpernuit yac. KinpkicTh 30iriB HanpsMiB pyXy OLIHOK ITPOTHO3Y IS
perpeciitoi mozeni ckimangae 203 (abo 74,35 %).

IloOynoBa Mopeseil Jgorictuynoi perpecii Ta aepeBa kJacudikaiiid.
Ockinbku B mporecax GopMyBaHHS LiH Oip)KOBUX aKTHBIB € YYacTKW 3 HENiHIil-
HOCTSIMH JIOBIJIBHOTO XapakTepy, TO IJIsi OMUCAHHS TaKUX JaHUX HEOOXiIHO BU-
KOPHUCTOBYBaTH HeNiHiMHI Moxeni. OHIEIO 3 TOCHTh MPOCTHX MOJEJEH Takoro
TUILy € JIOTiCTUYHA perpecisi, sKy BHUKOPHCTaHO B poOoTi. /s mporHo3yBaHHS
HaANpsAMKY pyXy IiHA T0OYyIOBaHO MOJIENi JIOTiICTUYHOI perepecii Ta gepeBa Kia-
cudikamii [12—14]. fAxmo y MOMeHT Yacy ¢+ 1 LiHa aKTUBY BUSBIISETHCS BUIIOIO
HIXK Y MOMEHT 4acy f, TO IMO3Ha4aeMo Iie 3pOCTaHHs uepe3 1, a crmajaHHs Biamo-
BimHO yepe3 0. Lli 3HaUeHHS 3aCTOCOBAHO K BXIIHI JUISI MOZEII JIOTICTUIHOI pe-
rpecii Ta xracudikaiiiaoro aepesa. Taki K IMO3HAYEHHS BUKOPHCTAHO VIS 3pOC-
TaHHS 1 CHaJaHHS BIAMOBIJIHUX BHUXIJIHUX 3Ha4YeHb IHAWKaTOpa Pivot Point, ski
MO3HAYMMO Yepe3 3‘1 , 52 , 3’3 , P , Iél, 1%2 , 1%3 1 moaaMo iX Ha BXiJ JIOTICTHYHOI
perpecii i knacudikauiiiHoro aepesa.

JL1st TIiABUIIIEHHS SIKOCTI MPOTHO31B Y MOJIENH JIOTICTUYIHOI perpecii Ta mepe-
BO Kiacudikaiii BBeIeHO 3Ha4eHHS MPOTHO3IB PyXy LiH, OTPUMaHi 32 JOIOMO-
roro perpeciiinoi mojeni (1) 3 BUKOPUCTaHHSM TO3HAYCHb 3POCTAHHS Ta CIaJaH-
HSl, 3alpOIOHOBaHMX BHIIe. /s MiHIManbHOT LiHM HOBa MOAEJb JIOTiICTHYHOT
perpecii Mae BUTIISAL;

M1
Emax2 (xl)zm 5

x, (k) =—0,751+0,134- S, (k) + 0,415 - S, (k) — 0,403 - S; (k) — 0,251- P(k) +

+0,609 - R, (k) +0,081- R, (k) — 0,089 - Ry (k) +2,231- (k)

ne y(k) — BuximHa 3MiHHA perpeciiiHoi Mozei, o HabyBae 3HaueHHs | 3a mpo-
THO3Y 3pocTaHHs HiHu Ta 0 — 3a MPOTHO3Y CHafaHHs. 3a IOPOrOBOr0 3HAYECHHS
imoBipHocTi 0,45 KinbKicTh 30iriB HAPsMIB pyXy LiHU cTaHOBUIA 75,6%. Y pasi
BUKOPHUCTAHHS JiepeBa Kiacudikauii Ta moporoBoro 3HadeHHs iimoBipHocTi 0,32
noxudKa MepuIoro poxy ckiana 54, apyroro — 13; KinbKicTh 30iriB HanpsAMIB py-
Xy Uinu gopiBHioBana 73,92%. TakuM YMHOM, Kpalol0 BUSBUIIACS MOAENb JIOTiC-
TUYHOI perpecii 3 BUKOPUCTAHHSIM OLIHOK IPOTHO3Y 3a PEerpeciiiHoro MOZIEIIIO.
CraTUCTHYHI XapaKTepUCTUKU MPOTHO3IB CBIAYATH MPO iX BUCOKY SKICTH 1 MOX-
JIMBICTh BUKOPUCTAHHS Y MIPaBHJIaX BUKOHAHHS OTepalliii Ha Oipxi.

OKpiM pO3IISHYTHUX MHPOLECIB, 3alpONOHOBAHY KOHLEMLIIO aJalTHBHOTO
OLIHIOBAaHHA MoOZEJed Ta MPOrHO3iB ampoboBaHO 10 iHMMX (HiHAHCOBO-
E€KOHOMIYHHX TIpolecax. Y BCiX BHIIQJKaX JOCATHYTO 3HauHe (y AECATKH pa3iB)
3MEHIIEHHS Yacy, HeOOXiAHOTO 1l BAKOHAHHS O0YHCIIOBAJIbHUX EKCIIEPUMEHTIB
Ta MPOAHAJI30BAHOTO 3HAYHO OUIBIIY MHOKMHY CTPYKTYp MaTeMaTHUYHUX MOJeE-
JIel, HiX 11€ MOXKIIMBO Y PyYHOMY PEKHMI.
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BUCHOBKHU

Po3pobieno KOHIENITiI0 pO3B’s3aHHA 3a7adi aJalTHBHOIO TIPOTHO3YBAaHHS Ha
OCHOBI METOJIOJIOT1i CHCTEMHOTO aHaNi3y, SKa BiPi3HAETHCS TUM, IO IPYHTYETh-
Csl Ha KOMIUIEKCHOMY BHKOPHCTaHHI METO/IiB MOMEPEIHFOT0 00pOOIeHHS 1 aHaTi-
3y JlaHMX, aJallTUBHOI'O CTATUCTUYHOI'O MOJENIOBAHHS, IPOTHO3YBaHHA Ta ONTH-
MaJIbHOTO OI[IHIOBaHHSI CTaHIB MpOLECiB JOBUIbHOI mpupoau. Peamizaris
KOHLIENII{ HaJae Taki IMepeBary il yac MOJCIIOBAaHHS i IPOTHO3YBAHHS: IIBU/-
KICTh ITOITYKY KPaIoi MOJIENi 3pOCTae y NEeCATKH pa3iB; aBTOMATH30BAaHUH TOIIYK
Jla€ MOXITUBICTD AOCIHIUTH Ha0arato OLTBITY MHOKUHY MOXIIUBUX CTPYKTYP HIXK
BpY4HY, 110 30i/bIIye WMOBIPHICTH AOCSTHEHHS KPAILIOro Pe3yJbTary; MpOLeC
MOUIYKY Kpamioi MOJesNi ONTUMI3Y€eThCs 3aBASKH BUKOPHUCTAHHIO KOMIUIEKCHOTO
kputepito skocti; CIIIIP iHTerpye imeosoridyHo pi3HI METOAM MOJCTIOBAHHS i
NPOTHO3YBaHHSA, 110 A€ 3MOTY MOAAIBIIOTO MiABUIIEHHS SKOCTI OLIIHOK MPOTHO-
31B 3aBISIKM 3Ba)KEHOMY 00’ €JHAHHIO OLIIHOK, OTPUMAHMX 32 Pi3HUMH METOJaMH.
Ha ocHoBi 3anpornoroBanoi koHmemnii ctBopeno indopmariitay CIIIIP mms mo-
JIEIIOBaHHS 1 IPOTHO3YBaHHs (JiHAHCOBO-CKOHOMIYHUX MPOIECiB, BAKOPUCTAHHS
SIKOT 3a0e31euye OTpUMaHHs BUCOKOSIKICHUX OLIHOK MPOTHO31B JUIA MPOLECIB BU-
Opanoro knacy. [Ipu upomy CAIIB, sk npaBmiio, He nepeBuLLye 8% Uit piBHS
nporecy, a it aucrepcii 16%.

3a porHO3yBaHHS HaNPsIMY PyXy IiHH OipKOBOTO aKTHUBY 32 MOJIEILIIO JIO-
TICTUYHOI perpecii Ta KiaacudpikamiifHIM IepeBOM 3a0e3eueH0 KOPEKTHE BH3HA-
YeHHs HampsAMy pyxy mpouecy 3 iMoBipHicTio 0,69-0,75. Halikpamuii pe3yabrat
JOCSITHYTO 32 cMMOi030M JIIHIHHOI perpeciiiHoi Mojeni Ta JIOTICTHYHOT perpecii.
IIpu oMy HMOBIPHICTH KOPEKTHOTO IPOTHO3YBAaHHSA PYXy MIHIMAILHOI IIHH
cTanoBuia 75,6%, 110 € XOPOIIUM Pe3yIbTaTOM IS IPOLECiB 1aHOTO KIIACY.

Y momanmeIuX MOCHTIHKEHHSIX JOIIBFHO PO3MIUPHUTH (DYHKITIOHATHHI MOX-
muBocti CIIIIP 3a paxyHOK yBeneHHS HOBHX MoJelel 0aileCiBCHKOTO THITY, BH-
KOPUCTAaTH MHOXXWUHY aJlbTEPHATHMBHUX METOJM OOYHUCICHHS OLIHOK MPOTHO3IB i
3aCTOCYBaTH BJIOCKOHAJICHI CXEMH aJalTUBHOTO (HA OCHOBI aiamnTallii CTpyKTypH
1 mapaMeTpiB MoJeNi) Ta KOMOIHOBAaHOTO TIPOTHO3YBAaHHS 3 MOJIIMBICTIO ITiJIBH-
HICHHS SIKOCTI MOMNEPEeAHbOr0 OOpOOJICHHS NaHMX, IO BUKOPUCTOBYIOTHCS MJIS
MOOYI0BY MOJIEIICH.

JITEPATYPA

1. Holsapple C.W. Decision support systems / C.W. Holsapple, A.B. Winston. — Saint
Paul (USA): West Publishing Company, 1996. — 850 p.

2. Turban E. Decision support systems / E. Turban, J.E. Aronson. — New Jersey: Pren-
tice Hall, 2001. — 865 p.

3. Jlhykawun FO.JI. ApnantuBHBIE METOJIBI KpaTKOCPOYHOro mporHosuposanus / FO.IL.
Jlykamma. — M.: ®unHaHCH U ctaTHcTHKa, 2003. — 414 c.

4. bBiowx I11. Anaini3z yacoBux psiais / LI, Bimok, B.JI. Pomanenko, O.JI. Tumorryk.
— K.: HTYY «KIll», 2013. — 600 c.

5. Press S.J. Subjective and objective Bayesian statistics / S.J. Press. — Hoboken (New
Jersey): John Wiley & Sons, Inc., 2013. — 560 c.

6. Rossi P.E. Bayesian statistics and marketing / P.E. Rossi, G.M. Allenby,
R. McCulloch. — New Jersey: John Wiley & Sons, Ltd, 2005. — 348 p.

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2019, Ne 1 35



B.A. Jlanunos, B.I'. I'ycvkosa, I1.1. biowk, O.J1. Kupos

10.

11.
12.

13.

14.

15.

36

. Diebold F.X. Forecasting / F.X. Diebold. — Pennsylvania: University of Pennsyl-

vania, 2018. — 800 p.

. 3eyposckuti  M.3. AHaIWTHYECKHE METONBI KaJMaHOBCKOW (uMIbTpamum /

M.3. 3ryposckuii, B.H. [logmamgunkos. — K.: Hayk. mymka, 1995. — 285 c.

Ng B.M. Adaptive dynamic Bayesian networks / B.M. Ng // Joint Statistical
Meetings, Salt Lake City (USA), July 29 — August 2, 2007. — P. 1-7.

Zgurovsky M.Z. Method of constructing Bayesian networks based on scoring func-
tions / M.Z. Zgurovsky, P.I. Bidyuk, O.M. Terentyev // Cybernetics and System
Analysis. — 2008. — Vol. 44, N 2. — P. 219-224.

http://www.mataf.net/en/tools/home / Database.

Nong Y. The Handbook of Data Mining / Y. Nong. — New Jersey: Arizona State
University Publishers, 2003. — 1201 p.

Altman E.I Application of Classification Techniques in Business, Banking and Fi-
nance / E.I. Altman, R.B. Avery, R.A. Eisenbeis, J. Sinkey. — Greenwich: JAI
Press, 1981. — 418 p.

Hosmer D.W. Applied Logistic Regression / D.W. Hosmer, S. Lemeshow. — New
York: John Wiley & Sons, Inc., 2000. — 380 p.

Cowell R.G. Probabilistic networks and expert systems / R.G. Cowell, A.P. Dawid,
S.L. Lauritzen, D.J. Spiegelhalter. — New York: Springer, 1999. — 323 p.

Haoitiwna 26.01.2019

ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 1



BUCOKOMNPOAYKTUBHI KOMITIOTEPHI

NMPOIrPECUBHI IHCDOPMALIIIZHI TEXHOHOFI'I',
@'
CUCTEMNU

UDC 518.9 : 004.45
DOI: 10.20535/SRIT.2308-8893.2019.1.03

GAMEOFLIFEWITHNON-REGULARSPACE
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Abstract. The purpose of this article is to present the work done on the implementa-
tion of rules for gliders in a game of life with a non-regular network with bounda-
ries. First of all, we will recall the basic principle of the game of life by mentioning
some structures that appear regularly and are very important as gliders. We will
improve the accuracy of the collision mles between gliders. Then, we will intro-
duce non-regular space by adding a new state for cells in boundaries. Thus it will
be necessary to give the rules relating to this new cellularautomaton. We will fi-
nally deal with logic gates by giving which we obtained this modified game of life.

Keywords: cellular automata, gliders, internal boundaries, logical operations.

INTRODUCTION

The purpose of this article is to present the work done on the implementation of
rules for gliders in a game of life with non-regular network with boundaries. First
of all we will recall the basic principle of the game of life by mentioning some
structures that appear regularly and are very important as gliders. We will pre-
cise the collision between gliders. Then we will introduce non-regular space by
adding a new state for cells in boundaries. Thus it will be necessary to give the
rules relating to this new cellular automaton. We finally will deal with logic
gates by giving which we obtained with this game of life modified.

BASICS IN THE GAME OFLIFE

The game of life is a cellular automaton discovered by John Conway in 1970. It is
undoubtedly the best known cellular automata and it has been fascinating re-
searchers for almost 50 years. John Conway manages to find a system with simple
rules and a complex behavior: it is called emergence. Unpredictable complex
phenomena emerge from simple rules. This idea of emergence is at the heart of
many fields such as mathematics, physics, artificial intelligence or economics but
also the social sciences, philosophy or the media [1]. Thus the game of life is an
object of study for mathematicians but not only. The philosopher Daniel Dennett
declares that "every philosopher should study the Game of Life carefully and it is
only by succeeding in thinking about the ideas of conscience and free will in such
a world that we will understand its true nature" [2]. The game of life can be lik-

© Jordan Brajon, Alexander Makarenko, 2019
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enedtoaplanandinfinite network of cells. These cells canbe intwo states: dead or
alive. Generally dead cells are represented by white boxes and living cells by
black boxes. The game of life is a discrete dynamic system which means that a
given configuration will evolve over time, evolution is not continuous but dis-
crete. The evolution rule is applied synchronously to the entire network. This
rule is very simple and it can summarized as follows:

e a living cell stays alive if it has two or three living neighbors otherwise it
dies;

e adead cell becomes alive if it has exactly three live neighbors otherwise it
remains dead. The neighbors of a cell are the cells in Moore’s neighborhood of
order 1 [3]. In other words, the eight cells whose distance associated with the infi-
nite norm [4] is 1 (see fig. 1).

Fig. 1. Living cell (in black) and its eight neighbours (in grey). An example of evolution
is given fig. 2.

| .
t=1 =2 =3

Fig. 2. Evolution of a simple structure

To deepen the brief notions that we have just seen, the following videos are
very complete and very accessible [5] et [6]. Many are working on the game of
life. And some of them are studying variants among which we can mention:
the addition of a probability in counting the number of neighbors [7] and [8],
the modification of the rule of local evolution [9], applying the local transition
rule asynchronously [10]. We will also be interested in a variant of the game of
life, as we will see later.

SPECIAL PATTERN: GLIDERS

When we consider a random initial configuration with many cells and we study its
evolution over time we often observe the same phenomenon. A transitory regime
that seems chaotic where the different living cells interact with each other, then an
established regime where appear different characteristic patterns of the game of
life. Among these patterns there are: still life (see fig. 3), oscillators (see fig. 4 and
fig. 5) and the spaceships (see fig. 6). Still life is a pattern that does not change
from one generation to the other, oscillators returns to their initial state after a fi-
nite number of generations and spaceships translate themselves across the space
after a finite number of generations. The vessels are therefore characterized by
three numbers (a, b, ¢) where a denotes the horizontal shift, b the vertical shift and
¢ the number of steps necessary to recover the initial configuration shifted by a
cells horizontally and b cells vertically.

The reader will get more information on these patterns and on the game
of life in general in the article written by Jean-Paul Delahaye [2]. In this part
we will focus more particularly on the glider spaceship.
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Fig. 6. Some spaceships characterized by (a, b)/c

Let’s begin by explaining how ships are particularly interesting objects
of study that arouse the interest of different researchers working on the game
of life. First of all they allowed to show that there are some configurations
whose the growth is infinite in space. Then, and this is with no doubt the most
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important point, they allow interaction between different regions of space. The
spaceships are the vectors of the information and for this reason they will be
useful for the implementation of logical gates.

The glider mentioned above is particularly popular because of'its simplicity
and rapid discovery. It moves from one horizontal cell and from one vertical cell
every four generations. Each of them are represented fig. 7.

" y

Time step 0 1 2 3 4

Fig. 7. Configurations of a glider which moves down and to the right

It is important to note that the symmetry of the network on which we study
the game of life (in an infinite plane) assures us that from a ship moving in a
given direction, we can obtain by symmetry three other ships moving in three
other directions by successive rotation of w/2 angle. For this reason it is enough
to specify the horizontal and vertical displacement of a ship without specifying
the direction of movement. Then we can get four gliders moving each along the
four diagonals of space. There are represented on the fig. 8.

1 2 3 4
Fig. 8. Four gliders which moves down right (1), down left (2), up left (3) and up right (4)

As mentioned above these gliders will allow interactions between different
space areas. More specifically what will be interesting and will be at the end of
this part is the interaction of two gliders. When two gliders meet, these will inter-
act to give a few generations later a new configuration. We intuitively call it a col-
lision. Between two gliders there are 73 different collisions. After a collision, two
gliders can disappear entirely or reveal certain configurations such as still life or
oscillators or even give birth to a new glider. In his article [11], Jean Philippe
Renard show a few configurations where two gliders can collide. We will just deal
with the collisions useful for the implementation of logical gates. We need two
kind of collisions: those that annihilate the two gliders (see fig. 9) and those
giving birth to a new glider (see fig. 10 and 11). As for annihilation, the fig. 9
gives the position of the two gliders just before the collision (the one on the left
moving down right and the one on the right moving down left). After 4 itera-
tions there are no living cells left, the two gliders have completely disappeared.
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Fig. 9. Configuration of two gliders before collision which would annihilate them

Fig. 10. Configuration of two gliders before collision which would give another glider

Fig. 11. Configuration of two gliders before (grey) and after (black) collision which
would give another glider. Non-regular space

Regarding the creation of a new glider, the fig. 10 gives the position of the
gliders just before collision. After 62 calculation steps, we get 4 blinkers and a
new glider moving down left. The fig. 11 superimposes the relative position of the
two gliders before collision and the result of collision obtained 62 generations
later. There are other faster collisions (62 steps being relatively long on the time
scale that interest us in this study) that give rise to a new glider. In addition they
do not let appear unwanted blocks (the blinkers in this case). Unfortunately the
gliders then created do not move in the desired direction.

As we saw above (cf part 1), the game of life is defined on a two-
dimensional network. Many are those who have studied the game of life and some
of them have worked on modified versions. On the other hand, few have proposed
a study on a different network than the plane space usually used. However we can
quote the work of Alexander Makarenko [12]. The implementation of a game of
life defined on an irregular network will be the subject of this part. To do this we
propose, like Alexander Makarenko [12], to add a third frozen state that will re-
present the irregularities of our initially two-dimensional network. Thus, in addi-
tion to the two current states: living cells (black boxes) and dead cells (white
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boxes), a third state which will be called "walls" (represented by green boxes) will
be taken into account. This will allow us to modify the networks as we want (an
example is given fig. 12).

Fig. 12. Non-regular network with walls (in grey)

This new three-state cellular automaton is not entirely defined since it
remains to give the local evolution rules. The walls being in a permanent state
and the living or dead cells behaving like in the traditional game of life as
long as they do not touch the walls it remains only to define the behavior of
the living and dead cells when they are in contact with a wall. We will get as
many different results as it is possible to choose different rules. This leaves us
with an important choice (cf property 1) and gives us hope that the study of such
games of life with non-regular networks is a vast subject of research that could
be exploited in the future.

Property 1 (number of rules in a network with walls) There are 3'*'° over
cellular automata of game life having three states with one of them is permanent and
having a order one neighborhood of Moore as the game of life.

Proof 1 (proposition 1) Let be an over cellular automata of the game life with
three states: state 0, state 1 et state 2. Suppose that state 2 is a permanent state so the
restriction of A to states 0 and 1 is isomorphic to the game of life. Counting the
number of such cellular automata is equivalent to counting the number of local rules
that can be chosen under such conditions. First, if a box is in state 2, it remains in
this state. There is therefore no choice. So let’s take the example of a box in state 0
or 1 (two possible choices). If all it’s neighborhood consists of boxes in state 0 or 1,
another time we have no choice because the evolution will be governed by the rule
of the game of life. Only neighborhoods with at least one cell in state 2 are interest-
ing. It is therefore necessary to choose k£ cells out of 8 that will be in state 2 with

k €[1, 8] which give (2

With the remaining 8-k cells there is a choice between cell in state 0 or cell in

j possible choices.

state 1 thatis 257% choices. Finally, there is:
8
2.3 2% =2.(3% - 2%) =12610
k=1

patterns for which the next state of the cell is not yet defined.
For eachof these patterns we have the choice between state 0, state 1 or state2

which give 312610 possible rules.
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Remark 1 (scientific notation) 312610 — 316x10%016

New local transition rules. In this part we will give the rules we have chosen
but especially how we got them and in what interest.

Motivation and approach

The first idea was to modify the network by adding frozen cells called "walls" in
order to find some basic optical results. Among them are the laws of reflection
of Snell Descartes. The light rays represent the information (modeled by glid-
ers), in contact with a diopter (the walls) they are reflected and refracted. Only
reflection has been retained since the first idea of obtaining an analogy with
optics has been replaced by the desire to implement logic gates. The goal is to
obtain, compared to what has already been achieved, different results: simpler
and more practical to use (see part 5).

From this objective we have therefore looked for rules that allow the gliders
to bounce on the walls. At first, we focused on the study of the bounce on a hori-
zontal wall of a glider moving down and to the right (fig. 13).

Fig. 13. Wanted trajectory (in weak grey) of a glider (in black) before (on the left) and
after (on the right) interaction

Fig. 14. First contact between a wall and a glider moving down right

There are too many different rules (cf property 1) to look into all of them
one by one. By observing all possible configurations of a glider moving down
and to the right on the fig. 7, we can notice that it will collide with a wall in the
position described fig.14 (cf remark 2).

Therefore we need to know only a tiny part of the rules to calculate the evo-
lution of this pattern. In our example only the four configurations shown in fig. 15
are useful. Indeed, we assume that a dead cell with three walls below and dead
cells around (see fig. 16) remains dead.
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are s

Fig. 15. The four configurations in which we need to give the next state of the red framed
cell in order to have the next generation of the pattern given fig. 14

Fig. 16. Dead cell resting on a wall (bottom) surrounded by dead cells

It is therefore necessary to determine the next state of the red framed box for
each of these four configurations. In each case two choices are possible: alive state
or dead state. There is no creation of walls and the walls are in a permanent state.

Remark 2 (first contact with a wall). We previously stated that the first con-
tact of a glider moving down and right was given by the configuration of the fig. 14
and therefore that only the four patterns shown fig. 15 were interesting. This is true
only if the glider is not modified before coming into contact with the wall. For this
we considered that a dead box with three walls below, two dead boxes (left and right)
remained dead (see fig. 19 and 20 from configuration 10 to 17).

The approach chosen is to focus only on the configurations encountered (fig. 15)
then to examine the different possible cases. In the next step, the red framed cell
becomes either alive or dead. Thus, noting n the number of configurations (7 = 4

in the first step), we have 2" cases to consider. For each of them, we calculate the
evolution of the glider in contact with the wall. For example, by choosing the red
framed cells of patterns 1, 2, 3 and 4 of fig. 15 respectively become a living, dead,
living and dead cell, we obtain the evolution described in the fig. 17.

1 2

Fig. 17. Evolution from configuration 1 to configuration 2 with the rules described above

At this point we reiterate what we have just realized, which means that we
only retain the necessary configurations to predict the evolution of the new pat-
tern (knowing that the evolution of a cell in one of the four configurations of
fig. 15 is already given). We then obtain three new configurations (fig. 18 for
which it will be necessary, in each of the three cases, to choose if the red framed

cell becomes alive or dead.

1 2 3

Fig. 18. The three configurations in which we need to give the next state of the framed
cell in order to have the next generation of the pattern on the right of fig. 17
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We continue until we obtain one of the four patterns of a glider moving
up and right (this pattern should not touch the wall).

Rules obtained

Finally, we found a local rule involving only the evolution of 24 configurations
allowing a glider moving down and right to bounce from above on a horizontal
wall. This local rule is represented fig. 19.
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Fig. 19. Local rule allowing a glider moving down and right to bounce from above on
a horizontal wall
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By symmetry, one can easily find a local rule allowing a glider moving down
and left to bounce from above on a horizontal wall. We have shown it fig. 20.
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Fig. 20. Local rule allowing a glider moving down and left to bounce from above on
a horizontal wall
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We can notice that the evolution of the red framed cells having for neighbor-
hood the patterns 18 and 19 of the two rules represented fig. 19 and fig. 20 are
incompatible. In other words, it will not be possible from these results to find a
local rule to bounce upwards on a horizontal wall at the same time a glider mov-
ing down right and a glider moving down left.

This does not mean that there is none, but we did not continue our research
to find one since, as we will see (see part 5), we do not need such a rule for the
implementation of logic gates.

Gliders can bounce from eight different ways:

e on a horizontal wall from the top (a glider moving down right and a glider
moving down left);

e on a horizontal wall from the bottom (a glider moving up right and
a glider moving up left);

e on a vertical wall from the right (a glider moving down left and a glider
moving up left);

e on a vertical wall from the left (a glider moving down right and a glider
moving up right). By symmetry and with the rules of figures 19 and 20, it is pos-
sible to obtain a single rule allowing four different types of rebounds among the
eight described above (a choice to be made on the two possible for each dash be-
cause of the incompatibility).

In our case, we chose to keep the following rules:

e bounce from the top of a glider moving down right on a horizontal wall;

e bounce from the bottom of a glider moving up right on a horizontal wall;

e bounce from the right of a glider moving down left on a vertical wall;

¢ bounce from the left of a glider moving down right on a vertical wall.

Finally we obtain a local rule giving the evolution of 96 of the 12 610 possi-
ble configurations. This leaves many opportunities to work and obtain new results
by keeping what has already been done. The rule giving the evolution of the 96
configurations is not explicitly given in this report. Indeed it is directly obtained
by applying the appropriate symmetries of the rule represented fig. 19 or fig. 20.

LOGICAL GATES

The purpose of this part is to present the logical gates [13, 14] that have been im-
plemented from game of life with non-regular network we have just seen. We will
begin by recalling a few generalities about logical functions, then briefly recall
what has already been done about the implementation of logic gates with the
game of life before presenting our study. Finally we will give a striking compari-
son showing the difference between the complexity of the current implementation
and the simplicity of the implementation carried out during this study.

Logic gates using Gosper glider guns

John Conway proved that the game of life was a universal cellular automaton
[15]. This means that the game of life is able to simulate all calculations made by a
computer. For more information, consult Nicolas Ollinger’s [16] and Guillaume
Theyssier’s [17] thesis which deal with universality.

46 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 1



Gameoflifewithnon-regularspace with boundaries: glider case

The universality of Conway’s cellular automaton makes it possible, among
other things, to generate prime numbers [18], to create a Turing machine [19] and
even more surprisingly to create a game of life from the game of life itself. What
will interest us here is the implementation of logic gates.

Aswe saw in the section on gliders (part 2), these can carry information. Itis
forthisreason that we find them without exception in all the applications that we
have just mentioned and the implementation of logic gates does not deviate from
therule. Specifically, the structure that appears in each of these applications is the
glider gun (see fig. 21). The latter makes it possible to continuously gene- rate
gliders, which makes it an extremely interesting pattern. Bill Gosper is an
American computer scientist who, by introducing this glider gun, at the same
time proved the conjecture of Conway asserting that there is a pattern whose
number of living cells increase all the time.

-
--I:-:I AREE." S
=k

i

Fig. 21. Glider guns

Currently the implementation of logic gates is based on the combination of
several glider guns whose gliders interact with each other to finally let or not pass
a glider beam. Thus the value at the entrance or exit is 1 if there is a beam of glid-
ers otherwise it is 0. This implementation is difficult and tedious, we will not de-
tail it here since it is very well explained by Jean-Philippe Renard [11].

Implementation of logic gates in a non-regular network

As far as we are concerned, the implementation of logic gates we have made is
based on three points. First of all the information is no longer represented by
a glider beam as described above but by a single glider. We no longer need to re-
sort to glider guns, which is a big novelty. Then we set up a particular network
with "walls". Each logical gate is a particular configuration of space, a feature that
is exploited by bouncing the gliders wisely as described in part 4. Finally, the
method relies on collisions between gliders. And especially the two collisions that
we analyzed in part 2.

Generally the logic gates set up have two ducts at the top (representing the
two inputs). A glider in the conduit means that the entry is at 1 otherwise it is at 0
(see fig. 22). And a conduit down (representing the exit). The particular configu-
ration of the rest of the network will allow or not to obtain a glider in the lower
conduit depending on the nature of the logic gate.

Eeach of the four logic gates have been implemented. Namely: the NOT gate,
the OR gate, the AND gate and the XOR gate.
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input B

output

Fig. 22. Logic gate with two inputs 4 =0 and B =1

CONCLUSION

The previous work provides a significant improvement in what has been done so
far. Indeed, the consideration of a variant of the game of life with a non-regular
network allowed us to introduce new local rules near irregularities. These rules
were chosen in such a way as to be able to obtain a particular property: the re-
bound of the gliders on a wall. From this specificity, it is then possible to imple-
ment logic gates much more intuitive and much easier to use than the logic gates
that have been created so far.

Moreover, the large number of rules that can be chosen and the networks
that can be considered gives hope that many interesting results can be ob-
tained by deepening the subject. This study therefore provides an innovative
resultbut it also opens up new and interesting perspectives.
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CUCTEMA KOHCTPYKTUBHUX TEOMETPUYHUX
ITAPAMETPIB MOJAEJII EJIEKTPOHHUX 'APMAT
BUCOKOBOJIBTHOI'O TJIIIOYOI'O PO3PAAY,
AKI @OPMYIOTDb TPO®LJIBHI EJIEKTPOHHI ITYYKH

I.B. MEJIBHHUK, A.B. IOYNHOK

AHoTauisi. PO3rJIsiHYTO CHCTEMY KOHCTPYKTHBHHX ITapaMeTpiB MOZIEI eJICKTPOAHHUX
CHCTEM €JICKTPOHHUX TapMaT BUCOKOBOJBTHOTO TIIOYOTO po3psiny, ki (GOpMYyIOTh
npodinbHI eNEKTPOHHI MyYKH 3 KiTblEeBUM (OKycoM. BiaMmiTHOIO prcoro 3amporio-
HOBAHOT MOJIEINI € Te, IO 5K KIYOBUI mapaMeTp 00paHo KyT HaXWily TBipHOI Io-
BEpXHI KOHYCHOTO aHOZA JI0 oci cuMeTpii enekTpoanoi cucremu. ChopMoBaHO CHC-
TEeMy HEpiBHOCTEH, sKi BH3HAUalOTh TI'€OMETPHYHI, (i3UUHI Ta OOYHCIIOBAIBHI
00Me)KEHHSI Ha KOHCTPYKTHBHI IIapaMeTPU MOJECIBOBAHOI EICKTPOIHOI CUCTEMH, a
TaKOK TEXHOJIOTTYHI JOIyCKH Ha HUX. SIK Pe3ysbTaT MPOBEACHUX JOCIIIMKECHb CTBO-
PEHO TOBHY, 3aMKHEHY Ta HECYNEPEWIHBY CHCTEMY I'€OMETPUYHUX MapaMeTpiB MO-
JeJli eJIEKTPOAHUX CHCTEM €JIEKTPOHHHX I'apMaT BHCOKOBOJIBTHOIO TJiIOYOTrO pPO3-
psny, siki QopmyroTe MpodinbHI ENeKTPOHHI MYyYKH i3 KUTBLEBUM (HOKYCOM.
CdopmoBaHi 00MeXeHHSI HA KOHCTPYKTHUBHI MapaMeTpH MOJIENi, MOJaHl Y BUIIIIL
CHCTEMH HEPIBHOCTEH, BHMKOPUCTAHO Y HPOrPaMHOMY KOMIUIEKCi, HPH3HAYCHOMY
JUISL MOJICJIFOBAHHSI €JIEKTPOJHHX CHCTEM CJIEKTPOHHHUX rapMaT BHCOKOBOJIBTHOTO
TIIIOYOTO PO3PSAY, 3 METOK KOHTPOJIFO BXiJHHX HapaMeTPiB MOJIENi Ha OYaTKOBO-
My €TaIli KOMIT’ FOTEPHOTO MOJICITFOBAHHSI.

Kawuogi ciioBa: cucrema napameTpiB MOJIeINi, KOHCTPYKTUBHI ITapaMeTpH, FeOMeT-
pHUYHI MapameTpH, eJICKTPOHHA rapmara, eJeKTPOJHAa CHUCTEeMa, BHCOKOBOJIBTHHM
TIiI0YUit po3psia, MpodinbHUN eNeKTPOHHUIT Ty YOK.

BCTYII

EnexTpoHHi rapMaTH Ha OCHOBI BUCOKOBOJIBTHOTO TiIitouoro po3psay (BTP) mm-
POKO 3aCTOCOBYIOTH JUIS peallizalii eleKTPOHHO-IIPOMEHEBUX TEXHOJIOTIH y pi3-
HHX Taly3sX MPOMHCIOBOCTI, 30KpeMa B €JIEKTPOHHIN MIPOMHCIOBOCTI, IPUIAI0-
OyayBaHHI, MeTamyprii, MaImMHOOYNyBaHHI, aBTOOyAyBaHHI Ta aBiaOyayBaHHI
[1-7]. Lle 3ymoBaeHo TuMm, 1o rapmatu BTP maroTh HU3KY TiepeBar mopiBHSHO i3
TPagULiIHHIMUA TEXHOJOTIYHUMHU €JIEKTPOHHUMH TapMaTaMH 3 PO3KaplOBaHHUMU
KaToJlaMU, cepell IKAX BapTO Big3HAYMTH TaKi [1, 2, 7]:

1) crabinpHicTs poboTH TapMaTr BTP mpotarom TpuBaioro gacy B cepemo-
BUILII Pi3HUX Ta3iB, 30KpeMa IHEPTHUX Ta aKTHBHHUX;

2) BiIHOCHY JelIEeBU3HY eNeKTpoHHUX rapmatr BTP i TexHonoriuHoro Baky-
yYMHOT0 00JIaTHaHHS, sSIKe 3a0e3Meuye X poboTy;

3) mpocTOTY KepyBaHHS CTPYMOM PO3pPSIy €IEKTPOHHUX rapMmar ra3ofnHa-
MIYHUM CITOCOOOM Ta 3 BUKOPUCTAHHSIM JONOMIYKHUX HU3bKOBOJIETHUX PO3PSIiB;

4) MOKIUBICTh OPMYyBaHHS NIPOPUIFHUX EIEKTPOHHUX MyYKiB 3 KUTBIEBHUM
(okycom, ski 3a0e3MedyoTh piBHOMIpHE MPOTPiBaHHs NIIIHAPHYHUX BUPOOIB 1O
BCBOMY IIEPUMETPY.
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Cepexn uux mepeBar OJHI€I0 3 HAWOUIBII 3HAYYIIMX € MOKIUBICTH POpPMY-
BaHHS TPOQITFHUX SIEKTPOHHUX IyUYKiB, OCKITFKHA BOHH 3a0€3MEUYIOTh IIIBUIKO-
JiifHe TPOBEICHHSI TEXHOJIOTIYHUX OIepalliid, siKi HEeMOXKJIMBO BUKOHYBAaTH 3 BH-
KOPUCTaHHSIM €IEKTPOHHUX ITy4YKiB 3 TOYKOBUM (POKYCOM a0o0 JIa3epHUX MYUKiB.
Cepen Takux omnepamiil ciii BUOKPEMHUTH aBTOMaTHYHE MOHOIMITYJIbCHE 3Baplo-
BaHHS KOPITYCiB €IEKTPOHHUX TPHIAMIB 1 TepMidHe 00poOICHHS MUTIHAPUIHUX
BUPOOIB 3 IX PiIBHOMIpHUM HPOTPiBaHHIM O BChOMY nepumetpy [1, 7].

CrpolieHy KOHCTPYKTHBHY cxeMy enekTpojHoi cucremu BTP, npusnauenoi
i popMyBaHHS MOPOKHUCTOIO KOHYCHOTO €JIEKTPOHHOTO Iy4Ka 3 KiJIBLEBUM
(hokycom, 300paskeHo Ha puc. 1.

Wiy
J‘////%.%/ =

O CoNN N W

Puc. 1. KoHCTpyKTHBHa cXeMa akciaJbHO-CUMETpHYHOI enekrpoaHoi cucremu BTP,
pu3Ha4YeHOT UIsi (GOpMyBaHHS MOPOKHUCTOrO KOHYCHOTO €JICKTPOHHOrO mmyuka: [ —
KaToJ; 2 — BHUCOKOBOJILTHHH 130J1TOp; 3 — €IEKTPOHHUI My40K; 4 — aHOoJ; 5 — Tuia-
3MOBa MEKa; 6 — EJIEKTPOHHUIA ITy4OK; 7 — aHOJHA IU1a3Ma; 8 — ITOTIOMIKHUK IHTiH]I-
puaHUii enexrpon; 9 — BuPIO, sAKUit 0OpaMIsIeTbCs

Taxa enexTponHa cucrema (puc. 1) — oaMH 3 MOKIIMBHX BapiaHTIiB (hopMmy-
BaHHS EJIEKTPOHHOTO ITy4Ka 3 KijblleBUM QokycoM. Kpim 1mporo, y mitepaTtypi
PO3TIANAOThCs M aHAMI3YIOThCs elekTpoaHi cuctemMu BTP, siki hopmyroTs auc-
KOBi Ta TpyOuacTi enekTpoHHi myuku [1, 7, 8]. [IpoTe TeopeTHUHO MOXKHA TOKa-
3aTH, 10 3 TE€OMETPUYHOIO IOIJISAY TaKi CUCTEMH € OKPEMHUM BHIIQJIKOM €JIeKT-
POIOHOI CHUCTEMH, TMOKa3aHOi Ha pHc. 1, sika (GopMye MOPOKHUCTHH KOHYCHHI
EJIEKTPOHHUH MYyYOK i3 33IaHUM KyTOM 3013KHOCTI.

IIpobnema mosnsrae y Tomy, L0 HaTemnep HE iCHye TOYHUX Ta aJCKBaTHUX
MaTeMaTHYHHUX MOJENeH, sKi O onucyBaiu ckianHi ¢pi3udHi mpouecH, mo nepedi-
rajoTh B CJIEKTPOJHHUX cHUCTeMax TexHosoriunumx rapmar BTP, sxi ¢opmyrors
npoQisbHI eIEKTPOHHI MyYKH. TYT OKpEeMHUM CKJIAZIHUM 3aBJaHHSM € (popMyBaH-
HS CHCTEMH KOHCTPYKTHBHUX T€OMETPUYHUX MapaMeTpiB i Takoi Mozeni. Came
I BaKJTMBAa HAYKOBO-TEXHIUHA Ta iH)KEHEepHa mpobiema i Oyae po3riisaHyTa y po-
6oTi.

3AT'AJIBHA KOHIENISI ®OPMYBAHHS ®13UKO-TOIMOJIOTTYHOI
MOJEJI JKEPEJI EJJEKTPOHIB BUCOKOBOJIBTHOI'O TJIIIOYOI'O
PO3PALY, AKI ®OPMYIOTH ITPO®LJIbHI EJIEKTPOHHI ITYYKH

VY3aranbHeHy MeETOAMKY (opMyBaHHS (i3HKO-TONMOJOTIYHUX MOJENCH pKepel
enektponiB BTP, ski GopMmyioTh TpodiibHI €NEeKTPOHHI MYYKH, PO3TISIHYTO
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y npaipix [9, 10]. Bona nondrae y Tomy, 1110 Meka aHOJHOI IUIa3MHU 5, IKa OKPEMO
IIOKa3aHa Ha puC. 1, pO3IJINAETHCS SK MIPO30PUM IJI €IEKTPOHIB ENeKTPOon 13
(hiKCOBAaHUM IMMOTCHIIIATIOM, SIKUH € OJIN3BKUM JI0 aHOJIHOTO.

3a yMOBU BEIMKUX 3HAUYEHb CTPYMY PO3PSIy MOKHA BBaXKaTH, 110 IIa3MOBa
Me)ka TapaneibHa MOBEepXHi cepuuynoro karoxa [1, 9, 10], a 3a yMoBH Manux
3Ha4YeHb CTPyMy (popMa IIIa3MOBOI MEXKi 3a3BHUYall BU3HAYAETHCS €KCIIEPUMEHTA-
JBHO 4epe3 ¢oTorpadyBaHHS PO3PSAHOTO MPOMIKKY Ta KOMII IOTEPHHUH aHai3
oTpuMaHuX QoTorpadiif 3 BUKOPUCTAHHIM KapT 300pa)keHb 1 METOJIB pO3Mi3Ha-
BaHHs 00pasiB [10, 11]. SIkmo po3rismaTy JTuIlle NepIINd BUNAIOK, SKHH BigIo-
BiZla€ 3HAYCHHSIM MaKCHUMaJIbHOTO CTPYMY PO3DPALY, IIOJOXKEHHS IIIa3MOBOI MEXI
BU3HAYAETHCS HA MIACTaBi TOTO, 110 00’ €M, SIKMi 3aiiMae T1a3mMa, He 3aJIeKUTh Bif
reomeTpii enekrpoaHoi cuctemu. Lle 103BoIsiE€ COYATKy BU3HAYMTH MOJIOKEHHS
aHOJTHOI TTa3MH y TIPOCTIH JHIMHHIN cHCTeMI 13 TUIOCKUMH €IEKTPOJaMH, a ITiCIIs
BOTO TIepepaxyBaTH I 3HaYCHHS M1 00’€My aHOJHOI MOPOKHUHH B CJIEKT-
ponHiii cucreMi, 300paxkeHiit Ha puc. 1. [IpaBoMipHiCTh TaKOTO MiIXOLy TaKOX
TEOPETHIHO i EKCIIEPUMEHTAIEHO OOTPYHTOBAHO y Tparsix [1, 9].

3a yMOBH BiZJOMOi T€OMETpii IIa3MOBOT MEXi TSI MOACITIOBAaHHS CaMOY3To-
JDKEHOI eJIeKTPOHHO-10HHOT ONTHUKY B eleKTpoaHild cuctemi BTP, 300paxeniii Ha
puc. 1, MOXXyTb OyTH 3aCTOCOBaHi BiIOMi anropuTMH, COPMYJIBOBaHI y Mparsx
[9, 10]. Jns aHAmizy po3mMOALTY CIEKTPHUYHOTO IOJIS BHKOPHCTOBYETHCS UHCIIO-
BUI po3B’s130K piBHAHHS [lyaccoHa B IMIIIHIPUYHUX KOOPIUHATAX, a JUIS pO3pa-
XYHKY TPOCTOPOBOTO 3apsify — MOIU(IKOBaHMH MeToJ] Hene(OpMOBAHHX TPY-
00K cTpyMy.

OTxe, BaXIIMBUM 3aBJIaHHAM € ()OPMYyBAaHHS 3aMKHEHOI Ta HECYNEPewIMBOI
CHCTEMH T€OMETPUYHHX TapaMeTpiB ISl €NIEKTPOIHOI CUCTEMH, KOHCTPYKTHBHY
cxeMmy sKoi 300paxeHo Ha puc. 1. Taka cucrema mapameTpiB nependayae He Jd-
me GopMyBaHHS HA0OpY KOHKPETHHX I'€OMETPUYHMX BEJIWYMH, ale 1 BBEACHHS
B3a€MO3B’SI3KiB MDK HUMH Ta BiATOBITHUX 0OMexeHb [12—14].

