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A.C. CBepcriok
TepHONINBCHKMI AepikaBHUIN MeanyHM YHiBepcuTeT imMeHi 1. 5. 'opbadeBchroro

MATEMATHUYHI MOJEJII KIBEP-®I3BUYHUX BIOCEHCOPHUX TA IMYHOCEHCOPHUX
CUCTEM

A.C. Cgepctiok. MaTtemMaTHyHe MOJAeJIOBaHHA Ki0ep-(pi3munux OioceHcOPpHHUX Ta iMyHOCEHCOPHMX cHcTeM. B
CTaTTI PO3MIISTHYTO MaTeMaTHJHI Mozeli Kibep-¢i3maHoi Gi0CeHCOpHOI CHCTeMH A HMPOTHO3YBAaHHS TepMiHy ii 30epiraHms,
Kibep-¢iznaHoi enekTpoximMiuHOI 6i0CEHCOpHOI crcTeMH, Kibep-(hi3uIHOI CHCTEMH ISl BU3HAUCHHS PiBHS IIIOK03U. Po3pobieno
MaTeMaTH4YHy MOAENb KiOep-(i3HndHOi iMyHOCEHCOPHOI CHCTEMH Ha TeKCarOHaJIbHIN PENITIH, sSKa TPYHTYIOTBCS Ha CHCTEMI
nudepeHIiaTbHUX PIBHAHB 13 3ami3HeHHsIM. ONHICaHO PEIIiTYacTy MOJENb B3a€MOll aHTUTCH-aHTUTUIO JUISl TeKCarOHAJIBHOTO
MacuBy imyHomikceniB. IlpencraBieHo MaTeMaTHYHE MOJCTIOBAHHS AWHAMIUHOI JOTiKM Kibep-(i3uaHOl iMyHOCEHCOpPHOL
cucremu. [IpoBeneHO KOMIT'IOTEpHE MOJCTIOBAHHS AMHAMIYHOI JIOTiKM Kibep-(hi3WdHOi iMyHOCEHCOPHOI CHCTEMH Y BUTIIIIL
pennTIacTux 300paxeHb HMOBIPHOCTI 3B SI3KiB aHTUTECHIB 3 AaHTHUTIJIAMH B MIKCEIISIX CUCTEMH, 300paskeHHS (DIyopecIeHIIiI0I09nX
IIKCENiB, eJICKPUIHIN CHTHAJ 3 IEPETBOPIOBAYa, SIKHI XapaKTepHU3ye KUTbKICTh ()IyOpeCIilOI0unX MiKCeiB.

KuniouoBi ciioBa: 6ioceHCOpHA CHCTEMa, IMyHOCCHCOpHA CHCTEMA, Kibep-(i3uIHOi CHCTeMa, pennTdacTi AudepeHnianbHi
piBHAHHSA, MudepeHniaabHi pIBHAHHS 13 3aMi3HEHHAM, AU(EpeHIiaIbHI PIBHSIHHS B YaCTHHHAX HMOX1THUX

A.C. CaepcTiok MaremMaTH4eckoe MoJeIHPOBaHHe KuOep-(pu3MYecKHX OHOCEHCOPHBIX M MMYHOCEHCOPHHX
cucTeM. B cTaThe paccMOTpeHBI M aTeMaTHIecKUe MOJEIH KHOep (pU3NIecKoi OMOCEHCOpHAsl CHCTEM U ISl TIPOTHO3UPOBAHUS
CpoKa ee XpaHeHWs, KuOep (PU3MUecKoil IMEeKTPOXMMHUECKOH OHMOCEHCOpHAsi CHCTEMBI, KHOep (H3MUYecKoil CHCTEeMBI I
OIIpeIeIEeHNsT YPOBHS TUIIOKO3BL. Paspaborana maremaTmdeckas MOAENb KHOep-(GU3MIecKOil MMYHOCEHCOPHOU CHCTEMBI Ha
TeKCaroHaJIbHON pemIeTke, KOTopas OCHOBBIBAIOTCS Ha cHCTeMe () (epeHIaNbHbIX YPAaBHEHUH ¢ 3ama3abiBanueM. OnucaHsl
peleTdaTyi0 MOZeIb B3aUMOMACHCTBHS aHTHI'CH-aHTHUTENO UIS IeKCaroHaJbHON MaccHBa MMYHOIHUKCENUB. [IpencraBieHsl M
aTeMaTUYeCKUue MOJEINPOBAHMS ANHAMHYECKON JIOTUKH KHOep-(QpHU3NIecKod MMYyHOCCHCOPHOM CHUCTeMEI. [IpoBeneH K OMITBIOT
OpHE MOACIUPOBAHMS AWHAMHYECKOH JIOTMKH KHOep-(QU3NYecKod HMYHOCEHCOPHOM CHCTEMBI B BHJIE pEIIeTYAThIX
n300paXeHNH BEPOATHOCTH CBSI3eH AQHTUTEHOB C AQHTUTENAMH B ITHKCENSX CHCTEMBI, C OCKOpOJIEHHE (hIyOpeCHeHIMIOI0UNX
IIUKCENIeH, eICKPUIHUN CUTHAII C Ipeo0pa3oBaTelis, XapaKTepHU3yIOIIH KOMNIECTBO (IIyOpeCuUpPyIOMUX ITHKCENEH.

KnioueBble cioBa: GHOCCHCOp HAa CHCTEMa, HMMMYHOCEHCOpA Ha CHCTeMa, KHOep (DM3MYIECKOM CHCTeM a peleTdarsie
muddepennuanpasie ypaBHeHNs, TU(depeHIaTbHbIE YPAaBHEHUS C OMO3AaHueM, AU depeHnnaabHbe YpaBHEHUS B YaCTHBIX
MIPOU3BOIHBIX

A.S Sverstiuk. Mathematical modeling of cyber-physical biosensor and immunosensory systems. In the article the
model of atematychni cyber and physical biosensor systems for forecasting period of storage,electrochemical biosensor cyber
physical systems, cyber physical system to determine glucose levels. A mathematical model of the cyber-physical
immunosensory system on a hexagonal lattice based on a system of delayed differential equations was developed. The lattice
model of antigen-antibody interaction for a hexagonal array of immunopixels is described. The mathematical modeling of the
dynamic logic of the cyber-physical immunosensory system is presented . It was conducted to simulate the linear modeling of the
dynamic logic of the cyber-physical immunosensory system in the form of lattice images of the probability of binding of antigens
to antibodies in pixels of the system , with the inversion of fluorescence pixels , is the lexicronic signal from the converter, which
characterizes the number of fluorescing pixels .

Key words: biosensor on system , immunosensor on system , cyber-physical systems, lattice differential equations,
delayed differential equations, differential equations in partial derivatives

Beryn.

B ocTtaHHI AECATUIITTS CHOCTEPIra€MO CTPIMKHKA PO3BUTOK iH(OpMAIIMHUX TEXHOJOTIH, SAKHUH
norpedye MOSBM HOBUX METOHIB nerekuii. ToMy B Hayli Ta MPOMHCIOBOCTI 3pocTae iHTEpec 0
kioepdiznunux cucreM (KOC), siki € QisMyHUMH cUCTeMaMH 3 MOXJIMBICTIO iHTerpamii oOYuciIeHb Ta
¢iznunnx mnpoueciB. DynkuionyBanHs KOPC TicHO moB’s3aHa 3 poOOTH30BAHUMH Ta CEHCOPHUMH
cUcTeMaMH, fAKi o0jajHaHI «PO3yMHHMH» MeXaHi3MaMH 3 JOCTaTHIMH OOYHCIIOBAIbHUMHU
MOXJIMBOCTSIMU Ui ©()EKTUBHOTO KEpPYBaHHS. 3aBASKH IOCTIHHOMY HaykoBoMy mporpecy, K®C
3a3HAIOTh MNEPIOAMYHHUX 3MiH, SKI TOKPaIIylOThb 3B'A30K MK (QI3UYHUMH Ta OOYMCIIOBAJIBHUMHU
KOMITOHCHTaMH 3a JOMOMOTOK «PO3yMHHX» MEXaHI3MIB, MOKPALIYIOYM TaKUM YHHOM 3JaTHICTH J10
ajanTarlii, MmIBUIIYIOYN aBTOHOMHICTh, ©()eKTHBHICTh, HAJIMHICTh, OE3MEUYHICTh Ta PO3MIMPIOIOYH iX
(YHKI1OHATBHICT.

VY ocraHHi poku epEeKTHBHO BUKOPHCTOBYIOThCA KiOep(iznyHi OGi0CEHCOPHI Ta IMyHOCEHCOpHI
cucremu (KOBCICC), ski € anbTepHATHBOIO BIIOMHUM METOAaM BHMIipIOBAHHS, IO XapaKTePHU3YIOThCS
MOTaHOK BHOIPKOBICTIO, BHCOKOKO BapTICTIO, IMOTAHOK CTAaOUIBHICTIO, MOBUILHO PEAKIEI 1 4acTo
MOXYTh OyTH BHKOHaHI TUIBKM BHCOKO IiArOTOBJIEHHM IepcoHajoM. lle HOBe MOKOMiHHS JaBadiB, sSKi
BHUKOPHUCTOBYIOTh B KOHCTPYKIIi OionorivHuid Martepiain, 1o 3ade3nedye Ay:Ke BUCOKY CEJIEKTHBHICTb Ta
Jla€ 3MOTY IIBUJIKO 1 IPOCTO NPOBOIUTH BUMiproBaHHs [1].

Meta npocaimaxennsi. [Iposectn knacudikamito marematnynux mozpened KOBCICC na ocHOBi
YYTJIMBUX €JIEMEHTIB Ta 3 BHUKOPHCTaHHSM pI3HUX PEKUMIB (PI3UKO-XIMIYHOTO IepPETBOPEHHS

© A.C. Csepcriok
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BUMIpIOBaJIbHOT BeMMYMHHM. HaBecTn TexHI4HI cTpaTerii, IO 3aCTOCOBYIOTHCS MJsI PO3POOKH
010CEHCOPHUX Ta IMyHOCEHCOPHHUX CHUCTEM, SIKi 3aCHOBaHI Ha BUSBIICHHI OioMapKepiB 3 BUKOPUCTAHHSM i
0e3 BukopucranHs Mitok. Y3araapbHutd KOBCICC, BigHOCHO mpuHLMIIB iX poOoTH Ta obnacrel
3aCTOCYBaHHSI.

AHani3 ocTaHHiX Jocaimkenb. [|Jis KiUTbKiCHOT OIIHKM iH(IKYBaHHS OpTaHi3My 3a JIOTIOMOTOFO
MEBHUX ENEeKTPOXIMIYHUX YU ONTWYHUX sBUII Y KOC BHKOPHCTOBYIOTHCS KIITHHHI OioceHcoph. Y
poboti [2] onmcaHO KIiTUHHHK OIOCEHCOP, B SKOMY BHKOPHUCTAHO €JICKTPOXIMIYHY IMIICTaHCHY
cnektpockomito. Lleit GioceHcop mpu3HaueHn It MiApaxyHKy Joacbkux kiaitua CD4+. O6nacts iforo
30HIyBaHHSl BKJIIOYA€ ENEKTPOAHI MiKCeNni, KOXHHHA 3 SKUX IOpiBHIOE 3a po3Mmipom kiituHi CD4+,
3aXOIUICHIN MiKCeNsIMH eneKTpoAy. Lli KiIiTHHY BUSBISIOTH HIISIXOM CIIOCTEPEKEHHS 3a iHPOpMaTHBHUMHU
3MiHaMH Ha mikceni. CTaH «BBIMKHEHO» a00 «BUMKHEHO» €JIEKTPOTHOTO ITKCENsl BKa3ye Ha BUSBICHHS
onuiei CD4+ kmitunu. OTxe, mo6 migpaxyBatu kinituau CD4+, morpiOHO migcymyBaTH eIeKTpPOAHI
MIKCEeNi B CTaHi KBBIMKHEHO».

Leit 3arampHUil WOXim 10 KUTBKICHOTO BUSBJICHHS KIITHH BUKOPUCTAHO MJIs MOJCIIOBaHHS
IMYHOCEHCOPHOI CHCTEMH, B OCHOBI SIKOT JIOKHTH sBUILE (uryopectenuii. ImyHocencopu [3] € miarpymnoro
OioceHCcOpiB, B SKMX BiAOyBaeThCAd IMYHOXIMIYHA peakiis, TOB’si3aHa 3 mepeTBopioBaueM. [IpuHIum
pobOTH yCiX IMYHOCEHCOpIB MONSIrae B cHeUU(IYHOMY MOJEKYISIPHOMY pO3Mi3HaBaHHI AHTHICHIB
AHTHUTLIaMU [T yTBOPEHHS CTaOLTBHIX KOMIUIEKCIB.

Haituactimme KOC po3pobmnsioTbest y BUIIAAl BOYZOBaHUX CHUCTEM 1 MEpPEX Ui MOHITOPHHTY Ta
KOHTPOIIO (DI3MYHUX TPOIECIB B CHUCTEMax 31 3BOPOTHIM 3B’S3KOM. Y TaKUX CHUCTEMax JIWHaMiKa
¢i3nYHUX TpoIeciB € pKepeiaoM iH(opMmalii JOCHiHKYBaHOTO SBHINA 3 MOMKIHMBICTIO KOHTPOJIO Ta
pO3paxyHKy CHTHaNIB KepyBaHHs 00’ekroM [4]. KiOGep-¢i3uuHi cUCTEMH OTOTOXHIOIOTH 3 IIPOSBOM
4eTBepTOi MPOMHUCIIOBOT PEBOMIONI], sKa BiIOyBaeThcss B cydacHoMy cBiti [5]. IcHye Takox ¢izuuna
MOXIIUBICTh BHKOpHCTaHHS TexHomoriid «lInternet of Things (IutepHer pedyeii)», Komu HEOOXimHO
BHKOpPHCTOBYBATH CUTHANIM Bij JaBayiB 1 BUMIpIOBaJIbHUX MPUIIALIIB.

TakuMm YMHOM, 3’SBIAETbCA Bce Oimblle MyOJiKamiii, fKi MpHUBEPTAlOTh yBary A0 Cy4acHHX
KOHIICTIIf Ta NpPONOHYIOTh HOBI IiHHOBaWiidHI pimenHs. Hanpukmax, y poGori [6] A.Ilmaruep
3aMpoINOHYBaB IiJXiJ] Ha OCHOBI «IMHAMIYHOI JIOTiKH», JI€ ONMUCAaHO Ta mpoaHamizoBano KOC. Y
OaraThoX poOoTax BUKOpUCTaHO riopuani nmporpamu (I'TI) mpocToro MOBOIO MPOrpaMyBaHHS 3 MPOCTOO
CEMAaHTHKOIO, SIKi JAIOTh 3MOTY IPOrpamicTy 3BepTaTUCh O€3MOCcCepeHbO A0 AIHCHUX 3HAUYCHb 3MiHHUX,
110 € peaIbHUMH BEIMYMHAMH 1 BU3HAYAIOTh iX JUHAMIKY.

Tepmin «Kibep-¢isnuna cencopna cuctema (KOCC)» [6] Oy BBemeHH ISl MPOMHCIOBOTO
3acTocyBaHHs naBauiB. 3aranbHe BuzHaueHHS KOCC nepenbavae «OUTBIT BUCOKUAN CTYIiHb IMOETHAHHS,
PO3IIOIEHHS] CUCTEMH, MOXKIIUBICTh BUKOPHCTOBYBATH BOYIOBaHI CUCTEMH B 00JIACTi aBTOMAaTU3alii Ta
JOTpUMaHHSI Ai0YUX CTaHAapTiB». Po3rmsHyTwii minxin Bukopucrano s xapaktepuctuku KOICC, mo
Jla€ 3MOTy BUKOHATH HOTO YHCENTbHE MOJICTIOBAHHSI.

Y KOBCICC ¢i3nuHo BUMIipsHI IMYHOJIOTiYHI TOKAa3HHKH IE€PETBOPIOIOTHCS Y LUPPOBY
iHpOopMaLilo, sIKa Ja€ 3MOTY POBOIUTH OOpPOOKY CUTHAJIIB B Yaci, BUKOPUCTOBYIOUYH IEBHI allTOPUTMH.

B iMyHOCEHCOpDHHX MPHUCTPOSAX BHUKOPHCTOBYIOTHCS HYOTHPH OCHOBHI BHIH JICTEKTYBaHHS:
eNeKTPOXIMIYHUHT (TTOTEeHL1OMETPUYHHIA, aMIIEpOMETPUYHUH, €MHICHWUIA), ONTUYHHH,
MiKporpaBiMeTpuyHi Ta TepMoMerpuyHi [3]. Yci THIH ceHCOopiB MOXKYTh BUKOPHCTOBYBATHCS, SIK MPSMI
(HemapkoBaHi) a0o sk HenpsMi (MapkoBaHi) iMmyHOoceHcopH. [IpsiMi ceHcopH 37aTHI BHUSIBIATH (i3UuHi
3MiHM MiJ Yac YTBOPEHHsS IMYHHOrO KOMIUIEKCY, B TOM 4ac SIK HENpsMi, BUKOPUCTOBYIOThH Pi3HI piBHI
TeHEePOBAHOT0 CHTHAIY, AKi AalOTh 3MOT'Y OUIBII YYTJIWBO Ta YHIBEpPCaJIbHO MPOBOJUTU ACTEKTYBaHHS y
BHUMIpPIOBaJIbBHUX CUCTEMAX.

K®BCICC € BucOKoiHTENEKTYani30BaHUMH iH(QOpMaLiiHIMU cucTeMaMu. BOHU BUKOPUCTOBYIOTh
JocTynHui HaOip iHTep(eiciB, sKi Jar0Th 3MOTY OTPUMYBATH IIBUAKY Ta JOCTOBIpHY iH(OpMALIIO Ipo
CTaH Ta BHYTpilHI qaHi cuctemu, goctynHi as iHmux KOC. 3rigao [7] KOBCICC sk camoopranizyroya
cucreMa noTpedye BceOIYHHMX 3HaHB IPO BJIACHY AWHAMIUHY CTPYKTYpPY Ta iH(pacTpyKTypy 3araibHOi
cucremu. [lnsg 1poro HEoOXiAHO BH3HAYMTH THIM IMYHOCEHCOPHHX MPHUCTPOiB, BPaxoBYIOUM iX
¢yHKIiOHANBHE 3acTOCyBaHHA. Hampukiaza, iMyHOCEHCOPH MOXKHA BHKOPHCTOBYBAaTH JUISI OLIHKU
KPUTUYHUX CTaHIB MIPU CEPLIEBO-CYANHHHUX 3aXBOPIOBAHHSAX, 00’€My 1HCYINIHY MPH BUMIPIOBAHHI BMICTY
TJIIOKO3U B KPOBI Ta BHSBJICHHS KUTbKICHUX MOKA3HUKIB y JESKUX (apmaieBTHunx croirykax [8—10].

MobGineHi KOBCICC € mnepcrnekTUBHHUM HAmpsSMKOM JOCHI[DKEHb Ta po3poOKku. B skocti
NPUKIAIiB MOXKHAa HaBECTH MOOLUIBHI EIEKTPOHI MPHUCTPOI, SKI MOXYTh MEPEHOCHUTHCS IJIIOAUHOIO.
3pocTaHHA TOMYJSIPHOCTI cMapT(OHIB  MpU3BeNa A0 MiABHIIEHHS IIKABOCTI Yepe3 MOKIUBICTDH
3actocyBanHss iX B K®BCICC y 3B’A3Ky i3 MOXIMBICTIO BHKOPHCTAaHHS IX HaI3BUYalHUX
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OOYMCITIOBAJIBHUX MOTY)XKHOCTEH, pI3HHX CIIOCOOIB OTPUMaHHS Ta BHBEACHHS iH(popMmamii (ceHcopHi
ekpanH, kamepu, GPS-yinu, CBITJIOBI IaT4MKu, CEHCOPH PyXy), 3pyYHI KOMYHIKAI[iiiHI MEXaHI3MHU IS
Buxony B Intepuer (WIiFi, 3G), nasBaicTh kananiB nomupenHs aonatkis (Google Play Store ta Apple
App Store).

Jnst BupimeHHst 3ama4, ski moTpeOyroTh Outbmux pecypciB, Hik HamimeHi KOBCICC, moxHa
BUKOPUCTOBYBATH MiJKJIIOYEHHS 10 MOOUTPHHX CHCTEM a00 XMapHHUX CEpBICiB, IO MalOTh TOCTaTHHO
noryxHocre. [Ipuknagamu mobitbHIX KOBCICC € momaTtky, siki BiICTEKYIOTh Ta aHATI3yIOTh BUKHTU

CO2 , TPOBOJISITH MOHITOPUHT OlOJIOTIYHUX MTOKA3HUKIB JTFOJJMHH.

[Tpu pozpodui KOBCICC BukopucTOBYIOTH TexHIYHI migxoau [11], ski 3acHOBaHiI Ha BUSBJICHHI
OioMapkepiB 3 BUKOPUCTAaHHSIM 1 0e3 BUKOPHCTAHHS MiTOK. JleTeKTyBaHHS 3 BHKOPUCTAHHSIM MiTOK
3aCHOBaHE MEPEBAXHO Ha CHeUM(IYHUX BIACTUBOCTIX MIYEHHMX 3’€IHaHb, IO 3aCTOCOBYIOTHCS JUIS
nputiibHoro BussieHHs. K®BCICC Takoro Tumy HafiifHi, MpOTe YacTO BHMAararoTb KOMOiHaIil
cneuu(iuHAX YYTJIIMBUX €IEMEHTIB, II0 BHUTOTOBISIOTHCS 3 BHKOPHUCTaHHAM iMMOOLIi30BaHOro Oinka-
mimeHi. 3 iHmoro Ooky, meroau [12, 13], mo He BHUKOPHCTOBYIOTH MITOK AalOTh 3MOTY BHSBISATH
MOJICKYNIU-MillleH], He NpuAaTHI i MapKyBaHHS. OCTaHHI MDKOMCHUUIUTIHAPHI MiIXOmu B Talysi
OiorexHonorii Ta 6i0iHKeHepii, eNeKTPOTEXHIKU Ta eIeKTPOHIKH 3yMoBUIN po3poOky KDBCICC, siki He
BUKOPUCTOBYIOTh MapKepH UIsl Pi3HUX METOMIB BHUSBJICHHS 3 INUPOKUM CIEKTPOM HAaIpPSMKIB
3aCTOCYBaHHS B 00JIACTi MEOUIIMHM, MOHITOPHHTY SIKOCTI MpPOAYKTIB XapuyyBaHHs, OOOPOHHOI
MIPOMHUCIIOBOCT1 T4 OXOPOHU HABKOJIMIIHBOTO CEPEIOBHIIIA.

Posrasiremo ocHoBHI TexHiuHi xapakrepuctuku KOBCICC.

1. CenextuBHicTs € HaliBaxxIuBimo0 xapakrepuctukoro KOBCICC, mo Bkasye Ha Horo 34aTHICTh
BIIpI3HATH OAHY PEYOBHHY BiA iHIMX. CeNeKTHUBHICTP BHU3HAYAETHCS PO3MI3HABAIBHHM EIEMEHTOM
CEeHCOopa, X0ua B psAl BUMAAKIB Ha HEl BIUTMBAIOTH 1 XapaKTEPUCTUKU TPaHCABIOCEPA.

2. UyrnuBicTe — HaiiMeHIIa KOHLEHTpauig, mo Moxke Oytu Bu3HaueHa KDOBCICC. Sk mpaswuio,
gyTiuBicth KOBCICC moBuHHA OyTH HIKYOIO 32 1 MMOITE, ajie B JGIKHX BUIMAJAKaX BOHA MOXE JOCITATH

nexinbkox demromonis (107" mons).

3. Tounicte. KOBCICC mnoBuHHa 3a0e3medyBaTH TOYHICTH BHMIpIOBaHb, TOOTO pe3yJabTaT, IO
OIEPKYETHCS, MA€ OyTH OMM3BKUM J0 ICTHHHOI'O 3HAUYCHHS.

4. BigTBOpIOBaHICTH — II€ Mipa TOro, SK TOBTOPIOIOTHCS PE3yJAbTaTH NpU 0araropazoBOMY
npoBenerHi BuMmiptoBanb K®BCICC omHuM cnoco0oM, a TOYHICTh XapaKTEepU3ye MPaBHIbHICTH
OTPUMAaHHX PE3YNbTaTIB.

5. Ilpupona posumny. Xapakrepuctuku KOPBCICC moxyrp 3MiHIOBaTHCA 3ajexHO Bin pH,
TEeMIIEpaTypH Ta iI0HHOI CHJIM PO3UHHY.

6. Yac Biaryky — me Toil uac, skuil motpibeH mns toro, mo0 KOBCICC mpwuitmma no crany
PIBHOBAr# 3i CIOMYKOIO, 1110 BUBHAYAETHCS.

7. Yac perenepartiii — e yac, HeoOXimuuii a1 noepHeHHss KOBCICC y moyaTkoBUiA CTaH, KOJIH
HOro 3HOBY MOYKHa BUKOPUCTOBYBATH UIS BUMIPIOBaHHS.

8. Tepmin excruryaranii KOBCICC Bu3zHauaeThes CTaOUIBHICTIO PO3Mi3HABAILHOTO eneMenTa. J{is
K®BCICC BiH MOKe CTAHOBUTH B AEKUILKOX IHIB O MICALIB.

3Bakaloud HA IIHPOKUH CIEKTp JOCHI[DKEHb Ta BHUKOPUCTAaHHS KiOep-(hi3uuyHMX Mozemnei
010CEHCOpPHUX Ta IMYHOCEHCOPHHX cucTeM [14-16] po3risiHeMOo IesKi 3 HUX.

2. Marematnuyni moneni ki0epdizmuHux O0i0OCEHCOPHMX CHCTEM HAa OCHOBi 3BHYAHHUX
audepeHniaTbHUX PiBHAHD.

2.1. InnamiuHa Moaenp KidepdizuuHoi 0ioceHCOPHOT cucTeMHu /151 IPOTHO3YBAHHS TEPMiHY ii
30epiraHHs.

Y poGori [17] po3risHYTO IMHAMIYHYy MAaTeMaTHYHy MOIENb JAPYroro MOPSIKY —JUis
MPOTrHO3YBaHHS 3MiHM e(eKTHUBHOI poOoTu KibepdiznmyHoi GioceHcopHOi cucTeMHu 3 4yacoM. Mopenb
CKJIAZIA€ThCSl 13 3BOPOTHBOI Ta HE3BOPOTHHOI peakiii, 3 KoedillieHTaMH IIBHUIKOCTi, IO MAaloTh
TEeMIIepaTypHi 3aJeKHOCTi, 3TiAHO pIiBHSIHHA AppeHiyca. Y IWHaMiYHIH MOAENI Ipyroro MOpPSAKY
BPaxOBY€ETHCSl TOPIBHSIHHA JBOX EKCIEPUMEHTAIBHUX HAaOOpiB NaHMX, SKi BHUKOPHCTOBYIOTHCS LIS
OLIHKM Ta M mepeBipkd HaOopy nanmx. OTpuMaHa MOIENb BPaxoBYE MPOTHO3YBAaHHS TEPMIiHY
NPUIATHOCTI, TPOBEACHHS EKCIEPUMEHTIB 13 NPHUCKOPEHHM TECTYBaHHSM Ta BJIOCKOHAJECHHSIM
010CEHCOpIB, a TAKOXK PO3POOKOI0 PEKOMEH TAITiH, 1010 iX 30epiraHHsL.

Crhin 3a3HaunMTH, MmO OIOCEHCOPH € YYTIMBHMHK IO BOJIOTOCTi, MiABHILEHOT TeMIlepaTypH i
KoHIeHTpalii kucHio [18, 19]. Iicns ckiagHuxX yMoB 30epiraHHs, 3B’I30K MiXK CHPOBHHOIO OioceHcopa
Ta HasABHICTIO PIBHSA aHAIITY, MOXE BIAXWIATHCA BiI KamiOpyBaJbHHX 3al©KHOCTEH, SKi
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BUKOPUCTOBYIOTbCSL B KiOepdizmunux cucremax. /I yCyHEHHs MJaHOrO HEAONIKYy BUKOHYIOTH
MOPIBHSIHHA 13 CTaHJAPTH30BaHMMH 3AJIGKHOCTSIMUA Ta BHECEHHSM BIiINOBITHMX IOMNPABOK B IMOKAa3H
0ioceHcopiB.

3HauHuii mporpec OyB JOCATHYTUH MPOTSATOM OCTaHHIX NEKITBKOX JECSATUJITh B CTaOLTi3amii
napaMmerpiB 0ioCeHCOpiB Ha OCHOBI ()epMEHTIB, BUKOPUCTOBYFOUYH BiINOBiAHI MeToau iMmMmoOimizamii [19,
20]. Xoya Meroau Ha OCHOBI ()EpPMEHTIB PO3MIMPSIOTH TEPMIH MPaIE3TaTHOCTI 010CEHCOpIB, 3aBISKU
YoMy BOHH € OUIBII KOMEpPIIHHO I[IKaBUMU Ta CTAaOUTbHUMH, OIHAK ICHYIOTh MOXJIHUBOCTI JUIS iX
nokpamenas [19, 21], ockinmbkum TepMiH 30epiraHHs OIOCEHCOPIB  3aJMIIAETHCS  BAKIMBOIO
XapaKTePUCTUKOIO TIPY BUPOOHHIITBI LIUX MPHUCTPOIB.

Cxoxi mpobieMu cTabiTbHOCTI MapaMeTpiB B yMOBax 30epiranHs CTaBIsSTbCA PU Po3poOLi Kidep-
(GI3UYHUX CHUCTEM U1 MEIUYHHUX, (apMaleBTHUYHUX JOCTIDKeHb, BHUMIipioBaHHA pH cepemoBwmyi,
BOJIOTOCTi, PpIiBHIB OCBiTIIeHOCTI Ta kucHio [22]. llomo TepMidHOro BIUIMBY Yy (apMaleBTUYHIH
MPOMHUCIIOBOCTI BUKOPHCTOBYETRCSI METON “cepeiibol KinetruHoi Temriepatypu” (CKT), 1o mepenbauae
TeMIepaTypHy 3MiHy aKTUBHOCTI HPOAYKTIB 3 XiMiyHO aktuBHMMH KommoHeHTamu [23]. CKT e
CKBIBAJIEHTHOIO JTOJJATHBOIO TEMIIEPATYpOIO, AKa CIHPHYHMHSE TEBHY 3MiHY aKTHBHOCTI 32 BH3HAUYCHHH
nepion 4dacy. IIBuaKicTh 3MiH ONHMCYETHCS PiBHSHHSAM AppeHiyca, sSIKe IINPOKO BHKOPHUCTOBYETHCSA B
KIHETHI[I XIMIYHIX PEaKIIii:

E E

k = A)efﬁ = krefeR;[iT'l“ ] (1)

PiBustHHST Appeniyca 1oB’s13ye KoedilieHT mBHAKOCTI peakiii K 3 aGCcoNOTHOI TeMITepaTyporo

T: E, — eHepris akTuBauii; R - yuiBepcanbHa rasosa crana; A, — noekcrnoHeHNiiHUI (pakTop; kref -
3Ha4yeHHs KoedillieHTa WMIBHUAKOCTI NPH eTaloHHIM Temmepatypi I, (MK IpaBmiio, BUOMPAETbCS, SK

THUIIOBA TEMIIEPATYpa B ME&KaX BXKIMBUX EKCIIEPUMEHTAIBHUX TeMmIepaTyp) [24].

3aranbHONMPUHAHATO BB@KATH JUHAMIKY MEPUIOrO MOPAAKY Ui OLIHIOBAaHHS  SIKOCTI
¢dapmanieBTH4HOI npoAyKuii mig wac ii 30epiranus. Lle mpurmymieHHsT BUKOPUCTOBYETHCS LIS pO3poOKa
PEryISTOPHUX CTAaHAAPTIB, IO CTOCYIOTHCS MOHITOPHHTY TEpMiHIB 30epiranHs [25], ski momomararoth
3a0€3MEeYNTH SIKICTh JIIKApCHKHUX 3ac00iB.

B 1uHaMiYHMX MOIENsAX MEpUIOro IMOPSAKY, $KI BHKOPUCTOBYIOTH PIBHSHHSA AppeHiyca,
3aJIOKHICTh 3MiHA TEMIIEPAaTyPU BUKOPUCTOBYIOTH ISl OIIIHKU CTIiHKOCTI Kibepdizmunux cuctem [26, 27].
VY pobGori [26] npexncraBiaeHo 3arajibHy MOJEIH AWHAMIYHOTO MPOLIECY MEPIIOro MOPSIKY IS OIIHKA
BIJMOBiAHOCTI MapameTpiB OioceHcopa MpU MPUHHATTI Horo B ekcrryatamito. Lleil miaxix moxe OyTu
HaOJIMKCHUM 10 O10CEHCOPHUX CUCTEM, SIKi MICTSATh OJWH TEPMIYHO YYTJIIMBHIA KOMIIOHEHT, OJHAK BiH
MOXe OyTH HEeJOCTaTHIM Ajisl OUTbII CKIaAHUX KiOep(i3nyHUX crucTeM. TepMidHi KOMIOHEHTH MOXYTb
CKJIaJaTHCA 3 PsAAY €IEMEHTIB, y TOMY YHCIi 3MiHeHi Au@y3idHi BIACTUBOCTI MOMIMEPHUX MaTPHUUHHX
mapiB y ceHcopi abo 3MiHi Iii ogHOro abo IeKinbKoX (GepMeHTIB, IPUCYTHIX B OI0CEHCOPHIH CHCTEMI.
KomOinamiss nux THIIB 3MiH MOIJIa BUPOOJSATH JUHAMIYHY TMOBEAIHKY BHUILOTO IMOPSAKY VIS OLIHKH
cririkocti KOBCICC, ToMy Mozeni mepioro mopsaKy MoXyTh HEaZeKBaTHO OIUCYBATH TaKi CHCTEMH. Y
NaHili poOOTi HABEICHI JaHI TEPMOCTIHKOCTI O10CEHCOpIB, SKi BUKOPUCTOBYIOTHCS JUIS PO3POOKU
JUHAMIYHUX MOZEIEH JUIsl CTIHKOCTI KOHKPETHOTO 6i0CEHCOPHOro MPUCTPOI0. BukopucToBytoun Mozemi
MEpIIOro MOPSIAKY MOXKHA CTBEPAKYBATH, IO AAHWH MeTox 3abesnedye HeaJeKBaTHE MPOTHO3YBaHHS
JaHHUX, TOMY OUIBII TOUUILHUM € BUKOPUCTAHHS JUHAMIYHUX MOZAEICH APYroro mopsaKy.

Hageneni Huxue qMHaMidHI MOZEIIi MEPILIOrO Ta APYroro NOPSIAKY ABISIOTH COOOI0 JTiHIHHI Moaei
3BHYAHOrO A epeHIianbHOro piBHAHHS 7151 PiKCOBaHOI TeMIepaTypH.

Mogenb, o onucye 3MiHY aKTHBHOCTI 0i0CeHCOpa 3 4acOM BHUKOPHCTOBYE NUHAMIYHY MOJIEINb
MEPIIOro MOPSAKY 3 BpaXyBaHHSAM TeMIIepaTypu AppeHiyca Mae BUTIIAL!

dl
d—tlz—klll 2

ne |, — peakuis jaTuMKa Ha aHANIT y KOHTPOJIBbHOMY 3pa3Ky; t — uac BUKOPUCTaHHs JaT4MKa,

SIKUM 3aJI€KUTH BiJl KOHCTAHTH IIIBUIKOCTI k1 (koedimieHT 30cepeKEHOT IIBUIKOCTI, SIKUI Ma€ 3aJICKUTh

Bl Temmnepatrypu Appeniyca). [Hrerpyroun piBHAHHsS (2), TPHUIYCKAIOYM TEMIIEPaTypy HOCTiHHOIO
[POTArOM iHTEpBaily yacy 3 TpuBaiictio [, orpumaemo piBusnus (3):

I, =1 e™ (3)
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ne |10 — 1Ie BiANOBias OioceHcopa Ha eTajJoHHH PO3UMH B iHTEPBaJli TEMJIOBOTO BIUIMBY. PiBHAHHS

(3) BKa3ye Ha Te, 10 AKTUBHICTh Oi0CEHCOPA, MOBUHHA BiAMOBIIATH CKCITOHCHITIANBHIN 3aTeKHOCTI.
Y Mofeni apyroro mopsAKy MOBENiHKA CTapiHHA Ol0CEHCOpa ampOKCHMYETHCS, BUKOPUCTOBYIOUN
JIBOCTAJIITHUI MPOIIEC MIXK TPhOMAa CTAaHAMM:

kl fwd k2 fwd

A=B->C (4)

Kiref

Ha nepmomy erami TepMiyHO YyT/IMBI KOMIOHEHTH OioceHcopa B iX NPHUPOJHBOMY CTaHi
MepexoIiTh PEBEPCUBHO O HEAKTUBHOTO CTaHy, Mo3HaveHi sk B. Ha apyromy eramni komnoHeHTu B cTaHi
B 3milicHIOIOTE HE3BOPOTHil mepexin a0 HeakTwBHOro crany C. V mil cxeMi mependadaeThes, IO
KOMITOHEHTH OioceHcopa B cTaHi A mocuTh e(eKTHBHI I pearyBaBaHHs OioceHCOpa Ha HAasiBHICTb
ananity. B ta C mpencraBnsioTh craH, Jie KOMIIOHEHTH OloceHcopa Oulblie He TeHEepyIOTh BiAMOBiAb Ha
aHaJiT, SIKUi BUMIpeThCs, a00 opma BinmoBiai, chopmoBaHa 0iOCEHCOPOM, TaK iCTOTHO 3MiHHJIACH, IO
NrOPUTM Ul PO3PaxyHOK KOHIEHTpauii aHamiTy Oimpime He mizxoauts. CtaH B sBnse coboro
obepHeHnit MoauGikoBanuid craH, ToAi sk ctaH C sBise co0o0 ocHOBY MoauikoBaHoro crany. Ll
mpocTa JUHAMIYHA CXeMa € HAOMIKEHHSM CKIaJHUX B3a€MOAINA TEPMIUHOrO CTapiHHS, IO BHHUKAIOThH
BHACTIJIOK 3MiHU MapaMeTpiB KOMIIOHEHTIB, TAKUX sSK KIHETHKA PEaKIlii Ta IMOBEAIHKAa MacOIepPEeHOCY B
OioceHcopi. MexaHi3M JBOETAIHOrO CTAapiHHS B PiBHSHHI (4) € MPOCTHM CcHOCOOOM OOJIKY CKIaTHHX
TeMITepaTypHO-3aJIeKHUX MIPOLIECIB, SKi MOB’SA3aHi 3 PIBHOBAro0, 3MiHOI0 YyTIMBOCTI Ta JOBIOTPHBAIUM
3MEHILIEHHAM aKTUBHOCTI OioceHcopiB. [loniOHI Mozmesi KiHETHYHOrO CTapiHHS AJISl BUKOPUCTAHHS NPU
MPHUCKOPEHOMY TECTYBaHHI Oy BUKOPUCTaHI1 ISl OMTUCY 3MiH y ONTOBOJIOKOHHUX CHCTEMaX.

Ha mnpaktumi, crymiHb 3MiHH XapakepHCTHK OiloceHcopa 3 BIKOM, BHM3HAUYA€ThCA MLUIIXOM
nopiBHsHHA curHaiiB. [lpu mpoMy BHMIpIOETBCA BiATYK OlOoCeHCOpa Ha TECTYIOUMH CUTHAN, SKUH
MOPIBHIOETHCS 13 CepeAHIM 3HAa4YEHHSM BiAMOBIIHOrO CHUTHANY Iepel KOHCepBaliclo abo MOYaTKOM
ekcrutyaraii. [Ipumyckarouu, mo MBHIKICTh 3MIHU JJIsI KOXKHOTO MEpexoy B piBHsHHI (4) Biamosinae
KIHETUI[I TIEPIIOro TMOPSAAKY, IWHAMIYHA TIOBEIIHKA CHCTEMH MOXe OyTH IMiJCyMOBaHa JBOMa
JuQepeHiaIbHUMH PIBHSHHSIMH

dl
d_tA:kl,rele_kl,fdeA (5)
dl
d_tB: l,fdeA_kl,rele_kZ,fdeB (6)

ne |, — me OioceHcOopHa BiANOBiAP HA aHANIT y KOHTpONbHIM BuOipii; |, — rimorernyHa

BIAIOBI /B, sika MOXe OyTH copMOBaHa 3 KOMIOHEHTH B, sikuio Bona noBepraetsest 10 A K 1+ Ko fua

Tak

3aJIOKHOCTI NIepeXo/1iB B piBHsHHI (4) oTpUMaeMOo:

[*Ekl,fwd[l 1 ]]
R (T T
€

1,rev KOC(l)lLIlCHTlB IMBHUAKOCTI. BI/IKOpI/ICTOBYIO‘-II/I BHpa3u AppeHlyca AJId OIIHCYy TEMIICpAaTypHO1

k1, fwd k1, fwd _ref (7

[7Ek1,rsv [17 1 ]]

R T Tret
kl, rev ~ “,rev_ref € (8)
[*Ekz,fwd [17 1 ]]

R T Te
kz,fwd - kz,fwd_ref ‘€ C))
e Ekl, fwd Ekl,rev Ta EkZ, fwd 30CCPCIKCH1 CHCPI'1l aKTUBAIIll, T - a6COHIOTHa TeMIICpaTypa 1

kl, fwd_ref kl' rev_ref kz' fwd _ref — KOCILIIEHTH LIBUIKOCTI NPU TeMIepaTypi T

2.2. MaremaTu4Hi MoJei Kioepdizmunux 6i0ceHCOPHUX CHCTEM Y BUIIISII TudepeHIiaTbHUX
PIBHSIHb B YACTHHHMX MOXiTHUX.

2.2.1. Mopenn kidepdisuuHoi e1eKTPoXiMiuHOI 6i0CEHCOPHOI CHCTEMHU.

Enekrpoximiuni (EX) «kibepdisuyni KIITHHHI OIOCEHCOPHI CHUCTEMH IHTErpyIOTh KIITHHH,
eykapioru abo mpokapioT, ik 6iopo3mi3HaBaibHI eneMeHTH 3 EX meperBoproBauem, sSIKUil IepeTBOPIOE
0i0XiMIUHMH CUTHaJd B ENEKTPUYHUN BHUMIproBaHWU curHan. CurHal TeHepyeTbcs y BIANOBiNB Ha
KOHIIGHTpAIlIF0 ~aHaNiTy, #oro HasBHICTH a0o0 ¢yHKioHanbHiCTh [28]. Lli xapakTepucTuku
BHUKOPUCTOBYIOTbCS JJISl BHUSABICHHS, CKPUHIHTY 1 MOHITOPHMHIY aHaNiTy, IO MPENCTaBIIsA€ iHTepec, i
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BHSIBJICHHSI KJIITHHHOI aKTUBHOCTI, MOTCHI[IHHOI TOKCHYHOCTI 1 PI3HUX TMATONIOTiH KIIITUH, IO
3a0e3meuyloTh IiHHICTH iH(GopMauii Imsd OWiHKKM pusuKiB. bioceHcopr Ha OCHOBI  KIIITHH
BUKOPHCTOBYIOTBCS Y PI3HHX Tally3siX, BKJIIOYAIOYM MOHITOPUHT HaBKOJNHWIIHBOTO cepemoBumia [29-31],
MenuyHy giarHoctuky [32], dpapmakonorito [33-35] 1 xapuoBy Ge3neky [36]. BukopucranHs KITHHH SIK
eJIeMEeHTa pO3Mi3HaBaHHS JI03BOJIsE 30epiraTi aKTUBHI OUTKM B 1X MPUPOJHOMY CEPEIOBHILI, CIPUSIOUH
iXHIH AIAIBHOCTI 1 cTaOUIBHOCTI, CAMOCTIHHOMY BUPOOHHUITBY BCiX HEOOXiAHMX (pepMEHTIB.

B [37] 3MozmenboBaHO €NEKTPOXIMIYHY KIITHHY, IHTETPOBAaHY 3 KHUTTE3IATHUMH OakTepiallbHUMHU
KJIIITHHAMH, 10 eKCIPECYIOTh BHYTPILIHBOKIITUHHUNA (epMEHT, KU pearye Ha NoJaHui cyOctpart, a
TeHEPOBaHUN MPOIYKT CEKPETYETHCS 1 OKHCIIOETHCS Ha IOBEPXHi enekTpony. lIpoaHanizoBaHO BILTUB
posmoniny OakTepii NMpH MOPIBHSAHHI JABOX BHIIAJKIB. CYCIEHIOBaHI KIITWHH, IO mnepeandavaioTh
PIBHOMIpHHI pO3MONIN 1 TOMOTEHHY peakIilo Ta KIITWHH, SIKi iMMOOLTi30BaHi Ha TrpaHynax, LI0
MPUKPIIJICHI 0 TOBEPXHI ENeKTPOAa, YTBOPIOIOTYM HEOAHOPIAHY TEeHEpalilo NMPOAYKTY Y BY3bKil
obnacrti moOnu3y elneKTpoaa.

Mogzenb mokasye, 10 KOJIH 3arajibHa KUTbKiCTh UyTIMBUX KIITHH 30€piraeThCs MOCTIHHOW, OaskaHO
po3mimryBaTH iX Oe3mocepeqHbO Oiasd PoOOYHMX ENEKTPOAIB. X04ua MOJCHbh € HaOIMKEHOIO, OCKITbKU
rpaHynu yTBOpIoloTh 3D-CTpyKkTypy, Ze TpaHCHOPT BIOYBA€ETHCS 4Yepe3 MPOMIKKH MiX Kylbkamu, 1D-
Mozedb A00pe TOSICHIOE OCHOBHI EKCIIepMMEHTajbHI pe3ynbTaTh mpu MozenmtoBanHi B COMSOL
MulyiphysicsTM. Tlpunyckaroun, mo audy3is TPOAYKTIB JO €NEKTPOAa € JOMIHAHTHUM (DakTopoM i
peakiiis OakTepili He 3aJIeXKHUTh Bij Horo iMMoOimi3amii i MITFHOCTI, JOCIIPKEHO, 10 B MIpy TOTO, SK
3arajibHa TOMYJALIS HAOMIKAE€TbCS OO eNeKTpola, 4Yac BIiAryKy 3MEHIIYETHCS, a JOBIOTPHBAIUM
eNIEKTPOXIMIUHUH CTPYM JocArae TOrO CaMmMoOro 3HAYEeHHS, SKE 3aJISKUTh Bl 3arajbHOi KiIBKOCTI
OakTepianbHUX KIITHH.

IMMoOini3amisa KIiTHH Ha MOBEPXHI NepeTBOpioBada e()eKTHBHO BUKOPUCTOBYETHCA IIPU MOOYIOBi
K®BCICC, ockinbku BBa)Ka€ThCs MIABUILEHHSM YyTIMBOCTI, CIPOLICHHSAM pOOOTH Ta 3MEHILIEHHSM Yacy
peakuii. CxemaTHyHe 300pakeHHS] MOJIeIi HaBeeHo Ha puc. 1.

y: . .
‘ LA JHinanka 1 JJiTAHKa 2 Meska
HIBHAKICTE i
renepamii [*===" NeTeKTYBaHHSA
TIPOIYKTY | i
l
|
|
I -
+ » X:BiacrtaHb 10
X0 & L - e
: ! : IIOBEPXHI
@i | elleKTpoja
I I - - - -
; IMMOOLTI30BAH1 KJIITHHH
: : :
} ,'f‘;'__ : f v r \:: ol i . .
i f -
—F ., N N T CycneHI0BaH1 KIITHHH

\

Puc.1. CxemaTuuHe 300pa:keHHsI MojeJIi Hi0CEHCOPHOI CUCTEMH CyClIEHJ0BAHUX Ta
iMMOOiTi30BaHMX KJIITHH.

EnexTpoximMiuHU# CTpyM BHHHKAa€ 3a PaxyHOK B3a€MOJii peakiii OKUCIEHHS Ha poOodoMy
ENEKTPOIi MPOAYKTY (hepMEHTAaTHBHOI peaKiil.

JMinsuxka L (Ha puc. 1). Y pasi qudys3ii 3agaeTbes JiuIe KOHIEHTpALis IPOAYKTY B po3unHi P :
oP, 0° P,
A_p,-

ot az+gp"

, L . -
ne gp =0p g , aD, — xoediuient gudys3ii IPOAYKTY B EICKTPOITI.

Hinsinka I1. (1a puc. 1). V ninsgHui I npoayKT He TeHEpYEThCs, a MEPEHOCUTHCS 3aBISKH TUQy3il
3 ginsiHkd | B ainsteky 11 1 KOHIEHTpaLIis IPOAYKTY B PO3UMHI 3a1a€Thest BUpa3oM 1is P,
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2
P, PR sexel.
ot OX

PosB’siok mis gursaok I ta 11 mae Burisan:

p_ [g%P(O)jHﬂe“Mz e

P(O _
P, = ( )+B e +B,-e™

B mMoneni 3po0iieHO MPUITYIIEHHS, 0 NPOAYKT HENEpEePBHO I'€HEPYETHCS 3 CTAJIOI IIBUAKICTIO,
BHACIHIZIOK B3a€MOJIi Mixk cyOcTpaToM i (hepMeHTOM BecepeauHi KITHH. [IpOayKT CeKpeTyeTbes 3 KINITUHU
JI0 po3umHy 1 1uy3is BinOyBa€THCs B HAMPSAMKY MOBEPXHBOT'O EIIEKTPO/IA, 1€ BiH HEraliHO OKUCITFOETHCS.

2.2. MaremaTu4Ha Mojesb Kidep(dizuuHoi GioceHCOpHOI cucTeMH /UIsi BU3HAYEHHSI PiBHA
[JTIOKO3H.

Kibepdiznuni 6ioceHCOpHi cucTeMu il BU3HAYEHHS PiBHS TIIIOKO3W MAalOTh BENMKHUN MOTEHIIAT
IUIs. MOHITOPHHTY TJIIOKO3HM B mporecax ¢epmeHranii [38], mo 3a70BONBHSAIOTE MOTpeOU B po3poOii
OiorexHoNOriYHUX mTaMiB. OfHAK HaAIHHICTH peakwii TAKUX CHCTEM IpPU HEMEepepBHOMY MOHITOPHHTY
3aJIMILAETHCS 0OMEXYBaJIbHUM (HaKTOPOM AJIS 1X MoxanblIoi iHTerpamii B 610TexXHOIOr 1.

FonoBHoto Meroro moxeni [39] Oymo mepeabaynTé LUKITIYHI KPHBI BOJBTAMIEPOMETPIl ISt
3BOPOTHBOI EIEKTPOXIMIYHOI peakuii, sKa IOB’A3aHOi 3 OKHCIEHHSIM IIpH BIACYTHOCTI cyOcTpary
(TIOKO3M) IS HACMYEHOro TMOBiTpsM (ochaTHOro OydepHOro po3umHy, NpU PI3HHX YMOBax
eKcrTyaTanii. ¥ mpoctopi 06i0CeHCOp MOIENIOEThCA K OTHOBMMipHaA cucTeMa. HemiHiliHI piBHAHHS B
YaCTUHHUX TOXIAHUX JPYroro MOPSAKY MOEAHYIOTh IUHAMIYHY AWQY3iI0 Ta peakmilo 3alydeHuX
XIMIYHHX PEUOBHH y (EpMEHTATHBHO-MEMOpAaHHOMY IIapi, a TakKoX €JIeKTPOXIMIYHY peakLilo Ha
MOBEpXHI enekTpoxy. Pi3Hi obnacti OaratomrapoBoi CHCTEMH OIOCEHCOpIB TJIOKO3U  (MOBEpXHS
eIeKTpoiB, map depmeH-MeMOpaHa Ta 3acTiiiHui mudy3iHMIA mwap) Oynu Mmos's3aHi 3 AUPY3iHHUMU
MOTOKaMH, XIMIYHUMH Ta eNeKTpoXiMiuHuMH peakiismu. [lepenbayanocs, mo okuciena ¢popma (M ©ox))

LITYYHO!I MepoKcuaaszu Oyna ocapKeHa Ha MOBEPXHI poO0YOro eleKTpoxy B SIKOCTI 000pOTHOI (opMu
(M (red )» K& OTPUMaHa MiJl yac 00OPOTHOI peakLii epeHeceH s 1BOX eneKTpoHis [40]:
M oxy 28" < M-
[ToBHE 3MEHIIEHHS] MOJIEKYJIAPHOrO KHCHIO BiNOBiJa€ peakiii mepeHoCy YOTUPHhOX ENEKTPOHIB B
0ik hepMeHTHO-MeMOPaHHOTO Mapy:
kl
O, + Moy >M o) +4e +H,0.

BBaxkaeTbcsl, 1m0 KiHETHKAa €JIEKTPOXIMIYHHX peakwiii € OOOpOTHOI0, a BiAHOBIICHHA KHCHIO
CIiAyBa€ KiHETULI APYroro mopsaky. BpaxoByioun omHoBuUMIpHY mudys3ito, chopMylibOBaHi PiBHSIHHS
qutst kucHio (10), okucnienoi (11) i pexykoBanoi (12) ¢popm mMeniaTopa HACTYITHUM YAHOM:

0|0 o°|0
PJ_p, 70 oM., 0
Moe]_ @M,
ot T P Mox e a ([ ] [ red ]) (11)
a[I\/I red ] — [ red ]
ot - DMred e a ([OZ ]’ [M red ]) (12)
T mudysiiiroro mapy t >0 i d, < x<d, +d,
olo,] _ Dy . 52[(221 , (13)
ot ©OX

ae DOz,e i Doz,u — koedimieHTH qUQYy3ii 115 KUCHIO BCEpEeqrHI eH3UM-MeMOpaHHoro Ta audy3Horo
wapis. Beepenuni pepment-memGpantoro mapy, D,, e 1 DMox LT koedinieHTr TUdy3ii BitHOBIEHO] 1

okucieHoi Gpopmu meniatopa. d, — ToBmmHa pepmenTH-MeMOparHOro mwapy, d,; - ToBIMHA AH(py3HOrO
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mapy. UIBuzakicte (r) roMoreHHOi peakmii MK BIZIHOBJIECHOI (OPMOIO MenmiaTopa 1 KHCHIO

3a0e3MeUyeThCsl HACTYITHOIO PIiBHICTIO!
r([oz ]’ [M red ]) = kl ’ [OZ] ’ [M red ] (14)

ne K, — kiHeTMuHa crama Ul MOBHOrO OKHCIICHHS 3ayMOBH HAsBHOCTI KHCHIO Ul HACHYCHHX
MOBITPSAM PO3UHHIB.

3. MaremarnyHa mojesb Ki0ep-Gi3uuHoi iIMYHOCEHCOPHOI CHCTEMH Ha TeKCArOHAJbLHIl
peuiTui, AKa rPyHTYIOTHCS HA cucTeMi JudepeHuiaJIbHUX PIBHAHD i3 3alli3HEHHSIM.

3.1. PemiTyacta MoJedb B3a€MOJAil AHTUIE€H-AHTUTLIO AJIS TEeKCArOHAJBLHOIO MACHBY
iMyHoOmIKceJIiB.

B po6oti [41] moOynmoBaHO MaTeMaTH4Hy MOJEIb IMYHOCEHCOpa B Kiaci audepeHIiaTbHUX
PIBHSHB 13 3aIli3HEHHSIM Ha TeKCaroHANbHOI PEIIiTIi 1 OTPUMAaHO YMOBHU CTiHKOCTI ii €HAeMiYHOTO CTaHy
piBHOBaru.

PosristnyTo Mozens iMyHOCEHCOpa Ha OCHOBI IeKcaroHasIbHOI pewiTk. [Tpu upomy i Hymepanii
imynonikcenis (1, J,K), I, J,k==N,N, i+ j+k =0 BukopucroByerscsi KyGiuHa cucrema KOOpAUHAT
[42].

Hexait V, ;,(t) - xonunenrtpauis anturenis, F ;,(t) - xonmenTpanis anturin B imyHomikcem
@, J,k); i, j,k==N,N, i+ j+k=0.

Mogenb TPYHTYEThCS Ha TakKuX OIONOTiYHUX MNPHUIYIIEHHAX Ui JOBUIBHOTO IMYHOITIKCENS
@, . k).

1. MaeMo JesiKy KOHCTaHTy HapouKyBaHocTi 3 > 0 i nomynsuii anTurenis.

2. AHTHUreHU HEWTpali3ye aHTUTLIAMHE 3 JIEIKOK0 MMOBipHiCHOIO mBUaKicTio Y > 0.

3. IMomyJsis aHTUTEHIB ITparHe 10 AesKoi MeXi HacH4eHHs 31 mBuakictio 8, > 0.

4. Maemo nesky nudysito anturenis 3 mectu cycimnix mikcenis (1+1, J,k—=1), (i+1, j—1,k),
(,]-Lk+1), (i-1,j,k+1), (1I-1, j+Lk),(i, j+1,k—=1), (Puc. 2) i3 meuakictio mudysii DA™, rue
D >01i A>0 eBiacTaHHIO MK MIKCETIMH.

5. Maemo aesiky moctiiiHy cMepTHOCTI aHTuTin (g > 0.

6. B pesymprari iMyHHOI BiANOBiAI 30iMBIIYETHCS IMIUIBHICTH AHTHUTII 3 HWMOBIpHICHOI
HMIBUJIKICTIO 1Y .

Puc. 2. 'excaronasibHa perriTka, sKa MOoB'sA3y€ MICTh CYCIAHIX MIKCENTiB B MOJIeNi C BUKOPUCTAHHSIM
KyOI4YHMX KOOpAWHAT

1,3,589, 11[ 0 Ijk(t)j [%Vm,j,kl(t)j; 4 [%an,jl,k(t)j;
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6 - [%Vi,jl,kﬂ(t)j; 7- [%Vil,j,kﬂ(t)j; 10- [%Vil,jﬂ,k(t)j; 12- [%Vi,jﬂ,kl(t)j'

7. TlomyJIsist aHTUTL MparHe 10 ASSKOro piBHs HaCHYeHHs 31 mBHAKICTI0 O > 0.

8. IMyHHa BiIOBiIb HACTAE 3 ISAKOIO MOCTIHHOK 3aTPUMKOFO B vaci T> 0.

Ha ocHOBI 1pOro pO3IISIHYTO AyKE€ TNPOCTY KOHCTPYKUIIO MOJENi AaHTUTCH-aHTUTIIO 13
3aIi3HEeHHAM JJIsl TeKCaroHajJbHOTO MacHBY IMYHOIIIKCENIB, sIKa TPYHTYETbCS Ha J00pe Bimomiid Momeni

A

Mapuyka [43, 44] i BAKOPHUCTOBYE TIPOCTOPOBHIA Oiepatop S , 3ampornoHoBanuii B [45].

dV H t A
I'CJI—'tk() =B —YFi i (t-1)- 8u\/i,j,k (t _T)Vi,j,k (t)+S {Vi,j,k }
(15)
drF; ;. (t)
T = (—u; +MYV, ik (t—7)-9; i (t) Fiix (t))Fi,j,k (t)
Mopnens (15) 3anana noyatkoBuMu QyHKismu (16):
Vi,j,k(t) :Vi,oj,k(t) >0, Fi,j,k(t) = Fi,oj,k(t) >0, te[-1,0), (16)

Vix(0), F;.(0)>0.

Jns rexcaroHanbHOTO MAacuBY BHKOPHUCTOBYEThCS JHCKpeTHa Audy3is is HpPOCTOPOBOTO
orepaTopa.

§i¢J=
17)

KoxHa KomnoHiSA mingaeTbcs BIUIMBY AHTUTEHIB, BHPOOJEHHWX B IIECTH CYCIIHIX KOJOHISX, SKi
pO3ieHi piBHUMH BifcTaHIMHU A .

DA [Vi+1,j,k—1 +Vi+l,j—l,k +Vi,j—1,k+l +Vi—1,j,k+1 +V k +Vi,j+1,k—1 - 6nVi,j,k]

i-1, j+1,
i, j,ke—=N+1L,N-1, i+ j+k=0.

BukopucroByetses  rpanmuna  ymosa  V,;, =0 ama  mikcenmis (i, j,k)  Taxmx, o

1e{-N,N}v je{-N,N}vke{-N,N}ii+j+k=0.