TEOMETPUYHI HAPAMETPH EJIEKTPOJIHOI CHCTEMH
BHUCOKOBOJIbTHOI'O TJIIIOYOI'O PO3PSIIY, IKA ®OPMY€E
MNOPOXKHUCTHUI KOHYCHUM EJEKTPOHHUM ITYYOK, TA iX 3B’ SI30K
I3 3ABJJAHHSIMU ITPOEKTYBAHHS EJJEKTPOHHUX TAPMAT

l'onoBHMMH BHMOramMM [O CHCTEMH T€OMETPUYHHMX HapamerpiB (¢i3uKo-
TOTIOJIOTIYHOT Moaeli eekTpoanHoi cucremu BTP, sxy HeoOXimHO chopmyBatH, €
MOBHOTA, HECYTIEPEWIMBICTh Ta MPOCTOTA BU3HAYCHHS IUX mapaMeTpis [12]. Kpim
[[FOTO, HEOOXiTHO 3MEHIIMTH J0 MIHIMyMY KIUTBKiCTh PO3MIPHHX ITapaMeTpiB,
BUMIPIOBaHHS SKUX T Yac iHKEHEPHOTO MPOEKTYBAaHHS rapMaTH MOXKE JTaBaTH
3HAYHI TOXHOKW. Buxomsuum 13 mHMX MipKyBaHb, yci mnapamerpu (i3uko-
TOIOJIOTIYHOT MOJZIEINi PO3MIIAACA Yepe3 3B 30K 3 KyTOM HaxXWily o TBIpHOT KO-
HYCHOI MOBEPXHI aHOJA 0 OCi CUMeTpii eNeKTPOIHOI cUcTeMH. 3a Takoi yMOBH
3B’SI3KM MK KOHCTPYKTHBHUMH T€OMETPUIHUMHU PO3MipaMU €IEKTPOIHOI CHUCTe-
MU opMyBanHcs Yepe3 TPUTOHOMETPHYHI CITiBBIAHOILICHHS.

Takuii migxig 10 GopMyBaHHS CHCTEMH MapaMeTpiB MOJeNi BiAMOBifae He
JMIIe BUMOTaM MOBHOTU Ta HECYNEPEWINBOCTI, ajie W yMOBi yHiBEepCalbHOCTI
Mojeni. Pid y TiM, 1o uepes 3MiHy mapamMeTpa o MOKHa MOJCJIIOBATH Pi3HI THUITH
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enexktponuux cucteM BTP, siki ¢popMyIoTh MpodinbHi eNeKTPOHHI MyYKH 3 KiJlb-
meBuM (GokycoMm. Hampukianm, eleKTpomHi CHCTeMH, siKi (GOPMYIOTH TpyOdJacTi

CNIEKTPOHHI IyYKH, MOKHA PO3IJISAATH SIK CHCTEMH, [UTS IKUX 3HaueHHs o =07, a

IUIsL CHCTEM, siKi GOpMYIOTh AMCKOBI mydkH, 3HadeHHs o =90° [8]. V mpaui [8]
po3rIAHYTO 0a30Bi piBHSHHA A (Pi3HKO-TOMONOTIYHUX MOJENEH eNIeKTPOIHUX
cucreM BTP, sixi ¢popMyrOTh IHUCKOBI Ta MpodibHI €NEKTPOHHI MydYKH, 1 depe3
YHCIIOBE PO3B’SI3yBaHHS LIUX PiBHSHb 3HAWICHO 3aJICKHOCTI TOJIOKEHHSI TIa3MO-
BOI MEXi BiIHOCHO KaToJa BiJ TEOMETPHUYHHUX PO3MIpiB €JIEKTPOJHOI CHUCTEMHU.
[Ipore uwepe3 BemuKy KUTBKICTH PO3MIpHUX TMapaMeTpiB Ta CKIAIHICTH CHCTEMHU
HEJTIHIHUX PIBHIHB IJI1 OTPUMAHOI CUCTEMH PiBHSIHBL HE 3HANWICHO aHATITHIHOTO
po3B’s3Ky [8].

VY 3B’S3Ky 3 IMM BiIMITHOIO PHUCOIO CHCTEMH MapaMeTpiB MOJENi eNeKT-
ponuux cucreM BTP, sixa npomonyetbest y po6oTi, € ii mpocToTa, sika moysirae y
TOMY, III0 B3aEMO3AJICKHI TEOMETPUIHI PO3MIpH 3B’SI3YIOTHCS MK CO00I0 depes
3HAYEHHsI KyTa o. 3a Takol yMOBH 3B’SI3KM MK MapamMeTpaMd 3HAYHO CIPOIIY-
IOTHCS 1 BIJICYTHICTh (PYHKIIIi KBaJpaTHOTO KOPEHs, BUKOPUCTAHHS SIKOI € MpHUTa-
MaHHUM TSI CHCTEM T'€OMETPUYHUX TTapaMeTpiB y pa3i (hopMyBaHHS 3B’ I3KiB MiX
JHIAHAME PO3MipaMH, JA03BOJISIE 3BECTH MaTEeMaTUYHY MOJENb 10 KyOidHOTO piB-
HSHHA BIIHOCHO BHMCOTHM aHOJHOI IUIa3MH, a TaKe pIiBHSHHA MOXe OyTH
PO3B’s3aHO aHATITUYHO.

BbazoBi reomeTpuuHi po3Mipu i enekTpoaHoi cuctemu BTP, KoHCTpyK-
THUBHY CXeMy SIKOT 300pa)keHO Ha puc. 1, moka3aHo Ha puc. 2. ['0JOBHUMH 13 TUX
PO3MIpIiB € BUCOTAa aHOIHOI IJIa3MU d,,, MOJOKEHHs IUIa3MOBOI MEXI BiTHOCHO

Katona d,,, TOBIIMHA KaTojxa /,, BUCOTAa aHOJAA A, , MAKCUMAaJIbHUI pajiyc oc-

KII °
HOBHU KOHYCHOT'O aHOJA 7, , MiHIMaJIbHU{ pajilyC OCHOBU KOHYCHOI'O aHOJA Fiy ,
SIKMH BiAMOBigae 00NacTi BUBEJCHHS €IEKTPOHHOTO MyYKa 3 eJIEeKTPOHHOI rapMma-

TH 10 TEXHOJIOTIYHOI KamepH, paaiyc chepu kaToga R, MaKCHMaJbHUHN MO-
nepeyHuil po3Mip cepuuHoi NOBEpXHi karojaa Ouls aHOHA 7, MiHIMaJbHUN
HoTepeyHuid po3Mip cepryHoi MOBepXHi KaToAa Oiisl MUIIHAPHUYHOTO EJIEKTPO-
Ia r, , paalyc OWIiHApaA 7, Ta HOro BUCOTA A, .

3po3yMino, 10 TeOMETpUYHI mapamMeTpu d, 1 d,;, € BHYTpIIIHIMU apaMeT-
h

3aJIeKHOCTEH d; BiJl KOHCTPYKTHBHHUX IIapaMETpPIB 3aBXKAU € IOJOBHUM 3aBIaH-

pamu Molem, a R, Feous Tel» Has T

s — KOHCTPYKTUBHMMHU. Tomy momryk

I

HSM MOJICJIIOBaHHs Ha NEpPUIOMY eTalli MPOEKTYBaHHS ra30pO3psSIHUX EJIEKT-
POHHHX TapMaT, OCKUIBKM aHOJHA TUIa3Ma B EJIEKTPOHHO-ONTHYHHX CHUCTEMax
BTP posrnspaeTbes K pyXOMUE eNeKTpoI i3 3aJaHUM MOTEHIIaTIO0M, TTOJI0KEHHS
SKOTO 3aJICKUTh BiJ] KOHCTPYKTUBHHX IIapaMeTPiB €JIEKTPOIHOI CUCTEMH, a TAKOXK
BiJl THCKY B KaMepi rapMaTH, NepepaxoBaHOT0 Ha JOBXUHY €IEKTPOIHOI CUCTEMHU
[1], Ta Bix mpuckoproBansHOi Hampyru [1, 9, 10].

VY teopii BTP cucrema anreOpuyHUX piBHSHbB, SIKi ONMUCYIOTH TOJOKEHHS
TJIa3MOBOT MEXK1 BITHOCHO KaTOJ1a, 3alUCYEThCS Y BUTIISII [2, 15]:

99 = ﬂ, A((p*)zl 1+2(]_(P+e Me _o | (1)
on £ A4(0") AV

rel’
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Jie n, — KOHIIEHTpAIlisl eeKTPOHIB y ia3Mmi; 7, — ix TeMmepaTrypa; g — 3apsin

ioHiB 1a3Mu; &, — eJeKTpUYHa crana; k — craia bonbiMana; ¢ — TpHenex-
TPOJHUI MMOTEHIaM, KU 3aJIEXKUTh BiJ CKJIaly BUKOPHUCTOBYBAHOTO TEXHOJIOTIU-

HOTO ra3y. 3a3BHyali 3HAYEHHS APaMeTPa (" JIEKHUTH Y MEXKaX KiJIbKOX BOJIBTIB.

-< >

Puc. 2. TeomerpnuHi napaMeTpu enekrponHoi cuctemu BTP, cipoiieHy KOHCTPYKTHBHY
cxeMy SIKoi 300pakeHo Ha puc. 1

[IpoTe, ockinbku po3B’si3yBaHHS HENiHIHOT cucTeMu piBHAHB (1) Ams enek-
TpoaHux cucteM BTP i3 ckiagHOIO0 reoMeTpiero BUKIMKAE MTEBHI OOYNCITIOBAIIBHI
TpynHOII, (haxiBili mig gac GopMyBaHHS BIANOBIIHMX MaTEeMAaTHYHHUX MOJCIICH
HAMararThCsl BUKOPUCTOBYBATH CIIPOIICHI MiJXOM, OCHOBaHI Ha ampoKCHUMarlil
EKCIIEPUMEHTAIILHUX JJAHUX TIPO MOJIOKEHHS TUIa3MOBOT MEXKi. 30KpeMa, y Mmpamsx
[9, 10] moka3aHO ¥ OOTPYHTOBAaHO MPUITYIIEHHS, IO I BETUKUX CTPYMIB pPO3-
psAay TUTa3MOBa MeXKa ImapasellbHa TIOBEpXHI KaTona, a 00’ €M aHOAHOI TUTa3MHU He
3aJICKUTh BiJl reoMeTpii enekrpoaHoi cuctemu. lle mo3Bosisie BU3HAYaTH 00’ €M
1a3mMoBoi Mexi y cucrtemax BTP 31 ckiaiHOIO T€OMETPI€I0 SNEKTPOIiB 3 BUKO-
PHUCTaHHSM IPOCTOTO CIiBBiTHOIIEHHS [ 1]

V, =V, 2)

ae V, — 00’eM mia3MoBOi MeXi B €KBIBaJECHTHIHN MiHINHHIN el1eKTpOHIN cHCTe-
Mmi; V,, — ii 00’eM B enekTpoaHiii cuctemi (auB. puc. 1). Y niHiiiHINA enekTpoaHiit
cucTeMi 00’ €M aHOZHOT MOYKHA PO3PaxyBaTH 3a TAKKM CIiBBiIHOIICHHM [1]:

I
. ) 3)
_SWiokT, | m;

1

R?poe VKT,

K

m.
Qo XY+, [—
me
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ne I, — ctpym po3psay B JIiHINHINA €1eKTpoaHii cucreMi; 7,, R, L — reomer-
PHUYHI PO3MipH JTiHIHHOI cucTeMu; m,, m; — Maca eJIeKTpOHa Ta Maca 1OHIB 3a-
JIMIIIKOBOTO Ta3y BiANmoBigHO; (.0 — YCEpeIHEHHH MEepeTUH nepe3apsKeHHs 10-
HIB Ha aTroMax ra3ly; ) — CepemHiii Koe]iIlieHT TOMOBXEHHS TPAEKTOPIH
enextpoHiB y BTP; 7, — TemmepaTypa eIeKTpOHIB y IUIa3Mi; Y — KoedilieHT
BIiIOMTTS €JIEKTPOHIB Bil MOBEPXHi aHONA; Ll;)— PYXOMICTh €IEKTPOHIB B aHO.-

Hi#t m1a3mi. oo oOumcneHHs MOM0KEHHS TIa3MOBOT MEXi Y CUCTEMI eJIeKTPO-
niB BTP, sxa dopMmye TTOpOKHUCTHIA KOHIYHHHA €IEKTPOHHHUI ITydOK, KOHCTPYK-
TUBHY CXEMYy SIKOI 300pa)KeHO Ha pHC. 2, TO Ui Hel 00°eM, AKHi 3aiiMae aHOJHA
T1a3Ma, MOKHa po3paxyBaTH K 00’eM Tina obepranus [16]:

b
V.= Jrz(z)dz, (4)

ne r(z) — aHanmiTHYHA (QYHKIA, sIKa OMUCYE T€OMETPII0 TUIa3MOBOT MEXi; a Ta

b —mexi iHTerpyBaHHs, sIKi BU3HAYAIOTHCS JTIHINHUMU pO3MipaMH eeKTPOIHOT
cucteMu (puc. 2). SIKmo mia3MoBa MeKa BBaXKAETHCS TapasieIbHOIO MOBEPXHI
KaToja, ToAl 00’e€M aHOAHOI MIa3MU OOYHCIIOETHCS Yepe3 KyT o K 00°eM
KYJIbOBOTO CerMeHTa. Y paxoBytoun dhopmyiy (4), MaeMo

4 . (a
Vi=m E(RK_dH)?’_rI?l sin 5 - ]_IZ(RK_dH)_

4 (o
—g stm E +ruz(rK0H—dn) . ®))

[MpupisHtoroun criBBigHOmEeHHs (3) Ta (5) 3 ypaxyBaHHAM CITiBBiJHOIICHHS
(2), mMoxxHa oTpumaru KyOiuHe pIBHSHHS 3alle)KHO BiJ mapamerpa d, 1

po3B’s3aTH oTo 3 BUKOpUCTaHHAIM (hopmyn Kopmano [16]. Sxkmo mra3moBa Mexa
HE € MapajieibHOI0 MOBEPXHI KaToja, AJS OMHCaHHA i reoMeTpuyHOi (QopMu
MOYXHa BUKOPUCTOBYBaTH criBBigHomenHs [ 10, 11]:

r(z) =/C(In(4) - In(z - B)), (6)

ne A, B, C — HamiBeMIipudHI KOe(IIi€eHTH, SKi BU3HAYAIOTHCS 32 JOTIOMOTOIO

(hoTorpadyBaHHSI PO3PSTHOTO MPOMIXKKY Ta KOMIT FOTEPHOTO aHAIII3Y SICKPaBOCTI
orpuMaHux (ortorpadiii 3 BUKOPUCTAHHAM KapT 300pakeHb Ta METOIIB
po3mizHaBaHHs 00pa3iB [11]. Ane piBHAHHA (6) MOXXHa pO3B’sI3aTH JIMIIE
YHCIIOBUM CITOCOOOM.

lono ToBumMHY KaToAa /., TO Lieil reOMETpUYHUI TapaMeTp He BILIUBA€E Ha

€JICKTPOHHO-ONTHUYHI BJIACTHBOCTI CJIEKTPOJHOI CHCTEMH, MPOTE, OCKIIBKH CTY-
MiHb HarpiBaHHS KaToJla i0OHHUM IOTOKOM CYTTEBO BIUIMBA€ Ha 3Ha4YCHHsS Koei-
IIi€HTa BTOPHHHOI 10HHO-CJIEKTPOHHOI eMicii, el KOHCTPYKTHBHUU ITapameT]p
3 ypaxyBaHHSAM BHYTPIIIHIX TEPMOAWHAMIYHHUX TMapaMEeTPiB CHUCTEMH OXOJIO-
JDKEHHsI BU3HAYAE CHEPIeTUKY PO3PSLy Ta CTPYM eJIeKTPOHHOrO mydka. Marema-
TAYHI MOJIETi U1 BU3HAYCHHS TEMITepaTypy KaToda Ta 3alie’KHOCTI KoedirieHTa
BTOPHHHOI 10HHO-€JIEKTPOHHOI eMicii Bi TeMreparypu Ajsl eNeKTPOIHUX CUCTEM
BTP, sxi ¢opMyOTh €NEeKTPOHHI MyYKH 3 TOYKOBUM (POKYCOM, HaBEICHO y Ipa-
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x [10, 17]. 3 inmoro 60Ky, napameTp /4, OB’ sI3aHUN 3 TEOMETPUYHUMH T1apaMe-
TpaMH R, 1 h. TPUTOHOMETPHUYHHM CIIiBBiIHOIICHHAM

e = Ry cos () - )

I3 BukopucranssMm criBBimHOmEHHS (7) MOXHA OIHUTH TeMIEpaTypy
Karoja Ta CTPYM eJIEeKTPOHHOTO Iy4ka [17].

OBMEXKEHHA, AKI HAKJIAJAIOTBCSA HA ITAPAMETPU MOJEJIT

3po3yMino, 10 HEe Ul BCIiX 3HAYCHb MapaMeTpiB €JIeKTPOIHOI CUCTEMH, HaBele-
HHUX Ha pHC. 2, MOXKIIMBa TEXHIYHA peaii3auis Takoi cucteMd. ToMy Ha BU3HAYEH1
y TONIEPETHLOMY PO3/IiJTi KOHCTPYKTUBHI IMapaMeTpH MOJICITi HaKJIaJdaeThCs HU3Ka
00MEeXeHb, 3yMOBJICHUX Pi3HUMH (akTopaMu. Y 3B’SI3KYy 3 IIUM y TEOpil MPOEKTy-
BaHHS CIIEKTPOHHUX CHCTEM PO3PI3HIIOTH TEOMETPUYHI, (hi3WUHI, 00UNCITIOBAIBHI
Ta TEeXHOJOriuHi oOMmexeHHs [12-14]. Haiimpocrimmmu € reoMeTpudHi odme-
JKEHHSI, SIKi 3yMOBJICHI MOKJIMBOIO HEKOPEKTHICTIO ONMCAHHS TOIOJIOTIi BU3HaYe-
HOI eJIeKTPOAHOI CHCTEMH uYepe3 HEBUKOHAHHS 3aKOHIB TeOMeTpii Uil BU3HAUe-
HUX 3HA4YCHb MapaMeTpiB. HeBUKOHAHHS TEOMETPUYHUX OOMEXKCHb 3a3BUYAl
NPU3BOIUTH 10 OOYMCITIOBAILHIX OMUIIOK TTiJ 4ac PO3B’sI3aHHA 3324l MOJIEIO-
BaHHS, TOMY IIepeBipka X 0OMEKEeHb HA MOYATKy BUKOHAHHS IPOTPaMU MOJe-
JIOBaHHA € BXKIMBUM KPUTEPIEM HAIIHHOCTI pOOOTH TaKMX KOMIT FOTEPHHX IPO-
rpaMm. ®i3n4Hi 00MEeKEHHS HAKJIIAl0ThCsl Ha 3HAYEHHS TEOMETPUYHHX ITapaMeTpiB
MOZIeNi Y TOMY BUNAJKY, KO BOHU HE CylepedaTh 3aKOHaM TeoMeTpii, ajie € He-
MOJKJIMBUMH 3 ODJISAY Ha BIAMOBIAHI (hi3uuHi 3aKoHOMIipHOCTI. Hampuknan, 3Ha-
ueHHs (1, —7,) IS NapaMeTpiB eJEKTPOIHOI CHCTeMH (IMB. puc. 1) Mae Bianosi-

AT TIpaBWIIy 3a0€3NeUeHHs HAMIMHOI eNeKTpUYIHOl 130JIImil uid  3aJaHux
3HaYeHb MPUCKOPIOBAIHLHOI HANPYTH 1 THCKY TEXHOJOTiuyHOrO ra3y [18]. O0umc-
JOBaJIbHI OOMEXCHHS Ha 3HAYCHHS NapaMeTPiB MOJEII HAKJIATAr0ThCs TOJI, KOJIU
BOHHM HE MarOTh Hi FCOMETPUYHHX, Hi (Pi3UUHUX OOMEKCHb, ajie TPAHUYHA BEJIH-
YMHA TOYHOCTI YHCIIOBHX AalTOPUTMIB PO3PaxyHKYy Ta MOXKIHBOCTI HasBHHX
KOMIT FOTepHUX 3ac00iB HE JO3BOJISIOTH BUKOHYBATH TOYHI PO3PaxXyHKH IS TIa-
paMeTpiB 31 3HAYCHHSAMH, OUTHIITIMH a00 MEHIIMMH 32 3a7aHy TPaHUYHY BEITHYIH-
Hy [19]. 3a3Buuaii oOuHCIIOBaIbHI OOMEXKEHHS HAKJIANAIOTHCS HA 3HAYCHHS I1a-
pameTpiB MoJeni TOAi, KOJM HEMae BiINOBIIHUX T€OMETPUYHUX Ta (i3MUIHUX
oOMexeHsb [12].

TexHonOriYHI OOMEXEHHSI BU3HAYAIOTHCA TEXHOJIOTIE€I0 BUTOTOBJICHHS €lle-
MEHTIB €JEeKTPOJHOI CUCTEMH Ta IHXKEHEPHUMH BUMOTaMH 10 MAKCUMAaJIbHUX J0-
MYCKIiB Ha PO3KH[ 3HAYCHb 33JaHUX T€OMETPUIHUX PO3MipiB 1 KyTiB [19].

Hacamnepen cnmin BiI3HA4MTH, IO CHCTEMa T'€OMETPUYHUX MapameTpiB, 3a-
JAHWX Ha pHC. 2, € HAATUIIKOBOIO. [10310BXHIH po3Mip cheprdHOi MOBEpXHi Ka-
TOJa, 3aJaHuil paJiycoM 7, , HOB’sI3aHUM 13 paaiycoM cdepu kaTona R, Ta KyToM
Ol CIIBBIJHOIIEHHSIM

k1 :RK sin (OL), (8)

a BiZicTaHb BiJ MJIa3MOBOi MEXIi 10 TOBEPXHi Karona d,,, BUPAXKAETHCS Yepe3 BU-

COTy TIa3Mu d,, Ta paaiyc cdepu katoga R :
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dl(l'l = RK - d1< . (9)

PiBusiHHS (8) 3B’s3y€ KOHCTPYKTHBHI MapaMeTpH eNEKTPOIHOI CHCTEMH, a
piBHSHHA (9) — BHYTpIIIHI apaMeTpH 3 KOHCTPYKTUBHUM IIapamMeTpoM R, .

IIpote 3HaueHHs 7, 1 7, 3PYYHO BUKOPUCTOBYBATH I 004MCiIeHHs (i3u-
YHUX OOMEXKEHb, SIKi 3yMOBJIOIOTH 130JIAIIiHHI BIACTHBOCTI €IEKTPOIHOI CHCTe-
MH, a 3HaYeHHS d,, € OUIBII 3pYYHHUM /IS aHATi3y OCOOJIMBOCTEH €IeKTPOHHO-
ONTHYHUX BJIACTUBOCTEH €JIEKTPOTHOT CHCTEMH, X04Ya TIiJ Yac pO3B’sA3yBaHHS PiB-
HSHHSA (2) 3a3BUYail 3py4Hille nrykatu napametrp d, [1, 9, 10].

3po3yMmiJio, 10 Ha MapaMeTpH €JISKTPOAHOI CUCTeMHU (pHC. 2) HAKIAAAI0ThCs
TaKi TeOMETPUYHI OOMEXKECHHSI:

I
. . 10

Tea > Ty Ty >Tps O >arctg) — . (10)
i

IcHye iHIIE reoMeTpuyHE OOMEKCHHS, SKE HAKJIAJAEThCS HA MiHIMaJIbHUMA

HO3I0BKHIH PO3MIp KaToAa 7,
min _ R si t r_u _
o =R, sin| arctg =
0

(an

IIpore Ha mapameTpu 7, , 7

» Ta O HAKJIAJaroThCs OUIBLI CTpOri (i3uuHi

00OMEXEHHs, MOB’si3aHi 13 3a0€3MeYCHHSIM BUMOT JI0 CJIEKTPUUHOI MIITHOCTI PO3-
PSAAHOTO MPOMDKKY. 3TiHO i3 TEOpi€l0 ra3oBOro po3psAy MiHiMalbHa BiACTaHb
MIX €JICKTPOJaMH, 32 YMOBHU 3aJaHOI NMPUCKOPIOBAJIBHOI HANPYTH UHp 1 THCKY
B PO3PsHIA Kamepi p, 00YHMCIIOEThCS BIAMOBIAHO J0 3akony IlaiieHa 3a criB-
BigHOIIEHHSM [18]

2,72U 1
min = ————=In| —+1, (12)
Ap Y
ne A — HamiBeMIipuYHHH KOeQillieHT; Y — Koe(il[ieHT BTOPUHHOI 10HHO-

€JICKTPOHHOT eMiCil i1 BU3HAUCHOI0 MaTrepiaay KaToza. 3TiJHO 31 CHIBBITHO-
meHHsM (12) HepiBHOCTI (10) mepenucyrOThCs Y BUTISIL:
B >Ty+d

min >

ro+d
Fy > T +dn; o> arctg “h—mm . (13)
10

CniBinnomrennst (11) 3 ypaxyBaHHsM nepiioi HepiBHocTi cuctemu (13)
HaOHMpae BUTILITY

min * ( 14)
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Ockinbku HepiBHICTD (14) € HeNMHIHHOIO, 3HAWTH 3aJIeKHICTh rgin (r;) MoxHa
JIMIIE 3 BUKOPUCTAHHIM YMCIIOBUX PO3PaxyHKIB. BinmnosigHi rpadivyni 3anexHOCTI
IUISl PI3HUX 3HA4YeHb MapaMeTpiB Moxeni R, 1 A, SKi OTpUMaHi 3 BUKOPUCTAHHIM
3aco0iB mporpaMmyBaHHs cuctemu MatLab [20, 21], moka3aHo Ha puc. 3.

rot M 6

K

0,12
0,1 F
0,08 [-
0,06 -
0,04 |- 2

0,02 -

min
x2 »M

0,2

0,15

0,1

0,05

0 ! ! ! ! !
0,0 0,1 0,1 p 0,2 02 hpM

Puc. 3. 3anexxHicTb MiHIMAJIBHOTO 3HAUSHHS ITO3JOBXHBOTO PO3MIpY KaToza OuIs IytiHapa

min

ro BiI pafiyca Lunminapa, paniyca chepu xaroga a — h, =05 m; I — R = 0,85 M, 2 —
R=08M3—R=075mM,4—R=07M,5—R.=0,65M, 6 — R.=0,6M Ta BUCOTH
watiaapa; 6 — R =0,8; I — he=0,5m, 2 — h,=045m, 3 — =04 M, 4 — h= 0,35 ™,
5—h=03m
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[HmIMM reomeTpuYHUM OOMEKEHHSIM Ha MapaMeTpu MOJECINI €JIeKTPOIHOI
cuctemu BTP MoxHa HajaT BUTIIALY

hu<RK, Feon > Tip» hu>h1<: Tl > Vs T > Teon - (15)

Ha mincraBi HaBemeHWX MipKyBaHb JUIsl MiHIMaJdbHOTO 3HA4YEHHS KyTa o
3 ypaxyBaHHSM cITiBBigHOMEHHS (14) MOXKHA 3ammucaTu
rmin
= arctg ‘;12 , (16)

i

o

min

ToAdi cruiBBimHOIIEHHS (16) cTae OLTBII CTPOTUM, HiX TPETS HEPIiBHICTH CHCTEMH
(10). MakcumanbHe 3Ha49eHHs KyTa o, = 90 BiAmOBiTae exekTpoHiil cucTeMi, sika
(hopMye TUCKOBUI €IeKTPOHHHN TMy4OK [§].

Jis BUCOTM aHOJOHOTO €JNeKTpoja /i, TaKoX ICHYIOTb TI'€OMETPHUYHI
0OMeXeHHS:

hy <R —he, hy <R —h,. a7
MiHnimanbHe 3Ha4eHHs pajiyca chepu katona R, 3a1a€ThCcsd OOMEKEHHIMHU:
Re>hy +he, R >hy, (18)

AKi € HacinkoM HepiBHocTel (17). A Ha MakcUMallbHE 3HaYeHHsI pajiyca chepu
Karoja TEOMETPUIHMX Ta (I3WIHNX OOMEXEHh HE ICHYE; OKpPEeMHH BHIIAIOK
R, = o0 BigmoBiAae miIocKiii moBepxHi karona. ToMy Ajsi HbOTO BHUIIAAKY HaKiIa-

JA€ThCs JIMIIEe 00UHCITIOBAIbHE OOMEKEHHSI, SIKE 111 BUKOPHUCTOBYBAHUX AJITOPUT-
MIB pO3paxyHKY €JEeKTPOHHO-ONTHYHHUX BIACTHBOCTEH €IEKTPOJHOI CHCTEMH Ta
3aCTOCOBaHMX OOYUCIIOBAILHUX 3aCO01B BCTAHOBJICHO Ha PiBHI

R <10%m. (19)

TEXHOJIOI'TYHI 1OITYCKH HA TEOMETPUYHI TAPAMETPHU MOJEJIT

HaBenemo Tenep OILiHKY TEXHOJOTIYHHX AOMYCKiB Ha KOHCTPYKTHBHI HapameTpu
€JICKTPOJTHOI CHUCTEMHM, HaBeJCHOI Ha puc. 2. Y 3aralbHOMY BHUIAAKY MOXJIHBI
TEXHOJIOT1YHI JIOIMyCKW MOXHA OIIHUTH B XOJ{i OOYHCITIOBAILHUX EKCIIEPUMEHTIB
gepe3 aHaji3 BIUIMBY 3MiH BIIIOBIAHOTO KOHCTPYKTHBHOI'O PO3MIipy Ha (hOKaAIBHI
napaMeTpy eJIeKTPOHHOro mydka [14]. Takuii MeTox B 00YHMCITIOBAIBHIN MaTeMa-
THUIli HA3UBAETHCS METOJIOM MaNX 30ypeHb 1 y 3aralbHOMY BUIAQJIKY 3aIUCY€EThCS
Y BUTJIA/II TAKUX TIPOCTUX CITiBBiTHOIIEHE [14]:

OF (x) od (x)
e =—"Ax; =—I1"" Ax, 20
r ox d Ox (20)
Jle X — 3MIHHUN KOHCTPYKTHBHHM mapameTrp; F — IMOJ0XeHHS (oKyca eIeKT-

POHHOTO Ty4Ka; d,; — TOBIIMHA (POKATBHOTO KiJbLS; €, — JOMYCTHME 3HAUCH-
HsI 3MIHH NOJOKEHHs (oKyca IydKa; €; — AOIyCTHME 3HA4YEHHs 3MIHHM TOBILHU-

HU (HOKATBHOTO KIJBIY. 3pO3yMINIO, IO B pa3i BUKOPHCTAHHS CITIBBITHOIICHHS
(20) 3HaueHHS € 1 €; 3a4alOThCA B AOCOMIOTHHX OJUHULIAX 1 MAIOTh PO3MIp-

HICTh BHUMIpIOBaHOI BEJIMYMHU. SIKIIO 3py4HilIe BU3HAYATH TEXHOJOTIUHI JOITyC-
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KU Y BIAHOCHUX ONMHHMILIX, CHiBBiZHOLIEHHS (20) MOXKHA MepenucaTd y BUITSIL
[10, 14, 19]:

Ax
Ax‘SF =AF(x) ‘Sdn =Ady (x)

Xy = Xoga| 12— | e = g [ 12— Q1)
X X

A€ X,6q — MOICJIIBHC 3HAYCHHS KOHCTPYKTHBHOI'O IIapaMeTpa, Xp — HOro pea-

JbHE 3HAYEHHS 3 ypaxyBaHHSM BiJHOCHOT OXUOKH BUTOTOBJIICHHS JeTalel enek-
TPOIHOI cHCTeMH. Y CIiBBimHOMICHHAX (21) 3HaK + BIiAMOBiIae MOKIMBINA 3MiHI
3aJaHOTO 3HAYCHHS PO3Mipy X y Oik AK 30iNblIeHHS, Tak 1 3MeHmeHHs. [Iporte
YacTO y TEXHOJIOTil BUTOTOBIIEHHS TOYHHX MPHUJIAMIB € JOMYCTUMHMH JUIIE OJI-
HOOIYHi 3MiHM 3alaHUX HapaMmeTpiB. Y TaKOMY BHIIAJKY Yy CIiBBIIHOIIEHHAX (21)
3aMiCTh 3Haka * CTaBHUThCA a00 3HAK +, a00 3HAK — 3aJI€)KHO B1J MOKJIMBOI'O Ha-
MPSIMKY 3MiHH BiJITOBITHOTO mapameTpa. UHCIoBi eKCIIEPUMEHTH 3 MOJICTIOBAHHS
enekrpoaHoi cuctemu BTP (puc. 2) nokasanu, mio Ha napaMeTpu MOJISNi MaroTh
OyTH HaKJIaJeHi TaKi TEXHOJIOTITHI OOMEKECHHS:

Rep = Reaga(1£0,0012), o) = 015, (1£0,0014) , 7 = rr o6, (1= 0,0125)
aap = haosa(1+0,0131) 7y =71 0601 -0,0142) 5 1, =7, 64(1+0,0112),
Feorp = Teonoga (1+0,014) 5
hu. Iy 054 (1£0,015) , h =h,,, (1£0,0137);
M p = Me.05a(1£0,052) (22)

Je 1HIeKC p BiANOBiNAE peaJibHUM 3HAYCHHSAM MapaMeTpiB, a iHIeKC 004 —
MonenbHUM. OOYHMCIIeHI 3HAYEeHHS I TEXHOJIOTIYHHMX JOMYCKIB BiAIIOBITAIOTh

BeinuuHi — = 0,05, TOOTO BIAHOCHOMY BiIXWJICHHIO (DOKAJIBHUX IapaMeTpiB
X

€JIeKTPOHHOTO Tyuka Ha 5%.
3 oTpUMaHHX CHIBBiZHOLICHD (22) BUAHO, MO HAHOLIBII CTPOTi OOMEKEHHS
omuspko 0,1% HaxkmamaroThCs Ha 3HA4eHHs pafiyca cdepu karoma R, Ta Ha

KyT o . Lle 30iraeTbcsa 3 BIJOMHUMHU 3 OCHOB €JIEKTPOHHOI ONTUKU TEOPETUYHUMHU
BiJOMOCTSIMH TIPO Te, IO pajaiyc eMiciiiHOi MOBEPXHi KaTo/a i KyT HaXWIy aHOJ-
HOT TTOBEPXHI JI0 OCi CHMETpil CHCTEMH HaWOUIbIIIEe BIUIMBAIOTH HA EIEKTPOHHO-
ONTHUYHI BIACTUBOCTI €NeKTpOAHUX cucteM [20]. [{ist OinbIIoCTi iHIIUX mapameT-

) ) Ax
piB 3HAYEHHS JIOMYCTHUMOTO BiIXWJIEHHA O =— CTaHOBWIO Onm3bKko 1%, a ams
X

mapaMmerpa /i, — Omm3pko 5%. Ciig 3a3HAYNTH, IO BEIMUMHA O BH3HAYAJACh 32
K

criBBiHOMEHHAMH (21), a TOTIM 00HMpanoch MiHIMaTbHE 3HAYCHHS ITi€]1 BETUIH-
HH 3a lIapaMeTpamMu € Ta &, , 70610 [12, 19]

Axmin‘SF .y
5= el (23)

X
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3riJJHO 3 KOHCTPYKTHUBHOK CXEMOIO EIEKTPOIHOI cucTeMu (puc. 2) 3HAYCHHS

7y 1 I MOXYTb 3MiHIOBATHCH TUIbKH y OiK 30UIBIICHHS, & 3HAYEHHA Fip 1 1, —

numie y 61K 3MEHIIEHHS, 110 3yMOBJICHO HEOOXITHICTIO 3a0e3MeUeHHS eIIeKTpUY-
HOi MIIIHOCTI PO3PSAAHOTO MPOMIKKY BimoBiAHO 10 cmiBBigHomeHHs (12). Yci
PO3paxyHKH BeIMYMHM d;, BHKOHYBamMCbh s 3HaueHs U, =15 «B;
p=>5Tla; y=4,3, marepian katoja — aJtOMiHil, poOoumii ra3 — a3ot. [lapa-
METp 7., TAKOX BBAXABCS TAKUM, IO MOKE 3MIHIOBATHCH JHIIE y OiK 3011b-

HICHHS, OCKIJbKH 3MEHILIEHHS IbOTO MapamMeTpa NPU3BOIUTH A0 3HAYHOTO 301Ib-
IIEHHSI BTPAT MOTYXHOCTI €JEeKTPOHHOTO ITyYKa 4Yepe3 OCiaHHs EIeKTPOHIB Ha
CTIHIII aHOMA OLIA BUXimHOTO OTBOPY. OTpHMaHi cmiBBigHOMEeHHS (22) Oynu BU-
KOPUCTaHI JJis po3pO0JICHHS TeXHOJIOTIYHOT JOKYMEHTAIlii Ha BUTOTOBJICHHS €KC-
MEPUMEHTAIILHOTO 3pa3Ka eJIeKTpoHHOI rapmaru BTP.

KOHTPO.Ib BXIJTHUX ITIAPAMETPIB MOJEJII EJTEKTPOJHOI CHCTEMHM
BUCOKOBOJIBTHOTI'O TJIIIOYOT'O PO3PSAAY 3 BUKOPUCTAHHSIM
T'PA®IYHOI'O IHTEP®ENCY KOPUCTYBAYA TA JTIAJIOTOBUX BIKOH

OTtpuMaHi pe3ynbTaTH MO0 OOMEXEeHb Ha MapaMeTpu MO, 3a/laHi CIIiBBia-
HomeHHsiMH (10)—(22), BUKOpHCTaHi y IPOrpaMHOMY KOMIUIEKCI, PHU3HAYCHOMY
JUIL MOJICJIIOBAHHS €JIEKTPOHHO-ONTUYHUX BIIACTUBOCTEH EJIEKTPOIHUX CUCTEM
BTP, sxi dopmytoTs mpodinbHi enekTpoHHI mydyku. Lle 103BoimiIo 3HaYHO Mi-
POIO MMiIBHIMUATH HAMIHHICTE pOOOTH CTBOPEHUX MPOTPAMHHX 3aCO0IB Ta YHUKHY-
TH 00YMCITIOBAILHUX MTOMMJIOK MiJ yac poOoTH mporpamu. [Iporienypy KOHTPOJIO
BXIIHAX TIapaMeTpiB MOJIENi peayi30BaHO 3 BUKOPHCTaHHSIM 3aco0iB Mporpamy-
BaHHA cucTemMu MatLab [21, 22]. BikHo BXimHOTO iHTepdeHCy i€l mporpamMu Io-
Ka3aHO Ha puc. 4, a qianorose BiKHO JJIsl BBEACHHS T€OMETPUYHUX KOHCTPYKTHB-
HUX TapaMeTpiB MOJeJi — Ha puc. 5.

EE=E

File Edit wiew Insert Tools ‘Window Help

KoHeTpYyKTUEHI NapamMeTpu enekTpogHoi cheTemn BTP, wo ¢popMye NpoginbHi enekTpoHHi nyHqKki

B
i
i
i
i
]
i
i
i
i

WEA
1
Ry — pafic oepli KAToAd, o — KYT HaXIIy TRIpHOL KDHYCHCT MOBepsHI 40112 A0 0¢1 CHMETpHi eIeTpoIHDI CHOTeMIL, Fy —
TOBLIHEA KATOAA, /i, — BHCOTA AHOZLA, /, — MAKCHMANEHHE PaA{vC OCHORH KDHYCHOIO 2HOAR, 7y, — MIHIMALHEH PajgiyC OCHOBH

KOIYCIOTD AIICAL, /)  MARCHMAILITE noneperiiEii poarip cdeprrumoi nopepxri xaroas 6 anmoga, i  MilMiMALIDGT

TIOTEPEeTHHH PozMip ¢lepEMHBO0] TOB epxHi KaTo/a D1 IHMNHIPHIHOIO 1EKTPO/A, Iy, — PAliye LITIHAPA, /1., — BHCOTA I HHApA.
MpoaDEKRUTI

Puc. 4. Bxinauii iHTepdeiic mporpaMu MoaemtoBaHHS enekTpoaHoi cucremMu BTP, koHc-
TPYKTHBHA CXeMa SKOi HaBeIeHa Ha PUC. 2, eKpaHHA KOIIis
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File Edit View Insert Tools Window Help

Paaiyc cpepu katona, M: | 38 Kyt Hexuny TeipHoi aHoaa. rpaa.: |45
ToBWWHA KATOOE, MM: | 15 BucoTta aHona, MM:
MakcuMansHWiA paaiyc aHoae, MM: | MiHinManeHUI pagiyc aHoaa, MM:

Poamip kaTona GinAaumniHapa, MM: | Poamip kaTona inaaHoaa, MM:
Paniyc umninapa, MM: | Bucota umniHapa. MM:
OuucTutu | 36epirtu KoHTponb BXigHMX AaHUX |

PospaxyHok enekTpoaHol CUCTEMM |

Puc. 5. [lianorose BiKHO Ul BBEIEHHSI KOHCTPYKTUBHHUX PO3MIpIB €JIEKTPOJIHOT CHCTEMHU
BTP, 300paxeH0i Ha puc. 2, eKpaHHa KOITis

T I=TES

File Edit view Insert Tools Window Help

Pagiyc katoga 6ins umniHgpa mae 0yTu Ginblwum 3a paaiyc
uuMniHapa 3 ypaxyBaHHAM BUMOr enekTpoYHOol iaonaLlii.
MepeBipTe BXigHi gaHi moaeni.

Emorl €@

N VIMIEEES EE e N € - - I
AEGRAENFAIVEEE T ERAEE sVEaD AR e suE

KopekTysatu
a PeKTy |

2810

File Edit WView Insert Tools Window Help

Pagiyc katoga 6ina yuniHgpa € 6inbWwWKM 3a pagiyc umniHapa Ta BUMOrn
eneKkTpudHoI i3onAuil BUKOHaHi, NpoTe HeobXigHO cTporo AOTPUMYBATUCH BUMOT
TEXHOMOrYHMX AOMNYCKIB. ¥ pasi HEBUKOHAHHSA LMX BUMOT Y PO3PSAHOMY
NMPOMDKKY MOME BUHWKHYTU ENeKTpUYHE NpobuTTA.

Waming! @
HeoOOxiaMHMa HHEOoOH T IO IiE
TEXHONOrIuaHMYE AOonyceEEis

MpopoexumTH

KopekTyeatu

0

Puc. 6. Jlianorosi BikHa KOHTPOJIIO BXiAHMX [APaMETPiB MOAEI Ta30pO3PSHOL rapMaTH
BTP, sixa opmye NpOpLIbHI eNEKTPOHHI IIYYKH: ¢ — BIKHO IOBIJOMICHHS PO IOMHII-
Ky BXIJHHX [1apaMETPiB, eKpaHHA KOIIisi; 0 — BIKHO 3 IOLEPEUKCHHSIM NP0 HEOOXINHICTh
CTPOTrOro JOTPUMAaHHS TEXHOJIOTIUHHX JIOMYCKIB, €KpaHHa KOITis
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[epeBipuTH KOPEKTHICTH yBEOEHUX MapaMeTPiB MOJENi 3a CIiBBiIHOIICH-
Hamu (7-19, 22) MokHA HATUCHEHHSIM BiMOBiMHOT KHONIKH «KOHTPOIb BXigHHX
JAHWX» Y TIaJOTOBOMY BiKHi. Y pa3i HATUCHEHHS KHOMKU «P03paxyHOK eleKTpo-
JTHOT CUCTEMM» TaKO)K BHKOHYETHCS BIAMOBITHUN KOHTPOJB MapaMeTpiB MOJENI,
M0 JI03BOJISIE YHUKHYTH IIOMIUIKA PO3PaxyHKIB. Y BHITQJKy, KOJH B XOA1 KOHTPO-
JIIO BXIJHHMX MapaMeTpiB MOJAEII BHUSBIISIOTHCSA MOMHIIKH, BUBOJATHCS JIaJIOTOBI
BiKHA 3 BIAMOBIJHUMH MOBIJIOMIICHHSMH PO HEOOXIAHICTh KOPUTYBaHHS BXITHUX
JIAaHWX; OJTHE 3 TaKWX BIKOH IOKa3aHO Ha pHUC 6, a. Y mporpaMi OKpeMoO aHami3y-
€TBCSL BUMAJOK, Ko oOMexeHHs (7)—(19) BUKOHYIOThCS, aje HeBUKOHAHHS BU-
MOT JI0 TEXHOJIOTIYHHX OIyCKiB, 33JJaHUX CIiBBIIHOIIEHHAMH (22), MOXeE TpH-
3BecTH ab0 10 MPOOMBAHHS Tra30BOr0 MPOMIXKKY, a00 110 iCTOTHUX BTpaT CTPyMy
€JIEKTPOHHOTO Iy4YKa B 00IacTi HOro BUBEAEHHS 3 PO3PAAHOI KaMepH rapMaTH
B TEXHOJIOTIYHY Kamepy. OmHe 3 JiaJoroBHX BIKOH i3 TaKUM IOTEPEIHKEHHSIM
MOKa3aHo Ha puc. 6, 6.