3.2. MaremMaTH4He MOJeJTIOBAHHS JAMHAMIYHOI Joriku Kidep-gizmuHoi iMyHoceHcOpHOI
CHCTEMH.

Jnst MmaTeMaTHYHOro MopentoBaHHs AuHaMiuHOi Jioriku K®ICC BUKOPHCTOBYETHCS CHHTAaKCHLC,
skuil 3anpornonoBanuii A. [lnaruepom mns 3aransroi KOC [4] y Burmsini moBu nporpamysanus ['T1. ¥V
Bunaaky K®ICC nepumii piBenp ['1l € nuHamiyHOIO MpOrpamoro, sika BH3HAYAETHCS HACTYITHOIO
rpaMaTHUKOIO

dv, ;. ()
az:z—‘d‘t =(B-7F;;t-1)
_SUVi,j,k(t_T))Vi,j,k(t)+§{\/i,j,k }' (18)

dF ;. (1)
—c;tk =(—py+mV, , t-1) =8, F  (O)F ;, (1) &D,

Y ¢dopmyni (18) @D, € eBomoniiHUM ITOMEHHUM OOMEXKEHHSIM Yy BHUITIAAL (OPMYIH JIOTIKH

MEPIIOTO MOPSIIKY
def .
— \/min max
O, =V™ <V (n)<V
AF™ <F (N SF™ Al jk==N,NAt>0, (19)
i+j+k=0
B pesymbraTi 3B’s3yBaHHS AaHTUIEHIB 3 aHTUTIIAaMH B IMYHOIIKceNl BinOYyBa€Thbcs SIBUILIE
dayopecuenii. ®ynkiionysanus imynomnikcens (i, J,K) BusHauaetbes aBoMa cranamu. A came, S, €

craHoM (hayopecueHLii Ta S, ;; € OAHUM 13 He(IIyOpECLEHLIEeHTHUX CTaHiB.
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InTencuBHiCTH pryopecueHwii mponopuiiHa KUTbKOCTI KOHTAKTiB MK aHTUTCHaMH Ta aHTUTIIAMH,
10610 K4V;; (1)F (1) . TIpumyckaerses, mo mikcens (i, j,K) snaxomutsest y cranmi dayopecienii,
SKIO

KaVij (OF (1) =204,

ne ©4 >0 e meskuM TMOPOrOBHM 3HAYCHHSAM 3B’S3YBaHHS, MPH SIKOMY BiZOyBAeThCS SBHILE
(hyopecieHiii.

BHKOpHCTABIIN B CHHTAKCHCI JIOTIKH MEPIIOro MOPSIKY CITiBBIAHOIICHHS 3a10BoJeHHs S| = L st
dopmyau noriku mepmioro mopsaky L Ta cramy S, MO)KHA BH3HAYMTH JJIsi KOHKPETHHX ITIKCENiB
@, 5,k); 1, J,k==—N,N,i+j+k=0 cranu S, i S

non fl ! AK

Sft‘ =KoV jx (MF;(N) 2Oy,
= kfIVi,j,k (n)Fi,j,k (n) <Oy

JuckpeTHi 3MiHHM BiOYBalOTbCA B KOMII'IOTEpHUX INporpaMax, KOJIM BOHU MPHUHMAIOTh HOBI
3HAa4YeHHS AJ1s 3MiHHUX. Taka cuTyauis BigOyBaeThCs y BHIIAJKy BUHUKHEHHS SBHINA (IyopecleHIii B

(20)

Snonfl

mikcerni (i, j,k), 1, j,k=—=N,N, i+ j+k =0.V crani piyopecuenuii 3miHHi# S; ik TIPUCBOIOETLCS
3HaueHHs 1. Lle Bene 10 auckpeTHOl, cTpHOKONOAIOHOI 3MIHH, OCKUIBKH 3HA4€HHS S; | ; ik 3MIHIOETHCS
MUTTEBO.

3.3. Komm’oTepHe MoJen0OBaHHS AMHAMIYHOI Joriku Kidep-¢izmuHoi iMmyHoceHcopHOi
CHCTEMHU.

3 meroo komm torepHoro MoxemoBaHHsi K®PICC BukopucraHo MoBy mporpamyBaHHsS R Tta
cepenoBuiie po3pooku R Studio. Tle moB’s3aH0 3 THM, 1110, HE3BAXKAIOYM HA BEJTHKE PI3HOMAHITTS MOB
IporpamMmyBaHHsl, sIKi BUKOPHCTOBYIOThCS nipu po3podui KOC (Assembly, C, C++, D, Java, JavaScript,
Python, Ada Tta in. [14]) moBa R mmMpOKO BHKOPHCTOBYETHCS B NaHWW 4Yac y 0araTboxX rajiyssix, IO
3aiiMalOThCs MAIIMHHUM HaBYaHHSAM 1 3 4yuM OyIyTh TOB’s3aHi MONAJBINI JOCIIPKeHHS. Bizyamizaris
JAHUX B KOMIT FOTEPHOMY MO/JICIIFOBAaHHI 3/IiiCHEHa 3a JoroMororo nakery ggplot.

UucenbHi eKCIIEPUMEHTH Ha OCHOB1 KOMIT TOTEPHOTO MOJIEIIOBAHHS TIPOBOAMIIMCS 13 BpaxXyBaHHIM
LIOr0 HATypalbHOTO uucia N, sIKe XapaKTepH3ye KUIbKICTh MIKCENiB B TeKCArOHAIBHIN PEIIiTIi.

Posrnanemo mozens (15) mpu N =4, p=2xs7!, y=2£, Wy =1xs 1, n:%, 60=0.5£,
XB * MKI' Y XB * MKI'

MIJI . .
8; =05———, n=0.9, D=0.2, A=0.3. Oy70 peani30BaHO /ISl PI3HUX 3HAYCHb T.
XB * MKT'
Pesynbrar komm’rotepHoro monemoBanHs wMoxeni (15) mnpum t=0.25 3 HabopoM 3HaYeHb
napamerpiB, sIKi IPEICTaBlICH] BULIIE, HABEICHO Ha pHC. 3.

/\

Pixel 0 1 -1

Pixel 10 -1

FO1-1
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Pucynok 3. Pe3yiapTati uncenbHOro MojentoBanus cucremu (15) mpu ©=0.25. 300pakeHHs
(ha30BUX IJIOMIMH B KOOPAWHATAX (\/i ik Fij k) JUTS THKCens (0,0,0) 1 HOro MIECTH CYCITHIX MIKCEiB.

ITo3HadeHHs: o — IOYATKOBHIA CTaH, O — IIEHTUYHHI CTAINI CTaH, ® — HELNMEHTUYHUN CTaIui CTaH.

3rigHo puc. 3 cnocrepiraeMo sKicCHI 3MiHM TTOBEIIHKY iMyHomikceniB Ta Mojeni KOICC B minomy.
Ananizytoun ($a3zoBi giarpaMu MOMYJISIIA aHTUTCHIB MOA0 aHTUTLT (puc. 3) MOXKHA 3pOOMTH BHCHOBOK,
mo npu T=0,25 Bunukae O6ipypkauis Xomda. g TEOpeTUUHOro OOIPYHTYBAHHS BUHHMKHCHHS

Oipypkanii Xomda HeoOXimHO OOYMCIUTH  BIANOBIAHY Tapy YHCTO YSABHUX  PO3B’SI3KiB
XapaKTepUCTUYHOr0 PIBHAHHS JiHeapu3oBaHOi cuctemu (15). Pesynpraté 4mcenbHOr0 MOJEITIOBAHHS
Y3TO/XKEHI 3 TEOPETUIHUMHU PE3yIbTaTaMK Ha OCHOBI TeopeMH Tipo Gidypkarito Xomnda [15]. ITpu msomy
po3B’s30k cuctemu (15) mparHe A0 CTIKOro rpaHUYHOrO IUKITY 3 JIBOMA JIOKQJIBHUMHU EKCTPEMyMaMu
(OIMH JTIOKAJIBHUI MAKCUMYM 1 OJIMH JIOKJIBbHHI MIHIMYM) B UK.

Jns xoMI’I0TepHOro MOJENMIoBaHHs KiOep-(hi3muHOi Mozeni iMyHOceHcopa Oyllo BHKOPHUCTaHO
pewrityacti rpadiku. CrnouaTky mnoOyIOBaHO BIiAMOBiAHI Tpadikd, Ha SIKMX OIS KOXKHOIO ITIKCENS

TIPEJICTABIEHO HMOBIPHICTh KOHTAKTY aHTUIeHiB 3 anTutinamu, sk V; ;, x F ;, npu 1=0.25 (puc. 4).

Fluorescence intensity, time=0.0 Fluorescence intensity, time=3.9
5.0 50
_ 25 ! ‘ __ 2.5]
»
0.0 0.01
2 2
25 -2.5
-2.5 0.0 25 5.0 -2.5 0.0 25 5.0
index_i index_i

Pucynok 4. PemriTuacti 300paskeHHS HMOBIPHOCTI 3B’ SI3KiB aHTHI'€HIB 3 aHTUTUIAMH B TKCENSIX
cucremu (15) mpu t=0.25.

Ha npyromy erami komm’torepHoro moaentoBanHs K®ICC orpumano pemritTyacti rpadiku
(ryopeciirorounx mKkceniB Ha OCHOBI BUKOHaHHs yMoBH (20), siki HaBeeHi Ha puc. 5.

Fluorescence intensity, time=1.75 Fluorescence intensity, time=3.95

5.0 5.0 1

2 I —_ 23] value
' value
) | L ) ®
S 0.0 0’50 © 00 050
£ . 8:58 £ 0.00

2.5 -2.51

-2.5 0.0 2.5 5.0 -2.5 0.0 2.9 5.0
index_i index_i

Pucynok 5. 300pakeHHs (iyopecieHIitorounx mikceniB cucremu (43) mput = 0.25.

B sKkocti mpukiany 3aBepliaibHOIO eramy Komi toTepHoro mozemoBanHs K®PICC orpumano
BUIJISA]] €IIEKTPUYHOTO CUTHATY MEPETBOPIOBAYA, SIKUI XapaKTepu3ye Yncio (IyopecliloloUnX MKCEiB B
3aJIOKHOCTI Bijl pI3HOT0 3Ha4YeHHS 3ami3HeHHs B yaci T (puc. 6). [lns uncensHoro monentoBanns KOICC

0yJ10 BUKOPUCTAaHO [TOPOroBe 3Ha4YeHHs 11 duryopecennii ®, =15.
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N i
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fluorescencing pixels
S
:

0 5 10 15 20
time
Pucynok 6. Enexpuunuii CHrHAI 3 TIEpETBOPIOBAYa, KUl XapaKTepHU3ye KiTbKICTh
¢ayopecuirorounx mikcenis npu T = 0.25.

Sk mokazanM pe3yapTaTH YHMCENBHOTO aHamizy, (QIIyopecuilooui CcTaHH B IMYHOIIKCESIX
3MIHIOIOTHCS BIJIITOBIIHO /IO 3aKOHIB TUCKPETHOT TUHAMIKH.

BucHOBKH Ta mepcNeKTHBH MOAAJBIINX AO0CTIKeHb

Y poboTi po3MIsSHYTO MiAXOOM 10 po3po0Ka MaTeMaTHYHUX Mozened KiOep-Bi3MUHUX Ta
IMYHOCEHCOpIB Y BHUIIIAI AudepeHIiaTbHUX PIBHSHb B YaCTUHHUX MOXIJHHUX, AKi O BpaxoByBalIH
0107OTiUHI MPUITYILEHHS 00 OCHOBHMX KOMIIOHEHT MPHUCTPIB — CHMETPUUYHY I'€OMETPi0 610CceHCOopiB i
OIHOPITHUKA PO3MOAIN iMMOOiTiZ0BaHOr0 (hepMeHTY Ta peakuii 3B’s3yBaHHS B (EpMEHTHOMY ILapi,
KiHeTHYHI BJIACTHBOCTI OakTepiaJbHUX (EPMEHTATHBHUX pEAKIii, KOJIOHIi aHTHUTEHIB 1 aHTHUTIN,
JIOKATi30BaHUX Yy MiKCeNsIX, Hu(y3ii KOJOHIT aHTUTeHIB MK MIKCESIMH.

B poboti 3ampomoHOBaHa MoOnENb IMyHOCEHCOpa, sIKa TPYHTYETbCS Ha CHUCTEMi PpeIIiT4aTHX
mudepeHianbHUX piBHSAHB 13 3ami3HeHHsM. [loOymoBa Mozeni IpyHTyBajacs Ha Al Ol0IOTTYHHX
MPUITYLIEHb MO0 B3a€EMOJIi KOJOHIM aHTHUTEHIB Ta aHTUTLI, a TakoX Audy3ii antureHis. [ns omucy
IUCKPETHUX B TMPOCTOPi KOJOHIHM, JIOKAaNi30BaHMX Y BIiANOBIAHMUX IIKCENSIX, BHUKOPHCTAHO amapar
pewniTyatux qudepeHLianbHIX PiIBHIHB.

3anponoHoBaHi MaTeMaTHYHI Mozesi 610CEHCOPiB Ta IMyHOCEHCOPIB MOXKYTh OyTH BHKOPUCTaHi B
iHpOpMaLifHIX cUCTeMax Ul AWCTaHLidHOro 30HIyBaHHs, BusBieHHS JHK, meauuHoi miarHocTuxw,
BUSBIICHHS PepMEHTIB, O€3MEKN XapUuOBHUX MPOAYKTIB T4 MOHITOPUHTY HAaBKOJHUIIHBOIO CEPEAOBHUILA.

B momanpimmx mocimipkeHHIX HEOOXiTHO MPOBECTH JIOCTIKEHHsI CTIHKOCTI Mojieneli GioceHcopiB
Ta IMyHOCEHCOPIB Ha OCHOBI YAaCTHHHUX MOXITHUX Ta peUlTdacTUX Au(epeHuiaJbHUX pPIBHAHD 13
3aIi3HEHHHSIM.
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PECULIARITIES OF TA INSTRUMENTAL BARRIERS OF STRAINS TECHNOLOGY
DATA MINING.

L.€. Anapymak, B.A. Komemwxk, O.M. CiBakoBcbka, M.I. IMoreiiuyk, B.Il. Mapueniok. Oco0JuBocTi Ta
iHcTpyMeHTadbHiI 3aco0m 3acrocyBaHHs TexHogorii DATA MINING. V miii crarri JOKIagHO pPO3TISIAIOTECS METO.H,
iHCTpyMeHTabHi 3aco0u Ta 3actocyBanns Data Mining. Bukiamarorscst OCHOBHI KOHI[ETIIT cxoBu Aanux i micis Data Mining B 1x
apxiTekTypi. OOrOBOPIOETHCS MPOLIEC aHA3y AaHWX 3a jonoMoror texHomorii Data Mining. JIoknamaHO po3risiaroThesi eTamd
I[LOT'O TIPOIIECY. AHANI3YETHCS PHHOK aHATITHIHOTO IPOTPAaMHOT0 3a0€3MeUeHHs, ONHUCYIOTHCS IPOAYKTH BiJl IPOBIJHNX BUPOOHHKIB
Data Mining, 06roBoporThCs X MOMKIMBOCTI.

Kurouosi ciioBa: Data Mining, komGiHoBani MeToau, MeToau odMekeHoro epeGopy, Web-mining.

HN.E. Angpymak, B.A. Komeawk, M.U. Ioreituyk, A.H. CuBakoBcbka, B.Il. Mapueniok. Oco0eHHOCTH H
HHCTPYMEHTaNIbHbIe cpeacTBa mnpumMeHenusi TexHoormn DATA MINING.B panno#i crathbe moApoOHO pacCMaTPUBAIOTCS
METO/IbI, HHCTPYMEHTAIIBHBIE CpeCTBa U TpuMeneHne Data Mining. M3naraiorcst OCHOBHBIE KOHIIETIIMH XPAHIIIAL JAHHBIX W MECTa
Data Mining B ux apxurekrype. OOCykIaeTcsi MpoOLECC aHalM3a JaHHBIX ¢ Momoulsio TexHomorun Data Mining. TToapoGHO
paccMaTpUBAIOTCS JTAIlBl 3TOTO IpoIecca. AHANU3UPYETCS PHIHOK aHAJMTHIECKOrO MPOTPaMMHOTO OOECIICUECHUs], OMHCHIBAIOTCS
TPOAYKTHI OT BeAyIuX npoms3BoauTeneit Data Mining, o6cyxmaroTcst iX BO3MOKHOCTH.

Kumouesbie ciioBa: Data Mining, koMOHHIpOBaHHBIE METOBI, METOIBI OrpaHHYEeHHOTO mepeGopa, Web-mining.

I. Andrushchak, V. Koshelyuk, M. Poteychuk, O. Sivakovskaya, V. Martsenyuk. Peculiarities of ta instrumental
barriers of strains technology DATA MINING. This article discusses in detail the methods, tools and application of Data Mining.
Outlines the basic concepts of data warehouses and the place of data mining in their architecture. The process of data analysis using
Data Mining technology is discussed. Details are considered stages of this process. Analyzed the market for analytical software,
describes products from leading manufacturers of Data Mining, discusses their capabilities.

Keywords: Data Mining, combined methods, limited search methods, Web-mining.

Formulation of the problem. Data mining is a powerful new technology with great potential to help
companies focus on the most important information in the data they have collected about the behavior of
their customers and potential customers. It discovers information within the data that queries and reports
can't effectively reveal. Generally, data mining is the process of analyzing data from different perspectives
and summarizing it into useful information - information that can be used to increase revenue, cuts costs, or
both. Data mining software is one of a number of analytical tools for analyzing data. It allows users to
analyze data from many different dimensions or angles, categorize it, and summarize the relationships
identified. Technically, data mining is the process of finding correlations or patterns among dozens of fields
in large relational databases. Data mining consists of more than collection and managing data; it also
includes analysis and prediction. People are often do mistakes while analyzing or, possibly, when trying to
establish relationships between multiple features. This makes it difficult for them to find solutions to certain
problems. Machine learning can often be successfully applied to these problems, improving the efficiency of
systems and the designs of machines. There are several applications for Machine Learning (ML), the most
significant of which is data mining.

Setting up tasks. External providers of IT outsourcing services work exclusively in the field of
information technology and, due to narrow professional specialization, provide high-quality services, the
cost of which is lower than the cost of using their own IT services. The IT outsourcer has a lot of experience
in solving various problems that he faced with his clients. That is, there is a base of problem situations and
methods for their possible solutions. In addition, the outsourcing company takes on the implementation of
processes that divert people and resources from performing the basic functions. Thanks to IT outsourcing,
the company can significantly reduce the cost of owning its own information system. Thanks to IT
outsourcing, it is possible to optimize the distribution of all company assets. At the same time, the contract
concluded with the IT outsourcing company is a reliable guarantee that the computer system will function
properly, and all the problems will be eliminated promptly. In addition, all new hardware and software
components will be implemented competently and qualitatively. Due to the fact that the world around us is
unstable, and the reaction to various business signals should be lightning fast - IT outsourcing has become
quite popular. This type of outsourcing is very popular today among quite young companies that are actively
developing, and who do not have the desire to expand their own staff of IT specialists [1].
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Basic material presentation. Mining information on the World Wide Web is a huge application
area. Search engine companies examine the hyperlinks in web pages to come up with a measure of “prestige”
for each web page and website. Dictionaries define prestige as “high standing achieved through success or
influence.” A metric called PageRank, introduced by the founders of Google and used in various guises by
other search engine developers too, attempts to measure the standing of a web page. The more pages that link
to your website, the higher its prestige. And prestige is greater if the pages that link in have high prestige
themselves. The definition sounds circular, but it can be made to work. Search engines use PageRank
(among other things) to sort web pages into order before displaying the result of your search.

Another way in which search engines tackle the problem of how to rank web pages is to use machine
learning based on a training set of example queries - documents that contain the terms in the query and
human judgments about how relevant the documents are to that query. Then a learning algorithm analyzes
this training data and comes up with a way to predict the relevance judgments for any document and query.
For each document a set of feature values is calculated that depend on the query term, whether it occurs in
the title tag, whether it occurs in the document’s URL, how often it occurs in the document itself, and how
often it appears in the anchor text of hyperlinks that point to this document. For multiterm queries, features
include how often two different terms appear close together in the document, and so on. There are many
possible features: typical algorithms for learning ranks use hundreds or thousands of them. Search engines
mine the content of the Web. They also mine the content of your queries - the terms you search for - to select
advertisement that you might be interested in. They have a strong incentive to do this accurately, because
they only get paid by advertisers when users click on their links. Search engine companies mine your very
clicks, because knowledge of which results you click on can be used to improve the search next time Online
booksellers mine the purchasing database to come up with recommendations such as “users who bought this
book also bought these ones”; again they have a strong incentive to present you with compelling,
personalized choices. Movie sites recommend movies based on your previous choices and other people’s
choices: they win if they make recommendations that keep customers coming back to their website.

Anomaly detection is the process of finding the patterns in a dataset whose behavior is not normal on
expected. These unexpected behaviors are also termed as anomalies or outliers. The anomalies cannot always
be categorized as an attack but it can be a surprising behavior which is previously not known. It may or may
not be harmful. The anomaly detection provides very significant and critical information in various
applications, for example Credit card thefts or identity thefts. When data has to be analyzed in order to find
relationship or to predict known or unknown data mining techniques are used. These include clustering,
classification and machine based learning techniques.

Anomaly detection can be used to solve problems like the following:

- a law enforcement agency compiles data about illegal activities, but nothing about legitimate
activities. How can suspicious activity be flagged? The law enforcement data is all of one class. There are no
counter-examples. — Insurance Risk Modeling — An insurance agency processes millions of insurance
claims, knowing that a very small number are fraudulent. How can the fraudulent claims be identified? The
claims data contains very few counter-examples. They are outliers. Claims are rare but very costly. —
Targeted Marketing - Given demographic data about a set of customers, identify customer purchasing
behaviour that is significantly different from the norm. Response is typically rare but can be profitable. —
Health care fraud, expense report fraud, and tax compliance. — Web mining (Less than 3 % of all people
visiting Amazon.com make a purchase). — Churn Analysis. Churn is typically rare but quite costly.

— network intrusion detection. Number of intrusions on the network is typically a very small fraction
of the total network traffic. — Credit card fraud detection. Millions of regular transactions are stored, while
only a very small percentage corresponds to fraud. — Medical diagnostics. When classifying the pixels in
mammogram images, cancerous pixels represent only a very small fraction of the entire image (Pic 1).

Association rule learning is a method for discovering interesting relations between variables in large
databases. It is intended to identify strong rules discovered in databases using some measures of
interestingness. Based on the concept of strong rules, Rakesh Agrawal introduced association rules for
discovering regularities between products in large-scale transaction data recorded by point-of-sale (POS)
systems in supermarkets. For example, the rule {onions, potatoes} {burger} found in the sales data of a
supermarket would indicate that if a customer buys onions and potatoes together, they are likely to also buy
hamburger meat. Such information can be used as the basis for decisions about marketing activities such as,
e.g., promotional pricing or product placements. In addition to the above example from market basket
analysis association rules are employed today in many application areas including Web usage mining,
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intrusion detection, Continuous production, and bioinformatics. In contrast with sequence mining,
association rule learning typically does not consider the order of items either within a transaction or across
transactions [2].

Clustering - the task of discovering groups and structures in the data that are in some way or another
«similar», without using known structures in the data. Clustering is the grouping of a particular set of objects
based on their characteristics, aggregating them according to their similarities. Regarding to data mining, this
metodology partitions the data implementing a specific join algorithm, most suitable for the desired
information analysis.

Data Mining Paradigms

v

Goodness of fit
Hypothesis testing
Analysis of variance

Clustering
Summarization
Linguistic summary
Visualization

Prediction Description

Instance

Neural
Networks

Bayesian Decision Support Vector

Networks Trees Machines Based

Pic.1 Data mining paradigms

This clustering analysis allows an object not to be part of a cluster, or strictly belong to it, calling this
type of grouping hard partitioning. In the other hand, soft partitioning states that every object belongs to a
cluster in a determined degree. More specific divisions can be possible to create like objects belonging to
multiple clusters, to force an object to participate in only one cluster or even construct hierarchical trees on
group relationships [3].

Classification models predict categorical class labels; and prediction models predict continuous
valued functions. For example, we can build a classification model to categorize bank loan applications as
either safe or risky, or a prediction model to predict the expenditures in dollars of potential customers on
computer equipment given their income and occupation. Popular classification techniques include decision
trees and neural networks. Regression - a data mining (machine learning) technique used to fit an equation to
a dataset. The simplest form of regression, linear regression, uses the formula of a straight line (y = mx + b)
and determines the appropriate values for m and b to predict the value of y based upon a given value of x.
Advanced techniques, such as multiple regression, allow the use of more than one input variable and allow
for the fitting of more complex models, such as a quadratic equation.

Summarization - providing a more compact representation of the data set, including visualization and
report generation. Data visualization is a general term that describes any effort to help people understand the
significance of data by placing it in a visual context. Patterns, trends and correlations that might go
undetected in text-based data can be exposed and recognized easier with data visualization software. Today's
data visualization tools go beyond the standard charts and graphs used in Excel spreadsheets, displaying data
in more sophisticated ways such as infographics, dials and gauges, geographic maps, sparklines, heat maps,
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and detailed bar, pie and fever charts. The images may include interactive capabilities, enabling users to
manipulate them or drill into the data for querying and analysis. Indicators designed to alert users when data
has been updated or predefined conditions occur can also be included. Most business intelligence software
vendors embed data visualization tools into their products, either developing the visualization technology
themselves or sourcing it from companies that specialize in visualization.

There are many tools to solve data mining problems. In this paper, we will consider a few of them:

1. RapidMiner. Written in the Java Programming language, this tool offers advanced analytics
through template-based frameworks. Offered as a service, rather than a piece of local software, this tool
holds top position on the list of data mining tools. In addition to data mining, RapidMiner also provides
functionality like data preprocessing and visualization, predictive analytics and statistical modeling,
evaluation, and deployment. What makes it even more powerful is that it provides learning schemes, models
and algorithms from WEKA and R scripts.

2. WEKA. The original non-Java version of WEKA primarily was developed for analyzing data
from the agricultural domain. With the Java-based version, the tool is very sophisticated and used in many
different applications including visualization and algorithms for data analysis and predictive modeling. It's
free under the GNU General Public License, which is a big plus compared to RapidMiner, because users can
customize it however they please. WEKA supports several standard data mining tasks, including data
preprocessing, clustering, classification, regression, visualization and feature selection. WEKA would be
more powerful with the addition of sequence modeling, which currently is not included.

3. R-Programming. It’s a free software programming language and software environment for
statistical computing and graphics. The R language is widely used among data miners for developing
statistical software and data analysis. Ease of use and extensibility has raised R’s popularity substantially in
recent years. Besides data mining, it provides statistical and graphical techniques, including linear and
nonlinear modeling, classical statistical tests, time-series analysis, classification, clustering, and others.

4. Orange. Python-based, powerful and open source tool for both novices and experts. It also has
components for machine learning, add-ons for bioinformatics and text mining. 1t’s packed with features for
data analytics.

5. KNIME. Data preprocessing has three main components: extraction, transformation and loading.
KNIME does all three. It gives you a graphical user interface to allow for the assembly of nodes for data
processing. It is an open source data analytics, reporting and integration platform. KNIME also integrates
various components for machine learning and data mining through its modular data pipelining concept and
has caught the eye of business intelligence and financial data analysis. Written in Java and based on Eclipse,
KNIME is easy to extend and to add plugins. Additional functionalities can be added on the go. Plenty of
data integration modules are already included in the core version [4].

6. Scikit-learn Scikit-learn is a free software machine learning library for the Python programming
language. It features various classification, regression and clustering algorithms including support vector
machines, random forests, gradient boosting, k-means and DBSCAN, and is designed to interoperate with
the Python numerical and scientific libraries NumPy and SciPy.

Another advantage of IT outsourcing is the provision of uninterrupted operation of a whole staff of
specialists. That is, regardless of the time of the day, calendar holidays or weather conditions, the customer is
guaranteed the provision of a qualified specialist to solve the problems encountered. At the same time, an
important advantage is that, according to the contract, the outsourcing company constantly diagnoses the
operation of the company's IT infrastructure and eliminates the problem. The specialist already knows all the
features of the system, which significantly reduces the time spent troubleshooting and helps to prevent them
from appearing in the company. further.

Despite the fact that IT outsourcing can take a variety of forms, there are three main ones:

- resource outsourcing. In our country, this type of IT outsourcing is more common today. With this
option, the client uses and manages external IT resources. However, he carries all the risks that are
associated with the result of his activities.

- functional outsourcing. With this option, the outsourcing company transfers the functions. The
responsibility of the service provider, as well as the criteria for its operation in this case are stipulated in the
agreement. Such criteria may include: the speed of response to various incidents, the frequency of
prevention, the recovery time after the failures, etc.

- strategic outsourcing. In this case, a complete transfer to a complex IT outsourcing of the entire IT
infrastructure of the enterprise is carried out.

© 1.€. Aampymak, B.A. Komenrok, O.M. CiBakoBceka, M.I. Toteitayk, B.I1. Mapuentok



Hayxosuii scypran "' Komn rtomepro-inmeeposani mexnonozii: oceima, Hayka, supoonuymeo” 23
Jlyywvk, 2019. Bunyck Ne 34

For most enterprises, the main argument for applying to IT outsourcing is budget saving. The hiring
of a full-time IT specialist requires a separate workplace, the fulfillment of financial obligations provided for
by law and the provision of a social package, which includes both compulsory paid leave and sick leave.
This is quite costly for many enterprises. Since problems with the operation of the IT infrastructure can occur
at different intervals. Problems can arise or extremely rarely, or require constant support of a specialist,
while he may be absent due to leave or illness. While the outsourcing company undertakes to provide
competent professionals regardless of external circumstances. Another item of expenditure may be the
training of an IT specialist. Computer technologies do not stand still and are in constant development. It is
almost impossible to keep track of all innovations to one specialist, while IT outsourcing policy is based on
constant improvement. Outsourcing companies are interested in the continuous improvement of the
qualifications of their employees in different areas of IT technologies [5,6,7].

Involvement of outside support is most often needed for:

- the development of the infrastructure of the enterprise without distracting the staff from ordinary
projects.

- reducing costs for maintenance of office equipment and other tasks in 2-3 times.

- improving the efficiency of performing a number of tasks in the field of support of information
technologies in the enterprise.

- increase the level of responsibility of employees for the current state of servers, infrastructure,
office equipment.

Data Integration &
Cleaning

Data Ready
to be mined

Warehouse

Other | Data Selection and Analyzed Data
Sources | Transformation (Result)
Data Pre-processing Data Mining Data Evaluation &
Presentation

Pic.2 Data mining stage

Also IT outsourcing helps to reduce the cost of maintaining the infrastructure by 30-50%. For
example, it is not profitable for a company to hire a full-time system administrator, because it will often hurt,
work long, or vice versa - do it too quickly, and therefore most of the working time will not do anything.

We will admit, in office there are only 5 computers and 20 units of office equipment. To handle at
every failure to the masters or to the service centers is also unprofitable - private masters take expensive,
service centers repair a long time. The best way is to hire an incoming system administrator from a company
that provides IT outsourcing: it will monitor the operation of office equipment remotely, and periodically
come for physical service. The firm will pay him less than a full-time employee, while forgetting about
expensive repairs.
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Applying more and more in the work of information technology companies leads to the fact that
firms try to use the labor of the most qualified personnel. At the same time, technology is increasingly
dependent on the human factor, and therefore does not require constant intervention in its work. Servicing
computers and repairing equipment are increasingly outsourced to almost every company in every country.

Many executives believe that it is undesirable to give out to IT-outsourcing important projects with
high expected returns. Some believe that it is better to entrust them to full-time specialists. It is not
recommended to outsource the maintenance of rare CRM and profile software developed by another team.
To transfer ordinary tasks to outsourcing did not bring additional problems, carefully choose a legal entity.
Pay attention to reviews - look for them on the Internet in profile forums, thematic sites, special resources.
Pay special attention to official letters of thanks sent from partners - the more of them, the better [8-9].

In general, the benefits of data mining come from the ability to uncover hidden patterns and
relationships in data that can be used to make predictions that impact businesses. Specific data mining
benefits vary depending on the goal and the industry. Sales and marketing departments can mine customer
data to improve lead conversion rates or to create one-to-one marketing campaigns. Data mining information
on historical sales patterns and customer behaviors can be used to build prediction models for future sales,
new products and services. Companies in the financial industry use data mining tools to build risk models
and detect fraud. The manufacturing industry uses data mining tools to improve product safety, identify
quality issues, manage the supply chain and improve operations.

Statistics show that at the moment IT outsourcing is at the stage of active development. More and
more companies and organizations are turning to IT outsourcing companies. As the transfer of functions of
IT infrastructure maintenance to highly focused specialists significantly increases the efficiency of the
enterprise as a whole. This makes it possible to concentrate precisely on the directions in which the company
specializes. Nevertheless, the market of IT services in our country is gaining momentum every year. More
and more entrepreneurs and even large firms prefer external contractors. Today, the dependence of business
on IT is extremely high. Modern technologies and solutions allow not only to maintain and accelerate
existing business processes, but to change the very model of the company's activity on the market, to open
new lines of business. The best option for an actively developing business is cooperation with experienced
IT outsourcers [10].

Conclusion

This paper has presented different data mining tasks and tools to solve them. As the amount of data
is expanding in all areas, it is easier to find a lot of useful knowledge by using data mining methods. As well
as, above-mentioned tools will help us to implement data mining techniques in various areas.
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METO/I THILIA LI IIPOEKTIB

Baodosa LK., fluenxo O.B., Azaposa I.b. Metonu ininianii npoexTis. B crarTi po3risHyTo MeToan Ta MoAemi iHimarmgi
MIPOEKTIB y KOMEPIiHHiH Ta myOmiuHiil cdepi, a TakoXkK MPOEKTIB Jep>KaBHO-TIPUBATHOTO HapTHepcTBa. OKpecieHe mpodieMHe moie
X BHUJIB IPOEKTIB, BCTAHOBJICHI TOJOBHI BIIMIHHOCTI MDK HMpPOEKTaMH B KOMEpLiiHiN Ta myOumiuHii cdepi, a Takok BU3HAYEHI
OCHOBHI «BXOJ¥» IpoIeCy iX iHimiarmii.

KiiouoBi cioBa: ympaBiIiHHS IPOEKTaMHU Ta NPOrpaMaMH, iHIIliaIis MPOEKTiB, MPOEKTH B KOMEPUiHHIA Ta myOmivHiit
cdepi, AepKaBHO-TIPHBATHE MAPTHEPCTBO.

Badosa U.K., fluenko A.B., Asaposa U.B. MeToabl HHUIIMALMU NPOEKTOB. B cTaThe paccMOTPEHBI METOIBI U MOJIEIIH
WHAIMAIAY TIPOCKTOB B KOMMEpUYECKOH M IyONM4HOM cdepe, a TakkKe IMPOEKTOB TI'OCYIapCTBEHHO-4aCTHOTO MHMapTHEPCTBA.
OuepueHHBIN IPOOIEMHOE TI0JI€ ITHX BHAOB NPOEKTOB, YCTAHOBICHBI IVIABHBIC PA3NIMUUs MEXKIY NMPOCKTaMH B KOMMEPYECKOH M
ITyOIMaHOI cdepe, a TakKe ONpeieNIeHbl OCHOBHBIE «BXOJIBI» IMPOIECCa MX WHHUIHAINN.

KnioueBble cjI0Ba: ympaBiIeHHS NPOEKTaMH W HPOTPaMMaMH, HHULNUALUS TIPOEKTOB, IPOEKTHI B KOMMEPYECKOH U
MyOIMIHOI cdepe, TOCynapCTBEHHO-YaCTHOE MapTHEPCTBO.

Babova I.K., Yatsenko O.V., Azarova |.B. Project Initiation Methods. The article contains the methods and models of
projects initiation in the commercial and public sphere, as well as projects of public-private partnership. The problem area of these
types of projects is outlined, the main differences between the projects in the commercial and public sectors are identified, and the
main "inputs" of their initiation process are considered.

Keywords: project and program management, project initiation, commercial and public sector projects, public-private
partnership.

MocTanoBka mpo6jemn aociaimkenns. [IpoekTHUI minxia, OO0 BiqOMUUN IIe 3 YaciB €TrHUIETCHKUX
mipaMijl, Ha ChOrOIHI BUCTYIAE YHIBEPCAIBEHOIO OCHOBOIO 3a0€3MeUeHHs PO3BUTKY PI3HOMAHITHUX CHCTEM -
BiJl IPUBATHUX JOMOT'OCIONAPCTB JI0 MyOJIIYHOrO YIPABIIiHHS Ta €BOJIOII JIFOACHKOI IUBLTI3allii B IIiTOMY.
HanpanpoBanuii B IpOEKTHOMY MEHEDKMEHTI 32 POKM HOTO iCHYBaHHS METOIAMYHUN MaTepial, nIepeBakHUM
9iHOM, OyB C(pOKycOBaHMI Ha MUTAHHSAX YIPaBIiHHS MPOEKTaMU Y KOMepILilHil chepi — B OyAIBHULTBI Ta
iHpOpMaLifHMX TEXHONOTiAX, B OCBITi Ta cdepi oOcmyroByBanHs. CaMe Uii KOMEPLIHHHX NPOEKTIB B
NPOBITHUX CTaHJapTax 3 VIOpaBIiHHSA TMPOEKTaMU BH3HAYEHI MOXJIHMBI NPUYMHH IXHBOI TIOSBH,
OXapaKTEepU30BaHI METOIM OLIIHKM €()eKTUBHOCTI Ta MOHITOPUHTY BUKOHAHHSL. Taki MPOEKTH PO3TIISIAIOTHCS
3a3BUYall AK 3aci0 JOCATHEHHs CTpaTeriyHuX Mied y Oi3Heci. BiamoBimHo, iHImiamis IHUX TPOEKTIB
CIPSIMOBYETBCS, TaK, UM 1HAKIIE, HA 30UTBIICHHS KOMEPUIHHUX e()EKTiB JUIsi KOMIIaHiH.

ITpore, 3a pe3ynbTaTaMu MOMEPEAHIX TOCTIDKEHb [2], mameko He BCi MpoOIEMH MPOEKTIB, IO
BUCTYNAIOTh MPUYMHAMH iX iHimianii, Oynum meromonoriuno ¢opmanizoBani. [lepin 3a Bce, Le CTOCYeThCA
HEKOMEpIiHHNX MPOEKTiB, aBTOPH3Alliid SKMX 4YacTo OyBa€ OB s3aHa HE TUIBKM 3 BUMOTaMH PUHKY UM
HOBUMH TEXHOJOTTYHUMHU PO3pOOKaMU. BaxIMBiCTh JOCHIDKEHHS NPUYHMH IHIIAIli caMe IHUX BHIIB
MPOEKTIB MPOAMKTOBaHa O0a30BOI0 OCHOBOIO IMPOEKTHOIO MEHEMHKMEHTY, 3TiAHO A0 SKOI HPOEKTH €
KEpPOBaHHUM IPOLIECOM IIEPETBOPEHHS MOTPeO y Pe3yibTaTH, IO 3aJOBOJBHSIIOTH Li MOTPEOH Ta BUCTYNAIOTh
LIBOBUMHU XapaKTEpPUCTHKaMHU MPOEKTiB. OTKe, BIACYTHICTh UITKOro OadeHHS MOTped Ta MPUYMH IMOSBH
OyAb-SIKOTO TPOEKTY MpH3BeAe 10 TOro, IIO OMIHKY pe3yiabTaTiB oro BHUKOHAHHS 3poOutu Oyne
HeMoxutHBO. CaMe TOMY NMPUYMHU IHIIIAIil MPOEKTIB, 10 BIUIMBAIOTh Ha BiJOBIAHI MiAXOIU Ta METOIH,
NOTPEOYIOTH MOJANBIIOT0 METOIOIOTYHOI'0 OCIIIKEHHS.

AHani3 ocTaHHiX AociaiKeHb Ta myOaikamiii. [lutaHHAIMEM MeTofONOriYHOrO 3a0e3MevYeHHs
npoueciB  iHimiamii MpoekTiB Oynu mpucBsYeHi myOmikamii Takux HaykoBwiB, sk O. [magka [4],
K. KonecnikoBa [5], O. KonocoBcbkuit [6], K. Xenaman [11], Ta Oaratbox iHmmx. B iX mociimkeHHsX
BHUCBITJICHI JeKi BayKJIMB1 METOJOOTYHI acleKTH iHilianii IpoeKTiB, OJHaK He 0yJ0 PO3IJSHYTO MOBHHUH
CHEKTp MPHUYHUH iHiianii IpoeKTiB B HEKOMEpUiiHili Ta myOmiyHii cdepi, a TaKoXK MPOEKTIB Aep:KaBHO-
MPUBATHOTO MapTHepcTBa. He Oyiio BU3HAYEHO METO/IM iHIIiaIlii BiZIITOBITHUX MTPOEKTIB.

Tomy MeTOI0 1aHOTO AOCTiTKeHHs1 Oy0 0OpaHO aHaji3 NPUYMH iHiliaNii MPOEKTIB y KOMEpLiHHiH
Ta MyOniuHiil cdepax 3 moganpMM GOpPMYBaHHAM MOJeNe iHilianii MPOeKTiB 3a BiAMOBITHUMH 00’ €KTaMH
MPOEKTHOI AiSUTBHOCTI.

Merononoriuny OCHOBY IOCHI/KEHHS CTaHOBUTH Cy4yacHa TEOpisl YNpPaBIiHHA TNPOEKTaMH,
TIPOIIECHUIA TiAX 1, METOIM MPUYMHHO-HACTIIKOBOT'0 aHAII3Y Ta iHII 3aralkHOHAYKOB1 METOJU JIOCIiPKEHb.
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Buknag ocHOBHOro Mmarepiajly Ta OOIDYHTYBaHHSI pe3yJabTaTiB AociimkeHHsi. [IpoBimHuit
CTaHAapT aMmepuKaHcbkoro [HctutyTty ynpapninHs npoekramu KepiBHunreo PMBOK [1] Bu3Hauae mpoekrt
SK TUMYacOB€ IMiNMPUEMCTBO, CIPSIMOBaHE Ha CTBOPEHHsI YHIKAJILHOTO MPOAYKTY, MOCIYTH a00 pe3ynbTaTy.
Cepen OCHOBHUX NMPUYHH MOSBHU MPOEKTiB B KepiBHUITBI BKa3aHi BUMOT'M PHHKY; CTpaTeriuHi MOKJIMBOCTI
Ta/abo Oi3Hec-moTpedu opraHizamii; couiaJibHi MOTpeOW; 3aXUCT OTOYYIOUOrO CEpEOBHUIIA; BHMOTH
3aMOBHHKA; TEXHOJIOTIYHUHN MpoLec; IOPUINYHI BUMOTH.

OpHak, 3a7a4ya BU3HAYEHHS MPHYMH IOSBU MPOEKTIB 3HAYHO YCKIATHSIETHCS, KOIU IMPOEKT abo
nporpamMa BHXOAWTH 3a paMKH OfHi€l okpemoi Oi3HecoBoi oamHuIi. Tak, HampukiIaj, 3aKOHOAABYO
BHU3HAYEHOIO CIPAMOBAHICTIO AEPKAaBHUX LIJIBOBHX IPOTpaM € PO3B'I3aHHS HaWBaXIMBIIIMX MpoOiIeM
PO3BHUTKY Jep)KaBH, OKpPEMHUX Taiy3eil eKOHOMikM abo aaMiHICTpPaTHBHO-TEPUTOPiaJbHUX OXUHHID,
3IiiiCHIOBaHE 3 BUKOpHCTaHHsIM KowTiB JlepkaBHoro Owjpkery YKpaiHM Ta Y3roIpKEHe 3a CTPOKaMu
BUKOHAHHS, CKIaJIOM BUKOHABLIB, pecypcHUM 3abe3nedcHHsM [8]. IIpoOnemaTnky pO3BHUTKY AepiKaBH
JIOCTATHBO CKJIQJIHO BITHECTH JIO OJHIET 3 KaTeropiil mpuyuH iHimiarii npoekris 3a Kepisauirreom PMBoOK
[1].

[Hmi mpoexktn B myOmivunid cdepi MOXKyTh OyTH CHpSIMOBaHI Ha BHPIIICHHS JIOKANBHUX YU
rI100aNbHUX EKOJMOTIYHUX MpoOieM, YCyHEHHS IucOallaHCy €KOHOMIYHOIO PO3BHUTKY OKPEMHX PErioHiB,
PO3B’si3aHHS HaWBaKJIMBILIMX MPOOJIEeM TEPUTOPIaJbHUX TPOMaJ YW CEKTOPIB TOCIOAAPCHKOI MisSIBHOCTI.
OTxe, € HeOOXiHICTh BU3HAYUTHUCH i3 THM, SKi TIPOSKTH CIiJ PO3YMITH B MOAATBIIOMY JOCIIDKEHHI ITif
MpOeKTaMH B MyOmivyHii cdepi.

Jns 3abe3neueHHst €IHOCTI TEPMIHOJIIOTIYHUX MOHSATH, CKOPHCTAEMOCH HaBeleHUM A. Yemepucom
BU3HAYEHHSIM IMPOEKTY y MyONniyHil cdepi K «...KOMIUIEKCY B3a€MOIOB’SI3aHUX JIOTIYHO-CTPYKTYPOBaHUX
3aBJaHb 1 3aXOMIB, YINOPAOKOBAHHWX y MacIiTadi 4acy, fKi COpsMOBaHi Ha PO3B’sI3aHHS HAHBa)KIMBIIIMX
mpo0iieM PO3BUTKY AEP>KaBU, OKPEMHX Tally3ell eKOHOMIKH, aIMiHICTPaTHBHO-TEPUTOPiabHIX OJUHHL YU
TEpUTOPIAIbHUX TPOMaJ, OpraHi3amii Ta YCTaHOB 1 3MIHCHIOIOTBCS B YMOBax ()iHAHCOBHX Ta IHIIMX
pecypcHUX OOMEXEeHb Yy BuU3HaueHi Tepminu» [12, ¢.12]. Ilin npoGnemoro B myOmiuHii cepi AOCTITHUK
pO3yMi€e CTaH, L0 MOPOMKYETHCS KOJEKTUBHOIO MOTPEOOI0 YCYHYTH PO3PUB MDK pEaIbHUM 1 O4iKyBaHHM
CTAHOBHIIEM, 1[0 i BUKOHYETHCS 3a JOMOMOTOK MpPOeKTy. Y Toi yac, sik 3a Kepisnuursom PMBOK [1,
¢.717], mpobiemMoro € MOTOYHUH cTaH abo cuTyalis (MPOTSArOM BUKOHAHHS MPOCKTY), SKi MOXKYTh BIUIMHYTH
Ha I[UTi TPOCKTY, Ta BU3BATH BiIXMJICHHS Bl MPOSKTHUX ITLICH.

IIle onmHi€0 CYTTEBOIO XapaKTEPHCTUKOIO MPOEKTIB y MyOnmiuHid cdepi € Te, M0 BOHM 3aBXKIU
CHpsSIMOBaHI Ha PO3B’si3aHHs MPOOJIEeM, BHU3HAUYCHHUX Y BIAMOBIAHUX YPSAOBUX JOKYMEHTaxX — YpsIOBIH
nporpami, KOHIENIIsIX YU CTpaTerisix y (opMi cTpaTeriyHUX NPIOPUTETIB YU 3aBIaHb. 1TOMY yIpaBiliHHS
npoekTaMu y myOniuniii cdepi A. Uemepuc BU3HAUa€ SIK «...MPOLEC IHCTUTYaNi3amii y MporpaMHO-LUIbOBUH
¢dopmaT crmocobiB BTpy4YaHHS JEpKaBHUX OpraHiB BJiaJd UM OPraHiB MICLEBOIO CaMOBPSIyBaHHS Y
coliabHy AIHCHICTH 3 METOIO PO3B’si3aHHs MyOniyHoi npobaemu. [Ipu npboMy B yMoBax 0OMEXKEHOr0 4acy
Ta PecypciB CTBOPIOIOTHCS YHIKaIbHI IPOIYKTH YU TIOCIYTH, SIKi HEe pO3pOOIISIINCS paHille Ta Bipi3HAIOTHCS
BiJl iCHYIOUMX aHajorie» [12, ¢.12].

OTxe, TpanuUiifHi NPUHUMIK Knacudikamii MpUYUH iHImianil TpOEKTiB, PO3MIAHYTI y MOMEpeaHixX
JociipkeHHaX [1], moTpeOyIoTh TOMOBHEHHS 3arajibHOK METOIO iHIIialil IpoeKTiB B myOuiuHii cdepi — a
came. HEOOXiIHICTIO BTpy4aHHS JEp>KaBHHMX OpPraHiB BJiaJd YU OpPraHiB MICLIEBOTO CaMOBDPSAIYBaHHS IS
pO3B’si3aHHST MyONiuHOi MpOoOJeMH 3 3aCTOCYBaHHSIM MpPOEKTHOro miaxony. JlomoBHeHa kiacuikaris
NPHUYMH iHIOiaLii MPoeKTiB Ta MporpaM HaBeAeHa Ha puc. 1, po3poliieHOMy aBTOpaMH.
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7 - 6 o 3 2 -~ . 2 CTpaTen‘{HH\ "pUrp'd]\,IH]/D(
PHEKY norpetu cromuBadin nporpec BUMOIM noTpebu AOBKILIS [ePAKABH s
Ilppuyuuu iHiniagiinpoekTiB TaNporpaM B pAMKAX JIEPNKABHO-TPHBATHOINO NApTHEpPCTBA

Puc. 1. Knacudikanist npuunH iHimiamii mpoexkTiB Ta mporpam

Cepen npuyHH iHiLiaLii TPOEKTIB Ta MporpaM HeoOXiAHO BUIUTUTH JBi OCHOBHI TPYIH — 1€ TOTpedH
OKpeMHUX Oi3HECOBHX CTPYKTYp, BKIIIOYAIOYM MPHUBATHHUX 0Ci0, Ta MOTpeOM Jep>KaBHHUX OpTaHiB BIagu 4H
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OpraHiB MiICIEBOrO CaMOBpsIyBaHHA. [HiLiamis MPOEKTiB, BUKIMKAHA BiJHECEHHMH [0 IMEPIIOi TPYHH
npuyrHamMy, OyZe cIpsMOBaHa IMEPEBAXHO HAa OTPHUMaHHS eKOHOMIYHMX edekriB. [pyra rpyna npuduH
MPU3BOAUTE /IO iHiMiauii IpOeKTiB 3 OUIBII IIMPOKUM CIEKTPOM MPOOJIEMATHUKH, KyOH MOXYTh BXOAWUTH
OTPUMaHHS COIlIATbHUX Ta EKOJIOTTYHUX e(]eKTiB, 3aJ0BOJICHHS MicTOOYIIBHMX, OOOPOHHHX Ta IHIIHX
JIepKaBHUX 1HTEPECIB, MPOrONOIMIEHUX B CTPATEriYHUX MPOrpaMHUX AOKYMEHTax. Takoxk B OCTaHHIN Tpymi
MPUYMH iHIIialii MPOEKTIB MOXKYTh OyTH i eKOHOMIUHI POOIIEMH.

[ Takoro BHAY NPOEKTHOI MiSUIBHOCTI, SIK Jep>KaBHO-PHUBAaTHE MApTHEPCTBO, HEOOXiTHUM €
po3risax 000X Tpyn MPUYHMH IHIMiamii TpoekTiB oaHo4acHO. llell BHI MiSJIBHOCTI PETYIIOETHCS
3akoHOAABCTBOM [9], Ta 3AIfICHIOETBCS 32 NMPUHLMUIIOM Y3TOKEHHS IHTEPECiB JEPKABHUX Ta MPUBATHHX
napTHEPiB 3 METOI0 OTPUMAHHS B3a€MHOI BUromH. Lle m03BoOMse CTBEPKYBATH, IO CEped MPUYMH iHIimiamii
BIJIIOBIAHUX MPOEKTIB Ha 3acaiax Jep>KaBHO-NPUBATHOIO MapTHEPCTBA MOTPIOHO PO3TIIAAATH 3 OJHAKOBUMHU
BaroBUMH Koe(illieHTaMH SK MOTpeOU Aep’kKaBU 1 MICLEBOi BIagu, Tak 1 cTpaTeridydi Oi3HecoBi mMoTpedH.
Haskans, BincyTHicTs MeTOmosoridHoi ¢opmanizamii mpouecy OaxaHcyBaHHS Jep:KaBHUX Ta KOMEPLIHHHUX
iHTepeciB B Mpoleci iHimianii Takoro mapTHepCTBa MPU3BOAUTH A0 TOTO, IO MPH IUIAHYBaHHI BIAMOBIAHUX
MPOEKTiB, APYrii MPUYMHHINA CKIAAOBIA TpaJULiHHO NPUAUIIETHCS 3HAYHO MEHILE YBaru, HiK meprii. Sk
HACNIOK IbOTO Ta iHIMX (akTopiB, ¢axiBUi BigMidaloTh AyKe HU3BKUU pPiBEHb Aep>KaBHO-TPUBATHOL
MapTHEPCHKOI aKTHBHOCTI B PErioHax Ta y HESKUX cdepax IisIBHOCTI, TaKUX SK, HANpHUKIAZ, PO3BUTOK
iH(pacTpyKTypHHX 00’ €KTiB, OyIIBHULITBO I0pIir, Ta iH. [3]

[lepmoro cucTeMHOIO TPOOIEMOI0O BHUKOPUCTAHHS JIEp>KaBHO-IPUBATHOTO IApTHEPCTBA Ha
MICIICBOMY 1 perioHajJbHOMY PpiBHI THMH X (paxiBUSMH BH3HAUe€Ha HEJOCTATHS IPHBAOJIUBICTD IS
MPUBATHUX 1HBECTOPIB 3HAYHOI YACTUHU 00’ €KTIiB, Ha SIKUX IependavyaeThcs peaisallis MPOeKTiB Ha 3acanax
JIep>KaBHO-ITPUBATHOTO MapTHepcTBa. OHAK, cepe MepetiKy Mii, HeOOXiHUX I aKTUBI3AIll JepKaBHO-
NPUBAaTHOTO TMAapTHEPCTBA K MeXaHi3My peaji3alii HOBOi periOHaJbHOI MONITHKH, BiINOBiAHI
METOJIOJIOTiYHI BJOCKOHAJICHHS MPOICCIB iHIiIialii MpPOEKTIB Ta IXHHOrO IUICTIOKIAAHHS, Ha)Xallb, HE
3rafyloThcsa. ToMy € HEOOXiTHICTh PO3IJISHYTH Aalli NPOIECH IHIIIaIlii TPOEKTIB B KOMEpIIiHHIA Ta
nyOniuHii cdepi OB AeTaIBHO.

Kepisauureo PMBOK [1, ¢.561] Bu3Hauae iHimiamiro MPOEKTY SK 3alyCK HpoIecy, SIKHMH MOXe
3aBEPILUMTHCS aBTOPU3ALIIEI0 HOBOTO MPOEKTY. Jo rpymu mporeciB iHiianii cTaHIapT BKIIOYAE MPOLIECH, SKi
BHUKOHYIOTBCS [l BU3HAYEHHSI HOBOTO MPOEKTY LUISIXOM OTPUMAaHHS aBTOpH3alii Ha Horo mo4atok. Meroro
IpyIY IPOLECiB iHILIALil € MPUBEICHHS Y BIINOBIAHICTh OYiKYBaHb 3al[iKaBJICHUX CTOPIiH 3 METOIO IIPOEKTY,
noiH(GOpPMYBaHHs 3alliKaBIEHUX CTOPIH MPO 3MICT MPOEKTYy Ta HOro Wi, a TaKOX OOTOBOPEHHS 3 HUMH,
SKUM YMHOM iX y4acTh B MPOEKTI 1 MOB'I3aHUX 3 HUM (hazax MOXKE JAOMOMOITH 3a0€3MEUUTH 3aJ0BOJICHHS iX
ouiKyBaHb. B pamkax mporeciB iHimianii BU3HAYa€ThCSI MOYATKOBHUHM 3MICT 1 BUAUISIIOTHCS TMOYATKOBI
(hiHAHCOBI pecypcH; 3MIHCHIOEThCS ieHTU(DIKAIIIS 3aIiKaBJICHUX CTOPiH, SKi OYAyTh B3aEMOIISITH 1 BILTUBATH
Ha 3araJlbHUH pe3yabTaT MPOEKTY, OOMPAEThCS KEePiBHUK MPOEKTY, AKIIO BiH IIe He mpu3HaueHuil. /laHa
iHpOpMAaLisl 3aKPIIUTIOETHCA B CTATYTi MPOEKTY 1 B peecTpi 3amikaBieHuX cTopiH. Ilicist cxBajeHHs cTaTyTy
MPOEKTY TPOEKT BBAXKAETHCSA O(DILIHHO aBTOPHU3OBAHUM, 1 KEPIBHUK TMPOEKTY OTPHUMYE IMOBHOBAKEHHS
BUKOPHUCTOBYBATH PECYPCH OpTaHi3allii Jis ornepaliil mpoeKTy.

«Bxomamu» mporiecy iHimiamii mpoekTty, BimnmoBinHo 10 crangapty PMBOK, e 6i3Hec-nokymenTH,
10 popMyIOTHCS 1032 TIPOSKTOM, Ta 3a3BUYall BKIIOYAIOT:

- Oi3Hec-keiic, IO € JOKYMCHTOBAaHWUM aHAJi30M CKOHOMIYHOi JOIUIBHOCTI, SKHMA
BUKOPUCTOBYETBCS UIS BCTAHOBIICHHS OOTPYHTOBAHOCTI BHIOA BimiOpaHOro KOMIIOHEHTa, MIe HE
BHM3HAYEHOI'0 B JAOCTATHIM Mipi, a TaKOXX € OCHOBOIO JJIsl aBTOpHU3aLlil MOJANBIINX OIepalii 3 yrnpaBliHHSI
MPOEKTOM,;

- TUTaH YIPaBIiHHS BUTOAAMH, L0 € JOKYMEHTOBAaHUM PO3'SICHEHHSM, SIKE BU3HAUYA€ MPOLECH
JUTSI CTBOPEHHSI, MaKCHMI3allil i MATPUMKH BUTOJ, 3a0€311edyBaHUX MTPOSKTOM 200 IMpOrpamoro.

KirouoBi Buromu Bim OaHOi IpynM NPOLECIB MOJNATalOTh y TOMY, L0 aBTOPU3YIOTHCS TLIBKU
MPOEKTH, SIKI Y3rOMKEH1 i3 CTpaTeriYHMMHU LUJSIMM OpraHizalii, a TakoX B TOMY, IIO 3 CaMOr0O IOYaTKy
MPOEKTY BPaXOBYIOThCS Oi3HEC-KEHC, BUTOM 1 3aIliKaBIICHI CTOPOHHU.

Hagenenwii B crangapti PMBOK [1] omuc mpoueciB iHimiamii mpoekty 103Bojsie€ (GpopmaiizyBaTH
HACTYIHY MOJENb 1Hilialil MPOeKTiB, MpeAcTaBiIeHy Ha puc. 2, 10 OyB po3po0JICHHIA aBTOPaMH.
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MICILHA
mianpuemersa (opradizanii)

Y

Crparerist nianpueMcTBa (0pramizamii)

/‘\

Onepamiiina JisTLHICTH
NiAnpUEMCTBA
(opraunizauiv)

[TpoexTHA XiSUIBHICTE MiMPHEMCTBA
(opranizanii)

Puc. 2. Mogens iHinianii npoekTiB B KoMepUiiiHii cdepi

Mogenb BinoOpaxae 3B 30K MPOEKTIB 31 CTpATETIEI0 Ta BU3HAYAE MIPOEKTH 1 OlepaliiiHy AiSUIbHICTD
SK 3acO0M JIOCATHEHHS CTpaTEriyHUX IIUJIedH WiANpUEMCTB Ta opraHizamid. OmnepariiiHa IisSUIBHICTH
BHUKOPUCTOBYETBCS ISl TOCATHEHHS IIiJIeH, OB S3aHUX 13 OCHOBHHMM BHJIOM HisUTBHOCTI MiIIpPUEMCTBA YU
opranizanii. I[lpoekTHa aisTBHICTE € 3acO00M IOCSATHEHHS WLined y cdepax, IO BUXOIATh 338 PaMKH
MOBCSAKICHHOI AisTbHOCTI mianpueMcTBa. [IpukinamamMu crpaTteriyHux nijied opraHisamiid, JOCATHEHHS SKHX
MOXIJIMBE 4Yepe3 peaizalil0 MPOEKTiB, MOXYTh BHCTYNATH PO3IIMPEHHS PHUHKOBOI'O CErMEHTY TOBapy,
nuBepcr(ikaiis BHpOOHMIITBA, MiHIMi3amis BHUPOOHMYMX BUTpPAT 33 PaxyHOK BIPOBAKEHHS HOBITHIX
TEXHOJIOT1 BUPOOHUIITBA, Ta iH.

Xoua KepiBaunrso PMBOK [1] mosuiioHyeTbcsi HOro aBTOpaMH sIK Ha0ip 3araJlbHOBH3HaHUX
KpalMX MPaKTHK HIMPOKOro Jiana3oHy 3acTocyBaHHsA [6, ¢.2], aBTOpH LLOTO JOCIIKEHHS BBaXKAIOTh, IO
HaBeZeHI y KepiBHUITBI «BXOAW» TIpOIECY iHIMmiamii MPOEKTIB Jemo OOMEXYHTh NPUAATHICTH IO
3actocyBaHHsl KepiBHUIITBA TpH po3poOIIi MPOEKTIB y MyOmiuHiil cdepi Ta MPOEKTIB Aep:KaBHO-IPUBATHOTO
naptHepcTBa. Uepes Te, 0 PO3MIIAA AISTIBHOCTI B MyOJiuHiil cdepi sK cyTO KOMEPLIHHOT He € KOPEKTHUM,
Oi3Hec-keliC AK OOMH 3 OCHOBHHMX «BXOJiB» TIpolecy iHimiamii mpoekTiB y BigmoBiaHiA cdepi
3aCTOCOBYBATHChH HE MOXKE.

Tomy maii BU3HauMMO OiNbII AETaNbHO 3acalu iHiliamii mMpoekTiB B myOmniuHiil chepi Ha mpukIaai
MPOEKTIB PO3BUTKY TEPUTOpiasibHUX rpomal. HaBeneHi ¢axiBusMu pekoMeHAalii B Taiy3i IUIaHyBaHHS
PO3BHUTKY TEPUTOpiaNbHUX TrpoMan [7], 103BONSAIOTh MOOYAYBaTH HACTYIHY MOJENE iHIIiaIii BiMOBITHUX
MPOEKTIB PO3BUTKY, MPEICTABIIEHY HA PUC. 3, PO3POOICHOMY aBTOPaMH JOCIIIKEHHS.

3ATAJUJBHE CTPATEI'ITYHE BAYEHH A
POZBHTKY TepHTOpPILIaAbHOL OTJHHHAILIL

Y

IIpnopuTeTHi HANPAMKH PO3BHTKY (KPHTHYHI THTAHHS)

Y

Crpareriudi niJii po3BHTKY

4//7‘\‘—-—_;

< = e

[MpoexTH ITporpamu 3aBananHA

OneparunsmHIi oiai

Puc. 3. Mogens ininmianii mpoekTiB B myOmiyHii cdepi

3a po3po0JIEHOI0 MOJEIUTIO0, OCHOBOIO (POPMYBAaHHS MPOEKTIB PO3BUTKY TEPUTOPIAIBHUX TPOMaJ €
3arajipHe cTpaTeriuie OaueHH:, K€ BU3HAYAETHCS SIK CIUIbHE, TIOrO/PKEHE Ha OCHOBI KOHCEHCYCY, OadeHHs
TOTO, K
rpoMaZia Ma€ BHUIUIAAATH B MaOyTHbOMY B pe3yibTaTi peanizamii crparerii. CTpaTteriune OadeHHS Mae
OUTBII JajeKi TOPHU30HTH, HIXK caMma CTPATErisl i IEMOHCTPYE YSABICHHSA TpoMaan (M KUTBKOX TPOMaj) Mpo
craH po3BHTKY Teputopii Ha 15 — 20 pokiB Brepen [11, c. 90]. O3HaueHe 3aranbHe OGaueHHS POPMYETHCS Ha
OCHOB1 MOOyIOBaHOTO MpOQiNio TepuTOpianbHOI oauHMLI, pe3ynbratiB SWOT-aHamizy Ta onuTyBaHHS
IyMKH Oi3HeCy, BIaAM Ta TPOMaX MIONO iX OadeHHs HAaNpsIMiB PO3BUTKY.
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[IpiopuTeTHIMH HampsSMKaMH PO3BUTKY € KPUTHYHI 3aBIaHHS, 110 NOTPEOYIOTh BUPILICHHS 3TiIHO
OTPUMaHUM pe3yJabTaTaM aHalli3zy pO3BUTKY rpomanu. [IpukmazoM QopMyiioBaHHS KPUTUYHUX 3aBAaHb
PO3BUTKY MOXKE CIyryBaTH KoHIenuist «Oxeca 5T», sika mporonomrye OCHOBHUMH HalpsSMKaMH PO3BUTKY
MicTa TPaHCIOPT, TYpU3M, TEXHOJIOT], TOPriBiro Ta aoBipy, (Bim aHrm. — transport, tourism, technologies,
trade, trust) [10].

Crpareriudi nini € ¢opMyJIIOBaHHSIM TOrO, IO Tpeda AOCATTH IO KOXKHOMY KPUTUYHOMY HMUTAHHIO.
BoHU BUIUMBAIOTH i3 3arajbHOrO CTPATEriYHOr0 OaueHHs Ta KPUTUYHUX NHUTaHb 1 YTBOPIOIOTH PaMKH, B
AKUX OPUAMATUMYThCA pIIIEHHS IIOMO0 KOHKPETHHX OMNEpPaTWBHUX IiNied Ta 3aBaaHb. HalOip ycix
CTpaTeriuHux LiIeH MiaHy [iii Mae BiANOBiZATH KOHKPETHOMY KPUTHYHOMY NUTaHHIO. CTpareridsi wmimi
MaloTh OyTH peajicCTHYHUMH Ta IOCSHKHUMH, CIEeUU(pIYHUMHU, YITKUMHU 1 CTUCIMMH, & TaKOX MaroTh OyTH
NPUIATHUMH [0 TIEPETBOPEHHS Ha OIEpaTHBHI LTI Ta MpOeKTH. B pamkax 3ragyBaHOi BUIIE KOHLEMIil
«Opeca 5T», omuH 3 NPIOPUTETHUX HANPAMKIB 3 PO3BHTKY TYpU3MY peali3ye€ThCsl uepe3 NOCATHEHHS
CTpaTeriyHuX Mijied MMoJ0 CTBOPEHHA KOM(OPTHOTO CepeloBHINA JUIS TYPUCTIB y MICTi, PO3BUTKY
iHpOopMaLiiHOT 1HPPACTPYKTYpPH IMONO TYPHUCTUUYHUX IIOCTYT, MPOCYBAaHHS Ta MO3UIIOHYBaHHA MiCTa SIK
MDKHApOAHOTO TYPUCTUYHOTO LEHTPY LIJIOPIYHOTO BiABITyBaHHS.

OmnepatvBHI LTl — 1€ OKpeMi Iii, MPOEKTH YW MpOrpamy, sKi 3a0e3MeuyBaTHMYTh TOCSTHEHHS
CTpaTerivHux Ifinieil. BoHM € smpoM TUTaHiB i, MO BU3HAYAIOTh CTPATEriyHi I KUIBKICHO Ta MaroTh
TEpMiHM BHKOHaHHA.  Jleski 3 ONepaTMBHUX IiJIe MOXYTh OYTH KOPOTKOCTPOKOBMMH, IHIN —
JOBrocTpokoBUMH. [IpoTe Bci BOHM MaloTh BKJIAAATHCSA B YaCOBi paMKH Bil OJHOTO 10 TPHOX POKIB i OyTn
PO3TATHYTUMH (BUXOSYM i3 YacCOBUX IPIOPUTETIB) HA Bech mepiox aii crpaterii. JIroackki, (iHaHCOBI Ta
IHCTUTYLIHI pecypcH MaioTh OyTH HAasBHUMH, JOCTYIHUMH UM, NMPHUHANMHI, TAaKUMH, L0 MiJAAIOTHCA
BH3HAUYEHHIO. JlesKi 3 omepaTHMBHUX IIiJied MOXKHA PO3MIIAAATH B MEXax MOTOYHHUX poOiIT rpomanm, abo il
orepauiifHol JisubHOCTI. BCTaHOBIIGHHA IHIIMX ONEpaTHBHUX LiJied MoKe OyTH 3JiliCHEHE opraHamu
JlepyKaBHOI BJIaJW BHINOrO PiBHS, TPMBATHUM CEKTOPOM, MIKHAPOJHMMH JOHOPAMH. IX peamizaiis Moxke
PO3IIIAAATUCH B PaMKax CTBOPEHHsI JepKaBHO-MPHUBATHUX MApTHEPCTB, MIKHAPOJHOI TEXHIYHOI TOMTOMOTH,
YM B pe3yJIbTaTi KOMOiHALIT pi3HUX CKIIaJOBHUX.

[lpukmamoM BCTaHOBJICHHS OmepalifHuX IIiiedl B pamkax konmeniii «Omeca 5T» moxke Oyt
JEKOMIIO3UIIiSl CTpaTeriyHoi Limi 31 CTBOpeHHs KOM(OPTHOTO CEpeNoBUINA Uil TYPHCTIB y MICTi, sKa
peanizyeTbcs depe3 3aBAaHHS IMIOAO MiABUILEHHS piBHS MpodeciiHoi miaroTtoBkr ¢(axiBuiB y ramysi
TypHU3MY, BIPOBaKEHHS NpoeKTy «TypuctudHa KapTta rocts M. Omecu», CTBOPEHHS My3€iB il BiIKPUTUM
HEOOM, €THOKYJIBTYPHHX KOMIUIEKCIB, Ta iH.

Sk GaurMo, MPOEKTHUH MiAXil 3aCTOCOBYETHCS caMe Ha PIiBHI omepaumiiHuX Hijel Ta 3abe3nedye
JOCSTHEHHS CTpaTeriyHuil mineil po3Butky. s KOXKHOI OmepaTuBHOI ILiIi pO3pOOIIAIOTHCS MPOEKTHI
3aBJaHHs. 3aBAaHb Ma€ OyTH CTUIBKH, CKUTBKM HEOOXiJHO BUKOHATHU il JUIsl JOCSATHEHHS pe3ynbTarty. llpu
OBOMY 3arajJibHe cTpaTeriuyHe OadeHHs Ta MPIOpUTETHI HANpsSIMH PO3BHUTKY 3a3BUYail HE MiLISAraloTh
KOpPETyBaHHIO B TMpoleci BHUKOHAaHHs cTpaTerii. Crpareridni nisi MoXXKHa 3MIiHIOBaTH Y BHUKIIOYHO
HeoOXimHUX cutryarisx. OrnepaTuBHI 1Tl Ta OCOONHMBO MPOEKTHI 3aBIaHHS JOBOAMTHCS MIHATH YacTo y
3B’S3KY 13 MIHJIMBICTIO OTOYEHHSI, B SIKOMY PO3BHBA€ETHCS IPOMAJA.

CdopMmynbpoBaHi TakiM YWHOM LUIBOBI XapaKTEPUCTHKH (HOPMYIOTh CTpaTeriyHMd IJaH —
JOKYMEHT, SIKUM Mae€ KepyBaTucs Tpomazna (rpomamu) micta (cyOperioHy 4 perioHy) IUisi BJIACHOTO
PO3BHTKY MPOTSroM 5-7 pokiB. CaMe Lieil JOKYMEHT CIill pOo3TisiIaTH SK FOJIOBHY OCHOBY Ta «BXiI» MpoIecy
iHiIianii TpoeKkTiB B cdepi pO3BUTKY TEPUTOPiaIbHUX TPOMAI.

Xoua 30BHI JIBl MOZIeNTi HA PUC. 2 Ta PUC. 3 € IY’)KE CXOKUMH, TPUHITATIOBOIO BiIIMIHHICTIO MiXK HUMHU
€ 00’€KT, IIO0 SKOTO IUIAHYETHCS MPOEKTHA AISUIBHICTH. Y TEpIIOMY BUMAAKY TaKHUM 00 €KTOM € IMeBHa
0i3HEC-O/IMHUILIA, KA B PaMKax 3a0e3TEUCHHSI peallizailii BIaCHOI CTpaTerii CTUKAETHCS 13 HOBOKO 3ajaucto,
10 HEe MOXKe OyTH BUpillleHa Yy paMKax 3IiiiCHEHHS HElo OlepaliifHol AisubHOCTI. B HacTymHOMY BUNanKy
00’€KTOM MPOEKTHOI TiSUTbHOCTI MOKE BUCTYNATH OyIb-IKHHA TEPUTOPiaIbHUM, coLianbHUi, Oi3HECOBUN UM
OPUPOAHUHI EIIEMEHT, L0 OMHMHAETHCA Y (POKyCi MpiopUTETHOro HampsiMy po3BHTKY. Came Bix 00’ €KTy
TJTAHOBAHOI MTPOEKTHOI JIsUTHHOCTI 3aJIeKaTh SK BXIiHI JaHi MPOIeCy iHimiamii MpoeKTy, Tak i 3aCTOCOBaHa
MOJENb LBOTO MPOLIECY.

PosrmsiHyTi Mogenmi iHimiamii mpoekTiB B KOMepUiiiHIA Ta myOmiuHii cdepi 103BOJISIOTH
chopMyTIOBaTH MOJENH IHIIIAIIl MPOEKTIB JAePKaBHO-TIPUBATHOIO MMAPTHEPCTBA, 10 HABEACHA Ha puc. 4,
PpO3p0o0IEHOMY aBTOPaMHU.
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JATAJUBHE CTPATEI'ITYHE BAYEHH 4
POBBHTKY TepuTOpiaabHol oanumumi
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. . . PHOPHTETHI HAIPAMKH PO3BUTKY (KPHTHYHI
niganmpuemeTrea (opramizamii})
MATAHASN)
Y h 4
Crpareris nignpuemcrea (oprauizamii) [« Crpareriusi uijii po3BHTKY
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[MpoexTy T2 NPOrpamu AP/KABHO-NIPHBATHOI0 NAPTHEPCTBA

Puc. 4. Mogens iHinianii NpoeKTiB Aep>KaBHO-NIPUBATHOT'O TAPTHEPCTBA

3a po3po0IEHOI0 MOJAECIII0 MOXIMBA IHIIialisg TMPOEKTIB Ta MHporpaM Jep>KaBHO-IIPUBATHOTO
MapTHEPCTBA 3 OXOPOHM 3I0pPOB's, TYPU3MY, BIOMOYHMHKY, peKpealii, KyJbTypHd Ta CIOPTY, YIpaBIIiHHSI
HEPYXOMICTIO, HAaJaHHS OCBITHIX Ta COI[AJbHUX MOCIYT, a TaKOX B IHIIMX Tally3sfX JiSUIBHOCTI, IO
BU3HaYeH1 y 3aKoHi [9] sk cepu 3acTocyBaHHS Iep:KaBHO-IPUBATHOIO TAPTHEPCTBA.

I[Himiamis TakMX TPOEKTIB MOBHHHA CHPSMOBYBATHCH HA 3a0€3MEUEHHS JOCSTHEHHS K CTPATEriYHUX
iied pO3BUTKY Ha piBHI rpoMaiau, obnacti abo nepkaBu (B 3aJIeKHOCTI Bil MacmrTady Ta MpH3HAYCHHS
NPOEKTY), Tak 1 3a0e3medyBaTH peaiizalifo CTparerii KOHKpPETHOI Oi3HeCOBOI OAWMHMIN, L0 BHUCTYIA€E
MPUBATHUM MAPTHEPOM Jep)KaBH. Y3TOMKEHHS CTPATEriyHUX LiJed PO3BUTKY TEPUTOPIalbHOI OAMHULI i3
CTpaTerisiMi OKpEeMHX MiAMPHEMCTB MMOTEHUIHHUX MapTHEPIB Aep>KaBU MOBUHHO BiOYBATHCh, y TOMY YHUCIIi,
gepe3 3aJydeHHsI TPOMAaJICHKOCTI Ta MPEeNCTaBHUKIB Oi3Hecy A0 (hOpMyBaHHS Ta OOTOBOPEHHS PETiOHATBHUX
cTpaterii po3BuTKy. Ilpu iHimiamii mpoeKTiB Aep>KaBHO-NPUBATHOTO MAPTHEPCTBA, «BXONAMK» iHIIiamil
BIJMIOBIAHWX TMPOEKTIB OyOyTh BHUCTYNMATH sK Oi3Hec-KeiicH, M0 BCTAHOBIIOBATUMYTh EKOHOMIUHY
JOLUIBHICTD pealizalii MpoeKTy A MPUBATHUX MAapTHEPIB, TaK 1 CTpaTeriuHi JOKYMEHTH, po3polieHi Ta
3aTBEp/PKEHI JeprKaBOI0 YU MICIIEBOIO BIAJIOI0 ISl PO3B’sI3aHHS MyOIiYHOT MPOOIEMH.

BucHoOBKH Ta mepcneKTHBH MOJAJIBLIIUX JOCHiIKeHb. Bu3zHaueHi B X0l IBOr0 JOCHIHKEHHS
MOHATIMHI Ta METOAOJIOTIYHI BiIMIHHOCTI MIX MPOEKTaMH y KOMEpUilHii i myOnmiunii cdepi mo3Bonmim
OTpPUMAaTH HACTYIIHI PE3yJabTATH:

1. Oxpecnuty BignoBigHe MPOOIEMHE MOJE WX BHUJIIB MTPOCSKTIB,;

2. CdopmymroBat MO iX iHIMIALT, III0 CTAHOBIIATH HAYKOBY HOBU3HY JIOCIIKCHHS,

3. BuzHauuTH «BXiIHI» qaHi MpoIECy iHIIIAIii ITUX BB IPOCKTIB.

Byno BcTaHOBNEHO, 110 METOAONOTIYHI HACTAHOBHU 3 YHPABIIHHS MPOEKTaMU Y KOMepLiiiHil cdepi,
BKIIIOYAIOYM iX IHINiamio, BUKIAACHI JOCHUTh JAETAIbHO B CYYacCHHX CTaHAapTrax 3 MPOEKTHOrO
MeHeKMeHTY, Takux sk KepiBHunreo PMBOK. BukonanHs Takux IpOEKTiB CIIPSIMOBAaHE Ha 3aJ0BOJICHHS
EKOHOMIYHHMX 1IHTEpeciB MiINpUEMCTB Ta OpraHi3amii Ta OTPUMaHHS HHUMHU IHIOMX BHUTOH, IO
BCTaHOBIIOIOTHCS Oi3HECOBOIO OAMHUIICIO Y BHYTPIIIHIX CTPAaTETiYHHUX JOKYMEHTaX, fIKi 1 € «BXiAHUMI»
MpoIleCy iHimiamii BiAMOBIHUX MPOCKTIB.

Jnsa mpoekTiB B myOmivyHil cdepi 3HaUHa YacTWHA NMHUTaHb 3 YIPaBJIIHHS HUMH BUCBITIIOETHCS Y
3aKOHOJABYHMX Ta HOpMAaTHBHUX akTaxX. CTpaTeriuHi Wiy, Ha peami3alliio SKUX CHPSIMOBYIOTHCS IPOEKTU B
nyOniuHii cdepi, 3aKpIIUIIOIOTECS Y CTPATEriUHUX JOKYMEHTaX 3 PO3BUTKY BiANOBIIHHUX TEPUTOPIAIBHUX
OJMHHMIB i raiy3el, Ta MOXKYTh TOPKAaTHUCS K €KOHOMIYHOI, TaK 1 colianbHoi a0o exonoridnoi cdep. Came mi
JOKYMEHTH CIiJ pO3TIISIIATH SIK «BXOAM» MPOIIECY iHilialil MPOeKTiB B myOivHil cdepi.

B xoni mocnmimkeHHS TakoK OyJIo OKpEclIeHO XapakKTepHI OCOOMMBOCTI iHiLiawii MPOeKTiB B cdepi
Jep>KaBHO-IIPUBATHOTO MAPTHEPCTBA Ta PO3KPUTO iXHIO CIIPSMOBAHICTH Ha 3aJIOBOJICHHS SIK KOMEPLIHHUX
MPUBATHUX IHTEPECIB, TaK 1 Jep>KaBHUX IHTEPECIB 100 BUPILMICHHS MyONiYHUX MPOOIEM.

HanpsaMkoM mofaibpIInx AOCTIKEHb 32 OOpaHOI0 TEMOI0 MOXe OyTH BHU3HAUYEHO pPO3pOOIeHHS
METO/IiB BCTAHOBJICHHI OallaHCy MK IPMBAaTHUMH Ta AEP>KaBHUMU iHTEpecaMH B MPOIIeci iHilialii IpOeKTiB
Jep>KaBHO-ITPUBATHOT O APTHEPCTBA.
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CONSTRUCTION AND STUDY OF THE SYSTEM OF DIFFERENTIAL EQUATIONS THAT
DESCRIBES OSCILLATORY CHEMICAL REACTIONS BASED ON DIFFUSION

I'y6ans I'. M. IloOynoBa Ta jaocjifkeHHsl cHcTeMHM JudepeHUiaIbLHUX PiBHAHBL, KA ONMHCYE KOJUBAJIbHI XimiuHi
peakuii 3 ypaxyBanusM audysii. Y crarri moOymoBaHO Ta JOCTIIPKEHO CHCTEMy HENIHIHHMX AW(EpeHIlanbHUX PIBHIHD 3
YaCTHHHUMH TIOX1THIMH APYTOro MOPSAKY, SIKa ONHICY€E KOMMBATIBHI XIMIUHI peakii 3 ypaxyBaHHAM IuQy3ii.

KoniouoBi cioBa: nndysis, KOHIEHTpaIlis, cucreMa audepeHiaaTbHIX piBHSHb, KPaifoBl YMOBH.

I'yoans TI. H. IlocTpoeHnme M mHcciefoBaHHe cuUcTeMbl JIu(depeHUATLHBIX YpPaBHeHHi, omucbIBaomiei
KoJie0aTe/IbHble XMMHYeCKHe peaknuu ¢ yderom aupdy3un. B crarbe MOCTPOEHO M HCCIENOBAHO CHCTEMY HEIWHEHHBIX
muddepeHnaTbHPIX ypaBHEHHH C YAaCTHBIMH IIPOM3BOIAHBIMH BTOPOTO IIOPSIKA, ONUCHIBAIOMIEH KoieOaTeNbHBIE XUMHIECKHE

peakuu ¢ yaeToM auddys3un.
KioueBble cioBa: muddys3ns, KOHIEHTpaws, cucreMa auddepeHIanbHbIX ypaBHEHHH, KPaeBbIe YCIOBHS.

Hubal H. M. Construction and study of the system of differential equations that describes oscillatory chemical
reactions based on diffusion. In the article, the system of non-linear partial differential equations of the second order describing
oscillatory chemical reactions based on diffusion are constructed and investigated.

Keywords: diffusion, concentration, system of differential equations, boundary conditions.

Introduction. When studying oxidation-reduction self-oscillatory reactions in a flask, it is obvious
that solution changes its colour simultaneously in the whole flask if there is a sufficient mixing. If the
reaction goes without intense mixing, then the eye does not notice periodic changes in the colour of the
solution. Even with weak mixing, the colour of the solution changes synchronously throughout the volume.

If there would be no oscillations at each point, and the alignment of the initial heterogeneities in the
concentrations resulting in the spread of the phase difference would only occur due to the thermal diffusion
of molecules, then establishment of a state with equal concentration of substances in the whole flask would
continue to be considerably longer. However, due to convection flows and turbulent diffusion [1], when
mixing the equilibrium of concentrations occurs much faster. For example, as a result of turbulent diffusion,
the smoke from a cigar in concentrations sufficient to act on a human smell spreads around the room in a few
seconds, and the effect of only one molecular diffusion would lead to the same result only in a few days.

As a result of the mixing, the molecules of the reactants pass from one elemental volume to
neighbouring ones, together with the whole larger volumes of the solution, as well as there are differences
(larger gradients) of the concentrations that increase the diffusion rate.

The analysis of oscillatory chemical reactions based on diffusion shows that as a result of the
redistribution of the molecules of the reactants in space, there is not only the alignment of the initial spatial
heterogeneities along the amplitude, but also the phases of oscillations in different elemental volumes
become the same, i.e. there is a mutual synchronization of many connected oscillatory systems in space in
oscillatory chemical reactions based on diffusion.

Main part. Consider how we can explain the synchronization of small deviations of concentrations
from their stationary levels in space.

Let there be the substance P, in surplus in some very small elemental volume. The substance P, being

in surplus, in the process of the reaction the consumption of the substance P, is almost invisible. The
molecules of the substance P, with some constant rate Ay turns into the molecules of the substance X (it

being the zero-order reaction). The substance X turns into the substance Y (it being the second-order reaction;
the greater the concentration of the substance Y, the greater its rate as indicated by the reverse arrow above Y
in the scheme given below). The molecules of the substance Y irreversibly decay resulting in the formation
of the substance P, (it being the first-order reaction).

The kinetic scheme of the periodic oscillatory chemical reaction that goes in a homogeneous
environment:

o M sk

Po>X>Y 5P,

where Ag, 41, A, are constant rates.
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For simplicity, we denote by P, P,, X, Y the concentrations of the corresponding substances.

Since we consider this chemical reaction in a very small elemental volume, then in this case, we can
write

X =X(), Y=Y

We write the system of differential equations that describes this reaction

dX

B o~ XY,

™ Ao —M

Y XY — A, 1)
dt

P .

dt

Since the first two differential equations do not depend on P, , then they can be considered separately.
The first differential equation of this system of differential equations shows that the rate of change of the
concentration X is determined by the constant rate of formation of the substance ( 4y ) while transforming B

to X and by decrease while transforming X to Y. The second differential equation of the system of
differential equations takes into account the increase of Y due to X and the decrease while transforming Y to

P,.
First we find out whether the reaction can go so that the rate of formation P, can remain constant. This
is the case when the concentrations X i Y do not change in time, i.e.
dX _ dv
a0 dt
For these conditions, we obtain the following system of algebraic equations that connect equilibrium
concentrations X and Y from system of differential equations (1):

0.

Ao — 4 XY =0,
XY — ¥ =0,
The solution of the system has the form
x=22 y-to @)
! %)

Suppose that this reaction can go not only in very small elemental volume (or at a point) where the
change of the concentration of each substance is synchronous but also in a sufficiently large volume. For
simplicity, we suppose that this finite large volume is one-dimensional, that is we suppose that the reactor is
a very narrow tube which has the length | and the section S (see the scheme of the one-dimensional reactor,
Fig. 1). This tube has such a small radius that the going of the reaction can be considered synchronous in its

arbitrary cross-section. Suppose also that the substance P, is distributed in surplus throughout its length I.

Denote by u the only spatial coordinate, the origin combining with the left end of the tube. Then the right
end of the tube has the coordinate u=1.
Consider the elemental volume AV (u) and calculate the balance of the concentrations X and Y in it. It

is obvious that X and Y are functions of the coordinate and time:
X =X(u,t), Y=Y(u,t).

The rate of change of concentrations in the elemental volume AV (u) is determined by the decrease

and increase of the concentrations X and Y as a result of chemical transformations and the running of the
molecules X and Y across the boundaries of the elemental volume AV (u). These boundaries have the

coordinates u and u+ Au.
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{ /AV (u)
\ 7f \K/"\
; \\ ; \,;

0 u u+Au |

<D
N
cv

Fig.1

By Nernst’s law, the mass of the substance X (or the number of molecules) that penetrates through the
section of the tube that is, the reactor with the coordinate u-+ Au into the elemental volume AV (u) for a

AX (U + Au,t)
Au

the substance X in the direction —u (that is, the increment of the mass AM,, 5, of the substance X for time

At in the elemental volume AV (u) due to diffusion through the tube section with the coordinate u+ Au):

small period of time from t to t+ At is proportional to the gradient of the concentration of

AX(u+Au,t)

AMyia, =D AU

SAt,

where D is the coefficient of diffusion. The value D is determined by the properties of the dissolved
substance and the solution and does not depend on the concentration in the large boundaries of its change.
The following mass passes through the second boundary of the elemental volume AV (u) with the

coordinate u in the direction u (opposite to —u so there is the minus sign in the formula given below) for
time from t to t+ At (that is, the increment of the mass AM,, of the substance X for time At in the
elemental volume AV (u) due to diffusion through the tube section with the coordinate u):

AX (u,t)

AM, =-D
Au

SAt.

The total quantity (mass) of the substance X that penetrates the elemental volume AV (u) through its

two limits due to diffusion for time At (that is, the total increment of the mass AM of the substance X for
time At in the elemental volume AV (u) due to diffusion) is

AM =AM, oy +AMy,.

The corresponding increment of the concentration AX of the substance X inside the volume AV (u)
due to diffusion is

AX(u+Au,t)  AX(u,t) A[AX(UJ)}
x-AM__AM A AU ppr=— AU Jpnt
AV (u) SAu Au Au

The rate of change of the concentration of the substance X inside the considerable elemental volume
due to running of molecules (diffusion) across the boundaries with coordinates u, u+Au at

Au—0 (AV(u)—>0), At—0:

Vo = lim
Au—0 At ou
At—0

2
AX _ Di(&X(u,t))z LX)
ou ou’

It is necessary to add the rate of change of the concentration due to chemical transformations to this
rate (see the first differential equation of system of differential equations (1)):
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V]_ = ),0 — ﬂ.lXY
Thus, full rate of change of the concentration of the substance X:
2
%=v=v1 +Vy =Ag =1 XY + DL(u’t).
ot au

Similarly, we calculate full rate of change of the concentration of the substance Y (taking into account
the second differential equation of system of differential equations (1)).

Then the system of differential equations for the rates of change of concentrations in the volume
dv(u):

X %X
P2 A= XY + 2
ot /’IO 1 Dl 2

2
ﬂ—/’L]_XY /’LzY-l—DZa M
ot ou?

3)

where D; and D, are coefficients of diffusion for the substances X and Y.

System of equations (3) is a system of second-order non-linear partial differential equations.
We linearize system of differential equations (3).

Taking into account that small deviations x and y from stationary values of concentrations X and Y
are the functions u and t, we obtain
X (u,t) = X +x(u,t),

Y (u,t) =Y + y(u,t). )

Substituting expressions (4) and (2) into system of differential equations (3), we obtain the following
system of differential equations for small deviations x and y:

2
%z— Mx—ﬂuzy—ﬂulxy+ Dla—)z(,
ot ],2 ou
Y lﬂox+}plxy+D Gl y
ot 5u

Neglecting the terms containing values of the second order of smallness xy, we obtain the linearized
system of differential equations for small deviations of concentrations x and y:

2 2
6X__25X_w_y+D16 X
ot 25

2 ©)
¥ _o5x+0, 2,
ot ou

where the coefficients 6§ and « are expressed in terms of constant rates A, 41 and A, :

fato _ys, Mg = 0.
%)

Note that in system of differential equations (5) unlike system of differential equations (3), variables x
and y can change their sign (since they are small deviations of concentrations which are either positive or
negative or zero), whereas variables X and Y, which are concentrations, can only be positive.

System of differential equations (5) is solved taking into account the boundary conditions at the ends
of the reactor which are impervious to molecules of the substances X and Y:
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o _xl g
ou u=0 au u=I ’
d Y o
Auly_g OUlyoy

If initial small deviations of concentrations, at t=0  x(u,0) and y(u,0), from equilibrium are

defined the same everywhere, then the oscillations will be carried out synchronously throughout the length of
the reactor and there will be no diffusion along the u-axis because in any neighbouring pair of points u and
u+du, the concentration difference at any time is zero. System of differential equations (5) has solutions
that describe damped oscillations, that is the small deviations x(u,t) i y(u,t) in this case will vary equally

throughout the length of the reactor.

If the initial concentrations at different points of the tube differ from each other, then there is diffusion
that will try to align the concentrations at neighbouring points (or at elemental volumes).

To study the dependence of the damping of oscillations on the nature of the initial distribution of small
deviations of concentrations x(u,0), y(u,0), it is convenient to define the initial distribution (the initial data)

in the form of the cosines:

n
x(u,t)|t:0 =X cosTﬂu,

Nz
y(U,bl_o = Yo cos=-u,

where Xy and yq are constant numbers.

Since the differential equations of oscillatory chemical reactions are non-linear, then conclusions
obtained here are true when the deviations of concentrations x(u,t) and y(u,t) are small compared to

stationary values of the concentrations X and Y .

If the least initial heterogeneities increase, then oscillations in different phases appear in separate
elemental volumes of the reactor. Then the colour the liquor of does not change synchronously throughout
the volume. However, it is enough weak mixing (for example, convection flow rate is 1 cm/s, the reactor
radius is 1 cm and 1 =10 cm), so that only initial zero tone can increase, another heterogeneities quickly
damp and, therefore, the reaction goes synchronously in the whole volume.

The oscillations of concentrations inside the cell pass in the entire volume of the cell synchronously at
zero tone if the periods of such oscillations are of the order of several hours and 6 <0,1w. If oscillatory
heterogeneities appear in the cell, then they are quickly dissolved under the action of only one molecular
diffusion. The oscillations of concentrations in the cell appear, for example, in dark reactions of
photosynthesis [3] or in glycolysis [2].

If the space is heterogeneous, for example, it is heated or illuminated unevenly, then with small these
heterogeneity the diffusion will also lead to smoothing of heterogeneities and synchronous oscillation modes.

Conclusions. The system of non-linear partial differential equations of the second order describing
oscillatory chemical reactions based on diffusion are constructed and investigated.

The boundary conditions at the ends of the reactor are defined.
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3ampiii B.A., crapmmii Buknanad kagenpu o0unCIOBaIbHOI TEXHIKH,
HY Boanoro rocnogapcrsa ta mpupoAOKOPUCTYBaHHS

JOCJIUKEHHSA JIAITA3OHY YU CEJI ALTIUKJITYHOI MOJEJII
CYMATOPA 3 JIOTTYHUMMU EJIEMEHTAMMU OR TA XOR B OCTAHHBOMY PO3PAII

3ampiii B.A. JocaainxkeHHs giana3oHy yuces anMKJIiYHOI Moaei cymartopa 3 jgoriuanmu eaementamu OR ta XOR B
OCTaHHBOMY po3psiai. [IpoBegeHUME NOCITIKCHHSMH BCTAHOBIICHA TIEPCIEKTHBA 3OUIBIICHHS TMPOMYKTUBHOCTI OOYMCICHHS
CHTHAJIIB CYMH 1 IIEPEHECEHHS alMKIIYHUX CyMaTOpiB GiHAPHUX KOAIB 3 JOriyHUMH enemeHTaMu OR B OCcTaHHBOMY pO3psiii. 3B 30K
MiX YHCIIOM OOYHCITIOBAJBHUX KPOKIB OPi€HTOBAHOIO alMKIIYHOrO rpada 1 YnuciIoM IepeHeceHb OAWHHMII A0 CTapIIoro po3psay
OJJHO3HAYHO BH3HAYA€ MiHIMAJIBHO JOCTATHHOI'O YKCIIA IEPEHECEHb IS ONeparlii JoAaBaHHs OiHAPHUX KOIB y CXEMi IapaielbHOro
cymaropa 3 ImapajeIbHIM CIIoCOO0M TIepEeHEeCCHHSL.

Kurouoi cyioBa: anukiniyauid cymarop 3 soriyauMu eaeMeHtaMd OR B ocTaHHBOMY po3psini, auukitidnuii rpad, Kogge-
Stone Adder, Han-Carlson Adder

3ampuii B.A. HccienoBanue quana3oHa umces alUKJINYecKoid MoJeaH CyMMAaTOpa ¢ JOrMYeCKHMH 3JeMeHTaMH
OR u XOR B mnociegHeM pa3spsige. I[IpOBeICHHBIMHM HCCIICIOBAaHMSAMH YCTAQHOBJICHA TEPCICKTHBA  yBEIMYCHUS
MIPON3BOANUTEIBHOCTH BBIYHMCIUTENBHBIX CHTHAJIOB CyMBI M IIEPEHOCA AIUKIMIECKIX CyMMAaTOPOB OMHAPHBIX KOZOB C JIOTHYECKUMU
anementamu OR B nocnequM paspszae. CBs3b MKy YHUCIOM BBIYMCIUTENIBHBIX IIArOB OPUEHTHPOBAHHOTO allMKIMYECKOro rpada u
YHCIIOM MEepPEeHOCa CIUHUNBI K CTAapIIeMy pas3psily OJHO3HAYHO ONpPEAENseT MHHHMAJIBHO JOCTATOYHOE YHCIO MEPEHOCOB UL
olepanuy CyMMHUPOBAaHUS OMHAPHBIX KOJOB B CXEME MapaJUIIFHOI0 CyMMAaTOpa C MapajuIeIbHBIM CIIOCOOOM MepeHoca

KiroueBble c/10Ba: alMKINYECKUil CyMMarTop C JIOrH4eckuMH aneMenTamu OR B mocneHeM paspsine, aluKINYeCKHi
rpa¢, Kogge-Stone Adder, Han-Carlson Adder

Zamriy B.A. Investigation of the range of numbers of the acyclic model compiler with logical OR and XOR elements
in the last digit. The conducted researches have established the prospect of increasing the productivity of calculating the sum
signals and transferring acyclic combiners of binary codes with OR logic elements in the last digit. The relationship between the
number of computational steps of an oriented acyclic graph and the number of unit transitions to the senior level uniquely determines
the minimum number of transitions for the operation of adding binary codes in the scheme of a parallel adder with a parallel transfer
method.

Keywords: acyclic adder with logical elements OR in the last digit, acyclic graph, Kogge-Stone Adder, Han-Carlson
Adder

Beryn.

EdexTuBHIiCTh [0naBaHHs OiHAPHUX KOIB CYTTEBO 3AJICKHUTH BiJl JU3aiiHYy cymMaTopa Ta METOIO0Jori]
O0OYMCIIEHHS CUTHAIIIB CYMH 1 IEpEHECEHH.

BinapHe nonaBaHHs € TOJIOBHOIO apU(METUYHOIO ONEPALI€I0 y CUCTEMaX HaJABENHKUX IHTErpajJbHUX
cxem (HBIC). /IBilikoBi cymaTopu € OJHMMH 3 HaWBa)KJIMBIIINX €IEMEHTIB y MPOLIECOPHUX MIKPOCXEMaX,
ALU, niunnpHEKaX, CIOCO0ax agpecallii maM’sTi, € K 4acTuHa QinbTpa, Hanpukian, Ginstp DSP-pemritku
ta iH. CTpykTypa cymaTtopa 3 TIOCHIJIOBHHUM IIEPCHECCHHSIM € OJHIE 3 TNEpIMX Ta HaHOLIbII
(yHIITaMEHTAILHOI I BUKOHAHHS orepallii OiHapHOro JOoJaBaHHS. i mBuaKOmis 3aNeKHUTH Big uyMcia
BXITHMX OMEpaHiB, i, OT)KE, 3aTPUMKa CUTHaIy 30UIBIIYETHCS 31 3pOCTaHHAM iXHBOI KinbKocTi. [lapanenbhi
npedikcHi cymatopu (PPA) [1-4] 3abesmeuyroTh Kpamly HIBHIAKOAIKO, IOPIBHSHO 3 CyMaTopaMH 3
MOCHIIOBHUM CcHOCOO0OM TiepeHeceHHs. KpiM 1poro, Oynb-sKe 3MEHIICHHS 3aTPUMKH Oe31ocepeHbo
CTOCY€EThCS 30UTBIICHHS POITYCKHOI 31aTHOCTI [5].

VY HaHOMETPOBOMY Jiama3oHi akTyalbHUM € PO3poOKa ajJropuTMy OOJAaBaHHS, peanizauis SKOro
BUKOPUCTOBYE Mally IUIOILy YHIIa, HU3bKY IMOTY>KHICTb CHOXXKMBAaHHS Ta BHCOKY NPOAYKTHUBHICTH HOTO
poboru.

MaremMaTH4YHMil amapar HampaBJeHOro amukiaigHoro rpada (puc. 1, 2) mo3Boisie OAHO3HAYHO
OTPUMATH 3HAYCHHS CUTHAJIB CYyMHU i IEPCHECEHHS 3a OJMH eranm oO0poOKH HU(pOBUX cHrHANIB [6], Tomy
OCTaHHIN CIIPOMOXHHH 3 €EeKTOM 3aMiHUTH TPHOX €TamHy MpedikCHy MOAETh OOYHCICHHS.

Meroan apupMETHUHUX Omepaliii peani3yloTbcs BEHTHJIBHHUMHU CXeMaMH 3 (QYHKIiOHAJIbHHX
eNIeMeHTIB y 0a3ucax, IO CKIaAaloThes 3 (QyHKUIH anreOpu joriku. Bim cTpykTypu cymartopa 3ajeXHTb
MIBUAKOMIST TU(POBOTO MPUCTPOI0 HOTO HAIMHICTH Ta eHepro30epexeHHs. Y 3B’SA3Ky 3 UM MiHiMi3arlis
CKJIaJHOCTI Ta TMUOWHU JIOTIYHUX CXEM € OHI€I0 3 HEHTPAJIbHHUX 1 MPAKTUYHO BAXIMBHUX MpoOneM y mii
TEeopii, sIKa MOCTAa€ il Yac MPOEKTYBaHHs UPPOBUX MIPUCTPOIB.

[IpouecopHa eBOMIONIS € PEe3yNbTaTOM HEBIHMHHOI ONTHMIi3allil, TOMYy aKTyaJbHHUMH 3aJIHIIAIOTHCS
JOCHIPKEHHsI HAalpaBJjieHi, 30KpeMa, Ha BIOCKOHAJICHHSI TAKMX YNHHHUKIB SIK:

— TEXHOJIOT'11 BUTOTOBJICHHS,

— CTPYKTYPHOI peanizaLii,
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— IIBUAKOZIT Ta €HEProCnOXUBAHHS,
— BapTOCTi HU(PPOBHUX MIPUCTPOIB.
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Puc. 1. OpieHnToBanMi auMKIIYHUHA rpad — MOIETs OOYUCIIIOBAIBHOI CXEMH MapajieabHoro 4-
PO3PSIIHOTO AMKIIIYHOTO CyMaTopa 3 napajeJbHUM CIIOCOO0M TIEpEHECCHHS

JocaimxeHHs iCHyI0YnX pilieHb IPo0JIeMH.

KondirypysBanus obuncnioBansaoi ctpykrypu Y FPGA npu sikiii cymaTopu napanensHoro npedikca
MaloTh Kpallly IPOAyKTHUBHICTh MpeAcTaBiieHo y poboTi [7]. [TapasnensHe po3MIUpeHHs MPoLecy 0OYHCICHHS
€ (pyHIaMEHTaJIBHOIO ONepalielo B CyYacHUX HU(POBUX CXEMax Ta KUTTEBO BAXKIMBOIO y BEIHKill 4acTUHI
KOMIT IOTEPH30BaHUX TEXHOJOriH, BKIoyaroun omokn ALU, mikpouinu Ta po3poOky DSP. ¥V 3B’s13Ky 3 num
y [7] npoBeneno mocmimkenns Kogge-Stone Adder (KSA), a takox momatkosi mpociimkenns Ripple Carry
Adder, Carry Look Adder ta Carry Select Adder. 3a3nauaethes, 1o cymarop Kogge-Stone € HaimBuaimm
cepen mapayienbHO-NPePIiKCHUX CyMaTopiB, OAHAK TAaKUH CyMaTOp Ma€ BHCOKY CKJIAIHICTh 1 BETUYE3HY
KUTBKICTh 3’€JIHYBAIIbHUX TPOBOMAIB. Y poboTi [7] mpOAEeMOHCTPOBAaHO O3HAKH MONIMIICHHS MPOIECY
obumciennst 3a mornomoror oboporaux Gates (RLG). OGopoTHi cxeMH, siki KOHTPOJIOIOTH JaHi, HMIIIXOM
po306uBaHHA 0iTiB, Ha BiAMiIHY Bif X BIAKMIOAHHS, CKOPO 3alpONOHYIOTH OCHOBHUH (Di3WYHO MOMIIMBHUI
MiAX1A A7 TPOAOBKEHHS 301IbLICHHS TPOAYKTUBHOCTI BUKOHAHHS OOYHUCIICHb.
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Jlnst 3MeHmenHs ckinanHocti Kogge-Stone Adder y po6ori [8] 3anponoHoBaHuil Tak Ha3BaHUH Maibke
NpaBWIBHUI cymaTop (Cymarop 3MiHHHX 3aTpUMOK). Cymarop 3MiHHHMX 3aTPUMOK, SKWil 3aCHOBaHWI Ha
napanenbHo-TpedikcHii Tomomnorii Han-Carlson, BUKOpHCTOBYE CIIEKYJISLII0: TOYHA apupMeTHYHa QYHKITIS
3aMIHIOETBCS Ha ampOKCHMOBaHI 3HAYEHHs], L0 MIBUALIC 1 JA€ NMPaBWIBHUKA pe3yabTaT As OLIbIIOCTI
BUIIA/IKIB, ajie¢ HE 3aBXau. Jl7s BHABICHHS IOMHJIKH BHKOPHUCTOBYETHCS MepeKa BHSBICHHS MOMHIIOK.
ATpOKCHMOBaHHN CyMaTOp JOMOBHIOETHCS MEPEKEIO BUSBICHHS TIOMHJIOK, SIKa 3aCBiUy€ CUTHAJ TIOMUJIKH,
KON CHEKYJALis BUXOAUTH 3 Naxy. CHeKyIsITHBHI CyMaTOpu 3MiHHUX 3aTPHUMOK 3MEHIIYIOTh CEpEeAHIO
3aTPUMKY Y MOPIBHSHHI 3 TpaJHIIfHUMK apXiTekTypamu. 3a gormomororo XilinX 14.3 cuHTE30BaHO Kijbka
CHEKYJIATUBHUX CyMAaTopiB 3MiHHOI JATEHTHOCTi Ui PIi3HUX HOBXKHH OMNEPaH[IB, IO BUKOPHCTOBYIOTH
tonosnorito Han-Carlson ta Kogge-Stone. Otpumani pe3ynabTaTH NOKa3ylOTh, IO 3alPOINOHOBaHA 3MiHHA
3atpumka Han-Carlson cymaTropa BUKOPHCTOBYETBCS y BUCOKOIIBUIKICHOMY 3aCTOCYBaHHI.

do —> So

| | | Kpoku
2 3 4

Puc. 2. OpienToBanuii anuKIiYHUHA Tpad — MOaETh OOYMCIIOBATIBHOI CXEMH MAPAJIETbHOTO
4-pOo3pAOHOro auMKIIYHOrO cymMaTopa 3 JoriyHuMu enemeHTaMu OR B ocTaHHBOMY pO3psai

HesBaxkatoun Ha Te, mo cymatop Kogge-Stone i Han-Carlson e edbextuBHuME y Tiil un iHIIN Mipi,
BOHHM HE MOXYTh OYTH BHUKOPHCTaHi IJI BXOJMIB 3 OINBIIOK KUTBKICTIO OiTiB, OCKUTBKHA BOHH, SIK KaXyTh,
CHOXKMBAIOTH OiNbIe MicUs, KOJNM KUIBKICTh BXiOHHMX OiTiB 30inbmryerbes. Kpim mporo, 30imbmryeTbes i
CIIOXKMBAHHS eHeprii. Y 3B’s3Ky 3 UM y poboti [9] mpeacraBiena Merouka mapaneibHOro npedikca, mo
3aCTOCOBYETHCS Il PO3POOKH €()EKTUBHUX CyMaTopiB, Pe3yJlbTaTH OOYHUCICHHS B SIKUX BH3HAYaIOTHCS
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OHUM TaKTOM CHHXPOHHOrO immynbcy. Lle cnpuse 3MeHIIeHHIO 3arajpHOI IJIOIII YHUMa Ta 3arajbHoi
3aTpUMKH Oe3 MIKOAW JUTS TaKHX MapaMerpiB, SK MPOAYKTHBHICTH Ta eHeprocmnoxuBaHHs. CymaTopH, IO
po3poOisitoThest BUKopucToBYrOTH TexHikKy QCA (Quantum-dot Cellular Automata - xBaHTOBI TOYKH
KIITHHHAX aBTOMATiB), sIKa IHTEHCHBHO BHMKOPHCTOBYIOTBHCS JUIS TOAAJBIIOTO0 BIOCKOHAJECHHS. Jlis
CIOCTEPEXEHHS 32 pOOOTOI0 CyMaTOpa BUKOPUCTOBYIOTHCA Pi3HI CXEMH CHHXPOHI3allii.

Kackangny cxemy, ik MexaHi3M 00UHCIIEHHS Y CKJaai MpediKCHOI MOl CyMaTopa, 10 BUKOPUCTOBYE
JOTIYHY CTPYKTYpPY TPhOX €TAalHOTO OOYMCIICHHS CUTHANIB CyMH i NepeHeceHHs, mpezacraBieno y [10].
3a3HaunMo, 10 AUUKIIYHA MOJETb OOYMCICHHS CHTHANIB CyMH 1 nepeHeceHHs (puc. 1, 2) po3paxoBaHa Ha
JIOTIYHY CTPYKTYypy CyMaropa 3 IMOCHiOBHO-TTApAICILHUM CIIOCOOOM oOOuucieHHs mnpedikca Ta
BHKOPHUCTOBYE CTPYKTYPY OJHO €TaITHOrO OOYMCICHHs. TakuM YMHOM, NpediKCHA 1 alUKIiYHAa MOJEIN €
pi3HUMH 00’€KTaMH — MAlOTh Pi3HI MOYATKU (IPUHIMIM) OOYUCICHHS, @ BiJ TaK BOJOAIIOTH PI3HUMH
MOXJIUBOCTSIMH CTOCOBHO HIBHJIKOJi1 OOYMCIICHHS, TUIOIII YHIIA Ta EHEepro30epeKeHHs.

KoHcTpyKkuiss cymaTopiB, peaii3oBaHMX 3 MEMpPHUCTOpaMH IpeictaBieHa y podori [11]. Tyr
PO3’ICHIOIOTHCSI KOHCTPYKIIii HA OCHOBI MEMPHCTOPIB ISl CTaHIAPTHUX apXIiTeKTyp cymaTopis (ripple carry
adder, carry lookahead adder and parallel prefix adders). [TopiBHIOIOTECS UTOII Ta 3aTPUMKHU. 3a3HAYEHO,
mo CLA Mae cxoxy CKJIaJHICTh 3 HapayelbHUMH NpedikcHuME cymaTtopamu. [loka3aHo, 0 KOHCTPYKIis
Kogge-Stone mae kpamry METpHKy 3 TOYKH 30pY 3aTPUMKH 1 IJIOMII MDK MapajelbHUMH CyMaTOpamH
npedikcis.

HoBa meromonorist mpoeKTyBaHHS HEYITKUX CyMaTOpiB Ui IMPUCKOPIOBadiB 0OpOOKH 300pa)keHb
posrisimaeTbess y crarti [12]. 3ampomoHOBaHa METOHOJIOTIS, 30KpeMa, BHKOPHCTOBYE apXITEKTYypy
napajienbHOro npedikca Ta MeToau 3a0e3neueHHs HU3bKO1 HOTYKHOCTI CIIOKMBAHHS 32 PaXyHOK HEUiTKUX
cymaropiB. Po3risHyTO ABa NMpHKIAmM IS OLIHKH 3allpOIOHOBAaHOI Meronoiorii: 1) ¢insTp rayccoBux
300paxkeHpb Ta 2) onepatop Cobens. PesynmbTatu mokasaHi Ha 45-HM TEXHONOTIT JIe 3HUKCHHS CIIOKHUBAHHS
eHeprii konuBaeThes Bif 7,7% mo 73,2% nis NeKinbKOX PiBHIB SIKOCTI 300paskeHHS.

Ha Bigminy Bin posrmisHytHx mnyoOnikaumid (7 — 12), y maHiii poOoTi 00’€KTOM aHaii3y METOIIB
301bIIEHHS] MPOAYKTUBHOCTI OOYMCIICHb Ta 3MEHIICHHS CKIaJHOCTI HU(PPOBUX KOMIIOHEHTIB € alluKIiyHa
MozieTb 00pOOKH LHU(POBUX CUTHATIIB.

Merta Ta 3aga4i 10CTiIzKeHHS

Meror0 poOOTH € CHHTE3 ONTHMAJIBHUX MapallelbHUX CyMaTopiB OiHApHUX KOIIB 3 JIOTTYHUMH
enementamu OR B octaHHBROMY PO3psfli, 10 3a0€3MMEUyIOTh Jlialla30H JoJaBaHHs 4ucen y Mexkax Bim 0 mo
2" 1.

JIJis MOCSATHEHHS MOCTaBJICHOT METH HEOOXiTHO BUPIIIUTH TaKi 3a1a4i:

1. BcTaHOBUTH aJIeKBaTHICTh MaTEMAaTUYHOI MOZIeJIi Ha OCHOB1 Opi€HTOBAHOTO alMKIIiYyHOro rpada 3
nsoma soriyaumH orepanisiMmu AND ta XOR mis cuHTe3y cymaTopiB GiHApHUX KOAIB.

2. OuiHMTH JAWHAMIKYy 301UIbIIEHHS TIMOMHM CXEMH MapajelbHOrO aluKIIYHOro cymaTtopa 3
noriyanMu enemeHTamMu OR B ocTaHHBROMY pO3psi 31 30UTBLICHHSM PO3PSAHOL CITKH CXEMHU.

3. BcranoButH niamazoH yucen anUKIiYHOro cymaropa 3 joriuauMu enemeHtamu OR ta XOR B
OCTaHHBOMY PO3PSIi.

Buxsaan ocHOBHOro Marepiajy Ta 00roBOpeHHsi OTPMMAHMX Pe3yJbTaTiB JOCTiKeHHS

AnukJIiYHA MOJeb 00PO0KH IM(PPOBUX CUTHAIIB

Yucno o0uncIiioBaIbHAX KPOKIB OPIEHTOBAHOTO allMKIIYHOrO rpada 3 ABOMa JIOTTYHUMHU OIepauisiMu
AND i XOR (puc. 1, 2) Bu3Hauae onTuMajibHE YHUCIIO MIEpeHECEeHb y cxemi N-bit mapanensHOro cymaropa
Oinapuux koxiB [13]. Hampukmazx, BiciM OOYMCIIOBaIbHUX KPOKIB OPI€EHTOBAHOTO alMKIIYHOrO Tpada
BU3HAYae BiCiM mepeHeceHb y cxemi 8-bit PAA. 3a3HaycHe CIiBBiIHOIICHHS BUKOHYETBCS TUIBKH [UIst 4- Ta
8-bit cymaropiB. 3i 30UTBIICHHSM PO3PSOHOCTI anukiIiyHoro cymaropa (16-, 32-, 64-bit ...) uucno
O0YMCITIOBAJIBHUX KPOKIB BH3HAYAETHCS 32 JIorapu(MiuHIM 3aKoHOM (puc. 3).

Junamika 30imbmieHHs ruOMHE cxemu PAA  BH3HAYa€ThCH JIOTAPU(PMIUYHOK 3aNCKHICTIO —
MOJBOEHHS PO3PSTHOCTI N cymaTopa 30iNblIye MNIMOMHY CXEMH Ha CTaly BEIMYMHY — Ha JBa JIOTTYHHX
eJIEMEHTH.

VY BumazKy, KOJIM CHHTE30BaHHUI CyMaTOp OTpUMaB OibIlIE YHCIIO EPEHECEHb MOPiBHSHO 3 YHCIOM
00UYMCITIOBAJIBHUX KPOKIB BiIIOBIIHOTO OPIEHTOBAHOT'O AIMKIIYHOTO Tpada, TO Takuil cymaTop Oyze
HEONTHMAaJIbHUM CTOCOBHO YHCa O0YHCITIOBAILHUX OMEpaLii.
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Pozpspanicts cymaropa (n)

Puc. 3. /lunamika 30U1bIICHHS TTTHOMHU CXEMHU TapajiebHOTO alKiIigHoro cymaropa (PAA)

OcCHOBHMMH HEAOMIKaMu IpediKCHOT MOJeNi 00UNCIIEHHS CUTHAIIB CYMHU 1 ITepEeHECEHHS] €:

— opraHi3aiis MpoIecy mapajeabHoro oOumciIeHHs mnpedikca mepeadadae MOYaTOK OOYHMCICHHS 3
MEePILOro po3psay cXeMu cymaTopa (e i € BiacHe nuisix (Merox) npedikca), o NPUBOIUTD, Y MIACYMKY, 0
HaJUIMIIKOBOTO HATPOMADKEHHS Ta YCKIIQJIHEHHSI ariapaTHOl YaCTUHU npucTporo [14];

—  OPHUHLUI TPH ETaHOro BUPOOJECHHS CUTHATY CyMH 1 TIEpEHECEHHSs, 10 3a/1a€ TIeBHY CKIaJHICTh
TAKOro OOYUCIIEHHS, 30KpEeMa YCKIIaJHIOE TUAAKTUKY METOY;

V cBOIO uepry 3acToCyBaHHS alUKIIYHOI MOJIENT] PO3paxoBaHO Ha:

— IpOIIeC TMOCTITOBHOrO (U1 MOJIOALIMX PO3PSIIB CXEMU CyMaTopa) Ta MapajelbHOro (s peITH
pO3psiIiB) OOYMCICHHS CHTHAJIB CyMH 1 TEpPEHECEHHs, 110, Y IIJCYMKY, Ja€ 3MEHIICHHS CKJIaJHOCTI
amapaTHOl YaCTUHU MPUCTPOIO Ta He 30UIbIIYE TTMOUHY CXEMH;

— BCTaHOBJICHHS ONTUMAJIBHOTO YMCIIAa OOYUCTIOBAIEHUX KPOKIB.

OTXe, BUKOPUCTAHHS alMKIIYHOI MOJENI, MOPIBHSIHO 3 MpediKCHOI MOJEIUIIO, IJIsi CHUHTE3Y CXeM
CcyMaTopiB OiHapHHUX KOJIB, JO3BOJISIE 30UTBIINTH MPOAYKTHBHICTh OOYUCIICHb Ta 3MEHIITUTH SHEPTOBUTPATH
IU(pPOBUMH KOMITOHEHTAMH.

Jdiana3oH yuces anMKJIiYHOI Mol

PesynpTaT BUKOHAHHS oOmeparlii qoJaBaHHs Hajx OiTamu & 1 b; y i-My po3psai OiHapHOTO KoLy
BHUPaXKA€ThCSl JBOMA MMapaMeTpaMu: Ci — PE3yJIbTaToM ollepalii nogaBaHHA OITIB MOTOYHOTO PO3PSAY
OiHapHOrO KOAy Ta UU(POI0 pis; — TMEPEHECEHHSIM OOWHMII [0 CTaplioro pospsay. Pesymeratn
MIOPO3PSTHOrO BUKOHAHHS ONepalliil Cj Ta MepeHeceHHs piy GopMyroThes 3a mpaBuiaMu (1).

Jns armkitivyHoOl Mogeni Ha puc. 1 (3 morivanmu enementamu XOR B ocTaHHBOMY poO3psiii) paBUIia
(1) 6ynyte BukOHyBaTHCh. Lle 3a0e3neunTh Jianma3oH 4ucen y OiHApHOMY KOXi Ui N-pO3PSIHOI CITKH Y

Mexkax Bin 0 go 2" —1. Hanpuxnan amnst 8-po3psaHoi CiTkH Aiana3oH yucen y OiHApHOMY KO allMKITiYHOL
Monerni Ha puc. 1 cknazge Bix 0 mo 255.

a,+b, mpua +b <q;
C =

a,+b—q, mpua +b >q.

(1)
0, mpua +b <q;

Pioa = 1, npu & +b, > q.

3a3HauMMo, IO YHUCIO Bcix map N-bit aprymentiB N, siki MOXYTh NPUHHATH Yy4acThb B oOIepariii
J0JaBaHHS CTAHOBUTH

N=2"x2"=2""
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Hanpukian, mis 4-bit aprymentiB umcino map N = 256. 3 mux 136 map 3abe3nedyroTh Iiama3oH

. . . . . 4
JI0JIABAHHS 4KCeN y GiHapHOMY KO uIst 4-po3psiHoi citku y Mexax Bix 0 1o 2° —1. Pemrra map namyts
TIEPETIOBHEHHS PO3PSIIHOT CITKH cXeMu cymatopa (puc. 4).
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Puc. 4. 4-bit aumxniunanii cymarop 3 enemerramu XOR B ocTaHHBOMY pO3psiai
Jloriuni piBHsIHHS 4- bit anuknivHOro cymaropa Ha puc. 4 € Taxi:

S, =a,b, +agby;

S, =agh,ab, +agab +a,ab +ahab +bab +bah;

S,=a,ba,b, +a,aa,b, +abab, +a,aab+bbab, +
+b,a,a,b, +b,b,a,b, +b,a,a,b, +a,bba,b, +

+a,bya,a,b, +a,bbab, +ap,aab, +abab, +
+abab, +aba,b, +abab,;

S, =a,bb,a,b, +3,a,b,3,b, +3,b,a,8,b, +8,a,8,8,, +
+a,b b,ab, +a,ab,ab, +a,ba,ab, +a,aa,ab, +
+b,bb,a;b, +bya,b,ab, + byb a,a,b, +bya,a,3,b, +
+b,b b,ab, +b,ab,ab, +byba,ab, +b,a a,ab, +
+a,bb,ab, +aba,a b, +abb,ab, +aba,ap, +
+a bbb, ab, +ab,ab,ab, +abha,ab, +
+a,b,a,3,a,b, + a,b,bb,ab, +ab,ab,ab, +
+agbba,ab; + ahya,a,a, +abb,asb, +aba,ab, +
+abb,ab, +aba,ab, +a,b,ab, +a,b,ah, +
+a,b,a;b, + a,b,ah,;

© 3ampiii B.A.