AHAJII3 OTPUMAHUX PE3YJIBTATIB TA BUCHOBKH

3amponoHoBaHa cHUCTeMa KOHCTPYKTUBHHX HapaMmeTpiB Qi3HKO-TOMOJIOTIYHOT MO-
neni enekrpomaux cucteM BTP, ski popmMyroTs mpodisibHI €JIeKTPOHHI MTyYKH, €
HOBHOIO, 3aMKHEHOIO0 Ta HecyrnepewinBolo. OOMeXeHHs, SKi HaKJIaJaroThCs Ha
reOMETPHYHI MapaMeTpy MOZE, 3alHuCcaHi y BUTISI CTPOTUX MPaBWII Yepe3 Ma-
TEMaTU9IHI HEPIBHOCTI Ta peai3oBaHi y MPOTpaMHOMY KOMILIEKC1, TPU3HAYEHOMY
JUTSL MOJZICITIOBaHHS TAaKUX EJIEKTPOIHUX CHCTEM. | 0JIOBHOIO BIIMITHOIO OCOOJHBI-
CTIO 3alpOIIOHOBAaHOI MO Ta ii mepeBaror Haj MONEPEIHIMH € Te, M0 SIK
KITIOYOBHI1 KOHCTPYKTHBHHHI ITapaMeTp PO3IIIAIAEThCA KyT HaXMIy TBIPHOI KOHYyC-
HOTO aHOJa JI0 OCi CHMeTpii cUCTeMH. YBEJEHHs IIbOT0 KIIYOBOTO Mapamerpa
JIaTio 3MOTY 3pOOHTH pO3pOOIIEHY MOJENb JOCUTh YHIBEPCAIBLHOIO 1 pO3IIIAIaTu
enexktponHi cuctemu BTP, sxi hopMyroTh He JHIEe TOPOKHUCTI KOHYCHI, ane W
JHMCKOBI Ta TpyO4acTi eNeKTpoHHI myd4kH. Lle 103BOiMIIO 3BeCTH OO MiHIMyMy
KIJIBKICTh TEOMETPHUYHHMX MapaMeTpiB KOHCTPYKIIl eJEKTPOJHOI CHCTEMH Ta
BCTAHOBUTH 3B’S3KH MK B3a€MO3aJIC)KHUMH TIapaMeTpaMu depe3 MPOCTi TPHUTO-
HOMETpHYHi cmiBBigHOIIEeHHS. Ha 6a30Bi KOHCTPYKTUBHI mapaMeTpu MoAeml Ha-
KJIaJIAaI0ThCsl HE JIMIIE TE€OMETPUYHI, ajie ¥ BiAMOBiMHI (i3W4HI, TEXHOJIOTIYHI Ta
o0unCTIOBaIBHI 00MEKeHH. TecTyBaHHS PO3pOOIIEHOTO TIPOTPaMHOTO KOMILIEK-
Cy, IPU3HAYECHOTO JIsl MOJENIOBaHHs enekTpoanux cucteM BTP, axi hopmytoTs
npodiibHI eNeKTPOHHI MyYKH, TOKa3al0 BUCOKY HaAilHICTH poOOTH po3poliie-
HUX IPOTPaMHUX 3acO0iB.

OtpumaHi y poOOTi pe3yJbTaTH MalOTh BEMKY MPAKTUYHY WIHHICTH sl (a-
XiBIIIB, SIKi 3aliMaIOThCS MPOEKTYBAaHHAM eJeKTpoHHUX rapmat BTP Ta ix ympona-
IDKSHHSIM JUISL peaitizallii Cy4acHHX eNeKTPOHHO-IPOMEHEBUX TEXHOJIOTIH y ce-
piiiHOMY Ta MacoBOMY BUPOOHUIITBI.
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MATEMATHUYHHA MOJEJIb IBOMAIINHHOI'O
ACHHXPOHHOI'O BUI'YHA 3 PYXOMMUM IHAYKTOPOM

B.B. JIYIIBO, A.M. CLZIBBECTPOB

AHoTamisi. 3alpOIIOHOBAHO METOJ] MOJICIIIOBAHHS JIBOMALIMHHOTO ACHHXPOHHOTO
arperata, 110 IPYHTYETbCSI Ha PO3IUICHHI MOJeJIel MepBHHHOI i BTOPUHHOI acHHX-
POHHHUX MAIIMH Ha JBi OKpeMi CTPYKTypHi oanHuLi. MozentoBaHHs MEepBUHHOI Ma-
[IMHYU BiJl TIOYaTKy BUKOHYETHCS Y HEPYXOMill BIIHOCHO CTaTOopa CHUCTEMi KOOpAHU-
HAT, y TOIl Yac, SIK MOJIC/IOBAHHS BTOPUHHOI MAILlIMHU 3a0e31e4y€eThCs IEPEXOI0M 3
PYXOMOi B HEPYXOMY CHCTEMY KOOPIHMHAT 3a JIOMOMOT0I0 00EpHEHOTO IIePeTBOPEH-
us [lapka. YV xoxmi po3poOJieHHS MaTeMaTHYHOI Mojeli MoOyOBaHO CTPYKTYpHI
CXEMH OKpEeMHX OJIOKIiB MOJIEJi i BCTAHOBIJICHO B3a€MO3B’sI3KM Mix HUMH. L marte-
MaTHUYHa MOJIEJb 3TiHO 3 pe3yjbTaTaMM IONEePEIHIX JOCHiKEHb Yy Taiy3i MoJe-
JIFOBAaHHSI ACHHXPOHHHUX MALIMH J03BOJISIE BUSBUTH OCOOIMBOCTI POOOTH JOCIIIXKY-
BAHOTO KJIacy €JEKTPUYHUX MainH. Moxe OyTH BUKOpHCTaHA JUIsi pO3POOJICHHS i
JIOCIIKEHHS EIEKTPOIIPUBOAY Ha 1X OCHOBI.

Kio4oBi cjioBa: acHHXpOHHHI BUTYH, JBOMAIIMHHUK arperar, MaTeMaTu4Ha Mo-
JIeTIb, PYXOMUH IHIYKTOp, HEpyXOoMa CHCTeMa KOOpJHHAT, OOCpHEHE ITePEeTBOPECHHS
[Tapka.

Jst nocimkeHHs 0co0IMBOCTEH POOOTH HOBUX BHIIB E€JICKTPUIHUX MAITHH, 5K i
MOUIYKIB HAIPSIMIB 1X HaHOUIbII e(EeKTUBHOTO BUKOPUCTAHHS, BAXKIIMBY POJb Bi-
Jirpae HasBHICTh aJICKBAaTHOI MaTeMaTHYHOI MOJE, ska O 3a0e3medyBana MOX-
JUBICTh CITOCTEPEIKEHHS TIepeOiry HeoOXiMHUX (i3HIHUX TPOIIECIB.

BigmiTHIME 0COOIMBOCTSIMH JBOMAIIMHHUX arperariB 3 PyXOMHM iHIYKTO-
poM (PI) six okpemoro kiacy elneKTpUYHHX MAIMH € JOCATHEHHS BUCOKOI IMIBHU[-
KOCT1 00epTaHHs aCHHXPOHHOTO EIEKTPOIIPUBO/Y 3 MOXKIIMBICTIO 11 peryIroBaHHS
B IIUPOKHX Mekax 0e3 3acTOCyBaHHS IEpPETBOPIOBAYa YACTOTH; MOXKIIUBICTH
OTpPHMAaHHS Pi3HOI MMOTYKHOCTI 1 IIBUIKOCTI 0OepTaHHs Ha JIBOX Banax 0e3 BHKO-
pUCTaHHS peAyKTopa abo nudepenuiana, 3a0e3nedeH s IaBHOTo 0e3peocTaTHo-
T'O MYCKY €JIEKTPOIIPUBOTY TOIIO.

Jlns yTouHeHHS MOOYIOBM KOHCTPYKTHBHHX €JIEMCHTIB TiJ Yac MPOEKTY-
BaHHS Ta BU3HAYCHHS OCOONMBOCTEW (DYHKIIIOHYBaHHS JaHOTO KJacy eNeKTphd-
HUX MalliH BHHUKAaE morpeda B po3polieHHi ix MaTtemMaTHuHOi Moxeni. st no-
CIiDKEHHS 00paHO KOHCTPYKIIFO IBOMAIIMHHOTO ACHHXPOHHOTO IBUTYHA 3
pyxXoMuM iHAYKTOpOM (puc. 1).

EnextponBuryH ckiagaerbesa 3 Kopmycy /, y sSIKOMY 3aKpiluieHo ctatop 2 3
TpudazHo o0MoTKOI0 3. Ha Bamy 4 3akpimieHO BHCOKOIIBUAKICHUA pOTOp 5 3
kopoTko3amkHeHOH (K3) 00MoTKor0 6. KOHIIEeHTpUYHO BiTHOCHO cTaTtopa 2 i po-
topa 5 posmimeno PI 7 3 Tpudaznoro oomotkoro & i K3 3 odmoTkoro 9. Hanpyra
JKUBJICHHS TIOJTAETHCS HA OOMOTKY 3 cratopa 2 uepe3 KopoOKy BUBOIIB /4, a Ha
00MOTKY & iHIyKTOpa 7 — 4epe3 MIITKOBUH BY30J /5 1 KOHTaKTHI KUTbIA /06, sKi
3aKpiIUICH]I Ha MTOBEPXHI MOPOKHHUCTOTO Baya /2. JleTalbHUN ONMHAC KOHCTPYKIIii
HaBeeHo y mparti [1].
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Puc. 1. KoHCTpyKIIisl IBOMAIIMHHOTO aCHHXPOHHOTO IBUTYHA 3 PYXOMHUM iHIYKTOPOM

[TpucTynarouu 10 MaTeMaTHYHOTO OMHCY, YBEAEMO TaKi MPHUITYIIECHHS:

® BIUIMB MAarHiTHUX IOJIiB MEPBUHHOI i BTOPUHHOI MAILIMH arperaTa OAHOTO
Ha OJIHE HACTUIBKU MaJMH, 1110 HUM MOXHA 3HEXTYBaTH;

® TepTs Yy BCIX MiIIIMITHUKAX TBOMAIIMHHOTO arperara BiJICyTHE.

Jns omucy Mozeni ABOMAIIMHHOI KOHCTPYKLii CKOPHCTAEMOCH TaKHMH
NPUHIMIIAMH 1HICKCYBaHHS. BelnunHU, SKi CTOCYIOTBCS CTaTopa, MaroTh iH-
nekc 1, K3 oomotku PI — 2, tpudasnoi oomotku PI — 3, poropa — 4, nepBun-
HOi MalllMHU B IIJIOMY — OJIWH IUTPUX, BTOPHHHOI MAaIlMHU B IJIOMy — JBa
IITPUXH.

BxigHumMu BenmMUMHAMHM A7 JBOMAIIMHHOTO AaCHHXPOHHOTO JBHTYHA
(puc. 2) € Hampyra >KUBJICHHSI CTaTopa (71 1 Hampyra wuBJeHHs Pl 03, CTaTu4-
HUM MOMEHT HaBaHTa)keHHs Ha Baiy Pl M, i Ha Bamy poropa M, . Buxigaumu
BEJIMYMHAMH MO>KHA BBaXKaTu KyTOBY 4acToTy oOepranHs Pl »,, KyToBy dacToTy
o0epTaHHS POTOpa ®4, HALPYTY, a TaKOXK M| 1 M; — eIeKTpOMarHiTHi MOMEH-
TH MIEPBUHHOI 1 BTOPUHHOT MaIlIMH BiAMOBiTHO.

[epBuHHA 1 BTOpUHHA MalIMHU MarOTh MiX COOOI0 MPSAMUIL (32 MBUAKICTIO)
1 3BOpPOTHHUH (32 KPyTHHUM MOMEHTOM) 3B’s3KH (pHuC. 2). [Ipsmuii 3B’SI30K SIBIISIE
c000I0 MPUCKOPEHHS 00EPTOBOI'0 MArHiTHOTO MOJIsl BTOPUHHOI MAIIMHK 3aJIEKHO
Big yactotu obepranus Pl w,, sika ajsi BTOPMHHOI MAalllMHM € BXiIHOIO BEJIMYH-
HOI0. 3BOPOTHHUH 3B 530K ABJISIE COOOIO BIUIMB €JIEKTPOMArHiTHOIO MOMEHTY BTO-
PUHHOI MalIMHKU M ; Ha HaBaHTAa)KCHHs NEPBUHHOI MAIlIMHU, JUIS SIKOI BiH € BXif-
HOIO BEJIMYHOI0. TakuM YMHOM, 3HAIOYM SIK MOB’s3aHI MDK CO0OI0 IEepBHUHHA i
BTOPHHHA MAIlIMHH, 3MOJICTIOEMO X SIK OKpeMi acHHXpoHHI MammuHH i3 K3 poto-
pom.

B ocHOBi mMaremMaTH4HOI MOJENi ABOMAIIMHHOTO ACHHXPOHHOIO JBUTYHA
JISKUTH METOJI 300paXKyBabHUX BEKTOPIB [2, 3].

MaremaTtn4yHa MOJIeNb TIEPBUHHOI MAIIMHKU Y HEPYXOMiil KOOpAWHATHIHN cHC-
TeMi aff MO CyTi HIYMM He BiAPI3HIETHCS BiA MOAENI 3BUYAHOTO aCHHXPOHHOI'O

nBuryHa i3 K3 poropom i Moke OyTH onvcaHa TAKUM YHHOM.

Cucmemni docniodcennss ma ingopmayiini mexnonozii, 2019, Ne 1 67



B.B. Jlyyvo, A.M. Cinveecmpog

Cucrema piBHSHB €JEKTPUYHOI PiBHOBArW Uisi MIEPBMHHOI MAaIlMHU Mae

BUTJIA:
dy
Uig =1 By + dt]a ;
dy,
Uy = Iphy+— P.
dy ! (D
dy, ,
0=1IppR, + dt‘* ~Z10 W54

ne U,I,y — mpoekiii BeKTOpiB HANIPYTH, CTPYMIB i MIOTOKO3YETIICHHS BiJIO-

BIJIHO OOMOTKHU cTaropa (3

ingexcoMm 1) i K3 oomorku PI (3 inmekcom 2) Ha oci

HEPYXOMOi BIIHOCHO CTaTopa CHCTEMH KoopiuHar ofl; Z, — KiIbKiCTh map

HOJIOCIB MEPBUHHOI MamuHK; R, R, — aKkTuBHI onopu Kin craropa i K3 06-

MoTkH PI.
- PyxoMmuil IHIyKTOP
Us :
|
IIeperHHHA MamnHa : BropuHHa MamuHa
- SR E e 1 7
| : : | : :
| i ] i |
~ | |
g, i > i »
—o—pl K3 | o, | Tpudasna | _}_4>
| Crarop :OGMOTKI/I : — oomorka | Potop | |
| L PL PL 1 >
| | | |
| i | i || Ms
| | | |
| A ! | ! |
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| |
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| | + | |
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>

Puc. 2. CtpykrypHa cxema MOl JBOMAIIMHHOIO aCHHXPOHHOT'O JBHUI'YHA 3 PYXOMHUM

IHYKTOPOM

[Tpoexkuii Bextopis Hanpyr U, U |p BU3HAYMMO SIK

68

U,, =U, sin(o);

2
Ujg ==U,, cos(y),
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Ie ® =27mf] — KyToBa 4acTOTa HANpPYyTH >KUBICHHS NEPBHHHOI MAIlIWHU;
U

o, — JiIoue 3HAYEeHHs HapyTH JKUBJCHHS, f; — 4YacTOTa HAIpPYTH >KUBICHHS
MEPBUHHOI MAlINHHU.

300pakeHa Ha puc. 3 CTPyKTypHa cXeMa BiINOBigae CHCTEMI piBHSHb (2), a
mojiada OAMHUYHOTO CHUTHATY Ha BXiJ 3a0e3Iedy€e MOXKIMBICTh KEPYBATH MOMCH-
TOM T10/1a4i )KUBJICHHS Ha BXiJl IEPBUHHOI MAaIIMHU.

1(7)

P Ul(x
- X —»

sin 3

B !
(O3]
— U
X —»
cOS

Puc. 3. CtpykTypHa cxema GopMyBada IPOEKIii MPOCTOPOBOIO BEKTOpA HAIPYT'H Ha OC1
HEPYXOMOI BiZIHOCHO CTaTOpa CUCTEMH KOOPAMHAT O3

Ctpymu y cuctemi piBHSIHB (1) MOKHA 3HAWTH SIK
1
Ilot = (Wla _k2\|12a);
'L

1
Iy = _G'Ll (Wip = kaWop)s

| 3)

12(1 = (\V20. _kl\lfla);

oL
1
[y =—— -k ,
= (Wop —k1Wip)
L, L, .. ) ;. .

ae k= L—, ky =—" — KkoediieHTH MarHiTHUX 3B’s3KiB craTopa i K3 oOMoTKH

1 2

PI BixnoBinno; L;, L, — noBHi iHgykTHBHOCTI Kii cratopa i K3 oomorku PL; L,
— B3a€MHA iHAYKTHBHICTb MIEPBUHHOI MamuHK; &' =1—kk, — KoedirieHT pos-
CifoBaHHS IIEPBUHHOI MaIlIMHU.

[lizcraBuBmM piBHSIHHSA CTpyMiB i3 cuctemu (3) y cuctemy (1) i mepenmuca-
BIIM HOTO JUIS TTOTOKO3YEIUIEHb, OTPUMAEMO:

dy), R R
Do _y,, ——Ly,, +k ;
di lot G'LIW 27, oL, Vaoas
d\l/l R R
dtﬁ :Ulﬁ__l \Vl[_’»"'kz_l Wops
“)
d‘VZoc R
— =% = Z,o +k ;
dt o'L, Yoo — 2Wop T/ L — Vias
dy R
_dtza Z—Gz Vop — -Z, m2W2a+k1_\V1B
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VBiBIIN [TO3HAYEHHS

'L 'L
=22 =22 )
Rl

cucreMy (4) 3anuiieMo i BUTIsiai
d‘l’la 1 1
—x=U,, —— +ky— ;
dt la Tlfwla 2 Tl/\v2a
dy, 1
d b= Ulﬁ '
t T
d\V20L 1 1
—= = Z ® +k ;
dr T Voo — 2Vap 1 \Vloc

dy 1
dtza =——\|/2[3 Z, 032\I/2a+k1 WIB

Vit kz \Vzﬁ;
(6)

PiBHSHHS €€KTPOMarHiTHOr0o MOMEHTY TIEPBHHHOI MaIllMHH, 3allUCAHE JUIS
MIOTOKO34YEILIEHD, TAKE:

3Zk
2 oL

1= (W2aWip ~WapWia) - (7)

3a TperiM 3ak0OHOM HplOTOHA MOMEHTOM HaBaHTa)KEHHS JJISI PyXOMOTO iH-
OYKTOpa MEPBUHHOI MAIIMHU € €JIEKTPOMArHITHUI MOMEHT BTOPUHHOI MAaIlIWHU 1
CTaTHYHUII MOMEHT Ha Baly PyXOMOTro iHxykTopa. Toxi piBHAHHS pyXy iHIYKTO-
pa Ma€ BUTII

do
J'72:M1_M3_M2a )
t
neJ' — cymapHHI MOMEHT iHepIil HePBUHHOI MAIIIHHH.

300pakeHa Ha puc. 4 MOAENb BiANOBigae cucTeMi piBHAHB (6) 3 ypaxyBaH-
HsM piBHAHB (7) 1 (8).

hm'l

U ’ "
L 1 ) G
541 s+l %

7 |
P T T X ! |
? TS5+l < T+l

=

Puc. 4. CTpykTypHa cxeMa MOJIEN] TIEPBUHHOT MALIMHK Y KOOPAUHATAX O3

MaremMaTnyHa MOJIeNTb BTOPHHHOI MAIIMHM TaKOX SBJIsI€ cOOOI0 MOAENb
acHXpoHHOro nBuryHa i3 K3 poropoM. Ha BigMmiHy BiJ NMepBHHHOI MalIMHU
TpudazHa o6MoTKa BTOpHHHOI, BOynoBaHa B PI, a Tomy obepTaeTbes 3 KyTOBOIO
4acTOTOI0 (.
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[poekuii MpoCTOpOBOrO BEKTOpa HANMPYTH XHUBJICHHS BTOPHHHOI MaIlUHU
U3 Ha OCi CHCTEMH KOOpAWMHAT dg , PyXOMOi BiIHOCHO CTaTopa 3i IIBHAKICTIO
obepranns Pl ,, 30irarorbes i3 MpOEKUisIMU BEKTOPa HANPYTH >KUBJICHHS Iep-
BHHHOI MammHK U, Ha OCi HEPYXOMOI CHCTEMH KOOPIAMHAT O} y TOMY BHITAJKY,
SKIO BUKOHYETbCS PIBHICTh ) =®3. Y 3arajibHOMY BMIAAKY CIIpaBEeAIUBi
BHpa3u:
Usg = U, sin(ws1);

Us, =-U,, cos(ws31),

)

Je O3 =27f; — KyToBa 4acTOTa MEpexXi JKUBIECHHS BTOpUHHOI Mamuuu; U, —
aMIUTITY/Ia 3Ha4€HHs CHHYCOIaIbHOI HaNpyTH kuBleHHs;, Us,;,Us g — MPOEKIIii
BEKTOpa HaNpyTH >KUBJIEHHS BTOPMHHOI MAIIMHUA HA OCi CUCTEMHU KOOpJAWHAT dq ,

SIKI MOJIEIIOIOTECS 32 CTPYKTYPHOIO CXEMOI0, 300pa)KeHOI0 Ha puc 5.

I(t)

P Usy
- X —»
—P| SIN -
(ORYA
_’ U3q
X —»
L_p{ COS

Puc. 5. CrpykrypHa cxema (opmyBaua npoekuii Bekropa Tpudasnoi nanpyru PI Ha oci
CHCTEMH KOOpAUHAT dg

Jlnst Toro mo6 3amucaTi HANpyTy KUBJICHHS BTOPUHHOI MAIIMHU y HEPYXO-
Milf CHCTeMi KOOpPIWHAT a3 , CKOPUCTAEMOCH OOEpHEHHNM IepeTBOpeHHsM [lapka

[3, 4] Ta Bupazom (9):

U,, _|cosy, —sinyy Us, _ Usq cos—Us, sinyy (10)
Usg siny,  Cosyy Us, Usq sing +Us, cosyy
V cuctemi piBHsHb (10) v, noB’s3aHi 31 mBUAKicTIo o6epTanHs PI 1 Biamo-
BiZTHO CUCTEMH KOOPAMHAT dg 3a CIiBBIIHOIIECHHIM
d
o, =Tk (11)
dt
1 siBJIsIE COOOIO KYT, SIKUH YTBOPIOIOTH MK COO0I0 cHcTeMU KoopauHaT off 1 dg .

CrpykTypHa cXeMa MOJeNi MepeTBOproBada KoopAWHAT (puc. 6) Ha BXOIi
mae Bemnanan U, , Usg, @, , a Ha Buxonl Us,,Us,
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Usa »
> .(? L U30L
CcOSs ’_:
X
1|7 »
Wy —w —
N L
- X
sSin [
>< 4.®_. U313
U3q P

Puc. 6. CtpykrypHa cxema MepeTBOproBada KOOPAMHAT 3 PYXOMOi CHCTEMH KOOPIUHAT
dq y mepyxomy cucremy koopauHat O3

TakuM 4MHOM, IPOCTOPOBHI BEKTOP HANPYTH KUBJICHHS BTOPMHHOI Mallld-
HHU TIPUCKOPIOETHCS Ha LIBHIKICTH PYXOMOIO iHIYKTOpa (», BiTHOCHO POTOpA.

AmnarnoriuHo i3 cuctemu (4) 3anuiemMo piBHAHHS €IEKTPUYHOI PIBHOBard Jyist
BTOPMHHO{ MAallIMHU BiTHOCHO TIOTOKO3YEIUICHb:

dy 1 1
73“=U3a ~ 7V +ky 77Vdas
1 1
dys 1 1
P = Usp ——wap +ky — W
di h h (12)
d\v40, 1 " 1
— = A0 +ky— ;
dt I Y4q pP4Vap T K3 T V3
d\V4oc 1 4 l
— = -Z"m +ky—yig,
dt T Wap = £p04Y4q + 13 Tz,,\lfsﬁ
JIe y — MPOEKIii BEKTOPIB MOTOKO3YEIICHHsI BIAMOBITHO TpU(a3HOi 0OMOTKU

PI (3 immekcom 3) i K3 o6MoTKH poTopa (3 iHAeKcoM 4) Ha 0Ci HEPYXOMOi BiTHOC-
HO CTaTopa CHCTEMH KOOpAMHAT of; Z; — KillbKiCTh Nap MOJKOCiB BTOPUHHOT

L L, . . . .
MamuHy; ky =—", k, =—" — Koe}illieHTH MarHiTHUX 3B’sA3KiB TpU]a3zHOi 00-
Ly 4
motkH PI 1 K3 oOMoTKM poTopa BinnoBinHO; L;, L, — MOBHI IHAYKTUBHOCTI KiJI
tpudaznoi oomotku PI i K3 o6MoTKH poTopa BiAnoBinHO; L; — B3a€eMHa iHIyK-
TUBHICTh BTOPUHHOI MallIHU.
Koediuientu 7" 7, aHanoriuso i3 Bupasy (5) MarOTh 3HAYEHHS:
1> 12
" "
Trr_ C L3 . Trr_ o L4
1 — s 192 — )
Ry R,
ne Ry, R, — axtuBHi omopu kin Tpudasznoi oomorku PI i K3 obmotku poropa

BinnoBinHo; 6" =1—k3k, — KoedirieHT po3ciroBaHHS BTOPUHHOT MAIIMHH.
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PiBusgans eJ'IeKTpOMaI‘HiTHOF 0O MOMCHTY BTOpI/IHHOI MallrHU, 3allMCaHe OJId
IIOTOKO34CIIJICHb, Ma€ TaKWil BUTJIS:

M _i.%( - ) (13)
375 o'L, VaaW3p ~VapV3a ) -
Toxi piBHSHHS pyXy pOTOpa Ha0yBa€ BUTIISAY:
do
J' =2 =M;-M,, 14
0 3= My (14)

"

— CyMapHHUi1 MOMEHT iHepLii Oyay TaKuM:
Cucremi piBHsHB (12) 3 ypaxyBanusiM piBHAHb (13) 1 (14) Binnosigae cTpyk-
TypHa cxema, 300pakeHa Ha puc. 7.

neJ

k4/Tz”|

Usq 7" R Ty
T/ +1 Tys+1

U3[3 T ‘ TZ”
Ts+1 O Tys+1

k4/T2”|

Puc. 7. CTpyKTypHa cXeMa MOJIEJli BTODMHHOT MaIllMHK Y KOOpAMHaTax of3

Matoun CTpyKTypy OKpEMHX €JIEMEHTIB MOJENi JBOMAIIMHHOTO ACHHXPOH-
HOTO JIBUTYHA 1 3HAaIOUM 3B’SI3KH, AKi 3a0€3MeUyIOTh iX B3a€MOJII0, CKIAAEMO 3a-
raJbHy MOZETb.

Ha cTpykTypHiii cxemi JABOMAIIMHHOTO AaCUHXPOHHOrO JABHryHa i3 Pl
(puc. 8) cTpyKTypHi OJIOKM MIEPBUHHOI 1 BTOPHHHOI MaIllMH BiJNIOBiAIOThH puc. 4
BiAmoBigHO. Brok KoopAMHATHOTO MepeTBOproBada dq — O3 BIAMOBiNAE CTPYK-
TypHi cxemi Ha puc. 6, a OJ1oku (popMyBaHHS MPOEKIIA BEKTOPIB HANIPYTH JKHB-
JICHHS Ha 0Ci KOOPIWHATHHUX CUCTeM o3 1 dg — CTpyKTypHill cxemi Ha puc. 3 i
5 BIAIOBIIHO.

I3 HeBenmMKMMH 3MiHAMH Y MOJIENi Ha pUC. 8§ MOXHA CHOCTEPIraTH CTPyMH
TIEPBUHHOI 1 BTOPMHHOI MAaIlIMH, a TAKOXK yCl 1HII HEOOXiIHI 3MiHHI.

M,
Q)]
[©)]
IlepBunna 2 U\ o Wy
ap MamIfHa Ug dg — — ¥ Bropunna [
» UIB vammna |Ms
1 dq U1q —of
Ly I

o
m

Puc. 8. CtpykTypHa cxema MOJeIi TBOMAIIMHHOTO aCHHXPOHHOTO IBUTYHA 3 PI
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BUCHOBKHU

YV po3po0liteHiii MaTeMaTHIHIH MoIesi 3a0e3Meuy€eThbes MPSMUN 3B’ 130K TIEPBUH-
HOI 1 BTOPHHHOT aCHHXPOHHUX MAIllMH 32 IIBUIKICTIO, a8 3BOPOTHUH — 3a MO-
MeHTOM. Mo/enoBaHHsI BTOPUHHOT MAIlMHU K ACHHXPOHHOI mamuHu 3 Pl
BUKOHYETHCSl TIEPETBOPEHHSM CHUCTEMH KOOpJAWHAT 3 PYXOMOi B HEPYXOMY
3 BUKOpHCTaHHAM niepeTBopeHHs [lapka.

Ha potopi nBoMammHHOI KOHCTPYKLIii 3HIMA€TbCS CyMapHa IMOTY)KHICTb
JIBOX CIIEKTPUYHHUX MAIMH, 32 BUHATKOM BHMAJKIiB, Koiau Ban Pl Mae 10m1aTkoBO
BJIACHUH MOMEHT HaBaHTa)XKCHHS, a KyTOBa 9acTOTa OOEpTaHHS POTOpPA BiIOBIM-
HO SIBIISIE COOOI0 CyMy BIIACHUX KYTOBHMX YaCTOT MEPBUHHOI i BTOPUHHOI MaIIWH.
Buxozasum i3 Moaeni KpUTUYHUH MOMEHT HAaBaHTa)KEHHS ABOMAIIMHHOI KOHCTPY-
KIIii BH3HAYAETHCS TEpelyciM KPUTHIYHUM MOMEHTOM BTOPHUHHOI MAIllMHH, 3HA-
YEHHS SIKOTO Ma€ MIePEBHUIYBAaTH KPUTUYHUI MOMEHT NTEPBUHHOI.
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INOCTPOEHHUE MOJAEJIN JMHAMUKHN
IMPON3BOJACTBEHHO-PBIHOYHbLIX ITPOLHECCOB
B IBYXCEKTOPHOM MAKPOSKOHOMMKE

H.JI. TAHKPATOBA, JLII. XOPOLIYH, C.JI. AXWH

Annortamus. [Ipennoxena MaTeMaTHueckasi MOAENb JUHAMUKH MTPOU3BOJCTBEHHO-
PBIHOYHBIX IIPOLIECCOB B MAaKPOIKOHOMHUKE, B OCHOBY KOTOPOMH IOJIOKEHBI CBSI3aH-
Hble IuddepeHnnanbHble ypaBHeHUs OanaHca POU3BOACTBA C YUETOM IIPOU3BOMH-
TENIBHOCTH, M3HOCA, MPOU3BOJCTBEHHOTO HAKOIUIEHUS M y4yacTHs JIIOJEH, a Takke
GaraHca JICHE)KHO-TOBapHBIX ITOTOKOB B JBYXCEKTOPHON MOJENN MaKPOIKOHOMHKI
IpH pacIIMpeHHOM BocmpousBoacTse. [IpoBeneHo obobmenne MoAeIH MPOU3BOI-
CTBa Ha CIIy4ail CyIIeCTBOBAHMS BHIOB KaIlUTalla C PA3IMYHBIMHU IIPOU3BOIUTEIILHO-
CTBIO, TIPOM3BOJICTBCHHBIM HAKOIIEHHEM, aMOpTH3aluel U yJacTueM Jrojed. Pac-
CMOTPEHBI KOHKPETHBIE 33/1a4H, ONHCHIBAIOLINE POCT, CIaj U LUKIMYECKHIl XapaKkTep
NPOU3BOJICTBA, a TAKXKE HHOILILHUIO.

KiroueBble ci1oBa: Mozmenb, MaKpOIKOHOMMKA, KamHUTal, Ojara, MpOU3BOIUTEINIb-
HOCTh, HAKOIUICHHE, aMOPTH3aLHs, ACHE)KHAs Macca, IeHa, MHQIIALISL.

BBEJEHUE

B ocHoBe cymiecTBOBaHMS W Pa3BUTHS YEJIOBEUECKOTO OOIIECTBA JICKHUT yIOBIIE-
TBOPEHHE €ro MaTepHalbHBIX MoTpeOHocTel [1-3], KoTOpoe ocyIiecTBIseTcs
SKOHOMHUYECKOH JIEATENbHOCThIO OOINECTBa, MPEACTaBIAIoNed co00il eTMHCTBO
MIPOU3BOJICTBA, pacHpeecHrsI, 0OMeHa W TOTpeOIeHUS OOIIECTBEHHOTO IIPO-
nykTa. Pemarorieii ¢a3oif o0IecTBEHHOTO Pa3BUTHS ABISETCA MPOU3BOJICTBO, OT
KOTOPOTO 3aBUCAT (a3bl pacnpeeneHus, oOMeHa 1 noTpebienus. TeM He MeHee
MOCTIeIHAE OKAa3hIBAIOT CYIIECTBEHHOE 00paTHOE BO3/ICHCTBHE HA OOIECTBEHHOE
MPOM3BOJICTBO, OTIPEEIIsisl XapakTep U (GOPMBI €ro pa3BUTHSI.

MarepuanbHble TOTpeOHOCTH MPUCYIIN KaK OTAEIHHBIM JIIOJSM B BHIE XKe-
JIAaHWSI UMETh TOBAPhl U YCIYTH, TaK U OTACIBHBIM (PUPMaM U MPEIIPUATHSIM. ITO
MoTpeOHOCTH B MallnHaX, 000PYI0BaHNN, HHCTPYMEHTAX, COOPYKEHHIX, TPAHC-
IMOPTHBIX CPCACTBAxX, HeO6XO):[I/IMI>IX 1A TIPOU3BOACTBA M TPAHCHOPTUPOBAHUA
NPOLYKIMU, KOTOPBIE MPEACTAaBISAIOT o000 pealbHBbIH KarnuTal WiIH WHBECTHIIN-
OHHBIE IPOAYKTHL. | 0CyAapCTBEHHBIM OpraHaM YIIPaBIICHHUS TAKXKe MPHUCYIINA Ma-
TepUAIBHBIE MOTPEOHOCTH, CBSI3AHHBIE C OOECIeUueHHEM OO0pa30BaHUS, 3alTUTHI
MpaB W 3[PaBOOXPAHEHUS TPakaaH, Pa3BUTHSA HAYKA U OOOPOHOCIIOCOOHOCTH
CTpaHbl, pCIICHUA HpO6JIeM 3KOJIOTUH U T.II.

© H./[. l[lankpamosa, JI.I1. Xopowyn, C.JI. Hxun, 2019

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2019, Ne 1 75



H. /. Iankpamosa, JLII. Xopowyn, C.JI. Axun

[Ipou3BOACTBO TOBapOB U YCIYT CBSI3aHO HEMOCPEACTBEHHO C SKOHOMUYE-
CKHUMH pecypcamu. K HUM OTHOCSTCS YEIOBEUECKHE PECYpPCHl B BHIE IEIECO00-
pa3HOU TPYIOBOUM MEATEIHHOCTU JIOACH, MPUPOIHBIE PECYPCHI, SIBISIFOIIHECS
MPeIMETOM TpyJa JIOACH, W MPOM3BEACHHBIC JIIOJBMHU CPEICTBA Tpyaa, oOpa-
3YIOIIE BMECTE C MpeIMEeTaMy TpyJa CPEeICTBA MPOHU3BOJICTBA. DKOHOMHYECKHE
PECYpCHI BCeTZla OTHOCHTEIFHO OTPAaHUYCHBI, B TO BPeMs KaK MaTepHAIbHEIC I10-
TpeOHOCTH OOIECTBA MOCTOSHHO YBEIMUUBAIOTCSA. [103TOMYy KOHEYHOH MLEIbIO
SKOHOMHYECKOH NIEATEIBHOCTH OOIIECTBA SIBISETCS MaKCHMAaJbHOE IOBBIIICHHE
0JIarOCOCTOSTHUS JIFOJICH, CBSA3aHHOTO C MPOM3BOJICTBOM M pacIpeaeiieHueM II0-
TPEOUTENHCKHUX MPOAYKTOB WK Oar. Pemenue 3Toif mpoOieMbl JOCTUTAeTCS ITy-
TEM TOBBIIICHUS 3PPEKTUBHOCTH (PYHKIIMOHUPOBAHUS HAIIMOHAIBHON 3KOHOMH-
KH B IIEJIOM, 9TO HM3MEPSICTCS YBEIMYECHHUEM KOJIMYEeCTBA TOBAPOB W YCIYT,
MOJIy9aeMbIX B IPOIIECCEe MPOM3BOJICTBA, MPU 3aJaHHOM 00BEME 3aTpadueHHBIX
pecypcoB. Cpenu cioco00B MOBbIIIEHUS 3(PPEKTUBHOCTH HALMOHATHLHONW KOHO-
MUKH{ BBIJISISIFOT TaKWe HampaBieHus [4]: oOecrieueHue MOIHOW 3aHATOCTU pe-
CypCOB, IOCTIKEHHE IIOJTHOTO O0BheMa IPOM3BOJNICTBA, MOCTIKCHHE Hamboee
pallOHANBHOTO PaCHpeNeICHUsI PECYpPCOB MEXIY MPOU3BOACTBOM Pa3ITUIHBIX
BUJIOB MPOAYKIIUH, TIOBBIIEHHUE TEXHHYECKOTO YPOBHS IPOU3BOJICTBA.

[IpakTrueckoe ocCyIIecTBICHHE NOBHIMICHUS 3(PPEKTHBHOCTH SKOHOMUKH
JIOJDKHO OTHMPAThCS Ha M3yUeHHE MeXaHn3Ma (DYHKIMOHHPOBAHHS W TIOBEICHUS
MIPOU3BOIMTENCH U MOTPEOUTENIed M WX B3aMMOJCHCTBUS B MPOU3BOJCTBE M Ha
PBIHKE. DTO SBIAECTCA OCHOBOH JUIsl IOCTPOCHUSI MaTEMaTHUECKUX Moaenel [5—7]
MIPOU3BOJICTBEHHO-PHIHOYHEBIX ITPOIIECCOB IS TPOBEACHUS AHAIMTHYECKUX H
YHCJIEHHBIX UCCIEIOBaHUHN.

3aKOHOMEPHOCTH (PYHKIIMOHUPOBAHUS OTACIBHBIX MPEINPUATHI, TPOU3BO-
IUIIAX U PEeATH3YIOIUX KOHKPETHYIO MPOIYKIIMIO HA KOHKPETHBIX PHIHKAX, U3Y-
gaeT MHUKPOAKOHOMHKA. L[enbio mpeanmpuHIMAaTeIbCKOH ACSITSIEHOCTH SBIICTCS
MOJIyYeHHE MPUOBUTH. B 3aBUCHMOCTH OT pe3yibTara MPEAIPUSITHE YCIICITHO
(hyHKIIMOHUPYET WU pa3opseTcs.

B nenom HarmoHanbHas KOHOMHKA B MacIiTaOe CTpPaHbl BKIIOYAET B ceOA
(hyHKIIMOHUPOBAHUE U B3aMMOJACHUCTBUEC BCEX MHOTOYHUCICHHBIX NpeanpusaTuii. N
XOTsI B OCHOBE CYIIECTBOBAHMS W Pa3BUTHI DKOHOMHKH JICKHUT B3aMMOCBS3b
CIpoca W MPeIOKEHNs] Ha BCEX MHKPOYPOBHAX, TEM HE MEHee Ha MaKpOypOBHE
MPOSIBJISTIOTCS] KAYECTBEHHO HOBBIE MIPOIIECCHI M MpoOeMbl. M3ydenue ux tpedyer
MMOCTPOCHUS HOBBIX MAaTEMATHYECKUX MOJCICH U PEIIeHHH, KOTOPHIE COCTABIISAIOT
MpeaIMeT MaKpOSKOHOMHUKH, pacCMaTpPHUBAIONIE arperupoBaHHOE (COBOKYITHOE)
(hYHKIIMOHUPOBAaHUE SKOHOMUYECKOW CHCTEMbI, BKIIIOYas pabOTy BCEX MAakKpo-
SKOHOMHUYECKUX ar¢HTOB M PHIHKOB.

B Makpo3KOHOMUKE NPUHATO PACCMATPUBATH YETHIPE MAKPOIKOHOMUYECKHUX
areHTa WM CEKTOpa: MPEINpHUATHS, JOMOXO03SHCTBa, TOCYIapCcTBO M WHOCTPAH-
HBIH CEKTOp. MakpOIKOHOMHYECKHE PBIHKH 00pa3yroT PHIHOK PECYPCOB, PHIHOK
Onar u (pUHAHCOBBIN PHIHOK. OCHOBHBIC TIPOOJIEMBI, PACCMATPUBACMEIC B MAKPO-
SKOHOMUKE, CBOAATCS K M3YUEHHIO BaJOBOTO BHyTpeHHero npoaykra (BBII), me-
HEXHOTO oOpalieHns, o0IIero ypoBHS MeH M WHOIAINN, 3aHITOCTH U 0e3pado-
THUIIBI, S)KOHOMUYECKOTO POCTa M SKOHOMHUYECKOTO ITUKIIA, MAKPOIKOHOMHUIECKOM
MOJINTUKH TOCYIapCTBA, MEKYHAPOIHON TOPTOBIIH.

W3BecTHBIE MOAETU U METOABI COBPEMEHHOM MakposkoHOMHKHU [1-3] cBo-
IATCS K KaYeCTBEHHO-TPAUICCKOMY W anreOpandeckKoMy OMHCAHHI0 MaKpOdKO-
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HOMMYECKHUX SIBJICHUI U mporieccoB. OCHOBOMONATAIONIMM TPUHUMAIOTCS are0-
pamdeckoe ypaBHeHHE OOMeHa, TpenacTaBiistomee coboit paBenctso BBII B ne-
HEXHOU (popMe CyMMe BCEX DIIEMEHTOB COBOKYMHBIX 3aTpaTr (KeHMHCHAaHCKas MO-
JIeNIb), a TaKXKe PAaBEHCTBO MPOU3BEACHUIN YpPOBHS IICH HAa (PU3UYECKUN 00BEeM
BBII u kommuecTBa JeHEr Ha CKOpPOCTh WX OOpamieHwsl (MOHETapUCTCKas MO-
nenb). DPPEeKTHBHOCTL KANMUTATBHBIX BJIOKCHHUH OIMUCHIBACTCS MPOM3BOICTBEH-
HOW (hyHKIMEW B BUJIC 3aBUCHMOCTH 00BhEMa BBIITYCKAEMOW MPOIYKIIUH OT 00be-
MOB KamuTayna W Tpyjaa. M3 WM3BEeCTHBIX MPOW3BOACTBEHHBIX (PyHKuni Kobba—
Hyrnaca ¢ uneansHoit u JICOHThEBA C HYJIEBOM B3aMMO3aMEHSIEMOCTAMHM KalluTa-
Ja ¥ TpyJa TOCIHeAHss ONMKe K PeaTbHOCTH, TaK KaK KOHKPETHBIE TPOU3BOJICT-
BEHHBIC MOIIHOCTH BCErJa MpPEIoJiaraloT OMPECICHHOE KOJIMYECTBO JIIOACH,
3aHATHIX B BX pabore. OAHAKO 3TH yYpaBHEHHS INPEAIIONIaral0T PaBHOBECHOE CO-
CTOAHHUE 3KOHOMHUKH, [TIOOTOMY OHHU HETIPUMCHHMBI K U3YUYCHUIO HECTALITMOHAPHBIX
MPOIECCOB, TAKUX KaK MOABEM U CIaJl MPOU3BOJACTBA, UHQIIALMS, UHBECTUPOBA-
HHUE, JKOHOMUYECKUe UKL OmnHcaHue STUX SIBICHUI BO3MOYKHO JTUIIIb HA OCHOBE
JMMTHAMIYECKAX MOJEJICH IMPON3BOJCTBEHHBIX W PRIHOYHBIX TTpoIieccoB [3, 5, 7, 10].

B pabote mpemnaraeTcs co3gaHue MOIENH JUHAMHKH IPOWU3BOICTBEHHO-
PBIHOYHBIX TPOIECCOB B JBYXCEKTOPHOH MaKpPOIKOHOMHKE Ha OCHOBE ITOCTPOE-
Hus MU depeHINaANbHBIX YPAaBHEHUH JTUHAMUKHA MTPOU3BOACTBA C YUETOM IIPOU3-
BOJIUTENBHOCTH, aMOPTHU3allMM W HAKOIUICHWs KaluTaja, a TakKXe TOBapHO-
JCHCKHBIX MPOIECCOB B I[BYXCCKTOpHOﬁ MOACIN MAaKpOSKOHOMHUKH IIPpU paclIn-
PEHHOM BOCIIPOU3BO/ICTBE.

YPABHEHUSA JTUHAMUWKHA ITPON3BOACTBA

B peanbHOM IIPOU3BOJCTBE 3aHSATHI KOHKPETHBIE €IUHMIBI PEATbHOTO KaluTania,
KaXk1asg M3 KOTOPBHIX TpeOyeT y4yacTus OIpeeeHHOro konndectsa jironeil. lo-
CKOJIBKY B MaKpO3KOHOMHUKE HUCIIOJIB3YIOTCS] arperupOBaHHbIE TapaMeTPhl, CAMy0
NPOCTYI0 IMHAMUYECKYIO MOAEIh MaTepHAILHOIO IPOU3BOACTBA TOBAPOB MOXKHO
MOCTPOUTH, MOJOXKKB, UTO B HEM 3aHATO # €IUHMIl pEaIbHOTO KaluTaja, Kaxaas
N3 KOTOPBIX UMECT MPOU3BOAUTCIIBHOCTE p B €AMHUIY BPEMCHU U NPCAojIaract
yuactue / mopeit. Toraa, 0003Ha4MB CUMBOJIOM % KOJMUYECTBO COMHML IPOU3-
BEACHHOHN NMPOJYKLIUHI, MOXKHO 3alllCaTh:
— MPOU3BOJICTBO MPOLYKLUH B €AMHUILY BpEMEHU

u=pn; (D
— 00I1Iee KOJUYECTBO 3aHSITHIX B IPOU3BOJICTBE JIIOICH
L=In. 2)

Ecnu 3a equHmnIy BpeMeHH NpHUHATH 1 Tof, TO jeBas yacTh ypaBHeHus (1)
npenacrasiser coborr BBIl wnu  HanuoHaNBHBIA J0XOJ B MaTepHalbHO-
BEIIIECTBEHHOW (pOpMe M MOXKET OBITh 3alKCaHa, COTJIACHO KOHEYHOMY HCIIOJIB30-
BAaHUIO, B BUJIE CYyMMBI

u=m+n+an, 3)

rae m — TpUpalleHre B eANHUIY BPEMEHHU MOTPEOUTENbCKUX TPOIYKTOB U yC-
JIyT uiam Onar; 1 — TpUpalleHHe B eIWHUI]y BPEMEHH MHBECTUIIMOHHBIX IPO-
IOYKTOB WJIM PEalbHOr0 KalWTalla; @n — KOMIIEHCAalWs W3HOca (aMOPTU3ALMH)
KaluTajla; @ — HOpMa U3HOCA KalluTalla B €INHUIY BPEMEHHU.

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2019, Ne 1 77



H. /. Iankpamosa, JLII. Xopowyn, C.JI. Axun

VYpasuenue (1) comepXUT IBEe HEM3BECTHBIC (DYHKIIMM BPEMCHU U, N WU

u, m ¢ yueroMm Bbipaxenus (3). lus ero 3aMbikaHusi HEOOXOAUMO CHOpMyITHPO-

BaTh €III¢ OJTHO YPaBHCHHE, OMKCHIBAIOIICE 3aKOH U3MEHEHUS BO BPEMEHHU pealib-

HOTO KamuTana B 3aBucuMoctd oT BBII, koTopoe B 00lieM ciydyae mpruodpeTaeT
BUJI

F@t,nn,n,..,u,u,i,..)=0. @)

X0oTs OTAENbHBIA MPEeINPUHUMATENh OCYIIECTBISET HAKOIUICHHE KalHuTalia
BO BPEMEHHU CaMOCTOSITEIILHO, UCXOJIS1 U3 PHIHOYHOW KOHBIOHKTYPHI M CBOMX BO3-
MOXHOCTEH, B arperHpoBaHHOM BHUJIE OOBEKTHBHO OCYIECTBISIETCS HEKOTOPBIN
KOHKPETHBIN 3aKOH BHJA (4), KOTOPBI COBMECTHO C YPaBHEHUEM IPOM3BOJICTBA
(1) ompexensier XxapakTep 3KOHOMHUYECKOTO Pa3BUTHS BO BpeMeHH. CaMblil mpo-
CTOW BapwWaHT 3aKkoHa (4) MOJIyYNM, IPHUHSAB, YTO HAKOIUICHHE KaITUTalia B TEKY-
IIeM TIEPUOJIC JIMHEHHO 3aBHCUT OT JIOXOJia 3TOTO MEePHOJa, T.€. C YUISTOM aMop-
TU3AIMU KaluTania MOXeM 3aucaTh

n+an=su, ()

rjie § — HOpMa HAKOIUIEHUS KamuTaia (IPOU3BOACTBEHHOTO HakoruieHus [7]),
SBIISIOIAsICS Oe3pa3sMepHOll BENMYMHON, HE IPEBOCXOASMICH equnauIty. [TomcTas-
msst (5) B (1), momyunm nuddepeHnnaabHOoe ypaBHEHUE TIEPBOTO MOPSIIKA OTHO-
CHUTEJBHO PEaJbHOTO KaIuTama:

n=(sp—am. (6)

Ecnu nmapametpsbls, p, @ TMOCTOSHHBI WM SIBISIOTCS (YHKUUSIMA BPEMEHH,

TO ypaBHeHue (6) OyneT JTUHEHHBIM M €ro PelICHUE MPEICTABIACTCS SKCIOHESH-
AaIbHON (pyHKIHEH
t
n = Ny exp j(sp —a)dt |, @)
0

rne n, — HavajJbHOE KonudecTBO Kamutana. U3 ypaBHenuit (1) u (7) Haxogum
HAIIMOHATBHBIN JTOXO KaK (YHKI[HIO BPEMEHH:

t
i=nypexp| [(sp—a)dt |, (8)
0
OTHoIlIeHrEe pHpaIleHus B eIWHUIY BPEMEHH HAIlMOHAIBHOTO 10Xoaa (8) K
HallMOHAJIbBHOMY JIOXOJy OTpeJIeNsieT SKOHOMUYECKUM pOCT

ﬁ_ S sp—a. ©)]
u p
U3 ypaBuenus (9), kak yacTHBIN ciy4ail mpu p =const, a =0, cienyer usz-
BecTHast popmysa Jomapa—Xapposa st SKOHOMHUYECKOTO POCTa.
Kak BuauM, npu TMHEHHBIX 3aKOHAX MPOU3BOACTBA (1) M HAKOIUICHUS KaIlu-
tama (5) [AWHAMUKAa HAIMOHAJIBHOTO JIOXOHIA ONpEAeNseTcsl YeThIpbMs
(ng, p, a, §), a JUHAMHKAa YKOHOMUYECKOIo pocta — TpeMs (p, a, s) napamer-

pamu. [Ipu 5TOM OCHOBHBIM pETYIUPYIOMMM (HAKTOPOM SIBIISIETCS HOpMa HaKOII-

a
JIEHUS KamuTana s . Tak, Mpu yClIoBHH § < — HaOJIOmaeTcs CIaj MpOW3BOACTBA.
p
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a
IIpu ycinoBum s =— MPOU3BOACTBO MHBECTHIIMOHHBIX MPOTYKTOB KOMIIEHCHPYET

4 .
mu3Hoc. [Ipu s >— mpoucxoguT pocT MPOM3BOACTBA, a MpHU sp+£—a >0 —

9KOHOMHUYECKHUM POCT.
B peanbHO 5KOHOMHKE HHBECTULIMM 3aBUCAT OT U3MEHEHUH 0X0Ja B TEYe-
HUE HECKOJIbKUX MPEIbIAYIINX NEPUOAO0B [3], UTO MOKHO OINHUCATh, YACPKUBAS B
ypaBHEHUU (4) MPOU3BOJHBIC 10 BPEMEHU OT Joxoja u . Jiasd yuera u3MeHeHus
JI0X0Ja B TEUECHUE TPEX NEPUOJOB BOCIIOJIB3YEMCSl IMHEHHBIM 3aKOHOM HAaKOILJIe-
HUS KallMTaja B BUIE
n+an=su+cii+qil . (10)

[oncrasnss ypaBuenue (1) B (10) u npunumas nmapameTps! p, 4, §,C,q TO-

CTOSTHHBIMH, TONy4uM auddepeHInatbHoe ypaBHEHHE BTOPOTO TMOpsAKa, OIH-
CBIBAIOLIECE NTUHAMUKY KallUTala:

gpii—(1—cpyn+(sp—a)yn=0. (11)

KopHu xapakTepHCTHUECKOTO YpaBHEHHUS, MMOCTPOCHHOTO Ha ocHoBe (11),
OyAyT TaKuMH:

1-¢ sp—a
12 =TES Y= 2qpp’ l3:pq—p’ 5=+1" =P, (12)

T.€. B 3aBUCHMOCTH OT 3HA4YCHUH p, @, §,C,4 OHH MOTYT OBITh JEeHCTBUTETHHBIMHA

. Lo (22
WM KOMIUIEKCHBIMU. B ciyuae neHCTBUTENBHBIX KOpHEH (y >3 ) perieHue
ypaBHeHus (11) BeipakaeTcs yepes runepOoandeckre QyHKIHH

g —Y7N
n=e"(Cichdt + Cyshdt), Cy=ny, C,= OT"’O : (13)
rac ny, I’IIO — Ha4YaJIbHC 3HAUCHHA KalluTajla U CKOPOCTU €TI0 U3MCHCHUA. HOI[-

craBisis (13) B (1), HaxXoAUM HaMOHANBHBIN JOXO U IKOHOMUYECKHUH POCT
i Ciy+Cy0+(Cid+Cyy)thdt

i = pe'' (Cychdt + C,shdt), —
per (G 25hot). C, + Cythdt

(14)

C TeyeHHEM BPEMEHH SKOHOMHYECKHUN POCT CTPEMHTCS K IOCTOSHHOM BeH-
ynHe Y +90 . [Ipu ycmoBun y+6>0 HabmomaeTcs OrpaHUMYCHHBIH 3KOHOMHUYE-

CKHMI POCT W HEOTPAaHWYCHHBIN POCT HAIIMOHAIBHOTO M0Xo4a. YcioBue Y+ 6 <0

CBUACTCIBCTBYCT 00 PKOHOMHUYECKOM crmaac U CTPEMJICHUHN K HYJIIO HAIlMOHAJIb-
HOT'O J0xo04a. HpI/I yCIOBUH 7Y + 0 =0 >KOHOMMYECKHUI POCT CTPEMUTCHA K HYJIIO U

OCYILIECTBIISIETCSl OTPAaHUYEHHBIH POCT WM CHaJ HAHOHAIBHOIO J0XOAA COOT-
BETCTBEHHO 1pu 71y >0 u 5y <0.

B cinyvae xommnexcHbIx kopHer (12) (y2 < B2 ) pemenue ypaBHeHwus (11)
MMeeT KoJIeOaTeNIbHbIA XapaKTep

n=e""(C,cosot +C,sinwt), C, =ny, C, =%, o=+p> -y (15)
I
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n=_Ce' cos(ot—a), C=+Cl+C3, a:arctg%. (16)

1
. 2n

Iepron konebaHwii, WK MUK, paBeH I =——, T.e. ONpeIessieTCs 3Hade-
0}

HUSIMH [IapaMeTpoB p, d, §,C,q . HaMOHAIBHBIN 10X0 U 3KOHOMUYECKUN POCT
OIIPEAEIAIOTCS TAKUMH BBIPaXKCHUAMHA

u = Cpe"" cos (ot —a), z_zy—cotg(cot—on). (17)
u

Pemenus (15)—(17) umeroT cMbIc B mpenenax BpeMEHHOTO MHTEpBaja, TAe
KaluTal ¥ HAMOHAJIBHBIN J0XOJ UMEIOT MOJOXHUTEIbHbBIE 3HAUEHUs, T.€. B MH-
TepBajle, paBHOM II0JIOBUHE LIUKJIA. B NecTBUTENBHOCTH IIPH CHIAJE IIPOU3BOICT-
Ba B DKOHOMHUKE MPOUCXOAAT CTPYKTYpHbIE U3MEHEHHS, T.€. 3HAUCHUsI IapameT-
pPoB p, a, s,c,q M3MEHSIOTCS, YTO MPUBOIUT K M3MeHeHHto peuteruid (15)—(17).

B03M0OXXHOCTE 9KOHOMHYECKOTO IMKJIA, OMTUCHIBAEMOTO CUCTEMON ypaBHeHHH (1),
(10), Bonomue peansHa. OH, cormacHo (12), ocyIIecTBISIETCS IPU YCIOBUH

2
1—cp)” +4a
o5t p)2 g (18)
4p7q
Tak Kak MaKpOSKOHOMHKA HW3ydyaeT arperupoBaHHOE (QYHKIHOHHUPOBAHHE
BCEU COBOKYITHOCTH KOHKPETHBIX 3KOHOMHUYECKHX areHrToB [8, 9], To ypaBHEHHE
MaTepUAIBHOTO TIPOou3BoCTBa (1) M 3aMBIKAIONINE €r0 3aKOHbl HAKOIUICHUS Ka-

nutana (4), (6), (10) onmuceIBalOT TUHAMHUKY POHU3BOJICTBA B CPEIHEM, OTIEPUPYS
CpeAHel MPOM3BOAUTEIBHOCTHIO p E€IWHHIBI KamuTaia, cpeaHeld HOPMOH amop-

THU3AlUU @ , CPETHEH HOPMOM HAKOIUIEHHS § KalWTalla U CPETHUM KOJTHYECTBOM
| nropmei, 3aHATBHIX B pa0OTE €UHUIIBI KanmuTajia. B NeHCTBUTETHLHOCTH K€ eIH-
HUIIBl KalHWTajda MOTYT CYIIECTBEHHO OTIMYAThCs APYT OT Jpyra 3HAUYECHUSMHU
YKa3aHHBIX TTApaMeTPOB, TTOITOMY MOXXHO BBECTH MTPOM3BOJIBHOE YHCIIO CTETICHEH
cBOOO/IBI, 3aMKCaB ypaBHEHHE MTPOU3BOCTBA B O0JIee 00IIeM BHIE:

azzpinij ’ (19)
)

rae n[-j — KOJIMYECTBO €AWHUIL KaltkuTajaa C HpOI/I3BOI[I/ITeJH>HOCTBIO pi nu y‘-IaCTI/I-
eMm [ i JIIOOEN.

ypaBHeHI/IC (19) HGO6XO}_'[I/IMO JOIIOJTHUTH 3aKOHOM HaKOILJICHHUS BCEX BHUIO0B
Kanurtana. B camom MMpOCTOM Ciiy4dac, IO aHAJIOTUH C YPABHCHUCM (5), 3alueM

fl[-j +agn; = s,-jb't , (20)

ij

roc a;, §; — COOTBETCTBCHHO MAaTpPHUIILI HOPMBI aMOpPTU3allkU KalluTajla B €0u-

HUIy BpEMEHHU U HOpMBI HakoruieHus. [loacrasisst ypaBHenue (19) B (20), npu-
X0OMM K cucreMe IuddepeHInaNbHBIX YPaBHEHUH, OMMCHIBAIOLUINX IMHAMHKY
BCEX BUJIOB KanuTana:
a.p
OO1iee YuCIO eAWHUIL KAalUTaNa 7, CPEIHSS MPOU3BOIUTEIBHOCTh KaluTa-
Ja p, CpelHee YMCIIO 3aHATHIX B pa00Te eAMHMIIBI KamuTana JroAe [, oOmiee

80 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 1



Tlocmpoenue modenu OUHaAMUKY NPOU3B00CMEEHHO-PLIHOYHBIX NPOYECCO8 8 OBYXCEKMOPHO ...

YHCIIO 3aHATHIX B MPOM3BOACTBE NioAel L, oOlias HopMa HaKOIUIEHHUS BCETO Ka-
nuTana § W CpeJHsss HOpMa M3HOCA BCEro KamuTalla @ OINpPelelsoTCs TaKUMHU
hopmynamu:

1 1 1
n=3n;, p==—3ngp;, l==3nl;, s=3s;, a==3 ayn;. (22)
ivj i i ij i
[Ipupamenue 6mar m , coriiacHo (3), (22), onpenensercs BEIpaKeHUEM
m:u—Znij—Zaijnij. (23)
i,J i,j

[IpoBoxs B ypaBHeHHsX (21) cyMMupoBaHHe MO0 WHAEKCAM I, j M yYHUTHIBad
cooTHoOIIeHUs (22), IpUX0oauM K ypaBHEHHIO (6).

VYpaBHeHUs AMHAMUKH KanuTtana (21) mO3BOJISIOT OMUCHIBATH TEXHUYECKHM
nporpecc Kak yMEHBIICHHE Yucia eIMHHI KalluTaja ¢ HU3KOH MPOU3BOAUTEIb-
HOCTBIO U yBEJIMUYEHHE WJIM MOSBJICHUE YHCIIA €IUHMI] KalnuTaja ¢ BBICOKOH Ipo-
W3BOJIUTEIHHOCTEIO. B 00paTHOM citydyae mpou30HAeT TeXHUIECKUI perpecc.

PaccmoTpum ofuH U3 YacTHBIX ciydaeB ypaBHeHHi (19)—(21), korna nmeer-
Csl 1y U N, €AMHUII KaIlUTaja, KaX/asi U3 KOTOPhIX UMEET IPOU3BOIAUTEIHOCTD U
TpeOyeT y4acTus JoJel COOTBETCTBEHHO py,/; U p,,l,. YpaBuenus (19), (20) B
9TOM ciy4ae IPUOOPETYT BUA

u=pn+ pon,, 24)
I;ll +an :SIIz.l , 7.12 +asn, 25212 . (25)
rae a,,s; U a,,S, — HOPMbI aMOPTHU3AllMH B €AMHUIY BPEMEHHU N HAKOIIJICHUA

KamuTansa COOTBETCTBEHHO 1-ro M 2-ro BuuoB. [loncraBmiss ypaBHeHue (24) B
(25), monmyunm cructemMy ypaBHEHHHA

Ny =01y + Olply, Ty =0yl + Olgolly (26)
rae
Oy =8Py —a, Oy =8Py, Oy =SP1, Opy =S, Py —ay. (27)

KopHH XapakTepuCTHIeCKOT0 YpaBHEHHs CHCTEMBI Oy YT IeHCTBUTEIHHBIMU
=v+s. §= 2 BZ _ l + BZ _ _ 28
lip=YE0, 0=4Y > Y= 2(0911 o), =04 0lyp — OLyp0lyp, (28)

U peleHns TpUoOPETyT B!

(041 —Y)mg + Oyanng
o

nl = eyt(cl 1Ch 8t + Clzshst), C]] = nlo, C]Z =

b

nz = eyt(CZICh 8[ + C22Sh8t), C21 = nzo, C22 = a21n10 * ((;22 _Y)nzo N (29)

TAC nygy, Nyg — HadaJIbHbIC 3HAYCHUS KalluTalla.

HannonanpHBINH TOX0M M SKOHOMUYECKUH POCT COTJIACHO YpaBHEHUSIM (24),
(29) onpenensitorcs popmynamu
U _ Rly + R26 + (RIS + Rzy)thgt

u = pe" (Richdt + R,shdt), — ,
pet (R 25ho0). 3 R, + R,thdt
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R =Cyp+Cypy, Ry =Ciop+Cyps. (30)
C TeyeHHEM BPEMEHH SKOHOMHUYECKHI POCT CTPEMHUTCS K TIOCTOSHHOM BEIIH-

gyuHe Y+0. Ee monoxurensHOe 3Haue€HHE COOTBETCTBYET HEOTPAaHUYCHHOMY

POCTY HAIMOHAJIBHOI'O J0XO0A4d, a OTPULATCIBHOC — ClIally K HYJICBOMY YPOBHIO.
HpI/I HYJICBOM 3KOHOMUUYCCKOM pPOCTE, T.C. 'Y+6=0 , Ha6J'IIO,Z[aeTC$I OrpaHUYCH-

HI)If/i pOCT HaAIIMOHAJIBHOI'O J0OXO04a HpI/I yCHOBI/II/I
DPioay + Panag@y — 28(pinyg + panag) >0 (3D

" ero OrpaHI/I‘leHHLII?'I criaag B HpOTI/IBHOM Cﬂy‘{ae.
PaccMOTpUM CHCTEMY C JIBYMS BUIAMHU KallUTajla 1, U N, TPH yCIOBUH, YTO
KarmuTasl nl HpOI/I?)BOI[I/IT TOJBKO 6Hara m , a Kalmyrall I’l2 — O6a BHUAa KallpuTajia

n; U n,. Torma COOTBETCTBYIOLIME YPABHEHUSA [IPOU3BOICTBA UMEIOT BUJL
1 2 Y yp p
m =pn, 0 +an +n,+an, = pon,, 32)

rae py,pp, A a;,a, — COOTBETCTBEHHO INPOU3BOAUTCIIBHOCTH U HOPMbI aMOPTU-

3aI[H COOTBETCTBYIOIINX SIUHUI] KaITUTaIa.
3agamuM 3aK0H HAKOIUIEHUS KalMTajla BTOPOTO BHIA

Ny +ayn, =su=s(pn + pony). (33)

Torma Ha ocHoBe (32), (33) mpuxoauM k cucteMe ypaBHeHui (26), kodddu-
IUCHTHI KOTOPOH ONPECIAIOTCS TAKUMH (pOpMyTaMu:

o =—(spr+a), ap=0-5)p,, 0y =sp, 0y =sp;—a,. (34)

[MonoxwuB Bce koadduuuentsr ypaBaeHuit (32)—(34) NOCTOSHHBIMH, HaXO-
IUM KOpHH (28) XapaKTepHCTHUECKOTO YpaBHEHHsI, KOTOpble OyayT AEUCTBH-
tenpHBIME. [lodTOMY pemenus npencrasisirores dhopmynamu (29), (30), u sxo-
HOMHUYECKUI POCT C TEUCHHWEM BPEMEHH CTPEMHTCS K IOCTOSHHOW BENWYHHE
v+ 90 . Ee nonoxurensHoe WIN OTPULATENILHOE 3HAUCHHUS COOTBETCTBYIOT HEOT-

PaHUYECHHOMY POCTY WJIM CIIaJy HAallMOHAIBHOIrO noxonaa. B ciyuae y+0=0 Ha-
Orro1aeTCs OrpaHUYCHHBIA POCT HAITMOHATLHOTO JOX0/1a TIPH YCIOBUH

DPioas + Pangg(ay — py) —28(pimyg + panng) >0 (35)

Y OTPaHUYEHHBIH Craj B IPOTUBHOM CIIy4ae.
Ecnu 3aaaTh 3aK0OH HAKOIUIEHUs KalUTalla IEPBOTO BUAA

ny+ oy =su=s(pim + pony), (36)

TO Ha ocHoBe ypaBHeHMH (32), (36) mpuxoauM K cucTeMe ypaBHeHHi (26), rae
KO3 PUIIMEHTHI UMEIOT 3HAYCHUS:

Oy =Sp; —ay, Oy =8Py, Oo =—8p;, Oy =0-5)p;—a,. 37

KopHu xapakrepuctuieckoro ypaBHeHus: cucTeMsl (26), (37) onpenenstoTcs
thopmynamu (28), (37), Ho B oTimume oT (27), (34) MOTYT OBITHh KaK ACWCTBUTEINb-

HBIMH, TaK ¥ KOMIUIEKCHBIMHU. B cilyyae JeiCTBUTENBHBIX KOpHEH (y2 > Bz) pe-

menns nmeeT Bua (29), (30). B ciyyae KOMIUIEKCHBIX KOpHEH (y2 < Bz) pere-
Hus cucteMsl (26), (37) uMeroT konedaTenbHbIN XapakTep:
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. 1
m =e" (Cyycosot + Cpy sint), Cry=nyg, Cpy :g[(au —Y)mg +ypnyl,

1
t .
ny =e''(Cycos ot + Cyysinat), Cpy=nyy, Cp = 6[%1”10 + (0t = Y)nyl,

o=yp2-v2. (38)

HannonanpHBIH 70X0T M 9KOHOMHUYECKHHA POCT ONPEIEISIOTCS (hopMyIaMu

1 =Re"’ cos(of — o), Z_z Y —otg(of —a),
i

R
R= \/R12 +R3, R =Cp+Cypy, Ry=Cpyp +Cpp,, o= arctgfz. (39)
|

Ycnosue y2 = [32 ¢ yueToM ypaBHeHHH (28), (37) mpUBOAUT K YpaBHEHUIO
HOPMBbI HAaKOIIJICHUS KaluTana s :

2 2
[(pr+p)s—pr—a+ay]” —4s"pip, =0, (40)
OTKY/la KOPHU PaBHEI:
Py —ay +q _ Ph—ataq

O e O U A

OTCIO,Z[a CIIEOAYECT, UYTO IIPH YCIOBUAX § < S(l) u s> S(Z) peuieHus NpeaACTaBIIAOT-

cs1 popmyiamu (29), (30) u ¢ TeueHUEM BPEMEHH SKOHOMUYECKHI POCT CTPEMHMT-
csl K TIOCTOSIHHOM BeimunHe Y+ 6 . Ee monoxwurenbHOe WM OTpHUIIATENIbHOE 3HA-

YEHHsI COOTBETCTBYIOT HEOIpaHMYEHHOMY pocTy wiau cnaxy BBIL. B ciydae
v+ 0 =0 nabmronaercs orpannueHHslid poct BBII npu ycnosun

Pimo(ay = o) + Pangoay = 28(pymyg + paniag) > 0 (41)
Y OrpaHUYEHHBIH CIa/i B IPOTUBHOM Clydae.
Hpu yenosuu ;) <s < () peieHus Beipaxatorcs popmynamu (38), (39),

T.€. HAKOTUICHHUE KamuTasa, HaIlMOHATBHBIN I0X0] M 9KOHOMUYECKUN POCT UMEIOT
nuKIndeckuil xapakrep. OHU UMEIOT (PU3UYECKUN CMBICI B Mpejenax BpeMeHHO-
ro UHTEpBania, rie ny, n,, U — HEOTPULATEIbHbIE 3HAUEHMUS.

PaccMoTpeHHbBIE BhIIE YpaBHEHHS JJMHAMHUKH IPOU3BOJICTBA 0a3UPYIOTCS HA
Pa3IMUYHBIX BapUaHTaX YPaBHEHUU MPOM3BOJCTBA MPOIYKIUH B CAMHUILY BpeMe-
uu (1), (19), (24), (32) u ypaBHenuii HakoruieHus karutana (5), (10), (20), (25),

(33), (36), B KOTOPBIX 3a1acTCsl HOPMA (IOJIS) S, C, g, S;;, S|, S BBIILYCKA IPOLYK-

LMY, HampasisieMas Ha uHBecTUIMU. OYEBUIHO, YTO 3Ty HOPMY OIPEIEISIOT
NpPEANPUHUMATENH, SIBISIFOIIUECS COOCTBEHHUKAMHM CPEICTB TPOM3BOACTBA U
npoAyKuuu. Ecnyu AonmoJHUTENBHO NOCTYNAOT B €IMHUIYY BPEMEHU MHBECTULIUU
n; U3BHE, TO YpaBHEHME HAKOIUIEHUs KanuTaia (5) mIpuHUMaeT B

n+an=su+n;. 42)

[oncrasnsist ypaBHenue (1) B (42), mOIydyuM HEOTHOPOAHOE AU QepeHIu-
aJIbHOE YPaBHEHNE OTHOCHTEIIFHO KaluTana:
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n—(p—ayn-n=0, 43)

PEIICHUE KOTOPOT'o IpH MMOCTOAHHLIX S, p, d UMECT BUJ

t
n=eP | o+ Iﬁi (e P~ gy | (44)
0

B cityuae n; = const u3 ypasHeHus (44) cienyer

n=nye" P~ + L(e“ﬁ*“)f -1). (45)
sp—a
Cootromenus (1)—(3), (44), (45) mo3BOISIIOT ONpeNETUTh (PU3UISCKII 00b-
em BBII u, Onar m w 3aHATBHIX B MPOU3BOJICTBE JIIOJCH L IO 3aJaHHBIM Mapa-

MeTpam p, a, S, [, n; .

YPABHEHUSA JTUHAMUWKHA JEHEI' 1 IEH

PaccMoTpuM ABYXCEKTOPHYIO MOZAETH SKOHOMHUKH, KOT/Ia B IKOHOMHYECKOM KPYy-
roo0OpOTE BBICTYHAIOT TOJBKO NIBa CEKTOpa — Mpeanpustus (cexrop 1) u mo-
MaITHHE XO3sHCTBa (CEKTOp 2) MPH PacHIUPEHHOM BOCIpom3BojACTBe. [Ipemmpu-
STHS, SIBISIFOLIMECS BIaAeIblaMy MaTEpUalIbHOIO KanuTana n, npous3Boait BBII
cornacHo (1), (3), ucrone3ys padouyro cury (2) U3 qoManrHux xo3sicTs. [Ipons-
BOJIUMEBIE CeKTOpoM (1) Giara MOKHO TIPEICTABUTH B BHJIE

rne myy, My, — COOTBETCTBEHHO KOJHMYECTBA Ojar nmorpediseMblx ceKTopaMu 1

U 2 B €OUHHIY BPEMEHHU (TOBapHBIMHU 3amacamu Ojar npenedperaem). Ecimu kpo-
M€ pbIHKa Ojar CyIIECTBYIOT TOJBKO PBIHOK TpyHa, T.e. OPYTUMH DPECcypcaMu
HOpeAnpuATysl 00ecredeHbl, TO MOJKHO 3allucaTh ypaBHEHUs OajlaHca IEHEXKHBIX
Macc CEeKTOPOB:

e o .

My =My —-Mp+M,+M;, My=M;, —My —M; +M,,. 47)
3nece M|, M, — NIpUHUMAIONIKE YYacTHE B KPYrooOOPOTE IEHEKHBIE MACCHI
cextopos 1 u 2; M} — HOTOK JeHer B eMHMUITY BPEMEHH U3 CEKTOpa 2 B CEKTOP

1 3a cuer KymM-npomaxu Omar my,; M 1T2 — MOTOK JICHET B CAMHUILY BPEMECHHU
U3 cekropa 1 B cekTop 2 3a cueT KyIUIU-NpoAaxu Tpyaa 15, M, — smuccus ae-

Her B €IMHHIY BPEMEHHU B cekTope 1; M; — moTok cOeperaeMbIx B CEKTOpe 2
JIECHeT B €IMHUI]y BPEMEHM, HalpaBIseMbIX Ha HHBECTHPOBAHUE B CEKTOp 1;
M,

¢ — TIOTOK JICHET U3 JIeHEeKHbIX cOepexeHuil M,s B cexrope 2. JleHexHbIe

noroku M5y, M S OIIPENEISIOTCS] COOTHOIIEHUSIMH
- ) o 7 .
M5, =Py, M, =WTy, (43)
rae P — motpeOuTenbcKas IeHa equHUIls! Oar; W — 3apaboTHas 1iaTa.
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[lotox nener M 1T2 — 3TO0 3aTpaThl cekTopa 1 Ha omyaTy Tpyda MO IpPOH3-

BojactBy BBII (1) B eaununy Bpemenu. B mpeamonoxkeHnn oOecrieueHHOCTH
MPEeINpUATHN APYTUMHU pecypcaMu, HEOOXOAUMBIMH ISl TIPOM3BOJICTBA, MIPHUXO-
UM K PaBEHCTBY

T - ’ -
rae P’ — 3atparHas nena eauauisl BBII. Torma Ha ocHoBe paBeHCTB (48), (49)
ypaBHeHUs OajaHca JEHEXHBIX MacC CEKTOPOB (47) MOXKHO MIPEJICTABUTH B BUJIE
@OUHAaHCOBBIE MHBECTHLMU M;, MOCTYMNAOIMUE U3 CEKTOopa 2 B CEKTOp 1,
UAYT Ha NPOU3BOJACTBO MaTepHAIbHBIX MHBECTHUIIMOHHBIX NPOAYKTOB #;. Ecmu
npeHeOpeyb 3amna3bIBAHUEM MATEPUAIBHOTO MOTOKAa 7; IO OTHOIIEHMIO K (H-

HAHCOBOMY IOTOKY M, TO CBSI3b M€Ky HHMHU, [10 aHAJIOTUH C PaBEHCTBOM (49),
MOJKHO IIPEJICTABUTH B BUJIE

M;=Ph,. (51)

Cucrema nuddepenumanbapix ypasHenuit (1), (3), (43), (50), (51) omucsi-
BaeT MPOM3BOACTBEHHO-PHIHOYHBIC MPOIECCH 3aKPBITON ABYXCEKTOPHON SKOHO-
MUKA Ha OCHOBE COBMEIICHHS MaTepUATbHO-BEIECTBEHHOTO M CTOMMOCTHOTO
acrmeKkToB. BHEMIHUMHY W SK30T€HHBIMH TTapaMeTpaMU 3/1€Ch SIBIISIIOTCS SMUCCHUS

JeHer M, NeHeXHble UHBECTUIMU M, U BeNUYUHBl p, a, s, !. BHyTpeHHUMHU
WIM SHJIOTCHHBIMH SIBJISIOTCS mapametpel M, M,, P, P', L, u, n, m, n; , onpene-
JsieMble U3 PEUIeHUH YpaBHEHHUH, XOTA U3BECTHO [3], 4TO pa3iudne MEXAY 3K30-
TeHHBIMH U 3HAOTEHHBIMH IapaMeTpaMH MOXET ObITh OTHOCHUTENIBHBIM U 3aBH-
CAIIMM OT BHJa KOHKPETHBIX NTPOU3BOCTBEHHO-PBIHOYHBIX MPOIIECCOB.

YMHOkerne ypaBHeHu# (50), (51) Ha OTHO W TO XK€ YHCIO HE H3MEHSCT
OITHCHIBAEMBIX MPOIECCOB, YTO CBUAETEIBCTBYET O 3aBHCUMOCTH IieH P, P' or

JeHexHON Maccel M = M|+ M,. B obmem ciydae uensl P, P' MoryT 3aBuceTb

Tak)Ke OT paclpeeseHnus JeHEeKHOW MacChl 10 CeKTOpaM, T.€. B JIMHEHHOM IpH-
OJIM>KEHUH MOYKHO TIPUHSITH 3aBUCUMOCTH

P'=y M +y,My, P=yy ;M +7,M,, (52)

TIE Yi1> Y125 Y21> Y22 — TIOCTOSIHHBIE JJIsl KOHKPETHBIX DKOHOMHYECKHMX IIPOIEC-

coB. Torna, moxcraBus ypasaeHus (52) B (50), momyuum cucremy nuddepeHnu-
aNbHBIX YPAaBHEHUH OTHOCUTEIBHO AEHEXKHBIX MAacC CEKTOPOB:

M, = (Yo7 — Y t)My + (Yotingy —Ypt)My + M, + M,
My = (Yt = Yoyt )My + (Yyp0 = Yoot )My — M + My, (53)
KOTOPYIO MOKHO NpeoOpa3oBaTh K BUIY
M=M,+M,, M'+oM +yM=M,+2M,-M,,, (54)
1€ 0603HAYEHO:
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M=M+M,, M'=M;-=M,, ¢=(y;;—v12)u+ Y2 —Y21)72,

W=y +v12)u = (Yor + V20, - (55)
Ecian w3BecTHBI MaTepHabHO-BEIIECTBEHHBIC TOTOKH U, filj,, TO MOXKHO
3ammcaTh pelieHne cCucTeMsl (54):

M:MO +M3+M23,

t t
M’ =exp| - [@()dr [{ Mg = [[y(t)(My + M, + M, ) -
0 0

t
— M, —2M + M, Jexp| [o(t)dt |dt |, (56)
0
rae M, M\, — HadaJbHbIC 3HAYCHHUS COOTBETCTBCHHO OOIIEH JCHE)HON Macchl

U Pa3HOCTH JICHEKHBIX MacC CEKTOPOB.

[oncrasnsst ypasHenus (53) B (52), mociie HEKOTOPBIX peoOpa3oBaHUM MMO-
nyuuMm auddepeHnmranbHbple ypaBHEHHS COOTBETCTBEHHO OTHOCHUTEIBHO TOTpe-
OMTEIIbCKOW 1 3aTPaTHOM IICHHI:

P@P=y(Mg+M,+My)i+yy M, —y,M; +7y5, M,
PP =y(My+M,+M, )i, +y M, +y,M; +7,,M,,,

(Y =Y11Y22 = Y12Y21, Y1 =711 —Y12> Y2 =Y22 —Y21)- (57)

[Ipu u3BecTHBIX MOTOKAxX u, My, pelIeHHs ypaBHeHUH (57) ompenensercs
UHTEerpagaMu

t
P =exp| - j(p(t)dt X
0

t t
x1 +I[Y(Mo+M3+M2s)”+Y21Ma—Y2Mi+Y22M23]6XP I(P(t)dl dt
0 0

t
P'=exp —I(p(t)dt X
0

t t
x4 by + I[Y(Mo + M, + My iy + 71 M, + 1M +71,M ]eXp [o(n)dt |dt (58)
0 0
rae By, By — HadasibHbIE 3HAYEHUS COOTBETCTBYIOMINX LICH.
B obmem ciyvae nmpu mpou3BOACTBE MaTepHaIbHBIX HHBECTULMOHHBIX IIPO-
JOYKTOB 7; 3a CUET MHBECTULMH M ; 13 ypasHenus (51) cnenyer, uro BBII #, a
CIIEJIOBATEIBHO M TIOTOK OJar 71, , 3aBUCAT 0T P', mosToMy ypaBuerus (54), (58)

6y2[yT HEIIMHEHHBIMU. B 3TOM CJIydac Ux pClICHUEC MOKHO IMOCTPOUTH JIMIIb YHC-
JICHHBIMHU MCTOJaMHU.
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[IpuBeneHHbIE ypaBHEHHUS OMUCHIBAIOT HECTALMOHAPHBIE MTPOU3BOACTBEHHO-
PBIHOYHBIE TIPOIIECCHI B IBYXCEKTOPHOI SKOHOMHUKE. CTallMOHAPHBIN I PaBHO-
BECHBII KpyrooOopoT B paccMaTprBaeMOi MOJIENIN OCYIIECTBISIFOTCS MPU yCIIO-
BUU

=0, M, =0, M,=0, M,;=0, M, =0, p=p°, a=d", n=n",

i=u"=m® +a"n°, m=m®, my, =mp, My, =m,

P=P°, P=P° M=M°, (59)

rae po, a®, n®, u° m°, mlol, n'1102, P, P° — nocrosunubie. B 3rom cliy4ae u3
ypaBHeHUH OanaHca aeHexXHBIX Macc (50) ciieyeT paBeHCTBO

Py =P (1i° +a’n®)y =M V", (60)
rne M° =M +M) — nocrosHHas 06uias JeHEKHAs Macca, HAXOAIIASCS B

KpPYroo0opoTe; V% — nocrosHuas CKOpOCTh 000POTa JEHEKHOM Macchl M O us
ypaBHenuii (1), (3), (46), (60) naxonum BBII u npubsinu cekropoB 1 u 2 B MaTe-
pHUATBHO-BEIECTBEHHOMN hopMe

. . . P!O 0
i = p'n®, iy =[(A=r)p° —a"1n’, iy =rp°n®, | r == 0 =121 (61
u

U B ICHEXXHOU (hopme
00 000 p0:0 0 _ pi0y 0 _ p0 07 0 00,0
Pu =P pn, Pm=[(P-P)p —Paln, P m12—P . (62)
Ecnu monp30BaThCs TEPMHUHOJIOTUEN MApKCUCTCKOM IOIUTHYECKONH DKOHO-
MHUHU, TO m101 — 9T0 NpuOaBOYHBIN MPOAYKT, a Pomll — npubaBoYHAsA CTOH-

MOCTh. [IprbaBouHast CTOMMOCTD O0YCIIOBJICHA PA3HOCTHIO MTOTPEOUTETHCKOM P°

U 3aTpaTHOU PO LICH.
Jus cranmonapHOTO Kpyroobopora u3 paBeHcTB (57), (59), (60) Haxommm
BBIPKEHHS JJI51 [IEH

Yi+12 Y1+
pacrpe/iesieHus JIEHET 110 CEKTopaM
Mlozf’Yzz—le MO, M§:Y11—”Y21 MO (64)
Yi+1Y2 Yi+71Y2
U CKOPOCTH 000pOTa JICHEKHON MaCChI
0.0
po_rwpn (65)
Yi+7Ys

Tak kak JTeHEXHBIE ITOTOKH (48) paBHBI I CTAITMOHAPHOTO KPyrooOopoTa,
To neHexHas macca M°, YyYacTBYIOIIAs B KPYyrooOOpoTe, pacmpe/iesieHa Mo cek-

TOpaMm paBHOMEpHO (M 10 =M 3 =0,5M O) . [TosTomy u3 (64) ciienyet paBeHCTBO
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Vit Y =r(Yn +v21)- (66)

Hosoe crammmonapHoe coctosame, cormacHo ypasHeHusM (1), (3), (51), (59),
OyIeM XapakTepu3oBaTh CyMMOH MapaMeTpoB IPEIbIIYIIEro COCTOSHUS U MPH-
palieHui:

Pl +Ap, a®+Aa, n®+An, 0%+ A, + Ayl + Ay, i + Ay
PP+ AP, PP+ AP, M°+AM,+AM,,, AM,. (67)

[Ipu 3TOM, Kak crnexyet u3 ypaBHenui (51), (57),

P0+AP=Y(MO+AM3+AM25) POy AP = Y(F+AI’)(M0+AM +AM,,)
v+ +Ar)y, v+ +Ar)y,
r+ar= 0 Ay AM; =P An, (68)
u u

OTKY/1a MOJTyYUM BBIPAKEHHS TEMIIOB HHQIIALIUN
AP nu-g AP" p+o

- s D 69
PY  l+eg ) A (69)
rac 0003HA4YEHO:
AM AM Vo (r' = r)d )
— + , — k) , — 2s , €= 2 , r= 12 ,
P=U, T Uy, Hy MO Ko MO (Y] N yzr)(l N d) L.lo

. 0 . '’
r’=Am102, dzA—Z, c= u+L =nd r)d’ r'—rz—(1+d)Ar. (70)
Al u vor ) r(l+d) d

[pupamenuss BBII u npubbum cektopoB 1 W 2 B MaTepualbHO-
BEIIECTBEHHOH (hopMe OTPEEISIFOTCS TaKUMH (POpMyTIaMu:

Au =p0An + Ap(n0 + An),
Ay, =[(1= 1) p° = a®1An+[(1 - r)Ap — Ar(p° + Ap) — Aa](n® + An),

Amyy = rpOAn +[rAp + Ar(p0 + Ap)](n0 +An). (71)

B nenexxHoii opmMe COOTBETCTBEHHO NMEEM:

(P° + AP)@° + Au) — P%° = PO|:T—_8(1JO + M)+ Aa} ,
+ &

€
(P +AP)(m11+Am“) Pomn—Po[T+ (m11+Am11)+Am11}

(P + AP)(tirfy + Atiryy) — Priafy = POPI:L ° (rinfy + Avinfy ) + Aml2:| (72)

CootHomenus (59)—(72) oTHOCATCS K JABYM CTallMOHAPHBIM COCTOSHUSIM
IpY CKaYKOOOPa3HOM M3MEHEHHH IapaMeTpoB MO MCTEYCHUH IHTEIBLHOTO HpO-
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MEXyTKa BpeMeHH. [l u3yueHus mpoiecca BO BpeMeHH OyJleM HCXOAUTh U3 AU-
HaMHU4ecKoi noctaHoBKH. I1ycTh B HayanbHBIH MOMEHT BpeMeHH ¢ =( SKOHOMU-
Ka HaXOIUTCSA B COCTOSIHMU CTallMOHAPHOro Kpyroodopora (59), a B MOMEHT Bpe-
MEHHU ¢ =1#; TPOUCXOAMUT CKAaYK00Opa3HOe H3MEHEHHE TapaMeTPOB:

M, =AM 5(t—1t)), M, =AM3(t 1)), M, =AM, 3(t—t,),

M,=AM.o(t—1,), M;=AM;o(t—1,), M,, =AM,.o(t—1,),

i =" + Aio(t —1,), 1y = 1y + Ayt — 1), (73)

rae 6(t —t;) — O-¢dynkuus [lupaka; o(f —¢;) — QyHKUUS €IUHUYHOTO CKayKa.

ITonctaBuB pasenctBa (73) B (58), HaX0auUM 3aBUCUMOCTH OT BPEMEHH TEMIIOB
UHQIISIAN AJ1s TOTPEOUTENHCKOM U 3aTPaTHOM IIEH:

AP 1 —o(t— —€ —a(t—
—OZ—(Yl +Y2r)(Vaily + Yootog — Yol )e o= +M—(l—e ol tl)),
P Y I+¢

AP 1 —oc | MFE ot
= 1 Zr 11M5 12M0g 1 - _ o(r—t ,
pro yr(y +Y2r)(Y11Hs + YioMos + YiH:)e WJFTJr (1— e =)
e
0
_ 0 _AM,;  rP’An
a =i (ypni+dfiee) w =g == 5=

Orcrofa cienyer, 4yTo B KPaTKOCPOYHOM IEpHOJE, T.€. NpH ¢, OINM3KOM K 1,

TEeMIT HHQISUH OTpeJiesisieTcs NepBbIM ciaraeMbiM. C Te4eHHeM BPEeMEHH Iep-
BOE ciaraemoe yObIBaeT, a BTOpOe cjaraeMoe Bo3pacTtaeT. B monrocpounom me-
puoze, T.e. mpu ot —¢;) >> 1, IPUXOANM K CTALIHOHAPHBIM 3HAYEHUSIM (69).