Hayxoeuti ocypuan " Komn tomepno-inmezposani mexnonoeii: oceima, Hayka, upoornuymeo" 43
Jlyyvk, 2019. Bunyck Ne 34

P =a bbb, +a,bsa,byb; +a.byba b, +abya,ab; +
+a,bbb,a; +ahyab,a; + aboha,a; + ahaa,a; +
+abb,b; +aba,b, +abb,a, +aba,a, +a,b,b; +
+a,b,a; +ah;.
Jlnst anukItiaHOT Moztenti Ha puc. 2 (3 oriunnmu einemerntamu OR B octaHHBOMY po3psiai) npasmia (1)
HE BUKOHYIOThCA B OCTAaHHBOMY pO3psAl AoAaBaHHs OiHapHUX KoziB. OJHAK JIOTriKa alMKIIYHOI MOJeNi Ha

puc. 2 npu He BUKOHaHHI mpaBwia (1) B octaHHROMY po3psilii 3a0e3Medye NepenoBHEHHS PO3PSIIHOI CITKH
cxemu cymatopa (puc. 5).

a0 —
bo—HAI — g|s0
_E &_|
al — -
b1+l [ o' [a] st
o | | L& [ 11
L 1& |4
b2 1|1 F& L = &}S2
O
e [ e
BT e &
—&h —
0 1 2 3 4 5
I I I

? Kpoxn

Puc. 5. 4-bit aumxniunuii cymarop 3 enemerramu OR B 0CTaHHBOMY O3PSI

TakuM 4yuHOM, HEe BUKOHAHHA mpaBwia (1) B OCTaHHBOMY pO3psAi AIMKIIYHOI MOJENI cymaropa
(iKCy€eThCS CUTHAIIOM MEpEeOBHEHHS po3psaHOi citku. [Ipu pomy 136 nmap 4-bit aprymenTis 3a0e3neuyroTs
Jiana3zoH AOJaBaHHs YHCENl alMKIIYHOro cymaTtopa 3 joriunumu enemeHTamu OR B ocTaHHbOMY po3psdi y

. 4 . n
mexax Bix 0 no 2 —1. V saramsromy Bunmanky y mexax Bix 0 no 2 —1. Pemrra map namyts
MepernoBHEHHS y OiIHAPHOMY KOA1 JJIsl N-PO3PSAHOI CITKH CXEMH CyMaTopa.
Jloriuni piBHsiHHS 4- bit anukimivHOrO cymatopa Ha puc. 5 € Taxi:

So :aob_o+a_obo;

Sl = aoboaa + a_oqa + a_oabl + boa'lE + b_oab1 + aoboa1b1;
Sz = gaazb_z + a_oaazb_z + aoblazbz + aoa1a2b + bob1"512b_2 +

+b—0€a2b_2 + bOblaZbZ + b0 alaZbZ + aObObla_ZE +
+ab,a,a,b, +abab, +abyaab, +
+ab a,b, +abab,;

Ss = +aobob1b2 + aoboa1b2 +aobob1a2 + aoboa1a2 + a1b1b2 +
+aba, +ab, +a, +b;
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P= a0b0b1b2b3 + a0b0a1b2b3 + a0b0b1a2b3 + a‘0b0a1a2b3 +
+a0b0blb2a3 + a‘Ob0a1b2a3 + a‘ObObla‘Za‘S + a0b0a1a2a3 +
+a1blb2b3 + a1b1a2b3 + a1b1b2a3 + a1b1a2a3 + aZbeS +
+a‘2b2a3 + a3b3

[NopiBHsTbHA TAONIMILIA TApaMeTPiB

Tabnuys 1

4-bit anmknivanx cymartopis 3 enemenTamu OR ta XOR B ocTaHHBOMY pO3psii

4-bit cymaTop 3 oriyHEMEU

4-bit cymaTop 3 noriyHEMU

[Tapamerpu enementamu OR B oCTaHHBOMY enemeHntamMu XOR B ocTaHHBOMY
po3psiai po3psiai
CKIIaIHICTh CXEMU 29 33
I'mnbuna cxemu 6 7
Jliamma3oH JoJaBaHHs YnCel 24 -1 24 -1
Yucno Bcix map 4-bit aprymenTis,
SK1 MOXYTb MPUIMAaTH y4acTb B 256 256

orieparfii Jo1aBaHHs

Yucno nap 4-bit aprymenTis, o
3a0e3meuyoTh po00Ty cymaTopa 136 136
0e3 mepernoBHEHHS

Bincorok nap 4-bit aprymenris,
110 3a0e3MmeuyoTh poOoTy
cymaTtopa 0e3 nepenoBHEHHS

53,13% 53,13%

Crornsparoun Tabn. 1 Gaummo, mo obugsa cymartopu, 3 joriuHumu enementamu OR ta XOR,

3a0e3MeuyoTh OAHAKOBHH Aiala3oH AoAaBaHHS yucel, y mexax Big 0 mo 24 1. Opnak cymatop 3
norivnumu eneMentamu OR B ocraHHbOMY po3psai € mBuamuM (rinOuHa cxeMu 6 eJIeMEHTIB) Ta Mae
MPOCTINTY CTPYKTYpY (CKIamHicTh cxemMu 29 eneMeHTIB), MOPIBHIHO 31 CXEMOK CyMmMaropa 3 JIOTIYHUMH
enementamu XOR B ocTaHHBOMY pO3pSAi.

OOroBopeHHs1 pe3yJIbTATIB 3aCTOCYBAHHA ALMKJIIYHOI MOJeJi VIl CHHTe3y CyMaTopiB OiHApHUX
KoiB 3 orivnumu esieMentamu OR B ocTaHHBOMY po3psii

3acTocyBaHHs alMKIIYHOI MOZIENI PO3PaxOBaHO Ha!

— MpOIIeC MOCTITOBHOrO (U1 MOJIOALIMX PO3PSIIB CXEMU CyMaTopa) Ta MapajelbHOro (s peITH
pO3psiIiB) OOYMCICHHS CHTHAJTIB CyMH 1 TEpPEHECEHHs, 110, Y IIJCYMKY, Ja€ 3MEHIICHHS CKJIaJHOCTI
amapaTHOl YaCTUHU IPUCTPOIO Ta He 301IbIIYe TTMOUHY CXEMH;

— BCTaHOBJICHHS ONTUMAJIBHOTO YUCIIa OOYMCITIOBAIEHUX KPOKIB.

Ile Bka3ye Ha Te, MO0 OOYHMCIIOBAIbHI KPOKH OPIEHTOBAHOI'O AaUMKIIYHOrO rpada i mepeHeceHHs
OMHUIII JI0 CTapmioro po3psAy cymaTopa SBJSIIOTE CO0OK omuH 00’ekr. Hampuknanm, Bicim
O0YMCITIOBAJIBHUX KPOKIB OPIEHTOBAHOIO AIlMKJIIYHOrO rpada BU3HAYae BIiCIM mepeHeceHb y cxemi 8-bit
PAA. 3a3HauecHe CIIBBIJHOIICHHS BHUKOHYETbCS TUIbKM Uit 4- Ta 8-bit cymaropiB. 3i 30UIbIICHHSAM
pO3psAHOCTI anukiIiyHOro cymaropa (16-, 32-, 64-bit ...) 4ncio o0YHCITIOBAILHUX KPOKIB BH3HAYAETHCS 32
JorapupMiyHIM 3aKOHOM.

AnumkiivHi cymaTopu, 3 joriunumu enemeHTamu OR ta XOR, 3a0e3neuyroTh OHAKOBHU Jiama3oH

JIoJaBaHHA yHcel, y Mexax Bin 0 mo 2" —1. Onnax cymarop 3 noriunumu enemeHTamu OR B ocTaHHBOMY
po3psiai € mBuAmMM (rauOuHa cxeMu 6 elNeMEHTIB) Ta Mae mpocCTilry CTpYKTypy (CkimaaHicte cxemu 29
eJICMEHTIB), TIOPIBHIHO 31 CXeMOI0 cymaropa 3 sioriynuMu enemeHTaMu XOR B 0cTaHHBOMY PO3PSIL.

OTe, BUKOPHUCTaHHS AauUWKIIYHOI MOJENi JUIsi CHHTE3y IapalellbHUX CyMaTopiB 3 JIOTIYHUMH
enementamMu OR B ocTaHHBOMY pPO3pAi, AO3BOJSE 30UTBIINTH MPOLYKTUBHICTH OOYMCIIEHb Ta 3MEHIIUTH
CHEeproBUTPaTH HU(POBUMH KOMIIOHEHTAMH.

BukopucraHHs alMKIIYHOI MOJIeITi BUTIIHIIIE Y TIOPIBHSAHHI 3 aHAJIOraMy 32 TAKUMH YAHHUKAMU:
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— MEHILIOIO BapTICTIO PO3POOKH Ta BIOPOBAHKEHHS, OCKLIBKH allMKIIiYHA MOJIEJIb BU3HAYAE TTOPIBHSIHO
MPOCTILLY CTPYKTYPY CymMaTopa;

— HasIBHICTIO KPUTEPIIO ONTHUMI3aLi] — YUCIIO OOUMCIIOBAIBHUX KPOKiB allMKIIYHOro rpada BKazye Ha
MiHIMaJIbHO TOCTaTHE YUCIIO IEPEHECeHb OJMHHMIIL A0 CTapLIOrO PO3pPsLy.

Ockinbku anuKiIigyHa Mozens aeMoHcTpye 4-bit PAA 3 rimOuHO0 cxemMu 6 THIOBUX 2-BXOJOBUX
eJICMEHTIB NPHU BHKOpHCTaHHI JoriyHux eneMeHTiB OR B ocraHHboMy pospsani (puc. 5) i 4-bit PAA 3
TTIMOMHOI0 CXEMH 7 TUIOBUX 2-BXOJOBHX EJIEMEHTIB NpPH BHUKOpUCTaHHI joriuHux enementiB XOR B
OCTaHHBOMY pO3psdi (puc. 7), MEPCIEKTHBOI MOAAIBLIMX JOCTI/DKEeHb IH(POBHX CXeM Moxe OyTH
MepeoliHKa METOly MapajelbHOro PO3MMPEHHS Mpouecy oOYHCIeHHS! B Cy4YaCHUX LU(POBUX MPHCTPOSIX,
MepeoIiHKa aITOPUTMIB JONAaBaHHS Y HAHOMETPOBOMY [iama3oHi, IEpeoliHKa KOHCTPYKLII CyMaTopiB,
peai3oBaHUX 3 MEMPHCTOPAaMU Ta iH.

BucnoBkn

1. BcraHOBiCHO, IO OOYUCIICHHS CUTHAITY CYMU 1 TIEPEHECEHHS Y CXeMi MapaneibHOro aiuKJIigHOro
cyMaTopa 3JIMCHIOETHCS 3a aJTOPUTMOM JorapudmivyHoro goxaBaHHS. UWCIO0 OOYMCIIOBATLHUX KPOKIB
aruKIiyHOro rpada BH3HAYAE ONTHUMAIBHE YUCIO TIEPEHECEHb Y CXEMi NapalellbHOrO0 cymaropa 3
napaellbHUM CIIOCOOOM TepEHECEHHS.

2. Ouinka qUHAMIKH 30UTBIIEHHS TIMOWHUA CXEMHU allMKIIIYHOrO0 CyMaTopa 3 JIOTIYHUMU elIEMEHTaMH
OR B ocranHboMy po3psai ckiagae O(n) i e miHiiHOW0 11 N<8. 3i 30UIbMICHHIM PO3PSAIHOCTI CXEMH BiJ
n>8 oIliHKa JMHAMIKKA 30UTBIICHHS TIUOMHU CXEMH anukiiyHoro cymatopa ckmamae O(log n) i e
JIOrapuQpMigHOIO.

3. Cymaropu, 3 noriuaumu enemeHTamu OR ta XOR, 3a0e3neuyroTh 0IHAKOBUH Aiama3oH J0aBaHHS

yucen, y Mexax Bin 0 mo 2" —1. Onnax cymaTop 3 JorivHuMH eneMeHTaMu OR B OCTaHHBOMY PO3pAIi €
mBuanmM (rmbuHa cxemu 6 enemeHTiB) (puc. 5) Ta Mae mpoctimry cTpykrypy (ckmamHicth cxemu 29
€JICMEHTIB), TIOPIBHSIHO 31 CXeMOIO cymaTopa 3 joriunumu enemeHramu XOR B octaHHBOMY po3psni (puc.
4).

3 ornsmy Ha 3a3HavYCHE MOPIBHSHHS auMKIiYHUX cymMatopiB 3 enemMenTaMd OR ta XOR B ocraHHBOMY
po3psnl, CTpyKTypa cymartopa 3 JoriuHumu eineMeHTaMu OR B OCTaHHBOMY PO3pSAIi Ja€ MiJICTaBy MAJIs
JOLTBHOCTI i1 3acTocyBaHHA y Hpolecax CHHTE3y apu()PMETHYHHX MPUCTPOIB 0OpoOKH HMU(POBUX AaHUX,
OCKIJIbKH 3a3Hau€Ha CXeMa CyMaTopa CIPOMOIKHA!
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YK 536.21
Kapamenpkuii B.I1. x.1.H., Apxyn B.L
HanionansHuii micoTexHiuHU# yHiBepcuTeT YKpainu

ABTOMATHU30BAHA BEB-CUCTEMA IIIABOPY 1 BILIOBPAKEHHS OITTUMAJIBHUX
AIIPOKCUMAHT JIJIS1 OTHOBUMIPHUX TA JIBOBUMIPHUX 3AJIEXKHOCTEM

Kapamenskuii B.II., SIpxkyn B.I. ABTomaTn3oBana BeO-cucTeMa mig0opy i BigoOpa:keHHS ONTHMAJILHHUX
aNpPOKCUMAHT [JIs1 OJAHOBMMIPHMX Ta /[BOBMMIpDHMX 3ajexkHocTeil. Po3poOmeHo Meromuky i mporpaMHe 3a0e3nedeHHs
aBTOMATH30BaHOI BEO-CHCTEMHU MigOOpy, BiJOOpPaKCHHS ONTHMAIBHUAX AIpPOKCHMAHT Ui TaOJIWYHO 3aJaHUX ONHOBHUMIPHHX Ta
JBOBHMIpDHUX 3ajie)xHocTeil. Po3poGiene mporpamue 3a0e3medeHHs MpeAcTaBisie Beb-caift. [laHy BeO-cucTeMy MOXHA
3aCTOCOBYBATH TSI MATEMATHIHOTO OIUCY JOCIIKYBAaHHX IIPOLECIB y PI3HUX NMPEIMETHHX o0nacTsx. JIs oTpuMaHHS pO3B’S3KY
3a7aqi anpoKCHMAIlil 3aCTOCOBAHO METOA HAalMEHIIHNX KBaJpaTiB. B SKOCTI anpOKCHMaHT BUKOPHUCTAHO MOBHI MOJIIHOMH IIEPIIOTO,
JIPYroro, TPETHOr0 CTEIEHIB Ta HAHOUTBII TUITOBI OXHOBHMIpPHI 3aJIEXHOCTI.

KarouoBi cioBa: ampokchMariisi, METoJ] HAHMEHINX KBaJpaTiB, ONTHMajbHA aNpOKCHMAHTa, NMOBHHUU IMONiHOM, Java,
Jzy3d, Hibernate, PrimeFaces.

Kapamenkuii B.I1., SIpkyn B.A. ABromMaTu3HpoBaHHasi BeO-cHCTeMa MOA0OpPa M OTOOPa’KEHHS ONTHMAJILHBIX
ANNPOKCHUMAHT JUISI OJHOMEPHBLIX M JBYMEPHBIX 3aBHCHMOcCTeH. Pa3paborana Mmeroawka W NporpaMMHOEe oOecreueHue
aBTOMATH3UPOBAHHOM BEO-CHCTEMBI TI0ZI00pa, OTOOpPaKEHUSI ONTUMAJIBHBIX alIIPOKCUMAHT I TAOJUYHO 3aJaHHBIX OJHOMEPHBIX U
JIByMEPHBIX 3aBHCHMOCTell. PazpaboranHoe mporpaMMmHOe OOECIedeHHe NPEACTaBiseT BeO-callT. [laHHYyI0 BeO-cHCTEMY MOXKHO
MPUMEHSATh JUII MaTeMaTHYeCKOrO OMHCAHUSA HMCCICAYEMBIX IPOLECCOB B Pa3jIMYHBIX MPEAMETHBIX 00dacTax. Jlas momydeHus
pelIeHUN 3aJIa4y¥ ammpoKCUMAIlMM PUMEHEH METOJ] HAaMMEHBIINX KBaJpaToB. B kadecTBe ammpoOKCHMaHT HCIONB30BAHO TOJTHBIC
MOJIMHOMBI TIEPBOTO, BTOPOTO, TPETHETO CTENCHEH U HanOoJIee TUITUYHBIC OJTHOMEPHBIE 3aBUCHMOCTH.

KiroueBble c10Ba: anmpoOKCUMAIUs, METOJ] HAUMEHBIINX KBaJpaTOB, ONTHMAIIbHAS AMMPOKCUMAHT, MOJHBIA TTOJIHHOM,
Java, Jzy3d, Hibernate, PrimeFaces.

Karashetskyy V.P., Yarkun V.I. Automated web-based system for selecting and displaying optimal approximants for
one-dimensional and two-dimensional dependencies. The technique and software of the automated web-system of selection and
display of optimal approximants for tabulated one-dimensional and two-dimensional dependencies. To obtain a solution of the
approximation problem, the classic method of least squares is applied. To obtain a unified solution of the approximation problem, we
use a complete polynomials of the first, second, third orders and the most typical one-dimensional dependencies.

Keywords: approximation, least squares method, optimal approximant, full polynomial, Java, Jzy3d, Hibernate,
PrimeFaces.

IMocTranoBka npodiemu. Pe3ynbraTi eKCepUMEHTANbHUX JOCHIIKEHb YaCTO OTPUMYIOTh y BUTJISIL
TabnuuHo 3ajmaHoi (QyHKuii. BpaxoByrounm Te, IO KOXHA 3 TOYOK, SIKI BXOOITH Yy TaOImUIIO
EKCIIepUMEHTAIBHUX AaHUX, HE € a0COIIOTHO TOCTOBIPHOIO BHACTIOK BILUTUBY Psiy BUIAIKOBUX (DAaKTOPIB,
BHUHHKA€E 3aBJaHHs MPEICTaBUTH JIOCHIKYBaHUN MPOLIEC y BUTIIAAlI MaTEMaTUYHOI 3aJISKHOCTI.

AHaJi3 aocaimkensb. B xoai 1ocmiHKeHHs pO3IISIHYTO ICHYIOUY1 CHCTEMH OTPUMAaHHS allPOKCUMAHT. Y
podori [3] ommcano mnaker mporpam ampokcuManii (QyHKLIH 3a pi3HUMH CIocOO0aMU  HaOJIMIKEHHS,
pospobnennit B [HcTuTyTi KibepHetnku iMeni B.M. I'mymkoBa. HagaeTscs onnc mporpaMHOro KOMILIEKCY
Haiikpamoi piBHOMIpHOI ampokcuMmanii sk ckmagoBoi nakera. HaBoauTbcs ormsiq Ta NOPiBHSUIBHI
XapaKTEePUCTHKH aHAIOTIYHUX MPOrpaMHuX 3aco0iB[3].

[Iponionyetbest BeO-cucTeMa MiAOOPY, BigoOpakeHHS ONTHUMAIbHUX ANPOKCHUMAHT A TaOIMYHO
3aJJaHMX OJHOBHUMIPHHX Ta JBOBUMIPHUX 3aJIeKHOCTEH. B sKOCTI ampoKCHMaHT BHUKOPHCTAHO IOBHI
MOJIHOMH HEPIIOT0, APYTOro, TPETHOIo CTENEHIB Ta HaOUTBII THIIOBI OTHOBUMIpPHI 3aJI€KHOCTI.

BukJiax ocHOBHOro Marepiany il 0OIpyHTYBaHHSI OTPMMAHMX Pe3yJIbTATIB AocaimxkeHHsA. Yacto
1015t T0OyI0BH (DYHKLIOHATBHUX 3aJISKHOCTEH BUKOPHCTOBYIOTH METO/ allPpOKCUMAIlil, CYTh SIKOTO MOJISITa€e B
TOMY 100 3aMIHHTH JEAKY 3aJIEKHICTh, HANpUKIaz, y asoBuMipHoMmy Bumaaky Z = f(X,Y), ska Bimoma

Jumie s JeAKoi KiIbKOCTI 3HaueHb X Ta Y Ha iHmry 3anexsicte Z = g(X,Y) Tak, mo6 BiIxuIeHHS
f(X,y) Bin g(X,Yy) Ha mMHOXuHi 3Hauenr X Ta Y Oyno Haiimenmmim. ®@ynkuis ¢(X,Y) npu npomy
Ha3WBAETHCS ANPOKCHMMaHTO0. /s moOynoBu (yHKIIOHATBHHUX 3aJISKHOCTEH JIOCHIPKYBaHMX IPOLECIB
BUKOPHCTOBYETHCSI METOJ] HalMEHIIMX KBaJpaTiB. ANPOKCUMYBATH TAaOIMYHO 33JaHy (YHKIII0 METOIOM
HaMEHIIINX KBAJApPATiB O3HAYA€ CEpel BCiX ANMpPOKCHMAHT JaHOTO Kiacy BHOpaTd Ty, Ui SIKOI cyma S
KBa/IPaTiB BiAXWICHb O; 3HAYCHb AMPOKCUMAHTH Yy By3lax X; Ta Y, Bii TaOnu4HMX 3HaueHb Z, Oyne

HaNMEHIIIOK
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m m
S=Z(g(xi1yi)_zi)2=25i2_>min' 1)
i-1 i-1

OnHak mOpU Takid TOCTAHOBII 3ajaya ampoKCHMAIlli EeKCIePUMEHTAIbHUX JaHHX Mae 0arato
po3B’s13KiB. JIjis OTpUMAHHS €IMHOrO PO3B’A3KY Iii€i 3amaui norpibHo Hamatu §(X,Y) meBHOro BUTISALY,
HAMPHUKIIA[], TIOBHOTO NOMHOMY N -r0 CTeneHs

ag(x,y)=a, +a,x+a,y+axy+a,x> +a;y’ +..+a,x"+a,y", )
(2+n)!

L
3 ypaxyBanHsM (2) 3anumiemo Bupas (1) y Burisiai

ae W

m m
S= (A +aX +aY, +aXy; +a,X +agy; +..+a,ux% +a,y —z) =8 > min.(3)
i-1 i-1
OueBH/IHO, IO BeNMunHa S — e baraTonapamerpuysa GpyHkuis Ha Maoxusi a;, (1 =0,...,w).
MiniMyM Takoi GyHKIIT 3HAXOIUTHCS IPU BUKOHAHHI YMOB BHTJISY:
0S =0;85 =0;65 =0;65 =0;65 =0;65 0. 0S =0;§=0. (@)
oa, 0a, oa, oa, oa, oay oa, , oa,,

Po3B’sxeMo cucTeMy piBHAHD BUIY (4) BiTHOCHO KoedillieHTiB a,,d,,a,,...a,, UII KOKHOTO 3 HOBHUX

MOJIIHOMIB TIEPIIOTO, JPYroro, Ta TPEThOTO CTENECHIB OMHUM i3 BIJOMUX YHCEIBHHX METOJIB, HAIPUKIAJ,
MerogoMm [ayca. B pesymbraTi oTpuMaeMo IIykaHi KOE(II[iEHTH ampOKCUMaHT I KOXXHOTO 3 IHX
IIOJIIHOMIB.

SIKiCTh anmpoOKCHMAIIil OLIHIOBATHMEMO Ha MicTaBi Koediienra nerepminanii R, skuil BusHayaeThes
[1] HacTynmHUM YMHOM:

RZ=1-—
Sur ©
e Stot = Zm:(zi - z)2 ; (6)
,ie, 0

OnTUMaNbHOK BBXATUMEMO Ty 3 OTPUMaHUX AamnpoOKCHUMaHT, y SKOI 3HaueHHS KoedillieHTa
JeTepMiHallii € HalOLThIIUM.
Jlsiss 0OTHOBUMIPHOT'O BHUITAJIKY B SKOCTi alipOKCMMAHT OKPiM MOBHMX IOJIIHOMIB MEPIIOro, JPYroro, Ta

TPETHOTO CTENEHIB BUKOPUCTAEMO TAKOXK HANOUIBII TUIIOB] OHOBUMIPHI 3alIe&KHOCTI: Y = aX + b;
y=be™; y=be?*: y=bl0*: y=alnx+b; y=bx*; y=ax*+b; y=al/e*+b;
y=al(l/x+b); y=ax’*+bx+c; y=alnx+bx+c; y=ax’+bx*+cx+d .
Po3pobnene mporpamHe 3a0e3leueHHsI MPEACTaBIsE BeO-CalT, y TOJOBHOMY BikHI sikoro (puc. 1)
HATHCHEHHSM Ha KHOMKY “L0gin” 3aifiCHIOEThCS Tepexis] Ha PeECTPAILIIFO.

© Kapamenpkuii B.I1., Spxyn B.1.
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€ @ localhost:a080/

© | [Qnouy

"B 3+ AS O =

MeHro
\E‘.‘MJJ Biasi A

Amooumipra Gyreuia > | nepernag pesynurary

BusHavyeHHs onTUMaribHOI arnpoKcuMaHT 3a JaHUMU eKCnepuMeHTy

Mo npoext Login

7 |
St

|

Mpo npoekTt

Puc. 1. I'onosHe gixkuo catimy

49

[Ticns yemimHOro BUKOHAHHS peecTpauii, A miadopy i BimoOpa)keHHS ONTHMAJIbHOI allpOKCHMAaHTH
U OIHOBUMIPHOI 3aJISKHOCTI KOPUCTYyBau BUOMpae eneMeHT MeHIo “OaHoBuMipHa (QYHKUIA” 1 MiAMYHKT
“Bxinni mani”. 3’sBisieTbesi BiKHO rpadiunoro intepdeiicy cucremu (puc. 2). Crodyatky KOpHCTYBauy
HEOOX1THO TOPSIKOBO 3aITOBHUTH TAOJHINIO BXiTHUX BEMUYHH. J[JI IbOr0O MOTPiOHO BBOAWUTH Y BiAMOBIAHI

IIOJIs 3HAQUEHHS BENUYUH X;, Y, [0 KOXKHOMY | -OMy B3]y i HATHCKAaTH KHOIKY “BBectu 3HaueHHs".

EHCTIEPHMEHTAIbHI AaHi

Tabauis BXiJHHX JaHHX

Howep nin |x

05
135
25
a7
476
515
63
7.55
801
a5

= e

Bxima Bemramma x

Brigna pemrima y

BHIAIHTH PAXOK

Puc. 2. Bixno epagiunoco inmepgheticy cucmemu 01 0OHOBUMIPHOI 3a/1€HCHOCTT

[Ticns HaTUCKaHHS KHOMKH “BBecTy 3Ha4YCHHS™ 3’SBJISETHCH JiaJIOTOBE BIKHO 3 ITOBiJOMJICHHSM TIPO
BBE/ICHHS BKa3aHMX 3HaueHb (puc. 3) a00 HaraayBaHHSAM PO HEOOXiAHICTH 3aMOBHEHHS MOMiB (puc 4).

| Message

IHAYEHHA BEMWYMH ¥, ¥,  BEEJEH

Puc. 3. [ianozoee 6ikHO 3 nOGIOOMICHHAM NPO 86€0CHHS

BKA3AHUX 3HAYEHb

BM He BEENKM 3HAYEHHA BENMYMH X, ¥, T

Puc. 4. [lianozose 6ikno 3 nazadyeanuam npo

HeoOXIOHICMb 3aN06HEeHH s N6

Kuaonkn “Bupanuta psgok” ta “OuncTuTH TaONMIO” NPU3HAYCHI BINMOBIAHO IS BHAAJICHHS
OCTaHHBOTO BBEACHOTO PsJIKa TaONWLI Ta OYMILNEHHS BMicTy yciei TaOmuui. [Ipy HaTHCKaHHI Ha KHOIKY
“Bumanmutu psmok” uu “OuucTutH TaOMUII0” Ha €KpaHi BiIOOpakaeThCs A1ajioroBe BIKHO BiIMOBIMHO YIS

© Kapamenpkuii B.I1., Spxyn B.1.
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BUJIAJIEHHS. OCTAHHBOIO BBEIEHOTO psiaka Tadiuii (puc. 5), un ounineHHs Tabmuili (puc. 6), ske BUMarae
MiATBEPPKEHHST 200 BiIMiHM BKa3aHUX JIill.

' Select an Option Select an Optioh

é Bu, AifcHO, BaskKacTe BUOanNMTH OCTaHHIA pAaox Tagnuwi é B, OiRcHD, BasKacTe O4HCTHTH Tabnuum?

i ¥es ] | No i\ Cancel [ Yes ] l Ko J l Cancel J
Puc. 5. [ianozoee 6ixHo niomeepoicents abo 8IOMiHU Puc. 6. [lianozoee 6ixno niomseepocents abo
BUOANICHHS BIOMIHU OuUUerHs emicmy yciel mabauyi

OCMAHHBLO20 86€0eH020 PSOKA MAOIUYL

[Ticnst 3anmoBHEHHST TaONWIN BXIAHUX BEIWYHMH JUIS MiJOOPY ONTHMAIBHOI allpOKCHMAaHTH MOTPiOHO
BuOpatn minnyHkt “Ilepermsim pesyneraty”. B pesynbrati y BikHI Opaysepa BimoOpakaeTbes rpadik
OJHOBUMIPHOI 3aJIKHOCTI Ta ONTHUMAJbHOI allpOKCHMAHTH 3 aHAIITHYHUM BHPa30M i€l alpOKCMMaHTH
(puc. 7) abo miamoroBe BIKHO 3 MOBiJOMJICHHSM MPO HEMOXIHBICTH ii oTpuMmatu (puc. 8), sKIIo cucTema
piBHsHB (6) HE Mae pO3B’sA3KY.

ecahost

Bana Ofpas Copelc fosiia

BB - crpar sear casce @-

OnTHMaIbHA APOKCHMAHTA

AnpoKCHMALTiH Ta EKCNEpHMEHTaNbHa SaNeRHOCT]

o © [T — T

Puc. 7. I'paghix o0HoumipHOI 3an€2CHOCME MA ONMUMATLHOT ANPOKCUMAHMU
3 QHATTMUYHUM 8UPA30M Yici anpoKcumanmu

| Message

6 HeMOHMAWMED OTEWMETH ONTHMANEHY SNP0KCHMaHTY

Puc. 8. [lianozoee 6ikHO 3 NOBIOOMICHHAM NPO HEMONCTUBICID
OMPUMAHHS ONMUMATLHOT ANPOKCUMAHMU

{06 migibpatu i BizoOpa3suTH ONTHMANbHY allPOKCUMAHTY AJIsl JBOBUMIPHOI 3aJI©KHOCTI KOPHCTYBad
BUOMpae eneMeHT MeH0 “‘/[BoBumipHa ¢yHkmis” 1 miznyHkt “BxigHi maHi Ta meperisia pesynbraTy’.
3’sBisieThCsE BiKHO Tpadiunoro iHtepdeiicy cucremu (puc. 9). Crouatky oMy HEOOXiTHO MOPSAKOBO
3aIIOBHHUTH TAOJHIIIO BXiTHUX BeTHYuH. s 1bOro noTpiGHO BBOIUTH y BIANOBIAHI MOJIS 3HAYCHHS BETHYUH

X;,Y;,Z; IO KOXXHOMY |-OMy By3IIy i HATHCKAaTH KHOIKY “BBecTu 3Ha4eHHs".
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ExCneprMeHTanbH Aan = e

Tabauus BXigHUX JaHUX

Howep nin |x |y |z

41 500 800 3.08 L Bxigua Bemroma x
42 600 1000 3z
43 700 0o 275 120
44 700 200 285
45 700 400 207
46 70.0 80.0 308 Bximpia Bemramma y
47 7.0 200 318
48 7.0 1000 33 100
43 2040 00 282
50 200 200 296
51 200 400 308
52 200 500 317
53 200 200 328
54 200 1000 34

55 900 00 295
56 00 200 305
57 200 400 315
58 200 500 324
59 200 200 338
60 900 1000 348 S
61 1000 00 30 Bunamum pagox

62 1000 200 312

53 1000 400 321
54 1000 500 332

B7 1200 0.0 314

it 1200 200 322

69 1200 400 333

72 1200 100.0 3.63 I

Bxifpia B e/II{HHA Z

3.63

Puc. 9. Bixno epaghiunoco inmepgheticy cucmemu 01 0808UMIPHOT 3A1EHCHOCE

[Micnsa 3amoBHEeHHS TaOMWI BXIJHUX BENWYMH AJS MiAOOpY ONTHMAIBHOI alipOKCMMAHTH MOTPiOHO
HaTHCHYTH KHONKY “Ilyck”. B pe3ynbrati croyaTKy 3’SIBISETHCA AiaJOroBe BIKHO 3 aHANITHYHUM BHPa30M
onTuMaibHOI anpokcuManT (puc. 10) abo 3 MOBITOMIIGHHSM NPO HEMOXIMBICTH il oTpumatu (puc. 8).
[Ticnst 3aKpHUTTS OO BiKHA Bi0OpaxkaeThes rpadik ONTUMaIbHOI anpokcuMaHTu (puc. 11), skuii MoxHA
noBepTaTH, MacmrabyBaTy, mepemimaru mo oci Z , aHiMyBaTH i 30eperTd y BUIJISAII CKPIHIIOTY, 3 €O
MEeTOI0 3acTocoBaHo (periMBopk Hibernate ta 6idmioreky Jzy3d [2] Ha moBi Java.

@ CONTUMANEHE SNPOKEMMANT: 2 = (7. 3086E36E-7T)"A3 + (-2.0884087E-477%"2 + (0.027551 902" + (1.3117204E-T*3 + (-2 JIB5846E-5)"*2 + (0.004244852)%y + (-3.827730E- Ty 2y + (5.230 34 6EE-81'y42 + (5.649958E-5)y + (1.6003915)

Puc. 10. [lianoecose 8ikHo 3 6upazom onmumaibHOl anpoKCUMaHmu

BucHoBKH Ta mpakTHYHE 3acTOCYBaHH. Po3po0ieHo nporpamue 3a0e3me4eHHs 3 BAKOPUCTaHHIM
00EKTHO-OPIEHTOBAHOTO MiAXOIY /I aBTOMATH30BaHOI BEO-CUCTEMH, IO 3AIMCHIOE MiI0ip 1 BimoOpaskeHHS
ONTUMANFHUX AIPOKCUMAHT JUIS TaOJIMYHO 33JaHMX OAHOBHMIPHHX Ta JBOBHMIPHHX 3aliekHOCTeH. Cucrema
HaJa€ MOXKJIMBICTh MaTEMAaTHYHOTO aHATI3Y TOCTIIKYBAHUX TPOLECIB y PI3HUX MPEIMETHUX O0JIACTSIX.

~+——500000

~~——400000

~e—=—300000
Z

~--1——"200000

~--1——"100000

,00000

150,0

150,0
1000 -
. 0,00R/000

i =

Puc. 11. I'pagix onmumanvroi anpoxcumanmu 0151 0808UMIPHOL 3AN€HCHOCTII
(LLinvricme Oepesunu sx Gynkyis 6IOHOCHOT WiAbHOCMI MA BIOHOCHOL 601020CMI)

1.  Coefficient  of  determination  [Enexrpomnmit  pecypc] : [Be6-caiit]. -  Pexum  mocrymy:
https://en.wikipedia.org/wiki/Coefficient_of_determination (mzara 3sepuerms 17.01.2019). — Ha3sa 3 expana.

2. JZY3D [Enexrponnnii pecypc] : [Beb-caiit]. — Peskum mocrymy: http://www.jzy3d.org/ (mara 3sepuennst 17.01.2019). —
Hazpa

3 eKpaHa.

3. Haker mporpamm ammpokcumarmu Gyuxmuii / A. A. Kanenuyk-Ilopxanosa, JI. I1. Bakan // Komm'toT. 3acobu, Mepexi Ta
cucremu. - 2008. - Ne 7. - C. 32-38. - Bubawuorp.: 19 Haszs. - pyc.
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YK 510

'Kopiruyk H.1O., *Kopinuyk B.B.

lﬂyuLKHﬁ MeNAroriyHuM KoJIemK

?Jlyupke Bue npodeciline yuumime 6yTiBHALTBA Ta ApXITEKTypH

POJIb OITUMAJIBHUX TA TPUKJIAJHUX 3AJAY 3 MATEMATUKHU Y ®OPMYBAHHI
MPOPECIMHOI KOMIIETEHTHOCTI MOJIOIIIOIO CIIEHIAJIICTA

Kopinuyk H.IO., Kopinuyk B.B. Pois onTuMajdbHUX Ta NPUKJIATHUX 3a4a4 3 MaTeMaTHku y ¢opMyBaHHi
npodeciiiHoi KoMmeTeHTHOCTI MoJsioAmIOro cmeniagicta. Y craTTi OOIpyHTOBaHO HEOOXigHICTH 3a0e3NEUCHHS NMPHUKIATHOI Ta
npoeciiHol  CIIPSIMOBAHOCTI BHKJIAJAHHA MAaTeMaTHKH 1 BHINOI MaTeMAaTHKH Ta iX pomb y ¢opMyBaHHI mpodeciitHoi
KOMIIETEHTHOCTI Maif0yTHIX MOJOIIINX CHELIalliCTiB, SIKHX TOTYIOTh 3aKiaany Bumoi ocBité I-1I piBHS akpeawmTarii Ta y 3akmamgax
npohecifHO-TEXHIYHOI OCBITH, PO3MIIHYTO AESAKI NUIAXHM ii peamnizamil y BHIIOMY HaBYaJIBHOMY 3aKJa[i NPH YUTaHHI JIEKIiH,
MIPOBE/ICHHI IPAKTUYHHX 3aHATh, BUKOHAHHI CTYIEHTaMH PO3pPaxyHKOBO-rpadidHMX, KypCOBHX 1 AWIUIOMHHX pOOIT, iX ydacTi y
HAYKOBO-JIOCIITHI# Ta BUHAXIAHUIBKIH POOOTI.

KiiouoBi cioBa: Halibinplne Ta HaliMeHIIe 3HAUeHHS (yHKOii, KpUTHYHI TOUKM (yHKIII, mpodeciiHa CrpsMOBaHICTS,
METOJM ONTHMI3allii, mpodeciiiHa KOMIETEHTHICTh, IPUKIAJIHI 33/1a4i.

Kopunuyk H.IO., Kopunuyk B.B. Poib onTHMaJbHBIX U NPUKJIAJAHBIX 32124 0 MaTeMaTHKe NPU ()OpPMHPOBAHHH
npogeccHoOHAILHOI KOMIIETEHTHOCTH MJIA/IIIero crnenuagucta. B cratee o0OCHOBaHAa HEOOXOAMMOCTH 00ECHEUCHHS
NPUKJIAJHOM W TPOEeCCHOHATHHONH HANPABICHHOCTH IIPETIONABAHMS MATEMAaTHKM M BBICHIEH MaTeMaTHUKH, WX pOJb IIpU
(hopMupoBaHnN TPO(HECCHOHATIBHOH KOMIICTEHTHOCTH OYXyMMX MIIa[IINX CIIEIHAINCTOB, KOTOPHIX T'OTOBAT BBICIINE ydeOHBIE
3aBemeHns |-1l ypoBHS akpeanTamyy U B yIpeKACHUSIX HPOQECCHOHATBHO-TEXHUIECKOr0 00Pa30BaHMs, PACCMOTPEHBI HEKOTOPHIE
IIyTH €€ peajHn3allid B BBICIIEM y4eOHOM 3aBEJCHHM NPH UYTCHHH JICKIWI, NPOBEICHUM MPAKTHICCKUX 3aHSATHH, BBITOTHCHUU
CTYACHTaMH pacueTHO-Tpa()UUECKUX, KYypCOBBIX, IUIUIOMHBIX pabOT, WX ydJacTHe B HAyJYHO-HCCICJOBATEIECKOH U B
n3o0peraTenbHON padore.

KiioueBbie cioBa: HauOobIIee 1 HaNMEHbINEE 3HAUCHUS (DYHKIMH, KPUTUIECKHAE TOUKH (YHKIUH, IpOdheCcCHOHAIbHAS
HAIIPaBJICHHOCTb, METO/IBI ONITUMU3ANNH, TIPO(ECCHOHANbHAS KOMIIETCHTHOCTD, IPHKIIaIHBIC 3aJatH.

Korinchuk N.U., Korinchuk V.V. The role of optimal and applied problems in mathematics in the formation of
professional competence of a junior specialist. The article substantiates the need to ensure the applied and professional orientation
of teaching mathematics and higher mathematics, their role in shaping the professional competence of future junior specialists trained
by higher education institutions of I-11 accreditation levels and in institutions of vocational education, considered some ways to
implement it in higher education educational institution when giving lectures, conducting practical classes, performing by students of
settlement and graphic, course, degree works And their participation in research and inventive work.

Key words: the largest and smallest values of the function, critical points of the function, professional orientation,
optimization methods, professional competence, applied tasks.

IMocranoBka mpodaemu. [IpoGnema mpodeciiiHOi MIArOTOBKM MOJOIIIMX CHELIaicTiB pi3HUX
CremianpHOCTeH 3aknaziB Bumioi ocBitu I-11 piBHS akpenuTarii Ta 3aknafiB mpodeciiHO-TEXHIYHOI OCBITH
3aBKAM Oyna B IIGHTPI yBaru W 3alMINAE€ThCS aKTYaJbHOIO Ha ChOroAHimHIA neHb. [Ipodecionanism,
pi3HOOIYHA siKicHa KBasiikoBaHA MiATOTOBKAa MaiOyTHHOTO (paxiBLs — MPOBIAHI HANPSIMKH Yy ITiArOTOBII
BUITyCKHUKAa OyIb-IKOTO HaBYaJbHOIO 3aKiady, IO pO3MIIAJAIOTECS B €JHOCTI HOro JyXOBHOI Ta
MICUXOJIOTTYHOI CKIaaoBuX [4-7]. SIKiCTh MiATOTOBKHA MOJOJIIUX CIEI[ATICTIB 3aJICKUThL K BiJ OpieHTarlil
CTYZAEHTIB Ha Maii0yTHIO npodecito, Tak i BiJ iX HaOIMKEHHS 10 Cy4acCHUX BUMOI IpodeciiiHOi AiIbHOCTI.
VY cydacHHX HayKOBHX JIOCITIDKEHHSIX OIHIEI0 3 TEHICHIINA PO3BUTKY MPOdeciiiHOro CTaHOBJICHHS € Tepexin
BiJl OBOJIOAIHHSA MaiOyTHIMM creniajicTaMM 3HAHHSIMHU, YMIHHSAMH i HaBUYKaMu 10 (OpPMYBaHHS B HUX
npo¢eCciifHOT KOMIIETEHTHOCTI.

HoBa ykpaincpka mkona nependadae BUCOKME piBeHb mpodeciiHoi KOMIETEHTHOCTI Maiil0yTHHOTO
¢axiBLs, a came — HOro 34aTHICTH [0 3AiHCHEHHs npodeciiiHol AisUTEHOCTI Ta PiBEHb PO3BUTKY OCOOMCTOCTI.
VY mux yMoBax BaKJIUBY POJIb Bifirpa€ mocuieHHs npodeciiiHoi cnpsMOBaHOCTI MaTeMaTWKA Ta BUIIOL
MaTEeMaTHKH, 110 AOLIIBHO MPOBOAUTH 3a JOIOMOIOI0 PO3BUTKY MIKIPEAMETHHX 3B'S3KiB.

«[Ing Toro, m06 MONOAIIMIA CIIEMIaiCT Mir 3 HAMEHIIMMH TPyJHOIIAMH aJalTyBaTHCh Y CBOEMY
MOJANBIIOMY >KUTTi, CaMOCTIHHO 3100yBaTH KOHKpPETHI aKTyajbHI 3HAaHHS, HEOOXimHi mjis ycmimHoi
npodeciiiHoi AisIpHOCTI, oMy Tpeba ajst HAOYTTS TaKUX 3AaTHOCTEH CTBOPUTH BiANOBIIHI YMOBHU B MpoLeci
HaBYaHHs y 3akiajai Bumioi ocBitu I-1I piBHs akpemutarii. Taki 31aTHOCTI CTYACHT MOXKe HAOYyTH TLIBKH B
CTaHi aKTUBHOI 1HTEJIEKTyaJbHOI Ta COLiaNbHOI /i, K1 3yMOBJICHI ii caMOaKTyalli3ali€ro, KOIU BiH BUCTYIA€E
B POJIi HE OTPUMYBaya Ta CIOKMBAaya YOroch YK€ TOTOBOTO 1 KUMOCH JAHOTO, a € 37100yBayeM HOBOTO SIK
pe3ynbTaTy BHYTPIMIHBOTO OCOOMCTICHOIO Ta BJIACHOTO OCMHCIICHHS, BU3HAUCHHS BJIACHOI TOYKH 30py H
xuTTeBOI mo3uuii»[11]. HaBwanbHmii 3akman, 30kpeMa, MpoQeciiiHO-TEXHIYHOro Npodutro, 00’€KTHBHO
30pi€HTOBaHMH Ha Take HABYaHHS CTyJeHTa, SKe O Jajmo HoMy 3MOry OBOJIOIITH TMepenyciMm
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(dyHIaMEeHTaJbHUMH OCHOBAMH 3HAHb 3a MEBHOIO CIEHIiabHICTIO i 3AATHICTIO A0 CaMOCTIHOrO MOIIYKY
iHdopMarii, MaKCHMaJILHO aJANTOBAHOI 10 peasibHOT podeciitHol misubHOCTI [2].

«Buiia MaTemaTika» sk ofHa 3 0a30BUX HaBYANBHUX JUCHUILTIH, IO BUKIAJAETHCS HA TIOYaTKOBHX
Kypcax 3aknaniB Bumoi ocBitu I-1I piBHs akpemuTaiiii Ta 3akiajiB mpodeciiHO-TEXHIYHOI OCBITH, Biirpae
B)KJIMBY POJIb Y ITiATOTOBIII MOJOIIUX CIEI[ialiCTiB, OCKIIBKM BUBYCHHS 0araThoX CIIOPiIHEHMX 1 (haxoBUX
OUCLUIUTIH BUMAara€ BHUKOPMUCTAaHHS THX UM IHIIMX MaTeMaTWyHuX MerodiB. KypcoBe 1 mumiiomHe
MPOEKTYBaHHs, K MPABUIIO, TOB’A3aHE 3 MPOBEIACHHAM IMOLIYKY ONTUMAaIbHOIO BapiaHTa 3alpOIOHOBAHOTO
TEXHIYHOT'O PIlLICHHS Y1 TEXHOJOTII Ta pO3paxyHKOM €KOHOMIYHOT e()eKTUBHOCTI, 110 MOXKe OyTH JOCATHYTa
BHACIIZIOK iX 3ampoBaLKeHHS Ha BUpoOHMLTBI. JKomHa 3 muX 3aga4y He MOKe OyTH eeKTUBHO Po3B’si3aHa
0e3 3acTocyBaHHA MaTeMAaTHKH, 1 caMe IIi Opi€eHTHpH MaroTh IepeOyBaTW B MOJi 30py BUKJIazaya Ipu
BHKJIaIaHHI [[LOTO MPEIMETA.

ToMy HEOOXiHOO yMOBOI MaTEMaTHYHOI ITiIOTOBKH MailOyTHHOTO MOJIOAIIOrO CHelliaiicTa
MOBUHHO CTaTH (popMyBaHHS Horo npodeciiiHol MaTeMaTHYHOI KOMIIETEHTHOCTI.

Ananiz pocaimkens i myOaikamiii. Cepen cy4acHHMX JOCHIIKEHb, MPHUCBSIYEHUX MpodiIeMaM
npogeciifHOi CIPSAMOBAHOCTI CTYACHTIB 3aknafiiB Bumioi ocBitm I-1I piBHS akpemurarii Ta 3akiaaiB
npodeciiiHO-TeXHIYHOT OCBiTH, (OpPMYBaHHIO MAaTEMaTHYHOI KyJNbTYypH CTYACHTIB LUISIXOM peamizamii
MDKIIpEIMETHUX 3B’A3KIB Ta opraHizamii mpouecy BHBYEHHS Kypcy «Buiia marematuka», IOLLUIBHO
BHOKPEMHUTH TIpaIli A.Anekcwoka, II. Atamanuyka, M. bepynaBa, JI. Borossnencokoi, I'. Bynmuk,
H.bypmictpoBa,  B.Jlamiarep, M.Jlaninoa, I'.Jlynxu, JI 3ankoma, B.KenbGakiani, A.Koporuenkoga,
T.Kpunosa, JI.Kyapssuesa, A.Mumkina, M.Ckartkina, K0.HabaHcbKoro T2 iH.

Ha choromHimmHii JeHb y Hayllli HaKOMUYECHO IEBHUH IOTCHINAN Ui BHPIIICHHS TEOPETHUKO-
MPAaKTUYHUX 3aBJaHb, OB’ A3aHUX 13 IpodieMoto GpopMyBaHHS MpodeciiHO-MaTeMaTHYHOI KOMIIETEHTHOCTI
MoJOAmMX crenianictiB. OcobnuBe 3HAa4YeHHS Ui OOTPYHTYBaHHS TEOPETUYHHMX AaCHEKTIB Cy4acHOL
npodeciifHOi MaTeMaTUYHOI MmiAroToBKM MaroTh mpami [.bes3a, M.bypau, M.Irmarenko, 1O.Komsrina,
3.Cnenkanb, A.Cromspa, [.Tecnenko. Y mpocmimkenasx O.ABepenoi, P.bioxinoi, I'.XKykosoi, I".ImapionoBoi
PO3TISHYTO TpoOIeMy (OpMYyBaHHS NPOQECIHHO-MaTEeMaTHYHOI KOMIIETEHTHOCTI MOJIOAIINX CIEIialliCTiB
pizHoro npoginto y BH3.

Meta pocaimkenHs. Po3risiHyTH oMH 13 IUISXIB YAOCKOHAIEHHS METOAMKHA BUBYEHHS MOXiAHOI Ta
ii 3acTocyBaHHs y 3aKnagax Buoi ocBiTH I-1I piBHS akpeauTanii Ta 3aknagiB npogeciiHO-TEXHIYHOI OCBITH,
a caMe MOCUJICHHS MPUKIaIHOI Ta mpodeciifHol cpsSMOBaHOCTI HABYaHHA 32 JOIMOMOTOI0 BUKOPHUCTaHHS Y
HaBYaJBHOMY MpOIeci IPUKIaJAHUX Ta mpodeciiiHux 3agad. [liaroryBatu nobipky mnpodeciiiHuX 3amad Ta
MOKAa3aTy iX MPUKIAJHE 3HAUCHHSI.

Bukiaa ocHoBHOro marepiany. 3HayHy poib NPUKIAJHUX 3a/ad y HaBUYaHHI MaTeMaTHKH Ta
BUIOI MaTeMaTuku po3kputo B mpaisx JI.Cokomenko [8], O.CyxopykoBoi [9], B.IllBeus [8] Ta iH.
Posrnsimaroun muTaHHS BUKOPHUCTaHHS NPUKIATHUX Ta MpodeciiHUX 3a1ad, HE MOXKHA HE 3raJaTH Mpo
JOCIIDKEHHS 3 METOJJUKA HAaBYaHHsS MaTeMaTuku (30kpema [6]), y SKMX BUCBITICHO MUTAHHS HEOOX1IHOCTI
BKJIIOUEHHS 10 KypCy MaTeMaTHKH TOHATh «MOJENb» Ta «MOJCIIOBaHHS», IOBENEHO HEOOXiTHICTh
HaBYaHHS CTYIEHTIB MaTeMaTUYHOMY MOJETIOBaHHIO; pO3pOOJIEHO 3arajbHy METOAUYHY CXEMYy HaBUAHHS
moOy/IoBI MaTeMaTHYHUX MOJENCH; 3a3HAaueHO, IO BiOOpakeHHS B Kypci MaTEeMaTUKH  EJIEMEHTIB
MaTEMaTUYHOTO MOJAETIOBAaHHs CIpUS€ PO3B’SI3yBaHHIO HHU3KM BaKJIMBHX IEJaroriyHuX 3aBJaHb:
MOCWJICHHIO TpHKIagHol Ta mnpodeciiiHol chpsMoBaHOCTi; (OPMYBaHHIO €IEMEHTIB MaTeMaTH4HOi 1
3arajibHOi KYJIBTYPH; 3aCBOEHHIO MDKIPEIMETHUX 3B’sI3KiB, MpodeciiHOi KOMIETEeHTHOCTI Ta iH. Y IHX
JIOCTIKEHHSIX Cepell IHIIOro OOTPYHTOBAHO, IO HABYATH CTYACHTIB MOOYIOBI MaTeMaTHYHUX MOCICH
JOLITBHO MiJ Yac po3B’SI3yBaHHA NpPUKIaIHUX Ta npodeciiiaux 3amad. OJHaK, TUTAHHS ITOCUIICHHS
MPUKIIAIHOI CIIPSIMOBAHOCTI HABYAHHA y MPOILECi BUBUCHHS MOXiAHOT Ta ii 3acTOCyBaHHS y 3aKjialax BUIIOL
ocitn [-II piBHsA akpemuTamii Ta 3aKkTagax NpoQeciiHO-TEXHIYHOI OCBITH mMOTpedye OOJAaTKOBOTO
JOCITiPKEHHSL.

[puknagni 3amadi Ta 3agadi OpodeciiiHOi CHpsMOBaHOCTI, MiA dYac pO3B’A3YBaHHS SKUX
BUKOPHUCTOBYETHCS MOXiZHA Ta ii 3aCTOCYBaHHSA, MO)KHA 3HAWTH y MiIPyYHUKAX i MOCIOHUKAX 3 EKOHOMIKH,
6iodiszuku, 6ioxiMii, Ta IEIKUX HIIMX CremianbHuX quciumid ([5; 7]).

VY mporeci po3B’I3yBaHHS MPUKIATHUX Ta NMpodeciiHuX 3a4au 3AIHCHIOETHCS HaBYaHHS CTYACHTIB
eleMEHTaM MAaTeMaTUYHOTO MOJENIOBAaHHS, a/pke HaWOUIbII BigNOBiZaJbHUM 1 CKJIAJHUM €TaroM
PO3B’sI3yBaHHsI MPHUKIaAHOI 3a7a4i € nmodynoBa ii MmaTemaTHyHOl Mozeni. Peanizamisa uporo eramy Bumarae
BiJl CTY/ICHTIB 6araThOX yMiHb. BUAUISATH ICTOTHI (DAKTOPH, IO BU3HAYAIOTE AOCTIKyBaHe sBuIe (mporiec);
BUOMpAaTH MaTeMAaTUYHUH amapaT sl MOOYAOBH MOJENI; 3’iICOBYBaTH (PaKTOPH, IO BUKIUKAIOTh MOXHOKY
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mig yac moOymoBu moxeni. Ilpuknanni 3agadi MOKHa YMOBHO TOJUIMTH Ha Taki, y SIKUX MaTeMaTUYHA
MOJIeTIb MICTUTBCSI B YMOBI 3a71adi Ta TaKi, po3B’A3aHHSA SKUX ependavyae moOy10By MaTeMaTHIHOI MOJIEi.

Po3B’s13yBaHHs NPHUKIAJHUX 3a/ad CKIAJAEThCS 3 HACTYMHHMX eramiB: 1) mocraHoOBKa 3amadi; 2)
nepekia yMOB 3a/iaui Ha MOBY MaTeMaTHKH; 3) CKIIaJlaHHsI MaTeMaTUYHOI MOJIeNi 3a/ayi; 4) MOIyK MIany
PO3B’sA3yBaHHS 3aja4i BCepeauHI Mojeni; 5) 3iilfiCHEeHHs TUIaHy, MepeBipka 1 JAOCHTIKECHHs 3HAIECHOro
pPO3B’s3Ky B cepeauHi Mojeni; 6) iHTepmpeTaliss OTPUMAHOTrO pe3yiabTaTry, /) OOroBopeHHs (aHai3)
3HaliIeHOro croco0y po3B’sI3yBaHHA 3 METOIO 3°ICYBaHHS HOr0 pallioHAJILHOCTI, MOXIJIMBOCT] PO3B’SI3yBaHHS
3a7a4i 1HIIIUM METOIOM YH CIIOCOOOM.

JumakTHaHi 1imi, o0 JOCATAlOThCS B MPOLECi PO3B’s3KY MPUKIAAHUX 3a/4ad IiJ Yac BHBUYCHHS
noxigHoi Ta ii 3acTocyBaHHS — 1ie: 1) MiATOTOBKA 10 BUBYEHHS MOXIJHOI, 30KpeMa, IUIIXOM 3a0e3IeUeHHS
MOTHBALIl HABYaHHS; CTBOPEHHS MPOOJIEMHOI CHTyalil; 2) 3aKkpiluleHHS HaOYTHX TEOPETHYHHMX 3HAaHb Ta
(GopMyBaHHS y CTYICHTIB BIIIOBIIHMX MaTeMaTHYHHX KOMIIETEHTHOCTEH; 3) aHai3 HaOyTTs CTylIeHTaMH
MaTeMaTHYHUX KOMIeTeHTHocTer 3 po3ainy «[loximna ta i 3actocyBaHHsS». OKpiM TOro, mpuKiIagHi Ta
npodeciiini  3agayi MOBMHHI JaBaTH MOXIUBICTH CTyJEHTaM TMOpsia 13 HaOyTTSIM MaTeMaTHYHHUX
KOMIIETEHTHOCTE 3acBOIOBaTH (akTH CYMDKHUX HpeaMmeriB, ToOTo OyTu 3acoboM 3IificHeHHs
MDKIIPEIMETHHUX 3B SI3KiB, (POPMYBaHHS KIIOUOBUX KOMIIETEHTHOCTEH.

UYepes mpukmagHi 3agayi MOKHa IMPHBECTH CTYIEHTIB O CaMOCTiIHHOro (OpMyBaHHS HOHSTTA
noxinHoi Ta ii 3acrocyBanHa. Hampukmnan, cTygeHTaMm AOLIIBHO 3alpONOHYBATH BiINOBICTH HA HACTYIHI
NUTaHHS. Y SIKOMY HamnpsMi 3MIiHATBCS JOXOAW JAEP’KaBU 3a YMOBH 30UIbIICHHS MOAATKIB a00 BBEOCHHS
IMOOPTHUX MHUT? 30UIBIIMTBCS a00 3MEHIIMTHCS NpUOYTOK (ipMM 3a YMOBM MiABHMINEHHS WLiHM Ha il
MpoAyKIito? Y sKil MpomopIlii A0AaTKOBE OOJNAJHAHHS MOXE 3aMIHUTH CKOPOYCHHMX MpamiBHUKIB? Jlis
po3’s13yBaHHs MOAIOHNX 3aBJaHb BUKOPUCTOBYIOTHCS METOAU AU(epeHIIiaTbHOrO YMCIEHHS.

PosrnsHemo 3amavy mpo mpoaykTuBHICTH mpami. Hexait ¢ynkuis z = z(t) BigoOpaxkae KiIbKICTh
BHUpOOJIeHo1 npoxykuii Z 3a yac t. [ToTpiOHO 3HAHTH MPOXYKTUBHICTH Mpalli B MOMEHT to. 3a mepiox yacy Bifg
to o to + At KUIBKiCTH BUPOOJIEHOT IPOIYKIIIT 3MIHUTBCS Bijl 3HAYCHHS Zo = Z(lp) 10 3Ha4YeHHS Zo + Az= z(to +

. . . .. A . .
At), Toni cepenHs MPOAYKTUBHICT Ipalli 3a Liel nepioa yacy 0yae Uep = .:'._i' 3po3yM110, 0 TPOAYKTUBHICTb

npaui B MOMCHT 4Yacy to MO’KHAa BU3HAYUTU K I'PaHUYIHC 3HAUCHHA CepeI[HLOT HpO,I[yKTI/IBHOCTi 3a HCpiO,Z[

. . . A
uacy Bif to 10 to+ Atnpu At—0, To6T0 U = lim py g Ueap = limy, _,Dﬂ—f.

TakuMm 4YMHOM, CTYACHTIB MOXXKHA MiABECTH OO IMOHATTS MOXiJHOI, BAKOPHCTOBYIOUM 3aJady MpoO
MPONYKTUBHICTh Tpani. HaBegemo moOipky NpHKIaAHUX Ta NpodeciiHUX 3amad, po3B’S3yBaHHS SKHX
COPUSATHUME YCBIIOMJIEHHIO CTYACHTaMH poii moximHoi QyHKUil y mporeci MaTeMaTUYHOTO MOJETIOBaHHS
MEBHUX pealbHUX SBHUI 1 mporeciB. Lli 3amadi yMOBHO MOAUIMMO 32 TaKUMH HampsMamu Hpodimizamii
(TpUPOITHUYO-MAaTEMATHYHUM, OYIiBEIBHUM 1 CYyCHUTBHO-TYMAHITAPHUM), CTY/ICHTIB SKUX 00paiu Jjs cede
B MaiOyTHBOMY Ti HampsiMH JiSUTBHOCTI, B KOTPHX MaTeMaTHKa abo € OCHOBOIO MailOyTHBOI mpodeciiHol
JisUTbHOCTI, a0 Biirpae ponp amnapaty, crnenugiqHoro 3aco0y Ui BUBUEHHS 1 aHai3y 3aKOHOMIPHOCTEH y
MEeBHIN cdepi MiIBHOCTI. 3aleKHO Bi MUAAKTHUYHUX MUIeH, IO CTaBISATHCS BHKJIAgavyeM 1 Yacy, IIo
BiZIBOJUTHCS HA BUBUCHHS MOXiAHOI , MPUKIAAHI 3a]1a4i MO)KHAa BUKOPUCTOBYBATH Ha PI3HUX €Tanax 3aHATh,
HaIPUKIIAJ, i YaC BBEICHHS HOBUX IMOHATH 1 CAMOCTIHHOI pOOOTH CTY/ICHTIB.