3AK/IIOYEHUE

Y I0BIETBOPEHHE MaTepUaIbHBIX MMOTPEOHOCTEH JIFOJICH ABJISIETCS OCHOBOM CyIIe-
CTBOBaHUS W Pa3BUTH UejoBedeckoro odmectBa. OHO ocymecTBiIseTcs ¢ dhek-
TUBHOW HKOHOMHYECKOU IESATEIHHOCTHIO OOIIECTBA, KOTOpPAasl MPEACTABISET CO-
0Ol eAMHCTBO TIPOM3BOJICTBA, pAaCHpEICIICHUs, OOMEHa | MOTpeOJIeHUS
o0IIecTBeHHOT0 MpoayKTa. Pemaromieit ¢pa3oif 00mEeCTBEHHOTO Pa3BUTHS SBIISIET-
CsI IPOM3BOCTBO, OT KOTOPOTO 3aBUCAT (pa3wl pacmpenencHus, 0OMeHa u oTpeo-
nenust. OJTHAKO TOCIETHUE OKA3bIBAIOT CYIIECTBEHHOE 00paTHOE BO3/ICHCTBHE HA
MIPOU3BOCTBO, OMpeEeNsis ero xapakrep u 3pPeKTHBHOCTh (PyHKIMOHUPOBAHUSI.
OcHOBHOI1 3a1a4eii MaKpPOIKOHOMHUKH SIBJISIETCS BBISIBIIEHUE MEXaHU3MOB OCYIIIE-
CTBJICHHS Kax10i (ha3bl U TIOCTPOEHHE MaTeMaTHYECKUX MOJeNed nx (yHKIHO-
HUPOBAHUS C IEJIBI0 IPOTHO3UPOBAHMSI IKOHOMHYECKOTO Pa3BUTHS M BHIOOpA OII-
TUMAJIBHBIX METOZOB BIIHSHHS HA SKOHOMHKY B IIEJIOM.

[IponsBoacTBO Ga3mpyeTcs HEMOCPEACTBEHHO Ha MaTEpUANBbHBIX U YellOBe-
Yyeckux pecypcax. [loaTomy MoJenupoBaHne MPOU3BOJICTBA OMMCHIBACTCS TPOU3-
BOJICTBEHHOW (PYHKIIMEH, KOTOpasi MPEACTABISET COOOM 3aBUCMOCTH MEX]y BbI-
MyCKOM TPOAYKIMHM ¥ 3aTpPadyeHHBIMH pPecypcamMH, Cpeldu KOTOPBIX Hamboiee
IIMPOKO YHOTPEOISIFOTCS KaluTal U TPy Jroaen. V3 u3BeCTHBIX IPOU3BOJCTBEH-
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Heix QyHknui Ko66a—/lyrnaca ¢ uaeanbHol U JIeOHThEBa C HYJIEBOH B3aMMO3a-
MEHSEMOCTSIMH KaluTaia ¥ TpyJa MmocieIHss OJrKe K pealbHOCTH, TaK KaK KOH-
KPE€THBIC NIPOMU3BOACTBECHHBLIC MOIIIHOCTH BCEr/ia CBA3aHbI C ONPCACIICHHBIM KOJIN-
YEeCTBOM JIIOJIeH, 3aHATHIX B uX padote. s oTpakeHus: GU3NIECKON CYITHOCTH
pEabHBIX MPOU3BOJCTBEHHBIX MPOIIECCOB TEOPHUIO MPOU3BOJACTBEHHBIX (DYHKIMN
11eJecoo0pa3Ho CTPOUTh Ha OCHOBE mudepeHInaIbHBIX YpaBHEHUH MPON3BO/I-
CTBa B MaTEepPUAILHON (POPME M 3aMBIKAIOIINX WX YPAaBHCHHN HAKOIUICHUS pealib-
HOT'O KamuTaia ¢ y4eToM aMopTu3aiuu. VX penieHne onuchIBaroT POCT, CHajl HITd
MUKJIMYECKUH XapaKTep MPOU3BOJICTBA.

W3BecTHBIE MaKpOIKOHOMHUYECKHE TEOPHU JICHET M IIeH 0a3upyroTcs Ha
ypaBHEHUHM OOMEHA B BHJIC PaBEHCTBA MPOU3BEACHUIN YPOBHSI IICH Ha PU3UYCCKUN
o6beM BBII 1 konuvecTBa JieHEer HA CKOPOCTh UX OOpaIrieHus: (MOHETapUCTHYC-
CKasi MOJIeJIb) WJIM Ha PABEHCTBE HAIMOHAIBHOTO JIOXO0JIa, CYMME BCEX PacXOJIOB
(xetiHcHaHcKass Mozienb). OAHAKO 3TH MOZETH NPEAINoJaraloT PaBHOBECHOE CO-
CTOSIHUE 3KOHOMUKHU, MI03TOMY OHH HEITPHUMEHUMBI K OIIHCAHUIO HECTAIIMOHAPHBIX
MPOIIECCOB, TAKUX KaK WH(IAIMS, HHBECTUPOBAHUE, IKOHOMUYECKUI TOIbEM U
cnan. B aTom ciydae menecooOpa3HO CTPOUTh TEOPUIO Ha OCHOBE HECTAallMOHAp-
HBIX YpaBHCHUI OajlaHCa TOBApHOW W JICHEXKHON MacC B PacCMaTPUBAEMBIX KO-
HOMHUYECKUX CEKTOpax MpHU B3aUMOOOMEHe. B ciiyuae NBYXCEKTOPHOW MOJENTU
MaKpO3KOHOMHUKH 3TO CBSI3aHO C MOCTpoeHneM auddepeHnanbHbIX ypaBHEeHUH
JMUHAMHKH JICHEKHBIX MAcC CEKTOPOB U IICH, YTO MO3BOJISET UCCIIEAOBATh Pa3BH-
THE UHQIIAUE BO BPEMEHH U €€ 3aBUCUMOCTH OT TEMITOB MPHUPAIICHUS JCHEKHON
Macchl, IPOU3BOJICTBA U TIOTPEOICHUSI.
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FUZZY GMDH AND ITS APPLICATION TO FORECASTING
FINANCIAL PROCESSES

YURIY ZAYCHENKO, HELEN ZAYCHENKO

Abstract. This paper is devoted to the investigation and application of the fuzzy in-
ductive modeling method known as Group Method of Data Handling (GMDH) in
problems of Data Mining, in particularly its application to solving the forecasting
tasks in financial sphere. The advantage of the inductive modeling method GMDH
is a possibility of constructing an adequate model directly in the process of algo-
rithm run. The generalization of GMDH in case of uncertainty — a new method
fuzzy GMDH is described which enables to construct fuzzy models almost auto-
matically. The algorithm of fuzzy GMDH is considered. Fuzzy GMDH with Gaus-
sian and bell-wise membership functions MF are considered and their similarity
with triangular MF is shown. Fuzzy GMDH with different partial descriptions or-
thogonal polynomials of Chebyshev and Fourier are considered. The problem of ad-
aptation of fuzzy models obtained by FGMDH is considered and the corresponding
adaptation algorithm is described. The extension and generalization of fuzzy GMDH
in case of fuzzy inputs is considered and its properties are analyzed. The experimen-
tal investigations of the suggested FGMDH were carried out.

Keywords: fuzzy GMDH, membership functions, models adaptation, forecasting.

INTRODUCTION

One of the most important problems in the sphere of economy and finance is the
problem of forecasting economical and financial processes. The distinguishing
features of the problem are the following:

e the form of functional dependence is unknown and only model class is
determined, for example, polynomial of any degree or Fourier time series;

e short data samples;

e time series x;(¢) in general case is non-stationary.

In this case, the application of conventional methods of statistical analysis
(e.g. regression analysis) is impossible and it is necessary to utilize methods based
on computational intelligence (CI). The Group Method of Data Handling
(GMDH) developed by acad. A.G. Ivakhnenko [1] and extended by his col-
leges [2] belongs to this class. GMDH is a self-organizing method allowing to
discover internal hidden laws in the appropriate object area. The advantages of
GMDH algorithms are the possibility of constructing optimal models from sam-
ples with a small number of observations and unknown relationships among vari-
ables. This method does not demand to know the model structure a priori; it is
constructed by algorithm itself in the process of its run.

In case if input data are measured with errors which distribution is not nor-
mal and is unknown to a decision-maker then it is reasonable to construct fuzzy
model using Fuzzy GMDH method. FGMDH was suggested in [3] where main
ideas of the method and an algorithm of fuzzy GMDH was presented and investi-
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gated in case when fuzzy coefficients of models have triangular membership
functions. For finding optimal parameters of fuzzy model, the LP problem was
introduced and solved. Later this method was extended to Gaussian and bell-wise
MF [4]. It was shown that the structure of LP model for this problem is the same
as for triangular MF. Further FGMDH method was extended to orthogonal poly-
nomials as partial descriptions [5, 6].

Problem of adaptation of fuzzy models in FGMDH was considered in [5]
and several adaptation methods were suggested and investigated. Numerous ex-
perimental investigations of fuzzy GMDH with different partial descriptions and
MF were carried out and comparison with classical GMDH was performed [7].

The extension of FGMDH and its generalization in the case when input data
is fuzzy were considered in [8]. The math model for determination of fuzzy coef-
ficients was constructed and general FGMDH algorithm for fuzzy inputs was de-
veloped and investigated.

The goal of this paper is to present a review of the main results in the field of
developing the fuzzy GMDH and experimental results of its applications to the
forecasting in financial sphere.

OTHER FUZZY-BASED APPROACHES IN GMDH NETWORKS

The application of GMDH for structure optimization of fuzzy polynomial neural
networks (FPNN) were developed and investigated in numerous works of Witold
Pedrycz and his colleagues since 2002 [9-16]. They implemented a like approach
as in fuzzy GMDH. In [9, 10], W. Pedrycz et al suggested hybrid neural network
called fuzzy polynomial neural networks (FPNNs), a hybrid modeling architec-
ture combining polynomial neural networks (PNNs) and fuzzy neural networks
(FNNSs).

The development of the FPNNs is based on the technologies of computa-
tional intelligence (CI). The structure of the FPNN results from a synergistic us-
age of FNN and PNN. FNNs contribute to the formation of the premise part of the
rule-based structure of the FPNN while the consequence part of the FPNN is de-
signed using PNNs. Each PN of the network realizes a polynomial type of partial
description (PD) of the mapping between input and out variables: linear, quadratic
or modified quadratic. The structure of the PNN is not fixed in advance but it is
generated by GMDH to produce dynamic topology of the network.

The authors continued their investigations in the sphere of FPNN and for op-
timization of it topology suggested genetic algorithms (GAs) [11, 12]. Opposite to
the conventional HFPNN which use the GMDH method for structure synthesis,
they suggested to apply GA for structure optimization of both FNN and PNN. As
a result, genetically optimized HFPNN (gHFPNN) was constructed. The aug-
mented gHFPNN results in a structurally optimized structure and comes with a
higher level of flexibility in comparison to the conventional HFPNN. In the se-
quel, two general optimization mechanisms are explored. First, the structural op-
timization is realized via GAs whereas the ensuing detailed parametric optimiza-
tion is carried out in the setting of a standard least square method-based learning.

In [13, 14, 15], genetically optimized fuzzy relation-based polynomial neural
networks were introduced and investigated using information granulation (IG
gFRPNN). With the aid of the information granules based on C-Means clustering,
the initial location of membership functions were determined and initial values of
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polynomial function being used in the premised and consequence part of the
fuzzy rules respectively. The GA-based design procedure being applied at each
layer of the IG_gFRPNN leads to the selection of preferred nodes with specific
local characteristics (such as the number of input variables, the order of the poly-
nomial, a collection of the specific subset of input variables, and the number of
membership functions) available within the network.

In the sequel, the structural optimization is realized via GAs, whereas the en-
suing detailed parametric optimization is carried by the standard least square
method-based learning. The development of gFRPNN was continued in [16]
where the problem of constructing the FRPNN under conditions of high dimen-
sions was considered. Parallel fuzzy polynomial neural networks (PFPNNs) with
the aid of heterogeneous partition of the input space were suggested. In the design
of the premise part of the rule, a weighted fuzzy clustering method is used not
only to realize a non-uniform partition of the input space but to overcome a possi-
ble curse of dimensionality. While in the design of consequent part, fuzzy poly-
nomial neural networks are utilized to construct optimal local models (high order
polynomials) that describe the relationship between input variables and the output
variable within some local region of the input space. Particle swarm optimization
(PSO) was employed to adjust the design parameters of parallel fuzzy polynomial
neural networks.

The development and investigations of hybrid GMDH- fuzzy neural net-
works were performed by joint group of scientists in NTUU “KPI” and KTURE
(Kharkiv University of Radio-Electronics). In [17, 18], GMDH-wavelet neuro-
fuzzy system was suggested and investigated using advantages of neuro-fuzzy
networks and GMDH. In [19], GMDH-cascade neo-fuzzy networks were sug-
gested and investigated in the problem of forecasting. In this work the structure of
cascade neo-fuzzy network was constructed using GMDH which enabled to find
the structure of network and weights of neurons. In [20], GMDH-neural network
with spiking neurons was suggested.

This approach of developing hybrid GMDH—-FNN systems was continued in
[21] where the authors suggested evolving a hybrid GMDH-neuro fuzzy system.
The hybrid system is grounded on both GMDH and the concept of evolving sys-
tems that makes it possible to define both optimal parameter values and the best
structure in every specific case. The important property of the suggested system is
that it does not require any high data volumes to get trained. Adjusting parameters
in a parallel fashion gives an option of increasing a processing speed of data
handling.

FUZZY GMDH: PRINCIPAL IDEAS AND MATHEMATICAL MODEL
CONSTRUCTION

As it is well-known, the drawbacks of classical GMDH are the followings [3, 4]:
— GMDH utilizes least squared method (LSM) for finding the model coeffi-
cients but matrix of linear equations may be close to degenerate and the corre-
sponding solution may appear non-stable and very volatile. Therefore, the special
methods for regularization should be used;
— after application of GMDH point-wise estimations are obtained but in
many cases it is needed find interval value for coefficient estimates;
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— GMDH does not work in case of incomplete or fuzzy input data.

Therefore, in the last 10 years the new variant of GMDH - fuzzy GMDH
was developed and refined which may work with fuzzy input data and is free of
classical GMDH drawbacks [3]. As it is well known, GMDH is based on the fol-
lowing principles [1-3]:

1) the principle of multiplicity of models;

2) the principle of external complement which means that the whole sample
should be divided into two parts — training subsample and test subsample;

3) the principle of self-organization;

4) the principle of freedom of choice.

Fuzzy GMDH is also based on these principles but construct fuzzy models.
Let us consider its main ideas.

In [3-5], the linear interval model regression was considered:

Y=AZy+AZ +..+A,Z,, (1
where 4; is a fuzzy number of triangular form described by pair of parameters
4; = (oc,-,cl-) , where «; is interval center, ¢; is its width, ¢; 2 0.

Then Y is a fuzzy number with parameters determined as follows:
— the interval center:

— the interval width:
T
¢y = Zci|zl-| =c |z|
For example, for the partial description of the kind
f(x,-,xj) =Ay+ Ax; + Azxj + A3x,-xj + A4xl~2 + A5x12-

it is necessary to assign in the general model (1),

2 )
i Z5 =X

ZOZI,Z]Z.X'Z-, 22=xj,Z3=xl~xj,Z4=x j-

Let the training sample be {zj,z5,....,z43}, {V1,¥2,-» Vst Then for the

model (1) to be adequate it is necessary to find such parameters (ct;,c;)i=1,n

satisfying the following inequalities:

a:zk—c;|zk|ﬁyk, k=1,_M.
o'z, +c |zk|2yk,

Let us formulate the basic requirements for the linear interval model of par-
tial description of a kind (1).

It is necessary to find such values of the parameters (oc i,c[) of fuzzy coeffi-
cients for which:

1) real values of observed outputs y, would drop in the estimated interval
for ¥ ;

2) the total width of the estimated interval for all sample points would be
minimal.
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These requirements lead to the following linear programming problem [3, 4]:

. M M M M, M
mln[C0M+CIZ|xki|+C2 Z‘x,g-‘+C3 Z‘xkixlg"+c4 Z‘xki +Cs Z‘xij; ()
k=1 p p Pt ]

2 2
Ay + A X + ayXp; + A3 Xy + AgXjg + AsXjg — (Cy+C |xkl~| +C, ‘xki‘ +

under constraints:

2 2
+Cy ‘xkixk/" + C4‘xki‘ +Cs ‘xkj ‘) < Vi 3)
2 2
Ay + a1 X + Ay Xpg + A3X X + AgXjg + AsXjg + (Cy+C |xkl-| + Cz‘xkj‘ +

2 2
+C3‘xkixkj‘+C4‘xk[‘+cs‘xkj‘) Zyk’ (4)

where C,20, p=0S5, k= I,_M and £ is an index of a point.

As we can easily see the task (2) — (4) is linear programming (LP) problem.
However, the inconvenience of the model (2) — (4) for the application of standard
LP methods is that there are no constraints of non-negativity for variables q; .
Therefore for its solution it is reasonable to pass to the dual LP problem by intro-
ducing dual variables {5,} and {5;.,/}, k= LM . Using simplex-method for the
dual problem and after finding the optimal values for the dual variables {J;}, the
optimal solutions (a;,c;) of the initial direct problem will be also found.

THE DESCRIPTION OF FUZZY GMDH ALGORITHM

Let us present the brief description of the algorithm FGMDH [3, 4].

1. Choose the general model type by which the sought dependence will be
described.

2. Choose the external criterion of optimality (criterion of regularity or un-
biasedness).

3. Choose the type of partial descriptions (for example, linear or quadratic
one).

4. Divide the sample into training N,;, and test N subsamples.

train
5. Put zero values to the counter of model number k and to the counter of
layers r (iterations number).

6. Generate a new partial model £, (1) using the training sample. Solve the
LP problem (2) — (4) and find the values of parameters a;, ;.

7. Calculate using test sample the value of external criterion (NL(lZ])C or
82 ().

8. k=k+1.Ifk>C]2V for »=1 or k>C% for ¥>1, then k=1, r=r+1 and
go to step 9, otherwise go to step 6.

9. Calculate the best value of the criterion for models of r-th iteration. If
r =1, then go to step 6 otherwise, go to step 10.
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10.If |N,, (r)= N, (r=1)|<g or 85{2)(1”) 28%2_)1 (), then go to 11, otherwise

select F' best models and assigning r=r+1, k=1, go to step 6 and execute
(r+1)-th iteration.

11. Select the best model out of models of the previous layer (iteration) using
external criterion.

ANALYSIS OF DIFFERENT MEMBERSHIP FUNCTIONS

In the first paper devoted to fuzzy GMDH [3], the triangular membership func-
tions (MF) were considered. But as fuzzy numbers may also have the other kinds
of MF it is important to consider the other classes of MF in the problems of mod-
eling using FGMDH. In [4], fuzzy models with Gaussian and bell-shaped MF
were investigated.

Consider a fuzzy set with MF of the form:

1D’

up(x)=e ’ ?

Let the linear interval model for partial description of FGMDH take the form
(1). Then the problem is to find such fuzzy numbers B; with parameters (a;,c;)
that:

o the observation y, would belong to a given estimate interval for the set
Y(k) with degree not less than o, O <o <1;

o the width of the estimated interval of the degree o would be minimal;

In [4, 6] it was shown that the problem of finding optimal fuzzy model will
be finally transformed to the following LP problem:
j; 6))

a +a1xkl~ +...+a5x,%j +(C0 +C1|xki|+...+CS‘.X]%]")'\I_:ZIHG, > Vies -
5 5 k=1,M .(6)
ap +ayx +...+asxy; —(Co + Cl|xkl-|+...+ C5‘xkj‘)«/—2lna < Vis

) M M M M 5 M )
mln(COM + Cl Z|xki| + C2 Z‘xk]‘ + C3 Z‘xkixkj‘ + C4 Z‘xki‘ + C5 Z‘xkj
k=1 k=1 k=1 k=1 k=1

under constraints:

To solve this problem like in the case of triangular MF it is reasonable to
pass to the dual LP problem of the form:

M M
maX[ZJ’kSk+M - Zykékj9 (7

k=1 k=1

with constraints of equalities and inequalities:

M M
28k+M - ZSk =0;
k=1 k=1

M M
Zin8k+M_Zini8k:0; (8)
=1 =1
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M 2 u 2
k=1 k=1

M
M M §|in|
£|in|6k+M +1§|in|51« S—'——2lnoc’ )
ettt renns 2
M 5 M ) E‘Xk/‘

Z‘ij‘SIHM +kZl\ij\5k Sma

k=1

Analyzing the dual LP program (5)—(10), it is easy to notice that this prob-
lem is always solvable as there is trivial solution §;, =1, k= 1,2_M Therefore the
initial problem is also always solvable with any data.

Thus, fuzzy GMDH allows constructing fuzzy models and has the following
advantages:

1. The problem of optimal model determination is transferred to the problem
of linear programming which is always solvable.

2. There is so called interval regression model built as the result of the meth-
od performance.

FUZZY GMDH WITH DIFFERENT PARTIAL DESCRIPTIONS:
ORTHOGONAL POLYNOMIALS

As it is well known from the general GMDH theory, models-pretenders are gen-
erated in this method on the base of so called partial descriptions being elemen-
tary models of two variables. Usually as partial descriptions linear or quadratic
polynomials are used. The alternative to this class of those elementary models is
application of orthogonal polynomials. The choice of such polynomials as partial
descriptions is determined by the following advantages:

e Owing to orthogonal property, the calculation of polynomial coefficients
which approximate the simulated process goes faster than for non-orthogonal pol-
ynomials.

e The coefficients of polynomial approximating equation do not depend on
the degree of initial polynomial model so if a priori the real polynomial degree is
not known we may check the polynomials of various degrees and by this property
the coefficients obtained for polynomials of lower degrees remain the same after
transfer to higher polynomial degrees. This property is the most important during
investigation of real degree of approximating polynomial when solving applied
problems.

One of the properties of orthogonal polynomials widely used in this work is
the property of almost equal errors. Owing to this the very large errors do not
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happen, on the contrary, in most cases the error values are small. Therefore the
damping of approximation errors occurs. The application of orthogonal polynomi-
als as partial descriptions in FGMDH was suggested and investigated in [5, 6].

Chebyshev’s orthogonal polynomials
Chebyshev’s orthogonal polynomials in general case have the following form [5]:
F,(&)=T,(&) =cos(varccos&), —1<E<1.

These polynomials have the following orthogonality property:

0 if p=¢&;
I LT, (E)E BEp— o
V é nif p=£=0,

where 4/1— éz is a weighting coefficient (&) in the equation (11).

The approximating Chebyshev’s orthogonal polynomial for y is obtained on
the base of function S minimization:

5= jw(&){y(&) - ibiTi(&)Td& . (12)
From (12) it follows tha? h
\/& ds, k=0;
e Iy(é)T O -

e

Hence, the approximating equation is obtained in the form:
m
¥©) = 25T ().
k=0

As it may be readily seen from the presented expressions, coefficient b,

(13) does not depend on choice of degree m. Thus, the variable m does not de-
mand recalculation of b; V j <m while such recalculation is necessary for non-

orthogonal approximation.

The best approximating degree m" may be obtained on the base of hypothe-
sis that investigation results y(i), i =1,2,...,r, have independent Gaussian distri-

bution in the bounds of some polynomial function y of certain degree, e.g.
m" +u , where

m" +p

ijl,

and the dispersion o2 of distribution (¥ —y) does not depend on L.
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It is clear that for a very small m (m=0,1,2,...) cs,zn decreases as m grows.

As in accordance with the previously formulated hypothesis dispersion does
not depend on m, the best degree m" is the minimal m for which G,y =G4 -

For determining m it is necessary to calculate the approximating polyno-
mials of various degrees. As coefficients b; in the equation do not depend on m,

the determination of the best degree of polynomial is accelerated.
Let we have the forecasted variable Y and input variables x;,x,,...x, . Let us
search the relation between them in the following form

Y =4, f\(x)+ A /5 (x) + ..+ 4, [, (x,,)

where A4; is a fuzzy number of triangular type given as 4; =(a;,c;), functions

121

/; are determined as follows [5, 6]:
m;
filx) = Z:,)bijTj(x[) .
j=

The degree m; of function f; is determined using hypothesis defined in the

preceding section. Denoting z; = f;(x;), we get a linear interval model in classi-
cal form.

Investigation of Trigonometric Polynomials as Partial Descriptions

Let a function f{x) be periodic with period 27 defined at the interval [—m,n], and

its derivative f(x) is also defined at [—m, ]. Then the following equality holds
S(x)=f(x) Vxe[-m,n],

where

S(x) =“70+ " (a; cos(jx) +b; sin (jx)).
j=1

Coefficients a, b; are calculated by Euler formulas:

17 f
a;=— J.f(x) cos (jx)dx; b, _1 If(x)sin(jx)dx.
T T

Definition. A trigonometric polynomial of the degree M is called the expres-
sion:

M
a . o
Ty, (x) :70+ Zl(a ; cos(jx) +b; sin( jx)).
Jj=
The following theorem is true stating that exists such M , 2M < N, which
minimizes the expression [6]:

N
Z(f(xi) —Ty (xi))z .
J=1

Hence the coefficients of corresponding trigonometric polynomial are de-
termined by formulas:
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N N
a; :%éf(xl-)cos(jxl-); b; :%éf(xi)sin(jxi).

Let it be the variable Y to be forecasted and input variables x;,x,,..., X
Let us search the dependence among them in the form:

Y=Af,(x)+ A fr(x)+ .+ 4, [, (x,),

where 4; is a fuzzy number of triangular type given as 4; = (a;,c;), functions

n -

f; are determined in such a way:
JiGxi) =Ty, (x;) .
The degree M; of a function f; is determined by the theorem described in

1

the preceding section. Therefore if to assign z; = f;(x;), the linear interval model
will be obtained in its classical form.

ADAPTATION OF FUZZY GMDH MODELS

While forecasting by self-organizing methods (fuzzy GMDH, in particular), the
problem arises regarding the necessity of huge amount of repetitive calculations
in case of the training sample size increase or while forecasting in real time when
it is needed to correct the obtained model in accordance with new available data.
Taking into account new information obtained while forecasting, adaptation may
be done by two approaches. The first one is to correct parameters of a forecasting
model with new data assuming that model structure did not change. The second
approach consists in adaptation of not only model parameters but its optimal
structure as well.

This way demands the repetitive use of full GMDH algorithm and is con-
nected with huge volume of calculations. The second approach is used if adapta-
tion of parameters does not provide good forecast and the new real output values
do not drop in the calculated interval for its estimate.

In our consideration, the first approach is used based on adaptation of
FGMDH model parameters to new available data. Here the recursive identifica-
tion methods are preferably used, especially the recursive least squared method
(LSM). In this method the parameters estimations on the next step are determined
on the base of estimates on the previous step, model error and some information
matrix which is modified during all estimation process and therefore contains data
which may be used at the next steps of adaptation process [5].

Hence, model coefficients adaptation will be simplified substantially. If to
store information matrix obtained while identification of optimal model using
fuzzy GMDH, then for model parameters adaptation it will be enough to fulfill
only one iteration by recursive LSM method.

The Application of Recurrent LSM for Model Coefficients Adaptation

Consider the following model:
(k) =0"¥ (k) +v(k),

where y(k) is a dependent (output) variable, W(k) is a measurements vector,
v(k) are random disturbances, 0 is a parameters vector to be estimated.
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The parameters estimate O at the step NV is performed due to such formula
[5, 6]:
O(IV) = O(NV ~1) + (M) [¥(V) ~8" (N ~)F(V)],
where y(N) is a coefficients vector which is determined by formula:
P(N-1D)¥(N)

N = ’
V) 1+ YT (N)P(N -D)¥(N)

where P(N —1) is so-called “information matrix” determined by formula:
P(N -2)¥(N-D¥T(N-1)P(N -2)
1+¥T(N-)P(N-2)¥(N-1)

As one can see from (14), the information matrix may be obtained independ-
ently on parameters estimation process and parallel to it. The adaptation of two

P(N-1)=P(N-2)-

(14)

parameter vectors 91T =[05es Oy ] 95 =[(;....,C,,], is performed using the for-
mulas [35]:

0,(N) = 6,(N —1) + 7, (N[¥(N) - 8," (N —1)¥,(N)];
05(N) =05 (N —1) + 7, (N)[ye(N) = 8,7 (N =)W, (N)];
Y.(N)=| p(N) =0 (N-D¥(N) ],

T T
where VY| =[z,...,z,,1; Y5 =[lz1 ]|z, []-

APPLICATION OF GMDH FOR FORECASTING STOCK EXCHANGE
PROCESSES

Consider the application of GMDH and fuzzy GMDH for forecasting at the stock
exchange NYSE. As input variables, the following stock prices at NYSE were
chosen: close prices of companies Hess Corporation, Repsol YPF, S.A. (ADR),
Eni S.p.A. (ADR), Exxon Mobil Corporation, Chevron Corporation, and Total
S.A. (ADR) [7]. As an output variable, close stock prices of British Petroleum BP
plc (ADR) were chosen.

The second problem was forecasting industrial index Dow-Jones Average.
As the input variables in this problem there were taken close stock prices of the
following companies which form it: American Express Company, Bank of Amer-
ica, Coca-cola, McDonald's, Microsoft Corp., Johnson&Johnson, Intel Corp.

The training sample data were taken in the period since 20 September to 14
November 2011. For the test sample, data of Dow Jones Industrial Average were
taken since 15 November 2011 year to 17 November 2011 year [7].

For the experimental investigations, classical GMDH and fuzzy GMDH
were used. For these experiments, the percentage of training sample variants was
chosen 50%, 70%, 90%. Freedom of choice F was taken 5 and 6.

For fuzzy GMDH, triangular, Gaussian and bell-shaped membership func-
tions were used. For Gaussian and bell-shaped membership functions, the follow-
ing level values were taken: a = 0,3; 0,5; 0,7; 0,9.
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To construct models, the following four partial description types were used:
o a linear model of the form:

S (xg,x;) = Ay + Ayx; + Ayx s
e asquared model:
f(x,-,xj) =Ay+4x; + Azxj + A3x,-xj + A4x,-2 + A5x]2- ;
e Fourier polynomial of the first degree:
T =a70+ a; sin(x) + b, cos(x) ;
e Chebyshev’s polynomial of the second degree:
S (x7) = Ao + Ay + Ay (x = 1),

where 4; is a fuzzy number with triangular, Gaussian or bell-shaped membership

function.

For forecasts accuracy analysis, the following criteria of the forecast quality
were used: MSE for test sample, MSE for full sample, MAPE for full and test
sample, Durbin-Watson criterion (DW), R-square, Akaike criterion (AIC), Bayes
information criterion (BIC), and Shwartz criterion (SC). These criteria values
were calculated for each forecast step using the test sample. The results of fore-
cast for BP plc (ADR) shares are presented in the table 1. and for Dow Jones In-
dustrial Average in the table 2.

Table 1. Forecast quality criteria at each forecast step by fuzzy GMDH for
shares BP plc (ADR) closing prices

Step of fore- o Percentage of training sample
pcast Criterion 50% ’ 70% ’ g 90%
MSE test 1,248355 0,793523 0,317066
MSE 0,748864 0,612827 0,485599
MAPE test 2,041366 2,065155 1,386096
MAPE 1,452656 1,723657 1,505965
1 DW 0,686478 1,763043 1,839065
R-square 1,064526 0,938058 1,008042
AIC 2,456985 2,228267 2,053752
BIC -3,268440 -3,063 -2,892253
SC 2,506693 2,277 2,103459
MSE test 1,256828 1,871883 2,440575
MSE 0,728499 0,989650 0,795699
MAPE test 2,072085 2,367006 2,426847
MAPE 1,468987 1,845798 1,656084
2 DW 0,686478 1,795021 1,839065
R-square 1,064526 0,874163 1,008042
AIC 2,456985 2,147717 2,053752
BIC -3,268440 -2,986448 -2,892253
SC 2,506693 2,197424 2,103459
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The flow charts of forecasts for shares BP plc (ADR) obtained by fuzzy
GMDH are presented on Fig. 1 for 2 steps ahead with F = 6, the training sample size

70% and Gaussian MF, significance level a = 0,7 .

| — Input series

2 — Left forecast

3 — Central forecast

4— Right forecast

N —

== |

Value in US dollars, $

10 20 30
Given the numbers of points of the forecast

Fig. 1. Forecast results for BP plc (ADR) shares by FGMDH with quadratic partial de-
scriptions, 3 steps ahead

Table 2. Forecast quality criteria by fuzzy GMDH for Dow Jones Industrial

Average
Step of forecast| Criterion Percentage of training sample
50% 70% 90%

MSE test 40494,427 33109,754 40286,725

MSE 26900,763 62553,804 26432,081

MAPE test 1,462066 1,363148 1,405372

MAPE 1,149183 1,809130 1,191039

1 DW 1,917430 1,013536 1,862203
R-square 0,990922 0,804774 0,849329

AIC 12,753417 13,551054 12,729001

BIC -7,360808 —7,482613 -7,356959

SC 12,796073 13,593710 12,771656

MSE test 41546,293 31602,995 43907,693

MSE 27793,341 61328,007 32746,387

MAPE test 1,481603 1,374860 1,521950

MAPE 1,167355 1,819287 1,280730

2 DW 1,917020 1,013536 1,669879
R-square 0,989976 0,804774 0,811488
AIC 12,753849 13,551054 12,935378
BIC -7,360875 ~7,482613 —~7,389255
SC 12,796504 13,593710 12,978034
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Forecasts by fuzzy GMDH for Dow Jones I.A. shares are presented on
Fig. 2, 3 steps ahead, F =6, the training sample size 70% and Gaussian MF, significance
level a =0,7 .

Walus in US dollars,5

W = » "
Given the numbers of points of the forecast

Fig. 2. Index Dow Jones I.A. forecast results at 3 steps ahead with FGMDH

Further experiments for forecasting share prices of BP plc (ADR) and Dow
Jones I.A. were carried out with application of GMDH and fuzzy GMDH with
different partial descriptions: linear model, squared model, Chebyshev’s polyno-
mials and Fourier polynomials and with application of cascade neo-fuzzy neural
networks as well [7].

The final experimental results of forecasts at 1, 2 and 3 steps ahead with
aforesaid methods for share prices of British Petroleum BP plc (ADR) are pre-
sented in the table 3 and for index Dow Jones Industrial Average in the table 4.

Table 3. Comparative forecasting results for BP plc (ADR) share prices

Forecast results for GMDH Forecast results for fuzzy GMDH

Sg]ecp Partial description (PD) Partial description
Criteria Fouri Fouri
fore- | Quad- | ™I Chebyshev’s| . |Quad-| o' Chebyshev’s
Linear . poly- . | Linear .| poly .
cast ratic .. | polynomial ratic 7 | polynomial
nomial nomial

MSE |0,285 1,905 | 0,859 | 0365 | 0,481 |0,130] 1,691 | 0,757
MAPE | 1,034 1,965 | 1,624 1,114 | 1,374 | 0,813 | 2,960 | 1,459
MSE 0,425/ 3,090 | 1,094 | 0,366 | 0,498 |0,150] 1,742 1,029
MAPE | 1,227 2,916 | 1,814 1,115 | 1,481 08182977 | 1,584
MSE |0,675| 4978 | 2,144 | 0,523 | 0,572 10,308 2,183 | 1,505
MAPE | 1,496 4,434 | 2,050 1,320 | 1,494 [ 0,908 | 3,024 | 1,681

The best results were obtained by fuzzy GMDH with quadratic PD, 70%
training sample and Gaussian MF. The worst results gives Fourier polynomials as
PD. The both GMDH methods, classical and fuzzy, have shown the high forecast
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accuracy. If to compare the accuracy of both methods with linear partial descrip-
tions, then linear model by GMDH has shown more accurate results. But with all
used PD most accurate forecasts were obtained using fuzzy GMDH with quad-
ratic partial descriptions.

Table 4. Comparative forecasting results for index Dow Jones L. A.

Forecast results for GMDH Forecast results for fuzzy GMDH

Sg-;;p Partial descriptions Partial descriptions
Criteria Fouri Fouri
fore- | Quad-| "O"" |Chebyshev’s| . |Quad-| """ |Chebyshev’s
Linear . poly- . . | Linear . |polyno- .
cast ratic . . | polynomial ratic . polynomial
nomial mial

MSE [26900] 38225 | 40142 | 23818 | 25176 (2133242205 | 24464
MAPE | 1,149 1,298 | 1,445 LITT | 1,137 [1,046| 1,487 | 1,125
MSE [27793]39460 | 40930 | 23978 | 25793 223491] 59059 | 24767
MAPE | 1,167 1,322 | 1,445 L119 | 1,143 (1,098 1,614 | 1,144
MSE [37306] 50471 | 41720 | 27337 | 29782 (3829163900 24910
MAPE | 1,230 1,386 | 1,460 1,157 | 1,176 [ 1,099 1,623 | 1,160

The best results were obtained by fuzzy GMDH with quadratic partial de-
scriptions with bell-shaped membership functions and 50% training sample size.
The worst results were obtained with Fourier polynomial as partial descriptions.
The use of Chebyshev’s polynomial as PD in classical GMDH has shown the best
results. In fuzzy GMDH the most accurate estimates were obtained with linear
and quadratic PD.

FGMDH MODEL WITH FUZZY INPUT DATA
FGMDH Model Construction with Fuzzy Inputs

Let us consider the generalization of fuzzy GMDH for case when input data are
also fuzzy. Then a linear interval regression model takes the following form [6, 8]:

Y= Aozo + AIZI +...+ AnZn 5
where 4; is a fuzzy number of triangular shape with parameters 4; =(4,, ;1[-,2,-) ,
where 4; is a center of the interval, 4; — its upper border, and A; —lower border.

Consider the case of symmetrical membership function for parameters 4;, so
they can be described by the pair of parameters (;1,» ,¢;), ¢; —interval width, ¢; >

Let Z; be also a fuzzy number of triangular shape defined as (Z ,-,Z ,-,Z-),
Z;is a lower border, Z,is a center, and Z-is an upper border of the fuzzy

number.
Then Y is a fuzzy number which parameters are defined as follows:

e the center of the interval y =) g, Z;
o the deviation in the left part of the membership function:

f-rZ%(Z ~Z)+c|Z);

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2019, Ne 1 105



Yuriy Zaychenko, Helen Zaychenko

o the lower border of the interval
y= Z(aili _ci‘Zi );
o the deviation in the right part of the membership function:

;—)7 = Z(a,.(Z —Zi) +cl-‘Zl-‘) = Zaiz- - aiZi + ci‘Zi

e the upper border of the interval
y= Z(a,-Z + Ci‘Zi‘) .

For the interval model to be correct, the real value of input variable Y should
lay in the interval obtained by the method FGMDH.
So, the general requirements to a linear interval model are the following: to

find such values of parameters (;11. ,¢; ) of fuzzy coefficients, which ensure [6, 8]:
1) observed values y, should locate in an estimation interval for Y, total

width of the estimation interval should be minimal;
2) these requirements may be redefined as a task of linear programming [6, 8]:

min %(Z(aiz +ci‘Zi‘) - Z(aiZi —Ci‘Zi‘)) ,

ai>C =1

under conditions
22y - ci‘Zik ‘) < Vi

Z (a; Zki +¢

Let us consider partial description (1). Then math model takes the form [6]:

Zul) > v k=1,M.

M o_ M M o_ M
min(2Mcy +a; Y (xik — x) +2¢, Z|)El~k| +ay ) (xjk - X ) +2¢) Z‘ijk‘ +
k=1 k=1 k=1 k=1

a;,c;

M _ _ M M
+az 3 (% |G x —X )+ ‘fjk‘(xik —xy))+2¢3 ), fikfjk‘ + 20, 3 |%y |Grie = x) +
p | pat

=1

M M M
22 = | 22
+2c4 Y X +2as Z‘xjk‘(xjk —X 3 )+ 2¢s ijk) ,

k=1 k=1 k=1

with the following constraints

Ao +a Xy T ar X + a3(—|fik|(fjk —X ) —‘fjk‘(fik =Xy )+ XX )+
C e ) S -2
tay (_2|xik|(xik =Xy )+ X ) +as (2‘xjk‘(xjk =X )+ XT) -
- - . =2 22
) —Cl|xik|—cz X k| = G XikX jk| — CaXikg —CsXjp = Vi s
Ay + a1 Xy +ar)X i + a3 (|75ik|(xjk — X))+ ‘fjk‘(xik = X ) = XX g )+

- T - =2 P ” )
+a4(2|xl~k|(x,'k—xik)—xik )+a5(2‘xjk‘(xjk—xjk)—xjk )+co+

- < - = =2 =2
+cl|xik|+cz‘xjk‘+c3‘x,-kxjk‘+c4xik +esXy 2y, €20, 1=0,5.
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As one can see, this is also the linear programming problem but there are
still no constraints for non-negativity of variables a;, so it is reasonable to pass to

a dual problem introducing dual variables {5, } and {5,,,,}.

Investigations of FGMDH with Fuzzy Inputs at Forecasting Problems

The list of securities used for calculation of RTS index consists of the most liquid
shares of Russian companies chosen by Information Committee and based on ex-
pert judgment. The number of securities may not exceed 50.

The experiment contains 5 fuzzy input variables which are the stock prices
of leading Russian energetic companies included into the list of RTS:

index LKOH — shares of “Lukoil” joint-stock company;

e EESR —shares of “RAO UES of Russia” joint-stock company;

o YUKO — shares of “Yukos” joint-stock company;

o SNGSP — privileged shares of “Surgutneftegas” joint-stock company;

e SNGS - common shares of “Surgutneftegas” joint-stock company;

e OQutput variable is the value of RTS index (opening price) of the same pe-
riod (03.04.2006 — 18.05.2000).

The whole sample contains 32 instances (points) and training sample size is
18 points (optimal size of the training sample for current experiment). The results
presented below were obtained in [8].

Experiment 1. For normalized input when using Gaussian MF in group
method of data handling with fuzzy input data the results of experiment are pre-
sented (see Fig. 3) and table 5: for GMDH, MSE = 0,1129737, for FGMDH,
MSE = 0,0536556.

1,4000

1,2000 A

0,8000 5 X Y

0,6000 —m— Estimation by
distinct GMDH

0,4000 —a— Estimation by
fuzzy GMDH

0,2000 + —x— Upper border by
fuzzy GMDH

0,0000 —%— Lower border by
fuzzy GMDH

-0.2000 2 34567 8910111213141516171819202122

Fig. 3. Results of the Experiment] using GMDH and FGMDH with fuzzy inputs

Table 5. MSE comparison for different methods at experiment 1

FGMDH with fuzzy FGMDH with fuzzy
Error GMDH | FGMDH inputs, inputs,
Triangular MF Gaussian MF
MSE |0,1129737{0,0536556 0,055557 0,028013

As the results of experiment 1 show, fuzzy group method of data handling
with fuzzy input data gives more accurate forecast than GMDH and FGMDH. In
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case of triangular MF FGMDH with fuzzy inputs gives a little worse forecast than
FGMDH with Gaussian MF.

Experiment 2. RTS-2 index forecasting (opening price). The whole sample
size is 32 instances and the training sample size is 18 ones. For normalized input
data using Gaussian MF in FGMDH with fuzzy input data the following experi-
mental results were obtained presented in the table 6 [8]: MSE for GMDH =
0,051121, MSE for FGMDH = 0,063035.

As the results of the experiment 2 show (Table 6), fuzzy group method of
data handling with fuzzy input data gives better result than GMDH and FGMDH
in case of both Gaussian and triangular membership functions.

Table 6. Comparison of different methods at experiment 2

FGMDH with fuzzy | FGMDH with fuzzy
Error GMDH FGMDH inputs, inputs,
Triangular MF Gaussian MF
MSE 0,051121 | 0,063035 0,061787 0,033097
CONCLUSION

In this paper, the review of main results dealing with fuzzy inductive modeling
method FGMDH is presented. This method enables to construct models of com-
plex processes using experimental (statistical) data. Two different FGMDH ver-
sions were presented and discussed: with crisp inputs and fuzzy inputs.

The advantage of fuzzy GMDH is that it does not use least square method
for search of unknown model coefficients opposite to classical GMDH and there-
fore the problem of possible ill-conditioned matrix does not exist for it.

Besides, fuzzy GMDH enables to find not point-wise forecast estimates but
interval estimates for forecast values which allow to determine the forecast accu-
racy.

The generalization of fuzzy GMDH with fuzzy inputs was also considered
and analyzed. The experimental investigations of GMDH and fuzzy GMDH in
problems of share prices forecast at NYSE and Russian stock market RTS were
carried out. The comparative results analysis has confirmed the high accuracy of
fuzzy GMDH in problems of forecasting in financial sphere.
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ONIHIOBAHHSA AJAIITUBHUX PE3EPBIB JIIOAUHU
3A JAHUMMU ITYJIbCOMETPII

I.A. 3AITOPOXKKO, JI.A. BOPO3EHEIb, B.I. 3YBUYK

AHoTaniss. Po3ryisHyTO # OmMcaHO apXiTeKTypy Komiuiekcy. HaseneHo mporpamHo-
arapaTHUIl KOMIUIEKC peecTpallii Ta 0OpoOIeHHS JaHUX ITyJIbcOMETpii. 3alpornoHOBaHO
KUTbKICHHET KpUTEpiii OLiHIOBAHHS (DYHKIIOHAIBHOTO CTAHY CEpPLIEBO-CYIHMHHOI CHCTEMH
— iHzeKe (HOPMH ITyITBECOBOI XBUIIi 3 BUKOPHCTAHHAM HPSIMOTO i 00EpHEHOTO NIEPETBO-
pennrss @yp’e Ta aHamily HOro XapaKTepuCTHK. JOCTIDKEHO AWHAMIYHI BIACTHUBOCTI
MyJIECOBOI XBHJII y CTaHi crokoio. HamaHo pe3ynbraTd IOCHIDKEHb iHIEKCY (GopMu
MyJIECOBOI XBHJII JUISI TPYII IOOPOBOJIBLIIB PI3HOTO BIKY 1 cTaTi. 3arpornoHoBaHO KiTbKic-
HMI KpHUTepii R /I OLHIOBaHHS aJJANTHBHUX PE3epBiB 0OCTE)KYBaHUX, BUBEIICHUIT 3a
JIOTIOMOTOI0 HaBYaHHS HEMPOHHOT MepesKi 31 3BOPOTHUM IOIIMPEHHM roxuoku. Hase-
JICHO HOPMH R 3 ypaxyBaHHsIM BiKy 1 CTaTi JIFOJMHH, & TAKOXK Pe3yJIbTaTH CTATUCTHYIHOIO
00poOJIeHHsT BXiIHHUX JaHUX. BUKOHAHO aHali3 MOXJIHMBOCTEH PO3pPOOJIEHOro IMpo-
rpaMHO-anapaTHOr0 KOMIUIEKCY, BUCYHYTO IPOINO3MUMLII IIOAO BIOCKOHAJCHHS SK
amaparHo, TaK i IPOrPaMHO.

KunrodoBi cioBa: niarnoctuka, GyHKIIOHATEHUN CTaH, ITyJIbCOBA XBHIIS, Oioyorid-
HUH BIK, IHIEKC GopMH.

IMOCTAHOBKA ITPOBJIEMHA

BusHaueHHs aganTUBHUX PE3EpBiB 30pOB’S TIOJMHU € OJHUM 13 3aBAaHb JliarHO-
CTHKH 1 Ma€ Ha METi OTPUMaHHs KUIbKICHOI OI[IHKM ()YHKIIIOHAIBHOTO CTaHy OC-
HOBHHX CHCTEM Y IPOIeCi 3J0pOB’sl Ta BUHWKHEHHs naToiorii [8]. Ilix agantus-
HAMH pe3epBaMu a00 KoediIlieHTOM 370poB’s [4] pO3yMIIOTh CYMy pPE3epBHHUX
MOTY>KHOCTE OCHOBHHX (DYHKITIOHANBHUX CHUCTEM, MOKA3HUKH SIKUX Y CIIOKOI Ta
i/l 4ac HaBaHTAXXCHHS JTO3BOJIIFOTH POOUTH BUCHOBOK IPO 3[aTHICTH OPraHi3my
HiATPUMYBAaTH HOPMaIIbHUI (YHKIIOHATBHUI CTaH B yMOBaxX 30BHIIIHIX 1 BHYT-
pimHiX Aectabini3yBanbHUX (HaKTOPIB.

AHAJII3 OCTAHHIX JOCJIJKEHD I ITYBJIKAIIIA

OJIHI€I0 3 OCHOBHUX PETYISATOPHUX CUCTEM JIFOJIUHH € CEPIIeBO-CYIMHHA CHCTEMA
(CCC), dyHkuioHATBEHUN CTaH KO 3a3BUYaii OLIHIOKOTH 33 JAHUMH CHUCTOJIIYHO-
ro (Ps) 1 miacroniunoro (Pd) Tucky, yacrotu cepueBux ckopouenb (UCC) (HR) 3a
nmoromorow iHaekcy Kepno [ =(Ps—Pd)/HR abo BEreTaTMBHOTO IHICKCY
VI =100-(Ps — Pd/ HR) [3]. Taki mOKa3HUKH XapaKTePU3yIOTh TOHYC CEPIl, aie
HE BPaxXxOBYIOTh CTaHy Ta OCOOJUBOCTEH Tak 3BaHOTrO mepudepiiinoro cepus [5],
TOOTO POOOTY MIKPOKAIUIIPHOI CHCTEMH CKEIETHUX M’S31B, SIKa BHKOHYE 3HA4-
HUI 00csAT poOOTH y TPAHCHOPTI IO BETUKOMY KOy KpoBooOiry. IuHamika ¢yH-
KIIOHYBaHHs niepudepiitHoro cepist Moxe OyTH ocIiaKeHa 3a (POPMOIO ITyIIECO-
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BUX XBWJIb Y M SI30BUX TKaHUHAX. [lOCHiIPKeHHS MyIbCOBUX XBHJIb 3 AaBHIX YaciB
BUKOPHCTOBYBAJIOCh Y THOCTCHKIA MEAMIIMHI JUIsl TIarHOCTUKYU CTaHy JFOAUHU [2]
Ha gxicHoMy piBHi. KinbkicHa oriHka (yHKI[IOHATBHOTO CTaHy JIOJHWHH, OIliHKA
aIaTHBHUX PE3EPBiB K MOKa3HHUKA 3/I0POB’S HA 3acajiaX aHaNi3y Ta O0UYHMCIeHHS
nokazHuKiB PyHkIionyBanHs CCC € akTyaJbHUM 3aBIaHHSIM HIarHOCTHKHU 1 BH-
pitryeTrscst 3acobamMu MPOrpaMHO-anapaTHOro KOMILIEKCY .

Merta nocriaKeHHs1 — BUBECTH KUTBKICHHIA KPUTEPil OI[iHIOBaHHS (YHKITi-
onanpHOro ctany CCC. Po3poOutu nporpaMmHo-anapaTHUI KOMIUIEKC, IKH Mae
3MOTY BU3HAYaTH 3allPONOHOBAaHUM KPUTEPIH Y PEKHUMI PEIbHOTO Yacy.

BUKJIAJEHHS OCHOBHOI'O MATEPIAJTY

Meron mociipkeHHS TepudepiifHOi TeMOJWHAMIKH OCHOBAaHWH Ha peecTparii
napameTpiB ONTHYHOTO BUIIPOMIHIOBaHHS, IO TPOXOJHUThH Yepe3 AUISTHKY KHBOT
TKaHWHU, TOOTO KaIliJISIPHY CITKY 3 IyJBCIBHOIO KpOB’10. BapiabenbHicTh hopMu
TyJIbCOBOT XBUJI1 JTIOAMHHN Ma€ CKIAAHy TUHaMIKy. Tak camo, sk 1 BapiabenbHICTh
CepIEeBUX PUTMIB, BOHA JIO3BOJISE aHAII3yBaTH NIepeXijl OpraHi3My Bifl cTaHy 370-
POB’Sl 1 CIIOKOIO JI0 SIKOTOCH iHIIOTO (PYHKIIOHAJIBHOTO CTaHy. AKTyaJIbHHUM 3a-
BJIAaHHSIM € PO3POOJICHHSI METOMIB aHaJi3y JUHAMIKH ITyJIhCOBOI XBHIII i MoOymOBa
KOMITJICKCHUX OLIIHOK (PYHKIIIOHAJIbHUX CTaHiB JFOIUHH.

Jlnst 30upaHHs JaHUX MyJLCOBUX XBHJIbL OyB po3po0eHuii Ta 3i0paHuii mpu-
Jaj, U0 CKJIAAAEThCS 3 TPHOX OCHOBHHUX MOJYJIiB:

1) Moyt aBTOMaTHYHOTO BHMIPIOBAaHHS 1 peecTpallii myIbCOBOI XBUIII;

2) MomyIsi 00poOeHHs Ta Kiacuikallii CUTHAIY Ha OCHOBI pPO30UTTS CHUT-
Haixy R-R Ha iHTepBamy 3 iX MOJANBIINM aHATI30M;

3) Moyl HABYAHHS CHCTEMH 32 JIOTIOMOT 00 HEHPOHHOT MEpexi.

Hnst peectpanii mynbcoBoi xBwii (puc. 1) OyB BHKOPHCTaHWH OaT4HK
HLC1395-002 ©Ha BigOWTTSA, HEIHBEPTYBAIBHHWM IMICHIIOBAadY, 3i0paHuii Ha
LM358, momgynsTop curHainy Ha ocHOBiI TpaH3uctopa 74HCT14D, kepoBaHOoro
MyJbTHBIOpaTOopoM Ha Tpurepi [IminTa, mist 38’°s3ky 3 T1K.

R7 5y
51 kOhm R9 i
- c4 51 k Ohrn
100k Ch 1 uF — L+
10kKO
o1 —| DAz — o
1 UF B Rz
t ol :
I Ee
T s0uA DDA
S o1 RT1
Z}ZQ R4 Ra R10 10 k Ohrm CH
VTl 5.1k oh 1ROhM |1k ohm L WT2 10 1A
c3
5UF L s
T 0nF

Puc. 1. Cxema peecTparopa IIyJIbCOBOT XBHUIII

CwmyroBuit pinsTp 3a0e3neuye mpomnyckaHHas Bix HmkHIX (~ 0,2 ') no Bepx-
HiX (~ 26 I'mr) gacTorT.
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s peanizanii Moayns oOpobnenHs Ta kiacudikauii BUOpaHo ciM 10 MiKpo-
KOHTpoJiepiB Atmega328 ma 0a3i Arduino, sxuit Moke OyTH TiIKITIOYCHUH 10
KoMII'FoTepa 3a Jornomororo nopty USB abo aymioxoay mikpodoHa.

Peecrparist mpoBoanmacs MeTooM iHQpadepBoHOi TeTH3Morpadii Ha Bif-
OUTTA B KIHI[IBKaX.

AHani3 pe3ynbTariB i ix kiacudikarlisi BAKOHYBaIHCS 3a JIOTIOMOTO aJiro-
puTMiB muHamigHoro mporpamyBaHHs (DTW) 1 Oe3mepepBHOTO BeHBIET-
neperBopeHHs (CWT) Ha TphOX OCHOBHHX HaTepHAX:

1) mynbCcoBOT XBUIII HOPMU;

2) BUCOKOTO NepUEepUIHOTO OIIOPY;

3) HU3BKOTO EpUGEPUIHOTO OTIOPY.

st aranizy crany CCC HaOupaeThes 0a3za JaHUX TaKUX IMapaMeTpPiB JIFOA-
CBKOTO OpTaHi3my:

e JMHAMIKa MyJIhCOBOI XBWIL. IlyIbCOBY XBWIIIO OTPUMYIOTH Y BHTJISAII
IUcKpeTHOI (YHKIII y daci i3 3alaHoI0 MPHUIAJOM YacTOTOIO ITHUCKPETH3aIlii.
Ilpunan ¢ikcye Bim mpairor0voro B iHQpadepBOHOMY CHEKTPi JaTYMKA OMTHYHI
CHI'HAJIM 3 KaNIApiB ManbLs JTIOAWHH, TPOMOITYIbOBaHI 32 3aKOHOM IPOXOJDKEH-
HS ITyJIBCOBO1 XBHITI Uepe3 KaIIIPH Y TI0JTi 30pY JaTIHKa,;

e HacHueHHs KpoBi KucHeM (SpO,), M0 PeECTPYETHCS 3a JOMOMOTOIO ITYJTh-
COKCHUMETpa 1 JO3BOJISIE OLIHUTH CePeIHIN MOKa3HUK OKCUIeHaLlii KPoBi;

e aprepiajbHUIA TUCK JIOAWHHU (CHCTONIYHHUN Ta miacTomivyHuii). s Bumi-
PIOBaHHS BUKOPUCTOBYBABCS CTAaHJAPTHUH €NEKTPOHHUI BUMIPHUK THCKY:;

® 3piCT i Maca JIFOINHH.

Mopnynb peectparii onepye JTaHUMH IyJIbCOBUX XBHJIb OOCTE)KYBaHHX, SIKi
OTPUMYIOTHCS 32 JIOMTOMOTOI0 TIPHJIAY PEeeCTpallii myapcoBoi XBuii. OMHOYACHO
BHOCSITHCA J1aHI BUMIpIOBaHHS apTepialbHOTO THUCKY, aHTPOIIOMETPHYHI AaHi Ta
nmaHi anamuesy. Lli maHi moTpiOHI mepemyciM A HarpoMaKEeHHS! CTATUCTHKH i
MOAANBITION Kiacudikaii pi3HUX cTaHiB opranizMy. OCHOBHOIO ()YHKITIOHAIEHOIO
CKJIaJIOBOIO I[LOT'O MOJYJIS € PEECTpallisi MyJIbCOBUX XBHIIb 3 TPUIIAAY. XBHIII HO-
TpeOyI0Th MOJATIBLIOr0 OOPOOICHHS A BUAUICHHS 13 CUTHATy KOPUCHOI JiarHocC-
TUYHOI iH(popMarii mpo GopMy MmyIbCOBOI XBUIII B OKPEMHUX ITepiofjaX KOJIUBAaHHS,
Ky MOXKHA Kiacudikysatu [9].

Jlnist mepeBipKy HAsIBHOCTI 3aKOHOMIPHOCTI 3MiH MYJIbCOBHX XBUJIb 3 BIKOM y
JKIHOK Ta YOJIOBIKIB BUKOPHUCTOBYBajiachk BUOipka 3 187 moOpoBosnbiis — 87 xi-
HOK 1 100 40JI0BIKiB.

[ToGymoBana 3a Bciero BUOipKOrO MaTpuild KoedimieHTiB kopensrii Ilipcona
NoKasaja, IO CTAaTUCTHYHO Ha OLIHKY BIKY NMPHOJM3HO OJHAKOBO BIUIMBAIOTh
TaKi MOKa3HUKH, sIK iHJekc Gopmu F, cuctomiunuii (CAT) i miacromiuauii (JAT)
aprepiaibHUN THCK Ta Maca (Tabxa. 1). [Ipudgomy cam iHmekc dhopMu Mae Hai-
OBl CTATHCTHYHY 3aJISKHICTh 3 BikoM 1 HezHauHy i3 UCC Ta 3pocTom mroau-
HH. SIK CHCTONIYHUM, TaK 1 JiacCTONIYHUMN TUCK y 3J0POBHX JIOJEH MalOTh BUCOKY
KOPEJISAIiI0, TOMY CIiJ TOCHIAWTH, YU AOIIIHHO BUKOPHUCTOBYBATH OOHM/IBA IIi TO-
Ka3HWKHU IS PO3III3HABAHHS, UM IOCTATHHO BHOpATH JIMIIE OJHH 3 HuX. LlikaBum
€ (pakT cTaTHCTUYHOT KOpPENALii MacH 1 CUCTOJIITYHOTO TUCKY.

3MiHM B po30HTTI BUOIPKH Ha YOJOBIKIB Ta JKIHOK, 8 TAKOX Y BUJIyYEHHI CH-
cToiiyHOr0 ab0 MiacTOJIYHOTO THCKY € He cyTreBuMu [8]. Ha migcraBi mporo
c(OpPMOBaHO TPABHUIIO OLIHIOBAHHA 0i0JOTIYHOTO BIKY (Tabn. 2) Iuis JKiHOK Ta
YOJIOBIKiB.

112 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 1



OyYiHI08AHHA A0ANMUBHUX Pe3ep8i6 TOOUHU 3a OAHUMU NYTbCOMempiIl

Taoauusa 1. Marpuus Kopessuii

Bik | Crath F | SpO’ | UCC | CAT | JAT | 3pict | Maca

Bik 1 0,06 -0,45 | -0,24 | -0,18 | 0,43 | 0,40 | -0,17 0,42
Crare | 0,06 1 0,20 | -0,32 | 0,01 | 0,22 | 0,03 | 0,60 0,49
F -0,45 0,20 1 -0,10 | 0,29 | -0,10 | -0,23 | 0,30 | -0,02

SpO” | 024 | -032 | -0,10 | 1 | -0,07 | -0,02 | 0,02 | -0,11 | -0,25
qcc | -0,18 | 001 | 029 | -007 | 1 | 0,02 | 0,10 | -0,06 | -0,03
CAT | 043 | 022 [-0,10| 0,02 | 002 | 1 | 060 | 0,11 | 048
AT | 040 | 0,03 |-023] 002 | 0,10 | 0,60 | 1 | -0,08 0,36
3pier | -0,17 | 0,60 | 030 | -0,11 | -0,06 | 0,11 | -0,08 | 1 0,44
Bara | 042 | 0,49 |-0,02 | 025 | -0,03 | 048 | 036 | 044 1

Taoauusa 2. Po3nonin ¢pakTopiB BIUIMBY HA O10JOTIYHUHN BiK Y MIpy CITafaHHS

Kinkn Maca F CAT | 3picr | SpO* | uyccC AT
YooBiku F Maca SpO, 3picT CAT qcc JAT

BumipsBum 3MiHM KOHIEHTpALil epUTPOLIUTIB MiJ 4ac MyJbCyBaHHS KpOBi
3a JIOMOMOTO0 MPUIATY, OTPUMYEMO Tpadik, SKUH MOKa3ye MepioJuuHi KOJH-
BaHHSA 1i€] KoHIeHTparii. CUTHaNI po30MBAETHCS Ha TIEPiOIH, KOKHUHN 3 SIKUX M-
JsiTae MporpamMHiil mepeArCcKpeTH3allii 10 3a1aHoi KiIbKOCTI BIIJTIKIB, HOpMaTi3y-
€ThCS 32 AaMIUTITymor0 1 (imbTpyeTbes Bim mmymy. llicns ycepemHeHHS
HOPMaJTIi30BaHHUX ITyJIbCOBUX XBHJIb OTPUMAHO ycepeaHeHy (PopMy OTHOTO Tepi-
OJly TyJbCOBOI XBHUII.

3a (hopMOrO MyJILCOBUX KOJIMBAHb MOYHA 3 TICBHOIO MMOBIPHICTIO OIIiHIOBaA-
TH O10JIOTIYHMI BiK JIFOIWHU, OCKUIBKH, K MTOKa3aHO y Tpaii [6], 3 BIKOM Xapak-
Tep i€l XBWIi 3MIHIOETBCA. 3a YCEPEAHECHUM IEPIOJOM, OTPUMAHUM 3a JESKUN
NPOMIDKOK BHUMIPIOBAaHHS IYJbCY AJsI TPYN OOCTEKYBaHMX, MOXKHA 3 BHKOPHC-
TaHHSAM IMTYYHOI HEWPOHHOI Mepeki BU3HAYUTH 3aJICKHICTH (DOPMH MYIILCY Bix
BIKY JUTS JIFOJIeH 000X cTaTell 3 ypaxyBaHHSIM aHTPOIIOMETPHUYHHX JaHHX.

Jns xinbkicHOI OIiHKHM (PYHKIIOHATBHOTO CTaHy i 010JOTiYHOrO BiKy 00-
CTe)KYBaHHX 3alpPOMOHOBAHO iHIACKC (DOPMH, SKHUH JO3BOJSIE BiJCIIIKOBYBATH
3MiHy (opMu ycepenHeHOTO Tepiofy MyJbcoBOi XBHIi. [HAEkc dopmu s yce-
peIHEHOT XBUIII BU3HAYAETHCS 32 HOPMYIIOI0

N N
F=[Ya’ +Zbl.2/w/a12+b2, (1)
i=2 i=2

N i .
o =230, cos o) =230, cos 221,
P j=1

ne, skmo 17 =1,

N N ;
by =2 U sin (koo jA) = 23U, sin[kznjj .
Tj=1 ’ j=1 ’ N

ne k — HOMmep rapMmoHiku; U j — 3HAYCHHA aMILTITYIW BiJUTIKY B TOYI j;

N — KUTBKICTh BIIJTIKIB YCEPEAHEHOI ITyIHCOBOT XBHITI.
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UYucnoBe 3HaueHHS 1HACKCY MOKa3ye CKIAAHICTh POpMHU XBHII, TOOTO ii Bin-
MIHHICTB BiJl IPOCTOI CHHYCOi1, OCKUTBKH aMIUTITyId TAPMOHIK OLITbII BUCOKOT
4acTOTH OyIyTh MaTH Pi3HI 3HaueHHS. Y HOPMIi 3Ha4Y€HHS IHAECKCY (HOPMU ITyIIb-
COBOT XBWJI [UIsl KOXKHOTO IEPiOLy 3MIHIOETHCS B iHTEpBaJi AESIKOTO CEPEIHBOTO
3HadeHHs. Llei mporiec € pe3ynpTaToM MuxaHHS Ta HacmiakoM marpumanas CCC
CTabIIBHOTO PEKUMY (DYHKIIIOHYBaHHS. 3a JIOTIOMOTOI0 HaBYAHHS INTYYHOI HEH-
POHHOI Mepexi HOpMH iHIIEKCY pe3epBiB F ToaaHo Ha puc. 2.

138

220cm
160cm
100cm

Iunexc popmu

] 10 20 30 40 50 60 70 80 S0 100

Tanexc Gpopmu

o 1‘0 2‘0 3‘0 r’:‘O SIU 6‘0 ?‘0 S.O 9-0 1 UO
6 Bik
Puc. 2. Hopmu inaekcy pe3epBiB F: a — Jijist HOJIOBIKiB; 6 — JIJIsl )KIHOK

3aBmaHHs 1i€i poOOTH TOJNSATAE Y MOCHIIKEHHI TUHAMIYHUX BIACTUBOCTEH
MyJIbCOBOI XBHJII ¥ CITOKOI, M1 TTOOYOBH YMCIIOBHUX OIIHOK aIalITUBHHUX pe3ep-
BiB OpraHi3My Ta IUIS MOJANBIIOTO BUBYEHHS IHIIMX MOXIIMBHUX BapiaHTIB CIO-
CTEpPEKEHHS 3a JUHAMIKOIO XBWJI B pa3i MaToJorii, HaBaHTaXeHHs Ta iH. IcHy-
I0Th METOJHM OLIHIOBAHHS aJaNTUBHHUX pPE3EPBIB JIOJUHU, A TaKOXK METOIU
JIarHOCTUKU Ha OCHOBI mociimkeHHs auHamiky YUCC, ajne auHaMiKa KOJIMBaHb
(hopMu yIHCOBOT XBMITI JIOCi MOTPeOy€E BUBUCHHS.

AHaniz HasgBHOCTI 3aKOHOMIPHOCTI y 3MiHi iHAeKcy (opmMu B uaci y craHi
CIIOKOIO BHKOHYBABCS Ha OCHOBI PO3paxyHKy aBTOKOpeIiiHO1 GyHKIIT (puc. 3).
Jlst miaTBepHKeHHS HYJIHOBOI TIMTOTE3W PO HASBHICTH aBTOKOPEIIAIT 3aTUIIIKIB
3acTocoByBaBcs kputepiil Jlapbina—Yorcona. 3Hauenns D = 0,003, D, =1,592,
D,i, =1,506 cBiguaTh npo HasBHICTH AOAATHOI aBTOKOPEJIALIT 1 rinore3a He Bia-
KUJIAETHCA.

VY crani cokoro aBTokopeAiitHi hyukmii iHmekcy dopmu i UHCC 3na4HO He
3MIHIOIOTh CBOi 3Ha4eHHS BiHOCHO O 1 MAaIOTh OCTATHBO YiTKY MEPiOAHYHY
¢bopMy, MO0 CBINYUTH MPO HASBHICTH JOESKOT0 KOJIMBAJIBHOTO MPOLECY 3MIiHH
(hopMu XBUIII y CITOKOT; iIMOBIPHO II€ MTOB’S32HO 3 AUXAHHSIM.
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Puc. 3. ABTokopernsmiitaa GpyHKIis Bapiariit ingexcy Gopmu F

I3 HaBeeHOTO aHAI3y OTPUMYEMO BHCHOBOK, IO 3a JUHAMIKOIO 3MIHU 1H-
JieKCy (hOpMHU MOXKHA OIIHIOBATH HASBHICTH JISIKUX TPOIIECIB, BIIMIHHUX BiJ HO-
pMH, SIKi BILTUBAIOTH Ha (popMy ITyJIbCOBOI XBWIi. J[JIs aHAIi3y mUX TpPOIIECiB MO-
JKHA 3alPONOHYBATH KiIBKICHY OIHKY, SIKY MOXKHA PO3paxOBYBaTH JJIS JISSIKOT'O
HEBEJIMKOI0 BiIPi3Ky yacy, B IKOMY BiIOyJOCS JAEKibKa MepioAiB MyIbCYBaHHS.

Jig OUiHKM 1HAEKCY aJanTHBHHUX PE3EPBIB HAa OCHOBI aHami3y AMHAMIKH
3MiHH 1HACKCY (OPMH ITyJICOBOT XBHIII 3aIIPOIIOHOBAHO KPUTEPIi:

R_Fmax_Fmin .
- >
Fmid
R= Fmax B Fmin
9
Enid
ne F — MakcHUMaJbHE 3HAYEHHS 1HIEKC OpPMH Y BHOpPaHOMY IHTEPBAJII,;
max

Fin — MiHIManbHe 3Ha4eHHs iHaekcy gopmu y BuOpaHomy iHTepBami; .4 —

3HAYCHHSA 1HACKCY (POPMU IS yCepeIHEHOTo TIepiomy Uik BUOPAHOTO iHTEpBAITY,
sIKe BU3HAYa€eThCs 3a popmysioro (1).

Ha ocHOBi KiNbKiCHOI OLIHKKA MOKHa MOOYyIyBaTd HOPMH 3a JOIOMOTOIO
HEMPOHHOT MepeXi IS YOJIOBIKIB 1 XKIHOK 3 ypaxyBaHHsM 3pocTy [7], Ak 1e Oyio
3po0iIeHo I 1HAEKCiB (DOPMH 3a yCepeaHEHHM 3HAUCHHSM ITyJIHCOBOI XBHIII.
Hopmu moOynoBaHi 3a JOMOMOrO0 HaBYaHHS INTYYHOI HEHPOHHOI Mepexi, 3a
ITOPUTMOM 3BOPOTHOTO TIOIIMPEHHS MOXMOKW Ha BUOIpI, sika ckiananacs Oi-
neime Hix 3 200 BuMiproBanb. Bubipky mojijieHo Ha HaBYalIbHY BHOIPKY 1 T€CTO-
BY BUOIpKY IS OLiHIOBaHHA MOXUOKHU. Tak camo, sk i i1t mo0ym0BH HOPM 3MiHU
iHAeKcy GopMu AJIsl ycepeIHEHUX XBWIIb, € BXKIIMBUM ypaxyBaHHS CTaTi Ta 3poc-
Ty SK JONOMDKHHUX napamerpiB. lle mae 3mMory moOymyBaTH CiM 10 3aJIS)KHOCTEH
JUIS pi3HUX MapameTpiB. OTpUMaHi BiKOBI 3aJIEXKHOCTI KpUTEpit0o R IS pi3HOTO
3pOCTY JJIs YOJIOBIKiB Ta JKIHOK Y HOpPMI ITOKa3aHO Ha puc. 4.
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Puc. 4. Hopmu inznekcy pesepBiB R: a — JUIS YOJOBIKIB; 6 — IS )KIHOK
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ITporpamuo-amapaTHHil KOMIUIEKC 3a0e31edye MOXKINBICTh BU3HAUCHHS aJanTH-
BHHX PE3EPBIB JIIOAMHHN HA 3acajJax BUMIpPIOBaHHS IMapaMeTpiB ITyJIbCY Ta aHTPO-
nomMeTpuuHuX naHuxX. OLiHKa 332 JOIOMOrorw KoedilieHTa pe3epBy R, y SKOMY
BUKOPHCTOBYIOTHCS JIaHi PO IWHAMIKY 3MiHU iHJIeKCy (hopMu F, 1ae 3MOTy aHa-
Ji3yBaTH CTaH OpPTraHi3My B MPOIECi KHUTTEMISUTLHOCTI 32 HABAHTAXKEHD Ta 1HIITUX
(akTopiB, AKI BIIXWIAIOTH OpPTraHi3M BiA cTaHy HOpMH. JlociipkeHHs MoKa3aiy,
o0 BapiaOenbHICTh (GOPMHU MYJBCOBOI XBHJII y CTaHi CIIOKOIO, iHIeKc ¢opmu F),
1H/IEKC aJanTUBHHUX pe3epBiB R y HOpMi 3MEHIIYIOTHCS 3 BIKOM, a iHAWBIAyaJIbHI
NOKa3HUKU F 1 R 1i1st 00CTeXXyBaHUX O3BOJSIIOTH OLIHUTH iX (DyHKUIOHATBHUHN
CTaH. 3a JIOTIOMOTOI0 IITYYHOI HEHMPOHHOI Mepeki BHU3HAYEHO 3aKOHOMIpHOCTI
3MiHHM 3alpONOHOBAaHOTO 1HAEKCY pe3epBy R 3 BIKOM 3 ypaxyBaHHSIM aHTpPO-
MOMETPUYHHUX OCOOIMBOCTEM.

[InanyeTbes iHTErpauis po3po0ieHoi METOIUKH K 010JOTYHOIO 3BOPOTHO-
T0 3B’S3KYy JUIS TIONIMIIEHHS PE3yNIbTATIB TEPaNeBTUYHUX IpoIenyp. AmaparHa
YacTHHA MOKe OyTH BAOCKOHAJEHA 3aMiHOI0 MIKPOKOHTpOJIEpa Ha OUIbII MOTYX-
HUAW PO3IMIMPESHHAM KUTBKOCTI JAaTYMKIB Ta OUTBHII peTEeIHHUM ITiI00pOM CTaTH-
HUX KOMITOHEHTiB. MoJiBe mepepoOaeHHsT MOZeTi 3 10aBaHHAM HOBUX 3MiH-
HUX Ta PO3MIMPEHHIM KPUTEPIiB OLIHIOBAHHS.
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Abstract. IoT based e-Health solutions is an upcoming trend which will revolution-
ize the healthcare in the near future. IoT has evolved from micro-electro-mechanical
systems (MEMS), wireless technologies and Internet which together offer connec-
tivity of systems, microelectronic devices, and medical services and allow data
processing at the edge. That at the same time allows to save computational resources
and avoid unnecessary point of failure, such as centralized synchronization point.
Monitoring of patients’ vital signs parameters (measured at home) is achieved by us-
ing modern Internet of Things technology which provides networkable connections
between portable diagnostic sensors, their cell phones, cloud data storage with pa-
tients’ Personal Health Records and professional health providers. This paper ex-
plores possibilities of using fog computing approach to shift data processing and
computations from cloud to the edge and to build a multi-scope infrastructure for
mHealth and citizen-observation system, based on SOA approach.

Keywords: wireless sensor networks; personal health systems; cloud services; IoT;
fog computing; service-oriented architecture (SOA); mHealth; communication; in-
frastructure.

INTRODUCTION

Previous developments of medical mobile applications usually were monolithic
ones, designed for a fixed HW infrastructure. The whole application must be de-
veloped and deployed in one piece and the entire tier must be retested and rede-
ployed when something is changed. Hundreds of applications for smartphones
with various operating systems have been created by different providers. We are
mostly the first who start to investigate advantages of service-oriented architec-
ture in mobile medicine. This paper is a generalization of the author's publications
on the possible usage of the service-oriented computing paradigm (SOC) for
building a medical services platform which allows unifying the development of
applications for patients, doctors and the central server by orchestrating and com-
posing web services from a common cloud repository. Due to this approach the
created applications can be adapted to the particular patient, his disease and the
plan of his treatment at home.

Many specialists in the world believe that patient empowering can transform
medical care. Wireless internet connectivity, cloud computing, mobile devices
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(smartphones and tablets), mobile applications and sensors modernized clinical
trials, internet connectivity, advanced diagnostics, targeted therapies, and other
science enable the individualization of medicine and force overdue radical change
in how medicine is delivered, as well as regulated and reimbursed. Let’s imagine
that every medical sensor (or another data resource) of that ecosystem has its own
URI allowing doctors and patients interact with it via the web browser, and at the
same time every sensor can have the software interface — a set of web services
allowing intelligent software agents to interact with it (analyze the data etc.) on
behalf of doctors and patients. Certainly, the integration of that with the classical
medical record is vital. Mobile devices are being used to capture data at the point
of care and to keep the lines of communication open no matter where the doctor
is, and they’re being used at home to record and send vital health data back to the
health professional and, in turn, to send important healthcare management infor-
mation back to the patient. The personal data is used to track the ups and downs
of patient’s conditions as they go about their lives. This approach implies to the
fog and mist computing paradigms. Fog and mist layers are abstract conceptual
levels at the network edge [1]. While fog connects these edge devices, putting a
lot of storage, configuration, computing and analysis tasks away from cloud to the
edge, mist resides directly within network fabric with ability for end-user devices
to share their available computational and communication capabilities for per-
forming a variety of applications and networking task [2, 3].
Advantages of computations at the edge are listed below:

e Preserving user data privacy by not sending sensitive data to the cloud
and processing it in the local environment.

e Maintenance costs by significantly decreasing required bandwidth and
computing power on the server.

e Reducing latency.

Heterogeneous by-design architecture.
e Self-awareness.
o Fault-tolerance by-design.

Possible Computing levels of m-Health system in hand are shown on fig. 1
and includes the following levels:

Edge Level

$ Fog Level

-d-
=B ib"i . .
Misk Level - .

Fig. 1. Computing levels of IoT based system 3 [4]
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e Sensor network and mist computing layer which consists of air quality
sensors and BSN. Filtering and basic data validation is also performed on this
layer.

e Fog-computing layer which is used for gathering and combining data
from different sources and performing some analysis on it (described in sec-
tion IV)

e Fog-gateway layer which provides communication between cloud server
and other fog-networks.

e Cloud analytics layer for storing and processing of aggregated data, per-
forming complex analysis on anonymized data for municipalities.

e PHR integration layer which allows to give user recommendations and
predictions based on external eHealth information.

e Expert analytics layer which assists expert in making decisions and pro-
vides mechanism for feedback.

These levels imply to the security zone approach are proposed in [5]. There
are 4 main challenges in development of such architecture:

e Preserving user privacy [6] as collecting and transferring gathered data
can reveal both user’s identity and sensitive health data with geolocation.

e Efficiency: both in energy consumption and computation power 1.

e Fault tolerance.

o Authentication of system nodes and security against piggybacking at-
tacks, detection of untruthful data.

The rest of the paper is organized as follows - in section 2 we do a deep dive
on the Proposed Architectural Framework (and mainly focus on fault tolerance
and reducing amount of computational resources), followed by communication
issue in section 3 and data storage architecture in section 4.

Novice moving average approach for data preservation during offline phases
is also being introduced in section 3. Our final section Y is the summary and con-
clusions.

The main purpose of such system is to help user monitor and predict devel-
opment of asthma and other respiratory diseases.

PROPOSED ARCHITECTURAL FRAMEWORK

The explosion of affordable sensors and wearable devices lead to growth of Per-
sonal mHealth, self-management of health conditions, and the collection of data,
will radically change how health-care is delivered and information is collected.
Let us consider these changes on the example of multi-scope infrastructure for
mHealth and citizen-observation system (fig. 2). Air pollution in big cities and
passive way of life combined with the abundant number of stress-factors caused
the growing demand [7] on different health monitoring telecare systems and air-
quality and user-breath monitoring systems in particular.

By gathering, combining and analyzing data collected from weather stations,
Internet of Things (IoT) sensor networks, Body Sensor Networks (BSN), Personal
Health Record (PHR) systems we can find patterns of disease development on
early stages on signalize doctor on escalations.
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Fig. 2. Infrastructure for mHealth and citizen-observation system

The other scope of this system is citizen observation air-quality monitoring
system. In addition to assistance to respiratory-sensitive people we found follow-
ing usages of constant air-quality measurements for municipalities [8]:

o Commuting analyses based on CO2 levels at different time. This can re-
sult in improving city transportation quality and designing better living environ-
ments.

e Participation in life-quality indices for different districts, forecasting their
development.

¢ Anomaly detection which can be the subject for further investigations.

As shown on Fig. 2 communication between edge-computing level and
cloud is done through fog-computing gateway. The IoT space of terminal end-
points in the discussed infrastructure includes the current smart phones, tablets,
and laptops. While each one is quite an advanced technological piece, including
sensors and cameras, we can ignore their internal complexity and regard them as
simple points, providing connectivity to the person who owns them. Based on
how the devices are connected to the patient, the devices can be classified into
implantable, wearable, unconnected, or connected on need basis. By the end of
2023 95% of population worldwide will have the access to broadband mobile
internet and smartphones [9] (Fig. 3). Respectively, user’s mobile phone seems to
be the perfect platform acting as gateway. This provides the following benefits:

e Available almost everywhere.

e (Can aggregate data from different sources, such as internal motion
sensors, GPS systems, provides API for different BSNs (Healthkit for iOS devices
and Google Fit for Android correspondingly), can connect over Bluetooth or
Bluetooth smart to external sensors. These provides location and situation
awareness.
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Fig. 3. Growth of smartphone usage compared to the global population [9, 10]

e Has enough computing power for basic data analyses including comput-
ing moving average and even running deep learning models.

e Can send data to cloud storage and processing and share analysis results
with end-user.

e Provides instrumentation to secure user data available locally. Also, we
need to admit, that this responsibility lies on user as he or she is required to lock
personal device.

The key issue is the huge amount of data which is gathered by sensors. As
smart sensor network (SSN) protocols like Bluetooth Low Energy, ANT and
ZigBee have limited bandwidth compared to the volume of collected data it might
be unfeasible to process it on fog-gateway level and store in the cloud. Also, there
are latency limitations in telecare systems, where the delay in making decision
can make it irrelevant and even endanger user. Following solutions are used to
solve these tasks:

e Basic signal processing and feature selection are performed on smart sen-
sor itself, significantly reducing amount of transferred data.

e Multi-party computation (MPC) approach is used for utilizing maximum
resources and reducing latency (fig. 4).

In addition to mentioned above, by applying edge computing we can prevent
sensitive data leakage on cloud level as large part of it is never transmitted to
global network, but it is necessary to keep sensitive data anonymized during local
transactions. For example, while sending air quality stats between wearable de-
vice and citizen-observation module we don’t need to reveal user’s identity. An-
other example is PHR system querying where both patient and hospital would like
to preserve excessive data from each other and third parties. MPC makes possible
sharing data for computation with only analysis result available, without reveal-
ing. For example, when exchanging air quality data only coordinates and features
are shared without connection to the user identity, and parties receive only result-
ing prognosis without revealing each other’s inputs.

The cloud level is designed as pluggable architecture with microservices ap-
proach and consists of:
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SECURITY MULTIPARTY COMPUTATION
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Fig. 4. Multi-party computation (MPC) approach [11]

e Cloud storage layer for storing data in different security layers with en-
cryption solutions used for sensitive information.

e Cloud analytics layer for performing analysis on anonymized data using
machine learning and deep learning models.

e PHR and telecare system integration service which is capable for
integrating with external application programming interfaces (API) and providing
the secure way to exchange sensitive data between physician and his patient.

e Public data service which provides the API for accessing and analyzing
public data, such as air quality measurements, generalized medical statistics and
analyses results.

Sensitive data in Cloud storage layer is stored in an anonymized way: set of
states is bound to particular identifiers. Only state owner knows its identifier, so
analysis system is unaware of extraneous data.

COMMUNICATION

As system has the lay ered structure we should define protocols for communica-
tion inside each layer as well as cross-layer.

As we are using smartphone as fog-gateway device the best option on fog-
level is to use Bluetooth Low Energy (BLE) as it is much more energy-efficient
than communication over Wi-Fi and provides enough bandwidth considering data
preprocessing on smart sensors. BLE application profiles are based on the generic
attribute profile (GATT) [14], so data clients can subscribe only to certain charac-
teristics (features) they are interested in and these features are emitted only when
changed further reducing amount of transferred data.

For exchange between client device (fog-gateway) and cloud server it is pro-
posed to apply to Remote Procedure Call approach and Google’s gRPC frame-
work in particular resulting in the following benefits [15]:

e Reducing data transfer over internet by using binary serialization (by
default, Protobuf is used as interface description language).
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o Offers client, server and bidirectional data streaming which is useful for
constantly uploading air quality sensor data or patient’s state from BSN during
exacerbation of the disease.

e Deadline and timeout control allowing RPC be aborted and server
resources freed when computed results are no longer valid to the client.

e Uses SSL/TLS to authenticate the server, and to encrypt all the data ex-
changed between the client and the server out-of-the-box.

This approach can also be used for cross-service communication in cloud
level.

One of the main issues in designing Wireless Sensor Network (WSN) proto-
col is preserving data integrity. While data is kept confidential, we need to pro-
tect it from corrupting and system from men in the middle attacks [16]. Adversary
can use spoofing and provide false data to the system, as his identity is hidden it
might be difficult to track compromised party and prevent further intrusions.

As proposed system is designed in pluggable fashion we assume, that there
could be possible situations that some of the devices will not be able to connect to
the network for some amount of time, we have to be sure that data that was col-
lected would not be lost. Due to insufficient amount of storage place on devices
themselves, we propose to use technique of moving average to preserve valuable
data. We propose implementing it as follows: part of data stream is stored on the
device (depending on devise capacity, but assuming that we collect measurements
with frequency 5 measurements per second, optimal will be to keep couple of
seconds window on the device), and constantly updating while there is a connec-
tion. As the device loses connection, it calculates cumulative moving average [21]
of stored window, and next measurements it calculates with the respect of already
calculated value:

CMa, =15 F N oy S P M,
n ’ " n+l

(6]

Using these techniques will allow not to lose all the data collected while
there would be no connection but obtain mean value of measured data through
that time. Also, we have to mention that when connection will appear again, and
mean value would be transferred to server (or other intermediate device), we will
need to put a flag that indicates that it is a mean value, and also 2 timestamps —
beginning and end of the created frame. This frame has variable size, as offline
time is in inverse ratio with data detailing, so sensor readings detailing is always
maximum available.

Proposed temporal storage algorithm consists of following steps:

e Acquiring list of sensor readings with timestamps.

e As we enclose the storage limits of the edge device, first elements are col-
lided using Cumulative moving average (CMA), so the most recent data is also
the most detailed.

e Above repeats after every data append until network connection is ac-
quired again and data is being sent.

e At the same time, this technique should be used only when connection is
lost, because as it can be seen from the (1) when calculating moving average, we
lose measurement accuracy (while not using this feature we obtain no data from
lost period, and overall data accuracy might be lower as a result).
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For example, proposed approach was used, while testing distributed IoT
network in our experiment with detecting breath patterns using CNN [22]. One
part of it was system capable for air quality measurements — CO, ppm, dust
level, temperature, pressure and humidity taken second with double precision for
each value and timestamp, so the resulting size of one document is 44 bytes. Sec-
ond module required data gathered from 2 smart accelerometer sensors 3 times
per second and was used for respiration rate measurement — 3 axis values and
timestamp (28 bytes). In the case of the connection loss this makes 158,4+604,8 =
=713,2 KB per hour which exceeds memory resources for most wearable SOCs
(for example, arduino pro mini used in experiment has only 32Kb RAM avail-
able). While recording data from human activity (one of the activities was run-
ning), people moved also in areas with poor internet connection. This caused de-
lays and spaces in collecting data. Proposed approach with running average saved
consistency of data with few accuracy loses (up to 9% in 5 minutes range) for
respiration rate measurement. This proves that proposed approach with moving
average works fine, especially with more static data like weather conditions pre-
serving the most valuable measurements for both current context and historical
analyses. However, when it comes to highly dynamic data like chest moving, it
has main limitation — with time gap increasing, accuracy will decrease.

Researching utilization of different moving average calculation algorithms
for different data types is a subject for further research.

DATA STORAGE

Blockchain might help addressing data integrity and trust problems mentioned
above [2] [19], but there are a lot of limitations that need to be solved including
limited resources that are not enough to properly support mining with keeping
low-latency on low-power devices, large traffic overhead, and scalability issues.

It is obvious that blockchain itself can’t be kept on the edge devices them-
selves, due to lack of computational resources and storage place. So, it is a good
solution to distribute data storing and split it into saving data itself and metain-
formation about data, that could be quite sensitive — like PHR history and loca-
tions coupled with user id, or other personal information that could expose user’s
identity.

One of the possible solutions is to use off-chain database [16] together with
blockchain storing references to data, but not the data itself. These perfectly com-
bines with MPC as we share parts of secret data between computing nodes with
no-party having the full picture. By saving trail of computations in public append-
only bulletin-board as proposed in SPDZ protocol we allow auditing party to
compare tail-of-proofs and check computing result correctness [18].

So, we suggest splitting data in the following way:

e Personal data — user name, sensor device identificator, cached user his-
tory.

e Public anonymized data — data from environmental sensors coupled with
geo location, timestamp, and other aggregated collected data.

With this approach we can benefit from exposing data collected from sensors
as well as anonymized health information to external services and integrating with
them for analysis, research and monetization purposes.
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To match sensitive information with particular patient, secret user key is
proposed as identificator.

CONCLUSIONS AND FUTURE WORK

In this work, we examined the design of multi-scope service-oriented Mobile
Healthcare systems. Proposed multi-layered approach offers pluggable architec-
ture, good scalable and secures user’s sensitive data by isolating their transfer on
different levels. By using user’s smartphone as wearable fog-gateway we
achieved integration with wide range of Bluetooth-enabled smart sensors, situa-
tion and location-awareness combined with computing power sufficient for run-
ning deep-learning models [20]. At the same time we have proposed a novice so-
lution of using moving average for storing data on loT devices, while there is no
connection to the outer world, that enables not to lose that data, but obtain mean
values from that period of time with more detailing for more recent data.