Hagenemo mekinpka npukiaaiB 3agay npodeciiinoi cpsimoBaHocTi. [IpuponHndo-MaTeMaTHUHU Ta
OyAiBeNbHUN HaAIPSAMH.

Buxknanau: [laBaiiTe nmpuragaeMo aaropuTM 3aXOMKEHHS HAWOUTBIIOro i HAMEHIIOro 3HaYeHHS
¢yHkuil Ha 3agaHOoMYy Bifpi3Ky. g nporo motpidHO:

1. Bwu3sHaueHHS MOXiAHOI 33J]aHOT (PYHKIIII.
2. 3HaxoaMMO KpUTHYHI TOYKH, B KX NoXigHa (yHkuii gopiBHIoe 0 abo He icHYE.
3. OOuncmoemo 3Ha4eHHS QYHKII], B YCIX KPUTUYHHX TOYKaX, 10 HaJeXaTh 3aJaHOMY BiPi3Ky Ta Ha

KIiHISIX IPOMDKKY.

4. 13 3100yTHX 3HAUYECHb BU3HAYA€MO HaWOUIbIIE Ta HAIMEHILIE 3HAYCHHSI.

Bukaagau: PosrisiHemMo HacTynHy 3amady-npodinemy. «CToJsipy HOTPiOHO BUTOTOBUTH BiKOHHHMA
070K MPSAMOKYTHOI (opMH TIepUMeETpoM 6M. Sxumu MaioTh OyTH po3MipH BikHA, HI00 BOHO MPOITYCKAajo
HaiOlnbIIe CBITIa?».

y

X JlaHO: IPSMOKYTHUK;
P=6mM.
3HaiTh: Smax =?, y =7, X=7.
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Po3B’s3aHHs:
1. Hexaii x Ta y — mykani po3Mipu BikHa, Tozi 3a yMOBOIO 3a1a4i MaemMo: P=2x+2y;
3amuimemMo GopMyiTy TUIOLIi MPSIMOKYTHHKA: S = X - Y
O06’eqnaeMo AaHi PIBHSHHS y CUCTEMY:

2X+2y=P
{S:wy
2X+2y =06
{S=Xy
X+y=3
{S:wy
y=3-X
{S:wy

S=x-(3—-x)=3x—x?
2. 3HAXOAMMO MOXiIHY: S'=(Bx-x%)"=3(x)'-(x?*) =3-2x:
3. 3maxomumo kputvyHi Toukn: S'=0; 3-2x=0; 2x=3;

x=§ =15.
2

4. 3Hax0omMUMO MTPOMIKKH MOHOTOHHOCTI

max

N

— o 1,5 +00
a) Xxe (—0;1,5):x=1,S'1)=3-2-1=1>0
0) X e (1,54x);x=2;S'(2)=3-2-2=-1<0
OTtxe, Touka x=1,5 € Toukoro makcumymy. Togi:
y=3-15=15
Smax =1,51,5= 2,25
Binmosiae: Smax = 2,25 m°; x=1,5x; y=1,5m.
BucnoBok. Bikno BuroroBieHe y ¢popmi kBaapata Oyie MponycKkaTH HailOinblie CBiTa.
Buxaanau: [Ipu po3s’s3yBaHHI JaHOT 3aa4i MU BUKOPUCTAIN (OPMYJIH IUIOLI Ta IEpUMETpa i3 TeoMeTpil
Ta crnocoOM pO3B’SI3yBaHHS CHUCTEMH [BOX JIHIHHUX PIiBHSAHB 13 anreOpu 1 3acTOCYBalIM €JIeMEHTH
MaTEeMaTHYHOTO aHANI3y — MOXiAHY.

Buknanau: 3agaua. «Tpeba moGymyBaTu BinkpuTHil GaceifH 3 kBaapaTHUM AHOM 00’ emoM 32 a°.
3HalTH HOro po3MipH 3 TaKHUM PO3paxyHKOM, MO0 Ha OONUIIOBaHHS HOro CTiH i gHa Oyna BUTpaveHa
HallMeHIla KUTbKICTh MaTepiamy».

Hano: ABCDA;B;C;D; — npssMokyTHU# mapaienerinen.
ABCD - xBagpar.
V=323°

3uaiitu: AB =?, AA; =?, Smin =?

Po3B’s3aHHA:
1. Hexaii AB=AD =X,a AA, =y. Toni maemo: V=AB-AD-AA, = X-X-y =X’y
3HaiiiemMo Moy CTiHM Ta JIHA, AKi Tpeba OOIUIILOBYBATH:
S=S,., *+S ascp S6iu=P-H, neP-nepumerp; H - Bucora.
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P=4AB =4x; H=AA =y

Sﬁiq.:4x.y
S ascp = X?
S = 4xy + x*
CkJnafaeMo CUCTEMY PiBHSHB!
S =4xy + x*
V =x%y
V
y =
V A
S=4x-— +x* =—+Xx
X X

2. 3HaxoauMO MOXiHY
S'= (ﬂ+ xz)’:4V(1)’+(x2)’:—¥+ 2X
X X X

3. 3HaxXomuMO KPUTHYHI TOYKH

S'=0
—i—\g +2x=0
3
M—ngxzo i x220; Xx=#0
X
2x3 = 4V
X} =2V
x*=2-32=64; x=4
4. 3HaxomuMO MPOMIKKH MOHOTOHHOCTI !
min
V— X
- 00 4 +00
\Y)

) x€ (04) X =18' =~ +21=-4:32+2=-126<0

6)Xe(4;+w);x:8;8':—4é§2+2-8:—2+16:14>0
Touka X = 4 — € TOUKOIO MIHIMYyMY.
32 32
Tomiy=—=—=2; S=S_ +S ;
y 42 16 iy . ABCD

Smin = 4xy + x*= 4e4e2 + 4°=32+16=48m"
Bimnosigs: S min = 48m% x = 4um; y = 2Mm.

BucnoBku. Pe3ynprati ekcriepuMEHTaIEHOTO HaBYaHHS TIOKA3aJlH, 0 BUKOPUCTAHHS MPUKIaIHIX
Ta mpodeciifiHMX 3a7a4y Ha PI3HMX eTamax 3aHATh IiJ Yac opraHizamii camocTiiHOi poOOTH chpuse
(opMyBaHHIO y HUX BMIiHHS 3aCTOCOBYBATH OTPHMaHi 3HaHHA Yy MPAaKTUYHIN IisUIBHOCTI, HaOMMKEHiH 1O
JKUTTEBOI CUTYyalii, OyAyBaTH Ta AOCHiIXYBaTH MaTeMaTH4HI Mojeni 3axad, npodeciiiHiii opieHTauii Ta
(hopMyBaHHIO TIpoeciiHOl KOMIIETEHIIT CTY/ICHTIB.

IlepcnekTHBH NMOAANBIINX NOMYKIB Y HANIPAMKY JAOCTiIZKeHHS.
HaranbHo10 1 BayKJIMBOIO TPOOIEMOIO € PO3pOOKa METOJMYHUX PEKOMEHAALIH 110JJ0 TOCHIICHHS TPUKIIaHOT
Ta npogeciiHoi cpsMOBAaHOCTI HABYAHHS y MPOLEci BUBYEHHS IHIIMX 3MICTOBHX JIiHIA Kypcy MaTeMaTHKH
Ta BUINOI MaTEeMaTUKU B 3akyaaax Bumoi ocBiTH I-1I piBHS akpemuTallii Ta 3akiagax nmpodeciiiHo-TeXHIYHOT
OCBITH.
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YJIK 519.876.5; 621.31.33
B.B. Jlumyk, U.P.Cenenuna, B.YO. 3abnonbskuii, M.B. Pomantok, A.O. Jlenuctok
Jlyupkuit HanioHaIBHUN TEXHIYHUHA YHIBEPCHUTET

PIBHSIHHSA EJJEKTPOMATHITHOT'O CTAHY PEJIE IOCTIMHOI'O CTPYMY

B.B. Jlumyk, .P. Ceaenuna, B.YO. 3aéioubkuii, M.B. Pomaniok, A.O. Jenuciok. PiBHAHHS €1eKTPOMArHiTHOTO
CTaHy peJie MOCTiifHOro cTpymy. Y CTaTTi 3aIpOMOHOBAaHO METOAWKY MOOYMOBH Au(EpeHIialbHIX PiBHAHb €JICKTPOMArHiTHOTO
CTaHy peJie IOCTiIHOTO CTpyMy, o 6a3yeThCs Ha 1X PO3B’sA3aHHI YHCIOBIMH MeToxaMHu. [1oOymoBaHO 4acoBi 3aIeXKHOCTI €IEeKTPO-
MEXaHIYHUX BeJnuuH. [ onucy Ta aHanmi3y ¢isudHHUX mpoueciB 3actocoBaHo MoBy nporpamyBanHs FORTRAN 3 rpadiunum pe-
makropom GRAPHER.

KuniouoBi cioBa: perne, anrebpaiuni Ta audepeHnianbHi piBHSIHHS, iHTErpyBaHHS PiBHSHb.

B.B. JIbimyk, U.P. Cenenuna, B.1O. 3a6aoukuii, M.B. Pomaniok, A.O. /leHuciok. Y paBHeHHUS 3J1eKTPOMATHUTHOT O
COCTOSIHUS peJie MOCTOSIHHOIO ToKa. B craThe mpeanoskena MeToanka mocTpoeHus nuddepeHnnanbHbIX ypaBHeHHH dIeKTpoMar-
HHUTHOT'O COCTOSIHHS peJie OCTOSIHHOTO TOKa, KOTOpasi OCHOBaHa Ha PELICHUE YUCICHHBIMU MeToiaMu. IT0CTpOCHO BpEeMEHHbIC 3aBHU-
CHMOCTH 3JICKTPOMEXaHMYECKUX BENUYMH. J[/Isi OnMcaHust ¥ aHamu3a (U3MIECKUX MPOLIECCOB MPHUMEHEH SI3bIK IPOrPAMMHUPOBAHUS
FORTRAN c rpadpugecknm pemaxropom GRAPHER.

KioueBble cioBa: pene, anredpandeckue n audhepeHIraIbHbIe YPAaBHEHNS, HHTETPUPOBAHUE YPABHEHUH.

V.V. Lyshuk, Y.R. Selepyna, V.Yu. Zablotskyj, M.V. Romaniuk, A.O. Denysiuk. Equation of the electromagnetic
state of the DC relay. The article proposes a method for the formation of differential equations of the electromagnetic state of a DC
relay based on the solution of numerical methods. The time dependence of electromechanical quantities is constructed. For the
description and analysis of physical processes, the FORTRAN programming language with GRAPHER graphics editor has been
applied.
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IMocTtanoBka nmpodaemu. OCHOBHUMH IMPOLIECAMH CHCTEM aBTOMATHUKH, €IEKTPOTEXHIKH, CHIIOBOT
SNEKTPOHIKH € Tporecu KomyTauii. [Ipuctpoi, mo 3a0e3nedyoTh Taky KOMYTAIlil0 Ha3UBaIOThCS €IEeKTpOMa-
THITHUMH pesie. He3Bakaroun Ha mporpec HaIiBIPOBIIHUKOBUX MPHCTPOIB, €IEKTPOMATHITHI HE BTPaTHIU
CBOET aKTyaIbHOCTI Ta 3aCTOCYBaHHS. BOHM XapaKTepu3yroThCsl TAKUMH TIepeBaraMu, sIK CTIKICTh O KOpo-
TKOYACHHUX MEpPEeBaHTaXEeHb MO CTPYMY 1 HaIpy3i, CTAOUIBHICTh XapakTEPHCTHK, BUCOKA pafialiiiHa CTiid-
KiCTb, MEXaHi4Ha MILHICTb, MOXJIUBICTh KEPYBaHHS eJIeKTPHUHUMHE Konamu 3 BucokuM KKJI, 3abe3neuyroTs
rajibBaHIYHy pO3B'SI3Ky KOMYTOBaHUX EJIEKTPHYHUX KiJ Bill KiT KepyBaHHS TOLIO.

B cucremax aBTOMAaTHKM 3a3HaudeHI amapaTH BUKOHYIOTH Hailpi3HoMaHiTHIimi ¢yHKuUii. BoHun BuKO-
PHUCTOBYIOTBCS B AKOCTI UyTJMBHX JaBayviB, AKi KEPYIOTh BUKOHABYMMH E€IEMEHTaMH, MEPETBOPIOIOYH, Ha-
MpUKIad, eIeKTPUYHI CUTHaiM B MexaHiuHi. OCHOBHI eNeKTPOMEXaHidHI mapaMerph i XapaKTepUCTHKa
«BXIJ-BUXI» X EIEMEHTIB MOXKYTb OyTH OTpMMaHi Ha OCHOBI TATOBUX 1 MEXaHIYHUX XapaKTEPUCTHK elie-
KTpoMarHiry abo pere.

Jist Oyap-sSKOTO pelie monsirae B yTBOPEHHI eJIeKTPOMArHiTHUX CHJI B 3aMKHEHOMY CEPIEYHUKY IpH
MPOTiKaHHI CTPyMy 4epe3 0OMOTKY pene. ToMy ¢i3uuHi mporec, U0 Bin0yBaloThCs B HUX CTAHOBIATH He-
abusikuii inTepec [2, 3].

®Di3uyHi MPOLECH B EIEKTPOTEXHIYHUX MPUCTPOSX MYCSATH OMHMCYBATHUCH CUCTEMOIO AudepeHians-
HUX PIBHSHB, PO3B’I3KOM KO € MeBHI QPyHKIil. Y HAIIOMy BHIMAJKy 1€ YACOBi 3aJI€KHOCTI IBUAKOCTI PyXy
SIKOPS TIPY 3aMHUKaHH1 KOHTAKTiB, TOOTO MPH panToBii Mojavi HAMPYTK Ha pelie, IepeMillieHHs IKOpsl, CTPY-
My B OOMOTI Ta €IEeKTPOMAarHiTHOI cuid, 1o Aie Ha skip. {06 po3B’a3atu Taky cuctemy HEOOXiAHO piB-
HSIHHSI MarHiTHO-EJIEKTPUYHOI'0 CTaHy MPOIHTETPYBaTH YHCIOBHMH METOJAMH 3 BUKOPHCTAHHSIM IEPCOHA-
JBHUX KOMI I0TEPiB.

Cucremu nudepeHniadbHUX PiBHSAHB, OTPUMaHi AJIsl KOHKPETHUX THUIIIB ENEKTPUYHUX anapaTiB, Mic-
TATH BUUEPIHY iH(OpMaIliro mpo Bci peskuMu ix po6oTu. OCHOBHUMH METOaMH PO3B’SI3KY TaKHUX PIBHSHD €:
AHAITUYHNAN, YMCENbHUM 1 Tpado-aHaIITHYHUN. AHATITHYHUHA PO3B’ 30K PIBHAHD €IEKTPOMEXaHIUYHOIO Ie-
PETBOpPEHHS 3MiIICHIOIOTh KIACHYHHUM 1 ONepaTOpHUM MeTojgamu. KiacuuHuii MeTon monsrae B OTpUMaHHI
TOYHHX pillleHb, BUPAKECHHUX Yepe3 eleMeHTapH1 QYHKLII, IUIIXoM iHTerpyBaHHs. [Ipy 3HaX0omKeHH] pillleHb
MOTPiOHO CIOYATKy 3HAWTH CIUIBHUNA PO3B’SI30K PiBHSHHSA, a MOTIM BH3HAYUTH BCi CTajl IHTETpyBaHHS 3a
MOYaTKOBUMH YMOBaMH.

OmnepatopHuii METOZ B JCSKUX BUIAIKaX BHUSBISETHCS OUIBII KpaIldM, TOMY IO A€ 3MOTY Bipasy
3HANTH PO3B’A30K PIBHSHHS, IO BiAIOBINAE 3aJaHMM MMOYATKOBMM YMOBAaM. VIOro mepeBard rOIOBHHM UH-
HOM TPOSIBIISIIOTBCA B Mipy YCKJIaJHEHHS PiBHSIHb. AHATITUYHI METOAM BHUPILICHHS 3aCTOCOBYIOTHCA B THUX
BUIIA/IKaX, KOJMU Iu(epeHLianbHi piBHAHHS JiHIAHI 1 MICTATh MOCTIiHHI KoedinienTH. OgHaK MOAETIOBAHHS
MPOILIECiB Y YacoBiii 00JacTi MOB'A3aHe 3 HEOOXIAHICTIO BUPIMICHHS HEMIHIMHUX TUdepeHialbHUX PIBHSHB
BHCOKHUX TIOPS/IKIB, IO MOKe OYTH pealli3oBaHo JIUILE YUCETbHUM METOJIOM 3 BUKOpucTanHsaM EOM. Takum
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YHHOM, PO3B’SI30K PIBHSHB EJIEKTPOMEXaHIYHOI'O MEPEeTBOPEHHS KJIACHYHUM METOIOM BHMara€ BUKOHAHHS
TPYZOMICTKO1 poOOTH, MOB'SI3aHOT 3 HEOOXIAHICTIO MPOBENEHHS DAY MEPETBOPEHb HaJ MaTeMaTUYHOIO MO-
nemno. OTKe, HAChOTOIHI YHCIOBI METOAM € MOTY)KHUM 1HCTPYMEHTOM JUIS JAOCTIKEHHS Ta aHali3y IpH-
CTPOIB i cHCTEM pi3HOro pony [4].

AHaji3 gocaimKenb. 3a OCTaHHI ECITHPIYYS TOCIIKEHHS B 00JaCTi €IEKTPOTEXHIKH, CIEKTPOHI-
KM Ta 1HIIMX TEXHIYHUX HaANpsAMax CyTTEBO Mocwimiucs. Lle moB’s3aHO 3 NIMPOKUM PO3MAITTAM IPOrpaM-
HUX TMPOAYKTIB, IO BUKOPUCTOBYIOTH NMPH aHali3i pi3HOMaHITHUX TpoueciB. Lle cyTTeBo monermye podoty
HAYKOBIISIM, SIKIi MOXKYTDH JJISl IBOTO 3aJyYUTH MaTeMaTHYHUH anmapar 3 BUKOPUCTAHHSIM OOYHCIIOBAIBHOTO
EKCTIEPUMEHTY.

Bigznaunmo aesiki mepeBaru 00YMCIIIOBAIBLHOTO €KCIEPUMEHTY B MOpPIBHIHHI 3 QizmyaumM. Obumc-
JEOBANIBHMI EKCIIEPUMEHT, SK IIPABHIIO, JCIIEBIIHii 32 HATYpHUIA. Foro MoXHA IPOBOAMTH (AaraTOKpaTHo i,
SKIIO 1€ HeOOXiAHO mepepBaTu B OyIb-IKUH MOMEHT. B X0/l TAKOT0 €KCIIEpUMEHTY MOYKHA 3MOJEIIOBATH
npolecH, SKi He MOXKHa JOCHIAUTH B Jabopatopii [2]. 3 #ioro H0moMororw Mo)KHa MOJEIOBATH CKJIaHi
¢i3u4HI IpoliecH, 30KpeMa 1 aBapiiiHi peXUMH.

VY TOi ke dYac clig BiOMITUTH, IO OOYMCIIOBAJbHUI EKCIIEPUMEHT IOCTaBICHHH 3 MEBHOIO
igeanizauni€eio Ta ponymeHHsaMu. llle onHi€0 3pydHICTIO OOYMCIIOBAIILHOTO EKCIIEPUMEHTY € T€, IO BiH A€
3MOTY HAaKOMHWYYBaTH OTPHUMYBaHi pe3yJIbTaTH i JErKO 3[iMCHIOBATH MOPIBHSAHHS Y BUTISAAL TpadiyHUX 3a-
aexHocted [3].

Buknag ocHOBHOro marepiany ii 00rpyHTYBaHHSI OTPUMAHMX pe3yJIbTaTiB. AHaJi3 OyIb-IKOr0o
ENIEKTPOTEXHIYHOTO MPHUCTPOIO OB’ A3aHUH 13 3HAXOIKEHHSM OCHOBHUX ENEKTPUYHUX Ta MAarHITHUX BEJH-
YHH, 110 XapaKTEePU3yIOTh HOro poOOTy B MEpeXiJHMX 1 YCTaJICHUX Mpolecax. [HTerpalbHUMHI XapaKTepuc-
TUKaMU €JIEKTPOMATHITHOI'O MOJIA € BIAMOBIAHO €JICKTPUYHI HAPYTH 1 CTPYMH Ta MarHiTHI MMOTOKH 1 HAmpYy-
ru. Po3paxyHok (pi3MUHHX MPOLECIB B €IEKTPOTEXHIYHUX MPHUCTPOSX MPOBOAATH 3 BUKOPUCTAaHHIM MaTeMa-
TUYHOTO amapaTy. BiH MycuTs OyTH MakCHMallbHO aJalTOBAaHUM JO0 YHUCIOBHX MeToliB. Ciin 3ayBaskKuTH,
mo audepeHianbHi PiBHIHHS CKIaJal0ThCA Y HopMambHiA Gopmi Komri, ne y piBHAHHSAX QIirypyroTh 0JHO-
9acHO 1 (yHKIA 1 11 moxigna. Taka (hopMa CyTTEBO Crpolye 00YHCIoBanbHIi mporec [1, 2].

CdopmyeMO piBHAHHS €IEKTPOMATHITHOI'O CTaHY €IEKTPOMArHiTHOTO pelie, CHUPAIOYNCh Ha Kilacu-
YHY TEOPil0 EIEKTPOTEXHIKH 3 BUKOPUCTAHHSAM MaTeMaTHYHOI MOAETII.

Bukopucraemo Biome piBHSHHS piBHOBaru Hanpyr [3]

dv .
— =u-ri, 1
oy 1)

ne Y — noBHe moTtoko3ueruieHHs, BO, U — mpukiaieHa Hampyra 10 0OMOTKH, B, I' — elexTpuyHuii onip oOMo-
TkH, OM, I — CTpyM OOMOTKH, A.

[ToBHI MOTOKO3YEIUICHHS MOJIAMO Y BUTJISAII CYMU OCHOBHOTO WX Ta MOTOKO3YEIUICHHS PO3CiSHHS
(mucumaryii) Li

¥ =wd + Li, 2
JIe W — KiJTBbKICTh BUTKIB 0OMOTKH, @ — MarHiTHUiA MOTiK, B6, L — IHAYKTUBHICTH PO3CISTHHS KOTYIIKH, [ H.
[ToToko3uerieHHsT pPO3CisTHHS YaCTKOBO a00 MOBHICTIO 3aMHKAIOTHCS 4epe3 MOBITPsS, TOMY IHIYK-

TUBHICTb po3cigHHs L = const.
Po3p’s13aBum (2) BiTHOCHO CTPYMY, OTPHMAEMO

iza(‘I’—WCD), (3)
e o= }I/_ — obepHeHa iHAYKTHBHICTD po3cisuus, TH™.
3amumemo piBHsAHHSA (3) B HOpMaunbHil Gpopmi Komri y mudepennianbHii popmi, Bpaxysasiu (1)
di

—=a u—ri—wdﬂ , 4)
dt dt

[MoxigHy MarHiTHOro MOTOKY 3HaxomuMo 3riaHo [3]. [Ipu 1boMy BpaxoBYyeEMO MPHITYLICHHS, IO PO-
00unii TPOMDKOK YTBOPEHHH ABOMa MapalielbHUMH IUIOIIMHAMHM, & MarHiTHE MOJie B MOBITPIHOMY 3a30pi
piBHOMIipHE
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Vo ]
——+wa (u—ri)
dﬂ_ “OS (5)
dt 22: +—+p+w oc.
k=1 M oS

Tyt V — WIBUAKICTH MEpEMILIeHHS SKOpPS, M/C, [, — aDCONIOTHA MarHiTHAa MPOHUKHICTH 3aii3a, I Him,
10 € J06YTKOM BiIHOCHOI MArHiTHOI IIPOHMKHOCTI HA MATHITHY MPOHMKHICTH BakyyMmy, po = 4m-107 Iulm,
S1, S; — IO MONepeYHUX MmepepiziB, p — MUTOMUI MarHiTHUH OMip MOBITPSIHOTO NPOMIXKY, |1, I,— moBxu-
HU CepeIHIX MarHiTHUX JIiHiH spMa 1 IKOpsI BIAMOBIAHO, § — MIMPHHA MOBITPSHOTO IPOMBKKY.
JudepeHuianpHe piBHSIHHS PyXy SKOPS IPEACTaBUMO y BUTIIsiAi [3]

d_V_FE_F(S)
dt m

ne Fr — enekrpomarnitHa cuna pene, H, F = f (3) — MexaHiyHa xapaKkTepucTHKa perne, M — IpUBeaeHa Maca
SKOpSL perne, KI.

3rimHO 3akoHy 30epeeHHs eHeprii Tsarope 3ycwuis (eleKTpOMarHiTHa cuia) — Le IOXigHa
MarHiTHOI eHeprii W B OBITPSIHOMY POMDKKY 1 BU3Ha4a€eThes 3 [3]

aw,
ds

3 iHIIOro OOKY i€ 3yCHIIISI MOKHA BU3HAYUTH 3 [3] K

(6)

Fe=- (7)

(WI) dRy
2R ds

Fe = (8)

Tyt wl — HamarHivyro4a cuiia KoTymkH, A, Rs = & / 1S — MarHiTHHIA OMip MOBITPSHOTO MPOMIXKKY,
I’ MarnitHuM omopoM 3aii3a (MarHiTOIPOBOY) HEXTYEMO.
[MincraBnsroun (8) y (7) 3Haxoaumo

wl)?
F = ( 2) .Hos _ 9)
) 2
Bpaxosytouu (8), (9), orpumyemo dopmyiry Makcpemna [3]
2 2
_ > _BS (10)
2155 2,

[oxinHa mepemilieHHs AKOps € MBHUAKICTIO PyXY SKOps, B3fATa 31 3HaKoM «—». Lle o3Hauae Te, 1m0
MarHiTHa €Heprist IepEeTBOPIOETHCS Ha TIEPEMIILICHHS SIKOPS.

ds
dt

Ha puc.1, 2 300paxeHo KOHCTPYKTUBHY Ta PO3paxyHKOBi cxemu pene. Tyt mo3Haueno: 1 — cepaeu-
HUK, 3aKpiluieHH Ha apmi 9; 2 — KOTyIIKa 3 MiIHOT'O MPOBOAY 3 YUCIOM BHUTKIB W; 3 — BUBOAM KOTYIIKH;
4 — sKip, Ha SIKOMY 3aKpiIUIEHUH pyXOMHUIl KOHTAaKT 5 3 BUBOAOM 0; 7 — ymHop, 110 0OMEKY€e OIyCKaHHS SIKO-
ps; 8 — 3BopoTHA npyxuHa; 10 — Hepyxomuil KOHTakT 3 BUBoAoM 11; 12 — mrtudr, mo 3abe3nedye HaaiHe
MOBEPHEHHSI AKOPS Y BUXIZHE TOJOXKEHHS MICHS 3HATTS HAPYTH 3 KOTYILIKH.

=V, (11)

Ta6muns 1. Xapakrepuctrka HamardidyBanss craii B = f (H).

B,Tn |0]05]09] 1,1 | 115 | 12 14 | 155
H, AM | 0| 200 | 400 | 600 | 800 | 1000 | 2000 | 4000

CyMiCHOMY 4YHCETbHOMY IHTEIPYBAaHHIO MiyIsArae cucreMa HenmiHiiHuX piBHsHb (1), (4), (5), (6),
(11). YmoBoOrO KiHIS IHTErpyBaHHS MOXKHAa BHOpAaTH JOCSATHEHHS MIHIMAJBHOTO 3a30py a00 OTpHMaHHS
MIEPIIOTro BiJl’EMHOTO 3HAYCHHS IIBHIKOCTI V.
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Pucl. KoHCTpyKTHBHA CXeMa eeKTPOMAarHiTHOTO peje Puc. 2. PozpaxyHKoBa cxema pee

m

[lepeBaramu npeacTaBieHHs PiBHSHb €JIEKTPOMATHITHOTO 1 €EKTPOMEXaHIYHOTO CTaHy peie caMe B
Takid opmi € Te, o nudepeHiaIbHi piBHIHHS € Oe3mapaMeTpUYHUMHE 1 3amucaHi B HOpMalbHIA (opmi
Ko, mo cyTTeBo cnpoirye 00UrcIoBaIbHIH MPOLIec.

Jist IpakTUYHOTO KOPUCTYBaHHSI MOJEIUTI0 HEeOOXi1IHO 3HATH KOHCTPYKTHBHI MapaMeTpu pelne, IH-
TOMUH MarHiTHUH OMip TMOBITPSHOT'O MPOMIXKY P, €IEKTPHUYHHN OITip 0OMOTKHM R, KiJbKICTH BUTKIB OOMOTKH
W, oOepHeHy iHIYKTHBHICTH OOMOTKH ¢, IPUBEACHY Macy PyXOMHUX YaCTHH M, 3HAUYEHHA MOCTIHHOT HAallpyTH
U, MeXaHIuHy xapakTepuctuky peie F(3), kpuBy HamarHiuyBaHHs cTajii. OMOpOM MPOTHIIIOYOI TPYKHHH,
TEPTSM Ta IHEPLIEIO SIKOPSI HEXTYEMO.

[HTerpyBanHs cucTeMH HEMiHIHHUX IU(epeHLialbHIX PIBHIHD 3AIHCHEHO SIBHUM MeToJoM Eiinepa.
Kpoxk wacoBoi muckperuszamii dt = 0,0001 c. [Ins po3paxyHKy HepexiTHHX HPOLECIB BUKOPHCTAHO MOBY
nporpamysanss Visual FORTRAN 3 rpadiuanm nakerom GRAPHER.

Jns po3paxyHKy Bi3bMEMO Taki KOHCTPYKTHBHI IapaMeTpH eIeKTPOMAarHiTHOTO pene. JOBXKHHU
CepeNHiX MarHiTHUX JiHiA spMa i sskopst BianosigHo |3 = 0,16 wm, I;= 0,06 M, o monepeyHux mnepepizis
S=S5;=S5,=0,00015 m°, muTOMHii MarHiTHUIi omip MoBiTpsHOrO MpoMikKy p = 3,4-10° T'H™, enexrpuunuii
omip oomotkn R = 30 Owm, kinbkicTh BUTKiB 00MOTKM W = 2000, oOepHeHa iHIYKTHBHICTH OOMOTKH
o = 3370 I'm™, npuBenena maca pyxomux wactu M = 0,07 xr, nocriiina Hampyra U = 24 B, MexaHiuna
xapakrepuctrka pene F(3) = 18 — 2340 6.

MarniTonpoBin BUTOTOBIEHHH 31 ctam Mmapku D4A. KpuBa HamarHiuyBaHHs 3ajaHa B TaoOm.l.
IMouyatkori ymoBu HYBOBI: X(I)) =0, X =V, §, i, @.

PosrnsiHemMo (i3uKy mporieciB y pesie mpH >KUBJIEHHI OOMOTKH MOCTIHHUM cTpyMoM. [Ipu moxaui mo-
CTiiHOT Hanpyrd U B 0OMOTIIi 3 YUCJIOM BUTKIB W BHHHMKA€ CTPYM i, IO CTBOPIOE MarHiTHUH MoTiKk P, mo
3aMHKa€ThCs uepe3 cepaeuHuk. [Ipu uaci 3pymenns t,, = 0,02 c, konu ctpym nocsirae 3nadeHHs i, = 0,42 A,
MOYMHAETHCS PyX AKOPA. 3 HBOIO MOMEHTY IMPOMDKOK MK SIKOPEM 1 CEpAEYHUKOM MarHiTONPOBOAY 3MEH-
mryetsest. [Ipu mpoMy MBUAKICTE HapocTae 10 MakcuManbHoro 3HaueHHs V = 0,18 m/c. Ctpym B KoTymmi
noctymnoBo 3MmeHInyerbes 3 0,61 A o 0,48 A. YV miif Toumi sSKip MOBHICTIO MPHUTATYETHCS IO CEPICUHUKA,
HOT0 pyX MPUIHHAETHCS, IIBUAKICTH CTA€ HYJIHOBOIO.

Yac pyxy sikops cknazae t,,, = 0,0245 c. 3 uporo momenry (t.,, = 0,045 c) cTpym ekcrmoHeHwiiHO
30UIBIIYyETHCS 10 ycTaneHoro 3HadenHa 0,8 A, mo Bu3HauyaeThecs Hanpyroo U = 24 B i eIeKTpUYHUM OIO-
pom obmotkn R = 30 Om. Takuil cTpyM HEOOXimHWI A OTPUMAHHS HEOOXiAHOI cuiu, 1o 3a0e3meuye
Ha/liifHE 3aMHUKaHHS KOHTAKTIB 3 HAMEHIIUM HepexXiTHUM ornopoM. EnekTpomarHiTHe 3yCHIUIA B yCTaleHO-
My mporieci ctaHoBuTh Fg = 965 H. Omxe, cymsaun 3 HaBeeHOTo BHIIE, pene € mBuakoirounm (t < 50 mc).

Ha puc.3, 4 nokazano po3pobieny nporpamy y cepenosuiti FORTRAN Ta micns kommiisimii mpo-
rpaMu ObKyduil ¢ailn pe3yapTaTiB .€Xe Ha OCHOBI SIKOr0 (JOPMYETHCS MAcHB 3MIHHHX, IO 3aMUCYETHCS 1
30epiraeThes y Qaiin 3 po3mmpeHHsM .dat.

Iepexinui nponecu, a came 3anexnocti V = f(t), & = f(t), F = f(t), i = f(t) npu nmoxgaui Hanpyru Ha
00MOTKY peJie i HOro 3aMUKaHHI ITOKa3aHo Ha PHC.5.
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Force 2.0 - [el magnitfor]

&) ®aiin Mpasuts Mowck Mpocwotp Myck Onumn Wkcrpymentsi Okio Momolus

0@2-u

&) el magritfor

1.

2.
3.
4.

X

X

1
H
3
q
5
1
1
8

9
10
1
1
3
hE)
15
16
7
1
19
il
pal
2
2
b
2
%
2
i)
2
a
al
24
3
H
H

c

e L0000
Programm electromagnitu
dimension dery(4)
open (unit=1,file="dan.dat')
read(1,*) u,ell,el2,esl,es?,w,r,alfa,ro,en, deltal, amu0, am
print *, u,ell,el2, esl,es2,w,r,alfa,ro,en,deltal, amul, ama
close (1)
open (unit=2,file='rezPot.dat')
t=0.0; td=15.0%*dt; tt=td; dt=0.0001; te=0.08
pi=0.0; v=0.0; Pot=0.0
continue
B=(v*Pot) / (es2*amul) +w*alfa* (u-r*i)
B=ell/ (amu*esl)+el2/ (amu*es?) +delta/ (es2*amul) +ro+w w*alia
deryPot=A/B
Pot=Pot+dt#deryPot
deryai=alfa* (u-r*i-wrderyPot)
ai=ai+dt*deryai
Fe=(Pot*Pat)/ (2.0*amul*es2)
F=18.0-(2340.0*delta)
dezryv=(Fe-F)/en
v=v+dt*deryv
derydelta=—v
delta=delta+dt*derydelta
t=t+dt
if (t.le.tt) then
else
write(2,*),t,Pot
print*,t,Pot
tr=tt+cd
end if
if (t.le.te) go to 1
close(2)
stop
end

il

23: 1 MWamMeHéHHeid  Botaska

Puc.3. BikHo po3pobineHoi nporpamu
y cepemopunti FORTRAN FORCE 2.0

Iy

LA
5,10°m
V.m/c

1.0 10.01600.04 0.2

0.875+ 8.751400.0 10.175

0.75{ 7.511200.01 0.15

0.6251 6.2511000.040.125

0.5 5.07 800.07 0.1

0.3757 3.757 600.00.0757

0.257 2.51 400.07 0.051

0.125+ 1.257 200.040.025+

' D219 proect sttt elmaitel magnit e

0.024499966 0.07670644
00249996 0.07672633
0024699965 0.0767633
0.024799365 0.07676043
0024899965 0.07078664
0.024999965 0.07680695
0.025099965 0.07682736
0.025199965 0,07684788
0.025299964 0.076868504
0.025399364 0.07684323
0025439364 0,07651005
0.025599964 0,073

0.025699964 0.07695204
0.025799364 0.07637219
0.025899963 0.07639445
0.025999963 0.07701581
0.026099963 0.077037275
0.026199%63 0.077050844
0.026299963 0.07708052
0.026399963 0.077102296
002643992 00712418
0.026599962 0077146165
0.026699962 0.077168256
0.026799%62 0.07713045
0026899962 0.07721275

Puc.4. BikHo Qaiiny pe3ynbTartiB .exe
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Puc.5. Ilepexinni npomecu B perne nMpy 3aMHUKaHHi

0.03

0.04 Loy 005 006

BucnoBku. Komm’'rorepHa mporpama, BAKOHaHa HA OCHOBI PO3p00JIEHOT METOJUKH Ta 32 00’€MOM
maM’siTi 1 OOYKCIICHb IPOCTa, BUTITHO BIAPI3HAETHCS MOXKIIUBICTIO 31MCHIOBATH PO3PaXyHKH 3 Hamepen 3a-
JTAHOK0 TOYHICTIO. P0O3po0ieHi piBHSHHS 1 MOJIENb pelie Aa€ MOXIIUBICTh JIETKO 3MIHIOBATH MapaMeTpH JI0C-
JHKYBAaHOTO 00 €KTY 1 THM cCaMUM aHANI3yBaTH Pi3HI MepexifHi MPOLECcH, BUSBISATH XapaKTepHi TOUKH Ta
pOOUTH BUCHOBKH IPO Mpane3JaTHICTh Mofei a0 caMoro mpHuCTpoIo.

ProkukoB FO.U. TIporpamupoBanue va ®@oprpane POWERSTATION st umxenepos / FO.U. Peokukos. TTpak-
Ttraeckoe pykososcTtso. Cankr Ilerepoypr: KOPOHA, 2000, 161 c.

Yaban B. Yucenpni meroau / B. Haban. JIesiB: B-Bo Ham. y-ty ,JIbBiBChKa momitexnika”, 2001. — 186 c.
Yaban B. Enexrpomarnitai nporecu / B. Ha6an. JIsBiB: Bumasauurso «IIpoctip M», 2017. — 412 c.

Xsumys 1. O. TIporpamyBansst i matemaTnute MonemoBanus: [iapyanuk / 1. O. Xsuugyn. — K. | BupaBuuunii
Jim “In FOpe”, 2007. — 544 c.

© B.B. JIumyk, 11.P. Cenenuna, B.1O. 3a6nonpkuii, M.B. Pomaniok, A.O. JeHUCIOK.



Hayxosuii scypran "' Komn rtomepro-inmeeposani mexnonozii: oceima, Hayka, upoonuymeo” 63
Jlyywvk, 2019. Bunyck Ne 34

YK 004.021
Mexenos €.B.
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MOPIBHSIHHS METO/IB IHTEPIOJIAILII JIVISI TIOBY1OBU MAII PEJILE€E®Y HASEMHOI
HABIT AL

Mexenos €.B. IlopiBHsaHHsI MeToaiB iHTepmoasiuii A1 modynoBum Mam peibedy HazeMHoi HaBiramii. Y crarri
PO3TIISIHYTO OCHOBHI METOAN 1HTEPIIOJISIIT, sIKi MOXKHA 3aCTOCOBYBATH AJISI MOOYIOBH Marl penbedyy HazeMHOI HaBiramii. PosrisayTo
JIETepMiIHOBaHI METOJIHM 1HTEPIIOJIALIi1, TEOCTATHCTHYHI METOU 1HTEPIIOSILI.

KuarodoBi ciaoBa: iHTepHONSAIis, TEOCTATHMYHI METOAM, JiHIMHA IHTEPIIONALiS, TONIHOM, JETEPMiHOBAHI METOIH
IHTEPIOJALLI.

Mexenos E.B. CpaBHeHHe MeTO/10B HHTEPNOJISIHUHU 7151 IOCTPOEHHUsI KapT pejibedpa Ha3eMHOIl HaBuranuu. B cratse
pPaccMOTPEHbI OCHOBHBIE METOABI HHTEPIIOJSIINH, KOTOPBIE MOXHO IIPAMEHATH IS TOCTPOSHHS KapT penbeda Ha3eMHOH HaBUT AIHH.
PaccMOTpeHBI JeTepMUHUPOBAHHBIE METObI HHTEPIOIALMH, T€OCTATUCTUYECKUAE METOABI MHTCPIIOIIALHH.

KiroueBbie cj10Ba: MHTEPHONALMSA, T€OCTaTUYECKUE METOJbI, JUHEIHAS HUHTEPNOALUS, MOIUHOM, ACTCPMUHHUPOBAHHBIC
METOABI UHTEPIOJIALINY.

Mekhedov Y.V. Comparison of interpolation methods for plotting maps of land navigation relief. The article describes
the basic methods of interpolation, which can be used to build maps of land navigation. Consider deterministic interpolation
methods, geostatistical interpolation methods.

Keywords: interpolation, geostatic methods, linear interpolation, polynomial, deterministic interpolation methods.

IocTranoBka HaykoBoi mpoGjemu. B HuHIMHIA yac MoaenroBaHHS penbedy, Horo axamis i
BHBYEHHS 32 OOYIOBAHUM MOZEJISIM ITOCTYIIOBO CTAalOTh HEBI'€MHOIO YaCTUHOIO JOCIIPKEHb B HAYKaX Mpo
3emitto (Teosoris, TEKTOHIKA, TiAPOJIOTis, OKEAaHOIOTris, KJIiMATOJIOrisI TOIIO), B €KOJIOTIl Ta PI3HOMAaHITHUX
iHKeHepHHuX npoekTax. Komm'iorepHa o0poOka MpocTOPOBUX AaHUX 3HAXOJHUTDH IMUPOKE 3aCTOCYBAHHS IMpU
aHaJi3l TMOIIMpPEHHsS MiNSHOK 3a0pylHEHb, y MOACIIOBAaHHI poAoBHIL. ['onoBHa mpobieMa, 3 SIKOIO
CTHKAIOThCH (paxiBili, mo 3aiiMaroThcs MonentoBaHHsAM B ['IC - moOynoBa HaWOLIBII TOYHOI 3 MOXKITUBUX
MOBEPXOHb Ha OCHOBI ICHYIOUHMX OMOPHHMX TOUOK, MOPsJ 3 OLIHKOIO IMOMMJIOK IHTEpHONSLIi i BiIXUJICHb B
3HAYCHHSIX TOBEpXHi. TOMy BHBYEHHS METOAIB IHTEPHONALii Ui MOOYyIOBH KapT penbedy Ha3eMHOI
HaBirarfii € JiICHO aKTyaJIbHUM HampsMKOM JTOCITiIKEHb.

Ananiz pociimkens. [IpoGiemam OLIHKM NPHUIATHOCTI PI3HUX MoOIeNedl I1HTEpHOMALii s
noOynoBu Man penbedy Ui Ha3eMHOI HaBiramii MPUCBSYCHHUH IIUTHHA PsI AOCHTIDKEHb pociiichkux [1, 2] i
ykpaincbkux [3,4] BueHux. 3okpema, B poOoti [1], mpucBsYeHil Oy cydacHUX MIIXOIIB 10 IMOOYIOBU
KapT penbedy, BKA3YEThCSl Ha HACTYHMHHU PsI METOMAIB T€OCTATUCTHYHOTO MOJENIOBAHHS 3a CIaJAaHHSIM
tounocti: RK (perpeciitanit kpuriar), COK (kxokpwurinr), (opamnapuuii kpurinr) OK, (GaiieciBchkuii
kpurinr) BK (6mokoBuii kpurinr), IDW (meron 3BOpPOTHHX 3BakeHUX BiacTaHel). OpHaK y HayKoOBii
JiTepaTypi € HeOCTaTHRO BiJOMOCTEN PO PO3pPOOKY 1aHOr0 HAMPIMKY IOCTIKEHb Ha TEPUTOPii YKpaiHH.

Bukisax ocHOBHOro marepiaay i OOIpYHTYBaHHSI OTPHMaHHX pe3yJbTarTiB. Maibke 3aBxau
BUOIPKM BHUMAIKOBUX YHCEeN(OTpUMaHi B pe3yibTaTi €KCIIEPUMEHTY abo 3reHepOBaHI B paMKax HESKHX
METOJIiB, 30epiraroThcs Ha KOMIT FOTEpaX y BUTIISAI MACHUBIB, TOOTO TUCKPETHUX JTaHUX &i(xi). Po3p’s3yroun
pi3HOrO poay 3a/ad BUHHKA€E HEOOXIJHICTH ONEpyBaTH HENEPEPBHOIO BHIAJKOBOW (yHKmiero Y(X) omHiel
a00 JEKUTBKOX 3MIHHUX, IO BIANOBIJA€ HENEPEpPBHOMY BUMAIKOBOMY mpotuecy. s orpumanss Y(X)
HeoOXiaHO MoOyayBaTH IHTEPHOMALINHY 3aISKHICTh B TPOMDKKaX MK TOYKAMH.

Hanpukian, iHTepnoisiis, eKCTPAIoNsIlis SBISIOTh CO00I0 00’ €THAHHS TOYOK BHOIpKM maHuX (Xi,
Yi) KpuBoi Tiei abo iHIIOI cTymeHi riaakocTi [5].

[To BU3HAYEHHIO, IHTEPIIONALIS 03HAYa€ MOOYnoBY (yHKUIT f(X), sika anpokcuMye 3alnexHICTh Y(X) B
HNPOMDKHHUX TOYKaX(MDK X;).

B Toukax X; 3HauCHHS IHTEPIONAIIAHOI (QYHKIIIi TOBHHHI CIIBIIAJaTH i3 BXIAHUMH JaHUMH, TOOTO
/ (x) = yi.

Meroau iHTEpPIONALil JO3BONSIOTH OOUYUCIUTH MTOBEPXHIO MO0 TOYKOBUM BUMIPIOBAHHSAM 1 OTPUMATH
(mependavnTH) 3HAYCHHS 3MIHHOI JUTS KOXKHOT TOUKM JIaHAmAdGTy. Y CHiNbHOMY BUTJISI PO3TIISAAETHCS BI
IPYyIX METOJIB IHTEPHOJISLIi: JeTepMiHOBaHI 1 T€OCTaTHCTUYHI.

Bci mMeroan mpu moOymoBi MOBEpPXHI I'PYHTYIOTBCS HA MPUITYLIEHHI MPO MOMIOHICTh MPUIIETIIUX
TOYOK BHIIPOOYBaHHS (€lIEMEHTIB BUOIPKH).

JleTepMiHOBaHI METO/IM IHTEPIIONSALT BHKOPHUCTOBYIOTh MaTeMaTH4HI (PYHKIIT (3a1€KHOCTI).
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I'eocraTrcTiuHi Meroan 6a3ylOThCA 1 HA MATEMATUYHUX, 1 HA CTATHCTUYHUX (QYHKLIAX, SIKI MOXKYTb
OyTH BHUKOPHCTaHI JIsi TOOYJOBU ITOBEPXOHB 1 OIIIHKM TOYHOCTI (HEBH3HAYEHOCTI) IPOrHO3IB.

Meroan netepMiHOBaHOi iHTepmosmii OyIyIOTh MOBEPXHI MO TOYKOBUM BHMIPIOBAaHHSM 3
ypaxyBaHHSM a00 MPOTSHKHOCTI MOIOHOCTI (HApHKIIa, METO/] 3BOPOTHOI 3BaXKEHOI BiICTaHi), a00 CTyIeHs
3MIIA/KYBaHOCTI (HAlIPpUKIIa, METOIH paliaibHUX (QYHKIIIH).

Meroan reocraTHCTHYHOI iHTepHoNALii (Taki, SIK KPUTIiHT) BPaxOBYIOTh CTATHCTHYHI BIACTHUBOCTI
TOYOK BHUMIpIOBaHb. ['€0CTaTUCTHYHI METOAM KiTbKICHO BH3HAUYAaIOTh IMPOCTOPOBI aBTOKOPENSLil MiX
TOYKaMH BUMIPIOBaHb 1 0EpyTh 10 yBaru MpOCTOPOBE PO3TALIYBAHHS TOYOK BUIPOOYBaHHS.

Hatinpocrimmii Bux iHTeponsmii — e KyckoBo-nocriiHa. CyTb ii mosisirae B TOMy, 110 Ha KOKHOMY
NPOMDKKY MK EKCIIEpUMEHTaIbHUMH ToukamMu f(X) siBisie coO0OK KOHCTaHTy, sKa JOPIBHIOE 3HAYCHHIO
BUIIAJIKOBOI BEJTMYMHU Ha JiBii (puc.1l) abo piamie npasii rpaHuLIi.

MiHyc Takoro miIXxoAy 3aKIFOYa€eThCS B TOMY, IO Hi OTpUMAaHAa IHTEPIOJNSIsS, Hi il MOXiAHA HE
ABIISIIOTbCS HeTepepBHUMU (YHKUIIMH. TpoXu CKIAAHINIE BUTISNAAE KyCKOBO-JIiHIMHA IHTEPIOMALis, sKa
NpPENCTaBIsIE IyKaHy 3aJeKHICTh Y BUIJILAIL JlaMaHoi JiHil. [aTeprnonsuiitna gynkuis f(X) ckinagaerses i3
BIJIPI3KiB MPAMUX, SKi 3’ €IHYIOTH JaHi «BiJl TOUKH JIO TOUKU».

®dopMyna KyCKOBO-TiHIHHOT iHTEpIOILi], SIKa, B CBOIO Yepry, € MHOTOWIeHOM Jlarpanxa i BUTTsIa€e
HACTYITHUM YHHOM:

() =y =4y, —1 (1.2)
Xi=Xit+1

Xi+17%

2B8.65 T T T T T T

nof o8 »
vt [E(x) J

9@ 6.5 -
128,45 - -
28.4 .ln : -
28.35 -
e 30 3|5 :Im ;.5 sln sls z;n 65

Puc.1. KyckoBo-niHifiHa iHTEpIIONSILIs

CruraiiH  iHTepmomsmis. Y  OUIBIIOCTI  NMPakTHYHMX  3aCTOCYBaHHSAX  Oa)xxaHo  3’€lHATH
eKCTIepUMEHTaIbHI TOYKH HE JJaMaHOIO JIHIET0, a TaAKo KpuBoro. Kparie 3a Bce s nux 1ijel miAXoauTh
IHTEPIOJIALIS CIIaifHaMH, TOOTO parMeHTaMH MOJTIHOMIB.

CeHc CIUTaHIHTEPIIONALI] TOJAra€ B TOMY, 110 B KOXKHOMY IMPOMIKKY MK BY3JOBUMH TOUYKaMH(Ha
KOXXHOMY KpOII IHTEPIONALiT) 3AIHCHIOETHCS alPOKCUMALis y BUIJISAI TIEBHOI MOJIHOMIaJIbHOI 3aJIeKHOCTI
f(x) [6,7].

IIpy upOMy [UIT KOXHOTO KPOKY BHXOAUTH CBifl TONIHOM, MNOpHYOMYy HOro KoedilieHTH
MiAOHpaIOTbCcd TAaKUMH, 1100 Ha TPAaHUISIX KPOKY BHKOHYBajHCh YMOBH 3IIMBKH. A came, SKIIO
3aCTOCOBYIOTBCSl CIUTAHM y BHTJIAI IOJIIHOMIB CTyNEHS M, TO HECKIaJHO TOKa3aTH, 1o iX KoediuieHTH
MO)KHA BHOpaTH Tak, o0 3a0e3MeunTr HenepepBHICTh NOXITHUX NOpsAKy 10 (M — 1)-it BximtouHo [8].

Haiivacrimie 3acTOCOBYIOTBCS KyOI4HI CIUIAifHM, TOOTO IONIHOMHM TPEThOrO CTEHeHIo (KyOiuHi
napabonn):

F(x) = ax® + bx? + cx +d. 1.2)

Ha puc.2 npeacrasnenuii npukiaa KyoiuHoi CrlaiiH IHTEPITONSLil.
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f(x)

28.6
28,55
28.5
28.45
28.4

28,35

28.3

28.25

Puc.2. Kybiuna crimaifH-iHTepIomsis

BaraTtoBumipHa iHTepIIONsAIis 03HaYae MOOyAoBa (DYHKIIII, sika MPOXOAUTH Yepe3 TOUKH, 110 3a/aHi
HE Ha IJIOMIKHI, & B TPOCTOPi(TPhOX-, YOTHPHOXBUMIPHOMY i T.1I.).
TakuMm 4YMHOM, 3aMiCTb SaﬂemHOCTi&i = y(x;) ,axky mu anpoxcumyemo Qyskiiero f(x), morpidbHO

noOyAyBaTH IHTEPHONIALIT IO 3aAaHUX @(xi: Yi - ), TOOTO 3HAHTH QYHKIIIO AeKiTbkox KoopauHatf(X,y...).

B 1BOBHMIpHOMY BHIIaJIKy apryMEHTIB BChOT0 IBa(HAMPUKIAM, X Ta Y). SIKIIO By3JIH pO3TAllIOBaHi B
($opMi MpaBUIIBHOI CITKH, HANPHUKIAJ], Y JBOBUMIPHOMY BHUNAJAKYy, Y BHIJIAAI HPSAMOKYTHOI CITKH, TO i3
n00yI0BOIO OAaraTOBUMIPHOI IHTEPIIONALIT MPUHIHTIATBHUX MPpo0ieM He BUHUKae[8].

HaiinpocTinn THIU iHTEPIONALIT — 11€ KyCKOBO-TIOCTiHHA(TIPOLTIOCTPOBAHO Ha pHUC. 3) 1 KYCKOBO-
TuTaHapHa(MpUHIK 1i MOOYZOBM MPOLIIOCTPOBAaHUM Ha puc.4, Ha sIKOMY 300paykeHu# Trpadik QyHKIII, 1m0
IHTEPIIOIIOETHCS HA EIEMEHTAPHOMY (DPArMeHTi CiTKH).

Puc.3. KyckoBo-niocTiiiHa JBOBUMIpHA iHTEPIOJIALLIS
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X

Puc.4. KyckoBo-1utaHapHa iHTEpHOMIALs

PosrnsHemo gerepMiHOBaHI i TEOCTATUCTUYHI METOM IHTEPITOJISIIIL.

Cepen nerepMiHOBaHUX METO/IB IHTEPIIOJALIT BAKOPUCTOBYIOTHCS TaKi METOAH, SIK METOJ 3BAYKEHUX
Bizctaneii (Inverse Distance Weighting, IDW);nokansna moninomianeHa inteprnonsimis (Local Polynomial
Interpolation, LPI) i meron paniansHux6asucHux ¢ynkuii (Radial Basis Functions, RBF), a cepen
reocratuctuuHux — npoctuit kpuriar (Simple Kriging, SK), opmunapuuii xpuriar (Ordinary Kriging, OK),
yHiBepcanbauil kpuriar (UniversalKriging, UK) i emnipuunmii GaitecoBebkuit kpurinr (Empirical Bayesian
Kriging, EBK).

IDW € omHuM 3 HailOLIBII 4acTO 3aCTOCOBYBAHUX JAETEPMIHOBAHMX METOMIB IHTEPIOMALil MpH
noGynoBi Manm pembedy. Moro 3pyuHo BHKOPUCTOBYBaTH, 100 (iKCyBAaTH CTYIiHB JIOKANBHOI 3MiHH
MOBepxHi, HeoOXimHy Mg anamizy. IDW Bu3Havae 3HaUeHHS KOMIpPKH 3a JOMOMOTOIO JIiHIHHO-3BAXKEHOT'O
Habopy koMmOiHamii Touok BUOipku. [Ipu3HadeHna Bara € (QpyHKIlIEIO BiICTaHi Bij BXiAHOT TOYKU IO MIiCIIs
pO3TaIlyBaHHS BUXITHUX KOMIPOK.

Yum Oinblre BigcTaHb, TUM MEHIIHMH BIUIMB Ha IHTEPIONBOBAaHY KIITHHKY HAJa€ BUXiTHE 3HAYCHHS.
Tak sax |IDW m©e mnepexnbauae oO4MCIEHHS CTaHAAPTHUX I[OMHJIOK IHTEpHOJAWii, OOIpyHTYBaHHS
BHUKOPHUCTaHHS 1i€1 Mozeni € mpobaeMaTuyHuM. [HTepronpoBaHe 3HAUCHHS MPH 3acTocyBaHHI MmeTony IDW
BH3HAYAETHCS 32 POPMYIIOIO:

(1.3)

1e Z(Xo) - IHTepIoNbOBaHE 3HAUCHHS;

N-3arajibHa KUTBKICTh 3HAYCHD JJAHUX BUOIPKH;

Xj-I-I3HAQUCHHS TaHHX;

hjj-BincTaHp MiX IHTEPIIONIEOBAaHUM 3HAUCHHSM 1 3HAYEHHAM JAHUX BHOIPKH,

B — BaroBe 3Ha4YCHHS.

[HTepronsmist 3a METOAOM JIOKAJIFHUX MOJTIHOMIB TeHepye Oe3miu MOMHOMIB, KOXKEH 3 SKUX
nigoupaeTbes A0 meBHOI okonui. OKONUIS TOMYKY MOKe OyTHBH3HA4YeHa po3MipoM i (hopMoOIo, YHCIOM
CyCifliB BiIOMMX 3Ha4eHb 1 KOH(]Irypami€lo ceKkropa NOIIYKY. I[HTepmoismis 3a MeTOIOM JOKaJIbHUX
MOJTIHOMIB YyTJIMBa 1O PO3MIPY OKOJMII MOUIYKY, aHEBEJIHKi OKOJHUI MOIIYKY MOXYTh CTBOPIOBAaTH Ha
IHTEPIOJIIbOBaHI TOBEPXHI OPOXKHI 0OJIACTI.

Jly>xe yacTo JaHW{ METOJ IHTepIosALil BUKOPHCTOBYIOTH IPHU iHTEPHONALIi 3HAYSHD IS MOBEPXHi
3 MIHJIUBOIO (hOPMOIO penbedy.

PanmianeHi 6asucui ¢yHkuii (RBF) sBisroTe co0O0K0 KOPCTKI IHTEPIIONSATOPH, SKI CTBOPIOIOTH
3ri1aJpKeHi noBepxHi. BoHM AaroTh Xopolni pe3ynbTaTy Aj1s JIaBHO MiHIMBUX 3HAUEHb.

OCKITbKM  IHTEPIONATOPH € KOPCTKUMH, pafiaibHi 0a3ucHi (QYHKIIT MOXYTb OYTH JIOKaJIBHO
YyTJIMBI 10 BUNAJAI0YMX 3Ha4eHb (TOOTO MOBEPXHS Oyle MICTUTH JIOKaJbHO BUCOKIa0O HHU3bKI 3HAUCHHS).
Meron RBF sBiisie co0010 CiMEHCTBO 3 I'SITH METOIB 1ETEPMIHOBaHOITOUYHOI iIHTEPIIOMALI]: TOHKOIIJIBKOBUI
craitn  (TPS), cmmaitn 3 wHampyroto  (SPT), moBHicTio perynspusupoBanuii  cruiaitH  (CRS),
OararokBaaparnyHa Gynkuis (MQ) i 3BoporHs Oarato kBagpatuuna ¢pyskuis (IMQ).
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Opmunapuuit  kxpuriar  (OK)  mnpumyckae, 1m0  OpuHaMHI ~ YacTHHY  NPOCTOPOBHX
Bapialliii,criocTepe)KyBaHUX B MPUPOAHUX SBUINAX, MOKHA 3MOJETIOBAaTH 32 JOMOMOTOI0 BHIIAIKOBUX
MPOLECiB 3 BUKOPUCTAHHSAM NPOCTOpoBOi aBTokopessdii. Ilpuitomu poboTu KpuriHra MoOXyTb OyTu
BUKOPUCTAHIAIS ~ ONMHCY Ta  MOZCIIOBAaHHA  NPOCTOPOBHUX  CTPYKTYPHHX  3aKOHOMIpHOCTEH,
MPOPOKYBaHHA3HAYCHb B HEBHUMIPHHUX MiCLEIONOKEHHAX, OLIHKM MOXUOKH, MOB'SI3aHOI 3 MPOTHO30BaHUM
3HAYCHHSIM B HEBUMIPHHUX MICIICTIOTI0KEHHSX.

s qaHOTO THITY IHTEPIONALI] ClIpaBeIJIUBI HACTYITHI PIBHSIHHSL:

zx (xo) = Xisq Lz (xy), (1.4)

2 n
o =+ 2 Ay (xo — xp), (15)
ne Ai-Bary; p-noctiiina Jlarpamka; y (Xo — Xi) - 3HaUCHHS Bapiorpamu, BiIIOBIIHE BiICTaHI MiX Xg 1

Xi.