The main issues of current implementation are:

e Preserving data integrity [13] and intrusion detection [17].

e Vulnerabilities to man in the middle attacks.

e Running computing consuming deep learning models on the edge level.

Planned future research includes:

e Applying blockchain for confirming transactions with preserving privacy
on mist and fog computing levels.

e Designing secure communication protocol on the top of BLE and
Bluetooth 5 using recently introduced Bluetooth mesh networking protocol.

e Optimization of deep learning models to be run on edge.

e Usage of smart sensors as intelligent agents in mist computing.

e Researching different moving average approaches to preserve various
data types while network connection is lost with maximum result usefulness.

e Combining data from body-worn sensors (like heart rate sensor, acceler-
ometer) for recognition of complex human activities and their outcomes regarding
current and prognosed context by building Neural Network Models for it.

Depending on particular requirements the Distributed multi-scope service-
oriented Mobile Healthcare system can be scaled from the corporate (national)
scale of patients care to the scale of supporting profile patients in a particular
region.
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3HAXO/KEHHS IEPIOAUYHOI'O PO3B’A3KY
PIBHAHHSA MATHE 13 3AIII3HEHHAM

10.€. BOXOHOB

AHoTamisi. 3aPONOHOBAHO MiJXiA JO 3HAXOKEHHS NEePiOJUYHOr0 PO3B’ 3Ky Helli-
HilfHOro mudepeHnianbHOro piBHAHHA Mathbe 13 3ali3HEHHSIM, L0 BUKOPUCTOBY-
€TbCS B TEOpii KOJIMBAaJIbHMX IHpoleciB. Binomo 3acTocyBaHHS YHCIOBO-
QHAIITUYHOTO METO/Y 3HAXOMKEHHS IEPIOANYHOrO PO3B’S3KY LBOTO PIiBHAHHSA
LUISIXOM 3BEICHHS PIBHSHHS JPYTroro MOPSIKY IO CHCTEMHU AU(EepeHIiaTbHUX PiB-
HSHb MEPLIOro IMOPSAAKY. BUKOPHCTaHO pPO3pOOJICHY aBTOPOM METOAMKY 3HAXO-
JOKCHHSI HEplOJMYHNAX PO3B’SI3KIB HENIHIMHUX 3BHYaWHUX AU(EpEeHIiaNbHUX piB-
HSIHb JIPYTOr0 HOPSIKY, SIKY IOLIMPEHO TAaKOXK Ha PIBHSHHS i3 3ali3HEHHsAM 0e3
3BelieHHA JI0 cucteMu. [loOymoBano ¢yHkito [piHa it caMocHpsKEeHO-
ro audepeHIialbHOro orneparopa APyrol MoXilHoi, BU3HAYEHOTro Ha (YHKIIIAX, SIKi
3aI0BOJIBHSIOTH MepionyHi KpaiioBi ymoBu. HaBeeHo HeoOXiaHi i JocTaTHI yMOBU
ICHyBaHHS NIEPiOUYHOr0 po3B’si3Ky piBHsAHHS MaTbe. CaM po3B’s30K 3HAiICHO Me-
TOIOM HaOMMKeHUX 00uncieHs. OTPUMAHO OLIHKY MIBHAKOCTI 301KHOCTI METO.Y.

Kiouosi ciioBa: piBHAHHS MaThe, epiognyHi po3B’s3KH, HeMiHiiHEe AndepeHmia-
JIbHE PIBHAHHSA 13 3aIli3HEHHSM, ITepiofndHa KpaiioBa 3anada, Gyskiis ['pina, camo-
CIPsDKEHUH IudepeHniabHuil oneparop.

BCTYII

VY po0ori 3HaiiieHoO mepioAnYHI PO3B’S3KK PIBHAHHS Matbe i3 3ami3HEHHSM, L0
0a3yeTbcsl Ha BUKOPUCTaHHI METOJUKH aBTOpA AJISl 3BUYAHOTO HEJiHIHHOTO Au-
(hepeHIiaTbHOTO PIBHIHHS APYTOTo MOPSAKY Ta PIBHAHHA 13 3amizHeHHs M ([ 1, 2]).
[NepionnuHuii po3B’sI30K IHTEPIIPETYETHCS SK PO3B’SI30K KpaiioBoi 3amadyi 3 mepi-
OJMYHUMH YMOBaMH. Y Tpolieci JociipkeHHs Oy e nooyaoBaHo ¢yHkmiro ['pina
TaKol 3a/1a4i Ta MOCIiAOBHI HAOIMKEHHS TIEPIOIMYHOTO PO3B’S3KY.

[IporroHoBaHa MeETOMMKA € AaJbTEPHATHBHOIO IO BIJOMOTO YHCIOBO-
AHATITUYHOTO METOMY, BUKJIAJACHOTO y mparsax [3], [4], Skuii TakoX 3aCTOCOBY-
€TBCS 10 PIBHAHHSI MaThe.

IHOCTAHOBKA 3AJAYI

3HaXO/KEHHS TIePiOMYHOTrO0 po3B’ 3Ky AudepeHIianpsHoro piBHAHHA Martbe i3
3aIi3HEHHAM 3BOJUTHCA A0 PO3B’A3aHHS MEPiOANYHOI KpaiioBoi 3amaui:

)'c':%(1+cosvt)x(t—8)—[3x3(t)+sinvt; @8
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x(0)=x(T), x(0)=x(T), 2

e T=2—n.3a3}31/1qal71 0<d<T.
v

HocnimxyBaty piBHSHHS OyeMo B 00JIACTi, 110 BU3HAYAETHCS YMOBAMHU
t € (—o0,), [x(1)] < 4; |x(t—-J)|<4. (3)
OuinnMo TmpaBy dacTHHY piBHSHHA (3), sIKy MO3HAa4aTUMEMO Uepe3

ft,x(@),x(t—1)):

|f (6, x(0), x(t = v))| = ‘k(l +cos i) x(t —8)—Px> (1) +sin vi| <

<24+ ALPl+1=M . (4)

OdeBuaHO, MO (GYHKINS Y MpaBiif 9acTHHI PIBHSIHHS 3aJI0BOJIBHSE YMOBY
Jlinmmmna:

|f(t,x1,y1)—f(t,x2,y2) |S2|7»||xl —x2|+3A2|B||y1 —y2|. ®)
VBiBLIM TO3HAYCHHS
Ko=34", Kg=2A|, K =Ko+K,, (6)
nepenuueMo yMoBy (5) y BUIIIsAL

£t x1, p) =[x, 92) | € Ko |y = x|+ Ko [y = 1] (7)

PO3B’SI3AHHSI TEPIOIMYHOI KPAHMOBOI 3A1AUI

VY mpami aBTopa [2] 3ampONOHOBAHO METOAMKY 3HAXOIDKEHHS MepioJuuHHX
PO3B’SI3KiB, 110 €KBiBAJIGHTHO BUKOHAHHIO KPallOBUX yMOB (2) IJis piBHAHHA i3
3aMi3HEHHAM O1IBIIT 3arajlbHOTO BUTIIATY

¥=f(t,x(t),x(t =3),x(t), x(t - 3)),

TOOTO (PYHKIIisI B TIPaBiif YaCTHHI PIBHSIHHS MOXKE 3aJI€KaTH TaKOX BiJ TOXiTHUX.
IToGymoBano ¢ynkirito ['piHa mepiognaHOl KpaioBOI 3a1a4i:

| | t—1, 0<t<t<T;
G(t,1)=— (2t1—1°) + —
2T 2| 1=t 0<t<t<T.

[Nepionmuunuii po3B’ 430K PIBHSHHS, MpaBa YaCTUHA SIKOTO HE 3AJIC)KUTH Bij
MOX1THUX, 3HAXOAUMO METOAOM IOCTIIOBHUX HAOIHKEHB!

tf 72 T 2
xm+1(t)=x0+ﬁj E—(r—mzj f(t,x,,(1), x,,(t - 8))dt +
0
T( 2 72
+j E—(T—t—zj f(t,x,(1),x,(t—93))dr |.

t

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2019, Ne 1 129



FO.€. Boxonos

st piBHSHHS MaThe MOCIi0BHI HAOMMKEHHS MAtOTh BUTJISIT

Xm+1 ([):

=X +L j. T—z— 1:—t+Z 2 (A1 +cosvrt)x, (T—0)—Px 3(1:)+sinv1:)a’1:+
®Tor|yl 12 2 g "

T 2 T 2
+J' o (T_t_ij (M(1+ cos 1) x,, (T — 8) —Px,,” (T) +sin vi)d |. (8)

t

CKOpHCTaBIINCH OILIHKOIO 1 pe3ylbTaTaMy, OTPUMaHUMH y Tipai [2], MaTtu-
MEMO

%1 (1) = x,, (1)) <
T
< |G | (1,5, (1), %, (T = 8)) = £ (T, X1 (1), X, (1= B))|dT <
0

T Ky + Kol =5l = Kl = 5]

ITepamiitamii mporec 30iraeThes 332 YMOBH

1843

K< 9)
TaKO)K IIOBHUHHA BI/IKOHyBaTI/ICL yMOBa
M<18/3 iz. (10)
T

Toxi nnst icHyBaHHS nepioguuHOro 3 nepiogoM 7 po3B’s3Ky x=¢(Z,X,)
piBHsAHHSA (1) HEOOXiHO 1 JOCTaTHBO iICHYBaHHsA TaKOrO 3HAYEHHA X, AKE 3a]0-
BOJIbHSIE PIBHSIHHS

T
[0+ cos ve)x,, (1~ 8) B, (x) +sin ve e =0. (11
0

V mpaui [2] oTpUMaHO OLIHKH Ul [OYaTKOBOTO HAOIMMKEHHS X, 1 JUli

MIBUIKOCTI 301KHOCTI iTepamiiHOTO MPOIIeCy, sKi i3 3aCTOCYBaHHSIM JI0 PIBHSHHS
Martrse MaroTh BUTIIAL

2
x| < 97;/’%V M (12)
an m+1
|p(t,x0) = x,, ()] < M[M—Vz] K" (13)

CdopMyITF0EMO OCTaTOIHHH pe3yiIbTarT.
Teopema. Hexait dynkiiro f(¢,x,u) y npaiii yactuHi piBHsAHHS (1) BU3HA-
49eHO B o0yacTi (—oo, 0)x[—A4, A] x[—-A4, A] . Hexalt xoncrantu Jlimmmmia, Bu3Ha-
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yeHi ¢popmynamu (6), (7), Ta crana M y piBHsAHHI (4) 3310BONBHSIOTE YMOBH (9)

. . . . . 2n ,
1 (10). Tomi mns icHyBaHHS NepPIOAWYHOTO 3 TepiogoM I =— po3B’sI3Ky
\Y

x=@(t,x) piBHAHHA (1) HEOOXiNHO 1 JOCTATHBO ICHYBAaHHS TAKOT'O 3HAYEHHS X,),
sKe 3a710BobHs€E piBHAHHA (11), 1e ¢(¢,X)) 3HAXOOUTHCS METOAOM IMOCHIITOBHUX
HaOIMKeHb, MPUYOMY iTepalii Bu3HauatoTecs Gopmyioto (8) . [Ipu npomy x, €
cepenHiM 3HadeHHsIM ¢(f,Xy) Ha [0,7'] 1 MICTUTBCS Ha IPOMIXKKY, SIKMH 3a10BO-

neHste yMOBY (12). IToxuOka Mixk epiogMIHAM pO3B’I3KOM piBHSIHHS Matbe (1) i
il m -M HaONMMKEHHSIM BU3HAYAETHCS yMOBOIO (13).

BUCHOBKH

TpanuuiitHo 1S 3HAXOJKCHHS MEPIOANYHUX PO3B’S3KiB 3BHUYATHOTO HEINiHIHHO-
ro naudepeHIiaaTbHOro PiBHAHHS JIPYTOTro MOPSIKY Ta PiBHSAHHS i3 3aIli3HEHHSIM
HOT0 3BOIATH A0 CHCTEMH IEPIIOTo MOPSAAKY. Y MONepenHiX Mpamsx aBTopa Taki
PIBHSHHSL PO3B’SI3YIOThCSI O€3MOcepeHbO. 3a TaKOro MigXody NepioauaHui
PO3B’A30K IHTEPIIPETYEThCS SIK PO3B’SA30K MEpioguyHOi KpaioBoi 3agaui. OTpu-
MaHa METOJUKA 3aCTOCOBYETHCS IS 3HAXOKEHHS TIEPiOJMIHOTO PO3B’SI3KY PiB-
HsAHHS Martbe i3 3ami3HeHHsAM. ByayeTbes iTepaiiifHuil mpoliec, 1o 30iraeThes 10
IIYKAHOTO TIEPiOIMYHOTO PO3B’A3Ky. MOoro 361KHICTh 3yMOBIIOETHCS OIiHKAMH
MPaBoi YacTUHH PiBHAHHSA. OLIHIOETHCS MBUAKICTH 301KHOCTI TIPOIIECy.
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MPOBJIEMA IMPUTHIYEHHS KOPYIIIIIT
3 BUKOPUCTAHHAM OIITUMAJIBHOI'O KEPYBAHHAA

A.IL. IKOBJIEBA, BM. KPYTh

AHoTamnisi. Po3risHyTO mpo0ieMy NpHUrHIYEHHS! KOPYMIil 3 BUKOPUCTAHHSAM Mate-
MaTH4YHOTO MOJEJIIOBAaHHS Ta ONTHUMIi3allil, 30KpeMa 3a JOIOMOI0I0 NPHHIUITY MaK-
cumymy [onTpsirina. Bukonano orss Ta moOynoBy Mojeseil 10 MOCTaBICHOro 3a-
BOaHHSA. Y XOHi MAOCHi/DKCHHS TPUTHIYCHHA KOPYMIii 3 BHKOPHCTAHHSIM
OITUMAIILHOTO KEPYBaHHS BCTAHOBJICHO NMPABIMBICTh HPHIYLIECHHS, L0 KOPYIILis
HE Mae 3arajbHOi JOMiHyI04oi cTparerii. JloBeneHO, 0 iCHYIOTH JBi JIOKAJIBHI CTa-
OinbHI piBHOBAry, a came: OJHa, ¢ KOXKEH € KOPYMIIOBAaHHH 1 IITKOM HpHiiMae Ko-
pyIILito, i APyTa, Ie BCC HACEJICHHS € YUSCHUM 1 KOPYIIIisl PIBHOMIPHO 3aCY/IKY€ThCS.
Mix HUMH € HecTablibHa piBHOBAra, /¢ OYiKyBaHHUI PiBEHb KOPYIIIi BiAMOBIIHO 10
ySIBJICHb IPOMaJsIH 30iracthcs 3 (paKTUYHOI IHTEHCHBHICTIO Kopymuii. Po3rmsiHyTo
nBi QyHKLUIT HArpOMaPKEHHs KOPYMLil: JiHidHY Ta BBirHyTy. J{ns niHiiHOT $yHKIT
PO3B’S30K 3HAHAEHO y 3arajJbHOMY BWIJISMIL, AJISl BBITHYTOT — Ha KUIBKOX IMPHKJIa-
Jax.

KonrodoBi ci1oBa: ontiManbHe KepyBaHHS, KOPYIIsl, IPUHIMI MakcuMyMy [loHT-
psriHa, (yHKIis HarpoMa/LKeHHs Kopymii ((yHKIish KOPHCHOCTI), JIOKaJIbHI cTabi-
JIbHI Ta HECTAOLIbHI TOYKH PiIBHOBATH.

BCTYII

Kopyrmiiis € cucTeMHOI0 3arpo3010 1 OJHIEI0 3 HAMOLIBIINX MEPENOH Ha MUIAXY
po3BUTKY Ykpainu. KepiBHHUITBO KpaiHu MpuIUIsIe il mpobieMi BEIUKY yBary,
ajie iICTOTHUX 3MiH Y O0pOTHOi 3 HEIO TTOKH JOCATTH HE BIAIOCh. Psm MmikHApOa-
HUX Oprafi3amiii MPOBOAWTH PETYJSIPHI BUMIpIOBaHHS PiBHS KOPYMIIi y pi3HHX
KpaiHax. IX OIIHKM BKa3ylOTb Ha TOCTPOTy Wiei mnpobaemMu B YkpaiHi:
y BcecBiTHROMY pelituaTry CPI Vipaina munymoro poxy mocima 130-¢ micme 3i
176 kpain. HacTinbky HH3bKY OIIHKY YKpaiHH 3yMOBIICHO, YaCTKOBO, BETUKHM
KOpPYMUIiAHUM TsirapeM, sikuidi Hece OizHec. HacnizkoMm 1boro € 3HMXKCHHS iHBec-
TUIIHOI TPUBAOIUBOCTI, a, OTKEe, 0OCAT KaIliTATHPHUX BKIIAJCHD 1 TEMITIB €KOHO-
MIgHOTO pocTy. KpiMm TOro, rabMy€eThest pO3BHTOK MAJIOTO i CEpeaHBOTO Oi3HECY,
SIKOMY Ba)kue OOpOTHCH 3 YHHOBHUKAMHM, HIK BETUKUM KoMmmaHisM. CycnimbHHAN
IOoOpOOYyT  TMEepepo3MOAUIAETECS HAa  KOPUCTh  YWHOBHHKIB-KOPYTMIIIOHEPIB.
IToB’s3aHi 3 HUMH KOMIIaHIi OTPUMYIOTH IepeBary B KOHKYPCHIII Ha PHHKY,
OCKIJIbKH 3BUTBHEHI BiJl TIEpEBIPOK BOHU IUIATATH MEHIIE MOJATKIB, 8 TAKOX KO-
PHUCTYIOTBCSl TIEPEBArOI0 MiJ Yac pO3MOALTY AEp’KaBHUX 3aMOBIICHb HA BiIMOBif-
HOMY piBHIi. Y IINX yMOBaX HAA€TLCS CyMHIBHA MOXUIMBICTh iIHHOBAITIHHOTO PO3-
BUTKY €KOHOMIKH, JUIsl SKOTO HEOOX1IHO, I[00 KOHKYPEHTHA TepeBara J0csarajiach
YIPOBaPKEHHSM HOBHX OiIbII e()eKTUBHUX TEXHOJIOTIH, a HE 3a paXyHOK KOpYII-
nitHNX 3B’s13KiB [1]. ToMy moonaHHs KOPYIIIii — OJTHE 3 OCHOBHUX 3aBJaHb IS
po3BUTKY YKpaiHu. IcHye O6arato MeToniB MaTeMaTHYHOTO MOJIEJIIOBAHHS Ta OII-
TUMI3amii [yt 60poTHOU 3 KOPYIILi€E0, cepell SIKUX irpoBuit miaxin, [lapero onTu-
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MaJlbHi KOaJimilHi CTIMKI cTparerii, onTUMaIbHE KepYBaHHs, KBAHTHIIBHI cTparte-
rif Ta iH.

MeTta po60TH — JIETaTHLHO PO3TISHYTH OJTUH 3 MiAXOMIB 10 O0POTHOM 3 KO-
pYIILi€r0, SKAH IPYHTYEThCS HA BUKOPUCTAHHI ONTUMAIILHOTO KepyBaHHS; 1MO0Y-
JyBaTW BIANOBiHY MaTeMaTH4YHy MOJIeNIb; BHKOHATH aHali3 Ta OTPHMATH
PO3B’S30K MOCTABJICHNX ONTUMI3AIMIMHIX 3a/1ad.

INOCTAHOBKA 3AJIAYI

AmHamizyeTscsl MpobjeMa TPUHHATTS pilleHHS NpPeACTaBHUKAMHU UYWHOBHHKIB
Y CYCHIIBCTBI, Jie KOpYMIliifHa MMOBENiHKa MPUHANMHI 9acTKOBO MocTymHa. [Ipo-
HOHYETHCS MO0y yBaTH MaTeMaTHYHY MOJENb NPUTHIYCHHS KOPYMIii 3 BUKOPHUC-
TaHHSAM NPHHIHITY MakcumyMmy [loHTpsrina. Yepes u(f) mO3HA4a€eThCS TEMI KO-

pymii YnHOBHUKIB. OCKIIBKH PO3TISAAETHC Yac Oe3repepBHOi poOOTH, TO TEMIT
KOpYMLii — iHTEHCUBHICTB, fIKa oOMexeHa 3Bepxy M > 0. [ani npunyckaerbes,
1[0 MTPEACTABHUKK HACEIECHHS OYIKYIOTh IIEBHUH BiICOTOK Kopymuii. ToMy odiky-
BaHMH TeMIT KOpPYMLii Mo3HAa4nMO depe3 . OCKUIbKH po3risaaeTbes mpodieMa

NPUAHATTS PIICHHS U1 YAHOBHUKIB, (PaKTHYHUN TEMN KOPYILil u — Le Kepy-
BaJlbHA 3MiHHA B PO3TIIAMAHINA MOJENi, a OYiKyBaHWN TEMIT KOPYIIIii — 3MiHHA
CTaHy.

JluHamika 3MIHHOI CTaHy PETryJIIOETHCS 3a JIOMOMOTOI0 MPUITYLICHHS, IO
OYiKYBaHHUI TeMI KOPYIILIi 3aBXKI1 HPHUCTOCOBYETHCS 10 (PAaKTHYHOTO TEMITy KO-
pymuii 3 AesSKO0 KOHCTaHTOI0 MBUAKOCTI 3> 0. HacTynHe piBHAHHS cTaHy — 1€
CTaHAAapTHE TOJAHHA aJanTalii O4iKyBaHOTO TEMITy KOPYMLii 0 (aKTHYHOTO
TEMITY:

X(0) =B(u—x). (1

Tyt i Hagami 4acoBi apryMeHTH BUNYIIEHI i 0e3 0OMeXeHb 3aralbHOCTI
npunyckaerbest M =1. IlouaTkOBHIA CTaH CyCIIILCTBA BBAKAETHCS 3aaHIM:

x(O) =Xy € [091] s (2)

Je 1 — TOBHICTIO KOPYMITOBaHE CYCHiIbCTBO; ) — 30BCIM HEKOPYMIIOBaHE.
UWHOBHUKHM CTUKAIOTHCSA 3 MPOOJIIEMOID MaKCHMi3allii CBOro MpHOYTKY Ta
cBo€i KopucHOCTI. KOpUCHICTD y KOXKEH mepiof — Ie Pi3HUIM MiX HTpuOyTKOM
BiJ 3aJIy4eHHS B KOPYIIIIO 3 iHTEHCHBHICTIO u, U(#) 1 BapTiCTIO KOPYMIIHHOT
yroau. KopyniiifHuii areHT BTpadae permyTalliio: YuM OiIbIIe BiH KOPYMITOBaHHH,
THM MEHIIMHA OYiKYBaHHH TeMI Kopymilii. lle mpurrymenass MoTHBOBaHE THM a-
KTOM, 110 BUCOKUH PiBeHb OUYiKyBaHOI KOPYIILii B [[IJIOMY MIPUBOJUTH JI0 BHCOKO-
ro PiBHS CHPUIHATOI KOPYMIii. SIKIO TPOMaISHHH KpalHU 3 MAJIOK KOPYIILi€0
MOJIOPOKYE IO KpaiHH, BiJOMOI KOPYMITIOBaHUMH YNHOBHUKAMH, OI[IHKA JESIKOTO
YMHOBHHKA, SIKUM € KOPYMIIOBaHMIA, Oy/ie 3HAaYHO MEHIIOI TOPIiBHSHO i3 CUTYya-
ui€ero y BnacHii kpaini. LLIKijyMBicTh YHACHIZOK BTpaTU pemmyTalii M03HAYaeThCs
yepe3 x(1-u)C, ne C — nomarHa KOHCTaHTa. J[MHAMIKY PO3BUTKY MPOOIeMHU

NPUAHSTTS pillieHb MOXKHA 3aIUCATH Y BUTIISIIL

max J = Te‘” [U(u)— Cu(l1—x))dt
0
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3 ypaxyBaHHsAM BupasiB (1), (2) i KOHTPOJILHUM OOMEKEHHSIM:
0<u(®) <1 Vtel0,0).

TyT nmpurmyckaeTbes, MO0 HECKIHYEHHICTh YaCOBOIO TOPU3OHTY 1 J0AaTHA
KOHCTaHTa 3HEIIHIOITh TeMN ». OYHKINS KOPUCHOCTI IMiIIMOPSIIKOBYETHCS 3BH-
vaitnomy npumnymenHio: U(0) =0, U'(u) >0, U'(u) < 0. 3aBgaHas monsrae y
PO3B’si3aHHI I1i€i aBTOHOMHOI albTEePHATHBHOI MPOOJIEMH KEpYBaHHS 3 HECKiH-
YEHHUM 4acoM, JIe # — KepyBaJibHa 3MiHHA 1 X — 3MiHHA CTaHy. Y po0OOTi po3-
IIIAAa€ThcA HAOIp KYyCKOBO-HETIEpepBHUX (YHKIIN u(?) K JOMycTHMa MHOXXHHA

KEepYyBaHHS.

OCHOBHI PE3YJIBTATH

CrnoyaTKy pO3IISIaEMO BUIAJOK, KOJMM (DYyHKIIS HArpoOMajpKeHHS KOPYIIi Ji-
HiitHa, T00TO U (1) = ot . Toni pynkuis ["aminsrona HaOyae BUTTISAY

H(x,\,u)=ou—u(l-x)C+AB(u-x),
Je A — chpsbkeHa 3MiHHA [2]. 3 yMOBHM MakCUMyMy MPHHIHMITY MaKCUMYyMY
[ontpsrina makcumyM QyHkii ['aminerona 3a u € U mocaraeThest JHIIe 3a Ta-
KOTO ONTUMAJILHOTO KEPYBAHHSA U, IKE 33/I0BOJILHSIE YMOBY
0, a<(1-x)C-2AB,
u (x1)=100,1],  o=(1-x)C-2p,
1, o>(1-x)C—AB.

OntuManbHa TpaekTopis (x,A) MOBHHHA 33JI0BOJBHATH KaHOHIYHY CHC-
TeMy:

A=rh —Hx(x,k,u*(x,k)),
=B (x,1)—x).
Michel P. [3] ycTaHoBuB Takuii (hakT: OyIb-STKHHA ONTUMATBHIHN IIIAX (X,A)
3 X9 €(0,1) Mae 3a10BOIBHATY TPAHCBEPCAIIBHY CUCTEMY

lime""A(t) = 0.

t—0
B ananizi po3rmsaHyTO Tpu pi3Hi cuTyanii: 1) Map>knHaIbHa KOPUCHICTH KO-
pymii OiibpIa HiX 3aTpaTy Ha il BUKOHAHHS B yMOBaxX MOBHOTO COIiaJbHOTO BH-
3HaHHA Kopyniii (Todto o >C);2) a=C;3) a<C.
Kanoniuna cuctema Mae BUTIISLI:

{7'“2,(_”5)‘7" a<(1=x)C—AB, 3)

X=—Px;

PP e 4)
%= B(1—x).
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Ha ninii nepernny ms o= (1—x)C —AB Oynp-sake kepyBanus u €[0,1] —
ONTHMAJIbHE 1 KAHOHIYHA CHUCTeMa € OUThIT nudepeHItiaTbHIM BKITIOUSHHIM, HiXK
mudepeHtiansHIM piBHIHHAM. L1 1Bi crcTemMn MOXyYTh OyTH pO3B’s13aHi TOUHO:

d\
A= +pn, [ =B (Ind=(+p)+Inky,

x:—[}x; ﬁ_ Bdl; 1nx=—Bt+lnxO.
X

Tounuit po3B’s130K s cucteMu (3) Ma€e BUIIIAT X = xoe_f”, A= koe(r P

. d—7“C=(r+B)dt, c
=G Ph-C, | I %= |= (- +B) +Ineg,
. (] ‘ r+p r+p
x=pl - & In(x—1) = B¢ + In(xg —1).
x—1

Tounnii po3B’SI30K I cUCTeMU (4) Mae BUTIL x=1—(1—x0)e_ﬁt,

C . .
A= koe(’ i +—B. [lykaroun exuHMA PO3B’SI30K 71T PO3B’S3KIB, IO JIEXKAThH
r+

Ha MpsIMill IEpeTHHY, YCTAaHOBJICHO, IO PO3B’A3KH [TOBUHHI 3a{0BOJIbHATH:
0=—Cx —Ph=—CP(u—x)—PPB+r)k+PpCu=Pp(Cx—(P+r),

e x, A 3amoBONBHSIOTE oL =(1—x)C—AB .

ICHye TCOpPEMa, fAKa y3arajJbHIO€ PC3yJIbTATH 3a TPbOMaA CI/ITyaLIiHMI/I.

Hexait pynkmis kopucaocti U(u) minifiHa. SAxmo o > , TO OIITUMAJTh-

r+p
HUH OUIX 30iraeTbes 3 KOPYILIHHOIO PiBHOBArow He3aJieKHO BiJ MOYAaTKOBOTO

. . (r+p)a
, TO ICHy€ €JJMHa TOYKa X =1——"—
r+p rC

3Ha4YeHHsA x. SKkmo o < >0 Taka,

IO U1 X < X ONTHUMAaJbHA TPAEKTOPIs 30ira€Thesi 3 YECHOIO PIBHOBATOIO, Y TOW Yac
SIK JUISL X > X ONTUMAJIbHHUI HUTX 30iraeThes 3 KOPYILiHHOK piBHOBAroko [4].

MaremaTn4Hi pe3yJibTaTy PO3TITHEMO 3a Pi3HUMH napamerpamu. OCHOBHUI
pe3ynbTatr: 4uM OiNbllie X, TUM MEHIIIA HIKHS MEXKa X, 1[0 3yMOBITIOE 301KHICTD
3 KOPYNIIIHHOIO piBHOBaror. YncioBe 3HaUCHHS Oyl BEIMKUM, SKITO 3HAYCHHS
o 1 B Tex BeNHKi, TOOTO € BeJIMKa rpaHNYHa KOPUCHICTh KOPYMIIHHOI aKTHBHO-

CTi 1 HACEJIeHHs aJanTye CBOI MEPEKOHAHHS JAOCHThH LIBHIKO A0 HAsBHHUX (aKTiB,
SKI O3HAYaIOTh, IO MIKIAJMBICTH BiJl YTpaTH pemyTalii IIBHIKO 3MEHIITYBaTH-
MeThCs. SIKINO MIKIIVIMBICTH BiJl yTpaTH pENyTallii € BEIUKO MOPIBHSIHO 3 Tpa-
HUYHOIO KOPHCHICTIO KOPYILIi i aganTauis BiAOyBa€eTbCsl MOBUIBHO, TO JIMILE BU-
COKHH CIIOYaTKy OYiKyBaHHMH DiBEHb NpHBEIC A0 301KHOCTI MiXK KOPYIIIHHOO
piBHOBaroro. TakuM YMHOM, Maje 3HA4eHHs 7 KOPYIIIHHOI aKTHBHOCTI OKY-
NHUTHCS B JIOBFOCTPOKOBiM MEPCIEKTUBI, HABITh SIKIIO BOHA Ja€ Oe3MocepenHIo
mKiamBicTh. Lle o3Hayae, 0 YMM MEHIIE 7 , TUM OLIbIa MHOYKHHA IIOYaTKOBUX
3HAa4eHb X, IO 3yMOBJIIOE 301KHICTH 3 KOPYNLUIHHOIO PiBHOBArolO, sIKa BiAMOBi-
Jla€ MaTEMaTUYHO OTPUMAHHUM pPe3yJIbTaTaM.
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AprymeHTH, HaBeJICHI BHUIIE, € TaKOXK JOPECYHHMH, SKIIO MOPIBHIEMO pe-
3yJbTAaTH JUHAMIYHOTO aHAI3y 3 Pe3yJbTaTaMH BiIOBIIHOI CTaTUIHOI MOJIENI.
OdYeBHIHUM T Yac PO3TJISAY CTATUCTHYHOI ONTHMI3AIlIHOI 3a1aui MakCcCuMi3a-
mii au—C(1—x)u € Te, MO YNHOBHUK Ma€ 00paTH HAWOUIBII KOPYIIIHHUKA pi-

o . .
BeHb u =1, SKIIO x>1—E, i u=0 y mporuBHOMYy BHManky. HepiBHiCTB

[0 A oo . =
1—E< X O3Haydae€, 1o JJId IIo4YaTKOBHUX 3HAYCHb X CTAaTH4YHO1 1 JHHaAMIYHO1 3a-

Jadi mpuOyTKOBOCTI MAaEMO aOCOFOTHO MPOTHIIEKHI pe3ynbTatu. Lle mosicHIoeTh-
Csl TUM, IO CTaTUYHA MOJIENb ITHOPY€E IHBECTULIHUHN e(eKT Ha BHCOKHH PiBeHb
KOpymiii 4YMHOBHUKIB. OgHAaK X HaOMMKAEThCA O CTATUYHOTO 3HAYCHHS

o . .
le—E , IKIIO 3 TpsAMye 10 HyJs abo » TpsIMye A0 HecKiHdeHHOCTi. Takum

YUHOM, IS Iy’KE€ Majioro PeryJloBaHHS IBUAKOCTI [ a00 aye BUCOKOT IuC-
KOHTHOI CTaBKU 7 JMHAMIYHa MOJIENb MTPALIOE 3ICOUIBIIIOrO K CTaTUYHA.

Tol dakr, mo BiACYTHICTH MepeMuKaHHs (QYHKIIi KepyBaHHS MOXXE BHUHUK-
HYTH Ha ONTHMAJBHINA TPaeKTOpii, IHTYITUBHO ITUIKOM 3pO3YyMIUTHH. SIKIIO ONTH-
MaJbHOIO JUISl YNHOBHUKA € IOBHA Kopynuis (# =1), 11d x = x, 3HaueHHSA x Oy-
Jie 301JIBIITYBaTUCh Yepe3 Horo kopyriito. Haliguiie 3HaueHHst x Oyjae TOIi, KOJIU
HANOLIBIINN 00CAT KOPYIIIIT OKYMA€eThC; 11 03HAYAE, 10 YAHOBHUK HEMAE JKOJI-
HUX CTHMYJIIB I IIEPEX0y 10 YeCHOI MoBeMiHKH. HaBmaku BUKOHYETHCS TAKOXK,
mpo 1o 3ragaye Feichtinger G. [5].

Hexait U(u) — yBirnyra 3poctaroua ¢yHkuis, rooto U'>0,U"<0. Y mpo-
MY BHIIQJIKy Ma€MO TaKe ONTUMAaIlbHE KePYyBaHHS:

0, (1-x)C =B = U'(0),
u'(x,0) =4U) (A= x)C=AB), U'(1)<(1-x)C—AB<U'(0),
1, (1-x)C - AB <U' (D).

Toni xopynuiiiHa piBHOBara, e KOKeH € KOpYMITOBaHUH 1 LIIKOM CIIpHiiMae
. . ~ C
KOPYII[if0, MATUME TaKui BUTIS: u =x=1, A=A = _B Skmo U'(0)<C, To
r+

ICHy€ TakoX YecHa piBHOBara, Jie BCe HACEJICHHSI € YECHUM 1 KOPYIILisi piBHOMIp-
HO 3aCyJUKyeThcsl, u =X =A =0. 3HOBY ABiI piBHOBaru — Ie Ci/yIoBi TOYKU. Mo-
K€ iICHYBaTH JIeKiJIbKa PiBHOBAr MK HUMH, ajie KiTbKICTh 1 BIACTUBOCTI piBHOBAr
3anexath Big popmu U(u) [6]. Sk mpukiiaz po3risHEMO BUIIAA0K, KON (YHKIIS

KOPHUCHOCTI M€ BUTJISI]T
Uw)=oln(l+u).
Y oMy pasi pyHkmis I'aminsToHa HAOY A€ BUTIISAY

H(x,o,u)=0oIn(l+u)—Cu(l-x)+ap(u—x).

3 yMOBM MakCUMyMy NpUHOUNY MakcuMymy IloHTpsriHa MakcUMyMm
¢ynkuii ['aminerona 3a 4 € U J0OCSTaEThCs JIMIIE 332 TAKOTO ONTHMAIBHOTO KEepy-

*
BaHHA U , AK€ 3a/I0BOJIBHAE€ YMOBY!
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0, xSl—QEXB,
C(l-x)- B C 2C
1, le_Lm‘
2C

Jlerko GauwnTH, 110 5K i B JIHIKHOMY BHITJKY, 3aBXId MAEMO MTOBHY KOPYII-
[ilHy piBHOBary 3 u =x=1, A = . Hna o <C Takox MaeMo 4ecHy piBHOBAary 3
u=x=A=0. 3HOBYy MaeMO BHYTpILIHIO PiBHOBAary, ¢ ONTHUMaJIbHE KEpyBaHHS
nexutb 'y nupomikky (0,1). Jns oOuucneHHs 1i€i pIiBHOBAarW 3alUIIeMO

KaHOHIYHY CUCTEMY:
op— i)
Cl-x)—-Ap

. Ca )
>\,—(7‘+B)7\‘—m+c,

Co (5)
M= e Ty T T
ca OL) T
-
(T — - ©
C—x)—Ap

JloMHO)MMO Tiepiie piBHAHHSA cucteMu (6) Ha C 1 momamMo piBHSHHS:
(r+pA+C—-1-x=0,
C
r+p

A=

X.

[TizctaBuMO 3HaliieHe 3HAYSHHS B TepIe PiBHIHHSA cucTeMu (6):

o

-1-x=0,

Cl-—x)- riﬁﬁ X

a—-C—-Cx+ P x—Cx+Cx> + Cp x2=0,

r+p r+p
C(1+ p Jx2+ Cp x+a—-C=0,
r+p r+p

C(r+B+P)x> + CPx+(a—C)r+Pp) =0,
C(r+2B)x? + CBx + (= C)(r +P) =0.

Cucmemni docniodcennss ma ingopmayiini mexnonozii, 2019, Ne 1 137



Al Axoenesa, B.M. Kpymo

OTxe, MpoCTi 0OYKMCIICHHS MTOKAa3YIOTh, 10 PIBHOBara cucteM (5) icHye To-

.. . . . & & * C *

Il 1 Tinbky ToAl, Ko oo < C, i 1e BUKOHYETBCS 3a YMOBH U =X , A = 5 x i
r+

. —CB+yC2B —4C(a—C)r +B)(r +2P)
* e 2C(r+2B) '

+B
r+2p3

<l1:

IMokaxxemo, IO PO3B’ 30K 33I0BOJIBHSE X <

JC2B2 = 4C(a = O)r +B)(r + 2B) <A/C2B2 + 4C2(r + B)(r +2B) =

= OB + 4% +12B +8B2 = CJ9B? +4r2 + 121 = C(3P +2r),

o —CB\CB —4C@-C)r +B)r+2B) —CB+CGP+2r) _ Br
- 2C(r +2p) 20(r+28)  r+2p

<1.

3HOBY MaeMo TpH cXoxux cuenapii. ns o> C € nume ogHa KopynuiiHa
piBHOBara, ansi o =C — KopymuidHa 1 4YecHa piBHOBard, sKi 30iraroTbes
3 BHYTPILIHBOIO PiBHOBAro i ansi oo <C MaeMo TpH PiBHOBaru: KOpYMIiiHY,
YeCHY 1 BHYTPIIIHIO, € OYiKYBaHUI piBEHb KOPYIIT — IIe x i u*(x*,k*) =x.
3 anHanmizy JiHIHOTO BHUNAAKY BHUIUIMBAE, IO IBI PIBHOBArW Ha MeXi 3aBXKIH €
CiAJIOBUMH TOYKaMH 1 IPOCTi OOYKMCIICHHS MMOKa3y0Th, [0 BHYTPILIHS piBHOBara
3aBXKIH BiIXHUIISIETHCS.

Tenmep po3ringHeMO BHNANOK, KOJIM (PYHKIiSI KOPHUCHOCTI Ma€ BHIJISA

Uu)=—oe "M,
VY upomy pasi yHKuis ['amMiasToHa MaTuMe BUTIISA
—utl
H(x,o,u)=—oe " —Cu(l—x)+AB(u—x).
3 yMOBM MaKCHUMyMy TMPHHIHMIY MakcuMymy [loHTpsiriHa MakcHMyM
¢ynkuii ['aminberona 3a 4 € U 10CSATaEeThes JUIIE 332 TAKOTO ONTHMAIBHOTO Kepy-

*
BaHHA U , AK€ 3a/10BOJIbHAE YMOBY!

0, p<1- LM
C
W)= - CU=D Ay et e+ 2Ap
a c 2C
1, xZI_LZMS‘
2C

Jlerko 6aunty, 110, SIK 1 B JIIHIHHOMY BHIIAJIKY, 3aBXKIU iCHY€ IIOBHA KOPYTI-
miiHa piBHoBara 3 u=x=1, A=A. [lng o <C Takok € 4YecHa piBHOBara

3 u=x=A=0. [cHye TakoX BHYTpIIlIHs piBHOBAara, Ji¢ ONTUMaJbHEe KepyBaHHS]
nexuth y npoMikky (0,1). Jlns oOuuciieHHs 1iel piBHOBArd 3amuiieMo KaHOHIY-

HY CHUCTEMY:
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xzﬁ(l_lnw_x)’

(03

CL—x)+AB ™
(07

A= +P)A+Cln C.

JlopiBHSIEMO A0 HYJISA, JOMHOXHMO Tiepire piBHsHHA cuctemu (7) Ha C i
nonamo piBasiHHSA (7 +B)A—C+C—-Cx =0.

[IpocTi oOuncieHHsT OKa3yITh, IO piBHOBAra Ifi€i CUCTEMH iCHYE TOMI i

. . . * * * C *
TIIBKY TOAI, KO o < C, i 11e BUKOHYEThCS 32 YMOBH U =X ,A = 5 x 1
r+
Cr
- X
r+
1 B =1-x, ®)
o
—EH
.
B+rw| - oa(r+p) |+
X = ’
r

ne W — ¢yunkuis Jlambepra.

Ockinbku BCi KoedimieHTH gomaTHi i —=>1 i

<1, To 3aBXIH iCHY€

o r+p
po3B’s30k (8) 1 BiH snexuth y mpomikky [0,1]. IepermcaBmm (8) y Burmsami
Cr
- X
I"+B _ 1-x 5 . .
————=¢ ", pO3B’sDKEMO PIBHSIHHS rpadidHo (IUB. PHCYHOK), PO3TIIAIAIO0-
o

YU pi3HI KOeQIIiEHTH.
4
35
3
2,5
2

1,5

\

1
0,5
0

0,5

-1-05 0 05 1 15 2 25 3 35 4
I'padiynnii po3B’s130K PiBHAHHSA 32 Pi3HUX KOE]IilLliEHTIB
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3HOBY pO3TIIAIAEMO TPU CXO0XHX creHapii. Jnsg o> C Oyap-akuii onTuma-
JBHUH IUISIX 30iraeThesi 3 KOpynuiiHoio piBHOBarow. s oo < C KaHOHIYHA CHC-
TeMa Ma€ TPH PIBHOBATH, JIe YeCHA 1 KOPYIIIIiiHA PIBHOBArM — II€ CiIJIOBI TOYKH i
BHYTPIIIHS piBHOBara Mi>k HUIMH — BHPOJDKEHUH BY30Jl. By ib-Kuii 3 oNTHMAaIIb-
HUX NUIAXIB 3pEIITOI0 HAOIMKAETHCS IO MEXI1 OJHI€T 3 TBOX PiBHOBAT.

BUCHOBKHU

V xoxi mociimkeHHS Ha 6a31 Teopii ONTUMAIBHOTO KePyBaHHS 3 BUKOPHUCTAHHSIM
npuHIMITY MakcuMyMy [ToHTpsiriHa MpoaHati3oBaHO MPOOJIeMy NMPHUTHIYEHHS KO-
pymuii. PosrisinyTo nBi pyHKIIT HarpoMaKeHHS KOPYMIIii: JiHIHHY Ta BBICHYTY.
Jos miaifiHOT QyHKIIT pO3B’S30K 3HAWIEHO Y 3aralbHOMY BHTJISAII, JUTS BBITHY-

T0i — Ha npuknagi GpyHKiii —oe . Y pesynbraTi pO3B’S3aHHS CHCTEMH, IO

OTMCY€ AWHAMIKy 3MiHHOI CTaHy, HaJlaHO PEKOMEHaLlii 1010 3aCTOCYBaHHS PO3-
poOIieHol Mozeni A0 PO3TIsSHYTOI mpobiemMu. 3a3HaYMMO, IO BUMANOK 3 JiHIH-
HOIO (PYHKITIEI0 MOXKHA PO3TIIAIATH K MEXY 301KHOCTI MOJIEIeH 31 3MEHIIICHHSIM
CTYIeHsI BBIrHYTOCTI. SIKIIIO BBITHYTICTh 3MEHIIIY€EThCSI, TO JIBI apaliesbHi TpsiMi,
0 00MEeXYI0Th 00J1acTi 3 BHYTPIIIHIM ONTUMAILHUM KePYBaHHSM, HAOIIKYIOTh
OJIHA OJTHY 1 CTUKAIOThCS Ha Mexi (miHiitHa QyHKIN). OTprMaHi pe3yIbTaTH MO-
KYTh OYyTH KOPHUCHHMH 1 3HAWAyTh 3aCTOCYBaHHS B TOAAIBIIMX JIOCITIHKEHHIX
npoOieMy BUHUKHEHHS, MOJICTIOBAHHS Ta MPUTHIYEHHsI KOPYTILIi.
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TEOPETHYHI TA ITPHKJIATHI ITPOBJIEMHU 1 THEORETICAL AND APPLIED PROBLEMS AND
METO/IM1 CHCTEMHOT'O AHAJII3Y METHODS OF SYSTEM ANALYSIS

VK 51-7(08)

MoaenupoBaHue JUHMI pa3jioMoB NMBUIM3aNuil B Hayaje XXI croseTnsi B KOHTEKC-
Te UX (pyHaameHTaabHBIX oTan4nii / 3rypoBckmii M.3., [lepectiok M.H. // Cucremni
JOCTIKeHHS Ta iHdopMariiHi TexHonorii. — 2019. — Ne 1. — C. 7-19.

[IpomomkeH LUK MOAETUPOBAHUS JTUHUNA Pa3IOMOB IIMBUIM3ALMN Ha OCHOBE TEO-
pun Camioans XaHTHHITOHA, HayaToro B 2008 T., B KOHTEKCTE (yHIAMEHTAIBHBIX KYJIb-
TYpHBIX OTIMYUI LHUBUIM3ALUI ¢ BpeMeHHbIM HHTepBanoM 10 ner. MoaenupoBanue oc-
HOBBIBAa€TCS Ha NPUMEHEHWH KOJIMYECTBEHHOTO M KAayeCTBEHHOTO aHallM3a OTIMYMN
MEKy MHPOBBIMH KyJbTypaMH Ha OCHOBaHMM Mojudukanuu noaxona Camroans XaH-
THHITOHAa. C HCMONB30BAaHHUEM pPE3YNbTaTOB KIIACTEPU3AIMN PACCTOSHUM, UYHUCICHHBIX
3HAYEHUH OOLIMX Pa3IOMOB MEXIYy IMBWIN3ALMAMHI U COBOKYITHBIX OTJIMYMH IIMBUIIN3A-
Ui cOpMHUPOBAHO BHICHBE Ha ONmKaiiinee W Hanékoe Oymyiiee KacaTeIbHO BO3MOXK-
HBIX OOBEIMHEHUH U KOH(IMKTOB MEXIYy MUPOBBIMH KyinbTypamu. C IIOMOIIBIO CPaBHU-
TENBHOTO aHaJH3a MO pe3yJIbTaTaM HCCIIeNOBaHUH, nmpoBeneHHBX B 2008 T., MOIy4YeHbl
JaHHBIE, KOTOPBIE MOTYT CTaTh HayYHO-OOOCHOBAaHHOW OCHOBOW ISl TIPEICKAa3aHUs CO3-
JlaHus psifa OObeIMHEHUH U aJIbSTHCOB CTPaH MHUPA, a TAKKe JUIS MOJEIMPOBAHHUS TIOBE/Ie-
HUS ¥ Pa3BUTHS OTJEIbHBIX cTpaH Mupa. Puc.: 7. Tabum.: 5. bubauorp.: 11 Ha3s.

UDC 51-7(08)

Modeling the lines of the breakdown of civilizations at the beginning of the 21st
century in the context of their fundamental differences / Zgurovsky M.Z.,
Perestyuk M.M. // System Research and Information Technologies. — 2019. — Ne 1. —
P. 7-19.

The cycle of modeling of the lines of the civilization breakdown by S. Huntington,
begun in 2008, continues in the context of the fundamental cultural differences of these
civilizations with a time interval of 10 years. The simulation is based on the application of
the quantitative and qualitative analysis of the differences between world cultures based
on the modification of S. Huntington’s approach. Using the data of distances clustering,
quantitative figures of the existing break lines between the civilizations as well as their
cumulative differences, we obtain the possibility to forecast the potential mergers and
conflicts between the world cultures. The obtained data of the comparative analysis of the
present study with the research results of the year 2008 can serve as a scientifically
grounded basis for further studying the issues of predicting the creation of unions and
alliances in the world, as well as while modeling the behavior and development of
individual countries in the world. Figs.: 7. Tables: 5. Refs: 11 titles.

VK 519-866
CucTeMa NOAAEP:KKU NPUHATHS PelIeHuii 11 POrHO3UPOBAHUSA (PUHAHCOBBIX MPO-
1eCCOB HA OCHOBE NMPHHIMIIOB cMCTeMHOro anaausa / Januiaos B.JSI., I'yeskoBa B.I'.,
Bbumok I1.M., ’Kupos A.JI. // CucremHi nocmijukeHHs Ta iHpopMariiHi TeXHOJIOTl. —
2019. — Ne 1. — C. 20-36.

[IpennoxkeHa KOHIENIMS PEIICHNs 3aa4d aJalTHBHOTO MPOTHO3UPOBAHMS HAa OCHO-
BE METOJIOJIOTUHM CHCTEMHOI0 aHaiu3a. Metonosnorus 6a3upyercsi Ha KOMILIEKCHOM HC-
NOJIE30BAaHUHM METOJOB IPEIBAPUTENBHOI 00pabOTKH JaHHBIX, MATEeMaTHYECKOTO U CTa-
THCTHYECKOTO MOJIEIHMPOBAHMS, IPOTHO3UPOBAHMS M ONTUMAIBHOTO OLICHUBAHUS
COCTOSTHHH HCCIIeAyeMBbIX IpoueccoB. Llukimueckas agantanusi CTPYKTypbl U IIapaMeTpoOB
MOJIEJIM Ha OCHOBE MHOKECTBA CTATUCTHYECKHX XapaKTEPUCTHK Ipoliecca oOecrieynBaeT
HIOJTy4eHHEe BBICOKOKAYECTBEHHBIX KOPOTKO- U CPEAHECPOYHBIX OLEHOK IPOTHO30B IIPH
YCJIOBHH BBIIIOJIHEHUS YCIOBUS HHPOPMATHBHOCTH AAHHBIX. J[1s uneHTH(UKAMU U y4de-
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Ta BO3MOXHBIX HEOIPEIEIICHHOCTEH MPEII0KEHO HCITOIB30BATh ONTUMAIBHYO B IU(PO-
BYIO (pUIBTpamHIO, a TAaK)KE€ METOABI WHTEIUIEKTYyaJIbHOTO aHANM3a JaHHBIX: OalleCOBCKHE
CEeTH, aJalTUBHBIE 0aileCOBCKHE CETH, TpaHyJSIpHBIE (QMIBTPHI U OPyTHe WHCTPYMEHTHI.
Bo3MoskHBIE TTapaMeTpHUYECKHE HEONPeNeIeHHOCTH MHUHUMHU3HUPYIOTCS ITyTeM IpUMEHe-
HUSl HECKOJIbKMX METOJOB OICHMBaHMS mapameTpoB moneineir: MHK, PMHK, MMII u
Monte-Kapio misi MapkoBCKHX IieTieil. BhIMONHEHHBIE WCCIEA0BaHUS TMPEAIOKEHHOM
METOAUKH CBUACTCIILCTBYIOT O BO3MOKHOCTU €€ MMPUMECHCHUA K UCCICAOBAHNUIO IIUPOKO-
ro Kjacca MpoIecCOB MPOU3BOJILHON MPHUPOJBI BKIIIOUAs HEJTWHEIHbIE HECTAIlMOHAPHBIC
npouecchl y (uHaHCax, 3KOHOMHKE, dKojoruu u aemorpaduu. Puc.: 3. bubnuorp.:
15 HasB.

UDC 519-866

Decision support system for forecasting financial processes on the basis of system
analysis principles / Danylov V.Y., Huskova V.H., Bidyuk P.I., Jirov O.L. // System
Research and Information Technologies. — 2019. — Ne 1. — P. 20-36.

A concept is proposed for solving the problem of adaptive forecasting that is based
on the system analysis methodology and combined use of preliminary data processing
techniques, mathematical and statistical modeling, forecasting and optimal state estima-
tion of the processes under study. The cyclical adaptation of a structure and model pa-
rameters on the basis of a set of statistical characteristics of a process under study pro-
vides a possibility for reaching high quality estimates of forecasts under condition that
data is informative. To identify and take into consideration possible stochastic, structural
and parametric uncertainties it is proposed to use optimal and digital filtering and data
mining methods such as Bayesian networks, adaptive BN, particle filter and other instru-
ments. Possible parametric uncertainties are minimized with application of several alter-
native parameter estimation techniques such as LS, RLS, ML and Markov chains Monte
Carlo sampling. The conducted study suggests that the proposed methodology can be ap-
plied to the analysis of a wide class of real life processes including nonlinear nonstation-
ary processes in finances, economy, ecology and demography. Figs.: 3. Refs: 15 titles.

MPOTPECUBHI IHOOPMAIIITHI TEXHOJIOTT, PROGRESSIVE INFORMATION TECHNOLOGIES,
BHUCOKOIIPOAYKTUBHI KOMIT'FOTEPHI HIGH-EFFICIENCY COMPUTER SYSTEMS
CUCTEMH

VK 518.9: 004.45
I'pa «KHMTTS» 3 HeperyJsipHUM IPOCTOPOM 3 MeKaMH: BHIAJOK Iuaiiepis / Bpakon
Jix., Makapenko O.C. // CucremHi nociipkeHHs Ta iH(opmariiini Texnomorii. — 2019.
— Ne 1. — C. 37-49.

[MomaHO BHKOHAHI MOCTIKCHHS 3 peaiizallii mpaBwil Ul IUIAHEPIB Y TPi KUATTSD
3 HeperyJsIpHOI0 00JacTio 3 MexkaMH. ONMcaHO OCHOBHI NPUHIMIIN TPH <OKUTTS» 31 3ra-
IyBaHHSM JIESKUX CTPYKTYD, SKi 3'SBISIOTHCS PETYISIPHO Y X0/ €BOJFOMII 1 Ty’ke BaskKITHB1
K pyXOMi CTPYKTypH (TUTaHepH). Y TOYHEHO IpaBHiIa 3iTKHEHHS MiX IJIaHepaMH. YBene-
HO HEperyJsipHUN MPOCTIp MOJENI IUIAXOM JOAaBaHHS HOBOTO CTaHy IJIsi KOMIpOK Ha
MeXax, a TAKOXK HOBI IIPaBHUJIa, [0 CTOCYIOTHCA 1IbOTO HOBOTO KJIITHHHOTO aBTOMaTa. Po3-
TJIIHYTO TPaBMJIA i TEOMETPII0 MPOCTOPY MOJIENI, AKi Jal0Th 3MOTY €MYIIIOBATH JIOTidHI
omepallii B 3MiHEHil Tpi «KUTTs». Puc.: 22. Biomiorp.: 19 Ha3s.

VK 518.9: 004.45
Hrpa «Kku3Hb» ¢ HeperyJsipHbIM IPOCTPAHCTBOM M I'PAHULAMH: CJIy4ail riaiaepos /
Bpaxon /I;x., Makapenko A.C. // CucremHi AoCiKeHHs Ta iH(pOpMamiiHi TeXHOIOTII.
—2019. — Ne 1. — C. 37-49.

[IpencraBneHsl MpoAeTaHHBIe UCCIEOBAHUS [0 PEeaTH3aldy MPABHII IS IDIAHEPOB
B UT'PE «KHU3HB» C HEPETYISIPHON 00macThio ¢ rpaHuiaMu. OMMCcaHbl OCHOBHBIE TTPHHITH-
Bl UTPHI «XKU3HBY» C YIIOMHHAHHEM HEKOTOPBIX CTPYKTYpP, KOTOpPHIE MOSBISIOTCA pe-
TYJIAPHO MPH 3BOJIONHU U OY€Hb BAXKHBI B Ka4eCTBE IBIDKYIIUXCSA CTPYKTYp (TIaHEPOB).
YTOYHEHBI TMpaBWja CTOJIKHOBEHUS MEXIy IIaHepaMu. BBeneHBl HeperyisipHoe Impo-
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CTPAaHCTBO MOJETH C JO0aBJICHHEM HOBOTO COCTOSHHS JUIA SY€CK HA TPAHUIAX, & TAKKE
HOBBIC MPABHIIA, KACAIOIIMECS 3TOTO HOBOTO KJIETOYHOTO aBTOMara. PaccMOTpeHbI paBu-
Ja ¥ TEOMETPHS MPOCTPAHCTBA MOJIENH, O3BOJISIOIINE IMYJIUPOBATH JIOTHYESCKUE OTepa-
MU B U3MEHEHHOW UTPe «OKU3HbY». Puc.: 22. bubmmorp.: 19 Ha3s.

VJIK 004.942:537.525

CucreMa KOHCTPYKTHBHBIX T€OMETPHYECKUX MAPAMETPOB MOIEIH IEKTPOHHBIX IMy-
IIeK BHICOKOBOJIbTHOTO TJICIOLIEr0 pa3psiia, popMupyommx npoduiibHbie 3J1eKTPOH-
Hble myuku / Measnuk WU.B., [lounnok A.B. // Cucremni mocmimkeHHs Ta iH(popMamiiiHi
texuonorii. — 2019. — Ne 1. — C. 50-65.

PaccmoTpena cucteMa KOHCTPYKTHBHBIX TE€OMETPHUYCCKHX IAapaMETPOB MOJCIH
JNEKTPOJHBIX CUCTEM 3JICKTPOHHBIX IMYIIEK BEICOKOBOJIBTHOTO TICIOMIETO paspsna, Gop-
MUPYIOIIUX MPOQUIEHBIC JIEKTPOHHBIC IMyYKH C KOJBIEBEIM (pokycoM. OTIMIHTENEHOM
YEPTO# MPEIOKEHHOW MOJEIH SIBISIETCS TO, YTO B Ka4eCTBE KJIFOUEBOTO MapaMeTpa
BBIOpaH yroJi HAKJIOHA 00pa3yIoNIei MOBEPXHOCTH KOHMYECKOTO aHO/A K OCH CUMMETPHU
anekTpoHoit cuctembl. CHopMHUpOBaHA CHCTEMa HEPABEHCTB, ONMPEICISIIOUIMX TEOMET-
puueckue, GU3NUECKUE U BHIYUCIUTENbHbIE OTPaHMYCHUS] HA KOHCTPYKTUBHbIE MapaMeT-
Pbl MOJIEIIUPYEMOM 3JIEKTPOJHON CHUCTEMbI, & TAKIKE TEXHOJIOTHYECKHE JIOMYCKU Ha HHX.
B pesyinbTare npoBeeHHbBIX UCCIEIOBAHUN CO3/IaHa MOJIHAS, 3aMKHYTasi U HEMPOTHBOPE-
YKBas CUCTEMa FCOMETPUYECKUX IMapaMEeTPOB MOJECIU JJICKTPOJHBIX CHUCTEM JJICKTPOH-
HBIX MYIICK BBHICOKOBOJBTHOTO TJCIOIICTO pa3psiaa, (GOPMHUPYIOUIMX MPOQUIbHBIC 3JICK-
TPOHHBIE TYYKH C KoublEeBbIM (oxycoM. CdopMuUpoBaHBl OrpaHHYEHUs Ha
KOHCTPYKTHUBHBIC TMapaMeTphl MOJEIH, NPEICTABICHHBIC B BHJIC CHCTEMBl HEPABCHCTB,
UCIIOJIB30BaHbl B TPOTPAMMHOM KOMIUICKCE, MPEIHA3HAYCHHOM JUIS MOJICIUPOBAHHS
JNEKTPOJHBIX CHCTEM 3JIEKTPOHHBIX MYIICK BHICOKOBOJIBTHOTO TICKOIIETO pa3psia, ¢ Iie-
JIbI0 KOHTPOJISI BXOJIHBIX APAMETPOB MOJICNIM HA HAYAILHOM 3Tarle KOMIIBIOTEPHOTO MO-
nenupoBaHus. Puc.: 6. bubmuorp.: 22 Ha3s.

UDC 004.942:537.525

The system of constructive geometrical parameters of model of high voltage glow
discharge electron guns, producing profile electron beams / Melnyk LV,
Pochynok A.V. // System Research and Information Technologies. — 2019. — Ne 1. —
P. 50-65.

The system of constructive geometrical parameters of the model of electrodes’ sys-
tems of high voltage glow discharge electron guns, producing the profile electron beams
with the ring-like focus, is considered in the article. The distinguishing feature of a pro-
posed model is taking the slope angle of generating line of the conic anode surface rela-
tively to the electrodes’ system symmetry axis as the basic parameter. The set of inequali-
ties has been constructed which defines the geometrical, physical and computing
limitations on the constructive parameters of a simulated system, as well as its technologi-
cal tolerable limits. The complete, closed and consistent system of geometrical parameters
of a model of electrodes’ systems of high voltage glow discharge electron guns, producing
profile electron beams with the ring-like focus, have been created as a result of conducted
research. Formed limitations to the constructive model’s parameters, written as the set of
inequalities, have been used in the software application, intended for simulation of high
voltage glow discharge electron guns electrodes’ systems, for the purpose of control of
input model parameters at the first step of a computer simulation. Figs.: 6. Refs: 22 titles.

YK 621.313

MaremaTHyeckasi MOJeJb IBYXMAIIMHHOTO0 ACHHXPOHHOI'O ABHMIaTeJisl ¢ Bpallalouu-
Mcst maaykTopoM / Jlynso B.B.,CunsBectpoB A.H. // Cucremni pocnimxeHss ta iHdop-
MariiHi Texsomorii. — 2019. — Ne 1. — C. 66-74.

[IpennosxeH METOA MOJENUPOBAaHUS JABYXMAIIMHHOIO aCHHXPOHHOTO arperara, Ko-
TOPBII OCHOBAH Ha pa3JeJICHUU MOJEIIEH IEPBUYHON U BTOPUYHOU ACUHXPOHHBIX MAIlUH
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Ha JIB€ OT/EJbHbIE CTPYKTYPHbIE €ANHMIBI. MoJenMpoBaHie NEePBUYHON MAIIUHEI C ca-
MOT'0 HaJaja MPOU3BOAUTCS B HEMIOJBIKHON OTHOCHTEIBHO CTaTOpa CUCTEME KOOPIHUHAT,
B TO BpeMsI KaKk MOJEIMPOBAHHE BTOPUYHOM MAIIMHBI OOECTIEUMBAETCS MEPEXOAOM W3
Bpalarolneiics B HEIBIKUMYIO CUCTEMY KOOPJHMHAT C IOMOILBI0 OOpaTHOrO MpeBparie-
Hus [lapka. B mporecce pa3paboTki MaTeMaTHIeCKOi MOJENTH COCTAaBIIEHBI CTPYKTYPHBIC
CXEMBI OTJENIbHBIX OJIOKOB MOJICITH M yCTaHOBIICHBI B3aUMOCBSI3H MEXIy HUMH. JlaHHas
MaTreMaTuueckas MOJeNIb COOTBETCTBEHHO pe3yJbTaTaM MpeAbIIYIINX HCCIeI0BaHUN
B 00JIaCTH MOJIEJIMPOBAaHMsI ACHHXPOHHBIX MAIlIMH A3aeT BO3MOXHOCTh YBUJIETh OCOOEHHO-
CTH pabOThI UCCIIEIOBAHHOTO KJIacca AIIEKTPHUECKUX MAIIUH. MOXeT ObITh HCIIOJIb30BaHa
JUIsl pa3pabOTKU M HMCCIIEAOBaHUM AIIEKTPONPUBOJA Ha MX ocHoBe. Puc.: 8. bubmmorp.:
4 Ha3zB.

UDC 621.313

Mathematical model of a two-machine induction motor with rotating inductor /
Lutso V.V., Silvestrov A.M. // System Research and Information Technologies. —
2019. — Ne 1. — P. 66-74.

The method of the two-machine induction motor based on separation of models of
primary and secondary machines as isolated entities is described in the article. Modelling
of the primary machine is carried out in the coordinate system, that is stationary relatively
to a stator, while modelling of a secondary machine is provided by a transition from the
stationary coordinate system to rotating one with help of the inverse Park transformation.
The structure diagrams of separate model blocks were built and interrelation between
them was defined during the process of model development. This mathematical model,
based on results of previous studies in the area of induction motor modelling, allows to
see special aspects of the considered class of electric machines, as well as it can be used
for development of an electric drive based on it. Figs.: 8. Refs: 4 titles.

MNPOBJEMMU MPUMHSITTS PILLEHb TA DECISION MAKING AND CONTROL IN
YIIPABJIIHHS B EKOHOMIYHUX, TEXHIYHUX, ECONOMIC, TECHNICAL, ECOLOGICAL AND
EKOJIOTTYHHUX I COUIAJTBHUX CUCTEMAX SOCIAL SYSTEMS

VK 519

IToGynoBa mopeJti TMHAMIKH BUPOOHM40-PMHKOBHUX MpPOLECiB y IBOCEKTOPHIN Makpo-
exonomini / [lankparosa H./l., Xopouryn JLIL., fIxin C.JI. // CuctemHi TOCTi/PKSHHS Ta
iH(opmariiiai TexHosorii. — 2019. — Ne 1. — C. 75-90.

3arpornoHoBaHO MaTeMaTUYHy MOJIENb JMHAMIKH BUPOOHHYO-PUHKOBUX MPOLECIB Y
MaKpOEKOHOMIIli, B OCHOBY SIKOI ITOKJIAZICHO 3B’s13aHI HU(epeHIliabHi PiBHIHHS OalaHCy
BUPOOHMLTBA 3 ypaxyBaHHSM IPOAYKTHBHOCTI, 3HOLIYBaHHS, BUPOOHMYOrO Harpoma-
JOKEeHHS 1 yJacTi Jroziel, a TakoK 0ajaHCy TPOIIOBO-TOBAPHUX ITOTOKIB y ITBOCEKTOPHII
MOJIeTl MaKpOEKOHOMIKH TPH PO3IMIMPEHOMY BiATBOPEHHI. Y3araJibHEHO MOJIENb BUPOO-
HHIITBA HA BUITAJ0K ICHYBaHHS BHJIIB KalliTally 3 pI3HUMHU IPOIYKTHBHICTIO, BUPOOHHYNM
HarpoOMa/KEHHSAM, aMOPTH3ALIEI0 1 yJacTio JoAed. PO3IIsIHyTO KOHKPETHI 3aBAaHHS, 110
ONUCYIOTh 3POCTAaHHS, CHaj 1 IMKIIYHUH XapakTep BUPOOHMITBA, a TAKOX IHQIALIO.
bi6miorp.: 10 Ha3s.

UDC 519

Construction of a model of dynamics of production market processes in two-sector
macroeconomics / Pankratova N.D., Khoroshun L.P., Yakhin S.L. // System Research
and Information Technologies. — 2019. — Ne 1. — P. 75-90.

A mathematical model of the dynamics of production-market processes in macro-
economics is proposed, which is based on the associated differential equations of the pro-
duction balance taking into account productivity, depreciation of production accumulation
and human participation, and the balance of monetary flows in a two-sector macroecon-
omy model with extended reproduction. A generalization of the production model in the
case of the existence of types of capital with different productivity, production accumula-
tion, depreciation and participation of people has been carried out. The specific tasks de-
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scribing the growth, decline and cyclical nature of production, as well as inflation, are
considered. Refs.: 10 titles.

VK 681.513.

Heuitkniit MI'YA Ta iforo 3acrocyBaHHs JJIsl IPOrHO3YBAHHS (PIHAHCOBHUX NpoueciB /
Zaiiuenxo FO.I1., 3aiiuenko O.10. / Cucremui gociimkeHHs Ta iHGOpPMAaLiHHI TEXHOJIOTII.
—2019. — Ne 1. — C. 91-109.

[TpucesiueHO OCHIIPKEHHSIM Ta 3aCTOCYBAaHHIO HEYITKOIO METOAY IHAYKTHBHOTO
MOJICTIIOBAHHS, BiJJOMOTO SIK HEUITKMH METOJX TIpPYIOBOTO YpaxyBaHHS apryMeHTIiB
(HMI'VA) y npoGnemax iHTEJIEKTyaJIbHOTO aHANII3y JaHUX, 30KpeMa NPOTHO3YBaHHS Y
¢dinancoBiit coepi. IlepeBaroro IHAYKTUBHOTO MeTony MonemoBaHHs MIVYA e
MOJKJIMBICTh KOHCTPYIOBAHHS alleKBaTHOI MOJETI MpoIecy 0e3mocepeHbo B MPoIieci po-
6ot amroputmy. Ommcano y3aranpHeHHS MIYA Ha BHIMAagOK HEBH3HAYCHOCTI —
HediTkuii MI'YA, skuif 103BOJIsiE KOHCTPYIOBATH HEUITKI MOAENI Mail’ke aBTOMAaTHYHO.
PosrnsuyTo anroptmu Hewitkoro MI'YA mis rayciBChKuX Ta A3BIHONOIIOHMX (QyHKITiH
HAJISKHOCTI 1 TOKa3aHO iX MOMIOHICTh IO MOJENEeH 3 TPUKYTHIMHU (DYHKIISIMH HaJIKHOCTI.
Haseneno Bapiantu HMI'VA 1iist oproronansuux nosiHomiB Yebumosa ta dyp’e. Posr-
JSIHYTO TIpoOJieMy ajanraiii He4iTKUX Mojeleld, oTpuManux 3a pornomoroo HMI'YA, ta
OIKCAHO BIAMOBIMHUI anroputMm ananraiii. HaBeneHo y3aranpHeHHS HeditTkoro MIVA
Ha BUIAJOK HEYITKAX BXINMHUX 3MIiHHHX. [IpOBEICHO EKCICPUMEHTANBHI JTOCIIIKCHHS
HMI'YA ta HaBeneno ix pesynsraru. Puc.: 3. Tabum.: 6. biomiorp: 21 Ha3B.

VK 681.513.

Heuerkuit MI'YA u ero npHMeHeHue /151 NPOTHO3MPOBaHUsI (UHAHCOBBIX MPOLECCOB
/ 3aituenko 10O.I1., 3aiiuenko E.}O. // CuctemHi mocmimkeHHs Ta iHGopMaIliiHi TEXHOIO-
rif. — 2019. — Ne I. — C. 91-109.

ITocBAmeHo uccenoBaHusAM U IIPUMEHEHUIO HEYETKOTO METO1a HHAYKTUBHOIO MO-
JISTUPOBaHMS M3BECTHOTO KaK HEYETKUH METOJ IpyImnoBoro ydera aprymeHTos (MI'YA)
B mpoOieMax HHTEUIEKTYalbHOTO aHaJln3a JaHHBIX, B YaCTHOCTH INPOTHO3UPOBAHMSA
B uHaHCOBOI cepe. [IpenmyiiecTBOM MHAYKTHBHOrO MeTona MoaenupoBanus MI'YA
SBJIICTCS BO3MOXKHOCTb KOHCTPYHUPOBAHUsSI aIeKBATHOW MOJENH HEMOCPEACTBEHHO B MPO-
necce pabotsl anropurMma. Omumcano o6obmenne MI'YA Ha ciydail HeonpenesieHHO-
ctu — HeueTkuit MI'VA, no3Bosdiomuil KOHCTPYHPOBAaTh HEUYETKUE MOJENH IOUYTU
aBTOMAaTHYeCKU. PaccMOTpeHbI anropuTMbl HedeTkoro MI'Y A amst rayCcCOBCKHX M KOJIO-
KOJI000pa3HbIX (DYHKIUH MPUHAUISKHOCTH U TIOKa3aHO MX CXOJCTBO C MOJEIBIO VISl Tpe-
YroJibHBIX (QYHKIMH npuHaAIexHocTu. [IpuBenenst Bapuantst HMI'YA st oproronais-
HBIX monmHOMOB YeOnimeBa u @Dypre. PaccmoTrpena mpobiiema aganTaniiyi HEYETKUX
Moienel, moaydeHHsIX o HMI'Y A, u onucaH cOOTBETCTBYIOMININ aJrOPUTM aJalTaliy.
ITpuBeneno 0606meHre HeueTkoro MI'YA Ha ciydail HeUETKUX BXOJHBIX MEPEMCHHBIX.
Brinmonnens! sxkcniepuMenTanbhble uccnenopanusi HMI'Y A u npuBeneHbl UX PE3yJbTaThl.
Puc.: 3. Tabmn.: 6. bubnuorp: 21 Ha3s.

VK 611.814.1:615.84

OuneHnBanue aJanTHBHBIX pPe3epPBOB YeJ0BEKA IO JaHHBIM NMyJbcomMeTpun / 3ano-
poxko U.A., Boposenen /I.A., 3youyk B.WU. // Cucremni mocmimpkeHHs Ta iH(pOpMamiiiHi
texHoiorii. — 2019. — Ne 1. — C. 110-117.

PaccMorpeHa u omucaHa apxXuTeKTypa Komiuiekca. [IpuBeneH IporpammHO-
annapaTHbIi KOMIUIEKC PEerucTpalud U o0paboTKU AaHHBIX IyJbcomerpuu. [Ipennoxen
KOJIMUECTBEHHBIH ~ KPUTEPUH  OLEHKM (PYyHKIMOHAIBLHOTO  COCTOSHHS  CEpACYHO-
COCYIUCTON CUCTEMbI — HMHAEKC (OPMBI MMYJILCOBON BOJIHBI C UCIOIB30BAHUEM IPSIMOTO
1 oOpaTHOro npeobpazoBanust Pypre U aHAIM3a €r0 XapaKTepHCTHK. MccaenoBanbl -
HAMHYECKHE CBOWCTBA ITYJILCOBON BOJHEI B COCTOSIHUM IMOKOS. [IpecTaBiieHbl pe3ybTa-
THI UCCIIEIOBAHUI UHIIEKCA (DOPMBI ITYJILCOBOI BOIHBI [UIS TPYIIT JOOPOBOIBICB PA3HOTO
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BO3pacta U moja. [IpeioxeH KONMW4eCTBEHHBIH KpUTepHid R 11 omeHKH ajanTHBHBIX
pe3epBoB 00CIIeyeMBIX, BRIBEICHHBIN TOCPEACTBOM 00yUeHHST HEHPOHHOI ceTn ¢ o0par-
HBIM pacrnpocTpaHeHreM omuOkH. [IpuBeneHsl HOpMBI R ¢ ydeTom Bo3pacta M Imoja ue-
JOBEKa, a TAakkKe Pe3yJIbTAaThl CTATHCTUYECKOH 00pabOTKM BXOIHBIX AAaHHBIX. BhInonHeH
aHAJIN3 BO3MOXHOCTEH Pa3paOOTaHHOTO NPOrPAMMHO-AIAPATHOIO KOMIUIEKCA, BBIIBH-
HYTBI IIPEUIOKEHNS 110 €r0 YCOBEPLICHCTBOBAHHMIO KaK alllapaTHO, TaK M MPOIPaMMHO.
Puc.: 4. Ta0:.: 2. bubnuorp.: 10 Ha3s.

UDC 611.814.1:615.84

Assessment of human adaptive reserves by pulse wave / Zaporozhko 1.0.,
Borozenets D.A., Zubchuk V.I. // System Research and Information Technologies. —
2019. — Ne 1.—P. 110-117.

The definition of adaptive reserves of human health is one of the diagnostic tasks
and is aimed at obtaining a quantitative assessment of the functional state of the main sys-
tems in the process of health and the appearance of pathologies. The article studies and
describes the architecture of the system. A software-hardware system for recording and
processing pulse wave data is shown. The proposed quantitative criterion for assessing the
functional state of the cardiovascular system is the pulse waveform index (PWI), while
using the forward and inverse Fourier transform and analyzing its characteristics. Dy-
namic properties of a pulse wave in a state of rest are investigated. The results of the study
by calculating PWI for groups of volunteers of different age and sex are presented. The
proposed quantitative criterion R for estimating the adaptive reserves of the subjects is
derived by training the neural network with back propagation of the error. The norms for
R are presented that take into account person's age and sex. The estimation of this method,
as well as the results of statistical processing of input data are carried out. The capabilities
of the developed software and hardware system were analyzed, the proposals for improv-
ing both hardware and software were made. Figs.: 4. Tables: 2. Refs: 10 titles.

MPOBJIEMHO I ®YHKI[IOHAJIEHO OPIEHTOBAHI PROBLEM- AND FUNCTION-ORIENTED
KOMII'YOTEPHI CHCTEMU TA MEPEXKI COMPUTER SYSTEMS AND NETWORKS
V]IK 004.72

Tymanni o0uucieHHss B 0ararouiiboBUX cepBic-OpiEHTOBAHNX MOOLILHUX MEeIHYHUX
cucremax / Ilucbmennnii 1.O., Kucamii P.B., Ilerpenko A.L // CuctemHi gocimimkeHHs Ta
indopmariiiini Texnonorii. — 2019. — Ne 1. — C. 118-127.

EnexTponHi Mean4Hi cucteMH, 10Oy 10BaHi Ha TexHONOTisX iHTepHeTY peuelt (IoT),
— IIe TeHICHLIS, AKa HaWOMIHKYNM 9acoM 3pOOHTH PEBONIONII0 Y chepi OXOpPOHHU 310-
POB’si, BUHHKJIA 3 PO3BUTKOM MiKpoesekTpoMexaHiyHux cucreM (MEMS), 6e3nporoBux
TEXHOJIOTIN Ta IHTEpHETY, SKi YMOXJIMBIIOIOTH IHTETPALiI0 CHCTEM, MIKPOEIEKTPOHHHUX
NPUCTPOIB Ta MEIUYHHX IOCIYT 1 JO3BOJIAIOTH 00pOOIATH AaHi HAa MEXi Mepexi (B Mak-
CHUMAaJIbHOMY HaOJIM)KEHHI A0 MPUCTPOI0). Takuil miaxix qae 3MOry eKOHOMHUTH OOYHCITIO-
BAJIbHI pECypCH 1 YHUKATH HEMOTPIOHNX TOYOK BiZIMOBH. MOHITOPHHT apaMeTpPiB JKUTTE-
BO BOXJIMBUX (YHKIIH MaIieHTiB (BUMIPIOBaHMX y JOMAIIHIX YMOBAaX) IIOCSATAETHCS 3a
Jonomororo cydacHoi texHouorii [oT, sika nmepenbavae iHTerpamito Mk MOPTaTUBHUMHU
JIarHOCTUYHUMHU JATYMKAMH, CTUIBHUKOBUMH Tele(h)OHAMM, XMAapHUM CXOBHUILEM JAHUX
3 €JIEKTPOHHUMHU KapTaMH MAali€eHTiB i MpodeciiHUMU MOoCTayalbHUKaMd MEIUYHHUX I0-
ciyr. Y poOoTi pO3TISIHYTO MOXKIIMBOCTI BUKOPHUCTAHHS MiAXOAY TyMaHHHX OOYHCIICHB
JUIsl TIepeHeceHHsT 00po0IeHb TaHNuX 1 00UNCIIeHb 3 XMapy /10 MEX MEpesxi sl CTBOPEHHS
6araroiinboBol 1HGPACTPYKTYPH JJisi MOOLIBHOI OXOPOHHU 3A0POB’Sl Ta CHCTEMH CIIOCTE-
PEeXEHHS 3a IpOMa/ITHAMU Ha OCHOBI cepBic-opieHTOBaHOTrO miaxoxay. Puc.: 4. bibumiorp.:
22 Ha3B.

YK 004.72

TymaHnHble BbIYMCJIEHHSI B MHOTOIEJIEBbIX CEPBHC-OPHEHTHPOBAHHBIX MOOUJIbHBIX
mequnuHckux cucremax / Iucbmennsiii U.A., Kucavli P.B., Ilerpenxko A.HW. //
CucremHi gociimpkeHHs Ta iHpopMatiiHi TexHomorii. — 2019. — Ne 1. — C. 118-127.
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DICKTPOHHBIC MEIUIIMHCKHE CHCTEMbI, OCHOBAHHBIC HA TEXHOJIOTHSX HWHTEPHETA
Bemet (IoT), — 3To TeHaeHIWs, KOTOpas B OymkaiiieM OymymieM Mpou3BeaeT PEBOIIIO-
Mo B cepe 37paBOOXpaHEHHS, BO3ZHUKIA C PAa3BUTHEM MHKPOIIECKTPOMEXaHUIECKUX
cucteM (MEMS), 6ecnipoBOJHBIX TEXHOJIOTUH W WHTEPHETa, KOTOPhIE O0OECIeYMBAIOT
BO3MOXXHOCTh WHTErPALUM CUCTEM, MUKPOAJICKTPOHHBIX YCTPOHCTB U MEIULIMHCKUX YC-
JIyT, TI03BOJISAs 0OpabaThIBaTh JaHHBIE HA MPAaHUIE CeTH (MAKCHMAIBHO OJIM3KO K YCTPOH-
cTBY). JlaHHBIH MMOJIXOJ MO3BOJISIET SKOHOMHUTH BBIYMCIMTENIBHBIE PECYypCchl M HM30erath
HEHY)KHBIX TOYEK OTKa3a. MOHUTOPHHI TIapaMeTPOB JKU3HEHHO BAXKHBIX (DYHKIMH Malu-
EHTOB (M3MEPSIEMBIX B JOMAIIHHUX YCJIOBHSIX) JIOCTHTAcTCsA C MOMOIIbIO COBPEMCHHOM
texHosiorun 10T, KoTOpas mpenmonaracT MHTETPALUIO MEXIY MMOPTATHBHBIMH JTHATHO-
CTHYCCKUMH JIaTYMKAMH, COTOBBIMH Telie)OHAMH, OOJIAYHBIM XPAHWIHIIEM JTaHHBIX
C JICKTPOHHBIMU KapTaMU MAIICHTOB M MPO(EeCCHOHATEHBIMU MOCTABIIMKAMHU MEIHAITH-
ckux ycayr. B pabote paccMaTpuBarOTCs BO3MOXKHOCTH HCIOJIb30BAHUS TIOAX0a TyMaH-
HBIX BBIYMCIICHHIA IS TIepeHoca 00pabOTKHU TaHHBIX M BBIYMCIICHHI U3 00JIaka K TPaHUIIe
CeTH JIsl CO3[]aHUSI MHOTOLIENIEBON MHPPACTPYKTYPBI Ui MOOHIIBHOTO 3paBOOXPaHEHHUs
Y CHCTEeMbI HaOIIOJICHUS 32 IPaKJaHaMH Ha OCHOBE CEPBUC-OPUEHTHPOBAHHOTO MOXO/A.
Puc.: 4. bubnuorp.: 22 Ha3B.

METO/IY ONITUMI3AL{, ONITUMAJILHE METHODS OF OPTIMIZATION, OPTIMUM
VIPABJIIHHS I TEOPISI ITOP CONTROL AND THEORY OF GAMES

VK 517.94

HaxoxaeHne nepuoau4eckoro pemenusi ypapHenns Marbe ¢ 3anasabisanneM / boxo-
HoB FO.E. // CucremHi nociimpkeHHs Ta iHpopMmaniiiHi TexHomnorii. — 2019. — Ne 1. —
C. 128-131.

[pemioskeH MOAXO K HAXOXKICHHIO TICPUOTUUSCKOTO PEIICHUS HEIMHEHHOTO Au-
(hepeHIaTBFHOTO ypaBHEHHUsT MaThe ¢ 3ama3plBaHUCM, HCIOJIh3yEMOTO B TEOPUU KOJIe-
OareNbHBIX TporeccoB. V3BeCTHO MPUMEHEHHE YHCICHHO-aHAMTHYCCKOTO METO/a Ha-
XOXKJICHUS TIEPUOJUIECKOTO PEIICHUS STOTO YpPAaBHEHHS ITyTEM CBEICHHS YPaBHEHUS
BTOPOTO MOPsAKA K cucTeMe MU depeHINaIbHbIX ypaBHEHUH IepBOTO Mopsaka. Kcmoms-
30BaHa pa3paboTaHHas aBTOPOM METOJHKA HaXOXKACHHUS MMEPUOANIECKAX PEIICHUH Helu-
HEHHBIX OOBIKHOBEHHBIX AH((epeHIIHaNbHBIX ypaBHEHHH BTOPOTO TMOPAIKA, PacIpo-
CTpaHEeHHas TaKk)Ke Ha ypaBHEHHMS C 3ama3/siBaHueM 0e3 cBeneHuns k cucreme. [loctpoena
¢dyuakus ['puHa s camoconpsbkeHHOTo audhepeHInaabHOro orneparopa BTOPOr Mmpo-
W3BOJIHOM, OIPEAEICHHOT0 Ha (YHKUHMAX, YAOBJIETBOPSIOIINX MEPHOANIECKUM KPaeBbIM
YCIIOBUSAM. le/IBeﬂeHbI HeO6XOZ[l/lMI)Ie U JOCTATOYHBIC YCJIOBHS CYHICCTBOBAHHS MEPUO-
JTIUYECKOT0 perieHus ypaBHeHHs Mathe. CaMO pellieHHe HalJACHO METOJOM IOCIIe0Ba-
TeNBHBIX NpuOnmkeHuil. [loaydeHa oleHKa CKOPOCTH CXOAMMOCTH MeTona. bubmwmorp.:
4 Ha3zB.

UDC 517.94
Finding of periodic solution of the Mathieu equation with the delay / Bokhonov Yu. Ye.
// System Research and Information Technologies. — 2019. — Ne 1. — P. 128-131.

The work suggests an approach for finding periodic solution of the nonlinear de-
layed differential Mathieu equations applied in the theory of oscillatory processes. The
application of the numerical-analytical method to finding periodic solutions of this equa-
tion is known. This idea includes reducing the equation to the system of the first order.
The article proposes the use of the previously developed method for finding periodic solu-
tions of nonlinear second-order ordinary differential equations, also used for equations
with delay, without being reduced to a system. In this case, the Green's function is con-
structed for a self-adjoint differential operator of the second derivative, defined on func-
tions that satisfy periodic boundary conditions. The necessary and sufficient conditions for
the existence of a periodic solution of the Mathieu equation are given. The solution itself
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is found by the method of successive approximations. The estimates for the method's rate
of convergence were obtained. Refs.: 4 titles.

YIK 517.9

IIpodsieMa yrHeTeHHMs] KOPPYNIMH C MCIOJIb30BAHMEM ONTHMAJILHOIO yNpaBjieHus /
SxosaeBa A.Il.,, Kpyts B.H. // Cucremni nociipkenHs: Ta iHpopMalliiiHi TeXHOJOTIl. —
2019. — Ne 1. — C. 132-140.

Paccmorpena mpobniema yrHeTeHHs KOPPYILHMH C HCIOJIb30BAaHHEM MaTeMaTHye-
CKOT0 MOJEIUPOBAHUS M ONTHUMHU3ALUH, B YACTHOCTH C MOMOILBIO MPUHIUIIA MAKCUMyMa
Iontpsruna. IIpogenan ocMOTp U MOCTPOEHUE MOJENEH K OCTaBIEHHON 3anade. B mpo-
LECCE MCCIEN0BAaHNUs yCTaHOBJIEHA CIIPABEUIMBOCTD MPEINOIO0KEHUS O TOM, YTO KOPPYyI-
U He UMeeT OO0IIel TOMHUHUpYIomeH cTparerun. Jloka3aHo, YTO CYIIECTBYIOT I[Ba JIO-
KaJbHBIC CTaOWIIBHBIE pPAaBHOBECHS, a WMEHHO: OJHO, T/A€ KaKABIH SBiIAETCA
KOPPYMIIMPOBAHHBII U BIIOJIHE IPUHUMAET KOPPYILHIO, U IPYroe, IIe BCE HacelleHHE
ABIISIETCA YECTHBIM M KOPPYIILUS PaBHOMEPHO OCyXkaaercd. Mexay HMMH €CTh HeCTa-
OUIIBHOE PaBHOBECHE, NI OXKMIAEMBII YPOBEHb KOPPYILUH B COOTBETCTBHH C IIPEACTaB-
JICHUSIMU TPaXkJaH COBMaJaeT ¢ (pakTHUeCKOil MHTEHCHBHOCTBIO Koppymimu. PaccMorpe-
Hbl JBe (YHKUMU HAKOIUIEHHS KOPPYILMWH: JIMHEWHas W BorHyrtas. Jlius juHeiHOU
(yHKIIMM penieHue HaiileHo B 00IeM BHJE, /Uil BOTHYTOM — Ha HECKOJIBKHX IpHMepax.
Puc.: 1. bBubnuorp.: 6 Ha3B.

UDC 517.9

The problem of corruption suppression using optimal control / Yakovleva A.P.,
Krut V.M. // System Research and Information Technologies. — 2019. — Ne 1. —
P. 132-140.

The problem of corruption suppression using mathematical modeling and optimiza-
tion, i.e using the Pontryagin maximum principle, was considered. The reviewing and
building models for this problem was conducted. The study of corruption suppression
using optimal control confirmed the assumption that corruption did not have a dominant
overall strategy. It is proved that there are two local stable equilibriums, namely one
where everyone is corrupt and it takes corruption and another where all people are honest
and corruption is uniformly condemned. Between them there is an unstable equilibrium
where the level of corruption expected in accordance with the representations of citizens
coincides with the actual intensity of corruption. Two cases of the corruption accumula-
tion function were considered: linear and concave. For the linear function, the solution is
found in general terms, for the concave — on several examples. Figs.: 1. Refs: 6 titles.
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