VuiBepcanbauii Kpurinr (UK) BUKOPHCTOBYETBCS TOAI, KOJIU Tepe0adaeThes, M0 B IAHHUX € SKach
JIOMiHYI0Ya TeHeHIis (TPEeH ), IKYy MOXKHA 3MOJICITIOBATH 3a TOMOMOTOI0 JISTEPMiHICTHYHOT MOIIHOMIaTbHOT
¢ynkuii. Bin Moxke BuKOpUCTOBYBaTH abo Bapiorpamu, abo KoBapiamii(Marematndsi Qopmu,
BUKOPHCTOBYBaHI ISl BUPaXCHHS aBTOKOPEISAIl), 3aCTOCOBYBATH IEPETBOPCHHSI BPaXOBYBAaTH MOXHOKY
BHUMIpIOBaHHS. [HTepHonboBaHe 3HAYEHHS NMPH 3aCTOCYBaHHI YHIBEPCAJbHOrO KPWUTIHTa BHU3HAYAETHCS 3a
dopmyoro (1.6):

Z(S) = u(S) + (s, (1.6)
ae W (S) - ue aesika nerepMiHoBaHa (QyHKILisI, OMMCYBaHa MOJIHOMOM JIPYTOro MOPSIIKY;

€(S) - BHIIaIKOBAa TIOMMJIKA, SIKa OOYMCIIOETHCS IIUIIXOM BiJJHIMAHHS TOJIIHOMA JAPYTOro MOPSAKY 3
OpUTiHAJBHUX JAHHX.

[lepeBaroro KpUTIHTY € T€, IO BiH Ja€ HE TUILKHA IHTEPIIOILOBAHI 3HAYCHHS, aji¢ 10I[IHKY MOXITUBOL
TOMMJIKH LIMX 3HAa4eHb [9].

[Mpoctuii xpurinr (SK) nependavyae BUKOPHCTaHHS JUIS IHTEPIIOIIOBAHHS 3HAUCHB Ti€T % MOJEII, 10
1 KPUTIHT YHIBEpCAIbHUMA, TPOTE B HOTO BUMAJIKY TTOKa3HUK M (S) € BiTOMOIO KOHCTaHTOIO.

Emmipuunmii  GaiieciBecpkmid  kpurinr (EBK) BingpisHseTbcs Big IHIIMX METOMIB KpHTIHTaA
BHKOPUCTaHHSMBHYTPIIIHBOI BUNIaAKOBOI (yHKLIT B sikocTi Mozaenmi kpurinra. ¥ EBK moxna anamizyBaTtu
eMITIpUYHUHA PO3MOALUT OLIHOK MapaMeTpiB, OCKUIBKA B KO)KHOMY MICIi PO3TallyBaHHS PO3PaXOBYETHCA
Oeszmiu Bapiorpam. [Ipomec EBK HesBHO mpumyckae, MmO OIIIHOYHA HAMiBBapiaHTHICTb € ICTHHHOIO
Bapiorpamoro sl iHTEepHosLiifHoi obnacTi 1 JiHIMHMM NPOPOKYBAaHHSM, SKE€ BKJIIOUA€E B cebe 3MiHHE
MIPOCTOPOBE 3aracaHHA.

VY pesynbTaTi BUXOIUTH HaliiHMI HECTAlIOHAPHMN AITOPUTM IPOCTOPOBUX IHTEPIONALIHHUX
reodi3MuHUX TONpaBoK. s KOKHOrO PO3TAIIyBaHHS iHTEPIOJALIS PO3PAaXOBYETHCS 3 BUKOPHUCTAHHIM
HOBOI Bapiorpamu posmnoxity [10].

[NopiBHAMBEHA XapaKTepUCTHKA METOAIB IHTEPNONALIT IpeAcTaBieHa y Tadm. 1.

Tabmuusa 1. TopiBHsIbHA XapaKTepUCTUKAa METOMIB iHTEepHOMAUii A moOymoBH Maml pernbedy
Ha3eMHOI HaBiramii

HazBa metony BiaMiHHI 0COOJIMBOCTI
1 Meron 3BOPOTHHX € 1ocuTh MBUAKKUM, aJie MA€ TeHCHLII0 TeHEPYBaTH CTPYKTYpHU
BigcTaHen HABKOJIO TOUOK CIIOCTEPEKEHb 3 BUCOKUMH 3HaYeHHSIMU (YHKIIII.
Haii6inbm raydkuii i 4acTo BUKOPUCTOBYBAHUH, 3a1a€ThCs 3
2 Meron Kpirinra 3aMOBUyBaHHSAM. Ha MHOXHHAX BEIMKOT0 PO3Mipy BiH MPALIOE TOCUTD
MOBUIBHO.

I'enepye rnaaki moBepxHi i 1t GITBIIOCTI MHOKUH €KCIIEPUMEHTaIbHUX

3 | Merox MiHIM UBU3HU
a yMY Kp JAHUX TPAITIOE JIOCUTH MIBUJIKO.

BukopucToByeThes A5 BUIUIEHHS BENUKUX TPEHAIB 1 cTpykTyp. [Ipamtoe

4 Meron noniHoX[iaano'i Ay’e WBHKO JU1s MHOKHH 6y;u>—';11<oro PO3MIpy, ajie He € TOUHHM

perpecii IHTEePIONALIMHAM METOJIOM, OCKUIBKU 3TeHEpOBaHa MOBEPXHS HE
MPOXOJHTD Yepe3 eKCIIEPUMEHTAIbHI TOUKH.
5 Meron pagiadbHUX Taxk camo, sik i Merox Kpirinra, € ay>xe THy4KUM i TeHEpPYeE TITaaKy
0a3ucHuX QYyHKIII MOBEPXHIO, IO MPOXOANTH Yepe3 eKCIIePUMEHTAIbHI TOUKH.
[ToniOHMi1 1o MeToly 3BOPOTHHX BiACTaHEH, alie AK MPaBHJIO, HE TeHEpYe
6 Meron lenapaa CTPYKTYpH THUITy "Ondade OKO", 0COOIMBO KOJIH 3a/IaHUH 3T KyFOUNT
napamerp.
7 Meron TpiaHrysswii 3 I'enepye siBHI TpUKYTHI I'pani Ha rpagiky nosepxHi. [Ipaiioe mBuaKO
JIHIHOIO IHTEPIOJIAIIEI0 SIKIIO KIJIBKICTH 3HaueHb 3amana Bixg 250 mo 1000.

© Mexenos €.B.



68 Hayxosuii sicypran ' Komn tomepro-inmeeposani mexmonozii: oceima, Hayka, 8upooHuymeo"
Jlyywvk, 2019. Bunyck Ne 34

BucHoBKH Ta MepCHeKTHBH MOJAJIBLIONO J0CHiKeHHsl. TakKuM YUHOM, B pe3ybTaTi HalHCaHHS
cTarTi OyJM PO3MIAHYTI OCHOBHI METOMIH 1HTEPIONSALI], SIKi MOXKHA 3aCTOCYBATH A1 TOOYJ0BU Mal penbedy
Il HaseMHO!1 HaBiramii. KoskeH i3 po3risHyTHX METOHiB Ma€ CBOi MepeBard i HENOJIKH 1 MOXe OyTH
BHUKOPUCTaHUH 115 pi3HOro THIY 3aga4 moOynoBu. [lepcneKTHBH MOAaIbIIOro JOCHiHKEHHS — BUSHAUYCHHS
ONTUMAIIFHOTO METOAY IHTEPIOJIALii JUIA KOKHOrO BUAY 3ajad moOyqoBHM Mam penbedy Aisi Ha3eMHOI
HaBirarii.

1. B.ILboposukos. STATISTICA. HckyccTBO aHanW3a JAHHBIX Ha KOMITbIOTEPE: Ui HpodeccronaioB (2-¢ u3maHue)
[Texcer], CII6.: [utep, 2003. — 688 c.: w1

2. Jlx. ®@opcaiit, M.Manbskom, K. Moynep. MamvHHbIe METOIBI MaTEMATHIECKUX Bbraucienui. [Texer] M3a-Bo "Mup".
Mocksa. 1980.

3. Jlutur O.M., ITepmmna FO.I. Reconstructionof 3-Dobjectswithuseinterflationoffunction [Tekcr] / Conf. onAutomation,
Control, andInformationTechnology // O6po6ennst curHanis i 300paxens Ta po3misHaBanHs obpasiB, HoBocubupck. — 2005 p. —
274-276 c.

4. JlurBur O.M. InTeprninamis Ta inteponeranis GyHKIGA i crpykTypruit Meton B.JI.PBayosa // Martemarwdani Metonu i
(izuko-mexanivni mosst — 2007. -50, Ned — C. 25-35.

5. Ancillary information improves kriging on soil organic carbon data for a typical karst peak cluster depression landscape /
W. Zhang, K. L. Wang, H. S. Chen [and all] // J. Sci. Food Agric. — 2012. — Vol. 92. — P. 1094-1102.

6. Excrpamnomsiis [Emexrponnnii pecype] / Pexxim mocrymy: https://uk.wikipedia.org/wiki/Excrparmormsist

7. Inrepmonsiist crumaiinamu [Enexrponnnii pecype] / Pesxum moctymy: http://statistica.ru/branches-maths/interpolyatsiya-
splaynami-teor-osnovy/.

8. .Fedorov, V. V. Kriging and other estimators of spatial field characteristics (with special reference to environmental
studies) / V. V. Fedorov // Atmospheric Environment. — 1986. — Vol. 23. - P. 175-184

9. Gouri, S. B. Comparison of GIS-based interpolation methods for spatial distribution of soil organic carbon (SOC) / S. B.
Gouri, P. K. Shit, R. Maiti // Journal of the Saudi Society of Agricultural Sciences. — 2016. — Vol. 2. — P. 1-13.

10. OnHomepHas TabIu4Has WHTEPHOJIALHS [Enexrpormmit pecype] /
Pexxummocrymy:http://old.exponenta.ru/soft/matlab/potemkin/book2/chapter8/interpl.asp

© Mexenos €.B.



Hayxosuii sicypran "' Komn tomepro-inmeeposani mexnonozii: oceima, Hayka, supobnuymeo” 69
Jlyywvk, 2019. Bunyck Ne 34

UDC 621.391
B. Moroz, doctor of technical science, professor., A. Shcherbakov, graduate student;
Ukraine, Dnipro, University of Technology

AUTOMATED INFORMATION SYSTEM FOR VIDEO SURVEILLANCE TO PERFORM
SPECIAL FUNCTIONS

Mopo3 b. 1., lllep6akoB A. I ABromaru3oBaHa iHdopmaniiiHa cucTeMa BifeocmocTepeskeHHs! /s BUKOHAHHS
creniaabuux ¢ynknii. IlpencraBneHnii KOMIUIGKCHHM QJITOPHTM CTBOPEHHS aBTOMAaTH30BAaHOI CHCTEMH peecTpamii Ta
BimoOpaxkeHHs iH(pOpMAmii 3 JNTaIbHUX amapaTriB CIOCTEPEXKCHHS B PEXUMI IHTEPAKTHBHOIO YIPABIIHHSA OIEPAaTOPOM.
3amponoHOBaHA apXiTeKTypa Uil INU(POBaHOI Iepenadi IOTOKOBOTO BiZIeO 3 MEKUIBKOX KaMmep 3 JHTAJIBHOrO amapary 3i
cTabini3ami€ero BiZieo B MOJBOTI 1 MPOSKTYBAHHSAM Ha ILOJIOM BipTyaJIbHOI pealibHOCTI B HepcrekTHBi ormsiny 360 rpamycis.

Kuniouosi cioBa: FPV-cucrema, Bifeo peectpariist, IOTOKOBE Bifieo, alropuTM, Bifmeokamepa, anmroput™ iddi-Xennmana,
anroput™ YOLO, HeitpoHHa Mepexa.

Mopoz Bb. H., Illep6akoB A. I'. ABroMaTU3MpOBaHHAsi HH(pOpPMALMOHHAsI CHCTeMa BHJIeOHAOIIONCHUS IS
BBINIOJITHCHUS! CHENUANBHBIX (yHKuMil. IIpencraBneH KOMIUIEKCHBIM alNrOpUTM CO3[AHUS ABTOMATU3UPOBAHHOM CHCTEMBI
perucTpanuy U oToOpakeHUs MH(OPMAIMU C JICTATENbHBIX allapaToB W HAONIONCHUS B PEXUME HHTEPAKTHBHOTO YIPAaBICHUS
omeparopoM. [Ipennmoxkena apxurekrypa i MM(pPOBAHHON Ieperaddl MOTOKOBOTO BHUEO C HECKOJIBKHX KaMep C JIETaTeIbHOr0
anmapara co crabunusaiueil BUIeo B MMOJNETe M MPOELMPOBAHUEM Ha IILIEM BUPTYaIbHON pPEeallbHOCTH B mHepcriekTuBe ob3opa 360
rpaycoB.

KiioueBble cioBa: FPV-cucrema, Bumeo perucrpanusi, TOTOKOBOE BHEO, aITOPUTM, BHAEOKamepa, anroputMm Huddu-
Xemnmana, anroput™m YOLO, HelipoHHast CeTb.

B. Moroz., A. Shcherbakov. Automated information system for video surveillance to perform special functions. A
complex algorithm for creating an automated system for recording and displaying information from aircraft and observation in
interactive operator control mode was presented. An architecture for encrypted transmission of video streaming from several cameras
from an aircraft with in-flight video stabilization and projection of a virtual reality helmet on a 360-degree perspective was proposed.

Keywords: FPV-system, video registration, streaming video, algorithm, video camera, Diffie-Hellman algorithm, YOLO
algorithm, neural network.

Introduction and statement of the research problem. The history of the development of drones dates
back to the 21st century, when the FPV-system became widespread and video recording from quadcopters
became possible. Now drones are used to collect various information in large areas, aerial survey and
photography, monitoring of facilities, etc. Since the technical characteristics allow the use of drones out of
line of sight, improvement of the interactive system is required for comfortable control of drones.

As one of the ways to ensure comfortable interaction with the drone, an FPV system can be used. The
FPV helmet will be used as the output interface, and the FPV-joystick as the input device. Compared to
traditional output devices, the FPV system will change the general idea of how to control the drone.  The
new visual presentation will allow to control the drone from the first person with a radius of 360 degrees.
Thus, the operator can fully control the environment by turning the head, without changing the position of
the drone. The drone is controlled by a special joystick, and the flight path is selected by turning the head.

Purpose. To propose a complex algorithm for creating an automated system for recording and
displaying information from observation aircraft in the interactive operator control mode. To describe the
architecture for transmitting encrypted video stream from several cameras with video stabilization in flight
from an aircraft and projecting on a helmet of a virtual reality in perspective of the review of 360 degrees.

Analysis of recent research and publications. To date, the number of scientific developments
regarding the topic of research is sufficient.

K. Ratakonda [1] proposed a video stabilization technology which allows to eliminate the effects of
unwanted camera movements without affecting the true image.

J. Redmon [2] revealed in the pages of his work a new way to recognize facilities with a simple neural
network.

S. Gabreith [3] conducted a comparative analysis of the Diffie-Hoffman algorithm for data encryption
and the possibility of improving this algorithm.

A. Protogerellis [4] considered the fundamental opportunities of an FPV system for controlling
aircraft. Besides, the author covers topics such as control channel, video communication, component
placement, ground station design, troubleshooting and interference. He also provided his own configuration
for setting up an FPV system.

Nevertheless, despite the scale of scientific research, the issue of creating a single automated
information system for performing special functions remains open and requires detailed study.

The presentation of the main material.
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To create an automated video surveillance system, it is necessary to create an appropriate aircraft that
will capture streaming video from several cameras and which will provide the ability to encrypt and transmit
data to the operator in real time. For vision in the night spectrum, cameras must operate in the infrared. The
aircraft must be able to stabilize the video in motion, because the image without stabilization may deteriorate
significantly in contrast to the video, which is shot by the camera on a tripod. Other difficulties for creating
an automated video surveillance system are that the aircraft must be able to recognize facilities in real time in
order to follow them. In the reviewed papers there is no solution to the problem of an automated video
surveillance system that would unite all the technologies of the reviewed papers. The algorithm for
implementing an automated information system for video surveillance to perform special functions, which is
proposed as part of this study, is shown in Figure 1.

The public key ~ The private key

Recognition of the facility

Encryption Decryption

Fig. 1. Scheme of the complex algorithm of the automated system for video surveillance from aircraft

We will consider the software image stabilization principles on an aircraft. The principle of the
software stabilizer, on the one hand, resembles a digital stabilizer in the camera, but there are a number of
significant differences. If there is no motion at the edges of the frame, this filling of the edges works very
well: it is possible to shoot a distant stationary facility with a shake even half a frame - the process of
stabilization “sticks together” from this set of frames a single “panorama” and will slowly move the focus
along it. Of course, this technique does not always work well, but ideally, it allows you not to reduce the
frame size at all and not to lose in the resolution, minus the inevitable re-interpolation of the picture during
the shift, and in the viewing angle, which is also important. Motion detection methods, as a rule, work
similarly to the methods used in MPEG-like compression. That is, the frame is divided into blocks. For each
of them, the most similar block in the previous frame and offset relative to it are selected. The average
characteristics for the entire frame are determined from the constructed displacement map. As a rule, these
are two-four values: horizontal and vertical displacement and often rotation and change of scale. In this case,
it is possible to discard those blocks that move in apparent disagreement with the general direction, since
they most likely correspond to the movement of individual facilities in the frame relative to the background,
or are simply incorrectly identified in the previous frame. There are other ways, for example, the Fourier
analysis applied in the DePan filter, but the output usually yields the same values [5]. Next, the stabilization
module directly enters, which builds the optimal trajectory of the camera by smoothing the existing *“chaotic”
one, performs frame shifting, rotation and scaling to the corresponding values, fills edges, etc. The selection
of the optimal smoothed trajectory is similar to applying a low-pass filter to the “signal” formed by
displacement vectors, i.e., in fact, oscillations with frequencies higher than the cut-off frequency set by the
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user are removed. Thus, the operator can watch the smooth streaming video transmitted from the aircraft in
real time.

At the first stage, the aircraft recognizes the facility by using the toolkit, which represents a new way
to localize facilities in the image - YOLO (You Only Look Once) [6]. The localization problem is
formulated as a single-stage regression problem: a single neural network accepts the entire image as input
and gives the coordinates of the bounding rectangles and the probabilities of belonging to classes for them.
YOLO divides the image into an S x S grid. Responsible for the detection of a facility is that grid cell, which
gets its center. Each cell searches for bounding rectangles of the same class. A rectangle is characterized by
five numbers - 4 coordinates and confidence in it of the neural network. Then, the confidence estimate for
each detection zone is multiplied by the class probability to get the final estimate S x S x (B * 5 + C) [7].
YOLO imposes strong restrictions on the spatial location of facilities. Because of its lattice structure, the
system copes well with large facilities located at a considerable distance from each other. And also, thanks to
the high speed image processing, it is suitable for use in real-time systems.

To encrypt data transmitted from the aircraft to the operator, it was proposed to use the asymmetric
Diffie-Hellman cipher. In an asymmetric cipher, there are two keys, k1 and k2, connected by a non-trivial
relation [8]. If a message is encrypted on the key k1, it can be decrypted on the key k2. The implementation
of this encryption is made due to the existence of unidirectional functions, it means such functions that can
be easily calculated in one direction, but without knowing the private key, it is impossible to decrypt them. In
any case, effective methods for decrypting a private key do not exist yet.

We will consider the example presented in the scheme of the complex algorithm presented in Fig. 2
between the aircraft and the operator.

Let they have common knowledge about the numbers P and G. This is the base of the field and the
generator. The aircraft generates a large random number, and calculates the generator in degree a modulo R.
It sends the result A to the operator. The operator takes some random number B, calculates the same
generator in degree B modulo R. The generator and module G and P are open data. If we look at the real
cryptographic protocols, G and P are properties of a particular group.

Then the operator calculates B and sends it to the aircraft. The drone takes B and raises to its degree,
and the operator takes the number obtained from the aircraft, and raises to the degree b. The equality B*= A"
is obtained. Thus, two parties to the connection can exchange data in an encrypted communication channel.

Diffie-Hellman

Drone ~ Controller
. 1
a,gp L 90 A . b
A =g®mod p [ BEE | B=g"modp
2
K=B"modp ™ | B | K=A’modp

K = A" mod p = (g” mod p)” mod p = g™ mod p = (g” mod p)® mod p = B mod p

Fig. 2. The Diffie-Hellman algorithm on the example of an aircraft and an operator

© B. Moroz., A. Shcherbakov.



72 Hayxosuii sicypran ' Komn tomepro-inmeeposani mexmonozii: oceima, Hayka, 8upooHuymeo"
Jlyywvk, 2019. Bunyck Ne 34

The ability to control the aircraft with the ability to view the panorama of the adjacent territory
through special VR-glasses appeared thanks to the FPV system. The abbreviation FPV used for flying drones
appeared relatively recently. It describes the technology, the full name of which sounds like the First Person
View. It appeared due to the use of cameras installed on board aircrafts. Its essence is to provide the user of
the technology, in particular the operator, with the ability to view a real-time image captured by the camera.
Thus, this technology allows to control the drone from the first person.

The application of this technology is almost unlimited. It can be used both for entertainment and in the
professional field. Therefore, drones, in particular multi-copters and quadrocopters, with the FPV function
are used in various sectors of the economy. They are used by farmers for fertilizing and tracking cattle, law
enforcement agencies and rescue services associated with them also use them, but they use them in places
where a person’s appearance is associated with a risk to life, and not just convenience. With their help,
rescuers can inspect the facility before taking measures to eliminate the accident or apprehend armed
criminals.

FPV function is not possible without an FPV system. It is multicomponent and implemented through
several technologies. One of them means capturing an image, the second one - processing the received data,
if necessary, complementing it with information read from sensors for implementing the OSD interface
technology, the third one - by wireless transmission and reception of a signal to deliver the picture to the end
user — the operator. All technologies are connected inextricably and are created from several modules. Some
of them are installed on a flying drone, a quadrocopter, and some are located at the end user. At the same
time, modules installed on an aircraft can be both built-in and removable. Modules that the user has,
depending on the data transfer technology used, can be installed in the control equipment or they may be part
of a paired mobile device, provided it is used [9].

The principle of video transmission is as follows: a camera on an aircraft - a video transmitter - a
receiver in an FPV helmet - video on the helmet / glasses screen (Fig. 3). The signal is television that
eliminates any delay in the transmission of the signal to the equipment. The signal is transmitted at a
frequency of 5.4GHz, to prevent interference from surrounding devices and the possibility of transmitting
large amounts of data over long distances. The range of stable operation of the signal using the FPV system
usually does not exceed 1 km, but if we set the power to 600 mW, the aircraft will transmit video up to 3 km
in line of sight [10]. The power must simultaneously increase both on the transmitter device and on the
receiver device in order for the connection to remain stable throughout the entire flight of the aircraft.

| 1) (¢

3D FPV video glasses

o] [o]| | @

I I
3D FPV camera FPV video

tfransmitter
Fig. 3. Video transmission scheme in the FPV system between the camera and FPV glasses

Conclusion and prospects for further development. A new integrated algorithm for creating an
automated system for recording and displaying information from observation aircraft in the interactive
operator control mode is presented. An architectural solution has been proposed for encrypting the
transmission of streaming video from several cameras from an aircraft with video stabilization in flight and
projection on a helmet of a virtual reality in perspective of the review of 360 degrees.

It is proposed to use the YOLO algorithm for recognition of the fecility in real time with the
possibility of its capture and following the drone behind it.

The algorithm works on the basis of an analog FPV system for streaming video from an aircraft to
FPV glasses, a Diffie-Hellman algorithm for encrypting streaming data.
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ANALYSIS OF DEVELOPMENT ON CREATION OF DELIVERY ORGANIZATION SYS-
TEMS USING DRONES

Mopo3 B.1., ITokorniaenko O.1. Anani3 po3poGok 10 CTBOPEHHIO CHCTEM OpraHi3anii 10CTaBKH 3 BHKOPHCTAHHSIM JIPO-
HiB. B pamkax naHoi ctaTTi po3mIsiHyTI JOCATHEHHS B chepi po3poOOK, KOHIENNIl Ta el 0 CTBOPEHHIO CHCTEM JOCTAaBKU 3 BUKOPHC-
TaHHSM OE3IUIOTHHX JITANBHUX anapaTiB, Mo Nepenbadyac MaKCHUMaIbHY aBTOMATH3allil0 3 MIHIMAIBHOIO yJacTIO JIIOAWHH B IIpoIeci
JIOCTaBKH TOBapy ab0 IPOAYKTY JO KIiHIIEBOTO CIIOXKHBada. AHANI3yeThCS MOMIIMBICTb ITOJIMIIEHHS JIOTiCTHYHOI CKJIQJOBOI CHCTEMH
JIOCTaBKH 3 METOIO, IOJIMIIUTH SKICTh HaJJaHOI HOCIIYTH, TaKOX BUKIIOUHATH BTPATH 3as1BOK Ta iHIIOI iH(popMarii B poOoTi cucreMu.
KitiouoBi citoBa: 1poH, crcTeMa JOCTaBKH, aBTOMaTH3awist, 00pooka indopmartil

Mopo3 B.U., ITokorninenko A.U. Anaiu3 pa3padorok 1o co3qaHHI0 CHCTeM OPraHM3alMH J0CTABKH € UCIO0JIb30BaHUEM
JAPOHOB. B paMKkax aHHOH CTaThl PaCCMOTPEHBI TOCTHKECHHS B chepe pa3padoTOK, KOHICIIMU U HICH MO CO3MaHUI0 CUCTEM TOCTABKH C
HCIOJIB30BaHNEM OECITUIIOTHBIX JIeTaTeIbHBIX allapaToB, MPeAyCMaTPUBAIOIINE MAKCUMATILHYIO aBTOMATH3alMI0 ¢ MUHUMAIBHBIM y4a-
CTHEM YeNOBeKa B IPOILIECCe JTOCTABKHM TOBApa WJIM IMPOAYKTA A0 KOHEUHOro MOTpeOuTess. AHAIU3UPYETCsl BO3MOXKHOCTD YIy4lIEHUS
JIOTU CTUYECKOW COCTABIISIFOIIEH CHCTEMBI IOCTaBKU C LEJNBIO, YIYYIIUTh Ka4eCTBO MPEAOCTaBIIEMOM YCIIyTH, TAKXKE UCKIIOUUTH I10TEPU
3asBOK U MHOI MH(OpPMAIIUHU B pabOTE CUCTEMBI.

KiroueBsble ciioBa: ApoH, crcTeMa TOCTaBKH, aBTOMATH3alus, 00padoTKa WH(pOpMaiu

B. Moroz., O. Pokotylenko Analysis of development on creation of delivery organization systems using drones. Within
this article we consider achievements in the field of development, concepts and ideas for creation of delivery systems using unmanned
aerial vehicles (UAV), which provide for maximum automation with minimal human participation in the delivery of goods or products to
the final consumer. We also analyze the possibility of improving of the delivery system logistics component in order to improve the quali-
ty of the service provided, as well as to eliminate the loss of applications and other information in the system operation.

Keywords: drone, delivery system, automation, information processing

Introduction and statement of the research problem. Technological progress does not stand still, more
and more tabloid headlines describe new advances in science and technology, new concepts appear and existing
technologies are improved. The idea, which even five years ago seemed practically useless because of the high
cost of its implementation, now may well be realized with acceptable expenditure of resources. Electric vehicles
[1] are a vivid example of this technology. Having appeared as an opposition to transport with combustible fuel,
at first they were expensive and had an insufficient power reserve. With the development of energy storage tech-
nology, it got possible to reduce the cost of production and produce not a limited series available only to a few,
but create a product designed for a wide consumer. For example, Tesla Model 3 [2] has a power reserve of 500
km, which is enough to get from Kiev to Odessa.

The same applies to drones. Now there are devices capable of expanding speed up to 17 m /s, which,
combined with the ability to be in the air for 26 minutes, gives a flight range of more than 26 km.

Naturally, it was only a matter of time when someone should like to use drones to deliver goods. In addi-
tion to many independent companies and enthusiasts such corporations as Amazon, Google and DHL [3, 4, 5]
got interested in such an application.

Despite the fact that the above-mentioned corporations have enough resources, they cannot boast of se-
rious achievements yet. So, Amazon made only two deliveries [6], and Google froze its project after only one
demonstration [7, 8], at DHL had better results, during a three-month experiment in the Alps in 2016, having
delivered about 130 parcels [9].

Enthusiasts have things a little better. Zipline [10] delivers medicine and blood samples to Rwanda [11],
and Matternet [12] performs a similar task in the Republic of Malawi [13]. Various projects for products delivery
can be mentioned about only in passing, since many were only a PR move. However, subsequently, it’s massive
use of drones in delivery that is the ultimate goal and outcome of such research; and then it will be necessary to
create a system that will effectively allocate the available resources for goods or products delivery.

Naturally, the construction of such a system is a complex task and one of its elements is the processing
of incoming applications. One of the concepts for solving this problem is considered in this article.
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Goal. It’s to offer the concept creating of an automated subsystem for applications registering and
processing for a product delivery system by drones to the end user.

Analysis of recent research and publications. Today, information about such researches is practical-ly
non-existent since most of the projects aimed at creating and developing of the concept of cargo transportation
using drones are in a state of controlled experiment and are not available to a wide circle of consumers.

Presentation of the main material. As mentioned above, cargo transportation by drones is not massive
today, and therefore does not require specialized means and tools to manage the logistics of the delivery system
using drones.

As an example, consider how Amazon sees the implementation of its Amazon Prime Air project [6].
First of all, it should be noted that the highlight of the project from Amazon is the use of airships as logistics
centers for storing cargo and launching UAVs. According to Amazon, such application fulfillment centers will
be able to respond to demand spikes even before they occur, but so far this development is only at the patent
stage [14]. Figure 1 shows a diagram of how such a system can work. At the same time, it is proposed to use
smaller airships to replenish stocks on such airships. And to reduce the cost of returning drones to flying logis-
tics centers, airships are provided that will collect drones that have already completed their deliveries.

1

Fig. 1. Diagram of flying logistics centers from Amazon

As mentioned above, this diagram rearranges only a patent, but its implementation as shown in Figure 1
is worth considering. The diagram at figure 1 shows the so-called flying warehouse, which according to the
project, acts as a mobile logistics center, the object at figure 2 displays the drone which delivers the goods from
the flying warehouse to the consumer in region 3, while part of the descent is carried out by planning so that to
save energy. Based on these considerations, the drone 4 does not rise back, but It is planned to use such small
airships represented by figure 5, to replenish stocks of drones and goods at the flying warehouse. Such a supply-
ing airship can be located not only at the special waiting area 6, but also near the ground logistic center 7, from
which it also replenishes the stock new and goods before shipment to the flying warehouse. In the absence of a
supplying airship at the waiting area, drone 8 performing the delivery can go to the ground logistics center 7; this
approach will also save more energy than a simple return to the flying warehouse. The figure 9 schematically
indicates the coverage area of the system using the flying warehouse.

It is also worth noting that this scheme was not described in the literature, calculations of its energy effi-
ciency were also not presented, but exist at the concept stage and were adopted as such.
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The system described above is still in the state of a patent and time and refinement are still required
before a concrete implementation. At the moment, the actual implementation of the delivery system using drones
by Amazon is as shown in Figure 2.

1
1! 2 3
1

MAKE :Il:> AMAZON STAFF WOULD  |—Fy] THE BOX WOULD THEN BE
PURCHASE PACK THE ITEM TRANSFERRED TO A DRONE

4

DRONE WOULD FLY DIRECTLY TO
THE DESIGNATED LOCATION AND
DROP THE BOX OFF

Fig. 2. The scheme of delivery by drones from Amazon

As it was mentioned, according to this scheme only two trial deliveries were made, therefore, when such
a system enters the real market for mass service, it is inevitable that there will be a need for more detailed appli-
cation processing and organization of the delivery of goods to the final consumer, which is indicated by the dot-
ted line between items 1 and 2. The creation of such a subsystem is considered in this article.

At this stage, it is advisable to mention introduction of the user ability to choose two delivery options: as
soon as possible or specify the exact date and time. Thus, the delivery system will have an additional effective-
ness criterion.

Such a system must meet certain criteria:

e applications must be processed without loss (i.e. all must be delivered);
e must be met within the time constraints;
e must be met with minimal use of resources so that capital and operating costs are minimal.

Disciplines that are built on the basis of queuing theory are traditionally used to organize the service of
requests, but the use of models allows organizing services according to criteria like service probability, average
service time, etc. In this case, this is poorly applicable since it is necessary to provide service for each applica-
tion within specific time limits (and not for the average time), and probabilistic criteria generally allow for the
loss of a certain number of applications during maintenance.

The authors aim to develop such a system for organizing the service of requests that were not built on
probabilistic and average service characteristics, but would allow determining these characteristics accurately.
For this purpose, it is advisable to take advantage of the discipline named organization of information processing
[15].

This discipline allows you to take into account the characteristics of aging and the value of information
in the process of its transmission and processing, allows you to significantly increase the effectiveness of me-
thods and means of data processing, their management and information services. The discipline allows us to take
into account that during the operation of the system we will deal not with the average queue of requests, but with
a specific queue at the current moment while taking into account the change of individual requests in time. In
contrast to the statistical and dynamic disciplines used to solve such problems, the proposed discipline does not
rely on such assessment criteria as:

e the maximum and average delay in the result issuance relative to the moments of their receipt;
e probability of the timing violation of the result issuance;
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o allowable percentage of information loss during processing.
This is undoubtedly an advantage for the task.
Using such qualitative-quantitative characteristics as both aging and value of information, the proposed
discipline allows organizing rational processing of information for two main cases:
I.  input streams are strictly regular or quasi-regular with varying degrees of intensity in different
parts of the system;
Il.  input message flows are random and are described by the Poisson law with different characteris-
tics on individual sections of the system.
Using this discipline, you can create a system for processing of applications so that it should allow you to adjust
the order of their processing depending on their intensity and characteristics.
For the case of strictly regular or quasi-regular input information flows processing process is as follows.

'
n‘{l i l l A,

Ay

b
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]
i;% =
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| >
1 2 3 4 5 6 7 't

Fig. 3. Scheme of processing of regular input flows of applications in accordance with the managed dis-
cipline of maintenance

Flows of applications enter the system and get to the queue, depending on a certain threshold time for
maintenance Tireshoid. i» Where i is an index of a membership of an application of an i-th type to Tinreshold. i-
Tehreshota i (£) = Wi(£) + by, 1)
where W; () is a function of waiting time for processing of an application of an i-th type, received at time t; b; is
a time of processing of an application of an i-th type.

b; = L td B;(t), (2)

where B;(t) is the function of distribution of processing time of an application of an i-th type.

The application is processed as follows (Fig. 3).

The system processes applications of each queue in turn, giving each i-th type of applications a time
slice t;, during which 1, 2, 3 ... etc. applications i-th queue can be processed.
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b—=1,2,3...HT.,E[. (3)

Thus, the processing of applications can be made adjustable depending on changes in the intensity of
application flows A; ().
Vector Ty, is used as the control vector

Tie = {tetr iz s Licis s Lici} (4)

Conclusion. The information presented in the article allows to determine the direction of creation of de-
livery systems using drones, aimed at the mass consumer as a promising direction for research in the areas of
robotics and the creation of software products and software. The proposed discipline of organization of applica-
tions processing process seems promising in terms of using to manage such a delivery system.
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Hepamkiscbkuii €.A.

Hanionansuuii TexHidHMiA yHiBepcuTeT Y Kkpainu KuiBchkuil moniTexHidyHuii iHCTUTYT iMeHi [rops
CikopcbKOro

E®EKTUBHICTH IHOOPMAILIMHOI TEXHOJIOTI'TI )11 AHAJII3Y TA
MNPOTHO3YBAHHAYACOBUX PANIB 3 ®PPAKTAJIBHUMMU BJIACTUBOCTAMU HA OCHOBI
JIHI'BICTUYHOI'O MOJEJIOBAHHSA

HepamkiBebkuii €.A. EdextuBHicTs iHdopmaniiiHol TexHomorii A1s1 aHai3y Ta NPOrHO3yBaHHS 4acoBUX PSAAiB 3
(pakTaJbHUMH BJIACTHBOCTSAMHU HA OCHOBI JIHIBiCTHYHOI0 MoeI0BaHHA. Y PoOOTI BH3HAUCHO €(heKTHBHICTH 1H(pOpMamiiHOT
TEXHONOTil I aHami3y Ta IPOTHO3YBAHHS YACOBHX PSAIiB 3 ()paKTaNbHIMH BIACTHBOCTSMH Ha OCHOBI JIHTBICTHYHOTO
MozemoBaHHs. [IpoBeneHa mepeBipka mpane3faTHOCTI iH(pOpManiifHOI TEXHONOTI] IS aHaNi3y Ta MPOTHO3YBAHHS YAaCOBHX PAIIB 3
(pakTaTbHIMH BIACTHBOCTSMU 1 MPOTPaMHMX peaji3aliii Ha pealbHHX aHUX MiATBEpAWIAa MOXIIHMBICTE 3a0e3IMedeHHS
00’€KTHBHOCTI MiJ| 9ac NMPOBEACHHS IPOTHO3yBaHHS. BrkopucranHs iH(OpMAaIiifHOI TeXHONIOTIi IS aHami3y Ta MPOTHO3YBAaHHS
YaCOBHX PAAIB 3 (PAKTATEHIMH BIACTHBOCTSMH J03BOJIMTH 3a0€3MEUUTH BICOKUH PIBEHb MPOTHO3YBAaHHS 3 MAKCHMAJIBHO ITOBHOIO
peati3ali€ro aHaiTHIHOI CHCTEMH.

Karouosi ciioBa: indopmariiiiHa TEXHOJOTIs, aHaNi3, MPOTHO3yBaHHs, (DIHAHCOBI YacOBi PSIIH, JTIHI'BICTUYHE MOJICITIOBAHHS, ,
(hpakTaIbHi BIACTHBOCTI.

HepamkoBekuitk E. A, J¢pdexTuBHOCTE HHGOPMANMOHHON TeXHONOIMM [Js AaHAIW3a W NPOrHO3MPOBAHUS
BPeMEHHBIX PSA/I0B ¢ (ppaKTaJbHBIMH CBOWCTBAMH Ha OCHOBe JHHIBHCTHYECKOro MojeaupoBaHusi. B pabore ompenencna
3¢ GeKTHBHOCTH NH(OPMAIIMOHHON TEXHOJIOTHH IS aHAJIN3a U IIPOrHO3UPOBAHMS BPEMEHHBIX PSIOB € (ppaKTaIbHBIMU CBOHCTBAMH
Ha OCHOBE JIMHTBHCTHYECKOro MojeinpoBanus. [IpoBeneHHast mpoBepka pabOTOCIIOCOOHOCTH MH(GOPMAIMOHHOW TEXHOJIOTUH JUIS
aHaJM3a U MPOTHO3MPOBAHMS BPEMEHHEIX PSAIOB C (PpaKTaIBHBIME CBOHCTBAMH M IIPOTPAMMHBIX peaIH3alnil Ha pealbHbIX JaHHBIX
MOATBEPANIIA BO3MOXHOCTD 00ecTieueHns] 00bEKTUBHOCTH IIPU NPOBEACHUH NPOTHO3MpoBaHus. Mcnons3oBanne nH(OpMAITMOHHOH
TEXHOJIOTHY AJIS aHAJM3a W MPOTHO3MPOBAHUS BPEMEHHBIX PANOB C ()pAKTaTBHBIMH CBOHCTBAMH IMO3BOIUT OOECIICUYUTH BBICOKHH
YPOBEHB IPOrHO3UPOBAHUS ¢ MAKCUMAJIbHO [OJTHON peaau3alueii aHaTuTHIECKOH CUCTEMBL.

KnioueBble cjoBa: uH()OpPMAIMOHHAS TEXHOJOTWS, AaHANN3, IIPOTHO3HPOBAHUE, (HHAHCOBHIC BPEMEHHBIC PpSIBL,
JIMHTBACTUYECKOE MOJICIMPOBAaHNE, ()paKTaIbHBIC CBOHCTBA.

Nedashkivskyi Y. A. Effectiveness of information technology for analyzing and predicting time series with fractal
properties based on linguistic modeling. The paper defines the effectiveness of information technology for analyzing and
predicting time series with fractal properties based on linguistic modeling. A test of the performance of information technology for
analyzing and predicting time series with fractal properties and software implementations on real data confirmed the possibility of
ensuring objectivity in conducting forecasting. The use of information technology for analyzing and forecasting time series with
fractal properties will provide a high level of forecasting with the most complete implementation of the analytical system. The study
of the three adaptive type methods showed that the Brown model works only with a small forecast horizon, that is, the trend and
seasonal changes are not taken into account. Information technology for analyzing and forecasting time series with fractal properties
is universal and allows you to adapt the planning process of forecasting financial time series to the level of formation of the initial
series.

Keywords: information technology, analysis, forecasting, financial time series, linguistic modeling, fractal properties.

IMocTanoBKa HAYKOBOI MPOOJIeMHU. BUTBIIICTS MIAXOIB A0 aHANI3y Ta IPOrHO3YBAHHS YaCOBUX PSIiB
3 ()paKkTaIbHUMH BIACTHBOCTSIMH 3aCHOBAHO Ha CTaTUCTHYHUX MeTogax i mozaensx [1]. Ommak, He
JUBIISTYUCH HA aKTyaJbHICTh 1 MACIITAOHICTh TAHOTO ITiIXOAY, BiH HE € JIOCHTh TOYHUM, B CHITY BiJICyTHOCT1
PO3YMIHHA NPUPOIHM MIHJIMBOCTI pUHKIB KalliTaJly 1 MeXaHi3My nepeadadeHHs KOJUBaHHS WiH. Y OUIbIIOCTi
BUIIA/IKIB, PE3yNbTAaT BUHUKHEHHS 30BHIMIHIX (AaKTOPIiB 3HIHCHIOE BIUIMB Ha AWHAMIKY YacCOBHX DSIIB 3
(paKkTanbHUMH BIACTUBOCTSIMHM, a CaMe BiIOYBA€ThCs MOPYIIEHHS CTPYKTYpPH, IPU LbOMY HONEpenHi AaHi
3aJUIIAIOTHCS He3MIHHUMU. Lle € 0coOaMBiCTIO MPaKTUYHO Oy Ab-IKOro (iHAHCOBOTO YacoBOro psiay. ToMy B
YMOBaX Cy4acHOi PHHKOBOI E€KOHOMIKH aKTyaJbHHM IUTAHHSM € PO3pOOKa TEOpETHKO-METOMOIOTTUHMX
aCIIEKTiB NPOTHO3YBAaHHS YAacOBHX psAiB 3 (pakTaJbHUMHU BIACTUBOCTSAMHM Ha OCHOBI JIIHIBICTHYHOTO
MOJIETTIOBaHHSI.

Ananiz pociimkenb. CydacHa Teopisi €KOHOMIYHHMX CHCTEM IIPOIIOHYE CIUPATUCS Ha TEopito
JMHAMIYHHX cucTeM [2], abo Teopito xaocy [3, 4]. Janwii miaxin, NOPiBHSIHO MOJIOJIHIA, TPOTE CIIUPAIOYHCH
Ha IocHiKeHHs [5,6] € MOXKIMBICTE CTBEpIKYBATH NP0 3JUTTS METOIB HENMIHIHHOT TUHAMIKY 3 ICHYIOUUMH
EKOHOMIYHMMH JOCTIIHKEHHSIMH, 110 B KOMIUIEKC] MPU3BEIE 10 CTBOPEHHS HOBUX MOJIENICH PUHKIB KamiTaty.
Anani3z uacoBux psmiB [/, 8], B yMOBax HHHINIHBOI E€KOHOMIYHOI HAyKH, BIIHOCHUTBCA 0 PO3ILTY
MaTeMaTHYHO! (i3UKH, SIKUH aKTHBHO PO3BHBAETHCA 1 MOTJIMHAE SIK METOAM TEOpii AMHAMIYHUX CHCTEM TaK i
Meroau (pakTanbHOro ananizy [9]. Sk okpema cTpykTypHa OJMHUILL, JaHWUI MEXaHi3M aHaji3y aKTHBHO
3aCTOCOBYETBCS B EKOHOMIIi isl aHajisy iHQopMamlii y BHUTJISAI YacOBHX PSAIIB KOTHUPYBaHb aKLid
KOMITaHiil. AnropuT™ miaxony Oa3yeThCs Ha HECTAOUTBHOCTI PUHKY I[IHHHMX MamepiB, IO MPHU3BOAUTH 10
3HaYHUX KOJMBAHb 1 K HACTIJOK, O BUHUKHEHHS XaOTHYHUX AWHAMIYHHX CHUCTEM. XaoC B JWHAMIYHHX
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cucTeMax, e Hillo iHIIe, SK EeKCIOHEHTHUH pPO3KUA OIM3BKUX TPAEKTOpi i KIacy XaoTHYHHUX
aTpakTopiB. PiBeHb EKCIIOHEHIIAJILHOIO PO3KUIY XapaKTePHU3YEThCS CTapIIMM IOKa3HWKOM JlsamyHoBa, a
piBeHb «Oe3nmamy» — eHTpomieto. Hacmigok 3HaxompkeHHs OyInb-AKMH 3 LHMX BEIUYMH, € 3HAYCHHSIM
TOPU30HTY MPOTHO3Y VIS aHATI30BAHOTO YaCcOBOTO psay. Tak caMo 3HaXOMKEHHS PO3MIPHOCTI BKIAZCHHS,
TOOTO MiHIMallbHE YWCIIO AMHAMIYHHAX 3MIHHHX, SKI OJHO3HAYHO OIMUCYIOTH CIOCTEPEKYBaHHUU IPOIIEC,
MOXHa 3HAWTH BHKOPHCTOBYIOUM (yHAaMEHTaJbHI acleKTH Teopii OUHaMidyHMX cucTeM. Ha cworomsi,
¢dopmyBaHHS Ta MOOyHOBa MOJENel CIPSIMOBaHUX Ha BimoOpaskeHHs TMHAMIKHM (iHAHCOBHX YaCOBHX PSiB
[10] € onniero 3 romoBHMX HpoOJeM NP aHali3i Ta MPOTHO3YBaHHI 4YacOBUX PSIIB 3 (paKTaIbHUMHU
BiactuBocTsMU. [IpoGiiemMam aBTOMaTm3amii CHUCTEMM aHali3y Ta NPOTHO3YBaHHS 4YacoOBHX pSIOiB 3
(paKkTanbHUMH BIACTUBOCTSIMH MPUCBIYEHO POOOTH SIK BITUM3HSIHMX TaK 1 3apyODKHHMX YUEHHX, A0 IX YHcia
BapTo BimHectu: [L.I. Bimtoka, O.I1. CarenkoBa, I.B. Baknana [10], A.K. Jlonatuna [11, 12], O.1O. Bep3nery
[13], A.C. Heunnopenka [14], [.A. JIukosa, C.A. MuciuBuisa [15], A.B. Martsiituyka [16], I.T". JIyk’ssHeHKa,
B.M. Kyka [17], G. Koop, D. Korobilis [18], Vercellis Carlo [19], Pandit S.M., Wu, S.-M [20] Ta in.
ABTOMAaTH30BaHMH MiIXiJ pO3KpHBarOTh Taki Bimomi BYeHi sik €.0. I'moroB, O.M. IlomoBa [21] Ta LI
YaiikoBcbka [22]. Came E. Haiiman [23] BinokpeMHB OCHOBHI HampsIMKU pO3paxyHKY MOKa3HUKa Xepcra 3
METOI0 BUsBIICHHS nepceHcTeHil. Taki aBropu sk B.1O. lyonunpkuii [24] ta K.I. Kpunyn [25] napatots
BUYEpNHY iH(opMalio Mo CKIAAaHHIO iHPOPMALIHUX MaTpUIb Ta METOAOJIOTIi CHCTEMHOTO aHaji3y B
paMKax JOCHiIKyBaHoi cucreMu. [IpoBeaeHuil aHalli3 cydacHHMX HAayKOBHX pOOIT y Taiy3i aBTOMaTH3allil
MpOLeciB aHami3y Ta MPOrHO3YBaHHS YAacOBUX psdiB 3 (PaKTaJbHUMH BJIACTUBOCTAMH, PO3POOKH
crielianizoBaHMX MPOrpaMHUX AOJATKIB iH(oOpMamiiHOI MiATPUMKM HPOLECIB aHANi3y Ta MPOrHO3YBaHHS
(hiHAHCOBHX YACOBHX PSJIiB MOKA3Ye, 1110 HA CHOTOHINIHINA JIEHb OCHOBHI HAIIPSIMKH JTOCITIIPKEHHS HAYKOBIIIB
HanpaBJieH] Ha pO3POOKY KOMIUIEKCHUX IHTErpauiiHUX pilieHb, SKi MOTJIM O BpaxoBYBAaTH BILUIUB JIIOACHKOTO
(akTOpy Ha BCIiX eTamax >KUTTEBOTO LIUKITy BUPOOY.

OpHak, BapTO 3a3HAYNTH, IO JOCHIIKEH]I pO3POOKH Ta NOCSATHEHHS HE BPaxOBYIOTh ICHYIOUUH 1 AyxXe
BaYKJIMBUH B3a€MO3B’ 30K MDK aHaJIi30M YacOBHX PSIB Ta iX MOJAIBIINM MPOTHO3YBAHHSIM 3 ypaxyBaHHIM
(dpakTanbHUX 0COOTUBOCTEH.

Tomy, icHye HaraibHa MOTpeda B MOMANBIIOMY JOCTI/KEHHI METOJIB, MPUHIIUITB Ta MEXaHI3MiB
peamizanii, dopmanizanii Ta anropuTMizamii Tpouecy aHaji3y Ta IMPOTHO3YBAaHHS YAacOBUX pSOiB 3
(¢paKkTanbHUMH BJIACTHBOCTSMH B CHCTEMi YHpPaBIiHHA iHPOPMAIifHUMHU TEXHOJIOTiIMH EKOHOMIUYHOTO
CIIEKTPY.

Meta podoTu. Y naniii ctaTTi He0oOXiTHO BU3HAYMUTH €()EeKTHUBHICTH iH(OpMALiifHOT TeXHOMOTIT s
aHali3y Ta MPOrHO3YBAaHHS YAacOBHX PsAiB 3 ()pakTalbHUMH BJIACTHBOCTSAMH Ha OCHOBI JIIHTBICTUYHOTO
MOZIETIOBAHHS.

Bukiax ocHoBHOro marepiany i oOIpyHTyBaHHS OTPHMAHMX pe3yJibTaTiB. ABTOMaTH30BaHa
CHCTeMa aHajidy Ta mporHo3yBaHHA (iHaHcoBoro uacoBoro psay (AC IIOYP) 3a pmomomororo
JHTBICTUYHOTO MOJICNIOBAHHS CHpPsSMOBaHa Ha pIIIEHHS 3aBIaHb NPOTCHO3YBaHHS YaCOBUX pSAiB 3
(hpaxTanbHUMH BIACTUBOCTIMH. 3IIHCHEHO OLIHKY eeKTHBHOCTI iHPOpMAIiifHOI TEXHOJIOTr1T U1 aHaJli3y Ta
NPOTHO3YBaHHS YAaCOBUX PAOIB 3 (pakTaIbHUMH BIIACTHBOCTSAMH 32 JIONIOMOTOI0 JIIHTBICTUYHOT'O
MOZIETIOBAHHSL.

O0’eKTOM IOCTIKEHHSI € YaCOBUH P THITY:

EMx=1+1), (D

B KoMy X{x) € 4acoBUM psoM 3 DPaKTATLHUMM BIACTHBOCTSMH, IO XapaKTEPH3YeThCs KOPTEKEM
[29]:

) O) 2 DAL =155 @

[MouaTkoBi nmani mpuBeaemMo B TaOm. 1 ta Ha puc. 1. 3aranbHa KUTBKICTh AaHux ckiagae 53208
MMO3UIIIHA.
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Tabnuus 1. YacoBuii psaj 3 ppaxTaIbHUMU BIACTUBOCTSIMU

81

Ne [Hara/bac BapricTs
1 01.09.2012 0:00 275,22
2 01.09.2012 1:00 0,00
3 01.09.2012 2:00 0,00
4 01.09.2012 3:00 0,00
5 01.09.2012 4:00 0,00
6 01.09.2012 5:00 29,96
7 01.09.2012 6:00 343,73
7 01.09.2012 7:00 440,01
8 01.09.2012 8:00 462,64
53206 25.09.2018 21:00 1 240,26
53207 25.09.2018 22:00 1183,48
53208 25.09.2018 23:00 1129,49
2500
2000
1500

1000

500

Puc. 1. liarpama po3noAiay 4acoBoro psny 3 ¢ppakTaJbHUMH BIACTUBOCTSIMU

3anpornoHoBaHU Pl € C1a00 CTPYKTYPOBAHUM B CHITY PsIy 00’ €KTHBHUX Ta Cy0 €KTUBHUX MPUYUH
ocToBipHOCTI manuX. [IpoaHanizyeMo BaroBi MpUHAIGKHOCTI 3a BIAMOBITHUMHU MO3UINSIME (g — g, TOOTO

3a 2012-2018 pp. (puc. 2).

1

1

1300015 19001~ 1500 2
11 s . 11,1000 3 11,1000 5
500,
101 10 4 10
9 5 9 5 9 5
_ g~ —6 8~ —6
7 7 7
2012 2013 2014
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1
£900T—,
1500
3 3 3
5 5 5
g 6 8 6
7 7

2018
Puc. 2. liarpamu BaroBux NpHHAIEKHOCTEH YacOBOT0 psAy 3 ppakTaJbHUMH BIACTUBOCTSIMH y MEKaX
9acOBOTO PO3IMOILTY

3aqaMo 3HaYCHHS JIIHTBICTHYHOT 3MIHHOT (T€pMH) BiIIOBIAHO 10 MHOKUHH:
U=1{0;0.1;02; 0.3; 0.4;0.5;0.6;0.7; 0.8;0.9; 1},
TaKUM YHHOM:
V - Bucoke, Toxi: p,(u) = u,ue U
BV — Ginbln BUCOKE, TOMI: [, (1) = Vi, u e U;
DV - nyske BUCOKE, TOJ: g, (1) = uZ,u e U;
Tu=1
- 0 o lu) =4 tuel
Z\V — 3aHaATO BUCOKE, TOII: [z (1) {ﬂ, U<, ;
N — Hu3bKe, TOHI: iy (1) = 1 —w, uell;
BN — GBI HU3BKE, TOMI: M) = v/1 —u,uell;
DN — myske HU3bKE, TOMI: fap (1) = (1 —u)?ue U
0,u=1, u
lLu=1"
Ha ocHOBi (hopMyBaHHS KOHCOJIIJOBAHUX MHOHH, IO/I0 BATOBUX MPUHAICKHOCTEH 4aCOBOTO PAAY 3
(paKTaTbHUMH BIACTHBOCTAMHU y MEXaX YacOBOTO PO3IOALTY BiIMOBiIHO BHCIOBMOBaHb € lk=1—7),

ZN — 3aHAATO HU3BKE, TO: Hzplu) = { el

TaONMIS BiAMOBIHOCTI mpuiiMe HacTynHuil Buristy (puc. 3). TakuM 4MHOM, B MPUAHATUX MO3HAYCHHSIX
HaBe/IeH1 BUCJIOBIIIOBAHHS 3aMUIIEMO Y BUTJISII HACTYITHUX MPaBHIL:

gy «Skmo x, = My, Tomi y = ZN»;

=3

[

=N
Ea.
£,
Eg.
E7.

Eg.

D«Skmo X, =

«Skmo x;

«Akmo x, =
«SKmo xy =
«SKmo xy =
«Akmo x, =
«Akmo x, =
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M3,
M3,
My,
M,
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M,
Msg,

Tomi Y = DN»;
Tomi Y = BN»;
Tomi Y = N»;

Tomi Y = V»;

Tomi Y = BV»;
Tomi Y = DV»;
Tomi y = ZV».
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8
0,14
0,12
43 0 gl S 30 mM1
S =
0.06 M2
0,04 ) JVE
0,02 | = M4
[_1.
= ; E M5
60 : 23 i
M7
S M8
3 24

Puc. 3. [liarpama po3mofiny KOHCOMiZOBAaHMX MHOXHH, IIOJO BaroBUX MPHUHAJIEKHOCTEH YacOBOIO
psny 3 ppaKTaTbHUMH BIACTUBOCTSIMH

JInis mepeTBOPEHHS IMX MPaBHa ckopuctaeMocs Bupasom [30]:

Buy (x,3) = min{1,1 — Buy (x) + py B8 ()} (3)

Tomi ans koxHoi mapu (x, ¥)E € X X ¥ moxna orpumaty Bignocunu X X Y. YV pesynbrati neperuny
BinHomresb Ry, R;,...,Rg oTpuMaeMo HacTymHe 3arajbHe (YHKIIOHAJIbHE pIlIEHHS, IO BiJIOWBaE

MPUYMHHO-HACTIIKOBUH 3B 530K MDX CKJIaJOBUMH YacOBOTO pAAYy 3 (paKkTaJbHUMH BIIACTUBOCTSAMH 1,
BJIacHE, 1X BEIMYUHOIO (Tl 2)
Tabnuus 2. PesynpTar po3paxyHKy 3arajbHOro (yHKI[IOHAJIBHOTO PillICHHS

R

U 2012 2013 2014 2015 2016 2017 2018

0 0,013369 0,061549 0,066053 0,061975 0,059117 0,024904 0,098565
0,1 0,029431 0,07104 0,133324 0,080333 0,082092 0,105393 0,098384
0,2 0,04637 0,062628 0,067762 0,070033 0,096879 0,112077 0,103676
0,3 0,042242 0,0382 0,003884 0,038814 0,086801 0,080374 0,094901
0,4 0,062403 0,062025 0,072275 0,072662 0,083784 0,10092 0,100677
0,5 0,075847 0,04944 0,058099 0,057285 0,077536 0,089205 0,129648
0,6 0,047098 0,065366 0,061504 0,059594 0,093588 0,106625 0,12987
0,7 0,058531 0,059274 0,066297 0,07139 0,090458 0,107698 0,058973
0,8 0,032173 0,052489 0,084419 0,069729 0,059117 0,085409 0,062097
0,9 0,029052 0,04812 0,054456 0,060714 0,113579 0,092587 0,063081
1,0 0,061288 0,118713 0,070552 0,048538 0,104238 0,108931 0,100849

3uauenns k gacoBoi maHol Ag (K2g1222012 = 1+ 7) Moxke OyTH 3HAWIEHO 1O 3aCO00M HACTYITHOTO

HpaBUiIa KOMIIO3HIIHHOrO BUBEICHHS:
A = 6"B R (kaprz-201z = 1-7), (4)

ne (r, € BinoOpakeHHSIM PO3KIIaIaHHs Y BULIISII HEUITKOI i IMHOKUHH.
Ap e HediTkowo iHTeprperari€ro K-oi maHoi wacoBoro psay 3 (pakTadbHHMH BIACTHBOCTSIMH

Biznosigno no Bekropa (0; 0.1; 0.2; ...; 1), To6ro:
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0,013369 ; , 0,029431 0,04637 0,042242 0,062403
Ay =Azg12 = z'{{] + f‘ﬂji + H'rﬂlz + -'"r{],3 + f'rﬂj-'-l‘
0,075847 0,047098 0,058531 0,032173 0,029052
+ los+ loe™ o7+ log+ /0,9
0,061288
+ /1,0

TakuMm 4YHMHOM, B pe3yibTaTi aHali3y 4acoBOTO psAAy 3 (hpakTaJbHUMH BIACTHBOCTSMH, OTPUMAaHO
aHaJIOT PO3IIISTHYTOTO YacOBOIO PAAY, SIKHI IpeACTaBlIeHU B Ta0I. 3.

Tabnuus 3. Monens yacoBoro pany 3 GpaxkTaJbHUMH BIACTUBOCTSIMU

3HaueHHa Pik nocimipkenss
ymiaii ) o, 2013 2014 2015 2016 2017 2018
HpI/IHaHe)KHOCTl
0 0,013360 | 0,061549 | 0,066053 | 0,061975 | 0,059117 | 0,024904 | 0,008565
0.1 0,020431 | 0,07104 | 0,133324 | 0,080333 | 0,082092 | 0,105393 | 0,008384
0.2 0,04637 | 0,062628 | 0,067762 | 0,070033 | 0,096879 | 0,112077 | 0,103676
0.3 0,042242 | 0,0382 | 0,003884 | 0,038814 | 0,086801 | 0,080374 | 0,004901
0.4 0,062403 | 0,062025 | 0,072275 | 0,072662 | 0,083784 | 0,10092 | 0,100677
0.5 0,075847 | 0,04944 | 0,058099 | 0,057285 | 0,077536 | 0,089205 | 0,129648
0.6 0,047098 | 0,065366 | 0,061504 | 0,059594 | 0,093588 | 0,106625 | 0,12987
0.7 0058531 | 0,059274 | 0,066297 | 0,07139 | 0,000458 | 0,107698 | 0,058973
0.8 0,032173 | 0,052480 | 0,084419 | 0,069729 | 0,059117 | 0,085409 | 0,062097
0.9 0,020052 | 0,04812 | 0,054456 | 0,060714 | 0,113579 | 0,002587 | 0,063081
1.0 0,061288 | 0,118713 | 0,070552 | 0,048538 | 0,104238 | 0,108931 | 0,100849
Awnanor Ay Ay As Az Al Ac Ag As
Ouinka 0452549 | 0626222 | 0,071477 | 0482427 | 0,086108 | 092193 | 0,04611

HaCTyHHI/IM KpOKOM € BU3HAQUYCHHA MHOXHWHHU KOXKXKHOI'O OerMOFO piBHH:
Ay ={ulps(u) = a,ue U],

Ta CCPCAHLBOr0 YMCiia €JICMEHTIB y cxnaz[i qaCoOBOro pgaay 3 q)paKTaHBHI/IMI/I BJIACTUBOCTSIMU
n

M(A,) = 12{1‘12“?{: up € Az

k=1

(5

JluHaMmika po3MOAiTy OLIHOYHHMX CKJIaloBHUX (IHAHCOBOTO psioy 3 (paKkTaIbHHUMHU BIIACTHBOCTSIMH
HaBezeHa Ha puc. 4. [IporHo3Hi 3HaUEeHHS y BUTIIL AiarpaMH PO3MOALTY 4acOBOTO psiny 3 (GpaKTaJbHUMH
BJIACTUBOCTSIMU HaBeZeHi Ha pHcC. 5.

1

0,6 —— 7 N
0. — \\ N / \
.rO v \
2012 2013 2014 2015 2016 2017 2018

Puc. 4. lunamika po3nofiny OLiHOYHUX CKJIAZOBUX (HIHAHCOBOTO PSIAy 3 (hpaKTaIbHUMHU BIACTUBOCTSIMU
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Puc. 5. liarpama po3nofiny 4acoBoro psiay 3 ppakTaJbHUMH BIACTHBOCTSMH. [IporHO3HI 3HAUCHHS

_l_g
o
=ez=r
P

i
~,
[

=
——
==
——= |
—

—trs

[IpoBenemo aHami3 OTpUMAaHHUX pE3yNbTaTiB, TOOTO OTPUMAaHi pe3yJabTaTH BIAMOBIAHO IO
iHpOpMaLifHOI TEXHONOTIl A aHaji3y Ta NPOrHO3YBaHHS YacOBUX psAAIB IOPIBHSAEMO 3 METOAAMHU
NPOrHO3yBaHHS YaCOBHX PSIIiB, 10 HA ChOTOMHI € HaWOLbII 3aTpeOyBani [31, 32] Ha npeaMer e eKTUBHOCTI
poGotu cucremu (puc. 6).

e (0 113 {THC. TPH. ) e ER CIOHEHLIANbHA MOgens 1 s ERCMOHEHUIANBHA MOAEND 2

2500 000,00

2000 000,00

1500 000,00 -

1000 000,00

500000’00_ N NN NN IR NN NN NN ]

0,00 -+
Puc. 6. I'padix mporuo3yBaHHs
Jlami BUKOHaeEMO OIIHKY TOYHOCTI Moxaeni Xombra 1 Mmig0epeMo ONTHUMallbHI KoeillieHTH

3rIaJUKYBaHHS pALy 1 TpeHaa. Meron XolbTa BAKOPUCTOBYETHCS JIJIsl TIPOTHO3YBAHHSI YaCOBUX PSIIiB, KOJIH €
TEHJIEHIIis 10 3pOCTaHHs abo0 MaIiHHs 3HaYe€Hb YacoBOro psay (puc. 7).
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— CepeHe 3a nepioa, rpH | { = @KCNOHEHUIAIbHO 3rAa4MeHul pag,

-Yt+p PAg, 3 MOAEANIO NPOrHO3Y

35

30
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10

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97 101105109
Puc. 7. I'padix nporuno3yBaHHs

[ndopmaniiina TexHoNOris [Is aHami3y Ta NPOTHO3YBaHHS 4YaCOBHX psOiB 3 (pakTaaIbHUMHU
BJIACTUBOCTSIMU € YHIBEPCAJIHOIO Ta I03BOJISIE afanTyBaTH MpOLEC IIaHYyBaHHS MPOTHO3Y (iHAHCOBUX
YaCOBUX PAIIB JI0 PiBHS CPOPMOBAHOCTI TOYATKOBOT'O PS/Ty, HA BiZIMIHY BiJl JOCITIMKEHUX METO/IB.

VY sKocTi mapaMeTpiB TOCTIIKYIOThCSA OL[IHKH €KCIIEPTiB MI0A0 eEeKTHUBHOCTI Ta MapaMeTpy HaBeleH1
y Tabm. 4. ani Ha OCHOBI OTPHMAaHUX JAAHUX MPOBOAUTHCS MaTeMAaTHYHHH aHali3 Ta 3HiHCHIOETHCS
noOyzAoBa Aiarpam Ta rpagikis LI JeTaIbHOTO pO3YMIHHS e()eKTUBHOCT1 PO3POOKH.

VY 1abn. 4 mokasaHO mapaMeTpH 3BEPHEHb, IO HAAXOAATH O CHUCTEMH aHali3y Ta MPOrHO3yBaHHS
YacoBHX PAIB 3 (ppakTaIbHUMHU BIACTUBOCTSMH, X ONMHUC TA MOXKJIMBI 3HAUCHHS.

Tabnuusg 4. [TapameTpu 3BepHEHB

[Tapamerp Omnuc MoXMBI 3HAUYCHHS

Eg e EKTUBHICTh 5-manBucoKa,..., 0-HU3bKa
IH IHHOBAILIHHICTD 1- innoBaris, O-crangapt
Os 00CATH TaHUX Ha MPOTHO3YBAHHS 10-maxc,..., O-MiHIM.

K, KaTeropii TaHux 1,2,3...n - kaTeropis

I, HpPIOpPUTET 1,2,3...n - npiopurer

Pyin KIHIIEBUH PIBEHb BHPIIICHHS 1,2,3,4 - piBHi

Casep CcTaH O-BimkpuTnii, 1-3akputnit
K KOE(IIIEHT SKOCT1 MPOTHO3Y 5-HaJBUCOKHUH, ..., 0-HU3BKUHT

Oyien OLIIHKA KJII€EHTA 0,1,2,3,4,5

Jani cknageMo TaONUIIO 3HAYEHb OTPUMAHUX MPH JOCIIIKEHHS Po3po0IeHoi CHCTEMH Ta aHAJOTIB,
110 NPUITHATI 10 po3risny (Tadi. 5) Ta 3MiCHIOEMO aHalli3 OTPUMAaHHX JIAHUX.

Meron BinTepca BUKOPHCTOBYETHCS AJIsl IPOTHO3YBAaHHS YaCOBUX PSNiB, KOIH B CTPYKTYpi JaHUX €
copMoBaHHi TpEeH 1 ce30HHICTH (puc. 8).

Ha ocHOBi mpoBezeHOro MaTeMaTHYHOTO aHali3y epeKTHBHOCTI poboTH iH(opMaliiHoi TexHomorii
JUIA aHaji3y Ta MPOrHO3YBaHHS YAaCOBHX pSAIB 3 (QpakTalbHUMU BJIACTUBOCTAMH 32 JIOIOMOTOIO
JHTBICTHYHOTO MOJETIOBAaHHS Ta 0e3 ypaxyBaHHsI OCTAaHHBOI'O, CUCTEMH MPOTHO3YBaHHSA YAaCOBUX PAIIB Ha
ocHOBI MeroxiB Binrtepca, Xonbsra Ta BpayHa Ta, BuKOpucTOBylouM mKany Yeamoka, MOKHa 3poOUTH
BHCHOBOK, 110 HAWOUIBIINI BIUIMB Ha e eKTUBHICTh MAIOTh HACTYITHI YHHHUKH.
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Tabmuns 5. PesynpraTt MaTeMaTUYHOTO aHAIIZY

AC I[T®YP
[ — CII YP meton CII YP meton CII HP METOA AC TIDYP
Bpayna XonbTa BinTepca
IToka| wmonemroBaHHSA
3HUK | Cepenne
. . | Cepemnne |Hucn| Cepemne |Hucn| Cepemne |Hucn| Cepenne |Hucno
BIH);I;IIHGH HAucnepei BIIXHJICHHSI | €PCisl | BIIXUJICHHS | €pCis | BIMXUIICHHS | €pCisl | BITXUIICHHS | epcist
Ey 0,84 0,81 0,48 0,24 0,48 0,24 0,54 0,49 0,36 0,29
IH 0,42 0,21 0,48 0,24 0,48 0,24 0,48 0,24 0,42 0,21
Os 0,84 0,96 14 3,6 1,12 2,09 1,2 2,4 1,44 2,61
K, 0,84 0,96 0,54 0,49 0,4 0,4 0,9 1,05 0,76 0,81
I, 2,1 5,69 1,04 1,64 1,44 2,81 1,28 2,09 1,5 2,69
Pu: | 0,84 0,96 0,6 0,6 0,4 0,4 0,82 1,01 0,84 0,96
Cuep| 0,42 0,21 0,48 0,24 0,42 0,21 0,5 0,25 0,42 0,21
K 0,56 0,44 0,7 0,65 0,6 0,6 0,54 0,49 0,6 0,44
Owrierr| 0,32 0,16 0,72 0,64 0,9 0,89 0,72 0,64 0,32 0,16
—HOMEP s |t = €KCMOHEHUANEH O 2CNaQHEHWI pag Mporioz gna ouivkn mogeni
140
120 0 0 1 1 N A
100
80 SSEENESENNASEANEEE / FiL T AN
60 -
40
20 50 15 6 A 5 A 6 6 I I O O e I B N N R NSNS RS NS
O 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 T 1 1 1 1 | e | 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1

1 3 5 7 9 1113151719 21 23 25 27 2931 33 35 3739 41 43 45 47 49 51 53 55 57 59

Puc. 8. I'padix mporuo3yBaHHs

Hnst cucremu iHQOpMAIiifHOT TEXHOJOril Ajisl aHaimi3y Ta NPOrHO3YyBaHHS 4YaCOBHX pSOiB 3
(pakTaIbHUMH BIACTUBOCTSMH 32 JIOTIOMOT'OI0 JIHI'BICTUYHOTO MOJICITIOBAHHS:
- edexrusHicts (Ey);
- mpiopurer (I1);
- kareropis ganux (Ky);
- koedimieHT sikocti nmporHo3yBaHHs (K);
- omiaka KmeATA (Oggicn)-
Jlns cucteMu POrHO3YBaHHS YacOBUX PsIiB Ha OCHOBI Merony bpayHa:
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- e¢pexruHicTb (Ey);
- obcsru manux (Og);
- kateropis manux (Ky);
- KiHueBu# piBeHb BUpIlIeHHS (Pyy).
Jliist cucTeMu MPOrHO3YBaHHS YaCOBUX PSIIiB HA OCHOBI METOIY XOJIbTa:
- obcsru manux (Og);
- kateropis manux (Ky);
- KiHueBu# piBeHb BUpilIeHHS (Pyy).
JUs1st cCTeMH TMPOrHO3YBaHHsI YaCOBUX PsIiB HA OCHOBI MeTony BinTepca:
- kareropis manux (Ky).
Jnst cucremu iHQOpMAIIHHOT TEXHOJIOTiI JJi1 aHalmi3y Ta MPOTHO3YBAaHHS YACOBHX pATB 3
(paKTaTbHUMHU BIACTUBOCTSIMH:
- inHoBaiiHicTs (IH);
- mpiopurer (I,);
- kareropis manux (Ky);
- obcsru manux (Og);
- KinueBui piBeHb BupimeHHs (Pyy);
- craH (Cep);
- koedimienT sikocti mporrHosysanus (K);
- ominka KIeHTa (Oyyien)-

Hani go pos3rasny mpuiiMaeMo JBi CHCTEMH, PO3pOOJIEHY y paMKax JaHoi poOoTH iHpopMamiiiHy
TEXHOJIOTI0 s aHAJi3y Ta MPOrHO3yBaHHS YaCOBUX PSIiB 3 (PpaKTaIbHUMH BIACTUBOCTSIMH 3a JOMOMOTO0
JIHTBICTUYHOTO MOJICIIOBAHHS Ta HAWOUIBIIOrO KOHKYPEHTa iH(OPMAIIHOI TEXHOJOTIi /IS aHajily Ta
NPOrHO3YBaHHS YaCOBUX PsIiB 3 (paKTaJbHUMH BIACTUBOCTSAMH, OCKIIBKH iHIII MPOTpaMU BHSBUIIHCS HE
KOHKYPEHTOCITPOMOKHHMH 3 Pe3yJIbTaTaMH MOMEePEAHbOTO aHAII3Y.

[TpoBenemo rpadiuyHe MOPIBHSHHS IBOX CHCTEM 3a OCHOBHMMH TOKAQ3HUKAMHU JUTS BUSIBICHHS
HalOLTBII e)EKTUBHOI Ta JOCKOHAIIOI CHCTEMH aHAIi3y Ta MPOTHO3YBAHHs YaCOBHUX PSIiB 3 (paKkTaaIbHUMHU
BiactuBocTsiMu (puc. 9-11).

e AC NPYP AiHIBICTUYHE
MOAEeN0BaHHA

s AC [TOYP

Puc. 9. I'padix edpeKTUBHOCTI cHCTEM IS aHAJIi3y Ta MPOTHO3YBaHHs YaCOBHX PAMIB 3 (paKTaTbHUMH
BJIACTUBOCTSMU

”
B AC NOYP aiHrsicTudHe mogentosants  gi AC H(DE'?P

10

Puc. 10. Ouinka cuctem ajist aHaIli3y Ta MPOrHO3YBAaHHS YaCOBHX PAIB 3 (paKTaIbHUMH BIACTUBOCTSIMU
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Puc. 11. KoedinieHT AKOCTi IPOTHO3YBaHHS CHCTEM ISl aHAJi3y Ta IPOTHO3YBaHHS YACOBUX PSIIB 3
(paKTanbHUMH BIACTHBOCTAMHU

3rigHo 70 MPOBEAEHOr0 IOCIIHKEHHS BapTO BiI3HAYMTH, IO PO3po0OiieHa iHpopMaliiiHa TEXHOIOTis
JUIA aHaji3y Ta MPOrHO3YBaHHS YAaCOBHX pSAIB 3 (pakTalbHUMU BJIACTUBOCTAMH 32 JIOIOMOTOIO
JIHTBICTUYHOTO MOJETIOBAaHHA 3a BCiMa MOKa3HMKAMH IIEPEBEPIIYE CBOIX KOHKYpPEHTiB/aHAJIOriB, IO
TOBOPHUTH TMPO BHUCOKY SIKICTh PO3POOKH Ta MOXIIMBICTh BHPOBAKEHHS CHUCTEMU B pealbHy poOOoTy 3a
notpeboro.

BucHoBKH Ta NepCHeKTHBH MOAAIBUIOTO TOCAIKeHHsA. Y poOOTi BU3HAYEHO eQEeKTHBHICTH
iH(pOpMaLitHOT TEXHONOTI{ U aHali3y Ta HPOTHO3YBAHHS YaCOBHX PANiB 3 (paKkTaIbHUMU BIACTUBOCTSIMU
Ha OCHOBI JIIHTBICTUYHOT O MO/IeNIOBaHHs. [IpoBeseHa nepeBipka npame3gaTHocTi iHpopManiiHoi TeXHOIOT11
JUIA aHaJli3y Ta MPOTHO3YBAaHHS YAaCOBUX PSiB 3 (pakTaJbHUMHU BIACTHBOCTSMH 1 IPOTPaMHUX peanizaii
Ha peaThbHUX JAHUX TWiATBEpPAMIA MOXIUBICTh 3a0e3leUeHHs OO0 €KTHBHOCTI IIiJ] 4Yac MPOBEICHHS
nporuo3yBaHHs. Bukopucranus iHpopMaliifHOl TeXHOOTT U aHaANi3y Ta MPOrHO3YBAaHHS YAaCOBUX PSIB 3
(paKkTanbHUMH BJIaCTHBOCTSMH JO3BOJIUTH 3a0€3MEUUTH BUCOKHH PiBEHb MPOTHO3YBAaHHS 3 MaKCHMaJbHO
MOBHOIO peali3alicro aHaliTHYHol cucTeMu. JlochiKeHHS TPhOX METO/IB aJallTHBHOIO THITY TI0KA3aJIo, 110
Mozenb bpayHa mpaioe TUTbKK MIPH HEBETUKOMY TOPH3OHTI MPOTHO3YBaHHSI, TOOTO HE BPAXOBYETHCS TPEHA
1 ce30HH1 3MiHM. [HpOpMaIiiiHa TeXHOMOTISA A aHali3y Ta MPOTHO3YBaHHSI YaCOBHX PSIiB 3 (paKTaIbHUMH
BJIACTUBOCTSIMU € YHIBEPCAJIILHOIO Ta J03BOJISIE afanTyBaTH MpOLEC IIaHYyBaHHS MPOTHO3Y (iHAHCOBUX
YacOBHX PSAAIB 10 piBHS c(hOPMOBAHOCT1 TOYATKOBOIO PALIY.
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VJIK 004.5(477)

'Hixonina LI k. B. gepx. ynp.,” Hikonina LI k. ict. H., nouent, *Suym M.IT.
'BiHHHIBKMIT TOProBeIbHO-eKOHOMIuHHiT incTHTYTY KHTEY,

’BiHHHMIBKYI JepKaBHUIN TeIaroriaamii yHisepeuter iMeni Muxaiina KormoGuHachKoro
’BiHHHIIBKMI TOProBETbHO-eKOHOMIuHMiT incTHTYTY KHTEY

OCOBJIMBOCTI BITIPOBAI)KEHHSI TA MEPCIIEKTUBU MOBILE 1D B YKPAIHI

Hikoumina LI, Hikoaina LI, Sluym M.I1. Oco6auBocti BnpoBakenns Ta nepcnexrusu Mobile 1D B Ykpaini. Crartio
TPUCBSYEHO JOCTiKeH o BiipoBapkertst Mobile ID B Ykpaiui. O6rpynToBaHo, 0 YKpaiHi 0COOIHBY yBary B KOHTEKCTI PO3BHTKY
€JIEKTPOHHOTO BpSIAyBaHHS HEOOXiHO 3BEPHYTH Ha BIPOBA/DKCHHS OHJIAWH-CEPBICIB Ta PO3BUTOK TEIEKOMYHIKaIiifHOI
iHGPACTPYKTYpH, IO Hepeadadace 3apoBaKEHHI HOBUX CXeM 1 3ac00iB eIeKTPOHHOI iieHTH(iKamii Ta BCTAHOBIECHHS PiBHIB JOBIpH
no mux. JlocmimkeHo, mo texHonoris Mobile ID nHamae MOXIMBICTH MiANUCYBATH €-JIOKYMEHTH 3a JIOIIOMOTOK MOOLIBHOTO
TenedoHy, YMM OOYMOBIIOE PO3IMIHUPEHHS MOCTYIY OO NMPO30PUX Ta HEKOPYIIIHHHUX eJeKTPOHHMX mocayr. OKpeclIeHO eTanu
BrpoBamkerHs Mobile ID B Vkpaiui. BucsiTieno cyqacHmii cTaH Ta CHCTEMaTH30BaHO MOTEHIIIHHI MOJKIIMBOCTI ¥ IlepeBaru cepBicy
Mobile ID.

Kurouosi ciioBa: udposi Texuosnorii, Mobile ID, enexkrporna nociyra, e1eKTpOHHHHN MTiIKC, ineHTudiKaiis.

Hukonuna WU, Huxonnna UM, SIuym M.II. OcoGennocTu BHeapenusi u nepcnektusbl Mobile ID B Ykpaume.
Cratbst ocBsileHa uccenoBanmio Baeapenns Mobile ID B8 Ykpaume. OGocHOBaHO, 4TO B YKpanHe 0c000¢ BHUMAaHHE B KOHTEKCTE
Pa3BUTHA HIEKTPOHHOTO YIIPABIECHHSI HEOOXOAUMO OOPATUTh Ha BHEAPEHNE OHJIAWH-CEPBHCOB M PA3BUTHE TEIEKOMMYHUKAMOHHON
HH(PACTPYKTYPHI, IPeLyCMaTPUBAIOIINI BBEICHHE HOBBIX CXEM H CPEJICTB 3IEKTPOHHON MIACHTH(UKALINY 1 YCTAHOBICHNS YPOBHEH
noBepwust K HUM. Jlokazano, uro texuonorust Mobile ID mo3BossieT moArChBaTE IEKTPOHHbIE JOKYMEHTHI € TIOMOIIBI0 MOOMIEHOTO
Tesnedona, YeM 00yCIIOBIMBAET PACIIMPEHUE AOCTYNA K IPO3PAadHBIM M HE KOPPYHNIMOHHBIM 3JI€KTPOHHBIM yciayraMm. OmnpeneneHs
aramsl Baeaperust Mobile ID B Ykpaume. OcBemeHo COBpeMEHHOE COCTOSIHIE U CHCTEMATH3MPOBAHbI TIOTEHIHATBHBIE BO3MOYKHOCTH
U penMyiectBa cepsrca Mobile ID.

Kuarouessie ciioBa: udpossie Texuonorud, Mobile ID, anexrponnast yciyra, 371eKTpOHHAS MOIITHCH, HICHTHDUKAIS.

I.Nikolina, 1.Nikolina, M.Yanush. Peculiarities of implementation and perspectives of Mobile ID in Ukraine. The
article investigates the implementation of Mobile ID in Ukraine. It is substantiated that in the context of e-government being
developed Ukraine should pay special attention to the implementation of online services and the development of telecommunication
infrastructure which involves the introduction of new schemes and means of electronic identification and establishing levels of trust
to them. It is investigated that the Mobile ID technology provides the ability to sign e-documents using a mobile phone which results
in an expanded access to transparent and non-corrupt electronic services. The stages of Maobile ID implementation in Ukraine are
specified. The current state is highlighted and potential opportunities and advantages of the Mobile ID service are systematized.

Key words: digital technologies, Mobile ID, electronic service, electronic signature, identification.

IMocTtanoBka HaykoBoi mpodjemu. CydacHHUH CBIT CTPIMKO PO3BHBA€ETHCS MiJl BIUIMBOM TOTAJIbHOL
nudposizanii. Konumenmiss po3BUTKy HUGPOBOI EKOHOMIKM Ta cycniibeTBa Ykpainn Ha 2018-2020
nependayae 3AiHCHEHHS 3aX0/iB 100 BIPOBAIKEHHS BiIOBIAHUX CTUMYIIB AJs nudpoBizaLii cycniibHOT
chepu [3].

AKTHBHE BIPOBAUKEHHS UUQPPOBUX TEXHOJOTH B CHUCTEMY CYCHUTBHO-TIONIITUYHUX BiIHOCHH
PO3ILIMPHIN MOXKIIMBOCTI IPOMaJSH LION0 X TPOMaJCHKOI y4acTi, CTBOPHIIM YMOBH [Uisi YOPMYBaHHS SIKICHO
HOBOTO PiBHSI aKTUBHOCTI Ta COLIabHO-IOMITHYHOI 1HKITIO311, €leKTPOHHOT MapTHCUITALIi].

OpHuM i3 IHCTPYMEHTIB OLIHKM PO3BUTKY EIEKTPOHHOTO BpsAAyBaHHs Kpainu € iHgexc EGDI
(ECJGovernment Development Index), mo pospaxoByerbcs enapramentom OOH 3 exkOHOMIYHUX i
comianpaux nmutadb (UNDESA) nounnatoun 3 2003 p. moxo 193 kpain cBity [9]. Anani3 paHux tadmmi 1
CBiTUMTh, 0 YKpaina y 2018 p. onmycrunack B peiitunry Ha 14 mo3uuiit nopisusiHo 3 2012 p.

[opiBHsitoun nani KpaiH-nmigepiB Ta KpaiH-CycifiB YKpaiHu B PEHTHHIY PO3BUTKY €JIEKTPOHHOIO
ypsimyBaHHs [6], Haroimocumo, 10 0COOIMBY yBary Hamliid Jiep>kaBi HEOOXiTHO 3BEPHYTH Ha BIPOBAKCHHS
OHJIaH-CEPBICIB Ta PO3BUTOK TEIEKOMYHIKaliiHOI iH()pacTpyKTypH, 0 nepeadayae BBEACHHS HOBUX CXEM
13ac00iB eNEKTPOHHOI 1IeHTH(iKAIlil Ta BCTAHOBIICHHS JIOBIpH JI0 HUX.

Ananiz gociaimkens. OKpeMUM acleKTaM eJIeKTPOHHOI'0 YpsIIyBaHHS MPHUCBSIYCHO HAYKOBI mpaili
TaKuX aBTOpiB, sk Y. ApmcTponra, E. Boitnosoi, H. I'punsik, H. Aninpenko, I1. Kaimymuna, C.UykyT Ta
iHIIi, sIKi B CBOiX po0oTax, TakoX, 3yNMUHsUIMCS Ha OOIPYHTYBaHHI poii, mpoOieM BOPOBAIKEHHS Ta
nepcrektuB Mobile ID B Ykpaini.

HocnipkeHHs ycix acrekTiB BrpoBampkeHHs Mobile ID, sk 3aco0y enekrponHOi ineHTHOiKaMil, €
MEPCIEKTUBHUMH, OCKUIBKM LHU(POBI TEXHOJIOTii YMOMIJIMBIIOIOTh 3pPOCTaHHA MIBUAKOCTI PO3BHUTKY
€JIEKTPOHHOTO BPSyBaHHS, COLIATBHO-NONITUYHOT IHKJIIIO31i, €EeKTPOHHOT MapTHCcuNaLii paKkTopiaabHO.
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Tabnuug 1. Pelfitunr xpain 3a 3HaueHHsM ingekcy EGDI 3a 2012-2018 pp.

Miciie B el 3wmina no3uuii B 2018 p.
CHe B pe Y BigHocHo 2012 p.
Kpaina
2012 p. | 2014 p. | 2016 p. | 2018 p.
Janis 4 16 9 1
ABcTpanis 12 2 2 2
Pecniy6iika 1 1 3 3
Kopes
BeJ'II/IKOH6pI/ITaH1 3 7 1 4
IBewis 7 14 6 5
Tymnic 103 75 72 80
VY36ekucTan 91 100 80 81
VYkpaina 68 87 62 82 i
CelinienbCoKi 84 81 86 83
OCTpOBa

Iicepeno: pospobaeno aemopamu 3a oanumu [9]

Bupnijiennsi He BUpilleHUX paHille YacTHH 3arajbHOI mpodiaemu. HemonaBHo BigOynucs cyTTeBi
3pymeHHs moao0 BrpoamkenHs Mobile ID B Ykpaini, po3po0ka 3acaz sikoro posmouanacs y 2015 p. min uac
CTBOPEHHSI JOKYMEHTIB CepH ENIEeKTPOHHOTO YPALYBaHHS CTpaTEriyHoro piBHs. 30Kpema, / JMCTOMaja
2018 p. BcrymuB B 1ito 3aKkOH YkpaiHu «lIpo eNeKTpOHHI JOBipYl MOCIYru», SKUH CHOpSMOBaHUM Ha
pedopMyBaHHS HaliOHaTBFHOI HOPMAaTHUBHOI 0a3u y cdepi KBamiikKOBaHOTO €IEKTPOHHOI'0 HHU(POBOTO
MiANUCY LUISAXOM IMITIeMeHTalii 3aKkoHoAaBcTBa €Bporeiicbkoro Cowo3y Ta peajidye mpaBo Ha cepBicu
Mobile ID [8]. B cBowo uepry, xaepxaBHe mianpueMcTBo «HamioHanbHi iH(pOpMAaLiiHI CHCTEMH»
3a0e3Meunsi0 TEXHOJOriuHy TmepeOynoBy 0a30BOi 1HPPACTPYKTYpU ENEKTPOHHOrO MiANHCy KpaiHd i3
TiepeBeIeHHAM i Ha MDKHAPOIHI CTaHAAPTH.

Mera crarri. ['0110BHOIO MeTOM0 i€l poOoTH € aHami3 nporecy BrpoBakeHHs Mobile ID B Vkpaini
Ta AOCTIHKEHHS MOro MEPCIEKTUB Y CBITJIi OCTaHHIX 3pYILEHb B ILOMY HAPsAMKY.

Buknaa ocHoBHOro marepiaiay. PesynbraTom miaHoMipHOi Ta 0araTocTOpOHHBOI mpami QaxiBIiB
npaBa, TEIEKOMYHiKalild, cy0’€KTiB HaZaHHS agMIHICTPATUBHHX IOCIYT Ta JILEH3iaTiB y ramysi 3axucty
iHpopMaLii ctaso peanbHe (YHKUIOHYBAaHHS CHUCTEMHM AaBTEHTH(]IKalii Ta eJeKTPOHHOro HHU(POBOro
MiANUCY 3 BUKOPUCTAaHHAM TenedoHa.

Cuctrema Mobile ID no3ronsie 3a 1omoMororw MooOiIbHOTrO TeaedoHy MPOBECTH 1ACHTH(IKAIII0 0COOH
IUIA JIOCTYNy AO €JICKTPOHHUX TOCIYr Ta BHKOPHCTOBYBAaTH KBalli()ikOBaHWH ENEKTPOHHHUH MiANHC B
CHCTEMax eJICKTPOHHOI'0 IOKYMEHTOO0O0IrYy.

Mobile ID nanaerses sik mocimyra MooiTbHUMHE onepaTopamu. Ha SIM-kapty 3amucyertbes mudpoBmii
mianuc aOoHeHTa 1 TakUM YHHOM JIIOJMHA MOXE BHKOPHUCTOBYBATM HMOro 3aMiCTh Iacmopra Ta
ineHTHdiKaniiHoro koay. Xoua came opopmierns Mobile 1D BinOyBaeTbcs Ha MiACTaBi IIUX JOKYMEHTIB.

Brponosx 2017-2018 pp. y pamkax MiJOTHOTO MPOEKTY JAep:kaBHOTO mifgmpueMcTBa «HarioHansHi
iHpopMaLiitHi cucteMu»» 1 xommnaHii «KuiBcTap» BiaNpanbOByBaHO OpraHi3amiidHI Ta TEXHIYHI MUTaHHS
MIOJ0 HAJaHHS TOCIYT EJICKTPOHHOrO MIANUCYy Ha ocHOBi iatdopmu Mobile ID ta AxpeanToBaHOro
HEeHTpy cepThdikauii KIo4iB OpraHiB ocTHLii YKpaiHd, a TakoX iHTerpawii MOOITEHOTO EeNEeKTPOHHOTO
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MiANUCY 13 MPUKIaJHAMHU cUcTeMaMd. B pesympraTi cmiBmpami Oylno MOIEpHI30BaHO CHUCTEMH 3aXHUCTY
iHpopMaLii Ta OTPUMAaHO aTecTaTH BiINOBIAHOCTI BUMOraM 3aKOHOJABCTBA B raiysi 3axucTy iHQopmarii.
[Ipu npomy Oyn0 CTBOPEHO Ii€BY CUCTEMY, MIATBEPIKEHO 1i mpale3naTHICTh 1 0e3nexy o0poOku iHpopmarii
3a YMOBH YINPaBIiHHS 1i CKJIaJIOBUMH Pi3HUMH CYO'€KTaMH.

20 rpynnas 2018 p. xomnanist KuiBctap oronmocuna mpo o¢iniiiHuii 3amyck iHCTpYMEHTY MOOUTBHOT
uudpoBoi ineHTHdikaLii Ta exexTpoHHOro HUdpoBoro mignucy. CTaHOM Ha CHOTOIHI BXKeE Bimkputo 22
touku Buaadi ceprudikati Big ALICK opranis roctuuii Ta SIM-kapt Mobile ID y micrax Ykpainu.

Bim3naunmo, mo xomnanis «Vodafone VYkpaina» 3amyctmia JiHIHKY TOCIyr Ha 0a3i TEXHOJOTIi
Mobile ID B cepras 2018 p., anme TinbKkM A CBOIX Oi3Hec-KimieHTiB, BiAmoBiaHi SIM-kapTku MoxHa
orpumatu Tinkku B Kuichkomy odici Vodafone. Mooinsamii oneparop «Lifecell» 3 oceni 2018 p. Tectye
texHouoriro Mobile ID Bcepenuni kommaHii.

Came Texnonoris Mobile ID ta MOXJIUBICTh MIANUCYBAaTH €-IOKYMEHTH 3a JOMOMOI'OI0 MOOLTEHOTIO
TeneoHy HAAAarTh AOCTYII JO MPO30PHUX Ta HEKOPYIIIHHNUX eNeKTPOHHUX mocayr. [loTeHniiHI MOXINBOCTI
Ta mepeBaru cepsicy Mobile ID cucremaTtnzoBano Ha puc. 1, 3a 0MOMOror0 i€l TEXHONOTIT MOYKHA HABITh
roJIOCYBaTH B MalilOyTHbOMY Ha BHOOpax.

3nauHoro mepeBaroro Mobile ID € Te, mo npomec akTuBalii MOCTYrH CHOpaBai AyKe NMPOCTUH Ta
mBHUIKUHN. g migkimiodeHHsT cepBicy aOOHEHT MOBHMHEH 3aMiHUTH SIM-kapTu Ha HOBY, siKa JOJATKOBO
3a0e3neuye MATPUMKY (QYHKLOI] MiABUILEHOrO 3axUcTy iHpOpMalii Npu eleKTpOHHIH imeHTHdikamil
KOpHUCTYyBaua.

Koken omeparop camoCTiiiHO BH3HAYaTHME IMiIXiJ 1 MOJENb MOHETH3allii i€l mociayru. Y BChOMY
CBITI mommpeHi nBa migxoau. llepmiuii, koiu omepaTop BBOAMTH NOJATKOBY IIOMICSYHY aOOHIIATy 3a
BukopuctanHs Mobile ID. [Ipyruii, konu miara CTAryeThCs 3a KOKHY TPaH3aKIilo, TOOTO HIIIMHC OTHOTO
JOKYMEHTa KOIUTYE MEBHY Ay’Ke HE3HaYHY CyMY.

Ha >xaib, npouec BripoBapkerns Mobile ID B gepkaBHUX Ta IHIIMX CTPYKTYpaxX HE € MPOCTHM, aJKe
KO’KHA OpraHi3aliss mMae cBOi BiacHi iHTepdeiicn no uuppoBux cucteM imeHTHdikauii. Hampuknazn,
JepkaBHa TomaTKOBa CiIy)k0a BK€ aJanTyBana CBOi cHCTeMH (DiCKaJbHOI 3BITHOCTI JIO €JIEKTPOHHOTO
nudposoro mignucy, a or Mobile ID Bonu 3apa3 mie He miaTpumyrots. To0TO, abonentn 3 Mobile ID ne
MOXYTh 3aCTOCOBYBAaTH ILIed 3aci0 Ans THX caMUX LUQPOBHUX IOCTYT, IO W BIACHUKHU EJIEKTPOHHOTO
U (HPOBOTO MiJITHCY.

OTPIMAHHA eTeKTPOHHILX JIeP/KaPHILX CePRICIB:
@ *@001IICLKE NOCBIOYCHHA, PEECTNPAYIA 8NN, PeECTNPalfiA MICIA NPOHCUBAHHA,
Oernapaiia npo 0oxootl. 2o0N0CYeaHHA 1ida nenuifil, ompuMaHHa coyiatvHol

SOHOMOZH,
B TATYy31 OXOPOHIL 3TOPOB A

* guoauanixie, 0ocmyn 00 iCIMopit xeopoobu, MOHINOPUHS HOKAZHIKIE,

B TATY31 OCBITIL:

*QOCINYI 00 CAlNY HARYATLHO20 3AKAANY A 0COBUCTNO20 KAGIHeMY, OucinaHiiiiHe

. = .
VR 8 6 LD EUIUAON T BIITHARTID,

-1 .“‘ﬁ" / B c(pepi pIHAHCOBOTO Ta OAHKIBCHKOIO CEKTOPY

* nraniedxcl, eIOKPUNIMNA/3AKPUININIA PANVHKIE, OMPUMAHHA O08IOOK, CINIPAXVEAHHA,
h}?t’!“}“’“l‘l'ﬂ{?””ﬂ'

Iy ¥ "‘T.S ATA KOPIIOPATIIBHOT O PITHKY
il

Ak i . > r - s
AP W W TP T ET rlni.':'*:uulunnfn 3 JIPAL o3 a2 24 0 20 20
T G T e o T

il » - -
/I S . (pi3TIEILX Ta FOPIIMUHILK 0Ci0

Mot

* OHNQIIH-KYNI@A, AVKI[IOHU, naebiciuini.
Puc. 1. [Torenuiiini MoXJIMBOCTI Ta niepeBaru cepsicy Mobile ID

~aE

Iicepeno: pospobaerno agmopamu
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KirouoBwii acrniekt BrpoBakenHs Maobile ID — 6e3neka ocobuctux manux. HesBakarouu Ha Te, 110
YacTHUHA €KCIEePTiB 00EpPEKHO OLIHIOIOTh HOBALII0, MDKHAPOJHUN JJOCBIZ CBIAYUTH HAa KOPUCTH cepBicy. Bin
ycninHo QyHKIiOHYe B OinbliocTi kpaiH €Bponeiicskoro Coro3y, a Takox B Monnosi, AzepOailpkaHi Ta
KazaxcraHni.

TexHonorii «MOOIMBHOTO ypsAAy» MAalOTh IIUPOKY cdepy 3acTocyBaHHs. Tak, Hampukiag, 3a
JonoMororo MobinpHOTro Tenedony y Hopserii MmoxHa criadyBatu nogaTky, B baxpeiini, OAE, ®ininninax
— 3IiiCHIOBATH TIaTeXi 3a HagaHHs nocnyr, B Ecronii, Kurai, Mapokko Ta Kenii — cnocrepiratu 3a xomom
BuOopiB Ta romocyBatu. ¥ CLIA, Typeuunni tTa ®panmii MOOUIbHI TEXHONOTI] BUKOPHCTOBYIOTHCS IS
KOOpJAMHAIII AiSUTbHOCTI €KCTPeHUX ciyk0. B Manaitsii, Yranni, [anii, Kurtai ctBopeHo MOOLTRHUI cepBic
i hepMepiB it iHGOpMYBaHH PO MOAI Ha PUHKY Ta MOIMEPEIKEHHS PO HECTIPUATIUBI OrOHI YMOBH
[1].

VY Hu3wi kpaiH CBiTY TEXHONOTI] «MOOUIBHOTO ypsiAy» YCIIIIHO 3aCTOCOBYIOTHCS Y cepi LUBIIBHOTO
3aXMCTy 1 OXOpOHHW mpaBonopsiaky. Hampuknaz, B Smonii MoOOiIBHI CepBiCH BHKOPUCTOBYIOTH LIS
MoTepeKEHHS TPOMaIsiH PO HAA3BHYAiHI CUTyalil MPUPOAHOTO XapakTepy Ta HaJaHHS IHCTPYKLIH, K
IisiTh 'y TakoMy Bumazaky. Y Benukiit Bputanii mpu 3arposi moBeHi HaceleHHsI MOBIIOMIISIIOTH HE JIMIIE
gepe3 3MI Ta po3cHIIKy eneKTpOHHO MoITor0, ajie i yuepe3 CMC [10].

Memxkanni Jlonmona orpumyitots CMC moBigomiieHHs Bif MOMNILii y pa3i BUHUKHEHHS 3arpo3u
TepopuCcTUYHMX aKTiB. Y Himeuunni momimis po3cmiae CMC moBiOMICHHS BOJISIM TaKCH Ta TPOMAICHKOTO
TPaHCHOPTY 13 JaHUMH OCi0, SIKi 3HAXOIATHCSA B PO3MIyKy. B MaHini moiimis moBitomisie TpoMaasH depes
CMC npo 3pocTaHHsI piBHS 3JIOYMHHOCTI B TOMY YH iHIIOMY paiioHi MicTa. MelkaHIi MicTa TaKOX MaloTh
MOXJIMBICTB 32 oromMororo CMC moBizoMuTH NOMILiIO Mpo migo3pinux oci6 [10].

3HayHMH MOTEHLIaN Ma€ BUKOPUCTAHHS MOOUIBHUX CEPBICIB y rayy3i OXOpOHH 3A0pOB’S, OCBITH, IPU
peanizauii pi3HOro pony comiansHuX iHimiatue. B IllBenii MeanyHuid MepcoHaN JiKapeHb OTPUMYE
iHpoOpMaLio Mpo manieHTa yepe3 MOOLNbHI TenedoHn. YPsIu HU3KK KpaiH CBITY 3alpOBaJHiId Ta YCHIIIHO
peati3yloTh iHINiaTHBH 3 HaJaHHA MOOLIBHUX CEpBICiB 'pOMajsHaM y raixy3i OXOPOHH 370pOB’S Matepi i
mutuad. Tak, Hanpukiaj, B ['aHi BariTHI )KIHKH OTPUMYIOTh HeoOXimHy iH(opmaLito 3a gornomororo CMC
NOBiTOMJIEHB [5].

Mo0inbHUi 3B’A30K BUKOPUCTOBYETHCS TSl HAJAHHS MOCITYT JIFOJSAM 13 0OMEKXEHUMH MOKIUBOCTSIMU.
Hanpuxnan, Bnaga Cinramypy 3anpoaauina CMC cepBic ais Jrofeli 3 BajaMu CIIyXy Ta MOBJICHHS, 11100
BOHHM MOTJIM CKOPHUCTATUCh MOCIYraMU €KCTPEHUX Ta aBapiiiHux ciyxO0. [lonmiOnuii ceppic mis mromei 3
BaJIaMH CITyXy TaKOX 3anpoBa/pkeHuid y Benukiit Bpuranii ta Hinepnannax [6].

TexHomorii «MOOITBHOT0 YPALy» IHUPOKO 3aCTOCOBYIOTBCS 1 [T HANAaroKEHHS 3BOPOTHOTO 3B’ 3Ky
13 rpoMajsiHamMu. Tak, MiclieBa Biiajja AMMaHy 3 METOIO TTOKPAIICHHS KOMYHIKAIlil i3 MEIIKaHISIMA MiCTa Ta
MiABULIEHHS SKOCTI Ta eeKTUBHOCTI HajaHHs iM TOcayT, 3anpoBagmia noprait CMC mocnyr, sIKHi 3ronom
CTaB HalyacTille BUKOPHUCTOBYBAaHHMM 3acO0OM KOMYyHiKamii MK TpoMmaasHamu Ta Biamoro [10].
Komynikamist yepe3 mopTan BinOyBaeTbcs B 000X HampsIMKax: OpraHd Biaad iHGOPMYIOTh I'pPOMasH 3a
noromororo CMC moBizomiieHb (HampuKiIaZ, pPO3CHIIAIOTH IOBIJOMIICHHS B paMkax iH(opMariiHo-
NPOCBITHUIIPKUX KaMIaHiid, a00 HaraayroThb NpO LIOCH); rpoMaasHu HajacwiailoTe CMC moBigomieHHS-
3alUTH B OPTaHU BIIAJH, HA Ki, B CBOIO YEPry, OTPUMYIOTh BiIOBiIb BiJl BiJOMCTB, /10 chepu KOMIETEHITii
SAKAX HAJCKHUTH MpeAMET 3aluTy. 3a3HauuMO, IO TEXHOJOrii MOOLTBHOTO 3B’SI3KY TakOXX MOXYTb Oyau
BUKOPHUCTaH1 ISl 3MIICHEHHS eNeKTPOHHO] ileHTU(IKalil py HaJaHHI eNeKTPOHHUX MOCIYT.

Texnonoris MoOUIBHOT ineHTH]iKawil KopucTyBaua Mobile ID no3Bossie aGOHEHTY BUKOPHCTOBYBAaTH
CBill MOOUTHHHMI TenedoH sK 3acid eNeKTpOHHOI iNeHTHU(IKalil, OTPUMYBaTH IOCTYNI [0 3aXHUILEHUX
CNIEKTPOHHUX JOKYMEHTIB 1 CTABUTH Ha HUX CBill €IEKTPOHHHMU miAmuc. Taka TEXHOJIOTiS BIPOBaIXKEHA i
yenimHo npanroe y 20 kpaiHax cBiTy, OUTBIIICTB 3 SIKUX CTaHOBIATH Kpainu €C. Y 6aratbox 3 HUX MOOiTEHA
iIeHTH(]IKaLisl BHUKOPUCTOBYEThCA SIK JONATKOBHH cCHOCI0 eNeKTpoHHOi ineHTHU(ikanii Hpu HaaaHHI
SJICKTPOHHUX TOCTyT [4].

TexHonoriss MOOUBHOT imeHTH(]iKaLii poOUTH MpoOLENYpY €IeKTPOHHOI imeHTH]iKauii THYydYKOIo,
MPOCTILIOI0 Ta 3PYYHILIOI IJIs1 KOPUCTYBaya, HaJAl0uM 3HAYHI MOKJIMBOCTI IS PO3BUTKY Ta MOKPAILEHHS
AKOCTI HaJaHHS AEPKAaBHUX EIIEKTPOHHUX IIOCAYT, a TaKOX CTHMYJIOIOYHM IIONUT Ha KOPHCTYBaHHS
eNIEKTPOHHMMHU cepBicaMU 3 OOKY HaceleHHs Ta Oi3Hecy.

[Ipore, Ha CHOrOmHIIIHIN IeHb MOTEHLial «MOOLIBHOTO ypsAny» B YKpaiHi BUKOPHUCTOBYETHCS HE
JOCTaTHBO. MOHITOPUHT OiNbIIOCTI OQIliHHUX BeO-calTIB OpraHiB BUKOHABYOI BIAAN IIOKa3aB BiICYTHICTh
cnpaB Ykpainu, MiHicTepcTBa eKoJorii Ta HmpUpoOmHUX pecypciB Ykpainu, JlHinmpomeTpoBchkoi obmacHOI
nepkaBHOi aaMiHicTpanii Ta KuiBchkoi MicbKoi AepxaBHOI aaMiHicTpanii.
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3rigHo pe3yabTaTiB rPOMAZCHKOrO MOHITOPUHTY, MOOiNbHA Bepcis BeO-cailTy HasBHA jumie Ha 3 %
BeO-caiiTiB opraniB MicieBoro camoBpsigyBaHHs, CMC TOBiZOMIIEHHS Tpd HaJaHHI IMOCTYT
BUKOPHCTOBYETHCSI HUMH BKpail pinko [7]. OcraHHIM yacoM Ha MiCLIEBOMY piBHI OYJIO peai3oBaHO HU3KY
MIOTHUX TMPOEKTIB 13 PO3BUTKY ENEKTPOHHUX aJMIHICTpPAaTHMBHUX TMOCIYT, B paMKax SKHX Oyno
3aMpoBaXKEHO MOOLUIBHI CepBiCH ISl CIIOKMBAYiB aJAMIHICTPaTUBHUX MOCTYr. Tak, HAMpUKiIal, B paMKax
peaizauii miaoTHOro Npoekty «PerioHanbHUH BipTyanbHUi oic HaZaHHS ENEeKTPOHHUX aaMIHICTPAaTUBHUX
nociyr» JlHimpomeTpoBchkoi obmacti Oymno 3ampoBaKeHO NOCHyry iH(QOpMYyBaHHS 3asBHUKIB IIPO
pe3ynbTaTi po3risany cinpasu dyepe3 CMC nmoBinoMIIeHHS.

BucnoBku i nmpomo3uuii. Pe3ynapraTé AgochmimkeHHs NOBOASATH, IO B YKpaiHi ocoONUBY yBary B
KOHTEKCTI PO3BUTKY €JICKTPOHHOI'O BPSIIyBaHHA HEOOX1IHO 3BEPHYTH Ha BIPOBAKEHHS OHJIaH-CEPBICIB Ta
PO3BUTOK TeleKOMYHiKaliitHoi iHdpacTpykrypu. Ockimbku TexHonoris Mobile ID Hamae MOXIHBICTH
MiAMUCYBaTH €-IOKYMEHTH 3a JOMOMOTOK MOOUTEHOTO Tene(OoHy, TO 1€ CIPUSE PO3MUPEHHIO JOCTYITY 10
MPO30OPHUX Ta HEKOPYNLIMHUX eNeKTPOHHUX mocayr. CrucTemMaTH30BaHi MOTEHNIHHI MOXKIMBOCTI i TiepeBaru
cepicy Mobile 1D 3acBizdyroTh mepcreKTHBHICTh TaHOT IU(PPOBOI TEXHOJOTII, IKa YMOYKIIUBIIIOE 3pOCTAHHS
HIBUJIKOCTI PO3BUTKY €JIEKTPOHHOI'O BPSAyBaHHS, COLIANBbHO-MOMITUYHOI 1HKIIO3ii, €NeKTPOHHOI
MapTHCHIIALIT.

BpaxoByroun €BpONEHCHKUI Ta CBITOBHMI JOCBi, MM MaEMO NTPOHTH JOCUTh TPUBAIUN MUIIX
3allpOBaKEHHSI BCIX €NEMEHTIB AEp:KaBHUX eNEKTPOHHUX CEpPBICiB. Alle albTEPHATUBHOIO ILUIIXY Y
JepyKaBH, sIKa HE X0U€ BIICTATH Y PO3BUTKY HA3aBXKIU — HEMAE.

[lepcrieKTUBHUM HAaNpsIMOM JIOCITIKEHHs 1iei mpobieMu crane po3poOka METOAOJIOTIT OLIHIOBAHHS
BIIPOBAJKCHHS PO3BUTKY OHJIaliH-cepBiciB 3 Bukopuctanusm Mobile ID.
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Y JIK 004.932
[Nonsuenko Aptyp Iroposuuy,
acmipant KuiBcbkuii HanioHanbHUH yHiBepcuTeT iMeHi Tapaca LlleBuenka

HOILIYK KOHTYPIB OBJIACTEM I3 IEBHOIO MMATOJIOTTYHOIO CTPYKTYPOIO HA
MPT 3HIMKAX

Monsiuenko A. I. Tlomyk koHTYpiB obJacTeii i3 meBHOI0 marToJoriuHow crpykrypoio Ha MPT 3nimkax. ¥V crarti
PO3TIISIHYTO Ta 3aMpPONOHOBAHO METOMM Ta MOJENI IOIIyKy KOHTYpiB oOiacTed i3 MEBHOIO MATOJOTIYHOIO CTPYKTyporo Ha MPT
3HIMKax. I po3B’si3ky mpoOiiemMu JIoKastizamii aHOMAJIBHUX TKaHWHHUX yrBopeHb Ha MPT 3HIMKax MOXyTh OyTH BHUKOpPHCTaHI
Koe(ilieHTH IPOCTOPOBOI aBTOKOpETALii Ha 6a3i IOKaJIBHOTO Ta III00aTBHOro iHAeKciB MopaHa. [Ins monryKy KOHTYpiB obnacreit i3
MIEBHOIO TTaTOJIOT1YHOIO CTPYKTYporo Ha MPT 3HiMKax 3alpOIOHOBAaHO BUKOPHUCTAHHS 3TOPTKOBUX HEHPOHHUX MEPEX.

Kuniouosi ciioBa: nomryk, nokamizanis, MPT, aBrokopernsist, 3ropTkoBi HEHPOHHI MEepeXi, ITaTOJIIOTIIHA CTPYKTYpa.

MMonsiuenko A. H.. ITonck koHTYpOB obJacTeii ¢ onpeneseHHOli maTojoruyeckoii crpykrypoii Ha MPT cuumkax. B
CTaThE PACCMOTPEHBI M MPEUIOKEHBI METOBI M MOJIEH MOMCKa KOHTYPOB 00JTacTel C ONpeeneHHON MaTOIOTHIeCKOH CTPYKTYpOit
Ha MPT cammkax. [lns pemennst mpoOiIeMbl JOKAIH3AMH aHOMAIBHBIX TKaHeBBIX oOpaszoBanmii Ha MPT cHmMKax Moryr OBITH
HCTIONB30BaHb! KOA()(UIMEHTH! TPOCTPaHCTBEHHON aBTOKOPPEISIIUY Ha 0a3e JIOKAIBHOTO M TJI00ANEHOT0 MHAEKCOB MopaHna. s
MOMCKAa KOHTYPOB O0OJacTel ¢ OMpEeReNIeHHOH MHaTolormdeckoi cTpykTypoir Ha MPT cHHMMKax mpemIoKEeHO HCIIONb30BaHHE
CBEPXTOUYHBIX HCHPOHHBIX CETCH.

KiioueBble ciaoBa: mouck, noxkammsamusi, MPT, aBrokoppensuus, CBEpXTOYHBIC HEHPOHHBIC CETH, IATOIOTHYECKast

CTpYKTYypa.

Poliachenko A. 1. Search for the contours of areas with a specific pathological structure on MRI images. The article
reviews and suggests methods and models for searching the outlines of areas with a specific pathological structure on MRI images.
To solve the problem of the localization of abnormal tissue formations on MRI images, spatial autocorrelation coefficients based on
local and global Moran indices can be used. The use of convolutional neural networks has been proposed to search for contours of
areas with a specific pathological structure on MRI images.

Keywords: search, localization, MRI, autocorrelation, convolutional neural networks, pathological structure.

IMocTanoBKa HayKOBOi MPoGJeMH. Y CIiXd Cy4acHOI MEAUIIMHM CYTTEBO 3aJI€KaTh Bill JOCATHEHb Y
cdepl MeaUUHOro Mpuiaago0ydyBaHHS Ta PO3BUTKY MEIMYHOrO MporpaMHoro 3abesneuenHsa. OpHieoo 3
HAaBaXIMBIMIKMX 3ajad, L0 IOCTae mepen JiKapsMH, € BU3HAYEHHS TOYHUX MEX MyXJIMH Ta IHIIAX
AHOMAJBHUX YTBOPEHb Y TKaHMHAX OpraHi3aMy JIOAWHHU. J{ms oOCTeXeHHs halli€HTa, SK MPaBuIIo,
BUKOPHCTOBYIOTHCSI METO/IM KOMIT IOTEpHOI Ta MarHiTHO-pe3oHancHoi Tomorpadii (KT ta MPT BinmoBinHo).
OO0uaBa METOAU AO3BOJISIOTH MPOBOJAMTHU TOIMIAPOBE BUBUCHHS BHYTPIIHBOI OYZOBH OpraHidYHUX CTPYKTYD
0e3 1x (i3MYHOro MOIIKOHKEHHS (SKIIO He pO3TIISIaTH MOXKIIHBI OOIYHI epeKTH y pe3yabTaTi OnpOMiHEHHS
YY1 TPUBAJIOTO 3HAXODKCHHS y IOTY)KHOMY MarHiTHOMY TIOJIi).

VY CBITi ChOT'OJHI iCHY€ 3HaYHA KUIBKICTh aJIFOPUTMIB JUIsSl KJIACTEPU3AIlii MEIUIHUX 300pakeHb, SKi
MOXHa PO3IOUTUTH HA CTPYKTYpHiI Ta craTHcTHuHi. CTpyKTypHi MeToau 0a3yloThCS Ha MHPOCTOPOBUX
BJIACTUBOCTSIX 300pakeHb 1 € YyTIMBUMH A0 apTedakTiB Ta LIyMy, IO HETATHMBHO BimoOpa)kaeTbesi Ha ix
3acTOCOBHOCTI. Takok BOHM € 3aJeXHUMH BiJ YITKOCTI I'paHUIL MK oONacTsIMH Ha 300pakeHHI Ta
00paHOro MOYaTKOBOTO HAOMMXKeHHS. 3 iHIIOro OOKy, CTATUCTUYHI METOAM PO3TIIIAIOTH 300pa)KeHHS K
JESIKM PO3MOALT BUIAJKOBOI BETMYMHH iHTEHCUBHOCTI KONBOpY MikceniB. [Ipobnema nomsirae y Tomy, 1o
OCHOBHOIO XapaKTEPHCTUKOI YpakKeHOi TKAHWHU € 1l BHYTPIIIHS CTPYKTypa. [HImMMH croBaMH, TycTHHA
YpaXXeHOI Ta HEypa)XeHOI TKaHWHHU MOXKe OyTH Jayxke cxoxor. Sk Hacminok, BigmoBigHi oomacti Ha KT um
MPT 3HiMKy OyayTh JOCUTH MOMIOHUMH i aHadi3 3Ha4YEHb IHTEHCHBHOCTI HE 3MOXKE HAJAaTU MOTPIOHOI
iHpopmanii. [cHyI0Ui anropuTMU KOHLIEHTPYIOTHCSI Ha BUSIBIIEHHI KOHTPACTHUX MEPEXOAIB y 300pa)keHHi SK
OCHOBHH 3aci0 KiacTepu3arii.

3acTocyBaHHS METOZIB NPOCTOPOBOi CTAaTUCTUKU BHepiie BimOymocs B 40-x pokax XX cTomirtTs
takumu BYeHHMH sik [1. Mopan [1, 16] i P. xupu [1, 9]. Ilpaktiuuno no 70-x pokiB XX cromitTs maHi
METOJIY POCTOPOBOI CTATUCTUKU HE MAJI PO3BUTKY.

Vuenumu A. Kiipdom i k. Opaom y 1973 poui Oyna omyOnikoBana pobota [6], ska mprcBsdeHa
IPOCTOPOBIH 3aJIKHOCTI (aBTOKOpEJIALii) B mpocTopoBHX HaHuX. [lopsia 3 Tum, XK. [laniHk Briepiie BBOAUTH
TEPMIiH «IIPOCTOPOBA EKOHOMETpUKa» [17], sk HOBMiI HANIPSAMOK HAyKH MPO MPOCTOPOBY aBTOKOPEIALIIO Ta
acUMETpil0 B TNPOCTOPOBUX 3B’s3kax. llomanbmiuii pPO3BUTOK METOAIB HPOCTOPOBOI  CTATUCTHKH
CYIPOBOKY€ETHCS PO3POOKAMH CTATUCTUYHUX TECTIiB AJISl OLIIHKKA MTPOCTOPOBUX PETPECUBHUX MOJIEICH.

[oryxHuM nomroBxoM Ha moyatky 1990-X pokiB 11 3acTOCYBaHHS 1 pO3BUTKY METOLIB MPOCTOPOBOL
CTaTUCTHKH CTala MOsSBa KOMII'IOTEPHHX TEXHOJOTIH 1 Mepexi IHTepHeT, a TakoX 3araJbHUH PO3BHTOK
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MPUKIaIHUX HayK. Y 3B’S3KYy 3 UM 3 SBISIOTHCS HOBI 00MacTi Ui 3aCTOCYBaHHS METOJIB MPOCTOPOBOI
cratuctukd. Kuura [3] Oyna oxniero 3 nepmmx GyHIaMeHTaIbHUX POOIT TOro 4acy. ABTop aaHol kHurH [3]
BH3HAYa€E MPOCTOPOBY EKOHOMETPHUKY SIK Habip MeToniB [t poOOTH 3 OCOOIUBOCTSIMH IPOCTOPOBUX JaHUX
B CTaTUCTUYHOMY aHajli3i Ta pOOUTH BBEAEHHS IMOHATTS MPOCTOPOBUX €(EKTiB, IO MaloTh Oe3mocepenHe
BIJIHOIICHHS IO MPOCTOPOBOI 3aJIKHOCTI (aBTOKOpeIsAIii) 1 rereporeHHoCTi (HeoAHOpinHOCTI) naHuX. Sk
MpaBUjIO, Ha MPAKTHULI MOOAYUTH IMPOCTOPOBY ABTOKOPEISILII0 1 HEOMHOPIAHICTH HE TaK BXKE€ M MPOCTO.
[ToTpiOHO Bim3HAYMTH, IO Cy4acHa JiTepaTypa MpPO METOAW IMPOCTOPOBOI CTAaTUCTUKU IPHCBSYCHA B
OCHOBHOMY Pi3HHM TeCTaM Ha MPOCTOPOBY aBTOKopemsiwiro. Ha maHuii MoMeHT po3pobieHo Oe3fid TecTiB
JUIS BUSIBIICHHSI TIPOCTOPOBOT aBTOKOpEIALii, Taki sk cratucTukun Mopana, /xupu, Banpna, tect I'erica i
Opaa toro.

s mouryky KOHTYpiB oOnacTeld 13 EeBHOIO MaTONOriuHOI0 cTpyKTypoto Ha MPT 3HiMKax HeoOXimHO
MpoaHaji3yBaTH METOAM 1 MOJIeNi aHalli3y MPOCTOPOBUX JAHUX 1 3aMIPONOHYBATH HOBE PillICHHS.

AHaii3 ocTaHHIX aociaikeHb i myOJikamiii. Y mgaHuil yac mpOCTOPOBMH CTATHUCTUYHHUM aHami3
CIIMPAETHCS HAa HASIBHICTH MMPOCTOPOBHX B3a€EMO3B’SI3KIB MDK JOCII/DKYBAaHUMH 00’ €KTaMu (300pasKeHHSIMH).
[y BU3HAaYEHHS TaKUX 3B’S3KIB 337al0THCSl MaTPHIIi MPOCTOPOBHX Bar, 110 (popMatizyroTh JOMYIIEHHS, 10
JaHui 00’ €KT (300pakeHHs) Mae 3B’130K 3 HAHOIIKYMMU CyCiIHIME 00’ €kTaMu (300paskeHHs M) [21].

Hapmani B poboTi Oyne BUKOPHCTOBYBATHCS CIOBO 300pa)KCHHS, MO3HAYAIOYU NPHU IIBOMY TaKOXK 1
OKpEeMy 4YacTUHY LbOro 300paxxeHHS. Yepe3 BiACYTHICTb >KOPCTKUX NpaBHUI BU3HAYEHHS HE TUIBKU
NPOCTOPOBUX Bar, a il Kona CyciaHix 00’ekTiB (300paxkeHb), iCHye 0e3iid pi3HUX MeTpuK B mpoctopi. [lpu
bOMY, SK BHOIp CyCimHIX 00’€KTiB (300pa)keHb) TaK i BU3HAYCHHS NPOCTOPOBUX Bar HE OOMEKYETHCS
TUNBKM TPAaHUYHUM po3TainyBaHHsM. [Iupokoro 3acTocyBaHHs 3HaWIIa 3MiHa IHTEHCHMBHOCTI 300pakeHb
CyCiHIX 00’ €KTiB (300pakeHBb).

s oTpMaHHA TapHUX aCHMITOTUYHUX BIACTHBOCTEH OIIHOK, MATPHUI IPOCTOPOBUX Bar MOBHHHA
IpY IIOMY BiOBigaT yMOBaM MOCTIHHOCT1, TOOTO MaT OOMEKEHHS Ha IPOCTOPOBi Bard i ix cymy.

[cHYIOTH HaCTYIHI BUAM MaTpPHIb IIPOCTOPOBUX Bar [3, 8]:

- MaTpUIIsl TPaHUYHHUX CYCi/iB;

- MaTpUIS HAHOMKYUX CYCIiB,;

- MaTpUIIs BiACTaHEH;

- MaTpUIs BificTaHEeHl, 3 ypaxyBaHHIM pPO3Mipy 300pakeHHSI.

Matpuni mpocTopoBHX Bar HMOBMHHI OyTH KBaapaTHHUMH. [Ipu 1boMy rojoBHa AiaroHallb MaTpHLi
CKJIQIA€THCS 3 HyIiB. TakuM 4WHOM, BUKITFOYAETHCS BIUTUB 00°€KTa (300pa)KCHHs YU HOro YaCTUHM) CaMOro
Ha ce0e. Psaku MaTpuili MiCTATh Bary, 3 SKUMHU CyCiZlHI 00’€KTH BIUIMBAIOTh Ha JaHuii 00’ exT. Haitdacritre,
BaroBa MaTpPUIlsi HOPMAITI3yeThCs 3a psaKaMu (Cyma Bar 3a KOXXHHM PSJIKOM MAaTpPUIl AOPIBHIOE OAWHMUIIIL).
Taka HOpMami3arisi JO3BOJIsE 3BEPTaTH MATPHLi B CTATHCTUYHHX IMaKeTaxX i BpaxOByBaTH BiAHOCHI, a He
a0coMoTHI BifgcTaHi MbK 00’ekTamu (300pakeHHSIMH a0o0 iX YacTHHAMM) B pa3i BUKOPUCTaHHS MaTpUIIi
BiACTaHEMN.

binapna Mmatpuus rpaHndyHUX cycimiB (contiguity matrix) [2, 4] € omHuM 3 Ha#OLTBII TPOCTUX
croco0iB 00Ky MPOCTOPOBHX B3a€MO3B’SA3KiB!

Q, AKUo [ = j,
W, =41, AKIIO j MeXVE 3 I, (1)
0, He Mexye,
B SIKiif BKAa3y€ThCs, IO HA 00’ €KT (300pakeHHs1) BIUIMBAIOTH TUTBKH Ti CYCIIH, SIKi MEXYIOTb 3 HHM.
HeoOxigHo Big3HaunTH, 0 Yepe3 OiHAPHICTh MATPHLI IPH HOpMalizaliil 3a psSAKaMUd MOXKHA TIPHATH
710 TOTO, IO ISl JOCIIPKYBaHOI YaCTHHH 300pakKeHHs BIUIMB CYCiIHIX YaCTHH 300pakeHb BPaxOBYETHCS 3
OJHHMMH 1 TUMH X Baramu. Y 3B’S3Ky 3 UM TaKy MaTpPHIIO Kpalle BUKOPUCTOBYBATH, KOIU PO3TIISAAIOTHCS
YacTUHH 300pakeHb, SIKi € OAHOPITHUMHU 3a IUIOIIEI0. Y LBOMY BHIAAKy IUIOMIAa 300pakeHHsS Oyne MaTH
pIBHOMIpHE pO3MOMUIEHHS Ui YacTHH 300pakeHHs. Toai BHKOPUCTaHHS TaKMX Bar MOXe Oyre
OOTPYHTOBaHHM.
Binpm moBHO po3TallyBaHHS CYCiOHIX 300pakeHb MOXeE OyTH OIMMCAHO 3a AOMOMOror OiHapHOi
MaTpUIll HAalOIMKINX CYCilliB, B SIKii OIM3bKICTh MiX 00’ €KTaMHU BpaxoBaHa B TaKUU CIIOCiO:
0, AKMO L = J,

w, =11  sxmod, < d,(K), (2)
0, axmo d;; > d;(k),

ne d;j — BicTani Mixk 00’ekTaMu (LEeHTPaMu 300paeHb);
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d; (k) — MiHiManbHa BiACTaHb K-ro MOPAAKY MiXk 06 €KTaMu I Ta j.

V 1pOMY BHIAJKY YHCIO CYCITiB Ui KOKHOrO 00’€kTa nopiBHroBatuMe k. OCHOBHA imes [bOrO
METOJTy TOJISATa€E B TOMY, 100 Po3paxyBaTH BifCTaHI BiJ JOCHIPKYBaHOTO 00’€KTa O BCiX iHIIMX YaCTHH.
ITotimM HeoOXimHO B3ATH K MiHIMATBHUX BifCTaHeH 1 sikpa3 K-a BiACTaHb [T JOCIIPKYBaHOTO 00’€kTa Oye

TIEI0 MEXKEI0, 3a KO0 B3a€MOJIiSl HE BPAXOBYETHCS.
[Ile Tounime O61U3bKICTE 00’€KTIB MOXKHA BpaxyBaTH 3a JIOMOMOTOI0 CTAaHAAPTHOI MaTpHIIi BiACTaHEeH
(distance matrix), mpocTopoBi Baru SKoi po3paxoBYIOThCS HACTYITHUM YHHOM:

0, AKIO L = j,
W, = 1fdi};., akmo d;; = D(q), (3)
ﬂr AKIIO I:ii_;l' = D(q)r

ne D{g) — xBapruni Bincraneid, q = 1..4. V GinbIIocTi BUNAIKIB, TOKa3HUK cTyneHs ¥ B (3) Geperbes
piBHUM 1BoM. Toxmi MOXHAa OTPHUMATH aHAJOr TpaBiTallidiHOI MoAemi: THKIHHA 00’€KTiB 00EpHEHO
MPOMOpUiifHO KBaApaTy BiACTaHi MiX HMMHU. BilnoBigHO, 9MM Aaji po3TaIIOBYIOThCS YacCTHHH 300pakeHb
OJHa BiZ OIHOr0, TUM MEHIIIE BOHU B3aeMozitoTh. Konu Q:

0, Ao [ = j,
W, = A}.I}'di};., axmpo d;; < D(q), (4)
0, AKIO di}- =D(q).

ne A — NOKa3HHUK, 10 BifoOpaskae BaroMicTs abo iHTEHCHBHICTH (200 SICKpPaBICTh) CYCiTHBOI YACTUHU

300paxenHsa j. Januid migxim mo3Boisie BpaxyBaTH AOJATKOBUH IapaMeTp, L0 XapaKTEpH3ye KOXKHY

YacTUHY 300pakeHb.

VY nocmimkennsx [9-12] Oynu BusiBieHi npoctopoBi Bukuau (00nacti, y sSIKMX € 3Ha4YHi BIIMIHHOCTI B
3HAYEHHSAX LIONO iXHiX cycimiB). [l oOuMCIeHHS Takoi HEOJHOPIMHOCTI BUKOPHCTOBYBAJIACS JIOKAJIbHA
MPOCTOPOBA CTATUCTUYHA CEPETHS

n
G, = Z w80 (5)
iF1

ne ; e Miporo po3TamryBaHHS YacTHHH 300pakeHHs I, II0 BH3HAYCHA 32 BAaroBOK MATPHUIICIO 3
€IeMEHTAaMH ;1 & ;, 110 TOKA3ye B3a€MOJIII0 MK 3HAUEHHAMH aTpUOYTIB B iX MICISX po3TallyBaHHd L1 f.

L5 cratucTryHa BenuurHa Oy[e BUMIPIOBAaTH CTYIiHb MPOCTOPOBHUX B3a€MOAIN PI3HUX MOKA3HUKIB B ME&KaX
BKa3aHOI BiZICTaHi JaHOTO MiCIlsl pO3TaLlyBaHHs YaCTUHH 300paskeHHs. TakuM YMHOM, JIOKaJbHa IPOCTOPOBa
cepenHs € KOPUCHUM aHaJITUYHUM IHCTPYMEHTOM JUIsl TOro, mod ineHTudikyBaTH MpOCTOPOBI TEHIEHIIT
MEBHHUX 300pakeHb.

[lincymoBytoun, HEOOXiZHO BiA3HAYMTH, IO MATPULS MPOCTOPOBUX Bar € QopMamizaliero
MPUITYLIICHHS PO B3a€MHI 3B’SI3KM 4YacTWH 300paskeHHs. [Ipu mpoMmy CyciZiHi YacTHHHU 300pa’keHHS, SIK
MpaBWIo, OLIbIIE TIOB’SA3aHI OJHA 3 OJHOK, HDK pO3TallOBaHI HAa 3HA4YHIM BifacraHi. B ycix meromax
MIPOCTOPOBOT CTATUCTUKH, OCHOBOIO SIKMX € IIPOCTOPOBA aBTOPErpecis, 3aKkiafeHo 00UNCIICHHS 3aJIeKHOCTEH
JUTSL BIMIOBIMHOTO JTOCTI/PKEHHS 300paKeHHS Bix yciX IHmMUMX Horo 4vacTtuH. Jlnsi oO4YuMCIIEHHS Takux
3aJIeXHOCTEH MK YaCTHHAMH 300pakeHHs1 HeoOXiTHa mo0yj0Ba MPOCTOPOBOI MAaTPHIIi Bar.

[IpocTopoBa aBTOKOpEISLIs CX0Ka HA KOS]ILIEHT aBTOKOPEILi, 10 BUKOPUCTOBYETHCS MPH aHaMi31
gacoBux psaiB [18-21]. Ha BigmiHy BiJi 9acOBHUX pPSIIiB, 1€ CIIOCTEPIrarOThCs MOKA3HUKHM BIOPSIKOBAHI B
Yaci, MPOCTOPOBA AaBTOKOPEJALIisS NPOBOAUTH OLIHKY CTYIEHS B3a€MO3B’SI3KY MDK JOCTIHKYBaHUMHU
MOKa3HUKAaMH, SIKi BIOpSAKOBaHI B mpoctopi. [Ipm LbOMy MO3UTHBHIA NPOCTOPOBI aBTOKOpENALil
BI/IMIOBi1a€ yTBOPEHHS KIJIACTEPIB B MIPOCTOPi CIOCTEPEIKEHD 3 OMM3bKUMU MOKAa3HUKaMH. Y pa3i HeraTuBHOL
MPOCTOPOBOT  aBTOKOpeIsiii mopyd OynyTe TpyImyBaTucs OO0’€KTH, IO BOJOJIIOTH HECXOXKHUMH
XapaKTepuCTUKaMH. [cHye Oe3nid TecTiB IUIA MepeBipKH MPOCTOPOBOi aBTOKOpensanii. OaHak OUIBbILICTD 3
HUX HE HaJa€ MOBHOTH iH(pOpMALii MPO XapaKTep CTPYKTYPOBAHOCTI ACSKOI O3HAKH, a JIUILE CIYKaTh JUIS
MEpEeBipKH TiMOTE3H, 10 OJU3BKO PO3TAIIOBAHI YaCTHHU 300pakKeHHs OUIBII CXOXi 3a MEBHOIO 03HAKOIO, a
OUIBII BifJaneHi — MEHII CXOXi. Y pa3i CKIagHOl CTPYKTYpH, KOJIH MEPEXOAW MK CYCITHIMHU AUISTHKaMHU
300pakeHHs MAalOTh «HETIHIHMI» XapakTep (3HOB YTBOpEHa ITyXJIMHA), OUIBII TOYHY KapTUHY MOXKHA
OTPUMATH, BUKOPUCTOBYIOYHM MOKa3HUKH MpocTopoBoi aBTokopessuii (Spatial autocorrelation), taki sk,
koediuieHt | — Mopana a6o C — J[xupu.
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[Mokazuuk ! 3aranbHOi MpOCTOPOBOi aBTOKOpessiii (crarucruka Mopana) [3, 15] pospaxoByerbes
HACTYITHUM YHHOM:
B e, 06— D7)
CANNS ¢ s o
ne X — nocnijkyBana o3Haka;
5o = X' X7 w;; — cyma Bar npocroposoi Matpuui IV

: (6)

SIKIIO TO3HAYMTH BiIXHJIEHHS O3HAKH Bill CepeaHboro 3HadeHHs X sk £ = XE— X, To ocrauHiii
BHpa3 MOKHA 3allUCaTy B HACTYIHINA MaTpHuHil (opmi:

: n Z'WZ .

SD Zn’ T ) ( j

KoeoiuienT mpocropoBoi aBTokopemsiii Mopana [ siBiisie co0O0 CTYMiHb JIIHIHHOTO 3B’3KY MK
BEKTOpOM Z HOPMOBAaHUX 3HAueHb MOKa3HUKAa X 1 BekTopoM WZ mpocTOpoBO 3BaKEHUX CEPEIHBOTO
TMOKA3HMKa X CYCIIHIX YacTMH 300pa<eHHs, SKMH HasMBaeThcs mpocToposum narom (Spatially lagged
vector). Cratucruka I, GinbIIoro MaTeMaTHUHOro OdiKyBaHHs Bimmosinae mosutuswiit E(I) = —1/(n —1)
NPOCTOPOBil aBTOKOpensLii (kmacrepusamis). TakuM YMHOM, BETMKHM 3HAUYCHHSM 3BaKCHHX CEPEIHBOTO
MOKa3HUKA X CYCIIHIX YacTHH 300pakKeHHs BIAMOBIMAlOTh BEIHMKI 3HAYeHHs X KOXHOI 3 YacTHH
300paxkeHHs. BianoBimHo, cTaTHCTHKA [, MCHIIOrO MAaTEMAaTHYHOrO OYiKyBaHHS, XapaKTepPH3y€eThCs
MPHUCYTHICTIO HEraTUBHOI MPOCTOpPOoBOi aBToKopensii. [Ipn npomy iHmekc MopaHa 3HAXOIUTBCS B MEXax
-1=I=1

- sk x I = 0, To mpocTopoBa Kopensilis BiICYTHS;

-npu —1 = I < 0 — mpucyTHs HeraTHBHA POCTOPOBA KOPEJISIILIs;

-npu 0 < I = 1 — npucyTHS MO3UTHBHA MTPOCTOPOBA KOPEJISLLIS.

PesynbTatn anHamizy iHTEpHPETYIOTHCS B KOHTEKCTI HYNHOBOI TiMOTE3H, SKa MICTHUTH Te, IO
JOCIIKYBaHI TOKAa3HUKHA PO3MOAINICHI BHIMAIKOBO MDK YacTHHAMH 300pa)keHb, IHIIUMH CJIOBAaMHU
MPOCTOPOBI MPOLIECH, SIKi CTBOPUIIM CIIOCTEPEKYBaHY CTPYKTYpY 3HAau€Hb, HOCSATh BUIIAJIKOBUH XapakTep.
JIist BU3HAYCHHST MOKJIIMBOCTI BIIXMJIEHHS HYJIBOBOI TilOTE€3HM OOYMCIIOIOTHCS P-3HAYCHHS 1 Z-omiHKa. P-
3HAa4YEHHS € IMOBIPHICTIO TOr'0, IO JOCIIKYBaHi IPOCTOPOBI 3aKOHOMIPHOCT1 Oy/IM CTBOPEHiI BHITaIKOBUM
nporiecoM. UuM MeHIIIe P-3Ha4eHHs, THM MEHIIIE IMOBIPHICTh BHIIAJKOBOIO XapaKTepy PO3MOILIy sBUIIA. £-
OIlIHKA € CTaHJaPTHUM BiIXUJICHHSM. 3HAYCHHS Z-OI[iHKH, III0 3HAXOIThCs B Mexkax -1,96...+1,96, sBasatoTh
c00010 OUiKYBaHHUI pe3yNbTar i CBi4aTh MpO BUMAIKOBHHA XapaKTep MOLIMPEHHS SBHUILA.

st 300pakeHHs] MO)KHA BUKOPHCTATH JBOBUMIPHUI MPOCTIp 3HAUYEHb IHTEHCUBHOCTI 3 €BKII1JJOBOIO
BIJICTAHHIO B SIKOCTI IIPOCTOPOBOT Baru (puc. 1), 3 rmobanpuum ingexkcom Mopana I' = —1.

Puc. 1. JIBoBuMipHMI MpOCTip 3Ha4eHb IHTCHCHUBHOCTI 3 €BKJIiJOBOIO BIACTAaHHIO B SKOCTi
npocropooi Baru (Global Moran’s I = —1)

Mipa mpocropoBoi aBrokopensiiii (cratuctuka Jxupu C) BBOXUTHCS HACTYITHAM YHHOM:

© Ilonsuenxko A. L



100  Hayxosuii scypran " Komn romepHno-inmeeposani mexHoaoeii: oceima, Hayka, 6upooruymeo"
Jlyywvk, 2019. Bunyck Ne 34

(- 1DIE ey (% - x,)’

25, X ? (X i X) ’
ne X — nociijkyBana o3Haka;
5o = X' B7 w;; — cyma Bar npocroposoi Matpuui IV

(8)

Innexc Jxupu nexuTh B Mexax 0 = € = 2:

- sxmo £ = 1, To mpocropoBa Kopensilis BiacyTHs;

-npu 1 < € = 2, To npucyTHs HeraTHBHA MPOCTOPOBA KOPEJISILis;

-npu 0= <1, To npucytHs mo3uTuBHA mpocTopoBa Kopensiis. Crarucruku Dxupu i Mopana
NIOB’s13aHi, aje He € ineHTHYHUMU. [HIekc Mopana [ € moka3HUKOM II100aIbHOT TPOCTOPOBOI aBTOKOPEIIAILIT,
B TO# 4ac sk Mipa /xupu € € OUIbIn YyTIHBOO JI0 JIOKAJIBHOI IIPOCTOPOBOI aBTOKOpersii [2, 9].

BaxiBuM eramoMm aHamizy OTPUMaHHMX JaHHX € MoOyIoBa MPOCTOPOBOI JdiarpaMH pO3CIOBaHHS
Mopana. [1o oci aGciuc BiIKIaJar0ThC CTAHIAPTH30BaHI Z-3HAUCHHS TOCIIPKYBAHOTO MTOKa3HUKA, a Mo OCi
OpIMHAT — 3HAauYeHHs mpocTopoBoro (dakropa Wz. Ha miarpami BimoOpakaeThbes miHis perpecii Wz Ha 2,
HaXMJI SIKOT TOPIBHIOE KOEDIIIEHTY 3arajbHOI IPOCTOPOBOI aBTOKOPEISLil I Py cTaHAApPTU30BaHINA MaTpUIL
Bar [20].

KoeditieHT mpocTopoBoi aBTOKOpENALil MOKa3ye CTYHiHb JIHIHHOrO B3a€MO3B 3Ky MK BEKTOpOM Z
30Cepe/DKCHIX 3HAYCHD JOCITIHKYBAHOIO MOKa3HUKA 1 BeKTopoM WZ mpocTopoBO 3BasKEHHX 30CEPEIKEHIX
3HAa4YeHb JOCIIPKYBaHOTO TOKa3HUKA B CYCIIHIX YacTHHaX 300pakKeHHs, KU Ha3HMBA€THCS MPOCTOPOBHM
narom (Spatially lagged vector) [20].

[TpocropoBa miarpama posciroBanHs (Moran Scatter Plot) mo3Bonsie Hao4HO Bizyami3yBaTH PO3KH[
3Ha4YeHb JOCHIHKYBAHOTO MOKa3HHUKA LIOJI0 TPOCTOPOBOTO Jiara.

Jns npuknaay, Ha puc. 2 MOKa3aHo, 10 Ha oci abCIyc BiIKIaAaloThC 3HAUeHHA BeKTopa Z, a Ha oci
opauHaT — 3Ha4YeHHs BekTopa Wz, Takox Ha miarpami HaHOCUThCS JiHist perpecii Wz Ha z, kyT Haxuny sikoi
BianoBinae iHgekcy Mopana I [14]. diarpama po3sciroBaHHS IUTUTHCS Ha 4oTHpu KBajapanta: High-High
(HH), High-Low (HL), Low-High (LH), Low-Low (LL) (puc. 2).

KBazmpaHTn BiANOBigar0OTh MEBHUM BUJaM PO3TALTYBaHHS:

- miBu# BepxHid kBaapaHT miarpamu (LH) xapakTepusyeTbcsi yrpymoBaHHSM YacTHH 300pakeHb 3
HU3BKAM 3HAYEHHAM JOCIIKYBAaHOTO IOKa3HHWKa B OTOYCHHI YaCTHH 300pa’keHb 3 BHCOKHM 3HAaYCHHSIM
MOKa3HHKA;

- npaBuii BepxHiii (HH) — gacTuHu 300paskeHb 3 BHCOKMM 3HAYCHHSM JOCHIKYBAaHOTO TOKa3HHKA
3HAXOAATHCS B OTOYCHHI YaCTHH 300paKeHb 3 BUCOKUMH 3HAYCHHSIMH AOCIIKYBaHOIO IIOKa3HUKA,

- nmiBuit HmkHIH (LL) — dacTuHM 300pa’keHb 3 HHM3BKUM 3HAYCHHSM JIOCIHIDKYBAHOTO ITOKa3HHKA
OTOYEHI YaCTUHAMHU 300pakeHb 3 HU3bKHMMHU 3HAUYCHHAMU TTOKa3HHKA,

- npaBuii HIWKHIA (HL) — yacTiHM 300pakeHb 3 BUCOKMM 3HAa4YEHHSM JIOCIIDKYBaHOI'O MOKA3HUKA,
OTOYEHI YacTUHAMHM 300pakeHb 3 HU3bKUM 3HAUCHHSIM TIOKA3HUKA.

[

41 .

3* I L ]

2 L ]

1 LH HH -
* LL e HL
Y4 03 2 a4 o0 1 2 3

Puc. 2. Tpuknaja npoctopoBoi miarpamu poscitopansst (Global Moran’s I = 0,17%3)
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Ksagpanty LH i HL BignoBimae HeraTMBHa MPOCTOPOBa aBTOKOPENALISA, IO CBIIYHTH MPO
KJIaCTEpHU3allil0 PO3PI3HEHUX 3HAUEHb JOCIIIKYBaHOT'O TTOKA3HUKA.

Ksagpantam LL i HH BiamoBimae mno3WTHBHAa NPOCTOPOBAa AaBTOKOPENSLis, fKa CBIAYUTH PO
YIPYNOBaHHS YacTWH 300pakeHb 3 ONM3BKMMHU 3HAYEHHAMH JOCTIDKYBaHOro mnokasHuka. [lo cyri,
MPOCTOPOBA JAiarpaMa po3CilOBaHHS 03BOJIIE BU3HAYMTH HETHUIIOBI YACTHHHU 300pa)kKeHH:, L0 BiITHOCATHCS
no kBajapanTis LH 1 HL.

Jns mepeBipKy TimoTe3n Mpo iCHYBaHHS MPOCTOPOBOI KOpEISLii Moxe OyTH po3paxoBaHa CTATHCTHKA
Mopana I abo cratuctuka Jxupu C.

BuzHadyeHHsT TpoCTOpoOBOi KOpeNsLii, 0 BKIIOYAE MiAPaXyHOK KoedilieHTa 3aralbHOi MPOCTOPOBOI
aBTOKOpENSALii 1 moOya0Ba JiarpaMu po3CilOBaHHS, € IEPIIUM KPOKOM B aHaJi31 MPOCTOPOBUX AaHUX. [HIaEKC
Mopana [ Bka3zye Ha Te, 1[0 3HAYCHHs TOCII/DKYBaHOI 3MIiHHOT A MPOCTOPOBO KIACTEPi30BaHH OLIBIIOHO
MIpOI0, Ha BiIMiHY BiJ BHIQJKOBOTO PO3MOALTY, alic¢ HE IMOSCHIOE SIKI MPUYMHUA TaKOro SBUIIA. Tomy
HACTYITHUM €TalloM aHaNi3y € IepeBipKa TifnoTe3 Mpo XapakTep MPOCTOPOBUX B3aEMOIIM.

Jlokanpauii inmexkc Mopana (LISA — Local Index Spatial Autocorrelation) pospaxoByerbcsi 3a
dopmymnoro [5, 13]:

_ =BT wy(x; - X)
.Lrl_:- =N Z”(X—sz 1] (9}
i L

Ipu I;; < 0 npucyTHs HeraTUBHA ABTOKOPEISALIs IS YacTHH 300paskeHHs I, TOOTO JaHa 4YacTHHA

300pa)keHHS 3a TAaHUM 3HaUCHHSM ICTOTHO BiJIPi3HSAETHCS BiJl CYCiIHIX YacTuH 300paxceHHs (outlier).
Ilpu I;; = 0 npucyTHs MO3WTHBHA aBTOKOPEJSALis, TOOTO AOCHiIKyBaHa dYacTWHA 300pa)KeHHS 3a

JTaHUM 3HaYCHHSIM NOAIOHA CyCiHIM YacTHHaM 300paxkenHs (cluster).
Ipu |Ip{ > |Iy;| — moxiOHicTs ab0 BiAMIHHICTH YAaCTHHH 300pakeHHA [ 3 OTOUYIOUMMH 1 CYCiaHIMU

YacTUHAMU 300pakKeHHsI € BEJTMKOIO, HIK B MOPIBHSAHHI 3 CYCIIHIMHU YaCTUHAMHU 300payKeHHS .

MatpuuHi METoan po3paxyHKY CKIAJOBHX JIOKaJbHOrO iHAekcy Mopana. Y mpomeci JoCHiHKeHHS
XapaKTEPUCTUK B3a€MOBILIMBY JOCTIIKYBaHOI YACTUHU 300pakeHHs 1 BCiX OMMKHIX a0o Janekux ii yacTuH
MOXJIUBO BECTHU TOLIYK JUIS

- Oyzb-sIKO1 YaCTUHH 300pa’keHHSI OKPEMO;

- CYKYIHOCTI YaCTHH 300paskeHHs, 1110 00’ €HaH1 32 OTHUM KPUTEPIEM;

- CYKYIHOCTI YacTHH 300paskeHHs, 1110 00’ €HaH1 Bipa3y 3a KUTbKOMa KPUTEPisIMH.

BuxigHOIO TMOCHJIKOIO Takoro TBEP/DKEHHS € aHali3 MaTeMaTWYHHX [ii, BUKOHYBaHHUX NpHU
BU3HAYEHHI JIOKAJILHOTO iHAeKCcY MopaHa. Pe3ynbraToM OJHOrO 3 [ii € MaTpuus CKJIaJ0BHX JOKAIBHOTO
iHekcy Mopana 1Mo KOoHii yactuHi 300paxeHHs. [Ipu bOMy Ba)KJIKMBO, IO B Hill BKE€ BPaxoBaHO €(eKT
aBTOKOpeNslii. Mo)kKHa BBaXkaTH, IO 3a3HAa4yeHi CKIAJOBI BUCTYNAIOTh HE TUIBKM B SIKOCTI MPOMDKHHUX
pe3yabTaTIB, aJie MOXKYTh OyTH PIBHOLIIHHO BUKOPUCTAHI 3 METOIO MOTTTMOJICHOT'0 aHaJIi3y B3a€MO3B sI3KIB 32
KO>KHOIO YaCTHHOIO 300pakKEHHSI.

OTxe, KpiM T7100aJBHOrO 1 JIOKAJBHOrO iHIEeKciB MopaHa, MOXIIMBO BHSBUTH CKJIAIOBi JOKAJIBHOTO
IHAEKCY 32 KOXKHOIO YacTHHOIO 300pa)KeHHS, TOOTO OXapaKTepH3yBaTH CUIIy B3a€MOBIUIMBY YaCTHHU
300paKeHHS 10 BIAHOLIEHHIO 0 iHIINX YaCTUH 300pakeHHS.

OKpiM TOTO, CITiJI 3a3HAYUTH, 10 CyMa CKJIaJI0OBUX IO KOXKHIM YaCTUHI 300pakeHHS € HE IO iHIIe, K
caM JIOKaJIbHHI iHJeKC MopaHa, a cyMa BCIX JIOKaJIbHUX 1HJIEKCiB MopaHa CTaHOBUTH II00aNbHUN 1HIIEKC
Mopana. TakuM YHHOM, JIOKalbHUN iHIeKC MopaHa MOKHA BU3HAUYUTH JBOMA CIIOCOOAMH:

- 3a popmyoro (9);

- Y SIKOCTi IPOMDKHOT JIii TPU po3paxyHKy riodansHoro inaexcy I Mopana:

n
I; = Z:‘Z W,;z; (10)
i

ne I;; — nokanbHuUi iHAeKC MopaHa U KOHKPETHOI YaCTHHH 300paXKeHHS L.
UYepez nokanbHHMN iHAEKC MopaHa [p; JocmiKyBaHHMX YacTUH 300paKEHHS MOXKHA BH3HAYUTH

rnobansHu# iHAeKe I MopaHa 3a HaCTyIMHO (HOPMYIIOKO:
n
I = Z L. (11)
i
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[IpocTopoBi perpecuBHiI MOzeni € MOTYKHHUM IHCTPYMEHTOM, IO AO3BOJSiE MpH OOMNiKy (hakTopa
po3TallyBaHHs 300paXKeHHS OL[IHIOBATH Pi3HI XapaKTEPUCTUKU MOTO YaCTHH, HANPHKIAJ, BiIJaneHicTh Bif
JIOKAJIBHOTO YH JTOCTIHKYBAHOTO LIEHTPY BiIMOBIAHOI YaCTWHH 300pa’kKeHHS, IHTEHCHUBHICTh M SICKPaBIiCTh
TOLIO.

[Tpr moOyAOBI MPOCTOPOBUX perpeciiHuX Mozeield JOBOIUTHCS CTUKATHCA 3 MPOOIEMOI0 HasBHOCTI
MPOCTOPOBUX 3aEKHOCTEH cepen 30yprorounmx ¢akropiB. Y 3B’sa3ky 3 nuM kiacuynuii MHK crae
HEe(EKTUBHUM, OCKUIBKU MPHU3BOIUTH JIO 3MIIIEHHS OI[IHOK JHMCIIEPCii 3aJIMIIKIB, 3aBUINECHO BETUYUHOIO
R? i, SIK HACITIZOK, HECIPOMOXKHMMM CTATUCTHYHMMM BHCHOBKAMH. TakoX HPHCYTHICTH IPOCTOPOBOI
KOpeslii B 3alUIIKaX CIHOTBOPIOE BJIACTHBOCTI TECTIB MPH MEpeBipLi 3HAYMMOCTI BKIIOUEHHX Y MOJIENb
3MIHHUX 1 AiarHOCTUKHU 3anumikiB. I1{o0 YHUKHYTH Takux OCOONHMBOCTEH HMPOCTOPOBUX MOJeNeH, mpH ix
no0yA0BI HEOOXIHO 3aCTOCOBYBATH €(DEKTHUBHI TECTH IEPEBIPKHA Ha HASIBHICTH MPOCTOPOBOI aBTOKOPEIALIT
B 3aJMIIKaX. SIKII0 OCTaHHE MiATBEPIKYETHCA, TO HEOOXiTHO 3aCTOCOBYBATH BIJMOBIMHI METOAU
OLIIHIOBAaHHS Ta crenuikawii Mojeni, sSKi J03BOISATH HEUTPaJi3yBaTH HEraTUBHHUN e(EKT BiJ MPOCTOPOBUX
Kopensniil. Sk mpaBuiio, IpH aHalli3i MPOCTOPOBHX HAHUX PO3TIINAIOTHCS TPU BHIU MOAEIEH: MOJIENb
MIPOCTOPOBOTO Jlara, MOAENb Jlara TUIbKM Ha €K30T€HH1 3MiHHI 1 MOJIeNTb TPOCTOPOBOT MOMHIIKK . Po3risHemo
KOXKHY 13 3aITPOIIOHOBAaHUX MOJIeINCH OLIBII JOKITAIHO.

VY wmarpuuHiii ¢opMi Momens MPOCTOPOBOro Jjiara (3MillaHa MPOCTOPOBAa aBTOPErpeciiiHa MOJeb)
3anmcyeTbes y Burisiai [1, 8]:

V=a+fx+ pWY¥ + ¢, g~N(0, a%I), (12)

ne ¥ — (n X 1) 3snayenus eHnorenHoi (0 MOACHIOETHCS) 3MIHHOT;

X —(n X k) @ ex3orenni (110 MOACHIOOTHCS) 3MiHHI;

B — (k % 1) xoediuicHru;

WY — mpoctopoBwii 1ar Ha eHIOTCHHY 3MIiHHY;

0 — KoedilieHT MPOCTOPOBOi aBTOPErpecii.

Hamni po3rasHeMO Mozielb KOHBEPTEHIII1 3 MPOCTOPOBUM JIaroM Ha €HAOTEHHY 3MiHHY, IO Ma€ TaKuil
BUTJISI;

gr=a+fy, +pWgs+s e~N(0,a%I). (13)

o cyri, y maHiii Mozeni nepeBipsAeTbCS TimoTe3a, Mpo Te, U0 YaCTUHH 300pakeHHs], 10 3HAXOAATHCS
B OTOYCHHI IHIIMX YacCTWH, OyIyThb MaTH TaKy >k camy TEHACHII0 10 3MiHU. Mozens (2.13) siBisie coboro
MiHIMaJIbHYy MOJIE/Tb YMOBHOI KOHBEpPIeHIIi1.

ANbTepHATHBHUN CIIOCIO MOJIETIOBAHHS B3a€MOBIUIMBY YaCTHH 300payKEHHS — BKIIOUYEHHS B MOJEIb
MPOCTOPOBOTO JIara Ha €K30TeHH1 3MiHHI:

V=a+XB+WXy+e  e~N(0,0%T1), (14)

ne ¥ — (k1) mpocroposi koedimieHTn. SIKIIO B SKOCTI €IMHOTO €K30TEHHOro (hakTOopa B3STH
MOYATKOBE 3HAYCHHS 3MIHHOI, OTPUMAEMO OKpPEMHId BUIaIok mozeni (2.14):

gr=a+ fy, + oWy, + 5 e~N(0,6%1). (15)

Mopnens (2.15) € MiHIMaJIBHOIO MOJISIUTIO YMOBHOI KOHBEPI'€HIIIT 3 IIPOCTOPOBUM JIarOM Ha IMOYAaTKOBE
3HayeHHs. Di3nyHa iHTepHpeTalis JaHOI MOAEII MOJSIraE B TOMY, IO TEMIIM 3pOCTaHHS JOCHIAKYBaHOTO
300pakeHHs (YaCTUHHM 300pakKeHHS — HANpHKIAJ, NyXJIHHHU) 3aJeKaTh, SK BiJ IOro 3HA4YECHHS B
MOYaTKOBOI'O 300paKeHHi, TaK i MOYaTKOBUX 3HaYeHb MOKa3HUKA CYCIIHIX YACTHH.

Mopnenb mpocropoBoi mommwiku (SAR-Mozens) nependavae, Mo BUAIKOBA KOMIIOHEHTA MPOXOIUTh
MPOCTOPOBUIT aBTOPErpeciifHuii Mmpoliec nepumoro nopsaxy [5, 7, 14]:

Y=a+XF+u u= AWu + &, e~N(0,021), (16)

ae A — koe(ilieHT MPOCTOPOBOT KOPEJISIIil 3aTUIIKIB.

VY Takiii Mozeni MaeTbes Ha yBasi iCHYBaHHSI IIPOCTOPOBOI 3aJISKHOCTI B 3ajMIIKax perpecii. Skiio
BHUPA3UTH 3aJUIIKH, SIK

u=(1— iAW) 1,

1 MiZICTABUTH iX B BUXITHE PIBHSIHHSA, TO Moneib (16) HaOyne Bursny:

V=(1—AW)a+ X8 + iAWY + WXy + &, e~N(0, o%I), (17)
3 HAaCTYITHUM O6M€>K6HH$IMZ
¥+ A =0.

Mogens (17) € mpocTOpoOBOO MOEIITIO, 1[0 BKITIOYAE TIPOCTOPOBHIL Jiar, SIK Ha CHIOTCHHY, TaK i Ha BCi
€K30T€HHI 3MIHHI.
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Buninenns HeBupilIeHUX paHillle YACTHH 3arajbHOI MPO0JIeMHu.

PosristHyTi MeToaM 1 Mozeni aHaii3y IPOCTOPOBUX JAHMX BKa3YIOTh Ha BIJCYTHICTb IMOTY)KHOTO Ta
eeKTUBHOTrO IHCTPYMEHTY Ul MOUITYKY KOHTYPIB oOiacTeil i3 MeBHOIO MaTONOTYHOI0 CTPYKTypoto Ha MPT
3HIMKax. Y JaHOMY BHIIQJIKy TaKHM METOJOM MOXYTh OyTH 3ropTKOBi HeiipoHHI Mepexi (3HM), skum
BJIaCTHBA CIELiaJIbHA apXiTeKTypa IITYYHHX HEHPOHHUX MeEpeX, Ta, sKi HamijeHi Ha e(eKTHUBHE
po3Mi3HaBaHHs 300pakeHb 3 TEXHONOTi€l0 Taubokoro HaBuaHHS. Oxpim Toro, y 3HM BHKOPHUCTOBYIOTHCS
JesKi  OCOOMMBOCTI  MO3KOBOI  JISUTBHOCTI  JIIOJWMHH TPW  CHOPUMHATTI  cBiroBinOutta. 3HM He
BUKOPUCTOBYBAJIMCh paHille s BHPIMICHHS 3aBJaHHS TMOLIYKY KOHTYpiB objacTtedl 13 MEeBHOIO
MaTOJIOTIYHOIO CTPYKTYypoto Ha MPT 3HiMKax.

@opMyJTIOBaHHSI MeTH [OCJHiIKeHHsl. Y [aHiil cTaTTi HEOoOXigHO PO3POOUTH METOJ MOLIYKY
KOHTYpIB 00J1aCTeH i3 EBHOIO MATOJIOTIYHOIO CTPYKTYyporo Ha MPT 3HIMKax.

Bukiax ocHOBHOro marepiajry ii oOIpyHTYBaHHSI OTPHMAHMX pe3yJbTaTiB. [l BCTaHOBICHHA
natonorii Ha MPT 3HiMKax MOXyTh OyTH 3acTocoBaHi 3HM, siki 103BONATH BUKOHATH iX Kiachdikaliro Ta
OTpPUMATH TEKCTOBUII BUCHOBOK. Po3paxoByroun mokasHuk I 3araibHOi mpocTopoBoi aBTrokopessnii MPT
3HIMKIB, OyaemMo npoBonuT HaB4aHHs 3HM 1mst po3nizHaBaHHS MaTOJNOT.

Ines 3HM mnomnsrae B 4epryBaHHI 3ropTKoBuX miapiB (convolutionlayers) i cyOmuckperHux mapis
(subsamplinglayers, mapis miaBubipku). Crpykrypa 3HM — omHocmpsiMoBaHa (0e3 3BOPOTHHX 3B’SI3KiB),
NPUHIUIOBO OaraTomaposa. [[Jis HaBYaHHS BHKOPHUCTOBYIOTHCS CTaHIApTHI METOAM, HaifuacTille MeTox
3BOPOTHOTO TMOMIMPEHHs MoMmiku. DyHKIS akTuBanii HelHpoHiB (mepeaaBanbHa QyHKLIsN) — Oyab-sika, 3a
BUOOpoM nocimigauka. Y 3roptkoBux mapax (CONV), mpuxoBaHi HEHPOHM 3aMIHIOIOTHCS 3TOPTKOBUMH
¢inbTpaMu. 3amicTs mindopy Bar A HEHPOHiB, HEOOXiTHO BUPIIIMTH 3aBJaHHs MiIOOpy Bar Ais ciMeiicTBa
¢GUIBTpiB. 3rOpTKOBI MIApH BIOPSAKOBYIOTh HEHPOHU B TPUBUMIPHOMY PEXKHMI 3 BUKOPUCTaHHSM BUCOTH,
HIMPHUHY 1 TTMOMHY U1 00pOOIIIOBAHOTO CUTHAITY.

®insrpu B 3HM nepernHaioTh yce 300paskeHHs, BUKOPHCTOBYIOUH THIIOBY 3rOpTKY. OCKUIBKH PO3MIip
¢inpTpa Habarato MeHIIe 300pa)KeHHS, KINBbKICTh Bar — Pi3KO CKOpouyeThbes. [IpocTopoBa MpOTSKHICTH
¢inpTpiB BU3HAYAETHCS po3MipoM perentuBHoro nos (receptive field).

I'mubuHa 3ropTKOBOrO IIapy BU3HAYa€ KUTBKICTh PI3HUX HEHPOHIB, AKi OOpPOONSIOTHCS THMHU K
PELENTUBHUMH TIOJISIMH, SIKi HA3UBAIOTHCS CTOBMISIMU TIMOMHHM, 3 iHIIMM HaOopoM Baru. Hampuxian, npu
TpaauLiiHiii 00poOii 300paXkeHp B rpafalisx ciporo — GiabTp Moxe MaTH po3Mmip 5X5. SKimio 300pakeHHs
nte i komsopoBe (RGB), dinbtp Oyme posmmperno a0 5x5x3. OcHOBHA ifes aHAIOTIYHA TiJKIIOUCHHEO
OJHOTO 1 TOTO X BXiZHOI'O BYy3Ja, OOpOOJIOBAHOIO NEKIIbKOMa MPUXOBAHUMH BY3JIaMH B TPAAULIHHHX
MEpEeX NPSMOro TMOMMPEHHS. MeTa CTBOPEHHS NEKITbKOX HEHpOHiB 3 00pOoOKOI OAHOTO i TOTO K
PELENTHBHOTO TOJISl MOJISIrae B TOMY, 100 imeHTH(iKyBaTH 1 3aXONUTH Pi3HI QyHKUii 11 oxHiel obmacTi
Bxoay. KoxeH ¢inbTp, 3acTOCOBaHMU 10 BXIAHOTO 300paxkeHHs (HE3aJeKHO BiJ TIMOMHHU), BUBOAUTH
OJMHOYHY TUIOIIUHY BUX0Ay. KinbKicTh QiIbTPIB 1, OTKe, IMOMHA 3rOPTKOBHUX IIAPiB 30UTBIIYIOTECS B Mipy
TOro, K MEpexa MEePEeXOUTh Bil BXOAY /A0 BUXOAY, OCKUIBKM MEpeXa IEePEeMUKAEThCS 13 3aXOIUICHHS
MPOCTUX O3HAK [0 OLTBII CKIaIHUX O3HAK B 300paKEHHSX.

upuna ¢ineTpa, BUCOTA, TIMOMHA 1 KPOK BHUKOPHCTOBYIOTbCA JUIA TMOOYIOBH TPUBHUMIPHOTO
sropTkoBoro mapy. Kpok Oioxy BuMarae HEOOXiJHOCTI BBEJCHHS HOBHX CTOBIIIB TJIMOWMHH st
MPOCTOPOBUX 00JIACTEH 300paKeHHs, pPO3TAIIOBAHE HA BifcTaHi omuHUI. Kpok ciix BUOMpaTtu 00epexHO,
OCKUJIbKM HU3BKHI KPOK MPU3BOAATE 10 OLTBIIOT KUTBKOCTI T03BOMIB HA KOKHE BininbTpoBaHe 300pakeHHS
3 BUCOKHM PO3JUTEHUM HepeKpHuTTsM B receptivefield, mo npu3BoanTs 10 301IbIICHHS HAIMIPHOCTI B Barax.
HaBnaky, 3HaueHHA OUIBII BHCOKOIO KPOKY JAalOTh 300paskeHHsS 3 (iNbTPOM 3 HU3BKHUM JI03BOJIOM, 3a
PaxyHOK MiZBHUILIEHOTO PU3UKY IIBUIKOI BTPATH BaXXJIMBOI iHPOpMAIIiil Yepe3 MHOKUHY BXiHHUX ITapaMeTpiB,
IO CIPHSIOTH BiIHOCHO MEHIIOMY Habopy mapameTpiB. HynboBe 3amoBHEHHS BKIIIOYA€ HYJIbOBI 3HAUCHHS
3a3HAYEHOT0 PO3Mipy y BCiX BUMipax 1mo o0uaBa OOKH BiJ MExXi.

3HM cxiiagaioThcs 3 HOTHPHOX BUIIB IIAPiB.

OcHoBHUM KoMIIOHEHTOM € 3roptkoBuid map, CONV, a takox mapu RELU (RELU), nynu mapis
(POOL) i moBHicTro minkmoueni mapu (FC).

apu CONV — ne croci6 3aMiHM TpaJuLiHHUX MMOBHICTIO MIAKIIOYEHUX MIapiB B Mepexax MpsMOro
MOUIMPEHHS 3 AOOMOTror0 udpoBux (inbTpis. OmKe, MoAiOHO N0 MPUXOBAaHUX WIapiB B TpamumiiHux HM,
CONV-mapax B 3HM HeoOXxiHO BBECTH HEMIHIHHOCTI, 00 T03BOJIUTH MEPEXKi BUBYATH CKJIAIHI HETIHINHI
nmoBepxHi. TakuM YMHOM, HEOOXiTHO SBHO aoAaBaTH (PpyHKIi0 HemiHiiHOT aktuBanii RELU sk map micns
koxxHoro mapy CONV:

h(a) = max(0,a), (18)
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nea = WX + b,

3acrocyBaHHs y sikocTi ¢yHKuUii aktuBanii ReLU mo3Bonsie 3a0e3meynTd TONOBHI TepeBard, ski
HAJa0Th MOXKJIMBICTh 3JIHCHUTH MPUIIBHIIICHHS HABUYAHHS HEMPOHHOI MEpeXi 4epe3 pOo3piIKeHICTh Ta
MEHIY BEIWYMHY WMOBIPHOCTI PO3MHTTS TPAAIEHTY B MOPIBHIHHI 3 IHIIMMHU aKTHBALIHHUMU (DYHKLISIMH.
BuHukHEHHS po3pimKeHocTi BinOyBaeThes npu 3HaueHHIX a < 0. J{ns 6inbinoi kinekocTi HelpoHiB 3 RelL U-
aKTHBALIEIO B IIapi XapakTepHa OibIla po3piAKeHICTh OTPUMAHOTO PE3YIIbTATy.

HaByanHs OyaeMo MPOBOMMTH [UIsl 3aleKHOCTEH 3HaueHb mpocropoBoro ¢Qakropa Wz Bin
CTaHJAPTH30BaHUX Z-3HAUYE€Hb 1 3 HACTYIHUM pO3pPaxXyHKOM Koe(ili€HTy 3arajibHOi IPOCTOPOBOI
ABTOKOPESLl.

ap mymiHry 3MEHIIye MPOCTOPOBI pO3MipH BHXiTHOTo 00’eMy i 30epirae KimbKicTh Bar. Omepartist
00’eHAHHS, TpaLoe HA KOKHOMY (parMeHTi INIMOMHU BBeAEHHS 1 3MeHurye ioro. Omeparis 00’ eaHaHHS
BUKOpHCTOBYE aBa mapamerpu: receptivefield i kpok. Maxpooling 3amiHioe BCi €IeMEHTH PELEeNTUBHOTO
MoJsl Ha BXOZi 3a JOMOMOIOI0 MaKCHMAaJbHOTO €JIEMEHTa B PELEeNTUBHOMY Ioili Ha Buxoai. lloTtiM BiH
nepeMilaeThes i3 3a3Ha4eHUM KPOKOM J0 HactymHoro receptivefield na Bxomi. HaiiGinbm nommpeHumu
3HAaYeHHSIMH € 3X3 3 KPOKOM 2 1 2X2 3 KpOKOM 2.

Meron L2 polling o6unciioe Hopmy L2 ycix enementiB B receptivefield i 3amintoe receptivefield mum
3HadeHHsIM. Hopmoto L2 € TibKH KBaJpaTHUI KOPiHB 3 CyMH KBaJpaTiB BCIiX €JIEMEHTIB B CIPUHHSATINBOMY
MO

Apxitekrypa 3HM Oyne po3risHyTa i onucaHa JUisi KOHKPETHOTO BUMIAIKY Y HACTYITHOMY PO3[IiTi.

Jnis 3HWKEHHS eeKTy nepeHaBYaHHS! BUKOPHUCTOBYEThCa Dropout map.

Tpaguuiiino ans 3agay kiacugikamii B SKOCTi QYHKUIl BTpaT BUKOPHCTOBYETHCS KPOCC-EHTPOIis.
[Hakme kaxxydu, poOMMO MIHIMI3aIlil0 PI3HUIII MDK BHXOJOM HEHPOHHOI MEpPEekKi 1 BiAIOBITHUM
300pakeHHAM. Pi3Humelo, skpa3 i Oyae BelIWYMHA KPOCC-CHTPOIi, fKa BU3HAYAETHCS 32 HACTYIHOIO
¢bopmynor:

DG.Y) == ) ving. (19)
7

JInsi HaBYaHHS BUKOPUCTOBYEThCsS Adam-anroputM 3BOPOTHOTO PO3MOBCIOKEHHS MOMEJIKH 13
CTOXaCTHUYHHM TPAJiEHTHUM CIIYCKOM, SKHH JO3BOJISIE PETYNIOBATH BEIMYMHY MIBHUAKOCTI HaBUaHHS. Y
naHomy BHUManky y 3HM BHKOpHCTOBYIOTBCSI HAaKOMMYEHiI 3HAYEHHS TPadi€HTIB, IO OTPHUMaHi Ha
MoTepeIHIX KPOKax, 1 HAKOMUWYEH]1 3HaYeHHS KBaapaTiB rpafieHTiB. CaM mporec HaKOMMYEHHS MPOTiKae Ha
OCHOBI EKCIIOHEHLIaIbHOro po3nany cepenHix 3HaueHb (EDAverage). Cami 3Ha4eHHs, IO OTpUMaHi Ha
OCTaHHbOMY KpOIl MalOTh HaWOITBIIMI BHECOK I CyMapHOI'O BUXIOHOTO 3HAY€HHsS B IOPIBHSIHHI i3
3HAYCHHSIMH TPAJi€HTIB, IO OTPUMaHi Ha MEPIINX KPOKax:

Tﬁr_: Bym._y + (1 — B1)8G:; T, = fFove_y + (L —B2)gs (20]

ne My — cepenHs OLiHKa MEPIIOro MOMEHTY,

s — Cepe/IHs OIIIHKA IPYroro MOMEHTY.

OCKiNbKY y BUILE NPUBEICHUX (OpPMYJIax KOHCTATAIlisi BETUYUH M, 1 ¥, MOXKE OyTH iHiIliai30BaHa
HYJISIMHM, TO BHUXOAWTH, IO BOHM MAaIOTh TSDKIHHS OO HymiB. Take TSDKIHHS CHJIBHO TPOSABISETHCS Ha
MOYaTKOBUX KPOKax i, KOJIHM BeMHuYMHA Koe(illieHTiB po3maay mpuitmMae mane 3HaueHHs (8 i S:~1). dns

BUpILIEHHS 11i€T mpo0sieMH Ha 3HaYeHHSI MOMEHTIB HaK/agaeTbes mrpad:
m %

o 3 A E
me =T g0 =T g (21)
1 z
BenuuuHN OTpHMaHUX 3HaYeHb BUKOPHCTOBYIOTHCS B IPOIECI OHOBJICHHS HOBHX IapaMeTpiB Ha
OCHOBI (popMyIIH:

n .
lII-:Jr+1 = Er - = M, [22}
AT + =

PosrisiHeMo mpuHUIMI MOOYJOBH ajirOpUTMY 3BOPOTHOro mommpeHHs momwikd 3HM. ¥V Bumaaky
3anponoHoBaHoi 3HM il xapakTepHuil 1 HOCTaTHIA B HAsSBHOCTI OJUH TMapasielibHUH OJAHOBUMIPHHN wLIap.
Hexaii W — matpuns BaroBux koeili€HTIB, sIKi XapaKTepU3yIOTh 3B’SI30K BUXOJIB 1 BXOLY MapasieIbHUX
mapis, a V' — marpuns BaroBux Koe(illieHTIB, sKi 3’€IHYIOTh BHUXiJ IMapaleibHOrO IIapy i BHXIIHHI.
Inaekcu uist BXOAy — E, iHAGKCH €IEMEHTIB MapasiefibHOr0 HEHPOHHOrO MIapy — f, a iHAeKCH BUXOIIB — k.
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Y 3HM BinOyBaeTbcsi HaBYaHHA Ha HaOopax 300paxkeHb (X — OIMH 3 EIEMEHTIB MHOKUHH
300pakeHHs M) 1 peakuiii Ha HuX (¥z — OAMH 3 €IEMEHTIB MHOXHHU peakuiii), a = 1..p. Ilpu upomy
BEIMYMHAMH aKTUBHOCT1 HEWPOHIB € y, a CyMapHi 3BaKeH1 BXOAW HEUPOHIB — X 3 BIANOBIAHUMH iHICKCAMHU.

[Tpu anroputM™i 31 3BOPOTHUM MOLIMPEHHAM NOMIIIKKA B 3HM MaTuMeMo HacTyIHI KpOKH:

Kpoxk 1. BBaxkaemo, 1110 TOYaTKOBUM 3HAUYEHHSIM Bar IJIsl ABOX HEHPOHIB OAHOTO MapaebHOro mapy
npu t = 0 mpuTaMaHHi BUIIaJKOBI YHCIA.

Kpok 1. BinOyBaeTscs mozmayda BXinHoro curaaiy (300paxents) X, B 3HM, B pe3ynbrati BinOyBaeThcs
dopmyBanHs BuximgHOro curnany y' Y. Toni QyHKIiOHYBaHHS HEHpOHIB MPOXOMUTH MOCIIIOBHI eTamu Bin
mrapy o mapy Ha HiIcTaBi HACTYIHHUX (popmyt:

- y TIepIIOMY TapaJielbHOMY IIapi:

— a4
X = ZW[}X{ H (23}
i

- y BUXiTHOMY mIapi:

Y = f(xh-} (243

x,= ) Viey;;

i
B ocranniit popmymi fi{x) sense coboro Hecnanarouy dpynkuiro ReLU.

Kpok 2. [IpuiiMaemo, mo A BXiJHOrO CUTHaNy 3HA4eHHS (YHKIIOHANTY KBaJpPaTUYHOI MOMHUJIKH
3HM Mae HacTynmHU BUTTISAA!

1 5
E=§Z(}rk—zfﬁ*- (25)

[IpoBenemo 000B’s3KOBY MiHiMi3amil0o HaBegeHOro (YHKLIOHATY 3a JOMOMOIOI KIACHYHOTO
TPaZieHTHOrO METONy, AJSl SKOro XapakTepHUM € iTepallifHUi MpoLec yTOYHEHHS apryMEHTy, SIKHH
BHUKOHYETHCSI BIAMOBIAHO 10 (OPMYIIH:

dE
Vit + 1) = V() — b (26)

baunmo, mo B cknaai QyHKIIT NOMMIKM BiJICYTHI 3aJIeKHOCTI Bia Baru Vi B sABHOMY BUJI, TOMY

BHUKOPUCTOBYEMO (POPMYITH HEIBHOT'O AU(EpEHIIIIOBaHHS ISl CKIAAHOT (PYHKIT:

?Vk =8, =y — V) (27)
JdE dE dy, 5 (1 ) 58
axk - a}rk axk - k};r;'{ }Tk ? ( :J
dE  9E dy, dx,
Vy 09y, 0x, AV,

Kpoxk 3. BuxoHaemo mifcTporoBaHHS Bar mnapaiensHoro mapy 3HM. [lns wwsoro Oynemo
BHUKOPHCTOBYBATH I'PaJiEHTHUI METOA:

JE
Wyt +1) = Wi(0) —hg . (30)
7

AHAJIOTIYHO BHKOHYEMO OOUYMCICHHS MOXIAHUX, ajle BXKE 3 JESKUMH YCKIAIHEHHSIMU (HOPMYIH,
HPU3HAYCHOI U1 TOMUJIKH dj 3 BukopucranusaMm ¢-iu (28) Ta:

JE OF ox,
5, =0 Z 5 (1= 3V (31)

axk ﬂv

=0,y (1 —y)y: (29)

I
dE dE dv, dx;
e T I CRE AL DILEACERATA | CEEAE D
S L J{

ITig yac oGuucnenHs dj 3acTOCOBYETHCS IPUHIHUIT 3BOPOTHOTO MOMIUPEHHS TOMHJIKH, TOOTO TUIBKH 32
IHIIMMHU 3MIHHUMH TapalelbHOro mapy OepyThcsi YacTKOBI moxigHi. Jlami, 3a IOMOMOrol OTpUMaHHX
BHpa3iB BigOyBaeThca Moaudikaiis Bar napaielbHoro HeiponHoro mapy 3HM.

Kpok 4. Hapami, 1y Bcix HaBYalbHUX €TalliB MOBTOPIOIOTHCS KPOKW 1-3, a 3aBepleHHS HaBYaHHS
BiOyBa€THCSI B TOMY BHIIJKy, KOJH JOCATAETHCS 3aJaHUN piBeHb MOMWIJIKHA a00 IOCATHYTa MaKCUMalbHO
JONyCTHUMa KiIbKicTh iTepauiil. [Ipoiiaeni 2 1 3-iif Kpoku AONOMaraloTh BUPILIMTH 3aBAAHHS 3 ONTHMIi3amil
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OTpUMaHOro (yHKLIOHATY MOMHJIKH 13 3aCTOCYBaHHSIM TIPaJi€HTHOrO METOAY 3 MOJAJIBLIMNM HABYaHHSIM
3HM. OtpumaHi mapaMeTpyl XapaKTepHU3YIOTbCsS TEMIIaMH HaBYaHHS 1 BHUOMPAIOTHCS 3 IyXKe MaluMHU
3HAYCHHSIMHU 1151 320€31eUeHHS TapanTii 301KHOCT1 3aCTOCOBAHOTO METOLY.

BucHoOBKH Ta mepcneKTHBU MOJAJBIIOTO0 JOCAIKeHHs. Y poOOTi PO3IIIAHYTO Ta 3alpOIOHOBAHO
METO/U Ta MOJEINI MOIYKY KOHTYPiB 00JIacTel i3 MEeBHOIO MaTOJIOTIYHOI0 cTpykTypoto Ha MPT 3nimkax. Ha
OCHOBI TPOBEICHOr0 aHalli3y METOHIB 1 MoOJeNeH Al aHali3y MPOCTOPOBUX HaHMUX MOKA3aHO, L0 JUIs
PO3B’SI3Ky MpoOieMH JIOKami3alii aHOMaJbHUX TKaHUHHUX yTBOpeHb Ha MPT 3HIMKax MOXyTh OyTH
BUKOPHUCTaHI KOE(iiEHTH MpPOCTOPOBOI aBTOKOpenAWii Ha 0a3i JIOKaNbHOTO Ta TI00aJbHOTO iHAEKCIB
Mopana. [lns moumryky KOHTYpiB oOnacTeil i3 NMEeBHOI MAaTOJNOTIYHOI CTpykTyporo Ha MPT 3Himkax
3aMpONOHOBAHO BUKOPHCTAHHS 3TOPTKOBUX HEMPOHHUX MEPEXK, sIKi TO3BOJSTH BUKOHATH X KilacH]iKaiito
Ta OTPUMATH TEKCTOBUI BUCHOBOK.

Hapuanns 3HM mis po3niznaBanHs natonorii Ha MPT 3HiMKax OynemMo MpOBOAUTH IS 3aJIXKHOCTEH
3HaYeHb mpocTopoBoro (akropa Wz Bixg crammapTH3oBaHUX Z-3HAYEHH i 3 HACTYIHHM PO3PaXyHKOM
Koe(iLieHTy 3araibHOi IPOCTOPOBOI aBTOKOPEILIl.

[lepcniekTrBOIO MOJANBIINX AOCTIIKEHb € peaji3allis ajJropuTMy po3paxyHKy 3HaueHb Koe]ilieHTiB
MPOCTOPOBOT aBTOKOpesii 1 peanizauii 3HM ans po3misHaBanHs natonorii Ha MPT 3HiMKax 31 CTBOpEeHHIM
MPOrpaMHOro 3aco0y 3 BUKOPUCTAHHSM BiAMOBIIHOT MOBH IIPOrpaMyBaHHs.
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